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Summary
Epileptic encephalopathies are severe epilepsy syndromes characterized by early onset and progressive cerebral dysfunction. A nonsense

variant in the DALR anticodon binding domain containing 3 (DALRD3) gene has been implicated in epileptic encephalopathy, but no

other disease-associated variants in DALRD3 have been described. In human cells, the DALRD3 protein forms a complex with the

METTL2 methyltransferase to generate the 3-methylcytosine (m3C) modification in specific arginine tRNAs. Here, we identify an indi-

vidual with a homozygous missense variant in DALRD3 who displays developmental delay, cognitive deficiencies, and multifocal epi-

lepsy. The missense variant substitutes an arginine residue to cysteine (R517C) within the DALR domain of the DALRD3 protein that is

required for binding tRNAs. Cells derived from the individual homozygous for the DALRD3-R517C variant exhibit reduced levels of m3C

modification in arginine tRNAs, indicating that the R517C variant impairs DALRD3 function. Notably, the DALRD3-R517C protein dis-

plays reduced association with METTL2 and loss of interaction with substrate tRNAs. Our results uncover another loss-of-function

variant in DALRD3 linked to epileptic encephalopathy disorders. Importantly, these findings underscore DALRD3-dependent tRNA

modification as a key contributor to proper brain development and function.
Introduction

The post-transcriptional modification of tRNA has emerged

as a critical modulator of biological processes ranging from

gene expression to development.1,2 In particular, tRNA

modifications play critical roles in tRNA structure, stability,

and function in protein synthesis.3–5 Defects in tRNAmodi-

fication have emerged as the cause ofmany types of human

diseases, highlighting the critical role of tRNAmodification

in human health and physiology.6–8 Notably, the brain ap-

pears to be sensitive to perturbations in tRNA modifica-

tions, as evidenced by the numerous neurological and

neurodevelopmental disorders linked to deficiencies in

tRNA modification.9,10

In mammalian cells, a subset of arginine tRNAs contain

the 3-methylcytosine (m3C) modification at position 32

of the anticodon loop.11,12 The m3C modification is hy-

pothesized to stabilize the folding of the anticodon loop

and has been shown to influence mitochondrial tRNA

structure in human cells.13,14 Thus, the m3C modification

could affect the function of tRNAs in translation and pro-

tein expression (reviewed in Bohnsack et al.15). In human

cells, the METTL2 methyltransferase forms a complex

with the DALR anticodon binding domain containing 3

(DALRD3) protein to methylate tRNA-Arg-UCU and

tRNA-Arg-CCU.16 The DALRD3 protein recognizes specific

arginine-tRNA isoacceptors to target them for methylation

by theMETTL2methyltransferase. Human cells deficient in

DALRD3 exhibit nearly complete loss of m3C in tRNA-Arg-
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UCU and Arg-CCU, demonstrating that DALRD3 plays a

key role in m3C formation in specific arginine tRNAs.16

We have previously identified two sibling individualswith

a homozygous nonsense variant in exon 9 of the DALRD3

gene (rs1163930676, NM_001276405.1:c.1251C > A

[p.(Tyr417*)]).16 The C-to-A transversion introduces a pre-

mature stop codon in the DALRD3 mRNA and results in

the loss of DALRD3 protein expression. The two individuals

were born from consanguineous parents who are heterozy-

gous for the nonsense variant. The parents are healthy and

do not exhibit any detectable pathologies. In contrast, the

homozygous siblings display a collection of clinical symp-

toms classified as severe developmental and epileptic en-

cephalopathy disorder.17,18 Cells from the affected siblings

exhibit a substantial reduction in m3C modification in

tRNA-Arg-CCU and tRNA-Arg-UCU. These findings suggest

a crucial biological role for DALRD3-dependent tRNAmodi-

fication in development andnervous system function.How-

ever, theDALRD3nonsense allele represents the only case of

a DALRD3 variant that has been implicated in a neurodeve-

lopmental disorder.

Here, we identify and characterize a DALRD3 missense

variant in an individual with developmental delay and

epileptic encephalopathy. The person described here is

characterized by a similar set of symptoms as the previ-

ously described individuals with nonsense variants in

DALRD3. We demonstrate that fibroblast cells from the

affected individual are greatly reduced in m3C modifica-

tion in arginine tRNAs. Moreover, we demonstrate that
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Table 1. Clinical phenotype of individuals with homozygous variants in DALRD3

Individual 1 (this study) 2 (Lentini et al.16) 3 (Lentini et al.16)

ID UMCG 2163660 19DG0509 19DG0510

Gender male male female

Genotype NM_001009996.2: c.1549C>T: NM_001276405.1:c.1251C>A: NM_001276405.1:c.1251C>A:

ClinVar VCV002234459.2 VCV000918077.6 VCV000918077.6

ClinGen allele CA2389547 CA352710392 CA352710392

GnomAD 3-49015671-G-A 3-49016236-G-T 3-49016236-G-T

Protein p.(Arg517Cys) p.(Tyr417*) p.(Tyr417*)

Perinatal history uncomplicated pregnancy,
born term by cesarean
section due to previous
caesarean section

normal spontaneous
vaginal delivery with
history of placental
insufficiency and
oligohydramnios

Full-term product of caesarean section due to
breech presentation, oligohydramnios, and
placental insufficiency

Weight at birth (kg) unknown 2.25 (�2.2 SD) 2.5 (fourth centile)

Developmental delay severea severe severe

Motor progressively immobile,b

can walk some steps
unaided

immobile immobile

Speech speaks very few wordsc nonverbal nonverbal

Seizures seizures started at age
4 years after febrile
episoded; thereafter
regression of psychomotor
skills; focal clonic seizures
with impaired awareness
to bilateral seizures,e,f

often in clusters up to 10,
during the night/early
morning; at age 15 years,
interictal subtle myoclonus
of the hands and fingersg

seizures started at age
7 months in the form
of myoclonic jerks which
remains frequent and
poorly controlled by
antiepileptic medications

at age 6 months epilepsy ensued, initially as
brief episodes of flexion tonic spasm of head
followed by myoclonic seizures; unlike the
sibling brother, the epilepsy of affected
individual 2 is reasonably controlled by
antiepileptic medications

EEG intermittent focal epileptic
phenomena in temporal
regions,h slow background
activity without normal
differentiation,i high-amplitude
slow waves over frontotemporal
regions

independent multifocal
epileptic discharges
predominantly over the
anterior head region
bilaterally as well as over
the right temporal and
right parietal regions

markedly high voltage and slow background
for age along with slow generalized polyspike
and wave activity

Tone axial hypotonic,j extremities
slightly hypertonick; initially
higherl and later low tendon
reflexesm with extensor
plantar responses; some
ataxia of gait and handsn,o

axial and peripheral
hypotonia with
dystonic-like movement
and generalized
muscle wasting

central and peripheral hypotonia with
dystonic-like movements and generalized
muscle wasting

Microcephaly no no yes

Brain finding mild diffuse parenchymal
volume lossp; normal aspect
of white matter, basal ganglia,
thalamus, and brain stem;
arteriovenous malformation
in right cerebellar
hemisphereq; otherwise
normal cerebellum;
thickened skull by
broad diploic spacer

mild diffuse brain
parenchymal volume
loss with diffuse paucity
of the myelin within the
brain parenchyma

normal topographical and morphological
appearance of the infratentorial and
supratentorial structures

Audiology assessment N/A moderate to severe conductive
hearing loss in left ear and
mild conductive hearing
loss in right ear

N/A

Dysmorphism none; prepubertal at
age 13 yearss

subtle facial dysmorphia
and small left ear

microcephaly with subtle facial dysmorphia

(Continued on next page)
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Table 1. Continued

Individual 1 (this study) 2 (Lentini et al.16) 3 (Lentini et al.16)

Other marked lethargy and
somnolencet,u; social
interaction present,
enjoys baby play;
short stature (�3.7 SD)
with delayed bone agev

severe gastroesophageal
reflux disease necessitating
gastronomy tube placement and
fundoplication at age
4 years; no visual tracking
or social smile

vomiting and choking on first day of life,
mild congenital heart disease that resolved
spontaneously, ectopic right kidney, bilateral
optic disc pallor

aHP:0011344.
bHP:0002505.
cHP:0001344.
dHP:0002373.
eHP:0002266.
fHP:0002069.
gHP:0001336.
hHP:0010857.
iHP:0010845.
jHP:0008936.
kHP:0002509.
lHP:0001347.
mHP:0001315.
nHP:0002066.
oHP:0002070.
pHP:0002283.
qHP:0100026.
rHP:0000929.
sHP:0000823.
tHP:0001254.
uHP:0100786.
vHP:0004322.
the amino acid substitution caused by themissense variant

abrogates the ability of DALRD3 protein to interact with

substrate tRNAs. Our study reveals a loss-of-function

variant in DALRD3 linked to epileptic encephalopathy

and further substantiates a role for DALRD3 protein func-

tion in ensuring proper neurodevelopment and neurolog-

ical function.
Material and methods

Materials and methods can be found in the supplemental

information.
Results

Based upon a match using the GeneMatcher platform,19

we describe an individual exhibiting severe developmental

delay and multi-focal epilepsy associated with a variant in

DALRD3 (Table 1, individual 1). The individual is a male of

Sudanese ancestry who was born at term via cesarian sec-

tion due to a previous cesarian section in the mother. Sei-

zures started at age 4 years after a febrile episode followed

by regression of psychomotor skills. The individual was

referred to a pediatric neurologist again at 15 years of age

for analysis because of progression of his symptoms. At

neurological examination the affected individual dis-

played a dropped head and reduced facial expressivity

(Figure 1A). In addition, he had progressive immobility,

limited speech consisting of one-word expressions,

increased muscle tone in his arms, subtle myoclonus,

and ataxia. The individual has always had at least several
Huma
epileptic seizures per month despite treatment with anti-

epileptic drugs at therapeutic doses (see the supplemental

note in the supplemental information for the full clinical

description).

Electroencephalogram (EEG) testing revealed slow back-

ground activity without normal differentiation, intermit-

tent focal epileptic phenomena in temporal regions, and

high-amplitude slow waves over frontotemporal regions

(Figures 1B and S1). No microcephaly was detected, but

MRI showed a relatively thin corpus callosum, widening

of sulci and the ventricular system as a sign of paren-

chymal loss, and an arteriovenous malformation in the

right cerebellar hemisphere (Figures 1C, 1D, and S2).

Based upon the pattern and onset of symptoms, the indi-

vidual matches clinical conditions classified as develop-

mental and epileptic encephalopathy (DEE 86 [MIM:

618910]).17

We used exome sequencing of the affected individual

followed by our previously described strategy of variant se-

lection and classification to identify homozygous variants

with potential pathogenicity (Table S1).20 The candidate

genes were then filtered by published association with ep-

ilepsy, which yielded a variant of unknown significance in

the DALRD3 gene (ClinVar: VCV002234459.2). The

variant is a homozygous nucleotide substitution resulting

in a C-to-T transition in the last exon of the DALRD3

gene (rs140081609; MIM: 618904; Figures 2A and S3).

Sanger sequencing confirmed the homozygous nucleotide

substitution in the affected individual but not in a healthy

control individual (Figure S4). The missense variant

causes a substitution in the encoded DALRD3 protein of

the canonical transcript (NM_001009996.3: c.1549C>T
n Genetics and Genomics Advances 6, 100377, January 9, 2025 3



Figure 1. Identification of an individual exhibiting epileptic encephalopathy and brain pathologies
(A) Affected individual 2163660 containing a homozygous c.1549C>T (NM_001009996.3) variant in DALRD3.
(B) EEG trace; Laplacian montage with eyes closed and opened.
(C) MRI of the affected individual; sagittal T1 Magnetization Prepared Rapid Gradient Echo imaging.
(D) MRI of the affected individual; transversal T2 Turbo Spin Echo imaging.
[p.(Arg517Cys)]). Translation of this transcript is expected

to produce a protein containing an arginine-to-cysteine

substitution at position 517 (R517C) in the DALR tRNA

anticodon-binding domain (Figure 2A, protein). The par-

ents of the affected individual are consanguineous and

heterozygous carriers of the DALRD3 variant (Figures 2B

and S5). Both parents are healthy with normal develop-

ment and no detectable epilepsy. The DALRD3 variant

was not detected in the individual’s older brother, who is

healthy, developed normally, and did not exhibit epilepsy.

The genotype of the sister is unknown, but she is healthy

and exhibits normal development. These studies suggest

that the R517C missense variant segregates with the dis-

ease in the family in an autosomal-recessive manner, being

heterozygous in the parents, absent in the healthy sibling,

and homozygous in the affected individual.
4 Human Genetics and Genomics Advances 6, 100377, January 9, 20
The DALRD3 c.1549C>T (p.(Arg517Cys)) variant has

been detected with an allele frequency of <0.00001 among

1,613,950 alleles screened, with 14 heterozygotes and 0 ho-

mozygotes identified thus far (gnomAD v.4.1.0, SNV:

3-49015671-G-A). The group frequency for this allele

among individuals of African or African American ancestry

is 0.00004 among 74,866 alleles tested. The genomic

constraint of the surrounding 1 kb of sequence is 0.82,

while the loss-of-function intolerant score forDALRD3 is 0.

Sequence alignment reveals that the R517 residue of hu-

man DALRD3 protein is conserved in all known vertebrate

DALRD3 orthologs frommammals to fish (Figure 2A). Based

upon the high conservation in amino acid identity at this

position, the nonsynonymous substitution caused by the

R517C variant could disrupt the folding and function of

the DARLD3 protein. Consistent with this hypothesis, the
25
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Figure 2. Identification of a missense
variant in the DALRD3 gene that impacts
m3C modification status in arginine
tRNAs
(A) DALRD3 exon and intron structure
with encoded protein shown below. An
asterisk represents the location of the
variant in the mRNA (NM_001009996.3).
WT and c.1549C>T alleles are shown,
with the variant shown in red. The sche-
matic depicts the domain structure of the
DALRD3 protein and alignment of the re-
gion encompassing the R517C variant.
(B) Pedigree of the family harboring the
missense variant in the DALRD3 gene.
(C) Immunoblot of lysates prepared from
WT or R517 fibroblast cell lines. %
DALRD3 represents the amount of
DALRD3 protein relative to the WT fibro-
blast cell line and was quantified from
three independent samples. 5, standard
deviation from the mean.
(D) Primer extension analysis of tRNA-Arg-
UCU and Arg-CCU extracted from WT
or R517 fibroblast cell lines. (�) indica-
tes that no RNA was added to the RT
reaction. m3C32, 3-methylcytosine. m1G9,
1-methylguanine; >, labeled probe. Bar
graphs represent quantificationofm3C for-
mation in tRNA-Arg-UCU or CCU by
primerextension.n¼3.Errorbars represent
standard deviation from the mean. Sig-
nificance was determined using an un-
paired t test with two-tailed p value.
****p% 0.0001.
R517 variant is expected to be deleterious by multiple path-

ogenicity prediction algorithms (Figure S6).

To characterize the biological effects of the R517C

variant on DALRD3 protein, we isolated fibroblast cells

from the affected individual via skin biopsy (referred to

as R517C fibroblast cells). We compared protein levels in

the R517C fibroblast cells to fibroblast cells isolated from

a healthy, age-matched control individual homozygous

for the wild-type DALRD3 alleles. Based upon immuno-

blotting, the levels of DALRD3 protein in the R517C fibro-

blast cells were greatly reduced compared to fibroblast cells

from the healthy wild-type individual (Figure 2C). These

results suggest that the R517C variant alters the structure

of DALRD3, leading to reduced cellular stability and

increased degradation.

We next tested the impact of the DALRD3-R517 variant

on m3C modification in arginine tRNAs of fibroblast cells

from the affected individual. We monitored m3C modifi-

cation using a primer extension assay in which the pres-
Human Genetics and Genom
ence of m3C leads to a reverse tran-

scriptase (RT) block at position 32 of

arginine tRNAs, while the lack of

m3C allows for readthrough and gen-

eration of an extended product to the

next RT block. Using this assay, we

find that the m3C modification is
greatly reduced in R517C fibroblast cells compared to con-

trol cells from a healthy individual (Figure 2D, quantified

in bar graphs). These results demonstrate that R517C fibro-

blasts exhibit a deficiency in the m3C modification in

specific tRNA-Arg isoacceptors. The deficit in m3C modifi-

cation in the arginine tRNAs of R517C fibroblast cells pro-

vides evidence that the R517C variant causes partial loss of

function.

These results indicate that the R517C variant in the

DALRD3 protein impacts m3C modification in human

cells. To elucidate the molecular defects associated with

the R517C variant, we investigated the interaction between

DALRD3 and METTL2. We co-transfected HEK293T cells

with a plasmid expressing Streptactin (Strep)-tagged

METTL2 along with empty vector or plasmids expressing

a FLAG-tagged version of the wild type (WT) or the

R517C DALRD3 variant (Figure 3A). Expression of

METTL2, DALRD3-WT, or the DALRD3-R517C variant

was confirmed by immunoblotting for the Strep tag or
ics Advances 6, 100377, January 9, 2025 5
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Figure 3. The DALRD3-R517C variant
exhibits reduced co-precipitation with
METTL2 and RNAs
(A) Co-transfection setup with plasmids
encoding FLAG-DALRD3 and Strep-
METTL2.
(B) Immunoblot of input lysates and anti-
FLAG purifications from HEK293T cells
transfected with the indicated plasmids.
The immunoblot was probed with anti-
FLAG and anti-Strep antibodies. Input rep-
resents 4% of the total sample used for pu-
rification. Purification represents 50% of
the purified sample. Bar graph represents
quantification of METTL2 co-purifying
with DALRD3-WT or the R517C variant.
The percentage of co-purifying METTL2
represents the amount of METTL2 in the
purified DALRD3 sample that was recov-
ered from the total input.
(C) Immunoblot of FLAG-DALRD3 puri-
fied fromHEK293Tcells. The immunoblot
was probed with anti-FLAG antibodies.
Input represents 4% of the total sample
used for purification. Purification repre-
sents 20% of the total purified sample.
(D) Nucleic acid stain of RNAs extracted
from the indicated input or purified sam-
ples after denaturing PAGE. The migration
patterns of 5.8S rRNA (�150 nt), 5S rRNA
(�120 nt), and tRNAs (�70–80 nt) are
denoted. Input represents 2% of total

extracts used for purification. The bar graph represents quantification of tRNA co-purifying with DALRD3-WT or the R517C variant.
The percentage of tRNA co-purification represents the amount of tRNA in the purified DALRD3 sample that was recovered from the total
input.
For bar graphs in (B) and (D), error bars represent standard deviation from themean; significance was determined using an unpaired t test
with two-tailed p value. **p ¼ 0.0015 for (B). ***p ¼ 0.0002 for (D).
FLAG tag (Figure 3B, input, lanes 1–3). We note that the

DALRD3-R517C variant accumulated to lower levels than

theWT DALRD3 protein in multiple independent transfec-

tions. The reduced levels of DALRD3-R517C protein

compared to WT-DALRD3 in this system are consistent

with the decreased amount of DALRD3 protein in the

R517C fibroblast cells from the affected individual.

The FLAG-DALRD3 fusion proteins were then purified on

anti-FLAG antibody resin, and recovery of FLAG-tagged

DALRD3 was confirmed (Figure 3B, purification, FLAG-

DALRD3, lanes 5 and 6). We detected an enrichment of

METTL2 that copurified with DALRD3 above the back-

ground binding in the control purification (Figure 3B, puri-

fication, Strep-METTL2, compare lane 4 to lane 5). The

amount of co-purifying METTL2 was decreased by �4-fold

with the DALRD3-R517C variant compared to DALRD3-

WT after normalization to the amount of DALRD3 protein

purified (Figure 3B, Strep-METTL2, compare lanes 5 and 6,

quantified in the bar graph). This result suggests that the

DALRD3-R517C variant exhibits less stable interaction

with METTL2 compared to DALRD3-WT.

Based upon this finding, we next tested the interaction

of DALRD3 with tRNAs. Like above, we transfected

HEK293T cells with empty vector or plasmids expressing

FLAG-DALRD3-WTor the DALRD3-R517C variant. Expres-

sion and purification of DALRD3-WT or the DALRD3-
6 Human Genetics and Genomics Advances 6, 100377, January 9, 20
R517C variant was confirmed by immunoblotting for the

FLAG tag (Figure 3C). We examined the RNA species that

co-purified with DALRD3 by denaturing PAGE followed

by nucleic acid staining. A recovery control RNA was

included during RNA extraction to normalize for differ-

ences in recovery efficiency. While purification from vec-

tor-transfected cell lysates exhibited only background

binding to tRNAs, the purified DALRD3-WT sample con-

tained several co-purifying RNA species that correspond

in size to tRNAs along with 5S and 5.8S rRNA (Figure 3D,

compare lanes 4 and 5). This pattern of co-purifying

RNAs is consistent with our previous observation that

DALRD3 exhibits a stable interaction with rRNA and

tRNAs that are targets for m3C modification.16 In contrast

to DALRD3-WT, the amount of co-purifying tRNAs with

the DALRD3-R517C variant was reduced to nearly back-

ground levels (Figure 3D, quantified in the bar graph).

Overall, these results reveal that the R517C substitution

perturbs binding of DALRD3 to METTL2 and tRNAs.
Discussion

Altogether, we identify a loss-of-function variant in

DALRD3 that substantiates the link between DALRD3-

dependent tRNA modification and neurological function.
25



Moreover, these results uncover the molecular basis for the

deficit in tRNA modifications caused by the DALRD3

missense variant. In particular, the decreased amount of

DALRD3-R517C protein in the cell could contribute to a

reduction in METTL2 and tRNA binding that impairs

tRNAmodification. Moreover, this result suggests that mis-

folding and loss of protein-RNA interactions promote

degradation of the DALRD3-R517C protein by the ubiqui-

tin-proteasome system. Interestingly, global analysis of the

human ubiquitin-modified proteome has identified a ubiq-

uitination site on lysine residue 28 of DALRD3 that is

responsive to proteasome inhibition.21 Thus, the levels of

DALRD3 protein could potentially be restored in cells of

affected individuals through proteasome inhibition.

The R517C substitution could also perturb the binding

of METTL2 and tRNA substrates by affecting the folding

of DALRD3 domains necessary for protein-RNA interac-

tions. To gain insight into how the R517C substitution

could affect DALRD3 folding, we mapped the R517 residue

onto a predicted DALRD3 structure generated through Al-

phaFold.22,23 DALRD3 is predicted to fold into an N-termi-

nal region unique to DALRD3 homologs and a C-terminal

DALR anticodon binding domain (Figure S7A, N-terminal

region in gray, DALR domain in violet). The C-terminal

DALR domain of DALRD3 is predicted to form an all a-he-

lical bundle that is characteristic of DALR domains found

in arginyl tRNA synthetases.24,25 Based upon the

AlphaFold model, the R517 residue lies within the last a

helix of the all-a-helical bundle of the DALR domain,

with the positively charged side chain partially exposed

to solvent (Figures S7A and S7B, R517 residue in red).

The change from an amphipathic arginine residue to a hy-

drophobic cysteine residue could alter the overall folding

of the a-helical bundle of DALRD3 that impacts interac-

tions with METTL2 and tRNAs. Moreover, the change

from a positively charged arginine side chain to the un-

charged cysteine side chain in DALRD3 could disrupt elec-

trostatic or hydrogen bond interactions with METTL2 and

arginine tRNAs.

The individual with the R517C variant in DALRD3 ex-

hibits many of the phenotypes displayed by two previ-

ously characterized individuals with a homozygous

nonsense variant in DALRD3.16 However, the onset of sei-

zures in the individual described here was later in life

compared to the two previously characterized individuals

(4 years versus 6–7 months). Moreover, the individual

described here exhibited less severe immobility and speech

deficiencies compared to the two individuals with a homo-

zygous nonsense variant. We also note that fibroblast cells

from the individual with the R517C missense variant

retain �25% of the m3C modification in arginine tRNAs,

while cells with the DALRD3 frameshift variant exhibit

nearly complete loss of m3C modification in arginine

tRNAs.16 Thus, the reduced severity of clinical symptoms

associated with the R517C variant is consistent with the

partial loss-of-function phenotype compared to the nearly

complete loss of function in the DALRD3 frameshift
Huma
variant. Our findings set the stage for determining the bio-

logical pathways dependent upon DALRD3-dependent

tRNA modifications that could be modulated in individ-

uals with epileptic encephalopathy. Furthermore, our

studies suggest that m3C modification status could serve

as a functional assay to assist in the classification of un-

characterized DALRD3 variants.

The different clinical presentations and ages of onset for

individuals with DALRD3 variants suggests that additional

genes are likely to contribute to disease pathology. It is also

possible that loss of DALRD3 protein function is indepen-

dent of the observed phenotypes in families with DALRD3

variants. Thus, the identification of additional individuals

withDALRD3 variants linked to disease will be the focus of

future studies. Furthermore, the future generation of

DALRD3-deficient animal models will provide a system

for testing the role of DALRD3 function in neurodevelop-

ment and brain function.
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Bohnsack, K.E., and Bohnsack, M.T. (2022). The RNA methyl-

transferase METTL8 installs m(3)C(32) in mitochondrial

tRNAs(Thr/Ser(UCN)) to optimise tRNA structure and mito-
8 Human Genetics and Genomics Advances 6, 100377, January 9, 20
chondrial translation. Nat. Commun. 13, 209. https://doi.

org/10.1038/s41467-021-27905-1.

15. Bohnsack, K.E., Kleiber, N., Lemus-Diaz, N., and Bohnsack,

M.T. (2022). Roles and dynamics of 3-methylcytidine in

cellular RNAs. Trends Biochem. Sci. 47, 596–608. https://doi.

org/10.1016/j.tibs.2022.03.004.

16. Lentini, J.M., Alsaif, H.S., Faqeih, E., Alkuraya, F.S., and Fu, D.

(2020).DALRD3encodes a proteinmutated in epileptic enceph-

alopathythat targets arginine tRNAsfor3-methylcytosinemodi-

fication. Nat. Commun. 11, 2510. https://doi.org/10.1038/

s41467-020-16321-6.

17. Scheffer, I.E., Berkovic, S., Capovilla, G., Connolly, M.B.,

French, J., Guilhoto, L., Hirsch, E., Jain, S., Mathern, G.W.,
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