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Supplementary Figures 

 
Supplementary Figure 1. Quality control of the microarray co-expression dataset. (A) Effect of RMA normalization 
on expression intensity distributions of all the microarray chips. Top: probability density of raw log2 expression 
intensities for each chip. Bottom: probability density of RMA normalized log2 expression intensities for each chip. (B) 
Box-and-whisker plots for the normalized unscaled standard error (NUSE) score of each chip. If NUSE = 1 is below 
the 25th percentile, the chip may be faulty. (C) A pseudo-image of a representative faulty chip that was identified by a 
high NUSE score, confirmed visually, and subsequently removed from the analysis. This chip, one of the replicates 
for the 12th hour starvation shows evidence of physical warping. Each probe is colored according to its rank of 
intensity with blue being lowest and red being highest. There should be no autocorrelation in the chip. (D) A 
hierarchical clustering of all chips that passed the quality control from (B) and (C). Two pairs of chips 
S0_GSM647651/S0_GSM647652 and S9_GSM647653/S9_GSM647654 are more similar to each other than to the 
other replicates for their respective experimental conditions. This is evidence of a batch effect, and this is supported 
by the fact that these chips were the only ones collected by a specific individual (Xiong et al., 2011). These four chips 
were removed from subsequent analysis. (E) The coefficient of variation versus the geometric mean of log2 
expression for each gene in the final microarray dataset. Top: the unfiltered genes. Bottom: the genes that passed 
the expression filters. These filtered genes are the ones that were used for all subsequent analysis. 
  



 
Supplementary Figure 2. Quality control of the RNA-seq co-expression dataset. (A) The relationship between the 
average Jaccard similarity of replicates and the CPM filtering threshold. This filter removes any gene that does not 
have a maximum CPM value above the threshold. The maximum Jaccard similarity is indicated by the red line, 
corresponding to a threshold of 0.802. (B) The effect of the threshold filter on the CPM distributions for every gene in 
every replicate condition. Genes that are retained are in blue, and genes that are filtered out are in red. The rightmost 
column displays the maximum CPM values for each gene across all replicates. (C) The average TPM values for each 
gene relative to its coefficient of variation before Jaccard filtering. (D) The average TPM values for each gene relative 
to its coefficient of variation after Jaccard filtering. Effectively, genes with a very low expression and a very high 
coefficient of variation are removed. 
  



 
Supplementary Figure 3. 3D clustering parameter optimization plots for the Manhattan distance metric. (A) Min-max 
normalized microarray dataset. (B) Z-score normalized microarray dataset. (C) Min-max normalized RNA-seq 
dataset. (D) Z-score normalized RNA-seq dataset. We optimized for maximal modularity, maximal fraction of clusters 
with enriched functional terms, and minimal interquartile range for cluster size. Each curve corresponds to a different 
number of nearest neighbors, and each x along the curve scans across the Leiden clustering resolution parameter. 
Here, we are showing only the clustering based on Manhattan distance. The optimized partitions are circled in green, 
each corresponding to using three nearest neighbors and a resolution parameter of r = 0.005.  
 
  



 
Supplementary Figure 4. 3D clustering parameter optimization plots for the Euclidean distance metric. (A) Min-max 
normalized microarray dataset. (B) Z-score normalized microarray dataset. (C) Min-max normalized RNA-seq 
dataset. (D) Z-score normalized RNA-seq dataset. We optimized for maximal modularity, maximal fraction of clusters 
with enriched functional terms, and minimal interquartile range for cluster size. Each curve corresponds to a different 
number of nearest neighbors, and each x along the curve scans across the Leiden clustering resolution parameter. 
Here, we are showing only the clustering based on Manhattan distance. The optimized partitions are circled in green, 
each corresponding to using three nearest neighbors and a resolution parameter of r = 0.005.  
 
  



 
Supplementary Figure 5. 3D clustering parameter optimization plots for the CLR distance metric. (A) Min-max 
normalized microarray dataset. (B) Z-score normalized microarray dataset. (C) Min-max normalized RNA-seq 
dataset. (D) Z-score normalized RNA-seq dataset. We optimized for maximal modularity, maximal fraction of clusters 
with enriched functional terms, and minimal interquartile range for cluster size. Each curve corresponds to a different 
number of nearest neighbors, and each x along the curve scans across the Leiden clustering resolution parameter. 
Here, we are showing only the clustering based on Manhattan distance. The optimized partitions are circled in green, 
each corresponding to using four nearest neighbors and a resolution parameter of r = 0.005.  
 
  



 
Supplementary Figure 6. 3D clustering parameter optimization plots for the angular distance metric. (A) Min-max 
normalized microarray dataset. (B) Z-score normalized microarray dataset. (C) Min-max normalized RNA-seq 
dataset. (D) Z-score normalized RNA-seq dataset. We optimized for maximal modularity, maximal fraction of clusters 
with enriched functional terms, and minimal interquartile range for cluster size. Each curve corresponds to a different 
number of nearest neighbors, and each x along the curve scans across the Leiden clustering resolution parameter. 
Here, we are showing only the clustering based on Manhattan distance. The optimized partitions are circled in green, 
each corresponding to using three nearest neighbors and a resolution parameter of r = 0.005.  
 
  



 
Supplementary Figure 7. 3D clustering parameter optimization plots for the linear correlation distance metric. (A) 
Min-max normalized microarray dataset. (B) Z-score normalized microarray dataset. (C) Min-max normalized RNA-
seq dataset. (D) Z-score normalized RNA-seq dataset. We optimized for maximal modularity, maximal fraction of 
clusters with enriched functional terms, and minimal interquartile range for cluster size. Each curve corresponds to a 
different number of nearest neighbors, and each x along the curve scans across the Leiden clustering resolution 
parameter. Here, we are showing only the clustering based on Manhattan distance. The optimized partitions are 
circled in green, each corresponding to using three nearest neighbors and a resolution parameter of r = 0.005.  
 
  



 
Supplementary Figure 8. Quality control of mucocyst replacement experiment. (A) Pseudo-images of the microarray 
chips, colored by rank of probe intensity (red is high, blue is low). (B) Box-and-whisker plots of the normalized 
unscaled standard error (NUSE) for each chip. The seventh chip was removed from the subsequent analysis 
because its 25% percentile for the NUSE score was significantly above 1. 



 
Supplementary Figure 9. Enrichment, differential expression, and overlap of experimentally validated mucocyst-
associated and differentially expressed, upregulated genes. Z-score normalized expression profiles for genes in (A) 
the four microarray and (B) the four RNA-seq clusters significantly enriched for experimentally validated mucocyst-
associated genes as well as the 33 genes overlapping between the upregulated, enriched microarray clusters, and 
enriched RNA-seq clusters in (C) the microarray and (D) the RNA-seq datasets. (E) Volcano plot illustrating 
differential expression of each gene represented in the microarray dataset over one hour in the MN173 mutant 
relative to the wild type T. thermophila. This is the same plot as panel Figure 2E. Thresholds are represented by blue 
dashed lines (q < 0.01 and fold-change > 1.5). All genes that passed the thresholds have a Bayesian posterior 
probability of differential expression greater than 80%. (F) Venn diagram describing the overlapping genes in the 
enriched microarray clusters, enriched RNA-seq clusters, and the set of upregulated genes with min-max 
normalization. Min-max normalized expression profiles for genes that are co-expressed in the microarray and RNA-
seq datasets, but not detected in the upregulated dataset: (G) gene expression in the microarray profiles and (H) 
gene expression in the RNA-seq profiles. 



 
Supplementary Figure 10. Comparison of GRL expression profiles and clustering. (A) Z-score normalized GRL 
expression profiles in the microarray dataset. There are two major clusters––GRL3,5,7,8 and GRL1,2,4––and GRL6 
and GRL9 do not conform to either one. The distinction between the two major clusters indicates that the cluster 
containing GRL3,5,7,8 begins to lose expression one time point later during the starvation and conjugation conditions 
than does the one containing GRL1,2,4. (B) Z-score normalized GRL expression profiles in the RNA-seq dataset. 
During the mitotic cell cycle, GRL1,3,4,5,7,8 cluster together and GRL2,9 cluster together. GRL6 presents a very 
different expression profile from the other GRLs.  
  



 
Supplementary Figure 11. Detail of panels D (expression heatmap) and E (functional term enrichment) 
of Figure 5.  
  



 
Supplementary Figure 12. Detail of panels F (UMAP embedding) and G (normalized expression profiles) 
for Figure 5. 
 


