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Table S3. Transcriptomic analysis of cultured mutant and wildtype skin fibroblast.  
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GeneCards annotation OMIM Locus Fold 
change 

FDR PATIENTS 
(n=2) 

CONTROLS 
(n=4) 

FPKM [SD] FPKM [SD] 

               

genes up-regulated in patient cells 

               

ESRP1 epithelial 
splicing 
regulatory 
protein 1 

    ESRP1 is an mRNA splicing factor that regulates the 
formation of epithelial cell-specific isoforms. 
Specifically regulates the expression of FGFR2-IIIb, 
an epithelial cell-specific isoform of FGFR2. Also 
regulates the splicing of CD44, CTNND1, ENAH, 
three transcripts that undergo changes in splicing 
during the epithelial-to-mesenchymal transition 
(EMT). 

*612959, the gene product is an 
epithelial cell-type-specific splicing 
regulator. Mutations in ESRP1 are 
potentially associated with autosomal 
recessive deafness type 109. 

8:95653301 - 
95719694 

present - 
absent 

0.011 0.3547 0.0038 0.0000 0.0000 

CERS3 ceramide 
synthase 3 

    CERS3 is a member of the ceramide synthase family 
of genes. The ceramide synthase enzymes regulate 
sphingolipid synthesis by catalyzing the formation 
of ceramides from sphingoid base and acyl-CoA 
substrates. This family member is involved in the 
synthesis of ceramides with ultra-long-chain acyl-
moieties (ULC-Cers), important to the epidermis in 
its role in creating a protective barrier from the 
environment.  

#615023, autosomal recessive 
congenital ichthyosis type 9, 
characterized by collodian membrane at 
birth, acanthosis, orthohyperkeratosis, 
fine erythrodermic scales, palmoplantar 
hyperlinearity. 

15:100913143 - 
101085200 

present - 
absent 

0.011 0.1844 0.0118 0.0000 0.0000 

GJB6 gap junction 
protein beta 6 

    GJB6 encodes one of the connexin proteins. 
Mutations in this gene have been found in some 
forms of deafness and in some families with hidrotic 
ectodermal dysplasia. 

#129500, autosomal dominant Clouston 
syndrome characterized by ectodermal 
dysplasia, dystrophy of the nails and 
hair, onycholysis, skin 
hyperpigmentation, palmoplantar 
hyperkeratosis with reduced 
keratinocyte desquamation, poor dental 
health. 

13:20796109 - 
20806534 

present - 
absent 

0.011 0.3381 0.0224 0.0000 0.0000 

KRT75 keratin 75     KRT75 plays an essential role in hair and nail 
formation. It encodes an essential component of 
keratin intermediate filaments in the companion 
layer of the hair follicle. 

#612318, Pseudofulliculitis barbae, pili 
incarnati (ingrown hairs). 

12:52801363 - 
52828309 

present - 
absent 

0.011 0.2720 0.0668 0.0000 0.0000 
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S100A8 S100 calcium 

binding protein 
A8 (syn. 
calprotectin) 

    S100A8 has a role in the innate immune system and 
the regulation of inflammatory processes and 
immune response. It has a major role in the calcium 
and zinc binding of keratinocytes. 

*123885, the S100A8/S100A9 protein 
complex is upregulated in lesional 
psoriatic skin (PMID: 24332034).  

1:153362507 - 
153363664 

present - 
absent 

0.011 3.6951 0.9620 0.0000 0.0000 

CALML5 calmodulin like 
5 

    CALML5 is expressed in epidermis and involved in 
the terminal differentiation of keratinocytes. 

*605183, the CALML5 protein binds 
calcium and interacts with TGM3, a key 
enzyme in terminal epidermal 
differentiation. 

10:5540657 - 
5541533 

present - 
absent 

0.011 1.3541 0.4216 0.0000 0.0000 

HDGFP1 hepatoma-
derived growth 
factor 
pseudogene 1 

    Pseudogene of unknown function no associated human disease known X:130780647 - 
130780899 

present - 
absent 

0.011 27.436 9.965 0.0000 0.0000 

RHCG Rh family C 
glycoprotein 

    RHCG encodes a glycoprotein which functions as an 
electroneutral and bidirectional ammonium 
transporter; it may regulate transepithelial 
ammonia secretion. 

268040, associated with autosomal 
recessive with retino-hepato-
endocrinologic syndrome.  

15:89998679 - 
90039844 

present - 
absent 

0.011 0.2132 0.0984 0.0000 0.0000 

IGFL1 IGF like family 
member 1 

    The protein encoded by IGFL1 is a member of the 
insulin-like growth factor family of signaling 
molecules. 

*610544, high expression in psoriatic 
skin, involved in wound healing of the 
skin and with psoriasis. 

19:46732220 - 
46734500 

present - 
absent 

0.011 0.3446 0.2150 0.0000 0.0000 

S100A9 S100 calcium 
binding protein 
A9 

    The gene product of S100A9 forms a heterodimeric 
complex with S100A8. 

*123885, the S100A8/S100A9 protein 
complex (syn. Calprotectin) is 
upregulated in lesional psoriatic skin 
(PMID: 24332034). 

1:153330329 - 
153333503 

present - 
absent 

0.011 6.0927 4.2793 0.0000 0.0000 

SPRR3 small proline 
rich protein 3 

    The gene is involved in keratinization. *182271, the gene product is a 
component of the cornified cell 
envelope, which provides the protective 
barrier function of stratified squamous 
epithelial cells. 

1:152974222 - 
152976332 

present - 
absent 

0.011 0.2092 0.1615 0.0000 0.0000 

KRTDAP keratinocyte 
differentiation 
associated 
protein 

    KRTDAP may act as a soluble regulator of 
keratinocyte differentiation. May play an important 
role in embryonic skin morphogenesis. 

*617212, this gene encodes a protein, 
which may function in the regulation of 
keratinocyte differentiation and 
maintenance of stratified epithelia. 

19:35978225 - 
35986460 

present - 
absent 

0.011 5.3045 4.8832 0.0000 0.0000 

SPRR2A small proline 
rich protein 2A 

    SPRR2A is a keratinocyte protein that first appears 
in the cell cytosol, but ultimately becomes cross-
linked to membrane proteins by transglutaminase, 
resulting in the formation of an insoluble envelope 
beneath the plasma membrane. 

*182267, proteins of the SPRR family, 
like SPRR2A, are components of the 
cornified cell envelope, which provides 
the protective barrier function of 
stratified squamous epithelial cells. 

1:153028588 - 
153030013 

present - 
absent 

0.011 0.4030 0.4208 0.0000 0.0000 

CRCT1 cysteine rich C-
terminal 1 

    no annotation *617426, the protein is the central part 
of the epidermal differentiation 
complex (EDC) (PMID: 11230159). 

1:152486977 - 
152488486 

present - 
absent 

0.011 1.3892 1.4813 0.0000 0.0000 

KLK11 kallikrein 
related 
peptidase 11 

    The gene product of KLK11 is a serine protease 
involved in collagen chain trimerization. 

*604434, the encoded protein belongs 
to the kallikrein subfamily of serine 
proteases, highly expressed in fetal skin. 

19:51525471 - 
51531295 

present - 
absent 

0.011 0.4890 0.5342 0.0000 0.0000 
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LINC00473 long intergenic 

non-protein 
coding RNA 
473 

    non-coding RNA of unknown function   6:165740775 - 
166401536 

present - 
absent 

0.043 0.2166 0.2729 0.0000 0.0000 

LCE3E late cornified 
envelope 3E 

    LCE3E is involved in keratinization as a precursor of 
the cornified envelope of the stratum corneum. 

*612617, LCE3E was upregulated in 
cultured normal human keratinocytes 
by ultraviolet radiation. 

1:152538129 - 
152539248 

present - 
absent 

0.018 0.2456 0.3473 0.0000 0.0000 

RP11-
666A20.3 

     Transcript of unknown function Transcript of unknown function 3:125677398 - 
125677660 

present - 
absent 

0.018 0.6363 0.8999 0.0000 0.0000 

SPRR4 small proline 
rich protein 4 

    SPRR4 is involved in the cross-linked envelope 
protein of keratinocytes and in UV-induced 
cornification. 

*616363, SPRR proteins, such as SPRR4, 
are precursors for the cornified cell 
envelope, a structure formed in the 
outermost layers of stratified squamous 
epithelia. Cabral et al. (2001) concluded 
that SPRR4 is not expressed in skin 
under normal conditions, but is rather 
highly induced after UV irradiation and 
selectively incorporated into immature, 
fragile, and poorly hydrophobic cell 
envelopes. They hypothesized that 
SPRR4 is involved in maintenance of skin 
integrity following UV exposure (PMID: 
11719550). 

1:152943141 - 
152945050 

present - 
absent 

0.011 0.4901 0.6931 0.0000 0.0000 

AC092580.
3 

LincRNA     Transcript of unknown function Transcript of unknown function 2:7811734 - 
7812377 

absent - 
present 

0.018 0.0000 0.0000 0.1602 0.0615 

KRT5 keratin 5     KRT5 is a type II cytokeratin which is specifically 
expressed in the basal layer of the epidermis with 
family member KRT14. It is involved with 
keratinization. 

#179850, #131760, autosomal dominant 
Dermatopathia pigmentosa reticularis 
and Epidermolysis bullosa simplex, 
which is characterized by recurrent 
blistering of the skin after minor 
physical trauma as a result of cytolysis 
within basal epidermal cells. It is often 
associated with hyperkeratosis of the 
palms and soles, and shows clumping of 
keratin filaments in basal epidermal 
cells. 

12:52840434 - 
53012343 

111.59 0.011 33.887 5.9874 0.3037 0.7667 

SOX2-OT SOX2 
overlapping 
transcript 

    non-coding RNA of unknown function  non-coding RNA of unknown function  3:180701496 - 
181554668 

91.05 0.011 10.225 14.419 0.1123 0.1345 
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KRT14 keratin 14     KRT14 is a type I cytokeratin which is specifically 

expressed in the basal layer of the epidermis with 
family member KRT5. It is involved with 
keratinization. 

#125595, #131760, autosomal dominant 
Dermatopathia pigmentosa reticularis 
and Epidermolysis bullosa simplex, 
which is characterized by localized 
blistering of the skin and absence of 
dermatoglyphics (fingerprint lines), 
thickening of the palms and soles 
(palmo-plantar keratoderma), abnormal 
sweating, and other subtle 
developmental anomalies of the teeth, 
hair, and skin.  

17:39738530 - 
39743173 

78.55 0.025 17.975 1.557 0.2288 0.4008 

CDH1 cadherin 1     Cadherins are calcium-dependent cell adhesion 
proteins. CDH1 is involved in mechanisms regulating 
cell-cell adhesions, mobility and proliferation of 
epithelial cells. 

#119580, Blepharocheilodontic 
syndrome is a rare autosomal dominant 
disorder characterized by lower eyelid 
ectropion, upper eyelid distichiasis, 
euryblepharon, bilateral cleft lip and 
palate, and conical teeth. 

16:68771127 - 
68869451 

52.69 0.011 0.8382 0.0061 0.0159 0.0414 

CDH3 cadherin 3     CHD3 is involved with ERK signaling. An important 
paralog of this gene is CDH1. 

#225280, Ectodermal dysplasia, 
ectrodactyly, and macular dystrophy 
syndrome (EEMS) is an autosomal 
recessive disease characterized by 
hypotrichosis, dental anomalies, 
syndactyly, and retinal changes with 
prominent pigmentation in the 
posterior pole of the retina. 

16:68670091 - 
68756519 

45.18 0.011 1.5694 0.6710 0.0347 0.0589 

ELOVL2 ELOVL fatty 
acid elongase 2 

    ELOVL2 catalyzes the first and rate-limiting reaction 
of the four that constitute the long-chain fatty acids 
elongation cycle.  

*611814, the gene product acts 
specifically toward polyunsaturated 
acyl-CoA with the higher activity toward 
C20:4(n-6) acyl-CoA. 

6:10980991 - 
11078459 

36.77 0.043 1.8170 2.3020 0.0494 0.0398 

LIPG lipase G, 
endothelial 
type 

    The gene product of LIPG has phospholipase and 
triglyceride lipase activities. Hydrolyzes high density 
lipoproteins (HDL) more efficiently than other 
lipoproteins. 

*603684, Endothelial lipase regulates 
the circulating level of high density 
lipoprotein cholesterol. 

18:47087068 - 
47119272 

36.20 0.018 0.2388 0.0239 0.0066 0.0058 

S100A14 S100 calcium 
binding protein 
A14 

    The gene product of S100A14 modulates P53/TP53 
protein levels, and thereby plays a role in the 
regulation of cell survival and apoptosis. Plays a role 
in the regulation of cell migration by modulating the 
levels of MMP2, a matrix protease that is under 
transcriptional control of P53/TP53. 

*607986, calcium binding protein, 
upregulated in breast cancer. 

1:153586730 - 
153589462 

25.45 0.011 2.5881 0.7784 0.1017 0.0660 

C3 complement 
C3 

    The gene product of C3 modulates inflammation 
and possesses antimicrobial activity. 

#611378, age related macular 
degeneration and #613779, C3 
deficiency with recurrent childhood-
onset bacterial infections, immune 
complex-mediated autoimmune 
diseases resembling systemic lupus 
erythematosus. 

19:6343771 - 
6737614 

22.91 0.011 242.02 189.77 10.5641 15.1681 
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VANGL2 VANGL planar 

cell polarity 
protein 2 

    The protein encoded by VANGL2 is a membrane 
protein involved in the regulation of planar cell 
polarity and in the development of the neural plate. 

#182940, autosomal dominant 
susceptibility to neural tube defects 

1:160370375 - 
160398468 

12.61 0.018 1.0483 0.6273 0.0831 0.1478 

GUCY1A3 guanylate 
cyclase 1 
soluble subunit 
alpha 

    The protein encoded by GUCY1A3 is an alpha 
subunit which interacts with a beta subunit to form 
the guanylate cyclase enzyme, latter is activated by 
nitric oxide.  

#615750, autosomal recessive 
Moyamoya disease type 6 with 
achalasia 

4:156587862 - 
156654065 

10.24 0.011 1.5863 1.1481 0.1550 0.1195 

CYP7B1 cytochrome 
P450 family 7 
subfamily B 
member 1 

    This endoplasmic reticulum membrane protein 
catalyzes the first reaction in the cholesterol 
catabolic pathway of extrahepatic tissues. 

#270800, autosomal recessive spastic 
paraplegia type 5A, may be associated 
with optic atrophy and cerebellar ataxia. 

8:65500319 - 
65711517 

9.22 0.011 27.388
3 

9.8226 2.9715 2.7713 

SOX11 SRY-box 11     The gene product of SOX11 is a transcription factor 
involved in the embryonic neurogenesis. 

#615866, autosomal dominant mental 
retardation type 27 (Coffin-Siris 
syndrome) associated with 
microcephaly, growth deficiency, 
hypoplastic fifth toenails, and 
hypertrichosis. 

2:5832798 - 
5848227 

9.02 0.011 1.4649 0.6296 0.1625 0.2088 

RP11-
366M4.3 

     Transcript of unknown function Transcript of unknown function 4:165798137 - 
165820119 

8.70 0.025 5.9828 7.3344 0.6880 0.6029 

DGKB diacylglycerol 
kinase beta 

    The gene product of DGKB exhibits high 
phosphorylation activity for long-chain 
diacylglycerols. It is a regulator of the intracellular 
concentration of the second messenger 
diacylglycerol (DAG) and thus plays a key role in 
cellular processes. 

*604070, diacylglycerol (DAG) kinases 
phosphorylate DAG to phosphatidic 
acid. Phosphatidic acid functions both in 
signaling and phospholipid synthesis. In 
intracellular signaling pathways, DAGK 
can be viewed as a modulator that 
competes with protein kinase C for the 
second messenger DAG.  

7:14184673 - 
15014402 

8.33 0.011 0.1775 0.0937 0.0213 0.0428 

IL1RN interleukin 1 
receptor 
antagonist 

    The gene product of IL1RN inhibits the activities of 
interleukin 1 alpha and interleukin 1 beta and 
modulates a variety of interleukin 1 related immune 
and inflammatory responses.  

#612852, multifocal sterile 
osteomyelitis with periostitis and 
pustulosis with epidermal hyperplasia, 
ichthyosiform lesions, acanthosis, and 
staphylococcal skin infections. 

2:113864790 - 
113891593 

8.16 0.018 3.5033 2.0855 0.4295 0.8819 

FBN2 fibrillin 2     The gene product of FBN2 is a component of 
connective tissue microfibrils and may be involved 
in elastic fiber assembly. 

#121050, autosomal dominant distal 
arthrogryposis type 9 characterized by 
joint contractures, arachnodactyly, 
kyphoscoliosis; #616118, autosomal 
dominant early-onset macular 
degeneration. 

5:127593600 - 
128369335 

8.00 0.011 54.678
2 

67.802
8 

6.8306 8.6489 

NRCAM neuronal cell 
adhesion 
molecule 

    This ankyrin-binding protein is involved in neuron-
neuron adhesion and promotes directional signaling 
during axonal cone growth. Plays a role in mediating 
cell-cell contacts between Schwann cells and axons. 
Plays a role in the formation and maintenance of 
the nodes of Ranvier on myelinated axons. 

*601581, the cell adhesion molecules 
(CAMs) are a subset of the 
immunoglobulin superfamily found in 
the nervous systems of both vertebrates 
and invertebrates. 

7:107788067 - 
108097161 

7.64 0.011 3.6603 2.5013 0.4793 0.6707 
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CCL2 C-C motif 

chemokine 
ligand 2 

    The gene product is involved in immunoregulatory 
and inflammatory processes, psoriasis, and 
rheumatoid arthritis. 

  17:32581899 - 
32584222 

7.21 0.011 99.553 81.311 13.8034 19.5359 

SLC39A8 solute carrier 
family 39 
member 8 

    The gene product of SLC39A8 acts as a manganese 
and zinc influx transporter. 

#616721, autosomal recessive 
congenital disorder of glycosylation type 
2n 

4:103172197 - 
103371167 

6.89 0.011 27.682 11.171 4.0185 2.8758 

PDPN podoplanin     In keratinocytes, expression of this gene product 
induces changes in cell morphology showing an 
elongated shape, numerous membrane protrusions, 
major reorganization of the actin cytoskeleton, 
increased motility and decreased cell adhesion 
(PubMed:15515019). 

*608863, the gene product promotes 
formation of elongated cell extensions 
and significantly increased endothelial 
cell adhesion, migration, and tube 
formation. 

1:13909959 - 
13944452 

6.68 0.011 32.829 11.716 4.9116 2.8585 

VCAM1 vascular cell 
adhesion 
molecule 1 

    This type I membrane protein mediates leukocyte-
endothelial cell adhesion and signal transduction, 
and may play a role in the development of 
atherosclerosis and rheumatoid arthritis. 

*192225, the gene product is a cell 
surface glycoprotein expressed by 
cytokine-activated endothelium that 
mediates the adhesion of monocytes 
and lymphocytes. It plays a role in 
controlling heart development. 

1:101185297 - 
101204601 

6.66 0.011 2.6304 2.2809 0.3951 0.4048 

GRPR gastrin 
releasing 
peptide 
receptor 

    Gastrin-releasing peptide (GRP) regulates numerous 
functions of the gastrointestinal and central 
nervous systems. 

*305670, the gene product is a gastrin-
releasing polypeptide and involved in 
the autocrine loop for cell growth. 

X:16141678 - 
16189587 

6.39 0.032 3.8625 3.3178 0.6048 0.9570 

RARB retinoic acid 
receptor beta 

    RARB encodes retinoic acid receptor beta. It binds 
retinoic acid, the biologically active form of vitamin 
A which mediates cellular signaling in embryonic 
morphogenesis, cell growth and differentiation. The 
gene  is also involved in neurogenesis, neuronal 
differentiation and myelination.  

#615524, autosomal recessive or 
dominant syndromic microphthalmia 
type 12, associated with pulmonary 
hypoplasia, ventricular septal defect, 
and diaphragmatic hernia.  

3:24729409 - 
25639423 

6.00 0.032 1.5897 0.0791 0.2659 0.2783 

               

genes down-regulated in patient cells 

               

CDH18 cadherin 18     CDH18 encodes a type II classical cadherin from the 
cadherin superfamily of integral membrane proteins 
that mediate calcium-dependent cell-cell adhesion. 
This particular cadherin is expressed specifically in 
the central nervous system and is putatively 
involved in synaptic adhesion, axon outgrowth and 
guidance. 

*603019, this gene product mediates 
neural cell-cell interactions and may 
play important roles in neural 
development.  

5:19473059 - 
20575982 

absent-
present 

0.011 0.0000 0.0000 0.3111 0.3829 

FOLR1 folate receptor 
1 

    The gene product of FOLR1 anchors to membranes 
via a glycosyl-phosphatidylinositol linkage or exists 
in a soluble form. It is associated with 
neurodegeneration due to cerebral folate transport 
deficiency; Required for normal embryonic 
development and normal cell proliferation. 

#613068, neurodegeneration due to 
cerebral folate transport deficiency 
characterized by neurodegeneration, 
seizures, motor dysfunction, mental 
retardation, disturbed myelination of 
the periventricular and subcortical 
white matter. 

11:71874365 - 
71920285 

absent-
present 

0.011 0.0000 0.0000 0.2405 0.3799 
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RP11-
195E2.4 

LincRNA     Long intergenic non-coding RNA of unknown 
function 

Long intergenic non-coding RNA of 
unknown function 

5:70328994 - 
70330227 

absent-
present 

0.011 0.0000 0.0000 0.5702 1.0717 

PRR15 proline rich 15     Protein of unknown function, which may have a role 
in proliferation and/or differentiation. 

 7:29603426 - 
29606911 

absent-
present 

0.011 0.0000 0.0000 0.3445 0.7191 

STK19P serine/ 
threonine 
kinase 19 
pseudogene 

    Pseudogene of unknown function no associated human disease known 6:31981046 - 
31981564 

absent-
present 

0.011 0.0000 0.0000 7.4153 16.4300 
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RP11-
536P6.3 

LincRNA     Long intergenic non-coding RNA of unknown 
function 

Long intergenic non-coding RNA of 
unknown function 

22:48844701 - 
48847029 

absent-
present 

0.011 0.0000 0.0000 0.2321 0.5559 

RP11-
255M2.2 

LincRNA     Long intergenic non-coding RNA of unknown 
function 

Long intergenic non-coding RNA of 
unknown function 

15:95623323 - 
95676088 

absent-
present 

0.011 0.0000 0.0000 0.1510 0.3652 

RP11-
435B5.5 

LincRNA     Long intergenic non-coding RNA of unknown 
function 

Long intergenic non-coding RNA of 
unknown function 

1:143347957 - 
143467632 

absent-
present 

0.011 0.0000 0.0000 0.1721 0.1266 

RP11-
73B2.6 

     Transcript of unknown function Transcript of unknown function 7:63385164 - 
63386684 

absent-
present 

0.011 0.0000 0.0000 0.2092 0.2000 

MB myoglobin     The gene product of MB serves as a reserve supply 
of oxygen and facilitates the movement of oxygen 
within muscles. 

*160000, no human disease known with 
myoglobin deficiency, MB-knockout 
mice are healthy. 

22:36002810 - 
36033998 

0.02 0.011 0.0199 0.0003 1.1591 2.4513 

PDE1C phosphodieste
rase 1C 

    The gene product of PDE1C is a cyclic nucleotide 
phosphodiesterase contributing to the system of 
innate immunity. 

*602987, PDE1C1 binds both cAMP and 
cGMP with high affinity and hydrolyzed 
both substrates with similar rates of 
catalysis. No human disease with 
PDE1C1 deficiency is known. 

7:31790792 - 
32338941 

0.02 0.011 0.1551 0.0534 7.1405 14.6568 

FKBP9L FK506 binding 
protein 9-like 

    Pseudogene of unknown function Pseudogene of unknown function 7:55748766 - 
55780945 

0.04 0.011 0.2856 0.1382 6.9927 7.7111 

ADRA2A adrenoceptor 
alpha 2A 

    Alpha-2-adrenergic receptors are members of the G 
protein-coupled receptor superfamily. They are 
required for normal presynaptic control of 
transmitter release from central noradrenergic 
neurons. 

*104210, alpha-2-adrenoceptors, which 
are activated by adrenaline and 
noradrenaline, are important regulators 
of placental structure and function, 
might be involved in the pathogenicity 
of attention-deficit hyperactivity 
disorder and learning disabilities in 
Tourette syndrome. 

10:112836789 - 
112840658 

0.06 0.011 0.7958 0.7775 13.5537 16.0768 

C11orf87 chromosome 
11 open 
reading frame 
87 

    Protein of unknown function Protein of unknown function 11:109225811 - 
109454633 

0.06 0.011 0.8284 0.0036 13.2685 23.1553 

CNGA3 cyclic 
nucleotide 
gated channel 
alpha 3 

    CNGA3 encodes a member of the cyclic nucleotide-
gated cation channel protein family which is 
required for normal vision and olfactory signal 
transduction. The gene is essential for the 
generation of light-evoked electrical responses in 
the red-, green- and blue sensitive cones. 

#216900, achromatopsia type 2, total 
color blindness associated with infantile 
nystagmus, photophobia, day blindness, 
decreased foveolar thickness. 

2:98947851 - 
99016226 

0.07 0.011 0.0373 0.0084 0.5655 0.8821 

RIMS1 regulating 
synaptic 
membrane 
exocytosis 1 

    The gene product of RIMS1 may act as scaffold 
protein that regulates neurotransmitter release at 
the active zone. It is essential for maintaining 
normal probability of neurotransmitter release and 
for regulating release during short-term synaptic 
plasticity.  

#603649, autosomal dominant cone-rod 
dystrophy type 7, associated with day 
blindness, retinitis pigmentosa, and 
macular atrophy. 

6:72596405 - 
73112845 

0.08 0.018 0.0385 0.0131 0.4982 1.1679 
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CDH8 cadherin 8     This particular cadherin is expressed in brain and is 

putatively involved in synaptic adhesion, early 
cortical development (PMID: 20972252), axon 
outgrowth and guidance. 

*603008, cadherin 8 contributes to the 
regulation of dendritic spine 
morphogenesis and related synaptic 
functions. 

16:61681145 - 
62070939 

0.10 0.049 0.1188 0.1019 1.2350 2.5893 

CLIC3 chloride 
intracellular 
channel 3 

    The gene product of CLIC3 regulates fundamental 
cellular processes including stabilization of cell 
membrane potential, transepithelial transport, 
maintenance of intracellular pH, and regulation of 
cell volume. 

*606533, members of the chloride 
intracellular channel (CLIC) family are 
expressed in the nucleus as well as the 
plasma membrane, but they lack the 
membrane-spanning domains, 
characteristic of channel proteins. 

9:139889086 - 
139891255 

0.10 0.011 2.2564 0.4111 22.9400 35.8790 

PODXL podocalyxin 
like 

    The PODXL protein is an important component of 
glomerular podocytes. Beyond that it plays a role 
during brain development. 

*602632, this gene product is a highly 
sialylated adhesion glycoprotein that is 
abundantly expressed in the kidney and 
the brain. Knockout mice showed 
abnormal axonal fascicles as well as 
aberrant neurite length and number of 
branching points. There was also 
evidence of impaired synaptogenesis in 
mutant mice. 

7:131184810 - 
131243020 

0.10 0.011 9.9181 1.6140 99.884 222.760 

MYBPH myosin binding 
protein H 

    The gene product of MYBPH binds to myosin and is 
probably involved in interaction with thick 
myofilaments in the A-band. 

*160795, protein associated with 
myosin, no human disease with 
mutation in this gene known. 

1:203136938 - 
203144941 

0.10 0.049 0.1438 0.0154 1.3715 3.1414 

BRINP1 BMP/retinoic 
acid inducible 
neural specific 
1 

    The gene product of BRINP1 inhibits cell 
proliferation by negative regulation of the G1/S 
transition. Mediates cell death which is not of the 
classical apoptotic type and regulates expression of 
components of the plasminogen pathway. It is 
highly expressed in the nervous system, suppresses 
neurogenesis and promotes neuronal 
differentiation. 

*602865, loss-of-heterozygosity (LOH) 
might be associated with bladder 
carcinoma and with non-small cell lung 
cancer. 

9:121915735 - 
122131745 

0.11 0.011 0.2524 0.0294 2.2210 4.0547 

LINC01021 long intergenic 
non-protein 
coding RNA 
1021 

    Long intergenic non-coding RNA of unknown 
function 

Long intergenic non-coding RNA of 
unknown function 

5:27472398 - 
27496508 

0.12 0.025 0.3131 0.3406 2.7130 3.2671 

COMP cartilage 
oligomeric 
matrix protein 

    The gene product of COMP is a non collagenous 
extracellular matrix (ECM) protein. It may play a 
role in the structural integrity of cartilage via its 
interaction with other extracellular matrix proteins 
such as the collagens and fibronectin. 

#177170, Pseudoachondroplasia 
characterized by short limbs, dwarfism, 
limitations of joint function, 
osteoarthropathy, brachydactyly. 

19:18893582 - 
18902123 

0.12 0.011 6.0645 4.0800 48.9715 70.6981 
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S1PR1 sphingosine-1-

phosphate 
receptor 1 

    The protein encoded by this gene is structurally 
similar to G protein-coupled receptors and is highly 
expressed in endothelial cells. It binds the ligand 
sphingosine-1-phosphate with high affinity and high 
specificity, and suggested to be involved in the 
processes that regulate the differentiation of 
endothelial cells.  

*601974, the S1PR1 gene encodes a 
receptor for the lysosphingolipid 
sphingosine-1-phosphate (S1P). S1P is 
generated intracellularly from 
sphingomyelin in a wide variety of cells. 
In adult mouse brain, significant 
expression occurred throughout the 
cerebellum, with localized abundant 
expression in the Purkinje cell layer.  

1:101702333 - 
101707156 

0.13 0.011 1.1494 0.0506 9.1845 20.2171 

AKAP6 A-kinase 
anchoring 
protein 6 

    The encoded protein is highly expressed in various 
brain regions and cardiac and skeletal muscle. 

*604691, A-kinase anchor proteins 
direct the activity of protein kinase A by 
tethering the enzyme near its 
physiologic substrates. No human 
diseases known to be associated with 
mutation in this gene. 

14:32798478 - 
33300826 

0.13 0.011 0.4984 0.3597 3.8239 7.4346 

IGFBP3 insulin like 
growth factor 
binding protein 
3 

    The protein encoded by IGFBP3 is a member of the 
insulin-like growth factor binding protein (IGFBP) 
family. It is highly expressed in embryonic neural 
tube, central nervous system, and dermis. During 
CNS development it promotes synaptic 
rearrangement and myelination (PMID: 15774848). 

*146732, among the several roles of 
IGFBP3 are its function as the major 
carrying protein for IGF1 and IGF2 in the 
circulation, and its action as a 
modulator of IGF bioactivity and as a 
direct growth inhibitor in the 
extravascular tissue compartment, 
where it is expressed in a highly 
regulated manner. No human disease is 
known to be associated with mutation 
in IGFBP3. 

7:45613738 - 
46061683 

0.13 0.038 281.92 61.88 2158.86 4113.77 

PDE1A phosphodieste
rase 1A 

    Cyclic nucleotide phosphodiesterase with a dual-
specificity for the second messengers cAMP and 
cGMP, which are key regulators of many important 
physiological processes. 

*171890, phosphodiesterase 1A, no 
human disease is associated with 
mutations in the PDE1A gene. 

2:183004762 – 
183387919 

0.14 0.043 0.4140 0.4580 3.0303 2.5634 

LIMCH1 LIM and 
calponin 
homology 
domains 1 

    The gene product of LIMCH1 is known to be actin 
binding. Acts as a negative regulator of cell motility 
(PMID: 28228547) 

*617750, the gene product is an actin 
stress fiber-associated protein that 
regulates non-muscle myosin II activity. 

4:41361623 – 
41702061 

0.14 0.011 0.8714 0.1599 6.2534 10.6454 

NOG noggin     The secreted polypeptide, encoded by NOG, binds 
and inactivates members of the transforming 
growth factor-beta (TGF-beta) superfamily signaling 
proteins, such as bone morphogenetic protein-4 
(BMP4). The results of the mouse knockout of the 
ortholog suggest that it is involved in numerous 
developmental processes, such as neural tube 
fusion , axon guidance, and CNS development.. 

Mutations in NOG are associated with 
various autosomal dominant disorders 
of bone formation such as brachydactyly 
type b2 (#611377), multiple stenoses 
syndrome type 1 (#186500), and 
proximal symphalangism type 1a 
(#185800). 

17:54671059 - 
54672951 

0.15 0.011 1.4975 0.1548 10.0411 17.3813 
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FGF13 fibroblast 

growth factor 
13 

    The gene product of FGF13 is a microtubule-binding 
protein which directly binds tubulin and is involved 
in both polymerization and stabilization of 
microtubules. Through its action on microtubules, it 
may participate to the refinement of axons by 
negatively regulating axonal and leading processes 
branching. Plays a crucial role in neuron polarization 
and migration in the cerebral cortex and the 
hippocampus. 

#301900, Borjeson-Forssman-Lehmann 
syndrome associated with short stature, 
microcephaly, severe mental 
retardation, seizures. 

X:137713734 - 
138304939 

0.16 0.011 0.5857 0.2141 3.7099 1.8455 

APBB1IP amyloid beta 
precursor 
protein binding 
family B 
member 1 
interacting 
protein 

    The gene product of APBB1IP seems to function in 
the signal transduction from Ras-activation to actin 
cytoskeletal remodeling. 

*609036, APBB1-interacting adaptor 
molecule, syn. Retinoic-acid-responsive 
proline rich protein seems to regulate 
actin dynamics and the formation of 
lamellipodia.  

10:26727131 - 
26856732 

0.16 0.011 2.2461 0.1752 13.7315 10.4399 

 


