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Abstract

Microbial dysbiosis is implicated to play a substantial part in several pathophysiological
processes, and one disease receiving great attention in recent years owing to its affiliation
with an abnormal microbial state of the gut is inflammatory bowel disease. Being a
multifactorial disease, other factors implicated to contribute to its commence include genetics,
components of the immune system and environmental factors. Albeit suggestions of tap water
serving as an environmental trigger in the aetiology of IBD has been made, its potential
impact on the gastrointestinal microbiota remains an untouched area of investigation. Thus, in
this study we sought to investigate associations of tap water on the microbiota of
gastrointestinal mucosa that could substantiate research conducted to unveil environmental
and microbial factors contributing to the onset and/or maintenance of this disease. A total of
426 biopsies and 227 water samples retrieved from 129 and 223 patients respectively, served
as material for analysis, and included both adult and pediatric patients from Norwegian IBD
and control cohorts. The V3-V4 region of the 16S ribosomal ribonucleic acid gene was
amplified using a nested approached to polymerase chain reaction, and sequenced by use of
the Illumina MiSeq sequencing platform. Our findings exposed significant associations
between tap water and biopsies with respect to an operational taxonomic unit belonging to
Enterobacteriaceae at a p-value of 0,016 using Fisher exact as statistical approach. We further
disclosed highly significant increases of the same OTU in pediatric IBD sufferers, especially
in the ulcerative colitis cohort compared to cohorts of both age groups. This gave a p-value
<0,05 when pairwise comparisons with the Conover-Inman method was employed on the
median percentagewise prevalence of this OTU. Further analysis by Conover-Inman test also
revealed augmented levels of this OTU in biopsies of inflamed origin compared to biopsies of
normal state at a p-value of 0,000. Thus, our results serve as important contributors to
research on the environmental aspects of IBD, and also with respect to the role of
Enterobacteriaceae as a potential microbial key player in the onset and/or maintenance of this

disease.



Abstrakt

Mikrobiell dysbiose er implisert & spille en vesentlig rolle i flere patofysiologiske prosesser,
og en sykdom som de senere ar har mottatt stor oppmerksomhet pa grunn av sin assosiasjon
med anormale mikrobielle forhold i tarmen er inflammatorisk tarmsykdom. Som en
multifaktoriell sykdom, antas det at ogsa genetikk, immunologiske komponenter og
miljgpavirkninger medvirker til dens oppblomstring. Pa tross av forslag om drikkevann som
en mulig miljetrigger i etiologien av IBD, er dens pavirkning pa gastrointestinal mikrobiota
forblitt et relativt urgrt forskningsomrade. Derfor gnsket vi i denne studien a undersgke
sammenhenger mellom drikkevann og den gastrointestinale mikrobiotaen i mukosa, og bidra
med avdekkingen av miljgmessige og mikrobielle faktorer som kan medvirke til
oppblomstringen og/eller opprettholdelsen av denne sykdommen. Totalt 426 biopsier og 227
vannprgver fra 129 og 223 pasienter ble benyttet som analysemateriale og inkluderte praver
fra bade voksne og barn fra en norsk IBD og kontroll kohort. VV3-V4 regionen av 16S rRNA
genet ble amplifisert ved & bruke en nestet tilnaerming til polymerase kjedereaksjon, og
sekvensert ved & bruke Illumina MiSeq som sekvensplattform. Vi avdekket signifikante
sammenhenger mellom drikkevann og biopsier nar det kom til en operasjonell taksonomisk
enhet tilhgrende Enterobacteriaceae med en p-verdi pa 0,016 nar Fisher exact ble benyttet
som statistisk tilneerming. Vi fant og signifikante gkninger av den samme OTUen i barn med
IBD, da spesielt i ulcergs kolitt kohorten sammenlignet med kohorter av begge aldersgrupper.
Dette viste en p-verdi <0,05 nar parvise sammenligninger med Conover-Inman av medianen
av denne OTUens prosentvis prevalens ble benyttet. Videre analyse med Conover-Inman
avdekket og gkte mengder av denne OTUen i inflammert vev sammenlignet med normalt vev
med en p-verdi pa 0,000. Vare resultater utgjer dermed viktige bidrag i forskningen pa det
miljgmessige aspektet av IBD, og ogsa i forskning som omhandler Enterobacteriaceae som
en potensiell ngkkelbakterie i oppblomstringen og/eller opprettholdelsen av denne

sykdommen.
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Introduction

1.0 Introduction

1.1 Human gut microbiota

The gut microbiota comprise a vast and extremely complex community of bacteria, and our
understanding of its influence on human health is steadily increasing along with the advancements
in microbial technologies. The bacterial number in the human gastrointestinal tract equals a total of
104, with the colon being the most densely populated. (Biedermann & Rogler 2015) It has for long
been recognized that this bacterial community constitutes 10 times as much cells as the number of
cells in a human body, (Sekirov et al. 2010) although recent publications a somewhat lower ratio.
(Sender 2016) Numerically speaking, this bacterial community collectively possess a number of
genes that outcompete the human genome by a hundredfold. (Fava & Danese 2011). Although
several studies published in high profile articles still report of the gut microbiota consisting of more
than 1000 species, research based on novel methods presents estimates of 100-200 species. Based
on this dissension, it has been proposed that a stronger consensus with respect to diversity estimates
will be of great importance for further advances in studies concerning microbial composition and
function of the human gut. (Avershina & Rudi 2015)

1.1.1 Environmental significance in shaping gut microbiota

Owing to findings of a bacterial community in meconium, it is assumed that colonization of the gut
commence in utero before birth. (Jimenez et al. 2008) Several environmental factors such as mode
of delivery (Dominguez-Bello et al. 2010), and mode of feeding (Koenig et al. 2011) will
subsequently shape this process of colonization until a microbial profile with resemblance to an
adult microbiota is reached after 3-5 years. (Rodriguez 2015) Although the adult microbiota is
considered to be more resilient than the microbiota of infants due to higher diversity and stability, it
is still prone to influences from several environmental factors. (Satokari 2015) This includes
nutrition, (Wu et al. 2011) use of antibiotics, (Perez-Cobas et al. 2013) physical exercise, (Clarke et
al. 2014) smoking (Biedermann et al. 2013) and aging. (Claesson et al. 2011) Although sparsely
studied, our genome is also presumed to have an impact on the bacterial composition, (Satokari
2015) much because of interactions and cross-reactions between metabolites synthesised by bacteria
and its host. (Biedermann & Rogler 2015) Whether environmental perturbations will disrupt the
stable state depends on the resilience of the microbiota, that is the amount of stress or perturbations
the microbiota can tolerate before a new equilibrium state is reached. This is thought to differ

between individuals and exert an influence on how susceptible these individuals are to develop
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diseases associated with a degraded microbiota, such as inflammatory bowel disease (IBD)
(Lozupone et al. 2012)

1.1.2 Spatial composition and diversity of gut microbes.

The bacterial density steadily increases as one move down the lower Gl-tract starting with 10*
microbial cells per gram of content in the stomach, until 10'2 cells per gram content is reached in
the colon. Differences in density can be seen across the Gl-tract as well, with the mucosa containing
a significantly lower microbial density than the lumen. This spatial increase in microbial density
seems to be accompanied by increased diversity. (Sommer & Backhed 2013) The microbial
composition of the small intestine divaricates from the microbiota in the large intestine (Berry &
Reinisch 2013) while the mucosa associated microbiota is thought to differ from the microbiota of
the feces. (Zoetendal et al. 2002) Thus, microbial profiling should ideally include both mucosal and
fecal samples. (Satokari 2015) However, most studies seeking to investigate the microbial
taxonomy and diversity of the gut seem to employ the latter material for analysis.

Although the microbial composition to a large extent varies between individuals, some conjectures
apply for most individuals. Firmicutes and Bacteroidetes seems to be the two most dominating
phyla in the fecal gut microbiota, constituting 64% and 23% of the gut microbiota respectively.
(Sartor et al. 2012) The microbiota also harbors Actinobacteria, Proteobacteria, Fusobacteria, and
Verrucomicrobia although these phyla are somewhat less prominent. The most prevalent genera
however are Bacteroides, Faecalibacterium and Bifidobacterium, respectively belonging to the first
three phyla. A clear consensus with respect to species composition however, seem to be absent.
(Arumugam et al. 2011) Although the most exhaustive research has been done with respect to the
bacterial component of the microbiota, it should be mentioned that the Gl-tract harbours other
microbial residents as well. With an estimated total of 10%°, viruses comprise the most immense
population of the gut, numerically speaking. (Sheehan et al. 2015) Although greatly outhumbered
by bacteria and viruses, several archaea and fungi present itself in the gut as well. In terms of
prevalence, the archael genera Methanobrevibacter and Nitrososphaera, and the fungal genera
Saccharomyces, Candida and Cladosporium constitutes important contributions to the archaeal and

fungal load of the gut microbiota. (Hoffmann et al. 2013)

The difference in microbiota in fecal and mucosa becomes particularly evident in a study by
Eckburg et al (2005) where they found relatively few sequences belonging to the phyla
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Proteobacteria, Actinobacteria, Fusobacteria and Verrumicrobia in the latter material. However,
most of the sequences in their study belonged to Firmicutes and Bacteroidetes as which is in
concordance with findings from the fecal microbiota. 95% of the Firmicutes belonged to the class
Clostridia, where a considerable amount of these bacteria were butyrate producers of the Clostridial
clusters IV XIVa and XVI. It has been proposed that the mucosa associated bacteria in the colon is
more or less uniform due to the close interaction between host and bacterium. (Zoetendal et al.
2002) However a study of the microbiota of mucosal samples by Frank et al (2007) found that the
distribution of several bacterial groups might differ between the gastrointestinal compartments.
Amongst their findings were increased abundance of the Actinobacterial phylum and the class
Bacilli, and decreased levels of Bacteroidetes and Lachnospiraceae in the small intestine compared
to colon. Still, most sequences were designated to Firmicutes and Bacteroidetes regardless of
anatomical origin, although these bacterial phyla showed less overall diversity in the small intestine.
(Frank et al. 2007) Other bacteria that has been proposed to be of increased prevalence in the

mucosa includes A. muciniphila and several proteobacteria.

1.1.3 Is there a microbial congruity between individuals?

Due to large variations in the taxonomic profiles between individuals, it has been proposed that a
functional core microbiome is being shared, rather than a core microbiota, with the latter being
more variable. (Turnbaugh et al. 2009) (Lozupone et al. 2012) (Sartor et al. 2012) This is to some
extent reflected in a study by Qin et al (2010) where deep metagenomic sequencing of fecal samples
from 124 Europeans showed that almost 40% of the genes from each individual overlapped with at
least half of the cohort. The idea of a functional stability across individuals has however
encountered criticism for not sufficiently taking a possible interplay between phylotype and
function into consideration. This is primarily because of the repercussion phylotypes exert on the
functional characteristics in the gut, and its potential role as an interface for functionality.
(Avershina & Rudi 2013) Furthermore, revelations of core phylogroups belonging to
Lachnospiraceae by phylogroup-independent approaches provides reinforcement to theories
embracing the existence of a core microbiota. (Sekelja et al. 2011) Suggestions of the human gut
microbiota allegedly being divided into clusters of enterotypes, each with a characteristic microbial
profile, has also emerged. The enterotype is determined by variations in the levels of Bacteroides,
Prevotella and Ruminococcus, strengthening ideas of a limiting numbers of community

compositions across individuals. (Arumugam et al. 2011)
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1.1.4 Gut microbial influence on human health

The assembly of microorganisms is often referred to as its own organ which presents itself with a
number of important functions impacting human health. First of all, the gut microbes have the
ability to produce an array of important vitamins like vitamin K and several B-vitamins such as
B12. (LeBlanc et al. 2013) We are also supplied with other substances of significance, most notably
short chain fatty acids (SCFA) such as butyrate resulting from digestion of dietary fiber from
certain bacteria. In addition to having anti-inflammatory properties (Tedelind et al. 2007) these fatty
acids are the primary energy source for colonocytes, (Thibault et al. 2010) and of importance to the
expression of tight-junctions and hence the integrity of the epithelial barrier. (Bordin et al. 2004)
The importance of the microbiota on human health becomes particularly evident because of its
ability to outcompete potential pathogens for nutrients and attachment sites whilst simultaneously
stimulating and developing the gut associated immune system. (Sommer & Backhed 2013) The
latter observation is being reflected by gnotobiotic animals having a lesser developed immune
system in comparison with non-gnotobiotic counterparts. (Bouskra et al. 2008) A better exploitation
of ingested nutrients are also being provided by the microbiota, mainly due to their ability to induce
genes in epithelial cells important for digestive processes (Hooper et al. 2001) and by their ability to
break down several indigestible sugars. Gnotobiotic animals being dependent on a higher caloric
intake than non-gnotobiotic animals in order to retain the same body mass illustrates these

observations. (Coates 1973)

There seem to be an increasing acceptance that alterations in the gut microbiota has the potential to
exert an influence on several pathophysiological processes. This includes diseases such as
inflammatory bowel diseases (IBD) like Crohn's disease and ulcerative colitis, (Frank et al. 2007)
obesity, (Ley et al. 2006) colon cancer (Lupton 2004) and several metabolic diseases such as
diabetes. (Alkanani et al. 2014) However, the idea that several psychopathological pathways are
affected by an aberrant gut microbiota seems to be accentuating as well, and a possible connection
to mental disorders such as anxiety and chronic stress has been presented. (Dinan & Cryan 2013)

1.1.5 Gut homeostasis and immunologic tolerance

A thin layer of several types of epithelial cells is separating the lamina propria with its associated
adaptive and innate immune cells, from the myriad of antigens in the intestinal lumen. These
epithelial cells include i.a goblet cells, paneth cells, M-cells, enteroendocrine cells and absorptive

enterocytes (Maynard et al. 2012) which are being replenished every 2-3 days. (Satokari 2015) In
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the colon of healthy individuals, this epithelial cell-lining is fortified by two layers of mucin,
produced by goblet cells. The inmost layer formed by Muc2, is the most dense and is virtually
sterile due to its immense occurrence of antimicrobial peptides. The outer layer is less dense and
serve as an important habitat for many commensals. (Maynard et al. 2012) However, the
composition and thickness of this layer is to a large extent dependent on the microorganisms
residing inside the Gl tract (Sommer & Backhed 2013) and certain pathogens of Fusobacteria and

Enterobacteria are able to imperil this protective layer. (Swidsinski et al. 2009)

The baseline for communication between the luminal microbes and epthelial cells and innate
immune cells is the pattern recognition receptors (PRR) TLR and NOD, recognizing conserved
structures in the microbiota. (Satokari 2015) Epithelial cells in the distant ileum and the colon
normally express low amounts of TLR because of their close proximity to luminal microorganisms.
(Sartor 2006) Signal mediation through PRR are thought to have an impact on the tolerogenic
training of innate immune cells, and is therefore of importance for homeostasis. (Elson & Cong
2012) Dendritic cells (DC) possess the ability to express all the TLR and NODs, permitting them to
distinguish between pathogens and commensals (Baumgart & Carding 2007) and under homeostatic
conditions, their antigen presentation will promote immunologic tolerance against commensals.
(Davies & Abreu 2015) In order for an intestinal homeostasis to be achieved, an intricate and
delicate communication between the epithelium and its cellular components on each side must be
obtained. (Goll & Granlund 2015) However, if proper controlling of this communication is not
established, either as a result from defects in the host or an aberrant microbiota, decreased
tolerogenic responses towards commensal bacteria with subsequent inflammations might arise, as
hypothesized in IBD patients (Satokari 2015)

1.2 Inflammatory bowel disease

Inflammatory bowel diseases encompass the chronic relapsing disorders Crohn's disease (CD) and
ulcerative colitis (UC) and is characterized by intestinal inflammation, where the severity and
localization along the intestine depends on diagnosis. UC is in general confined to the colon with
ulcers and inflammation of the mucosal layer being characteristic symptoms. Goblet cells are often
depleted, while micro abscess forming neutrophils often present themselves in large numbers in
lamina propria and crypts. CD on the other hand can emerge along the entire Gl tract, but is

generally restricted to the ileum, where it presents itself as a deep and transmural inflammation,
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often in segments. Aggregates of macrophages forming non-caseating granulomas are common
histopathological feature of the latter disease. (Davies & Abreu 2015) (Xavier & Podolsky 2007)
Despite the fact that the disease course of both CD and UC often alternates between relapse and
remission, the anatomical location of inflammation show little signs of variation, although some
extensions of inflammation have been observed in the latter diagnosis. (Burisch & Munkholm
2015) Both diseases are to date incurable, although treatment with probiotics, antibiotics, anti-
inflammatory and/or immunosuppressive drugs can prove to be supportive. (Sartor & Mazmanian
2012) (Frank et al. 2007)

Albeit extensive researching efforts in order to unveil the causation of IBD has been done, the
precise aetiology remains unknown. However, there seem to be an increasing evidence and general
acquiescence as regards to IBD being a multifactorial disease, where several factors contribute to its
commence. At its core is a deviant interaction between the gut microbiota and the immune system
in genetically susceptible hosts, with environmental factors being of importance to the onset and
maintenance of disease. (Berry & Reinisch 2013) (Sartor 2006)

1.2.1 Disturbation of gut homeostasis and immunological tolerance in IBD

It has been proposed that a rupture or leakage of the epithelial barrier might serve as the initiation
factor of the inappropriate immune response observed in IBD. This might be a result of
dissatisfactory replenishment of epithelial cells, ineffective tight junctions (Goll & Granlund 2015)
defective mucus barrier (Swidsinski et al. 2009) or an infection of the epithelial barrier, which
eventually might expose the immune system to the luminal antigens. (Sheehan et al. 2015)
Although the innate immune system is considered to be of great importance to the maintenance of
homeostasis, model systems have shown that defects in this part of the immune system alone is not
sufficient for developing inflammations. It is thought to be dependent on an adaptive immune
response to the microbiota. (Elson & Cong 2012) If commensal bacteria gain access to the
underlying mucosal tissue, the DC which under homeostatic conditions would promote
immunologic tolerance, might regard these cells as pathogens. Consequently these cells would
initiate the differentiation of naive T-cells to effector cells such as Th1l, Th2 and Th17, and natural
killer T-cells (NKT). (Baumgart & Carding 2007) Activated DC and Macrophages have shown to
be increased in IBD patients, as well as the amount of pro-inflammatory cytokines and chemokines.
While the activation profiles of innate immune cells is thought to be the same in both UC and DC

(Sartor 2006) it is presumed that there is a considerable variation with respect to the T-helper
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response. While the immune response in CD is dominated by Th1, the most prevalent effector cell
in UC seem to be Th2. Regardless of disease, the T-regs seem to be subordinate to the effector T-
cells. (Baumgart & Carding 2007) If the exposure to luminal antigens are of repetitive nature, a loss
of tolerance to the gut microbiota and an accumulation of memory T-cells against commensals

might arise. (Cammarota et al. 2015)

1.2.2 Susceptibility genes

Genome-wide association studies (GWAS) have revealed 163 loci associated with IBD where 110
are shared between CD and UC. The remaining 30 and 23 loci are distinct for the two diseases
respectively. There seem to be a considerable overlap between IBD susceptibility loci and loci
associated with several other immune-mediated diseases. (Jostins et al. 2012) Many of these genes
are associated with functions of the epithelial barrier, immunoregulation, components of the innate
immune system (Sartor & Mazmanian 2012) and dendritic cells (DC). (Davies & Abreu 2015) One
of the most eminent susceptibility genes in CD is NOD2, a PRR which initiates the secretion of
alpha-defensins in Paneth cells. Impaired NOD2 might lead to the mucosa being more easily
invaded. (Cammarota et al. 2015) ARG16L1 and Muc?2 on the other hand, are susceptibility genes
in both UC and CD where variants of the latter gene might allow for a weakened inner mucus layer
and reduced homeostasis (Elson & Cong 2012) Variants of the ARG16L1 on the other hand have
shown to give impaired autophagy and exocytosis in Paneth cells. (Goll & Granlund 2015) It is
believed that defects in several of the susceptibility genes will have to be present in order to develop
IBD (Elson & Cong 2012) The assumption that there is an interaction between several of the genes
i.a NOD2 and ARG16L1 might further complicate our understanding of the genetic influence.
Interactions might also affect the severity of the diseases. (Sheehan et al. 2015) A family history
with IBD is considered to be the primary risk factor for disease development (Baumgart & Carding
2007) and seem to be somewhat stronger for the development of CD than UC. (Xavier & Podolsky
2007) However, research with "induced mutant” mice who developed IBD as a result of either
knockout or overexpression of certain genes, has shown a ceasing of the disease as soon as the
mutants were made germ free, demonstrating the importance of microbiota in in disease
development. (Elson & Cong 2012)
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1.2.3 Microbial diversity and composition in IBD

The linkage between microbial dysbiosis and IBD

There seem to be a general acquiescence as regards to IBD patients having an altered microbial
composition and a reduced diversity compared to healthy controls, both in fecal and mucosal
samples. (Berry & Reinisch 2013) (Sheehan et al. 2015) This is referred to as a dysbiotic microbiota
which also tend to exhibit a lower stability than the microbiota of a healthy adult. (Satokari 2015)
The microbial dysbiosis is most noticeable when the inflammation is active. (Biedermann & Rogler
2015) Research have shown that diversity can vary between non-inflamed and inflamed areas of the
intestines of the same individual, with the latter displaying less alpha-diversity. (Sepehri et al. 2007)
Interestingly, it has also been shown that inflammations of the colon might lead to depletion of
bacteria in the feces, whilst simultaneously giving increased bacterial concentrations in the crypts.
(Swidsinski et al. 2005) Based on findings of the microbiota of UC patients presenting itself with a
lower diversity than that of CD patients, as well as different prevalence of certain bacteria, it has
been suggested that the bacterial diversity of IBD is disease specific. (Ott et al. 2004) (Swidsinski et
al. 2009) The possibility that disease phenotype might exert an influence on the microbial
composition and diversity in IBD patients has also been proposed based on findings in a study by
Willing et al (2010), showing that the microbial profile of patients with ileal CD differs from
patients with colonic CD. Regarding the other microbial residents of the gut, it has been
independently shown that CD patients carry an increased fungal diversity (Ott et al. 2008) and
higher phage numbers compared to healthy counterparts. (Lepage et al. 2008)

Spatial arrangement of gut bacteria in IBD patients

The microbiota of the mucosa and lumen might be expected to differ. (Frank et al. 2007) According
to a study by Gevers et al (2014), some microbial differences between CD patients and healthy
controls only became evident when mucosal samples were analyzed as compared to fecal samples.
This included a reduction in Bifidobacteriaceae, and an increase in Fusobacteriaceae and
Enterobacteriaceae. These observations led to proposals of mucosal bacterias being of greater
significance for the aetiology of the disease (Baumgart & Carding 2007) and that IBD to a smaller

extent affect the luminal microbiota. (Sheehan et al. 2015)

On a phylum level, the mucosal microbiota of IBD patients in general present itself with a
decreased abundance of Firmicutes and Bacteroidetes an increased abundance of Actinobacteria and
Proteobacteria. (Frank et al. 2007) Increased levels of the latter phyla includes Desulfovibrio in

mucosa of UC patients (Rowan et al. 2010) and mucosa associated Escherichia coli. Increased
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abundance of AIEC are particularly evident in CD patients where it has the potential to invade
epithelial cells and replicate intracellularly. (Rolhion & Darfeuille-Michaud 2007) AIEC has further
been suggested to be enriched in inflamed tissue in ileal CD as opposed to in normal tissue.
(Baumgart et al. 2007) In addition, Clostridium (cluster X1V, XVIII, 1) which in a cooperative
manner are able to stimulate T-reg cells, (Atarashi et al. 2013) are found to be depleted in IBD
patients. (Kabeerdoss et al. 2015) These clusters include several important producers of SCFA such
as C. leptum (cluster XIVa), C. coccoides, Roseburia hominis and Faecalibacterium prausnitzii
(cluster 1) which are considered to be of great importance to the preservation of immunological

balance and gut homeostasis. (Lopetuso et al. 2013) (Satokari 2015)

An impoverished detection of mucosal SCFA-producing bacteria in IBD patients was also revealed
in a study by Frank et al (2007) and Willings et al (2010), with the latter study presenting decreased
levels of Faecallibacterium and Roseburia and increased levels of E.coli and R.gnavus from the
Enterobacteriace in patients with ileal CD. CD but not UC patients have further been proposed to
have increased amounts of Mycobacterium avium subspecies paratuberculosis (MAP), although
these findings seem to vary between projects. (Feller et al. 2007) Depletion of lactic acid bacteria
within Lactobacillus (phylum Firmicutes) has also been detected in IBD patients. (Ott et al. 2004)
Bacteroides should normally be found mainly in feces, but adhesive and infiltrating bacteria of this
genus has been found in inflamed mucosal tissues of the colon of IBD patients. (Swidsinski et al.
2005) Samples of both colon and small intestine of IBD patients have also proven to be deficient of
the Lachnospiraceae family compared to healthy subjects. (Frank et al. 2007) When comparing
biofilm-formation and bacterial density of the IBD mucosa to healthy counterparts, this is found to
be significantly increased, with B. fragilis being responsible for the majority of the biofilm.
(Swidsinski et al. 2005) Concentration of mucosal bacteria also seem to be positively correlated

with disease severity, in both inflamed and non-inflamed colonic tissue. (Swidsinski et al. 2002)

Analysis of fecal microbiota in UC patients has also unveiled a reduced abundance of bacteria
involved in SCFA-metabolism such as R. bromii, Roseburia sp, and A. municiphila. Bacteria of
increased prevalence in UC patients included Fusobacterium sp. (Rajilic-Stojanovic et al. 2013)
where certain strains of this genus possess invasive and proinflammatory properties. (Strauss et al.
2011) Increased numbers of Helicobacter sp. and Campylobacter sp. has also been found (Rajilic-
Stojanovic et al. 2013) Other proteobacteria of exaggerated numbers in feces of IBD patients
include the genera Desulfovibrio (Loubinoux et al. 2002) which possess toxigenic properties due to
its ability to produce pro-inflammatory hydrogen sulphide. (Cammarota et al. 2015)
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Microbiome of the IBD microbiota

As opposed to the extensive research that has been conducted on the taxonomic characteristics of
the gut microbiota in IBD, research performed with respect to the microbiome are still scarce.
However, a study by Morgan et al (2012) seeking to unveil functional perturbations of the IBD
microbiome, found shifts in oxidative stress pathways, and a decreased expression of genes related
to synthesis of SCFA and amino acids. Several genes involved in pathological processes, most
notably adherence invasion and type 2 secretion systems were also found to be increased in patients
with ileal CD. They also found an increase in cysteine metabolism along with increased N-
acetylgalactosamine transporters, which potentially could indicate an abundance of bacteria

metabolizing mucin. (Morgan et al. 2012)

It has been proposed that microbial anomalies observed in IBD could serve as useful biological
markers for inflammation activity (Berry & Reinisch 2013) and diagnostic tests for microbial
dysbiosis based on deviations from a healthy gut microbiota have already been developed. (Casen et
al. 2015) Albeit the linkage between IBD and microbial dysbiosis has been known for long, the
question of whether the aberrant microbiota is a cause or consequence of IBD remains unknown.
(Baumgart & Carding 2007) (Maynard et al. 2012) (Mukhopadhya et al. 2012) (Sartor et al, 2015)
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Figure 1.1: The figure gives a simplified illustration of layers of the gut mucosa
and the interplay between a subset of the immunological, and microbial factors
implicated to contribute in the development of IBD. Picture from (Sartor 2015)
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1.2.4 Environmental influence

It has been independently shown that the prevalence of IBD is positively correlated with a nations
GNP, (Burisch & Munkholm 2015) and that the number of incidents increases as a nation
progresses from having a non-industrialized to an industrialized status. (Sheehan et al. 2015) This is
somewhat reflected by the increased numbers of IBD incidents in emigrants from non-industrialized
areas when exposed to a modern western lifestyle. (Barreiro-de Acosta et al. 2011) In already
industrialized countries however, the prevalence of disease has stabilized. (Ng et al. 2013) It has
been suggested that the reduced exposure to microbial antigens in areas with exaggerated hygienic
conditions might debilitate the proper maturation of the immune system, and thereby increasing the
risk of inappropriate immune responses (Baumgart & Carding 2007) Research has also shown that
environmental factors possibly may exert a greater influence in the aetiology of IBD than genetic
factors. (Sheehan et al. 2015) This is reflected in a study of monozygotic twins by Halfvarson et al
(2003) presenting a concordance rate of <20% and 50% between twins with UC and CD
respectively. Environmental and lifestyle factors thought to exert an influence on the development
of IBD includes hygiene, microbial exposure, diet, use of antibiotics, pollution, smoking, (Ng et al.
2013) consumption of detergents and emulsifiers (Swidsinski et al. 2009) and water supply. (Frank
et al. 2007) (Aamodt et al. 2008)

1.3 Tap water and its significance on human health

1.3.1 Distribution systems as important microbial reservoirs

The drinking water in a country is normally treated in concordance with guidelines established by
the respective countries official national guidelines. Norwegian drinking water is treated according
to the Drinking Water Act (Drikkevannforskriften, www.lovdata.no) in order to remove
contamination of any kind that could pose a threat on consumers health. However, in order to reach
the consumer, the water must move through distribution systems where different influential factors
might support bacterial growth. This includes parameters such as distribution time, arrangement of
the pipes, temperature of the water to be distributed, and the concentration of disinfectant residuals
and biodegradable organic matter (Pepper et al. 2015) The presence of bacteria in drinking water is
also influenced by the frequency of usage of the tap, and can if not frequently used, give rise to
potential human pathogens. (Rudi et al. 2009) The creation of bacterial biofilms on pipe surfaces
and bacterial aggregates in the distribution water is of particular concern due to increased resistance
to disinfectants (Williams et al. 2004) and better exploitation of available nutrients, thereby
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reinforcing bacterial growth. (Pepper et al. 2015) Many of the bacteria in the distribution water are
also able to grow with limited availability of nutrients, and thereby posing another major problem in
water distribution systems.(Payment et al. 1991) Pathogens that are able to grow in distribution
systems include Legionella spp, Aeromonas spp, Mycobacterium spp, and Pseudomonas
aeruginosa. (Szewzyk et al. 2000) Furthermore, it has been demonstrated that the material of the
distribution systems might exert significant impacts on the growth of bacteria such as atypical
Mycobacterium (Schwartz et al. 1998) and different strains of Betaproteobacteria. (Kalmbach et al.
2000)

The microbiota of tap water seem to be dominated by Proteobacteria, although what constitutes the
most prevalent proteobacterial class seem to vary between research projects. Both
Alphaproteopacteria (Williams et al. 2004) and Betaproteobacteria have been proposed to be the
most dominating class, and a possible interaction between the two has also been suggested. (Rudi et
al. 2010) Within the latter proteobacterial class, several strains from the Aquabacterium genus seem
to predominate the drinking water in distribution systems, including A. parvum, A. commune and

A citratiphilum. (Kalmbach et al. 2000) The proteobacterial phyla comprise several heterotrophic
pathogens (pathogens using organic nutrients) that can be found in drinking water, such as
Desulfovibrio, Pseudomonas, E.coli, K. pneumoniae, Y. enterocolitica, E. cloacae and C. freundi.
(Allen et al. 2004) The presence of potential pathogens in tap water has i.a been shown in a study
by Payment et al (1994) where the virulence of heterotrophic bacteria in tap water was investigated.
This study found that 57% of the tap water samples contained cultivable cytolytic bacteria, and that
17% of the samples contained cytolytic bacteria possessing both adherent and hemolytic properties,

which could give rise to diseases if present in adequate numbers. (Payment et al. 1994)

1.3.2 Is there a role for tap water in the aetiology of IBD?

Few studies have to date investigated the possible association between drinking water and
gastrointestinal diseases. One popular theory regarding tap water as an environmental trigger behind
IBD, encompassed the plausible association between Mycobacterium avium subsp.
paratuberculosis (MAP) and CD. MAP has earlier been identified as the causative agent of Johne's
disease, a disease similar to CD in cattle. It is regarded as a bacterium that potentially could be
transmitted to humans through water, owing to its high persistence in harsh environments and

resistance against common chlorine disinfection concentrations used in distribution systems. (Naser
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et al. 2014) As of today however, this hypothesis is to some extent regarded as controversial, owing
to the lack of consistency between research projects. (Liverani et al. 2014) A study by Payment et al
(1991) found a potential link between different gastrointestinal symptoms in Montreal and water
supply in terms of the presence of heterotrophic pathogens. A resembling study by Aamodt et al
(2008) found an association between water supply in terms of iron content and the prevalence of
IBD in Norway. They suggested the potential pathogenicity of iron in the development of IBD in
part could be explained by this chemical elements ability to increase oxidative stress and produce
reactive oxygen species (ROS). ROS has been proposed to be of significance in the aetiology of
IBD due to its ability to depolymerize mucine (Goll & Granlund 2015) Another plausible
explanation for the observed association was that iron somehow affected the growth of the gut
bacteria by changing the balance of the bacteria present, or increasing their virulence. (Aamodt et
al. 2008) It has earlier been recognized that trace elements like iron and aluminium might have the
potential to alter bacterial pathogenicity and thereby exacerbating the immune response towards
these bacteria. (Perl et al. 2004) Furthermore, an unveilance of highly increased levels of a common
drinking water bacterium of the Alphaproteobacteria in mucosal samples of IBD patients, has
strengthened ideas regarding the microbiota of drinking water possibly exerting an influence on the
development of IBD as well. (Frank et al. 2007)

1.4 Obtaining DNA for metagenomics analyses

Acquisition of bacterial DNA for metagenomics analyses often requires a lysis of bacterial cells.
This is commonly achieved by mechanical, enzymatic or chemical means, sometimes applied in a
combinatorial fashion. Mechanical lysis frequently involves the use of bead beating and represent to
some extent a more rough method of treatment than the two latter options. (Salonen et al. 2010)
Given the fact that rough treatment of cells might give more fragmented DNA, it has been proposed
that the intensity of lysis should be put into context with the desired purpose of analysis. Shotgun
metagenomic analyses will for instance demand longer fragments than metagenomics analyses
based on sequencing of thel6S rRNA gene. (Nannipieri & Smalla 2006) Ideally, lysis of cells
should not be subject to constraints from the morphology of the cells, their growth phase,
concentrations or method of preparations. (Zoetendal et al. 2001) Still, enzymatic and chemical
methods have encountered criticism for its lack of ubiquity in bacterial targets. (Salonen et al. 2010)
and not providing sufficient lysis of G+ cells. (Carbonero et al. 2011) Mechanical disruption also
tend to favour lysis of G- over G+ cells, due to the rigidness of the peptidoglycan layer of the latter.

(Tortora et al. 2010) However, the degree of cross-binding between peptides in this layer and hence
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its strength, will to some extent vary between species and is influenced by growth phase, with cells
in growth possessing a weakened layer. Also, size and shape of the cells might exert constraints on
the efficiency of lysis by mechanical means, with large and/or rod-shaped cells being more easily
ruptured than small and/or cocci-shaped cells. This could subsequently propagate an

overrepresentation of easily lysed cells in downstream analyses. (Nannipieri & Smalla 2006)

1.4.1 Challenges when extracting prokaryotic DNA from gut biopsies

The nature of the material to be analysed, provide further implications with respect to what serve as
the best method of lysis. Thus, contradistinctions exist as regards to what constitutes the best
method of lysis for gut biopsies. It has been argued that chemical and enzymatic lysis should be
favoured due to the vast amount of eukaryotic DNA a mechanical disruption will yield. Also,
underrepresentation of certain microbial groups such as Sulphate Reducing Bacteria (SRB) and
Methanogenic archaea when mechanical lysis of fecal samples was employed, makes it possible to
believe that similar taxonomic biases might occur during analysis of gut biopsies. (Carbonero et al.
2011) There are however several studies commending the use of mechanical lysis when analysing
gut biopsies, presenting results of smaller biases (Zoetendal et al. 2001) and better lysis of G+ cells
such as those belonging to Firmicutes. (Cuiv et al. 2011) In addition, mechanical lysis has been
proposed to be the best method of choice, owing to our current lack of understanding of the cell

wall composition of bacteria in the gut. (Avershina et al. 2014)

1.5 Prokaryotic markers for taxonomic assignment

Prior to the 1970s, microbial classification was performed with respect to differences in
physiological properties, thus giving scarce amounts of groups for microbial annotation. (Pepper et
al. 2015) Along with advances in techniques for analysing differences in biological markers
between microorganisms, new prokaryotic groups emerged. As of today, several taxonomic markers
for phylogenetic classification of prokaryotes exist. Some includes chemotaxonomic markers such
as teichoic acids (Fiedler & Schaffler 1987), flavonoids (Emerenciano et al. 2001), phospholipids
and fatty acids. (Romano et al. 2000) Other taxonomic markers are based on sequence differences
in housekeeping genes. This is a collective term embracing universal genes of vital proteins, such as
rpoB and gyrB, the genes behind a RNA polymerase subunit and DNA gyrase respectively. (Pepper
et al. 2015) The most recognized taxonomic marker to date however, is probably the 16S rRNA

gene.
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1.5.1 The 16S rRNA gene

Thel6S rRNA gene of the ribosomal operon in prokaryotes encodes for a part of the small
ribosomal subunit in prokaryotes. Due to its importance in binding the Shine Dalgarno sequence in
MRNA to be translated, the gene sequence is ubiquitous amongst prokaryotes, possess highly
conserved properties and is seldom encountered to mutations. (Rajendhran & Gunasekaran 2011)
(Willey et al. 2009) This gene contains nine variable regions (V1-V9) interspersed by highly
conserved regions. (Mizrahi-Man et al. 2013) allowing for taxonomic assignments in both higher
and lower hierarchic levels, (Willey et al. 2009) The conservative regions also allow for design of
primers which normally are modified with degenerate positions in order to increase their coverage.
Although the 16S rRNA gene extend over approximately 1500 bp, (Rajendhran & Gunasekaran
2011) massive high throughput sequencing technologies is usually limited to sequencing sections of
this gene. Apparently, there is little consensus as regards to which of the hypervariable regions that
should serve as target, although most studies seem to include V3, V4 or V6. (Mizrahi-Man et al.
2013) However, it has been proposed that the sequencing platform might exert an influence on what
serve as the most optimal hypervariable region of choice. (Claesson et al. 2010) Using several
different types of primers has also been suggested in order to avoid a possible primer bias and

consequently an over or underrepresentation of specific taxa. (Hamady & Knight 2009)

1.5.2 Prokaryotic species definition

The definition of what constitutes a bacterial species has for long been a subject of debate, much
due to the genetic elasticity of these organisms. (Pepper et al. 2015) Several approaches aiming at
presenting a definition of bacterial species have been proposed, with DNA-DNA hybridization
(DDH) being the most acknowledged method prior to the era of sequencing. Species definition by
means of DDH involves the designation of two bacteria to the same species if their DNA molecules
present a hybridization rate of >70%. (Konstantinidis et al. 2006) However, along with advances in
sequencing technologies, sequencing of universal genes, most notably the 16S rRNA gene has
become the method of choice for species definition. Here, the taxonomic designation on species
level occurs for sequences with >97% identity, which are clustered into an operational taxonomic
unit (OTU). (Pepper et al. 2015) The remaining 3% represent ~45 nucleotides located in so called
hypervariable regions of the gene. (Stackebrandt & Goebel 1994) Species definition by means of
OTUs has encountered criticism for being too categorical, (Avershina & Rudi 2013) and giving a
pre-definition of bacterial species (Sekelja et al. 2011) and not being sufficiently discriminatory. A
potential consequence of the latter disadvantage is that bacteria having >97% sequence similarity in
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the gene encoding 16S rRNA, still might be below the threshold of 70% sequence homology if the
traditional DNA-DNA hybridization was being used for species definition, and vice versa.
(Stackebrandt & Goebel 1994) For this reason, multilocus sequence typing (MLST) has been
proposed as an alternative method for taxonomic assignment on a lower hierarchical level. This
method includes sequencing of several housekeeping genes with subsequent comparison of the
resulting profile to sequence databases. (Pepper et al. 2015)

With that being said, analysis 0f16S rRNA sequences has not only made it possible to analyse
several organisms simultaneously, (Pepper et al. 2015) but it has also circumvented the need for
culturing and enabled the study of entire microbial communities in their natural environment.
(Rajendhran & Gunasekaran 2011) This includes habitats such as soil and the human gut where it
has been estimated that 99% and 60-80% of bacteria from the respective habitats cannot readily be
cultivated. (Hirsch et al. 2010) (Suau et al. 1999) Furthermore, with the advent of quantitative PCR,
employment of primers specific for the 16S rRNA gene allows for estimates of the total bacterial

load in samples, which priory had proven to be difficult. (Pepper et al. 2015)

1.6 Polymerase Chain Reaction

In the mid 1980°s, the traditional Polymerase Chain reaction (PCR) was invented by Kerry Mullis
& coworkers and enabled an amplification of DNA by performing three relatively simple steps in a
repetitive manner. The first step, melting of dSDNA involves denaturation by an increase of
temperature to 94-95°C. The second step, primer annealing, allows for primers to bind to the 3’end
of each strand at a temperature that ideally is 2-4°C below the melting temperature of the primers.
The final step involves the elongation of DNA at approximately 72°C by a heat-stable polymerase
isolated from the thermophilic bacterium Thermus aquaticus. The repetitive number of these steps,
hereby referred to as cycles, normally differs between 25-40, with the latter cycle number
theoretically yielding >10*2 amplicons from one DNA molecule. Although greatly permitting the
study of microorganisms without previous culturing, (Pepper et al. 2015) this method had its
limitations as regards to giving the same amount of DNA, independently on the amount of input
DNA templates, thus making quantifications difficult. The advent of quantitative PCR has however
circumvented this problem. (Kubista et al. 2006)
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1.6.1 Quantitative PCR

Quantitative PCR, hereby referred to as g°PCR allows for the quantitative detection of products as
they are made in real time. Detection is performed by fluorescence reporters, which can be non-
specific and sequence specific. (Kubista et al. 2006) An example of the latter is the dual labelled
TagMan probe having a reporter dye in one end and a quencher molecule absorbing the
fluorescence emission from the reporter at the other end. When the PCR nuclease degradation
separates the molecules, fluorescence is released allowing for the detection of amplicons. Non-
specific dyes such as SYBR Green and EvaGreen on the other hand, will emit fluorescence when
bound to any dsDNA, but not in its free form. (Giulietti et al. 2001) Quantification of amplicons is
enabled by the inclusion of a standard curve with different concentrations of target sequence.
(Pepper et al. 2015) When the fluorescence reach a certain threshold for detection, a Ct-value
representing the cycle number is registered, and can be used to determine the number of amplicons
in the sample. (Bustin et al. 2005) Although non-specific dyes are cheaper than specific dyes, their
binding to non-specific PCR products and primer dimers might serve a challenge due to the
generation of false positives. (Kubista et al. 2006) QPCR-amplifications by use of these dyes are
therefore often ensued by the inclusion of a melting curve where heat is applied in an increasing
manner in order to separate all dsDNA in the sample. The following decreases in fluorescence at
different temperatures will subsequently serve as indicators of the amount of target amplicons and

non-specific products. (Pepper et al. 2015)

1.6.2 Quandaries associated with PCR of gut biopsies

When amplifying bacterial DNA from samples that might possess a high ratio of
eukaryotic/prokaryotic DNA, such as gut biopsies, there are several possible complications
affecting the outcome of the PCR reaction. First, if the PCR reaction embeds a high amount of non-
target eukaryotic DNA, the diffusion of the Tag-polymerase might be hampered, thus impeding the
synthesis of DNA. Second, an attempt to account for the low amounts of target DNA by increasing
the number of cycles, might lead to an increase in the synthesis of nonspecific products (Kennedy &
Oswald 2011) such as chimeras created from several parent sequences, which if undetected, could
be regarded as a novel sequence in downstream analysis. (Nelson et al. 2014) Third, low amounts of
target DNA are more prone to contamination of DNA degrading substances such as nucleases from
skin. (Kennedy & Oswald 2011) Fourth, due to reports of several PCR inhibitors in fecal samples,
such as complex polysaccharides (Monteiro et al. 1997) and bile acids (Lantz et al. 1997) it is

reasonable to assume that biopsies from the GI tract might include similar inhibitors as well.
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Finally, a possible cross-reactivity of prokaryotic primers with eukaryotic DNA might occur.
Ideally, primers targeting the 16S rRNA gene result in amplification of prokaryotic DNA. Yet,
cross-reactivity with eukaryotic18S rRNA gene has been shown due to the ancestrality of these
genes. (Huys et al. 2008) However, modifications of annealing temperature has been proposed to
improve the specificity of the primers. (Hwang et al. 2003) In addition, performing a nested
approach to PCR, meaning in two consecutive reactions, has been proposed to increase the

efficiency, sensitivity and specificity of the reactions. (Ekman 1999)

1.7 DNA sequencing

1.7.1 First generation sequencing

First generation sequencing by means of Sanger sequencing, has for decades been subject to several
modifications. Its foundation involves the use of radioactively labelled ddNTP lacking the 3°OH-
group, leading to termination of the template extension. This gives a mixture of fragments that
when separated by electrophoresis, ultimately can be visualized by autoradiography. (Sanger et al.
1977) The method is considered to deliver readings of relatively good quality and length (1000-
2000bp), (Zhang et al. 2011) but has its limitations in regards to being time consuming and yielding
a relatively low throughput. The drawbacks of this first generation sequencing method has to some

extent been circumvented by the advent of second generation sequencing.

1.7.2 Second generation sequencing

Second generation sequencing, also commonly referred to Next Generation Sequencing (NGS)
briefly involves the sequencing of massive number of strands in a parallel fashion. Several NGS
sequencing platforms exist, such as Roche 454 pyrosequencing systems, SOLID, lon Torrent and
[llumina (Rizzo & Buck 2012) with the latter platform possibly comprising the leading platform in

terms of usage.

It is often said that the era of NGS emerged with the advent of Roche 454 pyrosequencer and its
novel approach to sequencing. In this platform, DNA is fragmented and flanked with adaptors for
subsequent attachment to beads. This is succeeded by an emulsion PCR, giving beads covered with
a multitude of copies of a single stranded fragment. The beads are then transferred to a plate
containing a large amount of wells, and in a repetitive manner exposed to nucleotides, which emit a

light following incorporation by the polymerase. This signal is subsequently used for sequence
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determination, thus, emanating the principle behind the sequencing by synthesis approach (SBS).
Sequencing by use of the SOLID and lon Torrent platform, involves the use of DNA binding beads
in a manner similar to the Roche 454 pyrosequencer. Albeit the latter platform also utilizing an SBS
approach, sequence determination is based on detected decreases in pH followed by nucleotide
incorporation, and not emission of light. In a repetitive manner, wells are filled with a solution
containing each of the four nucleotides. If the flow of the respective nucleotide results in
incorporation, a release of hydrogen ions and a subsequent decrease of pH is detected.
(Fisherscientific.com) The SOLID platform however does not employ an SBS approach to
sequencing. Here, beads are attached to a glass slide and exposed to fluorescently labelled probes
which will emit fluorescence upon binding to template. This is repeated in a number of cycles, and

used for sequence determination. (appliedbiosystems.com)

NGS by the Illumina platform

An lllumina sequencing usually begins with a library preparation, i.e the attachment of adapters
flanking the fragments, giving an overhang on each side of the region of interest after PCR. The
adapters contain forward or reverse primers, followed by different indices or barcodes enabling
sample identification. (Illumina.com) Use of dual indexing reduce the probability of indexes being
assigned to the wrong sample in downstream analysis. (Nelson et al. 2014) The distal region of the
adapters include sequences complementary to flow-cell oligos. Once the fragment is loaded onto the
chip and bound to the oligos, clusters of clonal fragments are made, thereby increasing sequencing
depth. This is achieved by repeated amplifications of the fragments that are bound to the oligos in a
bridge like manner, interspersed by denaturation of the newly made dsDNA. The reverse strands are
washed away, giving clusters of only forward strands. The density of these clusters might affect
several sequencing parameters, such as Q30 score, clusters passing filter score, run quality and data
output. Obtaining the appropriate density is therefore of great importance to the sequencing results.

(MMumina.com)

Reading of the strands are performed by a sequencing by synthesis (SBS) method where the
fluorescence of labelled nucleotides are detected while being added to the growing chain. This is
done in a parallel fashion for all bound sequences in all the generated clusters. The probability of
false base calls is captured by a Q30 score representing the percentage of base calls with an
accuracy >99,9%. The emission generated from each of the clusters, is captured between each

incorporation and used for the designating the emission to a particular nucleotide based on its
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wavelength and intensity. As this optics require diversity between each nucleotide incorporation,
phiX (phage DNA) is normally sequenced simultaneously, where the amount depend on the
expected nucleotide diversity. (Navas-Molina et al. 2013) The percentage of clear signals from each
cluster is represented by a clustering passing filter score, indicating signal quality. The read product
and index read generated from reading of forward strand is removed. Again, a bridge amplification
is performed to generate a reverse strand so that sequencing of this strand can be performed in a
manner similar to that of forward strand. A total of 300 bp is being read, each way. This is referred
to as paired end sequencing, increasing the accuracy of the reads. The outcome of this method of
sequencing is an immense amount of reads from both forward and reverse strands, which are
designated into different groups depending on the combination of indices. Reads are then submitted

to an appropriate pipeline for data analysis. (Illumina.com)
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Figure 1.2: The figure illustrates the steps of bridge amplification and cluster generation during
next generation sequencing by the Illumina platform. (researchgate.net)

Compared with traditional sequencing methods, NGS present itself with a higher throughput,
overall lower sequencing costs and increased coverage per sample. (Zhang et al. 2011) The latter



Introduction

merit allows for identification of genera that are otherwise low abundant in a community. (Claesson
et al. 2010) Also, NGS has enabled more thorough analysis of structures and both taxonomic and
metagenomics diversity of complex microbial communities such as the human gut. (Illumina.com)
Despite these merits, there are some drawbacks associated with the NGS method, such as its
immense requirement for computational power in order to drive the tracking and storage of data and
its massive need for quality control. (Rizzo & Buck 2012) Also, the relative short read-lengths
encumbers the performance of tasks with greater demands for longer sequence reads, such as de

novo genome assembly. (Ferrarini et al. 2013)

1.7.3 Third generation sequencing

Although NGS still is considered as a relative new approach to sequencing, it will possibly be
succeeded by approaches even more novel referred to as third generation sequencing. This includes
methods such as nanopore sequencing and Pacbio-sequencing. Briefly, the first method involves the
introduction of a voltage bias across a nanopore which consecutively give rise to detectable changes
in the ionic current as molecules, such as a strand of nucleotides, are translocated through. (Branton
et al. 2008) Pachio sequencing on the other hand use DNA polymerases bound to 50nm wide
structures on an array and fluorescently labelled nucleotides to synthesize DNA from a template.
Owing to the immense amount of these structures on the same array, several templates are
synthesized and sequenced simultaneously. Albeit the similarities in principles behind the SBS
technology of Illumina and Pacbio platforms, there are some major differences in the resulting
output. Sequencing by the Pacbio method produce significantly longer reads than by the Illumina
method, with an average length of 2246 bp. However, the length of these reads seem to come at the

expense of the accuracy of the readings. (Ferrarini et al. 2013)

1.8 Sequence analysis through QIIME

A popular bioinformatics pipeline for analysis of sequences is QIIME, which is an abbreviation for
Quantitative Insights Into Microbial Ecology. A mapping file is normally required for data analysis,
giving the program necessary information about the samples. Navas-Molinas et al. (2013) have
proposed a rough division of QIIME workflow into an “upstream” and “downstream” analysis, each

encompassing several steps managed by a series of commands.



The potential role of tap water bacteria in inflammatory bowel disease

1.8.1 Upstream analysis

Pre-processing of input data

The first step of analysis by this open-access tool, is a pre-processing step encompassing several
events impacting downstream analysis. The first event involves the designation of sequences into
their respective samples, based on the unique barcode attached at the end, also known as
demultiplexing. Barcodes and primers are eventually removed. This is ensued by a quality filtration
step, where sequences of low quality or with possible ambiguities are discarded according to a
given set of parameters. This could include the minimum Q-score (q), percentage of consecutive
base calls of high quality (p) and the maximum number of consecutive base calls of low quality (r)
and ambiguous bases (n). (Navas-Molina et al. 2013) Often, a sub sampling of sequences of a given
threshold (cut-off value) is implemented after the quality filtering, giving an even depth in all
samples before downstream analysis. Thus, a number of sequences identical to this cut-off value are

selected from each sample in a random manner. (Kuczynski et al. 2011) (Nelson et al. 2014)

OTU designation

An important step that potentially could pose a great impact on downstream analysis, is the
designation of sequences into OTUs, which normally is performed with 97% sequence similarity.
QIIME present three different approaches for this purpose: de novo, open reference based and
closed reference based sequence clustering. The de novo based method encompass the designation
of sequences into OTUs based on their resemblance to each other, without the use of known
reference sequences. The reference based approaches on the other hand involves sequence
clustering against references, thus giving a predefined set of possible OTUs. The main difference
between these two reference based approaches is that the closed approach involves the exclusion of
sequences that fail to be clustered against the reference. In open reference based approach however,

these sequences are clustered de novo. Thus, each OTU comprise several related sequences.

In order to simplify downstream computer analysis, one representative sequence is given to each
OTU which subsequently is given a taxonomic identity. The hierarchical level of taxonomic
designation however, is dependent on the resolution of the representative sequence. This sequence
could if needed, be submitted to an appropriate database such as BLAST (Basic Local Alignment
Search Tool) for further taxonomic identification. (Kuczynski et al. 2011) (giime.org) The OTUs
are finally used to make an OTU-table and to create a phylogenetic tree in order to visualize the
phylogenetic relationship between the identified OTUs. It has been argued that the creation of an
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OTU-table should be ensued by a second quality filtration step to remove spurious OTUs of low
abundance (Navas-Molina et al. 2013) which often are the results of chimera formation, PCR errors

or sequencing errors. (Nelson et al. 2014)

1.8.2 Downstream analysis

Using the constructed OTU-table and the phylogenetic tree, QIIME provides the user with a number
of different possibilities for downstream analysis, statistics and visualization. The relative
abundance of different taxonomic levels, both within and between communities can be visualized
through charts, and through a number of commands, several different metrics can be implemented
for estimates of diversity estimates. (giime.org) For simplicity, only a subset of metrics and

visualization options will be presented.

Intragroup diversity analysis

Alpha diversity encompass the diversity within samples and is often presented as OTU-richness,
although several other indices for alpha diversity has been developed, such as the Chaol, Shannon
and Simpson indices. While the Simpson indices tries to estimate the relative abundance of the
species in a sample, the Shannon metric also tries to identify the number of unique species. Chaol
on the other hand aspire to estimate the number of species present in a sample, if sampled
exhaustedly. Regardless of method for alpha diversity estimates, QIIME allows for presentation
through a rarefraction plot, thus making it possible to assess whether the cut-off value gave
satisfactory coverage of the species present. This is usually determined by evaluating the extent of
which the slopes present an asymptotic shape. (Pepper et al. 2015) (giime.org)

Intergroup diversity analysis

Beta diversity metrics typically aspire to present degree of similarity in species composition and/or
distribution between samples. Several indices for beta diversity exist with the Jaccard, Bray Curtis
and Unifrac possibly comprising the most common approaches. While Jaccard only consider the
presence and absence of species, their relative abundance is taken into consideration in Bray-Curtis.
(Pepper et al. 2015) Unifrac however, aims at determining the difference between microbial
communities by establishing their phylogenetic distance in terms of branch length. (Lozupone &
Knight 2005) Thus, the extent of tree similarity between communities determines the beta diversity.
(Pepper et al. 2015) Unifrac measurements can be unweighted or weighted, where the latter
approach accommodate for potential differences in the relative abundance of taxa in the compared
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communities, thus giving a qualitative measurement of beta diversity. (Lozupone et al. 2007) The
unweighted approach on the other hand only interpret the absence/presence of OTUs. (Navas-
Molina, 2013) QIIME permit visualization of the beta diversity through PCoA-plot (Principal

Coordinates Analysis-plot) and hierarchical clustering. (Kuczynski et al. 2011) (giime.org)

1.9 Aim of project

The findings from Aamodt et al (2008) and Frank et al (2007) as mentioned in section 1.3.2
initiated the establishment of this project. Albeit presenting interesting results with respect to a
potential linkage between drinking water and IBD, an elucidation of an association with respect to
the microbiota still remains untouched. Therefore, the main aim of this research is determining if
the microbiota of biopsies retrieved from selected patients can be explained by the microbiota of the
tap water taken from the same subjects under investigation. Thus, we aspire to contribute to the
investigation of if and how tap water can serve as an environmental trigger in the development of
IBD.

As this seem to be a relatively new area of investigation, our null hypothesis is that there is no
association between the microbial communities of tap water and biopsies, and no involvement of
tap water in the aetiology of IBD. The alternative hypothesis is that tap water may serve as an
etiologic agent in the development of IBD and that there is an association between the microbiota of
tap water and biopsies. If latter hypothesis is to apply, we suggest that this association can be
explained by either direct or indirect means. An association by direct means refer to a possible
direct transmission or colonization of tap water bacteria to the mucosa of subjects under
investigation. Indirect means on the other hand may involve the production of substances or
metabolites by tap water bacteria which potentially might alter the biochemical conditions of the
ingested water with a subsequent influence on the microbial growth in the mucosa. Albeit similar
hypotheses earlier have been proposed by Aamodt et al (2008) and Frank et al (2007), projects with

aims comparable to the aim of this research has to my knowledge not been performed.

426 biopsies and 227 water samples from a selected Norwegian cohort consisting of IBD patients
and healthy controls were used as study material and analysed by using culture independent
techniques. The V3-V4 region of the 16S rRNA gene was amplified in a nested approach and
followed by sequence determination using Next Generation Sequencing and the Illumina MiSeg-

sequencer. QIIME-pipeline was employed for data analysis.
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2.0 Materials and methods

2.1 Study material
Materials were collected between 2005-2007, originally as a part of the Inflammatory Bowel

Disease in south-eastern Norway Il (IBSEN I1) project, aiming at investigating genetic,
immunological and environmental factors implicated to participate in the aetiology of IBD. In this
project, prospective patients from geographically restricted areas in south-eastern Norway,
presenting several traits characteristic of IBD were invited to participate. Using colonoscopic
examination, a final diagnosis was established based on a given set of criteria for IBD
(Lennardjones 1989) with subsequent classification of the disease based on the Montreal
classification. (Satsangi et al. 2006) Patients who met the given requirements were divided into UC,
CD and Inflammatory bowel disease unclassified (IBDU). Patients with less pronounced findings
were labelled as possible, while patients without any pathological findings were classified as non-

IBD and included as controls.

227 water samples and 426 biopsies from 224 different patients were used for this research project,
and includes samples retrieved from both adults and children <18 years. Patients returning for a
follow up study and re-evaluation of diagnosis, 1-1,5 years after the initial diagnosis was
determined are included in these numbers. Biopsies were retrieved from both non-inflamed (A) and
inflamed (B) tissue and from tissue of unknown category. A total of 7 different locations within the
gut served as origin. (lleum=1, Caecum=lII, Ascendes=I1l, Transversum= IV, Descendens=V,
Sigmoideum=VI, Colon=VII) The distribution of patients and material for analysis with respect to
essential parameters such as age group, diagnosis, sample location and tissue type is illustrated in
figure 2.1. A complete list of all samples used for this research project, identification number, and

origin with respect to patient, diagnosis, tissue type and location is given in appendix A.

Biopsies were stored in a freezer at Rikshospitalet for subsequent transportation on dry ice to
NMBU for further storage at -60°C. Prior to this project, DNA of water samples had been extracted,

purified, quantified and stored in freezer.

An overview of the workflow implemented is shown in figure 2.2.
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Figure 2.1: Shows the sample distribution with respect to patient category, age group and diagnosis for
biopsies and water samples, and localization and tissue type for biopsies.
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Figure 2.2: illustrates the workflow implemented during the research process with respect to both water

samples and biopsies.
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2.2 Obtainment of DNA and quality assurance
2.2.1 Cell lysis and extraction of DNA

Biopsies ranging from <1mm?® to 6mm? in size were transferred to tubes containing approximately
0,259 acid washed glass beads (Sigma Aldrich, Steinheim, Germany) and 200ul S.T.A.R buffer
(Stool Transport and Recovery, Roche, Basel, Switzerland) for preservation of DNA. Lysis of cells
was performed twice with MagNA lyser instrument (Roche); 6500 rpm for 20s, with 1 min cooling
between runs to avoid overheating and DNA degradation. During this pause, tubes were flicked to
prevent biopsies to adhere to lid during lysis. Proximate to DNA extraction, samples were
centrifuged at 13000 rpm for 5 min for separation of glass beads and cell matter from the DNA in

supernatant.

Mag™ mini kit (LGC, Middlesex, UK) was used for the extraction of DNA in gut biopsies. Lysis
buffer and proteinase were added to supernatant, followed by a 55° incubation for 10 minutes in
order to degrade protein remnants. Ethanol and paramagnetic beads were added to the suspension
containing DNA. Owing to the DNA binding capabilities of the latter, three successive washing
steps with washing buffer BLM 1 and BLM 2 were permitted to remove impurities. The final step
of extraction involved the release of the newly washed DNA from the beads with Elution buffer.
The procedure was made automatized by the use of KingFisher™ Flex Magnetic Particle Processor,
(Thermo Scientific™, Waltham, USA) using the programs “ProteinaseLGC” and “MagMiniLGC”

Negative control was included to secure that DNA contamination was avoided.

2.2.2 Quantification of prokaryotic DNA

Due to expectations of low bacterial quantity in biopsies, extracted DNA from all samples were
subject to quantifications of prokaryotic DNA by quantitative PCR, hereby referred to as gPCR.
The amount of amplicons of thel6S rRNA gene as indicated by the resulting Ct-value, served as the
main determinant for this purpose. Quantification was accomplished with LightCycler 480 11
(Roche) by using 0,2uM of the16S forward and reverse rRNA primers PRK341F and PRK806R
(Invitrogen, Thermo Scientific™). 5x HOT FIREPol® EvaGreen gPCRMix Plus (Solis BioDyne,
Estonia) was used for fluorescence due to its non-specific binding properties, and diluted to a final

concentration of 1x. 5ul DNA template was embedded in the total reaction volume of 20 pl.

Positive and negative controls (E.coli genomic DNA and mastermix respectively) were included.
The following program was implemented: activation 95°C for 15min, 40 cycles of 95°C for 30s,

55°C for 30 s and 72°C for 45s. Owing to a relatively high amount of co-amplification of eukaryotic
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DNA in a preceding test-run, annealing temperature was increased from 50°C in the original
program to 55°C in order to increase primer specificity. Melting curve analysis was included to
account for possible formation of nonspecific products. Assuming that each bacteria harbours a
copy number of the 16S rRNA gene of 3, and that the amplification efficiency and detection
threshold of the qPCR reaction equals1,6 and 10*° respectively, the following formula was
implemented for theoretic estimates of bacterial counts in the gPCR reaction:

1010
()

3

2.2.3 Quality assurance

In order to secure satisfactory results from DNA extraction, amplification and purification
processes, samples were subject to quality assurance by quantitative or qualitative means. Both
methods of DNA measurements were performed by the use of a 1:200 dilution of Qubit® dsDNA
HS Reagent (Invitrogen) possessing DNA binding and fluorescent properties. For quantitative DNA
measurements, the fluorescence and thus, the concentration of DNA was estimated by use of a
Qubit™ fluorometer. (Invitrogen) Detection of fluorescence from qualitative DNA measurements
on the other hand, was employed by the use of Cambrex FLx800cse machine (Cambrex, East
Rutherford, USA)

Quality assurance also involved the application of gel electrophoresis, where samples including
controls were validated on 1% agarose gel. PeqGreen RNA/DNA Dye (Peglab, Erlangen, Germany)
and100bp DNA ladder, (Solis BioDyne) were used for staining of DNA and comparison of band
sizes respectively. An electric current of 80V for 30 minutes was applied and succeeded by
visualization in Molecular Imager® Gel Doc™ XR Imaging System (Bio-Rad, Hercules, USA).

2.3 Amplicon library preparation

Amplification of V3 and V4 segments of the16S rRNA gene and the adjoining of adapters were
performed in two separate steps/nested reactions in order to maximize the specificity of the primers.
The latter reaction was not initiated until all samples reached the completion of the first PCR
reaction. Positive and negative controls (E.coli genomic DNA and master mix, respectively) were
included in all PCR reactions. The water samples were divided and processed in three batches, with
duplicates of sample 4-41 in the last batch. The mucosal samples were divided into five batches,
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with the last batch containing 6-7 duplicates from each of the four first batches. Comprising as
much variation as possible in sample characteristics was considered to be of main importance when

choosing the latter duplicates.

In addition to visualizing a subset of amplicons from all PCR reactions on gel, quantitatively and
qualitatively measurements were applied, as explained under quality assurance. A subset of water
samples from the first PCR reaction were quantitatively measured, while a qualitative measurement
was applied on all mucosal samples owing to large variations in the Ct-values from the gPCR. A
qualitative measurement was applied on both water samples and mucosal samples after the final
PCR reaction. Fluorescence from negative sample was subtracted from the resulting fluorescence to
account for excess nucleotides, primer dimers etc. Samples with a fluorescence equal to a non-
detectable band were submitted to additional rounds of recovery with the rationale of generating a
higher amount of amplicons. The subsequent adjustment of the conditions behind the two nested

reactions primarily targeted the number of cycles and the amount of template DNA.

2.3.1 Nested PCR

Template DNA from both reactions was embedded in a 25 reaction volume of 1x of HotFirePol®
buffer B2, 25mM of MgCly, (all Solis BioDyne) 200uM dNTP (Solis BioDyne). 1,25U concentration
of HotFirePol® and FirePol® DNA polymerase were used in the first and second PCR reaction
respectively. 5ul template DNA was used for the amplification of 16S rRNA, with DNA
concentrations in the range of <0,5-1,1 ng/mL and 0,3-25 ng/mL from the water samples and gut
biopsies respectively. For the adaptor adjoining 5-10pl template with DNA concentrations of 1-9

ng/mL and 0,1-3,1ng/mL of the respective sample types were used.

0,2 uM of PRK341F (5"-CCTACGGGRBGCASCAG-3") and PRK806R (5 -
GGACTACYVGGGTATCTAAT-3") (Invitrogen) was included in the amplification of 16S rRNA,
thus allowing for the amplification of V3, V4 and the conservative regions interspersing these
variable regions. This reaction will be referred to as PRK PCR. For adjoining of adapters, 0,2 uM of
the 16S rRNA forward and reverse indexing primers (Invitrogen) was employed. Indexing primers
were added manually on the purified water sample PCR products, and made automatized on the
mucosal samples by use of Eppendorf epMotion 5070 machine. (Eppendorf, Hamburg, Germany)
36 forward and 16 reverse primers, each with a unigue barcode, were used in each set of samples.

Primers were arranged in a manner giving each sample from each set a unique barcode
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combination, allowing for the annotation of sequences to their respective sample after the final

sequencing. This reaction will be referred to as indexing PCR.

The following PCR program was implemented for the amplification of 16S rRNA,; activation 95°C
for 15 min, 25-30 cycles of 95°C for 30s, 50-55°C for 30s, 72°C for 45s, and final elongation at
72°C for 7 min. The adjoining of adapters on the other hand required the following program; 95°C
for 5 min, 10 cycles of 95°C for 30s 55°C for 1 min, 72°C for 45s, and final elongation at 72°C for
7min. 2720 Thermal Cycler (Applied Biosystems, Foster city, USA) served as the amplification

instrument in both PCR reactions.

2.3.2 PCR product purification

The nested PCR reactions were interspersed by a purification of PCR products with Sera-Mag
Magnetic Speed beads in order to remove unincorporated nucleotides, primer dimers, smaller
fragments, etc that could pose an impact on the final sequencing process. A 1:1 ratio of PCR
product and bead solution were mixed, allowing for DNA fragments over a certain size to bind to
the magnetic beads. While on magnet, DNA was washed three times with fresh 80% ethanol,
ensued by a release from the beads with nuclease-free water. The purification process was made
automatized in Biomek® 3000 Workstation (Beckman Coulter Life Sciences, Indianapolis, USA) in
concordance with manufacturers protocols. Bead solution was made from 0,1% carboxyl-modified
Sera-Mag Magnetic Speed beads (Fisher Scientific, Thermo Scientific™) pre-washed with TE, 18%
PEG, 1M NaCl, 10mM Tris-HCI pH 8, and 1ImM EDTA pH8. After each purification, DNA was
quantitatively measured with Qubit in a subset of samples as described under Quality assurance, to
confirm the binding of DNA to the beads. A second post PCR purification process after the adapter
adjoining was not considered necessary due to the low amounts of interfering products shown after

gel electrophoresis on a subset of samples.

2.3.3 Sequencing preparations.

Ensuing adapter adjoining on all samples, a normalization process was performed in order to
achieve that an equal amount of indexing PCR products was transferred to the Illumina sequencing
chip, and to avoid an over or under representation of certain samples. This was performed manually
on both sample types. The qualitative DNA measurements of the PCR indexing products, were used
as a baseline for normalization. The fluorescence from the negative control was subtracted from the

value to account for possible primer dimers, excess nucleotides etc. Owing to the even fluorescence
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in water samples, an equal volume from each sample was transferred to a common pool. The higher
dispersion of fluorescence in the biopsies made it more feasible to divide samples in groups of ten.
An appropriate normalization volume was subsequently assigned to each group, ensuing a fairly
equal amount of DNA to be transferred from all samples. Both pools were subsequently subject to a
manual purification in order to remove excess nucleotides, primer dimers and non-specific smaller
amplicons etc. Pools were mixed with Sera-Mag magnetic speed beads in a 1:0,8 ratio allowing for
a removal of DNA under a certain fragment length. While on magnet, the attached DNA was
washed twice with 80% fresh ethanol, and eluted with nuclease-free water. Pools from before and
after this purification step was checked on 1% agarose gel as described under Quality assurance, in
order to confirm the success of the clean-up.

Both cleansed pools, hereby referred to as libraries, were submitted to quantification with Perfecta®
NGS Library Quantification Kit for Illumina® Sequencing Platforms, (Quanta BioSciences,
Gaithersburg, USA) following manufacturers instructions and by the use of LightCycler 480 I1. A
1:2000 and 1:20000 dilution of the libraries were included, together with five standards ranging
from 0,0005pM to 5pM. All samples were run in triplicate reactions to increase the reliability and
account for possible deviations. Negative control was also included. Based on the Ct-values from
the included standards, an equation from the resulting calibration curve was made, and the corrected
concentration in the amplicon libraries was estimated. Libraries were subsequently diluted to 4nM

in order to generate a proper cluster density.

2.3.4 Library denaturation and Miseq sequencing

Amplicon libraries consisting of water samples and mucosal samples were sequenced separately.
Before loading onto chip, diluted libraries were prepared and denatured according to Illumina
Library Preparation guide and by use of Miseq reagent cartridge (Illumina, San Diego, USA). A
denatured control of PhiX was included to serve as a contrast during the reading process and permit
error rate calculations. 4nM of PhiX and amplicon library were prepared in a similar manner by first
separately combining the samples with equal amounts of 0,5N NaOH, giving samples of 2nM.
Samples were vortexed, centrifuged at 280g at 20°C for 1 min (libraries only), followed by a 5
minute incubation at room temperature in order to separate the strands. Libraries and PhiX were
further diluted to 6pM with HT1. Amplicon library of mucosal samples was spiked with15% PhiX
according to manufacturers recommendations, while a 30% spike-level was used for the water

samples due to recent technical problems with the Miseq machine. Spiked libraries were separately
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applied onto the flow cell of an Illumina chip, and sequenced by use of a MiSeq sequencing
platform (Illumina) All library denaturation and MiSeq sequencing steps were performed under the

supervision of co-supervisor.

2.4 Analysis of sequencing data

2.4.1 Analysis in QIIME

Raw sequence data from the water samples and the biopsies were uploaded and processed
separately in QIIME by co-supervisor. Sequences were initially demultiplexed and filtered to secure
that only sequences of satisfactory quality were used for downstream analysis. For this, minimum
sequence length and E-value was set to be 350 nucleotides and 0,2 respectively. For sequences from
both biopsies and water samples, a cut-off value of 3000 sequences from each sample was set and
served as the basis for the subsequent designation of sequences into OTUs. This was performed
using usearch, the UPARSE algorithm, and a closed OTU-picking strategy. Ultimately, Greengenes
database served as the reference system. Sequences were screened for potential chimeras using
ChimeraSlayer. OTUs were then subject to several diversity estimates using the command
core_diversity _analysis in QIIME. Phylogenetic diversity whole tree, Observed species, Shannon,
Simpson and Chaol served as indices for estimates of alpha diversity, while weighted and non-
weighted UniFrac, Jaccard and Bray Curtis indices were implemented for estimates of beta
diversity. This was visualized through rarefraction and PCoA-plots respectively. Graphics of charts

showing relative abundance of taxonomic groups in the microbial communities were included

2.4.2 Statistical analysis of datasets

To test for differences of a given OTU within the groups of the biopsy and water sample data set,
the command OTU_category_significance was incorporated to the QIIME workflow by co-
supervisor, using statistical principles of Kruskal-Wallis test. Correction of the resulting p-value

with the Bonferroni approach was included, to further reduce chances of getting false positives.

A Principal Component Analysis (PCA) including a score plot and loading plot was performed on
the biopsy OTUs. Thus, the dataset was reduced to a smaller and more manageable pattern of data
referred to as principal components, alleviating further downstream statistical analysis. To test for
potential interactions between the independent variables and their impact on the dependent

variables, ASCA Analysis of Variance (ANOVA) was employed as a statistical method using PLS

Toolbox. (Eigenvector Inc, Washington, USA) A significance level of 5% were used for all
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statistical tests. To further identify if potential intragroup differences were present in the OTUs
implicated to be of significance for potential interactions between age and diagnosis, a Kruskal-
Wallis test was performed using SYSTAT13 (Systat Software Inc, California, USA). As this
method do not detect where potential intragroup differences occur, Conover-Inman test for pairwise
comparisons was implemented as a statistical method as well on the median percentagewise
prevalence of the OTU, also using of SYSTAT13. The latter analysis does however not announce
the direction of significance in each pair. For this, the median values of the tested OTU were in each
group of pair were compared. To test for potential significances of the prevalence of OTUs in
different combinations of inflammation category and age, Kruskal-Wallis followed by Conover-
Inman was implemented. This was performed on all of the enrolled patients. Tissue of unknown
category was excluded from this analysis to prevent the introduction of possible biases. All of these

analyses were performed by supervisor.

In situations were further identification of OTUs on a lower hierarchical level was of interest, the
reference sequence generated by QIIME during the designation of sequences into the respective
OTU was uploaded to BLAST by student. Thel6S ribosomal RNA sequence database was used for
identification. Only suggested taxonomic annotations with the most suitable query cover, identity
and E-value were presented and discussed.

2.4.3 Analysis of associations between OTUs in water and biopsies

Identifying and selecting matches

In order to unveil any potential transmissions of OTUs from water to mucosa, the reference
sequence from each OTUs in the biopsy and water sample data set were first mapped against each
other by a postdoc from the department using MATLAB®. (MathWorks, Natick) A threshold of

>97% sequence similarity was employed for the identification of potential OTU matches using the
following Jukes-Cantor model for sequence divergence estimates: d = — 3/4 ln(l — 4/3 p) where

d represents the evolutionary distance between two sequences, and p is the proportion of
substitutions across the sequence alignment, i.e. the sequence distance. (Xiong 2006) This was
initially performed without taking the prevalence of the OTUs into consideration. Each match was

then given a taxonomic identity.

Owing to the complexity of identifying potential associations on all matches, only selected matches
from the water sample data set, the biopsy data set, and from the Jukes-Cantor data set were
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submitted to further analysis by student. Only matches showing significant Bonferroni-corrected p-
values with respect to diagnosis during the implemented statistical testing with Kruskal-Wallis in
QIIME, were chosen for this purpose in the first to data sets. As the aim was searching for potential
transmission of OTUs from water to mucosa, matches in the Jukes-Cantor dataset on the other hand,

were selected based on the prevalence of the water OTUSs.

To reduce chances of analysing water OTUs present by mere coincidence, matches were narrowed
down to include those connected to the 50 most prevalent OTUs from the water sample data set. An
overview of taxonomic belonging was made to evaluate if a further narrowing of the matches was
needed prior to subsequent analysis. To account for the possibility that spurious OTUs still might
comprise a part of the remaining matches between the datasets, water OTUs were plotted against its
percentwise prevalence and a threshold was established where a change of decline could be
observed. Thus, OTUs from water sample data set showing an average prevalence above this
threshold were submitted to further analysis of potential transmission using Fisher exact.

Statistical testing with Fisher exact

Selected matches from the biopsy, water sample and Jukes-Cantor dataset were subject to statistical
analysis of any plausible associations between OTU matches in water and biopsies. This was
performed with the Fisher exact method by student, with the rationale that plausible associations
potentially could be used for further evaluation of OTU transmission from water to mucosa. A
match was considered to be present in both samples if >1 sequence(s) from each of the OTUs in the
match could be detected in both water sample and in biopsy. In cases were a patient presented two
water samples or more than one biopsy, of which only one of the respective samples contained the
OTU of interest, the OTU was considered present. Level of significance was set to be 0,05.
Characteristics of the samples such as age-group, diagnosis etc. was not taken into consideration, as

the primary aim was searching for potential associations regardless of origin.

Matches presenting a Fisher exact value below the level of significance were submitted to an
additional round of Fisher exact testing by student to see if possible associations could be attributed
to certain diagnosis groups. Dataset of the OTU match of significance was decomposed into Non,
IBD, CD and UC groups, where the IBD group encompassed patients from the latter two groups
and IBDU. Patients having a status of diagnosis marked as possible or unknown were excluded

from this final analysis to prevent the introduction of possible biases.
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3.0 Results

3.1 Library preparation

The quantifications of DNA ranged from <0,5-1,1ng/mL for the water samples and 0,3-26ng/mL
for the biopsies. The output from the g°PCR measurements on the biopsies, gave a wide range of Ct-
values from 33,78 to 16,97 with a median of 23,33. Thus, the theoretic amount of bacterias per pl
eluted DNA ranged from from 85 to 229 038, with a median of 11 529, corresponding well to the
variation of biopsy sizes. Ct-values of positive and negative controls of 13 and 35 respectively,
confirmed a successful amplification of prokaryotic DNA with little sign of DNA contamination.

Samples were submitted to two nested PCR reactions, with subsequent qualitative measurement of
fluorescence. Examples of amplicons in a subset of biopsies from the first and second PCR reaction
are given in figure 3.1 and 3.2 respectively. Net fluorescence is included for comparison reasons.
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Figure 3.1: shows the resulting amplicon products in a subset of biopsies (lane 1-13) from the
PRK PCR reaction. Positive and negative controls are shown in lane 14 and 15 respectively.
Net fluorescence (thousands) is shown in the bottom of each lane.

*MW = Molecular weight, 100bp ladder.
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Figure 3.2: Shows the resulting amplicon products in a subset of biopsies (lane 1-9) from
the indexing PCR reaction. Positive and negative controls are shown in lane 10 and 11
respectively. Net fluorescence (thousands) is included in the bottom of each lane.

*MW = Molecular weight, 100bp ladder.



Results

Figure 3.1 and 3.2 shows the absence of a band in negative controls and a clear, visible band in both
positive controls of the expected sizes of 450bp and 580bp in the PRK PCR and indexing PCR
reaction respectively. The presence of expected product in the other samples is confirmed from
bands of approximately equal length. With respect to the amount of amplicons, there seem to be
large variations, corresponding to the large variations of bacterial counts. Both PCR reactions show
sign of smear, and formation of primer dimers of approximately 100bp at the end of each line,
although this observation seem to be more prominent in the indexing PCR.

When comparing fluorescence to band intensity, a probable association between net fluorescence
and band strength become evident, where a fluorescence of 0,5 seem to be required for a band to
become noticeable. Thus, 65 biopsy samples recalcitrant to give a fluorescence above 0,5 were
submitted to 4 additional rounds of increased cycles and/or increased template DNA, as described
in section 2.3 in material and methods. The baseline for normalization both before and after

additional rounds, and sample distribution based on net fluorescence is illustrated in figure 3.3.
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Figure 3.3: shows the total sample distribution based on net fluorescence after indexing
PCR, both before and after additional rounds, and thus the baseline for normalization.

As presented in figure 3.3, a substantial amount of samples initially below the threshold of 0,5
returned a net fluorescence above 0,5 after the additional rounds of increased cycles and/or

increased template DNA.
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3.1.1 lllumina sequencing

The qPCR quantifications of the pool containing water samples resulted in concentrations of
21,08nM. Sequencing by Illumina resulted in cluster density of 577 K/mm? and a subsequent
clustering passing filter of 95,72. Q30 was estimated to be 80,91. With respect to the biopsies,
quantified pool returned a concentration of 21,3nM, while the Illumina-run resulted in a cluster
density and passing filter of 920 K/mm? and 96,28. Q30-score was set to be 77,69.

3.2 Sequence processing

Three thousands sequences per sample was set to be the threshold for further downstream analysis
for both datasets. Owing to the initial quality filtration step, 20 of 426 (4,7%) unique biopsy
samples were excluded from the dataset. Thus, sequences from 406 biopsies served as material for
further computer analysis. The number of sequences per sample in the biopsies ranged from 12 to
202 627, with a median of 13 238. With respect to the water samples, 15 of 227 (6,6%) of the
unique water samples were removed, leaving 212 samples for analysis. Sequence number varied
from 28 to 62 589 with a median of 18 145.

3.2.1 Intragroup diversity analysis

Alpha diversity estimates resulted in several rarefraction curves, of which one from each dataset is
exemplified below in figure 3.4 and figure 3.5. This was amongst other things used to determine if
the cut-off value of 3000 was set to a reasonable level. For simplicity, groups of unknown category
or considered to be of minor significance are excluded from these plots. A more detailed description
of the results of this analysis, is given in appendix B with all metrics employed for analysis and

respective rates of error.
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A) Rarefraction biopsies: Age
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Figure 3.4: Rarefraction curve A, B and C illustrates the alpha diversity at 97%
sequence similarity, using number of species as metrics. Curve A,B and C give the
alpha diversity in biopsies with respect to age, diagnosis, and gut location respectively.
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As displayed in figure 3.4, the rarefraction plot of the biopsies show a continuous flattening of the
curves towards an asymptotic shape, as the amount of sequences increases. When performing alpha
diversity estimates on the biopsies, all diversity metrics displayed a somewhat higher diversity in
adults compared to children, as exemplified in curve A. With respect to diagnosis, all metrics
disclosed CD and IBDU to have the lowest diversity estimates. UC and control group presented the
highest diversity, and appeared to be equally diverse (Curve B) Concerning gut location, the metrics
exhibited the lowest diversity in the small intestine. Large intestine and cecum on the other hand
appeared to be equally diverse due to the lack of a consistent pattern between the metric. The latter
location presented the highest estimates when observed species was employed as metrics, as shown
in curve C. Furthermore, a consistent pattern of diversity in inflamed and non-inflamed tissue could
also be observed with the latter demonstrating a higher diversity in all metrics. Using observed
species as metric, at 3000 sequences non-inflamed tissue presented a higher alpha diversity

compared to inflamed tissue, showing 110 and 98,5 species and errors of 34,4 and 33,1 respectively.
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Figure 3.5: illustrates the alpha diversity in all water samples at different
sequence amounts when number of species is employed as metric.

The rarefraction curve of the water samples also display a continuous flattening of the curve as the
number of sequences increase, although somewhat less evident in the samples with the highest
species number. When comparing alpha diversity estimates on water samples in figure 3.5 to those

of biopsies, it becomes apparent that the number of species is considerably higher in most of the
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water samples. All metrics displayed great variation between the water samples and as illustrated in
figure 3.5, the number of species ranged from approximately 5 to 495 when the number of species
was used as metric. Diversity estimates on water samples from combined groups of age and
diagnosis showed a somewhat lessened congruency between the different diversity metrics.
However, a pattern of water samples from pediatric CD patients displaying the lowest alpha
diversity compared to Non_C appeared in all metrics.

Average values of the metrics employed in diversity analysis of both biopsies and water samples

were however followed by relatively high errors obscuring potential significant conclusions.

3.3 Statistical testing of biopsy and water sample data set
The inclusion of the Kruskal-Wallis command in QIIME, resulted in several OTUs responsible for
differences between the groups within the biopsy and water samples respectively. Significant OTUs

having a Bonferroni corrected p-value <0,05 are enlisted in appendix G, for all groups tested.

3.3.1 Statistical analysis of biopsy data set

Kruskal-Wallis detected 23 OTUs implicated to be of significance for differences between the
diagnosis groups, all presenting Bonferroni-corrected p-values <0,05. These OTUs stem from a
variety of different phyla. Most, notably this includes members of the Firmicutes followed by
Bacteroidetes, Proteobacteria and to a smaller extent Actinobacteria, Cyanobacteria and
Tenericutes. Within the Firmicutes, members of the Clostridiales, such as Lachnospiracheae and
Ruminococcus and Erysipelotrichiae seem to dominate. A more detailed description of the output of

this analysis can be seen in appendix G, table 7.1.

Testing for interactions and group differences

Testing of interactions by ASCA-ANOVA showed the most significant interaction between age and
diagnosis. For more details, see appendix L. By inspecting the loading plot, we found OTU 4
(Enterobacteriaceae) as the most important. Owing to the confined nature of this thesis, results of

the biopsy dataset primarily connected to this OTU will be presented.

OTU 4 was submitted to further statistical analysis by Kruskal-Wallis to test for intragroup
differences. The resulting p-value of 0,000 confirmed differences between amalgamated groups of

age and diagnosis. Since Kruskal-Wallis do not detect where potential intragroup differences occur,
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further statistical testing by the Conover-Inman method for pairwise comparisons was implemented.
The results of the Kruskal-Wallis test and the significant results of the Conover-Inman test are
illustrated in figure 3.6 below. For more detailed description of the output from these analyses, see

appendix C and D respectively.
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Figure 3.6: shows the median percentagewise prevalence of OTU4 in amalgamated groups of age
and diagnosis, and the pairwise comparisons identified as significant from the Conover-Inman test.
*P-value = 0,000 **P-value =<0,01 ***P-value =<0,05

The figure reveals a large variation with respect to OTU 4 prevalence in the groups, where UC_C
present the highest prevalence, followed by CD_C and IBDU_C. The pairwise comparisons further
disclose a significant increase of this OTU in UC_C compared to all other groups, with the
exception of the IBDU_C cohort. The figure further illustrates an increased prevalence of OTU 4 in
CD sufferers of the pediatric cohort compared to adult counterparts and adult controls. In summary,
figure 3.6 show an increased prevalence of OTU 4 (Enterobacteriaceae) in the pediatric IBD
cohort, especially UC sufferers, compared to the other groups included in this analysis.

Attempts to unveil potential taxonomic identification of OTU 4 a lower hierarchical level using

BLAST, identified several potential matches affiliated to the Escherichia/Shigella genus. E.
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fergusonii (n=3), E. coli (n=4), S. sonnei (n=2) and S. flexneri (n=1) all presented a query cover and
identity of 98% and 99% respectively, and an E-value of 8e-168

OTU 4 in inflammation and age

Beta diversity output in QIIME using Bray-Curtis distance metric revealed that the relative
abundance of Enterobacteriaceae was more than twice as large in inflamed tissue, as opposed to
non-inflamed tissue, presenting a prevalence of 5,89% and 2,87% respectively. Further statistical
testing was therefore performed on OTU 4. Testing for differences between amalgamated groups
with respect to inflammation categories and age with Kruskal-Wallis, manifested significant
differences at p=0,000. Conover-Inman test was further performed to uncover potential intragroup
differences. The significant results can be seen in figure 3.7. A more detailed output of the Kruskal-

Wallis and Conover-Inman analysis is given in appendix E and F respectively.
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Figure 3.7:shows the percentagewise prevalence of OTU 4 in inflamed and non-inflamed
tissue from both adults and children, and the respective p-values between the groups as
measured with Conovan-Inman test.

As displayed in figure 3.7, Conover-Inman analysis revealed a difference between non-inflamed
and inflamed tissue, where OTU 4 was significantly enhanced in the latter. (p=0,000). Children
with inflamed tissue further displayed significantly more of this OTU than adults with non-inflamed
tissue. With respect to non-inflamed tissue, at p=0,004 the pediatric cohort presented significantly
more OTU 4 than adults. Differences between inflamed tissue of adults and children showed no
significant results at a 5% level. Nor did analysis of differences in inflamed and non-inflamed tissue
of children. However, at a p-value of 0,000, a difference in OTU 4 prevalence was detected between
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the respective types of tissue in adults. Figure 3.7 further shows that OTU 4 constitute an abundant
OTU in the categories enlisted as the percentages of this OTU is relatively high. Although not
shown in figure, Conover-Inman also revealed a significant difference between adults and children
at p=0,001.

3.3.2 Statistical analysis of water sample data set

Analysis by Kruskal-Wallis did not detect OTU 4 or any other OTUs of the Enterobacteriaceae to
be significantly important for differences in any of the water sample groups. 18 OTUs were
however detected to be of significance for differences between the diagnosis groups, all presenting
Bonferroni-corrected p-values <0,05. Of these, 13 of 18 taxonomic groups are attributed to

Proteobacteria, most notably the alpha and delta lineage.

3.4 Overlapping OTUs between water and biopsy data set

Analysis in MATLAB® detected 310 possible matches between OTUs from water sample and
biopsy data set, where each match presented > 97% sequence similarity. A complete list of all
matches, their respective taxonomic annotation and distance in terms of Jukes-Cantor

measurements, is given in appendix H.

Without taking OTU prevalence into consideration, the relative distribution on phyla level in all
matches present itself as following: 50,6% Firmicutes, 27,7%, Proteobacteria 12,3%, Bacteroidetes,
5,5% Actinobacteria, and 3,9% of other phyla. The matches comprised 230 and 241 unique OTUs
from the water sample and biopsy data set respectively, meaning that a single OTU potentially had
several matches. The taxonomic identification of the 50 most abundant water sample OTUs (all
presenting an average of >3 sequences and a prevalence > 0,1%) holding a match can be seen in

figure 3.8 below.
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Taxonomic distribution in OTUs >0,1% prevalence
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Figure 3.8: The figure shows the relative distribution on phyla level in the 50 most
prevalent water sample OTUs (all > 0,1%) holding a match. Distribution on family
level within each phyla is given in parenthesis.

Of the Proteobacterial phylum, the distribution between Alpha, Beta and Gammaproteobacteria
equaled 26,3%, 42,1% and 31,6% respectively. As the figure shows, there is a conspicuous
dominance of bacteria belonging to Firmicutes, especially from the Ruminococcaceae and
Lachnospiraceae family. Proteobacteria seem to exert a rather high dominance in the most abundant
water OTUs as well presenting Comamonadaceae and Enterobacteriaceae as it most prevalent
family members. Actinobacteria, Bacteroidetes and Verrumicrobia are also present, but in lower

amounts.

3.5 Associations between water and biopsy OTUs

Owing to the complexity of performing exhaustive research on all identified matches, only selected
matches from the water sample data set, the biopsy data set, and from the Jukes-Cantor data set
were submitted to further analysis, as described in section 2.4.3 in materials and methods. Of 128
patients presenting both water and biopsy samples, information from 113 patients (88,3%) could be
used for analysis of potential associations with Fisher exact, as some patients were removed during

the initial quality filtration step in QIIME.
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3.5.1 Matches determined by water and biopsy data set.

None of the OTUs implicated to be of significance for differences in the diagnosis groups within the
water sample data set presented any matches with OTUs of the biopsy data set. Thus, further
analysis to test for potential transmission of OTUs from water to mucosa was not performed on
these OTUs. In the biopsy data set, six of the OTUs from the Kruskal-Wallis analysis held matches
to the water sample data set. These matches are shown in table 3.1 below. Interestingly, OTU 4
from the biopsy data set presented a match to OTU 2 from the water sample data set. OTU match
4/2 is therefore included in further analysis as OTU 4 was involved in several findings of

significance during the statistical analysis of the biopsy data set.

Table 3.1: The table shows OTUs identified as matches by the Jukes-Cantor method, from the biopsy OTUs
implicated to be of significance in differences in diagnosis groups. Match 4/2 is included. OTU prevalence
(%) is given in parenthesis. Standard deviation of biopsy OTU is also given along with taxonomic annotation
OTU-matches and
prevalence (%)

Biopsy Water St.dev” Taxonomy’
19 1196 2,29  p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_
(1,349) (0,039) _Roseburia(w?*)
56 271 0,75  p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f __Erysipelo
(0,459) (0,179) trichaceae
288 1545 0,72  p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Porphyromon
(0,07) (0,012) adaceae;g_Parabacteroides
179
179 (0,28) 0,11  p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifido
(0,039) 217 bacteriaceae;g__Bifidobacterium;s__adolescentis (w¥)
(0,275)
582 271 0,14  p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f __Erysipelo
(0,035) (0,179) trichaceae
572 1025 0,007 p__Firmicutes;c__Clostridia;o__Clostridiales;f__Christensenellaceae
(0,0005) (0,0036)
4 2 13,8  p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f
(5,546)  (0,1513) _Enterobacteriaceae

*Standard deviation biopsy OTU with respect to percentagewise prevalence in all biopsies.
+ k =kingdom, p = phyla, ¢ = class, f = family, g = genus, s = species
1 Taxonomic annotation on given level, is only attributed to water sample.

Four of the matches belong to the Firmicutes and to the order of Clostridiales and Erysipelotrichales
respectively. All matches presents relatively low standard deviations, with the exception of match
4/2. Matches were further submitted to statistical analysis by Fisher exact method to test for
possible associations between biopsies and water samples. As OTU 572 presented a very low
prevalence and only could be identified in two biopsies, this match was excluded from further

analysis. The result of this analysis is shown in figure 3.9 below. For details, see appendix J.
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Matches of importance in biopsy data set
and respective Fisher exact P-value
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Figure 3.9: shows Fisher exact value of matches identified as being of importance from the biopsy data

set, and percentage of which the respective OTU could be identified in none, both or one of the water and
biopsy samples. OTU match is given in parenthesis.
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In match 288/1545, 179/179, 179/217 and 582/271, the reference sequence of the respective OTUs
could not be identified in either of the sample types in the majority of the patients. Only a minority
of the patients presented matches in both sample types, with the exception of match 4/2 and to some
extent 19/1196 and 56/271. A p-value above 0,5 for the six first matches indicate no significant
associations between water samples and biopsies with respect to these OTUs. A p-value below 0,5
for match 4/2 however indicates a plausible association of Enterobacteriaceae in thell3 patients

encompassed by this analysis.

3.5.2 Matches determined by Jukes-Cantor data set.

To prevent spurious water OTUs from introducing potential biases in the subsequent analysis steps,
the top 50 water OTUs presenting matches were plotted in decreasing order based on its
percentagewise prevalence, and a threshold was determined. These OTUs are given in appendix K.
As can be seen in figure 3.10, an OTU prevalence of 0,62% seem to mark the transition from a

steep to a more continuous decline in prevalence, thus serving as a threshold.
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Figure 3.10: shows the percentwise prevalence of water OTUs presenting an abundance
> 0,01% and having matching reference sequence to one or more biopsy OTUSs.

Threshold determination resulted in seven OTU matches of six different taxonomic annotations
implicated not to be of spurious origin. These are shown in table 3.2 below. In addition,
conspicuous characteristics were seen amongst several of the OTU matches below threshold, owing
to their relatively high prevalence in both water samples and biopsies. This includes OTUs from the
family Ruminococcaceae (n=4), Lachnospiracheae (n=3), Enterobacteriaceae (n=1) and
Bacteroidaceae (n=1), all presenting a prevalence of > 0,59% in biopsies and > 0,1% in water
samples. The first two families encompass findings of Faecalibacterium prausnitzii (n=1),
Ruminococcus gnavus (n=1), Roseburia (n=1) and Blautia (n=1) amongst others. Worthy of a
comment is the observation that the match below threshold designated as Enterobacteriaceae is of

the same OTU as previously tested.

Table 3.2: The table shows OTUs in biopsies and water identified as matches by the Jukes-Cantor method,
when a prevalence threshold of >0,62% is employed for water OTUs. Respective OTU prevalence (%) is
given in parenthesis. Standard deviation of water OTU is also given along with taxonomic annotation.
OTU-matches and
prevalence (%)

Biopsy Water St.dev” Taxonomy
710 6 10,0  p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __C
(0,004) (3,885) omamonadaceae;g__Polaromonas (w*)
778 24 50 p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f _Brad
(0,006) (2,104) yrhizobiaceae;g Bradyrhizobium (b*)
461 112 4.3 p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _C
(0,0013)  (1,061) omamonadaceae;g__ Delftia (b?)
623 22 3,7 p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f O

(0,001) (0,982) xalobacteraceae;g__Oxalobacter (b*)
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145
(0,049) 40 1,0 p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g
192 (0,675) __Streptococcus
(0,02)
891 9 4,8 p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f
(0,0006)  (0,625) __Sphingomonadaceae;g_ Sphingomonas;s__yabuuchiae

*Standard deviation water OTU with respect to percentagewise prevalence in all water samples.
1 k = kingdom, p = phyla, ¢ = class, f= family, g = genus, s = species
1 Taxonomic annotation on given level, is only attributed to biopsy.

As displayed in table 3.2, five of the six most prominent OTUs belong to the phylum Proteobacteria
while one belong to Firmicutes. Half of the OTUs are encompassed by the order Burkholderiales.
The prevalence of the OTUs in each match belonging to the biopsy data set seem to be convincingly
lower than what is observed in the water samples. Standard deviations for all water OTUs are
relatively high, with the exception of the OTU 40, Streptococcus. Further attempts to identify OTU
40 on a lower taxonomic level in BLAST resulted in several potential matches, most notably S.
pseudoporcinus and S.suis, each presenting an identity of 99% and 98% respectively. They further

present E-values of 7e-164 and 3e-163respectively, and query covers of 99%.

To test for plausible associations, matches from table 3.2 were subject to statistical analysis by the

Fisher exact method. The results are given in figure 3.11 below. For details, see appendix I.

Matches of importance in Jukes-Cantor data set
and respective Fisher exact P-values

pP=1 P=0,7 P=0,65 P=1

| I W,
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(6/710)  (24/778) (112/46) (22/623) (40/192) (40/145) (9/891)

MATCHES AND RESPECTIVE OTUS
Figure 3.11: shows the Fisher exact value of the matches identified as being of importance from the Jukes-

Cantor data set, and the percentage of which the respective OTU could be identified in none, both or one
of water and biopsy samples. OTU match is given in parenthesis.
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As figure 3.11 shows, the majority of patients presented reference sequences from the OTUs in each
match in the water samples, but not in the biopsies. Only a small fraction of each OTU could be
detected in both sample types, with the exception of match 40/145 and to some extent match 24/778
(Streptococcus and Bradyrhizobium respectively). Overall, it also seems like sequences were
completely absent in both sample types in a large share of the patients within each match, with the
exception of the two abovementioned matches. All of the Fisher exact p-values are >0,05, thus

indicating no significant associations between the matching OTUs in water and biopsy samples.

3.5.3 Match 4/2 with respect to diagnosis.

To determine if the association with respect to match 4/2 from figure 3.9 could be attributed to a
certain status of diagnosis, the match was decomposed into separate groups, and a Fisher exact test
was performed. Of the 113 patients used for the previous Fisher exact testing, 101 was used for this
purpose as 12 patients were excluded due to a status of diagnosis marked as unknown or possible.
The result of this analysis can be seen in figure 3.12 below. The analysis of this OTU match from

figure 3.9 is included for comparison reasons, as this analysis is performed on all diagnosis groups.

Prevalence of OTU-match 4/2 in diagnosis groups and
respective Fisher exact P-value

pP=0,26  P=0,072 P=0,52 P=0,26 P=0,016

| |
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DIAGNOSIS GROUPS
Figure 3.12: shows the Fisher exact value of the match 4/2 implicated to have an association
between water and biopsy samples, and the percentage of which this OTU could be identified
in none, both or one of water and biopsy samples in the different diagnosis groups.
1 IBDU is included in this group together with CD and UC.
1 Includes all diagnosis groups as given in figure 3.9.
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As the figure shows, none of the diagnosis groups present significant Fisher exact values with
respect to OTU match 4/2 when analysed separately. Compared to the group representing patients
with all diagnoses, the fraction of the patients having OTU match 4/2 in both water and biopsies
from the Non-group, is slightly higher. This observation does not apply to the three groups
associated with IBD however as this fraction is somewhat lower. The overall distribution in the
water and biopsy samples between the respective groups does however appear to commensurate.

Although not below 0,05, the p-value of the IBD group is somewhat lower than that of the control

group.
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4.0 Discussion

4.1 Transmission of enterobacteria from water to mucosa?

Of great interest, is the observation that match 4/2 (Enterobacteriaceae) presents a Fisher exact p-
value <0,05, suggesting a plausible association between water samples and biopsies with respect to
this OTU, as shown in figure 3.9. Of further interest is the fact that this is the same OTU
accountable for several compelling results revealed during analysis of the biopsies, especially with

respect to its preeminence in pediatric UC patients, as will be discussed.

4.1.1 Tap water as a potential causative agent for the precedence of OTU4

If tap water is to serve as a potential causative agent for the observed precedence of OTU 4, the
hypotheses regarding potential connections could primarily seek to explain this linkage by direct or
indirect means, as mentioned in the introduction. Our findings of the OTU match 4/2 having a
possible significant association in tap water and biopsies, as measured by the Fisher exact method,
might give support to the theory of colonization by direct means. When considering this hypothesis,
a few words with respect to the presence of this taxonomic family in drinking water should be

mentioned.

Enterobacteria in drinking water

Enterobacteriaceae comprise a large family of the Gammaproteobacteria and are G-, non-spore
forming, and facultative anaerobes with some exceptions. The members of this family can be of
both nonpathogenic and pathogenic nature. (Mukhopadhya et al. 2012) (www.ilsi.org) As of today,
microbial research with respect to the presence of this family in drinking water is scarce. An
exceedingly large fraction of available research seem to encompass the characterization of the
extended-spectrum beta-lactamases (ESBL) producing members. Albeit being of great significance
to human health, this topic is somewhat beyond the scope of this thesis. Furthermore, as members
of the Enterobacteriaceae are common inhabitants of the gut of animals and humans, studies
detecting the presence of E.coli and coliforms of the species Escherichia, Citrobacter, Enterobacter
and Klebsiella, is normally performed to assess the safety of drinking water. (Pepper et al. 2015)
(www.who.int) The Norwegian drinking water act oblige the detection of E.coli and other coliforms

to be 0/250ml water. (www.lovdata.no)


http://www.ilsi.org/
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Of the few studies assessing enterobacterial identification in water, reservoirs of developing
countries in Asia and Africa with different conditions from Norwegian reservoirs seem to be
favored. However, a research project investigating the presence of Enterobacteriaceae in Polish
ground waters, presented large variations with respect to the number of colonies/100ml water,
ranging from O to several hundreds. In this study S. marscescens, P. vulgaris, C. freundii and E.coli
comprised the most predominant enterobacterial species. (Golas et al. 2002) Although the majority
(90%) of the Norwegian water source come from surface waters, and ground waters only represent
the remaining 10%, (www.norskvann.no) it is likely to assume that members of this family might
be present in Norwegian water sources as well. Both pathogenic and nonpathogenic members of
Enterobacteriaceae can be found in water for domestic purposes, although members of the primary
group are rare. This could be affiliated to the fact that several pathogens, such as those belonging to
Enterobacter, Helicobacter, Shigella and Klebsiella are relatively sensitive to disinfectants and
unstable in aquatic environments, although bacteria from the latter genus have shown an ability to

create biofilms and grow in distribution systems. (www.who.int)

4.1.2 A direct transmission of OTU 4 from water to mucosa?

As touched upon in the introduction, the GI tract of IBD patients presents itself with lower stability
and diversity, which is often accompanied by a diminished resilience to colonization by new
bacteria. (Lozupone et al. 2012) Therefore, it might seem reasonable to consider the possibility that
that bacteria from ingested food items, including tap water, more easily will colonize a Gl tract
characterized by a degraded microbiota by direct mechanisms. Furthermore, the possibility that
apparently insignificant amounts of microbes such as Enterobacteriaceae ultimately may amount to
large enough numbers to pose a threat on human health when consumed in considerable amounts
over a long period of time, should not be excluded. This could especially apply for individuals
presenting a microbiota easily prone to perturbations such as IBD sufferers. Thus, if
Enterobacteriaceae in tap water is to be associated with IBD, it is not unlikely that a person holding
a degraded microbiota and/or genetic susceptibility genes might be strongly influenced by tap water

as an environmental factor.


http://www.who.int/
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4.2 Enterobacteria in IBD

4.2.1 Where do we stand so far?

As of today, researching efforts with respect to the microbiota in pediatric IBD seem to remain
scarce, compared to adults. Findings regarding Enterobacteriaceae in the mucosa of children with
CD seem to be deviating as both increased amounts (Gevers et al. 2014) and no significant
increases have been reported. (Hansen et al. 2012) Regarding the prevalence of this taxonomic
group in pediatric UC patients, even less is information seem to be available. In the more
extensively studied microbiota of adults however, there seem to be a common acceptance that
Enterobacteriaceae is increased in the mucosal samples of CD patients. (Chen et al. 2014)
(Kabeerdoss et al. 2015) (Walker et al. 2011) (Willing et al. 2010) Although our results present
enterobacterial increases, the lack of significance between the adult CD cohort compared to the

healthy adults (figure 3.6) is unexpected, yet interesting.

4.2.2 Potential mechanisms for enterobacterial thrift in IBD

Whether the increased prevalence of bacteria within this family is a cause of the inflammatory
response seen in IBD patients, or simply a result of the inflammatory milieu, remains to be
elucidated. With respect to the latter point of view, it has been shown that inflammation of the Gl
tract has the ability to promote an increase of reactive nitrogen species (RNS) giving an
accumulation of nitrate as a by-product. This substance have demonstrated to be utilized by
Enterobacteriaceae for growth. (Winter et al. 2013) In addition, inflammation can also lead to an
increase of oxygen to an otherwise oxygen-depleted environment. This could be explained by
enhanced flow of water to the lumen as a result of diarrhea, leakage of oxygen-rich blood, or as a
result of oxidative bursts such as the release of ROS by neutrophils. (Rigottier-Gois 2013)
Furthermore, ROS have also shown to interact with other substances and create terminal electron
acceptors that potentially could support the growth of pathogenic members of the
Enterobacteriaceae family, such as Salmonella. (Winter et al. 2010) Thus, nitrogen and/or oxygen
might possess the ability to promote a dysbiotic microbiota by suppressing the growth of obligate
anaerobes whilst developing a niche where facultative anaerobes like Enterobacteriaceae could

flourish.

4.2.3 Enterobacteria and its preeminence in pediatric IBD
A compelling observation is the precedence of OTU 4 in children with UC, and to a certain extent

in children with CD, as the first group show significantly more of this OTU than all adult groups
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and pediatric controls. (All p-values = 0,000) It is known that enterobacteria and other facultative
anaerobes are amongst the first colonizers of the infant gut, and small children often present
augmented levels of this family in comparison to adults. Thus, it might apparently seem feasible to
explain our observed differences between children and adults with respect to OTU 4 by natural
colonization. However, observations of the microbial profile of children resembling an adult profile
after only a few years (Rodriguez 2015) and the fact that the children enrolled in this project are up
to 18 years of age, makes it unlikely that natural succession present a significant influence on our

results.

Phenotypically speaking, inflammatory bowel disease in children manifest itself in a somewhat
different manner compared to adults, with more extensive intestinal involvement and increased
severity of the disease being observed in several studies. (Langholz et al. 1997) (Limbergent et al.
2008) (Pigneur et al. 2010) With previous discussion of inflammation and ecological niches in
mind, this disparity could potentially result in different environmental conditions within the Gl tract
of adults and children, where increased amounts of oxygen is more pronounced in the latter. Thus, a
potential theory of the preeminence of OTU 4 in the pediatric IBD cohort might be that there has
been a change of milieu driven by inflammation, with a subsequent development of a beneficial
niche. Consequently, the Gl tract of children with IBD might serve as a better habitat for the
aerotolerant Enterobacteriaceae. On the other hand, there is a possibility that the gut microbiota of
children is less recalcitrant to perturbations, such as a potential invasion from a pathogen, owing to
a lower alpha diversity. (Rodriguez 2015) Thus, the fact that the precedence of OTU 4 might be a
result of a bacterial invasion of members from this family should not be excluded, especially as the

pediatric cohort displayed a decreased alpha diversity compared to the adult cohort.

4.2.4 s there a connection to the extent of inflammation?

Production of large amounts of ROS by phagocytic cells such as macrophages and neutrophils is a
natural response to pathogens as these oxidizing oxygen metabolites are toxic to infectious agents.
(Mittal et al. 2014) If not properly controlled, these oxygen metabolites might also lead to damage
on the host cells, as seen in inflamed tissue. The amelioration normally provided by antioxidants in
the mucosa of healthy individuals, have shown to be impaired in inflammatory bowel diseases.
(Kruidenier et al. 2003) Thus, it is reasonable to believe that the amount of ROS are increased in

inflamed tissue as compared to non-inflamed tissue.
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Although not investigated in this project, such observations could potentially apply to the biopsies
used in this research as well. Some bacteria are equipped with different mechanisms for
circumventing the toxic effects of these free oxygen radicals. For instance, it has been demonstrated
that E.coli, when exposed to dissolved Oz, has the potential to express a manganese-superoxide
dismutase (SOD) ameliorating the harmful effects of O2™ by conversion to H.O». (Baez & Shiloach
2013) Consequently, the theory regarding oxygen as an encourager of the growth of facultative
anaerobes could potentially also relate to our findings of enterobacterial increases in inflamed tissue
as opposed to non-inflamed tissue. (p=0,000) Although not displaying significant decreases, the
alpha diversity of biopsies of inflamed category was found to be abated. Thus, a potential impaired
recalcitrance to enterobacterial colonization might serve as a collateral explanation to the observed

increases in this tissue.

Why the enterobacterial increases in inflamed tissue presents significance in adults (p = 0,000) and
not in children is hard to tell. It has been demonstrated increased levels of SOD in adults in
comparison to their younger counterparts during a Gl infection with S. flexneri, (Ragib et al. 2000)
potentially indicating a better ability of adults to circumvent the toxic effects of ROS. However, the
complexity of immune responses and the seemingly lack of research with respect to differences in
mucosal immune responses in the gut at different age groups, makes a proposition of an explanatory
theory difficult. The enhanced levels of OTU 4 in both inflamed and non-inflamed tissue of the
pediatric cohort as opposed to the non-inflamed tissue of the adult cohort is of interesting remark.
With previous discussion in mind, it is possible that the inflamed tissue of children presents a more
advantageous niche for the growth of Enterobacteriaceae compared to the non-inflamed region of
adults. One plausible explanation for why the enhanced levels of OTU 4 extend to non-inflamed
tissue of the pediatric cohort as well might be that these individuals present a microbiota of lower

stability owing to their reduced alpha diversity. (Figure 3.4 A)

4.2.5 Could the precedence of OTU 4 be explained by AIEC?

Of the Enterobacteriaceae, E.coli seem to be the bacterium implicated to be associated with Gl
diseases such as IBD the most (Mukhopadhya et al. 2012) and elevated levels of antibodies against
its O-antigen have been reported in IBD patients. (Tabagchali et al. 1978) Observations that some
strains possess invasive and proinflammatory properties, give support to theories embracing its role
as an inducer of inflammation. Of most interest is the CD-associated AIEC, which has the ability to

translocate across the mucosal barrier to the submucosa where it can invade and replicate within
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macrophages. This bacterium has been detected in 29-36% of CD patients compared to 12-19% and
3-9% of UC-patients and controls respectively. (Mukhopadhya et al. 2012) Its presence lead to
increased excretions of the proinflammatory cytokine TNF-a, thus provoking further immune
responses. (Glasser et al. 2001) Other virulence factors include long polar fimbriae which it

employs for stimulation of Peyer’s patches. (Chassaing et al. 2011)

Since the resolution of OTU 4 is only applicable for taxonomic assignment on family level, making
assumptions of potential denotations on a lower hierarchical level is difficult. Although the finding
of OTU 4 possibly being affiliated to species of the Escherichia/Shigella genus could be legitimate,
this observation should be interpreted with caution as the polymerase used for this research project
emanate from E.coli. Thus, there is a chance that amplification artifacts of DNA traces from this
bacterium, might have posed an impact on the taxonomic annotation in BLAST. Further discussion

of OTU 4, will therefore not take this finding into consideration.

Observations of OTU 4 being more predominant in pediatric UC patients than in pediatric and adult
Crohn’s patients might imply that the enterobacterial precedence is not explained by the CD-
associated pathogen AIEC. In addition, albeit not displaying a significant p-value, OTU 4 was
slightly increased in adult controls compared to adults with CD, further suggesting the exclusion of
this pathotype. E.coli associated with epithelial adherence have demonstrated to be significantly
enhanced in the lamina propria of UC and CD patients. (Mylonaki et al. 2005) Thus, owing to the
compromised nature of the mucosal barrier in IBD patients, it is also possible that the initiation of
an immune response is caused a nonpathogenic member of the Enterobacteriaceae as well.
However, estimating lysis intensity with respect to mucosal depth is difficult. In case of a situation
where transmural lysis of profound bacteria deep within the mucosa has failed, there is a probability
that analysis of potential invasive bacteria such as AIEC has been excluded from the subsequent

steps.

4.2.6 Could a potential transmission of OTU 4 be attributed to IBD patients alone?

Our finding of an association between biopsies and tap water with respect to Enterobacteriaceae
was only established when control patients and patients with IBD were viewed as an amalgamated
unit. The fact that the association between water samples and biopsies with respect to OTU 4 did
not apply to any of the diagnosis groups when analysed separately is somewhat surprising. Albeit
being above the level of significance, the observation of the IBD group having a lower Fisher exact

value than the Non-group is however of interesting remark. (Figure 3.12) Apparently, there might
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seem as there is no association between biopsy and water sample with respect to
Enterobacteriaceae in the different diagnosis groups. This dissension could however be explained
by alterations in the dataset. Division of the 113 patients into different diagnosis groups led to each
group being significantly smaller than when Fisher exact analysis was performed on all diagnosis
groups combined. Thus, as the number of patients within each group decreased, the requirements of
the observations became elevated in order to give a Fisher exact value below the level of

significance.

4.3 Bacterial composition of OTU matches

The taxonomic distribution in the initial 310 OTU matches displayed a different profile than
expected, much because the ratio of Firmicutes to Proteobacteria showed nearly a twofold
magnitude of difference. This observation is most likely accredited to the fact that several of the
OTUs comprised by the matches, could be present in spurious levels, thus not serving as legitimate
representatives of the microbial community in tap water. As the requirements for OTU prevalence
in the water samples increased to 0,1%, the taxonomic distribution converged towards a more

anticipated profile, as OTUs of spurious origin theoretically were excluded.

4.3.1 Proteobacteria and its contributions to the microbiota of drinking water

Although the taxonomic composition of drinking water and water in distribution systems might
differ according to initial water source, method of treatment, pH, availability of nutrients, dissolved
oxygen and other biochemical compounds, there seem to be several conjectures applying to our
results of the six most prevalent water OTUs. The observed dominance of Betaproteobacteria,
echoes findings by other studies conducted with respect to the bacterial diversity of drinking water
(Pinto et al. 2012) (Revetta et al. 2010) (Rudi et al. 2010) although some studies have reported a
predominance of Alphaproteobacteria. (Lu et al. 2013) (Williams et al. 2004) Members of the a-
lineage have been proposed to be less recalcitrant to disinfection compared to bacteria from the 3-
lineage, which to some extent might explain the predominance of the latter in this research.(Niemi
et al. 2009) Somewhat surprising is the relative high prevalence of Gammaproteobacteria as this
class has been proposed to be present in drinking water, but in modest amounts. (Rudi et al. 2010)
(Vaz-Moreira et al. 2013) (Liu et al. 2014) This lineage has however been shown to predominate

biofilms of distribution systems. (Douterelo et al. 2016) It should however be noted that the
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methods employed for detection differed significantly between the respective researching projects

used for comparison.

Observations of Bradyrhizobiaceae and Sphingomonadaceae of the a-lineage, Burkholderiales of
the B-lineage, and Pseudomonadaceae of the p-lineage being present in relatively high amounts,
could to some extent have been expected, as members of these taxonomic division frequently have
been detected in drinking water. (Berg et al. 2009) (Hwang et al. 2012) (Liu et al. 2014) (Martiny et
al. 2002) (Vaz-Moreira et al. 2013) Thus, the fact that five of the six most prevalent water OTUs are
affiliated to the first three divisions, as shown in table 3.2, could be considered reasonable findings.
Our results of the Polaromonas of Comamonadaceae being the most prevalent OTUs, substantiate
previous research on the microbiota of drinking water in distribution systems. In addition to being
frequently isolated from granular activated carbon-filters employed for water treatment, (Magic-
Knezev et al. 2009) it has been proposed that as much as 69% of the bacteria from the water in
distribution systems can be affiliated to this genus. (Liu et al. 2014) A precedence of
Comamonadaceae was also presented in a study by Martiny et al (2002) as they not only found this
family to prevail the microbiota of biofilms, but the bulk water in distribution systems as well. As
several members of this family are capable of denitrification, they constitute an important part of
the microbiota of activated sludge. (Khan et al. 2002)

The sixth most prevalent OTU, Sphingomonas, seem to be another important member of drinking
water as well as this genus has been reported to be of both dominating nature (Berg et al. 2009) and
present in considerable amounts. (Martiny et al. 2002) (Liu et al. 2014) Sphingomonas has
furthermore been reported to prevail the microbiota of biofilms, suspended solids and loose deposits
in distribution systems. (Liu et al. 2014) This genus can be found in a wide spectrum of
environments (Berg et al. 2009), and its survival in low nutrient, oligotrophic environments such as
distribution systems, can be attributed to its enhanced uptake system. (Liu et al. 2014) The second
and fourth most prevalent OTU, Bradyrhizobium and Oxalobacteraceae, are common inhabitants of
the environment. Members of the latter family thrive in anaerobic environments such as fresh lakes
and sediments, but can also be found in the rumen of several animals like sheep and cattle. (Garrity
et al. 2004) The Bradyrhizobiaceae family can been detected in both drinking water (Vaz-Moreira
et al. 2013) and BAC-filters (Niemi et al. 2009) while species of Bradyrhizobium also can be found

in root nodules where they perform nitrogen fixation. (Garrity et al. 2004)
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It is surprising that one of the six most prevalent water OTUs belong to Streptococcus, as this is a
human associated bacterium known to include several members of pathogenic nature. S.
pseudoporcinus, annotated by BLAST as the most likely strain, is considered to be relatively rare
although it has been isolated from urine, skin, vaginal and rectal specimens. (Stoner et al. 2011) S.
suis on the other hand is a common pig pathogen, normally residing in the upper respiratory tract of
pigs. Although having the potential to serve as a human pathogen, this occurs with low frequency in
Western countries. (Goyette-Desjardins et al. 2014) Streptococcus being a natural inhabitant of
drinking water is unlikely, although other genera such as Staphylococcus, Mycobacterium and
Nocardia, known to include pathogens, have been isolated from drinking water as well. (Berg et al.
2009) Still, its prevalence might be accredited to mechanisms of contamination. If the source of
contamination is sewage leakage or transmission from patient to sample during the sampling
process, one could probably expect a high variation and standard deviation between the samples.
OTU 40 however only exhibited a standard deviation of 1%, indicating an equal distribution in the
samples. Thus, the possibility of contamination during sample processing should not be excluded.

4.3.2 The water microbiota in relation to previous research

On a phylum level, our findings of Verrumicrobia, Actinobacteria and Bacteroidetes (figure 3.8) are
in concordance with previous research as these phyla have been detected in drinking water. (Lu et
al. 2013) (Vaz-Moreira et al. 2013) Albeit a further narrowing of the OTUs resulted in a profile in
more compliance with the abovementioned expectations, there is a relatively high presence of
several bacterial groups more common of the gut microbiota. In particular, this includes the
detection of Ruminococcaceae, Lachnospiracheae and Streptococcaceae of the Firmicutes,

Bifidobacteriaceae of the Actinobacteria, and Bacteroidaceae of the Bacteroidetes.

Although several of the taxonomic annotations of the OTU matches allegedly not are implicated to
be associated with the natural microbiota of tap water, several gut associated bacteria have been
found in filters of drinking water distribution systems. This includes Ruminococcus, Lachnospira,
Blautia, Roseburia and Faecalibacterium found in Chinese drinking water. Interestingly, the
amount of Firmicutes has also shown to be positively correlated with nitrite (Wu et al. 2015) thus
illuminating the potential influence biochemical conditions might exert on microbial growth in
water systems. Despite the likely dissimilarities in conditions affecting the drinking water
microbiota in China and Norway, the possibility that such bacteria could be present in Norwegian

distribution systems, should not be excluded. The fact that 50% of the 50 most prevalent OTUs are
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affiliated with Firmicutes might however indicate that there are potential mechanisms of

contamination involved as well.

4.4 Possible transmission of other OTUs from water to mucosa?
4.4.1 OTU matches from Jukes-Cantor dataset

The observed lack of significance between water and biopsies with respect to each OTU match, as
measured with the Fisher exact method, might imply that there has not been a transmission of these
bacteria from water to mucosa. The lower prevalence of each OTU match in the biopsies, as can be
seen in table 3.2, is not surprising as the matches were sorted with respect to water sample
prevalence. Furthermore, as the rationale was searching for potential transmission of OTUs from
water to mucosa, it is reasonable to assume that only a small fraction of the transferred bacteria, are
capable of adhering to and survive in the GI environment. The low prevalence of the OTU matches
in the biopsies, is to some extent reflected in the results from figure 3.11, where relatively few of
the reference sequences could be found in the biopsies. The strikingly high fraction of patients
showing an absence of the reference sequence in both sample types, might indicate that the
prevalence of the water OTUs are not equally distributed between the samples. Thus, it is possible
that the presence of these OTUs are affiliated to only a few samples, especially since the respective
standard deviations were relatively high. The possibility of a potential transmission of matches
below the threshold of 0,62% should not be excluded as the OTUs above might be subject to bias.

4.4.2 OTU matches from biopsy data set

As figure 3.9 shows, the Fisher exact p-value of six of the seven matches defined as important in the
biopsy dataset are above 0,05. Thus, none of these matches can be regarded as significant
contributors to the theory of a possible association between water samples and biopsies. This can
partly be explained by the fact that these matches to a relatively little extent can be recaptured in the
water samples under investigation. As the taxonomic groups encompassed by these matches are
highly typical of the gut microbiota and are most likely adapted to thrive in the gut where abiotic
and biotic factors are expected to differ significantly from distribution system waters, this could
have been expected. With this in mind, one could expect the OTU matches and its reference
sequences to be present in biopsies to a larger extent than what can be observed from table 3.1 and
figure 3.9 respectively. However, the allegedly low recapture of these matches in the biopsies can

be explained by the fact that the OTU matches under investigation initially was defined by testing
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with the Kruskal-Wallis method which do not take relative OTU prevalence into consideration
when seeking to explain the variation within the diagnosis group. Thus, albeit being typical of the
human gut, the prevalence of these OTUs do not reflect the actual prevalence of the respective
taxonomic groups, as there presumably are several OTUs annotated to the same taxonomy.
Furthermore, the OTUs implicated to be of importance in the biopsy data set was chosen based on
the Bonferroni p-value, which is a more stringent correction of the p-value than for instance the
FDR. Thus, employment of the latter correction could possibly have led to the annotation of more
OTUs of significance and consequently more OTUs being subject to further testing with Fisher

exact.

4.4.3 Could tap water introduce perturbations to the gut microbiota by indirect means?

The gut is an extremely complex ecosystem, with an immense amount of reactions and interactions
in a subtle and delicate balance. In individuals where this balance is frail or easily altered, such as
IBD patients, there could be a possibility that biotic and/or abiotic components of ingested items
such as tap water, indirectly could disturb this equilibrium. This includes hypotheses of tap water
bacteria producing metabolites or other substances affecting microbial growth directly or by
indirectly creating an ecological niche for the thrift of certain microbial groups, such as members of
the Enterobacteriaceae. The fact that tap water bacteria and their different metabolic processes
could change the biochemical conditions of tap water such as levels of minerals like iron,
magnesium and sulfur or their chemical form, should also be considered as a possible hypothesis as
this could affect microbial growth as well. Albeit international databases such as the KEGG
PATHWAY are under constant development, our current understanding of the interplay between

metabolic pathways and how substances impinge upon microbes, is generally scarce.

4.5 Analysis in QIIME

4.5.1 Intragroup diversity analyses

Several of the findings from the alpha diversity analysis seem to be in corroboration with previous
research, thus strengthening its reliability. Concerning estimates of the biopsy data set, the result of
adults presenting a higher diversity than children is as expected as this is in concordance with the
general belief. (Rodriguez 2015) As is our findings of the enhanced diversity in healthy controls,
and UC biopsies as compared to CD biopsies. (Walker et al. 2011) (Bibiloni et al. 2006) Our

diversity estimates of the anatomical sites is echoed by the general assumption of the cecum and
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large intestine presenting a more stable environment for bacterial growth compared to the small
intestine, where growth is impaired by gastric juices. (Lu et al. 2014) Alpha diversity in terms of
species richness must not be confused with bacterial concentrations as these observations have
shown different results in inflamed and non-inflamed tissues of IBD patients. While studies have
presented augmented bacterial concentrations in inflamed tissue, (Swidsinski et al. 2009) the

species richness in our and other studies, is found to be decreased. (Sepehri et al. 2007)

Interestingly, the increased species estimates of the majority of tap water samples compared to the
biopsies, reflect the high diversity of the relatively undiscovered microbiota of water. The variation
with respect to species number in the water samples can probably be accredited to the different
conditions of the tap waters under investigation. As mentioned initially, the microbiota of tap water
is influenced by several factors of the distribution system (Pepper et al. 2015) frequency of tap
usage (Rudi et al. 2009) and also if the water originates from ground waters or surface waters.
(Douterelo et al. 2016) The fact that water samples from CD patients present the lowest diversity is
a finding deserving of a comment, as the mucosal diversity of these patients have shown to be
depleted as mentioned. Although implying a potential link between these observations is a rather
bold remark, the possibility of this being concomitant observations should not be excluded. Owing
to difficulties of drawing significant conclusions from the diversity analyses, these results should be

interpreted with caution.

The flattening of the rarefraction curves indicates that the cut-off values of 3000 sequences embrace
most of the species from both the biopsies and water samples. The continued increase in the
rarefraction curve of some of the water samples do however indicate that there are more species left
to be captured in these samples. Although a higher cut-off value possibly would have given a more
asymptotic shape of these curves, thus indicating an inclusion of nearly all species present, this
would also have led to an exclusion of more samples from the sequencing analysis steps.
Furthermore, 3000 sequences seem to be a decent amount as 1000 sequences has been suggested to
be the appropriate minimum threshold to circumvent too much influence from different issues of

quality. (Navas-Molina et al. 2013)

4.6 Library preparation and sequencing
As the qubit quantifications and gPCR values indicate, there are large variations of DNA and

bacterial counts between the samples. The deviating amounts of DNA in water samples is most
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likely explained by variations in the tap water distribution systems of these patients, as this can pose

a great impact on bacterial growth. (Pepper et al. 2015)

The higher Q30 value of the water sample run (80,91) compared to the biopsy run (77,69) could be
attributed to the lower cluster density of this run (577 K/mm?) compared to 920 K/mm? in biopsy
library. This is partially because a smaller space between the clusters increases the risk of a wrong
base call due to overlapping signals, resulting in a lower Q30 score. However, as all quality
parameters generated from the two Illumina runs in this project are within acceptable levels, the

process of sequencing could could generally be regarded as being successful.

4.7 Critical appraisals and possible artifacts
Performing a research project without the introduction of possible biases has proven to be difficult
as artifacts easily is introduced. With respect to this project, there are a few critical appraisals that

should be raised owing to their potential to introduce biases.

4.7.1 Technical issues

Although mentioned briefly in the introduction, the potential repercussions of the modifications
implemented in order to increase the yield of the nested PCR are worthy of a second reiteration.
First, increased template DNA could have led to an impediment of the polymerase. Second, the
increased number of cycles implemented on both water samples and biopsies might have generated
non-specific products, which possibly could have led to the designation of these sequences to a
novel OTUs. (Kennedy & Oswald 2011) (Nelson et al. 2014) Although not likely to affect the
outcome of the most dominating species, these artificial OTUs might have led to other biases such
as overestimations of alpha diversity. Third, albeit increased annealing temperature resulted in
better primer specificity, there is a risk that the preclusion of eukaryotic sequences in the biopsies
was achieved at the expense of the primers being too little sensitive. Thus, poorly characterized
sequences often from species typical of environments outside the human body, might have failed to
be amplified. Water sample bacteria potentially colonizing the mucosa of our patients could
therefore have gone undetected or below a noticeable level during downstream analysis.

It should be mentioned that since the foundation for the analysis performed in this research project

is DNA, there is a chance that several of the sequences designated into OTUs originate from dead,
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non-viable bacteria, or remnants of DNA. In fact, it has been proposed that as much as 99% of the
bacterial diversity in disinfected waters stem from non-viable or non-culturable bacteria. (Vaz-
Moreira et al. 2013) As one of the main aims of this thesis was searching for a potential
transmission of bacteria from water to mucosa, there is a chance that a part of the OTUs under

investigation to some extent stemmed from non-viable bacteria.

Our current limited knowledge of bacterial species from environments outside the human body
might also have posed an impact during the taxonomic designation of the analysed sequences, as
relatively little information seem to be available in genome databases as of today. As Greengenes,
the database used for this researching purpose, mostly comprise microorganisms associated with
human health, the taxonomic designation of less known environmental bacteria might unfortunately
have been subject to bias. Problems of taxonomic annotation of drinking water bacteria became
particularly evident in a study where 57,6% of the partial 16S rRNA gene sequences could not be
classified when using the ribosomal Database Project Classifier. (Revetta et al. 2010) Furthermore,
the use of a closed OTU-picking strategy might have led to a failure to identify novel species as
sequences not presenting a similarity > 97% to those of the Greengenes database, were excluded
from analysis. (Rideout et al. 2014) Consequently, species of novel nature, and possible important

drinking water bacteria, might have been precluded from subsequent analysis steps.

4.7.2 Research design

Antecedent to this research, plausible artifacts could have been introduced already during the
recruitment of patients. Albeit not presenting any pathological traits of the Gl tract, the patients
regarded as controls in this research project were initially enrolled to the IBSEN 11 study due to
suspicions of inflammatory conditions. Although disproven to have IBD, there is a possibility that
these patients might have other concealed Gl illnesses potentially associated with dysbiosis, thus

obscuring their value as healthy controls with normobiosis.

A few words with respect to the Jukes-Cantor model should also be mentioned, as this served as the
method for identification of matches. As this model does not take into consideration whether the
substitution occurs in variable or conserved regions of the sequence, all substitutions are treated
equally. Theoretically, if two different alignments present an equal number of substitutions, but
where the majority of these substitutions are located in variable and conserved regions respectively,
both alignments will obtain the same evolutionary distance by the Jukes-Cantor method. As a result,

it is possible that the evolutionary distance of the latter alignment might be slightly underestimated



m The potential role of tap water bacteria in inflammatory bowel disease

compared to the distance of the first alignment where an overestimation might occur. Consequently,
the identification of matches might have been subject to biases associated with distance

measurements.

OTU matches under investigation in the Fisher exact analyses were submitted to the parameters
given in section 2.5.2 in materials and methods. Thus, it should be noted that a change of these
parameters such as increases in the requirements to the number of sequences present in a sample,

could lead to different results of the statistical analysis.

4.7.3 Mechanisms of contamination

As to plausible mechanisms of contamination seeking to explain the relatively high presence of
bacteria associated with human gut in the matches, several possibilities exist. Prior to this research,
the distribution systems of several of the patients could have been subject to contamination from
sewage. Contamination could also have occurred at the sampling step, as patients took their own
samples without supervision of anyone with knowledge of sterile sampling technigues.
Furthermore, as DNA from the water samples already had been extracted and purified before this
project, the possibility that contamination of any kind could have occurred during this pre-
processing should not be excluded. Furthermore, processing of materials took place in a lab where
microbial research on fecal specimens frequently is performed, and where PCR is extensively used.
Thus, DNA originating from bacteria normally residing within the gut could potentially have been
present on benches, equipment, in dust etc and contaminated the samples as most work was
performed on a working station in an open environment. Regardless of mechanism of
contamination, as the number of cycles in the first PCR reaction was increased to 30 cycles it is
possible that even the smallest traces of contamination could have had an impact on subsequent

analysis steps, especially because the amount of DNA in the water samples initially were so low.
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4.8 Concluding remarks

This primary aim of this research project was investigating the microbiota of tap water and biopsies,
with the rationale of uncovering potential associations between the two habitats. We unveiled a
significant association between tap water and biopsies with respect to OTU 4 of the
Enterobacteriaceae. We further disclosed highly significant increases of this OTU in pediatric IBD
sufferers, especially of the UC cohort. Further analysis also revealed augmented levels of this

taxonomic group in biopsies of inflamed origin.

Whether our findings suggest that there has been a direct transmission of Enterobacteriaceae from
drinking water to mucosa, remains a question in need of more research. The clear association
between water and biopsies with respect to OTU 4, is however worthy of further attention,
especially since this taxonomic group has been implied to be of significance in IBD in our and other
studies. Hopefully, our findings of will serve as important contributors to further research within
environmental and microbial aspects of IBD aetiology. Furthermore, our results of enterobacterial
increases in the pediatric cohort will hopefully provide novel insights into the field of mucosal
microbiota of younger IBD patients, especially UC sufferers, as this seem to be a relatively

untouched area of investigation.

4.9 Future research

The extensive researching efforts implemented to reveal the cause of IBD have disclosed a disease
of many faces. Still, the precise aetiology remains unknown. As advances in researching
technologies proceed, one should expect a continuous unveiling of the mysteries behind this
complex disease.

Future research aspiring for further understanding of the aspects of IBD and the factors contributing
to its commencement, should account for several considerations. Discrimination with respect to
IBD diagnosis should be performed, as UC and CD should be regarded as two distinct diseases with
possible deviating aetiology and/or microbial key players. Further investigations should also seek to
differentiate between adults and children as different age groups plausibly might display different
aetiology or pathophysiology. Microbial research using DNA should include methods for
distinguishing viable bacteria from non-viable if possible, especially if investigating potential

transmission of bacteria. With respect to a broader context, future focus within the field of
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microbiology should focus on incremented knowledge of how abiotic compounds such as
metabolites and chemical substances affect microorganisms. Accommodation of such potential
indirect impacts on the gut microbiota is possibly of great importance if environmental triggers of
IBD is to be understood. Collectively, one should also seek to bridge the gap between the numerous
bacterial species in these environments and the available information with respect to their genome
sequences. In addition to being of importance to addressing several environmental questions,
expanded information about these bacteria is most likely of great importance if questions regarding

its implications in IBD and human health in general is to be ascertained
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Appendix A — Overview of samples and patients 39 45 316 BV CD Adult
39 45 317 BVII CD Adult

Table 1: The table shows all samples analyzed for this research project, their K0039 - 110 | CD Adult
essve I o g i et et e Sotsntaos | oos9 1 oo A
location for retrieval is given. All samples are sorted with respect to patient K0039 - 112 AV CD Adult
number. K0039 - 113 AVII CD Adult
Patient Sample Sample Biopsi Diagnosis Age 20 78 318 AVI Non Adult
number® 1D water bi:)Ds category* group a1 7 319 NI Non Adult
8 162 3(?1y Al Non Child 41 7 320 AVI Non Adult

) 162 302 All Non Child 42 16 321 Alll Non Adult

32 44 303 Alll Non Child 42 16 322 AVI Non Adult

32 44 304 AVI Non Child K0042 - 141 l Non Adult

35 66 305 Alll Non Child K0042 - 142 Alll Non Adult

35 66 306 AV Non Child K0042 - 143 AVI Non Adult

36 81 307 Alll CD Adult 43 6 323 Alll Non Adult

36 81 308 AVI CD Adult 43 6 324 AVI Non Adult
K0036 - 105 Alll CD Adult 44 123 325 I uc Adult
K0036 - 106 AVI CD Adult 44 123 326 BV uc Adult
37 82 + 182 309 T CD Adult 44 123 327 BVII uc Adult

37 82 + 182 310 AVI CD Adult K0044 - 118 | uc Adult

37 82 + 182 311 BVII CD Adult K0044 - 119 I uc Adult

38 87 312 T CD Child K0044 - 120 BVI ucC Adult

38 87 313 AV CD Child K0044 - 121 BVII ucC Adult

38 87 314 BVII CD Child 46 4 328 Alll CD Adult
K0038 - 107 | CD Adult 46 4 329 BI CD Adult
K0038 - 108 AV CD Adult K0046 - 122 VI CD Adult
K0038 - 109 AVII CD Adult K0046 - 123 Alll CD Adult
39 45 315 T CD Adult K0046 - 124 BI CD Adult
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47 80 330 AVI Non Child
47 80 331 BVI Non Child
48 49 332 Al Possible Adult
48 49 333 AVI Possible Adult
48 49 334 BVII Possible Adult
49 132 335 Vil CD Adult
49 132 336 Alll CD Adult
K0049 - 138 VII CD Adult
K0049 - 139 Alll CD Adult
K0049 - 140 BI CD Adult
51 52 337 I CD Adult
51 52 338 Alll CD Adult
55 43 340 Al Non Adult
55 43 341 Alll Non Adult
55 43 342 AVI Non Adult
58 67 343 Alll Non Child
58 67 344 AVI Non Child
K0058 - 115 I Non Adult
K0058 - 116 Alll Non Adult
K0058 - 117 AVI Non Adult
59 46 345 Al ucC Adult
59 46 346 Alll uc Adult
59 46 347 BIV uc Adult
59 46 348 BVII uc Adult
K0059 - 98 I uc Adult
K0059 - 99 Alll uc Adult
K0059 - 100 BVII uc Adult
60 38 349 Al Non Adult
60 38 350 Alll Non Adult
60 38 351 AVI Non Adult
61 17 352 BVI uc Adult

62 35 353 Alll Non Adult
62 35 354 AVII Non Adult
63 71 355 Alll Non Adult
63 71 356 AVI Non Adult
64 100 357 | IBDU Child
64 100 358 Alll IBDU Child
64 100 359 AVI IBDU Child
K0064 - 125 | IBDU Adult
K0064 - 126 Alll IBDU Adult
K0064 - 127 AVI IBDU Adult
65 97 408 AVI Possible Adult
65 97 409 BVII Possible Adult
66 109 410 Alll CD Adult
66 109 411 BI CD Adult
67 69 412 Alll Non Adult
67 69 413 AVI Non Adult
69 40 415 AVI Possible Adult
70 27 416 Alll Non Adult
70 27 417 BI Non Adult
71 91 424 Bl CD Child
71 91 425 BVI CD Child
KO0071 - 171 | CD Adult
K0071 - 172 Alll CD Adult
KO0071 - 173 AVI CD Adult
72 119 360 AV Non Child
73 103 300 Alll CD Adult
73 103 339 BI CD Adult
74 39 418 | Non Adult
74 39 419 Alll Non Adult
74 39 420 AVI Non Adult
75 68 421 | Possible Adult




75 68 422 AVI Possible  Adult K0083 i 151 AVII uc Adult
75 68 423 BVII Possible Adult 85 193 230 | Non Adult
76 42 214 | Non Adult 85 193 231 Alll Non Adult
76 42 215 AV Non Adult 85 193 232 AVI Non Adult
76 42 216 BVII Non Adult 86 147 233 T uc Child
77 175 217 Al Non Child 86 147 234 BV uc Child
77 175 218 AVI Non Child 86 147 235 BVII uc Child
KO0077 i 254 | Non Adult K0086 i 152 BV uc Adult
KO0077 i 255 Alll Non Adult K0086 i 153 BVII uc Adult
KO0077 i 256 AV Non Adult 87 211 236 Alll Non Child
78 131 219 | Possible _ Adult 87 211 237 AV Non Child
78 131 220 Alll Possible _ Adult 88 190 238 AV Non Child
78 131 221 AVI Possible  Adult 90 140 239 | Non Adult
79 20 222 AVI uc Child 90 140 240 Alll Non Adult
79 20 223 BVII uc Child 90 140 241 AVI Non Adult
K0079 i 101 | uc Adult 93 104 242 T uc Adult
K0079 i 103 AV uc Adult 93 104 243 BV uc Adult
KO0079 i 104 BVII uc Adult 93 104 244 BVII uc Adult
KO0079 i 114 T uc Adult K0093 i 167 | uc Adult
81 223+33 224 T cD Adult KO0093 i 168 T uc Adult
81 223+33 225 AVI cD Adult K0093 i 169 BV uc Adult
81 223+33 226 BVI cD Adult K0093 i 170 BVII uc Adult
KO0081 i 147 | cD Adult 9% 205 + 245 AVII uc Adult
K0081 - 148 Alll CD Adult 222
K0081 - 149 BVI CD Adult 95 23;; 246 BV uc Adult
83 189 227 I uc Adult 97 217 247 Alll Non Adult
83 189 228 AV uc Adult 97 217 248 AVI Non Adult
83 189 229 BVII uc Adult <0057 . T T Non Adult
KOos3 - 150 AV uc Adult K0097 i 145 BI Non Adult
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K0097 - 146 BVII Non Adult
98 149 249 Alll Non Adult
98 149 250 AVI Non Adult

101 155 251 Vi Possible Adult
101 155 252 Alll Possible Adult
101 155 253 BI Possible Adult
102 208 426 I Non Adult
102 208 427 AVI Non Adult
102 208 428 BVII Non Adult
103 138 362 Alll Non Adult
103 138 365 AVI Non Adult
104 135 366 I CD Child
104 135 367 BllI CD Child
104 135 368 BVII CD Child

K0104 - 174 | CD Adult

K0104 - 175 Alll CD Adult

K0104 - 176 AV CD Adult
105 152 369 I ucC Adult
105 152 370 AVI ucC Adult
105 152 371 BVII ucC Adult

K0105 - 177 AV ucC Adult

K0105 - 178 AVII uc Adult
106 196 372 Vil Non Adult
106 196 373 Alll Non Adult
106 196 374 Bl Non Adult
107 154 375 I CD Adult
107 154 376 Alll CD Adult
107 154 377 BI CD Adult
107 154 378 BV CD Adult
108 133 379 Alll Non Adult
108 133 380 AVI Non Adult

109 191 381 BVI uc Adult
K0109 - 179 | ucC Adult
K0109 - 180 Alll uc Adult
K0109 - 93 AVI ucC Adult

110 188 382 Vil Non Adult

110 188 383 BI Non Adult

110 188 414 Alll Non Adult

112 179 384 Al CD Adult

112 179 385 BVI CD Adult

112 179 386 BVII CD Adult
K0112 - 262 | CD Adult
K0112 - 263 I CD Adult
K0112 - 264 AVI CD Adult
K0112 - 265 AVII CD Adult

113 160 387 | Non Adult

113 160 388 Alll Non Adult

113 160 389 AVI Non Adult

116 150 390 I uc Adult

116 150 391 BV uc Adult

116 150 392 BVII ucC Adult

116 150 393 BI uc Adult
K0116 - 266 I uc Adult
K0116 - 267 BV uc Adult
K0116 - 268 BVII uc Adult

117 184 394 | Possible Adult

117 184 395 Alll Possible Adult

117 184 396 AVI Possible Adult

120 207 200 Il CD Adult

120 207 201 V CD Adult
K0120 - 269 Vil CD Adult
K0120 - 270 AV CD Adult




122 192 397 Alll Non Adult 1013 112 202 Il uc Child
122 192 398 AVI Non Adult 1013 112 203 BV ucC Child
123 - 399 I Non Adult 1013 112 204 BVII uc Child
123 - 400 AV Non Adult 1014 31 361 | Non Adult
123 - 401 BVII Non Adult 1014 31 363 AVI Non Adult
125 163 402 BV ucC Adult 1014 31 364 Alll Non Adult
125 163 403 BVII ucC Adult 1015 62 184 | Non Adult
K0125 - 271 I uc Adult 1015 62 185 AV Non Adult
K0125 - 272 I ucC Adult 1015 62 186 BVII Non Adult
K0125 - 273 AV uc Adult 1016 74 190 Alll CD Adult
K0125 - 274 AVII ucC Adult 1016 74 191 Bl CD Adult
132 214 211 I uc Adult 1017 124 192 AVII uc Adult
132 214 212 BV uc Adult 1017 124 193 BVII uc Adult
132 214 213 BVII ucC Adult 1018 12 187 | Non Adult
K0132 - 259 I ucC Adult 1018 12 188 Alll Non Adult
K0132 - 260 AV ucC Adult 1018 12 189 AVI Non Adult
K0132 - 261 AVII ucC Adult 1019 37 183 | Non Adult
1009 58 294 I ucC Adult 1020 37 136 Alll Non Adult
1009 58 295 AV ucC Adult 1020 37 137 AVI Non Adult
1009 58 296 BVII uc Adult 1021 199 297 Il uc Adult
1010 61 291 Vi CD Adult 1021 199 298 BV ucC Adult
1010 61 292 Alll CD Adult 1021 199 299 BVII uc Adult
1010 61 293 BllI CD Adult 2004 101 284 | uc Adult
1011 22 288 I Non Adult 2004 101 285 Il uc Adult
1011 22 289 Alll Non Adult 2004 101 286 AV uc Adult
1011 22 290 AVI Non Adult 2004 101 287 BVII uc Adult
1012 115 208 I uc Adult 2005 77 128 | Non Adult
1012 115 209 AVI uc Adult 2005 77 129 Alll Non Adult
1012 115 210 BVI ucC Adult 2005 77 130 AVI Non Adult
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2006 53 131 I Non Adult
2006 53 132 Alll Non Adult
2006 53 133 AVI Non Adult
2007 89 275 I Non Adult
2007 89 276 Alll Non Adult
2007 89 277 AVI Non Adult
2009 104 278 AVI Non Adult
2009 104 279 I Non Adult
2009 104 280 Alll Non Adult
2010 85 205 I Non Adult
2010 85 206 Alll Non Adult
2010 85 207 AVI Non Adult
2011 41 3 I Non Adult
2011 41 4 Alll Non Adult
2011 41 5 AVI Non Adult
2012 79 6 I ucC Adult
2012 79 7 I ucC Adult
2012 79 8 AV ucC Adult
2012 79 9 BVII ucC Adult
2013 5 10 | Non Adult
2013 5 11 Alll Non Adult
2013 5 13 AVI Non Adult
2014 99 21 Alll Non? Adult
2014 99 22 Bl Non? Adult
2014 99 23 BVII Non? Adult
2015 125 24 Il CD Adult
2015 125 25 VI CDh Adult
2016 128 26 I uc Adult
2016 128 27 I ucC Adult
2017 75 28 Alll ? Adult
2017 75 29 BI ? Adult

2020 204 49 Il uc Adult
2020 204 50 AV ucC Adult
2020 204 51 BVII uc Adult
2021 170 52 | ucC Adult
2021 170 53 ] ucC Adult
2021 170 54 BV ucC Adult
2021 174 55 BVII ucC Adult
2022 174 56 I uc Adult
2022 174 57 BV ucC Adult
2022 174 58 BVII uc Adult
2023 173 59 AV ucC Adult
2023 173 60 BVII uc Adult
2024 144 76 Vil CD Child
2024 144 77 Alll CD Child
2024 144 78 BVII CD Child
5001 114 og 25 404 | IBDU Adult
5001 114 og 25 405 I IBDU Adult
5001 114 og 25 406 AV IBDU Adult
5001 114 og 25 407 BVII IBDU Adult
5004 108 194 | Non Adult
5004 108 195 Alll Non Adult
5004 108 196 AVI Non Adult
5005 57 197 | Non Adult
5005 57 198 Alll Non Adult
5005 57 199 AVI Non Adult
5007 60 14 Vil Possible Adult
5007 60 15 Alll Possible Adult
5007 60 16 BI Possible Adult
5008 117 17 | IBDU Adult
5008 117 18 Vil IBDU Adult
5008 117 19 Alll IBDU Adult




5009 95 20 AVI ? Adult 6007 14 40 Alll uc Child
5009 95 91 Alll ? Adult 6007 14 41 BVII uc Child
5010 218 30 I Non Adult K6007 - 95 I uc Adult
5010 218 31 AVI Non Adult K6007 - 96 Alll uc Adult
5011 148 61 Alll Non Adult K6007 - 97 BVII ucC Adult
5011 148 62 AVI Non Adult 6008 102 42 Vi Non Child
5013 177 79 I Non Adult 6008 102 43 Alll Non Child
5013 177 80 Alll Non Adult 6009 51 44 Alll Non Child
5013 177 81 AVI Non Adult 6009 51 45 AVI Non Child
6001 151 281 I uc Child 6010 90 46 AVII CD Child
6001 151 282 Bl ucC Child K6010 - 154 | CD Adult
6001 151 283 BVI uc Child K6010 - 155 I CD Adult
K6001 - 88 I uc Adult K6010 - 156 AV CD Adult
K6001 - 89 I ucC Adult K6010 - 157 BVI CD Adult
K6001 - 90 BV uc Adult 6011 19 47 All uc Child
K6001 - 92 BVII uc Adult 6011 19 48 AVI ucC Child
6002 176 134 Bl CD Child 6013 28 181 Bl CD Child
6002 176 135 BV CD Child 6013 28 182 BV CD Child
K6002 - 94 Bll CD Adult K6013 - 257 Alll CD Adult
6003 187 1 Alll CD Child K6013 - 258 AV CD Adult
6003 187 2 AVI CD Child 6014 213 63 | Non Child
6005 18 32 I uc Child 6014 213 64 All Non Child
6005 18 33 I uc Child 6014 213 65 AV Non Child
6005 18 34 BV uc Child 6015 136 66 All Non Child
6005 18 35 BVII uc Child 6015 136 67 AV Non Child
6006 64 36 VIl Non? Child 6016 216 68 All Non Child
6006 64 37 Alll Non? Child 6017 227 69 | uc Child
6006 64 38 Bl Non? Child 6017 227 70 I ucC Child
6007 14 39 I ucC Child 6017 227 71 BV uc Child
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6017 227 72 BVII uc Child
K6017 - 158 | uc Adult
K6017 - 159 Wi uc Adult
K6017 - 160 WII uc Adult

6018 224 73 AVI CD Child
K6018 - 161 Vi CD Adult
K6018 - 162 Alll CD Adult

6019 228 74 Vi CD Child

6019 228 75 Al CD Child
K6019 - 163 | CD Adult
K6019 - 164 VI CD Adult
K6019 - 165 Al CD Adult
K6019 - 166 BV CD Adult

6020 180 82 BVII CD Child

6022 226 83 Alll CD Child

6022 226 84 AV CD Child

6023 178 85 | uc Child

6023 178 86 I uc Child

6023 178 87 AV uc Child

25 116 - - - -
52 36 - - uc Adult

1022 229 - - uc Adult

1023 165 - - Non Adult

2018 59 - - IBDU Adult

5002 83 - - IBDU Adult

9006 56 - - - -
AIFO 181 - - - -

30.11.45

ESG 166 - - - -

210453
Y 23 - - - -

120168

4001 9 CD Adult
4008 24 ucC Adult
4015 126 ucC Adult
4016 107 Non Adult
4017 47 uc Adult
4021 8 ucC Adult
4034 88 ucC Adult
4038 105 Non Adult
4053 48 ucC Adult
4003 113 - Adult
4004 29 ucC Adult
4005 111 uc Adult
4007 70 uc Adult
4009 72 ucC Adult
4012 63 uc Adult
4013 92 ucC Adult
4018 34 uc Adult
4019 15 ucC Adult
4020 130 ucC Adult
4022 10 uc Adult
4023 118 ucC Adult
4024 110 uc Adult
4025 121 uc Adult
4026 13 Non Adult
4027 50 uc Adult
4028 120 uc Adult
4029 127 uc Adult
4030 32 uc Adult
4031 96 ucC Adult
4032 93 uc Adult
4033 76 uc Adult




4036 94 - - ucC Adult 4070 159 - - ucC Adult
4037 129 - - Non Adult 4072 153 - - CD Adult
4039 65 - - IBDU Adult 4073 215 - - ucC Adult
4040 55 - - ucC Adult 4074 157 - - uC Adult
4041 106 - - IBDU Adult 4075 171 - - ucC Adult
4042 54 - - ucC Adult 4076 183 - - uC Adult
4043 98 - - - Adult 4078 186 - - uC Adult
4044 21 - - ucC Adult 4079 212 - - ucC Adult
4045 73 - - Non Adult 4080 185 - - ucC Adult
4047 26 - - Non Adult 4081 169 - - ucC Adult
4048 11 - - ucC Adult 4082 158 - - ucC Adult
4049 122 - - ucC Adult 4083 203 - - ucC Adult
4051 30 - - ucC Adult 4084 168 - - Non Adult
4054 86 - - ucC Adult 4085 210 - - ucC Adult
4055 156 - - ucC Adult 4086 139 - - Non Adult
4056 137 - - ucC Adult 4089 172 - - ucC Adult
4057 198 - - ucC Adult 4091 143 - - ucC Adult
4058 219 - - ucC Adult 4092 134 - - ucC Adult
4059 220 - - ucC Adult 4093 197 - - ucC Adult
4060 195 - - IBDU Adult 4094 206 - - Non Adult
4061 209 - - ucC Adult 4095 161 - - ucC Adult
4062 202 - - ucC Adult 4097 230 - - Non Adult
4063 146 - - ucC Adult 4098 142 - - ucC Adult
4064 145 - - CD Adult 4100 231 - - ucC Adult
4065 200 - - ucC Adult 4103 201 - - ucC Adult
4066 167 - - uc Adult + Patients marked with K are from follow-up study
4067 141 N N IBDU Adult 1 A =Non inflamed, B = inflamed, Neither A or B = Inflammation category
not known. lleum=I1, Caecum=I1, Ascendens=I11, Transversum= 1V,
4068 225 B B ucC Adult Descendens=V, Sigmoideum=VI, Colon=VII
4069 164 - - ucC Adult
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Appendix B — Results of alpha diversity estimates in QIIME

Table 2: The table shows the result of alpha diversity analysis implemented in QIIME. Owing to the magnitude of output produced by this analysis, only a few selected
groups from each data set is chosen, and the diversity is only given at 3000 sequences. All metrics employed for analysis is presented, including their respective errors.
Alpha diversity analysis at 3000 sequences

PD whole  PD whole Chaol  Observed Obser_ved Shannon . Simpson
Chaol . species Shannon Simpson

Lo tree tree Error. Error. species Error. Error.
Biopsies Error.
Age
Adult 11.210 3.201 139.298 45511 107.328 35.927 4.591 0.769 0.902 0.071
Child 10.581 2.318 130.340 36.004 100.088 27.659 4.446 0.709 0.894 0.063
Inflammation
Inflamed 10.562 2.785 127.639 41.106 98.576 33.168 4.473 0.789 0.899 0.068
Non-inflamed 11.396 3.132 142.513 43.811 110.029 34.414 4.654 0.734 0.906 0.069
Diagnosis
CD 10.718 2.903 129.609 37.732 100.392 30.968 4.508 0.854 0.896 0.095
ucC 11.182 3.554 139.249 54.580 107.619 42.496 4.558 0.848 0.897 0.071
Non 11.260 2.774 140.505 38.399 107.636 30.521 4.580 0.611 0.904 0.048
IBDU 10.301 2.509 133.669 36.214 103.467 25.184 4.365 0.666 0.886 0.045
Possible 11.457 2421 145.947 34.249 111.389 24.841 4.770 0.620 0.920 0.039
Gut part
Large intestine 11.092 3.062 137.721 43.857 105.978 34.546 4.585 0.749 0.903 0.068
Small intestine 10.891 2.671 134.718 37.699 103.407 29.419 4477 0.742 0.893 0.072
Cecum 11.295 3.532 140.013 52.646 108.696 41.430 4.547 0.830 0.897 0.071
Water samples
Age-diagnosis
A CD 22.271 5.360 316.664 92.106 207.290 61.147 4.972 0.960 0.895 0.083
C CD 23.642 6.348 356.311 100.707 221.627 68.403 4.933 0.862 0.900 0.063
A_UC 25.785 7.394 367.517 110.381 240.562 79.970 5.116 1.206 0.884 0.121
Cc_ucC 26.440 3.742 358.445 59.730 249.227 41.781 5.266 1.130 0.886 0.128
A _Non 24.096 5.432 348.037 91.105 225.632 56.365 5.046 0.777 0.898 0.063
C_Non 27.253 6.072 400.288 113.301 263.943 80.592 5.475 0.909 0.916 0.071
A_IBDU 31.059 6.192 447.047 98.535 302.525 83.584 5.851 1.150 0.918 0.071

C_IBDU 24.856 - 397.276 - 219.500 - 4.407 - 0.857 -




Appendix C — Output of Kruskal-Wallis test on age-diagnosis

Table 3: The table shows the output of the Kruskal-Wallis test performed on combined groups of age and diagnosis
from the biopsy data set.

Group N Median® Average Z-value  Test-statistic ~ P-value
Rank (H)
CD A 79 3,0 187,5 -1,57
CD C 26 56,5 250,3 1,94
IBDU_A 9 0,0 122,3 -2,15
IBDU C 3 27,0 260,2 0,78 37,92 0,000
Non_A 121 4,0 185,8 2,27 38,61 0,000
Non_C 27 8,0 200,1 -0,29
Possible_A 18 3,0 1949 -0,42
UC A 100 6,5 214,2 0,74
Uc C 29 209,0 312,5 4,97

*Median value- number of sequences from OTU4 from each group
T When adjusted for ties
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Appendix D - Output of Conover-Inman test on age-diagnosis

Appendix

Table 4: The table shows the resulting p-value of the Conover-Inman analysis implemented for pairwise comparisons of diagnosis-age groups in the biopsy data set.

The test statistic is given in parenthesis for each of the comparisons.

CD A CD C UC_A UC_C Non_A Non_C IBDU A IBDU C

CD C 0,015 - - - - - - -
(2,446)

UC_A 0,118 0,150 - - - - - -
(1,567) (1,441)

uc_c 0,000 0,026 0,000 - - - - -
(5,411) (2,232) (4,431)

Non_A 0,916 0,009 0,064 0,000 - - - -
(0,106) (2,630) (1,859) (5,773)

Non_C 0,621 0,108 0,562 0,000 0,556 - - -
(0,494) (1,612) (0,580) (3,938) (0,590)

IBDU_A 0,102 0,004 0,020 0,000 0,106 0,075 - -
(1,637) (2,919) (2,332) (4,549) (1,622) (1,782)

IBDU_C 0,278 0,887 0,491 0,402 0,263 0,385 0,069 -
(1,087) (0,142) (0,689) (0,839) (1,120) (0,870) (1,823)

Possible_A 0,799 0,113 0,509 0,000 0,746 0,886 0,116 0,359
(0,255) (1,587) (0,661) (3,645) (0,324) (0,143) (1,574) (0,919)

Appendix E - Output of Kruskal-Wallis test on age-inflammation

Table 5: the table shows the output of the Kruskal-Wallis test performed on amalgamated groups of age and
inflammation status of the biopsy data set with respect to OTU4.

Group N Rank sum Test statistic P-value
Adult_Non-inflamed 158 199245
Adult_Inflamed 73 12 7245 28,114 0,000
Child_Non-inflamed 42 7052,0

Child_Inflamed 26 5149,0




Appendix F — Output of Conover-Inman test on age-inflammation

Table 6: the table shows the output of the Conover-Inman analysis performed on different groups of
inflammation and age in the biopsy data set, with respect to OTU4.

Groups compared Test statistic P-value
Adult Child 3,271 0,001
Non-inflamed Inflamed 4,468 0,000
Adult_Non-inflamed Adult_Inflamed 4,152 0,000
Adult_Non-inflamed Child_Non-inflamed 2,935 0,004
Adult_Non-inflamed Child_Inflamed 4,143 0,000
Adult_Inflamed Child_Noninflamed 0,403 0,687
Adult_Inflamed Child_Inflamed 1,267 0,206
Child_Non-inflamed Child_Inflamed 1,472 0,142
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Appendix G — Significant results Kruskal-Wallis test on OTUs from biopsy and water sample dataset

Table 7: The table shows all OTUs and their taxonomic denotation, detected by Kruskal-Wallis test as being significant in explaining the variations between subgroups within
the groups of the biopsy and water sample data set respectively. Numbers are given as the percentage of detected sequences from each subgroup belonging to the respective
OTUs and reduced to three decimals.

7.1) OTUs explaining differences in diagnosis (Biopsies)

oT P- Possi IBD
U valu Non NA" bhle CD U UC Taxonomy?
e*
570 2,43 0 3 0 0 0 0 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Lachnospiraceae;g_ ;s
E-13
774 4,33 0 0 0222 0 0 0 k__Bacteria;p__Tenericutes;c__Mollicutes;o_ RF39;f _;g_ ;s
E-10
539 4,33 0 0 0,556 0 0 0 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__;S__
E-10
400 4,33 0 0 1,056 0 0 0 k__Bacteria;p__Bacteroidetes;c__ Bacteroidia;o__Bacteroidales;f ;g ;s
E-10
531 5,02 0 0 0 005 308 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacter
E-09 7 3 iaceae;g__Providencia;s__
525 3,95 0 0 0944 0 016 0 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Alcaligenaceae;g
E-08 7 __Sutterella;s__
728 1,74 0,00 0 0,389 0 0 0 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Prevotellaceae;g _ Prevotell
E-06 7 a;s__copri
19 205 639 06 36056 182 985 294 Kk_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g_ ;s__
E-06 60 29 83 06
684 336 0,00 0 0 0 058 007 k_Bacteria;p__Cyanobacteria;c__4C0d-2;0__YS2;f__;g_;s__
E-05 7 3 0
572 7,89 002 06 0 0 0 0 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Christensenellaceae;g__;s__
E-05 0
582 0,00 1,69 0 533 027 008 054 k_Bacteria;p_ Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_
2 1 6 3 7 s
288 0,00 0,06 56 41444 006 533 023 k_Bacteria;p_ Bacteroidetes;c__ Bacteroidia;o__Bacteroidales;f__Porphyromonadaceae;g_ P
2 7 7 3 4

arabacteroides;s




56 0,00 111 504 7,833 145 21,3 152 k_ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_

3 41 90 33 66

179 001 0,53 3 0056 141 15 1,79 k_ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;
2 0 9 7 g__Bifidobacterium;s__

628 0,01 0 0 0 0 0 024 Kk_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f __[Mogibacteriaceae];g_ ;s
2 2

82 001 615 144 0167 153 11,9 10,5 k__ Bacteria;p__ Bacteroidetes;c__ Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bactero
8 4 3 17 39 ides;s_

793 0,02 0 02 0 0 0 0,05 Kk_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__Ruminoco
1 5 cous;s_

374 0,03 0,02 0 1222 0 0 0,04 Kk_Bacteria;p__ Firmicutes;c__ Erysipelotrichi;o__Erysipelotrichales;f _Erysipelotrichaceae;g_
0 0 7 _Bulleidia;s__p-1630-c5

813 003 027 04 0833 013 05 019 k_ Bacteria;p_ Firmicutes;c_ Clostridia;o__Clostridiales;f_;g_ ;s__
2 5 3 5

569 0,03 0,12 0 0 032 0 0,11 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Odoribacteraceae];g__But
2 1 4 7 yricimonas;s__

232 0,03 004 08 0278 0,62 0 1,24 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Peptostreptococcaceae;g__Pepto
7 0 9 2 streptococcus;s__anaerobius

149 004 511 0 4333 013 058 047 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bactero
3 4 3 3 7 ides;s_

112 0,04 049 0 0333 0 0 1,85 k_ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Alcaligenaceae;g
8 0 2 Sutterella;s__

7.2 OTUs explaining differences in age-group (Biopsy)

oTuU P- Adult Child Taxonomy:

value”
643 9,73E-28 0,003 0,023 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Oribacterium;s__
192 2,36E-05 0,570 0,023 k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g__Streptococcus;s__
830 2,49E-05 0,024 0,069 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Neisseriales;f__Neisseriaceae;g__Eikenella;s

APPENDIX



Appendix 2SN

11 3,62E-05 12,282 0,011 k__ Bacteria;p__Fusobacteria;c__Fusobacteriia;o__Fusobacteriales;f _Fusobacteriaceae;g__Fusobacteri
um;s__
184 0,000 0,882 0,279 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium;s__
61 0,001 0,897 5372 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Veillonellaceae;g_ Megamonas;s__
508 0,011 0,112 0,465 k_ Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Streptococcaceae;g__Streptococcus;s
399 0,012 0,239 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pasteurellales;f __Pasteurellaceae;g__ Hae
mophilus;s
4 0,018 113,185 235,140 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g
19 0,027 46,603 19,337 Kk__ Bacteria;p__ Firmicutes;c__ Clostridia;o__Clostridiales;f _Lachnospiraceae;g_ ;s
103 0,042 1,518 0,919 k__ Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f _Staphylococcaceae;g__Staphylococcus;s__
7.3 OTUs explaining differences in inflammation category (Biopsies)
OoTU P- Non- NAT Infl. Taxonomy*
value* infl.
91 0,008 11,462 7,992 28,62  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pasteurellales;f _Pasteurellaceae;g_ Hae
mophilus;s__parainfluenzae
845 0,012 0,116 0,195 1,02 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__[Tissierellaceae];g__Peptoniphilus;s__
567 0,029 2,528 1,949 0,79 k__Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f __Lachnospiraceae;g_ Blautia;s
7.4) OTUs explaining differences in gut-location (Biopsies)
OT P-
U value* | AR VA I AVAR ] | V 11 Taxonomy:
718  4,73E- 0 0 0 05 00 0,0 0 Unassigned
08 22 87
401 431E- 01 00 07 O 00 03 0 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__[Tissierellaceae];g__Finegoldia;s_
06 38 81 14 22 48 B
845 317E- 02 02 14 O 0 03 0,0 k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _[Tissierellaceae];g__Peptoniphilus
05 75 21 44 26 11 S




321 0000 01 02 21 0 00 0 0,0 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__[Tissierellaceae];g_ WAL _1855D
13 79 59 44 11 S
784 0,001 0 00 03 O 0 0 0 k__Bacteria;p__Proteobacteria;c__Epsilonproteobacteria;o__Campylobacterales;f __Campyloba
1249 cteraceae;g__Campylobacter;s__
729 0,001 0,0 0 02 O 0 0 0 Kk__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Prevotellaceae;g__Prevotella
25 06 S
792 0,002 00 00 00 15 01 0 0 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Veillonellaceae;g__Acidaminococ
88 23 48 56 cus;s_
7.5) OTUs explaining differences in diagnosis (Water samples)
OoTu P- Non IBD UC CD Taxonomy*
value
2337 357E 0 1 0 0,065 k__ Bacteria;p_ Proteobacteria;c__Deltaproteobacteria;o_ ;f_;g_ ;s
-08
2837 9,04E 0 0444 0 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o_Myxococcales;f ;g ;s
-07
2934 238E 0,039 1,111 0,114 0,032 k_ Bacteria;p__ Actinobacteria;c__Acidimicrobiia;o__Acidimicrobiales;f ;g ;s
-05
2598 0,001 0 0,222 0 0,032 k__ Bacteria;p__Bacteroidetes;c__Cytophagia;o__Cytophagales;f _Cytophagaceae;g__Cytophaga;s
2398 0,002 0013 1,444 0 0 k__Bacteria;p__Proteobacteria,c__;0_ ;f ;g_ ;s
819 0,003 0 1,333 0,010 0 k__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Caldilineales;f _Caldilineaceae;g_ ;s
1438 0,005 0,145 0,778 0,057 0,032 k__ Bacteria;p__Verrucomicrobia;c__[Spartobacteria];o__[Chthoniobacterales];f__[Chthoniobacteraceae];
g__Candidatus Xiphinematobacter;s__
491 0,009 0,237 1,889 0,152 0,387 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f _Rickettsiaceae;g_ ;s
599 0,011 0,158 3 0,086 0 k__Bacteria;p__Proteobacteria;c_ TA18;0_ PHOS-HD29;f _;g_ ;s
2966 0011 0,013 0,444 0,029 0,032 k_Bacteria;p__ Cyanobacteria;c__Chloroplast;o__Stramenopiles;f ;g ;s
2239 0032 0,066 0889 0,048 0,065 Kk__Bacteria;p__Verrucomicrobia;c__[Pedosphaerae];o__[Pedosphaerales];f R4-41B;g_ ;s
3068 0,044 0,092 0,778 0,019 0 k__Bacteria;p__Verrucomicrobia;c__[Spartobacteria];o__[Chthoniobacterales];f __[Chthoniobacteraceae];

g__Candidatus Xiphinematobacter;s
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7.6) OTU explaining difference in age (Water samples)

OTU P-value * Adult Child

Taxonomy*

2021 0,0216 0 0,135 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Myxococcales;f 0319-6G20;9_ ;s

7.7) OTU's explaining differences in age-diagnosis combined (Water samples)

O P- Adultl Chil  Adul Adul Adult Child Chil C- Taxonomy*
T value BDU dCD tuC tCD Non Non duUuC IB
u * DU
120 20 0 0 0 0 0 0 0 3 Unassigned
1 1E-
40
195 1,2 0 0 0 0 0,016 0 0 2 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale

8 OE- sif_g_is_
17
223 19 0 0 0 0 0,016 0 0 1 Unassigned
4 2E-
17
121 2,6 0 0 0 0 0,032 0 0 1 Unassigned
4 OE-
10
169 13 0 0 001 0 0,048 0 0 1 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
7 159; s;f__Coxiellaceae;g__;s_
234 13 0 0 007 0 0,016 0 0 1 k_ Bacteria;p__ TM6;c__ SJIA-4;0__;f ;g ;s
6 2E-
09
233 1,9 1,13 0 0 0,1 0 0 0 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__;f ;g ;s
7 OE-
07
300 55 0 0 0 0 0,065 0 0 1 Unassigned
1 2E-

07




249 89 0 0,091 0,011 0 0,016 0 0 1 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
3 6E- sif_0_s_

07
928 1,2 0 0 0 0 0 0 0,364 0 k_Bacteria;p_ TM7;c__ TM7-1;0_;f g s

7E-

06
224 2.2 0 0 0,043 0 0048 0,286 0 3 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Procabacteriales
5 S(I)Eé ;f_Procabacteriaceae;g__;s__
283 9,0 0,5 0 0 0 0 0 0 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Myxococcales;
7 4E- f_g_is

06
537 48 0,125 0 0,011 0 0016 0,357 0 16 k_ Bacteria;p__TM7;c_ TM7-1;,0_;f ;9_ ;s

3E-

05
115 572 0 0273 0,032 0 0 0,071 0 2 k__Bacteria;p__Proteobacteria;c_ TA18;0_ PHOS-HD29;f ;g ;s
6 9E-

05
220 0,0 0 0 0,053 0 0,016 0 0,909 1 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomona
4 002 dales;f Moraxellaceae;g Perlucidibaca;s
124 0,0 0 0 0,011 0 0,065 0 0 1 Unassigned
9 002
293 0,0 1,125 0 0117 005 0032 0,071 0,091 1 k__Bacteria;p__Actinobacteria;c__Acidimicrobiia;o__Acidimicrobiales;f
4 005 _9_is
239 0,0 1,625 0 0 0 0 0071 0 0 Kk__ Bacteria;p__Proteobacteria;c__ ;o ;f g s
8 044
267 0,0 0 0 0 0 0 0 0,182 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Myxococcales;
3 079 f_0319-6G20;,9_ ;s__
154 0,0 0 0,182 0 0 0 0 0 0 k__Bacteria;p__Cyanobacteria;c__Chloroplast;o__Stramenopiles;f__;g_;
6 079 S
216 00 0 0,364 0 0 0 0 0 0 Unassigned
5 079
215 0,0 0 0 0 0 0 0 0,545 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Chromatiale
o 079 S
281 0,0 0 0 0 0 0 0 0,182 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomona
1 079 dales;f Xanthomonadaceae;g ;s
275 0,0 0 0 0 0 0 0 0,364 0 k__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Caldilineales;f__Caldili
3 079

neaceae;g ;s
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108 0,0 0 0 0 0 0 0 0,364 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__;f ;g ;s
5 079
221 0,0 0 0 0 0 0 0 0,182 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
6 079 s;f Coxiellaceae;g Aquicella;s
260 0,0 0 0 0 0 0 0 0,182 0 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Procabacteriales
6 079 ;f _Procabacteriaceae;g_ ;s
110 0,0 0 0 0 0 0 0 2273 0 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Neisseriales;f__
8 079 Neisseriaceae;g_ Vogesella;s
557 0,0 0 0 0 0 0 0 2545 0 k__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Caldilineales;f__Caldili
079 neaceae;g_ ;S__
248 0,0 0 0 0 0 0 0 0,455 0 Kk__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
5 079 s;f Coxiellaceae;g ;s
127 0,0 0 0 0 0 0 0 0,636 0 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Rhodocyclales;f
1 079 __Rhodocyclaceae
143 0,0 0 0 0 0 0 0 0,273 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomona
4 079 dales;f Xanthomonadaceae;g Lysobacter;s
207 0,0 0 0 0 0 0 0 0,636 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Methylococc
4 079 ales;f _ Crenotrichaceae;g__Crenothrix;s
209 0,0 0 0 0 0 0 0 0,273 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o___Pseudomona
6 079 dales;f Moraxellaceae;g ;s
164 0,0 0 0 0 0 0 0 0,273 0 k__ Bacteria;p__Bacteroidetes;c__Sphingobacteriia;o__Sphingobacteriales
3 079 f g s
228 0,0 0 0 0 0 0 0 0,545 0 k__Bacteria;p__Chlamydiae;c__Chlamydiia;o__Chlamydiales;f__Parachl
6 079 amydiaceae;g_ Parachlamydia;s
108 0,0 0 0 0 0 0 0 1 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
8 079 s;f Coxiellaceae;g ;s
199 00 0 0 0 0 0 0 0,545 0 Kk__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__ NB1-
9 079 JFL A
979 0,0 0 0 0 0 0 0 0,727 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__NB1-
079 j;f MND4;,g ;s
972 0,0 0 0 0 0 0 0 0,636 0 k__Bacteria;p__Actinobacteria;c__Thermoleophilia;o__Solirubrobacteral
079 es;f ;g s
261 0,0 0 0 0 0 0 0 0,273 0 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Legionellale
6 079 s;f Coxiellaceae;g. ;s
185 0,0 0 0 0,053 0 0,016 0 0 1 k__ Bacteria;p__Chloroflexi;c__S085;0_ ;f ;g ;s

5 083




259 0,0 0,25 0 0 0,05 0 0 0 0 k__Bacteria;p__Bacteroidetes;c__Cytophagia;o__Cytophagales;f__Cytop

8 098 hagaceae;g Cytophaga;s

491 0,0 2,125 045 01160 035 0210 0,357 0,091 0 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f
109 __Rickettsiaceae;g_ ;s

268 0,0 0,125 0 0,053 0 0,016 0 0 3 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f

8 141 9_iS__

202 0,0 0 0,182 0 0 0 0214 0 0 k__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o __Myxococcales;

1 152 f_0319-6G20;,9_ ;s__

143 0,0 0,75 0 0064 005 0081 0429 0 1 k__ Bacteria;p__Verrucomicrobia;c__[Spartobacteria];o__[Chthoniobacter

8 180 ales];f [Chthoniobacteraceae];g Candidatus Xiphinematobacter;s

296 0,0 05 0,091 0,021 0 0,016 0 0,091 0 k__Bacteria;p__Cyanobacteria;c__Chloroplast;o__Stramenopiles;f__;g_;

6 213 S

819 0,0 15 0 0,011 0 0 0 0 0 k__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Caldilineales;f__Caldili
327 neaceae;g ;S

599 0,0 3,375 0 0,074 0 01161 0,143 0,182 0 k__ Bacteria;p__Proteobacteria;c_ TA18;0  PHOS-HD29;f ;g s
346

283 0,0 0,125 0 0032 005 0016 0071 0 1 k__ Bacteria;p__Chlamydiae;c__Chlamydiia;o__Chlamydiales;f __Rhabdo

2 369 chlamydiaceae;g__Candidatus Rhabdochlamydia;s

145 0,0 0 0 008 005 0065 0214 0818 3 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f

4 443 9_S__

*Bonferroni-corrected P-value is given.
1 NA = Marked as not applicable during data analysis, as no group category is available.
1 k =kingdom, p = phyla, ¢ = class, f = family, g = genus, s = species
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Appendix H — Results of OTU matching using Jukes-Cantor

Table 8: The table shows all OTUs from biopsy and water samples that could be aligned with > 97% identity in Matlab, and the respective taxonomy of the maches.
Taxonomic levels that could only be assigned to one of the datasets are marked as (b) or (w) for biopsy or water sample set respectively.

OTU-matches Distan Taxonomy'
Biopsy Water ce
OoTuU_1 OTU_1106 0,0207  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__
OTU 2 OTU_567 0,0230 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Rikenellaceae;g ;s
OTU_3 OTU_1013 0,0115 Kk__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__uniformis
OoTU_4 oTU_2 0,0138  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g_ ;s
OTU 5 OTU_487 0,0091 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__[Ruminococcus];s__gnavus
OTU_6 0OTU_2741 0,0207 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f Bacteroidaceae;g__Bacteroides;s__fragilis
oTuU_ 7 OTU_923 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__[Ruminococcus];s__
OTU_8 OTU_552 0,0160 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;,o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__
OoTU_8 OTU_716 0,0277  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__
OTU_ 9 OTU_1545 0,0138 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Porphyromonadaceae;g__Parabacteroides;s
OTU_12 OTU_210 0,0114  k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_ ;s
OTU_ 12 OTU_597 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Roseburia (w) ;s__
OTU_ 13 OTU 521 0,0139  k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s
0oTuU_14 OTU_140 0,0023  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__
OTU_15 OTU_254 0,0185 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__ Blautia;s__
OTU_16 OTU_601 0,0161 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__ovatus
OTuU_17 OTU_247 0,0254  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;S
OoTu_17 OTU_1258 0,0114  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;S__
OTU_19 OTU_1196 0,0091 k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Roseburia (w) ;s__
OTU_22 OTU_338 0,0254  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__;s__
0TuU_22 OTU_611 0,0278  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g_ ;s__
OTU_22 OTU_865 0,0137  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Salmonell
a(w
OTU_22 OTU_1503 0,0207 k(_lgacteria; p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Citrobacte
r(w)

0Tu_22 OTU_1751 0,0230  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f _Enterobacteriaceae;g_ ;s




OTU_24 OTU_2278 0,0138  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Odoribacteraceae];g__Odoribacter;s__

OTU_25 OTU_565 0,0069 k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f Ruminococcaceae;g_ Ruminococcus;s

OTU 26 OTU_1058 0,0091 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Barnesiellaceae];g__;s__

OoTuU_27 OTU_713 0,0114  k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_ ;S

OTU_28 OTU_1604 0,0115 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__caccae

OTU_29 OTU_758 0,0138 k_Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Prevotellaceae;g__ Prevotella;s__copri

OTU_32 OTU_193 0,0207 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f Ruminococcaceae;g_ Ruminococcus;s

OTU_32 OTU_244 0,0160 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Ruminococcus;s__

OTU_34 OTU_ 712 0,0068 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Lachnospiraceae;g_ [Ruminococcus];s

OTU_36 0TU_1422 0,0161 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__;g_ ;s

OTU_37 OTU_1452 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_39 OTU_558 0,0069 k__ Bacteria;p__Firmicutes;c__Clostridia;,o__Clostridiales;f__Lachnospiraceae;g__Dorea

OTU_40 OTU_361 0,0137  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae

OTU_42 OTU_2141 0,0184 k_ Bacteria;p__Bacteroidetes;c__ Bacteroidia;o__Bacteroidales;f _Porphyromonadaceae;g _Parabacteroides;s__dis
tasonis

OTU_45 oTuU_87 0,0115 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU 45 OTU_3016 0,0256 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Veillonellaceae;g__Dialister;s

OTU 47 OTU_753 0,0138  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__ Blautia;s__

OTU 48 OTU 536 0,0114 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Lachnospira;s__

OTU_51 OTU_480 0,0161 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_ ;S

OTU_53 OTU_716 0,0161  k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__

OTU_54 OTU_1604 0,0278 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__caccae (w)

OTU_56 OoTuU_271 0,0115 k_ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_ ;s

OTU_57 OTU_678 0,0138  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae (b) ;g__Coprococcus (b)

OTU_59 OTU_370 0,0161 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__

OTU_62 OTU_185 0,0115 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__Ruminococcus (b)

OTU_66 OTU_1045 0,0184  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Christensenellaceae;g_ ;s

OTU_70 OTU_576 0,0114 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__

OTU_72 0OTU_133 0,0138  k__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f__Verrucomicrobiaceae;g__Akker

mansia;s__muciniphila
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OTU 72 OTU_2570 0,0231  k__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f__Verrucomicrobiaceae;g__Akker
mansia;s__muciniphila

OTU_73 OTU_1195 0,0160 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;S

OTU_75 OTU_1288 0,0139  k__ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_ ;s__

OTU_76 OTU_760 0,0280 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Blautia (w)

OTU_76 OTU_2189 0,0139  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__;s__

OTU_79 OTU_3080 0,0162 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Coprococcus;s__

OTU_80 OTU_51 0,0091  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g_ ;s__

OTU_80 OTU_212 0,0207  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae

OTU_80 OTU_338 0,0138 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f _Enterobacteriaceae;g_ ;s

OTU_80 OTU_611 0,0254  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__;s__

OTU_80 OTU_702 0,0278  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae

OTU_84 OTU_231 0,0138  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__

OTU 84 OTU_1073 0,0278  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Clostridiaceae (w) ;g SMB53 (w)

OTU_86 OTU_1392 0,0068 k__ Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae (b)

OTU_91 OTU_1183 0,0161 Kk__ Bacteria; p__Proteobacteria; c__Gammaproteobacteria; o__Pasteurellales; f__Pasteurellaceae; g__Haemophilus;
s__parainfluenzae

OTU_93 OTU_1528 0,0160 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f Bacteroidaceae;g__ Bacteroides;s__eggerthii

OTU_95 OTU_605 0,0068  k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f__Micrococcaceae;g_ ;S__

OTU_96 OTU 971 0,0278 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Ruminococcaceae;g__Oscillospira;s__

OTU_98 OTU_173 0,0115 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g_ ;S

OTU_99 OTU_230 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_100 OTU_567 0,0254  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Rikenellaceae (w) f__Bacteroidaceae (b)
;9. Bacteroides (b)

OTU_100 OTU_716 0,0254  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__

OTU_100 OTU_2544 0,0137  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__

OTU_102 OTU_740 0,0184 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Moraxellaceae;g__Acinetobacter
S

OTU_102 oTu_987 0,0207  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Moraxellaceae;g__Acinetobacter

OTU_103 OTU_183 0,0115 k_ Bacteria;p__Firmicutes;c__ Bacilli;o__ Bacillales;f__Staphylococcaceae;g__Staphylococcus

OTU_104 OTU_1652 0,0091 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;S__

OTU_105 OTU_1307 0,0184 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__




OTU_106 OTU_868 0,0092  k__ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_ ;s

OTU_107 OTU_1296 0,0023 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Ruminococcaceae;g__Oscillospira;s

OTU_110 OTU_2141 0,0184 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Porphyromonadaceae;g__Parabacteroides;s__dis
tasonis

OTU_111 OTU_1191 0,0069 k__ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_ ;s

OTU 114 0TU_2923 0,0068 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Barnesiellaceae];g__;s__

OTU_117 OTU_451 0,0161 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Lachnospiraceae;g__ Blautia;s__

OTU_119 0TU_1047 0,0138  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g_ ;S__

OTU_122 OTU_2195 0,0114  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Ruminococcus;s__

OTU_125 OTU_660 0,0023 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f Ruminococcaceae;g_Ruminococcus;s_

OTU_128 OTU_696 0,0208 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Dorea;s__

OTU_130 OTU_711 0,0139  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_ 131 OTU_1601 0,0278  k__Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f __Erysipelotrichaceae;g__ [Eubacterium];s__ b
iforme

OTU_132 OTU_ 478 0,0232  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f ;g ;s

OTU_135 OTU_495 0,0230  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Faecalibacterium;s__prausnitzii

OTU_139 OTU_567 0,0207  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g_ ;s

OTU_140 OTU_1401 0,0092 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Ruminococcaceae;g_Ruminococcus;s__

OTU_141 OTU_971 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Oscillospira (w)

OTU_142 OTU 1127 0,0184 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Ruminococcaceae;g__Oscillospira;s__

OTU_145 OTU_40 0,0278  k__ Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f __Streptococcaceae;g__Streptococcus;s__

OTU_145 OTU_282 0,0069 k__ Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g__Streptococcus;s__

OTU_146 OTU_1106 0,0184 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Bacteroidaceae;g__Bacteroides;s__

OTU_152 OTU_1371 0,0161  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__;s__

OTU_158 OTU_597 0,0254  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae (w);g__Roseburia (w)

OTU_162 OTU_1357 0,0115 k__ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g__Holdemania;s__

OTU_164 OTU_184 0,0069 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__ Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium;s

longum
OTU_166 OTU_384 0,0138 k__Bagcteria; p__Firmicutes;c__ Bacilli;o__Lactobacillales;f __Streptococcaceae;g__Streptococcus;s__
oTu_171 OTU_1144 0,0160 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__
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OTuU_173 OTU_3140 0,0186 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f_;g_ ;s

OTU_176 0TU_342 0,0184 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Aeromonadales;f__Aeromonadaceae;g__;s__

OTU 176 OTU_2795 0,0091 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Aeromonadales;f __Aeromonadaceae;g_ ;s

OTU_179 OTU_179 0,0137 k_ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f _Bifidobacteriaceae;g__ Bifidobacterium

OTU 179 OTU_217 0,0230  k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium;s
__adolescentis (w)

OTU_183 OTU_758 0,0254 k_Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Prevotellaceae;g__ Prevotella;s__copri

OTU_186 OTU_2831 0,0069  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Veillonella;s__dispar

OTU_190 0TU_2409 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Anaerostipes;s__

OoTu_191 OTU_746 0,0184  Kk__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium

OTU_192 OTU_40 0,0278  k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f __Streptococcaceae;g__Streptococcus;s__

OTU_197 OTU_299 0,0116  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_198 OTU_331 0,0139  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__;g_ ;s

OTU_199 OTU_626 0,0144  k__Archaea;p__Euryarchaeota;c__Methanobacteria;o__Methanobacteriales;f__Methanobacteriaceae;g__Methanobr
evibacter;s_

0TU_202 OTU_1195 0,0277  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s

OTU_203 OTU_120 0,0161 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f __Sphingomonadaceae;g__Sphingo
monas;s__

OTU_203 OTU_425 0,0254 k_ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f _Sphingomonadaceae;g__ Sphingo
monas;s__

OTuU_207 OTU_2831 0,0184  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Veillonella;s__dispar

OTU_209 OTU_179 0,0253  k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium;s
__adolescentis (b)

OTU_209 OTuU_217 0,0115 Kk__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium;s
adolescentis

oTuU_211 OTU_820 0,0115 k__Bacteria;p_Firmicutes;c_CIostridia;o_CIostridiales;f_Ruminococcaceae;g_;s_

0TuU_212 0TU_2432 0,0162 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_ ;s

OTu_214 OTU_2150 0,0138  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g_ ;S__

OTU_218 OTU_2570 0,0278  k__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f _Verrucomicrobiaceae;g__ Akker
mansia;s__muciniphila

0TU_219 0OTU_1202 0,0207  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

0TU_222 OTU_390 0,0093  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__;s__

OTU_224 OTU_1571 0,0115 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g__ Oscillospira;s__




OTU_231 OTU_2842 0,0208 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__Coprococcus;s__eutactus

OTU_243 OTU_422 0,0184 k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Lachnospiraceae;g__Anaerostipes;s

OTU_251 oTu_8 0,0184 k_ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__

OTU_251 OTU_103 0,0137  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__

OTU_253 OTU_462 0,0161 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f__Methylobacteriaceae;g__Methylobacteri
um;s__

OTU_255 OTU_269 0,0161 k_ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f _Erysipelotrichaceae;g_ [Eubacterium];s_ d
olichum

OTU_257 OTU_1389 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_260 OTU_982 0,0115 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f Ruminococcaceae;g_Ruminococcus;s_

OTU_261 OTU_1417 0,0000 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g_ ;s

OTU_262 OTU_2992 0,0254  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f ;g ;s

OTU_263 oTu_8 0,0184 Kk_ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__

OTU_263 0TU_103 0,0254  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__

OTU_272 OTU_2097 0,0185 k__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f __Corynebacteriaceae;g__Corynebacterium

OTuU_274 OTU_1150 0,0278 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae (w)

OTU_277 OTU_397 0,0254 k_ Bacteria;p__Firmicutes;c_ Bacilli;o__Lactobacillales;f _Carnobacteriaceae;g__Granulicatella;s__

OTuU_277 OTU_2875 0,0208 k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Carnobacteriaceae;g__Granulicatella;s__

OTU_285 OTU_1565 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTuU_287 OTuU_907 0,0231 k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _[Tissierellaceae];g__Peptoniphilus;s__

OTU_288 OTU_1545 0,0254 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Porphyromonadaceae;g__ Parabacteroides;s

OTU_289 OTU_87 0,0280 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_289 OTU_232 0,0209 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_289 OTU_3016 0,0256  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_290 OTU_1154 0,0091  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Ruminococcus;s__

OTU_291 OTU_2992 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_294 OTU_1601 0,0184 k_ Bacteria;p__Firmicutes;c__Erysipelotrichi;o___Erysipelotrichales;f__Erysipelotrichaceae;g__[Eubacterium];s_ b

iforme
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OTU_304 OTU_1798 0,0184 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_306 OTU_758 0,0115 k_ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f _Prevotellaceae;g_ Prevotella;s__copri

OTU_309 OTU_231 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae (w) f__Peptostreptococcaceae (b)

OTU_313 0TU_1942 0,0161 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f__Xanthomonadaceae;g__Stenotro
phomonas;s

OTU_316 0OTU_324 0,0184 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_317 OTU_2257 0,0278  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_319 OTU_611 0,0231  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Citrobacte
r (b)
OTU_319 OTU_865 0,0231  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Salmonell

a (w) g__ Citrobacter (b)

OTU_319 OTU_1503 0,0161 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Citrobacte
r

OTU_319 OTU_1751 0,0278  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Citrobacte

r (b)

OTU_320 0TU_448 0,0115 k_ Bacteria;p__Tenericutes;c__Mollicutes;o RF39;f ;g ;s

OTU_323 0TU_232 0,0256  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_323 OTU_3016 0,0256  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_331 oTuU_87 0,0256  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_331 OTU_3016 0,0232  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

0TU_332 OTU_1240 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_337 OTU_2106 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s

OTU 341 OTU_353 0,0138  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae

OTU_341 OTU_1073 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g_ SMB53 (w)

OTU_346 OTU_597 0,0184  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia;s__

OTU_349 OTuU_331 0,0232  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__;g_ ;s

OTU_349 OTU_684 0,0232  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__;g_ ;s

OTU_351 0TuU_1172 0,0023  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__[Ruminococcus];s__

OTU_366 OTU_1305 0,0138 k__Bacteria;p__Actinobacteria;c__Coriobacteriia;o__Coriobacteriales;f__Coriobacteriaceae;g__Eggerthella;s__lent
a

OTU_367 0OTU_2372 0,0184 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f__Sphingomonadaceae;g__Novosph
ingobium;s

OTU_370 OTU_883 0,0092  k__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f__Micrococcaceae;g__Micrococcus;s__




OTuU_378 OTU_1739 0,0208 k__Bacteria;p__Cyanobacteria;c__Chloroplast;o__Streptophyta;f _;g_ ;s

OTU_379 0TU_2992 0,0184 k_Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f ;g ;s

OTU_390 OTU_3052 0,0161 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__[Ruminococcus];s__gnavus

OTU_396 OTU_1150 0,0137  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__;S__

OTU_398 OTU_637 0,0069 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __[Mogibacteriaceae];g__;s__

OTU_399 OTU_1183 0,0231 k_ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pasteurellales;f _Pasteurellaceae;g_ Haemophilus;s
parainfluenzae (w)

OTU_401 OTU_2601 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _[Tissierellaceae];g__Finegoldia;s__

OTU_408 OTU_247 0,0160 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g_ ;s

OTU_408 OTU_1258 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_410 OTU_818 0,0184  k_ Bacteria;p__Bacteroidetes;c__[Saprospirae];o__[Saprospirales];f__Chitinophagaceae;g__Sediminibacterium;s__

OTU_415 OTU_695 0,0116  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;s__

OTU_420 OTU_2078 0,0023 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g__;s__

OTU_427 OTU_ 2831 0,0255 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Veillonellaceae;g_ Veillonella;s__dispar (w)
s_ parvula (b)

OTU_429 0OTU_2918 0,0115 k_ Bacteria;p__Tenericutes;c__Mollicutes;o_ RF39;f ;g ;s

OTU_435 OTU_1914 0,0278  k__Bacteria;p__Proteobacteria;c__Epsilonproteobacteria;o__Campylobacterales;f __Campylobacteraceae;g_ Campy
lobacter;s

OTU_436 OTU_1267 0,0210  k__ Bacteria;p__Actinobacteria;c__Coriobacteriia;o__Coriobacteriales;f __Coriobacteriaceae;g_ ;s

OTU_439 0TU_1047 0,0254  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s

OTU_441 OTU_1798 0,0207  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__

OTU_451 0OTU_1823 0,0254  k__ Bacteria;p__Tenericutes;c__Mollicutes;o_ RF39;f g ;s

OTU_459 OTU_1213 0,0161 k_ Bacteria;p__ TM7;c_ TM7-3;0__;f_;9_ ;s

OTU_461 OTU_13 0,0207 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Acidovorax (w)
g_ Delftia (b)

OTU_461 OTU_99 0,0278  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Delfia (b)

OTU_461 OTU_112 0,0231  k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Delftia (b)

OTU_461 OTU_276 0,0207 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _Comamonadaceae;g__Delftia (b)

OTU_461 OTU_386 0,0184 k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Acidovorax (w)
g_ Delftia (b)

OTU_461 OTU_393 0,0277  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Delftia (b)
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OTU_461 OTU_790 0,0115 k_ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;g__Delftia;s__

OTU_461 0OTU_1071 0,0207 k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__ Burkholderiales;f _Comamonadaceae;g__Delftia (b)

OTU_461 OTU_1126 0,0278  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Delftia (b)

OTU_461 OTU_1701 0,0254 k_ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _Comamonadaceae;g__Delftia (b)

OTU_461 OTU_2650 0,0254  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;g__Rhodoferax (w)
g__Delftia (b)

OTU_462 OTU_2755 0,0161 k__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g_ ;s

OTU_468 OTU_567 0,0254  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g__;s__

OTU_471 OTU_1819 0,0138  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__

OTU_479 OTU_353 0,0232  k_ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Clostridiaceae (w)

OTU_479 OTU_1073 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Clostridiaceae (w);g__SMB53 (w)

OTU_490 0TU_2128 0,0230 k_ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__ Neisseriales;f Neisseriaceae;g__ Neisseria;s__Subflava

b

OTU_496 OTU_1011 0,0184 (kiBacteria;p_Firmicutes;c_CIostridia;o_CIostridiaIes;f_Ruminococcaceae;g_;s_

OTU_497 OTU 51 0,0161 k_ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f _Enterobacteriaceae;g._ ;s

OTU_497 OTU_212 0,0184  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae

OTU_497 OTU_338 0,0231  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__;s__

OTU_499 OTU_1813 0,0137  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__

OTU_515 OTU_157 0,0255  k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f__;g_ ;s

OTU_515 OTU_188 0,0207 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f ;g ;s

OTU 517 OTU_1914 0,0091 k_ Bacteria;p__Proteobacteria;c__Epsilonproteobacteria;o__Campylobacterales;f __Campylobacteraceae;g_ Campy
lobacter;s__

OTU_527 OTU_684 0,0255 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_533 OTU_611 0,0161  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__;s__

OTU_533 OTU_865 0,0161  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Salmonell
a(w

OTU_533 OTU_1503 0,0278 k(_l_g,acteria;p_Proteobacteria;c_Gam maproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Citrobacte
r(w

OTU_533 OTU_1751 0,0254 k(_|)3acteria;p_Proteobacteria;c_Gam maproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g_ ;S__

OTU 537 OTU_2996 0,0091 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Christensenellaceae;g_ ;s

OTU_549 OTU_1204 0,0160 k__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f _Corynebacteriaceae;g__ Corynebacterium

OTU_550 OTU_140 0,0277  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g__;S__




OTU 552 OTU_1788 0,0161 k__Bacteria;p__Firmicutes;c__Bacilli;o__Gemellales;f _Gemellaceae;g__Gemella (b)

OTU_553 OTU_217 0,0277 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f _Bifidobacteriaceae;g__Bifidobacterium;s
__adolescentis (w)

OTU_554 OTU_2037 0,0185 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_556 OTU_1147 0,0161 k_ Bacteria;p__Tenericutes;c__Mollicutes;o RF39;f ;g ;s

OTU_563 OTU_2128 0,0184 k_ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Neisseriales;f__Neisseriaceae;g__Neisseria;s__

OTU_572 OTU_1025 0,0138  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Christensenellaceae;g_ ;s

OTU_578 OTU_870 0,0115 Kk__ Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Prevotella;s__melaninogenica

OTU_581 OTU_154 0,0115 k__ Bacteria;p__Cyanobacteria;c__Chloroplast;o__Streptophyta;f ;g ;s

OTU_582 0TuU_271 0,0162  k__ Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f__Erysipelotrichaceae;g_ ;s

OTU_588 OTU_3046 0,0069 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f__Corynebacteriaceae;g__Corynebacterium

OTU_589 OTU_51 0,0207  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g_ ;s

OTU_589 OTU_212 0,0231  k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae

OTU_589 0TU_338 0,0160 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g_ ;s

OTU_606 OTU_1053 0,0207  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;s__

OTU_623 0TU_22 0,0231  Kk__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g__Oxalobacter (b)

0OTU_623 0OTU_320 0,0207 k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _Oxalobacteraceae;g__Oxalobacter (b)

OTU_623 OTU_616 0,0254  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g__Oxalobacter (b)

OTU_632 OTU_1106 0,0207  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f __Bacteroidaceae;g__Bacteroides;s__

OTU_636 OTU_760 0,0232  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__ Blautia;s__

OTU_636 OTU_2189 0,0256  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Lachnospiraceae;g__Blautia (b)

OTU_642 OTU_2374 0,0185 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Clostridiaceae (w) f__[Mogibacteriaceae] (b)

OTU_644 OTuU_151 0,0068 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Caulobacterales;f __Caulobacteraceae;g_ ;s__

OTuU_647 OTU_124 0,0184 k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g_ ;s

OTU_647 OTU_19%4 0,0278  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g_ ;s__

OTuU_647 OTU_723 0,0254  k__ Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Oxalobacteraceae;g_ ;s

OTuU_647 0OTU_1243 0,0207  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Oxalobacteraceae;g__ ;s

OTU_651 OTU_1137 0,0161 k_ Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f ;g ;s

OTU_656 oTu_8 0,0278  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom

onas
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OTU_656 OTU_103 0,0138 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas

OTU_657 0TU_232 0,0069 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Veillonellaceae;g__Dialister;s__

OTU_666 OTU_2227 0,0184 k__ Bacteria;p__Firmicutes;c__ Bacilli;o__Bacillales;f__Bacillaceae;g__Bacillus;s__Horikoshii (b)

OTU_667 OTU_516 0,0161  k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhodobacterales;f__Rhodobacteraceae;g__Paracoccus
(w)s__aminovorans (w)

OTU_669 OTU_521 0,0280 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_671 OTU_551 0,0207 k__ Bacteria;p__Bacteroidetes;c__[Saprospirae];o__[Saprospirales];f _Chitinophagaceae;g_ ;s

OTU_672 OTU_148 0,0186 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Caulobacterales;f__Caulobacteraceae;g__Phenylobacteri
um
OTU_678 OTU_763 0,0278 k__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__ Actinomycetales;f _Micrococcaceae;g__Kocuria;s__palustris

(w) s__Rhizophila (b)

OTU_678 OTU_2524 0,0208 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Actinomycetales;f __Micrococcaceae;g__Kocuria;s__rhizophi
la

OTU_687 OTU_2743 0,0256 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _[Tissierellaceae];g__Anaerococcus;s__

OTU_698 OTuU_331 0,0232  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_699 OTU_631 0,0209  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__

OTU_710 OTU_6 0,0278  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Polaromonas
(W)
OTU_710 OTU_515 0,0277  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;g__Acidovorax (w)

s__delafieldii (w)

OTU_710 OTU_652 0,0278  k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Comamonadaceae;g_ ;s

OoTU_714 OTU_584 0,0092  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _;g_ ;s

OTU_720 0OTU_2880 0,0278  k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Christensenellaceae;g_ ;s__

oTu_721 OTuU_1819 0,0231  k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__;s__

OoTu_723 oTu_8 0,0138 k__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__Veronii (b)
OTU_723 OTU_103 0,0161  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom

onas;s__Veronii (b)

OTU_737 OTU_365 0,0138  k__Bacteria;p__Acidobacteria;c__Solibacteres;o__Solibacterales;f__;g_ ;s

OTU_758 OTU_1539 0,0115 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g_ ;S__

OoTu_778 oTu_24 0,0207  k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f __Bradyrhizobiaceae;g__Bradyrhizobium
(b)




OTU_778 oTuU_477 0,0184 k__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f__Bradyrhizobiaceae g__Bradyrhizobium
b

OTU_816 OTU_643 0,0234 (kiBacteria;p_Bacteroidetes;c_FIavobacteriia;o_FIavobacteriaIes;f_[WeekseIIaceae];g_;s_

OTU_817 OTU_286 0,0138 k__Bacteria;p__Bacteroidetes;c__Cytophagia;o__Cytophagales;f __Cytophagaceae;g_ ;s

oTu_827 OTU_2544 0,0230  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae (w) f__Rikenellaceae (b)
g__Bacteroides (w)_

OTU_833 OTU_2923 0,0278  k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__[Barnesiellaceae];g_ ;s__

OTU_835 OTU_270 0,0184 Kk _ Bacteria;p__Firmicutes;c__ Bacilli;o__Lactobacillales;f _Lactobacillaceae;g__Lactobacillus;s__

OTU_841 OTU_1793 0,0184  Kk__ Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus;s__zeae

OTU_845 OTU_907 0,0208 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _[Tissierellaceae];g__Peptoniphilus;s__

OTU_853 oTu_8 0,0138  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o___Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s

OTU_853 OTU_103 0,0254 k_BaEeria;p_Proteobacteria;c_Gammaproteobacteria;o_Pseudomonadales;f_Pseudomonadaceae;g_Pseudom
onas

OTU_856 oTu_8 0,0231  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o___Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__ Viridiflava (b)

OTU_856 OTU_890 0,0278  k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Pseudomonadales;f__Pseudomonadaceae;g__Pseudom
onas;s__Viridiflava (b)

OTU_863 OTU_190 0,0091 Kk_ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f__Xanthomonadaceae;g__Stenotro
phomonas;s

OTU_863 OTU_598 0,0277  Kk__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f__Xanthomonadaceae;g__Stenotro
phomonas (b)

OTU_863 OTU_2116 0,0184 Kk__ Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f__Xanthomonadaceae;g__Stenotro
phomonas (b)

OTuU_871 OTU_631 0,0280 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium (b)

OTU_878 OTU_1788 0,0161 k__ Bacteria;p__Firmicutes;c__Bacilli;o__Gemellales;f __Gemellaceae;g__Gemella (b)

OTU_879 OTU_233 0,0115 k__ Bacteria;p__Actinobacteria;c__Actinobacteria;o__ Actinomycetales;f _Microbacteriaceae;g__ Cryocola;s__

OTU_885 0OTU_1200 0,0115 k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f __Streptococcaceae;g__Lactococcus;s__

OTU_891 OTU_9 0,0045 k_ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f __Sphingomonadaceae;g__Sphingo
monas;s__yabuuchiae

OTU_907 0OTU_2628 0,0162  k__Bacteria;p__Tenericutes;c__Mollicutes;o_ RF39;f ;g ;s

OTU_909 OTU_988 0,0278  k__ Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f __Bacillaceae;g__ Bacillus;s__

OTU_909 OTU_2568 0,0231 k__ Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f _Bacillaceae;g__ Bacillus;s__
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OTU_910 0OTU_294 0,0184  k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f __Methylobacteriaceae;g__Methylobacterium
OTU 912 OTU_85 0,0254 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f Methylobacteriaceae;g Methylobacterium

OTU 931 OoTu_277 0,0091 k__Bacteria;p__Proteobacteria;c___Epsilonproteobacteria;o__Campylobacterales;f _Helicobacteraceae;g__Helicobacter;s_ pylo
ri

1 k = kingdom, p = phyla, ¢ = class, f = family, g = genus, s = species



Appendix | - Matches from Jukes-Cantor dataset used in Fisher exact testing

Table 9: The table shows the number of sequences from the respective OTUs identified in the matches implicated to be of importance in the Jukes-Cantor data set and
comprise the material used for calculations of Fisher exact value. Sequence number in all samples retrieved from patients presenting both water and biopsies is presented.

Match 7 Match 6 and 5 Match 4 Match 3 Match 2 Match 1

Patient oTuU OoTU oTuU OTU OTU40| OTU OoTuU OTU46 OTU OTU 778 OoTuU OoTuU OoTuU
number 891 (b) 9 (w) 145 (b) 192 (b) (w) 623 (b) 22 (w) (b) 112 (w) (b) 24 (w) 710 (b) 6 (W)
8 0 13 2 0 8 0 51 0 6 1 22 0 1684
8 0 0 0 0 0 0 0

32 0 0 0 0 24 0 24 0 1 0 1 0 2
32 0 0 0 0 0 0 0

36 0 1 3 0 9 0 324 0 0 1 7 0 26
36 0 1 0 2 0 0 0

37 0 0 0 0 50 0 53 0 0 0 5 0 0
37 0 1 0 0 0 0 0

39 0 0 0 0 0 0 2 0 1 0 1 0 6
39 0 1 0 0 0 0 0

39 0 0 0 0 0 1 0

40 0 1 0 2 0 0 26 2 448 0 13
41 0 0 0 0 0 62 0 2 0 29
41 0 0 0 0 0 0 0

42 0 0 5 0 7 0 233 0 0 0 0 329
42 0 0 0 0 0 1 0 0

43 0 9 0 0 0 0 23 0 0 48 0 0
43 0 0 0 0 0 0 0 0

44 0 0 0 0 0 0 0 1 1 0 1441 0 137
44 0 0 0 0 0 0 0

44 0 0 0 0 0 0 0

47 0 0 0 0 13 0 0 0 0 0 169 0 3
47 0 0 0 0 0 0 0

48 0 0 0 0 46 0 0 0 0 0 7 0 2
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162

21

10

23

11

104

15

43

42

585
36

338

114

263

172

16

35

16

48

48

49

49

55
55
55
58
58
59
59
59
59
60
60
60
61

62

62
63
63
64
64
64
65
66
66
67
67

69
70




1058

0

165

1178

0

14
11

102

63

12

36

18

14

37

11
16
29

117

26

36

38

16

56

40

22

17

70
71

71

73
73
75
75
76
76
76
77
77
78
78
78
79
79
81

81

81

83
83
83
85

86
86
86
87

87
88
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472

638

754

484

13

50

38

18

12

12

13

41

211

47

19

14

105

12

22

39
18

19

10

6001

6001

6002

6002
6003
6003
6005
6005
6005

6005
6006
6006
6006
6008
6008
6009
6009
6011

6011

6014

6014
6014

6015

6015

6016

6017

6017

6017

6017

6018
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143

177
133

19

27

18

6019

6019

6020

6022

6022

6023

6023

6023




Appendix J — Matches from biopsy data set used in Fisher exact testing

Table 10: The table shows the number of sequences from the respective OTUs identified in the matches implicated to be of importance in the biopsy data set and comprise the
material used for calculations of Fisher exact value. Sequence number in all samples retrieved from patients presenting both water and biopsies is presented.

Patient Match 7 Match 6 Match 5 and 4 Match 3 Match 2 Match 1

number OTuU4 OTU2 OoTuU oTuU oTuU oTuU oTuU oTuU oTuU OTU56 OTU?271 oTuU OTU 1196
(b) (w) 582 (b) 271 (w) 179 (b) 217 (w) 179 (w) 288 (b) 1545 (w) (b) (w) 19 (b) (w)

8 36 0 0 0 0 0 0 0 0 9 0 139 0

8 37 0 0 0 7 108

32 31 13 0 21 1 18 76 0 0 6 21 195 6

32 151 0 12 0 11 90

36 10 60 0 26 0 53 49 0 1 3 26 5 4

36 0 0 0 2

37 2 20 0 11 0 32 46 0 0 1 11 70 11

37 0 0 0 48

39 299 19 0 193 0 19 230 0 1 84 193 0 12

39 65 0 0 0 17 0

39 91 0 0 0 29 0

40 0 0 3 0 8 2 0 0 0 64 0

41 373 1 0 1 0 5 1 0 1 22 1 375 0

41 120 0 0 0 29 284

42 8 2 0 0 0 0 1 0 0 0 0 181 0

42 6 0 0 0 3 83

43 2 11 0 2 0 2 0 0 0 0 2 66 0

43 3 0 0 0 1 63

44 1110 0 0 0 0 1 0 0 0 2 0 147 0

44 101 0 0 0 6 154

44 102 0 2 0 2 178

47 488 3 0 17 0 30 26 0 3 0 17 47 21

47 203 0 0 0 0 18

48 650 5 12 0 0 0 0 0 0 0 0 120 1
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1009 1 0 0 0 2 32

1010 22 3 0 0 8 0 0 0 9 0 19 0
1010 19 0 8 0 10 13

1010 15 0 11 0 3 19

1011 0 26 0 19 0 32 18 0 0 19 1 3
1011 0 0 0 0 0 0

1011 3 0 0 0 0 0

1012 141 0 0 0 0 0 0 0 0 0 73 0
1012 210 0 0 0 0 31

1012 397 0 0 0 0 14

1013 0 0 0 0 1 0 0 0 0 0 0
1013 0 0 1 0 0

1013 0 0 2 0 0

1014 2 5 0 5 3 77 1 0 14 5 11 2
1014 0 1 7 0 27 22

1014 0 0 3 0 16 19

1015 24 8 0 97 0 0 13 0 0 97 402 0
1015 4 0 0 0 0 364

1015 18 0 0 0 0 366

1017 1 0 0 0 0 0 0 0 7 0 35 0
1017 0 2 0 0 3 30

1018 88 1 0 9 0 8 30 0 6 9 14 0
1018 108 0 0 0 1 10

1018 205 0 0 0 10 19

1021 1921 0 0 0 0 0 0 0 4 0
2005 91 5 0 0 16 13 0 0 0 1
2005 77 0 0 0 0 0

2005 77 0 0 0 0 0

2006 1 4 0 4 0 9 0 0 0 4 582 1
2006 0 0 0 0 0 249

2006 0 0 0 0 0 360




2007 1 4 0 3 0 22 4 0 9 3 112
2007 1 0 0 0 12 61
2007 0 0 0 0 20 69
2009 64 0 24 0 0 0 0 0 43 0 1
2009 92 3 0 0 15 0
2009 48 18 0 0 37 2
2011 22 10 0 13 1 6 51 0 0 13 242
2011 30 0 0 0 0 174
2011 21 0 0 0 0 135
2012 43 31 11 10 0 78 10 0 7 10 117
2012 95 6 0 0 5 179
2012 48 5 0 0 17 26
2012 72 0 0 0 8 10
2013 6 18 0 8 0 98 17 0 12 8 118
2013 7 0 0 0 11 107
2013 4 0 0 1 8 29
2014 2 0 13 0 0 0 0 0 0 0 10
2014 2 16 0 1 0 9
2015 0 0 0 0 0 0 0 0 3 0 79
2015 0 0 0 5 2 56
2016 0 0 0 0 0 0 0 0 21 0 52
2016 0 0 1 0 16 42
2017 227 1 0 1 0 1 1 0 15 1 0
2017 8 0 0 0 59 0
2020 0 0 0 0 0 0 0 0 2 0 69
2020 0 0 0 1 1 68
2020 0 0 0 0 0 44
2021 97 1 0 0 0 0 0 0 5 0 16
2021 105 0 0 0 8 23
2021 162 0 0 0 7 27
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2021 137 0 0 0 3 18

2022 8 0 1 0 0 7 1 0
2022 12 0 1 0 6 8

2022 0 0 1 0 35 2

2023 0 0 1 0 0 20 69 0
2023 0 0 2 0 29 39

2024 2 2 7 1 0 27 1 0
2024 12 0 2 0 21 1

2024 7 2 3 0 33 1

5001 0 0 0 0 0 12 272 0
5001 0 0 0 0 8 303

5001 1 1 0 0 13 323

5004 1 0 0 0 1 0 1 0
5004 0 0 0 0 0 1

5004 0 0 0 0 0 0

5005 0 1 0 40 0 3 0 4
5005 0 2 0 0 0 3

5005 0 5 0 0 7 5

5008 11 0 4 0 44 34 64 0
5008 19 0 3 8 18 25

5008 13 0 0 12 19 62

5009 1 0 0 0 1 67 1 0
5009 590 0 0 0 0 84

5010 480 0 0 0 0 0 33 0
5010 802 4 1 0 0 19

5011 0 0 0 0 0 2 13 0
5011 0 0 0 0 0 26

5013 212 0 0 0 0 5 0 0
5013 246 0 0 0 9 0

5013 254 0 0 0 6 0

6001 718 0 1 2 0 35 5 0




6001 209 0 1 0 9 19
6001 265 0 1 0 26 18
6002 6 0 3 0 0 0 40 1
6002 0 4 0 27 0
6003 0 0 4 0 0 0 10 7
6003 0 9 0 4 11
6005 238 79 0 0 39 12 0 0 3
6005 463 0 0 0 6 4
6005 168 0 0 0 12 0
6005 38 0 0 0 5 2
6006 10 2 0 0 4 7 0 15 43
6006 18 1 0 0 9 12
6006 8 0 0 0 5 18
6008 62 0 0 0 0 0 0 0 0
6008 104 0 0 0 0 0
6009 0 2 5 0 4 0 0 12 0
6009 2 14 0 0 32 0
6011 50 55 0 0 25 7 0 0 11
6011 1296 0 0 0 0 3
6014 2 0.0 0 0 0 0 0 13 7
6014 0 0 0 0 6 9
6014 2 0 0 0 36 10
6015 23 0.0 1 0 0 0 0 53 126
6015 46 1 0 0 18 76
6016 0 0.0 0 0 0 7 42
6017 835 0.0 0 18 0 28 3
6017 1069 0 29 0 19 2
6017 1439 0 8 0 21 1
6017 742 0 34 0 41 1
6018 2 0.0 0 0 0 0 0 30 0
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6019 86 0.0 0 0 0 0 0 0 0 8 0 0 0
6019 382 0 0 0 3 0
6020 1689 0.0 0 0 0 0 0
6022 188 1.0 0 0 0 42 0
6022 225 0 0 0 122 0
6023 95 0.0 0 0 0 0 0 0 0 89 0 7 0
6023 95 0 0 0 79 11
6023 174 1 0 0 46 0
Appendix K — Top 50 water OTUs identified as match by Jukes-Cantor
Table 11: shows the fifty most prevalent water OTUs identified as match by Jukes-Cantor, its biopsy match, and their relative prevalence in percent.
Prevale Biopsy Water Prevale Taxonomy”
nce* % OTU OoTU nce’ %
0,0040 OTU 710 OTU_ 6 3,8856 Kk __Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f Comamonadaceae;g__Polaro
monas;s
0,0061 OTU_ 778 OTU_ 24 2,1040 k_Bacte_ria;p_Proteobacteria;c_AIphaproteobacteria;o_RhizobiaIes;f_Bradyrhizobiaceae;g_;s_
0,0013 OTU 461 OTU 112 1,0614 k_Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _Comamonadaceae;g_ ;s
0,0011 OTU 623 OTU_22 0,9817 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f _Oxalobacteraceae;g_ ;s
0,0490 OTU_ 145 OTU_ 40 0,6753 k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f __Streptococcaceae;g__ Streptococcus;s__
0,0006 OTU_891 OTU_9 0,6245 Kk__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sphingomonadales;f__Sphingomonadaceae;g_
_Sphingomonas;s__yabuuchiae
0,2944 OTU 45 OTU_87 0,5766 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Veillonellaceae;g__Dialister;s__
15470 OTU_ 12 OTU_ 210 0,5626 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g_ ;s__
0,1402 OTU 72 OTU_133 0,5457 k__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f _Verrucomicrobiaceae;g
__Akkermansia;s__muciniphila
0,0013 OTU 461 OTU 13 0,5456 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Acido
vorax
0,2046 OTU 32 OTU 244 0,5248 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ Ruminococcus;s__




0,0800 OTU_ 164 OTU 184 0,4972 Kk__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f __Bifidobacteriaceae;g__Bifidoba
cterium;s__ longum

0,1208 OTU 203 OTU_ 120 0,4937 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o __Sphingomonadales;f _Sphingomonadaceae;g_
_Sphingomonas;s__

0,0381 OTU 80 OTU 51 0,4527 Kk__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g__;
S

0,0717 OTU 251 OTU 8 0,4089 k:Bacteria;p_Proteobacteria;c_Gammaproteobacteria;o_Pseudomonadales;f_Pseudomonadaceae;g_
Pseudomonas;s

0,2732 OTU_ 62 OTU_185 0,3869 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f __Ruminococcaceae;g_ ;S__

0,5938 OTU 99 OTU 230 0,3755 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ ;s

0,0013 OTU_ 461 OTU_99 0,3729 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g_ ;s

0,2046 OTU 32 OTU 193 0,3650 k_ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f Ruminococcaceae;g_ Ruminococcus;s

0,0717 OTU_ 251 OTU_103 0,3241 Kk__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o___Pseudomonadales;f__Pseudomonadaceae;g__
Pseudomonas;s

0,0381 OTU 80 OTU 212 0,3105 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f _Enterobacteriaceae

0,0390 OTU_179 OTU_179 0,2802 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f _Bifidobacteriaceae;g__Bifidoba
cterium;s

0,0013 OTU 461 OTU_170 0,2774 k_Bacteﬁ;p_Proteobacteria;c_Betaproteobacteria;o_BurkhoIderiales;f_Comamonadaceae;g_;s_

1

0,0037 OTU_ 553 OTU_217 0,2753 k__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f _Bifidobacteriaceae;g__Bifidoba
cterium;s__adolescentis

1,7485 OTU 15 OTU 254 0,2487 k__Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f __Lachnospiraceae;g_ Blautia;s

0,0667 OTU 98 OTU 173 0,2464 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ ;s

1,2215 OTU 14 OTU_140 0,2201 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ ;s

1,0743 OTU 51 OTU 480 0,2119 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__;s__

0,0465 OTU_ 197 OTU_299 0,2059 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ ;S

0,0126 OTU 515 OTU_157 0,2056 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rickettsiales;f ;g ;s

53543 OTU_135 OTU_495 0,1968 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g__Faecalibacterium;s_ p
rausnitzii

0,0016 OTU_ 647 OTU_ 124 0,1960 k__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Oxalobacteraceae;g__;s__

0,0395 OTU_ 198 OTU 331 0,1816 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f_;g__ ;s

0,4590 OTU 56 OTU 271 0,1787 k__Bacteria;p__Firmicutes;c__Erysipelotrichi;o__Erysipelotrichales;f __Erysipelotrichaceae;g_ ;s
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0,2334 OTU 84 OTU 231 0,1777 k__Bacteria;p__Firmicutes;c__Clostridia;o__ Clostridiales;f__Clostridiaceae;g__;s__

0,0643 OTU 59 OTU_ 370 0,1752 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Clostridiaceae;g_ ;s

0,0490 OTU_ 145 OTU 282 0,1656 k__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Streptococcaceae;g__Streptococcus;s__

0,0154 OTU 316 OTU 324 0,1579 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f ;g ;s

14141 OTU 16 OTU 601 0,1554 k__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides;s__ovat
us

0,0037 OTU 289 OTU 232 0,1551 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f _Veillonellaceae;g__ Dialister;s

0,0061 OTU_778 OTU_477 0,1523 k__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f__Bradyrhizobiaceae

55465 OTU 4 OoTU_2 0,1513 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f __Enterobacteriaceae;g__;
S—

0,2240 OTU_ 13 OTU 521 0,1386 k__Bacteria;p__ Firmicutes;c__ Clostridia;o__Clostridiales;f ;g ;s

0,7706 OTU_ 40 OTU_361 0,1261 k__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae

2,2424 OTU 5 OTU 487 0,1170 k__ Bacteria;p__Firmicutes;c__ Clostridia;o__Clostridiales;f __Lachnospiraceae;g__ [Ruminococcus];s__gna
vuS

0,0013 OTU_ 461 OTU_386 0,1163 Kk__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f __Comamonadaceae;g__Acido
vorax

0,2541 OTU_ 17 OTU_ 247 0,1163 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f _Ruminococcaceae;g_ ;s

15470 OTU_ 12 OTU_597 0,1139 k__ Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia;s__
1,1711 OTU_8 OTU_716 0,1032 k__ Bacteria;p__Bacteroidetes;c__ Bacteroidia;o__Bacteroidales;f _Bacteroidaceae;g__ Bacteroides;s

0,0006 OTU_ 863 OTU_190 0,1000 k__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Xanthomonadales;f __Xanthomonadaceae;g__
Stenotrophomonas;s

* k = kingdom, p = phyla, ¢ = class, f = family, g = genus, s = species
t = prevalence water OTU
} = prevalence biopsy OUT



Appendix L: Results of ASCA-ANOVA analysis

Table 12: Shows the output of the ASCA-ANOVA analysis performed

on different groups from the biopsy data set.

Terms Principal P-value
components

Variable 1 (Gut part) 2 1
Variable 2 (Gl localization) 6 1
Variable 3 (Inflammation category) 2 0,2518
Variable 4 (Diagnosis) 5 0,0002
Variable 5 (Age) 2 0,0381
Var 1 x Var 2 5 1
Var1lx Var3 8 1
Var1lx Var4 15 1
Var 1 x Var 5 6 1
Var 2 x Var 3 19 1
Var 2 x Var 4 20 1
Var 2 x Var 5 14 1
Var 3x Var 4 17 0,6186
Var 3x Var 5 6 0,5698
Var 4 x Var 5 10 0,0001
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Figure 1: The figure shows loading plot and loading scores of variables potentially explaining variations
between age and diagnosis, as tested in ASCA ANOVA.
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