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RT-PCRs were done using a 2µl cDNA mixture from a 1µg RNA RT reaction, 
split into 5 PCRs reactions of 20; 25; 30; 35 and 40 PCR cycles, respectively. 
Reactions were then separated by electrophoresis run on a 1.5% agarose gel. 
Amplicons of SORBS2 transcripts were validated by Sanger sequencing. 
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a) Isogenic clones with long and short telomeres were produced as previously 

reported (Stadler et al. 2013; Robin et al. 2014). Successive infections with 

retroviruses encoding CDK4 and a floxable hTERT cassette were done on 

primary cells derived from biopsies. Early excision of the hTERT was done to 

generate the ‘short’ telomere subclones and later excisions yielded subclones 

with long telomeres. For subsequent experiments, we used subclones with 

similar Population Doublings (PD). b) Examples of growth curves for isogenic 

clones from immortal populations are shown for FSHD and Healthy myoblasts. 

No differences in growth rates were detectable at the time point chosen for the 

experiments between the different conditions. PDs were registered and cells 

were analyzed for at least 30 PDs prior to senescence when growth rate 

decreased. c) We analyzed DNA damage response by counting the number BV�

p!+7M foci per nucleus in cells with long and short telomeres (FSHD and control 

myoblasts). As positive control, we used cells subjected to UV radiation. No 

increase in DNA damage was seen in the short telomere cells. **** = p<0.0001, 

ANOVA. 
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Telomere shortening was monitored as a function of population doublings and 

telomere length was measured by TRF. TRF shown has an example of early time 

points, and late replication, when cells are entering senescence. Population 



doublings (PDs) are reported as the number of cell divisions calculated since the 

myoblasts isolation form biopsy. To note, hTERT removal for the FSHD myoblast 

for the long telomere clones was done at PD 111. 
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Briefly, purification of the biotinylated ligation products is followed by PCR 

amplification, creating the whole genome Hi-C library, which doesn’t include 

biotin. Biotinylated probes specific to the 4q terminus were used to enrich the Hi-

C library for interactions involving 4q35.2. The resulting library holds the same 

parameters as the Hi-C library but is essentially composed by sequences 

involving at least one end from 4q35.2 (Green DNA strand).  
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PCR ligation control (left) and digestion (right) to validate successful biotin 

integration. Hi-C preparation will result in the creation of a NheI restriction site 

instead of an HindIII site (due to the fill-in step). Primers were designed around a 

HindIII restriction site. PCR amplicons from one 3C (control) and 4 Hi-C 

preparations were digested by either HindIII or NheI. The 3C preparation does 

not include the fill-in step, consequently no NheI site is created.   
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Using biotinylated probes, the Hi-C technique can be used to investigate in an 

unbiased fashion, specific regions of the genome (in our case, 4q35). Plot 

showing the number of paired-end reads with one end mapped at chromosome 4 

and its 4q35 locus representing the chromosome 4 sequences enrichment; the 

vast majority of the mapped reads are located on chromosome 4, among them 

the majority are in 4q35, demonstrating the efficiency of the capture. 



Heat-map representation of the treated paired-end sequencing, mapped to the 

chromosome 4 (bottom left), and the last 5 Mbs of the chromosome (bottom left), 

using the HOMER software. 
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Interactions are represented with a Circos of the 4q-specific Hi-C experiment. 

The last 8 Mb of chromosome 4 is shown as a blue (or red) circle, and the 

location of known genes as segments in a green inner circle. Interactions are 

color coded (red lines >3MB, green 1-3 MB, blue 0.5-1MB, Orange 200-500kb, 

purple <200 kb). Black bars in the circles indicate the biotinylated bait sequences. 

This map was obtained using a filter against duplicate sequences and only takes 

into consideration interactions that aligned precisely to the 4q35 region without 

suspicion of other match (e.g to 10q).�
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As in figure S6, interactions are represented with a Circos of the 4q-specific Hi-C 

experiment. The last 8 Mb of chromosome 4 is shown in grey. Interactions are 

shown in a color coded fashion to represent the different degrees of significance 

(Blue p<0.001; Red p<0.01). 

Maps were obtained using HOMER software and take into consideration bias 

introduced by the HindIII site localization, number of reads and 4q baits used. In 

short, maps are compared to a randomized generated 4q map using all baits 

sequences, and corrected regarding enrichment of restriction sites.    

To note, the FSHD long telomere map is presented in figure 1, the FSHD short 

telomere map failed to pass our stringent filter when generating the final Circos 

map. 
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a) Fam149A Interactions. A common primer adjacent to a HindIII site in FRG1 

was used with a variety of reverse primers adjacent to HindIII sites in Fam149A 

(7 primers) approximately 4 Mb away (left). Following crosslinking, digestion with 

HindIII, ligation and reversal of crosslinks, the DNA was amplified with the 

different primer pairs. Only FSHD sample with short telomere differs, with a 

decrease of 40.6% towards the center of interaction between FRG1 and 

Fam149A. 

b) Primers were picked surrounding successive HindIII restriction sites in ENr313, 

a region with no interaction (ENCODE region 313).  One primer was constant. 

Distances in base pairs are represented relative to the first primer used. The 

interactions detected represent non-specific proximity effects in the absence of 

true looping. An average of the 11 points was made and used to normalize other 

3C quantifications to allow sample comparison. 
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a) Quantification of the number of adjacent (A) and separated (S) signals from 

processed images of In situ hybridization using an ISG15 and 1p Subtelomeric 

probe. Images were processed with IMARIS for N~30 nuclei per condition. The 

mean of the distances measured between the gravity centers of each signal is 

reported in the left panel and a schematic representation of the chromosome on 

the right. Respective mean ± SEM of the adjacent distances are shown. No 

differences were seen between adjacent signals nor between separated signals; 

independent test between all conditions for binary choice, p <10E-7; t-test of the 

mean distance between centers, p=0.01. Myoblasts with short telomeres show 

separated signals, confirming the existence of a TPE-OLD regulation of ISG15, 

importantly no differences were seen between FSHD and control cells. b) 

Quantification of of the number of adjacent (A) and separated (S) signals from 

processed images of In situ hybridization using a ZFP42 and FRG1probe. 



Images were processed with IMARIS for N~30 nuclei per condition. The mean of 

the distances measured between the gravity centers of each signal is reported in 

the left panel and a schematic representation of the chromosome on the right. 

Respective mean ± SEM of the adjacent distances are shown. No differences 

were seen between adjacent signals nor between separated signals; 

independent test between all conditions for binary choice, p <10E-7; t-test of the 

mean distance between centers, p=0.01. All cells showed adjacent signals, 

regardless of the telomeres and the D4Z4 length.   
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a) Representation of the most prevalent SORBS2 variants as predicted by 

Ecgene. b) RNA was isolated from 1x106 cells and cDNAs made in triplicate. 

Assays were designed with either a primer or probe spanning a unique exon-

exon junction. Due to the complexity of the SORBS2 gene, the primer pairs 

detect short sequences and quantify the abundance of exon junctions without 

being able to identify specific transcripts exclusively. For all four assays, we 

report the transcripts predicted from the NCBI database. For ddPCR, results are 

expressed as the number of molecules detected in a 12.5ng RT input; values 

shown as averages ± standard error of the mean (assay done in duplicate using 

3 cohorts of matched siblings from 2 biopsies; a total of 12 measures per 

condition). Increase in all assays is observed upon differentiation (myoblast 

compared to myotubes). For all assays, no significant differences were detected 

when considering telomere length (ANOVA). Similarly, no significant differences 

were detected considering the disease status, however a trend is noticeable 

between control and FSHD myotubes, with an increased in SORBS2 transcripts 

for the exons 39-40 assay. In the 5’UTR assay, in myoblast, we detect a 

significant increase in expression in FSHD myoblasts with short telomeres 

(p=0.0001). In myotubes, an overall significant increase (>3-fold increase, 

p=0.0001) of expression is observed when compared to myoblast. The increased 

expression is even more important in FSHD cells, but not correlated with 



telomere length. (control myotubes-long telomere vs. FSHD myotubes-long 

telomeres, adjusted p value=0.0001; control myotubes-short telomere vs. FSHD 

myotubes-short telomeres, adjusted p value=0.039). 
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As observed in Fig. 2 and Supplemental S2; control cells do not exhibit the 

splicing variant of SORBS2 upon telomere shortening. RT-PCR of 2µl cDNA from 

a 1µg RNA RT reaction were separated in 5 aliquots and amplified by PCR for 

20; 25; 30; 35 or 40 cycles. SORBS2 transcripts were analyzed from to additional 

control samples from two different cohorts (11 and 15).  Transcripts containing 

exon 31 to 42 are present in controls regardless of telomere length. Transcripts 

containing exons 17 to 42 are not detectable in the control cells. 
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The biceps is more affected than the deltoid in most FSHD patients. Changes in 

SORBS2 splicing (in biceps, text Figure 2) were also seen in cells derived from 

deltoid muscles. RT-PCR of 2µl cDNA from a 1µg RNA RT reaction were 

separated in 5 aliquots and amplified by PCR for 20; 25; 30; 35 or 40 cycles. 

SORBS2 transcripts were analyzed from 8 different samples from two different 

cohorts.  Transcripts containing exon 31 to 42 are present in controls and FSHD 

samples regardless of telomere length. Transcripts containing exons 17 to 42 are 

only present in FSHD cells with short telomeres (with the exception of small 

amounts of the shorter transcript in one control sample). The longer SORBS2 

transcript (star) was only observed in FSHD. Telomere length induces changes in 

the splicing of SORBS2 transcripts. 
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RNA was isolated from 1million cells and cDNAs made in triplicate. ddPCR 

results are expressed as the number of molecules detected in a 12.5ng RT input; 

values shown as averages ± standard error of the mean (assay done in duplicate 

using 3 cohorts of matched siblings from 2 biopsies; total of 12 measures per 

condition). Gene expression results for Fam149A, ZFP42, FAT1, FRG1, TRIML1 

and PDLIM3. With the exception of PDLIM3, no differences were detected in any 

conditions. PDLIM3 expression increases upon differentiation (Holm-Sidak’s 

multiple comparisons test (alpha=0.05)). 
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Supplemental Figure S1. 
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Supplemental Figure S6. Supplemental Figure S10. 



Supplemental Figure S11. 

RT-PCR from Ex17 to 42 
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Supplemental Figure S7. Supplemental Figure S12. 
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Supplemental Figure S9. Supplemental Figure S13. 


