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Background: Hereditary spastic paraplegia (HSP) is a rare group of genetically heterogeneous, 
neurodegenerative disorders. The aim of this study was to identify pathological candidate genes and variants 
in a large pedigree cohort of 11 purely HSP patients in Yunnan Province. 
Methods: Whole-exome sequencing (WES) was applied to 2 HSP patients and 1 control patient to 
screen out the candidate gene variants. Then, filtration and verification of these pathological variants were 
performed by Sanger sequencing.
Results: After the raw data were filtered, two genes with novel variations (SPAST: c.1510 C>T, p.Gln504X, 
RefSeq.NM_199436; DNAJC16: c.718 C>T, p.Q240X, Ref Seq NM_015291) were identified. The accession 
numbers of the genes in the ClinVar database were SCV001573094 and SCV001573804, respectively. One 
gene with a reported single nucleotide polymorphism (CPT1C: rs150853576) was filtered as a candidate 
variant. Using Sanger sequencing, the novel SPAST gene (protein: Spastin) variant leading to a predicted 
premature termination and an 18% deletion of the SPAST/spastic paraplegia type 4 (SPG4) protein was 
confirmed to exist only in affected individuals. The candidate CPT1C and DNAJC16 variants were verified in 
almost all HSP patients, with one exception.
Conclusions: Considering that the clinical symptoms and time of onset of HSP are highly heterogeneous, 
the SPAST as a genotype-phenotype cosegregated variant might be the causative gene of this pedigree, and 
the other two variants might present cumulative risks to the occurrence and progression of HSP. These three 
candidate genes with or without novel variants may be potential contributors to disease onset, and therefore 
useful diagnostic and therapeutic biomarkers. Further research is required to confirm the functions of these 
genes.

Keywords: Pure hereditary spastic paraplegia; Pedigree; sequencing; pathological variants

Submitted Nov 23, 2021. Accepted for publication Jan 05, 2022.

doi: 10.21037/atm-21-6698

View this article at: https://dx.doi.org/10.21037/atm-21-6698

9

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-6698


Shen et al. A novel nonsense variant of SPAST in a pure HSP pedigreePage 2 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(2):67 | https://dx.doi.org/10.21037/atm-21-6698

Introduction

Hereditary spastic paraplegia (HSP), also known as 
Strümpell-Lorrain Syndrome, is a rare group of genetically 
heterogeneous neurodegenerative disorders with a 
prevalence of 4.3–9.8/100,000, depending on the ethnic 
population (1). The clinical manifestations are mainly 
progressive spastic gait, increased muscle tension at rest of 
both lower limbs, hyperreflexia of the tendon, clonic spasms 
of the ankle, positive pathological signs, and myasthenia 
gravis, possibly accompanied by abnormal bladder and rectal 
function, ankle joint vibration loss, clawfoot, and scoliosis 
(2,3). HSP can start before 35 years of age (early onset) or 
after 35 years of age (classical) and can classified as pure 
(uncomplicated) and complicated (complex) based on signs 
and symptoms, according to Harding’s criteria outlined 
in 1981 and 1983 (2,4-6). The pure form is confined to 
the progressive spastic paresis with clinical manifestations 
restricted to corticospinal system degeneration, including 
lower extremity weakness and spasticity, corticospinal tract 
signs, disturbance in vibration sense and proprioception, 
and a variable hypertonic urinary disturbance (5-8). 
Complicated HSP is involved with additional neurological 
signs (8), including mental retardation, cerebellar ataxia, 
intellectual deficiency, epilepsy, peripheral neuropathy, optic 
atrophy, retinitis pigmentosa, nervous system dysfunction, 
and other extra-pyramidal features, such as neurological 
deafness, white matter lesion (WML) and thin corpus 
callosum (TCC) (9).

HSP can have autosomal dominant (AD), autosomal 
recessive (AR), or X-linked inheritance, and at least 80 loci 
and 79 genes have been identified as HSP subtypes (10-12). 
With respect to the genetic basis of HSP, the majority of 
HSP cases (approximately 80%) are characterized as AD, and 
more than 20 AD-HSP spastic paraplegia (SPG) subtypes 
have been identified (including SPG3A, SPG4, SPG6, 
SPG8, SPG9, SPG10, SPG37, and SPG73,etc.). Among 
them, hereditary spastic paraplegia type 4 (SPG4) is the most 
frequent subtype of AD-HSP (SPG4, MIM: 182601) and 
comprises 45% of HSP. As the most frequent causal gene of 
SPG4, the SPG4/SPAST (protein: Spastin) gene accounts for 
approximately 40% of AD pedigrees and 20% of sporadic 
cases, respectively (13). In addition, more than 45 autosomal 
recessive (AR)-HSP subtypes have been identified (including 
SPG5, SPG7, SPG11, SPG14, and SPG15, etc.) (5,14), and 
variants in SPG5, SPG11, and SPG15 have been described as 
the most frequent causes for AR-HSP (15) .

SPG4 as the commonest AD HSP form in many 

population, although de novo variations do appear, most 
SPAST-HSP cases are hereditary (16-18). It has been 
reported that the average onset of AD in SPG4/SPAST 
patients was 24.79 (95% CI: 21.00–28.58) (19) or mostly in 
their fourth decade (20). Recently, a meta-analysis on 13,570 
HSP patients found that a pooled frequency of variations in 
SPAST was 25% (95% CI: 21.00–30.00%), and no significant 
difference frequencies among different populations (Q=3.47, 
P=1.00); the frequency of variations in the Asian population 
(32.62%, 95% CI: 23.93–42.70%) was higher than that of 
Caucasians (23.07%, 95% CI: 18.73–28.06%) and Americans 
(24.83%, 95% CI: 15.59–37.05%) (19). 

In this study, we presented a four-generation pedigree 
of HSP patients and performed whole-exome sequencing 
(WES) to screen the pathological candidate gene(s) and 
variant(s). SPAST with a novel nonsense variation (c.1510 
C>T, p.Gln504X, Ref Seq. NM_199436) showing an AD 
inheritance pattern was identified in the pedigree, and in 
function prediction it was regarded as a causally associated 
gene through the combination of clinical features. These 
findings fit in well with the known spectrum of SPG4 and 
were not reported in the literature. 

We present the following article in accordance with 
the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6698/rc).

Methods 

Subjects

The present study involved a large pedigree cohort of 11 
HSP patients in Yunnan Province (Figure 1). Biochemical 
tests, electromyography (EMG), and brain and thoracic 
spinal cord magnetic resonance imaging (MRI) were 
conducted for seven individuals (Cases 1, 2, 3, 6, 8, 10, 
and 14). The detailed clinical analysis of pure HSP in this 
pedigree is summarized in Table 1. In brief, the 7 individuals 
were diagnosed as HSP patients on the basis of Harding’s 
criteria (2,4): all of them harbored symptoms which 
manifested as weakness of the lower limbs, hyperactivity of 
the tendon reflex, positive pathological reflex, and ataxia. 
There was no presentation of symptoms of abnormal 
higher-level mental activity, epileptic scabs, skin lesions, 
limb muscle atrophy and paresthesia, diminution of vision, 
and cataracts. In addition to the obvious structural and 
signal abnormalities observed via MRI, the symptoms of 
all patients were consistent with the manifestation of pure 
HSP. This pedigree cohort had no close-relative marriage 

https://atm.amegroups.com/article/view/10.21037/atm-21-6698/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-6698/rc
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history. Furthermore, there was no history of birth injury. 
The recruitment and detection were implemented 

by the Neurology Department and the Clinical Basic 
Medical Institute of the First People’s Hospital of Yunnan 
Province. Blood samples of the 7 patients and another 8 
phenotype normal controls (Cases 4, 5, 7, 9, 11, 12, 13, 
and 15) were collected for DNA extraction (Cat# DP1802; 
Tiangen Biotech Co., Ltd, Beijing, China) and laboratory 
examination. In addition, blood samples from another 300 
phenotype normal controls were collected to verify the 
candidate variants. Oral informed consent was taken from 
all the patients or their families. This study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was conducted with approval of the 
Ethics Committee of the First People’s Hospital of Yunnan 
Province (YYLH097).

WES sequencing

WES was performed on two affected (Cases 2, 10) and one 
control (Case 5) individuals. Accordingly, the DNA was 
fragmented to an average size of 180–280 base pairs (bp) 
and used to create a DNA library, following the established 
Illumina paired-end protocols. Then, the SureSelect 
Human All Exon v 6.0 Kit (Agilent Technologies, Santa 
Clara, CA, USA) was used for exome capture, according 
to the manufacturer’s instructions. WES was executed on 
the Illumina HiSeq X platform (Illumina Inc., San Diego, 
CA, USA) based on the Human Sequencing Library and 
HiSeq XTen whole genome sequencing software (Novogene 

Bioinformatics Technology Co., Ltd., Beijing, China). The 
average raw data flux per sample was not less than 90 G 
with a raw depth of 30X, and 150 bp paired-end reads were 
generated.

Variant filtration process

After the sequencing, base-call file conversion and 
demultiplexing were performed using the bcl2fastq 
software (Illumina, San Diego, CA, USA). The raw data 
was analyzed by an in-house quality control software to 
remove adaptor reads, reads containing N sequences, and 
low-quality reads, and to align these to the reference human 
genome (GRCh37/hg19). Then, the results that referred to 
a single nucleotide variant (SNV) from these samples were 
obtained using SAMtools software v. 1.0, and these samples 
were subsequently combined and merged for annotation, 
according to their own virtual contact file (VCF). Then, 
the filtering of candidate genes and variants was performed 
as follows: (I) variants with a minor allele frequency (MAF) 
value <0.01 in 1000 genomic data (1000g_all), ExAC (Exome 
Aggregation Consortium) data (ExAC _ALL) and the in-
house Novo-Zhonghua exome database from Novogene 
(NovoDb_WGS_SNP) were obtained; (II) SNVs occurring 
in exons or splice sites (splicing junction 10 bp) were 
further analyzed; (III) synonymous SNVs predicted by the 
Database of Splicing Consensus Single-Nucleotide Variants 
(dbscSNV) were discarded, and small fragment non-
frameshift (<10 bp) indels in the repeat regions defined by 
RepeatMasker software (version. 4.1.0) were also discarded; 

Male Female Male patient Female patient Decease Proband

IV

2         3        4        5        6    7  8    9  10   11

12      13      14      15

1

III

II

I

Figure 1 Structure for a pedigree with pure HSP. Red diamonds indicate samples that underwent whole-exome sequencing. HSP, hereditary 
spastic paraplegia.
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Table 1 Clinical features of HSP patients and genotypes of candidate genes in the pedigree

Symptoms and genotypes
Cases of HSP patients Cases of controls

1* 2 3 6 8 10 (P) 14 4 5 7 9 11 12 13 15

Onset age 67 30 32 26 33 10 20 − − − − − − − −

Gender (female/male) F M F M F F M − − − − − − − −

Spastic gait + + + + + + + − − − − − − − −

Dysuria + + − − − − − − − − − − − − −

Postural tremor − − − + + − − − − − − − − − −

Upper limbs weakness − − − − − − − − − − − − − − −

Upper limbs hypermyotonia − − − − + − − − − − − − − − −

Upper limbs hyperreflexia − − − Active Active Active Active − − − − − − − −

Lower limb weakness + + + + + + − − − − − − − − −

Lower limbs hypermyotonia + + + + + + + − − − − − − − −

Lower limbs hyperreflexia + + + + + + + − − − − − − − −

Babinski sign + + + + + + + − − − − − − − −

Cognitive disorder − − − − − − − − − − − − − − −

Paresthesia − − − − − − − − − − − − − − −

Scoliosis + + − − − + − − − − − − − − −

Claw foot + − − − − + − − − − − − − − −

Lower limbs motor function 
grading

+ + − − − − − − − −

Grade I (normal/abnormal 
gait)

+ − − − − − − − −

Grade II (ambulation without 
jump) 

+ + + − − − − − − − −

Grade III (dependent 
ambulation)

+ − − − − − − − −

Grade IV (wheel-dependent/
bedridden)

Genotypes

SPAST (novel, NM 199436, 
exon 13, c.1510 C>T,p.
Q504X)

C/T C/T C/T C/T C/T C/T C/T C/C C/C C/C C/C C/C C/C C/C C/C

CPT1C (rs150853576, 
NM_001199752, exon14, 
c.1541G>T, p.R514L)

G/T G/T G/T G/G G/T G/T G/T G/G G/G G/G G/G G/G G/G G/G G/G

DNAJC16 (novel, NM 
015291.4, exon5, c.718 
C>T, p.Q240X)

C/C C/T C/T C/T C/T C/T C/T C/C C/C C/C C/C C/C C/C C/C C/T

*, presented almost no symptoms of HSP at the time of first medical assessment (2012), gradually progressed into a typical HSP patient 
during follow-up in 2018. “P” means proband. “+” means positive; ”−” means negative in HSP patients or did not check in the controls. 
HSP, hereditary spastic paraplegia; F, female; M, male; A, active.
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(IV) the variations were screened according to the scores 
using the Sorting Tolerant from Intolerant (SIFT) (version 
2.6), Polyphen (http://genetics.bwh.harvard.edu/pph2/), 
MutationTaster (http://www.mutationtaster.org/), and 
computer-aided design and drafting (CADD) software 
programs (v1.5). Potentially deleterious variations were 
retained when the score from more than half of these four 
software programs supported their potential harmfulness. 
Sites (>2 bp) that did not affect the alternative splicing were 
removed; (V) candidate genes and variants were screened on 
the basis of the dominant inheritance pattern. 

Verification by Sanger sequencing

Sanger sequencing was carried out to validate the candidate 
variants on an ABI 3500xL Dx Genetic Analyzer (Applied 
Biosystems, Foster City, USA). The primers of the 
candidate genes were available upon request.

Results

Clinical progression of pedigree members

Of the 15 enrolled members, Case 1, who had presented 
with almost no symptoms of HSP at the time of their first 
medical assessment, gradually progressed into a typical HSP 
patient during follow up (Figure 1). The rest of the members 
showed no other obvious symptoms of progression for the 
time being, except the affected individuals (Cases 2, 3, 6, 
8, 10, and 14) who showed signs of gradually severe spastic 
paraplegia of both lower limbs, hyperactivity of the tendon 
reflex, and progressive instability of gait, consistent with 
HSP patients (Table 1). 

Considering that the proband Case 10 showed HSP 
symptoms at the earliest age of ten years old, Case  
14 experienced early-age onset of HSP at twenty years old, 
and Case 1 involved a recently confirmed female case of 
HSP, it seems that the onset age (31.1±17.7) of this HSP 
pedigree ranges across a long time span due to the genetic 
crosstalk.

WES results and sequencing analysis

After the raw reads were filtered, 620,043,626 (Case 2), 
612,419,612 (Case 5), and 613,997,406 (Case 10) clean reads 
were obtained with an average sequencing depth of 30.89×. 
A total of 609,793,398 (Case 2), 608,654,099 (Case 5),  
and 612,901,275 (Case 10) reads were mapped with 

GRCh37/hg19 (99.39–99.82%), which indicated that the 
assembled unigenes could be used for subsequent analysis. 
The numbers of SNVs within coding range were 3,572,793 
(Case 2), 3,606,691 (Case 5), and 3,595,000 (Case 10). After 
filtering, 2 SPG-related genes (SPAST and CPT1C) and 
DNAJC16 with or without novel variations were filtered 
as candidate genes and verified by Sanger sequencing as 
belonging to this pedigree (Figure 2, Table 1). Only SPAST 
with a novel stop-gain variant (c.1510 C>T, p.Gln504X, 
RefSeq.NM_199436) fitted the AD pattern; none of this 
variant was found in the control groups, except for the 
seven HSP patients (Table 1). The accession numbers of the 
novel variants in the ClinVar database were SCV001573094 
and SCV001573804, respectively.

Discussion

The SPAST gene, also known as the SPG4 gene, has been 
mapped to chromosome 2p21-p22, and encodes spastin, an 
amino acid protein belonging to the broad AAA (triple A; 
ATPase associated with various cellular activities) family (16). 
With two initiation codons, SPG4 mRNA synthesizes two 
spastin isoforms, a 616-amino acid (68 kDa) isoform called 
M1 and a 530-amino acid (60 kDa) isoform called M87. 
These isoforms have a different subcellular localization, 
with the short one being present in relevant amounts both 
in the cytoplasm and the nucleus, and the long one being 
excluded from the nucleus by active export (21). Spastin 
display microtubule- severing ATPase activity and uses 
energy from ATP hydrolysis to sever and disassemble 
microtubules; disease variations abolish or partially interfere 
with these activities (21,22). According to the Human 
Gene Mutation Database (http://www.hgmd.cf.ac.uk/ac/
gene.php?gene=SPAST), over 600 SPAST variations have 
been identified, including missense, nonsense, deletions, 
insertions, and splice-site variations (23-27). In this pedigree, 
the c.1510 C>T (p.Gln504X, RefSeq.NM_199436) variant 
in exon 13, which leads to a predicted premature termination 
and an 18% deletion of normal-size spastin, was confirmed 
to be evident in all HSP patients and transmitted among 
the pedigree via a definite AD hereditary manner. This 
stop-gain variant was not previously reported and was not 
seen in existing SNP databases, including gnomAD and 
ExAC. Spastin was mainly composed of TM (aa57-79), MIT 
(aa116-194), MTB (aa 270-328), AAA+ ATPase (aa374-
510), AAA+ lid (aa534-571), and Vps4 oligomerisation, 
C-terminal (Vps4_C) (aa578-612) domains by in silico using 
the prediction programs InterPro (http://www.ebi.ac.uk/

http://genetics.bwh.harvard.edu/pph2/
http://www.mutationtaster.org/
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=SPAST
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=SPAST
http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20211227-062728-0240-35083180-p2m/
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Figure 2 Candidate variants detected in the 15 collected blood samples. Schematic diagram of the basic structure and domains of SPAST, 
CPT1C, and DNAJC16 proteins (adapted from UniProtKB/Swiss-Prot) showing the location of the variations and the results of Sager 
sequencing, respectively. Red triangles indicate mutation sites; the filled symbols indicate novel variations. *, no data available for Graphical 
View of domain structure and UniProtKB/Swiss-Prot for DNAJC16. Alignment of SPAST, CPT1C, and DNAJC16 orthologs show 
conservation of the Q504, R514, and M111 residue (blue rectangular box) throughout the vertebrate species, respectively (adapted from 

https://www.ncbi.nlm.nih.gov/homologene/?term=).

G/G G/T

C/C C/T

novel, NM 015291.4, NP 056106.1, 
exon5, chr1, c.718 C > T, p.Q240X

DNAJC16*

Thioredoxin-like sf, J dom sf, DnaJ domain, DnaJ domain CS, Thioredoxin domain, DNAJC16 TRX

7821

MIT AAA + ATPase

116 197 374 510 534 571 578 612 6161

SPAST

Vps4 oligomerisationAAA + lid

novel, NM 199436, NP 955468.1, exon 
13, chr2,c.1510 C >T, p.Q504X

C/C C/T

CPT1C

Carn acyl trans Cho/carn acyl trans 1 Cho/carn acyl trans 1 Cho/carn acyl trans 1

471 171 229 230 545 758 803

rs150853576, NM 001199752, NP 001186681.1, 
exon14, chr19, c.1541G>T, p.R514L

https://www.ncbi.nlm.nih.gov/homologene/?term=
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interpro/result/InterProScan/iprscan5-R20211227-062728-
0240-35083180-p2m/). Previous research indicated that 
the TM/MIT region is involved in membrane targeting 
and the MIT/AAA region has activity on the microtubule 
cytoskeleton. Currently, more than 15 variants clustering 
the AAA+ ATPase domain were reported by HSP patients 
(17,25). The nonsense variation identified in this pedigree 
clustering in the AAA+ ATPase domain, and results in 
the deletion of the predicted AAA+ lid domain and the 
Vps4_C domain. In addition, Mutation Taster software 
in silico predicted that this variant was a “disease causing” 
variation, thus suggesting the pathogenicity of c.1510 C>T 
(p.Gln504X, RefSeq.NM_199436) in this pedigree. To date, 
loss-of-function (haploinsufficiency) and gain-of function 
have been the most prevalent explanation for SPAST-
based HSP (28-30). In fact, several truncated variants of 
spastin showed impaired microtubule-severing activity 
and neurotoxicity in vitro. Published data showed that 
the truncated spastin exerts an isoform-specific effect on 
microtubule dynamics (31,32). Recent experiments showed 
that nonsense variants of SPAST, such as Asn184X, Ser245X 
and Met329X, produce two truncated variants (mutant 
M1 and M87 isoforms) that accumulated to a higher level 
than their wild-type counterparts. The mutate M1 isoform 
heavily decorated the microtubules and rendered them 
resistant to depolymerization. In contrast, the mutate M87 
isoform could not decorate microtubules and was not able 
to promote microtubule disassembly (31,32). However, 
the reported artificial truncated proteins using in in vitro 
experiments completely lack the AAA domain and are 
shorter than the variant found in our patients, thus, further 
studies on the exact mechanism of its haploinsufficiency or 
gain-of function are certainly necessary.

Furthermore, a reported SNV of SPG73 was also tested 
in this pedigree. The SPG73 was previously identified in a 
family with variants in the neuronal isoform of the carnitine 
palmitoyl-transferase 1C (CPT1C) gene (33). The study 
identified the nucleotide substitution c.109C>T in exon 3 
of CPT1C, and expanded the genetics of the pure form of 
AD-HSP. Consistently, our study found the rs150853576 
variant covered almost all HSP patients in an AD hereditary 
manner, except for Case 6, which had no publications for 
rs150853576, except for the following research: https://
www.ncbi.nlm.nih.gov/snp/rs150853576?vertical_
tab=true#publications (date of consultation Dec. 2021). 
However, the heterozygous and homozygous variant 
of this SNP were also found in 300 controls (3/300 vs. 
1/300), respectively. In fact, a recent study by Hong et al. 

found a novel heterozygous variant (c.226C>T) resulting 
in a premature stop (p.Q76X) in exon 3 of the CPT1C, 
with benign clinical course (34). Therefore, whether the 
rs150853576 variant might be one of the “minor offenders” 
to contribute to cumulative risk and the occurrence of pure 
HSP in this pedigree, needs further functional verification.

Interestingly, a novel c.718 C>T (p.Q240X, Ref Seq 
NM_015291) variant in exon 5 of DNAJC16 resulted in 
a predicted protein that was not rapidly degraded, was 
potentially truncated by 69% its normal size, and was 
identified in almost all HSP individuals, except for Case 1 
in this pedigree. DNAJC16 was located on chromosome 
1p36.21 and encoded ERdj8, a 782-amino-acid protein. 
Recent reports revealed that ERdj8 localizes to a meshwork-
like ER subdomain. Along with phosphatidylinositol 
synthase (PIS) and the autophagy-related (Atg) proteins, 
it  is  associated with the regulation of the size of 
autophagosomes. Its over expression increased the diameter 
of the autophagosomes in non-selective autophagy, and 
its ablation resulted in a defect in engulfing larger targets 
(35,36). Thus, considering that only Case 1 as an HSP 
patient did not bear this nonsensical variant of DNAJC16, 
and her clinical features were newly progressed, it is worth 
fast-tracking whether this predicted pathological variant 
has a synergistic effect on the clinical progress of this HSP 
pedigree.

As for the pedigree, the 7 investigated HSP individuals 
carried most of the pathological gene variants, including 
Case 1 (2/3), 2 (3/3), 3 (3/3), 6 (2/3), 8 (3/3), 10 (3/3), and 
14 (3/3). Of significance is that Case 2 and Case 10 were 
selected for WES sequencing, with the result that both cases 
carried all the pathological variants so that the sequencing 
verification was credible. It was noteworthy that Case 8 also 
carried all the three variants, which was probably of the 
most relevance with her “Active” hyperreflexia in the upper 
limbs and dependent ambulation, diagnosed as Grade III 
(Table 1). Moreover, as Case 2 presented the most severe 
motor dysfunction as Grade IV (Table 1), and Case 3 as twin 
sister of Case 2 presented mild motor dysfunction as Grade 
I, indicating the clinical symptoms and time of onset are 
highly heterogeneous. 

Conclusions

On the whole, most of the HSP patients who presented 
with possible pathological variants confirmed that the AD 
hereditary manner prevailed in this pure HSP pedigree. 
The SPAST (c.1510 C>T, p.Gln504X, RefSeq.NM_199436) 

http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20211227-062728-0240-35083180-p2m/
http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20211227-062728-0240-35083180-p2m/
https://www.ncbi.nlm.nih.gov/snp/ rs150853576?
https://www.ncbi.nlm.nih.gov/snp/ rs150853576?
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as a genotype-phenotype cosegregated variant might be the 
“principal offender” of this pedigree. Considering the age 
of onset and clinical features, the other two variants might 
present cumulative risks to the occurrence and progression 
of HSP, to some genetic extent. However, further abundant 
applied studies should be carried out to obtain a more 
profound and sound understanding of the mechanisms 
used among these AD-HSP-related gene variants. Once 
further confirmation is achieved, these pathological variants 
or genes may potentially be applied as biomarkers in the 
diagnosis and provision of therapy during clinical treatment 
for pure HSP patients.
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