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[bookmark: _Hlk200567225][bookmark: _Hlk191318744][bookmark: _Hlk135911317]S1. LC-MS data acquisition and preprocessing
[bookmark: _Hlk200567202]	Instrumental configuration consisted of a Bruker Elute UHPLC system operated by Hystar 3.3 software and a ultra-high-resolution mass spectrometer Bruker Impact II (60000+ resolution version; Bruker Daltonik GmbH) ESI QTOF-MS equipped with Data Analysis 4.2 (Bruker Daltonik GmbH), and Metaboscape (2022b). A Waters UPLC column ACQUITY BEH (C18 silica, 1.7 μm particles, 50 x 2.1 mm) with compatible column guard was used for all analyses. To ensure compatibility with retention time prediction and compound annotation using the Bruker HMDB-based spectral library, the chromatographic separation was performed using the reversed-phase UHPLC method recommended by Bruker Daltonics recalculated for 50 x 2.1 mm column. Two mobile phases were: A = water with 0.1% formic acid, B = acetonitrile with 0.1% formic acid (v/v). Samples in autosampler were thermostated at 4°C temperature. Volume of 5 μL of extract was loaded on the column at a flow rate of 200 μLmin-1, using 4% B. B percentage was changed with time as follows: 0 min – 1%, 0.56 min - 1% B, 4.72 min - 99%, 5.56 min - 99%, 5.6 min – 1%, 9.45 min – 1%. Solvent flow was 450 μLmin-1. Column was thermostated at 40°C temperature. Internal calibration on 10 mM sodium formate (in water: isopropanol 1:1 v/v) ions was performed automatically in Metaboscape with the use of syringe pump using a high precision calibration mode. All measurements were made in technical triplicates. To monitor background contamination and instrument readiness, solvent blanks were injected at the beginning of each analytical batch. Although no formal system suitability test with external standards was performed, blank injections confirmed baseline stability, absence of carryover, and system suitability for sample analysis. Measurements in positive autoMSMS mode were carried out using the following parameters: m/z 50–1200; capillary voltage: 4.5 kV; nebulizer: 2.7 bar; dry gas: 12 L min-1; drying gas temperature: 220oC; hexapole voltage: 50 Vpp; funnel 1: 200 Vpp; funnel 2: 200 Vpp; pre-pulse storage time: 5 μs; transfer time: 60 μs. Collision-Induced Dissociation (CID) was used with following settings: absolute threshold (per 100 sum): 200 cts; absolute threshold 88 cts; active exclusion 3 spectra; release after 0.3 min, isolation mass: for m/z = 100, width was 3, for 500 width was 4, for 1000 was 6 and for 1300 was 8); collision energy value was 30 eV. MS frequency was 20 Hz and for MS/MS - from 5 to 30. The untargeted annotations were performed in Metaboscape (ver. 2022b) with a criterion of mass deviation (Δm/z) under 2 ppm and mSigma value under 20 as the maximum acceptable deviation of the mass of the compound and the isotopic pattern respectively. For annotation and molecular formula generation, exact mass of parent ions was matched with < 3 ppm error and mSigma value < 50 in most cases. All the molecular formulas were obtained using the Smart Formula tool and the C, H, N, O, P, S, Cl, Br, I and F elements. MSMS spectra was automatically matched against MSMS libraries: Bruker HMDB 2.0 (this database contains retention times that were used as additional annotation factor), MassBank of North America (MoNA) library  and NIST ver. 2020 MSMS library. Although authentic chemical standards were not used, we achieved high-confidence compound annotations (MSI Level 2) based on multiple orthogonal criteria, including accurate mass (Δm/z < 2 ppm), isotopic pattern quality (mSigma < 20), MS/MS spectral similarity with publicly available libraries (e.g., NIST, MoNA), and retention time matching from the Bruker HMDB 2.0 database containing >800 reference metabolites. Each annotated feature included detailed matching parameters as shown in Supplementary Tables, with many compounds supported by all four criteria. The QC samples were treated identically to study samples and injected every ten samples throughout the analytical sequence to monitor system stability and analytical reproducibility. QC data were used to assess signal variation using relative standard deviation (RSD) and overall consistency via principal component analysis (PCA).
S2. Data processing
Raw LC-MS data files were first mass-recalibrated and aligned in MetaboScape® v.2022b (Bruker Daltonics). Feature extraction was performed using the T-ReX® 3D algorithm, followed by isotopic grouping and adduct annotation. To reduce noise and retain biologically relevant features, the dataset was filtered to include only those signals (defined by m/z and retention time) that were present in at least 10 individual patient samples, which is also recommended in published guidelines for untargeted metabolomics (Broadhurst et al. 2018). This prevalence-based filtering helps eliminate sporadically detected or non-reproducible features while preserving potentially informative low-intensity metabolites. No additional filters based on variance or intensity were applied in order to avoid unintended removal of rare but biologically meaningful features. Missing values were handled using the algorithm’s internal gap-filling function, which recovers low-intensity peaks during alignment and deconvolution. As a result, the final feature matrix contained no missing or zero values before statistical analysis. To control for potential contamination, solvent blanks were injected at the beginning of each batch and inspected for background-related features, which were not found to interfere with sample-derived signals. Pooled quality control (QC) samples were prepared separately for urine and serum matrices by combining equal volumes of sample extracts from cancer and control groups, respectively. These QC samples were injected every ten study samples and treated identically to all other samples. Although no dedicated system suitability test with external standards was performed, initial blank injections and inspection of selected metabolite intensities confirmed analytical readiness. Data quality was evaluated using multiple complementary strategies. Principal component analysis (PCA) including all QC injections was used to assess analytical reproducibility and signal drift over time. Additionally, intensity profiles of selected metabolites—including those not present in the biological study pool (e.g., plastic-related or exogenous compounds)—were monitored to evaluate system stability. The relative standard deviation (RSD) was calculated across all QC injections for each identified metabolite, serving as a metric of signal repeatability. Although certified reference materials (CRMs) were not available for RCC-specific biofluids, the adopted quality control procedures (pooled QCs, blanks, randomized injection order) follow current best practice recommendations for untargeted metabolomics studies (Beger et al. 2019; Broadhurst et al. 2018; Dudzik et al. 2018).

S3. Data quality assessment
To ensure analytical reliability, data quality was evaluated using pooled QC samples for urine and serum, analyzed in combined positive and negative ionization modes. PCA incorporating pooled QC samples was performed separately for urine and serum datasets, combining positive and negative ionization modes. Tight clustering of QC injections (Supplementary Information, Figure S1) confirmed analytical reproducibility and minimal instrument drift across the analytical runs. In addition, RSD of signal intensities was calculated for all annotated compounds across QC injections. In the urine dataset, performance was generally robust: In the control QC group, 44.9% of metabolites exhibited RSD < 15%, and 73.4% had RSD < 30% (median RSD: 15.7%), indicating very good repeatability and minimal variability. In the cancer QC group, 37.2% of metabolites had RSD < 15% and 60.3% had RSD < 30% (median RSD: 20.6%), reflecting similarly high technical quality. For serum samples, variability was more pronounced and showed matrix-dependent differences: In the positive ion mode, the cancer QC group showed 41.0% of metabolites with RSD < 15% and 61.5% with RSD < 30% (median RSD: 19.6%), while the control QC group had only 21.0% and 46.6%, respectively (median RSD: 32.8%). In the negative ion mode, the cancer QC group had 42.2% of metabolites with RSD < 15% and 65.5% with RSD < 30% (median RSD: 17.5%). The control QC group showed higher variability, with 18.8% of metabolites under 15% RSD and 46.2% under 30% RSD (median RSD: 33.4%). These results indicate good technical reproducibility for urine samples and moderate  reproducibility for serum, particularly in cancer QC pools. The higher variability observed in control serum QC may reflect lower signal intensities or matrix-related effects, as discussed previously in the metabolomics literature (Beger et al. 2019; Broadhurst et al. 2018; Dudzik et al. 2018).
In addition to PCA clustering and global RSD evaluation, LC-MS system stability was monitored by tracking the intensities of selected representative compounds across all pooled QC injections. These included both endogenous metabolites and features not present in the analyzed study pool, such as probable background ions and common laboratory contaminants (e.g., phosphocholines, plastic-related compounds, and excipients). As shown in Supplementary Information Figures S4–S6, the signal intensities of selected compounds remained stable across the run in both cancer and control QC samples, regardless of matrix (serum or urine) or ionization mode. The consistency of these signals further supports the absence of technical drift, injection carryover, or progressive ion suppression. Several features matched to known plastic-derived contaminants and phospholipids also showed consistent abundance, suggesting stable ionization efficiency and minimal impact from batch-to-batch variability. Importantly, the tracked features were not part of the biological pool used for statistical comparisons, minimizing the risk of signal bleed or biased signal reinforcement.
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Table S1. Clinical characteristics of kidney cancer patients and control subjects included in the serum and urine cohorts
	Characteristics
	Serum
	Urine

	
	Training set 
(n = 179)
	Validation set 
(n= 77)
	Training set 
(n = 179)
	Validation set 
(n= 77)

	
	Kidney cancer patients
	Non-cancer controls
	Kidney cancer patients
	Non-cancer controls
	Kidney cancer patients
	Non-cancer controls
	Kidney cancer patients
	Non-cancer controls

	No. of subjects
	39
	140
	17
	60
	41
	138
	18
	59

	Age (mean/SD)
	74/9
	64/12
	75/11
	64/11
	74/9
	55/15
	72/13
	64/15

	Sex
	
	
	
	
	
	
	
	

	    Male
	23
	78
	10
	32
	24
	83
	11
	36

	    Female
	16
	62
	7
	28
	17
	55
	7
	23

	Classification
	
	
	
	
	
	
	
	

	Benign
	5
	-
	3
	-
	5
	-
	3
	-

	Malignant
	34
	-
	14
	-
	36
	-
	15
	-

	Subtype
	
	
	
	
	
	
	
	

	AML
	2
	-
	1
	-
	2
	-
	1
	-

	ccRCC
	28
	-
	10
	-
	29
	-
	13
	-

	CDC
	1
	-
	0
	-
	0
	-
	1
	-

	chRCC
	1
	-
	1
	-
	1
	-
	0
	-

	OCT
	3
	-
	2
	-
	3
	-
	2
	-

	pRCC
	2
	-
	3
	-
	4
	-
	1
	-

	tcRCC
	1
	-
	0
	-
	1
	-
	0
	-

	UC 
	1
	-
	0
	-
	1
	-
	0
	-

	Gradea
	
	
	
	
	
	
	
	

	    G1
	4
	-
	2
	-
	5
	-
	2
	-

	    G2
	13
	-
	5
	-
	14
	-
	5
	-

	    G3
	11
	-
	5
	-
	12
	-
	6
	-

	    G4
	2
	-
	2
	-
	2
	-
	2
	-

	    NA
	9
	-
	3
	-
	8
	-
	3
	-

	Stage
	
	
	
	
	
	
	
	

	     pT1
	26
	-
	12
	-
	29
	-
	12
	-

	     pT2
	3
	-
	1
	-
	2
	-
	2
	-

	     pT3
	10
	-
	4
	-
	10
	-
	4
	-


[bookmark: _Hlk89868321]a Tumors were classified according to World Health Organization (WHO)/ International Society of Urological Pathology (ISUP) classification criteria; AML – angiomyolipoma; ccRCC - clear cell RCC; CDC - collecting duct carcinoma chRCC - chromophobe renal cell carcinoma; F – female; N0 - no nodal involvement; OCT - oncocytoma urothelial; pRCC - papillary RCC; T1a - tumor confined to kidney, <4 cm; T1b - tumor confined to kidney, >4 cm but <7 cm; T2a - tumor confined to kidney, >7 cm but not >10 cm; T2b - tumor confined to kidney, >10 cm; T3a: Tumor grossly extends into the renal vein or its segmental branches, or tumor invades perirenal and/or renal sinus fat but not beyond the Gerota fascia; T4: involves ipsilateral adrenal gland or invades beyond Gerota's fascia; tcRC - tubulocystic renal cell carcinoma; UC - urothelial
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Figure S1. Metabolomic analysis of serum samples from KC and NC groups in the validation set. (A) PCA and (B) OPLS-DA score plots distinguishing tumor (violet) and control (orange) serum samples. (C) Receiver Operating Characteristic (ROC) curves illustrating the diagnostic performance.
[image: ]
Figure S2. Metabolomic analysis of urine samples from KC and NC groups in the validation set. (A) PCA and (B) OPLS-DA score plots distinguishing tumor (violet) and control (orange) urine samples. (C) Receiver Operating Characteristic (ROC) curves illustrating the diagnostic performance.










Table S2. Cross-validation and permutation test results for OPLS-DA models distinguishing cancer from control in serum and urine samples.
	Model
	Set
	Component
	R2(X)
	R2(Y)
	Q2(Y)
	Permutation
(2000 iterations)

	
	
	
	
	
	
	R2(Y)
	Q2(Y)

	Cancer vs. Control
Serum
	Training
	P1 (Predictive)
	0.090
	0.829
	0.805
	0.989
	0.960

	
	
	O1 (Orthogonal in X)
	0.061
	0.121
	0.028
	
	

	
	Validation
	P1 (Predictive)
	0.105
	0.864
	0.810
	0.989
	0.919

	
	
	O1 (Orthogonal in X)
	0.076
	0.094
	0.079
	
	

	Cancer vs. Control
Urine
	Training
	P1 (Predictive)
	0.106
	0.831
	0.808
	0.990
	0.949

	
	
	O1 (Orthogonal in X)
	0.090
	0.083
	0.067
	
	

	
	Validation
	P1 (Predictive)
	0.161
	0.811
	0.788
	0.980
	0.923

	
	
	O1 (Orthogonal in X)
	0.114
	0.115
	0.097
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Figure S3 Principal component analysis (PCA) score plots based on the full datasets for urine (A) and serum (B), including pooled quality control (QC) samples.
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Figure S4.  Assessment of LC-MS system stability in positive ion mode for serum samples. The plot illustrates variation in selected feature intensities across pooled QC injections.
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Figure S5.  Assessment of LC-MS system stability in negative ion mode for serum samples. The plot illustrates variation in selected feature intensities across pooled QC injections.
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Figure S6.  Assessment of LC-MS system stability in positive ion mode for urine samples. The plot illustrates variation in selected feature intensities across pooled QC injections.

Table S3. Pathway analysis of differential metabolites annotated in serum extracts from kidney cancer patients and control group listed and ranked by statistical significance.
	KEGG and/or SMPDB pathway
	Hitsa
	Totalb
	P-valuec
	-log(p)
	Holm pd
	FDRe
	Impactf

	[bookmark: _Hlk196256552]Linoleic acid metabolism 
	3
	5
	0.0001
	4.1433
	0.0058
	0.0058
	1.0000

	Valine, leucine and isoleucine biosynthesis
	3
	8
	0.0004
	3.4131
	0.0305
	0.0155
	0.0000

	Glycerophospholipid metabolism
	4
	36
	0.0050
	2.2971
	0.3936
	0.1009
	0.2171

	Biosynthesis of unsaturated fatty acids
	4
	36
	0.0050
	2.2971
	0.3936
	0.1009
	0.0000

	Propanoate metabolism
	3
	22
	0.0088
	2.0571
	0.6663
	0.1403
	0.0410

	Alanine, aspartate and glutamate metabolism
	3
	28
	0.0172
	1.7648
	1.0000
	0.2291
	0.1138

	alpha-Linolenic acid metabolism
	2
	13
	0.0266
	1.5751
	1.0000
	0.2674
	0.3333

	Glycine, serine and threonine metabolism
	3
	33
	0.0267
	1.5728
	1.0000
	0.2674
	0.0515

	Ketone Body Metabolism
	2
	12
	0.0310
	1.5093
	1.0000
	1.0000
	0.0000

	Butanoate metabolism
	2
	15
	0.0349
	1.4569
	1.0000
	0.3104
	0.0000

	Alpha Linolenic Acid and Linoleic Acid Metabolism
	2
	16
	0.0531
	1.2748
	1.0000
	1.0000
	0.1556

	Citrate cycle (TCA cycle)
	2
	20
	0.0594
	1.2263
	1.0000
	0.4751
	0.1231

	Pyruvate metabolism
	2
	23
	0.0762
	1.1181
	1.0000
	0.5542
	0.0566

	Glycine and Serine Metabolism
	3
	50
	0.1114
	0.9531
	1.0000
	1.0000
	0.0673

	Nitrogen metabolism
	1
	6
	0.1149
	0.9398
	1.0000
	0.7643
	0.0000

	Valine, Leucine and Isoleucine Degradation
	3
	51
	0.1166
	0.9335
	1.0000
	1.0000
	0.0092

	Phospholipid Biosynthesis
	2
	25
	0.1167
	0.9329
	1.0000
	1.0000
	0.0997

	Citric Acid Cycle
	2
	26
	0.1246
	0.9044
	1.0000
	1.0000
	0.2136

	Porphyrin metabolism
	2
	31
	0.1269
	0.8964
	1.0000
	0.7643
	0.1273

	Glyoxylate and dicarboxylate metabolism
	2
	32
	0.1338
	0.8737
	1.0000
	0.7643
	0.0800

	Pyruvaldehyde Degradation
	1
	7
	0.1555
	0.8082
	1.0000
	1.0000
	0.0000

	Homocysteine Degradation
	1
	7
	0.1555
	0.8082
	1.0000
	1.0000
	0.0000

	Pyrimidine metabolism
	2
	39
	0.1836
	0.7363
	1.0000
	0.9545
	0.0399

	Porphyrin Metabolism
	2
	36
	0.2097
	0.6783
	1.0000
	1.0000
	0.0897

	Primary bile acid biosynthesis
	2
	46
	0.2357
	0.6277
	1.0000
	1.0000
	0.0000

	Methionine Metabolism
	2
	39
	0.2366
	0.6261
	1.0000
	1.0000
	0.0391

	Arginine biosynthesis
	1
	14
	0.2483
	0.6050
	1.0000
	1.0000
	0.0000

	D-Amino acid metabolism
	1
	15
	0.2636
	0.5791
	1.0000
	1.0000
	0.0000

	Threonine and 2-Oxobutanoate Degradation
	1
	13
	0.2701
	0.5685
	1.0000
	1.0000
	0.1429

	Ethanol Degradation
	1
	15
	0.3049
	0.5159
	1.0000
	1.0000
	0.2500

	Mitochondrial Electron Transport Chain
	1
	15
	0.3049
	0.5159
	1.0000
	1.0000
	0.0000

	Pentose and glucuronate interconversions
	1
	19
	0.3216
	0.4927
	1.0000
	1.0000
	0.0000

	Butyrate Metabolism
	1
	16
	0.3217
	0.4926
	1.0000
	1.0000
	0.0000

	Carnitine Synthesis
	1
	16
	0.3217
	0.4926
	1.0000
	1.0000
	0.0000

	Warburg Effect
	2
	49
	0.3268
	0.4857
	1.0000
	1.0000
	0.0523

	Pantothenate and CoA biosynthesis
	1
	20
	0.3354
	0.4744
	1.0000
	1.0000
	0.0068

	Betaine Metabolism
	1
	18
	0.3541
	0.4509
	1.0000
	1.0000
	0.1371

	Transfer of Acetyl Groups into Mitochondria
	1
	18
	0.3541
	0.4509
	1.0000
	1.0000
	0.0653

	Phytanic Acid Peroxisomal Oxidation
	1
	19
	0.3697
	0.4321
	1.0000
	1.0000
	0.0000

	Pentose phosphate pathway
	1
	23
	0.3752
	0.4258
	1.0000
	1.0000
	0.0442

	Glycolysis or Gluconeogenesis
	1
	26
	0.4127
	0.3844
	1.0000
	1.0000
	0.0148

	One carbon pool by folate
	1
	26
	0.4127
	0.3844
	1.0000
	1.0000
	0.0819

	Oxidation of Branched Chain Fatty Acids
	1
	22
	0.4145
	0.3825
	1.0000
	1.0000
	0.0000

	Bile Acid Biosynthesis
	2
	59
	0.4150
	0.3820
	1.0000
	1.0000
	0.0198

	Purine metabolism
	2
	70
	0.4150
	0.3819
	1.0000
	1.0000
	0.0000

	Beta-Alanine Metabolism
	1
	26
	0.4695
	0.3284
	1.0000
	1.0000
	0.0000

	Glycosylphosphatidylinositol (GPI)-anchor biosynthesis
	1
	32
	0.4812
	0.3177
	1.0000
	1.0000
	0.0367

	Pentose Phosphate Pathway
	1
	27
	0.4824
	0.3166
	1.0000
	1.0000
	0.0000

	Cysteine and methionine metabolism
	1
	33
	0.4919
	0.3082
	1.0000
	1.0000
	0.0598

	Selenoamino Acid Metabolism
	1
	28
	0.4951
	0.3053
	1.0000
	1.0000
	0.0000

	Fatty Acid Biosynthesis
	1
	33
	0.5540
	0.2565
	1.0000
	1.0000
	0.0249

	Tryptophan metabolism
	1
	41
	0.5697
	0.2444
	1.0000
	1.0000
	0.1431

	Arachidonic acid metabolism
	1
	44
	0.5958
	0.2249
	1.0000
	1.0000
	0.0000

	Glutamate Metabolism
	1
	45
	0.6698
	0.1741
	1.0000
	1.0000
	0.0000

	Arginine and Proline Metabolism
	1
	48
	0.6938
	0.1587
	1.0000
	1.0000
	0.0000

	Steroid hormone biosynthesis
	1
	87
	0.8374
	0.0771
	1.0000
	1.0000
	0.0000


aThe total number of metabolites in in the pathway;  bHits represent the number of detected metabolites from the MS data that match this pathway; cRaw P-value assessing whether the annotated metabolites are significantly associated with the pathway; dHolm-adjusted P-value correcting for multiple comparisons; eThe False Discovery Rate (FDR)-adjusted P-value; fPathway impact value calculated based on pathway topology analysis, indicating the functional significance of the pathway KEGG: Kyoto Encyclopedia of Genes and Genomes; SMPDB: The Small Molecule Pathway Database



Table S4. Pathway analysis of differential metabolites annotated in urine extracts from kidney cancer patients and control group listed and ranked by statistical significance.
	KEGG and/or SMPDB pathway
	Hitsa
	Totalb
	P-valuec
	-log(p)
	Holm pd
	FDRe
	Impactf

	[bookmark: _Hlk196256837]Linoleic acid metabolism
	2
	5
	0.0029
	2.5394
	0.2311
	0.1226
	1.0000

	Glycerophospholipid metabolism
	4
	36
	0.0031
	2.5136
	0.2421
	0.1226
	0.1377

	Tyrosine metabolism
	4
	42
	0.0054
	2.2665
	0.4223
	0.1444
	0.1436

	Sphingolipid metabolism
	3
	32
	0.0172
	1.7648
	1.0000
	0.3437
	0.1403

	Histidine metabolism
	2
	16
	0.0308
	1.5122
	1.0000
	0.4920
	0.0492

	Riboflavin metabolism
	1
	4
	0.0686
	1.1638
	1.0000
	0.9144
	0.5000

	Glutathione metabolism
	2
	28
	0.0851
	1.0699
	1.0000
	0.9730
	0.2631

	Phospholipid Biosynthesis
	2
	25
	0.1086
	0.9642
	1.0000
	1.0000
	0.0376

	Phenylalanine metabolism
	1
	8
	0.1326
	0.8774
	1.0000
	1.0000
	0.0000

	Pyruvaldehyde Degradation
	1
	7
	0.1495
	0.8254
	1.0000
	1.0000
	0.0000

	Tryptophan metabolism
	2
	41
	0.1609
	0.7935
	1.0000
	1.0000
	0.0529

	Caffeine metabolism
	1
	10
	0.1630
	0.7878
	1.0000
	1.0000
	0.6923

	Glycerol Phosphate Shuttle
	1
	8
	0.1690
	0.7721
	1.0000
	1.0000
	0.0000

	Phenylacetate Metabolism
	1
	8
	0.1690
	0.7721
	1.0000
	1.0000
	0.0000

	alpha-Linolenic acid metabolism
	1
	13
	0.2067
	0.6847
	1.0000
	1.0000
	0.0000

	Methionine Metabolism
	2
	39
	0.2220
	0.6537
	1.0000
	1.0000
	0.0387

	Butanoate metabolism
	1
	15
	0.2346
	0.6297
	1.0000
	1.0000
	0.0000

	Ketone Body Metabolism
	1
	12
	0.2429
	0.6146
	1.0000
	1.0000
	0.0000

	Steroidogenesis
	2
	42
	0.2478
	0.6059
	1.0000
	1.0000
	0.0075

	Phosphatidylethanolamine Biosynthesis
	1
	13
	0.2604
	0.5844
	1.0000
	1.0000
	0.0000

	Catecholamine Biosynthesis
	1
	14
	0.2774
	0.5568
	1.0000
	1.0000
	0.3333

	Spermidine and Spermine Biosynthesis
	1
	14
	0.2774
	0.5568
	1.0000
	1.0000
	0.0000

	Fructose and mannose metabolism
	1
	20
	0.3003
	0.5225
	1.0000
	1.0000
	0.0000

	beta-Alanine metabolism
	1
	21
	0.3127
	0.5048
	1.0000
	1.0000
	0.0000

	Betaine Metabolism
	1
	18
	0.3421
	0.4659
	1.0000
	1.0000
	0.0000

	Glycerolipid Metabolism
	1
	23
	0.4151
	0.3819
	1.0000
	1.0000
	0.0000

	Phenylalanine and Tyrosine Metabolism
	1
	25
	0.4421
	0.3545
	1.0000
	1.0000
	0.1947

	Glycine, serine and threonine metabolism
	1
	33
	0.4466
	0.3501
	1.0000
	1.0000
	0.0000

	Cysteine and methionine metabolism
	1
	33
	0.4466
	0.3501
	1.0000
	1.0000
	0.0209

	Steroid hormone biosynthesis
	2
	87
	0.4586
	0.3386
	1.0000
	1.0000
	0.0373

	Biosynthesis of unsaturated fatty acids
	1
	36
	0.4759
	0.3225
	1.0000
	1.0000
	0.0000

	Fructose and Mannose Degradation
	1
	28
	0.4803
	0.3185
	1.0000
	1.0000
	0.0000

	Fatty acid degradation
	1
	39
	0.5037
	0.2979
	1.0000
	1.0000
	0.0000

	Amino sugar and nucleotide sugar metabolism
	1
	42
	0.5301
	0.2757
	1.0000
	1.0000
	0.0000

	Arachidonic acid metabolism
	1
	44
	0.5469
	0.2621
	1.0000
	1.0000
	0.0000

	Pyruvate Metabolism
	1
	37
	0.5806
	0.2361
	1.0000
	1.0000
	0.0000

	Fatty Acid Metabolism
	1
	40
	0.6097
	0.2149
	1.0000
	1.0000
	0.0000

	Glutamate Metabolism
	1
	45
	0.6540
	0.1844
	1.0000
	1.0000
	0.0000

	Purine metabolism
	1
	70
	0.7192
	0.1432
	1.0000
	1.0000
	0.0162

	Pyrimidine Metabolism
	1
	54
	0.7218
	0.1416
	1.0000
	1.0000
	0.0000

	Sphingolipid metabolism
	3
	32
	0.0172
	1.7648
	1.0000
	0.3437
	0.1403


aThe total number of metabolites in in the pathway;  bHits represent the number of detected metabolites from the MS data that match this pathway; cPathway impact value calculated based on pathway topology analysis, indicating the functional significance of the pathway; dRaw P-value assessing whether the annotated metabolites are significantly associated with the pathway; eThe False Discovery Rate (FDR)-adjusted P-value; fExpected number of hits in the pathway under a random distribution of metabolites; KEGG: Kyoto Encyclopedia of Genes and Genomes; SMPDB: The Small Molecule Pathway Database
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