
SUPPLEMENTARY FIGURES AND TABLES
Supplementary Figure 1. Flowchart of identification process for CRC patients with tumor and normal adjacent tissue available at Moffitt Cancer Center
[image: A diagram of a flowchart

Description automatically generated]
Abbreviations: MCC, Moffitt Cancer Center; N, sample size; EoCRC, Early-onset colorectal cancer (<50 years at diagnosis); LoCRC, Traditional onset colorectal cancer (≥50 years at diagnosis); Rarefied analysis, Microbial rarefaction at the sequencing depth of 1000 reads.

Supplementary Figure 2. Rarefaction curves for A) Observed ASVS and B) Shannon alpha diversity indices for tumor (n=81) and normal adjacent (n=115) samples of CRC patients, N=131. 
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Supplementary Table 1. Microbial relative abundance means and standard deviation and p-values of the differences between patients’ samples (tumor and normal), extraction blanks, n=13, environmental controls, n=24, for all study samples, N=299. 
	 
	Patient samples, N=262
	Extraction blanks, N=13
	Environmental Controls, N=24
	P1

	Bacteria relative abundance2
	Mean (SD)
	Mean (SD)
	Mean (SD)
	 

	Ralstonia 
	3.72 (12.36)
	11.79 (28.91)
	 7.36 (19.50)
	0.07

	Staphylococcus 
	7.71 (19.14)
	 8.42 (19.33)
	14.13 (30.08)
	0.33

	Methylobacterium 
	9.39 (20.14)
	 7.19 (20.12)
	15.86 (30.52)
	0.32

	Phyllobacterium 
	0.97 (8.34)
	 5.25 (18.83)
	 0.03 (0.04)
	0.19

	Pseudomonas 
	1.36 (6.40)
	 4.02 (13.80)
	 1.80 (6.83)
	0.39

	Pelomonas 
	2.44 (10.41)
	 3.60 (11.78)
	 0.84 (3.70)
	0.69

	Tepidimonas 
	0.78 (3.69)
	 2.54 (8.97)
	 1.86 (7.18)
	0.21

	Shigella 
	4.32 (13.80)
	 1.77 (5.88)
	 1.56 (6.83)
	0.51

	Propionibacterium 
	2.61 (9.50)
	 1.56 (3.22)
	 7.60 (19.55)
	0.08

	Corynebacterium 
	3.52 (13.33)
	 1.30 (2.87)
	 0.76 (2.81)
	0.51

	Streptococcus 
	8.17 (18.32)
	 1.00 (1.97)
	12.13 (25.46)
	0.22

	Bradyrhizobium 
	4.61 (15.56)
	 0.25 (0.22)
	 3.84 (10.61)
	0.58

	Methanomethylovorans 
	0.00 (0.00)
	 0.91 (3.29)
	 0.00 (0.00)
	<0.001

	Rhizobium 
	0.01 (0.04)
	 7.38 (26.59)
	 0.00 (0.00)
	<0.001

	Bibersteinia 
	0.20 (1.53)
	 7.38 (26.48)
	 0.11 (0.21)
	<0.001

	Dechloromonas 
	0.17 (2.56)
	 7.28 (26.20)
	 0.84 (3.93)
	<0.001

	Sphingobium 
	0.01 (0.07)
	 6.56 (21.30)
	 0.00 (0.00)
	<0.001

	Gaiella 
	0.05 (0.64)
	 1.99 (7.15)
	 0.00 (0.00)
	<0.001

	Candidatus Cloacimonas 
	0.04 (0.58)
	 1.61 (5.59)
	 0.00 (0.00)
	<0.001

	Paracoccus 
	0.67 (5.63)
	 7.48 (26.37)
	 1.08 (5.14)
	0.008

	Actinobaculum 
	0.91 (4.76)
	 5.81 (20.81)
	 3.89 (14.05)
	0.013

	Altererythrobacter 
	0.02 (0.32)
	 0.00 (0.01)
	 0.00 (0.00)
	0.92

	Alloprevotella 
	0.32 (2.63)
	 0.02 (0.05)
	 0.00 (0.00)
	0.78


1 P-values obtained from the Kruskal-Walli’s rank sum test. 
2 Relative abundances were calculated based on unrarefied and unfiltered raw reads, including all patient and quality control samples. Extraction blanks, n= 13, and environmental controls include bleach, n= 4; forceps, n= 4; operating room bucket, n= 4; pathologist’s gloves, n= 4; Petri plates, n= 4, and scissors, n= 4; patient samples include tumor and normal adjacent tissue. 



Supplementary Table 2. Generalized linear mixed models1 of alpha diversity and a priori bacteria in tumor compared to normal adjacent tissue among 46 EoCRC and 94 LoCRC patients treated at Moffitt Cancer Center for surgical resection from 1995-2020
	Bacteria features
	Beta (95% CI) 1
	P-value 

	Alpha Diversity2
	 
	 

	Shannon
	-0.31 (-0.66, 0.05)
	0.09

	Observed
	-34.93 (-64.66, -5.20)
	0.02

	Faith's PD
	-11.94 (-22.93, -0.95)
	0.03

	A Priori relative abundance
	 
	 

	Bacteroides
	4.02 (0.78, 7.26)
	0.02

	Fusobacterium
	4.40 (0.92, 7.88)
	0.01

	Porphyromonas
	-0.55 (-2.48, 1.39)
	0.58

	Parvimonas
	2.45 (0.19, 4.72)
	0.03

	Peptostreptococcus
	-0.01 (-0.29, 0.28)
	0.95

	Gemella
	1.53 (-0.61, 3.68)
	0.16

	Prevotella
	0.17 (-0.14, 0.49)
	0.28

	Solobacterium
	-0.01 (-0.01, 0.00)
	0.08

	Dialister
	0.98 (-0.90, 2.85)
	0.31


1 We fitted a linear mixed model (estimated using REML and wrapper for alternative optimizer) to predict bacterial alpha diversity and a priori relative abundance with gross diagnosis (tumor vs. normal[ref]). The model included subject (1|Patient ID) as a random effect and fixed effects of tissue type with normal adjacent tissue as the reference.
2 Alpha diversity based on rarefied sample size (N=131, 81 tumor, 115 normal, 41 EoCRC, and 90 LoCRC).
Abbreviations: CI, Confidence intervals; PD, Phylogenetic distance; REML, Restricted maximum likelihood, EoCRC, Early-onset colorectal cancer; LoCRC, Later-onset colorectal cancer.


Supplementary Table 3. Associations1 of age with microbial features in CRC patients, N=144
	 
	 
	x 100 z-scored
	 
	 
	 CLR z-scored

	 
	Tumor, n= 109
	 
	Normal, n=139
	 
	Tumor, n= 109
	 
	Normal, n=139

	Microbial feature
	Median (Min-Max)
	Beta4 (95% CI)
	P
	
	Median (Min-Max)
	Beta4 (95% CI)
	P
	
	Median (Min-Max)
	Beta4 (95% CI)
	P
	
	Median (Min-Max)
	Beta4 (95% CI)
	P

	Alpha diversity2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Observed
	1.62 (0.13, 4.67)
	-0.08 (-0.26, 0.09)
	0.35
	
	1.86 (0.05, 4.45)
	0.08 (-0.05, 0.21)
	0.24
	
	
	-
	-
	
	
	-
	-

	Shannon
	26.35 (3.60, 169.20)
	-0.09 (-0.26, 0.09)
	0.33
	
	36.50 (3.90, 146.70)
	0.08 (-0.05, 0.21)
	0.24
	
	
	-
	-
	
	
	-
	-

	Faith's PD
	127.77 (31.90, 467.50)
	-0.08 (-0.26, 0.09)
	0.35
	
	159.04 (32.45, 428.06)
	0.07 (-0.07, 0.20)
	0.33
	
	
	-
	-
	
	
	-
	-

	A priori3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bacteroides
	212.96 (1.15, 9969.42)
	-0.03 (-0.19, 0.12)
	0.69
	
	210.97 (1.31, 4311.25)
	-0.01 (-0.14, 0.12)
	0.83
	
	2.13 (-1.11, 9.86)
	-0.01 (-0.16, 0.15)
	0.94
	
	2.00 (-0.44, 8.33)
	0.06 (-0.07, 0.19)
	0.34

	Fusobacterium
	76.49 (0.00, 9734.90)
	0.10 (-0.06, 0.25)
	0.22
	
	144.93 (0.00, 6203.47)
	-0.06 (-0.18, 0.07)
	0.37
	
	2.10 (-1.27, 9.32)
	0.08 (-0.08, 0.24)
	0.31
	
	2.14 (-0.44, 7.28)
	-0.03 (-0.15, 0.10)
	0.67

	Porphyromonas
	11.63 (0.00, 3755.33)
	0.10 (-0.06, 0.26)
	0.23
	
	11.51 (0.00, 9926.41)
	0.14 (0.01, 0.27)
	0.03
	
	0.12 (-2.05, 8.10)
	0.14 (-0.01, 0.29)
	0.07
	
	0.00 (-2.13, 9.51)
	0.14 (0.01, 0.27)
	0.04

	Parvimonas
	34.11 (0.00, 9780.37)
	0.04 (-0.11, 0.20)
	0.58
	
	28.36 (0.00, 2227.95)
	0.11 (-0.02, 0.24)
	0.10
	
	1.34 (-2.80, 8.93)
	0.12 (-0.03, 0.27)
	0.10
	
	1.31 (-1.45, 6.80)
	0.09 (-0.04, 0.22)
	0.17

	Peptostreptococcus
	0.001 (0.00, 597.44)
	0.07 (-0.05, 0.20)
	0.25
	
	0.001 (0.00, 1237.67)
	0.14 (0.01, 0.27)
	0.03
	
	0.00 (-3.00, 5.62)
	0.08 (-0.07, 0.22)
	0.29
	
	0.00 (-2.36, 6.21)
	0.00 (-0.12, 0.13)
	0.95

	Gemella
	22.90 (0.00, 9383.20)
	0.04 (-0.11, 0.19)
	0.58
	
	23.53 (0.00, 5060.15)
	-0.01 (-0.14, 0.13)
	0.93
	
	0.89 (-2.80, 7.90)
	0.09 (-0.06, 0.25)
	0.23
	
	0.55 (-3.12, 6.89)
	-0.04 (-0.17, 0.09)
	0.54

	Prevotella
	0.001 (0.00, 3184.58)
	0.09 (-0.07, 0.24)
	0.27
	
	0.001 (0.00, 371.99)
	0.13 (0.01, 0.26)
	0.04
	
	0.00 (-2.29, 7.31)
	0.16 (0.01, 0.30)
	0.04
	
	0.00 (-3.12, 4.88)
	0.08 (-0.05, 0.21)
	0.23

	Solobacterium
	0.001 (0.00, 6.08)
	0.03 (-0.12, 0.19)
	0.66
	
	0.001 (0.00, 31.22)
	0.06 (-0.07, 0.19)
	0.36
	
	0.00 (-2.28, 0.20)
	-0.09 (-0.24, 0.07)
	0.27
	
	0.00 (-2.62, 2.40)
	-0.02 (-0.15, 0.10)
	0.71

	Dialister
	1.71 (0.00, 9489.70)
	0.10 (-0.04, 0.25)
	0.17
	
	7.56 (0.00, 2342.78)
	-0.01 (-0.14, 0.12)
	0.89
	
	0.00 (-1.27, 8.64)
	0.10 (-0.04, 0.24)
	0.15
	
	0.26 (-1.89, 6.64)
	0.03 (-0.10, 0.16)
	0.67

	Explortatory genera3
	
	
	
	
	
	
	
	
	0.00 (-3.88, 7.59)
	0.01 (-0.14, 0.16)
	0.91
	
	0.00 (-3.12, 7.27)
	0.11 (-0.02, 0.24)
	0.09

	Acinetobacter
	2.95 (0.00, 9847.10)
	-0.02 (-0.18, 0.14)
	0.83
	
	4.66 (0.00, 9772.46)
	0.10 (-0.02, 0.22)
	0.11
	
	0.00 (-2.92, 6.38)
	0.03 (-0.12, 0.18)
	0.69
	
	0.00 (-3.09, 6.50)
	-0.00 (-0.13, 0.13)
	0.98

	Actinomyces
	7.73 (0.00, 1277.89)
	-0.05 (-0.21, 0.10)
	0.50
	
	4.83 (0.00, 2810.22)
	-0.03 (-0.16, 0.10)
	0.65
	
	0.00 (-3.11, 6.16)
	0.01 (-0.14, 0.15)
	0.94
	
	-0.02 (-2.76, 7.48)
	-0.01 (-0.14, 0.11)
	0.84

	Alistipes
	0.76 (0.00, 758.73)
	-0.07 (-0.22, 0.08)
	0.38
	
	1.46 (0.00, 2898.33)
	0.01 (-0.11, 0.14)
	0.82
	
	0.00 (-3.65, 7.75)
	-0.03 (-0.19, 0.12)
	0.68
	
	0.00 (-2.73, 5.60)
	0.05 (-0.08, 0.18)
	0.48

	Bacillus
	5.94 (0.00, 9658.34)
	0.03 (-0.12, 0.19)
	0.67
	
	2.24 (0.00, 7299.58)
	-0.03 (-0.16, 0.11)
	0.68
	
	0.02 (-3.90, 6.95)
	-0.07 (-0.22, 0.08)
	0.35
	
	0.07 (-2.67, 8.14)
	-0.02 (-0.15, 0.11)
	0.81

	Bifidobacterium
	5.61 (0.00, 4656.03)
	-0.07 (-0.23, 0.09)
	0.39
	
	13.16 (0.00, 5315.01)
	-0.02 (-0.16, 0.11)
	0.73
	
	1.17 (-0.30, 7.17)
	-0.13 (-0.28, 0.03)
	0.10
	
	1.44 (-0.55, 8.52)
	-0.06 (-0.19, 0.06)
	0.33

	Blautia
	29.18 (0.00, 3766.81)
	-0.13 (-0.27, 0.02)
	0.08
	
	72.70 (0.00, 9689.70)
	-0.14 (-0.27, -0.01)
	0.03
	
	0.00 (-2.92, 6.96)
	0.02 (-0.13, 0.18)
	0.77
	
	0.00 (-3.09, 6.45)
	0.05 (-0.08, 0.18)
	0.42

	Cloacibacterium
	0.00 (0.00, 3922.13)
	0.11 (-0.05, 0.27)
	0.18
	
	0.18 (0.00, 2662.48)
	0.03 (-0.10, 0.17)
	0.63
	
	0.00 (-1.67, 7.61)
	-0.11 (-0.27, 0.04)
	0.15
	
	0.27 (-2.38, 6.54)
	-0.01 (-0.14, 0.11)
	0.82

	Clostridium
	3.68 (0.00, 8031.23)
	-0.09 (-0.25, 0.06)
	0.22
	
	5.74 (0.00, 8013.96)
	-0.16 (-0.28, -0.03)
	0.02
	
	0.00 (-2.44, 4.97)
	0.01 (-0.15, 0.17)
	0.91
	
	0.00 (-1.89, 6.73)
	0.07 (-0.06, 0.20)
	0.30

	Collinsella
	2.63 (0.00, 367.57)
	-0.03 (-0.19, 0.13)
	0.69
	
	9.69 (0.00, 4769.91)
	0.05 (-0.08, 0.17)
	0.47
	
	0.00 (-2.42, 6.11)
	-0.05 (-0.21, 0.10)
	0.5
	
	-0.21 (-2.36, 5.48)
	-0.01 (-0.14, 0.12)
	0.89

	Coprococcus
	1.52 (0.00, 1772.37)
	-0.03 (-0.18, 0.12)
	0.68
	
	2.70 (0.00, 582.57)
	0.03 (-0.10, 0.17)
	0.62
	
	0.00 (-2.61, 5.96)
	-0.00 (-0.16, 0.15)
	0.98
	
	0.00 (-2.86, 8.40)
	-0.01 (-0.14, 0.12)
	0.88

	Dieia
	2.86 (0.00, 4303.84)
	0.03 (-0.11, 0.17)
	0.65
	
	8.25 (0.00, 9689.64)
	-0.05 (-0.17, 0.08)
	0.47
	
	0.00 (-3.11, 7.16)
	-0.06 (-0.22, 0.09)
	0.42
	
	0.00 (-2.36, 4.93)
	0.04 (-0.09, 0.17)
	0.54

	Dorea
	0.56 (0.00, 3164.84)
	-0.16 (-0.31, -0.00)
	0.05
	
	2.99 (0.00, 737.90)
	0.07 (-0.06, 0.20)
	0.30
	
	0.00 (-3.60, 6.30)
	-0.01 (-0.17, 0.15)
	0.87
	
	0.00 (-1.78, 7.13)
	0.03 (-0.10, 0.15)
	0.69

	Eubacterium
	3.08 (0.00, 1997.94)
	-0.07 (-0.23, 0.09)
	0.39
	
	10.76 (0.00, 5245.54)
	-0.09 (-0.22, 0.04)
	0.18
	
	0.00 (-2.80, 6.19)
	0.03 (-0.12, 0.18)
	0.70
	
	0.00 (-3.06, 7.10)
	0.01 (-0.12, 0.14)
	0.85

	Faecalibacterium
	2.29 (0.00, 1922.74)
	-0.03 (-0.19, 0.12)
	0.65
	
	3.78 (0.00, 1851.22)
	0.01 (-0.12, 0.14)
	0.92
	
	0.00 (-2.37, 3.02)
	0.01 (-0.14, 0.16)
	0.9
	
	0.00 (-2.66, 6.95)
	-0.00 (-0.13, 0.13)
	0.96

	Fusicatenibacter
	0.23 (0.00, 139.44)
	-0.01 (-0.16, 0.15)
	0.92
	
	1.26 (0.00, 4383.31)
	-0.04 (-0.18, 0.09)
	0.52
	
	0.00 (-2.44, 6.86)
	0.03 (-0.13, 0.18)
	0.74
	
	0.00 (-1.89, 4.39)
	0.05 (-0.07, 0.17)
	0.41

	Klebsiella
	1.96 (0.00, 3653.69)
	0.04 (-0.10, 0.19)
	0.56
	
	2.44 (0.00, 1035.28)
	0.00 (-0.11, 0.12)
	0.94
	
	0.00 (-3.60, 7.04)
	-0.09 (-0.23, 0.06)
	0.25
	
	0.06 (-1.98, 7.38)
	0.02 (-0.10, 0.15)
	0.70

	Lachnoclostridium
	6.96 (0.00, 2800.93)
	-0.01 (-0.17, 0.15)
	0.91
	
	15.93 (0.00, 8396.56)
	0.04 (-0.09, 0.17)
	0.54
	
	0.00 (-2.61, 8.00)
	-0.09 (-0.24, 0.06)
	0.23
	
	0.00 (-3.09, 9.21)
	-0.07 (-0.20, 0.06)
	0.27

	Lactobacillus
	0.62 (0.00, 9396.52)
	-0.15 (-0.31, 0.00)
	0.05
	
	0.19 (0.00, 9902.26)
	-0.09 (-0.23, 0.04)
	0.16
	
	0.00 (-3.65, 7.61)
	-0.05 (-0.20, 0.11)
	0.56
	
	0.00 (-2.66, 6.90)
	-0.03 (-0.16, 0.10)
	0.65

	Mycobacterium
	0.62 (0.00, 2863.64)
	0.03 (-0.13, 0.19)
	0.75
	
	1.14 (0.00, 9432.87)
	-0.01 (-0.15, 0.12)
	0.85
	
	0.00 (-2.75, 8.02)
	0.05 (-0.10, 0.21)
	0.49
	
	0.00 (-2.32, 6.77)
	0.09 (-0.04, 0.22)
	0.16

	Oscillibacter
	1.77 (0.00, 9144.04)
	0.01 (-0.13, 0.16)
	0.84
	
	4.44 (0.00, 1386.58)
	0.01 (-0.12, 0.14)
	0.85
	
	0.43 (-1.05, 6.09)
	0.01 (-0.15, 0.16)
	0.92
	
	0.48 (-1.07, 7.94)
	-0.02 (-0.15, 0.11)
	0.73

	Parabacteroides
	5.45 (0.00, 1966.02)
	0.02 (-0.13, 0.18)
	0.76
	
	18.96 (0.00, 7972.75)
	-0.04 (-0.17, 0.09)
	0.58
	
	0.00 (-2.37, 7.00)
	-0.01 (-0.16, 0.15)
	0.93
	
	0.00 (-3.28, 6.91)
	0.02 (-0.11, 0.15)
	0.72

	Peptoniphilus
	0.60 (0.00, 1364.29)
	-0.12 (-0.27, 0.03)
	0.12
	
	2.33 (0.00, 9181.56)
	0.07 (-0.06, 0.20)
	0.28
	
	0.00 (-2.80, 7.16)
	0.08 (-0.08, 0.23)
	0.33
	
	0.00 (-2.73, 5.05)
	-0.00 (-0.13, 0.12)
	0.97

	Ruminiclostridium
	0.18 (0.00, 3339.18)
	-0.02 (-0.16, 0.12)
	0.77
	
	0.26 (0.00, 822.15)
	0.03 (-0.09, 0.16)
	0.61
	
	0.00 (-2.29, 8.23)
	-0.07 (-0.22, 0.08)
	0.37
	
	0.00 (-2.93, 7.77)
	0.10 (-0.02, 0.23)
	0.11

	Ruminococcus
	0.36 (0.00, 6928.48)
	-0.11 (-0.26, 0.05)
	0.18
	
	2.08 (0.00, 9416.96)
	0.07 (-0.06, 0.19)
	0.29
	
	0.00 (-3.88, 7.14)
	0.07 (-0.09, 0.23)
	0.39
	
	0.00 (-3.09, 6.45)
	0.00 (-0.13, 0.14)
	0.96

	Schlegelella
	0.38 (0.00, 9700.92)
	0.05 (-0.10, 0.21)
	0.47
	
	0.44 (0.00, 9037.69)
	0.07 (-0.06, 0.20)
	0.30
	
	
	0.06 (-0.09, 0.21)
	0.44
	
	
	0.02 (-0.11, 0.14)
	0.79

	Beta diversity matrices2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Bray Curtis, PC1
	0.06 (-0.55, 0.19)
	0.02 (-0.13, 0.17)
	0.80
	
	0.06 (-0.55, 0.20)
	-0.09 (-0.23, 0.05)
	0.23
	
	
	-
	-
	
	
	-
	-

	Bray Curtis, PC2
	-0.04 (-0.21, 0.52)
	-0.06 (-0.22, 0.09)
	0.41
	
	-0.04 (-0.22, 0.53)
	-0.01 (-0.16, 0.13)
	0.85
	
	
	-
	-
	
	
	-
	-

	Bray Curtis, PC3
	0.05 (-0.37, 0.13)
	-0.04 (-0.17, 0.10)
	0.60
	
	0.04 (-0.41, 0.13)
	0.11 (-0.03, 0.25)
	0.13
	
	
	-
	-
	
	
	-
	-

	Weighted UniFrac PC 1
	0.01 (-0.40, 0.31)
	0.05 (-0.12, 0.23)
	0.55
	
	0.04 (-0.41, 0.30)
	-0.03 (-0.16, 0.10)
	0.64
	
	
	-
	-
	
	
	-
	-

	Weighted UniFrac PC 2
	-0.03 (-0.48, 0.27)
	-0.07 (-0.24, 0.10)
	0.41
	
	0.01 (-0.47, 0.27)
	0.08 (-0.06, 0.21)
	0.26
	
	
	-
	-
	
	
	-
	-

	Weighted UniFrac PC 3
	0.04 (-0.44, 0.24)
	0.08 (-0.11, 0.26)
	0.42
	
	-0.01 (-0.43, 0.22)
	0.04 (-0.09, 0.17)
	0.57
	
	
	-
	-
	
	
	-
	-

	Unweighted UniFrac PC 1
	0.08 (-0.33, 0.32)
	0.07 (-0.09, 0.23)
	0.38
	
	-0.02 (-0.33, 0.36)
	-0.05 (-0.18, 0.09)
	0.49
	
	
	-
	-
	
	
	-
	-

	Unweighted UniFrac PC 2
	-0.01 (-0.27, 0.28)
	-0.10 (-0.28, 0.07)
	0.25
	
	-0.01 (-0.27, 0.27)
	-0.05 (-0.19, 0.09)
	0.49
	
	
	-
	-
	
	
	-
	-

	Unweighted UniFrac PC 3
	0.01 (-0.26, 0.31)
	0.04 (-0.15, 0.23)
	0.70
	
	0.00 (-0.27, 0.29)
	0.02 (-0.12, 0.16)
	0.77
	
	
	-
	-
	
	
	-
	-


1 Beta coefficients, 95% confidence intervals, and p-values from linear regression models adjusted for sex (female or male), tumor stage (I,II, III, IV), tumor site (colon, rectum), antibiotic use within a year from surgery, NSAIDs use within a year from surgery, race/ethnicity (NHW, NHB, H, other/not reported), and smoking status (never, former, current), alcohol use (never, former, current). 
2 Alpha diversity metrics and beta diversity principal coordinate axes were z-score standardized. Sample size based on rarefied samples (Tumor N= 80, normal adjacent N= 113). Variation explained by Bray Curtis axis 1: 4.7%, axis 2: 4.1%, axis 3: 3.4%, Weighted UniFrac axis 1: 10.3%, axis 2: 9.8%, axis 3: 6.8%, Unweighted UniFrac axis 1: 11.2%, axis 2: 6.2%, axis 3: 5.8%.
3 A priori bacteria were selected from the colorectal cancer literature and transformed by multiplying by 100 and z-score standardized and CLR-transformed and z-score standardized.
4 Age was transformed into 10-year increments by dividing each participant’s age by ten to allow the beta coefficients to represent the change in microbial features for every 10-year increase in age.
Abbreviations: PD, Phylogenetic distance; CI, Confidence intervals; PC, Principal coordinate; NHW, Non-Hispanic White; NHB, Non-Hispanic Black; H, Hispanic; NSAID, Non-steroidal anti-inflammatory. 


Supplementary Table 4. Association1 of tumor and normal adjacent tissue microbiome features with EoCRC among CRC patients treated at MCC, N=144
	 
	Tumor, N=106
	 
	Normal, N= 137

	Microbial features
	Median (Min-Max)
	Median (Min-Max)
	OR (95% CI)
	P value
	
	Median (Min-Max)
	Median (Min-Max)
	OR (95% CI)
	P value

	Alpha Diversity2,6
	EOCRC, n= 30
	LOCRC, n=76
	
	
	
	EOCRC, n= 43
	LOCRC, n=94
	
	

	Shannon 
	1.54 (0.14-4.39)
	1.74 (0.13-4.67)
	0.89 (0.40, 1.90)
	0.76
	
	1.65 (0.09-4.42)
	2.03 (0.05-4.45)
	0.99 (0.57, 1.72)
	0.98

	Observed 
	20.90 (8.30-135.70)
	28.70 (3.60-169.20)
	0.85 (0.36, 1.84)
	0.68
	
	29.80 (6.20-146.70)
	38.00 (3.90-145.40)
	1.05 (0.60, 1.81)
	0.86

	Faith's PD 
	116.74 (56.96-392.47)
	143.61 (31.90-467.50)
	0.88 (0.39, 1.95)
	0.76
	
	149.69 (39.02-428.06)
	167.63 (32.45-417.06)
	1.05 (0.60, 1.83)
	0.86

	A priori bacteria3
	
	
	
	
	
	
	
	
	

	Bacteroides
	1.80 (0.05-93.51)
	2.89 (0.01-99.69)
	0.84 (0.46, 1.48)
	0.54
	
	2.11 (0.01-41.76)
	2.15 (0.04-43.11)
	0.97 (0.59, 1.56)
	0.89

	Dialister
	0.01 (0.00-34.30)
	0.02 (0.00-94.90)
	1.41 (0.73, 2.65)
	0.28
	
	0.06 (0.00-23.43)
	0.08 (0.00-19.58)
	1.22 (0.75, 2.01)
	0.41

	Fusobacterium
	0.57 (0.00-84.83)
	0.92 (0.00-97.35)
	0.89 (0.52, 1.49)
	0.66
	
	2.20 (0.06-62.03)
	0.93 (0.00-40.99)
	1.65 (1.03, 2.78)
	0.05

	Gemella
	0.18 (0.00-93.83)
	0.25 (0.00-31.59)
	0.93 (0.54, 1.62)
	0.80
	
	0.14 (0.00-15.28)
	0.25 (0.00-50.60)
	1.18 (0.71, 1.96)
	0.51

	Parvimonas
	0.18 (0.00-92.06)
	0.43 (0.00-97.80)
	0.91 (0.46, 1.65)
	0.76
	
	0.23 (0.00-9.36)
	0.29 (0.00-22.28)
	0.99 (0.55, 1.65)
	0.97

	Peptostreptococcus
	0.00 (0.00-2.74)
	0.001 (0.00-5.97)
	0.98 (0.52, 1.80)
	0.95
	
	0.001 (0.00-2.28)
	0.001 (0.00-12.38)
	1.37 (0.74, 2.46)
	0.30

	Porphyromonas
	0.05 (0.00-34.71)
	0.16 (0.00-37.55)
	0.87 (0.41, 1.68)
	0.68
	
	0.09 (0.00-15.50)
	0.14 (0.00-99.26)
	0.95 (0.54, 1.54)
	0.83

	Prevotella
	0.00 (0.00-0.75)
	0.001 (0.00-31.85)
	0.84 (0.40, 1.56)
	0.60
	
	0.001 (0.00-0.78)
	0.001 (0.00-3.72)
	1.01 (0.64, 1.55)
	0.95

	Solobacterium
	0.00 (0.00-0.03)
	0.001 (0.00-0.06)
	1.02 (0.60, 2.03)
	0.95
	
	0.001 (0.00-0.17)
	0.001 (0.00-0.31)
	0.88 (0.56, 1.39)
	0.58

	Exploratory bacteria6
	
	
	
	
	
	
	
	
	

	Acinetobacter
	0.03 (0.00-98.47)
	0.03 (0.00-34.85)
	1.03 (0.58, 1.81)
	0.92
	
	0.04 (0.00-1.97)
	0.05 (0.00-97.72)
	0.74 (0.40, 1.21)
	0.26

	Actinomyces
	0.11 (0.00-11.90)
	0.08 (0.00-12.78)
	1.19 (0.65, 2.13)
	0.56
	
	0.01 (0.00-28.10)
	0.06 (0.00-21.22)
	1.54 (0.91, 2.66)
	0.11

	Alistipes
	0.01 (0.00-2.51)
	0.00 (0.00-7.59)
	0.70 (0.30, 1.40)
	0.36
	
	0.01 (0.00-20.54)
	0.02 (0.00-28.98)
	1.17 (0.68, 2.00)
	0.56

	Bacillus
	0.05 (0.00-3.86)
	0.07 (0.00-96.58)
	0.63 (0.32, 1.09)
	0.13
	
	0.02 (0.00-73.00)
	0.03 (0.00-23.08)
	0.58 (0.35, 0.92)
	0.03

	Bifidobacterium
	0.08 (0.00-46.56)
	0.04 (0.00-8.19)
	0.98 (0.51, 1.93)
	0.96
	
	0.21 (0.00-39.80)
	0.09 (0.00-53.15)
	1.37 (0.84, 2.30)
	0.21

	Blautia
	0.35 (0.00-37.67)
	0.25 (0.00-13.16)
	1.44 (0.85, 2.49)
	0.18
	
	1.18 (0.02-96.90)
	0.60 (0.00-71.80)
	1.38 (0.88, 2.19)
	0.16

	Cloacibacterium
	0.00 (0.00-1.43)
	0.00 (0.00-39.22)
	1.00 (0.52, 1.77)
	0.99
	
	0.00 (0.00-0.92)
	0.00 (0.00-26.62)
	0.58 (0.30, 1.04)
	0.09

	Clostridium
	0.10 (0.00-22.92)
	0.02 (0.00-80.31)
	1.30 (0.69, 2.63)
	0.44
	
	0.07 (0.00-80.14)
	0.06 (0.00-35.04)
	1.42 (0.80, 2.51)
	0.22

	Collinsella
	0.03 (0.00-3.68)
	0.02 (0.00-3.54)
	0.94 (0.56, 1.55)
	0.79
	
	0.14 (0.00-4.59)
	0.09 (0.00-47.70)
	0.78 (0.42, 1.29)
	0.38

	Coprococcus
	0.01 (0.00-1.72)
	0.02 (0.00-17.72)
	0.93 (0.42, 1.72)
	0.84
	
	0.02 (0.00-3.25)
	0.03 (0.00-5.83)
	0.74 (0.41, 1.21)
	0.27

	Dietzia
	0.03 (0.00-21.01)
	0.03 (0.00-43.04)
	0.91 (0.46, 1.74)
	0.78
	
	0.13 (0.00-96.90)
	0.07 (0.00-90.15)
	0.79 (0.43, 1.35)
	0.41

	Dorea
	0.01 (0.00-31.65)
	0.00 (0.00-3.86)
	1.19 (0.68, 2.09)
	0.53
	
	0.04 (0.00-2.90)
	0.03 (0.00-7.38)
	0.73 (0.38, 1.28)
	0.32

	Eubacterium
	0.06 (0.00-19.98)
	0.03 (0.00-7.05)
	1.11 (0.67, 1.85)
	0.69
	
	0.12 (0.00-52.46)
	0.10 (0.00-31.86)
	1.01 (0.61, 1.61)
	0.98

	Faecalibacterium
	0.03 (0.00-2.75)
	0.02 (0.00-19.23)
	0.94 (0.44, 1.86)
	0.87
	
	0.04 (0.00-18.51)
	0.04 (0.00-13.84)
	0.98 (0.57, 1.64)
	0.94

	Fusicatenibacter
	0.00 (0.00-0.48)
	0.00 (0.00-1.39)
	1.16 (0.63, 2.08)
	0.62
	
	0.01 (0.00-43.83)
	0.01 (0.00-18.29)
	1.25 (0.79, 1.96)
	0.33

	Klebsiella
	0.04 (0.00-2.90)
	0.01 (0.00-36.54)
	0.62 (0.23, 1.25)
	0.26
	
	0.05 (0.00-8.91)
	0.02 (0.00-10.35)
	0.72 (0.37, 1.34)
	0.31

	Lachnoclostridium
	0.09 (0.00-2.18)
	0.05 (0.00-28.01)
	1.21 (0.71, 2.11)
	0.49
	
	0.12 (0.00-15.69)
	0.18 (0.00-83.97)
	0.91 (0.52, 1.50)
	0.72

	Lactobacillus
	0.00 (0.00-42.64)
	0.01 (0.00-93.97)
	0.95 (0.41, 1.93)
	0.88
	
	0.00 (0.00-99.02)
	0.00 (0.00-9.88)
	1.81 (0.93, 4.33)
	0.13

	Mycobacterium
	0.00 (0.00-1.50)
	0.01 (0.00-28.64)
	1.00 (0.47, 1.93)
	1.00
	
	0.00 (0.00-12.95)
	0.02 (0.00-94.33)
	0.73 (0.43, 1.15)
	0.20

	Oscillibacter
	0.02 (0.00-6.45)
	0.02 (0.00-91.44)
	1.46 (0.74, 2.96)
	0.28
	
	0.03 (0.00-9.47)
	0.05 (0.00-13.87)
	0.82 (0.42, 1.46)
	0.51

	Parabacteroides
	0.05 (0.00-3.23)
	0.07 (0.00-19.66)
	0.74 (0.31, 1.41)
	0.41
	
	0.38 (0.00-30.95)
	0.14 (0.00-79.73)
	1.28 (0.81, 2.02)
	0.28

	Peptoniphilus
	0.01 (0.00-13.64)
	0.01 (0.00-2.72)
	1.44 (0.87, 2.48)
	0.17
	
	0.02 (0.00-16.45)
	0.03 (0.00-91.82)
	1.27 (0.82, 1.99)
	0.27

	Ruminiclostridium
	0.00 (0.00-33.39)
	0.00 (0.00-0.95)
	0.85 (0.46, 1.41)
	0.54
	
	0.01 (0.00-1.81)
	0.00 (0.00-8.22)
	1.08 (0.67, 1.72)
	0.74

	Ruminococcus
	0.01 (0.00-69.28)
	0.00 (0.00-9.76)
	1.43 (0.82, 2.61)
	0.21
	
	0.01 (0.00-4.15)
	0.03 (0.00-94.17)
	0.68 (0.35, 1.20)
	0.20

	Schlegelella
	0.01 (0.00-8.40)
	0.00 (0.00-97.01)
	0.92 (0.47, 1.61)
	0.78
	
	0.00 (0.00-1.49)
	0.01 (0.00-90.38)
	0.92 (0.60, 1.37)
	0.69

	Beta diversity5
	
	
	
	
	
	
	
	
	

	Bray Curtis, PC1
	0.07 (-0.55-0.15)
	0.05 (-0.50-0.19)
	0.71 (0.27, 1.96)
	0.49
	
	0.06 (-0.54-0.20)
	0.05 (-0.55-0.20)
	0.78 (0.43, 1.39)
	0.39

	Bray Curtis, PC2
	-0.03 (-0.19-0.14)
	-0.04 (-0.21-0.52)
	0.48 (0.11, 1.28)
	0.21
	
	-0.04 (-0.19-0.53)
	-0.04 (-0.22-0.53)
	1.29 (0.68, 2.44)
	0.43

	Bray Curtis, PC3
	0.05 (-0.15-0.10)
	0.05 (-0.37-0.13)
	6.58 (1.31, 74.94)
	0.06
	
	0.06 (-0.37-0.13)
	0.02 (-0.41-0.13)
	1.28 (0.70, 2.55)
	0.44

	Weighted UniFrac PC 1
	-0.01 (-0.40-0.30)
	0.01 (-0.39-0.31)
	1.08 (0.48, 2.60)
	0.85
	
	0.05 (-0.41-0.30)
	0.03 (-0.39-0.30)
	1.57 (0.93, 2.79)
	0.10

	Weighted UniFrac PC 2
	-0.04 (-0.37-0.27)
	-0.02 (-0.48-0.25)
	0.83 (0.36, 1.98)
	0.67
	
	-0.02 (-0.47-0.27)
	0.03 (-0.40-0.27)
	0.94 (0.56, 1.59)
	0.82

	Weighted UniFrac PC 3
	0.06 (-0.37-0.20)
	0.03 (-0.44-0.24)
	0.84 (0.37, 1.89)
	0.66
	
	-0.02 (-0.40-0.16)
	-0.00 (-0.43-0.22)
	0.92 (0.56, 1.49)
	0.73

	Unweighted UniFrac PC 1
	0.11 (-0.30-0.29)
	0.04 (-0.33-0.32)
	1.32 (0.56, 3.23)
	0.53
	
	-0.01 (-0.32-0.28)
	-0.02 (-0.33-0.36)
	0.89 (0.48, 1.60)
	0.69

	Unweighted UniFrac PC 2
	0.02 (-0.23-0.19)
	-0.02 (-0.27-0.28)
	1.19 (0.45, 3.13)
	0.72
	
	0.02 (-0.26-0.27)
	-0.01 (-0.27-0.27)
	1.12 (0.53, 2.42)
	0.76

	Unweighted UniFrac PC 3
	0.02 (-0.26-0.26)
	0.01 (-0.25-0.31)
	0.96 (0.29, 3.19)
	0.95
	
	0.00 (-0.26-0.27)
	0.00 (-0.27-0.29)
	0.74 (0.23, 2.30)
	0.61



1 Logistic regression models adjusted for sex (female or male), tumor stage (I, II, III, IV), tumor site (colon, rectum), antibiotic use within a year from surgery, body mass index (kg/m2), smoking status (never, former, current), family history of cancer (yes or no), batch number (1-13), tissue type (macrodissected or unprocessed solid).
2 Alpha diversity metrics were z-score standardized.
3 A priori bacteria were selected from the colorectal cancer literature and transformed using the centered-log ratio and z-score standardized.
4 Exploratory bacteria were selected based on their presence in ≥40% of samples and an average relative abundance of ≥0.01%. The abundances were centered-log ratio transformed, and the z-score standardized. Exploratory bacteria p values adjusted for multiple testing using Bonferroni correction at a significance alpha-threshold of 0.0014.
5 Beta diversity metrics standardized were z-score standardized. Variation explained by Bray Curtis axis 1: 4.7%, axis 2: 4.1%, axis 3: 3.4%, Weighted UniFrac axis 1: 10.3%, axis 2: 9.8%, axis 3: 6.8%, Unweighted UniFrac axis 1: 11.2%, axis 2: 6.2%, axis 3: 5.8%.
6 Sample sized (N=128) based on rarefied samples (EoCRC= 39, LoCRC= 89; Tumor N= 80, normal adjacent N= 113). 
Abbreviations: PD, Phylogenetic distance; OR, Odds ratios; CI, Confidence intervals; PC, Principal coordinate; BC, Bray-Curtis; NHW, Non-Hispanic White; NHB, Non-Hispanic Black; H, Hispanic.

Supplementary Table 5. Associations1 of tumor and normal adjacent microbiome metrics with colorectal cancer at onset ≤ 45 years (N=32), compared to onset ≥60 years (N=63) among CRC patients treated at Moffitt Cancer Center for surgical resection from 1995-2020
	 
	Tumor, N= 70
	 
	Normal, N=89

	 
	≤ 45 years, n= 21
	≥60 years, n= 49
	 
	 
	 
	≤ 45 years, n= 31
	≥60 years, n= 58
	 
	 

	Microbial features
	Median (Min-Max)
	Median (Min-Max)
	Tumor OR (95% CI)
	P-value
	
	Median (Min-Max)
	Median (Min-Max)
	Tumor OR (95% CI)
	P-value

	Alpha Diversity2,6
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Shannon 
	1.54 (0.14-3.81)
	1.77 (0.13-4.67)
	1.02 (0.36, 2.76)
	0.97
	
	1.63 (0.26-4.32)
	2.17 (0.05-4.45)
	0.71 (0.34, 1.41)
	0.34

	Observed 
	17.90 (8.30-121.50)
	27.45 (7.50-157.70)
	0.95 (0.22, 2.75)
	0.93
	
	26.30 (6.20-143.10)
	37.95 (3.90-145.40)
	0.87 (0.42, 1.70)
	0.69

	Faith's PD 
	99.81 (56.96-383.40)
	133.27 (49.85-422.69)
	0.86 (0.23, 2.48)
	0.79
	
	137.79 (39.02-403.76)
	168.81 (32.45-417.06)
	0.90 (0.44, 1.75)
	0.75

	A priori Bacteria3
	
	
	
	
	
	
	
	
	

	Bacteroides
	1.93 (0.05-93.51)
	2.26 (0.01-89.22)
	0.67 (0.26, 1.54)
	0.37
	
	2.11 (0.01-41.76)
	1.54 (0.05-43.11)
	0.66 (0.36, 1.11)
	0.13

	Dialister
	0.02 (0.00-34.30)
	0.06 (0.00-94.90)
	1.28 (0.63, 2.46)
	0.45
	
	0.11 (0.00-11.58)
	0.07 (0.00-13.45)
	0.94 (0.50, 1.71)
	0.85

	Fusobacterium
	0.49 (0.01-84.83)
	1.37 (0.00-97.35)
	0.78 (0.40, 1.40)
	0.43
	
	1.29 (0.06-13.89)
	0.53 (0.00-40.99)
	1.28 (0.71, 2.27)
	0.40

	Gemella
	0.14 (0.00-56.68)
	0.18 (0.00-31.59)
	0.70 (0.35, 1.29)
	0.27
	
	0.09 (0.00-12.55)
	0.21 (0.00-31.66)
	1.13 (0.62, 2.06)
	0.68

	Parvimonas
	0.13 (0.00-12.37)
	0.51 (0.00-97.80)
	0.60 (0.24, 1.26)
	0.22
	
	0.20 (0.00-8.68)
	0.34 (0.00-22.28)
	0.80 (0.47, 1.25)
	0.35

	Peptostreptococcus
	0.00 (0.00-2.74)
	0.00 (0.00-5.97)
	0.95 (0.43, 1.90)
	0.88
	
	0.00 (0.00-2.28)
	0.01 (0.00-12.38)
	0.98 (0.60, 1.57)
	0.94

	Porphyromonas
	0.04 (0.00-34.71)
	0.25 (0.00-37.55)
	0.74 (0.35, 1.43)
	0.40
	
	0.16 (0.00-14.74)
	0.14 (0.00-99.26)
	0.82 (0.44, 1.34)
	0.47

	Prevotella
	0.00 (0.00-0.75)
	0.00 (0.00-31.85)
	0.56 (0.20, 1.26)
	0.22
	
	0.00 (0.00-0.78)
	0.00 (0.00-3.72)
	0.95 (0.53, 1.53)
	0.84

	Solobacterium
	0.00 (0.00-0.03)
	0.00 (0.00-0.06)
	-
	-
	
	0.00 (0.00-0.17)
	0.00 (0.00-0.31)
	0.73 (0.44, 1.16)
	0.19

	Exploratory Bacteria4
	
	
	
	
	
	
	
	
	

	Acinetobacter
	0.01 (0.00-98.47)
	0.03 (0.00-34.85)
	0.81 (0.44, 1.43)
	0.46
	
	0.05 (0.00-1.32)
	0.04 (0.00-51.17)
	1.02 (0.58, 1.71)
	0.94

	Actinomyces
	0.11 (0.00-11.90)
	0.08 (0.00-12.78)
	1.01 (0.53, 1.87)
	0.98
	
	0.01 (0.00-28.10)
	0.07 (0.00-21.22)
	1.37 (0.78, 2.47)
	0.27

	Alistipes
	0.01 (0.00-2.51)
	0.00 (0.00-5.38)
	0.71 (0.30, 1.49)
	0.39
	
	0.01 (0.00-20.54)
	0.03 (0.00-28.98)
	1.13 (0.68, 1.92)
	0.65

	Bacillus
	0.03 (0.00-3.86)
	0.05 (0.00-19.88)
	0.72 (0.29, 1.61)
	0.44
	
	0.02 (0.00-73.00)
	0.02 (0.00-23.08)
	0.76 (0.43, 1.29)
	0.31

	Bifidobacterium
	0.09 (0.00-46.56)
	0.04 (0.00-7.76)
	1.03 (0.48, 2.42)
	0.93
	
	0.13 (0.00-39.80)
	0.06 (0.00-17.33)
	1.09 (0.61, 1.96)
	0.78

	Blautia
	0.37 (0.00-37.67)
	0.22 (0.00-5.86)
	2.19 (1.11, 4.85)
	0.03
	
	0.85 (0.02-96.90)
	0.46 (0.00-32.26)
	1.07 (0.66, 1.78)
	0.77

	Cloacibacterium
	0.00 (0.00-0.81)
	0.00 (0.00-39.22)
	0.94 (0.41, 1.78)
	0.86
	
	0.00 (0.00-0.92)
	0.01 (0.00-26.62)
	0.77 (0.40, 1.46)
	0.43

	Clostridium
	0.08 (0.00-22.92)
	0.01 (0.00-34.99)
	1.44 (0.68, 3.15)
	0.34
	
	0.04 (0.00-80.14)
	0.05 (0.00-17.28)
	1.11 (0.59, 2.05)
	0.74

	Collinsella
	0.03 (0.00-3.68)
	0.02 (0.00-2.88)
	1.24 (0.65, 2.50)
	0.52
	
	0.06 (0.00-4.59)
	0.07 (0.00-47.70)
	0.61 (0.32, 1.01)
	0.08

	Coprococcus
	0.01 (0.00-1.72)
	0.01 (0.00-17.72)
	1.01 (0.36, 2.32)
	0.98
	
	0.02 (0.00-1.84)
	0.03 (0.00-5.83)
	0.75 (0.37, 1.34)
	0.37

	Dietzia
	0.03 (0.00-21.01)
	0.03 (0.00-16.43)
	1.25 (0.66, 2.30)
	0.47
	
	0.12 (0.00-96.90)
	0.04 (0.00-89.50)
	1.01 (0.58, 1.77)
	0.97

	Dorea
	0.00 (0.00-31.65)
	0.00 (0.00-1.40)
	1.87 (1.00, 4.24)
	0.07
	
	0.02 (0.00-0.90)
	0.03 (0.00-7.38)
	0.81 (0.45, 1.38)
	0.46

	Eubacterium
	0.06 (0.00-19.98)
	0.03 (0.00-7.05)
	1.23 (0.68, 2.33)
	0.50
	
	0.12 (0.00-52.46)
	0.08 (0.00-31.86)
	0.86 (0.47, 1.45)
	0.58

	Faecalibacterium
	0.01 (0.00-2.75)
	0.03 (0.00-19.23)
	1.00 (0.47, 2.03)
	0.99
	
	0.02 (0.00-2.11)
	0.05 (0.00-13.84)
	0.75 (0.41, 1.29)
	0.31

	Fusicatenibacter
	0.01 (0.00-0.48)
	0.00 (0.00-1.39)
	1.08 (0.55, 2.09)
	0.81
	
	0.02 (0.00-43.83)
	0.02 (0.00-18.29)
	0.90 (0.52, 1.44)
	0.66

	Klebsiella
	0.03 (0.00-2.90)
	0.00 (0.00-36.54)
	0.73 (0.23, 1.77)
	0.54
	
	0.05 (0.00-8.91)
	0.02 (0.00-10.35)
	0.80 (0.44, 1.37)
	0.43

	Lachnoclostridium
	0.08 (0.00-2.18)
	0.05 (0.00-5.45)
	1.43 (0.71, 2.95)
	0.31
	
	0.09 (0.00-15.69)
	0.15 (0.00-83.97)
	0.73 (0.40, 1.22)
	0.25

	Lactobacillus
	0.00 (0.00-13.17)
	0.00 (0.00-18.50)
	0.86 (0.27, 2.49)
	0.79
	
	0.00 (0.00-99.02)
	0.01 (0.00-9.88)
	1.32 (0.80, 2.41)
	0.29

	Mycobacterium
	0.00 (0.00-0.44)
	0.01 (0.00-3.86)
	0.92 (0.39, 2.23)
	0.86
	
	0.00 (0.00-12.95)
	0.02 (0.00-2.83)
	0.85 (0.44, 1.61)
	0.61

	Oscillibacter
	0.03 (0.00-6.45)
	0.02 (0.00-91.44)
	1.29 (0.61, 2.94)
	0.52
	
	0.11 (0.00-9.47)
	0.03 (0.00-13.87)
	0.78 (0.45, 1.26)
	0.31

	Parabacteroides
	0.03 (0.00-3.23)
	0.05 (0.00-19.66)
	0.68 (0.23, 1.44)
	0.38
	
	0.07 (0.00-21.28)
	0.14 (0.00-43.86)
	0.78 (0.40, 1.38)
	0.43

	Peptoniphilus
	0.01 (0.00-13.64)
	0.00 (0.00-2.72)
	1.05 (0.57, 1.90)
	0.87
	
	0.02 (0.00-8.37)
	0.03 (0.00-91.82)
	0.85 (0.49, 1.41)
	0.54

	Ruminiclostridium
	0.00 (0.00-33.39)
	0.00 (0.00-0.57)
	1.14 (0.63, 2.39)
	0.68
	
	0.01 (0.00-1.81)
	0.00 (0.00-8.22)
	1.19 (0.72, 1.98)
	0.49

	Ruminococcus
	0.00 (0.00-69.28)
	0.01 (0.00-9.56)
	1.21 (0.70, 2.21)
	0.48
	
	0.00 (0.00-3.33)
	0.03 (0.00-94.17)
	0.47 (0.23, 0.82)
	0.02

	Schlegelella
	0.00 (0.00-8.40)
	0.00 (0.00-97.01)
	0.93 (0.43, 1.69)
	0.83
	
	0.00 (0.00-1.22)
	0.00 (0.00-90.38)
	1.05 (0.64, 1.74)
	0.82

	Beta diversity5,6
	
	
	
	
	
	
	
	
	

	Bray Curtis, PC1
	0.08 (-0.55-0.15)
	0.03 (-0.50-0.13)
	0.83 (0.31, 2.66)
	0.71
	
	0.07 (-0.54-0.20)
	0.04 (-0.55-0.18)
	1.11 (0.56, 2.56)
	0.77

	Bray Curtis, PC2
	-0.03 (-0.19-0.14)
	-0.04 (-0.20-0.39)
	1.05 (0.26, 3.24)
	0.94
	
	-0.05 (-0.19-0.52)
	-0.04 (-0.22-0.53)
	0.97 (0.51, 1.78)
	0.93

	Bray Curtis, PC3
	0.04 (-0.15-0.10)
	0.06 (-0.37-0.13)
	1.08 (0.33, 4.31)
	0.90
	
	0.07 (-0.37-0.13)
	0.02 (-0.34-0.13)
	0.89 (0.43, 1.85)
	0.75

	Weighted UniFrac PC1
	-0.02 (-0.40-0.30)
	0.04 (-0.35-0.31)
	0.93 (0.40, 2.22)
	0.85
	
	0.07 (-0.41-0.30)
	0.03 (-0.38-0.30)
	1.45 (0.79, 2.80)
	0.24

	Weighted UniFrac PC2
	-0.02 (-0.37-0.27)
	0.03 (-0.48-0.25)
	1.15 (0.43, 3.30)
	0.78
	
	-0.04 (-0.41-0.27)
	0.07 (-0.40-0.27)
	0.65 (0.33, 1.23)
	0.19

	Weighted UniFrac PC3
	0.09 (-0.37-0.13)
	0.03 (-0.44-0.24)
	1.41 (0.54, 4.30)
	0.51
	
	0.01 (-0.40-0.16)
	-0.00 (-0.43-0.22)
	0.90 (0.48, 1.71)
	0.73

	Unweighted UniFrac PC1
	0.14 (-0.30-0.29)
	0.05 (-0.30-0.32)
	1.25 (0.45, 4.08)
	0.68
	
	0.03 (-0.32-0.28)
	-0.02 (-0.33-0.36)
	1.09 (0.57, 2.11)
	0.79

	Unweighted UniFrac PC2
	0.02 (-0.23-0.19)
	-0.02 (-0.27-0.28)
	1.38 (0.52, 3.59)
	0.50
	
	-0.01 (-0.26-0.27)
	-0.03 (-0.26-0.24)
	1.19 (0.67, 2.11)
	0.55

	Unweighted UniFrac PC3
	-0.00 (-0.26-0.15)
	0.00 (-0.25-0.31)
	0.42 (0.13, 1.18)
	0.12
	
	-0.02 (-0.26-0.25)
	0.00 (-0.27-0.29)
	1.14 (0.61, 2.18)
	0.68


1 Logistic regression models adjusted for sex (female or male), tumor stage (I, II, III, IV), tumor site (colon, rectum), antibiotic use within a year from surgery, body mass index (kg/m2), smoking status (never, former, current), family history of cancer (yes or no), batch number (1-13), tissue type (macrodissected or unprocessed solid).
2 Alpha diversity metrics were z-score standardized. 
3 A priori bacteria were selected from the colorectal cancer literature and transformed using the centered-log ratio and z-score standardized.
4 Exploratory bacteria were selected based on their presence in ≥40% of samples and an average relative abundance of ≥0.01%. The abundances were centered-log ratio transformed, and z-score standardized. Exploratory bacteria p values adjusted for multiple testing using Bonferroni correction at a significance alpha-threshold of 0.0014.
5 Beta diversity metrics standardized were z-score standardized and are based on rarefied sample size (N=89, 52 tumor, 77 normal, onset ≤ 45 years 30, onset ≥60 years 59). Variation explained by Bray Curtis axis 1: 4.7%, axis 2: 4.1%, axis 3: 3.4%, Weighted UniFrac axis 1: 10.3%, axis 2: 9.8%, axis 3: 6.8%, Unweighted UniFrac axis 1: 11.2%, axis 2: 6.2%, axis 3: 5.8%.
6 Sample sized based on rarefied samples N=89, 52 tumor, 77 normal, onset ≤ 45 years 30, onset ≥60 years 59. 
Abbreviations: PD, Phylogenetic distance; OR, Odds ratios; CI, Confidence intervals; BC, Bray-Curtis; PC, Principal coordinate



SUPPLEMENTARY METHODS

Environmental control sample collection
We collected environmental control samples from a variety of hospital environments over the course of 1-2 months to control for potential common microbial contaminants as we were unable to collect quality control samples at the time of sample collection. Using sterile Dacron swabs in 5mL of 0.85% saline (Hardy Diagnostics, Santa Maria, CA), we swabbed, for about 10 seconds, the OR bucket (where tumors are placed for transport to the pathology room), gloves (worn by the pathology technician at the grossing bench), scissors (used at the grossing bench to cut tissue), Petri plates (used to transport the tissue samples), and forceps (used to handle the tissue samples before long-term cryogenic storage) using a back-and-forth swabbing motion that was repeated 3 times over the surface of the object. The tube with the swab was shaken for 20 seconds before pipetting 1mL of the liquid into a cryovial. We also sampled the bleach solution (used to clean forceps in between tissue samples) by pipetting 1mL into a cryovial. We used extraction blanks (n=13) and included three tissue sample replicates dissected from the same tumor across seven patients (i.e., N=21 samples in total). 
DNA Extraction protocol 
We used Zymo Research Quick DNA Fecal/Soil Miniprep kit for extraction of DNA from the tissue and QC samples according to the manufacturer's instructions, with the following modifications: 1) to the tubes containing tissue samples, 1mm Zirconia beads (about the amount that fit in the space above the filter of a 20uL filter pipette tip) were added to help break down the tissue matrix; and 2) for the mechanical lysis steps, we used a Biospec Mini-BeadBeater-8. The extractions were completed by the same laboratory technician in a biosafety cabinet. We quantified DNA concentrations using Qubit dsDNA HS kit and DNA quality by Nanodrop.
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