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Supplementary Material S1 
DI/LC-MS/MS compound identification and quantification
To determine concentrations of ACs, BAs, glycerophospholipids, sphingolipids, AAs, and hexose in the serum samples, a targeted quantitative metabolomics approach was applied using a combination of direct injection and tandem mass spectrometry (DI-MS/MS) with a reverse-phase liquid chromatography and tandem mass spectrometry (LC-MS/MS) kit. 
The kit (AbsoluteIDQ 180) is a commercially available assay from BIOCRATES Life Science AG (Innsbruck, Austria). This kit assay is used in combination with an ABI 4000 Q-Trap (Applied Biosystems/MDS Sciex, Foster City, CA) mass spectrometer, and can be used for the targeted identification and quantification of up to 180 different endogenous metabolites. Amino acids and BAs were analyzed by a LC-MS/MS method, whereas all other metabolites were quantified by DI-MS/MS. The method combined the derivatization and extraction of analytes with the selective mass spectrometric detection using multiple reaction monitoring (MRM) pairs. Isotope-labeled internal standards and other internal standards were integrated into a kit plate filter for metabolite quantification. The AbsoluteIDQ 180 kit contains a 96 deep-well plate with a filter plate, along with sealing tape and reagents and solvents used to prepare the plate assay. The first 14 wells (1 blank, 3 zero samples, 7 standards, and 3 quality control samples) in the kit were used for quality control and standardization, with the remaining 82 being available for serum sample analysis. Serum samples were left to thaw on ice and were vortexed and centrifuged at 13,000 × g at 4 °C for 3 min. Ten μL of each serum sample were loaded onto the center of the filter on the upper 96-well kit plate and dried under a stream of nitrogen using Zanntek Analytical Evaporator (Glas-Col, Terre Haute, IN, USA). Subsequently, 10 μL of a 5% solution of phenylisothiocyanate was added for derivatization. After incubation, the filter spots were dried again using the same evaporator. Extraction of metabolites was accomplished by adding 300 μL methanol containing 5 mM ammonium acetate. The extracts were obtained by centrifugation using Sorvall Evolution RC Superspeed Centrifuge (Fisher Scientific, Toronto, ON, Canada) into the lower 96 deep-well plate, followed by a dilution step with 600 μL of the MS running solvent in the kit. Mass spectrometric analysis was achieved on an ABI 4000 Q-trap tandem mass spectrometry instrument (Applied Biosystems/MDS Analytical Technologies, Foster City, CA) equipped with a solvent delivery system. The Biocrates MetIQ software, which was included in the kit was used to control the entire assay workflow, from sample registration to automated calculation of metabolite concentrations to the export of data into other data analysis programs. A targeted profiling scheme was used to quantify all detectable metabolites using MRM, neutral loss, and precursor ion scans.

Statistical analysis

Univariate analysis of data was performed using Wilcoxon-Mann-Whitney (rank sum) test provided by R (Version 3.0.3, R Development Core Team, 2008). Statistical significance was declared at P < 0.05. All metabolomic data were analyzed using the MetaboAnalyst software (Xia et al., 2009). Metabolites that were frequently (>20%) below the limit of detection or with at least 20% missing values were removed from consideration. Data normalization of metabolite concentration was done prior to statistical analysis and pathway analysis to create a Gaussian distribution (Xia et al., 2009). In this study, we used log-transformed and auto-scaling metabolite values. Data from the healthy control cows (CON) and those from RP group were compared at each time point (-8, -4, disease diagnosis wk, +4, and +8 weeks around calving), separately. 

Principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA), quantitative enrichment analysis, and metabolic pathway analysis were performed via MetaboAnalyst. In the PLS-DA model, a VIP (variable importance in the projection) plot was used to rank the metabolites based on their importance in discriminating RP group from the group of CON cows. Metabolites with the highest VIP values are the most powerful group discriminators. Typically, VIP values >1 are significant and VIP values >2 are highly significant. A 2,000 permutation test was implemented to validate the reliability of the model because it used random resampling of RP and CON cows to determine the probability that the RP and CON groups are a result of chance. Biomarker profiles and the quality of the biomarker sets were determined using receiver-operator characteristic (ROC) curves as calculated by MetaboAnalyst 3.0 (Xia et al. 2015). Paired sensitivity and false-positive ratios (1-specificity) at different classification decision boundaries were calculated. A ROC curve was plotted with sensitivity values on the Y-axis and the corresponding false-positive rates (1- specificity) on the X-axis. ROC curves are often summarized into a single metric known as the area under the ROC curve (AUC), which indicates the accuracy of a test for correctly distinguishing one group such as RP cows from CON ones. If all positive samples are ranked before negative ones, the AUC is 1.0, which indicates a perfect discriminating test. The 95% confidence interval (CI) and P values also were calculated. A rough guide for assessing the utility of a biomarker set based on its AUC is 0.9~1.0 = excellent; 0.8~0.9 = good; 0.7~0.8 = fair; 0.6~0.7 = poor; 0.5~0.6 = fail. Permutation test was conducted for each ROC curve at different time points with 1,000 permutations.

Hierarchical cluster analysis (HCA) was performed using MetaboAnalyst. For distance measurements we used the Euclidian and Ward algorithm for clustering. The results are shown as a heatmap.


