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Variation in untranslated regions 

There are a number of studies which report UTR variants in ALS with uncertain 

pathogenicity. Rutherford et al. (2008) report six UTR alterations in TARDBP but do not 

reveal how many cases each variant was in or if these were present in controls. In 2009, a 

French cohort of 285 sporadic ALS cases were sequenced to reveal one patient harbouring 

c.*1462T>C in TARDBP which was not in 360 controls (Daoud et al., 2009). Then four UTR 

alterations were reported in this gene in 410 ALS/FTD cases in Belgium (Gijselinck et al., 

2009). Two FUS 3’UTR changes were present in an Italian ALS cohort but the authors did 

not reveal if they were present in their 376 controls which seems likely given that c.*41G>A 

is a common polymorphism (Ticozzi et al., 2009). The FUS c.*24G<C change was detected 

in a fALS proband which was absent from 970 controls and two affected relatives indicating 

it is likely to be a rare polymorphism (Groen et al., 2010). Another study revealed UTR 

variants in FUS and SOD1 in ALS but it is not explicitly stated if they also sequenced their 

700 controls for these regions (DeJesus-Hernandez et al., 2010). Drepper et al. (2011) and 

Zou et al. (2012) both report these non-coding FUS changes in ALS that are absent from 

controls while in VCP, c.*12C<T is present in cases and not 1,205 controls (Abramzon et al., 

2012). Lastly, ANG and FUS were reported to have UTR mutations not present in controls, 

one of which we also found solely in cases, namely c.*132C<A (Brown et al., 2012). While 

this collection of papers seem to indicate a burden of UTR variation in ALS, not a single 

report mentions if any rare variation existed solely in controls. This piece of information is 

lacking in many publications and not just for UTR data. 

 

 

 

 



Oligogenic ALS 

van Blitterswijk et al. (2012a) found five families with multiple mutations (5% of their 

familial cohort) which was statistically more than that expected by chance. Another study by 

van Blitterswijk et al. (2012b) found a novel VAPB variant alongside the C9orf72 mutation, 

however, the pathogenicity of the VAPB mutation was not confirmed. Lastly, Bury et al. 

(2016) published a patient with mutations in both OPTN and C9orf72. The aggregates within 

motor and non-motor neuronal cells were studied in this patient to reveal OPTN staining in 

aggregates even in cells absent for TARDBP-positive inclusions. 

 

Common variation 

OPTN is known to cause both ALS and primary open angle glaucoma (POAG) although 

individual mutations appear to only cause one of these diseases and never both, suggesting 

that there are completely different mechanisms by which it causes each (Swarup et al., 2013). 

We identified two known variants which are both reported to cause POAG: N303K and 

R545Q (Rezaie et al., 2002; Mukhopadhyay et al., 2005; Buentello-Volante et al., 2013). The 

former is present in a sporadic ALS patient and the latter in both one control and one person 

with sporadic ALS, suggesting that these variants do not cause POAG or ALS. These 

findings challenge the current literature and imply a difficulty in characterising novel variants 

found in a disease, particularly if insufficient controls have been sequenced. 

Other variants previously reported which have been found in our controls include the 

CHMP2B I29V (0.2% of cases and 0.3% of controls). This variant was found in ALS patients 

(Parkinson et al., 2006) while functional work in cells indicated that it causes cytoplasmic 

vacuoles (Cox et al., 2010). The K238E variant in SQSTM1 was found in two studies 

restricted to ALS (Rubino et al., 2012; Cady et al., 2015) but only the former sequenced 

controls (n=145) whereas four of our control group had this mutation (0.7%). A single 

control patient had the I27V alteration in VCP which has been described in FTD and not in 



461 controls (Rohrer et al., 2011; Beck et al., 2014), nevertheless, the latter group identified 

I27V in combination with another mutation and so some of these variants may be risk factors 

for disease rather than causal alone. 

 

Supplementary Table 1. Summary of patients used in this study. 

  Total number Female Male Average age of onset (range) ALS-Definite ALS-Probable PMA/PLS/PBP 

Familial 131 49% 51% 56 (24-85) 44% 49% 7% 

Sporadic 995 43% 57% 61 (25-88) 38% 49% 13% 

Control 613 38% 62% N/A N/A N/A N/A 

 

Supplementary Table 2. Overview of coverage for each gene within coding and non-coding 

regions.  

Gene Exon Intron UTR Average coverage 

ALS2 Part Part None 103x 

ANG Full Part Full 139x 

CHMP2B Full Part Part 104x 

DAO Part Part None 208x 

DCTN1 Part Part None 132x 

FIG4 Part Part None 139x 

FUS Full Part Full 165x 

NEFH Part None None 150x 

OPTN Full Part Full 112x 

PFN1 Full Part Part 86x 

PON1 Part Part Part 115x 

PON2 None Part None 42x 

PON3 Part Part None 68x 

PRPH Part Part None 55x 

SETX Part Part None 121x 

SOD1 Full Part Full 154x 

SQSTM1 Part Part Part 81x 

TARDBP Full Part Full 232x 

TREM2 Part Part None 132x 

UBQLN2 Full N/A Full 122x 

VAPB Part Part None 150x 

VCP Full Part Full 180x 

VEGFA Part Part Part 30x 

 

Supplementary Table 3. List of transcripts used in this study.  

Gene Transcript 

ALS2 NM_020919 

ANG NM_001145 

CHMP2B NM_014043 

DAO NM_001917 

DCTN1 NM_004082 

FIG4 NM_014845 

FUS NM_004960 

NEFH NM_021076 

OPTN NM_001008211 

PFN1 NM_005022 

PON1 NM_000446 

PON2 NM_001018161 

PON3 NM_000940 

PRPH NM_006262 

SETX NM_015046 

SOD1 NM_000454 

SQSTM1 NM_003900 

TARDBP NM_007375 



TREM2 NM_018965 

UBQLN2 NM_013444 

VAPB NM_004738 

VCP NM_007126 

VEGFA NM_001025366 

 

Supplementary Table 4. Extension of Table 1 of the list of previously reported variants and 

the references associated with them. SP = spastic paraplegia; CMT = Charcot-Marie-Tooth 

disease; PD = Parkinson’s disease; ET = essential tremor; POAG = primary open angle 

glaucoma; NS = not significant; 

Chromosome Base pair Gene Nucleotide change Amino acid change No. patients No. controls Reference(s) 

1 11076931 TARDBP C269T A90V 2 1 Guerreiro et al., 2008; Winton et al., 2008 

1 11082325 TARDBP G859A G287S 2 0 Kabashi et al., 2008 

1 11082428 TARDBP C962T A321V 1 0 Kirby et al., 2010 

1 11082475 TARDBP A1009G M337V 1 0 Sreedharan et al., 2008 

1 11082509 TARDBP G1043T G348V 1 0 Kirby et al., 2010 

1 11082588 TARDBP T1122G Y374X 1 0 Daoud et al., 2009 

1 11082598 TARDBP A1132G N378D 2 0 Tsai et al., 2011 

2 74588717 DCTN1 C3746T T1249I 0 5 Cady et al., 2015; Münch et al., 2004 

2 74594023 DCTN1 C2353T R785W 1 1 Münch et al., 2004 

2 202626437 ALS2 A280G I94V 0 33 NS: Hand et al., 2003; SP: Herzfeld et al., 2009 

3 87289899 CHMP2B A85G I29V 2 2 Cox et al., 2010; Parkinson et al., 2006 

3 87294943 CHMP2B G206A R69Q 1 0 van Blitterswijk et al., 2012c 

3 87294985 CHMP2B C248T T83I 0 1 van Blitterswijk et al., 2012c 

5 179251013 SQSTM1 G457A V153I 0 1 Cady et al., 2015 

5 179252184 SQSTM1 A712G K238E 11 4 Cady et al., 2015; Rubino et al., 2012 

5 179263445 SQSTM1 C1175T P392L 5 2 Fecto et al., 2011 

6 41129105 TREM2 C287A T96K 0 1 Dementia: Guerreiro et al., 2013 

6 41129207 TREM2 G185A R62H 0 10 FTD: Lattante et al., 2013 

6 41129252 TREM2 G140A R47H 7 4 Cady et al., 2014; Rayaprolu et al., 2013 

6 110036336 FIG4 T122C I41T 3 5 CMT: Chow et al., 2007; Lenk et al., 2011 

9 35066777 VCP A340G I114V 1 0 CMT: Gonzalez et al., 2014 

9 35068298 VCP A79G I27V 0 1 FTD: Beck et al., 2014; Rohrer et al., 2011 

9 135140020 SETX T7640C I2547T 12 8 Arning et al., 2012; Rudnik-Schöneborn et al., 2012  

9 135204004 SETX A2981G D994G 0 1 Cady et al., 2015 

9 135204010 SETX A2975G K992R 0 16 Arning et al., 2012; Nanetti et al., 2013  

9 135224757 SETX G59A R20H 0 13 Arning et al., 2012 

10 13152400 OPTN T293A M98K 55 33 POAG: Rezaie et al., 2002 

10 13178802 OPTN A1670G K557R 0 1 Del Bo et al., 2011 

12 49689009 PRPH G26A R9Q 0 12 Gros-Louis et al., 2004 

12 49690798 PRPH G829A A277T 0 20 Corrado et al., 2011; Gros-Louis et al., 2004 

14 21161845 ANG A122T K41I 0 2 Cady et al., 2015; Greenway et al., 2006 

14 21161973 ANG A250G K84E 1 0 Brown et al., 2012; Cady et al., 2015 

16 31201719 FUS C1292T P431L 1 0 ET: Rajput et al., 2014 

16 31202410 FUS G1520A G507D 1 0 Corrado et al., 2010 

16 31202739 FUS C1561T R521C 1 0 Suzuki et al., 2010; Tateishi et al., 2010 

16 31202740 FUS G1562A R521H 2 0 Blair et al., 2010; FTD: van Langenhove et al., 2010 

16 31202740 FUS G1562T R521L 1 0 Deng et al., 2010; Zou et al., 2012 

17 4849268 PFN1 A350G E117G 1 1 Fratta et al., 2014; Wu et al., 2012 

20 57014075 VAPB T390G D130E 0 1 Cady et al., 2015 

20 57016076 VAPB G510A M170I 7 1 van Blitterswijk et al., 2012b 

20 57016117 VAPB G551A R184Q 1 0 PD: Kun-Rodrigues et al., 2015 

21 33032107 SOD1 C25G L9V 1 0 Andersen et al., 2003 

21 33038821 SOD1 G229T D77Y 3 0 Cady et al., 2015; Eisen et al., 2008 

21 33039603 SOD1 A272C D91A 3 0 Robberecht et al., 1996 

21 33039636 SOD1 A305G D102G 1 0 Ayers et al., 2014; Orrell et al., 1999 

21 33039650 SOD1 C319T L107F 1 0 Hineno et al., 2012; Soong et al., 2014 

21 33039666 SOD1 G335A C112Y 1 0 Eisen et al., 2008; Nakamura et al., 2012 

21 33039672 SOD1 T341C I114T 5 0 Kokubo Y et al., 1999; Lopate et al., 2010 

21 33040829 SOD1 A403G S135G 1 0 Conte et al., 2012 

22 29885016 NEFH G1387A E463K 173 109 Daoud et al., 2011 

22 29885473 NEFH C1844T P615L 414 205 Daoud et al., 2011 

22 29885997 NEFH 2368_2370delAAG K790del 1 2 Figlewicz et al., 1994 

22 29886043 NEFH A2414C E805A 309 152 with concussion: Covassin, 2010 

X 56591796 UBQLN2 C1490A P497H 1 0 Deng et al., 2011 

 

Supplementary Table 5. List of non-exonic variants found in cases and controls. 

Gene Chromosome Base pair Location Variant 1000G ESP6500 CG69 ExAC dbSNP137 Frequency Controls Frequency Patients 

TARDBP 1 11072687 UTR5 c.-1098G>T . . . . . 0.16% 0.44% 

TARDBP 1 11072698 UTR5 c.-1087C>T . . . . . 0.49% 0% 

TARDBP 1 11072699 UTR5 c.-1086G>A . . . . . 0.16% 0% 

TARDBP 1 11072732 UTR5 c.-1053G>A . . . . . 0% 0.44% 

TARDBP 1 11072745 UTR5 c.-1040T>C . . . . . 0% 0.36% 

TARDBP 1 11072760 UTR5 c.-1025C>T . . . . . 0.33% 0% 

TARDBP 1 11072802 splicing T>C . . . . . 0% 0.27% 

TARDBP 1 11072810 intronic G>A . . . . . 0% 0.44% 

TARDBP 1 11072831 intronic C>G . . . . . 0% 0.44% 

TARDBP 1 11074031 intronic C>T . . . 1.04E-03 . 0% 0.44% 

TARDBP 1 11076870 intronic T>C . . . . . 0% 0.27% 

TARDBP 1 11076886 intronic G>A . 0.000692 . 2.68E-04 rs200066188 0% 0.44% 

TARDBP 1 11077083 intronic A>G 0.0005 . . 1.63E-05 rs200818944 0% 0.44% 

TARDBP 1 11082171 intronic T>A . . . . . 0% 0.36% 



TARDBP 1 11082855 UTR3 c.*144G>A . . . . . 0% 0.44% 

TARDBP 1 11082925 UTR3 c.*214T>C . . . . . 0% 0.44% 

TARDBP 1 11083028 UTR3 c.*317A>G . . . . . 0% 0.36% 

TARDBP 1 11083039 UTR3 c.*328T>C . . . . . 0.16% 0% 

TARDBP 1 11083054 UTR3 c.*343G>A . . . . . 0% 0.44% 

TARDBP 1 11083126 UTR3 c.*415T>C . . . . . 0% 0.44% 

TARDBP 1 11083213 UTR3 c.*502A>G . . . 3.19E-04 . 0% 0.44% 

TARDBP 1 11083257 UTR3 c.*546delC . . . . . 0.16% 0% 

TARDBP 1 11083331 UTR3 c.*620A>G . . . 1.35E-04 . 0.49% 0% 

TARDBP 1 11083462 UTR3 c.*751T>C . . . . . 0.33% 0% 

TARDBP 1 11083719 UTR3 c.*1008T>G 0.0014 . . . rs141412238 0.16% 0% 

TARDBP 1 11083792 UTR3 c.*1081C>T 0.0009 . 0.007 . rs184303021 0% 0.09% 

TARDBP 1 11083853 UTR3 c.*1142T>C . . . . . 0% 0.09% 

TARDBP 1 11084209 UTR3 c.*1498A>G . . . . . 0% 0.18% 

TARDBP 1 11084270 UTR3 c.*1559C>T . . . . . 0% 0.18% 

TARDBP 1 11084503 UTR3 c.*1792C>T . . . . . 0% 0.09% 

TARDBP 1 11084565 UTR3 c.*1854A>G 0.0014 . . . rs185335376 0% 0.09% 

TARDBP 1 11084584 UTR3 c.*1873C>T . . . . . 0% 0.09% 

TARDBP 1 11084844 UTR3 c.*2133C>T . . . . . 0% 0.27% 

TARDBP 1 11084865 UTR3 c.*2154G>T . . . . . 0% 0.09% 

TARDBP 1 11084906 UTR3 c.*2195T>C . . . . . 0% 0.09% 

TARDBP 1 11084908 UTR3 c.*2197T>C . . . . . 0% 0.09% 

TARDBP 1 11084919 UTR3 c.*2208A>G . . . . . 0% 0.27% 

TARDBP 1 11085113 UTR3 c.*2402C>T . . . . . 0.98% 0.09% 

TARDBP 1 11085338 UTR3 c.*2627A>G . . . . . 0.98% 0% 

TARDBP 1 11085339 UTR3 c.*2628A>C . . . . . 0.49% 0% 

TARDBP 1 11085342 UTR3 c.*2631C>T . . . . . 0% 0.09% 

TARDBP 1 11085348 UTR3 c.*2637A>G . . . . . 0% 0.09% 

TARDBP 1 11085433 UTR3 c.*2722A>G . . . . . 0% 0.09% 

TARDBP 1 11085509 UTR3 c.*2798T>A . . . . . 0.16% 0% 

DCTN1 2 74588769 intronic G>T . 0.000154 . 1.63E-05 . 0% 0.09% 

DCTN1 2 74590564 intronic C>T 0.0005 0.000231 . 9.76E-05 rs201516838 0.33% 0% 

DCTN1 2 74590583 intronic C>A . . . . . 0% 0.09% 

DCTN1 2 74596051 intronic G>C . . . . . 0% 0.09% 

ALS2 2 202571747 splicing c.4404-2A>G . . . . . 0% 0.09% 

ALS2 2 202587758 intronic T>- . . . . . 0% 0.09% 

ALS2 2 202588047 intronic A>G . . . . . 0% 0.18% 

ALS2 2 202591597 intronic C>G . . . . . 0% 0.09% 

ALS2 2 202598195 intronic A>T . . . . . 0.16% 0% 

ALS2 2 202619414 intronic G>- . 0.002535 . 1.99E-03 . 0% 0.09% 

ALS2 2 202622081 intronic G>A 0.0005 . . 7.35E-05 rs183864580 0% 0.09% 

ALS2 2 202622501 intronic A>C 0.0005 . . 3.71E-04 rs200448709 0% 0.09% 

ALS2 2 202632123 intronic C>T . . . . . 0.16% 0% 

CHMP2B 3 87276547 UTR5 c.-126C>T . . . . . 0% 0.09% 

CHMP2B 3 87276666 UTR5 c.-7T>C . . . . . 0% 0.09% 

CHMP2B 3 87276714 intronic C>T 0.0023 0.00469 . 2.77E-03 rs35413339 0.33% 0% 

CHMP2B 3 87295096 intronic T>A . . . 8.15E-06 . 0.16% 0% 

CHMP2B 3 87302682 intronic A>G . 0.000077 . 1.71E-04 . 0.33% 0.09% 

CHMP2B 3 87303002 UTR3 c.*30T>G . . . . . 0% 0.09% 

CHMP2B 3 87303086 UTR3 c.*114C>T . . . . . 0% 0.09% 

CHMP2B 3 87303107 UTR3 c.*135T>C . . . . . 0% 0.18% 

SQSTM1 5 179251145 intronic C>T 0.0005 0.001076 . 6.59E-04 rs139142649 0% 0.27% 

SQSTM1 5 179251365 intronic G>A . . . . . 0.33% 0% 

SQSTM1 5 179252235 intronic A>T . . . 8.13E-06 . 0% 0.09% 

SQSTM1 5 179252237 intronic C>T . . . 8.13E-06 . 0% 0.09% 

SQSTM1 5 179263768 UTR3 c.*175T>G 0.0009 . . . rs186996560 0.33% 0.36% 

TREM2 6 41129368 intronic C>T . . . . . 0% 0.09% 

FIG4 6 110081590 intronic A>T . . . . . 0% 0.09% 

FIG4 6 110081631 intronic G>A . 0.000461 . 3.42E-04 . 0.33% 0.44% 

VCP 9 35056414 UTR3 c.*700C>A . . . . . 0% 0.09% 

VCP 9 35056530 UTR3 c.*584T>C . . . . . 0.33% 0.18% 

VCP 9 35056604 UTR3 c.*510A>G . . . . . 0.16% 0% 

VCP 9 35056818 UTR3 c.*296T>C . . . . . 0% 0.09% 

VCP 9 35056862 UTR3 c.*252C>T . . . . . 0% 0.09% 

VCP 9 35056898 UTR3 c.*216G>A . . . . . 0% 0.44% 

VCP 9 35057102 UTR3 c.*12C>T 0.0005 0.000923 . 1.08E-03 rs62544156 0.16% 0% 

VCP 9 35057110 UTR3 c.*4G>T . 0.000384 . 6.67E-04 rs201091341 0% 0.09% 

VCP 9 35057227 intronic C>T . . . . . 0.16% 0% 

VCP 9 35057267 intronic G>A . 0.000769 . 3.25E-04 . 0.49% 0.36% 

VCP 9 35057558 intronic T>C . . . . . 0.82% 0.89% 

VCP 9 35059029 intronic T>C 0.0009 0.002768 . 3.39E-03 rs201932327 0% 0.09% 

VCP 9 35059032 intronic G>A . . . . . 0% 0.09% 

VCP 9 35059455 intronic T>C . . . . . 0% 0.09% 

VCP 9 35060542 intronic G>A . . . . . 0% 0.09% 

VCP 9 35060757 intronic T>C . 0.000077 . 4.07E-05 . 0.16% 0% 

VCP 9 35060763 intronic G>A . . . 1.63E-05 . 0% 0.09% 

VCP 9 35060765 intronic G>A . . . . . 0.82% 0% 

VCP 9 35060781 intronic G>T . . . . . 0% 0.09% 

VCP 9 35060934 intronic G>C 0.0018 0.004921 . 3.00E-03 rs144304208 0% 0.09% 

VCP 9 35060942 intronic G>A . . . . . 0% 0.36% 

VCP 9 35061695 intronic C>A 0.0018 . . 1.78E-03 rs12349922 0% 0.18% 

VCP 9 35061973 intronic G>A . . . 2.21E-03 . 0% 0.09% 

VCP 9 35061983 intronic G>A 0.0005 0.001 . 1.62E-03 rs200756991 0.33% 0.09% 

VCP 9 35062381 intronic T>C . . . . . 0% 0.09% 

VCP 9 35064324 intronic T>C 0.0005 0.002153 . 1.39E-03 rs200165441 0% 0.09% 

VCP 9 35067865 intronic G>A . . . 8.13E-06 . 0% 0.09% 

VCP 9 35068102 intronic G>A 0.0009 0.002076 . 1.63E-03 rs183916253 0% 0.09% 

VCP 9 35068378 intronic G>T . . . . . 0% 0.09% 

VCP 9 35068403 intronic G>A . 0.000308 . 7.32E-05 . 0% 0.09% 

VCP 9 35072375 UTR5 c.-25C>T . . . . . 0% 0.09% 

VCP 9 35072378 UTR5 c.-28C>T . . . . . 0.16% 0% 

VCP 9 35072565 UTR5 c.-215A>G . . . . . 0% 0.09% 

VCP 9 35072576 UTR5 c.-226C>G . . . . . 0% 0.09% 

VCP 9 35072577 UTR5 c.-227G>C . . . . . 0% 0.09% 

VCP 9 35072657 UTR5 c.-307A>G . . . . . 0.33% 0.36% 

VCP 9 35072665 UTR5 c.-315G>A . . . . . 0.16% 0% 

VCP 9 35072710 UTR5 c.-360G>A . . . . . 0.33% 0.27% 

VCP 9 35072718 UTR5 c.-368A>T . . . . . 0.33% 0% 

VCP 9 35072736 UTR5 c.-386A>G . . . . . 0.33% 0.09% 

VCP 9 35072774 upstream C>A . . . . . 0% 0.09% 

VCP 9 35072778 upstream T>C . . . . . 0% 0.09% 

SETX 9 135171462 intronic G>A . . . . . 0% 0.09% 

SETX 9 135205923 intronic G>A . . . . . 0.16% 0.80% 

OPTN 10 13150099 intronic G>C . . . . . 0% 0.18% 

OPTN 10 13150190 UTR5 c.-933G>A . . . . . 0% 0.09% 



OPTN 10 13150288 UTR5 c.-835T>C . . . . . 0% 0.09% 

OPTN 10 13151307 intronic T>C . . . . . 0% 0.09% 

OPTN 10 13151314 intronic C>T . 0.000308 . 3.58E-04 rs200525334 0.16% 0.62% 

OPTN 10 13151318 intronic T>C . . . . . 0% 0.09% 

OPTN 10 13158341 splicing c.626+1G>T . . . . . 0% 0.09% 

OPTN 10 13158389 intronic C>G . . . . . 0% 0.09% 

OPTN 10 13167373 intronic G>A . 0.000154 . 4.07E-05 . 0% 0.09% 

OPTN 10 13167594 intronic C>T 0.0014 0.001845 . 1.46E-03 rs184547000 0.16% 0% 

OPTN 10 13169905 splicing c.1401+2T>G . . . . . 0% 0.09% 

OPTN 10 13175480 intronic G>A . . . 4.07E-05 . 0% 0.09% 

OPTN 10 13175591 intronic G>A 0.0032 0.000461 . 1.31E-03 rs191671333 0% 0.09% 

OPTN 10 13178740 intronic C>T . . . 8.13E-06 . 0.33% 0.18% 

OPTN 10 13178925 UTR3 c.*59G>C . . . . . 0.33% 0% 

OPTN 10 13179498 UTR3 c.*632G>C . . . . . 0.16% 0% 

OPTN 10 13179540 UTR3 c.*674A>T . . . . . 0% 0.09% 

OPTN 10 13179636 UTR3 c.*770delA . . . . . 0% 0.09% 

OPTN 10 13179749 UTR3 c.*883delA . . . . . 0% 0.09% 

OPTN 10 13179757 UTR3 c.*891T>C . . . . . 0% 0.09% 

OPTN 10 13179764 UTR3 c.*898C>T . . . . . 0.33% 0.09% 

OPTN 10 13179854 UTR3 c.*988C>G . . . . . 0% 0.09% 

OPTN 10 13179929 UTR3 c.*1063C>A . . . . . 0.33% 0% 

OPTN 10 13179955 UTR3 c.*1089G>A . . . . . 0% 0.09% 

OPTN 10 13180117 UTR3 c.*1251C>G . . . . . 0% 0.09% 

OPTN 10 13180149 UTR3 c.*1283C>T . . . . . 0.16% 0% 

OPTN 10 13180151 UTR3 c.*1285T>C . . 0.007 . . 0% 0.27% 

ANG 14 21162248 UTR3 c.*81A>C . . 0.007 . . 0% 0.09% 

FUS 16 31191566 intronic G>A . . . . . 0.49% 0.62% 

FUS 16 31193691 intronic A>T . 0.000231 . 1.38E-04 . 0.16% 0% 

FUS 16 31195147 intronic C>G . 0.000616 . 3.01E-04 . 0% 0.09% 

FUS 16 31196244 intronic ->T . . . . . 0% 0.09% 

FUS 16 31198098 intronic C>T . 0.00077 . 5.53E-04 rs200247599 0% 0.09% 

FUS 16 31198170 intronic A>T . 0.000077 . 3.25E-05 . 0.16% 0.09% 

FUS 16 31198195 intronic C>A . . . . . 0% 0.09% 

FUS 16 31199620 intronic T>G . . . 8.13E-06 . 0% 0.09% 

FUS 16 31199626 intronic T>G . . . 8.13E-06 . 0.16% 0% 

FUS 16 31199724 intronic C>G . 0.000693 . 7.08E-04 rs201544187 0.16% 0% 

FUS 16 31199725 intronic A>C . 0.000154 . 2.11E-04 . 0.33% 0% 

FUS 16 31201158 intronic G>A 0.0005 0.000462 . 4.96E-04 rs200156095 0.33% 0.18% 

FUS 16 31201159 intronic G>C . . . 8.13E-06 . 0.16% 0.09% 

FUS 16 31201314 intronic A>T . . . 3.10E-04 . 0% 0.09% 

FUS 16 31201316 intronic T>C . . . 1.06E-04 . 0% 0.09% 

FUS 16 31201325 intronic C>T 0.0005 0.000231 . 1.96E-04 rs181287335 0% 0.09% 

FUS 16 31201335 intronic C>T 0.0005 . . 1.47E-04 rs185933137 0.16% 0.09% 

FUS 16 31202019 intronic C>T . . . 8.13E-06 . 0% 0.09% 

FUS 16 31202028 intronic A>G . 0.001 . 9.27E-04 rs200554137 0% 0.09% 

FUS 16 31202048 intronic T>C . . . . . 0% 0.36% 

FUS 16 31202168 intronic G>A . . . . . 0% 0.09% 

FUS 16 31202268 intronic G>C . . . . . 0% 0.09% 

FUS 16 31202674 intronic T>G . . . . rs74558144 0.33% 0.18% 

FUS 16 31202777 UTR3 c.*18G>C . . . . . 0.16% 0.09% 

FUS 16 31202875 UTR3 c.*116G>A . . . 8.25E-06 . 0.49% 0% 

FUS 16 31202891 UTR3 c.*132C>A . . . 1.27E-04 . 0% 0.09% 

FUS 16 31202966 UTR3 c.*207G>A . . . 1.66E-05 . 0% 0.18% 

FUS 16 31202973 UTR3 c.*214C>T 0.0032 . 0.007 1.55E-03 rs140875749 0% 0.09% 

FUS 16 31202990 UTR3 c.*231A>C . . . 2.13E-05 . 0% 0.09% 

FUS 16 31203167 UTR3 c.*408A>G . . . . . 0.49% 0.53% 

FUS 16 31203200 UTR3 c.*441A>G . . . . . 0% 0.09% 

FUS 16 31203320 UTR3 c.*561C>T 0.0009 . . 1.82E-04 rs192705444 0.16% 0% 

FUS 16 31203480 UTR3 c.*721A>G . . . 1.19E-04 . 0% 0.09% 

FUS 16 31203617 UTR3 c.*858G>T . . . . . 0% 0.09% 

FUS 16 31204538 UTR3 c.*1779T>C . . . . . 0% 0.09% 

FUS 16 31204593 UTR3 c.*1834A>G . . . . . 0% 0.09% 

FUS 16 31204602 UTR3 c.*1843G>A . . . 6.23E-05 . 0% 0.09% 

FUS 16 31204757 UTR3 c.*1998T>C 0.0032 . 0.007 4.71E-04 rs182437252 0% 0.09% 

FUS 16 31204764 UTR3 c.*2005G>T 0.0018 . . 4.10E-04 rs140979886 0% 0.09% 

PFN1 17 4848916 downstream T>G 0.0005 . . . rs186959375 1.80% 1.07% 

PFN1 17 4848931 downstream C>T . . . . . 0% 0.09% 

PFN1 17 4848936 downstream C>T . . . . . 0% 0.09% 

PFN1 17 4848948 UTR3 c.*247A>G 0.0023 . . . rs140057352 0.16% 0% 

PFN1 17 4848995 UTR3 c.*200T>C . . . . . 0% 0.09% 

PFN1 17 4849014 UTR3 c.*181G>A . . . . . 0.33% 0.09% 

PFN1 17 4849075 UTR3 c.*120C>T 0.0009 . . . rs2233658 0% 0.09% 

PFN1 17 4849087 UTR3 c.*108T>C . . . . rs113941832 0% 0.09% 

PFN1 17 4849123 UTR3 c.*72C>A . . . . . 0% 0.09% 

PFN1 17 4849169 UTR3 c.*26G>A . 0.000154 . 6.67E-04 . 0.33% 0% 

PFN1 17 4851695 UTR5 c.-6A>G . 0.000077 . 2.44E-05 . 0% 0.09% 

PFN1 17 4851767 UTR5 c.-78C>T . . . 4.14E-03 . 0.16% 0% 

VAPB 20 56993448 intronic G>T . . . . . 0.16% 0% 

VAPB 20 56993466 intronic T>C . . . . . 0.33% 0% 

SOD1 21 33031973 UTR5 c.-110T>C . . . . . 0% 0.09% 

SOD1 21 33031996 UTR5 c.-87G>A . . . . . 1.15% 0.44% 

SOD1 21 33032173 intronic G>A . 0.000077 . 4.32E-04 rs201574089 0% 0.09% 

SOD1 21 33032189 intronic G>- . . . . . 0.33% 0% 

SOD1 21 33032202 intronic C>T . . . 1.14E-04 . 0% 0.09% 

SOD1 21 33032205 intronic C>G . 0.000231 . 3.51E-04 . 0% 0.09% 

SOD1 21 33036099 intronic A>G . 0.000231 . 8.95E-05 . 0% 0.18% 

SOD1 21 33038757 intronic A>C . . . . . 0.33% 0% 

SOD1 21 33038863 intronic C>T . . . 8.13E-06 . 0.33% 0.36% 

SOD1 21 33040970 UTR3 c.*79T>A . . . . . 0.98% 1.60% 

SOD1 21 33040981 UTR3 c.*90A>T . . . . . 0% 0.09% 

SOD1 21 33041012 UTR3 c.*121A>G . . . . . 0.33% 0% 

SOD1 21 33041044 UTR3 c.*153T>G 0.0005 . . . rs188029963 0.33% 0% 

SOD1 21 33041092 UTR3 c.*201A>G . . . . . 0% 0.09% 

SOD1 21 33041143 UTR3 c.*252G>T . . . . . 0% 0.09% 

SOD1 21 33041171 UTR3 c.*280A>G . . . . . 0.33% 0% 

SOD1 21 33041263 downstream T>A 0.0014 . . . rs184438684 0% 0.09% 

UBQLN2 X 56589985 upstream C>T . . . . . 0% 0.09% 

UBQLN2 X 56590003 upstream C>T . . . . . 0% 0.09% 

UBQLN2 X 56590263 UTR5 c.-44G>C . . . . . 0% 0.09% 

UBQLN2 X 56590303 UTR5 c.-4C>T . . . 8.76E-06 . 0% 0.09% 

UBQLN2 X 56592268 UTR3 c.*87A>C . . . . . 0.33% 0% 

UBQLN2 X 56592316 UTR3 c.*135A>G . . . . . 0% 0.18% 

UBQLN2 X 56592584 UTR3 c.*403C>A . . . . . 0% 0.09% 

UBQLN2 X 56592587 UTR3 c.*406G>A . . . . . 0% 0.09% 

UBQLN2 X 56592606 UTR3 c.*425C>T . . . . . 0.33% 0.18% 



UBQLN2 X 56592686 UTR3 c.*505T>G . . . . . 0% 0.18% 

UBQLN2 X 56592754 UTR3 c.*573A>G . . . . . 0% 0.09% 

UBQLN2 X 56592850 UTR3 c.*669A>G . . . . . 0.16% 0% 

UBQLN2 X 56593074 UTR3 c.*893C>A . . . . . 0% 0.18% 

UBQLN2 X 56593415 UTR3 c.*1234G>A 0.0018 . . . rs187165435 0% 0.09% 

 

Supplementary Table 6. List of patients with two variants of interest.  

Subject Variant1 Variant2 El-Escorial Gender Family history 

1 TARDBP N179D TARDBP M337V ALS-Probable Male Sporadic 

2 C9orf72 expansion VCP R155H ALS-Definite Male Sporadic 

3 C9orf72 expansion TARDBP A321V ALS-Probable Male Familial 

4 C9orf72 expansion UBQLN2 T334M ALS-Definite Female Sporadic 

5 C9orf72 expansion ALS2 S654G ALS-Definite Male Familial 

6 C9orf72 expansion ANG K78E ALS-Definite Female Familial 

7 C9orf72 expansion OPTN c.626+1G>T ALS-Probable Male Sporadic 

8 FUS S135N SOD1 D77Y ALS-Definite Male Familial 

9 OPTN R271H FUS R269W ALS-Definite Female Familial 

10 SOD1 D91A UBQLN2 Q460R ALS-Probable Male Familial 

11 ALS2 P1288L SOD1 I114T ALS-Probable Male Familial 

12 ALS2 P372R TARDBP A90V Control Female N/A 

 

Supplementary Table 7. List of variants in VEGFA and PON1-3. All variants were sequenced 

adequately in controls however some were not adequately covered in cases. No variants were 

found to be significantly more in cases than controls after correction for multiple testing. 

Some other loci were also sequenced however they failed quality checks and so were 

removed, particularly in VEGFA due the high GC content. 

Gene Chromosome Base pair dbSNP137 Variant Frequency Controls Frequency Patient Number of Patients Sequenced P-value ExAC 1000G 

VEGFA 6 43748593 rs149528656 c.1085+2T>C 0.2% 0% 95 0.66 0.01% NA 

VEGFA 6 43748600 rs201132204 c.1085+9T>C 0.2% 0% 120 0.56 1% NA 

PON1 7 94937412 rs141624867 c.G609A:p.S203S 0.2% 0% 1013 0.60 0.01% NA 

PON1 7 94937418 rs148452713 c.G603A:p.A201A 0% 0.1% 1013 0.01 0.1% 0.2% 

PON1 7 94937419 rs80019660 c.C602T:p.A201V 0.5% 0.5% 1013 1.00 0.2% 0.1% 

PON1 7 94937446 rs662 c.A575G:p.Q192R 49% 50% 1108 0.78 38% 52% 

PON1 7 94946084 rs854560 c.T163A:p.L55M 60% 61% 1108 0.89 29% 20% 

PON1 7 94953733 rs141948033 c.A55G:p.N19D 0.4% 0% 132 0.54 0.2% 0.1% 

PON1 7 94953881 . c.-94C>T 0% 0.2% 1104 0.04 NA NA 

PON1 7 94953895 rs705379 c.-108C>T 71% 72% 1104 0.85 NA 38% 

PON1 7 94953913 rs705380 c.-126C>G 99% 99% 1105 0.42 NA 95% 

PON3 7 94993261 rs17880470 c.T609C:p.Y203Y 2% 0.8% 119 0.54 0.4% 0.3% 

PON3 7 94993334 rs17883013 c.C536A:p.A179D 0% 1% 95 0.02 0.5% 1% 

PON3 7 95001555 rs1053275 c.G297A:p.A99A 71% 71% 95 0.52 57% 63% 

PON3 7 95001590 rs78883915 c.A262G:p.M88V 0.2% 0% 95 0.66 0.1% 0.1% 

PON2 7 95034775 rs7493 c.C932G:p.S311C 43% 0% 95 0.50 27% 26% 

PON2 7 95034821 rs9641164 c.907-21T>A 34% 42% 95 0.14 24% 30% 

PON2 7 95041016 rs12026 c.C407G:p.A136G 43% 8% 95 0.75 27% 26% 

PON2 7 95041135 rs17876141 c.368-44G>A 0% 1% 95 0.03 0.6% 2% 

PON2 7 95041704 rs201552995 c.G287C:p.R96T 0.4% 1% 95 0.45 NA NA 

 

Supplementary Table 8. Variants included in Fig. 1 and the references and extra information 

associated with each.  

Gene Variant 
No. of 

variants in 
patients 

Total no. of 
patients 

No. of 
variants in 
controls 

Total no. of 
controls 

Reference Nationality 

FUS c.-54A>G 187 446 NA NA Brown et al., 2012 United states 

FUS c.-2A>T 1 66 0 561 Yan et al., 2010 Italian 

FUS c.*14C>T 2 220 0 151 Zou et al., 2012 Caucasian 

FUS c.*41G>A 3 323 0 216 Brown et al., 2012 United States 



FUS c.*41G>A 29 1009 17 538 Corrado et al., 2010 Italian 

FUS c.*41G>A 2 70 9 569 Huey et al., 2012 United states 

FUS c.*41G>A 1 94 0 376 Ticozzi et al., 2009 Chinese 

FUS c.*41G>A 1 116 0 700 DeJesus-Hernandez et al., 2010 Italian 

FUS c.∗41G>A 20 420 17 480 Sabatelli et al., 2013 Italian 

FUS c.*47C>T 1 116 0 700 De-Jesus-Harnandez 2010 Italian 

FUS C.-48G>A 1 420 0 480 Sabatelli et al., 2013 Italian 

FUS C.*59G>A 1 420 0 480 Sabatelli et al., 2013 Italian 

FUS C.*105dup 1 323 0 216 Brown et al., 2012 United States 

FUS C.*108C>T 1 420 0 480 Sabatelli et al., 2013 Italian 

FUS C.*110G>A 1 420 0 480 Sabatelli et al., 2013 Italian 

FUS c.*132C>A 1 323 0 216 Brown et al.,  2012 United States 

FUS c.*190C>A 1 323 0 216 Brown et al.,  2012 United States 

FUS c.*214C>T 3 446 4 216 Brown et al., 2012 United states 

FUS c.*214C>T 6 420 10 480 Sabatelli et al., 2013 Italian 

TARDBP c.*82A>G 0 177 1 200 Chiang et al., 2012 Nordic 

TARDBP c.*620A>G 1 177 0 200 Chiang et al., 2012 Nordic 

TARDBP c.*533C>G 0 177 1 200 Chiang et al., 2012 Nordic 

TARDBP c.*343G>A 0 177 1 200 Chiang et al., 2012 Nordic 

TARDBP c.*208G>A 16 177 18 200 Chiang et al., 2012 Nordic 

TARDBP c.*2076G>A 2 38 0 982 Gitcho et al., 2009 United States 

TARDBP c.*1622A>T 1 177 1 200 Chiang et al., 2012 Nordic 

TARDBP c.*1462T>C 1 285 0 360 Daoud et al., 2009 French 

TARDBP c.*1453G>A 6 149 4 100 Benajiba et al., 2009 French 

TARDBP c.*1008T>G 1 177 1 200 Chiang et al., 2012 Nordic 
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