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Sudden cardiac death (SCD) in the young (age 1-35): 

• Unexpected death from a cardiac cause

• Frequency across Australia and New Zealand: ~1.3 per 100,000 (1) 

• Causes: inherited cardiac diseases, including primary arrhythmogenic disorders and 

cardiomyopathies 

• When no definitive cause of death is found at autopsy, the case is classified as sudden 

unexplained death (SUD), with a presumed arrhythmogenic basis

• Post-mortem cardiac genetic testing uncovers pathogenic variants in only 10–30% of SUD, 

suggesting other causes may exist. (2,3) 

Short read whole genome sequencing (WGS):
• F1: I-2, II-2, II-3, II-4, II-5 to 30X coverage using an Illumina platform (Macrogen, S. 

Korea) and analysed using DRAGEN 4.3 with Expansionhunter for repeat calling

Long-read WGS using Oxford Nanopore Sequencing Technology (ONT):
•  F1 II-5 (Fig.2A) using PromethION 2 solo at the Liggins Institute (University of 

Auckland) as described. (5) ONT data was analysed using EPI2ME, using Straglr for STRs 

(v.1.4.4)
ONT sequencing adaptive sampling 185 cardiac genes (+50kb of flanking regions):
• F3 I-1 (SUD); Fig. 2B

• PromethION platform; DNA was extracted using the PacBio Nanobind PanDNA kit
Exome sequencing:
• F2 II-1, F3 I-1

Triplet-repeat Primed (TP) PCR followed by fluorescent-based capillary electrophoresis:
• F1 (I-2, II-2, II-3, II-4, II-5), F2 (I-1, II-1, II-2, III-1), F3 I-1

Legend to Fig. 1: Repeats in red: [CTG]n repeat expansion; repeats in blue: normal [CTG]n repeat 
range. Short read sequencing technology: Illumina technology; Long read sequencing: ONT; TP-PCR: 
triplet-primed PCR. SUD: Sudden unexplained death, y.o.: years old, DM1: Myotonic Dystrophy type 1.
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Fig. 1: Families 1-3 DMPK repeat length sizes and phenotypes 

Fig. 2: DMPK 3’ [CTG]n repeat expansion in F1 II-5 (A) and F3 I-1 (B)

Identify a genetic cause of sudden death in three families with SUD in the young in which prior genetic testing did not reveal 

a pathogenic variant.

Aim

• Family 1 (F1): three SUD in young siblings (II-2 and II-5 during exercise, II-3 in verbal 
altercation); see Fig. 1:

• Cardiac panels and exome between 1998-2020 did not identify the SUD genetic cause; Whole 
Genome Sequencing (WGS) with Oxford Nanopore Technology (ONT; Fig. 2A) and Illumina 
(Fig. 3)in 2024 identified pathogenic DMPK 3’UTR repeat expansion

• Siblings II-1 and II-4 have preventatively been fitted with an ICD after 3rd SUD (II-3) 

• II-4 has right ventricle (RV) and ECG abnormalities; father (I-1) had arrhythmogenic 
cardiomyopathy (RV); II-1: RV wall motion abnormality with normal ECG and Exercise Tolerance 
Test, negative LGE (Late Gadolinium Enhancement), suggesting no evidence for scar/fibrosis

• Family 2 proband (F2 II-1): SUD during exercise; see Fig. 1:

• Exome-based post-mortem cardiac gene panel testing did not identify a genetic cause of disease  

• Proband’s nephew (III-1) died at 4 days old with a clinical suspicion of DM1, confirmed with 
triplet repeat primed PCR, followed by genotyping in I-1, II-1 and II-2 

• Family 3 proband (F3 I-1): SUD during exercise; see Fig.1:

• Suspicion of a DMPK repeat expansion from short-read sequencing prompted sequencing with 
long read ONT cardiac panel and confirmed a pathogenic DMPK repeat expansion (Fig. 2B)

We report five SUD in young people from 3 families where initial cardiac genetic testing failed to identify a genetic cause, but subsequent investigations revealed pathogenic DMPK 
3′UTR repeat expansions, years (F2, F3) or decades (F1) later. Our results demonstrate how long-read sequencing spanning the DMPK repeat region enables precise repeat sizing 
(Fig. 2A, 2B); unlike the estimated repeat counts provided by diagnostic tests such as TP-PCR or short-read sequencing (Fig 3). The DMPK repeat expansion region is not typically 
included in cardiac arrhythmia or cardiomyopathy gene panels, and they are challenging to detect with short-read sequencing, requiring secondary analysis with STR genotyping. 
Our cases highlight the importance of a comprehensive clinical assessment of the proband and extended family. Due to the age-related penetrance of DM1, the condition can 
remain undiagnosed, particularly in children, yet family history may offer critical clues pointing to DMPK as a potential cause of SUD. 

We recommend that DMPK 3’ UTR is included in the diagnostic workup for unexplained SUD in the young.

Myotonic dystrophy type 1 (DM1):

• Multi-systemic autosomal dominant disorder caused by the expansion of Short Tandem 

Repeat (STR): [CTG]n repeat within the 3' UTR (Untranslated Region) of the DMPK 

gene

• Cardiac arrhythmias are found in 41% of DM1 patients, and SCD occurs in 8% (4)

Detection of STRs in UTRs using short reads technology:

• UTR regions are often not captured in standard cardiac gene panels and exome sequence

• Difficult to accurately determine length as reads do not extend over the expanded repeat

• Require specialised secondary and tertiary analysis

Legend to Fig. 2: WGS: Whole Genome Sequence; ONT: Oxford 
Nanopore Technology. Reads are coloured by haplotypes.

F1 II-5 
ONT WGS 
[CTG] 14 | [CTG] 424

DMPK 3’UTR

Repeat 
expansion

A

Repeat 
expansion

F3 I-1 
ONT cardiac panel
[CTG] 12 | [CTG] 254

DMPK 3’UTR

B

Fig. 3: Visualisation of alignments (WGS, SR/Illumina) of reads 
using REViwer: DMPK [CTG]n in F1 II-5 depicting normal (A) and 

expanded (B) allele
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