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Additional Methods

Benchmarking using a synthetic WES dataset

To test the performance of the method at identifying causal variants in sequencing data, we
generated a synthetic whole exome sequencing (WES) dataset consisting of 68,210 VCEF files
(one for each of the pathogenic variants retrieved from the ClinVar December 2019 release).
We excluded variants classified as “modifier” and in noncoding regions and those genes with
HPO-gene associations below 5, resulting in 66,800 variants [1]. The synthetic dataset was
created by inserting a single pathogenic variant from the set of 66,800 in high-confidence
variant calls for one individual (NA12878) published by the Genome in a Bottle (GIAB)
consortium, used frequently for benchmarking purposes [2]. Each pathogenic variant zygosity
was adjusted to match the OMIM disease’s mode of inheritance for the associated gene
(heterozygous for dominant diseases, homo or hemizygous for recessive diseases). Synthetic
exomes were then filtered based on frequency (MAF<0.1% according to the VEP filter tool
in each of the 1000 Genomes Project, NHLBI GO Exome Sequencing Project (ESP), ExAC
and gnomAD) and variant impact excluding noncoding regions and modifier ones, resulting
in 642 variants. We then ran ClinPrior using as an input 1) the filtered VCF files and 2) the
patient phenotypic features created with the HPOs of the pathogenic variant-associated gene

extracted from the HPO-gene associations from the phenotypic layer.

The prioritization process in ClinPrior is weighted by two variables: 1) calculation of the
phenotypic association metric derived from prior phenotype-gene association knowledge and

further network propagation of this metric, and ii) calculation of the variant deleteriousness



score. Using the synthetic data from 66,800 WES, we consider four different benchmarking
scenarios:
Scenario 1.
e (ausal gene known (prior knowledge).
e Patient with perfect phenotypic match (all HPOs associated to the gene).
Scenario 2.
e (ausal gene known (prior knowledge).
e Patient with unmatching phenotypic data (random HPOs).
Scenario 3.
e Novel candidate causal gene (removed candidate HPOs-gene associations
from the 439.300 HPO-gene associations, therefore without prior knowledge)
e Patient with perfect phenotypic match (all HPOs associated to the gene).
Scenario 4.
e Novel candidate causal gene (removed candidate HPOs-gene associations
from the 439.300 HPO-gene associations, therefore without prior knowledge)

e Patient with unmatching phenotypic data (random HPOs).

In the first scenario 1, we considered an ideal situation where the simulated patient’s
phenotype perfectly matches the clinical description from the databases associated with the
causal gene. Here, the phenotypic association score is the highest possible, resulting in the
desired near-perfect top-1 identification (AUROC = 0.9994). This perfect scenario is in
contrast with the rest: 1) Scenario 2, with random phenotypic data, where patient phenotypic
mismatch diminishes the phenotypic association metric, and the prioritization is driven
mostly by the variant deleteriousness score (AUROC = 0.8393); ii) Scenario 3, with

simulated novel candidate genes, removing prior HPO-gene associations of the candidate, but



with perfect patient phenotypic matching. Here, both the phenotypic metric propagation and
the variant deleteriousness score are the main drivers of variant ranking (AUROC = 0.7824);
and 1ii) Scenario 4, or worse-case scenario, with simulated novel candidate genes but with
unmatched (random) patient phenotypic data. Here, only the variant deleteriousness score is

the main driver of variant prioritization (AUROC=0.6489).

HSP/CA expanded network

We constructed an HSP/CA expanded network with an initial list of 718 seed genes with the
terms "spastic paraplegia" or "ataxia" in HPOs included in the OMIM database. Next, we
used ClinPrior to obtain a list of the 1,000 prioritized genes for each seed gene after
considering the HPO-gene associations of the 718-gene from the phenotypic layer as the
patient. Then, we selected the most recurrent genes, with at least 75 appearances, among the
718 lists with the top 1,000 prioritized genes. With this procedure, we obtained 2,187 genes
that we extracted from the global physical and functional ClinPrior networks, resulting in a
final HSP/CA expanded interactome of 27,759 gene—gene interactions. Network available in

the NDEXx repository [3].

To assess whether there was greater connectivity in an HSP/CA expanded network than in the
global network, we calculated 1) the number of edges between protein pairs and ii) the
average path length in the HSP/CA network by calculating the shortest paths between all
protein pairs. We then compared these statistics for 1,000 permutations of a randomly
selected set of 2,187 proteins derived from the global network. Finally, we calculated the Z
scores to determine how far the measures of the HSP/CA expanded network deviate from the

expected mean ().



To evaluate which pathways or functional categories were enriched in the HSP/CA network,
we followed a similar strategy as described elsewhere [4]. Briefly, we used hypergeometric-
based tests from the GOstats package [5]. We used p < 0.001 as the cut-off point for GO
terms with fewer than 1,000 protein members to determine which GO terms were

significantly enriched.

WES-WGS and variant calling

For WES analysis, capture was performed using the SeqCap EZ Human Exome Kit v3.0
(Roche Nimblegen, USA) or the SureSelect XT Human All Exon V5 50 Mb kit (Agilent,
USA) with 100-bp paired-end read sequences, and for WGS, a PCR-free library with 150-bp
paired-end read sequences was generated on a HiSeq 2000-4000 platform (Illumina, Inc.
USA) at Centre Nacional d’Analisi Genomica (CNAG Barcelona, Spain). Sequences were
aligned to hgl9 by Burrows—Wheeler Aligner (BWA mem), and single nucleotide variants
and small insertions/deletions (indels) were identified using GATK, applying GATK’s best
practices for germline single nucleotide polymorphism (SNP) and indel discovery in WES
[6]. Structural variants, including CNVs, were called using ClinSV v0.9[7]. CNVs for
genome data were detected by ControlFreeC v11.5 [8,9] using a window size of 20 kb and a
step size of 4 kb. All the variants identified by at least one tool were considered for further

analysis.

Variant segregation and classification

Sanger sequencing was used in all cases to confirm the findings, and for family segregation, 8
of the 11 de novo variants were tested in both parents. Especially for novel variants,

downstream targeted inheritance testing was critical to variant classification.



The candidate variants were strictly classified following the ACMG/AMP standards and
guidelines for the interpretation of sequence variants [10—12]. We used the VarSome search
engine [13] to annotate the identified variants. Discrepancies in the classification in some
variants when compared to VarSome are due to the finding of another pathogenic variant in
trans in the same gene (PM3), a de novo variant (PS2, PM6), a good phenotypic fit (PP4) or
functional validation (PS3). A case was considered solved if variants were classified as
pathogenic or likely pathogenic. Cases with a variant of unknown significance (VUS) but
compatible segregation studies and specific clinical and MRI findings highly suggestive of a
given disease were also considered solved. Incidental findings were reviewed in all patients

according to published guidelines [14,15].

Functional validation

Several VUSs were functionally tested by different methods, including transfection assays,
lipidomics, cDNA sequencing or minigene splicing assays, targeted metabolomics and
mitochondrial respiration assays, patch-clamp assays to measure potassium currents,
serylation assays and yeast complementation studies, mRNA and protein quantification with
immunofluorescence analysis, and quantitative real-time (QRT-PCR) for CNV validation

(additional Tables S4 and Table S7).

Detection of the biallelic intronic expansion AAGGG in RFC1

Forty-three patients with negative results in WES were studied. We made the diagnosis of
pathogenic biallelic expansion in RFCI in those cases in whom 1) RP-PCR did not repeatedly
amplify any product compared to healthy controls, and 2) RP-PCR showed a characteristic

“sawtooth” pattern. PCR primers (F: TCAAGTGATACTCCAGCTACACCGTTGC and



R:GTGGGAGACAGGCCAATCACTTCAG) were extracted from Cortese et al. [16].
Polymerase chain reactions (PCRs) were performed in a final volume of 50 ul using Taq
polymerase (Sigma). The amplification products were visualized after 2% agarose gel
electrophoresis (1 h, 60 V). The primers used in the RP-PCR were extracted from Rafehi et al
[17]. PCR was performed in a final volume of 50 pl using 20 ng genomic DNA, 0.8 mM of
the primers CANVAS FAM 2F and MI3R, and 02 mM of the first
M13R_CANVAS RE R using Phusion FLASH High Fidelity MASTER MIX (Thermo
Fisher) polymerase. Products were diluted in formamide and analysed in an ABI3730x]l DNA

Analyser-sequencer using GeneMapper (Applied Biosystems).

PanelApp panels related to Hereditary Spastic Paraplegia or Ataxia

We examined the genes diagnosed in our real-world cohort, including pathogenic variants
detected by both WES and WGS and variants in candidate genes validated by us (validated
candidate), but excluding phenotype-matching VUSs, in the following 6 different PanelApp
panels (https://panelapp.genomicsengland.co.uk/) related to hereditary spastic paraplegia or

ataxia.

e Adult-onset hereditary spastic paraplegia (115 genes)

e Childhood onset hereditary spastic paraplegia (145 genes)
e Hereditary spastic paraplegia (110 genes)

e Hereditary ataxia with onset in adulthood (260 genes)

e Hereditary ataxia (178 genes)

e Hereditary ataxia and cerebellar anomalies — childhood onset (469 genes)

Receiver Operating Characteristic (ROC).



The predictive performance of ClinPrior was evaluated by plotting the area under the receiver
operating characteristic (AUROC) curve to assess: 1) variant prioritization of known disease
genes and candidate disease genes in 66,800 synthetic WES analysed, and ii) the optimal
number of HPOs required for gene prioritization in 82 patients from the real-world cohort.
When querying the 66,800 synthetic WES, we considered the top 50 positions of the variant
ranked lists, and when querying the 82 patients (100 runs each), we considered the top 1,000
positions of the gene ranked list after average prioritization (the top ~5% of genes queried).
When we look at the top 50 positions (if we do top 50 for variant prioritization (i)) and the
top 1,000 positions (if we do top 1,000 for gene prioritization in HPO benchmarking (ii)), the
predicted rank is progressively weighted, i.e. the AUROC decreases progressively as the
prior rank increases. Thus, if ClinPrior prioritizes at position 1, the resulting AUROC is also
1, and if the rank is 10, the AUROC is 0.8163 (i) or 0.991 (ii). For a rank of 50 or higher (i)
or 1,000 or higher (i1) the AUROC is 0. The pROC package in R was used to calculate AUCs
along with their standard errors and 95% confidence intervals [18]. We used plotROC [19]
and ggplot2 [20] packages to plot the ROC curves. The rank lists for each scenario are

available on zenodo [1].

Additional Results

We enrolled 135 families with undiagnosed HSP and/or CA after targeted screening for the
most common genetic causes, as described in the Materials and Methods. Based on the
phenotypic traits, we classified patients into several groups: 1) pure spastic paraplegia, ii) pure
CA, and i1ii) complex phenotypes presenting ataxia and/or spasticity with other symptoms
(Fig. 3A). The probands were 85 males and 50 females, with ages ranging from 1 month to
83 years (median 32 years). The age of clinical onset ranged from the first month of life to 72
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years (median 7 years); age was less than 20 years in 85 patients (63%) and more than 20
years in 50 patients. The median evolution of disease before WES testing was 9 years (1
month - 53 years), and it was longer than 10 years in 56% of patients. Consanguinity was

reported in 16 families (12%).

Illustrative clinical cases

1. Atypical phenotypes

GFAP (IDSPG4): In this family with 3 generations (the proband, a 46-year-old woman; her
son; her cousin; and her cousin’s son) affected by adult-onset, mild spastic paraplegia, cranial
and medullar MRI findings were initially described as normal. A heterozygous novel
missense variant (p.Glyl8Val) in the GFAP gene cosegregated in all affected family
members, as well as in two asymptomatic relatives (the proband’s sister and her mother).
Mutations in this gene cause Alexander disease (OMIM #203450) [21], an autosomal-
dominant leukodystrophy with described adult presentations [22]. We therefore decided to
clinically re-evaluate all family members; all of them showed clear signs of cerebellar
dysfunction and spastic paraparesis, and two patients were paucisymptomatic, presenting
mild alterations in neurological examinations, namely, scoliosis, nystagmus, diplopia,
hyperreflexia and the Babinski sign. MRI reexamination of all patients showed notable spinal
cord and medulla atrophy, in contrast to what was observed in the less affected patients, who
presented mild signal changes in the trunk and less atrophy. Magnetic resonance
spectroscopy showed a metabolite profile suggestive of astrocyte hypertrophy, consistent
with neuroaxonal degeneration [23]. We validated this variant using a transfection assay to

test the capacity of the GFAP protein encoded by the gene carrying p.Gly18Val variant to
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induce protein aggregation in the astrocytoma cell Line U251-MG. We did not observe
inclusions, dot-like clumps or aggregates in the p.Glyl8Val-mutant construct, but we did
observe abnormally large cell sizes with long astrocytic processes, a phenotype that was
confirmed by quantitative image analysis. Thus, we proposed considering astrocyte
hypertrophy as an additional criterion of pathogenicity in the functional evaluation of

unreported variants [24].

NDUFS6 (IDSPG55): This patient was a 66-year-old female with spastic paraparesis,
hyperreflexia and dysarthria beginning at 10 years of age, accompanied by seizures with good
response to antiepileptic drugs, tremor, cavus feet, keratoconus, cataracts, vocal cord
weakness, and mild developmental delay. She learned to talk at 5 years of age. Nerve
conduction studies revealed axonal sensorimotor neuropathy, and cranial MRI showed a
signal intensity alteration in the posterolateral portion of both lenticulate nuclei that was
hyperintense in proton density and T2 images. She had an affected sister. They were born
from consanguineous parents. Metabolic studies including lactate were not available. Both
patients were homozygous for the splicing variant in NDUF'S6, ¢.309+5G>A, classified as
pathogenic according to the ACMG criteria [11,25]. This variant was previously reported in
two different patients with Leigh syndrome and was validated functionally [26,27]. The
clinical picture and MRI findings were compatible with Leigh syndrome. Most previous
reports suggested that NDUFS6 pathogenic variants invariably lead to neonatal or early
childhood death; instead, these patients showed a slowly progressive disease, as seen in Leigh
syndrome caused by mutations in other genes. To date, mutations in more than 80 genes have
been found to be related to Leigh syndrome [28]. Therefore, this family expands the clinical

phenotype associated with NDUFS6.
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ACER3 (IDSPG75): This patient, a 16-year-old male born to consanguineous parents, had an
affected male cousin. Both had shown early-onset, slowly progressive pure spastic
paraparesis and had normal MRI findings. They harbour one homozygous variant in the
ACER3 gene p.(Gly211Cys), classified as pathogenic. Only six cases of ACER3-related
progressive leukodystrophy have been reported [29,30], and all of these patients showed
severe developmental delay with neurological regression, mainly including truncal hypotonia,
spasticity, dystonia, seizures, feeding problems and, except for one patient, acquired late-
infantile-onset microcephaly. Regarding the imaging findings, they exhibited abnormal
periventricular and deep WM signals, a thin corpus callosum and progressive atrophy. These
patients had a noticeably milder disease than previously reported patients, thus expanding the

clinical spectrum of patients carrying these variants.

KIDINS220 (IDSPG18): This patient was a 10-year-old female with spastic paraparesis and
preserved cognition. Her development was considered normal until 4 years of age. The
findings of MRI performed at 10 years of age were normal. She was heterozygous for a
functionally validated variant (p.Ser1352Glyfs43Ter) in KIDINS220. A complex-spastic
paraplegia phenotype known as spastic paraplegia, intellectual disability, nystagmus, and
obesity syndrome (SINO) has been related to heterozygous variants in this gene, and reports
show invariably delayed psychomotor development, intellectual disability, spasticity, cerebral
atrophy with reduced white matter volume, nystagmus and increased height and weight
[31,32]. Furthermore, homozygous variants lead to a severe autosomal-recessive cognitive
disorder characterized by the onset of arthrogryposis and ventriculomegaly (VENARG) that
is not compatible with life [33]. This patient had a noticeably milder disease than previously

reported patients, thus expanding the clinical spectrum of patients carrying these variants.
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COL6A3 (IDSPGI161): This patient, a 56-year-old woman presenting with severe and
congenital axonal peripheral neuropathy, developed pyramidal signs at 3 years of age. She
had no previous remarkable family or personal history. We identified a homozygous variant
(p.Lys2483Glu) in COL6A43, a gene that has been associated with Bethlem myopathy,
dystonia and Ulrich congenital muscular dystrophy. More than 10 patients with this mutation
have been reported [34,35]. This patient shows an atypical form because predominantly distal
involvement and the pattern of neurogenic involvement in the neurophysiological study are
present. Patients with both axonal neuropathy and contractures may have a collagen VI-

related disorder.

PMM?2 (IDSPG123): This patient, a 13-year-old male patient presenting with nonprogressive
congenital ataxia with oculomotor apraxia associated with intellectual disability (IQ: 50),
neurodevelopmental delay, and hypotonia, was born to healthy nonconsanguineous parents.
MRI showed nonprogressive global cerebellar atrophy. Two variants in compound
heterozygosity were found in PMM?2, a gene associated with congenital glycosylation
disorder type la, CDG Ia (OMIM: # 212065) [36]. The p.Argl41His variant has been
reported in numerous publications as the variant most frequently found in patients with CDG
Ia [37]. The intronic branch site ¢.640-23A>G was previously described in a patient with
CDG Ia who presented this variant in compound heterozygosity with the p.Argl41His
variant. The adenosine substituted in the ¢.640-23A> G variant is found in the sequence of
the branch-site TTCAT, a highly conserved domain within intron 7 that facilitates the
removal of the intron in the splicing process [38]. Strikingly, patient IDSPG123 presented a
fundamental neurological phenotype and exhibited normal phosphomannomutase activity,
similar to that observed in patients with other "mild" splicing variants, who can show normal

values of enzymatic activity even in the presence of disease.
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2. Novel phenotypes

SPTANI (IDSPG134): This patient, a male with no relevant personal or familial antecedents,
presented with pure spastic paraparesis at 7 years old. His condition was slowly progressive,
and at 21 years old, he had normal MRI and nerve conduction study findings. WES detected a
nonsynonymous single nucleotide variant (c.55C>T:p.Argl9Trp) in SPTANI, and Sanger
segregation confirmed a de novo state. De novo variants in nonerythrocytic alpha-II-spectrin
(SPTANI) cause several phenotypes, including 1) early-infantile epileptic encephalopathy
type 5 (OMIM #613477), an early onset epilepsy with global developmental delay and spastic
quadriplegia [39]; 1) CA with hypoplastic brain structures and intellectual disability without
seizures [40]; 1i1) late-onset hereditary motor neuropathy [41]; and iv) a neurodevelopmental
phenotype with peripheral sensorimotor neuropathy [42]. A previous report suggested that
biallelic SPTANI variants may lead to pure autosomal-recessive hereditary spastic
paraparesis [43]; therefore, we performed WGS in this patient to find a second variant. WGS
did not find another deleterious variant. Thus, the case of this patient further expands the
phenotypic spectrum associated with SPTANI variants to pure spastic paraparesis with de

novo heterozygous variants.

LONPI (IDSPG166): In this family, two siblings, aged 39 and 36 years, had child-onset CA
with pyramidal involvement that was slowly progressive. MRI revealed cerebellar atrophy
and a dilated 4" ventricle. They had two variants in a compound heterozygous state in the
LONPI gene, classified as pathogenic and likely pathogenic after applying ACMG criteria. A
multisystemic phenotype known as CODAS, an acronym for cerebral ocular dental auricular
skeletal syndrome, has been linked to this gene. Affected patients have developmental delay,

craniofacial anomalies, cataracts, ptosis, a median nasal groove, delayed tooth eruption,
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hearing loss, short stature, delayed epiphyseal ossification, metaphyseal hip dysplasia, and
vertebral coronal clefts [44]. In this family, there are predominant neurological
manifestations such as ataxia and spastic paraparesis, but these manifestations are not
associated with ocular, auricular, or skeletal abnormalities. Thus, this family expands the

clinical spectrum associated with LONPI.

PDK3 (IDSPG172): This patient, a 50-year-old woman presenting with severe and
congenital axonal sensorimotor peripheral neuropathy, developed pyramidal signs at 13 years
of age. She had no previous remarkable family or personal history. We identified a de novo
hemizygous variant (c.473G>A) in PDK3, a gene that has been associated with Charcot-
Marie-Tooth disease, X-linked dominant, 6. Only two patients with this mutation have been
reported. The presence of spastic paraplegia had not been previously reported in Charcot-

Marie-Tooth disease, X-linked dominant, 6.

3. New inheritance mode

KCNAI (IDLNFS52): This patient, an 8-year-old male presenting with a severe combination
of dyskinesia and neonatal epileptic encephalopathy, was born to consanguineous parents.
WES revealed a homozygous variant (p.Val368Leu) in KCNAI, involving a conserved
residue in the pore domain, close to the selectivity signature sequence for K+ ions (TVGYG).
Functional analysis showed that the mutant protein alone failed to produce functional
channels in the homozygous state, while the coexpression of the mutant protein with wild-
type protein had no effects on K+ currents, which were similar to those with wild-type
protein alone. Over 50 families affected by the episodic ataxia type 1 disease spectrum have

been described with mutations in KCNAI, encoding the voltage-gated K+ channel subunit
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Kv1.1. All these mutations are either transmitted in an autosomal-dominant mode or found as

de novo events. This clinical phenotype was reported in a previous publication [45].

SARS1 (IDSPG64): This patient, a 14-year-old female presenting with a global
developmental delay, with late acquisition of independent walking at early childhood, motor
clumsiness and delayed speech, was able to produce only a few bisyllables during early
childhood. Early clumsiness evolved to overt signs of spastic paraparesis that worsened
slowly during middle childhood but subsequently remained stable. WES revealed a
heterozygous variant (NM_006513.4:¢.969+1 969+3del) that causes the ablation of a
canonical splice site in the boundary of exon 7 and intron 7. Functional analysis showed that
this change causes the inclusion of 16 intronic bp into the cDNA, which results in a loss-of-
function, dominant negative effect in complementation assays in S. cerevisiae and serylation
assays. This family presents a novel complex spastic paraplegia phenotype and mode of
inheritance (de novo dominant) for a variant in SARS1. This clinical phenotype was reported

in a previous publication [46].

4. Cases with dual diagnoses

POLR3A and CACNAIA (IDLNF56): This patient, a 15-year-old female, presented with
moderate intellectual disability, ADHD, behavioural abnormalities (obsessions, mood
disorder, emotional lability, visual hallucinations), and absence and myoclonic seizures
beginning at thirteen years old. She also had nystagmus, strabismus and instability starting in
the first years of life. MRI showed periventricular heterogeneous T2 WM hyperintensities
and hypointensity in the globus pallidus, thalamic anterolateral nuclei, dentate nuclei, optic

radiations, and pyramidal tracts, with mild atrophy of the cerebellar superior vermis. WES
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analysis identified two variants in POLR3A in compound heterozygosis, classified as
pathogenic (¢.2171G>A:p.Cys724Tyr) and likely pathogenic (c.2113C>G:p.Pro705Ala), as
well as a heterozygous LoF variant in CACNAIA (c.1637dup:p.Tyr546Ter) that was revealed
to be de novo after the segregation study. The patient’s clinical picture could be more related
to the variant in CACNAIA, but the radiological pattern was more consistent with the

POLR34 variant.

WGS cases with SNVs

We obtained a positive WGS diagnosis for 3 additional families with SNVs in the SPG7,
SPTBN2 and SPTANI genes. In one case (IDSPG21), we found a deep intronic splicing
variant in the second allele (c.286+853A>G in SPG7) [47]. In a second case (IDSPG125), a
single pathogenic variant in one allele was detected in SPTBN2, a gene in which both
autosomal-dominant and autosomal-recessive modes of inheritance with the same phenotype
of CA had been described (spinocerebellar ataxia, autosomal recessive 14, SCAR14, OMIM
#615386 and spinocerebellar ataxia 5, SCAS, OMIM #600224). The absence of findings in
WGS ascertained a dominant inheritance mode in this family. Finally, in a third patient
(IDSPG134) with pure spastic paraplegia harbouring a single de novo variant in SPTANI1 (of
described dominant inheritance for a developmental phenotype or recessive for complex
spastic paraplegia), WGS ruled out a second variant in trans, thus uncovering a novel

phenotype linked to a dominant inheritance mode.

Benchmarking for HPO number optimisation on a real-world cohort.

We performed a benchmark using the 82 causal genes from the real-world cohort patients and

their associated HPOs to determine the number of HPOs required for optimal prioritization of
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the genes causing the patient’s phenotype. For each patient (x), we ran ClinPrior with an
increasing number of HPOs (2, 3, 4, until we reached the maximum number of HPOs
available from each patient, number of HPOs = z). For each z (2 or 3 or 4 HPOs...), we ran
ClinPrior 100 times for each patient (x) with HPOs randomly selected from the patient’s total
HPOs. The predictive performance of ClinPrior was evaluated by plotting the AUROC to
assess the optimal number of HPOs. Fig. S1 shows that the AUROCs improve as number of

HPOs (z) increases.
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Fig. S1: Gene rank yield by HPOs number. Gene prioritization performance by area under the receiver operating characteristic curve
(AUROC) in identifying the optimal number of HPOs. Each ROC curve represents the prioritization performance using a different set of HPOs
from each patient, ranging from 2 to 30 randomly selected HPOs. The curves were calculated by integrating 100 runs per patient (82 patients)
and considering only the top 1,000 positions (the top ~5% of genes interrogated) with progressive weighting in the prioritization rank. A) All

HPOs. B) high-frequency (>1%) HPOs. C) low-frequency (<1%) HPOs.
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We assessed whether the optimal number of HPOs varied when the HPOs were more or less
specific. Therefore, we divided the HPOs of each patient into two groups according to
whether the normalised frequency of each HPO term within the 439,379 gene-HPO
associations was less than or greater than 1%. We re-ran ClinPrior 100 times for each patient
(x) and increasing number of HPOs (z), but now selecting either common (>1%) or rare
(<1%) HPOs. We evaluated the performance by looking at the ROC and once again, we
observed that as the number of HPOs increased, the AUROCs improved. Of note, when the
HPOs are more specific (less frequent), results improve (AUROC = 0.844 with 10 HPOs).
Further, in a situation with both specific and unspecific HPOs, we observe that with a number
of HPOs around 20, the yield is close to the best results of scenario with specific HPOs

(AUROC=0.790 with 24 HPOs).

Similar performance was obtained when evaluating the frequency of gene prioritization ranks
(<1%, <5%, <10%, <20% and >20% of 23,511 total genes) in the same three scenarios: 1) no
HPO frequency constraint (mix of specific and non-specific terms), ii) HPO frequency above
1% and ii1) HPO frequency below 1% (Fig. S2). Optimal prioritization performance was
achieved with about 7 to 10 HPOs in a rare scenario. In conclusion, we recommend using as
many HPOs as possible, but using specific (below 1%) HPOs is also more informative.
Interestingly, using common HPOs (more frequent than 1%) does not compromise accurate
prioritization, and using a mix of at least 15 specific and non-specific HPOs, ClinPrior can

still perform accurate prioritization with similar diagnostic yield as using 7-10 specific HPOs.
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Fig. S2: ClinPrior performance by HPO number. Prioritization yield in ranking 82 causal genes to top positions: <1%, <5%, <10%, <20%
and >20% (out of 23,511 total genes). The three stacked bar plots show the frequency of gene ranks as the number of HPOs increases. In plot
(A) there is no constraint on HPO frequency, and in plots (B) and (C) there is a constraint with HPO frequencies >1% and <1%, respectively.
The difference in the maximum number of HPOs displayed is because in a patient with an average of 30 HPOs (A), approximately 15 will have a

frequency >1% (B) and the remaining 15 will have a frequency <1% (C).
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Table S1

%
Families with Diagnostic Clinically relevant | Detection of |
Reference Article Total families definitive Ygiel d variant (adding clinically Population characteristics PMID
positive result VvUS) relevant
variants
da Graga, 2021 Dlag.ansuc Yield Cff Whole Exome Sequencing for Adults with Ataxia: a 76 25 33% VUS no reported Non-Caucasian ataxic adult population. In Cerebellar ataxia with Pyramidal signs subgroup, WES 33956305
Brazilian Perspective showed a better performance.
Kim. 2020 Clarification of undiagnosed ataxia using whole-exome sequencing with 8 18 26% I 479 WES in korean patients with either a positive family history of ataxia or an onset age <50 years. 32961395
’ clinical implications ° ! SPG7 and SPG11 were the most common diagnoses.
Hengel, 2020 gl‘:z‘r;:: grome sedquenang ; :ie;;‘;:‘s‘; “g‘;i:sd‘:‘:cl(‘) i‘r’;’bs with neurological 83 35 2% 2 51% | WES in highly ineous cohort with neurological disorders (at least 2 affected memibers) 32214227
A diagnostic ceiling for exome sequencing in cerebellar ataxia and related o, 35 570 : . . . .
Ngo, 2020 neurological disorders 260 65 25% 135 52% Mostly sporadic adult onset spastic paraplegia or cerebellar ataxia. WES + CNV / STR analysis 31692161
Kim, 2019 i:[‘::f‘:?rdmz ﬁ’:’;‘wﬁzl\; ‘g:ﬂzﬁe";‘; ; “c’;‘;eg‘a with or Without Cerebellar 18 7 399 VUS no reported WGS in Spastic Paraplegia with or whithout cerebellar ataxia 31104286
The utility of whole exome sequencing in . . Lo . .
Mu, 2019 diagnosing neurological disorders in adults from a 24 13 54% VUS no reported Adults with undiagnosed neurologic disorders (mostly ataxia and developmental delay) with 30724636
highly consanguineous population consanguinity. AR disorders comprised 77% of diagnoses, due to homozygous variants.
De Souza, 2017 | New genetic causes for complex hereditary spastic paraplegia 17 12 1% VUS no reported sr‘::zlz‘l ;’SP - 10 known variants and 2 new variants (in silico) in- genes not related to HSP 28716262
Nibbeling, 2017 f;‘g;"y:g::ﬁgﬁ;’é‘:l‘l‘z‘:f;;:“"ly“s identifies shared mechanisms 20 9 45% VUS no reported WES in hereditary ataxias, validation of 5 new genes. 29053796
PRE- ACMG
Kuperberg, 2016 Utility of Whole Exome Sequencing for Genetic Diagnosis of Previously 57 28 49% Utility of WES in ic disord (Symp : GDD, ataxia:57%, muscular, seizures, 27572814
P & Undiagnosed Pediatric Neurology Patients ° dystonia) Change of treatment in 5 patients.
Van de Warrenburg, |Clinical exome sequencing for cerebellar ataxia and spastic paraplegia 76 2% 34% Clinical exome (200 genes) in familial HSP and CA (AO<45 or >1 affected) Reveals ‘old” 27165006
2016 uncovers novel gene-disease associations and unanticipated rare disorders ° gene—‘new’ disease associations (SPG7-CA, TH-HSP) and uncovers unanticipated disorders.
. . - . . . o). ~ o - . |
Kara, 2015 Genetic a.md phenotypic characterization of complex hereditary spastic 66 20 30% Clinical exome 26%: 97 cHSP. l)ASPGl 1 (MLAPA) > 30 (30%). 2) clinical exome in 20/66: 26 27217339
paraplegia (4813 genes) + 7 WES. Characterizes a extensive SPG11 cohort.
DY WES in Ataxia: 64% (9/22 european fam, CO and AO) PreACMG: 41% path, 23% probably
Pyle, 2015 Exome sequencing in undiagnosed inherited and sporadic ataxias 22 9 41% path). De novo mutations, validated disease genes previously described in isolated families, and 25497598
broadened the clinical phenotype of known disease genes.
Enhanced utility of family-centered diagnostic exome sequencing with S I o ano, S TYVAA40, Ty s e
Farwell, 2014 |inheritance model-based analysis: results from 500 unselected families with 500 152 30% DY WES in neurogenetic disorders: 30% PreACMG. Ataxias DY:44%. Diagnostic rate was 25356970
undiagnosed genetic conditions significantly higher among trio (37%) compared with singleton (21%)
Novarino, 2014 Exome Sequencing Links Corticospinal Motor Neuron Disease to Common 55 18 33% DY WES in SPG: 55 fam AR: 18 previously unknown HSP genes, identified and validated 24482476
’ Neurodegenerative Disorders ° (functionally in zebra fish or genetically).
Fogel, 2014 Etxome sequencing in the clinical diagnosis of sporadic or familial cercbellar 76 16 21% DY in cerebellar ataxia (predominantly adult sporadic onset) 25133958
ataxia
Ohba, 2013 Diagnostic utility of whole exome sequencing in patients showing cerebellar 23 9 39% DY WES in children with Cercbellar Atrophy. 24091540

and/or vermis atrophy in childhood

Table S1. NGS diagnostic vield amone published ataxia/HSP studies.




Table S2

Gene D Sex Age Ageat Affected relatives Consanguinity | Inheritance mode | Pyramidal involvement Cerebellar Neuropathy Cognitive / Behaviour | Extrapiramidal features Seizures MRI findings Other findings (exam or investigation Diagnostic Treatment
onset involvement tests) technique
ACER3 IDSPG75 Female 16 1 YES (brother) YES AR (Homozygous) |~ Pure spastic paraplegia None None None None None Normal None WES
ALS? IDSPGT4 Female 1 3 None YES AR (Homozygous)|  Spastic paraparesis None None GDD + learning difficulty None None Normal None WES
AMPD2 IDSPGT8 Male 34 0 None None AR (Homozygous)|  Spastic paraparesis None Axonal sensory neuropathy GDD +ID None None Normal None WES
AR (C ind .
AP4BI IDSPG167 Female 47 20 None None Heser‘;‘;’y";“‘;) Spastic paraparesis Ataxia None None Head tremor Abdominal myoclonus Normal None WES
ATLI IDSPGS Male 40 10 YES (three affected None AD Spastic paraparesis None Distal hereditary motor None None None Normal None WES
generations) neuropathy
ATLI IDSPG70 Female 8 2 YESg(e'""e'r:‘:i::;"*’d None AD Spastic paraparesis None None None None None Normal Sebortheic dermatitis WES
ATLI IDSPG168 Male 10 1 None None AD None None Leaming disability None None Normal None WES
Frontal T2 WM HI, caudate nuclei WES BCAA supplementation and high-
N
BCKDK IDSPG47.0 Male 45 12 YES (sister) YES AR (Homozygous) | Spastic paraparesis None None GDD +ID None Seizures L, enlarged IV semticle None (Reamahysie)  |protein diet
BSCL2 IDSPG29 Male 48 2 YES (mother) None AD Spastic paraparesis None Demyelinating sensorimotor None None None Normal None WES
peripheral neuropathy
YES (three affected ) Axonal sensorimoty
BSCL2 IDSPG112 Male 34 12 (three affecte None AD Pyramidal signs None onal sensorimotor None None None Normal None WES
generations) peripheral neuropathy
BSCL? IDSPG145 Male 7 57 YES (two affected None AD None None Distal heteditary motor None None None Cerebellar atrophy Nore WES
generations) neuropathy
BSCL2 IDSPG157 Female 63 57 None None AD Pure spastic paraplegia None None None None None Normal None WES
CACNAIA IDSPG126 Male 17 1 YES (sister) None AD None Episodic Ataxia None None None Seizures Vermian atrophy EEG: Centroparictal epileptiform WES
discharges (Reanalysis)
AD/AR
CACNAIA/ | 11y Npse Female 16 1 Nore Nore (Compouund Spastic paraparesis Ataxia Nore GDD + behaviour disorder None YES Periventricular T2 WM HI Hepati steatosis, obesity, WES
POLR3A amenorrhea, hypertrichosis
Heterozygous)
CAPNI IDSPG2 Male 62 40 YES (brother) None AR (Homozygous) | Spastic paraparesis None None None None None Periventricular T2 WM HI None WES
Cerebral atrophy
AR (C ind ) ) High hydroxybutyrate, normalized later. )
cc2p24 IDLNF129 Male 6 1 None YES (Compouu None Ataxia None GDD + ASD None None Dysplastic cerebellar vermis 1eh ydroxybutyrate, normatized fater. WES
Heterozygous) Abnormal VEP
COL6A3 IDSPG161 Female 56 3 Nore Nore AR (Homozygous) Pyramidal signs None Distal heteditary motor None None None None None WES
neuropathy (Reanalysis)
CTNNBI IDSPG139 Female 12 7m None None AD Spastic tetraparesis None None Leaming disability Dystonia None Normal Strabismus, wheelchair WES
Periventricular WM HI
Ji 4 i DD + D 3!
cyp2ul IDLNF40 Male 10 1 YES (brother) YES AR (Homozygous) | Spastic paraparesis None None GDD + 1D Dystonia None WAL CC and BS atrophy None WES
DDHD? IDSPG61 Female 6 2 None YES AR (Homozygous)|  Spastic tetraplegia None None GDD + 1D None None Periventricular T2 WM HI, thin CC None WES
) ) ) Left hippocampal malrotation with WES
IDSPG107 a astic paraparcs A §
DLGY Female 16 1 None None AD Spastic paraparesis None None Language disorder None Rolandic epilepsy | 4 R e famporal horn None (Reamasis
AR Tnercased urine methylmalonic acid
DSTYK/MMUT|  IDLNF84 Male 74 7 None YES (Homozygous/Ho Pyramidal signs None None Cognitive decline None None Periventricular T2 WM HI Dysphagia WES
Osteopenia
ERBB4 IDSPG38 Female 54 40 YES (mother) None AD Spastic paraparesis None Distal heteditary motor None None None Normal Chronic neurogen pattern in EMG study WES
neuropathy (Reanalysis)
FAZH IDSPG10 Female 27 4 None None AR (Homozygous) | Spastic tetraparesis Ataxia None Mild ID Dystonia None Normal Wheelchair WES
AR (C ind .
FARS2 IDSPG116 Male 9 1 None None (Compouu Spastic paraparesis Ataxia None None None None Hypomyelination None WES

Heterozygous)




Ageat

Cerebellar

Other findings (exam or investigation

Diagnostic

Gene D Sex Age Affected relatives Consanguinity | Inheritance mode | Pyramidal involvement ! Neuropathy e/ Behaviour | Extrapiramidal features Seizures MRI findings Treatment
onset involvement tests) technique
GFAP IDSPG4 Female 61 20 Yhsgsnh;e“:f)“ed None AD Spastic paraparesis Nystagmus None None None None Mild signal change in brainstem Non alcoholic fatty liver discase WES
; ) WES
IFIHI IDSPG3 Male 85 56 YES (brother) None AD Pure spastic paraplegia None None None None None Normal None (Reanslsis
) WES
IFIHI IDSPG60 Female 6 1 None None AD Pure spastic paraplegia None None None None None None None (Reanalysie
D + 2}
10SEC? IDSPGI127 Male 1 0 None None X-Linked Spastic paraparesis Ataxia None ASD * Behavioral None None None None WES
Disorder (Reanalysis)
. ) WES
IRF2BPL IDSPG44 Male 12 0 None None AD Spastic paraparesis None None GDD + 1D None None Normal Tiptoe gait (Reamasis
. ’ . ) ) ) - WES
IRF2BPL IDLNFs8 Male 16 5 None None AD Spastic tetraplegia Ataxia None GDD + regression Rigid akynetic syndrome None Normal Vertical gaze palsy, hypomimia (Reanalysie
. EEG: Slow and disorganised . . ) .
KCNAI IDLNF52 Female 8 0 None YES AR (Homozygous) None None None GDD +severe D | Choreo-dystonic movements Epileptic Normal background with occipital paroxysmal WES Seizure control with a sodium
Encephalopathy ety (Reanalysis) channel blocker (oxcarbazepine)
KIDINS220 | IDSPG118 Female 10 4 None None AD Pure spastic paraplegia None None None None None Normal None WES
KIFIA IDSPG39 Male 1 3 None None AD Pure spastic paraplegia None None None None None Normal Abnormal VEP WES
KIFIA IDSPG110 Female 8 1 YES (father) None AD Spastic paraparesis None Axonal sensorimotor None None None Normal None WES
peripheral neuropathy
KIFIA IDSPG108 Male 8 1 None None AD Spastic paraparesis None None ASD None None Thin CC None WES
KIF5A IDSPG17 Male 28 21 None None AD Spastic paraparesis None Axonal sensorimotor None None None Normal Idiopatic interstitial tubular acidosis WES
peripheral neuropathy
) WES
KMT2B IDSPG114 Male 19 3 None None AD Spastic paraparesis None None ADHD Dystonia None Normal None (Reanalysie
L2HGDH/ AR
P IDSPG47.1 Female 41 5 YES (brother) YES I None None GDD + 1D None Seizures Frontal T2 WM HI None WES
- ozvaous)
LAMAI IDSPGS6 Female 10 1 None None AR (Compouund Hypotonia None Distal hereditary motor GDD + ID None Seizures Subcortical hypomiclination, thin CC | Abnormal VEP, nocturmal respiratory WES
Heterozygous) neuropathy insufficiency (Reanalysis)
AR (Compouund ) ) ) )
LONPI IDSPG166 Female 40 40 YES (brother) None Heteromaos Spastic paraparesis Ataxia None None None None Normal Prion protein 14.3.3 Positive WES
) Axonal sensorimoty
MORC2 IDSPG37 Female 48 1 None None AD Pyramidal signs None onal sensorimotor None None None Normal None WES
peripheral neuropathy
NDUFS6 IDSPGSS Female 67 10 YES (sister) None AR (Homozygous) | Spastic paraparesis None Axonal sensorimotor GDD Tremor Seizures Lenticular nuclei HI None WES
peripheral neuropathy
. Axonal sensorimot -
PAXG6 IDSPG155 Male 51 0 YES (son) None AD Pyramidal signs None fona sensorimotor D None None Normal Aniridia WES
peripheral neuropathy
. . Di i 3
PCYT2 IDSPG27 Male 60 19 YES (sister) YES AR (Homozygous) Ataxia Distal hereditary motor None None None Normal None WES
neuropathy (Reanalysis)
PDK3 IDSPG172 Male 50 13 None None X-Linked Pyramidal signs None Axonal sensorimotor None None None Normal None WES
peripheral neuropathy
AR (C ind Arachnoid cyst of the posterior fos ) WES
PIKA IDSPG16 Male 3 17 None None (Compouu Spastic paraparesis None None None None None achnoid cyst of the posierior Chron's disease .
Heterozygous) and cervical spinal cord atrophy (Reanalysis)
PI4KA IDSPG149 Male 12 3 None None AR (Compouund None None Learning disability None None Normal None WES
Heterozygous) (Reanalysis)
AR (C ind Hyperintensities in cerebellar cort ) WES
PMM2 IDSPG123 Male 13 0 None None (Compouu None Ataxia None GDD +ID None None yperintensities In cerebetar cortex, Oculomotor apraxia .
Heterozygous) cerebellar atrophy (Reanalysis)
AR (Compouund Demyelimating sersorimotor Hand stereotyped behaviour guttural tics, WES
PNKP/AFG3L2| IDSPG42 Female 26 6 None None Heterozygous) / None Ataxia venatng Leaming disability None None Normal obesity, hirsutism. Abnormal VEP,
peripheral neuropathy ronor (Reanalysis)
AR (C ind )
PNPLAG IDSPG13 Male 36 32 None None (Compouu Pure spastic paraplegia None None None None None Normal None WES

Heterozygous)




Ageat

Cerebellar

Other findings (exam or investigation

Diagnostic

Gene D Sex Age Affected relatives Consanguinity | Inheritance mode | Pyramidal involvement ! Neuropathy Cognitive / Behaviour | Extrapiramidal features Seizures MRI findings Treatment
onset involvement tests) technique
AR (Compouund S - Distal hereditary motor . o WES
POLG IDSPG113 Male 39 30 None None Heteromeons Spastic paraparesis Ataxia neurapithn Leaming disability None None Periventricular T2 WM HI None (Reamalysis) |10 coemyme
POLR3A IDSPG14 Male 51 14 None None AR (Compouund Spastic paraparesis Ataxia None None None None Periventricular T2 WM HI None WES
Heterozygous) (Re-analysis)
AR (Compouund ) ) )
POLR3A IDSPG28 Male 76 28 YES (brother) None Hoteromgonyy | Pure spastic paraplegia None None None None None Cervical spinal cord atrophy Wheelchair; abnormal SSEP WES
o — ) WES
POLR3A IDSPG109 Male 8 1 None YES AR (Homozygous)|  Spastic paraparesis Ataxia None Learning disability Bradikynesia, dystonia Myoclonus Normal None (Reanalysie
AR (Compouund ) ) )
POLR3A IDSPG122 Male 35 2 None None Spastic paraparesis None None None Head, vocal tremor Seizures Normal None WES
Heterozygous)
. ) ) WES
POLR3B IDSPG66 Male 13 7 YES (mother) None AD Pure spastic paraplegia None None None None None None None (Reanalysie
REEPI IDSPG12 Male 30 2 YES (three affected None AD Spastic paraparesis Ataxia None None Tremor None Normal None WES
generations)
Distal heredit: tor . .

REEPI IDSPG124 Female 14 1 None None AD Spastic paraparesis None s n’g:;;;:’y"‘” or None None None Normal Neonatal jaundice WES
RFCI IDSPG173 Female 65 60 None YES AR None Ataxia Axonal sensory neuropathy None None None None None RFCI expansion
RECI IDSPG184 Male 9 60 None None AR None Pure cerebellar Ataxia None None None None None None RFCI expansion
RFCI IDSPG192 Female 75 60 None None AR None Ataxia Axonal sensory neuropathy None None None None Cough, abnormal Head impulse test RFCI expansion
RECI IDSPG194 Female 63 55 None None AR None Ataxia Axonal sensory neuropathy None None None None None RFCI expansion
RFCI IDSPG198 Male 61 48 None None AR None Ataxia Axonal sensory neuropathy None None None None None RFCI expansion

Multifocal subcortical hyperintensities JAKL and JAK2 inhibitors
RNASEH2B | IDLNF141 Male 9 1 None None AR (Homozygous) | Spastic tetraplegia None None GDD None None . mvm“cmﬁ ; | Abnormal VLCFA, onset after infection WES Monitoring of immuno-
P i mediated
N gressive tiform frontal . WES
SARSI IDSPG64 Female 14 0 None None AD Spastic paraparesis Ataxia None GDD +ID None Seizures On progressive puntiiorm fronta Strabismus, abnormal VEP .
subcortical HI (Reanalysis)
SEPSECS IDLNF67 Male 11 1 YES (brother) YES AR (Homozygous) | Spastic tetraplegia Ataxia None GDD None None Cerebellar a:?’z::;f“l thalamic Abnormal VEP WES
Periventricular T2 WM HI
SEPSECS IDLNFI21 Male 5 1 None None AR ( Spastic " None GDD +ID Tremor None criventricu'ar None WES
Cerebellar atrophy
- Dysmorphic features, congenital )
. ST - Hypoplastic CC, perisylvian torp WES
SHMT? IDSPG26 Male 2 1 YES (brother) None AR (Homozygous)|  Spastic paraparsis Ataxia None GDD + ID None None oohmicmagyria ke pattem mycrocephaly, hypertrophic (Reamasis
Occipitoparietal billateral )
SLC25446 IDSPG93 Male 49 25 None None AR (Homozygous) Pyramidal signs Ataxia Axonal sensorimotor None None None atrophy,superior cerebellar atrophy, | ©1€ral optic atrophy, hypoacusia, mild WES
peripheral neuropathy dysmorphic features
mega cisterna magna
) ) ) WES
SLC35B2 IDLNF68 Female 8 0 None None AR (Homozygous) | Spastic tetraplegia Nystagmus None GDD + 1D Dystonia None Severe hypomiclination None (Reanalysie

SPAST IDSPGY Female 89 45 YE Sgsnh;e“::_e)“ed None AD Spastic paraparesis Nystagmus None None None None Normal Wheelchair WES
SPAST IDSPGT3 Male 20 3 None None AD Spastic paraparesis Nystagmus None Language disorder None None Myelination delay None WES
SPAST IDSPG132 Female 36 30 YES (father) None AD Pure spastic paraplegia None None None None None None None oy
SPAST IDSPG160 Male 64 49 YES (mother) None AD Pure spastic paraplegia None None None None None Normal None WES

AR (Compouund — ) )
SPGI1 IDSPG20 Female 32 28 None None None None None None None Periventricular T2 WM HI Congenital hip luxation, psoriasis. WES
Heterozygous)
AR (C ind .
SPGI1 IDSPG24 Male 19 18 None None (Compouu Spastic paraparesis None None D None None Periventricular T2 WM HI None WES
Heterozygous)
AR (Compouund ) ) ) —
SPGI1 IDSPG40 Female 25 15 None None Spastic paraparesis None Peripheral neuropathy None None None Periventricular T2 WM HI None WES

Heterozygous)




Gene D Sex Age Ageat Affected relatives Consanguinity | Inheritance mode | Pyramidal involvement Cerebellar Neuropathy ©/Behaviour | Extrapiramidal features Seizures MRI findings Other findings (exam or investigation Diagnostic Treatment
onset involvement tests) technique
SPGI1 IDSPGA48 Male 21 2 None None AR Spastic paraparesis None Optic neuropathy GDD + attention disorder None None Periatrial T2 V‘m 2(1: mild atrophy, None WES
sPGI1 IDSPG99 Male 41 31 None None AR (Homozygous) | Pure spastic paraplegia None None None None None Normal None WES
AR (Compouund ) ) . )
SPG7 IDSPG21 Male 51 37 None None Hetorezyeos) Spastic paraparesis Ataxia None None None None Olivopontocerebellar degeneration Bilateral ptosis, ophtalmoparesia was
SPG7 IDSPG23 Female 60 50 YES (sister) YES AR (Homozygous) | Pure spastic paraplegia None None None None None Cervical spinal cord atrophy None WES
SPG7 IDSPG30 Male 53 35 YES (two siblings) YES AR (Homozygous) | Spastic paraparesis Ataxia None None None None Cerebellar atrophy Posis WES
SPG7 IDSPG33 Female 64 40 YES (grandmother) YES AR (Homozygous) | Pure spastic paraplegia None None None None None Normal None WES
SPTANI IDSPG134 Male 20 7 None None AD Pure spastic paraplegia None None None None None Normal D8 - D10 syringomyelia WGS
SPTBN2 IDSPG125 Male 38 30 None None AD None Ataxia None Exceutive dysfunction Dystonia None Cercbellar atrophy None WGS
WES
SVBP IDSPGS Male 69 16 YES (brother) None AR (Homozygous) None None D None None Normal None
(Reanalysis)
Axonal sensorimot Dilati f the ventricles and cortical WES
SVBP IDSPG46 Female 37 30 YES (sister) None AR (Homozygous) None None onal sensorimotor None None None Hation of the ventricles and cortica’ None .
peripheral neuropathy sulci, greater than expected (Reanalysis)
Dysplastic CC, hydrocephalus WES
TAFI IDSPGT1 Male 7 0 None None X-Linked Spastic paraparesis None None GDD None None secondary to aqueductal stenosis, High lactate and amonium in CSF (Reamasis
. N Cercbellar atrophy, specially superior .
TMEM240 IDSPG92 Male 47 3 None YES AD None Ataxia None ocp Tremor None - arop None WES
folia, brainstem atrophy
. ’ ' Coenzyme QI0, thiamine,
) ) D 210
TRMTS IDSPG120 Male 16 0 None None AR (Compownnd | o peraparesis None Distal hereditary motor D None None Cerebellar atrophy Abnormal SSEP WES monitoring of cardiac
Heterozygous) neuropathy e ot
WES
UBAPI IDSPG76 Female 14 7 YES (Mother) None AD Spastic paraparesis None None ADHD None None Normal None (Reamslsis
AD Autosomal Dominant
ADHD Attention Deficit and hyperactivity disorder
AR Autosomal Recessive

Autism Spectrum Disease
Branched-Chain Amino Acids

Basal ganglia

Corpus callosum

Cercbrospinal fluid

Electroencephalogram

Electromyogram

Fluorodesoxyglucose Positron Emission Tomography / Computerised tomography
Global Developmental Delay

Hyperintensity

Intellectual Disability

Obsessive-Compulsive Disorder

Somatosensory-evoked potential

Visual-evoked potential

‘White matter

Table S2. Clinical table. Clinical manifestations. main comnlementarv exams and genes identified in diagnosed cases. Cases in which. after retrosnective review. we considered that the clinical diagnosis was nossible




Table S3

Age of

ACMG

Gene Variant Patient Sex | Age Family History Main Phenotypical Features Inheritance N . Comments
onset Classification
ACERS3 causes an early childhood-onset progressive leukodystrophy, patients are
YES severely impaired, needing mechanical ventilation and feeding tube. Milder
ACER3 NP_060837.3:p.(Gly211Cys) IDSPG75 M 16 1 (affected cousin) Pure spastic paraparesis, early onset. Normal MRI AR (Homozygous) PATH Y imp: ’ e me X . feecing o
.. phenotype with slowly progressive pure spastic paraplegia without white matter
consanguinity N
involvement.
COL643  |NP_004360.2:p.(Lys2483Glu) IDSPGI61 | F | 56 3 NO Pyramidal signs. Distal hereditary motor neuropathy | AR (Homozygous) patn | Aupical form with predominanty distal involvement and the neurophysiological
patterns of neurogenic origin.
o ) R . ; S This variant, functionally validated in an astrocytoma cell line, might cause
GFAP  |NP_001124491.1:p.(Glyl8Val) IDSPG4 | F | 61 | 20 YES Spastic paraparesis, nystagmus. MRI showed mild signal AD PATH variable expressivity and an attenuated phenotype, probably associated with|
(three generations) change in brainstem . . .
alternative pathogenic mechanisms [24].
. . . . Early onset epileptic encephalopathy, dyskinesias, global 3 New inheritance mode with a more severe phenotype.Over 50 families affected
KCNAT NP_000208.2:p.(Val368Lew) IDLNFS2 F 8 0 Consanguinity developmental delay with intelectual disability AR (Homozygous) PATH by the episodic ataxia type 1 disease spectrum have been described [45].
. . . Previously reported: SINO syndrome (spastic paraplegia with intellectual
KIDINS220 |NM_020738.3:¢.4054-1G>C IDSPGIIS| F | 10 | 4 NO Spastic paraparesis. Motor delay, autonomous ambulation at AD LP disability, nystagmus, and obesity). Additional features besides spastic paraplegia
4.5 years. Cognitive level preserved Lo X
were not present in this patient.
. o Child onset cerebellar ataxia with pyramidal involvement, L . . ) ) -
LONPI NM_004793.3:¢.2154+1G>C DSPG166 | F 39 2 YES slowly progressive. MRI: Cerebellar atrophy and dilated 4th AR (Compound LP/PATH Previously repor?ed CODAS syndrome (C.e.rebrdl, Ocular, Dental, Aunculdr, and|
NP_004784.2:p.(Leu306Trp) (affected brother) ventricle Heterozygous) Skeletal Anomalies). New phenotype, exhibing only cerebellar ataxia.
YES Spastllfhpa:lapar'esls,.'axinaltsensar{m(ft:r petr‘lptheral Most of patients present with severe neonatal lactic acidemia and complex I
NDUFS6  |NM_004553.4:.309+5G>A IDSPGS5 | F | 67 | 10 (affected sister) DEUTOpatiy, Iypoacustd, Keraloconus, cataracts, Wemor, - | Ap (Homozygous) PATH deficiency leading to death in the first days of life. Third described case with the
.. seizures, vocal cord palsy. MRI: lenticular nuclei : . . R
consanguinity . .. same variant, mildest phenotype, first one reaching adult life.
hyperintensities
PDK3  |NP_001135858.1;p.(Argl58His) | IDSPGI72| M | 50 | 13 NO Spastic paraparesis with congenital severe axonal X-Linked PATH Pyramidal signs not described previously
sensorimotor peripheral neuropathy
. Non-progressive congenital ataxia with oculomotor apraxia, . . .
NP_000294.1:p.(Argl41His) o I AR (Compound Pure neurologic and mild phenotype without enteropathy, coagulopathy and
PMM2 NM_000303.2:c.640-23A>G | [DSPG123 | M} 13 0 NO hypotonia; "eumdeva"d‘gi‘i‘ﬁi delay with intellectual Heterozygous) | T ATEVPATH |y atopathy; furthermore, sialotransferrin profile is normal.
Spastic paraparesis with ataxia. global developmental dela New inheritance mode (de novo dominant) with a novel complex spastic
SARSI  |NM_006513.4:¢.969+1 969+3del | IDSPG64 | M | 9 0 NO Pastic paraparesis wih ataxia, glova develop Y AD PATH  |paraplegia phenotype. This clinical phenotype was reported in a previous
intellectual disability and febrile seizures L
publication [46].
Pure HSP related with biallelic SPTAN1 variants have been described; SPTAN1
SPTANI  |NP_001123910.1:p.(Arg19Trp) DSPG134 | M 18 7 NO Pure spastic paraparesis, pediatric onset, pace of progression. AD P heterozygous mutations may cause EIEES and distal axonal motor neuropathy

Normal MRI

with pyramidal involvement. WGS ruled out a second variant, consistent with a
pure HSP phenotype associated with a de novo heterozygous variant.

M = male; F = female; EIEES5 early infantile epileptic encephalopathy-5; HSP = hereditary spastic paraplegia; LP = Likely pathogenic

Table S3. Atypical cases. Patients with new phenotypes, atypical forms of presentation and blended phenotypes in families with more than one gene associated with the phenotype.




Table S4

ID

Genes

Inheritance

Chr

Start base

End base

Type

Nomenclature

CNYV validation

IDSPG116

FARS2

Heterozygous

5172693

5459957

deletion

6p25.1(5172693-5459957)x1

Q-PCR was carried out to measure the relative copy number of the chromosome 6: 5172693-5459957.
Expression level of human LYRM4 (exon 2-exon 2) and FARS2 gene (intron l-intron 1 and exon 3-
exon 3) were compared to the human CDLY (exon 4-exon 4) or NRNI1 (exon 2-exon 2) genes.
IDSPG116 and father exhibit only one copy of the FARS2 gene compared to the mother and 8 healthy
individuals.

IDSPG132

SPAST

Heterozygous

32337285

32350543

deletion

2p22.3(32337285-32350543)x1

Q-PCR was carried out to measure the relative copy number of the human SPAST gene (exon 5-exon
5, exon 7-exon 7, and intron 7-intron 7) compared to the human MEMO! (exon 2-exon 2) or NLRC4
(exon 4-exon 4) genes. IDSPG132 and father exhibit only one copy of the SPAST gene compared to
the mother and 8 healthy individuals.

Table S4. CNV cases. Validation of CNV variants from WGS.




Table S5

PVS PS PP
:’, P P P P P P P P P P P P P P
Gene n Inheritance Type Genomic GRCh37 description Transcript description Protein description Chr [VCF Genomic |Reference |Alternative | ¢ [ s | s [ s | M| v s |~ m|n|e|®]|r]|r|r|concLusion ClinVar accession numbers
1 2 3 1 2 3 4 5 6 1 2 3 4 5
ACER3 IDSPG7S |AR (Homozygous) | nonsynonymous SNV [NC_000011.9:¢.76727750G>T NM_018367.5:¢.631G>T NP_060837.3:p.(Gly21 1Cys) n |7m27750 |G T Sha sl el el e n ol ol ole]o]e]E]y |parHOGENIC SCV003920739
s sl s s |s
N N N N N N N N N N N N N N N
AFG3L2  [IDSPG2  |AD nonsynonymous SNV [NC_000018.9:.12340333T>C NM_006796.2:¢.1847A>G NP_006787.2:p.(Tyr616Cys) 18 12340333 |1 c NN e N e N X e N NN e ]E]| e |paTHOGENIC SCV003920754
s s s sls s
v ¥ Yy
ALS2 IDSPG74 AR (1 SNV [NC_000002.11:¢.202593881T>G NM_020919.3:¢.2606A>C NP_065970.2:p.(GIn869Pro) 2 202593881 [T G sl a sl sl =l ol alalalale]s]e]er |LxeyparnHoGENIC SCV003920765
s s s | s
¥ Y v
; . ; TAGTGCC NEBRE NEEREEREEREE N ]
AMPD2 IDSPG78  |AR (Homozygous) | frameshift deletion NC_000001.10:¢.110168326_110168338del M_139156.3:c.184_196del NP_631895.1:p.(Ala62SerfsTer40) 1 [uoless22 | TAOTEEE Elo|ofofo|E]o]o|o|o]o]o]|r]®]|o [ramocENc SCV003920776
) Y Y Y Y
AP4B1 IDSPG167 AR (Compound nonsynonymous SNV [NC_000001.10:g.114438613G>A NM_001253852.1:.1558C>T NP_001240781.1:p.(Arg520Cys) 1 |114438613 |G A NN NEN N g [N NN NN g g | & |LIKELY PATHOGENIC SCV003920787
Heterozygous) - R L T ) M P P R L A I IS AP I
) ¥ v Y Yy
AP4B1 DspGle7  [AR (Compound nonsynonymous SNV [NC_000001.10:g.114443898C>T NM_001253852.1:¢.577G>A NP_001240781.1:p.(Val1931le) 1 |114aa3808  [C T Nl e N Nt e e [ XYM YI N[N e| e | e [paTHOGENIC SCV003920798
Heterozygous) - - Ods ol s)slOofofojofolols)s]s
N N N N N N N N N N N N N N N
ATL1 IDSPGI6S  [AD nonsynonymous SNV [NC_000014.8:2.51058301 A>C M_181598.3:c.466A>C NP_853629.2:p.(Thrl 56Pro) 14 [si0s8301 A C Sha el a el e ]l alel o]l o]e]e] e |parHOGENIC SCV003920809
s s s s s s s
N N N N N N N N N N N N N N N
ATL1 IDSPGS AD nonsynonymous SNV [NC_000014.8:¢.51095112C>T NM_015915.4:¢.1483C>T NP_056999.2:p.(Argd95Trp) 14 |s1005112 [C T Sha sl el sl el ol ol alole]s]e]e]er |parnoOGENIC SCV003920820
s s s sls s
N N N N N N N N N N N N N N N
ATL1 IDSPGT0 [AD nonsynonymous SNV [NC_000014.8:2.51080061C>T NM_015915.4:¢.715C>T NP_056999.2:p.(Arg239Cys) 14 |s1080061  |C T Sha sl el sl el ol ol ol ale]s]e]e] e |parnHOGENIC SCV003920831
s s s s sl
v Yy
BCKDK IDSPG47.0 AR (Homozygous)  [nonsynonymous SNV |NC_000016.9:¢.31123233C>T NM_005881.3:¢.979C>T NP_005872.2:p.(Arg327Trp) 16 [31123233 | T sha sl sl el =l alolalolalale]e]s |LKey PaTHOGENIC SCV003920740
s | s s | s
N N N N N N N N N N N N N N N
BSCL2 IDSPGI12  [AD nonsynonymous SNV [NC_000011.9:¢.62469971 T>C NM_032667.6:¢.263A>G NP_116056.3:p.(Asng8Ser) 11 62469971 [T c Sha sl el el el ol ol ole]o]e]r] e |parHOGENIC SCV003920745
s s s s s s s
N N N N N N N N N N N N N N N
BSCL2 IDSPGI4S  [AD nonsynonymous SNV~ [NC_000011.9:g.62469971T>C NM_032667.6:¢.263A>G NP_116056.3:p.(Asn38Ser) 1 |62469971 [T C Sha sl el el e al ol alole]o]e]E] e |parHOGENIC SCV003920745
sls s s s s s
N N N N N N N N N N N N N N N
BSCL2 IDSPGIST  [AD nonsynonymous SNV~ [NC_000011.9:g.62469971T>C NM_032667.6:¢.263A>G NP_116056.3:p.(Asn38Ser) 1 |62469971 [T C Sha sl el el e al ol ol ol alole]e] e |parnHOGENIC SCV003920745
s s s sls s
N N N N N N N N N N N N N N N
BSCL2 DSPG29  [AD nonsynonymous SNV~ [NC_000011.9:g.62469971T>C NM_032667.6:¢.263A>G NP_116056.3:p.(Asn38Ser) 1 |62469971 [T C Sha sl el el el ol ol ol olole]e] e |parnHOGENIC SCV003920745
. slsls slsls
¥ Y Yy
CACNAIA  |IDLNFS6  |AD stopgain NC_000019.9:¢.13423517dup NM_001127221.1:¢.1637dup NP_001120693.1:p.(Tyrs46Ter) 19 |13423516 |G Gr N e [N N e [ NN YNNI Y] Y e | e |paTHOGENIC SCV003920746
S S S S S
N N N N N N N N N N N N N N N
CACNAIA  |IDSPGI26  |AD SNV [NC_000019.9:¢.13370469G>A NM_001127222.1:¢.4297C>T NP_001120694.1:p.(Arg1433Trp) 19 13370469 |G A N I N T I B A A IO S N S I B - AT SCV003920747
s slslsls
¥ ¥ v ¥ v v
CAPNI IDSPG2 AR (Homozygous)  |splicing NC_000011.9:¢.64974295G>A NM_001198868.1:¢.1605+5G=A NP_001185797.1:p.2 11 |64974205 |G A e NN N e [ NN NN e|N]e|N] e |paTHOGENIC SCV003920748
s s s s s s
. Yoix I n | Y n N n~]n]x][Y]Y]nN .
CAPNIO  [IDSPG47.1  [AR (Homozygous) [splicing NC_000002.11:¢.241537815G>A NM_023083 3:¢.1989+1G=A NP_075571.1:p.2 2 aisssis |G A el s e s s sl a]e]e]s [paTHOGENIC SCV003920749
s s s | s
) v Y Y Y Y
ccn2a IDLNFI29  [AR (Compound stopgain NC_000004.11:g.15565018C>T NM_001080522.2:¢.3055C>T NP_001073991.2:p.(Arg1019Ter) 4 |15565018 c T N NN N e N NN NN N e | e ]| e [PATHOGENIC SCV003920750
Heterozygous) - - P L N T P T ) M N A S AP I
) Y Y Yy
ccamA IDLNF129 AR (Compound nonsynonymous SNV [NC_000004.11:¢.15601322A>T NM_001080522.2:¢.4667A>T NP_001073991.2:p.(Asp1556Val) 4 [15601322 A T NANIN NN e e [N EINI NN e | €| e |LIKELY PATHOGENIC SCV003920751
Heterozygous) R N T M P P R L N I S AP I
Y Yy
COL6A3  |IDSPGI6I  [AR (Homozygous)  |nonsynonymous SNV |NC_000002.11:¢.238253214T>C NM_004369.4:¢.T44TA>G NP_004360.2:p.(Lys2483G1u) 2 |asssiie T c NANIN NN e N NN NN Y e ] e | e |LIKELY PATHOGENIC SCV003920752
s slsls
¥ ¥ Y Yy
CTNNBI  [IDSPGI39  |AD frameshift deletion NC_000003.11:¢.41277961_41277962del NM_001904 3:¢.1925_1926del NP_001895.1:p.(Glu642ValfsTers) 3 [41277958  [caG c elolelololelolololalolslsle]e |parnocenc SCV003920753
s s s s | s
N N N N N N N N N N N N N
cvrul IDLNF40  [AR (Homozygous) | nonsynonymous SNV |NC_000004.11:g. 108866168G>C M_183075.2:¢.533G>C NP_898898.1:p.(Arg178Thr) 4 |108866168 |G c NS s e s sl sl sl el E] ] E] |LKELY PATHOGENIC SCV003920755
o o S S S S S
Y Y Y Y
DDHD2 IDSPG61 AR (Homozygous)  [stopgain NC_000008.10:¢.38103267C>T NM_001164232.1:¢.856C>T NP_001157704.1:p.(GIn286Ter) 8 [ss103267  |C T Lol sl ol lolololalslslsle]e |parnocenc SCV003920756
S S S S
N N N N N N N N N N N N N N N
DLG4 IDSPGIO7  [AD splicing NC_000017.10:¢.7096904C>T NM_001365.4:¢.1721-1G>A NP_001356.1:p.2 17 |7096904 c T el el el ol s]e]e]s [paTHOGENIC SCV003920757
s s s s | s
. . TN N Y N [N [N .
DSTYK IDLNFS4  [AR (Homozygous) |splicing NC_000001.10:¢.205156545C>T NM_015375.2:c.654+1G=A NP_056190.1:p.2 1 |20s156545  |C T E NN N e [ NN N NN Y] e | Y] e |paTHOGENIC SCV003920758
S S S S
N N N N N N N N N N N N N N N
ERBB4 IDSPG38  [AD non-canonical splicing |NC_000002.11:g.212426619_212426622del NM_005235.2:¢.2487+8_2487+11del NP_005226.1:p.2 2 |212426616  [ACAGG  [A S I N T O - A A IR H N A I B B T SCV003920759
s s | s
v Yy
FAZH IDSPGI0 |AR (Homozygous) | nonsynonymous SNV [NC_000016.9:2.74752887T>G NM_024306.4:¢.785A>C NP_077282.3:p.(Lys262Thr) 16 |74752887 |1 G MANIN N e e | YNNI NN e e | Y |uKkeLy paTHOGENIC SCV003920760
s s s |s
) Y Y Y Y
FARS2 IDSPG116 AR (Compound nonsynonymous SNV [5613418C>T NM_006567.5:.1082C>T NP_006558.1:p.(Pro361Leu) 6 |s613418 c T NANNANN g | NN N NN e g | B |PATHOGENIC SCV003920761
Heterozygous) R N T ) M P P B L N I S AP I
¥ ¥ v
AR (Compound ) NEE N N .
FARS2 IDSPGLIG | ) deletion 6p25.1(5172693-545995T)x1 6 |5172693 Elo|ofo|®|o]o]ofo|o]o]o]|o]®]|o [ramocENc SCV003920762
¥ ¥ ¥ v
GFAP IDSPG4 AD nonsynonymous SNV [NC_000017.10:g.42992802C>A NM_001131019.2:c.53G>T NP_001124491.1:p.(Gly18Val) 17 |42992802  [C A Sl a el sl el ol ol ol ole]ols]e]s |parHOGENIC SCV003920763
s s s s
N N N N N N N N N N N N N N N
IFIHI IDSPG3 AD nonsynonymous SNV [NC_000002.11:2.163144780C>G NM_022168.4:¢.960G>C NP_071451.2:p.(Leu320Phe) 2 |1e3144780  |C G N I N T - I IR A N A B B T SCV003920764
s s s
N N N N N N N N N N N N N N N
IFIHL IDSPG60  [AD nonsynonymous SNV [NC_000002.11:2.163174445G>C NM_022168.4:¢.373C>G NP_071451.2:p.(Leul25Val) 2 |1e3174445 |G c N I N T O B A A E A A I B B T SCV003920766
s s s s
. N x| x| Y x| n N[ Y]Y]Y .
1QSEC2 IDSPGI27  |X-Linked nonsynonymous SNV [NC_000023.10:g.53265648G>A NM_001111125.3:¢.3307C>T NP_001104595.1:p.(Arg1 103Trp) X |s3265648 |G A sla sl sl sl =l ol olalalalale]e]e:]|vus SCV003920767
s s s s
¥ ¥ v ¥ Y Yy
IRF2BPL  [IDLNFS§  |AD stopgain NC_000014.8:2.7493574G>A NM_024496 3:¢.562C>T NP_078772.1:p.(Arg188Ter) 14 |77493574 |G A el e el sl s]e] x| ® [paTHOGENIC SCV003920768
s s s s slsls




v
P P P P P P P P P P P P P
Gene D Inheritance Type Genomic GRCh37 description Transcript description Protein description Chr | VCF Genomic [Reference |Alternative | ¢ s s m|{m|m|m|[m|m|p|r]|r]|r|Pr |concLusiON ClinVar accession numbers
° 2 3 1 2 3 4 5 6 1 2 3 4 5
B
N N N N N N N N N N N N N N
IRF2BPL  [IDSPG44 AD stopgain NC_000014.8:9.77493574G>A NM_024496.3:¢.562C>T NP_078772.1:p.(Arg188Ter) 14 (77493574 G A E Sle ol e ol nlale|Nla]e]e|er |parnocEnc SCV003920768
s s s s s |s|s
YTy Y SRR
KCNAL IDLNF52 AR (Homozygous) | nonsynonymous SNV [NC_000012.11:¢.5021646G>C NM_000217.2:c.1102G>C NP_000208 2:p.(Val368Leu) 12 |5021646 G c 5 Sle el el a Nl alNle]|e]e]|y |parnocENIC SCV003920769
s |s|s s|s|s
v Y YT
KIDINS220  |IDSPG118 AD splicing NC_000002.11:¢.8872113C>G NM_020738.3:.4054-1G>C NP_065789.1:p.2 2 8872113 c G 5 SlEl sl el ol ol ol ololsl®]®]s |LIKELY PATHOGENIC SCV003920770
s s s | s
N v N v v N N N N N v v v v
KIFIA IDSPGI08  |AD nonsynonymous SNV |NC_000002.11:¢.241722504G>A NM_004321.7:¢.821C>T NP_004312.2:p.(Ser274Leu) 2 241722504 |G A 5 ela el eSSl NN e]E]|®]|r [paTHOGENIC SCV003920771
s s | s s s|s|s
YT YTy TV
KIF1A IDSPG110 AD nonsynonymous SNV [NC_000002.11:¢.241723181G>A NM_004321.7:.773C>T NP_004312.2:p.(Thr258Met) 2 [241723181 G A 5 Sla el e ol ol ol ol sl ®]®]r]r |LIKELY PATHOGENIC SCV003920772
s | s s s|s|s
N T T T o T s s
KIF1A IDSPG39 AD SNV |NC_000002.11:¢.241723193C>T NM_004321.7:0.761G>A NP_004312.2:p.(Arg254Gln) 2 241723193 | T 5 ela el NS e| NN e]E]|®]|r [paTHOGENIC SCV003920773
s s | s s s s|s|s
Y YT YTV Y
KIF5A IDSPG17 AD nonsynonymous SNV [NC_000012.11:¢.57962768G>T NM_004984.2:¢.737G>T NP_004975.2:p.(Gly246Val) 1257962768 G T 5 el el el Sl ]e]®e]s [paTHOGENIC SCV003920774
s s | s s |s|s
YT v v v
KMT2B IDSPGI14  |AD nonsynonymous SNV |NC_000019.9:¢.36221345G>T NM_014727.2:c.5179G>T NP_055542.1:p.(Alal727Ser) 19 |36221345 G T 5 SUalel el an I le|N]e|5]e]|s |LxeLy patnoGENIC SCV003920775
s s s s s
Y YTV Y
L2HGDH IDSPG47.1  |AR (Homozygous)  |nonsynonymous SNV [NC_000014.8:¢.50750660C>A NM_024884.2:¢.632G>T NP_079160.1:p.(Gly211Val) 14 (50750660 ¢ A 5 R N I R N T N I N I Bl |ves SCV003920777
v Y v
LAMA1 IDSPGS6 AR (Compound frameshift insertion NC_000018.9:¢.6948418_6948422dup NM_005559.3:¢.8691_8695dup NP_005550.2:p.(Gly2899Glufs Ter8) 18 |6948416 c CCGCTT | B NANI N e NN NN NN YN e | Y |paTHOGENIC SCV003920778
Heterozygous) _ = N ofofo|f|ofofo]|olofo|o|f]o
v YTV Y YT
LAMA1 IDSPGS6 AR (Compound non-canonical splicing | NC_000018.9:¢.7038961G>C NM_005559.3:¢.1423-12C>G NP_005550.2:p.2 187038961 G c N Nle [ M ele e[ NI NIYNI Y] e]| e | |[PATHOGENIC SCV003920779
Heterozygous) - 0 ol ol olsls]olololo]|s]|s]e
v Y v YT
LONP1 IDSPG166 AR (Compound splicing NC_000019.9:¢.5694771C>G NM_004793.3:¢.2154+1G>C NP_004784.2:p.? 19 (5694771 c G E NANENL g | NN ENEN G N e L e | N |PATHOGENIC SCV003920780
Heterozygous) - - N olofo| fofjo]olol ol | ]o
YT Y YT
LONP1 IDSPG166 AR (Compound nonsynonymous SNV [NC_000019.9:¢.5708368A>C NM_004793 3:c.917T>G NP_004784.2:p.(Leu306Trp) 19 5708368 A c N NANTI N e e [ NI NN e[ Y] e | e | Y |LIKELY PATHOGENIC SCV003920781
Heterozygous) - - - 0 olo]o olo]o 0 0
s | s s s | s
YTy Y YT
MMUT IDLNF84 AR (Homozygous)  |nonsynonymous SNV [NC_000006.11:¢.49425727G>A NM_000255.3:c.430C>T NP_000246.2:p.(Arg144Cys) 6 [49425727 G A N Sle el el o slalalNla]e]e]|s |parnocENC SCV003920782
o s|s|s s | s
N v N v v N N N N N v v v v
MORC2 IDSPG37 AD nonsynonymous SNV [NC_000022.10:¢.31337490G>A NM_014941.1:c.568C>T NP_055756.1:p.(Arg190Trp) 22 (3133749 G A 5 Lol e eSS S] NN e]e]|®]|x [paTHOGENIC SCV003920783
s s s s s|s|s
v N v N v N N N N N N N v v
NDUFS6 IDSPGSS5 AR (Homozygous) | splicing NC_000005.9:g.1814580G>A NM_004553.4:0.300+5G>A NP_004544.1:p. 5 |1814580 G A E SlE ol el a sl alNla]e]e|er |parnocEnc SCV003920784
s s s s |s|s
v N N N v N N N N N N v v v
PAX6 IDSPGIS55  |AD stopgain NC_000011.9:¢.31815335G>A NM_001310160.1:¢.373C>T NP_001297089.1:p.(Arg125Ter) 1131815335 G A E S el e sl lslNla]e]e|er |parnocENC SCV003920785
s s s|s|s
v v ¥ v
PCYT2 IDSPG27 AR (Homozygous) | POmYROmmous SNV+ e 600017.10:g.79863546C>G NM_001184917.2:¢.957G>C NP_001171846.1:p.(Lys319Asn) 17 79863546 c G N Nl e N e N e XN INI NN e | Y |LIKELY PATHOGENIC SCV003920786
splicing _ & o o[ Slo|f o|E]o]ofolo]o|f]o
N v v v v N N N N N N v v v
PDK3 IDSPGI72  [X-Linked SNV [NC_000023.10:8.24521596G>A NM_001142386.2:c.473G>A NP_001135858.1:p.(Arg] 58His) X |24521596 G A 5 ele el | NS5 NIa]a]le]®]|r [paTHOGENIC SCV003920788
s s|s|s s |s|s
YTV Y YT
PI4KA IDSPG149 AR (Compound nonsynonymous SNV [NC_000022.10:¢.21083617C>T NM_058004.3:c.4666G>A NP_477352.3:p.(Vall 556Met) 22 (21083617 c T N Nle e | e [ NININININI Y] e | e | Y |[PATHOGENIC SCV003920789
Heterozygous) - - 0 ol ol slslolo]ofofolo|ls|s]e
YTy TV Y v
PI4KA IDSPG149 AR (Compound nonsynonymous SNV [NC_000022.10:¢.21073068G>A. NM_058004.3:¢.5159C>T NP_477352.3:p.(Thr1720lle) 22 [21073068 G A N Nlele e e | YNNI YIYN e ] Y |paTHOGENIC SCV003920790
Heterozygous) - - - 0 ol ol slslslo]olofololo|s]e
v v YT YT
PI4KA IDSPG16 :i:s;;;;:;d frameshift deletion NC_000022.10:¢.21064212_21064215del NM_058004.3:.6156_6159del NP_477352.3:p.(Thr2053SerfsTerd) 22 [21064209 TIGTIC T E Sle ol el sl alolNla]e]e]s |parnocENC SCV003920791
s s s | s s | s
AR (Compound i ] N N YV YN Y s s s Y Y] N ]
PI4KA IDSPG16 Heteronyaonsy frameshift deletion NC_000022.10:¢.21068749_21068751del NM_058004.3:c.5459_5461del NP_477352.3:p.(Glul 820del) 22 |21068745 ccTT c E Slelel el s el olNla]e]e]|s |parnocENC SCV003920792
s s|s|s s s | s
YT ¥ YTV Y
PMM2 IDSPG123 AR (Compound nonsynonymous SNV NC_000016.9:¢.8905010G>A NM_000303.2:c.422G>A NP_000294. 1:p.(Arg141His) 16 (8905010 G A N NANT e e [ NN e NI N[ Y]e]| e | e |PATHOGENIC SCV003920793
Heterozygous) - - 0 ool olglololslololo]|s]| ]
v YT YTV
PMM2 IDSPG123 AR (Compound non-canonical splicing [ NC_000016.9:¢.8941558A>G NM_000303.2:c.640-23A>G NP_000294.1:p.2 16 8941558 A G N Nle [ N e e [NINININIY] Y] e | e |PATHOGENIC SCV003920794
Heterozygous) - - 0 ol ol glglo]olofololol|s]s
YTV YTV
PNKP IDSPG42 AR (Compound nonsynonymous SNV [NC_000019.9:¢.50365360C>T NM_007254 3:¢.1129G>A NP_009185.2:p.(Gly377Arg) 19 50365360 c T N NANT e e e [ NN NINI Y] e | e | E |LIKELY PATHOGENIC SCV003920795
Heterozygous) - - - 0 ool ol glelololololo]|s| ]
YT YTV Ty
PNKP IDSPG42 AR (Compound nonsynonymous SNV NC_000019.9:¢.50365445C>A NM_007254.3:.1123G>T NP_009185.2:p.(Gly375Trp) 19 [50365445 c A N NANT e | e [ NI NINININI Y] 6| k| E |PATHOGENIC SCV003920796
Heterozygous) - - 0 olo| | glofo]olofjolol| ]y
v v YTV
PNPLAG IDSPGI3 AR (Compound splicing NC_000019.9:¢.7605514A>C NM_006702.4:¢.598-2A>C NP_006693.3:p.2 19 |7605514 A c E NN N e [ NN NN NN e | e | Y |pATHOGENIC SCV003920797
Heterozygous) a a N ofofo|f|ofofo]|ololo|f]|%]o
YTV Y YTV Ty
PNPLAG IDSPG13 AR (Compound nonsynonymous SNV NC_000019.9:¢.7623750A>T NM_001166114.1:0.3412A>T NP_001159586.1:p.(Serl 138Cys) 19 [7623750 A T N NINT el e e [ NI NN YN e|e]| e | |LIKELY PATHOGENIC SCV003920799
Heterozygous) - 0 ool ol olslo]eololols]|s|s]e
YT YTV Y
POLG IDSPG113 AR (Compound nonsynonymous SNV NC_000015.9:¢.89872286A>C NM_002693.2:¢.911T>G NP_002684.1:p.(Leu304Arg) 15 (89872286 A c N NANT e | e [ NN NININI Y] 6| k| E |PATHOGENIC SCV003920800
Heterozygous) - - 0 olo| | glofololofjolol| ]y
YT v
POLG spGii3 AR (Compound non-canonical splicing ~ [NC_000015.9:2.89866197G>A NM_002693.2:¢.2266-64C>T NP_002684.1p.? 15 (89866197 G A N NN N e e NN IN NN N e Y |vus SCV003920801
Heterozygous) . . a o ofofo| | |ofo]ofofo|o|f]o
Y YTy Y
POLR3A IDLNF56 AR (Compound SNV NC_000010.10:.79764550C>T NM_007055.3:c.2171G>A NP_008986.2:p.(Cys724Tyr) 10 [79764550 c T N NANEN e [ NN NN N Y] e | e | e |PATHOGENIC SCV003920802
Heterozygous) - - o olo| ol glolololololo]| ]| ]
AR (Compound N |~ MMNEEEE N Y Y . N i
POLR3A IDLNF56 nonsynonymous SNV |NC_000010.10:¢.79764608G>C NM_007055.3:c.2113C>G NP_008986.2:p.(Pro705Ala) 10 |79764608 G c N NlE|E N £ e LIKELY PATHOGENIC SCV003920803
Heterozygous) - o Ol ol s sl °lo]%]s|s]|®
v N v N v N N N N N N v v v
POLR3A IDSPGI09  [AR (Homozygous)  [non-canonical splicing | NC_000010.10:¢.79769440G>C NM_007055.3:c.1771-7C>G NP_008986.2:p. 10 |79769440 G c E SlE ol el n sl olNla]e]e|er |parnocEnc SCV003920804
s s s s |s|s
YT YTV Y
POLR3A IDSPG122 AR (Compound nonsynonymous SNV NC_000010.10:.79741203C>T NM_007055.3:c.3874G>A NP_008986.2:p.(Asp1292Asn) 10 (79741203 c T N NANINL g g [ NI NN NI Y] g | k| B |LIKELY PATHOGENIC SCV003920805
Heterozygous) - - 0 olofo| g lo]oflofjolol|l ]y
v v v YTV Ty
POLR3A IDSPG122 AR (Compound non-canonical splicing  [NC_000010.10:¢.79769273C>T NM_007055.3:c.1909+22G>A NP_008986.2:p.? 10 79769273 c T E Nle [ N e NN NININI Y] 6| k| E |PATHOGENIC SCV003920806
Heterozygous) - - - N ol glolglolo]olofjolol| |l




¥
P P P P P P P P P P P P P P
Gene D Inheritance Type Genomic GRCh37 description Transcript description Protein description Chr | VCF Genomic |Reference |Alternative | ¢ | s | s [s [ | |m [m[w|wn|p|r|[r]|r|P cONCLUSION ClinVar accession numbers
° 1 2 3 1 2 3 4 5 6 1 2 3 4 5
'
AR (Compound Y n [ YN Y n s n Y NN ]Y Y
POLR3A IDSPG14 P non-canonical splicing | NC_000010.10:.79769273C>T NM_007055.3:c.1909+22G>A NP_008986.2:p.? 10 (79769273 c T E E E E £ | £ |PATHOGENIC SCV003920806
Heterozygous) - - - clololelolslololololeglo]o]]s
AR (Compound N v [ Y Y Y Y Y Y
POLR3A IDSPG14 P nonsynonymous SNV [NC_000010.10:¢.79785447C>T NM_007055.3:c.251G>A NP_008986.2:p.(Gly84Glu) 10 [79785447 c T Bl e|e || LIKELY PATHOGENIC SCV003920807
Heterozygous) - - - olofololo| | fofolo|l | ]g]s]o
AR (Compound VIn N[ Y n Y n N[ Y][Y[Y
POLR3A IDSPG28 P non-canonical splicing ~ |NC_000010.10:¢.79769273C>T NM_007055.3:c.1909+22G>A NP_008986.2:p. 10 |79769273 c T E E E £ | E | E |PATHOGENIC SCV003920806
Heterozygous) - - - clololelolslolololololo] ]| o]
AR (Compound N v [ Y Y s N Y Y Y
POLR3A IDSPG28 P nonsynonymous SNV [NC_000010.10:¢.79769342C>T NM_007055.3:c.1862G>A NP_008986.2:p.(Gly621 Asp) 10 |79769342 c T Bl £ | E | E |LIKELY PATHOGENIC SCV003920808
Heterozygous) olofololol| | fofo]o|olol ]|
N N N N N v N N N N N v v v N
POLR3B IDSPG66 AD nonsynonymous SNV [NC_000012.11:¢.106760479C>G NM_018082.5:c.206C>G NP_060552.4:p.(Ala69Gly) 12 |106760479  |C G N N e e N I I e I N N R R R SCV003920810
s s|s|s
N N N N v v N N v N N N v v N
REEP1 IDSPG12 AD SNV |NC_000002.11:¢.86491094A>T NM_022912.2:c.176T>A NP_075063.1:p.(Leus9His) 2 (86491094 A T Sla sl sl el el ol olelololnl®]®]s |LKELY PATHOGENIC SCV003920811
s|s s s | s
Y Y Y Y Y[V
REEP1 IDSPG124 AD stopgain NC_000002.11:2.86479160G>A NM_022912.2:¢.337C>T NP_075063.1:p.(Arg 13Ter) 2 (86479160 G A el ol ool ool als]e] x| ¢ [patHOGENIC SCV003920812
s s s s s|s
Y Y Y Y[
RNASEH2B  |IDLNF141 AR (Homozygous) | nonsynonymous SNV NC_000013.10:¢.51519581G>A NM_024570.3:¢.529G>A NP_078846.2:p.(Alal77Thr) 13 [51519581 G A z z z E z E z z z z z z E | & | B |PATHOGENIC SCV003920813
s s s s|s
Y Y v Y Y
SARSI IDSPG64 AD splicing NC_000001.10:¢.109778054_109778056del NM_006513.4:.969+1_969+3del NP_006504.2:p.2 1 [109778052  |AGGT A el e el S le ool alale]s]s [parHOGENIC SCV003920814
s s s s s
Y Y Y Y Y Y[V
SEPSECS IDLNFI21 AR (Homozygous)  |non-canonical splicing | NC_000004.11:¢.25161875T>C NM_016955.3:c.114+3A>G NP_058651.3:p.2 4 |25161875 T c E z z E z E z z z z E z E | & | B |PATHOGENIC SCV003920815
s s s s s|s|s
v N N v N v N N N N N N v v v
SEPSECS  |IDLNF67 AR (Homozygous) | non-canonical splicing | NC_000004.11:.25161875T>C NM_016955.3:c.114+3A>G NP_058651.3:p.2 4 |25161875 T c ela Nl s el Nl al Nl s]e] | r |parnOGENC SCV003920815
s s s s|s|s
N N N v N v N N N N v N v v N
SHMT2 IDSPG26 AR (Homozygous)  |nonsynonymous SNV [NC_000012.11:¢.57628124C>G NM_005412.5:¢.1495C>G NP_005403.2:p.(Pro499Ala) 12 57628124 c G Sla sl el sl el al ol ol ol e]n]®]r]s |LKELY PATHOGENIC SCV003920816
s s s s s
N N N v v v N N v N N v N v v
SLC25A46  |IDSPG93 AR (Homozygous) | nonsynonymous SNV [NC_000005.9:¢.110097243C>T NM_138773.3:c.1018C>T NP_620128.1:p.(Arg340Cys) 5 |110097243  |C T O T O I 0 1 T A I I I I I I I PN VTt el aNi e SCV003920817
s|s|s s s s|s
v N N v N v N N N N N N N N N
SLC35B2 IDLNF68 AR (Homozygous) | frameshift delction NC_000006.12:¢.44222516ACT>A NM_178148.4:c.1224_1225delAG NP_835361.1:p. Arg408SerfsTerl8 6 |44222516 ACT A el ool elolelolololalolslsls]s [ParHOGENIC SCV003920818
s s s
v N N N v N N N N N v N N v N
SPAST IDSPGI32  |AD deletion 2p22.3(32337285-32350543)x1 2 (32337285 el NI el s N sl el a5l e]|s |parHOGENIC SCV003920819
s s s s
N N N N v v N N N N N N v v v
SPAST IDSPGI60  |AD nonsynonymous SNV [NC_000002.11:¢.32366986C>T NM_014946.3:c.1507C>T NP_055761.2:p.(Arg503Trp) 2 (32366986 c T Sla sl sl el sl ol ololololsl®]r] s |LKELY PATHOGENIC SCV003920821
s s s|s|s
N Y Y Y N N Y N N Y Y Y
SPAST IDSPGT3 AD nonsynonymous SNV |NC_000002.11:¢.32361662C>G NM_014946.3:c.1276C>G NP_055761 2:p.(Leud26Val) 2 [32361662 c G N s el e [ SN E x| S]] E]| e [PaTHOGENIC SCV003920822
oo s|s|s s ) s|s|s
v N N N N v N N N N v N N v v
SPAST IDSPGO AD splicing NC_000002.11:¢.32362038G>A NM_014946.3:c.1413+1G>A NP_055761.2:p.2 2 [32362038 G A el ool ool alalela]e] x| ¢ [patHOGENIC SCV003920823
s s s s s|s
AR (Compound N v [ Y Y Y s n [ n Y Y
SPG11 IDSPG20 P stopgain NC_000015.9:¢.44856746 T>A NM_001160227.1:c.6811A>T NP_001153699.1:p.(Lys2271Ter) 15 |44856746 T A E|e|E £ | £ |LIKELY PATHOG SCV003920824
Heterozygous) - - olofololol| || fo]o|oflolo] ]|
AR (Compound VIn N[ Y n Y n N n ][ Y[Y[Y
SPG11 IDSPG20 P non-canonical splicing ~ |NC_000015.9:¢.44862719T>C NM_001160227.1:c.6138+4A>G NP_001153699.1p.2 15 |44862719 T c E E E £ | E | E |PATHOGENIC SCV003920825
Heterozygous) - - clololelolslolololololo] ]| o]
Y Y Y
AR (Compound - . . ] ] v Y e [ s Y N )
SPG11 IDSPG24 Heteromyaonsy stopgain NC_000015.9:¢.44876685C>T NM_001160227.1:c.5193G>A NP_001153699.1:p.(Trp1731Ter) 15 |44876685 c T Elofofofo|®]o|o|ofofo]|o]|o]r|e |ratnocENC SCV003920826
AR (Compound VIin N[ nn Y[ Y [N n ]~ N]Y]Y
SPG11 IDSPG24 P frameshift deletion NC_000015.9:2.44949428_44949429del NM_001160227.1:c.733_734del NP_001153699.1:p.(Met245ValfsTer2) 15 |44949427 CAT c E Bl £ | E [PATHOGENIC SCV003920827
Heterozygous) - - clolofolols|s]lo]olololo]ol|]s
Y Y Y
SPG11 IDSPG40 AR (Compound frameshift insertion NC_000015.9:¢.44859639dup NM_001160227.1:¢.6399dup NP_001153699.1:p.(Glu2134Ter) 15 44859637 c CA el NN NN e [ NN NN NN Y] e | Y |pATHOGENIC SCV003920828
Heterozygous) a Slofolofo|f|ofofo]ofolo]o|f]o
AR (Compound Yl n v Y Y v n x| v Y]
SPG11 IDSPG40 P stopgain NC_000015.9:2.44912518C>A NM_001160227.1:c.2704G>T NP_001153699.1:p.(Glu902Ter) 15 |44912518 c A E Bl E PATHOGENIC SCV003920829
Heterozygous) _ A Slofolofolt i ofo]ofolo]o|t]o
Y Y Y Y
SPGI1 IDSPG48 AR (Homozygous) | frameshift deletion NC_000015.9:2.44949428_44949429del NM_001160227.1:¢.733_734del NP_001153699.1:p.(Met245ValfsTer2) 15 [44949427 CAT c E z z z z E z z z z z z z E | B |PATHOGENIC SCV003920827
S S S S
AR (Compound YIn I n Y v Y [ n v n s ]| Y]Y
SPG11 IDSPG99 P splicing NC_000015.9:¢.4487601 1C>T NM_025137.3:c.5866+1G>A NP_079413.3:p. 15 |44876011 c T E E E £ | E [PATHOGENIC SCV003920830
Heterozygous) - clololeslolslolo]olololo]ol| ]
AR (Compound VIinI N[ nn Y[ YN n ]~ N]Y]Y
SPG11 IDSPG99 P frameshift deletion NC_000015.9:¢.44943705del NM_001160227.1:c.1440del NP_001153699.1:p.(Cys481AlafsTer4) 15 |44943704 AC A E Bl £ | E [PATHOGENIC SCV003920832
Heterozygous) - clolofololslslo]olololo]ol|]s
AR (Compound N x| Y Y I v s Y Y ]
SPG7 IDSPG21 P nonsynonymous SNV |NC_000016.9:¢.89623308T>C NM_003119.2:¢.2195T>C NP_003110.1:p.(Leu732Pro) 16 89623308 T c E|e|E £l PATHOGENIC SCV003920833
Heterozygous) - olofolclglglofofo]oloflo]e]s]o
AR (Compound VI n [ Y n Y s v n [ n v Y Y]
SPG7 IDSPG21 P non-canonical splicing | NC_000016.9:¢.89577853A>G NM_003119.3:¢.286+853A>G NP_003110.1:p.2 16 |89577853 A G E E E £l PATHOGENIC SCV003920834
Heterozygous) - - clololslolslolo]olololo]|ls]|s]e
N N N N N v N v v N v N N v N
SPG7 IDSPG23 AR (Homozygous) | nonframeshift deletion  |NC_000016.9:2.89597161_89597163del NM_003119.3:c.932_934del NP_003110.1:p.(Val311del) 16 |89597159 616G |C Sla sl ol ol el ol el el ole]o]s]®]s |LKELY PATHOGENIC SCV003920835
s s|s s s
N N N N v v N N N N v N v v N
SPG7 IDSPG30 AR (Homozygous) | nonsynonymous SNV |NC_000016.9:¢.89620266G>A NM_003119.2:¢.2001G>A NP_003110.1:p.(Met6671le) 16 |89620266 G A Sla sl sl el sl ol ol ol ole]n]®]r]s |LKELY PATHOGENIC SCV003920836
s|s s s |s
AGGAGAG YIn s v YNy Y Y
SPG7 IDSPG33 AR (Homozygous) frameshift deletion NC_000016.9:¢.89613070_89613078del NM_003119.3:c.1454_1462del NP_003110.1:p.(Arg485_Glu487del) 16 89613064 b VN Elolololol®lolololol®|o]®]|®|F |PATHOGENIC SCV003920837
s s s s|s|s
N N v N N v N N N N N v v v v
SPTANI IDSPGI34  |AD nonsynonymous SNV [NC_000009.11:¢.131329074C>T NM_001130438.2:c.55C>T NP_001123910.1:p.(Arg19Trp) 9 [131320074 |C T Sla el sl ol el ol olololsle]e]er]r |rarnHocENIC SCV003920838
s s sls|s|s
v N N N N v N N N N N N N v N
SPTBN2 IDSPGI25  |AD frameshift deletion NC_000011.9:¢.66457740del NM_006946.2:c.558 1del NP_008877.1:p.(Asp1861 ThrfsTers9) 1166457738 TC T el N s el sl N a] ey |parnOGENIC SCV003920839
s s s
N N N v N v N N N N v N N v N
SVBP IDSPG8 AR (Homozygous)  |nonsynonymous SNV [NC_000001.10:¢.43273140A>G NM_199342.3:0.146T>C NP_955374.1:p.(Leud9Pro) 1 43273140 A G Sla sl el sl el ol ol olole=]lolsl®]s |LKELY PATHOGENIC SCV003920840
s s s s
N N N v N v N N N N v N N v N
SVBP IDSPG46 AR (Homozygous)  |nonsynonymous SNV |NC_000001.10:g.43273140A>G NM_199342.3:0.146T>C NP_955374.1:p.(Leud9Pro) 1 43273140 A G sl Ntale]S]5]®]) [LKeLy paTHOGENIC SCV003920840
s s s s




v
P P P P P P P P P P P P P
Gene D Inheritance Type ‘Genomic GRCh37 description Transcript description Protein description Chr [VCF Genomic |Reference |Alternative : s s MMM |M|M|M P P P P P |CONCLUSION ClinVar accession numbers
° 2 3 1 2 3 4 5 6 1 2 3 4 5
'
N N N N N N N N N N N N N N
TAF1 IDSPGT71 X-Linked ‘nonsynonymous SNV NC_000023.10:g.70679465G>T NM_001286074.1:¢.5194G>T NP_001273003.1:p.(Ala1732Ser) X 70679465 G T ° ° ° ° E ° ° ° ° ° E ° E ° vus SCV003920841
s s s
N v N N v N N N N N v N v v
TMEM240 IDSPG92 AD nonsynonymous SNV NC_000001.10:g.1470752G>A NM_001114748.1:¢.509C>T NP_001108220.1:p.(Pro170Leu) 1 1470752 G A ° E ° ° E ° ° ° ° ° E o E E |PATHOGENIC SCV003920741
s s s s | s
AR (Compound N NN
TRMTS IDSPG120 P frameshift deletion NC_000014.8:¢.61446302_61446305del NM_020810.3:¢.312_315del NP_065861 (lle105SerfsTerd) 14 61446300 CTATT C E E E E E |[PATHOGENIC SCV003920742
Heterozygous) - - - S ofglofg|ofofo]olofjolo] ]|y
AR (Compound N N NN Y Y v v Y Y] Y
TRMTS IDSPG120 P nonsynonymous SNV NC_000014.8:¢.61445951A>G NM_020810.3:¢.665T>C NP_065861.3:p.(I1e222Thr) 14 (61445951 A G E E E E E |LIKELY PATHOG! SCV003920743
Heterozygous) - - o o o o s s o o o o o s s s
v v v v
UBAP1 IDSPG76 AD frameshift deletion NC_000009.11:¢.34241499_34241500del NM_016525.4:.476_477del NP_057609.2:p.(Phe159Ter) 9 |34241497 CTT c E Sla sl el ol ololole=]olsle]s |parHOGENC SCV003920744
s s s s

Table S5. ACMG criteria for identified variant classification.




Table S6

Gene OMIM Associated Phenotype MIM Inheritance Cases
Number mode
POLR3A Leukodystrophy, hypomyelinating, 7, with or w1tl.10ut oligodontia and/or 607694 AR 5
hypogonadotropic hypogonadism
RFC1 Cerebellar ataxia, neuropathy, and vestibular areflexia syndrome 614575 AR 5
SPG11 Spastic paraplegia 11, autosomal recessive, 604360 AR 5
BSCL2 Silver spastic paraplegia syndrome 260685 AD 4
SPAST Spastic paraplegia 4, autosomal dominant 182601 AD 4
SPG7 Spastic paraplegia 7, autosomal recessive 607259 AR 4
ATL1 Spastic paraplegia 3A, autosomal dominant 182600 AD 3
KIFIA Spastic paraplegia 30, autosomal recessive / Spastic paraplegia 30, 601357 AD/AR 3
autosomal dominant
CACNAIA Episodic ataxia, type 2 108500 AD 2
IFIH1 Aicardi-Goutieres syndrome 7 615846 AD 2
IRF2BPL Neurodevelopmental disorder with regression, abnormal movements, 618088 AD 5
loss of speech, and seizures
IRF2BPL Neurodevelopmental disorder with ataxia, hypotonia, and microcephaly 618569 AR 2
PI4KA Polymicrogyria, perisylvian, with cc?rebellar hypoplasia and 616531 AR 5
arthrogryposis
REEPI Spastic paraplegia 31, autosomal dominant 610250 AD 2
SEPSECS Pontocerebellar hypoplasia type 2D 613811 AR 2
SVBP Neurodevelopmental disorder with ataxia, hypotonia, and microcephaly 618569 AR 2
ACER3 Leukodystrophy, progressive, early childhood-onset 617762 AR 1
AFG3L2 Spinocerebellar ataxia 28 / Spastic ataxia 5, autosomal recessive 610246 AD 1
ALS2 Spastic paralysis, infantile onset ascending 607225 AR 1
AMPD2 Spastic paraplegia 63 515686 AR 1
AP4B1 Spastic paraplegia 47, autosomal recessive 614066 AR 1
BCKDK Branched-chain ketoacid dehydrogenase kinase deficiency 614923 AR 1
CAPN1 Spastic paraplegia 76, autosomal recessive 616907 AR 1
CAPNI0 * AR 1
CC2D2A4 Joubert syndrome 9 612285 AR 1
COL6A3 Dystonia 27 616411 AR 1
CTNNBI1 Neurodevelopmental disorder with spastic diplegia and visual defects 615075 AD 1
CYP2UI Spastic paraplegia 56, autosomal recessive 615030 AR 1
DDHD2 Spastic paraplegia 54, autosomal recessive 615033 AR 1
DLG4 Intellectual developmental disorder 62 618793 AD 1




Gene OMIM Associated Phenotype NII\I/IIIIII:)/IEI’ Inhl;l;)i:;nce Cases
DSTYK Spastic paraplegia 23 270750 AR 1
ERBB4 Amyotrophic lateral sclerosis 19 615515 AD 1
FA2H Spastic paraplegia 35, autosomal recessive 612319 AR 1
FARS2 Spastic paraplegia 77, autosomal recessive 617046 AR 1

GFAP Alexander disease 203450 AD 1
IQSEC2 Intellectual developmental disorder, X-linked 1 309530 XLD 1
KCNAI Episodic ataxia/myokymia syndrome 160120 AD 1

KIDINS220 Spastic paraplegia, intellectual disability, nystagmus, and obesity 617296 AD 1
KIF54 Spastic paraplegia 10, autosomal dominant 604187 AD 1
KMT2B Dystonia 28, childhood-onset 617284 AD 1
L2HGDH L-2-hydroxyglutaric aciduria 236792 AR 1
LAMAI Poretti-Boltshauser syndrome 615960 AR 1
LONPI1 CODAS syndrome 600373 AR 1
MMUT Methylmalonic aciduria, mut(0) type 251000 AR 1
MORC2 Charcot-Marie-Tooth disease, axonal, type 2Z 616688 AD 1
NDUFS6 Mitochondrial complex I deficiency, nuclear type 9 618232 AR 1

PAX6 Aniridia 106210 AD 1
PCYT2 Spastic paraplegia 82, autosomal recessive 618770 AR 1

PDK3 Charcot-Marie-Tooth disease, X-linked dominant, 6 300905 XLD 1
PMM?2 Congenital disorder of glycosylation, type Ia 212065 AR 1

PNKP Ataxia-oculomotor apraxia 4 616267 AR 1
PNPLA6 Spastic paraplegia 39, autosomal recessive 612020 AR 1

POLG Mitochondrial recessive ataxia syndrome 607459 AR 1

POLR3B ok AD 1
RNASEH2B Aicardi-Goutieres syndrome 2 610181 AR 1
SARS1 ok AD 1
SHMT?2 Neurodevelopmental disordér with cmd%omyopathy, spasticity, and 619121 AR 1
brain abnormalities
SLC25446 Neuropathy, hereditary motor and sensory, type VIB 616505 AR 1
SLC35B2 odkE AR 1
SPTANI1 Developmental and epileptic encephalopathy 5 613477 AD 1
SPTBN2 Spinocerebellar ataxia 5 600224 AD 1




Gene OMIM Associated Phenotype NII\I/IIIIII:)/IEI’ Inhl:ll;)i(tiince Cases
TAF1 Mental retardation, X-linked, syndromic 33 314250 XLD 1
TMEM240 Spinocerebellar ataxia 21 607454 AD 1
TRMTS5 Combined oxidative phosphorylation deficiency 26 616539 AR 1
UBAPI Spastic paraplegia 80, autosomal dominant 618418 AD 1

AD: Autosomal Dominant

AR: Autosomal Recessive

* Loss of function mutations in CAPN10 have been linked to recessive intellectual disability [48]

** heterozygous mutations in POLR3B have been linked to ataxia, spasticity and demyelinating neuropathy [49]

*** heterozygous variants in SARS1 have been linked to spastic paraparesis with ataxia, global developmental delay, intellectual disability and febrile seizures [46]
**%% biallelic variants in SLC35B2 have been linked to hypomyelinating leukodystrophy [50]

Table S6. List of identified genes. OMIM nomenclature and numbers of cases identified in our cohort.



Table S7

Gene ID Variant Inheritance Type Functional testing Description of functional tests performed at the laboratory
. . To validate ACER3 variants, a targeted lipidomics analysis towards sphingolipids was performed demonstrating a similar lipid
ACER3 IDSPG75 NP 0608373 targeted lipidomics and qRT-PCR . . L .
a 3:p.(Gly211Cys) AR (Homozygous) nonsynonymous SNV . profile as the already published for Edvardson et al, Journal of Medical Genetics 2016 [30]. Moreover, qRT-PCR analysis showed
analysis . . . Lo
decreased mRNA expression of ACER3 in patients' fibroblasts.
Sanger analysis revealed that SPG-10 patient was homozygous for p.(Lys262Thr) variant whereas the father was heterozygous
FA2H IDSPG10 NP_077282.3:p.(Lys262Thr) AR (Homozygous) nonsynonymous SNV microarray and methylation assay |carrier and the mother did not carry FA2H mutation. A microsatellite array revealed uniparental disomy (UPD) leading to
homozygous FA2H mutation. UPD was confirmed by microarray analysis and methylation profiling [51,52].
. GFAP transfection assay showed that U251-MG cells transfected with GFAP-EGFP-expressing plasmid carrying the mutation
GFAP IDSPG4 NP_001124491.1:p.(Glyl8Val AD S s SNV y
- p(Gly18Val) nonsynonymous transfection assay (p.Gly18Val) resulted into an enlarged cell size compared to cells transfected with wild-type GFAP-EGFP [24].
llul d patch cl Patch-clamp studies of variant p.Val368Leu revealed that mutant protein alone failed to produce functional channels in
KCNAI IDLNF52 NP_000208.2:p.(Val368Leu) AR (Homozygous) nonsynonymous SNV ceflular assay m:‘.l' patch clamp homozygous state, while coexpression with wild-type produced no effects on K+ currents, similar to wild-type protein alone. These
recording findings are concordant with the reported mode of inheritance in this family and the severity of the patient’s phenotype [45].
Sanger sequencing of PBMC cDNA revealed that ¢.4054-1G>C results into skipping of 337 bp, resulting into a truncated
KIDINS220 IDSPG118 NM_020738.3:¢.4054-1G>C AD splicing cDNA analysis transcript (p.Ser1352Glyfs*44) not targeted by NMD. Truncated C-term of KIDINS220 is a constant finding in KIDINS220-
related patients.
To confirm the association between the ¢.1423-12 C>G LAMAI variant and the partial inclusion of exon 11, we performed a
LAMAI IDSPG56 NM_005559.3:c.1423-12C>G AR (Compound non-canonical splicing minigene and qRT-PCR analysis minigene splicing assay. Seml-quantltagve' ﬂuor.escem R'T-PCR revefaled a normal/abnorrgal-syhcmg rat'm of O.§ f:or the w1.ld.-type
Heterozygous) allele and 0.2 for the mutated allele. This intronic mutation resulted into generation of various isoforms in the minigene splicing
assay, showing that ~20% residual wild-type isoform is still expressed by the intronic-mutated allele alone.
A targeted lipidomics analysis towards phospholipids was performed demonstrating a similar lipid profile as the already published
PCYT? IDSPG27 NP_001171846.1:p.(Lys319Asn) AR (Homozygous) nonsynonymous SNV + targeted llpldomlc.s and cDNA  |for Vaz et al 48. Moreover, cDNA a.nalysls sho.wefj t.wo different trar.xscr.lpts toF Case.l : the first car.ned the missense variant,
splicing analysis whereas the second used an alternative donor site in intron 11, resulting in the inclusion of 102 bp into the coding sequence,
leading to the insertion of 34 amino as described in Vélez-Santamaria et al [53].
A targeted lipidomics analysis detecting phosphatidylinositol (PI) and its phosphorylated forms (PIP and PIP2) was performed. All
AR (C d of the patients showed a significantly decreased PIP/PI ratio compared to age-matched controls, indicating decreased PI4KA
PI4KA IDSPG16 NP_477352.3:p.(Thr2053SerfsTer4) Heten())zmp Z\uxl:) frameshift deletion targeted lipidomics activity in these patients.Moreover, Western Blot with an antibody anti-PI4KA (12411-1-AP Proteintech) corroborated lower
Ygous protein levels. Finally, immunofluorescence detecting decreased reaction product with an antibody anti-PI(4)P (Z-P004, Echelon
Biosciences Inc.) was performed as described in Verdura et al [54].
A targeted lipidomics analysis detecting phosphatidylinositol (PI) and its phosphorylated forms (PIP and PIP2) was performed. All
AR (C d of the patients showed a significantly decreased PIP/PI ratio compared to age-matched controls, indicating decreased PI4KA
PI4KA IDSPG16 NP_477352.3:p.(Glu1820del) Hetergzmpzzl:) frameshift deletion targeted lipidomics activity in these patients.Moreover, Western Blot with an antibody anti-PI4KA (12411-1-AP Proteintech) corroborated lower
Ygous protein levels. Finally, immunofluorescence detecting decreased reaction product with an antibody anti-PI(4)P (Z-P004, Echelon
Biosciences Inc.) was performed as described in Verdura et al [54].
yeast complementation studies, |The SARSI ¢.969+1_969+3del variant causes the ablation of a canonical splice site in the boundary of exon 7 and intron 7.
SARS1 IDSPG64 NM_006513.4:¢.969+1_969+3del AD non-canonical splicing  |serylation assays, Western blot and|Functional analysis showed that this change causes the inclusion of 16 intronic bp into the cDNA, which results in a loss-of-
Immunofluorescence function, dominant negative effect in complementation assays in S. cerevisiae and serylation assays [46].
Minigene splicing assay revealed that variant ¢.32+3A>G results into skipping of SEPSECS ’s exon 1, which contains the ATG
SEPSECS IDLNF67, IDLNF121 NM_016955.3:c.114+3A>G AR (Homozygous) non-canonical splicing minigene and cDNA analysis  |start codon, and thus results into a loss of function. This skipping was also confirmed in PBMC’s cDNA from a patient carrying the

same variant in homozygosis.




Gene ID Variant Inheritance Type Functional testing Description of functional tests performed at the laboratory
¢ ted metabolomi A targeted metabolites analysis towards key pathways catalyzed by this enzyme was performed detecting a significant decrease in
SHMT?2 IDSPG26 NP_005403.2:p.(Pro499Ala) AR (Homozygous) nonsynonymous SNV ::rge‘e' 'm etabo omchs, - glycine/serine ratio and an increase in 5-methyltetrahydrofolate/folate ratio compared to controls. Moreover, a knockdown
ial redox . . . . . .
approach for disease modeling in Drosophila melanogaster was performed as described in Garcia-Cazorla et al [55].
RT-PCR analysis performed on mRNA extracted from skin fibroblasts showed a significant decrease in the level of SLC35B2
" fecti Western blot mRNA compared to controls. The SLC35B2 p.Arg408SerfsTerl8 variant affected mRNA expression and protein mislocalization
SLC35B2 IDLNF68 NP_835361.1:p.Arg408SerfsTer18 | AR (Homozygous) frameshift deletion ransfection asssay, ves er'n ! lin transfected HEK293F cells. It also altered the sulfation of chondroitin sulfate disaccharides in the patient's fibroblasts. This loss-
and qRT-PCR analysis . . N L . . . .
of-function variant causes protein mislocalization from the Golgi apparatus, resulting in decreased sulfation of glycosaminoglycans
[50].
SPGI1 IDSPG20 NM_001160227.1:c.6138+4A>G AR (Compound splicing DNA analysis Sanggr sevquencmg of PBMC cDNA r.evealed that variant ¢.6138+4A>G results into skipping of SPG11’s exon 34 (134 pb),
Heterozygous) resulting into an out-of-frame transcript targeted by NMD.
AR (Compound Sanger sequencing of fibroblast cDNA revealed that ¢.286+853A>G results into creation of a transcript which includes a 75 bp
SPG7 IDSPG21 NM_003119.3:c.286+853A>G Het P! ) splicing cDNA analysis pseudoexon located in SPG7 s intron 2. This in-frame pseudoexon includes at least two codon stops. Western Blot showed
Clerozygous reduced levels of SPG7, confirming a loss of function effect [47].
" fecti Western blot Western blot and Immunofluorescence for detyrosinated tyrosin, after paclitaxel treatment to increase deTyr-tubulin pools revealed
SVBP IDSPGS, IDSPG46 NP_955374.1:p.(Leud49Pro) AR (Homozygous) nonsynonymous SNV ransfection asssay, Western blo a strong decrease of deTyr-tubulin levels in patients compared to controls. We have performed cotransfection studies of VASH1

and Immunofluorescence

and SVBP (WT/MUT) in HeLa cells showing that p.Leu49Pro variant reduces VASH1 and SVBP soluble quantities.

Table S7. Cases with functionally validated variants




Table S8

GOMFID Pvalue OddsRatio | ExpCount [Count Size Term
GO:0016491 7.47E-15 2.41 74.08 138 430 oxidoreductase activity
G0:0004812 4.11E-13 46.25 3.62 19 21 aminoacyl-tRNA ligase activity
GO:0016875 4.11E-13 46.25 3.62 19 21 ligase activity, forming carbon-oxygen bonds
G0:0016597 1.75E-11 8.05 7.75 28 45 amino acid binding
GO:0015631 1.78E-09 2.55 36.52 72 212 tubulin binding
G0:0003954 3.37E-09 13.77 3.96 17 23 NADH dehydrogenase activity
GO:0008137 3.37E-09 13.77 3.96 17 23 NADH dehydrogenase (ubiquinone) activity
G0:0050136 3.37E-09 13.77 3.96 17 23 NADH dehydrogenase (quinone) activity
G0:0003682 9.75E-09 2.00 67.02 111 389 chromatin binding
GO0:0051536 1.02E-08 6.59 6.89 23 40 iron-sulfur cluster binding
GO:0051540 1.02E-08 6.59 6.89 23 40 metal cluster binding
GO:0016874 1.37E-08 3.65 15.33 38 89 ligase activity
GO:0000049 3.70E-08 8.75 4.82 18 28 tRNA binding
GO:0051539 3.70E-08 8.75 4.82 18 28 4 iron, 4 sulfur cluster binding
GO:0031406 7.09E-08 2.76 23.95 50 139 carboxylic acid binding
G0:0030554 1.11E-07 1.55 167.28 227 971 adenyl nucleotide binding
GO:0032559 1.34E-07 1.55 165.90 225 963 adenyl ribonucleotide binding
G0:0022890 1.92E-07 1.99 54.78 91 318 inorganic cation transmembrane transporter activity
GO:0008324 2.22E-07 1.95 58.06 95 337 cation transmembrane transporter activity
G0:0022836 3.21E-07 2.34 32.04 60 186 gated channel activity
GO:0043177 3.24E-07 2.58 24.98 50 145 organic acid binding
G0:0005244 3.37E-07 2.97 18.26 40 106 voltage-gated ion channel activity
GO:0022832 3.37E-07 2.97 18.26 40 106 voltage-gated channel activity
G0:0016651 3.67E-07 4.22 9.65 26 56 oxidoreductase activity, acting on NAD(P)H
GO:0008134 5.90E-07 1.77 76.83 117 446 transcription factor binding
G0:0005524 6.99E-07 1.52 159.53 214 926 ATP binding
GO:0015075 7.13E-07 1.75 78.73 119 457 ion transmembrane transporter activity
G0:0008017 7.92E-07 2.43 27.05 52 157 microtubule binding
GO:0022824 1.75E-06 4.64 7.41 21 43 transmitter-gated ion channel activity
G0:0022835 1.75E-06 4.64 741 21 43 transmitter-gated channel activity
GO0:0140101 1.75E-06 4.64 7.41 21 43 catalytic activity, acting on a tRNA
G0:0022843 1.94E-06 3.22 13.44 31 78 voltage-gated cation channel activity
GO:0016655 2.19E-06 5.89 5.34 17 31 oxidoreductase activity, acting on NAD(P)H, quinone or similar compound as acceptor
G0:0022857 2.42E-06 1.65 92.17 133 535 transmembrane transporter activity
GO:0015318 3.83E-06 1.71 74.60 111 433 inorganic molecular entity transmembrane transporter activity
G0:0046873 4.14E-06 2.02 39.62 67 230 metal ion transmembrane transporter activity
GO:0098960 6.81E-06 4.08 7.92 21 46 postsynaptic neurotransmitter receptor activity
G0:0019842 8.92E-06 291 14.30 31 83 vitamin binding
GO:0005215 9.70E-06 1.56 105.60 146 613 transporter activity
G0:0044877 9.71E-06 1.46 154.53 202 897 protein-containing complex binding
GO:0015267 1.15E-05 1.91 43.07 70 250 channel activity
G0:0022803 1.15E-05 1.91 43.07 70 250 passive transmembrane transporter activity
GO:0005216 1.35E-05 1.97 38.59 64 224 ion channel activity
G0:0015077 1.83E-05 1.96 37.38 62 217 monovalent inorganic cation transmembrane transporter activity
GO:0030594 2.13E-05 3.09 11.54 26 67 neurotransmitter receptor activity
GO:0016595 2.47E-05 19.32 1.72 8 10 glutamate binding
GO:0019904 2.97E-05 1.59 84.59 119 491 protein domain specific binding
GO:1904315 2.98E-05 4.34 6.20 17 36 transmitter-gated ion channel activity involved in regulation of postsynaptic membrane potential
GO:0001540 3.37E-05 3.15 10.51 24 61 amyloid-beta binding
G0O:0008094 4.09E-05 2.86 12.58 27 73 DNA-dependent ATPase activity

Table S8. Molecular function GO terms enriched in the HSP network. Top 50 molecular function (MF) GO terms enriched in the HSP
network integrating proteins by using a hypergeometric distribution function statistical analysis. GOMFID, Gene Ontology term
identification number; P value, probability value for each GO term tested; OddsRatio, the strength of the association; ExpCount, the expected
number of selected genes annotated at the GO term; Count, the number of genes present in the HSP network that are annotated at the GO
term, Size, the number of total proteins that are annotated at the GO term; Term, the GO term name.




Table S9

GOBPID Pvalue OddsRatio ExpCount Count Size Term
G0:0007417 7.18E-32 2.86 122.28 245 700 central nervous system development
G0:0060322 5.91E-25 2.80 94.86 191 543 head development
G0:0030182 2.81E-24 2.29 162.29 280 929 neuron differentiation
G0:0048666 1.01E-23 2.39 137.31 246 786 neuron development
G0:0019752 2.50E-23 2.49 119.31 221 683 carboxylic acid metabolic process
G0:0007610 4.75E-23 3.01 72.85 155 417 behavior
G0:0043436 3.36E-22 2.38 128.22 230 734 oxoacid metabolic process
G0:0007420 4.79E-22 2.70 89.62 177 513 brain development
G0:0006082 6.53E-22 2.35 130.32 232 746 organic acid metabolic process
G0:0120036 8.22E-22 2.18 165.43 277 947 plasma membrane bounded cell projection organization
G0:0099536 8.30E-21 2.59 92.41 178 529 synaptic signaling
G0:0055114 1.45E-20 2.47 103.76 193 594 oxidation-reduction process
G0:0030030 1.74E-20 2.12 168.57 277 965 cell projection organization
G0:0099537 2.42E-20 2.60 89.62 173 513 trans-synaptic signaling
G0:0060284 2.42E-20 2.38 114.60 207 656 regulation of cell development
G0:0007268 4.06E-20 2.60 88.57 171 507 chemical synaptic transmission
G0:0098916 4.06E-20 2.60 88.57 171 507 anterograde trans-synaptic signaling
G0:0031175 5.46E-20 2.31 122.11 216 699 neuron projection development
G0:0051960 3.12E-19 2.35 110.05 198 630 regulation of nervous system development
G0:0050767 3.76E-19 2.44 99.05 183 567 regulation of neurogenesis
G0:0042063 1.47E-18 3.60 39.48 95 226 gliogenesis
G0:0045333 2.82E-18 5.53 20.09 61 115 cellular respiration
G0:0006520 6.11E-18 3.49 40.18 95 230 cellular amino acid metabolic process
G0:0050905 6.93E-18 8.41 12.40 45 71 neuromuscular process
G0:1901566 8.66E-18 2.02 167.35 267 958 organonitrogen compound biosynthetic process
G0:0048589 1.36E-17 2.54 79.31 152 454 developmental growth
G0:0050877 1.46E-17 2.23 115.82 201 663 nervous system process
G0:1901698 3.02E-17 2.08 141.50 233 810 response to nitrogen compound
G0:0010243 3.08E-17 2.13 132.06 221 756 response to organonitrogen compound
G0:0015980 3.60E-17 3.87 31.79 80 182 energy derivation by oxidation of organic compounds
G0:0007626 4.76E-17 4.62 23.76 66 136 locomotory behavior
G0:0030900 7.38E-17 3.12 46.64 103 267 forebrain development
G0:1901214 2.42E-16 3.22 42.10 95 241 regulation of neuron death
G0:0006811 2.99E-16 1.94 171.54 267 982 ion transport
G0:0010001 3.93E-16 3.94 28.65 73 164 glial cell differentiation
G0:0009790 5.09E-16 2.13 119.31 201 683 embryo development
G0:0070997 7.50E-16 2.99 47.34 102 271 neuron death
G0:0032990 1.07E-15 2.35 85.77 156 491 cell part morphogenesis
G0:0048812 2.16E-15 2.36 81.93 150 469 neuron projection morphogenesis
G0:0055085 2.53E-15 1.95 156.17 245 894 transmembrane transport
G0:0022904 2.65E-15 7.36 11.88 41 68 respiratory electron transport chain
G0:0120039 2.95E-15 2.34 83.68 152 479 plasma membrane bounded cell projection morphogenesis
G0:0032989 3.56E-15 2.22 96.60 169 553 cellular component morphogenesis
G0:0048667 4.04E-15 2.42 75.12 140 430 cell morphogenesis involved in neuron differentiation
G0:0048858 5.38E-15 2.32 84.20 152 482 cell projection morphogenesis
G0:0034762 1.06E-14 2.58 61.49 120 352 regulation of transmembrane transport
G0:0009628 1.11E-14 1.93 151.45 237 867 response to abiotic stimulus
G0:0061564 1.17E-14 2.50 66.56 127 381 axon development
G0:0006812 2.08E-14 2.04 120.88 198 692 cation transport
G0:0000904 2.61E-14 2.20 92.41 161 529 cell morphogenesis involved in differentiation

Table S9. Biological process GO terms enriched in the HSP network. Top 50 biological process (BP) GO
terms enriched in the HSP network integrating proteins by using a hypergeometric distribution function
statistical analysis. GOBPID, Gene Ontology term identification number; P value, probability value for each
GO term tested; OddsRatio, the strength of the association; ExpCount, the expected number of selected genes
annotated at the GO term; Count, the number of genes present in the HSP network that are annotated at the
GO term, Size, the number of total proteins that are annotated at the GO term; Term, the GO term name.




Table S10

GOCCID Pvalue | OddsRatio | ExpCount Count Size Term
G0O:0005739 9.45E-29 2.56 143.36 267 831 mitochondrion
G0O:0043005 9.09E-23 2.25 156.82 269 909 neuron projection
GO:0005759 2.30E-22 3.97 40.89 104 237 mitochondrial matrix
G0O:0030424 3.87E-22 2.86 77.46 160 449 axon
G0O:0045202 6.47E-20 2.12 161.82 267 938 synapse
GO:0036477 3.52E-16 2.22 104.20 182 604 somatodendritic compartment
GO:0098796 1.40E-14 2.02 125.08 204 725 membrane protein complex
G0O:0098803 3.53E-14 11.28 7.42 30 43 respiratory chain complex
GO:0098794 9.32E-14 2.27 79.19 142 459 postsynapse
G0O:0044297 5.86E-13 2.26 74.87 134 434 cell body
G0O:0097060 8.93E-13 2.72 45.03 92 261 synaptic membrane
GO:0070469 3.62E-12 7.58 8.80 31 51 respirasome
GO:0005746 1.06E-11 7.87 8.11 29 47 mitochondrial respirasome
G0O:0005743 1.57E-11 2.86 35.37 75 205 mitochondrial inner membrane
GO:1990204 1.91E-11 5.71 11.21 35 65 oxidoreductase complex
G0O:0043025 4.15E-11 2.21 66.07 117 383 neuronal cell body
G0O:0005740 4.39E-11 2.24 63.14 113 366 mitochondrial envelope
G0O:0045211 6.08E-11 2.96 30.88 67 179 postsynaptic membrane
GO:0019866 6.08E-11 2.60 41.75 83 242 organelle inner membrane
G0O:0031966 8.59E-11 2.25 60.04 108 348 mitochondrial membrane
G0O:0032838 6.99E-10 3.72 17.60 44 102 plasma membrane bounded cell projection cytoplasm
G0O:0005747 7.84E-10 14.56 4.14 18 24 mitochondrial respiratory chain complex I
G0O:0030964 7.84E-10 14.56 4.14 18 24 NADH dehydrogenase complex
G0O:0045271 7.84E-10 14.56 4.14 18 24 respiratory chain complex I
GO:1990351 9.21E-10 2.71 32.61 67 189 transporter complex
G0O:0030425 1.74E-09 2.00 73.66 122 427 dendrite
GO:0120111 1.82E-09 5.04 10.52 31 61 neuron projection cytoplasm
G0O:0097447 2.38E-09 1.99 74.01 122 429 dendritic tree
G0O:0031967 6.10E-09 1.77 109.72 165 636 organelle envelope
G0O:0031975 6.10E-09 1.77 109.72 165 636 envelope
G0O:0044304 6.41E-09 5.48 8.80 27 51 main axon
GO:1902495 8.55E-09 2.59 32.09 64 186 transmembrane transporter complex
GO:0098590 1.36E-08 1.66 139.39 199 808 plasma membrane region
G0O:0099568 1.41E-08 2.96 22.94 50 133 cytoplasmic region
G0O:0005773 3.60E-08 1.82 85.22 132 494 vacuole
G0O:0098800 4.90E-08 4.09 11.73 31 68 inner mitochondrial membrane protein complex
G0:0034702 6.04E-08 2.55 29.33 58 170 ion channel complex
GO:1904115 6.31E-08 6.37 6.38 21 37 axon cytoplasm
GO:0098798 7.68E-08 2.99 20.01 44 116 mitochondrial protein complex
G0O:0098793 8.47E-08 1.92 65.56 106 380 presynapse
G0O:0000323 1.04E-07 1.84 76.94 120 446 lytic vacuole
G0O:0005764 1.04E-07 1.84 76.94 120 446 lysosome
G0O:0005777 1.36E-07 3.53 13.97 34 81 peroxisome
G0O:0042579 1.36E-07 3.53 13.97 34 81 microbody
G0O:1902494 1.51E-07 1.60 139.22 194 807 catalytic complex
GO:0005778 2.11E-07 6.07 6.21 20 36 peroxisomal membrane
G0:0031903 2.11E-07 6.07 6.21 20 36 microbody membrane
G0O:0042175 2.47E-07 1.69 101.10 148 586 nuclear outer membrane-endoplasmic reticulum membrane network
G0:0043202 2.92E-07 3.55 13.11 32 76 lysosomal lumen
GO:1990391 6.21E-07 6.86 5.00 17 29 DNA repair complex

Table S10. Cellular compartment GO terms enriched in the HSP network. Top 50 cellular compartment (CC) GO
terms enriched in the HSP network integrating proteins by using a hypergeometric distribution function statistical
analysis. GOCCID, Gene Ontology term identification number; P value, probability value for each GO term tested;
OddsRatio, the strength of the association; ExpCount, the expected number of selected genes annotated at the GO term;
Count, the number of genes present in the HSP network that are annotated at the GO term, Size, the number of total
proteins that are annotated at the GO term; Term, the GO term name.




Table S11

Symbol Full name genelD Classif. lof z mis_z pLI pRec pNull
ACHE acetylcholinesterase (Cartwright blood group) 43 |candidate 4.25 2.75]  9.98E-01 1.73E-03[  7.25E-09
ADM adrenomedullin 133 |candidate 1.31 -0.107| 4.08E-02| 8.53E-01 1.06E-01
AGER advanced glycosylation end-product specific receptor 177|candidate 0.198] 8.83E-02| 6.35E-16 1.48E-02| 9.85E-01
ARC activity regulated cytoskeleton associated protein 23237|candidate 2.98 2.6] 5.94E-01| 4.05E-01| 3.70E-04
BECNI1 beclin 1 8678|candidate 4.04 1.88] 9.37E-01| 6.28E-02| 4.15E-07
CASP3 caspase 3 836|candidate 2.37 1.66] 1.00E-01| 8.93E-01| 6.61E-03
CCR2 C-C motif chemokine receptor 2 729230|candidate 1.63 3.39E-02 2.34E-02| 9.19E-01 5.72E-02
CNR1 cannabinoid receptor 1 1268|candidate 2.42 2.62| S5.07E-01| 4.90E-01| 3.65E-03
CRK CRK proto-oncogene, adaptor protein 1398|candidate 3.27 2.37]  9.59E-01 4.06E-02 1.67E-05
CSF2 colony stimulating factor 2 1437|candidate 2.26 0.377) 8.35E-01 1.62E-01| 2.95E-03
CXCL10 _ |C-X-C motif chemokine ligand 10 3627|candidate 1.59 0.335|  3.69E-01| 5.87E-01| 4.42E-02
CYP2B6 _ [cytochrome P450 family 2 subfamily B member 6 1555|candidate 0.737 -0.976 1.93E-10f 2.32E-01| 7.68E-01
DECRI1 2,4-dienoyl-CoA reductase 1 1666 | candidate -0.582 3.16E-02| 4.47E-14| 6.88E-03| 9.93E-01
DLG4 discs large MAGUK scaffold protein 4 1742 |candidate 5.46 4.93] 1.00E+00[ 4.60E-04| 4.81E-13
DNAH7 dynein axonemal heavy chain 7 56171 |candidate 3.5 -1.09 1.35E-71 2.50E-02| 9.75E-01
EIF2S1 eukaryotic translation initiation factor 2 subunit alpha 1965 |candidate 3.39 2.86| 9.70E-01 2.97E-02| 7.67E-06
EIF3K eukaryotic translation initiation factor 3 subunit K 27335|candidate 2.08 0.761 2.10E-03 9.80E-01 1.76E-02
ENO2 enolase 2 2026 | candidate 3.4 1.81| 3.84E-01| 6.16E-01| 7.86E-05
FOSB FosB proto-oncogene, AP-1 transcription factor subunit 2354 |candidate 3.45 1.55]  9.76E-01 2.45E-02| 4.75E-06
GABPA GA binding protein transcription factor subunit alpha 2551 |candidate 447 3.12]  9.98E-01 1.88E-03 1.81E-09
GAP43 growth associated protein 43 2596|candidate 1.58| -6.79E-02[ 2.15E-02 9.15E-01 6.40E-02
GRAP2 GRB2 related adaptor protein 2 9402 |candidate 2.39 1.12 1.53E-04| 9.93E-01| 6.52E-03
GRMS5 glutamate metabotropic receptor 5 2915|candidate 5.24 3.21 9.99E-01 1.28E-03 5.85E-12
GTF2H1 general transcription factor ITH subunit 1 2965 |candidate 4.53 1.8]  9.90E-01 1.02E-02  4.56E-09
HDAC3 histone deacetylase 3 8841 [candidate 3.93 3.72| 5.67E-01 4.33E-01 3.84E-06
HDAC9 histone deacetylase 9 9734 |candidate 6.32 2.06] 1.00E+00| 2.68E-04| 2.16E-16
HMGBLI high mobility group box 1 3146|candidate 2.64 2.69] 8.20E-01 1.79E-01|  7.76E-04
HSD17B6 _ |hydroxysteroid 17-beta dehydrogenase 6 8630|candidate 2.59 0492 3.48E-01 6.49E-01| 2.51E-03
HSPA4 heat shock protein family A (Hsp70) member 4 3308|candidate 5.66 2.06| 1.00E+00| 4.63E-04| 9.89E-14
HSPAS heat shock protein family A (Hsp70) member 5 3309|candidate 3.61 4.03| 7.73E-01 2.27E-01 1.24E-05
ICAM1 intercellular adhesion molecule 1 3383 |candidate 2.79 1.90E-02|  3.53E-02[ 9.63E-01 1.46E-03
IFNB1 interferon beta 1 3456|candidate  |[NA -0.759|NA NA NA

IL18 interleukin 18 3606 | candidate 1.13 1.52| 3.07E-02| 8.23E-01 1.46E-01
IL1IA interleukin 1 alpha 3552|candidate 0.886 0.541 1.60E-04| 6.94E-01| 3.06E-01
IL2 interleukin 2 3558 |candidate 1.86 1.43|  4.80E-01| 5.00E-01| 2.05E-02
IMMT inner membrane mitochondrial protein 10989 |candidate 4.11 0.763 1.33E-02| 9.87E-01| 2.13E-06
ISYNAL inositol-3-phosphate synthase 1 51477 |candidate 2.14 1.27] 2.49E-05 9.83E-01 1.73E-02
KCNA3 potassium voltage-gated channel subfamily A member 3 3738|candidate 3.25 3.02)  8.94E-01 1.06E-01|  3.88E-05
KHDRBS! [KH RNA binding domain containing, signal transduction associated 1 10657 |candidate 391 2.42|  9.94E-01 5.77E-03 1.37E-07
LTA lymphotoxin alpha 4049 | candidate 1.69 1.81 1.97E-01 7.62E-01| 4.15E-02
LY6E lymphocyte antigen 6 family member E 4061 |candidate 1.45 0.574| 3.21E-01 6.18E-01 6.11E-02
MAPKI14 |mitogen-activated protein kinase 14 1432 |candidate 3.39 3.31]  3.75E-01 6.25E-01 8.44E-05
MAPK3 mitogen-activated protein kinase 3 5595|candidate 2.8 1.74]  3.69E-02| 9.62E-01 1.36E-03
MIR146A |microRNA 146a 406938 |candidate  [NA NA NA NA NA

MTGI1 mitochondrial ribosome associated GTPase 1 92170 candidate 2.4 -0.524 1.33E-02| 9.81E-01 6.17E-03
NDUFAS  |[NADH:ubiquinone oxidoreductase subunit AS 4698 | candidate 0.876 0.2 1.87E-03| 7.41E-01| 2.57E-01
NDUFA7  |NADH:ubiquinone oxidoreductase subunit A7 4701 |candidate -0.201 -0.241 6.60E-05 3.00E-01 7.00E-01
NDUFBI1  [NADH:ubiquinone oxidoreductase subunit B1 4707 | candidate -0.554 -0.207| 3.59E-05| 2.19E-01| 7.81E-01
NDUFV3  |NADH:ubiquinone oxidoreductase subunit V3 4731|candidate -1.5 -0.31 2.80E-18| 3.17E-04| 1.00E+00
NPY neuropeptide Y 4852 |candidate 1.47 0.643 1.43E-01 7.86E-01| 7.10E-02
NRG1 neuregulin 1 3084 |candidate 4.57 0.637| 9.97E-01| 3.35E-03 1.49E-09
OPRM1 opioid receptor mu 1 4988 |candidate 0.526 -0.619]  7.89E-11 1.43E-01 8.57E-01
PARP1 poly(ADP-ribose) polymerase 1 142 |candidate 4.52 0.818| 3.34E-04[ 1.00E+00 1.48E-07
PCYT2 phosphate cytidylyltransferase 2, ethanolamine 5833 |candidate 2.62 1.73]  8.64E-04| 9.96E-01| 2.69E-03
PDC phosducin 5132|candidate 0.676 0.603 1.01E-04| 5.94E-01| 4.06E-01
PI4KA phosphatidylinositol 4-kinase alpha 5297|candidate 6.53 3.53]  3.12E-12| 1.00E+00|{ 9.17E-15
PLA2G1B |phospholipase A2 group IB 5319|candidate -2.08 -0.709 1.01E-10[  6.60E-03 9.93E-01
PLB1 phospholipase B1 151056|candidate -0.413 -0.588| 1.73E-72| 2.99E-12| 1.00E+00
POLDIP2 |DNA polymerase delta interacting protein 2 26073 |candidate 3.44 1.94] 4.14E-01 5.86E-01 6.24E-05
POTEF POTE ankyrin domain family member F 728378 |candidate 1.53 -2.74| 5.45E-06| 8.82E-01 1.18E-01
PPARA peroxisome proliferator activated receptor alpha 5465 |candidate 2.73 1.81 3.02E-02f  9.68E-01 1.84E-03
PPIG peptidylprolyl isomerase G 9360|candidate 4.93 1.72|  9.63E-01 3.71E-02| 9.15E-10
RAPIB RAP1B, member of RAS oncogene family 5908 |candidate 2.96 2.6]  9.10E-01 8.99E-02 1.25E-04
RNF19A  [ring finger protein 19A, RBR E3 ubiquitin protein ligase 25897|candidate 4 2.38| 2.53E-02| 9.75E-01| 4.05E-06
RNR1 RNA, ribosomal 458 cluster 1 6052 |candidate  |NA NA NA NA NA

ROS1 ROS proto-oncogene 1, receptor tyrosine kinase 6098 |candidate 0.455 -0.501 1.62E-72| 1.47E-10[ 1.00E+00
SELP selectin P 6403 | candidate -0.215 -0.256|  5.04E-32| 1.72E-05| 1.00E+00
SHMT2 serine hydroxymethyltransferase 2 6472 |candidate 2.16 1.52| 7.82E-08| 9.77E-01| 2.28E-02
SOD2 superoxide dismutase 2 6648 |candidate 2.11 0.887 1.55E-01 8.30E-01 1.46E-02
SVBP small vasohibin binding protein 374969 |candidate -0.258 0.374 1.13E-03| 4.04E-01| 5.95E-01
TGM2 transglutaminase 2 7052 |candidate 0.703 0.536] 6.81E-18| 2.71E-02| 9.73E-01
TXNRDI _|thioredoxin reductase 1 7296 | candidate 2.79 1.32 1.61E-06]  9.98E-01 1.55E-03
UBAPI1 ubiquitin associated protein 1 51271 |candidate 3.32 0.869| 9.12E-01 8.83E-02| 2.42E-05
UTRN utrophin 7402 | candidate 8.61 0.371 1.00E-19| 1.00E+00| 8.03E-25
YWHAZ  |tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein zeta 7534 |candidate 3.13 3.1 9.40E-01 6.03E-02|  4.52E-05

Table S11. Candidate genes in the HSP expanded network. Seventy-five candidate genes predicted by the prioritization tool to be associated
with HSP disease. Gene constraints: lof z, the Z-score value of being LoF intolerant; mis_z, the Z-score value of being intolerant to missense
variation; pLI, the probability of being LoF intolerant; pRec, the probability of being intolerant to homozygous variation.




