
Supplementary Figures 1 

 2 

Supplementary Fig. 1 The analysis pipeline of taxonomic identification and quantification of tissue-resident 3 

microbes. Related to main Figure 1. 4 

 5 

Supplementary Fig. 2 Assessments of microbial composition across different anatomic locations of colon and 6 

rectum. Related to main Figure 1. 7 

 8 

Supplementary Fig. 3 Associations between somatic alterations and tumor-enriched taxa. Related to main 9 

Figure 2. 10 

 11 

Supplementary Fig. 4  12 

Prevalence of polyketide synthase (PKS) genes and relationship with CRC-associated mutational signature. 13 

Related to main Figure 3. 14 

 15 

Supplementary Fig. 5 16 

CMS-dependent association patterns between prognostic taxa and host expressions levels of CRC related 17 

pathways and immune cell populations. Related to main Figure 4. 18 

 19 

Supplementary Fig. 6 20 

Assessment of the prognostic effects of host features and microbiota-derived risk score on survival in stage I-21 

III CRC patients. Related to main Figure 5. 22 

 23 

Supplementary Fig. 7 Validation of the prognostic performance of microbiota-derived risk score based on 24 

the 16S amplicon data of tumors and paired NATs in the AC-ICAM cohort. Related to main Figure 5. 25 

 26 

Supplementary Fig. 8 The differential expression patterns of pro-inflammation genes between tumors from 27 

UU, UM and AC-ICAM with high and low MRS-T values. Related to main Figure 5. 28 

  29 
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 Supplementary Fig. 1  30 

The analysis pipeline of taxonomic identification and quantification of tissue-resident microbes. 31 

 32 

a. Analytical pipeline for taxonomic identification and quantification of tissue-resident microbes. A two-step host 33 

read removal strategy was applied to enhance data quality and minimize human read contamination (Bowtie2 34 

against GRCh38, and Kraken2 against GRCh38 and T2T-CHM13v2.0). A high-quality reference database (4, 35 

644 species from the UHGG, and 17 Treponema species from NCBI) were used for microbial detection. 36 

Microbial contaminants were filtered by comparing WGS data from 462 paired UU blood (positive controls) 37 

and tumor samples. Box plots display input reads, while bar plots show proportions of discarded reads in each 38 

step. Please see Methods section for details on quality control and non-human reads extraction, microbial 39 

detection, removal of putative microbial contaminants and rare taxa with low prevalence and genome coverage.  40 

b. Distribution of mapped prokaryotic reads before and after contaminant filtering in UU blood samples (n=462). 41 

c. Distance-based redundancy analysis (db-RDA) shows a clear separation of tissue-resident microbiota for 42 

tumors and NATs between the UU and UM WGS cohorts. D-MANOVA P-values were presented. 43 

d. Number of prokaryotic reads (left), and read counts annotated to tissue-resident microbes (right) between 44 

paired WGS and WTS samples from 775 UU tumors.  45 

e. Number of detected tissue-resident species per sample between paired WGS and WTS data from 775 UU 46 

tumors.  47 

f. Left: Average genome coverage of tissue-resident species between paired WGS and WTS samples. Right: 48 

Average genome coverage and mapped reads number per species between paired WGS and WTS data from 49 

775 UU tumors. The name of the top 10 species by Kraken2-mapped reads across WGS samples are shown.  50 

g. Proportion of prokaryotic rRNA reads to the total number of prokaryotic reads across WTS data. The average 51 

percentage of rRNA reads is shown in the pie chart. 52 

 53 

For d, e, and f, P-values were calculated using two-sided Wilcoxon signed-rank test. For the boxplots, boxes 54 

represent the interquartile ranges (IQRs) between the first and third quartiles, the center line represents the 55 

median, and the whiskers extend 1.5 times the IQR from the top and bottom of the box. 56 

 57 

 58 
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Supplementary Fig. 2 Assessment of tissue microbial composition across different anatomical 60 

locations of colon and rectum. 61 

 62 

a. Schematic diagram of the ten sampling sites of U-CAN patients with primary CRC. Samples were classified 63 

right-sided colorectal cancers or left-sided colorectal cancers based on the tumor location at diagnosis. Right-64 

sided colon: caecum, ascending, hepatic flexure and transverse colon. Left-sided colon: splenic flexure, 65 

descending colon, sigmoid and rectosigmoid junction, and rectum (distal 15 cm from the anal verge). Illustration 66 

elements were adapted from Servier Medical Art (https://smart.servier.com), licensed under CC BY 3.0. 67 

 68 

b. Differences in overall microbial composition between anatomical locations in tumors (n=775) and NATs (n=313) 69 

from the UU cohort, assessed by PERMANOVA. BH-adjusted D-MANOVA P-values were presented (two-70 

sided).  71 

 72 

c. Differences in relative abundance of tissue-resident taxa between tumor locations in UU tumors, assessed by 73 

MaAsLin2. *, BH-adjusted P< 0.05 (two-sided test). Each column represents a single taxon. Red indicates right 74 

colon-enriched taxa, and blue indicates left and rectum-enriched taxa. 75 

 76 

d. Heatmap showing location-based enrichment patterns of tissue-resident genera and species in the tumors from 77 

UU, UM and AC-ICAM cohorts, assessed by MaAsLin2. *, BH-adjusted P-value< 0.05, indicated by “*”. 78 

 79 

e. Differences in number of microbial reads (left) and genus-level microbial Shannon index (right) between right- 80 

and left-sided tumors in AC-ICAM cohort (n=167), assessed by MaAsLin2.  81 

 82 

f. Number of significantly differential abundant taxa between right- and left-sided tumors in the UU (BH-adjusted 83 

P<0.05), UM (P<0.05) and AC-ICAM (P<0.05) cohorts (MaAsLin2, two-sided test).  84 

 85 

g. Performance of the random forest model in distinguishing between right- (n=92) and left-sided (n=75) tumors 86 

in the AC-ICAM cohort. A two-sided 95% confidence interval for AUC is shown. 87 

 88 

h. Validation of location-specific taxa in fecal metagenomic samples of CRC patients (n=461) from five publicly 89 

available studies. Abundance differences was assessed using the two-sided Wilcoxon rank-sum test (P<0.05). 90 

28 taxa meeting the threshold in at least two cohorts are shown.  91 

 92 

i. Performance of a separate, five-fold cross-validation-based RF model for distinguishing right- (n=83) from left-93 

sided (n=167) samples in the Yachidas_2019 dataset. Other fecal datasets have been excluded because of small 94 

sample sizes with annotated tumor locations (n≤20 per group). 95 

 96 

j. Discovery and validation of associations between tumor location-related tissue-resident microbes and pathways 97 

assessed by partial Spearman’s correlation (two-sided). Red represents positive, and blue represents negative 98 

associations (BH-adjusted P< 0.05 for UU and P < 0.05 for UM and AC-ICAM cohorts). 99 
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Supplementary Fig. 3 Associations between somatic mutations and tumor-enriched taxa 101 

 102 

a. The relationships between gene mutations and 35 tumor-enriched taxa in UU (n=775) cohort. Heatmap shows 103 

relationships between taxon abundances and mutant or wild-type (WT) samples for individual drivers (n=83) 104 

or DNA damage response and repair (DDR, n=35) genes, assessed by MaAsLin2 (*, BH-adjusted P< 0.05, 105 

two-sided test). The top curve shows the total number of taxa that are significantly different between mutant 106 

and WT samples by gene. Red represents enrichment in mutant samples, and blue represents enrichment in 107 

WT samples. 108 

 109 

b. Lollipop plot produced with Maftools displaying CASP8 somatic coding mutations in the UU and UM cohorts. 110 

The length of the lollipop represents the number of mutations detected at each codon position. Lollipops are 111 

colored according to mutation type: missense mutations in green, nonsense mutations in red, and frameshift 112 

insert/deletion mutations in purple and blue, respectively. The colored boxes represent specific functional 113 

domains of CASP8: DED: death-effector-domain, DD: death domain, CAS: catalytic domain. 114 

 115 

c. The discovery of relationships between loss of heterozygosity (LOH) events and tumor-enriched microbes in 116 

UU cohort (n=775). Heatmap shows associations between taxon abundances and LOH-positive or LOH-117 

negative samples for individual drivers (n=62) or DDR (n=49) genes, assessed by MaAsLin2 (*, BH-adjusted 118 

P< 0.05, two-sided test). The top curves show the total number of taxa that are significantly different between 119 

LOH-positive and LOH-negative samples by gene. Red represents enrichment in LOH-positive samples, and 120 

blue represents enrichment in LOH-negative samples. 121 

 122 

d. The validation of relationships between LOH events and tumor-enriched microbes in UM cohort (n=162). A 123 

cutoff of P<0.05 was used. 124 

 125 

  126 
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Supplementary Fig. 4 Prevalence of polyketide synthase (pks) gene island and its relationship with associated 127 

mutational signatures 128 

a. Spearman’s rank correlation (two-sided) between the relative abundances of E. coli and pks gene island 129 

(RPKM) across 135 pks-positive (pks+) samples from UU cohort. 130 

 131 

b. Percentages of pks-positive (pks+) and pks-negative (pks-) tumors in right- and left-sided, and hypermutated 132 

(HM) and non-hypermutated (nHM) tumors from the UU cohort. P values were calculated by two-sided Chi-133 

squared test.  134 

 135 

c. Mutational signatures enriched in pks+ tumors compared to pks- tumors in the UU cohort (n=775) and 136 

individuals with nHM tumors (n=595), assessed by two-sided partial Spearman’s rank correlation, with 137 

adjustment for age, sex, tumor location, and prokaryotic reads count. SBS, single base substitution. DBS, 138 

doublet base substitution. ID, small insertions and deletions. 139 

 140 

d. Percentages of samples carrying mutational signature SBS88, SBS93, ID18 or ID14 in tumors with pks+ and 141 

pks- in the UU cohort. P-values were calculated with two-sided Fisher test. 142 

 143 

e. Spearman’s rank correlation (two-sided) between the mutational signature activities of the four selected 144 

signatures. *, BH-adjusted P<0.05. 145 

 146 

f. Profiles of the four pks+ associated mutational signatures. Proposed aetiology of each signature was taken 147 

from the COSMIC database. 148 

149 
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Supplementary Fig. 5 150 

CMS-dependent associations between prognostic taxa and tumor transcriptional profiles of CRC related 151 

pathways and immune response markers 152 

 153 

a. Heatmap (left panel) shows the differences in expression levels of 14 CRC-related pathways, CMS featured 154 

pathways and immune response markers comparing each CMS with the others. P-values were calculated with 155 

two-sided t-test.  156 

Heatmap (right panel) shows the associations between the relative abundances of Fusobacterium spp. and the 157 

expression levels of expression levels of all selected CRC-related pathways, genes and immune response 158 

markers within CMS subgroups, assessed by two-sided partial Spearman’s correlation with adjustment for age, 159 

sex, tumor location, and prokaryotic reads count. #, P < 0.05. *, BH-adjusted P<0.05.  160 

 161 

b. Distribution of two pks+ associated mutational signatures across CMS subtypes. P values between CMS2 and 162 

other subtypes were generated by two-sided Wilcoxon rank-sum test. SBS, single base substitution. ID, small 163 

insertions and deletions. 164 

 165 
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Supplementary Fig. 6  167 

Assessments of the prognostic effects of host factors and microbiota-derived risk score on survival in stage I-168 

III CRC tumors. 169 

 170 

a. Forest plots display the hazard ratio (HR) values and two-sided P-values of host clinicopathological features for 171 

overall survival (OS; left) and recurrence free survival (RFS; right) in stage I-III UU tumors (n=689). Univariate 172 

survival analysis using Cox proportional hazards model. The factors (highlighted in red) significantly associated with 173 

OS or RFS were defined as covariates for microbiome-based prognosis analyses. 174 

 175 

b. Scatter plots show the adjusted HR values of prognostic taxa for OS by CMS subtypes in the UU cohort. Adjusted 176 

HRs were calculated using multivariate Cox proportional hazard regression models (two-sided) after adjustment for 177 

age, tumor location, tumor stage, grade, postoperative treatments and Kraken2-mapped prokaryotic read count. Green 178 

and purple represent the taxa exhibiting significant associations with longer and shorter OS in UU tumors (n=689). 179 

 180 

c. The validation of tumor-derived prognostic taxa identified in the UU cohort, validated in the UM (triangles) and 181 

AC-ICAM (circles) cohorts. HR and P-values were calculated using univariate Cox proportional hazards model (two-182 

sided). 183 

 184 

d. Associations (red frames in c) between selected prognostic taxa and survival outcomes (OS and RFS) across the 185 

three cohorts, estimated by multivariate Cox proportional hazard regression models (two-sided). 186 

 187 

e. Heatmaps show differentially abundant taxa between stage I and other stages in tumors from the UU (BH-188 

adjusted P<0.05), UM (two-sided P<0.05) and AC-ICAM (two-sided P<0.05) cohorts, assessed by MaAsLin2, 189 

with adjustment for age, sex, tumor location and prokaryotic read count. Blue and red indicate taxa significantly 190 

enriched and depleted in stage I tumors, respectively. Color bars, featuring of green, and brown, represent taxa 191 

associated with longer and shorter survival, respectively. 192 

 193 
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Supplementary Fig. 7 Conceptional validation of the prognostic effects of the 16S amplicon-based microbiota-195 

derived risk score of tumors and paired NATs in the AC-ICAM cohort. 196 

 197 

a. Prognostic performance of microbiota-derived risk score from tumors (MRS-T, upper) and NATs (MRS-N, 198 

lower) for OS and RFS. The assessment was conducted in patients with stage I-III CRC tumors in the UU cohort 199 

and validated in the UM cohort. The concordance index (C-index) of MRS alone and MRS plus each of the host 200 

clinicopathological factors were calculated.  201 

 202 

b. Kaplan–Meier curves of the groups with low- and high MRS from tumors (MRS-T) or NATs (MRS-N) for OS 203 

in the AC-ICAM cohort (16S dataset, n=209). Adjusted HRs and two-sided P-values for both continuous and 204 

categorical MRS were presented, as determined by multivariate Cox proportional hazard models.  205 

 206 

c. Forest plots display the adjusted HR values of 16S rRNA gene amplicon-based prognostic genera (continuous 207 

variables) associated with OS in tumors or NATs in AC-ICAM patients with stage I-III tumors (two-sided). Pink 208 

indicates taxa significantly associated with shorter OS; blue indicates taxa significantly associated with longer 209 

OS.  210 

 211 

d. The C-index of MRS alone and MRS plus each of the host factors are calculated for 5-year OS using the 16S 212 

rRNA gene amplicon dataset from the 209 paired tumors and NATs in AC-ICAM patients with stage I-III tumors. 213 

 214 

e. Kaplan–Meier curves of the groups with low- and high MRS-T (defined by median) for OS and RFS in 98 CRC 215 

patients with stage IV tumors in U-CAN cohort (86 patients from UU and 12 from UM). Models were adjusted 216 

for age, tumor location, grade, post-surgical treatment, and prokaryotic reads counts (two-sided). 217 

 218 

  219 
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Supplementary Fig. 8 Differential expressions of pro-inflammatory genes between low- and high MRS-T 220 

tumors across the three CRC cohorts. 221 

Box plots show the differential expression patterns of 11 pro-inflammatory genes between the low- and high MRS-222 

T tumors (by median) from the UU, UM and AC-ICAM cohorts. P-values were calculated by two-sided Wilcoxon 223 

rank-sum test.  224 

 225 


