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Abstract 

Objective: More than 180 different superoxide dismutase 1 (SOD1) mutations have been described 

so far in amyotrophic lateral sclerosis (ALS) patients, including not completely penetrant ones 

leading to phenotypic heterogeneity among carriers. We collected DNA samples from five ALS 

families with not fully penetrant SOD1 mutations (p.Asn65Ser, p.Gly72Ser, p.Gly93Asp, and 

p.Gly130_Glu133del) searching for epigenetic differences among ALS patients, 

asymptomatic/paucisymptomatic carriers and non-carrier family members. 

Methods:  Global DNA methylation levels (5-methylcytosine levels) were determined in blood 

DNA samples with an enzyme-linked immunosorbent assay (ELISA), and the methylation analysis 

of SOD1, FUS, TARDBP and C9orf72 genes was performed using Methylation-Sensitive High-

resolution melting (MS-HRM) technique. 

Results: Global DNA methylation levels were significantly higher in blood DNA of ALS patients 

than in asymptomatic/paucisymptomatic carriers or family members non-carriers of SOD1 

mutations, and a positive correlation between global DNA methylation levels and disease duration 

(months) was observed. SOD1, FUS, TARDBP and C9orf72 gene promoters were demethylated in 

all subjects. 

Conclusions: The present study suggests that global changes in DNA methylation might contribute 

to the ALS phenotype in carriers of not fully penetrant SOD1 mutations, thus underlying the role of 

epigenetic factors in modulating the phenotypic expression of the disease. 
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Introduction 

 

      Amyotrophic lateral sclerosis (ALS) results from the degeneration of motor neurons in the 

motor cortex, brainstem and spinal cord, leading to progressive weakness and atrophy of voluntary 

skeletal muscles. The average age at onset is between 50 and 60 years, with a similar worldwide 

incidence of about 1-3 new cases per 100.000 individuals every year. Unfortunately there is no cure 

for ALS and treatments, which are based on drugs such as Riluzole, only slow the progression of 

the symptoms, but most of the patients die within 2-3 years of onset, due to respiratory failure (1, 

2).  

      ALS is mainly sporadic (sALS), and only 5-10% of the cases are inherited (familial ALS = 

fALS). Four major genes account for most of fALS and for a small percentage of the sporadic 

cases, namely SOD1 (accounting for 12% of fALS and about 1% of sALS cases), TARDBP (5% of 

fALS and less than 1% of sALS), FUS (4% of fALS and less than 1% of sALS) and C9orf72 (40% 

of fALS and about 7% of sALS). A few other genes play a significant role in inherited ALS forms, 

each accounting for less than 1% of the cases (2, 3). In addition to these highly penetrant genes, 

genome-wide screening has identified more than 100 low penetrance ALS loci, suggesting a 

polygenic inheritance model and a strong contribution of environmental factors in sALS (2, 3). 

Indeed, risk of ALS may be modulated by environmental factors, gender and ageing, which could 

be linked to epigenetic events, i.e. changes in gene expression not resulting from changes in the 

DNA sequence (4, 5). In this regard, increasing evidence suggests that epigenetic modifications 

such as DNA methylation and histone tail modifications might contribute to ALS pathogenesis, and 

global changes in DNA methylation have been reported in blood and spinal cord DNA of ALS 

patients, as well as in monozygotic twins discordant for the disease, often leading to altered 

expression of dozens of genes (6, 7, 8).  

      Superoxide dismutase 1 has been the first identified causative ALS gene, and more than 180 

different SOD1 mutations have been described so far in ALS patients (9), including not completely 
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penetrant and/or paucisymptomatic ones (10, 11, 12, 13, 14, 15). This last group includes certain 

SOD1 mutations that may present different clinical courses, even within the same family members, 

suggesting that additional genetic, environmental or epigenetic factors might contribute to the 

clinical phenotype (10, 11, 12, 13, 14, 15). In this regard, a few years ago we described an Italian 

family with a p.Gly93Asp (G93D) SOD1 gene mutation characterized by a wide variability of 

disease expression among family members and with the proband showing a fast progressing motor 

neuron disease compared to the G93D carriers within her family or to previously described cases 

with the same mutation (15, 16). Collectively, the available literature describes slowly progressive 

cases, asymptomatic carriers, as well as rapidly progressive patients among individuals 

heterozygous for the G93D SOD1 gene mutation (14, 15, 16, 17). Similar heterozygous SOD1 

mutations have been described, including the p.Gly72Ser (G72S) one, resulting in incomplete 

penetrance and phenotypic variability in the described families (13, 18), and the p.Asn65Ser (N65S) 

mutation which has been described in a few families with reduced penetrance and with a very slow 

progression of the symptoms in affected individuals (11, 19).  

      In order to evaluate whether or not epigenetic modifications could partially contribute to the 

phenotypic heterogeneity reported in some carriers of SOD1 mutations we collected 17 DNA 

samples from two families with the SOD1 G93D missense mutations, and 18 DNA samples from 

three additional families with other not completely penetrant SOD1 mutations, including G72S, 

N65S, and a novel SOD1 gene variant p.Gly130_Glu133del. All the subjects were screened for 

additional mutations in major ALS genes (SOD1, TARDBP, FUS and C9orf72). Furthermore we 

assessed global DNA methylation levels as well as gene promoter methylation of SOD1, TARDBP, 

FUS and C9orf72 genes searching for differences among ALS patients, their familial asymptomatic 

or paucisymptomatic carriers, or non-carriers of SOD1 mutations.  
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Materials and Methods 

 

Subjects and genetic screening 

 

      Blood and DNA samples have been collected from 35 members of five Italian families, 

including six ALS cases and thirteen asymptomatic/paucisymptomatic carriers of SOD1 mutations 

as well as sixteen non-carriers of the mutant alleles (Table 1). All included patients fulfilled the El 

Escorial criteria (20) for probable or definite sporadic ALS and have been diagnosed by 

neurologists with expertise in ALS. All the study participants were offered genetic test and 

counselling, and all signed the informed consent approved by the Ethics Committee of the Niguarda 

Hospital (ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy). Genomic DNA was 

extracted from whole blood samples using standard procedures (21). Blood and DNA samples have 

been conserved and are available upon request for further studies, according to the signed informed 

consent. The search of SOD1, TARDBP, FUS and C9orf72 gene mutations was performed as 

previously described elsewhere (22-24), and details are available as Supplementary Material. 

 

Families’ Description 

      The pedigree of each of the five SOD1 families is shown in Figures 1-5. For each family, a 

summary of the subjects that decided to perform blood drawing for genetic analysis, including 

details on their age at sampling, is provided in Table 1. Further details on each family are provided 

(Supplementary Material). 

 

à  Table 1 
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Global DNA methylation analysis 

 

      Quantitative analysis of global 5-methylcytosine (5-mC) levels was determined with the 

MethylFlash™ Methylated DNA Quantification Kit (colorimetric) according to the manufacturer’s 

instructions (Epigentek Group Inc., New York, NY, USA). This method is an enzyme-linked 

immunosorbent assay (ELISA) able to evaluate global degree of DNA methylation. 100 ng of 

sample DNA and negative and positive controls (unmethylated and methylated control DNA 

provided by the Epigentek) were incubated in strip wells with a specially developed solution to 

promote DNA binding and adherence to the well. Wells were treated with 5-mC capture and 

detection antibodies to measure the methylated fraction of DNA, which was quantified 

colorimetrically by absorbance readings using a Bio-Rad680 microplate reader (Bio-Rad, Milan, 

Italy). Standard optical density (OD) values were used to create a standard curve, which provides a 

slope value, and to determine 5-mC amounts according to the formula: 5-mC (ng) = (sample OD 

value − negative control OD value) / slope × 2 (a normalization factor for the positive control which 

contains 50% of the 5-mC). The 5-mC% = 5-mC (ng) / the amount of DNA × 100. Results are 

presented as the percentage of methylated DNA (5-mC) to total DNA. 

 

Methylation sensitive-high resolution melting (MS-HRM) analysis 

 

       The methylation analysis of SOD1, FUS, TARDBP and C9orf72 has been performed using 

Methylation-Sensitive High-resolution melting (MS-HRM). 200 ng of DNA from each sample were 

treated with sodium bisulfite in order to convert all unmethylated cytosines into uracil using the 

EpiTect Bisulfite Kit (Qiagen, Milan, Italy, Catalog N° 59104), following the manufacturer’s 

instructions. C9orf72, SOD1, FUS and TARDBP promoter and first exon regions were analyzed for 

the presence of CpG islands by CpG plot software (EMBOSS Cpgplot). We developed in-house 

MS-HRM protocols according to literature criteria (26), using methylation independent primers 



 7 

(MIP) designed by us using the software MethPrimer (27). In Table 2 are reported primer sequences 

and annealing temperatures (Ta) used during MS-HRM analysis, as well as the amplicon lenght, the 

number of studied CpG sites, the accession number used to take gene sequences to design the 

primers, and the nucleotide position of the analyzed amplicon. 

      The MS-HRM analyses were performed as detailed elsewhere (28), and details are provided as 

Supplementary Materials. Standard DNA samples with known methylation ratios were included in 

each assay in order to generate standard curves to be used for the deduction of the methylation ratio 

of each sample. In order to obtain single methylation percentage values from MS-HRM assays, 

rather than a range, we applied an interpolation method developed in our laboratory (28).  

 

à  Table 2 

 

 

 

Statistical analyses 

 

      The percentages of gene specific methylation levels and of the global 5-mC content was 

expressed as mean ± standard error of the mean (SEM). Differences in mean MS-HRM data and in 

mean 5-mC content among groups have been evaluated by means of multifactorial analyses of 

variance (MANOVA), correcting for age at sampling, gender and batch. Linear regression analysis 

was performed to search for correlation between DNA methylation levels and the duration of the 

disease (expressed in months from onset). Statistical analyses were performed with 

STATGRAPHICS 5.1 plus software package for Windows.  
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Results 

 

Genetic screening 

 

Genetic screening of SOD1, FUS, TARDBP and C9orf72 genes revealed that no additional 

mutations in one of these four genes was present in the analyzed subjects except for the main SOD1 

mutation that characterized each family (Table 1).  

 

Global DNA methylation analysis 

 

Fig. 6 shows global DNA methylation data detected in ALS patients and in their family members. 

Multivariate analysis corrected for age at sampling, gender and batch showed that there is a 

statistically significant difference in 5-mC content (%) between ALS patients and their family 

members (3.41 ± 0.42 vs. 2.29 ± 0.18; P = 0.02; Fig. 6a). The analysis revealed that age at sampling 

(P = 0.58), gender (P = 0.43), and batch (P = 0.63) had no significant effect on global 5-mC content 

in our samples. Furthermore, when we considered the three different groups, namely ALS patients, 

asyptomatic/paucisymptomatic carriers, and non-carriers of SOD1 mutations, we observed that ALS 

individuals showed a significantly higher mean global 5-mC content (%) than the 

asyptomatic/paucisymptomatic carriers (3.41 ± 0.42 vs. 2.35 ± 0.29; P = 0.04; Fig. 6b) or the non-

carriers (3.41 ± 0.42 vs. 2.25 ± 0.26; P = 0.03; Fig. 6b). On the contrary, the mean 5-mC content 

was very similar between asyptomatic/paucisymptomatic carriers and non-carriers of SOD1 

mutations (2.35 ± 0.29 vs 2.25 ± 0.26; P = 0.80; Fig. 6b). Interestingly, linear regression analysis in 

the six ALS patients (Fig. 7) revealed a positive correlation between the mean 5-mC content and 

disease duration in months (r = 0.88; P = 0.01). When the analyses were restricted to carriers of the 

G93D missense mutation we obtained similar results than in the global population (Supplementary 
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Material). No such analysis was possible for each of the other mutations as we only had one 

affected individual from each of them. 

 

Gene-specific methylation analysis 

 

MS-HRM analysis showed that the four genes investigated were hypomethylated in all subjects 

(Table 3). For each of the studied genes we performed a multivariate analysis corrected for age at 

sampling, gender and batch, and no difference in DNA methylation levels was detected among the 

three groups analyzed. 

 

à  Table 3 
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Discussion 

 

      In the present study we focused on five Italian families that carry not fully penetrant ALS-

related SOD1 mutations, observing that the family members with a diagnosis of ALS show a 

significantly higher mean 5-mC content in blood DNA (average 3.4%) than the other family 

members (average 2.3%). Furthermore, we observed that global DNA methylation levels increase 

with disease progression in ALS patients and, more interestingly, that 

asymptomatic/paucisymptomatic carriers of SOD1 mutations have a similar global DNA 

methylation level (5-mC content) than non-carriers of SOD1 mutations, but significantly lower than 

ALS patients, reinforcing previous indications that increased DNA methylation characterizes ALS 

pathogenesis (6, 8). The present study revealed also that the four major ALS genes, namely SOD1, 

TARDBP, FUS and C9orf72, were demethylated in all the studied individuals, and no additional 

mutations in those genes were detected, suggesting that the observed increased global 5-mC content 

in ALS patients is likely to occur in other genes or genomic regions. 

      In 2014, Tremolizzo and coworkers observed that whole-blood global DNA methylation was 

increased in ALS subjects independently of age at onset in a cohort composed by 96 ALS patients, 

mainly sporadic, and 87 controls (8). Figueroa-Romero and coworkers investigated 11 ALS patients 

and 12 controls observing a significant increase in global DNA methylation (5-mC content) in the 

spinal cord DNA of ALS patients respect to controls (6). Similarly, studies in cell cultures and 

animal models of the disease revealed that motor neurons engage epigenetic mechanisms to drive 

apoptosis, involving up-regulation of DNA methyltransferases (DNMTs) and increased global DNA 

methylation (29). More recently, a report of two monozygotic twins of Italian descent who were 

ALS-discordant for 17 years, and heterozygous for the p.Thr137Ala (T137A) SOD1 mutation, 

revealed that the unaffected twin had a younger DNA methylation age than the affected one, 

suggesting a contribution played by environmental factors in the affected one (30). The present 

study, which is the first collecting samples from different ALS families that carry not fully 
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penetrant SOD1 mutations, confirms increased global DNA methylation (5-mC levels) in ALS 

blood DNA respect to asymptomatic/paucisymptomatic carriers or to non-carriers of SOD1 

mutations, strengthening previous evidence of an epigenetic involvement in ALS 

pathogenesis/clinical course. We must however acknowledge the fact that one-half of the subjects 

collected for the study are from SOD1 G93D families that included several asymptomatic carriers of 

comparable age with the patients, so that data are quite convincing in those families (Supplementary 

Material). In the other families we only have one ALS case for each given mutation, so that data 

cannot be related to each single mutation, but must be taken collectively.  

      While the alteration of DNA methylation has recently been reported in ALS, the involvement of 

multiple epigenetic players and the environmental contribution to the observed epigenetic changes 

still needs to be clarified (4). The methylation status of SOD1 and VEGF gene promoters was 

determined in white cell DNA of 10 ALS patients and in brain DNA of six of them, and both genes 

resulted largely hypomethylated in both tissues (31). Consistently with that study, the present 

investigation of SOD1 methylation revealed that the gene was largely hypomethylated in our 

samples. Many investigators reported increased C9orf72 methylation in ALS or frontotemporal 

dementia patients with a C9orf72 repeat expansion, but not in healthy controls or in those with 

normal short repeats (32, 33). In the present study no ALS patient had a C9orf72 repeat expansion, 

and no subject showed methylation of the C9orf72 gene. Also FUS and TARDBP genes resulted 

hypomethylated in our samples but, at best of our knowledge, little is known about their 

methylation levels in ALS tissues so far.  

      For what is concerning environmental factors, early-life events, metal exposure, and the 

patients' work and lifestyle have been suggested to contribute to epigenetic changes in ALS, but 

evidence is inconclusive to make any definitive conclusion (34, 35, 36). In this regard, recent 

genome-wide expression studies suggest that genes involved in inflammation and or immune 

response are deregulated in ALS tissues, likely representing potential targets of environmentally 

induced epigenetic modifications (6, 7). Unfortunately, we do not have RNA samples from our 
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patients to search for gene-expression levels and further address this issue. Collectively, both global 

and gene-specific methylation changes have been observed in affected neurons and in blood DNA 

samples of individuals affected by complex neurodegenerative disorders, such as ALS, Alzheimer’s 

disease (AD) or Parkinson’s disease (PD), and it is still largely debated if the observed changes are 

cause or consequence of the disease (8, 37, 38). For example, early-life exposure to metals or 

dietary restrictions have been suggested to contribute to epigenetic changes resulting in increased 

risk to develop AD-related symptoms later in life in animal models (39), but there is also evidence 

that toxic molecules produced within disease progression, such as the amyloid beta peptide, could 

contribute to the observed changes in DNA methylation (40). For what is concerning ALS, the 

global changes in DNA methylation levels observed in monozygotic twins discordant for the 

disease suggest that lifelong environmental exposures could have contributed to the onset of the 

disease in the affected twins (7, 30), at the same time there is evidence suggesting that global 

changes in DNA methylation could contribute to disease progression (29), and the present study 

revealed an increase in blood DNA methylation levels with the duration of the disease. However, 

despite that epigenetic changes could either contribute to the neurodegenerative process or increase 

as a consequence of the disease itself, they are reversible in nature and offer a potential target for 

therapeutic interventions (41), and in this regard studies in ALS cell cultures and animal models 

have provided evidence of a beneficial effect exerted by DNMT inhibitors (29, 42). 

      Overall, the present study suggests that global changes in DNA methylation might contribute to 

the ALS phenotype in carriers of not fully penetrant SOD1 mutations, and those changes seem to 

increase with disease progression. We are aware that the number of families included in the study is 

relatively small, so that confirmation in additional clusters is required as gathering together samples 

from different families could help to identify the targets of the epigenetic changes, although very 

informative ALS families such as those here described are not so frequent. Indeed, the strength of 

the study is the availability of families carrying peculiar SOD1 mutations that allowed having 13 

asymptomatic/paucisymptomatic carriers without a diagnosis of ALS as well as some patients with 
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slowly progressive ALS forms. The analysis of the asymptomatic carriers revealed that the presence 

of the studied SOD1 mutations alone is not sufficient to increase the global 5-mC content, whilst the 

occurrence of certain ALS patients with either p.Asn65Ser or p.Gly93Asp mutations and a very 

slow disease progression suggested that global DNA methylation levels increase with the duration 

of the disease, a data that if confirmed in other ALS families could open the way for therapeutic 

opportunities. In addition, present data suggest a possible link between environmental factors and 

epigenetic modifications as modulators of the ALS phenotype in genetically determined FALS 

forms. Despite that it is always difficult to evaluate early-life or lifelong environmental exposures in 

adults, studies in cell cultures, animal models, or twins discordant for neurodegenerative disorders, 

have suggested that factors such as metals, pesticides, head injuries, psychological stress, smoking 

and dietary factors can epigenetically modulate the expression of disease-related genes (33-39), so 

that we could postulate that changes in lifestyle may possibly prevent or slow down the phenotypic 

expression of the disease. 
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Tables 

 

Table 1. Summary of the main characteristics of subjects included in the study. 
 
Subject1 Age at 

sampling 
Gender Age at 

onset 
Disease duration 
(onset to blood 
drawing) 

Site of 
onset2 

SOD1 Mutations Other 
mutations: 
TARDBP, 
FUS, C9orf72 

Notes 

Family 1          
IV:7 34 F 29 60 months UL p.Gly93Asp No Onset in pregnancy 
III:2 57 F /  / p.Gly93Asp No  
III:4 54 F /  / No No  
III:5 45 F /  / p.Gly93Asp No  
III:8 64 M /  / No No  
III:9 58 F /  / p.Gly93Asp No  
III:10 60 F 50 127 months LL p.Gly93Asp No  
III:12 52 M /  / p.Gly93Asp No  
IV:9 39 M /  / No No  
IV:11 25 M /  / p.Gly93Asp No  
IV:12 24 M /  / p.Gly93Asp No  
IV:13 22 F /  / p.Gly93Asp No  
IV:14 20 M /  / p.Gly93Asp No  
Family 2         
III:1 18 F 18 9 months LL p.Gly93Asp No  
II:1 60 M /  / No No  
II:2 48 F /  / p.Gly93Asp No  
II:3 47 M /  / No No  
Family 3         
III:4 54 F 48 75 months G p.Asn65Ser No  
II:2 75 F /  / No No Since 42 years old limbs 

deficit. Since 50 years old 



 21 

Alzheimer’s disease 
III:6 49 F /  / p.Asn65Ser No  
III:8 51 F /  / No No  
Family 4         
III:2 40 M 36 45 months LL p.Gly130_Glu133del No  
III:3 44 F /  / No No  
III:4 42 F /  / p.Gly130_Glu133del No  
III:5 34 F /  / No No  
II:5 52 F /  / No No  
II:4 56 M /  / No No  
II:3 58 F /  / No No  
II:2 61 M /  / No No  
II:1 63 F /  / No No  
Family 5         
III:2 60 M 57 38 months UL p.Gly72Ser No  
II:2 84 F /  / p.Gly72Ser No Since 77 years old limbs 

deambulation problems. 
However, she is still 
autonomous, speaks and 
moves 

III:4 47 F /  / No No  
IV:1 33 M /  / No No  
IV:2 30 M /  / p.Gly72Ser No  
 

1 Each subject belongs to the described families: For the family trees see figure 1 for family 1, figure 2 for family 2, figure 3 for family 3, figure 4 
for family 4, and figure 5 for family 5. 
 
2 LL: lower limbs; UP: upper limbs; G: generalized. 
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Table 2. Primer sequences, annealing temperatures (Ta) used during MS-HRM analysis, amplicon length, number of CpG sites, accession 
number and nucleotide position of the regions analyzed for each of the studied genes. 
 

Gene Primer sequence Ta Amplicon lenght CpG 
sites Accession Number 

Nucleotide 
position 

 

C9orf F 5’-TTTTTTTTAGATTTAGTAGTTTTTTTTATT-3’ 
R 5’- ACAACTTATCCTATTCTTTTATCTTAAAAC-3’ 55° 102 bp 5 NG_031977.1 

 
Nt. 4842-4943 

 

SOD1 F 5’- GTGTTGTTTTTTGTGGTTTTTG-3’ 
R 5’- AAAAACCATTCCTAACCTTAAAACTATAC-3’ 59° 262 bp 22 NG_008689.1 

 
Nt. 5517-5778 

 

FUS F 5’- ATTTTTTTTGGTTTTAAGGATGGTT-3’ 
R 5’- TCTTTCAAAATTACCTTACCTTTC-3’ 54° 201 bp 10 NG_012889.2 

 
Nt. 4275-4475 

 

TARDBP F 5’-TTTTATTTTGTTTTTTAGGTGGATT-3’ 
R 5’- AACTATATAAAAACTAACCTCCCCC-3’ 58° 209 bp 22 NC_000001.11 

 
Nt. 11012238-446 
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Table 3. Mean gene methylation levels (%) obtained with MS-HRM analysis. 
 

Gene ALS patients  
(n = 6) (mean±SEM) 

Asymptomatic/paucisymptomatic 
carriers (n = 13)  

(mean±SEM) 

Non-carriers  
(n = 16)  

(mean±SEM) 

P-valuea 

SOD1 0.00 0.22 ± 0.15 0.00 0.57 

FUS 0.39 ± 0.18 0.03 ± 0.10 0.08 ± 0.11 0.25 

TARDBP 0.00 0.05 ± 0.02 0.02 ± 0.02 0.33 

C9orf72 0.00 0.14 ± 0.05 0.05 ± 0.07 0.52 
                                                    a Multifactorial analysis of variance adjusted for age at sampling, gender and batch. 
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Figure captions 
 
Figure 1 

Pedigree of the SOD1 p.Gly93Asp ALS family: square, male; circle, female; slash, deceased; solid 

symbol, affected; arrow, index patient; horizontal double line, consanguineous marriage; asterisk, 

patient mutated; wt, wild type. 

 

Figure 2 

Pedigree of family 2 with p.Gly93Asp mutation in the SOD1 gene: square, male; circle, female; 

solid symbol, affected; arrow, index patient; asterisk, patient mutated; wt, wild type. 

 

Figure 3 

Pedigree of family 3 with p.Asn65Ser mutation in the SOD1 gene. Square indicates male; circle, 

female; solid symbol, affected; slash, deceased; small solid circle symbol, abortion; arrow, index 

patient; asterisk, patient mutated; wt, wild type. Squares or circle filled with numbers indicate the 

number of other family members not shown in the pedigree. 

 

Figure 4 

Pedigree of the SOD1 p.(Gly130_Glu133del) ALS family. Square indicates male; circle, female; 

solid symbol, affected; slash, deceased; arrow, index patient; asterisk, patient mutated; wt, wild 

type. 

 

Figure 5 

 

Pedigree of family 5 with p.Gly72Ser mutation in the SOD1 gene: square, male; circle, female; 

solid symbol, affected; arrow, index patient; asterisk, patient mutated; wt, wild type; horizontal 

double line, consanguineous marriage; diamond; sex unknown. 
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Figure 6 

Global DNA methylation levels (5-mC%) in ALS patients and in their relatives (A), and in ALS 

patients, asyptomatic/paucisymptomatic carriers, and non-carriers of SOD1 mutations (B). P-value 

obtained by means of multifactorial analysis of variance adjusted for age at sampling, gender and 

batch. 

 

Figure 7 

Correlation between global DNA methylation (5-mC %) and duration of the disease (months from 

onset). Linear regression analysis showed a statistically significant correlation between 5-mC% 

content and disease duration (r = 0.88; P = 0.01).  
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Figure 2 
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