Supplementary information
Materials and Methods.
Study samples. 
Individuals suspected of FSHD explored in this study were clinically assessed by neurologists with expertise in neuromuscular diseases who defined the presence or total absence of clinical signs and evaluated the involvement of the groups of muscle typically affected in the disease (facial, shoulder and pelvic girdle, upper and lower limbs and abdominal muscles). Molecular Diagnosis was performed in the Department of Medical Genetics, La Timone Hospital Marseille either by Southern blotting or Molecular Combing 1. DNA was extracted from the different types of samples using the Qiagen DNA prep kit.

DNA extraction and plug preparation and molecular combing.
For Molecular Combing (MC), PBMCs were prepared from fresh blood after red blood cell lysis using 5x105 to 1x106 PBMCs embedded in 1.2 % Nusieve GTG agarose (Lonza, Basel, Switzerland) as described 1,2. After transfer of the DNA solution to a combing vessel DNA combing was performed with the Molecular Combing System on Combislide coverslips (Genomic Vision, Paris, France). Visual quality assessment of the combing (linearity, density, stretching and absence of breakage) is verified with an epifluorescence microscope equipped with an FITC filter and a 40x air objective. Prior to hybridization, coverslips are dehydrated by successive 3-min incubations in 70%, 90% and 100% ethanol baths and air-dried for 10 min at room temperature. Twenty µL of the probe mix were spread on the coverslip and hybridized overnight at 37°C on a SPoT-Light CISH Hybridizer. After washing, direct detection was performed with fluorophore-conjugated antibodies or streptavidin, with a 20 min-incubation at 37°C in a humid chamber and three 3 min-washes in 2x SSC, 0.1% Tween at room temperature. A set of 7 fluorescent probes targeting the D4Z4 array and its flanking regions including the qA/qB region on chromosomes 4 and 10, are hybridized on individual combed DNA fibers. The coverslip was entirely scanned by the ImageXpressMicro automated epifluorescence scanner at a 40X magnification (Molecular Devices, San Diego CA). Image analysis was performed automatically (Genomic Vision, France) and reviewed manually by an experimented operator. For each allele, the ends of the segments are determined. Every signal is automatically attributed to a chromosome and/or haplotype, based on comparison of measurements to the theoretical lengths for the different motifs. Probe and gap sizes are automatically calculated. Only intact D4Z4 signals are considered (i.e. signals comprising at least one probe at each end of the D4Z4 signal, confirming that no fiber breakage had occurred within the D4Z4 probe). Data are displayed as histograms for the determination of type of chromosome (4 or 10), haplotype and size.

Sodium Bisulfite sequencing.
For bisulfite modification, 1 μg of genomic DNA was denatured for 30 minutes at 37°C in NaOH 0.4N and incubated overnight in a solution of 3M Sodium bisulfite pH5 and 10mM Hydroquinone using previously described protocol 3. Converted DNA was then purified using the Wizard DNA CleanUp kit (Promega) following manufacturer’s recommendation and precipitated by ethanol precipitation for 5 hours at -20°C. After centrifugation, DNA pellet was resuspended in 40L of water and stored at -20°C until use. Converted DNA was amplified using previously used and validated primers 4-6 (DR1-F, GAA GGT AGG GAG GAA AAG; DR1-R, ACT CAA CCT AAA AAT ATA CAA TCT), avoiding the presence of CpGs in the primer sequence in order to amplify both methylated and unmethylated DNA with the same efficiency 4,5. The corresponding amplified 254 bp fragment contains 31 CpGs. Sequencing was processed by deep sequencing (Genwiz). After trimming of each barcode, raw data were analyzed using a the BamTools 2.4.0 software 7 to convert bam file to fastq file. Trimming of BSP primers is performed using the fastx_barcode_splitter.pl software and fastq_to_fasta software. Data are then processed using the BiQ Analyser HiMod software and R for statistical analysis using a custom algorithm. For each sequence, the percentage of recovery and percentage of conversion are calculated. Only sequences with a percentage of recovery > 50% and percentage of conversion >90% are kept for further analysis. Alignment was performed using the BiQ Analyzer HiMod algorithm that converts sequencing data by using « 1 » for a methylated CG, « 0 » for unmethylated and « x » in case of misalignment. 
The percentage of coverage is calculated as the ratio between the numbers of « x » divided by the total number of letters per sequence. Three methylation score are calculated, (i) the CpG methylation score that corresponds to the percentage of methylation for each CpG in the reference sequence calculated as the ratio of the number of methylated CpGs on the number of CpGs aligned to the reference sequence, (ii) the sequence methylation score, corresponds to the average methylation level of each sequence calculated as the ratio of methylated CpG of all aligned CpG for a given sequence and (iii) the global methylation score corresponds to the global level of methylation for each biological sample in a given region calculated as the ratio of methylated CpG with the number of aligned CpG for all sequences and CpG positions for a given biological sample. The global methylation score was further used for the classification of patients.

Statistical analysis.
Statistical analyses were done with R (version 3.4.2) and RStudio softwares, dplyr library and ComplexHeatmap library from Bioconductor (version 3.6). DNA methylation levels were compared using a Wilcoxon non-parametric test (wilcox.test function). The significance threshold (=0.05) was corrected for multiple comparisons using the Bonferroni method for False Discovery Rate (FDR) determination. Only values showing a significant correlation with a p-value < 0.05 are presented. 

Mapping of the missense FSHD2 variants over SMCHD1 structure.
Molecular graphics and analyses were performed with UCSF ChimeraX, developed by the Resource for Biocomputing, Visualization, and Informatics at the University of California, San Francisco. Structures predictions were performed with AlphaFold2 through the ChimeraX AlphaFold tool. This tool runs new AlphaFold predictions on Google Colab using ColabFold 8, an open-source, optimized version of AlphaFold2.


Legend to supplementary figures

Supplementary figure 1. A. Scatterplot of the number of D4Z4 on the shortest 4qA allele for patients carrying a deletion of the 18p32.1 locus encompassing the SMCHD1 gene (n=6). The mean D4Z4 array size is indicated (15 D4Z4 units). B. Scatterplot of the methylation level for all categories of variants. The position on the mean methylation percentage is indicated. 
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