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Optical genome mapping enables accurate testing
of large repeat expansions

Bart van der Sanden,’ Kornelia Neveling," Syukri Shukor,? Michael D. Gallagher,?
Joyce Lee,? Stephanie L. Burke,? Maartje Pennings,’ Ronald van Beek,'

Michiel Oorsprong,’ Ellen Kater-Baats,' Eveline Kamping,' Alide A. Tieleman,?

Nicol C. Voermans,® Ingrid E. Scheffer,*> Jozef Gecz,5”-® Mark A. Corbett,®

Lisenka E.L.M. Vissers," Andy Wing Chun Pang,? Alex Hastie,? Erik-Jan Kamsteeg,'-'°
and Alexander Hoischen'-%1°

" Department of Human Genetics, Research Institute for Medical Innovation, Radboud University Medical Center, 6525GA Nijmegen,
the Netherlands; 2Bionano Genomics Clinical and Scientific Affairs, San Diego, California 92101, USA; 3 Department of Neurology,
Radboud University Medical Center, 6525GA Nijmegen, the Netherlands; *Epilepsy Research Centre, Department of Medicine,
University of Melbourne, Austin Health, VIC 3084, Australia; s Department of Pediatrics, University of Melbourne, Royal Children’s
Hospital, Florey and Murdoch Children’s Research Institutes, VIC 3052, Melbourne, Australia; $South Australian Health and Medical
Research Institute, Adelaide, SA 5000, Australia; ”Genetics and Molecular Pathology, SA Pathology, Adelaide, SA 5000, Australia;
8Robinson Research Institute and Adelaide Medical School, University of Adelaide, Adelaide, SA 5000, Australia; ? Department of
Internal Medicine, Radboud Expertise Center for Immunodeficiency and Autoinflammation and Radboud Center for Infectious Disease
(RCI), Radboud University Medical Center, 6525GA Nijmegen, the Netherlands

Short tandem repeats (STRs) are common variations in human genomes that frequently expand or contract, causing genetic
disorders, mainly when expanded. Traditional diagnostic methods for identifying these expansions, such as repeat-primed
PCR and Southern blotting, are often labor-intensive, locus-specific, and are unable to precisely determine long repeat ex-
pansions. Sequencing-based methods, although capable of genome-wide detection, are limited by inaccuracy (short-read
technologies) and high associated costs (long-read technologies). This study evaluated optical genome mapping (OGM)
as an efficient, accurate approach for measuring STR lengths and assessing somatic stability in 85 samples with known path-
ogenic repeat expansions in DMPK, CNBP, and RFCI, causing myotonic dystrophy types | and 2 and cerebellar ataxia, neurop-
athy, and vestibular areflexia syndrome (CANVAS), respectively. Three workflows—manual de novo assembly, local
guided assembly (local-GA), and a molecule distance script—were applied, of which the latter two were developed as
part of this study to assess the repeat sizes and somatic repeat stability. OGM successfully identified 84 /85 (98.8%) of
the pathogenic expansions, distinguishing between wild-type and expanded alleles or between two expanded alleles in re-
cessive cases, with greater accuracy than standard of care (SOC) for long repeats and no apparent upper size limit.
Notably, OGM detected somatic instability in a subset of DMPK, CNBP, and RFCl samples. These findings suggest OGM could
advance diagnostic accuracy for large repeat expansions, providing a more comprehensive genome-wide assay for repeat
expansion disorders by measuring exact repeat lengths and somatic instability across multiple loci simultaneously.

[Supplemental material is available for this article.]

Short tandem repeats (STRs) are common repeats of a particular
k-mer of 1-6 bp in length (Tankard et al. 2018). More than a mil-
lion cataloged STR loci make up ~3% of the human genome and
are scattered throughout (International Human Genome Sequenc-
ing Consortium 2001; Gymrek 2017). Expansions or contractions
of atleast 60 of these STRs have been associated with human genet-
ic disorders, concerning predominantly neurogenetic diseases
(Depienne and Mandel 2021; Tanudisastro et al. 2024). These dis-
orders include, but are not limited to, myotonic dystrophies, Hun-
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tington’s disease, fragile X syndrome, and different forms of
spinocerebellar ataxias (van der Sanden et al. 2021; Rudaks et al.
2024). STR disorders present with overlapping clinical pheno-
types, strong heterogeneity of symptoms, and variation in age of
onset, which makes identification of the molecular diagnosis chal-
lenging (Tankard et al. 2018).

All individuals have a certain repeat length at each disease-as-
sociated STR locus; however, only once the size of a disease-associ-
ated repeat exceeds a certain repeat size threshold, the individual
may develop a disorder. For several STR disorders, a strong correla-
tion between the size of the expansion and the severity as well as
the age of onset of the disorder have been associated (Paulson

© 2025 van der Sanden et al. This article, published in Genome Research, is
available under a Creative Commons License (Attribution-NonCommercial
4.0 International), as described at http://creativecommons.org/licenses/by-
nc/4.0/.

810 Genome Research
www.genome.org

35:810-823 Published by Cold Spring Harbor Laboratory Press; ISSN 1088-9051/25; www.genome.org


mailto:erik-jan.kamsteeg@radboudumc.nl
mailto:alexander.hoischen@radboudumc.nl
https://www.genome.org/cgi/doi/10.1101/gr.279491.124
https://www.genome.org/cgi/doi/10.1101/gr.279491.124
http://genome.cshlp.org/site/misc/terms.xhtml
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://genome.cshlp.org/site/misc/terms.xhtml
http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on May 2, 2026 . Published by Cold Spring Harbor Laboratory Press

OGM for testing of large repeat expansions

2018; Depienne and Mandel 2021). An important characteristic of
dominant STR expansion disorders is anticipation, a phenomenon
where new generations are affected at an earlier age of onset and
with more severe symptoms than the preceding generations. In ad-
dition to anticipation, repeat expansions can present with somatic
instability, a dynamic process in which the repeat size can increase
over time, which may be tissue dependent (Monckton et al. 1995;
Wong et al. 1995; Gomes-Pereira et al. 2004). For some repeat ex-
pansion disorders, the disease severity increases when the repeat
expansion is somatically unstable (Gomes-Pereira et al. 2004;
Swami et al. 2009; Goold et al. 2021; Ruiz de Sabando et al.
2024). Finally, repeat expansions can contain interruptions—for
example, a CCG interruption in a CTG repeat expansion in
DMPK—and these may cause a repeat expansion to be more stable
than uninterrupted repeat expansions, thereby reducing somatic
instability and leading to milder symptoms (Cumming et al.
2018; Nolin et al. 2019; Depienne and Mandel 2021). However, re-
peat expansions are largely heterogeneous, and not all repeat ex-
pansion loci are equally affected by repeat interruptions or
somatic instability.

The current standard of care (SOC) for patients with a suspect-
ed repeat expansion disorder can be time consuming and costly.
The clinician must request the appropriate repeat expansion test
based on the patient’s disorder. The SOC then consists of targeted
PCR and repeat-primed PCR (RP-PCR) and/or Southern blot assays.
These assays must be refined for each different repeat expansion lo-
cus, which means that the same sample may have to undergo mul-
tiple rounds of diagnostic testing. This can be due to phenotypic
overlap between expansions of different STRs, heterogeneity
of symptoms, and variation in penetrance and age of onset
(Tankard et al. 2018). Over the last decade, exome sequencing
(ES) has become increasingly important for diagnosing patients
(Srivastava et al. 2019), and in addition to the targeted repeat ex-
pansion assays, it is now also possible to detect specific STR expan-
sions using ES and genome sequencing (GS) (Gymrek et al. 2012;
Tang et al. 2017; Willems et al. 2017; Dashnow et al. 2018;
Tankard et al. 2018; Dolzhenko et al. 2019; Mousavi et al. 2019;
van der Sanden et al. 2021). However, dedicated short-read se-
quencing STR detection tools are limited by the 100-150 bp read
length and/or total fragment length of, e.g., [llumina’s sequencing
by synthesis method (Halman and Oshlack 2020; Tanudisastro
et al. 2024). Altogether, every genetic diagnostic test that is cur-
rently performed for patients with a suspected repeat expansion
disorder has its own limitations and no generic one-test-fits-all ap-
proach is currently available.

The introduction of long-read technologies has allowed the
detection of large repeat expansions and determining the exact re-
peat size because long reads can entirely span (very long) repeat
loci, which improves mapping quality and reduces mapping bias
(Mantere et al. 2019; Tanudisastro et al. 2024). Recently, long-
read sequencing technologies, such as HiFi (PacBio) and nanopore
(ONT) sequencing, have proven the benefit of long reads for STR
detection (Giesselmann et al. 2019; Mitsuhashi et al. 2019; Sone
et al. 2019; Chiu et al. 2021; Dolzhenko et al. 2024). However,
the current high cost of long-read GS limits the widespread use
of the technology for STR expansion detection (Tang et al.
2017). Therefore, targeted long-read sequencing approaches are
emerging (Loose et al. 2016; Hoijer et al. 2018; Miyatake et al.
2022; Stevanovski et al. 2022). Optical genome mapping (OGM)
is another long-read technology, which generates images of ul-
tra-long high molecular weight (UHMW) DNA molecules with
an average N50>250 kb (Neveling et al. 2021). OGM has proven

to provide a cost-effective and easy-to-use alternative for structural
variant (SV) detection and is also capable of detecting STRs
(Mantere et al. 2021; Neveling et al. 2021; Facchini et al. 2023;
Guruju et al. 2023). In addition, OGM is independent of sequence
context and in combination with the ultra-long molecules and ge-
nome-wide coverage, it enables the analysis of even the most com-
plicated regions of the genome in contrast to DNA sequencing
approaches (Neveling et al. 2021). Therefore, OGM has a great po-
tential for determining the exact repeat sizes of even the longest
repeats.

In this study, we tested whether OGM can efficiently and
accurately identify the repeat length across multiple STR loci
simultaneously, thereby detecting large STR expansions and deter-
mining their absolute repeat sizes as well as potential somatic
instability.

Results

To assess the technical validity of OGM to size large repeat expan-
sions and determine somatic instability, we performed OGM for 85
samples with known clinically relevant repeat expansions in
DMPK, CNBP, and RFC1 causing myotonic dystrophy types 1
and 2, and cerebellar ataxia, neuropathy, and vestibular areflexia
syndrome (CANVAS), respectively. Next, the OGM data were
sequentially used in three different workflows. Firstly, the regular-
ly available standard analysis workflow is referred to as “manual de
novo assembly,” secondly a local guided assembly (local-GA), and
thirdly a molecule distance script. The latter two were developed
and applied as part of this study. The first two workflows were
used to determine the repeat size of both alleles, while the third
workflow was mainly used to identify potential somatic instability.
This approach allowed for a direct comparison of the repeat sizes
estimated by OGM and the repeat sizes reported after the SOC, pro-
viding an evaluation of OGM as a repeat expansion detection
technology.

Standard of care results

For all 85 individuals, SOC genetic testing previously identified at
least a monoallelic repeat expansion in CNBP, DMPK, or RFC1 that
was larger than the pathogenic threshold (Table 1). All individuals
with a monoallelic repeat expansion in DMPK or CNBP resulted in
the diagnosis of myotonic dystrophy type 1 or 2, respectively. Of
the 30 samples with a repeat expansion in DMPK, 21 had a repeat
expansion >150 units (450 bp) reported after SOC and, based on
this result, we expected these repeat expansions to be larger than
the formal SV detection limit of OGM, which is currently
~500 bp. The nine remaining DMPK repeat expansions were deter-
mined to be smaller than 500 bp in size (range 61-159 units or
183-477 bp) and thereby below the formal OGM resolution cutoff.
In the case of the individuals with an RFC1 repeat expansion, 19 of
the 30 individuals had a biallelic pathogenic AAGGG repeat ex-
pansion resulting in a diagnosis of CANVAS, respectively. One oth-
er patient had a biallelic AAAAG repeat expansion that is
considered to be benign. In addition, five other individuals were
carriers of a pathogenic AAGGG repeat expansion of one allele,
but carried a benign AAAAG or AAAGG repeat expansion on the
other allele. The five remaining individuals were carriers of a
monoallelic AAGGG RFC1 repeat expansion without an indication
of a repeat expansion or other genetic variant on the other allele.
The SOC had a detection threshold of >75 repeat units for CNBP
and >150 repeat units for DMPK. For RFC1, the SOC only predicted
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Table 1. Sample and analysis overview

Molecule
distance
sOC Manual de novo assembly Local guided assembly script
Sample Sample Allele  Allele Allele  Allele Somatic
ID material Allele 1 Allele 2 Conclusion 1 2 Conclusion 1 2 Conclusion instability
CNBP_01 EDTA >75 18 Detected 3681 20 Detected 61 0 -
blood
CNBP_02 EDTA >75 15 Detected 6331 39  Detected 5000 10 Detected A+B
blood
CNBP_03 EDTA >75 13 Detected 6517 53  Detected 3659 23 Detected A+B
blood
CNBP_04 EDTA >75 15 Detected 7155 —27  Detected 4401 4 Detected A+B
blood
CNBP_05 EDTA >75 15 Detected 8042 0 Detected 3521 33 Detected A+B
blood
CNBP_06 EDTA >75 15 Detected -14 -15 3687 21 Detected A+B
blood
CNBP_07 EDTA >75 16 Detected 5212 —-12  Detected 5000 10 Detected A+B
blood
CNBP_08 EDTA >75 17 Detected 2502 2 Detected 2661 12 Detected A+B
blood
CNBP_10 EDTA >75 13 Detected 2874 —20 Detected 2963 11 Detected A+B
blood
CNBP_11 EDTA >75 16 Detected 375 11 Detected 254 34 Detected A+B
blood
CNBP_12 EDTA >75 Normal  Detected 3471 -16  Detected 3346 14 Detected A
blood
CNBP_13 EDTA >75 16 Detected 4634 —-14  Detected 4330 3 Detected A+B
blood
CNBP_14 EDTA >75 16 Detected 5244 —2  Detected 4186 49 Detected A+B
blood
CNBP_15 EDTA >75 Normal  Detected 2183 -1  Detected 2092 18 Detected A+B
blood
CNBP_16 EDTA >75 Normal Detected 3221 320 Detected 3201 0 Detected A+B
blood
CNBP_17 EDTA >75 9 Detected 6275 —-13  Detected 5000 2 Detected A+B
blood
CNBP_18 EDTA >75 15 Detected 1915 —-29  Detected 1656 15 Detected A+B
blood
CNBP_19 EDTA >75 Normal Detected 1460 —2  Detected 1574 0 Detected A+B
blood
CNBP_20 EDTA >75 Normal Detected 3977 —7  Detected 3577 11 Detected A+B
blood
CNBP_21 EDTA >75 18 Detected 288 30 Detected 244 8 Detected A+B
blood
CNBP_22 EDTA >75 17 Detected 1683 —24  Detected 1725 70 Detected A+B
blood
CNBP_23 EDTA >75 12 Detected 2131 —25  Detected 2515 8 Detected A+B
blood
CNBP_24 EDTA 134 Normal Detected -13 -14 3618 10 Detected A+B
blood
CNBP_25 EDTA >75 Normal Detected 1476 —-19  Detected 2626 9 Detected A+B
blood
CNBP_26 EDTA >135 Normal Detected 3737 14  Detected 3241 45 Detected A+B
blood
DMPK_01 EDTA >150 11 Detected 269 55 Detected 247 35 Detected -
blood
(continued)
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Table 1. Continued
Molecule
distance
el Manual de novo assembly Local guided assembly script
Sample Sample Allele  Allele Allele  Allele Somatic
ID material Allele 1 Allele 2 Conclusion 1 2 Conclusion 1 2 Conclusion instability
DMPK_02 EDTA >150 11 Detected 456 47  Detected 473 30 Detected -
blood
DMPK_03 EDTA >150 5 Detected 252 57  Detected 116 Detected -
blood
DMPK_04 EDTA 61 11 Detected 66 66 Detected 60 27 Detected B
blood
DMPK_05 EDTA >150 5 Detected 457 54  Detected 485 30 Detected A+B
blood
DMPK_06 EDTA 127 5 Detected 64 64  Detected 82 81 Detected B
blood
DMPK_07 EDTA >150 12 Detected 378 28 Detected 358 20 Detected -
blood
DMPK_08 EDTA 91 5 Detected 67 67  Detected 49 B
blood
DMPK_09 EDTA 96-130 5 Detected 71 71 Detected 68 Detected -
blood
DMPK_10  Cell pellet >150 12 Detected 2829 37 Detected 2825 12 Detected A+B
DMPK_11  Cell pellet >150 Detected 233 58 Detected 231 12 Detected A+B
DMPK_12  Cell pellet >150 13 Detected 213 24 Detected 219 34 Detected B
DMPK_13  Cell pellet >150 13 Detected 163 21  Detected 167 33 Detected A+B
DMPK_14  Cell pellet >150 13 Detected 202 10  Detected 188 7 Detected B
DMPK_15  Cell pellet >150 6 Detected 1839 28  Detected 1768 53 Detected A+B
DMPK_16 EDTA >150 12 Detected 85 85 Detected 52 Detected B
blood
DMPK_17 EDTA >150 5 Detected 491 41 Detected 510 15 Detected A+B
blood
DMPK_18 EDTA >150 5 Detected 71 71 Detected 69 Detected B
blood
DMPK_19 EDTA 73 12 Detected 54 54  Detected 61 0 Detected B
blood
DMPK_20 EDTA >150 5 Detected 55 55 Detected 41 B
blood
DMPK_21 EDTA >150 12 Detected 1366 43 Detected 1347 23 Detected B
blood
DMPK_22 EDTA 74 13 Detected 31 31 61 6 Detected A+B
blood
DMPK_23 EDTA >150 7 Detected 372 17  Detected 369 25 Detected A+B
blood
DMPK_24 EDTA 130 5 Detected 82 82 Detected 93 78 Detected A+B
blood
DMPK_25 EDTA 159 5 Detected 79 79  Detected 109 63 Detected B
blood
DMPK_26 EDTA 88 13 Detected 45 45 29 0 A
blood
DMPK_27 EDTA >150 5 Detected 1648 21 Detected 20 12 B
blood
DMPK_28 EDTA >150 14 Detected 440 41  Detected 393 3 Detected B
blood
DMPK_29 EDTA >150 12 Detected 320 20 Detected 310 12 Detected B
blood
(continued)
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Table 1. Continued

Molecule
distance
Nele Manual de novo assembly Local guided assembly script
Sample Sample Allele  Allele Allele  Allele Somatic
ID material Allele 1 Allele 2 Conclusion 1 2 Conclusion 1 2 Conclusion instability
DMPK_30 EDTA >150 29 Detected 290 63  Detected 131 Detected B
blood
RFC1_01 EDTA >AAGGG  >AAGGG Homozygous 1487 1174  Biallelic 1497 1160 Biallelic A
blood
RFC1_02 EDTA >AAGGG  >AAAGG Biallelic 738 452  Biallelic 751 458 Biallelic -
blood
RFC1_03  EDTA >AAGGG  >AAAAG Biallelic 883 111 Biallelic 897 126 Biallelic A
blood
RFC1_04  EDTA >AAGGG >AAAAG Biallelic 750 97  Biallelic 760 99 Biallelic -
blood
RFC1_05 EDTA >AAGGG 11 Monoallelic 1167 -5 Monoallelic 1175 4 Monoallelic A+B
blood AAAAG
RFC1_06  EDTA >AAAAG  >AAAAG Homozygous 1565 1278  Biallelic 1579 1283 Biallelic A
blood
RFC1_07  EDTA >AAGGG 11 Monoallelic 625 -3 Monoallelic 643 10 Monoallelic -
blood AAAAG
RFC1_08  EDTA >AAGGG >AAGGG  Homozygous 840 840 Homozygous 856 856  Homozygous -
blood
RFC1_09  EDTA >AAGGG >AAGGG Homozygous 1506 770  Biallelic 1499 778 Biallelic A
blood
RFC1_10  EDTA >AAGGG >AAGGG Homozygous 1289 1175  Biallelic 1307 1131 Biallelic A
blood
RFC1_11 EDTA >AAGGG >AAGGG Homozygous 812 812  Homozygous 818 818 Homozygous -
blood
RFC1_12  EDTA >AAGGG >AAGGG Homozygous 1106 895  Biallelic 1121 888 Biallelic A
blood
RFC1_13  EDTA >AAGGG  >»>AAGGG Homozygous 927 927 Homozygous 933 933 Homozygous -
blood
RFC1_14  EDTA >AAGGG  >AAGGG  Homozygous 725 725  Homozygous 740 737 Biallelic -
blood
RFC1_15  EDTA >AAGGG >AAGGG Homozygous 873 811  Biallelic 887 783 Biallelic A
blood
RFC1_16  EDTA >AAGGG 11 Monoallelic 1104 -11  Monoallelic 1097 4 Monoallelic A+B
blood AAAAG
RFC1_17 EDTA >AAGGG 9 AAAAG  Monoallelic 711 -1 Monoallelic 723 8 Monoallelic B
blood
RFC1_18  EDTA >AAGGG >AAGGG Homozygous 1444 1134  Biallelic 1474 1127 Biallelic A+B
blood
RFC1_19  EDTA >AAGGG >AAGGG  Homozygous 223 40 Biallelic 235 51 Biallelic A
blood
RFC1_20  EDTA >AAGGG  >AAAAG Biallelic 494 100 Biallelic 502 106 Biallelic -
blood
RFC1_21 EDTA >AAGGG >AAGGG Homozygous 703 600  Biallelic 715 600 Biallelic A+B
blood
RFC1_22  EDTA >AAGGG >AAGGG  Homozygous 1161 905  Biallelic 1180 911 Biallelic A
blood
RFC1_23  EDTA >AAGGG >AAGGG Homozygous 1028 701  Biallelic 1054 733 Biallelic -
blood
RFC1_24 EDTA >AAGGG 11 Monoallelic 602 2 Monoallelic 615 11 Monoallelic A
blood AAAAG
RFC1_25 EDTA >AAGGG >AAGGG Homozygous 855 854  Biallelic 868 868 Homozygous -
blood
(continued)
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Table 1. Continued
Molecule
distance
el Manual de novo assembly Local guided assembly script
Sample Sample Allele  Allele Allele  Allele Somatic
ID material Allele 1 Allele 2 Conclusion 1 2 Conclusion 1 2 Conclusion instability
RFC1_26  EDTA >AAGGG >AAGGG Homozygous 714 573  Biallelic 734 585 Biallelic -
blood
RFC1_27  EDTA >AAGGG  >AAGGG  Homozygous 973 973  Homozygous 987 403 Biallelic A
blood
RFC1_28  EDTA >AAGGG  >»AAGGG Homozygous 875 875 Homozygous 893 893  Homozygous -
blood
RFC1_29 EDTA >AAGGG >AAGGG Homozygous 1071 890  Biallelic 1073 905 Biallelic -
blood
RFC1_30  EDTA >AAGGG  >AAAAG  Biallelic 743 74  Biallelic 754 85 Biallelic A
blood

For each sample, this table presents the SOC result, as well as the repeat size estimates from the two OGM sizing workflows in repeat units (manual de
novo assembly and local guided assembly) and the somatic instability assessment from the molecule distance script workflow. For CNBP and DMPK, the
table indicates whether the dominant repeat allele was detected (Detected). For RFC1, we also checked whether OGM identified a monoallelic, biallelic,
or homozygous repeat expansion. For the molecule distance script, “A” denotes multiple consensus maps, and “B” denotes a gradient in the molecule
distances. We considered somatic instability in cases where both “A+B" provided suggestive evidence.

a mono- or biallelic repeat expansion, without providing any pre-
dictions of the expanded repeat size (Table 1).

Detecting repeat expansions using optical genome mapping

The OGM approach consisted of the generally available de novo
assembly pipeline as well as two workflows that were developed
as part of this study, i.e., local-GA and molecule distance script.
In this study, we used these three different and complementary an-
alytical workflows based on the OGM BNX molecule files to either
estimate the size of both alleles at the respective locus of interest
(manual de novo assembly and local-GA) or to assess the somatic
stability of the detected repeat expansion(s) (molecule distance
script) (Fig. 1). The manual de novo assembly workflow identified
a repeat expansion beyond the gene-specific repeat size threshold
in 81/85 (95.3%) samples, while the local-GA workflow identified
a repeat expansion beyond the gene-specific repeat size threshold
in 80/85 (94.1%) samples (Table 1; Supplemental Fig. S1). Jointly,
we were able to identify a repeat expansion for 84 of the 85 samples
by combining the results of the two different sizing workflows,
even when considering the expected expansions smaller than
the 500 bp formal cutoff for SV calling with OGM. The one remain-
ing sample (DMPK_26) had a repeat size of 88 repeat units based on
SOC, but only a premutation was suggested by the OGM findings
with 45 repeat units called by the manual de novo assembly. Of the
84 detected repeat expansions, 77 were called by both workflows
and the remaining seven were called as repeat expansions by one
of the two workflows (Table 1; Supplemental Fig. S1). Notably,
this even included eight samples with DMPK repeat expansion
lengths <500 bp, the formal detection limit of OGM. Of the latter,
six were called by both sizing OGM workflows, while the other two
were only called by one of the two workflows.

Concordance between OGM and SOC

Myotonic dystrophy types 1 and 2 are both autosomal dominant
disorders, which is why we only expected heterozygous repeat ex-

pansions in the DMPK and CNBP samples. For all these samples ex-
cept one, OGM identified the heterozygous repeat expansion.
However, CANVAS is an autosomal recessive disorder caused by
compound heterozygous or homozygous repeat expansions in
RFC1, which is required to assess the repeat length in both alleles.
Therefore, we confirmed whether both OGM workflows resulted
in the same type of repeat expansion as reported after SOC, i.e.,
a monoallelic, biallelic, or homozygous repeat expansion, and
for all 30 RFC1 samples, OGM confirmed the SOC results (Table 1).

In addition, the actual repeat lengths of the two OGM work-
flows (manual de novo assembly and local-GA) were compared to
the repeat lengths reported after SOC. For all 25 CNBP and 30 RFC1
samples, the repeat lengths identified by OGM had at least the
length reported after SOC (Table 1) and these results were consid-
ered concordant. In the case of DMPK, for 20 of the 30 samples, the
repeat expansion lengths were also concordant with SOC, while
for the other 10 samples, OGM presented different calls for the ab-
solute repeat length compared to the SOC (Table 2). For seven of
these 10 samples, the SOC identified a repeat expansion length
<500 bp, the formal resolution limit of OGM. The remaining three
samples had an expected repeat length >500 bp (based on SOC).
The results for DMPK also indicated that the manual de novo as-
sembly overestimated the repeat size of the expected wild-type al-
lele (based on SOC) to be >50 repeat units (range 54-85 repeat
units or 162-255 bp) for 15 samples. All but three of these wild-
type alleles were called <50 repeat units by the local-GA workflow,
suggesting that the local-GA may be more accurate in distinguish-
ing wild-type and small repeat expansions.

Distinguishing between the two repeat alleles in biallelic repeats

OGM also allowed to distinguish between the two RFC1 repeat ex-
pansion alleles of similar size for 19/25 RFC1 repeat expansion
samples for which SOC identified a biallelic or homozygous ex-
pansion. For the remaining six RFCI repeat expansion samples,
OGM detected a homozygous repeat expansion, which confirmed
the SOC results (Table 1).
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Sample of an invidivual
with a known repeat expansion
in CNBP, DMPK or RFC1

Workflow 1 l

Whole genome analysis
(Manual de novo assembly)

!

Manual investigation of
repeat length(s) in the locus
specific expansion region

Workflow 2 l

Local guided assembly pipeline

!

Assessment of estimated repeat
length(s) and investigation of
consensus maps to identify suggestive
evidence of somatic instability

Workflow 3* l

Molecule distance script

!

Investigation of label distance
variability between molecules using
output plots to identify suggestive

evidence of somatic instability

Figure 1. Total overview of the data analysis workflow. For each sample,
a de novo assembly was generated and the local-GA pipeline and molecule
distance script were run. After each workflow, the maps and/or molecules
to calculate workflow-specific repeat lengths were manually assessed.
Green boxes denote the data analysis parts and gray boxes denote the
data interpretation parts. (*) Workflows 1 and 2 were used to determine
repeat lengths, while workflow 3 was used to identify potential somatic
instability.

Comparing the exact repeat sizes across the two OGM sizing
pathways

One of the advantages of OGM over the SOC is that it also provid-
ed estimates of the actual size of large repeats starting from ~500 bp
in size. This allowed us to compare the repeat size estimates of each
sample across the two OGM repeat sizing workflows. The ranges of
the detected repeat expansions detected by both sizing workflows
were [288-8042] and [244-6544] for CNBP, [54-2829] and [52-
2825] for DMPK, and [223-1565] and [235-1579] for RFC1 for
the manual de novo assembly workflow and local-GA workflow,
respectively (Table 1). There was a strong, significant correlation
among the manual de novo assembly and the guided assembly
workflows (R=0.97, P=<0.001) (Fig. 2). The intercept for the com-
parison was 147 and the slope was 0.90, indicating a small devia-
tion between the results of the two repeat sizing workflows. The
average deviation across all three genes was 10.4%, while the
gene-specific deviations were 20.0% for CNBP, 12.7% for DMPK,
and 1.6% for RFC1 (Supplemental Table S1).

Detecting somatic instability

Based on the number of consensus maps and corresponding mol-
ecules resulting from the local-GA workflow and the visual inspec-
tion of the bar plot and histogram resulting from the molecule
distance script workflow (Fig. 3), we detected suggestive evidence
of somatic instability in 36/85 samples. Of these, 23 were CNBP
samples, nine were DMPK samples, and four were RFC1 samples.
Notably, of the 25 samples with the largest repeat alleles (>1500 re-
peat units), only two had no suggestive evidence of instability. It
seems that the molecular distance script workflow may be best
suited to detect instability, and 16 different samples show a sugges-
tive pattern for instability by this tool alone. Due to the suspected
somatic instability, the estimated repeat sizes may vary more than
the estimated repeat sizes of samples without a somatic instability
suspicion. This result suggests the benefit of sequentially using the
different OGM repeat expansion workflows, especially in the case
of samples that are suspected to present with somatic instability.

Discussion

Determining the exact length of specific repeat expansions is of
great importance for the patient and their family due to the rough

Table 2. Overview of repeat expansions with different calls for absolute repeat size

SOoC Manual de novo assembly Local guided assembly
Sample ID Allele 1 Allele 2 Allele 1 Allele 2 Allele 1 Allele 2
DMPK_06 127 5 64 64 82 81
DMPK_08 91 5 67 67 49 wt
DMPK_09 96-130 5 71 71 68 wt
DMPK_16 >150 12 85 85 52 wt
DMPK_18 >150 5 71 71 69 wt
DMPK_19 73 12 54 54 61 0
DMPK_20 >150 5 55 55 41 wt
DMPK_22 74 13 31 31 61 6
DMPK_24 130 5 82 82 93 78
DMPK_25 159 5 79 79 109 63

Repeat sizes represent repeat units.
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Figure 2. Correlation between the manual de novo assembly repeat
lengths and the local-GA repeat lengths. For this correlation assessment,
we only used the 77/85 (90.6%) samples for which both the manual de
novo assembly workflow and the local-GA workflow detected a repeat ex-
pansion. The black line represents the trendline showing the correlation
between manual de novo assembly and local-GA. The dashed gray line
represents the optimal correlation line.

correlation between repeat size and disease severity and age of on-
set, but also due to genetic anticipation. Current molecular diag-
nostic efforts for repeat expansion disorders entail labor-
intensive and time-consuming PCR and/or Southern blot efforts.
The current SOC only determines a repeat size range but does
not detect/estimate the actual repeat length (due to artifacts or res-
olution limits of the respective tests). Also, the read size of short-
read sequencing methods has proven to be too limited to accurate-
ly detect all repeat expansions, and long-read sequencing is still
not routinely used in most laboratories and is currently too expen-
sive, while it allows the detection of an increasing amount of novel
repeat expansion and contraction disorders most recently (Pellerin
et al. 2023). Here, we present a generic assay that works for three
different repeat loci (i.e., CNBP, DMPK, and RFCI) and most likely
also for all other repeat expansion loci for which the pathogenic
repeat size extends beyond ~300 bp in size. OGM’s use of native
DNA molecules without any experimental noise (e.g., PCR arti-
facts, or bias for one of the alleles) allows detection of very long re-
peat expansions. An additional benefit of this approach is the
possibility to detect somatic instability in the repeat expansion
of interest.

Overall, our results increased the repeat allele sizing resolu-
tion for all 84 of the 85 investigated repeat expansion samples.
In addition, when checking 20 alleles in 10 control samples, no re-
peat expansion beyond the pathogenic repeat size threshold was
detected (Supplemental Table S2). Being able to provide a more ac-
curate repeat length measurement, especially for very long repeat
expansion alleles, is one of the apparent strengths of OGM.
Here, we even detected CNBP expansions >7000 repeat units, sug-
gesting that OGM has no upper size limit, which may still exist for
most short- and long-read sequencing approaches. In addition, for
19 of the RFC1 samples, the SOC reported a biallelic or homozy-
gous repeat expansion and OGM allowed to distinguish between
the two alleles of similar size, which is not possible with current
SOC. With OGM enabling to confirm, size, and distinguish both

heterozygous and biallelic repeat expansions, it also increases mo-
lecular diagnostic capabilities and allows for improved patient and
family counseling. This is particularly important for families with
RFC1 repeat expansions because the repeat length of these expan-
sion alleles, and especially the length of the smaller allele, is an im-
portant factor for predicting disease onset, phenotype variability,
and severity (Curro et al. 2024).

An additional benefit of this approach is the possibility to
detect somatic instability in the repeat expansion of interest, a
phenomenon that could potentially lead to variability in disease
severity and age of onset, especially if affected tissue could be sam-
pled (Monckton et al. 1995; Wong et al. 1995; Gomes-Pereira et al.
2004; Swami et al. 2009; Goold et al. 2021). Here, we detected ev-
idence of somatic instability for at least 36/85 samples or 30.0% of
DMPK samples, 92.0% of CNBP samples, and 16.0% of RFCI sam-
ples. Repeat instability seems to occur for almost all long repeats,
i.e., all but two of the 25 largest repeats. Finding this large number
of somatically unstable repeat expansions was not expected
beforehand. For CNBP (Alfano et al. 2022) and DMPK (Morales
et al. 2023) repeat expansion alleles, the presence of somatic insta-
bility is well known; however, so far, RFC1 repeat alleles have been
considered stable and evidence for somatic instability in RFCI re-
peat expansions is limited (Curro et al. 2024). Finding this new ev-
idence highlights an opportunity for future repeat expansion
research using OGM, as OGM can easily identify somatic instabil-
ity for various repeat loci. The sensitivity of this approach may in-
crease with generating higher coverage with OGM, ideally even
utilizing DNA from affected tissue instead of blood-derived DNA.
Also, updates of the molecular distance script workflow should al-
low more accurate cutoffs for instability to be determined in the
future.

Notwithstanding the accurate repeat expansion detection
and improved allele sizing resolution using OGM, our results con-
firm the suspicion that OGM might not be accurate for repeat sizes
smaller than <300 bp. For 10 DMPK cases, smaller repeat sizes than
expected by SOC were detected. For seven of those, also SOC con-
firmed allele sizes smaller than 500 bp. However, due to technical
difficulties such as the extinction of the RP-PCR signal, the preci-
sion of SOC may also not represent the ground truth in all cases.
Our data also suggest that using a pathogenic repeat length thresh-
old >300 bp (74 repeat units for CNBP, i.e., 296 bp) does not result
in false positive findings, i.e., the overestimation of wild-type al-
leles, while a smaller threshold (50 repeat units for DMPK, i.e.,
150 bp) may result in an overestimation of wild-type allele sizes
as seen for 15/85 samples (all called with >50 repeat units for the
suspected wild-type DMPK allele). This overestimation of wild-
type allele sizes seems to mainly occur in the manual de novo as-
sembly workflow and is less of an issue when using the local-GA
workflow. In total, our study suggests that OGM is highly accurate
for identifying large repeat expansions. There was only one sample
for which full expansion status was called by SOC but only premu-
tation status by OGM. This may not be surprising as this sample
presented with a repeat size by SOC of only 88 repeat units or
264 bp.

Even though both the manual de novo assembly workflow
and the local-GA workflow use the same BNX molecule file as start-
ing input, we show that there was an average deviation of 10.4%
between the repeat sizes as estimated by these two different work-
flows across the three genes (Fig. 2; Supplemental Table S1).
However, the correlation between the two workflows was still
highly significant (P=<0.001; Fig. 2). The CNBP samples showed
the highest average deviation (20.0%), while the DMPK and
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Figure 3. Overview of the data analysis outputs of the three OGM repeat expansion workflows for sample DMPK_10.This figure only shows the visual
results of the data analysis. The results of the data interpretation are mainly the estimates of the actual repeat sizes resulting from the manual de novo as-
sembly and local-GA workflows, as well as the visualization of the label distances in each molecule covering the locus of interest resulting from the molecule
distance script. (A) Representation of the repeat expansion locus in the de novo assembly showing the position of the repeat expansion in the gene (3" UTR).
Labels of interest are indicated by red arrowheads. These labels were used to manually calculate the repeat size by subtracting the reference distance (green
bar) from the distances of the respective sample maps (blue bars). (B) Consensus-guided assemblies across the DMPK repeat expansion locus. The DMPK
gene is indicated by the red box. Based on the estimated repeat length, each map is assigned to allele 1 or allele 2 in order to separate the two alleles. Final
repeat sizes are calculated by combining the repeat sizes of the maps assigned to the same allele (see also Methods). (C) This bar plot shows the distance
between the labels of interest in each molecule ordered from smallest to largest. (D) This histogram shows the result of the molecule distance script that
automatically assigns molecules to one of the alleles. The blue peak represents allele 1, while the orange peak represents allele 2. Both the bar plot and

histogram can then be used to assess whether a sample contains evidence for somatic instability or not.

RFC1 samples had an average deviation of 12.7% and 1.6%, respec-
tively. The high deviation for the CNBP samples was likely due to
the high level of somatic instability for these samples as the
somatic instability makes it more difficult for the workflows to
determine an exact repeat size as all molecules have different re-
peat lengths. For DMPK, the deviation was mainly caused by the
larger deviation for the repeats <500 bp in size compared to the
ones >500 bp in size. Taking out the DMPK samples with repeat
sizes <500 bp, resulted in an average deviation of 4% between
the two sizing workflows. Our results also suggest that it may not
be necessary to choose only one of the three OGM repeat work-
flows, because they can also be used sequentially or in parallel,
which would create one single method for repeat expansion detec-
tion using OGM data. By using this single method, the different
analysis workflows work together and can even complement each
other. First, the manual de novo workflow can indicate a potential
repeat expansion even beyond the currently specified 500 bp reso-
lution cutoff of SV calling using OGM. Next, the local GA allows a
more targeted size estimate by collecting molecules and aligning

these molecules to each other to create a consensus map for only
the specific region of interest. The algorithm then determines the
size of the expansion in the different maps specifically at the respec-
tive locus of interest. Finally, the molecule distance script can sepa-
rate the two alleles and clearly visualize this separation by plotting
individual molecule lengths at the locus of interest. The plots result-
ing from this latter part are particularly useful for identifying unsta-
ble repeat expansions. Altogether, this suggests that the three
separate workflows work best in a complementary fashion and all
three can be performed locally. The manual de novo assembly work-
flow can be performed using the Bionano Access analysis soft-
ware by loading in a pregenerated de novo assembly file and the
local-GA and molecule distance script workflows were developed
as part of this study and are publicly available (https://github
.com/bionanogenomics/local_guided_assembly/ and https://github
.com/bionanogenomics/molecule_distance/) (van der Sanden et
al. 2024).

The local-GA data not only provides repeat size estimates for
both alleles, but it also generates confidence intervals for each
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repeat length. In this study, these confidence intervals remained
outside of the scope because we only worked with the repeat size
estimates that could be equally compared between the two sizing
workflows. However, being able to use these confidence intervals
could be a very nice add-on for clinical laboratories when using
OGM for repeat expansion detection, because the two different
workflows present different repeat sizes and it may be difficult to
rationalize which sizes to use. However, potential somatic instabil-
ity must be taken into account when using the confidence inter-
vals, which suggests that potential somatic repeat instability
should be assessed using the molecule distance script before using
the confidence intervals in downstream analyses. In addition, the
molecule distance script can be improved in identifying and char-
acterizing somatic expansion alleles by implementing a statistical
method to automate the output interpretation. Now the somatic
instability assessment relies on manual inspection, but an auto-
mated model would help to reduce variability in reporting results.
The advantages of OGM over SOC and sequencing methods
are not limited to the sizing resolution and detection of somatic in-
stability. Considering the unexpectedly high level of somatic in-
stability, OGM presents with another advantage, that is that
higher coverage than for GS can routinely be reached with the lat-
est OGM iterations allowing coverage up to 1500-fold without ex-
tra cost (Smith et al. 2023). In addition, OGM only uses natural
UHMW DNA molecules that are not sheared and are not subjected
to any obvious bias, such as PCR or sequencing bias. Even though
the laboratory process for OGM requires up to 5 h of hands-on
time and contains multiple incubation steps, this method provides
higher accuracy and higher throughput. Moreover, after analyzing
the labeled DNA on the Saphyr machine, the results can easily be
reanalyzed for different repeat expansion loci, without the need to
rerun any sample, while for SOC new PCRs or blots have to be per-
formed. Since some repeat expansion disorders have overlapping
phenotypic characteristics and strong heterogeneity of symptoms,
this option of analyzing the entire human genome at once proves a
large benefit—and would allow OGM to become a truly generic
test for all established expansion disorders for which expansions
lead to SVs >500 bp or even ~300 bp as shown for the smallest al-
leles here (DMPK_04). In line with this, 11 additional samples with
arepeat expansion in ATXN10 (Morato Torres et al. 2022), C9orf72
(Barseghyan et al. 2022), FXN, NOP56, or STARD7 were also ana-
lyzed successfully (Supplemental Table S3), suggesting indeed
that OGM is suited for known repeat expansion disorders with a
pathogenic repeat size threshold >300 bp. Finally, if a repeat ex-
pansion disorder is suspected, but is not confirmed by OGM, the
generated de novo assembly still allows to identify different types
of SVs, including other insertions and deletions, but also deletions,
inversions, and translocations. Hereby, this method is more versa-
tile than other repeat expansion disorder tests in the SOC.
Besides the advantages of OGM over SOC and sequencing ef-
forts, it also has a known limitation, being the inability to provide
sequence context for all its SV calls and therefore also for the repeat
expansion insertion calls. For certain repeat expansion disorders,
the sequence context can be of high importance, since repeat inter-
ruptions may cause repeat (in)stability and thereby mitigating the
disease severity. Also for RFC1 repeats where pathogenic AAGGG
and normal AAAGG and AAGGG repeats are known, OGM cannot
determine which type of repeat expansion is detected. Therefore, if
the sequence context is of importance for the specific repeat expan-
sion disorder, the OGM test still must be complemented with pref-
erably (targeted) long-read sequencing (LRS), which adds to the
financial considerations that have to be made before choosing

OGM as the technology to detect those specific repeat expansions.
In general, LRS seems very accurate for the detection of repeat ex-
pansions, but performing whole-genome LRS is still very expensive
and not yet available to all (clinical or diagnostic) laboratories and
thereby not yet feasible as a first-line test for most centers.
However, with Oxford Nanopore Technologies” adaptive sampling
and PacBio’s PureTarget, two more targeted approaches to detect re-
peat expansions have become available, which combine deeper cov-
erage and improved cost efficiency. A potential benefit of these
targeted approaches, which allow the use of nonamplified DNA
molecules, over OGM is the possibility to also assess methylation,
a biochemical process that has been shown to contribute to disease
development (De Roeck et al. 2019). It remains to be seen if (target-
ed) long-read sequencing will allow the study of all repeat expan-
sions, as even here some challenges may be expected, such as
sequence context (DNA-quadruplexes), and very long expansions
beyond the actual read lengths, e.g., CNBP. In addition, a separate
copy number variant or SV in or around the region of interest, as
well as variation of the label site can influence the results of the
workflows. Therefore, a thorough inspection of the de novo assem-
bly in workflow 1 using the Circos plot or genome browser in the
Bionano Access software is of great importance. When there is
any indication of another large variant, the results of the different
repeat detection workflows must be analyzed with extra care to pre-
vent the reporting of false positive or false negative results. Finally,
the ~300 bp resolution of OGM limits the application of OGM to a
subset of all known repeat expansions, which suggests that several
disease-associated repeat expansions in genes, such as ATXNI,
ATXN3, and HTT, can only partially or not at all be assessed by
the presented method (Supplemental Table S4). Therefore, OGM
may have to be supplemented with SOC or a (targeted) sequencing
approach to test the most important repeat expansion loci with a
pathological repeat size threshold between 300 and 500 bp. For re-
peat sizes <300 bp, an SOC or sequencing-based approach is defi-
nitely needed because these repeats are currently beyond OGM'’s
capability.

In conclusion, our data demonstrate that OGM can efficiently
and accurately identify the repeat lengths across multiple STR loci
simultaneously, thereby detecting large STR expansions and deter-
mining their repeat sizes. This supports the technical validity of
OGM for the detection of repeat expansion alleles larger than
~300 bp in size. OGM increased the allele sizing resolution for 84/
85 repeat samples, and it indicated 36 samples with suggestive evi-
dence of somatic repeat instability. Our results also suggest that
OGM can detect all large repeat expansions >300 bp in size using
a single test, which is in contrast to the current SOC that uses mul-
tiple gene-specific tests to reach the same conclusions while poten-
tially taking more time and being more expensive. To move toward
clinical testing, in addition to our current retrospective technical
feasibility study, usually prospectively designed clinical validity
and utility studies may be warranted. This study suggests that
OGM could serve as an efficient workflow for repeat expansion
detection although (targeted) long-read sequencing approaches,
which we have not directly compared, are also emerging.
However, whether the efficiency of OGM can compensate for the
unavailability of exact sequence context remains to be determined.

Methods

Patient selection

The Department of Human Genetics of the Radboudumc is a refer-
ral center for patients with suspected repeat expansion disorders.
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Table 3. Repeat expansion details

Location of repeat in Normal repeat Premutation repeat Pathogenic repeat

Gene Disease Inheritance gene Repeat unit size size size
CNBP DM2 AD Intron CCTG <27 27-74 >74
DMPK  DMI1 AD 3’ UTR CTG 5-35 36-49 >49
RFCT  CANVAS AR Intron AAGGG 11 (AAAAG) n/a >4007
(pathogenic)
AAAAG (benign)

AAAGG (benign)

2SOC for RFCT repeat expansions is not suited to detect full repeat sizes. It uses a combination of locus-spanning PCR, resulting in allelic dropouts for
repeats >120 units, and RP-PCR to detect the repeats up to 20 units. For the sake of this technical study, repeat sizes >20 units were already considered
expansions irrespective of their pathogenicity. Table adjusted from van der Sanden et al. (2021).

In total, 85 patients with a known (biallelic) repeat expansion in
CNBP (n=25), DMPK (n=30), and RFC1 (n=30) were selected
from our patient cohort and anonymized for further use in
this study. Further repeat expansion details can be found in
Table 3. This study was approved by the Medical Review Ethics
Committee Arnhem-Nijmegen under 2011-188 and 2020-7142.
Deanonymization and subsequent data sharing of these samples
was not allowed by the specific consent, which also made addi-
tional genetic analyses, downstream from the application of
OGM, not possible.

Standard of care tests

PCR and fragment-length analysis, RP-PCR, and Southern blotting
for CNBP and DMPK repeat expansions were previously performed
as part of routine diagnostic repeat expansion testing according to
previously described standard protocols (Kamsteeg et al. 2012).
Locus-spanning PCR and RP-PCR for RFCI repeat expansions
were also performed as part of routine diagnostic repeat expansion
testing according to the previously described standard protocol
(Ghorbani et al. 2022).

DNA isolation, labeling, and optical genome mapping

DNA isolation, labeling, and OGM were performed as described
previously (Mantere et al. 2021; Neveling et al. 2021). For each in-
dividual, UHMW DNA was isolated from 650 pL of whole periph-
eral blood (EDTA) or 1-1.5 million cultured cells using the SP
Blood and Cell Culture DNA Isolation Kit according to the manu-
facturer’s instructions (Bionano, San Diego, CA, USA). Briefly, cells
were treated with a lysis-and-binding buffer (LBB) to release
UHMW DNA, which was then bound to a nanobind disk, washed,
and eluted in the provided elution buffer. UHMW DNA molecules
were labeled with the DLS (Direct Label and Stain) DNA Labeling
Kit (Bionano). Direct Label Enzyme (DLE-1) and DL-green fluoro-
phores were used to label 750 ng of UHMW DNA. After a wash-
out of the DL-green fluorophore excess, the DNA backbone was
counterstained overnight before quantitation. Labeled UHMW
DNA was loaded on a Saphyr chip G2.3 for linearization and imag-
ing on the Saphyr instrument (Bionano).

OGM repeat expansion workflows

The entire data analysis was performed as previously described
(van der Sanden et al. 2024). In the following section, we only
summarized the most important steps in the data analysis process.

The BNX molecule files generated by the Bionano Saphyr ma-
chine were sequentially used in three different workflows (Fig. 1).

1. Manual de novo assembly
2. Local guided assembly (local-GA)
3. Molecule distance script

Manual de novo assembly

In the manual de novo assembly workflow, for each individual, a
de novo assembly was generated on Solve 3.7.2 and Access 1.7.2
using default parameters against the GRCh38/hg38 reference ge-
nome. The de novo assembly was then used to estimate the repeat
length for both alleles by calculating the genomic distance be-
tween the reference start and end label flanking the repeat locus
of interest (Fig. 4A; Supplemental Table S5). The reference length
between the two labels of interest was then subtracted from both
allele lengths in the sample to get a repeat size estimate for both
alleles. These sizes were then divided by the repeat unit length of
the respective repeat locus to get the manual de novo assembly
size estimates.

Local guided assembly

For the local-GA workflow, the local-GA script was run on the
command line with locus-specific seed and coordinate files using
default settings (van der Sanden et al. 2024) (https://github.com/
bionanogenomics/local_guided_assembly, https://github.com/bio
nanogenomics/local_guided_assembly/tree/master/seed_files, and
https://github.com/bionanogenomics/local_guided_assembly/tree/
master/coo_csvs). Each of the output analysis reports lists the con-
sensus map IDs (Fig. 4B) and calculated repeat expansion counts
for each of those consensus maps. Maps were subsequently assigned
to one of the two different alleles based on the estimated repeat
counts. Generally, an output analysis report could contain maps
with no or short repeat counts and maps with a large repeat counts.
For homozygous and biallelic repeat expansions, the maps for both
alleles could present large repeat counts. If the local-GA workflow re-
sulted in a single consensus map and only one allele was expanded
in the manual de novo assembly workflow for the same sample, the
single local-GA consensus map was used as a heterozygous call. If
both alleles were expanded in the manual de novo assembly work-
flow, the single map was used as homozygous call. For repeat report
maps with ambiguous repeat counts, the global mean of repeat
counts was used as a cutoff value to assign alleles 1 or 2. Maps report-
ed with “~1” repeat counts were excluded since the repeat counts
could not be determined. Resulting repeat lengths were used as lo-
cal-GA size estimates.

Molecule distance script

The molecule distance script (https://github.com/bionanogen
omics/molecule_distance) workflow was run on the command
line and required the intermediate alignmolvref files from the
local-GA workflow. This alignmolvref result shows molecules
aligned to the reference assembly (GRCh38/hg38). The script
subsequently queried the distance between two predefined labels
in each molecule (Supplemental Table S6). To successfully calcu-
late the distance between the two labels of interest, only
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Figure 4. Representative plots of a sample with evidence and without evidence of somatic instability. The left part represents a stable RFCT repeat ex-
pansion and the right part represents an unstable CNBP repeat expansion. (A) The number of assembled maps at the region of interest in the local-GA
data might indicate somatic instability. In this case, the stable repeat had two consensus maps while the unstable repeat had six consensus maps. (B) A
gradient of label distance in the molecule pile-up might also indicate mosaicism. The stable repeat had no gradient, while the unstable repeat presented
a gradient of label distances based on the large variability in the distance between the red label and black label in each molecule. This variability results in the
gradient or “stairway” pattern. (C) The molecule distance script output plots show the repeat expansion size that is detected in each molecule by deter-
mining the distance between two specific labels of interest. This bar plot represents the distance between the labels of interest in each molecule ordered
from smallest to largest. Molecule distance bar plots with a steep gradient or a stairway distribution of label distances would suggest somatic instability. The
stable repeat had no stairway pattern, while the unstable repeat showed a stairway pattern for the expanded allele. The plot for the stable repeat visualizes
the separation of the smaller allele and the larger allele around the middle of the plot (molecule number 57). The plot for the unstable repeat visualizes the
same separation of the smaller allele and the larger allele (around molecule number 75). (D) The histogram plots outputted by the molecule distance script
represent the separation of the two alleles based on the label distances in each molecule. The smaller alleles are indicated with blue peaks and the larger
alleles are indicated with orange peaks. A “smear” instead of a real peak in the histogram for one of the alleles might indicate somatic instability. For the
stable repeat, no smear was detected, while the unstable repeat presented with a “smear” for the expanded allele. This is due to large variability in molecule
label distances and therefore repeat expansion size.

the molecules that contain both labels of interest were consid- detected when the result of the workflow identified that the lon-

ered. Genomic distances were calculated using the distance be-
tween the start and end coordinates of the labels of interest in
each molecule. The resulting repeat lengths were used as input
for generating bar plots and histograms that visualize the repeat
lengths to provide evidence for potential somatic instability
(Fig. 4C,D).

OGM repeat data interpretation

First, we determined for the manual de novo assembly workflow
and local-GA workflow if a repeat expansion in the locus of interest
of each respective sample was detected. A repeat was found to be

gest allele was expanded beyond a gene-specific repeat size thresh-
old. For CNBP and DMPK the pathogenic repeat size threshold was
used as gene-specific threshold, while for RFC1 a repeat size thresh-
old of 20 repeat units was used (Table 1). Subsequently, for the
RFC1 samples, we assessed whether the results of the SOC corre-
sponded with the results of the two OGM sizing workflows. For
each detected RFC1 repeat expansion, we determined whether it
was monoallelic, biallelic, or homozygous by comparing the de-
tected repeat size(s) to the respective gene-specific repeat size
thresholds. The results of the two OGM workflows were then inde-
pendently compared to the results of the SOC. Both OGM work-
flows had to indicate the same type of repeat as the SOC. If SOC
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reported a homozygous repeat expansion, OGM was allowed to
identify both a homozygous and a biallelic repeat expansion.
Finally, the actual repeat sizes resulting from the manual de
novo assembly workflow and the local-GA workflow were com-
pared to the repeat sizes reported after SOC. For each sample, we
determined whether at least one of the two OGM workflows iden-
tified a repeat expansion larger or equal to the SOC result.

Detecting somatic instability

To identify potential somatic instability, multiple checks were per-
formed. Firstly, the number of assembled maps at the region of in-
terest in the local-GA data might indicate mosaicism (Fig. 3A).
Stable repeat expansions usually form two maps during local-GA,
indicating the reference and expanded allele. Additional maps
are formed by molecules of unstable repeats clustered by the pipe-
lines. Secondly, in the Bionano Access genome browser view, the
molecule alignments to each of the assembled local-GA maps
were visualized to search for a “gradient” of label distance in the
molecule pile-up (Fig. 3B). Such a gradient might also indicate mo-
saicism. Finally, the molecule-to-reference alignment plots—or
molecule distance plots—generated by the molecule distance
script were examined for evidence of unstable alleles. When the
expanded allele portion of a stable repeat locus is visualized using
the molecule distance script, the molecule distances plateau at a
certain length. Molecule distance bar plots with a steep gradient
or a “stairway” distribution of label distances and histograms
with a “smear” instead of a peak, would suggest somatic instability
(Fig. 3C,D). We considered the data suggestive of somatic instabil-
ity if a sample had both multiple consensus maps and a gradient
distribution of molecule distances.

Data access

The optical genome mapping data generated in this study
have been uploaded to the Radboud Data Repository (https://data
ru.nl/). These data can be accessed at https://doi.org/10.34973/
c48g-kv10. Access to this data set will be granted to research institu-
tions for academic purposes following a request made to the Data
Access Committee. The local guided assembly and the molecule dis-
tance scripts are available at GitHub (https://github.com/bionan
ogenomics/local_guided_assembly/blob/master/run_local_guided_
assembly.sh and https://github.com/bionanogenomics/molecule_
distance/, respectively) and as Supplemental Codes 1 and 2,
respectively.
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