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Abstract

Introduction—Dilated cardiomyopathy (DCM) is the most common cardiomyopathy and occurs 

often in families. As an inherited disease, understanding the significance of diagnostic procedures 

and genetic screening within families is of utmost importance.

Areas covered—Genetic studies have shown that in 30–40% of familial DCM (FDC) cases a 

causative genetic mutation can be identified. Successful genetic analysis is highly dependent on 

close examination of patient and family history, and clinical guidelines exist recommending 

genetic testing to aid in the evaluation of family members at risk of developing FDC. Clinical 

genetic testing offers a resource for families to identify the etiology of their disease, and in some 

cases may provide clinical prognostic insight.

Expert Opinion—As an inherited disease, future FCD studies will focus on elucidating the 

remaining 60–70% of genetic causes in inherited cases and the pathogenic mechanisms leading to 

the phenotype. Specifically, a focus on regulatory regions, copy number variation, genetic and 

environmental modifiers and functional confirmatory investigations will be essential.

I. Introduction: Familial Dilated Cardiomyopathy

Dilated cardiomyopathy (DCM) is a disease of the heart muscle characterized by left 

ventricle dilation and impaired systolic function. The wall of the left ventricle progressively 

weakens and thins, and the heart cannot pump blood efficiently to meet physiological needs. 

DCM is the most common form of cardiomyopathy1 and a leading cause of heart failure, 

transplantation, and death.2–4 Primary DCM has been described using a mixed model, 

meaning that it has either acquired or genetic etiology.4 An acquired dilated phenotype may 

result from a variety of factors including hypertension, valvular heart disease, autoimmune 

response, myocarditis, excessive alcohol consumption, drug usage, toxicity, and congenital 
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heart disease.5 Primary DCM results when all acquired factors have been excluded, and can 

be either ‘idiopathic’ or ‘familial’.5, 6

Screening of relatives, in particular first degree relatives, of primary DCM cases using 

electrocardiogram (ECG) and echocardiography to measure left ventricle size and function 

allow the identification of familial DCM (FDC), where two or more family members are 

affected by cardiomyopathy. FDC can be identified in 20–35% of DCM cases, while the 

remaining are classified as ‘idiopathic’. However, the frequency of familial forms is likely 

underestimated due to small pedigrees and families with undiagnosed members, where an 

underlying genetic cause may be less apparent and more difficult to elucidate due to variable 

expressivity and reduced penetrance of the disease gene.7–10 Of the FDC cases, 30–40% of 

them have an identified genetic origin attributed to over 50 genes, a number that is 

constantly increasing as new genes are discovered.11, 12 While FDC is primarily an 

autosomal dominant disease, autosomal recessive and X-linked forms have also been 

described.13

DCM, which includes FDC, was originally considered to be a cytoskeletal disease, but it has 

since been shown that mutations in a large number of genes encoding various cardiac 

components can lead to disease. To date, it has been demonstrated that defects in the 

sarcomere, Z-disk, cytoskeleton, nuclear skeleton, mitochondria, desmosomes, sodium and 

potassium channels, and lysosomal membranes all play a role in DCM.11, 14 This indicates 

that DCM can result from interrupting a variety of pathways, which has made studying the 

pathogenesis of DCM a complex process.

II. Clinical Diagnosis and Management

DCM in general, despite its underlying etiology, is defined by the presence of two major 

clinical criteria: left ventricular (LV) fractional shortening less than 25% and/or LV ejection 

fraction less than 45% with LV end diastolic diameter greater than 117% of the predicted 

value corrected for age and body surface area based on Henry's formula (corresponding to 

two standard deviations (SD) from the expected normal limit plus 5%).9 These criteria are 

detailed in Table 1. DCM is only diagnosed in the absence of any other known cause of 

myocardial disease,9, 15, 16 and a diagnosis of idiopathic DCM is only assigned after all 

other possible explanations have been excluded.11

In the context of familial DCM, these two major criteria are used to diagnose the proband in 

a family, the person who first presents in the clinic with the disease, while diagnosis of other 

family members follows less stringent criteria. This accounts for the fact that early signs of 

disease are more difficult to capture but also are more likely to occur when another family 

member has already been diagnosed with the disease. DCM can then be considered familial 

(FDC) when two or more affected relatives with DCM meet the major criteria of DCM, or 

when a first-degree relative of a diagnosed DCM patient dies inexplicably and suddenly 

before the age of 35.9 Other than a positive family history, there are no clinical phenotypes 

to distinguish between FDC and idiopathic DCM.3 Conversely, a negative family history 

does not eliminate the possibility of DCM due to genetic etiology. The individual could have 
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a de novo mutation, or there could be cardiomyopathy within the pedigree that has not yet 

been recognized.11

In familial cardiomyopathies the pedigree is one of the most important tools in clinical 

care.11, 17 Optimally, a pedigree will include at least three generations of individuals.17, 18 A 

well-annotated family history sets the stage for determining disease status: family members 

in the pedigree are classified as affected, unaffected, or unknown. All first-degree relatives 

of a proband diagnosed with idiopathic DCM are strongly recommended to undergo clinical 

screening that includes an ECG and echocardiography. After family members have been 

screened, affected individuals are defined by one of three possibilities: the presence of the 

two major DCM criteria, the second major DCM criterion (LVEDD >117%) plus one minor 

criteria, or three minor criteria.9, 16 Table 1 outlines all the clinical diagnostic criteria of 

FDC, including the minor criteria.

Family members with any of the following conditions are typically excluded from being 

considered as affected: (1) consistently documented blood pressure greater than 160/110 

mmHg; (2) obstruction (greater than 50%) of a major branch of the coronary artery; (3) 

alcohol intake greater than 100 g/day; (4) persistent supraventricular arrhythmia; (5) 

systemic diseases; (6) pericardial diseases; (7) congenital heart diseases; (8) pulmonary heart 

disease; (9) myocarditis. Some caveats in family member inclusion or exclusion include the 

fact that myocarditis and peripartum cardiomyopathy also occur in familial settings and 

rendering it hard to classify the exact cause of dilation and systolic dysfunction.16, 19 It has 

been suggested that peripartum cardiomyopathy in particular can be found more often in 

families with FDC, and may be a consequence of genetic etiology.20 Additionally, exclusion 

based upon alcohol consumption may be controversial as it has been shown previously that 

patients formerly diagnosed as having DCM secondary to alcohol consumption had affected 

first-degree relatives, implying a FDC diagnosis instead.21

Due to the variable expressivity of FDC, disease classification is not always straightforward. 

Inter- and intra-familial variation exists, especially in phenotypic severity and age of 

onset.2, 22 Age of onset is typically between the ages of 20–50, and while it can occur earlier 

or later, it is rarely diagnosed in the elderly.13, 22 Family members may be classified as 

unknown to indicate that they exhibit subtle cardiac abnormalities that may be relevant, but 

their symptoms are not sufficient for a definitive diagnosis at that time.9, 15 Unknown 

individuals are classified as having 1 or 2 minor criteria, but not meeting the threshold to be 

considered affected.16 This could reflect an individual that has not yet fully developed the 

disease, but also exhibits a need for more sensitive clinical criteria in order to more 

accurately diagnose affected relatives as quickly as possible.5 Even as a frequently 

autosomal dominant disease, FDC tends to demonstrate reduced penetrance, meaning that 

not all family members that you would expect to have the disease actually display signs of it. 

For example, an unaffected individual can have both an affected parent as well as an affected 

child. In cases where the specific genetic mutation has been identified, there may be 

individuals with the identified causal mutation that do not present with disease.3, 5 

Additionally, there have been some cases of FDC where affected relatives actually present 

with hypertrophic cardiomyopathy (HCM) instead. This may be due to the genetic overlap 
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seen in these two diseases, and it is possible that the same mutation could present differently 

due to environmental factors or other genetic contributions.21

Aside from clinical diagnostic criteria, other symptoms are characteristic of DCM and may 

vary between and within families. These can be cardiac-related problems, like conduction 

system abnormalities, valvular deformations, left ventricular non-compaction, and segmental 

hypokinesia, or the result of heart failure, like dyspnea, fatigue, and palpitations.8, 11 

Abnormalities in other systems may occur as well, such as lipodystrophies, sensorineural 

deafness, and skeletal myopathies, the latter of which may be indicative of a multi-systemic 

disease like Emery-Dreifuss muscular dystrophy, Barth Syndrome, and Duchenne’s 

muscular dystrophy. These multi-systemic signs or symptoms are important and should be 

considered ‘red flags’ useful for the identification of the underlying genetic disorder.11 

Alternatively, in DCM and FDC, many individuals may remain asymptomatic.2, 3, 13

Those family members identified as clinically affected should receive standard 

pharmacological management according to their symptoms and severity and according to 

current guidelines. For asymptomatic family members, especially younger offspring of the 

proband who may have not yet presented with the disease as well as family members who 

were categorized as unknown, it is recommended that there should be periodic follow-up 

appointments for cardiac screening.3, 23 The frequency of follow-up appointments should be 

determined on a familial basis, taking into account the typical age of onset and the minor 

symptoms presented in unknown individuals.3 Typically, if no mutation is known or present, 

these23 follow-up appointments should occur every 3–5 years, and if a mutation is present 

appointments should occur more frequently, yearly in childhood and very 1–3 years in 

adults. At the initial visit, creatine kinase (CK) levels of skeletal and muscle isoforms (MM) 

should be taken.23 At each visit thereafter, standard ECG and echocardiography should be 

performed to assess even minor changes (such as increases in left ventricle size and 

contractile function impairment) that could suggest early disease stages.3 A detailed history 

should be taken, with special attention given to assess arrhythmia, pre-syncope, and syncope 

symptoms. Physical examination should consider changes in both heart and skeletal muscle 

function.23 Other important tools more recently introduced in the clinical practice that may 

allow for better risk stratification in the progression of heart failure and sudden death include 

cardiac magnetic resonance (CMR)24 and Holter monitoring.25

Longitudinal studies have demonstrated that approximately 1 in 10 of the individuals 

showing mild changes in left ventricle dilation and contraction develop DCM within five 

years.3, 26, 27 Family screening in FDC helps to identify patients at earlier stages of disease 

than in sporadic cases, and it has been suggested that this early identification can improve 

survival rates as compared to sporadic DCM cases.28 Patients identified via familial 

screening are less likely to undergo heart transplant or death resulting from FCM (Figure 1), 

but at this point has not been shown to protect against sudden death or life-threatening 

arrhythmias, for which FCM patients and sporadic DCM patients are equally susceptible 

(Figure 2).28
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III. Prevalence

Prevalence data for DCM has been limited due to lack of large-scale, rigorous, population-

based studies. Initial estimations originated from a study carried out by Codd et al from 

1975 to 1984 in Olmstead County, Minnesota, USA. This frequently cited prospective study 

identified 46 individuals with idiopathic DCM who were evaluated via echocardiography 

(n=41) and/or angiography (n=16) with 4 individuals identified during autopsy. This number 

of affected individuals results in a prevalence of 36.5/100,000 individuals, or 1 in 2,700 with 

a male to female ratio of 3.4. The group also evaluated the frequency of hypertrophic 

cardiomyopathy (HCM), which is characterized by thickening of the heart muscle. They 

identified 21 individuals, which was half as many as DCM, giving HCM a prevalence of 

19.7/100,000 or 1 in 5,100.29 Since this study’s publication in 1989, the prevalence of HCM 

has been reassessed to 1 in 500 individuals, while reports of the prevalence of DCM have 

remained inconsistent.30

Reports of the incidence and prevalence of idiopathic DCM have been highly variable, 

partially due to variation in diagnostic criteria but also possibly due to ethnic differences 

between populations studied.31, 32 Around the same time the Olmstead County study was 

taking place, another study found a prevalence of 8.3/100,000 in two regions in England.33 

A two-year study from Trieste, Italy found 4.5/100,000 cases per year via autopsy, with an 

additional 2.5/100,000 cases per year clinically, for a total incidence of 7.0/100,000.34 A 

more recent 2002 study from Japan cites the incidence at 3.6/100,000, with an estimated 

crude prevalence of 14/100,000, or about 1 in 7000, which is remarkably less than the Codd 

study.32 These studies have been summarized in Table 2. Without a large-scale, 

epidemiological study based on modern imaging technology and diagnostic criteria, the true 

occurrence of DCM has yet to be determined.

Though additional formal studies have yet to be done, many researchers and clinicians agree 

that the prevalence of idiopathic DCM is likely more common than 1 in 2,700, and that it 

may be underdiagnosed.5, 12, 16 A 2013 review by Hershberger et al. evaluated the history of 

DCM prevalence and questions the estimates that have been made.5 The authors clearly 

outline three approaches that can be used to extrapolate a more accurate estimate of 

idiopathic DCM prevalence: (1) evaluating the DCM:HCM ratio, (2) considering the clinical 

data of heart failure patients, and (3) using the more well-documented estimates of left 

ventricular dysfunction as a proxy for DCM.5

The first approach uses the Olmstead County study as its basis. In the study, the ratio of 

DCM:HCM was approximately 2:1. Assuming this ratio is accurate, and considering the fact 

that the prevalence of HCM has since been revised from 1 in 5100 to 1 in 500, then the 

prevalence of idiopathic DCM should be roughly half of that of HCM: 1 in 250. While these 

ideas are evaluated in detail in the DCM review by Hershberger et al,5 the main conclusion 

is that the original estimate of 1:2,700 is a grossly underestimated prevalence of idiopathic 

DCM, and existing data can be used to extrapolate an estimate that is closer to 1 in 500 or 

even 1 in 250. A well-designed large-scale epidemiological study of DCM will need to be 

carried out in order to estimate the true prevalence.
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While a large-scale study has yet to be done, a large-scale meta-analysis has provided some 

insight into the prevalence issue. The study by Petretta et al undertook the task of cataloging 

all relevant FDC reports published over three decades (1980–2010), which resulted in a 

meta-analysis of 23 studies. This analysis resulted in a combined prevalence estimate of 

23%, though the large range (2%–65%) indicated a significant heterogeneity in reported 

studies. Because the estimate of FDC correlated with the year of publication, the authors 

attribute the large prevalence range to inconsistent use of diagnostic criteria, which has 

ameliorated recently due to more systematic clinical screening. This meta-analysis provides 

a useful example of the necessity of standardized criteria in FDM studies.35

IV. Genetics and Screening

The advent of modern sequencing technology has helped to elucidate the genetic etiology of 

FDC and identify over 50 genes involved.11, 12 Table 3 lists many of these genes along with 

their protein name and mode of inheritance. While this review does not include extensive 

information on the genetics of FDC, comprehensive reviews of the subject can be found 

elsewhere.5, 12, 15, 36 The identification of disease-causing variants is a clinically relevant 

tool because mutations in certain genes have been associated with severity, prognosis, and 

survival rates.16, 36 For example, mutations in SCN5A, which encodes for a voltage gated 

sodium channel, have been associated with severe arrhythmias, including atrial fibrillation 

and ventricular tachycardia.37, 38 Similarly, mutations in LMNA, which encodes for an 

important structural component of the nuclear membrane, can lead to conduction system 

abnormalities. LMNA mutations account for approximately 8% of DCM patients and convey 

a high risk of malignant ventricular arrhythmias and sudden death.38 In this case, 

implantable cardioverter-defibrillators (ICDs) can be a preemptive life-saving tool that 

decreases the risk of sudden death.39

Clinical genetic testing in DCM currently has a sensitivity of 40%, meaning that a 

pathogenic variant is identifiable in nearly half of cases.18 Genetic testing for DCM can test 

up to nearly 40 genes, and the targeted gene panels are evolving rapidly in response to 

advances in cardiovascular research. Table 3 lists a majority of the genes that have been 

associated with DCM, all of which can be found in various DCM gene panels. In the case of 

an unknown type of cardiomyopathy or when the results of another disease panel are 

negative, pan cardiomyopathy panels allow for testing of 80 or more heart function related 

genes.15, 18, 34

One of the biggest obstacles in DCM gene variant identification in clinical testing is the 

immense genetic heterogeneity in FDC. The majority of mutations previously associated 

with FDC are ‘private’ mutations, meaning that they have only been seen in one family. 

Herman et al showed that truncating mutations in TTN, which encodes the sarcomeric 

protein titin, are involved in 25% of FDC cases; in 47 individuals they identified 44 unique 

truncating mutations.40 This high prevalence of unique mutations makes the interpretation of 

genetic testing more difficult, because unreported pathogenic mutations must be validated, 

which takes time and delays the screening of other family members.22 In the context of 

reported sequencing data, one caveat is that the frequency of variants classified as 

‘pathogenic’ within the population far exceeds the prevalence of DCM. This raises a number 
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of questions about disease and variant classification, which have been reviewed in more 

detail in Hershberger et al and Ingles et al.5, 41

A recent report by Harakalova et al performed an extensive review of the literature, 

including PubMed, Embase, and OMIM, in order to catalog every gene that has been 

implicated in DCM thus far. While approximately 40 genes are currently included in genetic 

testing, an additional 68 genes have been implicated but are not included in genetic testing. 

While mutations in many of these 68 genes have only been found in individuals or in single 

families, this raises the awareness that the remaining 60% of cases that have not been 

explained by genetic testing likely still have a causative variant that can be identified.42 The 

Harakalova study provides ample foundation for future genetic analysis in DCM cohorts to 

further characterize the extensive genetic heterogeneity of this disease. With further 

characterization, these genes could eventually be added to clinical panels in order to increase 

the rate of positive identification, thus providing individuals and families with a more 

accurate genetic screening.

V. Expert Opinion

To date, the genetic causes of DCM have been discovered largely by identifying families 

with FDC followed by sequencing candidate genes or performing whole-exome sequencing 

to identify new candidate genes and causal mutations. Despite the past success in 

discovering genetic causes of FDC, identified mutations account for only 40% of all familial 

cases, suggesting many more genetic causes remain unknown. The onset of Next-Generation 

sequencing has introduced an unprecedented amount of genomic data that has dramatically 

expanded our ability to rapidly elucidate genetic causes, but in some cases has left more 

questions than answers. As ‘novel’ mutations continue to be discovered, there is an 

increased need for functional studies to validate novel variants by identifying pathway 

involvement and causal disease mechanisms.

For cases where a genetic cause has yet to be identified, the analysis may venture beyond the 

idea of a single pathogenic mutation into a more complex paradigm that could involve an 

unexpected gene, two or more mutations, copy number variation, enhancer region mutations, 

and intronic variants. These elements remain largely unexplored areas of inherited 

cardiomyopathy. A recent study found that in a cohort of 639 DCM patients screened for 84 

cardiomyopathy genes, showing that possible pathogenic variants in DCM overlap 

frequently with other cardiomyopathies, in some cases even sharing the same mutation. 

Additionally, a significant number of patients had multiple mutations in different genes, 

suggesting that some cases of DCM may require multiple hits in order to cause disease.43

Another complication presented in familial cardiomyopathies is the clinical diversity related 

to incomplete penetrance and variable expressivity within families. This has made clinical 

categorization difficult and genetic characterization ambiguous, especially when classifying 

affected individuals within pedigrees. Identification of specific environmental factors or 

modifier genes that affect severity and phenotypic expression will aid in understanding the 

mechanisms involved in FDC and may help explain cases of incomplete penetrance. With 

the ultimate goal of understanding the role of genetic variance in FDC, future research in the 
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field will rely on the continued identification of disease causing genetic variation, not only 

from continued candidate gene and whole-exome analysis, but also in the form a more in 

depth genomic analysis. This will lead to more accurate diagnoses and improved patient 

care.
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Article Highlights

• Familial dilated cardiomyopathy (FDC) occurs when two or more 

family members are diagnosed with DCM

• Though DCM occurs in at least 1:2700 individuals, it is likely much 

more common, probably 1:500

• 30–40% of FDC cases have been attributed to a genetic mutation

• To date, >50 genes have been attributed to DCM and can be tested 

clinically

• Further investigation into the molecular genetics of DCM will help to 

identify the remaining 60% of FDC cases
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Figure 1. Patient survival in sporadic and familial DCM
Analysis of survival free from death and heart transplant (D/HTx) in sporadic (solid line) 

and non-proband familial DCM (NP-FDC) (dotted line). From Moretti et al., with 

permission.28
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Figure 2. Patient survival in sporadic and familial DCM
Analysis of survival free from sudden death and major ventricular arrhythmias (SD/MVA) in 

sporadic (solid line) and non-proband familial DCM (NP-FDC) (dotted line). From Moretti 

et al., with permission.28
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Table 1

DCM and FDC diagnostic criteria.

DCM 1 fractional shortening (FS) <25% (>2 SD) and/or ejection fraction <45% (>2 SD) and

2 left ventricular end diastolic diameter (LVEDD) >117% (>2 SD of the predicted value of 
112% corrected for age and body surface area plus 5%), excluding any known cause of 
myocardial disease

FDC 1 two or more affected relatives with DCM meet the above major criteria or

2 a first-degree relative of a DCM patient has unexplained sudden death before age 35

FDC in family 
members of proband

1 the two major criteria listed above, or

2 left ventricular end diastolic diameter (LVEDD) >117% (>2 SD of the predicted value of 
112% corrected for age and body surface area) plus 1 minor criterion, or

3 3 minor criteria (see below).

FDC minor criteria* 1 unexplained supraventricular arrhythmias in the form of atrial fibrillation or sustained 
arrhythmias, or frequent (>1000/24 h) or repetitive (3 or more ectopic beats with a heart 
rate >120 beats/min) ventricular arrhythmias before the age of 50;

2 left ventricular dilation (>112% of the predicted value);

3 left ventricular dysfunction (ejection fraction <50% or fractional shortening <28%);

4 unexplained cardiac conduction system abnormalities including grade II or III 
atrioventricular blocks, complete left ventricular bundle branch block, and sinus nodal 
dysfunction;

5 unexplained sudden death or stroke before age 50;

6 segmental wall motion abnormalities (>1 segment, or 1 if not previously present) in the 
absence of intraventricular conduction defects or ischemic heart disease

SD = standard deviation

*
Family members of a proband are considered affected if they meet at least three minor criteria. If they meet one or two criteria, they are 

considered unknown.
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Table 2

Summary of prevalence/incidence studies referenced.

Location Year(s) Prevalence per 100,000 Incidence per 100,000 Reference

Olmstead County, MN 1975–1984 36.5 3.9–7.9 29

England 1983–1984 8.3 - 33

Trieste, Italy 1987–1989 - 7.0 34

Japan 1998 14.0 3.6 32
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Table 3

Genes involved in FDC that can be clinically screened.

Gene Gene Name Inheritance OMIM Phenotype

ABCC9 ATP-binding cassette, sub-family C, member 9 AD 608569

ACTC1 actin, alpha, cardiac muscle 1 AD 613424

ACTN2 actinin, alpha 2 AD 612158

BAG3 BCL2-associated athanogene 3 AD 613881

CRYAB crystallin, alpha B AD 615184

CSRP3 cysteine and glycine-rich protein 3 (cardiac LIM protein) AD 607482

DES desmin AD 604765

DMD dystrophin X-linked 302045

DSG2 desmoglein 2 AD 612877

DSP desmoplakin AD, AR 615821(AD), 605676(AR)

EYA4 eyes absent homolog 4 AD 605362

FKTN fukutin AD 611615

GATAD1 GATA zinc finger domain containing 1 AD, AR 614672

LAMA4 laminin, alpha 4 AD 615235

LAMP2 lysosome-associated membrane protein 2 X-linked 300257

LDB3 LIM domain binding 3 AD 601493

LMNA lamin A/C AD 115200

MYBPC3 myosin binding protein C, cardiac AD 615396

MYH6 myosin, heavy chain 6, cardiac muscle, alpha AD 613252

MYH7 myosin, heavy chain 7, cardiac muscle, beta AD 613426

MYPN myopalladin AD 615248

NEXN nexilin AD 613122

PLN phospholamban AD 609909

PRDM16 PR domain containing 16 AD 615373

PSEN1 presenilin 1 AD 613694

PSEN2 presenilin 2 AD 613697

RAF1 RAF proto-oncogene serine/threonine-protein kinase AD 615916

RBM20 RNA binding motif protein 20 AD 613172

SCN5A sodium channel, voltage-gated, type V, alpha subunit AD 601154

SDHA succinate dehydrogenase complex, subunit A AD 613642

SGCD sarcoglycan, delta (dystrophin-associated glycoprotein) AD 606685

TAZ tafazzin X-linked 302060

TCAP titin-cap (telethonin) AD 607487

TMPO thymopoietin AD 613740

TNNC1 cardiac troponin C type 1 AD 611879

TNNI3 cardiac troponin I type 3 AD, AR 613286(AD), 611880(AR)

TNNT2 cardiac troponin T type 2 AD 601494
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Gene Gene Name Inheritance OMIM Phenotype

TPM1 tropomyosin 1 AD 611878

TTN titin AD, AR 604145

VCL vinculin AD 611407

AD = autosomal dominant, AR = autosomal recessive
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