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Monogenic Isolated Dystonia Overview
Summary
The purpose of this overview is to:
1. Briefly describe the clinical characteristics of monogenic isolated dystonia;
2. Review the genetic causes of monogenic isolated dystonia;
3. Review the differential diagnosis of monogenic isolated dystonia with a focus on genetic conditions;
4. Provide an evaluation strategy to identify a monogenic cause of isolated dystonia in a proband (when possible);
5. Review management of monogenic isolated dystonia;
6. Inform genetic counseling of family members of an individual with monogenic isolated dystonia.
[bookmark: _1._Clinical_Characteristics]1. Clinical Characteristics of Monogenic Isolated Dystonia
Dystonia is defined as a movement disorder characterized by sustained or intermittent abnormal movements, postures, or both. Dystonic movements and postures are typically patterned and repetitive and may be tremulous or jerky. They are often initiated or worsened by voluntary action and are frequently associated with overflow movements [Albanese et al 2025].
Similar to dystonia in general, monogenic forms of dystonia are categorized into two groups based on associated clinical features, following the recommendations of an international expert panel [Albanese et al 2025]:
· Isolated dystonia (the subject of this GeneReview). Dystonia is the only presentation without other motor or neurologic features. Individuals with isolated dystonia may have dystonic tremor that accompanies dystonia and does not represent a separate movement disorder.
· Combined dystonia. All other forms of dystonia are considered combined dystonia (see Differential Diagnosis) and are divided into three subgroups:
· Combined with other separate movement disorder entities (e.g., myoclonus, tremor, chorea, parkinsonism, ataxia) 
· Combined with other neurologic features (e.g., corticospinal signs, epilepsy, developmental delay)
· Combined with systemic features (e.g., liver disease, kidney disease)
The clinical diagnosis of isolated dystonia is based on a detailed clinical neurologic examination and the absence of additional features. 
Dystonia can be further classified clinically based on age at onset, body distribution (see Table 1), temporal pattern, and associated features [Albanese et al 2025].
Age of onset
· Infancy (neonatal to 2 years)
· Childhood (3-12 years)
· Adolescence (13-20 years)
· Early adulthood (21-40 years)
· Late adulthood (>40 years)
Body distribution. See Table 1.
Table 1. Type of Dystonia by Affected Body Part
	Type
	# of Body Parts Affected
	Comment

	Focal 1
	1
	Examples:
· Eyelids (blepharospasm)
· Mouth (oromandibular dystonia, musician's cramp)
· Larynx (dystonic adductor dysphonia, "whispering dysphonia")
· Neck (cervical dystonia, previously known as spasmodic torticollis)
· Hand & arm (writer's cramp)

	Segmental
	2-3 contiguous body parts
	Examples:
· Axial (neck & trunk)
· Brachial (1 arm & trunk; both arms ± neck ± trunk)
· Crural (1 leg & trunk; both legs ± trunk)

	Multifocal
	2-3 non-contiguous body parts
	Examples: 
· Faciobrachial (blepharospasm & writer's cramp)
· Bibrachial (both hands)

	Hemidystonia
	≥2
	Unilateral involvement of the upper and the lower limbs (w/ or w/o trunk, neck, or cranial regions)

	Generalized
	≥3
	Dystonia distribution that goes beyond segmental or multifocal and does not qualify for hemidystonia. Examples:
· Trunk + 2 additional regions
· 3 or 4 limbs w/o trunk


1. Some focal dystonias may spread and eventually generalize.

Temporal pattern. The most recent nomenclature has three temporal descriptors, referring to onset, disease course, and variability.
· The onset of dystonia can be: 
· Acute (within minutes, often indicative of a functional [psychogenic] form);
· Subacute (within days to a few weeks, often in the case of an autoimmune process);
· Gradual (within several months or years, usually seen in common adult-onset focal dystonias). 
Onset indicates the first occurrence of symptoms or signs of dystonia until the first peak of severity. When possible, the age at onset should be indicative of the onset of dystonia rather than co-occurring problems (e.g., seizures and cognitive impairment). If this is not possible, the age at onset should indicate the age at which a motor disorder became evident.
· The disease course (from inception until clinical evaluation) can be: 
· Static (persistent, with little or no variations in symptoms and signs during natural history);
· Progressive (worsening, with signs and symptoms that increase over time, perhaps related to neurodegeneration);
· Fluctuating (with variations in intensity or distribution of dystonia over several months). 
The course of dystonia may change with longer observation periods.
· The disease variability indicates changes in intensity or phenomenology of dystonia over shorter time periods than are considered under disease course, typically measurable during a day. This includes: 
· Paroxysmal dystonia (short, self-limited episodes of dystonia, often induced by a trigger, with a return to the preexisting neurologic state);
· Diurnal variability (circadian variations in the occurrence, severity, and phenomenology of dystonia, for instance, in GCH1-linked dopa-responsive dystonia.
When dystonic movements are the presenting or predominant sign, determining the form of dystonia (i.e., isolated or combined) can be challenging. Whereas gradual-onset focal or segmental dystonia can be classified as isolated in most adult-onset dystonia, this is true for fewer than half of those with childhood-onset dystonia [Zech et al 2020]. Therefore, the presence of dystonia in a child must be considered a potential sign of combined dystonia (and often more complicated disease) and warrants thorough assessment (see Differential Diagnosis). 
Nomenclature
Initially, monogenic dystonias were designated DYT followed by a number that represented the chronologic order in which the description of the phenotype and/or genetic discovery first appeared in the literature. Although some monogenic dystonias have a distinct phenotype, considerable phenotypic overlap can occur, making classification based on phenotype alone problematic (for example, DYT-THAP1 and DYT-VPS16 can mimic each other).
Because of the inconsistencies in the numeric DYT nomenclature, a naming system that combines the DYT designation and the name of the associated gene was proposed by Marras et al [2012] and is recommended by the Nomenclature of Genetic Movement Disorders by the International Parkinson's Disease and Movement Disorder Society Task Force [Lange et al 2022] (see Table 2). This naming system eliminates previously listed loci that were erroneous, duplicated, or unconfirmed. Disorders that are not predominantly dystonic are not labeled with a DYT prefix. In addition, distinguishing paroxysmal movement disorders by replacing DYT with PxMD is recommended [Marras et al 2016]. Paroxysmal movement disorders are not discussed in this chapter.
Although dystonia combined with systemic features (e.g., liver disease, kidney disease) has been referred to as complex dystonia, use of this term is no longer recommended due to lack of consensus regarding findings that would warrant a diagnosis of complex dystonia rather than combined dystonia [Albanese et al 2025]. 
[bookmark: _2._Causes_of]2. Causes of Monogenic Isolated Dystonia
Genes
The Movement Disorder Society Task Force for the Nomenclature of Genetic Movement Disorders currently recognizes more than 50 established dystonia genes, most of which are occasionally implicated in isolated dystonia [Lange et al 2022]. With ongoing sequencing efforts, the list of dystonia candidate genes continues to grow, with more than 400 potential dystonia-associated genes to date [Thomsen et al 2025]. 
Of the established dystonia-related genes, 12 genes are confirmed to be primarily associated with isolated dystonia (see Table 2). Collectively, pathogenic variants in the 12 known isolated dystonia-related genes account for less than 10% of isolated dystonia [Thomsen et al 2025]. This includes DYT-TOR1A as the most prevalent form (~2% of individuals), DYT-ANO3, DYT-GNAL, DYT-THAP1, and DYT-VPS16 (each ~1%), and DYT-KMT2B (~0.5-1%), while the six other forms are very rare (<0.1%).
Table 2. Monogenic Isolated Dystonia: Genes and Key Features
	Gene 1
	Disorder 2
	MOI
	Median Age at Onset (IQR)
	Phenotype
	Reference 2
	Genetically Related (Allelic) Disorders

	ANO3
	DYT-ANO3
	AD
	26 yrs (11-45)
	Mixed presentation w/generalized infantile-onset or focal/segmental adult-onset dystonia
	Lange et al [2021]
	

	AOPEP
	DYT-AOPEP
	AR
	20 yrs (17-24)
	Early-onset, progressive, generalized dystonia
	Thomsen et al [2023]
	

	EIF2AK2
	DYT-EIF2AK2
	AD
	5 yrs (3-10)
	Childhood-onset generalized dystonia, sometimes w/cognitive impairment
	Thomsen et al [2023]
	EIF2AK2-NDD (w/o prominent dystonia) 3

	EIF4A2
	DYT-EIF4A2
	AD
	22 yrs (12-53)
	Variable onset; upper-body dystonia w/tremor
	Harrer et al [2023]
	EIF4A2-NDD 4

	GNAL
	DYT-GNAL
	AD
(AR) 5
	40 yrs (25-47)
	Mostly adult-onset cervical dystonia (focal/segmental)
	DYT-GNAL; Lange et al [2021]
	Dystonic features in chromosome 18p deletion syndrome (OMIM 146390) are attributed to involvement of GNAL. 6

	HPCA
	DYT-HPCA
	AR
	2 yrs (1-8)
	Childhood-onset, generalized, isolated/combined dystonia
	Lange et al [2021], Magrinelli et al [2022]
	Combined dystonia phenotypes (e.g., dystonia & chorea; dystonia & DD/ID, seizures, cognitive decline, & psychiatric comorbidities) 7

	KMT2B
	DYT-KMT2B
	AD
	6 yrs (0-43)
	Childhood-onset, progressive, isolated/combined dystonia
	KMT2B-Related Disorders
	KMT2B-NDD (non-dystonic)

	PRKRA
	DYT-PRKRA
	AR
	7 yrs (3-13)
	Childhood- or adolescence-onset generalized dystonia
	Lange et al [2021]
	

	THAP1
	DYT-THAP1
	AD
(AR) 5
	14 yrs (8-25)
	Adolescent-onset segmental/generalized dystonia
	Lange et al [2021]
	

	TOR1A
	DYT-TOR1A
	AD
	9 yrs (7-12)
	Childhood-onset generalized dystonia
	DYT-TOR1A; Lange et al [2021]
	Arthrogryposis multiplex congenita has been reported in persons w/biallelic pathogenic variants (OMIM 618947)

	TUBB4A
	DYT-TUBB4A
	AD
	22 yrs (18-25)
	Adult-onset laryngeal dystonia, often assoc w/cervical & upper-limb dystonia & frequent generalization
	Bally et al [2021]; Bally et al [2022]
	TUBB4A-related hypomyelinating leukodystrophy (OMIM 612438; see TUBB4A-Related Neurologic Disorders)

	VPS16
	DYT-VPS16
	AD
(AR) 5
	14 yrs (9-24)
	Early-onset generalized dystonia, often w/craniocervical & axial involvement
	Thomsen et al [2023]
	


AD = autosomal dominant; AR = autosomal recessive; DYT = dystonia; MOI = mode of inheritance; IQR = interquartile range; NDD = neurodevelopmental disorder
1. Genes are listed in alphabetical order.
2. MDSGene (based on Lange et al [2022])
3. Mao et al [2020]
4. Paul et al [2023]
5. Typically inherited in an autosomal dominant manner; autosomal recessive inheritance has been reported in a few families.
6. Braccia et al [2024]
7. Magrinelli et al [2022]
Disorders
DYT-ANO3
Number of affected individuals reported. To date, about 100 individuals have been reported. Pathogenic or likely pathogenic variants or variants of uncertain significance in ANO3 can be detected in up to 1% of individuals with dystonia [Olschewski et al 2019]. 
Age at onset. The median age at onset is 26 years (interquartile range [IQR]: 11-45 years; range: <1-69 years) with two peaks: one in the first decade of life and the second in the fifth decade of life (MDSGene). 
Clinical manifestations at onset and disease progression. The initial report described individuals with tremulous cervical dystonia with variably associated upper-limb dystonic tremor, with onset often in the fourth decade of life [Charlesworth et al 2012]. Subsequent reports have described other findings ranging from infantile-onset generalized dystonia, sometimes associated with myoclonus [Tunc et al 2019], to adult-onset focal (cervical) dystonia, often accompanied by tremor [Ma et al 2015]. Cervical involvement is typical. Head tremor can be the initial manifestation. Other commonly involved sites are the limbs (upper more than lower) and the craniofacial and laryngeal regions. Axial involvement is rare. 
Non-motor signs and symptoms are rarely reported in DYT-ANO3 [Lange et al 2021]. 
Mode of inheritance is autosomal dominant. 
Molecular genetics. DYT-ANO3 is caused by heterozygous pathogenic variants in ANO3 (previously C11orf25 and TMEM16C). ANO3 encodes anoctamin-3 and seems to directly interact with sodium-activated potassium channels that are involved in maintenance of the resting membrane potential and, therefore, neuronal excitability [Kim et al 2022].
The interpretation of pathogenicity of variants, usually missense variants, is challenging since pedigrees are often small and a wide spectrum of rare benign missense variants can be found in variant databases and in healthy individuals. Tests for protein function are available but are labor intensive and are not routinely applied [Charlesworth et al 2012]. Notably, in some individuals, the presence of a de novo ANO3 variant supports the pathogenicity of that variant [Zech et al 2017].
DYT-AOPEP
Number of affected individuals reported. Biallelic pathogenic variants in AOPEP were described for the first time in individuals with dystonia in four families by Zech et al [2022]. To date, almost 20 individuals from 10 families have been reported with overlapping phenotypes [Boesch & Zech 2025]. 
Age at onset. The median age at onset is 20 years (IQR: 17-24 years; range: 9-36 years) (MDSGene). 
Clinical manifestations at onset and disease progression. A disabling progressive dystonia predominantly affecting upper and lower extremities, with variable involvement of craniocervical muscles [Zech et al 2022]. Manifestations often start in the hands [Thomsen et al 2023]. Most individuals show generalized dystonia. 
Note: Intrafamilial variability and interfamilial variability are considerable. 
Non-motor signs and symptoms have not been reported in DYT-AOPEP. 
Mode of inheritance is autosomal recessive.
Molecular genetics. AOPEP (previously C9orf3) encodes aminopeptidase O, a zinc-dependent aminopeptidase, a member of a class of proteolytic enzymes implicated in synaptogenesis and neural maintenance [Zech et al 2022]. 
Almost all reported variants are truncating, loss-of-function variants (frameshift, splice site, or nonsense). 
DYT-EIF2AK2
Number of affected individuals reported. Pathogenic variants in EIF2AK2 were initially reported in a large family with early-onset generalized dystonia [Kuipers et al 2021]. To date, about 25 individuals with pathogenic variants in EIF2AK2 have been reported. 
Age at onset is usually in the first or second decade of life (median: 5 years; IQR: 3-10 years; range: 1-18 years). 
Clinical manifestations at onset and disease progression. Manifestations most frequently start in the limbs, often with subsequent generalization. Both upper limbs and lower limbs are involved with equal frequency [Thomsen et al 2023]. 
Other findings include spasticity (reported in several individuals) as well as developmental delay and cognitive impairment in some individuals (MDSGene). 
Reduced penetrance has been reported in heterozygous adults, including unaffected older family members [Kuipers et al 2021]. 
Mode of inheritance is autosomal dominant. 
Molecular genetics. EIF2AK2 (previously PRKR) encodes a kinase responsible for phosphorylation of EIF2A (eukaryotic translation initiation factor 2A). 
Most reported individuals are heterozygous for the recurrent missense variant NM_001135651.3:c.388G>A (p.Gly130Arg) (de novo in some individuals).
All pathogenic EIF2AK2 variants reported to date are located within one of the double-stranded RNA-binding motifs of the protein that is also the site of interaction with PRKRA (encoded by PRKRA, in which pathogenic variants cause the isolated dystonia DYT-PRKRA) [Thomsen et al 2024a].
In both DYT-EIF2AK2 and DYT-EIF4A2, the proteins encoded by the respective genes are part of a protein complex that mediates microRNA-dependent translational repression and, thus, is considered to have a role in the regulation of protein synthesis.
To date, no truncating variants have been described in individuals with DYT-EIF2AK2. 
[bookmark: _DYT-EIF4A2]DYT-EIF4A2
Number of affected individuals reported. To date, DYT-EIF4A2 has been reported in one study of 11 individuals from four families [Harrer et al 2023]. 
Age at onset. The median age at onset is 22 years with high variability (IQR: 12-53 years; range: 3-65 years). 
Clinical manifestations at onset and disease progression. Dystonia mainly affects the upper body. Onset in almost all individuals was in the upper limbs with additional cervical involvement. Cranial involvement is also frequent. Dystonic features of varying severity can include tremor and jerky movements resembling myoclonus. 
Other findings in about half of affected individuals often include mild, nonprogressive cognitive impairment or behavioral abnormalities [Harrer et al 2023]. 
Mode of inheritance is autosomal dominant.
Molecular genetics. EIF4A2 encodes eukaryotic initiation factor 4A-II (also referred to as eukaryotic translation initiation factor 4A2), which is part of a protein complex that mediates microRNA-dependent translational repression and thus is considered to have a role in the regulation of protein synthesis [Harrer et al 2023]. Two different frameshift variants and one in-frame deletion have been reported [Harrer et al 2023]. 
DYT-GNAL
Number of affected individuals reported. Pathogenic variants in GNAL were initially reported in families with adult-onset cervical dystonia that spread to involve cranial regions [Fuchs et al 2013]. To date, more than 100 individuals have been reported. 
Age at onset. The median age at onset is 40 years (IQR: 25-47 years, range: 2-68 years) (MDSGene).
Clinical manifestations at onset and disease progression. Onset is usually focal or segmental, and rarely generalized [Lange et al 2021]. Dystonia usually manifests first in the neck and commonly progresses to the cranial region (oromandibular/jaw, larynx, eyelids) and/or to one arm. 
Note: Intrafamilial variability and interfamilial variability are considerable. 
Reduced penetrance has been reported in heterozygous adults from several families, including family members age 9 to 51 years [Vemula et al 2013]. 
Mode of inheritance is typically autosomal dominant. Autosomal recessive inheritance has been reported in a few families. 
Molecular genetics. GNAL encodes guanine nucleotide-binding protein G(olf) subunit alpha, an alpha subunit of functional G protein-coupled receptors, considered to be involved in striatal dopamine signaling [Thomsen et al 2024a].The spectrum of pathogenic variants is broad, including missense and truncating variants but also whole-gene deletions.
A labor-intensive bioluminescence resonance energy transfer (BRET) assay is available to test the functionality of missense variants [Fuchs et al 2013].
DYT-HPCA
Number of affected individuals reported. Biallelic pathogenic variants in HPCA are a rare cause of dystonia that was first reported in 2015 in two families [Charlesworth et al 2015]. Since then, only about five additional families have been described in the literature (MDSGene). 
Age at onset. The median age at onset is two years (IQR: 1-8 years; range: 0-20 years).
Clinical manifestations at onset and disease progression. Although dystonia usually starts in the first decade of life, onset in one individual was reported in the early 20s. 
Onset sites are variable (neck, trunk, or limbs). Dystonia is typically severe, often involving the craniocervical region, all limbs, and the trunk. 
Mode of inheritance is autosomal recessive.
Molecular genetics. HPCA encodes neuron-specific calcium-binding protein hippocalcin. Truncating and missense variants, usually homozygous, have been reported. Most reported missense variants are in the calcium-binding EF-hand 2 domain. 
DYT-KMT2B
Number of affected individuals reported. Pathogenic heterozygous KMT2B variants were first reported by two independent groups at the end of 2016 and in early 2017 [Zech et al 2016, Meyer et al 2017]. To date, more than 200 individuals heterozygous for a KMT2B pathogenic variant have been described.
Age at onset. The median age at onset is six years (range: 0-43 years) [Lange et al 2021].
Clinical manifestations at onset and disease progression. Dystonia typically evolves from lower-limb focal dystonia into generalized dystonia with prominent cervical, cranial, and laryngeal involvement. Communication difficulties secondary to articulation difficulties (dysarthria) and low speech volume (hypophonia) are common. Bulbar dysfunction can lead to impaired swallowing with an increased risk of aspiration and need for gastrostomy tube placement in some. Approximately 27% of individuals have additional movement disorders including spasticity (~10%), myoclonus (~7%), tremor (~7%), chorea (~2%), and ataxia (~1.5%).
Most individuals have additional neurologic or systemic manifestations including intellectual disability / developmental delay, other movement disorders (myoclonus, spasticity, tremor, ataxia, eye movement abnormalities), and neurobehavioral/psychiatric manifestations (e.g., attention-deficit/hyperactivity disorder, anxiety, depression, and obsessive-compulsive disorder.)
Mode of inheritance is autosomal dominant.
Molecular genetics. KMT2B encodes histone-lysine N-methyltransferase 2B (KMT2B), a ubiquitously expressed lysine-specific histone methyltransferase. KMT2B, a member of the SET/MLL protein family, is specifically involved in histone H3 lysine 4 (H3K4) methylation. Histone methylation is a post-translational epigenetic mechanism that either represses or activates gene transcription in a residue-specific manner [Shi & Whetstine 2007, Shilatifard 2008]. The histone methylation is accompanied by characteristic DNA methylation (episignature), which can serve as a functional readout to differentiate pathogenic KMT2B variants from benign variants [Mirza-Schreiber et al 2022, da Silva Carvalho et al 2024, Thomsen et al 2024b].
About 88% of affected individuals have a heterozygous pathogenic (or likely pathogenic) variant involving KMT2B; about 12% have a heterozygous deletion of 19q13.11-19q13.12 involving KMT2B.
[bookmark: _DYT-PRKRA]DYT-PRKRA
Number of affected individuals reported. First described by Camargos et al [2008], DYT-PRKRA has been reported in about 30 individuals from 15 families.
Biallelic pathogenic variants in PRKRA were initially reported in Brazilian individuals with combined dystonia-parkinsonism [Camargos et al 2008]. However, reevaluation of the phenotype and literature reviews revealed that parkinsonism is neither a predominant nor a consistent finding, although the number of reported individuals is low (about 30 individuals from 15 families) [Lange et al 2021]. 
Age at onset. The median age at onset is seven years (IQR: 3-13 years; range: 1-53 years) (MDSGene). 
Clinical manifestations at onset and disease progression. Manifestations usually start in the first or second decade of life, most often in a limb (upper limb more often than lower limb). Most individuals have generalized dystonia, including limb dystonia and laryngeal, craniofacial, cervical, and axial involvement. Laryngeal dystonia is often associated with dysphonia and/or dysarthria [Lange et al 2022]. 
Developmental delay and/or cognitive impairment have been described in about one third of individuals. 
Mode of inheritance is autosomal recessive. 
Molecular genetics. PRKRA encodes interferon-inducible double-stranded RNA-dependent protein kinase activator A, a kinase that is involved in the eIF2a pathway and, thus, linked to the integrated stress response [Calakos & Caffall 2024]. 
Most affected individuals are homozygous for the missense variant NM_003690.4:c.665C>T (p.Pro222Leu). To date, only missense variants have been identified in DYT-PRKRA.
DYT-THAP1
Number of affected individuals reported. Heterozygous pathogenic variants in THAP1 were initially reported in three Amish Mennonite families with a clinical presentation of mostly segmental or generalized dystonia [Fuchs et al 2009]. 
DYT-THAP1 is probably the third most frequent monogenic isolated dystonia, with about 300 reported individuals to date. A large-scale exome sequencing study found pathogenic THAP1 variants in almost 1% of individuals with dystonia [Thomsen et al 2025]. 
Age at onset is usually in the first or second decade of life but very rarely in infancy (median: 14 years; IQR: 8-25 years; range: 1-63 years) (MDSGene). 
Clinical manifestations at onset and disease progression. The onset site varies and includes the upper limbs, neck, or craniofacial/laryngeal regions. Manifestations are mainly in the upper body with prominent craniocervical, arm, and axial involvement. A segmental/multifocal or generalized distribution is more frequent than focal dystonia. Dystonia affecting the tongue, larynx, and face is common, with many individuals having dysphonia or dysarthria. 
Additional manifestations are rarely reported in DYT-THAP1. 
Note: There is considerable interfamilial variability and intrafamilial variability [Lange et al 2021].
Mode of inheritance is typically autosomal dominant. Occasionally, autosomal recessive inheritance has been reported.
Several pathogenic variants were demonstrated to be de novo. 
Penetrance is highly reduced and estimated at ~50%.
Molecular genetics. THAP1 encodes THAP domain-containing 1, a transcription factor. Pathogenic variants either lack nuclear localization or the capacity to bind to DNA [Thomsen et al 2024a]. The heterozygous variants causing autosomal dominant DYT-THAP1 include truncating and missense variants as well as a whole-gene deletion. 
DYT-TOR1A
Number of affected individuals reported. A pathogenic recurrent TOR1A variant, the first identified monogenic cause of isolated dystonia [Ozelius et al 1997], was identified in the Ashkenazi Jewish population due to a founder effect. To date, more than 750 individuals from different ancestries have been reported in the literature. 
Age at onset. The median age at onset is nine years (IQR: 7-12 years; range: 0-70 years), with the majority having childhood onset (MDSGene). 
Clinical manifestations at onset and disease progression. DYT-TOR1A often starts as twisting of an extremity, usually in the upper limb and sometimes also in the lower limb; other onset sites are rare. Most individuals develop generalized dystonia; however, some present with multifocal/segmental dystonia, and even fewer with a focal distribution. Over the course of the disease, limb involvement is characteristic. While axial and cervical involvement is also seen in many individuals, only a few individuals have craniofacial or laryngeal involvement. 
Like other monogenic isolated dystonias, there is considerable interfamilial variability and intrafamilial variability.
Penetrance is highly reduced (estimated to be only 30%) [Lange et al 2021].
Mode of inheritance is autosomal dominant.
Molecular genetics. TOR1A (previously DYT1) encodes torsin-1A, a member of the AAA family of adenosine triphosphatases (ATPases) associated with diverse cellular activities. Torsin-1A dysfunction has been linked to alterations of the nuclear envelope [Goodchild et al 2005].
More than 98% of affected individuals have an in-frame 3-bp deletion c.907_909delGAG involving the highly conserved GAGGAG sequence in exon 5 (NM_000113.3:c.907_909delGAG [p.Glu303del]). The variant seems to be a mutation hotspot, and de novo occurrence has been demonstrated several times.
A few additional missense variants and another in-frame deletion have also been described. 
Note: A benign missense TOR1A variant (NM_000113.3:c.646G>C [p.Asp216His]) seems to modulate the penetrance of the GAG deletion and reduces it to only about 3% [Risch et al 2007]. 
DYT-TUBB4A
Number of affected individuals. A TUBB4A pathogenic heterozygous missense variant was first reported in a clinically well-defined multigenerational United Kingdom / Australian pedigree by two independent research teams in 2013 [Hersheson et al 2013, Lohmann et al 2013]. To date, about 20 individuals from eight families have been described, all with missense variants, including one unrelated individual with the same missense variant as the original family (NM_006087.4:c.4C>G [p.Arg2Gly]) [Keritam et al 2025]. 
Age at onset is often in the third decade of life (median: 22 years; IQR: 18-25 years; range: 2-60 years). 
Clinical manifestations at onset and disease progression. Laryngeal involvement is a hallmark feature of DYT-TUBB4A, and the larynx is often also the site of onset. Dystonia often affects other body parts also, including the neck and the upper limbs, with a tendency to generalize. A characteristic "hobby horse" gait has been reported in at least two unrelated families [Wilcox et al 2011, Bally et al 2021].
Penetrance. Although penetrance in the original family [Wilcox et al 2011] appeared to be complete, reduced penetrance has subsequently been reported in two additional families [Bally et al 2021].
Mode of inheritance is autosomal dominant.
Molecular pathogenesis TUBB4A encodes the brain-specific tubulin beta-4A chain isotope, an important component of the microtubule network. Pathogenic variants have been shown to impair microtubule-associated transport, including the transport of mitochondria [Vulinovic et al 2018].
DYT-VPS16
Number of affected individuals. VPS16 heterozygous variants were first reported as causal for dystonia by Steel et al [2020]. To date, more than 70 individuals have been described. 
DYT-VPS16 is one of the most common monogenic forms of isolated dystonia on a global scale. A large-scale exome sequencing study found pathogenic VPS16 variants in ~1% of individuals [Thomsen et al 2025]. 
Age at onset is usually in the first or second decade of life (median: 14 years; IQR: 9-24 years; range: 0-70 years) (MDSGene). 
Clinical manifestations at onset and disease progression. Onset is mostly in the upper body, involving the hand, neck, or oromandibular region. Over the course of the disease, limb involvement is prominent; cervical, laryngeal, and axial dystonia are common. In most individuals, dystonia is generalized [Thomsen et al 2023]. 
Additional features include cognitive impairment in about 10% and anxiety in about 5% (MDSGene). 
Penetrance. Older unaffected individuals who are heterozygous for a VPS16 pathogenic variant have been described, suggesting reduced penetrance in DYT-VPS16.
Mode of inheritance. DYT-VPS16 is mostly inherited in an autosomal dominant manner. 
Autosomal recessive inheritance has also been described, usually with biallelic missense variants that may individually (monoallelically) exert a milder effect. Cai et al [2016] suggested that homozygosity for a relatively frequent missense variant (supported by functional studies) in the Asian population was the cause of dystonia in a Chinese family with four affected sibs. Several additional individuals with biallelic pathogenic variants have been identified [K Lohmann & M Zech, unpublished data]. 
Molecular pathogenesis. VPS16 encodes vacuolar protein sorting-associated protein 16 homolog, a core subunit of the CORVET and HOPS (homotypic fusion and protein sorting) complexes, and thus links this form of isolated dystonia to autophagy and lysosomal function. The HOPS complex mediates the fusion of late endosomes and autophagosomes with lysosomes and, therefore, plays a fundamental role in removing misfolded or aggregated proteins and damaged cellular organelles [Thomsen et al 2024a].
Autosomal dominant inheritance is often associated with loss-of-function variants such as nonsense, frameshift, and splice site changes. 
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Dystonias are clinically and genetically highly heterogeneous, which complicates the genetic diagnosis and leads to a long list of differential diagnoses.
Pathogenic variants in genes that usually present with combined dystonia or even other movement disorders may also, albeit rarely, be found in individuals with isolated dystonia, including GCH1, PRKN, SGCE, SLC2A1, and CACNA1A [Thomsen et al 2025]. Among these differential diagnoses, DYT/PARK-GCH1 (see GTP Cyclohydrolase 1-Deficient Dopa-Responsive Dystonia) has great importance because it is responsive to levodopa treatment [Weissbach et al 2021].
Despite a positive family history in about 25% of individuals with dystonia, the diagnostic yield of genome sequencing is <50% and depends on age at onset (higher in individuals with early onset than in those with late onset), family history (higher when multiple family members have dystonia), distribution of dystonia (highest in generalized dystonia), and presence of additional features (lower in isolated dystonia than in combined dystonia) [Thomsen et al 2025]. 
The absence of an identifiable genetic cause in most individuals with isolated dystonia suggests that (1) additional, as-yet unidentified genes are associated with dystonia, (2) digenic and oligogenic contributions may play a role, and (3) acquired causes of dystonia may account for a proportion of isolated dystonia, particularly among individuals with later-onset focal dystonia (the most common dystonia phenotype observed in epidemiologic studies) [Zech et al 2020].
Table 3. Differential Diagnosis: Acquired Causes of Isolated Dystonia
	Cause
	Etiology
	Examples

	Acquired brain lesions
	Hypoxic insults
	Lesion-induced cerebral palsy, bronchopulmonary dysplasia

	
	Infections
	Creutzfeldt-Jakob disease, mycoplasma pneumonia, Japanese B encephalitis, tuberculosis

	
	Parainfectious disorders
	Reye syndrome, subacute sclerosing panencephalitis

	
	Autoimmune disorders
	Multiple sclerosis, antiphospholipid-antibody syndrome

	
	Metabolic disorders
	Kernicterus, hypoparathyroidism, central pontine myelinolysis

	
	Vascular insults
	Stroke, arteriovenous malformation

	
	Traumatic brain injury
	

	
	Space-occupying lesions
	

	
	Intoxications
	Carbon monoxide, manganese

	Drug-induced dystonia
	Neuroleptics
	

	
	Anticonvulsants
	

	Psychogenic dystonia
	Unknown
	See Geroin et al [2024] & Cherian et al [2025].
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Genomic/Genetic Testing
Genetic testing is an essential component of establishing a specific dystonia diagnosis and initiating appropriate treatment (see Genetic Counseling). 
Molecular genetic testing approaches, in general, can include a combination of gene-targeted testing (multigene panel, single gene testing) and comprehensive genomic testing (exome sequencing, genome sequencing). Gene-targeted testing requires the clinician to hypothesize which gene(s) are likely involved; genomic testing does not.
Comprehensive genomic testing. Exome sequencing is most commonly used; genome sequencing is also possible [Zech et al 2025]. 
Given the extensive genetic heterogeneity of monogenic isolated dystonia, diagnostic gene-specific approaches or panels are often impractical, making comprehensive genomic methods like exome or genome sequencing the most efficient path to diagnosis [Thomsen et al 2025]. These screening strategies can also be reanalyzed to include novel disease genes, increasing the diagnostic yield in the long term [Laurie et al 2025]. 
Since nucleotide repeat expansions have not been identified to be associated with (isolated) dystonia to date, and complex structural rearrangements are only rarely identified as pathogenic mechanisms in genetic dystonias, short-read next-generation sequencing approaches are currently considered a sufficient approach. The diagnostic yield of long-read sequencing (LRS) in dystonia is not yet well-known and is an area under investigation [Wirth et al 2025]. In a pilot study, LRS was shown to improve resolution and/or interpretation of specific variant types related to dystonia such as structural variants and unphased variants [Sorrentino et al 2025].
[bookmark: _Hlk196395029][bookmark: _Hlk62639770]For an introduction to comprehensive genomic testing click here. More detailed information for clinicians ordering genomic testing can be found here.
[bookmark: _Hlk44428438]<?escape?>A multigene panel that includes some or all the genes listed in Table 2 may identify the genetic cause of the condition while limiting identification of pathogenic variants and variants of uncertain significance in genes that do not explain the underlying phenotype. However, such panels are not flexible enough to easily include newly discovered dystonia genes and may lack genes that need to be considered in the differential diagnosis. Thus, multigene panels are not recommended, and an exome or genome sequencing approach with targeted analysis of a panel of genes might be more cost efficient and applicable. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used for each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include genes not associated with the condition discussed in this GeneReview. (3) In some laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-focused exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.  
[bookmark: _Hlk196394994][bookmark: _Hlk168391578][bookmark: _Hlk62649172][bookmark: _Hlk62641245]For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic tests can be found here. 
Candidate gene testing. Specific genetic testing in isolated monogenic dystonias, i.e., a candidate gene approach, is complicated by the highly heterogeneous nature of genetic dystonias, the ever-expanding number of dystonia-associated genes, and reliance on clinical findings due to the absence of established biomarkers [Thomsen et al 2025]. 
If a candidate gene approach is required, for instance, due to limited resources, the following should be considered: 
· DYT-TOR1A, DYT-THAP1, and DYT-VPS16 are the most common monogenic isolated dystonias, with just one specific recurrent variant in the case of DYT-TOR1A. 
· Ancestry might guide genetic testing due to founder variants for DYT-TOR1A in the Ashkenazi Jewish population and for DYT-PRKRA in the Brazilian population (MDSGene).
Clinical findings that could be considered to guide testing include the following:
· In contrast to other monogenic isolated dystonias, DYT-ANO3 and DYT-GNAL often (1) manifest in adulthood (median age at onset >25 years) and (2) remain focal with predominant cervical involvement, making it clinically difficult to distinguish between them and from non-genetic dystonia. 
· The presence of myoclonus, a recurrent feature of DYT-ANO3, is also often present in DYT-VPS16 but is rare in DYT-GNAL and dystonia of unknown cause. 
· Dystonia combined with developmental delay and/or cognitive impairment makes DYT-KMT2B or DYT-EIF2AK2 more likely. 
· Onset of dystonia in infancy makes DYT-HPCA a consideration. 
· All monogenic isolated dystonias except DYT-GNAL and DYT-TUBB4A frequently affect the limbs. 
· Laryngeal dystonia is most frequent in DYT-THAP1 and DYT-TUBB4A. 
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No clinical practice guidelines for monogenic isolated dystonia have been published. In the absence of published guidelines, the following recommendations are based on the literature, which is scarce, and the authors' personal experience managing individuals with these disorders. A neurologist specializing in movement disorders should be involved soon after diagnosis and subsequently over the disease course to assess and discuss therapeutic options, including pharmacologic and potential surgical treatments. 
Evaluations Following Initial Diagnosis 
To establish the extent of disease and needs in an individual diagnosed with a monogenic isolated dystonia, the evaluations summarized in Table 4 are recommended.
Table 4. Monogenic Isolated Dystonia: Recommended Evaluations Following Initial Diagnosis
	System/Concern
	Evaluation
	Comment

	Dystonic movement disorder
	Thorough neurologic exam
	To assess for:
· Dystonia, coexistence of tremor, jerky movements
· Dystonia progression &/or spread to other body regions w/standardized scale 1
· Candidacy for deep brain stimulation therapy

	Speech involvement
	Eval by speech therapist &/or ENT specialists
	To assess need for:
· Augmentative or alternative means of communication
· Speech therapy 
· Specific treatment of laryngeal or oromandibular dystonia

	Dysphagia
	Eval by swallowing specialist &/or ENT specialist
	Consider endoscopic eval of swallowing to identify persons at ↑ risk for aspiration.

	Cognitive function / Psychiatric comorbidity
	Assessment of cognitive complaints & neuropsychiatric testing if concerns
	Consider more structured assessment of behavioral & cognitive functioning for genetic isolated dystonia w/reported neurobehavioral/cognitive involvement (e.g., ANO3, EIF2AK2, EIF4A2, HPCA, KMT2B, PRKRA, VPS16), w/eval for mood disorders, anxiety, & fatigue & assessment of need for pharmacologic & psychotherapeutic interventions.

	Development
(if diagnosed in young children)
	Eval by developmental pediatrician
	Consider developmental assessment more routinely for genetic isolated dystonia w/reported possible neurodevelopmental comorbidity (e.g., ANO3, EIF2AK2, EIF4A2, HPCA, KMT2B, PRKRA, VPS16).

	Activities of daily living
	Eval by physiatrist, PT, &/or OT
	Consider more detailed assessment of functionality in generalized dystonia or more widespread body distribution.

	Musculoskeletal
	Eval w/detailed neurologic exam &/or eval by orthopedist
	To assess for:
· Fixed deformity
· Contractures
· Joint dislocation
· Kyphoscoliosis

	Pain
	Eval of acute & chronic pain by neurologist or in interdisciplinary pain center
	Consider use of pain assessment tools & systematic pain eval processes to identify need for pain treatment.

	Genetic counseling
	By genetics professionals 2
	To obtain a pedigree & inform affected persons & their families re nature, MOI, & implications of monogenic isolated dystonia to facilitate medical & personal decision making

	Family support
& resources
	By clinicians, wider care team, & family support organizations
	Assessment of family & social structure to determine need for:
· Community or online resources such as Parent to Parent
· Social work involvement for parental support
· Home nursing referral


MOI = mode of inheritance; OT = occupational therapist; PT = physical therapist
1. E.g., Burke-Fahn-Marsden Dystonia Rating Scale-Motor/Disability (BFMDRS-M/D), Unified Dystonia Rating Scale, Global Dystonia Rating Scale
2. Clinical geneticist, certified genetic counselor, certified genetic nurse, genetics advanced practice provider (nurse practitioner or physician assistant)
Treatment of Manifestations
There is no cure for monogenic isolated dystonia. Targeted therapies addressing the specific underlying mechanisms of disease causation are not available. 
Supportive care to reduce symptom severity, maximize function, and improve quality of life is recommended. Supportive care can also reduce complications, including deformities and pain. Depending on the clinical picture and degree of disability, affected individuals can benefit from multidisciplinary care involving specialists in relevant fields, including neurologists, physical therapists, occupational therapists, orthopedists, speech-language specialists, otolaryngologists, and psychiatrists. 
Supportive Care
Supportive care to improve quality of life, maximize function, and reduce complications is recommended. This ideally involves multidisciplinary care by specialists in relevant fields (see Table 5).
Table 5. Monogenic Isolated Dystonia: Treatment of Manifestations
	Manifestation/Concern
	Treatment
	Considerations/Other

	Dystonic movement disorder
	Pharmacologic treatment by a neurologist who is a movement disorder specialist
	· Use of oral anti-dystonic agents incl anticholinergics (e.g., trihexyphenidyl), GABAergic drugs (e.g., baclofen), benzodiazepines, & ASMs (e.g., gabapentin) may result in variable improvement of motor manifestations; however, because there are often no long-term benefits, side effects (e.g., drowsiness & negative impact on cognitive abilities, esp during anticholinergic therapy) should be considered w/any positive treatment outcomes.
· An initial trial w/oral medications would be considered reasonable depending on individualized mgmt decisions; however, a few reports on their effects specifically in monogenic isolated dystonia are available.
· Use of oral pharmacologic treatment requires monitoring of benefits & side effects.
· Treatment should start at a low dose according to published guidelines & then titrated up slowly to lowest effective dose w/o side effects.
· Levodopa (up to 600-1,000 mg/day in adults, 20 mg/kg/day in children) was partially beneficial in a few persons w/DYT-ANO3, DYT-EIF2AK2, & DYT-VPS16, even though these conditions do not belong to the group of dopa-responsive dystonias.

	
	Chemodenervation by a neurologist who is a movement disorder specialist
	· Botulinum neurotoxin (BoNT) injections can produce satisfactory relief of dystonia in local muscle groups while avoiding systemic side effects.
· BoNT is effective in ↓ excess muscle activity in cervical, eyelid, oromandibular, laryngeal, & focal limb dystonia.
· Types of BoNT type A most used are onabotulinumtoxinA, abobotulinumtoxinA, & incobotulinumtoxinA.
· Specific injection schedules are tailored to affected person's presentation & manifestations.

	
	Bilateral globus pallidus interna deep brain stimulation (GPi-DBS) by a neurologist who is a movement disorder specialist & a neurosurgeon
	· GPi-DBS is useful to treat isolated dystonia based on individualized treatment plans.
· The genetic subtypes have been shown to respond differentially.
· DYT-TOR1A had a 68% improvement in BFMDRS-M compared to 37% improvement DYT-THAP1. 1
· Mean improvement in BFMDRS-M was 42% in DYT-VPS16 2 & 43% in DYT-KMT2B. 3 
· For other monogenic isolated dystonias, response to DBS has not been systematically investigated to date. Variable benefit was reported for a few affected persons only w/DYT-ANO3, 4 DYT-AOPEP, 5 DYT-EIF2AK2, 6 DYT-GNAL, 7 DYT-HPCA, 8 & DYT-PRKRA. 9
· Worse outcomes from DBS in monogenic isolated dystonia are often associated w/longer duration since initial onset of dystonia &/or higher baseline BFMDRS scores.

	
	By physiatrist, PT, &/or OT
	· Early initiation of PT & a tailored exercise program can avoid secondary complications & improve function & independence in mobility.
· Adaptative aids (e.g., walkers, ankle-foot orthoses) can support & maintain ambulation.

	Speech involvement
	By a speech-language therapist familiar w/treatment of speech manifestations in persons w/dystonia
	· Consider BoNT therapy for laryngeal or oromandibular dystonia.
· Consider augmentative & alternative communication methods as needed (e.g., writing pads & digital devices).

	Dysphagia
	By a speech-language therapist, swallowing therapist, &/or ENT specialist
	· Modify food consistency to ↓ aspiration risk.
· Consider endoscopic eval to meet optimal swallowing needs.

	Cognitive impairment / Psychiatric manifestations
	· Psychotherapeutic interventions
· Neuropsychological rehab
· Pharmacologic treatment of mood disorders, anxiety, & fatigue
	Refer to psychiatrist if needed to initiate treatment per standard practice.

	Developmental delay
	Early intervention program for access to occupational, physical, speech, & feeding therapy as well as infant mental health services & special educators
	Refer to developmental pediatrician if needed.

	Fixed deformities / Scoliosis
	Surgical intervention
	Refer to orthopedic surgeon if needed.

	Pain
	Interdisciplinary pain treatment
	Refer to specialized pain center if needed.


ASM = anti-seizure medication; BFMDRS-M = Burke-Fahn-Marsden Dystonia Rating Scale-Motor; OT = occupational therapist/therapy; PT = physical therapist/therapy
1. Artusi et al [2020]
2. Svorenova et al [2025]
3. Rajan et al [2021]
4. Lasky et al [2019], Poulen et al [2024]
5. Menden et al [2022]
6. Musacchio et al [2021]
7. Sarva et al [2019]
8. Samanci et al [2024]
9. Casagrande et al [2019]

Different monogenic forms of dystonia respond differently to treatment options. Key findings are summarized in Table 6.
Table 6. Monogenic Isolated Dystonia: Gene-Based Management of Dystonia
	Disorder
	Management Based on Systematic Literature Reviews 1

	DYT-ANO3
	· Botulinum toxin injections are effective, esp for focal presentations.
· Possibly good response to dopaminergic treatment in some persons
· Anticholinergics & ASMs may be beneficial.
· Several individuals responded to DBS.

	DYT-AOPEP
	· DBS is beneficial in a few reported persons.
· Pharmacologic treatment attempts have been mostly unsuccessful.
· Limited data are available.

	DYT-EIF2AK2
	· Dopaminergic treatment has had variable outcomes.
· Partially responsive to DBS

	DYT-EIF4A2
	No information available

	DYT-GNAL
	· DBS seems to be effective.
· Botulinum toxin injections are effective, esp for focal presentations.
· Dopaminergic drugs have had no effect.

	DYT-HPCA
	Poor or no response to common anti-dystonic medications 2

	DYT-KMT2B
	· Anticholinergic treatment has been beneficial in about half of treated persons.
· DBS often has good benefit.
· Variable effects from botulinum toxin injections, benzodiazepines, baclofen, neuroleptics, & ASMs
· Dopaminergic drugs are mostly ineffective.

	DYT-PRKRA
	· DBS may be helpful.
· Botulinum toxin injections, baclofen, & benzodiazepines have had no effect.

	DYT-THAP1
	· Botulinum toxin injections & anticholinergic medication have had fairly good outcomes.
· DBS has had variable outcomes.
· Dopaminergic drugs have not been effective.

	DYT-TOR1A
	· DBS has been used in >200 individuals, often with good to excellent response.
· Other surgical methods (thalamotomy, pallidotomy) were effective in about half of the few treated individuals.
· Botulinum toxin injections, anticholinergics, & baclofen have had a beneficial effect in some individuals (but the numbers are small).
· Benzodiazepine & dopamine are rather ineffective.

	DYT-VPS16
	· Partial response to levodopa, anticholinergics, &/or botulinum toxin injections 3
· DBS has been beneficial with some improvement. 4


ASM = anti-seizure medication; DBS = deep brain stimulation
1. Lange et al [2021]
2. Magrinelli et al [2022]
3. Steel et al [2020]
4. Svorenova et al [2025]
Surveillance
To monitor existing manifestations, the individual's response to supportive care, and the emergence of new manifestations, the evaluations summarized in Table 7 are recommended. 
Table 7. Genetic Isolated Dystonia: Recommended Surveillance
	System/Concern
	Evaluation
	Frequency

	Dystonic movement disorder
	Assess for progression & spread to other body regions.
	2-4x/yr depending on severity of manifestations

	Speech involvement
	Monitoring by speech therapist
	Assess for new manifestations at follow-up visits

	Dysphagia
	Monitoring by ENT specialist
	

	Cognitive function / Psychiatric comorbidity
	Assessment for cognitive impairment, mood disorders, & behavioral disorders
	

	Developmental delay
(if diagnosed in young children)
	Monitoring of developmental progress & educational needs
	

	Activities of daily living
	Assessment of self-help skills by PT
	At each visit

	Musculoskeletal
	Monitor for foot deformities, contractures, dislocations, & scoliosis.
	

	Pain
	Assess pain w/pain rating scales, & use interdisciplinary pain care.
	

	Family/Community
	Assess needs of individual & family & need for care coordination.
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6. Genetic Counseling
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Mode of Inheritance
Monogenic isolated dystonias are inherited in an autosomal dominant and/or autosomal recessive manner.
· Autosomal dominant inheritance: DYT-ANO3, DYT-EIF2AK2, DYT-EIF4A2, DYT-KMT2B, DYT-TOR1A, and DYT-TUBB4A
· Autosomal recessive inheritance: DYT-AOPEP, DYT-HPCA, and DYT-PRKRA
· Autosomal dominant or, rarely, autosomal recessive inheritance: DYT-GNAL, DYT-THAP1, DYT-VPS16 
DYT-GNAL, DYT-THAP1, and DYT-VPS16 are usually inherited in an autosomal dominant manner; autosomal recessive inheritance has been reported in a few families.
Genetic counseling and risk assessment depend on determination of the specific cause of monogenic isolated dystonia in an individual. 
A basic view of monogenic isolated dystonia risk assessment for at-risk family members is presented in this section; issues that may be specific to a given family or genetic cause of dystonia are not comprehensively addressed.
Autosomal Dominant Inheritance – Risk to Family Members
Parents of a proband
· Some individuals diagnosed with autosomal dominant monogenic isolated dystonia inherited a causative pathogenic variant from a parent. Because many of the monogenic isolated dystonias demonstrate reduced penetrance, a parent who is heterozygous for a pathogenic variant associated with autosomal dominant isolated dystonia may or may not have manifestations of the disorder.
· Some individuals diagnosed with isolated dystonia have the disorder as the result of a de novo pathogenic variant. Note: A proband may appear to be the only affected family member because of failure to recognize the disorder in family members, reduced penetrance, early death of a parent before the onset of manifestations, or late onset of the disease in an affected parent. Therefore, de novo occurrence of a monogenic isolated dystonia-related pathogenic variant cannot be confirmed unless molecular genetic testing has demonstrated that neither parent is heterozygous for the pathogenic variant. 
· If the proband appears to be the only affected family member (i.e., a simplex case), molecular genetic testing is recommended for the parents of the proband to evaluate their genetic status and inform recurrence risk assessment.
· If the pathogenic variant identified in the proband is not identified in either parent and parental identity testing has confirmed biological maternity and paternity, the following possibilities should be considered:
· The proband has a de novo pathogenic variant. 
· The proband inherited a pathogenic variant from a parent with gonadal (or somatic and gonadal) mosaicism. Note: Testing of parental leukocyte DNA may not detect all instances of somatic mosaicism and will not detect a pathogenic variant that is present in the germ (gonadal) cells only.
Sibs of a proband. The risk to the sibs of the proband depends on the clinical/genetic status of the proband's parents: 
· If a parent of the proband is affected and/or is known to have the pathogenic variant identified in the proband, the risk to the sibs of inheriting the pathogenic variant is 50%. Because most autosomal dominant isolated dystonias are characterized by reduced penetrance (which may be lower than 50%), a sib who inherits a monogenic isolated dystonia-related pathogenic variant may or may not develop dystonia. For example, in DYT1-TOR1A, penetrance of the c.907_909delGAG pathogenic variant is approximately 30%. Thus, on average, 30% of individuals who inherit this variant will develop DYT1-TOR1A and 70% will not. Notably, a benign missense variant (NM_000113.3:c.646G>C, p.Asp216His) on the other TOR1A allele seems to modulate the penetrance of the GAG deletion and reduces it to only about 3% [Risch et al 2007]. 
· If the dystonia-related pathogenic variant identified in the proband cannot be detected in the leukocyte DNA of either parent, the recurrence risk to sibs is estimated to be 1% because of the possibility of parental gonadal mosaicism [Rahbari et al 2016]. 
· If the proband represents a simplex case and the parents are clinically unaffected but their genetic status is unknown, sibs are presumed to be at increased risk for isolated dystonia because of the possibility of reduced penetrance in a heterozygous parent and the possibility of parental gonadal mosaicism.
Offspring of a proband. Each child of an individual with autosomal dominant isolated dystonia has a 50% chance of inheriting the dystonia-related pathogenic variant; because many of the monogenic dystonias demonstrate reduced penetrance, offspring who inherit a monogenic isolated dystonia-related pathogenic variant may or may not develop dystonia. 
Other family members. The risk to other family members depends on the status of the proband's parents: if a parent has the monogenic isolated dystonia-related pathogenic variant, the parent's family members may be at risk.
Autosomal Recessive Inheritance – Risk to Family Members
Parents of a proband
· The parents of an individual with autosomal recessive monogenic isolated dystonia are presumed to be heterozygous for a dystonia-related pathogenic variant.
· Molecular genetic testing is recommended for the parents of a proband to confirm that both parents are heterozygous for a dystonia-related pathogenic variant and to allow reliable recurrence risk assessment. 
· If a pathogenic variant is detected in only one parent and parental identity testing has confirmed biological maternity and paternity, it is possible that one of the pathogenic variants identified in the proband occurred as a de novo event in the proband or as a postzygotic de novo event in a mosaic parent [Jónsson et al 2017]. If the proband appears to have homozygous pathogenic variants (i.e., the same two pathogenic variants), additional possibilities to consider include:
· A single- or multiexon deletion in the proband that was not detected by sequence analysis and that resulted in the artifactual appearance of homozygosity;
· Uniparental isodisomy for the parental chromosome with the pathogenic variant that resulted in homozygosity for the pathogenic variant in the proband. 
· Heterozygous parents of an individual with autosomal recessive monogenic isolated dystonia are asymptomatic and are, to current knowledge, not at risk of developing monogenic isolated dystonia. 
Sibs of a proband
· If both parents are known to be heterozygous for a dystonia-related pathogenic variant, each sib of an affected individual has at conception a 25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier. 
· Heterozygous sibs of an individual with autosomal recessive monogenic isolated dystonia are asymptomatic and are, to current knowledge, not at risk of developing monogenic isolated dystonia. 
Offspring of a proband. The offspring of an individual with autosomal recessive monogenic isolated dystonia are obligate heterozygotes (carriers) for a dystonia-related pathogenic variant. 
Other family members. Each sib of the proband's parents is at a 50% risk of being heterozygous for a monogenic isolated dystonia-related pathogenic variant. 
Carrier detection. Carrier testing for at-risk relatives requires prior identification of the monogenic isolated dystonia-related pathogenic variants in the family.
Related Genetic Counseling Issues
DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from probands (and potentially other family members) in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is unknown). For more information, see Huang et al [2022].
Prenatal Testing and Preimplantation Genetic Testing
Once the monogenic isolated dystonia-related pathogenic variant(s) have been identified in an affected family member, prenatal and preimplantation genetic testing for dystonia are possible. 
Differences in perspective may exist among medical professionals and within families regarding the use of prenatal and preimplantation genetic testing. While most health care professionals would consider use of prenatal and preimplantation genetic testing to be a personal decision, discussion of these issues may be helpful.
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