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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-f-1,4-glucanases (xyloglucanases):
PpXGS from Paenibacillus pabuli XG5 (characterized), XgI5A and XgI5B from
Bc. kashiwanohense Bg42221 1E1 (putative). Conserved catalytic amino acid
residues are highlighted in bold red, and conserved glycan-binding residues
areinbold. b, Gene clusters potentially driving the degradation of (arabino)
xylan and the utilization of released oligosaccharides in Bc. kashiwanohense
Bg42221 1E1. ¢, Predicted DNA-binding motifs of transcription factors potentially
controlling the expression of the gene clusters in b. Motifs were built based
onoperator sequences in the RegPrecise database and identified in this work
(Supplementary Table 19).d, Gene clusters potentially driving f-mannose

oligosaccharide utilization (phenotype bMnOS) in B. breve Bg41721_1C11 and
B-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 -mannose oligosaccharide
utilization and B-mannan degradation pathways. Names of enzymes and
transporters whose orthologues have been biochemically characterized in
bifidobacteria arein bold. f, Growth curves of selected Bifidobacterium strains in
the medium supplemented with 0.5% mannotriose or 0.5% konjac glucomannan.
Datarepresent 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
inone 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. ¢, 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 HMOs (nmol/mL) are provi

control. Total HMO, total HMO utilized; total FHMO, total fucosylated HMO
utilized; total SHMO, total sialylated HMO utilized. Concentrations of individual

dedinSupplementary Table 18a.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection No software was used for data collection

Data analysis Code detailing the data analysis steps is available on GitHub (https://github.com/Arzamasov/compendium_manuscript) and Supplementary
Code File 1. The pipeline for analyzing the representation of carbohydrate utilization pathways encoded in bifidobacterial genomes is available
on GitHub (https://github.com/Arzamasov/glycobif).

List of tools used (Methods and Supplementary Methods):

Genome assembly
-bcl2fastq (v1.3.0)

-Trim Galore (v0.4.5)
-bbtools (v38.26)

-SMRT Tools software (v5.1.0 or 6.0.0)
-Dorado (v0.3.0)

-Guppy (v6.5.7)

-Filtlong (v0.2.1)

-Nanofilt (v2.8.0)

-SPAdes (v3.13.0 or v3.15.0)
-Unicycler (v0.4.7 or 0.5.0)
-Racon (v1.5.0)

-Trycycler (v0.5.0)
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-Flye (v2.9.3)

-Minimap and Miniasm (v0.1.3)
-Canu (v2.2)

-Raven (v1.8.3)

-Medaka (v1.11.2)

-Polypolish (v0.5.0)

-Quast (v4.5 or 5.2)

Genome dereplication
-dRep (v3.4.2)

Gene prediction and functional annotation
-Prokka (v1.14.6)

-RASTtk (v1.073)

-EggNOG-mapper (v2.1.12)

-dbCAN (v4.0.0)

Pangenome and phylogeny
-Panaroo (v1.3.2)

-MAFFT (v7.515)

-IQ-TREE (v2.2.0.3)

~iTOL (v5)

-pyani (v0.2.12)
-mash(v2.3)
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Pathway prediction pipeline
-MMSeqs2 (v14.7e284)

-DIAMOND (v2.1.4)

-Python package: scikit-learn (v1.2.1)
-R package: Caret (v6.0.86)

RNA-seq

-NEBNext Custom RNA Depletion Design Tool v1.0
-FastQC (v0.11.9)
-Cutadapt (v4.1)
-Bowtie2 (v2.4.5)
-Kallisto (v0.48)

R (v4.3.2)

-R packages
--Bioconductor (v3.15)
--TxImport (v1.30.0)
--edgeR (v4.0.16)
--limma (v3.58.1)
--ggplot2(v3.5.1)

Transcriptional regulons
-SignalX (v1.0)
-GENOME (v1.0)
-WebLlogo (v2.8.2)

General data analysis and visualization

-Gen5 (v2.05.5)

-clinker (v0.0.27)

-R (v4.3.2)

-R packages

--ggplot2 (v3.5.1)

--vegan (v2.6-8)

--emmeans (v1.10.6)

--ComplexHeatmap (v2.18.0)

The remaining R packages and their dependencies are listed in Supplementary Code File 1.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Genomes of Bifidobacterium isolates sequenced in this study have been deposited in GenBank (https://www.ncbi.nlm.nih.gov/bioproject/PRINA1126848).
Nucleotide FASTA and annotated protein FASTA files of 263 reference genomes are available on Figshare (https://doi.org/10.6084/m9.figshare.26053936).




Additional Bifidobacterium genomes and MAGs were retrieved from the following publicly available databases and datasets: BV-BRC (https://www.bv-brc.org), IMG
(https://img.jgi.doe.gov), BIO-ML (https://www.ncbi.nim.nih.gov/bioproject/PRINA544527), CGR (https://www.ncbi.nlm.nih.gov/bioproject/PRINA482748), CGR2
(https://www.ncbi.nIm.nih.gov/bioproject/PRINA903559), UHGG (http://ftp.ebi.ac.uk/pub/databases/metagenomics/mgnify_genomes), KIJ (https://
www.decodebiome.org/HRGM1), ELGG (https://zenodo.org/records/6969520), SPMP (https://figshare.com/collections/SPMP/5993596), IMGG (https://
www.ncbi.nlm.nih.gov/bioproject/PRINA763692). The RNA-seq data set has been deposited in Gene Expression Omnibus (https://www.ncbi.nIm.nih.gov/geo/
query/acc.cgi?acc=GSE239955). Source data are provided on GitHub (https://github.com/Arzamasov/glycobif).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender The study analyzed Bifidobacterium genomes — including cultured isolates and metagenome-assembled genomes (MAGs) —
that were originally derived from human samples. However, metadata on donor sex or gender was not consistently available
and was not considered in the analysis, as the study focused exclusively on microbial genomic features and glycan utilization
capabilities.

Reporting on race, ethnicity, or | The manuscript uses the terms Westernized and non-Westernized populations as defined in Pasolli et al., 2019 (Cell, https://

other socially relevant doi.org/10.1016/j.cell.2019.01.001). These terms are used as ecological descriptors that broadly capture lifestyle-associated

groupings factors such as diet, antibiotic use, sanitation, and environmental exposure —all of which are known to influence the human
gut microbiome. As noted in Pasolli et al., these categories encompass heterogeneous populations and are not used to
denote race, ethnicity, or nationality

Population characteristics The Bifidobacterium strains described in this manuscript were isolated from: (i) the MAL-ED birth cohort study of children
aged 0-24 months (Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and
Development; ClinicalTrials.gov identifier NCT02441426), (ii) a cohort of healthy 12-24 month-old Bangladeshi children
enrolled in parallel with children with acute malnutrition in a study of microbiota-directed complementary food (MDCF)
prototypes (ClinicalTrials.gov identifier NCTO308473; 10.1126/science.aau4732; 10.1126/science.aau4735), (i) a cohort
Malawian twins discordant for acute malnutrition (Smith et. al. 10.1126/science.1229000)

Recruitment The Bifidobacterium strains described in this manuscript were isolated from: (i) the MAL-ED birth cohort study of children
aged 0-24 months (Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and
Development; ClinicalTrials.gov identifier NCT02441426), (ii) a cohort of healthy 12-24 month-old Bangladeshi children
enrolled in parallel with children with acute malnutrition in a study of microbiota-directed complementary food (MDCF)
prototypes (ClinicalTrials.gov identifier NCT03084731; 10.1126/science.aau4732; 10.1126/science.aau4735), (iii) a cohort
Malawian twins discordant for acute malnutrition (Smith et. al. 10.1126/science.1229000)

Ethics oversight These above-mentioned studies were approved by the Ethical Review Committee of the icddr,b, the College of Medicine
Research Ethics Committee of the University of Malawi, and by the Human Research Protection Office of Washington
University in St. Louis. Written informed consent, including provisions for future use of materials, was provided by the
parents or guardians of participating children before enrolment

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|Z| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No formal sample-size calculation was performed. The study included the majority of high-quality Bifidobacterium genomes publicly available
at the time of analysis, selected based on strict quality thresholds (<200 contigs, 297% completeness, <3% contamination, as assessed by
CheckM). To reduce redundancy and sampling bias, genomes were dereplicated using dRep, resulting in a non-redundant dataset

Data exclusions  No additional data exclusions were performed

Replication Biological triplicates were used in all in vitro experiments (growth, HMO consumption, and RNA-seq), and all attempts at replication were
successful, with consistent results across replicates. Several Bifidobacterium genomes were resequenced to obtain one-contig assemblies and
confirm that the presence of unique gene clusters was not due to contamination. The computational analyses in the manuscript are fully
reproducible using the code and source data available on GitHub (https://github.com/Arzamasov/compendium_manuscript) or
Supplementary Code File 1. The pipeline for analyzing the representation of carbohydrate utilization pathways encoded in Bifidobacterium
genomes is available at https://github.com/Arzamasov/glycobif

Randomization | Randomization was not applicable to our study, as all experiments involved controlled in vitro conditions (growth assays, HMO consumption,
and RNA-seq) without classical placebo/treatment group allocation that would introduce potential confounding covariates
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Blinding Blinding was not performed because most in vitro experiments (growth assays, supernatant collection for HMO glycoprofiling, RNA isolation
for RNA-seq) were conducted by a single researcher using standardized protocols. The experimental design involved objective measurements
that were not subject to interpretation bias, reducing the need for blinding

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Antibodies IZ |:| ChlP-seq
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Palaeontology and archaeology |Z |:| MRI-based neuroimaging
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Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
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assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.






