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Editorial on the Research Topic
 Whole Genome Sequencing for rare diseases




According to the European Union definition, a disease is considered rare when it affects less than 1 in 2,000 citizens (1). To date, about 10,000 rare diseases (RDs) are known, afflicting at least 4–6% of the worldwide population. RDs are featured in a wide range of clinical phenotypes, also among patients suffering from the same disorder (2). It is estimated that 80% of RDs have a genetic etiology and 70% have childhood onset (3).

The identification of the causative variant(s) and the mode of inheritance are crucial steps in the definition of an accurate diagnosis and lead to better disease management, avoiding unnecessary treatments (4). However, even when the etiology of the disease is known, overlapping phenotypes and genetic testing limited to disease-targeted genes panels severely weaken the chances of the diagnosis (5).

The RDs' diagnostic delay varies from months to decades, depending on the patient's phenotype, age, and available resources. It is estimated that the average time for an accurate RD diagnosis is about 5 years and, in some cases, it can take over a decade (3). This delay is defined as diagnostic odyssey, a period during which, despite extensive and expensive workups at several institutions, patients often remain undiagnosed or even misdiagnosed, with consequent delays in getting effective care and further emotional distress for patients and their family members (5).

One of the main challenges in the diagnosis of RDs is their rarity. Indeed, many healthcare professionals may never encounter a patient with a particular RD during their entire career, making it difficult to recognize symptoms and make an accurate diagnosis (6, 7). Therefore the lack of knowledge and awareness regarding RDs are sometimes the main factors limiting the primary care of affected patients.

In this scenario, the advent of next-generation sequencing has had a dramatic effect on the step forward in the identification of the molecular bases, the pathogenesis and the clinical prediction targets for personalized treatment, improving especially the diagnostic yield (8, 9).

In particular, Whole Genome Sequencing (WGS) offers the highest likelihood of identifying the causative mutations of an uncharacterized genetic condition, supplanting the older sequencing technologies in this field (10).

This Research Topic encompasses these aspects, with an exemplificative article collection on the huge potential of WGS.

In particular, Dai et al. describe the case of a patient affected by a very rare dermatological disorder, the Mal de Meleda (MDM), that is often misdiagnosed due to its phenotypic overlapping with other forms of palmoplantar keratoderma. Moreover, many dermatologists are not familiar with this rare disease, leading to a delay in the appropriate treatments. In the described case, the causative mutation was identified by WGS, thus allowing a correct diagnosis and the definition of the most effective treatment (Dai et al.).

A similar example is described by Xiong et al. who, exploiting WGS, reached the clinical diagnosis of a case with suspected familial pseudohyperkalemia (FP) caused by red blood cell membrane defects. FP is a benign condition for which an inappropriate potassium-lowering therapy might lead to detrimental outcomes, highlighting the importance of defining the right clinical diagnosis (Xiong et al.).

On this crucial theme, Chu et al. gave an important contribution, showing the application of WGS also in prenatal diagnosis, particularly in the identification of pathogenic copy number variations (CNVs). The Authors reported three prenatal diagnosis pedigrees in which they demonstrated that CNV-seq could be a useful approach for the definition of chromosomal breakpoints related to the 5p deletion syndrome, thus providing helpful genetic guidance to at-risk families and shortening the diagnostic process for timely follow-up interventions (Chu et al.).

Furthermore, WGS has been used to identify novel genetic mutations in rare conditions, whose molecular background is still unknown, as described by Chen et al., and allowed to highlight a significant association between a specific HLA genotype and severe hemophilia A, as reported by Lessard et al.. These two articles are examples of contributions demonstrating the important role of WGS in improving both the diagnostic process and the choice of the most effective therapy.

As previously described, the clinical overlapping among different RDs is one of the main factors hampering their diagnosis. The identification of the causative molecular background in patients with a spectrum of anomalies and phenotypic variability could be crucial to better define the therapeutic strategy and the personalized clinical follow-up. In this context, Garza Flores et al. described two unrelated patients with FOXC1 haploinsufficiency, related to Axenfeld-Rieger syndrome and skeletal abnormalities, presenting a spectrum of clinical signs overlapping with the ultrarare De Hauwere syndrome (Garza Flores et al.). The Authors showed how WGS may be a very useful tool for differential diagnosis in cases similar to those described, featured by phenotypic overlapping among several RDs.

Finally, considering the big amount of generated genomic data, WGS could be useful also to study the association between a specific genetic condition, such as Prader-Willy Syndrome (PWS), and cancer predisposition. Indeed, even with some limitations due to the number of analyzed patients and the short follow-up times,  Maya-González et al. described this WGS application to clarify the lifetime cancer risk in PWS patients (11).

Taken together, the studies published within this Research Topic underline the potentialities of WGS in improving the management of RDs patients, since it can support not only the definition of the precise diagnosis but also the identification of the pathogenic molecular targets and the choice of the most proper therapeutic strategy (Figure 1).
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FIGURE 1
 The potential impact of the application of Whole Genome Sequencing in ameliorating the clinical management of rare disorders.


On the other hand, it is necessary to consider that, as significant as the advances are in this field, there are still challenges to be addressed, including the physicians' awareness of RDs and the prioritization and interpretation of such huge amounts of genomic data, to drive the current medicine toward precision medicine (12). For that reason, it is essential to move forward by collaborating and sharing data among multiple RDs referral centers.


Author contributions

CD: Writing—original draft, Writing—review and editing, Conceptualization, Supervision. VD'A: Writing—original draft, Writing—review and editing, Conceptualization, Supervision.



Acknowledgments

The Topic Editors would like to thank the authors and the reviewers for their valuable contribution and efforts for the Research Topic entitled Whole Genome Sequencing for Rare Diseases in Frontiers in Medicine.



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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



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.



References

 1. Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C, Lanneau V, et al. Estimating cumulative point prevalence of rare diseases: analysis of the Orphanet database. Eur J Human Genet. (2020) 28:165–73. doi: 10.1038/s41431-019-0508-0

 2. Haendel M, Vasilevsky N, Unni D, Bologa C, Harris N, Rehm H, et al. How many rare diseases are there? Nature reviews. Drug Disc. (2020) 19:77–8. doi: 10.1038/d41573-019-00180-y

 3. Marwaha S, Knowles JW, Ashley EA. A guide for the diagnosis of rare and undiagnosed disease: beyond the exome. Genome Med. (2022) 14. doi: 10.1186/s13073-022-01026-w

 4. Kricka LJ, Di Resta C. Translating genes into health. Nat Genet. (2013) 45:4–5. doi: 10.1038/ng.2510

 5. Turro E, Astle WJ, Megy K, Gräf S, Greene D, Shamardina O, et al. Whole-genome sequencing of patients with rare diseases in a national health system. Nature. (2020) 583:96–102. doi: 10.1038/s41586-020-2434-2

 6. Ronicke S, Hirsch MC, Türk E, Larionov K, Tientcheu D, Wagner AD. Can a decision support system accelerate rare disease diagnosis? Evaluating the potential impact of Ada DX in a retrospective study. Orphanet J Rare Dis. (2019) 14. doi: 10.1186/s13023-019-1040-6

 7. Rossi D, Gigli L, Gamberucci A, Bordoni R, Pietrelli A, Lorenzini S, et al. A novel homozygous mutation in the TRDN gene causes a severe form of pediatric malignant ventricular arrhythmia. Heart Rhythm. (2020) 17:296–304. doi: 10.1016/j.hrthm.2019.08.018

 8. Di Resta C, Pipitone GB, Carrera P, Ferrari M. Current scenario of the genetic testing for rare neurological disorders exploiting next generation sequencing. Neural Regenerat Res. (2021) 16:475–81. doi: 10.4103/1673-5374.293135

 9. Precone V, Del Monaco V, Esposito MV, De Palma FDE, Ruocco A, Salvatore F, et al. Cracking the code of human diseases using next-generation sequencing: applications, challenges, and perspectives. BioMed Res Int. (2015) 2015:161648. doi: 10.1155/2015/161648

 10. Souche E, Beltran S, Brosens E, Belmont JW, Fossum M, Riess O, et al. Recommendations for whole genome sequencing in diagnostics for rare diseases. Eur J Human Genet. (2022) 30:1017–21. doi: 10.1038/s41431-022-01113-x

 11. Wessman S, Taylan F, Tesi B, Kuchinskaya E, McCluggage WG, Poluha A, et al. Register-based and genetic studies of Prader-Willi syndrome show a high frequency of gonadal tumors and a possible mechanism for tumorigenesis through imprinting relaxation. Front Med. (2023) 10:1172565. doi: 10.3389/fmed.2023.1172565

 12. D'Argenio V. The high-throughput analyses era: are we ready for the data struggle? High-Throughput. (2018) 7:8. doi: 10.3390/ht7010008



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Whole Genome Sequencing for rare diseases



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Medicine

Editorial: Whole Genome
Sequencing for rare diseases





OPS/images/fmed-10-1267930-g001.gif
Hrer)0










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Medicine





