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Supplementary Methods

New Hampshire Birth Cohort Study details

Recruitment occurred at New Hampshire prenatal clinics at approximately 24-28 weeks
gestation. Women were included if they used a private, unregulated well at their residence since

their last menstrual period and had no plans to move.

Stool sample processing

Stool samples were stored in participants’ home freezer until they were able to return it to the
study site (within 24 hours). Stool was then thawed at 4°C so that it could be aliquoted into
cryovial tubes containing RNAlater and homogenized before long-term storage at -80°C. DNA
was extracted from these stools and both 16S rRNA and metagenomic sequencing were

performed.

16S rRNA gene sequencing

Sequencing was performed on an lllumina MiSeq at the Marine Biological Laboratory (MBL) in
Woods Hole, Massachusetts 1. Sequences were filtered and trimmed to amplicon sequence
variants (ASVs) using the DADAZ2 pipeline and paired to taxonomies inferred from the
Greengenes database %, Due to preliminary ASV-specific results and the hypothesized
biological importance of the relative abundance of Bacteroidetes compared to the relative
abundance of Firmicutes, this ratio was calculated and used as an outcome in a supplemental
analysis "8, Within-subject diversity was assessed using the Shannon ° and Simpson ° Indices

as well as the count of detected ASVs.

Metagenomic sequencing
Briefly, DNA was sheared to a mean length of 400bp before construction of sequencing libraries

following Nugen’s Ovation Ultralow V2 protocol and sequencing on an lllumina NextSeq. After



trimming and cleaning reads, taxa were identified using MetaPhlAn ! and pathway relative

abundance was inferred using the HUMANNZ pipeline with default parameters 2.

Sensitivity analyses

Primary analyses used SRS-2 total T-scores at three years, but associations with raw scores
were tested in sensitivity analyses. In other sensitivity analyses, in a subset of participants with
available data, we considered third trimester urinary cotinine (comparing detect to non-detect) in
place of maternal self-report of smoking. We also conducted an analysis restricted to term
infants. Additional sensitivity analyses considered the inclusion of covariates such as an
indicator variable for any breastfeeding at six months and a measure of the parent-child
relationship (Parenting Relationship Questionnaire-preschool form (PRQ), see below) 3. The
PRQ was included in basic and full models at all time points, whereas six-month breastfeeding
was included in basic and full models for the six-week microbiome, but only in full models for the
later microbiome ages because it may be a factor for which subsequent microbiome
composition acts as a mediator. To explore the possibility that any observed time-specific
associations were the result of population-specific effects (i.e., due to selection bias), an
analysis was conducted among children with microbiome sequencing available at all time points

(n=21; Supplementary Table S1).

Incorporation of the Parenting Relationship Questionnaire (PRQ)

The preschool version of the PRQ produces five scores assessing different domains of
parenting quality including attachment, discipline practices, involvement, parenting confidence,
and relational frustration. Each raw score is standardized to a reference population producing T-
scores with an average of 50 and a standard deviation of 10. For four of these scales
(attachment, discipline practices, involvement, and parenting confidence) a higher score is

considered better whereas a higher relational frustration score is considered worse. To



incorporate these five scales as one covariate the relational frustration score was transformed

as follows:

Relational Frustrationgransformea = 100 — Relational Frustration (Eq. 1)

The five scores (attachment, discipline, practices, involvement, parenting confidence, and
transformed relational frustration) were summed after confirming the scores had similar

distributions in our population.
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Supplementary Table S1. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in
within-subject diversity

Shannon Simpson Taxa Count
Microbiome | Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl | P | @wcy | P | @swc)y | P | @swc)y | P | (@s%chy | P | @swc)y | P
. -0.19 -0.42 -0.26 -0.44 -0.23 -0.34
SixWeeks | (0,02, 0.54) | %62 | (-1.14,0.20) | °%° | (-0.99, 0.46) | ©*® | (-1.15, 0.26) | %22 | (:0.97, 0.51) | %% (-1.05, 0.37) | O-3°
0.07 0.11 -0.22 0.14 0.52 0.36
OneYear | (0.60,0.74) | °83 | (-0.57,0.79) | %7 | (-0.89, 0.44) | °1 |(-0. 82, 0.54)| 8] (-0.15, 1.19) | 13 | (-0.33, 1.06) | 031
-0.04 0.09 -0.68 .| -0.49 0.15 0.12
TwoYears | (5.79,0.72) | 93| (-0.65, 0.84) | %8| (-1.43,0.07) | *0%" | (-1.24,0.27) | % | (061, 0.91) | %70 | (-0.64, 0.87) | ©7°
-0.49 -0.55 -0.48 -0.50 -0.42 -0.45
Three Years | 1 25,0.27) | %21 | (-1.30,0.21) | %16 | (-1.23,0.27) | O%1 | (-1.26,0.25) | O19 | (119, 0.34) | O28 | (-1.22, 0.31) | 024

@ Standard deviations for Shannon Index: 0.49, 0.56, 0.46, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:
0.16, 0.09, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 11.8, 35.1, 45.1, 67.6 for six-week, one-year,

two-year, and three-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

*indicates p < 0.1




Supplementary Table S2. Difference in Social Responsiveness Scale-2 total raw score per standard deviation? increase in
within-subject diversity

Shannon Simpson Taxa Count
Microbiome|  Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl) | P | ©@swc)y | P | @wcy | P @s%cl) | P | ©@swcy | P | @swcy | P
. 0.43 -1.01 10.63 -1.08 -0.54 0.94
SikWeeks | (231, 1.46) | ® | (-2.86,0.83) | %28 | (250, 1.23) | O°1 | (:2.89,0.73) | %?*| (-2.43,1.35) | %8 | (275, 0.88) | O3
0.19 0.27 -0.55 0.35 1.38 0.94
OneYear | 154,1.93) | %83|(1.50,2.04) | ®77 | (228 1.17)| % | (2.10,1.40) | ©70 | (0.37,3.12) | %12 | (-0.85, 2.76) | O30
0.16 0.18 -1.87 .| 136 0.32 0.24
Twovears | 513, 1.81) | %87 | (1.77,2.13) | %% | (-3.81,0.07) | %% | (:3.:31, 0.60) | 18| (1.65,2.30) | ©7° | (172, 2.21) | OBL
115 -1.30 118 -1.23 -0.99 -1.07
Three Years| 311, 0.82) | 92° | (-3.26,0.67) | ©2° | (3.11, 0.76) | 9?* | (3.18,0.72) | ©??| (2.97, 0.99) | O3 | (-3.05, 0.91) | O-2°

@ Standard deviations for Shannon Index: 0.49, 0.56, 0.46, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:
0.16, 0.09, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 11.8, 35.1, 45.1, 67.6 for six-week, one-year,
two-year, and three-year microbiomes respectively.

b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

*indicates p < 0.1



Supplementary Table S3. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in
within-subject diversity among term infants

Shannon Simpson Taxa Count
Microbiome| Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
@s%ch | P | @wey | P | (@swcy | P ©@5%cl) | P | ©swchy | P | @swc)y | P
. -0.24 -0.39 -0.65 -0.36 -0.44 -0.45
SixWeeks | (0.0, 0.48) | %1 | (-1.13,0.34) | %30 | (:0.99, 0.46) | %47 | (-1.08,0.35) | %32 | (-1.17,0.30) | ©%° | (-1.17,0.28) | O-23
0.04 0.10 -0.24 -0.14 0.32 0.24
OneYear | (0.62,0.70) | %90 |(-059,0.79) | 77 | (-0.90, 0.42) | %48 | (-0.82,0.54) | €| (0.351) |%3°|(-0.46,0.95) | -0
0.60 0.65 .| 028 0.33 0.51 0.53
Twovears | (013 1.33) | %1 | (-0.08,1.37) |29 | -0.46, 1.02) | O | (-0.41,1.06) | %% (0.23,1.25) | 18 | (-0.221.28) | 017
-0.63 -0.63 -0.60 -0.57 -0.55 -0.58
Three Years| 1 42, 0.16) | 912 | (1.42, 0.15) | 12 | (-1.38,0.19) | %1% | (1.35,022) [ %1€ | (-1.36,0.25) | 918 | (-1.37, 0.21) | 016

@ Standard deviations for Shannon Index: 0.49, 0.56, 0.44, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:

0.16, 0.09, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 11.5, 34.3, 42.9, 68.8 for six-week, one-year,

two-year, and three-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex
¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

*indicates p < 0.1




Supplementary Table S4. Difference in Social Responsiveness Scale-2 total T-score per standard deviation? increase in
within-subject diversity adjusting for cotinine

Shannon Simpson Taxa Count
Microbiome| Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl) | P | ©@swc)y | P | @wcy | P @5%cl) | P | (95% ci P (95% Cl) P
. -0.23 -0.45 -0.28 -0.42 -0.24 -0.48
SikWeeks | (1.03,0.57) | 7| (-1.24,0.34) | %% | (1.07, 051) | O*® | (:1.20,0.35) |°%°| (-1.04,057) |2%®] (:1.27,0.30) | O23
0.14 0.17 -0.06 -0.02 0.51 0.41
OneYear | 057, 0.85) | %% (0.5 090) | °®* | (077, 0.65) | °®" | (0.74,0.70) |%%| (-0.21,1.23) |17 | (-0.35 1.17) | %30
-0.81
-0.18 0.04 -0.54 -0.01 0.01
TwoYears | 495 0.62) | 90 (-0.76, 0.85) | ©-92 ('(1)'8%' 00461 135 0.26) [O1°] (-0.82,0.79) | %27 | (0.81, 0.82) |0
-0.52 -0.61 -0.45 -0.50 -0.55 -0.63
Three Years| 1 33°0.29) | 21| (-1.42, 0.20) | 14 | (-1.25,0.35) | %27 | (-1.31, 0.30) |9%?| (-1.37,0.27) | %19 (-1.45, 0.19) | 012

@ Standard deviations for Shannon Index: 0.48, 0.55, 0.45, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:
0.16, 0.08, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 12, 35.6, 43.2, 67.9 for six-week, one-year,

two-year, and three-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex
¢ Full model adjusts for basic model + maternal urinary cotinine during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age
bold indicates p < 0.05




Supplementary Table S5. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in
within-subject diversity adjusting for any breastfeeding at six months

Shannon Simpson Taxa Count
Microbiome|  Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl) | P | ©@swc)y | P | @wcy | P ©@5%cl) | P | @swc)y | P | 9swcy | P
. -0.26 -0.38 0.34 -0.43 017 -0.24
d
Sk Weeks? | (.0.98,0.46) | 48 | (-1.09,0.32) | ©2°| (-1.06,0.37) | O3* | (-1.12,0.27) | %% | (-0.89, 0.55) | %64 | (:0.94, 0.46) | O-°
0.07 0.08 0.25 0.16 0.49 0.32
OneYear | 064,071) | %9 (0.62, 0.78) | *8 | (-0.92, 0.42) | °47 | (-0.86,053) | °®* | (-0.18,1.17) | OO | -0.39, 1.04) | O3B
-0.03 0.11 0.67 .| -046 0.14 0.11
TwoYears | 479, 0.74) | %94 (-0.65,0.87) | %8 | (-1.42, 0.08) | %9®" | (:1.22,0.30) | ©?* | (-0.62, 0.90) | ®-7? | (-0.66, 0.88) | ©-"®
-0.48 057 0.43 -0.50 0.4 -0.49
Three Years| 1 23,0.28) | 922 | (-1.35,0.21) | %1% | (1.18,0.31) | 920 | (-1.28,0.27) | %21 | (1.20, 0.32) | %% | (-1.27, 0.29) | 022

@ Standard deviations for Shannon Index: 0.48, 0.56, 0.46, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:
0.16, 0.09, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 11.8, 35.2, 45, 67.8 for six-week, one-year,
two-year, and three-year microbiomes respectively.

b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex and at six weeks includes any breastfeeding at six months

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, gestational age, and any
breastfeeding at six months

4 At six weeks the basic model additionally adjusts for any breastfeeding at six months
* indicates p < 0.1
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Supplementary Table S6. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in
within-subject diversity adjusting for the Parenting Relationship Questionnaire

Shannon Simpson Taxa Count
Microbiome| Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
@5%cl) | P | ©@swc)y | P | @wcy | P | @swcy | P (95% Cl) P (95% Cl) P
. -0.06 -0.28 -0.08 0.25 0.28 -0.36
SixWeeks | 572 0.59) | 9% | (0.92,0.37)| ©*° | (:0.73, 0.57) |*8L| (-0.89, 0.38) | 44| (-0.93,0.38) | %4 | (-0.99, 0.28) | 027
-0.04 0.003 0.16 -0.06 0.52 0.11
OneYear | (0.65,057) | %% |(-061,062) | % | -0.77,0.45) |%5Y| (-0.67,0.56) | ©8° | (-0.15,1.20) | O3 (-0553,0.75) |74
-0.09 0.07 051 034 10.09 -0.03
TwoYears | 478, 0.61) | %8| (-0.62,0.78) | ©8° | (-1.21, 0.18) | %°| (-1.04,0.36) | ®3*| (-0.79,0.61) | OB | (-0.73,0.67) | O3
-0.28 -0.34 -0.23 0.25 0.26 -0.29
Three Years| 1 0, 0.44) | 94° | (-1.06, 0.38) | °3° | (-0.94, 0.49) | %>*| (-0.97, 0.46) | °4°| (-0.98,0.46) |%*°| (-1.01,0.43) 043

aStandard deviations for Shannon Index: 0.49, 0.56, 0.46, 0.48 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index:
0.16, 0.09, 0.04, 0.03 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 11.8, 35.2, 45.3, 68 for six-week, one-year,

two-year, and three-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex, and Parenting Relationship Questionnaire

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age
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Supplementary Table S7. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in

within-subject diversity among subjects with microbiome sequencing at all time points
Shannon Simpson Taxa Count
Microbiome| Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl) | P | @swc)y | P | (@swcy | P | @swc)y | P (95% Cl) P (95% Cl) P
. -0.47 -0.09 -0.65 -0.45 -0.89 -1.01
SikWeeks | (266,1.73) | 908 | (-3.02, 2.83) | %9 | (276, 1.46) | O°0 | (-3.43, 2.52) |°77| (3553, 1.75) | 02| (432, 2.30) | 57
0.74 0.05 0.48 -0.30 1.22 1.03
OneYear | (134,282 | %°0|(-3.06, 3.15)| “% | (-1.83,2.79) | °®9 | (3.31,2.72) |°®| (0.01,335) |%?8| (2.13,4.20) [0
0.29 0.13 0.09 0.44 0.48 -0.01
TwoYears | (5 31,2.89) | 983 (:3.44,3.70) | %94 | (-2.99, 3.17) | 9% | (-4.01, 2.89) | 8% (181, 2.78) | O®9| (-3.54,3.51) |09
-0.22 -2.38 -0.34 -1.80 0.61 -0.84
Three Years| 5 33,1.89) | 84 | (-5.39, 0.62) | %10 | (2.40, 1.72) | ©"° | (-4.38,0.79) |©??| (-1.70,2.01) | %62 | (5.11,3.43) |02

@ Standard deviations for Shannon Index: 0.42, 0.5, 0.35, 0.45 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Simpson Index: 0.13,

0.09, 0.03, 0.02 for six-week, one-year, two-year, and three-year microbiomes respectively. Standard deviations for Taxa Count: 10.1, 29, 39.2, 60.5 for six-week, one-year, two-

year, and three-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

12



Supplementary Table S8. Difference in Social Responsiveness Scale-2 total T-score per standard deviation?increase in

within-subject diversity calculated from metagenomic data
Shannon Simpson Taxa Count
Microbiome |  Basic Model® Full Model® Basic Model Full Model Basic Model Full Model
Age Estimate Estimate Estimate Estimate Estimate Estimate
©@5%cl | P | @swc)y | P | @swcy | P | @wcy | P | @wcy | P | @swc)y | P
. -0.17 -0.18 -0.17 -0.14 0.53 0.39
SixWeeks | (1.06,072) | %70 | (-1.10,0.74) | 70| (-1.05, 0.72) | %72 | (-1.05,0.77) | °7® | -0.38, 1.45) | O?6 | (054, 1.31) | 042
-0.13 -0.29 -0.19 -0.29 -0.03 -0.34
OneYear | (1.03,0.76) | *77 | (-1.18,0.60) | °°? | (-1.09, 0.71) | %8| (-1.18, 0.61) | °°° | (-0.90, 0.85) | %% | (-1.24, 0.56) | O4°

@ Standard deviations for Shannon Index: 0.58, 0.46 for six-week and one-year microbiomes respectively. Standard deviations for Simpson Index: 0.22 0.1 for six-week and one-year
microbiomes respectively. Standard deviations for Taxa Count: 11.8, 15.7 for six-week and one-year microbiomes respectively.
b Basic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex

¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

13



Supplementary Table S9. Marginal p-values for association between GUniFrac distances

and total T-scores on SRS-2

Microbiome Age Basic Model? Full Model®
Six Weeks 0.97 0.99
One Year 0.01 0.06
Two Years 0.77 0.96

Three Years 0.41 0.35

@ Basic model adjusts for age at SRS2, maternal education, marital status, maternal age, paternal age, and child sex
b Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery

mode, peripartum antibiotics, and gestational age

14



Modification Microbiome Age Basic Model Full Model
Six Weeks 0.34 0.34
2 | One Year 0.007 0.04
SRS-2 Raw Scores® 15 Years 0.74 0.95
Three Years 0.40 0.32
Six Weeks 0.98 0.95
Among Term One Year 0.07 0.19
Infants? Two Years 0.62 0.48
Three Years 0.40 0.28
Adjusting for Six Weeks 0.96 0.99
cotinine in place of | One Year 0.02 0.10
self-report of Two Years 0.74 0.92
smoking® Three Years 0.44 0.41
Adjusting for Six Weeks 0.97 0.98
breastfeeding at six One Year 0.006 0.048
monthse Two Years 0.77 0.95
Three Years 0.65 0.64
Six Weeks 0.85 0.91
—_— ¢ | .One Year 0.05 0.29
Adjusting for PRQ Two Years 0.45 0.86
Three Years 0.50 0.37
. . Six Weeks 0.88 0.88
Asrgfnnp%essug{e;ﬁi:’nvgh One Year 0.21 0.52
pointsa Two Years 0.27 0.18
Three Years 0.03 0.11

Supplementary Table S10. Marginal p-values for association between GUniFrac distances
and total T-scores on the SRS-2 at three years, sensitivity analyses

2 Covariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in
full model: basic + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum
antibiotics, and gestational age

b Covariates the same as 2 except full model adjusts for maternal urinary cotinine during pregnancy in place of maternal self-report
of smoking

¢ Covariates the same as 2 with the addition of an indicator variable for any breastfeeding at six months in the basic and full models
for six-week microbiome analyses and in the full model for all other microbiome age analyses

4 Covariates the same as  with the addition of the Parenting Relationship Questionnaire (PRQ)
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Supplementary Table S11. Taxa associated with total T-scores on the Social Responsiveness Scale-2 in primary analyses (p <0.05)

Phylum Class Order Family Genus Species Estimate? SEP| N¢ Nngt pval Modeleplthef
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium |adolescentis 0.36 [0.16129| 49 |0.03| Full |2Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium |adolescentis 0.36 [0.16129| 49 |0.02| Basic |2Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium 1.02 10.43/129| 128 |0.02| Full [2Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium 1.28 ]0.44{129| 128 |0.00| Basic |2 Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium -0.70 ]0.31j129| 93 |0.02| Full |2Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium -0.59 10.30/129| 93 |0.04| Basic |2 Y
Actinobacteria |Actinobacteria Bifidobacteriales |Bifidobacteriaceae Bifidobacterium 0.04 (0.01j129| 18 |0.00| Full |2Y
Actinobacteria |Actinobacteria Bifidobacteriales  [Bifidobacteriaceae Bifidobacterium 0.05 |(0.01j129| 18 3(2365; Basic [2Y
Actinobacteria |Coriobacteria Coriobacteriales  |Coriobacteriaceae Collinsella aerofaciens 0.21 (0.09]129| 73 |0.02| Full |2Y
Actinobacteria |Coriobacteria Coriobacteriales |Coriobacteriaceae Collinsella aerofaciens 0.25 [0.09]129| 73 |0.00| Basic |2 Y
Actinobacteria |Coriobacteria Coriobacteriales |Coriobacteriaceae Collinsella aerofaciens 0.11 |0.05[140| 89 |0.03| Full |3Y
Actinobacteria |Coriobacteria Coriobacteriales |Coriobacteriaceae Collinsella aerofaciens 0.11 [0.04{140| 89 |0.02| Basic |3 Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides caccae 0.25 (0.08/140| 87 |0.00| Full |3Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides caccae 0.23 |0.08]140| 87 |0.00| Basic |3 Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides caccae -0.20 10.08/129| 34 |0.01| Full |2Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides uniformis -0.53 10.21j158| 58 |0.01| Full |1Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides uniformis -0.47 10.20/158| 58 |0.02| Basic |1Y
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides -0.64 10.28|166| 48 |0.02| Full |6 W
Bacteroidetes |Bacteroidia Bacteroidales Bacteroidaceae Bacteroides -0.55 10.26|166| 48 |0.03| Basic |6 W
Bacteroidetes |Bacteroidia Bacteroidales Porphyromonadaceae [Parabacteroides 0.09 |0.04/240] 90 [0.04| Full |3Y
Bacteroidetes  Bacteroidia Bacteroidales Prevotellaceae Prevotella copri -0.00 [0.001166 17 |0.04| Full |6 W
Bacteroidetes  Bacteroidia Bacteroidales Prevotellaceae Prevotella copri -0.67 |0.24/158] 32 |0.00| Full |1Y
Bacteroidetes  Bacteroidia Bacteroidales Prevotellaceae Prevotella copri -0.68 |0.23]158] 32 |0.00| Basic |1Y
Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus -0.05 10.02/140| 17 |0.04| Full |3Y
Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus 0.28 (0.13]140| 23 |0.03| Full |3Y
Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus 0.30 (0.13]140| 23 |0.02| Basic |3 Y
Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus zeae -0.04 10.01j140| 26 |0.01| Full |3Y
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus 0.01 1|0.001229| 13 [0.02] Full |2Y
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus 0.00 1|0.00229| 13 |0.03|Basic |2Y
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus -0.11 |0.04{166] 96 |0.01| Full |6 W
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus -0.11 |0.04{166] 96 |0.01| Basic |6 W
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus 0.47 |0.22)1166| 35 |0.03| Basic |6 W
Firmicutes Clostridia Clostridiales [Tissierellaceae] /Anaerococcus 0.00 10.00240| 23 [0.04| Full |3Y
Firmicutes Clostridia Clostridiales [Tissierellaceae] /Anaerococcus 0.00 1|0.00/240| 23 |0.03|Basic |3Y
Firmicutes Clostridia Clostridiales Christensenellaceae 0.00 (0.00[140| 35 |0.02| Full |3Y
Firmicutes Clostridia Clostridiales Christensenellaceae 0.00 (0.00[140| 35 |0.02| Basic |3 Y
Firmicutes Clostridia Clostridiales Clostridiaceae Clostridium perfringens 1.08 [0.51j166] 61 |0.03| Basic |6 W
Firmicutes Clostridia Clostridiales Clostridiaceae Clostridium -0.25 10.11j140| 118 |0.02| Full |3Y
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Phylum Class Order Family Genus Species Estimate? SEP| N¢ Nngt pval Modele:gif
Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis 0.00 |0.00/129| 15 [0.00| Full |2Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis 0.00 |0.00/129| 15 |0.01|Basic |2Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis 0.00 |0.00/140[ 37 |0.00] Full |3Y
Firmicutes Clostridia Clostridiales Eubacteriaceae IAnaerofustis 0.00 |0.00/140[ 37 |0.00| Basic |3Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Pseudoramlbacter 0.04 |0.02/158| 45 [0.02| Full |1Y

Eubacterium
Firmicutes Clostridia Clostridiales Eubacteriaceae Pseudoramlbacter 0.04 |0.01/158| 45 [0.01|Basic |1Y
Eubacterium
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus]  [gnavus -1.02 |0.45]166] 64 |0.02| Full |6 W
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus]  [gnavus -0.97 |0.42]166| 64 |0.02| Basic |6 W
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus]  [gnavus 0.13 |0.04{129| 96 [0.00| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus] jgnavus 0.17 |0.04/229| 96 |0.00| Basic |2 Y
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus] ftorques 0.05 1|0.02158] 51 [0.02] Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus] ftorques 0.06 |0.02158] 51 |0.00|Basic |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae [Ruminococcus] 0.22 |0.091158| 92 |0.02| Basic |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia obeum 0.19 |0.091158] 32 [0.04| Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia producta 0.04 |0.01)258] 41 [0.00| Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia producta 0.04 |0.01)258] 41 |0.00|Basic |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia producta 0.28 [0.06[158| 17 gg; Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia producta 0.34 [0.07|158| 17 ggé Basic [1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.06 |0.021229| 77 [0.01] Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia -0.00 |0.00[140[ 29 |0.04| Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.03 |0.01j7229| 16 [0.04| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.03 |0.01j229| 16 |0.02| Basic |2 Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.29 |0.10229] 91 [0.00| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.23 |0.10229] 91 |0.02| Basic |2 Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia -0.05 0.02140[ 82 |0.03| Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.00 |0.00240] 27 |0.04| Basic |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Blautia 0.00 1|0.001229] 23 [0.04| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium citroniae 0.02 |0.01j240| 105 [0.04| Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 0.05 1|0.01)61| 61 |0.00| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 006 looile1l 61 IE;%(; Basic | 2 v
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 0.03 1|0.01)22| 22 [0.02] Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 0.05 1|0.01)22| 22 |0.00| Basic |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 0.02 1|0.00/14| 14 |0.00| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus 0.01 1|0.00/14| 14 |0.01|Basic |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus -0.01 10.00[24| 24 |0.00] Full |3Y
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Phylum Class Order Family Genus Species  [EstimatedSEP| N¢ Nngt pval Modele:gif
Firmicutes Clostridia Clostridiales Lachnospiraceae Coprococcus -0.01 10.00[24| 24 |0.01|Basic |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea formicigenerans| 0.06 |0.03|25| 25 |0.04| Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea -0.21 10.08/88| 88 |0.01]| Full |[2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospira 0.00 1|0.00/16| 16 [0.00] Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospira 0.00 1|0.00/16| 16 |0.00|Basic |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia -0.06 10.02/90| 90 |0.01] Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Roseburia -0.07 10.02/90| 90 |0.00| Basic |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.00 [0.00[15| 15 |0.04] Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae -0.00 [0.00[24| 24 [0.02] Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae -0.00 [0.00[24| 24 |0.02| Basic [3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.00 [0.00[14| 14 |0.04] Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae -0.03 10.01]28| 28 |0.03|Basic |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.00 1|0.00/15| 15 |0.01] Full |3Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.00 1|0.00/15| 15 |0.00| Basic |3 Y
Firmicutes Clostridia Clostridiales Lachnospiraceae -0.00 |0.00{18| 18 |0.04| Full |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.01 |0.00[27| 27 |0.02| Basic |2Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.00 1|0.00/16| 16 [0.00] Full |1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae 0.01 |0.00258| 16 |0.00|Basic |1Y
Firmicutes Clostridia Clostridiales Peptostreptococcaceae -0.01 |0.00]140{ 27 |0.04| Basic |3Y
Firmicutes Clostridia Clostridiales Peptostreptococcaceae -0.23  10.09]140[ 126 |0.01| Full |3Y
Firmicutes Clostridia Clostridiales Peptostreptococcaceae -0.22  10.09]140] 126 |0.01| Basic |3 Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Butyricicoccus pullicaecorum 0.00 1|0.00158] 40 |0.04|Basic |1Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Butyricicoccus pullicaecorum 0.01 |0.00/240| 108 [0.00| Full |3Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Butyricicoccus pullicaecorum 0.00 |0.00/240| 108 |0.00| Basic |3 Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium |prausnitzii -0.32 |0.16/140] 85 |0.04| Basic |3Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira -0.00 0.00]129| 32 |0.03| Full |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira -0.00 0.00]129| 32 |0.02| Basic |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira 0.29 |0.14)166| 34 |0.04| Full |6 W
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira 0.42 |0.14/166| 34 |0.00| Basic |6 W
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira 0.17 |0.08129| 47 |0.04|Basic |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira 0.04 1|0.01)258] 28 [0.01] Full |1Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Oscillospira 0.05 1|0.01)258] 28 |0.00| Basic |1Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus -0.00 |0.00}129| 16 |0.01]| Full |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus 0.27 ]0.13/140| 106 |0.04| Basic |3 Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus 0.00 1|0.001229| 14 |0.03] Full |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus 0.00 1|0.00229| 14 |0.03|Basic |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus 0.02 |0.001229| 14 |0.01] Full |2Y
Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus 0.02 |0.001229|] 14 |0.00| Basic |2Y
Firmicutes Clostridia Clostridiales Veillonellaceae Megaphaera -0.05 0.02]158| 40 |0.02|Basic |1Y
Firmicutes Clostridia Clostridiales Veillonellaceae Veillonella dispar -0.25 0.10/158| 100 |0.01| Full |1Y
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Phylum Class Order Family Genus Species Estimate? SEP| N¢ Nngt pval Modele:gif
Firmicutes Clostridia Clostridiales \Veillonellaceae \Veillonella dispar -0.26 |0.10/158| 100 |0.01| Basic | 1Y
Firmicutes Clostridia Clostridiales 0.03 |0.01j129| 24 |0.01] Full |2Y
Firmicutes Clostridia Clostridiales 0.03 |0.01j129| 24 |0.01|Basic |2Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae [Eubacterium] dolichum -0.00 0.00}140{ 17 |0.01| Full |3Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae [Eubacterium] dolichum -0.00 0.00j140| 17 |0.01| Basic |3Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae Coprobacillus -0.00 0.00[129| 45 |0.00| Full |2Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae Coprobacillus -0.00 0.00]129| 45 |0.01|Basic |2Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae 0.30 1|0.11)258| 18 [0.01| Full |1Y
Firmicutes Erysipelotrichi Erysipelotrichales |[Erysipelotrichaceae 0.25 10.11)158| 18 |0.02| Basic |1Y
Proteobacteria |Betaproteobacteria  [Burkholderiales Alcaligenaceae Sutterella 0.01 1|0.001229| 37 [0.04| Full |2Y
Proteobacteria |Betaproteobacteria  [Burkholderiales Alcaligenaceae Sutterella -0.03 |0.01j129| 22 |0.03| Basic |2 Y
Proteobacteria |Betaproteobacteria  |Burkholderiales Alcaligenaceae Sutterella 0.00 [0.001229| 15 |0.00| Full |2Y
Proteobacteria |Betaproteobacteria  |Burkholderiales Alcaligenaceae Sutterella 0.00 [0.001129| 15 |0.02| Basic |2Y
Proteobacteria |Betaproteobacteria  |Burkholderiales Comamonadaceae 0.00 [0.001229| 37 |0.01] Full |2Y
Proteobacteria |Betaproteobacteria  |Burkholderiales Comamonadaceae 0.00 [0.001129| 37 |0.03|Basic |2Y
Proteobacteria |GammaproteobacterialEnterobacteriales |Enterobacteriaceae Erwinia -0.03 10.01j166] 51 [0.00| Full |6 W
Proteobacteria |GammaproteobacterialPasteurellales Pasteurellaceae Haemophilus parainfluenzae -0.00 10.00[158| 22 [0.04| Full |1Y
Proteobacteria |GammaproteobacterialPasteurellales Pasteurellaceae Haemophilus parainfluenzae -0.00 10.00/158| 22 [0.02|Basic |1Y
Proteobacteria |GammaproteobacterialPseudomonad-ales|Pseudomonadaceae |Pseudomonas -0.00 10.00/158| 16 [0.04| Full |1Y
\VerrucomicrobiaVerrucomicrobiae \Verrucomicrobiales Verrucomicrobiaceae |Akkermansia muciniphila 0.07 [0.02]129| 23 |0.00| Full |2Y
\VerrucomicrobiaVerrucomicrobiae \Verrucomicrobiales Verrucomicrobiaceae |Akkermansia muciniphila 0.05 [0.02]129| 23 |0.04| Basic |2 Y
\VerrucomicrobiaVerrucomicrobiae \Verrucomicrobiales [Verrucomicrobiaceae |Akkermansia muciniphila 0.12 |0.05140] 38 |0.04| Full |3Y

2 MaAsLin models the microbiome as the outcome. Thus, estimate is increase in % relative abundance per point increase on SRS2 T-score

b SE: standard error
¢ Number of subjects

in analysis

4 Number of subjects with taxon present and sequenced

¢ Covariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in full model: basic + maternal self-reported smoking during pregnancy,
early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

fMB Age: age of microbiome sample; 6W: six weeks; 1Y: one year; 2Y: two years; 3Y: three years
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Supplementary Table S12. Taxa associated with Social Responsiveness Scale-2 (SRS-2) total T-scores at three years,
sensitivity analyses (16S sequencing)

Modification Microbiom Famil Genus Species Estégsaitf in Estimate in | Average Relative
e Age y P Model Full Model? | Abundance (%)°
Lachnospiraceae Blautia producta 0.36 0.30 0.10
One Year Lachnospiraceae 0.01 - 0.01
Lachnospiraceae Blautia producta -0.01 - 0.06
SRS-2 Raw Lachnospiraceae Coprococcus 0.07 0.06 0.05
Scores® Two Years Lachnospiraceae [Ruminococcus] ghavus 0.18 0.14 0.2
Bifidobacteriaceae Bifidobacterium 0.06 0.05 0.03
$2;er§ Ruminococcaceae Butyricicoccus | pullicaecorum 0.01 0.01 0.02
One Year Lachnospiraceae Blautia producta 0.48 - 0.02
Among Term Three
Infants¢ Years Ruminococcaceae Butyricicoccus | pullicaecorum 0.01 0.01 0.01
Lachnospiraceae Blautia producta 0.36 0.30 0.10
One Year Lachnospiraceae Blautia producta 0.15 0.11 0.07
Adiusting f Lachnospiraceae 0.01 - 0.01
Justing for Lachnospiraceae Coprococcus 0.07 - 0.06
cotinine in . .
lace of self- Lachnospiraceae [Ruminococcus] gnavus 0.17 - 0.21
P report of Two Years Bifidobacteriaceae Bifidobacterium 0.06 0.05 0.03
smoking? Lachnospiraceae Blautia - 0.35 0.86
Alcaligenaceae Sutterella - 0.01 0.01
$2§2 Ruminococcaceae Butyricicoccus | pullicaecorum 0.01 0.01 0.02
One Year Lachnospiraceae Blautia producta 0.34 0.28 0.10
Lachnospiraceae 0.01 - 0.01
Lachnospiraceae Coprococcus 0.06 0.07 0.05
Adiusting for Bifidobacteriaceae Bifidobacterium 0.04 0.06 0.03
brejastfegding Alcaligenaceae Sutterella 0.01 - 0.01
at six months® | Two Years VRumlnocc_)ccigeae 0.003 0.003 0.004
errucomécro lacea Akkermansia muciniphila 0.08 - 0.07
Lachnospiraceae [Ruminococcus] gnavus - 0.17 0.21
Bifidobacteriaceae Bifidobacterium — 1.41 2.94
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e Microbiome : . Estlmqte n Estimate in | Average Relative
Modification Age Family Genus Species I\I/?gdSIe(I:a Full Model® | Abundance (%)®
One Year Lachnospiraceae Blautia producta 0.31 - 0.1
Lachnospiraceae Coprococcus 0.06 - 0.05
Adjusting for Two Years Bifidobacteriaceae Bifidobacterium 0.05 - 0.03
PRQf Ruminococcaceae Ruminococcus - 0.03 0.02
Three Years Ruminococcaceae Butyricicoccus | pullicaecorum 0.01 0.01 0.02
Lactobacillaceae Lactobacillus zeae — -0.07 0.05
One Year Bacteroidaceae Bacteroides uniformis - -0.55 0.24
Ruminococcaceae Ruminococcus - -0.01 0.003
Among . Ruminococcaceae Oscillospira - -0.15 0.08
subjects with - .
samples at all | Three Years Lachnosplraceae Lachnospira - -0.09 0.04
time points® Rummogo_ccaceae ' - -0.004 0.003
Clostridiaceae Sarcina - -0.001 0.001
Lachnospiraceae Blautia - -0.04 0.02

2MaAsLin models the microbiome as the outcome. Thus, estimate is increase in % relative abundance per point increase on SRS2 T-score

b Mean relative abundance of specific amplicon sequence variant given microbiome age

¢ Covariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in full model: basic + maternal self-reported smoking
during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

4 Covariates the same as © except full model adjusts for maternal urinary cotinine during pregnancy in place of maternal self-report of smoking

¢ Covariates the same as © with the addition of an indicator variable for any breastfeeding at six months in the basic and full models for six-week microbiome analyses and in the full
model for all other microbiome age analyses

f Covariates the same as °© with the addition of the Parenting Relationship Questionnaire (PRQ)
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Supplementary Table S13. Association between Bacteroidetes:Firmicutes (B:F) ratio and

total T-scores on the Social Responsiveness Scale-2

Microbiome (Iggg)'anF Basic Model® Full Model®
Age Ratio Estimate (95%Cl) p Estimate (95%Cl) p
Six Weeks 0.02 (1.85) (_0_(')%'001_01) 0.20 (_0_6%'0(}_01) 0.34
-0.42 -0.34
One Year 0.22 (0.53) (-1.29, 0.46) 0.36 (121 0.53) 0.44
-0.67 0.12
2 Years 0.13 (0.23) (3.04, 1.70) 0.58 (2.30, 2.55) 0.92
Three Years 0.16 (0.29) (-1.81303.03) 0.48 (_1.71?;22.23) 0.41

2|QR = Interquartile range = 75" percentile — 25" percentile
bBasic model adjusts for age at SRS-2, maternal education, marital status, maternal age, paternal age, and child sex
¢ Full model adjusts for basic model + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery

mode, peripartum antibiotics, and gestational age
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Supplementary Table S14. Taxa associated with total T-scores on the Social Responsiveness Scale-2 in metagenomic analyses (p <0.05)

Phylum Class Order Family Genus Species Estimate? SE® | N¢ Nngt pval Modeleplt/ézf
Actinobacteria |Actinobacteria Actinomycetales  |Actinomycetaceae \Varibaculum cambriense 0.000 0.000(101[17 |0.02 Basic |6 W
Actinobacteria |Actinobacteria Actinomycetales  |Actinomycetaceae \Varibaculum cambriense 0.000 0.000(101(17 |0.01 |Full 6 W

pseudodiptheriti
Actinobacteria |Actinobacteria Actinomycetales  [Corynebacteriaceae  |Corynebacterium |cum 0.000 0.000(10120 |0.04 |Full 6 W
Actinobacteria |Actinobacteria Bifidobacteriales  Bifidobacteriaceae Bifidobacterium  janimalis 0.000 0.000/103[36  |0.01 Basic [1Y
Actinobacteria |Actinobacteria Bifidobacteriales  Bifidobacteriaceae Bifidobacterium  janimalis 0.000 0.000|103[36  |0.02 |Full 1Y
Actinobacteria |Actinobacteria Coriobacteriales  |Coriobacteriaceae Adlercreutzia equolifaciens  |0.002 0.000(103[16 |0.00 Basic [1Y
Actinobacteria |Actinobacteria Coriobacteriales  |Coriobacteriaceae Adlercreutzia equolifaciens  |0.002 0.000(103[16  |0.00 |Full 1Y
Actinobacteria |Actinobacteria Coriobacteriales  |Coriobacteriaceae Eggerthella unclassified 0.003 0.001103]97 [0.04 Basic [1Y
Actinobacteria |Actinobacteria Coriobacteriales  |Coriobacteriaceae Eggerthella unclassified 0.003 0.001103/97 |0.04 |Full 1Y
Bacteroidetes [Bacteroidia Bacteroidales Bacteroidaceae Bacteroides fragilis -0.011 0.005/10355 [0.05Basic [1Y
Bacteroidetes [Bacteroidia Bacteroidales Bacteroidaceae Bacteroides xylanisolvens |-0.001 0.000/103[31  |0.02 |Full 1Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis stercorihominis |0.001 0.00010313 |0.01 Basic [1Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis stercorihominis |0.000 0.000(103[13  |0.04 |Full 1Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Eubacterium limosum 0.001 0.000(10337 |0.01 Basic [1Y
Firmicutes Clostridia Clostridiales Eubacteriaceae Eubacterium limosum 0.001 0.000(103[37  |0.03 |Full 1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea formicigenerans|0.002 0.001/10317 |[0.05Basic [1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Dorea formicigenerans|0.003 0.001/103[17 |0.02 |Full 1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus  |ghavus 0.017 0.007/103(101 [0.01 Basic [1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus  |ghavus 0.014 0.007/103[101 [0.04 |Full 1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus  [torques 0.008 0.002/103[100 [0.00 Basic [1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae Ruminococcus  [torques 0.008 0.002[103[100 |0.00 |Full 1Y
Firmicutes Clostridia Clostridiales Lachnospiraceae gaiteé';g AA 0.001 |0.000{103| 16 |0.00| Basic |1Y
- - - . bacterium
Firmicutes Clostridia Clostridiales Lachnospiraceae 6 1 63FAA 0.001 |0.000{103| 16 |0.00| Full |1Y
Firmicutes Clostridia Clostridiales Flavonifractor plautii 0.002 0.00110112 |0.00 Basic |6 W
Firmicutes Clostridia Clostridiales Flavonifractor plautii 0.002 0.00110112 |0.00 |Full 6 W
Firmicutes Erysipelotrichia Erysipelotrichales |[Erysipelotrichaceae Clostridium ramosum 0.004 0.002]103|89 |0.03 Basic [1Y
Firmicutes Erysipelotrichia Erysipelotrichales |[Erysipelotrichaceae Clostridium ramosum 0.004 0.002[103[89  |0.03 |Full 1Y
Firmicutes Erysipelotrichia Erysipelotrichales |[Erysipelotrichaceae Eubacterium dolichum 0.000 0.000{103[12 |0.00 Basic [1Y
Firmicutes Erysipelotrichia Erysipelotrichales |[Erysipelotrichaceae Eubacterium dolichum 0.000 0.000(103[12 |0.01 |Full 1Y
Firmicutes Negativicutes Selenomonadales |Veillonellaceae \Veillonella unclassified -0.006  |0.002[103|87 0.03 Basic [1Y

2 MaAsLin models the microbiome as the outcome. Thus, estimate is increase in % relative abundance per point increase on SRS2 T-score

b SE: standard error

¢ Number of subjects in analysis

4 Number of subjects with taxon present and sequenced

¢ Covariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in full model: basic + maternal self-reported smoking during pregnancy,
early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

fMB Age: age of microbiome sample; 6W: six weeks; 1Y: one year
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Supplementary Table S15. Functional pathways associated with Social Responsiveness Scale-2 scores (p<0.05)
Pathway Estimate?| SEP N° Nngt pval Al\gBee Modelf Pagkvxéay

1CMET2-PWY: N10-formyl-tetrahydrofolate biosynthesis -1.9E-05 | 8.35E-06 [102| 102 |0.027| 1Y | Basic | 0.03
ALLANTOINDEG-PWY: superpathway of allantoin degradation in yeast -5E-07 2.2E-07 |102| 42 |0.025| 1Y | Basic | 0.000
ANAEROFRUCAT-PWY: homolactic fermentation -2.5E-05 | 9.48E-06 [102| 102 |0.009| 1Y | Basic | 0.02
ANAEROFRUCAT-PWY: homolactic fermentation -3.1E-05 | 9.92E-06 [102| 102 |0.002| 1Y | Full 0.02
ANAGLYCOLYSIS-PWY: glycolysis IlI (from glucose) -2.4E-05 | 1.09E-05 [102| 102 |0.026| 1Y | Basic | 0.04
ARGININE-SYN4-PWY: L-ornithine de novo biosynthesis -2.2E-05 | 7.22E-06 [102| 92 |0.003| 1Y | Basic | 0.002
ARGININE-SYN4-PWY: L-ornithine de novo biosynthesis -2E-05 | 7.72E-06 |102| 92 [0.011| 1Y | Ful 0.002
ARGININE-SYN4-PWY: L-ornithine de novo biosynthesis -2.4E-05 | 9.01E-06 [101| 92 |0.007 | 6 W | Basic | 0.005
ARGININE-SYN4-PWY: L-ornithine de novo biosynthesis -2.4E-05 | 9.47E-06 [101| 92 |0.012| 6 W | Full 0.005
ASPASN-PWY: superpathway of L-aspartate and L-asparagine biosynthesis -2.6E-05 | 7.52E-06 [102| 102 |0.000| 1Y | Basic | 0.01
ASPASN-PWY: superpathway of L-aspartate and L-asparagine biosynthesis -2.5E-05 | 7.86E-06 |102| 102 |0.001| 1Y | Full 0.01
COLANSYN-PWY: colanic acid building blocks biosynthesis -8E-06 | 3.09E-06 |102| 98 [0.011| 1Y | Full 0.003
DAPLYSINESYN-PWY: L-lysine biosynthesis | -2.5E-05 | 9.19E-06 |102| 101 |0.008| 1Y | Basic | 0.01
DAPLYSINESYN-PWY: L-lysine biosynthesis | -2.3E-05 | 9.76E-06 [102| 101 |0.021| 1Y | Full 0.01
FERMENTATION-PWY: mixed acid fermentation 1.31E-05 | 6.45E-06 |101| 93 |0.045| 6 W | Basic | 0.005
FERMENTATION-PWY: mixed acid fermentation 1.42E-05 | 6.89E-06 |101| 93 [0.041 | 6 W | Full 0.005
GLYCOLYSIS: glycolysis | (from glucose 6-phosphate) -2.4E-05 | 1.06E-05 |102| 102 |0.026| 1Y | Full 0.01
GLYCOLYSIS-E-D: superpathway of glycolysis and Entner-Doudoroff -7.5E-06 | 3.55E-06 |102| 100 [0.036| 1Y | Full 0.003
HEME-BIOSYNTHESIS-II: heme biosynthesis | (aerobic) -6E-06 | 2.34E-06 |102| 101 [0.012| 1Y | Full 0.002
HEMESYN2-PWY: heme biosynthesis Il (anaerobic) -9.3E-06 | 3.71E-06 |102| 101 [0.014| 1Y | Basic | 0.004
HEMESYN2-PWY: heme biosynthesis Il (anaerobic) -9.6E-06 | 3.99E-06 [102| 101 |0.017| 1Y | Full 0.004
HISDEG-PWY: L-histidine degradation | 1.34E-05 | 4.99E-06 |102| 101 |0.008| 1Y | Basic | 0.002
HISDEG-PWY: L-histidine degradation | 1.17E-05 | 5.27E-06 |102| 101 [0.028 | 1Y | Full 0.002
OANTIGEN-PWY: O-antigen building blocks biosynthesis (E. coli) -3.1E-05 | 9.15E-06 [102| 102 |0.000| 1Y | Basic | 0.02
OANTIGEN-PWY: O-antigen building blocks biosynthesis (E. coli) -3.2E-05 | 9.89E-06 [102| 102 |0.001| 1Y | Ful 0.02
P108-PWY: pyruvate fermentation to propanoate | 2.89E-06 | 1.32E-06 |102| 67 |0.031| 1Y | Basic | 0.000
P42-PWY: incomplete reductive TCA cycle -7.5E-06 | 3.14E-06 [102| 102 |0.019| 1Y | Basic | 0.003
P42-PWY: incomplete reductive TCA cycle -8.1E-06 | 3.29E-06 [102| 102 |0.015]| 1Y | Full 0.003
P4-PWY: superpathway of L-lysine, L-threonine and L-methionine biosynthesis | -1.6E-05 | 6.17E-06 [102| 101 |0.010| 1Y | Basic | 0.01
P4-PWY: superpathway of L-lysine, L-threonine and L-methionine biosynthesis | -1.5E-05 | 6.55E-06 [102| 101 |0.024| 1Y | Full 0.01
PENTOSE-P-PWY: pentose phosphate pathway -2.4E-05 | 7.26E-06 [102| 102 |0.001| 1Y | Basic | 0.008
PENTOSE-P-PWY: pentose phosphate pathway -2.6E-05 | 7.71E-06 [102| 102 |0.000| 1Y | Full 0.008
PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis | (bacteria) -1.7E-05 | 8.03E-06 [102| 102 |0.038| 1Y | Basic | 0.009
PHOSLIPSYN-PWY: superpathway of phospholipid biosynthesis | (bacteria) -2.4E-05 | 8.27E-06 [102| 102 |0.004| 1Y | Ful 0.009
PRPP-PWY: superpathway of histidine, purine, and pyrimidine biosynthesis -1.2E-05 | 5.63E-06 [102| 101 |0.031| 1Y | Basic | 0.01
PRPP-PWY: superpathway of histidine, purine, and pyrimidine biosynthesis -1.5E-05 | 5.85E-06 [102| 101 |0.013| 1Y | Ful 0.01
PWY0-321: phenylacetate degradation | (aerobic) 3.41E-06 | 1.3E-06 |101| 18 |0.010| 6 W | Basic | 0.000
PWY0-321: phenylacetate degradation | (aerobic) 3.25E-06 | 1.37E-06 |101| 18 |0.020| 6 W | Full 0.000
PWY0-781: aspartate superpathway -1.6E-05 6E-06 [102| 99 |0.008| 1Y | Basic | 0.009
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Pathway Estimate®| SEP N° N(;]dOt pval Al\gie Modelf Palt?r'la\vzay
PWYO0-781: aspartate superpathway -1.4E-05 | 6.4E-06 [102]| 99 [0.026| 1Y | Full 0.009
PWYO0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage -2.1E-05 | 8.83E-06 [102]| 97 [0.022| 1Y | Basic | 0.01
PWYO0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage -2.6E-05 | 1.09E-05 [101| 85 [0.020| 6 W | Basic | 0.008
PWYO0-845: superpathway of pyridoxal 5'-phosphate biosynthesis and salvage -2.6E-05 | 1.17E-05 [101| 85 [0.030| 6 W | Full 0.008
PWY-3001: superpathway of L-isoleucine biosynthesis | -3.1E-05 | 1.19E-05 [102| 102 |0.011| 1Y | Basic | 0.04
PWY-3001: superpathway of L-isoleucine biosynthesis | -2.9E-05 | 1.27E-05 [102| 102 [0.022 | 1Y | Full 0.04
PWY-3841: folate transformations Il -5.7E-05 | 2.31E-05 [101] 101 |0.015| 6 W | Basic | 0.03
PWY-3841: folate transformations Il -5.4E-05 | 2.47E-05 [101] 101 [0.032| 6 W | Full 0.03
PWY-4242: pantothenate and coenzyme A biosynthesis llI -1.3E-05 | 6.62E-06 [102| 102 [0.048 | 1Y | Basic | 0.009
PWY4FS-7: phosphatidylglycerol biosynthesis | (plastidic) -1.3E-05 | 6.36E-06 [102| 102 [0.045| 1Y | Basic | 0.007
PWY4FS-7: phosphatidylglycerol biosynthesis | (plastidic) -1.8E-05 | 6.58E-06 [102| 102 [0.006 | 1Y | Full 0.007
PWY4FS-8: phosphatidylglycerol biosynthesis Il (non-plastidic) -1.3E-05 | 6.36E-06 [102| 102 [0.045| 1Y | Basic | 0.007
PWY4FS-8: phosphatidylglycerol biosynthesis Il (non-plastidic) -1.8E-05 | 6.58E-06 [102| 102 [0.006 | 1Y | Full 0.007
PWY-5154: L-arginine biosynthesis Il (via N-acetyl-L-citrulline) -1.9E-05 | 7.13E-06 [102| 102 |[0.010| 1Y | Basic | 0.01
PWY-5188: tetrapyrrole biosynthesis | (from glutamate) 2.13E-05 | 1.07E-05 [101| 101 [0.048 | 6 W | Basic | 0.01
PWY-5188: tetrapyrrole biosynthesis | (from glutamate) 2.4E-05 | 1.1E-05 |101| 101 |0.032| 6 W | Full 0.01
PWY-5367: petroselinate biosynthesis 1.28E-05 | 5.99E-06 |102| 93 |0.035| 1Y | Basic | 0.004
PWY-5484: glycolysis Il (from fructose 6-phosphate) -2.2E-05 | 9.9E-06 [102| 102 [0.028 | 1Y | Full 0.01
PWY-5676: acetyl-CoA fermentation to butanoate || -4.7E-06 | 2.23E-06 [102| 100 [0.039| 1Y | Full 0.002
PWY-5695: urate biosynthesis/inosine 5'-phosphate degradation -2.4E-05 | 1.15E-05 [102| 102 |0.038| 1Y | Basic | 0.03
PWY-5791: 1,4-dihydroxy-2-naphthoate biosynthesis Il (plants) -7.6E-06 | 3.13E-06 [102| 99 [0.017| 1Y | Basic | 0.002
PWY-5791: 1,4-dihydroxy-2-naphthoate biosynthesis Il (plants) -7.6E-06 | 3.31E-06 (102 99 [0.023| 1Y | Full 0.002
PWY-5837: 1,4-dihydroxy-2-naphthoate biosynthesis | -7.6E-06 | 3.13E-06 (102 99 [0.017| 1Y | Basic | 0.002
PWY-5837: 1,4-dihydroxy-2-naphthoate biosynthesis | -7.6E-06 | 3.31E-06 (102 99 [0.023| 1Y | Full 0.002
PWY-5897: superpathway of menaquinol-11 biosynthesis -1.3E-05 | 4.46E-06 [102| 99 |0.004| 1Y | Basic | 0.004
PWY-5897: superpathway of menaquinol-11 biosynthesis -1.3E-05 | 4.71E-06 (102 99 [0.007| 1Y | Full 0.004
PWY-5898: superpathway of menaquinol-12 biosynthesis -1.3E-05 | 4.46E-06 [102| 99 |0.004| 1Y | Basic | 0.004
PWY-5898: superpathway of menaquinol-12 biosynthesis -1.3E-05 | 4.71E-06 (102 99 [0.007| 1Y | Full 0.004
PWY-5899: superpathway of menaguinol-13 biosynthesis -1.3E-05 | 4.46E-06 [102| 99 |0.004| 1Y | Basic | 0.004
PWY-5899: superpathway of menaquinol-13 biosynthesis -1.3E-05 | 4.71E-06 (102 99 [0.007| 1Y | Full 0.004
PWY-6147: 6-hydroxymethyl-dihydropterin diphosphate biosynthesis | -1.6E-05 | 6.99E-06 [102| 102 [0.028 | 1Y | Full 0.006
PWY-6897: thiamin salvage I -2.5E-05 | 7.84E-06 [102| 102 |[0.001| 1Y | Basic | 0.01
PWY-6897: thiamin salvage I -2.2E-05 | 8.31E-06 [102| 102 [0.009| 1Y | Full 0.01
PWY-6901: superpathway of glucose and xylose degradation -1.1E-05 | 5E-06 [102| 102 [0.036| 1Y | Basic | 0.005
PWY-6901: superpathway of glucose and xylose degradation -1.4E-05 | 5.25E-06 [102| 102 [0.009| 1Y | Full 0.005
PWY-7204: pyridoxal 5'-phosphate salvage Il (plants) -1.7E-05 | 6.44E-06 [101| 72 |0.011| 6 W | Basic | 0.004
PWY-7204: pyridoxal 5'-phosphate salvage Il (plants) -1.6E-05 | 6.76E-06 [101| 72 [0.023| 6 W | Full 0.004
PWY-7282: 4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis (yeast) -2.6E-05 | 9.4E-06 [102]| 99 [0.006| 1Y | Basic | 0.01
PWY-7282: 4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis (yeast) -2.3E-05 | 1.01E-05 [102] 99 |0.026| 1Y | Ful 0.01
PWY-7323: superpathway of GDP-mannose-derived O-antigen building blocks biosynthesis -8.2E-06 | 3.82E-06 |102| 97 |0.034| 1Y | Ful 0.003
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N not

MB

Pathway

Pathway Estimate®| SEP N® 1 pval Age* Modelf RA
PWY-7328: superpathway of UDP-glucose-derived O-antigen building blocks biosynthesis 5.67E-06 | 2.81E-06 [101| 65 [0.047 | 6 W | Full 0.002
PWY-7323: superpathway of GDP-mannose-derived O-antigen building blocks biosynthesis -8.2E-06 | 3.82E-06 (102 97 [0.034| 1Y | Full 0.003
PWY-7328: superpathway of UDP-glucose-derived O-antigen building blocks biosynthesis 5.67E-06 | 2.81E-06 [101| 65 [0.047 | 6 W | Full 0.002
PWY-7357: thiamin formation from pyrithiamine and oxythiamine (yeast) -2.3E-05 | 1.03E-05 [102| 102 |0.027 | 1Y | Basic | 0.02
PWY-7383: anaerobic energy metabolism (invertebrates, cytosol) 9.36E-06 | 4.2E-06 |101| 79 |0.028| 6 W | Basic | 0.002
PWY-7663: gondoate biosynthesis (anaerobic) -2.5E-05 | 7.98E-06 [102| 102 |[0.002| 1Y | Basic | 0.02
PWY-7663: gondoate biosynthesis (anaerobic) -2.4E-05 | 8.63E-06 [102| 102 [0.006 | 1Y | Full 0.02
PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis | -1.4E-05 | 7.09E-06 [102| 99 [0.047| 1Y | Basic | 0.008
PYRIDOXSYN-PWY: pyridoxal 5'-phosphate biosynthesis | -1.9E-05 | 8.86E-06 [101| 96 [0.038| 6 W | Basic | 0.008
THRESYN-PWY: superpathway of L-threonine biosynthesis -3.6E-05 | 1.28E-05 [102| 102 |0.006| 1Y | Basic | 0.03
THRESYN-PWY: superpathway of L-threonine biosynthesis -3.4E-05 | 1.37E-05 [102]| 102 [0.015]| 1Y | Full 0.03

aMaAsLin models the microbiome as the outcome. Thus, estimate is increase in % relative abundance per point increase on SRS2 T-score

b SE: standard error

¢ Number of subjects in analysis

4 Number of subjects with pathway present

¢ MB Age: age of microbiome sample; 6W: six weeks; 1Y: one year

fCovariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in full model: basic + maternal self-reported smoking
during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age

9 Pathway RA: pathway relative abundance
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Supplementary Table S16. Sample sizes and model variables for primary and sensitivity analyses

Microbiome Primary? Term Infants? Cotinine® Any Breast Feeding PRQ¢ Metagenomics
Age at Six Months®
Six Weeks 166 153 149 163 166 101
One Year 158 145 145 156 156 103
Two Years 129 120 118 127 127 -
Three Years 140 129 129 136 138 -
All 21 - - - - -

a Sample sizes are the same for basic and full models. Covariates in basic model: age at SRS-2, maternal education, marital status, maternal age, paternal age, child sex; covariates in full model: basic +

maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics, and gestational age
b Sample sizes are the same for basic and full models. Covariates the same as primary model except full model adjusts for maternal urinary cotinine during pregnancy in place of maternal self-report of

smoking

¢ Sample sizes are the same for basic and full models. Covariates the same as primary model with the addition of an indicator variable for any breastfeeding at six months in the basic and full models for
six-week microbiome analyses and in the full model for all other microbiome age analyses
4 Sample sizes are the same for basic and full models. Covariates the same as primary model with the addition of the Parenting Relationship Questionnaire (PRQ)
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Supplementary Figure S1. Volcano plot of associations between metagenomically
identified functional pathways and SRS2 total T-scores
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Points representing unmapped or unintegrated pathways have been removed for visual clarity (2 points per plot). Basic models
adjust for age at SRS2, maternal education, marital status, maternal age, paternal age, and child sex. Full models adjust for Basic
Models + maternal self-reported smoking during pregnancy, early exclusive breastfeeding, delivery mode, peripartum antibiotics,
and gestational age. Dashed blue line indicates p = 0.05, dotted orange line indicates p = 0.001. ARGININE-SYN4-PWY: L-ornithine
de novo biosynthesis; ASPASN-PWY: superpathway of L-aspartate and L-asparagine synthesis; OANTINGEN-PWY: O-antigen
building blocks biosynthesis (Escherichia coli); PENTOSE-P-PWY: pentose phosphate pathway; PWY0-845: superpathway of
pyridoxal 5’-phosphate biosynthesis and salvage.
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Supplementary Figure S2. Selection of subjects into analytical cohort

NHBCS live births after stool collection
began who were mailed three-year
questionnaires as of March 1, 2019

(n=721)

_________________________________________________

Excluded (n = 98)

Age > 4.5 years by completion (n = 17)

______________________________ ,i Social Responsiveness Scale not completed (n = 81)

A

Social Responsiveness Scale, 2"
edition completed at age 3 years (before
age 4.5 years)

(n = 623)

A

Stool microbiome sequenced at six
weeks, one year, two years, or three
years

(n = 325)

Missing Covariate Data (n = 52)

i Maternal education (n = 9)

i Marital status (n = 8)

i Parity (n =3)
__________________ ,i Paternal age (n = 11)

! Smoking status (n = 5)

i Feeding mode (n = 35)

i Delivery mode (n=7)

i Antibiotic exposure (n = 9)

A

Final Analytical Set
(n=273)
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