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TEST PERFORMED - Pan Cardiomyopathy Panel (51 Genes) 
 
INDICATION FOR TEST - Clinical diagnosis and family history of dilated cardiomyopathy (DCM) 

 
 

 
RESULT: Positive - An established cause of the reported phenotype was identified 

 
 
DNA VARIANTS: 
RBM20, Heterozygous c.1913C>T (p.Pro638Leu), Exon 9, Pathogenic 
SGCD, Heterozygous c.390delA (p.Ala131fs), Exon 6, Likely Pathogenic 
TTN, Heterozygous c.97886G>A (p.Gly32629Asp), Exon 307, Uncertain Significance 
 
INTERPRETATION SUMMARY: This individual carries one previously published pathogenic DCM variant (a missense 
variant in RBM20). In addition, one loss-of function variant in the SGCD gene was detected. Homozygous loss of function 
variants in SGCD are known to cause Limb-Girdle muscular dystrophy and this individual is likely a carrier for this 
disease. However, the role of heterozygous SGCD variants in autosomal dominant DCM without muscular involvement is 
not clear and therefore a contribution to disease severity cannot be ruled out. See below for individual variant 
interpretations. 
 
Cardiomyopathy is typically inherited in an autosomal dominant pattern. Each first-degree relative has a 50% (or 1 in 2) 
chance of inheriting a variant. SGCD-associated Limb-Girdle muscular dystrophy is inherited in an autosomal recessive 
pattern. Each child of two individuals with pathogenic SGCD variants has a 25% (or 1 in 4) chance of having Limb-Girdle 
muscular dystrophy. Disease penetrance and severity can vary due to modifier genes and/or environmental factors. The 
significance of a variant should therefore be interpreted in the context of the individual's clinical manifestations. 
 
RECOMMENDATIONS: 
Genetic testing of this individual's biological parents and other family members, particularly those who are affected, may 
help to clarify the significance and relative contributions of the detected variants. 
 
It is recommended that this individual and any 1st degree relative receive continued clinical evaluation and follow-up for 
features of DCM. 
 
Genetic counseling is recommended for this individual and their family. For assistance in locating nearby genetic 
counseling services please contact the laboratory at 123-456-7890. 
 
Please note that the classification of variants of unknown significance may change over time if additional information 
becomes available. Please contact the laboratory at 123-456-7890 once a year for any updates regarding the status of 
these variants. 

 
INDIVIDUAL VARIANT INTERPRETATIONS: 
 
Pro638Leu in Exon 9 of RBM20 (NM_001134363.1) Pathogenic. This variant has been reported in two families with 
DCM, segregated with disease in >10 affected individuals (including 2 affected obligate carriers), and was absent from 
960 race-matched control chromosomes (Brauch 2009). Proline (Pro) at position 638 is highly conserved across 
evolutionarily distant species and lies within exon 9, which encodes a conserved protein domain where other pathogenic 
variants in RBM20 have been reported (Brauch 2009, Li 2010). In summary, the Pro638Leu variant (RBM20) meets our 
criteria for pathogenicity based on segregation and absence in controls. 
 



Ala131fs in Exon 6 of SGCD (NM_172244.2) Likely Pathogenic. This variant has not been previously reported nor 
previously identified by our laboratory. This variant is predicted to cause a frameshift, which alters the protein's amino acid 
sequence beginning at codon 131 and leads to a premature stop codon two amino acids downstream. This alteration is 
then predicted to lead to a truncated or absent protein (loss of function, LOF). Homozygous LOF variants in the SGCD 
gene have been reported in autosomal recessive Limb-Girdle muscular dystrophy. The clinical significance of a 
heterozygous LOF variant for DCM in the absence of muscular dystrophy is unknown. 
 
Gly32629Asp in Exon 307 of TTN (NM_133378.4) Uncertain Significance. This variant has not been previously 
reported nor previously identified by our laboratory. Glycine (Gly) at position 32629 is highly conserved in evolutionarily 
distant species, increasing the likelihood that a change would not be tolerated. Computational tools are mixed on the 
predicted impact to the protein (AlignGVGD = benign, SIFT = pathogenic), though the accuracy of these tools is unknown. 
Additional information is needed to assess fully the Gly32629Asp variant. 
 

 
VARIANTS OF UNLIKELY CLINICAL SIGNIFICANCE: 
Variants classified as likely benign or benign are not confirmed by Sanger sequencing. Benign variants are not listed on 
this report but are available upon request. 
 
The following variants were classified as likely benign because they do not change an amino acid and/or are within a non-
conserved region of the intron and/or have a frequency in the general population that strongly argues against a 
pathogenic effect. While they are more likely benign, the available evidence is insufficient to rule out a disease-causing or 
contributory role. 
 
DSC2,Heterozygous c.942+12_942+13insTTA, rs35717505, allele freq = none available 
MYLK2, Heterozygous c.430C>G (p.Pro144Ala), rs34396614; allele freq = 1.3%, 28/2154 chrom 
RBM20, Heterozygous c.1080A>T (p.Thr360Thr), allele freq = none available 
RYR2, Heterozygous c.10254C>T (p.Asn3418Asn), rs138073811; allele freq = none available 
TTN, Heterozygous c.18342A>G (p.Lys6114Lys), rs34562585; allele freq = 0.5%, 12/2400 chrom 
 

 
TEST BACKGROUND: The Pan Cardiomyopathy Panel sequences 46 genes associated with various forms of 
cardiomyopathy (HCM, DCM, ARVC and LVNC).  Cardiomyopathy is typically inherited in an autosomal dominant pattern, 
though some genes are X-linked.  For information regarding the clinical presentation or genetics of a specific type of 
cardiomyopathy, please visit our website. 
 
TEST METHOD: The coding regions and splice sites of the following 46 genes are completely sequenced in this test: 
ABCC9, ACTC1, ACTN2, ANKRD1, CASQ2, CAV3, CRYAB, CSRP3, CTF1, DES, DSC2, DSG2, DSP, DTNA, EMD, 
FHL2, GLA, JUP, LAMA4, LAMP2, LDB3, LMNA, MYBPC3, MYH6, MYH7, MYL2, MYL3, MYLK2, MYOZ2, NEXN, PKP2, 
PLN, PRKAG2, RBM20, RYR2, SGCD, TAZ, TCAP, TMEM43, TNNC1, TNNI3, TNNT2, TPM1, TTN, TTR, VCL. 
Reference transcripts for each gene can be found on our website. The test is performed by oligonucleotide-based target 
capture (CaptureReagent, Company) followed by next generation sequencing (Instrument Name). Variant calls are 
generated using the Burrows-Wheeler Aligner (bwa) followed by GATK analysis. This test detects 100% of substitution 
variants (95%CI=82-100) and 95% of small insertions and deletions (95%CI=98.5-100). Sanger sequencing is used to 
provide data for bases with insufficient coverage. All clinically significant and novel variants are confirmed by independent 
Sanger sequencing. Variants classified as likely benign or benign are not confirmed. This test was developed and its 
performance characteristics determined by The Molecular Diagnostic Laboratory (CLIA#111111111). It has not been 
cleared or approved by the U.S Food and Drug Administration (FDA). 
 
LIMITATIONS: This test may not detect all variants in non-coding regions that could affect gene expression or copy 
number changes encompassing all or a large portion of the gene. 
 
REFERENCES:  
Brauch KM, Karst ML, Herron KJ, de Andrade M, Pellikka PA, Rodeheffer RJ, Michels VV, Olson TM. 2009. Mutations in 
ribonucleic acid binding protein gene cause familial dilated cardiomyopathy. J. Am. Coll. Cardiol. 54(10):930-41. 
 
Li D, Morales A, Gonzalez-Quintana J, Norton N, Siegfried JD, Hofmeyer M, Hershberger RE. Identification of novel 
mutations in RBM20 in patients with dilated cardiomyopathy. Clin. Transl. Sci. 2010 Jun;3(3):90-7. 
 
This report was reviewed and approved on May 11th, 2012 3:08 PM by Jane Smith, PhD, FACMG. 
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TEST PERFORMED - Pan Cardiomyopathy Panel (51 Genes) 
 
INDICATION FOR TEST - Clinical diagnosis and family history of dilated cardiomyopathy (DCM) 

 
 

 
RESULT: Negative - Established or likely causes of the reported phenotype were not identified 

 
 
DNA VARIANTS: 
No clinically significant DNA variants were detected. 
 
INTERPRETATION SUMMARY: DNA sequencing did not identify any clinically significant variants in the coding regions 
or splice sites of ABCC9, ACTC, ACTN2, CSRP3, CTF1, DES, EMD, LAMP2, LDB3, LMNA, MYBPC3, MYH7, NEXN, 
PLN, RBM20, SGCD, TAZ, TCAP, TNNC1, TNNI3, TNNT2, TPM1, TTN and VCL. 
 
A negative test result reduces but does not eliminate the possibility that this individual’s cardiomyopathy has a genetic 
cause, as it may be  due to a variant in a genomic region not covered by the test; a negative test result can also be due to 
the inherent technical limitations of the assay (see Methodology section below). 
 
RECOMMENDATIONS: 
It is recommended that this individual and any 1st degree relative receive continued clinical evaluation and follow-up for 
features of DCM. 
 
Genetic counseling is recommended for this individual and their family. For assistance in locating nearby genetic 
counseling services please contact the laboratory at 123-456-7890. 
 

 
VARIANTS OF UNLIKELY CLINICAL SIGNIFICANCE: 
Variants classified as likely benign or benign are not confirmed by Sanger sequencing. Benign variants are not listed on 
this report but are available upon request.  
 
The following variants were classified as likely benign because they do not change an amino acid and/or are within a non-
conserved region of the intron and/or have a frequency in the general population that strongly argues against a 
pathogenic effect. While they are more likely benign, the available evidence is insufficient to rule out a disease-causing or 
contributory role. 
 
DSC2, Heterozygous c.942+12_942+13insTTA, rs35717505, allele freq = none available 
MYLK2, Heterozygous c.430C>G (p.Pro144Ala), rs34396614; allele freq = 1.3%, 28/2154 chrom 
 

 
TEST BACKGROUND: The Pan Cardiomyopathy Panel sequences 46 genes associated with various forms of 
cardiomyopathy (HCM, DCM, ARVC and LVNC).  Cardiomyopathy is typically inherited in an autosomal dominant pattern, 
though some genes are X-linked.  For information regarding the clinical presentation or genetics of a specific type of 
cardiomyopathy, please visit our website. 
 
TEST METHOD: The coding regions and splice sites of the following 46 genes are completely sequenced in this test: 
ABCC9, ACTC1, ACTN2, ANKRD1, CASQ2, CAV3, CRYAB, CSRP3, CTF1, DES, DSC2, DSG2, DSP, DTNA, EMD, 
FHL2, GLA, JUP, LAMA4, LAMP2, LDB3, LMNA, MYBPC3, MYH6, MYH7, MYL2, MYL3, MYLK2, MYOZ2, NEXN, PKP2, 
PLN, PRKAG2, RBM20, RYR2, SGCD, TAZ, TCAP, TMEM43, TNNC1, TNNI3, TNNT2, TPM1, TTN, TTR, VCL. 



Reference transcripts for each gene can be found on our website. The test is performed by oligonucleotide-based target 
capture (CaptureReagent, Company) followed by next generation sequencing (Instrument Name). Variant calls are 
generated using the Burrows-Wheeler Aligner (bwa) followed by GATK analysis. This test detects 100% of substitution 
variants (95%CI=82-100) and 95% of small insertions and deletions (95%CI=98.5-100). Sanger sequencing is used to 
provide data for bases with insufficient coverage. All clinically significant and novel variants are confirmed by independent 
Sanger sequencing. Variants classified as likely benign or benign are not confirmed. This test was developed and its 
performance characteristics determined by The Molecular Diagnostic Laboratory (CLIA#111111111). It has not been 
cleared or approved by the U.S Food and Drug Administration (FDA). 
 
LIMITATIONS: This test may not detect all variants in non-coding regions that could affect gene expression or copy 
number changes encompassing all or a large portion of the gene. 
 
This report was reviewed and approved on May 11th, 2012 3:08 PM by Jane Smith, PhD, FACMG. 
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TEST PERFORMED – Exome Sequencing 
 
INDICATION FOR TEST – Developmental delay, muscle weakness, hypotonia, and swallowing difficulties 

 
 

 
RESULT: Variants in a gene with an established role in the reported phenotype were identified 

 
 
DNA VARIANTS: 
Gene Inheritance  Disease Variant                    Classification 
NEB       Recessive  Nemaline myopathy  Het c.4834C>T (p.Arg1612Cys)   Likely Pathogenic  
NEB       Recessive  Nemaline myopathy Het c.15136A>G (p.Lys5046Glu)   Uncertain Significance 

 
INTERPRETATION SUMMARY: This individual is compound heterozygous for the Arg1612Cys and Lys5046Glu variants 
in the NEB gene. Parental studies demonstrate that the variants are on separate copies of the gene, one inherited from 
each parent. Pathogenic variants in the NEB gene are associated with nemaline myopathy, an autosomal recessive 
disorder characterized by hypotonia, weakness of the face, neck and proximal limb muscles, and the presence of 
nemaline bodies in skeletal muscle fibers on histological examination of a muscle biopsy. Different forms of nemaline 
myopathy have been classified based on the onset and severity of disease. NEB mutations are most commonly 
associated with a congenital form of nemaline myopathy which usually manifests in the first year of life with hypotonia, 
weakness, and feeding difficulties progressing to delay of motor milestones, abnormal gait, swallowing difficulties and 
proximal weakness (North and Ryan, 2012).The most severe forms are associated with death in early childhood, usually 
due to respiratory failure. Clinical correlation and evaluation of this patient's phenotype is recommended to determine 
whether this genetic disorder is consistent with this patient's condition. 
 

 
INDIVIDUAL VARIANT INTERPRETATIONS: 
 
Arg1612Cys in Exon 41 of NEB (NM_004543.4) Likely Pathogenic 
The Arg1612Cys missense change has not be previously reported as a disease-causing variant but represents a non-
conservative change replacing a highly evolutionarily conserved positively charged arginine by a neutral cysteine at an 
amino acid residue that is evolutionarily conserved. Additionally, the gain of a cysteine residue may affect disulfide bond 
formation and protein structure. The NHLBI ESP Variant Server reports Arg1612Cys observed in 14/12276 (0.1%) 
European-American and African-American alleles, indicating it is not a common benign variant in these populations. A 
different missense change at this codon (Arg1612Ser) has been identified in a patient with nemaline myopathy (Lehtokari, 
personal communication). 
 
Lys5046Glu in Exon 105 of NEB (NM_004543.4) Uncertain Significance 
The Lys5046Glu missense change has not be previously reported as a disease-causing variant but represents a non-
conservative change, as a positively charged lysine is replaced by a negatively charged glutamic acid at an amino acid 
residue that is evolutionarily conserved. This variant has not been observed in approximately 11,000 European-American 
and African-American alleles as reported by the Exome Sequencing Project, indicating it is not a common benign variant. 
 
RECOMMENDATIONS: 
Genetic counseling is recommended for this individual and their family. For assistance in locating nearby genetic 
counseling services please contact the laboratory at 123-456-7890. 
 
A medical provider can request reanalysis of the exome data, and this is recommended on an annual basis. Data from 



this exome sequencing analysis can be reassessed for the presence of any variants that may be newly linked to 
established genes or to newly characterized genes and/or disorders identified since the date of this report that could be 
associated with the patient’s phenotype, based on currently available scientific information. A charge may apply for 
reanalysis. Please contact the laboratory for more information at the time reanalysis is requested. 
 

 
TEST METHOD: Genomic DNA was extracted from the submitted specimen and additional familial specimens (mother, 
father and brother) and the (Capture Reagent) kit was used to target the exon regions of their genomes. These targeted 
regions were sequenced using the (Instrument Model) sequencing system with 100bp paired-end reads. The DNA 
sequence was mapped to, and analyzed in comparison with, the published human genome build (UCSC hg19 reference 
sequence). The targeted coding exons and splice junctions of the known protein-coding RefSeq genes were assessed for 
the average depth of coverage and data quality threshold values*. Sequence changes in this individual were compared to 
the other provided family members. All reportable sequence variants are confirmed by Sanger sequence analysis using a 
separate DNA preparation. 
 
*The values below represent metrics from this individual’s exome sequencing: 

Mean Depth of Coverage1 121X 
Quality threshold2 97.2% 

1Mean depth of coverage refers to the sequence mean read depth across the targeted region, defined as coding exons 
and splice junctions of CaptureReagent kit targeted protein coding RefSeq genes. 
2The quality threshold refers to the percentage of the defined target region where read depth was at least 10X coverage to 
permit high quality exome variant base calling, annotation and evaluation. Average quality thresholds may range from 
>90-95% of the targeted region, indicating a small portion of the target region may not be covered with sufficient depth or 
quality to call variant positions confidently. All reported variants are confirmed by independent Sanger sequencing. This 
test was developed and its performance characteristics determined by The Molecular Diagnostic Laboratory 
(CLIA#111111111). It has not been cleared or approved by the U.S Food and Drug Administration (FDA). 
 
LIMITATIONS: Absence of a plausible explanation for the reported phenotype by exome sequencing does not exclude a 
genetic basis of the patient’s condition. Some types of genetic abnormalities, such as copy number changes, may not be 
detectable with the technologies performed by this exome analysis test. It is possible that the genomic region where a 
disease causing mutation exists in the proband was not captured using the current technologies and therefore was not 
detected. Additionally, it is possible that a particular genetic abnormality may not be recognized as the underlying cause of 
the genetic disorder due to incomplete scientific knowledge about the function of all genes in the human genome and the 
impact of variants in those genes. Only variants in genes associated with the medical condition, or thought to be clinically 
relevant potentially for the proband’s medical condition, are reported here. 
 
REFERENCES:  
North K, Ryan MM. Nemaline Myopathy. Updated 2012 Mar 15.  In: Pagon RA, Bird TD, Dolan CR, Stephens K, Adam 
MP, editors. GeneReviews™ [www.genereviews.org]. University of Washington, Seattle. 
 
This report was reviewed and approved on June 24th, 2012 3:08 PM by Jane Smith, PhD, FACMG. 
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TEST PERFORMED – Exome Sequencing 
 
INDICATION FOR TEST - Clinical diagnosis of dilated cardiomyopathy 

 
 

 
RESULT: Negative - An established or plausible cause of the reported phenotype was not identified 

 
 
INTERPRETATION SUMMARY: Exome sequencing and variant analysis did not identify an established or plausible 
explanation for the reported phenotype in this individual. Genes with an established or likely role in the reported 
phenotype, in which all detected variants were evaluated, include ABCC9, ACTC, ACTN2, CSRP3, CTF1, DES, EMD, 
LAMP2, LDB3, LMNA, MYBPC3, MYH7, NEXN, PLN, RBM20, SGCD, TAZ, TCAP, TNNC1, TNNI3, TNNT2, TPM1, TTN 
and VCL. The coding regions of these genes were covered at 92.6%. Other genes were analyzed to identify loss of 
function or de novo variants. Several genes in biological pathways related to DCM were also analyzed including ANKRD1, 
CASQ2, CAV3, CRYAB, DSC2, DSG2, DSP, DTNA, FHL2, GLA, JUP, LAMA4, MYH6, MYL2, MYL3, MYLK2, MYOZ2, 
NEBL, PKP2, PRKAG2, RYR2, TMEM43, and TMPO, covered at 93.7%. These additional analyses did not identify any 
likely pathogenic variants in genes with a plausible role in the reported phenotype. 
 
RECOMMENDATIONS: 
Genetic counseling is recommended for this individual and their family. For assistance in locating nearby genetic 
counseling services please call or email the laboratory at 123-456-7890. 
 
A medical provider can request a reanalysis of the exome data, and this is recommended on an annual basis. Data from 
this exome sequencing analysis can be reassessed for the presence of any variants that may be newly linked to 
established genes or to newly characterized genes and/or disorders identified since the date of this report that could be 
associated with the patient’s phenotype, based on currently available scientific information. A charge may apply for 
reanalysis. Please contact the laboratory for more information at the time reanalysis is requested. 
 

 
TEST METHOD: Genomic DNA was extracted from the submitted specimen and additional familial specimens (mother, 
father and brother) and the (Capture Reagent) kit was used to target the exon regions of their genomes. These targeted 
regions were sequenced using the (Instrument Name) sequencing system with 100bp paired-end reads. The DNA 
sequence was mapped to, and analyzed in comparison with, the published human genome build UCSC hg19 reference 
sequence. The targeted coding exons and splice junctions of the known protein-coding RefSeq genes were assessed for 
the average depth of coverage and data quality threshold values*. Sequence changes in this individual were compared to 
the other provided family members. All reportable sequence variants are confirmed by Sanger sequence analysis using a 
separate DNA preparation. 
 
*The values below represent metrics from this individual’s exome sequencing: 

Mean Depth of Coverage1 121X 
Quality threshold2 97.2% 

1Mean depth of coverage refers to the sequence mean read depth across the targeted region, defined as coding exons 
and splice junctions of CaptureReagent kit targeted protein coding RefSeq genes. 
2The quality threshold refers to the percentage of the defined target region where read depth was at least 10x coverage to 
permit high quality exome variant base calling, annotation and evaluation. Average quality thresholds may range from 
>90-95% of the targeted region, indicating a small portion of the target region may not be covered with sufficient depth or 
quality to confidently call variant positions. All reported variants are confirmed by independent Sanger sequencing. This 
test was developed and its performance characteristics determined by The Molecular Diagnostic Laboratory 



(CLIA#111111111). It has not been cleared or approved by the U.S Food and Drug Administration (FDA). 
 
LIMITATIONS: Absence of a plausible explanation for the reported phenotype by exome sequencing does not exclude a 
genetic basis of the patient’s condition. Some types of genetic abnormalities, such as copy number changes, may not be 
detectable with the technologies performed by this exome analysis test. It is possible that the genomic region where a 
disease causing mutation exists in the proband was not captured using the current technologies and therefore was not 
detected. Additionally, it is possible that a particular genetic abnormality may not be recognized as the underlying cause of 
the genetic disorder due to incomplete scientific knowledge about the function of all genes in the human genome and the 
impact of variants in those genes. Only variants in genes associated with the medical condition, or thought to potentially 
be clinically relevant to the proband’s medical condition are reported here.  
 
This report was reviewed and approved on June 24th, 2012 3:08 PM by Jane Smith, PhD, FACMG. 


