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            Abstract
Commensal gut bacterial communities (microbiomes) are predicted to influence human health and disease1,2. Neonatal gut microbiomes are colonized with maternal and environmental flora and mature toward a stable composition over 2–3 years3,4. To study pre- and postnatal determinants of infant microbiome development, we analyzed 402 fecal metagenomes from 60 infants aged 0–8 months, using longitudinal generalized linear mixed models (GLMMs). Distinct microbiome signatures correlated with breastfeeding, formula ingredients, and maternal gestational weight gain (GWG). Amino acid synthesis pathway accretion in breastfed microbiomes complemented normative breastmilk composition. Prebiotic oligosaccharides, designed to promote breastfed-like microflora5, predicted functional pathways distinct from breastfed infant microbiomes. Soy formula in six infants was positively associated with Lachnospiraceae and pathways suggesting a short-chain fatty acid (SCFA)-rich environment, including glycerol to 1-butanol fermentation, which is potentially dysbiotic. GWG correlated with altered carbohydrate degradation and enriched vitamin synthesis pathways. Maternal and postnatal antibiotics predicted microbiome alterations, while delivery route had no persistent effects. Domestic water source correlates suggest water may be an underappreciated determinant of microbiome acquisition. Clinically important microbial pathways with statistically significant dietary correlates included dysbiotic markers6,7, core enterotype features8, and synthesis pathways for enteroprotective9 and immunomodulatory10,11 metabolites, epigenetic mediators1, and developmentally critical vitamins12, warranting further investigation.
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                    Fig. 1: Taxonomic composition of infant fecal microbiota.[image: ]


Fig. 2: Dynamic development of amino acid synthesis pathways.[image: ]


Fig. 3: Taxonomic and functional changes associated with soy formula.[image: ]


Fig. 4: Altered development of vitamin synthesis and carbohydrate utilization pathways in association with GWG.[image: ]
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                Data availability

              
              Sequence data supporting these findings have been deposited, along with relevant clinical metadata, in the SRA under BioProject ID PRJNA473126, with primary BioSample accession codes SAMN09259835–SAMN09260236 (study SRP148966). Source data for Figs. 1–4 are available online. Any additional data generated and analyzed in this study are available from the corresponding author upon reasonable request.
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