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A recurrent GARS mutation causes distal hereditary motor
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Abstract

We found a p.Gly327Arg mutation in GARS in two unrelated women, both of whom

had a similar phenotype - motor weakness that began in late childhood, distal weak-

ness in the arms and legs, a motor greater than sensory neuropathy with slowing of

motor and not sensory conduction velocities. A de novo mutation was proven in one

patient and suspected in the other. The p.Gly327Arg GARS variant did not support

yeast growth in a complementation assay, showing that this variant severely impairs

protein function. Thus, the p.Gly327Arg GARS mutation causes a distal motor

neuropathy.
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1 | INTRODUCTION

Aminoacyl-tRNA synthetases (ARSs) are ubiquitously expressed pro-

teins that encode the enzymes that ligate tRNAs to cognate amino

acids.1 ARSs are essential genes for protein synthesis in the cytosol and

in mitochondria. Of the 37 ARS genes, 17 encode a cytoplasmic

enzyme, 17 encode a mitochondrial enzyme, and three encode an

enzyme that is both cytoplasmic and mitochondrial. Recessive muta-

tions in ARS loci, both in humans and in model organisms, are associ-

ated with complex phenotypes affecting multiple organ systems,2

including recessive GARS mutations.3-5 Dominant mutations of five dif-

ferent ARS genes—AARS, GARS, HARS, YARS, and WARS—are associ-

ated with axonal neuropathies, labeled dominant intermediate Charcot-

Marie-Tooth disease (CMT), CMT2, or distal hereditary motor neuropa-

thy (dHMN), depending on the nerve conduction velocity and the pres-

ence or absence of sensory involvement.6 Approximately 14 different

dominant GARS mutations have been described, typically causing a

motor greater than sensory axonal neuropathy with onset in the teens

(http://hihg.med.miami.edu/code/http/cmt/public_html/index.html#/).

Here, we report two young women with a similar clinical presentation,

both of whom are likely to have a de novo p.Gly327Arg GARS mutation

that causes loss of function in a biological assay.

2 | METHODS

Patients 1 and 2 were examined by a neurologist at the University of

Iowa (MES) and the University of Pennsylvania (SSS), respectively
Diana C. Lee and Rebecca Meyer-Schuman contributed equally to this study.

Received: 23 September 2019 Revised: 16 October 2019 Accepted: 17 October 2019

DOI: 10.1111/jns.12353

320 © 2019 Peripheral Nerve Society J Peripher Nerv Syst. 2019;24:320–323.wileyonlinelibrary.com/journal/jns

https://orcid.org/0000-0002-3900-2367
mailto:sscherer@pennmedicine.upenn.edu
http://hihg.med.miami.edu/code/http/cmt/public_html/index.html#/
http://wileyonlinelibrary.com/journal/jns


(Table 1), where nerve conduction studies were performed with stan-

dard techniques. A gene panel (patient 1) or whole exome sequencing

(patient 2) revealed the same p.Gly327Arg variant in both patients.

Using the cloud based variant analytic platform, GENESIS, the two

groups were able to identify each other's patients.

Yeast complementation assays were performed as previously

described using the human GARS open-reading frame.8 The p.

Gly327Arg GARS variant was introduced into the ΔMTSΔWHEP

GARS open-reading frame using site-directed mutagenesis (primers

available upon request). The open-reading frame was fully sequenced

to rule out cycle-induced errors and recombined into the pYY1

expression construct (adapted from Reference 9 using Gateway clon-

ing technology (Invitrogen). The resulting GARS expression construct

was transformed into a haploid yeast strain in which the endogenous

yeast ortholog (GRS1) was deleted; cell viability was maintained with

an exogenous copy of GRS1 on pRS316, which is a URA3-bearing

plasmid. Transformants were selected on media lacking uracil and leu-

cine to confirm expression of both the URA3 marker and the LEU2

marker on the pYY1 plasmid. Individual colonies were then grown for

2 days at 37�C in liquid culture until saturation. One milliliter of the

resulting culture was centrifuged at 15 000 rpm for 1 minute,

resuspended in 50 μL of Ultrapure water (Invitrogen), and a 10 μL ali-

quot of each culture was spotted (undiluted or diluted 1:10 in H2O)

on plates containing 0.1% 5-FOA (Teknova), which selects for cells

that have spontaneously lost the URA3-bearing maintenance vector.10

Yeast growth was visually assessed after 5 days. Two independent

transformations were performed, using four independently generated

expression clones (A-D), and two independent colonies were selected

from each transformation (Set 1 and Set 2).

3 | RESULTS

Patient 1 is an 18-year-old woman who was first seen at age 12 for

difficulty walking and suspected CMT. At age 10, she had problems

TABLE 1 Summary of clinical characteristics

Patient Age

CMTES

(Rasch)

CMTNS

(Rasch)

FDI

(L/R)

Ankle

dorsiflexion Pin prick

Vibration

(L/R toes) Reflexes

Foot

deformities Orthotics

1 14 11 (17) 15 (22) 3/3 3/2 Reduced

on toes

6/5 Absent in arms

and legs

Pes cavus AFOs

2 22 7 (11) 10 (15) 3/3 3/3 Normal 7/7 Absent at

ankles

Pes cavus

hammertoes

AFOs

Note: Vibration was measured with a Rydell-Seiffer tuning fork; strength was scored using the MRC scale.

Abbreviations: AFOs, ankle-foot orthoses; CMTES, CMT exam score; CMTNS, CMT Neuropathy Score version 27; FDI, first dorsal interosseous.

F IGURE 1 Pedigrees of patients
1 and 2. Segregation analysis is noted on
the pedigree by (+) indicating the variant
is present and (−) variant is not present.
The individuals in the brackets were
adopted into the family
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F IGURE 2 The p.Gly327Arg GARS variant is a loss-of-function
allele in yeast complementation assays. Haploid yeast lacking the
endogenous GRS1 were transformed with an empty expression

construct, an expression construct with wild-type human
ΔMTSΔWHEP GARS, or an expression construct with p.Gly327Arg
ΔMTSΔWHEP GARS. After transformants were selected using
plasmid markers, colonies were grown to saturation in 2 mL selective
media. Subsequently, 1 mL of saturated culture was concentrated into
50 uL water, spotted (undiluted or diluted 1:10) on media containing
5-FOA to assess yeast growth in the absence of a URA3-bearing
maintenance vector. Four independently generated p.Gly327Arg
GARS expression clones were tested (A-D) and two independent
colonies were evaluated per transformation (Set 1 and Set 2)
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running, and by age 14, she was unable to run and her ankles “rolled

out” when walking. Table 1 summarizes her clinical exam, and

Figure 1 shows her pedigree. She had normal proximal strength, but

was symmetrically weak (3/5 MRC score) in her median- and ulnar-

innervated intrinsic hand muscles, 2-3/5 in ankle dorsi-flexion, and

was 5/5 in ankle plantar flexion. Clinical electrophysiology showed a

motor greater than sensory neuropathy, with slowing of motor and

not sensory conduction velocities (Table 2). A gene panel revealed the

c.979G>A/p.Gly327Arg variant in GARS, and segregation analysis

showed that the variant was a de novo mutation.

Patient 2 is a 22-year-old woman who first presented with weak-

ness in her distal legs and arms at age 13. Table 1 summarizes her clin-

ical exam, and Figure 1 shows her pedigree. She had normal proximal

strength, but was weak (2-3/5 MRC score) in her median and ulnar-

innervated intrinsic hand muscles, 3/5 in ankle dorsi-flexion, and 4-/5

in ankle plantar flexion. Clinical electrophysiology showed a purely

motor neuropathy with slowing of motor and not sensory conduction

velocities (Table 2), and EMG showed severe, chronic denervation in

distal arm muscles. Whole exome sequencing revealed a c.979G>A/p.

Gly327Arg variant in GARS, and segregation analysis showed that her

unaffected mother and sister did not have the variant. Her father was

not available for analysis, but was not known to have neuropathy.

Thus, the p.Gly327Arg variant arose independently in these two

patients who have a phenotype that is similar to other patients who

have dominant GARS mutations. Further, like most dominant GARS

mutations that are associated with neuropathy (p.Glu125Gly, p.

Pro152Leu, p.Leu183Pro, p.Asp200Asn, p.Asp215His, p.Ser265Phe,

p.Leu272Gln, p.Pro298Leu, p.Glu333Gly, p.Ile334Phe, p.His472Arg,

p.Gly580Arg, p.Gly652Ala), the p.Gly327Arg variant is not present in

gnomAD (p.Gly294Arg has an allele count on 1). Because the p.

Gly327Arg mutation affects a Gly residue that is conserved from

yeast to mammals (Figure S1), we assessed the functional conse-

quences of p.Gly327Arg mutation in a yeast complementation assay

that has been previously used to test the functional consequences of

disease-associated ARS variants, including those identified in

GARS.4,11 The p.Gly327Arg GARS variant did not support any yeast

growth, indicating that this variant severely impairs protein function

(Figure 2). These data support the pathogenicity of the p.Gly327Arg

GARS mutation.

4 | DISCUSSION

We found a previously unreported GARS p.Gly327Arg variant in two

individuals with a predominately motor axonal neuropathy. The identi-

fication of this novel variant was facilitated by the sharing of data pro-

vided by the Inherited Neuropathy Consortium. The similar clinical

presentation of the two patients to other patients with dominant

GARS mutations, the proximity of the p.Gly327Arg mutation to known

pathogenic mutations (Figure S2),12 the conservation of the affected

amino acid among species, the segregation analysis (documenting a de

novo mutation in one patient, and consistent with a de novo mutation

in the other), and the results of the yeast complement assay, takenT
A
B
L
E
2

Su
m
m
ar
y
o
f
ne

rv
e
co

nd
uc

ti
o
ns

U
ln
ar

C
M
A
P

M
ed

ia
n
C
M
A
P

T
ib
ia
lC

M
A
P

P
er
o
ne

al
C
M
A
P

U
ln
ar

SN
A
P
(O

)
M
ed

ia
n
SN

A
P
(O

)
R
ad

ia
lS

N
A
P
(A
)

Su
ra
lS

N
A
P
(A
)

pa
ti
en

t
D
L

<
3
.2

m
s

am
p

≥
6
m
V

C
V

≥
4
9
m
/s

D
L

<
4
.4

m
s

am
p

≥
4
m
V

C
V

≥
4
9
m
/s

D
L

<
5
.6

m
s

am
p

≥
4
m
V

C
V

≥
4
1
m
/s

E
D
B
am

p
≥
2
m
V
T
A

am
p
≥
5
m
V

am
p

≥
7
μV

C
V

≥
5
0
m
/s

am
p

≥
1
0
μV

C
V

≥
5
0
m
/s

am
p

≥
1
5
μV

C
V

≥
5
0
m
/s

am
p

≥
6
μV

C
V

≥
4
0
m
/s

1
(1
8
y)

4
.9

2
.6

2
5

5
.8

0
.8

2
5

N
D

N
D

N
D

E
D
B
N
R

7
.3

4
1

1
3

4
3

N
D

N
D

N
R

N
R

2
(2
2
y)

4
.0

1
.5

3
4

8
.8

0
.2

2
6

1
3

0
.3

2
6

E
D
B
N
R
T
A
0
.2

2
8

5
0

2
5

5
0

6
0

5
6

2
6

4
3

A
bb

re
vi
at
io
ns
:A

,a
nt
id
ro
m
ic
;a

m
p,

am
pl
it
ud

e;
C
M
A
P
,c
o
m
po

un
d
m
us
cl
e
ac
ti
o
n
po

te
nt
ia
l;
C
V
,c
o
nd

uc
ti
o
n
ve

lo
ci
ty
;D

L,
di
st
al
la
te
nc

y;
E
D
B
,e
xt
en

so
r
d
ig
it
o
ru
m

b
re
vi
s;
N
D
,n

o
t
d
o
n
e;

N
R
,n

o
re
sp
o
n
se
;O

,

o
rt
ho

dr
o
m
ic
;S

N
A
P
,s
en

so
ry

ne
rv
e
ac
ti
o
n
po

te
nt
ia
l;
T
A
,t
ib
ia
lis

an
te
ri
o
r.

322 LEE ET AL.



together, make a strong case that this variant caused the neuropathy

observed in these two patients. Yeast complementation assays pro-

vide a strong correlation between loss-of-function effects in yeast

and pathogenicity of ARS alleles in dominant axonal neuropathies.8

However, this assay has limitations and the results from such func-

tional studies build an argument for or against, but not to prove,

pathogenicity.

The clinical phenotype we describe is similar to that described

in other patients with dominant GARS mutations,13 including the

age of onset, pronounced upper limb involvement, and a paucity of

sensory findings. Similarly, reduced CMAP amplitudes and normal

sensory responses are typical for dominant GARS mutations.13-20

The slowed conductions that we documented in the median and

ulnar motor responses, however, are unusual: the velocities in most

patients are normal or slightly slowed (>40 m/seconds13-18; but

velocities as slow as 33 and 29-36 m/seconds were found in

patients with a p.Ser265Phe20 or a p.Asp215His19 mutation, respec-

tively. Because the slowed motor conductions in Gars mutant mice

results from smaller axonal diameters and not de/remyelination,21,22

we suspect that smaller motor axons are the likely explanation in

these patients, too.
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