
Table 1 - Summary of whole-exome sequencing studies identifying de novo mutations underlying rare 

Mendelian disorders 

Study Disorder Characteristics Major findings 

Ng et al. 

(2010) [11] 

Kabuki syndrome 

[MIM# 147920] 

A rare, multiple 

malformation disorder 

characterized by a distinctive 

facial appearance, cardiac 

anomalies, skeletal 

abnormalities, 

immunological defects and 

mild to moderate mental 

retardation. 

Seven probands had newly 

identified nonsense or frameshift 

mutations in MLL2 gene. Follow-up 

Sanger sequencing detected MLL2 

mutations in two of the three 

remaining individuals with Kabuki 

syndrome and in 26 of 43 additional 

cases. In families where parental 

DNA was available, the mutation 

was confirmed to be de novo (n = 

12) or transmitted (n = 2) in 

concordance with the phenotype.  

Hoischen et 

al. (2010) 

[12] 

Schinzel-Giedion 

syndrome 

[MIM# 269150] 

Characterized by severe 

mental retardation, 

distinctive facial features, 

multiple congenital 

malformations (including 

skeletal abnormalities, 

genitourinary and renal 

malformations, and cardiac 

defects) and a higher-than-

normal prevalence of 

tumours, notably 

neuroepithelial neoplasia. 

Heterozygous de novo variants 

identified in SETBP1 gene in four 

affected individuals. The study also 

identified SETBP1 mutations in eight 

additional cases using Sanger 

sequencing. For six of the eight 

follow-up cases, parental DNA was 

available, and the mutations present 

in the affected individuals were 

again shown to have occurred de 

novo.  

Hoischen et 

al. (2011) 

[13] 

Bohring-Opitz 

syndrome 

[MIM# 605039] 

Characterized by severe 

intellectual disability, 

prominent metopic suture, 

exophthalmus, forehead 

nevus flammeus, upslanting 

palpebral fissures, ulnar 

deviation and flexion of the 

wrists and 

metacarpophalangeal joints, 

and severe feeding problems. 

Heterozygous de novo nonsense 

mutations identified in the ASXL1 

gene in three individuals with 

Bohring-Opitz syndrome. Analysis of 

additional samples found that in 

total, 7 out of 13 subjects with a 

Bohring-Opitz phenotype harboured 

de novo ASXL1 mutations.  

Clayton-

Smith et al. 

(2011) [14] 

Say-Barber-

Biesecker-Young-

Simpson syndrome 

(SBBYSS or Ohdo 

syndrome) 

[MIM#  603736] 

A multiple anomaly 

syndrome characterized by 

severe intellectual disability, 

blepharophimosis, and a 

mask-like facial appearance. 

A number of individuals with 

SBBYSS also have thyroid 

abnormalities and cleft 

Identified de novo protein-

truncating mutations in the highly 

conserved histone acetyltransferase 

gene, KAT6B, in three out of four 

individuals. Sanger sequencing was 

used to confirm truncating 

mutations of KAT6B, clustering in 

the final exon of the gene in all four 



palate. individuals and in a further nine 

persons with typical SBBYSS. Where 

parental samples were available, the 

mutations were shown to have 

occurred de novo. 

Bochukova 

et al. (2012) 

[15] 

Hypothyroidism 

[MIM#  614450] 

A child with classic features 

of hypothyroidism (growth 

retardation, developmental 

retardation, skeletal 

dysplasia, and severe 

constipation) but only 

borderline-abnormal thyroid 

hormone levels. 

De novo heterozygous nonsense 

mutation identified in the THRA 

gene generating a mutant protein 

that inhibits wild-type receptor 

action in a dominant negative 

manner. 

Simpson et 

al. (2012) 

[16] 

Genitopatellar 

syndrome (GPS) 

[MIM#  606170] 

A rare disorder in which 

patellar aplasia or 

hypoplasia is associated with 

external genital anomalies 

and severe intellectual 

disability. 

De novo mutations of the KAT6B 

gene identified in five individuals 

with GPS; a single nonsense variant 

and three frameshift indels, 

including a 4bp deletion observed in 

two cases.  

Campeau et 

al. (2012) 

[17] 

Genitopatellar 

syndrome (GPS) 

[MIM# 606170] 

A rare skeletal dysplasia 

combining hypoplastic or 

absent patellae, genital 

anomalies, craniofacial 

defects, and intellectual 

disability among other 

features. 

De novo heterozygous truncating 

mutations identified in the KAT6B 

gene in three subjects; Sanger 

sequencing of KAT6B was used to 

identify similar mutations in three 

additional subjects. 

Sirmaci et al. 

(2011) [18] 

KBG syndrome 

[MIM# 148050] 

Characterized by intellectual 

disability associated with 

macrodontia of the upper 

central incisors as well as 

distinct craniofacial findings, 

short stature, and skeletal 

anomalies. 

Deleterious heterozygous mutations 

identified in the ANKRD11 gene. A 

splice-site mutation, c.7570-1G>C, 

cosegregated with the disease in a 

family with three affected members, 

whereas in a simplex case a de novo 

truncating mutation, c.2305delT, 

was detected.  Sanger sequencing 

revealed additional de novo 

truncating ANKRD11 mutations in 

three other simplex cases. 

Gibson et al. 

(2012) [19] 

Weaver syndrome 

[MIM#  614421] 

A rare congenital anomaly 

syndrome comprising 

generalized overgrowth, 

advanced bone age, marked 

macrocephaly, 

hypertelorism, and 

characteristic facial features. 

Intellectual disability is 

Two different de novo mutations 

identified in the EZH2 gene. Sanger 

sequencing of EZH2 in a third 

classically affected proband 

identified a third de novo mutation 

in this gene. 



common. 

Hood et al. 

(2012) [20] 

Floating-Harbor 

syndrome (FHS) 

[MIM# 136140] 

A rare condition 

characterized by short 

stature, delayed osseous 

maturation, expressive-

language deficits, and a 

distinctive facial appearance. 

Heterozygous truncating mutations 

identified in the SRCAP gene in five 

unrelated individuals with sporadic 

FHS. Sanger sequencing identified 

mutations in SRCAP in eight 

additional affected persons. 

Mutations were found to have 

occurred de novo in all six instances 

in which parental DNA was 

available. 

Rademakers 

et al. (2012) 

[21] 

Hereditary diffuse 

leukoencephalopathy 

with spheroids 

(HDLS) 

[MIM#  221820] 

An autosomal dominant 

central nervous system 

white-matter disease with 

variable clinical 

presentations, including 

personality and behavioural 

changes, dementia, 

depression, parkinsonism, 

seizures and other 

phenotypes.  

14 different mutations affecting the 

tyrosine kinase domain of the CSF1R 

gene identified in 14 families with 

HDLS. In one kindred, the study 

confirmed the de novo occurrence of 

the mutation. 

Santen et al. 

(2012) [22] 

Coffin-Siris 

syndrome 

[MIM#  135900] 

Characterized by 

developmental delay, severe 

speech impairment, coarse 

facial features, 

hypertrichosis, hypoplastic 

or absent fifth fingernails or 

toenails and agenesis of the 

corpus callosum. 

De novo truncating mutations 

identified in the ARID1B gene in 

three individuals with Coffin-Siris 

syndrome. All variants served to 

truncate the ARID1B reading frame 

(two nonsense variants and one 

frameshift). The mutations were 

validated using Sanger sequencing 

and shown to occur de novo in all 

three individuals. 

Tsurusaki et 

al. (2012) 

[23] 

Coffin-Siris 

syndrome 

[MIM#  135900] 

A rare congenital anomaly 

syndrome characterized by 

growth deficiency, 

intellectual disability, 

microcephaly, coarse facial 

features and hypoplastic nail 

of the fifth finger and/or toe. 

De novo SMARCB1 gene mutations 

identified in two of five individuals 

with typical Coffin-Siris syndrome. 

Two de novo coding sequence 

mutations occurring within a 

specific gene is a priori an extremely 

unlikely event, supporting the idea 

that SMARCB1 is the causative gene 

in Coffin-Siris syndrome. 

Lin et al. 

(2012) [24] 

Olmsted syndrome 

[MIM#  607066] 

A rare congenital disorder 

characterized by bilateral 

mutilating palmoplantar 

keratoderma (PPK) and 

periorificial keratotic 

De novo missense mutation 

identified in the TRPV3 gene 

yielding a p.Gly573Ser substitution 

in an individual with Olmsted 

syndrome. Nucleotide sequencing of 



plaques with severe itching 

at all lesions. 

five additional affected individuals 

also revealed missense mutations in 

TRPV3 (p.Gly573Ser in three cases 

plus p.Gly573Cys and p.Trp692Gly). 

Rivière et al. 

(2012) [25] 

Baraitser-Winter 

syndrome 

[MIM #243310] 

 

A rare but well-defined 

developmental disorder 

recognized by the 

combination of congenital 

ptosis, high-arched 

eyebrows, hypertelorism, 

ocular colobomata and a 

brain malformation 

consisting of anterior 

predominant lissencephaly. 

Other typical features 

include postnatal short 

stature and microcephaly, 

intellectual disability, 

seizures and hearing loss. 

De novo missense changes identified 

in the cytoplasmic actin–encoding 

genes ACTB and ACTG1 in one and 

two probands, respectively. 

Sequencing of both genes in 15 

additional affected individuals 

identified disease-causing mutations 

in all probands, including two 

recurrent de novo alterations. 

Winkelmann 

et al. (2012) 

[26] 

Autosomal dominant 

cerebellar ataxia, 

deafness and 

narcolepsy (ADCA-

DN) 

[MIM# 604121] 

Characterized by late onset 

(age 30–40 years) 

narcolepsy–cataplexy, 

sensory neuronal deafness, 

cerebellar ataxia, dementia 

and, more variably, 

psychosis, optic atrophy and 

other symptoms. 

DNMT1 identified as the only gene 

with mutations found in all five 

affected individuals. Sanger 

sequencing confirmed a de novo 

mutation p.Ala570Val in one family, 

and showed co-segregation of 

p.Val606Phe and p.Ala570Val with 

the ADCA-DN phenotype in two 

other kindreds.  

Lines et al. 

(2012) [27] 

Mandibulofacial 

dysostosis with 

microcephaly 

(MFDM) 

[MIM# 610536] 

A rare sporadic syndrome 

comprising craniofacial 

malformations, 

microcephaly, 

developmental delay, and a 

recognizable dysmorphic 

appearance. Major sequelae, 

including choanal atresia, 

sensorineural hearing loss, 

and cleft palate, each occur 

in a significant proportion of 

affected individuals. 

Heterozygous mutations or 

deletions of the EFTUD2 gene 

identified in all four unrelated 

affected individuals. Validation 

studies of eight additional 

individuals with MFDM 

demonstrated causative EFTUD2 

mutations in all affected individuals 

tested. A range of EFTUD2 mutation 

types, including null alleles and 

frameshifts, is seen in MFDM, 

consistent with haploinsufficiency; 

segregation is de novo in all cases 

assessed to date.  

Caputo et al. 

(2012) [28] 

Myhre syndrome 

[MIM# 139210] 

A developmental disorder 

characterized by reduced 

growth, generalized 

Heterozygous mutations were 

identified in the SMAD4 gene, which 

encodes for a transducer mediating 



muscular hypertrophy, facial 

dysmorphism, deafness, 

cognitive deficits, joint 

stiffness, and skeletal 

anomalies. 

transforming growth factor β and 

bone morphogenetic protein 

signaling branches. Two recurrent 

de novo SMAD4 mutations were 

identified in eight unrelated 

subjects. 

Semler et al.  

(2012) [29] 

Osteogenesis 

imperfecta type V 

[MIM# 610967] 

A clinically and genetically 

heterogeneous disorder 

associated with bone 

fragility and susceptibility to 

fractures after minimal 

trauma. Some individuals 

with osteogenesis imperfecta 

also have hearing loss, 

dentinogenesis imperfecta, 

hypermobility of joints, 

and/or blue sclera. 

An heterozygous de novo mutation 

was found in the 5’-untranslated 

region of IFITM5, 14 bp upstream of 

the annotated translation initiation 

codon (c.  -14C>T). An identical 

heterozygous de novo mutation was 

identified in a second individual 

with osteogenesis imperfecta type V 

by Sanger sequencing 

Cho et al. 

(2012) [30] 

Osteogenesis 

imperfecta type V 

[MIM# 610967] 

A heterogeneous group of 

disorders characterized by 

intrinsic bone fragility, 

resulting in frequent 

fractures as well as in 

deformities of the spine and 

limbs. 

An heterozygous mutation of c.-

14C>T was identified in the 5’-

untranslated region of IFITM5. It 

cosegregated with the disease in 

three families and occurred de novo 

in five simplex individuals. 

Barcia et al. 

(2012) [31] 

Malignant migrating 

partial seizures of 

infancy (MMPSI) 

Characterized by 

polymorphous focal seizures 

and arrest of psychomotor 

development in the first 6 

months of life. 

De novo gain-of-function mutations 

identified which affected the C-

terminal domain of the KCNT1 

potassium channel. Nine additional 

individuals with MMPSI were 

sequenced and KCNT1 mutations 

were identified in in 4 of them, in 

total identifying mutations in 6 out 

of 12 unrelated affected individuals. 

Heinzen et 

al. (2012) 

[32] 

Alternating 

hemiplegia of 

childhood (AHC) 

[MIM #614820] 

A rare, severe 

neurodevelopmental 

syndrome characterized by 

recurrent hemiplegic 

episodes and distinct 

neurological manifestations. 

De novo nonsynonymous mutations 

identified in the ATP1A3 gene in all 

seven individuals with AHC. 

Rosewich et 

al. (2012) 

[33] 

Alternating 

hemiplegia of 

childhood (AHC) 

[MIM #614820] 

Characterized by transient 

episodes of hemiplegia 

combined with other 

paroxysmal 

symptoms, including 

dystonia, nystagmus, 

Three heterozygous de novo 

missense mutations identified in the 

ATP1A3 gene. Sequencing of 21 

affected individuals identified 

disease-associated mutations in the 

ATP1A3 gene in all patients, 



autonomic disturbances, and 

seizures. 

including six de novo missense 

mutations and one de novo splice-

site mutation. 

Jones et al. 

(2012) [34] 

Wiedemann-Steiner 

syndrome  

[MIM# 605130] 

Individuals with 

hypertrichosis cubiti 

associated with short 

stature, intellectual 

disability, and a distinctive 

facial appearance. 

Identified de novo mutations in the 

MLL gene in five of the six 

individuals studied. 

Michot et al. 

(2012) [35] 

Acrodysostosis  

[MIM# 101800] 

A dominantly inherited 

condition consisting of (1) 

skeletal dysplasia 

characterized by facial 

dysostosis with nasal 

hypoplasia, severe 

brachydactyly with short 

broad metatarsals, 

metacarpals, and phalanges, 

cone-shaped epiphyses, 

advanced bone maturation, 

spinal stenosis, and short 

stature; (2) resistance to 

multiple hormones, 

including parathyroid 

hormone and thyrotropin; 

and (3) possible neurological 

involvement (moderate to 

mild intellectual disability). 

Detected heterozygous PDE4D 

mutations (c.673C>A and c.677T>C) 

in two individuals. Screening of 

PDE4D identified heterozygous 

mutations (c.568T>G and 

c.1759A>C) in two additional 

acrodysostosis cases. These 

mutations occurred de novo in all 

four cases. 

Lee et al. 

(2012) [36] 

Acrodysostosis  

[MIM# 101800] 

A pleiotropic disorder 

characterized by skeletal, 

endocrine, and neurological 

abnormalities. Skeletal 

features include 

brachycephaly, midface 

hypoplasia with a small 

upturned nose, 

brachydactyly, and lumbar 

spinal stenosis. Endocrine 

abnormalities have been 

reported and include 

hypothyroidism and 

hypogonadism in males and 

irregular menses in females.  

Three different missense mutations 

in the PDE4D gene were found to be 

heterozygous in three of the cases. 

Two of the mutations were shown to 

have occurred de novo. 

    

NB: We include above all recent studies which applied the whole-exome sequencing approach to identify de 

novo mutations in rare Mendelian disorders. However, the list is by no means complete. This table briefly 



summarizes those studies which applied whole-exome sequencing to identify de novo mutations in rare 

disorders together with their major findings. Readers are encouraged to refer to the full papers for more 

detailed information.  

 


