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Approach
Sequencing of whole genome using Next Generation Sequencing and the data was analyzed to identify both
previously classified and novel variants in total genes.

Primary variant findings
One pathogenic in COL4A3 was identified in this individual. One pathogenic in PIGT was identified in this individual.
No other variants of relevance to the indication were identified. Please see below for more detailed variant information.

Gene Transcript Variant Allele State Location Disorder or Phenotype Classification

COL4A3 NM_000091.4 c.3211-2A>C
  Heterozygous Exon 38 Alport Syndrome 3 Pathogenic

PIGT NM_015937.5 c.796C>T
p.Arg266Ter Heterozygous Exon 7 Unspecified Pathogenic
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Pathogenic

COL4A3 chr2:228157905 A > C
Type IV collagen is found only in basement membranes, where it is the major structural component. COL4A3 is 1 of 6 alpha chains that
form the heterotrimeric type IV collagen molecules. Tumstatin, a peptide fragment derived from the C-terminal noncollagenous (NC1)
domain of COL4A3, has antiangiogenic activity. The NC1 domain of COL4A3 has also been referred to as the Goodpasture antigen,
since it is the primary target of autoantibodies produced in Goodpasture syndrome (233450) (Bernal et al., 1993; Mariyama et al., 1994;
Hamano and Kalluri, 2005).
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Interpretation
The splice acceptor variant NM_000091.5(COL4A3):c.3211-2A>C has been reported to ClinVar as Pathogenic with a status of (1 stars)
criteria provided, single submitter (Variation ID 1068807 as of 2021-07-01). The c.3211-2A>C variant is novel (not in any individuals) in
gnomAD. The c.3211-2A>C variant is novel (not in any individuals) in 1kG. This variant mutates a splice-acceptor sequence, potentially
resulting in exon skipping and the production of abnormal proteins. This variant results in the loss of an acceptor splice site for the
clinically relevant transcript. This variant disrupts the acceptor splice site for an exon upstream from the last coding exon resulting in a
frameshift mutation that is predicted to cause nonsense mediated decay. The c.3211-2A>C variant is a loss of function variant in the
gene COL4A3, which is intolerant of Loss of Function variants, as indicated by the presence of existing pathogenic loss of function
variant NP_000082.2:p.Q10* and 60 others. For these reasons, this variant has been classified as Pathogenic.
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Notes
Alport syndrome classically comprises nephritis, often progressing to renal failure, and sensorineural hearing loss (Alport, 1927).
For a general phenotypic description of Alport syndrome, see the X-linked dominant form (ATS1; 301050). Approximately 85% of cases
of Alport syndrome are X-linked and about 15% are autosomal recessive (ATS2; 203780); autosomal dominant inheritance is rare (van
der Loop et al., 2000).
Also see benign familial hematuria (BFH; 141200), a similar but milder disorder also caused by mutation in the COL4A3 gene.
Molecular basis is known for 104200 because autosomal dominant Alport syndrome-3 (ATS3) is caused by heterozygous mutation in the
COL4A3 gene (120070) on chromosome 2q36.
Jefferson et al. (1997) reported an Irish family with apparent autosomal dominant inheritance of Alport syndrome. The proband was a
young man who presented with asymptomatic microhematuria and hypertension. His renal function deteriorated and he reached end-
stage renal failure at age 35 years. He also had mild high-tone deafness. His father had a long history of microhematuria and
hypertension, with documented renal failure before his death at age 68 years from myocardial infarction. Screening of other sibs of the
proband showed 4 sisters and 1 brother with microhematuria and proteinuria. All had normal audiograms. The mother had no evidence
of hematuria or renal dysfunction. Electron microscopy of affected individuals showed an irregular and thickened glomerular basement
membrane, characteristic of Alport syndrome.
Evidence of Digenic Inheritance
Using massively parallel sequencing, Mencarelli et al. (2015) identified 11 patients with Alport syndrome who had pathogenic mutations
in 2 of the 3 collagen IV genes. Seven patients had a combination of mutations in COL4A3 and COL4A4 (120131). In 5 of these patients
(families 1 through 5), the 2 mutations were inherited independently (like in trans), and in the other 2 (families 6 and 7) the mutations
were inherited on the same chromosome (like in cis). In families 1 through 5 individuals with 2 heterozygous mutations had more severe
phenotypes than those with a single heterozygous mutation. Individuals carrying a heterozygous mutation only in COL4A3 had
hematuria. In families 6 and 7, the phenotype in individuals carrying 2 mutations was more severe than expected for the classic
autosomal dominant form, with 1 affected individual from each of these families progressing toward end-stage renal disease at 40 years
of age. Mencarelli et al. (2015) remarked that this is later than the mean age expected in the autosomal recessive form of Alport
syndrome (31 years), but earlier than expected in the autosomal dominant form (56 years). Mencarelli et al. (2015) concluded that these
observations fit well with the stoichiometry of the molecules of the triple helix. In double heterozygotes, about 75% of triple-helix
molecules are expected to be defective, which is greater than 50% in heterozygotes and less than 100% in homozygotes or
hemizygotes.
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Pathogenic

PIGT chr20:44048998 C > T
The PIGT gene encodes phosphatidylinositol-glycan biosynthesis class T, a subunit of a heteropentameric transamidase complex that
catalyzes the attachment of proteins to glycosylphosphatidylinositol (GPI), which functions as a plasma membrane anchor for
extracellular proteins (summary by Ohishi et al., 2001 and Kvarnung et al., 2013).
For information on the PIG gene family and the roles of PIG proteins in GPI biosynthesis, see PIGA (311770).
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Interpretation
The stop gained NM_015937.6(PIGT):c.796C>T (p.Arg266Ter) has been reported to ClinVar as Pathogenic with a status of (1 stars)
criteria provided, single submitter (Variation ID 639214 as of 2021-07-01). The p.Arg266Ter variant is observed in 1/18,382 (0.0054%)
alleles from individuals of gnomAD East Asian background in gnomAD. The p.Arg266Ter variant is novel (not in any individuals) in 1kG.
This variant is predicted to cause loss of normal protein function through protein truncation. This variant is a stop gained variant which
occurs in an exon of PIGT upstream of where nonsense mediated decay is predicted to occur. There are 3 downstream pathogenic loss
of function variants, with the furthest variant being 64 residues downstream of this variant. This indicates that the region is critical to
protein function. The p.Arg266Ter variant is a loss of function variant in the gene PIGT, which is intolerant of Loss of Function variants,
as indicated by the presence of existing pathogenic loss of function variant NP_057021.2:p.W20Gfs*25 and 4 others. For these
reasons, this variant has been classified as Pathogenic.
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Notes
Multiple congenital anomalies-hypotonia-seizures syndrome is an autosomal recessive disorder characterized by neonatal hypotonia,
lack of psychomotor development, seizures, dysmorphic features, and variable congenital anomalies involving the cardiac, urinary, and
gastrointestinal systems. Most affected individuals die before 3 years of age (summary by Maydan et al., 2011). The disorder is caused
by a defect in glycosylphosphatidylinositol (GPI) biosynthesis.
For a discussion of genetic heterogeneity of MCAHS, see MCAHS1 (614080).
For a discussion of genetic heterogeneity of GPI biosynthesis defects, see GPIBD1 (610293).
Molecular basis is known for 615398 because of evidence that multiple congenital anomalies-hypotonia-seizures syndrome-3 (MCAHS3)
is caused by homozygous or compound heterozygous mutation in the PIGT gene (610272) on chromosome 20q13.
Kvarnung et al. (2013) reported a consanguineous family of Turkish origin in which 4 patients had severe intellectual and motor disability
and multiple congenital anomalies. The patients were born with mild macrosomia and macrocephaly and showed hypotonia and delayed
psychomotor development from an early age. Dysmorphic features included brachycephaly, high forehead with bitemporal narrowing,
depressed nasal bridge, long philtrum with a deep groove, and open mouth due to hypotonia. Brain imaging showed variable
abnormalities, including frontotemporal atrophy, cerebellar hypoplasia, and primitive Sylvian fissures, suggesting a possible neuronal
migration defect. All patients developed seizures of various type before age 2 years. Ophthalmologic findings included poor vision,
strabismus, nystagmus, and hyperopia. Tooth abnormalities included premature loss of incisors, and renal abnormalities included
nephrocalcinosis and ureteral dilation; 1 patient had renal cysts. All patients also had some type of skeletal findings, including scoliosis,
pectus excavatum, short upper extremities, slender and osteopenic long bones with large secondary ossification centers, wide and long
femoral necks, and delayed bone age. Other features included inverted nipples and restrictive cardiomyopathy. Laboratory studies
showed decreased alkaline phosphatase, increased serum calcium, and hypercalciuria.
Nakashima et al. (2014) reported a Japanese girl with MCAHS3. She showed poor feeding soon after birth and presented at age 4
months with tonic seizures with apnea and myoclonic seizures. The seizures were refractory to most medications, and she had repeated
episodes of convulsive status epilepticus induced by infection. Other features included hypotonia, unstable head control, strabismus,
nystagmus, cerebral visual impairment, patent ductus arteriosus, and left hydronephroureter with ureteral stenosis. She also had
dysmorphic features, including low-set ears, micrognathia, malar flattening, upslanting palpebral fissures, depressed nasal bridge with
anteverted nares, downturned corners of the mouth, tented lip, and high-arched palate. Brain imaging showed progressive cerebral,
cerebellar, and brainstem atrophy, and EEG showed low-amplitude irregular background activity and spike-and-slow wave epileptic
discharges. Radiographs showed neurogenic arthrogryposis and osteoporosis. Laboratory studies showed decreased serum alkaline
phosphatase with normal calcium. At age 12 years, she had profound psychomotor retardation and was bedridden with absent speech.
Lam et al. (2015) described 2 children with MCAHS3, born of nonconsanguineous parents of mixed African American and Caucasian
background. The sister and brother, aged 7 and 6, had hypotonia and severe global developmental delay and intractable seizures along
with endocrine, ophthalmologic, skeletal, hearing, and cardiac anomalies. Both were born at 31 weeks' gestation and were cared for in
the neonatal intensive care unit for approximately 6 weeks with cardiorespiratory and feeding support. Both experienced onset of
seizures at 5 weeks of age; seizures progressed to poorly controlled myoclonic, tonic, and tonic-clonic that occasionally generalized.
Strabismus and nystagmus were present in both. Echocardiogram in the girl showed patent foramen ovale and small muscular
ventricular septal defect, and in the boy showed dilated right atrium and atrial septal defect with left to right shunt, which was treated with
an Amplatzer device at 25 months of age. MRI showed progressive cerebellar and cerebral atrophy. Lam et al. (2015) noted that their
patients differed from patients in previous reports in bone and endocrine features; their patients had normal to advanced bone age and
normal alkaline phosphatase, plasma calcium, plasma phosphate, urine calcium, and parathyroid hormone values.
Skauli et al. (2016) described 2 brothers, born to first-cousin parents of Somali origin, with features of MCAHS3. In addition to findings
typically seen in patients with MCAHS3, the brothers had pyramidal tract neurologic signs including spasticity of the lower limbs,
increased lower limb reflexes, bilateral ankle clonus, and Babinski sign. In contrast to previously reported patients, they did not have
skeletal, cardiac, or genitourinary anomalies.
Kohashi et al. (2018) reported an 11-month-old boy who was born to healthy, nonconsanguineous Japanese parents. He presented with
distinctive external features, including micrognathia, high-arched eyebrows, epicanthus, telecanthus, depressed nasal bridge, short
anteverted nose, long philtrum, tented lip, and high-arched palate. He had skeletal abnormalities including pectus excavatum,
clinodactyly, middle phalanx defect, and delayed bone age. Urogenital abnormalities included nephrocalcinosis, cryptorchidism, and
perineal groove. He also had duplication of the esophagus. There were no cardiovascular abnormalities. He developed epileptic apnea
at 2 months of age that was successfully controlled with valproic acid; however, epileptic apnea recurred with additional tonic and
myoclonic seizures at 8 months of age. The patient exhibited psychomotor regression and increased frequency of epileptic apnea during
sleep. Seizures were refractory to 3 antiepileptics. At 11 months he was bedridden, in a frog-like position, and could move only his arms
and feet in response to noxious stimuli. Height and weight were normal. Alkaline phosphatase was extremely low. Seizures were
intractable and required hospitalization for 6 months. Acetazolamide was effective for the treatment of the epileptic apnea. Kohashi et al.
(2018) reviewed previously reported patients with MCAHS3, all of whom shared profound intellectual disability, hypotonia, skeletal
anomalies, ophthalmologic problems, global cerebral and cerebellar atrophy, and seizures. Cardiologic, gastrointestinal, and urologic
manifestations were variable.
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Secondary variant findings
Incidental findings are variants of medical significance that are not associated with the individual's reported indication.
Please note that the presence of pathogenic variants in genes with incomplete coverage or in genes not examined
cannot be fully excluded.

Gene Transcript Variant Allele State Location Disorder or Phenotype Classification

ARHGAP
31 NM_020754.3 c.382C>A

p.Leu128Met Heterozygous Exon 4 Adams-Oliver Syndrome 1 Uncertain
Significance

BMP2 NM_001200.3 c.100G>C
p.Ala34Pro Heterozygous Exon 2 Unspecified Uncertain

Significance

CERS1 NM_021267.4 c.835C>G
p.Pro279Ala Heterozygous Exon 5 Unspecified Uncertain

Significance

FAT2 NM_001447.2 c.7808C>T
p.Pro2603Leu Heterozygous Exon 9 Spinocerebellar Ataxia 45 Uncertain

Significance

HTT NM_002111.8 c.7081G>A
p.Glu2361Lys Heterozygous Exon 52 Unspecified Uncertain

Significance

JAK2 NM_004972.3 c.2843T>C
p.Ile948Thr Heterozygous Exon 21 Unspecified Uncertain

Significance

KCNQ5 NM_001160133.1 c.2255C>T
p.Ala752Val Heterozygous Exon 15 Unspecified Uncertain

Significance

KDM3B NM_016604.3 c.2161G>A
p.Gly721Arg Heterozygous Exon 8 Unspecified Uncertain

Significance

MN1 NM_002430.2 c.1352T>A
p.Met451Lys Heterozygous Exon 1 Unspecified Uncertain

Significance

PITX2 NM_153426.2 c.-299C>T
p.Met1ext-100 Heterozygous Exon 2 Unspecified Uncertain

Significance

RYR2 NM_001035.2 c.8204A>C
p.Asp2735Ala Heterozygous Exon 54 Arrhythmogenic Right Ventricular

Dysplasia
Uncertain

Significance

SAMD9L NM_152703.3 c.2734C>G
p.Gln912Glu Heterozygous Exon 5 Ataxia-Pancytopenia Syndrome Uncertain

Significance

SOX6 NM_001145819.1 c.1125C>A
p.Asn375Lys Heterozygous Exon 9 Unspecified Uncertain

Significance

TNC NM_002160.3 c.964C>T
p.Arg322Trp Heterozygous Exon 3 Unspecified Uncertain

Significance

WFS1 NM_006005.3 c.1633G>A
p.Val545Met Heterozygous Exon 8 Unspecified Uncertain

Significance
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Detailed secondary variant information
Gene &

Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

ARHGAP31
NM_020754.3

c.382C>A
p.Leu128Met Heterozygous Exon 4 Adams-Oliver

Syndrome 1
Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr3:NC_000003.11:g.119099784C>A Not identified in large population studies

VARIANT INTERPRETATION:
The missense variant NM_020754.4(ARHGAP31):c.382C>A (p.Leu128Met) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Leu128Met variant is novel (not in any individuals) in gnomAD. The
p.Leu128Met variant is novel (not in any individuals) in 1kG. There is a small physicochemical difference between leucine and methionine, which
is not likely to impact secondary protein structure as these residues share similar properties. For these reasons, this variant has been classified as
Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

BMP2
NM_001200.3

c.100G>C
p.Ala34Pro Heterozygous Exon 2 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr20:NC_000020.10:g.6750873G>C 0.0123% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_001200.4(BMP2):c.100G>C (p.Ala34Pro) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. There is a small physicochemical difference between alanine and proline, which is
not likely to impact secondary protein structure as these residues share similar properties. The p.Ala34Pro missense variant is predicted to be
damaging by both SIFT and PolyPhen2. The nucleotide c.100 in BMP2 is predicted conserved by GERP++ and PhyloP across 100 vertebrates.
For these reasons, this variant has been classified as Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

CERS1
NM_021267.4

c.835C>G
p.Pro279Ala Heterozygous Exon 5 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr19:NC_000019.9:g.18990115G>C 0.0468% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The 5' prime UTR variant NM_001492.6(GDF1):c.-488C>G has not been reported previously as a pathogenic
variant nor as a benign variant, to our knowledge. The c.-488C>G variant is a UTR variant. For these reasons, this variant has been classified as
Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

FAT2
NM_001447.2

c.7808C>T
p.Pro2603Leu Heterozygous Exon 9 Spinocerebellar

Ataxia 45
Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr5:NC_000005.9:g.150922880G>A 0.0087% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_001447.3(FAT2):c.7808C>T (p.Pro2603Leu) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Pro2603Leu variant is observed in 3/34,586 (0.0087%) alleles from
individuals of gnomAD Latino background in gnomAD. The p.Pro2603Leu variant is novel (not in any individuals) in 1kG. There is a moderate
physicochemical difference between proline and leucine. The p.Pro2603Leu missense variant is predicted to be damaging by both SIFT and
PolyPhen2. The proline residue at codon 2603 of FAT2 is conserved in all mammalian species. The nucleotide c.7808 in FAT2 is predicted
conserved by GERP++ and PhyloP across 100 vertebrates. For these reasons, this variant has been classified as Uncertain Significance.
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Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

HTT
NM_002111.8

c.7081G>A
p.Glu2361Lys Heterozygous Exon 52 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr4:NC_000004.11:g.3219518G>A 0.0029% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_002111.8(HTT):c.7081G>A (p.Glu2361Lys) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Glu2361Lys variant is observed in 1/34,370 (0.0029%) alleles from
individuals of gnomAD Latino background in gnomAD. The p.Glu2361Lys variant is novel (not in any individuals) in 1kG. There is a small
physicochemical difference between glutamic acid and lysine, which is not likely to impact secondary protein structure as these residues share
similar properties. The p.Glu2361Lys missense variant is predicted to be damaging by both SIFT and PolyPhen2. The nucleotide c.7081 in HTT is
predicted conserved by GERP++ and PhyloP across 100 vertebrates. For these reasons, this variant has been classified as Uncertain
Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

JAK2
NM_004972.3

c.2843T>C
p.Ile948Thr Heterozygous Exon 21 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr9:NC_000009.11:g.5090527T>C Not identified in large population studies

VARIANT INTERPRETATION:
The missense variant NM_004972.4(JAK2):c.2843T>C (p.Ile948Thr) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Ile948Thr variant is novel (not in any individuals) in gnomAD. The p.Ile948Thr
variant is novel (not in any individuals) in 1kG. There is a moderate physicochemical difference between isoleucine and threonine. The
p.Ile948Thr missense variant is predicted to be damaging by both SIFT and PolyPhen2. The nucleotide c.2843 in JAK2 is predicted conserved by
GERP++ and PhyloP across 100 vertebrates. For these reasons, this variant has been classified as Uncertain Significance.

Gene & Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

KCNQ5
NM_001160133.1

c.2255C>T
p.Ala752Val Heterozygous Exon 15 Unspecified Autosomal Dominant /

Heterozygous
Uncertain

Significance

Genomic Position Variant Frequency

chr6:NC_000006.11:g.73904536C>T 0.0029% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_001160133.2(KCNQ5):c.2255C>T (p.Ala752Val) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Ala752Val variant is observed in 1/34,570 (0.0029%) alleles from individuals
of gnomAD Latino background in gnomAD. The p.Ala752Val variant is novel (not in any individuals) in 1kG. There is a small physicochemical
difference between alanine and valine, which is not likely to impact secondary protein structure as these residues share similar properties. The
gene KCNQ5 has a low rate of benign missense variation as indicated by a high missense variants Z-Score of 3.32. The gene KCNQ5 contains 5
pathogenic missense variants, indicating that missense variants are a common mechanism of disease in this gene. For these reasons, this variant
has been classified as Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

KDM3B
NM_016604.3

c.2161G>A
p.Gly721Arg Heterozygous Exon 8 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr5:NC_000005.9:g.137727482G>A 0.0231% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_016604.4(KDM3B):c.2161G>A (p.Gly721Arg) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. There is a moderate physicochemical difference between glycine and arginine. The
p.Gly721Arg missense variant is predicted to be damaging by both SIFT and PolyPhen2. The arginine residue at codon 721 of KDM3B is only
present in a single other mammalian species: Megabat. The nucleotide c.2161 in KDM3B is predicted conserved by GERP++ and PhyloP across
100 vertebrates. For these reasons, this variant has been classified as Uncertain Significance.
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Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

MN1
NM_002430.2

c.1352T>A
p.Met451Lys Heterozygous Exon 1 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr22:NC_000022.10:g.28195180A>T 0.0029% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_002430.3(MN1):c.1352T>A (p.Met451Lys) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Met451Lys variant is observed in 1/34,014 (0.0029%) alleles from individuals
of gnomAD Latino background in gnomAD. The p.Met451Lys variant is novel (not in any individuals) in 1kG. There is a moderate physicochemical
difference between methionine and lysine. For these reasons, this variant has been classified as Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

PITX2
NM_153426.2

c.-299C>T
p.Met1ext-100 Heterozygous Exon 2 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr4:NC_000004.11:g.111558225G>A Not identified in large population studies

VARIANT INTERPRETATION:
The 5' UTR premature start codon gain variant NM_153426.2(PITX2):c.-299C>T (p.Met1ext-100) has not been
reported previously as a pathogenic variant nor as a benign variant, to our knowledge. The p.Met1ext-100 variant is novel (not in any individuals)
in gnomAD. The p.Met1ext-100 variant is novel (not in any individuals) in 1kG. For these reasons, this variant has been classified as Uncertain
Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

RYR2
NM_001035.2

c.8204A>C
p.Asp2735Ala Heterozygous Exon 54 Arrhythmogenic Right

Ventricular Dysplasia
Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr1:NC_000001.10:g.237821318A>C 0.0471% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_001035.3(RYR2):c.8204A>C (p.Asp2735Ala) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. There is a moderate physicochemical difference between aspartic acid and alanine.
The gene RYR2 has a low rate of benign missense variation as indicated by a high missense variants Z-Score of 5.78. The gene RYR2 contains
122 pathogenic missense variants, indicating that missense variants are a common mechanism of disease in this gene. For these reasons, this
variant has been classified as Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

SAMD9L
NM_152703.3

c.2734C>G
p.Gln912Glu Heterozygous Exon 5 Ataxia-Pancytopenia

Syndrome
Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr7:NC_000007.13:g.92762551G>C Not identified in large population studies

VARIANT INTERPRETATION:
The missense variant NM_152703.5(SAMD9L):c.2734C>G (p.Gln912Glu) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Gln912Glu variant is novel (not in any individuals) in gnomAD. The
p.Gln912Glu variant is novel (not in any individuals) in 1kG. There is a small physicochemical difference between glutamine and glutamic acid,
which is not likely to impact secondary protein structure as these residues share similar properties. The gene SAMD9L has a low rate of benign
missense variation as indicated by a high missense variants Z-Score of 1.63. The gene SAMD9L contains 4 pathogenic missense variants,
indicating that missense variants are a common mechanism of disease in this gene. For these reasons, this variant has been classified as
Uncertain Significance.

Gene & Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

SOX6
NM_001145819.1

c.1125C>A
p.Asn375Lys Heterozygous Exon 9 Unspecified Autosomal Dominant /

Heterozygous
Uncertain

Significance

Genomic Position Variant Frequency

chr11:NC_000011.9:g.16117557G>T 0.0029% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_001145819.2(SOX6):c.1086C>A (p.Asn362Lys) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. The p.Asn362Lys variant is observed in 1/34,458 (0.0029%) alleles from individuals
of gnomAD Latino background in gnomAD. The p.Asn362Lys variant is novel (not in any individuals) in 1kG. There is a moderate physicochemical
difference between asparagine and lysine. For these reasons, this variant has been classified as Uncertain Significance.
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Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

TNC
NM_002160.3

c.964C>T
p.Arg322Trp Heterozygous Exon 3 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr9:NC_000009.11:g.117849046G>A 0.0163% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_002160.4(TNC):c.964C>T (p.Arg322Trp) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. There is a moderate physicochemical difference between arginine and tryptophan.
The p.Arg322Trp missense variant is predicted to be damaging by both SIFT and PolyPhen2. The arginine residue at codon 322 of TNC is
conserved in all mammalian species. The nucleotide c.964 in TNC is predicted conserved by GERP++ and PhyloP across 100 vertebrates. For
these reasons, this variant has been classified as Uncertain Significance.

Gene &
Transcript Variant Allele State Location Disorder or Phenotype Inheritance Classification

WFS1
NM_006005.3

c.1633G>A
p.Val545Met Heterozygous Exon 8 Unspecified Autosomal Dominant /

Heterozygous Uncertain Significance

Genomic Position Variant Frequency

chr4:NC_000004.11:g.6303155G>A 0.0150% max frequency observed in gnomeAD Exomes Annotation

VARIANT INTERPRETATION:
The missense variant NM_006005.3(WFS1):c.1633G>A (p.Val545Met) has not been reported previously as a
pathogenic variant nor as a benign variant, to our knowledge. There is a small physicochemical difference between valine and methionine, which
is not likely to impact secondary protein structure as these residues share similar properties. The p.Val545Met missense variant is predicted to be
damaging by both SIFT and PolyPhen2. The valine residue at codon 545 of WFS1 is conserved in all mammalian species. The nucleotide c.1633
in WFS1 is predicted conserved by GERP++ and PhyloP across 100 vertebrates. For these reasons, this variant has been classified as Uncertain
Significance.
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Methodology
The sequenced reads are aligned using BWA-mem on GRGh37. Variants are classified and annotated using the Golden Helix VarSeq analysis
workflow implementing the ACMG guidelines. This test has not been cleared and approved by the U.S. Food and Drug Administration (FDA). The
FDA has determined that such clearance or approval is not necessary.

Variant assessment process
The following databases and in-silico algorithms are used to annotate and evaluate the impact of the variant in the context of human disease: 1000
genomes, gnomAD, ClinVar, OMIM, dbSNP, NCIB RefSeq Genes, ExAC Gene Constraints, VS-SIFT, VS-PolyPhen2, PhyloP, GERP++,
GeneSplicer, MaxEntScan, NNSplice, PWM Splice Predictor. Analysis was reported using the to HGVS nomenclature (www.hgvs.org/mutnomen) as
implemented by the VarSeq transcript annotation algorithm. The reported transcript matches that used most frequently by the clinical labs submitting
to ClinVar.

Limitations & disclaimer
The test should detect the variants comprehensively but the variant list may not be complete due to the quality of the specimen or because of the
technical limitation such as library preparation and sequencing bias. Clinical interpretation of the variants is based on up-to-date database but the
interpretation may change as the database will be continuously updated with new study results. Clinical interpretation based on current database
may not fully reflect ethnic diversity in variants and their disease correlation. Provided family history of certain genetic disease and critical clinical
information, more conclusive clinical interpretation may be offered. The test is to be used for the purpose of screening and assessing potential
health risks, and should not be used for clinical diagnosis without confirmation of the diagnosis by another, medically established diagnostic
procedure. Further consultation with the genetic counselor and healthcare provider is recommended to get subscription of additional confirmatory
diagnostic test and to come up a treatment plan.
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