
acetyltransferase I ( arylamine N -acetyltransferase)]; NAT2 [N -acetyltransferase 2 ( arylamine N­

acetyltransferase)]; NAT9 [N-acetyltransferase 9 (GCN5-related, putative)]; NBEA [neurobeachin]; NBN 

[nibrin]; NCAMI [neural cell adhesion molecule I]; NCFI [neutrophil cytosolic factor I]; NCF2 [neutrophil 

cytosolic factor 2]; NCF4 [neutrophil cytosolic factor 4, 40 kDa]; NCK1 [NCK adaptor protein 1]; NCL 

[nucleolin]; NCOAI [nuclear receptor coactivator I]; NCOA2 [nuclear receptor coactivator 2]; NCORI 

[nuclear receptor co-repressor I]; NCR3 [natural cytotoxicity triggering receptor 3]; NDUFA13 [NADH 

dehydrogenase (ubiquinone) I alpha subcomplex, 13]; NDUFABI [NADH dehydrogenase (ubiquinone) I, 

alpha/beta subcomplex, I, 8 kDa]; NDUFAF2 [NADH dehydrogenase (ubiquinone) I alpha subcomplex, 

assembly factor 2]; NEDD4 [neural precursor cell expressed, developmentally down-regulated 4]; NEFL 

[neurofilament, light polypeptide]; NEFM [neurofilament, medium polypeptide]; NEGR 1 [neuronal growth 

regulator I]; NEK6 [NIMA (never in mitosis gene a)-related kinase 6]; NELF [nasal embryonic LHRH 

factor]; NELLI [NEL-like I (chicken)]; NES [nestin]; NEUI [sialidase I (lysosomal sialidase)]; NEURODI 

[neurogenic differentiation 1]; NFI [neurofibromin I]; NF2 [neurofibromin 2 (merlin)]; NFAT5 [nuclear 

factor of activated T-cells 5, tonicity-responsive]; NFATC1 [nuclear factor of activated T-cells, cytoplasmic, 

calcineurin-dependent 1]; NF A TC2 [nuclear factor of activated T -cells, cytoplasmic, calcineurin-dependent 

2]; NF A TC4 [nuclear factor of activated T -cells, cytoplasmic, calcineurin-dependent 4]; NFE2L2 [nuclear 

factor (erythroid-derived 2)-like 2]; NFKB I [nuclear factor of kappa light polypeptide gene enhancer in B­

cells I]; NFKB2 [nuclear factor of kappa light polypeptide gene enhancer in B-cells 2 (p49/pi 00)]; NFKBIA 

[nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha]; NFKBIB [nuclear factor 

of kappa light polypeptide gene enhancer in B-cells inhibitor, beta]; NFKBIL 1 [nuclear factor of kappa light 

polypeptide gene enhancer in B-cells inhibitor-like I]; NFUI [NFUI iron-sulfur cluster scaffold homolog (S. 

cerevisiae)]; NGF [nerve growth factor (beta polypeptide)]; NGFR [nerve growth factor receptor (TNFR 

superfamily, member I6)]; NHEJI [nonhomologous end-joining factor I]; NIDI [nidogen I]; NKAP [NFkB 

activating protein]; NKX2-l, NK2 homeobox 1]; NKX2-3 [NK2 transcription factor related, locus 3 

(Drosophila)]; NLRP3 [NLR family, pyrin domain containing 3]; NMB [neuromedin B]; NMEl [non­

metastatic cells I, protein (NM23A) expressed in]; NME2 [non-metastatic cells 2, protein (NM23B) 

expressed in]; NMU [neuromedin U]; NNAT [neuronatin]; NODI [nucleotide-binding oligomerization 

domain containing I]; NOD2 [nucleotide-binding oligomerization domain containing 2]; NONO [non-POU 

domain containing, octamer-binding]; NOSI [nitric oxide synthase I (neuronal)]; NOS2 [nitric oxide 

synthase 2, inducible]; NOS3 [nitric oxide synthase 3 (endothelial cell)]; NOTCH1 [Notch homolog 1, 

translocation-associated (Drosophila)]; NOTCH2 [Notch homolog 2 (Drosophila)]; NOTCH3 [Notch 

homolog 3 (Drosophila)]; NOTCH4 [Notch homolog 4 (Drosophila)]; NOXI [NADPH oxidase 1]; NOX3 

[NADPH oxidase 3]; NOX4 [NADPH oxidase 4]; NOX5 [NADPH oxidase, EF-hand calcium binding 

domain 5]; NP AT [nuclear protein, ataxia-telangiectasia locus]; NPC I [Niemann-Pick disease, type C I]; 

NPC1Ll [NPC1 (Niemann-Pick disease, type C1, gene)-like 1]; NPC2 [Niemann-Pick disease, type C2]; 

NPHPI [nephronophthisis I Guvenile)]; NPHS1 [nephrosis I, congenital, Finnish type (nephrin)]; NPHS2 
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[nephrosis 2, idiopathic, steroid-resistant (podocin)]; NPLOC4 [nuclear protein localization 4 homolog (S. 

cerevisiae)]; NPM1 [ nucleophosmin (nucleolar phosphoprotein B23, numatrin)]; NPP A [natriuretic peptide 

precursor A]; NPPB [natriuretic peptide precursor B]; NPPC [natriuretic peptide precursor C]; NPR1 

[natriuretic peptide receptor A/guanylate cyclase A (atrionatriuretic peptide receptor A)]; NPR3 [natriuretic 

peptide receptor C/guanylate cyclase C (atrionatriuretic peptide receptor C)]; NPS [neuropeptide S]; NPSR1 

[neuropeptide S receptor 1]; NPY [neuropeptide Y]; NPY2R [neuropeptide Y receptor Y2]; NQ01 

[NAD(P)H dehydrogenase, quinone 1]; NROB1 [nuclear receptor subfamily 0, group B, member 1]; NR1H2 

[nuclear receptor subfamily 1, group H, member 2]; NR1H3 [nuclear receptor subfamily 1, group H, member 

3]; NR1H4 [nuclear receptor subfamily 1, group H, member 4]; NR112 [nuclear receptor subfamily 1, group 1, 

member 2]; NR 1 T3 [nuclear receptor subfamily 1, group T, member 3]; NR2F2 [nuclear receptor subfamily 2, 

group F, member 2]; NR3C1 [nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)]; 

NR3C2 [nuclear receptor subfamily 3, group C, member 2]; NR4A1 [nuclear receptor subfamily 4, group A, 

member 1]; NR4A3 [nuclear receptor subfamily 4, group A, member 3]; NR5A1 [nuclear receptor subfamily 

5, group A, member 1]; NRF1 [nuclear respiratory factor 1]; NRG1 [neuregulin 1]; NRIP1 [nuclear receptor 

interacting protein 1]; NRTP2 [nuclear receptor interacting protein 2]; NRPl [neuropilin 1]; NSDl [nuclear 

receptor binding SET domain protein 1]; NSDHL [NAD(P) dependent steroid dehydrogenase-like]; NSF [N­

ethylmaleimide-sensitive factor]; NT5E [5'-nucleotidase, ecto (CD73)]; NTAN1 [N-terminal asparagine 

amidase]; NTF3 [neurotrophin 3]; NTF4 [neurotrophin 4]; NTN1 [netrin 1]; NTRK1 [neurotrophic tyrosine 

kinase, receptor, type 1]; NTRK2 [neurotrophic tyrosine kinase, receptor, type 2]; NTRK3 [neurotrophic 

tyrosine kinase, receptor, type 3]; NTS [neurotensin]; NUCB2 [nucleobindin 2]; NUDTl [nudix (nucleoside 

diphosphate linked moiety X)-type motif 1]; NUDT2 [nudix (nucleoside diphosphate linked moiety X)-type 

motif2]; NUDT6 [nudix (nucleoside diphosphate linked moiety X)-type motif6]; NUFIP2 [nuclear fragile X 

mental retardation protein interacting protein 2]; NUP98 [nucleoporin 98 kDa]; NXF1 [nuclear RNA export 

factor 1]; OCA2 [oculocutaneous albinism II]; OCLN [occludin]; ODC1 [ornithine decarboxylase 1]; OFD1 

[oral-facial-digital syndrome 1]; OGDH [oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide)]; 

OGG1 [8-oxoguanine DNA glycosylase]; OGT [0-linked N-acetylglucosamine (GlcNAc) transferase (UDP­

N -acetylglucosamine:polypeptide-N -acetylglucosaminyl transferase)]; OLR1 [oxidized low density 

lipoprotein (lectin-like) receptor 1]; OMP [olfactory marker protein]; ONECUT2 [one cut homeobox 2]; 

OPN3 [opsin 3]; OPRK1 [opioid receptor, kappa 1]; OPRM1 [opioid receptor, mu 1]; OPTN [optineurin]; 

OR2Bll [olfactory receptor, family 2, subfamily B, member 11]; ORMDL3 [ORM1-like 3 (S. cerevisiae)]; 

OSBP [oxysterol binding protein]; OSGIN2 [oxidative stress induced gro~ih inhibitor family member 2]; 

OSM [oncostatin M]; OTC [ornithine carbamoyltransferase]; OTOP2 [otopetrin 2]; OTOP3 [otopetrin 3]; 

OTUD1 [OTU domain containing 1]; OXA1L [oxidase (cytochrome c) assembly 1-like]; OXER1 

[oxoeicosanoid (OXE) receptor 1]; OXT [oxytocin, prepropeptide]; OXTR [oxytocin receptor]; P2RX7 

[purinergic receptor P2X, ligand-gated ion channel, 7]; P2RY1 [purinergic receptor P2Y, G-protein coupled, 

1]; P2RY12 [purinergic receptor P2Y, G-protein coupled, 12]; P2RY14 [purinergic receptor P2Y, G-protein 
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coupled, 14]; P2RY2 [purinergic receptor P2Y, G-protein coupled, 2]; P4HA2 [prolyl4-hydroxylase, alpha 

polypeptide II]; P4HB [prolyl4-hydroxylase, beta polypeptide]; P4HTM [prolyl4-hydroxylase, 

transmembrane (endoplasmic reticulum)]; PABPCl [poly(A) binding protein, cytoplasmic 1]; PACSIN3 

[protein kinase C and casein kinase substrate in neurons 3]; PAEP [progestagen-associated endometrial 

protein]; PAFAHlBl [platelet-activating factor acetylhydrolase lb, regulatory subunit 1 (45 kDa)]; PAH 

[phenylalanine hydroxylase]; PAKl [p21 protein (Cdc42/Rac)-activated kinase 1]; PAK2 [p21 protein 

(Cdc42/Rac)-activated kinase 2]; PAlO [p21 protein (Cdc42/Rac)-activated kinase 3]; PAM [peptidylglycine 

alpha-amidating monooxygenase]; PAPPA [pregnancy-associated plasma protein A, pappalysin 1]; PARG 

[poly (ADP-ribose) glycohydrolase]; P ARK2 [Parkinson disease (autosomal recessive, juvenile) 2, parkin]; 

PARPl [poly (ADP-ribose) polymerase 1]; PA WR [PRKC, apoptosis, WTl, regulator]; PAX2 [paired box 2]; 

PAX3 [paired box 3]; PAX5 [paired box 5]; PAX6 [paired box 6]; PAXIPl [PAX interacting (with 

transcription-activation domain) protein 1]; PC [pyruvate carboxylase]; PCCA [propionyl Coenzyme A 

carboxylase, alpha polypeptide]; PCCB [propionyl Coenzyme A carboxylase, beta polypeptide]; PCDHl 

[protocadherin 1]; PCKl [phosphoenolpyruvate carboxykinase 1 (soluble)]; PCMl [pericentriolar material 1]; 

PCNA [proliferating cell nuclear antigen]; PCNT [pericentrin]; PCSKl [proprotein convertase 

subtilisin/kexin type 1]; PCSK6 [proprotein convertase subtilisin/kexin type 6]; PCSK7 [proprotein 

convertase subtilisin/kexin type 7]; PCYTlA [phosphate cytidylyltransferase 1, choline, alpha]; PCYT2 

[phosphate cytidylyltransferase 2, ethanolamine]; PDCDl [programmed cell death 1]; PDCD1LG2 

[programmed cell death 1 ligand 2]; PDCD6 [programmed cell death 6]; PDE3B [phosphodiesterase 3B, 

cGMP-inhibited]; PDE4A [phosphodiesterase 4A, cAMP-specific (phosphodiesterase E2 dunce homolog, 

Drosophila)]; PDE4B [phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog, 

Drosophila)]; PDE4D [phosphodiesterase 4D, cAMP-specific (phosphodiesterase E3 dunce homolog, 

Drosophila)]; PDE7A [phosphodiesterase 7A]; PDGFA [platelet-derived growth factor alpha polypeptide]; 

PDGFB [platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-sis) oncogene homolog)]; 

PDGFRA [platelet-derived growth factor receptor, alpha polypeptide]; PDGFRB [platelet-derived growth 

factor receptor, beta polypeptide]; PDIA2 [protein disulfide isomerase family A, member 2]; PDIA3 [protein 

disulfide isomerase family A, member 3]; PDKl [pyruvate dehydrogenase kinase, isozyme 1]; PDLIMl [PDZ 

and LIM domain 1]; PDLIM5 [PDZ and LIM domain 5]; PDLIM7 [PDZ and LIM domain 7 (enigma)]; PDPl 

[pyruvate dehyrogenase phosphatase catalytic subunit 1]; PDXl [pancreatic and duodenal homeobox 1]; 

PDXK [pyridoxal (pyridoxine, vitamin B6) kinase]; PDYN [prodynorphin]; PECAMl [platelet/endothelial 

cell adhesion molecule]; PEMT [phosphatidylethanolamine N-methyltransferase]; PENK [proenkephalin]; 

PEPD [peptidase D]; PERl [period homolog 1 (Drosophila)]; PEXl [peroxisomal biogenesis factor 1]; 

PEXlO [peroxisomal biogenesis factor 10]; PEX12 [peroxisomal biogenesis factor 12]; PEX13 [peroxisomal 

biogenesis factor 13]; PEX14 [peroxisomal biogenesis factor 14]; PEX16 [peroxisomal biogenesis factor 16]; 

PEX19 [peroxisomal biogenesis factor 19]; PEX2 [peroxisomal biogenesis factor 2]; PEX26 [peroxisomal 

biogenesis factor 26]; PEX3 [peroxisomal biogenesis factor 3]; PEX5 [peroxisomal biogenesis factor 5]; 
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PEX6 [peroxisomal biogenesis factor 6]; PEX7 [peroxisomal biogenesis factor 7]; PF4 [platelet factor 4]; 

PFAS [phosphoribosylfonnylglycinamidine synthase]; PFDN4 [prefoldin subunit 4]; PFNl [profilin 1]; PGC 

[progastricsin (pepsinogen C)]; PGD [phosphogluconate dehydrogenase]; PGF [placental growth factor]; 

PGK1 [phosphoglycerate kinase 1]; PGM1 [phosphoglucomutase 1]; PGR [progesterone receptor]; PHB 

[prohibitin]; PHEX [phosphate regulating endopeptidase homolog, X-linked]; PHF11 [PHD finger protein 

11]; PHOX2B [paired-like homeobox 2b]; PHTF1 [putative homeodomain transcription factor 1]; PHYH 

[phytanoyl-CoA 2-hydroxylase]; PHYHIP [phytanoyl-CoA 2-hydroxylase interacting protein]; PI3 [peptidase 

inhibitor 3, skin-derived]; PIGA [phosphatidylinositol glycan anchor biosynthesis, class A]; PIGR [polymeric 

immunoglobulin receptor]; PlK3C2A [phosphoinositide-3-kinase, class 2, alpha polypeptide]; PlK3C2B 

[phosphoinositide-3-kinase, class 2, beta polypeptide]; PTK3C2G [phosphoinositide-3-kinase, class 2, gamma 

polypeptide]; PIK3C3 [phosphoinositide-3-kinase, class 3]; PIK3CA [phosphoinositide-3-kinase, catalytic, 

alpha polypeptide]; PIK3CB [phosphoinositide-3-kinase, catalytic, beta polypeptide]; PIK3CD 

[phosphoinositide-3-kinase, catalytic, delta polypeptide]; PIK3CG [phosphoinositide-3-kinase, catalytic, 

gamma polypeptide]; PIK3R1 [phosphoinositide-3-kinase, regulatory subunit 1 (alpha)]; PIK3R2 

[phosphoinositide-3-kinase, regulatory subunit 2 (beta)]; PTK3R3 [phosphoinositide-3-kinase, regulatory 

subunit 3 (gamma)]; PIKFYVE [phosphoinositide kinase, FYVE finger containing]; PIN1 [peptidylprolyl 

cis/trans isomerase, NIMA-interacting 1]; PINK1 [PTEN induced putative kinase 1]; PIP [prolactin-induced 

protein]; PIP5KL1 [phosphatidylinositol-4-phosphate 5-kinase-like 1]; PITPNM1 [phosphatidylinositol 

transfer protein, membrane-associated 1]; PITRM1 [pitrilysin metallopeptidase 1]; PITX2 [paired-like 

homeodomain 2]; PKD2 [polycystic kidney disease 2 (autosomal dominant)]; PKLR [pyruvate kinase, liver 

and RBC]; PKM2 [pyruvate kinase, muscle]; PKN1 [protein kinase N1]; PL-5283 [PL-5283 protein]; 

PLA2G1B [phospholipase A2, group IB (pancreas)]; PLA2G2A [phospholipase A2, group IIA (platelets, 

synovial fluid)]; PLA2G2D [phospholipase A2, group liD]; PLA2G4A [phospholipase A2, group IV A 

(cytosolic, calcium-dependent)]; PLA2G6 [phospholipase A2, group VI (cytosolic, calcium-independent)]; 

PLA2G7 [phospholipase A2, group VII (platelet-activating factor acetylhydrolase, plasma)]; PLA2R1 

[phospholipase A2 receptor 1, 180 kDa]; PLAT [plasminogen activator, tissue]; PLAU [plasminogen 

activator, urokinase]; PLAUR [plasminogen activator, urokinase receptor]; PLCB 1 [phospholipase C, beta 1 

(phosphoinositide-specific)]; PLCB2 [phospholipase C, beta 2]; PLCB4 [phospholipase C, beta 4]; PLCD1 

[phospholipase C, delta 1]; PLCG 1 [phospholipase C, gamma 1]; PLCG2 [phospholipase C, gamma 2 

(phosphatidylinositol-specific)]; PLD1 [phospholipase Dl, phosphatidylcholine-specific]; PLEC [plectin]; 

PLEK [pleckstrin]; PLG [plasminogen]; PLIN1 [perilipin 1]; PLKl [polo-like kinase 1 (Drosophila)]; PLK2 

[polo-like kinase 2 (Drosophila)]; PLK3 [polo-like kinase 3 (Drosophila)]; PLP1 [proteolipid protein 1]; 

PL TP [phospholipid transfer protein]; PMAIP 1 [phorbol-12-myristate-13 -acetate-induced protein 1]; PMCH 

[pro-melanin-concentrating hormone]; PML [promyelocytic leukemia]; PMP22 [peripheral myelin protein 

22]; PMS2 [PMS2 postmeiotic segregation increased 2 (S. cerevisiae)]; PNLIP [pancreatic lipase]; PNMA3 

[paraneoplastic antigen MA3]; PNMT [phenylethanolamine N-methyltransferase]; PNP [purine nucleoside 
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phosphorylase]; POLB [polymerase (DNA directed), beta]; POLD3 [polymerase (DNA-directed), delta 3, 

accessmy subunit]; POLD4 [polymerase (DNA-directed), delta 4]; POLH [polymerase (DNA directed), eta]; 

POLL [polymerase (DNA directed), lambda]; POLR2A [polymerase (RNA) II (DNA directed) polypeptide 

A, 220 kDa]; POLR2B [polymerase (RNA) II (DNA directed) polypeptide B, 140 kDa]; POLR2c 

[polymerase (RNA) II (DNA directed) polypeptide C, 33 kDa]; POLR2D [polymerase (RNA) II (DNA 

directed) polypeptide D]; POLR2E [polymerase (RNA) II (DNA directed) polypeptide E, 25 kDa]; POLR2F 

[polymerase (RNA) II (DNA directed) polypeptide F]; POLR2G [polymerase (RNA) II (DNA directed) 

polypeptide G]; POLR2H [polymerase (RNA) II (DNA directed) polypeptide H]; POLR2I [polymerase 

(RNA) 11 (DNA directed) polypeptide 1, 14.5 kDa]; POLR2J [polymerase (RNA) 11 (DNA directed) 

polypeptide J, 13.3 kDa]; POLR2K [polymerase (RNA) lT (DNA directed) polypeptide K, 7.0 kDa]; POLR2L 

[polymerase (RNA) II (DNA directed) polypeptide L, 7.6 kDa]; POMC [proopiomelanocortin]; POMTI 

[protein-0-mannosyltransferase 1]; PON1 [paraoxonase 1]; PON2 [paraoxonase 2]; PON3 [paraoxonase 3]; 

POSTN [periostin, osteoblast specific factor]; POTI [POT1 protection oftelomeres 1 homolog (S. pombe)]; 

POU2AF1 [POU class 2 associating factor 1]; POU2F1 [POU class 2 homeobox 1]; POU2F2 [POU class 2 

homeobox 2]; POU5F1 [POU class 5 homeobox 1]; PPA1 [pyrophosphatase (inorganic) 1]; PPARA 

[peroxisome proliferator-activated receptor alpha]; PP ARD [peroxisome proliferator-activated receptor delta]; 

PP ARG [peroxisome proliferator-activated receptor gamma]; PPARGC 1A [peroxisome proliferator-activated 

receptor gamma, coactivator 1 alpha]; PPAT [phosphoribosyl pyrophosphate amidotransferase]; PPBP [pro­

platelet basic protein (chemokine (C-X-C motif) ligand 7)]; PPFIA1 [protein tyrosine phosphatase, receptor 

type, fpolypeptide (PTPRF), interacting protein (liprin), alpha 1]; PPIA [peptidylprolyl isomerase A 

(cyclophilin A)]; PPIB [peptidylprolyl isomerase B (cyclophilin B)]; PPIG [peptidylprolyl isomerase G 

(cyclophilin G)]; PPDX [protoporphyrinogen oxidase]; PPP1CB [protein phosphatase 1, catalytic subunit, 

beta isozyme]; PPP1R12A [protein phosphatase 1, regulatory (inhibitor) subunit 12A]; PPP1R2 [protein 

phosphatase 1, regulatory (inhibitor) subunit 2]; PPP2RIB [protein phosphatase 2, regulatory subunit A, 

beta]; PPP2R2B [protein phosphatase 2, regulatory subunit B, beta]; PPP2R4 [protein phosphatase 2A 

activator, regulatory subunit 4]; PPP6C [protein phosphatase 6, catalytic subunit]; PPTI [palmitoyl-protein 

thioesterase 1]; PPY [pancreatic polypeptide]; PRDM1 [PR domain containing 1, with ZNF domain]; PRDM2 

[PR domain containing 2, with ZNF domain]; PRDX2 [peroxiredoxin2]; PRDX3 [peroxiredoxin 3]; PRDX5 

[peroxiredoxin 5]; PRF1 [perforin 1 (pore forming protein)]; PRG2 [proteoglycan 2, bone marrow (natural 

killer cell activator, eosinophil granule major basic protein)]; PRG4 [proteoglycan4]; PRIM1 [primase, DNA, 

polypeptide 1 ( 49 kDa)]; PRKAA1 [protein kinase, AMP-activated, alpha 1 catalytic subunit]; PRKAA2 

[protein kinase, AMP-activated, alpha 2 catalytic subunit]; PRKAB 1 [protein kinase, AMP-activated, beta 1 

non-catalytic subunit]; PRKACA [protein kinase, cAMP-dependent, catalytic, alpha]; PRKACB [protein 

kinase, cAMP-dependent, catalytic, beta]; PRKACG [protein kinase, cAMP-dependent, catalytic, gamma]; 

PRKAR1A [protein kinase, cAMP-dependent, regulatory, type I, alpha (tissue specific extinguisher 1)]; 

PRKAR2A [protein kinase, cAMP-dependent, regulatory, type II, alpha]; PRKAR2B [protein kinase, cAMP-
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dependent, regulatory, type II, beta]; PRKCA [protein kinase C, alpha]; PRKCB [protein kinase C, beta]; 

PRKCD [protein kinase C, delta]; PRKCE [protein kinase C, epsilon]; PRKCG [protein kinase C, gamma]; 

PRKCH [protein kinase C, eta]; PRKCI [protein kinase C, iota]; PRKCQ [protein kinase C, theta]; PRKCZ 

[protein kinase C, zeta]; PRKDl [protein kinase Dl]; PRKD3 [protein kinase D3]; PRKDC [protein kinase, 

DNA-activated, catalytic polypeptide; also known as DNAPK]; PRKG 1 [protein kinase, cGMP-dependent, 

type I]; PRKRIR [protein-kinase, interferon-inducible double stranded RNA dependent inhibitor, repressor of 

(P58 repressor)]; PRL [prolactin]; PRLR [prolactin receptor]; PRNP [prion protein]; PROC [protein C 

(inactivator of coagulation factors Va and VIlla)]; PRODH [proline dehydrogenase (oxidase) 1]; PROK1 

[prokineticin 1]; PROK2 [prokineticin 2]; PROM1 [prominin 1]; PR051 [proteinS (alpha)]; PRPH 

[peripherin]; PRSS1 [protease, serine, 1 (trypsin 1)]; PRSS2 [protease, serine, 2 (trypsin 2)]; PRSS21 

[protease, serine, 21 (testisin)]; PRSS3 [protease, serine, 3]; PRTN3 [proteinase 3]; PSAP [prosaposin]; 

PSEN1 [presenilin 1]; PSEN2 [presenilin 2 (Alzheimer disease 4)]; PSMA1 [proteasome (prosome, 

macropain) subunit, alpha type, 1]; PSMA2 [proteasome (prosome, macropain) subunit, alpha type, 2]; 

PSMA3 [proteasome (prosome, macropain) subunit, alpha type, 3]; PSMA5 [proteasome (prosome, 

macropain) subunit, alpha type, 5]; PSMA6 [proteasome (prosome, macropain) subunit, alpha type, 6]; 

PSMA7 [proteasome (prosome, macropain) subunit, alpha type, 7]; PSMB10 [proteasome (prosome, 

macropain) subunit, beta type, 1 0]; PSMB2 [proteasome (prosome, macropain) subunit, beta type, 2]; PSMB4 

[proteasome (prosome, macropain) subunit, beta type, 4]; PSMB5 [proteasome (prosome, macropain) subunit, 

beta type, 5]; PSMB6 [proteasome (prosome, macropain) subunit, beta type, 6]; PSMB8 [proteasome 

(prosome, macropain) subunit, beta type, R (large multifunctional peptidase 7)]; PSMB9 [proteasome 

(prosome, macropain) subunit, beta type, 9 (large multifunctional peptidase 2)]; PSMC3 [proteasome 

(prosomc, macropain) 26S subunit, ATPasc, 3]; PSMC4 [protcasomc (prosomc, macropain) 26S subunit, 

ATPase, 4]; PSMC6 [proteasome (prosome, macropain) 26S subunit, ATPase, 6]; PSMD4 [proteasome 

(prosome, macropain) 26S subunit, non-ATPase, 4]; PSMD9 [proteasome (prosome, macropain) 26S subunit, 

non-ATPase, 9]; PSME1 [proteasome (prosome, macropain) activator subunit 1 (PA28 alpha)]; PSME3 

[proteasome (prosome, macropain) activator subunit 3 (PA28 gamma; Ki)]; PSMG2 [proteasome (prosome, 

macropain) assembly chaperone 2]; PSORS 1 C 1 [psoriasis susceptibility 1 candidate 1 ]; PSTPIP1 [proline­

serine-threonine phosphatase interacting protein 1]; PTAFR [platelet-activating factor receptor]; PTBP1 

[polypyrimidine tract binding protein 1]; PTCH1 [patched homolog 1 (Drosophila)]; PTEN [phosphatase and 

tensin homolog]; PTGDR [prostaglandin D2 receptor (DP)]; PTGDS [prostaglandin D2 synthase 21 kDa 

(brain)]; PTGER1 [prostaglandin E receptor 1 (subtype EP1), 42 kDa]; PTGER2 [prostaglandin E receptor 2 

(subtype EP2), 53 kDa]; PTGER3 [prostaglandin E receptor 3 (subtype EP3)]; PTGER4 [prostaglandin E 

receptor 4 (subtype EP4)]; PTGES [prostaglandin E synthase]; PTGFR [prostaglandin F receptor (FP)]; 

PTGIR [prostaglandin 12 (prostacyclin) receptor (IP)]; PTGS 1 [prostaglandin-endoperoxide synthase 1 

(prostaglandin G/H synthase and cyclooxygenase)]; PTGS2 [prostaglandin-endoperoxide synthase 2 

(prostaglandin G/H synthase and cyclooxygenase)]; PTH [parathyroid hormone]; PTHLH [parathyroid 
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hormone-like hormone]; PTK2 [PTK2 protein tyrosine kinase 2]; PTK2B [PTK2B protein tyrosine kinase 2 

beta]; PTK7 [PTK7 protein tyrosine kinase 7]; PTMS [parathymosin]; PTN [pleiotrophin]; PTPNl [protein 

tyrosine phosphatase, non-receptor type 1]; PTPNll [protein tyrosine phosphatase, non-receptor type 11]; 

PTPN12 [protein tyrosine phosphatase, non-receptor type 12]; PTPN2 [protein tyrosine phosphatase, non­

receptor type 2]; PTPN22 [protein tyrosine phosphatase, non-receptor type 22 (lymphoid)]; PTPN6 [protein 

tyrosine phosphatase, non-receptor type 6]; PTPRC [protein tyrosine phosphatase, receptor type, C]; PTPRD 

[protein tyrosine phosphatase, receptor type, D]; PTPRE [protein tyrosine phosphatase, receptor type, E]; 

PTPRJ [protein tyrosine phosphatase, receptor type, J]; PTPRN [protein tyrosine phosphatase, receptor type, 

N]; PTPRT [protein tyrosine phosphatase, receptor type, T]; PTPRU [protein tyrosine phosphatase, receptor 

type, U]; PTRF [polymerase 1 and transcript release factor]; PTS [6-pyruvoyltetrahydropterin synthase]; 

PTTGl [pituitary tumor-transforming 1]; PTX3 [pentraxin 3, long]; PUSlO [pseudouridylate synthase 10]; 

PXK [PX domain containing serine/threonine kinase]; PXN [paxillin]; PYCRl [pyrroline-5-carboxylate 

reductase 1]; PYCR2 [pyrroline-5-carboxylate reductase family, member 2]; PYGB [phosphorylase, 

glycogen; brain]; PYGM [phosphorylase, glycogen, muscle]; PYY [peptide YY]; PZP [pregnancy-zone 

protein]; QDPR [quinoid dihydropteridine reductase]; RABll A [RABllA, member RAS oncogene family]; 

RABllFIPl [RABll family interacting protein 1 (class I)]; RAB27A [RAB27A, member RAS oncogene 

family]; RAB37 [RAB37, member RAS oncogene family]; RAB39 [RAB39, member RAS oncogene family]; 

RAB7A [RAB7A, member RAS oncogene family]; RAB9A [RAB9A, member RAS oncogene family]; 

RACl [ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein Racl )]; RAC2 [ras­

related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein Rac2)]; RAD17 [RAD17 

homolog (S. pombe)]; RAD50 [RAD50 homolog (S. cerevisiae)]; RAD51 [RAD51 homolog (RecA homolog, 

E. coli) (S. ccrcvisiac)]; RAD51C [RAD51 homolog C (S. ccrcvisiac)]; RAD51Ll [RAD51-likc 1 (S. 

cerevisiae)]; RAD51L3 [RAD51-like 3 (S. cerevisiae)]; RAD54L [RAD54-like (S. cerevisiae)]; RAD9A 

[RAD9 homolog A (S. pombe)]; RAF1 [v-raf-1 murine leukemia viral oncogene homolog 1]; RAG1 

[recombination activating gene 1]; RAC2 [recombination activating gene 2]; RAN [RAN, member RAS 

oncogene family]; RANBP1 [RAN binding protein 1]; RAPlA [RAP I A, member ofRAS oncogene family]; 

RAPGEF4 [Rap guanine nucleotide exchange factor (GEF) 4]; RARA [retinoic acid receptor, alpha]; RARB 

[retinoic acid receptor, beta]; RARG [retinoic acid receptor, gamma]; RARRES2 [retinoic acid receptor 

responder (tazarotene induced) 2]; RARS [arginyl-tRNA synthetase]; RASAl [RAS p21 protein activator 

(GTPase activating protein) 1]; RASGRP1 [RAS guanyl releasing protein 1 (calcium and DAG-regulated)]; 

RASGRP2 [RAS guanyl releasing protein 2 (calcium and DAG-regulated)]; RASGRP4 [RAS guanyl 

releasing protein 4]; RASSFl [Ras association (RalGDS/AF-6) domain family member 1]; RBI 

[retinoblastoma 1]; RBBP4 [retinoblastoma binding protein 4]; RBBP8 [retinoblastoma binding protein 8]; 

RBLl [retinoblastoma-like 1 (p107)]; RBL2 [retinoblastoma-like 2 (p130)]; RBP4 [retinol binding protein 4, 

plasma]; RBX1 [ring-box 1]; RCBTB1 [regulator of chromosome condensation (RCC1) and BTB (POZ) 

domain containing protein 1]; RCNl [reticulocalbin 1, EF-hand calcium binding domain]; RCN2 
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[reticulocalbin 2, EF-hand calcium binding domain]; RDX [radixin]; RECK [reversion-inducing-cysteine-rich 

protein with kazal motifs]; RECQL [RecQ protein-like (DNA helicase QI-like)]; RECQL4 [RecQ protein­

like 4]; RECQL5 [RecQ protein-like 5]; REGIA [regenerating islet-derived I alpha]; REG3A [regenerating 

islet-derived 3 alpha]; REG4 [regenerating islet-derived family, member 4]; REL [v-rel reticuloendotheliosis 

viral oncogene homolog (avian)]; RELA [v-rel reticuloendotheliosis viral oncogene homolog A (avian)]; 

RELB [v-rel reticuloendotheliosis viral oncogene homolog B]; REN [renin]; RET [ret proto-oncogene]; 

RETN [resistin]; RETNLB [resistin like beta]; RFCI [replication factor C (activator I) I, I45 kDa]; RFC2 

[replication factor C (activator I) 2, 40 kDa]; RFC3 [replication factor C (activator I) 3, 38 kDa]; RFXI 

[regulatory factor X, I (influences HLA class 11 expression)]; RFX5 [regulatory factor X, 5 (influences HLA 

class lT expression)]; RFXANK [regulatory factor X-associated ankyrin-containing protein]; RFXAP 

[regulatory factor X-associated protein]; RGS I8 [regulator of G-protein signaling I8]; RHAG [Rh-associated 

glycoprotein]; RHO [Rh blood group, D antigen]; RHO [rhodopsin]; RHOA [ras homolog gene family, 

member A]; RHOD [ras homolog gene family, member D]; RIFI [RAPI interacting factor homolog (yeast)]; 

RIPKI [receptor (TNFRSF)-interacting serine-threonine kinase I]; RIPK2 [receptor-interacting serine­

threonine kinase 2]; RLBP1 [retinaldehyde binding protein 1]; RLN1 [relaxin 1]; RLN2 [relaxin 2]; RMTl 

[RMil, RecQ mediated genome instability I, homolog (S. cerevisiae)]; RNASE I [ribonuclease, RNase A 

family, I (pancreatic)]; RNASE2 [ribonuclease, RNase A family, 2 (liver, eosinophil-derived neurotoxin)]; 

RNASE3 [ribonuclease, RNase A family, 3 (eosinophil cationic protein)]; RNASEHI [ribonuclease HI]; 

RNASEH2A [ribonuclease H2, subunit A]; RNASEL [ribonuclease L (2' [5'-oligoisoadenylate synthetase­

dependent)]; RNASEN [ribonuclease type III, nuclear]; RNFI23 [ring finger protein I23]; RNF13 [ring 

finger protein I3]; RNFI35 [ring finger protein 135]; RNF138 [ring finger protein I38]; RNF4 [ring finger 

protein 4]; RNHI [ribonuclease/angiogenin inhibitor I]; RNPC3 [RNA-binding region (RNPI, RRM) 

containing 3]; RNPEP [arginyl aminopeptidase (aminopeptidase B)]; ROCKI [Rho-associated, coiled-coil 

containing protein kinase 1]; ROM1 [retinal outer segment membrane protein 1]; ROR2 [receptor tyrosine 

kinase-like orphan receptor 2]; RORA [RAR-related orphan receptor A]; RPAI [replication protein AI, 70 

kDa]; RPA2 [replication protein A2, 32 kDa]; RPGRIPIL [RPGRIPI-like]; RPLPI [ribosomal protein, large, 

PI]; RPSI9 [ribosomal protein SI9]; RPS6KA3 [ribosomal protein S6 kinase, 90 kDa, polypeptide 3]; 

RPS6KBI [ribosomal protein S6 kinase, 70 kDa, polypeptide I]; RPSA [ribosomal protein SA]; RRBPI 

[ribosome binding protein I homolog I80 kDa (dog)]; RRMI [ribonucleotide reductase MI]; RRM2B 

[ribonucleotide reductase M2B (TP53 inducible)]; RUNXI [runt-related transcription factor I]; RUNX3 

[runt-related transcription factor 3]; RXRA [retinoid X receptor, alpha]; RXRB [retinoid X receptor, beta]; 

RYRI [ryanodine receptor I (skeletal)]; RYR3 [ryanodine receptor 3]; SIOOAI [SIOO calcium binding 

protein AI]; SIOOAI2 [SIOO calcium binding protein AI2]; S100A4 [SIOO calcium binding protein A4]; 

SIOOA7 [SIOO calcium binding protein A7]; SIOOA8 [SIOO calcium binding protein A8]; SIOOA9 [SIOO 

calcium binding protein A9]; S I OOB [S I 00 calcium binding protein B]; S I OOG [S I 00 calcium binding protein 

G]; SIPRI [sphingosine-I-phosphate receptor I]; SAAI [serum amyloid AI]; SAA4 [serum amyloid A4, 
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constitutive]; SAFB [scaffold attachment factor B]; SAG [S-antigen; retina and pineal gland (arrestin)]; 

SAGE I [sarcoma antigen 1]; SARDH [sarcosine dehydrogenase]; SART3 [squamous cell carcinoma antigen 

recognized by T cells 3]; SBDS [Shwachman-Bodian-Diamond syndrome]; SBN02 [strawberry notch 

homolog 2 (Drosophila)]; SCAMP3 [secretory carrier membrane protein 3]; SOAP [SREBF chaperone]; 

SCARBl [scavenger receptor class B, member 1]; SCD [stearoyl-CoA desaturase (delta-9-desaturase)]; 

SCG2 [secretogranin II]; SCG3 [secretogranin III]; SCG5 [secretogranin V (7B2 protein)]; SCGBlAl 

[secretoglobin, family lA, member 1 (uteroglobin)]; SCGB3A2 [secretoglobin, family 3A, member 2]; 

SCN4A [sodium channel, voltage-gated, type N, alpha subunit]; SCNNlA [sodium channel, nonvoltage­

gated 1 alpha]; SCNNlG [sodium channel, nonvoltage-gated 1, gamma]; SCOl [SCO cytochrome oxidase 

deficient homolog 1 (yeast)]; SC02 [SCO cytochrome oxidase deficient homolog 2 (yeast)]; SCP2 [sterol 

carrier protein 2]; SCT [secretin]; SDCl [syndecan 1]; SDC2 [syndecan 2]; SDC4 [syndecan 4]; SDHB 

[succinate dehydrogenase complex, subunit B, iron sulfur (Ip)]; SDHD [succinate dehydrogenase complex, 

subunit D, integral membrane protein]; SEC14L2 [SEC14-like 2 (S. cerevisiae)]; SEC16A [SEC16 homolog 

A (S. cerevisiae)]; SEC23B [Sec23 homolog B (S. cerevisiae)]; SELE [selectin E]; SELL [selectin L]; SELP 

[selectin P (granule membrane protein 140 kDa, antigen CD62)]; SELPLG [selectin P ligand]; SEPT5 [septin 

5]; SEPPI [selenoprotein P, plasma, 1]; SEPSECS [Sep (0-phosphoserine) tRNA:Sec (selenocysteine) tRNA 

synthase]; SERBPl [SERPINEl mRNA binding protein 1]; SERPINAl [serpin peptidase inhibitor, clade A 

( alpha-1 anti proteinase, antitrypsin), member 1]; SERPINA2 [ serpin peptidase inhibitor, clade A ( alpha-1 

antiproteinase, antitrypsin), member 2]; SERPINA3 [serpin peptidase inhibitor, clade A (alpha- I 

anti proteinase, antitrypsin), member 3]; SERPINA5 [ serpin peptidase inhibitor, clade A ( alpha-1 

antiproteinase, antitrypsin), member 5]; SERPINA6 [serpin peptidase inhibitor, clade A (alpha- I 

antiproteinase, antitrypsin), member 6]; SERPINA7 [serpin peptidase inhibitor, clade A (alpha- I 

anti proteinase, antitrypsin), member 7]; SERPINB 1 [serpin peptidase inhibitor, clade B (ovalbumin), member 

1]; SERPINB2 [ serpin peptidase inhibitor, clade B (ovalbumin), member 2]; SERPINB3 [ serpin peptidase 

inhibitor, clade B (ovalbumin), member 3]; SERPINB4 [serpin peptidase inhibitor, clade B (ovalbumin), 

member 4]; SERPINB5 [ serpin peptidase inhibitor, clade B (ovalbumin), member 5]; SERPINB6 [ serpin 

peptidase inhibitor, clade B (ovalbumin), member 6]; SERPINB9 [serpin peptidase inhibitor, clade B 

(ovalbumin), member 9]; SERPINCl [serpin peptidase inhibitor, clade C (antithrombin), member 1]; 

SERPINDl [serpin peptidase inhibitor, clade D (heparin cofactor), member 1]; SERPINEl [serpin peptidase 

inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 1]; SERPINE2 [serpin peptidase 

inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 2]; SERPINF2 [serpin peptidase 

inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium derived factor), member 2]; SERPINGl [serpin 

peptidase inhibitor, clade G (Cl inhibitor), member 1]; SERPINHl [serpin peptidase inhibitor, clade H (heat 

shock protein 47), member 1, (collagen binding protein 1)]; SET [SET nuclear oncogene]; SETDB2 [SET 

domain, bifurcated 2]; SETX [senataxin]; SFPQ [splicing factor proline/glutamine-rich (polypyrimidine tract 

binding protein associated)]; SFRP1 [secreted frizzled-related protein 1]; SFRP2 [secreted frizzled-related 
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protein 2]; SFRP5 [secreted frizzled-related protein 5]; SFTPAl [surfactant protein Al]; SFTPB [surfactant 

protein B]; SFTPC [surfactant protein C]; SFTPD [surfactant protein D]; SGCA [sarcoglycan, alpha (50 kDa 

dystrophin-associated glycoprotein)]; SGCB [sarcoglycan, beta ( 43 kDa dystrophin-associated glycoprotein)]; 

SGKl [serum/glucocorticoid regulated kinase 1]; SGSH [N-sulfoglucosamine sulfohydrolase]; SGTA [small 

glutamine-rich tetratricopeptide repeat (TPR)-containing, alpha]; SH2B 1 [SH2B adaptor protein 1]; SH2B3 

[SH2B adaptor protein 3]; SH2D1A [SH2 domain containing lA]; SH2D4B [SH2 domain containing 4B]; 

SH3KBP1 [SH3-domain kinase binding protein 1]; SHBG [sex hormone-binding globulin]; SHCl [SHC (Src 

homology 2 domain containing) transforming protein 1]; SHH [sonic hedgehog homolog (Drosophila)]; 

SHMT2 [serine hydroxymethyltransferase 2 (mitochondrial)]; Sl [sucrase-isomaltase (alpha-glucosidase)]; 

STGTRR [single immunoglobulin and toll-interleukin 1 receptor (TTR) domain]; STP1 [survival of motor 

neuron protein interacting protein 1]; SIP A 1 [signal-induced proliferation-associated 1]; SIRP A [signal­

regulatory protein alpha]; SIRPB2 [signal-regulatory protein beta 2]; SIRTl [sirtuin (silent mating type 

information regulation 2 homolog) 1 (S. cerevisiae)]; SKIV2L [superkiller viralicidic activity 2-like (S. 

cerevisiae)]; SKP2 [S-phase kinase-associated protein 2 (p45)]; SLAMFl [signaling lymphocytic activation 

molecule family member 1 ]; SLAMF6 [SLAM family member 6]; SLC11 A 1 [solute carrier family 11 

(proton-coupled divalent metal ion transporters), member 1]; SLC11A2 [solute carrier family 11 (proton­

coupled divalent metal ion transporters), member 2]; SLC12Al [solute carrier family 12 

(sodium/potassium/chloride transporters), member 1]; SLC12A2 [solute carrier family 12 

(sodium/potassium/chloride transporters), member 2]; SLC14Al [solute carrier family 14 (urea transporter), 

member 1 (Kidd blood group)]; SLC15Al [solute carrier family 15 (oligopeptide transporter), member 1]; 

SLC16Al [solute carrier family 16, member 1 (monocarboxylic acid transporter 1)]; SLC17A5 [solute carrier 

family 17 (anion/sugar transporter), member 5]; SLC17A6 [solute carrier family 17 (sodium-dependent 

inorganic phosphate cotransporter), member 6]; SLC17A7 [solute carrier family 17 (sodium-dependent 

inorganic phosphate cotransporter), member 7]; SLC 19Al [solute carrier family 19 (folate transporter), 

member 1]; SLClAl [solute carrier family 1 (neurona1'epithelial high affinity glutamate transporter, system 

Xag), member 1]; SLC1A2 [solute carrier family 1 (glial high affinity glutamate transporter), member 2]; 

SLC1A4 [solute carrier family 1 (glutamate/neutral amino acid transporter), member 4]; SLC22A12 [solute 

carrier family 22 (organic anion/urate transporter), member 12]; SLC22A2 [solute carrier family 22 (organic 

cation transporter), member 2]; SLC22A23 [solute carrier family 22, member 23]; SLC22A3 [solute carrier 

family 22 (extraneuronal monoamine transporter), member 3]; SLC22A4 [solute carrier family 22 (organic 

cation/ergothioneine transporter), member 4]; SLC22A5 [solute carrier family 22 (organic cation/camitine 

transporter), member 5]; SLC22A6 [solute carrier family 22 (organic anion transporter), member 6]; 

SLC24A2 [solute carrier family 24 (sodium/potassium/calcium exchanger), member 2]; SLC25Al [solute 

carrier family 25 (mitochondrial carrier; citrate transporter), member 1]; SLC25A20 [solute carrier family 25 

(camitine/acylcamitine translocase), member 20]; SLC25A3 [solute carrier family 25 (mitochondrial carrier; 

phosphate carrier), member 3]; SLC25A32 [solute carrier family 25, member 32]; SLC25A33 [solute carrier 
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family 25, member 33]; SLC25A4 [solute carrier family 25 (mitochondrial carrier; adenine nucleotide 

translocator), member 4]; SLC26A4 [solute carrier family 26, member 4]; SLC27A4 [solute carrier family 27 

(fatty acid transporter), member 4]; SLC28Al [solute carrier family 28 (sodium-coupled nucleoside 

transporter), member 1]; SLC2A1 [solute carrier family 2 (facilitated glucose transporter), member 1]; 

SLC2Al3 [solute carrier family 2 (facilitated glucose transporter), member 13]; SLC2A3 [solute carrier 

family 2 (facilitated glucose transporter), member 3]; SLC2A4 [solute carrier family 2 (facilitated glucose 

transporter), member 4]; SLC30A1 [solute carrier family 30 (zinc transporter), member 1]; SLC30A8 [solute 

carrier family 30 (zinc transporter), member 8]; SLC31A1 [solute carrier family 31 (copper transporters), 

member 1]; SLC35A1 [solute carrier family 35 (CMP-sialic acid transporter), member A1]; SLC35A2 [solute 

carrier family 35 (UDP-galactose transporter), member A2]; SLC35C1 [solute carrier family 35, member C1]; 

SLC35F2 [solute carrier family 35, member F2]; SLC39A3 [solute carrier family 39 (zinc transpmier), 

member 3]; SLC3A2 [solute carrier family 3 (activators of dibasic and neutral amino acid transport), member 

2]; SLC46A1 [solute carrier family 46 (folate transporter), member 1]; SLC5A5 [solute carrier family 5 

(sodium iodide symporter), member 5]; SLC6A11 [solute carrier family 6 (neurotransmitter transporter, 

GABA), member 11 ]; SLC6A 14 [solute carrier family 6 (amino acid transporter), member 14]; SLC6A 19 

[solute carrier family 6 (neutral amino acid transporter), member 19]; SLC6A3 [solute carrier family 6 

(neurotransmitter transporter, dopamine), member 3]; SLC6A4 [solute carrier family 6 (neurotransmitter 

transporter, serotonin), member 4]; SLC6A8 [solute carrier family 6 (neurotransmitter transpmier, creatine), 

member 8]; SLC7A1 [solute carrier family 7 (cationic amino acid transporter, y+ system), member 1]; 

SLC7A2 [solute carrier family 7 (cationic amino acid transporter, y+ system), member 2]; SLC7A4 [solute 

carrier family 7 (cationic amino acid transporter, y+ system), member 4]; SLC7 AS [solute carrier family 7 

(cationic amino acid transporter, y+ system), member 5]; SLC8A1 [solute carrier family 8 (sodium/calcium 

exchanger), member 1]; SLC9A1 [solute carrier family 9 (sodium/hydrogen exchanger), member 1]; 

SLC9A3Rl [solute carrier family 9 (sodium/hydrogen exchanger), member 3 regulator 1]; SLCOIA2 [solute 

carrier organic anion transporter family, member 1A2]; SLC01B1 [solute carrier organic anion transporter 

family, member 1B1]; SLCOIB3 [solute carrier organic anion transporter family, member 1B3]; SLPI 

[secretory leukocyte peptidase inhibitor]; SMAD1 [SMAD family member 1]; SMAD2 [SMAD family 

member 2]; SMAD3 [SMAD family member 3]; SMAD4 [SMAD family member 4]; SMAD7 [SMAD 

family member 7]; SMARCA4 [SWI/SNF related, matrix associated, actin dependent regulator of chromatin, 

subfamily a, member 4]; SMARCAL1 [SWI/SNF related, matrix associated, actin dependent regulator of 

chromatin, subfamily a-like 1]; SMARCB1 [SWI/SNF related, matrix associated, actin dependent regulator of 

chromatin, subfamilyb, member 1]; SMC1A [structural maintenance of chromosomes 1A]; SMC3 [structural 

maintenance of chromosomes 3]; SMG 1 [SMG 1 homolog, phosphatidylinositol 3-kinase-related kinase (C. 

elegans)]; SMN1 [survival of motor neuron 1, telomeric]; SMPD1 [sphingomyelin phosphodiesterase 1, acid 

lysosomal]; SMPD2 [sphingomyelin phosphodiesterase 2, neutral membrane (neutral sphingomyelinase)]; 

SMTN [smoothelin]; SNAI2 [snail homolog 2 (Drosophila)]; SNAP25 [synaptosomal-associated protein, 25 
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kDa]; SNCA [synuclein, alpha (non A4 component of amyloid precursor)]; SNCG [synuclein, gamma (breast 

cancer-specific protein 1)]; SNURF [SNRPN upstream reading frame]; SNW 1 [SNW domain containing 1]; 

SNX9 [sorting nexin 9]; SOA T1 [sterol 0-acyltransferase 1]; SOCS 1 [suppressor of cytokine signaling 1]; 

SOCS2 [suppressor of cytokine signaling 2]; SOCS3 [suppressor of cytokine signaling 3]; SOD1 [superoxide 

dismutase 1, soluble]; SOD2 [superoxide dismutase 2, mitochondrial]; SORBS3 [sorbin and SH3 domain 

containing 3]; SORD [sorbitol dehydrogenase]; SOX2 [SRY (sex determining region Y)-box 2]; SP1 [Sp1 

transcription factor]; SP110 [SPll 0 nuclear body protein]; SP3 [Sp3 transcription factor]; SPA17 [sperm 

autoantigenic protein 17]; SP ARC [secreted protein, acidic, cysteine-rich ( osteonectin)]; SPHK1 [sphingosine 

kinase 1]; SPll [spleen focus forming virus (SFFV) proviral integration oncogene spil]; SP1NK1 [serine 

peptidase inhibitor, Kazal type I]; SPTNK13 [serine peptidase inhibitor, Kazal type 13 (putative)]; SPINKS 

[serine peptidase inhibitor, Kazal type S]; SPN [ sialophorin]; SPON1 [ spondin 1, extracellular matrix 

protein]; SPP1 [secreted phosphoprotein 1]; SPRED1 [sprouty-related, EVH1 domain containing 1]; SPRR2A 

[small proline-rich protein 2A]; SPRR2B [small proline-rich protein 2B]; SPTB [spectrin, beta, erythrocytic]; 

SRC [v-src sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog (avian)]; SRDSA1 [steroid-S-alpha­

reductase, alpha polypeptide 1 (3-oxo-S alpha-steroid delta 4-dehydrogenase alpha 1 )]; SREBF1 [sterol 

regulatory element binding transcription factor 1]; SREBF2 [sterol regulatory element binding transcription 

factor 2]; SRF [serum response factor (c-fos serum response element-binding transcription factor)]; SRGN 

[serglycin]; SRP9 [signal recognition particle 9 kDa]; SRPX [sushi-repeat-containing protein, X-linked]; SRR 

[serine racemase]; SRY [sex determining region Y]; SSB [Sjogren syndrome antigen B (autoantigen La)]; 

SST [somatostatin]; SSTR2 [somatostatin receptor 2]; SSTR4 [somatostatin receptor 4]; STRSIA4 [STR 

alpha-N-acetyl-neuraminide alpha-2,8-sialyltransferase 4]; STAR [steroidogenic acute regulatory protein]; 

STATl [signal transducer and activator of transcription 1, 91 kDa]; STAT2 [signal transducer and activator of 

transcription 2, 113 kDa]; STAT3 [signal transducer and activator of transcription 3 (acute-phase response 

factor)]; STAT4 [signal transducer and activator of transcription 4]; STATSA [signal transducer and activator 

of transcription SA]; STATSB [signal transducer and activator of transcription SB]; STAT6 [signal transducer 

and activator of transcription 6, interlenkin-4 induced]; STELLAR [germ and embryonic stem cell enriched 

protein STELLA]; STIM1 [stromal interaction molecule 1]; STIP1 [stress-induced-phosphoprotein 1]; STK11 

[serine/threonine kinase 11]; STMN2 [~tathmin-like 2]; STRAP [serine/threonine kinase receptor associated 

protein]; STRC [stereocilin]; STS [steroid sulfatase (microsomal), isozyme S]; STX6 [syntaxin 6]; STX8 

[syntaxin 8]; SUL T1A1 [sulfotransferase family, cytosolic, 1A, phenol-preferring, member 1]; SUL T1A3 

[sulfotransferase family, cytosolic, 1A, phenol-preferring, member 3]; SUMF1 [sulfatase modifying factor 1]; 

SUM01 [SMT3 suppressor ofmiftwo 3 homolog 1 (S. cerevisiae)]; SUM03 [SMT3 suppressor ofmiftwo 3 

homolog 3 (S. cerevisiae)]; SUOX [sulfite oxidase]; SUV39H1 [suppressor ofvariegation 3-9 homolog 1 

(Drosophila)]; SWAP70 [SWAP switching B-cell complex 70 kDa subunit]; SYCP3 [synaptonemal complex 

protein 3]; SYK [spleen tyrosine kinase]; SYNM [synemin, intermediate filament protein]; SYNPO 

[synaptopodin]; SYNP02 [synaptopodin 2]; SYP [synaptophysin]; SYT3 [synaptotagmin III]; SYTL1 
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[synaptotagmin-like 1]; T [T, brachyury homolog (mouse)]; TAC1 [tachykinin, precursor 1]; TAC4 

[tachykinin 4 (hemokinin)]; TACRl [tachykinin receptor 1]; TACR2 [tachykinin receptor 2]; TACR3 

[tachykinin receptor 3]; TAGLN [transgelin]; TALl [T-cell acute lymphocytic leukemia 1]; TAOK3 [TAO 

kinase 3]; TAPl [transporter 1, ATP-binding cassette, sub-family B (MDR/TAP)]; TAP2 [transporter 2, ATP­

binding cassette, sub-family B (MDR/TAP)]; TARDBP [TAR DNA binding protein]; TARP [TCR gamma 

alternate reading frame protein]; TAT [tyrosine aminotransferase]; TBKl [TANK-binding kinase 1]; TBP 

[TATA box binding protein]; TBXl [T-box 1]; TBX2 [T-box 2]; TBX21 [T-box 21]; TBX3 [T-box 3]; TBX5 

[T-box 5]; TBXA2R [thromboxane A2 receptor]; TBXAS1 [thromboxane A synthase 1 (platelet)]; TCEAl 

[transcription elongation factor A (Sll), 1]; TCEALl [transcription elongation factor A (Sll)-like 1]; TCF4 

[transcription factor 4]; TCF7L2 [transcription factor 7-like 2 (T-cell specific, HMG-box)]; TCLl A [T-cell 

leukemia/lymphoma 1A]; TCLlB [T-cellleukemia/lymphoma lB]; TCN1 [transcobalamin I (vitamin B12 

binding protein, R binder family)]; TCN2 [transcobalamin II; macrocytic anemia]; TDP1 [tyrosyl-DNA 

phosphodiesterase 1]; TEC [tee protein tyrosine kinase]; TECTA [tectorin alpha]; TEK [TEK tyrosine kinase, 

endothelial]; TERF1 [telomeric repeat binding factor (NIMA-interacting) 1]; TERF2 [telomeric repeat 

binding factor 2]; TERT [telomerase reverse transcriptase]; TES [testis derived transcript (3 LTM domains)]; 

TF [transferrin]; TFAM [transcription factor A, mitochondrial]; TFAP2A [transcription factor AP-2 alpha 

(activating enhancer binding protein 2 alpha)]; TFF2 [trefoil factor 2]; TFF3 [trefoil factor 3 (intestinal)]; 

TFPI [tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)]; TFPT [TCF3 (E2A) 

fusion partner (in childhood Leukemia)]; TFR2 [transferrin receptor 2]; TFRC [transferrin receptor (p90, 

CD71)]; TG [thyroglobulin]; TGFA [transforming growth factor, alpha]; TGFB1 [transforming growth factor, 

beta 1]; TGFB2 [transforming growth factor, beta 2]; TGFB3 [transforming growth factor, beta 3]; TGFBR1 

[transforming growth factor, beta receptor 1]; TGFBR2 [transforming growth factor, beta receptor II (70/80 

kDa)]; TGIF1 [TGFB-induced factor homeobox 1]; TGM1 [transglutaminase 1 (K polypeptide epidermal 

type I, protein-glutamine-gamma-glutamyltransferase)]; TGM2 [transglutaminase 2 (C polypeptide, protein­

glutamine-gamma-glutamyltransferase)]; TGM3 [transglutaminase 3 (E polypeptide, protein-glutamine­

gamma-glutamyltransferase)]; TH [tyrosine hydroxylase]; THAP1 [TRAP domain containing, apoptosis 

associated protein 1]; THBD [thrombomodulin]; THBS1 [thrombospondin 1]; THBS3 [thrombospondin 3]; 

THPO [thrombopoietin]; THY1 [Thy-1 cell surface antigen]; TIA1 [TIA1 cytotoxic granule-associated RNA 

binding protein]; TIE 1 [tyrosine kinase with immunoglobulin-like and EGF -like domains 1]; TIMD4 [T -cell 

immunoglobulin and mucin domain containing 4]; TIMELESS [timeless homolog (Drosophila)]; TIMPl 

[TIMP metallopeptidase inhibitor 1]; TIMP2 [TIMP metallopeptidase inhibitor 2]; TIMP3 [TIMP 

metallopeptidase inhibitor 3]; TIRAP [toll-interleukin 1 receptor (TIR) domain containing adaptor protein]; 

TJP1 [tight junction protein 1 (zona occludens 1 )]; TK1 [thymidine kinase 1, soluble]; TK2 [thymidine kinase 

2, mitochondrial]; TKT [transketolase]; TLE4 [transducin-like enhancer of split 4 (E(sp1) homolog, 

Drosophila)]; TLR1 [toll-like receptor 1]; TLRlO [toll-like receptor 10]; TLR2 [toll-like receptor 2]; TLR3 

[toll-like receptor 3]; TLR4 [toll-like receptor 4]; TLR5 [toll-like receptor 5]; TLR6 [toll-like receptor 6]; 
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TLR7 [toll-like receptor 7]; TLRS [toll-like receptor 8]; TLR9 [toll-like receptor 9]; TLX1 [T-cellleukemia 

homeobox 1]; TM7SF4 [transmembrane 7 superfamily member 4]; TMED3 [transmembrane emp24 protein 

transport domain containing 3]; TMEFF2 [transmembrane protein with EGF-like and two follistatin-like 

domains 2]; TMEM132E [transmembrane protein 132E]; TMEM18 [transmembrane protein 18]; TMEM19 

[transmembrane protein 19]; TMEM216 [transmembrane protein 216]; TMEM27 [transmembrane protein 

27]; TMEM67 [transmembrane protein 67]; TMPO [thymopoietin]; TMPRSS15 [transmembrane protease, 

serine 15]; TMSB4X [thymosin beta 4, X-linked]; TNC [tenascin C]; TNF [tumor necrosis factor (TNF 

superfamily, member 2)]; TNFAIP1 [tumor necrosis factor, alpha-induced protein 1 (endothelial)]; TNFAIP3 

[tumor necrosis factor, alpha-induced protein 3]; TNF AlP6 [tumor necrosis factor, alpha-induced protein 6]; 

TNFRSFl OA [tumor necrosis factor receptor superfamily, member 1 Oa]; TNFRSFl OB [tumor necrosis factor 

receptor superfamily, member 1 Ob]; TNFRSF 1 00 [tumor necrosis factor receptor superfamily, member 1 Oc, 

decoy without an intracellular domain]; TNFRSF1 OD [tumor necrosis factor receptor superfamily, member 

1 Od, decoy with truncated death domain]; TNFRSF11A [tumor necrosis factor receptor superfamily, member 

11 a, NFKB activator]; TNFRSF 11 B [tumor necrosis factor receptor superfamily, member 11 b]; TNFRSF 13B 

[tumor necrosis factor receptor superfamily, member 13B]; TNFRSF130 [tumor necrosis factor receptor 

superfamily, member 13C]; TNFRSF14 [tumor necrosis factor receptor superfamily, member 14 (herpesvirus 

entry mediator)]; TNFRSF17 [tumor necrosis factor receptor superfamily, member 17]; TNFRSF18 [tumor 

necrosis factor receptor superfamily, member 18]; TNFRSF1A [tumor necrosis factor receptor superfamily, 

member 1A]; TNFRSFIB [tumor necrosis factor receptor superfamily, member IB]; TNFRSF21 [tumor 

necrosis factor receptor superfamily, member 21]; TNFRSF25 [tumor necrosis factor receptor superfamily, 

member 25]; TNFRSF4 [tumor necrosis factor receptor superfamily, member 4]; TNFRSF6B [tumor necrosis 

factor receptor superfamily, member 6b, decoy]; TNFRSF8 [tumor necrosis factor receptor superfamily, 

member 8]; TNFRSF9 [tumor necrosis factor receptor superfamily, member 9]; TNFSF10 [tumor necrosis 

factor (ligand) superfamily, member 1 0]; TNFSF 11 [tumor necrosis factor (ligand) superfamily, member 11]; 

TNFSF12 [tumor necrosis factor (ligand) superfamily, member 12]; TNFSF13 [tumor necrosis factor (ligand) 

superfamily, member 13]; TNFSF13B [tumor necrosis factor (ligand) superfamily, member 13b]; TNFSF14 

[tumor necrosis factor (ligand) superfamily, member 14]; TNFSF15 [tumor necrosis factor (ligand) 

superfamily, member 15]; TNFSF18 [tumor necrosis factor (ligand) superfamily, member 18]; TNFSF4 

[tumor necrosis factor (ligand) superfamily, member 4]; TNFSF8 [tumor necrosis factor (ligand) superfamily, 

member 8]; TNFSF9 [tumor necrosis factor (ligand) superfamily, member 9]; TNKS [tankyrase, TRF1-

interacting ankyrin-related ADP-ribose polymerase]; TNNC1 [troponin C type 1 (slow)]; TNNI2 [troponin I 

type 2 (skeletal, fast)]; TNNI3 [troponin I type 3 (cardiac)]; TNNT3 [troponin T type 3 (skeletal, fast)]; 

TNP01 [transportin 1]; TNS1 [tensin 1]; TNXB [tenascin XB]; TOM1L2 [target ofmyb1-like 2 (chicken)]; 

TOP1 [topoisomerase (DNA) I]; TOP1MT [topoisomerase (DNA) I, mitochondrial]; TOP2A [topoisomerase 

(DNA) II alpha 170 kDa]; TOP2B [topoisomerase (DNA) II beta 180 kDa]; TOP3A [topoisomerase (DNA) 

III alpha]; TOPBP1 [topoisomerase (DNA) II binding protein 1]; TP53 [tumor protein p53]; TP53BP1 [tumor 
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protein p53 binding protein 1]; TP53RK [TP53 regulating kinase]; TP63 [tumor protein p63]; TP73 [tumor 

protein p73]; TPD52 [tumor protein D52]; TPH1 [tryptophan hydroxylase 1]; TPil [triosephosphate 

isomerase 1]; TPM1 [tropomyosin 1 (alpha)]; TPM2 [tropomyosin 2 (beta)]; TPMT [thiopurine S­

methyltransferase]; TPO [thyroid peroxidase]; TPP1 [tripeptidyl peptidase I]; TPP2 [tripeptidyl peptidase II]; 

TPPP [tubulin polymerization promoting protein]; TPPP3 [tubulin polymerization-promoting protein family 

member 3]; TPSAB1 [tryptase alpha/beta 1]; TPSB2 [tryptase beta 2 (gene/pseudogene)]; TPSD1 [ttyptase 

delta 1]; TPSG1 [tryptase gamma 1]; TPTl [tumor protein, translationally-controlled 1]; TRADD 

[TNFRSF1A-associated via death domain]; TRAF1 [TNF receptor-associated factor 1]; TRAF2 [TNF 

receptor-associated factor 2]; T RAF31 P2 [T RAF3 interacting protein 2]; TRAF6 [TN F receptor-associated 

factor 6]; TRATP [TRAF interacting protein]; TRAPPC1 0 [trafficking protein particle complex 10]; TRDN 

[triadin]; TREX1 [three prime repair exonuclease 1]; TRH [thyrotropin-releasing hormone]; TRIB1 [tribbles 

homolog 1 (Drosophila)]; TRIM21 [tripartite motif-containing 21]; TRIM22 [tripartite motif-containing 22]; 

TRIM26 [tripartite motif-containing 26]; TRIM28 [tripartite motif-containing 28]; TRIM29 [tripartite motif­

containing 29]; TRIM68 [tripartite motif-containing 68]; TRP A1 [transient receptor potential cation channel, 

subfamily A, member 1 ]; TRPC1 [transient receptor potential cation channel, subfamily C, member 1 ]; 

TRPC3 [transient receptor potential cation channel, subfamily C, member 3]; TRPC6 [transient receptor 

potential cation channel, subfamily C, member 6]; TRPM1 [transient receptor potential cation channel, 

subfamily M, member 1]; TRPM8 [transient receptor potential cation channel, subfamily M, member 8]; 

TRPS1 [trichorhinophalangeal syndrome I]; TRPV1 [transient receptor potential cation channel, subfamily V, 

member 1]; TRPV4 [transient receptor potential cation channel, subfamily V, member 4]; TRPV5 [transient 

receptor potential cation channel, subfamily V, member 5]; TRPV6 [transient receptor potential cation 

channel, subfamily V, member 6]; TRRAP [transformation/transcription domain-associated protein]; TSC1 

[tuberous sclerosis 1]; TSC2 [tuberous sclerosis 2]; TSC22D3 [TSC22 domain family, member 3]; TSG101 

[tumor susceptibility gene 101]; TSHR [thyroid stimulating hormone receptor]; TSLP [thymic stromal 

lymphopoietin]; TSPAN7 [tetraspanin 7]; TSPO [translocatorprotein (18 kDa)]; TSSK2 [testis-specific serine 

kinase 2]; TSTA3 [tissue specific transplantation antigen P35B]; TTF2 [transcription termination factor, RNA 

polymerase II]; TTN [titin]; TTPA [tocopherol (alpha) transfer protein]; TTR [transthyretin]; TUBAlB 

[tubulin, alpha 1b]; TUBA4A [tubulin, alpha4a]; TUBB [tubulin, beta]; TUBB1 [tubulin, beta 1]; TUBG1 

[tubulin, gamma 1]; TWISTl [twist homolog 1 (Drosophila)]; TWSG1 [twisted gastrulation homolog 1 

(Drosophila)]; TXK [TXK tyrosine kinase]; TXN [thioredoxin]; TXN2 [thioredoxin 2]; TXNDC5 

[thioredoxin domain containing 5 (endoplasmic reticulum)]; TXNDC9 [thioredoxin domain containing 9]; 

TXNIP [thioredoxin interacting protein]; TXNRD1 [thioredoxin reductase 1]; TXNRD2 [thioredoxin 

reductase 2]; TYK2 [tyrosine kinase 2]; TYMP [thymidine phosphorylase]; TYMS [thymidylate synthetase]; 

TYR [tyrosinase (oculocutaneous albinism lA)]; TYR03 [TYR03 protein tyrosine kinase]; TYROBP [TYRO 

protein tyrosine kinase binding protein]; TYRP1 [tyrosinase-related protein 1]; UBB [ubiquitin B]; UBC 

[ubiquitin C]; UBE2C [ubiquitin-conjugating enzyme E2C]; UBE2N [ubiquitin-conjugating enzyme E2N 
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(UBC13 homolog, yeast)]; UBE2U [ubiquitin-conjugating enzyme E2U (putative)]; UBE3A [ubiquitin 

protein ligase E3A]; UBE4A [ubiquitination factor E4A (UFD2 homolog, yeast)]; UCHLl [ubiquitin 

carboxyl-terminal esterase L1 (ubiquitin thiolesterase)]; UCN [urocortin]; UCN2 [urocortin 2]; UCP1 

[uncoupling protein 1 (mitochondrial, proton carrier)]; UCP2 [uncoupling protein 2 (mitochondrial, proton 

carrier)]; UCP3 [uncoupling protein 3 (mitochondrial, proton carrier)]; UFDlL [ubiquitin fusion degradation 

1 like (yeast)]; UGCG [UDP-glucose ceramide glucosyltransferase]; UGP2 [UDP-glucose pyrophosphorylase 

2]; UGT1A1 [UDP glucuronosyltransferase 1 family, polypeptide A1]; UGT1A6 [UDP 

glucuronosyltransferase 1 family, polypeptide A6]; UGT1A7 [UDP glucuronosyltransferase 1 family, 

polypeptide A7]; UGT8 [UDP glycosyltransferase 8]; UlMC1 [ubiquitin interaction motif containing 1]; 

ULBP1 [UL16 binding protein 1]; ULK2 [unc-51-like kinase 2 (C. elegans)]; UMOD [uromodulin]; UMPS 

[uridine monophosphate synthetase]; UNC13D [unc-13 homolog D (C. elegans)]; UNC93B1 [unc-93 

homolog B1 (C. elegans)]; UNG [uracil-DNA glycosylase]; UQCRFS1 [ubiquinol-cytochrome c reductase, 

Rieske iron-sulfur polypeptide 1]; UROD [uroporphyrinogen decarboxylase]; USF1 [upstream transcription 

factor 1]; USF2 [upstream transcription factor 2, c-fos interacting]; USP 18 [ ubiquitin specific peptidase 18]; 

USP34 [ubiquitin specific peptidase 34]; UTRN [utrophin]; UTS2 [urotensin 2]; VAMPS [vesicle-associated 

membrane protein 8 ( endobrevin)]; V AP A [VAMP (vesicle-associated membrane protein)-associated protein 

A, 33 kDa]; VASP [vasodilator-stimulated phosphoprotein]; VAV1 [vav 1 guanine nucleotide exchange 

factor]; VAV3 [vav 3 guanine nucleotide exchange factor]; VCAM1 [vascular cell adhesion molecule 1]; 

VCAN [versican]; VCL [vinculin]; VDAC1 [voltage-dependent anion channel1]; VDR [vitamin D (1 [25-

dihydroxyvitamin D3) receptor]; VEGF A [vascular endothelial growth factor A]; VEGFC [vascular 

endothelial growth factor C]; VHL [von Rippel-Lindau tumor suppressor]; VILl [villin 1]; VIM [vimentin]; 

VIP [vasoactive intestinal peptide]; VIPR 1 [vasoactive intestinal peptide receptor 1]; VIPR2 [vasoactive 

intestinal peptide receptor 2]; VLDLR [very low density lipoprotein receptor]; VMAC [ vimentin-type 

intermediate filament associated coiled-coil protein]; VPREB1 [pre-B lymphocyte 1]; VPS39 [vacuolar 

protein sorting 39 homolog (S. cerevisiae)]; VTN [vitronectin]; VWF [von Willebrand factor]; WARS 

[tryptophanyl-tRNA synthetase]; WAS [Wiskott-Aldrich syndrome (eczema-thrombocytopenia)]; WASF1 

[WAS protein family, member 1]; WASF2 [WAS protein family, member 2]; WASL [Wiskott-Aldrich 

syndrome-like]; WDFY3 [WD repeat and FYVE domain containing 3]; WDR36 [WD repeat domain 36]; 

WEE1 [WEE1 homolog (S. pombe)]; WIF1 [WNT inhibitory factor 1]; WIPF1 [WAS/WASL interacting 

protein family, member 1]; WNK1 [WNK lysine deficient protein kinase 1]; WNT5A [wingless-type MMTV 

integration site family, member 5A]; WRN [Werner syndrome, RecQ helicase-like]; WTl [Wilms tumor 1]; 

XBP1 [X-box binding protein 1]; XCLl [chemokine (C motif) ligand 1]; XDH [xanthine dehydrogenase]; 

XIAP [X -linked inhibitor of apoptosis]; XPA [xeroderma pigmentosum, complementation group A]; XPC 

[ xerodetma pigmentosum, complementation group C]; XP05 [ exportin 5]; XRCC 1 [X -ray repair 

complementing defective repair in Chinese hamster cells 1]; XRCC2 [X-ray repair complementing defective 

repair in Chinese hamster cells 2]; XRCC3 [X-ray repair complementing defective repair in Chinese hamster 
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cells 3]; XRCC4 [X-ray repair complementing defective repair in Chinese hamster cells 4]; XRCC5 [X-ray 

repair complementing defective repair in Chinese hamster cells 5 (double-strand-break rejoining)]; XRCC6 

[X-ray repair complementing defective repair in Chinese hamster cells 6]; YAP1 [Yes-associated protein 1]; 

YARS [tyrosyl-tRNA synthetase]; YBX1 [Y box binding protein 1]; YES1 [v-yes-1 Yamaguchi sarcoma 

viral oncogene homolog 1]; YPELl [yippee-like 1 (Drosophila)]; YPEL2 [yippee-like 2 (Drosophila)]; 

YWHAB [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, beta polypeptide]; 

YWHAQ [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, theta polypeptide]; 

YWHAZ [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, zeta polypeptide]; 

YY1 [YY1 transcription factor]; ZAP70 [zeta-chain (TCR) associated protein kinase 70 kDa]; ZBED1 [zinc 

finger, BED-type containing 1]; ZC3H12A [zinc finger CCCH-type containing 12A]; ZC3H12D [zinc finger 

CCCH-type containing 12D]; ZFR [zinc finger RNA binding protein]; ZNF148 [zinc finger protein 148]; 

ZNF267 [zinc finger protein 267]; ZNF287 [zinc finger protein 287]; ZNF300 [zinc finger protein 300]; 

ZNF365 [zinc finger protein 365]; ZNF521 [zinc finger protein 521]; ZNF74 [zinc finger protein 74]; and 

ZPBP2 [zona pellucida binding protein 2]. 

[00146]Examples ofproteins associated with Trinucleotide Repeat Disorders include AR (androgen 

receptor), FMR1 (fragile X mental retardation 1 ), HTT (huntingtin), DMPK (dystrophia myotonica-protein 

kinase), FXN (frataxin), ATXN2 (ataxin 2), ATN1 (atrophin 1), FEN1 (flap structure-specific endonuclease 

1), TNRC6A (trinucleotide repeat containing 6A), PABPN1 (poly(A) binding protein, nuclear 1), JPH3 

(junctophilin 3), MED15 (mediator complex subunit 15), ATXN1 (ataxin 1), ATXN3 (ataxin 3), TBP (TATA 

box binding protein), CACNA1A (calcium channel, voltage-dependent, P/Q type, alpha lA subunit), 

ATXN80S (ATXN8 opposite strand (non-protein coding)), PPP2R2B (protein phosphatase 2, regulatory 

subunit B, beta), ATXN7 (ataxin 7), TNRC6B (trinucleotide repeat containing 6B), TNRC6C (trinucleotide 

repeat containing 6C), CELF3 (CUGBP, Elav-like family member 3), MAB21Ll (mab-21-like 1 (C. 

elegans)), MSH2 (mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli)), TMEM185A 

(transmembrane protein 185A), SIX5 (SIX homeobox 5), CNPY3 (canopy 3 homolog (zebrafish)), FRAXE 

(fragile site, folic acid type, rare, fra(X)(q28) E), GNB2 (guanine nucleotide binding protein (G protein), beta 

polypeptide 2), RPL14 (ribosomal protein L14), ATXN8 (ataxin 8), INSR (insulin receptor), TTR 

(transthyretin), EP400 (E1A binding protein p400), GIGYF2 (GRB 10 interacting GYF protein 2), OGG 1 (8-

oxoguanine DNA glycosylase ), STC 1 (stanniocalcin 1 ), CNDP1 (carnosine dipeptidase 1 (metallopeptidase 

M20 family)), C10orf2 (chromosome 10 open reading frame 2), MAML3 mastermind-like 3 (Drosophila), 

DKC1 (dyskeratosis congenita 1, dyskerin), PAXIP1 (PAX interacting (with transcription-activation domain) 

protein 1), CASK (calcium/calmodulin-dependent serine protein kinase (MAGUK family)), MAPT 

(microtubule-associated protein tau), SP1 (Sp1 transcription factor), POLG (polymerase (DNA directed), 

gamma), AFF2 (AF4/FMR2 family, member 2), THBS1 (thrombospondin 1 ), TP53 (tumor protein p53), 

ESR1 (estrogen receptor 1), CGGBP1 (CGG triplet repeat binding protein 1), ABTl (activator of basal 

transcription 1 ), KLK3 (kallikrein-related peptidase 3), PRNP (prion protein), JUN Gun oncogene), KCNN3 
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(potassium intermediate/small conductance calcium-activated channel, subfamily N, member 3), BAX 

(BCL2-associated X protein), FRAXA (fragile site, folic acid type, rare, fra(X)(q27.3) A (macroorchidism, 

mental retardation)), KBTBD1 0 (kelch repeat and BTB (POZ) domain containing 10), MBNLl (muscleblind­

like (Drosophila)), RAD51 (RAD51 homolog (RecA homolog, E. coli) (S. cerevisiae)), NCOA3 (nuclear 

receptor coactivator 3), ERDA1 (expanded repeat domain, CAG/CTG 1 ), TSCl (tuberous sclerosis 1 ), COMP 

(cartilage oligomeric matrix protein), GCLC (glutamate-cysteine ligase, catalytic subunit), RRAD (Ras­

related associated with diabetes), MSH3 (mutS homolog 3 (E. coli)), DRD2 (dopamine receptor D2), CD44 

( CD44 molecule (Indian blood group)), CTCF ( CCCTC-binding factor (zinc finger protein)), CCND 1 ( cyclin 

D1), CLSPN (claspin homolog (Xenopus laevis)), MEF2A (myocyte enhancer factor 2A), PTPRU (protein 

tyrosine phosphatase, receptor type, U), GAPDH (glyceraldehyde-3-phosphate dehydrogenase), TRTM22 

(tripartite motif-containing 22), WTl (Wilms tumor 1), AHR (aryl hydrocarbon receptor), GPX1 (glutathione 

peroxidase 1), TPMT (thiopurine S-methyltransferase), NDP (Norrie disease (pseudoglioma)), ARX 

(aristaless related homeobox), MUS81 (MUS81 endonuclease homolog (S. cerevisiae)), TYR (tyrosinase 

(oculocutaneous albinism IA)), EGR1 (early growth response 1), UNG (uracil-DNA glycosylase), NUMBL 

(numb homolog (Drosophila)-like ), F ABP2 (fatty acid binding protein 2, intestinal), EN2 ( engrailed 

homeobox 2), CRYGC (crystallin, gamma C), SRP14 (signal recognition particle 14 kDa (homologous Alu 

RNA binding protein)), CRYGB (crystallin, gamma B), PDCD1 (programmed cell death 1), HOXA1 

(homeobox A1), ATXN2L (ataxin 2-like), PMS2 (PMS2 postmeiotic segregation increased 2 (S. cerevisiae)), 

GLA (galactosidase, alpha), CBL (Cas-Br-M (murine) ecotropic retroviral transforming sequence), FTH1 

(ferritin, heavy polypeptide 1), IL12RB2 (interleukin 12 receptor, beta 2), OTX2 (orthodenticle homeobox 2), 

HOXA5 (homeobox AS), POLG2 (polymerase (DNA directed), gamma 2, accessory subunit), DLX2 (distal­

less homeobox 2), SIRPA (signal-regulatory protein alpha), OTX1 (orthodenticle homeobox 1), AHRR (aryl­

hydrocarbon receptor repressor), MANF (mesencephalic astrocyte-derived neurotrophic factor), TMEM158 

(transmembrane protein 158 (gene/pseudogene)), and ENSG00000078687. 

[00147]Examples of proteins associated with Neurotransmission Disorders include SST (somatostatin), 

NOS1 (nitric oxide synthase 1 (neuronal)), ADRA2A (adrenergic, alpha-2A-, receptor), ADRA2C 

(adrenergic, alpha-2C-, receptor), TACR1 (tachykinin receptor 1), HTR2c (5-hydroxytryptamine (serotonin) 

receptor 2C), SLC1A2 (solute carrier family 1 (glial high affinity glutamate transporter), member 2), GRM5 

(glutamate receptor, metabotropic 5), GRM2 (glutamate receptor, metabotropic 2), GABRG3 (gamma­

aminobutyric acid (GABA) A receptor, gamma 3), CACNAlB (calcium channel, voltage-dependent, N type, 

alpha 1B subunit), NOS2 (nitric oxide synthase 2, inducible), SLC6A5 (solute carrier family 6 

(neurotransmitter transporter, glycine), member 5), GABRG 1 (gamma-aminobutyric acid (GABA) A 

receptor, gamma 1 ), NOS3 (nitric oxide synthase 3 (endothelial cell)), GRM3 (glutamate receptor, 

metabotropic 3), HTR6 (5-hydroxytryptamine (serotonin) receptor 6), SLC1A3 (solute carrier family 1 (glial 

high affinity glutamate transporter), member 3), GRM7 (glutamate receptor, metabotropic 7), HRH1 

(histamine receptor H1 ), SLC1A1 (solute carrier family 1 (neuronal/epithelial high affinity glutamate 
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transporter, system Xag), member 1), GRM4 (glutamate receptor, metabotropic 4), GLUD2 (glutamate 

dehydrogenase 2), ADRA2B (adrenergic, alpha-2B-, receptor), SLC1A6 (solute carrier family 1 (high affinity 

aspartate/glutamate transporter), member 6), GRM6 (glutamate receptor, metabotropic 6), SLC1A7 (solute 

carrier family 1 (glutamate transporter), member 7), SLC6A11 (solute carrier family 6 (neurotransmitter 

transporter, GABA), member 11), CACNA1A (calcium channel, voltage-dependent, P/Q type, alpha 1A 

subunit), CACNA1G (calcium channel, voltage-dependent, T type, alpha 1G subunit), GRM1 (glutamate 

receptor, metabotropic 1), CACNA1H (calcium channel, voltage-dependent, T type, alpha 1H subunit), 

GRM8 (glutamate receptor, metabotropic 8), CHRNA3 (cholinergic receptor, nicotinic, alpha 3), P2RY2 

(purinergic receptor P2Y, G-protein coupled, 2), TRPV6 (transient receptor potential cation channel, 

subfamily V, member 6), CACNA 1 E (calcium channel, voltage-dependent, R type, alpha 1 E subunit), 

ACCN1 (amiloride-sensitive cation channel1, neuronal), CACNAli (calcium channel, voltage-dependent, T 

type, alpha 1I subunit), GABARAP (GABA (A) receptor-associated protein), P2RY1 (purinergic receptor 

P2Y, G-protein coupled, 1 ), P2RY6 (pyrimidinergic receptor P2Y, G-protein coupled, 6), RPH3A (rabphilin 

3A homolog (mouse)), HOC (histidine decarboxylase), P2RY14 (purinergic receptor P2Y, G-protein coupled, 

14), P2RY 4 (pyrimidinergic receptor P2Y, G-protein coupled, 4), P2RY1 0 (purinergic receptor P2Y, G­

protein coupled, 10), SLC28A3 (solute carrier family 28 (sodium-coupled nucleoside transporter), member 3), 

NOSTRIN (nitric oxide synthase trafficker), P2RY13 (purinergic receptor P2Y, G-protein coupled, 13), 

P2RY8 (purinergic receptor P2Y, G-protein coupled, 8), P2RY11 (purinergic receptor P2Y, G-protein 

coupled, 11 ), SLC6A3 (solute carrier family 6 (neurotransmitter transporter, dopamine), member 3), HTR3A 

(5-hydroxytryptamine (serotonin) receptor 3A), DRD2 (dopamine receptor 02), HTR2A (5-

hydroxytryptamine (serotonin) receptor 2A), TH (tyrosine hydroxylase), CNR1 (cannabinoid receptor 1 

(brain)), VIP (vasoactive intestinal peptide), NPY (ncuropcptidc Y), GAL (galaninprcpropcptidc), TAC1 

(tachykinin, precursor 1), SYP (synaptophysin), SLC6A4 (solute carrier family 6 (neurotransmitter 

transporter, serotonin), member 4), DBH (dopamine beta-hydroxylase (dopamine beta-monooxygenase)), 

DRD3 (dopamine receptor 03), NR3C 1 (nuclear receptor subfamily 3, group C, member 1 (glucocorticoid 

receptor)), HTRlB (5-hydroxytryptamine (serotonin) receptor IB), GABBR1 (gamma-aminobutyric acid 

(GABA) B receptor, 1), CALCA (calcitonin-related polypeptide alpha), CRH (corticotropin releasing 

hormone), HTR1A (5-hydroxytryptamine (serotonin) receptor IA), TACR2 (tachykinin receptor 2), COMT 

(catechol-0-methyltransferase), GRIN2B (glutamate receptor, ionotropic, N-methyl D-aspartate 2B), 

GRIN2A (glutamate receptor, ionotropic, N-methyl D-aspartate 2A), PRL (prolactin), ACHE 

(acetylcholinesterase (Yt blood group)), ADRB2 (adrenergic, beta-2-, receptor, surface), ACE (angiotensin I 

converting enzyme (peptidyl-dipeptidase A) 1 ), SNAP25 (synaptosomal-associated protein, 25 kDa), 

GABRA5 (gamma-aminobutyric acid (GABA) A receptor, alpha 5), MECP2 (methyl CpG binding protein 2 

(Rett syndrome)), BCHE (butyrylcholinesterase), ADRBI (adrenergic, beta-1-, receptor), GABRA1 (gamma­

aminobutyric acid (GABA) A receptor, alpha 1), GCH1 (GTP cyclohydrolase 1), DOC (dopa decarboxylase 

(aromatic L-amino acid decarboxylase)), MAOB (monoamine oxidase B), DRD5 (dopamine receptor 05), 
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GABRE (gamma-aminobutyric acid (GABA) A receptor, epsilon), SLC6A2 (solute carrier family 6 

(neurotransmitter transporter, noradrenalin), member 2), GABRR2 (gamma-aminobutyric acid (GABA) 

receptor, rho 2), SV2A (synaptic vesicle glycoprotein 2A), GABRRl (gamma-aminobutyric acid (GABA) 

receptor, rho 1), GHRH (growth hormone releasing hormone), CCK (cholecystokinin), PDYN 

(prodynorphin), SLC6A9 (solute carrier family 6 (neurotransmitter transporter, glycine), member 9), KCNDl 

(potassium voltage-gated channel, Shal-related subfamily, member 1 ), SRR (serine racemase), DYTl 0 

(dystonia 1 0), MAPT (microtubule-associated protein tau), APP (amyloid beta (A4) precursor protein), CTSB 

(cathepsin B), ADA (adenosine deaminase), AKTl (v-akt murine thymoma viral oncogene homolog 1), 

GRlNl (glutamate receptor, ionotropic, N-methyl D-aspartate 1), BDNF (brain-derived neurotrophic factor), 

HMOX1 (heme oxygenase ( decycling) 1 ), OPRM1 ( opioid receptor, mu 1 ), GRTN2C (glutamate receptor, 

ionotropic, N-methyl D-aspartate 2C), GRIAl (glutamate receptor, ionotropic, AMPA 1), GABRA6 (gamma­

aminobutyric acid (GABA) A receptor, alpha 6), FOS (FBJ murine osteosarcoma viral oncogene homolog), 

GABRG2 (gamma-aminobutyric acid (GABA) A receptor, gamma 2), GABRB3 (gamma-aminobutyric acid 

(GABA) A receptor, beta 3), OPRKl (opioid receptor, kappa 1), GABRB2 (gamma-aminobutyric acid 

(GABA) A receptor, beta 2), GABRD (gamma-aminobutyric acid (GABA) A receptor, delta), ALDH5A 1 

(aldehyde dehydrogenase 5 family, member Al), GADl (glutamate decarboxylase 1 (brain, 67 kDa)), NSF 

(N-ethylmaleimide-sensitive factor), GRIN2D (glutamate receptor, ionotropic, N-methyl D-aspartate 2D), 

ADORAl (adenosine Al receptor), GABRA2 (gamma-aminobutyric acid (GABA) A receptor, alpha 2), 

GLRAl (glycine receptor, alpha 1), CHRM3 (cholinergic receptor, muscarinic 3), CHAT (choline 

acetyltransferase), KNGl (kininogen 1), HMOX2 (heme oxygenase (decycling) 2), DRD4 (dopamine 

receptor D4), MAOA (monoamine oxidase A), CHRM2 (cholinergic receptor, muscarinic 2), ADORA2A 

(adenosine A2a receptor), STXBPl (syntaxin binding protein 1), GABRA3 (gamma-aminobutyric acid 

(GABA) A receptor, alpha 3), TPHl (tryptophan hydroxylase 1 ), HCRTRl (hypocretin ( orexin) receptor 1 ), 

HCRTR2 (hypocretin (orexin) receptor 2), CHRMI (cholinergic receptor, muscarinic 1), FOLHI (folate 

hydrolase (prostate-specific membrane antigen) 1 ), AANAT ( arylalkylamine N -acetyltransferase ), INS 

(insulin), NR3C2 (nuclear receptor subfamily 3, group C, member 2), F AAH (fatty acid amide hydrolase), 

GALR2 (galanin receptor 2), ADCYAPl (adenylate cyclase activating polypeptide 1 (pituitary)), PPPlRlB 

(protein phosphatase 1, regulatory (inhibitor) subunit lB), HOMERl (homer homolog 1 (Drosophila)), 

ADCYlO (adenylate cyclase 10 (soluble)), PSEN2 (presenilin 2 (Alzheimer disease 4)), UBE3A (ubiquitin 

protein ligase E3A), SODl (superoxide dismutase 1, soluble), L YN (v-yes-1 Yamaguchi sarcoma viral related 

oncogene homolog), TSC2 (tuberous sclerosis 2), PRKCA (protein kinase C, alpha), PPARG (peroxisome 

proliferator-activated receptor gamma), ESR1 (estrogen receptor 1), NTRKl (neurotrophic tyrosine kinase, 

receptor, type 1 ), EGFR (epidermal growth factor receptor ( erythroblastic leukemia viral (v-erb-b) oncogene 

homolog, avian)), SlOOB (SlOO calcium binding protein B), NTRK3 (neurotrophic tyrosine kinase, receptor, 

type 3), PLCG2 (phospholipase C, gamma 2 (phosphatidylinositol-specific)), NTRK2 (neurotrophic tyrosine 

kinase, receptor, type 2), DNMTl (DNA (cytosine-5-)-methyltransferase 1), EGF (epidermal gro~ih factor 
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(beta-urogastrone)), GRIA3 (glutamate receptor, ionotrophic, AMPA 3), NCAM1 (neural cell adhesion 

molecule 1), CDKN1A (cyclin-dependent kinase inhibitor lA (p21, Cip1)), BCL2Ll (BCL2-like 1 ), TP53 

(tumor protein p53), CASP9 (caspase 9, apoptosis-related cysteine peptidase), CCKBR (cholecystokinin B 

receptor), PARK2 (Parkinson's disease (autosomal recessive, juvenile) 2, parkin), ADRAlB (adrenergic, 

alpha-lB-, receptor), CASP3 (caspase 3, apoptosis-related cysteine peptidase), PRNP (prion protein), CRHR1 

(corticotropin releasing hormone receptor 1 ), L1 CAM (Ll cell adhesion molecule), NGFR (nerve growth 

factor receptor (TNFR superfamily, member 16) ), CREB 1 (cAMP responsive element binding protein 1 ), 

PLCG 1 (phospholipase C, gamma 1 ), CA V1 ( caveolin 1, caveolae protein, 22 kDa), ABCC8 (ATP-binding 

cassette, sub-family C(CFTR/MRP), member 8), ACTN2 (actinin, alpha 2), GR1A2 (glutamate receptor, 

ionotropic, AMPA 2), HPRT1 (hypoxanthine phosphoribosyltransferase 1 ), SYN1 (synapsin T), CSNK2A 1 

(casein kinase 2, alpha 1 polypeptide), GRIK1 (glutamate receptor, ionotropic, kainate 1 ), ABCB 1 (ATP­

binding cassette, sub-family B (MDR/TAP), member 1), AVPR2 (arginine vasopressin receptor 2), HTR4 (5-

hydroxytryptamine (serotonin) receptor 4), C3 (complement component 3), AGT (angiotensinogen (serpin 

peptidase inhibitor, clade A, member 8)), AGTR1 (angiotensin II receptor, type 1 ), CDK5 (cyclin-dependent 

kinase 5), LRP1 (low density lipoprotein receptor-related protein 1 ), ARRB2 (arrestin, beta 2), PLD2 

(phospholipase D2), OPRD1 (opioid receptor, delta 1), GNB3 (guanine nucleotide binding protein (G 

protein), beta polypeptide 3), PIK3CG (phosphoinositide-3-kinase, catalytic, gamma polypeptide), APAF1 

( apoptotic peptidase activating factor 1 ), SSTR2 (somatostatin receptor 2), IL2 (interleukin 2), ADORA3 

(adenosine A3 receptor), ADRA1A (adrenergic, alpha-1A-, receptor), HTR7 (5-hydroxytryptamine 

(serotonin) receptor 7 (adenylate cyclase-coupled)), ADRBK2 (adrenergic, beta, receptor kinase 2), ALOX5 

(arachidonate 5-lipoxygenase), NPR1 (natriuretic peptide receptor A/guanylate cyclase A (atrionatriuretic 

peptide receptor A)), AVPR1A (arginine vasopressin receptor 1A), CHRNB1 (cholinergic receptor, nicotinic, 

beta 1 (muscle)), SET (SET nuclear oncogene), PAH (phenylalanine hydroxylase), POMC 

(proopiomelanocortin), LEPR (leptin receptor), SDC2 (syndecan2), VIPRl (vasoactive intestinal peptide 

receptor 1), DBI (diazepam binding inhibitor (GABA receptor modulator, acyl-Coenzyme A binding 

protein)), NPY1R (neuropeptide Y receptor Y1), NPR2 (natriuretic peptide receptor B/guanylate cyclase B 

(atrionatriuretic peptide receptor B)), CNR2 (cannabinoid receptor 2 (macrophage)), LEP (leptin), CCKAR 

(cholecystokinin A receptor), GLRB (glycine receptor, beta), KCNQ2 (potassium voltage-gated channel, 

KQT-like subfamily, member 2), CHRNA2 (cholinergic receptor, nicotinic, alpha 2 (neuronal)), BDKRB2 

(bradykinin receptor B2), CHRNA1 (cholinergic receptor, nicotinic, alpha 1 (muscle)), CHRND (cholinergic 

receptor, nicotinic, delta), CHRNA7 (cholinergic receptor, nicotinic, alpha 7), PLD1 (phospholipase D1, 

phosphatidylcholine-specific), NRXN1 (neurexin 1), NRP1 (neuropilin 1), DLG3 (discs, large homolog 3 

(Drosophila)), GNAQ (guanine nucleotide binding protein (G protein), q polypeptide), DRD1 (dopamine 

receptor D 1 ), PRKG 1 (protein kinase, cGMP-dependent, type I), CNTNAP2 ( contactin associated protein­

like 2), EDN3 (endothelin3), ABAT (4-aminobutyrate aminotransferase), TD02 (tryptophan2,3-

dioxygenase ), NEUROD 1 (neurogenic differentiation 1 ), CHRNE (cholinergic receptor, nicotinic, epsilon), 
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CHRNB2 (cholinergic receptor, nicotinic, beta 2 (neuronal)), CHRNB3 (cholinergic receptor, nicotinic, beta 

3), HTR1D (5-hydroxytryptamine (serotonin) receptor 1D), ADRA1D (adrenergic, alpha-1D-, receptor), 

HTR2B (5-hydroxytryptamine (serotonin) receptor 2B), GRIK3 (glutamate receptor, ionotropic, kainate 3), 

NPY2R (neuropeptide Y receptor Y2), GRIK5 (glutamate receptor, ionotropic, kainate 5), GRIA4 (glutamate 

receptor, ionotrophic, AMPA 4), EDN1 (endothelin 1), PRLR (prolactin receptor), GABRB1 (gamma­

aminobutyric acid (GABA) A receptor, beta 1), GARS (glycyl-tRNA synthetase), GRIK2 (glutamate 

receptor, ionotropic, kainate 2), ALOX12 (arachidonate 12-lipoxygenase), GAD2 (glutamate decarboxylase 2 

(pancreatic islets and brain, 65 kDa)), LHCGR (luteinizing hormone/choriogonadotropin receptor), SHMTl 

(serine hydroxymethyltransferase 1 (soluble)), PDXK (pyridoxal (pyridoxine, vitamin B6) kinase), LlF 

(leukemia inhibitory factor (cholinergic differentiation factor)), PLCD 1 (phospholipase C, delta 1 ), NTF3 

(neurotrophin 3), NFE2L2 (nuclear factor (erythroid-derived 2)-like 2), PLCB4 (phospholipase C, beta 4), 

GNRHR (gonadotropin-releasing hormone receptor), NLGN1 (neuroligin 1 ), PPP2R4 (protein phosphatase 

2A activator, regulatory subunit 4), SSTR3 (somatostatin receptor 3), CRHR2 (corticotropin releasing 

hormone receptor 2), NGF (nerve growth factor (beta polypeptide)), NRCAM (neuronal cell adhesion 

molecule), NRXN3 (neurexin 3), GNRH1 (gonadotropin-releasing hormone 1 (luteinizing-releasing 

hormone)), TRHR (thyrotropin-releasing hormone receptor), ARRB1 (arrestin, beta 1), INPP1 (inositol 

polyphosphate-1-phosphatase), PTN (pleiotrophin), PSMD1 0 (proteasome (prosome, macropain) 26S subunit, 

non-ATPase, 10), DLG1 (discs, large homolog 1 (Drosophila)), PSMB8 (proteasome (prosome, macropain) 

subunit, beta type, 8 (large multifunctional peptidase 7)), CYCS (cytochrome c, somatic), ADORA2B 

(adenosine A2b receptor), ADRB3 (adrenergic, beta-3-, receptor), CHGA (chromogranin A (parathyroid 

secretory protein 1 )), ADM ( adrenomedullin), GABRP (gamma-aminobutyric acid (GABA) A receptor, pi), 

GLRA2 (glycine receptor, alpha 2), PRKG2 (protein kinase, cGMP-dependent, type II), GLS (glutaminase), 

TACR3 (tachykinin receptor 3), ALDH7A1 (aldehyde dehydrogenase 7 family, member A1), GABBR2 

(gamma-aminobutyric acid (GABA) B receptor, 2), GDNF (glial cell derived neurotrophic factor), CNTFR 

(ciliary neurotrophic factor receptor), CNTN2 (contactin 2 (axonal)), TORlA (torsin family 1, member A 

(tors in A)), CNTN1 ( contactin 1 ), CAMK1 (calcium/calmodulin-dependent protein kinase I), NPPB 

(natriuretic peptide precursor B), OXTR (oxytocin receptor), OSM (oncostatin M), VIPR2 (vasoactive 

intestinal peptide receptor 2), CHRNB4 (cholinergic receptor, nicotinic, beta 4), CHRNA5 (cholinergic 

receptor, nicotinic, alpha 5), AVP (arginine vasopressin), RELN (reelin), GRLF1 (glucocorticoid receptor 

DNA binding factor 1), NPR3 (natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide 

receptor C)), GRIK4 (glutamate receptor, ionotropic, kainate 4 ), KISS 1 (KiSS-1metastasis-suppressor ), 

HTR5A (5-hydroxytryptamine (serotonin) receptor 5A), ADCYAP1R1 (adenylate cyclase activating 

polypeptide 1 (pituitary) receptor type I), GABRA4 (gall1111a-aminobutyric acid (GABA) A receptor, alpha 4), 

GLRA3 (glycine receptor, alpha 3), INHBA (inhibin, beta A), DLG2 (discs, large homolog 2 (Drosophila)), 

PPYR1 (pancreatic polypeptide receptor 1 ), SSTR4 (somatostatin receptor 4), NPPA (natriuretic peptide 

precursor A), SNAP23 (synaptosomal-associated protein, 23 kDa), AKAP9 (A kinase (PRKA) anchor protein 
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(yotiao) 9), NRXN2 (neurexin 2), FHL2 (four and a half LIM domains 2), TJPI (tight junction protein 1 

(zona occludens 1)), NRGI (neuregulin 1), CAMK4 (calcium/calmodulin-dependent protein kinase IV), 

CAV3 (caveolin 3), V AMP2 (vesicle-associated membrane protein 2 (synaptobrevin 2)), GALRI (galanin 

receptor 1), GHRHR (growth hormone releasing hormone receptor), HTRIE (5-hydroxytryptamine 

(serotonin) receptor IE), PENK (proenkephalin), HTT (huntingtin), HOXAI (homeobox AI), NPY5R 

(neuropeptide Y receptor Y5), UNC119 (unc-119 homolog (C. elegans)), TAT (tyrosine aminotransferase), 

CNTF (ciliary neurotrophic factor), SHMT2 (serine hydroxymethyltransferase 2 (mitochondrial)), ENTPDI 

( ectonucleoside triphosphate diphosphohydrolase 1 ), GRIP I (glutamate receptor interacting protein 1 ), GRP 

(gastrin-releasing peptide), NCAM2 (neural cell adhesion molecule 2), SSTRI (somatostatin receptor 1), 

CLTB (clathrin, light chain (Lcb)), DAO (D-amino-acid oxidase), QDPR (quinoid dihydropteridine 

reductase), PYY (peptide YY), PNMT (phenylethanolamine N-methyltransferase), NTSRI (neurotensin 

receptor 1 (high affinity)), NTS (neurotensin), HCRT (hypocretin ( orexin) neuropeptide precursor), SNAP29 

(synaptosomal-associated protein, 29 kDa), SNAP91 (synaptosomal-associated protein, 91 kDa homolog 

(mouse)), MADD (MAP-kinase activating death domain), IDOl (indoleamine 2,3-dioxygenase 1), TPH2 

(tryptophan hydroxylase 2), T AC3 (tachykinin 3), GRTN3A (glutamate receptor, ionotropic, N-methyi-D­

aspartate 3A), REN (renin), GALR3 (galanin receptor 3), MAGI2 (membrane associated guanylate kinase, 

WW and PDZ domain containing 2), KCNJ9 (potassium inwardly-rectifying channel, subfamily J, member 

9), BDKRBI (bradykinin receptor Bl), CHRNA6 (cholinergic receptor, nicotinic, alpha 6), CHRM5 

(cholinergic receptor, muscarinic 5), CHRNG (cholinergic receptor, nicotinic, gamma), SLC6Al (solute 

carrier family 6 (neurotransmitter transporter, GABA), member 1), ENTPD2 (ectonucleoside triphosphate 

diphosphohydrolase 2), CALCB (calcitonin-related polypeptide beta), SHBG (sex hormone-binding 

globulin), SERPINA6 (scrpin peptidase inhibitor, clade A (alpha- I antiprotcinasc, antitrypsin), member 6), 

NRG2 (neuregulin 2), PNOC (prepronociceptin), NAPA (N-ethylmaleimide-sensitive factor attachment 

protein, alpha), PICK I (protein interacting with PRKCA 1 ), PLCD4 (phospholipase C, delta 4), GCDH 

(glutaryl-Coenzyme A dehydrogenase), NLGN2 (neuroligin 2), NBEA (neurobeachin), ATPIOA (ATPase, 

class V, type lOA), RAPGEF4 (Rap guanine nucleotide exchange factor (GEF) 4), UCN (urocortin), PCSK6 

(proprotein convertase subtilisin/kexin type 6), HTRIF (5-hydroxytryptamine (serotonin) receptor IF), SGCB 

(sarcoglycan, beta ( 43 kDa dystrophin-associated glycoprotein)), GABRQ (gamma-aminobutyric acid 

(GABA) receptor, theta), GHRL (ghrelin/obestatin prepropeptide), NCALD (neurocalcin delta), NEUROD2 

(neurogenic differentiation 2), DPEPI (dipeptidase 1 (renal)), SLCIA4 (solute carrier family 1 

(glutamate/neutral amino acid transporter), member 4), DNM3 (dynamin 3), SLC6A12 (solute carrier family 

6 (neurotransmitter transporter, betaine/GABA), member 12), SLC6A6 (solute carrier family 6 

(neurotransmitter transporter, taurine), member 6), YMEILI (YMEI-like 1 (S. cerevisiae)), VSNLI (visinin­

like 1 ), SLC 17 A 7 (solute carrier family 17 (sodium-dependent inorganic phosphate cotransporter), member 

7), HOMER2 (homer homolog 2 (Drosophila)), SYT7 (synaptotagmin VII), TFIPll (tuftelin interacting 

protein 11), GMFB (glia maturation factor, beta), PREB (prolactin regulatory element binding), NTSR2 
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(neurotensin receptor 2), NTF4 (neurotrophin 4), PPP1R9B (protein phosphatase 1, regulatory (inhibitor) 

subunit 9B), DISCI (dismpted in schizophrenia 1), NRG3 (neuregulin 3), OXT (oxytocin, prepropeptide), 

TRH (thyrotropin-releasing hormone), NISCH (nischarin), CRHBP (corticotropin releasing hormone binding 

protein), SLC6A13 (solute carrier family 6 (neurotransmitter transporter, GABA), member 13), NPPC 

(natriuretic peptide precursor C), CNTN3 (contactin 3 (plasmacytoma associated)), KAT5 (K (lysine) 

acetyltransferase 5), CNTN6 (contactin 6), KIAA0101 (KIAA0101), PANXl (pannexin 1), CTSLl (cathepsin 

L 1 ), EARS2 (glutamyl-tRNA synthetase 2, mitochondrial (putative)), CRIPT (cysteine-rich PDZ-binding 

protein), CORT ( cortistatin), DLGAP4 (discs, large (Drosophila) homolog-associated protein 4 ), ASTN2 

(astrotactin 2), HTR3B (5-hydroxytryptamine (serotonin) receptor 3B), PMCH (pro-melanin-concentrating 

hormone), TSPO (translocator protein (18 kDa)), GDF2 (growth differentiation factor 2), CNTNAP1 

( contactin associated protein 1 ), GNRH2 (gonadotropin-releasing hormone 2), AUTS2 (autism susceptibility 

candidate 2), SV2C (synaptic vesicle glycoprotein 2C), CARTPT (CART prepropeptide ), NSUN4 

(NOP2/Sun domain family, member 4), CNTN5 (contactin 5), NEUROD4 (neurogenic differentiation 4), 

NEUROG 1 (neurogenin 1 ), SLTM (SAFB-like, transcription modulator), GNRHR2 (gonadotropin-releasing 

hormone (type 2) receptor 2), ASTN1 ( astrotactin 1 ), SLC22A 18 (solute carrier family 22, member 18), 

SLC 17 A6 (solute carrier family 17 (sodium-dependent inorganic phosphate cotransporter), member 6), 

GABRR3 (gamma-aminobutyric acid (GABA) receptor, rho 3), DAOA (D-amino acid oxidase activator), 

ENSG00000123384, nd NOS2Pl (nitric oxide synthase 2 pseudogene 1). 

[00148]Examples ofneurodevelopmental-associated sequences include A2BP1 [ataxin 2-binding protein 1], 

AADAT [aminoadipate aminotransferase], AANAT [arylalkylamine N-acetyltransferase], ABAT [4-

aminobutyrate aminotransferase], ABCAl [ATP-binding cassette, sub-family A (ABCl), member 1], 

ABCA13 [ATP-binding cassette, sub-family A (ABCl), member 13], ABCA2 [ATP-binding cassette, sub­

family A (ABCl), member 2], ABCBl [ATP-binding cassette, sub-family B (MDR/TAP), member 1], 

ABCB11 [ATP-binding cassette, sub-family B (MDR/TAP), member 11], ABCB4 [ATP-binding cassette, 

sub-family B (MDR/TAP), member 4], ABCB6 [ATP-binding cassette, sub-family B (MDR/TAP), member 

6], ABCB7 [ATP-binding cassette, sub-family B (MDR/TAP), member 7], ABCCl [ATP-binding cassette, 

sub-family C(CFTR/MRP), member 1], ABCC2 [ATP-binding cassette, sub-family C (CFTR/MRP), member 

2], ABCC3 [ATP-binding cassette, sub-family C (CFTR/MRP), member 3], ABCC4 [ATP-binding cassette, 

sub-family C (CFTR/MRP), member 4], ABCDl [ATP-binding cassette, sub-family D (ALD), member 1], 

ABCD3 [ATP-binding cassette, sub-family D (ALD), member 3], ABCGl [ATP-binding cassette, sub-family 

G (WHITE), member 1], ABCC2 [ATP-binding cassette, sub-family G (WHITE), member 2], ABCC4 [ATP­

binding cassette, sub-family G (WHITE), member 4], ABHDll [abhydrolase domain containing 11], ABil 

[abl-interactor 1], ABLl [c-abl oncogene 1, receptor tyrosine kinase], ABL2 [v-abl Abelson murine leukemia 

viral oncogene homolog 2 (arg, Abelson-related gene)], ABLIMl [actin binding LIM protein 1], ABLIM2 

[actin binding LIM protein family, member 2], ABLIM3 [actin binding LIM protein family, member 3], ABO 

[ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyltransferase; transferase B, alpha 1-3-
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galactosyltransferase)], ACAAl [acetyl-Coenzyme A acyltransferase 1], ACACA [acetyl-Coenzyme A 

carboxylase alpha], ACACB [acetyl-Coenzyme A carboxylase beta], ACADL [acyl-Coenzyme A 

dehydrogenase, long chain], ACADM [acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain], 

ACADS [acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain], ACADSB [acyl-Coenzyme A 

dehydrogenase, short/branched chain], ACAN [aggrecan], ACAT2 [acetyl-Coenzyme A acetyltransferase 2], 

ACCNl [amiloride-sensitive cation channel I, neuronal], ACE [angiotensin I converting enzyme (peptidyl­

dipeptidase A) 1], ACE2 [angiotensin I converting enzyme (peptidyl-dipeptidase A) 2], ACHE 

[acetylcholinesterase (Yt blood group)], ACL Y [ATP citrate lyase], ACOl [aconitase 1, soluble], ACT AI 

[actin, alpha 1, skeletal muscle], ACTB [actin, beta], ACTCl [actin, alpha, cardiac muscle 1], ACTGl [actin, 

gamma 1], ACTL6A [actin-like 6A], ACTL6B [actin-like 6B], ACTN1 [actinin, alpha 1], ACTR1A [ARP1 

actin-related protein 1 homolog A, centractin alpha (yeast)], ACTR2 [ARP2 actin-related protein 2 homolog 

(yeast)], ACTR3 [ARP3 actin-related protein 3 homolog (yeast)], ACTR3B [ARP3 actin-related protein 3 

homolog B (yeast)], ACVRl [activin A receptor, type I], ACVR2A [activin A receptor, type IIA], ADA 

[adenosine deaminase], ADAMlO [ADAM metallopeptidase domain 10], ADAMI I [ADAM 

metallopeptidase domain 11], ADAM12 [ADAM metallopeptidase domain 12], ADAM15 [ADAM 

metallopeptidase domain 15], ADAM17 [ADAM metallopeptidase domain 17], ADAM18 [ADAM 

metallopeptidase domain 18], ADAM19 [ADAM metallopeptidase domain 19 (meltrin beta)], ADAM2 

[ADAM metallopeptidase domain 2], ADAM20 [ADAM metallopeptidase domain 20], ADAM21 [ADAM 

metallopeptidase domain 21], ADAM22 [ADAM metallopeptidase domain 22], ADAM23 [ADAM 

metallopeptidase domain 23], ADAM28 [ADAM metallopeptidase domain 28], ADAM29 [ADAM 

metallopeptidase domain 29], ADAM30 [ADAM metallopeptidase domain 30], ADAM8 [ADAM 

mctallopcptidasc domain 8], ADAMS [ADAM mctallopcptidasc domain 9 (mcltrin gamma)], ADAMTSl 

[ADAM metallopeptidase with thrombospondin type 1 motif, 1], ADAMTS13 [ADAM metallopeptidase with 

thrombospondin type 1 motif, 13], ADAMTS4 [ADAM metallopeptidase with thrombospondin type 1 motif, 

4], ADAMTS5 [ADAM metallopeptidase with thrombospondin type 1 motif, 5], ADAP2 [ArfGAP with dual 

PH domains 2], ADAR [adenosine deaminase, RNA-specific], ADARBl [adenosine deaminase, RNA­

specific, Bl (REDl homolog rat)], ADCYl [adenylate cyclase 1 (brain)], ADCYlO [adenylate cyclase 10 

(soluble)], ADCYAPl [adenylate cyclase activating polypeptide 1 (pituitary)], ADDl [adducin 1 (alpha)], 

ADD2 [adducin 2 (beta)], ADRIA [alcohol dehydrogenase lA (class I), alpha polypeptide], ADIPOQ 

[adiponectin, ClQ and collagen domain containing], ADK [adenosine kinase], ADM [adrenomedullin], 

ADNP [activity-dependent neuroprotector homeobox], ADORAl [adenosine Al receptor], ADORA2A 

[adenosine A2a receptor], ADORA2B [adenosine A2b receptor], ADORA3 [adenosine A3 receptor], 

ADRAlB [adrenergic, alpha-lB-, receptor], ADRA2A [adrenergic, alpha-2A-, receptor], ADRA2B 

[adrenergic, alpha-2B-, receptor], ADRA2C [adrenergic, alpha-2C-, receptor], ADRB 1 [adrenergic, beta-1-, 

receptor], ADRB2 [adrenergic, beta-2-, receptor, surface], ADRB3 [adrenergic, beta-3-, receptor], ADRBK2 

[adrenergic, beta, receptor kinase 2], ADSL [adenylosuccinate lyase], AFF2 [AF4/FMR2 family, member 2], 
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AFM [afamin], AFP [alpha-fetoprotein], AGAPI [ArfGAP with GTPase domain, ankyrin repeat and PH 

domain I], AGER [advanced glycosylation end product-specific receptor], AGFGl [ArfGAP with FG repeats 

1], AGPS [alkylglycerone phosphate synthase], AGRN [agrin], AGRP [agouti related protein homolog 

(mouse)], AGT [angiotensinogen (serpin peptidase inhibitor, clade A, member 8)], AGTRl [angiotensin II 

receptor, type I], AGTR2 [angiotensin II receptor, type 2], AHOY [adenosylhomocysteinase], AHil 

[Abelson helper integration site I], AHR [aryl hydrocarbon receptor], AHSG [alpha-2-HS-glycoprotein], 

AICDA [activation-induced cytidine deaminase], AIFMI [apoptosis-inducing factor, mitochondrion­

associated, 1], AIRE [autoimmune regulator], AKAP I2 [A kinase (PRKA) anchor protein I2], AKAP9 [A 

kinase (PRKA) anchor protein (yotiao) 9], AKRIAI [aldo-keto reductase family I, member AI (aldehyde 

reductase)], AKR 1 B 1 [aldo-keto reductase family 1, member B 1 (aldose reductase)], AKR 1 C3 [aldo-keto 

reductase family I, member C3 (3-alpha hydroxysteroid dehydrogenase, type II)], AKTl [v-akt murine 

thymoma viral oncogene homolog I], AKT2 [v-akt murine thymoma viral oncogene homolog 2], AKT3 [v­

akt murine thymoma viral oncogene homolog 3 (protein kinase B, gamma)], ALAD [aminolevulinate, delta-, 

dehydratase], ALB [albumin], ALB [albumin], ALCAM [activated leukocyte cell adhesion molecule], 

ALDH1 A 1 [aldehyde dehydrogenase 1 family, member A 1 ], ALDH3A 1 [aldehyde dehydrogenase 3 family, 

memberAI], ALDH5AI [aldehyde dehydrogenase 5 family, member AI], ALDH7AI [aldehyde 

dehydrogenase 7 family, member AI], ALDH9AI [aldehyde dehydrogenase 9 family, member AI], ALDOA 

[aldolase A, fructose-bisphosphate], ALDOB [aldolase B, fructose-bisphosphate], ALDOC [aldolase C, 

fructose-bisphosphate], ALK [anaplastic lymphoma receptor tyrosine kinase], ALOXI2 [arachidonate I2-

lipoxygenase], ALOX5 [arachidonate 5-lipoxygenase], ALOX5AP [arachidonate 5-lipoxygenase-activating 

protein], ALPI [alkaline phosphatase, intestinal], ALPL [alkaline phosphatase, liver/bone/kidney], ALPP 

[alkaline phosphatase, placental (Regan isozyme)], ALS2 [amyotrophic lateral sclerosis 2 Guvenilc)], 

AMACR [ alpha-methylacyl-CoA racemase], AMBP [ alpha-I-microglobulin!bikunin precursor], AMPH 

[amphiphysin], ANG [angiogenin, ribonuclease, RNase A family, 5], ANGPTI [angiopoietin 1], ANGPT2 

[angiopoietin 2], ANGPTL3 [angiopoietin-like 3], ANKI [ankyrin I, erythrocytic], ANK3 [ankyrin 3, node of 

Ranvier (ankyrin G)], ANKRDI [ankyrin repeat domain I (cardiac muscle)], ANP32E [acidic (leucine-rich) 

nuclear phosphoprotein 32 family, member E], ANPEP [alanyl (membrane) aminopeptidase], ANXAI 

[ annexin AI], ANXA2 [ annexin A2], ANXA5 [ annexin AS], API S I [adaptor-related protein complex I, 

sigma I subunit], API S2 [adaptor-related protein complex I, sigma 2 subunit], AP2AI [adaptor-related 

protein complex 2, alpha I subunit], AP2B1 [adaptor-related protein complex 2, beta 1 subunit], APAF1 

[apoptotic peptidase activating factor I], APBAI [amyloid beta (A4) precursor protein-binding, family A, 

member I], APBA2 [amyloid beta (A4) precursor protein-binding, family A, member 2], APBBI [amyloid 

beta (A4) precursor protein-binding, family B, member I (Fe65)], APBB2 [amyloid beta (A4) precursor 

protein-binding, family B, member 2], APC [adenomatous polyposis coli], APCS [amyloid P component, 

serum], APEX1 [APEX nuclease (multifunctional DNA repair enzyme) 1], APHIB [anterior pharynx 

defective I homolog B (C. elegans)], APLPI [amyloid beta (A4) precursor-like protein I], APOA1 
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[apolipoprotein A-I], APOA5 [apolipoprotein A-V], APOB [apolipoprotein B (including Ag(x) antigen)], 

APOC2 [apolipoprotein C-II], APOD [apolipoprotein D], APOE [apolipoprotein E], APOM [apolipoprotein 

M], APP [amyloid beta (A4) precursor protein], APPLl [adaptor protein, phosphotyrosine interaction, PH 

domain and leucine zipper containing 1], APRT [adenine phosphoribosyltransferase], APTX [aprataxin], 

AQP1 [aquaporin 1 (Colton blood group)], AQP2 [aquaporin 2 (collecting duct)], AQP3 [aquaporin 3 (Gill 

blood group)], AQP4 [aquaporin 4], AR [androgen receptor], ARC [activity-regulated cytoskeleton-associated 

protein], AREG [amphiregulin], ARFGEF2 [ADP-ribosylation factor guanine nucleotide-exchange factor 2 

(brefeldin A-inhibited)], ARG 1 [arginase, liver], ARH GAP 1 [Rho GTPase activating protein 1], ARHGAP32 

[Rho GTPase activating protein 32], ARHGAP4 [Rho GTPase activating protein 4], ARHGAP5 [Rho 

GTPase activating protein 5], ARHGDTA [Rho GDP dissociation inhibitor (GDT) alpha], ARHGEFl [Rho 

guanine nucleotide exchange factor (GEF) 1], ARHGEF10 [Rho guanine nucleotide exchange factor (GEF) 

10], ARHGEF11 [Rho guanine nucleotide exchange factor (GEF) 11], ARHGEF12 [Rho guanine nucleotide 

exchange factor (GEF) 12], ARHGEF15 [Rho guanine nucleotide exchange factor (GEF) 15], ARHGEF16 

[Rho guanine nucleotide exchange factor (GEF) 16], ARHGEF2 [Rho/Rae guanine nucleotide exchange 

factor (GEF) 2], ARHGEF3 [Rho guanine nucleotide exchange factor (GEF) 3], ARHGEF4 [Rho guanine 

nucleotide exchange factor (GEF) 4], ARHGEF5 [Rho guanine nucleotide exchange factor (GEF) 5], 

ARHGEF6 [Rac/Cdc42 guanine nucleotide exchange factor (GEF) 6], ARHGEF7 [Rho guanine nucleotide 

exchange factor (GEF) 7], ARHGEF9 [Cdc42 guanine nucleotide exchange factor (GEF) 9], ARID1A [AT 

rich interactive domain 1A (SWI-like)], ARIDlB [AT rich interactive domain lB (SWil-like)], ARL13B 

[ADP-ribosylation factor-like 13B], ARPClA [actin related protein 2/3 complex, subunit lA, 41 kDa], 

ARPClB [actin related protein 2/3 complex, subunit lB, 41 kDa], ARPC2 [actin related protein 2/3 complex, 

subunit 2, 34 kDa], ARPC3 [actin related protein 2/3 complex, subunit 3, 21 kDa], ARPC4 [actin related 

protein 2/3 complex, subunit 4, 20 kDa], ARPC5 [actin related protein 2/3 complex, subunit 5, 16 kDa], 

ARPC5L [actin related protein 2/3 complex, subunit 5-like ], ARPP 19 [cAMP-regulated phosphoprotein, 19 

kDa], ARR3 [arrestin 3, retinal (X-arrestin)], ARRB2 [arrestin, beta 2], ARSA [arylsulfatase A], ARTN 

[artemin], ARX [aristaless related homeobox], ASCLl [achaete-scute complex homolog 1 (Drosophila)], 

ASMT [acetylserotonin 0-methyltransferase], ASPA [aspartoacylase (Canavan disease)], ASPG 

[asparaginase homolog (S. cerevisiae)], ASPH [aspartate beta-hydroxylase], ASPM [asp (abnormal spindle) 

homolog, microcephaly associated (Drosophila)], ASRGLl [asparaginase like 1], ASS1 [argininosuccinate 

synthase 1], ASTNI [astrotactin 1], ATAD5 [ATPase family, AAA domain containing 5], ATF2 [activating 

transcription factor 2], ATF4 [activating transcription factor 4 (tax-responsive enhancer element B67)], ATF6 

[activating transcription factor 6], ATM [ataxia telangiectasia mutated], ATOHI [atonal homolog 1 

(Drosophila)], ATOXI [ATXI antioxidant protein 1 homolog (yeast)], ATPIOA [ATPase, class V, type lOA], 

ATP2A2 [ATPase, Ca++ transporting, cardiac muscle, slow twitch 2], ATP2B2 [ATPase, Ca++ transporting, 

plasma membrane 2], ATP2B4 [ATPase, Ca++ transporting, plasma membrane 4], ATP50 [ATP synthase, 

H+ transporting, mitochondrial F1 complex, 0 subunit], ATP6AP1 [ATPase, H+ transporting, lysosomal 
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accessmy protein 1], ATP6VOC [ATPase, R+ transporting, lysosomal16 kDa, VO subunit c], ATP7A 

[ATPase, Cu++ transpmiing, alpha polypeptide], ATPSAl [ATPase, aminophospholipid transpmier (APLT), 

class I, type SA, member 1], ATR [ataxia telangiectasia and Rad3 related], ATRN [attractin], ATRX [alpha 

thalassemia/mental retardation syndrome X-linked (RAD54 homolog, S. cerevisiae)], ATXNl [ataxin 1], 

ATXN2 [ataxin 2], ATXN3 [ataxin 3], AURKA [aurora kinase A], AUTS2 [autism susceptibility candidate 

2], AVP [arginine vasopressin], AVPRlA [arginine vasopressin receptor lA], AXIN2 [axin 2], AXL [AXL 

receptor tyrosine kinase], AZUl [azurocidin 1], B2M [beta-2-microglobulin], B3GNT2 [UDP­

GlcNAc:betaGal beta-1 [3-N-acetylglucosaminyltransferase 2], B9Dl [B9 protein domain 1], BACEl [beta­

site APP-cleaving enzyme 1], BACE2 [beta-site APP-cleaving enzyme 2], BACH I [BTB and CNC homology 

1, basic leucine zipper transcription factor 1], BAD [BCL2-associated agonist of cell death], BACE2 [B 

melanoma antigen family, member 2], BAIAP2 [BAil-associated protein 2], BAIAP2Ll [BAil-associated 

protein 2-like 1], BAKl [BCL2-antagonist/killer 1], BARD I [BRCAl associated RING domain 1], BARRLl 

[BarR-like homeobox 1], BARHL2 [BarR-like homeobox 2], BASPl [brain abundant, membrane attached 

signal protein 1], BAX [BCL2-associated X protein], BAZlA [bromodomain adjacent to zinc finger domain, 

1 A], BAZl B [bromodomain adjacent to zinc finger domain, 1 B], BBS9 [Bardet-Biedl syndrome 9], BCAR 1 

[breast cancer anti-estrogen resistance 1], BCRE [butyrylcholinesterase], BCLlO [B-cell CLL/lymphoma 10], 

BCL2 [B-cell CLL/lymphoma 2], BCL2Al [BCL2-related protein AI], BCL2Ll [BCL2-like 1], BCL2Lll 

[BCL2-like 11 (apoptosis facilitator)], BCL3 [B-cell CLL/lymphoma 3], BCL6 [B-cell CLL/lymphoma 6], 

BCL7A [B-cell CLL!lymphoma 7A], BCL7B [B-cell CLL!lymphoma 7B], BCL7C [B-cell CLL!lymphoma 

70], BCR [breakpoint cluster region], BDKRB1 [bradykinin receptor B1], BDNF [brain-derived neurotrophic 

factor], BECNl [beclin 1, autophagy related], BEST1 [bestrophin 1 ], BEXl [brain expressed, X-linked 1 ], 

BEX2 [brain expressedX-linked 2], BGLAP [bone gamma-carboxyglutamate (gla) protein], BGN [biglycan], 

BID [BR3 interacting domain death agonist], BINI [bridging integrator 1], BIRC2 [baculoviral lAP repeat­

containing 2], BIRC3 [baculoviral lAP repeat-containing 3], BIRC5 [baculoviral lAP repeat-containing 5], 

BIRC7 [baculoviral lAP repeat-containing 7], BLK [B lymphoid tyrosine kinase], BLVRB [biliverdin 

reductase B (flavin reductase (NADPR))], BMil [BMil polycomb ring finger oncogene], BMPl [bone 

morphogenetic protein 1], BMPlO [bone morphogenetic protein 10], BMP15 [bone morphogenetic protein 

15], BMP2 [bone morphogenetic protein 2], BMP3 [bone morphogenetic protein 3], BMP4 [bone 

morphogenetic protein 4], BMP5 [bone morphogenetic protein 5], BMP6 [bone morphogenetic protein 6], 

BMP7 [bone morphogenetic protein 7], BMPSA [bone morphogenetic protein Sa], BMPSB [bone 

morphogenetic protein 8b], BMPRlA [bone morphogenetic protein receptor, type IA], BMPRlB [bone 

morphogenetic protein receptor, type IB], BMPR2 [bone morphogenetic protein receptor, type II 

(serine/threonine kinase)], BOC [Boc homolog (mouse)], BOK [BCL2-related ovarian killer], BPI 

[bactericidal/permeability-increasing protein], BRAF [v-rafmurine sarcoma viral oncogene homolog Bl], 

BRCA1 [breast cancer 1, early onset], BRCA2 [breast cancer 2, early onset], BRWD1 [bromodomain and 

WD repeat domain containing 1], BSND [Bartter syndrome, infantile, with sensorineural deafness (Barttin)], 
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BST2 [bone marrow stromal cell antigen 2], BTBDlO [BTB (POZ) domain containing 10], BTC 

[betacellulin], BTD [biotinidase], BTG3 [BTG family, member 3], BTK [Bmton agannnaglobulinemia 

tyrosine kinase], BTNlAl [butyrophilin, subfamily 1, member AI], BUBlB [budding uninhibited by 

benzimidazoles 1 homolog beta (yeast)], Cl5orf2 [chromosome 15 open reading frame 2], C16 or 175 

[chromosome 16 open reading frame 75], C17orf42 [chromosome 17 open reading frame 42], Clorf187 

[chromosome 1 open reading frame 187], ClR [complement component 1, r subcomponent], CIS 

[complement component 1, s subcomponent], C21orf2 [chromosome 21 open reading frame 2], C21orf33 

[chromosome 21 open reading frame 33], C2lorf45 [chromosome 21 open reading frame 45], C21orf62 

[chromosome 21 open reading frame 62], C2lorf74 [chromosome 21 open reading frame 74], C3 

[complement component 3], C3orf58 [chromosome 3 open reading frame 58], C4A [complement component 

4A (Rodgers blood group)], C4B [complement component 4B (Chido blood group)], C5AR1 [complement 

component Sa receptor 1], C6orf106 [chromosome 6 open reading frame 106], C6orf25 [chromosome 6 open 

reading frame 25], CAl [carbonic anhydrase 1], CA2 [carbonic anhydrase II], CA3 [carbonic anhydrase III, 

muscle specific], CA6 [carbonic anhydrase VI], CA9 [carbonic anhydrase IX], CABINl [calcineurin binding 

protein I], CABLES 1 [Cdk5 and Abl enzyme substrate 1], CACNA 1B [calcium channel, voltage-dependent, 

N type, alpha lB subunit], CACNAlC [calcium channel, voltage-dependent, L type, alpha lC subunit], 

CACNAlG [calcium channel, voltage-dependent, T type, alpha lG subunit], CACNAlH [calcium channel, 

voltage-dependent, T type, alpha lH subunit], CACNA2Dl [calcium channel, voltage-dependent, alpha 

2/delta subunit 1], CADMl [cell adhesion molecule 1], CADPS2 [Ca-++-dependent secretion activator 2], 

CALB2 [calbindin 2], CALCA [calcitonin-related polypeptide alpha], CALCR [calcitonin receptor], CALM3 

[calmodulin 3 (phosphorylase kinase, delta)], CALR [calreticulin], CAMKl [calcium/calmodulin-dependent 

protein kinase 1], CAMK2A [calcium/calmodulin-dependent protein kinase II alpha], CAMK2B 

[calcium/calmodulin-dependent protein kinase II beta], CAMK2G [calcium/calmodulin-dependent protein 

kinase II gamma], CAMK4 [calcium/calmodulin-dependent protein kinase N], CAMKK2 

[calcium/calmodulin-dependent protein kinase kinase 2, beta], CAMP [cathelicidin antimicrobial peptide], 

CANTl [calcium activated nucleotidase 1], CANX [calnexin], CAPNl [calpain 1, (mull) large subunit], 

CAPN2 [calpain 2, (m/II) large subunit], CAPN5 [calpain 5], CAPZAl [capping protein (actin filament) 

muscle Z-line, alpha 1], CARD16 [caspase recmitment domain family, member 16], CARMI [coactivator­

associated arginine methyltransferase 1], CARTPT [CART prepropeptide], CASK [calcium/calmodulin­

dependent serine protein kinase (MAGUK family)], CASP1 [caspase 1, apoptosis-related cysteine peptidase 

(interleukin 1, beta, convertase)], CASPlO [caspase 10, apoptosis-related cysteine peptidase], CASP2 

[caspase 2, apoptosis-related cysteine peptidase], CASP3 [caspase 3, apoptosis-related cysteine peptidase], 

CASP6 [caspase 6, apoptosis-related cysteine peptidase], CASP7 [caspa~e 7, apoptosis-related cysteine 

peptidase], CASPS [caspase 8, apoptosis-related cysteine peptidase], CASP8AP2 [caspase 8 associated 

protein 2], CASP9 [caspase 9, apoptosis-related cysteine peptidase], CASR [calcium-sensing receptor], CAST 

[calpastatin], CAT [catalase], CAV1 [caveolin 1, caveolae protein, 22 kDa], CAV2 [caveolin 2], CAV3 
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[caveolin 3], CBL [Cas-Br-M (murine) ecotropic retroviral transforming sequence], CBLB [Cas-Br-M 

(murine) ecotropic retroviral transforming sequence b], CBRl [carbonyl reductase I], CBR3 [carbonyl 

reductase 3], CBS [cystathionine-beta-synthase], CBXI [chromobox homolog I (HPI beta homolog 

Drosophila)], CBX5 [chromobox homolog 5 (HPI alpha homolog, Drosophila)], CC2D2A [coiled-coil and 

C2 domain containing 2A], CCBEI [collagen and calcium binding EGF domains I], CCBLI [cysteine 

conjugate-beta lyase, cytoplasmic], CCDC50 [coiled-coil domain containing 50], CCK [cholecystokinin], 

CCKAR [cholecystokinin A receptor], CCLI [chemokine (C-C motif) ligand I], CCLII [chemokine (C-C 

motif) ligand II], CCLI3 [chemokine (C-C motif) ligand 13], CCLI7 [chemokine (C-C motif) ligand I7], 

CCL19 [chemokine (C-C motif) ligand I9], CCL2 [chemokine (C-C motif) ligand 2], CCL20 [chemokine (C­

C motif) ligand 20], CCL21 [chemokine (C-C motif) ligand 21], CCL22 [chemokine (C-C motif) ligand 22], 

CCL26 [chemokine (C-C motif) ligand 26], CCL27 [chemokine (C-C motif) ligand 27], CCL3 [chemokine 

(C-C motif) ligand 3], CCL4 [chemokine (C-C motif) ligand 4], CCL5 [chemokine (C-C motif) ligand 5], 

CCL7 [chemokine (C-C motif) ligand 7], CCLS [chemokine (C-C motif) ligand 8], CCNAI [cyclin AI], 

CCNA2 [cyclin A2], CCNBI [cyclin BI], CCNDI [cyclin DI], CCND2 [cyclin D2], CCND3 [cyclin D3], 

CCNG1 [cyclin G1], CCNH [cyclin H], CCNT1 [cyclin T1], CCR 1 [chemokine (C-C motif) receptor 1], 

CCR3 [chemokine (C-C motif) receptor 3], CCR4 [chemokine (C-C motif) receptor 4], CCR5 [chemokine 

(C-C motif) receptor 5], CCR6 [chemokine (C-C motif) receptor 6], CCR7 [chemokine (C-C motif) receptor 

7], CCT5 [chaperonin containing TCPI, subunit 5 (epsilon)], CDI4 [CDI4 molecule], CDI9 [CDI9 

molecule], CDIA [CD I a molecule], CDlB [CDib molecule], CDID [CDid molecule], CD2 [CD2 

molecule], CD209 [CD209 molecule], CD22 [CD22 molecule], CD244 [CD244 molecule, natural killer cell 

receptor 2B4], CD247 [CD247 molecule], CD27 [CD27 molecule], CD274 [CD274 molecule], CD28 [CD28 

molecule], CD2AP [CD2-associated protein], CD33 [CD33 molecule], CD34 [CD34 molecule], CD36 [CD36 

molecule (thrombospondin receptor)], CD3E [CD3e molecule, epsilon (CD3-TCR complex)], CD3G [CD3g 

molecule, gamma (CD3-TCRcomplex)], CD4 [CD4 molecule], CD40 [CD40 molecule, TNF receptor 

superfamily member 5], CD40LG [CD40 ligand], CD44 [CD44 molecule (Indian blood group)], CD46 

[CD46 molecule, complement regulatory protein], CD47 [CD47 molecule], CD5 [CD5 molecule], CD55 

[CD55 molecule, decay accelerating factor for complement (Cromer blood group)], CD58 [CD58 molecule], 

CD59 [CD59 molecule, complement regulatory protein], CD63 [CD63 molecule], CD69 [CD69 molecule], 

CD7 [CD7 molecule], CD72 [CD72 molecule], CD74 [CD74 molecule, major histocompatibility complex, 

class II invariant chain], CD79A [CD79a molecule, immunoglobulin-associated alpha], CD79B [CD79b 

molecule, immunoglobulin-associated beta], CD80 [CD80 molecule], CD8I [CD8I molecule], CD86 [CD86 

molecule], CD8A [CD8a molecule], CD9 [CD9 molecule], CD99 [CD99 molecule], CDA [cytidine 

deaminase], CDC25A [cell division cycle 25 homolog A (S. pombe)], CDC25C [cell division cycle 25 

homolog C (S. pombe)], CDC37 [cell division cycle 37 homolog (S. cerevisiae)], CDC42 [cell division cycle 

42 (GTP binding protein, 25 kDa)], CDC5L [CDC5 cell division cycle 5-like (S. pombe)], CDHl [cadherin 1, 

type I, E-cadherin (epithelial)], CDHIO [cadherin IO, type 2 (T2-cadherin)], CDHI2 [cadherin I2, type 2 (N-
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cadherin 2)], CDH15 [cadherin 15, type 1, M-cadherin (myotubule)], CDH2 [cadherin 2, type 1, N-cadherin 

(neuronal)], CDH4 [cadherin 4, type 1, R-cadherin (retinal)], CDH5 [cadherin 5, type 2 (vascular 

endothelium)], CDH9 [cadherin 9, type 2 (Tl-cadherin)], CDIPT [CDP-diacylglycerol-inositol3-

phosphatidyltransferase (phosphatidylinositol synthase)], CDK1 [cyclin-dependent kinase 1], CDK14 [cyclin­

dependent kinase 14], CDK2 [cyclin-dependent kinase 2], CDK4 [cyclin-dependent kinase 4], CDK5 [cyclin­

dependent kinase 5], CDK5R1 [cyclin-dependent kinase 5, regulatory subunit 1 (p35)], CDK5RAP2 [CDK5 

regulatory subunit associated protein 2], CDK6 [cyclin-dependent kinase 6], CDK7 [cyclin-dependent kinase 

7], CDK9 [cyclin-dependent kinase 9], CDKL5 [cyclin-dependent kinase-like 5], CDKN1A [cyclin­

dependent kinase inhibitor 1A (p21, Cip1)], CDKN1B [cyclin-dependent kinase inhibitor 1B (p27, Kip1)], 

CDKN1C [cyclin-dependent kinase inhibitor 1C (p57, Kip2)], CDKN2A [cyclin-dependent kinase inhibitor 

2A (melanoma, p16, inhibits CDK4)], CDKN2B [cyclin-dependent kinase inhibitor 2B (p15, inhibits 

CDK4)], CDKN2C [cyclin-dependentkinaseinhibitor2C (p18, inhibits CDK4)], CDKN2D [cyclin­

dependent kinase inhibitor 2D (p 19, inhibits CD K 4)], CDNF [cerebral dopamine neurotrophic factor], CDO 1 

[cysteine dioxygenase, type I], CDR2 [cerebellar degeneration-related protein 2, 62 kDa], CDTl [chromatin 

licensing and DNA replication factor 1], CDX1 [caudal type homeobox 1], CDX2 [caudal type homeobox 2], 

CEACAM1 [carcinoembryonic antigen-related cell adhesion molecule 1 (bilimy glycoprotein)], CEACAM3 

[carcinoembryonic antigen-related cell adhesion molecule 3], CEACAM5 [carcinoembryonic antigen-related 

cell adhesion molecule 5], CEACAM7 [carcinoembryonic antigen-related cell adhesion molecule 7], CEBPB 

[CCAAT/enhancer binding protein (C/EBP), beta], CEBPD [CCAAT/enhancer binding protein (C/EBP), 

delta], CECR2 [cat eye syndrome chromosome region, candidate 2], CEL [carboxyl ester lipase (bile salt­

stimulated lipase)], CENPC1 [centromere protein C1], CENPJ [centromere protein J], CEP290 [centrosomal 

protein 290 kDa], CER1 [cerberus 1, cysteine knot superfamily, homolog (Xenopus laevis)], CETP 

[cholesteryl ester transfer protein, plasma], CFC1 [cripto, FRL-1, cryptic family 1], CFH [complement factor 

H], CFHRI [complement factor H-related 1], CFHR3 [complement factor H-related 3], CFHR4 [complement 

factor H-related 4], CFI [complement factor I], CFLl [cofilin 1 (non-muscle)], CFL2 [cofilin 2 (muscle)], 

CFLAR [CASP8 and F ADD-like apoptosis regulator], CFTR [cystic fibrosis transmembrane conductance 

regulator (ATP-binding cassette sub-family C, member 7)], CGA [glycoprotein hormones, alpha 

polypeptide], CGB [chorionic gonadotropin, beta polypeptide], CGB5 [chorionic gonadotropin, beta 

polypeptide 5], CGGBP1 [CGG triplet repeat binding protein 1], CHAF1A [chromatin assembly factor 1, 

subunit A (p150)], CHAFlB [chromatin assembly factor 1, subunit B (p60)], CHAT [choline 

acetyltransferase], CHEK1 [CHK1 checkpoint homolog (S. pombe)], CHEK2 [CHK2 checkpoint homolog 

(S. pombe) ], CHGA [ chromogranin A (parathyroid secretory protein 1) ], CHKA [choline kinase alpha], 

CHLl [cell adhesion molecule with homology to LlCAM (close homolog ofLl)], CHN1 [chimerin 

(chimaerin) 1], CHP [calcium binding protein P22], CHP2 [calcineurin B homologous protein 2], CHRD 

[chordin], CHRM1 [cholinergic receptor, muscarinic 1], CHRM2 [cholinergic receptor, muscarinic 2], 

CHRM3 [cholinergic receptor, muscarinic 3], CHRM5 [cholinergic receptor, muscarinic 5], CHRNA3 

5292780 l.DOCX -221- WSGR Docket '{o. 44063-701.101 



[cholinergic receptor, nicotinic, alpha 3], CHRNA4 [cholinergic receptor, nicotinic, alpha 4], CHRNA7 

[cholinergic receptor, nicotinic, alpha 7], CHRNB2 [cholinergic receptor, nicotinic, beta 2 (neuronal)], 

CHSTl [carbohydrate (keratan sulfate Gal-6) sulfotransferase 1], CHSTlO [carbohydrate sulfotransferase 10], 

CHST3 [carbohydrate (chondroitin 6) sulfotransferase 3], CHUK [conserved helix-loop-helix ubiquitous 

kinase], CHURCl [churchill domain containing 1], CIB1 [calcium and integrin binding 1 (calmyrin)], CIITA 

[class II, major histocompatibility complex, transactivator], CIRBP [cold inducible RNA binding protein], 

CISDl [CDGSH iron sulfur domain 1], CISH [cytokine inducible SH2-containing protein], CIT [citron (rho­

interacting, serine/threonine kinase 21)], CLASP2 [cytoplasmic linker associated protein 2], CLCF 1 

[cardiotrophin-like cytokine factor 1], CLCN2 [chloride channel2], CLDN1 [claudin 1], CLDN14 [claudin 

14], CLDN16 [claudin 16], CLDN3 [claudin 3], CLDN4 [claudin 4], CLDN5 [claudin 5], CLDN8 [claudin 

8], CLEC12A [C-type lectin domain family 12, member A], CLEC16A [C-type lectin domain family 16, 

member A], CLEC5A [C-type lectin domain family 5, member A], CLEC7A [C-type lectin domain family 7, 

member A], CLIP2 [CAP-GL Y domain containing linker protein 2], CLSTN1 [ calsyntenin 1], CLTC 

[clathrin, heavy chain (He)], CLU [clusterin], CMIP [c-Maf-inducing protein], CNBP [CCHC-type zinc 

finger, nucleic acid binding protein], CNGA3 [cyclic nucleotide gated channel alpha 3], CNGB3 [cyclic 

nucleotide gated channel beta 3], CNN1 [calponin 1, basic, smooth muscle], CNN2 [calponin 2], CNN3 

[calponin 3, acidic], CNOT8 [CCR4-NOT transcription complex, subunit 8], CNP [2' [3'-cyclic nucleotide 3' 

phosphodiesterase], CNR1 [ cannabinoid receptor 1 (brain)], CNR2 [ cannabinoid receptor 2 (macrophage)], 

CNTF [ciliary neurotrophic factor], CNTFR [ciliary neurotrophic factor receptor], CNTFR [ciliary 

neurotrophic factor receptor], CNTFR [ciliary neurotrophic factor receptor], CNTLN [centlein, centrosomal 

protein], CNTN1 [contactin 1], CNTN2 [contactin 2 (axonal)], CNTN4 [contactin 4], CNTNAP1 [contactin 

associated protein 1], CNTNAP2 [contactin associated protein-like 2], COBL [cordon-bleu homolog 

(mouse)], COG2 [component of oligomeric golgi complex 2], COL18A1 [collagen, type XVIII, alpha 1], 

COLlA! [collagen, type I, alpha 1], COLIA2 [collagen, type I, alpha 2], COL2Al [collagen, type II, alpha 

1], COL3Al [collagen, type III, alpha 1], COL4A3 [collagen, type IV, alpha 3 (Goodpasture antigen)], 

COL4A3BP [collagen, type N, alpha 3 (Goodpasture antigen) binding protein], COL5A1 [collagen, type V, 

alpha 1], COL5A2 [collagen, type V, alpha 2], COL6A1 [collagen, type VI, alpha 1], COL6A2 [collagen, 

type VI, alpha 2], COL6A3 [collagen, type VI, alpha 3], COMT [catechol-0-methyltransferase], COPG2 

[ coatomer protein complex, subunit gamma 2], COPS4 [COPS constitutive photomorphogenic homolog 

subunit 4 (Arabidopsis)], COR01A [coronin, actin binding protein, 1A], COX5A [cytochrome c oxidase 

subunit Va], COX7B [cytochrome c oxidase subunit VIIb], CP [cemloplasmin (ferroxidase)], CPA1 

[carboxypeptidase A1 (pancreatic)], CPA2 [carboxypeptidase A2 (pancreatic)], CPA5 [carboxypeptidase A5], 

CPB2 [carboxypeptidase B2 (plasma)], CPOX [coproporphyrinogen oxidase], CPS1 [carbamoyl-phosphate 

synthetase 1, mitochondrial], CPTlA [camitine palmitoyltransferase 1A (liver)], CR1 [complement 

component (3b/4b) receptor 1 (Knops blood group)], CR2 [complement component (3d/Epstein Barr vims) 

receptor 2], CRABP1 [cellular retinoic acid binding protein 1], CRABP2 [cellular retinoic acid binding 
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protein 2], CRAT [camitine 0-acetyltransferase], CRBl [crumbs homolog 1 (Drosophila)], CREBl [cAMP 

responsive element binding protein 1], CREBBP [CREB binding protein], CRELDl [cysteine-rich with EGF­

like domains 1], CRH [corticotropin releasing hormone], CRIPl [cysteine-rich protein 1 (intestinal)], CRK 

[v-crk sarcoma virus CTIO oncogene homolog (avian)], CRKL [v-crk sarcoma virus CTIO oncogene 

homolog (avian)-like], CRLFl [cytokine receptor-like factor 1], CRLF2 [cytokine receptor-like factor 2], 

CRLF3 [cytokine receptor-like factor 3], CRMPl [collapsin response mediator protein 1], CRP [C-reactive 

protein, pentraxin-related], CRTCl [CREB regulated transcription coactivator 1], CRX [cone-rod homeobox], 

CRYAA [crystallin, alpha A], CRYAB [crystallin, alphaB], CS [citrate synthase], CSAD [cysteine sulfinic 

acid decarboxylase], CSFl [colony stimulating factor 1 (macrophage)], CSFlR [colony stimulating factor 1 

receptor], CSF2 [colony stimulating factor 2 (granulocyte-macrophage)], CSF2RA [colony stimulating factor 

2 receptor, alpha, low-affinity (granulocyte-macrophage)], CSF3 [colony stimulating factor 3 (granulocyte)], 

CSF3R [colony stimulating factor 3 receptor (granulocyte)], CSH2 [chorionic somatomammotropin hormone 

2], CSK [c-src tyrosine kinase], CSMDl [CUB and Sushi multiple domains 1], CSMD3 [CUB and Sushi 

multiple domains 3], CSNKlD [casein kinase 1, delta], CSNKIE [casein kinase 1, epsilon], CSNK2Al 

[casein kinase 2, alpha 1 polypeptide], CSPG4 [chondroitin sulfate proteoglycan 4], CSPG5 [chondroitin 

sulfate proteoglycan 5 (neuroglycan C)], CST3 [cystatin C], CST7 [cystatin F (leukocystatin)], CSTB 

[cystatin B (stefin B)], CTAGlB [cancer/testis antigen lB], CTBPl [C-terminal binding protein 1], CTCF 

[CCCTC-binding factor (zinc finger protein)], CTDSPl [CTD (carboxy-terminal domain, RNA polymerase 

II, polypeptide A) small phosphatase 1], CTFl [cardiotrophin 1], CTGF [connective tissue growth factor], 

CTLA4 [cytotoxic T -lymphocyte-associated protein 4 ], CTNNA1 [ catenin ( cadherin-associated protein), 

alpha 1, 102 kDa], CTNNAL1 [catenin (cadherin-associated protein), alpha-like 1], CTNNB1 [catenin 

(cadherin-associated protein), beta 1, 88 kDa], CTNND1 [catenin (cadherin-associated protein), delta 1], 

CTNND2 [catenin (cadherin-associated protein), delta 2 (neural plakophilin-related arm-repeat protein)], 

CTNS [cystinosis, nephropathic], CTRL [chymotrypsin-like], CTSB [cathepsin B], CTSC [cathepsin C], 

CTSD [cathepsin D], CTSG [cathepsin G], CTSH [cathepsin H], CTSLI [cathepsin Ll], CTSS [cathepsin S], 

CTTN [cortactin], CTTNBP2 [cortactin binding protein 2], CUL4B [cullin 4B], CUL5 [cullin 5], CUX2 [cut­

like homeobox 2], CX3CL1 [chemokine (C-X3-C motif) ligand 1], CX3CR1 [chemokine (C-X3-C motif) 

receptor 1], CXADR [coxsackie virus and adenovirus receptor], CXCLI [chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating activity, alpha)], CXCLIO [chemokine (C-X-C motif) ligand 10], CXCL12 

[chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)], CXCL16 [chemokine (C-X-C motif) 

ligand 16], CXCL2 [chemokine (C-X-C motif) ligand 2], CXCL5 [chemokine (C-X-C motif) ligand 5], 

CXCR1 [chemokine (C-X-C motif) receptor 1], CXCR2 [chemokine (C-X-C motif) receptor 2], CXCR3 

[chemokine (C-X-C motif) receptor 3], CXCR4 [chemokine (C-X-C motif) receptor 4], CXCR5 [chemokine 

(C-X-C motif) receptor 5], CYB5A [cytochrome b5 type A (microsomal)], CYBA [cytochrome b-245, alpha 

polypeptide], CYBB [cytochrome b-245, beta polypeptide], CYCS [cytochrome c, somatic], CYFIP1 

[cytoplasmic FMR1 interacting protein 1], CYLD [cylindromatosis (turban tumor syndrome)], CYP11A1 

5292780 l.DOCX -223- WSGR Docket '{o. 44063-701.101 



[cytochrome P450, family 11, subfamily A, polypeptide 1], CYPllBl [cytochrome P450, family 11, 

subfamily B, polypeptide 1], CYP11B2 [cytochrome P450, family 11, subfamily B, polypeptide 2], 

CYP17Al [cytochrome P450, family 17, subfamily A, polypeptide 1], CYP19Al [cytochrome P450, family 

19, subfamily A, polypeptide 1], CYPlAl [cytochrome P450, family 1, subfamily A, polypeptide 1], 

CYP1A2 [cytochrome P450, family 1, subfamily A, polypeptide 2], CYPlBl [cytochrome P450, family 1, 

subfamily B, polypeptide 1], CYP21A2 [cytochrome P450, family 21, subfamily A, polypeptide 2], CYP2A6 

[cytochrome P450, family 2, subfamily A, polypeptide 6], CYP2B6 [cytochrome P450, family 2, subfamily 

B, polypeptide 6], CYP2C9 [cytochrome P450, family 2, subfamily C, polypeptide 9], CYP2D6 [cytochrome 

P450, family 2, subfamily D, polypeptide 6], CYP2El [cytochrome P450, family 2, subfamily E, polypeptide 

1 ], CYP3A4 [cytochrome P450, family 3, subfamily A, polypeptide 4], CYP7 A 1 [cytochrome P450, family 7, 

subfamily A, polypeptide 1], CYR61 [cysteine-rich, angiogenic inducer, 61], CYSLTRl [cysteinyl 

leukotriene receptor 1], CYSLTR2 [ cysteinylleukotriene receptor 2], DAB 1 [disabled homolog 1 

(Drosophila)], DAGLA [diacylglycerol lipase, alpha], DAGLB [diacylglycerol lipase, beta], DAO [D-amino­

acid oxidase], DAOA [D-amino acid oxidase activator], DAPKl [death-associated protein kinase 1], DAPK3 

[death-associated protein kinase 3], DAXX [death-domain associated protein], DBH [dopamine beta­

hydroxylase (dopamine beta-monooxygenase)], D BI [diazepam binding inhibitor ( GABA receptor modulator, 

acyl-Coenzyme A binding protein)], DBNl [drebrin 1], DCAF6 [DDBl and CUL4 associated factor 6], DCC 

[deleted in colorectal carcinoma], DCDC2 [doublecortin domain containing 2], DCK [deoxycytidine kinase], 

DCLKl [doublecortin-like kinase 1], DCN [decorin], DCTNl [dynactin 1 (p150, glued homolog, 

Drosophila)], DCTN2 [dynactin 2 (p50)], DCTN4 [dynactin 4 (p62)], DCUNlDl [DCNl, defective in cullin 

neddylation 1, domain containing 1 (S. cerevisiae)], DCX [doublecortin], DDBl [damage-specific DNA 

binding protein 1, 127 kDa], DDC [dopa decarboxylase (aromatic L-amina acid decarboxylase)], DDIT3 

[DNA-damage-inducible transcript 3], DDIT4 [DNA-damage-inducible transcript 4], DDIT4L [DNA­

damage-inducible transcript 4-like], DDRI [discoidin domain receptor tyrosine kinase 1], DDXIO [DEAD 

(Asp-Glu-Ala-Asp) box polypeptide 1 0], DDX17 [DEAD (Asp-Glu-Ala-Asp) box polypeptide 17], DEFB4A 

[defensin, beta 4A], DEK [DEK oncogene], DES [desmin], DEXI [Dexi homolog (mouse)], DFFA [DNA 

fragmentation factor, 45 kDa, alpha polypeptide], DFNB31 [deafness, autosomal recessive 31 ], DGCR6 

[DiGeorge syndrome critical region gene 6], DGUOK [deoxyguanosine kinase], DHCR7 [7-

dehydrocholesterol reductase], DHFR [dihydrofolate reductase], DIAPHl [diaphanous homolog 1 

(Drosophila)], DICERl [dicer 1, ribonuclease type III], DlOl [deiodinase, iodothyronine, type I], Dl02 

[deiodinase, iodothyronine, type II], DIP2A [DIP2 disco-interacting protein 2 homolog A (Drosophila)], 

DIRAS3 [DIRAS family, GTP-binding RAS-like 3], DISCI [dismpted in schizophrenia 1], DISC2 [dismpted 

in schizophrenia 2 (non-protein coding)], DKCl [dyskeratosis congenita 1, dyskerin], DLGl [discs, large 

homolog 1 (Drosophila)], DLG2 [discs, large homolog 2 (Drosophila)], DLG3 [discs, large homolog 3 

(Drosophila)], DLG4 [discs, large homolog 4 (Drosophila)], DLGAPl [discs, large (Drosophila) homolog­

associated protein 1], DLGAP2 [discs, large (Drosophila) homolog-associated protein 2], DLKl [delta-like 1 
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homolog (Drosophila)], DLLl [delta-like 1 (Drosophila)], DLX1 [distal-less homeobox 1], DLX2 [distal-less 

homeobox 2], DLX3 [distal-less homeobox 3], DLX4 [distal-less homeobox 4], DLX5 [distal-less homeobox 

5], DLX6 [distal-less homeobox 6], DMBTl [deleted in malignant brain tumors 1], DMC1 [DMC1 dosage 

suppressor ofmck1 homolog, meiosis-specific homologous recombination (yeast)], DMD [dystrophin], 

DMPK [dystrophia myotonica-protein kinase], DNAI2 [dynein, axonemal, intermediate chain 2], DNAJC28 

[DnaJ (Hsp40) homolog, subfamily C, member 28], DNAJC30 [DnaJ (Hsp40) homolog, subfamily C, 

member 30], DNASE1 [deoxyribonuclease I], DNER [delta/notch-like EGF repeat containing], DNLZ [DNL­

type zinc finger], DNM1 [dynamin 1], DNM3 [dynamin 3], DNMTl [DNA (cytosine-5-)-methyltransferase 

1], DNMT3A [DNA (cytosine-5-)-methyltransferase 3 alpha], DNMT3B [DNA (cytosine-5-)­

methyltransferase 3 beta], DNTT [deoxynucleotidyltransferase, terminal], DOC2A [double C2-like domains, 

alpha], DOCK1 [dedicator of cytokinesis 1], DOCK3 [dedicator of cytokinesis 3], DOCK4 [dedicator of 

cytokinesis 4 ], DOCK7 [dedicator of cytokinesis 7], DOK7 [docking protein 7], DONSON [downstream 

neighbor of SON], DOPEY1 [dopey family member 1], DOPEY2 [dopey family member 2], DPF1 [D4, zinc 

and double PHD fingers family 1], DPF3 [D4, zinc and double PHD fingers, family 3], DPH1 [DPH1 

homolog (S. cerevisiae)], DPPlO [dipeptidyl-peptidase 10], DPP4 [dipeptidyl-peptidase 4], DPRXP4 

[divergent-paired related homeobox pseudogene 4], DPT [dermatopontin], DPYD [dihydropyrimidine 

dehydrogenase], DPYSL2 [dihydropyrimidinase-like 2], DPYSL3 [dihydropyrimidinase-like 3], DPYSL4 

[dihydropyrimidinase-like 4], DPYSL5 [dihydropyrimidinase-like 5], DRD1 [dopamine receptor D1], DRD2 

[dopamine receptor D2], DRD3 [dopamine receptor D3], DRD4 [dopamine receptor D4], DRD5 [dopamine 

receptor D5], DRG1 [developmentally regulated GTP binding protein 1], DRGX [dorsal root ganglia 

homeobox], DSC2 [desmocollin 2], DSCAM [Down syndrome cell adhesion molecule], DSCAMLl [Down 

syndrome cell adhesion molecule like 1], DSCR3 [Down syndrome critical region gene 3], DSCR4 [Down 

syndrome critical region gene 4], DSCR6 [Down syndrome critical region gene 6], DSERG1 [Down 

syndrome encephalopathy related protein 1], DSG 1 [desmoglein 1], DSG2 [desmoglein 2], DSP 

[desmoplakin], DST [dystonin], DSTN [destrin (actin depolymerizing factor)], DTNBP1 [dystrobrevin 

binding protein 1], DULLARD [dullard homolog (Xenopus laevis)], DUSP1 [dual specificity phosphatase 1], 

DUSP 13 [dual specificity phosphatase 13], DUSP6 [dual specificity phosphatase 6], DUT [ deoxyuridine 

triphosphatase], DVLl [dishevelled, dsh homolog 1 (Drosophila)], DYRK1A [dual-~pecificity tyrosine-(Y)­

phosphorylation regulated kinase 1A ], DYRK3 [dual-specificity tyrosine-(Y)-phosphorylation regulated 

kinase 3], DYSF [ dysferlin, limb girdle muscular dystrophy 2B (autosomal recessive)], DYX1 C 1 [dyslexia 

susceptibility 1 candidate 1], E2F1 [E2F transcription factor 1], EARS2 [glutamyl-tRNA synthetase 2, 

mitochondrial (putative)], EBF4 [early B-cell factor 4], ECE1 [endothelin converting enzyme 1], ECHS1 

[enoyl Coenzyme A hydratase, short chain, 1, mitochondrial], EDN1 [endothelin 1], EDN2 [endothelin 2], 

EDN3 [endothelin 3], EDNRA [endothelin receptor type A], EDNRB [endothelin receptor type B], EEF1A1 

[eukaryotic translation elongation factor 1 alpha 1], EEF2 [eukaryotic translation elongation factor 2], EEF2K 

[eukaryotic elongation factor-2 kinase], EFHA1 [EF-hand domain family, member A1], EFNA1 [ephrin-A1], 
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EFNA2 [ephrin-A2], EFNA3 [ephrin-A3], EFNA4 [ephrin-A4], EFNA5 [ephrin-A5], EFNB2 [ephrin-B2], 

EFNB3 [ephrin-B3], EFS [embryonal Fyn-associated substrate], EGF [epidermal growth factor (beta­

urogastrone)], EGFR [epidermal growth factorreceptor (erythroblastic leukemia viral (v-erb-b) oncogene 

homolog, avian)], EGLNl [egl nine homolog 1 (C. elegans)], EGRl [early growth response 1], EGR2 [early 

growth response 2], EGR3 [early growth response 3], EHHADH [enoyl-Coenzyme A, hydratase/3-

hydroxyacyl Coenzyme A dehydrogenase], EHMT2 [euchromatic histone-lysine N-methyltransferase 2], 

EIDl [EP300 interacting inhibitor of differentiation 1], ElF lAY [eukaryotic translation initiation factor lA, 

Y-linked], EIF2AK2 [eukaryotic translation initiation factor 2-alpha kinase 2], EIF2AK3 [eukaryotic 

translation initiation factor 2-alpha kinase 3], EIF2B2 [eukaryotic translation initiation factor 2B, subunit 2 

beta, 39 kDa ], ETF2B5 [ eukaryotic translation initiation factor 2B, subunit 5 epsilon, 82 kDa], ETF2S 1 

[eukaryotic translation initiation factor 2, subunit 1 alpha, 35 kDa], EIF2S2 [eukaryotic translation initiation 

factor 2, subunit 2 beta, 38 kDa], EIF3M [eukaryotic translation initiation factor 3, subunit M], EIF4E 

[eukaryotic translation initiation factor 4E], EIF4EBP1 [eukaryotic translation initiation factor 4E binding 

protein 1], EIF4Gl [eukaryotic translation initiation factor 4 gamma, 1], EIF4H [eukaryotic translation 

initiation factor 4H], ELANE [elastase, neutrophil expressed], ELAVLl [ELAV (embryonic lethal, abnormal 

vision, Drosophila )-like 1 (Hu antigen R)], ELA VL3 [ELA V (embryonic lethal, abnormal vision, 

Drosophila)-like 3 (Hu antigen C)], ELAVL4 [ELAV (embryonic lethal, abnormal vision, Drosophila)-like 4 

(Hu antigen D)], ELF5 [E74-like factor 5 (ets domain transcription factor)], ELKl [ELKl, member ofETS 

oncogene family], ELMO I [engulfment and cell motility 1], ELN [elastin], ELP4 [elongation protein 4 

homolog (S. cerevisiae)], EMP2 [epithelial membrane protein 2], EMP3 [epithelial membrane protein 3], 

EMXl [empty spiracles homeobox 1], EMX2 [empty spiracles homeobox 2], ENl [engrailed homeobox 1], 

EN2 [engrailcd homeobox 2], ENAH [enabled homolog (Drosophila)], ENDOG [endonuclease G], ENG 

[endoglin], ENOl [enolase 1, (alpha)], EN02 [enolase 2 (gamma, neuronal)], ENPEP [glutamyl 

aminopeptidase (aminopeptidase A)], ENPP 1 [ ectonucleotide pyrophosphatase/phosphodiesterase 1], ENPP2 

[ectonucleotide pyrophosphatase/phosphodiesterase 2], ENSA [endosulfine alpha], ENSG00000174496 [ ], 

ENSG00000183653 [ ], ENSG00000215557 [ ], ENTPDl [ectonucleoside triphosphate diphosphohydrolase 

1], EP300 [ElA binding protein p300], EPCAM [epithelial cell adhesion molecule], EPHAl [EPH receptor 

AI], EPHAIO [EPH receptor AIO], EPHA2 [EPH receptor A2], EPHA3 [EPH receptor A3], EPHA4 [EPH 

receptor A4], EPHA5 [EPH receptor AS], EPHA6 [EPH receptor A6], EPHA7 [EPH receptor A7], EPHA8 

[EPH receptor A8], EPHBl [EPH receptor Bl], EPHB2 [EPH receptor B2], EPHB3 [EPH receptor B3], 

EPHB4 [EPH receptor B4], EPHB6 [EPH receptor B6], EPHX2 [epoxide hydrolase 2, cytoplasmic], EPM2A 

[epilepsy, progressive myoclonus type 2A, Lafora disease (laforin)], EPO [erythropoietin], EPOR 

[erythropoietin receptor], EPRS [glutamyl-prolyl-tRNA synthetase], EPS 15 [epidermal growth factor receptor 

pathway substrate 15], ERBB2 [v-erb-b2 erythroblastic leukemia viral oncogene homolog 2, 

neuro/glioblastoma derived oncogene homolog (avian)], ERBB3 [v-erb-b2 erythroblastic leukemia viral 

oncogene homolog 3 (avian)], ERBB4 [v-erb-a erythroblastic leukemia viral oncogene homolog 4 (avian)], 

5292780 l.DOCX -226- WSGR Docket '{o. 44063-701.101 



ERC2 [ELKS/RAB6-interacting/CAST family member 2], ERCC2 [excision repair cross-complementing 

rodent repair deficiency, complementation group 2], ERCC3 [excision repair cross-complementing rodent 

repair deficiency, complementation group 3 (xeroderma pigmentosum group B complementing)], ERCC5 

[excision repair cross-complementing rodent repair deficiency, complementation group 5], ERCC6 [excision 

repair cross-complementing rodent repair deficiency, complementation group 6], ERCC8 [excision repair 

cross-complementing rodent repair deficiency, complementation group 8], EREG [epiregulin], ERG [v-ets 

erythroblastosis virus E26 oncogene homolog (avian)], ERVWEl [endogenous retroviral family W, env(C7), 

member 1], ESD [esterase D/formylglutathione hydrolase], ESRl [estrogen receptor 1], ESR2 [estrogen 

receptor 2 (ER beta)], ESRRA [estrogen-related receptor alpha], ESRRB [estrogen-related receptor beta], 

ETS1 [v-ets erythroblastosis virus E26 oncogene homolog 1 (avian)], ETS2 [v-ets erythroblastosis virus E26 

oncogene homolog 2 (avian)], ETVl [ets variant 1], ETV4 [ets variant 4], ETV5 [ets variant 5], ETV6 [ets 

variant 6], EVL [Enah/Vasp-like], EXOC4 [exocyst complex component 4], EXOC8 [exocyst complex 

component 8], EXTl [exostoses (multiple) 1], EXT2 [exostoses (multiple) 2], EZH2 [enhancer ofzeste 

homolog 2 (Drosophila)], EZR [ezrin], F12 [coagulation factor XII (Hageman factor)], F2 [coagulation factor 

TT (thrombin)], F2R [coagulation factor TT (thrombin) receptor], F2RL 1 [coagulation factor TT (thrombin) 

receptor-like 1], F3 [coagulation factor III (thromboplastin, tissue factor)], F7 [coagulation factor VII (serum 

prothrombin conversion accelerator)], F8 [coagulation factor VIII, procoagulant component], F9 [coagulation 

factor IX], FAAH [fatty acid amide hydrolase], FABP3 [fatty acid binding protein 3, muscle and heart 

(mammary-derived growth inhibitor)], FABP4 [fatty acid binding protein 4, adipocyte], FABP5 [fatty acid 

binding protein 5 (psoriasis-associated)], FABP7 [fatty acid binding protein 7, brain], FADD [Fas 

(TNFRSF6)-associated via death domain], FADS2 [fatty acid desaturase 2], FAM120C [family with sequence 

similarity 120C], F AM 165B [family with sequence similarity 165, member B], F AM3 C [family with 

sequence similarity 3, member C], FAM53A [family with sequence similarity 53, member A], FARP2 

[FERM, RhoGEF and pleckstrin domain protein 2], F ARSA [phenylalanyl-tRNA synthetase, alpha subunit], 

FAS [Fas (TNF receptor superfamily, member 6)], FASLG [Fas ligand (TNF superfamily, member 6)], FASN 

[fatty acid synthase], FASTK [Pas-activated serine/threonine kinase], FBLNl [fibulin 1], FBNl [fibrillin 1], 

FBPl [fructose- I [6-bisphosphatase 1], FBX045 [F-box protein 45], FBXW5 [F-box and WD repeat domain 

containing 5], FBXW7 [F-box and WD repeat domain containing 7], FCER2 [Fe fragment oflgE, low 

affinity II, receptor for (CD23)], FCGRlA [Fe fragment oflgG, high affinity Ia, receptor (CD64)], FCGR2A 

[Fe fragment oflgG, low affinity Ila, receptor (CD32)], FCGR2B [Fe fragment oflgG, low affinity lib, 

receptor (CD32)], FCGR3A [Fe fragment oflgG, low affinity Ilia, receptor (CD16a)], FCRL3 [Fe receptor­

like 3], FDFTl [farnesyl-diphosphate farnesyltransferase 1], FDXl [ferredoxin 1], FDXR [ferredoxin 

reductase], FECH [ferrochelatase (protoporphyria)], FEMIA [fem-1 homolog a (C. elegans)], FER [fer 

(fps/fes related) tyrosine kinase], FES [feline sarcoma oncogene], FEZl [fasciculation and elongation protein 

zeta 1 (zygin I)], FEZ2 [fasciculation and elongation protein zeta 2 (zygin II)], FEZFl [FEZ family zinc 

finger 1], FEZF2 [FEZ family zinc finger 2], FGFl [fibroblast growth factor 1 (acidic)], FGF19 [fibroblast 
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growth factor 19], FGF2 [fibroblast growth factor 2 (basic)], FGF20 [fibroblast growth factor 20], FGF3 

[fibroblast growth factor 3 (murine mammary tumor vims integration site (v-int-2) oncogene homolog)], 

FGF4 [fibroblast growth factor 4], FGF5 [fibroblast growth factor 5], FGF7 [fibroblast growth factor 7 

(keratinocyte growth factor)], FGFS [fibroblast growth factorS (androgen-induced)], FGF9 [fibroblast growth 

factor 9 (glia-activating factor)], FGFBP1 [fibroblast growth factor binding protein 1], FGFR1 [fibroblast 

growth factor receptor 1], FGFR2 [fibroblast growth factor receptor 2], FGFR3 [fibroblast growth factor 

receptor 3], FGFR4 [fibroblast growth factor receptor 4], FHIT [fragile histidine triad gene], FHLl [four and 

a half LIM domains 1], FHL2 [four and a half LIM domains 2], FIBP [fibroblast growth factor (acidic) 

intracellular binding protein], FIGF [c-fos induced growth factor (vascular endothelial growth factor D)], 

FTGNLl [fidgetin-like 1], FKBP15 [FK506 binding protein 15, 133 kDa], FKBPlB [FK506 binding protein 

1B, 12.6 kDa], FKBP5 [FK506 binding protein 5], FKBP6 [FK506 binding protein 6, 36 kDa], FKBP8 

[FK506 binding protein 8, 38 kDa], FKTN [fukutin], FLCN [folliculin], FLG [filaggrin], FLil [Friend 

leukemia vims integration 1], FLNA [filamin A, alpha], FLNB [filamin B, beta], FLNC [filamin C, ga111111a], 

FL T1 [fms-related tyrosine kinase 1 (vascular endothelial growth factor/vascular permeability factor 

receptor)], FLT3 [fins-related tyrosine kinase 3], FMN1 [fonnin 1 ], FMNL2 [fonnin-like 2], FMR 1 [fragile X 

mental retardation 1], FN1 [fibronectin1], FOLH1 [folate hydrolase (prostate-specific membrane antigen) 1], 

FOLR1 [folate receptor 1 (adult)], FOS [FBJ murine osteosarcoma viral oncogene homolog], FOSB [FBJ 

murine osteosarcoma viral oncogene homolog B], FOXC2 [forkhead box C2 (MFH-1, mesenchyme forkhead 

1)], FOXG1 [forkhead box G1], FOXL2 [forkhead box L2], FOXM1 [forkhead box M1], FOX01 [forkhead 

box 01], FOX03 [forkhead box 03], FOXP2 [forkhead box P2], FOXP3 [forkhead box P3], FPR1 [formyl 

peptide receptor 1], FPR2 [formyl peptide receptor 2], FRMD7 [FERM domain containing 7], FRS2 

[fibroblast growth factor receptor substrate 2], FRS3 [fibroblast growth factor receptor substrate 3], FRYL 

[FRY-like], FSCN1 [fascin homolog 1, actin-bundling protein (Strongylocentrotus purpuratus)], FSHB 

[follicle stimulating hormone, beta polypeptide], FSHR [follicle stimulating hormone receptor], FST 

[follistatin], FSTLl [follistatin-like 1], FSTL3 [follistatin-like 3 (secreted glycoprotein)], FTCD 

[ formiminotransferase cyclodeaminase], FTH 1 [ferritin, heavy polypeptide 1], FTL [ferritin, light 

polypeptide], FTMT [ferritin mitochondrial], FTSJI [FtsJ homolog 1 (E. coli)], FUCA1 [fucosidase, alpha-L-

1, tissue], FURIN [ furin (paired basic amino acid cleaving enzyme)], FUT 1 [ fucosyltransferase 1 (galactoside 

2-alpha-L-fucosyltransferase, H blood group)], FUT4 [fucosyltransferase 4 (alpha (1 [3) fucosyltransferase, 

myeloid-specific)], FXN [frataxin], FXR1 [fragile X mental retardation, autosomal homolog 1], FXR2 

[fragile X mental retardation, autosomal homolog 2], FXYD1 [FXYD domain containing ion transport 

regulator 1], FYB [FYN binding protein (FYB-120/130)], FYN [FYN oncogene related to SRC, FGR, YES], 

FZD1 [frizzled homolog 1 (Drosophila)], FZD10 [frizzled homolog 10 (Drowphila)], FZD2 [frizzled 

homolog 2 (Drosophila)], FZD3 [frizzled homolog 3 (Drosophila)], FZD4 [frizzled homolog 4 (Drosophila)], 

FZD5 [frizzled homolog 5 (Drosophila)], FZD6 [frizzled homolog 6 (Drosophila)], FZD7 [frizzled homolog 7 

(Drosophila)], FZD8 [frizzled homolog 8 (Drosophila)], FZD9 [frizzled homolog 9 (Drosophila)], FZR1 
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[fizzy/cell division cycle 20 related 1 (Drosophila)], G6PD [glucose-6-phosphate dehydrogenase], GAA 

[glucosidase, alpha; acid], GAB1 [GRB2-associated binding protein1], GABARAP [GABA(A) receptor­

associated protein], GABBR1 [gamma-aminobutyric acid (GABA) B receptor, 1], GABBR2 [gamma­

aminobutyric acid (GABA) B receptor, 2], GABPA [GA binding protein transcription factor, alpha subunit 60 

kDa], GABRA1 [gamma-aminobutyric acid (GABA) A receptor, alpha 1], GABRA2 [gamma-aminobutyric 

acid (GABA) A receptor, alpha 2], GABRA3 [gamma-aminobutyric acid (GABA) A receptor, alpha 3], 

GABRA4 [gamma-aminobutyric acid (GABA) A receptor, alpha 4], GABRA5 [gamma-aminobutyric acid 

(GABA) A receptor, alpha 5], GABRA6 [gamma-aminobutyric acid (GABA) A receptor, alpha 6], GABRB1 

[gamma-aminobutyric acid (GABA) A receptor, beta 1], GABRB2 [gamma-aminobutyric acid (GABA) A 

receptor, beta 2], GABRB3 [gamma-aminobutyric acid (GABA) A receptor, beta 3], GABRD [gamma­

aminobutyric acid (GABA) A receptor, delta], GABRE [gamma-aminobutyric acid (GABA) A receptor, 

epsilon], GABRG1 [gamma-aminobutyric acid (GABA) A receptor, gamma 1], GABRG2 [gamma­

aminobutyric acid (GABA) A receptor, gamma 2], GABRG3 [gamma-aminobutyric acid (GABA) A receptor, 

gamma 3], GABRP [gamma-aminobutyric acid (GABA) A receptor, pi], GAD1 [glutamate decarboxylase 1 

(brain, 67 kDa)], GAD2 [glutamate decarboxylase 2 (pancreatic islets and brain, 65 kDa)], GAL [galanin 

prepropeptide ], GALE [UDP-galactose-4-epimerase ], GALK1 [galactokinase 1], GALT [galactose-1-

phosphate uridylyltransferase], GAP43 [growth associated protein 43], GAPDH [glyceraldehyde-3-phosphate 

dehydrogenase], GARS [glycyl-tRNA synthetase], GART [phosphoribosylglycinamide formyltransferase, 

phosphoribosylglycinamide synthetase, phosphoribosylaminoimidazole synthetase], GAS 1 [growth arrest­

specific 1], GAS6 [growth arrest-specific 6], GAST [gastrin], GATA1 [GATA binding protein 1 (globin 

transcription factor 1)], GATA2 [GATA binding protein 2], GATA3 [GATA binding protein 3], GATA4 

[GATA binding protcin4], GATA6 [GATA binding protein 6], GBA [glucosidase, beta, acid], GBE1 [glucan 

(1 [ 4-alpha-), branching enzyme 1 ], GBX2 [gastrulation brain homeobox 2], GC [group-specific component 

(vitamin D binding protein)], GCG [glucagon], GCH1 [GTP cyclohydrolase 1], GCNT 1 [glucosaminyl (N­

acetyl) transferase 1, core 2], GDAP1 [ganglioside-induced differentiation-associated protein 1], GDFl 

[growth differentiation factor 1], GDF11 [growth differentiation factor 11], GDF15 [growth differentiation 

factor 15], GDF7 [growth differentiation factor 7], GDil [GDP dissociation inhibitor 1], GDI2 [GDP 

dissociation inhibitor 2], GDNF [glial cell derived neurotrophic factor], GDPD5 [glycerophosphodiester 

phosphodiesterase domain containing 5], GEM [GTP binding protein overexpressed in skeletal muscle], 

GFAP [glial fibrillary acidic protein], GFER [growth factor, augmenter of liver regeneration], GFilB [growth 

factor independent 1B transcription repressor], GFRA1 [GDNF family receptor alpha 1], GFRA2 [GDNF 

family receptor alpha 2], GFRA3 [GDNF family receptor alpha 3], GFRA4 [GDNF family receptor alpha 4], 

GGCX [gamma-glutamyl carboxylase], GGNBP2 [gametogenetin binding protein2], GGTl [gamma­

glutamyltransferase 1], GGT2 [gamma-glutamyltransferase 2], GH1 [growth hormone 1], GHR [growth 

hormone receptor], GHRH [growth hormone releasing hormone], GHRHR [growth hormone releasing 

hormone receptor], GHRL [ghrelin!obestatin prepropeptide], GHSR [growth hormone secretagogue receptor], 
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GIPR [gastric inhibitory polypeptide receptor], GITl [G protein-coupled receptor kinase interacting ArfGAP 

1], GJA1 [gap junction protein, alpha 1, 43 kDa], GJA4 [gap junction protein, alpha 4, 37 kDa], GJA5 [gap 

junction protein, alpha 5, 40 kDa], GJB1 [gap junction protein, beta 1, 32 kDa], GJB2 [gap junction protein, 

beta 2, 26 kDa], GJB6 [gap junction protein, beta 6, kDa], GLA [galactosidase, alpha], GLB1 [galactosidase, 

beta 1], GLDC [glycine dehydrogenase (decarboxylating)], GLI1 [GLI family zinc finger 1], GLI2 [GLI 

family zinc finger 2], GLI3 [GLI family zinc finger 3], GLIS1 [GLIS family zinc finger 1], GLIS2 [GLIS 

family zinc finger 2], GL01 [glyoxalase I], GLRA2 [glycine receptor, alpha 2], GLRB [glycine receptor, 

beta], GLS [glutaminase], GLUD1 [glutamate dehydrogenase 1], GLUD2 [glutamate dehydrogenase 2], 

GLUL [glutamate-ammonia ligase (glutamine synthetase)], GL YAT [glycine-N-acyltransferase], GMFB [glia 

maturation factor, beta], GMNN [geminin, DNA replication inhibitor], GMPS [guanine monophosphate 

synthetase], GNA11 [guanine nucleotide binding protein (G protein), alpha 11 (Gq class)], GNA12 [guanine 

nucleotide binding protein (G protein) alpha 12], GNA13 [guanine nucleotide binding protein (G protein), 

alpha 13], GNA14 [guanine nucleotide binding protein (G protein), alpha 14], GNA15 [guanine nucleotide 

binding protein (G protein), alpha 15 (Gq class)], GNAI1 [guanine nucleotide binding protein (G protein), 

alpha inhibiting activity polypeptide 1 ], GNAT2 [guanine nucleotide binding protein (G protein), alpha 

inhibiting activity polypeptide 2], GNAI3 [guanine nucleotide binding protein (G protein), alpha inhibiting 

activity polypeptide 3], GNAL [guanine nucleotide binding protein (G protein), alpha activating activity 

polypeptide, olfactory type], GNA01 [guanine nucleotide binding protein (G protein), alpha activating 

activity polypeptide 0], GNAQ [guanine nucleotide binding protein (G protein), q polypeptide], GNAS 

[GNAS complex locus], GNATl [guanine nucleotide binding protein (G protein), alpha transducing activity 

polypeptide 1], GNAT2 [guanine nucleotide binding protein (G protein), alpha transducing activity 

polypeptide 2], GNAZ [guanine nucleotide binding protein (G protein), alpha z polypeptide], GNB1 [guanine 

nucleotide binding protein (G protein), beta polypeptide 1], GNB1L [guanine nucleotide binding protein (G 

protein), beta polypeptide 1-like], GNB2 [guanine nucleotide binding protein (G protein), beta polypeptide 2], 

GNB2Ll [guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1], GNB3 [guanine 

nucleotide binding protein (G protein), beta polypeptide 3], GNB4 [guanine nucleotide binding protein (G 

protein), beta polypeptide 4], GNB5 [guanine nucleotide binding protein (G protein), beta 5], GNG10 

[guanine nucleotide binding protein (G protein), gamma 1 0], GNG 11 [guanine nucleotide binding protein (G 

protein), gamma 11], GNG12 [guanine nucleotide binding protein (G protein), gamma 12], GNG13 [guanine 

nucleotide binding protein (G protein), gamma 13], GNG2 [guanine nucleotide binding protein (G protein), 

gamma 2], GNG3 [guanine nucleotide binding protein (G protein), gamma 3], GNG4 [guanine nucleotide 

binding protein (G protein), gamma 4], GNG5 [guanine nucleotide binding protein (G protein), gamma 5], 

GNG7 [guanine nucleotide binding protein (G protein), gamma 7], GNL Y [granulysin], GNRH1 

[gonadotropin-releasing hormone 1 (luteinizing-releasing hormone)], GNRHR [gonadotropin-releasing 

hormone receptor], GOLGA2 [golgin A2], GOLGA4 [golgin A4], GOT2 [glutamic-oxaloacetic transaminase 

2, mitochondrial (aspartate aminotransferase 2)], GPIBA [glycoprotein Ib (platelet), alpha polypeptide], GP5 
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[glycoprotein V (platelet)], GP6 [glycoprotein VI (platelet)], GP9 [glycoprotein IX (platelet)], GPCl 

[glypican 1], GPC3 [glypican 3], GPDl [glycerol-3-phosphate dehydrogenase 1 (soluble)], GPHN [gephyrin], 

GPI [glucose phosphate isomerase], GPM6A [glycoprotein M6A], GPM6B [glycoprotein M6B], GPR161 [G 

protein-coupled receptor 161], GPR182 [G protein-coupled receptor 182], GPR56 [G protein-coupled 

receptor 56], GPRC6A [G protein-coupled receptor, family C, group 6, member A], GPRINl [G protein 

regulated inducer of neurite outgrowth 1], GPT [glutamic-pyruvate transaminase (alanine aminotransferase)], 

GPT2 [glutamic pyruvate transaminase (alanine aminotransferase) 2], GPXl [glutathione peroxidase 1], 

GPX3 [glutathione peroxidase 3 (plasma)], GPX4 [glutathione peroxidase 4 (phospholipid hydroperoxidase )], 

GRAP [GRB2-related adaptor protein], GRBlO [growth factor receptor-bound protein 1 0], GRB2 [growth 

factor receptor-bound protein 2], GRB7 [growth factor receptor-bound protein 7], GREM1 [gremlin 1, 

cysteine knot superfamily, homolog (Xenopus laevis)], GRIAl [glutamate receptor, ionotropic, AMPA 1], 

GRIA2 [glutamate receptor, ionotropic, AMPA 2], GRIA3 [glutamate receptor, ionotrophic, AMPA 3], 

GRID2 [glutamate receptor, ionotropic, delta 2], GRID21P [glutamate receptor, ionotropic, delta 2 (Grid2) 

interacting protein], GRIKl [glutamate receptor, ionotropic, kainate 1], GRIK2 [glutamate receptor, 

ionotropic, kainate 2], GRTN1 [glutamate receptor, ionotropic, N-methyl D-aspartate 1], GRTN2A [glutamate 

receptor, ionotropic, N-methyl D-aspartate 2A], GRIP I [glutamate receptor interacting protein 1], GRLFl 

[glucocorticoid receptor DNA binding factor 1], GRMl [glutamate receptor, metabotropic 1], GRM2 

[glutamate receptor, metabotropic 2], GRM5 [glutamate receptor, metabotropic 5], GRM7 [glutamate 

receptor, metabotropic 7], GRM8 [glutamate receptor, metabotropic 8], GRN [granulin], GRP [gastrin­

releasing peptide], GRPR [gastrin-releasing peptide receptor], GSK3B [glycogen synthase kinase 3 beta], 

GSN [gelsolin], GSR [glutathione reductase], GSS [glutathione synthetase], GSTAl [glutathione S­

transferase alpha 1], GSTMl [glutathione S-transferase mu 1], GSTPl [glutathione S-transferase pi 1], 

GSTTl [glutathione S-transferase theta 1], GSTZl [glutathione transferase zeta 1], GTF2B [general 

transcription factor liB], GTF2E2 [general transcription factor liE, polypeptide 2, beta 34 kDa], GTF2Hl 

[general transcription factor IIH, polypeptide 1, 62 kDa], GTF2H2 [general transcription factor IIH, 

polypeptide 2, 44 kDa], GTF2H3 [general transcription factor IIH, polypeptide 3, 34 kDa], GTF2H4 [general 

transcription factor IIH, polypeptide 4, 52 kDa], GTF2I [general transcription factor IIi], GTF2IRD1 [GTF2I 

repeat domain containing 1], GTF2IRD2 [GTF2I repeat domain containing 2], GUCA2A [guanylate cyclase 

activator 2A (guanylin)], GUCY1A3 [guanylate cyclase 1, soluble, alpha 3], GUSB [glucuronidase, beta], 

GYPA [glycophorin A (MNS blood group)], GYPC [glycophorin C (Gerbich blood group)], GZFl [GDNF­

inducible zinc finger protein 1], GZMA [granzyme A (granzyme 1, cytotoxic T -lymphocyte-associated serine 

esterase 3)], GZMB [granzyme B (granzyme 2, cytotoxic T-lymphocyte-associated serine esterase 1)], H19 

[H19, imprinted maternally expressed transcript (non-protein coding)], HlFO [Hl histone family, member 0], 

H2AFX [H2A histone family, member X], H2AFY [H2A histone family, member Y], H6PD [hexose-6-

phosphate dehydrogenase (glucose }-dehydrogenase)], HADHA [hydroxyacyl-Coenzyme A 

dehydrogenase/3-ketoacyl-Coenzyme A thiolase/enoyl-Coenzyme A hydratase (trifunctional protein), alpha 
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subunit], HAMP [hepcidin antimicrobial peptide], HAND1 [heart and neural crest derivatives expressed 1], 

HAND2 [hemi and neural crest derivatives expressed 2], HAPl [huntingtin-associated protein 1], HAPLN1 

[hyaluronan and proteoglycan link protein 1], HARS [histidyl-tRNA synthetase], HAS1 [hyaluronan synthase 

1], HAS2 [hyaluronan synthase 2], HAS3 [hyaluronan synthase 3], HAX1 [HCLSl associated protein X-1], 

HBA2 [hemoglobin, alpha 2], HBB [hemoglobin, beta], HBEGF [heparin-binding EGF-like growth factor], 

HBG 1 [hemoglobin, gamma A], HBG2 [hemoglobin, gamma G], HCCS [holocytochrome c synthase 

(cytochrome c heme-lyase)], HCK [hemopoietic cell kinase], HCLS1 [hematopoietic cell-specific Lyn 

substrate 1], HCN4 [hyperpolarization activated cyclic nucleotide-gated potassium channel4], HCRT 

[hypocretin (orexin) neuropeptide precursor], HCRTR1 [hypocretin (orexin) receptor 1], HCRTR2 

[hypocretin (orexin) receptor 2], HDACl [histone deacetylase 1], HDAC2 [histone deacetylase 2], HDAC4 

[histone deacetylase 4], HDAC9 [histone deacetylase 9], HDC [histidine decarboxylase], HDLBP [high 

density lipoprotein binding protein], HEPACAM [hepatocyte cell adhesion molecule], HES1 [hairy and 

enhancer of split 1, (Drosophila)], HES3 [hairy and enhancer of split 3 (Drosophila)], HES5 [hairy and 

enhancer of split 5 (Drosophila)], HES6 [hairy and enhancer of split 6 (Drosophila)], HEXA [hexosaminidase 

A (alpha polypeptide)], HFE [hemochromatosis], HFE2 [hemochromatosis type 2 Guvenile)], HGF 

[hepatocyte growth factor (hepapoietin A; scatter factor)], HGS [hepatocyte growth factor-regulated tyrosine 

kinase substrate], HHEX [hematopoietically expressed homeobox], HHIP [hedgehog interacting protein], 

HIF1A [hypoxia inducible factor 1, alpha subunit (basic helix-loop-helix transcription factor)], HINTl 

[histidine triad nucleotide binding protein 1], HIPK2 [homeodomain interacting protein kinase 2], HIRA [HIR 

histone cell cycle regulation defective homolog A (S. cerevisiae)], HIRIP3 [HIRA interacting protein 3], 

H1ST1H2AB [histone cluster 1, H2ab], H1ST1H2AC [histone cluster 1, H2ac], H1ST1H2AD [histone cluster 

1, H2ad], H1ST1H2AE [histone cluster 1, H2ae], H1ST1H2AG [histone cluster 1, H2ag], H1ST1H2A1 

[histone cluster 1, H2ai], H1ST1H2AJ [histone cluster 1, H2aj], H1 ST1H2AK [histone cluster 1, H2ak], 

H1STIH2AL [histone cluster 1, H2al], H1STIH2AM [histone cluster 1, H2 am], HISTIH3E [histone cluster 

1, H3e], HlST2H2AA3 [histone cluster 2, H2aa3], HlST2H2AA4 [histone cluster 2, H2aa4], HlST2H2AC 

[histone cluster 2, H2ac], HKRl [GLI-Kruppel family member HKR1], HLA-A [major histocompatibility 

complex, class I, A], HLA-B [major histocompatibility complex, class I, B], HLA-C [major 

histocompatibility complex, class I, C], HLA-DMA [major histocompatibility complex, class II, DM alpha], 

HLA-DOB [major histocompatibility complex, class II, DO beta], HLA-DQA1 [major histocompatibility 

complex, class II, DQ alpha 1], HLA-DQBl [major histocompatibility complex, class II, DQ beta 1], HLA­

DRA [major histocompatibility complex, class II, DR alpha], HLA-DRB1 [major histocompatibility complex, 

class II, DR beta 1], HLA-DRB4 [major histocompatibility complex, class II, DR beta 4], HLA-DRB5 [major 

histocompatibility complex, class II, DR beta 5], HLA-E [major histocompatibility complex, class I, E], 

HLA-F [major histocompatibility complex, class I, F], HLA-G [major histocompatibility complex, class I, G], 

HLCS [holocarboxylase synthetase (biotin-(proprionyl-Coenzyme A-carboxylase (ATP-hydrolysing)) 

ligase)], HMBS [hydroxymethylbilane synthase], HMGA1 [high mobility group AT-hook 1], HMGA2 [high 
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mobility group AT-hook 2], HMGBl [high-mobility group box 1], HMGCR [3-hydroxy-3-methylglutaryl­

Coenzyme A reductase], HMGNl [high-mobility group nucleosome binding domain 1], HMOXl [heme 

oxygenase (decycling) 1], HMOX2 [heme oxygenase (decycling) 2], HNFlA [HNFl homeobox A], HNF4A 

[hepatocyte nuclear factor 4, alpha], HNMT [histamine N-methyltransferase], HNRNPA2Bl [heterogeneous 

nuclear ribonucleoprotein A2/Bl], HNRNPK [heterogeneous nuclear ribonucleoprotein K], HNRNPL 

[heterogeneous nuclear ribonucleoprotein L], HNRNPU [heterogeneous nuclear ribonucleoprotein U (scaffold 

attachment factor A)], HNRPDL [heterogeneous nuclear ribonucleoprotein D-like], HOMERl [homer 

homolog 1 (Drosophila)], HOXAl [homeobox Al], HOXAlO [homeobox AlO], HOXA2 [homeobox A2], 

HOXAS [homeobox AS], HOXA9 [homeobox A9], HOXBl [homeobox Bl], HOXB4 [homeobox B4], 

HOXB9 [horneobox B9], HOXD11 [horneobox D11], HOXD12 [horneobox D12], HOXD13 [horneobox 

D13], HP [haptoglobin], HPD [4-hydroxyphenylpyruvate dioxygenase], HPRTl [hypoxanthine 

phosphoribosyltransferase 1], HPS4 [Hermansky-Pudlak syndrome 4], HPX [hemopexin], HRAS [v-Ha-ras 

Harvey rat sarcoma viral oncogene homolog], HRG [histidine-rich glycoprotein], HRHl [histamine receptor 

Hl], HRH2 [histamine receptor H2], HRH3 [histamine receptor H3], HSDllBl [hydroxysteroid (11-beta) 

dehydrogenase 1 ], HSD11B2 [hydroxysteroid (11-beta) dehydrogenase 2], HSD 17B 10 [hydroxysteroid (17-

beta) dehydrogenase 10], HSD3B2 [hydroxy-delta-S-steroid dehydrogenase, 3 beta- and steroid delta­

isomerase 2], HSFl [heat shock transcription factor 1], HSP90AA1 [heat shock protein 90 kDa alpha 

(cytosolic), class A member 1], HSP90Bl [heat shock protein 90 kDa beta (Grp94), member 1], HSPAlA 

[heat shock 70 kDa protein lA], HSP A4 [heat shock 70 kDa protein 4], HSP AS [heat shock 70 kDa protein S 

(glucose-regulated protein, 7f\ kDa)], HSPAR [heat shock 70 kDa protein R], HSPA9 [heat shock 70 kDa 

protein 9 (mortalin) ], HSPB 1 [heat shock 27 kDa protein 1 ], HSPD 1 [heat shock 60 kDa protein 1 

(chaperonin)], HSPEl [heat shock 10 kDa protein 1 (chaperonin 10)], HSPG2 [heparan sulfate proteoglycan 

2], HTNl [histatin 1], HTRlA [S-hydroxytryptamine (serotonin) receptor lA], HTRlB [S-hydroxytryptamine 

(serotonin) receptor IB], HTRID [S-hydroxytryptamine (serotonin) receptor ID], HTRIE [S­

hydroxytryptamine (serotonin) receptor IE], HTRlF [S-hydroxytryptamine (serotonin) receptor IF], HTR2A 

[S-hydroxytryptamine (serotonin) receptor 2A], HTR2B [S-hydroxytryptamine (serotonin) receptor 2B], 

HTR2c [S-hydroxytryptamine (serotonin) receptor 20], HTR3A [S-hydroxytryptamine (serotonin) receptor 

3A], HTR3B [S-hydroxytryptamine (serotonin) receptor 3B], HTRSA [S-hydroxytryptamine (serotonin) 

receptor SA], HTR6 [S-hydroxytryptamine (serotonin) receptor 6], HTR7 [S-hydroxytryptamine (serotonin) 

receptor 7 (adenylate cyclase-coupled)], HTT [huntingtin], HY ALl [hyaluronoglucosaminidase 1], HYOUl 

[hypoxia up-regulated 1], lAPP [islet amyloid polypeptide], IBSP [integrin-binding sialoprotein], ICAMl 

[intercellular adhesion molecule 1], ICAM2 [intercellular adhesion molecule 2], ICAM3 [intercellular 

adhesion molecule 3], ICAMS [intercellular adhesion moleculeS, telencephalin], ICOS [inducible T-cell co­

stimulator], IDl [inhibitor of DNA binding 1, dominant negative helix-loop-helix protein], ID2 [inhibitor of 

DNA binding 2, dominant negative helix-loop-helix protein], ID3 [inhibitor of DNA binding 3, dominant 

negative helix-loop-helix protein], ID4 [inhibitor of DNA binding 4, dominant negative helix-loop-helix 
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protein], IDE [insulin-degrading enzyme], IDil [isopentenyl-diphosphate delta isomerase 1], IDOl 

[indoleamine 2 [3-dioxygenase 1], IDS [iduronate 2-sulfatase], IDUA [iduronidase, alpha-L-], IER3 

[immediate early response 3], IF127 [interferon, alpha-inducible protein 27], IFNa1 [interferon, alpha 1], 

IFNa2 [interferon, alpha 2], IFNAR1 [interferon (alpha, beta and omega) receptor 1], IFNAR2 [interferon 

(alpha, beta and omega) receptor 2], IFNB1 [interferon, beta 1, fibroblast], IFNG [interferon, gamma], 

IFNGRl [interferon gamma receptor 1], IFNGR2 [interferon gamma receptor 2 (interferon gamma transducer 

1)], IGF1 [insulin-like growth factor 1 (somatomedin C)], IGFlR [insulin-like growth factor 1 receptor], 

IGF2 [insulin-like growth factor 2 (somatomedin A)], IGF2R [insulin-like growth factor 2 receptor], IGFBP1 

[insulin-like growth factor binding protein 1], 1GFBP2 [insulin-like growth factor binding protein 2, 36 kDa], 

TGFBP3 [insulin-like growth factor binding protein 3], TGFBP4 [insulin-like growth factor binding protein 4], 

IGFBP5 [insulin-like growth factor binding protein 5], IGFBP6 [insulin-like growth factor binding protein 6], 

IGFBP7 [insulin-like growth factor binding protein 7], IGHA1 [immunoglobulin heavy constant alpha 1], 

IGHE [immunoglobulin heavy constant epsilon], IGHG1 [immunoglobulin heavy constant gamma 1 (G1m 

marker)], IGHJl [immunoglobulin heavy joining 1], IGHM [immunoglobulin heavy constant mu], IGHMBP2 

[immunoglobulin mu binding protein 2], TGKC [immunoglobulin kappa constant], TKBKAP [inhibitor of 

kappa light polypeptide gene enhancer in B-cells, kinase complex-associated protein], IKBKB [inhibitor of 

kappa light polypeptide gene enhancer in B-cells, kinase beta], IKZF1 [IKAROS family zinc finger 1 

(Ikaros)], ILlO [interleukin 10], ILl ORA [interleukin 10 receptor, alpha], ILl ORB [interleukin 10 receptor, 

beta], IL11 [interleukin 11], IL11RA [interleukin 11 receptor, alpha], IL12A [interleukin 12A (natural killer 

cell stimulatory factor 1, cytotoxic lymphocyte maturation factor 1, p35)], IL12B [interleukin 12B (natural 

killer cell stimulatory factor 2, cytotoxic lymphocyte maturation factor 2, p40)], IL12RB1 [interleukin 12 

receptor, beta 1], IL13 [intcrlcukin 13], ILlS [intcrlcukin 15], IL15RA [intcrlcukin 15 receptor, alpha], IL16 

[interleukin 16 (lymphocyte chemoattractant factor)], IL17 A [interleukin 17 A], IL18 [interleukin 18 

(interferon-gamma-inducing factor)], IL18BP [interleukin 18 binding protein], ILIA [interleukin 1, alpha], 

ILlB [interleukin 1, beta], IL1F7 [interleukin 1 family, member 7 (zeta)], IL1R1 [interleukin 1 receptor, type 

I], IL1R2 [interleukin 1 receptor, type II], ILlRAPLl [interleukin 1 receptor accessory protein-like 1], 

IL1RL1 [interleukin 1 receptor-like 1], ILlRN [interleukin 1 receptor antagonist], IL2 [interleukin 2], IL21 

[interleukin 21], IL22 [interleukin 22], IL23A [interleukin 23, alpha subunit p19], IL23R [interleukin 23 

receptor], IL29 [interleukin 29 (interferon, lambda 1)], IL2RA [interleukin 2 receptor, alpha], IL2RB 

[interleukin 2 receptor, beta], IL3 [interleukin 3 (colony-stimulating factor, multiple)], IL3RA [interleukin 3 

receptor, alpha (low affinity)], IL4 [interleukin 4], IL4R [interleukin 4 receptor], IL5 [interleukin 5 (colony­

stimulating factor, eosinophil)], IL6 [interleukin 6 (interferon, beta 2)], IL6R [interleukin 6 receptor], IL6ST 

[interleukin 6 signal transducer (gp 130, oncostatin M receptor)], IL 7 [interleukin 7], IL 7R [interleukin 7 

receptor], IL8 [interleukin 8], IL9 [interleukin 9], ILK [integrin-linked kinase], IMMP2L [IMP2 inner 

mitochondrial membrane peptidase-like (S. cerevisiae)], IMMT [inner membrane protein, mitochondrial 

(mitofilin)], IMPA1 [inositol(myo)-1(or 4)-monophosphatase 1], IMPDH2 [IMP (inosine monophosphate) 
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dehydrogenase 2], INADL [InaD-like (Drosophila)], INCENP [inner centromere protein antigens 135/155 

kDa], INGl [inhibitor of growth family, member 1], ING3 [inhibitor of gro"'ih family, member 3], INHA 

[inhibin, alpha], INHBA [inhibin, beta A], INPPl [inositol polyphosphate-1-phosphatase], INPP5D [inositol 

polyphosphate-5-phosphatase, 145 kDa], INPP5E [inositol polyphosphate-5-phosphatase, 72 kDa], INPP5J 

[inositol polyphosphate-5-phosphatase J], INPPLl [inositol polyphosphate phosphatase-like 1], INS [insulin], 

INSIG2 [insulin induced gene 2], INS-IGF2 [INS-IGF2 readthrough transcript], INSL3 [insulin-like 3 

(Leydig cell)], INSR [insulin receptor], INVS [ inversin], I QCB 1 [I Q motif containing B 1], I QGAP 1 [I Q 

motif containing GTPase activating protein 1], IRAKl [interleukin-1 receptor-associated kinase 1 ], IRAK4 

[interleukin-1 receptor-associated kinase 4], 1REB2 [iron-responsive element binding protein 2], lRF 1 

[interferon regulatory factor 1], TRF4 [interferon regulatory factor 4 ], TRF8 [interferon regulatory factor 8], 

IRS 1 [insulin receptor substrate 1], IRS2 [insulin receptor substrate 2], IRS4 [insulin receptor substrate 4], 

IRX3 [iroquois homeobox 3], ISG15 [ISG15 ubiquitin-like modifier], ISLl [ISL LIM homeobox 1], ISL2 

[ISL LIM homeobox 2], ISLR2 [immunoglobulin superfamily containing leucine-rich repeat 2], ITGA2 

[integrin, alpha 2 (CD49B, alpha 2 subunit ofVLA-2 receptor)], ITGA2B [integrin, alpha 2b (platelet 

glycoprotein TTb ofTTb/TTTa complex, antigen CD41 )], TTGA3 [integrin, alpha 3 (antigen CD49C, alpha 3 

subunit ofVLA-3 receptor)], ITGA4 [integrin, alpha 4 (antigen CD49D, alpha 4 subunit ofVLA-4 receptor)], 

ITGA5 [integrin, alpha 5 (fibronectin receptor, alpha polypeptide)], ITGA6 [integrin, alpha 6], ITGA9 

[integrin, alpha 9], IT GAL [integrin, alpha L (antigen CD llA (p 180), lymphocyte function-associated antigen 

1; alpha polypeptide)], ITGAM [integrin, alpha M (complement component 3 receptor 3 subunit)], ITGAV 

[integrin, alpha V (vitronectin receptor, alpha polypeptide, antigen CD51)], ITGAX [integrin, alpha X 

(complement component 3 receptor 4 subunit)], ITGB 1 [integrin, beta 1 ( fibronectin receptor, beta 

polypeptide, antigen CD29 includes MDF2, MSK12)], ITGB2 [integrin, beta 2 (complement component 3 

receptor 3 and 4 subunit)], ITGB3 [integrin, beta 3 (platelet glycoprotein Ilia, antigen CD61 )], ITGB4 

[integrin, beta 4], ITGB6 [integrin, beta 6], ITGB7 [integrin, beta 7], ITIH4 [inter-alpha (globulin) inhibitor 

H4 (plasma Kallikrein-sensitive glycoprotein)], ITM2B [integral membrane protein 2B], ITPRl [inositol I [4 

[5-triphosphate receptor, type 1], ITPR2 [inositol I [4 [5-triphosphate receptor, type 2], ITPR3 [inositol I [4 

[5-triphosphate receptor, type 3], ITSNl [intersectin 1 (SH3 domain protein)], ITSN2 [intersectin 2], NL 

[involucrin], JAGl bagged 1 (Alagille ~yndrome)], JAKl [Janus kinase 1], JAK2 [Janus kinase 2], JAK3 

[Janus kinase 3], JAM2 [junctional adhesion molecule 2], JARID2 [jumonji, AT rich interactive domain 2], 

JMJDl C [jumonji domain containing 1 0], JMY [junction mediating and regulatory protein, p53 cofactor], 

JRKL [jerky homolog-like (mouse)], JUN [jun oncogene], JUNB [jun B proto-oncogene], JUND [jun D 

proto-oncogene], JUP [junction plakoglobin], KALl [Kallmann syndrome 1 sequence], KALRN [kalirin, 

RhoGEF kinase], KARS [lysyl-tRNA syntheta~e], KAT2B [K(lysine) acetyltransferase 2B], KATNAl 

[katanin p60 (ATPase-containing) subunit A 1], KATNBl [katanin p80 (WD repeat containing) subunit Bl], 

KCNA4 [potassium voltage-gated channel, shaker-related subfamily, member 4], KCNDl [potassium 

voltage-gated channel, Shal-related subfamily, member 1], KCND2 [potassium voltage-gated channel, Shal-
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related subfamily, member 2], KCNEl [potassium voltage-gated channel, Isk-related family, member 1], 

KCNE2 [potassium voltage-gated channel, Isk-related family, member 2], KCNH2 [potassium voltage-gated 

channel, subfamily H ( eag-related), member 2], KCNH4 [potassium voltage-gated channel, subfamily H ( eag­

related), member 4], KCNJ15 [potassium inwardly-rectifying channel, subfamily J, member 15], KCNJ3 

[potassium inwardly-rectifying channel, subfamily J, member 3], KCNJ4 [potassium inwardly-rectifying 

channel, subfamily J, member 4], KCNJ5 [potassium inwardly-rectifying channel, subfamily J, member 5], 

KCNJ6 [potassium inwardly-rectifying channel, subfamily J, member 6], KCNMAl [potassium large 

conductance calcium-activated channel, subfamily M, alpha member 1], KCNNl [potassium 

intermediate/small conductance calcium-activated channel, subfamily N, member 1], KCNN2 [potassium 

intermediate/small conductance calcium-activated channel, subfamily N, member 2], KCNN3 [potassium 

intermediate/small conductance calcium-activated channel, subfamily N, member 3], KCNQl [potassium 

voltage-gated channel, KQT-like subfamily, member 1], KCNQ2 [potassium voltage-gated channel, KQT­

like subfamily, member 2], KDM5C [lysine (K)-specific demethylase 5C], KDR [kinase insert domain 

receptor (a type III receptor tyrosine kinase)], KIAA0101 [KIAA0101], KIAA0319 [KIAA0319], KIAA1715 

[KTAA 1715], KTDTNS220 [kinase D-interacting substrate, 220 kDa], KTF15 [kinesin family member 15], 

KIF16B [kinesin family member 16B], KIF IA [kinesin family member lA], KIF2A [kinesin heavy chain 

member 2A], KIF2B [kinesin family member 2B], KIF3A [kinesin family member 3A], KIF5C [kinesin 

family member 5C], KIF7 [kinesin family member 7], KIR2DL1 [killer cell immunoglobulin-like receptor, 

two domains, long cytoplasmic tail, 1], KIR2DL3 [killer cell immunoglobulin-like receptor, two domains, 

long cytoplasmic tail, 3], KIR2DS2 [killer cell immunoglobulin-like receptor, two domains, short cytoplasmic 

tail, 2], KIR3DL1 [killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1], 

KIR3DL2 [killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 2], KIRREL3 [kin 

ofiRRE like 3 (Drosophila)], KISSl [KiSS-1 metastasis-suppressor], KISSlR [KISSl receptor], KIT [v-kit 

Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog], KITLG [KIT ligand], KL [klotho], KLF7 

[Kruppel-like factor 7 (ubiquitous)], KLK 1 [kallikrein 1], KLKl 0 [kallikrein-related peptidase 10 ], KLKll 

[kallikrein-related peptidase 11], KLK2 [kallikrein-related peptidase 2], KLK3 [kallikrein-related peptidase 

3], KLK5 [kallikrein-related peptidase 5], KLRDl [killer cell lectin-like receptor subfamily D, member 1], 

KLRKl [killer cell lectin-like receptor subfamily K, member 1], KMO [kynurenine 3-monooxygenase 

(kynurenine 3-hydroxylase )], KNG 1 [kininogen 1 ], KPNA2 [karyopherin alpha 2 (RAG cohort 1, importin 

alpha 1)], KPNBl [karyopherin (importin) beta 1], KPTN [kaptin (actin binding protein)], KRAS [v-Ki-ras2 

Kirsten rat sarcoma viral oncogene homolog], KRITl [KRITl, ankyrin repeat containing], KRTl [keratin 1], 

KRTlO [keratin 10], KRT14 [keratin 14], KRT18 [keratin 18], KRT19 [keratin 19], KRT3 [keratin 3], KRT5 

[keratin 5], KRT7 [keratin 7], KRT8 [keratin 8], KRTAP19-3 [keratin associated protein 19-3], KRTAP2-1 

[keratin associated protein 2-1], LlCAM [Ll cell adhesion molecule], LACTB [lactamase, beta], LALBA 

[lactalbumin, alpha-], LAMA I [laminin, alpha 1 ], LAMB 1 [laminin, beta 1], LAMB2 [laminin, beta 2 

(laminin S)], LAMB4 [laminin, beta 4], LAMPl [lysosomal-associated membrane protein 1], LAMP2 

5292780 l.DOCX -236- WSGR Docket '{o. 44063-701.101 



[lysosomal-associated membrane protein 2], LAP3 [leucine aminopeptidase 3], LAPTM4A [lysosomal 

protein transmembrane 4 alpha], LARGE [like-glycosyltransferase], LARS [leucyl-tRNA synthetase], LASPl 

[LIM and SH3 protein 1], LAT2 [linker for activation ofT cells family, member 2], LBP [lipopolysaccharide 

binding protein], LBR [lamin B receptor], LCAl 0 [lung carcinoma-associated protein 1 0], LCA5 [Leber 

congenital amaurosis 5], LCAT [lecithin-cholesterol acyltransferase ], LCK [lymphocyte-specific protein 

tyrosine kinase], LCNl [lipocalin 1 (tear prealbumin)], LCN2 [lipocalin 2], LCPl [lymphocyte cytosolic 

protein 1 (L-plastin) ], LCP2 [lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 76 

kDa)], LCT [lactase], LOBI [LIM domain binding 1], LDB2 [LIM domain binding 2], LDHA [lactate 

dehydrogenase A], LDLR [low density lipoprotein receptor], LDLRAPl [low density lipoprotein receptor 

adaptor protein 1 ], LEF1 [lymphoid enhancer-binding factor 1 ], LEO 1 [Leo 1, Pafl/RNA polymerase TT 

complex component, homolog (S. cerevisiae)], LEP [leptin], LEPR [leptin receptor], LGALS 13 [lectin, 

galactoside-binding, soluble, 13], LGALS3 [lectin, galactoside-binding, soluble, 3], LGMN [legumain], 

LGR4 [leucine-rich repeat-containing G protein-coupled receptor 4], LGTN [ligatin], LHCGR [luteinizing 

hormone/choriogonadotropin receptor], LHFPL3 [lipoma HMGIC fusion partner-like 3], LHXl [LIM 

homeobox 1], LHX2 [LTM homeobox 2], LHX3 [LTM homeobox 3], LHX4 [LTM homeobox 4], LHX9 [LTM 

homeobox 9], LIF [leukemia inhibitory factor (cholinergic differentiation factor)], LIFR [leukemia inhibitory 

factor receptor alpha], LIGl [ligase I, DNA, ATP-dependent], LIG3 [ligase III, DNA, ATP-dependent], LIG4 

[ligase N, DNA, ATP-dependent], LILRA3 [leukocyte immunoglobulin-like receptor, subfamily A (without 

TM domain), member 3], LILRBl [leukocyte immunoglobulin-like receptor, subfamily B (with TM and 

ITIM domains), member 1], LIMKl [LIM domain kinase 1], LIMK2 [LIM domain kinase 2], LIN7A [lin-7 

homolog A (C. elegans)], LIN7B [lin-7 homolog B (C. elegans)], LIN7C [lin-7 homolog C (C. elegans)], 

LINGOl [leucine rich repeat and Ig domain containing 1], LIPC [lipase, hepatic], LIPE [lipase, hormone­

sensitive], LLGLl [lethal giant larvae homolog 1 (Drosophila)], LMANl [lectin, mannose-binding, 1], 

LMNA [lamin A/C], LM02 [LIM domain only 2 (rhombotin-like 1 )], LMXIA [LIM homeobox transcription 

factor 1, alpha], LMXlB [LIM homeobox transcription factor 1, beta], LNPEP [leucyl!cystinyl 

aminopeptidase], LOC400590 [hypothetical LOC400590], LOC646021 [similar to hCG1774990], 

LOC64603 0 [similar to hCG 19914 7 5], LOC64662 7 [phospholipase inhibitor], LOR [loricrin], LOX [lysyl 

oxidase], LOXLl [lysyl oxidase-like 1], LPA [lipoprotein, Lp(a)], LPL [lipoprotein lipase], LPO 

[lactoperoxidase], LPP [LIM domain containing preferred translocation partner in lipoma], LPPRl [lipid 

phosphate phosphatase-related protein type 1], LPPR3 [lipid phosphate phosphatase-related protein type 3], 

LPPR4 [lipid phosphate phosphatase-related protein type 4], LPXN [leupaxin], LRPl [low density lipoprotein 

receptor-related protein 1], LRP6 [low density lipoprotein receptor-related protein 6], LRP8 [low density 

lipoprotein receptor-related protein 8, apolipoprotein e receptor], LRP AP 1 [low density lipoprotein receptor­

related protein associated protein 1], LRPPRC [leucine-rich PPR-motif containing], LRRC37B [leucine rich 

repeat containing 37B], LRRC4C [leucine rich repeat containing 40], LRRTMl [leucine rich repeat 

transmembrane neuronal I], LSAMP [limbic system-associated membrane protein], LSM2 [LSM2 homolog, 
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U6 small nuclear RNA associated (S. cerevisiae)], LSS [lanosterol synthase (2 [3-oxidosqualene-lanosterol 

cyclase)], LTA [lymphotoxin alpha (TNF superfamily, member 1)], LTA4H [leukotriene A4 hydrolase], 

L TBP1 [latent transforming growth factor beta binding protein 1], LTBP4 [latent transforming growth factor 

beta binding protein 4], LTBR [lymphotoxin beta receptor (TNFR superfamily, member 3)], LTC4S 

[leukotriene C4 synthase], LTF [lactotransferrin], LY96 [lymphocyte antigen 96], LYN [v-yes-1 Yamaguchi 

sarcoma viral related oncogene homolog], L YVE1 [lymphatic vessel endothelial hyaluronan receptor 1], 

M6PR [mannose-6-phosphate receptor (cation dependent)], MAB21Ll [mab-21-like 1 (C. elegans)], 

MAB21L2 [mab-2'-like 2 (C. elegans)], MAF [v-mafmusculoaponeurotic fibrosarcoma oncogene homolog 

(avian)], MAG [myelin associated glycoprotein], MAGEA1 [melanoma antigen family A, 1 (directs 

expression of antigen MZ2-E)], MAGEL2 [MAGE-like 2], MAL [mal, T-cell differentiation protein], 

MAML2 [mastermind-like 2 (Drosophila)], MAN2A1 [mannosidase, alpha, class 2A, member 1], MANBA 

[mannosidase, beta A, lysosomal], MANF [mesencephalic astrocyte-derived neurotrophic factor], MAOA 

[monoamine oxidase A], MAOB [monoamine oxidase B], MAP1B [microtubule-associated protein 1B], 

MAP2 [microtubule-associated protein 2], MAP2K1 [mitogen-activated protein kinase kinase 1 ], MAP2K2 

[mitogen-activated protein kinase kinase 2], MAP2K3 [mitogen-activated protein kinase kinase 3], MAP2K4 

[mitogen-activated protein kinase kinase 4], MAP3K1 [mitogen-activated protein kinase kinase kinase 1], 

MAP3K12 [mitogen-activated protein kinase kinase kinase 12], MAP3K13 [mitogen-activated protein kinase 

kinase kinase 13], MAP3K14 [mitogen-activated protein kinase kinase kinase 14], MAP3K4 [mitogen­

activated protein kinase kinase kinase 4], MAP3K7 [mitogen-activated protein kinase kinase kinase 7], 

MAPK1 [mitogen-activated protein kinase 1], MAPK10 [mitogen-activated protein kinase 10], MAPK14 

[mitogen-activated protein kinase 14], MAPK3 [mitogen-activated protein kinase 3], MAPK8 [mitogen­

activated protein kinase 8], MAPK81P2 [mitogen-activated protein kinase 8 interacting protein 2], 

MAPK81P3 [mitogen-activated protein kinase 8 interacting protein 3], MAPK9 [mitogen-activated protein 

kinase 9], MAPKAPK2 [mitogen-activated protein kinase-activated protein kinase 2], MAPKSPI [MAPK 

scaffold protein 1], MAPRE3 [microtubule-associated protein, RP/EB family, member 3], MAPT 

[microtubule-associated protein tau], MARCKS [myristoylated alanine-rich protein kinase C substrate], 

MARK1 [MAP/microtubule affinity-regulating kinase 1], MARK2 [MAP/microtubule affinity-regulating 

kinase 2], MAT2A [methionine adenosyltransferase II, alpha], MATR3 [matrin 3], MAX [MYC associated 

factor X], MAZ [MYC-associated zinc finger protein (purine-binding transcription factor)], MB [myoglobin], 

MBDI [methyl-CpG binding domain protein 1], MBD2 [methyl-CpG binding domain protein 2], MBD3 

[methyl-CpG binding domain protein 3], MBD4 [methyl-CpG binding domain protein 4], MBL2 [mannose­

binding lectin (protein C) 2, soluble (opsonic defect)], MBP [myelin basic protein], MBTPSI [membrane­

bound transcription factor peptidase, site 1], MCIR [melanocortin 1 receptor (alpha melanocyte stimulating 

hormone receptor)], MC3R [melanocortin 3 receptor], MC4R [melanocortin 4 receptor], MCCC2 

[methylcrotonoyl-Coenzyme A carboxylase 2 (beta)], MCF2L [MCF.2 cell line derived transforming 

sequence-like], MCHRI [melanin-concentrating hormone receptor 1], MCLl [myeloid cell leukemia 
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sequence 1 (BCL2-related)], MCM7 [minichromosome maintenance complex component 7], MCPHI 

[microcephalin 1], MDCI [mediator of DNA-damage checkpoint 1], MDFIC [MyoD family inhibitor domain 

containing], MDGAI [MAM domain containing glycosylphosphatidylinositol anchor 1], MDK [midkine 

(neurite growth-promoting factor 2)], MDM2 [Mdm2 p53 binding protein homolog (mouse)], ME2 [malic 

enzyme 2, NAD(+)-dependent, mitochondrial], MECP2 [methyl CpG binding protein 2 (Rett syndrome)], 

MEDI [mediator complex subunit 1], MED12 [mediator complex subunit 12], MED24 [mediator complex 

subunit 24], MEF2A [myocyte enhancer factor 2A], MEF2C [myocyte enhancer factor 20], MEISI [Meis 

homeobox 1], MENI [multiple endocrine neoplasia 1], MERTK [c-mer proto-oncogene tyrosine kinase], 

MESP2 [mesoderm posterior 2 homolog (mouse)], MEST [mesoderm specific transcript homolog (mouse)], 

MET [met proto-oncogene (hepatocyte growth factor receptor)], MET AP2 [ methionyl aminopeptidase 2], 

METRN [meteorin, glial cell differentiation regulator], MFSD6 [major facilitator superfamily domain 

containing 6], MGAT2 [ mannosyl (alp ha-l [ 6-)-glycoprotein beta-1 [2-N -acetylglucosaminyltransferase], 

MGMT [0-6-methylguanine-DNA methyltransferase], MGP [matrix Gla protein], MGSTI [microsomal 

glutathione S-transferase 1], MICA [MHC class I polypeptide-related sequence A], MICALI [microtubule 

associated monoxygenase, calponin and LTM domain containing 1], MTCB [MHC class T polypeptide-related 

sequence B], MIF [macrophage migration inhibitory factor (glycosylation-inhibiting factor)], MITF 

[microphthalmia-associated transcription factor], MKI67 [antigen identified by monoclonal antibody Ki-67], 

MKKS [McKusick-Kaufman syndrome], MKNKI [MAP kinase interacting serine/threonine kinase 1], 

MKRN3 [makorin ring finger protein 3], MKSI [Meckel syndrome, type 1], MLHI [mutL homolog 1, colon 

cancer, nonpolyposis type 2 (E. coli)], MLL [myeloid/lymphoid or mixed-lineage leukemia (trithorax 

homolog, Drosophila)], MLLT4 [myeloid/lymphoid or mixed-lineage leukemia (trithorax homolog, 

Drosophila); translocated to, 4], MLPH [ mclanophilin], MLX [MAX -like protein X], MLXIPL [MLX 

interacting protein-like], MME [membrane metallo-endopeptidase], MMPI [matrix metallopeptidase 1 

(interstitial collagenase)], MMP 1 0 [matrix metallopeptidase 1 0 ( stromelysin 2)], MMP 12 [matrix 

metallopeptidase 12 (macrophage elastase)], MMP13 [matrix metallopeptidase 13 (collagenase 3)], MMP14 

[matrix metallopeptidase 14 (membrane-inserted)], MMP2 [matrix metallopeptidase 2 (gelatinase A, 72 kDa 

gelatinase, 72 kDa type N collagenase)], MMP24 [matrix metallopeptidase 24 (membrane-inserted)], 

MMP26 [matrix metallopeptidase 26], MMP3 [matrix metallopeptidase 3 (stromelysin1, progelatinase)], 

MMP7 [matrix metallopeptidase 7 ( matrilysin, uterine)], MMP8 [matrix metallopeptidase 8 (neutrophil 

collagenase)], MMP9 [matrix metallopeptidase 9 (gelatinase B, 92 kDa gelatinase, 92 kDa type N 

collagenase)], MN1 [meningioma (disrupted in balanced translocation) 1], MNATI [menage a trois homolog 

1, cyclin H assembly factor (Xenopus laevis)], MNX1 [motor neuron and pancreas homeobox 1], MOG 

[myelin oligodendrocyte glycoprotein], MPL [myeloproliferative leukemia virus oncogene], MPO 

[myeloperoxidase], MPP1 [membrane protein, palmitoylated 1, 55 kDa], MPZLI [myelin protein zero-like 1], 

MR1 [major histocompatibility complex, class !-related], MRAP [melanocortin 2 receptor accessory protein], 

MRAS [muscle RAS oncogene homolog], MRC1 [mannose receptor, C type 1], MRGPRX1 [MAS-related 
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GPR, member XI], MS4AI [membrane-spanning 4-domains, subfamily A, member I], MSH2 [mutS 

homolog 2, colon cancer, nonpolyposis type I (E. coli)], MSH3 [mutS homolog 3 (E. coli)], MSil [musashi 

homolog I (Drosophila)], MSN [moesin], MSRI [macrophage scavenger receptor I], MSTN [myostatin], 

MSXI [rnsh homeobox I], MSX2 [msh homeobox 2], MT2A [metallothionein 2A], MT3 [metallothionein 3], 

MT-ATP6 [rnitochondrially encoded ATP synthase 6], MT-001 [mitochondrially encoded cytochrome c 

oxidase I], MT -C02 [ mitochondrially encoded cytochrome c oxidase II], MT -C03 [ rnitochondrially encoded 

cytochrome c oxidase III], MTFI [metal-regulatory transcription factor I], MTHFDI 

[methylenetetrahydrofolate dehydrogenase (NADP+ dependent) I, methenyltetrahydrofolate cyclohydrolase, 

formyltetrahydrofolate synthetase], MTHFDIL [methylenetetrahydrofolate dehydrogenase (NADP+ 

dependent) 1-like], MTHFR [5 [1 0-methylenetetrahydrofolate reductase (NADPH)], MTL5 [ metallothionein­

like 5, testis-specific (tesmin)], MTMRI4 [myotubularin related protein I4], MT-ND6 [mitochondrially 

encoded NADH dehydrogenase 6], MTNRIA [melatonin receptor IA], MTNRlB [melatonin receptor lB], 

MTOR [mechanistic target ofrapamycin (serine/threonine kinase)], MTR [5-methyltetrahydrofolate­

homocysteine methyltransferase], MTRR [ 5-methyltetrahydrofolate-homocysteine methyltransferase 

reductase], MTTP [microsomal triglyceride transfer protein], MUC 1 [mucin 1, cell surface associated], 

MUCI6 [mucin I6, cell surface associated], MUCI9 [mucin I9, oligomeric], MUC2 [mucin 2, oligomeric 

mucus/gel-forming], MUC3A [mucin 3A, cell surface associated], MUCSAC [mucin SAC, oligomeric 

mucus/gel-forming], MUSK [muscle, skeletal, receptor tyrosine kinase], MUT [methylmalonyl Coenzyme A 

mutase], MVK [mevalonate kinase], MVP [major vault protein], MXI [myxovirus (influenza virus) resistance 

1, interferon-inducible protein p?R (mouse)], MXDI [MAX dimerization protein I], MXIl [MAX interactor 

I], MYB [v-myb myeloblastosis viral oncogene homolog (avian)], MYC [v-myc myelocytomatosis viral 

oncogene homolog (avian)], MYCBP2 [MYC binding protein 2], MYCN [v-myc myclocytomatosis viral 

related oncogene, neuroblastoma derived (avian)], MYD88 [myeloid differentiation primary response gene 

(88)], MYF5 [myogenic factor 5], MYHIO [myosin, heavy chain 10, non-muscle], MYH14 [myosin, heavy 

chain I4, non-muscle], MYH7 [myosin, heavy chain 7, cardiac muscle, beta], MYLl [myosin, light chain I, 

alkali; skeletal, fast], MYLIO [myosin, light chain IO, regulatory], MYLI2A [myosin, light chain I2A, 

regulatory, non-sarcomeric], MYL12B [myosin, light chain I2B, regulatory], MYL2 [myosin, light chain 2, 

regulatory, cardiac, slow], MYL3 [myosin, light chain 3, alkali; ventricular, skeletal, slow], MYL4 [myosin, 

light chain 4, alkali; atrial, embryonic], MYL5 [myosin, light chain 5, regulatory], MYL6 [myosin, light chain 

6, alkali, smooth muscle and non-muscle], MYL6B [myosin, light chain 6B, alkali, smooth muscle and non­

muscle], MYL7 [myosin, light chain 7, regulatory], MYL9 [myosin, light chain 9, regulatory], MYLK 

[myosin light chain kinase], MYLPF [myosin light chain, phosphorylatable, fast skeletal muscle], MYOID 

[myosin ID], MYOSA [myosin VA (heavy chain I2, myoxin)], MYOC [myocilin, trabecular meshwork 

inducible glucocorticoid response], MYODI [myogenic differentiation I], MYOG [myogenin (myogenic 

factor 4)], MYOM2 [myomesin (M-protein) 2, I65 kDa], MYST3 [MYST histone acetyltransferase 

(monocytic leukemia) 3], NACA [nascent polypeptide-associated complex alpha subunit], NAGLU [N-
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acetylglucosaminidase, alpha-], NAIP [NLR family, apoptosis inhibitory protein], NAMPT [nicotinamide 

phosphoribosyltransferase], NANOG [Nanog homeobox], NANS [N-acetylneuraminic acid synthase], 

NAP1L2 [nucleosome assembly protein 1-like 2], NAPA [N-ethylmaleimide-sensitive factor attachment 

protein, alpha], NAPG [N-ethylmaleimide-sensitive factor attachment protein, gamma], NAT2 [N­

acetyltransferase 2 (arylamine N-acetyltransferase)], NAVl [neuron navigator 1], NAV3 [neuron navigator 

3], NBEA [neurobeachin], NCALD [neurocalcin delta], NCAM1 [neural cell adhesion molecule 1], NCAM2 

[neural cell adhesion molecule 2], NCF1 [neutrophil cytosolic factor 1], NCF2 [neutrophil cytosolic factor 2], 

NCK1 [NCK adaptor protein 1], NCK2 [NCK adaptor protein 2], NCKAP1 [NCK-associated protein 1], 

NCL [nucleolin], NCOA2 [nuclear receptor coactivator 2], NCOA3 [nuclear receptor coactivator 3], NCOR1 

[nuclear receptor co-repressor 1], NCOR2 [nuclear receptor co-repressor 2], NDE 1 [nudE nuclear distribution 

gene E homolog 1 (A. nidulans)], NDELl [nudE nuclear distribution gene E homolog (A. nidulans)-like 1], 

NDN [necdin homolog (mouse)], NDNL2 [necdin-like 2], NDP [Norrie disease (pseudoglioma)], NDUFA1 

[NADH dehydrogenase (ubiquinone) 1 alphasubcomplex, 1, 7.5 kDa], NDUFAB1 [NADH dehydrogenase 

(ubiquinone) 1, alpha/beta subcomplex, 1, 8 kDa], NDUFS3 [NADH dehydrogenase (ubiquinone) Fe-S 

protein 3, 30 kDa (NADH-coenzyrne Q reductase)], NDUFV3 [NADH dehydrogenase (ubiquinone) 

flavoprotein 3, 10 kDa], NEDD4 [neural precursor cell expressed, developmentally down-regulated 4], 

NEDD4L [neural precursor cell expressed, developmentally down-regulated 4-like], NEFH [neurofilament, 

heavy polypeptide], NEFL [neurofilament, light polypeptide], NEFM [neurofilament, medium polypeptide], 

NENF [neuron derived neurotrophic factor], NE01 [neogenin homolog 1 (chicken)], NES [nestin], NETl 

[neuroepithelial cell transforming 1], NEUl [sialidase 1 (lysosomal sialidase)], NEU3 [sialidase 3 (membrane 

sialidase)], NEUROD1 [neurogenic differentiation 1], NEUROD4 [neurogenic differentiation 4], NEUROG1 

[ncurogcnin 1], NEUROG2 [ncurogcnin 2], NF1 [ncurofibromin 1], NF2 [ncurofibromin 2 (merlin)], NFASC 

[ neurofascin homolog (chicken)], NF AT5 [nuclear factor of activated T -cells 5, tonicity-responsive], 

NFATCI [nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 1], NFATC2 [nuclear factor 

of activated T -cells, cytoplasmic, calcineurin-dependent 2], NF ATC3 [nuclear factor of activated T -cells, 

cytoplasmic, calcineurin-dependent 3], NFATC4 [nuclear factor of activated T -cells, cytoplasmic, 

calcineurin-dependent 4], NFE2L2 [nuclear factor (erythroid-derived 2)-like 2], NFIC [nuclear factor I/C 

(CCAAT-binding transcription factor)], NFIL3 [nuclear factor, interleukin 3 regulated], NFKB1 [nuclear 

factor of kappa light polypeptide gene enhancer in B-cells 1], NFKB2 [nuclear factor of kappa light 

polypeptide gene enhancer in B-cells 2 (p49/p100)], NFKBIA [nuclear factor of kappa light polypeptide gene 

enhancer in B-cells inhibitor, alpha], NFKBIB [nuclear factor of kappa light polypeptide gene enhancer in B­

cells inhibitor, beta], NFKBILl [nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor­

like 1], NFYA [nuclear transcription factorY, alpha], NFYB [nuclear tran~cription factorY, beta], NGEF 

[neuronal guanine nucleotide exchange factor], NGF [nerve growth factor (beta polypeptide)], NGFR [nerve 

growth factor receptor (TNFR superfamily, member 16)], NGFRAP1 [nerve growth factor receptor 

(TNFRSF16) associated protein 1], NHLRC1 [NHL repeat containing 1], NINJl [ninjurin 1], NINJ2 [ninjurin 
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2], NIP7 [nuclear import 7 homolog (S. cerevisiae)], NIPAl [non imprinted in Prader-Willi/Angelman 

syndrome 1], NIPA2 [non imprinted in Prader-Willi/Angelman syndrome 2], NIP ALl [NIP A-like domain 

containing 1], NIPAL4 [NIP A-like domain containing 4], NIPSNAPl [nipsnap homolog 1 (C. elegans)], 

NISCH [nischarin], NIT2 [nitrilase family, member 2], NKX2-1 [NK2 homeobox 1], NKX2-2 [NK2 

homeobox 2], NLGNl [neuroligin 1], NLGN2 [neuroligin 2], NLGN3 [neuroligin 3], NLGN4X [neuroligin 4, 

X-linked], NLGN4Y [neuroligin 4, Y-linked], NLRP3 [NLR family, pyrin domain containing 3], NMB 

[neuromedin B], NMEl [non-metastatic cells 1, protein (NM23A) expressed in], NME2 [non-metastatic cells 

2, protein (NM23B) expressed in], NME4 [non-metastatic cells 4, protein expressed in], NNAT [neuronatin], 

NODI [nucleotide-binding oligomerization domain containing 1], NOD2 [nucleotide-binding oligomerization 

domain containing 2], NOG [noggin], NOL6 [nucleolar protein family 6 (RNA-associated)], NOS I [nitric 

oxide synthase 1 (neuronal)], NOS2 [nitric oxide synthase 2, inducible], NOS3 [nitric oxide synthase 3 

(endothelial cell)], NOSTRIN [nitric oxide synthase trafficker], NOTCHl [Notch homolog 1, translocation­

associated (Drosophila)], NOTCH2 [Notch homolog 2 (Drosophila)], NOTCH3 [Notch homolog 3 

(Drosophila)], NOV [nephroblastoma overexpressed gene], NOVA I [neuro-oncological ventral antigen 1], 

NOV A2 [ neuro-oncological ventral antigen 2], NOX4 [NADPH oxidase 4 ], NPAS4 [neuronal PAS domain 

protein 4], NPFF [neuropeptide FF-amide peptide precursor], NPHPl [nephronophthisis 1 (juvenile)], NPHP4 

[nephronophthisis 4], NPHSl [nephrosis 1, congenital, Finnish type (nephrin)], NPMl [nucleophosmin 

(nucleolar phosphoprotein B23, numatrin)], NPP A [natriuretic peptide precursor A], NPPB [natriuretic 

peptide precursor B], NPPC [natriuretic peptide precursor C], NPRl [natriuretic peptide receptor A/guanylate 

cyclase A (atrionatriuretic peptide receptor A)], NPR3 [natriuretic peptide receptor C/guanylate cyclase C 

(atrionatriuretic peptide receptor C)], NPRL2 [nitrogen permease regulator-like 2 (S. cerevisiae)], NPTXl 

[neuronal pentraxin I], NPTX2 [neuronal pentraxin II], NPY [neuropeptide Y], NPYlR [neuropeptide Y 

receptor Yl], NPY2R [neuropeptide Y receptor Y2], NPY5R [neuropeptide Y receptor Y5], NQOl 

[NAD(P)H dehydrogenase, quinone 1], NQ02 [NAD(P)H dehydrogenase, quinone 2], NROBI [nuclear 

receptor subfamily 0, group B, member 1], NROB2 [nuclear receptor subfamily 0, group B, member 2], 

NR1H3 [nuclear receptor subfamily 1, group H, member 3], NR1H4 [nuclear receptor subfamily 1, group H, 

member 4], NR1I2 [nuclear receptor subfamily 1, group I, member 2], NR1I3 [nuclear receptor subfamily 1, 

group I, member 3], NR2Cl [nuclear receptor subfamily 2, group C, member 1], NR2C2 [nuclear receptor 

subfamily 2, group C, member 2], NR2El [nuclear receptor subfamily 2, groupE, member 1], NR2Fl 

[nuclear receptor subfamily 2, group F, member 1], NR2F2 [nuclearreceptor subfamily 2, group F, member 

2], NR3Cl [nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)], NR3C2 [nuclear 

receptor subfamily 3, group C, member 2], NR4A2 [nuclear receptor subfamily 4, group A, member 2], 

NR4A3 [nuclear receptor subfamily 4, group A, member 3], NR5Al [nuclear receptor subfamily 5, group A, 

member 1], NR6Al [nuclear receptor subfamily 6, group A, member 1], NRAS [neuroblastoma RAS viral (v­

ras) oncogene homolog], NRCAM [neuronal cell adhesion molecule], NRDl [nardilysin (N-arginine dibasic 

convertase)], NRF 1 [nuclear respiratory factor 1], NRG 1 [ neuregulin 1], NRIPl [nuclear receptor interacting 
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protein 1], NRNI [neuritin 1], NRPI [neuropilin 1], NRP2 [neuropilin 2], NRSNI [neurensin 1], NRTN 

[nerniurin], NRXNI [neurexin 1], NRXN3 [neurexin 3], NSDI [nuclear receptor binding SET domain protein 

1], NSF [N-ethylmaleimide-sensitive factor], NSUN5 [NOP2/Sun domain family, member 5], NT5E [5'­

nucleotidase, ecto (CD73)], NTF3 [neurotrophin 3], NTF4 [neurotrophin 4], NTHLl [nth endonuclease III­

like 1 (E. coli)], NTNI [netrin 1], NTN3 [netrin 3], NTN4 [netrin 4], NTNGI [netrin Gl], NTRKI 

[neurotrophic tyrosine kinase, receptor, type 1], NTRK2 [neurotrophic tyrosine kinase, receptor, type 2], 

NTRK3 [neurotrophic tyrosine kinase, receptor, type 3], NTS [neurotensin], NTSRI [neurotensin receptor 1 

(high affinity)], NUCB2 [nucleobindin 2], NUDC [nuclear distribution gene C homolog (A. nidulans)], 

NUDT6 [nudix (nucleoside diphosphate linked moiety X)-type motif 6], NUDT7 [nudix (nucleoside 

diphosphate linked moiety X)-type motif7], NUMB [numb homolog (Drosophila)], NUP98 [nucleoporin 98 

kDa], NUPRI [nuclear protein, transcriptional regulator, 1], NXFI [nuclear RNA export factor 1], NXNLI 

[nucleoredoxin-like 1], OAT [ornithine aminotransferase], OCA2 [oculocutaneous albinism II], OCLN 

[occludin], OCM [oncomodulin], ODCI [ornithine decarboxylase 1], OFDI [oral-facial-digital syndrome 1], 

OGDH [oxoglutarate (alpha-ketoglutarate) dehydrogenase (lipoamide)], OLAI [Obg-like ATPase 1], OLIG 1 

[oligodendrocyte transcription factor 1 ], OLTG2 [oligodendrocyte lineage transcription factor 2], OLR I 

[oxidized low density lipoprotein (lectin-like) receptor 1], OMG [oligodendrocyte myelin glycoprotein], 

OPHNI [oligophrenin 1], OPNISW [opsin 1 (cone pigments), short-wave-sensitive], OPRDI [opioid 

receptor, delta 1], OPRKI [opioid receptor, kappa 1], OPRLl [opiate receptor-like 1], OPRMI [opioid 

receptor, mu 1], OPTN [optineurin], OSBP [oxysterol binding protein], OSBPLlO [oxysterol binding protein­

like 10], OSBPL6 [oxysterol binding protein-like 6], OSM [oncostatinM], OTC [ornithine 

carbamoyltransferase], OTX2 [orthodenticle homeobox 2], OXA1L [oxidase (cytochrome c) assembly 1-

likc], OXT [oxytocin, prcpropcptidc], OXTR [oxytocin receptor], P2RX7 [purincrgic receptor P2X, ligand­

gated ion channel, 7], P2RY1 [purinergic receptor P2Y, G-protein coupled, 1], P2RY12 [purinergic receptor 

P2Y, G-protein coupled, 12], P2RY2 [purinergic receptor P2Y, G-protein coupled, 2], P4HB [prolyl4-

hydroxylase, beta polypeptide], PABPC1 [poly( A) binding protein, cytoplasmic 1 ], PADI4 [peptidyl arginine 

deiminase, type IV], PAEP [progestagen-associated endometrial protein], PAFAHIBI [platelet-activating 

factor acetylhydrolase 1 b, regulatory subunit 1 ( 45 kDa)], PAF AHIB2 [platelet-activating factor 

acetylhydrolase 1 b, catalytic subunit 2 (30 kDa) ], PAG 1 [phosphoprotein associated with glycosphingolipid 

micro domains 1], P AH [phenylalanine hydroxylase], P AK 1 [p21 protein ( Cdc4 2/Rac )-activated kinase 1], 

PAK2 [p21 protein (Cdc42/Rac)-activated kinase 2], PAK3 [p21 protein (Cdc42/Rac)-activated kinase 3], 

P AK -4 [p21 protein ( Cdc42/Rac )-activated kinase 4], P AK6 [p21 protein (Cdc42/Rac )-activated kinase 6], 

PAK7 [p21 protein (Cdc42/Rac)-activated kinase 7], PAPPA [pregnancy-associated plasma protein A, 

pappalysin 1], PAPPA2 [pappalysin 2], PARD6A [par-6 partitioning defective 6 homolog alpha (C. elegans)], 

PARG [poly (ADP-ribose) glycohydrolase ], PARK2 [Parkinson disease (autosomal recessive, juvenile) 2, 

parkin], PARK7 [Parkinson disease (autosomal recessive, early onset) 7], PARN [poly(A)-specific 

ribonuclease ( deadenylation nuclease)], PARPI [poly (ADP-ribose) polymerase 1 ], P A WR [PRKC, 
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apoptosis, WTl, regulator], PAX2 [paired box 2], PAX3 [paired box 3], PAX5 [paired box 5], PAX6 [paired 

box 6], PAX7 [paired box 7], PBXI [pre-B-cellleukemia homeobox 1], PC [pymvate carboxylase], PCDHIO 

[protocadherin 10], PCDH19 [protocadherin 19], PCDHA12 [protocadherin alpha 12], PCK2 

[phosphoenolpymvate carboxykinase 2 (mitochondrial)], POLO [piccolo (presynaptic cytomatrix protein)], 

PCMI [pericentriolar material 1 ], PCMTl [protein-L-isoaspartate (D-aspartate) 0-methyltransferase], PCNA 

[proliferating cell nuclear antigen], PCNT [pericentrin], PCP4 [Purkinje cell protein 4], PCSK7 [proprotein 

convertase subtilisin/kexin type 7], PDCDI [progra111111ed cell death 1], PDEIIA [phosphodiesterase llA], 

PDE3B [phosphodiesterase 3B, cGMP-inhibited], PDE4A [phosphodiesterase 4A, cAMP-specific 

(phosphodiesterase E2 dunce homolog, Drosophila)], PDE4B [phosphodiesterase 4B, cAMP-specific 

(phosphodiesterase E4 dunce homolog, Drosophila)], PDE4D [phosphodiesterase 4D, cAMP-specific 

(phosphodiesterase E3 dunce homolog, Drosophila)], PDE5A [phosphodiesterase SA, cGMP-specific], 

PDE8A [phosphodiesterase 8A], PDGFA [platelet-derived growth factor alpha polypeptide], PDGFB 

[platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-sis) oncogene homolog)], PDGFC 

[platelet derived growth factor C], PDGFD [platelet derived growth factor D], PDGFRA [platelet-derived 

growth factor receptor, alpha polypeptide], PDGFRB [platelet-derived growth factor receptor, beta 

polypeptide], PDHAI [pymvate dehydrogenase (lipoamide) alpha 1], PDIA2 [protein disulfide isomerase 

family A, member 2], PDIA3 [protein disulfide isomerase family A, member 3], PDLIMI [PDZ and LIM 

domain 1], PDLIM7 [PDZ and LIM domain 7 (enigma)], PDPI [pymvate dehyrogenase phosphatase catalytic 

subunit 1], PDPN [podoplanin], PDXK [pyridoxal (pyridoxine, vitamin B6) kinase], PDXP [pyridoxal 

(pyridoxine, vitamin B6) phosphatase], PDYN [prodynorphin], PDZKI [PDZ domain containing 1], PEBPI 

[phosphatidylethanolamine binding protein 1], PECAMI [platelet/endothelial cell adhesion molecule], PENK 

[procnkcphalin], PERI [period homolog 1 (Drosophila)], PER2 [period homolog 2 (Drosophila)], PEX13 

[peroxisomal biogenesis factor 13], PEX2 [peroxisomal biogenesis factor 2], PEX5 [peroxisomal biogenesis 

factor 5], PEX7 [peroxisomal biogenesis factor 7], PF4 [platelet factor 4], PFAS 

[phosphoribosylformylglycinamidine synthase], PFKL [phosphofructokinase, liver], PFKM 

[phosphofructokinase, muscle], PFNI [profilin 1], PFN2 [profilin 2], PFN3 [profilin 3], PFN4 [profilin 

family, member 4], PGAM2 [phosphoglycerate mutase 2 (muscle)], PGD [phosphogluconate dehydrogenase], 

PGF [placental growth factor], PGKI [phosphoglycerate kinase 1], PGMI [phosphoglucomutase 1], PGR 

[progesterone receptor], PHB [prohibitin], PHEX [phosphate regulating endopeptidase homolog, X-linked], 

PHFI 0 [PHD finger protein 10], PHF8 [PHD finger protein 8], PHGDH [phosphoglycerate dehydrogenase], 

PHKA2 [phosphorylase kinase, alpha 2 (liver)], PHLDA2 [pleckstrin homology-like domain, family A, 

member 2], PHOX2B [paired-like homeobox 2b ], PHYH [phytanoyl-CoA 2-hydroxylase ], PHYHIP 

[phytanoyl-CoA 2-hydroxylase interacting protein], PIASI [protein inhibitor of activated STAT, 1], PICALM 

[phosphatidylinositol binding clathrin assembly protein], P 1 GF [phosphatidylinositol glycan anchor 

biosynthesis, class F], PIGP [phosphatidylinositol glycan anchor biosynthesis, class P], PIK3C2A 

[phosphoinositide-3-kinase, class 2, alpha polypeptide], PIK3 C2B [phosphoinositide-3-kinase, class 2, beta 
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polypeptide], PIK3C2G [phosphoinositide-3-kinase, class 2, gamma polypeptide], PIK3C3 [phosphoinositide-

3-kinase, class 3], PIK3CA [phosphoinositide-3-kinase, catalytic, alpha polypeptide], PIK3CB 

[phosphoinositide-3-kinase, catalytic, beta polypeptide], PIK3CD [phosphoinositide-3-kinase, catalytic, delta 

polypeptide], PIK3CG [phosphoinositide-3-kinase, catalytic, gamma polypeptide], PIK3Rl 

[phosphoinositide-3-kinase, regulatory subunit 1 (alpha)], PIK3R2 [phosphoinositide-3-kinase, regulatory 

subunit 2 (beta)], PIK3R3 [phosphoinositide-3-kinase, regulatory subunit 3 (gamma)], PIK3R4 

[phosphoinositide-3-kinase, regulatory subunit 4], PIK3R5 [phosphoinositide-3-kinase, regulatory subunit 5], 

PINK1 [PTEN induced putative kinase 1], PITX1 [paired-like homeodomain 1], PITX2 [paired-like 

homeodomain 2], PlTX3 [paired-like homeodomain 3], PKD1 [polycystic kidney disease 1 (autosomal 

dominant)], PKD2 [polycystic kidney disease 2 (autosomal dominant)], PKHDl [polycystic kidney and 

hepatic disease 1 (autosomal recessive)], PKLR [pyruvate kinase, liver and RBC], PKN2 [protein kinase N2], 

PKNOX1 [PBX/knotted 1 homeobox 1], PL-5283 [PL-5283 protein], PLA2G 10 [phospholipase A2, group 

X], PLA2G2A [phospholipase A2, group IIA (platelets, synovial fluid)], PLA2G4A [phospholipase A2, 

group IVA (cytosolic, calcium-dependent)], PLA2G6 [phospholipase A2, group VI (cytosolic, calcium­

independent)], PLA2G7 [phospholipase A2, group VTT (platelet-activating factor acetylhydrolase, plasma)], 

PLAC4 [placenta-specific 4], PLAG1 [pleiomorphic adenoma gene 1], PLAGLl [pleiomorphic adenoma 

gene-like 1], PLAT [plasminogen activator, tissue], PLAU [plasminogen activator, urokinase], PLAUR 

[plasminogen activator, urokinase receptor], PLCB 1 [phospholipase C, beta 1 (phosphoinositide-specific) ], 

PLCB2 [phospholipase C, beta 2], PLCB3 [phospholipase C, beta 3 (phosphatidylinositol-specific)], PLCB4 

[phospholipase C, beta 4], PLCG 1 [phospholipase C, gamma 1], PLCG2 [phospholipase C, gamma 2 

(phosphatidylinositol-specific)], PLCLl [phospholipase C-like 1], PLD1 [phospholipase D1, 

phosphatidylcholinc-spccific ], PLD2 [phospholipase D2], PLEK [plcckstrin ], PLEKHH1 [plcckstrin 

homology domain containing, family H (with MyTH4 domain) member 1], PLG [plasminogen], PLIN1 

[perilipin 1], PLKI [polo-like kinase 1 (Drosophila)], PLOD I [procollagen-lysine 1,2-oxoglutarate 5-

dioxygenase 1], PLPI [proteolipid protein 1], PLTP [phospholipid transfer protein], PLXNAI [plexin AI], 

PLXNA2 [plexin A2], PLXNA3 [plexin A3], PLXNA4 [plexin A4], PLXNB1 [plexin B1], PLXNB2 [plexin 

B2], PLXNB3 [plexin B3], PLXNC1 [plexin C1], PLXNDI [plexin Dl], PML [promyelocytic leukemia], 

PMP2 [peripheral myelin protein 2], PMP22 [peripheral myelin protein 22], PMS2 [PMS2 postmeiotic 

segregation increased 2 (S. cerevisiae)], PMVK [phosphomevalonate kinase], PNOC [prepronociceptin], PNP 

[purine nucleoside phosphorylase], PNPLA6 [patatin-like phospholipase domain containing 6], PNPO 

[pyridoxamine 5'-phosphate oxidase], POFUT2 [protein 0-fucosyltransferase 2], POLB [polymerase (DNA 

directed), beta], POLR1C [polymerase (RNA) I polypeptide C, 30 kDa], POLR2A [polymerase (RNA) II 

(DNA directed) polypeptide A, 220 kDa], POLR3K [polymerase (RNA) III (DNA directed) polypeptide K, 

12.3 kDa], POM121C [POM121 membrane glycoprotein C], POMC [proopiomelanocortin], POMGNTI 

[protein 0-linked mannose betal [2-N-acetylglucosaminyltransferase], POMTI [protein-0-

mannosyltransferase 1], PONI [paraoxonase 1], PON2 [paraoxonase 2], POR [P450 (cytochrome) 
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oxidoreductase], POSTN [periostin, osteoblast specific factor], POUlFl [POU class 1 homeobox 1], POU2Fl 

[POU class 2 homeobox 1], POU3F4 [POU class 3 homeobox 4], POU4Fl [POU class 4 homeobox 1], 

POU4F2 [POU class 4 homeobox 2], POU4F3 [POU class 4 homeobox 3], POU5Fl [POU class 5 homeobox 

1], PP AI [pyrophosphatase (inorganic) 1], PP ARA [peroxisome proliferator-activated receptor alpha], 

PP ARD [peroxisome proliferator-activated receptor delta], PP ARG [peroxisome proliferator-activated 

receptor gamma], PPARGCIA [peroxisome proliferator-activated receptor gamma, coactivator 1 alpha], 

PPAT [phosphoribosyl pyrophosphate amidotransferase ], PPBP [pro-platelet basic protein ( chemokine (C-X­

C motif) ligand 7)], PPFIAl [protein tyrosine phosphatase, receptor type, f polypeptide (PTPRF), interacting 

protein (liprin), alpha 1], PPFIA2 [protein tyrosine phosphatase, receptor type, fpolypeptide (PTPRF), 

interacting protein (liprin), alpha 2], PPFTA3 [protein tyrosine phosphatase, receptor type, f polypeptide 

(PTPRF), interacting protein (liprin), alpha 3], PPFIBPl [PTPRF interacting protein, binding protein 1 (liprin 

beta 1)], PPIC [peptidylprolyl isomerase C (cyclophilin C)], PPIG [peptidylprolyl isomerase G (cyclophilin 

G)], PPP1R15A [protein phosphatase 1, regulatory (inhibitor) subunit 15A], PPPIRIB [protein phosphatase 

1, regulatory (inhibitor) subunit lB], PPP1R9A [protein phosphatase 1, regulatory (inhibitor) subunit 9A], 

PPPl R9B [protein phosphatase 1, regulatory (inhibitor) subunit 9B], PPP2CA [protein phosphatase 2, 

catalytic subunit, alpha isozyme], PPP2R4 [protein phosphatase 2A activator, regulatory subunit 4], PPP3CA 

[protein phosphatase 3, catalytic subunit, alpha isozyme], PPP3CB [protein phosphatase 3, catalytic subunit, 

beta isozyme], PPP3CC [protein phosphatase 3, catalytic subunit, gamma isozyme], PPP3Rl [protein 

phosphatase 3, regulatory subunit B, alpha], PPP3R2 [protein phosphatase 3, regulatory subunit B, beta], 

PPP4C [protein phosphatase 4, catalytic subunit], PPY [pancreatic polypeptide], PQBP1 [polyglutamine 

binding protein 1], PRAMl [PML-RARA regulated adaptor molecule 1], PRAME [preferentially expressed 

antigen in melanoma], PRDMl [PR domain containing 1, with ZNF domain], PRDM15 [PR domain 

containing 15], PRDM2 [PR domain containing 2, with ZNF domain], PRDXl [peroxiredoxin 1], PRDX2 

[peroxiredoxin 2], PRDX3 [peroxiredoxin 3], PRDX4 [peroxiredoxin 4], PRDX6 [peroxiredoxin 6], PRF 1 

[perforin 1 (pore forming protein)], PRKAA1 [protein kinase, AMP-activated, alpha 1 catalytic subunit], 

PRKAA2 [protein kinase, AMP-activated, alpha 2 catalytic subunit], PRKABl [protein kinase, AMP­

activated, beta 1 non-catalytic subunit], PRKACA [protein kinase, cAMP-dependent, catalytic, alpha], 

PRKACB [protein kinase, cAMP-dependent, catalytic, beta], PRKACG [protein kinase, cAMP-dependent, 

catalytic, gamma], PRKAGl [protein kinase, AMP-activated, gamma 1 non-catalytic subunit], PRKAG2 

[protein kinase, AMP-activated, gamma 2 non-catalytic subunit], PRKAR1A [protein kinase, cAMP­

dependent, regulatory, type I, alpha (tissue specific extinguisher 1)], PRKARl B [protein kinase, cAMP­

dependent, regulatory, type I, beta], PRKAR2A [protein kinase, cAMP-dependent, regulatory, type II, alpha], 

PRKAR2B [protein kinase, cAMP-dependent, regulatory, type II, beta], PRKCA [protein kinase C, alpha], 

PRKCB [protein kinase C, beta], PRKCD [protein kinase C, delta], PRKCE [protein kinase C, epsilon], 

PRKCG [protein kinase C, gamma], PRKCH [protein kinase C, eta], PRKCI [protein kinase C, iota], PRKCQ 

[protein kinase C, theta], PRKCZ [protein kinase C, zeta], PRKDl [protein kinase Dl], PRKDC [protein 
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kinase, DNA-activated, catalytic polypeptide], PRKG1 [protein kinase, cGMP-dependent, type I], PRL 

[prolactin], PRLR [prolactin receptor], PRMTl [protein arginine methyltransferase 1], PRNP [prion protein], 

PROC [protein C (inactivator of coagulation factors Va and VIlla)], PROCR [protein C receptor, endothelial 

(EPCR)], PRODH [proline dehydrogenase (oxidase) 1], PROK1 [prokineticin 1], PROK2 [prokineticin 2], 

PROM1 [prominin 1], PR051 [proteinS (alpha)], PRPF40A [PRP40 pre-mRNA processing factor 40 

homolog A (S. cerevisiae)], PRPF40B [PRP40 pre-mRNA processing factor 40 homolog B (S. cerevisiae)], 

PRPH [peripherin], PRPH2 [peripherin 2 (retinal degeneration, slow)], PRPS 1 [phosphoribosyl 

pyrophosphate synthetase 1], PRRG4 [proline rich Gla (G-carboxyglutamic acid) 4 (transmembrane)], PRSS8 

[protease, serine, 8], PRTN3 [proteinase 3], PRX [periaxin], PSAP [prosaposin], PSEN 1 [presenilin 1], 

PSEN2 [presenilin 2 (Alzheimer disease 4)], PSG 1 [pregnancy specific beta-1-glycoprotein 1], PSTP1 [PC4 

and SFRS1 interacting protein 1], PSMA5 [proteasome (prosome, macropain) subunit, alpha type, 5], PSMA6 

[proteasome (prosome, macropain) subunit, alpha type, 6], PSMB8 [proteasome (prosome, macropain) 

subunit, beta type, 8 (large multifunctional peptidase 7)], PSMB9 [proteasome (prosome, macropain) subunit, 

beta type, 9 (large multifunctional peptidase 2)], PSMC1 [proteasome (prosome, macropain) 26S subunit, 

ATPase, 1], PSMC4 [proteasome (prosome, macropain) 26S subunit, ATPase, 4], PSMD9 [proteasome 

(prosome, macropain) 26S subunit, non-ATPase, 9], PSME1 [proteasome (prosome, macropain) activator 

subunit 1 (PA28 alpha)], PSME2 [proteasome (pro some, macropain) activator subunit 2 (PA28 beta)], 

PSMG 1 [proteasome (prosome, macropain) assembly chaperone 1], PSPH [phosphoserine phosphatase], 

PSPN [persephin], PSTPIP1 [proline-serine-threonine phosphatase interacting protein 1], PTAFR [platelet­

activating factor receptor], PTCH1 [patched homolog 1 (Drosophila)], PTCH2 [patched homolog 2 

(Drosophila)], PTEN [phosphatase and tensin homolog], PTF1A [pancreas specific transcription factor, 1a], 

PTGER1 [prostaglandin E receptor 1 (subtype EP1), 42 kDa], PTGER2 [prostaglandin E receptor 2 (subtype 

EP2), 53 kDa], PTGER3 [prostaglandin E receptor 3 (subtype EP3)], PTGER4 [prostaglandin E receptor 4 

(subtype EP4)], PTGES [prostaglandin E synthase], PTGES2 [prostaglandin E synthase 2], PTGIR 

[prostaglandin 12 (prostacyclin) receptor (IP)], PTGS1 [prostaglandin-endoperoxide synthase 1 

(prostaglandin G/H synthase and cyclooxygenase)], PTGS2 [prostaglandin-endoperoxide synthase 2 

(prostaglandin G/H synthase and cyclooxygenase)], PTH [parathyroid hormone], PTH1R [parathyroid 

hormone 1 receptor], PTHLH [parathyroid hormone-like hormone], PTK2 [PTK2 protein tyrosine kinase 2], 

PTK2B [PTK2B protein tyrosine kinase 2 beta], PTK7 [PTK7 protein tyrosine kinase 7], PTN [pleiotrophin], 

PTPN1 [protein tyrosine phosphatase, non-receptor type 1], PTPNll [protein tyrosine phosphatase, non­

receptor type 11], PTPN13 [protein tyrosine phosphatase, non-receptor type 13 (AP0-1/CD95 (Fas)­

associated phosphatase)], PTPN18 [protein tyrosine phosphatase, non-receptor type 18 (brain-derived)], 

PTPN2 [protein tyrosine phosphatase, non-receptor type 2], PTPN22 [protein tyrosine phosphatase, non­

receptor type 22 (lymphoid)], PTPN6 [protein tyrosine phosphatase, non-receptor type 6], PTPN7 [protein 

tyrosine phosphatase, non-receptor type 7], PTPRA [protein tyrosine phosphatase, receptor type, A], PTPRB 

[protein tyrosine phosphatase, receptor type, B], PTPRC [protein tyrosine phosphatase, receptor type, C], 
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PTPRD [protein tyrosine phosphatase, receptor type, D], PTPRE [protein tyrosine phosphatase, receptor type, 

E], PTPRF [protein tyrosine phosphatase, receptor type, F], PTPRJ [protein tyrosine phosphatase, receptor 

type, J], PTPRK [protein tyrosine phosphatase, receptor type, K], PTPRM [protein tyrosine phosphatase, 

receptor type, M], PTPRO [protein tyrosine phosphatase, receptor type, 0], PTPRS [protein tyrosine 

phosphatase, receptor type, S], PTPRT [protein tyrosine phosphatase, receptor type, T], PTPRU [protein 

tyrosine phosphatase, receptor type, U], PTPRZl [protein tyrosine phosphatase, receptor-type, Z polypeptide 

1 ], PTS [6-pyruvoyltetrahydropterin synthase], PTTG 1 [pituitary tumor-transforming 1 ], PVR [poliovirus 

receptor], PVRLl [poliovirus receptor-related 1 (herpesvirus entry mediator C)], PWP2 [PWP2 periodic 

tryptophan protein homolog (yeast)], PXN [paxillin], PYCARD [PYD and CARD domain containing], PYGB 

[phosphorylase, glycogen; brain], PYGM [phosphorylase, glycogen, muscle], PYY [peptide YY], QDPR 

[quinoid dihydropteridine reductase], QKI [quaking homolog, KH domain RNA binding (mouse)], RABllA 

[RABllA, member RAS oncogene family], RAB11FIP5 [RABll family interacting protein 5 (class I)], 

RAB39B [RAB39B, member RAS oncogene family], RAB3A [RAB3A, member RAS oncogene family], 

RAB4A [RAB4A, member RAS oncogene family], RAB5A [RABSA, member RAS oncogene family], 

RAB8A [RAB8A, member RAS oncogene family], RAB9A [RAB9A, member RAS oncogene family], 

RABEPl [rabaptin, RAB GTPase binding effector protein 1], RABGEFl [RAB guanine nucleotide exchange 

factor (GEF) 1], RACl [ras-related C3 botulinum toxin substrate 1 (rho family, small GTP binding protein 

Racl )], RAC2 [ras-related C3 botulinum toxin substrate 2 (rho family, small GTP binding protein Rac2)], 

RAC3 [ras-related C3 botulinum toxin substrate 3 (rho family, small GTP binding protein Rac3)], RAD51 

[RAD51 homolog (RecA homolog, E. coli) (S. cerevisiae)], RAFl [v-raf-1 murine leukemia viral oncogene 

homolog 1], RAGl [recombination activating gene 1], RAG2 [recombination activating gene 2], RAGE 

[renal tumor antigen], RALA [v-ral simian leukemia viral oncogene homolog A (ras related)], RALBPl [ralA 

binding protein 1], RALGAPA2 [Ral GTPase activating protein, alpha subunit 2 (catalytic)], RALGAPB [Ral 

GTPase activating protein, beta subunit (non-catalytic)], RALGDS [ral guanine nucleotide dissociation 

stimulator], RAN [RAN, member RAS oncogene family], RAP IA [RAPlA, member ofRAS oncogene 

family], RAPlB [RAPIB, member ofRAS oncogene family], RAP I GAP [RAPl GTPase activating protein], 

RAPGEF3 [Rap guanine nucleotide exchange factor (GEF) 3], RAPGEF4 [Rap guanine nucleotide exchange 

factor (GEF) 4], RAPHl [Ras association (RalGDS/AF-6) and pleckstrin homology domains 1], RAPSN 

[receptor-associated protein ofthe synapse], RARA [retinoic acid receptor, alpha], RARB [retinoic acid 

receptor, beta], RARG [retinoic acid receptor, gamma], RARS [arginyl-tRNA synthetase], RASAl [RAS p21 

protein activator (GTPase activating protein) 1], RASA2 [RAS p21 protein activator 2], RASGRFl [Ras 

protein-specific guanine nucleotide-releasing factor 1], RASGRPl [RAS guanyl releasing protein 1 (calcium 

and DAG-regulated)], RASSFl [Ras association (RalGDS/AF-6) domain family member 1], RASSF5 [Ras 

association (RalGDS/AF-6) domain family member 5], RBI [retinoblastoma 1], RBBP4 [retinoblastoma 

binding protein 4], RBMll [RNA binding motif protein 11], RBM4 [RNA binding motif protein 4], RBM45 

[RNA binding motif protein 45], RBP4 [retinol binding protein 4, plasma], RBPJ [recombination signal 
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binding protein for immunoglobulin kappa J region], RCANI [regulator of calcineurin 1], RCAN2 [regulator 

of calcineurin 2], RCAN3 [ROAN family member 3], RCORI [REST corepressor 1], RDX [radixin], REEP3 

[receptor accessory protein 3], REG 1 A [regenerating islet -derived 1 alpha], RELA [ v-rel reticuloendotheliosis 

viral oncogene homolog A (avian)], RELN [reelin], REN [renin], REPINI [replication initiator 1], REST 

[REI-silencing transcription factor], RET [ret proto-oncogene], RETN [resistin], RFCl [replication factor C 

(activator 1) 1, 145 kDa], RFC2 [replication factor C (activator 1) 2, 40 kDa], RFXI [regulatory factor X, 1 

(influences HLA class II expression)], RGMA [RGM domain family, member A], RGMB [RGM domain 

family, member B], RGS3 [regulator ofG-protein signaling 3], RHD [Rh blood group, D antigen], RHEB 

[Ras homolog enriched in brain], RHO [rhodopsin], RHOA [ras homolog gene family, member A], RHOB 

[ras homolog gene family, member B], RHOC [ras homolog gene family, member C], RHOD [ras homolog 

gene family, member D], RHOG [ras homolog gene family, member G (rho G)], RHOH [ras homolog gene 

family, member H], RICTOR [RPTOR independent companion ofMTOR, complex 2], RIMS3 [regulating 

synaptic membrane exocytosis 3], RIPKI [receptor (TNFRSF)-interacting serine-threonine kinase 1], RIPK2 

[receptor-interacting serine-threonine kinase 2], RNASE I [ribonuclease, RNase A family, 1 (pancreatic)], 

RNASE3 [ribonuclease, RNase A family, 3 (eosinophil cationic protein)], RNASEL [ribonuclease L (2' 5'­

oligoisoadenylate synthetase-dependent)], RNDI [Rho family GTPase 1], RND2 [Rho family GTPase 2], 

RND3 [Rho family GTPase 3], RNF123 [ring finger protein 123], RNF128 [ring finger protein 128], RNF13 

[ring finger protein 13], RNF135 [ring finger protein 135], RNF2 [ring finger protein 2], RNF6 [ring finger 

protein (C3H2C3 type) 6], RNHI [ribonuclease/angiogenin inhibitor 1], RNPC3 [RNA-binding region 

(RNPl, RRM) containing 3], ROBOI [roundabout, axon guidance receptor, homolog 1 (Drosophila)], 

ROB02 [roundabout, axon guidance receptor, homolog 2 (Drosophila)], ROB03 [roundabout, axon guidance 

receptor, homolog 3 (Drosophila)], ROB04 [roundabout homolog 4, magic roundabout (Drosophila)], 

ROCKI [Rho-associated, coiled-coil containing protein kinase 1], ROCK2 [Rho-associated, coiled-coil 

containing protein kinase 2], RPGR [retinitis pigmentosa GTPase regulator], RPGRIP 1 [retinitis pigmentosa 

GTPase regulator interacting protein 1], RPGRIP 1 L [RPGRIP 1-like], RPLl 0 [ribosomal protein Ll 0], RPL24 

[ribosomal protein L24], RPL5 [ribosomal protein L5], RPL7A [ribosomal protein L7a], RPLPO [ribosomal 

protein, large, PO], RPS17 [ribosomal protein S17], RPS17P3 [ribosomal protein S17 pseudogene 3], RPS19 

[ribosomal protein 819], RPS27A [ribosomal protein S27a], RPS6 [ribosomal protein S6], RPS6KA1 

[ribosomal protein S6 kinase, 90 kDa, polypeptide 1], RPS6KA3 [ribosomal protein S6 kinase, 90 kDa, 

polypeptide 3], RPS6KA6 [ribosomal protein S6 kinase, 90 kDa, polypeptide 6], RPS6KB1 [ribosomal 

protein S6 kinase, 70 kDa, polypeptide 1], RRAS [related RAS viral (r-ras) oncogene homolog], RRAS2 

[related RAS viral (r-ras) oncogene homolog 2], RRBPI [ribosome binding protein 1 homolog 180 l<Da 

(dog)], RRMI [ribonucleotide reductase Ml], RRM2 [ribonucleotide reductase M2], RRM2B [ribonucleotide 

reductase M2 B (TP53 inducible)], RTN4 [reticulon 4], RTN4R [reticulon 4 receptor], RUFY3 [RUN and 

FYVE domain containing 3], RUNXl [runt-related transcription factor 1], RUNXlTl [runt-related 

transcription factor 1; translocated to, 1 (cyclin D-related)], RUNX2 [runt-related transcription factor 2], 
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RUNX3 [runt-related transcription factor 3], RUVBL2 [RuvB-like 2 (E. coli)], RXRA [retinoid X receptor, 

alpha], RYK [RYK receptor-like tyrosine kinase], RYR2 [ryanodine receptor 2 (cardiac)], RYR3 [ryanodine 

receptor 3], S 1 OOAI [S I 00 calcium binding protein AI], S I OOAI 0 [S I 00 calcium binding protein AI 0], 

SIOOAI2 [SIOO calcium binding protein AI2], SIOOA2 [SIOO calcium binding protein A2], SIOOA4 [SIOO 

calcium binding protein A4], SlOOA6 [SIOO calcium binding protein A6], SIOOA7 [SIOO calcium binding 

protein A7], SIOOA8 [SIOO calcium binding protein A8], SIOOA9 [SIOO calcium binding protein A9], SIOOB 

[SIOO calcium binding protein B], SAA4 [serum amyloid A4, constitutive], SACS [spastic ataxia of 

Charlevoix-Saguenay (sacsin)], SAFB [scaffold attachment factor B], SAG [S-antigen; retina and pineal 

gland (arrestin)], SAMHDI [SAM domain and HD domain I], SATB2 [SATB homeobox 2], SBDS 

[Shwachman-Bodian-Diamond syndrome], SCARB 1 [scavenger receptor class B, member 1], SCD [stearoyi­

CoA desaturase (delta-9-desaturase)], SCD5 [stearoyl-CoA desaturase 5], SCG2 [secretogranin II], SCG5 

[secretogranin V (7B2 protein)], SCGBIAI [secretoglobin, family IA, member I (uteroglobin)], SCNIIA 

[sodium channel, voltage-gated, type XI, alpha subunit], SCNIA [sodium channel, voltage-gated, type I, 

alpha subunit], SCN2A [sodium channel, voltage-gated, type II, alpha subunit], SCN3A [sodium channel, 

voltage-gated, type ITT, alpha subunit], SCN5A [sodium channel, voltage-gated, type V, alpha subunit], 

SCN7 A [sodium channel, voltage-gated, type VII, alpha], SCNNI B [sodium channel, nonvoltage-gated I, 

beta], SCNNIG [sodium channel, nonvoltage-gated I, gamma], SCP2 [sterol carrier protein 2], SCT 

[secretin], SCTR [secretin receptor], SCUBEI [signal peptide, CUB domain, EGF-like I], SDC2 [syndecan 

2], SDC3 [syndecan 3], SDCBP [syndecan binding protein (syntenin)], SDHB [succinate dehydrogenase 

complex, subunit B, iron sulfur (Ip)], SDHD [succinate dehydrogenase complex, subunit D, integral 

membrane protein], SDS [serine dehydratase], SECI4L2 [SECI4-like 2 (S. cerevisiae)], SELE [selectin E], 

SELL [sclcctin L], SELP [sclectin P (granule membrane protein I40 kDa, antigen CD62)], SELPLG [sclectin 

P ligand], SEMA3A [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 

3A], SEMA3B [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3B], 

SEMA3C [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 30], 

SEMA3D [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3D], 

SEMA3E [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3E], 

SEMA3F [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3F], 

SEMA3G [sema domain, immunoglobulin domain (Ig), short basic domain, secreted, (semaphorin) 3G], 

SEMA4A [sema domain, immunoglobulin domain (Ig), transmembrane domain (TM) and short cytoplasmic 

domain, (semaphorin) 4A], SEMA4B [sema domain, immunoglobulin domain (Ig), transmembrane domain 

(TM) and short cytoplasmic domain, (semaphorin) 4B], SEMA4C [sema domain, immunoglobulin domain 

(Ig), transmembrane domain (TM) and short cytoplasmic domain, (semaphorin) 40], SEMA4D [sema domain, 

immunoglobulin domain (Ig), transmembrane domain (TM) and short cytoplasmic domain, (semaphorin) 4D], 

SEMA4F [sema domain, immunoglobulin domain (Ig), transmembrane domain (TM) and short cytoplasmic 

domain, (semaphorin) 4F], SEMA4G [sema domain, immunoglobulin domain (Ig), transmembrane domain 
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(TM) and short cytoplasmic domain, (semaphorin) 4G], SEMA5A [sema domain, seven thrombospondin 

repeats (type 1 and type 1-like), transmembrane domain (TM) and shmi cytoplasmic domain, (semaphorin) 

SA], SEMA5B [sema domain, seven thrombospondin repeats (type 1 and type 1-like), transmembrane domain 

(TM) and short cytoplasmic domain, (semaphorin) 5B], SEMA6A [sema domain, transmembrane domain 

(TM), and cytoplasmic domain, (semaphorin) 6A], SEMA6B [sema domain, transmembrane domain (TM), 

and cytoplasmic domain, (semaphorin) 6B], SEMA6C [sema domain, transmembrane domain (TM), and 

cytoplasmic domain, (semaphorin) 60], SEMA6D [sema domain, transmembrane domain (TM), and 

cytoplasmic domain, (semaphorin) 6D], SEMA7A [semaphorin 7A, GPI membrane anchor (John Milton 

Hagen blood group)], SEPPI [selenoprotein P, plasma, 1], SEPT2 [septin 2], SEPT4 [septin 4], SEPT5 

[septin 5], SEPT6 [septin 6], SEPT7 [septin 7], SEPT9 [septin 9], SERPTNA 1 [serpin peptidase inhibitor, 

clade A (alpha- I antiproteinase, antitrypsin), member 1], SERPINA3 [ serpin peptidase inhibitor, clade A 

( alpha-1 anti proteinase, antitrypsin), member 3], SERPINA 7 [ serpin peptidase inhibitor, clade A ( alpha-1 

antiproteinase, antitrypsin), member 7], SERPINBl [serpin peptidase inhibitor, clade B (ovalbumin), member 

1], SERPINB2 [serpin peptidase inhibitor, clade B (ovalbumin), member 2], SERPINB6 [serpin peptidase 

inhibitor, clade B (ovalbumin), member 6], SERPTNCl [serpin peptidase inhibitor, clade C (antithrombin), 

member 1], SERPINE 1 [ serpin peptidase inhibitor, clade E ( nexin, plasminogen activator inhibitor type 1 ), 

member 1], SERPINE2 [ serpin peptidase inhibitor, clade E ( nexin, plasminogen activator inhibitor type 1 ), 

member 2], SERPINFl [serpin peptidase inhibitor, clade F (alpha-2 antiplasmin, pigment epithelium derived 

factor), member 1], SERPINHl [serpin peptidase inhibitor, clade H (heat shock protein 47), member 1, 

(collagen binding protein 1)1, SERPINil [serpin peptidase inhibitor, clade I (neuroserpin), member 1], SET 

[SET nuclear oncogene], SETX [senataxin], SEZ6L2 [seizure related 6 homolog (mouse)-like 2], SFPQ 

[splicing factor proline/glutamine-rich (polypyrimidinc tract binding protein associated)], SFRPl [secreted 

frizzled-related protein 1], SFRP4 [secreted frizzled-related protein 4], SFRS15 [splicing factor, 

arginine/serine-rich 15], SFTPAI [surfactant protein AI], SFTPB [surfactant protein B], SFTPC [surfactant 

protein C], SGCB [sarcoglycan, beta ( 43 kDa dystrophin-associated glycoprotein)], SGCE [sarcoglycan, 

epsilon], SGKl [serum/glucocorticoid regulated kinase 1], SH2Bl [SH2B adaptor protein 1], SH2B3 [SH2B 

adaptor protein 3], SH2D1A [SH2 domain containing lA], SH3BGR [SH3 domain binding glutamic acid-rich 

protein], SH3BGRL [SH3 domain binding glutamic acid-rich protein like], SH3BP1 [SH3-domain binding 

protein 1], SH3GL1P2 [SH3-domain GRB2-like 1 pseudogene 2], SH3GL3 [SH3-domain GRB2-like 3], 

SH3KBP1 [SH3-domain kinase binding protein 1], SH3PXD2A [SH3 and PX domains 2A], SHANK1 [SH3 

and multiple ankyrin repeat domains 1], SHANK2 [SH3 and multiple ankyrin repeat domains 2], SHANK3 

[SH3 and multiple ankyrin repeat domains 3], SHBG [sex hormone-binding globulin], SHCl [SHC (Src 

homology 2 domain containing) transforming protein 1], SHC3 [SHC (Src homology 2 domain containing) 

transforming protein 3], SHH [sonic hedgehog homolog (Drosophila)], SHOC2 [soc-2 suppressor of clear 

homolog (C. elegans)], SI [sucrase-isomaltase (alpha-glucosidase)], SIAH1 [seven in absentia homolog 1 

(Drosophila)], SIAH2 [seven in absentia homolog 2 (Drosophila)], SIGMARl [sigma non-opioid intracellular 
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receptor 1 ], SILV [silver homolog (mouse)], SIMI [single-minded homolog 1 (Drosophila)], SIM2 [single­

minded homolog 2 (Drosophila)], SIPl [survival of motor neuron protein interacting protein 1], SIRPA 

[signal-regulatory protein alpha], SIRTl [sirtuin (silent mating type information regulation 2 homolog) 1 (S. 

cerevisiae)], SIRT4 [sirtuin (silent mating type information regulation 2 homolog) 4 (S. cerevisiae)], SIRT6 

[sirtuin (silent mating type information regulation 2 homolog) 6 (S. cerevisiae)], SIX5 [SIX homeobox 5], 

SKI [v-ski sarcoma viral oncogene homolog (avian)], SKP2 [S-phase kinase-associated protein 2 (p45)], 

SLAMF6 [SLAM family member 6], SLClOAl [solute carrier family 10 (sodium/bile acid cotransporter 

family), member 1], SLC11A2 [solute carrier family 11 (proton-coupled divalent metal ion transporters), 

member 2], SLC12Al [solute carrier family 12 (sodium/potassium/chloride transporters), member 1], 

SLC 12A2 [solute carrier family 12 (sodium/potassium/chloride transporters), member 2], SLC 12A3 [solute 

carrier family 12 (sodium/chloride transporters), member 3], SLC12A5 [solute carrier family 12 

(potassium/chloride transporter), member 5], SLC12A6 [solute carrier family 12 (potassium/chloride 

transporters), member 6], SLC13Al [solute carrier family 13 (sodium/sulfate symporters), member 1], 

SLC15Al [solute carrier family 15 (oligopeptide transporter), member 1], SLC16A2 [solute carrier family 16, 

member 2 (monocarboxylic acid transporter 8)], SLC17 AS [solute carrier family 17 (anion/sugar transporter), 

member 5], SLC 17 A 7 [solute carrier family 17 (sodium-dependent inorganic phosphate cotransporter ), 

member 7], SLC18A2 [solute carrier family 18 (vesicular monoamine), member 2], SLC18A3 [solute carrier 

family 18 (vesicular acetylcholine), member 3], SLC19Al [solute carrier family 19 (folate transporter), 

member 1], SLC19A2 [solute carrier family 19 (thiamine transporter), member 2], SLClAl [solute carrier 

family 1 (neuronal/epithelial high affinity glutamate transporter, system Xag), member 1], SLC1A2 [solute 

carrier family 1 (glial high affinity glutamate transporter), member 2], SLC1A3 [solute carrier family 1 (glial 

high affinity glutamate transporter), member 3], SLC22A2 [solute carrier family 22 (organic cation 

transporter), member 2], SLC25A12 [solute carrier family 25 (mitochondrial carrier, Aralar), member 12], 

SLC25Al3 [solute carrier family 25, member 13 (citrin)], SLC25A20 [solute carrier family 25 

(carnitine/acylcarnitine translocase), member 20], SLC25A3 [solute carrier family 25 (mitochondrial carrier; 

phosphate carrier), member 3], SLC26A3 [solute carrier family 26, member 3], SLC27Al [solute carrier 

family 27 (fatty acid transporter), member 1], SLC29Al [solute carrier family 29 (nucleoside transporters), 

member 1], SLC2Al [solute carrier family 2 (facilitated glucose transporter), member 1], SLC2A13 [solute 

carrier family 2 (facilitated glucose transporter), member 13], SLC2A2 [solute carrier family 2 (facilitated 

glucose transporter), member 2], SLC2A3 [solute carrier family 2 (facilitated glucose transporter), member 

3], SLC2A4 [solute carrier family 2 (facilitated glucose transporter), member 4], SLC30A3 [solute carrier 

family 30 (zinc transporter), member 3], SLC30A4 [solute carrier family 30 (zinc transporter), member 4], 

SLC30A8 [solute carrier family 30 (zinc transporter), member 8], SLC31Al [solute carrier family 31 (copper 

transporters), member 1], SLC32Al [solute carrier family 32 (GABA vesicular transporter), member 1], 

SLC34Al [solute carrier family 34 (sodium phosphate), member 1], SLC38A3 [solute carrier family 38, 

member 3], SLC39A2 [solute carrier family 39 (zinc transporter), member 2], SLC39A3 [solute carrier family 
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39 (zinc transporter), member 3], SLC40A1 [solute carrier family 40 (iron-regulated transporter), member 1], 

SLC4A11 [solute carrier family 4, sodium borate transpmier, member 11], SLC5A3 [solute carrier family 5 

(sodium/myo-inositol cotransporter), member 3], SLC5A8 [solute carrier family 5 (iodide transporter), 

member 8], SLC6A1 [solute carrier family 6 (neurotransmitter transporter, GABA), member 1], SLC6A14 

[solute carrier family 6 (amino acid transporter), member 14], SLC6A2 [solute carrier family 6 

(neurotransmitter transporter, noradrenalin), member 2], SLC6A3 [solute carrier family 6 (neurotransmitter 

transporter, dopamine), member 3], SLC6A4 [solute carrier family 6 (neurotransmitter transporter, serotonin), 

member 4], SLC6A8 [solute carrier family 6 (neurotransmitter transporter, creatine), member 8], SLC7 A14 

[solute carrier family 7 (cationic amino acid transporter, y+ system), member 14 ], SLC7 A5 [solute carrier 

family 7 (cationic amino acid transporter, y+ system), member 5], SLC9A2 [solute carrier family 9 

(sodium/hydrogen exchanger), member 2], SLC9A3 [solute carrier family 9 (sodium/hydrogen exchanger), 

member 3], SLC9A3R1 [solute carrier family 9 (sodium/hydrogen exchanger), member 3 regulator 1], 

SLC9A3R2 [solute carrier family 9 (sodium/hydrogen exchanger), member 3 regulator 2], SLC9A6 [solute 

carrier family 9 (sodium/hydrogen exchanger), member 6], SLITI [slit homolog 1 (Drosophila)], SLIT2 [slit 

homolog 2 (Drosophila)], SLTT3 [slit homolog 3 (Drosophila)], SLTTRKl [SLIT and NTRK-Iike family, 

member 1], SLN [sarcolipin], SLPI [secretory leukocyte peptidase inhibitor], SMAD1 [SMAD family 

member 1], SMAD2 [SMAD family member 2], SMAD3 [SMAD family member 3], SMAD4 [SMAD 

family member 4], SMAD6 [SMAD family member 6], SMAD7 [SMAD family member 7], SMARCA1 

[SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 1], 

SMARCA2 [SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, 

member 2], SMARCA4 [SWIISNF related, matrix associated, actin dependent regulator of chromatin, 

subfamily a, member 4], SMARCA5 [SWIISNF related, matrix associated, actin dependent regulator of 

chromatin, subfamily a, member 5], SMARCB1 [SWIISNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily b, member 1 ], SMARCC 1 [SWI/SNF related, matrix associated, actin 

dependent regulator of chromatin, subfamily c, member 1], SMARCC2 [SWI/SNF related, matrix associated, 

actin dependent regulator of chromatin, subfamily c, member 2], SMARCD1 [SWIISNF related, matrix 

associated, actin dependent regulator of chromatin, subfamily d, member 1], SMARCD3 [SWIISNF related, 

matrix associated, actin dependent regulator of chromatin, subfamily d, member 3], SMARCE1 [SWI/SNF 

related, matrix associated, actin dependent regulator of chromatin, subfamily e, member 1 ], SMG 1 [SMG 1 

homolog, phosphatidylinositol 3-kinase-related kinase (C. elegans)], SMN1 [survival of motor neuron 1, 

telomeric], SMO [smoothened homolog (Drosophila)], SMPD1 [sphingomyelin phosphodiesterase 1, acid 

lysosomal], SMS [spermine synthase], SNAI2 [snail homolog 2 (Drosophila)], SNAP25 [synaptosomal­

associated protein, 25 kDa], SNCA [synuclein, alpha (non A4 component of amyloid precursor)], SNCAIP 

[synuclein, alpha interacting protein], SNOB [synuclein, beta], SNCG [synuclein, gamma (breast cancer­

specific protein 1)], SNRP A [small nuclear ribonucleoprotein polypeptide A], SNRPN [small nuclear 

ribonucleoprotein polypeptide N], SNTG2 [syntrophin, gamma 2], SNURF [SNRPN upstream reading 
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frame], SOATl [sterol 0-acyltransferase 1], SOCS1 [suppressor of cytokine signaling 1], SOCS3 [suppressor 

ofcytokine signaling 3], SOD1 [superoxide dismutase 1, soluble], SOD2 [superoxide dismutase 2, 

mitochondrial], SORBS3 [sorbin and SH3 domain containing 3], SORLl [sortilin-related receptor, L(DLR 

class) A repeats-containing], SOR T1 [sortilin 1], SOS 1 [son of sevenless homolog 1 (Drosophila)], SOS2 

[son of sevenless homolog 2 (Drosophila)], SOSTDC1 [sclerostin domain containing 1], SOXl [SRY (sex 

determining region Y)-box 1], SOX10 [SRY (sex determining region Y)-box 10], SOX18 [SRY (sex 

determining region Y)-box 18], SOX2 [SRY (sex determining region Y)-box 2], SOX3 [SRY (sex 

determining region Y)-box 3], SOX9 [SRY (sex determining region Y)-box 9], SP1 [Sp1 transcription factor], 

SP3 [Sp3 transcription factor], SPANXB1 [SPANX family, member B1], SPANXC [SPANX family, member 

C], SPARC [secreted protein, acidic, cysteine-rich (osteonectin)], SPARCLl [SPARC-Iike 1 (hevin)], SPAST 

[spastin], SPHK1 [sphingosine kinase 1], SPINK1 [serine peptidase inhibitor, Kazal type 1], SPINT2 [serine 

peptidase inhibitor, Kunitz type, 2], SPN [sialophorin], SPNS2 [spinster homolog 2 (Drosophila)], SPON2 

[spondin 2, extracellular matrix protein], SPP1 [secreted phosphoprotein 1], SPRED2 [sprouty-related, EVH1 

domain containing 2], SPRY2 [sprouty homolog 2 (Drosophila)], SPTA1 [spectrin, alpha, erythrocytic 1 

(elliptocytosis 2)], SPTAN1 [spectrin, alpha, non-erythrocytic 1 (alpha-fodrin)], SPTB [spectrin, beta, 

erythrocytic], SPTBN1 [ spectrin, beta, non-erythrocytic 1], SRC [ v-src sarcoma (Schmidt-Ruppin A-2) viral 

oncogene homolog (avian)], SRCRB4D [scavenger receptor cysteine rich domain containing, group B (4 

domains)], SRD5A1 [steroid-5-alpha-reductase, alpha polypeptide 1 (3-oxo-5 alpha-steroid delta 4-

dehydrogenase alpha 1 )], SREBF1 [sterol regulatory element binding transcription factor 1], SREBF2 [sterol 

regulatory element binding transcription factor 2], SRF [semm response factor (c-fos semm response 

element-binding transcription factor)], SRGAP1 [SLIT-ROBO Rho GTPase activating protein 1], SRGAP2 

[SLIT-ROBO Rho GTPasc activating protein 2], SRGAP3 [SLIT-ROBO Rho GTPasc activating protein 3], 

SRPX [sushi-repeat-containing protein, X-linked], SRY [sex determining region Y], SSB [Sjogren syndrome 

antigen B (autoantigen La)], SSHI [slingshot homolog 1 (Drosophila)], SSRPI [stmcture specific recognition 

protein 1], SST [somatostatin], SSTR1 [somatostatin receptor 1], SSTR2 [somatostatin receptor 2], SSTR3 

[somatostatin receptor 3], SSTR4 [somatostatin receptor 4], SSTR5 [somatostatin receptor 5], ST13 

[suppression of tumorigenicity 13 (colon carcinoma) (Hsp70 interacting protein)], ST14 [suppression of 

tumorigenicity 14 (colon carcinoma)], ST6GAL1 [ST6 beta-galactosamide alpha-2 [6-sialyltranferase 1], ST7 

[suppression of tumorigenicity 7], STAG2 [stromal antigen 2], STAG3 [stromal antigen 3], STAR 

[steroidogenic acute regulatory protein], STATl [signal transducer and activator of transcription 1, 91 kDa], 

STAT2 [signal transducer and activator of transcription 2, 113 kDa], STAT3 [signal transducer and activator 

of transcription 3 (acute-phase response factor)], STAT4 [signal transducer and activator of transcription 4], 

ST AT5A [signal transducer and activator of transcription 5A ], ST AT5B [signal transducer and activator of 

transcription 5B], STAT6 [signal transducer and activator oftranscription 6, interleukin-4 induced], STATH 

[statherin], STC1 [stanniocalcin 1], STIL [SCL/TALl interrupting locus], STIMl [stromal interaction 

molecule 1], STK11 [serine/threonine kinase 11], STK24 [serine/threonine kinase 24 (STE20 homolog, 
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yeast)], STK36 [serine/threonine kinase 36, fused homolog (Drosophila)], STK38 [serine/threonine kinase 

38], STK38L [serine/threonine kinase 38like], STK39 [serine threonine kinase 39 (STE20/SPS1 homolog, 

yeast)], STMN1 [stathmin 1], STMN2 [stathmin-like 2], STMN3 [stathmin-like 3], STMN4 [stathmin-like 4], 

STOMLl [stomatin (EPB72)-like 1], STS [steroid sulfatase (microsomal), isozyme S], STUB1 [STIP1 

homology and U-box containing protein 1], STXlA [syntaxin lA (brain)], STX3 [syntaxin 3], STYX 

[serine/threonine/tyrosine interacting protein], SUFU [suppressor of fused homolog (Drosophila)], SULT2A1 

[ sulfotransferase family, cytosolic, 2A, dehydroepiandrosterone (D HEA )-preferring, member 1], SUM 01 

[SMT3 suppressor ofmiftwo 3 homolog 1 (S. cerevisiae)], SUM03 [SMT3 suppressor ofmiftwo 3 homolog 

3 (S. cerevisiae)], SUN1 [Sad1 and UNC84 domain containing 1], SUN2 [Sad1 and UNC84 domain 

containing 2], SUPT16H [suppressor ofTy 16 homolog (S. cerevisiae)], SUZ12P [suppressor ofzeste 12 

homolog pseudogene], SV2A [synaptic vesicle glycoprotein 2A], SYK [spleen tyrosine kinase], SYN1 

[synapsin I], SYN2 [synapsin II], SYN3 [synapsin III], SYNGAP1 [synaptic Ras GTPase activating protein 1 

homolog (rat)], SYNJl [synaptojanin 1], SYNP02 [synaptopodin 2], SYP [synaptophysin], SYTl 

[synaptotagmin I], TAC1 [tachykinin, precursor 1], TAC3 [tachykinin 3], TACR1 [tachykinin receptor 1], 

T AF1 [T AF1 RNA polymerase TT, TAT A box binding protein (TBP)-associated factor, 250 kDa], T AF6 

[TAF6 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 80 kDa], TAGAP [T-cell 

activation RhoGTPase activating protein], TAGLN [transgelin], TAGLN3 [transgelin 3], TAOK2 [TAO 

kinase 2], TAP1 [transporter 1, ATP-binding cassette, sub-family B (MDR/TAP)], TAP2 [transporter 2, ATP­

binding cassette, sub-family B (MDR/TAP)], TAPBP [TAP binding protein (tapasin)], TARDBP [TAR DNA 

binding protein], TARP [TCR gamma alternate reading frame protein], TAS2R1 [taste receptor, type 2, 

member 1], TAT [tyrosine aminotransferase], TBC1D4 [TBC1 domain family, member 4], TBCB [tubulin 

folding cofactor B], TBCD [tubulin folding cofactor D], TBCE [tubulin folding cofactor E], TBLlY 

[transducin (beta)-like 1, Y-linked], TBL2 [transducin (beta)-like 2], TBP [TATA box binding protein], 

TBPL2 [TATA box binding protein like 2], TBRl [T-box, brain, 1], TBX1 [T-box 1], TBX21 [T-box 21], 

TBXA2R [thromboxane A2 receptor], TBXASl [thromboxane A synthase 1 (platelet)], TCEB3 [transcription 

elongation factor B (SIII), polypeptide 3 (110 kDa, elongin A)], TCF12 [transcription factor 12], TCF19 

[transcription factor 19], TCF4 [transcription factor 4], TCF7 [transcription factor 7 (T-cell specific, HMG­

box)], TCF7L2 [transcription factor 7-like 2 (T-cell specific, HMG-box)], TCHH [trichohyalin], TCNl 

[transcobalamin I (vitamin B12 binding protein, R binder family)], TCN2 [transcobalamin II; macrocytic 

anemia], TCPl [t-complex 1], TD02 [tryptophan 2 [3-dioxygenase], TDRD3 [tudor domain containing 3], 

TEAD2 [TEA domain family member 2], TEAD4 [TEA domain family member 4], TEK [TEK tyrosine 

kinase, endothelial], TERF1 [telomeric repeat binding factor (NIMA-interacting) 1], TERF2 [telomeric repeat 

binding factor 2], TERT [telomerase reverse transcriptase], TET2 [tet oncogene family member 2], TF 

[transferrin], TFAM [transcription factor A, mitochondrial], TFAP2A [transcription factor AP-2 alpha 

(activating enhancer binding protein 2 alpha)], TFCP2 [transcription factor CP2], TFFl [trefoil factor 1], 

TFF2 [trefoil factor 2], TFF3 [trefoil factor 3 (intestinal)], TFPI [tissue factor pathway inhibitor (lipoprotein-
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associated coagulation inhibitor)], TFPI2 [tissue factor pathway inhibitor 2], TFRC [transferrin receptor (p90, 

CD71)], TG [thyroglobulin], TGFa [transforming gro"'ih factor, alpha], TGFB1 [transforming growth factor, 

beta 1], TGFB1Il [transforming gro"'ih factor beta 1 induced transcript 1], TGFB2 [transforming growth 

factor, beta 2], TGFB3 [transforming growth factor, beta 3], TGFBR1 [transforming growth factor, beta 

receptor 1], TGFBR2 [transforming growth factor, beta receptor II (70/80 kDa)], TGFBR3 [transforming 

growth factor, beta receptor III], TGIF1 [TGFB-induced factor homeobox 1], TGM2 [transglutaminase 2 (C 

polypeptide, protein-glutamine-gamma-glutamyltransferase) ], TH [tyrosine hydroxylase], THAP1 [THAP 

domain containing, apoptosis associated protein 1], THBD [ thrombomodulin], THB S 1 [ thrombospondin 1], 

THBS2 [thrombospondin 2], THBS4 [thrombospondin 4], THEM4 [thioesterase superfamily member 4], 

THPO [thrombopoietin], THRA [thyroid hormone receptor, alpha (erythroblastic leukemia viral (v-erb-a) 

oncogene homolog, avian)], THY1 [Thy-1 cell surface antigen], TIAM1 [T-celllymphoma invasion and 

metastasis 1], TIAM2 [T-celllymphoma invasion and metastasis 2], TIMP1 [TIMP metallopeptidase inhibitor 

1], TIMP2 [TIMP metallopeptidase inhibitor 2], TIMP3 [TIMP metallopeptidase inhibitor 3], TINF2 [TERF1 

(TRF1 )-interacting nuclear factor 2], TJP1 [tight junction protein 1 (zona occludens 1 )], TJP2 [tight junction 

protein 2 (zona occludens 2)], TKl [thymidine kinase 1, soluble], TKT [transketolase], TLEl [transducin-like 

enhancer of split 1 (E(sp1) homolog, Drosophila)], TLR1 [toll-like receptor 1], TLR2 [toll-like receptor 2], 

TLR3 [toll-like receptor 3], TLR4 [toll-like receptor 4], TLRS [toll-like receptor 5], TLR7 [toll-like receptor 

7], TLR8 [toll-like receptor 8], TLR9 [toll-like receptor 9], TLX3 [T -cell leukemia homeobox 3], TMEFF1 

[transmembrane protein with EGF-like and two follistatin-like domains 1], TMEM100 [transmembrane 

protein 100], TMEM216 [transmembrane protein 216], TMEMSOB [transmembrane protein SOB], TMEM67 

[transmembrane protein 67], TMEM70 [transmembrane protein 70], TMEM87A [transmembrane protein 

87A], TMOD2 [tropomodulin 2 (neuronal)], TMOD4 [tropomodulin 4 (muscle)], TMPRSS11A 

[transmembrane protease, serine 11A], TMPRSS15 [transmembrane protease, serine 15], TMPRSS2 

[transmembrane protease, serine 2], TNC [tenascin C], TNF [tumor necrosis factor (TNF superfamily, 

member 2)], TNFAIP3 [tumor necrosis factor, alpha-induced protein 3], TNFRSFl OA [tumor necrosis factor 

receptor superfamily, member 1 Oa ], TNFRSF1 OB [tumor necrosis factor receptor superfamily, member 1 Ob ], 

TNFRSF1 OC [tumor necrosis factor receptor superfamily, member 1 Oc, decoy without an intracellular 

domain], TNFRSF 1 OD [tumor necrosis factor receptor superfamily, member 1 Od, decoy with truncated death 

domain], TNFRSF 11 B [tumor necrosis factor receptor superfamily, member 11 b], TNFRSF 18 [tumor 

necrosis factor receptor superfamily, member 18], TNFRSF19 [tumor necrosis factor receptor superfamily, 

member 19], TNFRSF1A [tumor necrosis factor receptor superfamily, member 1A], TNFRSFIB [tumor 

necrosis factor receptor superfamily, member 1B], TNFRSF25 [tumor necrosis factor receptor superfamily, 

member 25], TNFRSF8 [tumor necrosis factor receptor superfamily, member 8], TNFSF1 0 [tumor necrosis 

factor (ligand) superfamily, member 1 0], TNFSF 11 [tumor necrosis factor (ligand) superfamily, member 11], 

TNFSF13 [tumor necrosis factor (ligand) superfamily, member 13], TNFSF13B [tumor necrosis factor 

(ligand) superfamily, member 13b], TNFSF 4 [tumor necrosis factor (ligand) superfamily, member 4], TNK2 
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[tyrosine kinase, non-receptor, 2], TNNI3 [troponin I type 3 (cardiac)], TNNTl [troponin T type 1 (skeletal, 

slow)], TNNT2 [troponin T type 2 (cardiac)], TNR [tenascin R (restrictin, janusin)], TNSl [tensin 1], TNS3 

[tensin 3], TNXB [tenascin XB], TOLLIP [toll interacting protein], TOPl [topoisomerase (DNA) I], TOP2A 

[topoisomerase (DNA) II alpha 170 kDa], TOP2B [topoisomerase (DNA) II beta 180 kDa], TORIA [torsin 

family 1, member A (torsin A)], TP53 [tumor protein p53], TP53BP1 [tumor protein p53 binding protein 1], 

TP63 [tumor protein p63], TP73 [tumor protein p73], TPHl [tryptophan hydroxylase 1], TPH2 [tryptophan 

hydroxylase 2], TPil [triosephosphate isomerase 1], TPO [thyroid peroxidase], TPTl [tumor protein, 

translationally-controlled 1], TPTE [transmembrane phosphatase with tensin homology], TRADD 

[TNFRSFIA-associated via death domain], TRAF2 [TNF receptor-associated factor 2], TRAF3 [TNF 

receptor-associated factor 3], TRAF6 [TNF receptor-associated factor 6], TRAP! [TNF receptor-associated 

protein 1], TREMl [triggering receptor expressed on myeloid cells 1], TRH [thyrotropin-releasing hormone], 

TRIM21 [tripartite motif-containing 21], TRIM22 [tripartite motif-containing 22], TRIM26 [tripartite motif­

containing 26], TRIM27 [tripartite motif-containing 27], TRIM50 [tripartite motif-containing 50], TRIO 

[triple functional domain (PTPRF interacting)], TRP AI [transient receptor potential cation channel, subfamily 

A, member 1 ], TRPC 1 [transient receptor potential cation channel, subfamily C, member 1 ], TRPC5 

[transient receptor potential cation channel, subfamily C, member 5], TRPC6 [transient receptor potential 

cation channel, subfamily C, member 6], TRPMl [transient receptor potential cation channel, subfamily M, 

member 1], TRPVl [transient receptor potential cation channel, subfamily V, member 1], TRPV2 [transient 

receptor potential cation channel, subfamily V, member 2], TRRAP [transformation/transcription domain­

associated protein], TSC1 [tuberous sclerosis 1], TSC2 [tuberous sclerosis 2], TSC22D3 [TSC22 domain 

family, member 3], TSG101 [tumor susceptibility gene 101], TSHR [thyroid stimulating hormone receptor], 

TSN [translin], TSPAN12 [tctraspanin 12], TSPAN7 [tctraspanin 7], TSPO [translocator protein (18 kDa)], 

TTC3 [tetratricopeptide repeat domain 3], TTF1 [transcription termination factor, RNA polymerase I], TTF2 

[transcription termination factor, RNA polymerase II], TTN [titin], TTPA [tocopherol (alpha) transfer 

protein], TTR [transthyretin], TUB [tubby homolog (mouse)], TUBA1A [tubulin, alpha 1a], TUBAlB 

[tubulin, alpha lb], TUBAIC [tubulin, alpha lc], TUBA3C [tubulin, alpha 3c], TUBA3D [tubulin, alpha 3d], 

TUBA4A [tubulin, alpha 4a], TUBA8 [tubulin, alpha 8], TUBB [tubulin, beta], TUBBl [tubulin, beta 1], 

TUBB2A [tubulin, beta 2A], TUBB2B [tubulin, beta 2B], TUBB2C [tubulin, beta 20], TUBB3 [tubulin, beta 

3], TUBB4 [tubulin, beta 4], TUBB4Q [tubulin, beta polypeptide 4, member Q], TUBB6 [tubulin, beta 6], 

TUBGCP5 [tubulin, gamma complex associated protein 5], TUFM [Tu translation elongation factor, 

mitochondrial], TUSC3 [tumor suppressor candidate 3], TWIST I [twist homolog 1 (Drosophila)], TXN 

[thioredoxin], TXNIP [thioredoxin interacting protein], TXNRDl [thioredoxin reductase 1], TXNRD2 

[thioredoxin reductase 2], TYK2 [tyrosine kinase 2], TYMP [thymidine phosphorylase], TYMS [thymidylate 

synthetase], TYR [tyrosinase (oculocutaneous albinism IA)], TYR03 [TYR03 protein tyrosine kinase], 

TYROBP [TYRO protein tyrosine kinase binding protein], TYRP1 [tyrosinase-related protein 1], U2AF1 [U2 

small nuclear RNA auxiliary factor 1], UBAl [ubiquitin-like modifier activating enzyme 1], UBA52 
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[ubiquitin A-52 residue ribosomal protein fusion product 1], UBB [ubiquitin B], UBC [ubiquitin C], UBE2A 

[ubiquitin-conjugating enzyme E2A (RAD6 homolog)], UBE2C [ubiquitin-conjugating enzyme E20], 

UBE2D2 [ubiquitin-conjugating enzyme E2D 2 (UBC4/5 homolog, yeast)], UBE2H [ubiquitin-conjugating 

enzyme E2H (UBC8 homolog, yeast)], UBE2I [ubiquitin-conjugating enzyme E2I (UBC9 homolog, yeast)], 

UBE3A [ubiquitin protein ligase E3A], UBL5 [ubiquitin-like 5], UCHLl [ubiquitin carboxyl-terminal 

esterase L1 ( ubiquitin thiolesterase)], UCN [ urocortin], UCP 1 [uncoupling protein 1 (mitochondrial, proton 

carrier)], UCP2 [uncoupling protein 2 (mitochondrial, proton carrier)], UCP3 [uncoupling protein 3 

(mitochondrial, proton carrier)], UGTlAl [UDP glucuronosyltransferase 1 family, polypeptide AI], UGT1A3 

[UDP glucuronosyltransferase 1 family, polypeptide A3], ULKl [unc-51-like kinase 1 (C. elegans)], UNC5A 

[unc-5 homolog A (C. elegans)], UNC5B [unc-5 homolog B (C. elegans)], UNC5C [unc-5 homolog C (C. 

elegans)], UNC5D [unc-5 homolog D (C. elegans)], UNG [uracil-DNA glycosylase], UPF3B [UPF3 regulator 

of nonsense transcripts homolog B (yeast)], UPK3B [uroplakin 3B], UPP2 [uridine phosphorylase 2], 

UQCRCl [ubiquinol-cytochrome c reductase core protein I], USFl [upstream transcription factor 1], USF2 

[upstream transcription factor 2, c-fos interacting], USH2A [Usher syndrome 2A (autosomal recessive, 

mild)], USP1 [ubiquitin specific peptidase 1 ], USP15 [ubiquitin specific peptidase 15], USP25 [ubiquitin 

specific peptidase 25], USP29 [ubiquitin specific peptidase 29], USP33 [ubiquitin specific peptidase 33], 

USP4 [ ubiquitin specific peptidase 4 (proto-oncogene)], USPS [ ubiquitin specific peptidase 5 (isopeptidase 

T)], USP9X [ubiquitin specific peptidase 9, X-linked], USP9Y [ubiquitin specific peptidase 9, Y-linked], 

UTRN [utrophin], UXT [ubiquitously-expressed transcript], V AMP7 [vesicle-associated membrane protein 

7], VASP [vasodilator-stimulated phosphoprotein], VAVl [vav 1 guanine nucleotide exchange factor], VAV2 

[vav 2 guanine nucleotide exchange factor], V AXl [ventral anterior homeobox 1], VCAMl [vascular cell 

adhesion molecule 1], VCL [vinculin], VDACl [voltage-dependent anion channel I], VDAC2 [voltage­

dependent anion channel2], VDR [vitamin D (1 [25-dihydroxyvitamin D3) receptor], VEGF A [vascular 

endothelial growth factor A], VEGFB [vascular endothelial growth factor B], VEGFC [vascular endothelial 

growth factor C], VGF [VGF nerve growth factor inducible], VHL [von Rippel-Lindau tumor suppressor], 

VIM [vimentin], VIP [vasoactive intestinal peptide], VIPRl [vasoactive intestinal peptide receptor 1], VIPR2 

[vasoactive intestinal peptide receptor 2], VKORCl [vitamin K epoxide reductase complex, subunit 1], 

VLDLR [very low density lipoprotein receptor], VPS29 [vacuolar protein sorting 29 homolog (S. cerevisiae) ], 

VSIG4 [V-set and immunoglobulin domain containing 4], VSXl [visual system homeobox 1], VTN 

[vitronectin], VWC2 [von Willebrand factor C domain containing 2], VWF [von Willebrand factor], WAS 

[Wiskott-Aldrich syndrome (eczema-thrombocytopenia)], WASFl [WAS protein family, member 1], WASF2 

[WAS protein family, member 2], WASL [Wiskott-Aldrich syndrome-like], WBSCR16 [Williams-Beuren 

syndrome chromosome region 16], WBSCR17 [Williams-Beuren syndrome chromosome region 17], 

WBSCR22 [Williams Beuren syndrome chromosome region 22], WBSCR27 [Williams Beuren syndrome 

chromosome region 27], WBSCR28 [Williams-Beuren syndrome chromosome region 28], WDR4 [WD 

repeat domain 4], WEEl [WEEl homolog (S. pombe)], WHAMM [WAS protein homolog associated with 
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actin, golgi membranes and microtubules ], WIPFl [WAS/W ASL interacting protein family, member 1], 

WIPF3 [WAS/WASL interacting protein family, member 3], WNK3 [WNK lysine deficient protein kinase 3], 

WNTl [wingless-type MMTV integration site family, member 1], WNTlOA [wingless-type MMTV 

integration site family, member lOA], WNTIOB [wingless-type MMTV integration site family, member 

lOB], WNTll [wingless-type MMTV integration site family, member 11], WNT16 [wingless-type MMTV 

integration site family, member 16], WNT2 [wingless-type MMTV integration site family member 2], 

WNT2B [wingless-type MMTV integration site family, member 2B], WNT3 [wingless-type MMTV 

integration site family, member 3], WNT3A [wingless-type MMTV integration site family, member 3A], 

WNT4 [wingless-type MMTV integration site family, member 4], WNT5A [wingless-type MMTV 

integration site family, member SA], WNTSB [wingless-type MMTV integration site family, member 5B], 

WNT6 [wingless-type MMTV integration site family, member 6], WNT7A [wingless-type MMTV 

integration site family, member 7A], WNT7B [wingless-type MMTV integration site family, member 7B], 

WNT8A [wingless-type MMTV integration site family, member SA], WNT8B [wingless-type MMTV 

integration site family, member 8B], WNT9A [wingless-type MMTV integration site family, member 9A], 

WNT9B [wingless-type MMTV integration site family, member 9B], WRB [tryptophan rich basic protein], 

WRN [Werner syndrome, RecQ helicase-like], WTl [Wilms tumor 1], XBPl [X-box binding protein 1], 

XCLl [chemokine (C motif) ligand 1], XDH [xanthine dehydrogenase], XIAP [X-linked inhibitor of 

apoptosis], XIRP2 [xin actin-binding repeat containing 2], XPC [xeroderma pigmentosum, complementation 

group C], XRCCl [X-ray repair complementing defective repair in Chinese hamster cells 1], XRCC5 [X-ray 

repair complementing defective repair in Chinese hamster cells 5 (double-strand-break rejoining)], XRCC6 

[X-ray repair complementing defective repair in Chinese hamster cells 6], XRNl [5'-3' exoribonuclease 1], 

YBXl [Y box binding protein 1], YWHAB [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, beta polypeptide], YWHAE [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, epsilon polypeptide], YWHAG [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, gamma polypeptide], YWHAQ [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, theta polypeptide], YWHAZ [tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 

activation protein, zeta polypeptide], ZAP70 [zeta-chain (TCR) associated protein kinase 70 kDa], ZBTB 16 

[zinc finger and BTB domain containing 16], ZBTB33 [zinc finger and BTB domain containing 33], 

ZC3H12A [zinc finger CCCH-type containing 12A], ZEBl [zinc finger E-box binding homeobox 1], ZEB2 

[zinc finger E-box binding homeobox 2], ZFP161 [zinc finger protein 161 homolog (mouse)], ZFP36 [zinc 

finger protein36, C3H type, homolog (mouse)], ZFP42 [zinc finger protein 42 homolog (mouse)], ZFP57 

[zinc finger protein 57 homolog (mouse)], ZFPMl [zinc finger protein, multitype 1], ZFPM2 [zinc finger 

protein, multitype 2], ZFY [zinc finger protein, Y-linked], ZFYVE9 [zinc finger, FYVE domain containing 

9], ZICl [Zic family member 1 (odd-paired homolog, Drosophila)], ZIC2 [Zic family member 2 (odd-paired 

homolog, Drosophila)], ZIC3 [Zic family member 3 (odd-paired homolog, Drosophila)], ZMPSTE24 [zinc 

metallopeptidase (STE24 homolog, S. cerevisiae )], ZNF148 [zinc finger protein 148], ZNF 184 [zinc finger 
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protein 184], ZNF225 [zinc finger protein 225], ZNF256 [zinc finger protein 256], ZNF333 [zinc finger 

protein 333], ZNF385B [zinc finger protein 385B], ZNF44 [zinc finger protein44], ZNF521 [zinc finger 

protein 521], ZNF673 [zinc finger family member 673], ZNF79 [zinc finger protein 79], ZNF84 [zinc finger 

protein 84], ZWIO [ZWIO, kinetochore associated, homolog (Drosophila)], and ZYX [zyxin]. 

EXAMPLES 

[00149] The following examples are given for the purpose of illustrating various embodiments of the 

invention and are not meant to limit the present invention in any fashion. The present examples, along with 

the methods described herein are presently representative of preferred embodiments, are exemplary, and are 

not intended as limitations on the scope of the invention. Changes therein and other uses which are 

encompassed within the spirit of the invention as defined by the scope of the claims will occur to those skilled 

in the art. 

Example 1: CRISPR Complex Activity in the Nucleus of a Eukaryotic Cell 

[00150]An example type II CRISPR system is the type II CRISPR locus from Streptooccus pyogenes SF370, 

which contains a cluster of four genes Cas9, Cas 1, Cas2, and Csn 1, as well as two non-coding RNA elements, 

tracrRNA and a characteristic array of repetitive sequences (direct repeats) interspaced by short stretches of 

non-repetitive sequences (spacers, about 30bp each). In this system, targeted DNA double-strand break 

(DSB) is generated in four sequential steps (Figure 1A). First, two non-coding RNAs, the pre-crRNA array 

and tracrRNA, are transcribed from the CRISPR locus. Second, tracrRNA hybridizes to the direct repeats of 

pre-crRNA, which is then processed into mature crRNAs containing individual spacer sequences. Third, the 

mature crRNA:tracrRNA complex directs Cas9 to the DNA target consisting of the protospacer and the 

corresponding PAM via heteroduplex formation between the spacer region of the crRNA and the protospacer 

DNA. Finally, Cas9 mediates cleavage of target DNA upstream of PAM to create a DSB within the 

protospacer (Figure IA). This example describes an example process for adapting this RNA-programmable 

nuclease system to direct CRISPR complex activity in the nuclei of eukaryotic cells. 

[00151] Cell culture and transfection 

[00152] Human embryonic kidney (HEK) cell line HEK 293FT (Life Technologies) was maintained in 

Dulbecco's modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (HyClone), 2mM 

GlutaMAX (Life Technologies), 100U/mL penicillin, and 100!lg/mL streptomycin at 3rC with 5% C02 

incubation. Mouse neuro2A (N2A) cell line (ATCC) was maintained with DMEM supplemented with 5% 

fetal bovine serum (HyClone), 2mM GlutaMAX (Life Technologies), 100U/mL penicillin, and 100!lg/mL 

streptomycin at 37°C with 5% C02 • 

[00153] HEK 293FT or N2A cells were seeded into 24-well plates (Coming) one day prior to transfection at a 

density of 200,000 cells per well. Cells were transfected using Lipofectamine 2000 (Life Technologies) 

following the manufacturer's recommended protocol. For each well of a 24-well plate a total of 800ng of 

plasmids were used. 
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[00154] Surveyor assay and sequencing analysis for genome modification 

[00155] HEK 293FT or N2A cells were transfected with plasmid DNA as described above. After transfection, 

the cells were incubated at 37°C for 72 hours before genomic DNA extraction. Genomic DNA was extracted 

using the QuickExtract DNA extraction kit (Epicentre) following the manufacturer's protocol. Briefly, cells 

were resuspended in QuickExtract solution and incubated at 65°C for 15 minutes and 98°C for 10 minutes. 

Extracted genomic DNA was immediately processed or stored at -20°C. 

[00156] The genomic region surrounding a CRISPR target site for each gene was PCR amplified, and 

products were purified using QiaQuick Spin Colu11111 (Qiagen) following manufacturer's protocol. A total of 

400ng of the purified PCR products were mixed with 2111 1 OX Taq polymerase PCR buffer (Enzymatics) and 

ultrapure water to a final volume of 20111, and subjected to are-annealing process to enable heteroduplex 

formation: 95°C for 10min, 95°C to 85°C ramping at- 2°C/s, 85°C to 25°C at- 0.25°C/s, and 25°C hold for 1 

minute. After re-annealing, products were treated with Surveyor nuclease and Surveyor enhancer S 

(Transgenomics) following the manufacturer's recommended protocol, and analyzed on 4-20% Novex TBE 

poly-acrylamide gels (Life Technologies). Gels were stained with SYBR Gold DNA stain (Life 

Technologies) for 30 minutes and imaged with a Gel Doc gel imaging system (Bio-rad). Quantification was 

based on relative band intensities, as a measure of the fraction of cleaved DNA. Figure 7 provides a 

schematic illustration of this Surveyor assay. 

[00157] Restriction fragment length polymorphism assay for detection of homologous recombination 

[00158]HEK 293FT and N2A cells were transfected with plasmid DNA, and incubated at 37°C for 72 hours 

before genomic DNA extraction as described above. The target genomic region was PCR amplified using 

primers outside the homology arms of the homologous recombination (HR) template. PCR products were 

separated on a 1% agarosc gel and extracted with MinElutc GclExtraction Kit (Qiagcn). Purified products 

were digested with Hindiii (Fermentas) and analyzed on a 6% Novex TBE poly-acrylamide gel (Life 

Technologies). 

[00159]RNA secondary structure prediction and analysis 

[00160] RNA secondary structure prediction was performed using the online webserver RNAfold developed 

at Institute for Theoretical Chemistty at the University of Vienna, using the centroid structure prediction 

algorithm (see e.g. A.R. Gruber et al., 2008, Cell106(1): 23-24; and PA Can and GM Church, 2009, Nature 

Biotechnolorzy 27(12): 1151-62). 

[00161] Bacterial plasmid transformation inteiference assay 

[00162] Elements of the S. pyogenes CRISPR locus 1 sufficient for CRISPR activity were reconstituted in E. 

coli using pCRISPR plasmid (schematically illustrated in Figure 9A). pCRISPR contained tracrRNA, 

SpCas9, and a leader sequence driving the crRNA anay. Spacers (also refened to as "guide sequences") were 

inserted into the crRNA anay between Bsal sites using annealed oligonucleotides, as illustrated. Challenge 

plasmids used in the interference assay were constructed by inserting the protospacer (also refened to as a 

"target sequence") sequence along with an adjacent CRISPR motif sequence (PAM) into pUC 19 (see Figure 
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9B). The challenge plasmid contained ampicillin resistance. Figure 9C provides a schematic representation 

of the interference assay. Chemically competent E. coli strains already carrying pCRISPR and the appropriate 

spacer were transformed with the challenge plasmid containing the corresponding protospacer-PAM 

sequence. pUC19 was used to assess the transformation efficiency of each pCRISPR-carrying competent 

strain. CRISPR activity resulted in cleavage of the pPSP plasmid carrying the protospacer, precluding 

ampicillin resistance otherwise conferred by pUC 19 lacking the protospacer. Figure 9D illustrates 

competence of each pCRISPR-carrying E. coli strain used in assays illustrated in Figure 2C. 

[00163] RNA purification 

[00164JHEK 293FT cells were maintained and transfected as stated above. Cells were harvested by 

trypsinization followed by washing in phosphate buffered saline (PBS). Total cell RNA was extracted with 

TRI reagent (Sigma) following manufacturer's protocol. Extracted total RNA was quantified using 

N aonodrop (Thermo Scientific) and normalized to same concentration. 

[00165] Northern blot analysis of crRNA and tracrRNA expression in mammalian cells 

[00166]RNAs were mixed with equal volumes of2X loading buffer (Ambion), heated to 95°C for 5 min, 

chilled on ice for 1 min, and then loaded onto 8% denaturing polyacrylamide gels (SequaGel, National 

Diagnostics) after pre-running the gel for at least 30 minutes. The samples were electrophoresed for 1.5 hours 

at 40W limit. Afterwards, the RNA was transferred to Hybond N+ membrane (GE Healthcare) at 300 rnA in 

a semi-dry transfer apparatus (Bio-rad) at room temperature for 1.5 hours. The RNA was crosslinked to the 

membrane using autocross link button on Stratagene UV Crosslinker the Stratalinker (Stratagene ). The 

membrane was pre-hybridized in ULTRAhyb-Oligo Hybridization Buffer (Ambion) for 30 min with rotation 

at 42°C, and probes were then added and hybridized overnight. Probes were ordered from IDT and labeled 

with [gamma-32P] ATP (Perkin Elmer) with T4 polynucleotide kinase (New England Biolabs). The 

membrane was washed once with pre-warmed (42°C) 2xSSC, 0.5% SDS for 1 min followed by two 30 

minute washes at 42°C. The membrane was exposed to a phosphor screen for one hour or overnight at room 

temperature and then scanned with a phosphorimager (Typhoon). 

[00167]Bacterial CRISPR system construction and evaluation 

[00168] CRISPR locus elements, including tracrRNA, Cas9, and leader were PCR amplified from 

Streptococcus pyogenes SF370 genomic DNA with flanking homology arms for Gibson Assembly. Two Bsal 

type liS sites were introduced in between two direct repeats to facilitate easy insertion of spacers (Figure 9). 

PCR products were cloned into EcoRV-digested pACYC184 downstream of the tet promoter using Gibson 

Assembly Master Mix (NEB). Other endogenous CRISPR system elements were omitted, with the exception 

of the last 50bp ofCsn2. Oligos (Integrated DNA Technology) encoding spacers with complimentary 

overhangs were cloned into the Bsal-digested vector pDCOOO (NEB) and then ligated with T7ligase 

(Enzymatics) to generate pCRISPR plasmids. Challenge plasmids containing spacers with PAM sequences 

(also referred to herein as "CRISPR motif sequences") were created by ligating hybridized oligos carrying 
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compatible overhangs (Integrated DNA Technology) into BamBI-digested pUC19. Cloning for all constructs 

was performed in E. coli strain JM1 09 (Zymo Research). 

[00169]pCRISPR-carrying cells were made competent using the Z-Competent E. coli Transformation Kit and 

Buffer Set (Zymo Research, T3001) according to manufacturer's instructions. In the transformation assay, 

SOuL aliquots of competent cells carrying pCRISPR were thawed on ice and transformed with 1ng of spacer 

plasmid or pUC19 on ice for 30 minutes, followed by 45 second heat shock at 42°C and 2 minutes on ice. 

Subsequently, 250ul SOC (Invitrogen) was added followed by shaking incubation at 37°C for 1hr, and 100 uL 

of the post-SOC outgrowth was plated onto double selection plates (12.5 ug/ml chloramphenicol, 100 ug/ml 

ampicillin). To obtain cfu/ng of DNA, total colony numbers were multiplied by 3. 

[00170] To improve expression of CRTSPR components in mammalian cells, two genes from the SF370 locus 

1 of Streptococcus pyogenes (S. pyogenes) were codon-optimized, Cas9 (SpCas9) and RNase III (SpRNase 

III). To facilitate nuclear localization, a nuclear localization signal (NLS) was included at the amino (N)- or 

carboxyl (C)-termini ofboth SpCas9 and SpRNase III (Figure 1B). To facilitate visualization of protein 

expression, a fluorescent protein marker was also included at theN- or C-termini of both proteins (Figure 

1 B). A version of SpCas9 with an NLS attached to both N-and C-terrnini (2xNLS-SpCas9) was also 

generated. Constructs containing NLS-fused SpCas9 and SpRNase III were transfected into 293FT human 

embryonic kidney (HEK) cells, and the relative positioning of the NLS to SpCas9 and SpRNase III was found 

to affect their nuclear localization efficiency. Whereas the C-terminal NLS was sufficient to target SpRN ase 

III to the nucleus, attachment of a single copy of these particular NLS' s to either the N- or C-terminus of 

SpCas9 was unable to achieve adequate nuclear localization in this system. In this example, the C-terminal 

NLS was that ofnucleoplasmin (KRPAATKKAGQAKKKK), and the C-terminal NLS was that ofthe SV40 

large T -antigen (PKKKRKV). Of the versions of SpCas9 tested, only 2xNLS-SpCas9 exhibited nuclear 

localization (Figure IB). 

[0017l]The tracrRNA from the CRISPR locus of S. pyogenes SF370 has two transcriptional start sites, giving 

rise to two transcripts of 89-nucleotides (nt) and 171nt that are subsequently processed into identical 75nt 

mature tracrRNAs. The shorter 89nt traer RNA was selected for expression in mammalian cells (expression 

constructs illustrated in Figure 6A, with functionality as determined by results of Surveryor assay shown in 

Figure 6B). Transcription start sites are marked as + 1, and transcription terminator and the sequence probed 

by northern blot are also indicated. Expression of processed tracrRNA was also confirmed by Northern blot. 

Figure 6C shows results of a Northern blot analysis of total RNA extracted from 293FT cells transfected with 

U6 expression constructs carrying long or short tracrRNA, as well as SpCas9 and DR-EMXl(l)-DR. Left 

and right panels are from 293FT cells transfected without or with SpRNase III, respectively. U6 indicate 

loading control blotted with a probe targeting human U6 snRNA. Transfection of the short tracrRNA 

expression construct led to abundant levels ofthe processed form oftracrRNA (~75bp). Very low amounts of 

long tracrRNA are detected on the Northern blot. 
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[00172] To promote precise transcriptional initiation, the RNA polymerase III -based U6 promoter was 

selected to drive the expression oftracrRNA (Figure 1C). Similarly, a U6 promoter-based construct was 

developed to express a pre-crRNA anay consisting of a single spacer flanked by two direct repeats (DRs, also 

encompassed by the term "traer-mate sequences"; Figure 1 C). The initial spacer was designed to target a 33-

base-pair (bp) target site (30-bp protospacer plus a 3-bp CRISPR motif (PAM) sequence satisfying the NGG 

recognition motif ofCas9) in the human EMXllocus (Figure 1C), a key gene in the development of the 

cerebral cortex. 

[00173] To test whether heterologous expression of the CRISPR system (SpCas9, SpRNase III, tracrRNA, 

and pre-crRNA) in mammalian cells can achieve targeted cleavage of mammalian chromosomes, HEK 293FT 

cells were transfected with combinations of CRTSPR components. Since DSBs in mammalian nuclei are 

partially repaired by the non-homologous end joining (NHEJ) pathway, which leads to the formation of 

indels, the Surveyor assay was used to detect potential cleavage activity at the target EMXJ locus (Figure 7) 

(see e.g. Guschin et al., 2010, Methods Mol Biol649: 247). Co-transfection of all four CRISPR components 

was able to induce up to 5.0% cleavage in the protospacer (see Figure 10). Co-transfection of all CRISPR 

components minus SpRNase TTl also induced up to 4.7% indel in the protospacer, suggesting that there may 

be endogenous mammalian RN ases that are capable of assisting with crRNA maturation, such as for example 

the related Dicer and Drosha enzymes. Removing any of the remaining three components abolished the 

genome cleavage activity ofthe CRISPR system (Figure 10). Sanger sequencing ofamplicons containing the 

target locus verified the cleavage activity: in 43 sequenced clones, 5 mutated alleles (11.6%) were found. 

Similar experiments using a variety of guide sequences produced indel percentages as high as 29% (see 

Figures 3-6, 11, and 12). These results define a three-component system for efficient CRISPR-mediated 

genome modification in mammalian cells. To optimize the cleavage efficiency, we also tested whether 

different isoforms oftracrRNA affected the cleavage efficiency and found that, in this example system, only 

the short (89-bp) transcript form was able to mediate cleavage of the human EMXJ genomic locus (Figure 

6B). 

[00174] Figure 13 provides an additional Northern blot analysis of crRNA processing in mammalian cells. 

Figure 13A illustrates a schematic showing the expression vector for a single spacer flanked by two direct 

repeats (DR-EMX1(1)-DR). The 30bp spacer targeting the human EMX1 locus protospacer 1 (see Figure 5) 

and the direct repeat sequences are shown in the sequence beneath Figure 13A. The line indicates the region 

whose reverse-complement sequence was used to generate Northern blot probes for EMX1(1) crRNA 

detection. Figure 13B shows a Northern blot analysis of total RNA extracted from 293FT cells transfected 

with U6 expression constructs canying DR-EMX1(1)-DR. Left and right panels are from 293FT cells 

transfected without or with SpRNase III respectively. DR-EMX1(1)-DR was processed into mature crRNAs 

only in the presence of SpCas9 and short tracrRNA and was not dependent on the presence of SpRNase III. 

The mature crRNA detected from transfected 293FT total RNA is ~33bp and is shorter than the 39-42bp 
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mature crRNA from S. pyogenes. These results demonstrate that a CRISPR system can be transplanted into 

eukaryotic cells and reprogrannned to facilitate cleavage of endogenous mannnalian target polynucleotides. 

[00175] Figure 1 illustrates the bacterial CRISPR system described in this example. Figure IA illustrates a 

schematic showing the CRISPR locus 1 from Streptococcus pyogenes SF370 and a proposed mechanism of 

CRISPR-mediated DNA cleavage by this system. Mature crRNA processed from the direct repeat-spacer 

array directs Cas9 to genomic targets consisting of complimentary protospacers and a protospacer-adjacent 

motif (PAM). Upon target-spacer base pairing, Cas9 mediates a double-strand break in the target DNA. 

Figure 1B illustrates engineering of S. pyogenes Cas9 (SpCas9) and RNase III (SpRNase III) with nuclear 

localization signals (NLSs) to enable import into the mammalian nucleus. Figure 1 C illustrates mammalian 

expression of SpCas9 and SpRNase TTl driven by the constitutive EFl a promoter and tracrRNA and pre­

crRNA array (DR-Spacer-DR) driven by the RNA Pol3 promoter U6 to promote precise transcription 

initiation and termination. A protospacer from the human EMXJ locus with a satisfactory PAM sequence is 

used as the spacer in the pre-crRNA array. Figure ID illustrates surveyor nuclease assay for SpCas9-

mediated minor insertions and deletions. SpCas9 was expressed with and without SpRNase III, tracrRNA, 

and a pre-crRNA array carrying the EMX!-target spacer. Figure 1 E illustrates a schematic representation of 

base pairing between target locus and EMXJ-targeting crRNA, as well as an example chromatogram showing 

a micro deletion adjacent to the SpCas9 cleavage site. Figure IF illustrates mutated alleles identified from 

sequencing analysis of 43 clonal amplicons showing a variety of micro insertions and deletions. Dashes 

indicate deleted bases, and non-aligned or mismatched bases indicate insertions or mutations. Scale bar= 

101-Lm. 

[00176] To further simplify the three-component system, a chimeric crRNA-tracrRNA hybrid design was 

adapted, where a mature crRNA (comprising a guide sequence) is fused to a partial tracrRNA via a stem-loop 

to mimic the natural crRNA:tracrRNA duplex (Figure 2A). To increase co-delivery efficiency, a bicistronic 

expression vector was created to drive co-expression of a chimeric RNA and SpCas9 in transfected cells 

(Figures 2A and 7). In parallel, the bicistronic vectors were used to express a pre-crRNA (DR-guide 

sequence-DR) with SpCas9, to induce processing into crRNA with a separately expressed trcrRNA (compare 

Figure 12B top and bottom). Figure 8 provides schematic illustrations ofbicistronic expression vectors for 

pre-crRNA array (Figure 8A) or chimeric crRNA (represented by the short line downstream of the guide 

sequence insertion site and upstream of the EF 1 a promoter in Figure 8B) with hSpCas9, showing location of 

various elements and the point of guide sequence insertion. The expanded sequence around the location of 

the guide sequence insertion site in Figure 8B also shows a partial DR sequence (GTTTAGAGCTA) and a 

partial tracrRNA sequence (TAGCAAGTTAAAATAAGGCTAGTCCGTTTTT). Guide sequences can be 

inserted between Bbsi sites using annealed oligonucleotides. Sequence design for the oligonucleotides are 

shown below the schematic illustrations in Figure 8, with appropriate ligation adapters indicated. WPRE 

represents the Woodchuck hepatitis virus post-transcriptional regulatory element. The efficiency of chimeric 

RNA-mediated cleavage was tested by targeting the same EMXllocus described above. Using both Surveyor 
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assay and Sanger sequencing of amplicons, we confirmed that the chimeric RNA design facilitates cleavage 

of human EMXJ locus with approximately a 4. 7% modification rate (Figures 2B). 

[00177] Generalizability of CRISPR-mediated cleavage in eukaryotic cells was tested by targeting additional 

genomic loci in both human and mouse cells by designing chimeric RNA targeting multiple sites in the 

human EMXJ and PVALB, as well as the mouse Th loci. Figure 14 illustrates the selection of some additional 

targeted protospacers in human PVALB (Figure 14A) and mouse Th (Figure 14B) loci. Schematics of the 

gene loci and the location of three proto spacers within the last ex on of each are provided. The underlined 

sequences include 30bp ofprotospacer sequence and 3bp at the 3' end corresponding to the PAM sequences. 

Protospacers on the sense and anti-sense strands are indicated above and below the DNA sequences, 

respectively. A modification rate of 6.3% and 0.75% was achieved for the human PVALB and mouse Th loci 

respectively, demonstrating the broad applicability of the CRISPR system in modifying different loci across 

multiple organisms (Figures 2B and 5). While, cleavage was only detected with one out of three spacers for 

each locus using the chimeric constructs, all target sequences were cleaved with efficiency of indel production 

reaching 27% when using the co-expressed pre-crRNA arrangement (Figure 5). 

[00178] Figure 12 provides a further illustration that SpCas9 can be reprogrammed to target multiple genomic 

loci in mammalian cells. Figure 12A provides a schematic of the human EMXJ locus showing the location of 

five protospacers, indicated by the underlined sequences. Figure 12B provides a schematic of the pre­

crRNA/trcrRNA complex showing hybridization between the direct repeat region of the pre-crRNA and 

tracrRNA (top), and a schematic of a chimeric RNA design comprising a 20bp guide sequence, and traer mate 

and traer sequences consisting of partial direct repeat and traer RNA sequences hybridized in a hairpin 

structure (bottom). Results of a Surveyor assay comparing the efficacy of Cas9-mediated cleavage at five 

protospacers in the human EMXllocus is illustrated in Figure 12C. Each protospacer is targeted using either 

processed pre-crRNA/tracrRNA complex (crRNA) or chimeric RNA (chiRNA). 

[00179] Since the secondary structure of RNA can be crucial for intermolecular interactions, a structure 

prediction algorithm based on minimum free energy and Boltzmann-weighted structure ensemble was used to 

compare the putative secondary structure of all guide sequences used in our genome targeting experiment 

(Figure 2B) (see e.g. Gruber et al., 2008, Nucleic Acids Research, 36: W70). Analysis revealed that in most 

cases, the effective guide sequence~ in the chimeric crRNA context were substantially free of secondary 

structure motifs, whereas the ineffective guide sequences were more likely to form internal secondary 

structures that could prevent base pairing with the target protospacer DNA. It is thus possible that variability 

in the spacer secondary structure might impact the efficiency of CRISPR-mediated interference when using a 

chimeric crRNA. 

[00180] Figure 2 illustrates example expression vectors. Figure 2A provides a schematic of a bi-cistronic 

vector for driving the expression of a synthetic crRNA-tracrRNA chimera (chimeric RNA) as well as SpCas9. 

The chimeric guide RNA contains a 20-bp guide sequence corresponding to the protospacer in the genomic 

target site. Figure 2B provides a schematic showing guide sequences targeting the human EMXJ, PVALB, 
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and mouse Th loci, as well as their predicted secondary structures. The modification efficiency at each target 

site is indicated below the RNA secondmy structure drawing (EMXJ, n = 216 amplicon sequencing reads; 

PVALB, n = 224 reads; Th, n = 265 reads). The folding algorithm produced an output with each base colored 

according to its probability of assuming the predicted secondary structure, as indicated by a rainbow scale that 

is reproduced in Figure 2B in gray scale. 

[00181] To test whether spacers containing secondary structures are able to function in prokaryotic cells 

where CRISPRs naturally operate, transformation interference of protospacer-bearing plasmids were tested in 

an E. coli strain heterologously expressing the S. pyogenes SF370 CRISPR locus 1 (Figure 9). The CRISPR 

locus was cloned into a low-copy E. coli expression vector and the crRNA array was replaced with a single 

spacer flanked by a pair of DRs (pCRTSPR). E. coli strains harboring different pCRTSPR plasmids were 

transformed with challenge plasmids containing the corresponding protospacer and PAM sequences (Figure 

9C). In the bacterial assay, all spacers facilitated efficient CRISPR interference (Figure 2C). These results 

suggest that there may be additional factors affecting the efficiency of CRISPR activity in mammalian cells. 

[00182] To investigate the specificity of CRISPR-mediated cleavage, the effect of single-nucleotide mutations 

in the guide sequence on protospacer cleavage in the mammalian genome was analyzed using a series of 

EMXI-targeting chimeric crRNAs with single point mutations (Figure 3A). Figure 3B illustrates results of a 

Surveyor nuclease assay comparing the cleavage efficiency of Cas9 when paired with different mutant 

chimeric RNAs. Single-base mismatch up to 12-bp 5' of the PAM substantially abrogated genomic cleavage 

by SpCas9, whereas spacers with mutations at farther upstream positions retained activity against the original 

protospacer target (Figure 3B). In addition to the PAM, SpCas9 has single-base specificity within the last 12-

bp of the spacer. Furthermore, CRISPR is able to mediate genomic cleavage as efficiently as a pair ofT ALE 

nucleases (TALEN) targeting the same EMXJ protospacer. Figure 3C provides a schematic showing the 

design ofTALENs targeting EMXJ, and Figure 3D shows a Surveyor gel comparing the efficiency of 

TALEN and Cas9 (n=3). 

[00183] Having established a set of components for achieving CRISPR-mediated gene editing in mammalian 

cells through the error-prone NHEJ mechanism, the ability of CRISPR to stimulate homologous 

recombination (HR), a high fidelity gene repair pathway for making precise edits in the genome, was tested. 

The wild type SpCas9 is able to mediate site-specific DSB~, which can be repaired through both NHEJ and 

HR. In addition, an aspartate-to-alanine substitution (D 1 OA) in the RuvC I catalytic domain of SpCas9 was 

engineered to convert the nuclease into a nickase (SpCas9n; illustrated in Figure 4A) (see e.g. Sapranausaks et 

al., 2011, Cucleic Acis Research, 39: 9275; Gasiunas et al., 2012, Proc. Natl. Acad. Sci. USA, 109:E2579), 

such that nicked genomic DNA undergoes the high-fidelity homology-directed repair (HDR). Surveyor assay 

confirmed that SpCas9n does not generate indels at the EMXJ protospacer target. As illustrated in Figure 4B, 

co-expression of EMXJ-targeting chimeric crRNA with SpCas9 produced indels in the target site, whereas co­

expression with SpCas9n did not (n=3). Moreover, sequencing of 327 amplicons did not detect any indels 

induced by SpCas9n. The same locus was selected to test CRISPR-mediated HR by co-transfecting HEK 
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293FT cells with the chimeric RNA targeting EMXJ, hSpCas9 or hSpCas9n, as well as a HR template to 

introduce a pair of restriction sites (Hindlii and Nhel) near the protospacer. Figure 4C provides a schematic 

illustration of the HR strategy, with relative locations of recombination points and primer annealing 

sequences (anows). SpCas9 and SpCas9n indeed catalyzed integration of the HR template into the EMXJ 

locus. PCR amplification of the target region followed by restriction digest with Hindiii revealed cleavage 

products conesponding to expected fragment sizes ( anows in restriction fragment length polymorphism gel 

analysis shown in Figure 4D), with SpCas9 and SpCas9n mediating similar levels ofHR efficiencies. We 

further verified HR using Sanger sequencing of genomic amplicons (Figure 4E). These results demonstrate 

the utility of CRISPR for facilitating targeted gene insertion in the mammalian genome. Given the 14-bp ( 12-

bp from the spacer and 2-bp from the PAM) target specificity of the wild type SpCas9, the availability of a 

nickase can significantly reduce the likelihood of off-target modifications, since single strand breaks are not 

substrates for the enor-prone NHEJ pathway. 

[00184] Expression constructs mimicking the natural architecture of CRISPR loci with anayed spacers 

(Figure 1A) were constructed to test the possibility of multiplexed sequence targeting. Using a single 

CRTSPR array encoding a pair of EMXI- and PVALB-targeting spacers, efficient cleavage at both loci was 

detected (Figure 4F, showing both a schematic design of the crRNA anay and a Surveyor blot showing 

efficient mediation of cleavage). Targeted deletion of larger genomic regions through concunent DSBs using 

spacers against two targets within EMXJ spaced by 119bp was also tested, and a 1.6% deletion efficacy (3 out 

of 182 amplicons; Figure 4G) was detected. This demonstrates that the CRISPR system can mediate 

multiplexed editing within a single genome. 

Example 2: CRISPR system modifications and alternatives 

[00185] The ability to use RNA to program sequence-specific DNA cleavage defines a new class of genome 

engineering tools for a variety of research and industrial applications. Several aspects of the CRISPR system 

can be further improved to increase the efficiency and versatility of CRISPR targeting. Optimal Cas9 activity 

may depend on the availability of free Mg2
+ at levels higher than that present in the mammalian nucleus (see 

e.g. Jinek et al., 2012, Science, 337:816), and the preference for an NGG motif immediately downstream of 

the protospacer restricts the ability to target on average every 12-bp in the human genome (Figure 10, 

evaluating both plus and minus strands of human chromosomal sequences). Some ofthese constraints can be 

overcome by exploring the diversity of CRISPR loci across the microbial metagenome (see e.g. Makarova et 

a!., 2011, Nat Rev Microbiol, 9:467). Other CRISPR loci may be transplanted into the mammalian cellular 

milieu by a process similar to that described in Example 1. For example, Figure 11 illustrates adaptation of 

the Type II CRISPR system from CRISPR locus 2 of Streptoc:oc:c:us thermophilus LMD-9 for heterologous 

expression in mammalian cells to achieve CRISPR-mediated genome editing. Figure llA provides a 

Schematic illustration of the CRISPR locus 2 from S. thermophilus LMD-9. Figure liB illustrates the design 

of an expression system for the S. thermophil us CRISPR system. Human codon-optimized hStCas9 is 
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expressed using a constitutive EFla promoter. Mature versions oftracrRNA and crRNA are expressed using 

the U6 promoter to promote precise transcription initiation. Sequences from the mature crRNA and tracrRNA 

are illustrated. A single base indicated by the lower case "a" in the crRNA sequence is used to remove the 

polyU sequence, which serves as a RNA poliii transcriptional terminator. Figure 11 C provides a schematic 

showing guide sequences targeting the human EMXJ locus as well as their predicted secondary structures. 

The modification efficiency at each target site is indicated below the RNA secondary structures. The 

algorithm generating the structures colors each base according to its probability of assuming the predicted 

secondary structure, which is indicated by a rainbow scale reproduced in Figure llC in gray scale. Figure 

liD shows the results of hStCas9-mediated cleavage in the target locus using the Surveyor assay. RNA guide 

spacers 1 and 2 induced 14% and 6.4%, respectively. Statistical analysis of cleavage activity across 

biological replica at these two protospacer sites is also provided in Figure 5. Figure 15 provides a schematic 

of additional protospacer and corresponding PAM sequence targets of the S. thennophilus CRISPR system in 

the human EMXJ locus. Two proto spacer sequences are highlighted and their corresponding PAM sequences 

satisfying NNAGAA W motif are indicated by underlining 3' with respect to the corresponding highlighted 

sequence. Both protospacers target the anti-sense strand. 

Example 3: Sample target sequence selection algorithm 

[00186] A software program is designed to identify candidate CRISPR target sequences on both strands of an 

input DNA sequence based on desired guide sequence length and a CRISPR motif sequence (PAM) for a 

specified CRISPR enzyme. For example, target sites for Cas9 from S. pyogenes, with PAM sequences NGG, 

may be identified by searching for 5' -Nx-NGG-3' both on the input sequence and on the reverse-complement 

of the input. Likewise, target sites for Cas9 of S. thermophilus CRISPRl, with PAM sequence NNAGAAW, 

may be identified by searching for 5' -Nx-NNAGAA W-3' both on the input sequence and on the reverse­

complement of the input. Likewise, target sites for Cas9 of S. thermophil us CRISPR3, with PAM sequence 

NGGNG, may be identified by searching for 5' -Nx-NGGNG-3' both on the input sequence and on the 

reverse-complement of the input. The value "x" inN x may be fixed by the program or specified by the user, 

such as 20. 

[00187] Since multiple occurrences in the genome of the DNA target site may lead to nonspecific genome 

editing, after identifying all potential sites, the program filters out sequences based on the number oftimes 

they appear in the relevant reference genome. For those CRISPR enzymes for which sequence specificity is 

determined by a 'seed' sequence, such as the 11-12bp 5' from the PAM sequence, including the PAM 

sequence itself, the filtering step may be based on the seed sequence. Thus, to avoid editing at additional 

genomic loci, results are filtered based on the number of occurrences of the seed: PAM sequence in the 

relevant genome. The user may be allowed to choose the length ofthe seed sequence. The user may also be 

allowed to specify the number of occurrences of the seed: PAM sequence in a genome for purposes of passing 

the filter. The default is to screen for unique sequences. Filtration level is altered by changing both the length 
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of the seed sequence and the number of occurrences of the sequence in the genome. The program may in 

addition or alternatively provide the sequence of a guide sequence complementmy to the repmied target 

sequence(s) by providing the reverse complement of the identified target sequence(s). 

[00188] This target sequence identifier tool is applicable for identifYing target in any genome, such as human, 

mouse, rate, and C. elegans. 

[00189] Sequences described in the above examples are as follows: 

[00190]U6-short tracrRNA (Streptococcus pyogenes SF370): 

GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAA 

TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACT 

TGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGAACCATTCA 

AAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCG 

GTGCTTTTTTT 

[00191]U6-Iong tracrRNA (Streptococcus pyogenes SF370): 

GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAA 

TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACT 

TGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGTAGTATTAA 

GTATTGTTTTATGGCTGATAAATTTCTTTGAATTTCTCCTTGATTATTTGTTATAAAAGTTATAAA 

ATAATCTTGTTGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAAC 

TTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT 

[00192]U6-DR-Bbsl backbone-DR (Streptococcus pyogenes SF370): 

GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAA 

TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACT 

TGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGGTTTTAGAG 

CTATGCTGTTTTGAATGGTCCCAAAACGGGTCTTCGAGAAGACGTTTTAGAGCTATGCTGTTTTG 

AATGGTCCCAAAAC 

[00193]U6-chimeric RNA-Bbsl backbone (Streptococcus pyogenes SF370) 

GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAA 

TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACT 

TGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGGGTCTTCGAG 

AAGACCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG 
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[00194] NLS-SpCas9-EGFP: 

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVP AADKKYSIGLDIGTNSVGW A VITDEY 

KVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKV 

DDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHM 

IKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY ADLFLAAKNLS 

DAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDG 

GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLK 

DNREKlEKlLTFRlPYYVGPLARGNSRFAWMTRKSEETlTPWNFEEVVDKGASAQSFlERMTNFDKNL 

PNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFKTNRKVTVKQLKEDY 

FKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKT 

Y AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTF 

KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL VKVMGRHKPENTVIEMARENQTTQ 

KGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYL YYLQNGRDMYVDQELDINRLSDYD 

VDHTVPQSFLKDDSTDNKVL TRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLTTQRKFDNL TKA 

ERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQ 

FYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA TAKYF 

FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF ATVRKVLSMPQVNTVKKTEVQTGGF 

SKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV AYSVL VV AKVEKGKSKKLKSVKELLGITIMERS 

SFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLAS 

HYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAEN 

IIHLFTL TNLGAP AAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRIDLSQLGGDAAA VSKGEE 

LFTGVVPIL VELDGDVNGHKFSVSGEGEGDATYGKL TLKFICTTGKLPVPWPTLVTTLTYGVQCFSR 

YPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL VNRIELKGIDFKEDGNILGHK 

LEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSAL 

SKDPNEKRDHMVLLEFVTAAGITLGMDEL YK 

[00195] SpCas9-EGFP-NLS: 

MDKKYSIGLDIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRT 

ARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV AYHEKYPTI 

YHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINA 

SGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTY 

DDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDL TLLKAL V 

RQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDN 

GSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRF A WMTRKSEETITPW 

NFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSG 

EQKKATVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNE 
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ENEDILEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGK 

TILDFLKSDGF ANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVD 

EL VKVMGRHKPENNIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKL Y 

L YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKK 

MKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYD 

ENDKLIREVKVITLKSKL VSDFRKDFQFYKVREINNYHHAHDAYLNA VVGTALIKKYPKLESEFVYG 

DYKVYDVRI<MIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRI<RPLIETNGETGENWDKGRD 

F ATVRKVLSMPQVNNKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV AYSVL VV 

AKVEKGKSKKLKSVKELLGlTlMERSSFEKNPlDFLEAKGYKEVKKDLllKLPKYSLFELENGRKRML 

ASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDNEQKQLFVEQHKHYLDETTEQTSEFSKRVTL 

ADANLDKVLSA YNKHRDKPIREQAENIIHLFTL TNLGAP AAFKYFDTTIDRKRYTSTKEVLDATLIHQ 

SITGL YETRIDLSQLGGDAAA VSKGEELFTGVVPIL VELDGDVNGHKFSVSGEGEGDATYGKL TLKFI 

CTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVK 

FEGDTL VNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLAD 

HYQQNTPTGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVT AAGTTLGMDEL YKKRPAATKK 

AGQAKKKK 

[00196] NLS-SpCas9-EGFP-NLS: 

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVP AADKKYSIGLDIGTNSVGW A VITDEY 

KVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKV 

DDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHM 

IKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY ADLFLAAKNLS 

DAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDG 

GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLK 

DNREKIEKILTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNL 

PNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKANDLLFKTNRKVTVKQLKEDY 

FKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKT 

Y AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTF 

KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL VKVMGRHKPENNIEMARENQTTQ 

KGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYL YYLQNGRDMYVDQELDINRLSDYD 

VDHNPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKA 

ERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQ 

FYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA TAKYF 

FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF ATVRKVLSMPQVNNKKTEVQTGGF 

SKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVL VV AKVEKGKSKKLKSVKELLGITIMERS 

SFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLAS 
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HYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAEN 

IIHLFTL TNLGAP AAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRIDLSQLGGDAAA VSKGEE 

LFTGVVPIL VELDGDVNGHKFSVSGEGEGDATYGKL TLKFICTTGKLPVPWPTLVTTLTYGVQCFSR 

YPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTL VNRIELKGIDFKEDGNILGHK 

LEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSAL 

SKDPNEKRDHMVLLEFVTAAGITLGMDEL YKKRP AA TKKAGQAKKKK 

[00197] NLS-SpCas9-NLS: 

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVP AADKKYSIGLDIGTNSVGW A VITDEY 

KVPSKKFKVLGNTDRHSlKKNLlGALLFDSGETAEATRLKRTARRRYTRRKNRlCYLQElFSNEMAKV 

DDSFFHRLEESFL VEEDKKHERHPTFGNTVDEV A YHEKYPTTYHLRKKLVDSTDKADLRLTYLALAHM 

IKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY ADLFLAAKNLS 

DAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDG 

GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLK 

DNREKTEKTL TFRTPYYVGPLARGNSRFA WMTRKSEETTTPWNFEEVVDKGASAQSFTERMTNFDKNL 

PNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDY 

FKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKT 

Y AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTF 

KEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQ 

KGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYL YYLQNGRDMYVDQELDINRLSDYD 

VDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKA 

ERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQ 

FYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA TAKYF 

FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF ATVRKVLSMPQVNIVKKTEVQTGGF 

SKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVL VV AKVEKGKSKKLKSVKELLGITIMERS 

SFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLAS 

HYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAEN 

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDKRPAATKKA 

GQAKKKK 

[00198] NLS-mCherry-SpRN ase3: 

MFLFLSLTSFLSSSRTLVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLK 

VTKGGPLPF A WDILSPQFMYGSKA YVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSL 

QDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVK 

TTYKAKKPVQLPGA YNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDEL YKGSKQLEELLSTSFDI 

QFNDLTLLETAFTHTSYANEHRLLNVSHNERLEFLGDAVLQLIISEYLFAKYPKKTEGDMSKLRSMIV 

REESLAGFSRFCSFDA YIKLGKGEEKSGGRRRDTILGDLFEAFLGALLLDKGIDA VRRFLKQVMIPQV 
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EKGNFERVKDYKTCLQEFLQTKGDV AIDYQVISEKGPAHAKQFEVSNVNGA VLSKGLGKSKKLAE 

QDAAKNALAQLSEV 

[00199] SpRNase3-mCherry-NLS: 

MKQLEELLSTSFDIQFNDLTLLETAFTHTSY ANEHRLLNVSHNERLEFLGDA VLQLIISEYLF AKYPKK 

TEGDMSKLRSMNREESLAGFSRFCSFDA YIKLGKGEEKSGGRRRDTILGDLFEAFLGALLLDKGIDA 

VRRFLKQVMIPQVEKGNFERVKDYKTCLQEFLQTKGDV AIDYQVISEKGPAHAKQFEVSNVNGA V 

LSKGLGKSKKLAEQDAAKNALAQLSEVGSVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEG 

EGRPYEGTQTAKLKVTKGGPLPFA WDILSPQFMYGSKA YVKHPADIPDYLKLSFPEGFKWERVMNF 

EDGGVVTVTQDSSLQDGEFlYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALKGElKQR 

LKLKDGGHYDAEVKTTYKAKKPVQLPGA YNVNTKLDTTSHNEDYTTVEQYERAEGRHSTGGMDEL Y 

KKRP AATKKAGQAKKKK 

[00200]NLS-SpCas9n-NLS (the DIOA nickase mutation is lowercase): 

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVP AADKKYSIGLaiGTNSVGW A VITDEYK 

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVD 

DSFFHRLEESFL VEEDKKHERHPTFGNTVDEV A YHEKYPTTYHLRKKLVDSTDKADLRLTYLALAHMT 

KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPG 

EKKNGLFGNLIALSLGL TPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY ADLFLAAKNLSD 

AILLSDILRVNTEITKAPLSASMIKRYDEHHQDL TLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGG 

ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKD 

NREKIEKILTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLP 

NEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKANDLLFKTNRKVTVKQLKEDYF 

KKlECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDNLTLTLFEDREMIEERLKTY 

AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKE 

DIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL VKVMGRHKPENNIEMARENQTTQKG 

QKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVD 

HNPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAER 

GGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDFRKDFQFY 

KVREINNYHHAHDAYLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA TAKYFFY 

SNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF ATVRKVLSMPQVNNKKTEVQTGGFSK 

ESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFE 

KNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIH 

LFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDKRPAATKKAGQ 

AKKKK 

[00201] hEMXl-HR Template-Hindii-Nhei: 

GAATGCTGCCCTCAGACCCGCTTCCTCCCTGTCCTTGTCTGTCCAAGGAGAATGAGGTCTCACTG 
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GTGGATTTCGGACTACCCTGAGGAGCTGGCACCTGAGGGACAAGGCCCCCCACCTGCCCAGCTC 

CAGCCTCTGATGAGGGGTGGGAGAGAGCTACATGAGGTTGCTAAGAAAGCCTCCCCTGAAGGA 

GACCACACAGTGTGTGAGGTTGGAGTCTCTAGCAGCGGGTTCTGTGCCCCCAGGGATAGTCTGG 

CTGTCCAGGCACTGCTCTTGATATAAACACCACCTCCTAGTTATGAAACCATGCCCATTCTGCCT 

CTCTGTATGGAAAAGAGCATGGGGCTGGCCCGTGGGGTGGTGTCCACTTTAGGCCCTGTGGGAG 

ATCATGGGAACCCACGCAGTGGGTCATAGGCTCTCTCATTTACTACTCACATCCACTCTGTGAAG 

AAGCGATTATGATCTCTCCTCTAGAAACTCGTAGAGTCCCATGTCTGCCGGCTTCCAGAGCCTGC 

ACTCCTCCACCTTGGCTTGGCTTTGCTGGGGCTAGAGGAGCTAGGATGCACAGCAGCTCTGTGAC 

CCTTTGTTTGAGAGGAACAGGAAAACCACCCTTCTCTCTGGCCCACTGTGTCCTCTTCCTGCCCT 

GCCATCCCCTTCTGTGAATGTTAGACCCATGGGAGCAGCTGGTCAGAGGGGACCCCGGCCTGGG 

GCCCCTAACCCTATGTAGCCTCAGTCTTCCCATCAGGCTCTCAGCTCAGCCTGAGTGTTGAGGCC 

CCAGTGGCTGCTCTGGGGGCCTCCTGAGTTTCTCATCTGTGCCCCTCCCTCCCTGGCCCAGGTGA 

AGGTGTGGTTCCAGAACCGGAGGACAAAGTACAAACGGCAGAAGCTGGAGGAGGAAGGGCCTG 

AGTCCGAGCAGAAGAAGAAGGGCTCCCATCACATCAACCGGTGGCGCATTGCCACGAAGCAGG 

CCAA TGGGGAGGACA TCGATGTCACCTCCAATGACaagcttgctagcGGTGGGCAACCACAAACCCAC 

GAGGGCAGAGTGCTGCTTGCTGCTGGCCAGGCCCCTGCGTGGGCCCAAGCTGGACTCTGGCCAC 

TCCCTGGCCAGGCTTTGGGGAGGCCTGGAGTCATGGCCCCACAGGGCTTGAAGCCCGGGGCCGC 

CATTGACAGAGGGACAAGCAATGGGCTGGCTGAGGCCTGGGACCACTTGGCCTTCTCCTCGGAG 

AGCCTGCCTGCCTGGGCGGGCCCGCCCGCCACCGCAGCCTCCCAGCTGCTCTCCGTGTCTCCAAT 

CTCCCTTTTGTTTTGATGCATTTCTGTTTTAATTTATTTTCCAGGCACCACTGTAGTTTAGTGATCC 

CCAGTGTCCCCCTTCCCTATGGGAATAATAAAAGTCTCTCTCTTAATGACACGGGCATCCAGCTC 

CAGCCCCAGAGCCTGGGGTGGTAGATTCCGGCTCTGAGGGCCAGTGGGGGCTGGTAGAGCAAA 

CGCGTTCAGGGCCTGGGAGCCTGGGGTGGGGTACTGGTGGAGGGGGTCAAGGGTAATTCATTAA 

CTCCTCTCTTTTGTTGGGGGACCCTGGTCTCTACCTCCAGCTCCACAGCAGGAGAAACAGGCTAG 

ACATAGGGAAGGGCCATCCTGTATCTTGAGGGAGGACAGGCCCAGGTCTTTCTTAACGTATTGA 

GAGGTGGGAATCAGGCCCAGGTAGTTCAATGGGAGAGGGAGAGTGCTTCCCTCTGCCTAGAGAC 

TCTGGTGGCTTCTCCAGTTGAGGAGAAACCAGAGGAAAGGGGAGGATTGGGGTCTGGGGGAGG 

GAACACCATTCACAAAGGCTGACGGTTCCAGTCCGAAGTCGTGGGCCCACCAGGATGCTCACCT 

GTCCTTGGAGAACCGCTGGGCAGGTTGAGACTGCAGAGACAGGGCTTAAGGCTGAGCCTGCAAC 

CAGTCCCCAGTGACTCAGGGCCTCCTCAGCCCAAGAAAGAGCAACGTGCCAGGGCCCGCTGAGC 

TCTTGTGTTCACCTG 

[00202] NLS-StCsnl-NLS: 

MKRP AA TKKAGQAKKKKSDL VLGLDIGIGSVGVGILNKVTGEIIHKNSRIFP AAQAENNL VRRTNRQ 

GRRLARRKKHRRVRLNRLFEESGLITDFTKISINLNPYQLRVKGLTDELSNEELFIALKNMVKHRGISY 

LDDASDDGNSSVGDY AQNKENSKQLETKTPGQIQLERYQTYGQLRGDFTVEKDGKKHRLINVFPTS 

AYRSEALRILQTQQEFNPQITDEFINRYLEILTGKRKYYHGPGNEKSRTDYGRYRTSGETLDNIFGILIG 

5292780 l.DOCX -275- WSGRDocket'{o. 44063-701.101 



KCTFYPDEFRAAKASYTAQEFNLLNDLNNL TVPTETKKLSKEQKNQIINYVKNEKAMGP AKLFKYIA 

KLLSCDV ADIKGYRIDKSGKAEIHTFEA YRKMKTLETLDIEQMDRETLDKLA YVLTLNTEREGIQEAL 

EHEFADGSFSQKQVDEL VQFRKANSSIFGKGWHNFSVKLMMELIPEL YETSEEQMTILTRLGKQKTT 

SSSNKTKYIDEKLLTEEIYNPVVAKSVRQAIKIVNAAIKEYGDFDNIVIEMARETNEDDEKKAIQKIQK 

ANKDEKDAAMLKAANQYNGKAELPHSVFHGHKQLATKIRL WHQQGERCL YTGKTISIHDLINNSNQ 

FEVDHILPLSITFDDSLANKVLVYATANQEKGQRTPYQALDSMDDA WSFRELKAFVRESKTLSNKKK 

EYLLTEEDISKFDVRKKFIERNL VDTRY ASRVVLNALQEHFRAHKIDTKVSVVRGQFTSQLRRHWGI 

EKTRDTYHHHA VDALIIAASSQLNL WKKQKNTLVSYSEDQLLDIETGELISDDEYKESVFKAPYQHF 

VDTLKSKEFEDSlLFSYQVDSKFNRKlSDATlYATRQAKVGKDKADETYVLGKlKDlYTQDGYDAFM 

KTYKKDKSKFLMYRHDPQTFEKVTEPTLENYPNKQTNEKGKEVPCNPFLKYKEEHGYTRKYSKKGNGP 

EIKSLKYYDSKLGNHIDITPKDSNNKVVLQSVSPWRADVYFNKTTGKYEILGLKY ADLQFEKGTGTY 

KISQEKYNDIKKKEGVDSDSEFKFTL YKNDLLLVKDTETKEQQLFRFLSRTMPKQKHYVELKPYDKQ 

KFEGGEALIKVLGNVANSGQCKKGLGKSNISIYKVRTDVLGNQHIIKNEGDKPKLDFKRPAATKKAG 

QAKKKK 

[00203] U6-St_ tracrRN A(7 -97): 

GAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAA 

TTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACT 

TGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTACTTAAAT 

CTTGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGG 

TGTTTTCGTTATTTAA 

[00204] While preferred embodiments of the present invention have been shown and described herein, it will 

be obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous 

variations, changes, and substitutions will now occur to those skilled in the art without departing from the 

invention. It should be understood that various alternatives to the embodiments of the invention described 

herein may be employed in practicing the invention. It is intended that the following claims define the scope 

of the invention and that methods and structures within the scope of these claims and their equivalents be 

covered thereby. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A vector system comprising one or more vectors, wherein the system comprises 

a. a first regulatory element operably linked to a traer mate sequence and one or more 

insertion sites for inserting a guide sequence upstream of the traer mate sequence, wherein when expressed, 

the guide sequence directs sequence-specific binding of a CRISPR complex to a target sequence in a 

eukaryotic cell, wherein the CRISPR complex comprises a CRISPR enzyme complexed with (1) the guide 

sequence that is hybridized to the target sequence, and (2) the traer mate sequence that is hybridized to the 

traer sequence; and 

b. a second regulatory element operably linked to an enzyme-coding sequence encoding 

said CRISPR enzyme comprising a nuclear localization sequence; 

wherein components (a) and (b) are located on the same or different vectors of the system. 

2. The vector system of claim 1, wherein component (a) further comprises the traer sequence 

downstream of the traer mate sequence under the control of the first regulatory element. 

3. The vector system of claim 1, wherein component (a) further comprises two or more guide 

sequences operably linked to the first regulatory element, wherein when expressed, each of the two or more 

guide sequences direct sequence specific binding of a CRISPR complex to a different target sequence in a 

eukaryotic cell. 

4. The vector system of claim 1, wherein the system comprises the traer sequence under the 

control of a third regulatory element. 

5. The vector system of claim 1, wherein the traer sequence exhibits at least 50% of sequence 

complementarity along the length of the traer mate sequence when optimally aligned. 

6. The vector system of claim 1, wherein the CRISPR enzyme comprises one or more nuclear 

localization sequences of sufficient strength to drive accumulation of said CRISPR enzyme in a detectable 

amount in the nucleus of a eukaryotic cell. 

7. The vector system of claim 1, wherein the CRISPR enzyme is a type II CRISPR system 

enzyme. 

8. The vector system of claim 1, wherein the CRISPR enzyme is a Cas9 enzyme. 

9. The vector system of claim 1, wherein the CRISPR enzyme is codon-optimized for 

expression in a eukaryotic cell. 

10. The vector system of claim 1, wherein the CRISPR enzyme directs cleavage of one or two 

strands at the location of the target sequence. 

11. The vector system of claim 1, wherein the CRISPR enzyme lacks DNA strand cleavage 

activity. 

12. 

promoter. 
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13. The vector system of claim 1, wherein the second regulatory element is a polymerase II 

promoter. 

14. 

promoter. 

15. 

16. 

The vector system of claim 4, wherein the third regulatory element is a polymerase III 

The vector system of claim 1, wherein the guide sequence is at least 15 nucleotides in length. 

The vector system of claim 1, wherein fewer than 50% of the nucleotides of the guide 

sequence participate in self-complementary base-pairing when optimally folded. 

17. A vector comprising a regulatory element operably linked to an enzyme-coding sequence 

encoding a CRISPR enzyme comprising one or more nuclear localization sequences, wherein said regulatory 

element drives transcription of the CRTSPR enzyme in a eukaryotic cell such that said CRTSPR enzyme 

accumulates in a detectable amount in the nucleus of the eukaryotic cell. 

18. The vector of claim 17, wherein said regulatory element is a polymerase II promoter. 

19. The vector of claim 17, wherein said CRISPR enzyme is a type II CRISPR system enzyme. 

20. The vector of claim 17, wherein said CRISPR enzyme is a Cas9 enzyme. 

21. The vector of claim 17, wherein said CRTSPR enzyme lacks the ability to cleave one or more 

strands of a target sequence to which it binds. 

22. A CRISPR enzyme comprising one or more nuclear localization sequences of sufficient 

strength to drive accumulation of said CRISPR enzyme in a detectable amount in the nucleus of a eukaryotic 

cell. 

23. The CRISPR enzyme of claim 22, wherein said CRISPR enzyme is a type II CRISPR system 

enzyme. 

24. The CRISPR enzyme of claim 22, wherein said CRISPR enzyme is a Cas9 enzyme. 

25. The CRISPR enzyme of claim 22, wherein said CRISPR enzyme lacks the ability to cleave 

one or more strands of a target sequence to which it binds. 

26. A eukaryotic host cell comprising: 

a. a first regulatory element operably linked to a traer mate sequence and one or more 

insertion sites for inserting a guide sequence upstream of the traer mate sequence, wherein when expressed, 

the guide sequence directs sequence-~pecific binding of a CRISPR complex to a target sequence in a 

eukaryotic cell, wherein the CRISPR complex comprises a CRISPR enzyme complexed with (1) the guide 

sequence that is hybridized to the target sequence, and (2) the traer mate sequence that is hybridized to the 

traer sequence; and/or 

b. a second regulatory element operably linked to an enzyme-coding sequence encoding 

said CRISPR enzyme comprising a nuclear localization sequence. 

27. The eukaryotic host cell of claim 26, wherein said host cell comprises components (a) and 

(b). 
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28. The eukaryotic host cell of claim 26, wherein component (a), component (b), or components 

(a) and (b) are stably integrated into a genome ofthe host eukaryotic cell. 

29. The eukaryotic host cell of claim 26, wherein component (a) further comprises the traer 

sequence downstream of the traer mate sequence under the control of the first regulatory element. 

30. The eukaryotic host cell of claim 26, wherein component (a) further comprises two or more 

guide sequences operably linked to the first regulatory element, wherein when expressed, each of the two or 

more guide sequences direct sequence specific binding of a CRISPR complex to a different target sequence in 

a eukaryotic cell. 

31. The eukaryotic host cell of claim 26, further comprising a third regulatory element operably 

linked to said traer sequence. 

32. The eukaryotic host cell of claim 26, wherein the traer sequence exhibits at least 50% of 

sequence complementarity along the length of the traer mate sequence when optimally aligned. 

33. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme comprises one or more 

nuclear localization sequences of sufficient strength to drive accumulation of said CRISPR enzyme in a 

detectable mount in the nucleus of a eukaryotic cell. 

34. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme is a type II CRISPR 

system enzyme. 

35. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme is a Cas9 enzyme. 

36. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme is codon-optimized for 

expression in a eukaryotic cell. 

37. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme directs cleavage of one or 

two strands at the location of the target sequence. 

38. The eukaryotic host cell of claim 26, wherein the CRISPR enzyme lacks DNA strand 

cleavage activity. 

39. The eukaryotic host cell of claim 26, wherein the first regulatory element is a polymerase III 

promoter. 

40. 

II promoter. 

41. 

promoter. 

42. 

length. 

The eukaryotic host cell of claim 26, wherein the second regulatory element is a polymerase 

The eukaryotic host cell of claim 31, wherein the third regulatory element is a polymerase III 

The eukaryotic host cell of claim 26, wherein the guide sequence is at least 15 nucleotides in 

43. The eukaryotic host cell of claim 26, wherein fewer than 50% of the nucleotides of the guide 

sequence participate in self-complementary base-pairing when optimally folded. 

44. A non-human animal comprising a eukaryotic host cell of any one of claims 26-43. 
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45. A kit comprising a vector system and instructions for using said kit, the vector system 

compnsmg: 

a. a first regulatory element operably linked to a traer mate sequence and one or more 

insertion sites for inserting a guide sequence upstream of the traer mate sequence, wherein when expressed, 

the guide sequence directs sequence-specific binding of a CRISPR complex to a target sequence in a 

eukaryotic cell, wherein the CRISPR complex comprises a CRISPR enzyme complexed with (1) the guide 

sequence that is hybridized to the target sequence, and (2) the traer mate sequence that is hybridized to the 

traer sequence; and/or 

b. a second regulatory element operably linked to an enzyme-coding sequence encoding 

said CRTSPR enzyme comprising a nuclear localization sequence. 

46. The kit of claim 45, wherein said kit comprises components (a) and (b) located on the same 

or different vectors of the system. 

47. The kit of claim 45, wherein component (a) further comprises the traer sequence downstream 

of the traer mate sequence under the control of the first regulatory element. 

48. The kit of claim 45, wherein component (a) further comprises two or more guide sequences 

operably linked to the first regulatory element, wherein when expressed, each of the two or more guide 

sequences direct sequence specific binding of a CRISPR complex to a different target sequence in a 

eukaryotic cell. 

49. The kit of claim 45, wherein the system comprises the traer sequence under the control of a 

third regulatory element. 

50. The kit of claim 45, wherein the traer sequence exhibits at least 50% of sequence 

complementarity along the length of the traer mate sequence when optimally aligned. 

51. The kit of claim 45, wherein the CRISPR enzyme comprises one or more nuclear localization 

sequences of sufficient strength to drive accumulation of said CRISPR enzyme in a detectable mount in the 

nucleus of a eukaryotic cell. 

52. The kit of claim 45, wherein the CRISPR enzyme is a type II CRISPR system enzyme. 

53. The kit of claim 45, wherein the CRISPR enzyme is a Cas9 enzyme. 

54. The kit of claim 45, wherein the CRISPR enzyme is codon-optimized for expression in a 

eukaryotic cell. 

55. The kit of claim 45, wherein the CRISPR enzyme directs cleavage of one or two strands at 

the location of the target sequence. 

56. The kit of claim 45, wherein the CRISPR enzyme lacks DNA strand cleavage activity. 

57. The kit of claim 45, wherein the first regulatory element is a polymerase III promoter. 

58. The kit of claim 45, wherein the second regulatory element is a polymerase II promoter. 

59. The kit of claim 49, wherein the third regulatory element is a polymerase III promoter. 

60. The kit of claim 45, wherein the guide sequence is at least 15 nucleotides in length. 
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61. The kit of claim 45, wherein fewer than 50% of the nucleotides of the guide sequence 

pmiicipate in self-complementary base-pairing when optimally folded. 

62. A computer system for selecting a candidate target sequence within a nucleic acid sequence 

in a eukaryotic cell for targeting by a CRISPR complex, the system comprising: 

a. a memory unit configured to receive and/ or store said nucleic acid sequence; and 

b. one or more processors alone or in combination programmed to (i) locate a CRISPR 

motif sequence within said nucleic acid sequence, and (ii) select a sequence adjacent to said located CRISPR 

motif sequence as the candidate target sequence to which the CRISPR complex binds. 

63. The computer system of claim 62, wherein said locating step comprises identifYing a 

CRTSPR motif sequence located less than about 500 nucleotides away from said target sequence. 

64. The computer system of claim 62, wherein said candidate target sequence is at least 10 

nucleotides in length. 

65. The computer system of claim 62, wherein the nucleotide at the 3' end of the candidate target 

sequence is located no more than about 10 nucleotides upstream of the CRISPR motif sequence. 

66. The computer system of claim 62, wherein the nucleic acid sequence in the eukaryotic cell is 

endogenous to the eukaryotic genome. 

67. The computer system of clam 62, wherein the nucleic acid sequence in the eukaryotic cell is 

exogenous to the eukaryotic genome. 

68. A computer-readable medium comprising codes that, upon execution by one or more 

processors, implements a method of selecting a candidate target sequence within a nucleic acid sequence in a 

eukaryotic cell for targeting by a CRISPR complex, said method comprising: (a) locating a CRISPR motif 

sequence within said nucleic acid sequence, and (b) selecting a sequence adjacent to said located CRISPR 

motif sequence as the candidate target sequence to which the CRISPR complex binds. 

69. The computer-readable medium of claim 68, wherein said locating comprises locating a 

CRISPR motif sequence that is less than about 500 nucleotides away from said target sequence. 

70. The computer-readable of claim 68, wherein said candidate target sequence is at least 10 

nucleotides in length. 

71. The computer-readable of claim 68, wherein the nucleotide at the 3' end of the candidate 

target sequence is located no more than about 10 nucleotides upstream of the CRISPR motif sequence. 

72. The computer-readable of claim 68, wherein the nucleic acid sequence in the eukaryotic cell 

is endogenous the eukaryotic genome. 

73. The computer-readable of claim 68, wherein the nucleic acid sequence in the eukaryotic cell 

is exogenous to the eukaryotic genome. 

74. A method of modifying a target polynucleotide in a eukaryotic cell, the method comprising 

allowing a CRISPR complex to bind to the target polynucleotide to effect cleavage of said target 

polynucleotide thereby modifYing the target polynucleotide, wherein the CRISPR complex comprises a 
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CRISPR enzyme complexed with a guide sequence hybridized to a target sequence within said target 

polynucleotide, wherein said guide sequence is linked to a traer mate sequence which in turn hybridizes to a 

traer sequence. 

75. The method of claim 74, wherein said cleavage comprises cleaving one or two strands at the 

location of the target sequence by said CRISPR enzyme. 

76. The method of claim 74, wherein said cleavage results in decreased transcription of a target 

gene. 

77. The method of claim 74, further comprising repairing said cleaved target polynucleotide by 

homologous recombination with an exogenous template polynucleotide, wherein said repair results in a 

mutation comprising an insertion, deletion, or substitution of one or more nucleotides of said target 

polynucleotide. 

78. The method of claim 77, wherein said mutation results in one or more amino acid changes in 

a protein expressed from a gene comprising the target sequence. 

79. The method of claim 74, further comprising delivering one or more vectors to said eukaryotic 

cell, wherein the one or more vectors drive expression of one or more of: the CRTSPR enzyme, the guide 

sequence linked to the traer mate sequence, and the traer sequence. 

80. The method of claim 79, wherein said vectors are delivered to the eukaryotic cell in a subject. 

81. The method of claim 74, wherein said modifying takes place in said eukaryotic cell in a cell 

culture. 

R2. The method of claim 74, further comprising isolating said eukaryotic cell from a subject prior 

to said modifying. 

83. The method of claim 82, further comprising returning said eukaryotic cell and/or cells 

derived therefrom to said subject. 

84. A method of modifying expression of a polynucleotide in a eukaryotic cell, the method 

compnsmg: allowing a CRISPR complex to bind to the polynucleotide such that said binding results in 

increased or decreased expression of said polynucleotide; wherein the CRISPR complex comprises a CRISPR 

enzyme complexed with a guide sequence hybridized to a target sequence within said polynucleotide, wherein 

said guide sequence is linked to a traer mate sequence which in turn hybridizes to a traer sequence. 

85. The method of claim 74, further comprising delivering one or more vectors to said eukaryotic 

cells, wherein the one or more vectors drive expression of one or more of: the CRISPR enzyme, the guide 

sequence linked to the traer mate sequence, and the traer sequence. 

86. A method of generating a model eukaryotic cell comprising a mutated disease gene, the 

method comprising: 

a. introducing one or more vectors into a eukaryotic cell, wherein the one or more 

vectors drive expression of one or more of: a CRISPR enzyme, a guide sequence linked to a traer mate 

sequence, and a traer sequence; and 
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b. allowing a CRISPR complex to bind to a target polynucleotide to effect cleavage of 

the target polynucleotide within said disease gene, wherein the CRISPR complex comprises the CRISPR 

enzyme complexed with (1) the guide sequence that is hybridized to the target sequence within the target 

polynucleotide, and (2) the traer mate sequence that is hybridized to the traer sequence, 

thereby generating a model eukaryotic cell comprising a mutated disease gene. 

87. The method of claim 86, wherein said cleavage comprises cleaving one or two strands at the 

location of the target sequence by said CRISPR enzyme. 

88. The method of claim 86, wherein said cleavage results in decreased transcription of a target 

gene. 

89. The method of claim 86, further comprising repairing said cleaved target polynucleotide by 

homologous recombination with an exogenous template polynucleotide, wherein said repair results in a 

mutation comprising an insertion, deletion, or substitution of one or more nucleotides of said target 

polynucleotide. 

90. The method of claim 89, wherein said mutation results in one or more amino acid changes in 

a protein expressed from a gene comprising the target sequence. 

91. A method of developing a biologically active agent that modulates a cell signaling event 

associated with a disease gene, comprising: 

a. contacting a test compound with a model cell of any one of claims 86-90; and 

b. detecting a change in a readout that is indicative of a reduction or an augmentation of 

a cell signaling event associated with said mutation in said disease gene, thereby developing said biologically 

active agent that modulates said cell signaling event associated with said disease gene. 

92. A recombinant polynucleotide comprising a guide sequence upstream of a traer mate 

sequence, wherein the guide sequence when expressed directs sequence-specific binding of a CRISPR 

complex to a corresponding target sequence present in a eukaryotic cell. 

93. The recombinant polynucleotide of claim 89, wherein the target sequence is a viral sequence 

present in a eukaryotic cell. 

94. The recombinant polynucleotide of claim 89, wherein the target sequence is a proto-oncogene 

or an oncogene. 
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SYSTEMS METHODS AND COMPOSITIONS FOR SEQUENCE MANIPULATION 

ABSTRACT OF THE DISCLOSURE 

[00205] The invention provides for systems, methods, and compositions for manipulation of sequences and/or 

activities of target sequences. Provided are vectors and vector systems, some of which encode one or more 

components of a CRlSPR complex, as well as methods for the design and use of such vectors. Also provided 

are methods of directing CRTSPR complex formation in eukaryotic cells. 
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Gt'nomic 
Primt'r namt' Assay Prirne-1· se-qut>nct> 

Targt>t 

SURVEYOR 
Sp-EMXl-F EJIL\."1 AAAACCACCCTTCTCTCTGGC 

assay. sequencmg 

SURVEYOR 
Sp-EMXI-R EM\"1 GGAGATTGGAGACACGGAGAG 

assay. sequencmg 

SURVEYOR 
Sp-PVALB-F PVALB CTGGAAAGCCAATGCCTGAC 

assay. sequencmg 

SURVEYOR 
Sp-PVALB-R PVALB GGCAGCAAACTCCTTGTCCT 

assay. sequencmg 

SURVEYOR 
Sp-Th-F Th GTGCTTTGCAGAGGCCTACC 

assay. sequencmg 

SURVEYOR 
Sp-Th-R Th CCTGGAGCGCATGCAGTAGT 

assay. sequencmg 

SURVEYOR 
St-EJ\.1Xl-F EMXJ ACCTTCTGTGTTTCCACCATTC 

assay. sequencmg 

SURVEYOR 
St-EMXI-R £1\{J{j TTGGGGAGTGCACAGACTTC 

assay. sequencmg 

Sp-EMXl- RFLP. 
EM\-1 GGCTCCCTGGGTTCAAAGTA 

RFLP-F sequenc mg 

Sp-EMXI- RFLP. 
E!Yf}(J AGAGGGGTCTGGATGTCGTAA 

RFLP-R sequencmg 

Northem Blot Not 
Pb_EMXI_spl TAGCTCTAAAACTTCTTCTTCTGCTCGGAC 

Probe applicable 

Northem Blot Not 
Pb tracrRNA CTAGCCTTATTTTAACTTGCTATGCTGTTT 

Probe applicable 

Figure 16 




