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ABSTRACT
Background  Neurodevelopmental disorders (NDDs) 
impact both the development and functioning of the 
brain and exhibit clinical and genetic variability. RAP 
and RAB proteins, belonging to the RAS superfamily, are 
identified as established contributors to NDDs. However, 
the involvement of SGSM (small G protein signalling 
modulator), another member of the RAS family, in NDDs 
has not been previously documented.
Methods  Proband-only or trio exome sequencing was 
performed on DNA samples obtained from affected 
individuals and available family members. The variant 
prioritisation process focused on identifying rare 
deleterious variants. International collaboration aided in 
the identification of additional affected individuals.
Results  We identified 13 patients from 8 families 
of Ashkenazi Jewish origin who all carried the same 
homozygous frameshift variant in SGSM3 gene. The 
variant was predicted to cause a loss of function, 
potentially leading to impaired protein structure or 
function. The variant co-segregated with the disease in 
all available family members. The affected individuals 
displayed mild global developmental delay and mild to 
moderate intellectual disability. Additional prevalent 
phenotypes observed included hypotonia, behavioural 
challenges and short stature.
Conclusions  An Ashkenazi Jewish homozygous 
founder variant in SGSM3 was discovered in individuals 
with NDDs and short stature. This finding establishes a 
connection between another member of the RAS family 
and NDDs. Additional research is needed to uncover 
the specific molecular mechanisms by which SGSM3 
influences neurodevelopmental processes and the 
regulation of growth.

INTRODUCTION
Neurodevelopmental disorders (NDDs) refer to a 
group of conditions that affect the development 
and functioning of the brain. These disorders typi-
cally manifest early in childhood and have a signif-
icant impact on an individual’s cognitive, social 
and behavioural abilities. NDDs encompass a wide 
range of conditions, including autism spectrum 

disorder (ASD), intellectual disability, attention 
deficit hyperactivity disorder (ADHD), and specific 
learning disorders.1

In recent years, there has been increasing research 
focused on understanding the genetic factors under-
lying NDDs. The RAS superfamily of proteins has 
been identified as having a role in these disorders. 
They consist of small G proteins, which are low-
molecular-weight GTPases. They serve as molecular 
switches in the pathways of signal transduction and 
vesicular transport by alternating between active 
GTP-bound and inactive GDP-bound conforma-
tions and include the RAP and RAB subfamilies. 
The RAP family participates in various cellular func-
tions, such as integrin-mediated cell adhesion,2 3 
cadherin-mediated cell junction formation,4 5 actin 
dynamics,6 differentiation of neuronal cells,7 
synaptic plasticity and Wnt/β-catenin signalling.8 
The RAB family has key roles in regulating vesicle 
formation and its motility, docking and fusion. 
Overall, these small G protein-mediated signalling 
pathways affect each other, and such regulation is 
considered essential for maintenance of cellular 
homeostasis.9

In 2007, a novel gene family was reported, named 
SGSM (small G protein signalling modulator).8 
This family consists of three members: SGSM1, 
SGSM2 and SGSM3, which are expressed in several 
tissues, including the central nervous system. SGSM 
proteins possess two domains; RUN and TBC, for 
binding to RAP proteins and RAB proteins, respec-
tively. In SGSM3, an additional SH3 motif was 
inserted.

While defects in RAP and RAB proteins are 
a known cause of numerous genetic disorders, 
including NDDs (ie, Carpenter syndrome 1; MIM 
number: 201000), neurodegenerative disorders 
(ie, Amyotrophic lateral sclerosis; MIM number: 
105400) cancer and immunodeficiency disor-
ders,10 11 no such causation has yet been reported 
for SGSM proteins. Nevertheless, large-scale 
genome-wide enrichment analyses have suggested 
that variants in all three SGSM proteins may be 
associated with autism and/or NDDs.12 13
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In this paper, we describe 13 individuals from 8 families of 
Ashkenazi Jewish descent, who present with variable degrees 
of intellectual disability. They all share a common homozy-
gous frameshift variant in SGSM3, which segregated with the 
phenotype in available family members. We describe the clinical 
features of the affected individuals.

MATERIALS AND METHODS
Exome analysis
Following informed consent, exome analysis was pursued 
on DNA extracted from whole blood of the proband only in 
families A–C and of the proband and parents in D–H families 
(figure 1A). For families A–C and E–F, exonic sequences from 
DNA were enriched with the SureSelect Human All Exon 
50 Mb V5 Kit (Agilent Technologies, Santa Clara, California, 
USA) or xGen Exome Research Panel V.2 kit (Integrated DNA 
Technologies). Sequences were generated on a NovaSeq6000 
sequencing system (Illumina, San Diego, California, USA) as 
150 bp paired-end runs. The FASTQs were uploaded into the 
Geneyx Analysis platform.14 Alignment and variant calling of 
single-nucleotide variations, structural variants, copy number 
variations and repeats were called using Illumina DRAGEN Bio-
IT. The resulting variant call format (VCF) files were compre-
hensively annotated on the Geneyx Analysis annotation engine 
and presented for analysis, filtering and interpretation. Exome 
analysis of the probands yielded 44–105 million reads, with a 

mean coverage of 72–135×. Families G and H were analysed 
by GeneDx. Trio exome sequencing were performed as detailed 
elsewhere (PMID: 32693025). Trio exome sequencing of family 
D was performed by Sheba Tel-HaShomer Medical Center, as 
detailed elsewhere,15 with a mean coverage of 200–220×.

Segregation analysis
An amplicon containing the SGSM3 variant was amplified 
(using primer forward: gtcagctcagtgccacgtc and primer reverse: 
aacttcaaggtgacccctcc) by conventional PCR of genomic DNA 
from probands and all available parents and siblings and anal-
ysed by Sanger dideoxy nucleotide sequencing.

RESULTS
Clinical reports
During the period 2020–2023, eight families of Ashkenazi 
Jewish origin were referred for evaluation due to the suspected 
NDDs. Brief reports follow, and full clinical reports of families 
A, B, E and F are described in online supplemental file 1.

Family A
Family A consisted of three affected males and seven healthy 
siblings (five females and two males), born to non-consanguineous 
parents of Ashkenazi Jewish origin. The proband (II-2) had 
motor and speech delay, with walking at 24 months and first 

Figure 1  Pedigrees, segregation analysis and Sanger sequencing. (A) Pedigrees of nine families with affected individuals indicated in solid fill. Probands 
are indicated by arrows. Genotypes for the SGSM3 c.981dup variant, as determined by Sanger sequencing, are shown where available. Individual II-4 in 
family F is affected with Myhre syndrome (MIM:139210). Individuals III-4 and IV-2 from family H are affected with diabetes type 1 and diabetes type 2 
(respectively). (B) Sanger sequencing of homozygous wild-type (upper panel), heterozygous (middle panel) and homozygous variant (lower panel).
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words at approximately 3 years of age. As an adult, he could 
read at a basic level and worked at a warehouse. Speech was 
aggressive on occasion. Brain MRI was normal. His sibling (II-3) 
presented with hypotonia during infancy and had developmental 
delay. As an adult, he was unable to read and had unclear speech. 
He had a low frustration threshold and exhibited aggressive 
outbursts. CT scan revealed a hypoplastic corpus callosum. The 
third affected child had normal motor development yet delayed 
speech. He started speaking at 5 years of age, and at age 17 
years, had unclear articulation and minimal reading abilities as 
well as aggressive outbursts. Two of the siblings had documented 
short stature.

Family B
Family B consisted of three affected siblings (two males and a 
female) and four healthy siblings, born to non-consanguineous 
parents of Ashkenazi Jewish origin. The proband (II-1) had mild 
global developmental delay, primarily affecting her language and 
cognitive skills, and mild intellectual disability. At 10 years of 
age, her weight and height were underneath the third percen-
tile, while her head circumference was measured at 52 cm (40th 
percentile). She displayed lumbar lordosis and camptodactyly. 
The second affected sibling (II-2) had mild global developmental 
delay, anxiety, borderline low weight and height, and neonatal 
hypothyroidism. On medical examination, he displayed micro-
penis, camptodactyly, unilateral pes cavus which required 
surgical intervention, lumbar lordosis and scoliosis requiring 
spinal fusion surgery. The fourth sibling (II-4) had mild global 
developmental delay, mild intellectual disability, and scoliosis. 
He was relatively independent.

Family E
The proband in Family E was a male, the second child born to 
parents of Ashkenazi Jewish descent. He was initially evaluated 
at the age of 18 months for global developmental delay. He was 
born after an uneventful pregnancy and delivery. At the age of 
1 year, he was diagnosed with mild hypotonia and referred to 
physical therapy. He walked independently at 22 months. His 
cognitive/language skills were mildly delayed. At the age of 6 
years, he was evaluated by a paediatric neurologist–gross and 
fine motor as well as cognitive (language) skills were appropriate 
for his age, with a developmental quotient of 84.

Family F
Proband II-1 was the eldest of six siblings of Ashkenazi Jewish 
background from a non-consanguineous family. She had 
neonatal hypotonia and recurrent apnoeas in the neonatal 
period, which improved with caffeine therapy. Subsequently, she 
had global developmental delay, walked at 21 months of age and 
pronounced first words at 2 years of age. She also had failure 
to thrive and diarrhoea and was diagnosed with coeliac disease. 
Gastrointestinal symptoms improved on a gluten-free regimen. 
At 8.5 years of age, she had moderate intellectual disability, 
emotional and behavioural challenges. Physical examination 
showed short stature, mild dysmorphic features including a high 
forehead, mild hypertelorism, mildly arched eyebrows, mildly 
upturned nose and borderline low-set ears.

The proband’s sister (II-3) also had short stature despite 
normal coeliac serology, motor and speech developmental delay, 
emotional and behavioural challenges and mild dysmorphic 
features. A younger brother (II-4) was diagnosed with ASD in 
addition to short stature, developmental delay, and mild dysmor-
phic features. He did not have motor delay.

In summary, all affected individuals displayed mild global 
developmental delay with delays in various domains, such as 
language and motor milestones, and mild to moderate intel-
lectual disability (excluding individual II-1 in family E). All 
individuals were ambulatory by 21–27 months. Six of 10 indi-
viduals presented with hypotonia, 8 of 13 were reported to have 
behavioural issues (among them, anxiety, ADHD, impulsivity 
and outbursts of anger). Six of 11 individuals were reported to 
have short stature, implying a tendency for growth restrictions 
(table 1 and online supplemental table 1).

Genetic analysis
All families were referred to clinical exome sequencing 
(figure 1). Following filtering of exome data, a homozygous 
frameshift variant in the SGSM3 gene (chr22:g.40802461C>-
CA[hg19]; NM_015705.6:c.981dup:(p.(Glu328Argf-
sTer90)) was the top candidate variant in all affected 
individuals. The variant is located in exon 10 of 22 exons, 
with a global allele frequency of 0.0363% in gnomAD16 and 
0.9603% in Ashkenazi Jews. No other homozygous indi-
viduals were found in gnomAD nor in the in-house data-
base, which consist of 17 400 individuals of which 4658 are 
Ashkenazi Jews (mixed and single origin; as of July 2023). 
Variant comparison between several patients revealed a 

Table 1  Summary of the demographic, genetic and clinical features 
of individuals with SGSM3-related syndrome

Characteristic
Individuals with SGSM3-
related syndrome (n=13)

Age at last investigation, years (n=10)

 � Median 9

 � Range 1.6 to 12

Sex

 � Male 7/13

Ethnicity

 � Ashkenazi Jewish 13/13

SGSM3 variant

 � c.981dup 13/13

Motor delay 7/8

Speech delay 6/8

Hypotonia 6/10

Short stature 6/11

Dysmorphic facial features

 � Borderline low set ears 2/7

 � Hypertelorism 1/7

 � Retrognathia 1/7

Failure to thrive 2/10

Gastro-oesophageal reflux disease 2/10

Aplasia/hypoplasia of the corpus callosum 1/5

Atypical behaviour

 � Anxiety 3/8

 � Emotional and behavioural challenges 4/8

 � Impulsivity/anger attacks 3/8

Intellectual disability 13/11

Pulmonary abnormalities 3/10

Prenatal issues 3/10

Urogenital abnormalities 2/10

Skeletal abnormalities/Pes Cavus? 2/9

All patients are homozygous for the variant in SGSM3 and the frequency of 
characteristics is presented as a ratio of patients with the feature to patients with 
data.
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minimal shared homozygous block of ~1.6 MB (chr22: 
40046077–41645757 [hg19]), suggesting a founder variant 
within this population. Available family members were 
subjected to segregation analysis, which further supports the 
pathogenicity of the variant (figure 1A,B). In family F, segre-
gation approved that two affected siblings were homozygote 
for the SGSM3 variants (II-1 and II-3), while additional 
affected brother (II-4) was found to carry a pathogenic de 
novo variant in SMAD4 gene (chr18:48604676A>G[hg19]; 
NM_005359.6): c.1498A>G:(p.(Ile500Val)). SMAD4 is a 
known cause for Myhre syndrome (MIM:139210), a rare 
syndrome characterised by intellectual disability, dysmor-
phic facial features, short stature, and multi-organ connec-
tive tissue involvement.

Population frequency data in gnomAD15 suggests that 1 
in ~52 Ashkenazi Jews is a carrier of the SGSM3 c.981dup 
variant. Assuming Hardy-Weinberg equilibrium, it is antici-
pated that the prevalence of the disease within the Ashkenazi 
Jewish population would be about 0.0092%, translating to 
roughly 9 out of every 100 000 individuals being affected by 
the condition. Hence, we hypothesised that more affected 
individuals would be found in other intellectual disability 
cohorts. In the GeneDx database, in addition to the two 
affected probands from families G and H, four more indi-
viduals with the same homozygous variant and one indi-
vidual with a different predicted loss of function variant 
were identified out of 104 058 patients with NDDs (as of 
March 2023). The phenotype was consistent with intellec-
tual disability.

DISCUSSION
In this paper, we highlight SGSM3 as a candidate disease gene for 
autosomal recessive mild to moderate intellectual disability. We 
identified a founder variant in Ashkenazi Jews, with a relatively 
high prevalence of nearly 1%. All families received genetic coun-
selling with a recurrence risk of 25% in each future pregnancy.

The SGSM gene family consists of three members: SGSM1, 
SGSM2 and SGSM3. While modulator proteins play an important 
role in normal physiological processes,9 and abnormalities in 
their expression or function can lead to various diseases, none 
of the SGSM family members were previously shown to be 
involved in human pathologies. The relatively mild phenotype of 
the affected individuals, despite a homozygous loss-of-function 
variant, may be due to redundancy between SGSM proteins with 
possible compensatory function by SGSM1/2. Nevertheless, for 
none of the SGSM genes there is a homozygous loss of function 
variant in gnomAD.15

Following the ascertainment of SGSM3 as a strong candi-
date for human disease, we searched our database for potential 
pathogenic variants in SGSM1 or SGSM2, yet did not identify 
variants of interest.

Ashkenazi Jews, an ethnic group originating from Eastern 
Europe, have been found to have a higher prevalence of certain 
genetic diseases compared with other populations.16 Despite the 
fact that Ashkenazi Jews have been well-sequenced and well-
studied, there remains opportunity for novel disease discovery 
within this population. Such disease candidates may be over-
looked due to mild, non-specific or multifactorial phenotypes. 
Notably, a relatively high variant frequency can be misleading 
since it may be assumed that a variant of this frequency, such as 
that observed for SGSM3 c.981dup, would have been previously 
ascertained and thus may be overlooked or filtered out from the 
list of potentially pathogenic variants. In such conditions, a gene 

matching process within and between laboratories can be crucial 
to reach a diagnosis.

Although this work overall describes 13 patients with a non-
syndromic ID, the full spectrum of the phenotypes remains to be 
elucidated in a larger cohort. In addition, functional studies are 
called for in order to investigate and understand the pathogen-
esis of SGSM3-related ID.
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Supplementary file 1  

 

Clinical reports 

Family A 

Family A consists of 3 affected males and 7 healthy siblings (5 females and 2 males). 

The parents are non-consanguineous Ashkenazi Jews. Proband II-2 is the second 

sibling. Pregnancy and delivery were uneventful, with a birth weight of 2,700g. In his 

first year of life, he exhibited hypertonia, which later resolved. He achieved walking 

ability at 24 months of age and began speaking at approximately age 3, requiring 

specialized education. His brain MRI, was found to be normal. He presents with 

bilateral pes-cavus. Currently, as an adult, he works in a warehouse, and has basic 

reading abilities. Although he speaks clearly, he does not speak fluently and his 

communication can at times be perceived as aggressive due to his loud tone. He is 159 

cm tall, weighs 50 kg, and is self-sufficient, with a basic understanding of salary slips.  

Proband II-3 is the third child in family A, he presented with hypotonia during infancy 

and has a developmental quotient (DQ) of 66. Currently, as an adult,, he is unemployed 

and remains at home, unable to read, though he is able to recognize numbers, and his 

speech is unclear. He is able to independently navigate the streets and return home. At 

times, he exhibits aggressive behavior, yelling and raising his hands, with a low 

frustration threshold. He is very sociable, which differs him from his siblings. CT scan 

of his brain revealed Hypoplasia of the corpus callosum. 

Proband II-8 is the eighth child in family A. He achieved typical developmental 

milestones in walking. However, he experienced delayed onset of speech, starting to 

talk at 5 years of age, and presently has unclear articulation. Currently, at early 
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adolescence - his reading fluency is comparatively lower than that of Proband II-2. He 

weighs approximately 40kg. He experiences aggressive outbursts approximately once 

a week. He is capable of managing simple shopping tasks but struggles with tasks 

requiring basic arithmetic, such as verifying change received. 

 

 

Family B 

Family B consists of three affected siblings (two males and a female) and four healthy 

siblings. The parents are non-consanguineous Ashkenazi Jews. Chromosomal 

microarray analysis (CMA) conducted on all three affected siblings identified the 

presence of a duplication: arr[hg19] 15q11.2(22,770,421-23,288,350)x3. This finding 

is commonly observed in the general population, and associated with low penetrance 

disease. Consequently, additional testing was conducted/pursued. 

Proband II-1 is the eldest child of Family A, and her prenatal course was complicated 

by maternal pre-eclampsia, resulting in premature birth at 36 weeks, with a birth weight 

of 2,400 grams. Throughout her childhood, she demonstrated mild global 

developmental delay, primarily affecting her language and cognitive skills. At 10 years 

of age, she weighed 22 kg (-3 standard deviations) and stood at a height of 126 cm (-3 

standard deviations). Her head circumference was measured at 52 cm (40th percentile), 

she displayed lumbar lordosis and camptodactyly. She attended a specialized school 

and was diagnosed with mild intellectual disability. Presently, as an adult, she resides 

in a supported living group home. 

Proband II-2 is the second sibling in Family B, born at 36 weeks gestation with a birth 

weight of 2,600 grams following his mother's pre-eclampsia during pregnancy. 

Neonatal hypothyroidism and mild global developmental delay were diagnosed during 
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childhood, with subsequent normal Fragile X test results. At nine years of age, the 

proband's weight and height were both in the 2nd percentile (21kg, 123cm 

respectively), while his head circumference was in the 10th percentile at 50.8 

centimeters . 

On medical examination, he displayed micropenis, camptodactyly, unilateral pes cavus 

which required surgical intervention, lumbar lordosis, and scoliosis requiring spinal 

fusion surgery. He was diagnosed with mild intellectual disability and anxiety, and 

attended a specialized school. 

Currently as an adult, the proband resides in a shared apartment with partial assistance 

from counselors and holds a simple job, managing transportation via public means 

without assistance. 

Proband II-4, the fourth sibling in Family B, was born weighing 3,000 grams at 38 

weeks gestation. During his childhood, he had mild global developmental delay and 

attended a special education school. He was diagnosed with mild intellectual disability 

and developed scoliosis. At present, as an adult he lives in a shared apartment, with 

partial assistance from counselors. He holds a simple job and is capable of commuting 

independently using public transportation. 

 

Family E 

The proband in Family E was a male, the second child born to parents of Ashkenazi 

descent. He was initially evaluated at the age of 18 months, by a pediatric neurologist, 

in an outpatient setting for global developmental delay (GDD). Pregnancy was 

uneventful, and he was born at term at a birthweight of 3,800 grams (Appropriate for 

gestational age), HC= 36.5 cm (90 %ile). No perinatal complications were reported. 

Growth parameters were normal upon follow up in an outpatient clinic. 
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By the age of 1 year, he was diagnosed with mild hypotonia and referred to physical 

therapy. By the age of 22 months he started walking unassisted and completed all his 

gross motor milestones from then onward. His cognitive/language skills were mildly 

delayed, with first words by the age of 1 year.  

At the age of 6 years, he was evaluated by a pediatric neurologist for his 

developmental milestones. His gross and fine motor as well as cognitive (language) 

skills were appropriate for his age, with DQ=84. Also his communicative skills were 

appropriate for age. Physical and neurological evaluation was normal.  

Clinical evaluation also included a normal hearing test and ophthalmic evaluation, and 

a normal newborn metabolic screen. He currently attends -elementary school in a 

regular school setting. Genetic workup included maternal carrier testing for Fragile X 

which was normal, and CMA for the proband which resulted normal (46, XY).   

 

Family F 

Proband II-1 is the first of six siblings of Ashkenazi Jewish background from a non- 

consanguineous family. She has one brother and one sister with short stature, 

developmental delay, emotional and behavioral challenges and mild dysmorphic 

features. The sister has reportedly the same developmental and emotional challenges, 

while the brother did not share motor delay, has less comprehension challenges and 

was diagnosed with autism spectrum disorder. She was born at 41 weeks of gestation, 

birth weight was 3150 grams, Apgar scores were 9, 10. She presented with neonatal 

hypotonia, sleepiness and poor suck. Due to recurrent apnea, seizures were suspected 

but ruled out. She had a metabolic work up, normal brain MRI+A, minimal TR and 

PFO on echo. For suspected central apneas, she had PHOX2B polyalanine repeat 
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testing which was normal. She improved on caffeine therapy and was discharged 5 

weeks post delivery . 

At the age of 20 months she was admitted to hospital with diarrhea, FTT and edema, 

mild ascites, extended workup diagnosed her with celiac disease and she improved 

with dietary treatment. She had global developmental delay, walked at 21 months of 

age and pronounced first words at the age of 2 years. She was assessed at the genetic 

clinic at 8.5 years for moderate intellectual disability. She reportedly has emotional 

and behavioral challenges. She requires partial support with ADL. She studies at a 

specialized school. On examination she had short stature, mild dysmorphic features 

including high forehead, mild hypertelorism, mildly arched eyebrows, mildly 

upturned nose and borderline set ears.  

Genetic work up included Fragile X testing on the mother which was normal and  

CMA which showed duplication of chr2q11.1-11.2, of unknown significance, which 

was shared by the affected sister but not the brother and was inherited from the 

healthy father. The parents are heterozygous for the SGSM3 variant. Segregation of 

the SGSM3 variant in the siblings showed her younger affected sister (II-3) shares the 

same homozygous SGSM3 variant, while other siblings were either WT or 

heterozygous for the variant. The additional affected brother (II-4) was found to carry 

a pathogenic de-novo variant in SMAD4 (chr 18:48604676A>G[hg19]; 

NM_005359.6): c.1498A>G:(p.(Ile500Val)). SMAD4 is a known cause for Myhre 

syndrome (MIM:139210), a rare syndrome characterized by mental retardation, 

dysmorphic facial features,  short stature and multi-organ connective tissue 

involvement.  

The affected sibling (individual II-3) was born at 41+4 weeks of gestation, birth 

weight was 3038 grams, Apgar score 9/10. She has motor and speech delay with mild 
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intellectual disability (DQ=60). She has hypermetropia with normal hearing. She had 

feeding difficulties as a baby. She has short stature with delayed bone age on hand X 

Ray and a normal celiac serology, duodenal biopsy was recommended due to family 

history. 
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