Supplemental Material

Figure S1: Principal component analysis based on all detected metabolites. The first and second principal
component scores plot show separation and clustering of WD and HC groups with some overlapping. The

explained variances are shown in brackets.
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Figure S2: Volcano plot for WD compared to HC based on all detected metabolites. Important features selected
with fold change (FC) threshold 1.2 and t-test (p) threshold 0.1. Both fold changes and p-values are log-

transformed. The pink circles represent features above the threshold. The further the circle’s position away from

(0,0), the more significant the feature.
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Table S1: Comprehensive list of differential metabolites comparing WD to HC. Significant metabolites were

selected by volcano plot with fold change (FC) >1.2 and FDR-adjusted p <0.1 indicating significance.

Metabolite Name/ldentifier InChl Key EE 2%%2) Fpl?\ilue i:;;glo Species m/z RT

1.97 307.11 NA 504.48 9.2155 | LOOE-73 | 72.998 | [M+H]+ 307.1147 | 1.97
1.97 285.13 NA 1176.9 10201 | 7.06E-64 | 63.151 | [M+H-H20]+ 285.1333 | 1.97
2.12 293.10 NA 640.54 9.3232 | 8B.09E-64 | 63.002 | [2M+H]+ 293.0001 | 2.12
1.11 359.15 NA 3018.3 11.56 228E59 | 58.643 | [M+H]+ 350152 | 1.11
1.12 376.18 NA 27746 14.76 383E58 | 57.417 | [M+H]+ 376.1759 | 1.12
2.13 271.12 NA 900.89 9.8152 | 2.70E-57 | 56.569 | [2M+H]+ 2711173 | 2.13
2.13 288.14 NA 694.27 0.4394 | B44E-57 | 56.074 | [M+H]+ 288.1439 | 2.13
1.97_302.16 NA 508.34 8.9897 | 8.00E-56 | 55.007 | [M+H]+ 302.1595 | 1.97
1.12 38113 NA 932.02 9.8642 | 2.78E-36 | 35555 | [M+Na]+ 381.1296 | 1.12
5.32_435.25 NA 9.5686 32583 | 2.56E-20 | 19.591 | [M-H]- 435.2497 | 5.32
5.31 104.11 NA 3.0336 1.601 187E-17 | 16729 | [M+H]+ 1041061 | 5.31
1.21 531.37 NA 015263 | -27119 | 5.34E-16 | 15.272 | [M+H]+ 531368 | 1.21
Choline S RS 4.3424 21185 | 876E-16 | 15.058 | [M+H]+ 104.1066 | 5.12
5.32_452.28 NA 7.8835 29788 | 9.66E-15 | 14.015 | [M-H]- 452.2765 | 5.32
0.94_616.48 NA 0.06208 | -4.0097 | 7.96E-14 | 13.099 | [M+H]+ 616.4769 | 0.94
1.26 577.41 NA 013579 | -2.8805 | 2.78E-13 | 12.557 | [M+H]+ 577.4071 | 1.26
1.25 575.39 NA 012284 | -3.0252 | 4.11E-13 | 12.386 | [M+H]+ 5753042 | 1.25
Phenylalanine S?AL'\'A\'QA/ EESI\B’SKAVY,\%RT' 2.4421 12881 | 2.79E-12 | 11554 | [M+H]+ 166.0862 | 6.61
iz;er):ro:g;gpine NA 2.403 12649 | 319E-12 | 11496 | [M+H]+ 253.0074 | 1.24
1.16 489.36 NA 0.27424 | -1.8665 | 4.03E-12 | 11.395 | [M+H]+ 489.3574 | 1.16
6.61 149.06 NA 1.9985 0.99891 | 4.96E-11 | 10.305 | [M-H]- 1490589 | 6.61
0.93 672.54 NA 0.14607 | -27752 | 6.42E-11 | 10.192 | [M+H]+ 6725381 | 0.93
1.23 533.38 NA 0.18064 | -2.4688 | 2.06E-10 | 9.6861 | [M+H]+ 533.3839 | 1.23
0.93 673.54 NA 012712 | -29757 | 6.32E-10 | 91991 | [M+H]+ 6735387 | 0.93
1.15_487.34 NA 011501 | -3109 | 8.20E-09 | 8.0815 | [M-HI- 487.3427 | 1.15
1.26 555.40 NA 0.16726 | -25799 | 6.00E-08 | 7.222 | [M+NH4]+ 555.3077 | 1.26
1.23 553.38 NA 0.14464 | -2.7895 | 1.52E-07 | 6.8196 | [M+H]+ 553.3824 | 1.23
5.56_852.56 NA 2.0657 10467 | 247607 | 6.6072 | [M+H]+ 852.5609 | 5.56
PC(18:1/14:0) ggﬁngNTovifs\{f_ﬁJ' 1.8408 0.88035 | 1.O7E-06 | 59716 | [M+H]+ 7325534 | 4.43
5.56_835.53 NA 18711 0.90387 | 1.O7E-06 | 59716 | [M+H]+ 8355327 | 556
1.21 511.37 NA 0.21659 | -2.2060 | 1.24E-06 | 59057 | [M+H]+ 5113718 | 1.21
5.15 544.34 NA 0.5586 .0.84012 | 1.43E-06 | 5.8433 | [M+Na]+ 544.3397 | 5.15
1.45 738.49 NA 0.6154 07004 | 1.43E-06 | 58433 | [M+NH4]+ 738.4926 | 1.45
0.99_394.35 NA 30.647 49377 | 143E-06 | 58433 | [M+NH4]+ 394.3517 | 0.99




5.56_854.57 NA 2.5438 1347 298E-06 | 55258 | [M+NH4]+ 8545748 | 556
5.56_837.55 NA 2.352 12339 | 534E:06 | 52725 | [M+H]+ 8375476 | 556
Omnithine AL IO ETML | 2 3478 12313 | 9.17E-06 | 5.0379 | [M+HJ+ 1330061 | 9.27
PC(14:0/14:0) CUNEXTNTONAC | 2.0005 10701 | L13E-05 | 49477 | [M+H]+ 6785046 | 4.49
9.27 116.07 NA 2.2169 11485 | 3.22E05 | 44922 | [M+H]+ 116.0696 | 9.27
LysoPC(P-18:0) ey M€ | 057314 | 080303 | 323505 | 44903 | [M+H]+ 508.3748 | 5.22
1.18 500.36 NA 0.17857 | 24855 | 5.75E-05 | 4.2404 | [M+H]+ 500.3562 | 1.8
3.07_400.34 NA 2.4515 12937 | 7.14E05 | 41462 | [M+H]+ 4003414 | 3.07
0.99 377.32 NA 17.709 41464 | 720E-05 | 4.1424 | [M+H]+ 377.3205 | 0.99
0.92_600.50 NA 0.60122 | -0.73405 | 8.27E-05 | 4.0824 | [M+H]+ 600.4984 | 0.92
0.90_610.54 NA 15746 0.65502 | 851E-05 | 4.0699 | [M+H]+ 6105301 | 0.90
Histidine DR CCZNO | 1.7805 0.83231 | 9.31E-05 | 4.0313 | [M+H]+ 156.0762 | 9.07
Alanine o o | 1.3087 0.4841 | 0.00013065 | 3.8839 | [M+H]+ 90.0542 | 7.79
1.08 54145 NA 032084 | 16002 | 0.00014455 | 3.84 | [M+H]+ 5414482 | 1.08
0.93 364.27 NA 5.815 25308 | 0.00014455 | 3.84 | [M+H]+ 3642681 | 0.93
0.90_611.54 NA 15898 0.66887 | 0.00014666 | 3.8337 | [M+H]+ 6115373 | 0.90
2.87 426.36 NA 4.6498 22172 | 0.00018085 | 3.7427 | [M+H]+ 4263571 | 2.87
4.30_732.55 NA 1.8801 0.91079 | 0.00028574 | 3544 | [M+H]+ 7325535 | 4.30
5.13 500.30 NA 8.1828 30326 | 0.00028574 | 3544 | [M+H]+ 500303 | 5.3
1.00_551.55 NA 10.073 33324 | 000028574 | 3544 | [M+H]+ 5515454 | 1.00
PS(18:0/20:4) DY OJGEFDROZBII- 030422 | 13429 | 0.00031406 | 3503 | [M+H]+ 8125433 | 5.40
LysoPC(15:0) ?éé\é\f\’(ligimcum' 030327 | -1.7213 | 0.00034956 | 3.4565 | [M+H]+ [M+Na]+ iggﬁégs 5.27
1.09_466.36 NA 0.4885 10336 | 0.00034956 | 3.4565 | [M+H]+ 466.3605 | 1.00
LysoPC(14:0) \éfxggf?éﬁéi%w" 057791 | -0.79108 | 0.00034956 | 3.4565 | [M+H]+ 468.3086 | 5.29
s1P QE\X/SOYKHSSE?AY f\f'\"' 067908 | -0.55836 | 0.00034956 | 3.4565 | [M+H]+ 380.2552 | 5.96
Kynurenine é&iﬁﬁggggﬁfﬁ& 1.5142 0.59854 | 0.00050566 | 3.2961 | [M-+H]+ 200.0014 | 6.62
5.16_482.32 NA 0.44705 | 11615 | 0.00075461 | 3.1223 | [M+H]+ 4823218 | 5.16
LysoPC(24:0) IRADEILACH | 074014 | 043413 | 0.0010653 | 29725 | [M+H]+ 608.4634 | 5.03
1.00_549.53 NA 7.3728 28822 | 0.0011621 | 2.9348 | [2M+H]+ 5495341 | 1.00
Tyrosine gwﬂcﬁgﬁgggzw B | 17307 0.79133 | 0.0012417 | 2.906 | [M+H]+ 182.0802 | 7.39
1,01 507.49 NA 7.0077 28274 | 00012417 | 2.906 | [2M+H]+ 507.4856 | 1.01
0.99_501.58 NA 055183 | -0.85771 | 0.0013086 | 2.8832 | [M+H]+ 5915819 | 0.9
PC(18:3/18:3) e JOJEELMD- | 050446 | -0.75035 | 0.0014346 | 28433 | [M+H]+ 7785374 | 4.18
1.14 481.35 NA 045316 | -1.1419 | 0.0019149 | 2.7178 | [M+H]+ 4813514 | 114
PC(P-18:0/20:4) e oo R | 1,604 0.68651 | 0.0020141 | 2.6959 | [M+H]+ 7946058 | 4.30
0.99_536.50 NA 2.3002 12017 | 0.0020916 | 2.6795 | [M+H]+ 5365023 | 0.9
LysoPC(18:1) o (M7 | 079667 | 0.32795 | 0.0022638 | 26452 | [M+H]+ 5223559 | 5.7
0.93 347.24 NA 5.0716 23424 | 00023539 | 2.6282 | [M+H-H20]+ 3472419 | 093




ONIBWKKTOPOVIA-

Proline e ) 14771 0.56272 | 0.0025545 | 2.5027 | [M+H]+ 116.0696 | 7.44
4.58 432,31 NA 6.3961 26772 | 0.0026054 | 25841 | [M+H-H20]+ 4323003 | 458
0.89_612.55 NA 1.8109 0.85668 | 0.0028009 | 2.5527 | [M+H]+ 6125537 | 0.89
1.18 490.37 NA 0.70748 | -0.49925 | 0.0032195 | 24922 | [M+H]+ 4903735 | 1.18
PC(16:1/16:1) \G/E‘g’gﬁgg'zgx_?\?'x' 0.75181 | -0.41156 | 0.0032737 | 2485 | [M+H]+ 7305372 | 443
1.01_509.50 NA 4.4574 21562 | 00032737 | 2.485 | [M+H]+ 5005023 | 1.01
PE(16:0/18:1) gﬂ%\&';géﬂ\_’:\‘l’v T | 1.4383 052135 | 00041038 | 2.3868 | [M+H]+ 7185372 | 458
N.epsilon.-Methyl-L-lysine BQHNF?;%Z\'(*SFAP%LE' 1.8484 0.88624 | 0.0041038 | 2.3868 | [M+H]+ 161.1275 | 8.99
1.00_581.24 NA 051665 | -0.95274 | 0.0042745 | 2.3691 | [M+K]+ 581.2378 | 1.00
Lyso PAF C-16 \JhE'E'FVXg\T(Z%I\fH' 1.3151 0.39521 | 0.0043146 | 2.3651 | [M+H]+ 482.3582 | 5.27
5.14 517.33 NA 12.35 36265 | 0.0044294 | 23537 | [M+H]+ 517.3201 | 5.14
LysoPC(16:0) NA 1.3057 0.38488 | 0.0047451 | 2.3238 | [M+H]+ 496.3405 | 5.22
5.06_522.36 NA 0.71245 | -0.48014 | 0.0051345 | 2.2805 | [M+H]+ 5223557 | 5.06
1.08 558.47 NA 054813 | -0.86742 | 0.0053509 | 2.2708 | [M+NH4]+ 558.4708 | 1.08
0.99_593.60 NA 0.58237 | -0.77999 | 0.0056395 | 2.2488 | [M+H]+ 5935972 | 0.9
1.12 535.40 NA 054660 | -0.87121 | 0.0063809 | 21951 | [M+NH4J+ 5353002 | 1.12
4.49 72654 NA 0.67688 | -0.56302 | 0.0071769 | 2.1441 | [M+H]+ 7265413 | 4.49
Methionine S RICSVERERR | 2628 1394 | 00076592 | 2.1158 mg']"fr ~[M*N- ﬁgéqg;gs 7.16
1.09_484.40 NA 0.63975 | -0.64443 | 00077741 | 21093 | [M+NH4J+ 484.3964 | 1.09
1.09_467.37 NA 0.597 0.74419 | 00089033 | 2.0504 | [M+H]+ 467.3722 | 1.09
CAR(12:0) E%JZI_JFWEESO/I KRA™ loasoe4 | 11435 | 00001634 | 20379 | [M+H]+ 3442791 | 3.69
PC(0-16:0/22:6) S%?((QTNLB;E;?I'\]ZBU' 047007 | -1.089 | 0.0096539 | 2.0153 | [M+H]+ 7925006 | 3.85
4.99 508.38 NA 0.75516 | -0.40514 | 0.0096539 | 2.0153 | [M+H]+ 508375 | 4.99
Glycocholic acid EE%:_’?;";WA_ DREPC | 3:3463 17425 | 0.0096539 | 2.0153 | [M+H]+ [M+NH4]+ figggis . | 589
3.95_752.56 NA 043798 | -11911 | 0.0007492 | 2011 | [M+H]+ 7525504 | 3.95
PC(16:0/14:0) Do HRORQSBBOV- | 14733 055908 | 0.0099315 | 2.003 | [M+H]+ 7065375 | 4.46
1.07_590.48 NA 036984 | -1435 | 0.009957 | 2.0019 | [M+H]+ 5904756 | 1.07
5.51_876.56 NA 1.3788 046342 | 0010174 | 1.9925 | [M+H]+ 8765611 | 551
3.86_834.60 NA 053889 | -0.89193 | 0.01042 19821 | [M+H]+ 834.6032 | 3.86
5.51 859.53 NA 1.3488 0.43169 | 0.01042 19821 | [M+H]+ 8505334 | 551
Hippuric acid Smi“é'ABg%iﬁfKA' 0.4888 10327 | 0011142 | 1.953 | [M+HJ+ 180.0645 | 3.38
Carnitine Pzt 1.3187 0.30913 | 0.011368 | 1.9443 | [M+H]+ [M+Na]+ i%f‘ég;? 7.48
1.12_530.44 NA 054093 | -0.8865 | 0011789 | 1.9285 | [M+H]+ 5304398 | 1.12
0.90_855.74 NA 1.4127 0.49848 | 0.011789 | 1.9285 | [M+H]+ 855.7403 | 0.90
4.34 70654 NA 1.5463 0.62878 | 0.011789 | 1.9285 | [M+H]+ 7065372 | 4.34
4.09_806.57 NA 046259 | -11122 | 0.012115 | 19167 | [M+H]+ 8065707 | 4.00
4,59 450.32 NA 5.1065 23523 | 0012196 | 1.9138 | [M+H]+ 450.3201 | 459
5-Aminovaleric acid JJMDCOVWQOJGCB- | 5 565 13025 | 0012615 | 1.8991 | [M+H-H20]+ 100.0752 | 1.50

UHFFFAQYSA-N



https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22CAR(12%3A0)%22%5bCompleteSynonym%5d%20AND%20168381%5bStandardizedCID%5d

Betaine NA 1.3747 0.45009 | 0.012706 | 1.896 | [M+H]+ 118.0863 | 6.98
1.00_561.53 NA 079599 | -0.32017 | 0.013599 | 1.8665 | [M+H]+ 561535 | 1.00
1.19 495.33 NA 0.7114 -0.49127 | 0.01454 18374 | [M+K]+ 495.3284 | 1.19
1.14 498.38 NA 057136 | -0.80754 | 0.015377 | 1.8131 | [M+NH4]+ 4983779 | 1.14
458 467.35 NA 4.6179 22072 | 0.015862 | 1.7996 | [M+NH4]+ 467.3469 | 458
SM(d18:1/12:0) EEZELLJJSEZE'\A/'EWHR' 0.74823 | -0.41844 | 0.01686 17732 | [M+H]+ 6475100 | 4.99
7-a-OH-3-0x0-Cholest-4-en-26-oic acid gggg@gggzﬁ%x' 1.5544 0.63632 | 0.016956 | 1.7707 | [M+H]+ 4313148 | 121
1.01 53350 NA 2.2536 11722 | 0017936 | 1.7463 | [M+H]+ 5335018 | 101
Glycoursodeoxycholic acid $CSLZJ'QEEX¥L_’NEKKP' 3.4105 177 0017936 | 1.7463 | [M+H-H20]+ 4323005 | 4.71
4.12 808.58 NA 050533 | -0.74825 | 0019255 | 1.7155 | [M+NH4J+ 808.5849 | 4.12
4.71 467.35 NA 4.6032 22026 | 0019665 | 17063 | [M+NHA4]+ 467.3469 | 4.71
3.59_806.56 NA 9.5029 32484 | 0021804 | 1.6615 | [M+H]+ 806.5649 | 3.59
1.10_610.50 NA 0.6264 0.67485 | 0.021848 | 1.6606 | [M+NH4]+ 6105033 | 1.10
1.09_611.50 NA 0.62514 | -0.67776 | 0.023239 | 1.6338 | [M+H]+ 6115043 | 1.00
3.68 752.56 NA 1.4323 051834 | 0024429 | 1.6121 | [M+H]+ 7525611 | 3.68
5.26_459.25 NA 1.2641 0.33816 | 0.024866 | 1.6044 | [M+Na]+ 4502493 | 5.26
1.1 465.36 NA 056038 | -0.83553 | 0.025615 | 15015 | [M+K]+ 4653566 | 1.11
5.53_880.59 NA 1.3875 0.47249 | 0.025615 | 15015 | [M+H]+ 8805926 | 553
4.33 704.52 NA 1.4312 051723 | 0.026407 | 15783 | [M-H]- 7045217 | 4.33
PC(P-18:0/22:6) &géﬁg‘sggi'ww 15795 0.65044 | 0.030166 | 1.5205 | [M+H]+ 818605 | 4.28
PC(18:0/22:6) P ANEY AL | 14603 0.55516 | 0.033211 | 1.4787 | [M+H]+ 834601 | 431
CAR(16:0) f&'\gﬁ%&%m"oc 0.58488 | -0.77378 | 0.035685 | 1.4475 | [M+H]+ 4003417 | 3.4
5.53 863.56 NA 1.3499 043288 | 0.037328 | 1.428 | [M+H]+ 8635644 | 553
4.71 450.32 NA 3.6375 1.863 0.037577 | 14251 | [M+H]+ 4503206 | 4.71
1.09_595.49 NA 058852 | -0.76483 | 0.030665 | 1.4016 | [M+H]+ 595.494 | 1.09
1.13 463.34 NA 0.66275 | -0.59347 | 0.040435 | 1.3932 | [M+NH4J+ 4633411 | 1.13
LysoPC(P-16:0) ngg\:'lfFNsﬁ'jﬁRBc' 0.77154 | -0.37418 | 0.040435 | 1.3932 | [M+H]+ 480.3446 | 5.05
5.26_476.28 NA 1.2362 0.30592 | 0.040435 | 1.3932 | [M+NH4]+ 4762762 | 5.26
Leucine B oA iCH | 1242 0.31312 | 0.040965 | 1.3876 | [M+H]+ 1321013 | 6.76
SM(d18:1/18:0) b'jf;f&“ﬁ'&'\_’:\fHREN' 3.6618 18725 | 0.042682 | 1.3698 | [M+H]+ [M+Na]+ ?éfggg L | 402
3.89_752.56 NA 049714 | -1.0083 | 0.044681 | 1.3499 | [M+H]+ 752561 | 3.89
1.08_460.39 NA 0.67654 | -0.56375 | 0.044817 | 1.3486 | [M-H+2Lil+ 469.3884 | 1.08
4.30_792.59 NA 1.3796 0.46428 | 0.044817 | 1.3486 | [M+H]+ 792.59 4.30
PC(0-16:0/20:4) NA 1.2813 0.35766 | 0.048851 | 13111 | [M+H]+ 768.5807 | 4.33
CAR(10:0) NA 0.63626 | -0.65231 | 0.051466 | 1.2885 | [M+H]+ 3162478 | 411
0.91_565.40 NA 0.74674 | -0.42133 | 0.051466 | 1.2885 | [M+H]+ 565.4021 | 0.91
Trigonelline N N O | 044383 | 11720 | 0054675 | 12622 | [M+H]+ 138.0544 | 7.20
3-Methylhistidine JOHILDINMRGULE- 1.7494 0.80683 | 0.055983 | 1.2519 | [M+H]+ 170.0017 | 9.10
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https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22SM(d18%3A1%2F12%3A0)%22%5bCompleteSynonym%5d%20AND%2044260123%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22PC(O-16%3A0%2F20%3A4(5Z%2C8Z%2C11Z%2C14Z))%22%5bCompleteSynonym%5d%20AND%206443139%5bStandardizedCID%5d
https://www.ncbi.nlm.nih.gov/pcsubstance/?term=%22CAR(10%3A0)%22%5bCompleteSynonym%5d%20AND%2010245190%5bStandardizedCID%5d

1.06_596.50 NA 0.6278 -0.67162 | 0.057462 1.2406 [M+NH4]+ 596.5042 1.06
Palmitoleoyl ethanolamide \é\ﬁ?\‘,oé\:\\{lv_éﬁsl\ISSFV 1.3027 0.38155 0.057462 1.2406 [M+H]+ 298.274 1.02
1.09_593.48 NA 0.69228 -0.53056 | 0.065682 1.1826 | [M+H]+ 593.478 1.09
4.00_794.61 NA 0.51541 -0.9562 0.066688 1.176 [M+H]+ 794.6068 4.00
5.27_526.26 NA 0.38374 -1.3818 0.069315 1.1592 [M+H]+ 526.2637 5.27
4.35_780.55 NA 0.80565 -0.31177 | 0.070296 1.1531 [M+K]+ 780.5539 4.35
Acetylcarnitine II\?/IDR:I/QP{:/I;S\I(%x?(;ED- 1.3167 0.39688 0.074738 1.1265 [M+H]+ 204.1234 6.95
1.08_597.51 NA 0.7075 -0.49919 | 0.076609 1.1157 [M+H]+ 597.5082 1.08
5.20_468.31 NA 0.71194 -0.49016 | 0.081911 1.0867 [M+H]+ 468.3072 5.20
1.09_612.52 NA 0.68312 -0.54979 | 0.089909 1.0462 | [M+NH4]+ 612.5181 1.09




Table S2: Significant annotated metabolites comparing WD to HC. Metabolites were selected by volcano plot

with fold change (FC) >1.2 and FDR-adjusted p <0.1 indicating significance.

HSZRJFAPSA-N

Metabolite Name/ldentifier InChl Key EE I(?:gcz) Fpl?vzllue ilp(;glo Species m/z RT

Choline P OSTIRS” 40012 | 20004 | 1.39E-16 | 15857 | [M+H]+ 104.1066 | 5.12
Phenylalanine gf\)ﬂﬁ\;\',\\/’l oo RT | 22828 | 11908 | B69E-1L | 10.061 | [M+H]+ 166.0862 | 6.61
2-Hydroxyphenethylamine Shilg:i%%ssl\iz:\lpx 2.2469 1.1679 1.27E-10 9.895 [M+H-H20]+ 120.0804 6.61
PS(18:0/20:4) SRl 0.37007 | -1.4341 | L.75E-09 | 8.7569 | [M+H]+ 8125433 | 5.4

s1P E;’\Tv%ﬁfgf&{ ‘,]\ISM' 063312 | -0.65046 | 9.11E-09 | 8.0405 | [M+H]+ 380.2552 | 5.96
LysoPC(24:0) IR ZACH ] 060900 | 051645 | 0.00000118 | 5.9283 | [M+H]+ 608.4634 | 5.03
LysoPC(P-18:0) AOOMIOWRESTAME | 053166 | 0.91143 | 0.00000211 | 56766 | [M+H]+ 508.3748 | 5.22
LysoPC(14:0) gﬁgsigg{ﬁgif\lw" 0.54089 | -0.88658 | 0.0000405 | 4.3922 | [M+H]+ 468.3086 | 5.29
Methionine e | 24829 | 1312 | 00000824 | 4084 | [M+H]+ _[M+N-NH3]+ ﬁ’g:g;g 7.16
PC(18:3/18:3) ﬁégggﬁjﬁwu 055151 | -0.85853 | 0.0001062 | 3.9738 | [M+H]+ 778.5374 | 4.18
Hippuric acid SmFFﬁﬁgggiﬁ\lCKA' 046209 | -1111 | 0.0001276 | 3.8941 | [M+H]+ 180.0645 | 3.38
PC(18:1/14:0) ggﬁgﬂéﬁyﬁﬁ} 17027 | 0.76784 | 0.0004403 | 3.3562 | [M+H]+ 7325534 | 4.43
SM(d18:1/18:1) _NQBDEé*V?,é\V/VQ&VX_CﬁDG 079652 | -0.32822 | 0.000517 | 3.2866 | [M+H]+ 7295913 | 4.93
LysoPC(18:1) oo M | 074449 | 042567 | 00007722 | 3.1123 | [M+H]+ 522.3559 | 5.17
Kynurenine gfﬂﬁggfg‘;@ﬁ& 14163 | 0.50211 | 0.0012296 | 2.9103 | [M+H]+ 200.0014 | 6.62
Tyrosine SWACI\%PACS)gsS;wE_ 16318 | 0.70646 | 0.001508 | 2.7964 | [M+H]+ 1820802 | 7.39
PC(14:0/18:0) &g%)ééi%é%\?m' 19597 | 0.97061 | 0.0016193 | 2.7907 | [M+H]+ 7345685 | 4.45
Betaine TV TP 12811 | 0.35743 | 0.001999 | 26092 | [M+H]+ 118.0863 | 6.98
SM(d18:1/12:0) EEZBCLLJJSEZE'\A"_'T\IWHR' 070579 | -0.5027 | 0.0020034 | 2.6982 | [M+H]+ 6475100 | 4.99
Histidine wr?F\’/BDY%\(/:IS%ENO_ 16583 | 0.72974 | 0.0035973 | 2.444 | [M+HJ+ 156.0762 | 9.07
PC(O-16:0/22:6) 8%%8'}‘}8;2?&28& 045367 | -1.1403 | 0.0041881 | 2.378 | [M+H]+ 792.5006 | 3.85
PC(P-18:0/20:4) I OOREOR | 14915 | 057678 | 0.0056143 | 22507 | [M+H]+ 7946058 | 4.3

;;?c'joH'3'°X°'ChO'eSt'4'e”'26'°iC gggg\gﬁggzﬁem- 1.4507 053671 | 0.0062521 | 2.204 | [M+H]+ 431.3148 | 1.21
PC(16:1/16:1) Sm’gﬁggg\:i‘ax' 0.60923 | -0.51616 | 0.0075823 | 2.1202 | [M+H]+ 7305372 | 443
CAR(12:0) gLéJZLJF'w;ESOX_ ERA' 042552 | -1.2327 | 0.0078147 | 21071 | [M+H]+ 3442791 | 3.69
Omnithine A eTML 1 2179 11237 | 0012353 | 1.9082 | [M+H]+ 1330061 | 9.27
ﬁ;ﬁ)?i’}‘,‘l’i”c"gtchiﬁ'cyc'o hexane CYDIEQRTZACION 076013 | -0.3787 | 0015054 | 1.8223 | [M-H]- 158.1166 | 6.62
PHE-PHE a0 | 0pases | -0.63078 | 0015136 | 182 | [M+H]+ 313.1546 | 5.57
LysoPC(15:0) TN W CUAR | 028000 | 18361 | 0015555 | 1.8081 | [M+H]+ _[M+Nal+ iggfgég 5.27
Proline S e A | 13305 | 046521 | 0015555 | 18081 | [M+H]+ 116.0696 | 7.44
N-Methylproline 5?&%#%(%\%TLF' 1.7086 0.77284 | 0.020158 | 1.6956 | [M+H]+ 130.0856 | 6.87
PC(P-18:0/22:6) Eﬁ?éﬁ?‘é’gi'ww 1.4507 053671 | 0.020538 | 1.6874 | [M+H]+ 818.605 | 4.28
Alanine QAYBMII OGS | 13144 | 030401 | 0020763 | 1.6827 | (M+H]+ 90.0542 | 7.79
LysoPC(16:0).2 ASWBNKHCZGQVIV= | 5194 | 028614 | 0020763 | 1.6827 | [M+H]+ 518.3223 | 5.24




LKQLRGMMMAHREN-

731.6044

SM(d18:1/18:0) PN 33044 | 17244 | 0020763 | 1.6827 | [M+H]+ [M+Nal+ Measse | 492
PC(16:0/14:0) g&ﬁ%&%ﬁ%ﬁrﬁov_ 1.372 045623 | 0.020763 | 1.6827 | [M+H]+ 706.5375 | 4.46
PC(18:0/22:6) A AN | 13482 | 0.43104 | 0021426 | 16691 | [M+H]+ 834.601 | 4.31
LysoPC(P-16:0) ggng\::'TFF'\éﬁ'jﬁRBc' 072122 | -04715 | 0.025022 | 1.5863 | [M+H]+ 480.3446 | 5.05
CAR(16:0) fg“gﬁ%é&gxm"oc 0.55505 | -0.84697 | 0.025022 | 1.5863 | [M+HI]+ 400.3417 | 3.14
5-Aminopentanoic acid ‘Shﬂlgzlczg\é\ygp?‘:\?c‘g 2.2459 1.1673 0.025922 1.5863 | [M+H-H20]+ 100.0752 15

Glycocholic acid EE%:_’?&’;’WA_ ﬁREDC' 3.2332 16929 | 0027337 | 15633 | [M+H]+ [M+NH4]+ iigggis 5.89
Glycoursodeoxycholic acid $CSS’QE$X¥L_’,\EIKKP' 33015 | 1.7231 | 0.027337 | 1.5633 | [M+H-H20}+ 4323005 | 4.71
Trigonelline DN O DOP | 04338 | 1206 | 0027337 | 15633 | [M+H]+ 138.0544 | 7.2

CAR(10:0) ('SZA%SLYL%'\P’(”S‘S?K_P,\?FU' 050019 | -0.76075 | 0.027337 | 1.5633 | [M+H]+ 316.2478 | 4.11
3-Methylhistidine P an 16305 | 07053 | 0.048372 | 1.3154 | [M+H]+ 170.0017 | 9.1

LysoPE(18:1) e OTe Y™ 083298 | 0.26365 | 0.048552 | 13138 | [M+H]+ 480.308 | 5.44
Carnitine P Y 12213 | 028843 | 0053572 | 1.2711 | [M+HJ+ _[M+Na+ i%:ég; 7.48
Palmitoleoyl Ethanolamide WFRLANWAASSSFV- 1.2205 0.28748 0.082333 1.0844 | [M+H]+ 298.274 1.02

FPLPWBNLSA-N




Table S3: Significant annotated metabolites comparing WD pre-clinical to HC. Metabolites were selected by

volcano plot with fold change (FC) >1.2 and FDR-adjusted p <0.1 indicating significance.

log2

FDR

-log10

QPOMNCEOSA-N

Metabolite Name/ldentifier InChl Key FC (FO) p-value ®) Species m/z RT
Phenylalanine g(l\)ﬂ';\’/l\'l\\/l/ éEgg’gAVY,'\I-RT' 21545 | 11073 1.35E-08 | 7.8688 | [M+H]+ 166.0862 | 6.61
2-Hydroxy ULSIYEODSMZIPX-
e sethimine o A 21174 | 1.0823 135E-08 | 7.8688 | [M+H-H20]+ 120.0804 | 6.61
. OEYIOHPDSNIKLS- 0.0001291
Choline OEEtEnOvony 33713 | 1.7533 o 38889 | [M+H]+ 104.1066 | 5.12
ys0 : ) : -1 . ! +H]+ . .
LysoPC(14:0) gﬁggigg{ﬁzi%“ 0.48547 | -1.0425 0.0005243 | 3.2804 | [M+H] 468.3086 | 5.29
, YAMUFBLWGFFICM-
LysoPC(18:1) D SA N 0.72554 | -0.46288 | 0.0026638 | 25745 | [M+H]+ 522.3559 | 5.17
, SKIMUADLOLZAGH-
LysoPC(24:0) e 0.63566 | -0.65366 | 0.0038754 | 24117 | [M+H]+ 608.4634 | 5.3
DUYSYHSSBDVISM-
s1P AT 0.66126 | -0.59671 | 0.0058796 | 2.2306 | [M+H]+ 380.2552 | 5.96
_ WBOMIOWRFSPZMC-
LysoPC(P-18:0) RN 0.61776 | -0.60488 | 0.0072096 | 2.1367 | [M+H]+ 4823235 | 5.42
o HZCLIRFPXMKWHR- ]
SM(d18:1/12:0) FeBLIDHOSAN 0.61614 | -0.60868 | 0.0084358 | 2.0739 | [M+H]+ 647.5100 | 4.99
o GPWHCUUIQMGELX-
PC(16:1/16:1) VHOPNGOZOAN 0.66569 | -0.58708 | 0.01034 1.9855 | [M+H]+ 730.5372 | 4.43
PC(18:1/14:0) KIVAJCITVPWSR)- 15020 | 058776 | 0.013734 | 1.8622 | [M+H]+ 732.5534 | 4.43
OQHNRNOKSA-N
o XXKFQTIOJZELMD-
PC(18:3/18:3) pasblbvee 061953 | -0.69075 | 0.013734 | 18622 | [M+H]+ 7785374 | 4.18
, HTZINLFNXLXRBC-
LysoPC(P-16:0) COLBITFSAN 05871 | -0.76832 | 0.013734 | 18622 | [M+H]+ 508.3748 | 5.22
o SVOUGFFDROZBII- -
PS(18:0/20:4) PGS 037882 | -1.4004 0013734 | 1.8622 | [M+H]+ 812.5433 | 5.4
— QIAFMBKCNZACKA-
Hippuric acid QUM 0.26282 | -1.9279 0013734 | 1.8622 | [M+H]+ 180.0645 | 3.38
- TYAQXZHDAGZOEO-
PC(14:0/18:0) XOS0O DN 16287 | 070372 | 0017233 | 1.7636 | [M+H]+ 678.5046 | 4.49
I QQQQNYAHSSIZBU- )
PC(O-16:0/22:6) HIUOZOAN 032436 | -1.6244 0017504 | 1.7569 | [M+H]+ 792.5006 | 3.85
3-Methylhistidine R:IJLT?/“\IEI\Q/TNU LE- 17009 | 077394 | 0.01771 17518 | [M+H]+ 1700017 | 9.1
o LKQLRGMMMAHREN- 731.6044
SM(d18:1/18:0) e A 46239 | 2.2001 0026926 | 15698 | [MeHl+ MeNal+ | Serece | 492
Omnithine g%sgggngﬁfﬁm L~ | 18425 | 088165 | 0031326 | 15041 | [M+H]+ 133.0061 | 9.27
s UYDFMJIRVHYJLOZ-
SM(d18:1/24:1) NP 20102 | 15411 0032005 | 1.4816 | [M+H]+ 813.6819 | 4.89
GKZIWHRNKRBEOH-
PHE-PHE NN 046692 | -1.0988 0032095 | 1.4816 | [M+H]+ 313.1546 | 557
_ XOMRRQXKHMYMOC
CAR(16:0) OAOY L SRUSAN 039103 | -1.3546 0032095 | 1.4816 | [M+H]+ 400.3417 | 3.4
_ RIZVWDTYEWCUAR- 4823215
LysoPC(15:0) raidhles 0.29578 | -1.7574 0032095 | 14816 | [MeHI+ _IMeNal+ | ‘30E0 | 527
N WWNNZCOKKKDOPX-
Trigonelline NSV 027292 | -1.8734 0032095 | 1.4816 | [M+H]+ 138.0544 | 7.2
Alanine ggg‘g gl'_\ABﬁ':SOA(_:,SYGJ' 13007 | 038919 | 0.034779 | 1.4587 | [M+H]+ 90.0542 | 7.79
) YGPSIZOEDVAXAB-
Kynurenine OMMMGPOBSAN 12392 | 030043 | 0.043007 | 1.3665 | [M+H]+ 200.0914 | 6.62
. HNDVDQJCIGZPNO-
Histidine AP 13423 | 042472 | 0.045202 | 1.3448 | [M+H]+ 156.0762 | 9.07
) ONIBWKKTOPOVIA-
Proline e o 13413 | 042368 | 0.047436 | 1.3239 | [M+H]+ 116.0696 | 7.44
_ PYVRVRFVLRNILY-
Lyso(PE18:1) e 071988 | -0.47418 | 0.047436 | 1.3239 | [M+H]+ 480.308 | 5.44
- FFEARICKVFRZRR- [M+H]+ _[M+N- 150.0575
Methionine ANV ALY 13041 | 038304 | 0053444 | 12721 | glodl] 33030 | 716
) - WBOZIXHPUPAOIA-
Gal ceramide (d18:1/24:1) O ENRUSAN 1.628 070311 | 0.060268 | 1.2199 | [M+H]+ 810.6806 | 1.46
PC(O-18:1/2:0) NA 073524 | -0.44372 | 0.060268 | 12199 | [M+H]+ 550.3851 | 5.01
LysoPC(18:0) ATHVAWFAEPLPPQ- | 70519 | .050393 | 0.060268 | 1.2199 | [M+H]+ 506.3592 | 5.02




PQNASZJZHFPQLE-

N6-Methyllysine UNFEEAGYSA N 1.3341 0.41584 0.077546 | 1.1104 | [M+H]+ 161.1275 | 8.99
N PHIQHXFUZVPYII- 162.1127

Carnitine PHIQHXEUZVP 12445 | 031559 | 0.0819 10867 | [MeH]+_[M+Nal+ | 1o 00 | 7.48

PC(P-18:0/20:4) FHHVIBPVBBRLOR- 13596 | 044317 | 0082391 | 1.0841 | [M+H]+ 794.6058 | 4.3

IYACIECVSA-N




Table S4: Significant annotated metabolites comparing WD neurologic to HC. Metabolites were selected by

volcano plot with fold change (FC) >1.2 and FDR-adjusted p <0.1 indicating significance.

Metabolite Name/ldentifier InChl Key FC 2%%2) Fpl?vzllue iLo)glO Species m/z RT

Choline EOHPOSTILS” 39237 | 19722 | 215E-13 | 12.668 | [M+H]+ 104107 | 5.12
Phenylalanine S%L,\% PO RT | 21497 | 11041 | 6.94E-09 | 81585 | [M+H]+ 166.086 | 6.61
2-Hydroxy phenethylamine Bh?:g:i%zsshgzlilpx 2.1188 1.0833 6.94E-09 | 8.1585 [M+H-H20]+ 120.0804 6.61
s1P Dy o SSBOVIM ™ | o60ags | 07253 | 120806 | 5921 [M+H]+ 380255 | 5.96
PS(18:0/20:4) SD\KI?AL:SEEEEX_ZNBJ" 0.31206 | -1.6750 | 6.43E-05 | 4.1919 | [M+H]+ 812543 | 5.4

LysoPC(P-18:0) AOOMIOWRISTEME | 058801 | -0.7630 | 0.0002 | 36889 | [M+H]+ 482324 | 542
Methionine Ve RaRR | 15205 | 0.60458 | 000056 | 3.2522 | [M+H]+ _[M+N-NH3]+ ﬁ’g;g;g 7.16
PC(18:1/14:0) gg’mgf\rg}g‘f_ﬁj' 16642 | 073486 | 0.00131 | 2.8830 | [M+H]+ 732553 | 4.43
PC(14:0/18:0) L;g%éé';%g%\? BO- | 18095 | 09256 | 0.00215 | 2.6685 | [M+H]+ 734569 | 4.45
LysoPC(24:0) \SN*EJOMK%';%S/&_Z@GH' 0.73279 | -0.4485 | 0.00250 | 25873 | [M+H]+ 608.463 | 5.03
LysoPC(14:0) gﬁggig;ﬁ‘gi%“' 058288 | -0.7787 | 0.00259 | 25873 | [M+H]+ 468309 | 5.29
Kynurenine gfﬂpﬁﬁgggg@ﬁﬁ& 13776 | 046218 | 0.00301 | 2.5221 | [M+H]+ 200.001 | 6.62
Tyrosine Sﬁﬁcﬁgﬁéggf’ﬂﬁ' 15647 | 064589 | 0.00395 | 2.4036 | [M+H]+ 18208 | 7.39
PC(18:3/18:3) XTSI OWELMD 057205 | 08058 | 0.00395 | 24036 | [M+H]+ 778537 | 4.18
LysoPC(18:1) o | 075887 | 03981 | 000467 | 23308 | [M+H]+ 522356 | 5.17
SM(d18:1/18:1) gglé;\)\l/)(;)i/\/\égngﬁcoe- 0.80369 | -0.3153 | 0.00561 | 2.2514 | [M+H]+ 720501 | 4.93
Histidine R CiOZINO 1 15201 | 061260 | 0.01307 | 18837 | [M+H]+ 156.076 | 9.07
PC(P-18:0/20:4) AT VOPREOR | 14379 | 052401 | 001663 | 17792 | [M+H]+ 794606 | 43

PC(18:0/22:6) P AN AL | L4207 | 051567 | 001887 | 17243 | [M+H]+ 834601 | 4.31
CAR(12:0) gLéJZLJFHVf/F;E?X_':‘RA' 035652 | -1.488 | 0.01887 | 17243 | [M+H]+ 344279 | 3.69
LysoPC(16:0).2 AOVIBNKRICZOOVVT | 1205 | 026001 | 00191 | 17201 | [M+H]+ 518322 | 5.24
Glycocholic acid EE\E;SLAJSC;’\S’WA_ DREDC- | 26526 | 1407 | 001957 | 17085 | [M+H]+ _[M+NH4J+ iﬁgggfs 5.89
SM(d18:1/12:0) EEZ&JJSEE)QX-EWHR- 0.71532 | -0.4834 | 0.01957 | 1.7085 | [M+H]+ 647511 | 4.99
Ornithine oA e 1 o751 | 098104 | 002315 | 16355 | [M+H]+ 133.096 | 9.27
PC(P-18:0/22:6) E?#’\TLA,\E'T\‘E':;’AC_ETAL' 15152 | 05995 | 0.02869 | 1.5423 | [M+H]+ 818.605 | 4.28
SM(d18:1/18:0) b’;?;fgl“ﬁ'&“_",\fHREN' 34924 | 18042 | 003491 | 14571 | [M+H]+ [M+Na]+ i‘;’éfggg 4.92
LysoPC(P-16:0) ggf'é\f LIDWRBC | 060518 | 05246 | 0.0354 | 14511 | [MsH]+ 508375 | 5.22
1-Methylnicotinamide LOAMAVIORSVRG: | 06415 | 06405 | 00354 | 14511 | [M+H-CaHB]+ 13707 | 6.02
g;’%minomemy'cyc'o hexanecarboxylic EL%J\'(ESCEESZAS_C,\:O" 0.62293 | -0.6829 | 0.03789 | 14215 | [M-H]- 158.117 | 6.62
7-a-OH-3-0x0-Cholest-4-en-26-oic acid 2ﬁ1T§QKV?/cE;5LSJ2->I(\IGAX- 12746 | 035006 | 0.03818 | 1.4182 | [M+H]+ 431315 | 1.21
PC(16:1/16:1) Sivggﬁgglzgsl\:i‘&x- 0.74529 | -0.4241 | 0.03884 | 1.4107 | [M+H]+ 730537 | 4.43
Hippuric acid Smiﬁggsgiﬁfm' 050177 | -0.7569 | 0.03884 | 1.4107 | [M+H]+ 180.065 | 3.38
Alanine QMAYOMII OGS | 12821 | 03sBa0 | 004182 | 13787 | [M+H]+ 90.0542 | 7.79
Glycoursodeoxycholic acid GHCZAUBVMUEKKP- 2.3972 1.2614 0.04663 1.3313 [M+H-H20]+ 432.31 4.71

TVQURETASA-N




PHIQHXFUZVPYII-

162.1127

Carnitine PHIQHELZVE 12558 | 032862 | 0.04663 | 13313 | [M+Hl+ MeNal+ | ‘ol | 748
PC(0-16:0/20:1).1 NA 0.82328 | -0.2805 | 0.04663 | 13313 | [M+H]+ 524372 | 5.16
_ XOMRRQXKHMYMOC
CAR(16:0) OAOYLSRUSAN 0.49048 | -1.0277 | 0.04663 | 13313 | [M+H]+ 400342 | 3.14
: ONIBWKKTOPOVIA-
Proline Py ONSAN 12783 | 035426 | 0.04709 | 1.3271 | [M+HJ+ 11607 | 7.44
PC(16:0/14:0) g&ﬂﬁ?\mfﬁov' 13549 | 043818 | 0.04726 | 1.3255 | [M+H]+ 706538 | 4.46
_ RIZVWDTYEWCUAR- 4823215
LysoPC(15:0) IRTARAARGS 0.37956 | 13976 | 0.04815 | 13174 | [M+Hl+ _IMeNal+ | “egranr | 527
PC(0-16:0/22:6) &?SE?SE&'WW 058631 | -0.7703 | 0.05322 | 12739 | [M+H]+ 792591 | 3.85
N6-Methyllysine E%E?ﬁiéﬂ*s'f_?\lﬁ' 14885 | 057382 | 0.0501 | 1.2284 | [M+H]+ 161128 | 8.99
_ LZOSYCMHQXPBFU-
CAR(10:0) TR 0.58469 | -0.7743 | 0.07324 | 11353 | [M+H]+ 316.248 | 411
SM(d18:1/24:1) %IDCFFLV'EJPRE‘émLQZ' 22895 | 1.195 0.07844 | 11055 | [M+H]+ 813.682 | 4.89
PE(16:0/18:1) FHQVHHIBKUMWTI- | ) 3741 | 045849 | 0.00024 | 1.0446 | [M+H]+ 718537 | 458

OTMQOFQLSA-N




Tabel S5: Significant annotated metabolites comparing WD hepatic to HC. Metabolites were selected by

volcano plot with fold- change (FC) >1.2 and FDR-adjusted p <0.1 indicating significance.

Metabolite Name/ldentifier InChl Key FC I('o:gcz) FpI-D\ilue i:)c;glo Species m/z RT
Choline R PRI 43574 | 21235 | 2.18E-13 12661 | [M+H]+ 104.1066 | 5.12
Phenylalanine S?ALI\% PO RT | 2asa7 | 12086 | 2.26E-08 7.646 | [M+H]+ 166.0862 | 6.61
2-Hydroxy phenethylamine Bh?:g:i%%z\,/’-l\zlilpx 2.415 1.2721 2.30E-08 7.6378 [M+H-H20]+ 120.0804 6.61
LysoPC(P-18:0) O N eMC 1 044348 | -1.0731 | 453807 6.3443 | [M+H]+ 508.3748 | 5.22
LysoPC(24:0) azjo"f(%g%gk_z@%' 0.69985 | -0.51489 | 0.000182 37402 | [M+HJ+ 608.4634 | 5.03
S1P Eg\X/SOYKHUSéng LSM‘ 0.64404 | -0.63478 | 0.000231 36350 | [M+HJ+ 380.2552 | 5.96
PC(18:3/18:3) ﬁégggg{ﬂzw D- 050274 | -0.99211 | 0.000231 36350 | [M+H]+ 778.5374 | 4.18
LysoPC(14:0) gﬁggig’éﬁéi%“' 0.53005 | -0.91336 | 0.000313 35043 | [M+H]+ 468.3086 | 5.29
PS(18:0/20:4) e O 041435 | -1.2711 | 0.000313 35043 | [M+H]+ 812.5433 | 5.4
PC(18:1/14:0) gg’m%@g’f_ﬁ" 1.8275 | 0.86988 | 0.000493 33073 | [M#+H]+ 7325534 | 4.43
SM(d18:1/18:1) gg%wgvvgg/é\/\i\{ﬁwe- 0.7124 | -0.48924 | 0.000764 31167 | [M+HJ+ 729.5013 | 4.93
Histidine v 19135 | 0.93624 | 0.001947 27106 | [M+HJ+ 156.0762 | 9.07
LysoPC(18:1) o M 074108 | -0.4323 | 0.001947 27106 | [M+H]+ 522.3559 | 5.17
Hippuric acid QUMK A | 044641 | -1.1636 | 0.003238 24897 | [M+H]+ 180.0645 | 3.38
PC(14:0/18:0) &g%ééi%@%\? EO- 121634 | 11133 | 0.00351 24547 | [M+H]+ 678.5046 | 4.49
Tyrosine gmﬂcl\%gﬁgggK?NME- 1.8055 | 0.92255 | 0.003674 24348 | [M+H]+ 182.0802 | 7.39
Methionine Ei%@gJSgXSFARiRR' 38412 | 1.9416 | 0.004076 2.3898 [NMHQ]-T- [M+N- ﬁgé?g;gs 7.16
;;;oH'3'°X°'Ch°'e5t'4'e”'26'°i° gﬁTTBGg\?/EgLSJEZ(\JGAX_ 1.8093 | 0.8554 | 0.004566 23405 | [M+H]+ 4313148 | 121
PC(16:1/16:1) SPHV(‘D’SEES'Z%X%ELX' 0.67574 | -0.56546 | 0.005196 22843 | [M+H]+ 7305372 | 4.43
Kynurenine ga”,\jﬁggggs’xﬁ& 15307 | 0.61421 | 0.006967 2157 | [M+HJ+ 200.0914 | 6.62
Betaine R 14629 | 054886 | 0.006967 2157 | [M+H]+ 118.0863 | 6.98
PC(0-16:0/22:6) 3%QXQT'I‘JEAZ;§§'\IZBU' 040111 | -1.3179 | 0.008002 20068 | [M+H]+ 7925906 | 3.85
Onithine o ap/ZTML | 25060 | 1.3250 | 0.008507 20656 | [M+H]+ 133.0061 | 9.27
LysoPC(15:0) ?éé\:'\fﬁ?s(imcum' 0.18868 | -2.406 | 0.008981 20467 | [M+H]+ [M+Na]+ iggﬁgégs 5.27
PC(P-18:0/20:4) f?ﬁéﬁ :EBCP\\/’S%ELOR' 15977 | 0.67603 | 0.009536 20206 | [M+H]+ 794.6058 | 4.3
PC(20:4/20:4) Eﬁbv\lﬁi'\f\/“ézéfﬁc” 034292 | -1.5441 | 0.009536 20206 | [M+H]+ 830.5692 | 4
LysoPC(16:0).2 FIONRICoOV VT 13az2 | 042563 | 0.01187 19255 | [M+H]+ 518.3223 | 5.24
N6-Methyllysine PONASZIZHPPOLE: 20678 | 1.0481 | 0.013173 1.8803 | [M+H]+ 1611275 | 8.99
Glycoursodeoxy cholic acid 19\';'(SS§EJEXSIYIAUISKKP 5.1039 2.3516 0.013505 1.8695 [M+H-H20]+ 432.3095 4.71
PC(16:0/14:0) PO OAQSBROV™ | 15046 | 05894 | 0015233 18172 | [M+H]+ 706.5375 | 4.46
SM(d18:1/12:0) EE&;SE?;XEWHR 07391 | -0.43616 | 0.015233 18172 | [M+H]+ 647.5100 | 4.99
CAR(12:0) gléJZLJF'WEESX_ ERA' 043623 | -1.1969 | 0.015233 18172 | [M+H]+ 3442791 | 3.69
Acetylcholine SﬁétngéfgﬂgﬁGL 1.499 0.58399 | 0.017776 1.7502 [M+H]+ 146.1168 7.52
Palmitoleoyl Ethanolamide WFRLANWAASSSFV- 1.3211 0.40178 | 0.017776 1.7502 [M+H]+ 298.274 1.02

FPLPWBNLSA-N




ONIBWKKTOPOVIA-

Proline S SIS 14851 | 057054 | 0.018759 17268 | [M+H]+ 116.0696 | 7.44
5-Aminopentanoic acid DOV B0 38 27402 | 14543 | 0.019844 17024 | [M+H-H20]+ 100.0752 | 15

Alanine oMo YOr | 13430 | 0.42646 | 0.019844 17024 | [M+H]+ 90.0542 | 7.79
CAR(10:0) Eri%:jsc:gWA- DREDC | 0250 | -092714 | 0.021989 16578 | [M+H]+ 316.2478 | 4.11
Glycocholic acid Egsg:jgg’gWA_ EREDC' 49625 | 23111 | 0.022623 1.6454 | [M+H]+ [M+NH4J+ figﬁﬁs . | 589
PHE-PHE e O | 060592 | -0.72279 | 0.024145 16172 | [M+H]+ 313.1546 | 5.57
Lyso PAF C-16 \JhEiLVX\O(\T(Z’X(,\fFJ' 14482 | 053426 | 0.036462 14382 | [M+H]+ 4823582 | 5.27
Trigonelline MEE'ES%KKEDOPX' 138.0544 | -1.7781 | 0.038987 14001 | [M+H]+ 138.0544 | 7.2

Acetylcarnitine EA%%%'\:/P;S\I(%RGCIJED 1.3438 0.42632 0.042535 1.3713 [M+H]+ 204.1234 6.95
PC(0-16:0/20:1).1 NA 0.82713 | -0.27381 | 0.042535 13713 | [M+H]+ 524.3716 | 5.16
PE(0-18:1/20:4) Eimé'\\‘lggﬁ%m' 0.50772 | -0.9779 | 0.050332 12082 | [M+H]+ 7525604 | 3.81
PC(P-18:0/22:6) &';éﬁg;gi",{lvw 1.401 0.57628 | 0.051153 12011 | [M+H]+ 818.605 | 4.28
PC(0-16:0/20:4) NA 12836 | 0.36024 | 0.084826 10715 | [M+H]+ 768.5807 | 4.33
3-Methylhistidine [OHILDINMROULE: 19118 | 0.93494 | 0.096339 10162 | [M+H]+ 170.0017 | 9.1

PI(18:0/20:4) KRTOMQDUKGRFDJ- |  gy755 | 027308 | 0.096339 10162 | [M+H]+ [M+NH4J+ | 9045929 1 5 4g

MWZLTEOLSA-N

_887.5652




Pearson's correlation with p <0.05 indicating significance.

Table S6: Metabolite correlation analysis with choline. Correlation coefficients were calculated based on

Metabolite correlation t-stat p-value FDR p-value
Phenylalanine 0.78285 10.75 1.07E-16 3.95E-15
LysoPC(14:0) -0.67477 -7.8116 3.18E-11 7.84E-10
PC(14:0/18:0) 0.65672 7.4403 1.58E-10 2.92E-09
LysoPC(18:1) -0.64136 -7.1423 5.67E-10 8.39E-09
PC(P-18:0/20:4) 0.6345 7.0138 9.82E-10 1.21E-08
PC(0-16:0/2:0).1 -0.62883 -6.9099 1.53E-09 1.62E-08
S1P -0.62261 -6.798 2.46E-09 2.28E-08
Histidine 0.60254 6.4506 1.07E-08 8.79E-08
LysoPC(P-18:0) -0.59826 -6.379 1.44E-08 1.07E-07
PC(18:1/14:0) 0.57975 6.0793 5.03E-08 3.23E-07
LysoPC(24:0) -0.5791 -6.0691 5.24E-08 3.23E-07
Ornithine 0.56956 5.9205 9.67E-08 5.51E-07
Alanine 0.5419 5.509 5.14E-07 2.72E-06
PC(P-18:0/22:6) 0.53696 5.4383 6.82E-07 3.36E-06
PC(0-16:0/22:6) -0.52538 -5.2755 1.30E-06 6.02E-06
PC(0-16:0/2:0).2 -0.51975 -5.198 1.77E-06 7.68E-06
CAR(12:0) -0.51847 -5.1805 1.89E-06 7.77E-06
PS(18:0/20:4) -0.50082 -4.9436 4.74E-06 1.84E-05
PC(0-16:0/20:4) 0.49988 4.9313 4.97E-06 1.84E-05
Tyrosine 0.49827 4.9101 5.39E-06 1.90E-05
Betaine 0.49619 4.883 5.98E-06 2.01E-05
Proline 0.48422 4.7285 1.07E-05 3.46E-05
Carnitine 0.48105 4.6882 1.25E-05 3.85E-05
SM(d18:1/18:1) -0.47946 -4.6681 1.35E-05 3.99E-05
LysoPC(P-16:0) -0.47674 -4.6337 1.53E-05 4.36E-05
Kynurenine 0.46938 4.5418 2.16E-05 5.91E-05
Methionine 0.46714 4.5141 2.39E-05 6.31E-05
PC(18:3/18:3) -0.46356 -4.4699 2.81E-05 7.17E-05
LysoPC(15:0) -0.45408 -4.3545 4.28E-05 0.00010555
PC(16:0/14:0) 0.444 4.2337 6.60E-05 0.00015762
P1(18:0/20:4) -0.43925 -4.1775 8.06E-05 0.00018649
SM(d18:1/18:0) 0.42464 4.0074 0.0001464 0.00032829
CAR(16:0) -0.41967 -3.9503 0.00017826 0.00038798
LysoPC(16:0).1 -0.41242 -3.868 0.00023618 0.00049934
PC(18:1/18:1) 0.40541 3.7892 0.00030829 0.0006337
PC(0-18:1/2:0) -0.38708 -3.5868 0.00060209 0.0012042
Gal ceramide (d18:1/24:1) 0.38412 3.5546 0.00066844 0.0013017




Glycoursodeoxycholic acid 0.36504 3.3501 0.0012813 0.0024313
PC(18:0/22:6) 0.36292 3.3277 0.0013738 0.0025416
LysoPC(16:0).2 0.36162 3.314 0.0014339 0.002588
CAR(10:0) -0.35951 -3.2917 0.0015362 0.0027067
Lyso(PE18:1) -0.3479 -3.1705 0.0022248 0.0037199
Glycocholic acid 0.34752 3.1666 0.0022514 0.0037199
SMd(18:1/12:0) -0.34737 -3.165 0.0022621 0.0037199
PC(16:1/16:1) -0.34611 -3.152 0.0023528 0.0037291
PE(16:0/18:1) 0.34532 3.1438 0.0024113 0.0037291
PC(0-16:0/20:5) -0.34522 -3.1428 0.0024189 0.0037291
CAR(18:1) -0.33834 -3.072 0.0029874 0.0045116
Leucine 0.33095 2.9965 0.0037292 0.0055192
SMd(18:1/24:1) 0.31426 2.8284 0.0060357 0.0087577
PC(20:4/20:4) -0.273 -2.4246 0.0178 0.02533
PC(18:0/18:1) -0.27215 -2.4164 0.018174 0.025374
LysoPC(18:0) -0.2604 -2.3044 0.02405 0.032958
PC(18:0/18:0) 0.2553 2.256 0.027064 0.036339
PE(O-18:1/20:4) -0.2546 -2.2494 0.0275 0.036339
LysoPE(18:0) -0.25156 -2.2208 0.02947 0.03826
Acetylcarnitine 0.23095 2.0281 0.046202 0.058947
Lyso PAF C-16 0.20636 1.802 0.075681 0.094922
PC(16:0/18:2) 0.19049 1.6579 0.10162 0.12534
Acetylcholine 0.18224 1.5836 0.11761 0.14267
PC(20:1/20:1) 0.11639 1.0012 0.32002 0.38196
PE(16:0/18:2) 0.098718 0.84759 0.39944 0.46918
Isoleucine 0.079209 0.6789 0.49935 0.57737
PC(16:0/18:1) 0.063271 0.54168 0.58969 0.67134
PC(16:0/22:6) -0.060903 -0.52132 0.60372 0.6769
TMAO 0.036081 0.30848 0.7586 0.83785
Cholesterol 0.032133 0.27468 0.78434 0.85354
PC(16:0/18:0) 0.023331 0.1994 0.84251 0.90356
Tryptophan 0.020291 0.1734 0.86282 0.91212
PE(18:0/22:6) 0.017483 0.14939 0.88166 0.91891
PC(14:0/14:0) 0.015561 0.13297 0.89458 0.91943
Deoxycholic acid -0.011273 -0.096324 0.92353 0.93618
PC(0-16:0/20:3) 0.0050072 0.042782 0.96599 0.96599




Table S7: Metabolite correlation analysis with phenylalanine. Correlations coefficients were calculated based

on Pearson's correlation with p <0.05 indicating significance.

Metabolite Correlation t-stat p-value FDR p-value
Choline 0.78285 10.75 1.07E-16 3.95E-15
Kynurenine 0.71661 8.7785 4.85E-13 1.20E-11
Ornithine 0.68024 7.929 1.91E-11 3.54E-10
LysoPC(P-18:0) -0.67262 -7.7662 3.87E-11 5.73E-10
Histidine 0.6656 7.62 7.27E-11 8.20E-10
Alanine 0.66487 7.6051 7.76E-11 8.20E-10
PC(14:0/18:0) 0.6622 7.5506 9.81E-11 9.07E-10
Methionine 0.65379 7.3824 2.02E-10 1.66E-09
Tyrosine 0.64632 7.2367 3.78E-10 2.80E-09
Proline 0.64466 7.205 4.33E-10 2.92E-09
LysoPC(14:0) -0.62219 -6.7904 2.54E-09 1.57E-08
LysoPC(18:1) -0.60125 -6.4289 1.17E-08 6.66E-08
PC(0-16:0/2:0).1 -0.58175 -6.111 4.41E-08 2.33E-07
S1P -0.57324 -5.9774 7.66E-08 3.78E-07
Betaine 0.56287 5.8184 1.47E-07 6.80E-07
PC(18:1/14:0) 0.5494 5.6179 3.32E-07 1.44E-06
Glycoursodeoxycholic acid 0.54624 5.5717 4.00E-07 1.64E-06
PC(0-16:0/2:0).2 -0.53322 -5.3853 8.42E-07 3.14E-06
PC(P-18:0/20:4) 0.5331 5.3837 8.48E-07 3.14E-06
Carnitine 0.51775 5.1707 1.96E-06 6.92E-06
LysoPC(P-16:0) -0.51274 -5.1027 2.56E-06 8.62E-06
SM(d18:1/18:1) -0.50177 -4.9562 4.52E-06 1.45E-05
PC(18:3/18:3) -0.49334 -4.8458 6.89E-06 2.12E-05
PC(18:1/18:1) 0.49047 4.8086 7.94E-06 2.35E-05
Glycocholic acid 0.48672 4.7605 9.52E-06 2.71E-05
Leucine 0.48405 4.7263 1.08E-05 2.97E-05
PE(16:0/18:1) 0.47874 4.6589 1.40E-05 3.69E-05
LysoPC(15:0) -0.47104 -4.5624 2.00E-05 5.10E-05
PC(16:0/14:0) 0.46886 45353 2.21E-05 5.45E-05
PC(0-16:0/20:4) 0.46517 4.4898 2.61E-05 6.24E-05
LysoPC(16:0).1 -0.4626 -4.4581 2.93E-05 6.78E-05
PC(0O-18:1/2:0) -0.45834 -4.4061 3.55E-05 7.96E-05
CAR(12:0) -0.43876 -4.1718 8.23E-05 0.00017911
PC(16:1/16:1) -0.42845 -4.0513 0.00012567 0.00026569
PS(18:0/20:4) -0.42178 -3.9745 0.00016403 0.00033718
PC(P-18:0/22:6) 0.40446 3.7786 0.00031948 0.00063896
CAR(10:0) -0.38385 -3.5517 0.00067482 0.0013141
LysoPC(24:0) -0.38077 -3.5184 0.00075141 0.0014258
Gal ceramide (d18:1/24:1) 0.37736 3.4816 0.00084552 0.0015642




LysoPC(18:0) -0.37017 -3.4046 0.0010796 0.0019486
PC(0-16:0/22:6) -0.35908 -3.2872 0.0015576 0.0027444
P1(18:0/20:4) -0.34916 -3.1836 0.0021388 0.0036808
LysoPC(16:0).2 0.33856 3.0742 0.0029679 0.0049914
SMd(18:1/24:1) 0.33167 3.0039 0.0036504 0.0060028
CAR(18:1) -0.32369 -2.923 0.0046131 0.0074211
SM(d18:1/18:0) 0.31728 2.8585 0.0055434 0.008728
CAR(16:0) -0.3157 -2.8428 0.005796 0.0089355
PC(20:4/20:4) -0.29113 -2.6 0.011275 0.017028
SMd(18:1/12:0) -0.28137 -2.5052 0.014468 0.021412
LysoPE(18:0) -0.27456 -2.4396 0.017132 0.024858
PC(16:0/22:6) -0.25211 -2.2259 0.029108 0.041423
PE(O-18:1/20:4) -0.24841 -2.1911 0.031637 0.044173
PC(18:0/22:6) 0.23607 2.0757 0.041446 0.056796
Tryptophan 0.22615 1.9837 0.051055 0.068692
Acetylcholine 0.21979 1.9249 0.058133 0.076818
PC(0-16:0/20:5) -0.21409 -1.8726 0.065131 0.084557
Isoleucine 0.21283 1.861 0.066768 0.085187
PE(16:0/18:2) 0.21107 1.845 0.069096 0.086662
PC(16:0/18:2) 0.20773 1.8145 0.073714 0.090914
Lyso PAF C-16 0.20283 1.7698 0.080942 0.098192
Lyso(PE18:1) -0.19675 -1.7145 0.090671 0.10822
PC(20:1/20:1) 0.19255 1.6765 0.097909 0.115
TMAO 0.18835 1.6386 0.10561 0.12211
Acetylcarnitine 0.17263 1.4975 0.13859 0.15777
PC(18:0/18:0) 0.16592 1.4376 0.15483 0.1736
PC(18:0/18:1) -0.1649 -1.4285 0.15743 0.17387
PC(14:0/14:0) 0.10626 0.91305 0.36422 0.39636
Cholesterol 0.10285 0.88344 0.3799 0.40743
PC(16:0/18:1) -0.0815 -0.69866 0.48699 0.51207
PE(18:0/22:6) 0.080695 0.69172 0.49131 0.51207
PC(0-16:0/20:3) 0.073132 0.62651 0.53293 0.54774
Deoxycholic acid 0.054473 0.46611 0.64253 0.65133
PC(16:0/18:0) -0.014654 -0.12522 0.9007 0.9007




Table S8: Metabolite correlation analysis with methionine. Correlations coefficients were calculated based on

Pearson’s correlation with p <0.05 indicating significance.

Metabolite Correlation t-stat p-value FDR p-value
Betaine 0.82558 12.5 8.11E-20 3.00E-18
Proline 0.74838 9.6404 1.18E-14 2.92E-13
Tyrosine 0.70885 8.5864 1.11E-12 2.06E-11
SM(d18:1/18:1) -0.69699 -8.3046 3.77E-12 5.58E-11
Glycoursodeoxycholic acid 0.68654 8.0675 1.05E-11 1.30E-10
LysoPC(P-18:0) -0.65772 -7.4603 1.45E-10 1.53E-09
Phenylalanine 0.65379 7.3824 2.02E-10 1.87E-09
Histidine 0.64291 7.1715 5.00E-10 4.11E-09
PC(16:0/14:0) 0.61806 6.7173 3.47E-09 2.57E-08
PC(14:0/18:0) 0.61513 6.6661 4.31E-09 2.90E-08
Kynurenine 0.596 6.3417 1.69E-08 1.04E-07
LysoPC(16:0).1 -0.58055 -6.0919 4.77E-08 2.72E-07
PC(18:3/18:3) -0.55698 -5.73 2.11E-07 1.11E-06
LysoPC(16:0).2 0.55385 5.6834 2.54E-07 1.26E-06
PC(18:1/14:0) 0.53623 5.4278 7.11E-07 3.29E-06
PC(0-16:0/20:4) 0.53008 5.3412 1.00E-06 4.37E-06
PC(16:0/22:6) -0.52137 -5.2202 1.62E-06 6.65E-06
PC(0-16:0/2:0).1 -0.51847 -5.1805 1.89E-06 7.36E-06
Glycocholic acid 0.51191 5.0914 2.68E-06 9.90E-06
PC(18:1/18:1) 0.50407 4.9866 4.02E-06 1.42E-05
S1P -0.49904 -4.9203 5.18E-06 1.74E-05
Alanine 0.47497 4.6115 1.67E-05 5.36E-05
Ornithine 0.47308 4.5879 1.82E-05 5.61E-05
PC(16:0/18:1) -0.46893 -4.5362 2.20E-05 6.52E-05
Choline 0.46714 45141 2.39E-05 6.65E-05
PC(P-18:0/20:4) 0.46668 4.5084 2.44E-05 6.65E-05
P1(18:0/20:4) -0.466 -4.4999 2.52E-05 6.65E-05
PE(16:0/18:1) 0.46447 4.4812 2.70E-05 6.88E-05
Leucine 0.43841 4.1677 8.35E-05 0.00020599
PC(0-16:0/2:0).2 -0.42314 -3.9901 0.00015541 0.00037098
LysoPC(14:0) -0.41801 -3.9315 0.0001902 0.00043984
Acetylcholine 0.41587 3.907 0.00020678 0.00046369
PC(14:0/14:0) 0.39262 3.6474 0.00049384 0.0010748
CAR(10:0) -0.36295 -3.328 0.0013727 0.0029024
TMAO 0.34668 3.1579 0.0023114 0.0047511
Tryptophan 0.31885 2.8743 0.0053019 0.010394
Isoleucine 0.31861 2.8719 0.0053377 0.010394




PE(O-18:1/20:4) -0.30846 -2.7706 0.0070917 0.013456
Carnitine 0.30317 2.7182 0.008194 0.015159
PC(18:0/18:0) 0.29153 2.604 0.011157 0.020137
Gal ceramide (d18:1/24:1) 0.29048 2.5937 0.011466 0.020202
PC(0O-18:1/2:0) -0.28399 -2.5306 0.013543 0.023306
PC(P-18:0/22:6) 0.27058 2.4015 0.018877 0.031135
Cholesterol 0.27046 2.4003 0.018934 0.031135
Acetylcarnitine 0.2416 2.1272 0.036779 0.059166
PC(20:1/20:1) 0.23464 2.0623 0.042736 0.067287
PC(20:4/20:4) -0.2282 -2.0026 0.04894 0.075449
LysoPE(18:0) -0.22699 -1.9913 0.050185 0.07579
CAR(12:0) -0.22528 -1.9756 0.051983 0.076935
PC(0O-16:0/22:6) -0.21598 -1.89 0.062733 0.090437
PC(0-16:0/20:5) -0.21448 -1.8762 0.064627 0.090437
PC(0-16:0/20:3) 0.21343 1.8666 0.065974 0.090437
LysoPC(15:0) -0.21342 -1.8665 0.065994 0.090437
PC(16:1/16:1) -0.20659 -1.804 0.075358 0.10139
LysoPC(18:1) -0.19303 -1.6808 0.097067 0.12827
CAR(18:1) -0.18175 -1.5792 0.11862 0.154
PC(16:0/18:0) 0.16337 1.4148 0.16138 0.20589
PC(16:0/18:2) 0.16152 1.3984 0.16622 0.20848
PE(18:0/22:6) -0.15741 -1.3619 0.17743 0.21883
PS(18:0/20:4) -0.15335 -1.3259 0.189 0.22927
PC(18:0/22:6) -0.14168 -1.2228 0.22532 0.26893
Lyso PAF C-16 0.12484 1.075 0.2859 0.33582
Lyso(PE18:1) 0.12195 1.0498 0.29727 0.33921
LysoPC(P-16:0) -0.12178 -1.0483 0.29796 0.33921
SMd(18:1/12:0) 0.099904 0.85787 0.39377 0.4415
PE(16:0/18:2) 0.094416 0.81031 0.42039 0.46431
LysoPC(24:0) -0.088926 -0.76281 0.44804 0.48757
CAR(16:0) -0.061345 -0.52512 0.60109 0.64465
SMd(18:1/24:1) 0.057931 0.4958 0.62153 0.65704
Deoxycholic acid -0.040352 -0.34505 0.73105 0.76194
LysoPC(18:0) -0.03866 -0.33056 0.74192 0.76253
SM(d18:1/18:0) 0.031214 0.26682 0.79036 0.80118
PC(18:0/18:1) -0.0092433 -0.078979 0.93727 0.93727




Table S9: Pathway analysis results. Statistical p-values are determined by enrichment analysis and adjusted for
multiple testing. Pathway impact is determined by pathway topology analysis. “Total” = total number of
compounds in the pathway; “Hits” = matched number of metabolites from the current analysis; “Raw p-value”
= original p-value calculated from the enrichment analysis; “ Holm adjust” = p-value adjusted by Holm-
Bonferroni method; “FDR p-value” = p-value adjusted using the false discovery rate; “Impact” = pathway

impact value calculated from pathway topology analysis.

Pathway Total | Expected Hits pizme -log(p) :jcj):::t p-sz:ie Impact
Beta Oxidation of Very Long Chain Fatty Acids 13 0.63 2 1.28E-01 2.05E+00 | 1.00E+00 | 1.00E+00 0.05
Betaine Metabolism 18 0.87 2 2.16E-01 1.53E+00 | 1.00E+00 | 1.00E+00 0.14
Oxidation of Branched Chain Fatty Acids 22 1.07 2 2.90E-01 1.24E+00 | 1.00E+00 | 1.00E+00 0.00
Phospholipid Biosynthesis 25 1.21 2 3.45E-01 1.06E+00 | 1.00E+00 | 1.00E+00 0.09
Phenylalanine and Tyrosine Metabolism 25 1.21 2 3.45E-01 1.06E+00 | 1.00E+00 | 1.00E+00 0.22
Beta-Alanine Metabolism 26 1.26 2 3.63E-01 1.01E+00 | 1.00E+00 | 1.00E+00 0.00
Phosphatidylethanolamine Biosynthesis 13 0.63 1 4.79E-01 7.37E-01 | 1.00E+00 | 1.00E+00 0.00
Catecholamine Biosynthesis 14 0.68 1 5.04E-01 6.85E-01 | 1.00E+00 | 1.00E+00 0.00
Histidine Metabolism 35 1.70 2 5.16E-01 6.62E-01 | 1.00E+00 | 1.00E+00 0.24
Sphingolipid Metabolism 36 1.75 2 5.31E-01 6.62E-01 | 1.00E+00 | 1.00E+00 0.07
Carnitine Synthesis 16 0.78 1 5.52E-01 6.33E-01 | 1.00E+00 | 1.00E+00 0.00
Methionine Metabolism 39 1.89 2 5.76E-01 5.94E-01 | 1.00E+00 | 1.00E+00 0.04
Fatty Acid Metabolism 40 1.94 2 5.90E-01 5.52E-01 | 1.00E+00 | 1.00E+00 0.00
Phosphatidylcholine Biosynthesis 18 0.87 1 5.95E-01 5.28E-01 | 1.00E+00 | 1.00E+00 0.00
Mitochondrial B-Oxidation of Long Chain Saturated Fatty Acids 24 1.17 1 7.01E-01 3.565E-01 | 1.00E+00 | 1.00E+00 0.00
Glycine and Serine Metabolism 50 243 2 7.13E-01 3.38E-01 | 1.00E+00 | 1.00E+00 0.00
Ammonia Recycling 25 1.21 1 7.16E-01 3.34E-01 | 1.00E+00 | 1.00E+00 0.00
Porphyrin Metabolism 36 1.75 1 8.39E-01 1.76E-01 | 1.00E+00 | 1.00E+00 0.00
Tyrosine Metabolism 55 2.67 1 9.40E-01 6.17E-02 | 1.00E+00 | 1.00E+00 0.00
Tryptophan Metabolism 55 2.67 1 9.40E-01 6.17E-02 | 1.00E+00 | 1.00E+00 0.09
Bile Acid Biosynthesis 59 2.87 1 9.52E-01 4.97E-02 | 1.00E+00 | 1.00E+00 0.00
Arachidonic Acid Metabolism 65 3.16 1 9.65E-01 3.59E-02 | 1.00E+00 | 1.00E+00 0.00




Table S10: Subject characteristics by clinical presentation. Data are expressed as mean + SD. Statistical

difference between groups was calculated by one-way ANOVA, with p-value <0.05 indicating significance.

Healthy

Control WD Prs—clinical WD N(iurologic WD I:Iepatic p-value
(n=15) (n=12) (n=22) (n=26)
Male (%) 5 (33.3%) 5 (41.6%) 13 (59.0%) 12 (46.1%)
Female (%) 10 (66.6%) 7 (58.3%) 9 (40.9%) 14 (53.8) _
Age (years) 36.13+9.20 31.25+13.22 36.50 + 11.47 33.08 £ 11.50 0.503
BMI (Kg/m2) 23.52 + 3.88 25.56 + 3.30 26.01 +6.30 25.31 + 4.47 0.480




Table S11: List of internal standards used for quality control. RT, retention time; m/z, mass-to-charge ratio.

Metabolite name Species m/z RT
1_15N2-L-Arginine iSTD [2M+H]+ 177.1122 9.15
1 CUDAISTD [M+H]+ 341.2809 1.15
1_D3-1-Methylnicotinamide iSTD [M-H]- 141.0937 6.03
1 D3-Creatine iSTD [M+H]+ 135.0952 7.78
1_D3-Creatinine iSTD [M+H]+ 117.0846 4.88
1 _D3-DL-Alanine iSTD [M+H]+ 93.0731 7.80
1_D3-DL-Aspartic acid iSTD [M-H]- 137.0626 8.89
1_D3-DL-Glutamic acid iSTD [M+H]+ 151.0785 8.45
1_D3-Histamine, N-methyl- iSTD [M+H]+ 129.1207 7.10
1_D3-L-Carnitine iSTD [M+H]+ 165.131 7.47
1_D5-L-Glutamine iSTD [M+H]+ 152.1069 8.29
1_D9-Betaine iSTD [M+H- 127.142 6.99
1_D9-Butyrobetaine iSTD [M+H]+ 155.174 7.45
1_D9-Caffeine iSTD [M+H]+ 204.1438 121
1_D9-Choline iSTD [M+H]+ 113.1627 5.10
1_D9-Crotonobetaine iSTD [M+H]+ 153.1582 7.53
1_D9-TMAOQ iSTD [M+H]+ 85.1316 5.39
1_Val-Tyr-Val iSTD [M+H]+ 380.2181 6.64




Table S12:

List of primers for mouse gene expression.

. e Exon- o/ brimer
Gene Gene name Primer Sequence 5'to 3 exon .
efficiency
overlap
F CCTGGGACCCCAATATCCTC Yes
aldehyde dehydrogenase
Aldh7al family 7, member Al 1005
y i R | ACCTTGCCCCCATAGACCAC No
. . F TTGGATTGGAACCCCGAGT Yes
Betaine-homocysteine
Bhmt methyltransferase 2 104.0
y R CCTGATGTGGTAGGGCTCAAA No
. . F GAAAGAGGGCCTCAGAGATGC No
Betaine-homocysteine
Bhmt2 methyltransferase 101.5
y R | GGATACTCTGGGAGGTCCACAA No
F GAAGCCCCGACAGCTATTCC No
Chdh | Choline dehydrogenase 101.8
R ACTTCCAGACAACCCCAGCA No
Choline F AAGCACCGGAACAGGTTCAA Yes
Chptl hosphotransferase 1 1017
phosp R | CATGAAACAGCAGCAGCAAGA No
F GAAGCTTGTCATCAACGGGAAG No
Gapdh glyceraldehyde-3- 102.1
phosphate dehydrogenase | o | rTTGATGTTAGTGGGGTCTCGE No
methionine F TCTGTCCCATACTCACCTCTTCAG No
Matla | adenosyltransferase I, 98.4
alpha R TGCCCTGAGGGTAGAAGGC No
methionine F CAGGAGACCAGGGTTTGATGTT Yes
Mat2a | adenosyltransferase Il, 95.8
alpha R GCGTAACCAAGGCAATGTACC No
F CTGCAGATGTGGCCAGAAAAG No
Mtr methionine synthase 98.9
R CAGCCACAAACCTCTTGACTCC Yes
Phosphate F GAAGAGCATCGACCTCATCCA No
Pcytla | cytidylyltransferase 1, 101.3
choline, alpha isoform R CTTCAGCATGTGCTTCAGTGC Yes
. . F TACTTCCTGGGCCTTGCATTC No
Pemt phosphatidylethanolamine 100.1
N-methyltransferase R | ACGCTGAAGGGAAATGTGGTC No




Figure S3: Features view showing distribution before and after normalization. Density plots represent all

features. Boxplots display distribution for only 50 features due to limited space.
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