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Objective: This study aimed to characterize the clinical and genetic spectrum of dynamin 1-like gene (DNM1l)-associated disorders and to investigate genotype-phenotype correlations in the largest integrated cohort reported to date.



Methods: Clinical and genetic data from eleven Chinese patients with DNM1l variants were prospectively collected between April 2020 and May 2025. In addition, a comprehensive review of all published cases was performed.



Results: A total of 66 cases were analyzed, including 11 newly reported Chinese patients and 55 previously published cases. The most common clinical manifestations were developmental delay (89.4%), epilepsy (66.7%), dystonia (53.0%), ataxia (21.2%), and failure to thrive (18.2%). Abnormal neuroimaging (80.3%) and electroencephalogram (EEG) abnormalities (78.0%) were also frequent. Domain-specific analyses demonstrated that, compared with GTPase domain variants (n = 15), autosomal dominant middle domain variants (n = 43) were associated with significantly higher risks of epilepsy, status epilepticus, cerebral atrophy, and poorer survival, but lower rates of peripheral neuropathy and ataxia (all p < 0.05). Nine patients with middle domain variants exhibited rhythmic high-amplitude delta with superimposed (poly)spikes (RHADS) on EEG. Within the middle domain subgroup, 67.4% developed childhood-onset status epilepticus, whereas the remaining 32.6% presented with infantile encephalopathy without status epilepticus, a phenotype associated with significantly higher mortality and earlier death (both p < 0.05). All 21 patients (100%) with the p.Arg403Cys hotspot variant experienced status epilepticus. The most severe phenotype was observed in two siblings with biallelic truncating variants, both of whom died in the neonatal period. Further cases are required to confirm statistically associations between variant type and clinical severity.



Conclusion: This study provides the largest clinical and genetic characterization of DNM1Lassociated disorders to date and establishes genotype-phenotype correlations stratified by protein domain. The identification of RHADS as a distinctive EEG signature highlights its potential utility as a biomarker for specific clinical and genetic subgroups. Validation in larger, independent cohorts is necessary.
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1 Introduction

Mitochondrial dynamics, encompassing both fusion and fission, are critical for maintaining cellular function. DRP1 (dynamin 1-like protein), encoded by DNM1l, is a member of the dynamin superfamily of GTPases and mediates mitochondrial fission (1). DRP1 is ubiquitously expressed, with the highest levels in skeletal muscle, heart, kidney, and brain. The protein comprises an N-terminal GTPase domain, a middle assembly domain, a short insert, and a GTPase effector domain (GED). In animal models, Dnm1l-null mice die during embryogenesis, whereas conditional deletion of Dnm1L in the mouse brain leads to developmental abnormalities, underscoring the essential role of this gene in mammalian development (2, 3).

Pathogenic DNM1l variants that disrupt mitochondrial dynamics are associated with multisystem involvement, including developmental delay, dystonia, epilepsy (most commonly refractory seizures and status epilepticus consistent with epileptic encephalopathy), ataxia, optic atrophy, microcephaly, peripheral neuropathy, respiratory distress, and childhood mortality (4). The clinical course of DNM1l-related disorders is highly heterogeneous and may result from de novo heterozygous, biallelic compound heterozygous, or homozygous recessive variants (5). Evidence from limited studies suggests that DRP1 GTPase domain variants are associated with milder phenotypes compared with middle domain variants (6). However, significant knowledge gaps remain regarding the full clinical spectrum and the precise patterns of genotype-phenotype correlation.

We reported findings from 11 Chinese patients with DNM1l-related disorders and integrated these with all previously published cases to conduct the largest genotype-phenotype analysis to date. Electroencephalogram (EEG) evaluation identified a distinctive pattern, termed rhythmic highamplitude delta with superimposed (poly)spikes (RHADS), associated with these disorders.



2 Materials and methods


2.1 Patients

Eleven patients with confirmed DNM1l variants were enrolled between April 2020 and May 2025. Eight were recruited from Beijing Children's Hospital (BCH), Capital Medical University, and three from Wuhan Children's Hospital (WCH), Huazhong University of Science and Technology. The study protocol was approved by the ethics committees of both institutions [approval nos.: (2022)-E-121Y for BCH and 2021R101-E01 for WCH]. Written informed consent for participation in the research and genetic analyses was obtained from the parents or legal guardians of all patients.

Clinical data were collected, including demographic characteristics, personal and family history, age at onset, clinical manifestations, outcomes, magnetic resonance imaging (MRI) and video EEG findings, laboratory results, and genetic data. All EEGs were interpreted by qualified neurophysiologists using the following criteria for RHADS: occipital predominance; slow rhythm (<1 Hz) of high amplitude (200–1,000 μV); frequent occurrence; and superimposed polyspikes (7). Disease prognosis was assessed using the Modified Rankin Scale (8). Patient data were obtained from the FUTang Updating Medical Records Database (9).



2.2 Molecular analysis

Genomic DNA was extracted from peripheral blood leukocytes of patients and their parents using standard protocols (10). Trio whole-exome sequencing was performed with an average depth of over 100×, and mitochondrial genome sequencing was conducted with an average depth exceeding 40,000×. Candidate variants identified through filtered data analysis were validated by PCR amplification of target regions followed by Sanger sequencing. Variant pathogenicity was classified according to the American College of Medical Genetics and Genomics guidelines (11, 12).



2.3 Literature review

A literature review was conducted using the keywords “DNM1l”, “DNM1l mutation”, and “DNM1l variant” across three electronic databases (PubMed, ScienceDirect, and OviSP) from January 2007 to June 2025 (Figure 1). Cases with incomplete clinical documentation or duplicate reports were excluded. Clinical data, laboratory findings, and genotypic profiles were extracted.
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FIGURE 1
Flow chat of enrolled cases with DNM1l-related disorders for clinical and genetic analysis.


RHADS were identified by certified EEG specialists who retrospectively reviewed the published EEG descriptions and images. To facilitate genotype-phenotype correlation analysis, patients with DNM1l-associated disorders from both our Chinese cohort and the literature were categorized into four groups according to inheritance pattern and variant location: GTPase domain/autosomal dominant (AD), middle domain/AD, GED domain/AD, and GTPase domain/autosomal recessive (AR).



2.4 Statistical analysis

Quantitative variables were summarized as medians with interquartile ranges. Continuous data were compared between groups using the Mann–Whitney U-test, whereas categorical variables were expressed as frequencies and percentages. Survival analysis was performed using the logrank test. P-values < 0.05 were considered statistically significant. Statistical analyses were conducted with IBM SPSS Statistics version 20 (IBM Corp., Armonk, NY, USA), and graphs were generated using GraphPad Prism version 8.




3 Results


3.1 Case series

This study included 11 Chinese patients (five females and six males) with no evidence of consanguinity. Prenatal, perinatal, and family histories were unremarkable. The median age at onset was 3.3 years (range, 1.5–5 years). Developmental delay was observed in 7 of 11 patients (63.6%). Patient 1 exhibited developmental delay and dystonia from birth and later developed peripheral neuropathy; however, epilepsy did not manifest until 4.7 years of age. All remaining 10 patients developed drug-resistant epilepsy, of whom eight progressed to status epilepticus accompanied by respiratory failure. Reported seizure types included focal seizures (n = 5), myoclonic seizures (n = 7), generalized tonic-clonic seizures (n = 3), and epileptic spasms (n = 1). During a median follow-up of 1.4 years (range, 0.4–4.7 years), two patients discontinued treatment and were lost to follow-up. The remaining nine patients (median age, 4.7 years; range, 0.7–10.5 years) were alive at the last assessment, with persistent manifestations such as cognitive impairment and motor delay. Notably, all eight patients with epilepsy continued to experience uncontrolled seizures despite intensive management with antiseizure medications and mitochondrial support. At the final evaluation, the median Modified Rankin Scale score was 3 (range, 2–5) (Supplementary Table S1).

Muscle biopsy was performed in one patient and yielded unremarkable findings. Hyperlactatemia was detected in 44.4% of cases (four of nine). During the acute disease phase, brain MRI abnormalities were observed in 6 of 10 patients (60%), including thalamic lesions (n = 1), cortical lesions (n = 3), white matter lesions (n = 1), and thinning of the corpus callosum (n = 1). Followup MRI performed 1.5–6 months after disease onset in all eight re-examined patients (100%) revealed new-onset cerebral atrophy. Video EEG abnormalities were present in all ten patients with epilepsy, including background slowing (n = 4), focal epileptiform discharges (n = 5), multifocal epileptiform discharges (n = 4), and generalized epileptiform discharges (n = 1).

Among those with focal epileptiform discharges, two patients (Patients 4 and 5) who developed status epilepticus and carried the heterozygous p.Arg403Cys variant demonstrated RHADS on EEG (Figure 2A). The predominant epileptiform abnormalities included spikes, spike-and-wave complexes, and polyspike-wave complexes. Detailed clinical information is provided in Figure 2B and Supplementary Table S1.
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FIGURE 2
Clinical features in our Chinese cohort. (A) The electroencephalogram (EEG) of patient 4 in Chinese cohort showed typical RHADS in the bilateral frontal and central regions (1s,100uv,1.0 Hz,70 Hz). (B) Distribution of clinical features in our Chinese cohort of 11 patients harboring DNM1l variants in the GTPase or middle domain. RHADS: rhythmic high amplitude delta waves with superimposed (poly)spikes, EEG: electroencephalogram, MRI: magnetic resonance imaging.


Six distinct de novo DNM1l variants were identified: p.Gly149Asn, p.Gly362Ser, p.Gly362Asp, p.Arg403Cys, p.Leu416Pro, and p.His384Pro. Patient 1 carried the p.Gly149Asn variant located in the GTPase domain, whereas the remaining 10 patients harbored variants in the middle domain (p.Gly362Ser, p.Gly362Asp, p.Arg403Cys, p.Leu416Pro, and p.His384Pro). Among these, the p.Arg403Cys variant was the most frequent, accounting for 54.5% (6 of 11) of cases (Figure 3).
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FIGURE 3
Overview of the domain structure of DNM1l, the identiffed variants at each domain. AD: autosomal dominant inheritance, AR: autosomal recessive inheritance.




3.2 Literature review


3.2.1 Clinical summary

A total of 82 patients with DNM1l-associated disorders have been reported across 32 articles from 2007 to June 2025, including the cases described in this study (4–6, 13–41). Of these, 16 patients presented with isolated dominant optic atrophy without neurological manifestations (13, 14). Consequently, the following analysis focuses on the remaining 66 patients of diverse ethnic and national backgrounds.

The median age at onset was 2.4 years (range, 0–14 years). The most common manifestations were developmental delay (59/66, 89.4%), epilepsy (44/66, 66.7%), dystonia (35/66, 53.0%), status epilepticus (32/66, 48.5%), ataxia (14/66, 21.2%), and failure to thrive (12/66, 18.2%). Additional features included microcephaly (n = 6), cardiomyopathy (n = 7), optic atrophy (n = 5), and peripheral neuropathy (n = 9). Follow-up data were available for 51 patients, among whom 17 deaths were reported.

Brain MRI abnormalities were reported in 80.3% (49 of 61) of cases, including cortical lesions (n = 10), basal ganglia or brainstem lesions (n = 17), white matter lesions (n = 8), cerebral atrophy (n = 29), and corpus callosum thinning or agenesis (n = 9). An elevated lactate peak on magnetic resonance spectroscopy was observed in 36.4% (4 of 11) of cases. EEG abnormalities were identified in 78% (32 of 41), most commonly diffuse slow-wave background activity (n = 21) and epileptiform discharges (n = 29). Re-analysis of 30 cases (13 articles with detailed EEG data along with our cohort) identified RHADS as a distinctive EEG feature in 9 patients. Hyperlactatemia was reported in 49.1% (27 of 55). Muscle biopsy, performed in 19 patients, demonstrated decreased respiratory chain enzyme activity in 6 cases and abnormal mitochondrial morphology in 5 cases.



3.2.2 DNM1l variants

To date, 38 distinct pathogenic or likely pathogenic variants have been reported in 82 cases (4–6, 13–41). Of these, 93.9% (77 of 82) exhibited an AD inheritance pattern, encompassing 33 distinct variants: 15 in the GTPase domain, 15 in the middle domain, and 3 in the GED domain. The remaining 5 cases showed AR inheritance, all involving variants in the GTPase domain (Figure 2). The p.Arg403Cys variant was identified in 21 patients, establishing this residue as a mutational hotspot of the DNM1l gene across diverse ethnic backgrounds. In addition, missense variants affecting glycine residue 362 were observed in six cases (p.Gly362Ser, n = 3; p.Gly362Asp, n = 3), suggesting a secondary hotspot at this position.



3.2.3 Genotype-phenotype correlation

A total of 66 cases (including our cohort and literature cases) were stratified into four groups based on inheritance pattern and variant location: GTPase domain/AD group (n = 15), middle domain/AD group (n = 43), GED domain/AD group (n = 3), and GTPase domain/AR group (n = 5), to enable domain-specific phenotype analysis (Figure 4A).
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FIGURE 4
The clinical and genetic spectrum and genotype-phenotype correlation analysis of DNM1l-related disorders. (A) The patients’ number in GTPase domain/AD group (n = 15), middle domain/AD group (n = 43), GED domain/AD group (n = 3), and GTPase domain/AR group (n = 5). (B) The age of death in GTPase vs. middle domain/AD group patients. (C) Survival analysis between GTPase and middle domain/AD group. (D) Distribution of the clinical features of patients in GTPase domain/AD group and middle domain/AD group. (E) The age of death in status epilepticus subgroup vs. infantile encephalopathy subgroup. (F) The age of onset in status epilepticus subgroup vs. infantile encephalopathy subgroup. * P < 0.05. AD: autosomal dominant inheritance, AR: autosomal recessive inheritance, RHADS: rhythmic high amplitude delta waves with superimposed (poly)spikes, EEG: electroencephalogram, MRI: magnetic resonance imagin.



3.2.3.1 Comparison of middle and GTPase domain/AD variants

The median age of onset was 2.5 years (range, 0–14 years) in the GTPase domain/AD group and 2.0 years (range, 0–13 years) in the middle domain/AD group (p = 0.39). The middle domain/AD group exhibited significantly higher rates of epilepsy (83.7% vs. 40%), status epilepticus (67.4% vs. 13.4%), and cerebral atrophy (61.0% vs. 45.5%) compared with the GTPase domain/AD group (all p < 0.05; Table 1). Conversely, the GTPase domain/AD group showed higher frequencies of peripheral neuropathy (40% vs. 4.7%) and ataxia (60% vs. 7%) (both p < 0.05; Table 1). Other clinical features—including developmental delay, dystonia, failure to thrive, microcephaly, cardiomyopathy, and optic atrophy—occurred at comparable frequencies between the two groups. EEG analysis revealed a significantly higher burden of epileptiform discharges in the middle domain/AD group (p < 0.05). Notably, RHADS was observed exclusively in nine middle domain/AD cases with status epilepticus, five of whom carried the p.Arg403Cys variant.



TABLE 1 Summary of key clinical features in patients with DNM1l variants in middle and GTPase domain/AD groups.



	Clinical data %(n/n)
	GTPase domain/AD(n = 15)
	Middle domain/AD(n = 43)





	Median age of onset (years)
	2.5 (range 0–14)
	2 (range 0–13)



	Died at the last follow-up
	13.3% (2/13)
	39.5% (12/30)



	Development delay
	86.7% (13/15）
	90.7% (39/43)



	Dystonia
	66.7% (10/15)
	44.2% (19/43)



	Epilepsy
	40.0% (6/15)
	83.7% (36/43)*



	Status epilepticus
	13.3% (2/15)
	62.8% (27/43)*



	Ataxia
	60.0% (9/15)
	7.0% (3/43)*



	Microcephalus
	20% (3/15)
	7.0% (3/43)



	Peripheral neuropathy
	40% (6/15)
	4.7% (2/43)*



	Failure to thrive
	13.3% (2/15)
	23.3% (10/43)



	Cardiomyopathy
	13.3% (2/15)
	11.6% (5/43)



	Optic atrophy
	13.3% (2/15)
	2.3% (1/43)



	Abnormal brain MRI
	61.5% (8/13)
	90.2% (37/41)*



	Cortical lesions
	7.7% (1/13)
	19.5% (8/41)



	White matter lesions
	23.1% (3/13)
	9.8% (4/41)



	Basal ganglia/brainstem lesions
	15.4% (2/13)
	31.7% (13/41)



	Cerebral atrophy
	23.1% (3/13)
	61.0% (25/41)*



	Corpus callosum thinning/absence
	23.1% (3/13)
	14.6% (6/41)



	Lactate peak in MRS
	-
	37.5% (3/8)



	Abnormal EEG
	63.6% (7/11)
	92.3% (24/26)*



	Epileptiform discharge
	45.5% (5/11)
	92.3% (24/26)*



	Slow background
	45.5% (5/11)
	57.7% (15/26)



	RHADS
	0/11
	34.6% (9/26)*



	Hyperlactacidemia
	41.7% (5/12)
	52.6% (20/38)



	Abnormal in muscle biopsy
	33.3% (1/3)
	78.6% (11/14)



	Abnormal morphology of mitochondria
	0/3
	35.7% (5/14)



	Decreased respiratory chain enzyme activity
	0/3
	28.6% (4/14)



	Nonspecific findings
	33.3% (1/3)
	28.6% (4/14)




	*Significantly different between middle and GTPase domain/AD group, p < 0.05.







Mortality differed markedly between groups. At last follow-up, two deaths (13.3%) were reported in the GTPase domain/AD group, occurring at ages 10 and 20 years, whereas the middle domain/AD group recorded 17 deaths (39.5%) with a median age at death of 1.8 years (range, 0.1–20 years). Survival analysis demonstrated a 4.2-fold higher mortality risk in the middle domain/AD group (95% CI, 1.8–9.6; log-rank p < 0.05) (Figures 4B–D).



3.2.3.2 Phenotypic heterogeneity in middle domain/AD group

Within the middle domain/AD group, 67.4% (29 of 43) of patients developed status epilepticus. This subgroup demonstrated a median age of disease onset of 3.5 years (range, 0–13) and seizure onset of 4.25 years (range, 1–13). At last follow-up, mortality was 26.3% (5 of 19), with a median age at death of 5 years (range, 3–20). Notably, all 21 patients carrying the p.Arg403Cys variant experienced status epilepticus. The remaining 8 cases carried variants including p.Gly362Asp (n = 2), p.Gly362Ser (n = 1), p.Phe370Cys (n = 1), p.Gly350Arg (n = 1), p.His384Pro (n = 1), and p.Gly401Ser (n = 2).

Conversely, the remaining 14 patients (32.6%) without status epilepticus presented with infantile encephalopathy. This subgroup exhibited significantly earlier symptom onset (median: 0 years; range, 0–0.8; p < 0.05) compared with the status epilepticus subgroup. Core clinical features included developmental delay (100%), dystonia (71.4%), failure to thrive (57.1%), respiratory distress (28.6%), and seizures (21.4%). Moreover, this subgroup showed significantly higher mortality [63.6% (7 of 11); p < 0.05] and an earlier median age at death (0.9 years; range, 0.1–2.5; p < 0.05) than patients with status epilepticus (Figures 4E–F).



3.2.3.3 GED domain/AD group

Only three cases within the GED domain/AD group have been reported to date. The p.Gln721Ter variant was associated with a distinctive phenotype characterized by paroxysmal hemiplegia, astigmatism, and strabismus. Conversely, the p.Arg710Gly and p.Tyr691Cys variants were linked to the core features of DNM1l-associated disorders, including dystonia, developmental delay, and seizures (Supplementary Table S2).



3.2.3.4 GTPase domain/AR group

Five variants (Figure 3) were identified in the AR state in five patients from three families. In two families, asymptomatic parents were confirmed to be heterozygous carriers of the following variants: p.Ser36Gly, p.Glu116Lysfs6, and p.Thr115Met. Two siblings with biallelic truncating variants (p.Trp88Metfs9 and p.Glu129Lysfs6) presented with severe dystonia and respiratory distress at birth and died at 8 and 21 days, respectively—representing the most severe phenotype reported to date in DNM1l-associated disorders. The remaining three patients exhibited profound developmental delay and dystonia from birth but survived, with ages ranging from 3 to 16 years at last follow-up (Supplementary Table S2).






4 Discussion

Mitochondria are highly dynamic organelles whose structure and organization are continuously remodeled through coordinated processes of division, fusion, and transport. DNM1l encodes DRP1, a highly conserved GTPase that is the primary mediator of mitochondrial and peroxisomal fission. In response to cellular signals, cytosolic DRP1 translocates to the mitochondrial outer membrane, where its distinct structural domains interact with specific receptors. The GTPase domain binds outer membrane receptors, the middle domain facilitates DRP1 oligomerization, and the GED enhances GTPase activity while stabilizing the DRP1 homodimer complex. Pathogenic DNM1l variants disrupt DRP1 oligomerization, impair GTPase-dependent constriction, and block mitochondrial fission, ultimately driving a broad spectrum of neurological disorders (21, 23, 27). Here, we described a cohort of 11 Chinese children with DNM1l variants, enriching the clinical and genetic information from the Chinese population, to improve our understanding of this rare disorder. The clinical phenotypes of these patients were consistent with previously reported cases. Notably, in a previously healthy school-aged child who developed status epilepticus clinically mimicking febrile infection-related epilepsy syndrome or Rasmussen encephalitis, immediate genetic testing was warranted to identify monogenic etiologies such as DNM1l variants. We conducted a comprehensive analysis of 66 patients with DNM1l variants, combining our Chinese cohort with published cases (excluding 16 patients with isolated dominant optic atrophy) (4–6, 13, 41). The age of onset ranged from birth to 14 years, with core manifestations including developmental delay, dystonia, epilepsy, ataxia, and failure to thrive. Additional features included microcephaly, cardiomyopathy, optic atrophy, and peripheral neuropathy. Although cardiomyopathy is rare in DNM1l-related phenotypes, it can present as an life-threatening feature that demands clinical vigilance. At last follow-up, one-third of patients had died. Most patients exhibited abnormal neuroimaging and EEG findings, with MRI abnormalities characterized by brain lesions, cerebral atrophy, and corpus callosum thinning or absence, whereas EEG alterations predominantly included diffuse slow-wave background activity and epileptiform discharges.

Pathogenic DNM1l variants are predominantly missense mutations, with several recurrent variants identified in unrelated patients. Residues Arg403 and Gly362 represent mutational hotspots, whereas other variants are distributed across the gene, clustering mainly within the GTPase and middle domains. DNM1l-related disorders display both dominant and recessive inheritance patterns, although most pathogenic variants occur in the heterozygous state. Domain-specific phenotype analysis demonstrated clear differences between patients with heterozygous variants in the GTPase and middle domains. Middle domain variants were associated with significantly higher risks of epilepsy, status epilepticus, cerebral atrophy, and poorer clinical outcomes. Importantly, RHADS on EEG were observed exclusively in patients with middle domain variants. Conversely, carriers of GTPase domain variants exhibited comparatively stable clinical courses, indicating milder pathogenicity, with peripheral neuropathy and ataxia occurring more frequently in this group.

Given that most patients carried heterozygous middle domain variants, we further analyzed phenotypic heterogeneity within this domain. Two distinct subgroups were identified.

Approximately two-thirds developed childhood-onset status epilepticus, with a mortality rate of 26.3% and a median age at death of 5 years. Notably, all 21 patients harboring the p.Arg403Cys variant presented with status epilepticus. Conversely, the remaining one-third, who did not develop status epilepticus, uniformly manifested infantile encephalopathy and showed markedly higher mortality with earlier death.

With only three reported cases harboring GED domain variants, phenotypic analysis remains limited. Nonetheless, a distinctive phenotype characterized by paroxysmal hemiplegia, astigmatism, and strabismus has been described, suggesting a potential GED-specific manifestation.

Only five pathogenic variants with recessive inheritance have been reported, all located in the GTPase domain. The two siblings with biallelic truncating variants presented the most severe phenotype, whereas three patients with biallelic missense variants demonstrated comparatively milder courses. These findings suggest that clinical severity may be influenced by variant type, although confirmation in larger cohorts is needed.

We also described the distinctive RHADS pattern in DNM1l-associated disorders. This EEG signature, previously described in mitochondrial diseases such as Alpers syndrome (7), is a hallmark of mitochondrial encephalopathy. In our re-analysis of 30 cases (including 13 published reports with EEG data and our cohort), RHADS was observed in 9 patients. All affected individuals presented with refractory status epilepticus and carried heterozygous variants in the middle domain of DRP1, five of whom harbored the recurrent p.Arg403Cys variant. These findings suggest that RHADS may serve as an early diagnostic marker and a prognostic indicator of disease severity. Larger studies are needed to validate its association with clinical and genetic features.

This study has several limitations. Although combining our cohort with retrospective literature data increased the sample size, it also introduced potential bias. Variability in clinical reporting, follow-up duration, and diagnostic methods across published cases may have affected comparability. In addition, heterogeneity in subgroup sizes limits the robustness of statistical analyses and raises the risk of overinterpretation, particularly in smaller subgroups. Despite these limitations—common to studies of ultra-rare diseases—our findings provide meaningful insights.

Validation through large-scale, prospective studies remains essential.



5 Conclusion

Our study provides a comprehensive clinical and genetic characterization of DNM1l-related disorders, underscoring genotype–phenotype correlations according to protein domain involvement. Importantly, we identify the distinctive RHADS electrographic signature as a potential EEG biomarker associated with specific clinical and genetic features. Validation of these findings in larger cohorts will be essential.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

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

XM: Conceptualization, Data curation, Formal analysis, Writing – original draft, Writing – review & editing. LH: Data curation, Writing – original draft, Writing – review & editing. HS: Data curation, Resources, Writing – review & editing. HX: Data curation, Formal analysis, Writing – review & editing. SD: Data curation, Resources, Writing – review & editing. FF: Funding acquisition, Project administration, Resources, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the National Natural Science Foundation of China (Grant No. 82271493), R&D Program of the Beijing Municipal Education Commission (Grant No. KZ202210025033), and Chinese Institutes for Medical Research, Beijing (Grant No. CX24PY27).



Acknowledgments

We thank the patients, clinicians, and laboratory scientists for their contribution to this study.



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.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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/fped.2025.1672700/full#supplementary-material



References


	1. Smirnova E, Griparic L, Shurland DL, van der Bliek AM. Dynamin-related protein Drp1 is required for mitochondrial division in mammalian cells. Mol Biol Cell. (2001) 12(8):2245–56. doi: 10.1091/mbc.12.8.2245


	2. Ishihara N, Nomura M, Jofuku A, Kato H, Suzuki SO, Masuda K, et al. Mitochondrial fission factor Drp1 is essential for embryonic development and synapse formation in mice. Nat Cell Biol. (2009) 11(8):958–66. doi: 10.1038/ncb1907


	3. Wakabayashi J, Zhang Z, Wakabayashi N, Tamura Y, Fukaya M, Kensler TW, et al. The dynaminrelated GTPase Drp1 is required for embryonic and brain development in mice. J Cell Biol. (2009) 186(6):805–16. doi: 10.1083/jcb.200903065


	4. Magistrati M, Zupin L, Lamantea E, Baruffini E, Ghezzi D, Legati A, et al. de novo DNM1l pathogenic variant associated with lethal encephalocardiomyopathy-case report and literature review. Int J Mol Sci. (2025) 26(2):846. (in english). doi: 10.3390/ijms26020846


	5. Berti B, Verrigni D, Nasca A, Di Nottia M, Leone D, Torraco A, et al. de novo DNM1l mutation in a patient with encephalopathy, cardiomyopathy and fatal non-epileptic paroxysmal refractory vomiting. Int J Mol Sci. (2024) 25(14):7782. (in english). doi: 10.3390/ijms25147782


	6. Liu X, Zhang Z, Li D, Lei M, Li Q, Liu X, et al. DNM1l-Related Mitochondrial fission defects presenting as encephalopathy: a case report and literature review. Front Pediatr. (2021) 9:626657. (in english). doi: 10.3389/fped.2021.626657


	7. Li H, Wang W, Han X, Zhang Y, Dai L, Xu M, et al. Clinical attributes and electroencephalogram analysis of patients with varying Alpers’ syndrome genotypes. Front Pharmacol. (2021) 12:669516. (in english). doi: 10.3389/fphar.2021.669516


	8. Zhao X, Yu M, Zhang W, Hou Y, Yuan Y, Wang Z. Demographic characteristics, diagnostic challenges, treatment patterns, and caregiver burden of mitochondrial diseases: a retrospective crosssectional study. Orphanet J Rare Dis. (2024) 19(1):287. (in english). doi: 10.1186/s13023-024-03289-5


	9. Wang X, Zeng Y, Tian J, Xu H, Song F, Guo Y, et al. A brief introduction to the FUTang updating medical REcords (FUTURE) database. Pediatr Investig. (2021) 5(3):247–8. doi: 10.1002/ped4.12297


	10. Li H, Durbin R. Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics. (2009) 25(14):1754–60. (in english). doi: 10.1093/bioinformatics/btp324


	11. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of the American college of medical genetics and genomics and the association for molecular pathology. Genet Med. (2015) 17(5):405–24. (in english). doi: 10.1038/gim.2015.30


	12. Biesecker LG, Byrne AB, Harrison SM, Pesaran T, Schäffer AA, Shirts BH, et al. Clingen guidance for use of the PP1/BS4 co-segregation and PP4 phenotype specificity criteria for sequence variant pathogenicity classification. Am J Hum Genet. (2024) 111(1):24–38. (in english). doi: 10.1016/j.ajhg.2023.11.009


	13. Gerber S, Charif M, Chevrollier A, Chaumette T, Angebault C, Kane MS, et al. Mutations in DNM1l, as in OPA1, result in dominant optic atrophy despite opposite effects on mitochondrial fusion and fission. Brain. (2017) 140(10):2586–96. doi: 10.1093/brain/awx219


	14. Barbet F, Hakiki S, Orssaud C, Gerber S, Perrault I, Hanein S, et al. A third locus for dominant optic atrophy on chromosome 22q. J Med Genet. (2005) 42(1):e1. doi: 10.1136/jmg.2004.025502


	15. Waterham HR, Koster J, van Roermund CW, Mooyer PA, Wanders RJ, Leonard JV. A lethal defect of mitochondrial and peroxisomal fission. N Engl J Med. (2007) 356(17):1736–41. (in english). doi: 10.1056/NEJMoa064436


	16. Vanstone JR, Smith AM, McBride S, Naas T, Holcik M, Antoun G, et al. DNM1l-related Mitochondrial fission defect presenting as refractory epilepsy. Eur J Hum Genet. (2016) 24(7):1084–8. doi: 10.1038/ejhg.2015.243


	17. Yoon G, Malam Z, Paton T, Marshall CR, Hyatt E, Ivakine Z, et al. Lethal disorder of mitochondrial fission caused by mutations in DNM1l. J Pediatr. (2016) 171:313–6 e1-2. doi: 10.1016/j.jpeds.2015.12.060


	18. Chao YH, Robak LA, Xia F, Koenig MK, Adesina A, Bacino CA, et al. Missense variants in the middle domain of DNM1l in cases of infantile encephalopathy alter peroxisomes and mitochondria when assayed in Drosophila. Hum Mol Genet. (2016) 25(9):1846–56. doi: 10.1093/hmg/ddw059


	19. Sheffer R, Douiev L, Edvardson S, Shaag A, Tamimi K, Soiferman D, et al. Postnatal microcephaly and pain insensitivity due to a de novo heterozygous DNM1l mutation causing impaired mitochondrial fission and function. Am J Med Genet A. (2016) 170(6):1603–7. doi: 10.1002/ajmg.a.37624


	20. Fahrner JA, Liu R, Perry MS, Klein J, Chan DC. A novel de novo dominant negative mutation in DNM1l impairs mitochondrial fission and presents as childhood epileptic encephalopathy. Am J Med Genet A. (2016) 170(8):2002–11. doi: 10.1002/ajmg.a.37721


	21. Nasca A, Legati A, Baruffini E, Nolli C, Moroni I, Ardissone A, et al. Biallelic mutations in DNM1l are associated with a slowly progressive infantile encephalopathy. Hum Mutat. (2016) 37(9):898–903. doi: 10.1002/humu.23033


	22. Diez H, Cortes-Saladelafont E, Ormazabal A, Marmiese AF, Armstrong J, Matalonga L, et al. Severe infantile parkinsonism because of a de novo mutation on DLP1 mitochondrial-peroxisomal protein. Mov Disord. (2017) 32(7):1108–10. doi: 10.1002/mds.27021


	23. Hogarth KA, Costford SR, Yoon G, Sondheimer N, Maynes JT. DNM1l variant alters baseline mitochondrial function and response to stress in a patient with severe neurological dysfunction. Biochem Genet. (2018) 56(1-2):56–77. doi: 10.1007/s10528-017-9829-2


	24. Ryan CS, Fine AL, Cohen AL, Schiltz BM, Renaud DL, Wirrell EC, et al. de novo DNM1l variant in a teenager with progressive paroxysmal dystonia and lethal super-refractory myoclonic Status epilepticus. J Child Neurol. (2018) 33(10):651–8. doi: 10.1177/0883073818778203


	25. Ladds E, Whitney A, Dombi E, Hofer M, Anand G, Harrison V, et al. de novo DNM1l mutation associated with mitochondrial epilepsy syndrome with fever sensitivity. Neurol Genet. (2018) 4(4):e258. doi: 10.1212/NXG.0000000000000258


	26. McCormack M, McGinty RN, Zhu X, Slattery L, Heinzen EL, Consortium E, et al. De-novo mutations in patients with chronic ultra-refractory epilepsy with onset after age five years. Eur J Med Genet. (2020) 63(1):103625. doi: 10.1016/j.ejmg.2019.01.015


	27. Verrigni D, Di Nottia M, Ardissone A, Baruffini E, Nasca A, Legati A, et al. Clinical-genetic features and peculiar muscle histopathology in infantile DNM1l-related mitochondrial epileptic encephalopathy. Hum Mutat. (2019) 40(5):601–18. (in english). doi: 10.1002/humu.23729


	28. Schmid SJ, Wagner M, Goetz C, Makowski C, Freisinger P, Berweck S, et al. A de novo dominant negative mutation in DNM1l causes sudden onset Status epilepticus with subsequent epileptic encephalopathy. Neuropediatrics. (2019) 50(3):197–201. (in english). doi: 10.1055/s-0039-1685217


	29. Vandeleur D, Chen CV, Huang EJ, Connolly AJ, Sanchez H, Moon-Grady AJ. Novel and lethal case of cardiac involvement in DNM1l mitochondrial encephalopathy. Am J Med Genet A. (2019) 179(12):2486–9. doi: 10.1002/ajmg.a.61371


	30. Whitley BN, Lam C, Cui H, Haude K, Bai R, Escobar L, et al. Aberrant Drp1-mediated mitochondrial division presents in humans with variable outcomes. Hum Mol Genet. (2018) 27(21):3710–9. (in english). doi: 10.1093/hmg/ddy287


	31. Mancardi MM, Nesti C, Febbo F, Cordani R, Siri L, Nobili L, et al. Focal status and acute encephalopathy in a 13-year-old boy with de novo DNM1l mutation: video-polygraphic pattern and clues for differential diagnosis. Brain Dev. (2021) 43(5):644–51. (in english). doi: 10.1016/j.braindev.2020.12.017


	32. Wei Y, Qian M. Case report: a novel de novo mutation in DNM1l presenting with developmental delay, ataxia, and peripheral neuropathy. Front Pediatr. (2021) 9:604105. (in english). doi: 10.3389/fped.2021.604105


	33. Longo F, Benedetti S, Zambon AA, Sora MGN, Di Resta C, De Ritis D, et al. Impaired turnover of hyperfused mitochondria in severe axonal neuropathy due to a novel DRP1 mutation. Hum Mol Genet. (2020) 29(2):177–88. doi: 10.1093/hmg/ddz211


	34. Keller N, Paketci C, Edem P, Thiele H, Yis U, Wirth B, et al. de novo DNM1l variant presenting with severe muscular atrophy, dystonia and sensory neuropathy. Eur J Med Genet. (2021) 64(2):104134. (in english). doi: 10.1016/j.ejmg.2020.104134


	35. Nolden KA, Egner JM, Collier JJ, Russell OM, Alston CL, Harwig MC, et al. Novel DNM1l variants impair mitochondrial dynamics through divergent mechanisms. Life Science Alliance. (2022) 5(12):e202101284. (in english). doi: 10.26508/lsa.202101284


	36. Minghetti S, Giorda R, Mastrangelo M, Tassi L, Zanotta N, Galbiati S, et al. Epilepsia partialis continua associated with the p.Arg403Cys variant of the DNM1l gene: an unusual clinical progression with two episodes of super-refractory status epilepticus with a 13-year remission interval. Epileptic Disord. (2022) 24(1):176–82. (in english). doi: 10.1684/epd.2021.1375


	37. Wang AS, Lemire G, VanNoy GE, Austin-Tse C, O'Donnell-Luria A, Kilbane C. DNM1l Variant presenting as adolescent-onset sensory neuronopathy, spasticity, dystonia, and ataxia. J Pediatr Neurol. (2023) 21(6):475–8. (in english). doi: 10.1055/s-0043-1771352


	38. Zhang Z, Bie X, Chen Z, Liu J, Xie Z, Li X, et al. A novel variant of DNM1l expanding the clinical phenotypic spectrum: a case report and literature review. BMC Pediatr. (2024) 24(1):104. (in english). doi: 10.1186/s12887-023-04442-y


	39. Liu J, Hu J, Duan Y, Tan Y, Gao Q, Wu G. Expanding the phenotypic spectrum of DNM1-related disorders: novel GTPase domain variants and their diverse neurological outcomes. Neurol Sci. (2025) 46(6):2809–17. (in english). doi: 10.1007/s10072-024-07974-y


	40. Wangler MF, Assia Batzir N, Robak LA, Koenig MK, Bacino CA, Scaglia F, et al. The expanding neurological phenotype of DNM1l-related disorders. Brain J Neurol. (2018) 141(4):e28. (in english). doi: 10.1093/brain/awy024


	41. Assia Batzir N, Bhagwat PK, Eble TN, Liu P, Eng CM, Elsea SH, et al. de novo missense variant in the GTPase effector domain (GED) of DNM1l leads to static encephalopathy and seizures. Cold Spring Harb Mol Case Stud. (2019) 5(3):a003673. (in english). doi: 10.1101/mcs.a003673






OPS/images/fped-13-1672700-g004.jpg
[g)

A B

5 100 - GTPase domain/AD
GTPase DomainiAD{ 15 H - Middle Domain/AD
a
GTPase Domain/AR|
e 5 Middle DomainiAD| |- f*{ [
Wade Domainiao] o - f
§
GED Domain/AD3 g
s
4
o 2 % 4 o
Patients () Age of Death 0 10 20 30 40
Follow-up Time (years)
D GTPase domain/AD (n=15)
Widdle domain/AD (n=43)
* * *
100% * n nn
n
80% * % %
nn n
0%
i *
40% 'y n
20%
L S i e A o S A
g ] ER- zZzgEzegegezgen s
3 §335:§£§85¢:S5s585¢::4¢8s5¢8
3 23 £ 8£38¢g8 =2 % 0w 8T S Lz
E b § 28285833333 Egow
H 8 3 Eg f§ 05 35 &£ 3 -]
g ¢ §2:s£:sfEEERPE2cé
g H EEF 5°C %8 ESS 20 E 2 5 3
) k] s &3 $ 28053 & 8 5 g
g @ g £ 3 = B E 3 g »
8 H b H £ 3
< 3
8 H
@ g
8
L i '
Clinical Features MRI EEG

T ——— Intale Encephalopaty Subgroup JB)

Status Epilepticus Subgroup- Epilepticus Subgroup| o} i | e

Age of Onset (years) Age of Death (years)





OPS/images/fped-13-1672700-g003.jpg
Domains

| |DNM1L |

Variants

AD

AR

GTP-binding motifs (G1-G4) for
guanine nucleotide binding and
hydrolysis

31 Cases/15 Variants

5 Cases

GTPase domain

dom:

Middle domain
Mediating
oligomerization via intra-
and intermolecular

ain interactions

Middle

p.
p. Ser39Asn x 2 p.
p. Ser39Gly p.
p. Thr59Asn p
p. Thré5Pro p
p. Gly149Arg A p
p.
p. Gly223val [}
p. Leu230dup p.
p.Vald1Met p.
p. Gly32Ala x 2 p.
p. Asp146Asn p.
p. Gly149Glu p
p. Gly38_Gln40delins p.
SerGlyHis p
p. Glu153Lys
p. Ser36Gly

p. Glu116Lysfs*6
p. Trp88Metfs*9
p. Glu129Lys*6
p.Thr115Met

. Gly350Arg

. Gly362Ser x 3 A
. Gly362Asp x3 A
. Gly363Asp

. Phe370Cys

. Glud79Lys

. His384Pro A

. Ala395Gly x 2

. Ala395Asp

. Gly401Ser x 3

. Arg403Cys x 21
. Glu410Lys

. Leud16Pro A

. Cys431Tyrx 2

. Cys446Phe

GTPase effector domain

Mediating

oligomerization via intra-
and intermolecular
domain interaction

5026356 63F—————736

DNM1L NP_036192.2

p. Tyr691Cys
p. Arg710Gly
p. GIn721Ter

A Variants Presented in Our Case Series

s Variants Only Presented in 16 Cases with Isolated

Dominant Optic Atrophy

3 Cases





OPS/images/fped-13-1672700-g002.jpg
RN MMH
e

MWW
"«'WWWWWM

e A L a wva/‘\«wvwwwmwwww«f

W S

W\/\'\W\/’\W
- e Ea ey Rrveefi v MO S hor VRN vl W i s YR B

RHADSH 2 Patients with Middle Domain Variants (n=10)
Slow Background-| 4

) Patient with GTPase Domain Variant (n=1)
w | Generalized Epileptiform Discharges-
w " " " Di

Focal Epilepti Di 5
L Abnormal EEG-] 10
Thinning of Corpus Callosum=|
Cerebral Atrophy-| 8
Thalamic Lesions=|
White Matter Lesions=]

L Cortical Lesions=] 3

Hyperlactacidemia-{ Bl
Respiratory Failure-| 8
Peripheral Neuropathy-{

Status Epilepticus=| 8

Epilepsy~ 10
L Developmental Delay={

Clinical Features

@

0 5 10 15
Patients (n)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical and genetic characterization of DNM1l-related disorders: insights into genotype–phenotype correlations

		1 Introduction



		2 Materials and methods



		2.1 Patients



		2.2 Molecular analysis



		2.3 Literature review



		2.4 Statistical analysis











		3 Results



		3.1 Case series



		3.2 Literature review



		3.2.1 Clinical summary



		3.2.2 DNM1l variants



		3.2.3 Genotype-phenotype correlation



		3.2.3.1 Comparison of middle and GTPase domain/AD variants



		3.2.3.2 Phenotypic heterogeneity in middle domain/AD group



		3.2.3.3 GED domain/AD group



		3.2.3.4 GTPase domain/AR group



























		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References



















OPS/images/fped-13-1672700-g001.jpg
Our Cohort (n=11) Literature Cases (n=55)

509 Articles identified in preliminary search
477 Excluded after title and abstract screening

Cases from Wuhan PubMed = 268
Children’s Hospital (n=3) Science Direct = 51
OviSP =190
Duplicate articles excluded = 196
Not relevant to study design =217
Chlldren S Hospl!al (n=8) Review articles = 16

Poster =1

Not English articles = 39
Cases with incomplete clinical documents=5

5,",'::::;;25 ::)afses 4—-| 32 Articles reviewed (71 literature cases )

spectrum of

DNM1L Variants

2 Articles excluded

(16 cases with isolated dominant
optic atrophy without neurological
manifestations)

| 30 Articles reviewed (55 literature cases) |

v
Enrolled 66 cases for clinical features and genotype-phenotype correlation analysis |







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

Clinical and genetic characterization of DNM1I-
related disorders: insights into genotype-
phenotype correlations








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





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





