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SUPPLEMENTARY NOTE 1 

 

ABCD3 repeat expansions are very rare in srWGS and optical genome mapping control datasets 

Analysis of 16,442 gnomAD samples using ExpansionHunter found that the repeat size distribution 

had a mean of 7.1 x CCG repeats and a median of 7 x CCG repeats. The median is also 7 x CCG for 

each gnomAD subpopulation (ASJ, AMI, AMR, MID, SAS, EAS, NFE, FIN, AFR). The most 

expanded genotype among the gnomAD samples was 7/44 (CI: 7-7/43-58). The REViewer read 

visualisation for this sample contained several low-quality read alignments but supported a genotype 

of at least 38 repeats in the long allele, implying that ExpansionHunter works reasonably well for 

expansions at this locus (Figure S2).  

 

Two samples in the CMG and RGP cohorts (n=3,270) had expansions longer than any of those found 

in gnomAD (ie. > 44xCCG). The first sample was an unaffected father of an affected daughter with 

holoprosencephaly and hearing loss. ExpansionHunter reported his genotype as 7/81 (CI: 7-7/64-

105). The other sample is the proband from OPDM family AUS1-V:3 and had a genotype of 7/80 

(CI: 7-7/63-106). We have not been able to ascertain any further clinical details for the gnomAD 

individual with at least 38 repeats or the unaffected father in the RGP cohort). Thus, we do not know 

if they have an OPDM phenotype.   

 

Analysis of 35,749 WGS from non-neurological controls enrolled in the Genomics England 100,000 

Genome Project showed a median size for ABCD3 repeat of 7 repeats and mean 7.17. EH estimated 

ten out of 71,498 alleles (0.013%) to have expansions >50 CCG repeat, corresponding to the average 

read length of 150bp. In all, the estimated repeat number was lower than the two OPDM cases 

(estimated repeat sizes: 52, 52, 52, 52, 62, 78, 80, 81, 82 and 93 repeats; Figure 2B). Genomics 

England policy does not allow for contact and examination of reportedly unaffected individuals; 

therefore, we could not obtain more DNA for precise sizing of the repeat or access medical files for 

these 10 subjects. We performed a similar analysis in the complete cohort of 14,600 neurological 

patients in the Genomics England 100,000 Genome Project and identified, along with UK1-II-1 and 

UK2-III-2 OPDM cases, two additional individuals with an estimated repeat length of 61 and 64 

repeats. We reviewed the cases and performed long read sequencing in both. The first case was a 75-

year-old man affected by pure hereditary spastic paraparesis (HSP), genetically unconfirmed. His 

brother is also affected by HSP but does not carry CCG expansion in ABCD3. Long read sequencing 

showed 120 uninterrupted CCG repeats. Upon recent evaluation he had no signs of OPDM. The 

second individual is a 38-year-old lady affected by distal hereditary motor neuropathy and carrying a 

homozygous c.250G>C,p.Gly84Arg pathogenic variant in HSPB1. Long read sequencing of the 
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ABCD3 locus showed 88 CCG repeats (data not shown). In both individuals the repeat size was lower 

compared to the smallest pathogenic repeat identified in OPDM cases. 

 

Finally, ABCD3 expansion was absent from 724 control alleles and 250 alleles from internal non-

OPDM samples which underwent optical genome mapping at UCL Institute of Neurology. 
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SUPPLEMENTARY FIGURES 

 

Supplementary Figure 1: Linkage analysis. Linkage analysis in families AUS1 and AUS2 indicated 

a maximum multipoint LOD score of 2.98 corresponding to a 24 MB region of Chr1. 

 

 
 

 

Supplementary Figure 2: Histogram showing the distribution of ABCD3 repeat sizes detected 

by ExpansionHunter in the gnomAD cohort.  
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Supplementary Figure 3: Methylation status is unchanged at the ABCD3 promoter in 17 of 19 

affected individuals with CGG expansions, compared to healthy relatives without expanded 

alleles (marked with an asterisk).  
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Supplementary Figure 4: Plot of repeat size against age-of-onset in OPDM individuals, showing 

that larger expansions are associated with an earlier age of onset. The two females shown in 

purple are the individuals with hypermethylation of their expanded allele, as determined by ONT. 

There was a weak negative correlation between repeat expansion size and age-of-onset in affected 

males (y=3.029x+272.8, n=6, p=0.0063) with larger expansions associated with earlier onset of 

disease. In affected females the age-of-onset is typically ~5 years earlier with no apparent association 

between repeat expansion size and age-of-onset (y=6.515x+248.3, n=8, p=0.39). 

 
 

 

Supplementary Figure 5: Confirmation of the elevated ABCD3 expression observed in the 

RNA-seq data by qPCR. qPCR confirmed the findings from RNA-seq that ABCD3 is expressed at 

highly levels in OPDM patient muscle compared to healthy controls (p=0.056). The data were 

generated with primers to the sense transcript of ABCD3, there was no amplification using primers 

designed to the antisense transcript. 
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Supplementary Figure 6. FANTOM5 CAGE data for ABCD3. In the top pane, the ABCD3 MANE 

transcript is highlighted in pink. In the middle pane, CAGE signal for the sense (green) and antisense 

(purple) direction. In the bottom pane, main CAGE peaks (detected only in the sense direction). Data 

are taken from the Human hg38 Promoterome in FANTOM5 ZENBU website 

[https://fantom.gsc.riken.jp/zenbu/]. 

 

 

 
Supplementary Figure 7: A single intranuclear CCG aggregate identified by RNA FISH in a 

section of fresh-frozen skin from UK2-III:2. Scale bar 10 uM.  
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Supplementary Figure 8: Schematic and table showing possible RAN-translation off the 

ABCD3 CCG repeat expansion as predicted using the method outlined in Gleason et al. 2022 

(1) 

5’ sequences of ABCD3 showing (a) non-expanded reference sequence mRNA with (b) sense strand 

and (c) anti-sense strand mRNA containing triplet repeat expansions. The translation initiation sites 

(TIS) are indicated for poly-alanine (light blue) and poly-glycine (green). Supplementary Figure 8 

was created with BioRender.com released under a Creative Commons Attribution-NonCommercial-

NoDerivs 4.0 International license 

 
Strand Trinucleotide 

repeat 
AA TIS Distance 

from repeat 
Kozak Similarity 

Score 
Sense CCG Pro N/A N/A N/A  

CGC Arg N/A N/A N/A  
GCC Ala AAG -6 0.74 

Antisense CGG Arg N/A -7 0.65  
GCG Ala CTG 

ATG 
AAG 
CTG 
AAG 
AGG 
AGG 

-35 
-41 
-50 
-53 
-62 

-101 
-137 

0.66 
0.86 
0.62 
0.53 
0.71 
0.77 
0.64  

GGC Gly AGG 
GTG 

-12 
-120 

0.74 
0.56 
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SUPPLEMENTARY TABLES 

 

Supplementary Table 1. Clinical features of patients with CGG • CCG expansion causing 

OPDM1-5 

 OPDM1 (n=4) OPDM2 (n=27) OPDM3 (n=8) OPDM4 (n=11) OPDM5 (n=24) 
Repeat 
containing gene 

LRP12  
 

 GIPC1 NOTCH2NLC RILPL1 
  

ABCD3 

Repeat mo-f 
(sense 
transcript) 

CGG CGG CGG CCG CCG 

Sex 
(male/female) 

3/1 18/9 3/5 7/4 12/12 

Age of onset (y ± 
SD) 

32.7 ± 4.6 29.1 ± 10.3 23.1 ± 6.0 23.8 ± 6.2 24.2 ± 11.6 

Ptosis 3/4 (75%) 21/25 (84%) 8/8 (100%) 10/10 (100%) 23/23 (100%) 
External 
ophthalmoplegia 

3/4 (75%) 17/25 (68%) 5/8 (62.5%) 8/10 (80%) 14/19 (73.6%) 

Facial muscle 
weakness 

3/4 (75%) 24/25 (96%) 8/8 (100%) 9/10 (90%) 16/20 (80%) 

Dysphagia 3/4 (75%) 18/25 (72%) 7/8 (87.5%) 8/10 (80%) 18/22 (81.8%) 
Distal limb 
weakness 

4/4 (100%) 25/25 (100%) 8/8 (100%) 10/10 (100%) 17/22 (77.2%) 
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