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[SUPPEMENTARY FIGURES]

Figure S1. ToF-SIMS spectra comparison between Bi3
+ and Ar3000

+ at the low mass range in ALS fly models.
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Figure S2. Screening for the lipid regulators that modify Drosophila eye phenotypes induced by ALS-associated (G4C2)36. (A) A 
list of lipid regulators screened in this study. (B) Retinal images of Drosophila expressing the denoted RNAi (Ri) transgenes alone 
without (G4C2)36. Fly eyes were imaged at day 1 after eclosion. (C) Quantification of the relative severity (based on the criteria 
shown in Figure 5B) of retinal degeneration in Drosophila expressing the denoted transgenes described in Supplementary Figure 
S3-B. n = 5 eyes. [Genotype: Ctrl, +/+; UAS-luciferase/GMR-gal4, ACC Ri, +/+; UAS-ACC RNAi/ GMR-gal4, SREBP Ri, +/+; 
UAS-SREBP RNAi/GMR-gal4, mondo Ri, +/UAS-mondo RNAi; GMR-gal4/+, GPAT Ri, +/UAS-GPAT RNAi; GMR-gal4/+, CDS 
Ri, +/UAS-CDS RNAi; GMR-gal4/+, FATP1 Ri, +/+; UAS-FATP1 RNAi/GMR-gal4, FABP Ri, +/+; UAS-FABP RNAi/GMR-gal4, 
dob Ri, +/UAS-dob RNAi; GMR-gal4/+, bmm Ri, +/+; UAS-bmm RNAi/GMR-gal4, CPT2 Ri, +/UAS-CDS RNAi; GMR-gal4/+].
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Figure S3. Quantification of mRNA levels of SREBP and dob genes in Drosophila expressing ALS-associated (G4C2)36 at day 5 
days after induction of (G4C2)36 expression by RU486 treatment. The mRNA level of the elav gene was used as a control for 
normalization of the values in different sets of the experiment. The mRNA levels of lipid regulator genes in the control (Ctrl) were 
set to be 1.0, and their relative mRNA levels in heads expressing (G4C2)36 are presented for comparison. *p < 0.05, N.S., not 
significant, p > 0.05 by two-tailed t-test; error bars ± SEM; n ≥ 3 replicates. [Genotype: Ctrl, +/elavGS-gal4, ALS, (G4C2)36/+; 
elavGS-gal4/+].
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Figure S4. Loading plots of the positive and negative ions in the ToF-SIMS spectra of the indicated gene models.
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[SUPPLEMENTARY TABLES]

Table S1. Summary of mass deviation of positive ions and negative ions after external calibration.

6

Positive Ion Hybrid SIMS (m/z) Internal Calibration (ppm) External Calibration (ppm)

TAG(28:0) 495.440 32.30 3.03

Cer(t30:2) 496.444 32.23 3.02

TAG(32:1) 523.472 34.39 1.72

Cer(t32:3) 522.459 38.28 5.93

PC(34:2) 758.568 97.56 28.74

SHexCer(t33:1) 804.491 110.64 36.67

57.57 (±36.34) 12.18 (±16.65)

Negative Ion Hybrid SIMS (m/z) Internal Calibration (ppm) External Calibration (ppm)

FA(14:0) 227.2017 183.57 103.86

FA(16:1) 253.2174 206.98 62.79

FA(16:0) 255.2331 208.09 61.51

FA(18:1) 281.2484 244.33 41.24

210.74 (±80.95) 67.35 (±32.21)



Table S2. Summary of the highest loading values in PC1 loading plot of the positive and negative ions in ToF-SIMS Spectra (up-
regulation) between control and ALS groups

Rank m/z PC1 Name Formula Ion References

1 227.2253 0.2484 C14H27O2 [M-H]- FA(14:0) [1],[2]

2 253.2333 0.204 C16H29O2 [M-H]- FA(16:1) [2],[3],[4],[5]

3 184.0751 0.1958 C5H15NO4P [M+H]+ PC or SM fragment ion [2],[6],[7]

4 495.4415 0.1807 C31H59O4 [M-RCOO]+ TAG(28:0)

5 255.2488 0.1594 C16H31O2 [M-H]- FA(16:0) [2],[3],[4],[5],[8]

6 549.4888 0.1519 C35H65O4 [M-RCOO]+ TAG (32:1) [2]

7 521.4597 0.1506 C33H61O4 [M-RCOO]+ TAG (30:1) [2]

8 523.4711 0.1457 C33H63O4 [M-RCOO]+ TAG(30:0) [2],[8]

9 467.4115 0.1412 C29H55O4 [M-RCOO]+ TAG(26:0)

10 281.2603 0.1365 C18H33O2 [M-H]- FA(18:1) [2],[3],[5]

11 199.188 0.1279 C12H23O2 [M-H]- FA(12:0) [9]

12 496.4425 0.1087 C30H58NO4 [M+H]+ Cer(t30:2)

13 104.1131 0.0964 C5H14NO [M+H]+ PC fragment  ion [2],[6],[7]

14 228.2274 0.0962 — — unknown

15 550.4988 0.0914 C36H72NO2 [M+H]+ Cer(d36:0)

16 522.4559 0.0909 C32H60NO4 [M+H]+ Cer(t32:3)

17 225.2014 0.0886 C14H25O2 [M-H]- FA(14:1)

18 493.4186 0.0883 C31H57O4 [M-RCOO]+ TAG(28:1)

19 279.246 0.0862 C18H31O2 [M-H]- FA(18:2) [2],[3],[5]

20 524.4778 0.0846 C32H62NO4 [M+H]+ Cer(t32:2)

21 254.2368 0.0839 — — unknown

22 468.4078 0.0791 C32H54NO [M+H-H2O]+ NAE(30:5)

23 285.2434 0.0784 C17H33O3 [M+H-H2O]+ MAG(14:0)

24 551.5111 0.0769 C35H67O4 [M-RCOO]+ TAG (32:0) [2],[3],[4],[8]

25 211.217 0.0739 C14H27O [M+H-H2O]+ WE(14:0)

26 547.4827 0.0702 C35H63O4 [M-RCOO]+ TAG (32:2) [2]

27 577.5044 0.0701 C37H69O4 [M-RCOO]+ TAG (34:1) [2],[3],[4]

28 256.2385 0.0626 C15H30NO2 [M-H]- NAE(13:0)

29 282.2604 0.0589 — — unknown

30 237.211 0.0536 — — unknown

31 224.1085 0.053 C8H19PNO4 [M+H]+ PC fragment  ion [2],[6],[7]

32 465.3821 0.048 C29H53O4 [M-RCOO]+ TAG(26:1)

33 519.4309 0.0469 C34H63O3 [M-RCOO]+ TAG (P-31:1)

34 140.0337 0.0461 — — unknown

35 575.4696 0.0454 C37H67O4 [M-RCOO]+ TAG (O-34:4) [2]

36 548.4719 0.0453 — — unknown

37 180.0518 0.0448 — — unknown

38 497.4456 0.0442 C31H61O4 [M+H]+ MAG(28:1)

39 804.4615 0.0405 C39H75NO12SNa [M+Na]+ SHexCer(t33:1)

40 313.2738 0.0393 C19H37O3 [M+H-H2O]+ MAG(16:0) [2]

7



41 578.4665 0.0389 C36H68NO4 [M+H]+ Cer(t36:3)

42 552.5027 0.0383 C34H66NO4 [M+H]+ Cer(t34:2)

43 790.482 0.036 C39H77NO11SNa [M+Na]+ SHexCer(d33:0)

44 806.465 0.0356 C39H77NO11SK [M+K]+ SHexCer(d33:0)

45 280.2445 0.0356 — — unknown

46 758.5462 0.0354 C42H81NO8P [M+H]+ PC(34:2) [2]

47 311.2637 0.0337 C20H39O2 [M+H]+ WE(20:1)

48 283.268 0.0337 C18H35O2 [M-H]- FA(18:0) [2],[4],[5],[8]

49 788.4959 0.0328 C43H76NO7PK [M+K]+ PE(P-38:5)

50 520.4327 0.0318 — 　— unknown

51 525.4774 0.0309 C33H65O4 [M-RCOO]+ TAG (O-30:1)

52 277.2137 0.0307 C18H29O2 [M-H]- FA(18:3) [5]

53 759.5625 0.0306 C49H91O5 [M+H-H2O]+ TAG(46:1)

54 796.4793 0.0306 C42H80NO8PK [M+K]+ PC(34:2) [2],[5],[10],[11]

55 760.545 0.0303 C42H83NO8P [M+H]+ PC(34:1)

Notes  
Fatty acyls (FA); Phosphtatidylcholines (PC); Mono(acyl|alkyl)glycerols (MAG); N-acyl ethanolamines (NAE); Phosphtatidylethanolamines (PE); 
Sulfatides hexosyl ceramide (SHexCer); Tri(acyl|alkyl)glycerols (TAG); Phosphtatidylglycerols (PG); Ceramides (Cer); Phosphtatidylinositols(PI); 
Sphingomyelins (SM), Wax monoesters (WE)
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Table S3. Discriminant ion list is selected by the highest contribution loading PC1 of the positive and negative ions in ToF-SIMS 
Spectra (up-regulation) between each modification Drosophila model, control and ALS groups. 

Group m/z PC1 Formula Ion Name References

227.2 0.4198 C14H27O2 [M-H]- FA(14:0) [1],[2]

253.2 0.2888 C16H29O2 [M-H]- FA(16:1) [2],[3],[4],[5]

495.4 0.2305 C31H59O4 [M-RCOO]+ TAG(28:0)

521.4 0.218 C33H61O4 [M-RCOO] + TAG(30:1) [2]

549.4 0.203 C35H65O4 [M-RCOO] + TAG(32:1) [2]

199.2 0.1974 C12H23O2 [M-H]- FA(12:0) [9]

523.4 0.1879 C33H63O4 [M-RCOO] + TAG(30:0) [2],[8]

467.3 0.1745 C29H55O4 [M-RCOO] + TAG(26:0)

ALS + FATP1 Ri 184.1 0.1493 C5H15PNO4 [C5H15PNO4] +  PC head group [2],[6],[7]

225.2 0.1406 C14H25O2 [M-H]- FA(14:1)

496.4 0.136 C30H58NO4 [M+H] + Cer(t30:2)

522.4 0.1291 C32H60NO4 [M+H] + Cer(t32:3)

550.4 0.1218 C34H64NO4 [M+H] + Cer(t34:3)

524.4 0.1096 C32H62NO4 [M+H] + Cer(t32:2)

547.4 0.0981 C35H63O4 [M-RCOO] + TAG(32:2) [2]

551.4 0.098 C35H67O4 [M-RCOO] + TAG(32:0) [2],[3],[4],[8]

255.2 0.0926 C16H31O2 [M-H]- FA(16:0) [2],[3],[4],[5],[8]

577.5 0.0837 C37H69O4 [M-RCOO] + TAG(34:1) [2],[3],[4]

227.2 0.3023 C14H27O2 [M-H] - FA(14:0) [1],[2]

184.1 0.2392 C5H15PNO4 [C5H15PNO4] +  PC head group [2],[6],[7]

253.2 0.2349 C16H29O2 [M-H] - FA(16:1) [2],[3],[4],[5]

495.4 0.2038 C31H59O4 [M-RCOO] + TAG(28:0) [12]

255.2 0.152 C16H31O2 [M-H] - FA(16:0) [2],[3],[4],[5],[8]

549.4 0.1448 C35H65O4 [M-RCOO] + TAG(32:1) [2]

521.4 0.1426 C33H61O4 [M-RCOO] + TAG(30:1) [2]

ALS + ACBP Ri 523.4 0.1398 C33H63O4 [M-RCOO] + TAG(30:0) [2],[8]

467.3 0.1271 C29H55O4 [M-RCOO] + TAG(26:0)

199.2 0.125 C12H23O2 [M-H] - FA(12:0) [9]

281.2 0.1214 C18H33O2 [M-H] - FA(18:1) [2],[3],[5]

496.4 0.12 C30H58NO4 [M+H] + Cer(t30:2)

225.2 0.104 C14H25O2 [M-H] - FA(14:1)

550.4 0.0859 C34H64NO4 [M+H] + Cer(t34:3)

522.4 0.0853 C32H60NO4 [M+H] + Cer(t32:3)

524.4 0.0802 C32H62NO4 [M+H] + Cer(t32:2)

547.4 0.0724 C35H63O4 [M-RCOO] + TAG(32:2) [2]
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Group m/z PC1 Formula Ion Name References

253.2 0.3932 C16H29O2 [M-H] - FA(16:1)

227.2 0.2945 C14H27O2 [M-H] - FA(14:0) [1],[2]

103.9 0.1978 — — unknown

255.2 0.1923 C14H25O2 [M-H] - FA(14:1)

549.4 0.1768 C35H65O4 [M-RCOO] + TAG(32:1) [2]

521.4 0.171 C33H61O4 [M-RCOO] + TAG(30:1) [2]

199.2 0.155 C12H23O2 [M-H] - FA(12:0) [9]

ALS + Bmm Ri 281.2 0.1534 C18H33O2 [M-H] - FA(14:1) [2],[3],[5]

156.9 0.1524 — — unknown

225.2 0.1382 C14H25O2 [M-H] - FA(14:1)

140.9 0.1296 — — unknown

119.9 0.1248 — — unknown

523.4 0.1156 C33H63O4 [M-RCOO] + TAG(30:0) [2],[8]

550.4 0.1015 C34H64NO4 [M+H] + Cer(t34:3)

547.4 0.0992 C35H63O4 [M-RCOO] + TAG(32:2) [2]

522.4 0.0967 C32H60NO4 [M+H] + Cer(t32:3)

551.4 0.078 C35H67O4 [M-RCOO] + TAG(32:0) [2],[3],[4],[8]

577.5 0.0739 C37H69O4 [M-RCOO]+ TAG(34:1) [2],[3],[4]
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