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De novo changes in candidate genes
Two individuals had de novo variants in two unrelated genes, either of which could be pathogenic: CDK20 and HIVEP1 in one proband; and SLC30A7 and MICALL2 in another proband. The former presented with seizures, unilateral hearing loss, dysmorphic features, attention deficit hyperactivity disorder (ADHD) and obsessive-compulsive disorder (OCD). A de novo stopgain change c.564G>A (p.Trp188*) was identified in cyclin-dependent kinase 20 (CDK20, MIM *610076; RefSeq: NM_001039803), important in cell-cycle regulation and transcription. The second de novo variant identified in the personal genome of this individual was a c.4089G>C (p.Met1363Ile) variant in human immunodeficiency virus type 1 enhancer-binding protein 1 (HIVEP1, MIM *194540; RefSeq: NM_002114), encoding a member of the ZAS gene family of transcription factors important in cell growth.[1] Heterozygous de novo loss of function variants in HIVEP2 were recently identified in individuals with ID, hypotonia, dysmorphic features and behavioral anomalies, making HIVEP1 a plausible candidate in this individual with a similar phenotype, with a possible additional contribution from CDK20.[2]
In a proband who presented with angioedema, chronic abdominal pain, generalized anxiety, migraines, fructose intolerance, and sensitivity to environment and stress challenges, trio WES analysis revealed a de novo frameshift deletion c.890delG (p.Ser297Thrfs*8) in synaptotagmin-like protein 2 (SYTL2, MIM *612880; RefSeq: NM_032943). Given the reported role of the protein product in the regulation of cytotoxic T cell (CTL) lysosome exocytosis, the phenotype in this subject may potentially be explained by impaired CTL activity caused by the de novo variant located in the SYTL2 gene.[3, 4]
GSPT2 and EBF3 each harbored one de novo variant in the personal genomes from two separate probands. Both of these genes are located within CNV intervals previously identified in patients with DD/ID, providing additional evidence for a role of these genes in neurodevelopmental phenotypes. In a female with slurred speech and DD/ID, we identified a de novo missense variant c.1021G>A (p.Val341Ile) in G1 to S phase transition 2 (GSPT2, MIM *300418; RefSeq: NM_018094). GSPT2, a single-exon gene located on chromosome X, encodes a GTP-binding protein with an important role in the termination of mammalian protein synthesis through polypeptide chain release factor, eRF3.[8] GSPT2 has a high level of gene expression in brain and regulates the G1 to S phase transition of the cell cycle.[8] A duplication CNV encompassing GSPT2 was detected by array comparative genomic hybridization (aCGH) in two affected males with DD/ID.[9] In aggregate, these findings support the contention that gain of function of the gene, through either a de novo missense SNV or a gene duplication as has been observed for PMP22 and Charcot-Marie-Tooth disease, type 1A (CMT1A) (MIM #118220), may cause X-linked DD/ID. 

Biallelic changes in candidate genes
We identified compound heterozygous changes in Ubiquitin-specific protease 19 (USP19) (MIM *614471) in a proband who presented with epileptic encephalopathy, Angelman-like, DD and hypotonia. Recently USP19 has been shown to be involved in the regulation of ATXN3 (MIM: 109150), which causes spinocerebellar ataxia-3 (SCA3) by trinucleotide repeat expansion.[10] Furthermore, network analysis shows the interactions of USP19 with DOCK7 (MIM *615859), which causes autosomal recessive epileptic encephalopathy as well as with USP7, which causes de novo autism spectrum disorder.[11, 12] Taken together, we propose that recessive changes in USP19 could result in a neurodevelopmental disorder. 
	In addition to the above-mentioned recessive changes in novel genes, a molecular finding with a challenging interpretation was observed in a proband who presented with short stature, severe constipation and macrocephaly, where analyses revealed compound heterozygous changes including a missense variant c.196A>G (p.Lys66Glu) and a splice site variant c.2023+3A>G in neurexin 3 (NRXN3, MIM *600567; RefSeq: NM_004796). NRXN3 CNV deletions have been reported in patients with DD/ID.[13] The neurexin (NRXN) family consists of three members: NRXN1 (MIM *600565), NRXN2 (MIM *600566), and NRXN3, encoding neuronal cell surface proteins that are highly expressed in brain tissue. This gene family plays a pivotal role in nervous system development.[14] We recently showed that essential genes in fruit fly that have diverged to 2 or more genes in a gene family in human are more likely to represent disease genes.[15] NRXN1 recessive mutations have been associated with Pitt-Hopkins-like syndrome 2 (MIM #614325), characterized by an abnormal neurological phenotype, facial and skeletal anomalies, gastroesophageal reflux, constipation and pulmonary stenosis. 
	A homozygous frameshift variant in ACOT1 (MIM *614313) was identified in a patient who presented with muscle weakness and abnormal muscle biopsy suggestive of a mitochondrial myopathy along with additional features of DD, chronic lung disease and constipation. ACOT1 encodes acyl-CoA thioesterase 1 (ACOT1), which hydrolyzes acyl-CoA into free fatty acid plus CoA.[16] It is strongly expressed in high-energy demanding tissues such as liver, cardiac, skeletal muscle and brown adipocytes.[16] Peroxisome proliferator-activated receptors (PPARs) and other nutritional factors regulate ACOT1, suggesting a role in lipid metabolism and cellular signaling.[17]. 	 
Dual Molecular Diagnosis in Known Genes
Joint examination of both recessive and de novo changes from the trio and quartet WES data aided the establishment of a dual molecular diagnosis in two probands. The first individual presented with epilepsy, hypotonia, ataxia, DD, sensory processing disorder, normal brain MRI, Hirschsprung disease and joint laxity with abnormal mitochondrial function testing (Complex I & III defects).  The analysis of trio WES data revealed compound heterozygous variants: c.64C>T (p.Arg22Trp) and c.554G>A (p.Arg185Gln) in peptidase (mitochondrial processing) alpha (PMPCA, MIM *613036; RefSeq: NM_015160) as well as a de novo variant c.T1153C (p.Ser385Pro) in potassium channel, voltage gated Shal related subfamily D, member 3 (KCND3, RefSeq: NM_004980). Recessive variants in PMPCA have been recently demonstrated to cause recessive non-progressive cerebellar ataxia and play an important role in the processing and maturation of mitochondrial nuclear encoded proteins inside the mitochondrial matrix.[18] KCND3 causes an autosomal dominant form of spinocerebellar ataxia type 19 (MIM #607346).[18, 19] We propose that both the de novo missense KCND3 mutation as well as the compound heterozygous variants in PMPCA may jointly contribute to this patient's blended phenotype.
	In a family with recurrent miscarriages, a male proband presented with neonatal borderline long QT interval and AV block with dilated cardiomyopathy, nystagmus, developmental delay, and polymicrogyria. His sister died at day 6 of life due to multiple organ failure after an episode of ventricular tachycardia, and was also noted to have dysmorphic features and a possible cortical abnormality. Family history was significant for a paternal uncle who died at two years of age secondary to complications related to a congenital heart defect clinically diagnosed as tetralogy of Fallot.  His mother had four previous miscarriages, and his father had normal ECG testing. WES data analysis of the two affected siblings and the parents revealed a paternally inherited heterozygous conserved and predicted to be damaging missense variant c.308A>T (p.Asp103Val) in sodium channel, voltage gated, type I beta subunit (SCN1B, RefSeq: NM_199037), which is known to cause Brugada syndrome 5 (MIM #612838), segregating in the two affected siblings.[20] In addition, compound heterozygous changes in polymerase (RNA) I polypeptide C (POLR1C, MIM *610060; RefSeq: NM_203290) consisting of a paternally inherited conserved and predicted deleterious missense variant c.88C>T (p.Pro30Ser) and a maternally inherited frameshift deletion c.614delG (p.Gly205Alafs*49) were observed in both of the affected siblings. Thirteen homozygous and compound heterozygous mutations in POLR1C gene have been recently reported to be causal for leukodystrophy, hypomyelinating syndrome (MIM #616494).[21] A different RNA polymerase gene, POLR3B, has been implicated in both hypomyelinating leukodystrophy and polymicrogyria (MIM #614381).[22] Based on these findings, we hypothesize that the presented cardiac phenotype could be explained in part by changes in SCN1B gene (although it is inherited from the unaffected father), while compound heterozygous changes in POLR1C may lead to the neurological phenotype manifested in these two affected siblings (Additional file 1: Table S1). 
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