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Section 1: Supplementary Clinical Data

The proband was a Dutch female born to healthy non-consanguineous parents. She had an uneventful
perinatal course and was born with a normal weight for gestational age. Feeding difficulties were
immediately apparent, requiring tube feeding in neonatal period. As an infant, she had global development
delay (GDD), failing to meet developmental milestones in multiple areas of functioning. In terms of motor
milestones, sitting was achieved aged 18 months and she began walking aged 36 months. She had severe
delay in language development, speaking first words aged 2 year, and at follow-up aged 17 years, her
vocabulary is limited to approximately 10 words. She was also found to have progressive microcephaly
with an occipital frontal circumference (OFC) of 45.8 cm (2nd percentile, -2.1 SD) at 3.5 years and 49 cm
(<1st percentile, -5 SD) at 16 years. She had an MRI aged 4 years, which was otherwise unremarkable.
Recurrent febrile seizure were reported aged of 11, 16, 23 and 33 months. As she grew older, she
continued to exhibit signs of severe intellectual disability with limitations across all adaptive domains. Her
examination was notable for a number of dysmorphic features including brachycephaly, deep-set eyes,
upslanting palpebral fissures, short philtrum, long slender fingers and persistent fetal finger pads. She had
bilateral pes cavus requiring surgical correction and a unilateral foot-drop. She was unable to fully co-
operate in a neurological examination, but there was evidence of wasting distally in the upper and lower
limbs, she also appeared ataxic on mobilising and had absent ankle reflexes bilaterally.
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A Dutch female born to non-consanguineous parents. She presented with global developmental delay with
failure to meet age-appropriate milestones, first sitting aged 16 months old and walking at 26 months. She
spoke her first words aged 2 years and 6 months and continued to show profound speech delay. Now, as
an adult, she speaks only a few words with a nasal pitch and has severe intellectual disability. Microcephaly
was confirmed on examination with an OFC measuring 46.8 cm (<1stpercentile, -4.3 SD) aged 8 years and
11 months. She has epilepsy, experiencing her first GTC seizure aged 3 years, with epileptiform
discharges confirmed on EEG in the posterior temporal regions. On examination, she has several
dysmorphic features including mild upslanting palpebral fissures, wide set teeth, a broad jaw, clinodactyly
and marked thoracic kyphosis. She has severe bilateral foot drop with atrophy of the lower legs and
intrinsic foot muscles. She is hypotonic with muscle weakness, which is more pronounced distally.

Vibration and sensation are impaired to the level of the ankles. Her coordination is grossly normal but she
has a slight intention tremor in the right upper limb. She has had several investigations including an MRI
brain, aged 9 years, which was reported as normal. Nerve conduction studies confirmed a demyelinating
polyneuropathy and muscle ultrasound indicated hyperechogenecity distally in lower limbs bilaterally.

« . > *
The proband was a Dutch male born to healthy non-consanguineous parents. His pre-natal course was
remarkable for inter-uterine growth retardation and oligohydramnios. At birth, he was found to have a low
weight and OFC for gestational age. GDD was evident from early infancy as he failed to reach several
milestones including gross motor parameters, walking for the first time aged 30 months. In particular, his
speech was severely delayed. Now, aged 10 years his language is limited to short sentences with a notably
nasal quality. Dysmorphic features were evident on follow-up examination including medial eyebrow flare, a
short upturned nose, retrognathia and clinodactyly of his fifth fingers. He was notably dysarthric and had a
bilateral tremor with occasional myoclonus. He was hypertonic with clonus at the knee and ankle. Power
was reduced with weakness in a pyramidal distribution in the upper and lower limbs. He was hyperreflexic
with upgoing plantar reflexes bilaterally.
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Caucasian male born to healthy non-consanguineous parents. He presented with his first seizure aged 4
months old, suffering from both partial and myoclonic seizures with associated EEG abnormalities. In
addition, he has a dilated aortic root, which was diagnosed in infancy. He suffered from GDD. Gross motor
skills were severely delayed, first sitting aged 16 months and never acquiring the ability to walk unaided.
His speech was also profoundly delayed and is now limited to 1-2 words at the age of 13 years. On
examination, he had a dysmorphic appearance with arachnodactyly, pectus excavatum, dolichostenomelia,
long palpebral fissures and hypertelorism. He exhibited stereotypies with hand and mouth repetitive
movements. He had microcephaly with an OFC of 49cm aged 13 years old (<1st percentile, -4.7 SD). His
neurological examination was notable for severe spasticity in upper and lower limbs and impaired co-
ordination.
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Female born to healthy non-consanguineous parents. Characterised by severe global developmental delay,
with profound speech delay. Now aged 16 using she has only 1-2 word phrases. She first walked age 3
years. She had feeding difficulties in infancy requiring G-tube feeding. In terms of epilepsy, she had an
initial seizure at 3 months of age continued to have both partial and generalized seizures throughout her
childhood, which was well managed with levetiracetam. An EEG at 15 years was consistent with chronic
static encephalopathy. Her examination was notable for microcephaly with a sloping forehead, slanting
eyes, low set ears with fleshy helices, widely spaced teeth and small hands with tapered fingers. She
walked with a broad based ataxic gait. There was wasting distally especially involving the extensor
digitorum brevis. She was hypotonic in upper and lower limbs with distal weakness and hyporeflexia. She
had impaired sensation to pinprick in the upper and lower limbs. Nerve conduction studies showed findings
consistent with a demyelinating neuropathy.

. . > *
Male proband born to healthy non-consanguineous parents. He presented in infancy with
neurodevelopmental delay (NDD), walking for the first time aged 23 months. His speech development was
severely delayed and, now aged 8 years, he has a vocabulary limited to approximately 20 words. He began
having seizures at 11 months, which were initially considered febrile seizures; however, these occurred
recurrently throughout childhood and were classified as atypical febrile seizure. At this time, he underwent
an EEG which failed to capture epileptiform activity. On examination he had microcephaly (<1st percentile, -
3.25SD) and several dysmorphic features including a long philtrum, a thin upper lip, an everted lower lip, a
wide mouth, midface hypoplasia and low set ears with overfolded helices. He also had syndactyly of his
toes and short first toe bilaterally. His physical examination was notable for a broad-based ataxic gait and
increased tone in the lower limbs bilaterally with hyperreflexia and clonus. MRI brain showed mild cortical
atrophy with enlargement of the CSF space at 8 months however subsequent imaging aged 3 years was
unremarkable for structural abnormalities.

The proband was a British female born to non-consanguineous parents. Of note, exome sequencing also
revealed a complex X chromosome rearrangement. She first presented at 9 months with focal seizures
with secondary generalisation. She subsequently underwent EEG, which failed to capture epileptiform
discharges. She had GDD, failing to reach a number of developmental milestones, resitting for the first time
aged 12 months and walking aged 27 months with severe delays in speech. She persisted to have learning
difficulties throughout her childhood and suffered with chronic constipation. On examination, she was
normocephalic. Dysmorphic features included broad forehead, large ears, tented upper lip, long and
slender fingers, slender feet, hypermetropia and a unilateral convergent squint. She was hypotonic with
brisk DTR and down-going plantars. She unexpectedly died while sleeping aged 10 years 8 months.
Autopsy showed a normally formed brain with focal calcification of basal ganglia and dentate nucleus.
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The proband is a 15 year old male of mixed race (German-Irish / English-Native American/ Russian-Polish
heritage) born to healthy parents. In infancy, he had feeding difficulties and was slow to reach motor
milestones, sitting aged 8 months and walking at 35 months. His speech was profoundly delayed speaking
first words aged 8-9 years old. He has intractable epilepsy characterised by both absence and myoclonic
seizures, confirmed on EEG with slow wave bursts with spike & poly-spike bursts. On examination,
dysmorphic features included a prominent nose and broad forehead. He is dysarthric with limited speech,
which mostly consists of repetitive phrases. He had increased tone in the lower limbs bilaterally and
hyperreflexia throughout. Vibration and sensation were intact. Co-ordination was impaired with both
appendicular and axial ataxia. MRI was unremarkable for structural abnormalities.
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The proband, individual 9, is a 33 year old male of Indian descent, born to consanguineous parents. He had
a normal prenatal course and uncomplicated birth. He failed to meet developmental milestones in infancy,
with severe delays in speech and fine motor skills. He began having generalised tonic-clonic seizures aged
one year, which were poorly controlled with anti-epileptic agents and persisted into adulthood. Contractures
in his lower limbs required him to undergo a tendon lengthening procedure aged 14 years. Additionally, he
has severe sensory and motor neuropathy with NCV showing complete absence of sensory action
potentials in the upper limbs, and absent motor action potentials in the upper and lower limbs. On
examination, he is microcephalic and has bilateral foot drop with a left sided foot deformity consistent with a
Charcot joint. He wears AFOs to enable ambulation and has a broad-based ataxic gait. There are
contractures of his fingers bilaterally and evidence of muscle atrophy distally. He is hypotonic with reduced
power proximally (3/5) with a pronounced weakness distally (2/5). He is areflexic and has impaired
sensation to pinprick to the level of elbows and ankles in the upper and lower limbs respectively. His
younger brother, individual 10, is similarly affected. He also had an unremarkable prenatal course and birth




but failed to meet expected developmental milestones. As an older child, he had learning difficulties
requiring special schooling. He has no history of seizures. He has scoliosis, a broad based gait and
difficulty walking. Nerve conduction velocities revealed a demyelinating neuropathy in upper and lower
limbs.

. : N
The proband, is an 8 year old male born to consanguineous parents from Pakistan. As an infant, he initially
had feeding difficulties, choking and regurgitating with feeds. He failed to meet developmental milestones
with severe delays in gross motor skills, sitting at 12 months and walking at 24 months. Speech was also
severely delayed and now, aged eight, his vocabulary is limited to a few sentences. On examination, he
had severe microcephaly with an OFC of 46.5cm (<1p, -4.2 SD). He had fifth finger clinodactyly bilaterally
and toe syndactyly of the right foot. Neurological examination was limited in a setting of intellectual
disability. There was no evidence of wasting. He had a broad based gait and poor balance with difficulty
running. Patellar reflexes were 3+ bilaterally; otherwise reflexes were normal with down-going plantars. His
MRI was unremarkable for structural abnormalities.

The proband is 17-year-old female born to Pakistani parents. She has severe intellectual disability across
all adaptive domains. As a child, she was slow to meet several developmental milestones, sitting for the
first time at 12 months and walking at 20 months. She also had difficulty feeding, choking regularly. She
has microcephaly with and OFC of 49.5 cm (<1p,-4.5 SD). She has no history of seizures. Her physical
examination is notable for reduced power (3/5) in all muscle groups with and an ataxic gait. She has no
evidence of wasting or impaired sensation. She has two siblings, an older brother and sister and a female
cousin who are similarly affected with GDD in childhood and severe intellectual disability. Additionally, her
older brother and sister also have epilepsy characterised by generalised tonic clonic seizures and her
eldest sibling is the most severely affected with profound intellectual disability.
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The proband is a male born to consanguineous parents was reviewed aged 8 years. He has severe
intellectual disability with a history of GDD, including severe delay in meeting motor milestones, walking for
the first time age 6.5 years. He also had severe speech delay and at the time of follow-up had a limited
vocabulary and difficulty forming sentences. His neurological examination was notable for hypotonia and
lower limb weakness. His brother, now aged 21 years, is also affected with severe intellectual disability,
wasting, and weakness in lower limbs.

i - Individual 10 . S
Two siblings born to consanguineous parents from Pakistan. The proband is 6 months old male who
presented in the neonatal period with microcephaly, seizures and failure to thrive. His older brother also
has epilepsy, microcephaly and global developmental delay. He walked age 3 years. His speech is
severely delayed and, at follow-up aged 6.5 years, he only speaks a few words and is unable to form
sentences.

. . >
The proband is a 16 year old boy born to consanguineous parents from Pakistan. He was born following a
normal pregnancy and perinatal course, but began to exhibit signs of moderate global developmental delay
in infancy. He sat at 7 months, began walking at 2 years of age and had moderate delay in speech
development. He had learning disabilities in school and persisted to have moderate intellectual disability.
His examination was notable for bilateral pes cavus, weakness and wasting distally in upper and lower
limbs, absent deep tendon reflexes and impaired sensation. Nerve conduction velocities revealed severe
sensorimotor polyneuropathy with primary axonal degeneration. His MRI Brain was unremarkable.
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This family consists of eight siblings born to consanguineous Pakistani parents. Four siblings were affected
with GDD, microcephaly and seizures. The eldest, a female, was reviewed aged 30 years. She presented
with severe GDD in childhood, sitting for the first time at 4 years of age and walking first steps at 10 years.
She did not speak at all until she was 4.5 years old and now has limited speech with difficulties
communicating. At 4.5 years of age she fell downstairs, after which, she began having left sided focal
seizures, which were controlled with sodium valproate. Her seizures stopped after 2 years, however she
had persistent left sided weakness which was attributed to the fall. On examination, she had bilateral foot
drop and several dysmorphic characteristics including; large dysplastic ears, a large nose with broad nares,
a large mouth with widely spaced teeth, and syndactyly of the second and third toes bilaterally. She had
normal tone with reduced power in lower limbs bilaterally particularly on dorsiflexion (1/5). She had an
ataxic gait with absent ankle reflexes. She was unable to participate in sensory examination.



Her younger brother, who is now 16, is similarly affected but has less severe intellectual disability. He also
has microcephaly and had delayed developmental milestones as child, sitting at 1 years of age, walking
aged 2 years and speaking first words at 3 years of age. His speech remains limited, he is unable to speak
in full sentences, and he has a tendency towards aggressive behaviour. He also had focal seizures in
infancy, however they have now resolved and his last witnessed seizure occurred aged 2 years. Two other
siblings, also affected, died in childhood. A girl, who was reviewed aged 13 years, also presented with GDD
and microcephaly in infancy. She had severe intellectual disability and was unable to feed herself
independently. She also had a history of delayed milestones in childhood, sitting aged two and walking
aged three, and had poor language abilities and spoke only a few words. She began having generalised
tonic clonic seizures aged 4 years which were treated with sodium valproate but poorly controlled. She died
at the age of 16 years due to sepsis secondary to burns which she obtained following a fall into a stove.
Her brother also died aged 6 years of age. He was unable to sit, stand or speak and had severe and
seizures which commenced when he was 2 months old. His death was attributed to respiratory distress
secondary to unrelated respiratory complications. Besides these siblings, these individuals also had six first
degree relatives (not shown) that had GDD and died in early childhood.
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Two affected siblings born to parents from Kosovo, who were not known to be related. The couple’s first
child (a girl) was unaffected. Their second child, a boy, was born at full term following an uneventful
pregnancy. He had a normal postnatal course and birth parameters. No abnormalities were detected until
he was 5 months old when he presented with generalised tonic-clonic seizures. Moreover, his motor
development deteriorated with progressive muscle spasticity. CT imaging of his brain revealed widening of
bifrontal subarachnoid spaces as well as small subdural hygroma. Laboratory work-up including CSF
analysis was unhelpful. Brain MRI at the age of 10 months revealed prominent cerebral atrophy and
delayed myelination. During the following year, he was treated with phenobarbital, levetiracetam and
baclofen to control seizures and spasticity. Progressive microcephaly was noted OFC 43 cm (<1st
percentile, -4 SD). Motor and cognitive milestones were not reached (e.g. no crawling, no sitting without
support, no development of language, etc). Follow-up brain MRI at the age of 1 - years showed severe
atrophy with no progression of myelination. At the age of 2 ¥ year, the boy deteriorated with poor feeding,
vomiting and dehydration. An MRI brain demonstrated basilar thrombosis and associated infarction in the
cerebellum, pons and midbrain. His neurological function deteriorated further and he died aged 4 years in a
palliative care setting with severe aspiration pneumonia. The third born, a girl, had normal pre- and
postnatal development. She presented aged 8 months with status epilepticus. Physical examination
revealed microcephaly, developmental delay and moderate spasticity of the extremities. Brain MRI showed
comparable findings to her brother with severely delayed myelination. Follow-up brain MRI at the age of 2
years revealed progressive brain atrophy and arrest of myelination.

>

The proband is a female born to Libyan parents who were first cousins. She was reviewed aged 7 years, at
which point was found to have severe microcephaly 42cm (<1st percentile, -7.7 SD). She has severe
intellectual disability. She presented with generalised tonic clonic seizure at 6 months and was diagnosed
with GDD in infancy failing to meet age appropriate milestones. She has 2 additional siblings who were
similarly affected but passed away in childhood.

The proband is a 15-year-old female born to healthy nhon-consanguineous German parents. She presented
in childhood with neurodevelopmental delay and progressive microcephaly. She failed to reach appropriate
motor milestones sitting for the first time age 3 years. Speech developmental was also severely delayed
and now aged 15 years her vocabulary is limited to a few words and she is unable to communicate
effectively. She persisted to have severe intellectual disability and experiences frequent episodes of
inappropriate laughter. She had her first generalised tonic clonic seizures at approximately 4 years of age,
at which point she was documented as having an abnormal EEG. Her neurological examination was
notable for an ataxic gait. She had muscle atrophy which is more pronounced in her lower limbs. She is
hypotonic with reduced power distally and hyporeflexic in the lower limbs with upgoing plantars bilaterally.
Sensation to sharp touch was impaired. A MRI brain ruled out any structural abnormalities and nerve
conduction velocities confirmed demyelinating peripheral neuropathy. Her sister who is now 21 years of
age and is clinically similar to her sister with severe intellectual disability, microcephaly and demyelinating
peripheral neuropathy. However, she has never had seizures.




The proband is a male born to non-consanguineous Turkish parents. He was born with a low weight (-2.38
SD) and height (-3.76 SD) for gestational age. He failed to meet age appropriate developmental milestones
in terms of motor skills and did not walk until 3 years of age. His speech was also severely delayed
speaking his first words aged 4 years. He began having generalised tonic clonic seizures aged 6 years at
which point he underwent an MRI brain, which revealed thickening of gyri. Examination at follow up at 14
years of age revealed severe microcephaly 49.2 cm (<1st percentile, -3.4 SD). His sister, also affected, is
clinically identical with GDD and epilepsy.

The proband is an 8 year old Canadian female born to healthy non-consanguineous parents. She was born
at 37 weeks and had feeding difficulties from the beginning with associated failure to thrive. Developmental
milestones were profoundly delayed. She did not walk until 6 years and 10 months and did not speak until
she was 5 years old. At follow-up aged 8 years, her speech was limited to 3 words and she was unable to
form sentences. From 1 to 3 years of age, she experienced five generalised tonic-clonic seizures. She is
now seizure free and does not require anti-epileptic drugs. On examination, she was small for age with a
weight of 11kg (-5.6 SD) and height of 95.3 cm (-7.6 SD). She has severe microcephaly (-3SD) and several
dysmorphic features including hypotelorism, deep set eyes, a prominent nasal bridge and thin upper lip with
smooth philtrum. Skeletal abnormalities include a right sided hip dysplasia and bilateral varus deformities
requiring de-rotational osteotomies. Due to severe intellectual disability, she struggled to co-operate with
the neurological examination, however she appeared to be hypotonic and have impaired co-ordination. An
MRI brain showed microcephaly with a thin corpus callosum and decreased white matter volume
throughout.

The proband is a 3-year-old male born in the USA to healthy non-consanguineous parents. He is
microcephalic on examination with a head circumference of 43.5cm (-5 SD). His history is notable for global
developmental delay characterised by severe language delays and delays in gross motor milestones,
sitting at 10 months and starting to walk at 3 years. He now walks with an ataxic gait and has evidence of
spasticity on examination. He also has epilepsy and began having generalised tonic clonic seizures in
infancy. MRI brain revealed a small arachnoid cyst involving the right middle cranial fossa but was
otherwise within normal limits.



Section 2: Supplementary Figures S1-S13

Supplementary Figure 1
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Figure S1. Molecular modelling of NARS1 mutations. Wild type NARS1 and each mutation was
modelled using the Phyre2 serveri. We observed that each model gave rise to a “wild type” AsnRS1
enzyme indicating that none of the mutations completely destabilizes the protein structure (left panels). The
Argl1Pro, Thrl7Met and Met34Leu mutations could not be modelled because they lie in the unknown
UNE-N domain. The substrate depicted with balls on the figure corresponds to the ATP:Mg and L-Asp-
beta-NOHandenylate:PPi:Mg from the structure of B. malayi NARS1 that was superimposed to each model
we obtained. They were superimposed with a very good concordance. From this study we propose that the
mutations might have the following effects: Asn218Ser (affects the interaction between AsnRS1 and the
anticodon arm of the tRNA), Arg322Leu (affects the stabilization of the aminoacyl-adenylate in the active
site), Leu350Pro (little effect on AsnRS1 activity and dimer interface), Asn356Ala (might weaken the dimer
stability), Ala422Thr (little effect on 3’ tRNA end binding), Gly509Ser (slight interference on dimer interface),
Arg545Cys (see Figure 6).



Supplementary Figure 2
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Figure S2. Model of human AsnRSL1. This was obtained using the Phyre2 webserver. The latter was
superposed with Brugia malayi AsnRS1 structure (2xti) complexed with ATP:Mg and L-Asp-3-NOH
adenylate:PPi:Mg (L-Asp-R-NOH is shown in white color on the figure). The tRNA is tRNAasp that results
from the superposition of the AspRS/tRNAasp complex from yeast with the human AsnRS1 model. Note that
the UNE-N domain is absent from the modelled structure. The position of the mutations are indicated by
yellow spheres.



Supplementary Figure 3
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Figure S3. In-situ expression of the NARS1 gene in mouse brain at three different ages, E15.5, P7 and
adult. The NARSL1 probe used was GENSAT1-BX1431. Data from the Gene Expression Nervous System
Atlas (GENSAT) Project. Expression was moderate in the brain, higher in the cortex (*), cerebellum (+) and
brainstem (#).

Supplementary Figure 4
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Figure S4. Modified Taylor's Venn diagram of amino acid properties, each amino acid is described by its
physical or chemical properties (Taylor, TW, J, 1986, Theor. Biol. 119: 205-218). AARs clinical phenotype
severity seem to cluster into two areas (red ovals) according to the amino acid that is targeted.
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Figure S5. Transcriptomic gene expression analysis A. Principle component analysis of transcriptomic
gene expression levels. B. MA plot showing normalised count number versus fold change, significantly

differentially expressed gene shown in red. C. Cluster heatmap of top 750 most differentially expressed
normalised gene counts.



Supplementary Figure 6
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Figure S6. Supplementary iNPC data of top 20 (by significance) pathways associated with downregulated genes. (Filtered to <200 members)



Supplementary Figure 7

q-value
1.00E-15 1.00E-14 1.00E-13 1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00e-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00

SRP-dependent cotranslational protein targeting to membrane
Translation

Oncostatin M Signaling Pathway

Protein processing in endoplasmic reticulum - Homo sapiens (human)
Transport to the Golgi and subsequent modification

Platelet degranulation

Response to elevated platelet cytosolic Ca2+

ER to Golgi Anterograde Transport

PDGFR-beta signaling pathway

TNF signaling pathway - Homo sapiens (human)

ErbB1 downstream signaling

Eukaryotic Translation Elongation

Integrins in angiogenesis

Focal Adhesion

Peptide chain elongation

Signaling events mediated by VEGFR1 and VEGFR2

Formation of a pool of free 405 subunits

Lysosome - Homo sapiens (human)

Selenium Micronutrient Network

Cytoplasmic Ribosomal Proteins

Figure S7. Supplementary iNPC data of top 20 (by significance) pathways associated with upregulated genes. (Filtered to <200 members)
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Figure S8. Supplementary iNPC data of top 20 (by significance) GO terms associated with downregulated genes. (Filtered to <200 members)
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Figure S9. Supplementary iNPC data of top 20 (by significance) GO terms associated with upregulated genes. (Filtered to <200 members)

In summary, downregulated genes have been associated with DNA replication, whereas upregulated genes like VEGF are associated with protein
synthesis and processing. NARS1 gene expression was unaltered (p=0.45), while other tRNA synthetase genes were upregulated (DARS, RARS, WARS,
TARS, YARS, GARS, SARS). LARS was downregulated & others were not altered. In the compound heterozygous individual (P29), the frameshift mMRNA
(p-Met69Aspfs) is only expressed at a 1:9 ratio compared to the allele with a single base change (this can be visualised if desired), also confirmed by
Western blotting showing decreased AsnRS1 expression.
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Figure S10. Segregation studies by Sanger sequencing. The top panels shows segregation of the ¢.1633C>T, p.Arg545Cys variant in individuals P9 and
P10, and their parents. The middle panel shows segregation of the ¢.1600C>T, p.Arg534* variant in individual P5 and his parents. The bottom shows
segregation of the ¢.32G<C, p.Argl1Pro variant in individuals P24 and P25 and their parents.
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Figure S11. Individual derived fibroblast and Iymphoblast cells displaying loss of ASnARS1
activity compared to control. Asparaginyl-tRNA synthetase activity reduced significantly than
other tRNA synthetase in individuals’ and parents’ cells (c.1600C>T, p.Arg534* (P2),
€.1633C>T, p.Arg545Cys (P9, P20), ¢.32G>C, p.Argl1Pro (P24), c.50C>T, p.Thr17Met
(P26) and ¢.1067A>C, p.Asp356Ala / ¢.203dupA, p.M69Aspfs*4 (P29); TARS: Threonyl-
tRNA sythetase; KARS: lysyl-tRNA synthetase; GARS: Glycyl-tRNA synthetase and RARS:
arginyl-tRNA synthetase were measured as control for AsnRS1 activity.
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Figure S12. Human NARSL1 gene is able to complement fission yeast nrs1. Schematic of the
yeast complementation assay. Fission yeast cells containing a plasmid

expressing nrsl gene with uracil selectable marker whose genomic copy of the nrsl is
deleted are transformed with plasmids containing the different variants of the human NARS1
gene. These cells are promoted to lose the nrslgene plasmids by incubating them in media
with uracil for 24 hours. Five-fold serial dilutions of 2 different colonies of strains containing
the different variants of NARS1 gene wt, ¢.1633C>T, p.Arg545Cys; ¢.50C>T, p.Thrl7Met;
€.1067A>C, p.Asp356Ala; c.1600C>T, p.Arg534*; c.653A>T, p.Asn218Ser; c.965G>T,
p.Arg322Leu; c.1564C>T, p.Arg522*, the empty vector and wt cells were plated in media
containing uracil, or media containing FOA, which allows the growth of only those cells that
have lost the yeast nrs1 plasmid and whose NARSL1 variant is able to complement nrs1D.
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Figure S13. Microinjection of human NARS1 RNA into zebrafish embryos. a. Microinjection
of the indicated doses of wild-type (WT) or ¢.1600C>T, p.Arg534* mutant capped RNA
encoding human NARSL into zebrafish embryos resulted in complete cyclopia and severe
truncation of the body axis, a dwarf-like appearance. b. Low-power representative images of
each experimental group at 5 days post-fertilisation. Dwarves are indicated by the red
arrows. c. Quantification of animal body length and the proportion of animals exhibiting the
dwarfic appearance for each experimental group, as indicated. Error bars are standard
deviations.



Section 3: Supplementary Tables S1-S6

Table S1: ARS gene implicated in human disease

Gene Locus Location of | Mode Disease Phenotype(s) Clinical Ref
Protein severity
AARS1 16922 Cytoplasm AD Charcot Marie Tooth disease type 2N Mild 2-6
AR Epileptic encephalopathy, early infantile, 29 Moderate
AARS2 6p21.1 Mitochondria | AR Mitochondrial Infantile Cardiomyopathy Moderate 7-11
Leukoencephalopathy with ovarian failure Moderate
CARS1 11p15.4 Cytoplasm AR Microcephaly, DD, brittle hair and nails Moderate 12
CARS2 13934 Mitochondria | AR Epilepsy encephalopathy, myoclonic Moderate 13-16
epilepsy
Combined oxidative phosphorylation
deficiency 27
DARS1 2021.3 Cytoplasm AR Hypomyelination, brainstem, spinal cord and | Moderate 17-19
leg spasticity
DARS2 1g25.1 Mitochondria | AR Hypomyelination, brainstem, spinal cord, Severe 20-29
elevated lactate
EPRS1 1941 Cytoplasm AR Leukodystrophy, hypomyelinating, 15 Moderate 30
EARS2 16p12.2 Mitochondria | AR Leukoencephalopathy and high lactate Severe 31-36
Combined oxidative
phosphorylation deficiency 12
FARSA 19p13.2 Cytoplasm AR Rajab interstitial lung disease with brain Moderate 37
calcifications
FARSB 20g36.1 Cytoplasm AR Rajab interstitial lung disease with brain Moderate 38; 39
calcifications
FARS2 6p25.1 Mitochondria | AR Combined oxidative phosphorylation Moderate 40-45
deficiency 14
Spastic paraplegia 77
GARS1 7p15 Cytoplasm & | AD Charcot Marie Tooth disease type 2D Mild 3; 46-62
Mitochondria | AR Distal SMA type V, myalgia, cardiomyopathy
HARS1 5031.3 Cytoplasm AD Charcot Marie Tooth disease type 2W Mild 63; 64
AR Usher Syndrome 3B Moderate
HARS?2 5q31.3 Mitochondria | AR Perrault Syndrome 2 Mild 65; 66
IARS1 9g22.31 Cytoplasm AR ID, GR, muscular hypotonia, hepatopathy, Severe 67
cholestasis
IARS2 1g41 Mitochondria | AR Cataracts, GH deficiency, deaf, neuropathy, Severe 68-70
bone dysplasia
Leigh syndrome
KARS1 16g23.1 Cytoplasm & | AR Intermediate Charcot Marie Tooth disease Moderate 71-74
Mitochondria type B
Autosomal recessive deafness-89
Visual impairment, microcephaly, DD,
seizures
Leukoencephalopathy
LARS1 5932 Cytoplasm AR Infantile hepatopathy Severe 75
LARS2 3p21.31 Mitochondria | AR Perrault syndrome 4 Mild 76
Hydrops, lactic acidosis and sideroblastic
anaemia
MARS1 12g13.3 Cytoplasm AD Charcot Marie Tooth disease type 2U Mild 77-80
AR Interstitial lung and liver disease Moderate
MARS2 2g33.1 Mitochondria | AR DD, sensorineural hearing loss, Spastic Mild 81; 82
ataxia 3
Combined oxidative phosphorylation Moderate
deficiency 25
NARS2 11g14.1 Mitochondria | AR Alpers, Leigh syndrome, DD, ID, epilepsy, Severe 83-88

myopathy

Combined oxidative phosphorylation
deficiency 24



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/oxidative-phosphorylation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/oxidative-phosphorylation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dysplasia

PARS2 3p21.31 Mitochondria | AR Infantile-onset developmental delay and Moderate 88
epilepsy
Alpers syndrome

QARS1 3p21.31 Cytoplasm AR Microcephaly, seizures, DD, cerebral Severe 89
cerebellar atrophy

RARS1 5934 Cytoplasm AR hypomyelinating leukodystrophy 9 Severe 90-92

RARS2 6916.1 Mitochondria | AR Epileptic encephalopathy, lactic acidosis Severe 93-95
neurological symptoms, pontocerebellar
hypoplasia 6

SARS1 1p13.3 Cytoplasm AR Ataxia, weakness, ID, microcephaly, speech Moderate %
impaired

SARS2 19913.2 Mitochondria | AR Hyperuricemia, pulmonary HT, renal failure, Moderate 97
alkalosis

TARS1 5p13.3 Cytoplasm AR Trichothiodystrophy, ichthyosis, ID, Moderate %8
decreased fertility

TARS2 1g21.2 Mitochondria | AR Axial hypotonia and severe psychomotor Mild 99; 100
delay
Combined oxidative phosphorylation
deficiency 21

VARS1 6p21.33 Cytoplasm AR Severe DD, microcephaly, seizures, cortical Moderate 101-104
atrophy

VARS2 6p21.33 Mitochondria | AR Microcephaly, epilepsy, Moderate 99; 105-108
encephalocardiomyopathy
Combined oxidative phosphorylation
deficiency 20

WARS1 14932.2 Cytoplasm AD Distal hereditary motor neuropathy Mild 109

WARS2 1p12 Mitochondria | AR Ataxia, weakness, microcephaly, speech Moderate 96; 110-112
impaired, ID

YARS1 1p35.1 Cytoplasm AD Dominant-intermediate Charcot Marie Tooth Mild 106; 113
disease

AR Multisystem disease, DD, failure to thrive Moderate
YARS2 12p11.2 Mitochondria | AR myopathy, lactic acidosis, and sideroblastic Moderate 114-116

anaemia

ARS gene implicated in 36 human diseases from a total of 37 genes. The first letter of the ARSs’ gene
name corresponds to the amino acid specificity of the corresponding ARS (based on the amino acid one-letter
code) and 2 indicates that the gene encodes a mitochondrial-restricted isoform 117-119. Clinical phenotype is bases

upon publications. Key: ID = intellectual disability, GH = growth hormone, GR = growth retardation, DD =

developmental delay, AR = autosomal recessive, AD = autosomal dominant, HT = hypertension, SMA = spinal

muscular atropy
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Table S2 : Detailed clinical features of individuals with NARS1 de novo heterozygous mutations. Families 1-8

Family 1 2 3 4 5 6 7 8
Individual 1 2 3 4 5 6 7 8
Inheritance de novo de novo de novo de novo de novo de novo de novo de novo
Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous Heterozygous
Variant €.1600C>T €.1600C>T €.1600C>T €.1600C>T €.1600C>T €.1600C>T €.1525G>A €.965 G>T
p.Arg534* p.Arg534* p.Arg534* p.Arg534* p.Arg534* p.Arg534* p.Gly509Ser p.Arg322Leu
Origin Dutch Dutch Dutch Caucasian Hispanic, European | European UK European
Consanguinity N N N N N N N N
Gender / Age at F/ 17 F/22 M/10 M /13 F/16 M /5y 8m F /2y 10m M /15
follow-up
Occipital Frontal Circumference (OFC)
Birth 45.8cm <2p (-2.1SD) NA NA 33cm (10p) NA NA NA NA
Follow —up 49cm 46.8cm 50cm 49cm 49.3cmat 13y 47cm 50 cm 54cm
Percentile / SD <1p (-5SD) <1p(-4.3 SD) <1p (-2.2 SD) <1p (-4.7SD) <1p (-4.5 SD) <1p (-3.2SD) 86p 27p
Microcephaly Y Y Y Y Y Y N N
Developmental Delay
GDD Y Y Y Y Y Y Y Y
Sitting (Months) 18 16 NA 16 11 NA 12 8
Walking (Years) 3 2y2m 2y 6m N 3 23 2y 3m 2y 1lm
Language Severely Severely Severely Severely Severely Severely Severely Severely
Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed
Neurological Findings
Intellectual Severe Severe Severe Profound Profound Severe Severe Severe
Disability
Seizures GTC GTC NA Myoclonic / Partial GTC / Partial GTC GTC Partial/Myoclonic
Peripheral Y Y NA N Y N NA NA
Neuropathy
Ataxia Y Y Y Y Y Y NA Y
Imaging NAD NAD NAD NA NA Mild atrophy, CSF NA NAD
space enlargement
Clinical Features
Dysmorphic Upslanting palpebral Clinodactyly Clinodactyly Upslanting Upslanting Low set ears Large ears Broad Forehead
Features fissures Upslanting palpebral Retrognathia palpebral fissures palpebral fissures Overfolded Helices Long slender fingers
Pes-cavus fissures Hypertelorism Wide spaced teeth Syndactyly
Thoracic Kyphosis Arachnodactyly, Low set ears
Wide spaced teeth Pectus Excavatum Fleshy Helices
Tone NAD Reduced Increased Increased Reduced Increased Reduced Increased
Power Reduced Reduced Reduced NAD Reduced Reduced NA NAD
Sensation NA Reduced NA NAD Reduced NAD NA NA
Co-ordination Ataxic gait Unilateral Intention Dysarthria Ataxic gait Ataxic gait Ataxic gait NA Ataxia
Tremor
Reflexes Reduced Reduced Increased Increased Reduced NAD Increased Increased
Other N N Tremor Stereotypies N N N Stereotypies
/Myoclonus

Y = Yes, N= No, M= Male, F= Female, NA= Not Available, p = percentile, SD = standard deviation, NAD = No abnormalities detected, GTC = Generalised Tonic Clonic Seizures




Table S3: Detailed clinical features of individuals with NARS1 Homozygous mutation ¢.1633C>T, p.R545C including families 9-15.

Family 9 9 10 11 11 11 11 12 12 13 13 14 15 15 15
Individual 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Origin North India North India | North India Pakistan Pakistan | Pakistan Pakistan | Pakistan | Pakistan | Pakistan | Pakistan | Pakistan Pakistan Pakistan Pakistan
Consanguinity | Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Gender / Age M/33 M/ 17 M/8 F/17 F/17 M/19 F/23 M/8 M /21 M/6m M/6.5 M/ 16 F/30 M/ 16 F/13
at follow-up
Occipital Frontal Circumference (OFC)
Birth NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Follow —up NA NA 46.5cm 52cm 49.5cm 52cm 50.3cm 46cm 5lcm NA 49cm NA 50.8cm 48.2cm 48cm
Percentile / <lp 2p <lp 2p <1lp <lp <1lp 2p <lp <lp <lp
SD (-4.2 SD) (-2.2 SD) (-4.5 (-2.1 SD) (-3.8 SD) | (4.6SD) (2.8SD) (-2.0SD) (-3.3SD) (-4.5SD) (-4.4SD)
SD)
Microcephaly Y Y Y Y Y y Y Y Y Y Y N Y Y Y
Developmental Milestones & Intellectual Disabilities
GDD Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Sitting 12m 12m 12m 12m 14m 12m 12m NA NA NA NA 7m 4y 1ly 2y
(Months)
Walking NA NA 2y ly 8m 2y 8m 2y 8m 2y 8m 6y 6m 3y 3y 3y 2y 10y 2y 3y
(Years)
Language Delayed Delayed Severely Severely Severely | Severely Severely | Severely | Severely | Severely | Severely | Severely | Severely Severely | Severely
Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed Delayed
Neurological Findings
Intellectual Severe Moderate Severe Severe Severe Severe Profound | Severe Severe Severe Severe Moderate | Severe Moderate | Moderate
Disability
Seizures GTC N N N N GTC GTC N N GTC GTC N Partial Partial GTC
Ataxia Y Y Y Y N N N NA NA NA NA NA Y NA NA
Peripheral Y Y N N N N N NA NA NA NA Y NA NA NA
Neuropathy
Imaging NAD NAD NAD NA NA NA NA NA NA NA NA NAD NA NA NA
Clinical Findings
Dysmorphic Contractures | Scoliosis Clinodactyly | Clinodactyly | NAD Clinodactyly | NAD NAD NAD NAD NAD NAD Dysplastic | NA NA
Features Syndactyly Short Limbs ears
Syndactyly
Tone Reduced Reduced NAD NAD NAD NAD NAD Reduced | Reduced | NA NA N N NA NA
Power Reduced Reduced NAD NAD Reduced | Reduced Reduced | Reduced | Reduced | Reduced | Reduced | Reduced | Reduced NA NA
Sensation Reduced Reduced NAD NAD NAD NAD NAD NA NA NA NA Reduced | NA NA NA
Co-ordination Ataxic Ataxic Ataxic Ataxic NAD NAD NAD NA NA NA NA NA Ataxic NA NA
Reflexes NAD NAD NAD Reduced Reduced | NAD Reduced | NA NA Reduced | Reduced | Reduced | Reduced NA NA

Y = Yes, N= No, M= Male, F= Female, NA= Not Available, p = percentile, SD = standard deviation, NAD = No abnormalities detected, GTC = Generalised Tonic Clonic Seizures




17 18 19 19 20 21
Individual 24 25 26 27 28 29 30 31 32
Inheritance Homozygous | Homozygous | Homozygous | Compound Heterozygous | Compound Heterozygous | Compound Heterozygous Compound Heterozygous Compound Compound
Heterozygous Heterozygous
Variant c.32G>C c.32G>C c.50C>T €.1049T>C, p.Leu350Pro | c.1049T>C, p.Leu350Pro | ¢.1067A>C, p.Asp356Ala ¢.1067A>C, p.Asp356Ala €.268C>T, p.Arg90* €.1376 C>T, p.Thr459lle
p. Argl1Pro p. Argl1Pro | p.Thrl7Met C.1264G>A, p.Alad22Thr | c.1264G>A, p.Ala422Thr | c.203dupA, p.Met69Aspfs* | c.203dupA, p.Met69Aspfs*4 | ¢.394G>T, p.Glyl32Cys | ¢.178 A>G, p.Lys60Glu
Origin Kosovo Kosovo Libya German German Turkey Turkey Canada USA
Consanguinity [ N N Y N N N N N N
Gender / Age M/2 F /2y 6m FI 7 F/15 F /21 M/ 14y 2m F/7y 10m F/8 M/3
at follow-up
Occipital Frontal Circumference (OFC)
Birth 34cm NA NA 33cm NA NA NA NA NA
20p 11p
Follow —up 43cm 40.5cm 42cm NA NA 49.2Cm 47.5cm 41 cm 43.5cm
Percentile / <1p (-4SD) <1p(-5 SD) <1p (-7.7SD) <1p(-3.4SD) <1p(-3.4SD) <1p (-8.7SD) <1p(-5SD)
SD
Microcephaly Y Y Y Y Y Y Y Y Y
Developmental Milestones & Intellectual Disabilities
GDD Y Y Y Y Y Y Y Y Y
Sitting N N NA NA NA NA NA NA 10m
(Months)
Walking N N NA 3 3 3 2 6y 10m 3y
(Years)
Language N N Severely Severely Severely Severely Severely Severely Severely
Delayed Delayed Delayed Delayed Delayed Delayed Delayed
Neurological Findings
ID Profound Severe Severe Severe Severe Severe Severe Severe Severe
Seizures Myoclonic / GTC GTC GTC N GTC GTC GTC GTC
GTC
Peripheral NA NA NA Y Y NA NA NA NA
Neuropathy
Ataxia NA NA NA Y Y NA NA Y Y
Imaging Delayed Delayed NA NAD NA Thickening of gyri NA Thin corpus callosum Arachnoid Cyst
Myelination Myelination Decreased white matter
Clinical Features
Dysmorphic NAD NAD NA NAD NAD NAD NAD Hypotelorism NAD
Features
Tone Increased NAD NA Reduced Reduced NA NA Reduced Increased
Power Reduced Reduced NA Reduced Reduced NA NA N N
Sensation NA NA NA Reduced Reduced NA NA N N
Co-ordination NA NA NA Ataxic gait Ataxic gait NA NA Ataxic Ataxic
Reflexes Reduced Reduced NA Reduced NA NA NA N Increased
Other N N N N N N N Hip dysplasia N

Y = Yes, N= No, M= Male, F= Female, NA= Not Available, p = percentile, SD = standard deviation, NAD = No abnormalities detected, ID = Intellectual Disability, GTC = Generalised Tonic Clonic Seizures, ASD = Autistic Spectrum Disorder




Table S5: Primer sequences

Nrs1-PJR- | TTTGTTAAATCATACCTCGAGATGGCGGGATTGGAATCAAAAGTTT

=

Nrs1-PJR- | GCCTCGCGAGTCGACCTCGAGTTAAGGTGTGCAACGTTCAGTAAATCG

R

Nrs1DelFw | CTCTAACGAGACTATAAGTTATCCAAGGCCGGTTATTTGATATTTAACATTTTCACTAACTTCAAACTGTCCTTTTAAAACGGATCCCCGGGTTAATTAA
Nrs1DelRvV | AAATTCTAAGTAAACAACATAGTTCGCCCACTGTTCAAACATTAAAAGCTACCCATTTCTTCGATATGGATAAACTTTGCGAATTCGAGCTCGTTTAAAC
Nrslck-L ACTAGCCGAAATTTTGGAATCA

Nrslck-R CTAACTGACTCGCACCTAGCCT

KanR CGGATGTGATGTGAGAACTGTATCCTAGC

KanF CGCTATACTGCTGTCGATTCG

NARS1 F | GCGTTAGAAGGATATAGAGGCCA

NARS1 R | ACCATCTCGCAACACCAGAAA

GAPDH_F | TGTGGGCATCAATGGATTTGG

GAPDH_R | ACACCATGTATTCCGGGTCAAT

Table S6. Missense mutations in NARS1 with the description of protein affects.

Residue Predicted effect of the mutation on AsnRS1 protein

Argl11Pro Unique domain of AsnRS1 (UNE-N),

Thrl7Met Unique domain of AsnRS1 (UNE-N),

Arg322Leu | Disturbance of the stabilization of aa-adenylate

Leu350Pro | Probably little effect on enzymatic activity and tRNA recognition, predictable effect on
AsnRS1 dimer formation.

Asp356Ala | Mutant at the interface between the two enzymes, loss of the side chain of Asp356 and
therefore probably an interaction with the dimmer becoming more unstable

Ala422Thr | Affects the 3 'end of the acceptor arm

Gly509Ser | Disrupts the end of the interface between the two subunits of AsnRS1

Arg545Cys | Potential disruption of the interaction with the acceptor arm of the tRNA

Table S6: The substrate in the figures is the aminoacyl-adenylate of Brugia malayi Asparaginyl-tRNA
synthetase complexed with ATP: Mg and L-Asp-beta-NOH adenylate: PPi: Mg. The models of wild,
mutant and Brugia malayi structures were superimposed with very good agreement. Apart from the
unigue domain of AsnRS1, which cannot be modelled. The strongest effect in terms of catalysis would
be expected for Arg322Leu and Asp356Ala.
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Section 4: Supplemental methods

Next-generation sequencing methods

Families 5, 6, 8,10 were sequenced at GeneDx, where genomic DNA was extracted from
the proband and parents (when available). The exonic regions and flanking splice
junctions of the genome were captured using the Clinical Research Exome kit (Agilent
Technologies, Santa Clara, CA) or the IDT xGen Exome Research Panel v1.0. Massively
parallel (NextGen) sequencing was done on an lllumina system with 100bp or greater
paired-end reads. Reads were aligned to human genome build GRCh37/UCSC hg19, and
analysed for sequence variants using a custom-developed analysis tool. Additional
sequencing technology and variant interpretation protocol has been previously
describedi20. The general assertion criteria for variant classification are publicly available
on the GeneDx ClinVar submission page

(http://www.ncbi.nlm.nih.gov/clinvar/submitters/26957/)

Families 17 and 19, Agilent sequence capture was used, as described elsewhere121. They
were subjected to exome capture with either the Agilent SureSelect Human All Exome 50
Mb kit (Agilent Technologies, Inc., USA) or the Illlumina Rapid Capture 37 Mb Enrichment
kit. Sequencing with 100-bp paired-end reads was performed using either the lllumina
HiSeq2000 or HiSeq4000 instruments (lllumina, Inc., USA), resulting in >94% recovery at
10x coverage and >85% recovery at 20x coverage. GATK best practices pipeline was
used for SNP and INDEL variant identification (http://www.broadinstitute.org/gatk/).
Variants were annotated with in-house softwarel and homozygous variant prioritization
was done using custom Python scripts (available upon request) to keep variants with MAF.

The rest of the cases were sequenced based on the Nextera Rapid Capture Exome kit
(llumina) and run on the HiSeq 2500 platform (lllumina), the resulting 100 bp paired-
end sequence reads were mapped against the human reference genome assembly
19 (GRCh37) with the Burrows-Wheeler Aligner package 122 and read duplicates were
removed with Picard. Variant calling and indel realignments were performed with
the Genome Analysis Toolkit (GATK) 123 and variants were submitted to ANNOVAR
for annotationi2a.

Zebrafish modeling

Zebrafish (Danio rerio) embryos were obtained from a wild-type strain and were raised at
28.5 °C. Microinjections (~1 nl) were performed at the one-cell stage. The expression
vector used was NARS1 (NM_004539) Human cDNA Clone (OriGene) cloned into pCS2+
(addgene) using CloneEZ from genescript as described above for the yeast studies.
Plasmids where sequenced to confirm the correct insertion of the fragment. Mutant
versions of this construct were generated using the QuikChange Site-Directed
Mutagenesis kit (Stratagene). The sequences for all primers are available upon request.
Capped RNA was synthesized using the mMMESSAGE mMACHINE kit (Ambion). Live
zebrafish were imaged on a Leica MZFL Il stereo microscope, and body surface area was
calculated using IPLab software (Biovision). All experiments with zebrafish were performed
in compliance with local ethical and Home Office (UK) regulations, project license 70/6875.

Yeast complementation assay of NARS1 gene

The experiments were performed in an analogous way as described before. In brief, cells
were grown on EMM + ade+ ura to saturation (for 24 hours), to allow for the loss of the
pJR-41XU-nrs1 plasmid. After this time, cell density was adjusted to 4 x 106 cells /ml, and
five-fold dilutions were spotted onto EMM + ade + ura plates or EMM + ade + ¥ ura + FOA
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plates to select for cells that have lost the plasmid expressing different NARSL1 variants. All

mutants constructed using the human NARS1 WT gene, are found in conserved amino
acids identical to the yeast NARS1 WT, with the exception of c.1067A>C, p.Asp356Ala,
which translated to a similar amino acid. These experiments showed that a yeast strain
carrying an nrsl deletion was well complemented by the ¢.1633C>T, p.Arg545Cys
mutation. Given the increased growth, it would therefore fit with a conformational effect
present in higher species that would only change the code here likely by tRNA interaction
(Figure S12).
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