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Identification of a novel risk variant in the
FUS gene in essential tremor

ABSTRACT

Objective: A nonsense mutation in the amyotrophic lateral sclerosis gene FUS has been found to
segregate in a large family with essential tremor (ET). Coding variants in this gene have not been
comprehensively evaluated in ET. We conducted a genetic analysis of FUS for pathogenic and
novel coding variants in 2 case-control cohorts among ethnic Chinese.

Methods: In a study that involved 7,548 subjects, we first sequenced all the exon and exon-intronic
boundaries of FUS in 84 ET samples. Potential causative variants that were identified were then
genotyped in 2 separate case-control cohorts involving 263 additional ET samples and 5,919
controls (set 1) and 250 ET cases and 250 controls (set 2), and 782 diseased controls of Chinese
ethnicity from 2 different Asian countries.

Results: We identified a novel variant, Met392Ile, in exon 12 of the FUS gene. This variant was
associated with ET in set 1 (odds ratio 5 4.72 [95% confidence interval 5 1.90–11.71], p 5

0.0037). The association was subsequently validated in set 2 (joint analysis odds ratio 5 3.92
[95% confidence interval 5 1.57–9.82], p 5 8.6 3 1024). No association was observed in
another neurologic cohort of patients with Parkinson disease, and no other potential pathogenic
mutations were identified.

Conclusion: We identified a novel risk variant, Met392Ile, in the FUS gene that increases sus-
ceptibility of ET among ethnic Chinese. Further studies in other ethnic populations are needed to
determine whether this is an ethnic-specific risk factor. Neurology� 2013;81:541–544

GLOSSARY
ALS 5 amyotrophic lateral sclerosis; CI 5 confidence interval; ET 5 essential tremor; FUS 5 fused in sarcoma; mRNA 5
messenger RNA; OR 5 odds ratio; PD 5 Parkinson disease; SNP 5 single nucleotide polymorphism; TLS 5 translated in
liposarcoma.

Essential tremor (ET) is one of the most common adult-onset neurologic disorders that is char-
acterized by a postural or motion tremor. There is strong evidence for a genetic contribution, but
to date, only a few risk variants (e.g., in LINGO1 and SLC1A2) have been identified.1–7

Recently, investigators8 studied a large ET-affected family from Quebec and identified a non-
sense mutation, p.Gln290Stop (Q290X), in the genes fused in sarcoma/translated in liposar-
coma (FUS/TLS) as the cause of ET in this family.7 Further screening of 270 ET cases identified
2 additional rare missense FUS variants, Arg216Cys and Pro431Leu. Disease-causing variants in
the FUS gene have previously been reported in amyotrophic lateral sclerosis (ALS) and are
estimated to account for approximately 4% of ALS cases.9 The role of rare and common variants
in this gene has not been comprehensively evaluated in ET cases among ethnic Chinese. We
conducted a genetic analysis of FUS for pathogenic and novel coding variants in 2 case-control
cohorts among ethnic Chinese.
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METHODS Sample collection and genotyping. Consecu-
tive patients with ET who presented to tertiary referral centers

and were examined by movement disorders neurologists were

included. We followed the diagnostic criteria of classic ET based

on the recommendations of the Consensus Statement of the Move-

ment Disorders Society in 1998.10 Patients with at least one affected

first-degree relative were classified as familial ET. Healthy Southern

Chinese population-based controls of similar sex, race, and age as

ET patients were included. Written informed consent from all the

study subjects was obtained, and the work received approval from

the institutional ethics committee. Genomic DNA was extracted

from blood samples and capillary/Sanger sequencing analysis was

performed using standard protocols.

We recruited a total of 7,548 subjects. We first sequenced all

the exon and exon-intronic boundaries of FUS in 84 ET samples

(age at sample collection: 51.3 6 19.6 years; age at onset: 34.1 6

19.8 years; 54.8% males). A potential causative variant that was

identified was then genotyped in 2 separate case-control cohorts.

The first (set 1) included 263 additional ET samples (50.66 20.1

years; age at onset: 37.8 6 21.2 years; 54.6% males) using the

Genetic Analyzer ABI 3100 (Life Technologies, Grand Island,

NY), as well as 782 Parkinson disease (PD) cases (age at sample

collection: 68.1 6 10.0 years; 57.5% males) and 5,919 ethnic

Chinese population controls (age at sample collection: 52.2 6

10.7 years; 62.6% males) using the Illumina HumanExome Bead-

Chip Exome_Asian array containing customized add-on variants

identified in 2,000 Chinese exomes. For validation (set 2), we

genotyped this single nucleotide polymorphism (SNP) in an inde-

pendent Chinese sample collection of 250 ET cases (age at sample

collection: 60.5 6 14.9 years; age at onset: 55.5 6 17.1 years;

46.4% males; family history: 25.6%) and 250 controls (age at

sample collection: 61.1 6 13.6 years; 48% males) from Taiwan.

Statistical analyses. Fisher exact or x2 test was performed for the

categorical variables, and odds ratio (OR) and 95% confidence

interval (CI) were estimated. We used Cochran-Mantel-Haenszel

tests to conduct joint analysis across the 2 collections and assessed

heterogeneity using the Breslow-Day test. All statistical analyses

were conducted using IBM SPSS Statistics 20 (IBM Corp., Ar-

monk, NY). Statistical significance was defined at p , 0.05.

RESULTS In the first sample, we conducted sequenc-
ing of all the coding regions and identified a novel cod-
ing variant, Met392Ile (FUS exon 12), in 4 patients
(table 1). None of the reported pathogenic mutations
were found in the 84 ET samples we sequenced. We
went on to genotype Met392Ile in another 263 Chi-
nese ET cases and found 2 additional carriers. We also
genotyped this variant in 782 PD cases and 5,919
ethnic Chinese controls. The variant was found in 3

of 782 PD cases (allele frequency 0.0019) and 22 of
5,919 controls (minor allele frequency 0.0019). We
observed an association of Met392Ile with ET (set 1:
0.9% cases vs 0.2% controls; p5 0.0037; OR5 4.7)
(table 2). A slightly stronger association was observed
in patients with a family history of ET (table 2).

To validate this association, we genotyped this SNP
in an independent Chinese sample collection of 250
ET cases and 250 controls from Taiwan, and observed
a consistent trend of association (2 times increased risk)
at this SNP even though it did not reach statistical sig-
nificance because of the smaller sample size (set 2:
0.37% cases vs 0.2% controls; p 5 1.0; OR 5 2.0).
In a joint analysis of the 2 sets, the association was
consistently observed (OR 5 3.92 [95% CI 5 1.57–
9.82], p 5 8.6 3 1024) with no evidence of heteroge-
neity between the 2 cohorts (phet 5 0.495) (table 3).

DISCUSSION In a complete sequence analysis in our
initial cohort of patients with ET, we have identified a
potential risk variant in the FUS gene in ET but did
not identify any other reported pathogenic ET or ALS
mutations. We found a 4 times increased risk of ET
in subjects carrying the variant in our first case-
control ET cohort and a 2 times increased risk in
the second case-control cohort. To support the spe-
cific link with ET only, we extended our analysis in
another neurologic disorder (PD), but no association
was found (OR of 1). The variant we identified, Me-
t392Ile, is located in an Arg/Gly-rich region in
between the RNA recognition motif domain and
the RanBP2-type zinc finger domain. It is predicted
to be tolerated by SIFT (score 0.4) and damaging by
PolyPhen2 (score 0.651). Although the effect of this
and other reported ET missense variants7 on FUS
protein function is unclear, future functional work
to determine their relative pathogenicity is expected
to provide important insights into FUS gene function
and its potential role in ET and ALS pathogenesis.
Interestingly, the variant has not been previously de-
tected in European ET samples,7,11 suggesting that it
may be an Asian-specific risk factor. A possible paral-
lel can be drawn from recent experience in PD, where
a common mutation (G2019S) of a familial gene,

Table 1 Variants detected from sequencing of coding and noncoding regions in 84 Chinese essential tremor
cases

Protein position Mutation rs-id Exon/intron Allele frequency, %

Gly49Gly C.A rs741810 Exon 3 31

Tyr96Tyr C.T rs1052352 Exon 4 66

Met392IIe G.A Not reported Exon 12 2

Noncoding A.G Not reported Intron region before exon 9 3

Gly228delG GGC/del microsatellite rs72550890 Exon 6 1

Noncoding InsG Not reported Intron region before exon 5 3
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LRRK2 (leucine-rich repeat kinase 2), was reportedly
found in Caucasians and diverse populations world-
wide, but not in the Chinese population. However,
ethnic-specific polymorphic variants of LRRK2
(G2385R and R1628P), which are absent in Cauca-
sians, have been found to increase risk among Chi-
nese.12 These observations highlight the need for
sequencing and genotyping diverse ethnic groups
for the identification of novel risk variants.

In a recent follow-up study conducted on Euro-
pean samples, investigators performed a comprehen-
sive analysis of the FUS gene by sequencing all
exons in a subsample of 116 cases of early-onset (40
years and younger) ET and by genotyping 4 tagging
SNPs in FUS in 259 ET cases and 262 controls.11 In
addition, 7 variants associated with ALS, 2 variants of
unknown pathogenicity detected in ALS cases, 8 mis-
sense variants predicted to be damaging, and 6 rare
variants were genotyped in the same set of cases and
controls. FUS mutations previously reported in ALS,
the Q290X mutation, or novel missense ET muta-
tions were not found in any of their 116 early-onset
ET cases. In the case-control analyses, none of the
analyzed SNPs showed evidence of association with
ET, although statistical power was limited. They con-
cluded that pathogenic mutations in FUS are rare in
individuals with early-onset ET in North America
and did not find evidence that the FUS gene is a risk
factor for ET.11

The FUS gene encodes a multifunctional protein
component of the heterogeneous nuclear ribonucleo-
protein complex, which is involved in pre-mRNA
(messenger RNA) splicing and the export of fully

processed mRNA to the cytoplasm. This nuclear pro-
tein is implicated in the regulation of gene expression
through mRNA/microRNA processing. More than 30
variants in this gene have been reported in ALS.8

Recently, FUS was found to regulate splicing of genes
coding for RNA-binding proteins by binding to their
highly conserved introns, suggesting that perturbations
of FUS can affect the neuronal transcriptome via
perturbations of RNA-binding protein transcripts.13

Some investigators speculated that the ET variant
Gln290Stop causes loss of function of FUS through
nonsense-mediated mRNA decay,7 while the ALS
variants may confer toxic gain-of-function by affect-
ing the subcellular location of the encoded protein.

In a large study involving 7,548 subjects, we identi-
fied a novel risk variant, Met392Ile, in the FUS gene
that increases susceptibility of ET among ethnic Chinese
in 2 independent Chinese sample collections. The clin-
ical heterogeneity and lack of a gold-standard diagnostic
confirmation of ET are potential confounding variables
in our study. Because Met392Ile has thus far not been
detected in Caucasian ET samples, studies in other eth-
nic populations are needed to determine whether this is
an ethnic-specific risk factor.
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Table 3 Genotype counts in case-control cohort
set 2

Genotype Cases Controls

GG (WT) 248 249

AG 2 1

Total 250 250

OR (95% CI) 2.01 (0.18–22.29)

p 1.0

Abbreviations: CI 5 confidence interval; OR 5 odds ratio.

Table 2 Genotype counts in case-control cohort set 1

Genotype All cases Cases with family history Cases with no family history Cases with unknown family history PD cases Controls

GG (WT) 341 129 196 16 779 5,897

AG 6 4 2 0 3 22

Total 347 133 198 16 782 5,919

OR (95% CI) 4.72 (1.90–11.71) 8.31 (2.82–24.46) 2.74 (0.64–11.71) — 1.03 (0.31–3.46) —

p 0.0037 0.0023 0.18 — 1.0 —

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; PD 5 Parkinson disease.

Neurology 81 August 6, 2013 543



C.W. Chang reports no disclosures. T.-Y. Wong has received grant sup-

port from the National Medical Research Council, Biomedical Research

Council, NIH, and National Health and Medical Research Council, and

has served on advisory boards of Allergan, Bayer, Novartis, Pfizer, and

Roche Pharmaceuticals. J. Liu has received grant support from the Bio-

medical Research Council, Agency for Science, Technology and Research

(A*STAR), and National Medical Research Council, Singapore. Y. Zhao

has received support from the National Medical Research Council and

Singapore General Hospital. E.-K. Tan has received support from the

National Medical Research Council, Biomedical Research Council, Sin-

gapore Millennium Foundation, and Duke-NUS Graduate Medical

School, and has received honoraria for duties as an editor of European

Journal of Neurology (Wiley) and Parkinsonism Related Disorders (Elsev-

ier), and sponsorship from Novartis Pharmaceuticals, GSK Pharma-

ceuticals, and Lundbeck Pharmaceuticals. Go to Neurology.org for

full disclosures.

Received February 26, 2013. Accepted in final form April 25, 2013.

REFERENCES
1. Deng H, Le W, Jankovic J. Genetics of essential tremor.

Brain 2007;130(pt 6):1456–1464.

2. Louis ED. Essential tremor. Lancet Neurol 2005;4:100–110.

3. Tan EK, Schapira AH. Hunting for genes in essential

tremor. Eur J Neurol 2008;15:889–890.

4. Stefansson H, Steinberg S, Petursson H, et al. Variant in

the sequence of the LINGO1 gene confers risk of essential

tremor. Nat Genet 2009;41:277–279.

5. Thier S, Lorenz D, Nothnagel M, et al. Polymorphisms in

the glial glutamate transporter SLC1A2 are associated with

essential tremor. Neurology 2012;79:243–248.

6. Vilariño-Güell C, Ross OA, Wider C, et al. LINGO1

rs9652490 is associated with essential tremor and Parkin-

son disease. Parkinsonism Relat Disord 2010;16:109–111.

7. Tan EK, Teo YY, Prakash KM, et al. LINGO1 increases risk

of familial essential tremor. Neurology 2009;73:1161–1162.

8. Merner ND, Girard SL, Catoire H, et al. Exome sequenc-

ing identifies FUS mutations as a cause of essential tremor.

Am J Hum Genet 2012;91:313–319.

9. Lagier-Tourenne C, Polymenidou M, Cleveland DW. TDP-

43 and FUS/TLS: emerging roles in RNA processing and

neurodegeneration. Hum Mol Genet 2010;19:R46–R64.

10. Deuschl G, Bain P, Brin M. Consensus statement of the

Movement Disorder Society on tremor. Ad Hoc Scientific

Committee. Mov Disord 1998;13(suppl 3):2–23.

11. Parmalee N, Mirzozoda K, Kisselev S, et al. Genetic anal-

ysis of the FUS/TLS gene in essential tremor. Eur J Neurol

2013;20:534–539.

12. Tan EK, Peng R, Teo YY, et al. Multiple LRRK2 variants

modulate risk of Parkinson disease: a Chinese multicenter

study. Hum Mutat 2010;31:561–568.

13. Nakaya T, Alexiou P, Maragkakis M, Chang A,

Mourelatos Z. FUS regulates genes coding for RNA-bind-

ing proteins in neurons by binding to their highly con-

served introns. RNA 2013;19:498–509.

Visit the Neurology® Web Site at www.neurology.org
• Enhanced navigation format

• Increased search capability

• Highlighted articles

• Detailed podcast descriptions

• RSS Feeds of current issue and podcasts

• Personal folders for articles and searches

• Mobile device download link

• AAN Web page links

• Links to Neurology Now®, Neurology Today®, and Continuum®

• Resident & Fellow subsite

Find Neurology® on Facebook: http://tinyurl.com/neurologyfan

Follow Neurology® on Twitter: https://twitter.com/GreenJournal

544 Neurology 81 August 6, 2013

http://neurology.org/

