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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Genomics-based reconstruction of polysaccharide 
degradation and oligosaccharide utilization pathways. a, Alignment of the 
amino acid sequences of xyloglucan endo-β-1,4-glucanases (xyloglucanases): 
PpXG5 from Paenibacillus pabuli XG5 (characterized), Xgl5A and Xgl5B from 
Bc. kashiwanohense Bg42221_1E1 (putative). Conserved catalytic amino acid 
residues are highlighted in bold red, and conserved glycan-binding residues 
are in bold. b, Gene clusters potentially driving the degradation of (arabino)
xylan and the utilization of released oligosaccharides in Bc. kashiwanohense 
Bg42221_1E1. c, Predicted DNA-binding motifs of transcription factors potentially 
controlling the expression of the gene clusters in b. Motifs were built based 
on operator sequences in the RegPrecise database and identified in this work 
(Supplementary Table 19). d, Gene clusters potentially driving β-mannose 

oligosaccharide utilization (phenotype bMnOS) in B. breve Bg41721_1C11 and 
β-mannan degradation (phenotype bMAN) in B. dentium LFYP24. Orthologous 
genes are linked, and the link color represents the sequence identity between 
corresponding protein products. e, Reconstructed β-mannose oligosaccharide 
utilization and β-mannan degradation pathways. Names of enzymes and 
transporters whose orthologues have been biochemically characterized in 
bifidobacteria are in bold. f, Growth curves of selected Bifidobacterium strains in 
the medium supplemented with 0.5% mannotriose or 0.5% konjac glucomannan. 
Data represent the mean ± s.d. of three biological replicates. g, Predicted 
MnbR DNA-binding motif based on operator sequences identified in this work 
(Supplementary Table 19).
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Pathway enrichment analysis across 3,083 
Bifidobacterium genomes. Pathways significantly enriched in specific 
groups (Benjamini–Hochberg adjusted P ≤ 0.01; two-sided Fisher’s exact test) 
are shown. Points represent odds ratios, and horizontal lines indicate 95% 
confidence intervals. Pathways with infinite odds ratios are present exclusively 
in one group. Exact adjusted P-values are provided in Supplementary Table 14. 

a, Comparison between genomes from ‘Westernized (age < 3)’ vs. ‘Westernized 
(age ≥ 3)’ groups. b, Comparison between genomes from ‘non-Westernized 
(age < 3)’ vs. ‘non-Westernized (age ≥ 3)’ groups. c, Comparison between 
genomes from ‘Westernized (age < 3)’ vs. ‘non-Westernized (age < 3)’ groups. 
d, Comparison within individual taxa between genomes from ‘Westernized’ vs. 
‘non-Westernized’ groups.
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Extended Data Fig. 9 | HPLC-based quantification of human milk 
oligosaccharide (HMO) utilization after 8h. Data represent the percentage 
of utilized HMOs (mean of three biological replicates) relative to the medium 

control. Total HMO, total HMO utilized; total FHMO, total fucosylated HMO 
utilized; total SHMO, total sialylated HMO utilized. Concentrations of individual 
HMOs (nmol/mL) are provided in Supplementary Table 18a.
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