Additional file 3 — Experiment for yeast cell cycle and the

biological support of the gene regulations

- Additional supporting analyses for the article: Jung-Hsien Chiang and Shih-Yi Chao:

Modeling human cancer-related regulatory modules by GA-RNN hybrid
algorithms

Categorize yeast transcription factors by RBF

According to the results from [1], we observed that TFs can be divided into different kinds of
motifs by their characteristics of regulation functions. It means that some TFs play critical
roles in various motifs. Unlike Nachman et al. [2] and Qian et al., [3], they predict regulatory
modules by non-grouping TFs. We follow naive rules in yeast species, namely, we group TFs
according to the primary function in advance according to the results from biological
experiments. For instance, the regulator functions of ACE2 are suitable for the feed-forward
loop, single input motif and multi-input motif. The SWI4 transcription factor belongs to the
single input, multi-input, feed-forward, and auto-regulate motifs. For that reason, we regroup
TFs into several catalogs and list some of them in Table 1, and find out the characteristic of
classifying TFs by Radial Basis Function (RBF). In other words, learning RBF in our
approach is in terms of the criterion for “the best fit” being measured in terms of microarray
gene expressions and the TF binding sites sequences.

Construction of regulatory modules and results

After deciding the category of TFs, we use GA-RNN hybrid to construct the regulatory
modules. One of the purposes of performing the yeast cell cycle data set experiment is to
prove the capabilities of our GA-RNN hybrid algorithm. Since yeast transcriptional
regulatory mechanisms are well-studied, we can confirm the accuracy of the connections
within the regulatory modules provided by our system. That is, we examine the truth of the
regulatory relationships found by searching in the published biological literature and by
searching in KEGG, SGD and BIND databases [8][9][10]. We illustrate some experimental
results with Table 2. Moreover, we also provide the precision for yeast cell cycle data in
additional file 5.



Discussions

Figure 1 shows some examples of the estimated regulatory module connections with either
feedback or feed-forward interactions. The analyses demonstrate that our proposed approach
is capable of identification of significant regulatory modules and their corresponding
regulatory interactions. Among the reconstruction regulatory modules, some have been
confirmed by biological experiments. For instance, the GO annotations of ACE2 are
“transcriptional activator activity” and “G1-specific transcription in mitotic cell cycle”. It has
been proved that SWI5 and ACE2 are cell cycle regulated TFs that activate expression of
early G1-specific genes in yeast. SWI5 and ACE2 also activate expression of a number of
other genes expressed in the G1 phase of the cell cycle, including ASH1, CDC6, EGT2,
PCL2, PCL9, RMEL1, and SIC1. The GO annotations of SWI4 are “G1/S transition of mitotic
cell cycle” [4] and “cell cycle” [5]. They also confirm the efficiency of the reconstructions of
regulatory modules. According to Sidorvoa et al. [6], SWI4 and SWI6 play crucial roles in
yeast cell cycle. They analyze the protein complex of SWI4 and SWI6, which exhibit these
two genes direct G1/S-specific transcription in yeast. Figure 6 also shows that the RAP1 and
SWI4 are auto-regulate TFs, which are already improved biologically; FKH2 regulates cell
cycle dependent expression of the CLB2 cluster of genes, including SWI5 and ACE2 [7].



Figure 1 - Some experimental results of regulatory modules for yeast cell cycle.
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Circles indicate TFs and squares represent genes. Solid arrows indicate regulation
relationships between TFs and their target genes

Table 1 - Some examples of regrouped TFs for yeast

) ) Encoded catalog
Single Multi- Feed- Auto-
Gene number of RBF
Input Input | forward | regulate .
classifier
SWl4 \ ¢ V \ 001
ACE2 \ v \ 010
Sum1 \ \ 100
ARO80 \ 011
TAP6 v \ 101
REB1 N v 110
FKH1 N v 111
others 000




Table 2 - The experimental results of GA-RNN for yeast cell cycle data set

GA generations Average RMSE The minimum RMSE
100 3.44 0.24
200 1.17 0.22
400 1.58 0.22
600 0.85 0.21
800 0.80 0.19
1000 0.30 0.17
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