TEXT S1. Supplementary Methods

Estimation and evaluation of Sir2/3/4- and Setl-mediated silencing activity. Expression change of
each yeast gene accompanying the deletion of Sir2/3/4 and Setl was measured[1,2]. The global
expression profile for Setl-null mutants[2] showed that a majority of genes were derepressed by Setl
deletion (e.g., 220 induced and 4 repressed genes at two-fold changes). In contrast, Sir2/3/4 deletion gives
rise to up- and down-regulation (e.g., Sir2 deletion yielded 303 induced and 361 repressed genes at two-
fold changes). The repressed genes also showed strong correlations with low transcription rate, high
chromatin repression, and hypomethylation of H3-K4 and H3-K79, exhibiting symmetric patterns with
the induced genes (data not shown). The loss of the Sir proteins may lead to enhanced silencing at
particular loci due to their silencing-inhibitory function or via certain indirect effects. For example, Sir4
inhibits rDNA silencing function of Sir2; thus, Sir4 deletion strengthens silencing at the rDNA loci[3].
Therefore, we decided to use the absolute value of expression change by Sir2/3/4 deletion and the
magnitude of up-regulation by Setl deletion. The average of Sir2, Sir3, and Sir4 was used for the effect of
the Sir complex. To check whether our silencing measures truly reflect the level of silencing, we used data
for transcription rate, chromatin repression level, and histone methylation. Transcription rate for each
gene was measured using mRNA abundance and mRNA half-life[4], as suggested by Fraser et al.[5].
Chromatin repression level for each gene can be measured as its derepression by loss of histone proteins.
The average of mutant expression profiles for H3 and H4[6] was used. The trimethylation of H3-K4 and
H3-K79 was measured by ChIP-chip experiments[7]. The average of the two binding signals was used.
We checked to see if our silencing measures are negatively correlated with transcription rate and histone

methylation, and positively correlated with chromatin repression level (Table S1).

Pattern comparisons with genomewide deletions of regulatory proteins. We screened expression

profiles of yeast knockout strains of 263 regulatory proteins, including transcription factors and chromatin



modifiers[8], for the relation of their activity with expression noise. The activity of each regulator for
each gene was estimated by expression change of the gene resulting from disruption of the regulator,
using the absolute (or raw) value in the same manner as Sir2/3/4 (or Setl). For each of the 263 regulators,
we examined how the noise pattern changes according to the strength of regulatory activity. Similar
patterns with Sir2/3/4 and Setl were found for Rap1, Sirl, Pdrl, and Pprl (Figure S1). Rap1 and Sirl are

known silencing regulators.

Classification of genes on the basis of silencing activity. According to the pattern of stochastic noise as
a function of silencing activity, we defined three sets of genes: non-, moderately-, and highly-silenced
genes. We observed that for both Sir2/3/4 and Setl, genes with 0.5 < silencing activity < 1.0 showed
highest levels of expression noise (Fig. 2A). Thus, we defined non-silenced genes as silencing activity <
0.5, moderately silenced genes as 0.5 < silencing activity < 1.0, and highly silenced genes as silencing
activity > 1.0. For the Sir complex, each group contained 5073, 701, and 310 genes, respectively. For Setl,
each group contained 5341, 457, and 195 genes, respectively. The mean and standard error of expression

noise, transcription rate, chromatin repression, and histone methylation were computed for each group.

Identification of chromosomal domains of silent region. A silent domain can be defined as
chromosomal region where silencing activity is consistently high among underlying genes. We find the z
score to be appropriate for this purpose since it considers the variance of sample values in the form of the
standard error of the mean. The mean and the standard error of silencing activity were calculated for
genes within a window of varying size sliding along the yeast chromosomes. Only windows having at
least 10 genes were taken into account. The ratio of the mean over the standard error was obtained for
each window: z=Mean/(SD/sqrt(n)), where Mean and SD indicate the mean and standard deviation of
silencing activity measures and n is the number of genes in the window. Significant domains were

identified with 0=0.001 by the Bonferroni adjustment. The activity of Tupl and Ssn6 was calculated from



mutant expression profiles[9] in the same manner as Setl. The number of the identified domains for
Sir2/3/4, Setl, Tupl, and Ssn6 are reported in Table S2. For the 50kb window, random permutations of

the chromosomes yielded on average 6 and 0 domains for Sir2/3/4 and Setl, respectively.

Transcription factors associated with silencing-mediated noise. We tested the possibility that
promoters for specific transcription factors are related to high expression noise of moderately silenced
genes. To this end, we used ChIP-chip data for DNA-binding profiles of yeast transcription factors[10].
For each transcription-factor cohort, we implemented the Wilcox rank sum test to determine whether the
cohort genes have higher noise level compared to the rest of genes. Similarly, we tested whether the
cohort genes have a moderate level of silencing activity. For this, the Wilcox rank sum test was
implemented while leaving out genes with the highest levels of silencing activity (i.e., Sir2/3/4 > 1.0; Setl
> 1.0). The test results were called significant when the Bonferroni-corrected P value < 10°. Confirming
the results of Newman et al.[11], Hap4, Cin5, and Hapl were detected for high noise. However, their
cohort genes had only a low level of silencing activity: the minimum Bonferroni-corrected P value=0.255
for Hap4 and Sir2/3/4. Therefore, these transcription factors may be able to produce noisy expression

only outside of heterochromatin.

Functional implications of silencing activity in terms of Gene Ontology categories. Gene Ontology
categories were downloaded from the Saccharomyces genome database (http:/www.yeastgenome.org).
Using the Gene Ontology hierarchy, we mapped each gene to all its parent categories. For example, a
gene assigned to ‘mitotic cell cycle’ should be also mapped to ‘cell cycle’. The categories with < 5 or
>1000 activity measures for Sir2/3/4 and Setl were excluded from the further analysis. We calculated the
average silencing activity of Sir2/3/4 and Setl for genes in each category. Considering the distribution of
functional characteristics over the ordered list, we selected categories with the average > 0.5 (this

corresponds to the threshold between non- and moderately-silenced genes). Table S3 and S4 show the



selected categories for Sir2/3/4 and Setl, respectively. Approximately 50% of the categories appeared in

both lists (v marks in the tables), implying similar roles of the two factors in silencing related function.

Silencing activity and expression noise of common stress-response genes. From 142 expression
profiles for various environmental conditions, Gasch et al.[12] identified a cluster of genes that are
stereotypically induced across a range of different stresses (dubbed “genes induced in the ESR”). Using
the program TreeView (available at http://rana.stanford.edu/software/), we extracted the corresponding
cluster from the author’s clustering data (http://genome-www.stanford.edu/yeast stress/). We compared
the silencing activity (Sir2/3/4 and Setl) and expression noise (measured in rich medium) between this

cluster and the rest of genes by using the Wilcox rank sum test. The P values are reported in the main text.

Silencing activity and expression noise for stress-responsive gene sets. We first defined sets of genes
responsive to specific stress conditions. From the expression profiles for diverse stress conditions[12], we
identified genes with > four-fold expression change for each condition. Additionally, a cohort of genes
bound by a transcription factor in a specific environmental condition[10] also served as a stress-
responsive gene set. For each set, we implemented the Wilcox rank sum test between the genes in the set
and the rest of genes. The significance of the test was reported as —log;, (P value). A higher —log;, (P value)
indicates that the genes in the set have higher silencing activity or expression noise compared with other
genes. The test was carried out for sets with at least 5 genes. This criterion yielded the significance scores
for 200 sets (Table S6). For a multiple testing of the 200 sets, the Bonferroni correction set the threshold
to 5.301 (0=0.001). Using the Kolmogorov-Smirnov test produced similar results. Expression noise

measured in rich medium was used.

Silencing activity and expression noise for Gene Ontology categories. Gene Ontology categories were

downloaded and preprocessed as described above. The categories with < 5 noise measures or >1000



silencing-activity measures were excluded from the further analysis. Because of the large size of some
categories, the Wilcox rank sum test produced infinite —log;o (P value) in some cases. So we used the
Kolmogorov-Smirnov test instead. For a multiple testing of 1157 categories, the Bonferroni adjustment
set the threshold to 6.063 (¢=0.001). The categories where the sum of the Sir2/3/4 and Setl scores is

greater than 4 are listed in Table S7.

Stress responsiveness of oxidoreductase genes. The categories, “oxidoreductase activity, acting on CH-
OH group of donors” and “oxidoreductase activity, acting on the CH-OH group of donors, NAD or
NADP as acceptor”, contained 78 genes that were available in the above stress-response datasets[10,12].
The responsiveness of these genes to a specific stress condition was compared to the rest of genes by
using the Wilcox rank sum test. The responsiveness was measured as the absolute value of expression
changes to the stress condition[12] or the binding status of transcription factors in the stress condition[10].
For a multiple testing of the 259 stress conditions, the threshold was set to 5.413 (0=0.001 with the

Bonferroni adjustment). The top 40 conditions are listed in Table S8.
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