Supplementary file S4. Functions of genes in the ± 250 kbp region upstream and downstream the locus ARS-BFGL-NGS-11271 on BTA26, detected as significant in 13 and 2 pair-wise contrasts performed using Holstein and Angus as reference breeds, respectively. 

LDB1 (LIM Domain Binding 1 alias CLIM2) is a multi-adaptor protein that mediates interactions between different classes of transcription factors and their co-regulators, and the nature of these complexes determines cell fate and differentiation, as well as cell migration [1]. There is increasing evidence that LIM-domain proteins and LDB family members can exert both positive and negative regulatory influences on transcription [2]. In mice, it is ubiquitously expressed during development, and a global knockout of LDB1 caused mid-gestation lethality with severe defects, such as loss of the heart and anterior head. Tissue-specific deletions using a conditional knockout allele revealed that it is important in neural patterning and development, hematopoietic system, and limbs at later stages, and that its function in the neural crest-derived palatal mesenchyme is essential for normal morphogenesis of the secondary palate [3]. Studies have demonstrated the role of LIM homeodomain transcription complexes in maintenance of stem cells and/or early progenitors of several somatic tissues [4,5]. A critical requirement for LDB1 in thymocyte self-renewal, as well as thymocyte radiation resistance, was reported [6]. In the small intestine, cells prominently expressing LDB1 were quiescent, possibly representing a group of stem-like cells [7]. A role of LHX2, a member of LIM homeodomain transcription complexes, in specification and maintenance of the hair follicle stem cells[8-10], in hair formation [11] as well as its role as a key factor integrating signaling and transcriptional networks that modulate activity of the hair follicle stem cells during epidermal regeneration after injury was demonstrated [12]. LHX2 has been shown to interact with the product of the melanocyte-specific gene-related gene 1 (MRG1 alias CITED2) [13], a cytokine inducible gene with transcription activation and transformation functions, whose expression appears to be mediated, at least in part, by the JAK/STAT signaling pathway [14]. Its paralog, CITED1 (alias MSG1) has been associated with pigmentation of melanocytes and melanoma [15-17] and hypothesized to act as a regulator of MITF [18]. Moreover, CITED1 was found among the best candidate genes falling within one of the QTLs (Quantitative Trait Loci) identified in a F1 hybrid mice population chosen because exhibiting a particularly low level of transgene-mediated ectopically pigmented melanocyte stem cells. This trait was of interest because melanocyte stem cells that are undergoing differentiation produce visible ectopic pigmentation when hairs are observed by light microscopy, and stem cell differentiation is the cellular mechanism responsible for hair graying in these mice. Melanocyte stem cell differentiation indeed precedes hair graying and is positively associated with hair graying severity. Differentiated melanocyte stem cell have been observed also in humans, and their number increases with age, which makes melanocyte stem cell differentiation a relevant cellular phenotype to evaluate for genetic loci that may modify the extent of age-related hair graying in both mouse and humans [19]. A prominent role of LDB1 in Wnt signaling has been described in several articles[20]. A role of LDB1 complexes in mechanisms of long-range interactions by transcription factors has been also proposed [21,22]. LDB1/CLIM2 has been shown to interact with estrogen receptors [23] and to be involved in the regulation of the biological activity of estrogen receptors during the development of human breast cancer [24]. Güngör et al. [25] indicated that the proteasome targets for degradation LIM protein complexes that are not associated with protecting cofactors, and that LDB/CLIM proteins stabilize LIM homeodomain proteins preventing binding of ubiquitin ligases. Interestingly, Vaman et al. [26] identified LASP1, a LIM protein, as a yet unknown protein in melanocytes and as novel partner of dynamin in the complex process of melanosome vesicle release at the dendrite tips. Bi-allelic loss-of-function variants of the murine LMX1A gene, a LIM homeobox transcription factor, have been reported to cause, among other clinical signs, also pigmentation abnormalities [27,28] such as those observed in dreher mice [29], showing pigmentation defects in the trunk region varying from a white spot or patch in the ventral area to a complete white belt surrounding the whole trunk, or in the mtl and bsd mice, showing white belly patches of variable size [28]. Another LIM domain protein, Hic‐5 (alias ARA55, androgen receptor associated protein55), functions as a focal adhesion adaptor protein as well as a coactivator for steroid receptors such as androgen receptors, glucocorticoid receptors and progesterone receptors [30], may promote either cell senescence or cell growt [31], and has been shown to be involved in melanoma proliferation both in vitro and in vivo[32]. Also worth of interest the fact that knockdown of another LIM domain containing protein, PRICKLE2, in zebrafish caused shorter antero-posterior axis during gastrulation and retinal neurogenesis defects, disrupted morphogenesis of a transient ciliated organ (anche bb7 fa lo stesso) and shortened cilia. (anche bb7 fa lo stesso). Individual knockdown of this gene did not show a retrograde melanosome transport delay in zebrafish. However, the combined knockdown of this gene and of BBS7, a fundamental member of the hetero-octameric BBSome complex, suppressed the BBS7-induced retrograde melanosome transport delay, one of the cardinal features of the impairment of the BBSome function [33]. Indeed, the BBSome acts as a cargo adapter in the intra-cellular transport machinery, and mutations at BBS genes have been associated to a severe ciliopathy, the Bardet-Biedl syndrome (BBS), characterized, among other features, by pigmentary retinopathy. On the contrary, while BBS7 knockdown did not alter the rate of anterograde melanosome transport [34], a delay in anterograde melanosome transport was observed in PRICKLE2-knockdown zebrafish larvae [33]. Alike PRICKLE2 knockdown, BBS7 knockdown was associated with disrupted morphogenesis of a transient ciliated organ and shortened cilia [33]. These results suggest a novel role for PRICKLE2 in intracellular transport, and further support the hypothesis that BBS7 and PRICKLE2 modulate distinct pathways leading to partly overlapping phenotypes. The PRICKLE1 LIM domain containing protein was shown to be required in zebrafish for epithelial-to-mesenchymal transition of pre-migratory neural crest cells and migration of cranial neural crest cells [35]. Taken together, the above studies highlight the relevance of LIM-domain proteins and their interactors in pigmentation. 
PPRC1 (PPARG Related Coactivator 1, alias PGC-1) encodes a protein that it is thought to be a functional relative of PPAR-gamma coactivator 1, which activates mitochondrial biogenesis in response to proliferative signals and increased cellular ATP demand [36] playing a central role in integrating mitochondrial biogenesis and energy production with many diverse cellular functions [37]. Interestingly, a close link between melanosomes and mitochondria has been highlighted, characterized by physical connections between these organelles through fibrillar bridges [38]. These contacts are associated to the melanogenesis process, as indicated by the fact that they are reduced in a model of aberrant melanogenesis whereas they are enhanced both where melanosome biogenesis takes place in the perinuclear area and when it is actively stimulated by OA1, a G protein-coupled receptor implicated in ocular albinism and organellogenesis. In another study, Zhang et al. [39] showed that the disruption of the Ca2+ exchanger activity of the mitochondrial NCKX5 protein compromises melanosomal Ca2+ homeostasis, melanosomal PMEL expression and melanin production. The gene encoding the NCKX5 protein is SLC24A5 which has been previously implicated in pigmentation in zebrafish and humans [40] and identified as a causative gene for a nonsyndromic type of OCA, designated as OCA6 [41]. Thus, the authors defined a new class of hypopigmentation attributable to dysfunctional mitochondria and to an impairment of mitochondrial Ca2+ transfer into melanosomes. Zhang et al. [39] also observed that pharmacological inhibition of mitochondrial ATP synthesis, or of the Ca2+ exchanger activity of the mitochondrial NCKX protein, severely reduced mitochondrion–melanosome contact formation. Thus, mitochondrion–melanosome contact sites may have functions in exchanging Ca2+ and other molecules such as ATP, required for melanosome biogenesis or melanin biosynthesis. Based on the knowledge that reactive oxygen species (ROS)-induced damage has been suggested as a possible mechanism for graying of hair with aging, and that mitochondrial function is impaired in vitiligo melanocytes [42,43], the authors hypothesized that mitochondrial function could have a role in the graying of hair in older people and formation of hypopigmented lesions in vitiligo patients. Moreover, inhibitors of the mitochondrial ATPase complex were found to induce pigmentation in melanocytes, further indicating a role for mitochondrial signal transduction in the induction of melanin production [44].
LOC112444554 Uncharacterized locus
NOLC1 (Nucleolar and Coiled-Body Phosphoprotein 1, alias P130) encodes a member of the so-called “pocket proteins”, a family of three tumor suppressor proteins. Their inactivation by cyclin-dependent kinases liberates E2F transcription factors from suppressive complexes that, in turn, induces the continuous expression of target genes whose products promote cell cycle progression. In normal melanocytes, external growth factors suppress the activity of all three pocket proteins, allowing E2F activity to accumulate and sustain transcription of target genes required for cell proliferation. In melanoma cells from advanced lesions, all three pocket proteins are highly phosphorylated and inactive, even in the absence of environmental mitogens, and free E2F activity is constitutively high [45-47].
LOC112444524 Uncharacterized locus
LOC101902227 (vacuolar-sorting protein SNF8 pseudogene)
LOC785229 (sulfatase-modifying factor 1 pseudogene)
ELOVL3 (ELOVL Fatty Acid Elongase 3) encodes a protein that catalyzes the first and rate-limiting reaction of the four reactions that constitute the long-chain fatty acids elongation cycle. This endoplasmic reticulum-bound enzymatic process allows the addition of 2 carbons to the chain of long- and very long-chain fatty acids per cycle. It is a condensing enzyme that exhibits activity toward saturated and monounsaturated acyl-CoA substrates, with the highest activity towards C22:0 acyl-CoA. May participate in the production of both saturated and monounsaturated very long-chain fatty acids of different chain lengths, that are involved in multiple biological processes as precursors for synthesis of sphingolipids and ceramides and of membrane lipids and lipid mediators. Ceramides and their complex derivatives are important components of mammalian membranes and are key players in intracellular signaling, involved in apoptosis, cell senescence, proliferation, cell growth and differentiation [48]. Ceramide constitutes the lipid backbone of sphingomyelin and other sphingolipids. Sphingolipids are essential for cell proliferation. Ceramide-induced inactivation of Akt/PKB has been associated with reduced cell proliferation in a melanocyte cell line, as well as reduced cell pigmentation by inhibition of the tyrosinase activity [49]. The importance of free long chain fatty acids in the regulation of pigmentation and melanogenesis has been shown [50]. Linoleic acid or plamitic acid have been shown to regulate tyrosinase activity via posttranscriptional events, including the modulation of tyrosinase ubiquitination. In addition, saturated very long chain fatty acids are suggested to be important for the tight packaging of membrane lipids in so-called raft structures, which may have a function as organizers in intracellular transport and signaling events by creating micro-environments [51,52]. Changes in acyl-chain length of membrane lipid constituents, due to variations in elongase activity, affect membrane-residing enzyme activities, as well as membrane fusion/budding events [53], susceptibility to apoptosis [54,55]. ELOVL3 has been implicated in the de-differentiation of primary hepatocytes accompanied with reorganization of lipid metabolism [56], and in the de-differentiation in a spheroid-induced epithelial-mesenchymal transition model accompanied with poor outcome in breast cancer patients [57]. ELOVL3 mRNA levels were shown to display diurnal rhythmic changes exclusively in adult male mouse livers, hence in a sexually dimorphic manner. Castration markedly reduced ELOVL3 expression levels in male mouse livers but did not disrupt circadian variation of ELOVL3. Injection of female mice with 5α-dihydrotestosterone induced ELOVL3 rhythmicity in the liver. In conclusion, ELOVL3 expression is affected by alteration of the androgen signaling [58]. In addition, ELOVL3, together with LDB1 (see above) and NFKB2 (see below) was located on a putatively selected region in the semi-feral Sasi-Ardi sheep breed from Western Pyrenees, characterized by a diluted red phenotype (“cream wool and a fawn face”; “uniform blonde or reddish color”) [59]. ELOVL3 was significantly up-regulated in gray coated goats compared to white and to brown coated goats [60]. Its expression differed significantly between anagen and catagen in hair follicles from five Italian cashmere goats [61]. Together with other members of the elongase family, it was found to be overexpressed in the fine-wool Super Merino sheep compared to the coarse wool Small Tail Han (STH) sheep [62], and it was suggested as a molecular marker for the content of lanolin in fleeces. Other members of the fatty acid elongase family were shown to be stimulated by 17-β-estradiol in human breast cancer cell lines [63]. De novo mutation in ELOVL1 was reported to cause, among other symptoms, also acanthosis nigricans, a skin disorder characterized by darkening (hyperpigmentation) and thickening (hyperkeratosis) of the skin, occurring mainly in the folds of the skin in the armpit, groin and back of the neck.
PITX3 (Paired-Like Homeodomain Transcription Factor 3) encodes a member of the RIEG/PITX homeobox family. It is a transcriptional regulator important for terminal differentiation and subset-specification of meso-diencephalic dopaminergic (mdDA) neurons during development, controlling the size and rostral/caudal-identity of the mdDA neuronal population [64]. In addition to its importance during development, it also has roles in the long-term survival and maintenance of the mdDA neurons. The Mouse Genome Informatics database (http://www.informatics.jax.org/) reports an annotation for this gene concerning “abnormal iris pigmentation”. Fusion of this gene with ETV6 have been associated with the occurrence of a spitzoid neoplasms, the Pigmented spindle cell nevus (PSCN) of Reed [65], characterized by heavily pigmented lesional cells and keratinocytes containing abundant coarse melanin granules [66]. In mice, ELOVL3 (see above), another ELOVL member, ELOVL1, and PITX presents a peculiar tail-to-tail arrangement [67].
GBF1 (Golgi Brefeldin A Resistant Guanine Nucleotide Exchange Factor) encodes a member of the Sec7 domain family. The encoded protein is a guanine nucleotide exchange factor that regulates the recruitment of proteins to membranes by mediating GDP to GTP exchange. It is localized to the Golgi apparatus and plays a role in vesicular trafficking [68-73]. It is involved in the COPI vesicle-dependent retrograde transport to the endoplasmic reticulum. The activity of GBF1 is necessary for the Golgi export of ciliary cargo in retinal photoreceptors [74] and is part of the axonal trafficking machinery in peripheral axons [75].
NFKB2 (Nuclear Factor Kappa B Subunit 2) encodes a subunit of the transcription factor complex nuclear factor-kappa-B (NF-kB) which is a pleiotropic transcription factor present in almost all cell types and is the endpoint of a series of signal transduction events that are initiated by a vast array of stimuli related to many biological processes such as inflammation, immunity, differentiation, cell growth, tumorigenesis and apoptosis. NF-kB was identified as a potential “master regulator” of melanoma invasion [76] and, in human melanoma, a number of NF-κB-regulated chemokines are constitutively expressed at high levels [77]. In vitro and in vivo studies have shown that NF-κB activity is upregulated in dysplastic nevi and lesions of human melanoma when compared with human nevi or melanocytes in normal skin [78-80]. NF-kB was shown to contribute to the promoter activity of the MIA (melanoma inhibitory activity) protein in melanoma cells where it exerts autologous growth inhibitory effects [81]. Notably, NF-kB2 has been shown to be the master transcription factor involved in the control of EZH2 expression in melanoma, with EZH2 being increasingly expressed during the progression of a broad range of cancers, including melanoma, and has been correlated with poor prognosis. EZH2 can also suppress the senescence program, which blocks cellular proliferation and acts as a potent barrier to tumorigenesis [82]. Down-regulation in the activity of the NF-κB pathway, associated with decreased proliferation, migration and colony formation, was observed in melanoma cell lines with ectopic stable expression of miR-377, which is normally expressed in melanocytes but not in melanoma cell lines [83]. NF-kB modulates Endothelin-1 [84] which has been shown to play a role in the arsenic-mediated hyperpigmentation in mice skin [85]. Dey-Rao and Sinha [86] identified, through interactome analysis, NF-kB as one of the key blood- associated transcriptional factors potentially affecting vitiligo pathogenesis. Kim et al. [87] showed that tumor necrosis factor superfamily member 14 (TNFSF14) inhibits melanogenesis in the primary culture of human epidermal melanocytes, where it also activates NF-κB signaling. They provided a link between the two phenomena, demonstrating that inhibition of NF-kB effectively blocks the hypopigmentation induced by TNFSF14. Studies have shown that NF-κB signaling may be involved in both the activation and the inhibition of melanogenesis [88-90].
PSD (Pleckstrin And Sec7 Domain Containing) encodes a Plekstrin homology and Sec7 domains-containing protein that functions as a guanine nucleotide exchange factor (see GBF1, above). The encoded protein regulates signal transduction by activating ADP-ribosylation factor 6 (encoded by the gene ARF6). During development of the skin, the canonical Wnt/β-catenin signaling pathway guides the migration and expansion of neural crest-derived melanocytes. β-catenin signaling determines the fate of melanoblasts through the activation of the micropthalmia transcription factor, MITF [91]. Grossmann et al. [92] demonstrated that the small guanosine triphosphatase ARF6 plays a critical role in the activation and nuclear translocation of β-catenin. In addition, they showed that ARF6 is necessary for invasion in melanoma cells, consistently with the previous findings that stabilized β-catenin promotes metastasis of melanoma. In a study investigating the role of circadian clock and light exposure in retinal pigment regeneration, it was found, together with its paralogs PSD2, PSD3 and PSD4, to be differentially expressed when mice were exposed to daily cycles of different light to dark ratio [93]. Its paralog PSD3 was also found to be differentially expressed in a comparison of the transcriptional profiles of melanocytes from dark and light skinned individuals under basal conditions and following ultraviolet-B irradiation [94]. PSD3 was also found as differentially expressed in a systematic gene expression profile comparisons of cell lines with different NF1 status. NF1 mutations are responsible for neurofibromatosis type I, a genetic disorder characterized, among other clinical signs, by cutaneous neurofibromas and café-au-lait spots [95]. 
FBXL15 (F-Box And Leucine Rich Repeat Protein 15) encodes for a substrate recognition component of a SCF (SKP1-CUL1-F-box protein) E3 ubiquitin-protein ligase complex which mediates the ubiquitination and subsequent proteasomal degradation of SMURF1 (Smad ubiquitination regulatory factor 1), an homologous to HECT-type E3 ubiquitin ligase, thereby acting as a positive regulator of the BMP signaling pathway [96]. Notably, SMURF1 has been suggested as a pro-mitophagic molecule [97] based on the evidence provided by Orvedahl et al. [98]. For a role of mitophagy and melanoma/pigmentation, see Supplementary file S2 (OGDH gene). FBXL15 is required for dorsal/ventral pattern formation. Pattern formation along the dorsal-ventral (DV) embryonic axis is fundamental in the establishment of the diverse cell types found in vertebrate embryos. The Bone Morphogenetic Protein (BMP) signaling pathway is key in this pattern formation process. BMPs are postulated to act as inductive signaling molecules or morphogens to establish distinct cell fates along the DV axis [99-103]. FBXL15 also mediates ubiquitination of SMURF2 and WWP2. The first protein is the E3 ubiquitin ligase responsible for the polyubiquitination and proteasome-mediated degradation of EZH2, which is required for neuron differentiation [104]. In addition, SMURF2 could interact with key proteins in the Wnt-signaling cascade (e.g. Dishevelled Segment Polarity Protein 2), [105]. The second protein is responsible for degradation of PTEN (phosphatase and tensin homolog), a well-characterized tumor suppressor. Decreased PTEN expression is observed in 30–50% of melanoma cell lines and in 5–20% of primary melanoma tumors [106]. Recent studies revealed PTEN as a key player in mediating the signaling pathways of both DNA repair and melanocyte viability in the context of UV exposure [107]. More importantly, loss of PTEN leads to the onset of premature melanocyte senescence presumably by super-physiological activation of the AKT oncoprotein [108], a phenotype termed oncogene-induced senescence (OIS) [109].
CUEDC2 (CUE Domain Containing 2) encodes a protein presenting a CUE domain that has ben shown to be a key regulator of mitosis progression [110]. Identified as ubiquitin-binding motifs, the CUE domains are small domains found in a variety of eukaryotic proteins, able to interact with both mono- and polyubiquitin, and playing a role in mono- and polyubiquitin recognition as well as in facilitating intramolecular mono-ubiquitination [111]. CUEDC2 has been shown to play an important role in the development and progression of neoplasms and suggested to be involved in promoting invasion and metastasis in colorectal cancer [112]. It interacts with progesterone receptors (PR) and promotes progesterone-induced PR degradation by the ubiquitin-proteasome pathway [113]. CUEDC2 also down-regulates ESR1 (estrogen receptor 1) protein levels through the ubiquitination-proteasome pathway [114]. Whether CUEDC2 regulates the degradation of steroid hormone receptors other than ERα and PR, and whether its expression is correlated with steroid receptor expression in hormone-dependent cancers are not known. However, CUEDC2 expression is reduced in castrate-recurrent prostate cancer, which is characterized by increased androgen receptor activity, suggesting CUEDC2 may also act to dampen androgen receptor signaling [115]. In addition, CUEDC2 interacts with IKKalpha and IKKbeta and represses activation of the transcription factor NF-kB [116] (see nuclear factor-kappa-B, above). The transcription factor NF-kB is a critical regulator of diverse cytokine-mediated cellular responses and has a key function in cell survival by inducing the expression of genes encoding antiapoptotic molecules. In most cells, NF-kB proteins are normally inactive because they are sequestered in the cytoplasm by the IkB family of inhibitory proteins. Extracellular stimuli, including cytokines such as tumor necrosis factor (TNF) and interleukin 1 (IL-1), lead to activation of IkB kinase (IKK) complex, which phosphorylates and ubiquitinates IkB proteins and promotes their subsequent degradation by the proteasome. This process allows translocation of NF-kB proteins from the cytoplasm to the nucleus, where they activate expression of NF-kB-regulated genes [117]. Moreover, CUEDC2 has been proposed as a regulator of JAK1/STAT3 signaling [118,119]. In response to UV irradiation, CUEDC2 undergoes ERK1/2-dependent phosphorylation and ubiquitin-dependent degradation, leading to APC/C(Cdh1)-mediated Cyclin A destruction, Cyclin-dependent kinase 2 inactivation, and cell cycle arrest, a mechanism required for providing a time window for DNA repair after UV-induced DNA damage [120]. CUEDC2 was also suggested to be candidate disease biomarker for amyotrophic lateral sclerosis, a neurodegenerative disease characterized by axonal retraction and subsequent loss of motor neurons [121]. Among the factors associated with the particular vulnerability of these cells, a reduced function of the ubiquitin proteasome system has been suggested [122]. There is now solid evidence that proteostasis dysfunction secondary to ubiquitin-proteasome system and autophagy malfunction contributes to the loss of neuronal homeostasis [123]. 
LOC112444535 Uncharacterized locus
MIR146B (MicroRNA 146b) was identified among the circulating microRNAs associated with monocytic MDSC activity in melanoma patients. Myeloid-derived suppressor cells (MDSCs) represent a population of immature myeloid cells pathologically associated with cancer and known for their potent inhibitory activity on antitumor T cell immunity. They directly coordinate cancer cell plasticity triggering the epithelial to mesenchymal transition phenotype [124]. The microRNA 146b has been indeed shown to promote migration of normal thyroid follicular cells and invasiveness of papillary thyroid carcinoma cells [125,126] and induce epithelial-mesenchymal transition of papillary thyroid carcinoma cells [126], as well as to increase the cell surface levels of the Wnt receptors Frizzled-6 and LRP6 and enhance Wnt/β-catenin signaling [126]. In endometrial cancer, inhibition of microRNA 146b by progesterone has been shown to repress genes in the Wnt/β‐catenin signaling pathway [127]. It had been previously shown to be a hormonally-regulated microRNA also by Elsarraj et al. [128] who demonstrated how sex hormones (estrogen and progesterone) and prolactin resulted in the upregulation of the microRNA 146b levels in primary mammary epithelial cells. It was found to be differentially expressed between uveal melanoma tumors characterized by different type of chromosome 3 aberrations, and gene target prediction revealed SMAD4, WISP1, HIPK1, HDAC8 and KIT as post-transcriptional regulators of miR-146b [129]. Notably, KIT is a tyrosine-protein kinase that plays an essential role in the regulation of cell survival and proliferation, hematopoiesis, stem cell maintenance, gametogenesis, mast cell development, migration and function, and in melanogenesis. It can activate several signaling pathways. It activates the AKT1 signaling pathway by phosphorylation of PIK3R1, the regulatory subunit of phosphatidylinositol 3-kinase. Activated KIT also transmits signals via GRB2 and activation of RAS, RAF1 and the MAP kinases MAPK1/ERK2 and/or MAPK3/ERK1. Promotes activation of STAT family members STAT1, STAT3, STAT5A and STAT5B. Activation of PLCG1 leads to the production of the cellular signaling molecules diacylglycerol and inositol 1,4,5-trisphosphate. It promotes phosphorylation of LYN (see Supplementary file S3). Interestingly, KIT mutations are associated with piebaldism, a disorder affecting melanocyte migration and development characterized, in humans, by isolated congenital leukoderma (white skin) and poliosis (white hair) [130]. KIT-related piebald phenotypes are also known in pigs [131,132], cattle [133-136], sheep [137], horses [138], fishes [139] and hooded rats [140,141]. The latter show a pigmentation pattern in which the entire ventral surface is white, dorsal pigmentation is limited to the head and shoulders (the “hood”) and to a mid-dorsal stripe extending back to the tip of the tail. Moreover, miR-146b is increased in skin of patients with psoriasis, a chronic inflammatory skin disease [142,143] and with systemic sclerosis [144], and has been described as a specific psoriasis-associated microRNA that binds ACKR2, a scavenger of proinflammatory chemokines [145]. In addition to its role in inflammatory responses, it has been suggested to be capable of modulating keratinocyte proliferation in psoriatic skin [143]. 
MFSD13A (Major Facilitator Superfamily Domain Containing 13A, alias TMEM180) encodes a transmembrane protein that belongs to the glycoside-pentoside-hexuronide (GPH):cation symporter family. Members of this family catalyze symport of a sugar molecule with a monovalent cation (H+ or Na+). It has been shown to be upregulated under low-oxygen conditions, and to possibly play a role in the uptake or metabolism of glutamine and arginine in cancer cell proliferation [146]. Its expression was shown to be not essential for mouse development, as TMEM180 knockout mice do not exhibit embryonic, neonatal, or post-natal lethality [146]. A SNP (rs2001389) associated with pancreatic cancer risk has been shown to be also associated with lower expression of TMEM180 and siRNA-mediated knockdown of TMEM180 was shown to promote proliferation of pancreatic cancer cell lines [147], while shRNA-mediated knockdown of TMEM180 was shown to suppress proliferation of colorectal cancer cells [148]. Another member of the GPH:cation symporter family is MATP, (Membrane-Associated Transporter Protein, alias SLC45A2) which encodes a transporter protein involved in melanin synthesis and considered to be one of the most important genes affecting pigmentation in humans and various animal species [149,150] possibly regulating tyrosinase activity by controlling melanosome pH [151,152]. The protein is expressed in a high percentage of melanoma cell lines. Mutations in this gene are a cause of oculocutaneous albinism type 4, and polymorphisms in this gene are associated with variations in skin and hair color [153,154]. Mutations in another member of the major facilitator superfamily, MFSD8, whose transported substrate is yet unknown, are responsible for neuronal ceroid lipofuscinosis, a lysosomal neurodegenerative disorder characterized by accumulation of abnormal storage material [155]. TMEM180 interacts with ELAVL1 (Embryonic Lethal, Abnormal Vision ELAV- -Like RNA Binding Protein 1, alias HUR) [156].
ACTR1A (Actin Related Protein 1A, alias ARP1) encodes a subunit of dynactin, a macromolecular complex that binds to both microtubules and cytoplasmic dynein. It is involved in a diverse array of cellular functions, including ER-to-Golgi transport, the centripetal movement of lysosomes and endosomes, spindle formation, chromosome movement, nuclear positioning, axonogenesis and axonal transport [157] Colocalization experiments in human skin cells in vitro highlighted an association of dynactin with melanosomes [158]. A study suggested that the dynactin complex links kinesin II to melanosomes mediating frog melanosomes' motility [159]. Another study suggested that spectrin may be involved in the dynactin linkage of motor proteins to melanosomes, as spectrin was found to interact with two different components of dynactin, including Arp1, in these cells [160]. Dynactin was also suggested to control pigment localization in amphibian eggs [161]. In 2012, melanoregulin, a product of the dilute suppressor gene, was shown to regulate microtubule-dependent retrograde melanosome transport through the dynein–dynactin motor complex [162].
SUFU (SUFU Negative Regulator Of Hedgehog Signaling) belongs to the Wnt / Hedgehog / Notch super-pathway and encodes a negative regulator of the sonic hedgehog signaling pathway [163] that plays an important role in in pattern formation and cellular proliferation during development. Notably, SUFU acts by repressing the sonic hedgehog target gene GLI1. The repression of GLI1 by SUFU can be removed after SUFU binding with STIL. Recent studies have shown that STIL plays important role in proliferation, survival, regeneration, and possibly functions of neuronal cells [164-166]. SUFU has been associated with a ciliopathy (Joubert Syndrome 32). Choi et al. [167] demonstrated that ciliogenesis has a critical function in melanogenesis. Indeed, they showed that the induction of primary cilium formation suppresses melanin production by reducing the expression of melanogenic enzymes. SUFU has been also associated with the basal cell nevus syndrome, a familial cancer syndrome characterized by numerous basal cell carcinomas, along with skeletal, ophthalmologic, and neurologic abnormalities. Elevated SUFU protein levels were positively correlated with the diameter and invasion of the tumor in colon cancer [168]. SUFU has been also associated with medulloblastoma and meningiomas predisposition [169-171]. Hippocampal expression of SUFU was significantly reduced in the 20-month-aged animals vs. 2-months mice due to age-associated DNA methylation so that the gene expression change was suggested as marker for brain aging [172].
TRIM8 (Tripartite Motif Containing 8) is a member of the tripartite motif (TRIM) protein family. The different domains of TRIM family proteins regulate cellular localization and higher order structures and are involved in several functional activities. Most of the TRIM family proteins, including TRIM8, have also been defined as E3 ubiquitin or ubiquitin like molecule ligases (SUMOylation and ISGylation), suggesting their main role in the regulation of cellular protein stability and tuning. In particular, their RING domain endows the E3 ubiquitin-protein ligase activity. TRIM proteins are involved in a broad range of biological processes, and have important roles in differentiation, development, intracellular signaling, protein quality control, autophagy, and immune responses, by regulating various signaling pathways. Furthermore, many TRIM proteins are induced by type I and type II interferons (IFNs) [173], suggesting that TRIM proteins have an important role in anti-viral and anti-microbial systems. It also plays a role in the TNFalpha and IL-1beta signaling pathways. Mutations in the genes encoding certain TRIMs have been associated with human diseases, classified as immunological diseases, or developmental disorders. Moreover, several TRIM members are involved in cancer either as tumor suppressors genes or as oncogenes, by controlling a broad range of processes including transcriptional regulation, cell proliferation, apoptosis, DNA repair, and metastasis. TRIM8 has been shown to be a p53 direct target gene, and by a positive feedback loop, TRIM8 is able to potentiate the p53 tumor suppressor activity, controlling the molecular switch that directs p53 toward the transcriptional activation of cell cycle arrest [174] and DNA repair genes, leading to the suppression of cell proliferation [175]. On the other hand, studies have proposed TRIM8 as a novel oncogene, because it is involved in the positive regulation of the NF-κB pathway via JAK-STAT signaling pathway [176-179] or via JNK-MAPK patway [180]. TRIM8 is expressed in undifferentiated embryonic stem (ES) cells, suggesting that TRIM8, besides regulating stemness in glioblastoma [177], also plays an important role for maintaining pluripotency of ES cells. Knock-down of TRIM8 modestly but significantly upregulated transcription of Nanog and when protein expression of Nanog is upregulated by knock-down of TRIM8, ES cells may differentiate [181]. This role for TRIM8 would be consistent with the evidence for a role of STAT3 in self-renewal of pluripotent embryonic stem cells [182]. TRIM8 interacts with KIFC1, and KIF11/Eg5, two master regulators of mitotic spindle assembly and cytoskeleton reorganization [183].
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