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RESUMEN

Caracterizacion de los elementos en cis que regulan negativamente la
transcripcion de los genes EPA mediante las proteinas del silenciamiento de
Candida glabrata
La adherencia es un factor importante en la virulencia de distintos patdogenos. En
Candida glabrata, los genes EPA (Epithelial Adhesin) son responsables de la mayor
parte de la adherencia a las células huésped y se localizan en regiones
subteloméricas donde se regulan por silenciamiento subtelomérico, el cual depende
de Rapl, las proteinas yKu y el complejo SIR. El gen EPA1, que codifica la adhesina
principal, forma un grupo con EPA2 y EPAS en el telomero derecho del cromosoma E
(ERr). Entre EPA3 y el telomero, se encuentra un elemento que actia en cis, el
protosilenciador Sil2126, que requiere el contexto de su telomero para ser funcional.
Sil2126 puede silenciar un gen reportero a 32 kb del telbmero (donde normalmente no
hay silenciamiento). Encontramos que hay elementos situados en la region intergénica
entre EPA2 y EPA3 que se requieren para la actividad de Sil2126. Estos elementos
podrian ser los responsables de la especificidad de Sil2126 por su telomero. El
extremo 5 de Sil2126 contiene sitios de unién putativos para Rapl y Abfl y estas
proteinas se unen al Sil2126 en su posicién original y también cuando se coloca a -32
kb (Sil@-32kb). Sil@-32kb también puede reclutar Sir3, lo que sugiere la propagacion
del silenciamiento hasta esta distancia. Utilizamos el ensayo de 3C (Chromosome
conformation capture) para determinar las frecuencias de interacciones entre Sil@-
32kb y Sil2126 (en su posicion original) y varios puntos a lo largo de la regién
subtelomérica Er. Los datos revelaron que Sil@-32kb interactia fuertemente con la
region intergénica entre EPA1 y EPA2 al formar un loop que resulta en la represion de
la expresion de EPAL. A su vez, Sil2126 puede interactuar con la regién intergénica
entre EPA2 y EPA3. Proponemos que el mecanismo de accion del protosilenciador
Sil2126 es a traves del reclutamiento de las proteinas de silenciamiento y la formacion
de una superestructura que involucra diferentes interacciones entre los elementos que

acttan en cis y diversas proteinas.

Palabras clave: Candida glabrata, silenciamiento subtelomérico, genes EPA,

protosilenciador, conformacion de la cromatina.
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ABSTRACT

Characterization of Candida glabrata cis-acting elements that negatively
regulate transcription of EPA genes through silencing proteins
Adherence is an important virulence factor in several pathogens. A higher virulence
has been correlated with increased adherence and with an expansion of adhesin-
encoding genes. In Candida glabrata, the adherence to host cells is mainly
mediated by EPA (Epithelial Adhesin) genes. Most of EPA genes are located in
subtelomeric regions regulated by subtelomeric silencing, which depends on Rap1,
yKu proteins and the SIR complex. Epal mediates most of the adherence to
epithelial cells in vitro. The EPAL gene forms a cluster with EPA2 and EPAS3 in the
right telomere of chromosome E (E.r). Between EPA3 and the telomere, there is a
cis-acting element, the protosilencer Sil2126, which requires its own telomere
context for its activity. Sil2126 can silence a reporter gene 32 kb away from the
telomere (a region where normally there is no silencing). Our results showed that
there are cis-acting elements located in the EPA2-EPAS3 intergenic region that are
required for Sil2126 activity, which perhaps are responsible for the Sil2126
telomere-specificity. The 5’ end of Sil2126 contains putative binding sites for Rap1
and Abfl; we found that these proteins bind to Sil2126 in its original position and
also when it is placed at -32 kb (Sil@-32kb). Rapl and Abfl also bind to other
regions in the E.g subtelomeric region. In addition, we detected that Sil@-32kb can
recruit Sir3, suggesting the propagation of the silencing up to that distance. We
used 3C (Chromosome conformation capture) assays to measure crosslinking
frequencies between Sil@-32kb and Sil2126 in its original position across the E.r
subtelomeric region. These assays revealed that Sil@-32kb interacts with the
EPA1-EPA2 intergenic region forming a loop that results in the repression of EPAL.
On the other hand, Sil2126 interacts with the EPA2-EPA3 intergenic region. We
propose that the mechanism of action of Sil2126 is through the recruitment of
silencing proteins to form a superstructure involving different interactions between

cis-acting elements and diverse proteins.

Key words: Candida glabrata, subtelomeric silencing, EPA genes, protosilencer,

chromosome conformation.
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1. INTRODUCTION

1.1. Chromosome ends are specialized chromatin structures

The ends of eukaryotic chromosomes are called telomeres which are specialized

(Palladino et al. 1993), and excluded from the nucleolus (Therizols et al. 2010).

In most eukaryotes, the sequence of telomeric DNA consists of a tandem array of
short G-rich repeats. Most of the research on telomeres has been done in single-
celled organisms. For example in Saccharomyces cerevisiae, the telomeres
consist of non-coding repeated DNA which is 300 £ 75 bp of simple repeats (C;.
3A/TG,.3) and at the 3’ end there are G-rich sequences, which protrude to form a
single-strand overhang (the G-tail) (Teixeira and Gilson 2005; Wellinger and
Zakian 2012).

Several proteins involved in diverse functions are bound to telomeres. In budding
yeast, telomeric DNA is covered by an array of about 15-20 molecules of Rapl
(Repressor activator protein 1) proteins. The Rapl-binding sites within telomeric
DNA are among the highest affinity sites in the cell (Lieb et al. 2001). Rapl
interacts either with a set of non-histone proteins called the Silent Information
Regulator, or SIR complex, which is involved in the formation of subtelomeric
heterochromatin, or with the Rif complex (Rifl and Rif2), which negatively controls
telomere elongation. The G-tail is bound by Cdc13, which forms a heterotrimer with
Stnl and Tenl involved in capping and telomerase recruitment (Figure 1, Gilson
and Géli 2007). In fission yeast (Schizosaccharomyces pombe), the DNA-binding
protein Tazl binds to telomeric DNA and can recruit Rapl which does not bind
directly to telomeric repeats (Teixeira and Gilson 2005). Another key telomere
binding protein is the yKu complex (yKu70p and yKu80p) involved in nuclear
positioning of the telomeres and regulating telomere-repeat addition, which

protects telomeres from recombination and degradation (Fisher and Zakian 2005).



Figure 1. Schematic representation of different proteins bound to the telomeres. The telomere and
DNA are represented as a black line wrapped around the nucleosome, represented as a gray
cylinder. Proteins are represented by circles or ovals of different colors. (Modified from Gilson and
Géli 2007).

1.2. Subtelomeres are dynamic and variable regions near the ends of

chromosomes

Subtelomeres are the regions proximal to the telomeres, which exhibit unique
characteristics, such as low gene density, epigenetic silencing, high rates of
recombination and mutation, high repeat content and extensive sequence similarity
(Pryde and Louis 1999; Mefford and Trask 2002; Barton et al. 2008; Brown et al.
2010).

Subtelomeric regions are variable loci harboring specific and fast-evolving gene
families. Subtelomeric gene families are generally composed of 2-4 times more
genes than non-subtelomeric families. In yeast, genes involved in biofilm formation
and carbohydrate uptake have been found in subtelomeres (Verstrepen and Klis
2006). In pathogenic fungi and parasitic eukaryotes, many virulence genes reside
at subtelomeres (Gardner et al. 2002b; Domergue et al. 2005). Subtelomeric gene
families show increased copy number variation due to frequent duplication and
deletion events. It is thought that the extraordinary instability of eukaryotic
subtelomeres supports fast adaptation to novel niches by promoting gene
recombination and duplication favoring functional divergence of the alleles (Brown
et al. 2010). Thus, subtelomeres provide ideal environments for the rapid evolution
of genes upon which selection can then act. Accordingly, a comparison between S.

cerevisiae isolates showed that strains that produce beer, sherry or champagne
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contained increased copy numbers of subtelomeric MAL, SUC, or MEL genes,
respectively (Naumov et al. 1995; Naumova et al. 2005; Dunn et al. 2012). Also,
given their extensive homology, subtelomeres might promote recombinational
processes that allow some cells to regenerate telomeres in the absence of

telomerase (Teng and Zakian 1999).

On the other hand, the subtelomeres of diverse species as S. cerevisiae,
Plasmodium falciparum, Drosophila melanogaster and humans are structurally
similar; they are composed of repeated elements, but the extent of the
subtelomeres and the sequence of the elements vary greatly among organisms
(Mefford and Trask 2002, Figure 2); One exception is the case of the ends of the
chromosomes in D. melanogaster that do not have arrays of short telomeric
repeats. Instead, the ends in D. melanogaster are maintained by retrotransposition
of the HeT-A and TART (telomere-associated retrotransposon) elements (Levis et
al. 1993). The best studied subtelomeres are those of S. cerevisiae, they have two
classes of elements, X and Y’. X is found in all subtelomeres, but different series of
repeats are present in different telomeres. Y’ is present only in half of the

telomeres (Louis 1995).

1.3. Subtelomeric silencing is aregional transcriptional repression

Silent chromatin involves a specialized chromatin structure, often referred to as
heterochromatin. Genes within heterochromatic domains are silenced in many cells
of a population but not in all of them and these expression states (“on” or “off”) are
propagated through successive cell divisions (Buhler and Gasser 2009;
Gartenberg and Smith 2016).
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Figure 2. Schematic representation of subtelomeric structures in different organisms. (Modified
from Mefford and Trask 2002).

Heterochromatin in S. cerevisiae is found at the ribosomal DNA (rDNA) tandem
array, the silent mating loci (HML and HMR) and the telomeres. The transcriptional
silencing close to the telomeres is also called telomere position effect (TPE) and is
found in many organisms in addition to S. cerevisiae, such as fission yeast
(Schizosaccharomyces pombe), Drosophila melanogaster, the sleeping sickness
parasite Trypanosoma brucei, the malaria parasite Plasmodium falciparum, plants,
and humans (Gottschling et al. 1990; Levis et al. 1993; Nimmo et al. 1994; Horn
and Cross 1995; Scherf et al. 1998; Baur et al. 2001). Thus, TPE is a widely found

and efficient epigenetic layer of negative regulation.

The transcriptional silencing is propagated from the telomere to the centromere,
spanning the subtelomeric regions. Genes naturally or heterologously inserted in

subtelomeric regions are repressed in a promoter-independent manner. It has
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been described that silencing at subtelomeric regions varies from telomere to
telomere in some fungi such as S. cerevisiae (Pryde and Louis 1999) and in the
opportunistic fungal pathogen Candida glabrata (Rosas-Hernandez et al. 2008). In
this regard, it is interesting that in some pathogenic organisms several genes
encoding known or suspected virulence factors (surface or cell walls proteins) are
localized at subtelomeric regions. For example, in the unicellular parasites, the var
genes of Plasmodium falciparum (Gardner et al. 2002a) and the single variant-
specific surface glycoprotein genes (VSG) of Trypanosoma brucei are located
adjacent to a telomere (Horn and Cross 1995), and the pathogenic fungus
Pneumocystis carinii, contains the MSG (major surface glycoprotein) gene family
located near chromosomes ends (Keely et al. 2005). Interestingly, in most of these
microorganisms, one gene is expressed at a time, suggesting that subtelomeric

genes are tightly regulated.

In general, silent chromatin assembly involves a series of molecular steps, starting
with a site-specific nucleation step. Next, heterochromatin spreads from the
initiation site and, in the case of yeast, silent chromatin is sequestered near the
nuclear envelope, generating a sub-nuclear compartment with foci of silencing
proteins (Grunstein and Gasser 2013). One of the best understood examples of
silencing is the mating loci of S. cerevisiae. The heterochromatin assembly begins
at the cis-acting elements called silencers flanking the mating loci HML and HMR.
These silencers provide binding sites for multifunctional nuclear factors, Rapl,
Abfl and the ORC complex (Origin of Recognition Complex) (Brand et al. 1987).
Rapl is able to recruit either Sir4 or Sir3 (Moretti et al. 1994; Chen et al. 2011),
Abfl can interact with Sir3 and ORC, has high affinity for Sirl, which in turn binds
Sir4 (Grunstein and Gasser 2013). Sirl is unigue among the Sir factors, it does not
spread with the SIR complex beyond the silencers and it mainly serves in the
establishment step of silencing, most likely through its ability to bind the DNA-
bound ORC and Sir4 (Rusche et al. 2002).

The heterochromatin assembly at telomeres varies in some aspects from the

assembly at HM loci. Telomeric repeats provide 16 to 20 consensus sites for Rapl



binding (Gotta et al. 1996; Marcand et al. 1996). Sir4 is recruited by densely-
packed Rapl proteins at telomeres (Moretti and Shore 2001; Luo et al. 2002). The
telomere end-binding yKu proteins also contribute in the recruitment of Sir4, yKu
subunits (yKu70 and yKu80) interact with both ends of Sir4 protein (Roy et al.
2004). Sir4 forms a complex with Sir2, a NAD-dependent histone deacetylase that
deacetylates lysine 16 (K16) on histone H4. Deacetylation of H4K16 allows Sir3
and Sir4 to bind to the H3 and H4 tails (Rusche et al. 2002; Talbert and Henikoff
2006). The sequential-spreading model proposes sequential rounds of Sir2-3-4
complexes binding, histone deacetylation and interactions between new molecules
of SIR complexes to deacetylated nucleosomes. This propagates the silent
chromatin until a barrier is reached or the pool of free SIR proteins falls below a
threshold necessary for efficient binding (Grunstein and Gasser 2013; Gartenberg
and Smith 2016) (Figure 3). Recently a nucleosome-free region at the subtelomeric
border that blocks heterochromatin spreading into the subtelomere-adjacent

euchromatin has been described in S. pombe (Tashiro et al. 2017).

There are other features in the assembly of heterochromatin in different organisms.
Unlike S. cerevisiae, in most other eukaryotes the histone H3 K9 methylation that
characterizes centromeric heterochromatin, is also present in other
heterochromatic regions, as well as the major protein ligand that recognizes this
modification (heterochromatin protein 1, or HP1). Also, the RNA interference
(RNAI) machinery that facilitates PEV (Position effect variegation) in fission yeast is
present at these regions (Talbert and Henikoff 2006; Buhler and Gasser 2009).
The PEV is a stochastic and variegated expression of a gene due to juxtaposition
to heterochromatic domains and it has been widely described in fission yeast and
in Drosophila, as well in mammals (Dorer and Henikoff 1994; Allshire and Ekwall
2015; Saksouk et al. 2015). In fact, the TPE was termed by analogy to PEV. Thus,
silencing is a mechanism to control transcriptional activity in order to achieve cell-

specific gene activity.
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Figure 3. Model of heterochromatin assembly in S. cerevisiae. (Stepl) Rapl (red C-like figures)
binds to the telomeric repeats, as well as yKu, these proteins recruit Sir4, even in the absence of
Sir2 or Sir3. (Step2) Sir2 is a NAD-dependent histone deacetylase, which deacetylates the
acetylaed histone H4K16 residue, thus generating high affinity sites for Sir3 and Sir4. (Step 3) Sir3
and Sir4 proteins bind the deacetylated histone H4 tails and SIR complex spread along the
nucleosomes. (Step 4) The silent chromatin may entail higher-order folding and is sequestered at

the nuclear envelope. (Modified from Grunstein and Gasser 2013).



1.4. Proteins involved in subtelomeric silencing

1.4.1. SIR complex

The chromatin binding factors called Silent Information Regulators (SIR complex),
Sir2, Sir3 and Sir4, are essential to mediate silencing, whereas Sirl enhances the
efficiency of repression at HM loci, but is not found at telomeres. The Sir2-3-4
proteins work as a trimeric complex with 1:1:1 stoichiometry (Cubizolles et al.
2006).

Sir2 is the founding member of a protein family of NAD*-dependent histone/protein
deacetylases called sirtuins, which are highly conserved from bacteria to humans
(Brachmann CB et al. 1995). Yeast Sir2 has a highly conserved catalytic core (aa
237-562) and a binding interface for Sir4 upstream of the catalytic domain (aa 99-
150) (Figure 4A; Imai et al. 2000).

Sir3 is an Orcl paralogue that arose through the whole-genome duplication (WGD)
of S. cerevisiae lineage. Sir3 contains an N-terminal bromo-adjacent domain (BAH,
aa 1-214) that binds nucleosomes, a central AAA* ATPase-like domain (AAA; aa
532-834) that binds both Sir4 and the nucleosome, and a C-terminal winged helix-
turn-helix domain that mediates homodimerization (wH; aa 840-978) (reviewed in
Kueng et al. 2013) (see Figure 4B). It was proposed that the dimerization of Sir3
through its wH domain mediates interactions between neighboring SIR complexes
to facilitate the spread of Sir-mediated silencing (Oppikofer et al. 2013).

Sird4 appears to serve as a scaffold for the assembly of the SIR complex given that
Sird interacts independently with both Sir3 and Sir2, while Sir3 does not interact
with Sir2 (reviewed in Oppikofer et al. 2013).The scaffold function of Sir4 resides in
its C-terminal half (aa 747-1358), which contains the extreme C-terminal coiled-coil
domain (aa 1272-1358) that mediates both homodimerization and binding to Sir3,
yKu and Rapl, and serves to recruit Sir4 to telomeres. Upstream from this domain
are binding sites for both Sir2 and Escl (enhancer of silent chromatin), whereas
the extreme N-terminus (aa 1-270) binds DNA as well as Sirl and yKu80 (Figure
4C); (Reviewed in Kueng et al. 2013).



Figure 4.

aa 1

99 150 237

562

sz (T

Catalytic domain

Sir4
aa 1 214 PP 532 834 840 978
Sir3 i _H
BAH - AAA wH
Rapl
Nucleosomes Sird Sir3
aa 1 270 747 893 960 1262 1358
Sir4 _ “
SirdN SID PAD
Sirl, yKu80, DNA Sir2 Escl
Sir4, Sir3, yKu70
Rap1l

Schematic

representation of Sir

proteins

yKu80, nucleosomes, DNA

involved

in telomere silencing. (A)

Representation of important domains of Sir2, the green/white bars represent an apparently

unessential N-terminal. (B) and (C) Representation of the important domains and protein-protein
interaction of Sir3 and Sir4. (Modified from Kueng et al. 2013).

1.4.2. Rapl and Abf1l

Budding yeast Rapl (Repressor activator protein 1) is an essential multifunctional

protein that works as a key regulator of gene transcription and chromosomal

integrity. Rapl binds directly to telomeric repeats (Conrad et al. 1990) and is able

to recruit other proteins such as the Rapl interacting factors (Rifl and Rif2), Sir3

and Sir4. Together with Rifl and Rif2, Rapl forms the core of the yeast shelterin-



like complex, which protects the chromosomal ends from DNA damage response

processing (Hardy et al. 1992).

The DNA-binding domain (DBD) of Rapl is centrally located within the 827 aa
sequence, from residues 358-601. The DBD consists of two tandem Myb-like
motifs, followed by a C-terminal wrapping loop. The Rapl C-terminal domain (aa
672-827) contains the region required for recruitment of the known Rapl-
interacting proteins (Figure 5A, top) (Kyrion et al. 1993; Moretti and Shore 2001;
Feldmann et al. 2015). This C-terminal domain is essential for silencing (Liu et al.
1994).

The DBD of Rapl is conserved in yeast species in which Rapl is found,
suggesting a conserved three-dimensional structure. Accordingly, a 6-bp AC-rich
motif resembling the sequence recognized by Rapl in S. cerevisiae, is present at
least in C. glabrata and Kluyveromyces lactis telomeres (Fabre et al. 2005). In
addition, CgRapl has an overall identity of 65% and a similarity of 78% to ScRapl
(Figure 5A; Haw et al. 2001).

Rapl, as well as Abfl (Autonomously replicating sequence (ARS) binding factor 1),
are general regulatory factors (GRFs) that contribute to transcriptional activation of
a large number of genes. Rapl and Abfl bind ~200-300 promoters each. Genes
containing Rapl or Abfl binding sites mainly comprise ribosomal protein genes
and genes encoding proteins involved in amino acid biosynthesis, regulation of

carbon source and sporulation (Lieb et al. 2001; Yarragudi et al. 2007).

Abf1l is essential for cell growth, binds to several ARSs and stimulates initiation of
DNA replication from the origins of replication in yeast. Abfl has also been
implicated in gene silencing within subtelomeric regions (Pryde and Louis 1999)
and nucleotide excision repair of silenced chromosomal regions (Reed et al. 1999).
The DBD of Abfl comprises the first 500 aa of the protein divided into a zinc finger
domain (aa 40-91) and a unique region that determines the sequence specificity of
binding (aa 323-496) (Cho et al. 1995). The C-terminus of Abfl (aa 604-731) is
divided in two domains, CS1 (C-terminal sequence 1, aa 624-628) and CS2 (aa
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639-662). CS1 has a role in transcriptional silencing and/or repression in a context-
dependent manner, whereas CS2 is universally required for transcriptional
activation, stimulation of DNA replication, and gene silencing (Miyake et al. 2002)
(Figure 5B, top). In C. glabrata, Abfl is 80 and 77% identical in each of the bipartite
DNA binding domain of ScAbfl. In addition, CgAbfl does not contain the CS1
domain, it only has the silencing domain CS2, which is highly conserved (87%
identity and 96% of similarity) with respect to ScAbfl (Figure 5B, bottom;

Castanedo-Ibarra and Castarfio 2015).
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Figure 5. Schematic representation of Rapl and Abfl proteins. (A) Representation of relevant
domains of Rapl in S. cerevisiae (top) and in C. glabrata (bottom). BRCT domain (BRCA1l C-
terminus), DBD (DNA binding domain). (B) Representation of important domains of Abfl in S.
cerevisiae (top) and in C. glabrata (bottom). The percentages of identity of each domain with

respect to S. cerevisiae are indicated inside each box.
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1.5. Cis-acting elements form an intricate silencing network

In addition to the proteins involved in silencing, there are also other elements
involved known as cis-acting elements, such as silencers, protosilencers and

barrier elements (Figure 6).

Silencers are negative regulatory cis-acting elements composed of binding sites for
various factors that act collectively in the establishment and stable inheritance of a
repressed state (Figure 6A). In the telomeres of budding yeast, the terminal
repeated TG1-3 sequences serve as silencers. The silencers of the HM loci (E and
I) are compact elements spanning <150 bp, that contain different combinations of
binding sites for factors essential for silencing (Rapl, ORC, Abfl) (Boscheron et al.
1996), and are necessary for silencing of HM loci. Flanking the silencers, there are
other cis-acting elements called “barrier elements”, which limit the silencing activity
to the HM loci (Donze et al. 1999). The activity of this barrier was found to require
the transcriptional potential of tRNA™ gene (Donze and Kamakaka 2001),
suggesting that the barrier elements or boundaries may determine the polarity of
the silencers (West et al. 2002). Barrier elements (STAR, subtelomeric
antisilencing regions) have also been located between the X and Y’ repeats of
budding yeast, that constrain telomeric silencing to limited areas (Figure 6E; Fourel
et al. 1999). Silencers act in a continuous manner to maintain the structure and

function of silent chromatin (Cheng and Gartenberg 2000).

In addition, a single binding site for any of the silencer-binding proteins can
enhance the activity of a distant silencer without acting as a silencer per se; these
elements are referred to as protosilencers (Boscheron et al. 1996). Protosilencers,
like silencers, act by binding sequence-specific factors that lead to the recruitment
of Sir proteins. Protosilencers play essential roles in the propagation of silencing in
heterochromatin regions (Figure 6B and 6C; Fourel et al. 2002) and can prevent

loss of silencing in G1 phase at HML« locus in the absence of E and | silencers.

Silencer-protosilencer arrangements involved in silencing have been found in

different organisms besides S. cerevisiae. Protosilencers flanking mating cassettes
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in S. pombe facilitate the bidirectional spreading of silencing. In vertebrates, the
HoxD complex of homebox genes is globally maintained in a repressed state
through a master silencer-protosilencer array. In Drosophila, the repression
mediated by the Polycomb-group complex depends not only on silencers called
Polycomb responsive elements (PRE) but also on the cooperative extension of the
complex involving additional weak targets (reviewed in Fourel et al. 2002). In the
silencer—protosilencer interactions, silencing of genes located in the region flanked
by the silencer and protosilencer was found to be increased compared to genes
silenced only by one silencer (Boscheron et al. 1996; Cheng and Gartenberg 2000;
Lebrun et al. 2001). The interactions of combinations of cis-acting elements form

an intricate silencing network.

Silencing

o — o ®
D —— ® 7 +[SIR] 4 +

E # reporter H .—// -
. Silencer . Protosilencer I Barrier element Silencing

Figure 6. Operational definition of cis-acting elements. The elements shown are described at the

bottom of the figure and the relative silencing level of the different arrangements is show to the
right. A silencer can silence the adjacent reporter (A). In contrast, a protosilencer cannot silence the
reporter by itself (B). However, a protosilencer can cooperate with a silencer to reinforce silencing
and extending its influence (C). Of note, a protosilencer can be functional in a silencing conductive
context, such as overexpression of Sir3 or Sir4 (D). Propagation of silencing can be interrupted by
barrier elements, such as STAR (subtelomeric antisilencing region) sequence (E). (Modified from
Fourel et al. 2002).
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1.6. Gene regulation involves long-range communication between silencers,

enhancers, and promoters.

Long-range communication between distantly located elements in chromosomes is
achieved through chromatin looping, which is involved in many chromatin related
processes ranging from transcriptional activation, repression, enhancer blocking,
recombination events, to structural organization of the genome (Li et al. 2006;
Talbert and Henikoff 2006; Palstra 2009). Chromatin loops are not only found
between distal regulatory elements and promoters but also between promoters and
the untranslated terminator regions of genes. This interaction between the
promoter with the terminator of the same gene through a loop is termed intragenic
looping, which is transcription dependent (reviewed in Randise-Hinchliff and
Brickner 2012). 3C experiments have revealed intragenic looping in yeast genes
such as GAL10 and FMP27 genes (Sullivan et al. 2004) (Figure 7A).

Several studies in yeast provide evidence that SIR complex is able to fold
chromatin into a higher-order structure. One piece of evidence came from studies
where Rap1l binds to the telomeric repeats, and is also found at subtelomeric sites,
suggesting that telomere folding allows Rapl-Sir interactions within subtelomeric
chromatin (Strahl-Bolsinger et al. 1997). Also, genetic evidence supports telomere
looping, the enhancer-like, UAS (Upstream activating sequence) activates
transcription only when it is positioned upstream of a gene. In yeast, UASg
(containing four Gal4 binding sites) inserted adjacent to the telomere and
downstream of the reporter gene, is able to activate the reporter when it is linked to
a telomere, but not if it is inserted at internal chromosomal locus. This is thought to
be due to telomere folding, which places the UASg close to the promoter of the
telomere-linked gene (Figure 7B) (de Bruin et al. 2001). Telomere loops have also
been detected in mammals (Griffith et al. 1999), ciliates (Murti and Prescott 1999),
and trypanosomes (Mufioz-Jordan et al. 2001).

Another example of the formation of a loop in silent chromatin has been described
in the mating loci in S. cerevisiae, the silencer elements flanking HMR

communicate with one another to mediate repression via the recruitment of Sir
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proteins along the DNA forming a chromatin fiber and stable repression (Figure
7C) (Valenzuela et al. 2008).

A promoter terminator
Coding sequence

(2)
3~9
Y

0 — wm

Silencer HMR Silencer

Silencers

Figure 7. Chromosome and gene loops are implicated in diverse processes. (A) Intragenic looping
is transcription-dependent. The promoter and the terminator are indicated (black line). (B) Telomere
looping in reporter gene activation. The UASg was inserted adjacent to the telomere and
immediately 3’ of the URA3 gene. (C) Silencing model at S. cerevisiae HMR. The flanking silencers

(orange squares) interact to silence the HMR loci in a SIR complex dependent manner.
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1.7. Candida glabrata as a model organism to study the subtelomeric

silencing

Candida glabrata is a haploid budding yeast, which has emerged as an important
nosocomial fungal pathogen associated with an attributable mortality of ~30%
(Klevay et al. 2009). It normally resides as a commensal in the flora of healthy
human mucosal tissues to which it adheres tightly, but can cause infections in
immunocompromised patients (Pfaller and Diekema 2007).

In C. glabrata, subtelomeric silencing requires the SIR complex, as well as the
Rifl, Rapl and the yKu proteins, and can extend >20 kb toward the centromere
(De las Pefas et al. 2003; Domergue et al. 2005; Rosas-Hernandez et al. 2008).
Interestingly, different telomeres in C. glabrata have different protein requirements
for silencing. For instance, the proteins yKu70 and yKu80 are not required in the
right telomere of the chromosome E (Egr) where EPA1 forms a cluster with EPA2
and EPA3 genes. This independence of yKu proteins is due to a cis-acting
element, the protosilencer Sil2126, which has overlapping functions with the yKu

proteins (Juarez-Reyes et al. 2012).

In addition to the Chr E.g, silencing has been tested in other telomeres of C.
glabrata. EPA4 and EPA5 genes (which form an almost perfect inverted repeat)
are located at the right telomere of chromosome | (Chr I.g) and here, the silencing
can propagate at least 24 kb and depends on Rapl, Sir complex, Rifl and yKu
proteins (De las Pefas et al. 2003; Rosas-Hernandez et al. 2008). Also, the
silencing at both ends of chromosome C, where EPA6 and EPA7 are located,
depends on SIR complex and yKu proteins (Castafio et al. 2005; Rosas-
Hernandez et al. 2008). Therefore, in C. glabrata, TPE plays an important role in

regulation of expression of virulence genes such as adhesins.

1.7.1. Epa family members are highly glycosylated mannoproteins

C. glabrata can differentially express glycosylphosphatidylinositol-cell wall proteins
(GPI-CWPs) on its cell surface, which allows for its adaptation to different

environmental conditions. The largest family of CWPs is the Epa (Epithelial
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adhesin) family. Most of the EPA genes encoding adhesins, are located in
subtelomeric regions. The Epa family contains at least 17 and up to 23 paralogues,
depending on the strain. Epal mediates most of the adherence to epithelial cells in
vitro (Cormack et al. 1999), and Epa6 and Epa7 have been shown to be functional
adhesins involved in kidney colonization (Castafo et al. 2005).

Additionally, Epa family is involved in biofilm formation, which can increase
infection probability because this life form is more tolerant or resistant to host
defense machinery and antifungal drugs. EPA3 is upregulated during biofilm
formation in rich and semi-defined media, whereas EPAL, EPA3, EPA22 and EPA7
are induced only in biofilms grown in semi-defined media (Kraneveld et al. 2011).
Epa6 expression is also associated with the ability of C. glabrata to form biofilm on
plastic surfaces (Iraqui et al. 2005). In a high-throughput analysis, EPA3 was found
to be highly induced by osmotic stress and glucose starvation (Roetzer et al.
2008).
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2. BACKGROUND

A cluster of EPA genes containing EPA1, EPA2 and EPAS is localized at the right
telomere of chromosome E (Chr ER) (De las Peifias et al. 2003). EPAL expression
is negatively regulated by two distinct mechanisms. One of them is the silencing
propagating from the telomere that depends on the SIR complex, Rapl and Rifl.
EPAL transcription is also repressed by a cis-acting element, the negative element
(NE), a repression that depends on yKu proteins but is independent from the

silencing from the telomere (Figure 8; Gallegos-Garcia et al. 2012).

EPA2 is repressed by subtelomeric silencing; however, it is induced in the
presence of oxidative stress in vitro. This induction is mediated by transcription

factors such as Yapl and Skn7 (Juarez-Cepeda et al. 2015).

Due to the subtelomeric localization of the EPA genes, these are normally
silenced; however, various EPA genes (EPA4-7) can be derepressed upon loss of
subtelomeric silencing by the deletion of Sir3, Sir4 or Rapl (De las Pefias et al.
2003; Domergue et al. 2005). EPA2 and EPA3 are not expressed in vitro in a sir3A,
riflA or rapl-21 strain, suggesting additional layers in their regulation (Castafio et
al. 2005). In addition to the cis-acting element, the NE, there is another cis-acting
element in this subtelomeric region, a protosilencer called Sil2126. Sil2126
performs overlapping functions with yKu proteins since removing both the yKu
proteins and Sil2126, results in higher derepression of EPA3 (Juarez-Reyes et al.
2012). This cis-acting element might be an extra layer of regulation for the EPA1-3

cluster of genes.

Sil2126 has two essential regions for its activity, namely R1 and R2. R1 contains a
putative binding site for Abfl (ARS binding factor), and adjacent to R1 on the &’
side, there is a putative binding site for Rapl (Figure 8, bottom). Sil2126 can
silence a reporter when both are inserted 32 kb away from the right telomere of the
chromosome E (Sil@-32kb). However, it requires its own telomere context

because when we placed Sil2126 and the reporter (Sil-reporter system) at similar
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distances in other telomeres, Sil2126 is not able to silence the adjacent reporter

(Juarez-Reyes et al. 2012).

Sil2126 activity at its native position could have an impact in the regulation of the
main adhesin, Epal. Furthermore, determining the silencing mechanism in this
telomere will allow us to gain insights on the mechanisms of regulation of adhesin

expression.

In this work, we wanted to understand the mechanism of action by which Sil2126
extends silencing in the subtelomeric region of telomere Egr. We also decided to

determine what elements in this region are required for its activity.

Sir complex

Ku ' Ku

EPA1 NE EPA2 EPA3 P Chr E;
<" 13kb 2.4kb
/’r{;;1 bs Abflbs
2126 bp [(MNENN ER1 S R2 I

Figure 8. Map of the subtelomeric region of Chr Er, where EPAL, EPA2 and EPAS3 are located.
EPAL expression is negatively regulated by two mechanisms, the Ku-dependent (brown circles) cis-
acting element called Negative Element (NE, pink square) and silencing from the telomere (see
above). EPA3 is negatively regulated by the protosilencer Sil2126 (orange arrow), which has two
essential regions for its activity. The putative binding sites for Rapl and Abfl are shown in red and
green rectangles, respectively (zoom in, bottom). The distances from Sil2126 to EPA3 and to the

telomere are indicated.
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3. AIMS

To determine the silencing mechanism by which the protosilencer Sil2126 extends
silencing in the right telomere of chromosome E and to uncover the trans and cis-

acting elements that are required for its activity.

3.1. Specific aims

@ To uncover the cis-acting elements located in the Chr E.g required for Sil@-
32kb activity.

@ To determine whether the silencing proteins Rapl and Abfl are recruited by
Sil2126.

@ To test if Sil2126 can interact with other regions in the Chr E_r to propagate
silencing.

@ To determine whether the putative binding sites for Rapl and Abfl are

functional.
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4. MATERIALS AND METHODS

4.1. Strains

All strains and plasmids used are listed in Table S1 and S2, respectively.

4.2. Media

Candida glabrata strains were grown at 30°C in plates with YPD medium which
contains 10 g/L of yeast extract and 20 g/L of peptone, supplemented with 2%
glucose and 2% agar. If necessary, culture plates were supplemented with
Hygromycin (Invitrogen®) 440 pg/mL or Nourseothricin 100 ug/mL (Streptothricin
Sulfate, NTC, clonNAT, CAT#N-500-1). In order to test silencing level, we
performed growth plate assays in SC medium supplemented with casaminoacids
or with 5-fluoroorotic acid (5-FOA; Toronto Research Chemicals). This medium
contains 1.7 g/L yeast nutrient base (without (NH4),SO, and amino acids), 5 g/L
(NH4)2S0O,4 and is supplemented with 0.6% casaminoacids and 2% glucose. SC+5-
FOA medium is supplemented with 0.9 g/L 5-FOA and 25 mg/L uracil. Minimal
medium was used for the ChIP and 3C assays. This medium contains 1.7 g/L
yeast nutrient base, 5 g/L (NH4).SO4 and is supplemented with 2% glucose and 25

mg/L uracil.

Bacteria were grown at 30°C in LB medium as described previously by (Ausubel et
al. 2001). LB medium contains 5 g/L yeast extract, 10 g/L tryptone and 5 g/L NaCl.
If necessary, 1.5% agar was added. All plasmid constructs were introduced via
electroporation into the DH10 strain. 50 mg/mL carbenicillin (Invitrogen®) was
added for plasmid selection.

4.3. Yeast transformation

Yeast transformation was performed using the lithium acetate protocol as

described previously by Castano et al. (2003).
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4.4. Plate growth assays

The level of silencing or expression of the URA3 reporter was assessed using a
plate growth assay as described previously (De las Pefas et al. 2003; Castafio et
al. 2005). Briefly, strains containing the different URA3 insertions were grown at
30°C in YPD for 48 hr to stationary phase. The cultures were adjusted to an optical
density of 1 at 600 nm with sterile water. 10-fold serial dilutions were made in 96-
well plates. A total of 5 pL of each dilution was spotted onto YPD, SC-Ura and SC
+5-FOA plates, and plates were incubated for 48 hrs at 30°C and photographed.

4.5. Western blot assay

We constructed epitope-tagged versions of each protein tested. Rapl and Sir3
were tagged with FLAG epitope at the C-terminus and integrated in their native
loci, respectively. To test Abfl, we constructed a plasmid containing an N-terminal
fusion of cMyc with Abfl and under the inducible promoter Pyri. The strains were
grown in YPD and harvested in stationary phase. The protein extraction and
western blot assays were done as described with minor modifications (Orta-
Zavalza et al. 2013; Robledo-Marquez et al. 2016). Briefly, cells were resuspended
in lysis buffer (45 mM HEPES, 400 mM Potassium acetate, 0.5% Nonidet P-40, 1
mM EDTA, 1 mM DTT, 1 mM PMSF, 1X Complete protease inhibitors cocktall
ROCHE®), 100 uL of zirconia beads were added and cells were broken using a
FastPrep®-24 (MP Biomedicals®) equipment, with three times for 60 s at 6 m/s.
The cells were centrifuged at 15000 rpm for 40 min at 4°C, the supernatant was
recovered and the protein content was determined by Bradford assay. 50 ug of
total protein mixed with 2X SDS loading buffer were preheated (95°C for 8 min)
and then loaded in a 10% SDS-polyacrylamide gel. After electrophoresis, the
proteins were blotted onto PVDF membranes (BIO-RAD®) and probed with anti-
Flag (Sigma®) at a final concentration of 3 ug/mL overnight. After washing, the
membrane was probed with a goat-mouse horseradish peroxidase-conjugated
secondary antibody (MERCK®). Signal was detected by ECL chemiluminiscence
reagents (Pierce®) and recorded using a BioRad ChemiDoc MP System equipped

with chemiluminiscence.
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4.6. GFP expression by flow cytometry

Strains were grown for 48 hr at 30°C in SC medium supplemented with uracil when
it was necessary. Culture cells were diluted into fresh media to induce EPAl
expression. We measured the activity of EPAL1 promoter using the GFP reporter
every 2 hr. Fluorescence was assessed by FACS analysis using a BD
FACSCalibur flow cytometer with Cell Quest Pro software. The data analysis was
done using FlowJo® software.

4.7. Chromatin immunoprecipitation (ChlP) assay

Yeast cultures (150 mL) were grown in minimal medium to an ODggo of 1 at 30°C
with shaking. The grown cultures were put on ice for 15 min. Cells were fixed with
1% formaldehyde for 15 min at 25°C at 180 rpm. Cross-linking was quenched by
the addition of glycine to 125 mM and incubated for 5 min. The cells were
harvested, washed twice with TBS buffer (20 mM Tris-HCI [pH 7.5], 150 mM NacCl)
and transferred to 1.5 mL centrifuge tubes; yeast pellets were frozen at -80°C. The
cells were lysed with 500 pL lysis buffer (10 mM EDTA [pH 8], 50 mM Tris-HCI [pH
8], 1% SDS and, 1 mM PMSF and protease inhibitor ULTRA Tablet Mini/10 mL
(EASYpack [ROCHE®]) added just before use, 500 pyL glass beads were added
and cells were disrupted by vortexing for 30 s and placed on ice for 1 minute
(repeated ten times). The chromatin in the lysates was sheared by sonication with
30 cycles (effective sonication time: 3 min 45 s) at 20% amplitude in Episonic multi-
functional bioprocessor Model Oasis 180. The DNA was sheared to an average
size ~ 500 bp. Tagged proteins were immunoprecipitated with 5ug mouse anti-
FLAG (Sigma®) or anti-cMyc (Millipore®) bound to Dynabeads® Protein G for
immunoprecipitation (Invitrogen). Dynabeads with the immunoprecipitates were
washed with Dilution buffer (2 mM EDTA [pH 8], 20 mM Tris-HCI [pH 8], 150 mM
NaCl, 1% Triton) twice and washed with Wash buffer (2 mM EDTA [pH 8], 20 mM
Tris-HCI [pH 8], 150 mM NaCl, 1% Triton, 0.1% SDS) four times. Protein and
cross-linked DNA were eluted in 100 yL of Elution buffer (1% SDS, 0.1M NaHCO3)
at 65°C for 10 min. To reverse the crosslinking, the mixture was incubated at 65°C

overnight with 50ug/mL proteinase K. DNA was extracted with
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phenol:chloroform:isoamyl alcohol 25:24:1 and precipitated with 5M NaCl,
glycogen and ethanol. The IPs were resuspended in 30 puL of TE (10 mM Tris-Cl
[pH 8], 1 mM EDTA) containing 2ug/mL RNase cocktail (Ambion). Input DNA was
prepared by mixing 20% of the starting lysate (after sonication) with 200 pL TE.
The lysate was processed in the same way as the immunoprecipitates, proteinase
K was added, the crosslinking was reversed and the DNA was extracted. The
immunoprecipitated DNA and the input were used as templates for qPCR reactions
conducted with ABI 7500 instrumentation (Applied Biosystems®) and SYBR Green
PCR Master Mix (Life Technologies®). The primers used are listed in Table S3.
The results shown represent the average of duplicate biological samples and three
technical replicates. The ChIP assays are presented as % Input relative to the
target where there is no binding. For Rapl and Sir3, the ChIP assays are
presented as % Input relative to ISC1 binding and for Abfl relative to binding to the
telomere (Genetics’ paper, Figures 5, 6, S1, S5, S6 and S7).

4.8. Chromosome conformation capture (3C) assay

Chromosome Conformation Capture (3C) in budding yeast was performed as
described in Hagéege et al. (2007) and Belton and Dekker (2015b). Briefly, cells
were grown in SC medium to an ODggg Of 1. Cells were fixed with 3% formaldehyde
for 20 min at 25°C. The crosslinking was quenched by adding 2.5 M glycine at 2X
the volume of formaldehyde used in the previous step and the culture was shaken
for 5 min at 25°C. Cross-linked cells were washed with cold water and
resuspended in the appropriate 1X restriction enzyme buffer (Hindlll buffer
prepared as NEB Hindlll buffer). The sample was frozen and ground with liquid
nitrogen for 10 min adding it as necessary. The ground sample was resuspended
in 1X restriction enzyme buffer and adjusted to ODgpo Of 10. Cells (38 L) were
distributed into a 96-well PCR plate. Chromatin was solubilized by the addition of
SDS (0.1% final) and incubated for 10 minutes at 65°C. Triton X-100 was added to
a final concentration of 1% to sequester the SDS. Chromatin was digested with
100U of Hindlll and incubated overnight at 37°C. The restriction enzyme was
denatured by adding SDS (1.67% final) and incubating for 20 min at 65°C.
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Chromatin fragments were ligated in dilute (12X) conditions assembling the ligation
reaction (1% Triton X-100, 1X Ligation buffer, 0.1 mg/mL BSA, 1mM ATP, 4.8
U/mL T4 DNA ligase and water) and incubating 4 h at 16°C. Cross-links were
reversed by incubating the samples for 4 h at 65°C in the presence of 0.0625
mg/mL proteinase K, followed by adding again 0.0625 mg/mL proteinase K and
incubating overnight at 65°C. DNA was purified by a series of phenol-chloroform
extractions followed by ethanol precipitation. The resulting template was then
treated with RNase cocktail (Ambion) and incubated 1 h at 37°C yielding the “3C
template”. The chromatin digestion was evaluated as reported in (Hagege et al.
2007) and is shown in the Figure S1. In addition to the 3C template, a randomized
ligation control template was also generated (Belton and Dekker 2015a) which was
used to determine the PCR amplification efficiency of specific ligation products.
This template was generated by digesting naked, non-crosslinked yeast genomic
DNA with Hindlll and ligating it in concentrated conditions to maximize the
formation of random inter-molecular combinations of chimeric ligation products.
The resulting template was purified by a series of phenol-chloroform extractions

and ethanol precipitations and treated with RNase cocktail (Ambion).

Once the 3C samples were generated, DNA concentration was determined by
SybrGreen quantitative PCR (gPCR) using an internal primer set (ISC1 primers
2503 and 2504 showed in Table S3). 3C samples were adjusted to 50 ng/uL and
the concentrations were verified once again by qPCR. Quantification of ligation
products was performed with gPCR using Applied Biosystems™ TagMan® MGB
probes and PerfeCTa FastMix Il Low ROX (Quanta Biosciences Inc.). The gPCR
reactions contain an anchor primer (anchor H), a TagMan probe (probe H) and one
of the test primers (primers H1 through H8). The probe and primers used are listed
in Table S3. A standard curve was performed with each pair of primers using serial
dilutions of randomized ligation control. The parameters of each standard curve are
shown in the Table S4. The conditions used for gPCR were: 15 min at 95°C (cycle
1) and 10 s at 95°C, 1 min at 60°C (cycles 2-40) conducted with ABI 7500
instrumentation (Applied Biosystems®). Experiments were performed in technical

triplicates.

25



5. RESULTS

Most of the results generated in this project were published in the following paper:

5.1. Candida glabrata cis-element Sil2126 negatively regulates the expression

of EPA genes through chromatin loop formation.

Eunice Ldpez-Fuentes!, Grecia Hernandez-Hernandez!, Leonardo Castanedo-

Ibarra!, Guadalupe Gutiérrez-Escobedo’, Katarzyna Oktaba®, Alejandro De Las
Pefias’, and Irene Castafio'*. 2018. GENETICS Early online July 12,

2018; https://doi.org/10.1534/genetics.118.301202

5.2. Collaborations

In addition, | participated as co-author in the following publications:

Reviews:

5.2.1. Local and Regional Chromatin Silencing in Candida glabrata:

consequences for adhesion and the response to stress

Alejandro De Las Pefias, Jacqueline Juarez-Cepeda, Eunice Loépez-Fuentes,

Marcela Briones-Martin-del-Campo, Guadalupe Gutiérrez-Escobedo and Irene
Castafno*. 2015. FEMS Yeast Res. 15.

5.2.2. Candida glabrata’s genome plasticity confers a unique pattern of

expressed cell wall proteins

Eunice Lépez-Fuentes', Guadalupe Gutiérrez-Escobedo®, Bea Timmermans?® 3,

Patrick Van Dijck?*, Alejandro De Las Pefias® and Irene Castafio™ *. J. Fungi 2018,
4, 67; doi:10.3390/j0f4020067
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Research paper:

5.2.3. Molecular characterization of the Silencing complex SIR in Candida

glabrata hyperadherent clinical isolates

Osney Leiva-Peldez, Guadalupe Gutiérrez-Escobedo, Eunice Lépez-Fuentes, José

Cruz-Mora, Alejandro De Las Pefias, Irene Castafio*. Fungal Genet. Biol. 118
(2018) 21-31. https://doi.org/10.3390/j0f4020067
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6. ADDITIONAL RESULTS

6.1. Activity of EPA1 promoter is not affected by the absence of Sil2126

EPA1 gene encodes the Epal adhesin, which mediates most of the adherence in
vitro (Cormack et al. 1999). EPAL is located in the Chr E.g, where forms a cluster
with EPA2 and EPAS3. The activity of EPA1 promoter is negatively regulated by a
cis-acting element, the NE (Gallegos-Garcia et al. 2012). In addition to the NE,
there is another cis-acting element, the protosilencer Sil2126, which is telomere
specific. EPA2 and EPA3 are expressed when both Sil2126 and yKu proteins are
removed (Juarez-Reyes et al. 2012). Thus, we wondered whether EPA1

expression is regulated by Sil2126.

We measured the activity of EPA1 promoter in the absence of the cis-acting
elements using two different reporters. EPA1 replaced by URA3 and EPALl
replaced by GFP in its native position near the Chr E_ telomere.

6.1.1. Activity of EPA1 promoter using URA3 as a reporter gene in the

absence of cis-acting elements

The URA3 expression was assayed by the ability of the strains to grow on plates
without uracil (SC-ura) and the silencing level was tested by the ability to grow on
plates containing 5-FOA. We measured the activity of EPAL1 promoter in the single

mutants (si/A and neA) and in the double mutant (silA neA).

We have previously shown that the neA strain grows better than the parental strain
in SC-ura, but there is no difference in the growth on 5-FOA plates (Figure 9
bottom, compare line 1 with 2 and Figure S2). Thus, the NE negatively regulates
EPAL1l expression and this regulation is an independent mechanism from the
telomeric silencing (Gallegos-Garcia et al. 2012). In a strain with Sil2126 deletion
(silA), we observed the same extent of growth in SC-ura than the parental strain
(Figure 9 bottom, compare line 1 with line 3). However, we observed a subtle effect
in the double mutant (silA and neA) with respect to the neA strain in SC-ura plates,

where double mutant grew to a lesser extent than the neA strain (Figure 9,
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compare line 2 with 4). These results suggest that Sil2126 can affect the EPAL
expression when the NE is absent.

In addition, we decided to test the activity of EPA1 promoter when a barrier
element, such as a strong promoter, is present instead of Sil2126 (Figure 9B).
When the barrier element (Ppcki::hph) is adjacent to the telomere, the
SilA::(Ppcki::hph) strain and in the double mutant without NE [neA
SilA::(Ppcki::hph)], the cells of both strains grew better in the absence of uracil than
the silA and neA silA strains respectively (Figure 9 bottom, compare line 3 with 5
and line 4 with 6), suggesting that a barrier element can decrease the silencing of
EPA1 coming from the telomere. However, the effect of the NE can still be
appreciated as judged by the larger colony size of the strains with the deletion of
NE (Figure 9 bottom, compare lines 3 with 4 and lines 5 with 6).

We have previously observed that in the presence of a barrier element, the
silencing of the insertions throughout the right telomere of chromosome E is
abrogated in almost all the reporter insertions, except the one adjacent to the
telomere (before the barrier element) (Juarez-Reyes et al. 2012). However, when
we tested the EPA1 expression, we observed that the silencing of EPA1 promoter
is not eliminated in presence of the barrier element (note the robust growth on 5-
FOA lines 5 and 6), but we could detect a higher expression in SC-ura plates

(Figure 9 bottom, compare colony size on SC-ura between line 3 and 5).
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Figure 9. Assessment of the level of silencing of EPAL1 promoter in the absence of cis-acting
elements. (A) URAS under the control of EPAL1 promoter in its chromosomal location. (B) Insertion
of a barrier element between EPA3 and the telomere. Strains were grown in YPD for 48 hr at 30°.
Cells were washed and adjusted to OD = 1. Ten-fold dilutions were spotted on the different media.

The plates were incubated at 30° for 48hrs and photographed.

The regulation of EPA1 by the NE depends on yKu proteins (Gallegos-Garcia et al.
2012). In addition, this particular telomere is not dependent on yKu proteins for
subtelomeric silencing due to the presence of Sil2126. We only observed that
EPA3 transcription is strongly derepressed in the absence of both Sil2126 and yKu
proteins. Thus, we wondered whether the EPAL expression might be affected in
the absence of these three elements, the two cis-acting elements (NE and Sil2126)
and the yKu proteins. We evaluated the activity of EPA1 promoter in the different
combinations of deletions using a growth plate assay (Figure 10). We observed the
same extent of growth on the SC-ura plates in all deletions of cis-acting elements
in combination with the mutants of yKu proteins (HDF1 and HDF2 encoding yKu70
and yKu80, respectively) (Figure 10, line 5 to 12). This result reinforces the
conclusion that the NE requires the yKu proteins to exert repression of Pgpai Since

the presence or absence of the NE has no effect on hdf1A or hdf2A strains. The
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subtle effect of Sil2126 in the activity of EPAl promoter is masked by the

regulation exerted by the NE, which in turn depends on yKu proteins.
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Figure 10. The yKu proteins are required for the negative effect by the NE on the EPA1 promoter.
(Top) Schematic representation of the URA3 gene under control of EPAL promoter in the Chr E.
(Bottom) Assessment of the silencing level of the URA3 reporter in the absence of cis-acting

elements and/or yKu proteins. The growth plate assay was done as described in Figure 8.

6.1.2. Activity of EPA1 promoter using GFP as a reporter gene in the absence

of cis-acting elements

Because we tested the activity of EPAL1 promoter using the URAS3 reporter with a
qualitative assay, we decided to test the activity of EPA1 promoter using GFP as a
reporter and determined the activity by fluorescence activated cell sorting (FACS).
We used two control strains, BG198 (Pgpa1::GFP-NE) and BG201
(Pepa1::GFP::pYiplac211-NE), in this last strain the NE is moved away from EPAL
promoter by 3.7 kb and as a consequence, GFP reporter activity remains high
(Gallegos-Garcia et al. 2012) (Figure 11, purple and blue line). We generated a
different strain containing a 6 kb insertion between the 3'UTRgpa; (300 bp from
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TAA of EPA1) and the NE. We found a similar induction pattern of GFP in the
strains with the 6 kb and the 3.7 kb insertions (Figure 11, compare the blue line
with the orange line). We wondered whether Sil2126 has an effect on the EPA1
expression when the NE is moved away from EPAl. We observed that the
presence or absence of Sil2126 does not change the induction pattern of GFP
(Figure 11, compare the pink with the blue line, and the brown with the orange

line).
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Figure 11. Activity of EPA1 promoter measured by FACS. A schematic representation of the
genotype for each strain is shown to the right. GFP was used as a reporter. Strains were grown in
SC with or without uracil for 48 hrs, then we diluted the cells (1:500) into fresh media and samples

were taken every two hours.

6.2. EPA6 and EPAY are tightly regulated by cis-acting elements

As mentioned above, the negative regulation of EPA1 by the NE is telomere
independent and depends on yKu proteins. We have found nine additional copies
of this cis-acting element in the C. glabrata genome, some of them are associated
with EPA genes (Gallegos-Garcia et al. 2012). In particular, we are interested in
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the regulation of the best characterized adhesins, EPA6 and EPA7, which are 94%
identical to each other and they are both subject to subtelomeric silencing
(Castario et al. 2005).

We tested whether the NEs associated to EPA6 and EPA7 are functional by
measuring the activity of each promoter using transcriptional fusions of two
different fragment sizes containing each promoter with YFP cloned into replicative
plasmids. Our data show that in the shortest versions of the promoters (Pgpas 975
bp and Pegpay 1767 bp), the NE located in the 3'UTR is active and does not allow
the induction of YFP (Figure 12, middle). Instead, in the longest version of EPAG6
promoter (Pepas. 3075 bp), we do not observe an effect when the NE is present
(Figure 12, bottom, left), but we do observe a subtle regulation of the longest
version of the EPA7 promoter (Pepa7L 2552 bp) by its NE (Figure 12, bottom, right).
These data indicate that the NEs adjacent to EPA6 and EPA7 are functional and its
repression mechanism is telomere independent. These results illustrate another

example of the tight regulation that the subtelomeric adhesins are subjected to.
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Figure 12. Activity of EPA6 and EPA7 promoters measured by FACS. (Top) Map of the ends of the
chromosome C where EPA6 and EPAY are located. The relevant distances are indicated. (Middle
and bottom) Measurement of the EPA6 promoter activity (left) and EPA7 promoter activity (right)
using YFP as reporter. All the constructs are in plasmids and they are indicated in each graph. The

protocol was done as described in Figure 10. AFU: Arbitrary fluorescence units.

6.3. Rap1-Flag fusion protein is compromised for silencing activity of some
Sil@-32kb deletions

In order to determine the functionality of the epitope-tagged version of Rapl at the
C-terminus, we tested the silencing level of the URA3 reporter that is part of Sil@-
32kb insertion, in a growth plate assay in different media. These experiments were
done in the absence of the original copy of Sil2126 (silA). First, we tested the

silencing level of the full length and functional Sil2126 in the parental strain
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containing Rapl-Flag. We observed that the silencing level decreases slightly in
the background where Rapl is tagged (Figure 13, compare line 2 with linel), it is
possible that the epitope at the C-terminus interferes slightly with its silencing
activity. We then decided to determine the silencing activity of the different
deletions of Sil2126 in the Rapl-Flag tagged strain. We found that the deletion of
the first 262 bp (sil 1-262A), displayed an increased level of silencing in the strain
containing Rapl-Flag compared to the untagged version, as judged by growth on
5-FOA, and even the size of the colonies on SC-ura is smaller (Figure 13, compare
line 4 with line 2). However, the silencing level in the rest of the deletions in Sil2126
does not change in the strain carrying the epitope tagged Rapl-Flag (Figure 13,
line 5 to line 8). This data suggests that the silencing activity of Rapl-Flag is
somewhat modified, but only in one of the versions of Sil where we observed a
higher level of silencing than the previously observed data reported by Juéarez-
Reyes et al. (2012).

Since we observed that only the deletion of the first 262 bp had a different
phenotype in the Rapl-Flag strain, we decided to repeat the growth assay
including the parental and the previously reported strains. All strains were
harvested at the same time and spotted on the same plates. We found that the
results we obtained with the sil 1-262A Rapl-Flag strain were reproducible:
increased silencing in this strain compared to a Rapl background or in the
presence of Sil2126 (Figure 14, compare line 5 and 6 with line 4 and line 5 and 6
with line 2). In addition, we tested the Rapl1-Flag::NAT strain, in which we saw the
unaffected silencing level, because in this background the mRNA has a higher
stability given by 3’'UTRcra1 present in the construct (Figure 14, compare line 3
with 4).
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Figure 13. Assessment of silencing activity in Sil@-32kb deletions. (Top) Map of the Chr Eg with
the insertion of both Sil2126 and URAS3 reporter at 32 kb from the telomere in a silA background.
(Bottom) Plate growth assay for testing silencing activity of the Sil@-32kb deletions in the Rapl-
Flag background. The genotype of each strain is indicated to the left. Cells were spotted in the
indicated media as described in Figure 8.
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Figure 14. Assessment of the silencing level in different backgrounds. Sil2126 is integrated 32 kb
from the telomere adjacent to the URA3 reporter (not shown). The genotype of the each strain is

indicated to the left. Lines 5 and 6 are two independent colonies from the same integration.

6.4. Strains carrying tagged versions of both Rapl and Abfl result in loss of

silencing

Given that we already know that Rapl and Abfl are required for Sil@-32kb activity,
we are interested in testing the interaction of these proteins with each other. We
constructed a strain with both proteins tagged, each one with a different epitope.
RAP1 was tagged at the C-terminal end with Flag and integrated at its native
chromosomal location. An extra copy of ABF1 was tagged at the N-terminal end
and provided on a plasmid under the regulation of MT1 promoter, inducible with
copper (Figure 15, top). In order to evaluate the functionality of silencing of these
tagged proteins, we performed a spot assay with both Sil@-32 kb and silA. We
found that the silencing is abrogated when both of these proteins are tagged in the
same background (Figure 15, compare line 2 and 4 with line 5). This could reflect

and additive effect due to two partly functional silencing proteins.
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Figure 15. Assessment of silencing activity in strains carrying tagged versions of Rapl and Abfl.

Rapl and Abfl were tagged in a Sil@-32kb and silA background indicated at the top. The genotype
for each strain is indicated to the left. The biological duplicates (lines 1 and 3 and lines 2 and 4) are

shown in the plate growth assay.
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6.5. Analysis of silencing by spot assay of strains used in 3C assay

From the 3C experiments described in the paper, we found an interaction between
Sil@-32kb and EPA1-EPAZ2 intergenic region (Genetics’ paper, Figure 7A). We
also tested whether this interaction depends on the silencing proteins. To answer
this question, we constructed a strain carrying an allele deficient in silencing, rapl-
21 in the strain containing Sil@-32kb and silA. We also generated a similar strain
but carrying a deletion in SIR3 (sir3A) in the Sil@-32kb, silA background. As
expected, silencing of the reporter @-32kb is lost in the silencing mutants (Figure
16, compare line 3 and 5 with line 1).
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Figure 16. Assessment of Sil2126 activity in silencing mutants (rapl-21 and sir3A alleles). (Top)
Map of the Chr Er of the parental strain analyzed indicating its genotype (Sil@-32kb and silA).
(Bottom) Plate growth assay of the different strains indicated to the left. This assay was done as
described in Figure 8.

6.6. The interaction between Sil2126 and EPA2-EPA3 intergenic region is not
dependent on silencing proteins Rapl and Sir3

We described the interaction between Sil2126 located in its original position with
the EPA2-EPA3 intergenic region (Figure 17 pink line, and Genetics’ paper, Figure

7B). We then decided to analyze whether this interaction depends on silencing
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proteins, we tested two strains, the strain carrying the rap1-21 allele, and the sir3A

containing strain, both proteins have an important role in subtelomeric silencing.

We designed the assay with the anchor primer (Anchor_H) and the Tagman probe
(probe_H) aligning in Sil2126 in its original location (Figure 17, bottom). The
crosslinking frequencies in a 3C assay showed that the strains where there is no
silencing display a similar behavior to the wt strain (Figure 17). The rap1-21 strain
has crosslinking frequencies even higher than the wt (Figure 17, compare red line
with pink line). In the three strains tested, we observed that Sil2126 interacts with
the EPA2-EPAS intergenic region even when there is no silencing (rap1-21 and

Sir3A strains).
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Figure 17. Chromatin interactions close to the telomere are maintained even in the absence of
silencing. (Top) 3C analysis represented by crosslinking frequencies throughout the Chr E_z with
Sil2126 in its original position. The silencing phenotype is indicated to the right as measured by
silencing of a URA3 reporter inserted between EPA3 and the telomere. The crosslinking frequency
indicates the abundance of each ligation product. Each point in the graph represents the
crosslinking frequency between each fragment tested and Sil2126 at its original position. (Bottom)
Schematic representation of the telomere E_r drawn to scale. The positions of the primers and the
probe are indicated. The primers are numbered to H2 to H9 and were designed 150 bp before the

Hindlll recognition site.
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7. DISCUSSION

Subtelomeric silencing is a regional transcriptional repression that depends on
different proteins, as well as several cis-acting elements (De Las Pefas et al.
2015). In C. glabrata, subtelomeric silencing negatively regulates the expression of
genes located close to different telomeres, such as the EPA genes. These genes
encode for adhesins involved in the adherence to host cells and are located within
25 kb from the telomeres. In the right telomere of chromosome E there is a cluster
of EPA genes, EPAl, EPA2 and EPA3; in addition to the regulation by
subtelomeric silencing, these genes are also negatively regulated by cis-acting
elements, such as NE and the protosilencer Sil2126. Besides, these genes are
expressed under particular conditions (De las Pefias et al. 2003; Rosas-Hernandez
et al. 2008; Juarez-Reyes et al. 2012; Gallegos-Garcia et al. 2012; Juarez-Cepeda
et al. 2015).

In this work, we showed that the telomere-specific activity of Sil2126, is probably
due to the presence of other cis-acting elements in the EPA2-EPA3 intergenic
region. Furthermore, we showed that when the protosilencer is placed 32 kb away
from the telomere, a position where normally there is no silencing, it recruits the
silencing proteins Rapl, Abfl and Sir3. We propose that Sil@-32kb can induce the
formation of a DNA loop in the Chr E.r by interacting with EPA1-EPA2 intergenic
region probably through protein-protein interactions. When Sil2126 is located in its
native position, it can efficiently interact with EPA2-EPA3 intergenic region, the
same region required for Sil@-32kb activity. These alternative interactions seem to
be formed according to the presence of cis-acting elements and the proteins

recruited to establish the heterochromatin structure (Genetics’ paper).

7.1. Sil2126 interacts with intergenic regions in Chr E_r to propagate silencing

We found that Sil@-32kb interacts with EPA1-EPA2 intergenic region by 3C assay.
This interaction depends on the presence of a full length and functional Sil@-32kb
as well as on the presence of silencing proteins, such as Rapl and Sir3. We also
determined the Sir3 binding profile in this background (Sil@-32kb) and found that
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this protein is bound at Sil@-32kb (Paper Genetics, Figure S5). These data
suggest that silencing can be propagated when Sil2126 is ectopically inserted 32
kb away from the telomere. This hypothesis is supported by the repression of
EPA1 promoter when Sil2126 is at -32 kb, at this position the protosilencer can
reinforce silencing from the telomere and silence the genes located in between
(like EPAL, Paper Genetics, Figure 8).

Under native conditions, i.e. Sil2126 located between EPA3 and the telomere, it
interacts with EPA2-EPAS3 intergenic region. Probably, when Sil2126 is in its
original location, the silencing in this telomere is discontinuous. This is in
agreement with the previous data where the silencing level gradually decreases
over the 20 kb adjacent to the telomere, as measured by silencing of a reporter
inserted at increasing distances from the telomere (De Las Pefias et al. 2003).
Silencing in this subtelomeric region can be detected up to the 3'UTR region of
EPAl. However, the EPA1 promoter is also subject to subtelomeric silencing
(Gallegos-Garcia et al. 2012).

The silencing mechanism of the protosilencer is by recruiting silencing proteins,
like Rapl and Abfl; which in turn can recruit other proteins, such as the SIR
complex. This allows the establishment of subtelomeric silencing probably through
the formation of a chromatin superstructure that allows propagation of the silent
chromatin. A higher-order structure for silenced chromatin has been previously
described (Dekker 2002; Valenzuela et al. 2008; Miele et al. 2009). In S.
cerevisiae, the flanking silencers of HMR locus physically interact with each other
to form a loop that depends on the SIR complex (Valenzuela et al. 2008; Thurtle
and Rine 2014). Furthermore, it has been shown that the telomere can fold (de
Bruin et al. 2001) helping in this way the formation of these structures. The 3C
method has been used to describe interactions between distant cis-elements. For
example interactions between promoter-enhancer, enhancer-enhancer, and
enhancer-boundary in the mouse globin (Tolhuis et al. 2002; Liu and Garrard

2005), and Hox genes (Noordermeer et al. 2014); as well as the mechanisms of

41



repression in Drosophila (Chopra et al. 2012). These studies have allowed gaining

insights on the organization of chromatin and its role in the gene regulation.

7.2. The interaction between Sil2126 and EPA2-EPA3 intergenic region is

independent of silencing proteins

We found that Sil2126 in its original position clearly interacts with EPA2-EPA3
intergenic region (Figure 17). Interestingly, this interaction does not depend on at
least two silencing proteins (Figure 17). We tested the rapl-21 and sirSBA mutants
where there is no detectable silencing (measured by silencing of the URA3 reporter
inserted at different subtelomeric regions) and we observed that the crosslinking
frequencies remain at high levels, indicating the formation of a chromatin loop. This
might suggest that the interactions between elements very close to the telomere
may not need to be in a heterochromatin state induced by these silencing proteins.
This could be related to the degree of peripheral anchoring of the subtelomeric
regions, or the contacts with the nuclear structure such as the lamina. This
observation was also found in another study using 3C data, where the interaction
between HMR and the telomere is not reduced upon deletion of SIR2 and SIR3
(Miele et al. 2009).

7.3. Sil2126 in its native position does not regulate the EPA1 expression

We have previously shown that the negatively regulation of EPA1l expression by
the NE is independent of the silencing spreading from the telomere (Gallegos-
Garcia et al. 2012). In this work, we found that in the double mutant (silA neA), the
EPAL expression assessed by expression of the URA3 reporter fused to the Pgpar
was slightly decreased compared to the neA single mutant. This subtle effect may
be due to the fact that in the double mutant, the Pgpai is 1 kb closer to the
telomere. At this telomere, we have shown that silencing is stronger when the
reporter gene is closer to the telomere (De las Pefas et al. 2003), in a similar way
to what is observed in S. cerevisiae (Gottschling et al. 1990; Renauld et al. 1993).
Another possibility is that the chromatin conformation is likely to be modified in the

absence of the cis-acting elements. This is the case in S. cerevisiae where large
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differences in silencing level are observed when the X and Y’ elements from some

telomeres are deleted (Fourel et al. 1999).

7.4. Chromatin 3-D conformations are dynamic

The 3C method is widely used to document proximity between regions of
chromatin. It takes advantage of the formaldehyde fixation, which creates a
genome-wide snapshot of interactions between any pair of genomic loci (Dekker
2006).

We described different interactions between Sil2126 with intergenic regions at the
Chr Er. In particular, Sil2126 in its original position can interact with EPA2-EPA3
intergenic region. Also, it is possible that Sil2126 can interact with other cis-
elements located in other intergenic regions (EPA1-EPA2 or HYR1-EPA1). These
interactions were detected only as weak interactions, probably because they were

only observed after prolonged cross-linking.

Furthermore, 3C is performed on large numbers of pooled cells, and thus it yields
an average of interactions across all cells that might not take place simultaneously
in one cell. Therefore, transient and dynamic interactions might be
underrepresented (Dean 2011). In addition, some loops can change depending on
the growth phase or the stage of development (Lanzuolo et al. 2007; Rutledge et
al. 2015). Thus, the spatial organization of the genome is highly variable between
cells, two nuclei will not display the exact same set of interactions in a particular
time point (Gibcus and Dekker 2013).
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8. CONCLUSIONS

The right telomere of chromosome E is a unique telomere where three EPA genes
are located. It contains large intergenic regions between these EPA genes where
several regulatory elements reside. This telomere is a good model to gain insight
on the negative regulation by subtelomeric silencing of genes involved in virulence

factors.

Subtelomeric silencing involves several layers of regulation; silencing proteins, cis-
acting elements and chromatin structure. The combination of all these elements
results in regulatory networks for which interactions between proteins and between
cis-elements are required. In the Chr E, the protosilencer Sil2126 is required to
propagate silencing, which is achieved by recruiting silencing proteins such as
Rapl, Abfl and SIR complex. This element can modify the chromatin structure by

interacting with different intergenic regions depending on where it is located.

8.1. Particular conclusions

@ Sil2126 requires its telomere context probably because of the presence of
cis-acting elements in the EPA2-EPA3 intergenic region.

@ The first binding sites for Rapl and Abfl (at the 5’ end of the element) are
functional and are required for Sil@-32kb activity.

@ Sil2126 can recruit Rapl, Abfl and Sir3 in its original position and at a
distant position from the telomere in an environment where there is not
silencing (-32 kb from the telomere).

@ The binding profile of Rap1 and Abfl is modified depending on the presence
of the different cis-acting elements.

@ Sil2126 inserted 32 kb away from the telomere interacts with the EPA1-
EPA2 intergenic region forming a loop to propagate silencing. This
interaction depends on silencing proteins.

@ Sil2126 in its original position interacts with EPA2-EPA3 intergenic region

and this interaction is independent on silencing proteins.
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@ Sil2126 inserted 32 kb away from the telomere, but not in its original

position, negatively regulates EPA1 expression.

9. PERSPECTIVES

@ Characterize the putative cis-acting elements located in the EPA2-EPAS
intergenic region required for Sil@-32kb activity. This large intergenic region
contains 5.6 kb. We will generate systematic deletions and we will test the
Sil@-32kb activity in a silA background.

@ Determine the Sir3 binding profile in the backgrounds where there is no
silencing. We found that Rapl and Abfl are bound at Sil@-32kb where
there is no silencing, we will test whether Sir3 is bound too.

@ Measure the level of adherence to Hela cells in the backgrounds where
EPAL is repressed by Sil@-32kb.

@ Determine the binding profile of Rapl, Abfl and Sir3 proteins in other
telomeres by ChIP assay.

@ Evaluate the activity of the additional copies of Sil2126 in the other
telomeres in C. glabrata. There are two additional copies of Sil2126, one in
the Chr A and a small fragment of Sil at the Chr I. We will place these
copies in their respective telomeres at a position where there is no silencing
and we will test silencing of the reporter.

@ Characterize the 3’ end of Sil2126. There are several putative binding sites
for Rap1 and Abf1 in the 3’ end of Sil216. We will test the binding profile of
these proteins by ChIP-gPCR assay.

@ Determine whether the interactions found require the nuclear periphery
attachment. We will tag the two fragments involved in the interaction and we
will capture 3D images by microscopy.

@ Elucidate the chromatin conformation of the subtelomeres in the absence of
silencing. First, we will test mutants of proteins involved in chromatin

remodeling or envelope anchor and we will perform a 3C assay.
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11. SUPPLEMENTARY INFORMATION

11.1. Papers published

e De Las Pefas A., J. Juarez-Cepeda, E. Lopez-Fuentes, M. Briones-Martin-

del-Campo, G. Gutiérrez-Escobedo, et al.,, 2015 Local and regional
chromatin silencing in Candida glabrata: consequences for adhesion and
the response to stress, (M. Bolotin-Fukuhara, Ed.). FEMS Yeast Res. 15.
doi: 10.1093/femsyr/fov056

DOI: https://doi.org/10.1093/femsyr/fov056

e LoOpez-Fuentes E., G. Gutiérrez-Escobedo, B. Timmermans, P. Van Dijck,

A. De Las Penias, et al., 2018 Candida glabrata’s Genome Plasticity Confers
a Unique Pattern of Expressed Cell Wall Proteins. J. Fungi 4. doi:
0.3390/j0f4020067

DOI: https://doi.org/10.3390/j0f4020067

e Leiva-Pelaez O., G. Gutiérrez-Escobedo, E. Lépez-Fuentes, J. Cruz-Mora,

A. De Las Penias, et al., 2018 Molecular characterization of the Silencing
complex SIR in Candida glabrata hyperadherent clinical isolates. Fungal
Genet. Biol. 118: 21-31. doi:10.1016/j.fgh.2018.05.005

DOI: https://doi.org/10.1016/j.fgb.2018.05.005

e Eunice Loépez-Fuentes!, Grecia Hernandez-Hernandez!, Leonardo

Castanedo-lbarra!, Guadalupe Gutiérrez-Escobedo®, Katarzyna Oktaba?,
Alejandro De Las Pefias', and Irene Castafio'*. 2018. Candida glabrata
cis-element Sil2126 negatively regulates the expression of EPA genes
through chromatin loop formation. GENETICS Early online July 12,
2018; https://doi.org/10.1534/genetics.118.301202
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11.2. Table S1. Escherichia coli and Candida glabrata strains used in this

study
E. coli strains Genotype Reference
DH10B F" mcrA A(mrr-hsdRMS-mcrBC) f80dlacZAM15 AlacX74 deoR (Calvin and
recAl endAl araD139A(ara,leu)7697 galU galK I rpsL nupG Hanawalt
1988)
Candida glabrata strains
Strain Parent Genotype Reference
BG2 Clinical isolate (Fidel et al.
1996)
BG14 BG2 ura3A:Tn903 G418~ (Cormack
et al. 1999)
Sil2126-URA3 integration at different genomic loci
CGM397 BG14 ura3A:Tn903 G418~ (Rosas-
pAP430-Spel integrated between ISC1 and HYR1 Hernandez
et al. 2008)
CGM399 BG14 ura3A::Tn903 G418~ (Rosas-
pAP509-Spel integrated between ISC1 and HYR1 Hernandez
et al. 2008)
CGM1414 BG14 ura3A::Tn903 G418~ (Juérez-
pAJ51-BstXI integrated at -26 kb of telomere C_ Reyes et al.
2012)
CcGM1417 BG14 ura3A::Tn903 G418~ (Juérez-
pAJ53-BstXl integrated at -23 kb of telomere |- Reyes et al.
2012)
CGM1421 BG14 ura3A::Tn903 G418° (Juéarez-
pAJ55-Mfel integrated at -19 kb of telomere K-5 Reyes et al.
2012)
Sil2126-URA3 at -31.9 kb of telomere in the absence of the NE
CGM685 BG14 ura3A::Tn903 G418~ (Juarez-
SilA::(Ppgki::hph::3'UTRys3::FRT) Reyes et al.
(pAJ25-Bcgl) 2012)
CGM742 CGM685 ura3A:Tn903 G418~ (Juarez-
SilAFRT Reyes et al.
2012)
CGM817 CGM742 ura3A:Tn903 G418% silA (Juarez-
pAP430/Spel integrated between ISC1 and HYR1 Reyes et al.
2012)
CGM2476 BG14 ura3A:Tn903 G418~ This work
neA:NAT
(pLF11-Bsgl)
CGM2502 CGM742 ura3A::Tn903 G418" silA This work
neA:NAT
(pLF11-Bsgl)
CGM2575 CGM2476 ura3A::Tn903 G418~ This work
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neA::FRT

CGM2590

CGM2502

ura3A::Tn903 G418% sila
neA::FRT

This work

CGM2592

CGM2575

ura3A::Tn903 G418% neA::FRT
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM2594

CGM2575

ura3A::Tn903 G418% neA::FRT
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM2596

CGM2590

ura3A::Tn903 G4187 silA neA
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM2598

CGM2590

ura3A::Tn903 G4187 silA neA
pAP430-Spel integrated between ISC1 and HYR1

This work

Sil2126-URA3 at -31.9 kb of telomere in the absence of the intergenics

CGM3223

BG14

ura3A::Tn903 G418~
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®

This work

CGM3225

CGM742

ura3A:Tn903 G418~ silA::FRT
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®

This work

CGM3248

CGM3223

ura3A::Tn903 G4187
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®

This work

CGM3263

CGM3248

ura3A::Tn903 G4187
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3265

CGM3248

ura3A::Tn903 G4187
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3267

CGM3225

ura3A::Tn903 G418~ silA:FRT
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®

This work

CGM3413

CGM3267

ura3A::Tn903 G418 silA::FRT
EPA1-EPAZ2 intergenic replacement::pLF60/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3415

CGM3267

ura3A::Tn903 G418 silA::FRT
EPA1-EPAZ2 intergenic replacement::pLF60/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3445

BG14

ura3A::Tn903 G418°
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3448

CGM742

ura3A:Tn903 G418~ silA:FRT
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3449

CGM3248

ura3A::Tn903 G4187
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3452

CGM3267

ura3A:Tn903 G4187 silA::FRT
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3478

CGM3445

ura3A:Tn903 G418~
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3480

CGM3448

ura3A::Tn903 G418" silA:FRT
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3482

CGM3449

ura3A:Tn903 G418~
EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®

This work

CGM3484

CGM3452

ura3A::Tn903 G418~ silA:FRT
EPA1-EPA?2 intergenic replacement::pLF60/Bsgl Nat®

This work
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EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®

CGM3514

CGM3478

ura3A::Tn903 G418%
EPA2-EPAS intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spe | integrated between ISC1 and HYR1

This work

CGMS3516

CGM3478

ura3A::Tn903 G418~
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3518

CGM3480

ura3A::Tn903 G418~ silA:FRT
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3520

CGM3480

ura3A::Tn903 G418" silA::FRT
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3522

CGM3482

ura3A::Tn903 G4187

EPA1-EPA?2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3524

CGM3482

ura3A::Tn903 G418%

EPA1-EPAZ2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3526

CGM3484

ura3A::Tn903 G418~ silA:FRT

EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3528

CGM3484

ura3A:Tn903 G418 silA::FRT

EPA1-EPA2 intergenic replacement::pLF60/Bsgl Nat®
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®
pAP509-Spel integrated between ISC1 and HYR1

This work

Deletion analysis of Sil2126-URA3 reporter system at -31.9 kb in the absence of Sil2126 in its
original position

CGM3554 CGM742 ura3A::Tn903 G418% silA::FRT This work
pAP509-Spel integrated between ISC1 and HYR1

CGM3557 CGM742 ura3A::Tn903 G418" silA::FRT This work
pAP571-Spel integrated between ISC1 and HYR1

CGM3559 CGM742 ura3A:Tn903 G418~ silA::FRT This work
pAJ7-Spel integrated between ISC1 and HYR1

CGM3561 CGM742 ura3A:Tn903 G418~ silA::FRT This work
pAJ33-Spel integrated between ISC1 and HYR1

CGM3563 CGM742 ura3A:Tn903 G418~ silA::FRT This work
pAJ59-Spel integrated between ISC1 and HYR1

RAP1-Flag ChIP assay

CGM2415 BG14 ura3A::Tn903 G418T RAP1-Flag::NAT (Castanedo
(pCl24-Bsgl/sall) -lbarra and

Castafio
2015)

CGM2875 CGM2416 ura3A::Tn903 G418~ RAP1-myc::NAT This work
pAP430-Spel integrated between ISC1 and HYR1

CGM2879 CGM2415 ura3A::Tn903 G418~ RAP1-Flag::NAT This work
pAP430-Spel integrated between ISC1 and HYR1

CGM3111 CGM2415 ura3A::Tn903 G418~ RAP1-Flag This work
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CGMB3153

CGM3111

ura3A::Tn903 G418% RAP1-Flag
silA::hph
(pAJ25-Bcgl)

This work

CGM3170

CGM3153

ura3A::Tn903 G418~ RAP1-Flag
silA::FRT

This work

CGM3228

CGM3170

ura3A::Tn903 G418T RAP1-Flag silA:FRT
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3230

CGM3170

ura3A::Tn903 G418T RAP1-Flag silA:FRT
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3231

CGM3170

ura3A::Tn903 G418~ RAP1-Flag silA:FRT
pAP572-Spel integrated between ISC1 and HYR1

This work

CGM3234

CGM3170

ura3A::Tn903 G418" RAP1-Flag silA:FRT
pAP571-Spel integrated between ISC1 and HYR1

This work

CGM3245

CGM3170

ura3A::Tn903 G418" RAP1-Flag silA:FRT
pAJ33-Spel integrated between ISC1 and HYR1

This work

CGM3247

CGM3170

ura3A::Tn903 G418" RAP1-Flag silA:FRT
pAJ59-Spel integrated between ISC1 and HYR1

This work

CGM3257

CGM3170

ura3A::Tn903 G418% RAP1-Flag silA:FRT
pAJ7-Spel integrated between ISC1 and HYR1

This work

CGM3602

CGM3518

ura3A::Tn903 G418" silA::FRT

EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1
RAP1-Flag::NAT (pCl24-Bsgl/Sall)

This work

CGM3650

CGM3514

ura3A:Tn903 G418~

EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spe | integrated between ISC1 and HYR1
RAP1-Flag::NAT (pCl24-Bsgl/Sall)

This work

CGM3652

CGM3478

ura3A:Tn903 G418~
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
RAP1-Flag::NAT (pCl24-Bsgl/Sall)

This work

CGM3654

CGM3480

ura3A:Tn903 G418~ silA:FRT
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®
RAP1-Flag::NAT (pCl24-Bsgl/Sall)

This work

Myc-ABF1 Ch

IP assay

CGM3431

CcGM817

ura3A::Tn903 G418% silA
pAP430/Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr:-Myc-ABF1)

This work

CGM3433

CGM3228

ura3A::Tn903 G418" RAP1-Flag silA:FRT
pAP430-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyti-Myc-ABF1)

This work

CGM3435

CGM3230

ura3A::Tn903 G418T RAP1-Flag silA::FRT
pAP509-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyti-Myc-ABF1)

This work

CGM3437

CGM3234

ura3A::Tn903 G418T RAP1-Flag silA::FRT
pAP571-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyt1-Myc-ABF1)

This work

CGM3439

CGM3245

ura3A::Tn903 G418" RAP1-Flag silA::FRT
pAJ33-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyt1-Myc-ABF1)

This work

CGM3441

CGM3247

ura3A::Tn903 G418" RAP1-Flag silA:FRT
pAJ59-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyt1-Myc-ABF1)

This work

CGM3443

CGM3257

ura3A::Tn903 G418~ RAP1-Flag silA:FRT

This work
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pAJ7-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr11-Myc-ABF1)

CGM3453 BG14 ura3A::Tn903 G418~ (Hernandez
Replicative plasmid pGH8 (Pyri-Myc-ABF1) -Hernandez
and
Castano
2017)
CGM3534 BG14 ura3A::Tn903 G418~ (Hernandez
Replicative plasmid pGH3 (Pyr1-Myc) -Hernandez
and
Castano
2017)
CGM3564 CGM3554 | ura3A::Tn903 G418" silA::FRT This work
pAP509-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyti-Myc-ABF1)
CGM3566 CGM3557 ura3A:Tn903 G418% silA::FRT This work
pAP571-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr1i-Myc-ABF1)
CGM3596 CGM742 ura3A::Tn903 G418~ silA:FRT This work
Replicative plasmid pGH8 (Pyri-Myc-ABF1)
CGM3598 CGM3514 ura3A:Tn903 G418~ This work
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spe | integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr1i-Myc-ABF1)
CGM3600 CGM3518 ura3A:Tn903 G418" silA::FRT This work
EPA2-EPAS3 intergenic replacement::pLF70/Bsgl Nat®
pAP430-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr:-Myc-ABF1)
CGM3655 CGM397 ura3A::Tn903 G418~ This work
pAP430-Spel integrated between ISC1 and HYR1
Replicative plasmid pGH8 (Pyr:-Myc-ABF1)
CGM3657 CGM3478 ura3A::Tn903 G418~ This work
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
Replicative plasmid pGH8 (Pyr1:-Myc-ABF1)
CGM3659 CGM3480 ura3A:Tn903 G418% silA::FRT This work
EPA2-EPA3 intergenic replacement::pLF70/Bsgl Nat®
Replicative plasmid pGH8 (Pyr1i-Myc-ABF1)
Sir3-Flag and Sir4-Flag ChIP assay
CGM921 BG14 ura3A::Tn903 G418% SIR4-Flag::hph (pJV13/Bglll-Bcgl) (Juérez-
Vega and
Castafio
2010)
CGM957 BG14 ura3A:Tn903 G418% SIR3-Flag::hph (pJV22/BsrG1-Hpal) (Juarez-
Vega and
Castafio
2010)
CGM1107 CGM957 ura3A:Tn903 G4187 SIR3-Flag (Juarez-
Vega and
Castafio
2010)
CGM1113 CGM921 ura3A::Tn903 G418T SIR4-Flag (Juéarez-
Vega and
Castafio
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2010)

CGM3568 CGM1107 ura3A::Tn903 G418" SIR3-Flag This work
pAP430-Spel integrated between ISC1 and HYR1
CGM3570 CGM1107 ura3A::Tn903 G418% SIR3-Flag This work
pAP509-Spel integrated between ISC1 and HYR1
CGM3572 CGM1107 ura3A::Tn903 G418% SIR3-Flag This work
pAP571-Spel integrated between ISC1 and HYR1
CGM3574 CGM1113 ura3A::Tn903 G418% SIR4-Flag This work
pAP430-Spel integrated between ISC1 and HYR1
CGM3576 CGM1113 ura3A::Tn903 G418% SIR4-Flag This work
pAP509-Spel integrated between ISC1 and HYR1
CGM3578 CGM1113 ura3A::Tn903 G418% SIR4-Flag This work
pAP571-Spel integrated between ISC1 and HYR1
CGM3717 CGM1107 ura3A::Tn903 G418% SIR3-Flag This work
silA::hph
(pAJ25-Bcgl)
CGM3725 CGM3717 ura3A::Tn903 G418% SIR3-Flag This work
SilA::FRT
CGM3735 CGM3725 ura3A::Tn903 G418% SIR3-Flag silA:FRT This work
pAP430-Spel integrated between ISC1 and HYR1
CGM3737 CGM3725 ura3A::Tn903 G418% SIR3-Flag silA:FRT This work
pAP509-Spel integrated between ISC1 and HYR1
3C assay
BG592 BG14 ura3A::Tn903 G418~ rap1-21 (De las
Pefias et al.
2003)
BG676 BG14 ura3A::Tn903 G418~ sir3A (De las
Pefias et al.
2003)
CGM817 CGM742 ura3A::Tn903 G418% sila (Juérez-
pAP430/Spel integrated between ISC1 and HYR1 Reyes et al.
2012)
CGM3559 CGM742 ura3A::Tn903 G418% silA::FRT This work
pAJ7-Spel integrated between ISC1 and HYR1
CGM3715 BG592 ura3A::Tn903 G418" rap1-21 This work
silA::hph
(pAJ25-Bcgl)
CGM3721 BG676 ura3A::Tn903 G418" sir3A This work
silA::hph
(pAJ25-Bcgl)
CGM3723 CGM3715 ura3A::Tn903 G418" rap1-21 This work
SilA::FRT
CGM3727 CGM3721 ura3A::Tn903 G418 sir3A This work
SilA::FRT
CGM3732 CGM3723 ura3A::Tn903 G418 rap1-21 silA::FRT This work
pAP430/Spel integrated between ISC1 and HYR1
CGM3739 CGM3727 ura3A:Tn903 G418F sir3A silA::FRT This work
pAP430/Spel integrated between ISC1 and HYR1
abf1-43
CGM3068 BG14 abf1-43::NAT (pClI32/Bsgl) (Hernandez
-Hernandez
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and
Castano
2017)
CGM3113 CGM3068 abfl-43::FRT (Hernandez
-Hernandez
and
Castano
2017)
EPA1 promoter activity assays using GFP as reporter
BG198 BG14 ura3A::Tn903 G418~ epa1A::GFP under the control of the (De las
(CGM1936) EPA1 promoter Pefias et al.
2003)
BG201 BG14 ura3A::Tn903 G418" epalA::GFP pYlplac211 integrated (Gallegos-
(CGM1937) 300bp from TAA of EPAL. GFP under the control of the Garcia et
EPA1 promoter al. 2012)
CGM514 BG14 ura3A::Tn903 G4187 (Juarez-
pMC14 replicative plasmid Cepeda et
al. 2015)
CGM1950 BG198 ura3A:Tn903 G418~ This work
pLF1-Avrll integrated 210pb from TAA of EPAL
CGM2005 CGM1950 ura3A:Tn903 G418~ This work
neA Segregant_1
CGM2024 CGM1950 ura3A:Tn903 G418~ This work
neA Segregant_2
CcGM2187 BG201 ura3A::Tn903 G418" epatA::GFP pYlplac211 integrated This work
300bp from TAA of EPAL. GFP under the 64control of the
EPA1 promoter
silA::hph (pAJ25-Bcgl)
CGM2189 CGM2005 ura3A::Tn903 G418~ This work
neA
silA::hph (pAJ25-Bcgl)
CGM2263 cGM2187 ura3A::Tn903 G418" epatA::GFP pYlplac211 integrated This work
300bp from TAA of EPAL1. GFP under the 64ontrolo f the
EPAL promoter
SilA::FRT
CGM2265 CGM2189 ura3A:Tn903 G418~ This work
neA
SilA::FRT
CGM2287 BG14 ura3A:Tn903 G418~ This work
pAP385 Replicative plasmid
CGM2307 CGM1950 ura3A:Tn903 G418~ This work
pLF1-Avrll integrated 210pb from TAA of EPAL
silA::hph (pAJ25-Bcgl)
CGM2343 CGM2307 ura3A:Tn903 G418 This work
pLF1-Avrll integrated 210pb from TAA of EPA1
SilAFRT
CGM2927 BG198 ura3A::Tn903 G418" epatA::GFP under the control of the This work
EPA1 promoter
neA::NAT (pLF11 Bsgl)
CGM2933 CGM2927 ura3A::Tn903 G418" epatA::GFP under the control of the This work
EPA1 promoter
neA::FRT
CGM3701 BG198 ura3A::Tn903 G418~ epa’A::GFP under the control of the This work
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EPAL promoter
silA::hph (pAJ25-Bcgl)

CGM3703

CGM3701

ura3A::Tn903 G418~ epalA::GFP under the control of the
EPAL promoter
SilAFRT

This work

CGM83705

CGM3703

ura3A::Tn903 G418% epatA::GFP under the control of the
EPA1 promoter. silA::FRT
pAP430-Spel integrated between ISC1 and HYR1

This work

CGM3707

CGM3703

ura3A::Tn903 G418~ epatA::GFP under the control of the
EPA1 promoter. silA::FRT
pAP509-Spel integrated between ISC1 and HYR1

This work

CGM3709

CGM3703

ura3A::Tn903 G418~ epa1A::GFP under the control of the
EPAL promoter. silA:;:FRT
pAJ7-Spel integrated between ISC1 and HYR1

This work

EPA1 promot

er activity assays using URAS3 as reporter

BG1124
(CGMS8)

BG1212

ura3A::Tn903 G418~ epalA::URA3
URAS under the control of the EPAL promoter

(Gallegos-
Garcia et
al. 2012)

BG1132
(CGM95)

BG14

ura3A::Tn903 G418~ epalA::URA3 neA:cat

EPAL replaced by URA3 and NE (negative element)
replaced by the bacterial cat gene, chloramphenicol acetyl
transferase from pACYC184.

URAZ3 under the control of the EPA1 promoter

(Gallegos-
Garcia et
al. 2012)

CGM1907

BG1124

ura3A:Tn903 G418~ epalA::URA3
S”A::(PPGKl::hph::3,UTRH|53::FRT)
(pAJ25-Bcgl)

This work

CGM1909

BG1132

ura3A:Tn903 G418~ epalA::URA3 neA::cat
SilA::(Ppgki::hph::3'UTRys3::FRT)
(pAJ25-Bcgl)

This work

CGM1915

CGM1907

ura3A::Tn903 G418~ epalA::URA3
SilAFRT
(pAJ25-Bcgl)

This work

CGM1917

CGM1909

ura3A::Tn903 G418" epalA::URA3 neA::cat
SilA:FRT
(pAJ25-Bcgl)

This work

CGM2179

CGM1915

ura3A:Tn903 G418~ epalA::URA3 silA:FRT
hdflA::hph
(pAJ27-Bcgl)

This work

CGM2181

CGM1917

ura3A:Tn903 G418~ epalA::URA3
hdflA::hph
(pAJ27-Bcgl)

neA:.cat silA:FRT

This work

CGM2183

CGM1915

ura3A:Tn903 G418~ epalA::URA3 silA:FRT
hdf2A::hph
(pAJ28-Bcgl)

This work

CGM2185

CGM1917

ura3A::Tn903 G418" epalA::URA3 neA:cat silA:FRT
hdf2A::hph
(pAJ28-Bcgl)

This work

CGM2255

CGM2179

ura3A::Tn903 G418" epalA::URA3 silA:FRT
hdf1A:FRT

This work

CGM2257

CGM2181

ura3A::Tn903 G418" epalA::URA3 neA:cat silA:FRT
hdf1A:FRT

This work

CGM2259

CGM2183

ura3A::Tn903 G418" epalA::URA3 silA:FRT
hdf2A::FRT

This work
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CGM2261 CGM2185 ura3A::Tn903 G418" epalA::URA3 neA:cat silA:FRT This work
hdf2A::FRT

CGM2930 BG1124 ura3A::Tn903 G418" epalA::URA3 This work
URAZ3 under the control of the EPA1 promoter
neA:NAT

neA (pop-in)

CGM1919 BG14 ura3A:Tn903 G418 This work
neA::pLF1 (BInl, integrative plasmid)

CGM1921 CGM742 ura3A:Tn903 G418 silA This work
neA::pLF1 (BInl, integrative plasmid)

CGM2438 BG14 ura3A::Tn903 G418 This work
neA::pLF1 (BInl, integrative plasmid) 2

CGM2440 CGM742 ura3A::Tn903 G418% sila This work
neA::pLF1 (BInl, integrative plasmid) 2

EPAG6 and EPA7 promoter activity assays

CGM1973 BG14 ura3A::Tn903 G418~ (Yanez-
pYC177 Carrillo et

al. 2015)

CGM3085 BG14 ura3A::Tn903 G418~ This work
pLF50

CcGM3087 BG14 ura3A::Tn903 G418~ This work
pLF52

CGM3089 BG14 ura3A:Tn903 G418 This work
pLF14

CGM3091 BG14 ura3A:Tn903 G418~ This work
pLF55

CGM3093 BG14 ura3A:Tn903 G418~ This work
pLF40

CGM3095 BG14 ura3A:Tn903 G418~ This work
pLF42

CGM3097 BG14 ura3A:Tn903 G418~ This work
pLF49

CGM3101 BG14 ura3A:Tn903 G418~ This work
pLF44

Reconstruction of the BG1132 strain

CGM2309 BG14 ura3A::Tn903 G418~ This work
epalA::URA3 neA:.cat/ pAP658 (Bsgl)
URAZ3 under the control of the EPA1 promoter
Note: There are seven strains more and their phenotype is
the same.

Sil-URA3 integrated at -50kb ChrE

CGM1027 BG14 ura3A::Tn903 G418° (Juéarez-
pAJ34 Clal integrated at -50kb of telomere E-5 Reyes et al.

2012)
CGM3586 CGM1027 ura3A:Tn903 G418~ This work

pAJ34 Clal integrated at -50kb of telomere E-g
silA::hph (pAJ25-Bcgl)
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CGM3590 CGM3586 ura3A:Tn903 G418~ This work
pAJ34 Clal integrated at -50kb of telomere E-g
SilA:FRT
11.3. Table S2. Plasmids used in this study
Plasmid | Relevant genotype | Reference
Cloning vectors
pYlplac211 Cloning, integrative vector URA3 Amp~ (Gietz and
Sugino
1988)
pLS9 Replicative vector expressing ScFLP1 (recombinase gene) for Lab
removing selection marker, Pepai::FLP1::(3' UTR of HIS3) Cg collection
CEN ARS, Amp" natl
pMz21 Replicative vector expressing ScFLP1 (recombinase gene) for Lab
removing the hygromycin marker, Pgpa;::FLP1::(3' UTR of HIS3) | collection
Cg CEN ARS, Amp" URA3
pAP599 Cloning, integrative vector with 2 FRT direct repeats flanking a (Domergue
hygromycin resistance cassette [FRT-Ppgks::hph::3'UTRy;s3- et al. 2005)
FRT], Amp~, Hyg", URA3
pYC44 Initial Integrative Vector pYC40::3UTRcral:FRT Amp" NATX (Yafiez-
URAS3 Carrillo et
al. 2015)
pYC46 Recipient FLAG integrative Vector pYC44:FLAG Amp" NAT® (Yafiez-
URAS3 Carrillo et
al. 2015)
pYC55 Recipient YFP replicative vector pMJ22::YFP Amp", NAT® (Yafiez-
Carrillo et
al. 2015)
pYC177 Recigient YFP replicative vector pMJ22::YFP::3'UTRyss Amp~, | (Yafez-
NAT Carrillo et
al. 2015)
pBC176 Replicative plasmid to cloned N-terminal of cell wall proteins (Frieman et
(P+er::C-terminal CWP2::3’'UTRcyc1) AmpR, URA3 al. 2002)
Plasmids integrated at -32kb from the telomere E
pAP430 Plasmid to integrate the protosilencer Sil2126 and URA3 atthe | (De las
intergenic region between C.g. ISC1 and C.g.HYR1. Cloned Pefias et al.
into pYlplac211. Amp® 2003)
pAP509 Vector to integrate URAS at the intergenic region between C.g. (Rosas-
ISC1 and C.g. HYR1. A 0.686 kb Pst I-Sal | PCR fragment Hernandez
(Primers #962, #963) carrying the inter%enic region between et al. 2008)
C.g. ISC1 cloned into pYlplac211. Amp
pAP571 A 1792pb deletion (nucleotide 334 to 2126) from the 3’ end of (Juarez-
Sil2126 in pAP430 Reyes et al.
2012)
pAP572 A 2020 deletion (nucleotide 106 to 2126) from the 3’ end of (Juérez-
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Sil2126 in pAP430

Reyes et al.

2012)
pAJ7 A 262pb deletion from the 5’ end of Sil2126 (nucleotides 1-262) | (Juarez-
in pAP430 Reyes et al.
2012)
pAJ33 A 204pb deletion from the 5’ end of Sil2126 (nucleotides 1-204) | (Juarez-
in pAP430 Reyes et al.
2012)
pAJ59 An internal deletion of 58pb from nucleotide 204 to 262 of (Juérez-
Sil2126 in pAP430 Reyes et al.
2012)
pAJ51 Vector to integrate Sil2126-URA3 at 26 kb from left telomere of | (Juarez-
chromosome C. A 587 pb Pstl-Sall PCR fragment (Primers Reyes et al.
#867,#866) of a region of chromosome C, replacing Pst I-Sal | 2012)
integration sequence of pAP430. AmpR
pAJ53 Vector to integrate Sil2126-URAS3 at 23 kb from left telomere of | (Juarez-
chromosome I. A 475 pb Pstl-Sall PCR fragment (Primers Reyes et al.
#871,#870) of a region of chromosome I, replacing Pst I-Sal | 2012)
integration sequence of pAP430. AmpR
pAJ55 Vector to integrate Sil2126-URAS3 at 19 kb from right telomere of | (Juarez-
chromosome K. A 658 pb Pstl-Sall PCR fragment (Primers Reyes et al.
#874 #875) of a region of chromosome K, replacing Pst |-Sal | 2012)
integration sequence of pAP430. AmpR
Plasmids for deletion of cis-acting elements
pAJ25 Sil2126 deletion vector Hph". A 1025pb Kpnl-Xhol fragment (Juérez-
(Primers #339, #340) and a 935pb BamHI-Sacl fragment Reyes et al.
(Primers #337, #338), cloned into pAP599 on either side of hph | 2012)
marker
pLF1 NE deletion integrative vector. A 2.34kb BamHI-Sacl fragment This work
from pAP658 cloned in the pYiplac211.
pLF5 Sil2126 deletion vector Nat". A 1001bp Kpnl-Xhol fragment This work
from pAJ25 and a 906pb BamHI-Sacl fragment from pAJ25
cloned into pYC44 on either side of NAT cassette.
pLF11 NE knock-out deletion vector. A 208pb BamHI-Spel fragment This work
(Primers #1758, #1757) and a 950pb Xhol-Kpnl fragment
(Primers #1759, #1795), cloned into pYC44 on either side of
NAT cassette
Plasmids for the replacement of the intergenics of EPA genes
pLF60 Replacement of the intergenic region between EPAL and EPA2. | This work
A 631bp Pstl-EcoRV fragment (Primers #2303, #2304) and a
486bp Xhol-Kpnl fragment (Primers #2305, #2306) cloned into
pYC44 on either side of NAT cassette
pLF70 Replacement of the intergenic region between EPA2 and EPA3. | This work
A 512bp Sacl-Sacll fragment (Primers #2307, #2308) and a
583bp Spel-BamHI fragment (Primers #2309, #2310) cloned
into pYC44 on either side of NAT cassette
Plasmids used to tag Rap1 and Abfl proteins
pCl24 Vector to tag Rapl protein in the C-terminal with Flag epitope. A | (Castanedo
1254bp Sacl-Bglll fragment of C-terminal of RAP1 (Primers -Ibarra and
#1613, #1614) and a 455bp Xhol-Kpnl of 3UTR of RAP1 Castafio
(Primers #1615, #1616) cloned into pYC46 on either side of 2015)
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NAT cassette

pGH3 Replicative vector Pyri::c-Myc-Linker::3'UTRys3, Cg CEN ARS, | Lab
NAT® collection
pGH8 Vector to tag Abfl in the N-terminal with c-Myc. A 1440bp Clal (Hernandez
ABF1 ORF (Primers #2353, #2354) cloned into pGH3 -Hernandez
and
Castano
2017)
Plasmid used to construct abf1-43 strain
pCI32 A fragment of 940bp BamHI-Sacl corresponding to the abf1-43 | (Castanedo
partial allele (Primers #1559, #1880) and a 750bp Kpnl-Xhol -lbarra and
fragment corresponding to the 3’'UTR of ABF1 (Primers #1561, Castafio
#1562) cloned into pYC44 on either side of NAT cassette 2015)
hdflA::hph and hdf2A::hph
pAJ27 HDF1 deletion vector. A 804pb Kpnl Hindlll HDF1 5’ fragment (Juérez-
and a 826pb Sacl-Bglll HDF1 3’ fragment, cloned into pAP599 Reyes et al.
at both sides of hph marker 2012)
pAJ28 HDF2 deletion vector. A 905pb Kpnl Hindlll 5 HDF1 fragment (Juérez-
and a 813pb Sacl-Bglll 3’ HDF1 fragment, non-coding regions Reyes et al.
cloned into pAP599 on either side of hph marker 2012)
Construction of a replicative plasmid containing Sil2126
pLF9 Sil2126 in a replicative plasmid. A 2126bp Xhol-Kpnl This work
corresponding to Sil2126 (Primers #1749, #1750) clones into
pGRB2.0.
Analysis of the 5’UTR and 3’UTR of EPA6 and EPAY
pLF12 A 1767bp EcoRI-BamHI fragment upstream to EPA7 (Primers This work
#1764, #1762) cloned into pYC55.
pLF14 A 1767bp EcoRI-BamHI fragment upstream to EPA7 (Primers This work
#1764, #1762) cloned into pYC177.
pLF17 A 975bp EcoRI-BamHI fragment upstream to EPA6 (Primers This work
#1761, #1762) cloned into pYC55.
pLF33 A 3075bp EcoRI-BamHI fragment upstream to EPA6 (Primers This work
#1760, #1762) cloned into pYC55.
pLF36 A 2552bp EcoRI-BamHI fragment upstream to EPA7 (Primers This work
#1763, #1762) cloned into pYC55.
pLF40 A 1322bp Sacl-Sacll fragment downstream to EPA6 amplified This work
from epa7A (Primers #2219, #2220) cloned into pLF17.
pLF42 A 1322bp Sacl-Sacll fragment downstream to EPA6 amplified This work
from epa7A (Primers #2219, #2220) cloned into pLF33.
pLF44 A 1386bp Sacl-Sacll fragment downstream to EPA7 amplified This work
from epabA (Primers #2219, #2220) cloned into pLF36.
pLF49 A 1386bp Sacl-Sacll fragment downstream to EPA7 amplified This work
from epabA (Primers #2219, #2220) cloned into pLF12.
pLF50 A 975bp EcoRI-BamHI fragment upstream to EPA6 (Primers This work
#1761, #1762) cloned into pYC177.
pLF52 A 3075bp EcoRI-BamHI fragment upstream to EPA6 (Primers This work
#1760, #1762) cloned into pYC177.
pLF55 A 2552bp EcoRI-BamHI fragment upstream to EPA7 (Primers This work

#1763, #1762) cloned into pYC177.

N-terminal of PWPs cloned in pBC176
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pLF19 A 1275bp Xbal-EcoRI fragment of PWP1 C-terminal (Primers This work
#1939, #1940) cloned into pBC176.

pLF21 A 843bp Xbal-EcoRI fragment of PWP2 C-terminal (Primers This work
#1941, #1942) cloned into pBC176.

pLF23 A 1107bp Xbal-EcoRI fragment of PWP3 C-terminal (Primers This work
#1943, #1944) cloned into pBC176.

pLF25 A 732bp Xbal-EcoRI fragment of PWP4 C-terminal (Primers This work
#1945, #1946) cloned into pBC176.

pLF27 A 1593bp Xbal-EcoRI fragment of PWP5 C-terminal (Primers This work
#1947, #1948) cloned into pBC176.

pLF29 A 693bp Xbal-EcoRI fragment of PWP6 C-terminal (Primers This work
#1949, #1950) cloned into pBC176.

pLF31 A 1078bp Xbal-BamHI fragment of PWP7 C-terminal (Primers This work
#1951, #1952) cloned into pBC176.

pLF56 Flag epitope cloned into pBC176 (Primers #2237, #2238) This work

pLF64 A 723bp Smal-EcoRI fragment containing EPA1 repeats This work
(Primers #2239, #2240) cloned into pLF56

Flipase in a plasmid with Hph"

pLF16 A 2131bp BamHI-Xhol fragment from pAJ25 cloned into pMZ18 | This work
previously digested with Smal.

Constructions of Sil2125

pLF71 Vector to integrate URA3 adjacent to Sil2125 in ChrA. A 968bp | This work
Pstl-Kpnl fragment (Primers #2451, #2452) cloned into pAP509
(Pstl-Kpnl digested).

pLF75 Intermediate vector to integrate Sil2125-URA3 at -18kb in ChrA. | This work
A 605bp Pstl-Kpnl fragment (Primers #2457, #2458) cloned
into pAP509 (Pstl-Kpnl digested).

Analysis of EPA1 promotor activity

pMC14 A 0.717 kb BamHI/EcoRI fragment carrying the GFP and a 0.29 | (Juarez-
Kb EcoRI/Xhol fragment carrying the 3'UTR CTA1 were cloned | Cepeda et
in pGRB2.0. URA3 CgCEN ARS Amp"® al. 2015)
Promotorless GFP vector

pAP354 A 2.5-kb BstXI PCR fragment carrying the promoter region of (Gallegos-
EPA1 was cloned into pAP353. URA3 AmpR Garcia et
Pepar :: GFP::3’'UTRy;s3 al. 2012)

pAP385 A 3.1-kb Xhol PCR fragment carrying the 3’'UTRgpa; fragment (Gallegos-
cloned at Xhol site of pAP354. URA3 AmpR Pepai:: Garcia et
GFP::3’'UTRgpa1.3.1kb al. 2012)

pAP658 Vector to construct the BG1132 strain. (Gallegos-

Garcia et
al. 2012)

Integration of Sil-URA3 at -50kb in Chr E g

pAJ34 Vector to integrate Sil2126-URAS3 reporter system at 50Kb from | (Juérez-
telomere E-r. A 742pb Pstl-Sall PCR fragment replacing Pstl- Reyes et al.
Sall integration sequence in pAP430 2012)
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11.4. Table S3. Primers used in this work

Primer Name Sequence 5’ to 3’ Site(s)
added

Primers used to construct plasmid for Negative Element (NE)A (pLF11)

1757 EPA1@+1 Fw TGAACTAGTGGGTGCAGAACCAGAAAATATAA | Spel, Bsgl
TAACTTCTATAG

1758 EPA1@+208 Rv AGTGGATCCTAATATCTCTCATTTCAAGTGTG | BamHI
ACCAG

1759 EPA1@+1238 Fw TTACTCGAGGAGAGTCTTGTTGCTCGAACAAC | Xhol

1795 EPA2@+34 Rv CATGGTACCTGGTGCAGGATCGATATGTCATA | Kpnl, Bsgl
TACATG

Primers to diagnose the neA

36 EPA1@593 GGGCTCAAAAACAGCTAAAG None

1097 NAT-FRT@+11 Fw CATGTCGACCAGTACTGACAATAAAAAGATTC | Sall
TTGTTTTC

1098 NAT-FRT@+287 Rv CATCTCGAGGACGAAGTTCCTATTCTCTAGAA | Xhol
AGTATAG

1988 EPA2@3848 GTGTGCAATCTGTACCATCG None

Primers used to generate replacements of intergenic regions of Chr Ex (pLF60 and pLF70)

2303 EPA1@2788 CACCTGCAGCACGTGCAGGTTATGAGTCTTTA | Pstl, Bsgl
GGTGGAAC

2304 EPA1@+315 GAAGATATCGGTCCCTGCTCAAAAGTTGAATT | EcoRV
CTC

2305 EPA2@+315 GGTCTCGAGGCTCATTGTCACATCCACTC Xhol

2306 EPA2@3811 AACGGTACCCACGTGCAGGGTAATTTATCAC | Kpnl, Bsgl
CTTC

2307 EPA3@+359 CCAGAGCTCGGCATTGGATTGACTGTTTAAC Sacl

2308 EPA3@3226 CATCCGCGGCACGTGCAGCCATCTCCAAGCA | Sacll, Bsgl
AAACAAC

2309 EPA2@330 CGTACTAGTCACGTGCAGCTGTAATGTCAGC | Spel, Bsgl
GAGTTTG

2310 EPA2@-233 TATGGATCCCAAAAGCTTCGAGACCCTC BamHiI

Primers to diagnose the replacement of the intergenic region between EPA1 and EPA2

979 EPA2@519 Fw CGAATCAACTTTAGACAATTTTG None

1097 NAT-FRT@+11 Fw CATGTCGACCAGTACTGACAATAAAAAGATTC | Sall
TTGTTTTC

1098 NAT-FRT@+287 Rv CATCTCGAGGACGAAGTTCCTATTCTCTAGAA | Xhol
AGTATAG

2059 EPA1@1459 Fw CGACTTCAATGCATACTTCCTCCG None

Primers to diagnose the replacement of the intergenic region between EPA2 and EPA3

14 Primer 14 TATGTTGTGTGGAATTGTGAGCGGA None

1567 Ec cat@+230 Fw CAGTTTGCTCAGGCTCTCCC None

1989 EPA2@465 GTAAAGTTTGTGTAAGTTAATGTG None

1992 EPA3@138 GACAATGGAACTTTACTCTTAC None
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Primers used to generate tagged versions of Rapl and Abfl proteins

1613 RAP1@812 Fw CATACAGGTAACTCAATTAGACACAG None

1614 RAP1@2061 Rv CTTAGATCTCTATCAGATTTCTCTCCAAAAACT | Bglll
TC

1615 RAP1@+1 Fw GTTCTCGAGAGAATGAGTGGAGATATTCAGTT | Xhol
TAGATAAG

1616 RAP1@+455 Rv CACGGTACCTTCGTGCAGCTCTATGTCACTAA | Kpnl, Bsgl
GCTCGCTATC

2353 ABF1@1 Cla AAA Fw TCTATCGATAAAATGGATGACGGTATGATTTC | Clal
TG

2354 ABF1@1440 Cla Rv TCTATCGATTTATTGTCCTCTTAATTCAGG Clal

Primers to diagnose RAP1-Flag::NAT in the chromosome

1617 Rapl@+687 Rv TCTTTTGCTCGATATCCTCTCC None

1618 Rapl@1751 Fw CCCATGAGACGTACTACACACAC None

Primers to construct the abf1-43A plasmid

1559 ABF1@385 Fw GTTGAGCTCTTGTGCAGACGATCCGCAGGTC | Sacl
ACCG
C

1561 ABF1@+13 Fw CTTCTCGAGGCTCCAATTATTAAAATGAATAAA | Xhol
AGG

1562 ABF1@+755 Rv CTTGGTACCTTGTGCAGTGCCGCCAACTTAA Kpnl, Bsgl
GCATA

1880 ABF1@1308 Rv GTTGGATCCTTAGACTTCACGAGGAAGCTTGT | BamHI
CGTC
GG

Primers to clone Sil2126 in a replicative plasmid

1749 Sil@1 Fw GTTGCAGCAAGAACCATGTTG Xhol

1750 Sil@2126 Rv ATAGATGCATGTAGCCATATC Kpnl

Primers to clone 5’'UTR and 3’UTR of EPA6 and EPAY

1760 EPA6@-3075 Fw TGAGAATTCTCTGCTGGTAAGTTGCTGGAC EcoRl

1761 EPA6@-975 Fw AAAGAATTCATATACGTAATGTATCCTATG EcoRl

1762 EPA6@-1 Rv TAAGGATCCTGGTCTCTAATCTTTTTCAATC BamHI

1763 EPA7@-2552 Fw GGGGAATTCGAGGTATCTATGCACTAATTG EcoRl

1764 EPA7@-1767 Fw ATCGAATTCCTTAATGAAACTTGGTATCTC EcoRl

2219 EPA6/7@+6 Fw TAGCCGCGGGTGATACCACATTTCCTAAGATA | Sacl
G

2220 EPA6/7@+1328 Rv CATGAGCTCATACCACTCATATTCGTGCCAC Sacll

Primers to clone the N-terminal of PWPs

1939 PWP1 Fw CCGTCTAGAAAAATGGTAAGGTTCGCAGCCG | Xbal
CC

1940 PWP1 Rv AGTTGGAATTCCTATCACGTCATACTCGGTCA | EcoRI

CCTG
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1941 PWP2 Fw CCGTCTAGAAAAATGCTAATTGACTGTATACT | Xbal
GAAATTATTTC

1942 PWP2 Rv AGTTGGAATTCCTATAGTAACTGTGGTAATTG | EcoRI
GAGG

1943 PWP3 Fw CCGTCTAGAAAAATGCTTTGGTCATTGTTGGT | Xbal
ATTTG

1944 PWP3 Rv AGTTGGAATTCCAACAGTACTACTCGTGGTGA | EcoRl
TTATGCC

1945 PWP4 Fw CCGTCTAGAAAAATGTGGATAATGAAATTTTT | Xbal
GACAG

1946 PWP4 Rv AGTTGGAATTCCTGGTGGTGGTACATAAGAAC | EcoRI
ATGTATC

1947 PWP5 Fw CCGTCTAGAAAAATGCCCCTCATAGGAAAATA | Xbal
TTTTC

1948 PWP5 Rv AGTTGGAATTCCCATAGTCCAATACGTTACAA | EcoRI
CCTC

1949 PWP6 Fw CCGTCTAGAAAAATGAATAAAAATATGAATGC | Xbal
TTTCAAATCC

1950 PWP6 Rv AGTTGGAATTCCTGCATCTGGGATTGGTTTAT | EcoRl
AGTC

1951 PWP7 Fw CCGTCTAGAAAAATGTTTTCAAACGTCATTAAC | Xbal
TTTTG

1952 PWP7 Rv CGCGGATCCCTCTTGTTAGTATAACTACTGG BamHI

2237 Flag Fw GATCCGGAGCAGACTACAAAGATGACGATGA | BamHI
CAAAGGAGCCGATTATAAGGACGATGACGAT | Smal
AAAGGGGCTGACTACAAAGATGACGATGACA
AGCCC

2238 Flag Rv GGGCTTGTCATCGTCATCTTTGTAGTCAGCCC | Smal
CTTTATCGTCATCGTCCTTATAATCGGCTCCTT | BamHI
TGTCATCGTCATCTTTGTAGTCTGCTCCG

2239 EPA1@1017 Fw GGGGTGACAAAAACAACTTCACATACAAC Smal

2240 EPA1@1740 Rv ATTGAATTCGCGTTGTGCTGTTGAATTTTAGG | EcoRI
AC

Primers to construct Sil2125 integrative plasmids

2451 Sil2125@+150 Fw CGTCTGCAGGTAATACCTAAAGGATTAGATG Pstl

2452 Sil2125@+1118 Rv GCTGGTACCCAATGGTAGAAAACTTATTCAC Kpnl

2457 Int_Chr_A_-18kb Fw GACCTGCAGGTCCAGCCGTCCTCATATTG Pstl

2458 Int_ Chr_A -18kb Rv TTAGGTACCCGCTACAGAGATCAATAAC Kpnl

Primers used for the ChIP assays

246 EPA1@+524 CGCTCATACAGGCACAGAAG

245 EPA1@+848 GTGGAGTAGTTAGTTCTTGTGTCCAG
1741 EPA2@-2442 Rv CAAAAGTAAGGGTTAAACCATGATGAAC
1742 EPA2@-2227 Fw CCTTGTCCATGGTAACGTATATTG

2222 EPA2@-1471 Rv CTCAGGGCTAGCTAACAG

2223 EPA3@-1360 Fw GTTGCAGCAAGAACCATGTTG
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2224 EPA3@-1637 Rv CTCTTGAGAGGAAAGCTGTC
2225 EPA3@-1617 Fw GACAGCTTTCCTCTCAAGAG
2226 EPA3@-1887 Rv GTTGAGGGTTCTTTCAGC
2229 ISC1@+1003 Fw CATAAACGAAGTCCTAGCC
2230 EPA3@-5802 Fw GAAACTTCTGAACAGACTACG
2231 EPA3@-6034 Rv GACCCCACAGTACCCAGACC
2503 ISC1@1137 Fw GTAGCTGGGTGGTCATCG
2504 ISC1@+71 Rv GACTAGCTTGCTGCGGACTC

Primers and probes used for the 3C assay

Probe_H* | AGACCCAAATATACACAGCATTAGCCCA
Anchor_H TCAACCGATCTCCGATAATTT

H1 CAGGCTTTACACTTTATGCTTC
H2 ACTACCGCTGTCTCTATCTC

H3 GATAACTCGCGAACACACTTA
H4 CGATATCGCTGATACAAACAAT
H5 CAGCACCAATTATAGGCTACAT
H6 TCAGATTATTGCACCCGATATG
H7 AGCATGGTATCTTCAAGGTATTC
H8 TGGTATGGAAAGCCATGAAA

H9 GTTGTTTGAGCCTTGAAGTAAC

11.5. Table S4. Data analysis for interaction between Sil2126 in its original

position and Chr Er

CGM1 *
Parental strain (Sil2126) rapl-21 Sir3A
Primer Standard curve
parameters
a b CT | Quantity | CT | Quantity | CT | Quantity
(slope) | (intercept) | Mean Mean Mean Mean Mean Mean
H2 -3.34 40.125 33.16 | 125.31 | 32.02 | 268.05 | 33.20 | 104.28
H3 -3.45 38.319 31.24 92.93 31.24 | 189.79 | 31.25 82.23
H4 -3.45 38.287 30.24 | 190.23 | 29.93 | 238.35 | 30.24 | 222.98
H5 -3.35 37.177 29.98 | 140.58 | 29.73 | 276.52 | 29.73 | 135.72
H6 -3.34 37.05 29.19 | 187.24 | 29.19 | 273.93 | 29.19 | 238.22
H7 -3.41 37.211 28.87 | 256.35 | 28.10 | 438.23 | 29.25 | 202.89
H8 -3.37 37.686 28.28 | 583.91 | 28.35| 782.79 | 28.35 | 356.59
H9 -3.39 36.771 27.57 | 525.14 | 26.93 | 800.97 | 27.54 | 390.26

* The standard curve parameters used in the rapl-21 and sir3A strains were the same
than the CGML1.
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11.6. Figure S1. Evaluation of the chromatin digestion in the 3C assay.

(Top) Schematic representation of the Chr E_.r drawn at scale. The primers, the anchor primer and
the probe used in the 3C assay are indicated. The primers to test the digestion with the restriction
enzyme (Hindlll) are indicated in blue (cut site close to H4) and pink (cut site close to H7). The
internal primers align in the ORF of EPAL, they are indicated in brown. (Bottom) The percentage of
chromatin digestion is indicated for two strains used in the 3C assay (CGM817 and CGM3559). The
genotype for each strain is indicated in each graph. The percentage was calculated by qPCR (Sybr
Green) with the following equation: % restriction = 100 — 100 / 2"((CtAcr - Ct )D — (Ct -

0SS Internal Across
Ct JUND). (D: digested; UND: Undigested).

Internal
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11.7. Figure S2. Independent colonies from the reconstruction of the neA

strain display the same level of expression of EPAL.

(Top) Map of the Chr E_ representing the URA3 reporter under control of the EPAL promoter in its
chromosomal location. (Bottom) Plate growth assay of five different mutants from independent
colonies.
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