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Figure S1: Bacterial taxa displaying differential abundance in association with UC, related to
Figure 4. The differential abundance of taxa was tested at the genus level using ANCOM-BC and
ALDEX2 using two different schemes: between the controls (including FGID) and UC-act; and
between UC-act and UC-rem. The genera that showed significance (FDR < 0.1) in both schemes were
considered associated with inflammation in UC and are shown in the figure. The boxplots represent
interquartile range, along with the individual data points shown as dots. FGID, functional

gastrointestinal diseases; UC, ulcerative colitis; UC-act, active UC; UC-rem, remission UC
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Figure S2: Bacterial taxa displaying differential abundance in association with CD, related to
Figure 4. The differential abundance of the taxa was tested at the genus level using ANCOM-BC and
ALDEXx2 using two different schemes: between the controls (including FGID) and CD-act (active
CD); and between CD-act and CD-rem (remission CD). The genera that showed significance (FDR <
0.1) in both schemes were considered associated with inflammation in CD and are shown in the
figure. The boxplots represent interquartile range, along with the individual data points shown as dots.

CD, Crohn’s disease; CD-act, active CD; CD-rem, remission CD; FGID, functional gastrointestinal

diseases; rem, remission
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Figure S3: Taxonomic markers selected from differential abundance analysis of individual cohorts,

UC vs. remission
cohorts

CD vs. remission
cohorts

related to Figure 4. A) The ASVs that were most frequently significant (FDR < 0.1) in the comparisons of
healthy controls versus CD (n = 3) and CD versus remission (n = 3). B) The ASVs that were most frequently
significant (FDR < 0.1) in the comparisons of heathy controls versus UC (n = 4) and UC versus remission (n
=3). All plots show the ASV’s relative abundance in log scale on the y axis, and the boxplots represent
interquartile range, along with the individual data points shown as dots. Slanted arrows above the box plots of
each cohort were placed only when FDR < 0.1, and the direction of the arrows indicate whether the ASV was

depleted or enriched in the group displayed on the right side.
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Figure S4: Comparison of performance various models trained with patients’ future remission

states based on the microbiota profile sampled during the active disease state measured with

leave-one-study-out method, related to Figure 5. A) Receiver operating characteristic curves of the

eight machine learning models trained on the baseline microbiota 16S ASV read counts and clinical

features to predict patient remission. B) Comparison of classification performance of the eight

machine learning models tested based on sensitivity, specificity, and accuracy metrics. ASVs,

amplicon sequence variants.



Table S1: Alpha diversity comparison statistics calculated from the Korean cohort, related to
Figure 2.

Comparison Fold-difference in median | P-value (Wilcoxon FDR
Chaol test)

Control vs. FGID 1.01 0.64 0.64
Control vs. CD-act 1.43 8.5E-6 5.18
Control vs. CD-rem 1.15 0.013 0.026

FGID vs. CD-act 1.47 1.0E-4 3.084

FGID vs. CD-rem 1.19 0.035 0.053
CD-act vs. CD-rem 1.24 0.092 0.11
Control vs. UC-act 1.31 0.043 0.19
Control vs. UC-rem 1.05 091 0.99

FGID vs. UC-act 1.36 0.073 0.19

FGID vs. UC-rem 1.01 0.78 0.99
UC-act vs. UC-rem 1.37 0.097 0.19

New-onset vs. r'ecurrent 1.26 0.20 0.24
(exacerbation)

New-onset vs. CR 1.18 0.075 0.15

New-onset vs. MR 1.15 0.19 0.24

Recurrent (exacerbation) vs. CR 1.48 0.014 0.087

Recurrent (exacerbation) vs. 145 0.044 013
MR

CR vs. MR 1.02 091 0.13

CD-act, Crohn’s disease active inflammatory state; CD-rem, Crohn’s disease remission state; CR, clinical remission; FDR, false discovery rate; FGID,
functional gastrointestinal disorder; MR, mucosal remission



Table S7: Literature search results of known host—microbe interaction attributes of the taxa

represented by the top 20 ASVs with highest SHAP scores in our Ensemble model, related to

Figure 6.

Bifidobacterium adolescentis

cross-feeding relationship with butyrate-producing gut bacteria. Highly
prevalent in adults rather than children.

Taxonomy Known attribute of the taxon in host—microbe interaction Reference
(at the lowest resolved rank)
Actinobacteria Known as one of the primary producers of acetate among gut bacteria. Forms a O'Riordan et al., Riviére et

al. [S1,2]

Bacteroidetes
Bacteroides sp.

This ASV was not close enough to any of the known Bacteroides spp. hence
remained unclassified at species level. Bacteroides in general, are one of the
most abundant bacterial genera in the normal gut microbiome. They are primary
producers of acetate and propionate and capable of utilizing various dietary
polysaccharides.

Zafar and Saier [S3]

Anaerobutyricum soehngenii

bacterium discovered in infant gut. Supplementation of this species led to
amelioration of metabolic syndrome in mouse studies as well as in randomized
clinical trials on human subjects.

Firmicutes Streptococcus spp. reportedly have a significant association with CD and UC. Ocansey et al.,
Streptococcus Some studies proposed that an increased abundance of common oral bacteria Sayols-Baixeras et al.

such as streptococci in the gut microbiota is associated with systemic [S4,5]

inflammatory markers.
Firmicutes The species was originally described as a butyrate- and propionate-producing Shetty et al., Koopen et al.,

Attaye et al. [S6,7,8]

Firmicutes
Enterocloster sp.

This ASV is yet undescribed species of Enterocloster. Known species in
Enterocloster have been reported to be associated with autism-spectrum disorder
(Enterocloster bolteae), and also to elicit gut mucosal immune response
resulting in protective effect against Salmonella infection (Enterocloster
clostridioformis).

Pequegnat et al.,
Beresford-Jones et
al.[S9,10]

Firmicutes
Hominiventricola sp.

This ASV is a yet undescribed species of Hominiventricola. The genus
Hominiventricola is little studied, with only a single recently described species
and no appearance in literatures.

Firmicutes
Ruminococcus lactaris

Little evidence has been produced regarding physiological functions of
Ruminococcus lactaris through in vitro studies, but the species has been
associated with diseases such as autism-spectrum disorder. A closely related and
extremely actively studied species, Ruminococcus gnavus, is deeply involved in
gut microbiome mediation of human health and diseases.

Dan et al., Crost et
al.[S11,12]

Firmicutes
Faecalibacterium duncaniae

Faecalibacterium duncaniae exhibited anti-inflammatory effects in numerous
animal model studies. Strains of this species produce butyrate, along with
several other putative mechanisms of host immune regulation.

Martin et al. [S13]

Firmicutes
Peptostreptococcus anaerobius

Peptostreptococcus anaerobius is known as an oral pathogen, whose enrichment
in gut microbiome was shown to exacerbate colorectal cancer and impairs the
response to anti-PD1 therapy, with known mechanistic evidence for the
bacterium’s immunomodulatory functions. The same species is also known as a
major producer of propionate in infant gut microbiome.

Liu et al., Laursen et al.
[S14,15]

Firmicutes
Veillonella sp.

This ASV is yet undescribed species of Veillonella. The genus includes
Veillonella parvula, anaerobic nonsaccharolytic oral microorganisms that rely
on organic acid metabolism for energy and exhibit heightened proliferation
within the intestinal milieu of individuals diagnosed with IBD, and Veillonella
dispar, which has been described multiple times as a strong marker in IBD.

Rojas-Tapias et al.,
Altomare et al.,
Schirmer et al. [S16,17,19]

Firmicutes
Megasphaera micronuciformis
and Megasphaera sp.

Megasphaera micronuciformis was initially described with isolates from
patients with infection, i.e., anaerobic culture on blood agar. Little is known
about this species. The genus Megasphaera has been described to be statistically
associated with numerous disease conditions including pediatric IBD.

Marchandin et al.,
El Mouzan et al. [S20,21]

Fusobacteria A Fusobacterium pseudoperiodonticum ASV and a species-unresolved Meade et al. [S22]
Fusobacterium Fusobacterium ASV were included in the top 20 ASVs. Fusobacterium spp.
have been pointed as significant markers of IBD.
Proteobacteria Haemophilus species were previously shown to increase in CD. It is considered Gevers et al.,
Haemophilus a common oral taxa. Elmaghrawy et al.
[S23,24]

ASVs, amplicon sequence variants; CD, Crohn’s disease; IBD, inflammatory bowel disease; SCFAs, short-chain fatty
acids; SHAP, Shapley Additive exPlanation; sIgA, secretory immunoglobulin A; UC, ulcerative colitis




Table S9: Results from hyperparameter tuning during the prognostic model training, related to

STAR Methods.
Best
Models Parameters tested Range
parameter
DNN 11 value [0.001, 0.01, 0.1] 0.001
DNN 12 value [0.001, 0.01, 0.1] 0.001
DNN dropout_rate [0.3,0.5,0.7] 0.3
DNN hidden layers [1,2,3,4,5,6,7,8,9,10] 2
DNN units range(10,200) 99
DNN epochs [50, 100, 150, 200] 50
DNN batch_size [16,32, 64, 128] 128
Logistic Regression | (I“VC“: t;’;fgetgh‘;larlzanon [0.01, 0.1, 1, 10, 100] 0.1
K-nearest neighbor n_neighbors range(1, 30) 8
K-nearest neighbor weights [uniform, distance] distance
K-nearest neighbor p (Plc\)/lviﬁr( 5;21?22{52; the [1,2] 1
Decision Tree max_depth range(1, 20) 15
Decision Tree min_samples_split range(2, 20) 2
Decision Tree min_samples_leaf range(1, 20) 10
RandomForest n estimators [100, 200, 300, 400, 500] 400
RandomForest max_features [sqrt, log2, None] sqrt
RandomForest max_depth range(1, 20) 18
RandomForest min_samples_split range(2, 20) 4
RandomForest min_samples_leaf range(1, 20) 2
GradientBoosting n estimators [100, 200, 300, 400, 500] 300
GradientBoosting learning_rate [0.01, 0.05, 0.1, 0.2] 0.2
GradientBoosting subsample [0.5, 0.7, 1.0] 0.5
GradientBoosting max_depth range(1, 20) 19
SVC € (Regularization [0.01, 0.1, 1, 10, 100] 0.1
parameter)
SVC kernel [linear, poly, rbf, sigmoid] linear
SVC gamma [scale, auto] scale
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