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Supplemental Notes 
 
Note S1. Syndrome caused by ACTB pLoF variants  
This note includes details about the syndrome cause by heterozygous germline 
predicted loss of function (pLOF) variants (nonsense and frameshift), and missense 
variants (MVs) resulting in instability of cytoplasmic β-actin (β-CYA). 
 
0% Absent, <10% Rare, 10-25% Sometimes, 25-75% Frequent, >75% Very frequent 
100% Always 
Tabular summary of clinical features of individuals with ACTB pLOF variants (N=31*) 
Intellectual 
development 
and behaviour 
problems  
(Frequent) 

21 had intellectual difficulties (ID), mostly borderline/mild and 
moderate (in two). Where information was available, individuals 
without ID had either normal or low normal IQ (75-80). Generally, 
individuals had open and pleasant personalities. Behaviour 
anomalies reported in 14/31 (45%) individuals (with or without ID), 
and included attention deficit hyperactivity disorder (ADHD), 
temper tantrums, autism and difficulty in socialising.  

Craniofacial  
Anomalies  
(Very frequent) 

Recognisable facial features with long face, straight eyebrows, 
deep set eyes, epicanthus, narrow or flat nasal bridge with broad 
nasal tip, and large mouth. Microcephaly was present in 13.  

Eye coloboma  
(Rare) 

Iris coloboma and cataract in one individual (116-B). 

MRI anomalies  
(Frequent) 

Reported in 5/14 (36%) and included periventricular nodular 
heterotopia (PNVH) in three, hypoplastic corpus callosum (CC) 
and hypoplastic cerebellar vermis in one, and unspecific areas of 
high T2 signal in one. Pachygyria was not reported in anyone. MRI 
was not performed in 17/31.  

Growth 
problems  
(Frequent) 

Short stature was documented in 11 (up to -4 SD). 

Epilepsy  
(Absent) or 
Seizures  
(Rare) 

No individual was reported to have epilepsy. Seizures were 
reported in two and included as single episodes of seizures during 
the early childhood with spontaneous remission later (in individual 
168-B with additional variant in MID2 and individual 107-B).  

Dystonia  
(Rare or absent) 

Reported in one previously published individual (63-B, patient 
XXIV1) who was lost for follow-up. No neurological features noted 
in other individuals (included five older than 35y of age). 

Hearing loss  
(Rare) 

Reported in three and included bilateral sensorineural (173-B, 
XXVI1), bilateral mixed (153-B, XXII1), or conductive that resolved 
after the first few years of life (111-B). 

Skeletal 
anomalies 
(Frequent) 

Reported in nine and included pectus deformities, scapula 
winging, leg deformities, craniosynostosis, congenital parietal 
foramina, and scoliosis. 

Heart Defects  
(Frequent) 

Congenital heart defects reported in eight individuals and included 
atrial septal defect (ASD), ventricular septal defect (VSD), 
pulmonary stenosis, and patent ductus arteriosus. One individual 
reported with cardiomyopathy (remission at 10y). One individual 
reported with left ventricular dilatation at 2y without functional 
consequences (last assessment at 12y).  



 
 

Respiratory 
problems  
(Sometimes) 

Reported in five and included severe and prolonged respiratory 
infections and pneumonias in three and asthma in the remaining 
two 

Gastro-
intestinal 
problems  
(Frequent) 

Reported in 12 and included feeding difficulties, failure to thrive in 
early childhood, constipation, gastro-oesophageal reflux, 
esophageal atresia with trachea-oesophageal fistula (in one) and 
gallstones (in one).  

Genito-urinary 
anomalies  
(Sometimes) 

Reported in five and included horseshoe kidney in three, 
hypospadias and renal cortical cysts. 

Skin and 
integument 
(Rare) 

Atopic reactions (in three), sparse scalp hair, generalised 
hirsutism, facial haemangioma, extra skin folds on abdomen and 
back. 

Repeated 
infections  
(Frequent) 

Reported in 8 and included recurrent respiratory infections 
including pneumonias, and multiple acute otitis media, chronic ear 
infections. Tests of immune function were performed in one and 
no abnormality was detected.  

Haematological 
anomalies  
(Sometimes) 

Thrombocytopenia was documented in 6 individuals from the 
original report of the ACTB-associated syndromic 
thrombocytopenia2, one individual with ACTB gene deletion (111-
B) and one patient with an ACTB MV (61-B). Blood counts were 
not available for 4/31.  

Healthy 
carriers  
(Rare) 

All carries demonstrated typical features that however might have 
been limited to mild craniofacial dysmorphism and learning 
difficulties mentioned only on enquiry after the molecular 
diagnosis 

*Some features could not be assessed in all individuals.  
 
Diagnostic and follow-up recommendations 
• Individuals with larger deletions can have more severe presentation, perhaps due 

to loss of other genes.  
• 6 out of 31 patients inherited the ACTB pLOF variant from a parent who was 

similarly affected, or mildly affected, or apparently unaffected. pLOF ACTB variants 
should, therefore, be considered as pathogenic variants even if inherited from 
apparently unaffected parent. 

• Clinical follow-up should consider appropriate nutritional status in infancy and early 
childhood; screening for heart and renal defects;  regular hearing test in early 
childhood in individuals with recurrent otitis; singular blood count with occasional 
follow-up if necessary (transitory thrombocytopenia with spontaneous remission 
during first decade was reported); GI function monitoring; developmental and 
behaviour assessment with appropriate intervention (individuals with severe 
behaviour anomalies benefit from symptomatic medication).   

  



 
 

Note S2. Baraitser-Winter-Cerebrofrontofacial Syndrome  
The first report3 of the syndromic condition later named as Baraitser-Winter syndrome 
described three children with ID and a unique combination of clinical features including 
iris coloboma, bilateral ptosis, telecanthus, hypertelorism and short stature, the gestalt 
resembling Noonan syndrome4. The major clinical features were further extended with 
trigonocephaly and/or prominent metopica suture and lissencephaly mostly in form of 
frontal predominant pachygyria with or without posterior subcortical band 
heterotopia5,6. Delineation of the genetic cause7 demonstrated that two other 
syndromes originally described as separate conditions (Fryns-Aftimos and 
cerebrofrontofacial syndromes) were part of the same spectrum with a unifying name 
of the Baraitser-Winter-Cerebrofrontofacial syndrome (BWCFFS) 8,9.  
 
Tabular summary of clinical features in individuals with BWCFFS (N=113) 
Intellectual 
development 
and behaviour  
(Nearly always) 

101/104 individuals whose developmental level could be assessed, 
presented with developmental delay (DD) (N=25, age 9mo-3y) or 
ID, that was mild (in 24), moderate (in 33), severe (in 21) and 
profound in 6 individuals. For 17 individuals ID grade was not 
specified. Remaining 5 individuals were younger than 9 months; 4 
fetal cases were also excluded from this evaluation. One of three 
individuals without ID had IQ>130. 14 individuals with ID showed 
behaviour anomalies that included ADHD, hyperactivity, temper 
tantrums with aggression and autism; however, majority of the 
individuals had open and pleasant personalities.  

Craniofacial  
Anomalies  
(Nearly always) 

Craniofacial anomalies were very consistent resulting in distinct 
and recognizable facial gestalt. Typical features included prominent 
metopic ridge, hypertelorism, high-arched eyebrows, ptosis, long 
palpebral fissures with everted lower lid, broad nasal tip, long 
smooth philtrum, large mouth with thin upper lip and everted lower 
lip, grooved chin, large  vertically oriented ears, low posterior hair 
line. Face becomes coarser in the 2nd decade, so gestalt is easier 
to recognize. Microcephaly was reported in 52% (59/113) 
individuals with HC in range of -2 to -5.6 SD. Craniosynostosis 
requiring surgical correction was documented in 5 individuals. 

Eye coloboma  
(Frequent) 

Iris and/or chorioretinal colobomas were reported in 28. However, 
vision   problems and other eye anomalies were seen in 43 
individuals represented by reduced vision, refractive errors and in 
some individuals microphthalmia/microcornea, nystagmus, 
cataract and bilateral congenital fibrosis of the rectus medial and 
inferior extraocular muscles seen in one patient.  

MRI anomalies  
(Very frequent) 

MRI anomalies were documented in 81/97 (84%) individuals and 
were represented by lissencephaly/pachygyria in 52. Other cortical 
malformations included dysgyria/polymicrogyria in five, and 
periventricular nodular heterotopia  (PNVH) in two individuals. 
Other anomalies included agenesis or hypoplastic CC, 
leukomalacia, Chiari I anomaly, hypoplastic cerebellum, and 
ventriculomegaly. MRI was not performed in 16 individuals.  

Growth  
(Frequent) 

Short stature was documented in 39 (height -6,4 to 3,4 SD) One 
individual had significantly delayed bone age and received growth 
hormone therapy with some catch up growth (23-B). Significant 
failure to thrive in early childhood was reported in at least 6 
individuals 



 
 

Epilepsy  
(Frequent) 

Epilepsy was present in 41, with age of onset ranging from neonatal 
period to 24y. Cortical malformations were reported in 28 
individuals with epilepsy, five were reported not to have structural 
brain anomaly, and in four individuals brain imaging was not 
performed.  

Dystonia 
(Absent) 

Not reported. 

Hearing loss  
(Frequent) 

Reported in 35 individuals and included bilateral sensorineural (in 
19), conductive (in two) or unspecified in the remaining individuals. 

Skeletal 
anomalies  
(Frequent) 

Reported in 55 and included spine anomalies in 22, pectus 
anomalies, scapula winging, hip dysplasia, Polydactyly (in seven) 
and feet deformities. 

Heart Defects  
(Frequent) 

Reported in 39 and included ASD, VSD, pulmonary stenosis, patent 
ductus arteriosus, aortic coarctation, and valve anomalies.  

Respiratory 
problems  
(Sometimes) 

Reported in 14 and included severe and prolong respiratory 
infections and pneumonias in six individuals, sleep apnoea and 
asthma in two individuals as well as laryngomalacia and narrow 
nasal passage in one patient, respectively. 

GI problems 
(Frequent) 

Reported documented in 27 and included constipation, feeding 
difficulties (four required gastrostomy feeding), structural 
anomalies (in four individuals including duodenal atresia, jejunal 
atresia, intestinal malrotation and partial bowel obstruction). One 
individual had progressive liver cirrhosis, and another presented 
with chronic diarrhoea. Interestingly, GI complains were not 
documented in the first BWCFF cohort8 and were often reported 
only on enquiry and no detailed information was available for 44 of 
109 individuals (4 fetal cases excluded). 

Genito-urinary 
anomalies 
(Sometimes) 

Structural renal anomalies were reported in 23 individuals and 
included 10 with duplicated kidneys and/or collecting system, 7 
with severe hydronephrosis, and two individuals each with ectopic 
kidneys, renal fusion or hypoplastic kidneys. Abnormal external 
genitalia were described predominantly in males including 
cryptorchidism, inguinal hernia and small penis. Hypoplastic 
external genitalia were also reported in one female individual.  

Skin and 
integument 
(Sometimes) 

Reported in 19 individuals, included dysplastic skin derivatives in 7 
individuals (sparse hair, hypoplastic nails, hypodontia, small teeth 
and delayed tooth eruption), cutis hyperelastica, vascular 
anomalies (cutis marmorata, teleangiaectasia, hemangiomas) and 
skin hyperpigmentation (café au lait marks and Mongolian sacral 
spot), dermatitis, pterygia and interdigital webbing reported in one 
or two individuals each. 

Repeated 
infections 
(Sometimes) 

Repeated and/or excessive infections were documented in 13 
individuals mostly as recurrent respiratory infections including 
pneumonias, multiple acute otitis media as well as chronic ear 
infections, urinary tract infections and necrotising enterocolitis. 

Haematological 
anomalies 
(Absent) 

Not reported (including thrombocytopenia).  

Other  We could confirm previous observation about BWCFFs typical 
body posture than becomes apparent in the second or third life 
decade8. This includes anteverted shoulders with generally narrow 
shoulder gridle, scoliosis and semiflexed knees. Children are often 



 
 

present with excessive nuchal skinfolds or pterygium colli, low 
posterior hairline, pectus excavatum and mild diastasis recti 
resulting in prominent navel or umbilical hernia.  
 

Healthy carrier 
(Almost absent) 

All carries demonstrated typical features and vast majority of the 
individuals had de novo variants. Only one patient inherited the 
pathogenic variant from affected mother9, who presented mild but 
typical gestalt and had low normal intelligence. 

*Some features could not be assessed in all individuals.  
 
BWCFF specific brain anomalies  
BWCFF is associated with a specific MCD pattern: frontal-predominant pachygyria, 
frontal pachygyria accompanied with a thin occipital band heterotopia and PVNH 
(Figure S12). As bilateral PVNH were also observed in individuals with ACTB pLOF 
disorder, we did not consider the later MCD to be BWCFF specific. Enlarged 
(prominent) perivascular spaces in the centrum semiovale (but not in basal ganglia) 
were noted in several BWCFF individuals with and without cortical malformations 
(N=18). As this is a quite common non-specific finding, we suspect that enlargement 
of perivascular spaces might have been overlooked or not mentioned in the final 
radiological report in individuals where no MRI images were available for the 
evaluation.  
 
Prenatal manifestation of BWCFFs 
43 of 76 BWCFFs individuals with available pregnancy data had abnormal prenatal 
history. For the remaining 37 individuals, early clinical information was not available. 3 
pregnancies were terminated between 26th and 35th gestational weeks. The most 
common manifestation was increased nuchal translucency (N=22) either transient or 
persisting and reaching the form of cystic hygroma (N=7). 14 individuals presented 
with hydrops fetalis. Other recurrent features were microcephaly, agenesis of the CC, 
ventriculomegaly or hydrocephalus, polyhydramnios, cleft lip/palate, cortical 
anomalies, structural renal and heart anomalies. Reduced foetal movements, 
oligohydramnios and duodenal atresia were reported in a single patient respectively. 
Although common, prenatal manifestation is not specific and does not allow for clinical 
suspicion of BWCFF in absence of family history. Prenatal diagnosis is only possible 
through exome/genome-wide genetic testing.  We recommend a very careful 
consideration of the clinical diagnosis in every patient with a novel MV in ACTB and 
ACTG1 as well as MVs that were previously observed in less than three individuals 
and/or MVs with insufficient clinical information. 
 
Adult complications and reduced life expectancy in BWCFFs 
Our BWCFFs cohort includes 19 individuals at the age 18-45 years. The oldest known 
patient was 62y old at the time of the last follow-up (personal experience of Allan Bayat, 
limited clinical data were available). 16/19 individuals had epilepsy with AO from 2-24y 
and all 19 individuals showed ID ranging from mild (2 individuals), moderate (N=7) to 
severe (N=10). 10/19 individuals demonstrated progressive spinal deformity, limited 
extension of large joints and slow decline in overall motor activity. Two previously 
reported individuals died at the age of 26y (P110) and 30y (B348) from complications of 
the acute ileus and progressive feeding difficulties resulting in recurrent respiratory 
pneumonias. Both individuals carried the same MV p.Thr120Ile in ACTB. The whole 
BWCFFs cohort encompasses two other deceased individuals with presumable cause 
of death being adverse reaction to codeine administration at the age of 20y10 and 
progressive sepsis in a 8m boy with untreated decompensated heart defect11. The 



 
 

current adult cohort might not be representative for milder affected individuals that were 
currently diagnosed via genotype-first approach.  
 
Diagnostic and follow-up recommendations 
• BWCFF diagnostic criteria delineated in this work - (1) specific facial 

dysmorphism, and/or (2) frontal predominant pachygyria in a patient with (3) 
(likely) pathogenic MV in ACTB or ACTG1. 

• Clinical follow-up includes initial organ screening (brain MRI, EEG, heart 
ultrasound, abdominal and renal ultrasound, assess of the nutritional status, 
ophthalmologic evaluation including fundoscopy, audiologic evaluation, 
developmental assessment and genetic counseling) and annual surveillance 
(surveillance might be more frequent depending on the individual situation)12 

  



 
 

Note S3. ACTB:p.Arg183Trp-related dystonia-deafness syndrome 
Our cohort included 9 individuals with well documented progressive generalized 
dystonia; all of them carried an identical pathogenic variant in ACTB:p.Arg183Trp.  All 
individuals had a history of the profound prelingual sensorineural hearing loss with 
significant improvement with the cochlear implants in individuals who received them. 
Four remaining individuals were ascertained following detection of ACTB:p.Arg183Trp 
and presence of the congenital deafness without BWCFF specific features. Dystonia 
was a fully penetrant feature in all adults. However, this might represent an 
ascertainment bias as all adult individuals underwent genetic testing because of 
dystonia, whereas younger individuals received exome sequencing because of 
congenital hearing loss. As the cohort remains small, the exact penetrance of dystonia 
cannot be estimated.  
First individuals reported with ACTB-DDs were monozygotic twins13,14 that were 
subsequently discussed as a part of BWCFF spectrum8.  
It remains currently unknown whether other MV within the same ACTB codon would 
also result in ACTB-DDs. In ClinVar we identified one individual with a de novo MV 
NM_001101.5(ACTB):c.547C>G (p.Arg183Gly). This variant was evaluated by a 
single submitter as a likely pathogenic for ACTB-related disorder. No clinical data could 
be provided after our active enquiry.   
 
Tabular summary of clinical features in individuals with deafness-dystonia syndrome (N=13) 
Intellectual 
development and 
behaviour 

Borderline/mild ID was present in 5 out of 13 individuals, however 
two individuals with normal intelligence had delayed motor and/or 
speech development. Three individuals demonstrated abnormal 
behaviour with anxiety and insecurity in two individuals and 
psychotic episodes with paranoid delusions in another one. 

Craniofacial  
anomalies 

No specific gestalt has been documented, however 6 individuals 
had hypertelorism with arched eyebrows and/or mild ptosis. 
None of the individuals had BWCFF facial gestalt. 

Eye coloboma No coloboma was reported, one patient had cataract diagnosed 
at 3y13  

MRI anomalies MRI anomalies were present in two individuals and included 
arterial ischemic stroke at 5y in one subject (26-B) and bilateral 
symmetrical FLAIR T2 hyperintensity in the basal ganglia15  in 
the other patient with manifest dystonia.  

Epilepsy Focal seizures with AO at 5y were reported in one patient16. 
Dystonia Dystonia manifested in 9 of 13 individuals, AO varied from 11 till 

24 years and the disease progression from focal into severe 
generalised dystonia, 5 individuals received deep brain 
stimulation with positive effect, 3 individuals died. Dystonia did 
not respond to conventional drug treatment such as  LDopa, 
biperiden and clonazepam16. Three individuals without dystonia 
were 7months, 2y and 12y at the last follow-up.  

Hearing loss Profound hearing loss was documented in all individuals, 7 
individuals received cochlear implant, one as early as 
11months.   

Skeletal anomalies Skeletal anomalies (scoliosis) were documented in 3 
individuals13,16 and most probably represented secondary 
complications of progressive uncontrolled dystonia. 

Heart Defects Structural heart defects were not documented.  
Respiratory 
anomalies 

Respiratory features were present in 3 individuals and included 
aspiration pneumonia, asthma, and impeded breathing during 



 
 

cold most probably representing secondary complication of 
progressive uncontrolled dystonia. 

GI anomalies Gastro-intestinal concerns were documented in 5 individuals 
and included constipations reported in three individuals as well 
as achalasia reported in monozygotic twins13. 

Genito-urinary 
anomalies 

No GU anomalies were documented. 

Skin and 
integument 

One patient presented with dermatitis. 

Repeated 
infections 

Repeated and/or excessive infections were not documented  

Thrombocytopenia 
and other 
haematological 
anomalies 

Thrombocytopenia was not observed. 

Healthy carrier All carries presented with congenital deafness; as dystonia is an 
age-related manifestation, its penetrance in the youngest 
individuals remains unknown. 

 
Diagnostic and follow-up recommendations 
• ACTB-DDs is diagnosed in individuals with early onset severe hearing loss 

carrying MV ACTB:p.Arg183Trp. 
• Hearing loss is severe and rapidly progressive suggesting that early cochlear 

implants should be considered to maintain adequate language development. 
• The incidence of dystonia remains unknown but current data suggests that it may 

be as high as 100%. 
• Regular monitoring of motor and language development with appropriate early 

intervention program if necessary. 
• Early connection to the neurologist specialized in movement disorders is highly 

recommended to facilitate future treatment. 
• Bilateral globus pallidus interna deep brain stimulation currently represents the 

only treatment option resulting in substantial clinical improvement. 
• Supportive therapy such as early initiation of physiotherapy and application of the 

adaptive aids after onset of dystonia. 
 
  



 
 

Note S4. ACTG1-associated isolated hearing loss (ACTG1-ADHL) 
Non-syndromic hearing loss was the first disorder associated with the cytoplasmic 
actin genes17-19. Heterozygous variants in ACTG1 were reported segregating in six 
families with multiple affected individuals including a large Norwegian family with more 
than 40 affected family members presenting with post lingual progressive 
sensorineural hearing loss, clinically defined as DFNA20/2619,20. The typical 
characteristics include a bilateral slowly progressive sensorineural hearing loss with 
the age of onset between the first and the third decades of life. The hearing loss begins 
at the highest frequencies and steadily progresses into profound deafness across all 
frequencies. The majority of the affected individuals would demonstrate the sloping 
configuration audiogram at the early age while hearing threshold remains intact at the 
lower frequencies. The hearing loss is progressing into deafness by the 6th decade21. 
Tinnitus, vertigo, and other vestibular symptoms were occasionally reported in 
individuals with the ACTG1-associated hearing loss. The recent review summarized 
36 ACTG1 variants reported in individuals with hearing loss. However, several 
individuals presented with additional symptoms including other malformations and 
neurodevelopmental disorder21 indicating that these individuals should be classified as 
unspecified non-muscle actinopathies. Considering the highly variable symptomatic 
even within the same family22, we recommend careful consideration of the clinical 
assignment in individuals with the novel ACTG1 variants especially when the molecular 
diagnosis was done early in life. Several missense variants such as T89I17, 
K118M/N17,23,24, K213R25, E241K23,24, T278I18, and V370A19 were recurrently observed 
in large well characterized families with non-syndromic hearing loss and some of these 
variants were also studied in-vitro and in vivo23,26,27. These variants can be reliably 
associated with the non-syndromic hearing loss.  
The penetrance was reported as complete; however, the age of onset, progression 
and severity differ greatly even within the same family19,21. 
 
Tabular summary of clinical features in individuals with non-syndromic hearing loss (N=60) 
Intellectual 
development 
and behaviour 

Normal development. 

Craniofacial  
anomalies 

No specific gestalt has been documented. 

Hearing loss Bilateral progressive sensorineural hearing loss with the typical 
begin at the higher frequencies and characteristic audiogram with 
the sloping configuration that may maintain even at the advanced 
stage. The progression rate varies from 1 dB/year to 6 dB/year24. 

Vestibular 
symptoms 

Vestibular dysfunction, manifested as some equilibristic instability, 
was claimed occasionally by some of the elderly, profoundly 
hearing-impaired individuals but was formally assessed19. Tinnitus 
is occasionally reported.  

Healthy carrier Not reported; hearing loss is an age-related phenotype with the 
variable onset within the same family. 

 
  



 
 

Note S5. Unspecified non-muscle actinopathies including ACTG1-associated 
isolated coloboma 
This cohort encompassed individuals with missense variants in either ACTB or ACTG1 
whose clinical features did not fit any of the disorders described above. It is possible 
that future work might define novel distinct entities within this group, one of which could 
be an ACTG1-associated isolated coloboma28. unNMA is diagnosed in a patient 
without BWCCF typical facial gestalt and/or brain malformation with a (likely) 
pathogenic missense variant in ACTB or ACTG1 (except ACTB R183W) presenting 
with any phenotype other than post-lingual non-syndromic hearing loss.   
In line with the previous section, we want to point out the high phenotypic heterogeneity 
in this group observed even within the same family. Although most of the individuals 
presented with the neurodevelopmental disorder, the severity of the intellectual 
impairment is usually mild with good developmental progress under intensive speech 
and occupational therapy. Speech was usually more severely impaired in comparison 
with motor skills.  Speech delay was more prominent in children with the congenital or 
early onset hearing loss and remained a significant health issue even after the 
administration of the adequate hearing aids or cochlear implants.  
The available data on adult individuals in unNMA (10 individuals older than 20y) 
indicates the stable course with no additional neurological or other health issues being 
developed. However, this statement would need to be confirmed in a larger patient 
cohort. 
 
Tabular summary of clinical features in individuals with unspecified NMA (N=66)  

ACTB  
N=36 

ACTG1  
N=30 

Intellectual 
development and 
behaviour 

21 individuals, borderline/mild in 
13 and moderate in 6, 7 
individuals had normal mental 
development; 8 individuals 
presented prenatally or during 
neonatal period; 10 individuals 
with and without ID had 
behaviour anomalies, presented 
with ADHS, hyperactive and 
aggressive behaviour and temper 
tantrums; single individuals were 
reported to have sleep disorder, 
Tourette syndrome and auto 
aggression. 

20 out of 30, mild in 7, 
moderate in 6 but also severe 
and profound in 3 individuals; 
8 individuals had behaviour 
anomalies with ADHS and 
temper tantrums, as well as 
autism with obsessions 
described in 1 patient. 

Craniofacial  
anomalies 

Craniofacial anomalies were 
present in 27 individuals and 
were mild in the majority of the 
individuals. Microcephaly was 
documented in 11 individuals. 
Interestingly, microcephaly was a 
consistent feature in three 
individuals with MV within the 
codon 152. 

Mild craniofacial anomalies 
were described in 16 
individuals presented with an 
unspecific pattern.  
However, 4 individuals had 
ptosis accompanied by 
epicanthus in 2. 
Only two individuals 
presented with microcephaly. 

Eye coloboma Iris coloboma was reported in two 
individuals. 

Iris coloboma was reported in 
three individuals. 

MRI anomalies MRI anomalies were documented 
in 15 individuals but nobody 

MRI anomalies were present 
in 7 individuals, thereof 4 



 
 

presented with cortical 
malformations except one patient 
with single PVNH. Structural 
abnormalities included abnormal 
corpus callosum in 3, enlarged 
ventricles in 3 and hydrocephalus 
in 1, posterior fossa anomalies in 
2, as well as Chiari I anomaly, 
multiple calcifications and 
abnormal white matter signal in 
one patient, respectively.  

individuals had cortical 
malformations including PMG 
in 2, dysgyria in 1 and PVNH 
in 1; the remaining 3 
individuals had either 
agenesis or hypoplastic 
corpus callosum. 

Epilepsy Epilepsy was present in 5 
individuals, two of them had 
abnormal MRI such as Chiari I 
anomaly and multiple 
calcifications. Another patient 
was diagnosed with Doose 
syndrome. 

Epilepsy manifested in 5 
individuals, two of them had 
cortical malformations (PVNH 
and PMG). 

Dystonia Dystonia was not documented. Dystonia was not 
documented. 

Hearing loss Hearing loss was documented in 
6 individuals as bilateral 
sensorineural in three individuals, 
mixed in one patient and 
conductive in another two 
individuals. 

Hearing loss was present in 
21 individuals, all individuals 
had bilateral sensorineural 
hearing loss with AO from 
birth/first year till 3rd and 4th 
decades. However, adult 
onset was observed only in 
one multigenerational family 
with MV p.Ille85Leu. Other 
individuals had the onset in 
early childhood. 

Skeletal anomalies Skeletal anomalies were 
documented in 11 and included 
vertebral anomalies (N=4) as well 
as pectus deformity, joint 
hypermobility, feet deformities, 
brachydactyly and long and 
slender fingers described in 
individual individuals. Eight 
individuals had short stature (till -
3,4 z). 

Skeletal anomalies were 
present in 9 individuals, 5 
had scoliosis, two had short 
stature (-4,7 z) and two 
bilateral feet deformities, 
respectively.  

Heart Defects Structural heart defects were 
present in 9 individuals and 
included ASD, VSD, aortic 
coarctation, and PFO. Two 
individuals had transposition of 
the great arteries and one had 
dextrocardia. Two individuals had 
mitral valve prolapse. 

Heart anomalies were seen 
in 5 individuals as ASD/VSD, 
PDA, pulmonary stenosis and 
right descending aortic arch 
with aberrant left subclavian 
artery and diverticle of 
Kommerell, respectively.  

Respiratory 
anomalies 

Respiratory features were 
present in 4 individuals and 
included severe and prolonged 
respiratory infections and 

One patient had asthma; 
another patient presented 
with laryngomalacia and two 
individuals had documented 



 
 

pneumonias in three and 
respiratory distress in the 
remaining patient. 

tracheomalacia in early 
months.  

GI anomalies Gastro-intestinal concerns were 
documented in 12 individuals and 
required operative treatment in 4 
individuals.  
Incomplete data in 6 individuals 
and not assessed in 4 fetuses.  

Gastro-intestinal concerns 
were documented in 4 
individuals and presented as 
duodenal atresia in 1, 
intestinal pseudo-obstruction 
and TNT dependency in 1, 
and constipations in the other 
two individuals. In 8 
individuals GI data was 
incomplete.  

Genito-urinary 
anomalies 

GU anomalies included renal 
anomalies in 5 
(pyelectasis/hydronephrosis, 
cystic dysplasia, and 
pyelonephritis) and abnormal 
genitalia in other 7 individuals. 

One patient presented with 
hydronephrosis, two with 
inguinal hernias and one with 
cryptorchidism. 

Skin and 
integument 

Diverse dermatological concerns 
were recorded in 5 individuals: 
skin laxity, mild angiomas, 
photosensitivity and cutaneous 
infections with impetigo. 

CALFs were documented in a 
single patient. 

Repeated 
infections 

Repeated and/or excessive 
infections were documented in 7 
individuals presented as 
recurrent respiratory infections 
including pneumonias in and 
multiple acute otitis media as well 
as chronic ear infections. 
However, 3 individuals 
demonstrated systemic disorder 
with recurrent abscesses and 
cutaneous infections (158-B, 62-
B and 119-B). One of these 
individuals had thymus atrophy. 
One patient had periodic fever. 

Repeated and/or excessive 
infections were documented 
in three individuals. 

Thrombocytopenia 
and other 
haematological 
anomalies 

Three individuals had 
thrombocytopenia presented as 
borderline or mildly diminished 
platelet count without manifesting 
bleeding disorder. All 3 
individuals had MV in the last 
exon.  

Thrombocytopenia was not 
documented. 

Healthy carrier All carries demonstrated either ID 
or structural/morphological 
anomalies. 

All carries demonstrated 
either ID or 
structural/morphological 
anomalies. 

 



 
 

Prenatal manifestation in unNMA 
Abnormal prenatal history was documented in 15 individuals (N=9 with variants in 
ACTB and N=6 in ACTG1). Whereas increased nuchal translucency was the most 
common prenatal feature in individuals with BWCFF, it was reported in only two 
pregnancies in the unNMA cohort. Other features included ventriculomegaly, heart 
defects, cleft lip/palate, duodenal atresia, omphalocele, and fetal arrhythmia. Prenatal 
molecular diagnosis was made in four cases and led to the termination between 16 
and 28 GWs. Three of four foetuses presented with ventriculomegaly or 
hydrocephalus, one had IUGR, transposition of the great arteries, renal cysts and 
omphalocele. Detailed neuropathological examination of the cerebral was available in 
two cases and reported normal cortical structure.  
 
Diagnostic and follow-up recommendations 
• Considering the high clinical heterogeneity within the unNMA patient cohort and 

still limited information about the natural history, developing general 
recommendations regarding the clinical management remains difficult. 

• Referral to an early intervention program is strongly recommended for the detailed 
developmental and behaviour evaluation and intervention.  

• Medical surveillance should be focused on individual presentation of the 
individuals and may include the control of the growth parameters, cardiac 
evaluation, hearing test, ophthalmological surveillance and other evaluations 
depending on individual concerns. Young individuals with uncertain clinical 
classification should have annual follow-up and their families should be informed 
that clinical diagnosis is ambiguous and so remains developmental and 
neurological long-term prognosis; families should be offered the maximal 
BWCFFs-oriented management that can become less intensive or lifted 
completely if BWCFFs can be prospectively excluded.  

  



 
 

Note S6. GestaltMatcher facial analysis 
 
Figure S4 and Table S5 summarize the quantitative evidence for cohort distinctiveness 
from the pairwise PPV analysis and the intra-group percentile results against the 
random baseline. The PPV values (probability that two cohorts are truly different within 
the decision interval, neutral prior) show strong separation between BWCFF and ACTB 
LoF (PPV ≈ 93%), indicating these cohorts are highly distinct. Comparisons against 
unNMA also support inter-group distinctiveness: ACTB LoF vs unNMA (PPV ≈ 76.5%) 
and BWCFF vs unNMA (PPV ≈ 63.9%) both favor difference. Within the unNMA 
framework, ACTB_unNMA vs ACTG1_unNMA yields a moderate signal (PPV ≈ 
71.7%), suggesting gene-specific separation inside unNMA. By contrast, BWCFF vs 
BWCFF_unNMA (PPV ≈ 18.8%) and ACTB_BWCFF vs ACTG1_BWCFF (PPV ≈ 
8.7%) show limited evidence of distinctiveness, consistent with substantial phenotypic 
overlap. 
 
To make sample-size dependence explicit, Figure S5 presents a size-matched 
downsampling analysis. For each pair, both cohorts are repeatedly downsampled to 
the same size 𝑘	(from 1 up to the smaller cohort), and the inter-group mean pairwise 
distance is summarized at each 𝑘	relative to the threshold 𝑐. As expected, variability 
widens and apparent separation can attenuate at very small 𝑘, whereas robust pairings 
(e.g., BWCFF vs ACTB LoF) remain consistently above 𝑐	across a broad range of 𝑘. 
This sensitivity analysis complements the PPV/percentile results and clarifies how 
limited 𝑛	in recurrent-variant cohorts influences confidence in inter-group differences. 
 
The intra-group percentile analysis (Figure 3D) against the resampled random baseline 
(random KDE figure) independently supports these conclusions. BWCFF and ACTB 
LoF have unusually low mean within-group distances—approximately the 1.6th and 
4.4th percentiles of the random control distribution, respectively—indicating 
pronounced intra-group cohesion far beyond chance. By comparison, unNMA and its 
gene-specific subsets (ACTB_unNMA and ACTG1_unNMA) fall around the 16th–22nd 
percentiles, which does not indicate a recognizable, tight gestalt as a group. Together, 
the PPV results (between-group) and percentile findings (within-group) provide 
convergent, quantitative evidence that BWCFF and ACTB LoF are both internally 
cohesive and externally distinct from other cohorts, whereas unNMA lacks strong intra-
group similarity yet can still be distinct from other cohorts in inter-group comparisons. 
 
Note S7. Transcriptome sequencing 
Missense variants in CYA genes do not have major impact on overall gene expression.  
In line with the overlapping expression profiles, we observed only few differentially 
expressed genes between individuals derived and control cell cultures. Only one gene 
(OLFM1) was differentially expressed at an FDR-adjusted p-value cutoff of 0.01 in 
comparison with BWCFF patient cell cultures to control 2 cell cultures, whereas all 
other disease-specific cell cultures did not show any differentially expressed genes in 
comparison to control 2 cell cultures (Supplementary Table 3 Differential Gene 
Expression Analyses). Of note, seven fibroblast cultures of control 2 group were 
established under identical conditions like most of the patient derived cultures whereas 
control 1 consisted of three cultures acquired from Coriell. Some more genes were 
differentially expressed in comparison to control 1 cell cultures, but only for BWCFF 
vs. control 1 (90 genes) and ACTB-BWCFF vs. control 1 (43 genes). 
Analysing the expression of the genes encoding for actin isoforms and actin-binding 
proteins(ABP) (as in Latham et al.2) we observed one cluster that mainly contained 
BWCFF samples (Figure S8) together with another larger cluster with three subclusters 



 
 

including three control 2 samples in a subcluster, control 1 samples form a subcluster 
control samples,  Dystonia Deafness, non-BWCFF and BWCFF samples that were 
more wide-spread across the subclusters. Therefore, analysed actin variants have only 
minor systemic impact even on the expression of ABP-encoding genes.  
 
 
  



 
 

Supplemental Figures 
Figure S1. Classification of the NMA patient cohort applying genomic and 
phenotypic-led approach. 
 

 



 
 

Figure S2. Differences in population genetic variability of actin loci. 

 
(A) Stacked column charts demonstrating functional consequences of all possible 
singe nucleotide substitutions simulated within the genomic regions of ACTB 
(NM_001101.5; hg38 7:5527148-5530601) and ACTG1 (NM_001614.5; hg38 
17:81509971-81512799) annotated with the Ensembl Variant Effect predictor (VEP) 
compared to the small nucleotide variants observed in public databases with (with 
recurrences) and without  (w/o recurrence) population frequencies of the variants; 
variant types are listed in alphabetical order (B) integrated ucsc genome browser view 
demonstrating two paralogous regions within coding regions of ACTG1 and ACTB 
(sequence differences are highlighted in red), I and I’ relative usage of reference (dark 
blue) and alternative codon (light blue), II and II’ PhyloP basewise conservation score 
(100 vertebrates), III and III’ number of recurrent variants in public databases, pink top 
on bars indicates the data exceeding the display limit of 5,000. 
  



 
 

Figure S3. Compatible number of cancer-associated somatic variants in CYA 
genes 
 

 
(A) Stacked column charts demonstrating the spectrum and frequencies of somatic 
small nucleotide variations in ACTB and ACTG1 observed in COSMIC and (B) 
cBIOPortal databases; note that cBIOPortal supports only non-synonymous and 
coding region small nucleotide variants; colour code and annotations correspond to 
the Figure S2. Note that the data is included to illustrate the spectrum and relative 
frequencies of reported somatic variants with respect to the mutagenic potential of the 
affected regions; no functional or clinical conclusions were drawn.  



 
 

Figure S4. GestaltMatcher analysis of the NMA spectrum. 

 
 
tSNE visualization of different groups in GestaltMatcher analysis and the mean 
pairwise distance distribution of cohorts sampled from (blue) same syndrome, (red) 
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different syndrome, and the orange distribution of the target comparisons. The 
threshold (c) is 0.896. When more than 50% of the orange region fall above the 
threshold, it indicates the two disorders are not similar. (A) The mean pairwise distance 
between BWCFF and ACTB_LoF individuals is 0.977, and 100% of the sampling is 
above the threshold (the region falling on the right of the threshold) PPV (positive 
predictive value) ≈ 93%, indicating strong distinctiveness. (B) The tSNE visualization 
between ACTB_BWCFF and ACTG1_BWCFF. (C) The mean pairwise distance 
between BWCFF_ACTB and BWCFF_ACTG1 individuals is 0.827, and 0% of the 
sampling is above the threshold. (D) The mean pairwise distance between unNMA and 
BWCFF individuals is 0.916, and 92% of the sampling is above the threshold; PPV ≈ 
63.9%, supporting inter-group difference with partial overlap; (E) The mean pairwise 
distance between unNMA and ACTB_LoF individuals is 0.962, and 98% of the 
sampling is above the threshold; PPV ≈ 76.5%, indicating separation. F) The tSNE 
visualization between ACTB_unNMA and ACTG1_unNMA. (G) The mean pairwise 
distance between ACTB_unNMA and ACTG1_unNMA individuals is 0.924, and 92% 
of the sampling is above the threshold; suggesting gene-specific separation within 
unNMA. (H) The mean pairwise distance between BWCFF and BWCFF_unNMA 
individuals is 0.853, and 1% of the sampling is above the threshold; PPV ≈ 18.8%, 
indicating considerable overlap. PPVs for all pairwise contrasts are summarized in 
Table S5. 
 



 
 

Figure S5. Size-matched inter-group separation after downsampling. 

 
Panels A–F show pairwise cohort comparisons. For each panel, both cohorts are 
downsampled to the same size 𝑘 (x-axis) and repeatedly resampled; the boxplots 
summarize the distribution of the mean pairwise distance between cohorts at that 𝑘. 
The dashed line marks the historical threshold 𝑐for “different.” 
A) BWCFF vs ACTB LoF: distances remain stably above 𝑐	from small 𝑘upward. B) 
ACTG1_BWCFF vs ACTB_BWCFF: distances are lower and closer to 𝑐, reflecting 
greater overlap. C) BWCFF vs unNMA and D) ACTB LoF vs unNMA: distances trend 
above 𝑐 as 𝑘	increases. E) ACTB_unNMA vs ACTG1_unNMA: moderate separation 
with wider dispersion at small 𝑘. F) BWCFF vs BWCFF_unNMA: small 𝑛	limits 
precision; distances hover near 𝑐. Overall, smaller 𝑘	yields wider variability due to 
limited sampling, while consistently separated pairs remain above 𝑐	across 𝑘, 
illustrating how recurrent-variant cohorts with small 𝑛influence confidence in inter-
group differences. 
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Figure S6. Immunoblot of Sf9 insect cell lysate revealed only small amounts of 
mutated actin-thymosin β4 fusion constructs in the cell lysate  
 

 
 
Immunoblot of Sf9 insect cell lysate revealing only small amounts of mutated actin-
thymosin b4 fusion constructs in the cell lysate. This amount was not sufficient to purify 
mutant contracts as they could not be eluted of the NiNTA column. Cells were 
transfected with different titres of baculovirus encoding for the respective actin-
thymosin β4 construct (1:50, 1:100). Samples were taken 48 hours and 72 hours after 
transfection. Blot was developed using the anti-Penta-His antibody (Qiagen, Hilden, 
Germany) and the goat anti-mouse IgG-HRP secondary antibody (Thermo, Waltham, 
USA) 
  



 
 

Figure S7. Expression of CYA isoforms in patient-derived and control fibroblasts.  
Analysis of bCYA, gCYA, and panactin protein abundance in patient-derived 
fibroblasts by western blot; data is presented using the box-and-whiskers plot where 
box contains the 25th to 75th percentiles of the data set and central line indicate the 
median signal intensity in immunoblots normalized to the total protein. 
 

 
 
  



 
 

Figure S8. Western blots of ßCYA in patient-derived and control fibroblasts.  
 
(A), (C) Fluorescent total protein membrane staining (RevertTM 700 Total protein stain), 
gray scale image; samples are labeled corresponding to sample identifiers in Figure 
S6, R183W corresponds to 25-B and R183W’ to 176-B, R196H corresponds to 181-B, 
R196H’ to 39-B (B), (D) Fluorescent ßCYA protein detection using IRDye800CW.  
 
 

 



 
 

Figure S9. Western blots of γCYA in patient-derived and control fibroblasts.  
(A), (C) Fluorescent total protein membrane staining (RevertTM 700 Total protein stain), 
gray scale image; samples are labeled corresponding to sample identifiers in Figure 
S6, R183W corresponds to 25-B and R183W’ to 176-B, R196H corresponds to 181-B, 
R196H’ to 39-B (B), (D) Fluorescent ßCYA protein detection using IRDye800CW.  

 
 
 
  



 
 

Figure S10. Western blots of panactin in patient-derived and control fibroblasts.  
((A), (C) Fluorescent total protein membrane staining (RevertTM 700 Total protein 
stain), gray scale image; samples are labeled corresponding to sample identifiers in 
Figure S6, R183W corresponds to 25-B and R183W’ to 176-B, R196H corresponds to 
181-B, R196H’ to 39-B (B), (D) Fluorescent ßCYA protein detection using 
IRDye800CW.  
 

 
 
  



 
 

Figure S11. Pyrene–based bulk-polymerization and depolymerization 
experiments of CYA isoforms (5% pyrene–labeled).  
(A, B) Representative traces of pyrene-polymerization experiments with wild type b-
actin and mutants. Experiments were performed with pure actin mutants (A) or a 1:1 
mixture of wild type and mutant actin (B) (C) Representative traces of pyrene-based 
dilution-induced depolymerization experiments performed with pure wild type b-actin 
and mutant proteins. (D, E) Representative traces of seeded pyrene-polymerization 
experiments with g-actin wild type and mutants. Experiments were performed with pure 
actin mutants (D) or a 1:1 mixture of wild type and mutant actin (E). (F) Representative 
traces of pyrene-based dilution-induced depolymerization experiments performed with 
pure wild type g-actin and mutant proteins. 

 
 
 
  



 
 

Figure S12. Expression profiles of the patient-derived and control fibroblasts. 

 
 
 
  



 
 

Figure S13. Principle component analysis of the average expression profile per 
patient.  

 
 
 
 
 
  



 
 

 
Figure S14. MRI images with cortical malformations typical for BWCFF 
(A) T2 weighted axial image demonstrating fronto-temporal pachygyria and 
prominent perivascular spaces (age 10y); (B) T1 weighted axial image shows anterio 
predominant pachygyria and a thin band heterotopia in the occipital lobes with 
prominent perivascular spaces (age 1,5y); (C) T2 weighted coronal image with the 
bilateral single periventricular nodules (age 4m); scale bar 1cm. 
 

 



 
 

Figure S15.  Spatial enrichment of variants by phenotype across the actin 
structure. 
 

 
 
The structures of human bCYA (A) gCYA (B) were homology modeled using the Schrödinger Prime 

4.0 and BioLuminate® applications (Schrödinger Inc., New York, NY). The sequences were retrieved 

from the Uniprot database (accession numbers: P60709 and P6326). The C-α atoms at mutation sites 

are shown as spheres. The different disease phenotypes associated with the site of mutation are 

indicated according to the color code used in Figure 2. Residues located on the surface are colored in 



 
 

green (1); an interaction site is defined as the region within 5 Å of the binding partner and is colored in 

green: actin-actin interaction (2) profilin (3) cofilin (4),  myosin (5), tropomyosin (6), phosphate and 

Mg2+, as well as nucleotide coordination at the nucleotide binding site, NBS. (7) 

  



 
 

 
Figure S16.  Functional classification of non-muscle actinopathies. 
 

 
 
Based on our data, NMAs can be categorized into five clinical entities and three major functional groups 
First, genomic variants that result in decreased or absent expression of mRNA or production of unstable 
mutant actin. Such variants in ACTB are clinically associated with ACTB pLoF. ACTG1 variants of the 
first group are either benign or result with not-fully penetrant unNMA. Second, MVs that result in stable 
actin expression with severely impaired poly-/depolymerization dynamics. These variants in both ACTB 
and ACTG1 are associated with BWCFF, pointing out the correlation with the abnormal postnatal 
presentation affecting in multiple organ systrems. Third, MVs that result in stable expression of actin 
with normal or slightly abnormal polymerization dynamics. One of these variants in ACTB (R183W) 
leads to dystonia-deafness syndrome, and the others are associated with unNMA. Such variants in 
ACTG1 can also cause unNMA. Still, several of these MVs result in progressive hearing loss, suggesting 
that these group three variants are likely associated with the limited expression of the phenotype 
referable to only one organ system.  
  



 
 

Supplemental Tables 
 

Table S4. List of antibodies 
 
Primary antibodies 

Target Specificity  Company Catalog no. # RRID Dilution 
factor 

β-CYA 
Mouse 

monoclonal IgG1 
clone 4C2 

bio-rad CMCA5775GA AB_2571580 1:50 (IF)  
1:7500 (WB)  

g-CYA 
Mouse 

monoclonal IgG2b 
clone 2A3 

bio-rad MCA5776GA AB_2571583 1:100 (IF)  
1:7500 (WB)  

Ki-67 Rabbit polyclonal abcam ab15580 AB_443209 1:300 (IF) 

Tuj1 Mouse 
monoclonal BioLegend #801201 AB_2313773 1:300 (IF) 

Pan-
Actin 

Mouse 
monoclonal  

Novus 
Biologicals NB600-535 AB_2222881 1:200 (IF)  

1:2500 (WB) 

SOX2 Goat polyclonal R+D 
Systems AF2018 AB_355110 1:300 (IF) 

DAPI   Roche 10236276001   1:1000  
IRDye® 
800CW   Li-COR 926-32210   1:15000  

 
Secondary antibodies 
Host/ 
Target Isotype Conjugate Company Catalog no. 

# RRID Dilution 
factor 

Goat 
anti 
Mouse 

Mouse IgG, 
Fcg Subclass 

1 Specific 

AlexaFluor 
488 

Jackson 
Immunoresearch 115-545-205 AB_2338854 1:200 

Goat 
anti 
Mouse 

Mouse IgG, 
Fcg Subclass 

2b Specific 
CY5 Jackson 

Immunoresearch 115-175-207 AB_2338717 1:50 

Donkey 
anti 
Mouse 

Donkey IgG AlexaFluor 
488 Thermo Fisher A-21202 AB_141607 1:500 

Donkey 
anti 
Rabbit 

Donkey IgG AlexaFluor 
555 Thermo Fisher A-31572 AB_162543 1:500 

Donkey 
anti 
Goat 

Donkey IgG AlexaFluor 
647 Thermo Fisher A-21447 AB_2535864 1:500 

Donkey 
anti  
Rat 

Donkey IgG AlexaFluor 
488 Thermo Fisher A-21208 AB_2535794 1:500 



  
 

 
 

 

Table S5. GestaltMatcher analysis - positive predictive values for all pairwise 
contrasts presented in Figure S4. 

 
  

Group 1 Group 2 Mean pairwise 
distance 

% above 
threshold 

PPV in interval (%) 

BWCFF ACTB_LoF 0.977 100 92.99 
ACTB_BWCFF ACTG1_BWCFF 0.827 0 8.74 
ACTB_unNMA ACTG1_unNMA 0.924 92 71.68 
BWCFF BWCFF_unNMA 0.853 1.01 18.77 
BWCFF unNMA 0.916 92 63.91 
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