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Supplementary Figure 1. Over-representation
analysis of genes which were significantly
differentially expressed (q < 0.05) in GF versus
SPF fetal murine intestine, brain and placenta.
Top 100 enriched ontology terms are shown.
Metascape 3.5 using gene prioritization by
evidence counting and selective GO clusters.
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Supplementary Figure 2. Over-representation
analysis of genes which were significantly
downregulated or upregulated (q < 0.05) in GF
versus SPF fetal murine intestine (DE) and genes
with OPLS-DA variable importance in projection
(VIP)>1 and negative or positive S-plot loadings.
Top 100 enriched ontology terms are shown.
Metascape 3.5 using gene prioritization by
evidence counting.
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Supplementary Figure 3. Over-representation
analysis of genes which were significantly
downregulated or upregulated (q < 0.05) in GF
versus SPF fetal murine brain.

Metascape 3.5 using gene prioritization by
evidence counting.
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Supplementary Figure 5. Heatmaps for the interferon alpha and interferon gamma response gene sets.
a) Intestine Hallmark Interferon alpha Response, b) Intestine Hallmark Interferon gamma Response, c¢) Brain Hallmark Interferon
alpha Response, d) Brain Hallmark Interferon gamma Response. Red = high expression, dark blue = lowest expression.
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Supplementary Figure 6. Over-representation analysis of genes strongly associated with metabolites in fetal intestine.
Highest-scoring molecular features missing from GF fetuses (left) and highest-scoring annotated metabolites more abundant in
SPF fetuses (right). Top 100 enriched ontology terms are shown. Here, non-selective picking of ontology clusters was used.
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G0:0007626: locomotory behavior

G0:0007610: behavior

G0:0044057: regulation of system process

mmu05163: Human cytomegalovirus infection

G0:0050839: cell adhesion molecule binding

G0:0051098: regulation of binding

G0:0071396: cellular response to lipid

G0:0043209: myelin sheath

G0:1903530: regulation of secretion by cell

G0:0051345: positive regulation of hydrolase activity
G0:0010976: positive regulation of neuron projection development
(G0:0099536: synaptic signaling

G0:0035239: tube morphogenesis

(G0:0043543: protein acylation

GO0:0001775: cell activation

mmu04217: Necroptosis

G0:0048754: branching morphogenesis of an epithelial tube
G0:0051153: regulation of striated muscle cell differentiation
(G0:0031400: negative regulation of protein modification process
G0:0051090: regulation of DNA-binding transcription factor activity
G0:0003779: actin binding

G0:0045669: positive regulation of osteoblast differentiation
G0:0097386: glial cell projection

R-MMU-418594: G alpha (i) signalling events

G0:0071407: cellular response to organic cyclic compound
G0:0034341: response to interferon-gamma

G0:0048168: regulation of neuronal synaptic plasticity
(G0:0048525: negative regulation of viral process
mmu04728: Dopaminergic synapse

mmu05165: Human papillomavirus infection

G0:0007265: Ras protein signal transduction

Supplementary Figure 7. Over-representation analysis of genes strongly associated with metabolites in fetal brain.
Metabolites missing from GF fetuses are indicated by *. Top 100 enriched ontology terms are shown. Here, non-selective

picking of ontology clusters was used.
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G0:0090066: regulation of anatomical structure size
G0:0051048: negative regulation of secretion

G0:0006937: regulation of muscle contraction

G0:0030217: T cell differentiation

G0:0051046: regulation of secretion

G0:0042060: wound healing

mmu05200: Pathways in cancer

G0:0030198: extracellular matrix organization

G0:0051607: defense response to virus

G0:0120035: regulation of plasma membrane bounded cell projection organization
(G0:0035239: tube morphogenesis

G0:0045785: positive regulation of cell adhesion
G0:0050866: negative regulation of cell activation
G0:0016055: Wnt signaling pathway

G0:0010942: positive regulation of cell death

G0:0046942: carboxylic acid transport

G0:0010038: response to metal ion

G0:0042176: regulation of protein catabolic process
G0:0010594: regulation of endothelial cell migration
mmu05169: Epstein-Barr virus infection

G0:0032102: negative regulation of response to external stimulus
G0:0042063: gliogenesis

(G0:1901214: regulation of neuron death

G0:0030336: negative regulation of cell migration
G0:0009896: positive regulation of catabolic process
G0:0050764: regulation of phagocytosis

G0:0050727: regulation of inflammatory response
G0:1902991: regulation of amyloid precursor protein catabolic process
G0:0001558: regulation of cell growth

G0:0005975: carbohydrate metabolic process

G0:0030162: regulation of proteolysis

(G0:0098609: cell-cell adhesion

G0:0031667: response to nutrient levels

G0:0062012: regulation of small molecule metabolic process
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R-MMU-1428517: The citric acid (TCA) cycle and respiratory electron transport
G0:0030111: regulation of Wnt signaling pathway
G0:0010942: positive regulation of cell death

G0:0008233: peptidase activity

(G0:0005509: calcium ion binding

G0:0035239: tube morphogenesis

(G0:0120035: regulation of plasma membrane bounded cell projection organization
G0:0045785: positive regulation of cell adhesion
(G0:0002683: negative regulation of immune system process
G0:0005539: glycosaminoglycan binding

G0:0007423: sensory organ development

G0:0032989: cellular component morphogenesis
G0:0062023: collagen-containing extracellular matrix
G0:0021782: glial cell development

G0:0048705: skeletal system morphogenesis

(G0:0031625: ubiquitin protein ligase binding

G0:0061035: regulation of cartilage development
G0:0006937: regulation of muscle contraction

G0:0042176: regulation of protein catabolic process
G0:0051607: defense response to virus

mmu05200: Pathways in cancer

G0:0001817: regulation of cytokine production

G0:0031667: response to nutrient levels

G0:0042110: T cell activation

G0:0051046: regulation of secretion

G0:0016323: basolateral plasma membrane

G0:0015631: tubulin binding

G0:0016324: apical plasma membrane

G0:0098984: neuron to neuron synapse

G0:0030424: axon

G0:0050839: cell adhesion molecule binding

G0:0042803: protein homodimerization activity
G0:0045861: negative regulation of proteolysis
(G0:0016491: oxidoreductase activity

(G0:0048469: cell maturation

G0:0002262: myeloid cell homeostasis

R-MMU-6798695: Neutrophil degranulation

G0:0005911: cell-cell junction

G0:0045596: negative regulation of cell differentiation
(G0:0032102: negative regulation of response to external stimulus
G0:0007162: negative regulation of cell adhesion
G0:0010977: negative regulation of neuron projection development
(G0:0062012: regulation of small molecule metabolic process
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Supplementary Figure 8. Over-representation analysis of
genes strongly associated with metabolites in placenta.
Highest-scoring molecular features missing from GF fetuses
(top) and highest-scoring annotated metabolites more
abundant in SPF fetuses (bottom). Here, non-selective
picking of ontology clusters was used.
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