	
	
	



	Supplementary Table 1. PCGs in diverse ecosystems

	Dataset
	Samples
	Depth
	Frequency
	Core groups per clust. threshold

	FlemishGut
	873
	8 383
	0.50±0.13
	97², 95¹, 93¹, 92¹, 90¹, 89³, 88³, 86³, 84¹, 82¹, 77¹

	TwinsUK
	2 727
	14 082
	0.37±0.11
	90², 89¹, 88¹, 86¹, 83², 81¹, 77¹


	Illeum
	429
	3 624
	0.34±0.17
	84¹, 81¹


	Rectum
	304
	3 763
	0.42±0.18
	86¹, 79¹ , 75¹


	Rice
	372
	16 884
	0.43±0.20
	97⁸, 95¹, 90¹, 87¹, 86¹, 85¹, 84¹, 83⁴, 82⁵, 81³, 80³, 79⁴, 78³, 77³, 76², 75¹

	Rice (Rhizosphere)
	125
	16 884
	0.50±0.03
	97⁴⁶, 96⁷, 95⁵, 94⁸, 93⁸, 92⁹, 91⁴, 90⁴, 89¹°, 88¹⁴, 87¹⁵, 86¹⁵, 85⁷, 84¹⁹, 83¹², 82⁹, 81⁸, 80⁴, 79¹³, 78⁵, 77⁴, 76⁶, 75¹

	Rice (Endosphere)
	133
	17 735
	0.70±0.15
	97¹⁵, 96¹, 95¹, 92¹, 91¹, 90¹, 88¹, 87², 86³, 85², 84², 83¹, 82⁵, 81⁶, 80², 79², 78², 77², 76², 75³

	Rice (Rhizoplane)
	114
	17 821
	0.54±0.09
	97³³, 96⁵, 95³, 94³, 93³, 92⁴, 91⁶, 90⁸, 89², 88⁴, 87¹¹, 86⁸, 85⁷, 84¹¹, 83¹⁴, 82⁴, 81⁹, 80⁸, 79⁵, 78⁴, 77⁷, 76¹, 75²

	Vagina (#1-3,5)
	286
	693
	0.93±0.11
	82¹

	Vagina (#1)
	105
	693
	0.80±0.19
	97¹

	Vagina (#2)
	25
	774
	0.79±0.17
	97¹

	Vagina (#3)
	135
	1 271
	0.85±0.13
	97¹

	Vagina (#4)
	108
	881
	NA
	NA

	Vagina (#5)
	21
	936
	0.76±0.17
	97¹, 95¹

	Wastewater
	43
	48 668
	0.53±0.07
	97⁶⁴, 96², 95², 94¹, 93⁸, 92⁶, 91⁵, 90⁵, 89⁶, 88⁹, 87⁵, 86¹⁴, 85⁵, 84⁹, 83¹¹, 82³, 81⁷, 8³, 79³, 78⁵, 77³, 76⁵, 75⁵

	Sponge
	143
	27 921
	0.77±0.10
	97¹°, 96¹, 93¹, 92³, 91¹, 90³, 89¹, 88⁴, 87⁵, 86⁴, 85¹, 84⁷, 83², 81³, 80³, 78², 76¹

	Leaf
	175
	10 322
	0.18±0.10
	97¹, 91¹

	Mice (Total)
	230
	10 086
	0.52±0.08
	95¹, 92¹, 91², 9¹, 89², 88³, 87², 86², 85⁵, 84⁶, 83⁵, 82⁴, 81¹, 80¹, 79¹, 78¹

	Mice (Lab)
	129
	15 932
	0.51±0.10
	97²¹, 96³, 95², 94², 93², 92⁵, 91¹°, 90¹°, 89⁹, 88⁵, 87⁸, 86⁸, 85³, 84³, 83⁴, 81⁴, 80³, 79¹, 78¹

	Mice (Wild)
	101
	10 086
	0.57±0.07
	97³, 96¹, 93¹, 92², 90², 89¹, 88², 87⁴, 86⁷, 85⁵, 84², 83¹, 82¹, 81¹, 79¹, 78², 77¹, 75¹

	Depth; sequences per sample. Frequency; average pooled abundance of members of the core OTUs across the dataset. Core groups per clust. threshold; Numbers represent similarity clustering thresholds (x10-2) were core OTUs were detected, and superscript values indicate the number of such OTUs observed for each threshold.










	Supplementary Table 2. Number of metabolic models generated with CarveMe. Not all OTUs could be linked to a distinct genome with enough alignment confidence and therefore models could not be generated for all of them. Furthermore, not all models could growth on their corresponding media without gapfilling in our simulations, so they were discarded. 

	
	OTUs in experiments
	Models generated
	Growing models

	Glucose
	

	Node 27828 (P)
	10
	5
	5

	Node 35562 (E)
	7
	6
	4

	Citrate

	Node 28866 (P)
	4
	2
	2

	Node 35562 (E)
	7
	7
	3


































	[bookmark: _Hlk96938370]Supplementary Table 3. PCGs in experimental dataset. For each media employed, the table indicates the total number of leaves detected in the experiment (i.e., 99% OTUs) (Leaves in experiment), and the node label of each PCG detected. For each PCG, the table includes its consensus taxonomic affiliation, the number of leaves in the tree for its corresponding node, the percentage of the total tree represented by the node, and the number of leaves of that node detected in the experiment.

	Node
	Taxonomy
	Leaves in node (% of total leaves)
	Node leaves in experiment

	Leucine (Leaves in experiment 104) 

	Node13821   
	Proteobacteria (P)   
	12054/ (5.93%)  
	22 

	Node28853   
	Pseudomonadaceae (F)   
	634/ (0.31%)   
	6 

	Node11102   
	Bacteria (K)   
	192351/ (94.54%)   
	76 

	Glucose (Leaves in experiment 45) 

	Node35562   
	Enterobacteriaceae (F)   
	1390/ (0.68%)   
	7 

	Node27828   
	Pseudomonadaceae (F)  
	1977/ (0.97%)   
	10 

	Citrate (Leaves in experiment 69) 

	Node28866   
	Pseudomonadaceae (F)
	423/ (0.21%)
	4 

	Node35562   
	Enterobacteriaceae (F)
	1390/ (0.68%)
	7 

	Node11102   
	Bacteria (F)
	192351/ (94.54%)
	58 






	Supplementary Table 4. PCG abundance in experimental datasets. For each media employed, the table indicates the relative abundance of each PCG along the replicates; values provide relative abundance ranges and averages.

	Node
	Range
	Average

	Leucine 

	Node13821
	0.01 - 0.75
	0.20±0.14

	Node28853
	0.13 - 0.97
	0.71±0.18

	Glucose 

	Node35562
	0.03 - 0.98
	0.71±0.21

	Node27828
	0.01 - 0.61
	0.21±0.14

	Citrate 

	Node28866
	<0.01 - 0.79
	0.51±0.14

	Node35562
	<0.01 - 0.66
	0.33±0.19

	Node11102
	<0.01 - 0.96
	0.16±0.17






	
Supplementary Table 5. Phylogenetic Depth of PCGs. 

	PCG  
	Taxonomy  
	Percentage of the taxon represented by the node
	Mean distance between node leaves
	Mean distance between taxon leaves  

	Node35562   
	Enterobacteriaceae
(Family) 
	39.83%   
	0.03±0.01  
	0.05±0.03  

	Node27828   
	Pseudomonadaceae
(Family) 
	98.90%   
	0.04±0.02  
	0.04±0.02  

	Node28866   
	Pseudomonadaceae
(Family) 
	21.16%   
	0.02±0.01  
	0.04±0.02  






	Supplementary Table 6. Metabolic reaction overlap values between inter and intra PCG metabolic models indicated a high metabolic similarity between PCGs. Pairs where one or both members failed to grow were excluded. Number of pairs considered appear in parenthesis.

	
	Range (number of pairs)
	Mean

	Glucose

	Inter-PCG
	0.81 - 1 (20)
	0.88

	Intra-P
	0.81 – 1 (20)
	0.90

	Intra-E
	0.81 – 1 (12)
	0.87

	Citrate

	Inter-PCG
	0.82 – 0.89 (9)
	0.83

	Intra-P
	0.86 (1)
	0.86

	Intra-E
	0.75 – 0.93 (7)
	0.85





	Supplementary Table 7. Top 10 compounds exchanged by inter-PCG models while growing on the same carbon source. Model source for each metabolite and the percentage of simulations where the metabolite was exchanged are shown.

	Glucose
	Model Source             %

	Acetaldehyde
	Node35562 (E)
	48

	Acetaldehyde
	Node27828 (P)
	40

	L-Alanine
	Node35562 (E)
	29

	4-Aminobutanoate
	Node27828 (P)
	23

	L-Alanine
	Node27828 (P)
	19

	Acetate
	Node35562 (E)
	15

	Ethanolamine
	Node35562 (E)
	14

	4-Aminobutanoate
	Node35562 (E)
	14

	Glycine
	Node35562 (E)
	13

	Ethanolamine
	Node27828 (P)
	13

	Citrate                        Model Source             %

	Benzoate
	Node28866 (P)
	100

	Acetaldehyde
	Node28866 (P)
	35

	4-Aminobutanoate
	Node28866 (P)
	32

	L-Alanine
	Node28866 (P)
	18

	Ethanolamine
	Node35562 (E)
	16

	Glycine
	Node28866 (P)
	16

	Acetaldehyde
	Node35562 (E)
	15

	Ethanol
	Node28866 (P)
	14

	Acetate
	Node28866 (P)
	14

	Glycerol 3-phosphate
	Node35562 (E)
	13




	Supplementary Table 8. Simulated growth of individual models with FBA and CAFBA. Values indicate predicted growth reaction flux.

	Glucose                      Model                              Flux

	
Node35562 (E)
	4456892
	0.85

	
	4454257
	0.79

	
	4475144
	0.68

	
	691423
	0.82

	
	Average
	0.79±0.07

	Node27828 (P) 
	333782
	0.66

	
	4419276
	0.83

	
	4343834
	0.8

	
	4461938
	0.69

	
	4370747
	0.74

	
	Average
	0.74±0.07

	Citrate

	Node35562 (E)
	4475144
	0.52

	
	691423
	0.58

	
	9994
	0.56

	
	Average
	0.55±0.03

	Node28866 (P) 
	4419276
	0.58

	
	4370747
	0.51

	
	Average
	0.55±0.05






	Supplementary Table 9. Simulated growth values for P and E on the same carbon source.

	Node
	Carbon source
	Average
	Range
	P/E ratio

	Node27828 (P)
	Glucose
	0.744±0.07
	0.66 - 0.83
	0.948

	Node35562 (E)
	Glucose
	0.785±0.07
	0.68 - 0.85
	

	Node28866 (P)
	Citrate
	0.546±0.05
	0.51 - 0.58
	0.987

	Node35562 (E)
	Citrate
	0.553±0.03
	0.52 - 0.58
	




	
Supplementary Table 10. Simulated inter-PCG growth ratios for P growing on spent media from E. Values represent P/E growth reaction flux ratios.

	Carbon source 
	Average ratio 
	Range
	Experimental ratio

	Glucose
	0.29±0.04
	0.26 - 0.42 
	0.29

	Citrate
	0.49±0.10
	0.39 - 0.51 
	0.64



	
	
	



