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Abstract

Recessive mutations in the ubiquitously expressed POLR3A and POLR3B genes are the most common cause of
POLR3-related hypomyelinating leukodystrophy (POLR3-HLD), a rare childhood-onset disorder characterized by
deficient cerebral myelin formation and cerebellar atrophy. POLR3A and POLR3B encode the two catalytic subunits
of RNA Polymerase III (Pol III), which synthesizes numerous small non-coding RNAs. We recently reported that mice
homozygous for the Polr3a mutation c.2015G > A (p.Gly672Glu) have no neurological abnormalities and thus do not
recapitulate the human POLR3-HLD phenotype. To determine if other POLR3-HLD mutations can cause a
leukodystrophy phenotype in mouse, we characterized mice carrying the Polr3b mutation c.308G > A (p.Arg103His).
Surprisingly, homozygosity for this mutation was embryonically lethal with only wild-type and heterozygous
animals detected at embryonic day 9.5. Using proteomics in a human cell line, we found that the POLR3B R103H
mutation severely impairs assembly of the Pol III complex. We next generated Polr3aG672E/G672E/Polr3b+/R103Hdouble
mutant mice but observed that this additional mutation was insufficient to elicit a neurological or transcriptional
phenotype. Taken together with our previous study on Polr3a G672E mice, our results indicate that missense
mutations in Polr3a and Polr3b can variably impair mouse development and Pol III function. Developing a proper
model of POLR3-HLD is crucial to gain insights into the pathophysiological mechanisms involved in this devastating
neurodegenerative disease.
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Background
Recessive mutations in POLR3A, POLR3B, POLR1C and
POLR3K cause RNA Polymerase III-related hypomyelinat-
ing leukodystrophy (POLR3-HLD), [1–4] a devastating
childhood-onset neurodegenerative disorder characterized
by motor regression, cerebellar features and/or cognitive
dysfunction, as well as hypomyelination and cerebellar at-
rophy on magnetic resonance imaging (MRI) [5]. To date,

more than 100 POLR3-HLD cases have been reported.
The majority of these involve mutations that are present
in a single family or in only a handful of patients [5].
There is significant phenotypic heterogeneity regarding se-
verity, age of onset and nature of symptoms and no clear
genotype-phenotype correlation has been observed [5].
POLR3A and POLR3B encode the two catalytic subunits
of RNA Polymerase III (Pol III), an essential enzyme re-
sponsible for the synthesis of nuclear-encoded transfer
RNAs (tRNA) and various other small housekeeping non-
coding RNAs (ncRNA). However, none of these Pol III
transcripts have a known role in myelination and/or cere-
bellar function, highlighting the need for a disease model
in which the pathophysiological mechanisms responsible
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for POLR3-HLD can be investigated. We recently re-
ported that mice homozygous for the French Canadian
founder mutation Polr3a c.2015G >A (p.Gly672Glu) have
normal motor function, myelination and cerebellar integ-
rity and thus do not recapitulate the human POLR3-HLD
phenotype [6]. Nonetheless, it remains unknown whether
other mutations in Polr3a or Polr3b can lead to a POLR3-
HLD phenotype in mice.
In this follow-up study, we assessed the impact of a dif-

ferent POLR3-HLD-causing mutation, Polr3b c.308G >A
(p.Arg103His), and found that it has a severe impact on
mouse development and on Pol III biogenesis, indicating
that mutations in Pol III subunits have variable effects in
mice that may be a consequence of their specific defects
on Pol III function. Second, we show that increasing the
Pol III mutational burden of Polr3a G672E mice by adding
a heterozygous Polr3b mutation does not lead to signifi-
cant impairment at the phenotypic, histological or tran-
scriptional levels, indicating that one functional Polr3b
allele is sufficient to maintain normal Pol III function even
in the presence of two mutated Polr3a alleles, providing

further evidence that the Polr3a G672E mutation mimics
a wild-type allele in mouse and that vulnerability to Pol III
mutations varies between species.

Results and discussion
To determine if other mutations in Polr3a or Polr3b
cause a leukodystrophy phenotype in mice, we acquired
heterozygous Polr3b c.308G > A (p.Arg103His) mice,
which were generated using CRISPR-Cas9. Since this
knock-in mouse was being produced in parallel with
Polr3b−/− mice as part of the NorCOMM2 project, the
c.308G > A mutation was selected because of its proxim-
ity to the targeting site of the single guide RNA used to
generate Polr3b−/− mice. This mutation has only been
observed in one POLR3-HLD patient in compound het-
erozygosity with POLR3B c.1568C > T (p.Val523Glu) [5].
We confirmed the presence of the heterozygous
c.308G > A mutation in these animals by Sanger sequen-
cing of tail genomic DNA (Fig. 1a). However, when we
bred heterozygous mice together, we were unable to ob-
tain homozygous Polr3bR103H/R103H mice. After weaning,

Fig. 1 Generation of a Polr3b KI mouse model. a Genomic DNA chromatograms of Polr3b exon 6 in WT and Polr3b+/R103H heterozygous mice. The
Polr3b mutation c.308G > A (p.R103H) is indicated by a red arrow and the silent intronic mutation is indicated by an orange arrow. b cDNA
chromatograms of Polr3b exons 5 and 6 in WT and Polr3b+/R103H heterozygous mice. The Polr3b mutation c.308G > A (p.R103H) mutation is
indicated by a red arrow. Both alleles are seen in the heterozygous mice, suggesting that the mutation does not cause abnormal splicing. c
Homozygous mice for the Polr3b R103H mutation do not survive embryogenesis. Heterozygous parents were bred and E9.5 embryos or live pups
were genotyped. No homozygous mice (Polr3bR103H/R103H) were observed in a total of 54 live pups and 16 embryos genotyped
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only wild-type (WT) (14/54) and heterozygote animals
(40/54) were detected (Fig. 1c). A similar distribution of
genotypes was seen at embryonic day 9.5 (Fig. 1c). These
results indicate that the Polr3b R103H mutation is em-
bryonically lethal at or before mid-gestation, similarly to
Polr3a−/−null mice [6]. This is in stark contrast to homo-
zygous Polr3aG672E/G672E mice, which are viable and do
not display any abnormalities at 12 months of age [6].
POLR3A and POLR3B protein sequences are highly con-
served between human and mouse, with perfect conser-
vation surrounding the POLR3A G672 and POLR3B
R103 sites (multiple protein alignment by Clustal
Omega) [6, 7]. Thus, the phenotypic differences between
the two mouse models cannot be explained by differ-
ences in sequence conservation levels between species.
The c.308G > A mutation is located near the start of

exon 6 and was introduced alongside an intronic muta-
tion (c.304-4C > T) to prevent CRISPR-Cas9 re-editing
of the repaired genomic DNA. To verify whether these
mutations cause aberrant splicing leading to a null allele,
we performed RT-PCR and Sanger sequencing of exons
4–8 of the Polr3b cDNA in heterozygous mice. Normal
splicing was confirmed (Fig. 1b). Furthermore, both al-
leles were detected in similar proportions on the chro-
matogram, indicating that the mutant allele is not
degraded. Thus, the c.308G > A mutation does not have
a detrimental impact on mRNA splicing or stability.
Taken together, results from Polr3aG672E/G672E and
Polr3b+/R103H mice may suggest that human missense
mutations in Polr3a and Polr3b can have no impact in
mice or lead to early developmental arrest.
We previously demonstrated that the POLR3A G672E

mutation has a mild impact on Pol III function in hu-
man cells, since it does not impair Pol III complex as-
sembly or nuclear import and only leads to a mild
decrease in POLR3A occupancy at target loci [6]. Con-
sidering the severity of the Polr3b R103H mutation in
mice, we hypothesized that this mutation would have a
more detrimental effect on Pol III function. To test this
hypothesis, FLAG-tagged versions of the wild-type (WT)
or mutant (R103H) forms of POLR3B were transiently
expressed in HEK293 cells. Whole cell extracts were af-
finity purified using an anti-FLAG antibody and ana-
lyzed by label-free shotgun proteomics (AP-MS). [3]
FLAG-tagged WT and R103H POLR3B expression levels
(Additional File 1: Figure S1A-B) and pulled-down levels
(Additional File 2: Table S1) were similar and POLR3B
interactors (prey proteins) levels were normalized by the
pulled-down levels of the bait (POLR3B) in each purifi-
cation. We observed that the POLR3B R103H mutation
greatly impedes the assembly or stability of the Pol III
complex. Indeed, eleven of the sixteen remaining Pol III
subunits were detected in pulldowns that used tagged
WT POLR3B whereas lower amounts of each of these

subunits relative to WT were pulled down using
POLR3B R103H (Fig. 2a, Additional File 2: Table S1).
The ratio of six of these subunits showed a statistically
significant reduction in the mutant purifications com-
pared to that of the WT (Fig. 2b), implying a lower affin-
ity of the mutant POLR3B subunit for its partners in
vivo and a decreased abundance of the mutant Pol III
complex. These data suggest that in homozygous mouse
cells, the defective Pol III biogenesis conferred by the
mutant POLR3B subunit may underlie the impaired
mouse embryonic development phenotype. Importantly,
when combined with our previous study [6], our data
suggest that mutations causing a milder effect on Pol III
function, such as POLR3A G672E, may not lead to a
phenotype in mice, perhaps because of inter-species dif-
ferences in myelination [6]. On the other hand, some
mutations that affect Pol III complex assembly or nu-
clear import and that are generally seen as compound
heterozygous alleles in humans may be too severe in the
homozygous state, thus preventing embryonic develop-
ment. Indeed, numerous POLR3-HLD cases with com-
pound heterozygous alleles are known to include one
allele with a frameshift or nonsense mutation [5]. Since
we have only studied two mutations thus far, further ex-
periments on other POLR3A and POLR3B mutations will
be necessary to confirm such a correlation. This does
not preclude that other mutations, perhaps ones that
have a moderate effect on chromatin occupancy or tran-
scription elongation, might lead to a clinical mouse
phenotype recapitulating the human disease. We re-
cently showed that in human cell lines, the POLR3-
HLD-causing POLR3A M862 V mutation does not im-
pair Pol III complex assembly or nuclear import but
leads to decreased levels of a subset of Pol III tran-
scripts, including tRNAs and 7SL RNA [8]. Thus, this
mutation appears to have an intermediate functional
phenotype in human cells that could perhaps lead to a
neurological phenotype in mouse. Examining the func-
tional impact of a larger panel of mutations in human
cells could help pinpoint those that may produce a
mouse phenotype, though mouse brain development
may be less susceptible than the human brain to the im-
pact of such mutations.
Considering the severe impact of the Polr3b R103H

mutation on mouse development, we next asked
whether introducing this mutation in the heterozygous
state in Polr3aG672E/G672E mice, thus increasing the Pol
III mutational burden, could lead to a phenotype that
would resemble POLR3-HLD. We crossed homozygous
Polr3aG672E/G672E mice with heterozygous Polr3b+/R103H

mice and the resulting pups were bred to obtain double
mutant mice (Polr3aG672E/G672E/Polr3b+/R103H, hereafter
referred to as DM mice) (Fig. 3a). DM mice were viable,
reproduced normally and did not display a grossly
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abnormal phenotype. To evaluate balance and coordin-
ation, we performed the balance beam test at 6 months of
age. We did not detect statistically significant differences
in latency to cross the beam or in the number of foot slips
between WT and DM mice, suggesting that DM mice do
not have impaired gait or cerebellar ataxia (Fig. 3b). Fur-
thermore, WT and DM mice performed comparably in
the open field test at 6 months of age, indicating normal
general locomotion and voluntary movement (Fig. 3c).
We next assessed the presence of hypomyelination and
cerebellar atrophy, which are the main pathological fea-
tures of POLR3-HLD. [5, 9] Coronal brain sections from
six month old DM mice stained with an antibody against
Proteolipid protein (PLP), one of the main protein compo-
nents of myelin, were indistinguishable from age-matched
WT mice, suggesting that DM mice undergo complete
myelination (Fig. 4a). Moreover, Nissl staining and Pur-
kinje cell counts showed normal cerebellar integrity in
DM mice (Fig. 4b). Altogether, our behavioral and histo-
logical data indicate that DM mice do not recapitulate the
phenotypic or pathological features of POLR3-HLD at 6
months of age, and thus that the heterozygous Polr3b
c.308G >A mutation does not lead to a phenotype in Pol-
r3aG672E/G672E mice. Lastly, we evaluated the transcrip-
tional impact of Polr3a and Polr3b mutations in the brain

of DM mice. Using RNA-sequencing (RNA-seq), we
found that Polr3a and Polr3b mRNA levels were compar-
able in WT and DM mice (Fig. 5a), providing further evi-
dence that the two missense mutations do not alter
mRNA stability. Furthermore, the three Pol III transcripts
detected by this technique (Rpph1, Rmrp and Rn7sk) ap-
peared unaffected by the Polr3a and Polr3b mutations
(Fig. 5b). In addition, no protein-coding genes showed sig-
nificant differences (adjusted p-value < 0.05 and absolute
log2 fold change > 1) between the two groups, demon-
strating that Polr3a G672E and Polr3b R103H missense
mutations do not have a global impact on the brain tran-
scriptome. We also measured the levels of one precursor
tRNA and one mature tRNA by Northern Blot and found
no change in their amounts in WTand DM mice (Fig. 5c),
suggesting that 50% wild-type Polr3b is sufficient to main-
tain Pol III function. Thus, our findings strongly suggest
that adding a heterozygous mutation in a second Pol III
subunit is insufficient to impair mouse neurological func-
tion or Pol III transcript levels in Polr3aG672E/G672E mice
at six months of age.
Characterization of Polr3aG672E/G672E, Polr3bR103H/R103H

and DM mice clearly shows that the impact of Pol III mu-
tations differs in human and mice. Whether this is due to
inter-species differences in myelination, to variable Pol III

Fig. 2 Impact of POLR3B R103H mutation on the assembly of Pol III complex. FLAG-tagged POLR3B WT or R103H were expressed in HEK293 cells,
purified using an anti-FLAG antibody and digested with trypsin. The co-purified proteins were identified by LC-MS/MS mass spectrometry. The
spectral counts of each peptide were computed using X-Tandem and Perseus. a The heatmap contains the average of the log2−transformed
spectral count ratios across all 4 replicates. POLR3B (the bait) is identified by an asterisk. b Volcano plot of the log2-transformed average spectral
count ratio R103H/WT (x-axis) and the –log10 q-value obtained by using a two-tailed T-test adjusted with a permutation-based multiple
hypothesis testing and an s0 correction factor of 0.1 (y-axis). Proteins marked in red are considered statistically significant
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function or regulation, or to the existence of species-
specific Pol III transcripts remains unclear. As evidence
for the latter, the most affected Pol III transcript detected
in several POLR3-HLD human cellular models, including
patient-derived fibroblasts, is BC200 RNA [8], suggesting
a role for this primate-specific RNA in POLR3-HLD
pathophysiology [10]. BC200 RNA has a functional analog
in mouse, Bc1 RNA, which is also synthesized by Pol III.
While both transcripts play a similar role in translational
regulation, they have different evolutionary origins [10]
and recent evidence indicates that BC200 RNA is also in-
volved in mRNA splicing and stability [11, 12]. We found
that BC200 RNA was downregulated in patient fibroblasts
harboring the POLR3A G672E mutation [8], while Bc1
RNA was not affected in mouse brains homozygous for
the same mutation [6], further suggesting that the two
transcripts may have different sensitivities to Pol III hypo-
function that could explain the absence of neurological
phenotype in mice. Bc1 knockout (KO) in mouse does not

lead to hypomyelination or neurological deficits [13]. In
contrast, in a human oligodendroglial cell line, both the
POLR3A M852V mutation and BC200 RNA KO led to
decreased Myelin basic protein (MBP) mRNA levels com-
pared to wild-type cells upon cellular differentiation, indi-
cating that Pol III hypofunction could have a detrimental
impact on myelin biogenesis and that this effect may be
exerted through impaired BC200 RNA expression [8].
Nonetheless, the effect on MBP expression was milder in
BC200 KO compared to POLR3A-mutated cells, suggesting
that multiple factors are at play in the latter and that other
Pol III transcripts such as tRNAs, which are conserved in
mouse, could contribute to POLR3-HLD.
While it is possible that POLR3-HLD simply cannot

be properly modeled in mice, other genetic, develop-
mental or environmental factors that are absent in la-
boratory mice may be at play in human cases and
contribute to pathogenesis. For instance, in addition to
its role in nuclear gene transcription, Pol III also acts as

Fig. 3 Normal motor function in double mutant mice. a Polr3aG672E/G672E and Polr3b+/R103H mice were crossed to generate double mutant mice that
are homozygous for the Polr3a G672E mutation and heterozygous for the Polr3b R103H mutation. b Results from the 6mm beam test at 6 months of
age in males and females. Latencies to cross (top) and number of foot slips (bottom) are shown. For each mouse, three trials were performed and
summed. c Results from the rotarod at 6months of age in males and females. For each mouse, three trials were performed and summed. d Results
from the open field test at 6months of age in an independent cohort of males only. The open field test was run for 90min per mouse during which
total distance traveled (left), total time spent moving (middle) and number of movement bouts (right) were recorded for each 10min interval
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a DNA sensor in innate immunity [14]. Since approxi-
mately half of POLR3-HLD patients undergo neuro-
logical deterioration upon infections, [5] exposure to
certain pathogens may play a role in disease progression
via this lesser-known function of Pol III.
In conclusion, this study further highlights the

difficulty of establishing an appropriate mouse model for
POLR3-HLD. Nonetheless, the fact that the
Polr3bR103H/R103H mice are embryonic lethal while the
Polr3aG672E/G672E mice have no CNS phenotype raises
the possibility that other mutations in genes encoding
Pol III subunits could lead to intermediate phenotypes
that would resemble POLR3-HLD. Furthermore, the
possible correlation between mouse phenotype and im-
pact on Pol III function provides a useful tool to select
such candidate mutations.

Materials and methods
Animals
All experiments were carried out according to good
practice of handling laboratory animals consistent with
the Canadian Council on Animal Care and approved by
the University Animal Care Committee. The mouse line
C57BL/6 N-Polr3b < em4Tcp>(Polr3b+/R103H) was made
as part of the NorCOMM2 project funded by the Car-
e4Rare Canada Consortium, Genome Canada and the
Ontario Genomics Institute (OGI-051) at the Toronto

Centre for Phenogenomics. It was obtained from the
Canadian Mouse Mutant Repository. Briefly, the mutant al-
lele was created using CRISPR-Cas9, by injecting the Cas9
protein, single guide RNA (5′-TCATGTCCCTCAGACGG-
CAC-3′) and single-strand oligonucleotide repair template
(5′-gtgcactgtattcacagtgggattgctggagggcaggggtcgctcgctcactgt-
gattctgcttcagTGCCATCTGAGGGACATGACGTACTCC
GCCCCAATCACAGTGGACATTGAGTATACCCGAG
GCAGCCAGAGGA-3′) including the c.308G >A muta-
tion and the intronic mutation c.304-4C >T to prevent re-
editing of the properly mutated genomic DNA. For deter-
mination of the lethality of Polr3bR103H/R103H mice, hetero-
zygous Polr3b+/R103Hmice were interbred and gestating
females were sacrificed at E9.5 to extract embryos for geno-
typing. The generation of Polr3aG672E/G672Emice was previ-
ously described [6]. For the production of DM mice,
Polr3aG672E/G672E and Polr3b+/R103H were bred, resulting in
50% Polr3a+/G672E/Polr3b+/R103H and 50% Polr3a+/G672E/
Polr3b+/+ mice. Polr3a+/G672E/Polr3b+/R103H males and fe-
males were subsequently bred together to generate Polr3a-
G672E/G672E/Polr3b+/R103H DM mice.

Genotyping and sanger sequencing
Genomic DNA was extracted from tail biopsies or whole
embryos using the Gentra Puragene Tissue Kit (Qiagen).
Genotyping of the Polr3b R103H allele was performed
with two alternative techniques. We first used real-time

Fig. 4 Normal myelination and cerebellar integrity in double mutant mice at 6 months of age. a Immunofluorescence for proteolipid protein
(PLP) showing normal staining in the corpus callosum (top: coronal view; bottom: sagittal view) of DM mice compared to WT. Staining was
performed on three mice per group and representative images are shown for each group. Scale bar: 100 μm. b Top: Nissl staining of sagittal
cerebellar sections performed on two mice per group. Representative images are shown for each group. Scale bar: 100 μm. Bottom: Purkinje cell
counts of mid-sagittal cerebellar sections. Data are represented as mean +/− SEM of three sections per mouse
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PCR allelic discrimination and LNA probes (Integrated
DNA Technologies) (forward primer: 5′-GCTC
GCTCACTGTGATTCT-3′, reverse primer: 5′-CTC
GGGTATACTCAATGTCCAC-3′, Polr3b WT LNA
probe: HEX-CT +CAG+A +C +GGC+AC-IowaBlack
FQ, Polr3b R103H LNA probe: FAM-AG+A +T +
GGCA+CTGG-IowaBlack FQ). We later used PCR ampli-
fication of Polr3b exon 6 (primers: 5′-GCCAAGCACAC
ACATGTTCTA-3′ and 5′-TACCATTTCCCACACCC
TTC-3′) followed by digestion with the restriction enzyme
BsrI. The presence of the c.308G >A mutation abolishes
the BsrI restriction site. Genotyping of the Polr3a G672E
allele was conducted as previously reported [6]. For
Sanger sequencing of Polr3b exon 6, genomic DNA was
amplified by PCR using the following primers: 5′-ATTC
ACAGTGGGATTGCTGG-3′ and 5′-TGGCTTAAGGT-
CACATCATGG-3′. PCR products were sequenced at the
McGill University and Genome Quebec Innovation
Center, using a 3730XL DNA Analyzer (Applied
Biosystems). Sequence chromatograms were analyzed

using SeqMan v.4.03 (DNASTAR Inc., Madison, WI,
USA).

Plasmid construction
POLR3B WT DNA sequence was amplified by PCR
using the following primers (Forward 5′-AAGG
AAAAAAGCGGCCGCATGGACGTGCTAGCGGAGG
AGTT-3′ and Reverse 5′-CTAGTCTAGATTCATTGT
ACTTGGACAGTTTTAACC-3′) and transferred in a
p3XFLAG-CMV-14 expressing vector (Sigma). The
c.308G > A (p.R103H) POLR3B mutant was generated
by site-directed mutagenesis by amplifying the WT-
expressing plasmid with overlapping primers encoding
the desired mutation with a Q5 hot-start high-fidelity
DNA polymerase (New England Biolabs) and over-
night digestion of the parental plasmid with DpnI
(New England Biolabs) prior to transformation. All
POLR3B plasmid sequences were verified by
sequencing.

Fig. 5 Normal expression of Polr3a and Polr3b mRNAs and Pol III transcripts in double mutant mice at 6 months of age. a, b Expression levels of
a) Polr3a and Polr3b and b) three Pol III transcripts measured by RNA-seq in the cerebrum of three WT and three DM mice. Expression was
normalized with DESeq2. Data are represented as mean +/− SEM. c Northern blots of precursor (pre) and mature tRNA species from the
cerebrum (left) and cerebellum (right) of three WT and three DM mice. U3 snRNA, a Pol II transcript, was used as a loading control. Quantification
of mean +/− SEM after normalization are indicated below the blots for each group
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Affinity purification coupled with mass spectrometry
(AP-MS)
Human embryonic kidney cell line 293 (HEK293) were
maintained in culture in DMEM media supplemented
with 10% fetal bovine serum and 2mM glutamine,
seeded in 6-wells plates at 3 × 105 cells/well, grown over-
night and transiently transfected with 500 ng of FLAG-
tagged WT or R103H POLR3B expressing plasmids by
using Jet Prime transfection reagent (PolyPlus) according
to manufacturer’s instruction. Transfected cells were incu-
bated at 37 °C for 24 h, washed with sterile PBS, pelleted
at 3500RPM and snap frozen in liquid nitrogen. Affinity
purifications were performed using standard procedures
in four independent replicate experiments [3]. The speed-
vac protein extracts were then re-solubilized in 10 μL of a
6M urea buffer, reduced in reduction buffer (45mM
DTT, 100mM ammonium bicarbonate) for 30min at
37 °C, and alkylated in alkylation buffer (100mM iodoace-
tamide, 100mM ammonium bicarbonate) for 20min at
24 °C in dark and proteins were digested in 10 μL of the
trypsin solution (5 ng/μL of trypsin sequencing grade from
Promega, 50mM ammonium bicarbonate) at 37 °C for 18
h. The protein digests were acidified with trifluoroacetic
acid for desalting and removal of residual detergents by
MCX (Waters Oasis MCX 96-well Elution Plate) accord-
ing to manufacturer’s instructions. The resulting peptides
were identified with tandem mass spectrometry (LC-MS/
MS) using a HPLC system coupled to an Orbitrap Fusion
mass spectrometer (Thermo Scientific) through a Nanos-
pray Flex Ion Source. MS/MS raw data were searched
against the Uniprot database (updated on June 12th2018)
using X-Tandem (version 2013.06.15.1) [15] for protein
identification and spectral counts were computed by Pro-
hits (version 6.0.4) [16]. Spectral counts were transferred
in Perseus (Version 1.6.1.3) [17]. Proteins quantified in
three out of four experiments for either WT or R103H
POLR3B were kept for further analysis. Spectral counts re-
ported as 0 by X-Tandem were replaced by a randomly
generated spectral count value normally distributed with a
mean and S.D. equal to those of the lowest 20% spectral
count values from the LC-MS/MS analysis. Spectral
counts were normalized by the spectral count of the bait
(POLR3B) in order to allow comparison between different
purifications. WT and R103H POLR3B proteins were
compared to the FLAG empty vector control samples and
were labeled as high-confidence interactors when their p-
value was under 0.05 and their spectral count ratio was
over 2. Statistical differences between WT and R103H
POLR3B were determined using a two-tailed T-test subse-
quently adjusted for multiple hypothesis testing using a
permutation-based test by considering a False discovery
rate (FDR) of 5% adjusted using an s0 correction factor of
0.1 with 10,000 iterations [18]. The level of differential
interaction with POLR3B were considered statistically

significant when the adjusted P value was < 0.05 and its
average spectral count fold-change (R103H/WT) was ±2.

Behavioral tests
Six months old WT and DM mice were submitted to the
balance beam, rotarod and open field tests as previously
described [6]. Male (5 WT, 3 DM) and female (3 WT, 5
DM) mice were used for the balance beam and
rotarod tests, while an independent cohort of males (7
WT, 8 DM) were subsequently used for the open field
test.

Histology
For preparation of tissue sections, mouse cerebrum and
cerebellum were harvested and fixed in 4% paraformal-
dehyde for 24 h at 4 °C. Tissues were then equilibrated
in 30% sucrose/PBS for 48 h. Sagittal or coronal sections
(30 μm) were cut using a freezing sledge microtome.
Free-floating sections were processed for immunofluor-
escence as previously described [19]. Sections were la-
beled with an antibody against PLP (Abcam #ab28486,
1/200) in three mice per group. Nissl stains and Purkinje
cell counts were performed in two mice per group as
previously described [20]. Imaging was performed using
a Zeiss Axiovert M2 microscope.

RNA extraction, RT-PCR and Northern blots
Cerebral and cerebellar hemispheres were harvested and
snap-frozen in liquid nitrogen. Tissues were homogenized in
Qiazol lysis reagent (Qiagen). Total RNA was extracted with
the miRNeasy kit (Qiagen) and treated with DNAse I
(Qiagen) according to the manufacturer’s instructions. For
RT-PCR of Polr3b exons 4–8, brain RNA was reversed tran-
scribed into complementary DNA (cDNA) using the Super-
script III Reverse Transcriptase (ThermoFisher) according to
the manufacturer’s instructions and amplified by PCR using
the following primers: 5′-CAGCACATAGACTCCTTT
AACTATTTC-3’and 5′-GGGTGGAGCTGGTAACTGA-
3′. Northern Blots for precursor and mature tRNAs were
performed as previously described [6].

RNA-sequencing
Illumina TruSeq rRNA-depleted stranded libraries were
prepared from total cerebrum RNA of 6 months old male
mice (3 WT, 3 DM) and sequenced on an Illumina HiSeq
2500 with 125 bp paired-end reads at an average of 38.7
million reads/sample. Quality control and trimming were
performed as previously described [21]. Trimmed reads
were aligned to the reference genome mm10 using STAR
v2.3.0e [22]. Expression levels were estimated with fea-
tureCounts [23] using exonic reads and normalized using
DESeq2 [24]. Differential expression analysis was per-
formed with DESeq2.
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