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Figure S1. Quality control of gene expression plasticity. (a) Graphic showing the strategy for quantifying GEP from changes
of gene expression measured across diverse conditions. (b) Distribution of expected and observed GEP values in four species.
Light blue shows the observed distribution of GEP values and light red shows that of expected distribution when expression
changes were randomized across genes in all conditions. (c) Sufficiency of condition number for GEP quantification. The
influence of condition numbers on GEP quantification was simulated by comparing the Pearson correlation coefficients of GEP
values calculated using all conditions and those using only a subset of all conditions in all species. Each sampling was repeated
100 times. Red dashed line indicates a correlation coefficient of 0.9. (d) Human signal-responsive genes (n = 2,221) [1] exhibit
significantly higher GEP than other genes. (e-f) Genes implicated in stress response show significantly higher GEP. Fly stress
response genes (e, n = 891) were identified previously [2]; worm genes (f, n = 505) required for stress response were those

whose inactivation (by RNAi or mutation) caused hypersensitivity to stress conditions obtained from WormBase [3].
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Figure S2. Gene expression plasticity is conserved across species and measure a distinct feature of gene expression. (@)
GEP of orthologous genes is conserved in four metazoan species. Pairwise correlation coefficients were calculated for GEP of
one-to-one orthologous genes in four metazoan species [4]. Figure shows the overall Spearman's rank correlation coefficient
between species. *** denotes p < 0.001. (b) GEP is poorly correlated with gene expression level. Scatterplot compares GEP and
expression level measured using two different datasets. (¢) GEP is poorly correlated with gene expression broadness measured

using two different methods.
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Figure S3 Cis-regulation of gene expression plasticity. (a) Promoter TATA box is associated with high GEP in four metazoan
species. Genes were ordered by GEP and the frequency of TATA box-containing genes was calculated for each bin of 100
genes. (b) Contributions of DNA motif classes to GEP. Figure shows the reduction of Akaike information criterion (AIC) score
following inclusion of all selected motif classes in the predictive model for each species. Motif selection was performed using
a stepwise AIC procedure to identify the contribution of each motif class after considering the influence of other motifs. (c)
Cumulative effect of motifs. Changes in GEP as a function of more GEP-promoting (left) or GEP-repressing (right) motif
classes in promoters of mouse and worm genes. () Optimization of motif co-occurrence. Bar graph gives the ratios of enriched
to depleted co-occurrence of two DNA motif classes for all pairwise motif pairs (all) and motif pairs that influence GEP in the
same or opposite directions. Enriched and depleted motif pairs are defined as those with observed co-occurrence significantly
higher or lower than expected (Fisher's exact test, p < 0.05), respectively. ™ denotes ratio significantly different from that of
all motif pairs (Fisher's exact test, p < 0.001). (e) Rules used to identify interactions between pairwise motifs. Details described
in Methods section. (f) Combinatorial effects of motif classes on GEP in mouse and worm. Black boxes highlight motif classes

that affect GEP in the same direction.
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Figure S4. CTCF-mediated chromatin looping is not associated with expression plasticity. (¢) Schematic of chromatin
loop structure. (b) Scatterplots compare GEP between genes with promoters located within anchors (X-axis, n = 2139 for
anchor-1 and n = 2,084 for anchor-2) and those with promoters located in loop regions (Y-axis). If promoters of multiple genes
are present in an anchor or loop region, their GEP was averaged. Diagonal line indicates equal GEP levels. (¢) Comparison of
GEP between genes whose promoter is bound by CTCF-cohesin (associated with chromatin loop, n = 1,469), bound by CTCF
alone (n = 1,685), and not bound by CTCF (n = 12,545). Data is represented as mean + 95% confidence interval.
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Figure S5. Influence of gene body histone modifications on gene expression plasticity. (¢) Enrichment of H3K36me3,
H3K79me?2, and H4K20mel in gene body. Figure shows the relative abundance of H3K36me3 (blue), H3K79me2 (red), and
H4K20mel (green) modifications in genomic regions upstream of transcription state sites, the gene body and downstream of
transcription termination sites in four species. For human and mouse genomes, 10-kb regions on each side of the gene body
was analysed. Only 1-kb regions on both side of the gene body were analysed for fly and worm genomes due to short intergenic
regions. The upstream, gene body and downstream regions were divided into 10 bins and the modification abundance was
measured as number of peaks per kb and averaged across all genes. The abundance value in each bin was further normalized
to the mean value of all bins to represent the relative abundance. Each plot shows the average distribution profile of all
biological samples for each modification in each species. (b) Gene body H3K36me3, H3K79me2, and H4K20mel are
associated with lower GEP. Genes were ranked by expression plasticity and the average frequency of genes enriched for
H3K36me3 (blue), H3K79me2 (red), and H4K20mel (green) modifications in the gene body was calculated for each bin (100
genes). One representative sample for each modification are shown for each species. (c) Comparison of GEP of genes with

different combinations of the three histone modifications in the gene body regions.
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Figure S6. Decoupling of gene expression plasticity and noise. (a) Correlation of gene expression noise under different
culture conditions. Scatterplots show pairwise correlations of gene expression noise in mouse embryonic stem cells (mESCs)
cultured under three different conditions (serum, 2i, and a2i). Gene expression noise was determined by the original study [5].
(b) Correlation between GEP and gene expression noise in mESCs. Scatterplots show the correlation between GEP in mESCs
and expression noise in three culture conditions. GEP in mESCs was measured using the same method as in Figure 1 by
determining the magnitudes of gene expression fold changes between the culture conditions. (¢) Scatter plot shows correlation
between GEP and gene expression noise in which the same types of histone modifications are identified to restrict GEP and
expression noise respectively. As in the previous study [6], coefficients of variation of gene expression levels in 94 single

mESCs cultured under 2i+LIF conditions [7] were used to quantify expression noise.
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Figure S7. RNA Pol II pausing is not associated with GEP. (a) Genes with or without Pol II pausing exhibit similar GEP
values. RNA Pol II pausing was determined from four Global Run-on Sequencing (GRO-seq) datasets [8-10] using the
groHMM algorithm [11]. Nascent mRNA read densities were compared between promoter-proximal regions (=50 to +300
relative to the TSS) and in gene body regions (from +300 relative to the TSS to +3000 from the gene end) and genes were
identified as having Pol II pausing if disproportionately high (Fisher's exact test, p < 0.001) read density was present in the
promoter-proximal region. Only actively transcribed genes were analysed, as determined by significantly enriched (p <0.01)
read density in the gene body compared to background (bottom 1% read density of all genes), as done in a previous study [12].
(b) Comparison of Pol II pausing index between genes with different GEP. Genes were divided into five bins according to GEP
levels and the cumulative distribution of Pol II pausing index (log2 transformed) plotted. The pausing index was calculated as

the ratio of read density in promoter-proximal regions to that of gene body regions for all actively transcribed genes.
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2. Supplementary table legends

Table S1. GEP of four metazoan species. Sheets 1 to 4. Gene expression plasticity of human, mouse, fly, and

worm genes.

Table S2. GEP of benchmark genes. Sheet 1- 3. GEP of human signal-responsive genes, fly stress-responsive

genes, worm genes required for stress response.

Table S3. Comparison of GEP measured based on challenging and normal conditions. GEP was normalized

by rank percentile for comparison. 1 denotes signal-responsive genes.

Table S4. Comparison of GEP between orthologs. Sheet 1-4. GEP of human, mouse, fly and worm genes and

corresponding one-to-one orthologs in other species.

Table S5. Comparison of GEP to gene expression level and broadness. Sheet 1. GEP and average gene
expression levels across diverse samples for human genes. Sheet 2. GEP and gene expression broadness across

diverse samples for human genes.

Table S6. GEP of genes with specific function. Sheet 1-3. GEP of homeobox genes, hormone and receptor genes

and innate-immunity genes. 1 denotes a gene belongs to a specific category.

Table S7. Cross-species comparison of GEP between genes with similar function. Sheet 1-6. Comparison of

average GEP of all genes with an identical Gene Ontology term between all pairwise species.

Table S8. GEP and disease susceptibility. Table shows GEP of genes associated with diseases and related to

cancer.

Table S9. Core promoter motifs associated with GEP. Sheet 1. Identified DNA motifs, effects on GEP, motif
classes, and associated factors in four species. Sheets 2-4. Presence of motif classes in human, mouse, and worm

genes.

Table S10. Binding of regulatory proteins at the promoter is associated with GEP. Sheet 1. Effects of all

analysed regulatory proteins on expression plasticity in all samples. Sheet 2. Summary of results.

Table S11. Data sources for histone modifications. Table shows data sources for H3K36me3, H3K79me2, and

H4K20m1 modifications for all species.

Table S12. H3K36me3, H3K79me2 and H4K20mel are associated with low GEP. Sheet 1-4. Comparison of

GEP between genes with or without a histone modification in the gene body in four species.

Table S13. No combinatorial effects of H3K36me3, H3K79me2 and H4K20mel on GEP. Table compares GEP
of genes with different combinations of H3K36me3/H3K79me2/H4K20me1 modifications in the gene body region.
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