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Figure S1. Causal network for non-IBD (healthy) data from iHMP data set. The labels of beneficial bacteria are in purple
font. This figure was generated using the R package, bnlearn1, and visualized using Cytoscape 3.5.02.

A brief discussion on causal analysis of data from CD cohort
Crohn’s disease (CD) is another form of IBD that may potentially affect parts of the digestive system. Unlike UC, the links

between microbiomes and CD are less established and may be linked to host genetic factors3. However, some bacteria are
suspected as either beneficial or harmful for subjects with CD. As with the UC data, we calculated the causal influence from the
microbiome data for the CD cohort.

Based on the causal influence values, the top-ranked taxa were R. inulinivorans, R. torques, B. intestinihominis, B.
thetaiotaomicron, Bacteroides xylanisolvens, showing considerable overlap with the taxa for UC, possibly even using the same
metabolites, genes and pathways. Of these, R. torques and B. thetaiotaomicron are known to have a harmful impact on the
gut of CD subjects4, 5. On the other hand, E. eligens is a beneficial microbe as it helps to grow certain strains of F. prausnitzii,
a well-known beneficial taxon in CD6. B. xylanisolvens is known to possess probiotic qualities. Furthermore, it is unable to
attach to the gut, which prevents its colonization in the intestines. It is not known to carry plasmid material in the genome of
the cell, making it a safer probiotic option. All of these qualities make B. xylanisolvens a promising probiotic option7. Our
approach using causal influence values suggest which bacterial taxa have strong probiotic or harmful potential.

A brief discussion on causal analysis of Disease (CD-healthy) network
Similar to UC, we created a disease network using microbiome data from the CD and healthy (non-IBD) cohorts. As before,

a sample from the CD cohort would have the value of the disease variable set to 1, while a sample from the healthy cohort
would have that value set to 0. Then we measured causal effects of each taxa on the special disease node, which we will refer to
as the disease effect. According to absolute values of disease effects, the top taxa are R. inulinivorans, B. finegoldii, E. eligens,
E. siraeum, B. caccae, and R. torques.

While R. inulinivorans is not known to be directly causally linked to CD, evidence suggests that R. inulinivorans is more
abundant in CD patients8. The taxon B. finegoldii is present in the fecal microbiome. While its exact role may be unclear,
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Figure S2. Sub-network of taxa reachable through directed path from E. eligens in the disease network for Ulcerative Colitis
as shown in figure 9 in the paper. This figure was generated using the R package, bnlearn1, and visualized using
Cytoscape 3.5.02.

Figure S3. Causal network inferred from Crohn’s disease (CD) data set of iHMP database. This figure was generated using
the R package, bnlearn1, and visualized using Cytoscape 3.5.02.

emerging reaserch suggests that it may play a role in maintaining a healthy colon, as well as potentially acting as a probiotic
to help patients recover from illnesses such as inflammatory bowel disease and Clostridium difficile infection9. E. eligens is
known for its beneficial behavior as a prebiotic in IBD6. B. caccae can be harmful in some cases for CD and IBD10 and R.
torques is a pathogenic taxon for both UC and CD4. Thus similar to disease (UC) network analysis we found that the bacterial
taxa with the highest causal effect on the disease node are primarily from the beneficial or pathogenic group.
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