Pre prints.org

Article Not peer-reviewed version

Canine Multiple System Degeneration

Associated with Sequence Variants in
SERACT

Rong Zeng , Juyuan Guo, Garrett Bullock , Gary S. Johnson , Martin L Katz :

Posted Date: 1 October 2024
doi: 10.20944/preprints202410.0014.v1

Keywords: movement disorder; dog; mitochondria; whole genome sequencing; neurodegeneration

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3588151
https://sciprofiles.com/profile/790516
https://sciprofiles.com/profile/2638801

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 October 2024 d0i:10.20944/preprints202410.0014.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Canine Multiple System Degeneration Associated

with Sequence Variants in SERAC1

Rong Zeng !, Juyan Guo 2, Garrett Bullock 2, Gary S. Johnson 2 and Martin L. Katz 23*

1 IWK Health, Pathology and Laboratory Medicine, 5850 University Avenue, Halifax, Nova Scotia, Canada

2 Department of Veterinary Pathobiology, Canine Genetics Laboratory, College of Veterinary Medicine,
University of Missouri, Columbia, MO, 65211, USA

3 Neurodegenerative Diseases Research Laboratory, Department of Ophthalmology, University of Missouri,
Columbia, MO, 65212, USA

* Correspondence: katzm@health.missouri.edu

Abstract: Canine Multiple System Degeneration (CMSD) is an early onset, progressive movement
disorder affecting Kerry Blue Terriers and Chinese Crested dogs. The associated pathologic lesions
include degeneration of the cerebellum, caudate nucleus and substantia nigra. CMSD is inherited
as an autosomal recessive trait in both dog breeds. Previous linkage mapping localized the CMSD
locus to a 15 MB region on canine chromosome 1 (CFA1). Next generation sequencing was used to
generate whole genome sequences from DNA of an affected dog from each breed. The resulting
sequence reads were aligned to the NCBI canine reference genome (build 3.1). Among the
homozygous sequence variants within the CFA1 target region, a nonsense variant in exon 15 of
SERACI was identified in the affected Kerry Blue Terrier, while in the Chinese Crested dog, a 4 bp
deletion in the SERAC1 exon 4 acceptor splice site was found. RT-PCR showed that this deletion
resulted in exon 4 skipping. Genotyping of large cohorts of Kerry Blue Terriers and Chinese Crested
dogs for the respective breed-specific SERACI variants showed complete concordance between
genotype and disease phenotype. Genotype-phenotype concordance was also observed in offspring
generated by cross breeding between SERACI-heterozygous Kerry Blue Terrier and Chinese
Crested dogs, with only the compound heterozygotes exhibiting the disease phenotype, further
confirming the recessive inheritance of CMSD. Variants in human SERACI are associated with
disorders with a range of ages of disease onset and patterns of clinical signs, but that are all
characterized by movement abnormalities similar to those of the dogs with CMSD. Canine CMSD
could serve as a valuable model to elucidate the mechanisms underlying SERACI-deficiency
disorders and to evaluate potential therapeutic interventions.
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1. Introduction

Canine multiple system degeneration (CMSD) is a progressive early onset movement disorder
that occurs in Kerry Blue Terrier and Chinese Crested dogs [1,2]. Disease onset is characterized by
cranial intention tremor and cerebellar ataxia that first become apparent at 3 to 6 months of age. The
affected dogs exhibit a goose-stepping gait and infrequent falls during this early stage. By 6 to 8
months of age, the falling episodes become more frequent and the gait changes to festination with
dysmetria. As the disease progresses, affected dogs develop akinesia and severe postural instability
and frequent falls. Magnetic resonance imaging of the brains demonstrated disease-related cerebellar
atrophy. Due to the progressive severity of neurologic signs, affected dogs are typically euthanized
humanely by 13 to 18 months of age. Postmortem examination of the brains revealed Purkinje cell
loss in the cerebellum and neuronal loss from the substantia nigra, putamen and caudate nucleus [1].
The patterns of inheritance in both breeds indicated that CMSD is an autosomal recessive disorder.
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Previous microsatellite-based linkage mapping localized the CMSD disease loci to chromosome
1 in both breeds [1]. Further haplotype analysis using 11 additional microsatellite markers on CFA1
narrowed the target region to a 15 MB region containing 89 positional candidate genes. Among the
genes in this region is PARK2, a gene associated with autosomal recessive juvenile parkinsonism,
which presents with similar signs to CMSD including akinesia, gait abnormalities and postural
instability. [3]. Degeneration of neurons in the substantia nigra, loss of Purkinje cells, and cerebellar
ataxia are also reported in some human patients with Parkinson-plus syndromes [4-7]. Given these
similarities, it was hypothesized that variants in PARK2 may be responsible for CMSD. However, this
has not yet been directly tested. To identify the underlying genetic variants underlying CMSD, whole
genome sequence analyses were performed on affected dogs from both Kerry Blue Terrier and
Chinese Crested breeds.

2. Materials and Methods
2.1. Interbreed Mating Study

Because the disease phenotypes in the Chinese Crested and Kerry Blue Terrier dogs were
identical and the causal variant mapped to the same region of CFA1 in both breeds, we hypothesized
that the disease in both breeds resulted from variants in the same gene. To test this hypothesis, we
evaluated the pattern of inheritance of the disease phenotype in offspring by crossing obligate carriers
from each breed (Chinese Crested X Kerry Blue Terrier). The offspring of this cross were monitored
for the development of the characteristic CMSD phenotype.

2.2. Whole Genome Sequence Analyses

Genomic DNA was isolated from blood leukocytes from an affected Kerry Blue Terrier and an
affected Chinese Crested dog as described previously [8]. DNA samples were submitted to the
University of Missouri Genomics Technology Core Facility for library construction and 2 x 150 base
pair paired-end sequencing on an Illumina HiSeq 2000, with a target coverage of 20x. Raw sequence
reads were aligned to the canine reference genome (build 3.1) by a modified Burrows-Wheeler
Transform (BMT) alignment method with NextGENe v2.3.3 software which takes into account
parameters including mapping quality, Phred quality for each base, read depth, repetitiveness and
minor allele frequency. Sequence variant calling and reference sequence annotation were performed
by integrating the NCBI canine genome reference sequence annotation with NextGENe software.

To identify candidate pathogenic mutations, we generated a sequence variants report table for
each dog that listed all the homozygous variants detected in the coding sequences relative to the
reference genome. This included homozygous splice site variants, nonsynonymous missense
variants, indel variants, stop to read-through variants, and premature stop codon variants. The
sequence variants were further filtered to exclude homozygous variants that were present in the
whole genome sequences of 102 dogs that had not exhibited signs of movement disorders. These
whole genome sequences had been generated previously by us using approaches similar to those
used in this study. By focusing only on the sequence variants within the CFA1 disease target region
identified by our previous linkage analysis, we generated final variant reports for each of the CMSD-
affected dogs.

Among these sequence variants were a nonsense variant caused by a G to A substitution in exon
15 of SERACT in the affected Kerry Blue Terrier and a 4 bp deletion in SERAC1 exon 4 acceptor splice
site in the Chinese Crested dog. Individual canine DNA samples were genotyped with respect to the
4 bp deletion by direct re-sequencing DNA with an automated Sanger sequencer (3730xl; Applied
Biosystems). The forward primer was 5-GGAAATATAATAAAGTTTACTGG-3' and reverse primer
was 5'- CAAAATTTATACATATTTGCCAC-3'. The resulting amplicon was 140 bp in length.
Individual canine DNA samples were genotyped with respect to the G to A nucleotide change which
produced a premature stop codon by RFLP-PCR. The PCR forward primer was 5'-
CCCAATAAAAGCTCTTGCCT-3' and reverse primer was 5- GGCCAGAATTAAGTGAACCA-3'.
Restriction enzyme BstXI enzyme was used to digest the PCR product by using the following reaction
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conditions: 3U BstXI enzyme and 1X NEBuffer 3 incubated at 37°C for 2 hours. For the ancestral allele,
the 299 bp PCR product remains intact; whereas, the digestion cuts the mutant allele into 182 bp and
117 bp oligonucleotides. Restriction fragment sizes were determined with a microcapillary
electrophoresis system (QIAxel, Qiagen).

TRIzol Reagent (Invitrogen) was used to extract total RNA from the brains of one affected and
two unaffected Chinese Crested dogs. The affected dog was euthanized due to progression of the
movement disorder signs and the unaffected dogs were euthanized due to unrelated health issues.
RT-PCR amplifications were performed with a GeneAmp®EZ rTth RNA PCR kit (Applied
Biosystems) using the following primer pairs: 5-TGCAGAAGAATAGGAACCTCA-3' and 3'-
TTGCCTGGTAGGTGATTCCAT-5". The resulting amplicons were evaluated with a microcapillary
electrophoresis system (QIAxcel, Qiagen).

3. Results

Litters of both Kerry Blue Terriers and Chinese Crested dogs from unaffected parents included
both CMSD-affected and unaffected offspring (Figure 1), indicating that the disorder is a recessive
trait in both breeds. The cross breeding of obligate carrier Kerry Blue Terrier and Chinese Crested
dogs produced a litter that included both CMSD-affected and unaffected offspring (Figure 1). This
finding indicated that the casual variants likely to reside in the same gene in the two breeds.

O
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bmboomoe ¢ L1

D Normal male . Affected male Kerry Blue Terrier

Chinese Crested

Affected femal
O hormeiemale . ectediemale Kerry Blue Terrier X Chinese Crested

Figure 1. Pedigree showing segregation consistent with an autosomal recessive inheritance for CMSD
and that the causal variants likely occurred in the same gene in the two breeds. The background is
blue-shaded behind the Kerry Blue Terrier family, yellow-shaded behind the Chinese Crested dogs,
and green-shaded behind the cross-bred litter. (Adapted from [1]).

The whole-genome sequence from a CMSD-affected Chinese Crested dog consisted of
167,497,918 reads, of which 120,222 were duplicate reads and 167,377,696 were unique. The whole-
genome sequence from an affected Kerry Blue Terrier consisted of 384,505,652 reads, of which only
360 were duplicate reads and 384,505,292 were unique. The unique reads generated from both dogs
were aligned separately to the canine reference genome using NextGENe software, resulting in an
aligned sequence with average 18-fold coverage for the Chinese Crested dog and average 22.3-fold
coverage for the Kerry Blue Terrier. For each dog, the sequence variants were filtered to include only
those that were homozygous in the probands. Variants found to be homozygous in the whole genome
sequences of any of 102 other dogs in our internal database that did not suffer from CMSD were also
excluded. The remaining homozygous variants were further filtered to include only those located
within the CFA1 region to which we previously mapped the causal variant [1].
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Two variants in the Kerry Blue Terrier met the filtering criteria: a nonsense variant in SERAC1
(Figure 2) and a missense variant in SLC22A2. The SERAC1 variant, which introduces a premature
stop codon (p.-W512X) in exon 15, was considered more likely to be causal due to its predicted impact
on the encoded protein and the associations of variants in this gene with neurological disorders [9].
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CCTCCCATGCTATGTGAT ACCCAAATGACTGGCCTA C CCAHCACCGOCAGCYCYOAG
CAAAAATGAGACATACCTCCCATGCTATGTGAT ACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CARAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACT ATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTC ACCGGCAGCTCTGAG
CAAAAATGRAGACATACCTCCCATGCTATGTGATACTCAAATG GGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAL GACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCC CCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACAC: AGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGC>GCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGC TGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG

ARAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CA AATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CA ATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGC TGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTC GAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG

ATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CAAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CARAAAATGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
TGAGACATACCTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CTCCCATGCTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
CTATGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
TCGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
TGTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG

CA GTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
GTGATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
GATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
ATACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG
ACTCAAATGACTGGCCTATCTCCAACACCGGCAGCTCTGAG

Figure 2. NextGENe software viewer shows an alignment of whole genome sequence reads DNA
from a CMSD-affected Kerry Blue Terrier in the antisense orientation for SERACI. This region
contains a homozygous a C>T which converts a tyrosine codon (TGG on the sense strand) to a
premature stop codon (TGA on the sense strand). Sequence variants are highlighted in blue.

The whole genome sequence of the CMSD-affected Chinese Crested dog contained a 4bp (GTAA)
deletion in the acceptor splice site of SERACI exon 4 (Figure 3). SplicePort
(http://spliceport.cbcb.umd.edu/Splicing Analyser.html), an interactive splice site analysis tool, has
predicted that the mutation would cause exon skipping. This prediction was confirmed by the RT-
PCR amplification of SERACI transcripts between exon 3 and exon 5, which showed a reduced
transcript length in RNA from an affected Chinese Crested dog corresponding to the omission of
exon 4 (Figure 4). Automated Sanger sequencing of the RT-PCR product confirmed exon 4 skipping
in the transcript from the affected dog (Figure 5).
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AGTAAACTTTATTATATTTCCTTCALALL
AGCTGACAC CCTAAAATAAGT ATATTTCCTTCAAL
AGCTGACAC CCTAAAATAAGTGATCCAGTAAACTTTATTATATTTCCTTCALALLY
AGCTGACAC CCTAAATAAGTGATCCAGTAAACTTTATTATATTTCCTTCA
AGCTGACAC CCTAALALATAAGTG ALAA
AGCTGACAC CCTAAAATAAGTGATCC
AGCTGACAC CCTAAAATAAGTGATCCAGTAAACTTTATTATATTTICCTTCALALLY
AGCTGACAC CCTAAMMTAAGTGATCCAGTAAACTTTATTATATTTICCTTCAALLL
AGCTGACAC CCTAAAATALGTGATCCAG
AGCTGACAC CCTAAMTAAGTGATCCAGTAAACTTTATTATATTTICCTTCA
AGCTGACAC CCTAALAATAAGTGATCCAG
AGCTGACAC CCTAAMTAAGTGATCCAGTAAACTTTATTATATTTCCTTCA
AGCTGACAC CCTAAAATAAGTGATCCAGTAAACTTTATTATATTTCCTTCAALLY

Figure 3. NextGENe software viewer shows an alignment of whole genome sequence reads generated
from DNA from a CMSD-affected CCD in the antisense orientation for SERACI. This region contains
a homozygous a 4bp deletion (GTAA in the antisense strand) in the exon 15 acceptor splice site. The
deleted nucleotides are highlighted in blue. The SERACI exon 15 coding region is highlighted in red.
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Figure 4. Microcapillary electrophoretograms of RT-PCR amplicons produced with primers designed
to anneal to exon 3 and exon 5 of SERACI. The RNA from a CMSD-affected (lane 4) and two
unaffected (Lanes 2 and 3) Chinese Crested dogs. A band at 253 bp was expected from the consecutive
splicing of exon 3 to exon 4 to exon 5. A band at 216 bp was expected from the splicing of exon 3 to
exon 5. Lane 1 was a no-template control (lane 1). The band at 500 bp is from an internal molecular
weight marker.

Exon 3 Exon 5
A C TG G AG AGATAT CAITGGT TCTTTITATT
Ir d A1 1T 31 TJ1TTATA dTIARTIAARTAARAATAAR

A s

Exon 4 Skipped

Figure 5. Automated Sanger sequence electrophoretograms of the RT-PCR amplicon produced with
RNA from a CMSD-affected Chinese Crested dog confirming the splicing of SERACI exon 3 to exon
5.

A PCR-RFLP assay was used to genotype individual Kerry Blue Terriers for the SERACI
nonsense variant (Figure 6). Genotyping was performed on a cohort of 228 Kerry Blue Terriers with
known clinical status. All CMSD-affected dogs were homozygous for the variant allele, while
clinically unaffected dogs were either homozygous for the reference allele or heterozygous.
Homozygosity for the mutant allele was highly significantly associated with the CMSD phenotype
(p < 1.0 x 107, Fisher’s exact test 2x2). Table 1 summarizes the genotype distribution. 90 dogs from 25
other breeds that did not exhibit CMSD signs were all homozygous for the reference allele.

500.0-
4340 -X0.0:

1 2 3 4 5

Figure 6. Microcapillary electrophoretograms of amplicons produced with the RFLP-PCR genotyping
assay with DNA from two CMSD-affected KBTs, (lanes 1 and 2), DNA from a clinically normal KBT
with a “carrier” (heterozygous) test result (lane 3) and two other clinically normal KBTs with a
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homozygous normal test result (lanes 4 and 5). The bands at 15 bp and 500 bp are from internal
molecular weight markers.

Table 1. Distribution of genotypes and phenotypes among affected and unaffected Kerry Blue

Terriers.
Genotype
Phenotype Mut/Mut Mut/WT WT/WT Total
Affected 5 0 0 5
Unaffected 0 11 212 223
Total 5 11 212 228

A cohort of 183 Chinese Crested dogs with known clinical status was genotyped to screen for
the SERAC1 4bp deletion using automated Sanger sequencing of PCR amplicons generated with
primers spanning the deletion site (Figure 7). Table 2 summarizes the genotype and phenotype
distributions. All 41 CMSD-affected dogs were homozygous for the mutant allele, while clinically
unaffected dogs were either homozygous for the reference allele or heterozygous. Homozygosity for
the mutant allele was highly significantly associated with the CMSD phenotype (p < 1.0 x 10,
Fisher’s exact test 2x2). 131 dogs from 11 other breeds, none of which exhibited CMSD signs, were
homozygous for the reference allele.
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Figure 7. Automated Sanger sequence electrophoretograms of PCR amplicons produced with DNA
from unaffected (Top), CMSD-affected (Middle), and heterozygous unaffected Chinese Crested dogs
(Bottom).
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Table 2. Distribution of genotypes and phenotypes among affected and unaffected Chinese Crested

dogs.
Genotype
Phenot Total
enotype Mut/Mut Mut/WT WT/WT ota
Affected 41 0 0 41
Unaffected 0 55 87 142
Total 41 55 87 183

4. Discussion

Hereditary CMSD was first described in Kerry Blue Terriers as early as 1946 [2,10] and
subsequently in Chinese Crested dogs [1]. Linkage analyses using microsatellite markers localized
the genetic variants underlying the disease to a 15-Mb region of CFA1 in both breeds, but the specific
variants underlying the disorder in these breeds were not identified. Because the clinical signs of
CMSD resemble those in some forms of human Parkinson’s disease associated with variants in
PARK2, and because the canine ortholog of PARK? is located within the mapped CFA1 region, it was
hypothesized that that variants in PARK2 might underlie CMSD in both breeds. However, the whole
genome sequences of CMSD-affected dogs from both breeds did not contain homozygous variants in
PARK? relative to the reference sequence.

With advances in technology and improved annotation of the canine genome, we were able to
identify the causal variants in SERAC1 in both breeds. The SEARACT1 protein is localized to the outer
mitochondrial membrane where it facilitates serine transport from the cytosol to the mitochondria
[11]. SERAC1 has also been shown to play a role in modulating mitochondrial membrane
phospholipid composition and intracellular cholesterol trafficking [12]. Lack of functional SERAC1
protein results in depletion of mitochondrial DNA leading to mitochondrial dysfunction [11]. Thus,
it appears likely that the signs of CMSD are the result of impaired mitochondrial function. Evidence
suggests that the mitochondrial dysfunction resulting from SERACI1 deficiency is due at least in part
to insufficient supply of nucleotides to the mitochondria, and that supplementation with nucleosides
or nucleotides can restore mitochondprial function [11].

Variants in human SERACT are associated with a spectrum of disorders, including MEGDHEL
syndrome (3-methylglutaconic aciduria with deafness-dystonia, hepatopathy, encephalopathy, and
Leigh-like syndrome) [9,13-15], juvenile-onset complicated spastic paraplegia [16], and adult-onset
generalized dystonia [9,17]. Age of onset and the spectrum and severity of signs in human SERACI-
associated disorders varies widely. MEGDHEL, the most severe form, typically presents with
neonatal or infantile onset with signs that include transient hypoglycemia, feeding problems, failure
to thrive, optic atrophy, developmental delay followed by motor and cognitive regression,
progressive sensorineural hearing loss, progressive dystonia, and progressive spasticity [9,14,18].
Most children with this form of SERACI1 deficiency are completely dependent on care for all activities
of daily living, and in some cases, the disease is fatal. Over 40 different SERACI variants, including
missense, splice site, frame shift and nonsense variants, have been found to be associated with the
early-onset MEGDHEL [13-15,19,20]. A juvenile-onset disorder associated with SERAC1 deficiency
is characterized by cognitive delay, and slowly progressive lower limb spasticity beginning in
adolescence [16]. This disorder was associated with a splice variant that resulted in the absence of
full-length SERAC1 protein. The adult-onset disease associated with SERACI deficiency is
characterized by cognitive regression and progressive dystonia beginning in early adulthood
[17,21,22].

All of the human SERACT deficiency disorders are characterized by dystonia, which is the most
prominent sign in the canine disease. Although cognitive function and hearing loss were not assessed
in the affected dogs, the canine disorder appears to closely resemble early-onset MEGDHEL
syndrome. Because dogs with SERACI-related CMSD could serve as a valuable model to test
therapeutic interventions for the human disorders, further phenotypic characterization of the canine
disease is warranted. Evidence suggests that nucleotide supplementation corrects the SERAC1
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deficiency-related mitochondrial dysfunction and therefore may have therapeutic benefits [11]. This
could be tested in dogs with CMSD.
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