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Abstract: The inflammatory bowel disease (IBD) is associated with gut microbiota dysbiosis; however,
studies on methanogens—especially those focused on children—are extremely limited. The aim of
this study was to determine the abundance of total methanogenic archaea and their three subgroups:
Methanobrevibacter (Mb.) smithii, Methanosphaera (Ms.) stadtmanae, and Methanomassiliicoccales, in
the feces of children with both active and inactive Crohn'’s disease (CD) and ulcerative colitis (UC).
The results of a quantitative real-time PCR were cross-referenced with the disease type (CD vs. UC)
and activity assessed with the use of Pediatric Crohn’s Disease Activity Index (PCDAI) and Pediatric
Ulcerative Colitis Activity Index (PUCAI) indices, and fecal calprotectin (FCP) concentration, and
compared with controls. There was a significant decrease in the number of total methanogens in CD
and UC compared to controls. The prevalence of total methanogens was also lower in UC compared
to controls. Furthermore, patients from the inactive UC group were colonized by a lower number of
Mb. smithii, and demonstrated the most pronounced positive correlation between the number of Ms.
stadtmanae and the FCP concentration. Our results demonstrate that gut methanogens are related to
the type and activity of pediatric IBD.

Keywords: Crohn’s disease; ulcerative colitis; inflammatory bowel disease; children; fecal calprotectin;
methanogens; archaea

1. Introduction

Inflammatory bowel disease (IBD) is a collective name for two disease conditions—Crohn’s
disease (CD) and ulcerative colitis (UC)—which manifest in chronic inflammation of the
gastrointestinal tract and usually result in recurrent diarrhea, abdominal pain, loss of
appetite, and weight loss [1]. In some cases, the consequences of IBD may be severe. Over
time, IBD can lead to ulcers, fistulas, bowel obstruction, and sepsis [1]. It is estimated
that IBD affects up to 0.3% of people living in developed countries [2], with a quarter of
new cases diagnosed in children under 18 years of age [3]. The occurrence of IBD varies
geographically. The highest incidence is observed in developed countries of Western Europe
(40-50 cases in every 100,000 inhabitants per year) and North America (3.1-14.6 cases in
every 100,000 inhabitants per year) [4]. IBD occurs at any age, but the peak incidence
occurs in the 2nd-3rd decade of life, with 15% of IBD cases affecting children [5]. In Poland,
the annual detection rate is 2.8 cases in every 100,000 children up to 15 years of age [3].
Etiopathology of CD and UC is still unknown and most probably multifactorial, including

Int. J. Mol. Sci. 2024, 25, 673. https:/ /doi.org/10.3390/ijms25010673

https:/ /www.mdpi.com/journal/ijms

75



Int. J. Mol. Sci. 2024, 25, 673

20f14

genetic background, immunological dysfunction, dysbiosis, and socio-demographic factors
such as diet, place of residence, etc. [6,7].

It has been proven that intestinal bacterial dysbiosis is one of the causes of the initiation
and progression of IBD [8]. However, there are some indications that the changes include
not only bacteria but also methanogenic archaea as well [9]. For a long time, archaea
were known only as peculiar, single-celled colonizers of extreme environments [10]. That
changed in 1968 when methanogens—a group of archaea—were isolated from the human
intestines [11]. Since then, methanogenic archaea have been considered a normal part of
the gut microbiota [12]. In healthy individuals, this group of archaea constitutes up to 10%
of all anaerobes present in the intestines [13]. Among them, three taxa are of the greatest
importance, namely Methanobrevibacter (Mb.) smithii, Methanosphaera (Ms.) stadtmanae, and
methanogens from the order Methanomassiliicoccales [14]. The impact of these three taxa
on human health is diverse: in adults, Mb. smithii appears to be a commensal species [15],
while Ms. stadtmanae strongly induces an immune response both in healthy people and in
patients with IBD [13,16,17].

In adults with IBD, there is a reduced number of total methanogenic archaea and a
reduced number of Mb. smithii were observed [9]. Moreover, also in adults with IBD,
an increase in the share of Ms. stadtmanae was reported [16]. In children, none of the
relationships described above have been confirmed [18,19]. Since pediatric IBD is sig-
nificantly different from the one observed in adults in terms of progression, anatomical
location, and treatment results [20], it is extremely important to understand the mech-
anisms behind the development of this disease in both groups separately. Moreover,
children seem to be the best model for research on the pathomechanisms of IBD because
they are rarely affected by other diseases, making it possible to learn the real causes
underlying the initiation and development of IBD [8]. For these reasons, the aim of this
study was to determine the abundance of methanogenic archaea in the feces of children
with Crohn’s disease (CD) and ulcerative colitis (UC) and to estimate the relationship of
the type of the disease (CD versus UC), and the activity of the IBD (active vs. inactive)
compared to controls.

2. Results
2.1. Characteristics of the Subjects

The study comprised 97 children with IBD, including 45 with CD at a mean age of
14.2 years and 52 with UC at a mean age of 13.0 years (Table 1). Children were divided into
groups based on the disease activity: the active and inactive ones. The disease activity was
established based on the fecal calprotectin (FCP) concentration and diseases’ activity indices,
i.e., the Pediatric Crohn’s Disease Activity Index (PCDAI) and the Pediatric Ulcerative
Colitis Activity Index (PUCAI). No statistically significant differences were found when
assessing the age and gender of children between the IBD groups. The mean PCDAI
and PUCAI scores were 10.0 (£13.5) and 15.2 (£20.3), respectively, and were statistically
significantly higher (p = 0.0027 and p = 0.0017) in the group with the active type of the
disease compared to the inactive type. The mean FCP concentration in the CD and UC
groups was 781.6 (£1800.7) and 396.6 (£810.3) ug/g, respectively, and was statistically
significantly higher in both groups with the active type of the disease (i.e., active CD and
active UC) compared to the inactive types (p < 0.0001 and p = 0.0002) and the control group
(p < 0.0001), where the mean concentration of FCP was 19.3 (+24.1) ug/g.

No statistically significant differences in age were found between children with the
active UC form compared to controls (p > 0.05).
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Table 1. The characteristics of the subjects.

Mean Age [Years]  Female to

Mean PCDAI +

Mean PUCAI +

Mean FCP [pg/gl + SD

Group + SD (Mdn) Male Ratio SD (Mdn) SD (Mdn) (Mdn)

CD (n = 45) 142 +3.1(15.0) * 25:20 10.0 £ 13.5 (5.0) n/a 781.6 + 1800.7 (119.0) *
Active CD (n =21) 139 + 34 (15.0)* 15:6 17.5 +14.7 (15.0) # n/a 1601.8 + 2409.4 (699.0) *#
Inactive CD (n=24)  14.6 4 2.8 (15.0) * 10:14 3.4 + 7.8 (0.0) n/a 64.0 + 61.0 (59.5)

UC (n =52) 13.0 £ 4.7 (14.0) * 27:25 n/a 15.2 + 203 (5.0) 396.9 + 810.3 (100.5) *
Active UC (n=25)  12.2 + 5.0 (13.0) 12:13 n/a 276+ 233 (2500 #  758.5 + 1062.9 (403.0) *#
Inactive UC (n=27) 13.8 4 4.3 (15.0)* 15:12 n/a 3.7 4+ 4.9 (0.0) 62.0 + 54.9 (38.0)

Controls (n = 27) 10.0 + 4.0 (10.0) 14:13 n/a n/a 19.3 + 24.1 (10.0)

n/a—not applicable; SD—standard deviation; Mdn—medians presented in parentheses (); PCDAl—Pediatric
Crohn's Disease Activity Index; PUCAl—Pediatric Ulcerative Colitis Activity Index; FCP—fecal calprotectin
concentration; CD—Crohn'’s disease; UC—ulcerative colitis; * statistical significance (p < 0.05) compared to control;
# statistical significance (p < 0.05) compared to the inactive group of the same disease type. The statistical analysis
was performed using the Kruskal-Wallis H test.

2.2. The Prevalence and Abundance of Gut Methanogens

In the first step, a qualitative and quantitative analysis of methanogens was performed
in the children’s stool samples. In contrast to the control group, where methanogens were
found in all tested children, the IBD group was characterized by a substantial percentage of
children in whom the presence of methanogens was not found (Table 2). The prevalence of
total methanogens was statistically significantly lower in the group of children with UC
and active UC (p < 0.05). Moreover, the analysis of specific groups of methanogens showed
that Ms. stadfmanae was significantly less frequently present in children with UC compared
to controls (p < 0.05). Furthermore, the odds of detecting each subgroup of methanogens
were smaller in most of the IBD groups (except for the active CD patients) compared to
controls (Table 3).

Table 2. The prevalence of the methanogens [%] in the analyzed pediatric groups of the active and
inactive types of IBD and controls.

No. of Positive/Total No. of Tested Samples and Percentage Values [%]

Grou
P Total Methanogens Mb. smithii Ms. stadtmanae Methanomasiilicoccales

CD (n = 45) 40/45 [88.9%] 31/45 [68.9%] 12/45 [26.7%] 6/45 [13.3%]
Active CD (n=21) 19/21 [90.5%] 16/21 [76.2%] 8/21 [38.1%] 3/21 [14.3%]
Inactive CD (n = 24) 21/24 [87.5%] 15/24 [62.5%] 4/ /24 [16.7%] 3/24[12.5%]
UC (n=52) 43/52 [82.7%] * 27/52 [51.9%] 8/52 [15.4%] * 8/52 [15.4%]
Active UC (n = 25) 20/25 [80.0%] * 15/25 [60.0%] 4/25[16.0%)] 2/25 [8.0%]
Inactive UC (n = 27) 23/27 [85.2%] 12/27 [44.4%) 4/27 [14.8%] 6/27 [22.2%]
Controls (n = 27) 27/27 [100%) 20/27 [74.1%] 10/27 [37.0%] 8/27 [29.6%]

The results of the percentage of children whose stool samples tested positive for total methanogens, Mb. smithii,
Ms. stadtmanae, and Methanomassiliicoccales. The prevalence of methanogenic archaea was measured by real-time
PCR [21]. * statistical significance (p < 0.05) compared to control; CD—Crohn's disease; UC—ulcerative colitis.
Statistical analysis was performed using Fisher’s exact test.

The average abundance of total methanogens was determined at 3.66, 2.87, and
5.04 logy /g of dry weight in patients with CD, UC, and controls, respectively, whereas
the mean medians were 3.55, 3.07, and 4.30 logy/g of dry weight in CD, UC, and con-
trols, respectively. There was a statistically significant difference in the number of total
methanogenic archaea between both CD and UC patients and controls (p < 0.05) (Figure 1A).
Interestingly, a significant difference was also observed between patients with CD and UC.
In contrast, when the three subgroups of methanogens, i.e., Mb. smithii, Ms. stadtmanae, and
Methanomassiliicoccales were tested individually, only the levels of Mb. smithii differed
significantly between the UC and the control group (p = 0.0015) (Figure 1B). The differences
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among the other two taxa, i.e., Methanomassiliicoccales and Ms. stadtmanae, were not
statistically proven (Figure 1C,D).

Table 3. The odds of detection of methanogens in the analyzed pediatric groups of the active and

inactive types of IBD compared to controls.

Odds Ratios [95% Confidence Intervals] Compared to Control Group

Grou
P Total Methanogens * Mb. smithii Ms. stadtmanae Methanomasiilicoccales
CD (n = 45) 0 0.78 [0.27, 2.25] 0.62[0.22, 1.72] 0.37 [0.11, 1.20]
Active CD (n=21) 0 1.12 [0.30, 4.20] 1.05[0.32, 3.40] 0.40 [0.09, 1.73]
Inactive CD (n = 24) 0 0.58 [0.18, 1.92] 0.34 [0.09, 1.28] 0.34 [0.08, 1.47]
UC(n=>52) 0 0.38 [0.14, 1.05] 0.31 [0.10, 0.91] 0.43[0.14, 1.32]
Active UC (n = 25) 0 0.53 [0.16, 1.70] 0.32[0.09, 1.22] 0.21[0.04, 1.09]
Inactive UC (n = 27) 0 0.28 [0.09, 0.88] 0.30[0.08, 1.11] 0.68 [0.20, 2.31]

*none of the control subjects tested negative for total methanogens; therefore, the results equal zero; CD—Crohn's
disease; UC—ulcerative colitis. The odds ratio analysis was performed in the OpenEpi web tool [22].
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Figure 1. (A-D) The comparison of methanogen population quantities in stool samples (dry weight)
among patients with Crohn’s disease (CD), ulcerative colitis (UC), and the control group. The
most pronounced differences were observed in the total population of methanogens (A). Values of
*p <0.05, * p <001, and *** p < 0.001 were regarded as significant. The non-significant results
remained unmarked. The statistical analysis was performed using the Kruskal-Wallis H test.
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A more detailed analysis was performed with respect to the activity of the disease
in the IBD groups, and it yielded similar observations in terms of UC vs. control groups.
Both forms of UC, i.e., the active and the inactive one, demonstrated far lower total
methanogen quantities than the control group (p = 0.0002 and p < 0.0001) (Figure 2A).
However, in CD patients, the results were quite different—neither the active nor the inactive
CD groups demonstrated statistically significant differences in terms of total methanogen
quantities when compared to the control group. As for Mb. smithii, the statistical importance
was observed only between the inactive UC patients and the control groups (p = 0.002)
(Figure 2B). The differences in numbers of Methanomassiliicoccales and Ms. stadtmanae
remained not statistically proven (Figure 2C,D).
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Figure 2. (A-D) The comparison of methanogen population quantities in the stool samples (dry
weight) among patients with active and inactive Crohn’s disease (CD), among patients with active
and inactive ulcerative colitis (UC), and the control group. The most pronounced differences were
observed in the total population of methanogens (A). Values of ** p < 0.01 and ** p < 0.001 were
regarded as significant. The non-significant results remained unmarked. The statistical analysis was
performed using the Kruskal-Wallis H test.

2.3. Relationship between IBD Activity Indices and the Number of Methanogenic Archaea

The analysis of associations between CD and UC activity indices (PCDAI and PUCAI)
and the abundance of methanogenic archaea revealed only one moderate positive correla-
tion between the total methanogen counts and PCDAI values in the active form of CD (Rs
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0.48, p = 0.026) (Figure 3). The remaining archaeal taxa proved not to be correlated with the
disease activity indices.
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Figure 3. Correlations between the methanogen population quantities and patient disease activity
indices (PCDAI or PUCAI) in the stool samples (dry weight) of patients from the IBD groups. The
only statistically important correlations were observed in the quantity of the total population of
methanogens, which increased with the rise in the PCDAI values (green box).

2.4. Relationship between FCP and the Number of Methanogenic Archaea
It is known that FCP level correlates with the severity of IBD; thus, we decided to
analyze the relation between FCP concentration and the abundance of total methanogens,
Mb. smithii, Ms. stadtamanae, and Methanomassillicoccales. The analysis of the individual
disease activity group revealed only one moderately positive correlation between the Ms.
stadtmanae load and the inactive UC group of patients (Rs = 0.41, p = 0.034) (Figure 4).
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Figure 4. Correlations between the methanogen population quantities and the fecal calprotectin (FCP)
levels in the stool samples (dry weight) of patients from all tested groups. The statistically important
correlation with respect to FCP was observed in the population of Ms. stadtmanae in the inactive UC
group (green box).
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2.5. Relationship between Age and the Number of Methanogenic Archaea

Due to significant age differences between the control group and children with IBD
(Table 1), we decided to statistically analyze the presence of methanogens depending on
age. The average age of the patients was 13.9 (+£3.4) in the active CD group, 14.6 (+2.8)
in the inactive CD group, 12.2 (£5.0) in the active UC group, 13.8 (+4.3) in the inactive
UC group, and 10.0 (+4.0) in controls. The Spearman’s rank test showed that the only
statistically significant association among the IBD groups was observed in the active CD
patients, where, in contrast to controls, total methanogen counts and Mb. smithii quantities
decreased with the patient’s age (Rs = -0.56, p = 0.009 and Rs =-0.53, p = 0.013, respectively).
On the other hand, there has been a significant increase (Rs = 0.49, p = 0.009) in the number
of Methanomassiliicoccales in association with age in the control group (Figure 5).
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Figure 5. Correlations between the quantities of the methanogen populations and the patient’s age in
the stool samples (dry weight) of patients from all tested groups. The only statistically important
correlations with respect to the patient's age were observed in populations of Methanomassiliicoccales
in the controls and total methanogens and Mb. smithii in the active CD group (green boxes).

3. Discussion

Dysbiosis of the intestinal microbiome seems to play a significant role in the mecha-
nisms leading to the development of IBD, but only a few studies devote their attention to
the importance of methanogens in this process, the vast majority of which concern adult
patients [9,16,23-25].

To date, only one team has analyzed in detail the intestinal methanogens in children
with CD [19]. To the authors” knowledge, the current research is the first to evaluate
the prevalence of methanogens in UC separately from CD and the first to analyze the
association between the presence of as many as four groups of methanogens and the
activity of both types of IBD.

Our results demonstrated a significant drop in the abundance of total methanogens in
both IBD groups compared to controls, and this observation was the only common feature
of CD and UC. This outcome is not surprising, given that both conditions demonstrate very
different pathomechanisms and the course of disease [3].

Patients with UC were colonized by methanogens not only with a lower abundance but
also less frequently compared to controls. Moreover, they were characterized by decreased
quantities of lower methanogenic taxa, such as Mb. smithii. Based on the fact that reduced
Mb. smithii population is a common signature of gut microbiota dysbiosis in IBD; our study
provided yet another evidence supporting this phenomenon [23,26,27].
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The literature data on another methanogenic species, Ms. stadtmanae, indicated that
it can strongly induce some inflammatory responses not only in the IBD-affected gut but
also in the healthy intestine, much more than any other methanogens tested [16,28]. Our
data did not seem to support this, but we were able to provide another interesting fact
compatible with this theory. We observed a statistically important, positive correlation
(only in the inactive form of UC) between the levels of Ms. stadtmanae and FCP, a known
indicator of the inflammatory processes hollowing the gut mucosa, and a biomarker of IBD
severity [29]. Moreover, a similar correlation (albeit not statistically proven) was observed
in all four methanogenic groups in control patients. Therefore, perhaps all intestinal
methanogens contribute to the induction or persistence of inflammatory responses, some
more than others.

In contrast to UC, patients with CD had similar prevalence indices of all four
methanogenic groups tested as the control patients. Our results align with the study
by Krawczyk et al., 2021 [19]. However, the authors reported that Mb. smithii was present
in 44% of active CD cases, 27% of inactive CD cases, and in 36% of controls. In our study,
these prevalence values were higher, as 76% of the active CD patients, 63% of the inactive
CD patients, and 74% of the controls tested positive for Mb. smithii. The percentages for
Ms. stadtmanae also differed: in our study, these were 38%, 17%, and 37% in the active CD,
inactive CD, and controls, respectively, whereas in another study, they were all around
30% [19]. In adults, Ms. stadtmanae is three times more frequent in IBD patients [16], which
was not confirmed in our study, as only 27% and 15% of children in the CD and UC group,
respectively, were colonized by this archaeal species compared to 37% of the controls.

There are some reports in adult patients with IBD that are, to some extent, reflected in
our results, and we recommend that any future observations and findings made on children
be compared with those of the adults. In adults, decreased methane production has already
been well-documented in IBD cases [30-33]. Based on the fact that there must be at least
8 log1o/g of dry weight of feces in order to detect methane in breath [34], in our study, all
children in the active IBD groups would probably not be methane producers. On the other
hand, some children in the control group would likely be methane producers—specifically,
2 of the 15 (13%) children aged 8 to 14 years and 2 out of the 5 (40%) children aged 14
to 18 years. It is consistent with a study by Peled et al., 1985 [35], who reported that
approx. 14 to 18% and 9 to 46% of children aged 7 to 14, and 14 to 18, respectively, were
methane producers.

Since the control group was age-matched only with the active UC patients, we decided
to analyze the relationship between age and methanogen counts in all four IBD groups.
Interestingly, we noticed a significant drop in the total number of methanogens and Mb.
smithii with the age of active CD patients. A similar tendency (albeit not statistically proven)
for decline was observed in all other groups of IBD. Moreover, a positive correlation was
observed between the PCDAI indices and the number of total methanogens in active CD
patients. It is not clear whether these results were a cause or a consequence of the CD, but
we speculate that perhaps methanogens may somehow initiate the disease (judging by
the correlation between the PCDALI vs. total methanogen counts). As the disease persists
for years, especially in its active form, the methanogen population subsequently declines
(based on age vs. total methanogen counts correlation). Surely, this hypothesis requires
further investigation [19].

In terms of the age-related differences, one additional observation was made. The
control group was characterized by a pronounced rise in Methanomassiliicoccales as the
children’s age increased. This tendency is well-documented in adults and children [36,37],
and we have provided more evidence of this phenomenon here. Moreover, Vanderhaeghen
et al. 2015 reported that in single cases, Methanomassiliicoccales could dominate over
Methanobacteriales (most of them belong to Mb. smithii) [38], which held true in our study,
and, importantly, was not restricted to a single group of patients.
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Limitation and Strength of the Study

We realize that the results should be interpreted cautiously as the research encoun-
tered limitations. This study was performed on a small cohort of patients; not all cases
could be statistically determined. The age of the control group was statistically lower than
that of patients with active and inactive CD and inactive UC, which may have influenced
some of the results. Moreover, the usage of therapeutics and their possible impact on
the results cannot be ruled out. Patients were treated with various agents, which were
divided into five groups such as 5-ASA agents (mesalazine), immunosuppressants (aza-
thioprine), biological drugs (infliximab, adalimumab, vedolizumab, and ustekinumab),
steroids (prednisone and budesonide), and nutritional therapy. There is some evidence in
the literature suggesting that methanogens may be affected by therapeutics used in IBD.
For instance, the use of mesalazine has been shown to increase or decrease the amount of
some methanogens [16,23,27]. No such correlation was observed in our study. This was
probably due to the small number of observations per therapy, and it is possible that some
correlations may have been missed. Importantly, even though there were methanogen-
negative samples, they were never grouped solely into a particular drug group. Therefore,
none of the prescribed therapeutic agents could have been associated with a complete
elimination of methanogens. On the other hand, low Mb. smithii quantities have been
successfully used as an indicator to measure the probability of disease response to anti-TNF
drugs (biological therapy of IBD) [39], which is yet another interesting topic that requires
further investigation. Furthermore, it is possible that our pediatric patients might have
been colonized by other unstudied taxa, which we did not study, and it cannot be ruled
out that these taxa might have been somehow related to the incidence of IBD in these
patients. This conclusion is due to the fact that the most pronounced differences between
the patient groups were observed in quantities of total methanogens but not so much
within the subgroups of methanogens. This issue will remain open until we learn more
about the diversity of methanogenic archaea in the children’s intestines.

On the other hand, to the best of our knowledge, this study is the only one that
evaluates the prevalence and abundance of four groups of methanogens in pediatric
UC and CD separately from each other. This study is also the first to cross-reference
methanogens with FCP and PUCAI in UC.

4. Materials and Methods
4.1. Subjects

A total of 124 children, including the IBD patients (n = 97) and controls (n = 27), were
recruited in this study. All of the patients were admitted into the Department of Gas-
troenterology, Hepatology, Nutritional Disorders and Pediatrics, the Children’s Memorial
Health Institute (Warsaw, Poland), and their disease activity was established according to
European Crohn’s and Colitis Organization (ECCO) [40]. All of them were between 3 and
18 years old. There were 45 patients with CD and 52 patients with UC. The control group
consisted of 27 children reported for fecal examination due to non-IBD-related illnesses
(Table S1). The group of IBD patients was further divided into children with active and
inactive CD (21 and 24 patients, respectively) and children with active and inactive UC (25
and 27 patients, respectively).

The division into subgroups depending on disease activity was performed based on
PCDAI or PUCAI and the FCP concentration in feces. A PCDAI under 12.5 points indicated
an inactive form of CD, whereas a PCDAI above 20 is an active form of the disease. In
addition, progression or remission of CD with time was taken into account, especially
in three children with PCDAI between 12.5 and 20, who were finally subjected to the
active CD group. Patients with UC whose PUCAI was under 10 were considered being in
remission, those with PUCAI between 10 and 30 had a mild form of UC, and those above
30—suffered from exacerbation of UC. For that matter, the term inactive UC refers to both
mild forms of UC and UC in remission. In addition, patients with low activity indices and
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high calprotectin levels were assigned to the active groups of IBD. FCP above 200 ug/g
was considered a high concentration.

4.2. FCP Measurement

The FCP concentration was measured using magnetic microparticle chemilumines-
cence technology in Liaison® XL (DiaSorin, Saluggia, Italy). The assay uses a mouse
monoclonal antibody on particles to capture FCP from stool samples and a second conju-
gated mouse monoclonal antibody against a different region of FCP for detection. A total
of 15 mg of freshly extracted feces was collected using a serrated stick in a standard volume
of extraction buffer. The range of reported measurements was 5 to 800 ug FCP /g of stool.
Samples with high FCP concentrations were appropriately diluted, and the results were
then multiplied by the dilution factor.

4.3. DNA Isolation

A total of 100 mg of each stool sample was weighed out into 2 mL microtubes and
subjected to DNA isolation. If the sample had a high water-to-fecal content ratio, the weight
was increased up to 300 mg, which was taken into account in the final calculations. The
following DNA isolation procedure was partially described elsewhere [41], with the main
difference concerning a mechanical lysis step, which was here improved in terms of hands-
on time by replacing sonication with bead-beating. In brief, feces were suspended in the BS
buffer until becoming viscous (A&A Biotechnology, Gdynia, Poland). After adding 30 uL
lysozyme (10 mg/mL) and 7 uL mutanolysin (10 U/puL), the samples were incubated at
37 °C for 15 min and then at 50 °C for 25 min. Approx. 700 uL LS lysis buffer (A&A Biotech-
nology, Gdynia, Poland) and 35 uL proteinase K (20 mg/uL) were added, and the samples
were incubated at 50 °C for 1 h. The samples were then centrifuged at 14,000 rpm for
5 min. The supernatant was collected into a separate microtube, whilst the zirconia/silica
beads (A&A Biotechnology, Gdynia, Poland) together with another 500 pL LS buffer were
added to the remaining debris and subjected to bead-beating in TissueLyser LT (Qiagen,
Hilden, Germany). The mechanical lysis was set at 50 oscillations /s for 3 min, according to
Salonen et al., 2010 [42]. Samples were again centrifuged, and the bead-beating process was
repeated. Then the last lysis mixture was incubated at 95 °C for 5 min to improve cellular
degradation. After spinning, the three fractions of supernatants were collected in a single
microtube and subjected to purification according to the abovementioned protocol [41]
with the Genomic Mini AX Bacteria+ kit (A& A Biotechnology, Gdynia, Poland).

4.4. Quantitative Real-Time PCR

A quantitative real-time PCR was performed according to the author’s protocol de-
scribed earlier [21]. The following genes were used as targets in real-time PCR: the mcrA
gene encoding methyl-coenzyme M reductase alpha subunit for total methanogenic archaea
and the nifH gene, which does not encode a functional nitrogenase enzyme for the Mb.
smithii, the 165 rRNA gene for Methanomassiliicoccales, and the mtaB gene encoding coen-
zyme M methyltransferase for Ms. stadtmanae. The specificity of the primers used in this
study (Table 4) was checked experimentally by sequencing and using BLAST and modified
accordingly. The number of generated amplicons per microorganism was also checked
using BLAST and the Ribosomal RNA Database [43]. With the exception of mtaB, all target
genes occur in a single copy per genome. For Ms. stadtmanae, the results of the real-time
PCR were divided by four—which is the number of operons per genome in Ms. stadtmanae
DSM 3091 (acc.: CP000102.1)—in order to achieve the number of cells per gram of feces.
Standard curves were generated using decimal dilutions, from approx. 10° to 10° copies
per reaction of genomic reference DNAs, which were a linearized plasmid containing an
insert of the mcrA sequence fragment from GenBank acc. KF214818.1:976-1447, and purified
amplicons of nifH, 165 rDNA, and mtaB generated in the initial screening experiments
on the human fecal samples whose sequences most closely aligned to Methanobrevibacter
smithii strain KB11 (GenBank acc. no.: CP017803.1), uncultured Methanomassiliicoccus sp.
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(GenBank acc. no. LC473299.1), and Methanosphaera stadtmanae isolate MGYG-HGUT-02164
(GenBank acc. no. LR698975.1), respectively. The concentrations of the standards were
measured with a Quantus fluorometer and the QuantiFluor dsDNA System (Promega
Corporation, Madison, W1, USA), and they were further converted into the number of
genome copies per uL by using the Science Primer web tool [44].

Table 4. Primers used for the determination of total methanogens and their three subgroups.

Microorganism Target Gene Forward/Reverse Primer 5 -3 Sequence * Amplicon Length [bp] Reference
. ) CTTGAARMTCACTTCGGTGGWTC/
Total methanogenic archaea merA CGTTCATRGCGTAGTTVGGRTAGT Approx. 270 [21]

) P i . AACAGAAAACCCAGTGAAGAGGATA/ . -
Methanobrevibacter smithii nifH ACGTAAAGGCACTGAAAAACCTCC 222 Modified [45]

s GGGCTAGGGGTAAAATCCTGTAATCC/ .
Methanomassiliicoccales 16S rDNA AACAACTICTCTCCGGCACTCG 194 Modified [46]

§ § GTAGTTCCTAACATCAAAGTAGCTCC/ .
Methanosphaera stadtmanae mtaB TCCTCTAAGACCGTTTTCTTCTTCTCTCA 300 Modified [16]

* original oligo sequence from the cited publication is underlined.

The real-time PCR mixture included 10 pL of RT HS-PCR Mix SYBR A (A&A Biotech-
nology, Gdynia, Poland), 0.5 uM primers, approx. 70-100 ng of sample DNA and water to
reach a final volume of 20 uL. The thermal conditions—set experimentally in a gradient
PCR—are presented in Table 5. In each reaction, the amplification comprised 47 cycles. The
real-time PCR results were calculated into the number of cells per gram (dry weight) of the
stool sample.

Table 5. Temperature settings used for the absolute quantification of each group of methanogenic

archaea.
Real-Time PCR Step Total Methanogens Mb. smithii Methanomassiliicoccales Ms. stadbtmanae
Initial Denaturation 95 °C—>5 min
Denaturation 94°C—20s 94°C—20s 94 °C—20s 94 °C—20s
Annealing 60°C—20s 66 °C—20s 70°C—20s 68 °C—20s
Elongation 72°C—20s 72°C—20s 72°C—20s 72°C—25s
Signal acquisition * 81 °C—20s + Acq 82 °C—20s + Acq 87 °C—20s + Acq 81 °C—20s + Acq
Melt analysis * 95 °C—5's, then 60 °C—1 min, and 95 °C—continuous Acq with ramp rate 0.11 °C/s

* Acgq—acquisition of fluorescence signal.

4.5. Statistical Analysis

The statistical analyses were performed in TIBCO Statistica 13.3 (TIBCO Software Inc.,
Palo Alto, CA, USA). A Shapiro-Wilk test was used to check whether the quantification
results were normally distributed. The homogeneity of variance was checked using the
Levene’s test. After that, a non-parametric Kruskal-Wallis H test was applied to evaluate
the statistical significance of variation among (1) the methanogen groups in relation to
the disease type and its activity, (2) the IBD groups in relation to age, PCDAI or PUCAI
scores, and FCP. The Spearman’s rank correlation test was used to measure the strength
and direction of the methanogenic associations grouped by the disease index activity, cal-
protectin levels, and age. According to the guidelines for interpretation of Spearman’s rank
correlation by Prion and Haerling, 2014 [47], the correlations were considered very strong
when the values of Rs were between 0.81 and 1, strong—0.61 and 0.80, moderate—0.41 and
0.60, weak—0.21 and 0.40, and negligible—0 and 0.20. The prevalence of methanogens
was analyzed using Fisher’s exact test, whereas the odds ratio analysis was performed in a
two-by-two table in the OpenEpi web tool [22].
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5. Conclusions

Our results showed that methanogenic archaea present in the gut are related to the type
of pediatric IBD. This was particularly evident in children with UC, in whom the decrease in
methanogens was associated with the presence of the disease. To the best of our knowledge,
this study is the first to indicate the possible involvement of Ms. stadtmanae in UC, whose
increase (in the inactive UC group) was positively correlated with elevated levels of FCP,
a known biomarker of mucosal inflammation. Despite the promising results obtained,
further studies on a larger scale are needed to assess the involvement of methanogenic
archaea in the pathogenesis of IBD in children.
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CLUSTAL

Methanopyrus_sp._18_510_KC618341.1/1-477

GGTGGAGT - CGGATT-C4 TACGCAACAGC, TAC, SGATARCGTCCTGGARS

Methanomassiliicoccus_luminyensis_1_456_strain_Bl0_HQ896500.1/1-455 GGTGGTGT-AGGATT-CACACAGTATGCTACAGCGGCCTACACCGACGRCATCCTGGAGE

Methanopyrus_kandleri 1 414 AF414042.1/1-414
Methanosarcina_mazei MH004454.1_RCompl_1_433/1-433
Methanosarcina_horoncbensis_256_737_RB288266. 1/1-466
Metharosarcina_subterranea_ 259 740 A.Bza&zss 1/1-466
Metha.r'olobusioraganen5137174907U22242 1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_430_U22243.1/1-474
Methanolobus_profundi 687 _1168_AB703629.1/1-466
Methanolobus_vulcani 1 490 _U22245.1/1-474
Methanocella_conradii_1_¢65_JNOB1865.1/1-450
Methanocella sp._279_£92_XJ441441.1/1-398
Methanocella paludicola 240 681 AB200467.1/1-426
Methanomicrobium mobile 1 438 AF414044.1/1-438
Methanoculleus_marisnigri_ RCompl 1 436 _MH004450.1/1-436
Methanoculleus_palmolei_259_743_AB300784.1/1-463
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus chikugoenais 259 743 AB300779.1/1-469
Methanogenium_organophilum_1_501_DQ229160.1/1-487
Methanogenium_boonei_15_520_DQ229161.1/1-490
Methanogenium _cariaci 1 433 DQ229157.1/1-420
Methancobacterium sp. 1 452 J0Q917190.1/1-452
Methanobrevibacter smithii_1_423_GU385700.1/1-423
Methanobrevibacter oralis_1_d414_LK054628.1/1-414
Methanobrevibacter_ruminantium/1-470
Methanobrevibacter sp. D5 _mcrA plasmid_365_874_KF214818.1/1-488
Methanobrevibacter gottschalkii_1_471_ EU919431. 1/1-471
Methanobrevibacter boviskoreani_ l 424 KC865050.1/1-424
Me:harobrevlbac\:er woesei 1 . 457 EU919432.1/1-467
Methanobrevibacter wolinii_l_395_KC865051.1/1-395
Methanobrevibacter_arboriphilus_l_414_AF414035.1/1-414
Methanobacterium_movens_673_1133_HM802934.1/1-445
Methanobacterium thermaggregans_l_440 AV289750.1/1-440
Methanothermobacter wolfeii 259 719 AB300780.1/1-445
Methanothermobacter_tenebrarum 259_723_ABS23786.1/1-448
Methanothermobacter _crinale 18_503_HQ283274.1/1-470
Methanobacterium aggregans_690_ 1116 KP006500.1/1-411
Methanobacterium_aarhusense 650 1124 AY386125.1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_voltae 5430 _5%30_X07793.1/1-485
Methanothermococcus_thermolithot 1 414 AF414048.1/1-414
Methanococcus_maripaludis 684 1144 RB703637.1/1-445
Methanococcus_vannielii_4514_5014_M16893.1/1-485
Methanococcus_aeolicus 1 464 AY354034.1/1-464
Methanosphaera sp. 1 464 FJ982887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477

Methanomasailiicoccus luminyensis 1 456 _atrain B10_HQ896500.1/1-455 ACTACACCTACTGGGECTCTTGACCTGATCAAGACCARGT---AC--

Methanopyrus_kandleri 1 414 AF414042.1/1-414
Methanosarcina_mazei_ MH004454.1_RCompl_1_433/1-433
Methanosarcina horonobensis_256_737 AB288266.1/1-466
Methanosarcina subterranea 259 740 AB2B8268.1/1-466
Methanolobus_oregonensis_1_450_U22242.1/1-474
Methanolobus_zinderi_ 256_745_EU715818.1 RCOIHPI/l 474
Methanolobue_tayloril 1 490 _U22243.1/1-474
Methanolobus_profundi 687 1168 AB703628.1/1-166
Methanolobus_vulecani_1_490_U22245.1/1-474
Methanocella_conradii_1_465_JNOBLB65.1/1-450
Metharocella sp. 279 692 XKJ441441.1/1-398
Methanocella paludicola_240_681_AB300467.1/1-4286
Methanomicrobium mobile_1_438_AF414044. 1/1-438
Methanoculleus_marisnigri_ RCDmpl 1_436_MHOD4450. 1/1-436
Methanoculleus_palmolei 259 743 AB:OO?&Q 1/1-469
Metharocul leus_bourgensis 259 743 AB300787.1/1-469
Methanoculleus_chikugoensis 259_743_AB30077%.1/1-468
Methanogenium_organophilum_1_501_DQ229160.1/1-487
Methanogenium boonei 15 520 DQ229161.1/1-490
Methanogenium cariaci 1 433 DQ229157.1/1-420
Methanobacterium sp._1_452_JQ917190.1/1-452
Methanobrevibacter smithii 1 423 GU385700.1/1-423
Methanobrevibacter oralis_1_ 414 LK054628.1/1-414
Methanobrevibacter ruminantium/1-470
Methanobrevibacter_sp. D5_mcrA_plasmid_365_874_KF214818.1/1-488
Methanobrevibacter_gottachalkii_1_d471_EU919431.1/1-471
Methanobrevibacter boviskoreani 1_ 424 KC865050.1/1-424
Methanobrevibacter woesei_1_467_EUS19432.1/1-467
Methanobrevibacter wolinii_1_395_KC865051.1/1-335
Methanobrevibacter_arboriphilus_l_414 AF414035.1/1-414
Methanobacterium movens 673 1133 HM902934 1/1-445
Methanobacterium themaggregans 1_440_RY2B9750.1/1-440
Methanothermobacter_wolfeii_259 719 AB300780.1/1-445
Methanothermobacter_tenebrarum_259_ 723 AB523786.1/1-449
Methanothermobacter crinale 18_503_HQ283274.1/1-470
Methanobacterium_aggregans_690_1116 KP006500.1/1-411
Methanobacterium_aarhusense_650_1124_AY¥386125. 1/1-459
Methancbacterium | \ bryantii 259 719 AE‘BI}&OS 1/1-445
Methanococcus_voltae 5430_5830_X07793.1/1-485
Methanothermococeus_thermolithot 1 414 AF414048.1/1-414
Methanococcus_maripaludis_684_1144_RB703637.1/1-445
Methanococcus_varnielii 4514 5014 _M16853.1/1-485
Methanococcus_aeolicus_1_464 AY354034.1/1-464
Methanosphaera_sp._1_464_FJ982887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

Methanopyrus sp. 18 510 KCU618341.1/1-477

Methanomasailiicocous luminyensis 1 456 atrain B10_HQ896500.1/1-455

Methanopyrus_kandleri_1_414_AF414042.1/1-414
Methanosarcina_mazei MHO004454.1 RCompl_1_433/1-433
Methanosarcina_horonobensis_256 737 AB288266.1/1-466
Methanosarcina_subterranea_259_740_AB288268.1/1-466

- - TACACTGATAACATCCTGGACG
-TGCATACACAGACGACATCCTCGGCA
GGTGGTGT - CGEGTT - CACACAGTATGCAACAGCTGCATACACTGATGACATCCTCGACA
GGTGEETGT-CGGGTT - CACACAGTATGCAACAGCTGCATACACTGATGACATCCTCGACA
GETGEETGET-AGETTT - CACACAGTACGCTACAGCAGGTTACACCARCARCATCCTTGATE
GETGETGT-AGETTT- TACGC GO, TACTGTARCARCATCC TTGATG
GGTGETGT-COGCTT - CACCCARTACGCTACAGCAGCATACTGTARCARCATCC TTGATG
GETGEETGET-AGETTT - CACCCAGTACGCAACAGCAGCATACTGTARCARCATCCTTGATE
GGTGGTGT-AGGTTT - CACCCAGTACGCAACAGCAGCATACTGTARCARCATCCTTGACG
GGTGETGT-GEGCTT - CACGCAGTACGCGACCGC CGCATACACCGATGACATCCTGGATE
GGTEETGT - CEGECTT - CACGCAGTATGCGACCGCCGCCTACACCGATGACATCC TGGATE
GGTGGTGT-CGGLTT - CACGCAGTATGCGACCGCCGCCTACACCGATGATATCCTGGATE
- - -TACACGGATARCATCOTTGATG
-GGCCTACACCGACRRCATCCTCGATG
GGCGETGT - CGGOTT - CACGCAGTATGCGACTGCAGCCTACACCGACAACATCC TCGATE
GGCEETGT - CGGATT - CACCCAGTACGCGACCCOGECCTACACCGACRRCATCCTCGATE
GGCGGTGT - CGGATT - CACCCAGTACGCAACCGCGGCCTACACCGACARCATCC TCGALE
GGTGGTCT-COG-TT- CACCCAGTATGCTACTGCAGCATACACCGATGACATCCTCGATS
GGTGETGT - CGG-TT - CACGCAGTATGCAACAGCAGCATACACCGATARCATCC TCGATE
GETEETET - OG- TTTCACCCAGTATGCAACCGCAGUATACACCEAT - ACATCC TTGATG
————————————— TT-CACCCAGTATGCAACCGCAGCTTACACTGACGATATTCTGRACE
TGTGGTGTTCGGATT - CACACAGTATGCAACAGCAGCATATACTGATGATGTATTAGATG
——————————————————————————————————— GCATATACTGATARTGTATTAGATG
GGTGGTGT-AGGATT-TACTCAATATGCTACCGCAGCATACACCGATARCGTATTAGACG
GGTGGTGT - RGGATT - CACACAATATGCTACTGCAGCATACACTGATARTGTAT TAGACE
GETGETGT-AGGATT-C: TATGCAACAGCTGCATACACAGATAATGTATTAGATG
-- - - CTTCTTGATG
GETGGTGT-AGGATT - CACACAGTATGCTACAGCAGCATATACTGATAATGTTCTTGATG

- -TACACTGACRATATTCTGGACC
GGTGGTGT-AGGATT - CACTCAATACGGAACCGCTGCTTACACTGACARCATTC TCGATG
GETGEETGT-AGGATT - CACCCAGTACGCAACAGCAGCCTACACAGACARCATCCTCGACE
GGTGGTGT -TGGATT-C4 TACGCAACAGCAGCCTAC GATRRCATTCTGGATG
GGTGGTCT - AGCGATT - CACACAATATGCAACAGCAGCATACACACGACAACATCCTAGACC
GETEATET-AGEATT-CACACAATATGCTACAGCAGCATACACAGACAACATCCOTAGALS
GGTGGTGT - TGGATT - CACACAGTACGCAACAGCTGCTTACACTGACAACATCCTTGACG
GGTGAETGT-AGGATT - CACACAATATGCTACCGCAGCATACACCGACAACATTCTTGACG
GGTGGTGT-AGGATT - CACTCAGTACGCTACAGCAGCATACACTGATAATATTCTTGATG
GGTGGTGT-AGGATT - CACACAATATGCTACAGCATCATACACAGATGACATCTTAGATE

- TACACCGACGRCATCTTAGACG
GGTGGTGT -AGGATT - CACTCAATACGCTACCGCATCATACACCGACCGATATCTTAGATG
GETGECGT -AGGTTT - CA AATACGCTACAGCAGCATAC, GACGATATCTTGGACS
GGTGGTGT-CGGATT - CACACAGTATGCAACAGCAGCATACACTCGATCACATCTTAGATG
GETGGTGT-CUGATT - CACACAATACGCAAGCGTAGCATACACAGATGAAAT CTTAGACG
—————————————————————————————————————— TACACAGATGAAATATTAGATC

ACTACGTCTACCATGCTATCGACCTCATCARRGATGAGT - --AC--

ACTACGTGTACTACGGTCTCGAGTACGTCGAGGACAAGT- --AC-~~=~-=~-==-~---GG-~
ACAACACCTTCTATGACGTTGACTACATCAACGACRAGT- - - ACAACGGTGCTGCAAA - -
ACARACGTGTACTACGACUTTGACTACATCAACGACARGT - - - ACARCGGTGUTGCARA - -
ACARCGTGETACTATGACGTAGACTACATCAACGACRAGT - - - ACAACGGTGCTGCARA - -
ACAARCCTTTACTACAACATTGACTATATCAACGACAAGT- - -ACARTGATGCAGCARA -~
ACAACCTCTACTACAACGTTGACTACATCAACGACAAGT- - - ACGATCGTGCAGCARA - -
ACARCCTCTACTACAACGTTGACTACATCAACGACRAGT - - -ATGATGGTGCAGCALA - -
ACAACCTCTACTACAACGTAGACTACATCAACGACAAGT- - - ACGATGGTGCAGCAAC - -
ACAACCTCTACTACAACGTTGACTACATCAACGACAAGT - - - ACGATGGTGCAGCAAA - -
ACTTCACCTACTACGGCTATGACTATGCCAAGGGCARGT- --AC--
ACTTCACATACTATGGCTACGACTACGCCAAGGACRARGT - - -AC-~
ACTTCACCTACTACGGTTATGACTACGCCAAGGGCAAGT- --AC--
AGTTCACCTACTACGGTATGGACTACATTAAAGACAAAT- - -AC-~
AGTACACCTACTATGGTATGGACTACATCAAGGACARGT - --AC--
AATTCACCTACTACGGTATGGACTACATCAAGGACRAGT- - -AC-~
AGTTCACCTACTACGGTATGGACTACATCAAGGACAAGT- --AC-~
AGTTCACCTACTACGGTATGGACTACATCAAGGACAAGT-
A-TTCACCTACTACGGTATGGACTACCTGAAAGACRAGT
AGTACACCTACTACGGTATGGACTACCTGAAGGACARGT-
AGTACACCTACTACGGTATGGACTACCTGAAGGACAAGT-
ACTTTGTATACTATGGTATGGAATACGTGGACGACAAAT-
ACTTCACTTACTATGGTAARGATTACGTAGAAGACRAAT- - -AT-~
ACTTCACTTACTTCGGTARAGATTATGTIGARCGATARRT- - -AC-
ACTTCTCTTACTTCGGTAARGATTACGTAGAAGACAAAT- --AC-
ACTTCACCTACTACGGTAARAGACTACGTCGAAGACAAAT- --AC-
ACTTCACCTACTATGGTARAGATTATGTCGAAGACRAAT- -~ AT~
ACTTTACTTACTATGGTARAGATTACGTAGAGGATARAT - --AT-
ACTTTGCTTACTATGGTAARGATTATGTAGAAGATARAT- --AT-
GTAAAGATTATGTAGAAGATAAAT- --AT-
ATTTCTTATATIATGGTARAGAATATGTCGRAGACRART - - -TT-
ACTTTACCTACTATGGTARAGAATACGTAG CRAAT---TT-
ACTTCACCTACTTCGGTAAGGAGTATGTGGAAGACAAGT- --AC-
ACTTCACCCACTTOGGTARGGAGTACGT A To_-AT-
ACTTCACCTACTATGGTAGAGRATACGTCGARGACRAGT - - -AT-
ACTTCACCTACTATGGTAGRGAATACGTCGAAGACARGT- --AT-
ACTTCTGTTACTACGGTAAAGAGTACGTCGAAGACAAATTCGGT -
ACTTCACCTACTATGGTAARGARTACGTCGAAGACRAAT- --TC-
ACTTCACATATTTCGGTAGAGRATATGTAGARGACRART - - -AT -
ACTTCTCATACTACGGATACGAATACGTAGAGARMAART - - -AC-
ACTTCGCATACTACGGATACGAATACGTAGAGAAGARAT- --AC-
ACTTCTCATACTACGCACTCGACTACGTIGAGAAARAAT - - -AC-
ATTTCTCATACTATGCACTTGACTACGTAGAGAARRALT - - - AC-
ATTTCTGCTACTATGGATTAGACTATGTAGAGAAARAAT - - -TC-
ACTTCATATACTACGGTAARGACTACGTAGACAACAAAT- --AC-
ACTTCATTTACTATGGTAARGACTACGTAGAAGGTAAAT- --AT-

--CGGCTTCTGC-GETGT -
- -CGEGOTCTGC - RAGAG-
-AATCGCC-GAGGC-
-CCTCGGAACTGAC-
- CGTAGGCARGGAC-
-CATCGGCAAGGAC-
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Methanolobus_oregonensis_1_480_U22242.1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus taylorii 1 490 U22243.1/1-474
Methanolobus_profundi_687_1168_AB703629.1/1-466
Methanolobus_vulcani_1_490_U22245.1/1-474
Methanocella_conradii_1_465_JNOB1865.1/1-450
Methanocella sp. 279_692_KJ441441.1/1-398
Methanocella_paludicola_240_681_AB300467.1/1-426
Methanomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 MHO04450.1/1-435
Methanoculleus_palmolei_259% 743 _AB300784.1/1-469
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus_chikugoensis_259_743_AB300779.1/1-469
Methanogenium_organophilum 1 _501_DQ229160.1/1-487
Methanogenium boonei 15 520 _DQ229161.1/1-490
Methanogenium_cariaci_1_433_DQ229157.1/1-420
Methanobacterium sp._1_45%_J0917190.1/1-452
Methanobrevibacter smithii_1 423 _GU385700.1/1-423
Methanobrevibacter oralis 1 414 LK054628.1/1-414
Methanobrevibacter ruminantium/1-470
Methanobrevibacter sp. DS merA plasmid 365 874 KF214818.1/1-488
Methanobrevibacter gcttschalle 1 471 EUS19431.1/1-471
Methanobrsvlbacteribovlskoraanliliq247KC85SDEE 1/1-424
Methanobrevibacter woesei_1_467_EU919432.1/1-467
Methanobrevibacter_wolinii_1_385_KC865051.1/1-395
Methanobrevibacter arboriphilus 1 414 AF414035.1/1-414
Methanobacterium_movens_673_1133_HM802934.1/1-445
Methanobacterium_thermaggregans_1_440_AY289750.1/1-440
Methanothermobacter wolfeii 259 715 AB300780.1/1-445
Methanothermobacter tenebrarum 259 723 ABS23786.1/1-449
Methanothermobacter crinale 18_ 503 HQ283274.1/1-470
Methanobacterium_aggregans_690_1116_KPO0E500.1/1-411
Methanobacterium_aarhusense_650_1124_AY386125.1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_wvoltae 5430 593ﬂ _X07793.1/1-485
Methanothermococcus_thermolithot_1_414 AF414048. 1/1-414
Metharococcus marxpaludls 684 1144 AB703537 1/1-445
Methar‘ococcusivar:1e].1174514750147M16593 1/1-485
Methanococcus_aeolicus_1 464 AY354034.1/1-464
Methanosphaera_sp._1_464_FJ382887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477
Methanomassiliicoccus luminyensis_1_456_strain_B10_HQ896500.1/1-455
Methanopyrus kandleri 1 414 AF414042.1/1-414
Methanosarcina mazei MHO04454.1 RCompl 1 433/1-433
Methanosarcina horoncbensis 256 737 RB288266.1/1-466
Methanosarcina_subterranea_259_740_AB2B8268.1/1-466
Methanolobus_oregonensis_1_490_U22242.1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_430_U22243. 1/1-474
Methanolobus_profundi_ 68’7 1168 _ABT703625.1/1-466
Metharolobusivulcam.ili4907022245 1/1-474
Methanocella conradii 1 465 JNOB1865.1/1-450
Methanocella sp. 279 692 ¥J441441.1/1-398
Methanocella_paludicola_240_681_AB300467.1/1-426
Methanomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl_1_436_MH004450.1/1-436
Methanoculleus_palmolei_255 743_AB200784.1/1-469
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus chikugoensis 259 7423 AB300773.1/1-46%
Methanogenium_ ilum_1_501_D0229160.1/1-487
Methanogenium boonei 15 520 _DQ229161.1/1-490
Methanogenium_cariaci_1_423_D0229157.1/1-420
Methanobacterium sp. 1 _452_JQ917190.1/1-452
Methanobrevibacter smithii_1 423 _GU385700.1/1-423
Methanobrevibacter_oralis_1_414_LK054628.1/1-414
Methanobrevibacter ruminantium/1-470
Methanobrevibacter sp. DS merA plasmid 365 874 KF214818.1/1-488
Methanobrevibacter gottschalkii 1 471 EU919431.1/1-471
Methanobrevibacter boviskoreani_l_424 KC865050.1/1-424
Methanobrevibacter_woesei_1_467_EU219432.1/1-467
Methanobrevibacter wolinii_1 395 _KC865051.1/1-395
Methanobrevibacter arboriphilus 1 414 AF414035.1/1-414
Methanobacterium movens_673_1133_HM802534.1/1-445
Methanobacterium_thermaggregans_l1_440_AY289750.1/1-440
Metharothermobacter wolfeii 259 719 AB300780.1/1-445
Methanothermobacter tenebrarum 259 723 ABS23786.1/1-449
Methanothermobacter_crinale_18_503_HQ28B3274.1/1-470
Methanobacterium_aggregans_6590_l116_KP006500.1/1-411
Methanobacterium_aarhusense_650_1124_AY386125.1/1-453
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_woltae_ 5430 SDJ(} _X07793.1/1-485
Methanothermococcus_thermolithot_1_414_AF414048.1/1-414
Methanococcus maripaludis 684 1144 AB703537 1/1-445
Methanococcus_vannielii 4514 5014 M16893.1/1-485
Methanococcus_aeolicus_1_464_AY354034.1/1-464
Methanosphaera_sp._1_464_FJ382887.1/1-464
Methanosphaera_stadtmanas 1 414 AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477
Metharomassiliicoceus luminyensis_1_456_strain_B10_HQ896500.1/1-455
Methanopyrus_kandleri_1_414_AF414042.1/1-414
Methanosarcina mazel MHO04454.1 RCompl 1 433/1-433
Methanosarcina_horoncbensis 256_737 AB288266.1/1-466
Methanosarcina subterranea 259 740 AB288268.1/1-466
Methanolobus_oregonensis 1 490 U22242.1/1-474
Methanolobua zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_490_U22243.1/1-474
Methanolebus profundi €87 1768 _AB70362%.1/1-466
Metharolobusivulcan17174907t122245 1/1-474
Methanocella_conradii_1_465 JNOB1865.1/1-450
Methanocella sp. 279 692 _XJ441441.1/1-398
Methanocella_paludicola_240_681 AB200467.1/1-426

-CGACCGGTACAGAT-

TATCTGC-GGAAC-
-ATTAACT-GRAGC-

-ATTATGT-CAAGC-

AACCCCGATGACATGAA -~ - -GAAGATCATGAAACTCC
AGCCCT-- -CCATGGA-- - -CCTGATGGAGAAGCTCG
BGCCGA- - -GCATGGA-- - -CGTGCTEAAGGACGTCG
- - -AACARGGTARAGGCAR- - - CCCTCGA- -~ -TGTAGTARMAGACATCG
- - -AACAAGATAARGGCAA-- -CCCTCGA=--- -AGTCGTARAGGACATCG

- - -AACRAGATARAGGCAR- - -CTCTCGA-- -
- - -RACARGGTACAGGCAA- - -CACTTGA-- -
- - -ARCAAGATCGCAGCAA-- -ACCTCGA---
- -AACRAGGTARAGGCAA- - - CCCTTGA- - -
- - -BACARGATARAGGCAG- - - ACCTCGA- - -
- -BACAAGGTARRGGCARA- - -GCCTCGA- -

AGCCAA---CCCAGGA---
RAGCCGA-- -CCCAGGA---
AGCCGA- - -CCCAGGA-- -
AGCCGA-- -CCCAGGA---
AGCCTA---CCCAGGA---
CTCCTA-- -CCCAGGA---
CTCCAR---CTCAGGA---
BRGCCA- - -GCACTGA-- -

-TGTCGTCAACGACCTTG

ACATGGACACCGTTICTTGATGTA
ACATGGACACTETTCTTGATGTA
ACATGGATACTGTTCTTGATGTA

CTAACA- - -ACATGGACACTGTICTTGATGTT -
CAAACA-- - ACATGGACACTGTTCTTGATGTA-
CARATA- - - CCATGGARACCGTTCTGGATCTA-
CAAACA- - - CCATGGACACAGTCCTGGACCTT -
CGAACA-- - CCATGGACACGUETCCOTTGATATT -
CTAACA-- -CCATGGACACAGTCCTAGACGTG -
CTAACA- - - CCATGGACACAGTCCTAGACATT -

BAAGCTA-- - CAATGGA---
AAGCTA-- -CAATGGA---
AAGCTA- - -CAATGGA-- -
BAGCTA-- -ATTCCGA---
BRGCAA- - -CTTCCGA---

- -AGTTGTAMRAGACATTG

ACGATGAACTCACTCCGTACGCACTTGAGATCTACGACAGATACCCCCCAGTCATGCGACR
GCACCGAGATCAACTCCTRACGOTCTCGAGATEGTACGACAGATACCCOGOCGOCATOGARR
CGACCGAGGTCACCCTGTACGGTCTGGAGCAGTACGAGCGGTACCCGGCCGCCATGGAGA
CAACCGAGTCCACACTCTATGGTATCGAG TAC TTCCCAACAGCCCTTGAAG
CAACCGAATCCACACTCTACGGTATCGAGACCTACGAGAAATTCCCGACTGCCCTTGAAG
CARCTGAGTCCACACTCTACGGTATC GAGACATACGRGAAGTTCCCGACTGCCCTTGARG

ARCAGAGTCCACAATATATGGTCTTGAGARTTACGAGAAATACCCARCAACCCTTGAGG
CARCAGACTCCACAATCTACGCTCTCGAGARCTACGAGAAGTACCCARCAACCCTCGARG
CAACAGAATCCACTGTATACGGTCTTGAGAACTACGAGAAGTACCCARACARCCCTCGAAG
CAACAGACTCCACGATCTACCCTCTCGAGAACTACGACAACTACCCARCAACCCTCCARG
CAACAGAGTCCACAATCTACGGTCTTGAGAACTACGAGAAATACCCARCARCCOTCGARG
GCACTGACGCTCACCCTGTACGGCATCCAGCAGTACCGACAAGTACCCGACCACCCTCCGAGG
GCACTGAGGTCACCCTGTATGGTATAGAGCAGTACGAGAAGTACCCGACCACCCTCGAGG
CGACGGAAGTCACCCTGTATGCTATC GAGCAGTACGAGARGTACCCGACCACCCTCGAGG
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Methanomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 MH004450.1/1-438
Methanoculleus palmolei 259 743 AB300784.1/1-469
Methanoculleus_bourgensis_259_743_RB300787.1/1-469
Methanoculleus_chikugoensis 259_743_AB300773.1/1-469
Methanogenium_organophilum_1_501_DQ223160.1/1-487
Methanogenium boonei 15 520 _DQ229161.1/1-490
Methanogenium_cariaci_1_433_DQ229157.1/1-420
Methanobacterium sp._1_452_J0917190.1/1-452
Metharnobrevibacter smithii 1 423 QU385700.1/1-423
Methanobrevibacter oralis 1 414 LK054628.1/1-414
Methanobrevibacter_ ruminantium/1-470
Methanobrevibacter sp. D5_mcrA_plasmid_365_874 KF214818.1/1-488
Methanobrevibacter gottachalkii 1 471 EUS19431.1/1-471
Methanobrevibacter boviskoreani 1 424 KCBE5050.1/1-424
Metharobrevlbacter woesei 1 467 | EU9194332. 1/1-467
Metharobrevlbacter wolinii 1 395 _KCB865051.1/1-395
Me:harobrevlbacteriarbor1ph11u57174147AF414035 1/1-412
Methancbacterium movens 673 1133 HM802934.1/1-445
Methanobacterium_thermaggregans_l_d440_AY289750.1/1-440
Methanothermobacter wolfeii 259 719 AB300780.1/1-445
Methanothermobacter_tenebrarum_259_723_AB523786.1/1-449
Methar‘othsrmobacter crinale 18 503 _HQ283274.1/1-470
Methanobacterium_aggregans_690_1116_KP006500.1/1-411
Methanobacterium_aarhusense 650 1124 AY¥386125.1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_voltae_5430_5930_X07793.1/1-485
Methanothermococcus_thermolithot 1 414 AF414048.1/1-414
Methanococcus_maripaludis_684_1144 RB703637.1/1-445
Methanococecus vannielii 4514 5014 M16893.1/1-485
Me:harococcusiaeollcusilia6471-\\(354034 1/1-464
Methanosphaera_sp._1_464_FJSB2887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

Methanopyrus_sp. 18 510 KC618341.1/1-477

Methanomassiliicoccus_luminyensis_1_456_strain_Bl0_HQ896500. 1/1-455 CCCACTTCGGTGGTTCCCAGCCTGCCACCGTCECTGCCGCCGCCACCEET -

Methanopyrus kandleri 1 414 AF414042 1/1 414
Methar‘osarclnaimazeliMHOOM54 1 _RCompl 1 433/1-433
Methanosarcina horonobensis 256_737 AB288266.1/1-466
Methanosarcina_subterranea_259_740_AB2B8268.1/1-466
Methanolobus_oregonensis_1_490_U22242.1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_490_U22243.1/1-474
Methanolobus_profundi_687_1168_AB703625.1/1-466
Methanolobus_vulcani 1 490 U22245.1/1-474
Methanocella conradii 1 465 JN0OB1865.1/1-450
Methanocella sp. 279 692 KJ441441.1/1-398
Methanocella_paludicola_240_681_AB300467.1/1-426
Methanomicrobium mobile 1 438_AF414044.1/1-438
Metharoculleus_marisnigri RCompl_L 436 _MHO04450.1/1-436
Methanoculleus_palmolei_259_743_AB200784.1/1-463
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus_chikugoensis_259_742_AB300779.1/1-469
Methanogenium organophilum 1 501 DQ229160.1/1-487
Methanogenium_boonei_15_520_DQ229161.1/1-490
Methanogenium_cariaci_1_433_DQ229157.1/1-420
Methanobacterium_sp._1_452_J0917150.1/1-452
Methanobrevibacter smithii_1_423_GU385700.1/1-423
Methanobrevibacter oralis_1_414_LKOS54628.1/1-414
Methanobrevibacter_ruminantium/I-470
Methanobrevibacter sp. DS merA plasmid 365 874 KF214818.1/1-488
Methanobrevibacter gottschalkii_l_471 EU919431.1/1-471
Methanobrevibacter boviskoreani 1 424 KCBE5050.1/1-424
Methanobrevibacter_woesei_1_467_EU319432.1/1-467
Methanobrevibacter wolinii_1 395 _KC865051.1/1-395
Methanobrevibacter arboriphilus_l_ 414 AF414035.1/1-414
Methanobacterium_movens_673_1133 H’*1802934 1/1-445
Metharobacterium thErmsggreQans I 440_AY2B9750.1/1-440
Metharochermobacterﬁwolfel17259771973&}3300730 1/1-445
Methanothermobacter tenebrarum 259 723 ABS23786.1/1-44%
Methanothermobacter_crinale_18_503_HQ283274.1/1-470
Methanobacterium_aggregans_ 690 1116_KPO06500.1/1-411
Metharobacterlum_aarhusense_ss0_1].24_BY386125 1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_voltae_5430_5930_X07793.1/1-485
Methanothermococcus_thermolithot_1_414 AF414048. 1/1-414
Methanococcus marlpaludls 684 1144 7-\13703637 1/1-445
Methanococcus vannielii 4514 5014 _M16893.1/1-485
Methatococcu5765011Cu57174647AY354 034.1/1-464
Methanosphaera_sp._l_464_FJ982887.1/1-464
Methanosphaera_stadtmanac_1_414_AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477

Metharomassﬂncoccus lumryensls 1_456_strain_Bl0_HO896500.1/1-455 GCGCGATCGCCACCGOCARCGCCGACTTCGETETCARCGGCTGGTAT

Methanopyrus kandleri 1 414 AF414042. 1/1 414
Methanosarcina_mazei MHO04454.1 RCompl 1 _433/1-433
Methanosarcina_horoncbensis 256_737_AB288266.1/1-466
Methanosarcina_subterranea_259_740_AB288268.1/1-466
Methanolobus_oregonensis 1 490 _TU22242.1/1-474
Methanolobua_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_490_U22243.1/1-474
Methanolobus_profundi_687_1168_ABT0362%.1/1-466
Methanolobus_vulcani_1_490_U22245.1/1-474
Methanocella conradii 1 465 JNOB1B65.1/1-450
Methanocella_sp. 279_692_XKJ441441.1/1-398
Methanocella paludicola 240 681 AB200467.1/1-426
Methanomicrobium mobile 1 438 AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 MHO04450.1/1-43§
Methanoculleus_palmolei_259_743_AB300784.1/1-463
Methanoculleus bourgensis 255 743 RB300787.1/1-469
Methanoculleu 259 743 _AB300779.1/1-469
Methanogenium_organophilum_1_501_DQ228160.1/1-487
Methanogenium boonei 15 520 DQ229161.1/1-490
Methanogenium_cariaci_1_423_DQ225157.1/1-420

hikugoensi

CAACCCAACTCARCCTTAACCCTATCGAGCAGTACGAACAGTATCCGACAATGATGCALG
CARACCGAGGTGTGCCTUARCGE TATGUAGCAGTACGAGCAGT TCCCGACCCTGATUGAGG
CGACCGAGGTCACCCTCARCGCCATGGAGCAGTACGAGCAGT TCCCGACCATGATGGAGG
CARCCGAGGTCACCCTCAACGCCATGGAGCAGTACGAGCAGTTCCCGACCATGATGGARG
CAACCGACCTCACCCTCAACGCCATCGAGCAGTACGACGCAGTACCCGACCATGATGGACG
CARCCGAGGTCARCCTCAATGCARTGGAGCAGTACGRGCAGTTCCCARCACTCATGGARG
CARCCGAGCTCAACCTCAATGCAATCGAGCAGTACGAGCAGTACCCCACCATGATGGARAG
CAACTGACCTTAACCTCAATCCAATCGAACACTACGAACAGTACCCARCCATGATGEALG
CCTCAGAACTAACCATGTACCCACTCGAACAGTACGA- - - ATACCCAGCTCTCCTGGAAC
GTTCTGRAGTTTCATTCTRACGCATTAGAACAATACGARGAATACCCAGOTTTACTTGARR
GTACTGARGTTG CATTCTATGCATTAGAACMTA CGARGAATACCCAGCATTACTCGAAA

TTCTGCACTAACATTCTACTCATTAGAACAATACCARGAATACCCACCTTTACTTGAAA
GTACTGA.AGTAGCATTCTACGCATTAGAACAATA CGARGAATACCCAGCTTTACTTGAAA
GTITCTGARGTAGCATTCTATGCATTAGATCARTACGARGAATACCCAGCTITACTTGARR
GTTCTGAAGTAACCTTCTATGCATTAGAACAATATGATGARTACCCAGCTTTACTTGARA
GTTCTGARCTTACCTTCTACGCATTAGAACAATATCGARAANT TCCCTCCATTACTTGARR
GTTCTGAACTTACCTTCTACGGATTAGAACAATATGARAAAT TCCCTCCATTACTTGRARR
GTTCTGAAGTAACTTTCTATGGATTAGAACAATACGARGAATATCCTGCATTACTTGAARA
GTTCAGAAGTTACCTTCTATGCCCTGGAACAGTTTGAAGAATACCCAGCACTAT TAGAAA
CCGAGTGACGCTCACATTCTATGGACTTGAACAGTACGACGAATACCCTCCACTCCTCGAGG
CAACTGACCTCACGTTCTACCCACTTGAACAGTACGARGAATACCCAGCACTCCTGGACG
CARGTGAAGTCACATTCTATTCCCTAGAACAGTATGAGGATTACCCATCCCTACTCGAGA

AAGTGAAGTCACAT TCTACAGCCTAGAACTGTATGARGACTACCCATCAT TACTTGAGA
GTTCTGAAGTAACCTTCTACTCACTTGAACAGTACGARGAATACCCAGCACTTC TCGAGA
CATCAGAACTAACATTCTATCCCCTAGAACAATACGARGAATACCCACCACTCTTAGRARA
CTTCAGARGTTACATTCTATGGATTGUAACAGTATGARGARTATCCAGCACTTCTTGARG
CTTCAGAACTTACACTCTACGCATTAGAACAGTATCGATGAATACCCACCATTATTAGAAC
CTACAGAAGTTACACTCTACTCATTAGAACAGTACGACGAATTCCCARCATTATTAGAAG
CTGGAGAACTTACACTCTACGCATTAGAACAGTACGATGACTACCCACCATTATTAGAAG
CARGTGAAGTTACACTCTACTCATTAGAACAGTACGATGAATACCCCGCATTATTAGAAG
CARCAGAAGTTACACTTTATTCACTTGAACGATATGATGAATACCCARCATTATTGGAAG
CTAGTGAACTAACATTATACCCATTAGAACAATACGA - - AAT - CCCTCCAGCAT TAGALAG
CAAGTGAAGTAACCTTATACGGATTAGAACAATACGA - - AAT -CCCTGCAGCATTAGAAG

CCCACTTCGGTGGATCCCAGAGAGGTACCGTCACTGCAGCAGCAACCGGET - - -ATCGCAG
ATCGGCT
TGCAGTA

CECACTTCGGAGGTTCACAGCGAGCCGCCGTCTGTGCGECCECCEUGEET -
ACCACTTCCGTGGETCCCAGACTEGCANACCGTGCTTGCAGCTGCATCAGEL - - -GTTGCAT
ACCACTTCGGTGGATCCCAGAGAGCAACCATGCTCGCAGCTGCAGCCGET - - -GTCGCAT
ACCACTTCGGTGGGTCCCAGAGAGCAACCGTGCTCGCAGCTGCAGCTGGT - - -GTTGCAT
ACCACTTCCOTGGATCACAGAGGECAACAAGCOTTTCAGCAGCAGCTCETTCCOGCTETAG
ACCACTTCGGTGGATCAC ARACCAGCCTTTCCGCAGCAGCAGGTTCCGCAGTAT
ACCACTTTCGTGGATCACAGACAGCAACAACTCTTTCAGCAGCAGCTCCTTCCGCTGTAT
ACCACTTCGGTGGATCCC CBRACARAGCCTTTCCGC. GCTGGTTCAGCTGTAT
ACCACTTCGGTGGATCACRGAGAGCAACAAGTCTTTCCGCAGCAGCAGETTCCGCTGTAG
ACCACTTCGGCGGUTCTCAGAGGGCTACCAGTCCTGECAGCAGCGTCGGEI - - -GTCACTA
ACCACTTCGGTGGCTCGCAGAGGGECGACCGTGCTGGCAGCCGCATCGGEET - - -GTCACCA
ACCACTTCGGTGGCTCOCAGAGGECGACCATGCT CTOCGCAGCAGCCGET -
ACCACTTCGGCGETTCACRGCGTECAAGTGTCCTTGCCGCATCCTGTGET
ACCACTTCGGOGGTTCCCAGCETGCUGAETATGCT CGUCGCOGCATEIGET
ACCACTTCCGGCGGGTCCCAGCGCGCCGGCGTCATCGCCGCCGCATCCCGT -
ACCACTTCCECGGETCCCACGCETGCTGETGTCATCGCCGCTGCCGTCCCET -
ACCRCTTCGGCGGTTCCCAGCGTGCCGGTIGTCATCGCCGCCGCGTCCGET -
ACCACTTCCGTGETTCACRAGCETGCTRETATCATGGCTGCAGCCTETCET
ACCACTTTGGCGGGTCACAGCGTGCTGGTGTTATGGCAGCAGCCTGTGGT
ACCACTTCCGC TCACAGCCTGOTGETGTTATGGCAGCA TGTCGT
ACCACTTTGGCGGTTCACAGCGAGCTGCAGTTETTTCCGCTG CTGCCGCA
CTCACTTCGGTGGATCTCARAGGGCTTCTGTTATTTCAGCGGCA
CTCACTTCCCTGGATCTCARAGAT CATCTGTTATTTCAGCAGCAGC‘TGGT -
CTCACTTCCCTGCTTCTCAAAGAGCTGCTGTTGTATCTGCAGCTTCAGGT -
CTCACTTCGGTGGATCTCARAGAGCTTCCATTGTTTCCECAGCTGCAGET -
CTCACTTOGGTGGATCTCAAAGAGUT TCAGTTATTTCTGCAGCTGCTGET
CCCAATTOGGTGGATCTCARAGAGOTGCTGTTACTGCAGCTGOTTCCGET
CTCAATTCGGTGGATCCCARAGGGCTGCTGTTGTTGCAGCTGCTGCAGET -
CTCARTTCGGETGGATCCCARAGGGECTGCTGTTGTTGCAGCTGCTGCAGET -
CCCAATTCGGTGGTTCTCARAGAGCATCTGTTGTTTCAGCCGCTGCTGGT -
CCCTCTTCCCTGCATCTCARACAGCTTCCATCGTAGCTGCAGCTGCTEET -
ACCAGTTTCETGEATCCCAGAGGGCAGCAGT TETTGCAGCTGCAGCCGGA -
ACCAGTTCCGAGGATCCCRAGAGGGCAGCCGTAGTTGCAGCCGCAGCTGEA:
CACAATTTGGAGGATCACAGAGGGUAGCTATCGCAGCAGCAGCATCOGIT
CACAGTTCGGCGGATCACAAAGGGCAGCTGTCGCAGCAGCAGCAGCCGET
CCCAGTTCGGTGGATCACRGAGGGCCGCAGTTGCAGCAGCTGCAGCAGGA
CACAGTTCGGTGGATCACARAGAGCAGCTGTAGCTGCTGCTGCTGCTGTA -
ATCAGTTCGGTGGATCACRGAGAGCAGCAGTTACTGCTGCAGCTGCAGGT -
ACCACTTCCGGTGGCTCACAAAGAGCTGCTGTTGCTGCTGCTGCAGCTCGT -
ACCACTTCCGAGCTTCCCRAAACAGCTGCTATTGCTGCAGCTGCTTCACGET -
ACCACTTCGGTGGATCACARRGAGCTGCAGTTGCTGOTGCTGCATCAGGT -
ACCACTTTGGTGGATCACRGAGAGCTGCAGTTECTGCTGCTGCATCCGET -
ACCACTTTGGAGGTTCCCAAAGAGCAGCAGTTGCAGCAGCAGCGGCTGGT -
ACCACTTCGGTGGATCACRGAGAGCAGCAGTTCTCGCAGCAGGTGCAGGT
ACCACTTTGGTGGATCACRRAGAGCAGCAGTTCTTGCAGCAGGTGCAGET -

CTGCTATGGCAACCGGARACGCCGATATCGETET TGTCCATGCTCC
TGTCCATGCTOC
CCGCCTTOGCEACCEETCACGCGCAGHCAGGACT CARCAGTTGETACC TETCGCAGATCC
GCGCTCTTGCAACCGGARACGCARATGCTGGTCT CTCAGGCTGGTACCTCTCCATGTATG
GTGCACTCGGAACTGCARACGCARATGCCGETCT CTCAGGCTGGTACCTCTCCATGTACC
GCTCCCTCCGAACTGCARRCGCARRCGCTGCTCTGTCCGGCTGGTACCTCTCCATGTACT
- - -CAATTGCARCAGGTARCGCARACGCCGGETCTGTCCGGATGCTATCTCTCAATGTACC
- - -CAATTGCAACCGGARACGEARACGCCGETCTGTCCGEATGETACCTTTCAATGTACC
- - - CTCTGCCARCAGGARACCCARACGCTGETCTGTCAGGATGETACCTCTGTATGTACT
- - -CCOTGECAACAGGARRCGEARACGCTAGTCT CTCCGAATGETACCTCTATATATACC
- - -CTCTTGCAACAGGARACGGARACGCTGGTCTTTCCGGATGGTACCTCTGTATGTACC
CTGCGCTGGCCACGGGCAGCTCGAACGCTAGCCTGTCGRCCTGGTACCTGTCCATGTACC
CCGCTCTGECGACTGGTARCTCGAACGCTGGCCTGTCGGCCTGETACCTGTCCATGTACT
CCGCTATCGCGACCGGTARCTCCARCGCTGGECCTGTCCGGCTGETACATGTCARTGTACC
CATCRATCGCRACAGGTARCTCCAACGCAGGTCTCAACGCATGGTACCTTTCGATGCTCA
CCTCGATCGCRAACCGGARACTCCARCGCCGETCT GCCTGETACCTCTGCATGCTCC
CCTCCATCOCCAACCGGARACTCGRAT G GTCT GGCTGGTATCTCTCCATGCTOC
CCGCCATCGCAACCGGCARCTCCAACGCCGETCT CAACGEATGETATCTCTCGATGCTCC
CCGCCATCGCGACCEEARACTCGAACGCCAGOCTGRACGCCTGGTACCTCTCCATGCTCC
GTTCCATCGGTACCGGARACTCCAATGCCGETCTGARCGEATGGTACCTTTCCATGCTTA
GTTCCATCGGTACCGGARRCTCCARTGCCGGTCTGAACGGATGGTACCTTTCCATGCTTA
CTTCCATTGGTACCGGARACTCCARTGCCGETCTGARCGGATGGTATCTTTICC - -~ - - - -

GGEATGGTAT
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Methanobacterium sp._1_45%_J0Q917190.1/1-452
Methanobrevibacter smithii 1 423 GU385700.1/1-423
Methanobrevibacter oralis 1 414 LKOS54628.1/1-414
Methanobrevibacter rumlnantlum/l 470
Methanobrevibacter_sp. DS mcIA)laEm}d 365_874_KF214818.1/1-488
Methanobrevibacter gottschalkl 1_471_E0919431 1/1 471
Methanobrevibacter boviskoreani 1 424 KC865050.1/1-424
Methanobrevibacter_woesei_1_467_EU919432.1/1-467
Methanobrevibacter_wolinii_1_385_KC865051.1/1-395
Methanobrevibacter arboriphilus 1 414 AF414035.1/1-414
Methanobacterium_movens 673_1133_HM802934.1/1-445
Methanobacterium_thermaggregans_l_d440_AY289750.1/1-440
Methanothermobacter wolfeii_259_719_AB300780.1/1-445
Methanothermobacter tenebrarum 259 723 ABS23786.1/1-449
Methanothermobacter crinale 18_503 HQ2B3274.1/1-470
Methanobacterium aggregans_680_1116_KPO0E500.1/1-411
Methanobacterium_aarhusense 650_11%24_AY386125.1/1-459
Methanobacterium_bryantii 255_719_AF313806.1/1-445
Methanococcus_wvoltae 5430 5930 _X07793.1/1-485
Methanothermococcus_thermolithot_1_414 AF414048. 1/1-414
Methanococcus marlpaludlﬂ 684 1144 AB703537 1/1-445
Methanococcus_vannielii_4514_5014_M16893.1/1-485
Methar:ococcusiaeollcusiliqé47AY354qu 1/1-464
Methanosphaera_sp._1_464_FJ982887.1/1-464
Methanosphaera_stadtmanae_1_d414_AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477

TTGCTTTCCCAACTGGAARCTCCARCGCCGCAAT CAACGEATGETACTTAGCCA-GATCC
CTGCATTOGOTACTGGTAATGC TCARACTGGTTTAAGTGCATGGTACTTAGETATGTACT
CTGCATTTGCTACTGGTAATGCTCARACTGGTTTAAGTGCATGGTACTTATCTATGTATT
CTGCATTCGCAACTGGAAACGCACARACCGGTTTATCTGCATGGTACTTAGCACAATACT
CTGCATTCCCTACTGGTAATGCACARACTGCTTTAACCGCATGGTACTTAGCTATGTALT
CTGCATTCGCTACTGGTAATGCACARACTGGTTTAAGCGGATGGTACTTATCCATGTACT
CTGCATTTCCAACTGGTAACTCTCARACTGCTTTAAGTGCATGGTACTTATCACAATACT
CTGCATTTECTACTEEARATCC TCARACTGETTTAACTGCATGGTACTTATCTCAATACT
CTGCATTTCCTACTGGARATCCTCARACTGCTTTAACTGCATGGTACTTATCTCAATACT
CAGCTTTCGCTACTGEARATTCCCARACTGGTTTARGCGCATGGTAT TTATCTATGTACT
CTGCATTTGCTACTGCTAATGCTCARACTGGTCTAAGTGCATGGTACCTATCTATGTACC
CAGCCTTCCCAACAGCARATCGCCCACACAGCTCTCACTGGATGGTACCTCTCAATGTACC
CAGCATTTGCAACAGGARACGCCCAGACAGCGTCTGACGTGGATGGTACCTTTCAATGTACC
CAGGATTCGCAACAGGARRCTCACAGACCGCATTAAGCGGATGGTACTTGTCAATGTACT
CCGGATTOG CAGG. 'TCAC Co 'T. GGATGGTACCTATCAATGTACC
CAGGATTCCCAACTCGTAACCCTCACACAGETTTARCGCGCATGGTACTTATCCATGTACT
CTGGATTTCOTACTGETARCGCACARACTGCGTTAAGCGGTTGGTATTTATCCATGTACT
CTGCATTTGCAACTGGARATGCACARACTGCTTTAAGTGGATGGTACTTATCCATGTACT
TATGTATGGCAACCGGTARCTCARACGCTGGTGTTAACGACTGGTACTTATCACARATAT
TATGTATCCCTACAGGAAARCTCARACGCTGCTGTTAACGGCTGGTACTTARGCCAAATCA
TATGTATCCCAACAGGARRCTCAMACGCTGCTCTARACGGCTGCGTACTTATCACAAATCT
TATGTATGCCAACAGCTARCTCARACGCTGCTGCTARACGGCTGGTACTTATCACARATAT
TATGTATGGCAACAGGAARCTCAMATGCAGGAGTTAATGGATGGTATTTAGC - CAAATAR

TAGCATTCGCAACTGCTAACTC TAACGCAGCGTGTARACGGATGGTACTTAAGTCAATTAT
TAGCATTCCCAACTGCTARCTCTAACGCAGCTECTARATGEATGETACTTARGTCAATTAT

AGCACAACCACGAGGACCGGAAGGCTCGGATTCTACGCATTCCATCTGCAGGATCAGTGLCG

Methanomassiliicoccus luminyensis_1 456 strain_B10_HQ896500.1/1-455 AGCACAAGGAGAGGCACGGACGCCTTGGCTTCTACGECTACGACCTGCAGGACCAGTGLG

Methanopyrus_kandleri 1_414_AF414042.1/1-414
Methanosgarcina wmazei MHO004454.1 RCompl 1 433/1-433
Methanosarcina_horoncbensis 256 737 _AB288266.1/1-466
Methanosarcina_subterranea_259_740_AB2ZB8268.1/1-466
Methanolobus_oregonensis_1_490_U22242.1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_490_U22243.1/1-474
Methanolobus_profundi_687_1168_AB703625.1/1-466
Methanoleobus vulecani 1 490 U22245.1/1-474
Methanocella conradii 1 465 _JNOB1865.1/1-450
Methanocella sp. 279 692 KJ441441.1/1-398
Methanocella_paludicola_240_681_AB300467.1/1-426
Metharomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl_ 1 436 MHO04450.1/1-436
Methanoculleus_palmolei_255 743_AB200784.1/1-469
Methanoculleus_bourgensis_258_743_RB300787. 1/1-469
Methanoculleus chikugoensis . 259 743 _AB300779.1/1-469
Methanogenium organophilum_1 501 _DQ229160.1/1-487
Metharogenlum7b00151715752E7DQ229151 1/1-490
Methanogenium_cariaci_1_433_D0229157.1/1-420
Methanobacterium_sp._1_452_JQ917190.1/1-452
Methanobrevibacter smithii 1 423 GU385700.1/1-423
Methanobrevibacter_oralis_1_414_LK054628.1/1-414
Methanobrevibacter_ruminantium/1-470
Methanobrevibacter sp. DS _mcrA plasmid_365_874 KF214818.1/1-488
Methanobrevibacter got[sr‘ha”ﬂl 1 471 EUS19431.1/1-471
Methatobrevlbacteribovlskorean17174247KC855050_1/1 424
Methanobrevibacter woesei_1_467_EU3919432.1/1-467
Methanobrevibacter_weolinii_1_395_KC865051.1/1-395
Methanobrevibacter arboriphilus_l_414 AF414035.1/1-414
Methanobacterium_movens_673_1133_HM802534.1/1-445
Methanobacterium_thermaggregans_1_440_AV289750.1/1-440
Methanothermobacter wolfeii 259 ° 719 AB3007BD 1/1-445
Methanothermobacter tenebrarum 259 723 ABS523786.1/1-449
Methanothermobacter crinale 18_503 HQ2B3274.1/1-470
Methanobacterium_aggregans_690_1116_KP006500.1/1-411
Methanobacterium_aarhusense_650_1124_AY386125.1/1-459
Methanobacterium bryantii 259 719 _AF313806.1/1-445
Methanococcus_voltae_5430_5930_X07793.1/1-485
Methanothermococcus_thermolithot_1_414_AF414048.1/1-414
Methanococcus_maripaludis 684_1144 AB703637.1/1-445
Methanococcus wvannielii 4514 5014 M168%3.1/1-485
Methanococcus_aeolicus_1 464 AY354034.1/1-464
Methanosphaera_sp._1_464_FJ382887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

Methanopyrus_sp._18_510_KC618341.1/1-477

Methanomassiliicoccus_luminyensis_1 456 _strain B10_HQ856500.1/1-455 GTTCCECCRACTCGTTCECCT - ACAGGAGCEACGACE -

Methanopyrus kandleri 1 414 AF414042.1/1-414
Methanosarcina mazei MHO004454.1 RCompl 1 433/1-433
Methanosarcina_horoncbensis_256_737 AB288266.1/1-466
Methanosarcina_subterranea 259 _740_AP288268.1/1-466
Methanolobus_oregonensis_1_450 U22242 1/1-474
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobue_taylorii_1_430_U22243. 1/1-474
Methanolobus_profundi_687_ 1168 _ABT03629.1/1-466
Methanolobus vulcani 1 490 _U22245.1/1-474
Methanocella_conradii_1_465 JNOB1B65.1/1-450
Methanocella_sp._279_692_¥KJ441441.1/1-398
Methanocella_paludicola_240_681_AB200467.1/1-426
Methanomicrobium mobile 1 438 AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 _MHO04450.1/1-436
Methanoculleus_palmolei_255 743_AB200784.1/1-469
Methanoculleus_bourgensis_259_743_AB300787.1/1-469
Methanoculleus_chikugoensis_259 743 AB300779.1/1-469
Methanogenium_organophilum_1_S01_DQ229160.1/1-487
Methanogenium_boonei_15_520_DQ229161.1/1-490
Methanogenium cariaci 1 423 _DQ229157.1/1-420
Methanobacterium sp. 1 452 JQ9L17190.1/1-452
Methanobrevibacter smithii 1 423 GU385700.1/1-423
Methanobrevibacter_oralis_1_414_LK0S4628.1/1-414
Metharnobrevibacter ruminantium/I-470
Methanobrevibacter sp. DS mcorA plasmid 365_874 KF214818.1/1-488
Methanobrevibacter_gottschalkii_1_471_EU915431. 1/1-471
Methanobrevibacter boviskoreani_ 1 424 KC865050.1/1-424
Methanobrevibacter woesei_ 1 467 _EUS19432.1/1-467

TGCACARCCAGGCTCACGGTCCTCTAGCGATTCTACGEGCTACGCCCTACAGGACCAGTGTG
TCCACAAGGALGLATGGGEECAGACTCGEATTCTTCGETTTCGACCTGCAGGATCAGTGTE
TGCACARGGRAGCATGGGGCAGACTCGGATTCTTCGGATACGACCTCCAGGACCAGTGCG
TGCACARCCAAGCATGGEECCETCTCGECTTCTTCGEATACGACCTGUAGGACCAGTGCG
TGCACAAGGAAGCACACGGTCGTCTTGGCTTCTTCGGATACGACCTGCAGGACCAGTGTG
TGCACARGGRAGCACTCGGRAGACTCGGTTTCTTCGGATACGACCTGCAGGACCAGTGTG
TGCACAAGGAAGCACTCGGAAGACTCGGTTTCTTCGGATACGACCTGCAGGACCAGTGTG
TCCACARCCAAGCACACGGCCCTCTCGGTTTCTTCGCATACGACCTCGCACGACCAGTGTC
TCCACAAGGARGCACACGGLCGTCTCGETTTCTTCGGATACGACCTGCAGGACCAGTGTG
TGCACAAGCAGGCATCGGEECAGECTCEECTTCTTCGECTATGACCTGCAGGACCAGTGOG
TGCACAAGGAAGUATGGEECAGGCTGGECTTCTTC TACGACCTGCAGGACCAGTGOG
TGCACARGCGAAGCATGGGGCAGGCTGGGCTTCTTCGGCTACGACCTGCAGGACCAGTGCG
TGCACARCCCGAGGOTEAT CACGTCTCGEATTOTTCGCATACGATCTTCAGGACCAGTECG
TGCACARGGRAGGCTGGTCACGTCTCGGATTCTTCGGATACGACCTGCAGGACCAGTGCG
TGCACARCCACGGATGGTCCCCTCTCGCATTCTTCGECTACGACCTCCACGGACCAGTGCG
TGCACARCCACGGCTGGTCGCGTCTCGGCTTCTTCGECTACGACCTCCAGGACCAGTGLG
TGCACAAGGACGGATGGT CGCGTCTCGGCTTCTTCGECTACGACCT CCAGGACCAGTGCG
TGCACRAGGARGGATGAT CACGTCTTGETTTCTTCGGATACGATCTTCAGGACCAGTGTG
TGCACAAGGAAGGCTGGTCACGTCTTGGTTTCTTCGEGATACGATCTTCAGGACCAGTGTG

TACACAAARGAARGCCCACAGCCGACTTGGTTTCTACGETTACGACCTGCAGGACCAGTETG
TACACAARGAACAACATT CCAGATTAGGTTTCTACGGATACGATTTACAAGAT CAATGTG
TACACAAACAACAACATTCCAGATTAGCGTTTCTATGCTTTCGATTTACRAAGATCAATGTG
TACACARACAACARACATTCCACGATTAGCATTCTACGETTACCGACTTCCAAGATCAATGTC
TACRCAARGAACARCACT CCAGATTAGGATTCTACGETTTCGATTTACRAGACCARTGTG
TACACAAAGAACAACATT CCAGATTAGETTTCTACGETTTCGATTTACAAGATCARTGTG
TACACAARGARCAACACT CCAGATTAGGATTCTATGGT TACGATTTACAAGATCAATGTG
TACACAARCAACAACATTCCAGATTAGGTTTCTATGETTACGAT TTACRAGATCAATGTG
TACACAARGAACAACATTCCAGATTAGGTTTCTATGGTTACGATTTACAAGATCAATGTG
TACACARAGRACAACACTCTAGATTAGGATTCTATGGTTACGATTTACRAGATCAATGTG
TG CANC, CT CACTTGEATTCTAC TACGATCT TCAGTGTCG
TGCACARCCAACAGCACTCAAGGCTCGCGATTCTATGETTACGACCTCCACGGACCAGTGTC
TCCACAAGGAACAGCACT CCAGGCTTGGAT TCTATGET TACGACCTGCAGGACCAGTGOG
TACACAAGGAGCAGCACGCAAGACTTGGATTCTACGGATACGACCTCCAAGACCAGTGTG
TACATARAGAACAGCACGCAAGACTCGGATTTTATGGATACGACCTACAAGACCAGTGTG
TACARCAAARGAACAGCACT CACGTCTTGGTTTCTACGCATACGACCTTCAGGATCAGTGTG
TGCACAARGRACAACACT CCAGACTCGGTTTCTATGGATACGACCTTCARGATCAGTGTG
TACACARAGRACAGCATTCCAGACTCGGATTCTACGGATACGACCTTCAGGATCAGTGTG
TACACAARACAATACCACAGCAGACTTGCGATTCTACGETTACCGACTTACAAGACCAATGTC
TGECACARACGAATACCACAGCAGACTTGEATTCTACGEATACGACTTACAAGACCAGTETE
TACACAARGAATACCACAGCAGACTCGGATTCTACGETTACGACTTGCAGGACCAGTGTG
TACACARAAGAATACCACAGTAGACTTGGAT TCTATGGT TACGACTTGCAGGACCAATGTG
TGCATAARACAATACCACAGTAGGTTAGGATTCTACGGATACGACTTACAAGACCAGTGTG
TACATAAAGAAGGACACAGCAGATTAGGAT TCTACGET TACGACTTACAAGAT CAATGTG
TACATAARGAAGGTCACAGTAGATTAGGATTCTATGETTACGACTTACRAGATCARTGTG

GTTCTTCCAACTCGTTCTCCT - ACACGGTCCCGATGAGE -

-G-----TCT

GTGCGECCAACTCGCTEAGHG - TGAGGAGUGACGAGG -
GTGCCACABRACGTTCTGTCOT - ACCAGGECGACGARG -
GTGCTACAAACGTTCTGTCOT - ACCAGGGCGACGAAG -
GTGCCACARACGTTCTGTCCT - ACCAGGGCGACGARG
GTGCCACARACGTTCTCTCAT-ACCAGTCCGACGARG
GTGCTACARACGTACTCTCCT - ACCAGTCCGACGRARS
GTGCAACARACGTTCTCTCAT - ACCAGTCCCACGRAAS
GTGCTACARACGTACTCTCAT - ACCAGTCCGACGARG
GTGCTACARACGTACTCTCAT - ACCAGTCCGACGARG -
GTGCCACCAACGTGTTCTCCT-GCCGCTCCGACGAGE
GCGCGACCARCGTGTTCTC
GTGCGACCARCGTGTTCTCGT -GCCGCTCTGATGAGS -
GTTCEGCARACTCACTCTCTA - TGGAGCCTGATCGCG -
GTTCCACCARCTCGCTCTOTG - TCAGGCCTGACGAGE -
GCTCCGCARACTCGCTCTCCA - TCCOTGGACACGAGE -
GOTCTGCARACTOGCTCTCOCA-T-
GGTCCGCGAACTCCCTCTCCA-T-
GTTCAGCARACTCACTCNCTA-TGGACGCAGACCGLG
GTTCAGCAAACTC - CCTTTCATTGGAGCCTGACCGCS
GTTCAGCARACTC - CTCTCCA- TGGAGCCTGACCGCS
GAGCATCCARCTCTCTCTCCA- TCAGGAGTCACGARS
GTGCAGCTRRCGTATTCTCCA-TCAGARATT - TGARG -
GTGCTGCTAACGTATTCTCTA - TCAGARACGATGARG -

-AGTCCGACCGCG

GTGCTGCTARCACATTCTCCT - TCAGAARTGATGARG -
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Methanobrevibacter_wolinii_1_385_KC865051.1/1-395
Methanobrevibacter arboriphilus_1_414 AF414035.1/1-414
Methanobacterium movens 673 1133 H’\1802934 1/1-445
Methanobacterium thermaggregans_l_440_AY289750.1/1-440
Metharothermobacter wolfeii 253 718 AB300780.1/1-445
Methanothermobacter_tenebrarum_259_723 AB52378B6.1/1-449
Methanothermobacter crinale 18 503 HQ283274.1/1-470
Methanobacterium_aggregans_690_1116_KPO0E500.1/1-411
Methanobacterium_aarhusense_650_1124_AY386125.1/1-459
Metharobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_voltae 5430 _5930_X07793.1/1-485
Methanothermococcus_thermolithot_1_414_AF414048.1/1-414
Methanococcus_maripaludis_684_1144 _AB703637.1/1-445
Methanococcus_vannielii 4514 5014 _M16893.1/1-485

Methanococcus_aeolicus_1 464 AY354034.1/1-464 GAGCTTCARACTCATTAT CTA-TTAGAAATGACGAAT - -
Methanosphaera_sp._1_464_FJ$82887. 1/1-464 GATCATCCAACTCACTCTCCG - TAGCAAGTCACGARCCACTTA --
Methanosphaera_stadtmanae_1_414 AF414047.1/1-414 GATCATCCAACTCACTCTOTG - TAAGAAGTGATGRRAGCACTTA -

Metharopyrus_sp. 18_510_KO618341.1/1-477
Methanomassiliicoccus luminyensis_1_456_strain_B10_HQ896500.1/1-455
Methanopyrus_kandleri 1 414 AF414042 1/1-414

Methanosarcina_mazei MH004454 1_RCompl_1_433/1-433
Methanosarclnaihoronobens15725577377AE258255 1/1-4686
Methanosarcina_subterranea_259_740_ABZB8268.1/1-466 CCCRGACGARCTCCGTGG - -
Methanolobus_oregonensis_1_480_U22242.1/1-474 - GGCACTTGAACTGCGTGGACCAAACTA-TCCA~
Methanolobus_zinderi 256 745 EU715818.1 RCompl/1-474 - GUCAGTTGAACTCCGTGGACCAA-CTA-CCCAA
Methanolobus_taylorii_1_4380_U22243. 1/1-474 == =-GGCTCTTGAACTGCGTGGACCAAACTA-TCCA-
Methanolobus_profundi_ 587 1168 _AB703629.1/1-466
Metharolobus _vuleani 1_490_U22245.1/1-474
Methanocella conradii 1 465 JN0OB1865.1/1-450
Methanocella sp. 279 692 _KJa41441.1/1-398
Methanocella_paludicola_240_681_AB300467.1/1-426
Methanomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 _MH004450.1/1-4386
Methanoculleus_palmolei_25% 743 _AB300784.1/1-469
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus_chikugoensis 259743 AB300775.1/1-469
Methanogenium organophilum 1_501_DQ229160.1/1-487 --
Methanogenium boonei 15 520 _DQ229161.1/1-490 -
Methanogenium_cariaci_1_433_DQ229157.1/1-420 -
Methanobacterium sp._1_452_J0917190.1/1-452 -
Methanobrevibacter smithii_ 1 423 GU385700.1/1-423 -
Methanobrevibacter_oralis_1_414_LK054628. 1/1-414 -=

CATGCGCGAACTGCETGCACCTAACTA-TCCGACTACGCCATGA - -
GATGGGCGAACTCCGTGGACCAAACTA-TCCGACTACGCCATGAA-
GATGGGCGAACTCT - TGGACCAA-CTA-TCCAACTACGCCATGA - -
GATCCACGRACTACGTGETCCTAACTATCCCAACTACGCCATGAR -

ACCACTTGAAATGACAGGCCCT - -

Methanobrevibacter ruminantium/I-470 - - - -ACCACTTGAATTAAGAGGACCTAACTATCCTAACTATGCARTCAA - --
Methar‘obrevlbacterisp _ D5 merA plasmid 365 874 KF214818.1/1-488 - ACCACTCGAAATGAGARGGACCAARCTATCCTARCTACGCAATGRA - - - CGTGGTAC
Methanobrevibacter gottschalkii 1 471 EU919431.1/1-471 - ACCACTCGRAATGA ACCAARCTACCCAAAC TACGCAATGAN -
Methanobrevibacter boviskoreani 1_ 424 KCB65050.1/1-424 - - - -ACCACTTGAAATGAGAGGTCCTARCTACCCTAACTACGCANTGREA -

Methanobrevibacter_woesei_1_467_EU919432.1/1-467
Methanobrevibacter_wolinii_l_395_KC865051.1/1-335
Methanobrevibacter arboriphilus 1 414 AF414035.1/1-414
Methanobacterium_movens_673_1133_HM802934.1/1-445
Methanobacterium_thermaggregans_l_d440_AY289750.1/1-440
Methanothermobacter wolfeii 255 715 AB300780.1/1-445 -
Methanothermobacter tenebrarum 259 723 ABS23786.1/1-449 -
Methanothermobacter _crinale_18_503_HQ2B3274.1/1-470 -
Methanobacterium_aggregans_690_1116_KPO0E500.1/1-411
Methanobacterium_aarhusense_650_1124_AY386125.1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus_woltae_5430_ 55930, _X07793.1/1-485
Methanothermococcus thermollthot 1_414_AF414048. 1/1-414
Methanococcus marlpaludls 684 1144 AB703537 1/1-445
Methanococcus_vannielii_4514_5014_M16893.1/1-485 -
Methanococcus_aeolicus_1 464 AY354034.1/1-464 -
Methanosphaera_sp._1_464_FJ382887.1/1-464
Methanosphaera_stadtmanas_1 414 AF414047.1/1-414

GCCACTGGAGCTTCGTGGA - CCTA-
ACCATTAGAGGCAAGEGGAGCCAR-
ACCATTAGAGGCAAGAGGAGCCARTTATCCAAACTACGCAATGAA-

ACCTCTTGAATTARGGEGGGCCTARCTACCCTAACTACGCAATGAA -
ACCATTGGAATTARGAGGTCCAARCTACCCTAACTACGCAATG- -
-GRATTARGRGGTCCTAACTATCCTARCTATGCAATG
~GARATTARGRGGTCCTAACTAC

Methanopyrus_sp._18_510_KC618341.1/1-477
Metharomassiliicoccus luminyensis_1_456_strain_B10_HQ896500.1/1-455
Methanopyrus kandleri 1 414 AF414042.1/1-414
Methanosarcina mazel MHO04454.1 RCompl 1 433/1-433
Methanosarcina_horoncbensis 256_737 AB288266.1/1-466
Methanosarcina_subterranea_25%_740_RB2B8268.1/1-466
Methanolobus_oregonensis_1_490_U22242.1/1-474
Methanolobua zinderi 256 745 EU715818.1 RCompl/1-474
Methanolobus_taylorii_1_490_U22243.1/1-474
Methanolobus_profundi_687_1168_AB703625.1/1-456
Methanolobus vulcani 1 490 U22245.1/1-474
Methanocella conradii 1 465 JN0OB1865.1/1-450
Methanocella_sp. 279 692 KJ441441.1/1-398
Methanocella_paludicola_240_681 AB200467.1/1-426
Methanomicrobium mobile_1_438_AF414044.1/1-438
Methanoculleus marisnigri RCompl 1 436 MH004450.1/1-438
Methanoculleus_palmolei_259 743_AB200784.1/1-469
Methanoculleus_bourgensis_255_743_AB300787.1/1-469
Methanoculleus chikugoensis 259 742 AB300773.1/1-469
Methanogenium_organophilum_l_501_DQ229160.1/1-487
Methanogenium_boonei_15_520_DQ225161.1/1-4590
Methanogenium_cariaci_1 433 _DO229157.1/1-420
Methanobacterium sp. 1 452 JQ917190.1/1-452
Methanobrevibacter smithii 1 423 GU385700.1/1-423
Methanobrevibacter_oralis_1_414_LK054628.1/1-414
Methanobrevibacter ruminantium/1-470
Methanobrevibacter sp. D5 _morA plasmid 365 874 KF214818.1/1-488
Methanobrevibacter gottschalkii 1 471 EU919431.1/1-471
Methanobrevibacter_boviskoreani_1_424_ KC865050. 1/1-424
Metharobrevlbacteriwoese' 1 467 EU919432.1/1-467
Methanobrevibacter wolinii_1 395 KC865051.1/1-395
Methanobrevibacter arboriphilus 1 414 AF414035.1/1-414
Methanobacterium _movens_673_1133_HM802534,1/1-445
Metharobacterium thermaggregans 1 440 AY289750.1/1-440
Methanothermobacter wolfeii 259 719 AB300780.1/1-445
Methanothermobacter tenebrarum 259_723_AB523786.1/1-44%
Methanothermobacter crinale 18 503 HQ283274.1/1-470
Methanobacterium_aggregans_690_l116_KP006500.1/1-411
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Metharobacterium aarhusense 650 1124 AY386125.1/1-459
Methanobacterium bryantii 259 719 AF313806.1/1-445
Methanococcus voltae 5430 _5930_X07793.1/1-485
Methanothermococcus_thermolithot_1_414_AF414048.1/1-414
Methanococcus_maripaludis_684_1144_AB703637.1/1-445
Methanococous_vannielii 4514 _5014_M16893.1/1-485
Methanococcus_aeolicus_1_464_A¥354034.1/1-464 --
Methanosphaera_sp._1_464_FJ982887.1/1-464
Methanosphaera_stadtmanae_1_414_AF414047.1/1-414

AGGTCACCARGGGAGA- -

Table S2: Multiple alignments of the mcrA sequence fragment of 26 Methanobrevibacter and

environmental species; nucleotides in bold represent the target of the mcrA_F3 primer.

CLUSTAL

g1309253887/1-472
gi1930068978/1-469
gi930068946/1-466
gi1954036668/1-468
gi1930068996,/1-469
g1428274410/1-489
gi1954036662/1-94
g1954036666/1-486
g1930068992/1-487
g1930068990/1-487
g1950655841/1-488
gi1930068952/1-487
g158615486/1-470
gi5616127/1-466
gi82492006/1-464
gi262358095/1-470
gi629633272/1-472
g1629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi1629633278/1-472
gi145370874/1-445
gi311141403/1-440
gi629633284/1-466
g1629633280/1-466

gi309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
gi930068996/1-469
gi428274410/1-489
gi954036662/1-94
gi954036666/1-486
gi930068992/1-487
g1930068990/1-487
g1950655841/1-488
gi930068952/1-487
gi58615486/1-470
gi5616127/1-466
giB82492006/1-464
gi262358095/1-470
gi629633272/1-472
gi629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gi145370874/1-445
gi311141403/1-440
gi629633284/1-466
gi629633280/1-466

g1309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
gi930068996/1-469
gi428274410/1-489
gi954036662/1-94

gi954036666/1-486
gi930068992/1-487
gi930068990/1-487
gi950655841/1-488
gi930068952/1-487

GGTGGCGTCCGATTCACAATGTATGCAACACCAGCATACACCAATGATATCGTCGATCAC
GGTGGTGTCGGGTTCACACAGTATGCAACCGCAGCATACACCGACAACATCCTCGATGAC
GGTGGTGTCGGGTTCACACAGTATGCAACCGCAGCATACACCGACAACATCCTCGACGAC
GGTGGTGTCGGATTCACCCAGTATGCAACCGCTGCATACACCGACAACATCCTTGACGAC
GGTGGTGTCGGATTCACCCAATATGCAACCGCTGCATACACCGACAACATCCTCGATGAC
GGTGGTGTCGGATTCACCCAGTATGCAACAGCCGCATACACCGACAATATCCTCGATGAG
GGTGGTGTCGGCTTTACCCAGTATGCAACAGCTGCATACACCGACGATATCCTCGACAAC
GGTGGTGTCCGCTTTACCCAGTATGCAACAGCTGCATACACCGACGATATCCTCGACAAC
GGTGGTGTCGGCTTTACCCAGTATGCAACAGCTGCATACACTGACGATATCCTCGACARC
GGTGGTGTCGGGTTCACTCAGTATGCAACAGCTGCATACACTGATGATATCCTCGACAAC
GGTGGCGTCGGGTTCACCCAGTATGCAACAGCTGCATACACCGATGACATCCTCGACAAC
GGTGGTGTCGGGTTCACTCAGTATGCAACAGCTGCATACACTGATGACATCCTTGACAAC
GGTGGTGTCGGATTCACGCAGTACGCAACAGCAGCATACACCAACGATGTGCTGGATGAC
GGTGGTGTCGGATTCACGCAGTACGCAACAGCGGCATACACGAACGATGTCCTGGATGAC
GGTGGTGTAGGATTCACACAATATGCTACAGCAGCATATACTGATAATGTATTAGATGAC
GGTGGTGTAGGATTCACACAGTATGCAACAGCAGCATATACTGATAATGTATTAGATGAC
GGTGGTGTAGGATTCACACAATATGCTACTGCAGCATACACTGATAATGTATTAGACGAC
GGTGGTGTAGGATTCACTCAATATGCTACTGCAGCATATACTGATAATGTATTAGACCAC
GGTGGTGTAGGATTCACCCAATACGCAACCGCAGCATACACTGACGACGTATTAGATGAC
GGTGGTGTAGGATTCACACAGTATGCTACAGCAGCATATACTGATAATGTTCTTGATGAC
GGTGGTGTAGGATTTACTCAATATGCTACCGCAGCATATACTGATAATGTATTAGATGAC
GGTGGTGTTCGATTTACTCAATACGCATCTGCAGCTTATACTGACAATATTCTTGACGAT
GGTGGTGTTGGATTTACCCAATACGCATCTGCAGCTTATACTGACAATATTCTTGACGAT
GGTGGTGTTGGTTTTACACAATATGCTAGTGCAGCTTATACTGATGATATCCTTGACGAT
GGTGGTGTAGGATTTACTCAATATGCAAGTGCAACATATACTGATGATATATTAGATGAT

TTCCTGTACTGGGGCAACGACTATGCAGCAAAGAA - -ATA- --CGGC----~ GG------
TACTGCTACTACGGTATGGACTATATCAAGTCCAA- -GTT---CGGT----- GG------
TACACCTACTACGGTATGGACTATGTCAAGTCCAA- -GTA---CGGT--~--~ GG------
TACTGCTACTATGGTCTTGACTATGTCAAGAAGAA - -CCA- --CGGT---~-~ GG------
TACTGTTATTACGGTCTTGACTATGTCAAGAAGAA - -ACA- --CGGT--~~~ GG------

TTCTGCTACTATCGTATCCACTACATCAAACACAAGTACA- - -AGCTCCACTCG- - - - - -
AGCGTGTACTACAACATCGACTACATCARCGACA -~~~ ———=——— ===~ —————— -~

AACGTGTACTACAACATCGACTACATCAACGACAA--GTA---CARA----- GGTGCTGC
AACGTGTACTACAATGTCGACTACATCAACGACAA--GTA- --CARA----~ GGTGCTGC
AACGTGTACTACAACGTCGACTACATCAACGACAA--GTA- --CAAG----- GGTGCTGC
AACACCTACTACAACGTTGACTACATCAACGACAA--GTA---CARC----- GGTCGCTGC
AACGTGTACTATGATGTAGACTACATCAACCAGAA--GTA---CAAC----~ AATGCTGC

TTCACGTACTACGGATACGACTACGCACTGAACAA- -GTA- --CGGA-----
TTCACGTACTACGGATACGACTACGCACTGAAGAA--GTA- --CGGA--
TTCACTTACTTCGGTAAAGATTATGTTGAAGATAA - -ATACGG---T--
TTTACTTATTATGGTAAAGCTTATGTCGAAGCTAA- -ATATGG---A--
TTCACCTACTACGGTAAAGACTACGTCGAAGACAA- -ATACGG---A-----
TTCACCTACTATGGTAAAGACTACGTCGAAGACAA- -ATACGG---C-----
TTCACCTACTACGGTAAAGACTACGTAGAAGACAA - -ATACGG---T----~
TTTGCTTACTATGGTAAAGATTATGTAGAAGATAA- -ATATGG---T-----~-------~

TTCTCTTACTTCGGTAARGATTATGTAGAAGACAA--ATACGG---T----~- GG------
TTCTTATACTATGGTAAAGAATATGTCGAAGACAA--ATT------ T----- GG------
TTCTTATACTATGGTAAAGAATATGTCGAAGACAA- -ATT-----~ T----- GG------
TTCATTTATTATGGAATGGATTATGTCGAAAAGAA--TTA-----~ T----- GG------
TTTATTTACTATGGAAARGATTATGTAGAGARAAA--TTA------ T-==-= GG------
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gi58615486/1-470
gi5616127/1-466
giB2492006/1-464
gi262358095/1-470
gi629633272/1-472
gi629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gil45370874/1-445
9i311141403/1-440
gi629633284/1-466
gi629633280/1-466

g91309253887/1-472
gi1930068978/1-469
g1930068946/1-466
gi954036668/1-468
g1930068996/1-469
gi1428274410/1-489
gi1954036662/1-94
gi1954036666/1-486
g1930068992/1-487
gi1930068990/1-487
g1950655841/1-488
gi930068952/1-487
gi58615486/1-470
gi5616127/1-466

g182492006/1-464
9i1262358095/1-470
gi629633272/1-472
gi629633282/1-472
g1334085683/1-468
gi217792440/1-467
91498543114/1-395
gi1629633278/1-472
91145370874 /1-445
9i311141403/1-440
gi629633284/1-466
g1629633280/1-466

gi309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
g1930068996/1-469
gi428274410/1-489
gi954036662/1-94
gi954036666/1-486
gi930068992/1-487
g1930068990/1-487
gi950655841/1-488
gi930068952/1-487
gi58615486/1-470
gi5616127/1-466
g182492006/1-464
gi262358095/1-470
gi629633272/1-472
gi1629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gil45370874/1-445
gi311141403/1-440
gi629633284/1-466
gi629633280/1-466

————— CATTGACACTGTAAAGGATATCGCTACAGAAACAACTCTGTACGGTCTTGAAGCA
- -CAGGACGCAGTCAACGATGTTGCAACTGAAGTCACCCTCTACGGTATGGAACAG
------ CAGGACGCAGTCAACGATGTTGCAACTGAAGTCACGCTCTATGGTATGGAACAG
————— CCAGGAAGTTATCAACGACATTGCAACCGAAACCACGCTCTACGGTATGGAACAG
fffff CCAGGAAGCAGTTACTGACATTGCAACCGAGGCTAACCTCTACGGTATGGAACAG
fffff CCAGGAAGTCGTCAACGACATTGCAAGCGAGGTCAACCTCARCGGTATGGAACAG
————— CCTCGAAGTCGTARAGGACATTGCAARCCGAGTCCACACTCTACGGTATCGAGACC
————— CCTCGACGTCGTAAAGGACATTGCAACCGAGTCCACACTCTACGGTATCGAGACC
fffff TCTCGAAGTCGTAAAGGACATTGCAACTGAGTCCACAATCTACGGTATCGAGACC
----- CCTCGACGTCGTAAAGGACATCGCAACCGAATCCACAATCTACGGTATCGAGACC
----- CCTCGAAGTCGTAAAGGACATCGCAACCGAGTCCACAATCTACGGTATCGAGACA
AACGACCTTGCAACCGCAACCGACCTTGCAACCGAGGTTACCTTARACGCTATGGAGTGC
ARCGACCTTGCAACCGCAACCGACCTTGCAACCGAGCTTACCTTGAACGGTATGGAGTGC
----- TATGGATACTGTTTTAGATGTTGGTACTGAAGTTGCATTCTATGCATTAGAACAR
fffff CATGGATACTGTACTTGATGTAGGTACTGAAGTACGCATTCTACGCATTAGAACAR
- CATGGACACCGTTCTTGATGTAGGTACTGAAGTAGCATTCTACGCATTAGAACAA
fffff CATGGACACTGTTTTAGATGTTGGTACTGAAGTAGCATTCTACGCATTAGACCAA
————— CATGGACACTGTTCTTGATGTAGGTACTGAAGTTACTTTCTACTCCTTAGAACAA
fffff CATGGACACTGTTCTTGATGTTGGTTCTGAAGTTACCTTCTACGGATTAGAACAA
fffff CATGGACACTGTTCTTGATGTTGGTTCTGAAGTTACCTTCTACGGATTAGAACAA
————— CATGGACACTGTTCTTGATGTAGGTTCTGAAGTAGCATTCTACTCCTTAGAACARA
fffff CATGGACACTGTTCTTGATGTAGGTTCTGAAGTAACTTTCTATGGATTAGAACAA
fffff CATGGACACTCGTTCTTGATGTAGGTTCTGAAGTAACTTTCTATGGATTAGAACAR
————— TATGGATACTGTACGTGATATATCTACTGAAGTAACCCTTTATGGTTTAGAACAG
fffff CTTTGATAATGTAAAGGATATTGCTACTGAAGTTACAATTTATGGTTTAGAACAG

TACGAGAAATACCCAACCACACTGGAAGACCATTTCGGTGGTTCACAGAGAGCAACAGTC
TACGAGCAGTACCCGACTGCACTCGAGAGCCACTTCGATGGETCACAGCGTGCATCCGTC
TACGAGCAGTACCCGACTGCACTCGAGAGCCACTTCGGTGGGTCACAGCGTGCATCCGTA
TACGAACAGTACCCGACCACCCTCGAGAGCCACTTCGGCGGTTCCCAGCGTGCATCCGTC
TACGAACAGTACCCGACCGCACTCGAGAGCCACTTCGGCGGTTCCCAGCGTGCCTCCGTC
TACGAACAGTACCCGACCATGCTTGRAGACCACTTCGGTGGCTCACAGCGTGCAAGTGTC
TACGAAAAGTTCCCAACTGCCCTTGAAGACCACTTCGGTGGGTCCCAGAGAGCAACCGTG
TACGAAAAGTTCCCAACTGCCCTTGAAGACCACTTCGGTGGATCCCAGAGAGCAACCGTG
TACAAGAAGTTCCCGACTGCCCTTGAAGACCACTTCGATGGATCCCAGAGAGCAACCGTG
TACGAGAAGTTCCCGACTGCCCTTGAAGACCACTTCGGAGGTTCCCAGAGAGCAACCGTG
TACGAGAAGTTCCCAACAGCCCTTGAAGACCACTTCGGTGGTTCCCAGAGAGCAACCGTG
TACGAGGACTACCCAACGCTTCTTGAGGACCACTTCGGTGGATCGCAGCGTGCAGGTGTC
TACGAGGACTACCCAACGCTTCTTGAGGACCACTTCGGTGGATCGCAGAGAGCGGGAATC
TACCGAAGAATACCCAGCATTACTCGAAACTCACTTCGGTGGATCTCAAAGATCATCTGTT
TATGAAGAATATCCGGCATTACTCGAAACTCACTTTGGCGGATCTCARAGATCTTCAGTT
TACGAAGAATACCCAGCTTTACTTGAAACTCACTTCGGTGGATCTCARAGAGCTTCCGTT
TACGAAGAATACCCAGCTTTACTTGAAACCCACTTCGGTGGATCTCAAAGAGCTTCCGTT
TACGAAGAATACCCAGCTTTACTCGAAACTCACTTCGGTGGATCTCAAAGAGCTTCCGTT
TATGAAAAATTCCCTGCATTACTTGAAACTCAATTCGGTGGATCCCARAGGGCTGCTGTT
TATGAAAAATTCCCTGCATTACTTGAAACTCAATTCGGTGGATCCCAAAGGGCTGCTGTT
TACGAAGAATACCCAGCTTTACTTGAAACCCACTTCGGTGGTTCTCAAAGAGCTGCTGTT
TACGAAGAATATCCTGCATTACTTGAAACCCAATTCGGTGGTTCTCARAGAGCATCTGTT
TACGAAGAATATCCTGCATTACTTGAAACCCAATTCGGTGGTTCTCARAGAGCATCTGTT
TATGAG- -ATACCTA-CTCTTTTAGAAACTCACTTTGGTGGTTCTCAAAGAGCATCAGTT
TACGAA--ATCCCAA-CATTACTTGAAGACCATTTCGGTGGCTCTCARAGAGCATCGGTT
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gi309253887/1-472
g1930068978/1-469
gi930068946/1-466
g1954036668/1-468
gi930068996/1-469
gi428274410/1-489
g1954036662/1-94
gi954036666/1-486
g1930068992/1-487
gi930068990/1-487
g1950655841/1-488
g1930068952/1-487
gi58615486/1-470
gi5616127/1-466

gi182492006/1-464
gi262358095/1-470
gi629633272/1-472
gi629633282/1-472
g1334085683/1-468
gi1217792440/1-467
gi498543114/1-395
gi629633278/1-472
91145370874 /1-445
gi1311141403/1-440
gi629633284/1-466
g1629633280/1-466

gi309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
gi930068996/1-469
gid428274410/1-489
gi954036662/1-94
gi954036666/1-486
gi930068992/1-487
gi930068990/1-487
gi950655841/1-488
gi930068952/1-487
gi58615486/1-470
gi5616127/1-466
giB2492006/1-464
gi262358095/1-470
gi629633272/1-472
gi1629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gil45370874/1-445
g9i1311141403/1-440
gi629633284/1-466
gi1629633280/1-466

g1309253887/1-472
91930068978/1-469
g1930068946/1-466
gi1954036668/1-468
gi930068996/1-469
gi428274410/1-489
gi1954036662/1-94

gi1954036666/1-486
gi930068992/1-487
gi930068990/1-487
g1950655841/1-488
91930068952/1-487
gi58615486/1-470

ATATCAATTGCAGCAGGCG- - -GCGCAACAGCTCT -~ - - -~ e e GCAACA
CITGCC---GCAG------~--~---~ CAGCAGGTCT------ GACCACCTCACTCGGTACC
CTTGCA---GCAG------------ CATCAGGTCT------ GTCCTGTTCACTCGGTACC
CTTGCA---GCAG-----------~ CATCAGGTAT------ CTCCTGTTCACTCGCAACC
CTTGCA---GCAG-----------~ CATCAGGTAT------ CTCCTGTTCACTGGCAACT
CTCGCA---GCAG-----------~- CATCCGGTAT------ CTCCACCTCAATTGCAACC
CTTGCA---GCAG-~-~-=======~ CAGCCGGTGTCTGTACTGCA--~-~~-~ ATCGCAACC
CTCGCA---GCTG----~~-~-~---~ CAGCCGGTGT------ TGCATGTTCCCTTGCAACC
CTCGCA---GCCG------~-~---~ CAGCCGGTGT------ CGCATGTTCCCTCGCAACC
CTCGCA---GCCG----~---~---~-~ CAGCCGGTGT-----~ CGCAACTGCCCTCGCAACC

CTCGCA---GCCG-----------~ CAGCCGETGT------
ATGGCA- - -GCAGCAAGCGCATGCACAACCGGTAT-~-- -~ -
CTTGCA- - -GCAGCAAGCGCATGCACAACCGGTAT - - -
ATTTCA- - -GCAGCAGCTGGTGCTTCAACTGCATT - - -
ATTTCA- - -GCAGCAGCTGGCTGTTCCACTGCATT - - -
GTITTCC- - -GCAGCTGCAGGTTGTTCCACTGCATT -~ - - - -
ATTTCC- - -GCAGCTGCTGETTGTTCCACTGCATT - - - - - -
GITTCC- - -GCAGCTGCTGGTTGTTCCACTGCATT - - - - - -
GTTGCA- - -GCTGCTCCAGGTATTTCAACTGCATT - - - - - -
GTTGCA- - -GCTGCTGCAGGTATTTCAACTGCATT -~~~ - -
ATTTCC- - -GCAGCTTCCGGTATTTCCACTGCATT - -~ - - -
GTITTCA- - -GCCGCTGCTGGTTGTGCAACAGCTTT -~ - - - -
GITTCA- - -GCCGCTCCTGGTTEGTGCAACAGCTTT - - - - - -
ATTTCC---GCCGCTGCAGGTTGTTCAACTGCTTT---- -~
ATTTCC- - -GCAGCTGCAGGATGTTCTGTAGCATT -~~~ -~

GGCCACAGCCAGGCCGETCTCTCTGCATGCTACCTGTCCATCTATCCCCACAAAGAGGCA
GGARACTCCAATGCCGGTCTGAATGGCTGGTACCTGTCCATGCTCCTGCACAAGGAAGGC
TGCAACTCGAATGCAGGTCTCGCACGCATGGTACATGTCGATCCTCCTGCACAAGGAAGGA
GGARACTCGAACGCTGGCCTGAACGGCTGGTACATGTCCATGCTTGCCCACAAGGAAGGC
GCAAACTCAAATGCAGGCCTGAACGGCTGGTACTTGTCGATGCTTATGCACAAGGAAGGC
GGCAACTCAAATGCCGGTCTGAACGGCTGGTACCTCTCGATGCTCATGCACAAAGAGGGA
GCAAACGCAAATGCCGETCTCTCCGGCTGGTACCTCTCCATGTACCTGCACAAGGAAGCA
GCARACGCAAATGCAGGTCTCTCCGGCTGGTACCTCTCCATGTACCTGCACAAGGAAGCA
GCARACGCAAATGCTGGTCTCTCTGGCTGGTACCTCTCCATGTACCTGCACAAGGAAGCA
TCARACGCCAATGCCGGACTCTCAGCGCTGCTACCTCTCCATGTACCTGCACAAGGAAGCA
GCARAACGCCAACGCCGGTCTCTCAGGCTGGTACCTTTCCATGTACGTCCACAAGGAAGCA
GGTAACGCACAGGTCGCGCTCTCCGGATGGTACATGTCGATGTACCTGCACAAGGAAGGT
GGAAACGCACAGGTCGCACTGTCTGCATGGTGCATGTCGATGTACCTGCACAAGGAAGGC
GGTAATGCTCAAACTGGTTTAAGTGCATGGTACTTATCTATGTATTTACACAAAGAACAA
GGTAATGCTCAAACTGGTTTGAGTGCATGGTACTTGTCCATGTACTTGCACAAAGAACAR
GGTAATGCACAAACTGGTTTAAGCGCATGGTACTTAGCTATGTACTTACACAAAGAACAA
GGTAATGCACAAACTGGTTTAAGTGCATGGTACTTAGCTATGTACTTACACAAAGAACAA
GGTTATGCACAAACTGGTTTAAGCGCATGGTACTTAGCTATGTACTTACACAAAGARACRAR
GGAAATGCTCAAACTGGTTTAAGTGCATGGTACTTATCTCAATACTTACACAAAGAACAR
GGAAATGCTCAAACTGGTTTAAGTGCATGGTACTTATCTCAATACTTACACAAAGAACAR
GGTAATGCACAAACTGGTTTATCTGCATGGTACTTAGCACAATACTTACACAAAGAACAR
GGAAACTCCCAAACTGGTTTAAGCGCATGGTATTTATCTATGTACTTACACAAAGAACAR
GGAAACTCCCAAACTGGTTTAAGCGCATGGTATTTATCTATGTACTTACACAAAGAACAR
GGAAATTCCAATGCTGGTGTAAATGGATGGTATTTAAGTATGATTTTACATAAAGAAGCT
GGAAACTCTAATGCAGGAGTAARATGCTTGGTATCTCAGTATGATTGAACATAAAGAAGCT

CACGGCAGACTCGGATTCTACGGGTATGACCTGCAGGATCAGTGCGGETGCAACGAACGTG
TGGTCACGTCTCGGCTTCTTCGGCTACRACCTGCAGCGACCACTCTGETTCCGCAAACTCG
TGGCCACGTCTCGGCTTCTTCGGCTACAACCTGCAGGACCAGTGCGGTTCCGCAAACTCG
TGGTCACGTCTCGGCTTCTTCGGTTACGACCTGCAGGACCAGTGCGGTTCAGCAAACTCA
TGGTCACGTCTCGGCTTCTTCGGCTACGACCTGCAGGACCAGTGCGGTTCCGCARACACC
TGGTCACGTCTCGGATTCTTCGGCTACGACCTGCAGGACCAGTGTGGTTCAGCAAACACC
TGGGGCCGTCTCGGCTTCTTCGGATACGACCTGCAGGATCAGTGCGGTGCCACAAATGTT
TGGGGCCGTCTCCGCTTCTTCGGATACCGACCTTCAGGATCAGTGCGGETGCCACARATGTT
TGGGGCCETCTCCCCTTCTTCGCGATACCACCTGCAGCGACCACTGCGETCGCCACAAATGTT
TGGGGCAGACTTGGATTCTTCGGATTCGACCTGCAGGACCAGTGCGGTGCTACAAACGTT
TGGGGCCGTCTCGGCTTCTTCGGTTTCGACCTGCAGGACCAGTGTGGTGCCACAAACGTT
TGGGGCAGACTCGGATTCTTCGGETACGACCTGCAAGACCAGTGCGGTGCAACCAACGTC

96



gi5616127/1-466
giB2492006/1-464
gi262358095/1-470
gi629633272/1-472
gi629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gil45370874/1-445
gi311141403/1-440
gi629633284/1-466
gi629633280/1-466

gi309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
g1930068996/1-469
gi428274410/1-489
gi954036662/1-94
gi954036666/1-486
gi930068992/1-487
gi930068990/1-487
gi950655841/1-488
gi1930068952/1-487
gi58615486/1-470
gi5616127/1-466
g182492006/1-464
gi262358095/1-470
g1629633272/1-472
gi629633282/1-472
gi334085683/1-468
gi217792440/1-467
gi498543114/1-395
gi629633278/1-472
gi145370874/1-445
gi311141403/1-440
gi629633284/1-466
gi629633280/1-466

91309253887/1-472
gi930068978/1-469
gi930068946/1-466
gi954036668/1-468
9i930068996/1-469
gi428274410/1-489
gi954036662/1-94
gi954036666/1-486
9i930068992/1-487
gi930068990/1-487
gi950655841/1-488
gi930068952/1-487
gi58615486/1-470
gi5616127/1-466
gi82492006/1-464
§i262358095/1-470
gi629633272/1-472
9i629633282/1-472
gi334085683/1-468
gi217792440/1-467
9i498543114/1-395
gi629633278/1-472
gil45370874/1-445
gi311141403/1-440
gi629633284/1-466
9i629633280/1-466

TGGGGACGACTCGGATTCTTCGGATACGACTTGCAGGATCAGTGCGGTGCAACCAACGTC
CATTCCAGATTAGGTTTCTATGGTTTCGATTTACAAGATCAATGTGGTGCTGCTAACGTA
CATTCCAGATTAGGATTCTATGCTTTCCATTTACAAGATCAATCTGCTGCAGCTAACGTA
CACTCCAGATTAGGATTCTACGGTTTCGATTTACAAGACCAATGTGGTGCAGCTAACGTA
CACTCCAGATTAGGATTCTACGGATACCGATTTACAAGATCAATGTGGTGCTGCTAACGTA
CACTCCAGATTAGGATTCTACGGTTTCGATTTACAAGATCAATGTGGTGCAGCTAACACT
CATTCCAGATTAGGTTTCTATGGTTACCGATTTACAAGATCAATGTGCTGCTGCTAACACA
CATTCCAGATTAGGTTTCTATGGTTACGATTTACAAGATCAATGTGGTGCTGCTAACACA
CATTCCAGATTAGGATTCTATGGTTACGACTTACAAGACCAATGTGGTGCAGCTAACGTA
CACTCTAGATTAGGATTCTATGGTTACGATTTACAAGATCAATGTGGTGCATCCAACGTA
CACTCTAGATTAGGATTCTATGCGTTACCGATTTACAAGATCAATGTGCTGCATCCAACGTA
CATTCCAGACTTGGATTTTATGGATATGATTTACAAGACCAAGCAGGTGCTTCTAATTCA
CACAGCAGATTAGGATTCTATGGTTACGATTTACAAGACCAATGTGGTGCAGCTAATTCA

TTCTCAATTGCATCA----GATGARAG
ATGGC- - - -CATCAAAGGCGACGAGG

TGTATCGGCGAGCTCCGTG

GAGTC- - - -CTACAGGGCAGACGAAG----- GC---=----- TGTGTCGGAGAGCTCCGTG
CTCTC----TGTCCGGCCTGACGAAG- -~~~ GC-------~ TGTATCGGCGAGTTCCGTG
CTGTC- - - -CTACCAGGGCGACGAAG--- -~ GT-------- CTCCCAGACGARACTCCGTG
CTGTC-- - -CTACCAGGGCGACAALG- -~~~ GT-------- CTCCCAGACGAACTCCGTG
CTGTC----CTACCAGGGCGACGGAG----- GT-------- CTCCCAGACAAACTCCGTG
CTGTC-- - -CTACCAGGGCGACGAAG- -~~~ GT-------- CTTCCAAACGAACTCCGTG
CTGTC- - - -CTACCAGGGCGACGAAG--- -~ GT-------- CTCCCAGACGAACTCCGTG
TGCTC- - - -GTACCAGGGCGATCAGG----- GCGAGTGCCT-------~- CGARACTCCGTG
TGCTC- - - -GTACCAAGGTGACCAGCGATGCTGC -~ -~~~ -~~~ -----~ TGAGCTTCGTG
TTCTCTATCAGARAC----GATGAAG-----CGT-~------- ATACCACTTGAAATGAGAG
TTCTCCATCAGAAAC----GATGAARG-----GA--~-~--~-~~ TTGCCACTTGAAATGAGAG
TTCTCCATCAGAAAC- - --GATGAAG-----CA-------- TTACCACTCGAAATGAGAG
TTCTCCATCAGAAAC- - - -GATGAAG -TTACCACTCGAAATGAGAG
TTCTCCATCAGAAAC----GATGAAG-----GT-------- TTACCACTCGAAATGAGAG
TTCTCCTTCAGAAAT - - --GATGAAG-----GT-------- TTACCTCTTGAAATGAGAG
TTCTCCTTCAGAAAT----GATGAAG-----GT-------- TTACCTCTTGARATGAGAG
TTCGCTATTAGAAAC- - --GACGAAG-----CGT-------- TTACCACTTGAATTAAGAG
TTCTCTATAAGAAAT - - - -GACGAAG-----GA-------~ TTACCAGTTGAAATGAGAG
TTCTCTATAAGAAAT - - - -GACGAAG-----GA--~-~~-~-~-~ TTACCAGTTGAAATGAGAG
TTATCAATTAGGAGT - - - -GATGAAG-----CGT-------- CTTATCCATGAATTAAGAG
TTATCTATTAGAAGT ----GATGAAG-----CGA-------- TTAATTCATGAATTAAGAG

GCGCAAACTACCC-CAACTACGCCATGAA-CG
GACCAAACTACCC-CAACTACGCRATGA----
GACCAAACTACCC-CAACTATGCCA--~-----
GACCGAACTACCC-TAACTACGCAATG-----
GAGCCAACTATCC-CAACTATGCAATGA- -~ -
GACCGAACTACCC-CAACTATGCCATA- -
GTCCAAACTATCC-CAACTACGCCATG- -
GTCCAAACTACCC-TAACTACGCCCTGA-
GTCCAAACTACCC-CAACTACGCCCTGA-
GTCCAAACTATCC-AAACTACGCCATGAA-- -
GTCCAAACTACCC-CAACTACGCCATGA----
GCGCAAACTACCCCCAACTACGCNATGA- -~ -
GCGCAAACTACCC-TAACTACGCCATGA- -~ -
GTCCTAACTATCC-TAACTACGC---------
GGCCAAACTACCC-AAACTACGCAATGAA - -~
GACCAAACTATCC-TAACTACGCAATGAA-CG
GACCAAACTATCC-TAACTACGCAATGAA-TG
GTCCTAACTATCC-CAACTACGCCATA-----
GACCTAACTACCC-TAACTACGCAATGAA---
GACCTAACTATCC-TAACTACGCAATGAAA- -
GACCTAACTATCC-TAACTATGCAATGAA-TG

GTCCTAATTATCC-TAATTATGCAATGAA-TG
GGCCTAACTATCC-TAACTATGCAATGAA-TG
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Table S1—S4. The Spearman rho’s rank correlation results between microbial groups divided
according to the chicken breeding method.

Pair of variables All chicken groups together
The Spearman rho’s rank
correlation results; p <
0.05000
Rs t(N-2) P
Spearman
Methanogenic archaea (log10) & Methanogenic archaea
(log10)
Methanogenic archaea (log10) & Acetogens (log10) 0.055560 | 0.69724 | 0.486686
Methanogenic archaea (log10) & Sulfate-reducing bacteria 0.551535| 8.28472( 0.000000
(log10)
Methanogenic archaea (log10) & Hydrogenase utilizers 0.464421 6.57077| 0.000000
(log10)
Methanogenic archaea (log10) & L. salivarius (log10) 0.049604 | 0.62230| 0.534646
Methanogenic archaea (log10) & C. jejuni (log10) 0.472977| 6.72632[ 0.000000
Acetogens (log10) & Methanogenic archaea (log10) 0.055560 | 0.69724 | 0.486686
Acetogens (log10) & Acetogens (log10)
Acetogens (log10) & Sulfate-reducing bacteria (log10) -0.337500| -4.49245| 0.000014
Acetogens (log10) & Hydrogenase utilizers (log10) 0.163816| 2.08071| 0.039084
Acetogens (log10) & L. salivarius (log10) -0.143439| -1.81606| 0.071268
Acetogens (log10) & C. jejuni (log10) 0.014771 0.18511| 0.853386
Sulfate-reducing bacteria (log10) & Methanogenic archaea 0.551535| 8.28472( 0.000000
(log10)
Sulfate-reducing bacteria (log10) & Acetogens (log10) -0.337500 | -4.49245| 0.000014
Sulfate-reducing bacteria (log10) & Sulfate-reducing bacteria
(log10)
Sulfate-reducing bacteria (log10) & Hydrogenase utilizers 0.241187| 3.11400( 0.002194
(log10)
Sulfate-reducing bacteria (log10) & L. salivarius (log10) 0.263881 3.42791 [ 0.000777
Sulfate-reducing bacteria (log10) & C. jejuni (log10) 0.431407 | 5.99177| 0.000000
Hydrogenase utilizers (log10) & Methanogenic archaea 0.464421 6.57077| 0.000000
(log10)
Hydrogenase utilizers (log10) & Acetogens (log10) 0.163816 | 2.08071| 0.039084
Hydrogenase utilizers (log10) & Sulfate-reducing bacteria 0.241187| 3.11400( 0.002194
(log10)
Hydrogenase utilizers (log10) & Hydrogenase utilizers (log10)
Hydrogenase utilizers (log10) & L. salivarius (log10) -0.183165| -2.33455| 0.020833
Hydrogenase utilizers (log10) & C. jejuni (log10) 0.498503 | 7.20534 [ 0.000000
L. salivarius (log10) & Methanogenic archaea (log10) 0.049604 | 0.62230| 0.534646
L. salivarius (log10) & Acetogens (log10) -0.143439| -1.81606| 0.071268
L. salivarius (log10) & Sulfate-reducing bacteria (log10) 0.263881 3.42791 | 0.000777
L. salivarius (log10) & Hydrogenase utilizers (log10) -0.183165| -2.33455| 0.020833
L. salivarius (log10) & L. salivarius (log10)
L. salivarius (log10) & C. jejuni (log10) 0.034213| 0.42894 | 0.668552
C. jejuni (log10) & Methanogenic archaea (log10) 0.472977| 6.72632( 0.000000
C. jejuni (log10) & Acetogens (log10) 0.014771| 0.18511| 0.853386
C. jejuni (log10) & Sulfate-reducing bacteria (log10) 0.431407| 5.99177[ 0.000000
C. jejuni (log10) & Hydrogenase utilizers (log10) 0.498503 | 7.20534( 0.000000
C. jejuni (log10) & L. salivarius (log10) 0.034213 | 0.42894 | 0.668552
C. jejuni (log10) & C. jejuni (log10)
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Pair of variables

Source=free-range group
The Spearman rho's rank

correlation results; p <

0.05000
Rs t(N-2) p
Spearman
Methanogenic archaea (log10) & Methanogenic archaea
(log10)
Methanogenic archaea (log10) & Acetogens (log10) 0.383513 | 2.906866 | 0.005469
Methanogenic archaea (log10) & Sulfate-reducing bacteria 0.252893 | 1.829727| 0.073378
(log10)
Methanogenic archaea (log10) & Hydrogenase utilizers 0.099262 | 0.698284 | 0.488300
(log10)
Methanogenic archaea (log10) & L. salivarius (log10) -0.042357 | -0.296764 | 0.767901
Methanogenic archaea (log10) & C. jejuni (log10) 0.039408 | 0.276069 | 0.783656
Acetogens (log10) & Methanogenic archaea (log10) 0.383513 | 2.906866 [ 0.005469
Acetogens (log10) & Acetogens (log10)
Acetogens (log10) & Sulfate-reducing bacteria (log10) 0.449429| 3.521714( 0.000938
Acetogens (log10) & Hydrogenase utilizers (log10) 0.185395| 1.320662| 0.192749
Acetogens (log10) & L. salivarius (log10) 0.003980 | 0.027858 | 0.977889
Acetogens (log10) & C. jejuni (log10) 0.201828 | 1.442481| 0.155529
Sulfate-reducing bacteria (log10) & Methanogenic archaea 0.252893 | 1.829727| 0.073378
(log10)
Sulfate-reducing bacteria (log10) & Acetogens (log10) 0.449429 | 3.521714 | 0.000938
Sulfate-reducing bacteria (log10) & Sulfate-reducing bacteria
(log10)
Sulfate-reducing bacteria (log10) & Hydrogenase utilizers 0.414109 | 3.184663( 0.002520
(log10)
Sulfate-reducing bacteria (log10) & L. salivarius (log10) 0.068154 | 0.478187 | 0.634644
Sulfate-reducing bacteria (log10) & C. jejuni (log10) 0.390982| 2.973573| 0.004556
Hydrogenase utilizers (log10) & Methanogenic archaea 0.099262 | 0.698284 | 0.488300
(log10)
Hydrogenase utilizers (log10) & Acetogens (log10) 0.185395| 1.320662| 0.192749
Hydrogenase utilizers (log10) & Sulfate-reducing bacteria 0.414109 | 3.184663( 0.002520
(log10)
Hydrogenase utilizers (log10) & Hydrogenase utilizers (log10)
Hydrogenase utilizers (log10) & L. salivarius (log10) 0.570129 | 4.857742| 0.000013
Hydrogenase utilizers (log10) & C. jejuni (log10) 0.760057 | 8.187047| 0.000000
L. salivarius (log10) & Methanogenic archaea (log10) -0.042357 | -0.296764 | 0.767901
L. salivarius (log10) & Acetogens (log10) 0.003980| 0.027858| 0.977889
L. salivarius (log10) & Sulfate-reducing bacteria (log10) 0.068154 | 0.478187 | 0.634644
L. salivarius (log10) & Hydrogenase utilizers (log10) 0.570129 | 4.857742( 0.000013
L. salivarius (log10) & L. salivarius (log10)
L. salivarius (log10) & C. jejuni (log10) 0.305739 | 2.247810| 0.029122
C. jejuni (log10) & Methanogenic archaea (log10) 0.039408 | 0.276069 | 0.783656
C. jejuni (log10) & Acetogens (log10) 0.201828 | 1.442481| 0.155529
C. jejuni (log10) & Sulfate-reducing bacteria (log10) 0.390982 | 2.973573| 0.004556
C. jejuni (log10) & Hydrogenase utilizers (log10) 0.760057 | 8.187047| 0.000000
C. jejuni (log10) & L. salivarius (log10) 0.305739 | 2.247810| 0.029122

C. jejuni (log10) & C. jejuni (log10)
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Pair of variables

Source=commercial group
The Spearman rho's rank

correlation results; p <
0.05000
Rs t(N-2) p
Spearman
Methanogenic archaea (log10) & Methanogenic archaea
(log10)
Methanogenic archaea (log10) & Acetogens (log10) 0641109 | 6.02398| 0.000000
Methanogenic archaea (log10) & Sulfate-reducing bacteria 0.225229 1.66698 | 0.101531
(log10)
Methanogenic archaea (log10) & Hydrogenase utilizers 0.248798| 1.85235| 0.069655
(log10)
Methanogenic archaea (log10) & L. salivarius (log10) 0.225620| 1.67003| 0.100924
Methanogenic archaea (log10) & C. jejuni (log10) 0.227463 | 1.68441| 0.098096
Acetogens (log10) & Methanogenic archaea (log10) 0.641109| 6.02398| 0.000000
Acetogens (log10) & Acetogens (log10)
Acetogens (log10) & Sulfate-reducing bacteria (log10) 0.357692| 2.76210| 0.007920
Acetogens (log10) & Hydrogenase utilizers (log10) 0.164740 1.20441| 0.233885
Acetogens (log10) & L. salivarius (log10) 0.275188| 2.06410| 0.044014
Acetogens (log10) & C. jejuni (log10) 0.200609| 1.47663| 0.145806
Sulfate-reducing bacteria (log10) & Methanogenic archaea 0.225229| 1.66698| 0.101531
(log10)
Sulfate-reducing bacteria (log10) & Acetogens (log10) 0.357692| 2.76210| 0.007920
Sulfate-reducing bacteria (log10) & Sulfate-reducing bacteria
(log10)
Sulfate-reducing bacteria (log10) & Hydrogenase utilizers 0.138590| 1.00912| 0.317588
(log10)
Sulfate-reducing bacteria (log10) & L. salivarius (log10) 0.210560| 1.55319| 0.126443
Sulfate-reducing bacteria (log10) & C. jejuni (log10) 0.144732| 1.05478| 0.296401
Hydrogenase utilizers (log10) & Methanogenic archaea 0.248798 | 1.85235| 0.069655
(log10)
Hydrogenase utilizers (log10) & Acetogens (log10) 0.164740| 1.20441| 0.233885
Hydrogenase utilizers (log10) & Sulfate-reducing bacteria 0.138590| 1.00912| 0.317588
(log10)
Hydrogenase utilizers (log10) & Hydrogenase utilizers (log10)
Hydrogenase utilizers (log10) & L. salivarius (1og10) -0.123593 | -0.89813| 0.373257
Hydrogenase utilizers (log10) & C. jejuni (log10) 0.259824 | 1.94026 | 0.057780
L. salivarius (log10) & Methanogenic archaea (log10) 0.225620| 1.67003 | 0.100924
L. salivarius (log10) & Acetogens (log10) 0.275188 2.06410] 0.044014
L. salivarius (log10) & Sulfate-reducing bacteria (log10) 0.210560 1.55319| 0.126443
L. salivarius (log10) & Hydrogenase utilizers (log10) -0.123593 | -0.89813| 0.373257
L. salivarius (log10) & L. salivarius (log10)
L. salivarius (log10) & C. jejuni (log10) -0.336411| -2.57604| 0.012874
C. jejuni (log10) & Methanogenic archaea (log10) 0.227463 | 1.68441| 0.098096
C. jejuni (log10) & Acetogens (log10) 0.200609 | 1.47663 | 0.145806
C. jejuni (log10) & Sulfate-reducing bacteria (log10) 0.144732| 1.05478| 0.296401
C. jejuni (log10) & Hydrogenase utilizers (log10) 0.259824 | 1.94026| 0.057780
C. jejuni (log10) & L. salivarius (log10) -0.336411| -2.57604| 0.012874

C. jejuni (log10) & C. jejuni (log10)
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Pair of variables

Source=experimental group

The Spearman rho's rank

correlation results; p <
0.05000

Rs
Spearman

t(N-2)

p

Methanogenic archaea (log10) & Methanogenic archaea
(log10)

Methanogenic archaea (log10) & Acetogens (log10)

Methanogenic archaea (log10) & Sulfate-reducing bacteria
(log10)

Methanogenic archaea (log10) & Hydrogenase utilizers
(log10)

Methanogenic archaea (log10) & L. salivarius (log10)

Methanogenic archaea (log10) & C. jejuni (log10)

Acetogens (log10) & Methanogenic archaea (log10)

Acetogens (log10) & Acetogens (log10)

Acetogens (log10) & Sulfate-reducing bacteria (log10)

Acetogens (log10) & Hydrogenase utilizers (log10)

-0.032453

-0.23414

0.815794

Acetogens (log10) & L. salivarius (log10)

0.188607

1.38492

0.171991

Acetogens (log10) & C. jejuni (log10)

0.189484

1.39160

0.169969

Sulfate-reducing bacteria (log10) & Methanogenic archaea
(log10)

Sulfate-reducing bacteria (log10) & Acetogens (log10)

Sulfate-reducing bacteria (log10) & Sulfate-reducing bacteria
(log10)

Sulfate-reducing bacteria (log10) & Hydrogenase utilizers
(log10)

Sulfate-reducing bacteria (log10) & L. salivarius (log10)

Sulfate-reducing bacteria (log10) & C. jejuni (log10)

Hydrogenase utilizers (log10) & Methanogenic archaea
(log10)

Hydrogenase utilizers (log10) & Acetogens (log10)

-0.032453

-0.23414

0.815794

Hydrogenase utilizers (log10) & Sulfate-reducing bacteria
(log10)

Hydrogenase utilizers (log10) & Hydrogenase utilizers (log10)

Hydrogenase utilizers (log10) & L. salivarius (log10)

-0.531545

-4.52525

0.000035

Hydrogenase utilizers (log10) & C. jejuni (log10)

-0.080068

-0.57924

0.564930

. salivarius (log10) & Methanogenic archaea (log10)

. salivarius (log10) & Acetogens (log10)

0.188607

1.38492

0.171991

_salivarius (log10) & Sulfate-reducing bacteria (log10)

_salivarius (log10) & Hydrogenase utilizers (log10)

-0.531545

-4.52525

0.000035

Pl e Ul o

_salivarius (1og10) & L. salivarius (1og10)

—~

_salivarius (log10) & C. jejuni (1og10)

0.074914

0.54173

0.590317

C. jejuni (log10) & Methanogenic archaea (log10)

C. jejuni (log10) & Acetogens (log10)

0.189484

1.39160

0.169969

)
C. jejuni (log10) & Sulfate-reducing bacteria (log10)
C. jejuni (log10) & Hydrogenase utilizers (log10)

-0.080068

-0.57924

0.564930

C. jejuni (log10) & L. salivarius (log10)

0.074914

0.54173

0.590317

C. jejuni (log10) & C. jejuni (log10)
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Materialy uzupelniajace do pracy: Cisek AA, Szymanska E, Wierzbicka-Rucinska A,
Aleksandrzak-Piekarczyk T, Cukrowska B. Methanogenic Archaea in the Pediatric
Inflammatory Bowel Disease in Relation to Disease Type and Activity. International Journal
of Molecular Sciences. 2024, 25(1):673.

Table S1. Detailed diagnoses of the patients from the control group.

Diagnosis No. of patients
Hirschsprung's disease 1
Functional intestinal disorders, unspecified

Feeding difficulties and incorrect feeding

Gastroesophageal reflux with esophagitis

Gastroesophageal reflux

Pain in the abdominal and pelvic area

Streptococcal pharyngitis

Unspecified arthritis

Pain located in the lower abdomen

Fructose metabolism disorders

Other laryngeal diseases

Different and unspecified abdominal pain

Paralytic syndrome, unspecified

Other specified metabolic disorders

Chronic mucous otitis media

Different and unspecified abdominal pain

Other signs and symptoms affecting the gastrointestinal tract and abdominal
cavity

Other ear disorders in diseases classified elsewhere

Embolism and thrombosis of the arteries of the lower limbs

Esophageal varices without bleeding

Addisonian crisis

Other specific diseases of the digestive system

Dwarfism

Food allergies

e e e e e BN R e e e N e = N

et e d e fd
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6. Oméwienie wynikow i dyskusja

6.1 Opracowanie autorskiego protokolu detekcji archeonéw metanogennych

Opracowanie protokolu oceny ilosciowej catkowitej populacji archeoné6w metanogennych w
probkach katu bylo pierwszym etapem prac wchodzacych w zakres rozprawy doktorskiej.
Wyniki tego etapu zostaty opisane w pracy oryginalnej pt. Improved Quantitative Real-Time
PCR Protocol for Detection and Quantification of Methanogenic Archaea in Stool Samples
(Cisek i wsp., Microorganisms, 2023). Z danych dostepnych w nukleotydowej bazie NCBI
wytypowanych zostato 47 sekwencji DNA archeonéw metanogennych w taki sposob, aby byty
one mozliwie najbardziej zréznicowane genetycznie i pochodzily od skrajnie réznych
taksonomicznie gatunkow metanogendéw (materiaty uzupetniajace, tabele S1 i S2, str. 88-97).
Takie postgpowanie miato na celu wytypowanie najbardziej konserwatywnych regionow genu
mcrA, co w rezultacie przyczynito si¢ do stworzenia uniwersalnych starteréw do wykrywania
szerokiej gamy archeondw metanogennych, takze tych stabo poznanych i wcze$niej

niewykrywanych u ludzi

W obrebie rejonow konserwatywnych sekwencji genu mcrA zaprojektowano kilka par
starterow, sposrod ktorych jedna para (tj. nowy, zaprojektowany starter mcra_F3 oraz
zmodyfikowany, opisany w literaturze starter mcrA-rev [53]) dawata wstepnie najlepsze
rezultaty ustalone do$wiadczalnie. Testujagc rézne warunki termiczne i czasowe reakcji,
ustalono optymalny protokot detekeji ilosciowej archeonow metanogennych. Wykazano, ze w
poréwnaniu z opisanym w literaturze protokotem [53,54], nowopowstaty protokot
charakteryzuje si¢ zwigkszong swoistoscig i czutoscig. Opracowany autorski protokot pozwolit
bowiem na zredukowanie koniecznej do uzyskania pozytywnego wyniku liczby komorek
(genomow) metanogendw W badanym materiale nawet o jeden rzad wielkosci (np. z 571 do 57
kopii genu mcrA gatunku Methanomicrobium mobile) oraz obnizyt ryzyko falszywie
dodatniego wyniku w probkach niezawierajacych metanogenoéw. Bylo to szczegolnie istotne,
gdyz materiat genetyczny niektorych bakterii zasiedlajacych przewod pokarmowy, np. pateczki
Escherichia coli szczegolnie tatwo amplifikowal si¢ przy uzyciu dotychczas opisywanego w
literaturze protokotu [53,54]. Zwigkszona swoistos¢ i czuto$¢ nowopowstalego protokotu
wyrazala si¢ takze w ograniczeniu powstawania dimeréw starterow, bedacych szczegdlnym
problemem w przypadkach analiz prowadzonych z uzyciem barwnikow interkalujacych (np.
uzytym tutaj barwnikiem SYBR Green I). Opracowany protokét ograniczyt generowanie

odczytow z dimerdw starterow, faworyzujac amplifikacje 1 detekcje produktow specyficznych.
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Ponadto, pomimo iz nowy protokét cechowal sie nizszg wydajnoscia, to wyniki osiggane dla
probek z niskg liczbg sekwencji docelowych (w tym przypadku genu mcrA) byly bardziej
odtwarzalne i swoiste niz w protokole opisanym przez innych autorow [53,54]. Powyzsze dane
zostaly potwierdzone na testowanych probkach katomoczu. Okazalo si¢, ze przy zastosowaniu
nowego protokolu obecno$¢ metanogendow stwierdzona zostata we wszystkich 20 badanych
probkach, natomiast az 7 wypadlo ujemnie z uzyciem poprzedniego protokotu. W skrocie,
nowopowstatly protokot zwiekszyt stopien wykrywalnosci oraz pozwolit na bardziej doktadng
ocen¢ ilosciowg archeonéw metanogennych w nawet tak trudnym materiale, jakim jest
katomocz kury. Wybor tego modelu zwierzgcego wynikal z potrzeby zwalidowania protokotu
z uzyciem trudnego materiatu biologicznego, tj. kalomoczu. Material ten cechuje znaczny
udzial inhibitoréw PCR, a takze wysoka ré6znorodno$¢ mikroorganizméw go zasiedlajacych,
przez co stanowil on idealny materiat do przeprowadzenia badan przedklinicznych.
Szczegdtowa dyskusje dotyczaca powstawania protokotu detekcji archeonow przedstawiono w
artykule pt. Improved Quantitative Real-Time PCR Protocol for Detection and Quantification
of Methanogenic Archaea in Stool Samples (Cisek i wsp., Microorganisms, 2023) na str. 54-

55 rozprawy doktorskiej.

Opisany powyzej, autorski protokot przetestowano w kolejnym etapie z wykorzystaniem
wigkszej liczby probek pochodzacych od kur (n=154), a wyniki tej analizy opisano w pracy
oryginalnej pt. Microorganisms Involved in Hydrogen Sink in the Gastrointestinal Tract of
Chickens (Cisek i wsp., International Journal of Molecular Sciences, 2023). W toku prac
ustalono nie tylko, Ze opracowany autorski protokdl oceny iloSciowej archeonow
metanogennych jest skuteczny w przypadku trudnych probek, ale takze wykazano, iz

zasiedlanie jelit przez archeony metanogenne jest uwarunkowane wieloma czynnikami.

6.2 Czynniki wplywajace na rozwdéj archeonow metanogennych w jelitach — badanie

przedkliniczne

W pracy oryginalnej pt. Microorganisms Involved in Hydrogen Sink in the Gastrointestinal
Tract of Chickens (Cisek i wsp., International Journal of Molecular Sciences, 2023)
udowodniono, ze aby organizm zwierzgcia zostal skolonizowany przez metanogeny, konieczny
jest kontakt ze srodowiskiem, w ktorym mikroorganizmy te naturalnie bytuja, np. z odchodami
innych zwierzat czy skazong nimi glebg. Okazalo si¢ bowiem ze zadna z kur
eksperymentalnych — a byly to zwierzeta pozbawione kontaktu ze $rodowiskiem naturalnym,

utrzymywane w $ci$le kontrolowanych warunkach — nie zostata zasiedlona przez archeony
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metanogenne. Ponadto wykazano, ze liczebno$¢ metanogendéw jest rd6zna w zaleznosci od
rodzaju probki (kalomocz zawierat istotnie wigcej metanogendéw niz tre$é jelitowa; p<0.001),
co moze $wiadczy¢ o preferencjach metanogenéow wzgledem okre§lonej niszy przewodu
pokarmowego. Liczebnos¢ metanogendéw okazata sie¢ takze do pewnego stopnia zaleze¢ od
wieku zwierzecia — im byto ono starsze tym liczniej zasiedlone przez metanogeny (w grupie 1-
tygodniowych kur fermowych obserwowano istotnie mniej metanogenéw niz u kur fermowych
w wieku 3-4 oraz 5-6 tygodni; p<0,01). Podsumowujac, czynniki srodowiskowe, wiek kury
oraz rodzaj pobranej do badan probki okazaty si¢ istotnymi czynnikami warunkujgcymi

obecnos¢ archeondéw metanogennych w badanym materiale.

Szczegotowsa dyskusje wynikow opisanych w pracy pt. Microorganisms Involved in Hydrogen
Sink in the Gastrointestinal Tract of Chickens (Cisek i wsp., International Journal of

Molecular Sciences, 2023) przedstawiono na str. 65-67.

6.3 Archeony metanogenne u dzieci z IBD

W pracy oryginalnej pt. Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease
in Relation to Disease Type and Activity (Cisek i wsp., International Journal of Molecular
Sciences, 2024) w kale pobranym od dzieci z IBD oceniono czgstos¢ wystepowania i liczebno$é
catkowitej populacji metanogenow oraz trzech najwazniejszych ich taksonow (tj. Mb. smithii,
Ms. stadtmanae oraz Methanomassiliicoccales). Do badan wiaczono dzieci z UC i CD, a grupy
te podzielono wedlug poziomu aktywno$ci choroby ocenianej na podstawie indeksow
aktywnosci (PCDAI i PUCAI) oraz st¢zenia FCP. W kale dzieci z grup 1BD stwierdzono
obnizong czgsto$¢ wstgpowania archeonow metanogennych (zwtaszcza w grupie UC, ktora
wynosita 83%, p<0,05) w stosunku do grupy kontrolnej, w ktorej czgstos¢ wstepowania ogdlne;j
populacji metanogenéw wynosita 100%. lloraz szans detekcji badanych metanogenoéw byt
takze wyzszy w grupie kontrolnej w poréwnaniu z wigkszoscia grup IBD, z wyjatkiem

aktywnej postaci CD, i miescit si¢ on w przedziale migdzy 0,21 a 0,78.

Liczebnos¢ ogodlna metanogenow byla obnizona w przypadku pacjentow chorujacych na UC
(p<0,001) i CD (p<0,05) w stosunku do dzieci kontrolnych. Co ciekawe, liczebnos¢
metanogenéw pomiedzy grupami IBD takze roznita si¢ istotnie Statystycznie: pacjenci
chorujacy na UC mieli obnizong liczebno$¢ metanogenow w stosunku do dzieci z grupy CD
(p<0,05). Ponadto, sposrod trzech badanych podgrup metanogendéw, wytgcznie liczebnosé Mb.

smithii wykazywata tendencj¢ spadkowa u pacjentéw chorych na UC (p<0,01) w stosunku do
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kontroli, co moze by¢ zwigzane z faktem, ze gatunek ten dominuje w populacji archeonoéw
metanogennych zasiedlajacych jelita ludzi i to gléwnie obnizenie jego liczebno$ci odpowiada

za obnizenie catkowitej liczby metanogenow.

Analiza korelacji aktywnosci procesu chorobowego w UC i CD nie wskazywala istotnych
statystycznie powigzan warto$ci indeksow PCDAI i PUCAI z badanymi grupami
metanogenéw, poza dodatnig korelacja zachodzaca pomiedzy catkowita populacja
metanogendéw a wartoscig PCDAI w aktywnej postaci CD (Rs = -0,48; p<0,05). Ponadto
pacjenci z nicaktywng postacig UC charakteryzowali si¢ najbardziej wyrazng, istotng
statystycznie dodatnig korelacja pomigdzy liczebnoscig Ms. stadtmanae a stgzeniem FCP w
kale (Rs = 0,41; p<0.05), co posrednio moze potwierdza¢ negatywny wptyw tego gatunku na
zaostrzenie procesow zapalnych w jelitach. Ms. stadtmanae to bowiem gatunek uwazany za
predysponujacy do rozwoju procesow zapalnych (co jednak zostalo dotychczas dowiedzione

jedynie w badaniach in vitro [44]).

Interesujaca jest z kolei zalezno$¢ zaobserwowana pomigdzy wiekiem pacjentow a liczebnoscia
metanogenéw. W grupie kontrolnej jedynie liczebno$¢ metanogenéw z rzedu
Methanomassiliicoccales wykazywata wzrost wraz z wieckem dzieci (Rs = 0,49; p<0,01), co
jest zgodne z danymi opisanymi przez innych badaczy [29,33]. Z drugiej strony,
zaobserwowano statystycznie znaczacy spadek liczebnosci zarowno catkowitej populacji
metanogenéw (Rs = -0,56; p<0,01) oraz Mb. smithii (Rs = -0,53; p<0,05) wraz z wiekiem w
grupie pacjentow z aktywng postacig CD. Przypuszczalnie, zalezno$¢ t¢ mozna by thumaczy¢
faktem, ze u starszych dzieci z CD moze trwa¢ dhuzej niz u mtodszych, stad mikrobiota jelitowa
przez dhuzszy czas podlegataby niszczacemu dziataniu zapalnemu tej choroby. O ile powyzszy
stwierdzenie stanowi jedynie hipoteze, to istnieje badanie, ktore w sposob bardziej
jednoznaczny wskazuje nato, ze dyshioza archeonow jest nastgpstwem procesu zapalnego (lub
innego mechanizmu) towarzyszacego IBD, a nie czynnikiem odpowiedzialnym za wywotanie
choroby. Zaobserwowano bowiem, ze u dzieci z dtugotrwata postacig CD zmienia si¢ sktad
archeonow w stosunku to pacjentdéw nowo zdiagnozowanych, u ktorych to sktad procentowy

archeonow przypomina jeszcze ten, jaki obserwowany jest u dzieci zdrowych [52].

Szczegotows dyskusje wynikow przedstawiono w pracy pt. Methanogenic Archaea in the
Pediatric Inflammatory Bowel Disease in Relation to Disease Type and Activity (Cisek i wsp.,

International Journal of Molecular Sciences, 2024) na str. 81-82.
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7. Whnioski

Na podstawie analizy wynikow stwierdzono ze:

1. Autorski protokdt oceny ilo$ciowej archeondw metanogennych charakteryzuje si¢
podwyzszonymi parametrami walidacyjnymi w stosunku do protokotu dotychczas
stosowanego w literaturze tematu, oraz jest skuteczny, co zostalo dowiedzione w

badaniach przedklinicznych z wykorzystaniem zwierzat.

2. Liczebnos$¢ i1 czestos¢ wykrywania archeonow metanogennych w kale moze podlegad
zmianom w zaleznos$ci od czynnikow $srodowiskowych 1 wieku gospodarza, a u ludzi

moze by¢ dodatkowo zwigzana z wystapieniem IBD, w tym szczego6lnie UC.

3. U dzieci czgstos¢ wystepowania, iloraz szans detekcji oraz liczebno$¢ archeonow
metanogennych jest zalezna od postaci IBD (UC vs CD) oraz od aktywnosci tej

choroby.

4. Dysbioza metanogenéw moze by¢ nastepstwem IBD, a nie czynnikiem wywotujacym

te chorobe.

5. Znaczenie archeondéw metanogennych w rozwoju IBD u dzieci jest nadal w duzej
mierze niepoznane. Przeprowadzone badania nosza znamiona nowosci, a otrzymane

wyniki przystuza si¢ lepszemu poznaniu mechanizméw rozwoju IBD.
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Methanogenic Archaea in Inflammatory Bowel Disease—A Review. Journal of Personalized
Medicine. 2024, 14(2):196. DOI: 10.3390/jpm14020196

strona 35 Rycina 1. Porownanie sktadu jelitowego archeomu (mikrobiomu
archeon6w) pomiedzy pacjentami chorujacymi na IBD a osobnikami
zdrowymi. Rozmiar czcionki wskazuje na udziatl iloSciowy danego
taksonu w mikrobiocie jelitowej; kolor wskazuje na wzrost (czerwona
czcionka) lub spadek (zielona czcionka) danego taksonu w przebiegu
IBD w stosunku do zdrowych osobnikéw. Mb. — Methanobrevibacter;

Ms. — Methanosphaera.

strona 37 Rycina 2. Schemat prezentujacy mozliwe powigzania zachodzace
pomiedzy dysbioza archeonéw metanogennych i patogeneza IBD.
Zmiana w zakresie sktadu i/lub przerostu archeonéw zapoczatkowana
przez negatywne czynniki zewngtrzne (np. antybiotyki, diet¢ typu
zachodniego) jest zwigzana z intensyfikacja proceséw zapalnych w
jelitach, co zwrotnie wptywa na mikrobiote jelitowa. TNF-a — czynnik

martwicy nowotworow.

Cisek AA, Bak I, Cukrowska B. Improved Quantitative Real-Time PCR Protocol for Detection
and Quantification of Methanogenic Archaea in Stool Samples. Microorganisms. 2023,
11(3):660.

strona 44 Tabela 1. Lista oligonukleotydow zastosowanych do detekcji genu
mcrA.
strony 46-47 Tabela 2. Poréwnanie (ang. alignment) sekwencji genu mcrA 47

gatunkow archeondéw metanogennych w obrgbie fragmentu sekwencji

wigzacej zaprojektowany starter Forward

strona 48 Rycina 1. Poréwnanie krzywych amplifikacji dwdch protokotow:

oryginalnego, opisanego w literaturze oraz nowoopracowanego.
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Porownania dokonano w tych samych warunkach termincznych, tj. z

temperaturg przytaczania starteréw (Tan) réwna 55°C.

strona 48 Rycina 2. Wynik rozdziatu elektroforetycznego po reakcji PCR w
gradiencie temperatury przytaczania starterow (Tan). Optymalna Tan
miescita si¢ w zakresie 59 do 60°C. Amplikon ma dtugos$¢ 270 pz. M —

marker wielkosci DNA.

strona 49 Tabela 3. Wskazniki wykrywalnosci genu mcrA obu poréwnywanych
protokotow stwierdzone dos$wiadczalnie z wykorzystaniem czterech

badanych kontroli pozytywnych.

strona 50 Rycina 3. Wykresy przedstawiajace profile topnienia czterech kontroli
pozytywnych uzyskane z zastosowaniem obu poréwnywanych

protokotow.

strona 51 Tabela 4. Powtarzalno$¢ i wydajnos¢ reakcji amplifikacji z
wykorzystaniem obu poréwnywanych protokotow uzyskana dla

czterech kontroli pozytywnych.

strona 52 Tabela 5. Wyniki amplifikacji uzyskane dla bakteryjnych prébek DNA

stanowigcych kontrole niedocelowe (ang. non-target controls).

strona 53 Rycina 4. Wykresy przedstawiajace krzywe amplifikacji oraz profile
topnienia  bakteryjnych probek DNA stanowigcych kontrole
niedocelowe (ang. non-target controls) zestawione z czterema
kontrolami  pozytywnymi  uzyskane z  zastosowaniem obu

porownywanych protokotow

strona 54 Table 6. Wyniki amplifikacji uzyskane dla 20 probek katomoczu z

zastosowaniem obu poréwnywanych protokotow.

Cisek AA, Dolka B, Bak I, Cukrowska B. Microorganisms Involved in Hydrogen Sink in the
Gastrointestinal Tract of Chickens. International Journal of Molecular Sciences. 2023,
24(7):6674.
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strona 60 Rycina 1 (A-F). Wykresy pudetkowe ilustrujace liczebnos¢ badanych
grup mikroorganizméw w probkach katomoczu i tresci jelit §lepych.
Istotno$¢ statystyczna badana testem Kruskala-Wallisa: ** p<0,01; ***

p<0,001; ns — brak istotnos$ci statystyczne;.

strona 61 Rycina 2 (A-F). Wykresy pudetkowe ilustrujace liczebno$¢ badanych
grup mikroorganizméw w trzech systemach hodowlanych. Istotno$¢
statystyczna badana testem Kruskala-Wallisa: * p<0,05; *** p<0,001;

ns — brak istotnosci statystyczne;.

strona 62 Rycina 3 (A-F). Wykresy pudetkowe ilustrujace liczebno$¢ badanych
grup mikroorganizméw w grupach wiekowych kur fermowych.
Istotno$¢ statystyczna badana testem Kruskala-Wallisa: * p<0,05; **

p<0,01; brak symbolu oznacza brak istotnos$ci statystyczne;.

strona 63 Rycina 4 (A-F). Wykresy pudetkowe ilustrujace liczebnos¢ badanych
grup mikroorganizmow w grupach wiekowych kur eksperymantalnych.
Istotno$¢ statystyczna badana testem Kruskala-Wallisa: * p<0,05; **
p<0,01; *** p<0,001; brak symbolu oznacza brak istotnosci

statystycznej.

strony 64-65 Tabela 1. Liczebno$¢ innych, wybranych mikroorganizméw

utylizujacych wodor z podziatem na systemy hodowlane.

strony 67-68 Tabela 2. Wybrane parametry hodowli.

strona 68 Tabela 3. Charakterystyka kur eksperymentalnych.

strona 69 Tabela 4. Charakterystyka kur fermowych.

strona 69 Tabela 5. Charakterystyka kur wiejskich, wolnozyjacych.

strona 70 Tabela 6. Startery zastosowane w pracy.

strona 71 Tabela 7. Parametry termiczne zastosowane w celu analizy ilo$ciowej

kazdej z badanych grup mikroorganizmow.

Cisek AA, Szymanska E, Wierzbicka-Rucinska A, Aleksandrzak-Piekarczyk T, Cukrowska B.
Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease in Relation to Disease
Type and Activity. International Journal of Molecular Sciences. 2024, 25(1):673. DOI:
10.3390/ijms25010673.
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strona 77

Tabela 1. Charakterystyka pacjentow. SD — odchylenie standardowe;
Mdn — mediana; PCDAI — pediatryczny wskaznik aktywnos$ci choroby
Les$niowskiego-Crohna; PUCAI — pediatryczny wskaznik aktywnoS$ci
wrzodziejgcego zapalenia jelita grubego; FCP — kalprotektyna w kale;
CD - choroba Les$niowskiego-Crohna; UC — wrzodziejace zapalenie
jelita grubego. Istotno$¢ statystyczna badana testem Kruskala-Wallisa:
* p<0,05 w poréwnani z kontrola; # p<0,05 w pordwnani z nieaktywng

forma tej samej jednostki chorobowe;.

strona 77

Tabela 2. Wystepowanie archeonéw metanogennych [%] w
poszczegblnych grupach pacjentow chorujacych na IBD i kontrolnych.
CD — choroba Lesniowskiego-Crohna; UC — wrzodziejace zapalenie
jelita grubego. Istotnos¢ statystyczna badana testem doktadnym Fishera:

* p<0,05 w poréwnaniu z kontrola.

strona 78

Tabela 3. Iloraz szans detekcji archeonow metanogennych w
poszczegolnych grupach pacjentdw chorujacych na IBD i kontrolnych.
CD — choroba Lesniowskiego-Crohna; UC — wrzodziejace zapalenie
jelita grubego. Istotno$¢ statystyczna badana testem 2x2 (narze¢dzie
OpenEpi web tool).

strona 78

Rycina 1 (A-D). Porownanie liczebnosci archeonow metanogennych w
probkach katu (suchej masy) u pacjentow z chorobg Le$niowskiego-
Crohna (CD), wrzodziejacym zapaleniem jelita grubego (UC) oraz w
grupie kontrolnej. Najbardziej wyrazne roznice obserwowano w totalne;j
liczbie metanogendéw (A). Istotno$¢ statystyczna badana testem
Kruskala-Wallisa: * p<0,05; ** p<0,01; *** p<0,001; brak symbolu

oznacza brak istotnos$ci statystyczne;.

strona 79

Rycina 2 (A-D). Porownanie liczebnosci archeonow metanogennych w
probkach katu (suchej masy) u pacjentéw z choroba Lesniowskiego-
Crohna (CD), wrzodziejacym zapaleniem jelita grubego (UC) w
zalezno$ci od stopnia aktywnos$ci choroby oraz w grupie kontrolne;.
Najbardziej] wyrazne roznice obserwowano w totalnej liczbie

metanogenow (A). Istotno$¢ statystyczna badana testem Kruskala-
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Wallisa: ** p<0,01; *** p<0,001; brak symbolu oznacza brak istotno$ci

statystycznej.

strona 80

Rycina 3. Korelacja pomiedzy liczebnoscig archeonéw metanogennych
w probkach katu (suchej masy) a wskaznikiem aktywnosci choroby
(PCDAI lub PUCAI) u pacjentow z chorobg Lesniowskiego-Crohna
(CD), wrzodziejacym zapaleniem jelita grubego (UC). Jedyna istotna
statystycznie korelacja obserwowana byla pomiedzy totalng liczba
metanogenéw a indeksem PCDAI w aktywnej postaci CD (zielone

obramowanie).

strona 80

Rycina 4. Korelacja pomiedzy liczebnoscig archeonéw metanogennych
w probkach katu (suchej masy) a stezeniem kalprotektyny w kale (FCP)
we wszystkich badanych grupach pacjentow. CD — choroba
Lesniowskiego-Crohna; UC — wrzodziejace zapalenie jelita grubego.
Jedyna istotna statystycznie korelacja obserwowana byta pomig¢dzy
liczbg Ms. stadtmanae a FCP w nieaktywnej postaci UC (zielone

obramowanie).

strona 81

Rycina 5. Korelacja pomiedzy liczebnoscig archeonéw metanogennych
w probkach kalu (suchej masy) a wiekiem pacjentow we wszystkich
badanych grupach. CD — choroba Le$niowskiego-Crohna; UC —
wrzodziejgce zapalenie jelita grubego. Istotne statystycznie korelacje
obserwowane byly pomiedzy wiekiem a totalng liczba metanogenow i
Mb. smithii w aktywnej formie CD, oraz pomiedzy wiekiem a liczba

Methanomassiliicoccales w grupie kontrolnej (zielone obramowania).

strona 85

Tabela 4. Startery zastosowane do detekcji archeonéw metanogennych.

strona 85

Tabela 5. Parametry termiczne zastosowane w celu analizy ilosciowe;]

kazdej z badanych grup metanogenow.
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Zgody komisji etycznych

\“7!,.1

UCHWALA NR 58/2013
z dnia 23 pazdziernika 2013 roku

Ill Lokalnej komisji etycznej do spraw doswiadczen na zwierzgtach w Warszawie

§1

Na podstawie art. 30 ust. 1 pkt 1 ustawy z dnia 21 stycznia 2005r. o doswiadczeniach na zwierzetach (Dz. U.
Nr 33, poz. 289) i § 14 ust. 3 rozporzadzenia Ministra Nauki i Informatyzaciji z dnia 29 lipca 2005r. w sprawie
Krajowej Komisji Etycznej do Spraw Doswiadczen na Zwierzgtach oraz lokalnych komisji etycznych do spraw

do$wiadczen na zwierzetach (Dz. U. Nr 153, poz. 1275), po rozpatrzeniu wniosku, pt.: ,,ZNACZENIE
PROBIOTYCZNYCH PALECZEK LACTOBACILLUS DLA ROZWOJU JELITOWEJ

MIKROBIOTA KURCZAT” ziozonego przez prof. dr hab. Mariana Binka z Wydzialu Medycyny
Weterynaryjnej SGGW w Warszawie, lokalna komisja etyczna:

WYRAZA ZGODE
na przeprowadzenie doswiadczen na zwierzetach w zakresie wniosku.
§2
W wyniku rozpatrzenia wniosku, o ktérym mowa w § 1, lokalna komisja etyczna ustalita, ze:
1. Whniosek nalezy zaliczy¢ do kategorii:
Badania naukowe na zwierzetach
2. Najwyzszy stopien inwazyjnos$ci proponowanych procedur nie przekracza wartosci 2

3. Doswiadczenia bedg przeprowadzone na zwierzetach (gatunek, liczba zwierzat):

Kura domowa 91

4. Do$wiadczenia bedg przeprowadzone przez (nazwisko i imie, nazwa jednostki doswiadczalnej):

Kizerwetter-Swida Magdalena |Wydziat Medycyny Weterynaryjnej SGGW
Cisek Agata. Wydziat Medycyny Weterynaryjnej SGGW

5. Doswiadczenia bedg przeprowadzane na tkankach i narzadach uzyskiwanych od zwierzat w ramach: -

§3

Integralng czes¢ niniejszej uchwaly stanowi uzasadnienie i kopia wniosku, o ktérym mowa w § 1.

Podpisy cztonkéw lokalnej komisji etycznej bioracych udziat w glosowaniu:
FIREE ) 1. Wiadystaw Cabaj, Przewodniczacy LKE = = ;
[ Piecze¢ lokalnej komisji etycznej ] 2. Joanna Gromadzka-Ostrowska %f’ O (" L,Q/(_él,
3. Julita El-Jai 1y g% J

4. Aleksandra Gérdcka-Bruzda (/¢
5. Anna Kowalczyk 4 7/

‘ /‘\ (
7. Ewa Rejment -\ .
8. Ada Schollenberger A’% W,W

9. Robert Wrzesien

6. Tomasz Misztal W
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UZASADNIENIE UCHWALY NR 58/2013
z dnia 23 pazdziernika 2013 r.

Il Lokalnej komisji etycznej do spraw doswiadczen na zwierzetach w Warszawie

Przedstawiony projekt spetnia warunki dopuszczenia doswiadczen na zwierzetach.

Whniosek dobrze przygotowany pod wzgledem merytoryczno-formalnym. Zawiera wyczerpujacy
zestaw danych wymaganych do jego oceny. Celem doswiadczenia bedzie poznanie wplywu paleczek
Lactobacillus o znanych cechach na modulacje jelitowych mikrobiontéw. Celowos$é badan jest w
petni uzasadniona. Planowane procedury nie budzg zastrzezeri etycznych i zostaly prawidiowo
uzasadnione co do stopnia inwazyjnosci. Liczba zwierzat doswiadczalnych zostata zaplanowana

stosownie do potrzeb.
Komisja ocenia wniosek pozytywnie i dopuszcza opisane doswiadczenie do realizacji.

Zgoda obejmuje okres: 60 miesiecy.

Kierownik projektu jest odpowiedzialny za przeprowadzenie dodwiadczenia zgodnie z opisem we wniosku.
Wg art. 30 ust. 1 pkt 2 oraz 34 ust. 1 ustawy z dnia 21 stycznia 2005 r. o do$wiadczeniach na zwierzetach
(Dz. U. Nr 33, poz 289), lokalna komisja etyczna jest upowazniona do kontroli przeprowadzanego
doswiadczenia. W przypadku stwierdzenia niezgodnosdci przebiegu doSwiadczenia z zatwierdzonym
projektem obowigzujg przepisy wg art. 35 wiv ustawy.

Otrzymuja;
1. Whnioskodawca,
2. Kierownik jednostki doswiadczalnej,
3 ala

Pouczenie

Strona niezadowolona z niniejsze] uchwaly moze wnieé¢ odwolanie do Krajowej Komisji Etycznej do Spraw Doswiadczen na Zwierzetach w terminie 14 dni
od dnia otrzymania uchwaty.

Odwolanie skiada sig za posrednictwem lokalnej komisji etycznej, ktora wydate uchwale, zgodnie z § 20 rozporzadzenia Ministra Nauki i Informatyzaciji z dnia
29 lipca 2005r. w sprawie Krajowej Komisji Etycznej do Spraw Doswiadczen na Zwierzetach oraz lokalnych komisji etycznych do spraw doswiadczen na
zwierz¢tach (Dz. U. Nr 153 poz. 1275).
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SZROLA GEOWNA GOSPODARSTWA WIEISKIEGO W WARSZAWIE
[T Lok ALNA KOMISTA ETYCZNA DS, DOSWIADCZEN NA ZWIERZETACH

ul. Ciszewskiego 8, 02-786 Warszawa, tel. (48-22) 59-35-622, http://lke_sggw.sggw.pl

Ike 42/2016
Warszawa, 18 maja 2016

Mgr Agata Cisek

Dr Magdalena Kizerwetter-Swida

Katedra Nauk Przedklinicznych

Wydziat Medycyny Weterynaryjnej SGGW

Dotyczy:
Whniosku o wydanie opinii w sprawie podtrzymania zgody Ill LKE na przeprowadzenie
doswiadczenia na zwierzetach ,Znaczenie probiotycznych pateczek Lactobacillus dla rozwoju
jelitowej mikrobiota kurczat”.

Informujemy, ze Il Lokalna Komisja Etyczna do Spraw Doswiadczen na Zwierzetach przy SGGW w
Warszawie, po zapoznaniu sie z przedstawionym przebiegiem doswiadczenia wg nowego schematu
ustalita, ze proponowane modyfikacje nie wptywajg w negatywny sposob na dobrostan zwierzat, a
wiec na ich wprowadzenie nie jest wymagane uzyskanie zgody Komisji Etycznej. Podstawa:
planowane w projekcie dodatkowe czynnosci, zgodnie za sztuka lekarsko-weterynaryjng, nie
powodujg u zwierzat bdlu, cierpienia, dystresu lub trwatego uszkodzenia organizmu w stopniu
réwnym uktuciu igta lub intensywniejszym (art. 1.2. pkt. 5 ustawy z dnia 15 stycznia 2015 r. o
ochronie zwierzat wykorzystywanych do celéw naukowych lub edukacyjnych, Dz. U. poz. 266).

Z powazaniem

SEKRETARZ
Il Lokalnej Komisji Etycznej

ds. Doéwiad, naz isizels J'DYZ
{Uzon ka Mikulska /

T11 LokALNA KoMIsJA ETYCZNA DS. DOSWIADCZEN NA ZWIERZEATCH PRZY SGGW W WARSZAWIE, http://lke_sggw.sggw.pl, e-mail: monika_mikulska@sggw.pl
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 KOMISJA BIOETYCZNA
przy Instytucie ,,Pomnik-Centrum Zdrowia Dziecka”
Al. Dzieci Poiskich 20

- 04-730 Warszawa-Migdzylesie

‘T. (22) 815-16-03

UCHWALA nr 49/KBE/2019

OPINIA KOMISJI BIOETYCZNEJ
przy INSTYTUCIE ,POMNIK-CENTRUM ZDROWIA DZIECKA"

Komisja Bioetyczna przy Instytucie Pomnik-Centrum Zdrowia Dziecka™ na posiedzr_v‘ ! Jl.t
06.11.2019 rozpatrzyla badanie pt: Stezenie zonuliny we krwi i w kale jako niginwaz n
biomarker przepuszczalnosci jelit u pacjentéw z nieswoistymi chorobami jelit : k#r_elad;:ja

lokalizacja i ciezko$cia choroby , poréwnanie z kalprotektyna w kale.
Gt. Badacz: dr n med. Edyta Szymarska v

Do zaopinicwano ztozono dokumenty dotyczace nowego eksperymentu medycznego w.ram ict
Zadania Miodego Badacza. Badanie obejmuje ocene zastosowania metody diagnostyczn L
‘pacjentéw z nieswoistymi zapaleniami jelit. Eolhd
Zaplanowano wigczy¢ do proby klinicznej 50 pacjentow ze $wiezo rozpoznanym iflub —aktyw"n_iérr}
nieswoistym zapaleniem jelit w wieku od 1 — 17 roku zycia, z ktorych polowe beda stanowili chorzy. z/
wrzodziejacym zapaleniem jelita grubego, a druga potowe z chorobg Lesniowskiego-Crohna. Gripg! |

kontrolng bedzie stanowi¢ 25 dzieci w tym samym wieku z czynnosciowymi zaburzeniami przewady, - : ;
pokarmowego manifestujacymi sie bélami brzucha iflub biegunka. Pacjenci bedg sig rekrutowa;’: z -

Kliniki Gastroenterologii, Hepatologii, Zaburzef Odzywiania i Pediatrii IP-CZD. P
Badanie bedzie opieraé sie na: i
1. Danych z wywiadu i dotychczas przeprowadzonych badaniach pozwalajgcych rozpoznaé:

a. rodzaj schorzenia (grupa badana i kontrolna), f

b. aktywnos¢ i lokalizacje zmian zapalnych jelit (grupa badana), 2

C. sposéb dotychczasowego leczenia (grupa badana),

2. Jednorazowym pobraniu krwi na oznaczenie zonuliny oraz katu na oznaczenie zonuliny;
kalprotektyny. :

Celem badania jest poréwnanie skutecznosci diagnostycznej oznaczania stgzenia kalprotektyriy w i
kale oraz zonuliny w kale i we krwi, biorac pod uwage inny charakter i dziatanie wymienionych: "~ -
biomarkeréw. ‘ Gl

W dostarczonych dokumentach dobrze opracowanc cel i znaczenie projektu dla r :;‘pjyf
nieinwazyjnych badan diagnostycznych, Dobrze okreslono pacjentéw wigczanych do! gru |
AL

badawczej i kontrolnej.

i
i

Medycyny Doswiadczainej — 1 wspotbadacz.

W skiad zespolu badawczego wchodzg pracownicy wyzej wymienionych pracowni i kilnii{i.: :"

Dotgczono zgody kierownikéw: Kliniki Gastroenterologii, Hepatologii, Zaburzenh Odzywiania i

Pediatrii, Zaktadu Patologii oraz Zaktadu Biochemii, Rdicimmunologii i Medycyny Doéwiadczalngj !

IP-CZD. L
Formularz informacji dia rodzicow / opiekunéw, jak i formularz zgody sg prawidiowo skonstrupyvapg
Dotgczono formularz zgody i informacji o badaniu przeznaczony dla pacjentéw od 18 roku zycia. = |

Badanie uwazam za bardzo wartoSciowe. Wprowadzi ono nowe dane dotyczace biomérk‘eréw P

opisujacych przewlekie, nieswoiste zapalenia jelit. Uznanie diagnostycznej przydatno$ci cznaczanhia

zonuliny w kale i we krwi poszerza nieinwazyjne metody rozpoznawania i oceny przet})iegjui ! ,
nieswoistych zapalen jelit. Moze tez stwarza¢ dodatkowe mozliwoéci dla chorych, dla ktorycp b

oznaczenie kalptotektyny nie jest miarodajne

124

R
Badanie bedzie prowadzone w Pracowni Immunologii oraz Pracowni Onkopatologii i Biostrukiury, =i : |
Medyczne] Zakiadu Patologii iP-CZD. Wymienicno Kliniki Gastroenterologii, Hepatologii, Zaburzen -
Odzywiania i Pediatrii IP-CZD, z ktérej to 2 wspéibadaczy wigczono do zespotu badawczego oraz, - ..
Pracowni Hormonow Steroidowych i Zaburzen Metabolizmu Zakiadu Biochemii, Radioimmunologiii = -




Do zespotu badaczy naleza:

' Dr n med. Maciej Dadalski *

_ Prof dr hab. n med. Jarostaw Kierkus "
Dr n farm Aldona Wierzbicka —Rucinska ¢
Dr n wet Joanna Bierta
Prof. dr hab. n med. Bozena Cukrowska

' Przediozone dokumenty:

Whiosek o wydanie opinii o projekcie
Streszczenie protokotu badania

Informacja dla rodzicow /opiekunow dziecka
Deklaracja wyrazenia zgody

Deklaracja wyrazenia zgody dla pacjenta >16rz S :
Zgoda Kierownika Zaktadu Patologii, Pracowni Immunologii, Zaktadu Biochem
.Radioimmunologii i Medycyny Dos$wiadczalnej, Pracowni Hormonéw Steroidowyc
Zaburzen Metabolizmu, Kliniki Gastroenterologii .Hepatologii i Zaburzent Odzywiania & -
7. Opinia Eksperta s

o n LN

Na podstawie przedtozonej dokumentacji, dodatkowych wyjasnien przedstawionych przez dr n:med.
Edyte Szymanska oraz dyskusji i wyniku tajnego glosowania Komisja Bioetyczna pny-?IPCZD;t , |
wyrazita zgode na przeprowadzenie badania. Sktad i dziatanie Komisji zgodne z GCP iordzl 1ok
wymogami lckainymi. Tekst uchwaly zostat sporzadzony w 2 jednobrzmiacych egz. po jednym dia: ! SR |
wnioskedawcy | Komisji Bioetycznej. Lista cztonkow Komis;ji biorgcych udziat w posiedzeniu stanowi.
zatgcznik do niniejszego dokumentu. Lo

PRZEWODNICZACY KOMISJI BIOETYCZNEJ
przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka” 1
Prof. nadzw dr hab. n. med. Sylwester Prokurat™ |
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Oswiadczenia wspolautorow

OSWIADCZENIE WSPOLAUTORA

O INDYWIDUALNYM WKEADZIE PRACY W POW STAWANIE ARTYKULU

TUTUL: The Role of Methanogenic Archaea in In flammatory Bowel Disease—A Review

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Aleksandrzak-Pickarczyk Tamara,
Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: Journal of Personalized Medicine.
2024, 14,2, 196

AUTOR: Szymarnska Edyta

Oswiadezam, ze méj wkiad w powstanie pracy polegat na merytorycznej recenzji artykutu.

Wkiad Agaty Anny Cisek to: opracowanie koneepcji publikacji, gromadzenie zasobow,
pozyskanie finansowania, przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi
recenzentéw, ostateczne zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byta czgscig rozprawy doktorskiej mgr Agaty Anny
Cisek.
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL: The Role of Methanogenic Archaea in Inflammatory Bowel Disease—A Review

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Aleksandrzak-Piekarczyk Tamara,
Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: Journal of Personalized Medicine.
2024, 14,2, 196

AUTOR: Aleksandrzak-Piekarczyk Tamara

Oswiadczam, ze mdj wklad w powstanie pracy polegal na merytorycznej recenzji artykutu
oraz korekcie jezyka angielskiego.

Wktad Agaty Anny Cisek to: opracowanie koncepcji publikacji, gromadzenie zasobow,
pozyskanie finansowania, przygotowanie wersji wstepnej artykulu, odpowiedz na uwagi
recenzentow, ostateczne zredagowanie artykutu.

Wyrazam zgode, zeby publikacja ta byta czescia rozprawy doktorskiej mgr Agaty Anny
Cisek.

Podpisano przezf Signed by:

Data: TAMARA
T ALEKSANDRZAK-PIEKARCZYK """

Data/ Date: 09.04.2024 10:17

Podpis: . mSzafir e
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL: The Role of Methanogenic Archaea in Inflammatory Bowel Disease—A Review

AUTORZY: Cisck Agata Anna, Szymanska Edyta, Aleksandrzak-Piekarczyk Tamara,
Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: Journal of Personalized Medicine.
2024, 14, 2, 196

AUTOR: Cukrowska Bozena

Oswiadczam, ze méj wktad w powstanie pracy polegatl na opracowaniu koncepcji pracy oraz
merytorycznej recenzji artykutu.

Wkiad Agaty Anny Cisek to: opracowanie koncepcji publikacji, gromadzenie zasobow,
pozyskanie finansowania, przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi
recenzentow, ostateczne zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byla czescig rozprawy doktorskiej mgr Agaty Anny
Cisek.

Data: f 04 ,Z()JG/
Podpis: .....7.. i é‘ ...... 4 W s
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL: Improved Quantitative Real-Time PCR Protocol for Detection and Quantification
of Methanogenic Archaea in Stool Samples

AUTORZY: Cisek Agata Anna, Bak Iwona, Cukrowska Bozena
czasopismo lub wydawca, rok wydania, tom, strony: Microorganisms, 2023, 11, 3, 660
AUTOR: Bgk Iwona

Oséwiadczam, ze méj wklad w powstanie pracy polegal na pozyskaniu probek do pracy oraz
merytorycznej recenzji artykultu.

Wklad Agaty Anny Cisek to: opracowanie koncepcji i metodologii badan, pozyskanie
érodkow finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikow badan,
przygotowanie wersji wstepnej artykulu, odpowiedz na uwagi recenzentow, ostateczne
zredagowanie artykulu.

Wyrazam zgode, Zeby publikacja ta byla cz¢scig rozprawy doktorskiej mgr Agaty Anny
Cisek.

Data: 90‘1/20/~L1 ................

130



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TUTUL.:: Improved Quantitative Real-Time PCR Protocol for Detection and Quantification
of Methanogenic Archaea in Stool Samples

AUTORZY: Cisek Agata Anna, Bgk Iwona, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: Microorganisms, 2023, 11, 3, 660

AUTOR: Cukrowska Bozena

Oswiadczam, ze moj wklad w powstanie pracy polegal na analizie formalnej tresci,
nadzorowaniu prac oraz merytorycznej recenzji artykutu.

Wkiad Agaty Anny Cisek to: opracowanie koncepcji i metodologii badan, pozyskanie
$rodkéw finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikéw badan,
przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi recenzentow, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byta czg¢scig rozprawy doktorskiej mgr Agaty Anny
Cisek.
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TUTUL: Microorganisms Involved in Hydrogen Sink in the Gastrointestinal Tract of
Chickens

AUTORZY: Cisek Agata Anna, Dolka Beata, Bagk Iwona, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2023, 24, 7, 6674

AUTOR: Dolka Beata

Os$wiadczam, ze m6j wkiad w powstanie pracy polegal na pozyskaniu prébek oraz danych do
pracy, a takze merytorycznej recenzji artykutu.

Wklad Agaty Anny Cisek to: opracowanie koncepcji i metodologii badafi, pozyskanie
$rodk6éw finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikéw badan,
przygotowanie wersji wstepnej artykutu, odpowiedZ na uwagi recenzentéw, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byta czgécia rozprawy doktorskiej mgr Agaty Anny
Cisek.

Data: 03 OLLOLOV/U{” .........
Podpis: bm fhoua)\-
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TUTUL: Microorganisms Involved in Hydrogen Sink in the Gastrointestinal Tract of
Chickens

AUTORZY: Cisek Agata Anna, Dolka Beata, Bak Iwona, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2023, 24, 7, 6674

AUTOR: Bak Iwona

Oéwiadczam, ze méj wkiad w powstanie pracy polegal na pozyskaniu probek do pracy oraz
merytorycznej recenzji artykufu.

Wklad Agaty Anny Cisek to: opracowanie koncepcji i metodologii badan, pozyskanie &
érodkow finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikow badan,
przygotowanie wersji wstepnej artykulu, odpowiedz na uwagi recenzentow, ostateczne
zredagowanie artykufu.

Wyrazam zgode, zeby publikacja ta byla czgscia rozprawy doktorskiej mgr Agaty Anny
Cisek.

Data: 90‘420;(411 ...............

Podpis: ...E%X:,...IQ.QILQ .........
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TUTUL: Microorganisms Involved in Hydrogen Sink in the Gastrointestinal Tract of
Chickens

AUTORZY: Cisek Agata Anna, Dolka Beata, Bgk Iwona, Cukrowska Bozena

czasopismo lub wydaweca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2023, 24, 7, 6674

AUTOR: Cukrowska Bozena

Oswiadczam, ze moj wklad w powstanie pracy polegal na analizie formalnej tresci oraz
merytorycznej recenzji artykuhu.

Wkiad Agaty Anny Cisek to: opracowanie koncepcji i metodologii badan, pozyskanie
srodkéw finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikow badan,
przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi recenzentéw, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byta cz¢scig rozprawy doktorskiej mgr Agaty Anny
Cisek.
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TUTUL: Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease in Relation
to Disease Type and Activity

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Wierzbicka-Rucifiska Aldona,
Aleksandrzak-Piekarczyk Tamara, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2024, 25, 1, 673

AUTOR: Szymanska Edyta

Oswiadczam, ze méj wklad w powstanie pracy polegat na opracowaniu metodologii,
pozyskaniu finansowania, pozyskaniu pacjentéw i probek do pracy oraz merytorycznej
recenzji artykutu.

Wkiad Agaty Anny Cisek to: opracowanie koncepcji badan, pozyskanie $rodkéw
finansowych na wykonanie badan, przeprowadzenie badar, analiza wynikéw badan,
przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi recenzentéw, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byla czgscia rozprawy doktorskiej mgr Agaty Anny
Cisek.
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TUTUL: Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease in Relation
to Disease Type and Activity

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Wierzbicka-Rucinska Aldona,
Aleksandrzak-Piekarczyk Tamara, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2024, 25, 1, 673

AUTOR: Wierzbicka-Rucinska Aldona

Oéwiadczam, ze moj wktad w powstanie pracy polegal na wykonaniu czesci oznaczefl
laboratoryjnych, analizie danych oraz merytorycznej recenzji artykutu.

Wktad Agaty Anny Cisek to: opracowanie koncepcji badan, pozyskanie $rodkow
finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikow badan,

przygotowanie wersji wstgpnej artykutu, odpowiedz na uwagl recenzentow, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, 7eby publikacja ta byta czgscig rozprawy doktorskiej mgr Agaty Anny
Cisek.

Podpis: ...A’.((\J.!\“M‘: oles> - Q’MU{//‘ (AL
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TUTUL: Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease in Relation
to Disease Type and Activity

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Wierzbicka-Rucinska Aldona,
Aleksandrzak-Piekarczyk Tamara, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2024, 25, 1, 673

AUTOR: Aleksandrzak-Piekarczyk Tamara

Oswiadczam, ze moj wktad w powstanie pracy polegal na pozyskaniu finansowania,
merytorycznej recenzji artykutu i korekcie jezyka angielskiego.

Wktad Agaty Anny Cisek to: opracowanie koncepcji badan, pozyskanie srodkow
finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikow badan,
przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi recenzentow, ostateczne
zredagowanie artykutu.

Wyrazam zgode, zeby publikacja ta byta czescig rozprawy doktorskiej mgr Agaty Anny
Cisek.

Podpisano przez/ Signed by:

. TAMARA
Data: ... ALEKSANDRZAK-PIEKARCZYK * " """

Data/ Date: 09.04.2024 10:18

Podpis: . V mSzafir
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TUTUL: Methanogenic Archaea in the Pediatric Inflammatory Bowel Disease in Relation
to Disease Type and Activity

AUTORZY: Cisek Agata Anna, Szymanska Edyta, Wierzbicka-Rucinska Aldona,
Aleksandrzak-Piekarczyk Tamara, Cukrowska Bozena

czasopismo lub wydawca, rok wydania, tom, strony: International Journal of Molecular
Sciences, 2024, 25, 1, 673

AUTOR: Cukrowska Bozena

Os$wiadczam, ze mdj wklad w powstanie pracy polegal na opracowaniu koncepcji pracy,
metodologii badan, analizie danych, analizie formalnej tresci artykuhu oraz jego
merytorycznej recenzji.

Wkiad Agaty Anny Cisek to: opracowanie koncepcji badan, pozyskanie srodkow
finansowych na wykonanie badan, przeprowadzenie badan, analiza wynikéw badan,
przygotowanie wersji wstepnej artykutu, odpowiedz na uwagi recenzentow, ostateczne
zredagowanie artykutu.

Wyrazam zgodg, zeby publikacja ta byla czgscia rozprawy doktorskiej mgr Agaty Anny
Cisek.

Data: O‘XUZ’&)ZV ..............
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