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Whole exome sequencing identi�ed novel mutation
in SUOX gene causes extremely rare autosomal
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Abstract
Background

Isolated sul�te oxidase de�ciency (ISOD) is the rarest types of life-threatening neurometabolic disorders
characterized by neonatal intractable seizures and severe developmental delay with an autosomal
recessive mode of inheritance. ISOD is extremely rare and only 29 mutations have been identi�ed and
reported worldwide. Germline mutation in SUOX gene causes ISOD.

Methods

Here, we investigated a 5-days old Chinese girl, presented with intermittent tremor or seizures of limbs,
neonatal encephalopathy, subarachnoid cyst and haemorrhage, dysplasia of corpus callosum, neonatal
convulsion, respiratory failure, cardiac failure, hyperlactatemia, severe metabolic acidosis, hyperglycemia,
hyperkalemia, moderate anemia, atrioventricular block and complete right bundle branch block.
Karyotype and chromosomal microarray analysis were performed and identi�ed no chromosomal
abnormalities in the proband. Whole exome sequencing was performed for the proband. Sanger
sequencing was performed for the proband and her family members.

Results

Whole exome sequencing identi�ed a novel heterozygous deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) and a previously reported heterozygous substitution
(c.1200C>G) in exon 6 of the SUOX gene in the proband. The novel heterozygous deletion leads to
frameshift (p.Thr469Serfs*20) which results into the formation of a truncated sul�te oxidase of 488
amino acids. The substitution leads to a premature stop codon (p.Tyr400*) followed by the formation of
a truncated sul�te oxidase of 399 amino acids. Hence, both the variants are loss-of-function variants. The
proband’s father and mother is carrying the substitution and deletion in a heterozygous state respectively.
These two variants were not identi�ed in the elder brother of the proband as well as in the 100 healthy
individuals.  

Conclusion

Here, we reported the �rst variant of SUOX gene associated ISOD in Chinese population. Our study not
only expand the mutational spectrum of SUOX gene associated ISOD, but also strongly suggested the
application of whole exome sequencing for identifying the novel disease-causing mutation in candidate
genes.

Background
Isolated sul�te oxidase de�ciency (ISOD) [MIM# 272300] is one of the rarest types of neurometabolic
disorders usually manifested with severe neurometabolic impairment and developmental delay [1]. ISOD
patients with neonatal age of onset were usually characterized by very severe clinical phenotype which
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often leads to their death at their infancy [2]. Patients with ISOD were often presented with neonatal
seizures, di�culties in feeding, high-pitched crying with irritation, severe developmental delay,
abnormalities in muscle tone and movements [2]. Choreoathetosis and dystonia were often found in the
patients with ISOD [3]. In later stages, ectopia lentis is also identi�ed in ISOD patients [2]. ISOD patients
were also manifested with biochemical abnormalities, often included excess secretion of sul�tes and S-
sulfocysteine through urine and low level of cysteine in plasma [3]. In addition, neuroimaging of the ISOD
patients usually showed diffuse cortical swelling which gradually and progressively leads to the
multicystic encephalomalacia, mimicking hypoxic-ischemic encephalopathy [3, 4]. In patients with ISOD,
soon after birth, neuroimaging usually found hypoplastic corpus callosum and cerebral infraction, cystic
supratentorial white matter degeneration, with signal intensity changes in bilateral basal ganglia and
thalami [5, 6]. ISOD patients with neonatal disease onset were often died soon after birth or during
infancy [2]. However, ISOD patients, those who are not died at their neonatal stage, usually manifested
with cerebral palsy, severe developmental delay and encephalomalacia later.

Germline mutation in SUOX gene causes Isolated sul�te oxidase de�ciency (ISOD). SUOX gene is located
at the long arm of the chromosome 12 (12q13.2) and encodes sul�te oxidase consisting of 545 amino
acids. Sul�te oxidase is located in the intermembrane space of mitochondria. Structurally, sul�te oxidase
is consisting of two identical subunits (homodimer) and each subunit comprises of a N-terminal heme
co-factor binding domain and a C-terminal molybdopterin-binding domain. Firstly, for obtaining catalytic
enzymatic activity, sul�te oxidase interacts and bind with a molybdenum-containing cofactor. Then, it
catalyzes the transformation of sul�te (SO3

2−) to sulphate (SO4
2−) by oxidation via cytochrome c through

which the oxidative degradation of the sulfur-containing amino acids (cysteine and methionine) has been
taken place [7]. Germline mutations in SUOX gene leads to the formation of partial or complete non-
functional sul�te oxidase, followed by the impairment of the oxidative degradation of sul�te (SO3

2−) to

sulfate (SO4
2−). Partial or complete de�ciency of sul�te oxidase leads to fatal neurological abnormalities

at neonatal stage.

The patients with ISOD usually manifested with either fatal early-onset form presented with seizures,
severe psychomotor retardation and death or late-onset form with comparatively milder clinical
symptoms [8, 9]. Genotype-phenotype relationship is quite clear, as type of mutation and residual sul�te
oxidase activity is directly correlated with the disease severity [10]. Patients with ISOD clinically
diagnosed by neuroimaging which identi�ed multicystic leukoencephalopathy and atrophy of brain [7,
11]. ISOD patient’s laboratory test was majorly identi�ed with positive urinary sul�te test, i.e. (i) increased
level of S-sulfocysteine, taurine, and thiosulfate with normal level of uric acid in urine, (ii) high level of S-
sulfocysteine and taurine, normal level of uric acid and methionine and low level of cystine and
homocysteine in plasma [8]. Patients with ISOD harbouring homozygous or compound heterozygous
mutation in SUOX gene were identi�ed with complete loss of sul�te oxidase activity while asymptomatic
carrier individual with heterozygous mutations in SUOX gene were usually presented with 50% loss of
sul�te oxidase activity [11, 12].
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In this study, we investigated a 5-days old Chinese infant girl with ISOD. Karyotype and chromosomal
microarray analysis showed no chromosomal abnormalities in the patient. Whole exome sequencing
(WES) was performed for the proband. WES identi�ed a novel 16 nucleotide deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) and a previously reported substitution (c.1200C > G) in exon 6
of the SUOX gene in the proband. Both of these two variants are loss-of-function variants. The proband’s
father and mother is carrying the substitution (c.1200C > G) and deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) in a heterozygous state respectively. These two variants were
not identi�ed in the elder brother of the proband as well as in the 100 healthy individuals. Here, we
reported the �rst variant of SUOX gene associated with ISOD in Chinese population.

Methods
Patients and Clinical Materials

In this study, a 5-days old Han Chinese girl with ISOD was recruited and enrolled in the Division of
Maternal-Fetal Medicine, Bao’an Women and Children's Hospital, Jinan University, Shenzhen, China
(Figure 1.A).

Radiological, Physical and Biochemical Examination

Ultrasonography (USG), magnetic resonance imaging (MRI) and computerized tomography (CT) were
performed. Physical, biochemical and routine blood tests were performed in the proband. The proband
was also tested for genetic metabolic diseases. Analysis of heme, reticulocyte and hsCRP has been done
for the proband. Liver function, renal function, electrolyte and blood ammonia test were also undertaken
for the proband. We also performed TroPI, myocardial enzyme and AMON test for the proband.

Karyotyping and chromosomal microarray analysis (CMA)

In the proband, standard G-banding karyotyping was performed to analyse the structure of all the
chromosomes. Chromosome microarray analysis (CNA) has also been done in the proband for
identifying copy number variations (CNV). CytoScan HD array (Affymetrix) was used for performing CNA.
Analysis of CNA data was done by using Chromosome Analysis Suite software version 1.2.2. The copy
number threshold was set at 10 kb and the marker count was set at ≥50 [13].

WES and identi�cation of candidate variants

Whole exome sequencing (WES) was performed for the proband. Genomic DNA of the proband was
extracted from her peripheral blood according to the manufacturer’s instructions. Genomic DNA of the
proband was then subjected to WES. Sequences were captured by Agilent SureSelect version 6 (Agilent
Technologies, Santa Clara, CA). Then, the enriched library was subjected to sequence with Illumina
HighSeq 4000 platform. After that, the sequencing reads were aligned with GRCh37.p10 by using
Burrows-Wheeler Aligner software (version 0.59). Next, Burrows-Wheeler aligned reads were locally
aligned by using GATK Indel Realigner (broadinstitute.org/). Base quality recalibration of Burrows-
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Wheeler aligned reads was performed by the GATK Base Recalibrator (broadinstitute.org/). Then, we
identi�ed single-nucleotide variants (SNVs) and small insertions or deletions (InDels) by using GATK
Uni�ed Genotyper (broadinstitute.org/). Lastly, annotation of the identi�ed variants with the Consensus
Coding Sequences Database (20130630) at the National Center for Biotechnology Information (NCBI)
was performed. The quality control data of WES has been illustrated in Supplementary Table S1.

WES data were interpreted and analysed according to our previously published article [13]. Firstly,
variants were selected based on their minor allele frequencies <0.05 in various databases (dbSNP,
HapMap, 1000 Genomes Project and BGI database with ~50,000 Chinese Han samples). Secondly,
identi�ed variants were functionally classi�ed into pathogenic, likely pathogenic, VUS, likely benign and
benign groups according to the variant interpretation guidelines of American College of Medical Genetics
and Genomics (ACMG) [14]. Finally, the remaining variations in the proband and her unaffected were also
analysed on the basis of the reference of the OMIM (https://www.omim.org) and other published
resources. The data interpretation and bioinformatics analysis are schematically illustrated and
described in Figure 1.B. 

Sanger sequencing

Sanger sequencing was performed for the proband as well as for her parents to validate the identi�ed
variants in WES. Primer pairs were designed for the candidate loci on the basis of reference genomic
sequences of the Human Genome from GenBank in NCBI. Primers were synthesized (Invitrogen,
Shanghai, China) and polymerase chain reaction (PCR) has been done by using an ABI 9700 Thermal
Cycler. Then, PCR products were directly sequenced by an ABI PRISM 3730 automated sequencer
(Applied Biosystems, Foster City, CA, USA). Sequencing data analysis was performed by DNASTAR
SeqMan (DNASTAR, Madison, Wisconsin, USA).

Sanger sequencing validated the identi�ed heterozygous variants by WES by using the following primers:
F1 5’-GCGCGGATCTCAGCATGCGCGG-3’, R1 5’-GGGGTCTCCGCGGCTCCCCGG-3’; F1 5’-
GGCGCTAGGGTCGAAGGCGGCG-3’, R1 5’-GGTCTCGGTAGGCGCGTACTGG-3’ The reference sequence
NM_000456 of SUOX gene was used.

In silico Analysis

In silico analysis of identi�ed variants was performed by Mutation Taster (http://mutationtaster.org/)
[15].

Results
Index case

In this study, we investigated a proband with ISOD from a nonconsanguineous Han Chinese family
(Figure 1A). Proband’s younger sister was died and her younger brother was phenotypically normal.
Proband’s parents were also phenotypically normal and asymptomatic.

http://mutationtaster.org/
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In 2009, after a successful and uneventful pregnancy, proband’s mother (I-2) gave birth to a baby girl (II-
1). One hour after birth, she was identi�ed with "general cyanosis" and consecutively transferred to the
department of neonatology and pediatrics of our hospital for treatment. After admission, we found that
the baby was unable for sucking milk and high tension of her quadrilateral muscles with spasmodic
twitch. Then, we performed CT and found subarachnoid haemorrhage. Hence, we clinically diagnosed the
baby girl with "neonatal hypoxic-ischemic encephalopathy with subarachnoid hemorrhage". The child
died on the same day.

Two years later, in 2011, proband’s mother (I-2) gave birth to a baby boy (II-2). During pregnancy, the color
ultrasound was performed and showed that the posterior fossa of the fetus was 1.03cm. After birth, the
baby had repeated intussusception. At the age of 2 months, the baby had convulsions once. The baby's
head was found stable at the age of 5 months. At the age of 18 months, the baby could walk alone. We
performed CT and found that the bilateral frontotemporal lobe sulcus and �ssure were widened, and the
brain was not fully developed. The rehabilitation treatment was carried out in the hospital. Presently, the
psychomotor development of the boy is become normal.

In 2019, proband’s mother (I-2) achieved her third pregnancy. Prenatal examination identi�ed no
abnormalities. At 31 weeks of gestation, B-ultrasound was performed and found no abnormalities.
However, at 37+4 weeks of gestation, B-ultrasound was performed again and showed that the left lateral
ventricle was 1.12 cm wide (Figure 2.A), the depth of cisterna magna was 1.44 cm (Figure 2.B), there was
a cystic area about 1.61cm × 0.91cm in size located in the midline of the brain above the anterior
thalamus (Figure 2.C), and thin corpus callosum (Figure 2.D). At 38 weeks of gestation, MRI was
performed and found that the posterior horn of bilateral ventricles was slightly widened, the third
ventricles were enlarged and uplifted, connected with the longitudinal �ssure cistern of the brain, and the
possible absence of the corpus callosum was considered. There were many small and �aky abnormal
signal shadows were identi�ed in the white matter of bilateral frontotemporal lobe and bilateral basal
ganglia, as well as many softened foci were found (Figure 2.E-H).

At 38+4 weeks of gestation, a live baby girl, the proband was born through a cesarean section. The birth
weight of the proband was 3.17 kg, and the Apgar score was 10. Soon after delivery, the proband was
identi�ed with intermittent tremor or seizures in limb. Five days after birth, we also found that the proband
was presented with intermittent tremor or seizures in limb, neonatal encephalopathy, subarachnoid
haemorrhage, subarachnoid cyst, dysplasia of corpus callosum, neonatal convulsion, hypotension,
respiratory failure, heart failure, patent foramen ovale, hyperlactatemia, severe metabolic acidosis,
hyperglycemia, hyperkalemia, moderate anemia, high atrioventricular block and complete right bundle
branch block.

Combined with the prenatal MRI result and based on the clinical symptoms, the proband was
immediately transferred to the neonatological department of our hospital. Emergency CT scan was
performed and showed multiple hypodense lesions in bilateral, frontal and parietal cortex, symmetrical
hyperdense shadows were identi�ed in bilateral basal ganglia, dysplasia of corpus callosum, a small
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amount of subarachnoid hemorrhage, enlargement of cisterna magna, possible subarachnoid abscess
and compression of cerebellar hemisphere (Figure 2. I-M).

After admission, the patient still had intermittent scream, obvious tremor or seizures in limb, decrease in
oxygen saturation in blood and blood pressure under the sedative state with chloral hydrate. The proband
was also sedated by the treatment with phenobarbital sodium, and the convulsion still occasionally
occurred. Dopamine and dobutamine were continuously pumped to maintain normal blood pressure,
while continuous positive airway pressure ventilation was used to maintain the normal blood oxygen.

The proband was tested for genetic metabolic diseases and found no abnormalities (Supplementary
Table S2). The proband was identi�ed with high level of mean corpulscular volume (MCV), mean
corpuscular hemoglobin (MCH), neutrophilic granulocyte percentage (NEUT%), immature cell percentage
(IG%), NRBC%, NEUT, MONO#, IG#, NRBC#, RDW-SD, RDW-CV and IRF as well as low level of hemoglobin
concentration (HGB), lymphocytes percentage (LYMPH%) and LFR (Supplementary Table S3). Liver
function, renal function, electrolyte and blood ammonia test of the proband showed extremely high level
of GGT, high level of Aspartic transaminase (AST), AST/ALT and low level of Total protein (TP) and
Albumin (ALB) (Supplementary Table S4). We also performed TroPI, myocardial enzyme and AMON test
for the proband and found extremely high level of Creatine Kinase (CK), Creatine kinase MB isoenzyme
(CK-MB), Troponin (TroPI) and Ammonia (AMON) (Supplementary Table S5). 

On the 6th day of hospitalization, the proband was identi�ed with a sudden weak breath, the heart rate
dropped to about 80 times/ minute, the heart sound was low and blunt, the blood oxygen saturation
dropped to about 70%, the blood pressure was 47/12 mmHg. The patient was immediately intubated with
mechanical ventilation, the resuscitation capsule was pressurized with oxygen, and no improvement was
found after external chest compression, and �nally the proband died.

Karyotype and chromosomal microarray analyses

Karyotyping found no abnormalities in structure of all the chromosomes in the proband (46, XX) (Figure
3.A). No pathogenic copy number variations (CNVs) were identi�ed in all the chromosomes of the
proband by CAN (Figure 3.B).

WES and Sanger sequencing identi�ed a novel variant in SUOX gene

WES was performed for the proband. WES identi�ed a novel 16 nucleotide deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) and a previously reported substitution (c.1200C>G) in exon 6 of
the SUOX gene in the proband (Figure 4). The novel 16 nucleotide deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) leads to a frameshift (p.Thr469Serfs*20) followed by premature
termination of translation which �nally results into the formation of a truncated sul�te oxidase of 488
amino acids instead of the wild type sul�te oxidase of 545 amino acids. The substitution (c.1200C>G)
also leads to a premature stop codon (p.Y400*) followed by the formation of a truncated sul�te oxidase
of 399 amino acids instead of the wild type sul�te oxidase of 545 amino acids. Hence, both the variants
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are loss-of-function variants. The proband’s father and mother is carrying the substitution (c.1200C>G)
and deletion (c.1406_1421delCCTGGCAGGTGGCTAA) in a heterozygous state respectively (Figure 4).
These two variants were not identi�ed in the elder brother of the proband as well as in the 100 healthy
individuals. This heterozygous novel 16 nucleotide deletion (c.1406_1421delCCTGGCAGGTGGCTAA) also
not present in the Human Gene Variant database (HGMD, www.hgmd.cf.ac.uk/), Online Mendelian
Inheritance in Man (MIM, (https://www.omim.org). These two heterozygous variants are not found in
BGI’s database, consisting of ~ 50,000 Chinese Han samples. We also did not �nd these two variants in
ExAC, gnomAD, dbSNP and 1000 Genome Database. Our present study identi�ed the �rst variant in SUOX
gene associated with ISOD in Chinese population. In this study, we also described the importance of WES
as a potential sequencing technology for identifying candidate variant in the SUOX associated ISOD
patients.

In silico Analysis

These two variants (c.1406_1421delCCTGGCAGGTGGCTAA, p.Thr469Serfs*20; c.1200C>G, p.Tyr400*)
were predicted as “disease causing” by Mutation Taster (http://mutationtaster.org/) [15].

Discussion
In this study, we investigated a 5-days old Chinese girl child who was presented with Classic ISOD.
Karyotype and chromosomal microarray analysis identi�ed no chromosomal abnormalities in the patient.
Whole exome sequencing identi�ed a novel 16 nucleotide deletion
(c.1406_1421delCCTGGCAGGTGGCTAA) and a previously reported substitution (c.1200C > G) in exon 6
of the SUOX gene in the proband. Both of these variants lead to the formation of truncated sul�te
oxidase. Hence, both the variants are loss-of-function variants. The proband’s father and mother is
carrying the substitution (c.1200C > G) and deletion (c.1406_1421delCCTGGCAGGTGGCTAA) in a
heterozygous state respectively. These two variants were not identi�ed in the elder brother of the proband.
According to the variant interpretation guidelines of American College of Medical Genetics and Genomics
(ACMG), this variant is categorized as “likely pathogenic” variant [14].

The proband inherited the heterozygous substitution (c.1200C > G) from her father. This variant was
identi�ed in homozygous state in two patients with ISOD in Taiwan [16, 17]. In 2012, Huang et al.,
investigated a female new born presented with high-pitched cry, tonic movements of four limbs, seizures
without desaturation, decreased level of total homocysteine in plasma, diffuse cerebral atrophy and
persistent edema in the left occipital, posterior temporal, and parietal lobes [16]. Proband’s parents were
healthy and nonconsanguineous without any family history. The proband was born through an
unremarkable pregnancy. The proband was not identi�ed with any obvious dysmorphic features with
normal uric acid level [16].

In 2017, Lee et al., reported a female new born clinically diagnosed with ISOD from Taiwan. The proband
was born after an uneventful pregnancy. Proband’s parents were truly non-consanguineous without any
family history. The proband was manifested with di�culty in feeding and prolonged feeding time with

http://www.hgmd.cf.ac.uk/
https://www.omim.org/
http://mutationtaster.org/
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poor sucking power. The proband was also presented with seizures with bicycling of legs, alternating
myoclonic seizures with rhythmic jerking over limbs, and high-pitched irritable cry. Proband’s brain MRI
showed ventricular dilatation, left frontal and temporal areas with cystic lesions, high T2 signal intensity
of the bilateral cerebral cortex and globus pallidi. The proband was identi�ed with normal level of
bicarbonate, ammonia, plasma uric acid, amino acids, acylcarnitine, and urinary organic acids with
absence of su�tes in urine as well as a very low level of plasma cysteine [17].

Generally, ISOD is manifested with axial and peripheral hypotonia with movement abnormality, seizures,
spasticity, microcephaly, intellectual de�cit, di�culties in feeding, severe psychomotor retardation and
ectopia lentis or dislocation of lens with an early infantile or neonatal age of onset. Axial and peripheral
hypertonia are the most common phenotype among ISOD patients. Pharmaco-resistant seizures with
abnormalities in muscle tone and movements were usually identi�ed in most of the ISOD patients.
Gradual and progressive di�culties in feeding was also found in many ISOD patients. According to
neuropathological symptoms, it is impossible to distinguish between ISOD patients and the patients with
severe perinatal asphyxia [18, 19]. Zaki et al., strongly recommended to include ISOD in the new-born
differential clinical diagnosis with neonatal convulsion, seizures, abnormalities in movement and EEG
test result [20]. Previous studies showed that typical neuropathological (progressive changes in white
matter, atrophy of cerebrum and cerebellum, cystic leukomalacia and ventriculomegaly) features of ISOD
patients usually identi�ed by neuroimaging (CT or MRI) [21, 22].

Till date, no curative treatment has been developed for the patients with ISOD. In human, catabolism of
cysteine is the major source of sul�te, so, late-onset ISOD patients with milder clinical symptoms usually
recommended with low-methionine or low-cysteine diet [8, 23, 24]. Previous study reported that two late-
onset ISOD patients with mild clinical phenotype has been treated with low-methionine and low-cysteine
diet and showed gradual progress in psychomotor development without neurological deterioration [23].
However, ISOD patients with early or neonatal age of onset usually showed lethal outcome [25].

Sul�te oxidase is a molybdenum dependent enzyme. Pre-sul�te oxidase translocated from the cytosol to
the outer mitochondrial membrane through the N-terminal ladder peptide which subsequently anchored
on the inner mitochondrial membrane [26]. Inner membrane peptidase (IMP) cleaved the N-terminal
ladder peptide and the C-terminal fragment of sul�te oxidase has been released into the intermembrane
space (IMS). Sul�te oxidase catalytically activated after binding with heme and molybdenum cofactor
followed by homodimerization [21, 26].

Till now, only 29 germline variants of SUOX have been identi�ed to be associated with ISOD. Among 29
reported variants, 19 variants are missense, 3 variants are nonsense and 6 variants are deletion which
result into frameshift [3, 7, 8, 9, 11, 20, 27–32]. One deletion leads to loss of the wild type stop codon and
followed by formation of a prolonged protein [25].

ISOD is a very rare and extremely heterogenous disorder in terms of both genotype and phenotype.
However, due to extreme genotypic and phenotypic heterogeneity among patients with ISOD, identifying
candidate gene and disease-causing mutation is a great challenge. Genetic screening of ISOD patients by
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performing next generation sequencing, either single gene sequencing or sequencing of a panel of genes
are not always able to identify the candidate variants underlying the disease phenotype in ISOD patients.
In order to overcome these disadvantages, whole exome sequencing, specially WES is the most
signi�cant and recent sequencing technologies for identifying the candidate gene and disease-causing
variants in patients with ISOD. WES is the most sophisticated and advanced technique considering for
identifying the candidate gene variants. allowing clinicians for making timely and proper clinical
diagnosis [33–35]. In conclusion, our present study not only report the �rst variant of SUOX gene in a
patient with ISOD in Chinese population, but also describe the importance and application of WES as a
potential high throughput sequencing technology for molecular genetic analysis for the patients with
ISOD.

Conclusions
Here, we report the �rst Chinese patient identi�ed with extremely rare ISOD. Our present study expanded
the mutation spectrum of SUOX gene associated with ISOD. Here, we also illustrated the signi�cance of
whole exome sequencing for identifying the candidate gene and disease-causing variants in patients with
ISOD. This study also helped the clinicians for making proper clinical diagnosis of the ISOD patients with
germline mutation in SUOX gene.
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ISOD: Isolated sul�te oxidase de�ciency; MoCoD:Molybdenum cofactor de�ciency; MRI:Magnetic
resonance imaging; MRS:Magnetic resonance spectroscopy; SO:Sul�te oxidase
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Figure 1

A. Pedigree of the Chinese family with ISOD. Squares and circles denoted males and females respectively.
Individuals labelled with a solidus were deceased. Roman numerals indicate generations. Arrow indicates
the proband (II-3). B. Schematic presentation of the detailed data interpretation pipeline.
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Figure 2

A-D. Ultrasonography examination. A. The width of the left lateral ventricle was 1.12 cm (white arrow). B.
The depth of cisterna magna was 1.44 cm (white arrow). C. A 1.6*0.9 cm cystic structure was identi�ed in
the midline falx. D. The agenesis of the corpus callosum and the posterior part of the pericallosal artery
not showed completely. E-H. Magnetic Resonance Imaging (MRI) examination. E. The axial T2WI images
found that the anterior horns of the bilateral ventricle were slightly enlarged (white arrow). The width of
them were 11.2mm in left and 10.2 mm in right. F: The axial T2WI images showed several �ake-shape
foci with T2WI high signal intensities (white arrow) symmetrically demonstrated in the white matter of
bilateral frontal and parietal lobes. The longitudinal �ssure of the brain was enlarged, and the knee of the
corpus callosum was not detected (red circle). The bilateral ventricles were enlarged and parallel with the
length of the midline (red arrow). G. The axial T2WI images identi�ed that the cisterna magna was
severely enlarged (red arrow) with T2WI high signal intensity. The compressed skull showed in the
corresponding part. The bilateral cerebellar hemispheres were small (black arrow). H. The axial T2WI
images demonstrated several round-shape foci with T2WI high-signal intensity (white arrow) in the white
matter of the right frontal lobe, left basal ganglia and bilateral insular lobes. The longitudinal �ssure of
the brain was enlarged, and the knee of the corpus callosum was not detected (red circle). I-M. Computed
tomography (CT) examination. I. The posterior portions of bilateral ventricle were identi�ed with slight
ventriculomegaly (white arrow). The bilateral frontal lobe showed the patchy low-density shadow (red
arrow). J. Several patchy low densities (white arrows) symmetrically demonstrated in the white matter of
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bilateral frontal and parietal lobes. The longitudinal �ssure of the brain was enlarged, and the knee of the
corpus callosum was not detected (red circle). The distance between the bilateral ventricles was
increased and parallel with the length of the midline (red arrow). K. The cisterna magna was signi�cantly
enlarged (white arrow), and the bilateral cerebellar hemispheres were small (red arrow). L. The bilateral
basal ganglia showed slightly high density (white arrow). Several patchy low-density shadows were
identi�ed under the bilateral frontal and parietal cortex (red arrow); the longitudinal �ssure was enlarged
(red circle). M. The bilateral insular lobes showed patchy and low-density lesion (white arrow). The
cisterna magna was severely enlarged (red arrow).

Figure 3

A. Karyotype of the patient. Proband’s karyotype was normal. B. Chromosome Microarray Analysis.
Chromosome microarray analysis found no copy number variation (CNV).

Figure 4
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Partial DNA sequences in the SUOX gene by Sanger sequencing of the family. The reference sequence
NM_000456 of SUOX gene was used.
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