Additional file 7. Functional enrichment analysis for genes identified within ROH Island (670K SNP array)
	Gene
	Molecular Function
	Biological Process
	Associated Phenotypes (Horse/Mammalian)
	Notes (DAVID enrichment / pathway)
	Breeds
	Breed Count

	U6
	Spliceosomal small nuclear RNA (snRNA)
	mRNA splicing
	Essential for RNA processing; no direct phenotype
	RNA processing
	Arabian, Caspian, Dareshuri, Kurdish, Lusitano, Morgan, QuarterHorse, Turkemen, Welsh
	9

	ACSF3
	Acyl-CoA synthetase
	Fatty acid β-oxidation
	Metabolic disorders (methylmalonic aciduria, human)
	Metabolism
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	ANKRD11
	Transcriptional co-repressor
	Neural development, chromatin remodeling
	KBG syndrome (intellectual disability, human)
	Neural development
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	BANK1
	B-cell scaffold protein
	Immune response, B-cell activation
	Autoimmune susceptibility (e.g., lupus in mammals)
	Immune system
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	CDH15
	Calcium-dependent cell adhesion
	Muscle & neuronal development
	Congenital myopathy (human/mouse)
	Muscle/neural development
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	CDK10
	Cyclin-dependent kinase
	Cell cycle, organogenesis
	Alacrima-achalasia syndrome (human)
	Cell cycle
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	CHMP1A
	ESCRT-III complex subunit
	Cytokinesis, viral budding
	Microcephaly (human)
	Cell division
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	CISD2
	Iron-sulfur cluster binding
	Mitochondrial function
	Wolfram syndrome type 2 (neurodegeneration, human)
	Mitochondrial metabolism
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	CPNE7
	Calcium-dependent phospholipid binding
	Cell adhesion, wound healing
	Not well-studied in horses
	Membrane/cell adhesion
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	DBNDD1
	Protein binding (DNA damage response)
	Cell proliferation
	No known equine phenotype
	DNA damage response
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	DEF8
	Immune-related GTPase
	Autophagy, immune regulation
	Not characterized in horses
	Immune system / autophagy
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	DPEP1
	Metalloproteinase (zinc-dependent)
	Leukotriene metabolism
	Kidney injury biomarker (mammals)
	Metabolism / detoxification
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	FANCA
	DNA repair (Fanconi anemia pathway)
	Genome stability
	Fanconi anemia (bone marrow failure, mammals)
	DNA repair / genome maintenance
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	GAS8
	Ciliary motility protein
	Cilia function, sperm motility
	Primary ciliary dyskinesia (human/mouse)
	Cilia function
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	MANBA
	Lysosomal β-mannosidase
	Glycoprotein degradation
	β-Mannosidosis (neurodegeneration, cattle/goat)
	Lysosomal metabolism
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	MC1R
	Melanocortin-1 receptor
	Pigmentation regulation
	Horse coat color (chestnut/black variants)
	Pigmentation
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	NFKB1
	Transcription factor (NF-κB pathway)
	Inflammation, immunity
	Chronic inflammatory diseases (mammals)
	Immune regulation
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	RPL13
	Ribosomal protein (60S subunit)
	Protein translation
	Diamond-Blackfan anemia (human)
	Protein synthesis
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SLC39A8
	Zinc/iron transporter
	Metal ion homeostasis
	Manganese deficiency (developmental defects, human)
	Ion transport
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SLC9B1
	Sodium/hydrogen exchanger
	pH regulation, sperm function
	Male infertility (mouse homolog)
	Ion transport / sperm
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SLC9B2
	Sodium/hydrogen exchanger
	Renal/intestinal ion transport
	Not well-studied in horses
	Ion transport
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SNORD68
	Small nucleolar RNA (snoRNA)
	rRNA modification
	No direct phenotype
	Involved in ribosomal RNA maturation
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SPATA2L
	Spermatogenesis-associated protein
	Germ cell development
	Not characterized in horses
	Reproduction
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SPG7
	Mitochondrial metalloprotease
	Axon maintenance
	Equine degenerative myeloencephalopathy (EDM)
	Nervous system
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	SPIRE2
	Actin nucleation factor
	Cytoskeleton organization
	Not well-studied in horses
	Cytoskeleton
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	TCF25
	Transcription factor
	Cell differentiation
	No known equine phenotype
	Developmental regulation
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	TUBB3
	Neuronal microtubule component
	Axon guidance
	Neurodevelopmental disorders (human)
	Nervous system
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	URAH
	Predicted urate hydroxyiso-hydrolase
	Purine catabolism, nitrogen metabolism, antioxidant defense
	Linked to hyperuricemia/gout, oxidative stress regulation
	Metabolism / redox
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	VPS9D1
	Vesicle trafficking protein
	Endosomal sorting
	Not characterized in horses
	Vesicle trafficking
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	ZNF276
	Zinc finger transcription factor
	Gene regulation
	Not well-studied
	Transcriptional regulation
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	eca-mir-9074
	MicroRNA
	Post-transcriptional regulation
	Potential biomarker (no equine phenotype reported)
	Regulatory RNA
	Arabian, Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	7

	APRT
	Adenine phosphoribosyltransferase
	Purine salvage pathway
	Kidney stones (APRT deficiency, mammals)
	Metabolism / disease marker
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	CBFA2T3
	Transcriptional corepressor
	Hematopoiesis
	Acute myeloid leukemia (human)
	Hematopoiesis
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	CDT1
	DNA replication licensing factor
	Cell cycle control
	DNA re-replication (cancer risk, mammals)
	Cell cycle
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	GALNS
	Lysosomal enzyme (chondroitin sulfate)
	Mucopolysaccharide metabolism
	Mucopolysaccharidosis IVA (Morquio syndrome)
	Lysosome / metabolism
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	PABPN1L
	RNA binding (polyadenylation)
	mRNA processing
	Not well-studied in horses
	RNA processing
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	PIEZO1
	Mechanosensitive ion channel
	Erythrocyte volume regulation
	Dehydrated hereditary stomatocytosis (hemolytic anemia)
	Ion channel / erythrocytes
	Belgian, Caspian, Icelandic, Morgan, QuarterHorse, Welsh
	6

	BANP
	Transcription factor
	DNA methylation, tumor suppression
	Cancer (human/mouse)
	Cancer / transcriptional regulation
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	CTU2
	tRNA thiolation enzyme
	tRNA modification
	Developmental defects (human)
	RNA modification
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	CYBA
	NADPH oxidase subunit
	Reactive oxygen species (ROS) production
	Chronic granulomatous disease (human)
	Immune / redox
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	IL17C
	Pro-inflammatory cytokine
	Mucosal immunity
	Inflammatory bowel disease (mammals)
	Immune response
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	MVD
	Mevalonate diphosphate decarboxylase
	Cholesterol biosynthesis
	Mevalonic aciduria (human)
	Metabolism
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	RNF166
	Ubiquitin ligase
	Protein degradation
	Not well-studied
	Protein turnover
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	SNAI3
	Zinc finger transcription factor
	Epithelial-mesenchymal transition (EMT)
	Cancer metastasis (human)
	Transcriptional regulator in development and cancer
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	ZC3H18
	RNA binding protein
	mRNA export
	Intellectual disability (human)
	RNA processing / nuclear export
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	ZFPM1
	Transcription cofactor (GATA1 interaction)
	Hematopoiesis
	Erythroid dysplasia (human/mouse)
	Hematopoiesis
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	ZNF469
	Collagen regulation
	Extracellular matrix organization
	Corneal fragility (Ehlers-Danlos syndrome, human)
	ECM / tissue integrity
	Belgian, Caspian, Morgan, QuarterHorse, Welsh
	5

	CA5A
	Carbonic anhydrase (mitochondrial)
	pH regulation, gluconeogenesis
	Not well-studied in horses
	Metabolism / pH regulation
	Belgian, Morgan, QuarterHorse, Welsh
	4

	SLC7A5
	Amino acid transporter (LAT1)
	Nutrient uptake
	Cancer metabolism (human)
	Transport / metabolism
	Belgian, Morgan, QuarterHorse, Welsh
	4

	CCDC126
	Coiled-coil domain protein
	Cilia function
	Not characterized in horses
	Cilia
	Kurdish, PerArabian, Turkemen
	3

	FAM221A
	Unknown (predicted: signaling/structural)
	Cell adhesion / intracellular transport
	Potential cancer biomarker
	Cell adhesion / signaling
	Kurdish, PerArabian, Turkemen
	3

	GPNMB
	Transmembrane glycoprotein
	Melanogenesis, inflammation
	Melanoma susceptibility (horses/humans)
	Pigmentation / immunity
	Kurdish, PerArabian, Turkemen
	3

	HYCC1
	Hyccin (membrane protein)
	White matter development
	Hypomyelination (human)
	Neural development
	Kurdish, PerArabian, Turkemen
	3

	IGF2BP3
	RNA-binding protein
	Fetal development, cancer
	Overexpressed in tumors (human)
	Development / cancer
	Kurdish, PerArabian, Turkemen
	3

	JPH3
	Junctophilin (calcium signaling)
	Excitation-contraction coupling
	Huntington’s-like disease (human)
	Muscle / neural signaling
	Belgian, Morgan, QuarterHorse
	3

	KLHDC4
	Kelch domain protein
	Protein-protein interactions
	Not well-studied
	Protein interactions
	Belgian, Morgan, QuarterHorse
	3

	KLHL7
	Ubiquitin ligase substrate adapter
	Protein degradation
	Retinitis pigmentosa (human)
	Protein turnover
	Kurdish, PerArabian, Turkemen
	3

	MALSU1
	Mitochondrial ribosomal protein
	Oxidative phosphorylation
	Not characterized in horses
	Mitochondrial translation
	Kurdish, PerArabian, Turkemen
	3

	NPY
	Neuropeptide Y
	Appetite regulation, stress response
	Behavioral/metabolic traits
	Neural / metabolic
	Kurdish, PerArabian, Turkemen
	3

	NUP42
	Nuclear pore complex protein
	Nucleocytoplasmic transport
	Not well-studied
	Nuclear transport
	Kurdish, PerArabian, Turkemen
	3

	OR1M1
	Olfactory receptor
	Odor detection
	Breed-specific scent sensitivity
	Sensory / olfaction
	Arabian, Kurdish, Turkemen
	3

	OR7D2
	Olfactory receptor
	Pheromone detection
	Breed-specific olfaction
	Sensory / olfaction
	Arabian, Kurdish, Turkemen
	3

	OR7D20
	Olfactory receptor
	Chemosensation
	No equine data
	Sensory / olfaction
	Arabian, Kurdish, Turkemen
	3

	OR7E220
	Olfactory receptor
	Chemosensation
	No equine data
	Sensory / olfaction
	Arabian, Kurdish, Turkemen
	3

	OR7H3
	Olfactory receptor
	Chemosensation
	No equine data
	Sensory / olfaction
	Arabian, Kurdish, Turkemen
	3

	STK31
	Serine/threonine kinase
	Germ cell development
	Cancer/testis antigen (human)
	Reproduction / cancer
	Kurdish, PerArabian, Turkemen
	3

	TRA2A
	RNA splicing factor
	Alternative splicing
	Not well-studied in horses
	RNA processing
	Kurdish, PerArabian, Turkemen
	3

	ZNF317
	Zinc finger transcription factor
	Gene silencing
	Not characterized in horses
	Transcriptional regulation
	Arabian, Kurdish, Turkemen
	3

	ZNF699
	Zinc finger transcription factor
	Gene regulation
	Not well-studied
	Transcriptional regulation
	Arabian, Kurdish, Turkemen
	3



For the 670K SNP array data, a total of 927 genes were identified within the top ROH islands across all breeds. Among these, 69 genes were found in ROH islands shared by at least three breeds, suggesting possible signatures of common selection or conserved biological functions. Corresponds to ROH islands identified from Additional file 7.
