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Figure S1. Information content (IC) based distribution of rewiring scores per branch. In each branch, we pooled 
rewiring scores based on whether the rewiring is between (1) a low IC motif-to-low IC motif,  
(2) a low IC motif-to-high IC motif, (3) a high IC motif-to-low IC motif, or (4) a high IC motif-to-high IC motif. These tables 
summarize the medians of each binned category per branch. 

 

 

 



 

Figure S2. Effect of motif similarity on detection of “multiplicity” of rewiring at regulons. Overlapping histograms and 
density profiles of distance between consensus sequences of motifs (a proxy for pairwise motif similarity) of 
 1) TFs rewiring at the same regulon and the same branch (in blue), and 2) random TF pairs representing the background 
distribution of motif similarity across TFs (in pink). 

 



 

Figure S3: Rewiring scores of the ribosomal regulon for RAP1-CBF1 and IFH1-TBF1 switches across branches. The 
rewiring scores are shown on the Y axis, and the selected branches are shown on X axis. (A) RAP1 in lineage & CBF1 in 
ancestral species: This plot compares the rewiring score distribution of the background (all genes; in pink) and that of 
ribosomal genes (in blue) for the potential that RAP1 regulates its member genes in species diverging from a given 
branch b, and CBF1 regulates the ancestral species. (B) CBF1 in lineage & RAP1 in ancestral species: This plot compares 
the rewiring score distribution of the background (in red) and that of ribosomal genes (in grey) for the potential that 
CBF1 regulates its member genes in species diverging from a given branch b, and RAP1 regulates the ancestral species. 
(C) & (D) are analogous to (A) & (B) respectively for the IFH1-TBF1 switch in RP genes. 

 

 

 



             

Figure S4. Rewiring score distribution for complementary configurations (see Results for explanation) of known 
rewiring events across all branches. The rewiring scores are shown on the Y axis, and the selected branches are shown 
on X axis. (A) CPH1 in lineage & GAL4 in ancestral species: This plot compares the rewiring score distribution of the 
background (all genes; in red) and that of galactose metabolism genes (in grey for the potential that CPH1 regulates its 
member genes in species diverging from a given branch b, and GAL4 regulates the ancestral species. (B) GAL4 in lineage 
& GCR1 in ancestral species: This plot compares the rewiring score distribution of the background (in red) and that of 
glucose metabolism genes (in grey) for the potential that GAL4 regulates its member genes in species diverging from a 
given branch b, and GCR1 regulates the ancestral species. 

 

 

Figure S5. Rewiring score distribution for complementary configurations (see Results for explanation) of predicted 
rewiring events across all branches. See Legend S4 for details (A) Oxidative stress response genes regulation by FKH2 in 
lineage & MSN2 in ancestral species (B) Glycolysis genes regulation by UME6 in lineage & RTG1 in ancestral species 
(C) Glycolysis genes regulation by GCN4 in lineage & RTG1 in ancestral species 
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Figure S6. TFBS profiles for regulons in Scer and Calb for each rewiring event discussed in the main text. Each figure 
from (A) to (F) has two panels comprising of genes in regulons from (1) Scer, and (2) Calb. Each line represents a gene 
promoter labelled with Gene ID, with TFBS annotated across its sequence. (A) Ribosomal proteins regulon with TFBS 
profiles of RAP1 and TBF1, (B) Galactose metabolism regulon with TFBS profiles of GAL4 and CPH1, (C) Glucose 
metabolism regulon with TFBS profiles of GCR1 and GAL4, (D) Stress response regulon with TFBS profiles of MSN2 and 
FKH2, (E) Carbohydrate metabolism regulon with TFBS profiles of RTG1 and GCN4, and (F) Carbohydrate metabolism 
genes with TFBS profiles of RTG1 and UME6. 
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Figure S7. Physical interaction between rewired TFs in regulons. Rewired TF-pairs and all other TF pairs are binned into 
two classes based on propensity for physical interaction based on annotations in STRING database. The plot shows the 
fraction of TF-pairs that do (green) and do not (red) physically interact. Odds ratio (rewired versus other TF pairs) and 
Fisher’s test p-value (2x2 table) are also shown.  

 

 

 

 

Figure S8. Proximal shared upstream regulator of rewired TFs in regulons. Rewired TF-pairs and all other TF pairs are 
binned into two classes based on their distance to a common upstream regulator. This plot shows the fraction of TF-
pairs whose distance to a common UpR is ≤ 4 (green) or > 4 (red). Odds ratio (rewired versus other TF pairs) and Fisher’s 
test p-value (2x2 table) are also shown.  
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Figure S9. Species-specific TF-target co-expression for rewiring events detected at branch 11. 
 The predicted TF-target expression distribution is shown for the TF predicted to be active in a species (dark) and for the 
TF predicted not to be active (light); the distribution is of all pooled correlations across all significant rewiring events. 

 

 

 

 

 

 

 

 

 

 



 

 

 

                                     

 

 

Figure S10. Distributions of distance (path length) of rewiring TF pairs to their common UpR across species, in 
different bins of rewiring events segregated based on conservation levels of gene-targets expression. The target genes 
of rewiring were binned into conserved (in green) and diverged (in red) expression groups, and their respective 
distributions of distance to a common upstream regulator is shown in violin plots. As background expectation, the 
distribution of distance to common UpR for random TF-pairs (in grey) is also shown. 

 



 

 

 

Figure S11. Nucleosome occupancy of RAP1 and TBF1 at ribosomal genes. Boxplots showing the distributions of 
nucleosome occupancy scores (Y axis) at TF binding sites in different yeast species (X axis). (A) Nuc. Occupancy at RAP1 
sites in Scer vs. Calb. (B) Nuc. Occupancy at TBF1 sites in Scer vs. Calb. (C) Nuc. Occupancy at RAP1 sites in lineage vs. 
ancestral species. (D) Nuc. Occupancy at TBF1 sites in lineage vs. ancestral species. If the known rewiring between RAP1 
and TBF1 in RP genes is supported by nucleosome occupancy, we expect to see lower nucleosome occupancy for RAP1 
sites in Scer and lineage-specific species, compared with that in Calb and ancestral species; and vice-versa for TBF1 sites. 
We find that although these trends are individually consistent in Scer and Calb (Fig. S8-A, B), we did not observe these 
patterns in the nucleosome occupancy profiles of RAP1 vs. TBF1 binding sites in other species (Fig. S8-C, D) (i.e., there is 
absence of support across clades despite the fact that this rewiring event spans promoters across all species). 
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Figure S12. Greater motif matches for binding sites of true regulator in rewiring regulons, in a species-specific fashion. 
For each rewiring event, we determine the difference between the total number of true regulator binding sites and the 
total number of replaced regulator binding sites across member genes of a regulon (PWM match score > 80th percentile 
of all hits), in a species-specific manner. A suitable background expectation is generated by repeating the same using 
random TF pairs not involved in the corresponding rewiring event. A chi-square test (with Yates correction) shows that 
binding sites of true regulators are indeed enriched in comparison to those replaced, in a species-specific fashion. 

 

 

 

 

 

Figure S13. Length and entropy distribution of reconstructed ancestral sequences. Two methods were used for 
generating MSA of extant species, viz., M-COFFEE and PRANK. FASTML was then used in both cases to construct 
ancestral sequences for each of the 3844 orthogroups at the base of branch 19. (A) Length distribution and (B) Entropy 
distribution of ancestral sequences constructed from MSA produced by M-COFFEE. (C) Length distribution and (D) 
Entropy distribution of ancestral sequences constructed from MSA produced by PRANK. 
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Figure S14. (A) A network comprising of a pruned set of edges between genes were used to cluster regulons. Here is 
shown a density scatter plot of edges (representing expression correlation) between pairs of genes in Scer and Calb co-
expression networks. Each point represents the level of co-expression of a pair of orthologous genes in the Scer 
coexpression network (X axis) and its corresponding level in the Calb coexpression network (Y axis) respectively. 
Datapoints are clustered into hexagons and colored based on point density. All points in quadrant III were discarded 
from the set of input edges to MCL for regulon clustering (B) Histogram of jaccard indices of member genes overlap 
between pairs of regulons. 
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Figure S15. Significant rewiring events at the gene level for various FDR thresholds. The number of rewiring events 
occurring across internal branch partitions at various FDR thresholds. 

 

 

 

 

 

 

 

 

 

 

 

 

#Significant rewiring events at the gene level for various FDR thresholds 
Branch 

FDR 7 11 19 20 33 39 

0.01 1 22 38 186 4 2 
0.02 1 38 46 552 4 2 
0.05 1 81 120 1001 4 2 
0.1 1 164 228 1043 8 2 



 

 

 

Figure S16. Yeast species phylogeny trees inferred from aligned genomic blocks and TF binding profiles. Phylogenetic 
relationships between 23 yeast species with relative branch lengths. (A) Known species phylogeny from genomic 
sequence, (B) Phylogeny derived from clustering binding probability profiles of 176 TFs across orthologous promoters in 
23 species.  


