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Supplementary Tables

Suppl. Table 1: cohorts used (main and validation). All main cohorts were sequenced using a similar pipeline.

Disease *Test/ Study Cases Controls Cohort Sequencing CCHMC Coverage | Reference Data
(*Dx validation (n) (n) population platform Sequencing Median availability
location) core (IQR)
Ulcerative Test PROTECT 206 20 Pediatric TruSeq polyA Yes 43M (37, PMID: GSE109142
colitis Paired-end 52) 30604764
(Rectum) mRNASeq
Validation RISK 43 55 Pediatric TruSeq polyA Yes 17M (12, PMID: GSE117993
Single-end 20) 30604764
mRNASeq
Crohn’s Disease Test SOURCE 18 25 Adult TruSeq polyA Yes 38M (34, unpublished GSE199906
(Terminal Paired-end 43)
ileum) mRNASeq
Validation RISK 213 47 Pediatric TruSeq polyA Yes 17M (15, PMID GSES57945
Single-end 21) 25003194
mRNASeq
Celiac Test SEEM 17 25 Pediatric TruSeq polyA Yes 34M (33, PMID: GSE159495
(Duodenum) Paired-end 46) 33524399
mRNASeq
Validation Leonard et 12 15 Adult KAPA No 49M (42, PMID: PRINAS2875
al stranded 58) 30998704 5
mRNA-Seq

*All studies used fresh biopsies and were re-analyzed using a similar analytic pipeline (see methods).




Suppl. Table 2: PROTECT treatment naive cohort and outcome

Ctl ucC
(n=20) (n=206)
Age (Mean + SD) 13.9+£33 129+3.2
Sex M (%) 9 (45%) 112 (54%)
BMI z score (Mean + SD) 03+1.6 -0.26+1.32
White 17/20 (85%) 204/206 (99%)
PUCAI score (range 0-85)
10-30 (Mild) - 54 (26%)
35-60 (Moderate) - 84 (41%)
>65 (Severe) - 68 (33%)
Mayo endoscopy subscore (range 0-3)

Grade 1 Mild - 27 (13%)
Grade 2 Moderate - 108 (52%)
Grade 3 Severe - 71 (34%)

Disease location

Proctosigmoiditis - 14 (7%)

Left-sided colitis - 25 (12%)
Extensive /Pancolitis / *Unassessable - 167 (81%)

Initial Treatment
Mesalamine - 53 (26%)
Oral or 1V steroids - 153 (74%)
Oral steroids - 82 (40%)
IV steroids - 71 (34%)

Week 4 remission (PUCAI<10)

105 (51%)

Week 52 CSFR

75/206 (36%)

3 Years colectomy

17/206 (8.3%)

Unassessable: severe/fulminant disease at presentation and the clinician performed a flexible sigmoidoscopy for safety concerns.
Data are mean + SD, n (%), n/N (%) unless noted otherwise. PUCAI=Pediatric Ulcerative Colitis Activity Index.




Suppl. Table 3: SOURCE treatment naive cohort

Ctl CD
(n=25) (n=18)
Age (Mean + SD) 35+16 32+11
Sex M (%) 12 (48%) 11 (61%)
Ethnicity white (%) 25 (100%) 18 (100%)
Disease location
L1 - 12 (67%)
L2 - 0 (0%)
L3 - 6 (33%)
Behavior status
Bl - 15 (83%)
B2 - 2 (11%)
B3 - 1 (6%)




Suppl. Table 4: SEEM (GSE159495) treatment naive cohort (biopsies from diagnostic

endoscopy)
Ctl Celiac
(n=25) (n=17)
Age (Mean + SD) 55+22 8+£25
Sex M (%) 14 (56%) 8 (47%)




Table S5: Models that include bassline clinical or endoscopic severity and transcriptomics signals
(summarize to PC1) from Figure 6 and suppl. dataset 4 including only the moderate-severe UC cases

(n=153)
Models for W4 with baseline clinical (PUCAI severity)
Model # Outcome | Predictor OR (95% CI) P-value AIC AUC
1 Wk4 PUCAI (baseline) 0.966 (0.944, 0.989) 0.0043 207.431 0.635
2 Wk4 PUCAI (baseline) 0.979 (0.955, 1.004) 0.0937 198.955 0.698
IncRNA PCl(explaining 27.8% of the
variation) 0.921 (0.874, 0.97) 0.002
3 Wk4 PUCAI (baseline) 0.977 (0.953, 1.002) 0.067 201.359 0.702
Protein coding PC1(explaining 35.1% of
the variation) 0.972 (0.952, 0.992) 0.006
4 Wk4 PUCAI (baseline) 0.977 (0.953, 1.002) 0.0715 200.919 0.703
LncRNA+Protein coding PC1(explaining
33.6% of the variation) 0.973 (0.954, 0.992) 0.005
Models for W4 with baseline endoscopic severity (Mayo score)
Model # Outcome | Predictor OR (95% CI) P-value AIC AUC
5 Wk4 Endoscopic Mayo (baseline) 0.433 (0.243, 0.773) 0.004 207.502 0.624
6 Wk4 Endoscopic Mayo (baseline) 0.613 (0.328, 1.146) 0.125 199.405 0.699
IncRNA PCI1 (explaining 27.8% of the
variation) 0.921 (0.873, 0.971) 0.002
7 Wk4 Endoscopic Mayo (baseline) 0.583 (0.313, 1.087) 0.089 201.841 0.701
Protein coding PC1(explaining 35.1% of
the variation) 0.972 (0.952, 0.993) 0.008
8 Wk4 Endoscopic Mayo (baseline) 0.59 (0.316, 1.101) 0.097 201.408 0.702
LncRNA+Protein coding PC1(explaining
33.6% of the variation) 0.973 (0.954, 0.992) 0.006
Models for W52 with baseline clinical (PUCALI severity)
Model# Outcome | Predictor OR (95% CI) P-value AIC AUC
1 WK52 PUCAI (baseline) 1.003 (0.98, 1.027) 0.787 200.057 0.515
2 WK52 PUCAI (baseline) 1.017 (0.991, 1.044) 0.211 194.155 0.62
IncRNA PC1 (explaining 27.8% of the
variation) 0.930 (0.883, 0.98) 0.0065
3 WK52 PUCAI (baseline) 1.013 (0.988, 1.04) 0.303 196.972 0.618
Protein coding PC1(explaining 35.1% of
the variation) 0.977 (0.957, 0.998) 0.0291
4 WK52 PUCAI (baseline) 1.014 (0.988, 1.04) 0.286 196.548 0.619
LncRNA+Protein coding PC1(explaining
33.6% of the variation) 0.978 (0.959, 0.997) 0.0231
Models for W52 with baseline endoscopic severity (Mayo score)
Model# Outcome | Predictor OR (95% CI) P-value AIC AUC
5 WK52 Endoscopic Mayo (baseline) 0.728 (0.41, 1.293) 0.279 198.953 0.544
6 WK52 Endoscopic Mayo (baseline) 0.963 (0.513, 1.807) 0.906 195.735 0.625
IncRNA PCI1 (explaining 27.8% of the
variation) 0.943 (0.896, 0.993) 0.0249
7 WK52 Endoscopic Mayo (baseline) 0.898 (0.482, 1.675) 0.736 197.928 0.631
Protein coding PC1(explaining 35.1% of
the variation) 0.982 (0.962, 1.003) 0.089
8 WK52 Endoscopic Mayo (baseline) 0.91 (0.487, 1.699) 0.766 197.612 0.633
LncRNA+Protein coding
PCl(explaining 33.6% of the variation) 0.982 (0.963, 1.002) 0.074
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Supplementary data

Suppl. Data 1: DESeq?2 differentially expressed IncRNAs and protein-coding genes, in UC, CD, and
celiac test cohorts, with FC and FDR in validation cohorts, and a comparison across the 3 diseases.

Suppl. Data 2: expressed IncRNAs in control rectum, ileum, duodenum (used in Figure 3), expressed
protein-coding in control rectum, ileum, duodenum

Suppl. Data 3: WGCNA with only IncRNA, WGCNA with protein-coding and IncRNA, functional
annotation enrichment results for the WGCNA with protein-coding and IncRNA modules

Suppl. Data 4: Severe vs. mild (PUCALI) differentially expressed IncRNAs, Severe vs. mild (PUCAI)
differentially expressed protein-coding genes, RF genes for predicting early (W4) and W52 SFR,
differentially expressed ASVs between severe and mild UC (PUCALI), associations between IncRNAs
and ASVs, associations between protein-coding genes and ASVs.

Suppl. Data 5: Supporting data values associated with the manuscript figures.
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Figure S1: Differential expression of deregulated IncRNAs in celiac duodenum, Crohn ileum, and
UC rectum. A. Scheme showing the process of identifying IncRNAs dysregulated in celiac duodenum,
Crohn ileum, and UC rectum. B.-D. scatter plots of log2(FC) values calculated between cases and
control samples, for IncRNAs that passed DE in the main cohorts, and log(FC) values in of the same
IncRNAs in the validation cohorts, showing consistency between main and validation cohorts.
Spearman's rho and p values as calculated between main and validation log2(FC) values are shown. B.
UC rectum samples, main - PROTECT, validation - RISK. C. Crohn's disease ileum samples, main -
SOURCE, validation - RISK. D. Celiac duodenum samples, main - SEEM, validation - PRINA52875.
Schemes were generated using biorender.com
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Figure S2: Cell-specific trends in gene expression of the IncRNAs. A. CD single cell was used for
validation of IncRNA expression(1) (https://www.gutcellatlas.org); GATA6-AS1, SMIM?2-ASI, and
CDKN2B-AS1I in gut epithelia, and RP11 290F5.1 and KIAA0125 in plasma cells and B cells. B. Indicated
IncRNA expression in ileal biopsies and in peripheral leukocytes (peripheral blood mononuclear cells,
PBMC) in control cases. Graphs with individual RQ values are shown normalized to GAPDH. T test
*HE%p<0.0001, **p<0.01, *p<0.05. C. GATA6-AS1 and HNF1A-AS1 expression in epithelial is shown
in differentiated rectal organoids from control with no detected expression in PBMC. Graphs with
individual RQ values are shown normalized to GAPDH. T test **p<0.01, *p<0.05.
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Figure S3: IncRNA characterization in duodenum ileum and rectal control samples. A. Scheme of
the control samples, originating from 3 main and 3 validation cohorts — 2 rectum cohorts (PROTECT,
RISK), 2 ileum cohorts (SOURCE, RISK) and 2 duodenum cohorts (SEEM, PRINA52875). B. PCA
figures of all main and validation control samples, colored by location (left) and platform (right). All
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analysis were used (TPM of over 1 in at least 20% of samples) C. For each cohort, the fraction of
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IncRNA and protein-coding genes that passed expression filtering is marked on the x-axis, and the
actual number of genes is written within the bar. D. Boxplots showing the percentage of samples that
had a TPM value higher than 0.1, for each IncRNA and protein-coding gene. Genes were stratified to
those that passed expression filtering by the criteria used in our main analysis (TPM > 1 in at least 20%
of samples, see Methods), and that did not and were discarded from our analysis. Most genes that
passed expression filtering appear to be highly expressed when using the lower cutoff of 0.1 TPM,
while the discarded IncRNAs appear to have a similar expression to the discarded protein-coding
genes, indicating that the observed IncRNA tissue specificity is not only due to IncRNA low
expression. E. Scatter plots showing the average TPM values per gene of main and validation control
samples, using genes that passed validation in main cohorts. Left = Rectum, Middle = Ileum, Right =
Duodenum. Spearman's correlation values are noted above the figures.

12



pucai

H T I I . I NI ma [ | BN B B Control
A 1
|
L] 2
N "3
N I
colectomy_3y

0
1
= NA

W52_no_remssion

1
0

=
= N
Wa4_no_response
GATAGAS 1
RP1T40SATS2 -
CiNGo1234 - 0
CTD-2020K17.1 = = NA
1 1-485r5'5
=
S
1
B
-
3 RA
n
Cra-ae
Q1 CTC 360659 - s
Q  SDCBPZAS -
Q  ShesEsl -
8 c
o o
o M
RPIT
P
AP4BI-AS
RP3-363A4
BNIS1PS -
ACO0S53 2 -
Actiesees
LINC00342 =
1 ]
S
S
1
| value

SW
o N
o o

o

. _ e R s, s e
= . = z £ =
H - g g e '—| B .o z
S : 2 o = 2 v 3 pips £
g s TN 3 g 3 I 3 - . - £
2 ofe L X 1) T o w3 Q 5
3 lae 0 S 3 i k4 -~ H . . 2
g 2 - - 3 S z € ofgoe ey S
L} . 35 g 3 5 - * T g
5 g 3 3
30 & A 00 g o $0 XA 0 0L o - SO IS = 80 A N &0 X A 0 0V
R INR N IRy FERERTISS LSO SN
&P FELL FBL & FBLRE PP P FEBE FE & BFEBE SF P FEEE BF
NS IC RN NN RN oF ST & ST 98 NN ISR Y
€ I G © S S © &S S € LTSS P S
NG ST NN Y S P &< g

DUOX2 CXCL8(IL8) M1 M2 M5
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Figure S6: The majority of the reduced IncRNAs between severe and mild UC_show epithelial
specific expression. Cellular expression of IncRNAs that were dysregulated between severe and mild
UC and were expressed in the adult colon single-cell RNA-seq data(3). The size and color of the dots are
proportional to the percentage of cells expressing the gene and the normalized expression level,
respectively.
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Figure S7: Heatmap summarizing the association between protein coding gene expression and
microbial ASV abundance. Heatmap summarizing the association between protein coding gene
expression and microbial ASV abundance that are linked with severity (Figure 6 and Dataset S4), using
hierarchical All-against-All significance testing (HAIIA), with FDR<O0.1.
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Figure S8: Effect of DSS exposure on gut bacteria. A. Representative histology with and without
exposure to DSS at the end of the experiment. B. Heatmap of 459 differently abundant amplicon sequence
variants (ASVs) bacteria in HNFIA- ASI™estine -~ and HNFIA-ASI*"* (FDR<0.25) showing the two
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groups with/without exposure to DSS treatment. C-D. PCoA plot of mice bacteria, with/without DSS
exposure as indicated, and colored by mice group, cage, experiment (1 or 2), mother, and litter as
indicated. E. Box plots of PC2 values in HNF1A- AST™estine - HNF1A- ASI™estine - and HNF1A-AST*
groups with/without DSS exposure. F. Box plots of unweighted UniFrac distance of the same mice,
calculated between two Day 1 and Day 6 (with DSS) timepoints, within the 3 groups. P. values were
calculated using Mann-Whitney test, and q. values with Benjamini-Hochberg FDR correction.

Supplementary Methods

Cohorts
PROTECT cohort (Test cohort 1) was described previously(4, 5). PROTECT is a multicenter inception

cohort study including treatment naive children aged 4—17 years with a diagnosis of UC. Disease extent,
clinical activity at diagnosis (PUCAI range 0—85), Mayo endoscopic scope (grade 1-3), and total Mayo
score (range 0—12) were captured. PUCALI less than 10 denoted inactive disease or remission, 10—30
denoted mild disease, 35—60 denoted moderate disease, and 65 or higher denoted severe disease. A
central pathologist blinded to clinical data examined a single rectal biopsy. Depending on initial PUCAI
score, patients received initial treatment with either mesalamine (mild disease), or corticosteroids
(moderate and severe disease), with some physician discretion allowed. Week 4 (W4) remission outcome
defined as PUCAI < 10 without additional therapy or colectomy, Week 52 as CS-free remission (SFR)
with no therapy beyond mesalazine, and occurrence of colectomy within 3 years were recorded. Rectal
mucosal biopsies from a representative sub-cohort of 206 PROTECT UC patients and 20 age and gender
matched non-IBD controls underwent high coverage transcriptomic profiling using Illumina RNAseq.
The 20 controls at Cincinnati Children’s Hospital Medical Center were included in the current analyses
as non-IBD controls after clinical endoscopic, and biopsies evaluation demonstrated no histologic and
endoscopic inflammation.

SOURCE cohort (Test cohort 2) included 18 treatment naive Crohn disease and 25 non-IBD controls

from the Sheba Medical Center. Age, gender, endoscopic findings, diagnostic calprotectin, and CRP
were recorded. All participants were White. Sheba Institutional Review Board approved the protocol and
safety monitoring plan. Informed consent was obtained for each participant.

SEEM celiac cohort (Test cohort 3) was described previously(6) and included 17 celiac subjects and 25

controls from Cincinnati Children’s Hospital Medical Center (CCHMC). Controls were subjects who
were investigated for various gastrointestinal symptoms including abdominal pain, but had normal
endoscopic and histologic findings. Celiac disease diagnosis was based on previously described
algorithms(7) including positive IgA autoantibodies against tissue transglutaminase (anti-TTG) and

histologic features.
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Validation cohorts included the RISK cohort, a treatment naive pediatric IBD cohort that was used to
validate the baseline CD ileal dataset and the UC rectal gene expression dataset(5, 8) and the previously
published celiac cohort(9).

Epithelial and single cell datasets. Isolated epithelial dataset included reanalyzes of a publicly available

adult human colon UC single cell data set, which contains 366,650 cells from 18 UC and 12 healthy adult
colons, to examine cell-specific trends in gene expression(3). A second CD single cell was used for

validation of IncRNA expression in specific cell types(1) (https://www.gutcellatlas.org).

RNA extraction and RNA-seq Analysis. All transcriptomics analyses started from the raw FATSQ files
using a similar pipeline. Differential expression and mRNA analyses was performed within each cohort
including the already published PROTECT, RISK, SEEM, and celiac cohorts. Results obtained from
each cohort were cross compared with the other cohorts as indicated. PROTECT (GSE109142),
SOURCE (GSE199906), and SEEM (GSE159495) test cohorts were processed and sequenced using the
same laboratory pipeline, sequencing library at the Gene and Protein Expression and Bioinformatics
cores of the National Institutes of Health (NIH)-supported Cincinnati Children’s Hospital Research
Foundation Digestive Health Center. RNA was isolated from biopsies obtained during diagnostic
colonoscopy using the Qiagen AllPrep RNA/DNA Mini Kit. PolyA-RNA selection, fragmentation,
cDNA synthesis, adaptor ligation, TruSeq RNA sample library preparation (Illumina, San Diego, CA),
and paired-end 75bp sequencing was performed. Median read depth in PROTECT was ~43M (37-52M
IQR), in SOURCE 39M (31-46M IQR, and ~34M (33-46M IQR) in SEEM. RISK treatment naive
pediatric patients’ rectal biopsies and ileal biopsies (rectal GSE117993, ileal GSE101794) were used as
validation cohorts for UC and CD respectively using single end 75bp mRNA sequencing(5, 8). Those
biopsies had similar RNA extractions at Cincinnati Children’s and were also sequenced at the (NIH)-
supported Cincinnati Children’s Hospital Research Foundation Digestive Health Center. Another celiac

cohort (PRINAS528755(9)) was used for validation, this cohort used KAPA stranded mRNA-Seq.

Reads were quantified by kallisto(10) version 42.5 using Gencode v24 as the reference genome. Kallisto
output files were summarized to gene level using R package tximport version 1.12.3(11). protein coding
genes and IncRNAs with Transcripts per Million (TPM) values above 1 in at least 20% of the samples
were used in downstream analysis. Differentially expressed genes between cases and controls, or mild
and severe UC had fold change (FC) > 1.5 and false discovery rate (FDR) < 0.05 using R package
DESeq?2 version 1.30.1(12).
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Principal Coordinates Analysis (PCA) was performed to summarize variation in gene expression between
patients, and principal components (PC) values were extracted for downstream analyses. Clinical features

data were correlated to PC values using Spearman's correlation.

Similar and specific genes between diseases and locations

Identifying a validated specific disease signal for each disease and location: For each of the 3 main
cohorts (PROTECT, SOURCE, SEEM) and the validation cohorts (RISK, Leonard et al.), differentially
expressed genes between cases and controls was calculated using DESeq2. Within each disease and
location, genes were considered validated if they: 1. Were significantly different between disease and
control in the main cohort, with FC > 1.5 and FDR < 0.05. 2. Changed in the same direction in both main
and validation cohorts. 3. Were significantly different between disease and control in the validation
cohort, with FC > 1.2 and FDR <0.1.

Identifying similar genes between diseases and locations: A list of all genes that passed validation in at
least one disease was compiled, as our gut disease “atlas”, shown in table S4. Within this atlas, a gene is
considered similar between diseases and locations if it: 1. Changes in the same direction in all main
cohorts. 2. Is significantly different between disease and control in all main cohorts, with FC > 1.2 and

FDR <0.1. This analysis was performed separately for IncRNA and protein-coding genes.

Random forest ROC

The random forest analysis was performed in R package randomForest(13) version 4.6-14 with default
parameters, using 500 trees. For each disease and location, random forest was trained on control and
disease samples from the main cohort, and tested on the validation cohort. Main cohort expressed genes
were used, and main samples were randomly chosen to create equal sized disease and control groups.
The randomForest package out-of-box estimate of error rate was used to estimate the main cohorts’
classification, and the predict function for the validation cohorts. For the UC outcome analysis (week 4
remission and week 52 steroid-free remission) only mild or severe UC cases were included, and the genes
or IncRNAs used were those significantly associated with disease severity in the previous mild vs. severe
UC DEseq2 analysis. The randomForest package out-of-box estimate of error rate was used. The
outcome analysis was repeated 100 times to get a spread of AUC values. Average mean decrease Gini
scores over 100 iterations are shown to priorities severity genes. R AUC(14) package version 0.3.0 was

used to calculate the Receiver operating characteristic (ROC) curve and Area under the ROC Curve
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(AUC) values. Analysis was performed separately for IncRNAs and protein-coding genes, or for both
IncRNAs and proteins coding genes together.

Identifying co-expressed gene modules

Weighted gene co-expression network analysis (WGCNA) was implemented to identify modules of co-
expressed genes(15, 16), using R WGCNA package version 1.69-81. WGCNA identifies co-expressed
gene clusters using pairwise correlations between gene expression profiles. A signed version of WGCNA
was used to distinguish between positively and negatively correlated genes. Gene co-expression
similarities are converted to signed adjacency values using the power adjacency function, with a 3
parameter of 5 for IncRNA WGCNA analysis, and a § parameter of 12 for IncRNA and protein-coding
genes analysis. The topological similarities represent the interconnectedness of two genes in a given gene
co-expression network. Average linkage hierarchical clustering is implemented on TOM-based
dissimilarities to detect modules of strongly correlated genes across all samples. The cluster sensitivity
parameter (deepSplit) was set to its default value of 2 to identify balanced genes modules while the
minimum number of genes in a module (minModuleSize) is set to 30 genes. maxBlockSize is set to
20000 to include all genes in one block. For each module, the first principal component referred to as the
eigengene, is considered to be the module representative. A module summarizes the expression levels of
all the genes in a given module. Candidate modules are identified based on the strength and significance
(Student’s asymptotic p-value) of the respective module eigengenes with the phenotypic traits including
the disease status. We focused on modules significantly associated with disease status, with p < 0.001.
The module membership (MM) score signifies the importance of a gene (connectivity-based) within the
module and is calculated as the Pearson correlation coefficient between a gene’s expression profile and
the module eigengene. This analysis was performed separately for IncRNA only, and for IncRNA and
protein coding genes. ToppGene(17) and ToppCluster software were used to perform Gene Set
Enrichment Analyses (GSEA) of the protein coding genes within the modules in the IncRNA and protein
coding genes WGCNA analysis, and visualization of the networks was obtained using

Cytoscape.v3.0.2(2).

PROTECT Microbiome 16S rRNA analysis and association with genes

16S rRNA reads were processed in a data curation pipeline implemented in QIIME 2 version 2021.4(18,
19). Reads were demultiplexed according to sample specific barcodes. Quality control was performed by
truncating reads after three consecutive Phred scores lower than 20. Reads with ambiguous base calls or

shorter than 150 bp after quality truncation were discarded. Amplicon sequence variants (ASVs)
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detection was performed using Deblur(20), resulting in 156 samples with median of 28,504 reads/sampe
(IQR 18,980-43,470). ASV taxonomic classification was assigned using a naive Bayes fitted classifier,
trained on the August 2013 Greengenes database for 99% identity 150 bp long reads(21). Severity
associated ASVs: differentially abundant ASVs (between mild and severe UC patients) were identified
using a paired feature-wise non-parametric rank mean test as implemented in Calour(22) with dsFDR
multiple hypothesis correction (FDR < 0.1)(23). For each feature (bacteria), the relative abundance across
all samples is ranked. The p-value is calculated by comparing the mean of the ranks for the bacteria in
each group to random permutations of the group labels, that are performed only within samples of similar
pairing field values. Finally, dsSFDR multiple hypothesis correction is applied for the p-values resulting
from all the features. Heatmap was generated using Calour with default parameters. Identifying
association between IncRNA and microbial ASV: “Hierarchical All-against-All significance testing”
(HAIIA) version 0.8.20 was used to identify potential correlations between IncRNAs and ASVs
associated with disease severity, using Spearman’s correlation. 59 mild and severe UC associated ASVs,
and the top 30 mild and severe UC associated IncRNAs or protein coding genes, prioritized by DEseq2
FDR were used as input for the HAIIA pipeline, with an FDR of 0.1.

Cell culture and organoids. Crypts isolation and organoids culturing: L-WRN medium (L-WRN media)
was generated using the ATCC mouse fibroblasts cells (L-WRN cells - CRL-3276™), that produce Wnt-
3A, R-spondin 3, and noggin(24). To maintain proliferation, TGFBIR inhibitor (SB431542) is added. To
initiate differentiation, EP4 inhibitor (L-161,982) is added to DMEM-F12 (Gibco 12634010) medium
without FBS. Intestinal biopsies from patients undergoing evaluation via colonoscopy according to
approval by the Ethics Committees of the Sheba Medical center were used, after written informed consent
were obtained from patient and/or families. Two biopsies were used for crypts isolation. Biopsies were
washed 3 times with PBS and Gentamicin/Amphotericin (X 500- corning), cut to small pieces and
incubated in cold for 30 minutes with Gentle Cell dissociation Reagent (STEM CELL 100-0485) that
helps to release the crypts. Isolated crypts were seeded in Matrigel (Corning 354234) and L-WRN
medium to generate the organoids. Cells were maintained at 37°C in a humidified atmosphere containing
5% CO2 and were passaged weekly.

HT29 human colon carcinoma cell lines were purchased from the American Type Culture Collection
(Manassas, VA, USA) and maintained in standard culture conditions in DMEM (GIBCO 41965-039,
Scotland) containing 10% heat-inactivated fetal bovine serum (GIBCO 12657-029, Scotland). Cells were

maintained at 37°C in a humidified atmosphere containing 5% CO2. The following drugs were used
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alone and in combination for 24hr to mimic complex disease environment; LPS (100ng/ml(25)), IFNy
(40ng/ml), DFO (100uM), IL1b (25ng/ml), and H202 (200uM) for 1 hr.

RNA-seq on HT-29 cells with/without the inflammatory triggers mentioned above, was performed using
Lexogen QuantSeq 3' mRNA-Seq libraries sequencing (GSE216810). Principal Coordinates Analysis
(PCA) was performed to summarize variation in gene expression between patients. We included 11,489
protein-coding mRNA genes with Reads per Milion (RPM) above 3 in 20% of the samples in our
downstream analysis. Differentially expressed genes were determined in GeneSpring® software with
fold change differences (FC) >1.5 and using the Benjamini—Hochberg false discovery rate correction
(FDR< 0.05).

qPCR primers that were used for validation:

GAPDH: For: 5'- TGGACCTCATGGCCCACA-3', Rev: 5- TCAAGGGGTCTACATGGCAA-3;
GATAG6-AS1: For: 5'- TTCTGGGAGTCGCGCATT-3', Rev: 5'- GTGGCCGCATTTGGAAAA-3";
HNF1A-AS1: For: 5'- GGAAGCACTTTGACCTCTGC-3', Rev: 5'- AGTGAGCTCTCTCGGTCAGC-
3 CDKN2B-ASI: For: 5'-CTGCTACTGCATAAGTTAGGAAATTG-3', Rev: 5'-

CATGTTTACCTTTCTTGTGACTTTTT-3" LUCATI: For: 5'-
GAGCGAAACTCTGTAGCTCAGCAT-3’, Rev: 5'-TCCTCACAAGAAGCTCACCCAG-3’;
LINCO01272: For: 5'-GATCCTAGAAAGTGGCAAGGC-3’, Rev: 5'-

GTAGGATGTGACTGTGCTGCGTGAC-3".

Mouse Models

C57BL/6, Villin-Cre mice were crossed with HNF1A-AS1 LoxP C57BL/6 mice, which were kindly
provided by Prof. Jorge Ferrer's 1ab(26) from The Barcelona Institute of Science, to generate HNF1A4-
AS[intestine - (intestine-specific deletion of HNF1A4-ASI promotor in 2 alleles) and HNF 1 A-ASimestine +/-
(intestine-specific deletion of HNF1A-ASI promotor in one of the alleles) animals. Male WT C57BL/6
mice, 8-9 weeks old (cat # 2BL/606, 2BL/606), were purchased from Envigo Laboratories (Jerusalem,
Israel). Animals were housed at the Sheba Medical Center animal facility, in a specific pathogen-free
environment and fed standard pellet diet and tap water. All procedures performed were in accordance
with the Sheba Medical Center’s Guidelines for Animal Studies and approved by the Institutional Animal
Ethics Committee (ethical approval code: 006 b16947). To induce colitis, mice were administered
drinking water supplemented with dextran sulfate sodium (molecular weight, 36,000-50,000; MP
Biomedicals, CAT NO:160110)) for 5 days and were then allowed to recover by drinking
unsupplemented water for the next 6 days. Two independent experiment preformed more than 2 months

apart are jointly presented. The first experiment included: 5 HNF1A-AST™estine 7+ 3 HNF [ A-AS [intestine
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- and 7 HNF1A-AST™¢¢ -~ mice who were introduced to DSS. Additionally, this experiment included
a control group which wasn't introduced to DSS: 5 HNF1A-ASI™estine 4 HNF1A-AST™estine *- and 7
HNFI1A4-AS1™estine - mice. The second experiment included: 10 HNFIA-ASI™estive 7+ 3 HNFIA-
AS1Mestine - and 10 HNFI1A-ASI™est¢ -~ mice who were introduced to DSS. The mice were kept in
several cages as indicated in the figure and legends, and we also specified the experiment, the litter, and
the mother’s identity.

The mice were monitored for rectal bleeding. Stool samples were collected at day 1, 6 and 10 for 16S
amplicon sequencing. Bleeding score included the fecal occult blood test and visible rectal bleeding, and
was graded as 0 = negative,1= weak color (positive by Hemoccult), 2 = strong color (positive by
Hemoccult), and 3 = visible rectal blood. At necropsy, the intestines were cut out and measured to
determine colon length and weight. 0.5 cm of the rectum were taken for histology and another 0.5 cm of
rectum were used for RNA analysis. Tissue sections from the distal colon were fixed in 4% buffered
formaldehyde. Paraffin-embedded sections were stained with hematoxylin and eosin. Histopathology
scoring was performed by a pathologist in a blinded fashion(27) and graded according to the following
parameters: inflammation (0-3; none, slight, moderate, and severe), Extent (0—3; none, mucosa, mucosa
and submucosa, and transmural), regeneration (0-4; complete regeneration of normal tissue, almost
complete regeneration, regeneration with crypt depletion, surface epithelium not intact, no tissue repair),
crypt damage (0—4; none, basal 1/3 damaged, basal 2/3 damaged, only surface epithelium intact, and
entire crypt and epithelium lost) and percent involvement (1-4; 1-25%, 26-50%, 51-75%, 76-100%). The
score of each parameter was multiplied by the percentage of tissue percent involvement. The final scores
of each parameter were added to a sum that was defined as the histology score. The maximum possible
histology score was 10.

16S rRNA gene amplicon sequencing and analyses. DNA extraction and PCR amplification of the

variable region 4 (V4) of the 16S rRNA gene using Illumina adapted universal primers 515F/806R was
conducted using the direct PCR protocol [Extract-N-Amp Plant PCR kit (Sigma-Aldrich, Inc.)](28-30).
PCRs were conducted and amplicons were pooled in equimolar concentrations into a composite sample
that was size selected (300—500 bp) using agarose gel to reduce non-specific products from host DNA.
Sequencing was performed on the Illumina MiSeq platform with the addition of 15% PhiX, and
generating paired-end reads of 175b in length in each direction.16S rRNA reads were processed in a data
curation pipeline implemented in QIIME 2 version 2021.4(18). Reads were demultiplexed according to
sample specific barcodes. Quality control was performed by truncating reads after three consecutive
Phred scores lower than 20. Reads with ambiguous base calls or shorter than 150 bp after quality

truncation were discarded. Amplicon sequence variants (ASVs) detection was performed using
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Deblur(20) with default parameters, resulting in 142 samples with a median of 16799 reads/sample (IQR
9875-22937). ASV taxonomic classification was assigned using a naive Bayes fitted classifier, trained
on the August 2013 Greengenes database for 99% identity on 150 bp long reads(21). Unweighted
UniFrac was used as a measure of between sample B-diversity(31), and Faith’s phylogenetic diversity(32)
was used as a measure of within sample o diversity. using a phylogenetic tree generated by SAT¢-enabled
phylogenetic placement (SEPP)(33). All samples were rarefied to 2000 reads for a and B diversity
analysis, to avoid read number effects. The resulting distance matrix was used to perform a principal
coordinates analysis (PCoA). Differentially abundant ASVs (between DSS and control or between
HNFI1A4-AS1™estine - and HNF1A4-AS17") were identified using a feature-wise non-parametric rank mean
test as implemented in Calour(22) with dsFDR multiple hypothesis correction(23) (FDR < 0.1). For each
feature (bacteria), the relative abundance across all samples is ranked. The p-value is calculated by
comparing the mean of the ranks for the bacteria in each group to random permutations of the sample

labels.

Summary of statistical tests used. Statistics used for transcriptomics, microbiome, and metabolomics
were performed in R, and details are under these specific sections. Overall, Spearman’s rank correlation
was used for continuous variables and Mann-Whitney U test for categorical variables, with Benjamini-

Hochberg Procedure for FDR correction.

Study Approval. We used already published datasets from PROTECT, SEEM, RISK and previously
published celiac cohorts. SOURCE was approved by the Sheba Medical center Institutional Review

Boards. Informed consent was obtained for all participants.

Data availability.

All RNASeq data are deposited in GEO; PROTECT (GSE109142), SOURCE (GSE199906), SEEM
(GSE159495), RISK (rectal GSE117993, ileal GSE101794), and celiac cohort (PRINA528755(9)). An
interactive platform of IncRNA expression in celiac disease, Crohn’s disease, and ulcerative colitis, and
along the gastrointestinal tract [proximal small intestine (duodenum), distal small intestine (ileum), and

the large intestine (rectum)] in controls can be found through the R Shiny web interface at

https://tzipi.shinyapps.io/IncRNA_gut/.

The mice 16S amplicon sequencing dataset was deposited at the National Center for Biotechnology
Information as BioProject PRINA930578.

Codes are available on github at the following link: https://github.com/Tzipisb/IncRNA_gut disease
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