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Supplementary Figure 1: Metagenomic sequencing of meconium samples. (a) Bacteria, viruses, and fungi detected in taxonomic 
analysis of meconium samples. Taxa were included if the relative abundance was greater than 10% in any sample. The bar chart above 
the heatmap shows the number of hours to sample collection. The bar chart to the right of the heatmap shows prevalence of each taxon. 
N.d. = no data. (b) KEGG gene orthologs positively correlated with taxon richness (one-sided test of Spearman correlation, n=88 samples, 
4,725 orthologs tested). Genes are shown if the p-value was less than 0.001 after correction for false discovery rate (2,642 orthologs were 
significant at the P<0.05 level after correction). Broad functional categories are marked by colored squares to the left of the heatmap. The 
dendrogram on the far left indicates clustering of genes according to abundance. (c) Number of KEGG gene orthologs correlated with taxa 
identified. Fewer than 20 genes were associated with detection of Propionibacterium acnes, unclassified Klebsiella, unclassified Pseudo-
monas, unclassified Subdoligranulum, and unclassified Escherichia coli. (d) Upset plot showing overlap in gene orthologs associated with 
taxa identified.
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Supplementary Figure 2: Effect of maternal obesity, gestational age, and intrapartum antibiotics on microbiota. (a-d) Association of maternal obesity with (a) 
number of bacterial species (two-sided Mann-Whitney test), (b) Jaccard distance (PERMANOVA test), (c) taxon relative abundance (two-sided Mann-Whitney test), 
and (d) KEGG ortholog relative abundance (two-sided Mann-Whitney test). The sample size for maternal obesity was n1 = 35 lean, n2 = 53 obese. (e-h) Association 
of gestational age with (e) number of bacterial species (two-sided test of Spearman correlation), (f) Jaccard distance (PERMANOVA test), (g) taxon relative abun-
dance (two-sided test of Spearman correlation), and (h) KEGG ortholog relative abundance (two-sided test of Spearman correlation). The sample size for gestation-
al age was n = 88. (i-l) Association of intrapartum antibiotics with (i) number of bacterial species (two-sided Mann-Whitney test), (j) Jaccard distance (PERMANOVA 
test), (k) taxon relative abundance (two-sided Mann-Whitney test), and (l) KEGG ortholog relative abundance (two-sided Mann-Whitney test). The sample size for 
intrapartum antibiotics was n1 = 35 with exposure and n2 = 48 without. Taxa and genes with largest effect size are shown, though we observed no statistically signifi-
cant effects. Color coding for maternal obesity, gestational age, and intrapartum antibiotics is indicated on the right. Boxes in (a) and (i) indicate the median and 
interquartile distance, whiskers indicate maximum and minimum data points within 1.5 times the interquartile range, points represent values outside this range. 
Points in (c), (d), (k), and (l) indicate the median; horizontal error bars indicate the first and third quantile of data values. Linear regression estimates in (g) and (h) 
are indicated with blue lines; 95% confidence intervals are indicated by grey areas.



P = 0.7

0

5

10

15

0 50 100 150
Hours to collection

N
um

be
r o

f s
am

pl
es

0.11 0.18
Birth 1 month

Vaginal delivery,
no antibiotics, breastfed

Others Vaginal delivery,
no antibiotics, breastfed

Others

0

20

40

60

N
um

be
r o

f b
ac

te
ria

l s
pe

ci
es

P = 0.23−0.4

−0.2

0.0

0.2

−0.25 0.00 0.25
PCoA axis 1 (10%)

PC
oA

 a
xi

s 
2 

(9
%

)

Jaccard distance
birth samples

P = 0.18
−0.2

0.0

0.2

−0.2 0.0 0.2 0.4
PCoA axis 1 (7%)

PC
oA

 a
xi

s 
2 

(6
%

)

Vaginal delivery,
no antibiotics, breastfed
Others

Jaccard distance
1 month samples

a b

c d

e

P = 0.17P = 0.17

Birth

1e−04 1e−02 1e+00

Enterococcus faecalis

Proportion (log scale)

P = 0.427P = 0.427

P = 0.427P = 0.427

P = 0.493P = 0.493

P = 0.493P = 0.493

P = 0.493P = 0.493

P = 0.493P = 0.493

Birth

1 month

1e−06 1e−04 1e−02

K07132
K05364

K01829
K07474
K06113
K03718

Proportion (log scale)

Supplementary Figure 3: Subgroup of vaginally born infants not exposed to intra- or postpartum antibiotics and exclusively 
breastfed. (a) Time from birth in subgroup was not different from other samples in study (two-sided Mann-Whitney test). (b) Alpha 
diversity, (c) beta diversity, (d) taxon abundance, and (e) KEGG gene ortholog abundance did not differ between the subgroup and other 
samples. Taxa and genes with largest effect size are shown, though we observed no statistically significant effects (PERMANOVA test 
for beta diversity, two-sided Mann-Whitney test otherwise). Boxes in (b) indicate the median and interquartile distance, whiskers indicate 
maximum and minimum data points within 1.5 times the interquartile range, points represent values outside this range. Points in (d) and 
(e) indicate the median; horizontal error bars indicate the first and third quantile of data values. The sample size for all comparisons was 
n1 = 19 in the subgroup and n2 = 69 others.
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Supplementary Figure 4: Association between high human DNA and delivery 
mode. (a) A Gaussian mixture model with equal variances divides meconium sam-
ples into two components of high- and low-human DNA (P = 0.001, 999 bootstrapping 
simulations, n = 88). The dashed vertical line represents the crossover point between 
the two components, at a host proportion of 0.55. (b) Vaginal delivery was associated 
with a decreased odds ratio for high vs. low human DNA over time (P = 0.002, logistic 
regression, n1 = 64 vaginal delivery, n2 = 24 c-section). Solid lines represent the 
regression estimates, grey areas indicate the 95% confidence interval.
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Supplementary Figure 5: Break point in level of human DNA over time. (a-c) A break point of 16.0 hours minimizes the sum of squares in logis-
tic regression of high vs. low human DNA. (a) Best fit with no break point, (b) sum of squared residuals for various break point values, (c) best fit 
with selected break point. (d-f) A break point of 16.0 hours also minimizes the sum of squares in linear regression of human DNA fraction. (d) Best 
fit with no break point, (e) sum of squared residuals for various break point values, (f) best fit with selected break point. (g) A segmented regres-
sion, where the prediction must be continuous, yields a break point of 6 hours, earlier than models with a discontinuous break point. (h) Receiver 
operating characteristic (ROC) curve for a simple model of high human DNA before the breakpoint, and low human DNA after the breakpoint. The 
curve illustrates that 16 hours represents a point of inflection with high predictive value for high human DNA. Solid lines represent logistic or linear 
estimates; 95% confidence intervals are indicated by grey areas. Dashed horizontal lines in (b) and (e) indicate the sum of squared residuals with 
no break point. The sample size was n = 85 for all regressions (3 samples excluded due to no time of collection data).



Supplementary Figure 6: Consensus among core gene sequences in E. coli metagenomes. Fraction of reads 
not matching to the consensus sequence in E. coli single-copy core genes.  If a single strain were present, 
mismatches would be introduced by sequencing error alone, at a rate of approximately 1 in 106 base pairs.



Supplementary Figure 7: Strain number estimation in E. coli metagenomes. Histogram of mismatch rate 
across all single-copy core genes in E. coli metagenome assemblies. The distributions were tested for 
consistency with the presence of two strains.  Under this model, the gene sequence of the less abundant 
strain would introduce mismatches to the consensus sequence at a constant rate, wherever the genomes 
differed.



E. coli K−12
E. coli K−12
E. coli K−12
E. coli K−12
E. coli ER2796
E. coli K−12
E. coli K−12
E. coli K−12
E. coli K−12

E. coli:RR1
E. coli K−12
E. coli:106

E. coli:K−12 substr. RV308
E. coli K−12
E. coli K−12

E. coli:ER1821R
E. coli:CQSW20

E. coli:K−12 NEB 5−alpha
E. coli:USML2
E. coli DH1
E. coli DH1
E. coli:DH1Ec095
E. coli:DH1Ec104

E. coli:DH1Ec169

E. coli:NCM3722

E. coli:210221272

E. coli ETEC H10407
E. coli:SEC470

E. coli:S30

E. coli:S43
E. coli UMNK88

E. coli:D2
E. coli:H1827/12
E. coli B str. REL606

E. coli:C41(DE3)
E. coli:BL21 (TaKaRa)
E. coli:C43(DE3)

E. coli:BLR(DE3)
E. coli B
E. coli 'BL21−Gold(DE3)pLysS AG'

E. coli:S1
E. coli ATCC 8739

E. coli HS
E. coli PCN061

E. coli:Ecol_AZ147
E. coli:H5
E. coli:H6

E. coli:AR_0061

E. coli:08−00022

E. coli:CFSAN004176

E. coli:S3

E. coli:C9
E. coli C

E. coli 1303
E. coli:H7

E. coli:WI1 isolate
E. coli:EC590

E. coli:Ecol_AZ155
E. coli:MRSN352231
E. coli:MRSN346638
E. coli:MRSN346355
E. coli:MRSN346595
E. coli:H8
E. coli:AR_0114
E. coli:5CRE51

E. coli:AR_0137

E. coli:Ecol_422
E. coli:Y5
E. coli:AR_0162
E. coli str. Sanji
E. coli:AR_0149
E. coli:AR_0151
E. coli:AR_0150

E. coli:NCTC86
E. coli:NCTC86EC

E. coli VR50

E. coli:K−12 substr. HMS174
E. coli BW25113
E. coli str. K−12 substr. MG1655

E. coli str. K−12 substr. MG1655
E. coli:SQ37
E. coli:SQ2203
E. coli str. K−12 substr. MG1655
E. coli:K−12 substr. MG1655_TMP32XR1
E. coli:K−12 substr. MG1655_TMP32XR2
E. coli:MGY

E. coli str. K−12 substr. MG1655
E. coli:SQ88

E. coli:103

E. coli:tolC−
E. coli str. K−12 substr. MC4100
E. coli KLY
E. coli K−12

E. coli:13E0725
E. coli:13E0780

E. coli:13E0767

E. coli O111:H− str. 11128
E. coli:95JB1
E. coli:95NR1

E. coli O26:H11 str. 11368
E. coli:FORC_028

E. coli ECC−1470
E. coli:M10
E. coli:CFSAN029787

E. coli:H15
E. coli IAI1

E. coli:H10
E. coli:C2

E. coli SE11
E. coli:S56
E. coli:KSC207

E. coli:94−3024

E. coli 55989
E. coli O104:H4 str. 2011C−3493
E. coli O104:H4 str. 2009EL−2050
E. coli O104:H4
E. coli O104:H4 str. 2009EL−2071

E. coli:2011C−3911
E. coli:S42

E. coli LY180
E. coli W
E. coli W

E. coli:HB−Coli0

E. coli:Ecol_224
E. coli:AR_0149
E. coli:AR_0118
E. coli:AR_0128

E. coli:H3
E. coli:O177:H21

E. coli:KSC9

E. coli:H14
E. coli:S21

E. coli:09−00049
E. coli:GB089

E. coli:210205630

E. coli:C5
E. coli:M6
E. coli:M9
E. coli:M11
E. coli:M15
E. coli:M19

E. coli O103:H2 str. 12009
E. coli:C3
E. coli:C7

E. coli:C10
E. coli:M8

E. coli:RM9387
E. coli:CI5

E. coli:M1
E. coli:M3

E. coli:M18

E. coli:ST648
E. coli:MS6198
E. coli:ECONIH1

E. coli:Ecol_881
E. coli APEC O2−211
E. coli:2009C−3133

E. coli O127:H6 str. E2348/69

E. coli SE15
E. coli:Ecol_743
E. coli:Ecol_745
E. coli:Ecol_448

E. coli:Eco889

E. coli:CD306
E. coli:H105
E. coli JJ1886
E. coli JJ1887
E. coli:Ecol_AZ146
E. coli:AR_0055
E. coli:Ecol_AZ162
E. coli:Ecol_656
E. coli:uk_P46212
E. coli O25b:H4−ST131

E. coli:JJ2434

E. coli:AR_0058
E. coli:Ecol_AZ161
E. coli:Ecol_542

E. coli:81009
E. coli:Ecol_276
E. coli:ZH193
E. coli:Ecol_867
E. coli:Ecol_732

E. coli:Ecol_AZ153
E. coli:MNCRE44

E. coli:Ecol_AZ159
E. coli:SaT040
E. coli:ZH063

E. coli O83:H1 str. NRG 857C
E. coli LF82
E. coli:NGF1

E. coli:D8
E. coli APEC IMT5155

E. coli UTI89
E. coli NU14

E. coli UM146
E. coli:SF−173

E. coli IHE3034
E. coli:NMEC O18
E. coli APEC O18

E. coli:SF−166
E. coli:SF−088
E. coli APEC O1

E. coli:SF−468

E. coli ABU 83972
E. coli ATCC 25922
E. coli CFT073

E. coli str. 'clone D i2'
E. coli str. 'clone D i14'

E. coli 536
E. coli:ECONIH2
E. coli:K−15KW01

E. coli:C8
E. coli:D3
E. coli APEC O78

E. coli ACN001
E. coli:ACN002
E. coli:AR_0069

E. coli:YD786
E. coli:Ecol_517

E. coli:06−00048
E. coli:C4

E. coli:Ecol_316
E. coli:MRSN346647
E. coli:C1
E. coli:Ecol_545

E. coli O157:H16
E. coli O145:H28 str. RM13514
E. coli O145:H28 str. RM12581
E. coli O145:H28 str. RM13516
E. coli O145:H28 str. RM12761

E. coli O157:H7
E. coli O157:H7
E. coli O157:H7
E. coli O157:H7
E. coli O157:H7

E. coli:472

E. coli O157:H7 str. TW14359
E. coli O157:H7 str. EC4115
E. coli O157:H7 str. SS52
E. coli O157:H7 str. SS17

E. coli O157:H7
E. coli:28RC1
E. coli:272

E. coli:9000
E. coli O157
E. coli:10671
E. coli:NADC 5570/86−24/6565
E. coli:NADC 5570/86−24/6564
E. coli Xuzhou21
E. coli O157:H7 str. EDL933
E. coli O157:H7

E. coli O157:H7
E. coli O157:H7 str. Sakai

E. coli:SRCC 1675

E. coli O157:H7
E. coli:PA20

E. coli:350
E. coli O157
E. coli:319

E. coli O157:H7
E. coli O157:H7
E. coli O157:H7

E. coli:7784

E. coli O55:H7 str. RM12579
E. coli O55:H7 str. CB9615
E. coli:2013C−4465

E. coli SMS−3−5
E. coli IAI39
E. coli O7:K1 str. CE10

s176

s184

s104

s211
s128
s105

s101

s127

s188

s207
s285
s161
s272

s125

s157

s202
s145

Shigella boydii_Sb227
Shigella dysenteriae

Shigella sonnei_Ss046
Shigella flexneri_2a

Phylogroup
a
a
a
a
a
a
a
a
a

A

B1

B2

C

D

E

F

PCMP

Shigella

Supplementary Figure 8: Expanded phylogenetic tree of E. coli metagenomes. E. coli metagenomes assembled from meconium samples were combined with a set of 269 reference genomes, and the 
set of core gene were subjected to phylogenetic analysis. Colors represent E. coli phylogenetic groups. Genomes from this study are labeled with the subject identifier and colored magenta.
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Supplementary Figure 9: Analysis of E. faecalis metagenomes. (a) Heatmap of genes present in the pan-genome of 
12 E. faecalis metagenomes assembled from meconium samples, and 15 reference genomes. Genes present in each 
genome are shown in pink. Genomes from this study are labeled with the subject identifier; reference genomes are 
labeled with the NCBI genome identifier. (b) Phylogenetic tree estimated from core gene alignments. Genomes from this 
study are indicated by colored boxes. (c) Principal coordinates analysis of pan-genome content, quantified by Jaccard 
distance. Genomes from this study are shown in blue and labeled with the subject identifier; reference genomes are 
shown in red (n1=12 genomes from this study, n2=15 reference genomes). (d) Genes differentially present or absent in 
meconium samples, relative to the reference genome collection. Gene frequency from this study (“PCMP”) is shown in 
light blue; reference genomes are shown in dark blue.
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Supplementary Figure 10: Analysis of B. vulgatus metagenomes. (a) Heatmap of genes present in the pan-ge-
nome of 5 B. vulgatus metagenomes assembled from meconium samples, and 13 reference genomes. Genes pres-
ent in each genome are shown in pink. Genomes from this study are labeled with the subject identifier; reference 
genomes are labeled with the NCBI genome identifier. (b) Phylogenetic tree estimated from core gene alignments. 
Genomes from this study are indicated by colored boxes. (c) Principal coordinates analysis of pan-genome content, 
quantified by Jaccard distance. Genomes from this study are shown in blue and labeled with the subject identifier; 
reference genomes are shown in red (n1=5 genomes from this study, n2=13 reference genomes). (d) Genes differen-
tially present or absent in meconium samples, relative to the reference genome collection. Gene frequency from this 
study (“PCMP”) is shown in light blue; reference genomes are shown in dark blue.
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Supplementary Figure 11: Analysis of bacterial proteins in proteomics results. (a) When a large, 
untargeted database was used, only a small fraction of proteins were attributed to a bacterial phylum for 
analysis. (b) When a custom database of protein sequences assembled from our shotgun metagenomic 
data was used, the small number of bacterial proteins identified did not correspond to the sample from 
which the protein was assembled. (c) For each sample in the custom database, more proteins were 
detected from other sample assemblies than from the corresponding sample assembly.



extracellular space

cytosol

plasma membrane

extracellular region

Unannotated

protein binding

extracellular exosome

0.0 0.2 0.4 0.6
Proportion of proteins identified

G
O

 c
at

eg
or

y

Difference not statistically significant

Decreased after 16h, human DNA < 75%

Before 16h After 16h
human DNA > 75%

After 16h
human DNA < 75%

s1
30

s1
33

s1
42

s1
47

s1
53

s1
72

s1
80

s1
85

s1
96

s2
06

s2
21

s2
22

s2
35

s2
45

s2
48

s2
51

s2
53

s2
57

s2
61

s2
65

s2
67

s2
81

s2
87

s2
88

s2
91

s3
22

s1
07

s1
24

s1
86

s1
89

s1
91

s1
92

s2
00

s2
50

s2
52

s2
63

s2
83

s3
05

s1
04

s1
05

s1
11

s1
17

s1
25

s1
28

s1
57

s1
60

s1
70

s1
73

s1
76

s1
87

s1
88

s1
93

s2
02

s2
07

s2
11

s2
37

s2
72

s2
75

s2
77

s2
85

s3
19

s3
25

Purinenucleosidephosphorylase UniProt=V9HWH6
C8Bprotein(Fragment) UniProt=Q05CV3

AnnexinA4 UniProt=P09525
cDNAFLJ53342,highlysimilartoGranulins UniProt=B4DJI2

Deoxyribonuclease−1 UniProt=P24855
Profilin−1 UniProt=P07737

Collagenalpha−2(I)chain UniProt=A0A087WTA8
Fibrillin−1 UniProt=P35555

Guaninenucleotide−bindingproteinG,alphasubunitvariant(Fragment) UniProt=Q59FM5
Beta−glucuronidase UniProt=P08236

Phospholipidtransferproteinisoformavariant(Fragment) UniProt=Q53H91
cDNAFLJ20242fis,cloneCOLF6369 UniProt=Q9NXI0

cDNAFLJ55694,highlysimilartoDipeptidyl−peptidase1(EC3.4.14.1) UniProt=B4DJQ8
Transferrinvariant(Fragment) UniProt=Q53H26

Thyroxine−bindingglobulin UniProt=P05543
Fms−relatedtyrosinekinase1(Vascularendothelialgrowthfactor/vascularpermeabilityfactorreceptor) UniProt=L7RSL3

MutantApoB100 UniProt=E1A689
Cystatin−A UniProt=P01040

Bonemarrowproteoglycan UniProt=P13727
N−acylsphingosineamidohydrolase(Acidceramidase)1preproproteinisoformavariant(Fragment) UniProt=Q53H01

Carbonicanhydrase4 UniProt=P22748
ProteinIGKV1−16 UniProt=A0A087WTK4

cDNAFLJ53662,highlysimilartoActin,alphaskeletalmuscle UniProt=B7Z6P1
Vacuolarproteinsorting−associatedprotein37B(Fragment) UniProt=F5H4M0

Putativeuncharacterizedprotein(Fragment) UniProt=Q8WVW5
cDNA,FLJ93695,highlysimilartoHomosapiensserpinpeptidaseinhibitor,cladeA(alpha−1antiproteinase,antitrypsin),member4(SERPINA4),mRNA UniProt=B2R815

Cholinetransporter−likeprotein4 UniProt=Q53GD3
CD63antigen(Fragment) UniProt=F8VNT9

Dipeptidase UniProt=Q6I9V1
ProteinCREG1 UniProt=O75629

FN1protein UniProt=B7ZLE5
Chlorideintracellularchannel1,isoformCRA UniProt=Q5SRT3

Guaninenucleotide−bindingproteinG(i)subunitalpha−2 UniProt=P04899
Celldivisioncycle42(GTPbindingprotein,25kDa),isoformCRA UniProt=A0A024RAE4

Fructose−bisphosphatealdolase UniProt=V9HWN7
Isocitratedehydrogenase1(Fragment) UniProt=Q0QER2

Phospholipidscramblase1 UniProt=C9J7K9
Fattyacid−bindingprotein,liver UniProt=A8MW49

Epididymisluminalprotein4 UniProt=D0PNI1
Alpha−actinin−4 UniProt=O43707

Collagen,typeI,alpha1,isoformCRA UniProt=D3DTX7
Ras−relatedproteinRab−11B UniProt=Q15907

HeterogeneousnuclearribonucleoproteinsC1/C2(Fragment) UniProt=G3V4M8
CopineIII,isoformCRA UniProt=A0A024R994

cDNAFLJ78071,highlysimilartoMHCclassIIIcomplementcomponentC6mRNA UniProt=A8K8Z4
Calpain−5 UniProt=A0A087X0C8

Proton−coupledaminoacidtransporter1(Fragment) UniProt=E5RHG5
Calciumandintegrin−bindingprotein1 UniProt=Q99828

Epidermalgrowthfactorreceptorkinasesubstrate8−likeprotein2 UniProt=Q9H6S3
Beta−2−microglobulin UniProt=P61769

Lumican UniProt=P51884
Fibulin2 UniProt=Q86V58

Serpinpeptidaseinhibitor,cladeA(Alpha−1antiproteinase,antitrypsin),member3,isoformCRA UniProt=A0A024R6P0

0
2
4
6

Normalized
abundance

a

b

Supplementary Figure 12: Proteins found to be differentially abundant between groups. (a) The heatmap corresponds exactly to that in 
Figure 4C, only protein and subject identifiers are indicated. (b) Proteins identified as decreased after 16 hours with low human DNA were 
more likely to be assigned GO category of extracellular exosome (two-sided Fisher’s exact test, P=0.02 after correction for false discovery rate, 
n1 = 983 not identified as decreasing, n2 = 53 identified as decreasing).
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Supplementary Figure 13: Total protein concentration. The total protein concentration was not different between groups 
(Kruskal-Wallis test, n1 = 26 before 16h, n2 = 12 after 16h with human DNA > 75%, n3 = 24 after 16h with human DNA < 75%). 
Boxes in indicate the median and interquartile distance, whiskers extend to the full range of the data.
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Supplementary Figure 14: Amino acid utilization by E. coli in culture. Growth curves (top) and concentration of amino 
acids (bottom) of E. coli grown under (a) aerobic or (b) anaerobic conditions. Growth curves were obtained for three 
biological replicates of wild type (WT) E. coli: WTa, WTb, and WTc. Arrows indicate the range of time during which the 
amino acid decreases in concentration.
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