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Supplementary Figure 1. Quality statistics of the metagenome assemblies and MAGs.  
Supplementary Figure 2. Functional annotation and clustering of proteins in the metagenome 
assemblies. 
Supplementary Figure 3. Distributions of the core protein families by geographic locations, 
genders, and delivery modes. 
Supplementary Figure 4. Longitudinal abundance profiles of the TEDDY core protein family 
clusters.  
Supplementary Figure 5. Phylogenetic tree of high-quality MAGs.  
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Supplementary Figure 1. Quality statistics of the metagenome assemblies and MAGs. (a) Distribution of the mapping rates across 
metagenomic sequencing runs (n = 13,245) on the composite subject metagenome assemblies containing scaffolds >1 kb (red violin plot) 
and scaffolds >2 kb (green violin plot), MAGs of medium and high quality (blue violin plot), and MAGs of high quality only (purple violin plot). 
(b) Distribution of the L50 across subjects for the metagenome assemblies and MAGs {red (n = 887), green (n = 887), blue (n = 37,332), 
purple (n = 21,536)}. (c) Completeness and contamination scores of MAGs of high quality (red dots), medium quality (blue dots), and low 
quality (red dots). High-quality MAGs have completeness > 90% and contamination < 5%. Medium-quality MAGs have completeness >= 50% 
and contamination <10%. (d) Histogram of the total lengths of the high- and medium-quality MAGs. (e) Histogram of the number of scaffolds 
in the high- and medium-quality MAGs. (f) Histogram of the scaffolds N50 in the high- and medium-quality MAGs. Violin plots indicate 
median (white dot), the first and third quartile (black bar in the center), and the 1.5X interquartile ranges (black lines stretched from the bar). 
MAG: metagenome-assembled genome, bp: base pair, and kbp: kilobase pair. Source data are provided as a Source Data file.
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Annotation

yteR, yesR; unsaturated rhamnogalacturonyl hydrolase [EC:3.2.1.172]
yesM; two−component system, sensor histidine kinase YesM [EC:2.7.13.3]

xynB; xylan 1,4−beta−xylosidase [EC:3.2.1.37]
virD4, lvhD4; type IV secretion system protein VirD4 [EC:7.4.2.8]

uvrD, pcrA; DNA helicase II / ATP−dependent DNA helicase PcrA [EC:3.6.4.12]
topB; DNA topoisomerase III [EC:5.6.2.1]

tilS, mesJ; tRNA(Ile)−lysidine synthase [EC:6.3.4.19]
srtA; sortase A [EC:3.4.22.70]

SIAE; sialate O−acetylesterase [EC:3.1.1.53]
relA; GTP pyrophosphokinase [EC:2.7.6.5]

ramA; alpha−L−rhamnosidase [EC:3.2.1.40]
prpC, phpP; PPM family protein phosphatase [EC:3.1.3.16]

proC; pyrroline−5−carboxylate reductase [EC:1.5.1.2]
prkC, stkP; eukaryotic−like serine/threonine−protein kinase [EC:2.7.11.1]

pqqL; zinc protease [EC:3.4.24.−]
PDF, def; peptide deformylase [EC:3.5.1.88]

murG [EC:2.4.1.227] 
murC; UDP−N−acetylmuramate−−alanine ligase [EC:6.3.2.8]

moxR; MoxR−like ATPase [EC:3.6.3.−]
miaA, TRIT1; tRNA dimethylallyltransferase [EC:2.5.1.75]

malQ; 4−alpha−glucanotransferase [EC:2.4.1.25]
lspA; signal peptidase II [EC:3.4.23.36]
lepB; signal peptidase I [EC:3.4.21.89]
lacZ; beta−galactosidase [EC:3.2.1.23]

K08884; serine/threonine protein kinase, bacterial [EC:2.7.11.1]
K08303; putative protease [EC:3.4.−.−]

hipA; serine/threonine−protein kinase HipA [EC:2.7.11.1]
HEXA_B; hexosaminidase [EC:3.2.1.52]

gph; phosphoglycolate phosphatase [EC:3.1.3.18]
glnA, GLUL; glutamine synthetase [EC:6.3.1.2]
galM, GALM; aldose 1−epimerase [EC:5.1.3.3]

FUCA; alpha−L−fucosidase [EC:3.2.1.51]
folC; dihydrofolate synthase / folylpolyglutamate synthase [EC:6.3.2.12 6.3.2.17]

EARS, gltX; glutamyl−tRNA synthetase [EC:6.1.1.17]
nonpolar−amino−acid−transporting ATPase [EC:7.4.2.2]

prc, ctpA; carboxyl−terminal processing protease [EC:3.4.21.102]
E3.2.1.22B, galA, rafA; alpha−galactosidase [EC:3.2.1.22]

glpQ, ugpQ; glycerophosphoryl diester phosphodiesterase [EC:3.1.4.46]
CDS1, CDS2, cdsA; phosphatidate cytidylyltransferase [EC:2.7.7.41]

dnaQ; DNA polymerase III subunit epsilon [EC:2.7.7.7]
dnaG; DNA primase [EC:2.7.7.101]

dacC, dacA, dacD [EC:3.4.16.4]
bglX; beta−glucosidase [EC:3.2.1.21]

AXY8, FUC95A, afcA; alpha−L−fucosidase 2 [EC:3.2.1.51]
aroK, aroL; shikimate kinase [EC:2.7.1.71]

aroE; shikimate dehydrogenase [EC:1.1.1.25]
amiABC; N−acetylmuramoyl−L−alanine amidase [EC:3.5.1.28]

ACSL, fadD; long−chain acyl−CoA synthetase [EC:6.2.1.3]
abfA; alpha−L−arabinofuranosidase [EC:3.2.1.55]

ABC.FEV.A; iron complex transport system ATP−binding protein [EC:7.2.2.−]
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Supplementary Figure 2. Functional annotation and clustering of proteins in the metagenome assemblies.
 (a) Distribution of the percentages of the annotated proteins in all the metagenome assemblies using KEGG and 
MetaCyc (n = 737). Violin plots indicate median (white dot), the first and third quartile (black bar in the center), and 
the 1.5X interquartile ranges (black lines stretched from the bar). (b) Histogram of subject numbers in each protein
family. The protein families distributed in more than 50 subjects were shown in a separate histogram. (c) Top-50 
most frequent E.C. number annotation of the protein families and their genus-level taxonomic distribution. 
E.C. number: Enzyme Commission number. Source data are provided as a Source Data file.
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Supplementary Figure 3. Distributions of the core protein families by geographic locations, genders, and delivery 
modes. (a) Histogram of the percentage of male subjects in each core protein family. The remaining subjects are female. 
The red line marks the overall percentage of male subjects in the cohort. (b) Histogram of the percentage of the subjects 
in the U.S. in each core protein family. The remaining subjects were located in Europe. The red line marks the overall
percentage of the U.S. subject in the cohort. (c) Histogram of the percentage of subjects from vaginal delivery in each 
core protein family. The remaining subjects were delivered by Cesarean section. The red line marks the overall percentage 
of vaginally delivered subjects in the cohort. Source data are provided as a Source Data file.
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Supplementary Figure 4. Longitudinal abundance profiles of the TEDDY core protein family clusters. The core 
protein families were clustered into 10 clusters by their average RPKM abundances across the developmental stages, 
shown in the x-axis. The gene abundances of core protein families were standardized to a mean value of zero and 
a standard deviation of one. Line colors represent cluster membership probability from 0.5 to 1.0. Core families with 
membership probabilities below 0.5 are not displayed. TEDDY: The Environmental Determinants of Diabetes in the Young,
and RPKM: Reads Per Kilobase per Million reads. Source data are provided as a Source Data file.



Genus level

(8) Anaerostipes 

(9) Bacteroides

(12) Ruthenibacterium 

(11) Gemmiger

(13) Fusicatenibacter 

(14) Ruminococcus_A 

(10) Faecalibacterium

Family level

(7) Acutalibacteraceae 

(4) Enterococcaceae 

(6) Lactobacillaceae 
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Supplementary Figure 5. Phylogenetic tree of high-quality MAGs. Tree tips correspond to 21,536 high-quality MAGs.
The branches containing MAGs with positive IA-association are colored in red and the ones with negative IA-association
in green. The branches containing MAGs used as background for comparative genomics are colored in blue. The taxa 
are highlighted in arcs of varying colors and identified in the legend. MAGs: metagenome-assembled genomes and 
IA: islet autoantibody. Source data are provided as a Source Data file.
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