Protocol S1

Alternate method to identify phenotypic capacitors. As an alternate procedure to
identify phenotypic capacitors that does not rely on lowess regression or partitioning
around medoids, we calculated the coefficient of variation (CV) of each YKO for 220
phenotypes and standardized to weight each phenotype equally. Thus, we generated a
CV matrix of 4718 YKOs by 220 phenotypes. Because we wished not to confound
changes in variance with changes in mean phenotype [1], and because for our data the
CV alone does not sufficiently control for variation in the mean, we next removed any
values in the CV matrix where the mean phenotype value for that YKO differed by
greater than 2 standard deviations from the mean phenotype value for all YKOs. Similar
to methods described in the main text, we next generated a single score for the overall
variance by ranking the CVs for each YKO and averaging the top 70 (out of a possible
220). YKOs with top ranking scores were extremely similar to those identified using
procedures described in the main text (Figure S6). Similar results are also found if, prior
to calculating phenotypic potential scores, the PAM clustering procedure is applied to the
4718 X 220 CV matrix from which elements corresponding to mean outliers had been
removed (data not shown).

Regressions to control for physical interaction degree. Because correlations might
exist between the physical interaction of a gene and other parameters (such as
synthetic-lethal degree, dispensability, betweenness, and clustering coefficient), we
controlled for physical-interaction degree on these parameters through lowess
regression. Similar to the regressions to control variance for differences in mean
described in the results, the physical-interaction was first plotted versus the parameter of
interest degree for all non-essential genes. Second, a lowess regression was fit and

residuals calculated. These residuals were then used in subsequent statistical
comparisons (Figure S11).

Spontaneous mutation and gross chromosomal rearrangement frequency
estimation. The spontaneous mutation rate in S. cerevisiae is estimated to be ~0.003
per cell per DNA replication based on mutation accumulation experiments [2]. Genes
that, when mutated, cause a drastic increase in this rate are relatively well defined [3].
We identify two of these genes in our original screen for phenotypic capacitors (RAD27
and MSH2). Repeating the phenotyping of RAD27 using the haploid convertible diploid
strain after ~50 generations of haploid growth resulted in low phenotypic potential, which
suggests that mutation accumulation in the original haploid-mutant strain had caused the
observed phenotypic variability.
Many other capacitors have been reported to cause the accumulation of gross
chromosomal rearrangements (GCRs), such as translocations, deletion of a
chromosome arm, interstitial deletions or inversions [4,5]. This suggests that these
knockouts might be causing genotypic heterogeneity and thereby phenotypic
heterogeneity by mechanisms other than decanalization. For example, the homologous
recombination module [6] is composed of eight genes, seven of which were identified as
capacitors in our initial screen. We re-phenotyped five of these YKOs and four resulted
in higher phenotypic potentials than any of the 50 control strains. To roughly estimate
the number of GCRs possible in our re-phenotyped strains, we use a conservative
estimate of 100x the maximal break rate of chromosome V observed for any capacitor
(2.3 x 10-7 per generation for rad50) [4]. Assuming GCRs do not alter the growth rate,
after ~50 generations of growth, the estimated frequency of cells with GCRs would be
approximately (2 x 10-7) x (100) x (50) = 0.001. Thus, ~1 in 1000 phenotyped cells could
contain a GCR. Because we phenotype, on average ~300-400 cells per strain, it is

extremely unlikely that cells containing a GCR would have a measurable effect on the
variances measured. Thus, it is unlikely that GCR events explain the high phenotypic
variance in these capacitor YKOs.

Ty1 transposition rate and phenotypic potential.
Increased Ty1 transposition rate is neither necessary nor sufficient for high phenotypic
potential. As described in the main text, we focused on the eight genes in the
homologous recombination module [7] and found YKOs that cause both high phenotypic
potentials and increased Ty1 transposition rates (RAD50, RAD51, RAD54, RAD55,
RAD57), high phenotypic potentials but normal or decreased Ty1 transposition rates
(XRS2), and low phenotypic potentials but increased Ty1 transposition rates (MRE11)
[8,9,10].
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