Supplementary Methods
Development of the subtype prediction models
Hierarchical clustering analysis to produce sample labels
Totally 523 TCGA breast cancer samples with data both in Microarray and RNA-seq were used in hierarchical clustering analysis (HCA) to produce sample labels using 1574 intrinsic genes listed in the “intrinsic gene” list1. The Microarray and RNA-seq data were Z-score normalized in gene level and then combined for HCA. The distance measurement and aggregation method used were “Euclidean” and “Ward.D”, respectively. Samples that clustered in the same terminal cluster with both Microarray and RNA-seq data were labeled as “clustered by samples” (n=503). Five clusters were determined in the HCA results and labeled as Subtypes 1 to 5.
Supervised learning for develop prediction models of Breast Cancer
Samples labeled as “Clustered by samples” were used to build prediction models. These samples were randomly assigned to training and testing groups in a 2:1 ratio. Then, 12 models were developed for common (n=14090) and intrinsic (n=1574) genes using Microarray and RNA-seq data. During model development, 5- or 10-fold cross-validation was performed to avoid overfitting. Except for the Gene-pairs Model, all other models were built 20 times. The models with the highest Matthews correlation coefficient (MCC) among the 20 built models were used to predict sample subtypes.
The details of the models are described below:
Gene-pairs: The model was trained and tested using scripts from the AIMS2 GitHub repository (https://github.com/meoyo/trainAIMS) with some modifications made to the trainAIMS function. The modified trainAIMS function was used for training the model, while the predict.one.vs.all.tsp function was used for predicting samples. The Kappa and MCC were reported by the confusionMatrix function in the caret package (https://CRAN.R-project.org/package=caret) and the mcc function in the mltools package (https://CRAN.R-project.org/package=mltools), respectively.
PAM: The model was trained using pamr3 package (https://CRAN.R-project.org/package=pamr). The pamr.train function was used to train the model, employing the delta value that was reported by the pamr.cv function and corresponded to the minimum cross-validation errors. Samples were predicted using the pamr.predict function. Kappa and MCC were calculated using the same method as in the Gene-pairs model.
PAM+Spearman: The model was trained using the same approach as the PAM model, with the only difference being that the Spearman coefficient was used to determine the class of each sample. Specifically, The samples were assigned to the class with the highest Spearman correlation to its respective class centroids, which were extracted using the pamr.predict function with the "type=centroid" parameter. Kappa and MCC were calculated using the same method as in the Gene-pairs model.
ClaNC: The model was trained and tested using scripts obtained from the related links of the author of the ClaNC4 paper (https://www.stat.tamu.edu/~adabney/clanc/clanc.zip). The model was trained using the trainClanc and buildClanc functions, with the number of active genes selected to produce the least cross-validation error as determined by the cvClanc function. Samples were predicted using the predictClanc function. Kappa and MCC were calculated using the same method as in the Gene-pairs model.
ClaNC+PAM: The model was trained using the same method as the ClaNC model. The main difference between this model and the ClaNC model is the sample prediction method. In the ClaNC+PAM model, samples were predicted using the pamr.predict function from the pamr package. Kappa and MCC were calculated using the same method as in the Gene-pairs model.
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Supervised learning for develop prediction models of SEQC samples
The model developing processes for SEQC samples are similar with that for breast cancer. Models were built using SEQC samples sequenced at site AGR, and the label for each sample was defined based on the reference sample name. The main difference is that the SEQC models were built based on 2000 randomly selected genes. This was done to avoid generating a gene pair that cannot existed (“NA<NA”) for biologically distinct samples, such as A and B, due to too many genes with large expression variation. This gene pair was generated by the function compute.pairs.pv() from scripts of the AIMS GitHub repository by unknow reasons.

References: 
1.	Parker JS, Mullins M, Cheang MC, et al. Supervised risk predictor of breast cancer based on intrinsic subtypes. J Clin Oncol. Mar 10 2009;27(8):1160-7. doi:10.1200/JCO.2008.18.1370
2.	Paquet ER, Hallett MT. Absolute assignment of breast cancer intrinsic molecular subtype. J Natl Cancer Inst. Jan 2015;107(1):357. doi:10.1093/jnci/dju357
3.	Tibshirani R, Hastie T, Narasimhan B, Chu G. Diagnosis of multiple cancer types by shrunken centroids of gene expression. Proceedings of the National Academy of Sciences. 2002/05/14 2002;99(10):6567-6572. doi:10.1073/pnas.082099299
4.	Dabney AR. ClaNC: point-and-click software for classifying microarrays to nearest centroids. Bioinformatics. 2006;22(1):122-123. doi:10.1093/bioinformatics/bti756


[bookmark: _GoBack]
