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Abstract

Inflammatory bowel disease (IBD) is a widespread disease, especially in the
Western world. IBD is normally classified under two conditions; ulcerative
colitis (UC) and Crohn´s disease (CD). The cause of IBD is not yet known,
but there are many scientific studies that point in the direction of dysbiosis
in the intestines of the diseased patient. Treatment and medications can
slow down IBD, but there is no cure for the disease. Affected people suffer
from fatigue, food avoidance, and reduced quality of life, among others. It is
necessary to assess the microbial environment of the gut and work towards
finding the reason, and further, the right treatment.

This thesis is part of a collaboration between the University of Stavanger
and Stavanger University Hospital. The project aims to analyze stool sam-
ples, from patients diseased with IBD. The methods used are DNA extrac-
tion, 16S PCR amplification, gel electrophoresis, and Illumina sequencing.
With the use of the 16S rRNA gene, the amplification of the conserved re-
gion of bacterial DNA could be done. This is key to assessing microbial
diversity and understanding the disease. Illumina sequencing is a short-read
sequencing, and a lot of information is lost in the sequencing process. Hope-
fully, in the future, with the use of long-read sequencing, such as PacBio, the
information lost could be revealed, and used for further study of IBD.

The DNA extraction yielded good-quality DNA in 18 (67%) of 27 samples.
7 (26%) of 27 samples did not have good-quality DNA according to the ab-
sorbance ratios, A260/A280 and A260/A230. The sequencing results showed
a majority of the most common bacteria in the human gut, the phyla Fir-
micutes and Bacteroidetes. 5 (16%) of 32 samples consisted almost entirely
of these two groups, which goes against the theory that diseased gut con-
tains a larger number of the phyla Proteobacteria and Actinobacteria. One
sample stood out, containing almost only the phyla Proteobacteria, which is
proved to be an indication of disease. Also, the bacteria genus that was most
abundant was Bacteroides, followed by Faecalibacterium and Blautia.

Lastly, this project was a small project containing a small number of
samples. The results are not statistically reliable but give an indication of
what we might find in a diseased gut. Further work would be to collect a large
number of samples and proceed with these methods for assessing the bacterial
DNA. Also, the use of long-read sequencing could open the possibility of one
day finding the cure for IBD.
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Chapter 1

Introduction

1.1 Background

Inflammatory bowel disease (IBD) is a widespread disease, and the incidence
has increased in the last decade. Western Europe is the most exposed to IBD
for reasons not yet known [1]. Evidence suggests the reason why some are
affected is related to environmental factors, diet, and genetics. This field is
developing, and new evidence and discoveries continue to emerge. Intestinal
dysbiosis is closely related to IBD [2]. Different medications and lifestyles
are suggested to obtain homeostasis in the gut, to prevent this dysbiosis
[3]. Through methods like DNA extraction, PCR, and sequencing we can
determine some of the gut microbiota, such that treatment and medication
can be specialized for each individual. Still, these methods can be improved,
such that the cause of IBD someday can be discovered.

This thesis project is part of a collaboration between the University of
Stavanger and Stavanger University Hospital. Stavanger University Hospital
has been involved in several clinical trials to better understand inflammatory
bowel disease, treatment, and improving quality of life for the patients. This
leads to the aim of the project which is to collect stool samples provided
by the Stavanger University Hospital and learn how assess the presence of
microbes in the human intestinal microbiome.

1.2 Human gut microbiome

The human gut consists of many different microbes, including bacteria, ar-
chaea, fungi, microbial eukaryotes, and viruses. In a healthy gut the micro-
biome is usually dominated by bacteria of two specific phyla, Gram-negative
Bacteroidetes and Gram-positive Firmicutes [3]. Combined, these take up

1
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about 95% of the gut microbiota. However, diseased individuals tend to
have larger amounts of other bacterial phyla, such as Proteobacteria, Verru-
comicrobia, Actinobacteria, or Fusobacteria. The gut microbiota still varies
much from individual to individual, therefore there is no standard micro-
biome ecology that every healthy gut shares [4].

As a human develops from infancy to adulthood, the gut microbiota
evolves into a beneficial relationship. This relationship is important for the
host because it contributes to important and accurate anatomical develop-
ment and the host’s immune system [5]. A disruption in this relationship may
be a consequence of intestinal dysbiosis of the gut microbiota. A dysbiosis dis-
rupts the intestinal barrier, which in turn relocates bacterial symbionts to the
gut mucosa. An imbalance between pro-inflammatory and anti-inflammatory
molecules is the result of an inappropriate immune response. This inflam-
mation, caused by the disruption of the equilibrium in the gut, likely favors
the pathogenic bacteria which maybe results in a decrease of the beneficial
bacteria in the gut [3].

1.2.1 Dysbiosis and impact of external factors on the
human gut

The gut microbiota is likely shaped by environmental factors, diet, and ge-
netics. The diet is considered to be the main environmental factor. This
is because the bacterial environment in the gut is shaped after the diet. In
Western Europe, the consumption of processed food may correlate with the
high number of IBD. These diets include high-processed food, sugar, animal
protein, and little vegetables, and have little variety of nutrients [6]. The gut
microbiome is affected by what we eat in that way it shapes the composi-
tion and function of the microbiome, which in turn affects the homeostasis
of the intestinal environment [7]. Mediterranean countries have the lowest
incidence of inflammatory bowel disease (IBD). The Mediterranean diet is
rich in vegetables and fruit and is not as exposed to processed food com-
pared to Western Europe. This variety in nutrients may be the reason why
the incidence is so low [1]. Also, non-western countries have low incidence
of IBD, but this number are currently increasing because of a more Western
like diet. A study showed that diets with high intake of dietary fiber, fruits
and vegetables, among others, decreased the risk of Crohn´s disease. This
may be the reason for the low incidences of IBD in non-western countries [8].

Further, the human gut microbiota is defined through the first years of
living. What microbial stimulation an infant is exposed to after birth is
important for the immune system [9, p. 825]. A normal birth transfers the
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mother´s microbiota to the child and affects the microbial diversity in a way
that is important for further development. Birth through C-section has been
shown to have a negative impact on how the gut microbiota to the infant
develops. This may be because it is not exposed to the mother‘s microbiota
to such a large extent as in a normal birth [10, p. 10]. Diet, illnesses, and
obesity in childhood and early adulthood, also affect the gut microbiota, and
make the individual more exposed to allergy, asthma, and other autoimmune
illnesses later in life [10, p. 30-33].

A healthy gut has a low concentration of oxygen and is dominated by
obligate anaerobe bacteria, that cannot live in environments with oxygen.
It is suggested that the dysbiosis in IBD could appear from an increased
oxygen level in the gut, and thereby a decrease in strict anaerobic bacteria.
Consequently, an increase in facultative anaerobes has been seen in the gut
of those with IBD. It is this shift from obligate to facultative anaerobes that
affect the oxygen levels and then leads to dysbiosis [11].

1.3 Inflammatory bowel disease

Inflammatory bowel disease (IBD) is a chronic disease that affects the gas-
trointestinal tract. The pathogenesis of IBD is linked to dysbiosis and in-
flammation that disrupts metabolic processes in the gut, such as amino acids,
short-chain fatty acids, lipids, carbohydrates, proteins, and others. IBD is
normally classified under two conditions, ulcerative colitis, and Crohn‘s dis-
ease. The diseases are complex, and therefore hard to regulate [5][3]. They
have some of the same symptoms but are usually located in different areas
of the intestine. Both are detected and treated differently.

1.3.1 Ulcerative colitis and Crohn´s disease

Ulcerative colitis (UC) is usually found in the rectum and lower part of the
colon and is a non-transmural inflammatory disease [12]. It is a continuous
mucosal inflammation and can extend up the colon. Abdominal pain, bloody
diarrhea, and urgency to defecate are some of the typical symptoms of UC.
Detection of the disease is usually through endoscopy, and confirmation of the
biopsy specimens, to see how far the disease has gotten [13]. The symptom of
UC is classified as mild, moderate, or severe [5]. It is also ulcerative wounds
in the colon, such that the illness is defined by remissions and relapses [14],
this means that the illness in periods has flare-ups of symptoms, and in other
times it is almost gone.

Crohn´s disease (CD) is, on the other hand, a transmural inflammatory
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disease, that penetrates the colon and exists across the entire wall of an
organ or blood vessel. It usually can affect the entire intestinal tract from
the mouth to the rectum [12]. The disease severity varies from where it is
located in the colon and its behavior. It is also classified as mild, moderate,
and severe. The symptoms are usually weight loss, abdominal pain, diarrhea,
and more. Since this disease is a transmural inflammation, surgery is often
required when complications appear [5]. The cause of Crohn´s disease is
suggested to be genetic or exposure to bacteria, according to research. The
disease can affect in three ways, inflammatory, obstructive, and fistulating
types. Inflammation-induced thickening of the intestinal mucosal wall cause
hindrances in the gut as a consequence of the inflammatory and obstructive
types. When parts of the bowel intrude the neighboring bowel, this is a result
of the fistulating type [15].

1.3.2 Treatment

Different treatments and medications can slow down the symptoms of IBD,
but to this day, there is no cure for the disease. An inflammatory response
to the intestinal microbes is suggested by different evidence to be the reason
for inflammatory bowel disease [5]. Also, as mentioned, intestinal dysbiosis
is through evidence suggested to correlate to IBD [16]. The unknown reason
for why someone is affected, causes one of the challenges with IBD; the lack
of knowledge of the disease, and why some are diseased, affect the possibility
to find proper medication and treatment that works [17].

Treatment of CD is dependent on where it is located, its behavior, and the
severity of the disease. Usually, patients with CD need at least one surgery
throughout life [5]. Since there is not any cure for CD, research is focused on
increasing the life quality of patients with CD, which means reducing chronic
inflammation in the gut. Current treatment option of the disease is alpha-4
integrin inhibitor and other TNF-alpha inhibitors [15].

The treatment of UC depends on the severity of the symptoms and the
disease. Usually, 5-Aminosalycilates are the go-to treatment for mild to
moderate disease. If the treatment does not work, there are other options.
Still, 15% of the patients need a surgical procedure to ease the symptoms
once throughout life [13].

The strict control of the diet could also ease the symptoms of the diseases
when no medication works [6]. A diet that contains probiotics and prebiotics
could promote a balanced intestinal microbiota environment. Probiotics are
microorganisms that can give health benefits to the host when given in the
right amounts. Prebiotics can give beneficial physiological effects. They are
non-digestible substances and can affect the activity of the gut microbiota.
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It is important to mention that the improvement of UC and CD by use of
pro- and prebiotics is inconsistent, and the research results are unclear, such
that is not a recommended medical solution [18].

1.4 Social challenges related to inflammatory

bowel disease

The life quality of a person with IBD is significantly affected by the disease.
Permanent alteration in diet, lifestyle, and behavior is required to reduce the
symptoms [1]. Patients often focus on their diet to reduce the impact of IBD
in daily life [19].

Some patients experience food avoidance as a consequence of IBD. In
the paper “Food avoidance in outpatients with Inflammatory bowel disease”
they concluded that there was a concern in the avoidance of nutrition and
mistrust in advising about diet among patients with IBD [20]. Patients
also struggle with mental health problems as a result of losing self-control.
According to the paper “Identifying and understanding disease burden in
patients with inflammatory bowel disease”, patients said available help with
mental health problems was most important to handle consequences of IBD,
beyond the typical symptoms patients experience. Another symptom of IBD
that patients have reported to have most impact on daily life is fatigue [21].
Fatigue can be a cause of anxiety and depression in patients with IBD [22].
Anxiety and depression do affect the work and daily life of those affected. A
treatment for IBD would likely ease these symptoms, and increase the life
quality for those living with this disease. Data from IBSEN study cohorts of
health-related Quality of Life (HRQoL) in patients with IBD, showed that
women with CD had a reduced HRQoL, which was a consequence of increased
activity of the disease, and reduced work. Still, the result showed that the
overall HRQoL did not differ from those with UC/CD and the background
population [23].

1.5 Bacterial 16S rRNA gene and Illumina

sequencing

To study the human gut microbiota usually two methods are used, either by
amplicon sequencing using 16S ribosomal RNA sequencing or by metagenome
shotgun sequencing [24]. In this thesis, the assessment of the human gut
microbiota will be done by amplicon sequencing using 16S rRNA.
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16S rRNA is a part of the ribosome. Ribosomes take care of the protein
synthesis in the cell, and are a complex of many proteins. The ribosome in
prokaryotic cells contains a small subunit called the 30S and a large subunit
50S. The 16S rRNA gene do encode a ribosomal RNA on the 30S subunit
[25].

16S rRNA is about 1500 bp long and is a highly conserved region with
few mutations, which makes it beneficial for studying bacteria [26]. The
region is so conserved because of their important role in translating mRNA
into proteins [25]. By using 16S rRNA PCR, we can target a region of
the bacterial DNA that is present in all bacteria [27]. 16S PCR detects
the highly variable regions V1-V9 in the bacterial RNA depending on what
we want to find, see figure 1.1. These variable regions, show in different
bacteria, a sequence diversity. The variable regions must be compared with
other regions to differentiate between bacteria, this is because one region
alone do not contain enough diversity to separate bacteria. For example the
regions most suitable to distinguish between bacteria on genus level, were
the regions V2 and V3 [28].

16S rRNA

Figure 1.1: The structure of ribosome complex and 16S rRNA gene [25].

The region amplified varies depending on the intended use. It may be
used as a marker for bacterial classification or the identification of bacteria in
clinical samples. Additionally, the primers also play a role in which sequences
are amplified. Primers are chosen based on what the outcome is supposed to
be [4]. In this thesis, the primers 27F and 1492R are used. These are usually
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the primers chosen to amplify the bacterial ribosomal RNA in the human
gut [29].

The regions amplified could then further be sent to sequencing, and
through Illumina sequencing, the sequence could be read [4]. Illumina se-
quencing uses a ”sequencing by synthesis” approach. It identifies DNA bases
as it puts them together into nucleic acid chains. With each base added a
fluorescent light signal is sent, such that the order of the DNA sequence can
be determined [30]. Illumina sequencing is a short-read sequencing, and are
the most used sequencing method for the last decade. It provides highly ac-
curate sequencing reads, and are affordable. This short-read sequencing has
a down side; it reads less than 300 bases, which leads to a loss of very much
information. On the other hand, long-read sequencing can produce sequences
with the range of 10 kilobases to megabases, such as PacBio sequencing. In
short, this type of sequencing uses circular DNA template called a SMRTbell
cells that contains double-stranded DNA and DNA polymerase. During the
sequencing, the polymerase incorporates fluorescently labeled deoxynucleo-
side triphosphate into the template. The template are excited and recorded
on camera. This is repeated several times, and make it possible to uncover
the sequence and identity of each base in the SMRTbell template [31].

1.6 Bioinformatics and analysis

Bioinformatics is a category that contains computational and analytic meth-
ods that process biological data, and are very necessary to understand the
microbial diversity of the human gut [32]. After sequencing the microbiome is
in a format called raw data. This is long sequencing threads with base pairs.
With help of programs such as R, or websites as MicrobiomeAnalyst, these
threads with base pairs can be interpreted. Through these programs the di-
versity of bacteria can be visualized with different kinds of plots, making it
easier to evaluated the bacteria in each sample.

Further, the data are usually classified into OTU, metadata, and tax-
onomy data. The taxonomy data contains information about the bacteria,
phylum, family, genus, among other. Also, numerical taxonomy are used,
and the basic unit of this is OTU, operational taxonomic unit [33]. The
metadata describes the information, in other words data about the data [34].

Usually, alpha and beta diversity is discussed when doing a analysis.
Alpha diversity point out similarities and differences within one sample [35],
while beta diversity compare between the samples [36]. When doing such
analysis it is important to make the results as reliable as possible, and look
at statistical considerations. Such considerations could be the rarefaction,
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normalization and the metrices used to analyse the samples.



Chapter 2

Materials and method

2.1 Approach

This chapter will give an overview of the materials and methods used in
this project. The project aims to analyze stool samples from patients with
Crohn´s disease and ulcerative colitis. DNA extraction is used to obtain
clean and high-quality DNA samples, followed by endpoint PCR amplifica-
tion and gel electrophoresis to detect the amount and weight of the sample.
Sequencing is then performed to provide an overview of the bacterial species
in the sample, which can provide an indication of how the patient´s gut mi-
crobiota is.

2.2 Materials

2.2.1 Biological materials

Stavanger University Hospital provided samples from patients with early and
late stages of Inflammatory Bowel Disease (IBD), which included a mix of
Crohn´s Disease and ulcerative colitis. The samples were collected at various
time points ranging from V0 to V60, with intervals at V3 and V11, indicating
the number of months since diagnosis. The samples were prepared by adding
sterile zirconia beads and stored at -80 oC. In this project, 25 samples were
analyzed.

9
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2.2.2 Primers

Primers were used in the master mix for PCR to amplify most of the bacterial
16S rRNA gene [29]. These primers were chosen because they amplify the
bacterial ribosomal RNA small subunit (16S). The numbers 27 and 1492
indicates the position wanted to amplify in the rRNA gene.The primers are
listed in table 2.1.

Table 2.1: Forward and reverse primer with nucleotide sequence used in this
study.

Primers Nucleotide sequence 5’-to-3’

27F AGAGTTTGATCCTGGCTCAG

1492R TACGGYTACCTTGTTACGACTT

2.3 Method

2.3.1 DNA extraction

The DNA extraction was accomplished by the use of the IHMS DNA extrac-
tion protocol Q, provided by Costea [37]. DNA extraction is a method to
purify DNA, by using physical and chemical methods to separate DNA from
cell membranes, proteins and other cell components [38].

Stool samples from Stavanger University Hospital were used to carry out
a fecal DNA extraction. Qiagen QIAamp DNA stool kit was used for the
extraction. 150 to 200 mg of frozen feces was transferred into a 2 ml tube.
The samples were homogenized with 1.0 ml ASL lysis buffer of the kit and
0.3 g of sterile zirconia beads (Ø 0.1 mm) by vortexing for 2 minutes. The
buffer was heated at 70 oC to avoid precipitation. A lid was placed on the
samples and wrapped in parafilm to avoid spilling from the tube through
vortexing and incubation.

Further, the samples were incubated for 15 minutes at 95 oC, with a
possible variation of 1-2 oC. The lid and parafilm were removed, and only
parafilm was replaced. For the cells to be mechanically lysed, the samples
were sonicated for 8 minutes and 15 seconds in a Fastpreptm instrument. To
optimize results, the sonication time was split into 2 minutes x 4, with a 1-
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minute break between, letting the sample rest every other time and slightly
turning it.

The samples were cooled down on the ice for 2 minutes and centrifuged at
16000 x g at 4 oC for 5 minutes afterward. The supernatant was transferred
to a new 2 ml tube and put on ice for later use. The pellet was mixed with
300 µl ASL lysis buffer of the kit. The steps were repeated with a smaller
volume (300 µl). Supernatants were pooled into the new 2 ml tube.

260 µl of 10 M ammonium acetate was added to each lysate tube and
mixed well before incubating on ice for 5 minutes. The samples were cen-
trifuged at 16000 x g at 4 oC for 10 minutes. The supernatant was transferred
to two 1.5 ml Eppendorf tubes, and an equal amount isopropanol was added.
The samples were mixed well and incubated on ice for 30 minutes. Fresh 70%
ethanol was made. For 15 minutes, the samples were centrifuged at 16000 x
g and 4 oC. Through aspiration, the supernatant was removed. The nucleic
acid pellets were washed with 70% EtOH (0.5 ml). Then it was centrifuged
for 3-5 minutes, the alcohol was discarded and the pellet was left to dry. The
nucleic acid pellet was dissolved in 100 µl of TE buffer, and the two aliquots
were pooled.

For dissolving leftover RNA, 2 µl of DNase-free RNase (10 mg/ml) were
added, and the samples were incubated for 15 minutes at 37 oC. Further,
leftover proteins were also dissolved by adding 15 µl proteinase K and 200
µl AL buffer to the supernatant. The samples were vortexed for 15 seconds
and incubated at 70 oC for 10 minutes. 200 µl of ethanol (96-100%) was
added to the lysate and mixed by vortexing. The samples were transferred
to a QIAamp spin column and centrifuged at 16000 x g for 1 minute at 20
oC. The flow through was discarded and 500 µl of AW1 buffer (Qiagen) was
added, and subsequently centrifuged at 16000 x g for 1 minute at 20 oC. The
flow through was discarded again, and 500 µl of AW2 buffer (Qiagen) was
added, then centrifuged at 16000 x g for 1 minute at 20 oC.

The samples were transferred to clean 1.5 ml Eppendorf tubes and dried
by centrifugation at 20 oC for 1 minute. 150 µl of ATE buffer (Qiagen) was
added in two series of 75 µl, rested for 30 seconds, and centrifuged at 16000
x g for 1 minute. Finally, the samples were centrifuged at 16000 x g for 1
minute to elute the DNA. Afterwards, the samples were stored in -20 oC until
further use.



CHAPTER 2. MATERIALS AND METHOD 12

2.3.2 Methods for enhancing DNA sample quality

DNA clean and concentrator

Genomic DNA cleaning and concentrator from Zymo Researcher were used
to recover DNA after extraction. The protocol removes any contamination
of impurities from the extraction step [39]. Samples with poor quality, were
enhanced by implementing the following protocol. The protocol with no
changes are listed in Appendix A.

The centrifuge was set to 16 000 g. In a 1.5 ml microcentrifuge tube,
140 µl of ChIP DNA Binding Buffer was added to 70 µl of DNA sample,
and mixed thoroughly. The ratio was 2:1 of the DNA Binding Buffer and
sample. The mixture was transferred to a Zymo-Spintm IIC-XLR Column
in a Collection Tube. Then, the sample was centrifuged for 30 seconds, and
the flow-through discarded. 400 µl of DNA Wash Buffer was added to the
column, centrifuged for 1 minute, and repeated. 50 µl of DNA Elution Buffer
was added directly to the column matrix and incubated at room temperature
for five minutes. The samples were centrifuged for 30 seconds to elute the
DNA.

DNA precipitation

Impurities were removed from the DNA by DNA precipitation. The protocol
is listed in Appendix A.

24 µl of the sample was added to 40 µl of 10 M ammonium acetate. 101
µl of ice-cold 99% ethanol was added to the DNA solution and mixed by
pipetting and gentle vortexing. The final concentration was approximately
2.4 M. The samples were put in the freezer at -20 oC.

The next day, the centrifuge was set to 4 oC, and the samples were cen-
trifuged for 30 minutes at 15000 g. The supernatant was removed by pipet-
ting without disturbing the pellet. Furthermore, the DNA pellet was washed
by adding 200 µl of 70% ethanol. Then, the samples were centrifuged at 4
oC for 30 minutes at 15 000 g, closely followed by another 15 minutes at the
same temperature and g. The supernatant was removed through pipetting,
without disturbing the pellet.

The pellet was air-dried for 5-20 minutes until all the ethanol was gone,
and then the lid was closed. The DNA was redissolved in 20 µl of ATE buffer.
The mixture was warmed at 37-42 oC for approximately 10 minutes. The
samples were gently vortexed, and the tubes spun.
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2.3.3 Quantification of DNA

After the DNA extraction and improvements of the DNA quality, the sam-
ples were analyzed with NanoDrop Micro-UV/Vis Spectrophotometer from
Thermo scientific. Double-stranded DNA, dsDNA, was used to measure the
samples with concentration ng/µl. To analyze the DNA quality, the instru-
ment gave two absorbance ratios, A260/A280 and A260/A230. A260/A280
is a good indicator of protein contamination, and the expected result above
1.822 indicates a pure DNA sample. The absorbance ratio A260/A230 indi-
cates contamination caused by organic compounds, and the targeted result
should be 1.8, or preferably 2.0.

2.3.4 PCR-amplification

Polymerase chain reaction, PCR, is a rapid DNA amplification technique.
The quantity of bacterial material was determined by endpoint PCR, and
thereby measured using gel electrophoresis. This was performed on 16S
rRNA from the DNA extraction by DreamTaq DNA polymerase Master Mix
from Thermo Fisher Scientific, and a BIO-RAD T100 thermal cycler.

PCR solutions

The master mix was prepared by adding together the solutions in the same
order as listed in table 2.2. The concentations of the solutions was multiplied
with the number of samples and positive/negative controls. The volume and
concentration of each reagent in the Master Mix were selected based on the
recommended solutions provided by Thermo Fisher Scientific, which is shown
in Appendix A.

Table 2.2: PCR Master mix solution calculated for one sample.

Order Reagents Amount (µl), X1
1 Water, nuclease-free 15.3
2 10X DreamTaq Buffer 2
3 dNTP Mix, 10 mM 0.4
4 10 uM Forward primer 0.4
5 10 uM Reverse primer 0.4
6 DreamTaq DNA Polymerase 0.1

Total volume 18.6

19 µl of the master mix was transferred into each PCR tubes, and 1 µl
of each the DNA extracted stool samples was added. 1 µl of the positive
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control, ctt1 from Zymo Biomer, and 1 µl of nuclease free water was added
as negative control. The samples were spun for few seconds before placed in
the thermo cycler.

PCR cycles

The following temperature cycling conditions for BIO-RAD T100 thermal
cycler listed in table 2.3, were used to amplify the samples. The PCR product
was prepared for agarose gel by combining 10 µl PCR product and 2 µl 6X
loading dye. For easier loading of the products onto the gel, 5 µl PCR product
and 1 µl 6X loading dye was used.

Table 2.3: Temperature cycling conditions for PCR.

Steps Temperature Time Number of cycles
Initial denaturation 95 1 min 1

Denaturation 95 20 sec
Annealing 52 30 sec 28
Extension 65 2 min

Final extension 65 5 min 1

Modifications of the PCR procedure

The PCR was repeated several times, to improve the gel. The samples were
diluted to 40 ng/µl, except samples with to low or approximately same con-
centration as wanted. Due to missing positive control, a new positive control
was used, Ctt1 Zymo Biomer. Also a new DNA ladder, Hyperladder 1kb
100 lanes from Meridian was used instead of the DNA ladder from Thermo
Scientific. The first two gels did not have the new positive control and Hy-
perladder from Meridian.

2.3.5 Gel electrophoresis

Gel electrophoresis is a laboratory method that separates DNA based on
molecular size [40]. The gel contains small pores which the molecules travels
through with the force of an electrical field.

1.5% agarose gel was prepared by adding 1.5 gram per 100 ml. For two
gels, the amount used was 300 ml, therefore 4.5 gram agarose was added to
300 ml 1X TAE buffer. To dissolve the agarose, the solution was heated in the
microwave for 10-20 seconds, and stirred until all the agarose was dissolved.
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10 µl of Gel-red was added to each 100 ml agarose gel and mixed. 300 ml
was prepared, before 200 ml was poured into two forms. The gel rested while
the PCR samples were prepared. For the first gel, 2 µl of 6X loading dye
was added to 10 µl of PCR sample, and the two controls. For the second
gel, 1 µl of 6X loading dye was added to 5 µl of PCR sample with 40 ng/µl
concentration, and the two controls.

The solidified gel was placed in the gel tank and 12 µl of each of the PCR
samples was loaded into the wells. 6 µl of the samples was loaded to wells
of the other gel. 3 µl of the DNA ladder was added to the second and last
well, followed by the samples. The gel was set to 60 V (BIO-RAD PowerPac
Basic machine) and 400 mA for 120 minutes, and later adjusted to 85 V, 400
mA and 90 minutes. When the time were up, BIO-RAD ChemiDoc Touch
Imaging System was used to take a pictures of the gels. As mentioned, for
easier load onto the gel a smaller amount of samples was added for the next
gels. The amount was 6 µl. The pictures of the gel was edited with Fiji
Image J and GIMP.

The DNA extracted stool samples were prepared the same way on a gel to
verify the quality of the DNA. Since the DNA fragmentation was the goal to
assess, the samples was not amplified with PCR, neither were a positive and
negative control necessary for these gels. 2 µl of the sample, 8 µl of nuclease
free water and 2 µl of loading dye was added, and loaded onto the gels.

2.3.6 Illumina Sequencing and bioinformatics

To assess the bacterial DNA in the samples, the samples were sent to Statens
Serum Institutet (SSI) in Denmark for Illumina sequencing. Illumina se-
quencing is a type of Next-generation sequencing, and is used to determine
the order of nucleotides in entire genomes, or in this case targeted regions of
DNA [41].

The samples were prepared by adding 50 µl of the DNA extracted sam-
ples to new clean 1.5 ml Eppendorf tubes, with double lock. The tubes were
labeled with the sample number and month since diagnosis. Then, it was
packed into a plastic bag and sent to the sequencing lab in Denmark. This
was the required preparation of the samples from SSI, but this way of prepa-
ration varies between the companies.

Through bioinformatic tools, an analysis of the sequencing data was per-
formed. From SSI the data received were already labeled with which type of
bacteria that are found in the different samples. Three excel files with OTUs,
taxonomy and metadata was used as datasets. The data were interpreted
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and visualized with the use of the website MicrobiomeAnalyst. Analysis
taken into considerations were a bar plot of the different bacteria phyla, al-
pha diversity plot, beta diversity plot, linear discriminant analysis effect size
(LEfSe), and Single-factor analysis.



Chapter 3

Results and discussion

In this project, 25 stool samples were collected from patients with ulcerative
colitis and Crohn´s disease. Two stool samples without IBD were used as
negative controls. Stavanger University Hospital provided the samples.

The main goal of this thesis is to learn how to assess the microbes in
the intestinal of a person with ulcerative colitis or Crohn´s disease. This was
achieved through DNA extraction, 16S PCR amplification, gel electrophoresis
and Illumina sequencing. Also, different methods that enhance DNA quality
were tested on few samples for learning purposes. In this part, the results
will be shown and discussion of the results will be done.

3.1 DNA extraction

DNA extraction was performed with the IHMS DNA extraction protocol Q
on 27 samples. After the extraction, the concentration and absorbance were
measured with NanoDrop Micro-UV/Vis Spectrophotometer from Thermo
Scientific. DNA extraction is an important step for the collection of high-
quality DNA for further assessment. The quality and quantity of DNA are
necessary to measure to obtain trustworthy results and improve the sequenc-
ing [42].

The absorbance ratios, A260/A280 and A260/A230 measure the DNA
quality and are an indication of how good quality the DNA is. The opti-
mal absorbance ratio for A260/A280 is above 1.822, and for A260/A230 it
is above 1.8, preferably 2.0. An absorbance ratio within the range indicates
good-quality DNA. A low absorbance ratio, on the other hand, indicates con-
tamination of the sample. This contamination could be proteins, RNA, or
alcohol, which could be a consequence of mistakes during the DNA extrac-
tion process. Lack of accuracy when pipetting, wrong temperature, minutes,

17
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strength on the machines, or precipitation in buffers and materials could con-
tribute to a poor yield of DNA. The concentration and absorbance ratio of
each sample was different. 18 samples (67%) of 27 did have absorbance ra-
tios, A260/A280 and A260/A230, within the recommended range. 7 samples
(26%) of 27 did have a low absorbance ratio, see table 3.1.

Table 3.1: Results from DNA extraction. Measured with NanoDrop Micro-
UV/Vis Spectrophotometer. NC stands for negative control.

Patient number/visit Concentration of DNA (ng/µl) A260/280 A260/230
289 v60 242.6 1.78 0.98
294 v60 48.7 1.82 1.80
295 v60 94.8 1.93 1.85
299 v60 101.9 1.83 1.00
303 v60 214.3 1.85 2.02
304 v60 351.1 1.73 0.77
307 v60 150.9 1.77 1.34
311 v60 74.8 1.87 2.26
315 v60 173.2 1.91 2.29
316 v60 115.0 1.84 2.04
317 v60 137.7 1.79 1.46
321 v60 183.1 1.86 1.84
323 v60 75.1 1.84 1.83
450 v11 25.5 1.82 1.72
455 v11 151.3 1.88 1.84
465 v3 125.5 1.89 2.20
466 v3 123.1 1.74 0.70
468 v3 131.5 1.85 1.81
469 v3 125.3 1.90 2.14
470 v3 162.7 1.77 1.67
471 v0 644.9 1.82 1.82
473 v0 165.7 1.85 1.81
474 v3 170.6 1.92 2.31
475 v0 113.7 1.77 1.61
476 v0 77.4 1.81 0.43
NC 1 154.0 1.53 0.66
NC 2 111.1 1.53 0.74

Further, some samples may contain more DNA than others, and would
naturally yield a higher quantity of DNA, than a sample with low DNA con-
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centration. High-fiber food cannot be digested by humans [43], and therefore
the risk of extracting DNA from food rather than bacterial DNA, is unlikely
but can be the cause of poor DNA concentration and quality of some sam-
ples. To manage the highest possible concentration of DNA, a higher amount
of stool sample could be used in the extraction, to increase the possibility to
secure a good amount of DNA.

The absorbance ratio does assess the purity of DNA and is monitored
to avoid waste of samples and high costs when sent to sequencing. This is
to avoid poor results after the sequencing. Usually, the absorbance ratio
A260/A230 is questionable because salt may have an effect on the ratio
when a saline elution buffer is used. The concentration of this ratio under
2.0 may indicate contamination of salts because salt also absorbs at the
wavelength 230 nm [44]. What concentration of DNA and absorbance ratio
needed for sequencing varies among companies that perform such services.
This uncertainty may be the reason why some companies do not consider
this ratio. Usually, the most important requirements are the concentration
of DNA and an absorbance ratio of A260/A280 within the range. In this
project, the ratio A260/A230 was not considered when choosing samples for
sequencing.

DNA extraction method

There are many different protocols and kits to use when doing a DNA ex-
traction for metagenomic studies. Preferably, the extraction should have
effective protocols and affordable kits but still yield the best quality DNA.
The concentration of fecal in the samples, use of beads, and vigorous shaking
step do influence the quality and quantity of extracted DNA, according to
[45]. They tested four different kits for DNA extraction and concluded that
the use of beads in the lysing step of DNA extraction and vigorous shaking
provided good-quality DNA. About 18 samples (67%) of 27 did have good
quality DNA after the extraction, the protocol used did contain beads and
shaking. Furthermore, they concluded that the DNA quantity also improves
when 10 to 50 mg fecal is used for the DNA extraction. In this thesis, the
amount of fecal used was 150 to 200 mg which may have affected the DNA
extraction of some samples to poor yield.

In [37], they show that DNA extraction has the largest effects on the
microbial composition they have examined. The results of extraction pro-
tocols can vary because of the impact of many different variables. In this
thesis project, the results of the DNA extraction varied very much in both
quality and quantity, and there was no pattern in the results, see table 3.1.
In the paper, they concluded that protocol Q with the use of the IHMS Qi-
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agen kit yielded the best quality DNA and quantity with the prerequisite
of influencing. This is a good benchmark for further and new studies and
methods.

Further, in [46], they compared six different DNA extraction protocols.
They concluded that bead size does have an impact on the result of ex-
traction. Protocol Q is a standardized protocol that is used in this thesis.
However, a novel protocol MP matched protocol Q, and even used less time
and was more affordable. They recommended the protocol MP for large-
scale human gut metagenomic studies. Given the last consideration, the use
of protocol Q was useful in this project, because of the small number of sam-
ples analyzed. The paper [47], also concluded that the standardized IHMS
protocol Q performed the best extraction of DNA with both bacterial and
fungal microbiome research.

3.1.1 DNA quality check

The next step to ensure the quality of the DNA is by doing gel electrophore-
sis of the newly extracted DNA. In the DNA extraction step, the quantity
and quality were assessed through measurements with a NanoDrop Micro-
UV/Vis Spectrophotometer, and this gave a marker of how clean the DNA
was. Additionally, agarose gel was used. The samples were loaded onto the
gel, and the rate at which the molecules migrated through the gel gave an
indication of how fragmented the DNA was. DNA is usually a huge molecule;
therefore, it would not be able to travel through the gel.

When samples are going to be sequenced, it is important to check the
fragmentation of the DNA. For PCR amplification to be successful the DNA
need to have high-quality molecular weight to have a long enough sequence
for amplification. What was expected to see on the gel was a clear band at
the top of the DNA ladder. This would imply DNA that is not fragmented
and is in good condition, in other words, high-quality DNA. A fine smear that
starts at the top and fades downwards indicates degradation of the DNA. A
DNA ladder is added to show where the smear should start, to visualize the
size of the DNA.

Even though the bands are weak, sample NC 2 on gel C, and 469 v3 on
gel B, have a weak band at the top, with a fine smear which indicates a little
fragmented DNA. Sample 289 v60 on gel A and NC 1 on gel C have a spot at
the bottom of the smear. This may be because of degraded DNA. Further,
the other samples were examined in the same way and gave a result that
2 samples (7%) of 27 showed little fragmented DNA, 20 (74%) of 27 were
fragmented to a certain degree, and 5 (18.5%) of 27 did not have a visible
band at all. Samples that did not have a band at all, may indicate that the
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concentration of DNA was very low, see figure 3.1.

Figure 3.1: A DNA quality check on agarose gel was performed on all the
DNA extracted samples. A DNA ladder is added to show the size of the
DNA. The gel pictures were taken with BIO-RAD ChemiDoc Touch Imaging
System, and edited with Fiji Image J and GIMP.

DNA quality checks were done right after each DNA extraction, but these
gels were made to make a more organized overview of the quality of DNA.
Therefore, 2 µl of the samples were mixed with 8 µl nuclease-free water to
have enough concentration of the sample to do the gels, after a amount of 50
µl was sent to sequencing. This explains weak and no bands on the gels.

The fragmentation could be a consequence of pipetting errors, or too
rough processing of the samples. For further work, the techniques could be
improved so the DNA in the samples would be preserved better, and practice
of the techniques could be done such that pipetting errors did not occur.
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3.2 DNA purification

Methods that improve DNA quality after DNA extraction are an effective
and time-saving process. Often in large projects, this method could be per-
formed on the samples with low absorbance ratios, instead of doing the DNA
extraction protocol once more.

In this project, two such methods were tested on five samples. The meth-
ods tested were DNA clean and concentrator protocol from Zymo Researcher
and DNA precipitation with ammonium acetate. Both protocols are listed
in Appendix A. These two methods were tested on the samples 289 v60, 299
v60, 450 v11, and the two negative controls.

The reason not every sample was tested, is because only ten samples of
27 were going to be sent to sequence. If there was a lack of samples with
good quality, DNA clean and precipitation would be a good alternative to
improve the samples that had poor DNA quality. In this case, with a project
this small, DNA quality improvements on all the samples were not necessary.

3.2.1 DNA clean and concentrator

After the DNA clean protocol from Zymo Researcher was performed on the
samples, they were measured with the NanoDrop Micro-UV/Vis Spectropho-
tometer from Thermo Scientific. DNA clean does remove, among others, en-
zymes, primers, and nucleotides. Making it possible to clean small and large
fragments of the DNA [48].

The concentration of the samples was reduced by approximately 40% for
289 v60, 299 v60, and NC 1. On the other hand, the samples 450 v11 and
NC 2 got an increased amount of DNA after the DNA clean, see table 3.2.

Table 3.2: Results before and after DNA clean of five samples. Measured
with NanoDrop Micro-UV/Vis Spectrophotometer from Thermo scientific.
NC 1 and 2 stands for negative control.

Before DNA clean After DNA clean
Samples Concentration of DNA (ng/µl) Concentration of DNA (ng/µl)
289 v60 242.6 118.1
299 v60 101.9 59.8
450 v11 25.5 29.0
NC 1 154.0 107.0
NC 2 111.1 128.9

Furthermore, the absorbance ratios of 289 v60, 299 v60, and NC 1 did
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not improve, which may indicate further contamination of the samples. 450
v11 and NC 2 did improve. 450 v11 improved to the recommended level, but
NC 2 did not improve enough, which could be a consequence of too much
contamination that the DNA cleanup did not manage to clean enough DNA.
Table 3.3 shows a comparison of DNA quality before and after the use of the
DNA clean protocol.

Table 3.3: Comparison of the DNA absorbance ratio of five samples, before
and after DNA clean.

Before DNA clean After DNA clean
Samples A260/A280 A260/A230 A260/A280 A260/A230
289 v60 1.78 0.98 1.71 0.70
299 v60 1.83 1.00 1.76 0.84
450 v11 1.82 1.72 1.85 1.92
NC 1 1.53 0.66 1.55 0.63
NC 2 1.53 0.74 1.77 1.37

3.2.2 DNA precipitation

The second protocol to improve the DNA quality was DNA precipitation with
the use of ammonium acetate, and the samples were measured with Nan-
oDrop Micro-UV/Vis Spectrophotometer from Thermo Scientific. Through
DNA precipitation, salts are added to the solution with DNA and 70%
ethanol. Ethanol neutralizes the DNA structure and makes the DNA precip-
itate out of the solution by centrifugation. This leads to an increased amount
of DNA in the solution [49] [50].

The concentration of the five samples did improve considerably after this
protocol, see table 3.4. This may correlate to the contamination of salts in
the DNA.
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Table 3.4: Results before and after DNA precipitation of five samples. Mea-
sured with NanoDrop Micro-UV/Vis Spectrophotometer from Thermo sci-
entific. NC 1 and 2 stands for negative control.

Before DNA precipitation After DNA precipitation
Samples Concentration of DNA (ng/µl) Concentration of DNA (ng/µl)
289 v60 242.6 314.4
299 v60 101.9 112.4
450 v11 25.5 58.7
NC 1 154.0 341.9
NC 2 111.1 242.9

The absorbance ratios of 289 v60, NC 1, and NC 2 did improve with this
protocol, but not to the level expected. It still indicates a lot of contam-
ination, because the ratios are so below the recommended range, 1.822 to
2.0. Sample 299 v60 did improve the absorbance ratio A260/A230, which
indicates that the contamination of organic compounds may be decreased.
The last sample 450 v11 did not improve at all. The results from the DNA
precipitation and a comparison with the DNA quality before and after this
protocol is shown in table 3.5.

Table 3.5: Comparison of the DNA absorbance ratio of five samples, before
and after DNA precipitation. DNA prec. stands for DNA precipitation.

Before DNA prec. After DNA prec.
Samples A260/A280 A260/A230 A260/A280 A260/A230
289 v60 1.78 0.98 1.79 1.05
299 v60 1.83 1.00 1.78 1.04
450 v11 1.82 1.72 1.77 1.19
NC 1 1.53 0.66 1.62 0.88
NC 2 1.53 0.74 1.78 1.41

Comparison of the DNA purification methods

From the results, the DNA precipitation method yielded a better concentra-
tion of DNA, with 5 samples (100%) out of 5 with increased concentration
after the protocol. For the DNA clean, only 1 sample (20%) out of 5 got
an increased amount of DNA. Further, both protocols yielded 3 (60%) of
5 samples with improved absorbance ratios. Only the DNA clean protocol
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had samples where the improved ratios were within the recommended range,
none of the samples for DNA precipitation improved to this level.

Both RNA and DNA do absorb at the same wavelength, and a spec-
trophotometer cannot distinguish these two. Therefore, even though the
concentration and absorbance ratios increased after the protocols, it could
still mean that there is contamination of RNA. Some DNA may also be taken
out of the sample with the pipetting of the supernatant.

These kinds of methods are the last chance to improve DNA quality. In
a larger project, a new extraction of the samples would be the next step if
the quality did not get better, given that every sample counts.

3.3 PCR amplification and verification on agarose

gel

The goal of this project is to assess the bacteria in a diseased gut of IBD. The
detection of bacteria can be done through PCR amplification of the 16S rRNA
gene and verification on an agarose gel. The aim of PCR amplification and
agarose gel is to verify that the gene did amplify and there is bacterial DNA
in each sample. This is important for the interpretation of the sequencing
result of the bacterial DNA.

Verification of the samples was performed on 1.5% agarose gel after PCR
amplification. Hyperladder 1 kb 100 lanes from Meridian were used as a DNA
ladder. A DNA ladder contains bands with different sizes, so it is easier to
see the length of the PCR product. The region amplified was about 1500
base pairs (bp) long. The primers were 27F and 1492R [29]. For verification
of bacterial DNA in the samples, it is expected to see bands at the size of
1500 bp. The DNA ladder and positive control, which contains bacterial
DNA, are used to compare the bands.

16 samples (62%) of 26 showed a band at the right size. 10 samples
(38%) of 26 did not have a band at all. This gives a reason to believe
that the samples did not amplify with the PCR amplification maybe as a
consequence of degraded nucleases in the DNA. It could also be because
there was no bacterial DNA in the samples, but this is very unlikely. No or
faint bands can be a consequence of many causes, especially those related to
PCR. The cycling length of the PCR is affected by the concentration of the
samples. In this project, 28 cycles were used, and are in the recommended
range that is between 20-35 cycles. It is crucial for amplification that the
primers can bind to the sample. If the annealing time is either too short
or the temperature too high, the primers would not be able to bind to the
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sample, and then cause no/faint bands. Also, factors such as impurities in
the primers, low concentration of enzyme, and more could be the reason
why some of the samples did not amplify during the PCR amplification [51].
Figure 3.2 shows the 1.5% agarose gel of the 25 DNA extracted samples.

Figure 3.2: Gel electrophoresis of the 16S PCR amplification of the 25 DNA
extracted samples from Stavanger University Hospital. The gel pictures were
taken with BIO-RAD ChemiDoc Touch Imaging System, and edited with Fiji
Image J and GIMP. The expected band size, 1500, is marked on the DNA
ladder. PC stands for positive control, with bacterial DNA that gives a band
at 1500, and NC stands for negative control, with nuclease free water. NC is
expected to give no bands. A) The samples are diluted to 40 ng/µl. B) The
samples are diluted to 40 ng/µl. C) The samples are not diluted.

Also, figure 3.2 A shows multiple bands, also called, nonspecific bands,
on some of the samples. This could be a consequence of cycling times and
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temperatures. Excessive cycling, extension time, annealing time and tem-
perature, and thermal cycler ramping speed can increase the chance for non-
specific bands [51]. There could also be contamination of DNA other than
bacteria, this cause a band at other sizes than expected. This could be from
food or other microorganisms. In the process of DNA extraction, other cell
components and contamination is removed as much as possible from the sam-
ple. The bacterial DNA has a region of the size 1500, so when the sample
does have smears or marks similar to bands, this is likely because the sample
did still have parts of other cell components and contamination after DNA
extraction. This is also a reason why cleaning the DNA and avoid pipetting
errors is necessary. Smeared bands, as seen in figure 3.2 C, show low or high
molecular weight, and do have the same causes as for nonspecific bands.

The two negative controls are missing bands. This indicates that they
did not amplify with the PCR step. The reason could be contamination
of the samples or too degraded DNA. The DNA quality and quantity of
these two controls were very low, and not within the recommended range for
absorbance ratio, which underlines the possibility for contamination. Figure
3.3 shows only the two negative controls which did not have IBD.
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Figure 3.3: Gel electrophoresis of the 16S PCR product of the two samples
that did not have IBD. The samples are missing bands on the 1500 mark. The
gel pictures were taken with BIO-RAD ChemiDoc Touch Imaging System,
and edited with Fiji Image J and GIMP.

3.4 Bacterial composition analysis of Crohn´s
disease and ulcerative colitis using 16S

rRNA

Due to problems with sequencing the 27 samples extracted in this project,
the samples analyzed in this section are old sequencing results from 32 older
samples. The approach of the results from sequencing would be done the
same way, and the results would most likely look something like the ones
presented here.

To understand the amount and differences of the microbes in the gut,
bioinformatic tools are used to visualize the data from sequencing. The
website MicrobiomeAnalyst was used to visualize the data set in this project.
Since not any raw data were received, the use of sequence alignment and
modification, such as the use of BLAST and FASTA, was not necessary.
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From SSI the data received were already processed. The data were labeled
with which type of bacteria that were found in the different samples. Alpha
and beta diversity was used to interpret the data. Since only 16S PCR was
performed on the samples, the data only shows the different bacterial phyla,
not the microbial eukaryotes. The data contained 9 CD positive samples and
23 UC positive samples.

Next-generation sequencing has made it possible to look at microbial di-
versity on a whole other level [4]. Illumina sequencing is, as mentioned, a
short-read sequencing method, that produces reads that are about 300 bases.
These short reads lead to a loss of information about the samples. Short-
read sequencing is still widely used today because it is a cheap, effective,
and accurate method. It also has a lot of analysis tools available [52]. Long-
read sequencing can produce up to 10 kilobases to megabases and gives the
advantage that much more information can be obtained from this type of
sequencing. This ability to produce many bases has a huge effect on se-
quencing technology. Hopefully, long-read sequencing can lead to resolving
regions of the human genome that are lost in short-read sequencing. In the
end, this may result in discovering the mechanisms of some diseases, and in
this project, the cause of IBD [31].

Each sample is sequenced a different amount of times, which gives a
different amount of bacteria that show in the sample. The more the sample
is sequenced, the higher the possibility for another bacteria to be detected.
When a large number of samples are tested and compared, it is important
to take into account the rarefaction. The rarefaction narrows the differences
between the samples, and makes it possible to get a reliable comparison in
the alpha diversity [35].

3.4.1 Taxonomy

A taxonomy bar chart makes it possible to visualize the groups of bacteria
found in all the samples. The bacteria are divided into the phylogenetic levels
class, order, family, genus, and species. A bar chart is necessary for inter-
preting and understanding the bacterial diversity of the human gut. Through
such visualization, a picture of the gut is painted. The human gut contains
many different bacteria, but the most abundant are the Firmicutes and the
Bacteroidetes. Also, bacteria such as Actinobacteria and Proteobacteria are
found, but to a much smaller extent. From the sequencing, it is expected
to find the Firmicutes and the Bacteroidetes in the samples. The number of
other bacteria is also of interest to look at because of what role they may
play in IBD.

In 31 (97%) of 32 samples from the sequencing, Firmicutes and Bac-
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teroidetes were found. The Actinobacteria was more abundant than the
Proteobacteria in almost all the samples. One notable exception from this is
sample 442 v3. This sample consists almost entirely of the phyla Proteobacte-
ria. Many Proteobacteria-related diseases contain a degree of inflammation,
also IBD. Several studies have shown that Proteobacteria may be a micro-
bial identification of disease [53], see figure 3.4 to the left. The comparison
of UC and CD in figure 3.4 to the right, is made to give an indication of
the differences of bacteria in the samples. Since there are very few samples
to compare, it shows almost no differences. An exception is sample 442 v3,
which had 99% Proteobacteria. In a larger study, it would be necessary to
compare these two diseases to see what type of bacteria is different based
on the type of IBD, whether it is ulcerative colitis or Crohn´s disease. As
mentioned earlier, the treatment is different for those with UC and CD, and
the reason could be the bacterial diversity.

Figure 3.4: A taxonomy bar chart of the distribution of bacteria phyla found
in 32 samples, divided into groups based on months since diagnosis (left) and
patients with UC and CD (right). The y-axis show actual abundance of each
bacteria ranging from 0 to 10 000. The x-axis show the samples.

Patients with IBD tend to have larger amounts of Actinobacteria and
Proteobacteria in the intestines [4]. Therefore, it is expected to see some
amount of these types of bacteria in the taxonomy bar chart from the sam-
ples. However, due to the unavailability of a control group, no comparison
with healthy individuals was made. A standardized healthy gut is not yet
provided, it is not possible to conclude that this amount of bacteria is enough
to correlate to the disease. 5 (16%) of 32 samples deviate from this tendency
with almost no Proteobacteria and Actinobacteria, even though they have
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been diagnosed.

The bacteria genus contains several species within a family. The genus
varies a lot between each sample. The genus Bacteroides was most abundant,
followed by Faecalibacterium and Blautia, see figure 3.5. The Bacteroides
is a part of the Bacteroidetes phylum. This bacteria has been shown to
mostly have a beneficial function in the human gut but can act as a pathogen
if it escapes the intestinal environment. Then, it can destroy tissue and
resist the host immune system [54]. Faecalibacterium contains one known
specie, F. prausnitzii, which is the most abundant anaerobic bacteria in the
human intestines. Studies have shown that in IBD there is a reduction of
this bacteria, especially in Crohn´s disease [55]. Lastly, the genus Blautia
is known for its probiotic effect in the gut and even relieves inflammatory
diseases. The composition of Blautia is affected by diet and disease, among
others [56]. Each of these bacteria is necessary for the human gut, but a slight
disruption in the composition may lead to disease. Therefore, research on the
role of bacterial composition in the human gut is important to understand
the reason for dysbiosis.

Figure 3.5: A taxonomy bar chart of the distribution of bacteria genus found
in 32 samples, divided into groups based on months since diagnosis (left)
and patients with UC and CD (right). The y-axis show relative abundance
of each bacteria ranging from 0.00 to 1.00. The x-axis show the samples.

The results of figure 3.4 and 3.5 give an indication of what bacteria phyla
and genera there are in the human gut. A conclusion that the bacteria
mention in this section actually correlates with IBD cannot be made due to
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the small number of samples. The bacteria class, order, top ten family, and
species are listed in Appendix D.

3.4.2 Alpha diversity

Alpha diversity measures the diversity within a sample or a particular area.
The features used in the alpha diversity are usually richness and evenness,
and the number of species in that area. The richness contains the number
of taxonomic groups, and evenness refers to the distribution of the amount
of the groups [35]. The statistical method used for the alpha diversity of
all samples was T-test/ANOVA. In this project, the observed richness and
Shannon richness and evenness were used to visualize the samples in a box
plot. Alpha diversity, measured with the feature observed richness, shows
the diversity in figure 3.6 ranging from below 10 observed species to above
40 observed species in all of the 32 samples. The Shannon index was ranging
from below 1 to above 3. From the box plot of alpha diversity, the diversity
of bacteria varies a lot in each sample at the different months since diagnosis.
This is a result of both the observed richness and the Shannon index. Alpha
diversity is the first step of checking the difference of microbial bacteria in
each sample and for further analysis [35].

Figure 3.6: Alpha diversity of all the samples distributed in months since
diagnosis in a box plot. The figure to left shows the diversity with the
observed richness (labeled), and the right figure show Shannon richness and
evenness (labeled).

A comparison of the alpha diversity of all samples divided into UC and
CD was performed. The box plot showed that within the samples with UC
and CD, there was a variety of diversity of bacteria, this was also the case
for a comparison between the two diseases, see figure 3.7.
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Figure 3.7: Alpha diversity of all samples divided into if the patient have UC
or CD in a box plot. The figure to left shows the diversity with the observed
richness (labeled), and the right figure show Shannon richness and evenness
(labeled).

3.4.3 Beta diversity

Beta diversity tells how similar or different two communities/samples are
by quantification [36]. Bray-Curtis index and Jaccard index are both used
in the assessment of beta diversity [57]. The dataset was measured with
the Bray-Curtis index and the Jaccard index. The Bray-Curtis dissimilarity
values abundant species more than the rare species, it is also responsive to
the difference in the amount between species [58].

The results of beta diversity divided into groups of months since diag-
nosis, show little dissimilarity in the samples. The dots present one sample,
and many are centered around 0.0. Some individual samples show more dis-
similarity, the further apart they are (p > 0.05, PERMANOVA). The axis
percentage explains the variation in the samples. The statistical method used
was PERMANOVA (permutational analysis of variance) and the results were
plotted in PCoA (principal coordinate analysis) plot, see figure 3.8.
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Figure 3.8: Beta diversity of all the samples, where one dot represent one
sample and are divided into months since diagnosis. A) The Bray-Curtis
index is used. Axis 1 explains 16.3% of the variation, while axis 2 explains
14.5% of the variation. B) The Jaccard index. Axis 1 explains 11.9% of the
variation, while axis 2 explains 10.9% of the variation.

For UC and CD PCoA plot of Bray-Curtis also showed little dissimilar-
ity, most of the samples were also centered around 0.0. The Jaccard index
plot did somewhat show more dissimilarity, where the samples were more
scattered from -0.4 to 0.4 (p > 0.05, PERMANOVA). See figure 3.9.

Figure 3.9: Beta diversity of all the samples, where one dot represent one
sample and are divided into if the patient have UC or CD. A) The Bray-
Curtis index is used. Axis 1 explains 16.3% of the variation, while axis 2
explains 14.5% of the variation. B) The Jaccard index. Axis 1 explains
11.9% of the variation, while axis 2 explains 10.9% of the variation.
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3.4.4 Comparison and classification

Usually, comparison and classification of significant features are performed
on datasets with a large number of samples. In this case, LefSe (Linear
Discriminant Analysis Effect Size) was used, which compares classes and
finds the features that may be the reason for differences among the classes
[59]. Due to the low number of samples, there were no significant features
that could produce such a plot. From the taxonomy plot, the bacteria phyla
and genus in the samples were very alike and therefore give reason to believe
there are no significant features in the samples. Single-factor analysis was
also tested. The single-factor analysis is used to test one factor of a number
of samples [60]. In this case, a comparison at the genus level. There were
no significant features between the UC and CD groups. Between the groups
divided into months since diagnosis, two bacteria were different, one was
unclassified and the other one was Alistipes.

3.5 Gut microbiome and IBD

Analysis of the gut microbiota of a diseased gut has been accomplished in
this project. The bacteria found in the samples after sequencing shows the
bacteria composition of a small proportion of people diagnosed with IBD.
The bacteria in the gut, which are obtained at the early stages of life, give a
beneficial relationship with the host. This relationship is important for the
normal development of the body and the immune system [5]. Many studies
have shown that a disruption of the composition of bacteria in the gut can
lead to disease.

In the paper [61], they mention reduced microbiota diversity and a higher
proportion of Gram-negative bacteria than Gram-positive bacteria are more
often found in patients with IBD. Even though many studies have looked
at the microbes in the diseased gut, they mention that a defined interaction
between the host and microbes has not been made. Metagenomic studies
aim to understand the bacterial functions in IBD. The paper also looked
at studies where the abundance of F. prausnitzii is low, is usually found in
active UC and CD, and may play a role in the outbreak of IBD. Also, the
phyla Bacteroidetes were shown to be more abundant than Firmicutes in
both UC and CD.

Further, in [62] they also found that a decrease in bacterial diversity is
consistent with microbiota change in IBD. They also mention that a reduction
of the bacteria F. prausnitzii is associated with IBD and an increased amount
of Enterobacteria and the Bacteroidetes. F. prausnitzii is a part of the phyla
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Firmicutes, which is the most abundant bacteria in the human gut. From
the sequencing results in this project, the alpha diversity showed a diversity
in bacteria in the samples, but from the findings in the paper, the alpha
diversity showed little bacterial diversity. The goal of this study was to look
at how the role of gut microbiota in treatment response.

Further, the interest in human gut microbiota has increased, but the
identification of the bacterial composition in a diseased gut has proven to be
a very hard task, according to [63]. They suggest the use of fecal microbiota
transplantation to look at metabolic processes in a diseased gut. They also
concluded that bacteria that are usually found in small amounts in a healthy
gut are dominant in inflammatory diseases. This is dysbiosis of the diversity
of the gut environment. Also, in [64] they mention that dysbiosis which
disrupts the balance between pathogenic and commensal bacteria, has been
related to IBD. Here they look at characteristics of the microbiome found in
IBD and suggest that the use of the microbiome can be useful as a treatment
for IBD.

In these papers, microbial diversity is mentioned. In IBD the microbial
diversity is reduced and has been linked to the disease. The bacteria phyla
Enterobacteria contain E. coli, which is usually of low abundance in the gut,
but in IBD its amount is increased [61]. An increased amount of E. coli may
lead to pathogenesis in the disease [65]. The bacteria F. prausnitzii is also
mentioned to be of low abundance in IBD. This bacteria produces among
other anti-inflammatory molecules, that can protect against inflammatory
reactions [55]. By evaluating the abundance and each bacteria in the gut,
a more directed treatment can be made. The problem is that every human
has an individual composition of bacteria, and one treatment is not easy to
make. The importance of metagenomic study show in both the understanding
of IBD, but also the cure. Assessing the gut microbiota is a huge task, but
with many who research this field, sharing the results, will lead to a better
understanding.

3.6 Further work

The next natural step for further work in this project would be to collect
more samples. An extended trial with 1000 - 10 000 samples, spanned be-
tween different gender, culture and countries would make statistically reliable
results. Healthy and diseased people should be included in the trial. The
composition of bacteria in the gut should be measured under the different
stages of disease to understand how the bacteria correlate to IBD. When
enough data has been collected, a comparison between the gut microbiota
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of one with and without IBD could be made. Hopefully, an extended trial
would make it possible to paint a picture of what a healthy gut microbiota
would look like, and more importantly what a diseased gut look like. A
more general standard of human gut microbiota could be analyzed and set
for future references.

A mapping of the gut microbiota could be the start of a more specified
research for treatment that could target specific microorganisms that are
abundant in the diseased gut. Questions like why and what bacteria flour-
ishing suddenly in the gut, could hopefully be answered. Through long-read
sequencing, such as PacBio, this may be seen in the future. Changing Illu-
mina sequencing with PacBio, could be a better step in the sequencing part,
because long-read sequencing have access to produce reads of 10 kilobases to
megabases, hopefully revealing new information.

In the paper [3], the authors discuss various metabolic processes that may
be associated with dysbiosis in IBD. It is uncertain if these metabolic changes
are the cause, or consequence of the inflammatory response observed in the
gut of IBD patients. They reviewed findings correlated with these metabolic
processes. They suggested that investigating certain metabolites, that is
found to correlate with microbial community structure, could be important
because they may be associated with the disease activity. Detection of such
metabolites could serve as a specific target for observing the microbial func-
tion in IBD. Lastly, they concluded that there is a huge gap between identi-
fication of the metabolites and their direct role in the disease, such there is
reason for further work on this field.

Limitations to this project was the amount of time, number of samples
and the uncertainty of cause of IBD. With more time, more sample could
have been collected. There is no standard for healthy gut, and with the
amount of samples being under 100, an extreme caution in conclusion of the
results is needed [4].

The composition of human gut microbiota varies in different parts of the
world, different cultures and ethnicity. Evidence prove that ethnicity has
an impact on gut microbiota and the different compositions [66]. Further,
a negative control that is proven to not have UC or CD, could be used to
compare the microbial eukaryotes in the gut. In this project, the lack of a
negative control from the sequencing, challenges a proper evaluation of the
bacterial environment. Because the extracted stool samples are compared
with bacteria in gut microbiota of a general standard, it becomes a source
of error. An optimal comparison would be between a negative control and
positive control from the same country and culture, and preferably same area
of the country.
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Conclusion

The goal of this thesis was to learn how to assess the presence of bacterial
microbes in the human gut when a person has inflammatory bowel disease.
The incidence of inflammatory bowel disease has increased throughout the
years. A disease normally classified under ulcerative colitis and Crohn´s
disease. Hence, there is much research in this field trying to discover the
reason for dysbiosis in the gut.

Methods such as DNA extraction, 16S PCR amplification, gel electrophore-
sis, and Illumina sequencing are used for the assessment of the microbes in
the gut and are critical to achieving good quality and quantity DNA, which
are further used to achieve reliable sequencing data. Through bioinformatic
tools, we interpreted the data and visualized it to get a better overview of
the gut. In this thesis, the DNA extraction yielded good-quality DNA in
18 (67%) of 27 samples. 7 (26%) of 27 samples did not have good-quality
DNA according to the absorbance ratios. Further, 16 samples (62%) of 26
did amplify with the 16S PCR amplification, while 10 samples (38%) of 26
did not. Analysis of the sequencing data showed that Firmicutes and Bac-
teroidetes were most abundant in the gut of someone with UC and CD. Only
one sample did diverge from this by containing almost only the Proteobacte-
ria phyla. The most abundant bacteria genus were Bacteroides, followed by
Faecalibacterium and Blautia. The dataset did only contain 32 samples, and
therefore we cannot conclude that these results are a standard of microbial
diversity in a diseased gut, but still show what may be expected to find with
a larger number of samples.

Further work would be to extend the number of samples, with this small
amount of samples the results cannot be statistically reliable. Improvements
in the methods for DNA extraction and clean-up could improve the sample
quality, and the use of long-read sequencing could make it possible to discover
parts of the genome that are lost in short-read sequencing.
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[30] A. Bräutigam and U. Gowik, “What can next generation sequencing
do for you? next generation sequencing as a valuable tool in plant
research,” Plant Biology, vol. 12, no. 6, pp. 831–841, 2010, eprint:
https://onlinelibrary.wiley.com/doi/pdf/10.1111/j.1438-8677.2010.00373.x,
issn: 1438-8677. doi: 10.1111/j.1438-8677.2010.00373.x. [Online].
Available: https://onlinelibrary.wiley.com/doi/abs/10.1111/
j.1438-8677.2010.00373.x (visited on 04/26/2023).

[31] G. A. Logsdon, M. R. Vollger, and E. E. Eichler, “Long-read human
genome sequencing and its applications,” Nature Reviews Genetics,
vol. 21, no. 10, pp. 597–614, 2020, Number: 10 Publisher: Nature Pub-
lishing Group, issn: 1471-0064. doi: 10.1038/s41576-020-0236-x.
[Online]. Available: https://www.nature.com/articles/s41576-
020-0236-x (visited on 05/28/2023).

[32] A. Bayat, “Bioinformatics,” BMJ : British Medical Journal, vol. 324,
no. 7344, pp. 1018–1022, 2002, issn: 0959-8138. [Online]. Available:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1122955/

(visited on 02/20/2023).

[33] CD-genomics. “Operational taxonomic unit (OTU) and OTU cluster-
ing - CD genomics,” CD genomics. (2023), [Online]. Available: https:
//www.cd-genomics.com/microbioseq/operational-taxonomic-

unit-otu-and-otu-clustering.html (visited on 05/30/2023).

[34] A. Gjersdal and T. H. Nätt, Metadata, in Store norske leksikon, 2023.
[Online]. Available: https://snl.no/metadata (visited on 05/30/2023).

[35] A. D. Willis, “Rarefaction, alpha diversity, and statistics,” Frontiers
in Microbiology, vol. 10, 2019, issn: 1664-302X. [Online]. Available:
https://www.frontiersin.org/articles/10.3389/fmicb.2019.

02407 (visited on 05/25/2023).

[36] X. Su, “Elucidating the beta-diversity of the microbiome: From global
alignment to local alignment,” mSystems, vol. 6, no. 4, 2021, issn:
2379-5077. doi: 10.1128/mSystems.00363-21.

https://doi.org/10.1128/aem.63.8.3233-3241.1997
https://doi.org/10.1128/aem.63.8.3233-3241.1997
https://doi.org/10.1111/j.1438-8677.2010.00373.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1438-8677.2010.00373.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1438-8677.2010.00373.x
https://doi.org/10.1038/s41576-020-0236-x
https://www.nature.com/articles/s41576-020-0236-x
https://www.nature.com/articles/s41576-020-0236-x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1122955/
https://www.cd-genomics.com/microbioseq/operational-taxonomic-unit-otu-and-otu-clustering.html
https://www.cd-genomics.com/microbioseq/operational-taxonomic-unit-otu-and-otu-clustering.html
https://www.cd-genomics.com/microbioseq/operational-taxonomic-unit-otu-and-otu-clustering.html
https://snl.no/metadata
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02407
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02407
https://doi.org/10.1128/mSystems.00363-21


REFERENCES 44

[37] P. I. Costea, G. Zeller, S. Sunagawa, et al., “Towards standards for hu-
man fecal sample processing in metagenomic studies,” Nature Biotech-
nology, vol. 35, no. 11, pp. 1069–1076, 2017, Number: 11 Publisher:
Nature Publishing Group, issn: 1546-1696. doi: 10.1038/nbt.3960.
[Online]. Available: https://www.nature.com/articles/nbt.3960
(visited on 04/26/2023).

[38] N. Gupta, “DNA extraction and polymerase chain reaction,” Journal
of Cytology, vol. 36, no. 2, pp. 116–117, 2019, issn: 0970-9371. doi:
10.4103/JOC.JOC_110_18. [Online]. Available: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC6425773/ (visited on 03/06/2023).

[39] Zymo-Researcher. “Genomic DNA clean & concentrator-10,” Zymo Re-
search International. (2023), [Online]. Available: https://zymoresearch.
eu/products/genomic- dna- clean- concentrator- 10 (visited on
05/28/2023).

[40] E. Jacobsen, Elektroforese, in Store norske leksikon, 2022. [Online].
Available: https://snl.no/elektroforese (visited on 06/09/2023).

[41] Illumina. “Next-generation sequencing (NGS) — explore the technol-
ogy,” Illumina. (2023), [Online]. Available: https://www.illumina.
com/science/technology/next-generation-sequencing.html (vis-
ited on 05/28/2023).

[42] E. Kia, B. MacKenzie, D. Middleton, et al., “Integrity of the human fae-
cal microbiota following long-term sample storage,” PLoS ONE, vol. 11,
no. 10, 2016, issn: 1932-6203. doi: 10.1371/journal.pone.0163666.

[43] L. Aabakken and B. A. Waaler, Fordøyelsessystemet, in Store me-
disinske leksikon, Store medisinske leksikon, 2020. [Online]. Available:
https : / / sml . snl . no / ford % C3 % B8yelsessystemet (visited on
05/24/2023).

[44] G. Lucena-Aguilar, A. M. Sánchez-López, C. Barberán-Aceituno, J. A.
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Appendix A

A.1 Protocol from Thermo Fisher Scientific:

PCR Master Mix

48



APPENDIX A. APPENDIX A 49

A.2 Protocol from Qiagen QIAmp DNA stool

kit: IHMS DNA extraction protocol Q



APPENDIX A. APPENDIX A 50

A.3 Protocol from Zymo Researcher: DNA

clean
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A.4 Protocol for DNA precipitation: Ammo-

nium acetate
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Appendix B

Overview of gels in this project. The gels are sorted into four groups, de-
pending on when the samples were extracted. After each extraction, PCR
amplification and gel verification was performed on the samples.

B.1 Gel verification of 10 samples

Table B.1: The samples connected to the gels in figure B.1 and B.2. ”No
samples” is short for number of samples. Patient number/months is since
last visit.

No samples Patient number/months
1 289 v60
2 294 v60
3 450 v11
4 468 v3
5 295 v60
6 299 v60
7 315 v60
8 455 v11
9 469 v3
10 474 v3
11 Positive control
12 Negative control
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Figure B.1: Samples from 14.02.23. The positive control did not work, well
11.

Figure B.2: Diluted amples from 22.02.23, diluted to 40 ng/µl. The positive
control did not work, well 11.
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B.2 Gel verification of 8 samples

Table B.2: The samples connected to the gel in figure B.3. ”No samples” is
short for number of samples. Patient number/months is since last visit.

No samples Patient number/months
1 289 v60
2 307 v60
3 311 v60
4 316 v60
5 321 v60
6 323 v60
7 465 v3
8 466 v3
9 Positive control
10 Negative control

Figure B.3: Samples from 10.03.23.
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Table B.3: The samples connected to the gel in figure B.4. ”No samples” is
short for number of samples. Patient number/months is since last visit.

No samples Patient number/months
1 289 v60
2 307 v60
3 311 v60
4 316 v60
5 321 v60
6 323 v60
7 465 v3
8 466 v3
9 303 v60
10 304 v60
11 317 v60
12 Positive control
13 Negative control

Figure B.4: Samples from 14.03.23.
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B.3 Gel verification of 8 samples

Table B.4: The samples connected to the gels in figure B.5 and B.6. ”No
samples” is short for number of samples. Patient number/months is since
last visit.

No samples Patient number/months
1 303 v60
2 304 v60
3 317 v60
4 470 v3
5 471 v0
6 473 v0
7 475 v0
8 476 v0
9 Positive control
10 Negative control

Figure B.5: Samples from 21.03.23. These samples were diluted to 40 ng/µl.
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Figure B.6: The same samples as above, but this time it was not diluted.

B.4 Gel verification of negative samples

Table B.5: The samples connected to the gels in figure B.7, B.8, B.9 and
B.10. ”No samples” is short for number of samples. Patient number/months
is since last visit.

No samples Patient number/months
1 246 v60
2 298 v60
3 440 v3
4 470 v3
5 NC 1
6 NC 2
7 Positive control
8 Negative control
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Figure B.7: Diluted samples from 28.03.23. The first four samples in this
gel, is not used in this thesis at all. The last two are NC 1 and NC 2.

Figure B.8: These are the same samples as above, but not diluted.
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Figure B.9: Samples from 29.03.23.

Figure B.10: Samples from 30.03.23.
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C.1 Overview of all samples used in the the-

sis

Table C.1: Overview of the samples used in this project. ”No samples” is
short for number of samples. Patient number/months is since last visit.

No samples Patient number/months No samples Patient number/months
1 246 v60 16 440 v3
2 289 v60 17 450 v11
3 294 v60 18 455 v11
4 295 v60 19 465 v3
5 298 v60 20 466 v3
6 299 v60 21 468 v3
7 303 v60 22 469 v3
8 304 v60 23 470 v3
9 307 v60 24 471 v0
10 311 v60 25 473 v0
11 315 v60 26 474 v3
12 316 v60 27 475 v0
13 317 v60 28 476 v0
14 321 v60 29 Negative control 1
15 323 v60 30 Negative control 2
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Taxonomy bar chart of the bacteria found in 32 samples, divided into the
phylogenetic levels: class, order, family, and species.

Figure D.1: A taxonomy bar chart of the distribution of bacteria class found
in 32 samples, divided into groups based on months since diagnosis (left)
and patients with UC and CD (right). The y-axis show relative abundance
of each bacteria ranging from 0.00 to 1.00. The x-axis show the samples.
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Figure D.2: A taxonomy bar chart of the distribution of bacteria order found
in 32 samples, divided into groups based on months since diagnosis (left) and
patients with UC and CD (right). The y-axis show relative abundance of each
bacteria ranging from 0.00 to 1.00. The x-axis show the samples.

Figure D.3: A taxonomy bar chart of the distribution of bacteria family found
in 32 samples, divided into groups based on months since diagnosis (left) and
patients with UC and CD (right). The y-axis show relative abundance of each
bacteria ranging from 0.00 to 1.00. The x-axis show the samples.
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Figure D.4: A taxonomy bar chart of the distribution of bacteria species
found in 32 samples, divided into groups based on months since diagno-
sis (left) and patients with UC and CD (right). The y-axis show relative
abundance of each bacteria ranging from 0.00 to 1.00. The x-axis show the
samples.
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