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  ABSTRACT OF THE THESIS 
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cerevisiae 
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Wanying Tian 

Master of Science in Biology 

 University of California San Diego, 2021 

Professor Nan Hao, Chair 
Professor Eric Allen, Co-Chair 

 
 

Histones play an important role in packaging and organizing the genomes. 

These proteins regulate the accessibility and maintain the stability of the genome. 

Mutation of histone proteins would lead to alteration of histone core structure 

and change of transcriptional silencing status. In this study, two histone mutants 

originated from human cells were characterized in budding yeast. The first 
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histone mutant is known for promoting nucleosome stabilization. By contrast, 

the other histone mutant is shown to destabilize the nucleosome structure and is 

the most frequently occurring mutant in cancer cells. The physiological effect of 

doxycycline induced overexpression of the two histone mutants was observed by 

using GFP reporters at three major heterochromatin regions: the ribosomal DNA 

(rDNA), the silent mating, and the telomeric loci. We determined that both 

histone mutants enhanced the transcriptional silencing at the rDNA locus but not 

the silent mating and the telomeric loci. Additionally, in order to further elucidate 

the association between this enhanced silencing effect and posttranslational 

modification of the histones such as deacetylation and methylation, deletion strains 

of Sir2, a histone deacetylase, and Set1, a methyltransferase, were constructed. We 

found that the silencing enhancement of both histone mutants depended on Sir2 but 

only one of them is Set1-dependent.  
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Introduction  

The genomic DNA of eukaryotes are organized by histone proteins to form the 

nucleosome unit and packaged into the chromosome structure within the nucleus. The histone 

proteins, H1, H2A, H2B, H3, and H4, play a critical role in the maintenance and regulation of 

genetic information. The presence and proper function of these histone proteins ensure genome 

stability during the various biological events happening throughout the cell cycle, such as 

transcription, DNA replication, recombination, and repair. Two copies of each of the four histone 

proteins (H2A, H2B, H3, and H4) form an octamer structure, which allows DNA to wrap around 

to become nucleosome, the basic repetitive units of eukaryotic chromatin. H1 protein binds to 

this nucleoprotein complex to organize them into more higher-order structures (Kornberg, 1977; 

McGhee and Felsenfeld, 1980).  

Besides the canonical core histones that are incorporated during DNA synthesis, each 

core histone has corresponding histone variants that are incorporated throughout the cell cycle 

and substitute for their canonical counterparts to alter the chromatin structure and serve 

specialized functions in transcription, chromosome segregation, and DNA repair (Talbert and 

Henikoff, 2017). For instance, macroH2A is a vertebrate-specific H2A variant that preferentially 

localized in the inactive X chromosome of female mammals and centromeric heterochromatin 

(Chadwick et al., 2001; Chadwick and Willard, 2002; Costanzi and Pehrson, 1998; Pehrson and 

Fried, 1992). It has been found to promote transcriptional silencing and nucleosome stabilization 

(Chakravarthy et al., 2012; Kozlowski et al., 2018). Previous studies have revealed that 

macroH2A differs from canonical H2A at the L1 loop, where the H2A sequence is 38NYAE41 and 

the macroH2A sequence is 38HPKY41. Net charge and hydrophobicity are increased in the 
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macroH2A variant. This variation was proven to be essential in the localization of macroH2A 

and its nucleosome stabilization function (Chadwick et al., 2001; Nusinow et al., 2007, p. 1). 

Because of the principal role of histone proteins in shaping the chromosomal landscape 

and controlling gene expression, it is unsurprising that the mutation or dysfunction of histone 

proteins would cause severe diseases, including cancer. Previous studies have discovered many 

histone mutations that occur at high frequency and drive various carcinogenesis and cancer 

progression (Amatori et al., 2021; Mohammad and Helin, 2017; Qiu et al., 2018). For example, a 

glutamate-to-lysine point mutation of histone H2B at amino acid 76 (H2B-E76K) has been found 

to be the most frequently occurring mutant in cancer cells (Arimura et al., 2018; Bennett et al., 

2019; Nacev et al., 2019). Studies have been done to characterize the structural alteration and 

biological effects of this mutation to illustrate how this single-amino-acid mutation in only one 

of the multiple copies of the histone H2B gene would head to oncogenesis. This H2B-E76K 

mutation was revealed to destabilize the nucleosome structure by disrupting the interaction 

between H2B and H4 and increasing chromatin accessibility, and also was proved to promote 

oncogenic colony formation in Hela cells and mammary epithelial cell line (Arimura et al., 2018; 

Bennett et al., 2019). Bennett et al. have found that the yeast strain with heterozygous mutant for 

E79K showed slow growth at high temperature and was more sensitive to MNase compared to 

wild-type yeast. Bennett et al also revealed that E79K disrupted nucleosome-mediated gene 

repression for the PHO5 gene (Bennett et al., 2019). However, the effect of E79K on the 

heterochromatin region (the rDNA, the silent mating, and the telomeric loci) of yeast haven’t 

been characterized in that study.  

Phylogenetic study revealed that histone proteins are among the most conserved protein 

across eukaryotes (Malik and Henikoff, 2003). The similarity of H2A amino acid sequence 
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between human and Saccharomyces cerevisiae (S. cerevisiae) is around 70% and the similarity 

of H2B amino acid between human and S. cerevisiae is around 80%. The high similarity implied 

the possibility that the fundamental epigenetic principles found in yeast can also be applied to 

higher-order eukaryotes, including humans. Endowed by this simplest eukaryotic genome and 

well-developed genetic tools, many conserved epigenetic mechanisms have been discovered 

using S. cerevisiae (Grunstein and Gasser, 2013). 

Giving the absence of DNA methylation, RNA interference (RNAi) machinery, and 

repressive histone H3K9 methylation, S. cerevisiae can serve as a reductive eukaryotic model 

organism to study histone modification patterns without the involvement of other epigenetic 

phenomenons (O’Kane and Hyland, 2019). There are three epigenetically repressed loci present 

in the yeast genome: the rDNA, the silent mating, and the telomeric loci (Grunstein and Gasser, 

2013). In this study, the biological effects of H2A-38HPKY41 and H2B-E76K on these three 

epigenetically repressed loci of S. cerevisiae and possible mechanisms behind them were 

investigated.  
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Materials and Methods 
 
Plasmid and Yeast Strain construction 
 

Standard methods for the growth, maintenance, and transformation of yeast and bacteria 

and for manipulation of DNA were used throughout. The yeast strains used in this study were 

generated from BY4741 (MAT a his3Δ1 leu2Δ0 met15Δ0 ura3Δ0) strain background. 

Yeast strain with heterochromatin silencing reporter of the rDNA, the telomeric, and the 

silent mating loci was used as mother strain to integrate the histone plasmids. The construction of 

rDNA silencing reporter (RDN1_NTS1::pGPD_GFP-URA3) and euchromatin silencing reporter 

(TDH3-pRS306-pGPD-GFP) was described in a previous paper (Li et al., 2017), and the 

reporters of the telomeric (TEL12R::pTDH3-GFP) and the silent mating (HML-pTDH3-GFP) 

loci were made by Zhen Zhou.  

The DNA of wild-type and mutant histone gene was manufactured by Integrated DNA 

Technologies (IDT). The plasmid with doxycycline rtta3 activator and Tet promoter and 

mRuby2 was provided and constructed by Richard O’Laughlin and Quoc Tran.  

To make the plasmids with the histone gene and a doxycycline inducible system, histone 

genes and plasmid backbones with doxycycline inducible system were amplified by PCR and 

assembled by Gibson Assembly. The assembly was designed so that the H2A wild-type and 

mutant proteins were N-terminally tagged with mRuby2 while H2B wild-type and mutant 

proteins were C-terminally tagged with mRuby2. The plasmids were digested by NotI then 

integrated into the native Leu2 site in the genome of the mother strain with euchromatin and 

heterochromatin silencing reporter using. All transformations were conducted with the lithium 

acetate method (Gietz and Schiestl, 2007). Colony PCR was used to confirm plasmid 

integrations. 
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For strains with rDNA silencing reporter, after each plasmid integration, colonies with 

similar fluorescence levels as the mother strain were selected to avoid the occasional copy 

number changes, which are caused by the repetitious nature of the ribosomal DNA region during 

the transformation process.  

 
 
Medium and solutions 
 

Synthetic complete medium (SC, 2% dextrose) used in all the yeast cell culturing was 

made of 6.7g/L Difco Yeast Nitrogen Base without Amino Acids, 0.79g/L CSM (complete 

mixture), and 2% dextrose. Doxycycline hyclate power bought from Sigma-Aldrich was 

dissolved in SD and vacuum filtered to make the stock solution.  

 
Live Cell Imaging and Image Analysis 
 

All yeast cell images were taken using a Nikon Ti-E inverted fluorescence microscope 

with Perfect Focus, coupled with an EMCCD camera (Andor iXon  X3  DU897). a   CFI Plan 

Apochromat Lambda DM 60X Oil Immersion Objective (NA 1.40 WD 0.13MM) was used with 

Nikon Immersion Oil Type F with refractive index = 1.518, dispersion = 41, viscosity = 410 cst. 

Yeast was first streaked on a YPD plate from -80°C stock and incubated at 30°C 

overnight. Then colonies from the plate were inoculated in 2 mL of synthetic complete medium 

(SC, 2% dextrose) medium and shack at 30°C overnight. The next day, 3 μl saturated overnight 

cultures were diluted in 20 ml SC medium and grown for 16 hrs until OD 0.05 was reached. The 

diluted cultures were then treated with doxycycline for 6 hrs until OD reached 0.5 to 0.6. The 

cells were then centrifuged and the supernatant was decanted. After 30s vortexing, 5 μl cells 

were pipetted on glass slides, covered with cover glasses, and then imaged using a microscope. 

Fisherbrand Frosted Microscope Slides; 3 x 1 in. (76 x 25.4mm) and Thermo Scientific Gold 



 6 

Seal Cover Glasses; Rectangles; 24 x 50mm; Thickness 1.5 were used in all the live-cell 

imaging. Fluorescence intensity was quantified using the MATLAB code written by Zhen Zhou. 

The figures were generated using Prism 8 for MacOS, version 8.4.3. 

 

Results 

 

Figure 1. Overexpression of histone wild type or mutants has little effect on the euchromatin region. (A) Diagram 
shows the genomic construction of the yeast strain. (B) mRuby fluorescence intensity was quantified to reveal the 
relative abundance of histone proteins. Each red line marks the median value, and dash lines mark the quartiles. At 
least 300 cells were quantified in each experimental condition. (C) GFP fluorescence intensity was quantified to 
reveal the relative abundance of GFP reporter proteins, which represents the transcriptional silencing status of the 
euchromatin region. Each red line marks the median value, and dash lines mark the quartiles. At least300 cells were 
quantified in each experimental condition.  
 

A) B) 

C) 
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Overexpression of Histone protein have no impact on the euchromatin region  

In order to test the effects of overexpressed H2A and H2B mutants on yeast cell 

physiology, plasmids containing inducible mRuby2 tagged H2A, H2A-38HPKY41, H2B, and H2B-

E76K were integrated into a yeast strain with a GFP fluorescent protein driving by TDH3 

promoter, as a reporter for euchromatin region (Figure 1A). The uninduced strains showed close 

to zero mRuby2 levels while high-level expression of mRuby2 was observed in the nucleus for 

the induced strains, which indicates this doxycycline inducible system worked successfully 

(Figure 1B). As expected, the expression levels of the pTDH3-GFP reporter only show limited 

changes between induced and uninduced strains (Figure 1C). This result confirms that the 

overexpression of H2A and H2B wild-type and mutant proteins have minimal impact on the 

euchromatin region of the yeast genome.  
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Figure 2. Overexpression of histone mutant proteins enhanced the transcriptional silencing at the rDNA locus. (A) 
Diagram shows the genomic construction of the yeast strain. (B) Representative photos showing yeast cells and 
fluorescence intensities obtained using phase, mRuby, and GFP channel. (C) mRuby fluorescence intensity of wild-
type strain that does not contain the histone inducible plasmid. Each red line marks the median value, and dash lines 
mark the quartiles. (D) GFP fluorescence intensity of the wild-type strain that does not contain the histone inducible 
plasmid. Each red line marks the median value, and dash lines mark the quartiles. (E) mRuby fluorescence intensity 
was quantified to reveal the relative abundance of H2A wild-type or mutant proteins. Each red line marks the 
median value, and dash lines mark the quartiles. At least 300 cells were quantified in each experimental condition. 
GFP fluorescence intensity in H2A-38HPKY41 (F) and H2B-E76K (H) was quantified to reveal the relative 
abundance of GFP reporter proteins, which represents the transcriptional silencing status of rDNA locus. Each red 
line marks the median value, and dash lines mark the quartiles. At least 300 cells were quantified in each 
experimental condition. (G) mRuby fluorescence intensity was quantified to reveal the relative abundance of H2A 
wild-type or mutant proteins. Each red line marks the median value, and dash lines mark the quartiles. At least 300 
cells were quantified in each experimental condition. 
 
 
 

A) 
B) 

C) D) 
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Figure 2 continued 

 

 
 
 

Overexpression of histone mutants enhanced transcriptional silencing at the ribosomal DNA 

locus  

rDNA locus contains the genetic information for ribosome biogenesis. It is located on 

chromosome XII in the yeast nucleolus. This locus contains tandem repeats of 100–200 copies of 

E) F) 

G) H) 
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a 9.1 kb sequence, and half of these repeats remain silenced (Linskens and Huberman, 1988). 

Failure of maintaining the silent state cause accumulation of Extrachromosomal rDNA Circles, 

which is the major cause of yeast aging (Sinclair and Guarente, 1997). To investigate the effects 

of overexpressing H2A and H2B mutants on the rDNA locus, plasmids containing inducible 

mRuby2 tagged H2A, H2A-38HPKY41, H2B, and H2B-E76K were integrated into a yeast strain 

with a GFP silencing reporter of rDNA region (Figure 2A) as described in Li et al (Li et al., 

2017). After 6-7 hours of doxycycline treatment, cell morphology and cell cycles of induced 

strains were similar to the uninduced control (Figure 2B). For the wild-type control strain 

without the doxycycline inducible plasmid, the mRuby intensity is close to zero, and the GFP 

intensity is unchanged after the addition of the doxycycline (Figure 2C and 2D). H2A and H2A-

38HPKY41 were induced as indicated by the level of mRuby (Figure 2E). The silencing states of 

rDNA locus were similar among H2A wild-type strains with 0 μM, 0.2 μM, or 5 μM doxycycline 

(Figure 2F). However, yeast cells with induced H2A-38HPKY41 showed significant lower levels 

of GFP, indicating the silencing of rDNA locus was enhanced, and this effect is dosage-

dependent (Figure 2F). Similar patterns were observed for the H2B wild-type and mutant strains, 

yeast cells with induced H2B-E76K showed significant lower levels of GFP while 

overexpression of wild-type H2B didn’t affect the GFP level (Figure 2H). These results 

illustrated that overexpression of both histone mutants has enhanced the gene silencing at the 

rDNA locus, while the wild-type histone proteins didn’t have this effect.  
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Figure 3. The enhanced transcriptional silencing at the rDNA locus is Sir2 dependent. (A) Diagram shows the 
genomic construction of the yeast strain. (B) GFP fluorescence intensity was quantified to reveal the relative 
abundance of GFP reporter proteins, which represents the transcriptional silencing status of the rDNA locus. Each 
red line marks the median value, and dash lines mark the quartiles. At least 300 cells were quantified in each 
experimental condition.  
 
 

Next, we wanted to study if this enhancement of silencing at the rDNA locus is Sir2 

dependent or not. Sir2 is a highly conserved NAD+-dependent histone deacetylase (Blander and 

Guarente, 2004; Brachmann et al., 1995, p. 2). This protein plays an important role as a Silent 

Information Regulator to mediate the silencing at the rDNA tandem array, the silent mating-type 

loci HML and HMR, and the telomeric region of budding yeast (Gartenberg and Smith, 2016). 

Sir2 deletion strains containing the rDNA-GFP reporter and inducible H2A-38HPKY41 and H2B-

E76K were constructed to see if this protein is associated with the enhanced silencing effect 

(Figure 3A). Strikingly, the induced and uninduced Sir2 deletion cells showed similar levels of 

GFP (Figure3B), which means that both H2A-38HPKY41 and H2B-E76K no longer have an 

impact on the silencing of rDNA when the Sir2 is absent. Thus, the enhanced silencing effects of 

both histone mutants are Sir2 dependent.  

A) B) 
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Figure 4. The enhanced transcriptional silencing at the rDNA locus caused by H2B E76K is Set1 dependent. (A) 
Diagram shows the genomic construction of the yeast strain. (B) GFP fluorescence intensity was quantified to reveal 
the relative abundance of GFP reporter proteins, which represents the transcriptional silencing status of the rDNA 
locus. Each red line marks the median value, and dash lines mark the quartiles. At least 300 cells were quantified in 
each experimental condition.  
 

To order to probe the interaction of other posttranslational modifications and the 

enhanced silencing effect of histone mutants, Set1 deletion strains containing the rDNA-GFP 

reporter and inducible H2A-38HPKY41 and H2B-E76K were constructed (Figure 4A). Set1 is a 

methyltransferase that belongs to the trithorax gene family. It has been found to regulate the 

transcriptional silencing at rDNA, the silent mating, and the telomeric loci (Briggs et al., 2001; 

Bryk et al., 2002; Nislow et al., 1997, p. 1). Interestingly, in the Set1 deleted strains, the cells 

with induced H2A-38HPKY41 showed significantly lower of GFP intensities than the uninduced 

control (Figure 4B), which reveals that the absence of Set1 protein doesn’t affect the enhanced 

silencing of rDNA locus by the H2A-38HPKY41. By contrast, the cells with induced H2B-E76K 

showed similar levels of GFP with the uninduced control in the Set1 deleted strains (Figure 4B), 

which indicates that the H2B-E76K is not able to enhance the rDNA silencing when Set1 is 

absent. In summary, enhanced silencing at the rDNA locus by H2A-38HPKY41 is Set1-

independent while the effect of H2B-E76K is dependent on Set1.  

A) B) 
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Figure 5. Overexpression of histone mutant proteins do not enhance the transcriptional silencing at the telomeric 
and the silent mating loci.  (A) GFP fluorescence intensity was quantified to reveal the relative abundance of GFP 
reporter proteins, which represents the transcriptional silencing status of the telomeric locus. Each red line marks the 
median value, and dash lines mark the quartiles. At least 300 cells were quantified in each experimental condition. 
(B) GFP fluorescence intensity was quantified to reveal the relative abundance of GFP reporter proteins, which 
represents the transcriptional silencing status of the silent mating locus. Each red line marks the median value, and 
dash lines mark the quartiles. At least 300 cells were quantified in each experimental condition. 
 

Overexpression of histone proteins have minimal impact on the silent mating and the telomeric 

loci 

Besides the rDNA locus on chromosome XII, there are other heterochromatin-like 

regions in the yeast genome, such as the two silent mating loci located on chromosome III and 

the telomeric regions located on all chromosomes. Silencing of the two silent mating loci HML 

and HMR is not required for cell survival but is critical for the mating competence of the yeast, 

and the silencing at the telomeric region prevents the telomere from degradation and is 

maintained the chromosomal stability (Grunstein and Gasser, 2013). In order to explore the 

effects of overexpressed H2A and H2B mutants on the silent mating locus and telomere, 

plasmids containing inducible mRuby2 tagged H2A-38HPKY41and H2B-E76K were integrated 

into a yeast strain with a GFP silencing reporter of silent mating locus or telomere region. 

Surprisingly, the level of GFP, which represents the silencing status at the silent mating or the 

A) B) 
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telomeric loci, doesn’t change significantly when either H2A-38HPKY41 or H2B-E76K was 

induced by doxycycline (Figure 5A and 5B). This phenomenon suggests that the overexpression 

of neither H2A-38HPKY41 nor H2B-E76K has an impact on the transcriptional silencing at the 

silent mating locus and telomere. The enhanced silencing effect is specific to the rDNA region.  

 
Discussion 
 

There are many questions inspired by the current findings. First, it is not clear why the 

enhanced silencing effects of H2A-38HPKY41and H2B-E76K are specific to the rDNA locus. One 

of possible explanation is that Sir2 interacted with different proteins at the rDNA locus 

comparing to the silent mating and the telomeric loci. Interestingly, the mechanism of the Sir2 

silencing function is quite different in these three chromatin regions. Sir2 forms the RENT 

complex with Net1 and Cdc14 proteins to maintain the gene silencing at the rDNA silencing 

region (Shou et al., 1999; Straight et al., 1999). In contrast, at the silent mating and the telomeric 

DNA region, Sir2 assembles with Sir3, and Sir4 proteins to mediate the silencing (Moazed et al., 

1997; Strahl-Bolsinger et al., 1997). Therefore, these non-histone proteins, such as Net1 and 

Cdc14, that are specifically involved in transcriptional silencing at the rDNA locus might be 

associated with changes caused by those histone mutants.  

Second, since H2B-E76K is a destabilizing histone mutant, and the previous study has 

found that the expression level of the PHO5 gene would increase due to the overexpression of 

H2B-E76K (Bennett et al., 2019), it is unexpected that this histone mutant can enhance the 

silencing at the rDNA locus rather than disrupting the silencing. It is possible that instead of 

directly silencing the rDNA locus, overexpression of H2B-E76K leads to the upregulation of 

other proteins by destabilizing the nucleosome structure and increasing chromatin accessibility, 

and then these proteins may play a role in rDNA silencing enhancement.  



 15 

Third, all strains used in this project still contains the native two copies of the H2A and 

H2B proteins. It is unclear that how these native proteins expression level was regulated and how 

these proteins behaved under the circumstance that ectopic histone mutants were overexpressed. 

Western Blot needs to be performed to determine the relative abundance of the native and 

ectopic proteins. A previous study has found that the dosage compensation of histone proteins 

exists and the stoichiometric balance of the histone proteins is critical for maintaining genomic 

integrity (Libuda and Winston, 2006). Thus, it is very likely that the expression levels of native 

H2A and H2B histone proteins or even the level of H3 and H4 are changed by the 

overexpression of the mutant proteins.  

Fourth, how these two histone mutants interacted with those non-histone proteins, such as 

Sir2 and Set1, to enhance the silencing at the rDNA locus remains unknown. Experiments such 

as CHIP or immunoprecipitation can be performed to test the interactions between histone 

mutants with specific loci and with different silencing responsible complexes.  

Fifth, the silencing of the rDNA locus plays an imperative role during yeast replicative 

aging, and silencing loss leads to early cell death (Li et al., 2017). Consequently, because the 

overexpression of H2A-38HPKY41 and H2B-E76K can enhance rDNA silencing even in a short 

period of time (6-7 hrs), it is highly possible that these mutant proteins can have an impact on the 

rDNA locus after longer time exposure and extend the life span of yeast cells. Aging experiments 

can be done to observe the long-term effect of those histone mutants and quantify the lifespan. 
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Table 1. Strains used or constructed in this study. 
 

STRAIN 
NAME 

DESCRIPTION 

NH270 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3 
NH1441 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 
NH1442 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY 
NH1443 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_HTB1_mRuby2 
NH1444 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_HTB1 E80K_mRuby2 
NH1189 BY4741 (Meng), Nhp6a-iRFP:Kan; TDH3-pRS306-pGPD-GFP 
NH1490 BY4741 (Meng), Nhp6a-iRFP:Kan; TDH3-pRS306-pGPD-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 
NH1491 BY4741 (Meng), Nhp6a-iRFP:Kan; TDH3-pRS306-pGPD-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY 
NH1492 BY4741 (Meng), Nhp6a-iRFP:Kan; TDH3-pRS306-pGPD-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1_mRuby2 
NH1493 BY4741 (Meng), Nhp6a-iRFP:Kan; TDH3-pRS306-pGPD-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1 E80K_mRuby2 
NH277 BY4741 (Meng), Nhp6a-iRFP:Kan NTS1::pGPD-GFP-URA3 sir2::HIS 
NH1526 BY4741 (Meng), Nhp6a-iRFP:Kan NTS1::pGPD-GFP-URA3 sir2::HIS, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY 
NH1527 BY4741 (Meng), Nhp6a-iRFP:Kan NTS1::pGPD-GFP-URA3 sir2::HIS, TetO7pLeu2_HTB1 

E80K_mRuby2 
NH1399 BY4741 (Meng), Nhp6a-iRFP:Kan, HML-pTDH3-GFP 
NH1528 BY4741 (Meng), Nhp6a-iRFP:Kan, HML-pTDH3-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 
NH1529 BY4741 (Meng), Nhp6a-iRFP:Kan, HML-pTDH3-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY 
NH1530 BY4741 (Meng), Nhp6a-iRFP:Kan, HML-pTDH3-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1 
NH1531 BY4741 (Meng), Nhp6a-iRFP:Kan, HML-pTDH3-GFP, pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1 E80K_mRuby2 
NH1196 BY4741 (Meng), Nhp6a-iRFP:Kan TEL12R::pTDH3-GFP;  
NH1532 BY4741 (Meng), Nhp6a-iRFP:Kan TEL12R::pTDH3-GFP; pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 
NH1533 BY4741 (Meng), Nhp6a-iRFP:Kan TEL12R::pTDH3-GFP; pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY 
NH1534 BY4741 (Meng), Nhp6a-iRFP:Kan TEL12R::pTDH3-GFP; pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1 
NH1535 BY4741 (Meng), Nhp6a-iRFP:Kan TEL12R::pTDH3-GFP; pRPL18B_rtTA3_tADH1, 

TetO7pLeu2_HTB1, E80K_mRuby2 
NH1561 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_HTB1 E80K_mRuby2, Set1ΔHis 
NH1566 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, 

pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 NYAQ->HPKY, Set1ΔHis 
NH1567 BY4741 (Meng), Nhp6a-iRFP:Kan RDN1_NTS1::pGPD_GFP-URA3, Set1ΔHis 
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Table 2. Plasmids constructed in this study. 
 
PLASMID 
NAME 

DESCRIPTION 

NHB1105 pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 
NHB1106 pRPL18B_rtTA3_tADH1, TetO7pLeu2_mRuby2_HTA1 

NYAQ->HPKY 
NHB1107 pRPL18B_rtTA3_tADH1, TetO7pLeu2_HTB1 
NHB1108 pRPL18B_rtTA3_tADH1, TetO7pLeu2_HTB1 E80K_mRuby2 
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