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Abstract20

Background: Histone H3 lysine 36 methylation (H3K36me) is a conserved histone modification associated with tran-21

scription and DNA repair. Although the effects of H3K36 methylation have been studied, the genome-wide dynamics22

of H3K36me deposition and removal are not known.23

Results: We established rapid and reversible optogenetic control for Set2, the sole H3K36 methyltransferase in yeast,24

by fusing the enzyme with the light activated nuclear shuttle (LANS) domain. Early H3K36me3 dynamics identified25

rapid methylation in vivo, with total H3K36me3 levels correlating with RNA abundance. Although genes exhibited26

disparate levels of H3K36 methylation, relative rates of H3K36me3 accumulation were largely linear and consistent27

across genes, suggesting a rate-limiting mechanism for H3K36me3 deposition. Removal of H3K36me3 was also rapid28

and highly dependent on the demethylase Rph1. However, the per-gene rate of H3K36me3 loss weakly correlated with29

RNA abundance and followed exponential decay, suggesting H3K36 demethylases act in a global, stochastic manner.30

Conclusion: Altogether, these data provide a detailed temporal view of H3K36 methylation and demethylation that31

suggest transcription-dependent and independent mechanisms for H3K36me deposition and removal, respectively.32
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INTRODUCTION36

Histone post-translational modifications (PTMs) are fundamentally involved in both chromatin37

packaging and in gene regulation.1, 2 Addition and removal of PTMs must be carefully chore-38

ographed to regulate engagement of chromatin remodelling complexes and grant cellular machin-39

ery access to DNA for transcription, replication, recombination, and DNA repair.3 In particular,40

dynamic regulation of histone methylation and demethylation has been implicated in these pro-41

cesses, ultimately controlling cell fate and differentiation.4, 5
42

Histone H3 lysine 36 methylation (H3K36me) is present across eukaryotic organisms and43

is generated by the methyltransferase Set2.6, 7 As the sole H3K36 methyltransferase in Saccha-44

romyces cerevisiae (S. cerevisiae), Set2 co-transcriptionally deposits up to three methyl groups,45

resulting in mono-, di-, or tri-methylated H3K36 (H3K36me1, H3K36me2, and H3K36me3, re-46

spectively).8–13 These modifications regulate chromatin structure through diverse pathways, in-47

cluding activation of the histone deacetylase complex Rpd3S11, 13–15 regulation of histone exchange48

and transcription elongation.16–19 These pathways prevent aberrant transcription from cryptic pro-49

moters and maintain transcriptional fidelity and genomic stability.20–25 In addition to a role in50

transcription, H3K36 methylation has also been linked to DNA damage repair, splicing, and cell51

cycle regulation.752

H3K36me is primarily removed by two Jumonji domain-containing histone demethylases,53

Rph1 and Jhd1, which target H3K36me3 and H3K36me2.26–29 Intriguingly, Rph1 was first iden-54

tified as a damage-responsive repressor of the DNA photolyase PHR1,30–32 but later as a H3K3655

demethylase. Rph1 and Jhd1 exhibit demethylase activity in vitro and have been linked to demethy-56

lation of H3K36 during transcription elongation in vivo.33, 34 Although these demethylases are57
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presumed to function during transcription elongation and in opposition of Set2-dependent H3K3658

methylation, recent studies point to at least the ability of Rph1 to function in a non-transcriptional59

manner to regulate the balance of H3K36me2/3 for processes involved in metabolism and amino60

acid biosynthesis.35 Thus, further investigation of H3K36 demethylation is warranted.61

A limitation of studies into H3K36 methylation and demethylation has been the lack of an62

experimental strategy that is both reversible and that matches the rapid kinetics of deposition and63

removal of H3K36 methylation. However, new approaches in optogenetics – the use of genetically-64

encoded, light-responsive proteins to regulate biological processes – offer the minimal latency and65

rapid reversibility needed to study chromatin state changes.36, 37 Several enabling optogenetic tools66

based on the LOV2 domain of Avena sativa phototropin 1 (AsLOV2) have been developed to67

date.38–42 Previously, we engineered LOV2 to control protein translocation into and out of the68

nucleus using light. We used the light activated nuclear shuttle (LANS) to control cell fate through69

regulation of a transcription factor39 and the light induced nuclear exporter (LINX) to examine the70

rapid kinetics of deposition and removal of H2Bub1, which controls the trans-histone regulated71

methylation events of H3K4 and H3K79.41 In this study, we applied LANS to precisely control72

Set2 localization, and consequently its activity, in order to quantitatively evaluate the dynamics of73

H3K36 methylation and demethylation.74

We find that LANS-Set2 nuclear import results in rapid deposition of H3K36me2/3 (t1/2 = 2075

min for H3K36me2 and t1/2 = 27 min for H3K36me3). Interestingly, although final H3K36me2/376

levels correlate with increased RNA abundance, as expected, the relative H3K36me3 rate of de-77

position over time is consistent between genes, regardless of transcriptional frequency. H3K3678

demethylation upon Set2 nuclear export is also rapid (t1/2 = 40 min for H3K36me2 and t1/2 = 4979

min for H3K36me3) and is largely regulated by Rph1. Intriguingly, the relative rate of H3K36me380

3

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2020. ; https://doi.org/10.1101/2020.03.28.013706doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.28.013706
http://creativecommons.org/licenses/by-nc-nd/4.0/


loss is largely uniform across all transcribed genes and mostly independent of RNA abundance,81

suggesting that H3K36me removal is largely uncoupled from transcription elongation. Together,82

these findings demonstrate the potential for optogenetic tools, coupled with high-throughput ge-83

nomics approaches, to uncover key insights into the regulatory dynamics of histone PTMs.84

RESULTS85

Optogenetic control of Set2 cellular localization86

To quantitatively explore methylation dynamics, we sought to generate a photoresponsive variant87

of Set2 (LANS-Set2) capable of reversible translocation into and out of the nucleus in response to88

blue light (Figure 1A). We inactivated a putative bipartite nuclear localization signal (NLS) in Set289

(residues 538-539 and 549-551) by mutating the lysines and arginines in the motif to glycines and90

serines to generate Set2NLS∆.43 We reasoned that these mutations, distal from the functional SET91

and SRI (Set2-Rpb1 interacting) domains (Figure S1A), would impact Set2 localization without92

affecting its catalytic activity. We then tested whether Set2 could be constitutively inactivated by93

fusing it to a nuclear export signal (NES) sequences (Figure S1B).39 Expressing these proteins in94

a SET2 deletion strain (set2∆; Figure S1C) resulted in reduced H3K36 trimethylation and varying95

H3K36 dimethylation depending on the NES. Importantly, fusion of Set2NLS∆ with the NLS in96

LANS (NLS-Set2NLS∆) restored H3K36 methylation, although to less than wild-type levels (Figure97

S1C).98

We then expressed fluorescently tagged Set2, Set2NLS∆, NES1-Set2NLS∆, or NLS-Set2NLS∆ in99

H2B-mCherry expressing cells to visualize subcellular localization of these static, non-shuttling100

constructs (Figure S1D). In contrast to wild-type Set2, which is nuclear, NLS-inactivated Set2 lo-101

calized to both the nucleus and the cytoplasm. NES1-Set2NLS∆ localized to the cytoplasm, and102
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NLS-Set2NLS∆ restored nuclear localization. These results further supported successful identifi-103

cation and elimination of the Set2 NLS and identified both an NES and NLS suitable for opto-104

genetic control. Next, we combined these elements to generate a functional photoswitch. We105

expressed the NLS-mutated Set2 fused to a LANS variant using NES1 (mVenus-LANS-Set2) in106

the H2B-mCherry yeast strain and monitored nucleocytoplasmic ratios upon blue light exposure107

using confocal microscopy. Light exposure produced, on average, a three-and-a-half-fold change108

in nucleocytoplasmic ratio (Figures 1B-C, Additional file 1) with most Set2 entering the nucleus in109

less than 5 minutes. Thus, we identified NES1 as suitable for use in LANS-Set2 to achieve optimal110

light-induced nuclear translocation.111

LANS-Set2 regulates H3K36 methylation levels and Set2-associated phenotypes112

Following removal of mVenus, which resulted in more stable Set2 protein levels (Figure S1E),113

LANS-Set2 was expressed in set2∆ cells. H3K36 methylation was evaluated following growth in114

the dark or light (Figure 2A). H3K36me3 and H3K36me2 were increased 6- and 4-fold, respec-115

tively, from the dark-to-light, whereas H3K36me1 levels were unchanged (Figures 2B and S1E).116

We then evaluated the functional effects of LANS-Set2. LANS-Set2 was introduced into117

the KLY78 set2∆ strain in which HIS3 was placed under the control of a cryptic promoter at118

FLO8+1626. Survival of these cells on solid media lacking histidine is dependent on conditions119

that enable aberrant transcriptional initiation from the cryptic promoter (Figure 2C).44 Set2 loss120

promotes cryptic initiation at the FLO8 locus. Colony growth assays showed that cells expressing121

LANS-Set2 grown in the dark phenocopy a set2∆ strain, whereas the same cells grown in the light122

phenocopy wild-type SET2, with some residual growth (Figures 2C and S1F). We also charac-123

terized LANS-Set2 in the set2∆bur1∆ BUR1 shuffle strain wherein growth on solid media with124
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5-fluoroorotic acid (5-FOA), which selects against the BUR1/URA3 plasmid, indicates the bypass125

of the requirement for Bur1 kinase.11, 45 The bur1∆ bypass spotting assay showed that cells ex-126

pressing LANS-Set2 grown in the dark phenocopy a set2∆ strain, whereas these cells grown in the127

light phenocopy wild-type SET2 (Figures 2D and S1G). Taken together, these data indicate that128

LANS-Set2 modulates phenotypic effects associated with Set2 status.129

We next interrogated the dynamics of H3K36 methylation and demethylation by LANS-Set2130

in set2∆ cells. Cells were cultured in the dark or light until log phase growth. Light conditions131

were then reversed, and cells were collected over time to quantify H3K36me2 and H3K36me3.132

Following dark-to-light transition, in which LANS-Set2 localizes to the nucleus, we observed rapid133

accumulation of H3K36me2 (t1/2 = 20 min) and H3K36me3 (t1/2 = 27 min) (Figures 2E-F and134

S2A). Following light-to-dark transition, leading to export of LANS-Set2 from the nucleus, we135

observed loss of H3K36me2 (t1/2 = 40 min) and H3K36me3 (t1/2 = 49 min) (Figures 2G-H and136

S2B). To validate these kinetics, we employed a different method for nuclear depletion.46 Anchor-137

away (AA) fuses a C-terminal FRB domain to Set2 at its native locus. Exposure to rapamycin138

results in the nuclear export of Set2-FRB. We probed for steady-state H3K36me levels with and139

without rapamycin. We also evaluated methylation over time following addition of rapamycin140

(Figures S2C-F). Although differences in steady-state H3K36me2 and H3K36me3 levels were141

greater for the AA method than for LANS-Set2 (Figures 2B and S2F), kinetics for loss of each mark142

were similar or slower for the AA method (Figures S2G-H). Despite overexpression of LANS-143

Set2 compared to Set2-FRB (Figures S2I-J), our optogenetic switch exhibits rapid kinetics and144

reversibility (Additional file 1), though with a lower dynamic range than the AA method.145

Thus, our photoactivatable LANS-Set2 provides a rapid and reversible tool with which to probe146

dynamics of H3K36me gain and loss. Herein, LANS-Set2 activation refers to nuclear localization147
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of LANS-Set2 (dark-to-light transition), and LANS-Set2 inactivation refers to cytoplasmic local-148

ization of LANS-Set2 (light-to-dark transition).149

Genome-wide examination of H3K36me3 reveals rapid methylation and demethylation150

kinetics151

To interrogate the genome-wide dynamics of H3K36me3 gain and loss, we performed chromatin152

immunoprecipitation for H3K36me3 and H3 followed by high-throughput sequencing (ChIP-seq)153

in set2∆ cells expressing LANS-Set2. Cells were collected at multiple time points following either154

LANS-Set2 activation (0, 20, 40, 60 minutes), or LANS-Set2 inactivation (0, 30, 60, 90 minutes),155

as determined from the methylation kinetics detected by immunoblot (Figures 2F and 2H), con-156

stituting a longitudinal study design with replicate observations (n = 3). To enable quantitative157

normalization for subsequent analyses, ChIP-seq experiments were spiked-in with Schizosaccha-158

romyces pombe (S. pombe) chromatin. H3K36me3 signal was normalized to H3 signal and scaled159

by the S. pombe reads. Overlapping genes were excluded from analyses as ChIP-seq signal could160

not be confidently attributed to an individual gene. To assess whether introns had significantly dif-161

ferent H3K36 methylation patterns that could bias downstream analyses, we compared the mean162

signal of each intron to its flanking exons. Interestingly, though median intronic signal was lower163

than median exonic signal, this difference did not reach significance at any timepoint across all164

replicates in LANS-Set2 activation (Figures S3A-D). Fold change between intronic and pre-exonic165

signal also lacked a clear trend, appearing normally distributed with a mean around 0 (Figures S3E-166

H). This pattern was consistent in the context of LANS-Set2 inactivation (Figures S3I-P). Based167

on these results, intron-containing genes were not excluded from subsequent analyses.168

As expected, H3K36me3 signal primarily localized over gene bodies, rather than the tran-169
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scription start sites (TSSs) of genes (Figure 3A). There was also a clear increase and decrease in170

H3K36me3 levels following LANS-Set2 activation and inactivation, respectfully (Figure 3A). To171

determine how H3K36me3 temporal dynamics varied across the genome, we first calculated the172

average H3K36me3 signal at each timepoint for every gene across each of the replicates (n = 3)173

following LANS-Set2 activation and inactivation. Consistent with our western blots, H3K36me3174

signal increased and decreased at genes following LANS-Set2 activation and inactivation, respect-175

fully (Figures 3B-C). H3K36me3 changes occurred relatively equally over genes without a 5’ or 3’176

preference (Figures S3Q-R). Per-gene H3K36me3 signal increased at an approximately linear rate177

following LANS-Set2 activation (Figure 3B). In contrast, H3K36me3 signal loss was less linear;178

individual gene H3K36me3 signal loss following LANS-Set2 inactivation occurred largely within179

the first 60 minutes.180

Previous studies47 identified an association between H3K36me3 levels at genes and RNA abun-181

dance, which may explain the variations seen in mean H3K36me3 ChIP-seq levels. The broad dif-182

ferences in H3K36me3 levels between genes obscured our ability to discern changes in the subtle183

patterns and/or trends of H3K36me3 deposition or removal over time (Figure 3C). To account for184

this, we scaled the H3K36me3 signal for each gene relative to the gene maximum H3K36me3 sig-185

nal per replicate, resulting in H3K36me3 signal represented as a fraction of maximum H3K36me3186

signal. By doing this, we created an internally normalized, per-gene H3K36me3 signal for each187

timepoint (henceforth referred to as relative H3K36me3 signal). Normalizing each gene relative to188

itself allowed us to directly compare the rates of H3K36me3 deposition or removal between genes189

independent of overall H3K36me3 levels.190

As expected, the maximum H3K36me3 signal for most genes was observed at the final time-191

point (for LANS-Set2 activation) and initial timepoint (for LANS-Set2 inactivation; Figure 3D-E,192
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represented as a fractional value of 1). This approach highlighted the linearity of H3K36me3 sig-193

nal gain upon LANS-Set2 activation. In contrast, H3K36me3 loss was non-linear with a rapid194

decrease over the initial 0-60 minutes, slowing over the subsequent 30 minutes. Although the final195

H3K36me3 levels for a specific gene reflects transcript abundance, these data suggest that the rela-196

tive gain of methylation occurs at a consistent rate for most genes. In contrast, loss of methylation197

resembles an exponential decay trend. Considering H3K36 methylation state as the product of en-198

zymatic activities suggests that H3K36me3 deposition is rate limited by an external factor whereas199

H3K36me3 removal occurs by a more stochastic mechanism.200

A Bayesian generalized linear mixed effect model for H3K36me3 dynamics defines fixed and201

stochastic properties of H3K36me3 gain and loss202

We next sought to understand whether H3K36me3 dynamics could be attributed to underlying203

biological differences observed by applying a statistical model that also accounted for intra-gene204

variability in the relative H3K36me3 gain and loss over time. We modeled the temporal dynam-205

ics of H3K36me3 signal for each gene, seeking to detect patterns consistent across all the genes206

considering all replicates. We used a Bayesian generalized linear mixed effect model (GLMM),207

which simultaneously accommodates the non-normality of the H3K36me3 signal (as either quasi-208

counts or quantiles) and leverages the longitudinal study design, nature of the data, and replicates209

to identify genes with significant gain or loss of H3K36me3 signal with time (Figures 4A and210

S4A-B).211

Using the model, we defined a class of high confidence genes with significant temporal dy-212

namics based on having a 95% highest posterior interval on the rate parameter that did not in-213

clude 0. Using relative H3K36me3 signal, we found 4231 (79%) and 5142 (96%) high confidence214

9

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2020. ; https://doi.org/10.1101/2020.03.28.013706doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.28.013706
http://creativecommons.org/licenses/by-nc-nd/4.0/


genes (out of 5355 total genes) in the LANS-Set2 activation and inactivation, respectively. Of215

these, 4117 were high confidence in both LANS-Set2 activation and inactivation (Figures 4B and216

S4C). Modeling the H3K36me3 data generated consistent trends using either absolute or relative217

H3K36me3 signal (quasi-counts; see Methods), suggesting that our modeling approaches were not218

biased based on either data transformation (Figures 4C and S4D). Relative LANS-Set2 activation219

rates were more extreme than inactivation rates suggesting, across genes, H3K36me3 is deposited220

faster rate than it is lost (Figures 4D and S4E). This result is consistent with our western blots (Fig-221

ures 2F and 2H). Relative H3K36me3 gain rates correlated with loss rates (r = 0.438) implying,222

in general, genes that are rapidly methylated are also rapidly demethylated (Figure S4F).223

We asked whether genomic features could account for variability in the rate of H3K36me3 gain224

and loss across genes. We evaluated gene length, average H3K36me3 levels, and RNA abundance225

levels. RNA-seq (n = 3) was performed at each ChIP-seq time point in both LANS-Set2 activation226

and inactivation conditions (however, one replicate failed at the 60-minute timepoint in LANS-Set2227

activation). Consistent with previous studies,7, 48 the loss of Set2 had a relatively limited impact on228

RNA abundance (Figure S4G). The RNA abundance for 445 genes (out of 6692) was significantly229

different after LANS-Set2 activation (Figure S4H). LANS-Set2 inactivation affected the RNA of230

313 genes (Figure S4I). Interestingly, LANS-Set2 activation was associated predominantly with231

increased RNA abundance (313 genes with increased levels vs 132 decreased), whereas LANS-232

Set2 inactivation decreased more (245 genes decreased vs 68 increased). Following LANS-Set2233

activation, enriched RNA ontologies included “oxidoreductase activity" (adj. p ≤ 4.96 × 10−11)234

for genes with decreased RNA abundance, and “structural constituent of ribosome” (adj. p ≤235

2.40 × 10−73) for genes with increased abundance. Genes with increased RNA abundance after236

LANS-Set2 inactivation were not significantly enriched for any specific ontologies, however genes237
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that decreased had one significant ontology, “oxidoreductase activity” (adj. p ≤ 1.78 × 10−6).238

Before associating relative H3K36me3 rates of change with genomic features, we explored the239

relationship between H3K36me3 levels and RNA abundance.. Maximum LANS-Set2 levels (t =240

60 min in LANS-Set2 activation, t = 0 min in LANS-Set2 inactivation) were highly concordant241

with RNA abundance (r = 0.467 and r = 0.486 respectively, Figure S4J) in the high confidence242

gene set, confirming prior studies.7 We also compared gene length to both mean H3K36me3 signal243

and RNA abundance at timepoints most closely resembling wild-type conditions, and found limited244

(Figure S4K) or no (Figure S4L) association for both Set2 activation and inactivation conditions.245

We then asked whether gene length or H3K36me3 levels associates with the relative rate of246

H3K36me3 change. Surprisingly, neither feature was predictive of relative H3K36me3 rates of247

change after LANS-Set2 activation (Figures 4E and S4M-P) or inactivation (Figures 4F and S4Q-248

T). We therefore hypothesized that H3K36me3 rates of change may be regulated through transcrip-249

tional processes, and specifically investigated whether H3K36me3 change was associated with250

RNA abundance. Surprisingly, RNA abundance was not strongly correlated with the relative rate251

of H3K36me3 gain upon Set2 activation (Figure 4G, r = 0.055), though H3K36me3 loss rates252

with LANS-Set2 inactivation were slightly correlated (Figure 4H, r = 0.206).253

H3K36me3/2 removal is rapid and largely mediated by Rph1 and Jhd1254

We next investigated to the relative impact of putative demethylases on H3K36 dynamics. In255

a LANS-Set2 expressing set2∆ strain, we deleted putative demethylases in yeast (Rph1, Jhd1,256

Ecm5, Gis1).28 Cells were grown in the light and probed for H3K36me3 and H3K36me2. RPH1257

deletion had the largest effect on H3K36me3, increasing global levels by ∼2-fold (Figures 5A-B,258

S5A-B). Without using LANS-Set2, deletion of RPH1 in the context of wild-type Set2 increases259
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H3K36me3 by ∼1.3-fold (Figures S5C-D).260

The dynamics of H3K36 demethylation were then evaluated following LANS-Set2 inactiva-261

tion. We found that the rate of H3K36me3 loss was most impacted in the set2∆rph1∆ strain262

(compare Figure 2H to Figures S5F, S5H, S5J, and S5L). The rate of loss of H3K36me2 was most263

impacted in the set2∆jhd1∆ and set2∆ecm5∆ strains, and the rate of loss in the set2∆gis1∆264

strain was similar to the set2∆ strain (Figures S5G-L). We also examined whether disruption of265

ASF1, a histone exchange factor that contributes to replication and transcription, would affect266

loss of methylation. Deletion of ASF1 minimally impacted loss of H3K36 methylation (Figures267

S5M-P).49 We also examined the impact of replication by adding α-factor to arrest cells in G1268

prior to LANS-Set2 inactivation. Cell cycle arrest minimally impacted loss of H3K36 methylation269

(Figures S5Q-T). Taken together, these data indicate that Rph1 primarily mediates loss of H3K36270

trimethylation whereas Jhd1 is primarily responsible for H3K36me2 demethylation.271

Global H3K36me3 removal is associated with a one phase exponential rate of decay272

To explore the impact of deregulated demethylation on H3K36me3 distribution, we performed273

ChIP-seq time course following LANS-Set2 inactivation in set2∆rph1∆ cells. In the absence274

of Rph1, H3K36me3 signal was retained over genes, and total H3K36me3 levels were increased275

(Figures 6A and S6A). Th effect of Rph1 loss was apparent when comparing all genes across the276

timepoints (Wilcoxon rank sum test, p < 2.2 × 10−16 for all time points, Figure 6B). Following277

scaling of the average H3K36me3 levels relative to each gene’s maximum H3K36me3 level, we278

observed a clear difference between set2∆rph1∆ and set2∆ relative H3K36me3 signals, with the279

largest difference between strains at 60 minutes following LANS-Set2 inactivation (Figure 6C).280

That signal differences between the conditions were largely eliminated by 90 minutes suggests281
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that Rph1 is most active in the early demethylation of H3K36me3.282

We then applied GLMM to the set2∆rph1∆ data (Figures S6B-C). Using the estimated rela-283

tive H3K36me3 rates of loss, we identified 3531 (out of 5355 total) high confidence genes after284

Set2 inactivation across both set2∆rph1∆ and set2∆ strains (Figure 6D). We observe that relative285

set2∆rph1∆ H3K36me3 loss rate estimates were, as a whole, less extreme than the relative set2∆286

H3K36me3 loss rates (Figure 6E), supporting that H3K36me3 is demethylated in set2∆rph1∆287

cells more slowly than set2∆ alone. Modeling the set2∆rph1∆ H3K36me3 relative loss rates di-288

rectly against those in set2∆ demonstrated that H3K36me3 relative loss rates were significantly289

delayed in set2∆rph1∆ versus set2∆ samples (Figure 6E). H3K36me3 signal loss became more290

disparate between 0 and 60 minutes, before partially recovering at 90 minutes. Together, these data291

suggest that Rph1 loss significantly slows H3K36me3 demethylation by primarily mediating early292

demethylation prior to other factors.293

Finally, we examined the relationship of H3K36me3 decay in the absence of Rph1 to RNA294

abundance. Relative H3K36me3 demethylation rates in the absence of Rph1 were not strongly295

correlated to transcriptional frequency (Figure S6D; r = 0.132), suggesting that H3K36me3 loss296

occurs uniformly at genes in a stochastic manner.297

DISCUSSION298

In this study we sought to quantitatively explore the dynamics of H3K36me addition and removal299

in response to Set2 modulation. We created a light-controlled variant of Set2 (LANS-Set2) that300

offered a rapid and reversible tool. Using this photoswitch, we found that H3K36me3 deposition301

by Set2 is rapid. Total levels positively correlate with transcriptional frequency, in agreement with302

prior studies. Intriguingly, however, by internally scaling the rate of H3K36me3 deposition based303

13

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2020. ; https://doi.org/10.1101/2020.03.28.013706doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.28.013706
http://creativecommons.org/licenses/by-nc-nd/4.0/


the total H3K36me3, we found the rate at which each gene achieves its maximum level to be304

largely uniform. These data suggest that H3K36me3 deposition is regulated, perhaps through the305

activity of RNA polymerase, which may associate with a finite number of Set2 molecules during306

each round of transcription. In this model, a higher level of H3K36me3 at more highly transcribed307

genes results from multiple rounds of transcription, in which each round of transcription mediates308

a fixed amount of H3K36 methylation per nucleosome across the population of cells. Additionally,309

the linear rate of H3K36me3 gain across protein-coding genes also suggests that Set2 activity310

remains constant over the time course of H3K36 methylation deposition. H3K36me deposition311

may be controlled by a limited amount of Set2 that can interact with RNAPII. Alternatively, the312

residency time of Set2 at nucleosomes could be influenced by the speed of RNAPII elongation.313

Consistent with the idea of limited binding capacity of Set2 with RNAPII at genes, we observed314

that overexpression of SET2 in yeast does not result in increased H3K36me levels (DiFiore et al.,315

in press at Cell Reports). Future studies will be required to explore this model further, for example,316

by extending either the length of the CTD or levels of serine 2 CTD phosphorylation as a means to317

accommodate additional molecules of Set2 on RNAPII.318

In contrast to H3K36me addition, H3K36me2/3 demethylation occurs more slowly than depo-319

sition. Demethylation exhibits a pattern that cannot be explained by simple passive loss through320

cell division or by histone exchange. Rather, and in agreement with work by others, H3K36me2/3321

is removed through the activity of multiple H3K36 demethylases, primarily Rph1 that targets322

H3K36me3. Intriguingly, we showed that H3K36me2/3 is lost at the same time scale for all genes,323

regardless of H3K36 methylation levels. This first order kinetic pattern of demethylation sug-324

gests that the rate of demethylation is regulated by the abundance and equal availability of H3K36325

methylation as a substrate. This pattern differs from that associated with a mechanism of directed326
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or controlled removal, which might be observed if a fixed amount H3K36 demethylases were as-327

sociated with RNAPII during transcription elongation. In this scenario, highly transcribed genes328

would lose H3K36me3 more rapidly than lowly transcribed ones, and the rate at which H3K36me3329

is lost would appear linear and correlate with RNA abundance levels. As relative H3K36me3 loss330

resembles a decay curve and we found minimal association between H3K36me3 loss rates and331

RNA abundance, our study suggests that H3K36 demethylation occurs through a stochastic and332

continuous mechanism.333

Although Set2 methylation is known to function in transcription-associated activities, including334

the prevention of cryptic transcription, a recent report uncovered the potential for Set2 methylation335

and demethylation by Rph1 to function in metabolic pathways that control amino acid biosynthe-336

sis.35 More specially, the Tu lab showed that Set2 methylation promotes S-adenosylmethionine337

(SAM) consumption to drive cysteine and glutathione biosynthesis, whereas H3K36me removal is338

linked to the biosynthesis of methionine. Thus, H3K36 acts as a methylation “sink” that controls339

various biosynthetic pathways involving SAM. Consistent with this report, our studies support the340

idea that Rph1 acts in a global and stochastic manner for a role other than one in transcription. Our341

data, in combination with previous work showing that H3K36me2 is largely targeted by Jhd1,50
342

may suggest that the combination of multiple H3K36 demethylases in fact function to maintain the343

balance of available SAM and the histone methylation sink.344

The histone sink theory described above leads to an important question: how does Set2 methy-345

lation function in transcriptional regulation but also in amino acid biosynthetic pathways that are346

perhaps uncoupled to transcription? Although at first approximation it might seem these two func-347

tions of Set2 are incompatible, they may not be mutually exclusive. For example, although limited348

transcription is sufficient to regulate the Rpd3S deacetylation pathway, additional methylation of-349

15

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2020. ; https://doi.org/10.1101/2020.03.28.013706doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.28.013706
http://creativecommons.org/licenses/by-nc-nd/4.0/


fers the methyl sink. In this model, the high levels of H3K36me in highly transcribed genes would350

serve as a source for SAM regulation. Consistent with this idea, mutations in several transcription351

elongation factors like the PAF complex and Spt6, or Set2 itself, that limit H3K36 methylation are352

sufficient to prevent cryptic initiation.44, 51, 52 Furthermore, we observed that those genes that were353

the most impacted by Set2 loss were metabolic genes associated with amino acid biosynthesis.354

CONCLUSIONS355

In summary, our optogenetic system offers a level of control that permitted genome-wide anal-356

ysis of H3K36me methylation and demethylation. By combining optogenetic, genomic and sta-357

tistical techniques, we achieved fine resolution of dynamics of H3K36 methylation genome-wide.358

This provided inference on the parameters of transcription-dependent deposition and transcription-359

independent removal that builds from prior studies to illuminate new details on how the cycle of360

Set2 methylation and removal is achieved. These studies also offer a strategy for further use of361

optogenetic approaches to study other chromatin modifiers with improved spatiotemporal control,362

and to obtain a more quantitative, time-resolved understanding of the dynamics of chromatin reg-363

ulation.364
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FIGURES379

Figure 1: Optogenetic control of Set2 cellular localization.
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Figure 2: LANS-Set2 regulates H3K36 methylation levels and Set2-associated phenotypes.
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Figure 3: Genome-wide examination of H3K36me3 reveals rapid methylation and demethy-
lation kinetics.
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Figure 4: A Bayesian generalized linear mixed effect model for H3K36me3 dynamics defines
fixed and stochastic properties of H3K36me3 gain and loss.
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Figure 5: H3K36me3/2 removal is rapid and largely mediated by Rph1 and Jhd1.
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Figure 6: Global H3K36me3 removal is associated with a one phase exponential rate of decay.

23

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2020. ; https://doi.org/10.1101/2020.03.28.013706doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.28.013706
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGURE LEGENDS380

Figure 1: Optogenetic control of Set2 cellular localization. (A) Schematic of histone H3 lysine381

36 (H3K36) methylation triggered by light-induced translocation of LANS-Set2 into the nucleus382

as well as demethylation by Rph1. (B) Confocal images from Additional file 1 demonstrating383

reversible control of mVenus-tagged LANS-Set2 localization in yeast cells with histone H2B en-384

dogenously tagged with mCherry (scale bar, 3 µm). (C) Quantification of nuclear/cytoplasmic385

fluorescence intensity change before and during light activation. Mean ± SEM was calculated386

from the activation of multiple cells (n = 3) shown in (B) and Additional file 1.387

388

Figure 2: LANS-Set2 regulates H3K36 methylation levels and Set2-associated phenotypes.389

(A) Western blot analysis comparing levels of H3K36 methylation in whole cell lysates prepared390

from log phase cultures grown continuously in the dark or light. Asterisks indicate nonspecific391

bands. (B) Quantification of histone modifications from immunoblots in (A). Data represent mean392

values ± SD (n = 3). (C) Diagram of the FLO8-HIS3 reporter. The promoter upstream of the393

FLO8 gene has been replaced by a galactose inducible promoter and a HIS3 cassette has been in-394

serted out of frame from the FLO8+1 ATG such that growth in the absence of histidine can only395

occur when transcription initiates from an internal TATA located at FLO8+1626. (D) Four-fold se-396

rial dilutions of overnight set2∆ cultures expressing one of several constructs were spotted on the397

indicated solid media, which were incubated in the dark or light for 4 days before imaging (see398

Figure S1F for original images). LANS-Set2 phenocopies set2∆ in the dark and wild-type Set2 in399

the light. (E) Five-fold serial dilutions of overnight cultures of wild type BY4742 and BUR1 plas-400

mid shuffling strains were spotted on the indicated solid media, which were incubated in the dark401
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or light for 3 days before imaging (see Figure S1G for original images). LANS-Set2 phenocopies402

set2∆bur1∆ in the dark and wild-type Set2 in the light. (F) Representative western blot analysis of403

whole-cell lysates probing gain of H3K36 methylation over time using LANS-Set2 in set2∆ after404

the transition of log phase cultures from dark to light (see Figure S2A for replicates). Asterisks405

indicate nonspecific bands. (G) Quantification of H3K36 modifications as a function of time from406

triplicate immunoblots shown in (F) and Figure S2A. n = 3 and data represent mean ± SEM.407

(H) Representative western blot analysis of whole-cell lysates probing loss of H3K36 methylation408

over time using LANS-Set2 in set2∆ after the transition of log phase cultures from light to dark409

(see Figure S2B for replicates). Asterisks indicate nonspecific bands. (I) Quantification of H3K36410

modifications as a function of time from triplicate immunoblots shown in (H) and Figure S2B.411

n = 3 and data represent mean ± SEM. Half-lives were calculated from single exponential fits to412

the H3K36me3 and H3K36me2 relative abundance data using GraphPad Prism 5. ∗P < 0.05.413

414

Figure 3: Genome-wide examination of H3K36me3 reveals rapid methylation and demethy-415

lation kinetics. (A) Genome browser ChIP-seq signal track of a representative example of LANS-416

Set2 activation (green) and inactivation (purple) over the time course experiment. Signal is normal-417

ized by H3 ChIP-seq signal and scaled by the internal spike-in S. pombe DNA. (B,C) Distribution418

of mean, per-gene normalized LANS-Set2 activation (B) or LANS-Set2 inactivation (C) ChIP-seq419

signal represented as interquartile range boxplots over the time course. Each line represents the420

mean of the replicates for a specific gene over time. (D,E) Distribution of the relative (D) LANS-421

Set2 activation or (E) LANS-Set2 inactivation ChIP-seq signal over time. To highlight relative422

H3K36me3 changes for each gene, the maximum signal value over all timepoints was set to 1, and423

subsequent time point became a fraction of that maximum.424
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425

Figure 4: A Bayesian generalized linear mixed effect model for H3K36me3 dynamics defines426

fixed and stochastic properties of H3K36me3 gain and loss. (A) Posterior H3K36me3 rates427

from Bayesian generalized linear mixed model (GLMM) for normalized ChIP-seq signal (left)428

and relative H3K36me3 ChIP-seq signal (right) for the gene CDS1 (YBR029C) throughout the429

timecourses of LANS-Set2 activation (green) and LANS-Set2 inactivation (purple). Dashed lines430

represent individual ChIP-seq replicates, while bold lines represent the GLMM posterior mean of431

the rate. Shaded regions indicate the 95% credible interval on the rate parameter. (B) Venn dia-432

gram of the high confidence genes identified within LANS-Set2 activation (green) and LANS-Set2433

inactivation (purple). High confidence genes had a clear positive or negative rate, defined as hav-434

ing 95% credible intervals that never include zero (on the linear predictor). (C) Per-gene GLMM435

rates for normalized H3K36me3 ChIP-seq signal and relative H3K36me3 ChIP-seq signal for both436

LANS-Set2 activation (green) and LANS-Set2 inactivation (purple). Solid circles signify high437

confidence genes, while hollow circles represent low confidence genes. (D) Histogram of GLMM438

rates within the shared high confidence gene set between LANS-Set2 activation (green) and LANS-439

Set2 inactivation (purple) (n = 4117). (E) LANS-Set2 activation GLMM rates compared to mean440

RNA abundance levels (log TPM) at t = 60 minutes for genes that were high confidence for both441

LANS-Set2 activation and inactivation. The Pearson correlation coefficient is r = 0.055. The442

dashed lines represent the line of best fit, (F) LANS-Set2 inactivation GLMM rates compared to443

mean RNA abundance levels (log TPM) at t = 0 minutes for genes that were high confidence gene444

in both sets. Pearson correlation coefficient is r = 0.206. Dashed line represents the line of best fit.445

(G) LANS-Set2 activation GLMM rates compared to average, normalized H3K36me3 ChIP-seq446

levels at t = 60 minutes for each gene in the shared, high confidence gene set. Each gene is colored447
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by mean RNA abundance levels (log TPM) at the same time point. (H) LANS-Set2 inactivation448

GLMM rates compared to average, normalized H3K36me3 ChIP-seq levels at t = 0 minutes for449

each gene in the shared, high confidence gene set. Each gene is colored by mean RNA abundance450

levels (log TPM) at the same time point.451

452

Figure 5: H3K36me3/2 removal is rapid and largely mediated by Rph1 and Jhd1. (A) Rep-453

resentative western blot analysis of whole cell lysates prepared from log phase cultures of the454

indicated strains transformed with LANS-Set2 and grown continuously in the light. Asterisks in-455

dicate nonspecific bands. (B) Quantification of H3K36me3 from triplicate immunoblots shown456

in (A) and Figure S6A. Data represent mean values ± SD (n = 3). (C) Representative west-457

ern blot analysis of whole-cell lysates probing loss of H3K36me3 over time using LANS-Set2 in458

set2∆rph1∆ after the transition of log phase cultures from light to dark (see Figure S6E for repli-459

cates). Asterisks indicate nonspecific bands. (D) Quantification of H3K36me3 as a function of460

time from triplicate immunoblots shown in Figures 2H and S2B (set2∆) and Figures 5C and S5E461

(set2∆rph1∆). n = 3 and data represent mean ± SEM. The half-life was calculated from a single462

exponential fit to the H3K36me3 relative abundance data using GraphPad Prism 5. ∗P < 0.05.463

464

Figure 6: Global H3K36me3 removal is associated with a one phase exponential rate of decay.465

(A) Genome browser ChIP-seq signal track of a representative example of LANS-Set2 inactiva-466

tion in a set2∆ (green) or set2∆rph1∆ (red) background the time course experiment. Signal is467

normalized by internal spike-in S. pombe DNA and H3 ChIP-seq signal. (B) Distribution of mean,468

per-gene normalized LANS-Set2 inactivation ChIP-seq signal represented as interquartile boxplots469

across the time course in a set2∆ (green) or set2∆rph1∆ (red) background. Each line represents470
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the mean of all three replicates for one specific gene over time. Gray boxplots represent LANS-471

Set2 inactivation in the set2∆ background (as seen in Figure 3C) while black boxplots represent the472

set2∆rph1∆ background. (C) Distribution of the relative LANS-Set2 inactivation ChIP-seq signal473

in a set2∆ (green) or set2∆rph1∆ (red) over time. To highlight relative H3K36me3 change for474

each gene, the maximum signal value over all timepoints was set to 1, and subsequent time point475

became a fraction of that maximum. Gray boxplots represent LANS-Set2 inactivation in the set2∆476

background (as seen in Figure 3E) while black boxplots represent the set2∆rph1∆ background.477

(D) Venn diagram of the high confidence genes identified within LANS-Set2 inactivation in a478

set2∆ (green) or set2∆rph1∆ (red) background. High confidence genes were determined to have479

a clear negative trend based on the 95% credible interval of the GLMM rate never including zero480

(on the linear predictor). (E) Histogram of the GLMM rates within the shared high confidence481

gene set between LANS-Set2 inactivation in a set2∆ (green) or set2∆rph1∆ (red) background482

(n = 3531). (F) Jointly modeling the set2∆ and set2∆rph1∆ backgrounds of LANS-Set2 inacti-483

vation rates revealed a lag in set2∆rph1∆ compared to set2∆ across the time course. Points above484

zero indicate genes with a higher GLMM loss rates in set2∆ compared to set2∆rph1∆ at a given485

timepoint, while points below zero indicates genes with lower GLMM rates in set2∆rph1∆ com-486

pared to set2∆. Each line represents one gene across the time course. Boxplot borders represent487

the interquartile range of the difference in GLMM rates between set2∆rph1∆ and set2∆ for each488

timepoint.489
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METHODS490

Reagents491

Antibodies: Set2 (raised in lab, 1:5000), G6PDH (Sigma Aldrich A9521, 1:100000), H3K36me3492

(Abcam 9050, 1:1000 for ECL, 1:2000 for LI-COR and 2 µL for ChIP), H3K36me2 (Active Motif493

38255, 1:1000 for ECL and 1:2000 for LI-COR), H3K36me1 (Abcam 9048, 1:1000 for ECL and494

1:2000 for LI-COR), H3K79me3 (Abcam 2621, 1:2000), H3 (Figure S1C EpiCypher 13-0001,495

1:1000; Figure S1E Abcam 12079, 1:1000; CST 14269, 1:2000 for LI-COR and EMD Milli-496

pore 05-928 2 µL for ChIP). Rabbit (Amersham NA934, Donkey anti-Rabbit), goat (Santa Cruz497

2768, Rabbit anti-Goat), rabbit (Thermo SA5-10044, Donkey anti-Rabbit DyLight 800) and mouse498

(Thermo 35518, Goat anti-mouse DyLight 680) secondary antibodies were used at 1:10000.499

Strain generation500

All strains were in the BY4741 background unless otherwise stated. Gene deletions (SET2, RPH1,501

JHD1, ECM5, and GIS1) were performed by gene replacement using the PCR toolkit. The Set2-502

FRB strain was generated by amplifying FRB-KanMX6 from pFA6a-FRB-KanMX6 (HHY168,503

Euroscarf) and inserting it at the SET2 3’ end by homologous recombination. Strains are listed in504

Supplementary Table 1.505

DNA Cloning506

The mVenus-NES1-Set2 plasmid was Gibson assembled from an mVenus-NES1-MCS plasmid507

and SET2 amplified from BY4741 genomic DNA. The resulting mVenus-NES1-Set2 plasmid was508

then blunt end cloned to create the mVenus-Set2 plasmid by digestion with XbaI and XmaI, polish-509

ing with Phusion polymerase and subsequent ligation to remove NES1. The mVenus-NES1-Set2510
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plasmid was also used to make the NES2 and NES3 variants by cutting the plasmid with XbaI and511

SbfI to remove NES1 and ligating annealed inserts.512

Similarly, the mVenus-NES1-Set2NLS∆ plasmid was Gibson assembled from the mVenus-NES1-513

MCS plasmid and SET2NLS∆ with XmaI restriction site at its 5’ and XhoI at its 3’ that was gener-514

ated by two rounds of overlap extension PCR from BY4741 genomic DNA to sequentially mutate515

the bipartite NLS. The mVenus-NES1-Set2NLS∆ plasmid was then used to make plasmids as above:516

the mVenus- Set2NLS∆ plasmid was generated by blunt end cloning and the NES2, NES3 and NLS517

variants were generated by cutting and ligating annealed inserts.518

The mVenus-LANS-Set2 plasmid was constructed by inserting SET2NLS∆ into the MCS of519

an mVenus-LANS-MCS plasmid: SET2NLS∆ was generated as above, both the insert and the520

plasmid were cut with XmaI and XhoI and ligation was performed. The resulting plasmid was521

used to generate the LANS-Set2 plasmid lacking mVenus: a LANS-Set2NLS∆ cassette with HpaI522

restriction site at its 5’ and XhoI at its 3’ and the mVenus-LANS-Set2 plasmid were cut with HpaI523

and XhoI and ligated to remove mVenus. All plasmids were sequence verified (Eurofins). Selected524

plasmids are listed in Supplementary Table 2.525

Microscopy526

Yeast samples were imaged and photo-activated with an Olympus FV1000 confocal microscope527

equipped with a 100 (N.A. 1.40) oil immersion objective. Image acquisition for mVenus and528

mCherry used the 514 nm and 559 nm laser lines, respectively, to acquire 800 × 800 images of529

a single optical section. For photo-activation of cells expressing mVenus-LANS-Set2, a timeline530

of image acquisition and photo-activation was generated with the Time Controller module in the531

Olympus Fluoview software. An image was taken before activation, after which activation images532
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were taken every 25 seconds with activation in between each image acquisition for 10 cycles.533

After activation, images were acquired every 10 seconds for 50 cycles of imaging. The activation534

sequence consisted of rasterizing 800 × 800 pixels with 1% of the 488 nm laser and pixel dwell535

time of 8 µs/pixel.536

Spotting537

Overnight cultures of relevant strains were transformed and plated on appropriate SC plates that538

were then incubated at 30 ◦C in the dark. Colonies were resuspended in the appropriate SC539

dropout media and grown at 30 ◦C in the dark. Overnight cultures were diluted to an OD600 of 0.5540

(FLO8-HIS3 cryptic transcription initiation assay) or 2.0 (bur1∆ bypass assay). Six-fold (FLO8-541

HIS3 assay) of five-fold (bur1∆ assay) serial dilutions were spotted onto appropriate plates. For542

the GAL-inducible FLO8-HIS3 cryptic transcription initiation assay, dilutions were spotted onto543

SC−Leu−His plates containing 1% galactose and 1% raffinose as well as SC−Leu plates. For the544

bur1∆ bypass assay, dilutions were spotted onto SC−Leu−Ura plates with and without 5-FOA to545

select against the pRS316-Bur1 plasmid. Growth was assayed after between 48 and 96 hours as546

indicated for plates placed either in the dark or in 500 µW/cm2 blue light emitted from an LED547

strip with maximum emission at 465 nm.548

Steady-state immunoblotting549

BY4741 wild type and set2∆ overnight cultures were transformed and plated on SC−Leu plates550

that were then incubated in the dark at 30 ◦C. A colony from the LANS-Set2 transformation was551

resuspended in SC−Leu and split into light and dark cultures, whereas all other transformants were552

resuspended and grown in the dark. A colony from the Set2-FRB strain was resuspended in YPD553
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and split into cultures either lacking rapamycin or with exposure to 1 µg/mL rapamycin in ethanol.554

All cultures were placed in the same incubator overnight at 30 ◦C: dark cultures were wrapped555

in foil and light cultures were exposed to 500 µW/cm2 blue light (465 nm) from an LED strip556

wrapped around the base of the tube rack. In the morning cell density was measured at OD600 and557

cultures were diluted in SC−Leu to a final OD600 of 0.3 in a final volume of 6.5 mL. Cultures were558

then returned to an incubator at 30 ◦C in either the same light conditions or the same rapamycin559

exposure conditions for 5 hours, after which OD600 was measured and 5 OD600 units of each asyn-560

chronous log phase culture were collected. Samples for chemiluminescent detection (Figures S1C561

and S1E and all Set2 and G6PDH blots) were processed as follows: cells were collected by cen-562

trifugation and lysed using glass beads and vortexing at 4 ◦C for 8 minutes in SUMEB (1% SDS, 8563

M urea, 10 mM MOPS, pH 6.8, 10 mM EDTA, 0.0 % bromophenol blue). Extracts were retrieved,564

centrifuged and boiled at 95 ◦C for 5 minutes. Samples for near-infrared fluorescent detection (all565

other figures) were processed as follows: cells were added to the appropriate volume of 100%566

TCA (Sigma, 100% w/v) to obtain a final concentration of 20% TCA, mixed and centrifuged at567

5k RPM. Supernatants were discarded and pellets were stored at −80 ◦C. After freezing, samples568

were resuspended in TCA buffer (10 mM Tris, pH 8.0, 10% TCA, 25 mM NH4OAc, 1 mM Na2569

EDTA), mixed and incubated for 10 minutes on ice. Samples were centrifuged, resuspended in570

resuspension buffer (0.1 M Tris, pH 11.0, 3% SDS), and boiled at 95 ◦C for 10 minutes. Samples571

were centrifuged to clarify the extracts, protein was quantified using the DC assay and samples572

were diluted in resuspension buffer to equivalent concentrations and further diluted in 2× SDS573

Loading Buffer (60 mM Tris pH 6.8, 2% SDS, 10% glycerol, 0.2% bromophenol blue, 100 mM574

DTT added fresh). 10 µL of whole cell extracts from either preparation method were loaded on575

15% SDS-PAGE gels (or 8% SDS-PAGE for the Set2 blot). Proteins were transferred to 0.45 µm576
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PVDF membranes (Millipore Sigma Immobilon-FL for near-infrared fluorescent detection) using577

a Hoefer Semi-Dry Transfer Apparatus at 45 mA per membrane. For chemiluminescent blotting,578

primary antibodies were incubated in 5% milk at 4 ◦C overnight and secondary antibodies were579

incubated in 5% milk for 1 hour. Immunoblots were developed using ECL Prime (Amersham580

RPN2232). For near-infrared fluorescent blotting, primary antibodies were incubated in Odyssey581

blocking buffer at 4 ◦C overnight and secondary antibodies were incubated in Odyssey blocking582

buffer with 0.015% SDS for 1 hour.583

Photoactivation immunoblotting584

Colonies from LANS-Set2 transformations of the appropriate yeast strain were resuspended in585

SC−Leu and grown in the dark or 500 µW/cm2 blue light overnight at 30 ◦C. For the Set2-FRB586

anchor away strain colonies were resuspended in YPD and grown without rapamycin exposure at587

30 ◦C. In the morning cell density was measured at OD600 and cultures were diluted in SC−Leu588

to a final volume of 70 mL and final OD600 of 0.35 (OD600 of 0.3 for Set2-FRB). For set2∆bar1∆589

cultures, after 3 hours cultures were split in two cultures, one of which was treated with 0.1 µg/mL590

of alpha-factor (Diag #RP01002), grown another 1.5 hours, visualized to ensure arrest in treated591

cells, and grown another 30 minutes. All other cultures were grown in the same light conditions,592

though light cultures were grown in 200 µW/cm2 blue light (465 nm emitted from an LED strip593

above the culture flasks) for 4.5 hours of growth at 30 ◦C at which point 5 OD600 units of each594

asynchronous log phase culture were collected. Time courses began when cultures were moved595

from the dark to light or the light to dark (or for the Set2-FRB strain upon addition of 1 µg/mL596

rapamycin in ethanol). At each time point the same volume of each culture (5 OD600 units mea-597

sured at time zero) was harvested by the TCA method detailed above. Frozen pellets were further598
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processed as above after the completion of each time course.599

Immunoblot quantification600

Band intensities for H3, H3K36me3, H3K36me2, H3K36me1, and H3K56ac were quantified with601

local background subtracted using Image Studio Lite. H3K36 methylation and H3K56 acetylation602

intensities were divided by their respective H3 intensities. To obtain relative abundance throughout603

the dark to light time courses, the last time point was used as a reference for each preceding time604

point, and for the light to dark and Anchor Away time courses the first time point was used as a605

reference for each subsequent time point. Relative abundances were plotted using GraphPad Prism606

5, statistical significance was calculated using unpaired two-tailed student’s t-test (p < 0.05),607

and half-lives were obtained by fitting data using single exponentials. The one phase association608

equation Y = Y0 +(plateau−Y0)(1−e−kx) was used to fit values corresponding to the LANS-Set2609

dark-to-light time courses whereas the one phase decay equation Y = (Y0−plateau)e−kx)+plateau610

was used to fit values corresponding to the LANS-Set2 light-to-dark as well as the Anchor Away611

time courses.612

Chromatin immunoprecipitation (ChIP)613

For WT, set2∆ and rph12∆ strains, yeast was resuspended in YPD and grown in the dark overnight614

at 30 ◦C. For time courses, colonies from LANS-Set2 transformations of the appropriate yeast615

strain were resuspended in SC−Leu and grown in the dark or 500 µW/cm2 blue light overnight at616

30 ◦C. In the morning cell density was measured at OD600 and cultures were diluted in appropriate617

media to a final volume of 70 mL and final OD600 of 0.35. Cultures were maintained in the dark618

or light (200 µW/cm2 blue light) for 4.5 hours of growth at 30 ◦C until the OD600 reached 0.8-619
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1.0. For WT, set2∆ and rph12∆ strains samples were collected, and for time courses an initial620

time point was collected then samples were shifted from the dark to light or the light to dark.621

To collect samples, cells were fixed with a 1% final concentration of formaldehyde, the fixation622

was quenched, cells were washed, and pellets were frozen at -80 ◦C. After the completion of623

each time course, cells were lysed using 140 mM FA lysis buffer (containing protease inhibitor624

cocktail). Lysed cells were sonicated (Diagenode Bioruptor UCD-200) on high intensity 5 times625

for 5 minutes each (cycles of 30 seconds “ON” and 30 seconds “OFF”) and clarified by centrifuging626

at full speed for 15 minutes. Overnight immunoprecipitations of S. cerevisiae chromatin with627

appropriate antibodies were prepared with S. pombe chromatin spike-in control corresponding to628

15% of S. cerevisiae chromatin as estimated by Bradford assay (Bio-Rad). 50 µL of Protein G629

Dynabeads were added to each 500 µL immunoprecipitation reaction and reactions were incubated630

for 2 hours. Washes were performed with 1 mL of 140 mM FA-lysis buffer, 500 mM FA-lysis631

buffer, LiCl solution (250 mM LiCl, 10 mM Tris, 0.5% each of NP-40 and sodium doxycholate632

and 1 mM EDTA) and TE pH 8.0. Elution buffer (1% SDS, 0.1 M NaHCO3) was used to elute the633

DNA (15 minutes shaking at 65 ◦C followed by centrifugation at 2,000 RPM for 2 minutes). 10634

µL of 5 M NaCl was added to the eluates and 10% inputs and samples were incubated at 65 ◦C635

overnight to carry out de-crosslinking. Samples were treated with RNase for 1 hour and proteinase636

K for 1 hour before ChIP DNA Clean & Concentrator (Zymo Research) to extract the DNA.637

ChIP-sequencing and data analysis638

Bar-coded sequencing libraries were prepared as recommended by the manufacturer (KAPA Hy-639

per Prep Kit), pooled and sequenced (Hi-Seq 2500, Illumina). Reads from the sequencer were de-640

multiplexed using bcl2fastq (v2.20.0). Sequencing adapters on reads were trimmed using cutadapt641
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(v1.12) using options -a GATCGGAAGAGC -A GATCGGAAGAGC and --minimum-length 36642

in paired mode. After trimming, reads were filtered for quality using the fastq_quality_filter643

in FASTX-Toolkit (v0.0.12), with options -Q 33, -p 90, and -q 20. In-house scripts were used644

to limit potential PCR duplicates by limiting reads with the same sequence to a maximum of 5645

copies and discarding the copies beyond that limit. Since the previous filtering steps may re-646

move one end of a read pair but not the other, both read-pair fastq files were synced using in-house647

scripts to ensure proper order for alignment. As the ChIP experiments contained S. pombe spike-in,648

a chimeric S. cerevisae-S. pombe genome was generated using the genomeGenerate tool in STAR649

(v2.5.2b). This chimeric genome contains the full sequence of both species, allowing reads to align650

to their best overall fit between the two species. Once generated, read alignment was done using651

STAR (v2.5.2b) and options --outFilterMismatchNmax 2, --chimSegmentMin 15, --652

chimJunctionOverhangMin 15, --outSAMtype BAM Unsorted, --outFilterType653

BySJout, --outFilterScoreMin 1, and --outFilterMultimapNmax 1. Post-alignment,654

Samtools (v1.31) and bedtools (2.26) were used to generate bigWig files for downstream analy-655

ses. To account for S. pombe spike-in, the bigwig signal was normalized by the total number of656

S. pombe reads per million, using the -scale option within the bedtools genomecov tool. Nor-657

malized H3K36me3 signal was obtained by dividing H3K36me3 spike-in normalized signal by H3658

spike-in normalized signal for each base pair for each replicate. Some regions were devoid of any659

H3 signal, and these regions were flagged and excluded from further analyses.660

Deeptools (v2.5.4) was used to generate metagene plots using the normalized H3K36me3 sig-661

nal. Deeptools was also used to obtain base pair by base pair signal over regions of interest such as662

genes, introns, and exons. This data was used to calculate the average signal per gene, excluding663

those regions flagged for lacking H3 signal. We set out to understand H3K36me3 signals over664
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time, however differing levels of normalized H3K36me3 signal within genes made analysis diffi-665

cult. To account for these differences, we scaled the average signal per gene throughout the time666

course between 0 (no signal) and 1 (the maximum signal of a gene over the time course). This667

yielded a relative scale for each gene as a fraction of its maximum signal, and allowed for easier668

comparisons of patterns within and across treatments.669

RNA isolation670

Colonies from LANS-Set2 transformations in set2∆ were prepared as above, except that in the671

morning cultures were diluted in SC−Leu to a final volume of 70 mL and final OD600 of 0.3.672

Time courses were conducted as above except that 10 mL of log-phase cultures were collected by673

centrifugation and frozen at -80 ◦C. After the completion of each time course, RNA was isolated674

by acid phenol extraction. RNA (10 µg) was treated with DNase (Promega) and purified (RNeasy675

column, QIAGEN).676

RNA-sequencing and data analysis677

RNA (2.5 µg) was processed using rRNA depletion beads specific to yeast (Illumina). Bar-678

coded sequencing libraries were prepared as recommended by the manufacturer (TruSeq Stranded679

Total RNA Library Preparation Kit, Illumina), pooled and sequenced (Hi-Seq 4000, Illumina).680

Reads from the sequencer were demultiplexed using bcl2fastq (v2.20.0). Reads were trimmed us-681

ing cutadapt (v1.12) using options -a GATCGGAAGAGC -A GATCGGAAGAGC and --minimum-682

length 36 to remove any sequencing adapters. After trimming, reads were filtered for quality683

using the fastq_quality_filter in FASTX-Toolkit (v0.0.12), with options -Q 33, -p 90,684

and -q 20. Reads were aligned to the sacCer3 genome using STAR (v2.5.4b) with options --685
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quantMode TranscriptomeSAM, --outFilterMismatchNmax 2, --alignIntronMax686

1000000, --alignIntronMin 20, --chimSegmentMin 15, --chimJunctionOverhangMin687

15, --outSAMtype BAM Unsorted, --outFilterType BySJout, and --outFilterMultimapNmax688

1. To calculate the RNA abundance values, Salmon (v0.8.1) tool was used with options -l SR,689

--incompatPrior 0.0 to account for read strandedness. Samtools (v1.3.1), bedtools (v2.26),690

and R (v3.3.1) were used to interconvert files for downstream analyses. DESeq2 (v1.14.1) was691

used to determine which genes had differential expression. Venn diagrams were made using R692

package Vennerable (v3.0).693

Bayesian generalized linear mixed effect model694

A Bayesian generalized linear mixed effect model, implemented in R (v3.5.2) with the brms695

(v2.8.0) and rstan (v2.18.2) packages as wrappers for the statistical software Stan (v2.18.1), to696

account for features of the data: non-normality and the longitudinal and replicate observation697

study design. Posterior summaries from the models were used to make inferences and for further698

analysis. See Supplemental Methods for greater detail.699
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Figure S1: Related to Figures 1 and 2.
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Figure S3: Related to Figure 3.
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Figure S4: Related to Figure 4.
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Figure S5: Related to Figure 5.
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Figure S6: Related to Figure 6.
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SUPPLEMENTAL FIGURE LEGENDS868

Figure S1: Related to Figures 1 and 2. (A) Sequence alignment and domain map depicting869

mutations (red) to a putative NLS (bold) and their locations relative to other domains. Set2 is870

characterized by the SET (Su(var)3-9, Enhancer-of-zeste and Trithorax), WW, CC (coiled coil),871

and SRI (Set2-Rpb1 interacting) domains. (B) List of the nuclear export signals tested, including872

their origins and sequences. (C) Immunoblots showing testing in a SET2 deletion strain (set2∆)873

of nuclear export signals fused to Set2 with and without inactivating mutations of the Set2 NLS874

(Set2NLS∆), as well as testing of the designed NLS used in LANS. Constructs are mVenus-tagged875

and migrate around 115 kDa, whereas the endogenous Set2 is not mVenus-tagged and migrates876

around 85 kDa. The asterisk indicates a nonspecific band. (D) Confocal images demonstrating877

localization of several mVenus-tagged Set2 constructs (cyan) in yeast cells with histone H2B en-878

dogenously tagged with mCherry (magenta); (scale bar, 3 µm). (E) Light-mediated control of879

H3K36 tri- and dimethylation in set2∆ cells as evidenced by immunoblotting with antibodies spe-880

cific to various histone modifications. Several constructs are mVenus-tagged whereas endogenous881

Set2 (endog.) and LANS-Set2 are not. Asterisks indicate nonspecific bands. (F) FLO8-HIS3882

cryptic transcription initiation spotting assay testing LANS-Set2 and constructs toward its devel-883

opment. Six-fold serial dilutions of overnight cultures expressing one of several constructs were884

spotted on solid media with or without histidine as per the FLO8-HIS3 reporter assay depicted in885

Figure 2C, and plates were incubated in the dark or blue light. Images were collected 3-4 days886

later. All constructs are mVenus-tagged. (G) bur1∆ bypass spotting assay testing LANS-Set2 and887

constructs toward its development. Five-fold serial dilutions of overnight cultures of wild-type888

BY4742 and BUR1 plasmid shuffling strains were spotted on solid media with or without 5-FOA to889
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select against the BUR1/URA3 plasmid and plates were incubated in the dark or blue light. Images890

were collected 2-3 days later. All constructs are mVenus-tagged.891

892

Figure S2: Related to Figure 2. (A) Western blots probing gain of H3K36 methylation over893

time using LANS-Set2 in set2∆ after the transition from dark to light. Triplicate immunoblots of894

whole-cell lysates prepared from log phase cultures for quantification of histone modifications as a895

function of time in Figure 2F. Asterisks indicate nonspecific bands. (B) Western blots probing loss896

of H3K36 methylation over time using LANS-Set2 in set2∆ after the transition from light to dark.897

Triplicate immunoblots of whole-cell lysates prepared from log phase cultures for quantification898

of histone modifications as a function of time in Figure 2H. Asterisks indicate nonspecific bands.899

(C) Western blots probing loss of H3K36 methylation over time using Set2-FRB after addition of900

rapamycin. Triplicate immunoblots of whole-cell lysates prepared from log phase cultures. (D)901

Quantification of histone modifications as a function of time from immunoblots in (C). (n = 3,902

mean ± SEM). (E) Immunoblots comparing levels of H3K36 methylation in Set2-FRB cultures903

grown with and without rapamycin exposure. (F) Quantification of histone modifications from904

immunoblots in (E). Data represent mean values ± SD (n = 3 independent experiments). (G)905

Quantification of H3K36me3 loss using LANS-Set2 in set2∆ after transition from light to dark906

(from Figure 2F) and using Set2-FRB after addition of rapamycin (from Figure S2D). (H) Quan-907

tification of H3K36me2 loss using LANS-Set2 in set2∆ after transition from light to dark (from908

Figure 2H) and using Set2-FRB after addition of rapamycin (from Figure S2D). (I) Triplicate im-909

munoblots of whole-cell lysates prepared from log phase cultures for wild-type BY4741 yeast and910

Set2-FRB without exposure to rapamycin. Asterisks indicate nonspecific bands. (J) Triplicate911

immunoblots of whole-cell lysates prepared from log phase cultures for wild-type BY4741 yeast912
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and LANS-Set2 in set2∆ grown continuously in the light. Asterisks indicate nonspecific bands.913

Half-lives were calculated from single exponential fits to the H3K36me3 and H3K36me2 relative914

abundance data using GraphPad Prism 5. ∗P < 0.05; ∗ ∗ ∗P < 0.0001.915

916

Figure S3: Related to Figure 3. (A,B,C,D) Boxplots representing the distribution of all mean,917

normalized H3K36me3 ChIP-seq signal for the pre-exons, introns, and post-exons at (A) t = 0918

minutes, (B) t = 20 minutes, (C) t = 40 minutes, and (D) t = 60 minutes after LANS-Set2 activa-919

tion. A pre-exon is the exon preceding a given intron while the post-exon is the succeeding exon to920

a given intron. Blue boxplots are replicate 1, green boxplots are replicate 2, and blue boxplots are921

replicate 3. Boxplot borders represent the 2nd and 3rd quartile, while the midline reflects the median.922

(E,F,G,H) Histograms representing the log2 fold change of mean, normalized H3K36me3 ChIP-seq923

signal between a pre-exon and the corresponding intron at (E) t = 0 minutes, (F) t = 20 minutes,924

(G) t = 40 minutes, and (H) t = 60 minutes after LANS-Set2 activation. Blue histograms rep-925

resent replicate 1, green histograms represent replicate 2, and blue histograms represent replicate926

3. (I,J,K,L) Boxplots representing the distribution of all mean, normalized H3K36me3 ChIP-seq927

signal for the pre-exons, introns, and post-exons (I) t = 0 minutes, (J) t = 30 minutes, (K) t = 60928

minutes, and (L) t = 90 minutes after LANS-Set2 inactivation. (M,N,O,P) Histograms represent-929

ing the log2 fold change of mean, normalized H3K36me3 ChIP-seq signal between a pre-exon and930

the corresponding intron at (M) t = 0 minutes, (N) t = 30 minutes, (O) t = 60 minutes, and (P)931

t = 90 minutes after LANS-Set2 inactivation. (Q,R) Mean, normalized H3K36me3 ChIP-seq sig-932

nal metagene for the time course after (Q) LANS-Set2 activation or (R) LANS-Set2 inactivation,933

scaled between 0-100% of the gene length. Metagenes contain 200 base pairs up- and downstream934

of the genes. Bold lines represent the mean across all three replicates for each time point, while935
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the shaded bands represent the standard deviation about the mean. The different line types indicate936

the time points.937

938

Figure S4: Related to Figure 4. The (A) mean, normalized H3K36me3 ChIP-seq signal and939

(B) relative H3K36me3 ChIP-seq signal for the gene YAR009C throughout the time course after940

LANS-Set2 activation (green) and LANS-Set2 inactivation (purple). Dashed lines represent indi-941

vidual replicates, while bold lines represent the Bayesian generalized linear mixed effect model942

(GLMM) posterior mean H3K36me3. The shaded regions represent the posterior credible interval943

for H3K36me3 from the GLMM. YAR009C was not included in the high confidence gene set from944

Figure 4B, which is reflected in the lack of a clear trend in the data and wide credible intervals for945

either normalized or relative H3K36me3. The credible interval for LANS-Set2 activation was plot-946

ted on a separate plot (right) to accommodate the large difference in the y-axis scale. (C) Per-gene947

GLMM posterior rates for relative H3K36me3 ChIP-seq signal for LANS-Set2 activation (green)948

and LANS-Set2 inactivation (purple) and their respective errors. Solid circles represent high con-949

fidence genes for LANS-Set2 activation or LANS-Set2 inactivation, while hollow circles represent950

genes with low confidence. (D) Per-gene GLMM posterior rates for normalized H3K36me3 ChIP-951

seq signal and relative H3K36me3 ChIP-seq signal for both LANS-Set2 activation (green) and952

LANS-Set2 inactivation (purple). All genes were included, whereas some were excluded in Figure953

4C for clarity. (E) Histogram of the GLMM rates for of all genes for LANS-Set2 activation (green)954

and LANS-Set2 inactivation (purple). (F) GLMM rate comparison between LANS-Set2 inactiva-955

tion and LANS-Set2 activation for the high confidence gene set. Pearson correlation coefficient956

is included. (G) Comparison of mean RNA abundance levels (log TPM) between LANS-Set2957

inactivation and LANS-Set2 activation at t = 0 minutes and t = 60 minutes, respectively. (H)958
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Venn diagram of genes with significantly different RNA abundances between t = 0 minutes and959

t = 30 minutes (red), t = 60 minutes (blue), and t = 90 minutes (green) after LANS-Set2 acti-960

vation. (I) Venn diagram of differential genes between t = 0 minutes and t = 20 minutes (red),961

t = 40 minutes (blue), and t = 60 minutes (green) after LANS-Set2 inactivation. (J) Mean RNA962

abundance levels (log TPM) by mean, normalized H3K36me3 levels for the high confidence gene963

set for both LANS-Set2 activation at t = 60 minutes (left) and LANS-Set2 inactivation at t = 0964

minutes (right). These time points were chosen as they are the ones with the highest H3K36me3965

level, and thus most like wild-type conditions. (K) Gene length by mean, normalized H3K36me3966

levels for the high confidence gene set for both LANS-Set2 activation at t = 60 minutes (left) and967

LANS-Set2 inactivation at t = 0 minutes (right). (L) Gene length by mean RNA abundance levels968

(log TPM) for the high confidence gene set for both LANS-Set2 activation at t = 60 minutes (left)969

and LANS-Set2 inactivation at t = 0 minutes (right). (M) The GLMM rate by gene length for970

the high confidence gene set during LANS-Set2 activation. (N) GLMM rate errors by gene length971

for the high confidence gene set during LANS-Set2 activation. (O) The GLMM rate by mean,972

normalized H3K36me3 levels for the high confidence gene set during LANS-Set2 activation. (P)973

The GLMM rate errors by mean, normalized H3K36me3 levels for the high confidence gene set974

during LANS-Set2 activation. Genes are colored based on their RNA abundance at t = 60 minutes975

(log TPM) (M,N,O,P). (Q) The GLMM rate by gene length for the high confidence gene set during976

LANS-Set2 inactivation. (R) GLMM rate errors by gene length for the high confidence gene set977

during LANS-Set2 inactivation. (S) The GLMM rate by mean, normalized H3K36me3 levels for978

the high confidence gene set during LANS-Set2 inactivation. (T) The GLMM rate errors by mean,979

normalized H3K36me3 levels for the high confidence gene set during LANS-Set2 inactivation.980

Genes are colored based on their RNA abundance at t = 0 minutes (log TPM) (Q,R,S,T).981
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982

Figure S5: Related to Figure 5. (A) Triplicate immunoblots of whole-cell lysates prepared from983

log phase cultures for the indicated strains transformed with LANS-Set2 and grown continuously984

in the light. Asterisks indicate nonspecific bands. (B) Quantification of Western blots in (A). Data985

represent mean values ± SD (n = 3). (C) Replicate immunoblots of whole-cell lysates prepared986

from log phase cultures for the indicated strains. (D) Quantification of Western blots in (C). Data987

represent mean values ± SD (n = 4). (E) Western blots probing loss of H3K36 methylation over988

time using LANS-Set2 in set2∆rph1∆. Triplicate immunoblots of whole-cell lysates prepared989

from log phase cultures for quantification of histone modifications as a function of time after the990

transition from the light to dark. Asterisks indicate nonspecific bands. (F) Quantification of im-991

munoblots in (E); (n = 3, mean ± SEM). (G) Western blots probing loss of H3K36 methylation992

over time using LANS-Set2 in set2∆jhd1∆. Triplicate immunoblots of whole-cell lysates pre-993

pared from log phase cultures for quantification of histone modifications as a function of time after994

the transition from the light to dark. Asterisks indicate nonspecific bands. (H) Quantification of995

immunoblots in (G); (n = 3, mean ± SEM). (I) Western blots probing loss of H3K36 methyla-996

tion over time using LANS-Set2 in set2∆ecm5∆. Triplicate immunoblots of whole-cell lysates997

prepared from log phase cultures for quantification of histone modifications as a function of time998

after the transition from the light to dark. Asterisks indicate nonspecific bands. (J) Quantification999

of immunoblots in (I); (n = 3, mean ± SEM). (K) Western blots probing loss of H3K36 methy-1000

lation over time using LANS-Set2 in set2∆gis1∆. Triplicate immunoblots of whole-cell lysates1001

prepared from log phase cultures for quantification of histone modifications as a function of time1002

after the transition from the light to dark. Asterisks indicate nonspecific bands. (L) Quantifica-1003

tion of immunoblots in (K); (n = 3, mean ± SEM). (M) Western blots probing loss of H3K361004
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methylation over time using LANS-Set2 in set2∆ and set2∆asf1∆. Triplicate immunoblots of1005

whole-cell lysates prepared from log phase cultures after the transition from the light to dark. As-1006

terisks indicate nonspecific bands. (N) Quantification of H3K36me3 from immunoblots in (M);1007

(n = 3, mean ± SEM). (O) Quantification of H3K36me2 from immunoblots in (M); (n = 3, mean1008

± SEM). (P) Quantification of H3K56ac from immunoblots in (M); (n = 3, mean ± SEM). (Q)1009

Western blots probing loss of H3K36 methylation over time with and without α-factor treatment1010

using LANS-Set2 in set2∆bar1∆. Triplicate immunoblots of whole-cell lysates prepared from1011

log phase cultures grown with and without pre-treatment with α-factor to arrest cells in G1 prior1012

to transition from the light to dark. Asterisks indicate nonspecific bands. (R) Representative wide-1013

field microscopy images of set2∆bar1∆ cells with and without α-factor pre-treatment. Arrows1014

point to the aberrant morphology (“shmoo" shape) that develops after α-factor treatment of MATa1015

cells. (S) Quantification of H3K36me3 from immunoblots in (Q); (n = 3, mean ± SEM). (T)1016

Quantification of H3K36me2 from immunoblots in (Q); (n = 3, mean ± SEM). Half-lives were1017

calculated from single exponential fits to the H3K36me3 and H3K36me2 relative abundance data1018

using GraphPad Prism 5. ∗P < 0.05; ∗ ∗ ∗P < 0.0001.1019

1020

Figure S6: Related to Figure 6. (A) Comparison of mean, normalized H3K36me3 ChIP-seq1021

signal for all genes after LANS-Set2 inactivation between set2∆ and set2∆rph1∆ backgrounds.1022

The (B) normalized H3K36me3 ChIP-seq signal and (C) relative H3K36me3 ChIP-seq signal for1023

the gene PCL6 (YAL012W) throughout the time courses of LANS-Set2 inactivation in the back-1024

grounds of set2∆ (green) or set2∆rph1∆ (red). Dashed lines represent individual replicates, while1025

bold lines represent the posterior mean H3K36me3 from the Bayesian generalized linear mixed ef-1026

fect model (GLMM). The shaded regions represent the posterior credible interval for H3K36me31027
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from the GLMM. (D) Comparison of the LANS-Set2 inactivation GLMM rate in set2∆rph1∆1028

cells and RNA abundance levels (log TPM) in rph12∆ cells across the high confidence gene set.1029

Dashed line represents the line of best fit. Pearson correlation coefficient is r = 0.131.1030

SUPPLEMENTARY TABLES1031

Table S1. Yeast strains used in this study.1032

1033

Table S2. Plasmids used in this study and their Addgene deposition IDs.1034

1035

ADDITIONAL FILES1036

Additional file 1. LANS-Set2 light activation and reversion in Saccharomyces cerevisiae. Still1037

images from this video are shown in Figure 1B and quantification of nuclear/cytoplasmic fluo-1038

rescence intensity change before and during light activation is shown in Figure 1C. Activation is1039

performed on the entire field of view and the appearance and disappearance of a blue circle indicate1040

the time of blue light activation. Scale bar is 3 µm. (Additional file 1.mov)1041

SUPPLEMENTARY NOTE1042

Protein amino acid sequences for mVenus-FLAG-LANS-Set2 and FLAG-LANS-Set2.1043
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