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The major mechanism by which cells adapt to changes in their environment is by 
altering transcription. In some cases, the response to a stimulus is affected by the 

prior experiences of the cell. One such phenomenon is called epigenetic 
transcriptional memory; cell populations that have previously experienced a 
particular stimulus show a faster or stronger response to this stimulus in the 
future. Through work in budding yeast and HeLa cells, this phenomenon has 

been shown to be characterized by a unique transcriptional memory state that 
persists for 4-8 generations.

The INO1 gene experiences a phenomenon known as epigenetic transcriptional 
memory which is characterized by movement to the nuclear periphery, 
interaction with Nup100, a memory-specific chromatin state and PIC. This results 
in more rapid mRNA production and a competitive fitness benefit. The 
establishment and maintenance of these chromatin changes across generations 
are seen to be controlled by differing mechanisms and are self-perpetuating 
when induced at an ectopic site by incorporation of a Memory Recruitment 
Sequence. Components of this phenomenon are also seen when INO1 is induced 
by a heat shock mimic showing variety in maintenance ability depending on how 
the gene is induced. 

peripheral targeting (Figure 2B). These results indicate that
the sequence of the MRS is essential for its function as a DNA
zip code.

GRS I and GRS II function are not necessary to target recently
repressed INO1 to the nuclear periphery. However, it remained
possible that these elements might be sufficient and redundant
with the MRS element for targeting of recently repressed INO1,
either at URA3 or at the endogenous INO1 locus. To test this
possibility, we introduced mutations in the MRS (mrs mutant)
either alone or in combination with the grs I mutation, in the
promoter of INO1 and tested these mutants for peripheral tar-
geting at URA3 or the endogenous locus. As expected, muta-
tions in GRS I blocked targeting of active URA3:INO1 but did
not block targeting of active endogenous INO1 to the nuclear
periphery because of the presence of GRS II (Figures 2C and
2D) (Ahmed et al., 2010). Mutation of the MRS alone blocked tar-
geting of recently repressed URA3:INO1 and recently repressed
endogenous INO1 (Figures 2C and 2D). Therefore, the MRS is
the only cis-acting DNA element governing peripheral localiza-
tion of recently repressed INO1. Furthermore, if cells were
switched from recently repressing conditions to activating
conditions again, the URA3:mrs mut INO1 returned to the
nuclear periphery, indicating that targeting of active INO1 to

the nuclear periphery is independent of targeting of recently
repressed INO1 to the nuclear periphery (Figure S1A available
online).

The MRS Controls H2A.Z Incorporation
H2A.Z is essential for retention of INO1 and GAL1 at the nuclear
periphery after repression (I. Cajigas and J.H.B., unpublished
data) (Brickner et al., 2007). Loss of H2A.Z also results in a strong
defect in reactivation of INO1 and GAL1 (Brickner et al., 2007).
To explore the connection between H2A.Z incorporation and
gene localization, we asked whether MRS-mediated targeting
of URA3 to the nuclear periphery also required H2A.Z. In cells
lacking H2A.Z (htz1D), URA3:MRS localized in the nucleoplasm
(Figure 3B). Therefore, H2A.Z is essential both for peripheral tar-
geting of recently repressed INO1 and for MRS-mediated
peripheral targeting of an ectopic locus.
We next used chromatin immunoprecipitation (ChIP) to deter-

mine whether the MRS affects H2A.Z incorporation at INO1.
As an internal positive control for H2A.Z nucleosomes, we also
measured the association of HA-H2A.Z with the BUD3 promoter
(Raisner et al., 2005). We observed weak association of H2A.Z
with the long-term repressed INO1 promoter and an increased
association of H2A.Z with the recently repressed INO1 promoter

Figure 3. The MRS and the Histone Variant H2A.Z Control Peripheral Targeting of Recently Repressed INO1
(A) Scheme for integrating DNA elements for localization experiments (Ahmed et al., 2010).

(B) Peripheral localization of URA3, URA3:MRS, and URA3:MRS in the htz1D strain.

(C) Chromatin immunoprecipitation of HA-H2A.Z (Meneghini et al., 2003) from wild-type and mrs mutant INO1 strains and quantified using primers to

amplify !197 to !284 relative to the INO1 ORF or primers to amplify the BUD3 promoter.

(D) Top: map of nucleosomes in the INO1 promoter. Shown are the positions of GRS I (red box), the MRS (yellow box), the TATA box (gray box), two UASINO

elements (green boxes), and the PCR products associated with each nucleosome. Bottom: ChIP of HA-H2A.Z from either a wild-type ormrsmutant INO1 strain,

quantified using primers corresponding to the locations in the top panel or the BUD3 promoter.

Error bars represent the SEM from three biological replicates.
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(Figure 3B) (Brickner et al., 2007). The ChIP signal at INO1 was
slightly lower than that at BUD3 (likely due to the primers used
for this experiment; see below). However, the association of
H2A.Z with the INO1 promoter was MRS dependent; we did
not detect H2A.Z associated with the promoter of mrs mutant
INO1 (Figure 3C). Therefore, the MRS is necessary both for
targeting of recently repressed INO1 to the nuclear periphery
and for H2A.Z incorporation into the INO1 promoter.
Our previous work and genome-wide studies have mapped

several nucleosomes within the INO1 promoter (Figure 3D)
(Brickner et al., 2007; Kaplan et al., 2009; Segal et al., 2006).
Relative to the transcriptional start site, one nucleosome is
centered !75 bp downstream (Nuc+1), another is centered
!175 bp upstream (Nuc-1), and another, less well-positioned
nucleosome is evident starting !250 bp upstream (Nuc-2). The
MRS element is within sequences protected by Nuc "1 ("201
to"211; yellow box in Figure 3D). Mutations in the MRS element
did not alter the position of these nucleosomes (Figure S1B).
We performed ChIP against HA-H2A.Z from wild-type or mrs
mutant INO1 strains and quantified the recovery using primers
corresponding to each of these nucleosomes (Figure 3D, top
panel). The peak of DNA recovered with HA-H2A.Z from wild-
type strains was within Nuc-1, and this association was lost

from mrs mutant INO1 strains (Figure 3D). This is consistent
with the analysis in Figure 3B, in which we used primers slightly
upstream of Nuc "1 (INO1prom For/Rev; "197 to "284). DNA
associated with Nuc+1 was also weakly associated with
HA-H2A.Z, but this was not MRS dependent. This suggests
that, upon repression, the MRS promotes H2A.Z incorporation
into a single nucleosome in the INO1 promoter that includes
the MRS, one of the upstream activating sequences (UASINO)
and the TATA box (Figure 3D).
We next asked whether the MRS is sufficient to promote

H2A.Z incorporation. We used ChIP against HA-H2A.Z in a strain
having the MRS element integrated beside URA3 (Figure 4A).
H2A.Z immunoprecipitated URA3:MRS but not URA3
(Figure 4B), URA3:mrs mutant (Figure 4C), or URA3:mrsC2A
point mutant that was defective for peripheral targeting
(Figure 4D). Thus, the defects we observed in localization
correlate with the absence of H2A.Z. Furthermore, loss of the
catalytic subunit of the ATPase responsible for incorporation
of H2A.Z, the Swr1 protein (Mizuguchi et al., 2004), blocked
both H2A.Z incorporation (Figures 4C and 4D) and targeting to
the nuclear periphery (Figure 4E). Therefore, the MRS is suffi-
cient to promote Swr1-mediated H2A.Z incorporation at an
ectopic location.

Figure 4. The MRS Is Sufficient to Induce H2A.Z Incorporation
(A) Integration scheme for inserting DNA elements for ChIP experiments (as in Ahmed et al., 2010).

(B) ChIP of HA-H2A.Z at URA3. The MRS or a control insert were integrated at URA3. Immunoprecipitations were performed with or without 12CA5 mAb against

the HA tag.

(C) ChIP of HA-H2A.Z from URA3:MRS, mrsmut:URA3, or URA3:MRS swr1D strains.

(D and E) ChIP of HA-H2A.Z (D) or peripheral localization (E) from strains having the MRS (with or without Swr1), the mrs C2A, or the Reb1bs integrated at URA3.

For (B)–(D), immunoprecipitated DNA was quantified relative to input DNA by using real-time PCR with primers for both the INO1 promoter and BUD3 promoter.

Error bars represent the SEM from three biological replicates.
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the INO1 promoter after repression [18], the INO1 promoter is still
marked by H3K4me2. This suggests that dimethylation of H3K4
occurs upstream of, or independent of, H2A.Z deposition to
promote INO1 transcriptional memory.

Nup98 Is Necessary for IFN-c Transcriptional Memory
INO1 transcriptional memory requires Nup100 for both rapid

reactivation and RNAPII association after repression [18].
Because we observed a specific physical interaction of Nup98

Figure 5. H3K4 dimethylation is necessary for INO1 transcriptional memory. For panels A–F, cells were grown under long-term repressing
(+inositol, black bars), activating (2inositol, dark grey bars), or recently repressed (2inoR+ino 3 h, light grey bars) conditions. For panels A, B, D, E,
and F, the recovery of the INO1 promoter was quantified by qPCR relative to input. For all panels, error bars represent the standard error of the mean
from three experiments. Wild-type and mrs mutant strains were fixed and subjected to ChIP using anti-H3K4me3 (A) or anti-H3K4me2 (B). The GAL1-
10 promoter served as a negative control in panels A and B. (C) INO1 peripheral localization was quantified by localizing the LacO array bound to LacI-
GFP with respect to the nuclear envelope, stained against Sec63-myc [91]. The blue, hatched line represents the baseline for peripheral localization in
this assay [12]. Three biological replicates of 30–50 cells were scored. (D) Wild-type, set1D, and rad6D cells were fixed and subjected to ChIP using
anti-RNAPII (8WG16). (E) The MRS or mrs mutant was inserted at URA3 [15], and cells were fixed and subjected to ChIP using anti-H3K4me2. The
recovery of the INO1 promoter or the insertion site at URA3 was quantified by qPCR relative to input. (F) Wild-type and htz1D cells were fixed and
subjected to ChIP using anti-H3K4me2.
doi:10.1371/journal.pbio.1001524.g005
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Figure 5: Memory-specific chromatin marks are epigenetic when induced at ectopic locus by Memory Recruitment 
Sequence (MRS) A) Model for integration of MRS at uninduced URA3 locus. B) Percent of cells that show URA3 at the 
nuclear periphery when in repressing (+inositol), activating (-inositol), and memory (overnight –inositol, then 3 hours 
repressing) conditions with or without MRS integration at URA3. C) ChIP-qPCR against HA-H2A.Z in strains either with or 
without MRS integrated at URA3. D) ChIP-qPCR against H3K4me2 at INO1 promoter region and URA3 under repressing, 
activating, and memory conditions (see above) when either the MRS or mrsmut is integrated at URA3. ChIP-qPCR against 
E) H3K4me2 or F) H2A.Z at URA3 when the MRS is integrated at URA3 after conditional inactivation of SFL1 by Auxin-
Induced Degron (AID) technique. 

SFl1 Conditional Inactivation SFl1 Conditional Inactivation
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elements (Ahmed et al., 2010), the targeting of recently repressed
INO1 to the NPC requires a distinct cis-acting element, the MRS.
The targeting mediated by the GRS elements and the MRS
elements involves distinct interactions with the NPC. These two
targeting mechanisms are independent of each other; peripheral
localization of recently repressed INO1 does not depend on prior
targeting of active INO1, and vice versa. The MRS element is
necessary and sufficient to promote H2A.Z incorporation and
requires H2A.Z to function as a DNA zip code. Retention of
INO1 at the nuclear periphery, incorporation of H2A.Z after
repression, and rapid reactivation of INO1 also require the
NPC component Nup100. Therefore, these two targeting mech-
anisms produce different outcomes. Whereas GRS-mediated

Figure 7. Nup100 Is Essential for INO1
Transcriptional Memory
(A and B) ChIP of HA-H2A.Z in wild-type,

nup100D, and swr1D strains grown without

inositol or shifted from !inositol to +inositol for

1 hr before crosslinking and processing for ChIP.

Immunoprecipitated DNA was quantified relative

to input DNA using primers against the INO1

promoter and the BUD3 promoter.

(C) Wild-type, nup100D or mrs mutant INO1 cells

were harvested at the indicated times after shift-

ing from repressing to activating conditions.

INO1 mRNA levels were quantified relative to

ACT1 mRNA levels by RT-qPCR.

(D) After 3 hr of repression, at time = 0 the strains

were shifted back to activating medium and har-

vested at the indicated times. INO1 mRNA levels

were quantified relative to ACT1 mRNA levels by

RT-qPCR.

(E) ChIPwith anti-Rbp1 after repression fromwild-

type and htz1D strains.

(F) ChIP with anti-Rbp1 after repression fromwild-

type and nup100D strains.

In (E) and (F), the recovery of the INO1 promoter or

the repressed GAL1 promoter (internal control),

relative to input DNA, was quantified by q-PCR;

the wild-type data are the same as in Figure 5E.

Error bars represent the SEM from three biological

replicates. See also Figure S1.

targeting of active INO1 to the NPC
promotes robust transcription (Ahmed
et al., 2010), MRS-mediated targeting to
the NPC promotes H2A.Z incorporation
and RNA polymerase II association,
promoting faster reactivation.

The Nuclear Pore Complex
and Transcription
Recent work in Drosophila suggests that
active genes physically interact with NPC
proteins like the Nup100 homolog Nup98
(Capelson et al., 2010; Kalverda et al.,
2010; Kurshakova et al., 2007; Sunthara-
lingam and Wente, 2003; Vaquerizas
et al., 2010). Furthermore, the expression
of many genes requires NPC proteins

(Capelson et al., 2010; Vaquerizas et al., 2010). The hsp70 locus
and the hyperactive X chromosome in males both localize at the
nuclear periphery (Kurshakova et al., 2007; Vaquerizas et al.,
2010). However, contrary to what has been observed in yeast,
some of the interactions of genes with NPC components in
Drosophila occur in the nucleoplasm (Capelson et al., 2010;
Kalverda et al., 2010; Vaquerizas et al., 2010). This suggests
that NPC proteins may have conserved roles in promoting tran-
scription and that this need not always occur at the nuclear
periphery. Furthermore, our data indicate that genes can interact
with nuclear pore proteins by multiple pathways that influence
expression level, chromatin structure, and transcriptional
kinetics. Therefore, interpretation of the correlation between
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INO1 promoter

Figure 3: The essential components of Epigenetic Transcriptional Memory form a feedback loop A) Sfl1 ChIP at the INO1 promoter region in WT and 
nup100Δ strains under repressing (+inositol), activating (-inositol), and memory (-inositol overnight, then 3 hours repressing) conditions. B) H3K4me2 
ChIP in repressed, activating, and memory conditions (see above) at the INO1 promoter in WT, Sfl1Δ, and mrsmut strains. C) ChIP-qPCR of SFL1 at the 
INO1 promoter region upon conditional inactivation of Cps50 by Anchor Away in memory conditions D) H3K4me2 ChIP-seq experiment focused over 
the INO1 gene in WT and set3Δ strains. E) Sfl1-GFP ChIP-qPCR at the INO1 promoter region in WT, set3Δ, and swr1Δ strains, showing that SFL1 binding 
in memory conditions is dependent on chromatin modifiers.

A

Figure 2. H3K4 dimethylation is an essential memory mark that is deposited by COMPASS. (A and B) Chromatin immunoprecipitation using anti-

H3K4me2 from wild-type, sfl1D or mrs mutant strains grown under repressing, activating or memory conditions, quantified using the INO1 promoter

Figure 2 continued on next page
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SET3C binds H3K4me2 and promotes its persistence during memory
To understand the functional role of H3K4me2 in memory, we asked if the SET3C histone deacety-

lase complex recognizes this mark to promote memory. Set3 possesses a PHD domain that directly

interacts with H3K4me2 (Kim and Buratowski, 2009; Kim et al., 2012) and set3D mutants disrupt

INO1 memory (Light et al., 2013). To confirm that Set3 is recruited to the INO1 promoter by ’read-

ing’ the H3K4me2 mark, we performed ChIP against Set3-FRB-GFP. Indeed, Set3 binding to INO1

reflects the dimethylation of H3K4; Set3 bound under both activating and memory conditions, but

not under repressing conditions (Figure 4A). Binding of Set3 during memory was lost in cells lacking

Sfl1, consistent with role of Sfl1 in promoting H3K4me2 specifically during memory (Figure 4B).

Also, mutation of tryptophan 104 to alanine in the PHD domain of Set3, which blocks binding to

Figure 4. Set3 recruitment to the INO1 promoter under memory conditions requires both Sfl1 and the PHD finger. (A) ChIP against Set3-GFP from cells

grown under repressing, activating or memory conditions +/- rapamycin. (B) ChIP against SET3-GFP from wild type, sfl1D or set3-W140A cells grown

under repressing, activating or memory conditions. (C and D) ChIP against RNAPII (C) and H3K4me2 (D) from wild type an set3-W140A strains grown

under repressing, activating or memory conditions. For A–D, *p<0.05, compared with the repressing condition (Student’s t-test). (E and F) ChIP
sequencing against H3K4me3 (E) and H3K4me2 (F) from wild type (left) and set3D (right) strains grown under repressing, activating and memory

conditions using primers to amplify the INO1 promoter (!348 to !260) or the PRM1 CDS. (G) Confocal micrographs of Set3-FRB-GFP at the indicated

times after addition of rapamycin. (H and I) ChIP of H3K4me2 (H) and RNAPII (I) from Set3-FRB-GFP strain grown under activation (-ino) or memory

conditions (!ino fi +ino). Cells were fixed at the indicated times after addition of either DMSO (mock) or rapamycin. All ChIP experiments were

quantified by qPCR and are plotted as averages of three biological replicates ± standard error of the mean. *p<0.05, compared with t=0 (Student’s

t-test).

DOI: 10.7554/eLife.16691.008

The following source data and figure supplement are available for figure 4:

Source data 1. Genome wide analysis in wild type and set3D cells for H3K4me2 and H3K4me3 Chip-Seq.

DOI: 10.7554/eLife.16691.009

Figure supplement 1. Loss of Set3 has no effect on histone acetylation or H3K4me3 at the INO1 promoter.

DOI: 10.7554/eLife.16691.010
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Figure 1: INO1 Epigenetic Transcriptional Memory A) Percent of cells that show INO1 at the nuclear periphery post repression of activated 
cells. Gray to white bars indicate generations. B) Gene expression levels of INO1 upon activation and reactivation with Opi1-AA (after 3 
hours repression) by RTq-PCR. C) Competitive fitness benefit of populations undergoing reactivation by sequencing-based competition 
assay. D) Model for the different transcriptional states of the INO1 gene. 
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Figure 8. Models for transcriptional memory. (A) Set1/COMPASS remodeling during INO1 transcriptional memory. Nucleosomes associated with

repressed INO1 in the nucleoplasm are hypoacetylated and unmethylated. Active INO1 is targeted to the nuclear periphery, nucleosomes are

acetylated (orange circles) and H3K4 is trimethylated (blue circles) by COMPASS. During memory, INO1 remains associated with the nuclear pore

complex, acetylation is lost, H2A.Z is incorporated and H3K4 is dimethylated by a remodeled form of COMPASS lacking the Spp1 subunit (purple).

H3K4me2 recruits Set3C, which promotes the persistence of H3K4me2 by feedback on COMPASS recruitment or remodeling. (B) Cdk8+ Mediator

promotes transcriptional poising. Upon activation, Cdk8- Mediator and the PIC bind to the INO1 promoter. TFIIK (Kin28/Cdk7) phosphorylates Serine 5

on the carboxy terminal domain of RNAPII to initiate transcription. During memory, Kin28 is lost and Cdk8+ Mediator is recruited. Cdk8+ Mediator

promotes PIC recruitment but initiation is blocked by the absence of Kin28, poising the promoter for future activation.

DOI: 10.7554/eLife.16691.014
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Figure 2: Kinase Activity of Cdk8 is essential for RNA Polymerase II poising, but not chromatin changes A) Model showing the remodeling of 
Mediator into the memory-specific state. B) RTq-PCR showing INO1 mRNA levels during activating (left) and reactivating (right) transcriptional 
states when Cdk8 is catalytically active (red) or inactive (blue). C) ChIP-qPCR against RNA Polymerase II at the INO1 promoter region under 
repressing (+inositol), activating (-inositol), and memory (overnight activating, 3 hours repressing) conditions, both while Cdk8 is active (mock) 
and inactive (+NAPP1). D) Sequencing-based competition assay showing the loss of the fitness benefit obtained by the ‘reactivation’ population if 
Cdk8 is inactive. E) ChIP-qPCR against H3K4me2 at the INO1 promoter region under repressing, activating, and memory conditions (see above).
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Figure 6: Heat Shock Mimic Ethanol Treatment leads to Cross Protection for inositol starvation similar to the memory state A) Schematic of 
10% Ethanol cross protection treatment. B) Competitive fitness benefit of the Ethanol Cross Protection treatments in WT and nup100Δ strains 
with 12, 18, and 24 hour repression times. C) RNA Polymerase II ChIP-qPCR at the INO1 promoter region in activating (-inositol), repressing 
(complete), and XP (10% Ethanol 1 hour -> 18 hours complete). D) H3K4me2 ChIP-qPCR at the INO1 promoter region in activating (-inositol), 
repressing (complete), and XP (10% Ethanol 1 hour -> 18 hours complete). 
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elements (Ahmed et al., 2010), the targeting of recently repressed
INO1 to the NPC requires a distinct cis-acting element, the MRS.
The targeting mediated by the GRS elements and the MRS
elements involves distinct interactions with the NPC. These two
targeting mechanisms are independent of each other; peripheral
localization of recently repressed INO1 does not depend on prior
targeting of active INO1, and vice versa. The MRS element is
necessary and sufficient to promote H2A.Z incorporation and
requires H2A.Z to function as a DNA zip code. Retention of
INO1 at the nuclear periphery, incorporation of H2A.Z after
repression, and rapid reactivation of INO1 also require the
NPC component Nup100. Therefore, these two targeting mech-
anisms produce different outcomes. Whereas GRS-mediated

Figure 7. Nup100 Is Essential for INO1
Transcriptional Memory
(A and B) ChIP of HA-H2A.Z in wild-type,

nup100D, and swr1D strains grown without

inositol or shifted from !inositol to +inositol for

1 hr before crosslinking and processing for ChIP.

Immunoprecipitated DNA was quantified relative

to input DNA using primers against the INO1

promoter and the BUD3 promoter.

(C) Wild-type, nup100D or mrs mutant INO1 cells

were harvested at the indicated times after shift-

ing from repressing to activating conditions.

INO1 mRNA levels were quantified relative to

ACT1 mRNA levels by RT-qPCR.

(D) After 3 hr of repression, at time = 0 the strains

were shifted back to activating medium and har-

vested at the indicated times. INO1 mRNA levels

were quantified relative to ACT1 mRNA levels by

RT-qPCR.

(E) ChIPwith anti-Rbp1 after repression fromwild-

type and htz1D strains.

(F) ChIP with anti-Rbp1 after repression fromwild-

type and nup100D strains.

In (E) and (F), the recovery of the INO1 promoter or

the repressed GAL1 promoter (internal control),

relative to input DNA, was quantified by q-PCR;

the wild-type data are the same as in Figure 5E.

Error bars represent the SEM from three biological

replicates. See also Figure S1.

targeting of active INO1 to the NPC
promotes robust transcription (Ahmed
et al., 2010), MRS-mediated targeting to
the NPC promotes H2A.Z incorporation
and RNA polymerase II association,
promoting faster reactivation.

The Nuclear Pore Complex
and Transcription
Recent work in Drosophila suggests that
active genes physically interact with NPC
proteins like the Nup100 homolog Nup98
(Capelson et al., 2010; Kalverda et al.,
2010; Kurshakova et al., 2007; Sunthara-
lingam and Wente, 2003; Vaquerizas
et al., 2010). Furthermore, the expression
of many genes requires NPC proteins

(Capelson et al., 2010; Vaquerizas et al., 2010). The hsp70 locus
and the hyperactive X chromosome in males both localize at the
nuclear periphery (Kurshakova et al., 2007; Vaquerizas et al.,
2010). However, contrary to what has been observed in yeast,
some of the interactions of genes with NPC components in
Drosophila occur in the nucleoplasm (Capelson et al., 2010;
Kalverda et al., 2010; Vaquerizas et al., 2010). This suggests
that NPC proteins may have conserved roles in promoting tran-
scription and that this need not always occur at the nuclear
periphery. Furthermore, our data indicate that genes can interact
with nuclear pore proteins by multiple pathways that influence
expression level, chromatin structure, and transcriptional
kinetics. Therefore, interpretation of the correlation between
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Figure 4: SFL1 plays roles in both the establishment and the maintenance of the memory-specific chromatin state A) Schematic for 
investigating the separate roles of SFL1 in the establishment and the maintenance of the memory-specific chromatin marks and presence of 
poised RNA Polymerase II. B) H3K4me2, C) H2A.Z, and D) RNA Polymerase II ChIP at the INO1 promoter region in the conditions of 
repressing (+inositol), activating (-inositol), and 2 hours with SFL1 removed either before (establishment) or after (maintenance) the switch 
into the memory state.
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