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Abstract

This study aimed to evaluate genetic variability in the FUS and TDP-43 genes, known to be 

mainly associated with amyotrophic lateral sclerosis (ALS), in patients with the diagnoses of 

frontotemporal lobar degeneration (FTLD) and corticobasal syndrome (CBS). We screened the 

DNA of 228 patients for all the exons and flanking introns of FUS and TDP-43 genes. We 

identified 2 novel heterozygous missense mutations in FUS: P106L (g.22508384>T) in a patient 

with behavioral variant frontotemporal dementia (bvFTD) and Q179H in several members of a 

family with behavioral variant FTD. We also identified the N267S mutation in TDP-43 in a CBS 

patient, previously only reported in 1 ALS family and 1 FTD patient. Additionally, we identified 2 

previously reported heterozygous insertion and deletion mutations in Exon 5 of FUS; Gly174-

Gly175 del GG (g. 4180–4185 delGAGGTG) in an FTD patient and Gly175-Gly176 ins GG (g. 

4185–4186 insGAGGTG) in a patient with diagnosis of CBS. Not least, we have found a series of 

variants in FUS also in neurologically normal controls. In summary, we report that genetic 
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variability in FUS and TDP-43 encompasses a wide range of phenotypes (including ALS, FTD, 

and CBS) and that there is substantial genetic variability in FUS gene in neurologically normal 

controls.
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1. Introduction

In 2009, in 2 separate studies, fused in sarcoma/translated in liposarcoma (FUS/TLS) gene 

was identified to be involved in pathogenesis of amyotrophic lateral sclerosis (ALS) 

(Kwiatkowski et al., 2009; Vance et al., 2009). FUS is a gene located on chromosome 

16p11.2, encoding a 526 amino acid (aa) long protein which binds to RNA and DNA and 

regulates DNA repair, transcription regulation, RNA splicing, and cellular localization 

(Vance et al., 2009). TAR (trans-activation response)-DNA binding protein 43 (TDP-43) 

colocalizes with ubiquitinated protein deposits in the brain of frontotemporal dementia 

(FTD) and ALS patients (Neumann et al., 2006). TDP-43 gene mutations have been 

identified in a subset of ALS cases (Kabashi et al., 2008; Sreedharan et al., 2008). While 

both TDP-43 and FUS mutations have been associated with ALS, screening of 

frontotemporal lobar degeneration (FTLD) without motor neuron disease (MND) has rarely 

been associated with FUS or TDP-43 mutations. To our knowledge, only 1 behavioral 

variant FTD (bvFTD) patient has been associated with a TDP-43 mutation (Borroni et al., 

2009) and 1 with a FUS mutation (Van Langenhove et al., 2010).

As we believed that similar pathology in FTD and ALS cases with TDP-43 positive deposits 

could imply to similar genetic defects, we sequenced the coding regions and flanking introns 

of FUS and TDP-43 genes to genetic variability in FUS and TDP-43 variants in our cohort 

of 158 FTLD, 70 corticobasal syndrome (CBS) patients and 21 members of an autosomal 

dominant inherited behavioral variant FTD family (see details below).

2. Methods

2.1. Study population

Blood samples from 228 index patients with the diagnosis of FTD (n = 158) or CBS (n = 70) 

were collected at the Cognitive Neuroscience Division of National Institute of Neurological 

Disorders and Stroke (NINDS) at the National Institutes of Health (NIH). This cohort 

included patients with a diagnosis of bvFTD, progressive nonfluent aphasia (PNFA), 

semantic dementia (SD) (Neary et al., 1998), and CBS (Boeve, 2011). Five FTD patients 

had concomitant motor neuron disease. Subjects were seen as part of an ongoing research 

study on FTD and CBS at the Cognitive Neuroscience Section of the NINDS of the NIH, 

Bethesda, MD, USA. They were either self-referred or referred by outside neurologists. 

Patients arrived at the NIH with a caregiver and were diagnosed based on an initial clinical 

evaluation and examination by a neurologist by standard clinical criteria (Boeve, 2005; 

Neary et al., 1998). They then spent 9 days participating in extensive neuropsychological 

and neurologic testing and imaging studies. Their diagnoses were re-evaluated by a 
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neuropsychologist (JG) based on the results of the testing performed at the NIH. We 

required all subjects to have an assigned research durable power of attorney prior to 

admission to the protocol and the assigned individuals gave written informed consent for the 

study. The patients gave assent for the study. All aspects of the study and the consent 

procedure were approved by the National Institute of Neurological Disorders and Stroke 

(NINDS) and National Institute on Aging (NIA) Institutional Review Boards.

In this study we also included a family with FTD with an apparent autosomal dominant 

mode of inheritance from South Africa with Dutch ancestry (Afrikaner) (Fig. 1A). This 

family was collected through a collaborative effort between the Institute for Ageing and 

Health at Newcastle University and the University of Stellenbosch. We screened 21 

members of the family, of which 8 were affected. We had previously reported a stop 

mutation in CHMP2B in 2 unaffected individuals of the family (Momeni et al., 2006). The 

members of this family had consented prior to blood draw according to the ethics committee 

of the University of Newcastle. The DNA was extracted from blood at the University of 

Newcastle using the standard procedures.

2.2. Genetic analysis

Genomic DNA was extracted from peripheral blood using standard procedures. All 15 exons 

of FUS and all 6 exons of TDP-43 were sequenced as previously described (Sreedharan et 

al., 2008; Vance et al., 2009). All these individuals had been previously screened for 

mutations in MAPT, PGRN, and CHMP2B. The sequencing reactions were run on ABI 

3730XL gene analyzer (ABI, Fosters City, CA, USA). The sequences were analyzed using 

Sequencher 4.9 software (Gene Codes Corporation, Ann Arbor, MI, USA). To determine the 

prevalence of the variants found in patients, we screened 569 normal controls from Coriell 

Institute for FUS variants and 174 neurologically normal controls (plates NDTP 096 and 

NDTP 098 from Coriell Institute) for the TDP-43 mutation N267S.

3. Results

Demographic data of the patients in which we identified variants/mutations are summarized 

in Table 1. Sequencing analysis of FUS in 228 patients with the diagnosis of FTD and CBS 

identified 2 missense variants, 1 deletion and 1 insertion, 2 synonymous changes, and 1 

variant in the 3′ untranslated region (3′-UTR) (Table 2). One novel variant P106L in exon 4 

was identified in an FTD patient (FTD 182; Fig. 2A and B). A heterozygous 6-base pair 

deletion in exon 5 Gly174-Gly175 del GG (g. 4180–4185 delGAGGTG) was identified in an 

FTD patient (FTD 85; Fig. 3B). This mutation had been previously reported in a familial 

amyotrophic lateral sclerosis (FALS) case (Kwiatkowski et al., 2009) but this variant was 

isolated in 2/638 controls in another study (Van Langenhove et al., 2010). Hence, presence 

of this variant in normal controls (Van Langenhove et al., 2010) suggests that this mutation 

is probably nonpathogenic. A heterozygous insertion in exon 5 Gly175-Gly176 ins GG (g. 

4185–4186 insGAGGTG) was observed in a patient with the diagnosis of CBS (CBS 135; 

Fig. 3C). This variant had been previously reported by Kwiatkowski et al. (2009) in an ALS 

case but we found this variant in 1/659 of our normal controls. There were no family 

members of the index patients available to examine the segregation of the above-mentioned 

mutations, however, the existence of this variant among the neurologically normal controls 
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most likely excludes the possibility of its involvement in the pathogenesis of these diseases. 

We also found N267S mutation in TDP-43 gene in a CBS patient (Fig. 4A and B). This 

mutation had been previously reported in an ALS patient (Corrado et al., 2009) and in an 

FTD patient without motor neuron disease (Borroni et al., 2009). We did not find this 

mutation in 174 neurologically normal controls.

Screening of the Afrikaner family with autosomal dominant bvFTD revealed Q179H variant 

in FUS exon 5 in only 1 branch of the family (affected individual 79, unaffected individuals 

81 and 82 in pedigree; Fig. 1A and B).

To verify the prevalence of any of these variants among the neurologically normal controls, 

we screened FUS exons 4, 5, 6, and 15 in 659 DNA samples of normal controls from Coriell 

Institute. The overall results of our findings in patients are summarized in Table 2. A 

detailed list of variants in the normal controls with the DNA ID of Coriell Institute can be 

found in Supplementary Table 1. Below we describe the cases of missense mutation found 

exclusively in patients.

3.2. Case reports

3.2.1. Afrikaner family—This is a multigenerational pedigree with an apparent autosomal 

dominant bvFTD (Fig. 1). The clinical phenotype in this family is marked by executive 

dysfunction, social disinhibition, and dementia with the age of onset in the late 40s and early 

50s. Findings of brain pathology are available for 3 affected siblings (numbers 19, 20, and 

22 in the pedigree) with widespread tauopathy involving the gray and white matter. The 

DNA of 21 members of the family has been available for genetic screening. The DNA 

samples were screened for mutations in MAPT, PGRN, CHMP2B, FUS, and TDP-43. We 

have previously reported a CHMP2B nonsense mutation in 2 asymptomatic members of the 

family which has supposedly been inherited from the asymptomatic mother and not the 

affected father who did not carry the mutation (Momeni et al., 2006). Screening of FUS 

gene in affected members of the family revealed the Q179H mutation in exon 6 in 1 affected 

individual (number 79) but not the other affected family members. To understand the origin 

of the variant, we screened the DNA from the affected mother and the siblings. The mother 

who died of FTD at the age of 74 years did not carry the variant but 2 of the 3 siblings who 

are still asymptomatic carry the variant. The DNA from the father was not available to be 

tested for segregation but his medical history shows that he was not affected by any 

neurological disorder. As neither the mother nor any other affected member of the family 

carried the Q179H variant, the unaffected father is the obligate carrier of the variant. 

Although we did not identify this variant in any of the neurologically normal controls, and 

there is no proof of the cosegregation of the variant with the disease, we assume that this is a 

rare nonpathogenic variant. To identify the origin and the prevalence of this variant in 

Afrikaner population, further cases and normal controls will need to be collected and 

screened from the same population.

3.2.2. FTD 182—This patient was evaluated approximately 5 years ago at NIH (pedigree; 

Fig. 2A). At the time he was a 50-year-old right-handed man. Five years prior to his 

evaluation, he had developed symptoms of personality and behavior changes and executive 
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dysfunction. He began buying multiple items he did not need. He developed apathy. His 

wife reported that his personality changed and that “he is not the same man I married.” He 

performed socially inappropriate behaviors such as telling childish jokes in inappropriate 

situations. He had difficulty remembering recent events and got lost in familiar situations. 

He had decreased language production. He had no insight into his symptoms. Three years 

after the start of his illness, he had to retire from his job because of his cognitive and 

behavior symptoms. His maternal grandmother had a history of dementia, but at a later age 

(Fig. 2A). His mother died prior to the mean age of onset of FTLD. On his neurological 

examination, he had hypometric saccades and glabellar, snout, and grasp reflexes. His affect 

was inappropriate. He perseverated and repeated responses. He had normal strength and no 

muscle atrophy or fasciculations.

Neuropsychological evaluation revealed diffuse deficits across nearly all aspects of 

cognition apart from basic attention and speed. Specifically, relative strengths included 

immediate auditory attention in the low average range as measured with the Digit Span 

subtest of the Wechsler Adult Intelligence Scales Third Edition (WAIS-3), visual attention 

in the mildly impaired range as measured with Wechsler Adult Intelligence Scales Third 

Edition Picture Completion, and motor speed in the mildly impaired range on the Trail 

Making subtest of the Delis-Kaplan Executive Function System (D-KEFS) (Wechsler 1987, 

1997; Kaplan et al., 1983). All higher level verbal and nonverbal cognitive abilities, 

measured both with a global screening (the Mattis Dementia Rating Scale-2) as well as more 

specific tests of memory, language, and executive abilities, were moderately to severely 

impaired (Mattis 1976).

The patient had a magnetic resonance image (MRI) of the brain which showed diffuse 

atrophy. He had an FDG-PET (fluorodeoxyglucose-positron emission tomography) scan 

which showed moderate reductions in cerebral glucose metabolism greatest in the parietal-

temporal cortex, but also in the frontal cortex of the left hemisphere with less reduction of 

glucose metabolism in the right hemisphere.

He met criteria for, and was given a diagnosis of, behavioral variant FTD with some 

language symptoms noted as well (Neary et al., 1998). His symptom presentation and age of 

onset are within the range observed in behavioral variant FTD. His relatively preserved 

attention and speed, and the parietal-temporal hypometabolism on FDG-PET are less 

typical. Since the patient’s evaluation at NIH, his symptoms have gradually worsened. He 

has become increasingly apathetic, his language production has deteriorated, and he is 

incontinent of urine and feces at times.

3.2.3. CBS 125—This patient was seen approximately 5 years ago at NIH (pedigree; Fig. 

4). At the time, he was a 78-year-old man. Two years before he was seen at NIH, he began 

having poor balance with falls. He then developed left arm dystonia, clumsiness, and tremor. 

He had visuospatial symptoms with difficulty getting lost and navigating his way around 

furniture. He reported some difficulty remembering people’s names. He had some apathy 

and mild agitation, and no problems with swallowing. On neurological examination, he 

demonstrated proximal and distal transitive and intransitive apraxia, worse on the left, left 

visual hemineglect, poor smooth pursuit eye movements, left-sided sensory deficits and 
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impaired stereognosis, and increased tone in his left arm and leg. He had alien limb findings 

on the left. Gait was unsteady and apraxic, with decreased left arm swing. On 

neuropsychological testing, he showed severe impairment on visuospatial tasks, moderately 

impaired nonverbal memory and language function, and executive dysfunction. Magnetic 

resonance imaging revealed moderate cortical and caudate atrophy. An FDG-PET scan 

showed reduced glucose metabolism in frontal, temporal, and parietal cortexes of both 

hemispheres, but with greater involvement of the right hemisphere. He met clinical criteria 

for CBS with motor and cognitive symptoms (Boeve, 2005). At this time, he has not come to 

autopsy.

The clinical information of patients FTD 85 and CBS 135 can be found in the 

Supplementary data. The electropherogram of the variants Gly174-Gly175 del GG (g. 4180–

4185 delGAGGTG) variant in patient FTD 85 and the heterozygous insertion in exon 5 

Gly175-Gly176 insGG (g. 4185–4186insGAGGTG) in patient CBS 135 are depicted in Fig. 

3.

4. Discussion

FUS (fused in sarcoma) genetic variability has been reported to be linked to ALS 

(Kwiatkowski et al., 2009; Vance et al., 2009). TDP-43 and FUS are DNA-RNA binding 

proteins and TDP-43 is a major component of ubiquitinated protein aggregates ALS and 

FTLD. Wild type TDP-43 and FUS are mainly localized in the nucleus but ALS patients 

carrying FUS mutations do not show TDP-43 aggregates (Vance et al., 2009). 

Hyperphosphorylated TDP-43 has been found in the cortical neurons of patients with FTLD 

and spinal cord neurons of ALS patients (Neumann et al., 2006). As mutations in the genes 

encoding components of the protein deposits in the brain have been found to be causal in 

cases such as tauopathies, a number of studies were undertaken to identify genetic variants 

in TDP-43 gene in a spectrum of cases with FTD, FTD-ALS, and ALS. To date, pathogenic 

variants in TDP-43 have been more often linked to ALS and FTLD with motor neuron 

disease than to FTLD with behavioral and language variants, although TDP-43 has been 

found in the majority of frontotemporal lobar degeneration with ubiquitin-positive 

inclusions (FTLD-U) brains (Benajiba et al., 2009; Borroni et al., 2009; Gijselinck et al., 

2009; Kovacs et al., 2009; Rollinson et al., 2007; Schumacher et al., 2009). In ALS cases, 

there are 29 pathogenic variants identified in TDP-43 (Kabashi et al., 2008; Rutherford et 

al., 2008; Daoud et al., 2009; Alzheimer Disease & Frontotemporal Dementia Mutation 

Database [www.molgen.ua.ac.be/ADMutations]). In this study, we screened a cohort of 

FTD (n = 158) and CBS (n = 70) patients counting 5 cases of FTLD with overlapping 

symptoms of FTLD and ALS or the co-occurrence of FTD and ALS in the same generation 

of the family, plus 21 members (8 of which affected) of a family with apparent autosomal 

dominant FTD. Screening of TDP-43 gene resulted in the identification of 1 pathogenic 

variant (Borroni et al., 2009; Corrado et al., 2009) in a patient with corticobasal syndrome 

and 6 nonpathogenic variants. We did not find this mutation in 174 neurologically normal 

controls. The screening of the FUS gene in this cohort led to the identification of 2 missense 

variants, 1 deletion and 1 insertion, 2 synonymous changes, and 1 variant in the 3′ UTR.
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We identified the missense variant P106L in exon 4 of FUS in 1 patient with behavioral 

variant FTD. This is a novel variant and the first reported in exon 4. The amino acid 106 lies 

in the QGSY (Gln-Gly-Ser-Tyr) region of the FUS protein. Whether or not this variant 

cosegregates with the disease could not be verified due to lack of DNA samples from 

informative members of the family (Fig. 2A). However, this variant was not found in 659 

neurologically normal controls. The pathogenicity of this variant will need to be verified 

either through the screening of other patients or functional analysis.

The variant Q179H in FUS exon 5 was identified in individuals 79, 81, and 82 of the 

Afrikaner pedigree (Fig. 1A and B). This variant is also located in the QSYG (Gln-Ser-Tyr-

Gly) domain of FUS protein. As the pedigree structure in this family shows, an autosomal 

dominant mode of inheritance could be anticipated. The clinical manifestations of the 

disease and the age of onset are similar in all the affected individuals. The mother’s (number 

20) brain and 2 of her siblings revealed profound frontotemporal lobar degeneration and 

neurofibrillary pathology characterized by widespread hyperphosphorylated tau inclusions 

in glial cells within the white matter (Kalaria et al., in preparation). All the family members, 

for which the DNA has been available, have been screened for MAPT, PGRN, CHMP2B, 

and TDP-43. In 2006 we reported a mutation in CHMP2B in 2 unaffected individuals of this 

family but not in their affected father. This case has been extensively discussed in Momeni 

et al. (2006). The FUS variant was isolated in 3 out of 4 siblings (Fig. 1A). The mother of 

the siblings had FTLD but did not carry the mutation. There is no DNA available from the 

father to be screened, but he is the obligate carrier of this variant. In an isolated case, this 

variant would have been assumed to be pathogenic. In this family however, the availability 

of the DNA from the unaffected siblings and other members of the extended pedigree made 

it possible to assess the inheritance and the possible role of this variant. Individual number 

79, who was diagnosed 4 years ago at the age of 56, has shown a similar course of disease as 

the other family members. The siblings, individuals 81 and 82 (Fig. 1A), who are marginally 

younger in age have not shown any clinical symptoms. Additionally, as we did not detect the 

mutation in the affected mother or any other affected or unaffected family member and 

because the unaffected father is the obligate carrier of this variant, it is highly unlikely that 

this variant in FUS gene is pathogenic or that the family has a heterogenic genetic cause for 

FTD.

As seen in Table 2 and Supplementary Table 1, we have identified additional variants in the 

patients that we did not discuss further including Gly174-Gly175 del GG (g. 4180–4185 

delGAGGTG) in a patient with diagnosis of FTLD (the detailed clinical information can be 

found in the Supplementary data). Nevertheless, it is noteworthy that this variant has been 

first reported in an ALS patient (Kwiatkowski et al., 2009) but in a later report it was 

identified in 2/638 normal controls aged 70 and 37 years, hence suggested to be 

nonpathogenic (Van Langenhove et al., 2010). We also isolated the Gly175-Gly176 ins GG 

(g. 4185–4186 insGAGGTG) variant in a patient with the diagnosis of CBS (the detailed 

clinical information can be found in Supplementary data). This variant had been previously 

reported by Kwiatkowski et al. (2009) in an ALS patient. We found this variant in 1/659 

neurologically normal controls. This is the first report of this variant in a normal control 

suggesting that this variant could be nonpathogenic. The synonymous variant P125P was 
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identified in an FTLD patient and none of our controls. Another synonymous variant R522R 

was found in 1 FTLD patient and 1 control. One variant in the 3′ UTR region of FUS 41 

base pairs after stop codon was found in 2 patients and 9 controls. We found the other 

missense variants, S135N rs61732970, G227D, and the insertion deletions 

GGC.GGC.GGC.GGC.GGT to GGC.GGT Gly228_Gly230del (Belzil et al., 2009), (GGC) 

5/6/7 Gly224 (rs72550890) 11 or 9 Gly, and GGA ins R244, only in our controls (see 

Supplementary Table 1).

Although variants in FUS have been reported to be causative of ALS, it is difficult to argue 

through what mechanism the same variants would be involved in a protective mechanism in 

neurologically normal controls. As we did not have access to the family members of the 

patient FTD 182, we cannot prove the cosegregation of the variant P106L with the disease. 

However, this variant was not present in our 659 neurologically normal controls. Further 

screening will shed light on the frequency and, perhaps, pathogenicity or nonpathogenicity 

of this variant/mutation.

In the Afrikaner familial case, the carriers of the variant Q179H are related to the extended 

FTD pedigree through their mother, who did not carry that variant (Fig. 1), suggesting that 

this variant is most likely nonpathogenic.

Previous studies that identified FUS/TLS mutations in ALS patients demonstrated that the 

ALS patients did not show cognitive deficits (Kwiatkowski et al., 2009; Vance et al., 2009). 

None of the patients in this study (see Table 1 and Supplementary Table 1b) had signs or 

symptoms of ALS. ALS and FTLD can have overlapping clinical and pathological features. 

Clinically, behavioral, cognitive, and language dysfunctions can be seen in patients 

primarily diagnosed with ALS and, pathologically, common areas of the brain show 

degeneration: the posterior frontal lobe atrophy in FTD-MND cases, or motor neurons and 

corticospinal tract in the cases of DHDL (dementia lacking distinctive histopathology), or 

the precentral gyrus, substantia nigra, and amygdala together with subcortical gliosis and 

neuronal loss in anterior cyngulate gyrus in ALS-FTD cases (Ferrari et al., 2011b). There is 

also overlap at the molecular pathology level with ubiquitin and TDP-43 positive inclusions 

in both FTLD and ALS (Ferrari et al., 2011b). Further, a region on chromosome 9 appears to 

be associated with both FTLD and ALS (Ferrari et al., 2011b), and there is a possible 

pathogenic effect of genetic variability in the valosin-containing protein gene (VCP) in ALS 

and FTD-ALS (Ferrari et al., 2011a).

CBS has a distinct clinical and pathological presentation from ALS. Given that our findings 

suggest that the variability in FUS gene is greater in the general population than previously 

assumed (Kwiatkowski et al., 2009; Van Langenhove et al., 2010), examination of more 

patients with the diagnoses of FTLD, ALS, and FTLD-ALS, and related disorders may be 

warranted.

The patient CBS 125 who carries the mutation N267S in exon 6 of TDP-43 is discussed in 

detail in the case report section. This mutation had been previously reported in 1 ALS and 1 

FTD patient (Borroni et al., 2009; Corrado et al., 2009). The patient CBS 125 is the first 

report of this mutation in a case with the diagnosis of CBS.
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To summarize, in our study we screened 228 cases of patients with the diagnosis of FTLD 

and CBS and a large pedigree with autosomal dominant FTLD, for FUS and TDP-43 

variants. In FUS we identified a spectrum of variants in patients and controls, while, for 

TDP-43, we report for the first time N267S in a case diagnosed with CBS. Our findings 

suggest that the pathogenicity of FUS variants needs to be revisited by examining the 

cosegregation and functional effect of those variants previously reported by other groups to 

be pathogenic and that variants need to be tested in larger cohorts of neurologically normal 

controls (preferably from the same population). Not least, it seems that genetic variability in 

TDP-43 encompasses different types of neurological disorders ranging from ALS to FTD 

and CBS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
(A) Afrikaner family pedigree. The DNA from the individuals marked with an arrow was 

available for the genetic screening. Indivulas 79 (affected) and 81 and 82 (unaffected) carry 

the FUS Q179H variant but their affected mother and another unaffected sibling (individual 

80) did not carry the variant. DNA from their father (individual 78) was not available for 

screening. (B) The electropherogram of heterozygous Q179H CAA>CAC variant, in FUS 

exon 6, individual 79 (the upper sequence) and the wild type sequence in individual 80 (the 

lower sequence).
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Fig. 2. 
(A) The pedigree of patient with frontotemporal dementia FTD 182. The index patient is 

marked with an arrow. (B) The electropherogram of the variant P106L CCC>CTC in exon 4 

of FUS gene in the upper panel. The lower panel shows a wild type sequence of the same 

region in a normal control DNA.
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Fig. 3. 
Wild type, deletion, and insertion in FUS exon 5. (A) The electropherogram of wild type 

sequence in FUS Exon 5. (B) The electropherogram of Gly174-Gly175 del GG (g. 4180–

4185 delGAGGTG) variant in patient with frontotemporal dementia FTD 85. (C) The 

electropherogram of a heterozygous insertion in exon 5 Gly175-Gly176 insGG (g. 4185–

4186insGAGGTG) in patient with corticobasal syndrome CBS135.
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Fig. 4. 
Patient with corticobasal syndrome CBS 125. (A) Pedigree of patient CBS125. The index 

patient is marked with an arrow. (B) The electropherogram showing the mutation exon 6 

N267S in TDP-43. The upper electropherogram shows the mutated sequence in CBS 125 

and the lower shows the wild type sequence.
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