ELECTRONIC SUPPLEMENTARY INFORMATION AND DATA
Xcalibur applicationfor TS-MS data analysis, expanded methods section
Xcalibur (Thermo Fisher Scientific, Waltham Massachusetts) software was used to process data from each touch.  Mass spectral selection from each total ion current (TIC) was performed as follows. The TIC maximum normalized peak was first evaluated.  Each mass spectrum within the TIC maximum peak was individually evaluated for an abundance of 103 instrument counts or greater.  If no mass spectral signal was detected, or if the mass spectral signal intensity was not greater than three times the noise qualitatively determined from the baseline of the spectrum or did not include mass spectral peaks in the phospholipid region, the mass spectrum was rejected.  If each mass spectrum of the TIC maximum peak were rejected, each peak in the TIC was evaluated in a similar fashion. If all evaluated TIC peaks were rejected, the data for this touch were excluded.  If more than one mass spectrum of a touch was accepted, TIC adjacent mass spectra were averaged and the average mass spectrum was exported to Excel (Microsoft, Spokane, WA USA).  TIC non-adjacent mass spectra were individually exported to Excel.
Xcalibur was used to export average mass spectrum for each grouping of mass spectra.  Each average mass spectrum (list of m/z values and ion abundances) was imported into Excel.  Each average mass spectrum was subjected to standard normal variate (SNV) transformation in MATLAB (The MathWorks, Inc., Natick, MA USA).  SNV transformation calculates the average and standard deviation of all data points in a mass spectrum and subtracts each data point from the mean and divides each data point by the standard deviation. All spectra were mean-centered for the same m/z value across all mass spectra.
Principal Component Analysis (PCA), expanded methods section
An in-house program was used to convert Xcalibur MS data files (*.raw) into ASCII files (*.txt).  ASCII files were imported into Excel spreadsheets which were used to import the data into MATLAB.  For TIC normalization, in-house scripts or Excel were used to normalize each average mass spectrum by the spectrum’s total ion current.  All spectra for each DESI and TS dataset were mean-centered (i.e., column centered) for the same m/z value across all mass spectra.  PCA was performed on TIC normalized, mean-centered data for DESI datasets. In other analyses, as an alternative to TIC normalization, DESI datasets were pretreated by standard normal variate (SNV) transformation and provided similar results.  PCA was performed on SNV, mean centered data for TS datasets.

Principal Component Analysis - Linear Discriminant Analysis (PCA-LDA), expanded methods section
Models were built using all of the objects based on each analyzed target set.  Linear Discriminant Analysis (LDA) was applied to the DESI target datasets of TIC normalized, mean centered mass spectra after compression by PCA, thereby using as variables the principal components instead of the original mass spectral data.  LDA was performed as a supervised discriminant classification technique.  Discriminant methods look for a delimiter that divides the global domain into a number of regions, each assigned to one of the classes.  This delimiter identifies an open region for each class and such regions determine the assignment of the data (mass spectra) to one of the classes [12].  Model validation, specifically evaluation of the predictive ability of the model, was performed by means of cross-validation (CV) [12]. For this study, a selected number of cross-validation deletion groups were utilized, meaning that all of the mass spectra (DESI dataset n=50 and TS dataset n=151) were divided systematically and by a selected number of times into a deletion group and retained group, with each mass spectrum being in the deletion group only once. A deletion group involves selecting a portion of the dataset.  The retained group is used to cross validate the deletion group. This process is performed the selected number of times.    
LDA models used for supervised discriminant classification were built using two to six principal components. The models were chosen to provide the least number of false results (e.g., highest prediction rates) in cross validation and where the cumulative variance of the number of chosen principal components (PCs) suggests inclusion of substantially signal and not substantially noise.

PCA-LDA on DESI-MSall samples, expanded methods and results
PCA-LDA was also performed on the same dataset of DESI-MS average mass spectra to quantify the separation between normal urothelium, high-risk breed InvUC and low-risk breed InvUC.  The dataset including distinct InvUC and distinct urothelial average mass spectra from DESI-MS negative mode m/z range 277 – 286 and 557 – 568.  By “distinct” we mean that histopathology characterized each averaged mass spectrum as including only InvUC or normal urothelial tissue.  For this DESI three class model, high InvUC risk breeds’ averaged mass spectra included fourteen averaged mass spectra (n=14). Low InvUC risk breeds’ averaged mass spectra and normal urothelial average mass spectra each included nine averaged mass spectra (n=9).  We recognize the limited number of data points used as the basis for PCA-LDA and hypothesize that larger data sets and more detailed pathological evaluation could improve classification of InvUC and normal average mass spectra.  The first four PCs were used for classification.  The first four PCs provided 90% of the cumulative variance.  More than four PCs did not substantially increase the prediction rates for any class.  Four cross-validation deletion groups were used.  Four or more cross validation deletion groups did not substantially increase the prediction rates for any class.  
PCA-LDA of TS-MS data, expanded methods
PCA-LDA was performed on the selected dataset of TS-MS mass spectra to quantify the separation between normal urothelium and InvUC.  The selected dataset included homogeneous InvUC and normal urothelial mass spectra using selected peaks from TS-MS negative mode m/z range 277 – 286 and 557 – 568.  By homogeneous we mean that histopathology characterized the touch including only InvUC or normal urothelial tissue.  For this TS two-class model, normal urothelial mass spectra included fifty-one mass spectra (n=51) and InvUC mass spectra included one hundred mass spectra (n=100).  The first five PCs were used for classification. More than five PCs did not substantially increase the prediction rates for both classes (normal urothelium and InvUC).  Five cross-validation deletion groups were used.  The first five PCs provided 77.4% of the cumulative variance.  Five or more cross validation deletion groups did not substantially increase the prediction rates for either class (normal urothelium or InvUC).  
PCA-LDA was performed on the same dataset of DESI-MS average mass spectra including unknown breeds to quantify the separation between normal urothelium and InvUC.  The dataset included homogeneous InvUC and normal urothelium average mass spectra from DESI-MS negative mode m/z range 277 – 286 and 557 – 568.  For this DESI two class model, InvUC averaged mass spectra included forty-one averaged mass spectra (n=41). Normal urothelium average mass spectra included nine averaged mass spectra (n=9).  We recognize the limited number of data points used as the basis for PCA-LDA and hypothesize that larger data sets and more detailed pathological evaluation might improve classification of InvUC and normal average mass spectra. The first four PCs were used for classification.  The first four PCs provided 87.4% of the cumulative variance.  More than four PCs did not substantially increase the prediction rates for any class. Five cross-validation deletion groups were used.  Four or more cross validation deletion groups did not substantially increase the prediction rates for any class.  
Supplementary data - progression of analysis of TS-MS data
PCA of TS-MS data was first performed on the entire mass spectral range (m/z 200 – 1000) (Supplemental Fig. S1). Although there was not a clear distinction between InvUC and normal urothelium using this broad range, peaks of interest emerged.1 In the next step in the progression of the analysis, the data range was narrowed to focus on areas where the peaks (m/z values)[footnoteRef:2] substantially contributed to the separation (as characterized by m/z peak loops emanating from the origin in the same orientation as the axis of separation between InvUC and normal urothelium).  For example, m/z 281.5 (oleic acid) and m/z 563.5 (oleic acid dimer) for abundance in InvUC were selected, among others. PCA was performed on TS-MS data using selected peaks within negative mode m/zrange 252 – 888[footnoteRef:3], as illustrated by Supplemental Fig. S2. A combination of principal components were identified in Supplemental Fig. S2 score plot that substantially increased separation of InvUC and normal urothelial average mass spectra relative to Supplemental Fig. S1.  As m/z 281.5 (oleic acid) and m/z 563.5 (oleic acid dimer)were the principal m/z values substantially contributed to separation between InvUC and normal, only ranges including those peaks were used providing the results shown in Fig. 2 in the main body of the paper. For convenience, this same figure (Fig. 2, body of the paper) is also included as Supplemental Fig. S3 along with an expanded loading plot.  [2: Selected m/z values included 252 – 258, 262 – 268, 277 – 286, 294 – 300, 301 – 314, 322 – 328, 336 – 342, 532 – 542, 557 – 568, 580 – 590, 604 – 610, 726 – 734, 750 – 762, 770 – 776, 785 – 791, 807 – 816, 835 – 847, 860 – 866, and 882 – 888.]  [3: Selected m/z values included 252 – 258, 262 – 268, 277 – 286, 294 – 300, 301 – 314, 322 – 328, 336 – 342, 532 – 542, 557 – 568, 580 – 590, 604 – 610, 726 – 734, 750 – 762, 770 – 776, 785 – 791, 807 – 816, 835 – 847, 860 – 866, and 882 – 888.] 
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Supplemental Fig. S1.In A, the PCA score plot (PC1 vs. PC5) displays little separation of InvUC from normal urothelial tissue using m/z range 200 – 1000 acquired by TS-MS negative mode. Normal urothelial mass spectra are represented by green circles; InvUC mass spectra are represented by red triangles. In B, the PCA loading plot (PC1 vs. PC5) shows minimal differentiation based on m/z 563 (oleic acid dimer) (shown in negative PC1 and near zero PC5 coefficients) and m/z 281.d (oleic acid) (shown in negative PC1 and positive PC5 coefficients) when data from the entire range (m/z 200 – 1000) were included.  Please note that m/z 311, 325, and 339 (positive PC1 and negative PC5 coefficients) are background peaks.
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Supplemental Fig. S2.A. PCA score plot (PC1 vs. PC4) displays substantial separation of InvUC from normal urothelial tissue using selected peaks from TS-MS negative mode m/z range 252 – 888[footnoteRef:4]. Normal urothelial mass spectra are represented by green circles; InvUC mass spectra are represented by red triangles. In B, the PCA loading plot (PC1 vs. PC4) shows substantial differentiation based on m/z 563 (oleic acid dimer) (shown in negative PC1 and PC4 coefficients) and m/z 281 (oleic acid) (shown near zero PC1 coefficients and positive PC2 coefficients).   [4: Selected m/z values included 252 – 258, 262 – 268, 277 – 286, 294 – 300, 301 – 314, 322 – 328, 336 – 342, 532 – 542, 557 – 568, 580 – 590, 604 – 610, 726 – 734, 750 – 762, 770 – 776, 785 – 791, 807 – 816, 835 – 847, 860 – 866, and 882 – 888.] 
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Supplemental Fig. S3.A. PCA score plot (PC1 vs. PC4) displays substantial separation of InvUC from normal urothelial mass spectra using selected peaks from TS-MS negative mode m/z range 277 – 268 and 557 - 568. Normal urothelial mass spectra are represented by green circles; InvUC mass spectra are represented by red triangles. B. The PCA loading plot (PC1 vs. PC4) distinguishes InvUC from normal urothelium based on m/z 563 (oleic acid dimer) (shown in negative PC1 and PC2 coefficients) and m/z 281 (oleic acid) (shown positive PC1 coefficients and positive and negative PC4 coefficients).


TS-MS supplementary data analysis
[bookmark: _GoBack]Supplemental Fig. S4 and S5 illustrate the different values obtained between InvUC and normal urothelial mass spectra for values around m/z 281.5 and m/z 563.  One Way ANOVA of summed m/z 562 to 564.5 for TIC normalized and mean centered normal urothelial and InvUCmass spectra yielded a p value of 4 * 10-14.  One Way ANOVA of the maximum value within the range of m/z 281 to 283 for TIC normalized and mean centered normal urothelial and InvUCmass spectra yielded a p value of 4 * 10-10.  One Way ANOVA of integrated m/z 281 to 283 for TIC normalized and mean centered normal urothelial and InvUCmass spectra yielded a p value of 1.1 * 10-6.  
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Supplemental Fig. S4. The plot displays averaged InvUC and normal urothelial mass spectra from m/z 557 to m/z 568.
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Supplemental Fig. S5. The plot displays averaged InvUC and normal urothelial mass spectra from m/z277 to m/z285. Note the peak at 281.5 in InvUC and the peak of 283.5 in the normal urothelium. As noted in the Figure 2 legend, m/z 283.5 was particularly high in two samples from normal urothelium, and not as high in other normal samples.  This plot excludes those two samples “DN” and “EA”.
DESI-MS supplementary data analysis
In the analysis of the DESI-MS data, a trend was observed for differences between the InvUC spectra in dogs in high-risk breeds compared to dogs in low-risk breeds.  The trend was for m/z 281.5 and m/z 563.5 to be even more abundant in high-risk breeds than in low-risk breeds (Fig S6). This finding was in addition to the finding of m/z 281.5 and m/z 563.5 being more abundant in InvUC (across all breeds) than in normal urothelium. The differences in the spectra between breeds was not observed in TS-MS data. This is not unexpected because TS-MS analysis is based on less data than DESI-MS analysis. 
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Supplemental Fig. S6.  PCA score plot and loading plot for DESI-MS negative mode data m/z range 277 – 286 and 557 – 586, from canine InvUC from high-risk breeds (solid red triangles), low-risk breeds (open red squares), and from normal urothelium (green circles). A. PCA score plot (PC1 vs. PC3) demonstrates the separation between the average mass spectra from InvUC vs normal urothelium. There is a possible trend towards separation of the InvUC spectra based on high-risk vs low-risk breed dogs.  An InvUC / normal urothelium dividing region consisting of a pair of dividing lines runs from Cartesian coordinates -2,-4 to 10,4 and -4,-4 to 10,5.  An InvUC subgroup (high-risk breed / low-risk breed) dividing line runs substantially orthogonal to the InvUC / normal dividing line, 4,-4 to -8,4. In B, the PCA loading plot (PC1 vs. PC3) substantially distinguishes disease state (tumor vs normal) based on m/z 283.5 (shown in positive PC1 and near zero PC3 coefficients) and based on m/z 563.5 (shown in negative PC1 and near zero PC3 coefficients). C.  PCA score plot (PC3 vs. PC4) correlates well to distinguish samples from high-risk breeds from low-risk breeds.  A breed risk dividing line runs from Cartesian coordinates (-4,2.5) to (2,-3). D. PCA loading plot (PC3 vs. PC4) distinguishes high-risk breed InvUC from low-risk breed InvUC based on m/z 281.5 (shown in positive PC3 and positive PC4 coefficients) and on m/z 563 (shown in positive PC3 and negative to near zero PC4 coefficients).  
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TS-MS averaged InvUC and normal urothelial touch scans
average TCC	277.00000199999999	277.08333599999963	277.16666900000001	277.25000199999999	277.33333599999963	277.41666899999984	277.50000199999999	277.58333599999963	277.66666900000001	277.75000199999999	277.83333599999963	277.91666899999984	278.00000199999999	278.08333599999963	278.16666900000001	278.25000199999999	278.33333599999963	278.41666899999984	278.50000199999999	278.58333599999963	278.66666900000001	278.75000199999999	278.83333599999963	278.91666899999984	279.00000199999999	279.08333599999963	279.16666900000001	279.25000199999999	279.33333599999963	279.41666899999984	279.50000199999999	279.58333599999963	279.66666900000001	279.75000199999999	279.83333599999963	279.91666899999984	280.00000199999999	280.08333599999963	280.16666900000001	280.25000199999999	280.33333599999963	280.41666899999984	280.50000199999999	280.58333599999963	280.66666900000001	280.75000199999999	280.83333599999963	280.91666899999984	281.00000199999999	281.08333599999963	281.16666900000001	281.25000199999999	281.33333599999963	281.41666899999984	281.50000199999999	281.58333599999963	281.66666900000001	281.75000199999999	281.83333599999963	281.91666899999984	282.00000199999999	282.08333599999963	282.16666900000001	282.25000199999999	282.33333599999963	282.41666899999984	282.50000199999999	282.58333599999963	282.66666900000001	282.75000199999999	282.83333599999963	282.91666899999984	283.00000199999999	283.08333599999963	283.16666900000001	283.25000199999999	283.33333599999963	283.41666899999984	283.50000199999999	283.58333599999963	283.66666900000001	283.75000199999999	283.83333599999963	283.91666899999984	284.00000299999999	284.08333599999963	284.16666900000001	284.25000299999999	284.33333599999963	284.41666899999984	284.50000299999999	284.58333599999963	284.66666900000001	284.75000299999999	284.83333599999963	284.91666899999984	285.00000299999999	285.08333599999963	285.16666900000001	285.25000299999999	285.33333599999963	285.41666899999984	285.50000299999999	285.58333599999963	285.66666900000001	285.75000299999999	285.83333599999963	285.91666899999984	286.00000299999999	51.58086823999998	59.365836320000035	68.900097109999948	79.719397909999984	91.621018169999971	99.970122940000067	101.14799134	98.242389019999948	94.001232060000007	90.86597557999994	89.390969550000023	85.079078009999918	83.297609750000035	80.938103749999996	79.537518320000032	81.995116460000048	80.644010460000061	80.286116530000015	81.450117819999988	83.308382329999915	91.50687589999994	105.05062585	133.65768031000007	189.57147328999997	294.01542897000013	472.92819571999968	697.74132499999939	947.91475262999995	1207.1557681400009	1444.5404687200003	1577.8784748399989	1657.5816837400009	1671.5210866699992	1649.6396852599992	1601.5815863400012	1506.6004101099998	1436.8057401799992	1369.4262028599999	1302.5401801600001	1265.5460751900007	1228.5821698200002	1187.3403729099998	1157.2847554000004	1118.6815749199986	1080.6844785199983	1044.8788511700006	1038.8811153699999	1075.1127964099999	1169.7834640599992	1384.02227597	1728.5192558099995	2171.5012700699999	2666.2730802500009	3165.4192769900001	3450.1882828599992	3609.4352357100011	3601.4662899799987	3505.5069889799997	3343.7998504799989	3150.4448158900013	2935.1879488199997	2766.346673779999	2615.3229170500008	2538.0874885499998	2469.864961159999	2416.8161922500026	2366.2789249899997	2296.3021787600005	2198.8517040300026	2067.9457926200002	1948.0916923200002	1844.1636895399988	1779.71330947	1798.6349698599988	1889.7936246600002	2034.4715338200001	2194.7616564199993	2296.8686790899997	2306.7674119399999	2244.3585500300014	2112.4058194100003	1938.549544460001	1778.7467273700001	1606.9267526700005	1459.3520414099999	1346.67560387	1262.7774037100003	1223.1234727799992	1187.2462235499995	1142.27735153	1093.5687644000009	1035.9735187700001	963.03427987999999	891.78220729999987	817.40127981999956	751.34336692999977	689.3553448599996	630.88181304000011	581.22528941999951	536.14828827000053	499.81411664999962	464.16682740999983	426.50126981000011	388.20019344999974	352.77695868999984	322.65056873999981	289.10316496999985	255.62462283000008	average Normal -DN-EA	277.00000199999999	277.08333599999963	277.16666900000001	277.25000199999999	277.33333599999963	277.41666899999984	277.50000199999999	277.58333599999963	277.66666900000001	277.75000199999999	277.83333599999963	277.91666899999984	278.00000199999999	278.08333599999963	278.16666900000001	278.25000199999999	278.33333599999963	278.41666899999984	278.50000199999999	278.58333599999963	278.66666900000001	278.75000199999999	278.83333599999963	278.91666899999984	279.00000199999999	279.08333599999963	279.16666900000001	279.25000199999999	279.33333599999963	279.41666899999984	279.50000199999999	279.58333599999963	279.66666900000001	279.75000199999999	279.83333599999963	279.91666899999984	280.00000199999999	280.08333599999963	280.16666900000001	280.25000199999999	280.33333599999963	280.41666899999984	280.50000199999999	280.58333599999963	280.66666900000001	280.75000199999999	280.83333599999963	280.91666899999984	281.00000199999999	281.08333599999963	281.16666900000001	281.25000199999999	281.33333599999963	281.41666899999984	281.50000199999999	281.58333599999963	281.66666900000001	281.75000199999999	281.83333599999963	281.91666899999984	282.00000199999999	282.08333599999963	282.16666900000001	282.25000199999999	282.33333599999963	282.41666899999984	282.50000199999999	282.58333599999963	282.66666900000001	282.75000199999999	282.83333599999963	282.91666899999984	283.00000199999999	283.08333599999963	283.16666900000001	283.25000199999999	283.33333599999963	283.41666899999984	283.50000199999999	283.58333599999963	283.66666900000001	283.75000199999999	283.83333599999963	283.91666899999984	284.00000299999999	284.08333599999963	284.16666900000001	284.25000299999999	284.33333599999963	284.41666899999984	284.50000299999999	284.58333599999963	284.66666900000001	284.75000299999999	284.83333599999963	284.91666899999984	285.00000299999999	285.08333599999963	285.16666900000001	285.25000299999999	285.33333599999963	285.41666899999984	285.50000299999999	285.58333599999963	285.66666900000001	285.75000299999999	285.83333599999963	285.91666899999984	286.00000299999999	58.160830346938845	65.525969163265316	76.090688020408152	86.573512999999949	96.927479326530658	105.18320132653056	105.00960742857146	99.333904530612273	92.805421959183619	88.862957244897956	81.620850795918372	77.377059959183669	75.715728142857088	72.639089428571438	70.162814204081599	66.977768775510185	66.79925410204082	67.019684510204073	67.474617408163297	67.672865163265243	67.115182857142798	67.577118510204059	74.284002734693857	100.61696536734696	164.40530489795921	260.70059665306138	417.57233777550994	614.0962899387755	856.12048028571428	1083.0462306938778	1170.0662206530608	1201.2063457551017	1139.94141344898	1065.1668327755099	1016.642841632653	958.02142675510197	923.15728689795856	863.19931895918421	854.13869242857152	857.41788567346907	872.37958673469404	871.23149853061284	859.82277108163271	847.8971695306119	808.04055044897939	750.7146482448984	703.19287189795932	673.22100671428541	669.40734948979571	685.75211422448933	746.83209369387748	837.60889893877584	954.33420379591746	1081.591567857143	1140.0138965714279	1130.8398290408159	1056.3583531224494	963.78405108163304	880.61077867346955	786.77011479591795	729.67373565306207	682.01690987755103	661.5452570408163	641.948189244898	634.33195497959184	634.5601825510206	619.98324030612275	613.05287116326531	571.10446865306142	534.39878502040801	512.80766930612242	494.89234871428528	534.83001273469358	669.05214063265294	926.23190489795866	1295.2213343673459	1720.6959801632656	2147.7616994081618	2376.0457391020404	2460.2045660816316	2395.5711227551033	2240.921791877553	2039.1903938775502	1796.5975794081635	1604.2443731836731	1425.961425979591	1348.4441407959175	1314.3271909795908	1294.3716701428568	1309.20172244898	1305.503102755102	1277.4085113877563	1192.3379277755103	1102.2369658571433	1004.4226660408159	882.13174910204066	800.19632965306153	723.01022979591744	663.5190331836734	607.57325230612287	579.4318965510206	549.68477685714356	494.20582295918354	445.26296453061235	398.74541028571434	347.95375959183673	305.32205379591835	270.22923506122413	245.2702524285713	
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