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Nervous System

GO_BP:regulation of non-canonical Wnt signaling pathway (GO_2000050)
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_BP:axon extension (GO_0048675)

GO_BP:neuron migration (GO_0001764)

GO_BP:neural tube development (GO_0021915)

GO_BP:presynapse assembly (GO_0099054)

GO_BP:positive regulation of neural precursor cell proliferation (GO_2000179)
GO
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Development and Morphogenesis

_BP:positive regulation of synapse assembly (GO_0051965) .
GO_BP:positive regulation of nervous system development (GO_0051962) [ Immune Response
GO_BP:regulation of cardiac muscle cell membrane repolarization (GO_0099623) v, Extracellular Matrix

O_BP:embryonic skeletal system morphogenesis (GO_0048704)
GO_BP:cardiac muscle cell action potential involved in contraction (GO_0086002)
GO_BP:chondrocyte differentiation (GO_0002062)
GO_BP:negative regulation of smooth muscle cell proliferation (GO_0048662)
GO_BP:cardiac muscle cell action potential (GO_0086001)
GO_BP:cardiac muscle cell contraction (GO_0086003)
GO_BP:embryonic skeletal system development (GO_0048706)
GO_BP:negative regulation of chondrocyte differentiation (GO_0032331)
GO_BP:muscle cell differentiation (GO_0042692)
GO_BP:ureteric bud development (GO_0001657) .
GO_BP:eye morphogenesis (GO_0048592)
GO_BP:mesonephric tubule development (GO_0072164)
GO_BP:branching involved in ureteric bud morphogenesis (GO_0001658)
0_BP:endocrine system development (GO_0035270)
_BP:glial cell development (GO_0021782)
GO_BP:aortic valve development (GO_0003176)
GO_BP:aottic valve morphogenesis (GO_0003180)
GO_BP:regulation of branching involved in ureteric bud morphogenesis (GO_0090189)
GO_BP:odontogenesis (GO_0042476)
GO_BP:positive regulation of morphogenesis of an epithelium (GO_1905332)
GO_BP:embryonic digit morphogenesis (G0_0042733)
GO_BP:positive regulation of immune effector process (GO_0002699)
0_BP:antibacterial humoral response (GO_0019731)
GO_BP:acute inflammatory response (GO_0002526)
GO_BP:antimicrobial humoral immune response mediated by antimicrobial peptide (GO_0061844)
GO_BP:regulation of interleukin-4 production (GO_0032673)
GO_BP:regulation of T cell mediated cytotoxicity (G0_0001914) 0.0000
GO_BP:positive regulation of extracellular malrix organization (GO_1903055) .‘ .
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GO_BP:chondroitin sulfate proteoglycan biosynthetic process (GO_0050650)
GO_BP:regulation of extracellular matrix disassembly (GO_0010715 .
GO_BP:extracellular malrix assembly (GO_0085029) [ 0.0005
GO_BP:collagen fibril organization (GO_0030199] .
GO_BP:regulation of calcium ion transmembrane transporter activity (GO_1901019) v
GO_BP:regulation of calcium ion-dependent exocytosis (GO_0017158) v
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Lowly Differentiated group vs Highly Differentiated group

Category

Signal Transduction

Nervous System

Mitochondrial Oxidative Phosphorylation
Metal lon Response

Immune Response

General Cellular Processes
Metabolism

Extracellular Matrix

Development and Morphogenesis
Chemotaxis

Cell Membrane

GO_BP:regulation of hippo signaling (GO_0035330)

GO_BP:semaphorin-plexin signaling pathway (GO_0071528)

O_BP:presynapse assembly (GO_0099054)

GO_BP:negative regulation of axon extension involved in axon guidance (GO 004-8843%

O_BP:axon extension (GO_0048675

GO_BP:regulation of axon extension involved in axon guidance (GO_0048841
GO_BP:mitochondrial ATP synthesis coupled electron transport (GO_0042775)
O_BP:aerobic electron transport chain (GO_0019646)
GO_BP:aerobic respiration (GO_0009060)
itochondrial electron transport, NADH to ubiguinone (GO_0006120)
itochondrial ATP synthesis coupled proton transport (GO_0042776
O_BP:ATP synthesis coupled proton transport (GO_0015986
GO_BP:mitochondrial electron transport, cytochrome c o oxygen (GO_0006123
GO_BP:mitochondrial respiratory chain complex | assembly (GO_0032981)
GO_BP:mitochondrial respiratory chain complex assembly (GO_0033108)

O_BP:cellular respiration (GO_0045333
GO_BP:NADH dehydmgenase complex assembly (GO_0010257)

O_BP:cristae formation (GO_0042407

GO_BP: cal\ular response to copper ion (GO_0071280

0_BP:response to copper ion (GO_0046688

GO_BP:response to zinc ion (GO_0010043

GO_BP:zinc ion homeostasis (GO_0055069

GO_BP:cellular response to cadmium ion (GO_0071276;
GO_BP:cellular zinc ion homeostasis (GO_0006882)

GO_BP:response to cadmium ion (GO_0046686

GO_BP:glutathione derivative metabolic process (GO_1901685
GO_BP; pmteasuma\ ublquwlln—lnu lependent protein catabolic process (GO_0010499)
GO_BP:regulation of cellular amine metabolic process (GO_0033238)
GO_BP: regulatlon of cellular amino acid metabolic process (GO_0006521)
GO_BP:anaphase-promoting complex-dependent catabolic process (GO_0031145)
GO_BP:glutathione derivative biosynthetic process (GO_1901687
GO_BP:response to cholesterol (GO_0070723)
GO_BP:zymogen activation (GO 0031638E
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GO_BP:response to fatty acid (GO_0070542

GO_BP:antimicrobial humoral immune response mediated by antimicrobial peptide (GO_0061844)
GO_BP:antibacterial humoral response (GO_0019731)

GO_BP:cilium-dependent cell motility (GO_0060285)

GO_BP:negative regulation of cellular response to growth factor stimulus (GO_0090288)
GO_BP:negative regulation of epithelial cell apoptotic process (GO_1904036)
O_BP:extracellular matrix assembly (GO_0085029)

GO_BP:collagen fibril organization (GO_0030199

P:endoderm formation (GO_0001708,

GO_BP:negalive regulation of osteoblast differentiation (GO
GO_BPbranching involved in ureteric bud marphogenesis (GO_0001658)
|_BP:ureteric bud development 0001657,

GO_BP:regulation of branching involved in ureteric bud morphogenesis (GO_0090189)
GO_BP:metanephros development (GO_0001656)

GO_BP:embryonic skeletal system development (GO_0048706

GO_BP:embryonic skeletal system marphogenesis (GO_0048704
GO_BP:mesonephric tubule development (GO_0072164

)_BP:positive chemotaxis (GO_0050918

GO_BP:negative regulation of chemotaxis (GO_0050922)

GO_BP:SRP-dependent cotranslational protein targeting to membrane (GO_0006614)
GO_BP: cnlranslauona\sprotemtargetmgmmembrane GO_0006613)
O_BP:cyloplasmic translation (GO_0002181)
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Lowly Differentiated group vs Intermediately Ditferentiated group
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GO_BP:response to zinc ion (GO_0010043) Morphogenesis
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Supplementary Fig. S7. Pairwise gene enrichment analysis comparisons between the common histomic cluster
associated groups. In the highly differentiated (HD) vs. intermediately differentiated (ID) comparison, the HD
group shows downregulation in nervous system development, muscle and skeletal development, development and
morphogenesis, extracellular matrix organization, and metal ion response, while exhibited upregulation in
immune response processes compared to the ID group. In the lowly differentiated (LD) vs. HD comparison, the
LD group shows significant downregulation in mitochondrial oxidative phosphorylation, metal ion response,
metabolism, immune response, and cell membrane processes. Conversely, the HD group exhibits downregulation
in signal transduction, nervous system-associated processes, extracellular matrix organization, development,
morphogenesis, and chemotaxis. In the LD vs. ID comparison, fewer significant processes are noted. The LD
group shows downregulation in metal ion response, while the ID group shows upregulation in protein localization

to cell-cell junctions, intracellular estrogen receptor signaling pathway and morphogenesis of an epithelium.





