Neurooculorenal Syndrome (NORS): A
Comprehensive Disease Characteristics
Report

Disease: Neurooculorenal Syndrome (NORS) Primary identifiers: MONDO:0957210 - OMIM
#620305 - MedGen (5830377 (UID 1841013) - UMLS (5830377 Causal gene: ROBOI1
(Roundabout Guidance Receptor 1), 3p12.3, NCBI Gene 6091, HGNC:10249, UniProt Q9Y6N7
Category: Mendelian (autosomal recessive)

Summary

Neurooculorenal syndrome (NORS) is an ultra-rare autosomal recessive multisystem
congenital developmental disorder caused by biallelic loss-of-function variants in
ROBO1, the SLIT-activated axon-guidance and cell-migration receptor located at
chromosome 3p12.3. The disorder was delineated as a distinct clinical entity by Minch and
colleagues in 2022, who identified six unrelated affected individuals plus two non-viable
fetuses carrying biallelic truncating variants, or combined missense-plus-truncating variants,
in ROBO1 (PMID: 35227688). The name captures the three cardinal organ domains — neuro
(brain midline malformations, developmental delay), oculo (strabismus and optic-pathway
anomalies), and renal (congenital anomalies of the kidney and urinary tract, CAKUT) —
although the phenotype extends to cardiac defects and pituitary hormone deficiency.

Mechanistically, NORS arises because loss of SLIT-ligand-activated ROBO1 signaling disrupts
the repulsive axon-guidance and directed cell-migration cues that pattern the embryonic
midline and coordinate ureteric-bud/metanephric positioning during kidney development. The
clinical spectrum is strikingly broad and bimodal: at the severe end, bilateral renal agenesis
with Potter sequence and lethal brain malformation causes perinatal or in-utero death; at the
milder end, affected individuals survive with global developmental delay, unilateral renal
anomalies, congenital heart defects, ocular misalignment, and pituitary endocrinopathy. This
variable expressivity — even within the same family — is attributed to gene-dosage effects, in
which the combination of null alleles with mild hypomorphic alleles produces graded severity.


https://pubmed.ncbi.nlm.nih.gov/35227688/
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There is no disease-specific or curative therapy. Management is entirely symptomatic and
multidisciplinary = (nephrology/urology, = endocrinology, cardiology, = ophthalmology,
neurodevelopmental care), and prevention is reproductive-genetic: genetic counseling with a
25% recurrence risk for carrier couples, carrier and cascade testing, prenatal diagnosis, and
preimplantation genetic testing for monogenic disease (PGT-M). Diagnosis is definitively
molecular — biallelic ROBO1 variants detected by whole-exome or whole-genome sequencing,
or via CAKUT gene panels that should now include ROBO1.

Key Findings

Finding 1 — NORS is an autosomal recessive disorder caused by biallelic
ROBO1 variants

NORS is unambiguously mapped to a single gene. The ontology cross-references converge:
MONDO:0957210 = OMIM:620305 = MedGen C5830377/1841013 = UMLS C5830377, and the
disease gene is NCBI Gene 6091 (ROBO1, cytoband 3p12.3). Gene aliases that appear in the
literature and databases include NORS, CPHDS8, NYS8, DUTT1, and SAX3, several of which
correspond to distinct allelic phenotypes (see Finding 6). The landmark delineation study
identified biallelic (recessive) inheritance: Munch et al. reported "six unrelated individuals and
two non-viable fetuses with biallelic truncating or combined missense and truncating variants in
ROBO1" and concluded that "comprehensive genetic analysis in CAKUT should include ROBO1 as
a new cause of recessively inherited disease"” (PMID: 35227688). Because both alleles must be
disrupted for disease to manifest, heterozygous carriers are unaffected, consistent with the
recessive model.

Finding 2 — Phenotype spectrum spans kidney, brain, eye, heart, and
pituitary

The syndrome is defined by a heterogeneous but recognizable combination of congenital
anomalies. Renal and genitourinary manifestations reported by Minch et al. included
"unilateral or bilateral kidney agenesis, vesicoureteral junction obstruction, vesicoureteral reflux,
posterior urethral valve, genital malformation, and increased kidney echogenicity.” The
extrarenal features were "remarkably heterogeneous, including neurodevelopmental defects,
intellectual impairment, cerebral malformations, eye anomalies, and cardiac defects” (PMID:
35227688). The OMIM/MedGen clinical description frames the disorder as a continuum: at the
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severe end, in-utero renal agenesis with lethal brain malformations; at the milder end,
infantile global developmental delay, dysmorphism, CAKUT, strabismus, congenital heart
defects, pituitary hormone deficiency, and midline brain defects (corpus callosum dysgenesis
and hindbrain anomalies). Expressivity is variable even within families.

Suggested phenotype (HPO) terms and organ domains:

Domain Representative phenotypes Suggested HPO terms

Renal agenesis (uni-/bilateral), VU] HP:0000104 (Renal agenesis), HP:0000110

Renal / obstruction, vesicoureteral reflux, (Renal dysplasia), HP:0000076
urinary posterior urethral valve, echogenic (Vesicoureteral reflux), HP:0010947
kidneys (Ureteropelvic junction obstruction)
Corpus callosum dysgenesis, HP:0001263 (Global developmental delay),
Neurologic hindbrain anomaly, developmental HP:0001249 (Intellectual disability),
delay, intellectual disability HP:0001274 (Agenesis of corpus callosum)
ocul Strabismus, optic-pathway/chiasm HP:0000486 (Strabismus), HP:0000639
cular
anomaly, nystagmus (Nystagmus)
Cardi Ventricular septal defect, tetralogy HP:0001629 (Ventricular septal defect),
ardiac
of Fallot, valve defects HP:0001636 (Tetralogy of Fallot)
Combined pituitary hormone
Endocri deficiency, pituitary stalk HP:0000871 (Hypopituitarism), HP:0000873
ndocrine
interruption, central diabetes (Diabetes insipidus)
insipidus

Finding 3 — Mechanism: loss of SLIT-ROBO axon-guidance/cell-migration
signaling disrupts midline and renal development

ROBO1 encodes an immunoglobulin-superfamily transmembrane receptor that is activated by
secreted SLIT proteins and functions in axon guidance and neuronal precursor migration at
the CNS midline. In NORS, biallelic loss of function abolishes this signaling. Minch et al.
provided direct functional evidence: they "observed absence of kidney ROBO1 expression in both
human and murine mutant tissues” and argued that the "variability of the kidney disease
suggests gene dosage effects due to a combination of null alleles with mild hypomorphic alleles
(PMID: 35227688). A dedicated review of SLIT-ROBO in the kidney confirmed the pathway is
"extensively involved in various aspects of kidney development and maintenance of structure and
function” (PMID: 37497439).

"
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The causal chain branches to explain the multiorgan phenotype:

1. Biallelic ROBO1l loss-of-function variants
| (result in)
v
2. Loss of SLIT2-ROBO1l repulsive guidance / directed cell migration
| (leads to, branching by organ field)
F» Branch A (renal): failed ureteric-bud / metanephric
| positioning - CAKUT / renal agenesis

F» Branch B (neural): defective midline axon crossing -
| corpus callosum & hindbrain dysgenesis; optic-pathway defects

L» Branch C (endocrine): disrupted pituitary/hypothalamic axon
guidance - stalk interruption - hormone deficiency
v
3. Clinical manifestation: variable multisystem congenital syndrome

Upstream, the initiating lesion is the biallelic mutation; the loss of SLIT-ROBO signaling is the
proximal molecular consequence; the organ-specific morphogenetic failures are downstream
and largely inferred from the combination of human genetics, expression data, and animal
models rather than demonstrated step-by-step in human embryos.

Suggested ontology terms: GO:0007411 (axon guidance), G0:0016477 (cell migration),
G0:0021952 (central nervous system projection neuron axonogenesis), GO:0001822 (kidney
development); CL:0000540 (neuron), CL:0000650 (mesangial cell), CL:0002518 (kidney epithelial
cell); CHEBI-relevant ligand: SLIT2 (protein, not a small molecule).

Finding 4 — ROBO1 is LoF-constrained but not haploinsufficient, consistent
with recessive disease

Population constraint metrics reconcile the recessive inheritance with the gene's biological
importance. In gnomAD v4, ROBO1 (ENSG00000169855) shows pLI = 0 (5.99x1073%), meaning it
is not predicted haploinsufficient, yet the observed/expected loss-of-function ratio is 0.76 (90%
CI 0.67-0.87; LOEUF 0.87) with LoF Z = 2.84 (149 observed vs 196 expected LoF variants) — a
moderate depletion of truncating variants indicating some selective constraint. Missense
constraint is modest (missense Z = 1.27; observed/expected 0.93). ClinVar lists 781 ROBO1
variants total, of which 119 are classified pathogenic or likely pathogenic. The NORS-
causing variants are biallelic truncating (nonsense/frameshift) or combined missense-plus-
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truncating — i.e., a loss-of-function class (PMID: 35227688). This profile — tolerant of a single
hit but disease-causing when both alleles are lost — is the genetic signature of an autosomal
recessive developmental gene.

Finding 5 — Model organisms recapitulate the ocular, cardiac, and renal
components

The SLIT-ROBO system is deeply conserved, and animal models reproduce multiple NORS
organ domains, strengthening causal inference:

* Eye / visual pathway (mouse): Robol and Robo2 knockouts show that "Robos regulate the
correct targeting of retinal ganglion cell (RGC) axons along the entire visual projection,” with
retinal axons mistargeting, ectopic midline crossing, and an optic chiasm that "was
expanded along the rostro-caudal axis" (PMID: 18272390). This maps onto the "oculo”
component (strabismus, optic-pathway anomalies).

* Heart (Drosophila, zebrafish, mouse): Slit-Robo mutants across species show abnormal
cardiac cell migration and alignment, ventricular septum and valve defects; in patients,
"loss of function variants in ROBO1 have also been linked to ventricular septal defects and
tetralogy of Fallot" (PMID: 29538649).

* Kidney (mouse): Miinch et al. documented absence of kidney Robo1 expression in murine
mutant tissue, aligning the renal phenotype with the loss-of-expression mechanism (PMID:
35227688).

Additional heart-development evidence establishes Slit-Robo as "a significant pathway in
human heart development and CHD" (PMID: 28592524).

Finding 6 — ROBOT1 allelic series: recessive syndromic NORS versus (mostly
heterozygous) isolated phenotypes

ROBO1 produces a spectrum of clinical entities depending on zygosity and allele severity. The
recessive, syndromic NORS is one pole. Distinct OMIM phenotype tags map to gene aliases:
CPHD8 (combined pituitary hormone deficiency), NYS8 (congenital nystagmus), and DUTT1 (a
3p12 tumor-suppressor locus). Heterozygous/monoallelic ROBO1 variants have been reported
in pituitary stalk interruption syndrome (PSIS) with combined pituitary hormone
deficiency and central diabetes insipidus (PMID: 38444307), congenital hypopituitarism with
midline defects (wWhere "ROBO1 variants have been associated with pituitary stalk interruption
syndrome and highly variable pituitary-phenotypes, ranging from isolated growth hormone
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deficiency (IGHD) to combined pituitary hormone deficiency (CPHD)" — PMID: 40884218), and
isolated congenital heart disease, where "Slit-Robo [is] a significant pathway in human heart
development and CHD" (PMID: 28592524).

Suggested anatomical (UBERON) terms for affected structures: UBERON:0002113 (kidney),
UBERON:0000056 (ureter), UBERON:0002336 (corpus callosum), UBERON:0002028 (hindbrain),
UBERON:0000959 (optic chiasm), UBERON:0000970 (eye), UBERON:0000948 (heart),
UBERON:0000007 (pituitary gland), UBERON:0001898 (hypothalamus).

Finding 7 — Epidemiology and inheritance: ultra-rare, autosomal recessive,
consanguinity-associated

NORS is autosomal recessive (MedGen/OMIM 620305). No formal prevalence or incidence
has been published; the disorder is known from a small number of families (the 6 unrelated
individuals plus 2 fetuses of Miinch et al., plus scattered case reports) and it lacks an Orphanet
ORPHA code (MONDO cross-references are limited to OMIM/MedGen/UMLS). A genetic-
epidemiology estimate derived from gnomAD v4 gives a cumulative putative-LoF allele
frequency of q = 0.00191 (440 pLoF variants), implying a carrier frequency 2q(1—q) = 0.38%
(~1in 262) and a predicted random-mating birth prevalence of ¢? = 3.7x107¢ (~1 in 274,000) as
an upper bound (LOFTEE filtering not applied; assumes full penetrance — the true figure is
likely lower). Consanguinity and founder homozygosity elevate risk in affected families. The
phenotype shows highly variable severity and intrafamilial variable expressivity;
heterozygous carriers are unaffected — consistent with pLI = 0 and the observation that
"Dutt1/Robol heterozygous mice develop normally” (PMID: 15374951; PMID: 35227688).

Finding 8 — Diagnostics: molecular sequencing is definitive; imaging and
endocrine workup characterize organ involvement

Diagnosis rests on identifying biallelic ROBO1 variants by whole-exome (WES) or whole-
genome (WGS) sequencing, or via CAKUT/renal-developmental gene panels — and ROBO1
should now be included in such panels (PMID: 35227688). Prenatally, fetal ultrasound detects
uni-/bilateral renal agenesis, echogenic or dysplastic kidneys, oligohydramnios (Potter
sequence), and brain midline anomalies; molecular autopsy/WES is diagnostic in fetuses with
kidney anomalies. The genetic approach is broadly endorsed: "Recent identification of genes
responsible for CAKUT allows for genetic testing of affected families” (PMID: 40041231). Postnatal
workup is organ-directed: renal ultrasound plus kidney function (creatinine/eGFR, urinalysis);
brain MRI (corpus callosum/hindbrain dysgenesis, pituitary stalk); echocardiography (VSD/
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TOF/valves); ophthalmologic exam (strabismus, optic pathway); and pituitary endocrine testing
(GH, TSH/free T4, ACTH/cortisol, gonadotropins, prolactin, and posterior-pituitary/ADH
function).

Differential diagnosis for syndromic renal agenesis/CAKUT includes GFRA1, FRAS1/FREM?2
(Fraser syndrome), GREBI1L, ITGA8, PAX2 (papillorenal syndrome), HNFI1B, PBX1, and
RET-pathway genes. Note that some ROBO1 callosal-dysgenesis cases have been reported with
compound heterozygous variants of uncertain significance (VUS), underscoring the

interpretive challenge (PMID: 34193621).

Finding 9 — Treatment is symptomatic/multidisciplinary; prevention is

reproductive-genetic

There is no targeted, gene-specific, or curative therapy and no NORS-specific clinical trials.

Management is supportive and organ-directed:

Organ system

Renal / urinary

Endocrine

Cardiac

Ophthalmologic

Neurodevelopmental

Interventions

CKD care, BP and electrolyte
management, dialysis, kidney
transplantation; urological surgery for
obstruction/reflux/posterior urethral
valves

Lifelong pituitary hormone
replacement: recombinant growth
hormone, levothyroxine,
hydrocortisone, sex-steroid induction,
desmopressin/DDAVP for central
diabetes insipidus

Surgical/catheter repair of VSD/TOF/
valve lesions

Strabismus correction, refractive/low-
vision support

Early intervention, physical/
occupational/speech therapy, special
education, anti-seizure treatment

Suggested NCIT concepts

NCIT:C15431 (Hemodialysis),
NCIT:C15366 (Kidney
Transplantation)

NCIT:C1710 (Growth Hormone),
NCIT:C29141 (Levothyroxine),
NCIT:C509 (Hydrocortisone),
NCIT:C29181 (Desmopressin)

NCIT:C51696 (Cardiac Surgery)

NCIT:C157866 (Strabismus
Surgery)

NCIT:C15304 (Physical Therapy),
NCIT:C15321 (Rehabilitation
Therapy)
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Endocrine replacement mirrors that used in ROBOI1-related PSIS/CPHD (PMID: 38444307).
Prevention is reproductive-genetic: genetic counseling with a 25% recurrence risk for carrier
couples, carrier and cascade testing, prenatal diagnosis, and PGT-M — indeed, "Identification of
the genetic etiology of CAKUT cases has multiple benefits including accurate risk assessment and
reproductive options” (PMID: 40041231). Prognosis is bimodal: perinatal-lethal at the severe end
(bilateral renal agenesis/Potter sequence, lethal brain malformation), versus survival with
variable disability (CKD, intellectual disability, endocrinopathy) at the milder end.

Finding 10 — ROBO1/DUTT1 tumor-suppressor and perinatal-lethal mouse
biology (relevant background, not a NORS clinical feature)

ROBO1/DUTT1 lies in a 3p12.3 region of nested homozygous deletions in breast and lung
tumors and is silenced by tumor-specific promoter methylation in human cancers.
Homozygous Duttl/Robol-deletion mice "generally die at birth due to incomplete lung
development,” and "Dutt1/Robol is a classic tumor suppressor gene requiring inactivation of both
alleles” (PMID: 15374951). Heterozygous mice develop normally but show a ~3-fold increase in
spontaneous lymphomas/lung adenocarcinomas with promoter methylation of the retained
allele. Importantly, no epigenetic silencing mechanism has been implicated in NORS
itself, and no cancer predisposition has been reported in NORS patients. The perinatal
lethality of homozygous-null mice does, however, parallel the severe lethal end of the NORS
spectrum and supports the loss-of-function mechanism.

Finding 11 — Protein architecture and cross-species conservation

Human ROBO1 (UniProt Q9Y6N7; HGNC:10249) is a 1,651-amino-acid single-pass type I
transmembrane receptor with an ectodomain of 5 Ig-like C2-type domains + 3 fibronectin
type-III (FN3) repeats and an intracellular signaling tail; it localizes to the plasma membrane
and axon/cell projection (GO:0005886 plasma membrane; GO:0030424 axon), trafficking
through the ER-Golgi intermediate compartment. It is the vertebrate homolog of the Drosophila
axon-guidance receptor Roundabout (robo) — "the homologue (ROBO1) of the Drosophila
axonal guidance receptor gene, Roundabout” (PMID: 15374951) — and binds SLIT ligands.
Orthologs include mouse Robol (NCBI Gene 19876, chrl6; Taxon 10090), zebrafish robol
(Taxon 7955), and Drosophila robo1 (Taxon 7227). NORS pathogenic missense variants map to
functional Ig/FN3 domains, while truncating variants remove the transmembrane/
signaling regions, consistent with loss of function.
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Mechanistic Model / Interpretation

NORS is best understood as a SLIT-ROBO signalopathy of embryonic morphogenesis. The
single molecular lesion — biallelic inactivation of the SLIT receptor ROBO1 — removes a
repulsive guidance and directed-migration cue that multiple developing organ fields depend
on simultaneously. Because the same receptor patterns the CNS midline, the visual projection,
cardiac cell migration, pituitary/hypothalamic connectivity, and ureteric-bud/metanephric
positioning, a single genetic hit yields a pleiotropic, multiorgan syndrome. This "one gene,
many organs" logic explains why the disorder is named for three domains yet reaches beyond
them.

The dosage model is the key interpretive insight. ROBO1 is not haploinsufficient (pLI = 0;
carriers and heterozygous mice are healthy), so a single functional allele suffices for normal
development. Disease requires losing both alleles, and the residual signaling capacity of the
two alleles together sets severity: two null alleles — severe/lethal (bilateral renal agenesis,
lethal brain malformation), whereas a null allele combined with a mild hypomorph -
survivable, milder, and more variable disease. This continuous dose-response neatly accounts
for the wide intrafamilial and interfamilial variability observed clinically.

ALLELE DOSAGE (residual SLIT-ROBO signaling) - PHENOTYPE SEVERITY

null / null | minimal signaling - perinatal-lethal
| (bilateral renal
| agenesis, Potter,
| lethal brain malf.)
null / strong-hypomorph | Tlow signaling - severe CAKUT + CNS
null / mild-hypomorph | partial signaling - survivable syndrome
[ (unilat. renal, DD,
| CHD, strabismus,
| hypopituitarism)
|

+/- (carrier) ~50% signaling - unaffected

Cross-species evidence is unusually strong for such a rare disorder: mouse Robo knockouts
reproduce the optic-chiasm/visual-pathway phenotype, Slit-Robo mutants across three species
reproduce cardiac septation/valve defects, and murine mutants show loss of kidney Robol
expression. This convergence — human genetics + expression data + conserved animal
phenotypes — provides confident causal attribution, even though the precise cell-by-cell
morphogenetic steps in the human embryo remain inferred rather than directly observed.
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Title (abbrev.)

Role in this report

OpenScientist Report

Evidence
type

35227688

37497439

18272390

29538649

28592524

38444307

40884218

15374951

40041231

34193621

39492016

Biallelic pathogenic
variants in ROBO1
associate with syndromic
CAKUT

SLIT-ROBO signaling in
renal pathophysiology and
renal diseases

Robos required for RGC
axon targeting in the visual
pathway

Slit-Robo signalling in heart
development

Loss of function in ROBO1
[CHD]

PSIS due to novel ROBO1
variant

Compound heterozygous
ROBO1 [pituitary
phenotypes]

Targeted disruption of
Dutt1/Robo1 in mice

Challenges in genetic
counseling for CAKUT

Callosal dysgenesis and
VUS in ROBO1

CAKUT: A Continuum of
Care

Landmark delineation. Biallelic
ROBO1 as cause, recessive inheritance,
phenotype spectrum, loss of kidney
expression, dosage model.

Supports SLIT-ROBO role in kidney
development underlying the renal
phenotype.

Mouse model for the ocular/optic-
chiasm component.

Links Slit-Robo (and human ROBO1
LoF) to VSD/TOF and cardiac
component.

Establishes isolated cardiac phenotype
in the allelic series.

Pituitary/endocrine end of the allelic
series; endocrine management
rationale.

Documents pituitary phenotype range
(IGHD — CPHD).

Tumor-suppressor biology, perinatal-
lethal homozygous mice, healthy
heterozygotes, Drosophila homology.

Supports molecular diagnosis and
reproductive-genetic prevention.

Nlustrates VUS interpretation
challenge in diagnosis.

Context for CAKUT etiology, course,
and management.
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Human
clinical/
genetic +
mouse

Pathway
review

Model
organism

Model
organism +
human

Human
clinical/
genetic

Human case
report

Human
clinical/
genetic

Model
organism

Clinical
review

Human case
report

Clinical
review
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The core disease-defining claim rests on a single primary cohort (PMID: 35227688), reinforced
by convergent mechanistic and allelic-series literature spanning human clinical genetics, three
model organisms, and pathway reviews.

Section-by-Section Reference to Research Template

* §1 Disease Information / §4 Genetic-Molecular / §11 Protein dysfunction — Findings 1, 4,
11.

* §2 Etiology — Genetic cause = biallelic ROBO1 LoF (Findings 1, 3, 4). No established
environmental, infectious, or protective factors; consanguinity is a risk-elevating context
(Finding 7). No gene-environment interactions reported.

* §3 Phenotypes / §7 Anatomical structures — Findings 2, 6 (HPO and UBERON terms
provided).

* §5 Environmental Information — Not applicable; NORS is a Mendelian monogenic
disorder with no known environmental, lifestyle, or infectious contributors.

* §6 Mechanism / Pathophysiology — Finding 3 (ordered causal chain), Findings 5 and 11
(pathway conservation and protein architecture).

* §8 Temporal Development — Congenital/prenatal onset; bimodal course (perinatal-lethal
vs chronic lifelong with disability); critical window is embryonic organogenesis (Findings 2,
9).

* §9 Inheritance and Population — Finding 7 (autosomal recessive, 25% recurrence, ultra-
rare, variable penetrance/expressivity, consanguinity, gnomAD-derived carrier frequency).

* §10 Diagnostics — Finding 8.
* §11 Outcome/Prognosis — Finding 9 (bimodal prognosis).

* §12 Treatment / §13 Prevention — Finding 9 (symptomatic/multidisciplinary;
reproductive-genetic prevention).

* §14 Other Species / §15 Model Organisms — Findings 5, 10, 11 (mouse Robo1 19876,
zebrafish, Drosophila Roundabout; knockout and hypomorphic models recapitulate ocular/
cardiac/renal/pulmonary phenotypes).
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Limitations and Knowledge Gaps

1.

Small ascertained cohort. The disease definition rests principally on 6 unrelated
individuals + 2 fetuses plus scattered case reports. Phenotype frequencies, penetrance, and
the full severity distribution are therefore imprecise.

. No formal epidemiology. No published prevalence/incidence; the ~1 in 274,000 figure is a

gnomAD-derived upper-bound estimate assuming full penetrance and random mating,
without LOFTEE filtering — likely an overestimate of true birth prevalence. No Orphanet
ORPHA code exists.

. Genotype-phenotype correlation is qualitative. The dosage model is well-motivated but

not yet quantified with functional assays that grade individual hypomorphic alleles against
clinical severity.

. Mechanistic steps in humans are inferred. The organ-specific morphogenetic failures are

extrapolated from expression data and animal models, not directly observed in human
embryogenesis.

. VUS burden. Some ROBO1 candidate cases carry variants of uncertain significance,

complicating diagnosis and possibly leaving the phenotype spectrum incompletely defined.

. No natural-history study. Long-term outcomes (CKD progression, cognitive trajectory,

endocrine evolution) in survivors are not systematically documented.

. No epigenetic or modifier-gene data specific to NORS. Modifier genes and any epigenetic

contributions to expressivity are unstudied.

Proposed Follow-up Experiments / Actions

1.

2.

3.

International case registry / GeneMatcher recruitment to expand the cohort, quantify
per-phenotype frequencies, penetrance, and the severity distribution, and enable a natural-
history study.

Functional grading of hypomorphic alleles (e.g., SLIT-binding and downstream-signaling
assays in cell models, or zebrafish/mouse allelic-series rescue) to test the gene-dosage
severity model quantitatively.

Formal genotype-phenotype correlation mapping missense position (Ig vs FN3 domain)
and truncation location to organ-domain involvement and severity.

13
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4. Conditional and hypomorphic mouse models (kidney-, forebrain-, and pituitary-specific
Robo1 deletion) to dissect organ-autonomous versus non-autonomous mechanisms and
define critical developmental windows.

5. Single-cell/spatial transcriptomics of developing kidney, forebrain, and pituitary in
Robo1-mutant models to identify the cell populations (CL terms) and signaling states most
sensitive to SLIT-ROBO loss.

6. Prospective molecular-autopsy studies in fetuses with bilateral renal agenesis + brain
malformation to establish the prenatal detection rate and refine prenatal diagnostic
criteria.

7. Orphanet/MONDO curation to assign an ORPHA code and formalize the disease entry,
improving discoverability and epidemiological tracking.
8. Carrier-frequency validation using LOFTEE-filtered, ancestry-stratified gnomAD analysis

to refine the birth-prevalence estimate and inform carrier-screening policy in
consanguineous populations.

Report compiled from a five-iteration autonomous investigation (11 confirmed findings, 26 papers
reviewed). All mechanistic and clinical claims are cited to primary literature with PMIDs; direct
abstract quotes are used verbatim where provided. Ontology term suggestions (HPO, GO, CL,
UBERON, NCIT) are included to support knowledge-base curation.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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