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Supplementary Table 1. List of biological candidate genes and their functional roles for genetic 

variant Analysis 2 (n=153) 

Gene Functional roles / associated disease 

ADAM12 
ADAM metallopeptidase domain 12; Involved in skeletal muscle 

regeneration, specifically at the onset of cell fusion.  

ACAN 
AGGRECAN 1; Aggrecan is a major component of cartilage extracellular 

matrix. Defects are associated with short stature 

AGL 
amylo-alpha-1, 6-glucosidase, 4-alpha-glucanotransferase. Glycogen 

storage disease and associated growth retardation  

AKT1 

 AKT1 is one of 3 closely related serine/threonine- protein kinases (AKT1, 

AKT2 and AKT3) called the AKT kinase, and which regulate many processes 

including metabolism, proliferation, cell survival, growth and angiogenesis. 

AKT2 

v-akt murine thymoma viral oncogene homolog 2; AKT2 is one of 3 closely 

related serine/threonine- protein kinases (AKT1, AKT2 and AKT3) called the 

AKT kinase, and which regulate many processes including metabolism, 

proliferation, cell survival, growth and angiogenesis.  

AKT3 

 AKT3 is one of 3 closely related serine/threonine- protein kinases (AKT1, 

AKT2 and AKT3) called the AKT kinase, and which regulate many processes 

including metabolism, proliferation, cell survival, growth and angiogenesis.  

ANKRD11 ankyrin repeat domain 11; KBG syndrome and associated short stature  

ATR 

 Acting as a DNA damage sensor. Recognizes the substrate consensus 

sequence [ST]-Q. Phosphorylates BRCA1, CHEK1, MCM2, RAD17, RPA2, 

SMC1 and p53/TP53, which collectively inhibit DNA replication and mitosis 

and promote DNA repair, recombination and apoptosis.  

ATRIP 

ATR interacting protein ATRIP is phosphorylated by ATR, regulates ATR 

expression, and is an essential component of the DNA damage checkpoint 

pathway  

B3GAT3 
Beta-1,3-glucuronyltransferase 3; Multiple joint dislocations, short stature, 

craniofacial dysmorphism, with or without congenital heart defects. 

B4GALT7 

 

Xylosylprotein 4-beta-galactosyltransferase, polypeptide 7; defects cause 

Ehlers-Danlos syndrome with short stature and limb anomalies. 

BLM 

Bloom syndrome, RecQ helicase-like; Participates in DNA replication and 

repair. Exhibits a magnesium-dependent ATP-dependent DNA-helicase 

activity that unwinds single- and double-stranded DNA in a 3’-5’ direction. 

Involved in 5’-end resection of DNA during double-strand break (DSB) repair.  

BMP6 bone morphogenetic protein 6; Induces cartilage and bone formation  

BOD1L1 

Biorientation of chromosomes in cell division 1-like 1; Recognition and repair 

of damaged replication forks is essential for maintenance of genome 

stability. BOD1L is a component of the fork protection pathway that responds 

to replication stress. 

CDC6 

Cell division cycle 6 homolog (S. cerevisiae); Involved in the initiation of DNA 

replication. Also participates in checkpoint controls that ensure DNA 

replication is completed before mitosis is initiated. 
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CDK1 

Cyclin-dependent kinase 1; Plays a key role in the control of the eukaryotic 

cell cycle by modulating the centrosome cycle as well as mitotic onset; 

promotes G2-M transition, and regulates G1 progress and G1-S transition 

via association with multiple interphase cyclins.  

CDKN1B 

Cyclin-dependent kinase inhibitor. The HER2-HER3 dimer induces cell 

growth by activating a kinase cascade that includes phosphorylation of 

CDKN1B, resulting in CDKN1B ubiquitination and proteasomal degradation. 

CDKN1C 
Cyclin-dependent kinase inhibitor 1C (p57, Kip2); IMAGe syndrome - severe 

IUGR and marked postnatal growth failure. 

CDT1 

Chromatin licensing and DNA replication factor 1; Cooperates with CDC6 to 

promote the loading of the mini- chromosome maintenance complex onto 

chromatin to form the pre- replication complex necessary to initiate DNA 

replication.  Meier-Gorlin syndrome 4 associated with short stature. 

CENPJ 

Centromere protein J; Plays an important role in cell division and centrosome 

function by participating in centriole duplication. Inhibits microtubule 

nucleation from the centrosome. Seckel syndrome 4 - intrauterine and 

postnatal growth retardation. 

CEP152 

Centrosomal protein 152kDa; Regulator of genomic integrity and cellular 

response to DNA damage acting through ATR-mediated checkpoint 

signaling. Necessary for centrosome duplication. It functions as a molecular 

scaffold facilitating the interaction of PLK4 and CENPJ, two molecules 

involved in centriole formation. 

CEP63 

Centrosomal protein 63kDa; Required for normal spindle assembly. 

Maintains centrosome numbers through centrosomal recruitment of CEP152. 

Also recruits CDK1 to centrosomes. Plays a role in DNA damage response.  

(By similarity). 

CHD7 
Chromodomain helicase DNA binding protein 7; Probable transcription 

regulator.   CHARGE syndrome, retardation of growth. 

CHEK1 

Checkpoint kinase 1; Serine/threonine-protein kinase which is required for 

activation of DNA repair in response to the presence of DNA damage or 

unreplicated DNA. 

COL2A1 
Collagen, type II, alpha 1. Type II collagen, also called cartilage collagen, is 

the major collagen synthesized by chondrocytes.  

COL27A1 
Collagen, type xxvii, alpha-1; Steel syndrome: dislocated hips and radial 

heads, carpal coalition, scoliosis, and short stature. 

CREBBP CREB binding protein; Rubinstein-Taybi syndrome - growth retardation. 

DGCR8 DiGeorge syndrome critical region gene 8. 

DLK1 
Delta-like 1 homolog (Drosophila); Phenotype is characterized by prenatal 

and postnatal growth retardation.  

DPH1 
DPH1, S. cerevisiae, homolog of; Developmental delay with short stature, 

dysmorphic features, and sparse hair. 

EGR1 

Early growth response 1; Transcriptional regulator. Recognizes and binds to 

the DNA sequence 5’-CGCCCCCGC-3’(EGR-site). Activates the 

transcription of target genes whose products are required for mitogenesis 

and differentiation. 
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EVC2 

Ellis van Creveld syndrome 2; Positive regulator of the hedgehog signalling 

pathway (By similarity). Plays a critical role in bone formation and skeletal 

development. 

FANCA 

Fanconi anemia, complementation group A; Clinical manifestations of 

Fanconi anemia include pre- and postnatal growth retardation; malformations 

of the kidneys, heart, and skeleton. 

FANCC 

Fanconi anemia, complementation group C; DNA repair protein that may 

operate in a postreplication repair or a cell cycle checkpoint function. May be 

implicated in interstrand DNA cross-link repair and in the maintenance of 

normal chromosome stability. 

FANCD2 

Fanconi anemia, complementation group D2; Required for maintenance of 

chromosomal stability. Promotes accurate and efficient pairing of homologs 

during meiosis. Involved in the repair of DNA double-strand breaks, both by 

homologous recombination and single-strand annealing. May participate in S 

phase and G2 phase checkpoint activation upon DNA damage. Plays a role 

in preventing breakage and loss of missegregating chromatin at the end of 

cell division, particularly after replication stress.  

FANCG 

Fanconi anemia, complementation group G; DNA repair protein that may 

operate in a postreplication repair or a cell cycle checkpoint function. May be 

implicated in interstrand DNA cross-link repair and in the maintenance of 

normal chromosome stability.  

FBN1 
Fibrillin 1; Geleophysic Dysplasia 2 and Acromicric Dysplasia, both 

associated with short stature 

FBXW8 

F-box and WD repeat domain containing 8; Substrate-recognition component 

of a SCF-like E3 ubiquitin-protein ligase complex, which mediates the 

ubiquitination and subsequent proteasomal degradation of target proteins. In 

complex with CUL7, mediates ubiquitination and consequent degradation of 

GORASP1, acting as a component of the ubiquitin ligase pathway. 

FGD1 
FYVE, RhoGEF and PH domain containing 1; Aarskog-Scott syndrome 

associated with short stature. 

FGF8 

Fibroblast growth factor 8 (androgen-induced); Plays an important role in the 

regulation of embryonic development, cell proliferation, cell differentiation 

and cell migration. 

FGFR3 

Fibroblast growth factor receptor 3; Tyrosine-protein kinase that acts as cell-

surface receptor for fibroblast growth factors and plays an essential role in 

the regulation of cell proliferation, differentiation and apoptosis. Plays an 

essential role in the regulation of chondrocyte differentiation, proliferation 

and apoptosis, and is required for normal skeleton development. Regulates 

both osteogenesis and postnatal bone mineralization by osteoblasts. 

FHL2 

Four and a half LIM domains 2; May function as a molecular transmitter 

linking various signalling pathways to transcriptional regulation. Negatively 

regulates the transcriptional repressor E4F1 and may function in cell growth.  

FOXRED1 

FAD-dependent oxidoreductase domain-containing protein 1; Leigh 

syndrome, mitochondrial complex deficiency 1. Associated with a number of 

clinical features including intrauterine growth retardation, marked growth and 

developmental delay in humans. 

G6PC 
Glucose-6-phosphatase, catalytic subunit; Glycogen storage disease (short 

stature is the feature in 90% patients) Hydrolyzes glucose-6-phosphate to 

glucose in the endoplasmic reticulum. Forms with the glucose-6-phosphate 
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transporter (SLC37A4/G6PT) the complex responsible for glucose 

production through glycogenolysis and gluconeogenesis. Hence, it is the key 

enzyme in homeostatic regulation of blood glucose levels. 

GAA 
Glucosidase, alpha; acid; (short stature is the feature in 90% patients). 

Essential for the degradation of glygogen to glucose in lysosomes. 

GBA 

Glucosidase, beta, acid; Gaucher disease, includes subnormal growth 

velocity. Lysosomal storage disorder due to deficient activity of beta-

glucocerebrosidase. 

GBE1 

Glucan (1,4-alpha-), branching enzyme 1; Required for sufficient glycogen 

accumulation. The alpha 1-6 branches of glycogen play an important role in 

increasing the solubility of the molecule and, consequently, in reducing the 

osmotic pressure within cells. Glycogen storage disease with stunted growth. 

GH1 Growth Hormone 

GHRHR 

Growth hormone releasing hormone receptor; Receptor for GRF, coupled to 

G proteins which activate adenylyl cyclase. Stimulates somatotroph cell 

growth, growth hormone gene transcription and growth hormone secretion. 

GHSR 

Growth hormone secretagogue receptor; Receptor for ghrelin, coupled to G-

alpha-11 proteins. Stimulates growth hormone secretion. Binds also other 

growth hormone releasing peptides (GHRP) (e.g. Met-enkephalin and 

GHRP-6) as well as non-peptide, low molecular weight secretagogues (e.g. 

L-692,429, MK-0677, adenosine). 

GLI2 

GLI family zinc finger 2; acts as a transcriptional activator. May play a role 

during embryogenesis. Mutations cause Culler-Jones Syndrome which 

includes short stature secondary to hypopituitarism with growth hormone 

deficiency 

GLI3 

GLI-Kruppel family member 3; Pallister-Hall syndrome is a pleiotropic 

disorder comprising hypothalamic hamartoma, pituitary dysfunction, central 

polydactyly, and visceral malformations.  

NGEF 

Guanosine nucleotide exchange factor; Part of the RAS signalling pathway: 

Adaptor-GNEF complex translocates to the membrane where GNEF 

activates Ras. 

GRB10 Growth factor receptor-bound protein 10. 

GRB2 

Growth factor receptor-bound protein 2; Adapter protein that provides a 

critical link between cell surface growth factor receptors and the Ras 

signaling pathway. 

GSC 
Goosecoid homeobox; Short stature, auditory canal atresia, mandibular 

hypoplasia, skeletal abnormalities 

GYS1 
Glycogen synthase 1 (muscle); Transfers the glycosyl residue from UDP-Glc 

to the non- reducing end of alpha-1,4-glucan. Glycogen storage disease. 

GYS2 
Glycogen synthase 2 (liver); Transfers the glycosyl residue from UDP-Glc to 

the non- reducing end of alpha-1,4-glucan. Glycogen storage disease. 

HESX1 

HESX homeobox 1; Required for the normal development of the forebrain, 

eyes and other anterior structures such as the olfactory placodes and 

pituitary gland. Growth hormone deficiency with pituitary anomalies. 

HMGA2 
High mobility group AT-hook 2; Functions as a transcriptional regulator. 

Functions in cell cycle regulation through CCNA2. Plays an important role in 

chromosome condensation during the meiotic G2/M transition of 
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spermatocyte HMGA2 functioning is required for human growth and 

development. 

HRAS 

 

V-HA-RAS Harvey rat sarcoma viral oncogene homolog; Growth factor 

signalling pathway. Defects cause Costello syndrome is a rare multiple 

congenital anomaly syndrome associated in all cases with a characteristic 

coarse facies, short stature, distinctive hand posture and appearance, 

severe feeding difficulty, and failure to thrive.  

IGF2 Insulin-like growth factor 2.  

IGF2R 
Insulin-like growth factor 2 receptor; This receptor binds IGF2, defects in 

which likely cause severe growth restriction with distinctive facies.  

IGFBP1 

Insulin-like growth factor binding protein 1; IGF-binding proteins prolong the 

half-life of the IGFs and have been shown to either inhibit or stimulate the 

growth promoting effects of the IGFs on cell culture. They alter the 

interaction of IGFs with their cell surface receptors. Promotes cell migration. 

IGFBP2 

Insulin-like growth factor binding protein 2, 36kDa; Inhibits IGF-mediated 

growth and developmental rates. IGF-binding proteins prolong the half-life of 

the IGFs and have been shown to either inhibit or stimulate the growth 

promoting effects of the IGFs on cell culture. They alter the interaction of 

IGFs with their cell surface receptors. 

IGFBP3 

Insulin-like growth factor binding protein 3; IGF-binding proteins prolong the 

half-life of the IGFs and have been shown to either inhibit or stimulate the 

growth promoting effects of the IGFs on cell culture. They alter the 

interaction of IGFs with their cell surface receptors. Also exhibits IGF-

independent antiproliferative and apoptotic effects mediated by its receptor 

TMEM219/IGFBP-3R. 

IGFBP4 

Insulin-like growth factor binding protein 4; IGF-binding proteins prolong the 

half-life of the IGFs and have been shown to either inhibit or stimulate the 

growth promoting effects of the IGFs on cell culture. They alter the 

interaction of IGFs with their cell surface receptors. 

IGFBP5 

Insulin-like growth factor binding protein 5; IGF-binding proteins prolong the 

half-life of the IGFs and have been shown to either inhibit or stimulate the 

growth promoting effects of the IGFs on cell culture. They alter the 

interaction of IGFs with their cell surface receptors. 

IGFBP6 

Insulin-like growth factor binding protein 6; IGF-binding proteins prolong the 

half-life of the IGFs and have been shown to either inhibit or stimulate the 

growth promoting effects of the IGFs on cell culture. They alter the 

interaction of IGFs with their cell surface receptors. 

IRS1 

Insulin receptor substrate 1; May mediate the control of various cellular 

processes by insulin. IRS1 acts as an interface between signalling proteins 

with Src homology-2 domains and the receptors for insulin, IGF2, growth 

hormone, several interleukins, and other cytokines.  Downregulation of IRS1 

inhibited cell growth in HEK293 and breast cancer cells by suppressing cycle 

cycle progression from G0/G1 to S phase CHICO, a Drosophila homolog of 

the vertebrate IRS gene family, plays an essential role in the control of cell 

size and growth. 

IRS2 

Insulin receptor substrate 2; Insulin receptor substrates (IRS proteins) 

mediate the pleiotropic effects of insulin and insulin-like growth factor-1, 

including regulation of glucose homeostasis and cell growth and survival.The 

experiments showed that Irs1 and Irs2 are critical for embryonic and 
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postnatal growth, with Irs1 having the predominant role. 

JAK2 

Janus kinase 2; Non-receptor tyrosine kinase involved in various processes 

such as cell growth, development, differentiation or histone modifications. 

Mediates essential signaling events in both innate and adaptive immunity. In 

the cytoplasm, plays a pivotal role in signal transduction via its association 

with type I receptors such as growth hormone (GHR). 

KAL1 
Kallmann syndrome 1 sequence; Kallmann syndrome has been reported to 

be associated with short stature. 

KDM5C 
Lysine-specific demethylase 5C; X-linked mental retardation and short 

stature, Claes-Jensen type 

KDM6A 
Lysine (K)-specific demethylase 6A; Kabuki syndrome. All of the patients 

with KDM6A mutations had short stature and postnatal growth retardation. 

LHX3 

LIM homeobox 3;A mouse recessive mutation called 'stubby' (stb) maps to 

the same area on chromosome 2 as the Lhx3 gene. Homozygous stb mice 

exhibit disproportionate dwarfing, manifested in shorter than normal head, 

body, and legs. Patients with mutations in LHX3 were reported to have 

combined pituitary deficiency and skeletal abnormalities. 

LHX4 

LIM homeobox 4; 4 affected members of a French family with LHX4 mutation 

had short stature, pituitary and cerebellar defects, and abnormalities of the 

sella turcica of the central skull base. 

LIG1 
Ligase I, DNA, ATP-dependent; DNA ligase that seals nicks in double-

stranded DNA during DNA replication, DNA recombination and DNA repair. 

LIG4 

Ligase IV, DNA, ATP-dependent; Efficiently joins single-strand breaks in a 

double- stranded polydeoxynucleotide in an ATP-dependent reaction. 

Involved in DNA non-homologous end joining (NHEJ) required for double-

strand break repair and V(D)J recombination. 

LTBP3 
Latent transforming growth factor-beta-binding protein 3; associated with 

Dental anomalies and short stature 

MACROD2 

Macro domain-containing 2; Probably required for the association of ORC on 

chromatin during G1 to establish pre-replication complex (preRC) and to 

heterochromatic sites in post-replicated cells. Mutations cause Kabuki 

syndrome. 

MAP2K1 Mitogen-activated protein kinase kinase; Growth factor signalling pathway. 

MASP1 

Mannan-binding lectin serine protease 1; Mutations cause 3MC syndrome: 

the main features of these syndromes are facial dysmorphism, cleft lip and 

palate, postnatal growth deficiency, cognitive impairment, and hearing loss. 

MCM10 

Minichromosome maintenance complex component 10; MCM10 mRNA level 

increased at the G1/S boundary when quiescent normal human fibroblasts 

were induced to proliferate with serum. MCM10 associated with nuclease-

resistant nuclear structures throughout S phase and dissociated from them in 

G2 phase. MCM10 associated with ORC2 (ORC2L; 601182) when 

overexpressed in COS-1 cells, and it interacted with ORC2, MCM2 (116945), 

and MCM6 (601806) in a yeast 2-hybrid system.  

MCM2 

Minichromosome maintenance complex component 2; The MCM2-7 complex 

is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication 

MCM3 
Minichromosome maintenance complex component 3; The MCM2-7 complex 
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is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication. 

MCM4 

Minichromosome maintenance complex component 4; The MCM2-7 complex 

is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication. 

MCM5 

Minichromosome maintenance complex component 5; The MCM2-7 complex 

is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication. 

MCM6 

Minichromosome maintenance complex component 6; The MCM2-7 complex 

is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication. 

MCM7 

Minichromosome maintenance complex component 7; The MCM2-7 complex 

is comprised of 6 subunits, MCM2 through MCM7, and is a ring-shaped 

heterohexameric ATPase involved in DNA replication. 

MCM8 

Minichromosome maintenance complex component 8; Absence of MCM8 in 

human U2OS cells reduced growth and homologous recombination (HR) 

efficiency under conditions of replication stress. 

MDC1 

Mediator of DNA-damage checkpoint 1.  Mdc1 -/- mice were born at the 

expected mendelian frequency, but they showed a phenotype similar to that 

of H2ax -/- mice, including growth retardation, male infertility, immune 

defects, chromosome instability, DNA repair defects, and radiation sensitivity 

MLL2 Myeloid/lymphoid or mixed lineage leukemia 2; Kabuki syndrome 

MMP14 

Matrix metalloproteinase 14; Winchester syndrome -   syndrome 

characterized by short stature, severe joint contractures, peripheral corneal 

opacities, coarsened facies, dissolution of carpal and tarsal bones, and 

generalized osteoporosis. 

NBAS 
Neuroblastoma-amplified sequence; Short stature, optic nerve atrophy, and 

Pelger-Huet anomaly. 

NDUFAF2 

NADH dehydrogenase (ubiquinone) complex i, assembly factor 2 

mitochondrial complex deficiency 1; Associated with a number of clinical 

features including intrauterine growth retardation, marked growth and 

developmental delay in humans. 

NDUFAF3 

NADH dehydrogenase (ubiquinone) complex i, assembly factor 3; 

Associated with a number of clinical features including intrauterine growth 

retardation, marked growth and developmental delay in humans. 

NDUFAF4 

NADH dehydrogenase (ubiquinone) complex i, assembly factor 4; 

mitochondrial complex deficiency 1. Associated with a number of clinical 

features including intrauterine growth retardation, marked growth and 

developmental delay in humans. 

NDUFB3 

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3, 12kDa; 

mitochondrial complex deficiency 1. Associated with a number of clinical 

features including intrauterine growth retardation, marked growth and 

developmental delay in humans. 

NDUFB9 

NADH-ubiquinone oxidoreductase 1 beta subcomplex, 9. Associated with a 

number of clinical features including intrauterine growth retardation, marked 

growth and developmental delay in humans. 

NDUFS1 
NADH-ubiquinone oxidoreductase Fe-S protein 1; Associated with a number 
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of clinical features including intrauterine growth retardation, marked growth 

and developmental delay in humans. 

NDUFS2 

NADH-ubiquinone oxidoreductase Fe-S protein 2; Associated with a number 

of clinical features including intrauterine growth retardation, marked growth 

and developmental delay in humans. 

NDUFS4 

NADH-ubiquinone oxidoreductase Fe-S protein 4; mitochondrial complex 

deficiency 1. Associated with a number of clinical features including 

intrauterine growth retardation, marked growth and developmental delay in 

humans. Leigh syndrome. 

NDUFS6 

NADH-ubiquinone oxidoreductase Fe-S protein 6; Associated with a number 

of clinical features including intrauterine growth retardation,  marked growth 

and developmental delay in humans. 

NF1 

Neurofibromin 1; Stimulates the GTPase activity of Ras. NF1 shows greater 

affinity for Ras GAP, but lower specific activity. May be a regulator of Ras 

activity. Macrocephaly and short stature have been reported in several 

clinical studies of NF1. 

NHEJ1 

Nonhomologous end-joining factor 1; defects are known to cause severe 

combined immunodeficiency with microcephaly, growth retardation, and 

sensitivity to ionizing radiation. 

NIPBL Nipped-b, drosophila, homolog of; Cornelia de Lange syndrome 1 

NPR2 
Natriuretic peptide receptor 2; defects are associated with short stature with 

nonspecific skeletal abnormalities. 

NUBPL 

Nucleotide-binding protein-like protein; mitochondrial complex deficiency 1. 

Associated with a number of clinical features including intrauterine growth 

retardation, marked growth and developmental delay in humans 

ORC1 

Origin recognition complex, subunit 1, s. Cerevisiae, homolog of; ORC1, a 

subunit of the origin recognition complex, is a key component of the DNA 

replication licensing machinery that also plays a role in controlling centriole 

and centrosome copy number in human cells independent of its role in DNA 

replication. Mutations cause Meier-Gorlin syndrome 1 -almost all cases have 

primordial dwarfism with substantial prenatal and postnatal growth 

retardation. 

OTX2 
Orthodenticle, drosophila, homolog of, 2; OTX2 defects have been described 

to cause short stature and developmental delay. 

PAPPA 

Pregnancy-associated plasma protein A, pappalysin 1; Metalloproteinase 

which specifically cleaves IGFBP-4 and IGFBP-5, resulting in release of 

bound IGF. Cleavage of IGFBP-4 is dramatically enhanced by the presence 

of IGF, whereas cleavage of IGFBP-5 is slightly inhibited by the presence of 

IGF. 

PCNT Pericentrin; Microcephalic osteodysplastic primordial dwarfism, type II. 

PDCD4 

Programmed cell death 4; It's been proposed that regulated degradation of 

PDCD4 in response to mitogens allows efficient protein synthesis and 

consequently cell growth. 

PEG1 

Paternally expressed gene 1; The PEG1 gene maps to an imprinted region 

of mouse chromosome 6 and is expressed monoallelically from the paternal 

allele. When the null allele is paternally transmitted, the offspring exhibits 

severe intrauterine growth retardation.  
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PEG3 
Paternally expressed gene 3; The heterozygous mice that inherited the 

mutant allele from the paternal germline were smaller 

PEX2 

Peroxisomal biogenesis factor 2; Somewhat implicated in the biogenesis of 

peroxisomes. Drosophila pex mutants, including PEX2, faithfully 

recapitulated several key features of human peroxisome biogenesis disorder, 

including impaired peroxisomal protein import, elevated very long chain fatty 

acid (VLCFA) levels, and growth retardation 

PFKM 

 

Phosphofructokinase, muscle type; catalyzes the third step of glycolysis, the 

phosphorylation of fructose-6-phosphate (F6P) by ATP to generate fructose-

1,6-bisphosphate (FBP) and ADP. Thought to regulate growth and 

metabolism 

PHKA1 

Phosphorylase kinase, alpha 1 (muscle); Phosphorylase b kinase catalyzes 

the phosphorylation of serine in certain substrates, including troponin 

I.Defects cause glycogen storage disease. 

PHKA2 

Phosphorylase kinase, alpha 2 (liver); Phosphorylase b kinase catalyzes the 

phosphorylation of serine in certain substrates, including troponin I. Defects 

cause glycogen storage disease. 

PHKB 

Phosphorylase kinase, beta; Phosphorylase b kinase catalyzes the 

phosphorylation of serine in certain substrates, including troponin I. The beta 

chain acts as a regulatory unit and modulates the activity of the holoenzyme 

in response to phosphorylation. Defects cause glycogen storage disease. 

PHKG2 
Phosphorylase kinase, testis/liver, gamma-2; known to cause growth 

retardation and glycogen storage disease. 

PIK3CA 
Phosphatidylinositol 3-kinase, catalytic, alpha, severe growth failure 

described in humans. 

PITX2 

Paired-like homeodomain transcription factor 2; transcription factor PITX2 is 

rapidly induced by the WNT/DVL/beta-catenin pathway and is required for 

effective cell type-specific proliferation by directly activating specific growth-

regulating genes. 

PLAGL1 
Pleomorphic adenoma gene-like 1; PLAGL1 knockdown in mice resulted in 

intrauterine growth restriction, altered bone formation, and neonatal lethality 

PLK4 

Polo-like kinase 4; Serine/threonine-protein kinase that plays a central role in 

centriole duplication. Defects cause growth retardation with dwarfism (up to -

8 SD). 

POC1A 
POC1 centriolar protein, chlamydomonas, homolog of, a; short stature, 

onychodysplasia, facial dysmorphism, and hypotrichosis; 

POLE 
Polymerase, dna, epsilon; facial dysmorphism, immunodeficiency, livedo, 

and short stature. 

POU1F1 

POU class 1 homeobox 1; Transcription factor involved in the specification of 

the lactotrope, somatotrope, and thyrotrope phenotypes in the developing 

anterior pituitary. Activates growth hormone and prolactin genes.  

PPP1R15B 
Protein phosphatase 1, regulatory subunit 15B; Microcephaly, short stature, 

and impaired glucose metabolism 2. 

PRKAG2 
AMP-activated protein kinase, noncatalytic, gamma-2; glycogen storage 

disease. 
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PROP1 

PROP paired-like homeobox 1;  affected mice  are of normal body size at 

birth but postnatal growth is severely retarded and the body size of adult 

animals is approximately one-third of normal. 

PYGL Glycogen phosphorylase, liver; short stature and glycogen storage disease. 

PYGM Glycogen phosphorylase, muscle; glycogen storage disease. 

RAB3IP 
RAB3A interacting protein (rabin3). Variants in RABIP have been reported in 

a patient with short stature. 

RIEG1 

Rieg bicoid-related homeobox transcription factor 1; transcription factor 

RIEG1 is rapidly induced by the WNT/DVL /beta-catenin pathway and is 

required for effective cell type-specific proliferation by directly activating 

specific growth-regulating genes. 

RIN1 

Ras and Rab interactor 1; Ras effector protein. Can affect RAS signalling at 

different levels. First, by competing with RAF1 protein for binding to activated 

Ras. Second, by enhancing signaling from ABL1 and ABL2, which regulate 

cytoskeletal remodelling.  

RNU4ATAC 
RNA, U4ATAC small nuclear; Microcephalic osteodysplastic primordial 

dwarfism, type I. 

RSPRY1 

Ring finger- and spry domain-containing protein 1; Spondylopeimetaphyseal 

dsyplasia, Faden-Alkuraya type. Phenotype: progressive 

spondyloepimetaphyseal dysplasia, short stature, facial dysmorphism, short 

fourth metatarsals, and intellectual disability. 

RTTN Rotatin;  Microcephaly, short stature, and polymicrogyria with seizures 

SEMA3E 
Semaphorin 3E; suspected to cause CHARGE syndrome (short stature is a 

feature). 

SF3B4 

Splicing factor 3b, subunit 4; Nager syndrome is the prototype for a group of 

disorders collectively referred to as the acrofacial dysostoses (AFDs), which 

are characterized by malformation of the craniofacial skeleton and the limbs. 

SHOC2 

SOC-2 suppressor of clear homolog (C. elegans); Regulatory subunit of 

protein phosphatase 1 (PP1c) that acts as a M-Ras/MRAS effector and 

participates in MAPK pathway activation. Noonan-like syndrome with 

associated growth restriction. 

SHOX 
Short stature homeobox; Controls fundamental aspects of growth and 

development. 

SLC37A4 
Solute carrier family 26, member 4; Sodium-independent transporter of 

chloride and iodide. Glycogen storage disease. 

SMC1A 
Structural maintenance of chromosomes 1A; Involved in chromosome 

cohesion during cell cycle and in DNA repair. Cornelia de Lange syndrome. 

SOCS2 

Suppressor of cytokine signaling 2; SOCS family proteins form part of a 

classical negative feedback system that regulates cytokine signal 

transduction. SOCS2 appears to be a negative regulator in the growth 

hormone/IGF1 signaling pathway. 

SRCAP 

SNF2-related CREBBP activator protein; Catalytic component of the SRCAP 

complex which mediates the ATP-dependent exchange of histone 

H2AZ/H2B dimers for nucleosomal H2A/H2B, leading to transcriptional 

regulation of selected genes by chromatin remodeling. Defects 

causeFloating-Harbor syndrome, a rare genetic disorder characterized by 

proportionate short stature, delayed bone age, delayed speech development, 
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and typical facial features. 

TIMP1 

TIMP metallopeptidase inhibitor 1; Complexes with metalloproteinases (such 

as collagenases) and irreversibly inactivates them by binding to their 

catalytic zinc cofactor. Also mediates erythropoiesis in vitro; but, unlike IL-3, 

it is species-specific, stimulating the growth and differentiation of only human 

and murine erythroid progenitors. Known to act on MMP-1, MMP-2, MMP-3, 

MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13 and MMP-

16 

TMEM126B 

Transmembrane protein 126B. mitochondrial complex deficiency 1. 

Associated with a number of clinical features including intrauterine growth 

retardation, marked growth and developmental delay in humans 

TRIM37 
tripartite motif containing 37; E3 ubiquitin-protein ligase. Defects cause 

Mulibrey nanism. 

TRMT10A 
tRNA methyltransferase 10, S. cerevisiae, homolog of, A; Microcephaly, 

short stature, and impaired glucose metabolism 1. 

UBR1 

Ubiquitin protein ligase E3 component n-recognin 1; E3 ubiquitin-protein 

ligase which is a component of the N-end rule pathway.  Binds leucine and is 

a negative regulator of the leucine-mTOR signaling pathway, thereby 

controlling cell growth. Defects are associated with Johanson-Blizzard 

syndrome is an autosomal recessive disorder characterized by poor growth, 

mental retardation, and variable dysmorphic features, including aplasia or 

hypoplasia of the nasal alae, abnormal hair patterns or scalp defects, and 

oligodontia.  

 

153 biological candidate genes which are associated with syndromic growth disorders, skeletal dysplasias, 

growth plate biology, cell proliferation, DNA replication and repair, code for proteins that interact with partner 

proteins known to be involved in growth pathways or shown to affect growth in mouse models but without 

proven link to human linear growth.  

 

 

 

 


