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 GO:2001233: regulation of apoptotic signaling pathway
 GO:0010942: positive regulation of cell death
 GO:0042176: regulation of protein catabolic process
 GO:0045596: negative regulation of cell differentiation
 GO:0001570: vasculogenesis
 GO:0048729: tissue morphogenesis
 GO:0050727: regulation of inflammatory response
 GO:0070161: anchoring junction
 GO:0090066: regulation of anatomical structure size
 GO:0043549: regulation of kinase activity
 GO:0048732: gland development
 GO:0030162: regulation of proteolysis
 GO:0090287: regulation of cellular response to growth factor stimulus
 GO:0010594: regulation of endothelial cell migration
 GO:0070848: response to growth factor
 GO:0072001: renal system development
 GO:0040013: negative regulation of locomotion
 GO:0016209: antioxidant activity
 GO:0051147: regulation of muscle cell differentiation
 GO:0048871: multicellular organismal-level homeostasis
 GO:0035239: tube morphogenesis
 GO:0044057: regulation of system process
 GO:0042063: gliogenesis
 GO:0012506: vesicle membrane
 GO:0120035: regulation of plasma membrane bounded cell projection organization
 GO:0000902: cell morphogenesis
 GO:0043025: neuronal cell body
 GO:0010035: response to inorganic substance
 GO:1903829: positive regulation of protein localization
 GO:0000323: lytic vacuole
 GO:0048471: perinuclear region of cytoplasm
 GO:0009895: negative regulation of catabolic process
 GO:0048661: positive regulation of smooth muscle cell proliferation
 GO:0032102: negative regulation of response to external stimulus
 GO:0005507: copper ion binding
 GO:0001667: ameboidal-type cell migration
 GO:0005315: inorganic phosphate transmembrane transporter activity
 GO:0015291: secondary active transmembrane transporter activity
 GO:0031349: positive regulation of defense response
 GO:0010876: lipid localization
 GO:0098858: actin-based cell projection
 GO:0062023: collagen-containing extracellular matrix
 GO:1902532: negative regulation of intracellular signal transduction
 GO:0045178: basal part of cell
 GO:0008285: negative regulation of cell population proliferation
 GO:0009611: response to wounding
 GO:0009991: response to extracellular stimulus
 GO:0044389: ubiquitin-like protein ligase binding
 GO:0015711: organic anion transport
 GO:0019838: growth factor binding
 GO:0062012: regulation of small molecule metabolic process
 GO:0005539: glycosaminoglycan binding
 GO:0031329: regulation of cellular catabolic process
 GO:0040008: regulation of growth
 GO:0030335: positive regulation of cell migration
 GO:0014004: microglia differentiation
 GO:0045667: regulation of osteoblast differentiation
 GO:0032890: regulation of organic acid transport
 GO:0009743: response to carbohydrate
 GO:0008134: transcription factor binding
 GO:1901136: carbohydrate derivative catabolic process
 GO:0045182: translation regulator activity
 GO:0016874: ligase activity
 GO:0032787: monocarboxylic acid metabolic process
 GO:0022600: digestive system process
 GO:0043021: ribonucleoprotein complex binding
 GO:0006520: amino acid metabolic process
 GO:1904851: positive regulation of establishment of protein localization to telomere
 GO:0010608: post-transcriptional regulation of gene expression
 GO:0042175: nuclear outer membrane-endoplasmic reticulum membrane network
 GO:0006753: nucleoside phosphate metabolic process
 GO:1901615: organic hydroxy compound metabolic process
 GO:0140657: ATP-dependent activity
 GO:0005844: polysome
 GO:0042824: MHC class I peptide loading complex
 GO:0019725: cellular homeostasis
 GO:0043467: regulation of generation of precursor metabolites and energy
 GO:0034399: nuclear periphery
 GO:0009725: response to hormone
 GO:0043603: amide metabolic process
 GO:0005903: brush border
 GO:0022627: cytosolic small ribosomal subunit
 GO:0019843: rRNA binding
 GO:0061351: neural precursor cell proliferation
 GO:0098727: maintenance of cell number
 GO:0098984: neuron to neuron synapse
 GO:0048168: regulation of neuronal synaptic plasticity
 GO:0098793: presynapse
 GO:0010743: regulation of macrophage derived foam cell differentiation
 GO:0001818: negative regulation of cytokine production
 GO:0043209: myelin sheath
 GO:0005200: structural constituent of cytoskeleton
 GO:0097386: glial cell projection
 GO:0051098: regulation of binding
 GO:0034341: response to type II interferon
 GO:0048027: mRNA 5'-UTR binding
 GO:0048525: negative regulation of viral process
 GO:0036464: cytoplasmic ribonucleoprotein granule
 GO:0000278: mitotic cell cycle
 GO:0006403: RNA localization
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Supplementary Figure 1. Over-representa�on 
analysis of genes which were significantly 
differen�ally expressed (q < 0.05) in GF versus 
SPF fetal murine intes�ne, brain and placenta. 
Top 100 enriched ontology terms are shown. 
Metascape 3.5 using gene priori�za�on by 
evidence coun�ng and selec�ve GO clusters.



 GO:0043021: ribonucleoprotein complex binding
 GO:0019843: rRNA binding
 GO:0062023: collagen-containing extracellular matrix
 GO:0000278: mitotic cell cycle
 GO:0043209: myelin sheath
 GO:0006790: sulfur compound metabolic process
 GO:0006753: nucleoside phosphate metabolic process
 GO:1903829: positive regulation of protein localization
 GO:0043467: regulation of generation of precursor metabolites and energy
 GO:0140657: ATP-dependent activity
 GO:0051098: regulation of binding
 GO:0043603: amide metabolic process
 GO:0045598: regulation of fat cell differentiation
 GO:0010638: positive regulation of organelle organization
 GO:0009123: nucleoside monophosphate metabolic process
 GO:0031647: regulation of protein stability
 GO:0008134: transcription factor binding
 GO:0050840: extracellular matrix binding
 GO:0040008: regulation of growth
 GO:0009314: response to radiation
 GO:0080135: regulation of cellular response to stress
 GO:0001944: vasculature development
 GO:0022613: ribonucleoprotein complex biogenesis
 GO:0034504: protein localization to nucleus
 GO:1901798: positive regulation of signal transduction by p53 class mediator
 GO:0016874: ligase activity
 GO:1901989: positive regulation of cell cycle phase transition
 GO:0000028: ribosomal small subunit assembly
 GO:1904816: positive regulation of protein localization to chromosome, telomeric region
 GO:0036464: cytoplasmic ribonucleoprotein granule
 GO:0034399: nuclear periphery
 GO:0006520: amino acid metabolic process
 GO:0005844: polysome
 GO:0006403: RNA localization
 GO:0033044: regulation of chromosome organization
 GO:0071013: catalytic step 2 spliceosome
 GO:0010608: post-transcriptional regulation of gene expression
 GO:0003729: mRNA binding
 GO:0008135: translation factor activity, RNA binding
 GO:0000323: lytic vacuole
 GO:0005902: microvillus
 GO:0010876: lipid localization
 GO:0009615: response to virus
 GO:0005903: brush border
 GO:0048471: perinuclear region of cytoplasm
 GO:0015291: secondary active transmembrane transporter activity
 GO:0019725: cellular homeostasis
 GO:0001816: cytokine production
 GO:0042175: nuclear outer membrane-endoplasmic reticulum membrane network
 GO:0009743: response to carbohydrate
 GO:0062012: regulation of small molecule metabolic process
 GO:0009991: response to extracellular stimulus
 GO:0140374: antiviral innate immune response
 GO:0002697: regulation of immune effector process
 GO:0062207: regulation of pattern recognition receptor signaling pathway
 GO:0007584: response to nutrient
 GO:0008285: negative regulation of cell population proliferation
 GO:0050727: regulation of inflammatory response
 GO:0008270: zinc ion binding
 GO:0010815: bradykinin catabolic process
 GO:0031581: hemidesmosome assembly
 GO:0043230: extracellular organelle
 GO:0010038: response to metal ion
 GO:0002683: negative regulation of immune system process
 GO:0015850: organic hydroxy compound transport
 GO:1901136: carbohydrate derivative catabolic process
 GO:0043122: regulation of I-kappaB kinase/NF-kappaB signaling
 GO:0031528: microvillus membrane
 GO:0022600: digestive system process
 GO:0051180: vitamin transport
 GO:0048002: antigen processing and presentation of peptide antigen
 GO:0035456: response to interferon-beta
 GO:0055088: lipid homeostasis
 GO:0045178: basal part of cell
 GO:0031329: regulation of cellular catabolic process
 GO:0044242: cellular lipid catabolic process
 GO:0008514: organic anion transmembrane transporter activity
 GO:0031348: negative regulation of defense response
 GO:0009725: response to hormone
 GO:0002252: immune effector process
 GO:1901615: organic hydroxy compound metabolic process
 GO:0060759: regulation of response to cytokine stimulus
 GO:0016042: lipid catabolic process
 GO:0032647: regulation of interferon-alpha production
 GO:0001906: cell killing
 GO:0051090: regulation of DNA-binding transcription factor activity
 GO:0002460: adaptive immune response based on somatic recombination of immune receptors built from immunoglobulin superfamily domains
 GO:0003725: double-stranded RNA binding
 GO:0014070: response to organic cyclic compound
 GO:0045121: membrane raft
 GO:0030099: myeloid cell differentiation
 GO:0008643: carbohydrate transport
 GO:0048871: multicellular organismal-level homeostasis
 GO:1902532: negative regulation of intracellular signal transduction
 GO:1901214: regulation of neuron death
 GO:0030335: positive regulation of cell migration
 GO:0019901: protein kinase binding
 GO:0046626: regulation of insulin receptor signaling pathway
 GO:0030522: intracellular receptor signaling pathway
 GO:0031400: negative regulation of protein modification process
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Supplementary Figure 2. Over-representa�on 
analysis of genes which were significantly 
downregulated or upregulated (q < 0.05) in GF 
versus SPF fetal murine intes�ne (DE) and genes 
with OPLS-DA variable importance in projec�on 
(VIP)>1 and nega�ve or posi�ve S-plot loadings.
Top 100 enriched ontology terms are shown. 
Metascape 3.5 using gene priori�za�on by 
evidence coun�ng.



Supplementary Figure 3. Over-representa�on 
analysis of genes which were significantly 
downregulated or upregulated (q < 0.05) in GF 
versus SPF fetal murine brain.
Metascape 3.5 using gene priori�za�on by 
evidence coun�ng.

 GO:0043025: neuronal cell body
 GO:0010976: positive regulation of neuron projection development
 GO:0070050: neuron cellular homeostasis
 GO:0051592: response to calcium ion
 GO:0050839: cell adhesion molecule binding
 GO:0051345: positive regulation of hydrolase activity
 GO:0043209: myelin sheath
 GO:0010743: regulation of macrophage derived foam cell differentiation
 GO:0048168: regulation of neuronal synaptic plasticity
 GO:0048525: negative regulation of viral process
 GO:0097386: glial cell projection
 GO:0030133: transport vesicle
 GO:0034341: response to type II interferon
 GO:0099538: synaptic signaling via neuropeptide
 GO:0042063: gliogenesis
 GO:0070934: CRD-mediated mRNA stabilization
 GO:0021846: cell proliferation in forebrain
 GO:1903131: mononuclear cell differentiation
 GO:0001657: ureteric bud development
 GO:0044770: cell cycle phase transition
 GO:0051098: regulation of binding
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 GO:0046903: secretion
 GO:0030278: regulation of ossification
 GO:0050873: brown fat cell differentiation
 GO:0006869: lipid transport
 GO:0043177: organic acid binding
 GO:0030500: regulation of bone mineralization
 GO:0003013: circulatory system process
 GO:0032432: actin filament bundle
 GO:0061448: connective tissue development
 GO:0033986: response to methanol
 GO:0044194: cytolytic granule
 GO:0097435: supramolecular fiber organization
 GO:0015850: organic hydroxy compound transport
 GO:0005583: fibrillar collagen trimer
 GO:0045807: positive regulation of endocytosis
 GO:0031995: insulin-like growth factor II binding
 GO:0060537: muscle tissue development
 GO:0048771: tissue remodeling
 GO:0001894: tissue homeostasis
 GO:0061024: membrane organization
 GO:0062023: collagen-containing extracellular matrix
 GO:0048660: regulation of smooth muscle cell proliferation
 GO:0048729: tissue morphogenesis
 GO:0016209: antioxidant activity
 GO:0048871: multicellular organismal-level homeostasis
 GO:0048638: regulation of developmental growth
 GO:0048662: negative regulation of smooth muscle cell proliferation
 GO:0045178: basal part of cell
 GO:0045744: negative regulation of G protein-coupled receptor signaling pathway
 GO:0015711: organic anion transport
 GO:0002274: myeloid leukocyte activation
 GO:0001701: in utero embryonic development
 GO:0051896: regulation of protein kinase B signaling
 GO:0009895: negative regulation of catabolic process
 GO:0042176: regulation of protein catabolic process
 GO:0032970: regulation of actin filament-based process
 GO:1905207: regulation of cardiocyte differentiation
 GO:0000041: transition metal ion transport
 GO:0007167: enzyme-linked receptor protein signaling pathway
 GO:0032103: positive regulation of response to external stimulus
 GO:0006979: response to oxidative stress
 GO:0070161: anchoring junction
 GO:0009896: positive regulation of catabolic process
 GO:0034103: regulation of tissue remodeling
 GO:0030510: regulation of BMP signaling pathway
 GO:1905953: negative regulation of lipid localization
 GO:0048589: developmental growth
 GO:0032989: cellular component morphogenesis
 GO:0040013: negative regulation of locomotion
 GO:0051051: negative regulation of transport
 GO:0005509: calcium ion binding
 GO:0043025: neuronal cell body
 GO:0042063: gliogenesis
 GO:0003158: endothelium development
 GO:0060191: regulation of lipase activity
 GO:0043010: camera-type eye development
 GO:0055080: monoatomic cation homeostasis
 GO:1901214: regulation of neuron death
 GO:0010817: regulation of hormone levels
 GO:0045121: membrane raft
 GO:0044703: multi-organism reproductive process
 GO:1904035: regulation of epithelial cell apoptotic process
 GO:0044057: regulation of system process
 GO:0098609: cell-cell adhesion
 GO:0043588: skin development
 GO:0008285: negative regulation of cell population proliferation
 GO:0040008: regulation of growth
 GO:0030335: positive regulation of cell migration
 GO:0035239: tube morphogenesis
 GO:0019838: growth factor binding
 GO:1903034: regulation of response to wounding
 GO:0031667: response to nutrient levels
 GO:0001503: ossification
 GO:0050865: regulation of cell activation
 GO:0050900: leukocyte migration
 GO:0009725: response to hormone
 GO:0009611: response to wounding
 GO:0010035: response to inorganic substance
 GO:0048732: gland development
 GO:0001819: positive regulation of cytokine production
 GO:2001233: regulation of apoptotic signaling pathway
 GO:0030162: regulation of proteolysis
 GO:0010942: positive regulation of cell death
 GO:0050839: cell adhesion molecule binding
 GO:0000323: lytic vacuole
 GO:0045596: negative regulation of cell differentiation
 GO:0070848: response to growth factor
 GO:0001775: cell activation
 GO:0090090: negative regulation of canonical Wnt signaling pathway
 GO:0048471: perinuclear region of cytoplasm
 GO:0019216: regulation of lipid metabolic process
 GO:0005518: collagen binding
 GO:0043408: regulation of MAPK cascade
 GO:0050727: regulation of inflammatory response
 GO:0071634: regulation of transforming growth factor beta production
 GO:2001235: positive regulation of apoptotic signaling pathway
 GO:0046677: response to antibiotic
 GO:0051046: regulation of secretion
 GO:0051960: regulation of nervous system development
 GO:0010632: regulation of epithelial cell migration
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Supplementary Figure 4. Over-representa�on 
analysis of genes which were significantly 
downregulated or upregulated (q < 0.05) in GF 
versus SPF murine placenta (DE) and genes with 
OPLS-DA variable importance in projec�on (VIP)>1 
and nega�ve or posi�ve S-plot loadings.
Top 100 enriched ontology terms are shown. 
Metascape 3.5 using gene priori�za�on by 
evidence coun�ng.



Supplementary Figure 5. Heatmaps for the interferon alpha and interferon gamma response gene sets. 
a) Intes�ne Hallmark Interferon alpha Response, b) Intes�ne 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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 GO:0031347: regulation of defense response
 R-MMU-556833: Metabolism of lipids
 GO:0010876: lipid localization
 R-MMU-382551: Transport of small molecules
 R-MMU-6798695: Neutrophil degranulation
 GO:0003727: single-stranded RNA binding
 GO:0016462: pyrophosphatase activity
 GO:0022613: ribonucleoprotein complex biogenesis
 GO:0043021: ribonucleoprotein complex binding
 WP310: mRNA processing
 GO:0051604: protein maturation
 GO:0019843: rRNA binding
 GO:2000112: regulation of cellular macromolecule biosynthetic process
 CORUM:3047: Parvulin-associated pre-rRNP complex
 GO:0005518: collagen binding
 R-MMU-68882: Mitotic Anaphase
 mmu04978: Mineral absorption
 GO:0061448: connective tissue development
 GO:0060612: adipose tissue development
 GO:0010883: regulation of lipid storage
 GO:0008643: carbohydrate transport
 GO:0033119: negative regulation of RNA splicing
 GO:0015711: organic anion transport
 GO:0003018: vascular process in circulatory system
 GO:0004812: aminoacyl-tRNA ligase activity
 GO:0062207: regulation of pattern recognition receptor signaling pathway
 GO:1901652: response to peptide
 GO:0060759: regulation of response to cytokine stimulus
 R-MMU-70263: Gluconeogenesis
 GO:0042803: protein homodimerization activity
 R-MMU-196854: Metabolism of vitamins and cofactors
 GO:0090322: regulation of superoxide metabolic process
 GO:0008430: selenium binding
 mmu04975: Fat digestion and absorption
 GO:0002697: regulation of immune effector process
 GO:0003096: renal sodium ion transport
 GO:0032652: regulation of interleukin-1 production
 WP662: Amino acid metabolism
 GO:0009743: response to carbohydrate
 GO:0042326: negative regulation of phosphorylation
 GO:0030033: microvillus assembly
 GO:0032069: regulation of nuclease activity
 GO:0015748: organophosphate ester transport
 GO:0008283: cell population proliferation
 WP435: One-carbon metabolism
 GO:1903320: regulation of protein modification by small protein conjugation or removal
 R-MMU-1169410: Antiviral mechanism by IFN-stimulated genes
 WP1253: Type II interferon signaling (IFNG)
 GO:0001817: regulation of cytokine production
 GO:1901214: regulation of neuron death
 GO:0016788: hydrolase activity, acting on ester bonds
 GO:0062012: regulation of small molecule metabolic process
 GO:0019216: regulation of lipid metabolic process
 GO:1905952: regulation of lipid localization
 GO:0051098: regulation of binding
 GO:0043367: CD4-positive, alpha-beta T cell differentiation
 mmu04142: Lysosome
 GO:0003950: NAD+ ADP-ribosyltransferase activity
 GO:0051100: negative regulation of binding
 GO:0008509: anion transmembrane transporter activity
 WP307: Translation factors
 GO:1905097: regulation of guanyl-nucleotide exchange factor activity
 GO:0015931: nucleobase-containing compound transport
 GO:0044790: suppression of viral release by host
 GO:0003725: double-stranded RNA binding
 GO:1901998: toxin transport
 mmu05160: Hepatitis C
 GO:0044389: ubiquitin-like protein ligase binding
 GO:0072331: signal transduction by p53 class mediator
 GO:0031667: response to nutrient levels
 GO:0019882: antigen processing and presentation
 GO:0005975: carbohydrate metabolic process
 GO:0045646: regulation of erythrocyte differentiation
 GO:0051235: maintenance of location
 GO:0008270: zinc ion binding
 GO:0009268: response to pH
 GO:0001816: cytokine production
 GO:0035456: response to interferon-beta
 GO:0002720: positive regulation of cytokine production involved in immune response
 GO:1902532: negative regulation of intracellular signal transduction
 GO:0004175: endopeptidase activity
 GO:0002252: immune effector process
 GO:0046626: regulation of insulin receptor signaling pathway
 GO:0051101: regulation of DNA binding
 GO:0008134: transcription factor binding
 GO:0071346: cellular response to interferon-gamma
 GO:0022411: cellular component disassembly
 GO:0042255: ribosome assembly
 GO:0071548: response to dexamethasone
 GO:0045824: negative regulation of innate immune response
 GO:0036002: pre-mRNA binding
 mmu00920: Sulfur metabolism
 GO:0003712: transcription coregulator activity
 GO:0008285: negative regulation of cell population proliferation
 GO:0050729: positive regulation of inflammatory response
 GO:0072091: regulation of stem cell proliferation
 GO:1903829: positive regulation of protein localization
 GO:0043236: laminin binding
 GO:0009615: response to virus
 R-MMU-72613: Eukaryotic Translation Initiation
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 GO:0031668: cellular response to extracellular stimulus
 GO:0072331: signal transduction by p53 class mediator
 GO:0002833: positive regulation of response to biotic stimulus
 GO:0009615: response to virus
 WP307: Translation factors
 GO:0006403: RNA localization
 WP310: mRNA processing
 R-MMU-72613: Eukaryotic Translation Initiation
 CORUM:3047: Parvulin-associated pre-rRNP complex
 R-MMU-556833: Metabolism of lipids
 GO:0031664: regulation of lipopolysaccharide-mediated signaling pathway
 GO:0071675: regulation of mononuclear cell migration
 R-MMU-382551: Transport of small molecules
 GO:0010876: lipid localization
 GO:0019751: polyol metabolic process
 GO:0044242: cellular lipid catabolic process
 GO:0042552: myelination
 GO:0008643: carbohydrate transport
 GO:0010883: regulation of lipid storage
 R-MMU-9755511: KEAP1-NFE2L2 pathway
 GO:0061448: connective tissue development
 R-MMU-6798695: Neutrophil degranulation
 R-MMU-194315: Signaling by Rho GTPases
 GO:0010675: regulation of cellular carbohydrate metabolic process
 R-MMU-72695: Formation of the ternary complex, and subsequently, the 43S complex
 GO:0006913: nucleocytoplasmic transport
 GO:1901798: positive regulation of signal transduction by p53 class mediator
 GO:0120162: positive regulation of cold-induced thermogenesis
 GO:0044283: small molecule biosynthetic process
 GO:0045646: regulation of erythrocyte differentiation
 GO:1904816: positive regulation of protein localization to chromosome, telomeric region
 WP662: Amino acid metabolism
 GO:0006639: acylglycerol metabolic process
 GO:1903320: regulation of protein modification by small protein conjugation or removal
 mmu01240: Biosynthesis of cofactors
 mmu04142: Lysosome
 R-MMU-210991: Basigin interactions
 R-MMU-1169410: Antiviral mechanism by IFN-stimulated genes
 GO:0019081: viral translation
 R-MMU-2262752: Cellular responses to stress
 GO:0015712: hexose phosphate transport
 mmu04975: Fat digestion and absorption
 GO:0002699: positive regulation of immune effector process
 GO:0001816: cytokine production
 R-MMU-437239: Recycling pathway of L1
 GO:0060416: response to growth hormone
 mmu05166: Human T-cell leukemia virus 1 infection
 R-MMU-917937: Iron uptake and transport
 R-MMU-196854: Metabolism of vitamins and cofactors
 WP1253: Type II interferon signaling (IFNG)
 GO:0000054: ribosomal subunit export from nucleus
 GO:0019221: cytokine-mediated signaling pathway
 mmu04210: Apoptosis
 R-MMU-9696264: RND3 GTPase cycle
 GO:0042306: regulation of protein import into nucleus
 GO:0040015: negative regulation of multicellular organism growth
 GO:0046649: lymphocyte activation
 R-MMU-168898: Toll-like Receptor Cascades
 GO:0030277: maintenance of gastrointestinal epithelium
 R-MMU-381119: Unfolded Protein Response (UPR)
 mmu05169: Epstein-Barr virus infection
 GO:1901652: response to peptide
 GO:0022411: cellular component disassembly
 mmu05012: Parkinson disease
 GO:0010665: regulation of cardiac muscle cell apoptotic process
 WP435: One-carbon metabolism
 R-MMU-2022090: Assembly of collagen fibrils and other multimeric structures
 GO:0070828: heterochromatin organization
 R-MMU-72163: mRNA Splicing - Major Pathway
 GO:0097061: dendritic spine organization
 GO:0043243: positive regulation of protein-containing complex disassembly
 R-MMU-3700989: Transcriptional Regulation by TP53
 R-MMU-6781823: Formation of TC-NER Pre-Incision Complex
 GO:0071364: cellular response to epidermal growth factor stimulus
 GO:1901028: regulation of mitoch. outer membrane permeabilization inv. in apoptotic signaling pathway
 GO:0000727: double-strand break repair via break-induced replication
 R-MMU-1980143: Signaling by NOTCH1
 GO:0018205: peptidyl-lysine modification
 GO:2000516: positive regulation of CD4-positive, alpha-beta T cell activation
 GO:0009259: ribonucleotide metabolic process
 GO:0061640: cytoskeleton-dependent cytokinesis
 GO:0097435: supramolecular fiber organization
 GO:0046324: regulation of glucose import
 GO:0002683: negative regulation of immune system process
 GO:0022613: ribonucleoprotein complex biogenesis
 GO:0006825: copper ion transport
 GO:2000377: regulation of reactive oxygen species metabolic process
 mmu05164: Influenza A
 GO:0045931: positive regulation of mitotic cell cycle
 R-MMU-70263: Gluconeogenesis
 GO:0018105: peptidyl-serine phosphorylation
 GO:0051962: positive regulation of nervous system development
 GO:0006111: regulation of gluconeogenesis
 GO:0051494: negative regulation of cytoskeleton organization
 R-MMU-1428517: The citric acid (TCA) cycle and respiratory electron transport
 GO:0010563: negative regulation of phosphorus metabolic process
 GO:0042273: ribosomal large subunit biogenesis
 mmu05134: Legionellosis
 GO:0048661: positive regulation of smooth muscle cell proliferation
 GO:1901214: regulation of neuron death
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Supplementary Figure 6. Over-representa�on analysis of genes strongly associated with metabolites in fetal intes�ne. 
Highest-scoring molecular features missing from GF fetuses (le�) and highest-scoring annotated metabolites more abundant in 
SPF fetuses (right). Top 100 enriched ontology terms are shown. Here, non-selec�ve picking of ontology clusters was used.



Supplementary Figure 7. Over-representa�on 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-selec�ve 
picking of ontology clusters was used.

 GO:0007265: Ras protein signal transduction
 mmu05165: Human papillomavirus infection
 mmu04728: Dopaminergic synapse
 GO:0048525: negative regulation of viral process
 GO:0048168: regulation of neuronal synaptic plasticity
 GO:0034341: response to interferon-gamma
 GO:0071407: cellular response to organic cyclic compound
 R-MMU-418594: G alpha (i) signalling events
 GO:0097386: glial cell projection
 GO:0045669: positive regulation of osteoblast differentiation
 GO:0003779: actin binding
 GO:0051090: regulation of DNA-binding transcription factor activity
 GO:0031400: negative regulation of protein modification process
 GO:0051153: regulation of striated muscle cell differentiation
 GO:0048754: branching morphogenesis of an epithelial tube
 mmu04217: Necroptosis
 GO:0001775: cell activation
 GO:0043543: protein acylation
 GO:0035239: tube morphogenesis
 GO:0099536: synaptic signaling
 GO:0010976: positive regulation of neuron projection development
 GO:0051345: positive regulation of hydrolase activity
 GO:1903530: regulation of secretion by cell
 GO:0043209: myelin sheath
 GO:0071396: cellular response to lipid
 GO:0051098: regulation of binding
 GO:0050839: cell adhesion molecule binding
 mmu05163: Human cytomegalovirus infection
 GO:0044057: regulation of system process
 GO:0007610: behavior
 GO:0007626: locomotory behavior

 H
ILIC

_neg_305_0126a2_09
 H

ILIC
_pos_72_0809a7_873

 H
ydroxybenzenesulfonic acid or phenylsulfate*

 4-H
ydroxybenzenesulfonic acid*

 H
ILIC

_pos_148_0977a5_944
 H

ILIC
_pos_433_3531a0_833*

 3-Indolepropionic acid*

 H
ILIC

_pos_267_1385a5_509
 R

P
_pos_130_0487a1_11

 H
ILIC

_pos_180_0874a6_788
 H

ILIC
_pos_169_0979a0_753

 H
ILIC

_pos_440_1404a5_69*
 P

yrocatechol sulfate or isom
er*

 H
ILIC

_pos_225_124a6_82
 Indoxyl sulfate*

 R
P

_pos_252_0897a1_848
 H

ILIC
_pos_263_0738a5_329

 H
ILIC

_pos_204_0627a5_324
 H

ILIC
_pos_167_0752a0_91

 G
lu-Tyr

 H
ILIC

_pos_159_028a1_484
 H

ILIC
_pos_309_1297a6_813

 H
ILIC

_pos_259_1662a5_826
 H

ILIC
_pos_285_0034a4_317

 H
ILIC

_neg_253_05a7_257
 H

ILIC
_neg_322_9895a1_504

0 2 3 4 6 10 20

-log10(P)



Supplementary Figure 8. Over-representa�on 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 (bo�om). Here, non-selec�ve 
picking of ontology clusters was used.
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 GO:0062012: regulation of small molecule metabolic process
 GO:0010977: negative regulation of neuron projection development
 GO:0007162: negative regulation of cell adhesion
 GO:0032102: negative regulation of response to external stimulus
 GO:0045596: negative regulation of cell differentiation
 GO:0005911: cell-cell junction
 R-MMU-6798695: Neutrophil degranulation
 GO:0002262: myeloid cell homeostasis
 GO:0048469: cell maturation
 GO:0016491: oxidoreductase activity
 GO:0045861: negative regulation of proteolysis
 GO:0042803: protein homodimerization activity
 GO:0050839: cell adhesion molecule binding
 GO:0030424: axon
 GO:0098984: neuron to neuron synapse
 GO:0016324: apical plasma membrane
 GO:0015631: tubulin binding
 GO:0016323: basolateral plasma membrane
 GO:0051046: regulation of secretion
 GO:0042110: T cell activation
 GO:0031667: response to nutrient levels
 GO:0001817: regulation of cytokine production
 mmu05200: Pathways in cancer
 GO:0051607: defense response to virus
 GO:0042176: regulation of protein catabolic process
 GO:0006937: regulation of muscle contraction
 GO:0061035: regulation of cartilage development
 GO:0031625: ubiquitin protein ligase binding
 GO:0048705: skeletal system morphogenesis
 GO:0021782: glial cell development
 GO:0062023: collagen-containing extracellular matrix
 GO:0032989: cellular component morphogenesis
 GO:0007423: sensory organ development
 GO:0005539: glycosaminoglycan binding
 GO:0002683: negative regulation of immune system process
 GO:0045785: positive regulation of cell adhesion
 GO:0120035: regulation of plasma membrane bounded cell projection organization
 GO:0035239: tube morphogenesis
 GO:0005509: calcium ion binding
 GO:0008233: peptidase activity
 GO:0010942: positive regulation of cell death
 GO:0030111: regulation of Wnt signaling pathway
 R-MMU-1428517: The citric acid (TCA) cycle and respiratory electron transport
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