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Pathogenic genetic variants represent a challenge in prenatal counseling, especially when clinical presentation in familial carriers is atypical. We describe a prenatal case involving a microarray-detected duplication of PLP1 which causes X-linked Pelizaeus-Merzbacher disease, a progressive hypomyelinating leukodystrophy. Because of atypical clinical presentation in an older male child, the duplication was examined using a novel technology, optical genome mapping, and was found to be an inverted duplication, which has not been previously described. Simultaneously, segregation analysis identified another healthy adult male carrier of this unique structural rearrangement. The novel PLP1 structural variant was reclassified, and a healthy boy was delivered. In conclusion, we suggest that examining structural variants with novel methods is warranted especially in cases with atypical clinical presentation and may in these cases lead to improved prenatal and postnatal genetic counseling.
Keywords: Pelizaeus-Merzbacher disease, PLP1, proteolipid protein gene, optical genome mapping, microarray, inverted duplication, Xq22.2
INTRODUCTION
Pelizaeus-Merzbacher disease (PMD, OMIM:312080) is a severe X-linked recessive hypomyelinating leukodystrophy, with initial clinical presentation of nystagmus and developmental delay, progressing to spastic quadriplegia and ataxia (Sistermans et al., 1998). PMD is caused by disease-causing variants in the proteolipid protein gene (PLP1, OMIM:300401), resulting in the improper formation of myelin in the central nervous system (Wolf et al., 1993).
Gene duplications of PLP1 represent a common cause of PMD and account for 50%–75% of all clinically manifest disease-causing variants and yield the classic PMD phenotype (Garbern et al., 1999; Osório and Goldman, 2018). Both triplosensitivity and haploinsufficiency of the PLP1 gene have been well-established (Raskind et al., 1991; Woodward et al., 1998; Mimault et al., 1999; Cailloux et al., 2000; Hobson et al., 2000; Inoue et al., 2002; Wolf et al., 2005; Combes et al., 2006; Regis et al., 2009; Grossi et al., 2011). Molecular genetic testing of PLP1 disorders is usually performed by gene-targeted deletion/duplication analysis using multiplex ligation-dependent probe amplification (MLPA), microarray, quantitative PCR, long-range PCR, fluorescent in situ hybridization, and combinations thereof (Wolf et al., 1993), however these methods are not designed to detect both the orientation and additional genomic context of the affected region. While male PMD patients typically do not reproduce, female carriers of pathogenic variants carry a 50% chance of transmitting the variant in each pregnancy, and prenatal testing for a pregnancy at increased risk is available if the pathogenic variant is known (Wolf et al., 1993).
We now present our prenatal PLP1 duplication case, where the older male child of the carrier mother had an atypical neuro-developmental clinical presentation inconsistent with the microarray-detected PMD pathogenic duplication, which prompted the analyses of this structural variant using a novel laboratory technology, optical genome mapping (OGM) (Dremsek et al., 2021; Mantere et al., 2021). Based on the findings of OGM which showed a complex variant involving an inverted duplication of PLP1, and extended segregation analysis, this novel structural variant was reclassified, and a healthy child was delivered.
CLINICAL PRESENTATION AND LABORATORY FINDINGS
A woman planning a pregnancy was referred for antenatal genetic consultation to the Clinical Institute of Genomic Medicine (CIGM), University Medical Centre Ljubljana (UMCL), Slovenia, because of clinical problems in her older child. Because of the pandemic, she received a teleconsultation. Her first child, a 7-year-old boy reportedly had an unspecific short attention span, mild central, and axial hypotonia, elements of autistic features, and joint hypermobility. The perinatal history of the boy was unremarkable as reported by the parents via teleconsultation and the boy was referred for genetic testing using microarray.
The mother was already in the first trimester of pregnancy by the time microarray was performed on her son. The microarray analysis revealed a duplication at arr[GRCh37] Xq22.2(103008605_103172424)×2, approximately 163.8 kb in size (Figure 1). The duplication included the disease-associated PLP1 gene (OMIM:300401), the duplication of which was previously reported as pathogenic and associated with PMD, and the RAB9 (OMIM:300285) gene, that has not yet been associated with any disease. The reported clinical presentation in the proband was atypical of PMD, therefore, we performed segregation by microarray on the parents, which revealed the mother to be a carrier of the PLP1 duplication (164.7 kb(arr[GRCh37] Xq22.2(103003034_103167770)×3]. Subsequently, amniocentesis was performed, and the presence of the duplication was also confirmed in a male fetus (Figure 1). Due to the difference between postnatal and prenatal array design, the reported size of the duplication in the fetus was approx. 285.0 kb (arr[GRCh37] Xq22.2(103003034_103288063)×2 or arr[GRCh38] Xq22.2(103748106_104033500)×2], and additionally includes gene TMSB15B (OMIM:301011), that has not yet been associated with any disease. The equal size of the variant in the proband was confirmed by a control array of the proband on the prenatal chip design (Figure 1).
[image: Figure 1]FIGURE 1 | Microarray results. Microarray analyses of the genomic gain of Xq22.2 region containing PLP1 in the family. The differences in the reported sizes of the duplicated region are due to the different array design used and were confirmed by control microarray analyses (Supplementary Figure S1).
However, the atypical clinical presentation of the proband made us further question the validity of the interpretation of this familial variant as pathogenic.
This presented a unique prenatal counseling challenge, as the non-specific and non-severe clinical manifestation in the older child did not indicate the need for a pregnancy intervention despite the detection of a pathogenic variant for a severe, progressive, early-onset disorder.
Indeed, the review of the proband’s medical history, the clinical re-examination, and the repeated MRI scan confirmed an atypical clinical presentation, inconsistent with PMD. Although behavioral issues were reported in kindergarten, and initial evaluation for autism spectrum disorder confirmed elements of autistic behavior, at the time of examination the proband displayed a short attention span and joint hypermobility, but apart from this, successfully attended regular primary school. Furthermore, the MRI displayed sequelae of T2 and FLAIR hyperintensities in the right hemisphere, resulting from a head injury at age 8 months that required surgical intervention, but showed no signs of hypomyelination that would be consistent with PMD.
To investigate the nature of the identified PLP1 duplication further, we tested the proband by using a novel laboratory technology, optical genome mapping (OGM). OGM has been available for routine genetic testing in Slovenia since 2021 and enables the detection of structural genomic variants, such as inversions, duplications, insertions, deletions, translocations, and complex rearrangements in DNA size ranges previously undetectable by other technologies.
Since the carrier mother was from a large family with six neurologically normal brothers, we were able, in parallel, to perform segregation analysis to find possible additional unaffected male carriers of the familial variant.
Optical genome mapping analysis of the proband revealed the genomic gain in the Xq22.2, to be approximately 432.7 kb in size. The variant is a previously undescribed complex structural variant of PLP1—an inverted duplication of region [GRCh38] Xq22.2(103734669_103958435)×2 approx. 223.8 kb in size, followed by tandem duplication of region [GRCh38] Xq22.2(103871512_104080423)×2 approx. 208.9 kb in size. This inverted duplication, followed by the tandem duplication, is inserted at approximate position [GRCh38] Xq22.2(104080423_104085533).
The inverted duplication [GRCh38] Xq22.2(103734669_103958435)×2 contains the genes PLP1 (OMIM:300401), RAB9 (OMIM:300285), TMSB15B (OMIM:301011) and a lamina-associated domain (LAD), while the tandem duplication of the region [GRCh38] Xq22.2(103871512_104080423)×2, contains the gene TMSB15B (OMIM:301011) and same LAD domain, thus the inverted additional copy of the PLP1 gene contains LAD domains at both ends (Figure 2, Supplementary Figure S2). The copy number gain of the TMSB15B was not detected by initial microarray of the proband due to lack of probes in the region.
[image: Figure 2]FIGURE 2 | Genomic elements, optical genome mapping, and segregation results of the novel structural variant. (A) UCSC browser view showing the regions involved in the complex structural variants in blue boxes labeled 1 to 3, relative to genomic elements such as OMIM genes, LAD (lamina-associated domains), and DGV structural variants present in healthy individuals. Yellow and blue triangles show the location and genomic context of the inserted regions. The yellow triangle indicates the location of the inverted duplication (regions 1 and 2), while the blue triangle indicates the location of the tandem duplication regions (2 and 3), respectively (marked in the same color yellow/blue on the proband molecule map). (B) Optical genome mapping result and the corresponding schematic of the complex rearrangement in the proband. The involved regions are marked with numbers 1 to 3. Region 1 contains the PLP1 gene. The yellow triangle indicates the location of the inverted duplication (regions 1 and 2), while the blue triangle indicates the location of the tandem duplication regions (2 and 3), respectively (marked in the same color yellow/blue on the proband molecule map). The duplicated region nr. three contains an additional lamina-associated domain. (C) The family pedigree based on the microarray testing results. Individuals with the familial structural variant are indicated in bold text.
The extended segregation analysis revealed one of the mother’s brothers, and the grandmother to be additional carriers of the inverted duplication (Figure 2, Supplementary Figure S1). None of the three adult carriers (mother, uncle, grandmother) had any signs or symptoms of neurological disease.
Based on this additional information, we estimated this PLP1 inverted duplication variant is not associated with clinical observations in the proband and does not represent an increased risk for classic PMD. Accordingly, we have classified it as a variant of unknown significance (ACMG Criteria 1A, 2A, 4J, total points: 0.70) and deposited it in the ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar/variation/1810757/). The mother continued with the pregnancy and gave birth at full term to a healthy boy. At 6 months old, her second son had a normal neurological examination, while the neurological status of the proband at his last examination at 9 years of age remains within normal, except for joint hypermobility, and he successfully attends regular school.
DISCUSSION
The pathogenicity of PLP1 duplication has been well established in humans (Woodward et al., 1998; Mimault et al., 1999; Wolf et al., 2005; Regis et al., 2009) and PLP1 overexpression as the underlying mechanism has been proposed based on animal models (Readhead et al., 1994; Peyron et al., 1997). All previously described PLP1 duplications in males were reported to lead to central hypomyelination and progressive neurological deterioration with cognitive decline and spasticity, which are the hallmarks of PMD.
The discovery, by microarray, of a previously reported pathogenic duplication variant for a severe, progressive, early-onset disorder but an atypical clinical presentation in the proband, presented a unique prenatal counseling challenge.
Based on the atypical clinical presentation in the proband, we hypothesized that the microarray-identified duplication variant itself may not be typical. PLP1-related disorders of central nervous system myelin formation include a range of phenotypes from Pelizaeus-Merzbacher disease to spastic paraplegia 2 (Wolf et al., 1993). While all previous PLP1 duplications in males were considered pathogenic, PLP1 deletions in the context of various genomic rearrangements have already been reported to contribute to different dysmyelinating phenotypes (Inoue et al., 2002). So far, only one smaller, partially-overlapping inversion without an associated copy-number change, containing only the PLP1 gene, has been identified in a presumably normal individual (Database of genomic variants, esv7229) (Ahn et al., 2009).
Because microarray analysis does not enable us to detect structural changes other than copy number variants, we examined the DNA of the patient using a novel technology, optical genome mapping. Optical genome mapping is based on the imaging of labeled ultra-high molecular weight DNA molecules and provides a high-resolution detection of structural variants such as inversions, insertions, and even balanced translocations. Indeed, optical genome mapping showed the PLP1 variant in this family to be a previously undescribed complex structural variant—an inverted duplication, followed by a tandem duplication, located adjacent to the normal copy of the gene, and possessing putative lamina-associated domains at both ends (Figure 2, Supplementary Figure S2).
Although it remains unknown why this rare variant does not result in PMD, several genetic mechanisms are known to influence the expression of genes through topological means or rearrangement of regulatory regions, among which lamina-associated domains have been reported to actively inhibit transcription (Phillips-Cremins and Corces, 2013; van Steensel and Belmont, 2017; Huang et al., 2021; Hong and Cohen, 2022). While the mechanism by which the detected inverted duplication apparently avoids leading to the development of PMD currently remains unknown, the segregation analysis (Figure 2), showing three male carriers of this structural variant lacking clinical features associated with PMD, allows us to reclassify this variant from pathogenic to a variant of unknown significance on clinical criteria alone, with important implications in prenatal counseling and care. As the current molecular genetic testing of PLP1 disorders consists of techniques not designed to detect orientation and not able to detect structural variants other than copy number variants, it is possible that similar rearrangements will be detected with increased use of novel technologies, such as optical genome mapping.
To conclude, we suggest that optical genome mapping may help both reclassify and reinterpret structural variants presenting as typical duplications on microarray, as it provides additional information regarding the orientation and genomic context of the copy-number change. Examining structural variants with such novel methods is warranted especially in cases with atypical clinical presentation and may in these cases lead to improved prenatal and postnatal genetic counseling.
MATERIALS AND METHODS
Patient data collection and consent
The clinical data were collected during the patients’ regular virtual counseling or in-person appointments, and all specialist examinations, including MRI, were performed as part of standard routine clinical care. Nine members of the family were tested using microarray, three of which were also tested using optical genome mapping, as part of routine genetic testing at the Clinical Institute of Genomic Medicine, University Medical Centre Ljubljana, Slovenia. Standard informed consent for this routine clinical genetic testing was obtained during their clinical examination or counseling visits, and written consent to participate in this study was provided by the participants’ legal guardiants/next of kin.
All procedures in the study were conducted according to the routine standard of care at the University Medical Centre Ljubljana, and in accordance with the principles of the Declaration of Helsinki.
Microarray analyses
Microarray analysis was initially performed on the proband by using oligonucleotide array Agilent Technologies 4 × 180 K (AMADID:035689), according to the manufacturer’s instructions. Microarray analyses of other members of the family as well as the DNA sample isolated from amniotic fluid were performed by using the oligonucleotide array Agilent Technologies 8 × 60 K (AMADID: 031746) according to the manufacturer’s instructions. Agilent CytoGenomics 5.1.2.1 software was used to visualize and report the genomic gain in the Xq22.2.
The differences in the reported sizes of the duplicated region are due to the different resolutions of the chips used and were confirmed by additional microarray analyses (AMADID:035689, AMADID: 031746) to be concordant (Figure 1, Supplementary Figure S1).
Optical genome mapping
High-weight molecular DNA was extracted from 1.5 million lymphocytes from whole blood (EDTA collected) using the SP Blood and Cell Culture DNA Isolation Kit following manufacturer instructions (Bionano, San Diego United States). The following day, DNA molecules were labeled using the DLS (Direct Label and Stain) DNA Labeling Kit (Bionan) with the DLE-1 enzyme. Labeled DNA was loaded on the three-flowcell Saphyr Chip® (Part #20366) (Bionano) and ran on the Saphyr instrument (Bionano) to reach a minimum yield of 500 Gbp (DLE-1 label, [GRCh38] reference genome). The de novo assembly and Variant Annotation Pipeline were executed on Bionano Solve 3.7_03302022_283 while reporting and direct visualization of structural variants was done on Bionano Access 1.7.1.
The different sizes of this complex structural variant detected by both technologies are due to the differences between the resolution of the microarray probes and DLE-1 labeling sites of optical genome mapping.
Variant interpretation
Variant interpretation of the microarray results was performed according to the ACMG in ClinGen guidelines (Riggs et al., 2020), by taking into account the following databases: GnomAD—(https://gnomad.broadinstitute.org/), Database of genomic variants (DGV)—(http://dgv.tcag.ca/gb2/gbrowse/dgv2_hg19/) (MacDonald et al., 2014) DECIPHER (https://www.deciphergenomics.org/), ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/), and ClinGen (https://dosage.clinicalgenome.org/).
All figures were prepared from original visualizations generated by either the Agilent CytoGenomics5.1.1.15 software (Agilent technologies) or Bionano Access 1.7.2 software (Bionano), for microarrays and optical genome mapping, respectively. The UCSC Genome Browser Viewer was used to visualize the region of interest in the context of neighboring genomic regions (Nassar et al., 2023). The final composite Figures 1, 2 were technically prepared in terms of size, layout, format and type of file with no modification to original data, from the original visualizations, by using GIMP 2.10 (The GIMP Development Team, 2019).
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: ClinVar database https://www.ncbi.nlm.nih.gov/clinvar/variation/1810757/.
ETHICS STATEMENT
Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
Conceptualization, MR, AK, and BP; methodology, AK and LL; formal analysis, AK and LL; investigation, MR; resources, BP; data curation, all authors; writing—original draft preparation, MR and AK. All authors contributed to the article and approved the submitted version.
FUNDING
This research was funded by the Slovenian Research Agency (ARRS) grant number P3-0326, and University Medical Centre Ljubljana (UMCL), grant number 20210031.
ACKNOWLEDGMENTS
We profoundly thank the participating family.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2023.1173426/full#supplementary-material
SUPPLEMENTARY FIGURE S1 | Results of microarray analysis in the extended family.
SUPPLEMENTARY FIGURE S2 | Optical genome mapping results and comparison between mother, proband and their sibling.
REFERENCES
 Ahn, S.-M., Kim, T.-H., Lee, S., Kim, D., Ghang, H., Kim, D.-S., et al. (2009). The first Korean genome sequence and analysis: Full genome sequencing for a socio-ethnic group. Genome Res. 19, 1622–1629. doi:10.1101/gr.092197.109
 Cailloux, F., Gauthier-Barichard, F., Mimault, C., Isabelle, V., Courtois, V., Giraud, G., et al. (2000). Genotype-phenotype correlation in inherited brain myelination defects due to proteolipid protein gene mutations. Clinical European Network on Brain Dysmyelinating Disease. Eur. J. Hum. Genet. EJHG 8, 837–845. doi:10.1038/sj.ejhg.5200537
 Combes, P., Bonnet-Dupeyron, M.-N., Gauthier-Barichard, F., Schiffmann, R., Bertini, E., Rodriguez, D., et al. (2006). PLP1 and GPM6B intragenic copy number analysis by MAPH in 262 patients with hypomyelinating leukodystrophies: Identification of one partial triplication and two partial deletions of PLP1. Neurogenetics 7, 31–37. doi:10.1007/s10048-005-0021-1
 Dremsek, P., Schwarz, T., Weil, B., Malashka, A., Laccone, F., and Neesen, J. (2021). Optical genome mapping in routine human genetic diagnostics—its advantages and limitations. Genes 12, 1958. doi:10.3390/genes12121958
 Garbern, J., Cambi, F., Shy, M., and Kamholz, J. (1999). The molecular pathogenesis of Pelizaeus-Merzbacher disease. Arch. Neurol. 56, 1210–1214. doi:10.1001/archneur.56.10.1210
 Grossi, S., Regis, S., Biancheri, R., Mort, M., Lualdi, S., Bertini, E., et al. (2011). Molecular genetic analysis of the PLP1 gene in 38 families with PLP1-related disorders: Identification and functional characterization of 11 novel PLP1 mutations. Orphanet J. Rare Dis. 6, 40. doi:10.1186/1750-1172-6-40
 Hobson, G. M., Davis, A. P., Stowell, N. C., Kolodny, E. H., Sistermans, E. A., de Coo, I. F., et al. (2000). Mutations in noncoding regions of the proteolipid protein gene in Pelizaeus-Merzbacher disease. Neurology 55, 1089–1096. doi:10.1212/wnl.55.8.1089
 Hong, C. K. Y., and Cohen, B. A. (2022). Genomic environments scale the activities of diverse core promoters. Genome Res. 32, 85–96. doi:10.1101/gr.276025.121
 Huang, H., Zhu, Q., Jussila, A., Han, Y., Bintu, B., Kern, C., et al. (2021). CTCF mediates dosage- and sequence-context-dependent transcriptional insulation by forming local chromatin domains. Nat. Genet. 53, 1064–1074. doi:10.1038/s41588-021-00863-6
 Inoue, K., Osaka, H., Thurston, V. C., Clarke, J. T. R., Yoneyama, A., Rosenbarker, L., et al. (2002). Genomic rearrangements resulting in PLP1 deletion occur by nonhomologous end joining and cause different dysmyelinating phenotypes in males and females. Am. J. Hum. Genet. 71, 838–853. doi:10.1086/342728
 MacDonald, J. R., Ziman, R., Yuen, R. K. C., Feuk, L., and Scherer, S. W. (2014). The database of genomic variants: A curated collection of structural variation in the human genome. Nucleic Acids Res. 42, D986–D992. doi:10.1093/nar/gkt958
 Mantere, T., Neveling, K., Pebrel-Richard, C., Benoist, M., van der Zande, G., Kater-Baats, E., et al. (2021). Optical genome mapping enables constitutional chromosomal aberration detection. Am. J. Hum. Genet. 108, 1409–1422. doi:10.1016/j.ajhg.2021.05.012
 Mimault, C., Giraud, G., Courtois, V., Cailloux, F., Boire, J. Y., Dastugue, B., et al. (1999). Proteolipoprotein gene analysis in 82 patients with sporadic pelizaeus-merzbacher disease: Duplications, the major cause of the disease, originate more frequently in male germ cells, but point mutations do not. The clinical European network on brain dysmyelinating disease. Am. J. Hum. Genet. 65, 360–369. doi:10.1086/302483
 Nassar, L. R., Barber, G. P., Benet-Pagès, A., Casper, J., Clawson, H., Diekhans, M., et al. (2023). The UCSC genome browser database: 2023 update. Nucleic Acids Res. 51, D1188–D1195. doi:10.1093/nar/gkac1072
 Osório, M. J., and Goldman, S. A. (2018). Neurogenetics of pelizaeus-merzbacher disease. Handb. Clin. Neurol. 148, 701–722. doi:10.1016/B978-0-444-64076-5.00045-4
 Peyron, F., Timsit, S., Thomas, J. L., Kagawa, T., Ikenaka, K., and Zalc, B. (1997). In situ expression of PLP/DM-20, MBP, and CNP during embryonic and postnatal development of the jimpy mutant and of transgenic mice overexpressing PLP. J. Neurosci. Res. 50, 190–201. doi:10.1002/(SICI)1097-4547(19971015)50:2<190:AID-JNR8>3.0.CO;2-A
 Phillips-Cremins, J. E., and Corces, V. G. (2013). Chromatin insulators: Linking genome organization to cellular function. Mol. Cell 50, 461–474. doi:10.1016/j.molcel.2013.04.018
 Raskind, W. H., Williams, C. A., Hudson, L. D., and Bird, T. D. (1991). Complete deletion of the proteolipid protein gene (PLP) in a family with X-linked Pelizaeus-Merzbacher disease. Am. J. Hum. Genet. 49, 1355–1360.
 Readhead, C., Schneider, A., Griffiths, I., and Nave, K. A. (1994). Premature arrest of myelin formation in transgenic mice with increased proteolipid protein gene dosage. Neuron 12, 583–595. doi:10.1016/0896-6273(94)90214-3
 Regis, S., Grossi, S., Corsolini, F., Biancheri, R., and Filocamo, M. (2009). PLP1 gene duplication causes overexpression and alteration of the PLP/DM20 splicing balance in fibroblasts from Pelizaeus-Merzbacher disease patients. Biochim. Biophys. Acta 1792, 548–554. doi:10.1016/j.bbadis.2009.04.002
 Riggs, E. R., Andersen, E. F., Cherry, A. M., Kantarci, S., Kearney, H., Patel, A., et al. (2020). Technical standards for the interpretation and reporting of constitutional copy-number variants: A joint consensus recommendation of the American college of medical genetics and genomics (ACMG) and the clinical genome resource (ClinGen). Genet. Med. Off. J. Am. Coll. Med. Genet. 22, 245–257. doi:10.1038/s41436-019-0686-8
 Sistermans, E. A., de Coo, R. F., De Wijs, I. J., and Van Oost, B. A. (1998). Duplication of the proteolipid protein gene is the major cause of Pelizaeus-Merzbacher disease. Neurology 50, 1749–1754. doi:10.1212/wnl.50.6.1749
 The GIMP Development Team (2019). Gimp. Available at: https://www.gimp.org.
 van Steensel, B., and Belmont, A. S. (2017). Lamina-associated domains: Links with chromosome architecture, heterochromatin, and gene repression. Cell 169, 780–791. doi:10.1016/j.cell.2017.04.022
 Wolf, N. I., Sistermans, E. A., Cundall, M., Hobson, G. M., Davis-Williams, A. P., Palmer, R., et al. (2005). Three or more copies of the proteolipid protein gene PLP1 cause severe Pelizaeus-Merzbacher disease. Brain J. Neurol. 128, 743–751. doi:10.1093/brain/awh409
 Wolf, N. I., van Spaendonk, R. M., Hobson, G. M., and Kamholz, J. (1993). “PLP1 disorders,” in GeneReviews® ed . M. P. Adam, D. B. Everman, G. M. Mirzaa, R. A. Pagon, S. E. Wallace, and L. J. Bean Editors (Washington: University of Washington, Seattle). Available at: http://www.ncbi.nlm.nih.gov/books/NBK1182/ (Accessed November 16, 2022).
 Woodward, K., Kendall, E., Vetrie, D., and Malcolm, S. (1998). Pelizaeus-merzbacher disease: Identification of Xq22 proteolipid-protein duplications and characterization of breakpoints by interphase FISH. Am. J. Hum. Genet. 63, 207–217. doi:10.1086/301933
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Rogac, Kovanda, Lovrečić and Peterlin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Optical genome mapping in an atypical Pelizaeus-Merzbacher prenatal challenge		Introduction

		Clinical presentation and laboratory findings

		Discussion

		Materials and methods		Patient data collection and consent

		Microarray analyses

		Optical genome mapping

		Variant interpretation





		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Genetics






OPS/images/fgene-14-1173426-g001.gif





OPS/images/fgene-14-1173426-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





