model for ordinal analysis to identify gene signatures that
show consistent increasing or decreasing expressions in
accordant with cancer progressions. We then applied the
method to a real data set concerning about prostate cancer
progressions. Our results show that the logit model is more
sensitive than the modified y’ test. Among top ranked
genes, we have found several known prostate related genes
as well as other cancer related genes. We further
performed GO enrichment analysis and network analysis
to gain more information about our selected genes. Results
from both analysis show that many genes do have distinct
functions that are associated with cell cycles, and they are
significantly condensed in other networks. Although
biological validation is beyond the scope of the current
study, our results provides compelling evidence that gene
signatures identified by the approach represent biologically
meaningful results. Though we chose prostate cancer data
as an example, the method can be applied to any cancer
progression data.
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Fig S1. Hierarchical Clustering of genes selected by regular y test of independence (left), multicategory logit model (middle), and modified y’ test of
independence (right). Samples are arranged from benign stage to metastatic stage. Genes may not show monotonic increasing/decreasing trends over
stages in the regular y test of independence.



Fig S2. Significant GO terms associated with the gene signatures. Left: GO terms of genes showing increasing expressions identified by the logit model.
Middle: GO terms of genes showing decreasing expressions identified by the logit model. Right: GO terms of genes showing decreasing expressions
identified by the modified y test.
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Fig S3. Common connected components (CCC) among different gene networks. Up left: CCC of the up-expressed gene network and the PPI network.
Up right: CCC of the down-expressed gene network and the PPI network. Bottom left: CCC of the up-expressed gene network and the disease pathway
network. Bottom right: CCC of the down-expressed gene network and the disease pathway network. Each gene is labeled using their NCBI gene id.

0.6 0.6
® Qup B Qdown
0.4 0.4
H Null H Null
0.2 0.2
O 0 T T T T T T
123456 7 8 91011 123 456 7 8 9101112
0.5 -
0.4 - ® Qup 0.6
0.3 - = Null 0.4 m Null
0.2 -
01 - 0.2
0 - 0
1 2 3 4 5 6 1 2 3 4 5 6

Fig S4. Shortest distance path distribution. The x-axis is distance between network nodes and the y-axis is the frequency of the distance. Pairs of nodes
from the co-expression network are more closely linked in the PPI/pathway networks. Up left: up-expressed genes in the PPI network. Up right: down-
expressed genes in the PPI network. Bottom left: up-expressed genes in the pathway network. Bottom Right: down-expressed genes in the pathway
network.



