Resolution of the D4Z4 repeat responsible for facioscapulohumeral muscular dystrophy with HiFi sequencing
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hypomethylation of D4Z4 induced by mutations in the epigenetic machinery such as SMCHD1 (FSHD2, 5% of oncordance is calculated as (fully assembled with correct size + partially assembled and correctly classified)/total alleles. variants. PCA separated repeat units into three clusters that O o
FSHD cases). D4Z4 is present on both chromosome 4 and chromosome 10, while DUX4 can only be Dataset |Allele size (RU)Total alleles |Fully assembled |Partially assembled and |Inconclusive |Concordance correspond to gAlntactPolyA, gB and qADisruptedPolyA. Hybrid
expressed from the permissive A haplotype that usually occurs on chromosome 4. The D4Z4 repeat size is with correct size [correctly classified’ repeat units exist between gADisruptedPolyA and gAlntactPolyA o
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polymorphism. Due to the large repeat size, high polymorphism and homology issues, D4Z4 remains difficult to The three types of repeat units are differentially distributed
resolve by sequencing technologies and population analysis is lacking. Here we present a computational tool, >10 61 15 43 3° 0.951 against different genetic backgrounds defined by chromosomes
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o Overview of D474 and Kivei. A. Each A e des e firet and |  DUNXA. Proximal to Daza 0.25- SMCHDT mutations We developed Kivvi for genotyping D4Z4 using HiFi WGS sequencing data and validated P
igure 1. Overview o and Kivvi. A. Each repeat unit o encodes the first and second exon o . Proximal to , o : : :
chromosome 4 and chromosome 10 share sequence homology for a ~42 kb region. The third exon of DUX4 is located in the sequence Kivvi against gold standard assays for FSHD diagnostics.
distal to D4Z4 and contains the somatic polyadenylation signal (PAS), denoted by the red triangle. D4Z4 alleles can be classified into three - We showed differential methylation signals between FSHD1 and candidate FSHD?2 samples_
types based on the distal region: gA with an intact polyA signal (qAlntactPolyA), gA with a disrupted polyA signal (QADisruptedPolyA) and qAIntactPolyA qB gADisruptedPolyA D4Z4 median T : : : -
gB, which completely lacks the third exon and polyA signal. B. HiFi reads are realigned against one D4Z4 unit, plus a short region distal to Across 601 IndIVId.uaIS from f'V_e ances_tral populations, we identified C_Ommon haplotypes of
D474, including the PAS. Read segments are classified into unique repeat units based on sequence variants, and these unique repeat Figure 2. Size and methylation levels of D4Z4 alleles in population samples, FSHD1 patient samples and individuals with D4/Z4 alleles, hybrid repeat units, hybrid repeat arrays, and translocation alleles.
units are labeled with distinct indices (1-22 in this example sample HG02071). All alleles start with a partial unit, indicated by the shorter SMCHD1 pathogenic variants. A. Distribution of allele size and methylation levels in fully assembled alleles. B. Methylation levels of all R ST - - - Kivvi on
read segments at the top right. All gB alleles end with a partial unit indicated by the shorter read segments at the top left. All gA alleles D474 alleles, including partially assembled alleles. The data points marked as “lower bound<10” indicate a partial allele where the reported KIVVIfbrlngS us (.)ne Stef C.k.)ser to the. ConSO“daftlon of mUItlp.Ie FSH.E aSS?yS Into a single GitHub
(both gAlntactPolyA and gADisruptedPolyA) continue to the distal sequence containing the third exon. Repeat units are assembled into lower bound of allele size is shorter than 10 and thus cannot be classified into 1-10RU or >10RU. The last column plots the median work |O\_N and will help acilitate the discovery of novel genetic modifiers of FSHD through
alleles, which are then assigned to chromosomes 4 or 10 based on the proximal sequences. methylation level of all D4Z4 units for each sample. population-scale studies.
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