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Bi-allelic POLR3A Loss-of-Function Variants
Cause Autosomal-Recessive
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Wiedemann-Rautenstrauch syndrome (WRS), also known as neonatal progeroid syndrome, is a rare disorder of unknown etiology. It has
been proposed to be autosomal-recessive and is characterized by variable clinical features, such as intrauterine growth restriction and
poor postnatal weight gain, characteristic facial features (triangular appearance to the face, convex nasal profile or pinched nose, and
small mouth), widened fontanelles, pseudohydrocephalus, prominent scalp veins, lipodystrophy, and teeth abnormalities. A previous
report described a single WRS patient with bi-allelic truncating and splicing variants in POLR3A. Here we present seven additional in-
fants, children, and adults with WRS and bi-allelic truncating and/or splicing variants in POLR3A. POLR3A, the largest subunit of
RNA polymerase III, is a DNA-directed RNA polymerase that transcribes many small noncoding RNAs that regulate transcription,
RNA processing, and translation. Bi-allelic missense variants in POLR3A have been associated with phenotypes distinct from WRS: hy-
pogonadotropic hypogonadism and hypomyelinating leukodystrophy with or without oligodontia. Our findings confirm the associa-
tion of bi-allelic POLR3A variants with WRS, expand the clinical phenotype of WRS, and suggest specific POLR3A genotypes associated

with WRS and hypomyelinating leukodystrophy.

Neonatal progeroid syndrome, also known as Wiedemann-
Rautenstrauch syndrome (WRS) [MIM: 264090], is an
extremely rare, heterogeneous disorder characterized by
variable clinical features such as intrauterine growth re-
striction (IUGR) and poor postnatal weight gain, character-
istic facial features (triangular face, convex nasal profile or
pinched nose, and small mouth), widened fontanelles,
pseudohydrocephalus (i.e., the head appears enlarged,
but head circumference is normal for the person’s age),
prominent scalp veins, lipodystrophy, and teeth abnor-
malities."™ WRS was first described by Rautenstrauch
and Snigula in 1977 in two sisters' and by Wiedemann
in 1979 in two unrelated individuals.” Subsequently,
Devos and colleagues reported a fifth unrelated patient
born to consanguineous parents, proposed the name
WRS, and suggested autosomal-recessive inheritance.’
Since these early reports, over 40 additional individuals
with variable phenotypes have been reported, and were
recently reviewed.”

Recent evidence suggests that WRS is genetically hetero-
geneous. For example, some individuals diagnosed with
WRS have been reported to have de novo mutations in
fibrillin 1 (FBN1, [MIM: 134797]),>” caveolin 1 (CAVI,
[MIM: 601047])® and, more recently, in solute carrier fam-

ily 25 member 24 (SLC25A24, [MIM 608744]).” In 2016,
Jay and colleagues reported an infant with a clinical diag-
nosis of WRS and bi-allelic POLR3A (RNA polymerase 3A,
[MIM: 614258]) null variants.'® However, phenotypic fea-
tures of this patient could not be conclusively attributed to
POLR3A variants. Here we provide compelling evidence for
POLR3A as the major locus of autosomal-recessive WRS by
reporting on seven additional infants, children, and adults
with WRS and bi-allelic POLR3A loss-of-function variants
that alter splicing and/or truncate translation. We further
expand the scope of phenotypic findings in WRS; for
example, we describe near-total loss of permanent denti-
tion, congenital fractures, lower-limb contractures, patellar
dislocation, mandibular hypoplasia, thyroglossal cyst, and
adult-onset thyroid papillary carcinoma.

We identified seven unrelated infants, children, and
adults (ranging in age from birth to 21 years) with clinical
features of WRS (Table 1, Figures 1 and 2). Clinical features
of two of these individuals (subjects 2 and 3) were briefly
reported previously.® The adult subjects as well as the par-
ents of all children provided written informed consent for
participation in the current study. This study was reviewed
and approved by the Human Research Protection Office
at Washington University, St. Louis, Missouri, and by the
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Table 1. Clinical Characteristics of Infants, Children, and Adults with Wiedemann-Rautenstrauch Syndrome (WRS) and Bi-allelic POLR3A Variants

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7
Current age 2 years 20 years 13 years 3 years 3 years 21 years 5 years
Sex female female female female male female male

Pregnancy and
delivery

Birth parameters

Craniofacial
features

Dental
abnormalities

Postnatal growth

Fat tissue
distribution

born at 37 wks, IUGR,
antenatal findings of
abnormal skull shape

BW: 1,700 g;
(< 1%, —2.9 SD)

length: 43 cm;
(3%, —1.8 SD)

OFC: 31 cm;
(9%, —1.3 SD)

relative macrocephaly,
large anterior and
posterior fontanelles,
prominent forehead,
wide-spaced eyes,
short nose with
anteverted nares,
small low-set ears,
micrognathia

natal teeth

gastrostomy tube
placed at 6 mos

decreased
subcutaneous fat,
localized fat
distribution over
posterior iliac region
and buttocks

born at 30 wks

BW: 960 g;
(13%. —1.1 SD)

NA

NA

macrocephaly,
prominent forehead,
triangular appearance
to face, thin nose,
small mouth, sparse
eyelashes and
eyebrows, low-set ears,
mandibular hypoplasia,
thyroglossal cyst (post
resection), sparse scalp
hair

natal teeth, absence
of permanent teeth

poor weight gain;
recurrent pneumonias
and swallowing
concerns; gastrostomy
tube since age

13 yrs; adult weight:
30 kg; adult height:
130 cm

generalized decreased
subcutaneous fat

born at 34 wks,
IUGR

BW: 1,160 g;
(1%, —2.5 SD)

NA

NA

macrocephaly

and hydrocephalus
requiring ventriculo-
peritoneal shunt at
6 mos, prominent
forehead, triangular
appearance to face,
small palpebral
fissures, thin nose,
small mouth,
mandibular
hypoplasia, thin
scalp hair

natal teeth, absence
of permanent teeth

poor weight gain;
gastrostomy tube at

5 yrs; 14.5 kg at 10 yrs,
(< 1%, —6.1 SD);
height: 122 cm,

(1%, —2.58D)

decreased
subcutaneous fat, fat
present in dorsum and
plantar aspect of feet,
abnormal fat pad over
buttocks

born at 38 wks, IUGR

BW: 2,400 g;
(7%, —1.5 SD)

length: 45.7 cmy;
(12%, —1.2SD)

OFC (3 wks): 34.7 cm;
(36%, —0.4 SD)

triangular appearance
to face, broad
forehead, sparse
eyebrows, hooding of
bilateral eyelids, broad
nasal root and pointed
nasal tip with
upslanting anteverted
nares, low-set ears, full
head of sparse hair

first tooth erupted
at 2 yrs and then
spontaneously lost,
2 teeth at age 3 yrs

slow weight gain;
2" percentile at 2 yrs

decreased
subcutaneous fat
especially over
extremities, thin
extremities

born at 38 wks, IUGR,
antenatal findings of
abnormal skull shape

BW:1,810g;

(< 1%, —3.3 SD)
NA

NA

triangular appearance
to face, pointed chin,
fullness of lateral
eyebrows, bitemporal
narrowing, thin lips,
small mouth, low-set
ears, sparse hair

natal teeth

poor weight gain;
8.6 kg at 2 yrs,
(< 1%, —3.7SD)

decreased
subcutaneous fat,
localized fat
distribution over
posterior iliac region

born at 38 wks, IUGR

BW:1,970 g;
(< 1%, —2.7 SD)

length: unable to
assess due to knee
flexion

OFC (8 wks): 36 cm;
(16%, —1.0 SD)

prominent bitemporal
narrowing, fullness

of lateral eyebrows,
slightly upslanting
palpebral fissures,
pointed chin, thin
lips, small mouth,
convex nasal ridge,
nasal tip below level
alanasae, decreased
buccal fat, mandibular
prognathism,
columella collapse

natal teeth,
3 permanent teeth
(molars)

6.1 kg at 1 yrs,

(< 1%, —4.3 SD); 7.8 kg at
2 yrs,

(< 1%, —4.8 SD);

adult weight: 26 kg; adult
height: 135 cm

localized fat
distribution over
posterior iliac region-
present at birth and
less prominent

with age

born at 33 wks, IUGR,
antenatal findings of
abnormal skull shape

BW: 1,210 g;
(2%, —2SD)
NA

OFC: 27.3 cm;
(2%, —2SD)

triangular appearance
to face, prominent
chin, broad tall
forehead, bitemporal
narrowing, upslanting
palpebral fissures, thin
lips, convex nasal
ridge, protuberant
eyes, atrophy of
buccal fat pad (thin
appearing face),
low-set ears, sparse
hair

natal teeth

nasogastric tube fed
until 1 yr, then
gastrostomy tube;
also feeds orally;

16.8 kg at 5 yrs,
(10%-25%); height:
107.4 cm, (25%-50%)

decreased
subcutaneous fat,
abnormal fat
distribution over
buttocks

(Continued on next page)
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Table 1.

Continued

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Skin findings

Extremity and
joint findings

Neurologic and
developmental
abnormalities

Vision and hearing

Additional findings

Family history

Chromosomal
microarray

Pathogenic POLR3A
variants

prominent veins over
forehead

left tibial and fibular
fractures at birth;
metaphyseal flaring

of humeri, femurs and
tibias; long fingers and
toes with overlapping
toes of right foot; left
congenital patellar
dislocation, underwent
patellar realignment
at 7 and 26 mos

sits unassisted, walked

at 22 mos, several
words

astigmatism, myopia

NA

unaffected male
sibling

non-diagnostic

c.490+1G>A (C);
€.3337-5T>A (C)

prominent veins,
dry skin

contractures in
bilateral ankles and
knees, normal wrists
and elbows.

intention tremors,
cerebellar signs
present, muscle
weakness, numbness
in toes and feet,
unintelligible speech,
inability to walk
since 9 yrs

myopia and
astigmatism,
nystagmus on lateral
gaze, nocturnal
lagophthalmos

papillary thyroid
carcinoma at 20 yrs,
menarche at 13 yrs,
secondary
amenorrhea at 19 yrs

unaffected male
sibling

NA

€.3337-11T>C (C);
€.2005C>T (p.Arg669*)

prominent veins on
forehead

left knee contracture
at birth, absent left
patella, hamstring
lengthening and knee
capsulotomy at 6 yrs,
hip release at 8 yrs

normal intellectual
development,
performs well in
mainstream
classroom, motor
development limited
by contractures

entropion, severe
astigmatism, severe
corneal scarring

heart murmur,
tonsillectomy at 3 yrs

unaffected male and
female siblings

NA

¢.3337-5T>A (C);
¢.760C>T (p.Arg254*)

NA

fingers appear
proportionately long
to overall length of
hand, normal size of
hands (50" %) and
feet (10th-25'" %)

normal motor and
speech development

normal vision and
hearing

NA

unaffected half-sister

non-diagnostic

C.1572+1G>A;
€.3337—5T>A (C)

prominent veins
on forehead

prominent knees

walked at 10 mos,
says several words

normal vision
and hearing

NA

unaffected male and
female siblings

NA

€.3243-2A>G;
€.3337-5T>A (C)

prominent veins on
extremities and
forehead, keloid
formation, severe
eczema as a child,
dry skin as adult

fixed flexion of knees,
unable to walk
unassisted as unable
to fully extend knees

rolled at 8 mos,
crawled at 12 mos,
sat unassisted at

12 mos, walks with
assistance, wheelchair
proficient

hyperopia,
nystagmus, recurrent
otitis media as child
with tympanostomy
tubes, moderate
hearing loss, hearing
aids

NA

two unaffected
female siblings

NA

€.2617-1G>A;
€.3337-11T>C (C)

prominent veins over
forehead

no abnormalities

walked at 14 mos;at
3 yrs, able to run,
jump but not ride

a bicycle, scribbles,
says 50 single words

normal vision and
hearing

undescended testes,

repaired at 2 yrs

affected male sibling

non-diagnostic

c.3G>T (p.Met1*);
c.*18 C>T

Abbreviatins are as follows: IUGR, intrauterine growth restriction; BW, birth weight; SD, standard deviation; OFC, occipitofrontal circumference; wks, weeks; mos, months; yrs, years; (C), confirmed at cDNA level; NA, not

available. POLR3A GenBank: NM_007055.3.




Figure 1.

Institutional Review Board of University of Texas South-
western Medical Center, Dallas, Texas.

Using whole-exome sequencing (WES) (subjects 1-4) or
Sanger sequencing of the POLR3A locus (subjects 5-7),
we identified bi-allelic, rare, compound-heterozygous
variants in POLR3A in all seven individuals (Table 1).
The ¢.3337-5T>A (GenBank: NM_007055.3, dbSNP:
1s368905417) variant identified in four unrelated subjects
(subjects 1, 3, 4, and 5), is present in only one heterozy-
gous individual of European descent in gnomAD (minor
allele-frequency [MAF] of 0.000004, gnomAD browser,
see Web Resources),'' and results in in-frame skipping of
amino acids coded by exon 26, p.lle1113_Glul143del
(Figure 3). The ¢.3337—-11T>C variant is novel, was identi-
fied in two subjects (2 and 6), and like the ¢.3337-5T>A
variant, also results in the skipping of exon 26 (Figure 3).
The ¢c.490+1G>A variant (subject 1) is novel, results in
aberrant splicing (Figure S1), and is predicted to result
in a premature termination codon 10 amino acids into
intron 4. Subjects 2 and 3 carry novel nonsense variants,
€.2005C>T (p.Arg669*) and c.760C>T (p.Arg254*), respec-
tively. Subjects 4, 5, and 6 were found to have intronic var-
iants within 2 base pairs of the exon-intron splice junction
(c.1572+1G>A (MAF 0.000008, dbSNP: rs141484643),
¢.3243—-2A>G [novel] and ¢.2617—-1G>A [MAF 0.00002,
dbSNP: rs181087667]), respectively, that are predicted to
alter splicing in silico (Alamut, Interactive Biosoftware).'”
Subject 7 was found to have a ¢.3G>T variant (MAF
0.000004) that results in the loss of the putative methio-
nine start codon (p.Met1?) and a variant in the 3’ untrans-
lated region c.*18C>T (MAF 0.000004). Deletion and
duplication analysis of POLR3A was performed in a clinical
laboratory (GeneDx) for subject 7 and was negative. We
speculate that the ¢.*18C>T variant might alter post-tran-

Images of Infants, Children, and Adults with Wiedemann-Rautenstrauch Syndrome and Bi-allelic POLR3A Variants
Subject 1 as an infant (A) and at 17 months (B); subject 4 as an infant (C and D) and at 3 years (E); subject 5 at 3 years (F); subject 6 as an
infant (G) and adult (H); and subject 7 at 5 years (I). Physical features include relative macrocephaly, a prominent forehead, a triangular-
appearing face, hypertelorism, anteverted nostrils, bitemporal narrowing, upslanting palpebral fissures, thin lips, and sparse hair.

scriptional modification of POLR3A (e.g., at a microRNA
binding site). Analyses of parental samples for all subjects
confirmed that the POLR3A variants were inherited in
trans.

Of the eight previously reported WRS-affected subjects at
UT Southwestern,”® two (subjects 2 and 3) had bi-allelic
POLR3A variants, whereas, two others each had de novo
variants in FBN1 and CAV1, and the genetic basis for the
disorder found in the other two remains unclear. At Wash-
ington University, all five WRS-affected subjects had bi-
allelic POLR3A variants. Thus, our report of seven infants,
children, and adults with bi-allelic truncating mutations
in POLR3A provides compelling evidence that POLR3A
is the major locus for the autosomal-recessive WRS
phenotype.

Previously recognized phenotypic heterogeneity among
individuals with WRS is associated with more recently
recognized genetic heterogeneity. Eight individuals with
WRS and Marfan syndrome (MFS [MIM: 154700]) features,
such as IUGR, preterm birth, generalized lack of subcutane-
ous fat except in the breast and iliac region, aged appear-
ance of the face at birth, hyper-extensible joints, arachno-
dactyly, and severe myopia, have been reported with
de novo heterozygous-null mutations in the penultimate
exon of FBN1.%7'3"1¢ Our group has previously reported
de novo heterozygous-null mutations in CAV1 in two chil-
dren with neonatal-onset lipodystrophy, WRS, pulmonary
artery hypertension, and advanced bilateral cataracts.”
More recently, de novo heterozygous missense variants
in SLC25A24 were reported in five girls with Gorlin-
Chaudhry-Moss syndrome (also called Fontaine progeroid
syndrome) (FPS [MIM: 612289]; the girls presented with
IUGR; short stature; coronal craniosynostosis and severe
midface hypoplasia; body and facial hypertrichosis;
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Figure 2.

microphthalmia; short distal phalanges; variable lipodys-
trophy; and cutis laxa.” Two of these girls were also initially
clinically diagnosed with WRS.? In contrast to individuals
with de novo heterozygous variants in FBN1, CAV1, and
SLC25A24, our subjects with bi-allelic null POLR3A vari-
ants had short stature and poor weight gain despite gastro-
stomy-tube feeding; they also had macrocephaly, a promi-
nent forehead, sparse scalp hair, prominent scalp veins, a
triangular appearance to the face, natal teeth but total
lack of or sparse permanent dentition, joint contractures,
and generalized lipodystrophy. The infants, children, and
adults in our report also had some unique clinical features
that have not been previously described in WRS-affected
individuals; such features included congenital fractures
(subject 1); and mandibular hypoplasia, adult-onset thy-
roid papillary carcinoma, thyroglossal cyst, and cerebellar
signs (subject 2). Previous reports indicate that approxi-
mately 30% of WRS-affected individuals died before six
years of age,'” but of the seven individuals with WRS and
bi-allelic POLR3A variants in our study and the one re-
ported previously by Jay and colleagues, only one has
died."’

The clinical phenotypes of the seven individuals in our
series overlap with previous descriptions of WRS'™ and
include IUGR; post-natal failure to thrive; craniofacial fea-
tures, including triangular appearance to the face, low-set
ears, and prominent scalp veins; joint contractures; and
generalized lipodystrophy. Using the phenotypes of the
original individuals reported by Rautenstrauch and Sni-
gula' and by Wiedemann” to identify WRS, Paolocci
and colleagues reviewed the 51 total cases that had been
reported in the literature and determined that only 18
of the described individuals had phenotypes consistent
with the original clinical descriptions.* Paolocci et al.
defined the core features of WRS as IUGR, sparse scalp
hair, a triangular face, a small mouth with a thin upper

Physical Features of Subjects with Wiedemann-Rautenstrauch Syndrome and Bi-allelic POLR3A Variants

(A) Decreased subcutaneous fat; localized fat distribution over posterior iliac region and buttocks in an infant.

(B and C) Anterior (B) and posterior (C) views demonstrate marked loss of subcutaneous fat from the trunk and extremities, intact fat
over the buttocks, and contractures in the hips, left elbow, and knees.

(D) A lateral view demonstrates decreased subcutaneous fat in the upper and lower extremities, intact fat over the trunk, and a gastro-
stomy tube in the abdomen.

lip, natal teeth, and generalized lipodystrophy that spared
some local fatty tissue.* In addition, some WRS-affected
individuals also had prominent scalp veins, wide cranial
sutures, hypodontia, and a lower eyelid that covered
part of cornea. Because our subjects share many overlap-
ping clinical features with the 18 individuals identified
by Paolocci et al, we speculate that some of these
earlier individuals might also have had bi-allelic POLR3A
variants.

In 2011, variants in POLR3A were discovered to under-
lie hypomyelinating leukodystrophy 7 (HDL7), with
or without oligodontia and hypogonadotropic hypogo-
nadism (HLD7 [MIM: 607694]); this disorder is an
autosomal-recessive condition characterized by cognitive
regression, upper-motor-neuron and cerebellar signs,
hypodontia, evidence of cerebral hypomyelination
involving the deep white matter, and vermian cerebellar
atrophy as assessed by magnetic resonance imaging.'® "’
In the largest review of 43 individuals with HLD7 due to
variants in POLR3A, none had bi-allelic loss of function
variants.”’ Interestingly, six individuals from a large
Syrian family who presented with leukodystrophy and
oligodontia were homozygous for the same intronic
variant (p.Tyr637Cysfs*23) identified in the WRS-
affected patient identified by Jay and colleagues.'’'?*!
The p.Tyr367Cysfs*23 variant results in leaky splicing
that produces both aberrant transcript (partial intron
retention, addition of six amino acids, and a pre-
mature stop codon) and normal transcript.'® We specu-
late that the hypomyelinating-leukodystrophy pheno-
type reported in the individuals homozygous for
p-Tyr367Cysfs*23 results from expression of sufficient
wild-type transcript for normal fetal development, but
insufficient or abnormal POLR3A protein for normal
neurologic function. However, when this variant is in
trans with a nonsense variant,'’ the WRS phenotype
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Figure 3. Intronic POLR3A Variants,
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¢.3337-5T>A and ¢.3337—-11T>C Result
in Abnormal Splicing and an In-Frame

€.3337-11T>C

B ¢.3337-5T>A Cc ¢.3337-11T>C
-

Control
Subject 2

©
2
o
3
a

474 bp
381 bp

Exon 26 Deletion, Resulting in p.lle1113_
Glu1143del

(A) A partial gene structure for POLR3A.
Exons are boxed, intronic nucleotide alter-
ations ¢.3337—-5T>A and ¢.3337-11T>C
are marked, and the primer pairs used for
amplification are shown as arrows above
and below the exons (F = forward primer;
R = reverse primer).

(B) Peripheral-blood RNA samples from

el subject 1, her parents, and a healthy
control subject demonstrate two bands
~=q 150 bp (474 bp, 381 bp) for subject 1 and the

mother but only one for the father and
control.

(C) Amplified peripheral-blood RNA sam-
ples obtained from subject 2, shown in
comparison to samples from a healthy con-

trol, demonstrate two bands (243 bp,
D Sublect 1 ¢3357.5ToA E . 150 bp). The dashed line indicates that
- :;:tbp :;p " S;:f; t :::’:7:;::‘\ the gel image has been truncated.
S N e S (D and E) Gel purification, PCR, and
“_w““‘;"‘”h“c;;; — T T Sanger sequencing of the two bands from
i R subject 1 demonstrate wild-type sequence
:, |0| 4 ““ : (D, larger band) and exon 26 skipping
‘ \ |H' ‘\ \\ [l] i fl | ‘\ [] | AR ‘:;‘ P (E, smaller band).
|‘ é | ‘ ” f il u\,.’p r,} | J” w“ “l \ i AW VAR AR (F and G) Gel purification, PCR, and Sanger
J M. if' Yy ".\ " I\ V) ' 29 ‘ .l. oAy ]; sequencing of the two bands from subject
B I 2 demonstrate wild-type sequence (F, larger
band) and exon 26 skipping (G, smaller
band).
F Subject 2 ¢.3337-11T>C G Subject 2 ¢.3337-11T>C
243 bp top band 150 bp bottom band
Exon 25 Exon 26 Exon 25 Exon 27
HH- gic‘;é: é:r rrrrerses He L gg Ry widely expressed in tissues.”* Homo-
' 40 250 260 zygous Polr3a/~ mice are embryonic

lethal, but heterozygous Polr3a™~
mice reproduce normally and do not

results. Although information regarding the neurologic
and developmental progression of individuals with
WRS in our series is limited, subjects 2 and 6 are now
20 and 21 years old and living with some assistance or
independently, respectively, and subjects 1, 4, 5, and 7
are toddler-preschool age and making developmental
progress. Subject 3 is performing well academically in a
mainstream classroom. These outcomes contrast with
those of individuals who have POLR3A-related leukodys-
trophy and develop progressive neurologic deterioration.

POLR3A is the largest subunit of RNA polymerase III
(Pol I1I) and combines with POLR3B to form the catalytic
subunit of Pol III. Pol III transcribes more than 200 small
noncoding RNAs, including 5SS ribosomal RNA (rRNA),
7U6 small nuclear RNA (snRNA), 7SK snRNA, RNase P,
RNase MRP, short interspersed nuclear elements (SINEs),
and transfer RNAs (tRNAs), that regulate transcription,
RNA processing, and translation.'®*” POLR3A is highly
conserved from yeast to mammalian species””** and is

display abnormal phenotypic features
at 12 months of life.?® Of note,
the lack of individuals reported in
gnomAD (n= ~135,000 individuals) with bi-allelic frame-
shift or nonsense variants in POLR3A suggests that
POLR3A has critical functions in human development.
Our study has some limitations. We might have missed
other precise genetic diagnoses by sequencing only
POLR3A in subjects 5-7. However, their phenotypic fea-
tures meet the diagnostic criteria for WRS, their pheno-
types overlap, and these subjects exhibit rare, predicted,
or demonstrated pathogenic, bi-allelic POLR3A variants,
which makes other candidate genes less likely. In addition,
Sanger sequencing might have missed deep intronic vari-
ants that could activate a cryptic splice site in subject 7.
In summary, our results strongly suggest that bi-allelic,
rare POLR3A variants that alter splicing and/or truncate
translation underlie the autosomal-recessive subtype of
WRS. We speculate that bi-allelic splicing or truncating
variants are associated with the WRS phenotype but that
genotypes with bi-allelic missense or missense variants
in trans with splicing or truncating variants are associated
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with the distinct
leukodystrophy.

phenotype of hypomyelinating
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