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Abstract 32 

Gut dysbiosis has been reported repeatedly in Parkinson’s disease (PD), but once in rapid-eye-33 

movement sleep behavior disorder (RBD) from Germany. Abnormal aggregation of α-synuclein 34 

fibrils causing PD possibly starts from the intestine. RBD patients frequently develop PD. Initial 35 

gut dysbiosis causally associated with PD is thus expected to be observed in RBD. We here 36 

analyzed gut microbiota in 26 RBD patients and 137 controls by 16S rRNA-seq, and meta-37 

analyzed our dataset with the German dataset. Unsupervised clustering of gut microbiota by 38 

LIGER, a topic model-based tool for single-cell RNA-seq analysis, revealed enterotypes A-D. 39 

Enterotypes were shifted from A-to-D with transition from controls, RBD, to the disease 40 

progression of PD. Seven taxa were increased in RBD in Japan, and six of them were also 41 

increased in RBD in Japan and Germany. Among the six taxa, genus Akkermansia and family 42 

Akkermansiaceae were consistently increased in PD in five countries, and the other four taxa 43 

were also variably changed in PD. No short-chain fatty acid (SCFA)-producing bacteria were 44 

significantly changed in RBD in the meta-analysis. In contrast, we previously reported that 45 

recognized and putative SCFA-producing genera Faecalibacterium, Roseburia, and 46 

Lachnospiraceae ND3007 group were consistently decreased in PD in five countries. Increased 47 

mucin-layer-degrading genus Akkermansia possibly accounts for the development of RBD, and 48 

an additional decrease of SCFA-producing genera may be associated with the transition from 49 

RBD to PD. 50 

Importance Nineteen studies have been reported on gut microbiota in PD, whereas only one 51 

study has been reported in RBD from Germany. RBD has the highest likelihood ratio to develop 52 

PD. Our meta-analysis of RBD in Japan and Germany revealed increased mucin-layer-degrading 53 

genus Akkermansia in RBD, which was not conspicuous in the German study. Genus 54 
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Akkermansia may increase the intestinal permeability, as we previously observed in PD patients, 55 

and make the intestinal neural plexus exposed to oxidative stress, which can lead to abnormal 56 

aggregation of prion-like α-synuclein fibrils in the intestine. In contrast to PD, SCFA-producing 57 

bacteria were not decreased in RBD. As SCFA induces Treg cells, a decrease of SCFA-producing 58 

bacteria may be a prerequisite for the development of PD. We propose that prebiotic and/or 59 

probiotic therapeutic strategies to increase the intestinal mucin layer and to increase intestinal 60 

SCFA potentially retard the development of RBD and PD. 61 

  62 
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Introduction 63 

 Parkinson’s disease (PD) is a progressive neurodegenerative disease exhibiting four 64 

major motor deficits of tremor, slowness of movement, rigidity, and postural instability (1). PD 65 

also exhibits non-motor symptoms that are characterized by dysautonomia (constipation, 66 

vomiting, orthostatic hypotension, excessive sweating, and dysuria) and mental disorders 67 

(depression, anxiety disorder, visual hallucination, and dementia) (1). Turning our eyes to the 68 

pathophysiology of PD, PD is caused by loss of the dopaminergic neurons in the substantia nigra, 69 

which is induced by abnormally aggregated α-synuclein fibrils (Lewy bodies) in the neuronal 70 

cells. Abnormal aggregation of α-synuclein fibrils behaves like prions, and is propagated to other 71 

neuronal cells probably via synapses (2). Lewy bodies are also observed in the cerebral cortex, 72 

the lower brainstem (3), the olfactory bulb (4), the autonomic nervous system (5), the salivary 73 

glands (6), the skin (7), and the intestine (6, 8, 9). Abnormal aggregation of α-synuclein fibrils 74 

possibly initiates in the intestinal neural plexus and ascends to the substantia nigra (4). 75 

Constipation, rapid-eye-movement sleep behavior disorder (RBD), and depression are frequently 76 

predisposed to the development of motor symptoms in PD in this order, which is in accordance 77 

with the ascending α-synucleinopathy (1). A total of 19 studies had been reported by us (10, 11) 78 

and others (12-28) for gut microbiota in PD. Our recent report included the largest cohort of PD 79 

patients, and the development of a novel nonparametric meta-analysis method that was applied to 80 

analyze gut microbiota in PD in five countries (11). Our meta-analysis revealed that increased 81 

genus Akkermansia and decreased genera Roseburia and Faecalibacterium were shared in PD 82 

across countries. In addition, these taxonomic changes were independent of the confounding 83 

effects of constipation, body mass index (BMI), sex, age and catechol-O-methyl transferase 84 

(COMT) inhibitor intake. 85 
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RBD is characterized by dream-enactment behaviors during the rapid eye movement 86 

(REM) sleep, when normal people lose muscle tone, called a state of atonia (29). The prevalence 87 

of RBD is estimated to be 0.5 to 2 percent (30, 31). RBD frequently predisposes to α-88 

synucleinopathy including PD, dementia with Lewy bodies (DLB), and multiple system atrophy 89 

(MSA) (29). RBD patients sometimes have subtle sensory, motor, and cognitive deficits, as well 90 

as constipation, before the onset of PD and other α-synucleinopathies (29). PD has been classified 91 

into three group according as the disease progresses: preclinical PD (no overt symptoms even in 92 

the presence of neurodegeneration), prodromal PD (overt symptoms but lacking the criteria of 93 

PD), and clinical PD (overt symptoms satisfying the criteria of PD) (32). RBD is the most 94 

dependable hallmark of prodromal PD (32). Similarly, the likelihood ratio of RBD to develop PD 95 

is as high as 130 (33). Thus, therapeutic intervention to prevent transition from RBD to PD has a 96 

potential to become a causative treatment for PD (34). 97 

In contrast to as many as 19 studies reported on gut microbiota in PD as stated above, 98 

only one study has been reported on 21 RBD patients along with 76 PD patients from Germany 99 

(22). They reported that gut microbiota in RBD was similar to that in PD. We recently reported 100 

increased genus Akkermansia, and decreased genera Faecalibacterium and Roseburia in PD in 101 

five countries including the German dataset (11, 22). These genera, however, were not 102 

significantly changed in RBD in the German dataset. We here performed 16S rRNA-seq analysis 103 

of 26 RBD patients and 137 controls. We also meta-analyzed our dataset with the German dataset 104 

using a nonparametric meta-analysis method that we developed previously to identify shared 105 

taxonomic changes between the two countries, and compared RBD-associated taxonomic 106 

changes in two countries with PD-associated changes in five countries. 107 

 108 
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Results 109 

PCoA plot to analyze the overall composition of gut microbiota in controls, RBD, and PDs 110 

We performed 16S rRNA-seq analysis of gut microbiota in 26 patients with idiopathic 111 

RBD and 137 healthy controls. All RBD patients were diagnosed by International Classification 112 

of Sleep Disorders Criteria-Third Edition (35). We conducted PCoA analysis of gut microbiota in 113 

controls and RBD in our dataset, as well as gut microbiota in our previously reported PD subjects 114 

(Hoehn & Yahr scales 1-5) (11). The centers of gravity moved from the upper left to the lower 115 

right with disease progression from controls, RBD, to Hoehn & Yahr scales 1-5 (Fig. 1A). RBD 116 

was positioned close to the mildest form of PD with Hoehn & Yahr scale 1. 117 

 118 

LIGER analysis to reveal unsupervised enterotypes in a combined dataset of controls, RBD, and 119 

PD 120 

 We applied LIGER that was developed for topic model-based single-cell RNA-seq 121 

analysis (36) to make unsupervised clustering of gut microbiota in controls, RBD, and PD. Each 122 

cluster should represent an enterotype. LIGER revealed four enterotypes of A, B, C, and D (Fig. 123 

1B). Examination of the proportion of controls, RBD, and Hoehn & Yahr scales 1-5 in each 124 

enterotype revealed that the proportion of controls was decreased in the order of enterotypes A to 125 

D, while the proportions of Hoehn & Yahr scales 3-5 were increased in the same order (Fig. 1C). 126 

The proportion of RBD was the highest in enterotype A. In factorization by LIGER, the fist factor 127 

contributes most to differentiate enterotypes A to D, and genera with high loadings in the first 128 

factor are major determinants of enterotypes. Color coding of the first factor in each subject 129 

showed a gradual decrease of the first factor from enterotypes A to D (Fig. 1D). The top ten 130 

genera with the highest loadings in the first factor are indicated in Table S1 in the supplemental 131 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted August 10, 2020. ; https://doi.org/10.1101/2020.08.07.242453doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.07.242453


8 

 

material. It was interesting to note that, among the ten genera, nine produce SCFA and one 132 

putatively produces SCFA (Lachnospiraceae ND3007 group). Scatter plots of the ten genera in 133 

each enterotype showed that the abundances of these genera were also decreased in the order of 134 

enterotypes A to D (see Fig. S1 in the supplemental material). Among the ten genera, 135 

Faecalibacterium, Roseburia, and Lachnospiraceae ND3007 group were exactly the three genera 136 

that were decreased in PD in our previous meta-analysis of five countries (11). To summarize, 137 

unsupervised clustering of enterotypes revealed that enterotypes were shifted from A to D with 138 

transition from control, RBD, to Hoehn & Yahr scales 1-5, and that SCFA-producing genera 139 

were decreased from enterotypes A to D. 140 

 141 

Analysis of each taxon between controls and RBD in our dataset 142 

We examined taxonomic differences between controls and RBD in our dataset using 143 

Analysis of Composition of Microbiomes (ANCOM) (37) and Wilcoxon rank sum test (Table 144 

S2a for the genus level analysis, and S2b for the family level analysis in the supplemental 145 

material). ANCOM was developed to reduce false discoveries by exploiting microbial 146 

compositional constraints (37, 38). The analyses revealed that seven genera were increased in 147 

RBD (Ruminococcus 2, Alistipes, Akkermansia, Ruminococcaceae UCG-005, Ruminococcaceae 148 

UCG-004, [Eubacterium] coprostanoligenes group, and Family XIII AD3011 group); two 149 

families were increased in RBD (Rikenellaceae and Akkermansiaceae); and no genera or families 150 

were decreased in RBD. The top ten increased or decreased genera in RBD by ANCOM were 151 

compared to those in PD in our previous report (11). Seven out of the top ten increased genera 152 

were shared between RBD and PD, whereas only one of the top ten decreased genera was shared 153 

between RBD and PD (Fig. 2). 154 
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 155 

Differences in demographic and clinical features between controls and RBD in our dataset 156 

 To search for possible confounding factors, we compared six features (age, sex, BMI, 157 

constipation, proton pump inhibitor (PPI), and H2 blocker) between RBD and controls in our 158 

dataset (Table 1). Compared to controls, RBD patients had higher ages and higher BMI, and 159 

included more males. Similarly, the ratios of constipation and PPI intake were higher in RBD 160 

patients. 161 

 162 

PERMANOVA to evaluate the differences in the overall composition of gut microbiota in controls 163 

and RBD, as well as in RBD and Hoehn & Yahr 1 scale 164 

We next performed PERMANOVA to evaluate the difference in the overall composition 165 

of gut microbiota in controls and RBD (Table 2). The overall composition of gut microbiota 166 

between controls and RBD was statistically different by all three distance metrics, and the 167 

difference was not accounted for by age, sex, BMI, constipation, or PPI. Similarly, the overall 168 

composition of gut microbiota between RBD and Hoehn & Yahr scale 1 was also statistically 169 

different by Chao and weighted UniFrac but not by unweighted UniFrac. Again, the difference 170 

was not accounted for by any covariates. 171 

 172 

Possible confounding factors in our dataset for nine taxa that were significantly changed in RBD 173 

in our dataset 174 

We next asked whether any of the nine taxonomic changes in RBD were due to 175 

confounding factor(s). We thus performed GLMM analysis with constipation, BMI, sex, age, and 176 

PPI. We found that five genera (Ruminococcus 2, Alistipes, Akkermansia, Ruminococcaceae 177 
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UCG-004, and Family XIII AD3011 group) and two families (Rikenellaceae and 178 

Akkermansiaceae) were changed in RBD after adjusting for constipation, BMI, sex, age, and PPI 179 

(Fig. 3 and bold letters in Table 3). In contrast, two genera (Ruminococcaceae UCG-005 and 180 

Family XIII AD3011 group) were increased by age (Fig. 3 and underlines in Table 3). Three 181 

genera (Akkermansia, Ruminococcaceae UCG-004 and Family XIII AD3011 group) and one 182 

family (Akkermansiaceae) were decreased by BMI (Fig. 3 and underlines in Table 3). Two 183 

genera (Ruminococcaceae UCG-004 and Family XIII AD3011 group) were increased by 184 

constipation (Fig. 3 and underlines in Table 3). 185 

 186 

Meta-analysis of the Japanese and German datasets 187 

 Meta-analysis of gut microbiota was performed using the Japanese and German datasets 188 

(22). The effect size and relative abundance of 132 genera and 39 families are collated in Tables 189 

S3a and S3b, respectively, in the supplemental material. Our putative criteria (𝐼2 < 25% and p-190 

values of both FEM and REM after Bonferroni correction < 0.05) showed that four genera 191 

(Ruminococcaceae UCG-004, Alistipes, Family XIII AD3011 group, and Akkermansia) and two 192 

families (Rikenellaceae and Akkermansiaceae) were increased in RBD (Fig. 4, Table 4). These 193 

six taxa were a subset of the seven taxa that were significantly changed in RBD after adjusting 194 

for confounding factors in our dataset (Fig. 3 and bold letters in Table 3). Among the seven taxa, 195 

genus Ruminococcus 2 was increased in Japan but not in Germany, and was excluded from forest 196 

plots (Fig. 4A). Forest plots of the six taxa in RBD in two countries along with in PD in five 197 

countries showed that all taxa tended to be increased in PD, and the most homogenous and 198 

significant increases were observed in genus Akkermansia and family Akkermansiaceae (Fig. 199 

4A). 200 
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 We previously reported that two SCFA-producing genera (Faecalibacterium and 201 

Roseburia) and one putative SCFA-producing genus (Lachnospiraceae ND3007 group) were 202 

decreased in PD across countries (11). We assumed that genus Lachnospiraceae ND3007 group 203 

is a putative SCFA producer, because most genera in family Lachnospiraceae produce SCFA. 204 

None of the three recognized or putative SCFA-producing genera were decreased in RBD in our 205 

meta-analysis. However, forest plots of the three genera showed that genus Faecalibacterium 206 

tended to be decreased in RBD, but genera Roseburia and Lachnospiraceae ND3007 group were 207 

not (Fig. 4B). 208 

 209 

Relative abundances of four genera in progression of α-synucleinopathy 210 

 Plots of relative abundances of genera Akkermansia, Faecalibacterium, Roseburia and 211 

Lachnospiraceae ND3007 group in controls, RBD, and Hoehn & Yahr scales 1-5 showed that 212 

genus Akkermansia gradually increased, and genera Faecalibacterium, Roseburia, and 213 

Lachnospiraceae ND3007 group gradually decreased with progression of α-synucleinopathy 214 

(Fig. 5). Comparison of controls and RBD showed that genus Akkermansia was significantly 215 

increased in RBD. In contrast, genus Faecalibacterium, but not Roseburia or Lachnospiraceae 216 

ND3007 group, tended to be decreased in RBD (Fig. 5). 217 

 218 

Discussion 219 

We analyzed gut microbiota in RBD in our dataset, and meta-analyzed the Japanese and 220 

Germany datasets (22). We first observed by PCoA analysis that the overall compositions of gut 221 

microbiota were gradually changing in controls, RBD, Hoehn & Yahr scales 1-5 in this order 222 

(Fig. 1A). We next applied LIGER (36) to 16S rRNA-seq for the first time. LIGER, which was 223 
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developed for single-cell RNA-seq analysis, enables integrative non-negative matrix factorization 224 

by exploiting a topic model. Topic modeling that has been developed for text mining may be able 225 

to be applied to the analysis of gut microbiota (39, 40). LIGER revealed four enterotypes in 226 

controls, RBD, and Hoehn & Yahr scales 1-5 in an unsupervised manner (Fig. 1B). Enterotypes 227 

were shifted with transition from control, RBD, to Hoehn & Yahr scales 1-5 (Fig. 1C). SCFA-228 

producing genera were similarly decreased with the shift in enterotypes (see Fig. S1 in the 229 

supplemental material). We showed that genus Akkermansia was increased in RBD in this 230 

communication and in PD in our previous report (11). Genus Akkermansia, however, was not 231 

detected in factorization by LIGER. Genus Akkermansia was likely to be underestimated by 232 

LIGER, because multiple SCFA-producing genera were coordinately decreased in PD, whereas 233 

genus Akkermansia was increased alone without any accompanying genera, which reduced a 234 

chance of detecting genus Akkermansia by topic modeling by LIGER. Both PCoA and LIGER 235 

indicate that gut dysbiosis advances with progression of α-synucleinopathy. Alternatively, 236 

patients with α-synucleinopathy with marked gut dysbiosis may progress faster than those with 237 

mild gut dysbiosis. 238 

We additionally analyzed the overall compositions of gut microbiota in controls and 239 

RBD by PERMANOVA. Evaluation of the effects of covariates by PERMANOVA showed that 240 

the overall compositions of gut microbiota were statistically different between controls and RBD 241 

by all three distance metrics, and the difference was not due to covariates (Table 2). 242 

PERMANOVA similarly showed that the overall compositions of gut microbiota were 243 

statistically different between RBD and Hoehn & Yahr scale 1 by Chao and weighted UniFrac, 244 

but not by unweighted UniFrac (Table 2). Again, the difference was not due to covariates. 245 

Weighted UniFrac takes read counts into consideration to calculate the distance so that the effects 246 
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of low-abundance taxa become small, whereas low-abundance taxa have more effects on 247 

unweighted UniFrac (41). Thus, RBD and Hoehn & Yahr scale 1 may have large differences in 248 

major taxa but not in minor taxa. 249 

Analysis of individual taxa by ANCOM and the Wilcoxon rank sum test revealed that 250 

seven genera (see Tables S2a in the supplemental material) and two families (see Tables S2b in 251 

the supplemental material) were increased in RBD. Adjustment for possible confounding factors 252 

for the seven genera and two families by GLMM showed that increases of five genera 253 

(Ruminococcus 2, Alistipes, Akkermansia, Ruminococcaceae UCG-004 and Family XIII AD3011 254 

group) and two families (Rikenellaceae and Akkermansiaceae) were indeed accounted for by 255 

RBD (yellow arrows in Fig. 3), although age, BMI, and constipation had additional confounding 256 

effects on three genera (Akkermansia, Ruminococcaceae UCG-004, Family XIII AD3011 group) 257 

and one family (Akkermansiaceae). Among the five genera and two families, only genus 258 

Akkermansia and family Akkermansiaceae were also changed in PD in our meta-analysis of five 259 

countries (11).  260 

 Meta-analysis of the Japanese and German datasets revealed that four genera 261 

(Ruminococcaceae UCG-004, Alistipes, Family XIII AD3011 group and Akkermansia) and two 262 

families (Rikenellaceae and Akkermansiaceae) were increased in RBD (Fig. 4A, Table 4). 263 

Among these six taxa, we previously reported that genus Akkermansia and family 264 

Akkermansiaceae were consistently increased in PD across countries (11). We found that relative 265 

abundances of genus Akkermansia gradually increased from RBD to Hoehn & Yahr scales 1-5 266 

(Fig. 5). Akkermansia muciniphila degrades the mucus layer of the gut (42), and erodes the 267 

mucus layer in the lack of dietary fibers (43). Indeed, intestinal permeability is increased in PD 268 

(44), and the serum lipopolysaccharide-binding protein levels are decreased in PD (10, 44). 269 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted August 10, 2020. ; https://doi.org/10.1101/2020.08.07.242453doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.07.242453


14 

 

Reduced expression of a tight junction protein, occludin, in colonic biopsies in PD is similarly in 270 

accordance with the reduced mucus layer (45). Increased intestinal permeability may expose the 271 

intestinal neural plexus to oxidative stress and pesticide/herbicide (46). which subsequently 272 

allows the formation of abnormal α-synuclein aggregates in the intestine. Moreover, in the 273 

presence of other gut microbiota, Akkermansia muciniphila in mouse intestine enhances 274 

differentiation of follicular T cells, which mediate humoral immunity by B cells (47, 48). A high 275 

prevalence (20%) of autoimmune diseases in female patients with RBD compared to 5% in 276 

general population is in accordance with the Akkermansia-mediated increased humoral immunity 277 

(49). Similarly, RBD is sometimes associated with neuronal autoimmune diseases including 278 

narcolepsy, anti-IgLON5 disease, Kleine–Levin syndrome, multiple sclerosis, Guillain–Barré 279 

syndrome, anti-Ma2 encephalitis, LGI1 limbic encephalitis, Morvan’s syndrome, paraneoplastic 280 

cerebellar degeneration, and anti-NMDA receptor encephalitis (50). 281 

 Meta-analysis of the Japanese and German datasets also showed that no SCFA-282 

producing genera were decreased in RBD (Fig. 4B, Table 4). We previously reported that three 283 

recognized and putative SCFA-producing genera (Faecalibacterium, Roseburia, and 284 

Lachnospiraceae ND3007 group) were consistently decreased in PD across countries (11). 285 

Although genus Faecalibacterium tended to be decreased in RBD, no significance was observed 286 

(Fig. 5). In contrast, genera Roseburia and Lachnospiraceae ND3007 group were not decreased 287 

in RBD (Fig. 5). Preservation of most of SCFA-producing bacteria in RBD was also implicated 288 

in the LIGER analysis, which showed that both controls and RBD were enriched in enterotype A 289 

(Fig. 1C), in which SCFA-producing bacteria were high (Fig. 1D). Major constituents of gut 290 

SCFAs, butyrate and propionate, induce anti-inflammatory Treg cells by inhibiting histone 291 

deacetylase (51, 52), and by binding to G protein-coupled receptors of GPR41, GPR43, and 292 
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GPR109A (53, 54). Indeed, in mouse models of PD, SCFAs may (55-57) or may not (58) have 293 

beneficial effects on PD symptoms. In addition, in another German cohort, fecal SCFA 294 

concentrations were decreased in PD (14). Our analysis suggests that reduced fecal SCFA 295 

concentrations may be a prerequisite for the development of PD but not of RBD. Reduction of 296 

SCFA-producing bacteria culminating in the development of PD may start from genus 297 

Faecalibacterium. A decrease of genus Faecalibacterium may thus be a hallmark to predict 298 

transition from RBD to PD. We expect that administration of SCFA and probiotics/prebiotics to 299 

increase the intestinal SCFA possibly retard the progression of α-synucleinopathy at the stage of 300 

RBD. 301 

 302 

Materials and Methods 303 

Patients in our dataset 304 

 All studies were approved by the Ethical Review Committees of the Nagoya University 305 

Graduate School of Medicine (approval #2016-0151), Iwate Medical College Hospital (H28-306 

123), Okayama Kyokuto Hospital (approval #kyoIR-2016002), and Fukuoka University, School 307 

of Medicine (approval #2016M027). We obtained written informed consent from all patients and 308 

controls. 309 

 We recruited 26 patients with idiopathic RBD and their 137 healthy controls from four 310 

hospitals to participate in this study from September 2015 to February 2018. Among the 137 311 

healthy controls, 8 were healthy spouses of RBD patients. All RBD patients were diagnosed by 312 

International Classification of Sleep Disorders Criteria-Third Edition (35). Subjects with diabetes 313 

mellitus, heart failure, liver cirrhosis, any malignancy, hematological diseases, or autoimmune 314 
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diseases were excluded from our study. Subjects who have taken any antibiotics in the past one 315 

month were similarly excluded. 316 

 317 

DNA isolation and 16S rRNA V3-V4 sequencing in our dataset 318 

 The detailed transportation procedures of a fecal sample from participant’s home to the 319 

Nagoya University, freeze-drying of the fecal sample (26), and DNA isolation were described 320 

previously (11). The V3–V4 hypervariable region of the bacterial 16S rRNA gene was amplified 321 

by primer 341F, 5’-CCTACGGGNGGCWGCAG-3’ and primer 805R, 5’-322 

GACTACHVGGGTATCTAATCC-3’. Paired-end sequencing of 300-nucleotide fragments was 323 

performed using the MiSeq reagent kit V3 on a MiSeq System (Illumina). Taxonomic analysis 324 

was performed with QIIME2 (59). Operational taxonomic units (OTUs) were generated using 325 

DADA2 and the SILVA taxonomy database release 132 (60) was used for taxonomic 326 

identification.  327 

 328 

Analysis of the overall gut microbiota between controls, RBD, and PD in our dataset 329 

For the overall analysis of gut microbiota, PD samples in our previous report (11) were 330 

included. We first performed principal coordinate analysis (PCoA) of each subject, and the 331 

centers of gravity and standard errors in seven categories of controls, RBD, and Hoehn & Yahr 332 

scales 1-5 were plotted. 333 

We next employed the Linked Inference of Genomic Experimental Relationships 334 

(LIGER) (36), which uses integrative non-negative matrix factorization (iNMF) for single-cell 335 

RNA-seq analysis, for unsupervised clustering of gut microbiota of controls, RBD, and Hoehn & 336 
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Yahr scales 1-5. LIGER enabled us to identify four enterotypes, each of which was comprised of 337 

a set of bacteria that were synchronously changed in each subject. 338 

 339 

Analysis of each taxon between controls and RBD in our dataset 340 

Taxa were filtered at the genus and family levels using the following conditions. For 341 

each taxon, we counted the number of samples in which the relative abundance of the taxon of 342 

interest was greater than 1E-4. The number of such samples should be 17 or more (more than 343 

~10% of all samples). We thereby chose 50 families and 168 genera. 344 

The difference in the abundance of each taxon between RBD and controls was analyzed 345 

by Analysis of Composition of Microbiomes (ANCOM) (37), as well as by the Wilcoxon rank-346 

sum test. ANCOM was performed on R 347 

(https://github.com/antagomir/scripts/tree/master/R/ancom). The Wilcoxon rank-sum test was 348 

performed with the mannwhitneyu functionality of scipy.stat on Python 3.6.5. The threshold of W 349 

calculated in ANCOM was set to more than 0.6 × N, where N is the number of taxa. The 350 

difference in the abundance of each taxon between RBD and controls was also analyzed by the 351 

Wilcoxon rank-sum test followed by calculation of the false discovery rate (FDR) using the 352 

Benjamini-Hochberg procedure. The FDR threshold was set to 0.05. Bacterial taxa filtered for 353 

both W and FDR were assumed to be significant. 354 

 355 

Possible confounding factors in our dataset for nine taxa that were significantly changed in our 356 

dataset 357 

Six demographic and clinical features [age, sex, body mass index (BMI), constipation, 358 

proton pump inhibitor intake, and H2 blocker intake] were compared between RBD and controls 359 
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in our dataset using either Student’s t-test or Fisher’s exact test. Subjects with the stool frequency 360 

twice a week or less were defined to be constipated (61). Constipation and BMI were statistically 361 

different between RBD and controls. 362 

We examined lack of multicollinearity between RBD, constipation, BMI, sex, and age 363 

by calculating the variance inflation factor (VIF) using the R package HH version 3.1-40. We 364 

verified that the VIFs were all less than 2, indicating that there was no multicollinearity between 365 

RBD, constipation, BMI, sex, and age. 366 

Next, we analyzed the effects on the overall composition of gut microbiota of (i) RBD or 367 

controls, and (ii) RBD or controls, age, sex, BMI, constipation, and PPI in our dataset comprised 368 

of controls and RBD using PERMANOVA (62). We similarly analyzed the effects on the overall 369 

composition of gut microbiota of (iii) RBD or Hoehn & Yahr 1 scale, and (iv) RBD or Hoehn & 370 

Yahr 1 scale, age, sex, BMI, constipation, and PPI in a combined dataset comprised of our 371 

current RBD subjects and PD subjects with Hoehn & Yahr 1 scale in our previous report (11) 372 

using PERMANOVA (62). All genera were included in this analysis. The effects were evaluated 373 

by three distance metrics of Chao (63), unweighted-UniFrac (64), and weighted-UniFrac (64). 374 

Chao and unweighted/weighted-UniFrac distances were calculated using the R package vegan 375 

and QIIME2, respectively. 376 

Seven genera and two families that were identified in our dataset were subjected to 377 

GLMM (Generalized Linear Mixed Model) analysis using the function “glmer.nb” of the R 378 

package lme4 by setting an option to accept taxonomic variations from subject to subject. 379 

 380 

Meta-analysis of the Japanese and German datasets 381 
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Our Japanese dataset was comprised of 26 RBD patients and 137 healthy controls, 382 

whereas the German dataset was comprised of 20 RBD patients and 38 healthy controls (22). We 383 

first collated the experimental methods and demographic features (see Table S4 in the 384 

supplemental material), as well as statistical measures of sequencing depths (see Table S5 in the 385 

supplemental material) of the two datasets. The read count of each sample was all more than 386 

10,000 in the two datasets, and no sample was excluded from our meta-analysis. For each taxon, 387 

we counted the number of samples in which the relative abundance of the taxon was more than 388 

1E-4. We then filtered 39 families and 132 genera, in which the number of such samples was 389 

more than 10% (17/163 and 6/58) in both datasets. 390 

In the meta-analysis, we applied two criteria that we used in our previous report (11) to 391 

identify homogeneously and significantly changed taxa in the Japanese and German datasets. The 392 

two criteria were that 𝐼2, representing heterogeneity in meta-analysis, was below 25% (65) and 393 

that the p-values after Bonferroni correction for FEM and REM were both less than 0.05. 394 

 395 

Data availability 396 

FASTQ files of our RBD dataset are available at the DNA Data Bank of Japan (DDBJ) under the 397 

accession number DRA009322 (https://www.ncbi.nlm.nih.gov/sra/?term=DRA009322). FASTQ 398 

files of our PD dataset was previously deposited at DDBJ under the accession number 399 

DRA009229 (https://www.ncbi.nlm.nih.gov/sra/?term=DRA009229). 400 
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Table 1. Demographic and clinical features of RBD and controls in our dataset 613 

 614 

 RBD patients (n = 26) Controls (n = 137) p-value 

Age (years)a 74.5 ± 6.4 68.3 ± 9.8 *2.2E-3 

Sex (males/females)b 20/6 (76.9% males) 62/71 (45.3% males) *5.2E-3 

Body mass index (BMI)a 24.4 ± 2.4 22.9 ± 3.1 *0.018 

# Constipation (less than or 

equal to twice a week)b 
9 (34.6%) 6 (4.4%) *5.7E-5 

# Proton pump inhibitorb 7 (26.9%) 12 (8.8%) *0.018 

# H2 blockerb 1 (3.8%) 8 (5.8%) 1.000 

 615 

aMean and SD are indicated, and Student’s t-test was applied. bFisher’s exact test was applied. *p-616 

value < 0.05. 617 

  618 
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Table 2. PERMANOVA to examine the effect of each factor on the overall bacterial 619 

composition in our dataset 620 

 621 

 # RBD 

patients 

# 

Controls 

p-value p-value p-value 

(Chao) 
(weighted 

UniFrac) 

(unweighted 

UniFrac) 

(A)  26 137    

RBD vs controls   *4.3E-03 *0.010 *3.2E-03 

(B) 26 133a    

RBD vs controls   *3.6E-03 *0.011 *5.7E-03 

Age   *0.012 0.45 0.14 

Sex   0.14 0.8 0.44 

BMI   0.49 0.53 0.48 

Constipation   0.12 0.1 0.62 

PPI   0.092 0.26 0.26 

 # RBD 

patients 

# Hoehn 

Yahr 1 

scale 

p-value p-value p-value 

(Chao) 
(weighted 

UniFrac) 

(unweighted 

UniFrac) 

(C)  26 30    

RBD vs Hoehn 

Yahr 1 scale 
  *0.011  *4.6E-03 0.44 

(D) 26 30    

RBD vs Hoehn 

Yahr 1 scale 
  *0.046 *7.4E-03 0.48 

Age   0.46 0.45 0.43 

Sex   0.46 0.42 0.63 

BMI   0.90 0.79 0.24 

Constipation   0.52 0.46 0.85 

PPI   0.80 0.75 0.39 

 622 

P-values of three distance metrics (Chao, unweighted-UniFrac, and weighted-UniFrac) by 623 

PERMANOVA are indicated. PERMANOVA to examine the effect of “RBD vs Controls” (A), 624 

and “RBD vs Hoehn and Yahr 1 scale” (C), on the overall microbial composition without 625 
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considering covariates. The effects of “RBD vs Controls” (B), and “RBD vs Hoehn and Yahr 1 626 

scale” (D) were evaluated in the presence of the effects of sex, age, BMI, constipation, and PPI 627 

by PERMANOVA. In (B) and (D), the six features were equally evaluated as covariates affecting 628 

the overall microbial composition. aFour controls lacking demographic features were excluded 629 

from the analysis. *P-value < 0.05.630 
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Table 3. Generalized linear mixed model (GLMM) analysis of our dataset for nine bacterial taxa that were significantly 631 

changed in RBD in our dataset 632 

 633 

  
W 

(ANCO

M) 

P-value 

(Wilcoxon 

rank sum 

test) 

P-value of 

RBD 

P-value of 

age 

P-value of 

sex 

P-value of 

BMI 

P-value of 

constipati

on 

P-value of 

PPI 

Increased at the genus level         

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae;D_5__Ruminococcus 2 
157 *7.7E-4 *0.031 0.23 0.90  0.37 0.054 0.2 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Rikenellaceae;D_5__Alistipesa 
139 *2.7E-5 *2.9E-3 0.93 0.35 0.12 0.34 0.28 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicrob

iae;D_3__Verrucomicrobiales;D_4__Akkermansiaceae;D_5_

_Akkermansiaa 

130 *6.0E-4 *0.025 0.32 0.31 *0.035 0.15 0.43 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae 

UCG-005 

117 *2.2E-3 0.13 *2.2E-3 0.76 0.23 0.18 0.58 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae;D_5__Ruminococcaceae 

UCG-004a 

112 *7.6E-5 *0.028 0.18 0.36 *0.012 *0.023 0.23 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae;D_5__[Eubacterium] 

coprostanoligenes group 

109 *1.5E-3 0.051 0.45 0.43 0.65 0.25 0.17 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Family XIII;D_5__Family XIII AD3011 

groupa 

104 *7.5E-4 *0.034 *0.036 0.62 *0.024 *0.036 0.21 

Decreased at the genus level         

(no bacteria)                 

Increased at the family level         
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D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Rikenellaceaea 
38 *5.2E-5 *3.3E-3 0.78 0.19 0.12 0.42 0.34 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicrob

iae;D_3__Verrucomicrobiales;D_4__Akkermansiaceaea 
36 *6.0E-4 *0.025 0.32 0.31 *0.035 0.15 0.43 

Decreased at the family level         

(no bacteria)                 

 634 

aSix taxa were also significantly changed in RBD in the meta-analysis of the Japanese and German datasets. P-values were obtained by 635 

GLMM analysis for each confounding factor. P-values are plotted in Fig. 3. Taxa and their p-values that were changed in RBD after 636 

adjusting for the effects of age, sex, BMI, constipation and PPI are indicated in bold (also indicated by orange arrows in Fig. 3). Taxa 637 

and their p-values that were changed by age, BMI, and constipation are underlined (also indicated by red, green, and black arrows, 638 

respectively, in Fig. 3). *p < 0.05. 639 

  640 
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Table 4. Statistical measures of meta-analysis of bacterial taxa in RBD in two datasets (Japan and Germany) and in PD in five 641 

datasets (Japan, USA, Finland, Russia, and Germany). 642 

 643 

  RBD PD 

 p-value 

(FEM) 

p-value 

(REM) 
I2 (%) 

Relative 

abunda

nce (%) 

p-value 

(FEM) 

p-value 

(REM) 
I2 (%) 

Relative 

abunda

nce (%) 

A. Significantly increased in RBD at the genus level (plotted in Fig. 4A) 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridial

es;D_4__Ruminococcaceae;D_5__Ruminococcaceae UCG-004 
1.2E-06 1.2E-06 0 0.27 2.9E-07 0.029 74  0.13 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacter

oidales;D_4__Rikenellaceae;D_5__Alistipes 
1.4E-05 1.4E-05 0 2.6 4.8E-08 1.2E-04 45 2.7 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridial

es;D_4__Family XIII;D_5__Family XIII AD3011 group 
2.5E-04 2.5E-04 0 0.27 6.3E-06 0.026  67  0.13 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicrobiae;D_

3__Verrucomicrobiales;D_4__Akkermansiaceae;D_5__Akkermansi

a 

3.5E-04 3.5E-04 0 1.0  1.9E-08 1.9E-08 0 2.7 

B. Significantly decreased in RBD at the genus level 

No bacteria                 

C. Significantly increased in RBD at the family level (plotted in Fig. 4A) 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacter

oidales;D_4__Rikenellaceae 
2.5E-05 2.5E-05 0 2.7 2.0E-08 3.8E-05 41  2.8 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicrobiae;D_

3__Verrucomicrobiales;D_4__Akkermansiaceae 
3.5E-04 3.5E-04 0 1.0  1.0E-08 1.9E-08 0 2.7 

D. Significantly decreased in RBD at the family level 

No bacteria                 

E. Significantly decreased in PD at the genus level (plotted in Fig. 4B) 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridial

es;D_4__Ruminococcaceae;D_5__Faecalibacterium 
0.052 0.052 0 6.9 4.4E-11 7.2E-10 0 4.8 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridial

es;D_4__Lachnospiraceae;D_5__Roseburia 
0.64 0.64 0 1.4 1.0E-11 1.0E-11 12 0.57 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridial

es;D_4__Lachnospiraceae;D_5__Lachnospiraceae ND3007 group 
0.41 0.41 0 0.76 2.0E-10 6.5E-10 4.5 0.20 

 644 

(A-D) Four genera and two families were significantly increased in RBD (Bonferroni-corrected p-value < 0.05 and the homogeneity 645 

index I2 < 25%) in the Japanese and German datasets. Statistical measures of these taxa in PD in five datasets in our previous report 646 

(11) are indicated. Forest plots of these taxa are indicated in Fig. 4A. 647 

(E) Two recognized SCFA-producing genera (Faecalibacterium and Roseburia) and one putative SCFA-producing genus 648 

(Lachnospiraceae ND3007 group) were significantly decreased in PD in five datasets in our previous report (11). Statistical measures 649 

of these taxa in RBD in two datasets in this communication are indicated. Forest plots of these taxa are indicated in Fig. 4B. 650 

FEM, the fixed-effects model. REM, the random-effects model. 651 
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Figure 1. Overall compositions of gut 

microbiota in controls, RBD, and PD in 

our dataset. (A) PCoA plot showing the 

center of gravity of the overall 

compositions of gut microbiota in seven 

morbidity categories. The number of 

subjects in controls, RBD, Hoehn & Yahr 

scales 1-5 were 137, 26, 30, 99, 73, 16, and 

5, respectively. Chao is used as a distance 

metric. Standard errors are indicated. (B) 

Unsupervised clustering of overall 

compositions of gut microbiota in controls, 

RBD, and PD by LIGER yielded four 

enterotypes. tSNE was adopted to visualize 

four clusters representing enterotypes A-D. 

(C) Fractional ratios of controls, RBD, and 

Hoehn & Yahr (H&Y) scales 1-5 in each 

enterotype. (D) Bacterial abundances in a 

total of 386 subjects were factorized into 

multiple factors. The first factor is color-

coded in each subject on a tSNE plot 

indicated in (B). As SCFA-producing 

bacteria have high loadings in the first 

factor (see Table S1 in the supplemental 

material), individuals colored in blue carry 

a high proportion of SCFA-producing 

bacteria. 

 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted August 10, 2020. ; https://doi.org/10.1101/2020.08.07.242453doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.07.242453


 

 

Figure 2. The 10 most increased and the 10 most decreased genera by ANCOM in RBD 

and PD both in our datasets. Identical genera are connected by a red line. 
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Figure 3. Generalized linear mixed model (GLMM) analysis to evaluate confounding 

factors of seven genera and two families that were significantly changed between RBD 

and controls in our dataset. The effects of RBD, age, sex, body mass index (BMI), 

constipation, and PPI were individually analyzed by mutually adjusting for covariates by 

GLMM. Arrows indicate taxa that were significantly changed by RBD (orange arrows), 

age (red arrows), BMI (green arrows) and constipation (black arrows) after adjusting for 

the other confounding factors. Upward and downward arrows indicate increased and 

decreased taxa, respectively. Exact p-values are indicated in Table 3. 
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Figure 4. (A) Forest plots of four genera and two families that were significantly and 

homogenously changed in RBD in the Japanese and German datasets. Forest plots of PD 

in five datasets are also indicted in parallel. (B) Forest plots of two recognized and one 

putative SCFA-producing genera that were significantly and homogenously decreased in 

PD in five countries in our previous report (11). Forest plots of RBD in the Japanese and 

German datasets are also indicted in parallel. An effect size of each dataset, as well as the 

overall effect sizes by the fixed-effects model (FEM) and the random-effects model 

(REM), are indicated. Both lines and diamonds indicate 95% confidence intervals. 

Orange and blue symbols represent RBD and PD, respectively. 
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Figure 5. Reads counts of genera Akkermansia, Faecalibacterium, Roseburia, and 

Lachnospiraceae ND3007 group normalized for 1 x 104 reads in controls, RBD, and 

Hoehn & Yahr scales1 to 5. Bar indicates an average in each category. P-values of 

Jonckheere-Terpstra trend test are shown on the right to indicate whether the genus 

increases or decreases monotonically. P-values of Wilcoxon rank sum test between 

controls and RBD (Table S2a in the supplemental material) are indicated on the left. 

Reads counts of genera Akkermansia, Faecalibacterium, and Roseburia in Hoehn & 

Yahr scales 1-5 were previously reported (11). 
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Supplementary Table S1. The top 10 genera with the highest loadings in the first 

factor by LIGER analysis  

 

Genus Factor loading 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Fusicatenibacter 
33.0  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Lachnospiraceae UCG-004 
29.6  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Ruminococcaceae;D_5__Faecalibacterium 
27.8  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Ruminococcaceae;D_5__Butyricicoccus 
26.4  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Anaerostipes 
26.2  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Lachnospiraceae ND3007 group 
24.9  

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3__Bacteroidale

s;D_4__Bacteroidaceae;D_5__Bacteroides 
24.7  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Roseburia 
24.6  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Blautia 
24.0  

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clostridiales;D_

4__Lachnospiraceae;D_5__Lachnospira 
23.3  
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Supplementary Table S2a. Genera changed in RBD in our dataset 

 

Genus W p-value q-value 

Relative 

abundance 

in RBD (%) 

Increased 

(+) or 

decreased 

(-) 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

cus 2 

157 7.7E-04 0.014 5.4 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Rikenellaceae;D_5__Alistipes 
139 2.7E-05 4.6E-03 2.6 + 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomi

crobiae;D_3__Verrucomicrobiales;D_4__Akkermansiace

ae;D_5__Akkermansia 

130 6.0E-04 0.014 1.0 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-005 

117 2.2E-03 0.030 0.68 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-004 

112 7.6E-05 6.4E-03 0.27 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__[Eubacteri

um] coprostanoligenes group 

109 1.5E-03 0.023  1.7 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__Family XIII 

AD3011 group 

104 7.5E-04 0.014  0.27 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Ba

cillales;D_4__Bacillaceae;D_5__Bacillus 
100 3.8E-03 0.046  0.011  - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;__ 
96 7.3E-04 0.014 1.2 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Oscillibacte

r 

95 9.5E-04 0.016 0.42 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Turicibacter 

91 9.2E-03 0.091 0.020 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-010 

79 7.0E-04 0.014 0.092 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacter

ia;D_3__Bifidobacteriales;D_4__Bifidobacteriaceae;D_5

__Bifidobacterium 

70 0.018 0.14 3.1 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Christensenellaceae;D_5__Christense

nellaceae R-7 group 

65 7.4E-03 0.077 0.69 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__E

ggerthella 

60 0.032 0.17 0.083 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Veillonellaceae;D_5__Veill

onella 

56 0.021 0.15 0.093 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Eubacteriaceae;D_5__Eubacterium 
40 7.7E-04 0.014 0.073 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Pasteurellales;D_4__Pasteurellaceae;D_

5__Aggregatibacter 

40 0.026 0.16 0.020 - 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__uncultured 
39 2.5E-03 0.032 0.23 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Veillonellaceae;D_5__Allis

onella 

38 0.027 0.16 6.0E-3 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptococcaceae;D_5__uncultured 
22 5.7E-04 0.014 0.015 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-004 

20 0.077 0.28 0.048 - 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotell

a 9 

17 0.17 0.47 1.3 - 

D_0__Bacteria;D_1__Cyanobacteria;D_2__Oxyphotobac

teria;D_3__Chloroplast;D_4__Solanum melongena 

(eggplant);D_5__Solanum melongena (eggplant) 

16 0.23 0.58 0.015 - 

D_0__Bacteria;D_1__Patescibacteria;D_2__Saccharimon

adia;D_3__Saccharimonadales;D_4__Saccharimonadace

ae;D_5__TM7 phylum sp. canine oral taxon 250 

16 0.20 0.52 2.1E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 

2 

15 0.41 0.76 0.11 - 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Alloprev

otella 

14 0.51 0.79 0.041 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Enterococcaceae;D_5__Enterococcus 
14 0.066 0.26 0.024 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Butyricicoc

cus 

14 0.062 0.26 0.33 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;__;__ 
13 0.44  0.77 4.5E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Ba

cillales;D_4__Family XI;D_5__Gemella 
12 0.25 0.62 5.2E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Merdibacter 

12 0.64 0.89 7.3E-03 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Alphaproteo

bacteria;D_3__Rickettsiales;D_4__Mitochondria;__ 
11 0.59 0.86 3.2E-03 - 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Atopobiaceae;D_5__Ols

enella 

10 0.96 0.98 0.023 - 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;Ambigu

ous_taxa 

10 1.0 1.0 4.7E-03 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__u

ncultured 

10 0.72 0.94 0.020 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Tyzzerella 3 
10 0.44 0.77 0.014 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Candidatus 

Soleaferrea 

10 0.72 0.94 4.4E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-009 

10 0.36 0.72 0.011 + 

D_0__Bacteria;__;__;__;__;__ 10 0.53 0.81 5.4E-03 - 
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D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__G

ordonibacter 

9 0.89 0.98 0.013 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-010 

9 0.37 0.72 0.025 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__GCA-

900066225 

9 0.84 0.98 0.019 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Coprobacillus 

9 0.82 0.97 0.011 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lactonifactor 
8 0.69 0.94 0.016 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Eubacteriaceae;D_5__Anaerofustis 
7 0.80 0.96 6.0E-03 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__Family XIII 

UCG-001 

7 0.85 0.98 0.011 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Hungatella 
7 0.74 0.94 9.8E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Caproicipro

ducens 

7 0.51 0.79 0.016 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Phocea 
7 0.98 0.99 4.3E-03 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-003 

6 0.64 0.89 0.067 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__[Clostridium] innocuum group 

6 0.48 0.79 0.050 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Defluviitaleaceae;D_5__Defluviitalea

ceae UCG-011 

5 4.5E-03 0.050 1.3E-02 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Negativibac

illus 

5 0.015 0.13 0.12 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacter

ia;D_3__Micrococcales;D_4__Micrococcaceae;D_5__Ro

thia 

3 0.72 0.94 8.7E-03 - 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__E

nterorhabdus 

3 0.63 0.89 0.012  + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Streptococcaceae;D_5__Lactococcus 
3 0.62 0.88 0.20 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Christensenellaceae;__ 
3 0.043 0.21 0.019 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Oscillospira 
3 0.92 0.98 0.020 + 

D_0__Bacteria;D_1__Firmicutes;__;__;__;__ 3 0.93 0.98 0.017 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Deltaproteob

acteria;D_3__Desulfovibrionales;D_4__Desulfovibrionac

eae;D_5__Bilophila 

3 0.023 0.15 0.14 + 
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D_0__Archaea;D_1__Euryarchaeota;D_2__Methanobact

eria;D_3__Methanobacteriales;D_4__Methanobacteriace

ae;D_5__Methanobrevibacter 

2 0.016 0.13 0.30 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Christensenellaceae;D_5__uncultured 
2 0.038 0.19 0.016 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__[Eubacterium] 

nodatum group 

2 0.10 0.33 0.014 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Fusicatenibac

ter 

2 0.059 0.26 1.2 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__UC5-1-2E3 
2 0.057 0.25 0.011 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptococcaceae;D_5__Peptococcus 
2 0.038 0.19 0.10 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Intestinimo

nas 

2 0.022 0.15 0.094 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclost

ridium 6 

2 0.017 0.13 0.34 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Holdemania 

2 0.031 0.17 0.040 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__uncultured 

2 0.020 0.15 0.040 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotell

aceae NK3B31 group 

1 0.57 0.85 0.079 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__[Eubacterium] 

brachy group 

1 0.071 0.27 0.060 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Blautia 
1 0.65 0.89 6.4 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-008 

1 0.94 0.98 0.020 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__DTU089 
1 0.066  0.26  0.033  + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae NK4A214 group 

1 0.030 0.17 0.25 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__UBA1819 
1 0.034 0.18 0.14 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Erysipelotrichaceae UCG-003 

1 0.47 0.78 0.64 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;__ 
1 0.59 0.86 0.017 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Veillonellaceae;D_5__Diali

ster 

1 0.15 0.44 0.26 - 

D_0__Bacteria;D_1__Fusobacteria;D_2__Fusobacteriia;

D_3__Fusobacteriales;D_4__Fusobacteriaceae;D_5__Fus

obacterium 

1 0.31 0.66 0.36 - 
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D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacter

ia;D_3__Actinomycetales;D_4__Actinomycetaceae;D_5

__Actinomyces 

0 0.83 0.98 0.049 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Coriobacteriaceae;D_5__

Collinsella 

0 0.30 0.65 1.4 - 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Coriobacteriales Incertae 

Sedis;D_5__uncultured 

0 0.46 0.77 0.045 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__S

enegalimassilia 

0 0.96 0.98 0.054 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__Sl

ackia 

0 0.29 0.65 0.065 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;__ 
0 0.27 0.62 0.024 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Bacteroidaceae;D_5__Bacteroi

des 

0 0.41 0.76 20.9 - 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__Barnesie

lla 

0 0.30 0.65 0.63 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__Coproba

cter 

0 0.55 0.82 0.12 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__uncultur

ed 

0 0.20 0.52 0.041 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;D_5__Butyrici

monas 

0 0.51 0.79 0.062 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;D_5__Odoribact

er 

0 0.085 0.30 0.28 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;__ 
0 0.19 0.51 0.028 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Paraprev

otella 

0 0.071 0.27 0.37 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotell

a 2 

0 0.095 0.31 0.58 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__unculture

d 

0 0.37 0.72 0.046 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;__ 
0 0.47 0.78 0.16 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Rikenellaceae;D_5__unculture

d Rikenella sp. 

0 0.069 0.27 0.044 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Tannerellaceae;D_5__Parabact

eroides 

0 0.25 0.62 2.0 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;__;__ 
0 0.77 0.94 0.078 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Carnobacteriaceae;D_5__Granulicate

lla 

0 0.96 0.98 9.0E-03 - 
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D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Lactobacillaceae;D_5__Lactobacillus 
0 0.71 0.94 1.1 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Leuconostocaceae;D_5__Weissella 
0 0.24 0.60 0.17 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__La

ctobacillales;D_4__Streptococcaceae;D_5__Streptococcu

s 

0 0.41 0.76 3.6 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Clostridiaceae 1;D_5__Clostridium 

sensu stricto 1 

0 0.86 0.98 0.59 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Agathobacter 
0 0.88 0.98 1.4 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Anaerostipes 
0 0.85 0.98 1.6 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__CAG-56 
0 0.49 0.79 0.086 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 

1 

0 0.77 0.94 0.22 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Dorea 
0 0.82 0.97 0.75 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Eisenbergiell

a 

0 0.095 0.31 0.032 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__GCA-

900066575 

0 0.29 0.65 0.055 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnoclostri

dium 

0 0.16 0.46 0.56 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospira 
0 0.93 0.98 0.73 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae FCS020 group 

0 0.75 0.94 0.054 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae NC2004 group 

0 0.013 0.12 0.031 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae ND3007 group 

0 0.76 0.94 0.67 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae NK4A136 group 

0 0.75 0.94 0.27 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Marvinbryant

ia 

0 0.31 0.66 0.068 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Moryella 
0 0.45 0.77 0.022 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Roseburia 
0 0.95 0.98 1.3 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Sellimonas 
0 0.61 0.88 0.23 + 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Tyzzerella 
0 0.61 0.88 0.083 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Tyzzerella 4 
0 0.96 0.98 0.32 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] eligens group 

0 0.11 0.35 0.55 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] fissicatena group 

0 0.13 0.39 0.013 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] hallii group 

0 0.97 0.98 1.2 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] ruminantium group 

0 0.18 0.49 0.19 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] ventriosum group 

0 0.76 0.94 0.23 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium

] xylanophilum group 

0 0.057 0.25 0.037 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] gauvreauii group 

0 0.44 0.77 0.41 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] gnavus group 

0 0.52 0.80 0.50 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] torques group 

0 0.16 0.46 1.3 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__uncultured 
0 0.79 0.96 0.24 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;__ 
0 0.26 0.62 2.4 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;D_5__Rombo

utsia 

0 0.35 0.72 0.030 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;D_5__Terrisp

orobacter 

0 0.70 0.94 0.082 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;__ 
0 0.93 0.98 1.3 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Anaerotrun

cus 

0 0.16 0.46 0.010 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Faecalibact

erium 

0 0.14 0.43 4.8 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Flavonifract

or 

0 0.51 0.79 0.16 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Fournierella 
0 0.95 0.98 0.031 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclost

ridium 5 

0 0.27 0.62 0.50 + 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclost

ridium 9 

0 0.90 0.98 0.079 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-002 

0 0.046 0.21 1.1 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-013 

0 0.77 0.94 0.34 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

caceae UCG-014 

0 0.41 0.76 0.59 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococ

cus 1 

0 0.45 0.77 1.5 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Subdoligran

ulum 

0 0.95 0.98 2.3 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;__;__ 
0 0.092 0.31 0.015 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Catenibacterium 

0 0.72 0.94 0.26 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Erysipelatoclostridium 

0 0.45 0.77 0.52 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Faecalitalea 

0 0.29 0.65 0.26 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5

__Holdemanella 

0 0.41 0.76 0.87 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Acidaminococcaceae;D_5_

_Acidaminococcus 

0 0.41 0.76 0.057 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Acidaminococcaceae;D_5_

_Phascolarctobacterium 

0 0.35 0.72 0.89 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Veillonellaceae;D_5__Meg

amonas 

0 0.88 0.98 0.42 - 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D

_3__Selenomonadales;D_4__Veillonellaceae;D_5__Meg

asphaera 

0 0.71 0.94 0.19 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Deltaproteob

acteria;D_3__Desulfovibrionales;D_4__Desulfovibrionac

eae;D_5__Desulfovibrio 

0 0.20 0.52 0.051 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Betaproteobacteriales;D_4__Burkholderi

aceae;D_5__Parasutterella 

0 0.92 0.98 0.13 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Betaproteobacteriales;D_4__Burkholderi

aceae;D_5__Sutterella 

0 0.85 0.98 0.32 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Betaproteobacteriales;D_4__Burkholderi

aceae;__ 

0 0.082 0.29 0.15 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Enterobacteriales;D_4__Enterobacteriac

eae;D_5__Escherichia-Shigella 

0 0.46 0.77 2.2 - 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Enterobacteriales;D_4__Enterobacteriac

eae;D_5__Klebsiella 

0 0.37 0.72 0.46 - 
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D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaprote

obacteria;D_3__Enterobacteriales;D_4__Enterobacteriac

eae;__ 

0 0.52 0.79 0.051 - 

D_0__Bacteria;D_1__Synergistetes;D_2__Synergistia;D

_3__Synergistales;D_4__Synergistaceae;D_5__Cloaciba

cillus 

0 0.30 0.65 0.033 + 

 

W indicates a statistical measure generated by ANCOM. P-value was calculated by Wilcoxon 

rank sum test. Q-value was calculated by the Benjamini-Hochberg method. We set the 

significance thresholds of W > 0.6 × N (N is the number of taxa tested) and q-value < 0.05. 

Significant taxa are indicated in bold.  
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Supplementary Table S2b. Families changed in RBD in our dataset 

 

Family W p-value q-value 

Relative 

abundance 

in RBD 

(%) 

Increased 

or 

decreased 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Rikenellaceae 
38 5.2E-05 2.6E-03 2.7 + 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicro

biae;D_3__Verrucomicrobiales;D_4__Akkermansiaceae 
36 6.0E-04 0.010 1.0 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Christensenellaceae 
28 6.2E-03 0.031 0.74 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Deltaproteobacte

ria;D_3__Desulfovibrionales;D_4__Desulfovibrionaceae 
28 8.5E-04 0.011 0.22 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Peptococcaceae 
26 1.3E-04 3.1E-03 0.12 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Family XIII 
23 1.1E-03 0.011 0.36 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Pasteurellales;D_4__Pasteurellaceae 
20 0.010 0.045 0.020 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Bacilla

les;D_4__Bacillaceae 
18 3.8E-03 0.024 0.011 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Eubacteriaceae 
18 3.0E-03 0.022 0.079 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria;D

_3__Bifidobacteriales;D_4__Bifidobacteriaceae 
16 0.018  0.077  3.1 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae 
15 1.7E-03 0.014 23 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Enterococcaceae 
10 0.066 0.21 0.024 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Atopobiaceae 
9 0.26 0.58 0.026 + 

D_0__Bacteria;D_1__Cyanobacteria;D_2__Oxyphotobacteri

a;D_3__Chloroplast;D_4__Solanum melongena (eggplant) 
9 0.23 0.58 0.015 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__

Selenomonadales;D_4__Veillonellaceae 
9 0.037 0.13 1.0 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Bacilla

les;D_4__Family XI 
8 0.25 0.58 5.2E-03 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;__ 
8 0.44 0.70 4.5E-03 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Alphaproteobact

eria;D_3__Rickettsiales;D_4__Mitochondria 
8 0.59 0.79 3.2E-03 + 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Defluviitaleaceae 
7 4.5E-03 0.025 0.013 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Lachnospiraceae 
7 0.44 0.70 23 + 

D_0__Bacteria;D_1__Patescibacteria;D_2__Saccharimonadi

a;D_3__Saccharimonadales;D_4__Saccharimonadaceae 
7 0.62 0.80 3.7E-03 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Eggerthellaceae 
6 0.46 0.70 0.29 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3

__Erysipelotrichales;D_4__Erysipelotrichaceae 
6 0.58 0.79  2.8 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria;D

_3__Micrococcales;D_4__Micrococcaceae 
5 0.72 0.88 8.7E-03 + 

D_0__Bacteria;D_1__Fusobacteria;D_2__Fusobacteriia;D_3

__Fusobacteriales;D_4__Fusobacteriaceae 
5 0.27 0.58 0.36 + 

D_0__Bacteria;__;__;__;__ 5 0.53 0.76 5.4E-03 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Carnobacteriaceae 
3 0.96 0.98 9.0E-3 + 

D_0__Bacteria;D_1__Synergistetes;D_2__Synergistia;D_3__

Synergistales;D_4__Synergistaceae 
3 0.38 0.70 0.058 + 

D_0__Archaea;D_1__Euryarchaeota;D_2__Methanobacteria;

D_3__Methanobacteriales;D_4__Methanobacteriaceae 
2 0.030 0.11 0.31 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;__ 
2 0.77 0.90 0.080 + 

D_0__Bacteria;D_1__Firmicutes;__;__;__ 2 0.93 0.96 0.017 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Bacteroidaceae 
1 0.41 0.70 21 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Marinifilaceae 
1 0.05 0.15 0.38 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria;D

_3__Actinomycetales;D_4__Actinomycetaceae 
0 0.87 0.95 0.049 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Coriobacteriaceae 
0 0.30 0.62 1.4 + 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Coriobacteriales Incertae Sedis 
0 0.74 0.88 0.046 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Barnesiellaceae 
0 0.35 0.68 0.79 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Prevotellaceae 
0 0.48 0.70 2.9 + 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Tannerellaceae 
0 0.25 0.58 2.0 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Lactobacillaceae 
0 0.72 0.88 1.1  + 
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D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Leuconostocaceae 
0 0.34 0.68 0.19 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Streptococcaceae 
0 0.42 0.70 3.8 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Clostridiaceae 1 
0 0.87 0.95 0.59 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Clostridiales vadinBB60 group 
0 0.09 0.25 0.044 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Peptostreptococcaceae 
0 0.89 0.95 1.4 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;__ 
0 0.092 0.25 0.015 + 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__

Selenomonadales;D_4__Acidaminococcaceae 
0 0.84 0.95 0.95 + 

D_0__Bacteria;D_1__Lentisphaerae;D_2__Lentisphaeria;D_

3__Victivallales;D_4__Victivallaceae 
0 0.60 0.79 0.032 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Betaproteobacteriales;D_4__Burkholderiaceae 
0 0.99 0.99 0.6 + 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Enterobacteriales;D_4__Enterobacteriaceae 
0 0.46 0.70 2.7  + 

 

W indicates a statistical measure generated by ANCOM. P-value was calculated by 

Wilcoxon rank sum test. Q-value was calculated by the Benjamini-Hochberg method. We 

set the significance thresholds of W > 0.6 × N (N is the number of taxa tested) and q-

value < 0.05. Significant taxa are indicated in bold.  
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Supplementary Table S3a. Effect sizes and relative abundances of all filtered genera 

in RBD in the meta-analysis of the Japanese and German datasets 

 

Genus Effect size 

Relative 

abundance in 

RBD (%) 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-004 

0.33 0.18 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Rikenellaceae;D_5__Alistipes 
0.29 2.7 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__Family XIII 

AD3011 group 

0.25 0.24 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomi

crobiae;D_3__Verrucomicrobiales;D_4__Akkermansiacea

e;D_5__Akkermansia 

0.24 2.0 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__UBA1819 
0.24  0.14 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__[Eubacteriu

m] coprostanoligenes group 

0.23 1.4 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__uncultured 
0.21 0.26 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Oscillibacter 
0.21 0.39 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Bac

illales;D_4__Bacillaceae;D_5__Bacillus 
-0.20 8.6E-03 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

us 2 

0.20 3.8 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Eisenbergiella 
0.20 0.028 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae NK4A214 group 

0.19 0.37 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Anaerotrunc

us 

0.19 0.022 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;__ 
0.19 2.2 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-010 

0.19 0.12 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Negativibaci

llus 

0.19 0.18 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Holdemania 

0.18 0.035 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Christensenellaceae;D_5__Christense

nellaceae R-7 group 

0.18 2.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae NC2004 group 

0.18 0.070 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Turicibacter 

-0.18 0.025 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__UC5-1-2E3 
0.17 0.011 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotella 

9 

-0.17 1.7 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-005 

0.17 0.55 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclostr

idium 6 

0.17 0.57 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__DTU089 
0.16 0.027 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] torques group 

0.16 1.3 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium] 

xylanophilum group 

0.16 0.093 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteri

a;D_3__Bifidobacteriales;D_4__Bifidobacteriaceae;D_5_

_Bifidobacterium 

-0.16  2.4 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Family XIII;D_5__[Eubacterium] 

nodatum group 

0.14 0.010 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Faecalibacte

rium 

-0.13 6.9 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-002 

0.13 1.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_

3__Selenomonadales;D_4__Veillonellaceae;D_5__Dialist

er 

-0.1 0.17 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnoclostri

dium 

0.13 0.61 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-004 

-0.13 0.14 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;__ 
0.13 0.054 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclostr

idium 5 

0.13 0.35 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteo

bacteria;D_3__Betaproteobacteriales;D_4__Burkholderiac

eae;__ 

0.12 0.62 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;__ 
0.12 4.1 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Tannerellaceae;D_5__Parabacte

roides 

0.11 2.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 

2 

-0.11 0.24 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;__;__ 
0.11  0.27 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Marvinbryanti

a 

0.11 0.10 

D_0__Archaea;D_1__Euryarchaeota;D_2__Methanobacte

ria;D_3__Methanobacteriales;D_4__Methanobacteriaceae

;D_5__Methanobrevibacter 

0.11 0.21 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;D_5__Butyricim

onas 

0.11 0.14 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Butyricicocc

us 

-0.10 0.29 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__Barnesiel

la 

0.10 0.68 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Erysipelatoclostridium 

0.10 0.33 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Flavonifract

or 

0.10 0.16 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Intestinimon

as 

0.091 0.079 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Marinifilaceae;D_5__Odoribact

er 

0.090 0.31 
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D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_uncultured 

0.089 0.027 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;__ 
0.089 0.037 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__Sl

ackia 

0.085 0.053 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-014 

0.081 0.48 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;__ 
0.079 0.067 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Sellimonas 
0.078 0.14 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Prevotella 

2 

0.077 0.37 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__unculture

d 

0.077 0.083 

D_0__Bacteria;D_1__Patescibacteria;D_2__Saccharimon

adia;D_3__Saccharimonadales;D_4__Saccharimonadacea

e;D_5__TM7 phylum sp. canine oral taxon 250 

-0.073 2.5E-03 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium] 

eligens group 

0.072 0.53 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;D_5__Rombou

tsia 

0.072 0.018 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Coprococcus 

1 

0.072 0.23 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Paraprevo

tella 

0.071 0.27 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_

3__Selenomonadales;D_4__Veillonellaceae;D_5__Megas

phaera 

-0.071 0.11 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-008 

-0.066 0.042 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Blautia 
0.066 4.7 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__un

cultured 

-0.066 0.043 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Candidatus 

Soleaferrea 

-0.064 4.6E-03 
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D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Catenibacterium 

-0.064 0.28 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Merdibacter 

-0.063 6.7E-03 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-003 

-0.062 0.12 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Clostridiaceae 1;D_5__Clostridium 

sensu stricto 1 

-0.062 0.40 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lac

tobacillales;D_4__Streptococcaceae;D_5__Streptococcus 
0.059 2.2 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Barnesiellaceae;D_5__Coproba

cter 

0.059 0.087 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospira 
-0.058 0.66 

D_0__Bacteria;D_1__Synergistetes;D_2__Synergistia;D_

3__Synergistales;D_4__Synergistaceae;D_5__Cloacibacil

lus 

0.056 0.034 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Fusicatenibact

er 

-0.056 1.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae ND3007 group 

0.055 0.76 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__GCA-

900066225 

0.054 0.013 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Coriobacteriaceae;D_5__

Collinsella 

-0.051 1.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Tyzzerella 
0.048 0.061 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae UCG-010 

-0.048 0.039 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Erysipelotrichaceae UCG-003 

-0.048 0.48 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__Eg

gerthella 

-0.048 0.091 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Coriobacteriales Incertae 

Sedis;D_5__uncultured 

0.047 0.040 
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D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] gnavus group 

0.047 0.35 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_[Clostridium] innocuum group 

0.047 0.049 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium] 

ruminantium group 

0.046 0.38 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Faecalitalea 

0.046 0.17 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Dorea 
-0.043 0.63 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Phocea 
0.043 5.0E-03 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteo

bacteria;D_3__Enterobacteriales;D_4__Enterobacteriacea

e;D_5__Klebsiella 

-0.043 0.28 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Ruminococc

us] gauvreauii group 

0.043 0.38 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;__ 
-0.043 0.75 

D_0__Bacteria;D_1__Proteobacteria;D_2__Deltaproteoba

cteria;D_3__Desulfovibrionales;D_4__Desulfovibrionace

ae;D_5__Desulfovibrio 

0.040 0.29 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-009 

0.039 1.1E-02 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_

3__Selenomonadales;D_4__Acidaminococcaceae;D_5__P

hascolarctobacterium 

0.032 0.86 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

aceae UCG-013 

0.032 0.24 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Agathobacter 
-0.032 1.7 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Roseburia 
0.032 1.4 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium] 

hallii group 

0.031 1.2 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Coprobacillus 

0.030 0.019 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;__ 
-0.028 0.27 
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D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lac

tobacillales;D_4__Streptococcaceae;D_5__Lactococcus 
0.027 0.12 

D_0__Bacteria;D_1__Fusobacteria;D_2__Fusobacteriia;D

_3__Fusobacteriales;D_4__Fusobacteriaceae;D_5__Fusob

acterium 

-0.027 0.20 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__[Eubacterium] 

ventriosum group 

0.026 0.14 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminiclostr

idium 9 

-0.024 0.11 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__Alloprevo

tella 

-0.024 0.12 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteri

a;D_3__Actinomycetales;D_4__Actinomycetaceae;D_5__

Actinomyces 

0.023 0.033 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__G

ordonibacter 

0.023 0.012 

D_0__Bacteria;__;__;__;__;__ -0.023 0.076 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Prevotellaceae;D_5__uncultured 
0.023 0.073 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lac

tobacillales;D_4__Lactobacillaceae;D_5__Lactobacillus 
0.021 0.91 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Moryella 
0.021 0.019 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Tyzzerella 3 
-0.019 0.040 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;__;__ 
0.018 0.42 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Peptostreptococcaceae;D_5__Terrispo

robacter 

-0.017 0.062 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Ruminococc

us 1 

-0.016 1.2 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae FCS020 group 

0.012 0.077 

D_0__Bacteria;D_1__Firmicutes;__;__;__;__ 0.012 0.26  

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Eggerthellaceae;D_5__Se

negalimassilia 

-7.7E-03 0.05 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__CAG-56 
7.0E-03 0.11 
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D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;

D_3__Erysipelotrichales;D_4__Erysipelotrichaceae;D_5_

_Holdemanella 

6.8E-03 0.75 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Lachnospirac

eae NK4A136 group 

-6.3E-03 0.47 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Oscillospira 
5.5E-03 0.045 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__Anaerostipes 
-4.7E-03 1.3 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacterii

a;D_3__Coriobacteriales;D_4__Atopobiaceae;D_5__Olse

nella 

-4.6E-03 0.023 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D

_3__Bacteroidales;D_4__Bacteroidaceae;D_5__Bacteroid

es 

4.2E-03 19 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__uncultured 
-4.1E-03 0.17 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteo

bacteria;D_3__Enterobacteriales;D_4__Enterobacteriacea

e;__ 

7.2E-04 0.03 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Ruminococcaceae;D_5__Subdoligran

ulum 

7.1E-04 2.2 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__

Clostridiales;D_4__Lachnospiraceae;D_5__GCA-

900066575 

9.5E-05 0.059 
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Supplementary Table S3b. Effect sizes and relative abundances of all filtered 

families in RBD in the meta-analysis of the Japanese and German datasets 

 

Family Effect size 

Relative 

abundance 

(%) 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Rikenellaceae 
0.28 2.8 

D_0__Bacteria;D_1__Verrucomicrobia;D_2__Verrucomicro

biae;D_3__Verrucomicrobiales;D_4__Akkermansiaceae 
0.24 2.0 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Family XIII 
0.21 0.31 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Bacilla

les;D_4__Bacillaceae 
-0.20 8.6E-03 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__

Selenomonadales;D_4__Veillonellaceae 
-0.19 0.63 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Christensenellaceae 
0.18 2.1 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Pasteurellales;D_4__Pasteurellaceae 
-0.18 0.020 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Marinifilaceae 
0.17 0.52 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Ruminococcaceae 
0.17 24 

D_0__Bacteria;D_1__Proteobacteria;D_2__Deltaproteobacte

ria;D_3__Desulfovibrionales;D_4__Desulfovibrionaceae 
0.16 0.40 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria;D

_3__Bifidobacteriales;D_4__Bifidobacteriaceae 
-0.16 2.4 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Clostridiales vadinBB60 group 
0.12 0.080 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;__ 
0.11 0.27 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Tannerellaceae 
0.10 2.1 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Barnesiellaceae 
0.087 0.86 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Atopobiaceae 
-0.087 0.034 

D_0__Archaea;D_1__Euryarchaeota;D_2__Methanobacteria;

D_3__Methanobacteriales;D_4__Methanobacteriaceae 
0.083 0.21 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Eggerthellaceae 
-0.075 0.34 
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D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Betaproteobacteriales;D_4__Burkholderiaceae 
-0.069 1.0 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Clostridiaceae 1 
-0.062 0.40 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Streptococcaceae 
0.061 2.3 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Prevotellaceae 
-0.056 3.1 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Coriobacteriaceae 
-0.051 1.1 

D_0__Bacteria;D_1__Synergistetes;D_2__Synergistia;D_3_

_Synergistales;D_4__Synergistaceae 
0.050 0.053 

D_0__Bacteria;D_1__Fusobacteria;D_2__Fusobacteriia;D_3

__Fusobacteriales;D_4__Fusobacteriaceae 
-0.032 0.20 

D_0__Bacteria;D_1__Lentisphaerae;D_2__Lentisphaeria;D_

3__Victivallales;D_4__Victivallaceae 
0.029 0.050 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Peptostreptococcaceae 
-0.027 1.0 

D_0__Bacteria;D_1__Actinobacteria;D_2__Coriobacteriia;D

_3__Coriobacteriales;D_4__Coriobacteriales Incertae Sedis 
0.026 0.043 

D_0__Bacteria;D_1__Firmicutes;D_2__Clostridia;D_3__Clo

stridiales;D_4__Lachnospiraceae 
0.025 24 

D_0__Bacteria;__;__;__;__ -0.023 0.076 

D_0__Bacteria;D_1__Patescibacteria;D_2__Saccharimonadi

a;D_3__Saccharimonadales;D_4__Saccharimonadaceae 
-0.021 3.6E-03 

D_0__Bacteria;D_1__Firmicutes;D_2__Bacilli;D_3__Lactob

acillales;D_4__Lactobacillaceae 
0.019 0.91 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;__ 
0.018 0.42 

D_0__Bacteria;D_1__Actinobacteria;D_2__Actinobacteria;D

_3__Actinomycetales;D_4__Actinomycetaceae 
0.016 0.033 

D_0__Bacteria;D_1__Firmicutes;__;__;__ 0.012 0.26 

D_0__Bacteria;D_1__Proteobacteria;D_2__Gammaproteoba

cteria;D_3__Enterobacteriales;D_4__Enterobacteriaceae 
-6.7E-03 2.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Negativicutes;D_3__

Selenomonadales;D_4__Acidaminococcaceae 
-6.0E-03 1.1 

D_0__Bacteria;D_1__Firmicutes;D_2__Erysipelotrichia;D_3

__Erysipelotrichales;D_4__Erysipelotrichaceae 
4.4E-03 2.3 

D_0__Bacteria;D_1__Bacteroidetes;D_2__Bacteroidia;D_3_

_Bacteroidales;D_4__Bacteroidaceae 
4.2E-03 19 
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Supplementary Table S4. Experimental methods and disease durations of the Japanese and German datasets 

 

 
aMean and SD. n.a., not available. 

  

Country 
Transportation 

temperature 

Storage 

method 

Stool DNA 

stabilizer 
Sequencing Primers 

Disease duration 

(years)a 

Japan 0 °C Freeze dry no 16S rRNA V3-4 341F/805R 
6.4 ± 4.8 

(Max 20, Min 0.1) 

Germany On dry ice −80 °C no 16S rRNA V4 515F/805R n.a. 
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Supplementary Table S5. The numbers of read counts in the Japanese and 

German datasets 

 

(x 1000 read counts) 

Country (sample size) Average SD Median Max Min 

Japan (163) 53.5 18.7 50.8 98.0 13.8 

Germany (58) 155.7 39.5 164.8 261.4 63.7 
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Supplementary Figure S1. Relative abundances of ten genera with the highest loadings in the 

first factor (Supplementary Table S3) are plotted against enterotypes A to D generated by 

LIGER. Bar indicates the median value. P-values of Jonckheere-Terpstra trend test are indicated 

to show whether the genus increases or decreases monotonically. 
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