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Summary

Clinical characteristics
GNAO1-related disorder encompasses a broad phenotypic continuum that includes hyperkinetic movement 
disorders and/or epilepsy and is typically associated with developmental delay and intellectual disability. Viewed 
by age of onset, three clusters in this continuum can be observed: (1) infantile-onset developmental and epileptic 
encephalopathy (DEE) with or without prominent movement disorder; (2) infantile- or early childhood-onset 
prominent movement disorder and neurodevelopmental disorder with or without childhood-onset epilepsy with 
varying seizure types; (3) later childhood- or adult-onset movement disorder with variable developmental delay 
and intellectual disability.

Epilepsy can be either DEE (onset typically within the first year of life of drug-resistant epilepsy in which 
developmental delays are attributed to the underlying diagnosis as well as the impact of uncontrolled seizures) or 
varying seizure types (onset typically between ages three and ten years of focal or generalized tonic-clonic 
seizures that may be infrequent or well controlled with anti-seizure medications).

Movement disorders are characterized by dystonia and choreoathetosis, most commonly a mixed pattern of 
persistent or paroxysmal dyskinesia that affects the whole body. Exacerbations of the hyperkinetic movement 
disorder, which can be spontaneous or triggered (e.g., by intercurrent illness, emotional stress, voluntary 
movements), can last minutes to weeks. Hyperkinetic crises (including status dystonicus) are characterized by 
temporarily increased and nearly continuous involuntary movements or dystonic posturing that can be life-
threatening.
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Deaths in early childhood have been reported due to medically refractory epilepsy or hyperkinetic crises, but the 
phenotypic spectrum includes milder presentations, including in adults. As many adults with disabilities have 
not undergone advanced genetic testing, it is likely that adults with GNAO1-related disorder are 
underrecognized and underreported.

Diagnosis/testing
The diagnosis of GNAO1-related disorder is established in a proband with suggestive findings and a 
heterozygous pathogenic variant in GNAO1 identified by molecular genetic testing.

Management
Treatment of manifestations: There is no cure for GNAO1-related disorder. Supportive care to improve quality of 
life, maximize function, and reduce complications can include multidisciplinary care by specialists in child 
neurology, adult neurology, neurosurgery, physical medicine and rehabilitation, physical therapy, occupational 
therapy, orthopedic surgery, speech-language therapy, and psychology.

Surveillance: Frequent evaluations by treating specialists are necessary to monitor existing manifestations, the 
individual's response to supportive care, and the emergence of new manifestations.

Genetic counseling
GNAO1-related disorder is an autosomal dominant disorder most often caused by a de novo pathogenic variant. 
Individuals with severe GNAO1-related disorder phenotypes (i.e., DEE, severe developmental delay and/or 
intellectual disability, and/or an early-onset movement disorder) typically represent simplex cases (i.e., the only 
family member known to be affected) and have the disorder as the result of a de novo pathogenic variant; 
however, recurrence of severe GNAO1-related disorder phenotypes in affected sibs due to presumed parental 
germline mosaicism has been reported. Vertical transmission from an affected parent to an affected child has 
been reported in several families with the milder phenotype (i.e., later childhood- or adult-onset movement 
disorder with variable developmental delay and intellectual disability). Once the GNAO1 pathogenic variant has 
been identified in an affected family member, prenatal and preimplantation genetic testing are possible.

GeneReview Scope
GNAO1-related disorder encompasses a broad continuum, including epilepsy and hyperkinetic movement 
disorders as prominent clinical phenotypes, but there is overlap in most affected individuals.

GNAO1-Related Disorder: Phenotypic Spectrum

Phenotype MOI

Infantile-onset developmental & epileptic encephalopathy (DEE) 1 ± movement 
disorder AD (de novo)

Infantile- or early childhood-onset movement disorder + neurodevelopmental 
disorder ± (non-DEE) epilepsy AD (de novo)

Later childhood- or adult-onset movement disorder w/variable developmental 
delay & intellectual disability AD (reported in 3 families)

AD = autosomal dominant; MOI = mode of inheritance
1. The international League Against Epilepsy defines DEE as an epileptic encephalopathy where the developmental impairment relates 
to the underlying etiology as well as uncontrolled epileptic activity.

Diagnosis
No consensus clinical diagnostic criteria for GNAO1-related disorder have been published.
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Suggestive Findings
GNAO1-related disorder should be considered in individuals with the following clinical findings and family 
history.

Clinical findings

• Epilepsy
⚬ Developmental and epileptic encephalopathy (DEE). Early-onset (typically within the first year of 

life) drug-resistant epilepsy where developmental delays are attributed to the underlying diagnosis 
as well as the impact of uncontrolled seizures.

⚬ Non-DEE epilepsy. Later-onset focal seizures or generalized tonic-clonic seizures (ages 3-10 years). 
Seizures may be infrequent or well controlled with anti-seizure medications.

• Movement disorder. Most commonly presenting in infancy or early childhood consisting of 
choreoathetosis and dystonia with distinct risk for exacerbations of hyperkinetic movement disorder. 
Onset in later childhood and adulthood has been reported.

• Axial hypotonia. Typically present from birth or evident within the first few months of life.
• Mild-to-profound intellectual disability initially presenting as global developmental delay; reported in 

most but not all
• Feeding difficulties, most prominently in infancy

Family history. Because GNAO1-related disorder is typically caused by a de novo pathogenic variant, most 
probands represent a simplex case (i.e., a single occurrence in a family). Rarely, the family history may be 
consistent with autosomal dominant inheritance (e.g., affected males and females in multiple generations).

Establishing the Diagnosis
The diagnosis of GNAO1-related disorder is established in a proband with suggestive findings and a 
heterozygous pathogenic (or likely pathogenic) variant in GNAO1 identified by molecular genetic testing (see 
Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely 
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can 
be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this section is 
understood to include likely pathogenic variants. (2) Identification of a heterozygous GNAO1 variant of 
uncertain significance does not establish or rule out the diagnosis.

Approach to molecular genetic testing in a child with developmental delay or an older individual with 
intellectual disability may begin with chromosomal microarray analysis (CMA). Other options include use of a 
multigene panel or exome sequencing. Note: Single-gene testing (sequence analysis of GNAO1, followed by 
gene-targeted deletion/duplication analysis) is rarely useful and typically NOT recommended.

• A multigene panel for epilepsy or movement disorders that includes GNAO1 and other genes of interest 
(see Differential Diagnosis) is most likely to identify the genetic cause of the condition while limiting 
identification of variants of uncertain significance and pathogenic variants in genes that do not explain the 
underlying phenotype. 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.
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For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

• Comprehensive genomic testing does not require the clinician to determine which gene(s) are likely 
involved but may require relevant clinical details. Exome sequencing is most commonly used and yields 
results similar to an intellectual disability multigene panel, with the additional advantage that exome 
sequencing includes genes recently identified as causing intellectual disability, whereas some multigene 
panels may not. Genome sequencing is also possible.
For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in GNAO1-Related Disorder

Gene 1 Method Proportion of Probands with a Pathogenic 
Variant 2 Detectable by Method

GNAO1
Sequence analysis 3 98.5% 4

Gene-targeted deletion/duplication 
analysis 5 1.5% 4, 6, 7

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Combined data from all published cases to date (See collected citations in Clinical Description.)
5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications. Exome and genome sequencing may be able to detect deletions/
duplications using breakpoint detection or read depth; however, sensitivity can be lower than gene-targeted deletion/duplication 
analysis.
6. One whole-gene deletion [Wirth et al 2022a] and one intragenic deletion [Krenn et al 2022] have been reported.
7. While not included in the percentages above, at least four contiguous gene deletions including GNAO1 have been reported [Chang et 
al 2010, Apuzzo et al 2020, Yamamoto et al 2021, Lasa-Aranzasti et al 2022] (see Genetically Related Disorders).

Clinical Characteristics

Clinical Description
GNAO1-related disorder encompasses a spectrum of hyperkinetic movement disorders and/or epilepsy, typically 
associated with global developmental delay and intellectual disability.

To date, information on more than 200 individuals with GNAO1-related disorder have been published 
[Nakamura et al 2013, EuroEPINOMICS-RES Consortium et al 2014, Law et al 2015, Talvik et al 2015, Zhu et al 
2015, Ananth et al 2016, Dhamija et al 2016, Gawlinski et al 2016, Helbig et al 2016, Kulkarni et al 2016, Marcé-
Grau et al 2016, Menke et al 2016, Saitsu et al 2016, Yilmaz et al 2016, Arya et al 2017, Danti et al 2017, Schorling 
et al 2017, Bruun et al 2018, Honey et al 2018, Koy et al 2018, Okumura et al 2018, Waak et al 2018, Benato et al 
2019, Kelly et al 2019, Malaquias et al 2019, Muir et al 2019, Schirinzi et al 2019, Arisaka et al 2020, Kim et al 
2020, Yamashita et al 2020, Turro et al 2020, Akasaka et al 2021, Dzinovic et al 2021, Chaib et al 2022, Chopra et 
al 2022, Fung et al 2022, Krenn et al 2022, Krygier et al 2022, Liu et al 2022, Pérez-Dueñas et al 2022, Di Rocco et 
al 2023, Domínguez-Carral et al 2023, Galosi et al 2023, Gambardella et al 2023, Garofalo et al 2023, Hu et al 
2023, Li et al 2023, Novelli et al 2023, Thiel et al 2023, Vasconcellos et al 2023]. The following description of the 
phenotypic features associated GNAO1-related disorder is based on these reports.
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Epilepsy
Approximately half (50%-65%) of affected individuals have seizures and/or are diagnosed with epilepsy. While 
seizures may be refractory to anti-seizure medications (ASMs), some individuals have only a single seizure 
[Kelly et al 2019] or have only had seizures in the past [Axeen et al 2021].

Developmental and epileptic encephalopathy (DEE) is the most common epilepsy phenotype, occurring in 69% 
of individuals with epilepsy [Kelly et al 2019].

DEE. The onset of seizures in children with DEE can be as early as the first day of life and is typically within the 
first three months of life, consistent with an early-infantile DEE (often consistent with the previously termed 
Ohtahara syndrome) [Nakamura et al 2013, Kelly et al 2019, Axeen et al 2021]. Infantile-onset seizures often 
manifest as epileptic spasms or tonic seizures. Drug-resistant focal seizures can also have onset from birth. 
Infantile spasms syndrome and Lennox-Gastaut syndrome are also described in older infants and children, and 
in some as an evolution of early-infantile DEE.

Seizures in those with DEE are typically drug resistant. Individuals have global developmental delay, axial 
hypotonia, and feeding difficulties in infancy. Development of abnormal movements (chorea, choreoathetosis, 
dystonia, ataxia, hyperkinetic crises) is variable and can occur months to years after an established diagnosis of 
epilepsy.

There is no specific EEG abnormality associated with GNAO1-related disorder. The EEG in individuals with 
epilepsy is often abnormal with focal or multifocal spikes and features of encephalopathy such as background 
slowing and absence of normal awake and sleep features. EEG findings may suggest a specific electroclinical 
syndrome such as burst suppression in early-infantile DEE, hypsarrhythmia in infantile spasms syndrome, or 
slow spike-and-wave with Lennox-Gastaut syndrome.

Non-DEE epilepsy. Seizure onset is most often between ages three and ten years. Seizures are generalized tonic-
clonic or focal. Some individuals have only a single seizure or well-controlled epilepsy on treatment with an 
ASM, which may contrast with their concurrent drug-resistant movement disorder. In this subset of individuals, 
other characteristic findings, including axial hypotonia, global developmental delay, early-onset feeding 
difficulties, and dyskinesia, precede seizure onset.

Developmental Delay and Intellectual Disability
During the first year of life, delay in motor development is significantly influenced by the severity of hypotonia. 
The more profound the hypotonia, the later the individuals achieve their motor milestones [Ananth et al 2016, 
Schorling et al 2017]. Severely affected individuals often lack head and/or trunk control and/or the ability to sit 
independently [Nakamura et al 2013].

Balance can be impaired due to axial muscular hypotonia, dystonic posturing of the neck, trunk, and 
extremities, and dyskinesia of the extremities. Although about 20% of individuals achieve independent 
ambulation, about 80% never do and depend on help for mobility [Saitsu et al 2016, Axeen et al 2021]. With the 
onset of involuntary movements, purposeful movements of the hands are often severely impaired.

Assessment of cognition is limited by the young age of many individuals and/or testing that typically depends on 
verbal communication and motor tasks [Kim et al 2020]. Therefore, formal tests of cognition can only be 
administered to individuals who have varying – but milder – degrees of disability. Recently, there have been 
attempts to assess cognitive impairment using an eye-tracking communication aid [Graziola et al 2021].

Despite the lack of expressive language, receptive language is often a relative strength [Graziola et al 2021, 
Domínguez-Carral et al 2023]. Some severely affected individuals can communicate with an eye-tracking 
communication aid or other communication aids [Axeen et al 2021, Graziola et al 2021, Thiel et al 2023].
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The broad range of cognitive abilities in GNAO1-related disorder is highlighted by recent reports comparing 
individuals with a movement disorder phenotype and normal cognition or minimal intellectual disability [Krenn 
et al 2022, Liu et al 2022, Wirth et al 2022a, Galosi et al 2023, Thiel et al 2023] to individuals with DEE, who 
typically have severe to profound developmental delay and intellectual disability.

Movement Disorder
The vast majority of affected individuals have a hyperkinetic movement disorder [Kelly et al 2019, Schirinzi et al 
2019, Axeen et al 2021]. The core features of the movement disorder are choreoathetosis and dystonia [Feng et al 
2018], which can be severely disabling and painful. Complex motor stereotypies, ballism, myoclonus, facial 
dyskinesia, and ataxia have also been reported [Danti et al 2017, Axeen et al 2021].

Most individuals show a mixed pattern of persistent or paroxysmal dyskinesia that affect the whole body. 
Exacerbations of the hyperkinetic movement disorder, a characteristic feature, can occur spontaneously or can 
be triggered by intercurrent illnesses (e.g., febrile infections) as well as by emotional stress, excitement, voluntary 
movements, or change in position [Koy et al 2018]. They can last minutes, hours, days, or even weeks [Carecchio 
& Mencacci 2017].

Almost half of individuals experience prolonged exacerbations leading to life-threatening hyperkinetic crises 
(including status dystonicus), which are characterized by temporarily increased and nearly continuous 
involuntary movements or dystonic posturing. Accompanying problems can include impaired respiration, lack 
of sleep, dehydration, electrolyte imbalance, autonomic dysregulation, and rhabdomyolysis [Saini et al 2022]. 
These hyperkinetic crises often require intensive medical management (see Treatment of Manifestations). 
Response to oral and intravenous medications is often limited. Recovery may take weeks to months.

Cervical and oropharyngeal dystonia, with involvement of the laryngeal muscles, can lead to dysarthria 
(60%-80%) or even anarthria (20%-30%) [Axeen et al 2021, Wirth et al 2022a].

Chewing and swallowing are often impaired due to involuntary or dysfunctional tongue movements and 
weakness of the jaw muscles. A subset of individuals (20%-40%) need help with feeding as they can eat only very 
small portions or food with a soft consistency. Percutaneous endoscopic gastrostomy (PEG) or nasogastric 
feeding tube are often required (30%-50%) [Ananth et al 2016, Axeen et al 2021].

While the onset of movement disorders typically ranges from ages one to four years, some infants manifest 
movement disorders during the first weeks of life [Schirinzi et al 2019, Yang et al 2021]. In contrast, in some 
individuals with a milder phenotype, the movement disorder presents in the teens or adulthood [Wirth et al 
2022a].

Individuals with symptom onset during early infancy and severe impairment of motor development are more 
likely to have hyperkinetic crises; in contrast, individuals with late onset and less severe motor impairment (i.e., 
are able to walk) and normal intellect or only mild intellectual disability appear to be at lower risk [Krenn et al 
2022, Wirth et al 2022a, Thiel et al 2023].

Muscular Hypotonia
Significant axial hypotonia is often the first manifestation of GNA01-related disorder [Axeen et al 2021]. 
Hypotonia is mainly present in the neck and trunk, but also in the limbs, contributing to delays in motor 
development [Feng et al 2017, Wirth et al 2022a]. Some individuals have perioral hypotonia leading to 
insufficient closing of the mouth and reduced ability to chew solid food.

Other Common Features
Sleep disturbance, including difficulty with sleep initiation and sleep maintenance, is frequently reported and 
may be evident in infancy. It may or may not be related to concurrent epilepsy and movement disorder.
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Gastrointestinal problems including constipation, gastroesophageal reflux disease, and vomiting are very 
common. Along with the lower intake of food in those with a movement disorder (see Clinical Description, 
Movement Disorder), these problems can lead to poor weight gain and malnutrition, which increase morbidity 
in cachectic individuals. Although often described, the coexistent problem of cachexia is not well understood.

Neuroimaging
While most individuals (particularly children younger than age five years) have a normal brain MRI [Schirinzi et 
al 2019], some individuals have nonspecific abnormalities such as cortical and cerebellar atrophy, white matter 
abnormalities, and altered densities of the thalami and globus pallidi [Ananth et al 2016, Axeen et al 2021].

Prognosis
It is unknown whether life span in GNAO1-related disorder can be normal.

Although a number of deaths in children have been reported [Nakamura et al 2013, Ananth et al 2016, Danti et 
al 2017, Koy & Cirak et al 2018, Xiong et al 2018, Kwong et al 2021, Yang et al 2021, Li et al 2023], there are also 
many reports of young adults with GNAO1-related disorder, demonstrating that survival into adulthood is 
possible [Benato et al 2019, Kelly et al 2019, Wirth et al 2022a]. Since many adults with disabilities have not 
undergone advanced genetic testing, it is likely that adults with GNAO1-related disorder are underrecognized 
and underreported.

Deaths reported due to neurologic disease include the following:

• Epilepsy. To date, at least six children have been reported to have died during early infancy in the setting 
of drug-resistant epilepsy [Nakamura et al 2013, Xiong et al 2018, Yang et al 2021].

• Hyperkinetic crises with status dystonicus. At least five individuals have been reported to have died 
during an exacerbation of their movement disorder, all of whom initially presented in the first year of life 
with hypotonia and developmental delay [Ananth et al 2016, Danti et al 2017, Koy et al 2018, Kwong et al 
2021].

While immune dysfunction has not been described in individuals with GNAO1-related disorder, infections 
(including respiratory infections) can aggravate the movement disorder, often resulting in hyperkinetic crises 
with need for hospitalization. Dysphagia and/or seizures can also increase risk of aspiration-related events that 
may require admission to a hospital and respiratory support.

Genotype-Phenotype Correlations
More than 200 individuals with pathogenic variants in GNAO1 have been reported in the literature to date.

To date, genotype-phenotype correlations have been described for several recurrent GNAO1 variants: one 
splicing variant and variants at five hot spot residues (p.Gly40, p.Gly203, p.Arg209, p.Glu237, and p.Glu246). 
These recurrent variants account for approximately half of affected individuals reported to date [Kelly et al 2019, 
Schirinzi et al 2019] (see Table 2).

In addition, accumulating data may point to haploinsufficiency variants being associated with milder 
phenotypes, without epileptic encephalopathy or severe global developmental delay or intellectual disability 
[Krenn et al 2022, Wirth et al 2022a, Wirth et al 2022b, Galosi et al 2023, Thiel et al 2023].
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Table 2. GNAO1-Related Disorder: Genotype-Phenotype Correlations

Variant # of Persons

Clinical Characteristics

Epilepsy
Movement disorder 
(predominantly dystonia & 
chorea) 1

DD/ID 2

p.Gly40Arg 3 8

All had DEE Not a prominent feature Profound global DD/IDp.Gly40Trp 4 2

p.Gly40Glu 5 2

p.Gly203Arg 6 25 All had DEE Present in most to all; 
hyperkinetic crises common

Severe global DD/ID in 2; not 
stated in 9

p.Arg206Gln 7 4 (from 1 family) No seizures

Dystonia (onset at ages 15 yrs, 
30 yrs, & 47 yrs, + 1 
asymptomatic at 30 yrs); no 
chorea or hyperkinetic crises 
reported

No speech delay; motor delay NR; 
no ID

p.Arg209Cys 8 19
Seizures mostly focal or 
generalized tonic-clonic; 
none had DEE

Present in most to all; 
hyperkinetic crises common

Moderate-to-severe global DD; 
mild-to-severe ID

p.Arg209His 9 13

Seizures rare Present in all; hyperkinetic 
crises common

Moderate-to-severe global DD; ID 
not stated

p.Arg209Leu 10 3

p.Arg209Gly 11 1

p.Arg209Pro 12 1

p.Cys215Tyr 13 4 (from 3 families) No seizures
Dystonia onset at age 3-6 yrs; 
no chorea; hyperkinetic crises 
in 1/4.

No speech delay; motor delay NR; 
mild ID in 3/4; no ID in 1/4 
(person w/affected child)

p.Glu237Lys 14 18 No seizures Present in all; hyperkinetic 
crises common

Moderate-to-severe global DD; 
normal IQ for 1/10; not stated for 
9/10

p.Glu246Lys 15 18 Seizures in 2/18 (not 
DEE)

Present in most or all; 
hyperkinetic crises common

Severe global DD; ID varies 
(severe to profound); two persons 
assessed w/eye-tracking system 
had "normal fluid intelligence & 
lexical comprehension" 16
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Table 2. continued from previous page.

Variant # of Persons

Clinical Characteristics

Epilepsy
Movement disorder 
(predominantly dystonia & 
chorea) 1

DD/ID 2

c.724-8A>G 17 21 (from 18 families) No seizures 18
Present in all; hyperkinetic 
crises uncommon (observed in 
1 person)

DD in 1st yr of life; most (not all) 
had ID, often mild

DD = developmental delay; DEE = developmental and epileptic encephalopathy; ID = intellectual disability; NR = not reported
1. Movement disorders are typically not the presenting manifestation. More often, initial presenting manifestations are seizures and/or 
hypotonia and developmental delay.
2. Not all reports provide this information. Of those that do, many do not distinguish between DD and ID.
3. Law et al [2015], de Kovel et al [2016], Danti et al [2017], Bruun et al [2018], Kelly et al [2019], Turro et al [2020], Yang et al [2021], 
Domínguez-Carral et al [2023]
4. Rim et al [2018], Kelly et al [2019]
5. Kelly et al [2019]
6. Nakamura et al [2013], Saitsu et al [2016], Arya et al [2017], Schorling et al [2017], Xiong et al [2018], Schirinzi et al [2019], Graziola 
et al [2021], Lee et al [2021], Yang et al [2021], Krygier et al [2022], Liu et al [2022], Domínguez-Carral et al [2023], Gambardella et al 
[2023], Li et al [2023], Novelli et al [2023], Thiel et al [2023]
7. Wirth et al [2022a]
8. Saitsu et al [2016], Danti et al [2017], Koy et al [2018], Waak et al [2018], Kelly et al [2019], Schirinzi et al [2019], Turro et al [2020], 
Dzinovic et al [2021], Graziola et al [2021], Kwong et al [2021], Chopra et al [2022], Pérez-Dueñas et al [2022], Domínguez-Carral et al 
[2023], Novelli et al [2023], Thiel et al [2023]
9. Ananth et al [2016], Dhamija et al [2016], Kulkarni et al [2016], Menke et al [2016], Blumkin et al [2018], Kelly et al [2019], Kim et al 
[2020], Akasaka et al [2021], Garofalo et al [2023], Hu et al [2023], Novelli et al [2023], Thiel et al [2023]
10. Menke et al [2016], Honey et al [2018], Chaib et al [2022]
11. Ananth et al [2016]
12. Domínguez-Carral et al [2023]
13. Wirth et al [2020], Wirth et al [2022a]
14. Koy et al [2018], Okumura et al [2018], Waak et al [2018], Schirinzi et al [2019], Turro et al [2020], Graziola et al [2021], Fung et al 
[2022], Domínguez-Carral et al [2023], Li et al [2023]
15. Ananth et al [2016], Helbig et al [2016], Saitsu et al [2016], Schorling et al [2017], Takezawa et al [2018], Waak et al [2018], Benato 
et al [2019], Kim et al [2020], Graziola et al [2021], Yang et al [2021],Thiel et al [2023]
16. Graziola et al [2021]
17. Yang et al [2021], Al Masseri & AlSayed [2022], Liu et al [2022], Miyamoto et al [2022], Wirth et al [2022a], Koval et al [2023], 
Novelli et al [2023], Vasconcellos et al [2023]
18. One of three affected family members reported by Vasconcellos et al [2023] had epilepsy; however, there was a family history of 
epilepsy in a deceased grandfather, who had no other reported manifestations of GNAO1-related disorder.

Prevalence
Approximately 200 individuals have been reported with GNAO1-related disorder to date. However, this disorder 
may be underreported, particularly given the recent reports of individuals with milder phenotypes [Wirth et al 
2022a].

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in GNAO1.

Contiguous gene deletions. Interstitial 16q12.2-q21 multigene deletions encompassing GNAO1 have been 
reported in four individuals with seizures and one individual with a movement disorder [Lasa-Aranzasti et al 
2022].
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Differential Diagnosis
The phenotypic features associated with GNAO1-related disorder are not sufficient to diagnose this condition 
clinically.

Developmental and epileptic encephalopathy. All disorders with infantile-onset severe seizures, central 
hypotonia, global developmental delay, and severe intellectual disability should be considered in the differential 
diagnosis. See OMIM Phenotypic Series: Developmental and epileptic encephalopathy.

Dystonia. See Hereditary Dystonia Overview for genes associated with dystonia.

Movement disorder with epilepsy. Examples of other genes associated with both seizures and paroxysmal 
hyperkinetic, dystonic, and/or choreiform movement disorder phenotypes include the following [Papandreou et 
al 2020, de Gusmão et al 2021]:

• ATP1A2-related disorders (OMIM 182340)
• ATP1A3-related neurologic disorders
• SLC2A1-related glucose transporter type 1 deficiency syndrome
• KCNA1-related episodic ataxia type 1
• KCNMA1-related disorders (OMIM 600150)
• ECHS1-related mitochondrial short-chain enoyl-CoA hydratase 1 deficiency
• PRRT2-associated paroxysmal movement disorders
• SCN8A-related epilepsy with encephalopathy
• TBC1D24-related disorders

Management
No clinical practice guidelines for GNAO1-related disorder have been published.

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with GNAO1-related disorder, the 
evaluations summarized in Table 3 (if not performed as part of the evaluation that led to diagnosis) are 
recommended.

Table 3. GNAO1-Related Disorder: Recommended Evaluations Following Initial Diagnosis

System/Concern Evaluation Comment

Neurologic Eval by pediatric or adult 
neurologist

• For evidence of DD/ID, epilepsy, & movement disorder
• For those w/abnormal movements, eval by movement 

specialist is recommended.
• Perform EEG if seizures are a concern. Distinguishing 

between dystonia & seizure can be a challenge.
• Consider brain MRI if not previously performed.

Dysarthria
Communication assessment / 
speech-language therapy 
assessment

• For all persons w/speech delay, ensure hearing is normal.
• Evaluate need for communication aids.

Development Developmental assessment & 
cognitive function eval

• To incl motor, adaptive, cognitive, & speech-language eval
• Eval for early intervention / individual education program

Neurobehavioral/
Psychiatric Neuropsychiatric eval Screening for behavior concerns incl sleep disturbances, ADHD, 

anxiety, &/or findings suggestive of ASD
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Table 3. continued from previous page.

System/Concern Evaluation Comment

Musculoskeletal/ADL Orthopedics / physical medicine 
& rehab / PT & OT eval

To incl assessment of:

• Gross motor & fine motor skills
• Mobility, ADL, & need for adaptive devices
• Need for PT (to improve gross motor skills) &/or OT (to 

improve fine motor skills)
• Orthopedics eval for scoliosis &/or joint deformity

Gastrointestinal/Feeding Gastroenterology / nutrition / 
feeding team eval

• To incl eval of aspiration risk & nutritional status
• Consider eval for gastrostomy tube placement in persons w/

dysphagia &/or aspiration risk.

Genetic counseling By genetics professionals 1
To inform affected persons & their families re nature, MOI, & 
implications of GNAO1-related disorder 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

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; MOI = mode of 
inheritance; OT = occupational therapy; PT = physical therapy
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
There is no cure for GNAO1-related disorder. Supportive care to improve quality of life, maximize function, and 
reduce complications can include multidisciplinary care by specialists in child neurology, adult neurology, 
neurosurgery, physical medicine and rehabilitation, physical therapy, occupational therapy, orthopedic surgery, 
speech-language therapy, and psychology (see Table 4).

Table 4. GNAO1-Related Disorder: Treatment of Manifestations

Manifestation/Concern Treatment Considerations/Other

Developmental delay / 
Intellectual disability

See Developmental Delay / Intellectual Disability 
Management Issues.

Epilepsy

• Standardized treatment w/ASM by experienced 
child neurologist. Seizures can be drug 
resistant, w/those w/ongoing seizures reporting 
a mean of 3.1 medications trialed. 1 Treatment 
should be targeted toward the person's 
particular electroclinical syndrome or seizure 
type(s) (e.g., when present, epileptic spasms 
should be treated w/hormonal therapies [such 
as ACTH or prednisolone] or vigabatrin).

• Persons w/refractory seizures may benefit from 
referral to epileptologist.

• Many ASMs may be effective; none has 
been demonstrated effective 
specifically for this disorder.

• Use of benzodiazepines is often limited 
by tolerance & side effects.

• Education of parents/caregivers
• Obtain home videos of concerning 

events for clinician review.
• Consider video EEG to distinguish 

abnormal movements from seizures if 
there is a diagnostic concern.

Movement disorders

• Orthopedics / physical medicine & rehab / PT 
& OT incl stretching to help avoid contractures 
& falls

• Consider orthopedic aids (e.g., ankle-foot 
orthoses, walkers) to support & maintain 
ambulation.

• Because dystonia can lead to 
irreversible joint contractures, 
scoliosis, &/or hip dislocation, early 
initiation of regular PT is essential to 
maintain function & mobility & 
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Table 4. continued from previous page.

Manifestation/Concern Treatment Considerations/Other
prevent secondary orthopedic 
complications.

• Consider need for positioning & 
mobility devices, disability parking 
placard.

Dystonia & chorea:

• Combination therapy is often necessary.
• Consider treatment w/tetrabenazine, 

gabapentin, clonidine, trihexyphenidyl, oral 
baclofen. 2

• Benzodiazepines are often necessary as 
additional first-line therapeutics. Levodopa & 
ASMs (such as topiramate, valproate, 
levetiracetam) may have some additional 
efficacy in controlling hyperkinetic movements 
in some persons. 3

• Botulinum toxin injections should be 
considered for focal dystonia.

• When movement disorders are drug resistant, 
incl during hyperkinetic crises, consider DBS of 
globus pallidus internus (target of choice in 
most persons), or subthalamic nucleus as well 
as pallidotomy, which can lead to substantial 
reduction of hyperkinetic movements. 4

• Persons may benefit from referral to 
movement disorder specialist.

• Parents / other care providers might 
consider maintaining movement 
disorder logs (time w/movement 
disorder symptoms / waking time) to 
estimate severity & treatment 
response.

Exacerbation of 
hyperkinetic movement 
disorder / Hyperkinetic 
crises

• Add or intensify pharmacotherapy, e.g., high 
doses of benzodiazepines, clonidine, chloral 
hydrate (if available) to induce sleep. Escalate to 
intravenous infusions of sedatives if needed.

• If pharmacotherapy fails, consider emergency 
placement of DBS. 5 A few reports confirm 
sustained benefits from long-term DBS 
treatment. 6

• Educate parents re risk of hyperkinetic 
crises & communicate emergency plan.

• Avoid or treat triggers & risk factors 
(infection, electrolyte imbalances, or 
lack of sleep).

• Early intervention is essential.

Dysarthria or anarthria Speech-language therapy to assist in feeding skills & 
communication

Some persons may need communication 
devices.

Poor weight gain / 
Failure to thrive

• Feeding therapy
• Nutritionists are important to assess calorie 

needs & ↓ risk of malnutrition.
• Gastrostomy tube placement may be required 

for persistent feeding issues.
• ↑ calorie intake if movement disorder is 

present.

Low threshold for clinical feeding eval &/or 
radiographic swallowing study when clinical 
signs or symptoms of dysphagia are present

Constipation
• Monitor for constipation.
• Stool softeners, prokinetics, osmotic agents, or 

laxatives as needed

• Caused by neurologic dysfunction & 
poor intestinal motility, often 
accentuated by medication

• Can trigger movement disorder

Gastroesophageal reflux 
disease Proton pump inhibitors Should be considered in eval of pain

Sleep disturbance • Behavioral regulation
• Pharmacotherapy
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Table 4. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Family/Community

• Ensure appropriate social work involvement to 
connect families w/local resources, respite, & 
support.

• Coordinate care to manage multiple 
subspecialty appointments, equipment, 
medications, & supplies.

• Ongoing assessment of need for 
palliative care involvement &/or home 
nursing

• Consider involvement in adaptive 
sports or Special Olympics.

ACTH = adrenocorticotropic hormone; ASM = anti-seizure medication; DBS = deep brain stimulation; OT = occupational therapy; PT 
= physical therapy
1. Axeen et al [2021]
2. Ananth et al [2016], Danti et al [2017], Waak et al [2018], Schirinzi et al [2019]
3. Schirinzi et al [2019]
4. Benato et al [2019]
5. Ananth et al [2016], Kulkarni et al [2016], Honey et al [2018], Waak et al [2018]
6. Koy et al [2018], Benato et al [2019]
1. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical 
interventions and coping strategies for children diagnosed with epilepsy, see Epilepsy Foundation Toolbox.

Prolonged exacerbation of the hyperkinetic movement disorder requires hospitalization and, when severe, 
intensive care management. Infections or catabolic states are often triggers, while in some individuals, potential 
causes are unknown. The often poor nutritional status due to feeding problems can prolong hospital stays.

Although sudden unexpected death in epilepsy (SUDEP) has not specifically been reported in GNAO1-related 
disorder, generally recommended practices to reduce the risk of SUDEP include reduction in the frequency of 
generalized tonic-clonic seizures when possible, adherence to anti-seizure medication, and nocturnal 
supervision [Trivisano et al 2022].

While immune dysfunction has not been described in GNAO1-related disorder, infections can lead to 
hyperkinetic crises and need for hospitalization. Dysphagia and seizures can increase the risk of aspiration-
related events, which may result in hospitalization for respiratory support.

Developmental Delay / Intellectual Disability Management Issues
The following information represents typical management recommendations for individuals with developmental 
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical, 
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment 
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended. 
Before placement, an evaluation is made to determine needed services and therapies and an individualized 
education plan (IEP) is developed for those who qualify based on established motor, language, social, or 
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is 
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of 
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of 
life. Some issues to consider:

• IEP services:
⚬ An IEP provides specially designed instruction and related services to children who qualify.
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⚬ IEP services will be reviewed annually to determine whether any changes are needed.
⚬ Special education law requires that children participating in an IEP be in the least restrictive 

environment feasible at school and included in general education as much as possible, when and 
where appropriate.

⚬ Hearing consultants should be a part of the child's IEP team to support access to academic material.
⚬ PT, OT, and speech services will be provided in the IEP to the extent that the need affects the child's 

access to academic material. Beyond that, private supportive therapies based on the affected 
individual's needs may be considered. Specific recommendations regarding type of therapy can be 
made by a developmental pediatrician.

⚬ As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP. 
For those receiving IEP services, the public school district is required to provide services until age 
21.

• A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be 
considered for those who require accommodations or modifications such as front-of-class seating, 
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and 
enlarged text.

• Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public 
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically 
determined by diagnosis and/or associated cognitive/adaptive disabilities.

• Families with limited income and resources may also qualify for supplemental security income (SSI) for 
their child with a disability.

Motor Dysfunction
Gross motor dysfunction

• Physical therapy is recommended to maximize mobility and to reduce the risk for later-onset orthopedic 
complications (e.g., contractures, scoliosis, hip dislocation).

• Consider use of durable medical equipment and positioning devices as needed (e.g., wheelchairs, walkers, 
bath chairs, orthotics, adaptive strollers).

• For increased muscle tone like in dystonia, consider involving appropriate specialists to aid in 
management of tone reduction by pharmacotherapy, or orthopedic procedures.

Fine motor dysfunction. Occupational therapy is recommended for difficulty with fine motor skills that affect 
adaptive function such as feeding, grooming, dressing, and writing.

Oral motor dysfunction should be assessed at each visit and clinical feeding evaluations and/or radiographic 
swallowing studies should be obtained for choking/gagging during feeds, poor weight gain, frequent respiratory 
illnesses, or feeding refusal that is not otherwise explained. Assuming that the child is safe to eat by mouth, 
feeding therapy (typically from an occupational or speech therapist) is recommended to help improve 
coordination or sensory-related feeding issues. Feeds can be thickened or chilled for safety. When feeding 
dysfunction is severe, an NG-tube or G-tube may be necessary.

Communication issues. Consider evaluation for alternative means of communication (e.g., augmentative and 
alternative communication [AAC]) for individuals who have expressive language difficulties. An AAC evaluation 
can be completed by a speech-language pathologist who has expertise in the area. The evaluation will consider 
cognitive abilities and sensory impairments to determine the most appropriate form of communication. AAC 
devices can range from low-tech, such as picture exchange communication, to high-tech, such as voice-
generating devices. Contrary to popular belief, AAC devices do not hinder verbal development of speech, but 
rather support optimal speech and language development.
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Surveillance
To monitor existing manifestations, the individual's response to supportive care, and the emergence of new 
manifestations, the evaluations summarized in Table 5 are recommended.

Table 5. GNAO1-Related Disorder: Surveillance

System/Concern Evaluation Frequency

Feeding • Measurement of growth parameters
• Eval of nutritional status & safety of oral intake

At each visit

Gastrointestinal Monitor for constipation.

Respiratory Monitor for evidence of aspiration, respiratory insufficiency.

Neurologic
• Monitor those w/seizures as clinically indicated.
• Assess for new manifestations such as seizures, changes in tone, & movement 

disorders.

Development Monitor developmental progress & educational needs.

Neurobehavioral/
Psychiatric Behavioral assessment for anxiety, attention, & aggressive or self-injurious behavior

Musculoskeletal Physical medicine, OT/PT assessment of mobility, self-help skills; clinical eval of hip & 
spine for those who are non-ambulatory &/or severely hypotonic

Family/Community
Assess family need for social work support (e.g., palliative/respite care, home nursing, 
other local resources), care coordination, or follow-up genetic counseling if new 
questions arise (e.g., family planning).

OT = occupational therapy; PT = physical therapy

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Using Caenorhabditis elegans models of two specific GNAO1 variants, researchers found that caffeine reduced 
abnormal movements [Di Rocco et al 2023]. This finding has not yet been explored with other variants, in other 
model systems, or in humans with GNAO1-related disorder.

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
GNAO1-related disorder is an autosomal dominant disorder most often caused by a de novo pathogenic variant. 
Individuals with a severe phenotype (i.e., developmental and epileptic encephalopathy, severe developmental 
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delay and/or intellectual disability, and/or early-onset movement disorder) typically represent simplex cases (i.e., 
the only family member known to be affected) and have the disorder as the result of a de novo pathogenic 
variant. However, recurrence of severe phenotypes in affected sibs due to presumed parental germline mosaicism 
has been reported [Kulkarni et al 2016, Schorling et al 2017].

Vertical transmission from an affected parent to an affected child has been reported in several families with 
milder phenotypes [Wirth et al 2022a].

Risk to Family Members

Parents of a proband

• Almost all probands reported to date with severe GNAO1-related disorder phenotypes whose parents have 
undergone molecular genetic testing have the disorder as the result of a de novo pathogenic variant or a 
pathogenic variant inherited from an unaffected, mosaic parent.

• Some probands with milder GNAO1-related disorder phenotypes have the disorder as the result of a 
pathogenic variant inherited from an affected parent.

• 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 apparent germline (or somatic and 
germline) mosaicism * [Ananth et al 2016, Kulkarni et al 2016, Schorling et al 2017, Kelly et al 2019, 
Kim et al 2020, Yang et al 2021, Al Masseri & AlSayed 2022, Miyamoto et al 2022]. 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 cells only.
* A parent with somatic and germline mosaicism for a GNAO1 pathogenic variant may be mildly/
minimally affected, although this has not been reported to date.

Sibs of a proband. The risk to the sibs of the proband depends on the genetic status of the proband's parents:

• If the GNAO1 pathogenic variant present in the proband cannot be detected in the leukocyte DNA of 
either parent, the recurrence risk to sibs is slightly greater than that of the general population because of 
the possibility of parental germline mosaicism [Ananth et al 2016, Kulkarni et al 2016, Schorling et al 
2017, Kelly et al 2019, Kim et al 2020, Yang et al 2021, Al Masseri & AlSayed 2022, Miyamoto et al 2022].

• If a parent of the proband is known to have the GNAO1 pathogenic variant identified in the proband, the 
risk to the sibs of inheriting the variant is 50%.

Offspring of a proband

• Each child of an individual with GNAO1-related disorder has a 50% chance of inheriting the GNAO1 
pathogenic variant. Three individuals with milder phenotypes, including normal intellect and no seizures, 
have been documented to have had affected children [Wirth et al 2020, Wirth et al 2022a].

• Individuals with severe GNAO1-related disorder phenotypes are not known to reproduce.

Other family members. The risk to other family members depends on the genetic status of the proband's 
parents: if a parent has the GNAO1 pathogenic variant, the parent's family members may be at risk.
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Related Genetic Counseling Issues
Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to parents of affected individuals.

Prenatal Testing and Preimplantation Genetic Testing
Once the GNAO1 pathogenic variant has been identified in an affected family member, prenatal and 
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• Asociación GNAO1 España
Spain
Email: asociaciongnao1@gmail.com
www.gnao1.es

• Famiglie GNAO1
Italy
www.gnao1.it

• GNAO1 Tuki ry
Finland
www.gnao1.fi

• Mondo GNAO1 UK
www.mondo-uk.co.uk

• Stitching GNAO1 NL
Netherlands
Email: info@gnao1.nl
www.gnao1.nl

• The Bow Foundation
www.gnao1.org

• American Epilepsy Society
www.aesnet.org

• Canadian Epilepsy Alliance
Canada
Phone: 1-866-EPILEPSY (1-866-374-5377)
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www.canadianepilepsyalliance.org

• Epilepsy Foundation
Phone: 301-459-3700
Fax: 301-577-2684
www.epilepsy.com

• National Institute of Neurological Disorders and Stroke (NINDS)
Phone: 800-352-9424 (toll-free); 301-496-5751; 301-468-5981 (TTY)
Epilepsy Information Page

• GNAO1 International Registry
www.gnao1.org/gnao1-international-patient-registry

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. GNAO1-Related Disorder: Genes and Databases

Gene Chromosome Locus Protein HGMD ClinVar

GNAO1 16q13 Guanine nucleotide-binding 
protein G(o) subunit alpha

GNAO1 GNAO1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for GNAO1-Related Disorder (View All in OMIM)

139311 GUANINE NUCLEOTIDE-BINDING PROTEIN, ALPHA-ACTIVATING ACTIVITY POLYPEPTIDE O; GNAO1

615473 DEVELOPMENTAL AND EPILEPTIC ENCEPHALOPATHY 17; DEE17

617493 NEURODEVELOPMENTAL DISORDER WITH INVOLUNTARY MOVEMENTS; NEDIM

Molecular Pathogenesis
GNAO1 encodes guanine nucleotide-binding protein G(o) subunit alpha, the alpha subunit of heterotrimeric 
guanine nucleotide-binding proteins o (Gαo). Heterotrimeric G proteins are a large family of signal-transducing 
proteins, essential for the function of G protein-coupled receptors (GPCRs). Together, the subunits α, β, and γ 
form the heterotrimeric G protein complex. Gα is responsible for binding to guanine nucleotides (GDP and 
GTP) and to cognate GPCRs [Savitsky et al 2020].

Gαo, the major G protein α subunit in the nervous system, is essential for nervous system development and 
functionality [Bromberg et al 2008, Solis & Katanaev 2017]. Gαo couples to inhibitory GPCRs such as α2-
adrenergic, D2 dopamine, μ-opioid, somatostatin, and M2-muscarinic. The activation of GPCRs through GDP 
results in a release of Gßγ and Gα-GTP [Pierce et al 2002]. Gαo modulates the responsiveness of adenyl cyclase 
type 5 (AC5) to stimulatory Gαs/olf inputs by controlling the release of Gßγ [Muntean et al 2021], and therefore 
regulates the production of cyclic adenosine monophosphate (cAMP). The manifestations of movement 
disorders are caused by a reduced level of cAMP, as previously proven with ADCY5 variants (see ADCY5 
Dyskinesia) that reduce the activity of AC5 [Carapito et al 2015, Chang et al 2016].

Mechanism of disease causation. Different molecular mechanisms explain the disease-causing mechanisms of 
different GNAO1 variants.
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Muntean et al [2021] proposed a model in which the majority of variants show loss-of-function behavior in 
transmission of GPCR signals from distinct mechanisms that affect the G protein cycle, including impairment in 
binding to Gβγ and inability to promote downstream signaling. Furthermore, Muntean et al [2021] 
demonstrated that some variants also showed dominant-negative effects that interfered with the function of 
normal Gαo. They concluded that the combination of these two mechanisms disrupt the GPCR signaling.

Larasati et al [2022] showed that displacement of Gln205, which is critical for GTP hydrolysis, in GNAO1 
variants that affect codons Gly203, Arg209, or Glu246 accelerates GTP uptake and inactivates GTP hydrolysis. 
Although this leads to constitutive GTP binding by Gαo, the variants fail to adopt the activated conformation 
and display aberrant interactions with signaling partners. The deficit in binding and hydrolyzing GTP was also 
found in variants affecting the Gln52 codon [Solis et al 2021].

Table 6. GNAO1 Pathogenic Variants Referenced in This GeneReview

Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]

NM_029988.3 
NP_066268.1

c.118G>C p.Gly40Arg

See Genotype-Phenotype 
Correlations.

c.118G>A p.Gly40Arg

c.118G>T p.Gly40Trp

c.119G>A p.Gly40Glu

c.607G>A p.Gly203Arg

c.617G>A p.Arg206Gln

c.625C>T p.Arg209Cys

c.625C>G p.Arg209Gly

c.626G>A p.Arg209His

c.626G>T p.Arg209Leu

c.626G>C p.Arg209Pro

c.644G>A p.Cys215Tyr

c.709G>A p.Glu237Lys

NM_029988.3 c.724-8G>A --

NM_029988.3 
NP_066268.1 c.736G>A p.Glu246Lys

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants. GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See 
Quick Reference for an explanation of nomenclature.
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