CODAS Syndrome — Comprehensive
Disease Characterization Report

Disease: CODAS Syndrome (Cerebral, Ocular, Dental, Auricular, and Skeletal anomalies
syndrome) MONDO ID: MONDO:0010879 - OMIM: #600373 - Category: Mendelian (autosomal
recessive) Causal gene: LONP1 (mitochondrial ATP-dependent AAA+ Lon protease;
HGNC:9647; 19p13.2)

Summary

CODAS syndrome is an ultra-rare (incidence <1 in 1,000,000) autosomal-recessive multisystem
congenital disorder caused by biallelic hypomorphic missense variants in LONP1, the gene
encoding the ATP-dependent mitochondrial matrix AAA+ Lon protease. The acronym CODAS
captures its five defining organ domains — Cerebral (developmental delay), Ocular (congenital
cataracts, ptosis), Dental (delayed eruption, anomalous cusp/enamel morphology), Auricular
(crumpled/overfolded ears, sensorineural hearing loss), and Skeletal (epiphyseal dysplasia,
coronal vertebral clefts, short stature, hip dislocation). First described clinically by Shebib et al.
in 1991 and molecularly resolved by Strauss et al. in 2015, it is one of the clearest examples of a
Mendelian disorder of mitochondrial protein quality control.

Mechanistically, the disease originates from partial (hypomorphic) loss of Lon protease
function. Because complete loss of LONP1 is embryonic-lethal in mice, all viable CODAS alleles
are tolerated hypomorphs — most cluster in the AAA+ domain near the ATP-binding pocket or
the proteolytic chamber. Impaired Lon activity compromises three intertwined mitochondrial
functions: (1) degradation of misfolded/oxidized matrix proteins (proteostasis), (2) assembly/
turnover of respiratory-chain complexes, and (3) mtDNA binding and maintenance. In patient
cells this manifests as swollen mitochondria with electron-dense inclusions, aggregation of the
mtDNA-encoded cytochrome-c-oxidase subunit MT-CO2, and reduced spare respiratory
capacity. Downstream, LONP1 dysfunction perturbs turnover of metabolic enzymes (PDK4,
HMGCS2, ACO2) and can trigger mtDNA release with cGAS-STING inflammation.
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There is no curative therapy. Management is supportive and multidisciplinary — cataract
surgery, ptosis correction, hearing aids/cochlear implantation, dental care, orthopedic
management of epiphyseal dysplasia and hip dislocation, seizure control, and long-term
rehabilitation, which improves motor/language development and quality of life. Importantly,
LONP1 variation defines a genotype-dependent phenotypic spectrum: biallelic variants
cause CODAS or classical Leigh-like mitochondrial disease, while monoallelic variants are
implicated in congenital diaphragmatic hernia (CDH) and neurodevelopmental disorders, with
variant location (proteolytic chamber vs. broadly distributed) correlating with the resulting
phenotype.

Section-by-Section Report

1. Disease Information

Overview. CODAS syndrome is "a rare autosomal recessive inherited multisystemic disease"
characterized by "deformities of the central nervous system, eyes, ears, teeth, and skeleton"
(PMID: 36684615). The name is an acronym for the constellation of Cerebral, Ocular, Dental,
Auricular, and Skeletal anomalies. It was "newly recognized" and first delineated by Shebib et
al. in 1991 (PMID: 1887855), with the phenotype further defined by Innes et al. in 2001 (PMID:
11471171), who noted the disorder "is highly distinctive with characteristic features consisting
of developmental delay, cataracts, unusual enamel projections, overfolded and crumpled ears,

epiphyseal dysplasia, and dysmorphic features (grooved nose, ptosis)."

Key identifiers.
MONDO MONDO:0010879
OMIM #600373
Orphanet CODAS syndrome
Causal gene LONP1 (HGNC:9647; OMIM *605490)
Gene locus 19p13.2


https://pubmed.ncbi.nlm.nih.gov/36684615/
https://pubmed.ncbi.nlm.nih.gov/1887855/
https://pubmed.ncbi.nlm.nih.gov/11471171/
https://pubmed.ncbi.nlm.nih.gov/11471171/
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Synonyms / alternative names. "Cerebral, ocular, dental, auricular, skeletal anomalies
syndrome"; "cerebrooculodentoauriculoskeletal syndrome"; CODAS syndrome.

Information source. Disease-level knowledge derives almost entirely from aggregated case
reports and small case series (aggregate literature, OMIM, Orphanet) rather than EHR/
population cohorts, reflecting the extreme rarity (<20-25 genetically confirmed cases after the
2015 gene discovery).

2. Etiology

Primary cause — genetic. CODAS is a monogenic autosomal-recessive disorder caused by
biallelic pathogenic variants in LONPI1. Strauss et al. "identified four LONPI mutations
inherited as homozygous or compound-heterozygous combinations among ten individuals
with CODAS syndrome" (PMID: 25574826). There is no environmental or infectious
contribution to disease causation.

Genetic risk factors. The disease requires two damaging LONP1 alleles. All four originally
described pathogenic substitutions "cluster within the AAA(+) domain at residues near the
ATP-binding pocket." A recurrent Old Order Amish founder variant, c.2161C>G
(p.Arg721Gly), accounts for many cases; founder effects and consanguinity in genetic isolates
(Old Order Amish-Swiss, Manitoba Mennonite) increase risk.

Environmental / lifestyle risk factors. None identified. Parental age, exposures, diet, and
occupation are not implicated. The only relevant "environmental" variable is reproductive
partnership within genetically related/isolate populations, which raises the probability of two
carriers mating.

Protective factors. No genetic or environmental protective factors are described. In principle,
avoidance of consanguineous unions and carrier screening reduce recurrence risk at the
population/family level.

Gene-environment interactions. None documented; the phenotype is genetically determined
with variable expressivity.


https://pubmed.ncbi.nlm.nih.gov/25574826/
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3. Phenotypes

CODAS is defined by a distinctive multisystem pattern. Shebib et al. enumerated the core
features: "developmental delay; craniofacial abnormalities, including bilateral cataracts, ptosis,
median nasal groove, malformed ears with associated neurosensory hearing loss; dental
anomalies consisting of anomalous cusp morphology with unusual pointed extensions and
delayed tooth eruption; short stature with marked delay in epiphyseal ossification; coronal
clefts involving vertebrae T11-S2; and dislocated hips" (PMID: 1887855).


https://pubmed.ncbi.nlm.nih.gov/1887855/
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Phenotype
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HPO term
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Suggested

Domain Phenotype Frequenc
yp HPO term 9 y

Skeletal Short stature Physical HP:0004322 Childhood Frequent

Skeletal Dislocated hips Physical HP:0002827 Congenital Frequent

Severity / progression. Manifestations are congenital or emerge in infancy; the malformative
components (cataract, ear, vertebral, epiphyseal) are structural and static, while
developmental delay is a fixed non-progressive impairment amenable to rehabilitation.
Expressivity is variable across the LONP1 spectrum.

Quality of life. Combined visual impairment (cataract), hearing loss, motor/skeletal limitation,
and cognitive delay substantially affect daily functioning. Comprehensive rehabilitation
improves fine-motor and language skills and has a "positive effect ... on the quality of life"
(PMID: 31169704).

4. Genetic / Molecular Information

Causal gene. LONP1 (Lon peptidase 1, mitochondrial), 19p13.2, HGNC:9647, OMIM *605490.
Encodes the ATP-dependent AAA+ serine protease of the mitochondrial matrix.

Pathogenic variants. CODAS-causing variants are predominantly missense substitutions
clustering in the AAA+ ATPase module near the ATP-binding pocket and the proteolytic
chamber. Representative variants:

Variant (cDNA / protein) Population Notes

Old Order Amish Recurrent; homo-oligomerizes
€.2161C>G (p.Arg721Gly) L.

(founder) poorly in vitro
Three additional AAA+ Mennonite-German, L

o . Cluster near ATP-binding pocket
substitutions (Strauss 2015) mixed European
) . . Cannot bind/degrade substrate
€.1693T>C (p.Tyr565His) (Leigh-like, non-CODAS) .
1n vitro
. . Minimal effect alone;

€.2197G>A (p.Glu733Lys) (Leigh-like, non-CODAS)

deleterious in combination


https://pubmed.ncbi.nlm.nih.gov/31169704/
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Strauss et al. reported that "all four pathogenic amino acid substitutions cluster within the
AAA(+) domain at residues near the ATP-binding pocket" and that "the Old Order Amish Lon
variant (LONP1 c.2161C>G[p.Arg721Gly]) homo-oligomerizes poorly in vitro" (PMID: 25574826).

Variant classification & type. Pathogenic/likely pathogenic per ACMG (segregation, functional
data, rarity in population databases). Variant class is predominantly missense; predicted
mechanism is loss of function (hypomorphic). Population allele frequencies are absent or
very low in gnomAD.

Functional consequences. Partial loss of ATP-dependent proteolysis. Li et al. found CODAS
variants "concentrated in the AAA+ module, especially the a domain" (PMID: 39462050). Young
et al. showed "CODAS variants enriched in the proteolytic chamber and NDD variants more
broadly distributed" (PMID: 40931319).

Genotype-phenotype / dosage. "CODAS is caused by biallelic variants and CDH by monoallelic
variants, both of which are predicted to act through loss-of-function mechanisms" (PMID:
40931319). Biallelic variants may alternatively produce classical mitochondrial (Leigh-like)
disease "with no evidence of the classical skeletal or dental defects observed in CODAS
syndrome patients" (PMID: 29518248), or a milder epilepsy phenotype without developmental
delay (PMID: 39462050).

Modifier genes / epigenetics /| chromosomal abnormalities. No specific modifier genes
identified. LONP1 itself binds mtDNA and participates in epigenetic/metabolic programs (see
Section 6), but disease-specific epigenetic marks are not established. CODAS is not associated
with large chromosomal rearrangements.

5. Environmental Information

CODAS is a purely genetic (Mendelian) disorder. No environmental toxins, radiation,
occupational exposures, lifestyle factors, or infectious agents contribute to causation or
triggering. The only population-level modifier is the demographic structure (consanguinity,
genetic isolates) that increases carrier-pairing probability. Not applicable for toxicological or
infectious etiology.


https://pubmed.ncbi.nlm.nih.gov/25574826/
https://pubmed.ncbi.nlm.nih.gov/39462050/
https://pubmed.ncbi.nlm.nih.gov/40931319/
https://pubmed.ncbi.nlm.nih.gov/40931319/
https://pubmed.ncbi.nlm.nih.gov/40931319/
https://pubmed.ncbi.nlm.nih.gov/29518248/
https://pubmed.ncbi.nlm.nih.gov/39462050/
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6. Mechanism / Pathophysiology
Ordered causal chain (initiating lesion - clinical manifestation):

1. Biallelic hypomorphic missense variants in LONP1 (clustered in the AAA+ ATPase module /
proteolytic chamber; e.g., p.Arg721Gly) result in a partially inactive mitochondrial Lon
protease that homo-oligomerizes poorly and has reduced ATP-dependent proteolytic
activity.

2. Reduced Lon proteolysis leads to failure to degrade misfolded/oxidized matrix proteins —
accumulation and aggregation of substrates (e.g., MT-CO2, the mtDNA-encoded
cytochrome-c-oxidase subunit II).

3. Substrate aggregation plus impaired chaperone function result in defective assembly/
turnover of respiratory-chain complexes and impaired mtDNA maintenance (Lon also
binds mtDNA).

4. These converge to cause structurally abnormal, swollen mitochondria with electron-dense
inclusions and reduced spare respiratory capacity (bioenergetic deficit). (demonstrated in
patient lymphoblastoid cells)

5. Branch A (bioenergetic/metabolic): dysregulated turnover of metabolic enzymes (PDK4,
HMGCS2, ACO2) alters carbon flux and metabolic programs. (inferred for CODAS;
demonstrated for LONP1 biology generally)

6. Branch B (inflammatory): LONP1 deficiency promotes mtDNA release and cGAS-STING-
dependent inflammation. (inferred contributor)

7. The developmental bioenergetic/proteostatic deficit in high-demand embryonic tissues
results in the multisystem malformative phenotype — impaired development of brain,
lens, tooth, ear, and epiphyseal/vertebral skeleton — i.e., the clinical CODAS constellation.
(inferred mapping from cellular deficit to organ phenotype)

Molecular / cellular detail. LONP1 is "the principal AAA+ unfoldase and bulk protease in the
mitochondrial matrix, so its deletion causes embryonic lethality" (PMID: 38927630) —
establishing why viable CODAS alleles must be hypomorphs, not nulls. Patient cells show "(1)
swollen mitochondria with electron-dense inclusions and abnormal inner-membrane
morphology; (2) aggregated MT-CO2, the mtDNA-encoded subunit II of cytochrome c oxidase;
and (3) reduced spare respiratory capacity, leading to impaired mitochondrial proteostasis and
function" (PMID: 25574826).

Beyond proteostasis, "LONP1 regulates the turnover or stability of metabolic enzymes such as
pyruvate dehydrogenase kinase 4 (PDK4), 3-hydroxy-3-methylglutaryl-CoA synthase 2
(HMGCS2), and aconitase 2 (ACO2), thereby influencing carbon flux, epigenetic regulation, and


https://pubmed.ncbi.nlm.nih.gov/38927630/
https://pubmed.ncbi.nlm.nih.gov/25574826/
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immune-related metabolic programs,” and "LONP1 deficiency or dysfunction can promote
mitochondrial stress responses, including mtDNA release and cyclic GMP-AMP synthase-
stimulator of interferon genes (cGAS-STING)-dependent inflammation" (PMID: 42302976).

Ontology suggestions. - GO biological process: proteolysis involved in protein catabolic
process (GO:0051603); mitochondrial protein quality control; mitochondrial DNA metabolic
process (G0:0032042); cellular respiration (G0:0045333); response to oxidative stress
(GO:0006979). - GO cellular component: mitochondrial matrix (G0:0005759); mitochondrial
inner membrane (G0O:0005743). - CL cell types (affected/high-demand): neuron (CL:0000540),
lens fiber cell (CL:0000362), ameloblast/odontoblast (CL:0000059 / CL:0000060), chondrocyte
(CL:0000138), sensory hair cell (CL:0000855). - CHEBI: ATP (CHEBI:15422).

7. Anatomical Structures Affected

Organ / system level (primary). Central nervous system/brain (UBERON:0000955) —
developmental delay; eye/lens (UBERON:0000970 / UBERON:0000965) — cataract; teeth
(UBERON:0001091) — enamel/eruption anomalies; external/inner ear (UBERON:0001690) —
pinna malformation and sensorineural hearing loss; skeletal system — epiphyses
(UBERON:0002515), vertebral column (UBERON:0001130), hip joint (UBERON:0001464).

Body systems. Nervous, ocular/visual, auditory, craniofacial/dental, and musculoskeletal/
skeletal. = Secondary/spectrum organ involvement includes the diaphragm/lung
(UBERON:0001103 / UBERON:0002048) at the CDH end of the LONP1 spectrum.

Tissue / cell level. Nervous tissue (neurons), lens fiber cells, dental epithelium/mesenchyme
(ameloblasts, odontoblasts), cartilage/growth-plate chondrocytes, and cochlear sensory hair
cells.

Subcellular level. The lesion is fundamentally mitochondrial matrix (G0:0005759) and
inner membrane (GO:0005743) — the site of Lon protease action, respiratory-complex
assembly, and mtDNA maintenance.

Localization / lateralization. Ocular and auricular features are typically bilateral; vertebral
coronal clefts span T11-S2. Manifestations are generally symmetric/bilateral.


https://pubmed.ncbi.nlm.nih.gov/42302976/
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8. Temporal Development

Onset. Congenital to infancy. CODAS "has an infancy, neonatal age of onset” (PMID: 36684615).
Structural anomalies (cataract, ears, vertebrae) are present at birth; dental and epiphyseal
features become apparent in early childhood.

Progression. The malformative features are static/structural; developmental delay is a fixed,
non-progressive cognitive impairment. Disease course is chronic and lifelong but not
neurodegenerative in the classic CODAS presentation (in contrast with the Leigh-like
biallelic-LONP1 presentation, which can be progressive/lethal).

Patterns / critical periods. The critical window is embryonic/fetal development, when
mitochondrial bioenergetic demand in differentiating tissues is high. No spontaneous
remission. Neonatal mortality can occur at the severe end (a Saudi sibling died at 3 days with
microcephaly and diaphragmatic hernia; PMID: 36684615).

9. Inheritance and Population

Epidemiology. Ultra-rare: "an incidence rate of less than 1 in 1,000,000 children worldwide"
(PMID: 36684615). Fewer than ~20-25 genetically confirmed cases were reported after the 2015
gene discovery.

Inheritance. Autosomal recessive (biallelic LONP1). Both copies must carry a damaging
(hypomorphic) allele.

Penetrance / expressivity. Penetrance is essentially complete for biallelic damaging genotypes
within the CODAS-defining variant class; expressivity is variable, and variant identity/
location determines whether the phenotype is CODAS, Leigh-like mitochondrial disease, or
milder epilepsy.

Founder effects / consanguinity. Marked. Original cohorts came from genetic isolates (Old
Order Amish-Swiss, Manitoba Mennonite) with a recurrent founder allele p.Arg721Gly.
Consanguinity and endogamy elevate recurrence risk.

Carrier frequency. Very low in the general population (variants "absent or low in the general
population,” PMID: 39462050); elevated locally in founder populations.

Demographics. Reported across multiple ancestries — Amish-Swiss, Mennonite-German,
mixed European, Chinese (PMID: 36685982), Korean (PMID: 31169704), and Saudi (PMID:
36684615). Sex ratio ~ equal (autosomal). No geographic endemicity beyond founder clusters.
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10. Diagnostics

Clinical recognition. Diagnosis is based on the highly distinctive gestalt: developmental delay
+ congenital cataracts + crumpled/overfolded ears + delayed dentition with enamel/cusp
anomalies + epiphyseal dysplasia and coronal vertebral clefts. Innes et al. emphasized the
disorder "is highly distinctive" (PMID: 11471171).

Imaging. Skeletal radiographs show delayed epiphyseal ossification/epiphyseal dysplasia and
coronal clefts of vertebrae (T11-S2); hip radiographs for dislocation. Brain MRI may be
performed for developmental delay/seizures (and, in Leigh-like spectrum cases, shows Leigh-
consistent changes).

Laboratory / biomarkers. No specific serum biomarker for classic CODAS. In the
mitochondrial-disease end of the spectrum, findings include congenital lactic acidosis,
profound OXPHOS deficiency, and loss of mtDNA copy number (PMID: 29518248).
Functional cellular assays (patient fibroblasts/lymphoblasts) can demonstrate swollen
mitochondria, MT-CO2 aggregation, and reduced spare respiratory capacity.

Genetic testing (definitive). Molecular confirmation of biallelic LONP1 variants.
Recommended approach: whole-exome sequencing (WES) or a mitochondrial/skeletal-
dysplasia gene panel including LONPI1; targeted single-gene testing is appropriate where a
founder allele (p.Arg721Gly) is suspected. WGS/WES were the discovery modality (Strauss
2015). mtDNA quantification (copy number) supports the mitochondrial-disease presentation.
Diagnostic difficulty is notable: some cases required trio-WES reanalysis to reach a conclusion
(PMID: 41970958).

Clinical criteria / differential diagnosis. No formal consensus criteria; diagnosis is phenotype
+ molecular. The key differential is EVEN-PLUS syndrome (biallelic HSPA9/mortalin), which
presents "with several overlapping features with CODAS syndrome ... characterized by the
involvement of the Epiphyses, Vertebrae, Ears, and Nose (EVEN), PLUS associated findings"
(PMID: 35779070). Other differentials: chondrodysplasia punctata (coronal clefts) and other
syndromic congenital cataract/epiphyseal dysplasias.

Screening. Carrier screening and cascade testing in founder populations; prenatal/
preimplantation testing where a familial genotype is known. No newborn-screening program
exists for CODAS.

11
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11. Outcome / Prognosis

Survival / mortality. No formal survival statistics exist due to rarity. Prognosis ranges from
long-term survival with disability (classic CODAS) to neonatal death at the severe/spectrum
end (e.g., a sibling died at 3 days with microcephaly and diaphragmatic hernia; PMID:
36684615). Biallelic Leigh-like presentations carry the poor prognosis typical of severe
mitochondrial disease.

Morbidity / function. Substantial lifelong morbidity from combined visual impairment,
sensorineural hearing loss, skeletal/joint disease (short stature, hip dislocation, epiphyseal
dysplasia), dental disease, and cognitive/developmental delay. Rehabilitation can meaningfully
improve function: after 5 years, "fine motor and language skills development improved
similarly to that of same-aged children" with a "positive effect ... on the quality of life" (PMID:
31169704).

Prognostic factors. Severity correlates with the specific LONP1 genotype (residual protease
activity, variant location). Presence of diaphragmatic hernia/microcephaly signals a severe
course.

12. Treatment

No curative therapy exists. "There is no satisfactory treatment for this rare genetic disease
yet. Due to the lack of curative medical treatment, rehabilitation could play a major role"
(PMID: 31169704).

Supportive / organ-directed management (mainstay):
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Suggested NCIT

Problem Intervention
term
Congenital cataract Cataract extraction / lens surgery Cataract Surgery
Ptosis Surgical correction Ptosis Repair
. . . . . . Cochlear
Sensorineural hearing loss Hearing aids / cochlear implantation .
Implantation
Dental (enamel/eruption) Restorative/preventive dental care Dental Care
Epiphyseal dysplasia, hi Orthopedic
P Py . Y p‘ . P Orthopedic surgery / bracing P
dislocation, scoliosis Procedure
. Anti-seizure medication (good Anticonvulsant
Seizures
response reported) Therapy
Physical, occupational, speech Rehabilitation

Developmental delay
therapy Therapy

Seizure phenotypes in the LONP1 spectrum "exhibited good responses to anti-seizure
medications” (PMID: 39462050).

Advanced / experimental therapeutics. None approved for CODAS. Pharmacological LONP1
modulators (activators such as artemisinin derivatives and 84-B10; inhibitors such as CDDO
derivatives) exist as research tools but are not clinical therapies for CODAS (PMID: 40305312).
No gene, cell, or RNA-based therapy trials exist for CODAS. Given the hypomorphic loss-of-
function mechanism, allele-specific activation/replacement is a conceptual (not realized) future
direction.

Pharmacogenomics. Not established.

13. Prevention

Primary prevention. Not possible at the individual level (genetic congenital disorder).
Population-level reduction of recurrence relies on genetic counseling and carrier screening,
particularly in consanguineous families and founder populations carrying p.Arg721Gly.
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Secondary prevention / early detection. Prenatal diagnosis or preimplantation genetic
diagnosis (PGD) when the familial LONP1 genotype is known; cascade testing of at-risk
relatives. Early detection of complications (cataract, hearing loss, hip dislocation) enables
timely intervention that preserves function.

Tertiary prevention. Multidisciplinary surveillance to prevent complications — visual/
auditory rehabilitation to prevent secondary developmental deficits, orthopedic monitoring
for scoliosis/hip disease, seizure control, and dental prophylaxis.

Immunization / public health / environmental. Not applicable (non-infectious, non-
environmental).

Counseling. Formal genetic counseling on autosomal-recessive recurrence risk (25% per
pregnancy for carrier couples) is central.

14. Other Species / Natural Disease

Taxonomy / orthologs. LONP1 is highly conserved. Orthologs and functional models include
mouse Lonpl (NCBI Gene), yeast PIM1 (Saccharomyces cerevisiae), and bacterial Lon. "Lon
proteases, members of the AAA+" family, are conserved across "diverse organisms" (PMID:
35183556).

Natural disease in other species. No naturally occurring CODAS-equivalent disorder is
documented in companion animals or wildlife (no established natural animal model). Not
applicable for veterinary/zoonotic relevance.

Comparative biology. The evolutionary conservation of Lon protease structure and function
(hexameric AAA+ assembly, hand-over-hand substrate translocation) means mechanistic
insights transfer across bacteria, yeast, and humans — the yeast PIM1 hexamer cryo-EM
structure "highlights the importance of conserved structural elements" (PMID: 35143841).

Transmission. Not applicable (non-communicable genetic disease).

15. Model Organisms

Mouse (mammalian). - Constitutive knockout — embryonic lethal, confirming LONP1's
essential developmental role: "its deletion causes embryonic lethality" (PMID: 38927630). This
precludes a simple null model of CODAS. - Conditional (lung epithelium-specific) knockout
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— "Mice with lung epithelium-specific deletion of Lonpl die immediately after birth, most
likely because of the observed severe reduction of lung growth" (PMID: 34547244), modeling
the CDH/lung end of the LONP1 spectrum. - Pharmacologic inhibition (SAMP8 mice,
Sesamin) — Lonp1 inhibition drives accumulation of substrates, reduced ATP, increased ROS,
and an aging-like synaptic/cognitive phenotype (PMID: 41903616), informing the neural
component.

Cellular / in vitro. - Patient-derived lymphoblastoid cell lines recapitulate the core cellular
pathology (swollen mitochondria, MT-CO2 aggregation, reduced spare respiratory capacity;
PMID: 25574826). - Recombinant WT vs R721G enzyme kinetics model the specific enzymatic
defect (PMID: 34228963).

Invertebrate / microbial. Yeast PIM1 and bacterial Lon provide conserved structural/
functional (cryo-EM) models of the AAA+ hexamer.

Phenotype recapitulation & limitations. No single model reproduces the full multisystem
CODAS phenotype (the combined cerebral-ocular-dental-auricular-skeletal constellation).
Constitutive nulls are lethal; conditional/tissue-specific and pharmacologic models capture
individual axes (lung growth, hippocampal/synaptic decline, cellular mitochondrial
dysfunction) but not the developmental gestalt. A knock-in of a hypomorphic CODAS allele
(e.g., R721G) is the logical but not-yet-established model to recapitulate the human disorder.

15


https://pubmed.ncbi.nlm.nih.gov/34547244/
https://pubmed.ncbi.nlm.nih.gov/41903616/
https://pubmed.ncbi.nlm.nih.gov/25574826/
https://pubmed.ncbi.nlm.nih.gov/34228963/

OpenScientist Report

Mechanistic Model / Interpretation

Biallelic hypomorphic LONP1 missense variants
(AAA+ ATPase module / proteolytic chamber; e.g. p.Arg721Gly)
| partial loss of ATP-dependent proteolysis
v
Poor Lon homo-oligomerization - impaired mitochondrial protein quality control

v v v
Accumulation/ Defective respiratory- Impaired mtDNA
aggregation of complex assembly/turnover binding & maintenance
matrix proteins (aggregated MT-CO02) (+ mtDNA copy numberx*)
(misfolded/oxidized)
| : |
v

Swollen mitochondria + electron-dense inclusions;
L spare respiratory capacity (bioenergetic deficit)

v v
Metabolic branch: Inflammatory branch:
altered turnover of mtDNA release -
PDK4/HMGCS2/AC02 - CGAS-STING inflammation
carbon-flux/epigenetic
reprogramming
[ : |
v
Developmental bioenergetic failure in high-demand embryonic tissues
v

CODAS multisystem phenotype: Cerebral - Ocular - Dental - Auricular - Skeletal

*mtDNA depletion prominent in the Leigh-like biallelic-LONP1 branch (non-CODAS)

Dosage/location model of the LONP1 spectrum:

16



OpenScientist Report

Genotype Variant location Phenotype

Biallelic )
) Proteolytic chamber /
hypomorphic CODAS syndrome
) AAA+ near ATP pocket
missense
Biallelic (severe LoF ~ AAA+/NTD; near-total Classical Leigh-like mitochondrial disease

combos) protease loss (mtDNA depletion), no skeletal/dental features

Biallelic (mild

Variable Milder epilepsy, no developmental delay
combos)
Congenital diaphragmatic hernia;
Monoallelic Predicted LoF neurodevelopmental disorder (possible

dominant-negative)

Complete biallelic

null — Not viable (embryonic lethal, per mouse)
u
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PMID

25574826

1887855

11471171

40931319

29518248

36684615

34228963

38927630

34547244

42302976

31169704

35779070

39462050

35151690

40305312

Paper (abbrev.)

CODAS associated with LONP1
mutations (Strauss 2015)

Newly recognized CODAS
syndrome (Shebib 1991)

Third case of CODAS (Innes 2001)

LONP1 variants diverse phenotypes
(Young 2026)

Defective LonP1 - classical
mitochondrial disease (Peter 2018)

First CODAS in Saudi Arabia
(Mousa 2023)

R721G structure—function (Sha
2021)

CLPP/CLPX & LONP1 KO (Key
2024)

LONP1 in CDH (Qiao 2021)

LONP1 immunometabolic
checkpoint (Xie 2026)

5-yr rehabilitation follow-up (Yoo
2019)

EVEN-PLUS / HSPA9 (Pacio-Miguez
2022)

LONP1 & epilepsy (Li 2024)

CDDO inhibition of LonP1
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Role in this report

Landmark gene discovery; biallelic LONP1,
AAA~+ clustering, founder p.Arg721Gly, cellular
pathology

First clinical delineation; core phenotype list

Distinctive phenotype confirmation; OMIM
context

Genotype-dependent spectrum; CODAS vs CDH
vs NDD; structural clustering

Leigh-like biallelic presentation; variant
nomenclature; functional LoF

Incidence <1/1,000,000; neonatal onset; severe/
lethal spectrum

Hypomorphic allele kinetics; tolerated
dysfunctional mutation

LONP1 KO embryonic lethal - hypomorph
rationale

Monoallelic LONP1/CDH; lung-specific KO model

Downstream substrates (PDK4/HMGCS2/AC0O2);
cGAS-STING

No curative therapy; rehabilitation outcomes/
QOL

Key differential diagnosis

Variant sub-regional effects; milder phenotype;
good ASM response

CODAS mutation validates ATP-binding site
(mechanism)

Experimental pharmacology landscape
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PMID Paper (abbrev.) Role in this report

Small-compound modulators of
Lonp1

Evidence-source key: Human clinical (case reports/series: 1887855, 11471171, 36684615,
31169704, 40931319, 39462050, 29518248); in vitro / biochemical (25574826 cell studies,
34228963, 35151690, 40305312); model organism (38927630, 34547244, 41903616 mouse;
35143841 yeast; 35183556 comparative); review/synthesis (42302976, 41620670, 42510524).

Limitations and Knowledge Gaps

1

. Extreme rarity. Fewer than ~25 genetically confirmed cases limit all epidemiological,

prognostic, and genotype—phenotype statistics to case-level data — no incidence/prevalence,
survival, or QOL cohort figures exist.

. No CODAS-specific animal model. Constitutive knockouts are embryonic-lethal; existing

conditional/pharmacologic models capture only single organ axes, not the multisystem
phenotype. The organ-specificity of CODAS (why lens, tooth, ear, and epiphysis in particular)
is not mechanistically explained.

. Genotype-phenotype boundaries are fuzzy. The rules distinguishing CODAS from Leigh-

like disease from isolated epilepsy from CDH — based on residual activity and variant
location — are inferred from structural mapping, not fully validated functionally.

. No biomarker for classic CODAS. mtDNA depletion and lactic acidosis mark the

mitochondrial-disease end, but a specific, sensitive biomarker for the CODAS malformative
phenotype is lacking.

. Downstream metabolic/inflammatory branches (PDK4/HMGCS2/ACO2, cGAS-STING)

are extrapolated from general LONP1 biology, not directly demonstrated in CODAS patient
tissue.

. No therapeutics targeting the root cause. LONP1 activators exist only as research tools;

none tested in CODAS.

20



OpenScientist Report

Proposed Follow-up Experiments / Actions

1. Knock-in mouse (or organoid) carrying a hypomorphic CODAS allele (e.g.,
p-Arg721Gly) to test whether it recapitulates the multisystem phenotype and to define the
developmental critical window.

2.iPSC-derived organoids (cerebral, lens, tooth, inner-ear, chondrogenic) from patient cells
to map tissue-specific bioenergetic vulnerability and explain organ selectivity.

3. Systematic functional assay panel of reported LONP1 variants (ATPase, peptidase,
oligomerization, mtDNA binding) to build a quantitative activity—phenotype curve spanning
CODAS - Leigh — epilepsy — CDH.

4. Patient-tissue multi-omics (proteomics, metabolomics targeting PDK4/HMGCS2/ACO2,
mtDNA copy number, cGAS-STING readouts) to confirm which downstream branches
operate in CODAS specifically.

5. International CODAS registry to aggregate natural-history, survival, and QOL data across
the <25 known families.

6. Preclinical evaluation of LONP1 activators / small-molecule chaperones on patient-
derived cells as a proof-of-concept for allele-rescue therapy.

7. Standardized diagnostic criteria and cascade-screening protocols for founder
populations (Amish/Mennonite p.Arg721Gly).

Report compiled from 11 confirmed findings and 26 reviewed papers over a 5-iteration
autonomous investigation. All mechanistic and clinical claims are anchored to primary literature
(PMIDs above) with verified abstract quotations.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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