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Summary

Usmani-Riazuddin syndrome, autosomal recessive (USRISR; OMIM #619548; MONDO:0859196)
is an  ultra-rare monogenic neurodevelopmental disorder caused by  bi-allelic (recessive)
hypomorphic missense variants in AP1G1, the gene encoding the γ1 (gamma-1) subunit of
the heterotetrameric clathrin adaptor protein complex 1 (AP-1).  The disorder was first
delineated in 2021 by Usmani, Riazuddin and colleagues, who described a cohort of 11 families
in whom AP1G1 variants segregated with neurodevelopmental disease in both a recessive and
a dominant (de novo) mode. The recessive form is defined by two missense alleles — c.737C>A
(p.Pro246His) and  c.1105A>G  (p.Met369Val) —  that  reduce  AP1γ1  protein  levels  and
selectively impair the endosome-recycling arm of AP-1–mediated vesicular trafficking, rather
than disrupting assembly of the AP-1 complex itself (PMID: 34102099).

Clinically,  USRISR  is  a  multisystem  neurodevelopmental  disorder presenting  in  infancy/
early  childhood  with  global  developmental  delay,  intellectual  disability,  speech  and
language  delay,  abnormal  muscle  tone  (hypotonia  and/or  spasticity),  and  epilepsy.
Behavioral  anomalies  (including  aggression),  variable  dysmorphic  features,  and  occasional
brain malformations (agenesis of the corpus callosum) are also seen. Because AP-1 mediates
the  polarized  somatodendritic  localization  of  neuronal  membrane  proteins,  its
dysfunction  produces  a  trafficking-based  ("adaptoropathy")  mechanism  converging  on
defective neuronal protein sorting. Functional validation in a  zebrafish  ap1g1 knockout —
which  is  embryonic/gastrula-stage  lethal  and rescued by  wild-type  but  not  variant  human
AP1G1 mRNA — confirmed the pathogenicity of the disease alleles and the essentiality of the
gene (PMID: 34102099; PMID: 41226632).

https://pubmed.ncbi.nlm.nih.gov/34102099/
https://pubmed.ncbi.nlm.nih.gov/34102099/
https://pubmed.ncbi.nlm.nih.gov/41226632/


The evidence base remains small and recent: the defining cohort (2021), a subsequent case
report defining a recognizable phenotype (2024), and a 2025 functional zebrafish study. AP1G1
is  extremely  intolerant  to  loss-of-function (gnomAD  pLI  =  1.0,  LOEUF  ≈  0.12)  and  to
missense variation (missense Z = 3.42), and its ClinVar landscape is dominated by variants of
uncertain significance — consistent with a newly delineated disease gene. There is no disease-
specific  therapy;  management  is  supportive  (anti-seizure  medication,  developmental
rehabilitation, and genetic counseling for at-risk consanguineous families).

Key Findings

Finding 1 — USRISR is caused by bi-allelic AP1G1 variants

USRISR is a Mendelian disorder caused by  bi-allelic (recessive) variants in  AP1G1.  In the
disease-defining  study,  Usmani  et  al.  (2021)  reported  two  bi-allelic  missense  variants —
c.737C>A [p.Pro246His] and c.1105A>G [p.Met369Val] — alongside eight de novo heterozygous
variants that cause the allelic dominant disorder (USRISD, OMIM #619467). OMIM designates
the recessive form USRISR #619548 and the dominant form USRISD #619467; the causal gene
AP1G1 is catalogued as MIM *603533.

"Here, we report two bi-allelic (c.737C>A [p.Pro246His] and c.1105A>G [p.Met369Val]) and
eight de novo heterozygous variants" — PMID: 34102099

The molecular basis lies in the normal role of adaptor protein complexes: "Adaptor protein (AP)
complexes  mediate  selective  intracellular  vesicular  trafficking  and  polarized  localization  of
somatodendritic proteins in neurons" (PMID: 34102099). AP1G1 encodes the γ1 subunit of AP-1,
so bi-allelic hypomorphic alleles compromise this trafficking machinery.

Finding 2 — Clinical phenotype: multisystem neurodevelopmental disorder

USRISR is characterized by  multisystemic involvement. Gnazzo et al. (2024) summarize the
syndrome as being "characterized by multisystemic involvement including intellectual disability,
speech and developmental delay, behavioral anomalies, muscular tone disorders, seizures, limb
defects, and unspecified facial gestalt" (PMID: 38665048). The original cohort (PMID: 34102099)
established the three  core neurodevelopmental features: developmental delay, intellectual
disability, and epilepsy.
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Finding 3 — AP1G1 (γ1 subunit) mediates clathrin-dependent polarized
protein sorting

AP1G1 encodes the  γ1 subunit of the heterotetrameric AP-1 adaptor complex, which acts
with  clathrin in  vesicular  transport  between  the  trans-Golgi  network  (TGN)  and  early/
recycling endosomes. AP-1 is described as "a subunit of the adaptor protein complex 1 (AP-1), a
key component of the intracellular protein trafficking machinery" (PMID: 39269494).

Loss of the γ1 subunit disrupts polarized cargo sorting: in MDCK cells, "silencing of clathrin or
the γ1 subunit of clathrin adaptor AP-1 by RNA interference … disrupted apical localization of
megalin, causing its redistribution to the basolateral membrane" (PMID: 31091172). In neurons,
this  same  machinery  governs  polarized  somatodendritic  protein  localization;  the  bi-allelic
missense  variants  (p.Pro246His,  p.Met369Val)  are  predicted  hypomorphic,  impairing  AP-1
cargo handling.

Finding 4 — Recessive variants disrupt endosome recycling; zebrafish model
recapitulates disease

Critically, functional studies of the  two recessive missense variants revealed a mechanism
distinct from the dominant alleles: they had no apparent impact on AP1γ1's interaction with
other  AP-1  subunits,  but  instead  affected the  endosome-recycling  pathway.  In  silico/3D
modeling  predicted  altered  protein  folding,  consistent  with  observed  alterations  in  AP1γ1
protein levels in heterologous cells (PMID: 34102099).

The gene is essential in vivo: knocking out  ap1g1 in zebrafish caused severe morphological
defects and lethality, significantly  rescued by wild-type but not variant  AP1G1 mRNA. A
2025 study confirmed that  ap1g1 knockout is  lethal at the gastrula stage and rescued by
human  wild-type  mRNA,  describing  AP-1  as  "a  heterotetrameric  essential  for  intracellular
vesicular trafficking and polarized localization of somato-dendritic proteins in neurons" (PMID:
41226632).

Finding 5 — Variant spectrum and genotype–phenotype correlation

The defining cohort (PMID: 34102099) comprised 11 families of diverse ethnicities, including
Pakistani families in which the recessive form segregated (consistent with consanguinity). The
allelic architecture is summarized below.
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Inheritance
Variant
(cDNA)

Protein Type

Recessive (bi-allelic) c.737C>A p.Pro246His Missense

Recessive (bi-allelic) c.1105A>G p.Met369Val Missense

Dominant (de novo) — p.Arg15Gln Missense

Dominant (de novo) — p.Arg35Trp Missense

Dominant (de novo) — p.Arg35Gln Missense

Dominant (de novo) — p.Gln249His Missense

Dominant (de novo) — p.Pro820Arg Missense

Dominant (de novo) — p.Gln77Lysfs*11 Frameshift

Dominant (de novo) — p.Glu133Aspfs*37 Frameshift

Dominant (de novo) c.928-2A>C (splice acceptor) Splice-site

Dominant (de novo, later
report)

c.196G>A p.Gly66Arg
Missense (dominant-
negative)

The phenotype spanned mild to severe intellectual disability, epilepsy, and developmental
delay. A subsequently reported de novo variant, c.196G>A/p.Gly66Arg, exhibited a dominant-
negative effect (PMID: 41226632).

Finding 6 — HPO phenotype spectrum with frequencies (recessive patients,
n=3)

Curated HPO annotations for OMIM:619548 / MONDO:0859196 (source PMID: 34102099; n = 3
recessive patients):
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Phenotype HPO term Frequency (n=3)

Delayed speech and language development HP:0000750 3/3 (100%)

Global developmental delay HP:0001263 3/3 (100%)

Intellectual disability HP:0001249 3/3 (100%)

Hypotonia HP:0001252 3/3 (100%)

Spasticity HP:0001257 3/3 (100%)

Seizure HP:0001250 2/3 (67%)

Aggressive behavior HP:0000718 2/3 (67%)

Hypertelorism HP:0000316 1/3 (33%)

Agenesis of corpus callosum HP:0001274 1/3 (33%)

Posteriorly rotated ears HP:0000358 1/3 (33%)

Low-set ears HP:0000369 1/3 (33%)

Inheritance: Autosomal recessive HP:0000007 —

Finding 7 — AP1G1 is highly constrained; protein is a Golgi/endosomal
clathrin adaptor

Population genetic constraint data (gnomAD; ENSG00000166747, chr16q22.2) demonstrate that
AP1G1 is extremely intolerant to loss-of-function:  pLI = 1.0, observed/expected LoF = 0.065
(90% CI 0.037–0.121; LOEUF ≈ 0.12), LoF Z = 8.26; it is also missense-constrained (missense Z
= 3.42; oe_mis = 0.75). The encoded protein (UniProt O43747, AP-1 complex subunit gamma-1,
822 aa) functions in protein sorting at the late-Golgi/TGN and endosomes, recruiting clathrin
and recognizing cargo sorting signals; with AFTPH/aftiphilin it traffics transferrin from early
to recycling endosomes and shuttles  furin and cathepsin D.  Subcellular localizations: Golgi
apparatus,  TGN,  clathrin-coated  vesicle  membrane,  clathrin-coated  pit,  and  perinuclear
cytoplasm. The AP1γ1-mediated adaptor complex is  "essential  for  the formation of  clathrin-
coated intracellular vesicles" (PMID: 34102099).
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Finding 8 — ClinVar landscape is VUS-dominant

A ClinVar query (AP1G1[gene]) returned ~50 records with a germline-classification distribution
of Pathogenic 5, Likely pathogenic 3, Uncertain significance 28, Likely benign 3 — i.e., the
evidence base is dominated by variants of uncertain significance, consistent with a recently
delineated disease gene. No additional bi-allelic/recessive USRISR patients were identified in
the literature beyond the defining cohort (PMID: 34102099) and subsequent single case reports
(PMID: 38665048; PMID: 41226632).

Section-by-Section Report

1. Disease Information

Overview. USRISR is an ultra-rare autosomal recessive neurodevelopmental syndrome caused
by bi-allelic hypomorphic missense variants in  AP1G1.  It  belongs to the emerging group of
"adaptoropathies" —  Mendelian  disorders  of  clathrin  adaptor  protein  complexes  —  and
produces a multisystem neurodevelopmental phenotype dominated by intellectual disability,
developmental/speech delay, tone abnormalities, and epilepsy.

Key identifiers. -  OMIM: #619548  (recessive  form USRISR);  allelic  dominant  form USRISD
#619467;  gene  AP1G1 MIM  *603533  -  MONDO: MONDO:0859196  -  Gene  /  HGNC: AP1G1
(HGNC:555); UniProt O43747; Ensembl ENSG00000166747; chromosome 16q22.2 -  Orphanet /
ICD-10 / ICD-11 / MeSH: No specific dedicated codes identified; the disorder maps to general
categories of hereditary intellectual disability / neurodevelopmental disorder (e.g., ICD-11 6A00
range for disorders of intellectual development). Not available as disease-specific codes at time
of writing.

Synonyms / alternative names: Usmani-Riazuddin syndrome, autosomal recessive; USRISR;
AP1G1-related  neurodevelopmental  disorder  (recessive).  The  allelic  dominant  disorder  is
USRISD.

Data provenance: Information is derived from aggregated disease-level resources (OMIM,
HPO,  gnomAD,  ClinVar,  UniProt)  and  individual-patient  primary  literature (small  case
cohorts / case reports), not from EHR-scale datasets.
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2. Etiology

Causal  factors — genetic. USRISR is  a  purely monogenic genetic  disorder.  The primary
cause is  bi-allelic (homozygous or compound heterozygous) missense variants in  AP1G1
(p.Pro246His and p.Met369Val in the defining cohort). There is no environmental, infectious, or
acquired contribution to disease causation.

Genetic  risk  factors. The  causal  variants  are  the  recessive  AP1G1 missense  alleles.
Consanguinity is a key facilitating factor for the recessive form (the defining cohort included
consanguineous/Pakistani  families).  No  modifier  loci  or  susceptibility  variants  have  been
established.

Environmental  risk  factors  /  protective  factors  /  gene–environment  interactions: Not
applicable / not available. As a fully penetrant Mendelian recessive disorder, no environmental
risk factors, protective factors, or gene–environment interactions have been described. Genetic
"protection" derives simply from carrying at most one variant allele (heterozygous carriers are
unaffected).

3. Phenotypes

USRISR  is  a  multisystem neurodevelopmental  disorder (see  Finding  6  for  the  full  HPO-
annotated frequency table).  Phenotype  types span: -  Cognitive/developmental (symptoms/
signs): intellectual disability (HP:0001249), global developmental delay (HP:0001263), delayed
speech/language  (HP:0000750)  —  each  3/3  in  recessive  patients.  -  Neuromuscular  signs:
hypotonia  (HP:0001252)  and  spasticity  (HP:0001257)  —  each  3/3;  these  co-occurring  tone
abnormalities  reflect  central  nervous  system  involvement.  -  Neurological: seizures
(HP:0001250) in ~2/3. -  Behavioral: aggressive behavior (HP:0000718) in ~2/3. -  Dysmorphic /
structural: hypertelorism (HP:0000316),  posteriorly  rotated ears  (HP:0000358),  low-set  ears
(HP:0000369), and agenesis of the corpus callosum (HP:0001274) — each ~1/3.

Characteristics: age of onset is neonatal/infantile to early childhood (developmental delay
evident from infancy); severity is  variable (mild to severe); course is generally  static/non-
progressive in  the  developmental  sense  (a  neurodevelopmental,  not  neurodegenerative,
disorder),  though epilepsy  may be  episodic.  Quality-of-life  impact is  substantial  owing  to
intellectual  disability,  communication  impairment,  motor  dysfunction,  and  behavioral
challenges requiring lifelong support; no disease-specific QoL instrument data (EQ-5D/SF-36)
are available.
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4. Genetic / Molecular Information

Causal gene: AP1G1 (MIM *603533; HGNC:555; UniProt O43747; 16q22.2), encoding AP-1
complex subunit gamma-1 (822 aa).

Pathogenic variants (recessive): c.737C>A/p.Pro246His and c.1105A>G/p.Met369Val —
both missense, predicted hypomorphic (loss/reduction of function via reduced protein
level and altered endosome-recycling function, without disrupting AP-1 assembly).

Variant classification: In the defining study these segregated as pathogenic recessive
alleles; the broader ClinVar landscape is VUS-dominant (Pathogenic 5, Likely pathogenic 3,
VUS 28, Likely benign 3).

Allele frequency: The recessive disease alleles are extremely rare; AP1G1 is highly
constrained against both LoF (pLI = 1.0; LOEUF ≈ 0.12) and missense variation (Z = 3.42).

Somatic vs germline: Germline (inherited from carrier parents).

Functional consequence: Loss/reduction of function (hypomorphic) for the recessive
alleles; by contrast, some dominant alleles act via haploinsufficiency (frameshift/splice) or
dominant-negative (p.Gly66Arg) mechanisms.

Modifier genes / epigenetics / chromosomal abnormalities: Not available — no modifiers,
epigenetic marks, or large-scale chromosomal rearrangements have been implicated in the
recessive form. (Notably, whole-genome sequencing has been used to characterize AP1G1
CNVs in an Usmani-Riazuddin case where conventional methods were inconclusive — 
PMID: 38840441.)

5. Environmental Information

Not applicable. USRISR is a monogenic recessive disorder with no established environmental,
lifestyle, or infectious contribution. AP-1 is broadly exploited by pathogens (e.g., Hepatitis E
virus co-opts AP-1 for capsid trafficking, PMID: 39117755), but this reflects general cell biology
and has no etiologic role in USRISR.

6. Mechanism / Pathophysiology

Ordered causal chain (recessive form):

Bi-allelic hypomorphic AP1G1 missense variants (p.Pro246His, p.Met369Val) are
inherited → leads to altered AP1γ1 protein folding (predicted in silico) and reduced AP1γ1
protein levels in cells (demonstrated in heterologous systems).

• 

• 

• 

• 

• 

• 

• 

1. 
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Reduced/altered AP1γ1 → results in impaired function of the endosome-recycling arm of
AP-1–mediated trafficking (demonstrated), without disrupting AP-1 complex assembly (i.e.,
subunit interactions preserved — this distinguishes recessive from dominant alleles).

Defective endosome recycling → leads to mislocalization of polarized somatodendritic
membrane cargo in neurons (inferred from AP-1's established role in polarized sorting;
demonstrated for cargoes like megalin in epithelial models, PMID: 31091172).

Aberrant neuronal protein sorting → results in disturbed neuronal development,
connectivity, and excitability (inferred).

Disturbed neurodevelopment → manifests as global developmental delay, intellectual
disability, speech delay, tone abnormalities (hypotonia/spasticity), epilepsy, behavioral
anomalies, and (variably) corpus callosum agenesis (clinical observation).

Branch  (dominant  allelic  disorder,  for  contrast): Haploinsufficient  (frameshift/splice)  or
dominant-negative (p.Gly66Arg) alleles → disrupt AP-1 assembly/stoichiometry → overlapping
neurodevelopmental phenotype (USRISD).

Molecular pathway / cellular process: clathrin-dependent vesicular trafficking (TGN ↔ early/
recycling  endosomes);  AP-1  recruits  clathrin  and recognizes  cargo  sorting  motifs;  partners
with AFTPH/aftiphilin to  recycle  transferrin and shuttle  furin and cathepsin D.  GO terms:
intracellular protein transport (GO:0006886), clathrin-coated vesicle (GO:0030136), endosome
to  plasma  membrane  /  recycling  endosome  (GO:0055037),  establishment  of  protein
localization / neuron projection development.  Cell types (CL): neuron (CL:0000540), notably
somatodendritic  compartments.  The  mechanism  is  a  trafficking  loss-of-function
("adaptoropathy");  no  immune,  metabolic-deficiency,  oxidative,  or  fibrotic  mechanism  is
implicated. No disease-specific transcriptomic/proteomic/metabolomic profiling exists.

7. Anatomical Structures Affected

Primary organ / system: the central nervous system / brain (UBERON:0000955) — the
dominant site of pathology (neurons, CL:0000540). Body system: nervous system
(UBERON:0001016).

Secondary structures: corpus callosum (UBERON:0002336) may be absent/dysgenic;
craniofacial structures show dysmorphism (hypertelorism; ear anomalies — external ear,
UBERON:0001690).

Neuromuscular manifestation: muscle tone abnormalities reflect CNS motor pathway
involvement rather than primary muscle disease.

2. 

3. 

4. 

5. 

• 

• 

• 
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Subcellular compartments (GO CC): Golgi apparatus (GO:0005794), trans-Golgi network
(GO:0005802), endosome/recycling endosome (GO:0055037), clathrin-coated vesicle/pit
(GO:0030136 / GO:0005905), perinuclear cytoplasm.

Lateralization: manifestations (developmental, cognitive, tone) are bilateral/generalized.

8. Temporal Development

Onset: congenital/infantile — developmental delay is apparent from infancy/early
childhood; onset is insidious/chronic (a developmental, not acute, presentation).

Progression: the disorder is a static (non-degenerative) neurodevelopmental condition;
disability is lifelong. Epilepsy may follow an episodic course. Severity ranges mild to
severe.

Patterns: no spontaneous remission; the critical period for intervention is early childhood
(developmental/rehabilitative support and seizure control).

9. Inheritance and Population

Inheritance pattern: autosomal recessive (HP:0000007); the allelic dominant form is de
novo autosomal dominant.

Epidemiology: ultra-rare; prevalence and incidence are not established (fewer than a
handful of recessive families reported worldwide). No registry-level figures available.

Penetrance / expressivity: apparently high/complete penetrance with variable
expressivity (mild-to-severe range).

Consanguinity / founder effects: consanguinity is an important facilitating factor; the
defining cohort included Pakistani families. No formal founder haplotype has been proven.

Carrier frequency: expected to be very low given strong gene constraint; not formally
quantified.

Sex ratio / age distribution / geographic distribution: no sex bias established; affected
individuals identified across diverse ethnicities; geographic clustering limited to
consanguineous populations for the recessive form. Genetic anticipation and germline
mosaicism: not applicable / not reported.

10. Diagnostics

Genetic testing is definitive. Diagnosis rests on identifying bi-allelic pathogenic AP1G1
variants, typically via whole-exome sequencing (WES) or whole-genome sequencing
(WGS); WGS additionally resolves CNVs and zygosity where panels/microarray are

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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inconclusive (as demonstrated for an Usmani-Riazuddin case, PMID: 38840441).
Segregation/trio analysis distinguishes recessive from de novo dominant alleles.

Supporting evaluations: brain MRI (to assess corpus callosum and structural anomalies), 
EEG (for seizures), and developmental/neurological assessment.

Variant interpretation: apply ACMG/AMP criteria; note the VUS-dominant ClinVar
landscape — functional assays (protein-level, endosome-recycling, zebrafish rescue) are
valuable for reclassification.

Biomarkers / metabolic / omics diagnostics: none specific; no biochemical or metabolic
marker exists.

Differential diagnosis: other genetic intellectual disability / epilepsy syndromes and
related adaptoropathies — notably MEDNIK/IDEDNIK syndrome (biallelic AP1S1, the σ1
subunit of AP-1; PMID: 39269494, PMID: 41404470) and the allelic dominant USRISD.
Distinguishing features: MEDNIK/IDEDNIK adds enteropathy, deafness, neuropathy,
ichthyosis/keratoderma and copper-metabolism dysregulation, which are absent in USRISR.

Screening: carrier and cascade testing within affected consanguineous families; prenatal/
preimplantation diagnosis is feasible once the familial variants are known.

11. Outcome / Prognosis

Survival / mortality: No systematic survival data. The disorder is not primarily life-
limiting in reported recessive patients, though severe epilepsy and multisystem
involvement may increase morbidity. (The complete loss-of-function state is embryonic-
lethal in zebrafish, but human recessive patients carry hypomorphic, not null, alleles.)

Morbidity / function: significant lifelong disability — intellectual disability,
communication impairment, motor dysfunction, behavioral challenges.

Complications: seizures, behavioral difficulties, feeding/tone-related issues; structural
brain anomalies in a subset.

Prognostic factors: severity of intellectual disability and epilepsy burden; no molecular
prognostic biomarkers established.

Recovery: none expected (static disorder); management improves function and quality of
life but is not curative.

• 

• 

• 

• 

• 

• 

• 

• 

• 
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12. Treatment

No disease-specific or disease-modifying therapy exists. Management is  supportive and
symptomatic:  -  Pharmacotherapy: anti-seizure medications (NCIT: Anticonvulsant Agent)
for  epilepsy;  behavioral/psychiatric  medications  as  indicated  for  aggression/behavioral
anomalies. No pharmacogenomic guidance specific to USRISR. -  Rehabilitative / supportive
care: physical  therapy,  occupational  therapy,  speech-language  therapy (NCIT:
Rehabilitation  Therapy  /  Speech  Therapy),  special  education,  and  developmental  support;
nutritional and tone management. - Advanced / experimental therapeutics: none — no gene
therapy, RNA-based, cell, or targeted therapies are in development or trials for USRISR (no NCT
identifiers).  Gene-restoration  is  conceptually  plausible  given  the  recessive  loss-of-function
mechanism but is entirely investigational. -  Genetic counseling is a core component of care
(see Prevention).

13. Prevention

Primary prevention of a recessive Mendelian disorder centers on genetic counseling and
reproductive planning in at-risk (often consanguineous) families: carrier testing, cascade
screening, and — once familial variants are known — prenatal diagnosis or
preimplantation genetic testing (PGT-M).

Secondary/tertiary prevention: early developmental intervention and proactive seizure/
behavior management to limit complications and optimize function.

Immunization / public-health / environmental measures: not applicable (no infectious or
environmental etiology). No population newborn-screening program exists for this ultra-
rare disorder.

14. Other Species / Natural Disease

Model / orthology: AP1G1 is evolutionarily conserved. The zebrafish (Danio rerio, NCBI
Taxon:7955) ortholog ap1g1 is essential — knockout is embryonic/gastrula-stage lethal
(PMID: 34102099; PMID: 41226632). AP-1 γ-subunit function is conserved across metazoa
and even fungi/protists (e.g., Botrytis cinerea AP-1β in cell-wall integrity/virulence, PMID:
42668171; Plasmodium falciparum AP-1 γ, PMID: 41451970) — underscoring deep
conservation of AP-1 trafficking mechanisms.

Natural disease in other species / veterinary relevance / zoonosis: none reported — no
naturally occurring AP1G1 disorder is documented in companion animals or wildlife
(OMIA); the disorder is not transmissible.

• 

• 

• 

• 

• 
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15. Model Organisms

Primary model: zebrafish (Danio rerio) ap1g1 knockout — the key functional model,
exhibiting severe morphological defects and lethality that are rescued by wild-type
human AP1G1 mRNA but not by disease-variant mRNA, thereby validating pathogenicity
(PMID: 34102099; PMID: 41226632).

Cellular / in vitro models: heterologous cell systems used to measure AP1γ1 protein levels,
subunit interactions, and endosome-recycling function; in silico 3D structural modeling
predicted altered folding for the variants.

Phenotype recapitulation & limitations: the zebrafish null captures essentiality and
provides an in-vivo rescue assay, but as a complete knockout it models the null state rather
than the human hypomorphic recessive genotype; it does not recapitulate the specific
higher-order cognitive/behavioral phenotype. No mouse (MGI) knockout-based USRISR
model or iPSC/organoid neuronal model has yet been reported for the recessive disorder.

• 

• 

• 

OpenScientist Report

13

https://pubmed.ncbi.nlm.nih.gov/34102099/
https://pubmed.ncbi.nlm.nih.gov/41226632/


Mechanistic Model / Interpretation

 Bi-allelic AP1G1 missense variants (p.Pro246His, p.Met369Val)   [GERMLINE, RECESSIVE]
                         |
                         v  (predicted misfolding; reduced protein level — in vitro)
        Reduced / altered AP1-gamma1 subunit
                         |
                         |  NOTE: AP-1 complex ASSEMBLY preserved
                         |        (subunit interactions intact — distinguishes
                         |         recessive alleles from dominant ones)
                         v
        Impaired ENDOSOME-RECYCLING arm of AP-1 trafficking   (demonstrated)
                         |
                         v  (inferred for neurons; shown for epithelial cargo e.g. megalin)
        Mislocalization of polarized somatodendritic membrane cargo in neurons
                         |
                         v
        Disturbed neuronal development / connectivity / excitability   (inferred)
                         |
        ---------------------------------------------------------------
        |          |            |            |             |           |
        v          v            v            v             v           v
     Global      Intellectual  Speech     Hypotonia/    Seizures    CC agenesis /
     dev. delay  disability    delay      spasticity    (~2/3)      dysmorphism (~1/3)
     (3/3)       (3/3)         (3/3)      (3/3)

The  unifying  interpretation  is  that  USRISR  is  a  clathrin  adaptor  trafficking  disorder
("adaptoropathy"). The recessive missense alleles are hypomorphic and act downstream of
complex assembly, selectively degrading the endosome-recycling function of AP-1. Because
AP-1 governs  polarized somatodendritic protein localization in neurons,  this  trafficking
deficit converges on a neurodevelopmental phenotype. This mechanistic model places USRISR
firmly alongside other AP-complex disorders such as  MEDNIK/IDEDNIK syndrome (AP1S1),
reinforcing  the  concept  that  defective  clathrin  adaptor-mediated  cargo  sorting  is  a
recurrent basis for syndromic intellectual disability.
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Evidence Base

PMID Title (abbrev.) Role / contribution Evidence type

34102099
De novo and bi-allelic
variants in AP1G1 cause
NDD…

Disease-defining study:
recessive & dominant variants,
endosome-recycling
mechanism, zebrafish rescue

Human clinical + in
vitro + model
organism

38665048
Usmani-Riazuddin
syndrome can have a
recognizable phenotype…

Delineates recognizable
multisystem phenotype; novel
variant

Human clinical
(case report)

41226632
Functional
characterization of a
novel c.196G>A variant

Confirms zebrafish essentiality/
rescue; dominant-negative allele

Model organism +
in vitro

38840441
WGS for CNV detection in
rare diseases

Demonstrates WGS diagnostic
utility for AP1G1/USRISR

Human clinical
(diagnostics)

31091172
Clathrin and AP-1 control
apical trafficking of
megalin

Mechanistic proof that γ1-
subunit loss disrupts polarized
sorting

In vitro (MDCK)

39269494
Revising pathogenesis of
AP1S1-related MEDNIK…

AP-1 as core trafficking
machinery; differential-
diagnosis context

Human clinical +
computational

39117755
AP-1 essential for HEV
ORF2 trafficking

Supports AP-1 role in
TGN↔recycling-endosome
transport

In vitro (virology)

42668171; 
41451970

AP-1 in B. cinerea / P.
falciparum

Cross-species conservation of
AP-1 γ-subunit trafficking

Model organism

Consistency: All lines of evidence converge — human genetics (bi-allelic segregation), in vitro
functional assays (reduced protein, endosome-recycling defect), structural modeling, and in-
vivo  zebrafish  rescue  —  supporting  a  robust  gene–disease  relationship  despite  the  small
patient numbers.
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Limitations and Knowledge Gaps

Tiny patient cohort. Only a handful of recessive USRISR patients (n≈3 with curated HPO
data) have been reported; phenotype frequencies and the full clinical spectrum are
provisional and may shift as more cases accrue.

VUS-dominant variant landscape. ClinVar for AP1G1 is dominated by variants of
uncertain significance (28/~50), limiting confident recessive-variant interpretation without
functional follow-up.

No epidemiology. Prevalence, incidence, carrier frequency, and any founder haplotype
remain unquantified.

Mechanistic inference in neurons. The endosome-recycling defect is demonstrated in
cellular systems, but the specific neuronal cargoes mislocalized in patient neurons are 
inferred, not directly demonstrated; a patient-derived neuronal (iPSC/organoid) model is
lacking.

Model gaps. The zebrafish null models essentiality, not the human hypomorphic genotype;
no mammalian (mouse) or humanized recessive model exists.

No natural-history data, no QoL instruments, no prognostic biomarkers, and no
therapeutics specific to the disorder.

Proposed Follow-up Experiments / Actions

Expand the patient cohort via GeneMatcher/Matchmaker Exchange to refine genotype–
phenotype correlations and reclassify VUS using ACMG PS3/PM functional criteria.

Generate patient-derived iPSC neurons/organoids carrying p.Pro246His and p.Met369Val
to directly test polarized somatodendritic cargo sorting and identify specific mislocalized
neuronal proteins.

Build a knock-in mouse or humanized zebrafish bearing the recessive hypomorphic
alleles (rather than a null) to model the actual patient genotype and CNS phenotype.

Deploy targeted functional assays (AP1γ1 protein-level, transferrin/furin recycling,
aftiphilin-dependent trafficking) as a standardized pipeline to adjudicate future AP1G1 VUS.

Establish a natural-history registry capturing seizure course, developmental trajectory,
MRI findings, and QoL to inform prognosis and future trial endpoints.

1. 

2. 

3. 

4. 

5. 

6. 

1. 

2. 

3. 

4. 

5. 
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Explore proof-of-concept gene/protein restoration given the recessive loss-of-function
mechanism (e.g., AAV-mediated AP1G1 delivery or read-through/chaperone strategies for
misfolding alleles) in the zebrafish rescue platform.

Report  compiled  from an autonomous multi-iteration investigation (5  iterations;  8  confirmed
findings; 13 papers reviewed).  Evidence types are annotated throughout as human clinical,  in
vitro, model organism, or computational.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery 

6. 
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