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Flr meine Eltern.

“Le doute n'est pas une état bien agréable, mais I'assurance est un état ridicule.”

“Doubt is an unpleasant condition, but certainty is absurd.”

- Voltaire
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INTRODUCTION

1. INTRODUCTION

1.1. Cell identity and transcription

With few exceptions, every somatic cell of a eukaryotic organism contains the same
genetic information which is encoded in its DNA. The identity, morphology, and func-
tion of a given cell are largely determined by the activation status of its genes, which
ultimately constitutes a cell type-specific proteome. A cell’s transcriptome, the set and
quantity of its expressed genes, even allows to infer its identity (Ye & Sarkar, 2018). In
fact, recent advances in single-cell RNA sequencing make it possible to assign cell
types solely on the basis of their expression profiles and even to discover novel cell
types (examples: Cattenoz et al., 2020, Cho et al., 2020; Fu et al., 2020). Aside from
genes that are needed for fundamental cellular functions, so-called housekeeping
genes, the genome encodes factors that are required only in certain cell types or dur-
ing particular processes. The formation of a specialized cell requires both: The activa-
tion of cell type-specific genes as well as repression of genes that are not necessary
for the respective tissue. During lineage specification these expression patterns are
established.

This is facilitated with the help of lineage-specific transcription factors. These DNA-
binding proteins repress or activate the transcription of genes that are pivotal in shap-
ing cell identity and function. The presence, absence, amount, and combination of cell
type-specific transcription factors thus engineers lineage-appropriate gene expression
(Nowic et al., 2010; Kato & Igarashi, 2019).

1.2. Chromatin structure and gene expression

DNA resides tightly packed inside the nucleus and is organized in a condensed
structure, called chromatin. At its most basic level, the negatively charged DNA winds
around a complex of eight basic histone proteins (two copies of histones H2A, H2B,
H3, and H4), assembling the nucleosome core particle (Luger et al., 1997). Interactions
between nucleosomes and addition of structural proteins, as well as RNA organize the
genome into more compacted structures (Woodcock & Ghosh, 2010; Li & Reinberg,
2011). Cellular processes that operate on DNA, like replication, DNA damage repair, or
gene transcription, have to contend with this barrier of packaging. Thus, the efficiency
of these processes is influenced by the local chromatin environment (Michael &
Thoma, 2021). This becomes especially important in differentiation, during which tran-
scription factors have to overcome and change the chromatin structures that occlude
their target genes (Rodrigues et al., 2021).

Chromatin composition and structure can be modulated by different means: Cova-
lent modification of histones and repositioning of nucleosomes are among the best-
studied alterations and will be further discussed below. Additional changes comprise

the covalent modification of DNA (Greenberg & Bourc’his, 2019), incorporation of non-
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INTRODUCTION

canonical nucleosomes that contain histone variants (Henikoff & Smith, 2015), and re-
organization of the genome in the 3D nuclear space (Peterson et al., 2021). These
structural changes can impinge on gene expression and play a role in regulating de-
velopmental processes. Thus, chromatin modifiers exerting these changes are often
implicated in differentiation.

1.3. Histone modification and chromatin remodeling

Histone proteins can be covalently modified, mostly on their N- and C-terminal tails
that protrude from the nucleosome, but also on the lateral surface of the octamer
(Bannister & Kouzarides, 2011; Lawrence et al., 2016). Most prominent are the meth-
ylation and acetylation of lysine and arginine residues, the phosphorylation of serine,
threonine, and tyrosine residues as well as the ubiquitylation of lysine residues, al-
though there is a plethora of additional covalent modifications known (Zhao et al.,
2015). Which histone modifications are present at a given genomic region depends on
the genomic element (i.e. promoter, enhancer, gene body, etc.), the activation status of
the gene as well as on the general chromatin environment. The following loose classi-
fication of selected modifications can be applied: Transcriptionally inactive gene pro-
moters and heterochromatic regions are marked by methylation of H3K9 and
H3K27me3. Transcriptionally active regions are associated with H3K4me3 (promoters),
H3K36me3 (gene body), or H3K4me1 (enhancers). Histone acetylation generally corre-
lates with relaxed chromatin states and is enriched at active, accessible regions (Ban-
nister & Kouzarides, 2011, Zhao et al., 2015; Morgan & Shilatifard, 2020).

The deposition and removal of histone modifications is facilitated by specialized
enzymes (e.g. histone methyltransferases and demethylases, histone acetyltransferas-
es and deacetylases). The specificity towards a particular modification varies: Some
enzymes are capable of catalysing the modification of multiple substrates, while oth-
ers are highly specific for their target residue (Lu, 2013, Marmorstein & Trievel, 2009).

Histone modifications influence chromatin structure directly as well as indirectly.
Acetylation and phosphorylation can impact nucleosome integrity by masking the
positive charge of histones, thus weakening DNA-histone interactions and increasing
DNA accessibility. Modified histone residues can also serve as interaction platforms
for chromatin modifiers or even disable their binding (Bannister & Kouzarides, 2011).
For example, the N-terminal tail of histone H3 is bound by the mammalian Nucleo-
some Remodeling and Deacetylation (NuRD) complex. This interaction, however, is
impaired upon methylation of H3K4 (Nishioka et al., 2002).

A more direct change in chromatin architecture is achieved by ATP-dependent
chromatin remodelers. These enzymes can incorporate, evict, exchange or slide nu-
cleosomes along the genome. Chromatin remodelers actively change the local nucle-
osome density and thereby restrict or enhance the accessibility of certain DNA loci for
the transcriptional machinery and other gene regulatory factors. These processes
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consume energy, thus remodeling enzymes are capable of hydrolyzing ATP (Clapier et
al., 2017).

1.4. Developmental functions of the chromatin regulator NuRD

Most chromatin modifiers are part of protein complexes. Their mode of action is
best evaluated in the context of their interacting subunits. One interesting example is
the Nucleosome Remodeling and Deacetylation complex (NuRD), which combines two
enzymatic activities: The first one being mediated by the ATP-dependent chromatin
remodelers CHD3/Mi-2a, CHD4/Mi-2f3 or CHD5, the second one exerted by the his-
tone deacetylases HDAC1 and HDAC2. NuRD is highly conserved in eukaryotes. | will
mostly focus on the Drosophila melanogaster version of the complex (dNuRD), which
contains the dMi-2 remodeling ATPase as well as dRPDS3, a histone deacetylase. Ad-
ditional subunits provide structural features and contribute to the interactions of NuRD
with chromatin and further proteins. These include GATAD2A/B (dp66), CDK2AP1
(dDOCT), MTA1/1/3 (dMTA1-like), RBAP46/48 (dp55) and MBD2/3 (dMBD-like). Their
Drosophila homologs are mentioned in italics. NuRD is primarily associated with tran-
scriptional repression but was also shown to maintain higher levels of gene expression
(Basta & Rauchman, 2015; Lai & Wade, 2011; Denslow & Wade, 2007).

CHD4/dMi-2 and NuRD are important regulators of differentiation (Hota & Bruneau,
2016; Basta & Rauchman, 2015). They influence cell fate decisions in a wide number
of tissues ranging from the formation of the hair follicle epithelium to differentiation of
B-lymphocytes and Drosophila spermatogenesis (Kashiwagi et al., 2007; Loughran et
al.,, 2017; Kim et al., 2017). Even during the first steps of lineage diversification, the
differentiation of mouse embryonic stem cells (ESCs), NuRD is involved. Here, NuRD
seems to enable differentiation by maintaining transcriptional heterogeneity as well as
keeping cells committed to a specific lineage once they enter differentiation (Signolet
& Hendrich, 2015; Burgold et al., 2019). It emerges that CHD4/NuRD functions to en-
sure timely and lineage-appropriate gene expression and thereby plays a crucial role
in numerous developmental processes.

Neither dMi-2 nor other dNuRD complex subunits are reported to show sequence-
specific DNA binding activity. Rather, the complex is recruited to chromatin by other
means, specifically by transcription factors. In Drosophila testes, the zinc finger pro-
tein Kumgang tethers dMi-2 to highly expressed germline genes (Kim et al., 2017). In a
macrophage-related cell line treated with the steroid hormone ecdysone the ecdysone
receptor recruits dMi-2 to ecdysone-responsive genes and prevents their excessive
expression (Kreher et al., 2017). Both examples highlight how the transcriptional regu-
lation of developmental pathways depends on the interplay of transcription factors
with the general chromatin modifier dNuRD.
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2.
USH REGULATES HEMOCYTE-SPECIFIC GENE EXPRESSION, FATTY
ACID METABOLISM AND CELL CYCLE PROGRESSION AND
COOPERATES WITH dNURD TO ORCHESTRATE HEMATOPOIESIS

Jonathan Lenz, Robert Liefke, Julianne Funk, Samuel Shoup, Andrea Nist, Thorsten
Stiewe, Robert Schulz, Yumiko Tokusumi, Lea Albert, Hartmann Raifer, Klaus Forste-
mann, Olalla Vazquez, Tsuyoshi Tokusumi, Nancy Fossett and Alexander Brehm

PLOS Genetics, 2021 Feb, 18;17(2):e1009318, doi: 10.1371/journal.pgen.1009318

2.1. Introduction

2.1.1. Hematopoiesis and immunity in Drosophila melanogaster

Differentiation of progenitor cells into mature specialized cell types is accompanied
by changes in their gene expression profiles. During this process, the transcription of
genes that maintain multipotency is reduced while simultaneously expression of fac-
tors specific for the intended mature cell type has to be established. We used the
Drosophila hematopoietic system to study the role of a transcriptional regulator that
functions during blood cell development.

Drosophila melanogaster harbors three blood cell types that can all originate from a
common multipotent precursor and take part in the cellular immune response. The
macrophage-like plasmatocytes are capable of phagocytosis, enabling them to clear
the organism from infectious material like bacteria and viruses as well as apoptotic
bodies during development. Crystal cells, named after their crystal-like inclusions,
produce an enzyme that catalyses the production of melanin. This polymeric molecule
is used for wound closure and encapsulation of foreign objects that threaten the or-
ganism, a process called melanization. Lamellocytes represent a very rare blood cell
type that is only produced under extreme stress conditions like parasite infestation
(Letourneau et al., 2016; Vlisidou & Wood, 2015; Gold & Brlickner, 2014). Recent sin-
gle-cell transcriptomic analyses of hemocytes have revealed relatively cohesive and
uniform populations of crystal cells and lamellocytes. The plasmatocyte lineage, on
the other hand, displayed a high degree of diversity. This population can be divided
into sub-groups of specialized cells that potentially undertake distinct functions based
on their gene expression profiles (Cattenoz et al., 2020, Cho et al., 2020; Fu et al.,
2020). These studies even identified novel hemocyte populations, thereby expanding

the classical dogma of three distinct Drosophila hemocyte lineages.
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Hematopoiesis occurs at different stages in Drosophila development as well as
upon immune challenge. In the embryonic head mesoderm, blood cell progenitors di-
vide and finally commit to the plasmatocyte or crystal cell lineage. Production of
lamellocytes does not occur in the embryo. Embryonic plasmatocytes migrate through
the organism and are present throughout Drosophila life. In the larval stage, embryonic
plasmatocytes can still be found in circulation and in sessile pockets as “tissue
macrophages” (Gold & Briickner, 2014). Additionally, larvae maintain a central hemo-
cyte-producing organ: the lymph gland. Supervised by the posterior signaling center
(PSC), a stem cell-like niche, blood cell precursors in the medullary zone (MZ) are kept
in their progenitor state. The cortical zone (CZ) of the lymph gland contains differenti-
ated and differentiating hemocytes. Various triggers, including mechanical, nutritional,
and immunogenic stresses can stimulate blood cell differentiation in the lymph gland.
Finally, during metamorphosis, the lymph gland disintegrates, thereby releasing its
hemocytes into circulation (Grigorian et al., 2011). Thus, adult flies contain hemocytes
of both embryonic and larval origin (Cattenoz et al., 2020; Letourneau et al., 2016;
Vlisidou & Wood, 2015; Gold & Brlickner, 2014).

Parasitic wasps (e.g. of the Leptopilina genus) deposit their eggs into Drosophila
larvae which provide a source of nutrition for the developing wasp (Kim-Jo et al.,
2019). This infestation triggers an immune response in the larva: Sessile as well as
lymph gland prohemocytes undergo proliferation and differentiation and are released
into circulation. Since the parasitic wasp eggs are too big for plasmatocyte-mediated
phagocytosis, inactivation of the invader relies on lamellocytes, which envelop the
egg. An orchestrated, step-wise process that involves all three blood cell types results
in the close encapsulation of the wasp egg with layers of plasmatocytes, lamellocytes,
and melanin. Melanization produces reactive oxygen species (ROS) and these radicals
are thought to ultimately kill the invader (Letourneau et al., 2016; Vlisidou & Wood,
2015).

2.1.2. U-shaped, a transcriptional regulator of hematopoiesis

The transcriptional mechanisms that underlie hemocyte differentiation during de-
velopment and upon stress are complex and require the crosstalk of several transcrip-
tion factors. For instance, hemocytes and hemocyte precursors are characterized by
the expression of Serpent (Srp), a GATA-type transcription factor. Subsequent co-ex-
pression of Glial cells missing (Gcm) initiates plasmatocyte differentiation, whereas co-
expression of the RUNX protein Lozenge (Lz) directs cells towards the crystal cell lin-
eage (Vlisidou & Wood, 2015; Fossett et al., 2001a; Fossett & Schulz, 2001b; Lebestky
et al., 2000). The expression and/or activity of these transcription factors is develop-
mentally regulated and also responds to external stimuli, e.g. immune challenge. Many
signaling pathways have been identified to transmit cues for progenitor maintenance
or differentiation, thereby influencing the transcriptome of developing hemocytes (Le-
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tourneau et al., 2016; Fossett, 2013). However, there is limited knowledge about the
genomic targets that are regulated by the final effectors of these cascades.

One of these effectors is the transcriptional co-factor U-shaped (Ush). lts name
stems from the morphology of Ush loss-of-function embryos (Nisslein-Volhard & Wi-
eschaus, 1980). The ush gene encodes a multi-zinc finger protein (four CCHH and five
CCHC type Zn fingers) whose length ranges from 1175 to 1212 amino acids, depend-
ing on the isoform (Cubadda et al., 1997; FlyBase 06/2021). The protein interacts with
the N-terminal Zn-finger of GATA factors, in particular Pannier (Pnr; Haenlin et al.,
1997; Tokusumi et al., 2007) and Srp (Walzer et al., 2002). GATA/Ush complexes are
thought to bind GATA motifs in the DNA and influence gene expression (ibid.). Pnr-de-
pendent roles of Ush were observed during cardiogenesis (Fossett et al., 2000;
Tokusumi et al., 2007) as well as sensory organ development (Cubadda et al., 1997;
Haenlin et al., 1997). Interestingly, in both cases, Pnr and Ush regulate gene expres-
sion by influencing the function of specific enhancers (D-mef2 and achaete/scute, re-
spectively). However, transcriptional regulation by Ush is best studied in
hematopoiesis where it functions together with Srp.

Ush is expressed in embryonic prohemocytes but its expression decreases pro-
gressively during lineage specification. In fact, the reduction of Ush levels is required
to allow crystal cell differentiation (Fossett et al., 2001a; Fossett & Schulz, 2001b; Mu-
ratoglu et al., 2006; Muratoglu et al., 2007; Fossett, 2013). In larval lymph glands, Ush
is found in prohemocytes of the medullary zone as well as in differentiating hemocytes
in the cortical zone. Crystal cells and plasmatocytes show lower Ush levels, while it is
absent in the lamellocyte population. Importantly, Ush is also not expressed in cells of
the PSC (Gao et al., 2009; Tokusumi et al., 2010). In the lymph gland, Ush is required
to maintain the prohemocyte pool and to prevent progenitors from differentiating.

As a safeguard of differentiation, Ush resides at the vertex of a complex signaling
network. Its expression is regulated by pathways such as JAK/STAT (Sorrentino et al.,
2007; Gao et al., 2009), Toll (Gao et al., 2016), and Hedgehog (Hh; Baldeosingh et al.,
2018). These cascades ensure constant expression of Ush in the MZ to maintain the
progenitor state of prohemocytes. The Ush cis-regulatory module contains GATA as
well as RUNX motifs and both Srp and Lz, respectively, are required for Ush activation
in the lymph gland (Muratoglu et al., 2006). Interestingly, together with Srp, Ush re-
presses its own transcription, creating a negative feedback loop that is counterbal-
anced by Lz- and Srp-mediated activation (Muratoglu et al., 2007). This complex net-
work illustrates the need for precise regulation of Ush levels in prohemocytes. In fact,
different levels of Ush expression influence cell fate decisions of hemocyte progeni-
tors: While a 50% reduction of Ush expression allows generation of plasmatocytes
and crystal cells, production of lamellocytes requires a complete loss of Ush expres-
sion (Gao et al., 2009; Fossett, 2013).

11
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Aside from regulating its own expression, only few Ush targets have been identified

using reporter gene assays and genetic interaction studies in the hematopoietic sys-
tem. These include the hemocyte genes croquemort (Walzer et al., 2002), Iz (Muratoglu
et al., 2007), hh (Tokusumi et al., 2010), and E-cadherin (Gao et al., 2013). However,
we still lack comprehensive information about additional Ush-regulated genes.
Ush does not contain any discernible catalytic domains. To influence transcription and
possibly modulate the chromatin environment, it cooperates with additional co-fac-
tors. In its cardiogenic function, the Pnr/Ush complex binds to the co-repressor CtBP
(C-terminal-binding protein) to inhibit gene expression (Tokusumi et al., 2007). It is cur-
rently unclear whether other transcriptional co-factors are required for Ush’s function
in hematopoiesis.

Thus, the objective of this study was to elucidate the Ush-regulated transcriptome
as well as identifying transcriptional regulators that cooperate with Ush during
hematopoiesis.

2.2. Synopsis of results

| have studied the molecular function of Ush in Drosophila Schneider 2 (S2) cells.
This cell line originates from 20-24 hour old embryos (Schneider, 1972) and is consid-
ered to resemble a hemocyte precursor population (Radmet et al., 2002). To evaluate
the expression of Ush in this cell line | depleted the protein via RNA interference
(RNAI). | used Western blot of extracts derived from S2 cells that had been transfected
with a double stranded RNA (dsRNA) targeting Ush as well as with a non-targeting
dsRNA against EGFP. Lysates of these cells were analyzed using a Ush-specific anti-
body (Fossett et al., 2001a) (Fig. 1A). The antibody detected several peptides, two of
which were not observed in dsUsh-treated cell lysates, indicating that Ush proteins are
expressed in S2 cells. Using a CRISPR/Cas9-based approach (Béttcher et al., 2014)
we inserted a GFP- and a FLAG-tag sequence in the genome of S2 cells positioned at
the 3’-end of the Ush gene (Fig. S1A). Western blot of these lysates again revealed
two differentially migrating bands containing GFP- or FLAG-tags (Fig. 1A). | concluded
that Ush is expressed in S2 cells and hypothesized that at least two polypeptides can
be generated from the Ush locus.

Ush cooperates with GATA transcription factors (Fossett, 2013; Waltzer et al., 2002;
Haenlin et al., 1997) and is thought to regulate gene expression. | considered that this
might be achieved by Ush binding to chromatin. Therefore | decided to examine the
genome-wide occupancy of Ush. To this end, we performed ChlIP-seq in a Ush-GFP
expressing cell line. We found Ush to preferentially occupy promoters and intronic se-
quences (Fig. 1B). Histone post-translational modifications marking promoters
(H8K4me3 and H3K27ac) or enhancers (H3K4mel1 and H3K27ac) were enriched at
Ush peaks. Conversely, we found that Ush-bound regions were mostly devoid of

12
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H3K27me3 (Fig. 1C). A metagene analysis revealed that the Ush signal peaks at ap-
proximately 135 bp upstream of the TSS of genes and then rapidly decreases within
the gene body (Fig. 1D). Thus Ush is most highly enriched over the nucleosome-free
region and the -1 nucleosome (Radman-Livaja et al., 2010). Compared to mammalian
genomes the Drosophila genome is very gene dense which entails that enhancer se-
quences are often located within introns. The enrichment of Ush at intronic regions
and the co-occurrence of enhancer-typical histone marks argues that Ush binds to
enhancers. These observations suggest that Ush occupies regulatory sequences
(promoters and enhancers) and advocate for a function in gene regulation at the level
of transcription. In fact, several transcription factor binding motifs were enriched at
Ush-occupied regions (Fig. 1E). These include promoter-associated motifs like GAGA,
the Initiator sequence, and E-boxes. Interestingly, the most highly enriched sequence
was the GATA-motif that can be recognized by GATA transcription factors. Given that
Ush physically and genetically interacts with GATA factors (Waltzer et al., 2002) we
proposed a function for Ush in GATA-factor regulated transcription.

To gain insight into Ush-mediated gene regulation we performed transcriptome
analysis upon Ush depletion. S2 cells were transfected with dsRNA against Ush and
EGFP as a control (see Fig. 1A), RNA was isolated and subjected to RNA sequencing.
We detected a large number of genes that were significantly deregulated in Ush-de-
pleted cells. Most of these exhibited higher expression levels (1268), whereas a small-
er fraction (560) showed decreased expression upon Ush-depletion (Fig. 2A). At
51.3% percent of the derepressed genes we found one or more regions that were oc-
cupied by Ush in our ChiP-seq experiment. 31.3% of genes that showed reduced ex-
pression upon Ush depletion were also bound by the Ush protein (Fig. 2B). This sug-
gests that Ush might indeed regulate the expression of a large number of genes by
occupying their regulatory regions. Those genes define a set of direct targets. It is
noteworthy that Ush seems to act primarily as a transcriptional repressor but can also
have activating functions on a subset of genes.

Ush has been implicated in the differentiation of hemocytes in Drosophila embryos
and larvae (Fossett & Schulz, 2001b; Sorrentino et al., 2007; Tokusumi et al., 2010). To
address whether this biological function is reflected in gene networks that Ush regu-
lates | performed Gene Ontology (GO) term analysis (Fig. 2C). In fact Ush-regulated
genes associated significantly with the GO term “Innate Immune System” (R-
DME-168249) supporting the hypothesis that, also in cultured S2 cells, Ush regulates
genes involved in hemocyte function. Importantly, this illustrates that the biological
activity of Ush can be evaluated on the basis of its transcriptional activity. | found two
other groups of GO terms that were highly enriched among Ush-regulated genes: GO
terms that | grouped as “cell cycle” terms (“cell cycle process” (GO:0022402) and
“regulation of cell cycle process” (GO:0010564)) and GO terms that | summarized un-
der “lipid metabolism” (“organic acid catabolic process” (GO:0016054), “Metabolism
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of lipids” (R-DME-556833) and “beta-Oxidation” (M00087)). Most genes included in
the categories “hemocyte-related” and “lipid metabolism” were upregulated upon Ush
knockdown (84% and 82% respectively) whereas the expression of most cell cycle
related genes seemed to be dependent on Ush (72%) (Fig. 2D). | selected five genes
per category and verified their response to Ush depletion using RT-gPCR (Fig. 2E).
Some, but not all of these genes were occupied by Ush according to our ChIP-seq
data (Table S1), so the results obtained here may reflect direct as well as indirect con-
sequences of Ush RNAi. Genes involved in hemocyte function and differentiation
showed medium to strong derepression upon Ush-depletion. Notably, pro-mitotic
genes like Aurora B, CDK1, polo and Cyclin B showed lower expression in Ush-de-

pleted cells whereas expression of CHES-1, an anti-proliferative transcription factor
(Huot et al., 2014; Ahmad et al., 2012), increased. This suggests that Ush coordinates
a transcriptional program that is required for proliferation. Similarly, genes involved in
the catabolism of fatty acids (Mcad, Echs1, CROT, fa2h) are mostly repressed by Ush
whereas the key enzyme of fatty acid synthesis, ACC, requires Ush for appropriate
expression. These observations show that Ush regulates gene networks underlying
biological processes in a coordinated fashion.

This prompted me to investigate whether these biological processes are indeed af-
fected in Ush-depleted cells. To this end, cells were transfected with control dsRNA
(dsLuc) and two different dsRNA constructs targeting Ush (dsUsh #1 & #2). We ob-
served a strong decrease in proliferation of cells that had been depleted of Ush (Fig.
3A). This decrease was not due to cells undergoing cell death since Ush-depleted
cells did not display decreased viability (Fig. 3B). Instead, Ush-depleted cells seemed
to accumulate in G2/M phase, shown by Pl-staining with subsequent flow cytometry
(Fig. 3C, 3D, Fig. S7). Their inability to transition through M-phase was accompanied
by reduced expression of the mitotic cyclins A and B (Fig. 3E). These results suggest
that, although Ush-depleted cells still replicate their DNA, they are not able to enter or
transition through mitosis. Taken together with our RNA-seq results | speculate that
this dependence on Ush for successful mitosis is in part due to transcriptional regula-
tion of pivotal cell cycle genes.

The previous paragraph has highlighted Ush’s ability to modulate transcriptional
programs in S2 cells. An analysis of the domain structure, however, revealed no ap-
parent catalytic activities that are frequently found in chromatin regulators (Fig. 4B). It
is therefore unlikely that Ush influences gene expression by catalyzing an enzymatic
reaction. Ush manipulates gene expression at two different levels: It seems to be a
negative as well as a positive regulator of transcription. Moreover, it uses these abili-
ties on distinct gene classes in a coordinated fashion. | hypothesized that for one pro-
tein to facilitate these functions it would need to (a) increase its diversity (e.g. by gen-
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erating various protein isoforms) and/or (b) employ different epigenetic regulators, like
chromatin-modifying enzymes, in different transcriptional contexts.

The Ush gene gives rise to at least three protein products, which are possibly gen-
erated by alternative splicing and/or alternative promoter usage (Fig. 4A & 4B). The
majority of the sequence (1175 amino acids) is shared between all polypeptides and
includes all nine zinc finger domains. The three isoforms only differ in their N-terminal
sequences. Ush-D does not possess a unique N-terminus. Ush-A contains 16 and
Ush-B 23 amino acids N-terminal to the common sequence. Since Ush-A and Ush-B
N-termini also share a 9 amino acid stretch, this results in 7 amino acids unique to
Ush-A and 14 amino acids unique to Ush-B (Fig. 4B). Our transcriptomic analysis de-
tected reads emanating from Ush-A as well as Ush-B-specific exons (Fig. S3). The
multiple polypeptides that we observed in S2 cells by Western blot therefore likely rep-
resent different Ush isoforms.

| hypothesized that the diverse functions of Ush might be mediated by proteins that
interact with it and subsequently manipulate transcription. To uncover Ush-associated
proteins | analyzed a published dataset of protein-protein interactions (Guruharsha et
al., 2011). Here the authors overexpressed almost 5000 HA-tagged proteins in
Drosophila S2 cells and determined associated factors using mass spectrometry after
anti-HA immunoprecipitation. They identified 12 Ush-binding proteins, six of which
(namely dDOC-1, dMBD-like, dp66, dMTA1-like, dRPD3, dMi-2) can be found in the
Drosophila Nucleosome Remodeling and Deacetylation (ANuRD) complex, a chro-
matin-associated multiprotein assembly that is involved in transcriptional regulation.
We have also found Ush in an unbiased proteomic screen for dMi-2 interacting pro-
teins using IP with subsequent mass spectrometry (data not shown). We performed
immunoprecipitation of endogenously FLAG-tagged Ush. Subunits of the dNuRD
complex indeed coprecipitated with Ush-FLAG, whereas dMEP-1, which forms a sep-
arate complex together with dMi-2 (dMec), was not recovered in Ush-FLAG precipi-
tates (Fig. 4C). We therefore concluded that Ush interacts with the dNuRD complex.
Anti-FLAG immunoprecipitation of endogenously FLAG-tagged dMi-2 (Fig. S1C-E)
confirmed this observation (Fig. 4D). Remarkably, only one of the two Ush-specific
bands coprecipitated with dMi-2. Using a RNAi construct targeting the unique 5’-end
we identified this band as Ush-B. Upon specific depletion of the Ush-B isoform we did
no longer detect a dMi-2/Ush interaction (Fig. 4D). This indicates that dNuRD as-
sociates primarily with Ush-B and | speculated that this interaction is likely mediated
by the Ush-B-specific N-terminal sequence.

The Ush-B N-terminus contains a short conserved motif. This 9 amino acid long
sequence is also found in a group of mammalian transcription factors (Fig. 4E). Most
of them, as Ush, contain multiple zinc finger domains and harbor the conserved motif
at their N-terminus. The conserved sequence was first identified to be important for
the repressive function of the mouse FOG1 protein and was therefore named “FOG
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repression motif” (Svensson et al., 2000; Lin et al., 2004). This short peptide directly
contacts mammalian NuRD. In fact, many proteins containing this sequence have
been shown to associate with the complex (Gao et al., 2010; Wu et al., 2016: Dubuis-
sez et al., 2016; Kloet et al., 2018; Yang et al., 2018). A GST-fusion protein containing
the first 45 amino acids of mouse FOG1 was able to bind to dNuRD but not to other
chromatin regulators in Drosophila cell and embryo nuclear extracts (Fig. 4F), high-
lighting the conserved nature of this interaction. We generated synthetic peptides de-
rived from FOG1 and Ush N-termini, scrambled versions of these peptides, and pep-
tides where a basic stretch that is crucial for dNuRD binding was mutated (Hong et al.,
2005) (Fig. 4G). Titrating these peptides into our GST interaction assay we observed
that FOG1 and Ush wild type peptides competed with the Ush/dNuRD interaction
whereas mutant and scrambled peptides had no effect (Fig. 4H). Notably, the FOG1
peptide seemed to be a more potent competitor than the Ush peptide. Addition of this
peptide to co-immunoprecipitation experiments also efficiently abrogated the interac-
tion of Ush-FLAG with dNuRD in soluble nuclear extract (Fig. 4l). In summary, we have
identified the Drosophila NuRD complex as an interactor of a distinct Ush isoform,
Ush-B. This interaction is mediated by the FOG repression motif residing in the unique
Ush-B N-terminus.

In contrast to Ush, the dNURD complex harbors known enzymatic activities that are
able to modulate gene expression: The chromatin remodeling ATPase dMi-2 as well as
the histone deacetylase dRDP3. | therefore hypothesized that Ush might, at least part-
ly, exert its gene regulatory function by employing dNuRD. | used a cell line expressing
endogenously GFP-tagged dMi-2 to study its genomic distribution via anti-GFP ChIP-
seq and compared it to that of Ush. We obtained a dataset with high similarity to pub-
lished genome-wide dMi-2 ChIP datasets that had been generated using different an-
tibodies (Fig. S4). 53.8% of all identified dMi-2 binding sites also contained a Ush
peak, while 64.9% Ush binding sites were co-occupied by dMi-2 (Fig. 5A). Peaks with
high enrichment of Ush also showed a tendency for higher dMi-2 signal (Fig. 5B). We
also identified regions with exclusive Ush or dMi-2 binding (Fig. 5C). Sites with exclu-
sive Ush occupancy were found at promoters and introns whereas “dMi-2 only” re-
gions were predominantly enriched in promoters. Loci that were bound by both fac-
tors showed an enrichment of promoters and intronic sequences (Fig. 5D). “Ush only”
peaks showed high H3K4me1 signals but low levels of H3K4me3 and H3K27me3.
This argues that these loci contain active enhancers. Sites occupied by dMi-2 only, on
the other hand, displayed enrichment of H3K4me3 which is indicative of active pro-
moters. Here, H3K4me1 and H3K27me3 profiles were decreased. Ush and dMi-2
cooccupied regions were decorated with H3K4me1 as well as H3K4me3 containing
nucleosomes but devoid of the H3K27me3 mark (Fig. 5E). This suggests that Ush and
dMi-2 come together at regulatory elements in the genome and opens up the potential

for these factors to cooperate in regulating transcription.
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We have identified three groups of Ush-dependent genes: genes encoding cell cy-
cle regulators, genes coding for factors involved in fatty acid metabolism, and hemo-
cyte-related genes. | considered that if dMi-2 contributed to the regulation of Ush-de-
pendent genes, mMRNA levels in these groups would also likely respond to depletion of
dMi-2. Furthermore, depletion of the dNuRD-interacting Ush isoform, Ush-B, should
also affect their expression.

To address this, dMi-2-regulated genes were determined by sequencing the tran-
scriptome of S2 cells upon RNAi-mediated depletion of dMi-2. The expression of 945
genes was significantly changed compared to cells treated with control dsRNA (Fig.
6A). One third of these genes (322 genes, 34.1%) showed decreased mRNA levels
whereas two thirds (623 genes, 65.9%) displayed increased expression upon dMi-2
depletion. This suggests that dMi-2 has positive as well as negative effects on gene
transcription and is in line with observations made with mammalian CHD4 (de
Dieuleveult et al., 2016; Reynolds et al., 2013). | performed Gene Ontology term analy-
sis on dMi-2-regulated genes (Fig. 6B) and identified GO terms associated with devel-
opment to be enriched (“post-embryonic development” (GO:0009791) and “cell part
morphogenesis” (GO:0032990)). This supports a role for dMi-2 in fly development and
agrees well with previous reports (Kreher et al., 2017). Strikingly, the term “Innate im-
mune response” (GO:0045087) was among the ten most highly enriched GO terms,
indicating that dMi-2 impacts the expression of genes important for hemocyte func-
tion. GO terms linked to regulation of cell cycle or lipid metabolism were not found to
be enriched.

Depletion of Ush-B had only mild effects on the S2 cell transcriptome: 85 genes
were differentially expressed in cells transfected with dsRNA directed against Ush-B.
The mRNA levels of 47 Ush-B-responsive genes (55.3%) increased upon depletion
(Fig S5). Conversely, 38 genes (44.7%) showed lower expression (Fig. S5). Due to the
low number of deregulated genes, algorithmic GO term analysis did not yield mean-
ingful results. However, | was able to associate 18 Ush-B-dependent genes with he-
mocyte-related functions based on their biological activity and/or expression patterns
(Fig. S5-S6 and Table S2). Only very few genes could be linked to functions in lipid
metabolism or cell cycle (2 and 4 genes respectively; Table S2).

The expression of representative genes from each group was evaluated by RT-
gPCR upon RNAI of dMi-2 or Ush-B (Fig. 6C). | chose the same set of genes that | val-
idated previously to be susceptible to the simultaneous depletion of all Ush isoforms
(Fig. 2E). Most of the hemocyte-related genes inspected here responded significantly
to depletion of dMi-2 and Ush-B. The cell cycle regulators tested were not affected
and expression of genes relevant to lipid metabolism showed only mild alterations
upon depletion of Ush-B or dMi-2. |, thus, reasoned that the contribution of dMi-2/
dNuRD to Ush-mediated transcriptional regulation is most prominent in the group of
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hemocyte-related genes. Cell cycle regulators and lipid metabolism genes, on the oth-
er hand, do not seem to rely on dNuRD or Ush-B for their appropriate expression.

Indeed, depletion of Ush-B, dMi-2, or the dNURD complex subunit dMTA1-like did
not lead to alterations in cell cycle (Fig. 3D, Fig. S7A). Also, levels of mitotic cyclins did
not change in these cells (Fig. 3E), indicating that Ush-dependent cell cycle effects are
not mediated by the Ush-B/dNuRD assembly.

Based on our expression analysis we conjectured that Ush and dNuRD might co-
operate in regulating hemocyte-specific functions and/or hematopoiesis in Drosophila.
We used two complementing approaches to study this relationship in vivo.

In the primary lobes of the lymph gland, the main larval hematopoietic organ, cells
of the ‘posterior signaling centre’ (PSC) secrete signaling molecules that keep hemo-
cytes of the medullary zone in a progenitor state (Jung et al., 2005). Thus, the PSC is
considered a stem cell niche. The homeotic gene Antennapedia (Antp) specifies this
niche and is frequently used as a marker for cells of the PSC (Mandal et al., 2007).
Prohemocytes in the medullary zone of the lymph gland do not produce certain signal-
ing polypeptide ligands themselves but receive them from the PSC. The expression of
Hedgehog (Hh), one of the signaling proteins, is regulated by an enhancer residing in
its first intron (Tokusumi et al., 2010; Baldeosingh et al., 2018). The enhancer is active
in the PSC but repressed in other parts of the lymph gland and this repression requires
Ush. Concomitantly Ush is not detectable in the PSC but is expressed in cells of the
medullary zone. The Hh enhancer activity can be monitored using a reporter gene as-
say where a minimal enhancer fragment (hhF4f) controls the expression of a GFP
transgene (Tokusumi et al., 2010). In lymph glands of larvae carrying the reporter, GFP-
positive cells are found exclusively in the PSC and are marked by Anitp expression
(Fig. 7A). Upon RNAi-mediated depletion of Ush or in larvae carrying a homozygous
Ush mutation GFP signal is detected in cells located in the medullary zone (Fig. S7).
The colocalization of Ush and dMi-2 on regulatory genomic elements that we have
identified in S2 cells prompted us to investigate dMi-2’s involvement in Hh enhancer
function in the lymph gland. We directed the expression of a dMi-2 RNAIi construct to
the medullary zone in lymph glands of larvae carrying the hhF4f-GFP reporter. We de-
tected expression of GFP in prohemocytes of the medullary zone indicating that dMi-2
is indeed required for proper silencing of the Hh enhancer in these cells (Fig. 7B). Us-
ing the same experimental setup we depleted the dNURD complex subunit dMTA1-like
from medullary zone prohemocytes. Also in lymph glands from these larvae, GFP-pos-
itive cells were observed outside of the PSC (Fig. 7C). Taken together, these data sug-
gest that the dNuRD complex is implicated in the repression of a Hh enhancer during
larval hematopoiesis. Since this enhancer also responds to Ush depletion, we propose
that the Ush/dNuRD assembly is required to restrain Hh expression in larval prohemo-
cytes.
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Prohemocytes give rise to three distinct blood cell populations: Plasmatocytes,
crystal cells, and lamellocytes. The latter are virtually absent in Drosophila larvae and
are only produced upon parasite infestation or other extreme stress conditions
(Sinenko et al., 2012; Tokusumi et al., 2018). Ush prevents the spontaneous differenti-
ation of lamellocytes in unstressed larvae (Gao et al., 2009). Larvae carrying two mu-
tant copies of the ush gene display an increased number of circulating lamellocytes
(Fig. 7G), while one intact copy of ush is sufficient to keep the lamellocyte count close
to wild type level (Fig. 7D; Gao et al., 2009). This fact can be exploited to identify ge-
netic interactors, factors that act in the same pathway together with Ush. In a so-
called ‘second site non-complementation’ (SSNC) assay ush heterozygotes are used
as a sensitized background and crossed with flies carrying a heterozygous mutation in
a candidate gene. In case of a genetic interaction, a phenotype is detected in tran-
sheterozygotes, while no effect is seen in both single heterozygotes. We crossed flies
heterozygous for dNuRD complex subunits with ush heterozygotes and examined cir-
culating lamellocytes in transheterozygous progeny. In our experimental setup, these
specialized hemocytes are marked by expression of a mCherry transgene which is
controlled by a lamellocyte-specific enhancer regulating the misshapen gene
(Tokusumi et al., 2009). The misshapen-mCherry construct (MSN-C) is also active in
larval muscle which is marked by arrowheads (Fig. 7D-7G). We quantified the pheno-
type penetrance by counting the number of larvae that displayed a more than 10-fold
increase in circulating lamellocytes.

Transheterozygous larvae with only one functional ush and one functional dMTAT-

like allele showed an elevated level of circulating lamellocytes (Fig. 7E). Also, larvae

with only one functional ush and one functional dp66 allele produced increased num-
bers of lamellocytes (Fig. 7F). In this manner we tested four different dNuRD complex
subunits for their genetic interaction with Ush. Each factor was evaluated using two
different mutant alleles (Fig. 7H and Table S3). We set a routinely used threshold of
40% to count the penetrance of a crossed genotype as robust genetic interaction. The
penetrance in ush/dMTA1-like and ush/dp66 transheterozygous larvae passed this
threshold in both tested alleles. In single dMTA1-like or dp66 heterozygotes the pene-
trance did not exceed background levels. Both dMi-2 mutant alleles produced in-
creased lamellocyte levels when crossed into a ush heterozygous background, though
the penetrance was below 40%. Double heterozygotes of ush and the Drosophila his-
tone deacetylase dRPD3 showed high penetrance levels. However, one mutant allele
also led to a phenotype penetrance higher than 40% in single heterozygous larvae.
Thus, the genetic interaction of dRPD3 and Ush remains undefined. dRPDS is part of
many gene regulatory complexes. It is, therefore, possible that the effects we ob-
served in heterozygous but also transheterozygous larvae are not emanating from an
altered dNuRD function specifically.
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Based on the genetic interaction of Ush with the dNuRD-specific factors dMTA1-
like and dp66 we concluded that Ush likely cooperates with dNuRD to restrict the
spontaneous differentiation of lamellocytes in unstressed larvae.

2.3. Discussion

2.3.1. Transcriptional regulation by Ush

Prior to the work described here, our understanding of Ush’s capacity to regulate
gene expression was mainly informed by in vivo studies in Drosophila embryos and
larvae (Cubadda et al., 1997; Haenlin et al., 1997; Waltzer et al., 2002; Tokusumi et al.,
2010). Using mutation analysis, genetic interaction, and reporter gene assays Ush has
been implicated in the transcriptional control of a small number of genes relevant to
hemocyte differentiation (Tokusumi et al., 2010; Gao et al., 2013). In part, this effect in
gene expression has been assigned to Ush cooperating with GATA factors, such as
Serpent and Pannier (Haenlin et al., 1997; Waltzer et al., 2002). Our data significantly
expands this notion. We uncover Ush-regulated genes in hemocyte-derived S2 cells
on a genome-wide scale and show that Ush impinges on the expression of more than
1700 genes (Fig. 2A). Among the Ush-regulated transcriptome we find classical hemo-
cyte genes, like Lozenge and atilla (Cattenoz et al., 2020), whose expression depends
on Ush (Fig. 2E). This is in line with observations during hematopoietic differentiation
in the embryo. Here, Ush levels gradually decrease, thereby allowing the expression of
hemocyte-specific factors (Gao et al., 2009; Fossett, 2013). Derepression of these
genes upon reduction of Ush expression can be simulated in our RNAi approach in
cell culture.

Beyond that, Ush regulates genes involved in other biological processes, particular-
ly genes encoding for cell cycle regulators and enzymes involved in fatty acid me-
tabolism (Fig. 2C). It is noteworthy that Ush does not only have repressive potential
but also enables transcription. This finding becomes especially apparent in the regula-
tion of crucial cell cycle genes, such as Cyclin B, or the mitotic kinases Aurora B,
CDKT1, and polo (Fig. 2D-2E).

Ush binds to more than 7000 sites in the Drosophila genome which are associated
with regulatory regions, such as promoters and enhancers. On these sites, the GATA
motif is highly enriched (Fig. 1). This observation provides unbiased and genome wide
evidence that Ush associates with regions that are potentially bound by GATA factors.
So far, this concept was based on biochemical and genetic interaction data of Ush
and GATA factors as well as reporter gene assays (Haenlin et al., 1997; Fossett et al.,
2000; Waltzer et al., 2002). In mammalian genomes the GATA sequence often occurs
together with E-boxes generating a composite site. This sequence combination can
provide a platform to assemble LMO2/LDB complexes resulting in chromatin looping
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and transcriptional activation (Wilkinson-White et al., 2011; Love et al., 2014). Since
we also observed an enrichment of the E-box motif among Ush bound regions (Fig.
1E), | speculate that GATA/E-box paired motifs might be potential Ush target sites.
Overall, our results indicate that rather than controlling a small gene set, Ush seems to
be a major regulator of transcription with wide ranging functions in hemocyte-specific
gene expression, proliferation, and lipid metabolism.

2.3.2. Ush isoforms and the FOG repression motif

We have, for the first time, detected the expression of multiple Ush isoforms in
Drosophila S2 cells (Fig. 1A-1B, Fig. S3) and identified a FOG repression motif at the
N-terminus of Ush-B (Fig. 4B). This conserved amino acid sequence appears in a
number of vertebrate zinc finger transcription factors (Lin et al., 2004), notably also in
the mammalian Ush homologs FOG1 and FOG2 (Hong et al., 2005; Roche et al.,
2008). The motif confers interaction with the NuRD complex by directly contacting
MTA and RbAp proteins (Roche et al., 2008). The FOG1-interacting residues of
RbAp48 are conserved in the Drosophila homolog dp55 (Lejon et al., 2011). Moreover,
the region of mouse MTA-1 that contacts FOG2 is conserved in dMTA1-like (Roche et
al., 2008). We hypothesize that Ush associates with dNuRD by binding to dp55 and
dMTA1-like. The interaction can be efficiently dissociated by competitive peptides
harboring the FOG repression motif sequence (Fig. 4G-4l). This suggests that the N-
terminus of Ush-B is crucial for dNuRD binding and | consider it unlikely that addition-
al domains in the Ush protein contribute significantly to this interaction. This is sup-
ported by the fact that other Ush isoforms, which only deviate from Ush-B in their N-
termini, do not co-immunoprecipitate with dMi-2 (Fig. 4D).

It has to be noted that peptides derived from the mouse FOG1 N-terminus show a
higher potential in competing with the Ush/dNuRD interaction than peptides derived
from Ush-B N-termini (Fig 4H). This observation opens up the possibility that amino
acids outside of the classical FOG repression motif (H_2N-MSRRKQxxP; Lin et al.,
2004) are able to modulate the affinity towards NuRD. In fact, a patient-derived muta-
tion neighbouring the FOG repression motif of mouse Zeb2 (ZEB2R22G) abrogates its
interaction with the NuRD complex (Wu et al. 2016). Additionally, post translational
modifications of residues within the motif, specifically phosphorylation of Serin 2 in the
BCL11B N-terminus, can impact its association with NuRD (Dubuissez et al., 2016).

A GST-fusion containing the FOG repression motif was able to purify NuRD com-
plexes from extracts of rat cardiocytes and mouse erythroleukemia cells in one-step
pulldown experiments (Roche et al., 2008; Hong et al., 2005). This suggests that the
motif has evolved solely to interact with NuRD and that it does not associate signifi-
cantly with other nuclear proteins. The generation of proteins containing this sequence
may present a way of specifically involving NuRD in biological functions conferred by
the respective factor. In interacting with NuRD, its catalytic capacities and its impact
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on gene expression could be utilized on genomic targets of a FOG repression motif
containing protein. To what extent a classical recruitment model can be applied here,
will be subject to discussion in a separate section below.

We show that Ush cooperates with dNuRD in ensuring hemocyte-related gene ex-
pression, while impinging on cell cycle and lipid metabolism without employing
dNuRD. This diversification is achieved by adding a FOG repression motif to the N-
terminus of one Ush isoform (Ush-B) via alternative splicing and/or alternative promot-
er usage. Interestingly, in mouse erythroid cells different FOG1 proteins are produced
by translation from alternative start codons. The longer FOG1 isoform contains the
FOG repression motif whereas the shorter protein lacks this NuRD interaction domain
(Snow et al., 2009). Likewise, the murine FOG2 gene can give rise to an isoform that
lacks the FOG repression motif (Dale et al, 2007). Thus, diversification of FOG-like pro-
teins to enable or disable NuRD interaction appears to be an evolutionary conserved
principle.

Besides U-shaped, we have identified only one other protein encoded in the
Drosophila genome that contains a N-terminal FOG repression motif: OAZ, a homolog
of OIf/EBF-associated zinc finger factors. This protein is involved in the formation of
posterior spiracles, which are part of the larval tracheal system (Krattinger et al., 2007).
OAZ is not expressed in S2 cells but, due to its FOG repression motif, | speculate that
it might cooperate with dNuRD during Drosophila development. In mammals, the EBF-
interacting proteins Zfp423 and Zfp521 also contact NuRD via their N-terminal FOG
repression motif, thereby contributing to transcriptional regulation (Liao, 2009). This
raises the possibility for a conserved role of the dNuRD complex in EBF (Drosophila

collier)-regulated transcription that relies on FOG repression motif containing proteins.

2.3.3. NuRD recruitment by FOG repression motif containing proteins

Ush binds to over 7000 genomic regions which are highly enriched for GATA motifs.
More than half of these Ush binding sites are also occupied by dMi-2 and both pro-
teins are implicated in the regulation of hemocyte-related gene expression. Moreover,
we find an interaction of the Ush-B isoform with the dMi-2-containing dNuRD com-
plex, which requires a short conserved motif in the Ush-B N-terminus. Taken together,
these observations strongly evoke a hierarchical recruitment model in which GATA fac-
tors associate with DNA and tether Ush proteins to their target sites. This process re-
quires the interaction of their Zinc finger domains (Chlon & Crispino, 2012). Ush-B N-
termini then bind to dNURD thereby recruiting it to the respective regions. A similar
scenario has been proposed for the mammalian Ush-homologs FOG1 (Hong et al.,
2005; Gao et al., 2010) and FOG2 (Roche et al., 2008) as well as for other proteins
containing a FOG repression motif. Examples are ZFP296 (Kloet et al., 2018), Zeb2
(Verstappen et al., 2008; Wu et al., 2016), or ZFP827 (Conomos et al., 2014; Yang et
al., 2018). A short FOG1 N-terminal peptide fused to dCas9 has even been used to
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artificially tether NuRD to gene promoters resulting in the establishment of a repressive
chromatin environment (O’Geen et al., 2017). Our work suggests that this mechanism
of NuRD recruitment might already have existed in a common ancestor of vertebrates
and Drosophila.

Despite the plethora of studies that invoke the above mentioned recruitment model,
this concept has recently been challenged: In mouse embryonic stem cells, Sall4 is
found to be associated with the majority of NURD complexes due to its N-terminal
FOG repression motif. Surprisingly, knock-out of Sall4 did not lead to dissociation of
NuRD from most regions that were co-occupied by Sall4 and NuRD in wild type cells
(Miller et al., 2016). I, too, conducted ChIP-gPCR experiments in Drosophila S2 cells
addressing the Ush-dependent occupancy of dMi-2 and dMTA1-like at Ush/dNuRD
target genes. Upon depletion of Ush-B | did not detect decreased dNuURD signal at the
examined regions (data not shown). These observations suggest that the association
of NuRD with FOG repression motifs is not alone sufficient to define its chromatin lo-
calization. | agree with the notion that FOG repression motif containing proteins can
contribute to tethering NuRD to genomic sites; the motif fused to dCas9 is even suffi-
cient to de novo recruit NuRD (O’Geen et al., 2017). However, the efficiency of this ar-
tificial recruitment was highly variable across cell types and target sites, suggesting
that the FOG repression motif is presumably not the sole determinant of NuRD occu-
pancy. Another example highlights this non-essential but merely contributive function
of FOG1 in NuRD recruitment: In mouse erythroid cells NuRD is present at several
GATA1 target genes (e.g. Kit and Gata2) even in absence of GATA1/FOG1 and its as-
sociation with these loci only slightly increases upon induced GATA1/FOG1 occupan-
cy (Miccio et al., 2010). At intricately structured regulatory regions, the NuRD complex
likely engages in a multitude of associations with transcription factors, nucleosomes
and other chromatin-bound proteins. Interfering with one of these interactions (e.g. by
depleting a FOG repression motif containing protein) might not suffice to fully evict
NuRD. The number and affinity of additional interactions at a respective locus might
determine, how much NuRD residence depends on the presence of a FOG repression
motif containing protein.

It is tempting to assume that the sole function of transcription factor/NuRD associ-
ations is to facilitate recruitment. While that is certainly one task, interactions with or
within the NuRD complex can also confer regulation of its activity. For instance the
Drosophila Ecdysone receptor is able to recruit dMi-2 to its response elements while
simultaneously activating dMi-2 remodeling activity (Kreher et al., 2017). Moreover, the
association of the MTA-1 ELM2 domain with histone deacetylases is implicated in the
regulation of HDAC activity (Millard et al., 2013). A potential influence of FOG repres-
sion motif containing proteins on NuURD enzymatic activities would be an interesting
subject to investigate.
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2.3.4. Ush and hemocyte proliferation

Our study uncovers the Ush-regulated transcriptome in S2 cells. To our surprise we
found a substantial number of genes involved in cell cycle regulation misexpressed
upon Ush depletion. The majority of these genes require Ush for their expression (Fig.
2C-2D). Among the Ush-dependent cell cycle regulators we find crucial pro-prolifera-
tive factors like the mitotic kinases Aurora B, CDK1 and polo as well as Cyclin B (Fig.
2E). The expression changes upon Ush depletion are concomitant with a significant
decrease in proliferative capacity and an accumulation of cells in G2/M-phase (Fig. 3).
We conclude that Ush is required for cell cycle progression in S2 cells and attribute
this role partly to the transcriptional regulation of pivotal pro-mitotic genes.

In the Drosophila embryo, mutations in the ush gene can influence the number of
cardial and pericardial cells as well as hemocytes. Embryos with reduced Ush activity
display an increased number of cardiocytes whereas overexpression of Ush in the
mesoderm leads to a reduction in cardial cell number (Fossett et al., 2000). During
embryonic hematopoiesis Ush represses the production of crystal cells (Fossett et al.,
2001a). Both examples point out that Ush negatively regulates the number of differen-
tiated cells. However, in using the term “production”, the authors leave open whether
they assign this effect to proliferation or differentiation processes (Fossett et al.,
2001a).

Another indication that Ush acts in hemocyte proliferation has been reported in lar-
val lymph glands. Larvae with two non-functional Ush alleles (ushv22/ushr24) display
hypertrophy of lymph gland hemocytes in the third instar (Sorrentino et al., 2007). Also
here, Ush inhibits overproduction of cells. In the L2 stage this effect was not observed
(Sorrentino et al., 2007). An independent investigation of the same allele combination
showed abnormal production of lamellocytes in lymph glands and the authors at-
tribute this to Ush’s function in the suppression of lamellocyte differentiation (Tokusumi
et al,, 2010). Gao and colleagues detected an increased number of proliferating
(phospho-H3 positive) prohemocytes in lymph glands from early L3 larvae carrying
ush loss of function alleles (ushv22/ushr24). Targeted depletion of Ush from prohemo-
cytes by cell type-specific RNAI, however, did not lead to increased proliferation (Gao
et al., 2016). Using RNAi-mediated depletion of Ush or inactivation by a different allele
combination (ushr24/ushr24), we were unable to recapitulate the drastic hyperprolifera-
tion phenotype described by Sorrentino and colleagues (Fig. S8). On the contrary, we
observed substantial hypoproliferation of cultured S2 cells (Fig. 3). This cell culture
system enables us to investigate cell autonomous effects in a homogeneous embry-
onic hemocyte precursors line. Thus, the proliferation defects upon Ush depletion are
more likely the consequence of an intrinsic disturbance of cascades rather than the
effect of signals emitted by regulatory cell types. It is important to keep in mind, how-
ever, that S2 cells in culture may not completely recapitulate the behavior of prohemo-

cytes in the embryo.
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The discrepancies discussed above suggest that the function of Ush in cell cycle
progression is highly context dependent. It appears that Ush affects proliferation dif-
ferently in embryonic vs. larval hematopoiesis, L2 vs. L3 lymph glands, cultured cells
vs. complex hematopoietic organs. To decipher the role that Ush plays in hemocyte
proliferation, it would be helpful to study the aberrant signaling and the transcriptomic
changes that arise from Ush loss of function in the organism on a single cell level. This
might shed light on the complex intercellular communication networks and their
changes upon Ush inactivation during embryonic and larval hematopoiesis.

Hypotheses aiming to interpret the proliferation phenotypes observed upon Ush
loss of function often involve the gene regulatory capacity of Ush and its associated
GATA factors. Studies on mammalian Ush homologs FOG1 and FOG2 highlight their
non-transcriptional roles: Murine GATA-1 interacts with the pRb/E2F2 complex which
leads to its sequestration and ultimately inhibits proliferation. In presence of FOG1,
GATA-1 is competed off the complex, enabling phosphorylation of pRb and subse-
quent cell cycle progression (Kadri et al., 2009; Kadri et al., 2015). This function of
FOG1 may not immediately rely on changes in FOG1/GATA-1 target gene expression
and characterizes FOG1 as a pro-proliferative factor. Mammalian FOG2 contains a pu-
tative pRb-interacting motif (LXCXD), thereby possibly impinging on cell cycle pro-
gression by directly contacting pRb (Goupille et al., 2017). The Drosophila GATA factor
Srp contains a LX(C/S)XE motif that is theoretically capable of interacting with
retinoblastoma proteins (Kadri et al., 2009). Although it is not known whether functions
of FOG proteins that involve pRb and E2F homologs are conserved, this transcription-
independent influence on cell division may provide an additional layer at which Ush
could be subject to context-dependent manipulation.

The dependency of S2 cell proliferation on Ush poses the question whether the
protein itself is a cell cycle regulator. It would be interesting to investigate whether Ush
expression levels change or whether the protein is post-translationally modified in a
cell cycle-dependent manner. Moreover, since this function of Ush seems to be inde-
pendent of the dNuRD complex (Fig. 3D-3E, Fig. 6C), it is still unclear if there are other
cofactors required to ensure cell cycle progression.

The presented data demonstrate how products from a single gene, U-shaped, can
tackle diverse functions (hematopoiesis, proliferation, lipid metabolism) by delegating
these tasks to different isoforms. It furthermore shows how Ush commissions a ubig-
uitous epigenetic regulator, dNURD, to participate in a subset of its functions by using
a conserved, isoform-specific interaction motif.
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2.4. Contribution statement

Most of the molecular and cell biological experiments were performed by me.

Bioinformatic analyses were conducted by Dr. Robert Liefke, if not stated otherwise.

Together with Prof. Dr. Alexander Brehm | conceptualized the study and designed

most of the experiments. In particular, | have made the following contributions to this

project:

Establishment of an endogenous tagging protocol in Drosophila S2 cells, characteri-
zation of cell lines expressing endogenously tagged U-shaped and dMi-2 by West-
ern blot and genomic DNA PCR (Fig. 1A, Fig. S1). Here, | collaborated with Julianne
Funk and Prof. Dr. Klaus Férstemann.

Execution of ChIP experiments that were analyzed by next generation sequencing
(Fig. 1, Fig. 5, Fig. S2, Fig. S4). lllumina sequencing was operated by Dr. Andrea Nist
and Prof. Dr. Thorsten Stiewe.

Analysis of U-shaped occupancy at transcriptional start sites (Fig. 1D).

Execution of RNAI experiments in S2 cells for RNA-sequencing, RT-gPCR and ex-
periments addressing Ush function in cell cycle (Fig. 2, Fig. 3, Fig. 6, Fig. S3). Here, |
was supported by Samuel Shoup.

Gene Ontology term analysis of deregulated genes (Fig. 2C-D, Fig. 6B, Fig. S5-S6).
Verification of gene deregulation upon depletion by RT-gPCR (Fig. 2E, Fig. 6C)

Propidium iodide staining of S2 cells following RNAI and cell cycle analysis (Fig. 3C-
D, Fig. S7). Here, Dr. Hartmann Raifer provided technical assistance.

Observation of mitotic cyclin levels upon protein depletion using Western blot (Fig.
3E)

Expression of GST-fusion proteins and GST pulldown assays, immunoprecipitation
of FLAG-tagged U-shaped. Both interaction assays were combined with a competi-
tion approach using synthetic peptides (Fig. 4). Here, | collaborated with Julianne
Funk (Fig. 4C-4D, 4H), Dr. Lea Albert and Prof. Dr. Olalla Vazquez (peptide
synthesis).

All Figures and tables included in this publication were compiled by me with contri-

butions of Dr. Robert Liefke (Fig. 1C, Fig. 5B-E, Fig. S2, Fig. S4), Dr. Tsuyoshi Tokusu-
mi (Fig. 7A-C, Fig. S8) and Prof. Dr. Nancy Fossett (Fig. 7D-G, Table S3). Furthermore,
| contributed to writing the manuscript together with Prof. Dr. Alexander Brehm.
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3.1. Introduction

Initially identified in human cell lines (Andrés et al., 1999), homologs of the tran-
scriptional co-repressor CoREST (co-repressor of RE1 silencing transcription factor)
have since been discovered in many organisms, including Xenopus leavis, Drosophila
melanogaster, and Caenorhabditis elegans. CoREST homologs exhibit a remarkably
conserved function: They inhibit the expression of genes specific for neuronal tissues
in cell types or developmental stages that do not require these factors (Lakowski et al.,
2006, Maksour et al., 2020). In part, this repression is achieved together with se-
quence-specific transcription factors which interact with CoREST. The current model
states that these proteins recruit COREST to gene regulatory elements, thereby exert-
ing transcriptional inhibition. Interestingly, CoREST is expressed in neural as well as
non-neural tissues, suggesting that it allows the expression of neuronal genes in the

brain, whereas it represses these genes in other tissues (Andrés et al., 1999; Dallman
et al., 2004; Saez et al., 2015; Maksour et al., 2020).

CoREST proteins are characterized by their common domain structure: They con-
tain an N-terminal ELM2 (Egl-27 and MTA1 homology 2) domain as well as two SANT
(SWI3, ADA2, N-Cor and TFllIB) domains, although there are isoforms reported that
lack the second SANT domain (Lakowski et al., 2006; Dallman et al., 2004; Saez et al.,
2015). Combinations of these domains occur in a number of chromatin regulators and
are thought to establish contacts with histone tails, DNA and other proteins (Boyer et
al., 2004).

Mammalian genomes encodes three paralogous CoREST genes (rcorl, rcor2 &
rcor3) that give rise to multiple polypeptides. These protein products share an overall
domain architecture and transcriptionally repressive potential. However, the mode and
extent of repression differs between paralogs, probably due to altered interactions

with co-repressor proteins. Moreover, mammalian CoREST paralogs and isoforms
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show differential expression patterns across tissues, further contributing to their spe-
cialization (Barrios et al., 2014; Saez et al., 2015; Maksour et al., 2020).

Several studies have identified CoREST-containing protein assemblies in mammals,
the LSD1/CoREST complex probably being the best-studied one. Its core is com-
posed of CoREST as well as the histone modifying enzymes LSD1 (H3K4 demethy-
lase), and HDAC1/2 (histone deacetylases), which are able to create a transcriptionally
repressive chromatin environment. This assembly exerts the classical CoOREST task: It
represses neuronal genes in non-neuronal cells. Furthermore, BHC80, BRAF35, ZN-
F217, and CtBP1 are described as stable complex subunits (You et al., 2001;
Humphrey et al., 2001; Hakimi et al., 2002; Shi et al., 2005; Lee et al., 2005). Additional
co-repressors, such as MeCP2 (Lunyak et al., 2002) and components of the SWI/SNF
chromatin remodeling complexes (Battaglioli et al., 2002), can interact with COREST
and participate in LSD1/CoREST-mediated repression. An altered version of the LSD1/
CoREST complex, which contains the histone deacetylase SIRT1 and the histone
methyltransferase G9a, contributes to the repression of genes that respond to Notch
signaling (Mulligan et al., 2011). These examples highlight the broad diversity of
mammalian LSD1/CoREST assemblies, which are all based on a common CoREST-
LSD1-HDAC core. This core acquires a variety of co-repressors, thereby engaging in
specific repressive functions. CoOREST and LSD1 have been shown to form another
distinct assembly that does not harbor any HDACs, but contains the MBT domain pro-
tein SFMBT1. This so-called SLC complex (SFMBT, LSD1, and CoREST) regulates the
cell cycle-dependent expression of histone genes (Zhang et al., 2013). It is worth not-
ing that the majority of studies that identified CoREST-containing protein assemblies
either focused on CoREST1 or did not distinguish between CoREST paralogs or iso-
forms. Thus, there might be a variety of COREST complexes yet to be discovered.

In contrast to mammalian genomes, Drosophila melanogaster harbors a single
dCoREST gene. Its transcripts undergo alternative splicing, giving rise to at least three
different polypeptides. Based on the length of their amino acid sequences, these pro-
tein isoforms are referred to as dCoREST-L (Long), dCoREST-M (Medium) and dCoR-
EST-S (Short). dCoREST is expressed ubiquitously in the Drosophila embryo with the
small isoform being found predominantly in the central nervous system (Dallman et al.,
2004).

dCoREST was identified as a subunit of the LINT (dL(3)mbt interacting) complex,
which encompasses the MBT domain protein dL(3)mbt as well as dLint-1, a protein
that contains a PHD finger-like domain (Meier et al., 2012). LINT is thought to bind to
promoters of germ-line specific genes and inhibit their expression in larval brain tissue,
cultured embryonic cells and somatic cells of the Drosophila ovary (Janic et al., 2010;
Richter et al., 2011; Meier et al., 2012; Coux et al., 2018).
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Little is known about other dCoREST-containing complexes in the fruit fly. Co-im-
munoprecipitation experiments in a Drosophila cell line and adult ovaries are indicative
of an assembly containing dCoREST, dLSD1, and the histone deacetylase dRPDS3,
which might be reminiscent of the mammalian LSD1/CoREST complex (Dallman et al.,
2004; Lee & Spradling, 2014). However, the subunit composition of the Drosophila
version of this complex and its potential for transcriptional regulation has not been in-
vestigated comprehensively.

Here, we systematically study the composition and function of dCoREST-containing
complexes using an embryonic Drosophila melanogaster cell line as well as in vivo

models.

3.2. Synopsis of results

We characterized dCoREST-containing protein complexes in Drosophila
melanogaster, using cultured S2 cells as a model. These cells express the medium
and long isoform of dCoREST, while dCoREST-S is not detectable (Dallman et al.,
2004). Size exclusion chromatography of nuclear extracts revealed that dCoREST is
not only part of the LINT complex, but also exists in other protein assemblies, some of
which might only contain one of the two dCoREST isoforms, dCoREST-M or dCoR-
EST-L (Fig. 1B). Novel dCoREST-interacting proteins were characterized using im-
munoaffinity purification followed by mass spectrometry. We identified the previously
described interaction partners dL(3)mbt, dLint-1, dRPD3, and dLSD1 (Meier et al.,
2012; Dallman et al., 2004) as well as novel factors such as dG9a (Fig. 1C-1D & Table
S1). To further assign these proteins to distinct dCoREST-assemblies, we conducted a
multitude of biochemical experiments. In particular, FLAG-tagged proteins (FLAG-
dLSD1, FLAG-dCoREST-M, or FLAG-dCoREST-L) were overexpressed in S2 cells and
immunopurified. Immunoprecipitates were analyzed by Western blot and mass spec-
trometry. This revealed the existence of a dLSD1 complex that contains dRPD3 and
seems to specifically interact with the larger dCoREST-L isoform (Fig. 2, Fig. S1 & Ta-
ble S2-S3).

Since dCoREST-L contains a 234 amino acid insertion between its two SANT-do-
mains, which is not present in dCoREST-M (Fig. 1A), we suspected that this sequence
might be responsible for the isoform-specificity observed in the dLSD1-containing
complex. To address this, | used a recombinant system to study the interaction of
dCoREST isoforms with dLSD1. | generated baculoviruses containing dCoREST-M,
dCoREST-L, or dLSD1 coding sequences and infected Sf9 insect cells with combina-
tions of these viral expression vectors. Western blot analysis of anti-dCoREST im-
munoprecipitates showed that dLSD1 associates with dCoREST-L while only a small
amount of dLSD1 co-precipitates with dCOREST-M (Fig. S2). This supports the notion
that the dCoREST-L-specific insert is mainly responsible for its occurrence in the
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dLSD1-containing complex. Moreover, the detection of interactions in this recombi-
nant system suggests that these might indeed occur directly between dCoREST-L and
dLSD1 proteins.

The methyltransferase dG9a coprecipitated with both dCoREST isoforms (Fig. 2B),
which led us to hypothesize that this protein might be distinct from the dLSD1/dCoR-
EST complex. To identify components of a putative dG9a-containing dCoREST com-
plex, a GFP epitope sequence was inserted at the 3’ end of endogenous dG9a alleles
using a CRISPR/Cas9 approach (Boéttcher et al., 2014). Co-immunoprecipitation and
size exclusion chromatography experiments revealed that the dG9a complex is dis-
tinct from LINT and also separates from dLSD1-containing assemblies (Fig. 3 & Fig.
S4). Rather dG9a seems to form a complex with dCoREST-M and dRPDS.

Our biochemical data suggests the existence of at least three dCoREST-containing
complexes that share a common dCoREST/dRPD3 deacetylation module, but differ in
accessory subunits (Fig. 8):

(1) dLSD1/dCoREST complex (containing dCoREST-L, dRPD3, and dLSD1),

(2) LINT complex (containing both dCoREST isoforms, dRPD3, dLint-1, and dL(3)mbt),

(8) dG9a/dCoREST complex (containing both dCoREST isoforms, dRPD3, and dG9a).
These assemblies might, of course, contain additional proteins that were not identi-

fied in our study.

Since the three dCoREST complexes harbor various proteins with chromatin-regu-
latory functions (Rudolph et al., 2007; Richter et al., 2011; Meier et al., 2012; Stabell et
al., 2006), we asked whether they indeed bind to chromatin and, if so, whether their
genomic binding sites overlapped according to the complex compositions. Using
CRISPR/Cas9-mediated GFP-tagging of endogenous proteins (Fig. S3) and anti-GFP
ChIP sequencing we determined the chromatin occupancy of dCoREST and signature
subunits of each complex (dLSD1, dL(3)mbt, and dG9a) in Drosophila S2 cells. dCoR-
EST was found predominantly on promoters, supporting its role in transcriptional regu-
lation (Fig. 4A). We detected a large number of dL(3)mbt binding sites (4777), 73.4% of
which were also occupied by dCoREST. Fewer dLSD1 and dG9a peaks were ob-
served (1080 and 1601, respectively). Since most of dCoREST occupied regions were
also bound by dL(3)mbt (73.6%), but less were shared with dLSD1 (17.6%) or dG9a
(18.6%), we hypothesized that LINT is the predominant chromatin-bound dCoREST
complex in S2 cells (Fig. 4B). Only few genomic sites were shared between dL(3)mbt
and dLSD1 or dL(@)mbt and dG9a, suggesting that the three dCoREST-containing
complexes bind to distinct chromatin regions (Fig. 4C-D).

All dCoREST assemblies that we identified contain chromatin modifying enzymes.
This suggests that they take part in the regulation of gene transcription. To address
this, we compared the transcriptomes of S2 cells upon depletion of dCOREST com-
plex subunits. Simultaneous interference with the expression of both dCoREST iso-

forms lead to the deregulation of 696 genes most of which seemed to be repressed by
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dCoREST (668 genes, 96%). The depletion of proteins residing in the dLSD1/dCoR-
EST and the dG9a/dCoREST assemblies had only mild effects on gene expression in
hemocyte-derived S2 cells (ACoREST-L RNAI: 8 genes deregulated; dLSD1 RNAi: 18
genes deregulated; dG9a RNAi: 10 genes deregulated). However, we observed misex-
pression of many genes upon depletion of LINT complex components (dLint-1 RNA.:
407 genes deregulated; dL(3)mbt RNAI: 640 genes deregulated). Again, most of these
genes were derepressed upon depletion of dLint-1 (373 genes, 91.6%) and dL(3)mbt
(584 genes, 91.3%) and substantially overlapped with dCoREST-repressed genes (Fig.
5A-5C & Fig. S5). Functionally LINT seems to inhibit lineage-inappropriate gene ex-
pression, especially the transcription of germ line-specific genes (Fig. 5D, Fig. S6-S7;
Meier et al., 2012). Taken together we show that, in S2 cells, dCoREST acts predomi-
nantly in the context of the LINT complex. This is reflected in both, its widespread
chromatin occupancy as well as its function as a transcriptional regulator.

So far, our functional characterization of dCoREST was informed by studying
Drosophila S2 cells, which are derived from embryonic hemocyte precursors. In a next
step, we aimed to describe the developmental function of dCoREST complexes in vivo
using two different examples of differentiation processes: Firstly, the differentiation of
wing veins and, secondly, Drosophila spermatogenesis. This was approached by ob-
serving phenotypic changes in the respective organs upon RNAi-mediated depletion
of dCoREST and its associated factors. We observed that loss of dCoREST leads to
defects in wing vein development. However this phenotype was not recapitulated
upon depletion of dLSD1, dL(3)mbt, or dG9a, suggesting that this particular function
of dCoREST is not mediated by one of the complexes we identified (Fig. S8-S9).

During spermatogenesis, chromatin undergoes major structural changes. As a con-
sequence, the Drosophila male reproductive system is prone to the disturbance of
many chromatin regulators (Rathke et al., 2014). Depletion of dCoREST in germ cells
led to male infertility. Male flies with reduced levels of dL(3)mbt, dLint-1, or dG9a were
still able to generate offspring. In contrast, flies containing dLSD1-depletion con-
structs also exhibited an infertility phenotype (Fig. 6A & Fig. S10-S11). We concluded
that dCoREST is required for male fertility and that this function can be attributed
specifically to the dLSD1/dCoREST complex. LINT or dG9a/dCoREST complexes do
not seem to be essential in this context. We further observed a severe reduction of
mature sperm in testes of dACOREST- and dLSD1-depleted males (Fig. 6B-6C). To de-
termine whether this developmental defect is due to altered gene expression, we ana-
lyzed the transcriptome of dCoREST- and dLSD1-depleted testes using RNA-seq. We
found a large number of genes derepressed in these testes compared to controls
(dCoREST RNAi: 1721; dLSD1 RNAi: 1300). On the contrary, only few genes seemed
to depend on dCoREST or dLSD1 for their appropriate expression (dCoREST RNA::
61; dLSD1 RNAi: 125).
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We determined 1091 genes that were co-repressed by both, dCoREST and dLSD1,
thus, defining a gene set repressed by the dLSD1/dCoREST complex in Drosophila
testes (Fig. 7). Interestingly these genes were enriched in Gene Ontology (GO) terms
associated with neuronal differentiation and function (Fig. S12).

We hypothesize that the dLSD1/dCoREST complex restricts the expression of neu-
ronal genes in the germ line and is required for proper spermatogenesis.

3.3. Discussion

3.3.1. Cell type specificity of dCoREST-containing complexes

We have uncovered the existence of three dCoREST-containing complexes in
Drosophila melanogaster: LINT, dLSD1/dCoREST, and dG9a/dCoREST. These assem-
blies all share a common deacetylase core, consisting of dRPD3 and one dCoREST
isoform. The three complexes vary in accessory subunits (dL(3)mbt, dLSD1, dG9a)
that convey chromatin-binding or histone-modifying activities and are believed to
support the inhibition of gene expression. We found that the repression of lineage-in-
appropriate genes in certain cell types or tissues largely depends on one specific
dCoREST-complex while being barely affected by the depletion of components from
other dCoREST-complexes: S2 cells seem to be particularly sensitive to ablation of
LINT complexes, while the function of male germ cells was diminished only upon de-
pletion of dLSD1/dCoREST complex subunits. The expression levels of dLSD1 (dLS-
D1/dCoREST complex subunit) and dL(3)mbt (LINT complex subunit) in testis vs. S2
cells do not correlate with this selective dependency. In fact, less dLSD1 expression is
detected in testes compared to S2 cells, whereas dL(3)mbt mRNA levels are higher in
testes than in S2 cells (FlyAtlas, 03/2021). Moreover, we show that, at least in S2 cells,
all three complexes are present, can be biochemically separated, and exist as distinct
entities on chromatin. In larval brain tissue, the signature subunits of the dLSD1/dCo-
REST assembly are expressed (Meier et al., 2012), yet it is unclear whether they form a
complex. Thus, the surprising selective requirement of certain complexes in certain
cell types can not be sufficiently explained by the expression level of characteristic
subunits or even by the presence of the complex as a whole. This poses the question
at which level the lineage-specific function of the three assembilies is regulated.

We postulate that dCoREST-containing complexes predominantly act on chromatin.
One level of lineage-specific regulation could comprise transcription factors that facili-
tate recruitment of defined dCoREST-complexes. These recruiters would need to act
in a cell type-specific manner and be dedicated to tethering the relevant dCoREST-
containing complex to its targets. Ttk88, a dCoREST-interacting transcription factor,
has been suggested to be one such protein in non-neuronal tissues (Dallman et al.,
2004). It remains to be determined whether Ttk88 exhibits complex-specific interac-

tions with dCoREST and if the interaction shows lineage specificity. Our list of dCoR-
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EST interactors in S2 cells (Table S1) holds additional putative transcription factors,
like the CENPB-type DNA-binding protein earthbound (ebd1) which facilitates trans-
duction of Wingless-signaling in Drosophila flight muscles (Benchabane et al., 2011).
Determining whether ebd1 interacts with a particular dCoOREST complex could shed
light on a possible role of dCOREST complexes in this tissue.

Since different dCOREST complexes contain different dCoREST isoforms, regula-
tion on the level of alternative splicing is conceivable. Only dCoREST-L is present in
the dLSD1/dCoREST complex while dCoREST-M is the predominant isoform in dG9a/
dCoREST and LINT (Fig. 2 & Fig. 3; Meier et al., 2012). The inclusion of exons that en-
code the inter-SANT linker in dCoREST-L could shift the balance of complexes to-
wards dLSD1/dCoREST. Likewise, skipping of these exons produces comparatively
more dCoREST-M protein, possibly resulting in increased formation of LINT and dG9a/
dCoREST complexes. This scenario, of course, relies on the premise that the amount
of the other dCoREST-complex subunits is not limiting. It is worth noting that disturb-
ing the ratio of dCoREST-L to dCoREST-M can also lead to unusual complex compo-
sitions: For instance, high exogenous overexpression of dCoREST-L in S2 cells led to
its inclusion in the LINT complex. In this example, even dLSD1 was detected in LINT-
specific fractions after two-step ion exchange chromatography (Macinkovié¢, unpub-
lished observation). It is unclear whether the expression levels achieved in this exper-
imental setup reflect observable splicing equilibria in any fly tissue. However, it high-
lights that there might be a certain fluidity regarding the composition of dCoREST-con-
taining complexes that may be influenced by the relative levels of dCoREST isoforms
(Meier & Brehm, 2014).

Protein-protein interactions can be modulated by covalent modifications of crucial
amino acid residues. For instance, human LSD1 is dimethylated at Lysin 114
(K114me2) which triggers its interaction with CHD1 (Metzger et al., 2016). This modifi-
cation does not influence the association with CoREST1 and, moreover, Lysin 114 is
not conserved in the Drosophila LSD1 homolog. However, this example highlights the
paradigm of interactions that depend on post-translational modifications. | used the
iProteinDB database (Hu et al., 2019) to predict residues in dCOREST-M and dCoR-
EST-L that might potentially be covalently modified. Multiple putative phosphorylation
sites were identified and most of them are located within the first 80 amino acids of
the dCoREST N-terminus which is common to all dCoREST isoforms (data not
shown). Characterizing different modification patterns of dCoREST and its associated
factors in testis and S2 cells would be an interesting starting point to address the rele-
vance of post-translational modifications in dCoREST complex assembly.
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dCOREST COMPLEXES - DISCUSSION

3.3.2. Significance of dCoREST as subunit of chromatin-modifying complexes

There seems to be a remarkable dichotomy of dCoREST-containing complexes in
gene regulation: LINT represses germ line-specific genes in larval brain tissue (Janic et
al., 2010; Meier et al., 2012), whereas dLSD1/dCoREST inhibits expression of neuronal
genes in testis (Fig. 6, Fig. 7 & Fig. S12). Although dCoREST is present in both cell
types, it permits the transcription of lineage-appropriate genes in one case while re-
pressing these gene sets when they are deemed lineage-inappropriate. Despite the
need for tissue specific regulation, which has been discussed above, this juxtaposition
accentuates that the observed dCoREST function is largely dependent on its interact-
ing factors. This evokes the idea that dCoREST might acts as a scaffold onto which
enzyme complexes can assemble.

Besides merely providing interaction surfaces, two regions of dCoREST have the
potential to enhance the activity of its associated enzymes. Mammalian ELM2-SANT1
tandem domains interact with class | HDACs and are required to stimulate the
deacetylation reaction (Millard et al., 2013). Since we find the Drosophila HDAC1/2
homolog dRPDS3 in all three dCoREST complexes, it is conceivable that one task of
dCoREST is to keep dRPD3 in an active state. It would be interesting to assess
whether genes that require dCoREST for their repression also depend on dRPD3 ac-
tivity. A region of human CoREST1 that includes the second SANT domain and the
inter-SANT linker contacts LSD1 and directs its demethylation activity towards nucle-
osomes (Yang et al., 2006). While free LSD1 is active on histone octamers, it is only
able to demethylate nucleosomes in complex with CoREST (Shi et al., 2005). The do-
main that binds to human LSD1 is conserved in dCoREST-L but not in dCoREST-M
which might explain why we do not find dLSD1 in complexes that contain only minor
amounts of the longer dCoREST isoform (Fig. 2, Fig. S2 & Fig. S13; Meier et al., 2012).

Related to its stimulatory impact on enzyme activity, COREST may also serve as a
bridging factor that stabilizes catalytic protein complexes on their substrates. Recent
structural studies have addressed the positioning of the LSD1/CoREST complex on
the nucleosome with surprising discrepancies: One structure reveals the catalytic do-
main of LSD1 close to the nucleosome core with the CoREST SANT2 domain and
HDACH1 in a rather distant position (Song et al., 2020). The second study finds the
LSD1 amine oxidase domain mostly engaged with extranucleosomal DNA while ob-
serving the LSD1 tower and CoREST SANT2 domains in direct contact with histones
and nucleosomal DNA (Kim et al., 2020). The latter observation especially highlights
the importance of CoREST in mediating the interaction with the nucleosome. Although
mammalian CoREST1 is particularly reminiscent of dCoREST-L (Fig. S13), the SANT2
domain is also found in dCoREST-M. It is therefore possible that this isoform might
contribute to positioning LINT and dG9a/dCoREST complexes on nucleosomal sub-
strates.
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dCOREST COMPLEXES - CONTRIBUTIONS

3.4. Contribution statement

| have made the following contributions to this project:

- Generation of baculoviruses harboring dCoREST-M, dCoREST-L and dLSD1 cDNA
(Fig. S2)

- Recombinant expression of proteins in Sf9 cells using baculoviral infection (Fig. S2)

« Execution of immunoprecipitation and Western blot experiments (Fig. S2)

Establishment of an endogenous tagging protocol in Drosophila S2 cells using
CRISPR/Cas9

Establishment of a ChiP-seq protocol using anti-GFP Nano-Trap resin
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4. SUMMARY

In this thesis | am addressing the function of two transcriptional cofactors (U-
shaped and dCoREST) and their interplay with epigenetic modifiers to regulate lin-
eage-specific gene expression.

Firstly, | shed light on the molecular functions of the hemocyte regulator U-shaped.
| provide genome wide data supporting that Ush binds to regulatory elements and that
it regulates the expression of a large number of genes including factors implicated in
hemocyte function, cell cycle, and lipid metabolism. Ush maintains the proliferative
capacity of embryonic hemocyte precursors. | show that different isoforms of Ush are
expressed in Drosophila S2 cells and that one of them interacts with the dMi-2/dNuRD
complex using a conserved N-terminal peptide. Indeed, Ush and dMi-2 cooccupy
many genomic sites. While being dispensable for the regulation of genes implicated in
cell cycle and lipid metabolism, dMi-2 is required specifically for the repression of he-
mocyte-related genes. Moreover, Ush and dNuRD coregulate enhancer activity in lar-
val lymph glands and cooperate in repressing hemocyte differentiation in vivo.

Secondly, | and my coworkers identify protein complexes containing the transcrip-
tional corepressor dCoREST. We show that dCoREST exists in at least three complex-
es: LINT, dLSD1/dCoREST, and dG9a/dCoREST. Each of these assemblies is com-
posed of a shared histone deacetylase core that contains dRPD3 and one or more
dCoREST isoforms alongside complex-specific regulatory subunits. Genome wide
transcriptomics led us to conclude that different complexes exert lineage-specific
functions: While LINT is required for the repression of germ line-specific genes in a
hemocyte progenitor cell line, the dLSD1/dCoREST complex inhibits the transcription
of neuronal genes in the Drosophila germ line.

Taken together, this study adds to the notion that the regulatory capacity of ubiqui-
tous chromatin modifiers can be narrowed down to specific lineages by engaging with
lineage-specific transcriptional cofactors, their isoforms, and distinct complexes.
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5. ZUSAMMENFASSUNG

In der vorliegenden Arbeit befasse ich mich mit der Rolle zweier transkriptioneller
Kofaktoren (U-shaped und dCoREST) und wie deren Zusammenspiel mit epigenetis-
chen Regulatoren gewebespezifische Genexpression beeinflusst.

Zunéachst beleuchte ich die molekulare Funktionsweise des Hamozyten-spezifis-
chen Proteins U-shaped. Meine genomweiten Daten lassen darauf schlieBen, dass
Ush an regulatorische Elemente bindet und die Expression einer Vielzahl von Genen
reguliert. Darunter befinden sich insbesondere Faktoren, die bei der Funktion von Ha-
mozyten, wahrend des Zellzyklus oder im Fettstoffwechsel eine wichtige Rolle spielen.
Tatsachlich erhalt Ush das proliferative Potential von embryonalen Blut-Vorlduferzellen
aufrecht. Ich weise die Expression mehrerer U-shaped-Isoformen in Drosophila S2
Zellen nach und zeige, dass eine bestimmte Isoform mit dem dMi-2/dNuRD-Komplex
mittels eines konservierten, N-terminalen Peptids interagiert. In der Tat kolokalisieren
Ush und dMi-2 an vielen Stellen im Genom. Wahrend dMi-2 nicht an der Regulation
von Zellzyklus- und Fettstoffwechsel-Genen beteiligt ist, wird es insbesondere fir die
Repression von Hamozyten-spezifischen Genen benétigt. Darliberhinaus koregulieren
Ush und dNuRD die Aktivitadt eines Enhancers in Lymphdrisen von Drosophila Larven
und inhibieren gemeinsam die Differenzierung von Hamozyten.

Des Weiteren identifizieren wir Proteinkomplexe, die den transkriptionellen Kore-
pressor dCoREST enthalten. Wir weisen die Existenz dreier dCoREST-enthaltender
Komplexe nach: LINT, dLSD1/dCoREST und dG9a/dCoREST. Diese bestehen aus
einem gemeinsamen Histondeacetylase Kernmodul, welches dRPD3 und eine oder
mehrere dCoREST-Isoformen enthalt. Jeder Komplex beinhaltet auBerdem spezifische
regulatorische Untereinheiten. Unsere genomweiten Transkriptomanalysen lassen auf
gewebespezifische Funktionen der verschiedenen Komplexe schlieBen: Wahrend LINT
die Repression von Keimbahn-spezifischen Genen in einer Hamozyten-Vor-
lauferzellinie veranlasst, hemmt der dLSD1/dCoREST-Komplex die Transkription neu-
ronaler Gene in der Drosophila Keimbahn.

Zusammenfassend unterstlitzt diese Arbeit die Auffassung, dass die regulative Ka-
pazitat ubiquitdrer Chromatin-Regulatoren in verschiedenen Zelltypen durch zwei ver-
schiedene Mechanismen gesteuert werden kann: Erstens, durch die Ausbildung von
Proteinkomplexen mit unterschiedlicher Zusammensetzung und Funktion sowie,
zweitens, durch die Interaktion mit gewebespezifischen transkriptionellen Kofaktoren

und deren Isoformen.
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Abstract

The generation of lineage-specific gene expression programmes that alter proliferation
capacity, metabolic profile and cell type-specific functions during differentiation from multi-
potent stem cells to specialised cell types is crucial for development. During differentiation
gene expression programmes are dynamically modulated by a complex interplay between
sequence-specific transcription factors, associated cofactors and epigenetic regulators.
Here, we study U-shaped (Ush), a multi-zinc finger protein that maintains the multipotency
of stem cell-like hemocyte progenitors during Drosophila hematopoiesis. Using genome-
wide approaches we reveal that Ush binds to promoters and enhancers and that it controls
the expression of three gene classes that encode proteins relevant to stem cell-like func-
tions and differentiation: cell cycle regulators, key metabolic enzymes and proteins confer-
ring specific functions of differentiated hemocytes. We employ complementary biochemical
approaches to characterise the molecular mechanisms of Ush-mediated gene regulation.
We uncover distinct Ush isoforms one of which binds the Nucleosome Remodeling and
Deacetylation (NuRD) complex using an evolutionary conserved peptide motif. Remarkably,
the Ush/NuRD complex specifically contributes to the repression of lineage-specific genes
but does not impact the expression of cell cycle regulators or metabolic genes. This reveals
a mechanism that enables specific and concerted modulation of functionally related portions
of a wider gene expression programme. Finally, we use genetic assays to demonstrate that
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Ush and NuRD regulate enhancer activity during hemocyte differentiation in vivo and that
both cooperate to suppress the differentiation of lamellocytes, a highly specialised blood cell
type. Our findings reveal that Ush coordinates proliferation, metabolism and cell type-spe-
cific activities by isoform-specific cooperation with an epigenetic regulator.

Author summary

In multicellular organisms common progenitors differentiate into various kinds of spe-
cialised cells. During differentiation metabolic profiles and proliferation potentials are
progressively adjusted and cell type-specific traits are established by the coordinated acti-
vation and inactivation of genes. Here we study U-shaped (Ush), a conserved gene regula-
tor that acts during macrophage differentiation in Drosophila melanogaster. We uncover
that Ush coordinates the activation and inactivation of three differentiation-related gene
groups, thereby modulating lipid metabolism, promoting cell division and maintaining a
progenitor state. These functions are conferred by different Ush protein isoforms and
their associated co-factors. One such co-factor, the nucleosome remodeling and deacetyla-
tion complex dNuRD, contributes to progenitor state maintenance but is not required for
other Ush-regulated processes. This exemplifies how a single gene regulator can simulta-
neously influence different aspects of cellular differentiation by employing protein iso-
forms and isoform-specific co-regulator interactions.

Introduction

Establishment of gene expression programmes during differentiation involves a close coopera-
tion between lineage-specific transcription factors and ubiquitously expressed epigenetic regu-
lators. Transcription factors often possess sequence-specific DNA binding activities to target
specific genes. There, they interact with epigenetic regulators, such as histone modifying
enzymes or nucleosome remodelers, which alter chromatin structure. This facilitates the estab-
lishment and maintenance of appropriate levels of transcription. The molecular details of this
interplay are complex and incompletely understood.

During hematopoiesis multipotent stem cells differentiate into diverse lineages to produce
the many different blood cell types. Lineage-specific expression of RUNX1, PU.1 and GATA
transcription factors play a prominent role in guiding these cell fate decisions [1]. These
sequence-specific transcription factors cooperate with a host of cofactors and epigenetic regula-
tors to establish lineage-appropriate gene expression programmes [2]. Many of the key regula-
tors of hematopoiesis are conserved between vertebrates and invertebrates. Drosophila
possesses a simple hematopoietic system that is composed of only three differentiated cell types
[3]. The macrophage-like plasmatocytes make up the bulk of Drosophila hemocytes. The rarer
crystal cells perform special roles in melanisation. Finally, the ultra-rare lamellocytes are only
produced in significant numbers under extreme stress conditions. All three cell types can be
derived from a common hemocyte precursor. Given its simplicity, Drosophila has proven to be
an excellent, genetically tractable model to uncover fundamental principles of hematopoiesis.

Like its mammalian homolog FOG1, U-shaped (Ush) is a transcriptional cofactor that
cooperates with GATA transcription factors to regulate key decisions during Drosophila hema-
topoiesis [4-8]. Ush and FOG1 do not bind DNA and are recruited to their sites of action by
sequence-specific GATA transcription factors. Genetic studies support the view that Ush acts
with the GATA transcription factor Serpent to maintain pluripotency of hemocyte progenitors
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and suppress their differentiation [9-13]. Changes in Ush levels govern cell fate choice: The
stem cell-like pro-hemocytes express high levels of Ush. Ush expression is downregulated to
lower levels as pro-hemocytes differentiate into plasmatocytes and crystal cells and completely
shut off during lamellocyte differentiation [10]. Previous analyses have identified a small num-
ber of Ush-regulated genes critical for the repression of hemocyte differentiation [14]. It is not
known if Ush is dedicated to the regulation of these genes or if it controls more extensive tran-
scriptional programmes. Moreover, the potential interplay between Ush and epigenetic regula-
tors has not been studied.

Here, we use ChIP-seq and RNA-seq to determine genomewide Ush-occupied chromatin
regions and Ush-regulated genes in the hemocyte-derived S2 cell line. Ush associates predomi-
nantly with promoters and enhancers at thousands of loci that are enriched for GATA binding
sites. It regulates the expression of more than 1,800 genes which designates Ush as a major
transcriptome regulator. Bioinformatic analyses uncover both activating as well as repressive
functions of Ush. Ush uses these opposing activities to coordinately regulate distinct sets of
genes: genes with hemocyte-related functions, genes that encodes key enzymes of fatty acid
metabolism and genes coding for critical cell cycle regulators. These findings suggest that Ush
does not only control the expression of hemocyte-specific genes, as implied by prior genetic
studies, but that it also shapes the metabolic profile and maintains the proliferative potential of
hemocytes. Indeed, prolonged depletion of Ush abrogates cell division and results in a pro-
nounced G2/M block as detected by flowcytometric analysis.

Biochemically, we identify two major Ush isoforms. We use a variety of protein interaction
assays to demonstrate that only the Ush-B isoform interacts with subunits of the Nucleosome
Remodeling and Deacetylation (NuRD) complex in vitro and in vivo. Their interaction
depends on a short N-terminal sequence specific for Ush-B. This sequence is related to the
FOG repression motif with which FOG1 interacts with mammalian NuRD [15]. Thus, we have
identified an evolutionary conserved, peptide based interaction mode between FOG1/Ush and
NuRD. ChIP-seq highlights extensive colocalisation of Ush and the NuRD ATPase subunit
dMi-2 on chromatin suggesting that the Ush/NuRD complex occupies thousands of regulatory
sequences. RNA-seq analysis of the transcriptomes of dMi-2 and Ush-B-depleted cells identi-
fies a common set of Ush-B/dMi-2 repressed genes with hemocyte-specific functions. By con-
trast, genes encoding enzymes involved in fatty acid metabolism and cell cycle regulation are
not significantly affected by Ush-B/dMi-2. Accordingly, dMi-2 and Ush-B-depletion does not
significantly affect the cell cycle profile of S2 cells. Thus, a specific Ush isoform and its specific
interaction with an epigenetic regulator make a dedicated contribution to the regulation of
only one of the three gene classes controlled by Ush.

Finally, we have used genetic loss-of-function approaches to define the roles of Ush and
NuRD during hematopoiesis in vivo. We show that Ush as well as NuRD subunits are required
for the restriction of enhancer activity in the lymph gland and that Ush and NuRD cooperate
in the suppression of stress-induced lamellocytes.

Transcriptional factors make use of selective coregulators to establish and maintain cell
lineage specific transcription programmes during mammalian hematopoiesis [2]. Our data
substantially elaborates this paradigm by revealing alternative splicing and isoform-specific
interactions as mechanisms to guide selective coregulator usage.

Results
Ush associates with promoters and enhancers

We used hemocyte-derived S2 cells as a model to define the molecular functions of Ush. West-
ern blot analysis of whole cell extracts verified expression of Ush in S2 cells (Fig 1A, left panel).
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An established Ush antibody reacted with several polypeptides (lane 1; [6]). The antibody sig-
nals for polypeptides with apparent molecular masses of 180 kDa and 220 kDa, respectively,
were abrogated upon treatment of S2 cells with double stranded RNA directed against the 3’
portion of the Ush mRNA (lane 2). This suggests that S2 cells express at least two different iso-
forms of Ush or that the protein is post-translationally modified. We employed a CRISPR
approach to insert GFP- or FLAG-tag coding sequences at the 3" end of the Ush gene (S1A
and S1B Fig). Western blot analysis of nuclear extracts from these cell lines using GFP or
FLAG antibody likewise detected two major polypeptides (Fig 1A, right panel).
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Fig 1. Ush is expressed in S2 cells and binds to regulatory elements. A Left panel: S2 cells were transfected with
control dsRNA (dsEGFP) or dsRNA against Ush (dsUsh) and harvested after four days. Whole cell lysates were probed
on Western blot using an antibody against Ush. Right panel: A GFP- or FLAG-tag sequence was inserted at the 3’ end
of the Ush gene in S2 cells using CRISPR/Cas9-mediated genome editing. Nuclear extracts of control cells and cells
expressing Ush-GFP or Ush-FLAG was probed on Western blot using a GFP or FLAG antibody. Tubulin signal serves
as loading control. B Genomic distribution of Ush-GFP binding sites identified by anti-GFP ChIP-seq. Fraction of Ush
peaks found in each genomic location are shown in the right chart. Fractions of genomic locations in the Drosophila
genome serve as reference (left chart). C Distribution of histone modifications surrounding Ush-bound regions.
Signals of H3K4mel (yellow), H3K4me3 (green), H3K27ac (blue) and H3K27me3 (red) are displayed within a region
of 10 kb surrounding Ush peaks. D Distribution of Ush occupancy at transcription start sites (TSS). Average Ush
binding (green) was evaluated in a 2 kb region surrounding all genomic TSS. Standard error is depicted in light green.
E Analysis of DNA sequence motifs enriched at Ush binding sites. The enriched motif is depicted on the left and the
corresponding transcription factor on the right. The -log,o(p-value) for the enrichment of each motif is plotted and p-
values are indicated on the right.

https://doi.org/10.1371/journal.pgen.1009318.g001
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We next determined the genomewide chromatin binding pattern of Ush by anti-GFP chro-
matin immunopecipitation followed by high throughput sequencing (ChIP-seq). This identi-
fied 7012 genomic regions bound by Ush-GFP. Ush occupied sites were strongly enriched in
promoters and moderately enriched in introns, which in the Drosophila genome often harbour
enhancers (Fig 1B). Ush-bound regions were positively correlated with higher levels of H3K4
monomethylation (H3K4mel), H3K4 trimethylation (H3K4me3) and H3K27 acetylation
(H3K27ac) - three histone modifications that are characteristic for active promoters
(H3K4me3 and H3K27ac) and enhancers (H3K4mel and H3K27ac) (Fig 1C). By contrast,
Ush-occupied sites were on average depleted of H3K27 trimethylated (H3K27me3) nucleo-
somes, which are predominantly associated with genes that are stably silenced by Polycomb
complexes PRC1 and PRC2. Concordant with histone modification patterns, elevated Ush lev-
els were found directly upstream of transcriptional start sites (T'SS), suggesting that Ush occu-
pies gene promoter sequences (Fig 1D). A motif analysis revealed that Ush bound regions are
in fact enriched for transcription factor binding sites, including GATA-, E-box-, GAGA- and
Initiator motifs (Fig 1E). Of these the GATA motif was by far the most strongly enriched
motif consistent with the established genetic and physical interactions between Ush and
GATA transcription factors [4-8].

Collectively, these results suggest that Ush preferentially occupies gene regulatory
sequences such as promoters and enhancers and that it is predominantly associated with tran-
scription factors such as GATA factors. However, our findings also hint towards a possible
complex formation with bHLH transcription factors, GAGA factor and general transcription
factors binding to the initiator element. Given the high number of Ush bound genes we
hypothesised that Ush plays a significant role in regulating the S2 transcriptome.

Ush is a major regulator of transcription

We depleted Ush from S2 cells by RNAi using a double stranded RNA that targets all Ush iso-
forms (Fig 1A). We then performed RNA-seq to analyse the resulting transcriptome changes.
The levels of 1828 transcripts were significantly changed in Ush-depleted cells (adj. p < 0.01)
supporting the hypothesis that Ush is a major transcriptional regulator. The majority of these
transcripts (1268) was upregulated following Ush depletion suggesting that Ush predomi-
nantly represses transcription (Fig 2A). Nevertheless, a significant number (560) of differen-
tially expressed genes were downregulated in Ush depleted cells indicating that Ush can also
activate or maintain higher levels of transcription.

Comparison of the RNA-seq and ChIP-seq datasets revealed that approximately half of
Ush-repressed genes (651 of 1268, 51%) and one third of Ush-activated genes (175 of 560,
31%) contain a Ush ChIP-seq peak in the promoter or gene body (Fig 2B). These 826 genes
are, therefore, likely to be direct transcriptional targets of Ush.

Ush regulates genes with hemocyte, metabolic and cell cycle functions

A gene ontology analysis of Ush regulated genes revealed strong enrichment of three main
classes of genes: (1) genes involved in hemocyte functions (139 genes), (2) genes involved in
lipid and fatty acid metabolism (199 genes) and (3) genes involved in the cell cycle (176 genes)
(Fig 2C and 2D).

Our finding that Ush regulates genes involved in hemocyte functions agrees well with previ-
ous genetic work: Ush has long been established as a dosage-dependent repressor of hemocyte
differentiation in Drosophila [10]. In the embryo Ush antagonises the expression of the tran-
scription factor Lozenge (Lz) which is essential for crystal cell differentiation [5,6,16]. Crystal
cell differentiation is accompanied by reduced Ush expression and consequent derepression of
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Fig 2. Ush regulates the S2 cell transcriptome. A Volcano plot of deregulated genes upon depletion of Ush in S2 cells.
The -log;o(p-value) is plotted against the log, fold change of counts per gene in Ush-depleted (dsUsh) vs. control cells
(dsEGFP). Red dots represent significantly deregulated genes (adj. p < 0.01) obtained from biological triplicates

(n = 3). B Enrichment of Ush at Ush-regulated genes. Fraction of genes repressed (left chart) or activated by Ush (right
chart) that contain at least one Ush peak is indicated in green. C Gene ontology analysis of Ush-regulated genes. GO
terms associated with lipid metabolism (blue), hemocyte-specific functions (green) and cell cycle (orange) are
highlighted respectively. D Genes contributing to the three GO term classes were divided into a Ush-activated (shaded)
and a Ush-repressed (solid) fraction. The entirety of all Ush-regulated genes serves as reference (grey). Gene numbers
in each fraction are indicated. E Representative genes from all three gene classes were analysed upon depletion of Ush
(dsUsh) by RT-qPCR. Gene names are indicated below. Expression was calculated relative to control treated cells
(dsEGFP) and normalised using the mRNA levels of rp49. Error bars represent the standard deviation from biological

replicates (n = 5) (T-test: *** p < 0.001, ** p < 0.01, * p < 0.05). Individual values of each replicate are displayed as
circles.
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Iz. Indeed, we find that the Iz gene is bound by Ush and derepressed following Ush depletion
suggesting that it is a direct target of Ush (Figs 2E and S2). This demonstrates that genetic rela-
tionships identified in fly embryos are recapitulated in S2 cells.

Unexpectedly, Ush also regulates a large number of genes which are involved in lipid
metabolism and cell cycle control. Notably, cell cycle genes were mostly dependent on Ush for
their robust expression while hemocyte- and metabolism-related genes were mostly repressed
by Ush (Fig 2D). This suggests that the repressing and activating activities of Ush are predomi-
nantly used to control distinct transcription programmes that are modulating different cellular
outcomes including hemocyte-specific functions, metabolic profile and cell cycle progression.

We selected representative genes from each class to confirm their regulation by Ush by RT-
qPCR following Ush depletion (Fig 2E). Some of these genes had Ush ChIP-seq peaks within
gene body and/or promoter and are, therefore, putative direct targets (CG16267, pirk, GILT3,
Lozenge, CHES-1, Cyclin B, Mcad, Echsl, ACC, fa2h). Others were not bound by Ush and
represent genes that might be indirectly regulated by Ush (Attila, AurB, CDK1, polo, CROT)
(S1 Table). The levels of all five mRNAs encoding genes with hemocyte-related functions were
increased by factors between five fold and about one thousand fold. Four cell cycle genes were
downregulated upon Ush knockdown. These include important positive regulators of mitosis
such as CDKI, polo, Cyclin B and Aurora B. By contrast, the forkhead transcription factor
CHES-1, which in mammals has anti-proliferative activity, showed increased RNA expression
[17]. Mcad (an acyl CoA dehydrogenase), Echsl (Enoyl coenzyme A hydrolase), fa2h (fatty
acid 2-hydroxylase) and CROT (a carnitin acyl transferase) collaborate in the degradation of
fatty acids and the production of NADH, FADH2 and acetyl CoA. The levels of RNAs encod-
ing these enzymes all increase upon Ush depletion. By contrast, levels of the RNA encoding
acetyl CoA carboxylase (ACC), a key enzyme of fatty acid synthesis, decrease.

Thus, Ush appears to regulate different cellular processes in a coordinated fashion. It
increases the expression of genes required for progression through mitosis and decreases the
expression of an anti-proliferative gene. Likewise, it favours the expression of enzymes essen-
tial for fatty acid degradation while simultaneously lowering the expression of an enzyme that
catalyses a key step in fatty acid synthesis.

Ush is essential for cell cycle progression

A prediction from these observations is that proliferation should be adversely affected in Ush
depleted cells. We simultaneously depleted all Ush isoforms by RNAi using two alternative dou-
ble stranded RNAs. Compared to control cells that were treated with double stranded RNA tar-
geting luciferase, Ush depletion dramatically decreased proliferation (Fig 3A). These cells were
still viable which suggests that the observed reduction in cell number was not due to cell death
(Fig 3B). We subjected S2 cells to flow cytometry after PI staining of DNA to determine the cell
cycle profiles of control cells and Ush-depleted cells. Compared to control cells, Ush-depleted
cells showed a pronounced reduction of cells with a 2n DNA complement and an accumulation
of cells with a 4n complement. This suggests that Ush-depleted cells can replicate their genome
but fail to enter or proceed through mitosis (Fig 3C and 3D). We then asked if this apparent
G2/M block was accompanied by changes in the levels of mitotic cyclins which are required for
progression into M phase. Again, we used two independent double stranded RNAs to deplete
all Ush isoforms and determined Cyclin A and Cyclin B protein levels by Western blot (Fig 3E).
Protein concentrations of both cyclins were reduced in Ush-depleted cells (compare controls in
lanes 1 and 2 with lanes 3 and 4). Given that Ush depletion also results in a decrease of Cyclin B
mRNA levels (Fig 2E) these data indicate that Ush promotes progression through the cell cycle,
at least in part, by supporting the transcription of mitotic cyclins.
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Fig 3. Ush is necessary for cell cycle progression. A Proliferation assay of S2 cells upon depletion of Ush. Cells were
transfected with control dsRNA (dsLuc, grey) or with two different dsRNA constructs directed against Ush (dsUsh #1
in dark green, dsUsh #2 in light green). Cell numbers were determined every 24 hours. Error bars represent the
standard deviation from biological triplicates (n = 3). B Viability assay of S2 cells upon depletion of Ush. Viability of
cells transfected with control dsRNA (dsLuc) or dsRNA constructs targeting Ush (dsUsh #1 and dsUsh #2) was
measured 96 hours post transfection. Error bars represent the standard deviation from biological triplicates (n = 3) and
individual values are indicated with circles. C Flow cytometry following PI-staining of Ush-depleted (dsUsh #2) and
control S2 cells (dsLuc). dsSRNA-transfected cells were fixed, stained with PI and subjected to flow cytometry.
Histograms show the number of cells plotted against the PI signal (Area of PE channel). The diploid cell population
(2n) and cells that have undergone replication (4n) are indicated. D Quantification of cell populations obtained from
flow cytometry of PI-stained cells upon depletion of indicated proteins (G1 phase: black, S phase: white, G2/M phase:
grey). Error bars represent the standard deviation from biological triplicates (n = 3) (T-test: ** p < 0.01, * p < 0.05). E
Western blot of whole cell extracts from S2 cells expressing endogenously FLAG-tagged Ush upon depletion of the
proteins indicated above. Antibodies used for detection are indicated on the right. Lamin signal serves as loading
control.

https://doi.org/10.1371/journal.pgen.1009318.9003

Ush isoforms

How can Ush support the transcription of cell cycle genes and at the same time repress the
transcription of many lipid metabolism- and hemocyte-related genes? We considered the pos-
sibilities that the activating and repressing functions of Ush are mediated by different Ush iso-
forms and/or association with different cofactors.
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Indeed, the Ush gene structure predicts the expression of at least five different mRNAs gen-
erated by usage of alternative promoters and by alternative splicing (Figs 4A and S3). These
mRNAs encode three Ush proteins that share a 1175 amino acids region at their C-termini
which encompasses nine zinc fingers (Fig 4B). The three Ush isoforms differ in their unique
short N-termini. Isoform Ush-D gives rise to a 1175 amino acid protein. Isoforms Ush-A and
Ush-C produce two identical proteins which possess an additional 16 amino acid N-terminal
extension (from hereon referred to as Ush-A) that is not present in Ush-D. Ush-B and Ush-E
generate two identical proteins with a 23 amino acid N-terminal extension (from hereon
referred to as Ush-B). As illustrated in Fig 4B, the first 7 and 14 amino acids of Ush-A and
Ush-B, respectively, are unique to these isoforms. Our transcriptome data demonstrates
expression of exons encoding both of these unique N-termini providing support for the
expression of at least two different Ush protein isoforms in S2 cells (S3 Fig). If Ush isoforms
do indeed possess isoform-specific functions they are likely to be mediated by these short N-
terminal sequences.

An unbiased, large scale proteomic screen has previously identified several candidate inter-
actors of Ush in S2 cells [18]. These include 6 subunits of the dNuRD complex. We immuno-
precipitated nuclear extracts from S2 cells expressing FLAG-tagged Ush to verify these
interactions (Figs 1A and 4C). Western blot analysis of the immunoprecipitate demonstrated
that several subunits of the dNuRD complex coprecipitate with Ush. Importantly, dMEP-1,
the signature subunit of the dMi-2-containing dMec complex, was not recovered [19]. This
suggests that Ush specifically associates with the dNuRD complex but not with the dMec
complex.

We also asked if immunoprecipitation of dMi-2 would coprecipitate Ush. Again, we used a
CRISPR approach to add a FLAG-tag to the C-terminus of endogenous dMi-2 (S1C-SI1E Fig).
Western blot analysis of anti-FLAG immunoprecipitates from nuclear extract of these cells
revealed that only the slower migrating of the two major Ush polypeptides coprecipitated with
dMi-2 (Fig 4D, compare lanes 2 and 5). We used Ush isoform-specific RNA interference to
identify Ush isoforms. The slower migrating isoform was efficiently depleted when cells were
treated with double stranded RNA targeting an RNA region specific for Ush-B (lane 3). Immu-
noprecipitation of dMi-2-FLAG from nuclear extracts of Ush-B depleted cells failed to copreci-
pitate Ush protein (lane 6). We conclude that dMi-2 specifically forms a complex with the
Ush-B isoform.

Inspection of the unique N-terminal sequence of Ush-B revealed that the first 9 amino
acids are identical to the FOG repression motif (Fig 4E). This motif mediates interaction
between several zinc finger transcription factors, including FOG1, and NuRD in mammalian
cells [15,20-24]. We hypothesised that this motif does also mediate the interaction between
Ush-B and dNuRD and that such a peptide-based NuRD binding mechanism is conserved
between mammals and Drosophila. To test this hypothesis we incubated a GST fusion contain-
ing the N-terminus of mouse FOG1 (amino acids 1-45) with nuclear extracts of Drosophila S2
cells and Drosophila embryos (Fig 4F). All five ANuRD subunits we assayed interacted with
GST-FOGI but not with the GST control. We did not detect binding of the dMec subunit
dMEP-1, the dMi-2 paralogue dCHD3 which does not assemble into a dNuRD complex and
several components of other repressive chromatin regulating complexes (dPc, dE(z), dLSD1).

In order to compare the affinity of dNuRD for binding the FOG1 and Ush N-termini we
designed 15 amino acid peptides derived from the FOG1 and the Ush-B N-termini (FOG1-wt,
Ush-wt; Fig 4G). In addition, we generated mutant versions of these peptides where three
amino acids important for binding of mammalian NuRD to FOG1 where changed (FOG1--
mut, Ush-mut) [15]. As an additional control we used FOG1 and Ush-B peptides with scram-
bled sequences. We then competed binding of dNuRD to the GST-FOG] fusion with these
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Fig 4. The Ush isoform Ush-B interacts with NuRD via a conserved N-terminal motif. A Schematic structure of the Ush gene locus. Boxes represent exons

and the connecting lines indicate splicing events (dashed lines: alternative splicing). Exons marked in

exons marked in white are untranslated. Possible transcriptional start sites are indicated by arrows. B Scheme of polypeptides generated from the Ush gene.

Zinc finger domains are marked in grey. Sequences in the box indicate the N-termini of Ush proteins

grey are common to all Ush isoforms. (Sections of)

emanating from five possible Ush mRNAs. Isoform

specific N-termini are marked in orange and green. C Anti-FLAG immunoprecipitation of nuclear extract from control and Ush-FLAG expressing cells.

Antibodies used for examination of co-precipitation by Western blot are indicated on the right. D Anti-FLAG immunoprecipitation of nuclear extract from
control and dMi-2-FLAG expressing cells following Ush-B depletion (dsUsh-B) or cells transfected with control dsRNA (dsEGFP). Co-precipitation of Ush

was determined by Western blot. E Sequence alignment of the Ush-B N-terminus with N-terminal sequences from murine proteins containing the FOG
repression motif (in bolt letters below). F GST pulldown from nuclear extracts of S2 cells or Drosophila embryos using the first 45 amino acids of murine

FOGT1 fused to GST (GST-mFOGI (aa 1-45)) or control bait (GST). Interacting proteins were analysed by Western blot against NuRD complex components
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(specified on the right) and additional chromatin-regulating proteins. Antibodies used for immuno-detection are indicated on the right. G Sequences of
peptides derived from FOGI and Ush-B N-termini that were used in competition experiments. H GST pulldown assays from S2 cell nuclear extracts using the
GST-mFOGI(1-45) fusion protein. Pulldown reactions were performed in presence of different concentrations of the indicated peptides (FOG1 derived
peptides: top panel; Ush-B derived peptides: bottom panel). Interaction of NuRD with the GST-fusion was detected by Western blot using antibodies
indicated on the right. I Anti-FLAG immunoprecipitation of nuclear extract from control and Ush-FLAG expressing cells in presence of FOG1 derived
peptides. The identity of peptides and the amount used is indicated above. Antibodies used for examination of co-precipitation by Western blot are indicated
on the right.

https://doi.org/10.1371/journal.pgen.1009318.9004

peptides (Fig 4H). Both the FOG1-wt and Ush-wt peptides efficiently abrogated binding of the
dNuRD subunits dMi-2, dp66 and dp55 to GST-FOG1. A higher excess of Ush-wt peptide was
required for complete inhibition of binding suggesting that the affinity of the FOG1-wt peptide
for binding to dNuRD is higher than the affinity of the Ush-wt peptide under our experimental
conditions. Importantly, the mutant versions of both peptides as well as the scrambled controls
did not compete for binding.

We next sought to test if FOG repression motif containing peptides are able to disrupt
dNuRD/Ush complexes that have formed in vivo. We carried out FLAG-immunoprecipitation
from nuclear extracts of S2 cells expressing FLAG-tagged Ush in the absence or presence of
FOG1-wt, FOG1-mut or scrambled peptides and then analysed the immunoprecipitates by
Western blot (Fig 4I). The FOG1-wt but not the FOG1-mut or the scrambled peptides dis-
rupted the dNuRD/Ush complex.

These results suggest that the FOG repression motif present in the N-terminus of Ush is
critical for binding dNuRD. Moreover, residues within the FOG repression motif that are
essential for binding mammalian NuRD complexes are also critical for contacting the Drosoph-
ila NuRD complex. Taken together our analysis has revealed a highly conserved, peptide-
based mechanism that mediates an isoform-specific interaction between Ush and dNuRD.

dMi-2 and Ush co-occupy many sites on chromatin

We asked if Ush and dNuRD do not only interact in solution but are also associated on chro-
matin. We determined the genomewide chromatin binding of dMi-2-GFP by ChIP-seq. This
identified 8459 peaks. Comparison of this dataset with two dMi-2 ChIP-seq profiles generated
previously using two different dMi-2 antibodies demonstrated a highly similar binding pattern
between the datasets (S4 Fig).

Comparison of our Ush-GFP and dMi-2-GFP ChIP-seq datasets uncovered a remarkable
degree of co-localisation of the two proteins. About two thirds (64.9%) of Ush peaks over-
lapped with dMi-2 peaks (Fig 5A). Moreover, regions with strong Ush binding generally also
displayed elevated dMi-2 binding (Fig 5B). Visual inspection of Ush and dMi-2 ChIP-seq pro-
files confirmed co-occupancy at many promoters, introns and intergenic regions (Fig 5C)
while also revealing regions that are exclusively occupied by only one of the two factors (Fig
5C, first panel). We then assigned Ush/dMi-2 co-occupied regions as well as “Ush-only” and
“dMi-2-only” ChIP-seq peaks to genomic regions (Fig 5D). Ush-only peaks show a strong
preference of introns. dMi-2-only peaks on the other hand are most strongly enriched at pro-
moters. Co-occupied regions show preferential association with both promoters and introns.
In agreement with these findings analysis of histone marks at Ush-only peaks revealed a strong
enrichment of H3K4mel, a histone modification that is characteristic for enhancers (Fig 5E).
dMi-2-only peaks contained high levels of H3K4me3, a hallmark of active promoters. Co-
occupied regions displayed elevated levels of both H3K4mel and H3K4me3.

Collectively, these results supports the hypothesis that Ush/NuRD complexes act at regula-
tory regions such as promoters and enhancers.
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Fig 5. Ush and dMi-2 co-localise on chromatin. A Venn diagram of loci bound by Ush-GFP (green) and dMi-2-GFP
(red) determined by anti-GFP ChIP-seq. Numbers of peaks are indicated in each section. B Heatmap of Ush-GFP and
dMi-2-GFP signals centred at Ush-bound regions and sorted by Ush signal intensity. A region of 5 kb surrounding the
Ush peak is displayed. C Genome browser snapshots of exemplary regions displaying Ush (green) and dMi-2 (red)
occupancy. Input signals are shown in black. Location of genes is displayed below with boxes indicating exons. Scale
bar represents a distance of 10 kb. D Genomic distribution of regions identified by anti-GFP ChIP-seq that were
bound by Ush only, dMi-2 only or by both Ush and dMi-2 (indicated on the left). Fraction of peaks found in each
genomic location are displayed. Fractions of genomic locations in the Drosophila genome serve as reference (top
chart). E Distribution of histone modifications surrounding regions bound by Ush only (top), dMi-2 only (middle) or
both Ush and dMi-2 (bottom). Signals of H3K4me3 (green), H3K4mel (blue) and H3K27me3 (red) are displayed
within a region of 10 kb surrounding peak centres.

https://doi.org/10.1371/journal.pgen.1009318.g005

Taken together these results suggest that Ush and dNuRD are indeed associated on chro-
matin. The Ush/dNuRD complex binds regulatory sequences indicating that Ush-B and
dNuRD might cooperate in the regulation of transcription.

Ush-B and dMi-2 regulate hemocyte-related genes

We have identified three classes of genes that display significant expression changes when all
Ush isoforms are depleted simultaneously: genes related to hemocyte functions, genes encod-
ing enzymes of the lipid metabolism and genes involved in cell cycle progression. We sought
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Fig 6. dMi-2 and Ush-B regulate genes associated with hemocyte functions. A Volcano plot of deregulated genes
upon depletion of dMi-2 in S2 cells. The -log;o(p-value) is plotted against the log, fold change of counts per gene in
dMi-2-depleted (dsMi-2) vs. control cells (dsSEGFP). Red dots represent significantly deregulated genes (adj. p < 0.01)
obtained from biological triplicates (n = 3). B Gene ontology analysis of dMi-2-regulated genes. GO terms associated
with hemocyte functions are highlighted in green. C Representative genes from all three gene classes regulated by Ush
were analysed upon depletion of dMi-2 (dsMi-2) and Ush-B (dsUsh-B) by RT-qPCR. Gene names are indicated below.
Expression was calculated relative to control treated cells (dAsSEGFP) and normalised using the mRNA levels of rp49.
Error bars represent the standard deviation from biological replicates (n = 5) (T-test: *** p < 0.001, ** p < 0.01, *

p < 0.05). Individual values of each replicate are displayed as circles.

https://doi.org/10.1371/journal.pgen.1009318.9006

to determine the contribution of Ush-B/dNuRD to these three transcription programmes. We
depleted dMi-2 by RNAi and used a double stranded RNA specifically targeting the Ush-B iso-
form to deplete Ush-B (Fig 3D). We then measured changes to the transcriptome by RNA-seq.
dMi-2 depletion led to significant changes in the levels of 945 transcripts (adj. p < 0.01; Fig
6A). A gene ontology analysis identified a number of GO terms associated with a wide range
of biological processes (Fig 6B). These included “post-embryonic development” and “cell part
morphogenesis” in agreement with the established role of dMi-2 in several differentiation pro-
cesses [25-27]. GO terms related to the cell cycle or lipid metabolism were not strongly
enriched. However, the GO term “innate immune response” was among the top 10 most
strongly enriched GO terms.
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Depletion of Ush-B had a comparatively mild impact on the transcriptome. 85 transcripts
showed significant expression changes (adj. p < 0.05; S5 and S6 Figs and S2 Table). A signifi-
cant fraction of these (18 genes, 21%) were either associated with GO terms related to immune
response or macrophage function, have established roles in hemocyte biology or show specific
expression in hemocytes. By contrast, only very few of the Ush-B regulated genes appeared to
be involved in cell cycle regulation and/or could be related to metabolic pathways (S5 and S6
Figs and S2 Table).

We used RNAj and direct RT-qPCR to verify these results on representative hemocyte-
related, metabolism and cell cycle genes (Fig 6C). Both depletion of Ush-B and dMi-2 resulted
in increased expression of most hemocyte-related genes tested. By contrast, none of the genes
encoding cell cycle regulators displayed drastic changes in expression after Ush-B or dMi-2
knockdown. Also, with the exception of fa2h which was upregulated upon dMi-2 depletion,
and ACC which showed marginal expression changes in Ush-B or dMi-2 depleted cells, none
of the lipid metabolism related genes responded to lowering the concentrations of Ush-B or
dMi-2.

Taken together these results suggest that the Ush-B/dNuRD complex makes a contribution
to the transcriptional programme that governs hemocyte functions but does not impinge on
the transcriptional programmes regulating cell cycle and lipid metabolism. In a broader sense,
these findings highlight how transcription cofactors make use of isoforms and isoform specific
interactions with chromatin regulators to differentially regulate distinct gene expression
programmes.

Ush-B/dNuRD complex does not regulate the cell cycle

Unlike the simultaneous depletion of all Ush isoforms, the specific depletion of Ush-B or dMi-
2 did not result in significant changes in the levels of cell cycle related transcripts. We, there-
fore, hypothesised that the Ush-B/dNuRD complex is not essential for cell proliferation.
Indeed, neither isoform specific depletion of Ush-B, nor depletion of dMi-2 or the dNuRD
subunit dMTA1-like produced the pronounced G2/M block observed following simultaneous
depletion of all Ush isoforms (Figs 3D and S7). Although the percentage of cells in G2/M
appeared to be somewhat increased and that of cells in G1 decreased these changes were not
significant. Also, unlike simultaneous depletion of all Ush isoforms, depletion of Ush-B, dMi-2
or dMTA1-like did not alter protein expression levels of Cyclin A or Cyclin B (Fig 3E). We
conclude that progression through the cell cycle does not rely on the Ush-B/dNuRD assembly.
It is likely guided by other Ush isoforms or depends on redundant functions of several
isoforms.

Ush/dNuRD regulate hemocyte differentiation in vivo

While neither Ush-B nor dMi-2 depletion resulted in significant changes to genes encoding
enzymes of the lipid metabolism and cell cycle genes, their depletion did lead to changes in the
expression of several genes related to immune functions in the hemocyte-derived S2 cell line.
This suggests that Ush-B/dNuRD contributes to the establishment and/or maintenance of spe-
cific functions of hemocytes. We, therefore, hypothesised that Ush-B/dNuRD might play a
role in the regulation of hemocyte differentiation in vivo.

We have previously demonstrated that Ush restricts the activity of a Hedgehog enhancer in
lymph glands, an important organ that limits hemocyte differentiation in L3 larvae [14,28,29].
Lymph glands are divided into a posterior signaling center (PSC), a medullary zone (MZ) con-
taining hemocyte progenitors and a cortical zone (CZ) composed of differentiating and differ-
entiated hemocytes. Cells in the PSC are secreting Hedgehog (Hh) which keeps the hemocyte
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Fig 7. Ush and NuRD regulate a hemocyte-specific enhancer and lamellocyte differentiation in Drosophila larvae.
A-C Lymph glands isolated from wild type larvae (A), larvae that express a dsRNA against dMi-2 (B), or dMTA1-like
(C) under control of the domeless promoter (dome) active in the medullary zone. All larvae carry a construct,
reporting the activity of a minimal Hedgehog enhancer by GFP expression (hhF4f-GFP; green). PSC is marked using
immunostaining of Antennapedia (Antp; red). D-H Panels showing the dorsal view of the posterior region of late 3rd
instar larvae. The orientation is from top to bottom: posterior (P) to anterior (A). Lamellocyte (Im) differentiation is
blocked in ush heterozygotes (D). In contrast, ush/+;dMTA1-like/+ (E) and ush/+;dp66/+ (F) double heterozygotes
show lamellocyte differentiation. Likewise, ush™?*"** (ush hypo; G) shows lamellocyte differentiation. Lamellocytes
express the MSN-cherry fluorescent transgene (MSN-C) and are marked with arrows. Larval muscles also express
MSN-C and are marked with large arrowheads. Penetrance of the lamellocyte differentiation phenotype was quantified
in H. Only larvae with a more than ten fold increased lamellocyte count were considered. Genotypes of respective
crosses are indicated below. For each NuRD allele two different mutant strains were tested as single heterozygotes
(light grey) or double heterozygous along with ush*** (dark grey). Dashed line indicates the arbitrary cut-off for
identification of genetic interactors. NT: not tested.

https://doi.org/10.1371/journal.pgen.1009318.g007

progenitors in the MZ in a quiescent state and prevents their premature differentiation. Hh
expression in PSC cells is driven by an enhancer located in the first intron of the Hh gene [14].
Ush, which is expressed in the MZ but not in the PSC, is required for shutting off this enhancer
in the MZ and CZ, thereby limiting expression to the PSC. Accordingly, Ush loss of function
results in spurious Hh enhancer activity in the MZ and the CZ [14] (S8 Fig). We asked if
dNuRD, like Ush, was also involved in Hh enhancer repression. We used a fly strain carrying a
GEFP reporter under control of an Hh enhancer fragment to address this question. In lymph
glands GFP activity is restricted to cells of the PSC as demonstrated by expression of the PSC
marker Antennapedia (Antp) (Fig 7A). We used the UAS/GALA4 system to deplete dMi-2 by
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RNAI in the MZ (dome>dMi-2 RNAI). This resulted in the detection of GFP positive cells
throughout the MZ and CZ (Fig 7B). Importantly, Antp expression remained restricted to the
PSC demonstrating that PSC cells had not migrated into the MZ and CZ. We obtained the
same result upon downregulation of the dNuRD subunit dMTA1-like (Fig 7C). These results
establish that dNuRD is required to repress Hh enhancer activity in cells of the MZ and CZ
and suggest that a Ush/dNuRD complex limits Hh expression to the PSC.

Next, we sought to determine if ANuRD cooperates with Ush to affect cell lineage decisions
during hematopoiesis. In L3 larvae, Ush functions to suppress lamellocyte differentiation in
absence of an appropriate trigger such as the injection of parasitic wasp eggs into the larva.

Whereas Ush hypomorphic (ush”*"**) larvae exhibit aberrant differentiation of progeni-
tors into lamellocytes, a single wild type copy of Ush (ush heterozygotes) is sufficient to block
lamellocyte differentiation [11,13]. In the past, we have exploited this situation to perform sec-
ond-site non-complementation (SSNC) screens to identify factors that genetically cooperate
with Ush in blocking lamellocyte differentiation [30,31]. In SSNC singular heterozygotes dis-
play a wild-type phenotype, whereas animals doubly heterozygous for two different genes
exhibit a mutant phenotype.

We have constructed a fly stock that enables us to rapidly assay for SSNC with ush [28].
This stock carries a ush null allele (ush"™??) and the misshapen-mCherry (MSN-C) fluorescent
reporter gene on the same chromosome. MSN-C is a marker for lamellocytes [32] and allowed
us to rapidly identify larvae with increased numbers of lamellocytes using fluorescence micros-
copy. MSN-C is also constitutively active in larval muscle and serves as a marker for larvae that
carry the ush"*?, MSN-C chromosome (Fig 7D-7G). In a screen setting, we routinely use an
arbitrary level of at least 40% penetrance of the lamellocyte phenotype in double heterozygotes
to identify robust genetic interactors. While this is less than penetrance levels typically
observed for ush hypomorphs (70% to 100%), it is significantly greater than penetrance levels
observed in negative controls (9.4%; Fig 7H and S3 Table). Here, we performed SSNC assays
by combining ush**** with mutant alleles of four dNuRD subunits: dMTA1-like, dp66 (simj),
dRPD3 (HDAC1) and dMi-2 (Fig 7H and S3 Table). For each dNuRD subunit we carried out
the assay with two independent mutant alleles. In all combinations we identified larvae with
dramatically increased numbers of circulating MSN-C-positive lamellocytes (Fig 7F and 7G).
Three of the four ANuRD complex subunits tested (AMTA1-like, dp66/simj and dRPD3/
HDAC1), exhibited a greater than 40% penetrance when carried as double heterozygous with
ush (Fig 7H and S3 Table). The two dMi-2 alleles exhibited 35% and 27% penetrance, respec-
tively. While this was significantly greater than the control, it was less than the 40% penetrance
we routinely use as a cut off.

We then tested if heterozygous alleles of the three ANuRD complex subunits that showed a
robust genetic interaction with ush could produce lamellocytes when carried as singular
heterozygotes in a ush wild-type background. Both alleles of AMTA1-like and dp66/simj
exhibited minimal lamellocyte differentiation with a penetrance less than that of the control
(Fig 7H and S3 Table). This strongly suggests that dMTA1-like and dp66 cooperate with Ush
to block lamellocyte differentiation. In contrast, one of the two dRPD3/HDACT1 alleles tested
exhibited a greater than 50% penetrance when carried as a singular heterozygote (Fig 7H and
§3 Table). Currently, we do not understand the basis for this effect. Taken together with the
fact that dRPD3 is not only a dNuRD subunit but exists in several other histone deacetylase
complexes we cannot derive a clear conclusion as to the involvement of dRPD3 in lamellocyte
differentiation. Nevertheless, the SSNC analysis identifies a robust genetic cooperation
between ush and at least two dNuRD subunits, AMTA1-like and dp66, in blocking lamellocyte
differentiation.
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Taken together, our results demonstrate a function of Ush and dNuRD in regulating
enhancer activity during hematopoiesis. Furthermore, we reveal that at Ush and dNuRD
genetically cooperate in cell lineage commitment.

Discussion
Ush regulated transcription programmes

Ush genetically and physically interacts with GATA transcription factors to govern hemocyte
differentiation during Drosophila hematopoiesis [6,7,13,14]. Ush has been demonstrated to
modulate the expression of reporter genes and a small number of genes encoding hematopoi-
etic regulators. However, the transcription programme controlled by Ush has not been defined
on a genomewide level. We have determined genomewide binding sites of Ush and identified
the genes regulated by Ush in the hemocyte-derived S2 cell line.

Ush binds more than 7,000 genomic locations and modulates the transcription of more
than 1,800 genes. This demonstrates that, rather than being dedicated to the control of a small
number of hematopoietic master regulators, Ush is a major regulator of the S2 transcriptome.
We find that Ush bound regions are dramatically enriched for GATA sites on a genomewide
level. This expands genetic and biochemical data that suggest that Ush cooperates with GATA
transcription factors [6-8,13,14]. However, the binding sites for several other transcription
factors are also strongly enriched in Ush bound regions. Interestingly, these include the E-box,
a binding site for helix-loop-helix transcription factors. In mammals, composite GATA/E-
box sites where the two elements are separated by 10 or less base pairs play a prominent role in
determining lineage-specific gene expression during hematopoiesis [2]. These composite sites
are bound by multisubunit transcription factor complexes containing GATA1, the Ush homo-
log FOG1, the basic helix-loop-helix transcription factors TAL1 and E47 and/or other hemato-
poietic regulators including LMO2 and LDB1. Our data suggest that similar composite
GATA/E-box sites function in the Drosophila genome. In addition to GATA motifs and E-
boxes, the GAGA and initiator sequences are present with high frequency in Ush-occupied
regions. However, it remains to be demonstrated that Ush indeed forms complexes with these
transcription factors and that together they regulate gene expression.

Our analysis of Ush regulated genes revealed that Ush modulates the expression of genes
with hemocyte-related functions. S2 cells were derived from a primary culture of late embryos.
They are believed to represent pro-hemocytes that are in the process of differentiating into
macrophage-like plasmatocytes. Embryonic pro-hemocytes have the potential to either differ-
entiate into plasmatocytes or into crystal cells [3]. Ush is expressed at high levels in pro-hemo-
cytes but Ush expression is downregulated as pro-hemocytes differentiate into plasmatocytes
and crystal cells. Differentiation into crystal cells relies on the expression of the Runx family
transcription factor Lozenge (Lz). Our analysis reveals that reduction of Ush expression by
RNAI in S2 cells derepresses Iz. This suggests that the genetic suppression of crystal cell differ-
entiation by Ush is based, at least in part, on its transcriptional repression of the crystal cell
master regulator Lz [12].

Unexpectedly, we have also identified a large number of genes involved in lipid metabolism
and cell cycle regulation that likewise require Ush to maintain their appropriate expression lev-
els. Ush appears to be able to both positively and negatively affect gene regulation and it uses
these opposing activities to coordinately regulate cellular functions at the transcriptional level.

Ush regulates fatty acid metabolism

An illustrative example is provided by Ush’s coordinated regulation of fatty acid metabolism.
Several genes encoding enzymes of the beta-oxidation pathway that degrades fatty acids are
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repressed by Ush. By contrast, the acetyl CoA carboxylase gene which encodes the key enzyme
driving fatty acid synthesis requires Ush for its full expression. Accordingly, Ush appears to
limit fatty acid degradation while it simultaneously promotes fatty acid synthesis. Interestingly,
polarisation of mammalian macrophages is accompanied by the coordinated activation of fatty
acid degradation in certain contexts [33]. This suggests that the transcriptional regulation of
fatty acid metabolism by Ush might contribute to a metabolic profile that counteracts
differentiation.

Ush regulates the cell cycle

Ush also regulates cell cycle genes in a coordinated fashion. The RNA levels of several genes
encoding proteins essential for the entry into and progression through mitosis are maintained
at appropriate levels by Ush. This transcriptional regulation has functional significance since
Ush depleted cells have strongly decreased proliferative capacity and exhibit a pronounced
G2/M block. Ush is expressed in proliferating pro-hemocytes but downregulated in terminally
differentiated plasmatocytes, crystal cells and lamellocytes [6]. We speculate that Ush supports
the expansion of pro-hemocytes. Conversely, downregulation of Ush during lineage determi-
nation might allow these cells to exit the cell cycle for terminal differentiation. The human Ush
homolog FOGI has also been proposed to play a pro-proliferative role when overexpressed in
NIH 3T3 cells [34,35]. However, this does not appear to involve the transcriptional regulation
of cell cycle genes.

Ush isoforms

Eukaryotes expand the diversity of their proteome by expressing multiple mRNA isoforms
from the same protein coding gene. These can be generated by alternative splicing or the use
of alternative transcriptional start sites. Indeed, more than 90% of human protein coding tran-
scripts are estimated to be alternatively spliced. Functionally distinct isoforms of transcrip-
tional regulators increase the capacity for fine-tuning transcriptional control. However, the
molecular mechanisms by which different isoforms of transcriptional regulators contribute to
gene expression are only beginning to be unravelled. Here, we have revealed that Ush is
expressed in distinct isoforms that differ in their N-termini in S2 cells. We show that an N-ter-
minal sequence unique to the Ush-B isoform mediates interaction with the dNuRD chromatin
remodeling complex.

This dNuRD binding peptide is closely related to the FOG repression motif originally iden-
tified as a NuRD binding site in the mouse hematopoietic regulator FOG1 [15]. Related motifs
are found in several other NuRD binding zinc finger proteins including FOG2, Sall4 and
BCL11A. Importantly, dNuRD binds to both the N-terminus of Ush as well as to the N-termi-
nus of FOG1. This demonstrates that this peptide based NuRD binding mechanism has been
highly conserved in evolution.

Ush is the first Drosophila protein found to possess a dNuRD binding FOG repression
motif. We have identified a second protein with an N-terminal FOG repression motif in the
Drosophila proteome by sequence analysis, the O/E-associated zinc finger protein (OAZ).
OAZ is not expressed in S2 cells and its relationship with dNuRD is unknown. Nevertheless,
this finding hints that also in Drosophila the FOG repression motif is utilised in several pro-
teins to mediate NuRD interaction.

In mammals FOG repression motif peptides have been shown to contact two NuRD sub-
units, RbAp46/RbAp48 and MTA1/2/3 but not the CHD4 ATPase [15,36]. Likewise, the Dro-
sophila Mi-2 ATPase does not appear to directly bind the FOG repression motif given that the
dMi-2-containing dMec complex does not bind to Ush or FOG repression motif peptides. We

PLOS Genetics | https://doi.org/10.1371/journal.pgen.1009318  February 18, 2021 18/32



PLOS GENETICS

Ush and NuRD regulate transcription, metabolism and cell cycle during hematopoiesis

propose that the FOG repression motif directly contacts dp55 (the homolog of RbAp46/
RbAp48) and/or dMTA1-like. This hypothesis is supported by the observation that FOG
repression motif mutations that disrupt binding to RbAp48 and MTA1/2/3 likewise abrogate
binding to dNuRD [15,23].

It is interesting that the FOG1 peptide used in our study binds with higher affinity to
dNuRD than the Ush peptide even though the FOG repression motif contained within both
peptides is identical. This suggests that amino acids outside of the FOG repression motif con-
tribute to dNuRD binding. It is also possible that interaction between dNuRD and Ush is mod-
ulated by post-translational modification within or in the vicinity of the FOG repression motif
in vivo. Indeed, phosphorylation of serine residue 2 within the FOG repression motif has pre-
viously been shown to lower NuRD binding [37].

Impact of Ush-B/dNuRD on transcription in S2 cells

Specific depletion of Ush-B by RNAi had a mild effect on the S2 transcriptome compared to the
simultaneous depletion of all Ush isoforms. In principle, it is possible that Ush-B occupies a
smaller set of genomic loci compared to other isoforms. We consider this to be unlikely. A large
number of Ush bound regions contains binding sites for GATA transcription factors that have
been implicated in recruiting Ush to chromatin. GATA transcription factors interact with zinc
fingers that are shared in all Ush isoforms which should, therefore, be recruited equally well to
all GATA transcription factor occupied sites. We consider it more likely that Ush-B and other
Ush isoforms both contribute to gene regulation. In this scenario, Ush-B depletion does only
change the transcript levels of genes that require high concentrations of Ush for their repression
or that are particularly dependent on Ush-B and the Ush-B/dNuRD complex. Many of these
Ush-B depletion-sensitive genes have hemocyte-related functions. Indeed, progressive downre-
gulation of Ush drives gene expression changes that are required for the differentiation of spe-
cialised hemocytes such as plasmatocytes, crystal cells and lamellocytes in vivo. Unlike cell cycle
and metabolism genes, these genes appear to be uniquely sensitive to modest reduction of over-
all Ush expression levels obtained by selective depletion of Ush-B. Moreover, these genes are
also repressed by dMi-2 suggesting that they are, indeed, targets of the Ush-B/dNuRD complex.
This suggests that the Ush-B/dNuRD complex is particularly important for regulating the tran-
scription of genes characteristic for macrophage function.

Ush and dNuRD cooperate in hemocyte differentiation in vivo

Hematopoiesis in Drosophila occurs at various developmental stages including embryogenesis
and larval development. Our results have revealed that Ush and dNuRD mould the metabo-
lism, proliferation and hemocyte-related functions of S2 cells by maintaining an extensive
gene expression programme. S2 cells are derived from embryonic hemocytes indicating gene
regulatory roles for Ush and dNuRD during embryonic hematopoiesis. Our genetic loss-of-
function analyses show that Ush and dNuRD also regulate hematopoiesis at later developmen-
tal stages. In particular, we have shown that Ush and dNuRD subunits are required to restrict
Hedgehog enhancer activity to cells of the posterior signaling center in lymph glands of L3 lar-
vae. This result suggests that Ush and dNuRD actively modulate gene expression programmes
also at the larval stage. Moreover, Ush and dNuRD suppress lamellocyte differentiation in
unstressed larvae. We do not yet know to which extent the different Ush isoforms are required
for lamellocyte suppression. However, the finding that mutations in dNuRD subunits result in
excessive lamellocyte differentiation only in a genetic background with reduced Ush activity
demonstrates genetic cooperativity between Ush and dNuRD. This is consistent with the
hypothesis that a Ush-B/dNuRD complex is active during larval hematopoiesis.
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The function of dNuRD in hematopoiesis identified by our work solidifies the important
role of this complex as a regulator of differentiation in Drosophila. We have previously shown
that dMi-2 cooperates with transcription factors such as Tramtrack 69 or Kumgang to deter-
mine cell lineages in different developmental settings ranging from neurogenesis to spermato-
genesis [25-27,38]. In each of these scenarios a different lineage-specific transcriptional
regulator (Tramtrack 69, Kumgang, Ush) utilises the ubiquitously expressed dMi-2 complex to
establish lineage- and stage-appropriate gene expression programmes.

Although the process of hematopoiesis in Drosophila is far less complex than in mammals,
Ush and FOG1 play remarkably similar roles in suppressing certain hematopoietic lineages.
FOG]1 facilitates erythroid and megakaryocyte differentiation while suppressing mast cell dif-
ferentiation. While high Ush levels in hemocyte progenitors counteracts differentiation into all
three Drosophila hemocyte cell types, intermediate Ush levels are sufficient to suppress crystal
cell and lamellocyte differentiation but compatible with differentiation of plasmatocytes [10].
Both FOG1 and Ush cooperate with NuRD using a highly conserved short peptide motif.
Thus, our study identifies the FOG1/Ush-NuRD complex as an ancient component of the
machinery regulating hematopoiesis.

Cell lineage differentiation relies on a finely orchestrated series of events that change cell
morphology and function at multiple levels. These include division of stem cells, the prolifera-
tion of progenitors, their withdrawal from the cell cycle for terminal differentiation, the timely
expression of lineage-specific genes and the generation of changing metabolic profiles that are
appropriate for each stage of differentiation. By coordinately regulating the transcription of
cell cycle genes, genes encoding metabolic enzymes and genes performing macrophage-spe-
cific functions Ush simultaneously controls several cellular activities that are relevant to the
differentiation process. A classical ‘master regulator’ of differentiation sits on top of a hierarchy
and directs the expression of downstream transcription factors that in turn generate gene
expression profiles committing cells to a certain lineage. By contrast, Ush appears to be more
“hands-on” and directly regulates the expression of different types of genes that are key for
diverse processes impinging on differentiation.

Materials and methods
Cell culture

Drosophila melanogaster S2 and S2[Cas9] cells (S2 cells expressing the Cas9 nuclease from
Streptococcus pyogenes; generous gift from Klaus Férstemann, Munich) were cultured in
Schneider’s Drosophila Medium (2172001, Gibco) supplemented with 10% (v/v) fetal bovine
serum (FBS; F7524, Sigma) and 1% (v/v) Penicillin-Streptomycin (15140122, Gibco). Cell lines
were grown under standard conditions at 26°C.

Endogenous tagging using CRISPR/Cas9

CRISPR/Cas9-based insertion of epitope-tag sequences into the genome of Drosophila S2 cells
was performed as previously described (Bottcher et al., 2014). DNA sequences coding for
GFP- or FLAG-tags were inserted at the 3’ end of the coding region of the U-shaped or dMi-2
gene locus, leading to expression of C-terminally tagged proteins.

In brief, S2 cells stably expressing the Cas9 nuclease (S2[Cas9] cells) were transfected with
double stranded linear DNA constructs (1) encoding for sgRNA and (2) providing a template
for homologous recombination (HR). Both of these constructs were generated by PCR using
gene specific primers (S4 Table). The sgRNA sequences were designed to target Cas9 as close
to the respective STOP codon as possible with respect to the nearest available protospacer
adjacent motif (PAM) (targeting sequences: CATTTGAGAAAGCCAGCTG (Ush) and
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TCGAATAATTCCGGCGTCT (dMi-2)). Homologous recombination templates were ampli-
fied from plasmids containing GFP- or FLAG-tag sequences including a STOP codon as well
as a resistance marker under control of a copia promoter. This insert was amplified using
primers containing 60 bp sequences homologous to regions directly up- and downstream of
the original STOP codon. In particular, HR templates for C-terminal tagging of U-shaped
were amplified using the following plasmids: pSK23 (GFP-tag & Puromycin resistance marker;
Addgene #72851) and pSK25 (2xFLAG-tag & Puromycin resistance marker; Addgene
#72853). HR templates for C-terminal tagging of dMi-2 were amplified using the following
plasmids: pMH3 (GFP-tag & Blasticidin resistance marker; Addgene #52528) and pMH4
(2xFLAG-tag & Blasticidin resistance marker; Addgene #52529).

To favour double strand break repair by HR, the protein amount of key enzymes involved
in non-homologues end joining (NHE]) and microhomology-mediated end joining (MME])
was lowered by transfecting S2[Cas9] cells with 1 pg/ml dsRNA targeting lig4 (NHE]) and
mus308 (MME]) transcripts. After three days, cells were transfected with HR and sgRNA tem-
plates using FuGENE HD transfection reagent (E2311, Promega). Four days post transfection
cells were transferred to medium containing 2 ug/ml Puromycin (540411, Merck) or 10 pg/ml
Blasticidin (A11139, Gibco) respectively. Cells were kept under selection for at least 14 days or
until non-resistant control cells declined.

To retrieve monoclones, cells were serially diluted in 96 well plates. Monoclones were
expanded and screened by PCR on genomic DNA using primers flanking the insertion site.

RNA interference in Drosophila S2 cells, proliferation and viability assay

Double-stranded RNA (dsRNA) was synthesised using the MEGAscript T7 kit (AMB1334,
Invitrogen) according to manufacturer’s instructions. In brief, dsSRNA was generated using T7
Polymerase in vitro transcription from PCR amplicons obtained with T7 minimal promotor
containing primers using a cDNA template from S2[Cas9] cells. 10-15 ug of dsRNA was added
to 0.3x10° S2[Cas9] cells in a total of 3 ml Schneider’s Drosophila Medium. For different cell
numbers, the amount of dsSRNA and medium was scaled accordingly. Cells were harvested for
RNA isolation four days post transfection and for cell cycle analysis and protein extraction
three days post transfection.

To monitor proliferation, cells were re-seeded immediately after transfection. The cell den-
sity was determined from three independent dsRNA transfections every 24 hours using a
hemocytometer. Cell viability was determined four days post transfection by measuring cell
dilutions on a CASY Cell Analyser (OMNI Life Science).

Cell cycle analysis by flow cytometry

Cell cycle distribution of Drosophila cell lines was analysed as described in [39] with minor
changes. In brief, cells were harvested, washed and resuspended in 500 ul PBS. While vortexing
cells were fixed by the addition of 5 ml ice cold 95% (v/v) ethanol. One day prior to analysis
cells were rehydrated in PBS for 5 min on ice, washed and finally resuspended in 1 ml PBS.
25 ul of RNAse A digestion mix (10 mM PIPES/NaOH pH 6.8, 100 mM NaCl, 2 mM MgCl,,
0.25 mM EDTA, 0.2% (w/v) Triton X-100, 100 ug/ul RNAse A) and 50 pl propidium iodide
solution (0.5 mg/ml propidium iodide in 38 mM sodium citrate) were added and DNA was
stained overnight at 4°C with rotation.

Flow cytometry was performed on an ARIA III cytometer (BD) with DIVA 8.0.2 software.
After gating the cells of interest in an FSC-A/SSC-A plot debris and doublets were excluded
with an PE-Area vs. PE-Width Plot. Measurements were taken from three independent
dsRNA transfections where 10,000 cells were counted per replicate. For visualisation and
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record of the PI-signal a histogram for the PE-channel (excitation 561 nm) was used with a
582/15 bandpass filter. For analysis of the recorded signals the exported fcs (3.0) files were
loaded in FlowJo (10.6.1). The Watson Pragmatic algorithm was used for computation of G1,
S and G2/M fractions [40].

Preparation of protein extracts

For whole cell extracts cells were washed in PBS and lysed in RIPA buffer (50 mM Tris/HCl
pH 8.0, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% (w/v) NP-40, 0,5% (w/v) sodium deox-
ycholate, 0,1% (w/v) SDS, 10% (v/v) glycerol, 1 mM DTT) for 20 min with rotation at 4°C fol-
lowed by freeze/thaw lysis in liquid nitrogen. Lysates were cleared by centrifugation at 21,100
g and 4°C for 20 min. The protein content was determined using DC Protein Assay (5000112,
Biorad) according to manufacturer’s instructions.

Nuclear extracts were obtained by washing cells in PBS followed by hypotonic lysis in buffer
B (10 mM Hepes/KOH pH 7.6, 10 mM KCI, 1.5 mM MgCl,, 1 mM DTT) for 15-20 min with
rotation at 4°C. Nuclei were pelleted by centrifugation at 4,500 g and 4°C for 15 min. Nuclear
proteins were extracted in buffer C (20 mM Hepes/KOH pH 7.6, 420 mM NaCl, 1.5 mM
MgCl,, 0.2 mM EDTA, 25% (v/v) glycerol, 1 mM DTT) for 30 min with rotation at 4°C.
Extracts were cleared by centrifugation at 21,100 g and 4°C for 45 min. The protein content
was determined via Bradford method using Protein Assay (5000006, Biorad) according to
manufacturer’s instructions.

Nuclear extract from Drosophila embryos (TRAX) was obtained as previously described
[41].

RT-qPCR and RNA-seq

Total RNA was isolated using the peqGOLD Total RNA Kit (12-6834-02, Peglab) together
with the peqGOLD DNase I Digestion Kit (732-2982, Peqlab) and the integrity of RNA was
evaluated on a 1.2% Agarose/TAE gel. For RT-qPCR ¢cDNA was prepared from 1 pg of total
RNA using the SensiFAST cDNA Synthesis Kit (BIO-65054, Bioline) and analysed by qPCR
using the SensiFast SYBR Lo-ROX Kit (BIO-94050, Bioline) according to manufacturer’s
instructions together with gene-specific primers (54 Table). Amplification reactions were mea-
sured in triplicates on a Stratagene Mx3000P thermocycler (Agilent Technologies) and the
mean values were calculated according to the AACt method using the mRNA levels of Rp49 as
a normalisation reference. mRNA expression was calculated relative to samples treated with a
non-targeting dsRNA against GFP. Error bars represent the standard deviation from five bio-
logical replicates.

For RNA sequencing the total RNA from three independent dsRNA transfections was iso-
lated. The integrity of RNA was assessed on an Experion StdSens RNA Chip (Bio-Rad). RNA-
seq libraries were prepared using a TruSeq Stranded mRNA Library Prep kit (Illumina).
Libraries were quantified on a Bioanalyzer (Agilent Technologies) and sequenced on an Illu-
mina HiSeq 1500 platform, rapid-run mode, single-read 50 bp (HiSeq SR Rapid Cluster Kit v2,
HiSeq Rapid SBS Kit v2, 50 cycles) according to the manufacturer’s instructions.

SDS-PAGE and Western blot

Proteins were electrophoretically separated on a SDS-polyacrylamid gel (SDS-PAGE) and then
transferred onto activated polyvinylidene difluride (PVDF) membranes (T830.1, Roth) by
Western Blotting in Pierce Western Blot Transfer Buffer (35040, Thermo Fisher Scientific).
Membranes were saturated in Blocking buffer (PBS, 0.1% (w/v) Tween-20, 5% (w/v) non-fat
dry milk) for 1 h at room temperature and subsequently incubated with the respective
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antibody dilution in Blocking buffer overnight at 4°C. After washing the membranes four
times for 5 min at room temperature in Washing buffer (PBS, 0.1% (w/v) Tween-20) appropri-
ate HRP-coupled secondary antibodies (anti-mouse IgG (NA931, GE Healthcare), anti-rabbit
IgG (NA934, GE Healthcare), anti-rat IgG (31470, Thermo Fisher Scientific), anti-guinea pig
IgG (706-035-148, Jackson ImmunoResearch)) were applied in Blocking buffer for 2 h at room
temperature. After four washing cycles for 5 min in Washing buffer Western blot signals were
detected by chemiluminescence using the Immobilon Western Blot Chemiluminescence HRP
substrate (WBKLS0500, Millipore).

Antibodies and antisera were used in the following dilutions: Ush (1:5,000; (Fossett et al.,
2001)), GFP (1:5,000; clone [3H9] from Chromotek), FLAG (1:8,000; clone M2 from Sigma),
Tubulin beta (1:8,000; clone KMX-1 from Merck Millipore), dMi-2 (1:8,000; [42]), IMTA1--
like (1:10,000; [38]), Cyclin B (1:5,000; clone F2F4 from DHSB), Cyclin A (1:1,000; clone A12
from DHSB), Lamin Dm0 (1:5,000; clone ADL67.10 from DHSB), dp66 (1:10,000; [43]), dp55
(1:20,000; [44]), dAMEP-1 (1:10,000; [38]), dRPD3 (1:10,000; [42]), dCHD3 (1:10,000; [45]),
dPc (1:50,000; [46]), dE(z) (1:1,000; [47]), dLSD1 (1:5,000; [48]).

Peptide Synthesis and usage in competition assays

Peptides were synthesised in a 10 pmol scale (0.25 mmol/g) following the standard solid phase
peptide synthesis (SPPS) methodology, using Fmoc-amino acids and Oxyma/DIC as coupling
agents. Final deprotection and cleavage from the solid support was performed with 1.5 ml of
cleavage cocktail: 94 TFA/1 TIS/ 2.5 DODT/2.5 H,O for 3 h. Obtained peptides were purified
at 25°C by preparative reverse phase (RP)-HPLC performed on a PLC 2020 personal purifica-
tion system (Gilson) with a preparative Nucleodur C18 HTec-column (5 pum, 250 x 16 mm;
Macherey Nagel) and a flow rate of 10 ml/min. Detection of the signals was achieved with a
UV detector at 220 nm wavelength. The eluents were MilliQ H,0 and MeCN with addition of
0.1% TFA applied at a gradient of 5-40% MeCN.

Peptides were diluted and concentrations were determined according to [49]. The following
concentrations were used in interaction assays: 3.5 uM, 7.0 uM, 14.0 uM (FOG1 peptides) and
17.5 uM, 35 uM (Ush peptides) in GST pulldown assays; 1.0 pM, 2.0 uM, 3.0 uM FOG1 pep-
tides in immunoprecipitation assays.

Co-Immunoprecipitation of epitope-tagged proteins

1 mg of nuclear extract was diluted 1:4.2 with buffer C-0 (20 mM Hepes/KOH pH 7.6, 1.5
mM MgCl,, 0.2 mM EDTA, 25% (v/v) glycerol, 0.131% (w/v) NP-40, 1 mM DTT) and
adjusted to 1 ml final volume with buffer C-100 (20 mM Hepes/KOH pH 7.6, 100 mM NaCl,
1.5 mM MgCl,, 0.2 mM EDTA, 25% (v/v) glycerol, 0.1% (w/v) NP-40, 1 mM DTT). 5 U/ml
of Benzonase was added (70664, Millipore), samples were incubated for 1 h at 4°C with rota-
tion and diluted extracts were cleared of contingent precipitates by centrifugation (15 min,
21,100 g, 4°C). 25 pl of GFP-Trap Agarose (gta, ChromoTek) or ANTI-FLAG M2 Affinity
Gel (A2220, Sigma) was blocked in buffer C-100 containing 1 mg/ml BSA and 1% (w/v) fish
skin gelatin for 1 h at 4°C with rotation and then added to the diluted extracts. Immunopre-
cipitation was carried out overnight at 4°C with rotation. The resin was washed four times
with 1 ml IP150 buffer (25 mM Hepes/KOH pH 7.6, 150 mM NaCl, 12.5 mM MgCl,, 0.1
mM EDTA, 10% (v/v) glycerol 0.1% (w/v) NP-40, 1 mM DTT) and finally resuspended in
SDS-PAGE loading buffer (50 mM Tris/HCI pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 0.1%
(w/v) bromophenol blue, 100 mM DTT). Immunoprecipitates were analysed by SDS-PAGE
and Western blot.
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Chromatin Immunoprecipitation followed by next-generation sequencing
(ChIP-seq)

10® S2[Cas9] cells expressing endogenously tagged proteins were cross-linked with 1% Formal-
dehyde for 10 min at RT with agitation. Fixation was quenched by addition of Glycin to a final
concentration of 240 mM and incubation for 10 min at RT with agitation. After two times wash-
ing in PBS cells were lysed in 1 ml of ChIP Lysis buffer (50 mM Tris/HCI pH 8.0, 10 mM
EDTA, 1% (w/v) SDS, 1 mM DTT) for 10 min on ice. Chromatin was sheared by sonication in
the Bioruptor UCD-200TM-EX (Diagenode) supplied with ice water in three cycles over 30
min. Each cycle lasted for 10 min with 10x 30 s intervals of sonication at high power followed
by 30 s without sonication to ensure proper cooling. Cell debris were pelleted by centrifugation
(20 min, 21,100 g, 4°C) and the supernatant containing fragmented chromatin was stored at
-80°C. The fragment size was monitored by decrosslinking 50 ul of chromatin-containing lysate
in presence of RNase A (400 ng/ul; A3832, Applichem) and Proteinase K (400 ng/pl; 7528.1,
Roth) for 3 h at 55°C followed by 65°C overnight. DNA was purified using the QIAquick PCR
Purification Kit (28106, Qiagen) and fragment sizes were evaluated on a 1.2% Agarose/TAE gel.

For one ChIP reaction 140 pl of chromatin lysate was pre-cleared by diluting it 1:10 in ChIP
IP buffer (16.7 mM Tris/HCl pH 8.0, 1.2 mM EDTA, 167 mM NacCl, 1.1% (w/v) Triton X-100,
0.01% (w/v) SDS, 1 mM DTT) and addition of 40 pl Protein A Sepharose resin (nProtein A
Sepharose 4 Fast Flow, 17-5280, GE Healthcare) that had been blocked for 1 h in ChIP Block-
ing buffer (ChIP Low salt buffer containing 2 mg/ml BSA and 2% (w/v) fish skin gelatin).
After incubation at 4°C for 1 h with rotation, beads were collected (centrifugation for 10 min
at 21,100 g and 4°C) and the supernatant was added to 25 pl of blocked GFP-Trap Agarose
(gta, ChromoTek).

Immunoprecipitation (IP) took place overnight at 4°C with rotation followed by extensive
washing: Three times with 1 ml of ChIP Low salt buffer (20 mM Tris/HCI pH 8.0, 2 mM
EDTA, 150 mM NacCl, 1% (w/v) Triton X-100, 0.1% (w/v) SDS, 1 mM DTT), three times with
1 ml of ChIP High salt buffer (20 mM Tris/HCI pH 8.0, 2 mM EDTA, 500 mM NaCl, 1% (w/v)
Triton X-100, 0.1% (w/v) SDS, 1 mM DTT), once with 1 ml of ChIP LiCl buffer (10 mM Tris/
HCl pH 8.0, 1 mM EDTA, 250 mM LiCl, 0.1% (w/v) NP-40, 1 mM DTT) and finally twice
with TE buffer (10 mM Tris/HCI pH 8.0, 1 mM EDTA). Each washing step was carried out at
4°C for 5 min with rotation and the resin was pelleted in between by centrifugation (4 min,
400 g,4°C).

Cross-linked protein-DNA complexes were eluted twice from the resin in 250 ul ChIP elu-
tion buffer (100 mM NaHCO3, 1% (w/v) SDS) for 20 min at RT with rotation. The resin was
pelleted by centrifugation (3 min, 1,200 g, RT) and the eluate was removed. After the second
elution cycle the resin-buffer suspension was incubated at 95°C for 10 min, the resin was pel-
leted and both eluates were pooled. 14 pl of pre-cleared chromatin was added to 500 pl of ChIP
elution buffer as “input® sample. 40 M of NaCl was added to IP and input samples and pro-
tein-DNA complexes were decrosslinked overnight at 65°C with agitation. 40 mM Tris/HCl
pH 6.8, 1 mM EDTA and 40 ng/ul Proteinase K (7528.1, Roth) was added to each sample and
proteins were digested at 45°C for one hour with agitation. The DNA was purified using QIA-
quick PCR purification kit (28106, Qiagen).

Purified DNA from up to six ChIP reactions was pooled, concentrated (Concentrator 5301,
Eppendorf) and quantified using the Qubit dsDNA High-Sensitivity Assay Kit (Q32851, Ther-
moFisher scientific). Libraries were generated from 1 ng of DNA using the MicroPlex Library
Preparation Kit v2 (C05010012, Diagenode) according to manufacturer’s instructions. The
amplified libraries were purified using AMPure XP beads (A63880, Beckman Coulter) and
eluted in TE buffer.
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The quality of sequencing libraries was controlled on a Bioanalyzer 2100 using the Agilent
High Sensitivity DNA Kit (Agilent). Pooled sequencing libraries were quantified with digital
polymerase chain reaction (PCR) (QuantStudio 3D, Thermo Fisher) and sequenced on an Illu-
mina HiSeq 1500 platform, rapid-run mode, single-read 50 bp (HiSeq SR Rapid Cluster Kit v2,
HiSeq Rapid SBS Kit v2, 50 cycles) according to the manufacturer’s instructions.

GST pulldown assay

pGEX2T-mFOG1(1-45) [15] or pGEX4T1 expression constructs were transformed into an
E. coli BL21DES3 strain (C2527H, NEB). The culture was expanded and expression was
induced at an ODg of 0.7 with 0.4 mM IPTG. After 24 h at 18°C bacteria were harvested,
washed with PBS and resuspended in PBS/Triton (PBS containing 1% (w/v) Triton X-100).
For lysis, cells were sonicated 12 times for 12 s on an ultrasonic homogenizer (HD2200,
Bendelin electronics) at 25% output while keeping the suspension on ice in between. The
suspension was frozen in liquid nitrogen and thawed on ice three times before cell debris
were pelleted by centrifugation at 4°C and 27,000 g for 30 min. GST-fusion proteins were
coupled to Glutathione Sepharose 4 Fast Flow (17-5132-01, GE Healthcare) for2h at4°C
with rotation. Unbound proteins were removed by washing three times with PBS/Triton and
twice with PBS for 5 min at 4°C with rotation. The amount of GST-fusion protein bound to
the Sepharose resin was evaluated by comparison to a BSA standard on a Coomassie stained
SDS-PA gel.

GST pulldown interaction assays were performed using 10-20 pg of GST fusion proteins
and 1 mg of S2 cell nuclear extract or TRAX per pulldown reaction. The resin was blocked for
1 h at 4°C with rotation in GST Pulldown Buffer containing 1 mg/ml BSA and 1% (w/v) fish
skin gelatin. Binding took place overnight at 4°C with rotation in 1 ml GST Pulldown buffer
(25 mM Hepes/KOH pH 7.6, 150 mM KCI, 12.5 mM MgCl,, 0.1 mM EDTA, 20% (v/v) glyc-
erol 0.1% (w/v) NP-40, 1 mM DTT). The resin was washed four times with 1 ml GST Pulldown
buffer for 5 min at 4°C with rotation followed by centrifugation (4 min, 1,500 g, 4°C). Interact-
ing proteins were analyzed by SDS-PAGE and Western blot.

Fly stocks

The w'''® served as the wild-type control. The following stocks were obtained from the Bloom-
ington stock center: w'''$;MTA1- 11ked0914°/TM6B Tb', y' w*;MTA1-like™ "7, w'!'%;
Slm]BGOO4O3/TM6B Tb!, s1m]01814 ry*%, v w* HDAC112 37ITM6B,Tb", HDAC1%45% ry>0%/
TM3,ry"* Sb' Ser', Mi-2* red" e*/TM6B, Sb' Tb' ca', y' w'''® Mi-2"'***/TM3, Ser". The
dome-GALA line was a gift from U. Banerjee (UCLA). y w*’**; ush™**/CyO y* and y w®’**;
ush®*/CyO y*, the misshapen-mCherry (MSN-C) and the hhF4f-GFP fluorescent reporter
transgene stocks have been described previously [11,14,32]. The y wyush"**%, MSN-C/CyO y*
was created using standard recombination procedures. Larvae were cultured at 23°C and late
3rd instar wandering larvae were assayed for lamellocyte differentiation. Fluorescent micros-
copy was conducted using a Zeiss Axioplan microscope.

Second site non complementation assays

Larvae were cultured at 23°C and late 3™ instar wandering larvae were assayed for lamellocyte
differentiation. Larvae were placed on a slide with a drop of PBS and observed under fluores-
cent microscopy using a Zeiss Axioplan microscope. Only larvae with MSN-C fluorescent
reporter transgene expression were scored.
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Hh enhancer reporter assay in larval lymph glands

The dome-Gal4 line was crossed with appropriate hhF4f-GFP;UAS-RNAi lines, mid-third
instar larvae were collected and lymph glands were dissected lymph glands. Immunostaining
was performed as described previously [14]. The following antibodies were used to identify
PSC cells: mouse anti-Antp (primary antibody; 1:100; 4C3, Developmental Studies Hybridoma
Bank); Alexa 555-conjugated mouse IgG antibody (secondary antibody; A28180, Thermo
Fisher Scientific). Cell nuclei were stained with DAPI (Invitrogen). Immunostained samples
were analysed with a Nikon A1R laser-scanning confocal microscope.

Bioinformatical analysis

ChIP-Seq data were aligned to Drosophila Genome dm3, using bowtie2 [50]. Bigwig files were
obtained using Galaxy/deepTools [51] normalised to genome Coverage. Data were visualised
in the UCSC genome browser [52]. Data analysis was performed using Galaxy [53], Cistrome
[54] and Bioconductor/R [55]. Peaks were identified using MACS2 [56] with the following set-
tings: Set lower mfold bound = 5; Set upper mfold bound = 50; Band width for picking regions
to compute fragment size = 300; Peak detection based on = q-value; Minimum FDR = 0.05.
Overlap between peaks was obtained using the Venn Diagram tool within Galaxy/Cistrome
platform. Peaks were considered overlapping at > 1 common nucleotide. Enriched motifs
were identified using HOMER [57]. Heatmaps were obtained using Galaxy/deepTools. Over-
lap with genomic features was determined using “CEAS: Enrichment on chromosome and
annotation” [58] within the Galaxy/Cistrome platform. Profiles of the histone marks were
obtained using Galaxy/deepTools. Following public datasets were used: H3K4mel
(GSM2259983, GSM2259984), H3K4me3 (GSM2259985, GSM2259986), H3K27ac
(GSM2259987, GSM2259988) [59], H3K27me3 (GSM2776903) [60], Mi-2 modeENCODE
(GSM1147259, GSM1147260), Mi-2 (ERR1331728, ERR1331729) [26]. Transcription start site
(TSS) annotation was obtained from the UCSC table browser and coverage profiles were calcu-
lated using Galaxy/deepTools.

RNA-Seq data were aligned to Drosophila transcriptome using RNA Star (2.7.2b) [61].
Counts per gene were determined using FeatureCounts (1.6.4) [62]. Differentially expressed
genes and normalised reads were determined using DeSeq2 (2.11.40.6) [63]. Gene ontology
analysis on significantly deregulated genes (adj. p < 0.01) was performed using the Metascape
tool (version 3.5, 2019-08-14, [64]) on “Express Analysis“ settings. Additional GO terms and
transcript expression patterns were obtained from FlyBase (version FB2019_06) and the Berk-
ley Drosophila Genome Project (release 3, 2019-06-04) respectively.

Supporting information

S1 Fig. Insertion of GFP- or FLAG-tag sequences at Ush and dMi-2 3’ ends using CRISPR/
Cas9. A Schematic representation of the Ush gene locus before (top) and after insertion of
GFP (middle) and FLAG (bottom) tagging constructs. Black boxes represent exons, black (bro-
ken) lines represent introns. The inserted tag sequences (GFP: green, FLAG, red) and selection
marker (promoter: ochre, Puromycin resistance: orange) are highlighted. The positions of
primers used for genotyping of Ush alleles are indicated with purple arrowheads. B PCR from
genomic DNA of control cells and cells modified to express GFP- or FLAG-tagged Ush,
respectively. Insertion of the tag sequence followed by a Puromycin selection marker is moni-
tored using primers surrounding the 3’ end of the coding region within the Ush gene. Non-
tagged alleles give rise to a 216 bp amplicon, GFP- and FLAG-tagged alleles result in 1991 bp
and 1311 bp fragments respectively. C Schematic representation of the dMi-2 gene locus before
(top) and after insertion of GFP (middle) and FLAG (bottom) tagging constructs. Black boxes
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represent exons, black (broken) lines represent introns. The inserted tag sequences (GFP:
green, FLAG, red) and selection marker (promoter: light blue, Blasticidin resistance: dark
blue) are highlighted. The positions of primers used for genotyping of Ush alleles are indicated
with purple arrowheads. D PCR from genomic DNA of control cells and cells modified to
express GFP- or FLAG-tagged dMi-2, respectively. Insertion of the tag sequence followed by a
Blasticidin selection marker is monitored using primers surrounding the 3" end of the coding
region within the Ush gene. Non-tagged alleles give rise to a 200 bp amplicon, GFP- and
FLAG-tagged alleles result in 1737 bp and 1077 bp fragments respectively. E Nuclear extracts
of control cells and cells expressing endogenously tagged dMi-2-GFP or dMi-2-FLAG was
probed on Western blot using antibodies against dMi-2, GFP or FLAG. Tubulin signal serves
as loading control.

(TTF)

S2 Fig. Ush occupancy at the lozenge and the atilla gene locus. A Genome browser snapshots
of the lozenge (Iz) (top) and the atilla (bottom) gene locus displaying Ush occupancy (green)
determined by Ush-GFP ChIP-seq. Input signals are shown in black. Location of genes is dis-
played below with boxes indicating exons.

(TIF)

S3 Fig. Expression of Ush isoforms in S2 cells. A Genome browser snapshots of the Ush gene
locus displaying RNA-seq coverage in S2 cells from biological triplicates. Exons encoding
unique N-termini are highlighted in green (Ush-B specific) and orange (Ush-A specific).

(TIF)

$4 Fig. Comparison of dMi-2 ChIP-seq datasets. A dMi-2 ChIP-seq peaks obtained in this
study were ranked and signals were compared to two other datasets (Kreher et al., 2017 and
modENCODE ID 5070) in a region of 5 kb surrounding the respective peak. B Genome
browser snapshots of an exemplary region displaying dMi-2 occupancy (red: this study; ochre:
Kreher et al., 2017; blue: modENCODE ID 5070). Input signals of this study are shown in
black. Location of genes is displayed below with boxes indicating exons.

(TIF)

S5 Fig. Ush-B repressed genes. Tables of genes that are significantly upregulated (adj.

p < 0.05) upon depletion of of Ush-B. Gene symbols are indicated along with the respective
fold change relative to cells transfected with control dsRNA (dsEGFP). Respective -log10(p-
values) are indicated in the last row. Coloured boxes mark genes associated with hemocyte
functions or are specifically expressed in Drosophila hemocytes (green), genes associated with
cell cycle (orange), and genes involved in lipid metabolism (blue).

(TTF)

S6 Fig. Ush-B activated genes. Tables of genes that are significantly downregulated (adj.

p < 0.05) upon depletion of of Ush-B. Gene symbols are indicated along with the respective
fold change relative to cells transfected with control dsRNA (dsEGFP). Respective -log10(p-
values) are indicated in the last row. Coloured boxes mark genes associated with hemocyte
functions or are specifically expressed in Drosophila hemocytes (green), genes associated with
cell cycle (orange), and genes involved in lipid metabolism (blue).

(TIF)

S7 Fig. Cell cycle profiles upon depletion of Ush or NuRD complex components. A Flow
cytometry following PI-staining of S2 cells upon dsRNA-mediated depletion of indicated pro-
teins. dsSRNA-transfected cells were fixed, stained with PI and subjected to flow cytometry.
Histograms show the number of cells plotted against the PI signal (Area of PE channel). The
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diploid cell population (2n) and cells that have undergone replication (4n) are indicated.
Transfection of dsEGFP and dsLuc severd as control. Two different dsRNA constructs against
Ush (all isoforms) were used (dsUsh #1 & dsUsh #2). B Viability assay of S2 cells upon deple-
tion of indicated proteins. Viability of cells transfected with control dsRNA (dsEGFP and
dsLuc) or dsRNA constructs targeting Ush (dsUsh #1 and dsUsh #2), Ush-B, dMi-2 and
dMTA1-like was measured 96 hours post transfection. Error bars represent the standard devia-
tion from biological triplicates (n = 3) and individual values are indicated with circles.

(TIF)

S8 Fig. Hedgehog enhancer activity upon loss of Ush expression. Lymph glands isolated
from larvae that express a dsRNA against Ush in the medullary zone (A), or from larvae that
carry homozygous Ush mutant alleles (B). All larvae carry a construct, reporting the activity of
a minimal Hedgehog enhancer by GFP expression (hhF4f-GFP; green).

(TIF)

S$1 Table. Occupancy of Ush and dMi-2 at Ush-regulated genes. Representative Ush-regu-
lated genes of each gene class (investigated in Figs 2E and 6C) are listed. Columns 3 and 4 indi-
cate binding of Ush and dMi-2 to the respective gene loci detected by anti-GFP ChIP
sequencing (see Figs 1 and 5).

(PDF)

S2 Table. Genes deregulated upon Ush-B RNAI. List of genes that show significant changes
(adj. p < 0.05) upon depletion of Ush-B. Gene identifiers, fold changes and p-values of each
gene are listed. Genes were sorted into the groups “hemocyte-related” (green), “cell cycle”
(orange) or “lipid metabolism” (blue) according to the references given in columns 10 and 11.
(PDF)

$3 Table. Ush and dNuRD regulate lamellocyte differentiation in Drosophila larvae. Total
numbers of examined larvae and penetrance levels of increased lamellocyte counts associated
with Fig 7H. Genotypes and the affected dNuRD complex subunit are listed in columns 1-2.
(PDF)

$4 Table. Oligonucleotides used in this study. List of all oligonucleotides and primers used
in this study. Sequences and applications are given. References are indicated in column 5.
(PDF)
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Supplementary Figure 8

TeplV 5
>ugh RNAHMS05193 ush™°/ush

hhFat-GFP | &3 hhF4{-GFP



annotated peak within
promoter and/or gene body

Genes validated

by RTqQPCR category Ush-GFP dMi-2-GFP
CG16267 hemocyte-related yes yes
pirk hemocyte-related yes yes
GILT3 hemocyte-related yes no
Lozenge hemocyte-related yes no
atilla hemocyte-related no no
AurB cell cycle no no
CHES-1 cell cycle yes yes
CDK1 cell cycle no yes
polo cell cycle no yes
CyclinB cell cycle yes yes
Mcad lipid metabolism yes yes
Echs1 lipid metabolism yes yes
ACC lipid metabolism yes yes
CROT lipid metabolism no no
fa2h lipid metabolism yes yes
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ABSTRACT

CoREST has been identified as a subunit of sev-
eral protein complexes that generate transcription-
ally repressive chromatin structures during devel-
opment. However, a comprehensive analysis of the
CoREST interactome has not been carried out. We
use proteomic approaches to define the interac-
tomes of two dCoREST isoforms, dCoREST-L and
dCoREST-M, in Drosophila. We identify three dis-
tinct histone deacetylase complexes built around a
common dCoREST/dRPD3 core: A dLSD1/dCoREST
complex, the LINT complex and a dG9a/dCoREST
complex. The latter two complexes can incorpo-
rate both dCoREST isoforms. By contrast, the
dLSD1/dCoREST complex exclusively assembles
with the dCoREST-L isoform. Genome-wide studies
show that the three dCOREST complexes associate
with chromatin predominantly at promoters. Tran-
scriptome analyses in S2 cells and testes reveal that
different cell lineages utilize distinct AdCoOREST com-
plexes to maintain cell-type-specific gene expres-
sion programmes: In macrophage-like S2 cells, LINT
represses germ line-related genes whereas other
dCoREST complexes are largely dispensable. By
contrast, in testes, the dLSD1/dCoREST complex
prevents transcription of germ line-inappropriate
genes and is essential for spermatogenesis and
fertility, whereas depletion of other dCOREST com-

plexes has no effect. Our study uncovers three dis-
tinct dCoREST complexes that function in a lineage-
restricted fashion to repress specific sets of genes
thereby maintaining cell-type-specific gene expres-
sion programmes.

INTRODUCTION

Multisubunit protein complexes that regulate chromatin ac-
tivity often form families of related complexes that share a
set of core subunits (1). This common core can associate
with different accessory subunits to yield alternative com-
plexes with new functionality.

The RE! silencing transcription factor (REST) cooper-
ates with the corepressor of REST (CoREST) to silence
neuron-specific genes in non-neuronal cell types (2). CoR-
EST is an integral component of multi-subunit lysine-
specific demethylase 1 (LSDI) complexes which modify
nucleosomes by histone deacetylation and demethylation
to repress transcription (3-7). The precise composition of
LSDI1/CoREST complexes differs depending on cell type
and purification conditions. However, several core subunits
have been identified in independent studies (5,6). These in-
clude CoREST, LSDI, histone deacetylases HDACI and
HDAC2, CtBP1, ZNF217, BHC80 and BRAF35.

CoREST and LSDI are also part of distinct molec-
ular assemblies. Together with SFMBT1 they form the
SFMBTI-LSDI-CoREST (SLC) complex which represses
histone genes in a cell-cycle-dependent manner (8). In addi-
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tion, LSD1 and CoREST coexist with SIRT1 in a complex
that represses Notch target genes (9).

The co-existence of LSD1 and CoREST in all of the com-
plexes described above suggests that these two proteins form
a core that can associate with different accessory subunits.
So far, LSD1 and CoREST have not been demonstrated to
exist in separate complexes in mammals.

Both CoREST and LSD1 are conserved in Drosophila.
Genetic studies imply that they cooperate in the dif-
ferentiation of wing structures and ovarian follicle cells
by regulating signalling pathways including Notch and
DPP/TGFbeta (9-12). These observations suggest that
Drosophila LSD1/CoREST complexes exist that are simi-
lar to their mammalian counterparts. In support of this no-
tion, dLSD1 and dCoREST interact when overexpressed
in S2 cells and both proteins are associated in ovary ex-
tracts (12,13). However, dLSD1/dCoREST complexes are
poorly characterized. Indeed, several subunits of mam-
malian LSD1/CoREST complexes do not have appar-
ent homologues in Drosophila (e.g. ZNF217, BHC80 and
BRAF35) raising questions about the existence and subunit
composition of putative dLSD1/dCoREST complexes.

The only Drosophila CoOREST-containing complex bio-
chemically characterized to date is the L(3)mbt-interacting
(LINT) complex which functions to prevent the expression
of lineage-inappropriate genes in both ovaries and in Kc
cells (14,15). LINT consists of dL(3)mbt, the dL(3)mbt-
interacting protein 1 (dLint-1), the histone deacetylase
dRPD3 and dCoREST (15). Notably, dLSDI1 is not a sto-
ichiometric subunit of LINT and is not required to repress
LINT target genes (15). The existence of additional dCoR-
EST complexes has not been systematically analysed.

The dCoREST gene expresses two major isoforms by al-
ternative splicing, dCoREST-L and dCoREST-M (Figure
1A; (13)). Both isoforms contain an ELM2 domain and
two SANT domains. dCoREST-L is characterized by a 234
amino acid insertion in the linker that is separating the two
SANT domains that is absent in dCoREST-M. It is un-
known, if these two isoforms reside in different complexes
or are fully redundant.

In this study, we systematically define the interactome
of dCoREST in Drosophila cells. We use gel filtration, im-
munoaffinity purification, mass spectrometry and recon-
stitution from recombinant subunits to identify three dis-
tinct dCoREST-containing complexes: the LINT complex
described above, a stable dLSD1/dCoREST complex and
a dG9a/dCoREST complex. Whereas LINT subunits and
dG9Ya interact with both dCoREST-L and dCoREST-M,
dLSD1 displays a striking isoform specificity and asso-
ciates exclusively with dCoREST-L. We employ ChIP-seq
and RNA interference combined with RNA-seq to system-
atically identify the genome-wide distribution of dCoR-
EST complexes and their target genes. Strikingly, our re-
sults identify LINT as the major effector of dCoREST-
mediated transcriptional repression in macrophage-like S2
cells, whereas spermatogenesis and maintenance of a germ
line-specific gene expression programme rely exclusively on
the dLSD1/dCoREST complex. Collectively, our data sup-
port the model that different cell lineages employ specific
dCoREST complexes to generate and maintain their cell-
type-specific transcriptional programmes.

MATERIALS AND METHODS
Cell culture

Spodoptera frugiperda Sf9, Drosophila melanogaster S2
and D. melanogaster S2[Cas9] (kind gift from Klaus
Forstemann, Munich) cell lines were maintained in Sf-
900 medium (Gibco) and Schneider’s medium (Gibco), re-
spectively, supplemented with 10% (v/v) Fetal calf serum
(Sigma) and 1% (v/v) Penicillin-Streptomycin (Gibco) un-
der standard conditions (26°C).

Nuclear extract preparation

S2 cells were harvested, washed in phosphate-buffered
saline (PBS) and resuspended in three volumes of low salt
buffer (10 mM Hepes pH 7.6, 1.5 mM MgCl,, 10 mM KCl,
1.0 mM dithiothreitol (DTT)). After incubation on ice for
10 min, cells were collected by centrifugation at 21 100 x g
for 1 min at 4°C. The supernatant was discarded, and nu-
clei were resuspended in 1.5 volumes of high salt buffer (20
mM Hepes pH 7.6, 1.5 mM MgCl,, 420 mM NaCl, 0.2 mMm
ethylenediaminetetraacetic acid (EDTA), 20% (v/v) glyc-
erol, 1.0 mM DTT). The suspension was incubated for 20
min on ice and subsequently centrifuged at 21 100 x g
for 30 min at 4°C. The supernatant (nuclear extract) was
aliquoted, frozen in liquid nitrogen and stored at —80°C.

Preparation of nuclear extract from Drosophila embryos
was done as described previously (16).

The protein concentration of nuclear extracts was deter-
mined using Protein Assay Dye Reagent (Bio-Rad) accord-
ing to the manufacturer’s instructions using BSA (Roth) as
a standard.

Gel filtration

A total of 1 mg of S2 nuclear extract or embryo (0-12 h
after egg deposition) nuclear extract were applied to a Su-
perose 6 HR 10/30 gel filtration column (GE Healthcare)
using a 200-pl sample loading loop on an Akta purifier
system (GE Healthcare). Samples were resolved in 10 mM
Hepes pH 7.6, 1.5 mM MgCI2 300 mM KCI, 0.5 mM EGTA
and 10% (v/v) glycerol and 0.5 ml fractions were collected
with a F9-R fraction collector following the manufacturer’s
instructions. Fractions were precipitated using 5 wl Strat-
aClean resin (Agilent) or immunoprecipitated using GFP-
Trap® (Chromotek) and subjected to western blot analysis.
Elution volumes of proteins with known molecular weights
were determined using the Gel Filtration Calibration Kit
(GE Healthcare) according to the manufacturer’s instruc-
tions.

Co-immunoprecipitations

Anti-GFP (Chromotek) co-immunoprecipitation of frac-
tions (0.5 ml) collected after gel filtration was performed
according to the manufacturer’s instructions. The fractions
were diluted 1:1 with 10 mM Hepes pH 7.6, to lower the
salt concentration of KCI to 150 mM and incubated with
25 wl of equilibrated GFP-Trap® overnight at 4°C. Un-
bound proteins were removed by washing four times with
IP-150 buffer (25 mM Hepes pH 7.6, 12.5 mMm MgCl,, 150
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mM NaCl, 0.1 mM EDTA, 10% (v/v) glycerol, 0.1% (v/v)
NP-40) for 5 min, and the bound proteins were eluted by
incubating the beads with 30 pl of 1x NuPAGE® LDS
Sample Buffer (Invitrogen). A total of 20 wl of the eluate
was analysed by western blot.

For co-immunoprecipitation of endogenous dCoR-
EST, anti-CoREST rabbit polyclonal antibody was cross-
linked to Protein G Sepharose (GE Healthcare) and co-
immunoprecipitation was performed as previously de-
scribed (17). In brief, four independent cross-linking re-
actions were prepared using 30 wg of anti-CoREST rab-
bit polyclonal antibody or 30 pg of IgG (Normal Rabbit
IgG, Cell Signalling) and 70 wl of Protein G Sepharose
(GE Healthcare). Additionally, the beads were blocked for
I h with 1% Gelatin from cold water fish skin (Sigma)
and 0.2 mg/ml Albumin from chicken egg white (Sigma).
Cross-linked beads were incubated overnight with 6 mg
of S2 nuclear extract. Unbound proteins were removed by
washing three times with high salt buffer supplemented
with 0.05% NP-40 (Fluka) for 5 min, followed by wash-
ing with high salt buffer and finally two washes with 50
mM (NH4)HCOj3 (Roth). About 10% of the affinity-purified
material was electrophoresed and analysed by silver stain-
ing (SilverQuest™ Staining Kit, Invitrogen) and the rest was
subjected to LC-MS/MS analysis.

Anti-FLAG (Sigma) co-immunoprecipitation was per-
formed according to the manufacturer’s instructions in high
salt buffer. A total of 200 wl of anti-FLAG® M2 Affinity
Gel was equilibrated and blocked for 1 h with 1% Gelatin
from cold water fish skin (Sigma) and 0.2 mg/ml Albumin
from chicken egg white (Sigma) in high salt buffer. A to-
tal of 10 mg of S2 nuclear extract was incubated overnight
with 200 pl of beads. Unbound proteins were removed by
washing three times with high salt buffer supplemented
with 0.05% NP-40 (Fluka) for 5 min, followed by wash-
ing with high salt buffer and finally two washes with 50
mM (NH4)HCO3; (Roth). 10% of the affinity-purified ma-
terial was electrophoresed and analysed by silver staining
(SilverQuest™ Staining Kit, Invitrogen), 10% of the affinity-
purified material was electrophoresed and analysed by west-
ern blot. The rest (80%) was subjected to LC-MS/MS anal-
ysis.

LC-MS/MS analysis

LC-MS/MS sample preparation and analysis was carried
out according to methods described in (18). Briefly, after im-
munoaffinity purification, beads were washed with 50 mm
(NH4)HCOj3 and incubated with 10 ng/pul Trypsin in 1 M
urea, 50 mM (NH4)HCO; for 30 min, washed with 50 mM
(NH4)HCOj3 and the supernatant was digested overnight in
the presence of 1 mM DTT. Digested peptides were alky-
lated and desalted prior to LC-MS/MS analysis.

For LC-MS/MS purposes, desalted peptides were in-
jected in an Ultimate 3000 RSLCnano system (Thermo),
separated in a 15-cm analytical column (75 pm ID home-
packed with ReproSil-Pur C18-AQ 2.4 pm from Dr
Maisch) with a 50-min gradient from 5 to 60% acetonitrile
in 0.1% formic acid. The effluent from the HPLC was di-
rectly electrosprayed into a Qexactive HF (Thermo) oper-
ated in data dependent mode to automatically switch be-
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tween full scan MS and MS/MS acquisition. Survey full
scan MS spectra (from m/z 375-1600) were acquired with
resolution R = 60 000 at m/z 400 (AGC target of 3 x 10°).
The 10 most intense peptide ions with charge states between
2 and 5 were sequentially isolated to a target value of 1 x
10°, and fragmented at 27% normalized collision energy.
Typical mass spectrometric conditions were: spray volt-
age, 1.5 kV; no sheath and auxiliary gas flow; heated cap-
illary temperature, 250°C; ion selection threshold, 33.000
counts. MaxQuant 1.5.2.8 was used to identify proteins and
quantify by iBAQ with the following parameters: Database,
Uniprot_0803_Dmelanogaster_20180723; MS tol, 10ppm;
MS/MS tol, 20ppm; Peptide FDR, 0.1; Protein FDR, 0.01
Min. peptide Length, 5; Variable modifications, Oxidation
(M); Fixed modifications, Carbamidomethyl (C); Peptides
for protein quantitation, razor and unique; Min. peptides,
1; Min. ratio count, 2. Identified proteins were analysed in
Perseus with a ¢-test adjusted for multiple comparisons.

Antibodies

dCoREST (G. Mandel), dLSD1 (dSu(var)3-3; G. Reuter)
and dGY9a (M. Yamaguchi) antibodies were generous gifts.
Rabbit polyclonal anti-dL(3)mbt, anti-dLint-1, anti-dMi-
2 (anti-dMi2-Nterm), anti-dRpd3 and anti-MstF77 anti-
bodies have been previously described (15,19). Anti-beta-
Tubulin (clone KMX-1), anti-FLAG rabbit polyclonal an-
tibody and anti-FLAG M2 agarose were purchased from
Millipore and Sigma Aldrich, respectively. Anti-GFP was
purchased from Chromotek.

HRP linked anti-Mouse IgG (Amersham, NA931), anti-
rabbit IgG (Amersham, NA934) or anti-rat IgG (Invitro-
gen, 31470) secondary antibodies were used to visualize
western blot signals by chemiluminescence using the Im-
mobilon Western Chemiluminescence HRP substrate (Mil-
lipore, WBKLS0500).

Chromatin Immunoprecipitation

Exponentially growing S2[Cas9] cells (1 x 10%) expressing
GFP-tagged proteins were cross-linked with 1% Formalde-
hyde (Roth) for 10 min at room temperature. Cross-linking
was stopped by adding Glycine to a final concentration of
240 mM and incubating samples for 10 min at room tem-
perature. Cells were then washed twice in PBS and lysed
in 1 ml of ChIP Lysis buffer (50 mm Tris/HCI pH 8.0, 10
mM EDTA, 1% (w/v) SDS, 1 mM DTT) for 10 min on ice.
Chromatin was sheared by sonication in a Bioruptor UCD-
200TM-EX (Diagenode) supplied with ice water. Three son-
ication cycles were applied, each cycle lasting for 10 min
with 30 s intervals of sonication at high power interrupted
by 30 s of resting. Cell debris were pelleted by centrifugation
(20 min, 21 100 x g, 4°C) and the supernatant containing
fragmented chromatin was stored at —80°C. The fragment
size was monitored by decrosslinking 50 pl of chromatin-
containing lysate in the presence of RNase A (400 ng/.l,
Applichem) and Proteinase K (400 ng/pl, Applichem) for
3 hat 55°C followed by 65°C over night. DNA was purified
using the QIAquick PCR purification kit (Qiagen) and the
fragment size was evaluated on a 1.2% Agarose/TAE gel.
For ChIP 1 ml of chromatin lysate was precleared by 1:10
dilution in ChIP IP buffer (16.7 mM Tris/HCI pH 8.0, 1.2
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mM EDTA, 167 mM NaCl, 1 mM DTT) and addition of
285 wl Protein A Sepharose resin (GE Healthcare) that had
been blocked for 1 h in ChIP Blocking buffer (ChIP Low
salt buffer containing 2 mg/ml BSA and 2% (w/v) Gelatin
from cold water fish skin). After incubation at 4°C for 1 h
with rotation, beads were precipitated (centrifugation for 10
min, 21 100 x g, 4°C) and the supernatant was added to 200
wl of blocked GFP-Trap.

Immunoprecipitation took place over night at 4°C with
rotation followed by washing: 3x with 15 ml of ChIP Low
salt buffer (20 mM Tris/HCI pH 8.0, 2 mm EDTA, 150
mM NaCl, 1% (w/v) Triton X-100, 0.1% (w/v) SDS, | mM
DTT), 3x with 15 ml of ChIP High salt buffer (20 mm
Tris/HCI pH 8.0, 2 mM EDTA, 500 mM NaCl, 1% (w/v)
Triton X-100, 0.1% (w/v) SDS, l mM DTT), 1 x with 15 ml
of ChIP LiCl buffer (10 mMm Tris/HCI pH 8.0, | mM EDTA,
250 mMm LiCl, 0.1% (w/v) NP-40, 1 mM DTT), 2x with TE
buffer (10 mM Tris/HCI pH 8.0, | mM EDTA, 1 mM DTT).
Each washing step was performed at 4°C for 5 min with ro-
tation and the resin was precipitated in between by centrifu-
gation (4 min, 400 x g, 4°C).

Crosslinked protein—-DNA complexes were eluted twice
from the resin in 500 wl ChIP Elution buffer (100 mm
NaHCO;3, 2% (w/v) SDS) for 20 min at RT with rotation
followed by 10 min incubation at 95°C. Pooled cluates were
1:1 diluted with 100 mM NaHCOs;. As ‘input’ sample, 14
wl of precleared chromatin was added to 250 w1 of ChIP
Elution buffer and diluted 1:1 with 100 mM NaHCOs;. 5
M NaCL was added to the samples to the final concentra-
tion of 40 wM. Protein—-DNA complexes were decrosslinked
over night at 65°C with agitation. 40 mM Tris/HCI pH 6.8,
1 mMm EDTA and 40 ng/pl Proteinase K (Applichem) was
added to each sample and proteins were digested at 45°C for
1 h with agitation. The DNA was purified using QIAquick
PCR purification kit (Qiagen) and the concentration was
determined using Quant-iT™ dsDNA High-Sensitivity As-
say Kit according to the manufacturer’s instruction.

ChIP-seq

Libraries for ChIP-seq analysis were prepared from 500
pg of DNA using MicroPlex Library Preparation Kit v2
(diagenode) following manufacturer’s instructions includ-
ing library size selection using AMPure XP beads (Beck-
man Coulter). The quality of sequencing libraries was con-
trolled on a Bioanalyzer 2100 using the Agilent High Sensi-
tivity DNA Kit (Agilent). Pooled sequencing libraries were
quantified with digital polymerase chain reaction (PCR)
(QuantStudio 3D, Thermo Fisher) and sequenced on the
NextSeq 550 platform (Illumina) using a high output v2.5
flow cell and 50 base single reads.

Raw Illumina sequence reads were aligned to D.
melanogaster genome (BDGP6.dm6, ucsc) with the
Bowtie2 tool and peak calling was performed with the
MACS?2 callpeak tool using the Galaxy Server of Uni-
versity of Giessen (default settings). Peaks were filtered
using fold change values > 4 and pileup values > 35.
Genomic distribution of the peaks was analysed using
CEAS: Enrichment on chromosome tool and diagrams
were generated using the Venn Diagram tool of Cistrome
Galaxy server.

RNAI treatment in cell culture

RNA interference experiments were performed as in (1,20).
Briefly, double-stranded RNA was generated by T7 Poly-
merase in vitro transcription from PCR amplimers gen-
erated with T7 promoter-containing primers (Supplemen-
tary Table S4) using MEGAscript™ T7 Transcription Kit
(ThermoFischer) according to the manufacturer’s instruc-
tion. Double-stranded RNAs (15 wg) were transfected into
S2 cells (1.2 x 10° cells) using Effectene (Qiagen), and the
cells were harvested 3 to 4 days after transfection. The effi-
ciency of knock-down was confirmed by qPCR and western
blot analysis.

Fly lines and crosses

RNA interference experiments in flies were performed using
stocks from the VDCR RNAI Library (http://stockcenter.
vdrc.at/control/main) carrying RNAIi transgenes under
UAS control (VDRC RNAi #: dCoREST —34179; — 34180
and —104900; dLSD1 - 106147; dL(3)mbt — 104563; dLint-
1 —105932; dG9a — 25473; dCHD3 - 102689; CG9973 —
102273; CG2083 - 110549). For knockdown experiments
the GAL4-driver strains engrailed-GAL4 (wing) and bam-
GALA4 (germ line) were used, respectively. All flies were col-
lected as virgins before setting up the crosses. Flies were kept
at 26°C in a fly incubator.

RNA-seq analysis

Total RNA from Drosophila S2 cells was isolated using
the peqGOLD Total RNA Kit (S-Line, peqlab) accord-
ing to manufacturer’s instructions. Total RNA from dis-
sected Drosophila testes was isolated using the TRIzol (In-
vitrogen) reagent according to the manufacturer’s protocol.
Following chloroform extraction, ethanol precipitation and
DNase digestion, RNAs were purified using a RNeasy Mini
Kit (Qiagen).

RNA integrity was assessed on an Experion StdSens
RNA Chip (Bio-Rad). RNA-seq libraries were prepared us-
ing a TruSeq Stranded mRNA Library Prep kit (Illumina).
Libraries were quantified on a Bioanalyzer (Agilent Tech-
nologies) and were sequenced on an Illumina HiSeq 1500
platform, rapid-run mode, single-read 50 bp (HiSeq SR
Rapid Cluster Kit v2, HiSeq Rapid SBS Kit v2, 50 cycles)
according to the manufacturer’s instructions.

For transcriptome analysis, sequenced reads were aligned
to the D. melanogaster genome (Ensembl revision §89) using
STAR (version 2.4.1a) (21). Fragments per kilobase per mil-
lion (FPKM) were calculated based on the total raw read
count per gene and length of merged exons. For the study
with cultured S2 cells, differential expression was assessed
using DESeq2 (version 1.12.3) (22). To investigate differ-
ential gene expression of pooled Drosophila testes, logFC
values were calculated between the log2 medians of each
group after a constant of 1/60 to avoid undefined algo-
rithms. For both analyses, genes that did not yield a min-
imum raw count of 50 and a minimum FPKM of 0.3 in at
least two samples were discarded due to insufficient cover-
age. Of the remaining genes, genes were considered differen-
tially expressed if the absolute of the log2 FC was at least 1
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(twofold induction/repression) and in case of DESeq2 anal-
ysis if the corrected P-value was less or equal 0.05.

Phase contrast microscopy and immunofluorescence staining

Triple-bam-GAL4 female virgins (bam-GAL4/bam-
GAL4;CyO/Sp;Sb/Bam-GAL4) were crossed with males
of appropriate RNAi-lines (CoREST: VDRC-34179/GD
and Su(var)3-3: VDRC-10647/KK). Offspring were raised
in standard conditions (26°C).

For dissection and imaging up to 1-day old males were
used. Only males that were non-Sb (i.e. carried 2xbam-
GAL4) were selected. Used undriven RNAI lines as controls
(up to 1-day old).

Dissected testes in PBS and mounted whole unfixated
testes on lysin-coated slides in PBS were imaged at 10x
and 20x magnification in phase contrast using a Leica
DMR microscope equipped with Quantifire-X1 camera (In-
tas Science Imaging Instruments). For imaging spermato-
cytes testes were squashed by removing PBS from under the
coverslip.

Images were processed and assembled in GIMP and
Inkscape.

Immunofluorescence staining of squashed testis was car-
ried out essentially as described before (19,23,24).

RESULTS
Different dCoREST-containing protein complexes

Alternative splicing produces two main isoforms of
dCoREST in macrophage-like S2 cells: dCoREST-L and
dCoREST-M (13). dCoREST-L contains a unique 234
amino acid insertion in the linker region separating the
two SANT domains that is absent in dCoOREST-M (Figure
1A). We have previously shown that both dCoREST iso-
forms associate with the malignant brain tumour (MBT)
domain-containing protein dL(3)mbt, dLint-1 and the his-
tone deacetylase dRPD3 to form the dL(3)mbt-interacting
(LINT) complex (15). We hypothesized that additional
dCoREST-containing complexes exist. We used gel filtra-
tion of nuclear extracts from S2 cells to test this hypoth-
esis. Indeed, only a minor fraction of dCoREST coeluted
with the LINT signature subunit dL(3)mbt (Figure 1B). The
bulk of dCoREST-L and dCoREST-M eluted in fractions
with high apparent molecular mass (>440 kDa) that con-
tained little or no detectable dL(3)mbt. This suggests that
dCoREST is a component of additional protein complexes
other than LINT. In addition, we observed that dCoREST-
L (main peak in fraction 25) and dCoREST-M (main peak
in fraction 19) do not peak in the same fractions indicating
that isoform-specific complexes might exist.

We used an antibody recognising both dCoREST iso-
forms to affinity purify dCoREST-interacting proteins from
S2 nuclear extract (13). SDS-PAGE followed by silver stain-
ing revealed several proteins that specifically co-purified
with dCoREST-L/M but were not detected in controls (Fig-
ure 1C; compare lane 3 with lanes 1 and 2). Mass spectrom-
etry analysis (LC-MS/MS) identified 373 proteins as puta-
tive dCoREST interactors (Supplementary Table S1). All
four components of the LINT complex (dL(3)mbt, dLint-
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1, dRPD3 and dCoREST) were strongly enriched in the im-
munoprecipitate (Figure 1D).

An isoform-specific dLSD1/dCoREST complex

In mammalian cells, CoREST is an integral part of the
LSD1/CoREST complex (3-7).

In S2 cells, dCoREST-L and dLSD1 can interact when
both proteins are overexpressed suggesting that this in-
teraction is conserved between vertebrate and inverte-
brate species (13). Indeed, our purification of endogenous
dCoREST enriched three potential subunits of a putative
Drosophila LSD1/CoREST complex: dLSD1, dCoREST
and the HDAC1/2 homologue dRPD3 (Figure 1D, Supple-
mentary Table S1).

We generated an S2 cell line allowing the inducible ex-
pression of FLAG-tagged dLSD1 (Figure 2A). FLAG-
affinity purification from nuclear extracts of induced cells
revealed that dLSD1 co-purified dRPD3 and dCoREST-
L. Whilst this result does not allow us to judge to what
extent these interactions are stoichiometric it strongly sup-
ports the existence of a dLSD1/dCoREST complex. Strik-
ingly, dCoOREST-M was not detected in the dLSDI im-
munoprecipitate suggesting that dLSD1 binds dCoREST in
an isoform-specific manner.

We next established two S2 cell lines for inducible
expression of FLAG-tagged dCoREST-L and FLAG-
tagged dCoREST-M, respectively (Supplementary Figure
S1). dLSD1 was not detected in the FLAG-dCoREST-
M immunoprecipitate by western blot (Figure 2B). By
contrast, dLSDI1 efficiently co-purified with FLAG-tagged
dCoREST-L. This isoform-specificity of the dLSDI1 inter-
action was not observed for subunits of the LINT com-
plex: dL(3)mbt, dLint-1 and dRPD3 all co-precipitated
with both dCoREST isoforms. We also subjected FLAG-
dCoREST-L and FLAG-dCoREST-M immunoprecipi-
tates to LC-MS/MS analysis. In agreement with the western
blot result, the LINT subunits dL(3)mbt and dRPD3, and
to a lesser extent also dLint-1, were enriched in the FLAG-
dCoREST-L immunoprecipitate (Figure 2C and Supple-
mentary Table S2). Likewise, all three LINT subunits were
also enriched in the dCoREST-M immunoprecipitate (Fig-
ure 2D and Supplementary Table S3). By contrast, dLSD1
was significantly enriched in the dCoREST-L interactome
only.

Finally, we generated baculoviruses expressing recombi-
nant dLSD1, dCoREST-L and dCoREST-M. Pairwise co-
infection of Sf9 cells followed by co-immunoprecipitation
confirmed that dLSDI1 preferentially interacts with
dCoREST-L (Supplementary Figure S2). Thus, the
isoform-specific interaction of dLSD1 with dCoREST-L
can be recapitulated with recombinant proteins.

In summary, our results support the hypothesis that
dLSD1 and dCoREST-L, but not dLSD1 and dCoREST-
M, form a stable complex.

A novel dG9a/dCoREST complex

In addition to LINT subunits and dLSD1, we identified
the H3K9-specific methyltransferase dG9a as one of the
most abundant interaction partners of endogenous dCoR-
EST (Figure 1D and Supplementary Table S1). dG9a was
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proteins is presented in Supplementary Table S1 (» = 4, FDR = 0.01, s0 = 2).

also detected by western blot following the immunoprecip-
itation of both FLAG-tagged dCoREST isoforms (Figure
2B).

To confirm this interaction we used CRISPR /Cas to add
a sequence encoding a GFP-tag to the 3’ end of the en-
dogenous dG9a coding sequence (Supplementary Figure S3
and Table S5). Purification of the resulting dG9a-GFP fu-
sion verified both dCoREST isoforms as well as dRPD3
as interactors of dG9a (Figure 3A). By contrast, neither
dL(3)mbt nor dLSD1 were recovered to a significant extent.
These results suggest that dG9a is not part of the LINT or
dLSD1/dCoREST complexes but forms a separate assem-
bly with dCoREST and dRPD3.

We next asked if dG9a forms a stoichiometric complex
with dCoREST. We analysed dG9a-GFP purified from nu-

clear extracts by SDS-PAGE and silver staining (Figure
3B). This resulted in the co-purification of four polypep-
tides ranging in apparent molecular masses from 250 to
300 kDa. These masses correspond well to the mass ex-
pected for dG9a-GFP. We do not currently know if these
polypeptides represent isoforms of dG9a, posttranslation-
ally modified dG9a, degradation products or, indeed, in-
teraction partners. It is clear, however, that this purifica-
tion did not reveal polypeptides with apparent molecular
masses similar to those of dCoREST-L, dCoREST-M or
dRPD3 arguing that the bulk of dG9a is not associated
with dCoREST and dRPD3. We considered the possibil-
ity that addition of the GFP moiety to the C-terminus of
endogenous dG9%a might disrupt interactions with dCoR-
EST and dRPD3. Therefore, we used CRISPR /Cas to cre-
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ate two additional cell lines expressing endogenous dG9
with a FLAG-tag at the N-terminus and C-terminus, re-
spectively. Again, anti-FLAG affinity purification followed
by SDS/PAGE and silver staining failed to detect in-
teraction partners with apparent molecular masses simi-
lar to those of dCoREST or dRPD3 (data not shown).
In conclusion, these results identify a dG9a/dCoREST
complex but also make clear that the majority of dG9%a

molecules in nuclear extract are not associated with this
complex.

Our proteomic analyses suggest that at least three dis-
tinct dCoREST histone deacetylase complexes exist in
Drosophila which share a common dCoREST/dRPD3
core and are characterized by specific accessory subunits:
the LINT complex, a dLSD1/dCoREST complex and a
dG9a/dCoREST complex. To provide further support for
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this hypothesis we determined the gel filtration profile for
dCoREST, dLSDI1, dL(3)mbt, dLint-1, dG9a and dRPD3
using S2 nuclear extract (Figure 3C) and embryo nuclear ex-
tract (Supplementary Figure S4). In both cases, dCoREST-
L, dCoREST-M and dRPD3 were detected in several frac-
tions representing a broad range of apparent molecular
masses (440 to 2000 kDa) in agreement with the notion
that these proteins are components of several distinct com-
plexes. dLSD1 and dCoREST-L co-eluted in the same peak
fractions (fractions 25 and 19 (S2 nuclear extract); fractions
22 and 23 (embryo nuclear extract) further supporting the
hypothesis that dLSD1 and dCoREST-L form a complex.
By contrast, dL(3)mbt and dLint-1 peaked in fraction 26
(S2 nuclear extract) and fraction 27 (embryo nuclear ex-
tract). dG9a co-eluted with these LINT subunits in S2 nu-
clear extract (fraction 26) but not in embryo nuclear extract
(peak fraction 20). Next, we separated nuclear extracts of S2
cells expressing GFP-tagged dCoREST by gel filtration, im-
munoprecipitated fractions with GFP antibody and anal-
ysed the immunoprecipitates by western blot (Figure 3D).
This verified that the dCoREST interaction partners did
not only co-elute with dCoREST but were indeed physically
associated with dCoREST in their respective gel filtration
fractions.

Taken together, three dCoREST-containing complexes
can be separated by both immuno-precipitation and gel fil-
tration. This strongly suggests that the dLSD1/dCoREST-
L, the LINT and the dG9a/dCoREST complexes can exist
as distinct entities. In addition, the similarity of gel filtra-
tion profiles derived from S2 nuclear extract and embryo
nuclear extract indicates that these complexes are present in
different cell types.

Chromatin binding by dCoREST complexes

Our biochemical studies suggest that three separate dCoR-
EST complexes exist in nuclear extract of S2 cells. In or-
der to assess if these assemblies are also associated with
chromatin we performed ChIP-seq analyses. We employed
CRISPR /Cas-mediated genome editing to generate S2 cell
lines expressing GFP-tagged dCoREST, the LINT sub-
unit dL(3)mbt, dLSD1 and dG9a, respectively (Supple-
mentary Figure S3 and Table S5). This allowed us to de-
termine the genome-wide binding profiles for these pro-
teins by ChIP-seq using the same antibody (anti-GFP) in
each case. We identified 4855 dCoREST bound sites in
the Drosophila genome. dCoREST binding sites are greatly
enriched in promoters implying a role in the regulation
of transcription (Figure 4A). About 73.6% of dCoREST
sites are also bound by dL(3)mbt (Figure 4B and D).
By contrast, only 17.6 and 18.6% of dCoREST sites are
co-occupied by dLSD1 and dG9a, respectively. This sug-
gests that on chromatin the LINT complex is more abun-
dant than either dLSD1/dCoREST or dG9a/dCoREST
complexes. About 73.4% of all dL(3)mbt sites are also
bound by dCoREST (Figure 4B and D). By contrast, only
10.2 and 7.3% of all dL(3)mbt sites are co-occupied by
dLSDI1 and dG9a, respectively (Figure 4C). This further
supports the notion that the LINT complex is largely dis-
tinct from dLSD1/dCoREST and dG9a/dCoREST assem-
blies. dCoREST is associated with 79.0% of all dLSDI1
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binding sites (Figure 4B and D). This is in agreement with
the notion that the majority of dLSD1 molecules bind
chromatin as part of the dLSD1/dCoREST complex and
demonstrates that the dLSD1/dCoREST complex asso-
ciates with chromatin. About 59.0% of all dG9%a binding
sites are also bound by dCoREST (Figure 4B and D).
Whilst this indicates that more than half of dG9a molecules
bind chromatin as part of a dG9a/dCoREST assembly it is
clear that a significant fraction of dG9a (41.0%) associates
with chromatin independently of dCoREST. In conclusion,
the comparison of chromatin binding profiles supports the
notion that the three dCoREST complexes that we have de-
fined by analysing soluble nuclear extract do indeed form
on chromatin.

Gene regulation by CoREST-containing complexes in S2
cells

All three dCoREST complexes identified in our study con-
tain histone modifying enzymes (dRPD3, dLSD1, dG9a)
expected to generate closed chromatin structures and to re-
press gene transcription. Moreover, dCoOREST complexes
associate predominantly with promoter sequences. There-
fore, we next asked what contributions the three dCoR-
EST complexes would make to regulating the transcriptome
of S2 cells. We used RNAi-mediated depletion followed by
RNA-seq to address this question. S2 cells were treated with
double stranded RNAs targeting EGFP (control) and two
double stranded RNAs directed against dCoREST. One of
these RNAs corresponded to a region shared by both L-
and M-isoforms and efficiently depleted both dCoREST-L
and dCoREST-M simultaneously (Figure 5A, lane 2). The
other RNA hybridized to the insert unique to dCoREST-
L and downregulated the dCoREST-L isoform specifically
(Figure 5A, lane 3). We noted that depletion of dCoREST-
L for four days resulted in slightly reduced western blot sig-
nals for most proteins tested suggesting an unspecific effect
of dCoREST-L RNAi-treatment on the expression or sta-
bility of many proteins (Figure SA, lane 3). We, therefore,
shortened the RNAI treatment to three days (Figure 5A,
lanes 8-10). Under these conditions the simultaneous de-
pletion of both dCoREST isoforms as well as the depletion
of dCoREST-L alone specifically decreased dLSD1 protein
levels without affecting the levels of other proteins. This sug-
gests that dCoREST-L binding to dLSD1 contributes to
dLSDI1 stability. As we have reported previously, depletion
of dL(3)mbt had a similar destabilising effect on dLint-1
((15); Figure 5A, lane 6).

Simultaneous depletion of both dCoREST-L and
dCoREST-M upregulated 668 protein coding genes by
a factor of 2.0 or more (log2FC > 1) as determined by
RNA-seq (Figure 5B). A much smaller number of genes
(28) were downregulated. This supports the hypothesis
that dCoREST complexes predominantly function to
repress transcription. Importantly, 483 (68%) of the genes
that change expression upon dCoREST knockdown are
bound by dCoREST as determined by ChIP-seq analysis
suggesting that these genes are direct targets of dCoREST
repressor complexes.

To determine to what extent the three individual dCoR-
EST complexes contribute to gene regulation we analysed
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Figure 5. The LINT complex is a major repressor of transcription in S2
dCoREST-L, dLSDI, dLint-1, dL(3)mbt and dG9a. (A) Nuclear extracts

cells. S2 cells were treated with dsRNA directed against EGFP, dCoREST,
of RNAI treated S2 cells were subjected to western blot and analysed using

antibodies indicated on the right. (B) RNA from these cells was analysed by RNA-seq. The diagram depicts the numbers of down- and upregulated genes
(fold change >2) using transcript levels of EGFP RNAI treated cells as a reference (n = 3). (C) Venn diagram of genes upregulated upon dCoREST,
dL(3)mbt and dLint-1 knockdown (fold change >2.0, adj. P < 0.05). (D) Venn diagram comparing LINT-repressed genes and malignant brain tumour

signature (MBTS) genes.

transcriptomes after depletion of complex-specific subunits
(Figure 5A).

Specific depletion of dLSDI resulted in only few genes
being misexpressed (Figure 5B; eight genes upregulated,
ten genes downregulated). Likewise, very few genes were
misregulated in S2 cells specifically depleted of dCoREST-
L (four genes upregulated, four genes downregulated).
These results are reminiscent of weak transcriptional ef-
fects of LSD1 depletion that have been reported previ-
ously: for example, RNAi-mediated depletion of LSDI1
in mouse ES cells results in only a weak derepression of
LSDI target genes that does not exceed a factor of 2-fold
(29). Therefore, we lowered the threshold of our analy-
sis and considered genes misexpressed by a factor of 1.5
or more (log2FC=>0.58). This, indeed, increased the num-
ber of dLSD1-repressed genes to 113 and the number of
dCoREST-L-regulated genes to 41 (Supplementary Figure

S5). Importantly, 78% of genes upregulated by dCoREST-
L depletion were likewise upregulated by dLSD1 deple-
tion suggesting that these genes are indeed repressed by a
dLSD1/dCoREST-L complex. Nevertheless, it is clear that
the dLSD1/dCoREST-L complex controls a comparatively
small proportion of dCoREST-regulated genes in S2 cells
even though 853 genomic sites are co-occupied by dCoR-
EST and dLSDI.

Similar to what we observed after depletion of dLSDI1,
dG9a depletion upregulated only few genes by a factor of
2.0 or more (Figure 5B; 10 genes upregulated, 0 genes down-
regulated). In this case, including genes that were misregu-
lated by a factor of 1.5-fold or more did not markedly in-
crease the number of affected genes (18 genes upregulated,
16 genes downregulated). We conclude that dG9a does not
play a major role in regulating gene transcription in S2
cells.
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In stark contrast to the moderate to weak effects of de-
pleting dLSD1/dCoREST complex and dG9a/dCoREST
complex-specific subunits, depletion of LINT-specific sub-
units changed the expression levels of hundreds of genes by
a factor of 2.0 or more (Figures 5B; dL(3)mbt: 584 genes
upregulated, 56 genes downregulated; dLint-1: 373 genes
upregulated, 34 genes downregulated). This suggests that
the LINT complex is responsible for the regulation of a
large fraction of dCoREST-dependent genes in S2 cells,
in agreement with the LINT complex being the predomi-
nant chromatin-associated dCoREST complex as demon-
strated by ChIP-seq analysis. In support of this hypothe-
sis we find a high degree of overlap between genes that are
derepressed by dCoREST, dL(3)mbt or dLint-1 depletion
(Figure 5C). A total of 249 genes were upregulated when ei-
ther dL(3)mbt, dLint-1 or dCoREST was targeted and we
consider these to be high confidence LINT targets. More-
over, 385 genes were upregulated in at least two of the three
knockdowns. Thus, approximately half of the dCoREST-
regulated genes appear to be repressed by the LINT com-
plex. We note that 283 genes are upregulated in dCoREST-
depleted cells but neither in dL(3)mbt nor in dLint-1 de-
pleted cells (Figure 5C). At present it is unclear if this is a
consequence of a differential requirement for LINT com-
plex subunits at subsets of LINT target genes or if these
genes represent targets of as yet unidentified dCoREST
complexes.

LINT represses germ line genes in S2 cells

dL(3)mbt and LINT have previously been implicated in
the repression of malignant brain tumour signature (MBTS)
genes. MBTS genes encode mostly germ line-specific pro-
teins that are upregulated in brain tumours of /(3 )mbt mu-
tant larvae (14-15,30-31). In addition, dL(3)mbt regulates
a group of genes targeted by the Salvador-Warts-Hippo
(SWH) pathway (31). In agreement with our previous re-
sults obtained in Kc cells, LINT-repressed genes in S2 cells
included a significant proportion of MBTS genes (26 out of
101) but none of the SWH targets (Figure 5D).

A gene ontology (GO)-term analysis of the 249 high con-
fidence LINT-repressed genes revealed a number of terms
that were significantly enriched (Supplementary Figure S6).
These included genes linked with the GO-terms “germ line
stem cell symmetric division” and “synapsis”. Together
with our finding that many of the germ line-specific MBTS
transcripts are upregulated upon knockdown of LINT sub-
units, this indicates that LINT functions to repress genes
involved in germ cell differentiation in S2 cells.

We had previously determined LINT target genes in Kc
cells by microarray analysis (15). Based on the comparative
analysis of their transcriptomes, both Kc cells and S2 cells
are believed to be derived from embryonal macrophages
and LINT might be expected to repress similar sets of genes
in both cell lines (32). Indeed, comparison of the LINT reg-
ulated genes in Kc and S2 cells revealed a significant degree
of overlap (Supplementary Figure S7).

In conclusion, our analyses suggest that LINT shapes the
transcriptomes of macrophage-derived cell lines by prevent-
ing the inappropriate expression of genes characteristic of
other cell types.

Depletion of dCoREST disrupts wing vein differentiation

In order to gain insight into the roles of different dCoR-
EST complexes during fly development we performed RNA
interference using the UAS/GAL4 system (33). We investi-
gated two developmental systems, wing and testis, both of
which have been shown to be sensitive to mutation or dereg-
ulation of several chromatin regulators (10,34-35). For ex-
ample, RNAi-mediated depletion of dCoREST and dLSD1
throughout the wing imaginal disc has been demonstrated
to result in ectopic vein phenotypes (10,36). We used the
engrailed-GAL4 driver line to direct expression of UAS-
shRNA constructs to the posterior half of the develop-
ing wing. Indeed, we observed vein phenotypes with high
penetrance (100%) when dCoREST was targeted by RNAi
(Supplementary Figure S8). Depletion of dLint-1 caused
a strong deformation of wing shape that largely precluded
an analysis of vein phenotypes. The molecular basis for the
dLint-1 phenotype is currently unclear. Whilst depletion of
dL(3)mbt, dLSD1 and dG9a did result in vein phenotypes
with lower penetrance (<20% of wings analysed), such low
penetrance phenotypes were also observed in the driver
line (en-GAL4) and when RNAI was directed against tran-
scripts unrelated to dCoREST complexes (dChd3, CG9973
and CG2083; Supplementary Figure S8). We therefore con-
clude that low penetrance vein phenotypes are unlikely to
be a specific consequence of depletion of these dCoREST
complex subunits. We considered the possibility that the
lack of specific phenotypes caused by dL(3)mbt, dLSD1
and dGY9a depletion was due to insufficient expression of
RNAI constructs. We therefore repeated all crosses and phe-
notype analyses at an elevated temperature (30°C) known
to enhance expression in the UAS-GALA4 system (37). This
resulted in an enhancement of the severity of the dCoR-
EST and dLint-1 RNAIi phenotypes but still failed to pro-
duce specific wing alterations when dL(3)mbt, dLSD1 or
dGYa were targeted (Supplementary Figure S9). However,
measurement of dL(3)mbt, dLSD1 and dG9%a RNA Ilevels
in wing discs by qPCR revealed no or only mild RNAI-
mediated reductions of expression, precluding us from eval-
uating the role of these proteins in wing development (data
not shown).

Taken together, these results suggest that in our experi-
mental system dCoREST is critical for wing vein differen-
tiation. However, they do not inform on which individual
or which combination of the three dCoREST complexes is
playing a role.

dLSD1/dCoREST is essential for spermatogenesis

Several of the dCoREST interactors identified in this study
have been linked to the regulation of germ cell differentia-
tion: Homozygous dLSD1 mutant females fail to produce
oocytes and male flies are infertile (12,38-39). Similarly,
mutations in dL(3)mbt, dLintl and dG9a produce ovary
defects and female sterility (14,40). We sought to systemati-
cally compare the importance of LINT, dLSD1/dCoREST
and dG9a/dCoREST complex subunits for spermatogen-
esis and male fertility. Towards this end we used the bag
of marbles (bam) GAL4 driver strain to direct expres-
sion of RNAI constructs to germ cells. We first compared
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three different RNAI lines expressing shRNA constructs ex-
pected to simultaneously downregulate both dCoREST-L
and dCoREST-M. Indeed, dCoREST-L and dCoREST-M
mRNA expression in testes was reduced to levels ranging
from 10 to 35% when these responder lines were crossed to
bam driver lines (Supplementary Figure S10). Male progeny
resulting from these crosses was infertile in agreement with
our previous findings (34). This is consistent with the hy-
pothesis that dCoREST-containing complexes are essential
for fertility. We then set up a series of crosses to knock
down dCoREST, dLSDI, dL(3)mbt, dLint-1 or dG9%a in
developing male germ cells. To verify efficiency of these
knock downs we analysed RNA prepared from testes by
qPCR (Supplementary Figure S11 and Table S6). mRNA
expression of all RNAI targets was efficiently reduced. We
then crossed virgin females with control males or RNAi-
depleted males to assess male fertility. Out of 11 lines tested,
only dCoREST and dLSDI1-depleted males failed to gen-
erate offspring (Figure 6A). The fertility of males depleted
of dL(3)mbt, dLint-1 or dG9a was indistinguishable from
that of controls. This suggests a differential role of dCoR-
EST complexes in male fertility: The dLSD1/dCoREST
complex appeared to be essential for fertility whereas both
LINT and dG9a/dCoREST complexes seemed dispens-
able.

Indeed, analysis of testes morphology by phase contrast
microscopy revealed that seminal vesicles of control testes
contained sperm, whereas seminal vesicles of dCoREST
and dLSD1-depleted testes were empty (Figure 6B, panels
1, 2 and 3). Premeiotic spermatocytes did not show any ob-
vious defects (panels 1’, 2" and 3’). In addition, post mei-
otic spermatids identified by their flagella extending along
a large part of the testis were present in both control and
RNAi-depleted testes. This suggests that defects manifest
at later stages such as spermatid nuclei elongation, histone-
protamine exchange, individualization of sperm or release
into the seminal vesicle.

We used immunofluorescence microscopy to identify pos-
sible alterations caused by dCoREST and dLSD1 deple-
tion at postmeiotic stages (Figure 6C). During spermiogen-
esis round spermatid nuclei elongate (canoe stage), individ-
ualize and eventually form mature sperm. Histones are re-
moved from DNA and degraded during the canoe stage.
Concomitantly protamines and Mst77F are expressed to
replace histones in mature sperm (23,28). dCoREST or
dLSD1 knockdown did not affect this histone-to-protamine
switch as judged by the timely expression and chromatin
association of Mst77F. However, spermatid nuclei failed to
elongate and no mature, elongated sperm were detected. As
hardly any transcription takes place after meiotic divisions,
these defects likely are a consequence of aberrant gene reg-
ulation during the spermatocyte phase (28). The striking
similarity of the phenotypes produced after both dCoREST
and dLSD1 knockdowns further strengthens the hypothe-
sis that it is the dLSD1/dCoREST complex that is essential
for the cellular processes that govern nuclei elongation.

The dLSD1/dCoREST complex did not appear to be
a major regulator of gene transcription in macrophage-
like S2 cells (Figure 5). Nevertheless, we hypothesized that
it might regulate gene expression during germ cell de-
velopment. We prepared RNA from bam>>dCoREST
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RNAI, bam>>dLSD1 RNAIi and control testes and anal-
ysed their transcriptomes by RNA-seq. In both, dCoREST-
depleted and dLSDI1-depleted testes, a large number of
genes was activated by a factor of 2.0 or more (log2FC>1;
dCoREST-depleted testes: 1721 genes up-regulated, 61
genes downregulated; dLSD1-depleted testes: 1300 genes
upregulated, 125 genes downregulated) (Figure 7A). Im-
portantly, 1091 genes were upregulated in both scenar-
ios which corresponds to 63% of all dCoREST-repressed
genes and 84% of all dLSD1-repressed genes (Figure 7B).
We consider these genes to be high confidence targets of
the dLSD1/dCoREST complex. GO-term analysis of these
identified 20 GO-terms that were over-represented (Sup-
plementary Figure S12). Eight of these were associated
with genes involved in neuron development and function.
These findings are consistent with the hypothesis that the
dLSD1/dCoREST complex is required to prevent the in-
appropriate expression of neuron-specific genes in the male
germ line.

Collectively, our results demonstrate that dCoREST
functions to maintain cell-type-specific gene expression pro-
files in both macrophage-like S2 cells and in the male germ
line. However, to do so different dCoREST complexes are
used in a cell-type-specific manner.

DISCUSSION

Multisubunit protein complexes that regulate chromatin of-
ten exist as families of complexes with related subunit com-
position (1). Typically, a set of shared core subunits can
associate with diverse complex-specific accessory subunits.
Accessory subunits endow complexes with specific func-
tionality by regulating the enzymatic activities of core sub-
units, adding new enzymatic, nucleosome or RNA bind-
ing activities and/or by influencing the targeting to specific
genome regions.

Whereas extensive complex families have recently been
described for PRC1, PRC2 and SWI/SNF, the number of
complexes containing the CoREST repressor that have been
identified is comparatively small: In mammalian cells, the
bulk of CoOREST appears to reside in complexes with LSD1
(6,8,12). Although several studies have found that CoREST
can bind additional chromatin regulators it is not clear if
these interactions reflect the existence of additional, stable
CoREST complexes or are the products of transient bind-
ing events. In Drosophila, dCoREST and dLSD1 have been
shown to interact in ovary extracts and when both pro-
teins are overexpressed in S2 cells (12,13). We have previ-
ously identified dCoREST as a subunit of the dL(3)mbt
interacting LINT complex (15). In the current study we
have used proteomic approaches to systematically deter-
mine and characterize the interactome of dCoREST in S2
cells.

Using gel filtration, immunoaffinity purification, mass
spectrometry and co-immunoprecipitation approaches we
have identified three distinct dCoREST-containing com-
plexes (Figure 8). All three of these complexes contain a
heterodimeric core composed of dCoREST itself (either the
-L or the -M isoform) and the histone deacetylase dRPD3.
This core can associate with additional subunits and his-
tone modifying activities to form either the LINT complex,
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Figure 6. dLSD1/dCoREST complex is essential for spermatogenesis. (A) Male fertility tests of control flies and flies in which dCoREST or its interactors
were depleted by RNAI (n = 10). Only bam>>dCoREST RNAi and bam>>dLSD1 RNA:I flies produced no offspring (-). (B) Phase contrast images of
1 day old testes from control flies (1 and 1’), bam>>dCoREST RNAI flies (2 and 2) and bam>>dLSD1 RNA:I flies (3 and 3’). Post-meiotic spermatids
identified by their flagella extending along a large part of the testis (marked by dashed line) were visible in all testes. Seminal vesicles of control testes
(arrow in panel 1) contained sperm, seminal vesicles of RINAi depleted testes were empty (arrowheads in panels 2 and 3). Phase contrast microscopy of
spermatocytes of indicated crosses (1, 2" and 3’) showed no visible defects. Scale bars: 250 pm (1, 2 and 3) and 100 pm (1’, 2" and 3’). (C) Knockdown of
dCoREST and dLSDI leads to post-meiotic spermatid nuclei elongation defects. Histones (white) and the spermatid-specific protein Mst77F (green) were
visualized by immunofluorescence in post-meiotic spermatid nuclei of control testes (1 and 1) and upon RNAi in bam>>dCoREST RNAi (2 and 2') and

bam>>dLSDI RNAI (3 and 3’) testes. Scale bars: 20 p.m.

a dLSD1/dCoREST complex or a dG9a/dCoREST com-
plex. LINT contains the signature subunits dL(3)mbt and
dLint-1, the dLSD1/dCoREST complex is defined by the
histone demethylase dLSD1 and the dG9a/dCoREST com-
plex harbours the H3K9 histone methyltransferase dG9a.
Thus, all three dCoREST complexes identified in our study
have the potential to generate repressive chromatin struc-

tures by altering the histone methylation and acetylation
status of nucleosomes.

Importantly, the three dCoOREST complexes can be sepa-
rated by immunoprecipitation and gel filtration under mild
conditions suggesting that they indeed exist as distinct as-
semblies in the nucleus. Moreover, ChIP-seq analysis has
demonstrated that the majority of dCoREST bound sites
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Figure 7. dLSD1/dCoREST complex is a major repressor of transcription during spermatogenesis. (A) Bar diagram showing the number of up- and
downregulated protein coding genes of testes depleted for dCoOREST or dLSD1 as determined by RNA-seq (total 850 testes from at least three biological
replicates per condition). (B) Venn diagram showing comparison of dCoREST and dLSD1 up-regulated genes (fold change >2.0, adj. P < 0.05).
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Figure 8. Schematic representation of different dCoREST complexes in Drosophila. Three distinct dCoREST containing complexes share a common
dCoREST/dRPD3 core. The dLSD1/dCoREST complex is dCoREST isoform-specific and regulates transcription in the male germ line. The LINT
complex is a major repressor of transcription in macrophage-like cells. The targets of the dG9a/dCoREST complex are unknown.

are co-occupied by dL(3)mbt but not by dLSD1 or dG9a
further supporting the notion that the complexes asso-
ciate as independent entities with chromatin. Our proteomic
screens for dCoREST interactors have identified additional
proteins with established roles in chromatin regulation that
we have not yet characterized further. This leaves open the
possibility that additional dCoR EST-containing complexes
might exist.

dCoREST-L and dCoREST-M differ in a 234 aa in-
sertion between the SANT domains that is present in
dCoREST-L but not in dCoREST-M (Figure 1A). Our
results suggest that both isoforms can be integrated into
the LINT and dG9a/dCoREST complexes. By contrast,
reciprocal co-immunoprecipitation and reconstitution ex-
periments demonstrate that only dCoREST-L but not
dCoREST-M can form a complex with dLSDI1. This

agrees well with the prior observation that dLSDI1 co-
immunoprecipitates preferentially with dCoREST-L in
ovary extracts. What determines the isoform specificity of
this interaction? The structure of a complex formed by
fragments of human CoREST and human LSD1 has been
solved (41). This structure shows that the interaction sur-
face of CoREST that contacts LSDI1 is composed of a
part of the region separating the two SANT domains and
the second SANT domain itself. Sequence alignment of
dCoREST-L with human CoREST reveals conservation
across the entire LSD1 contact region (Supplementary Fig-
ure S13). The N-terminal part of this region is formed by the
dCoREST-L-specific insertion that is missing in dCoREST-
M. Thus, a potential explanation for why dCoREST-M can-
not stably interact with dLSD1 is that an essential part of
the interaction surface is missing in this isoform.

1202 Arenuer 20 uo Jasn Bingue 3eyloNaIgsIoeNsIaAIUN Aq L9G1L9S/6Y91L L/ZZ/LT/0Ie/eu/wod"dno-olWapeo.)/:Sdjy WOy papeojumod



11664 Nucleic Acids Research, 2019, Vol. 47, No. 22

Although human CoREST is also expressed in different
alternative splice forms, the strict isoform-specific dLSD1
interaction that we have identified in Drosophila does not
appear to be conserved: all three major human CoREST
isoforms interact with LSD1 (42).

Regulation of alternative splicing is an important mech-
anism for shaping cell-type-specific proteomes in higher
metazoans. It is conceivable that the relative abundance
of the three dCoREST complexes in different cell types
could be modified by regulating alternative splicing of the
dCoREST transcript: increased expression of dCoREST-
M at the expense of dCoREST-L would be expected to re-
sult in a higher proportion of LINT and dG9a/dCoREST
complexes (which can incorporate both isoforms) and a
concomitant decrease in dLSD1/dCoREST complex levels.
Indeed, the relative expression levels of dCoREST-L and
dCoREST-M are significantly different in S2 cells and em-
bryo extracts (compare e.g. Figures 1B, 3C and Supplemen-
tary Figure S4), suggesting that regulation of dCoREST ex-
pression at the level of alternative splicing might occur.

We have analysed the role of dCoREST complexes in
wing development and spermatogenesis and in regulating
transcription in the macrophage-like S2 cell line and in the
male germ line. In all these settings lowering the expres-
sion of dCoREST complexes by RNAIi depletion of their
shared dCoREST subunits has profound effects on differen-
tiation and changes the transcription of hundreds of genes.
In both macrophage-like cells and male germ cells the num-
ber of upregulated genes exceeds the number of downreg-
ulated genes by a factor of 20-fold or higher. This sug-
gests that dCoREST complexes are important regulators
of differentiation in a variety of developmental settings and
that they contribute to the maintenance of cell-type-specific
transcription programmes predominantly by acting as re-
pressors of transcription.

S2 cells and the male germ line respond with remark-
able specificity to the inactivation of individual dCoR-
EST complexes: In macrophage-like S2 cells, depletion of
LINT complex signature subunits derepresses hundreds of
genes whereas depletion of dLSDI1, the dLSD1/dCoREST
complex-specific dCoREST-L isoform or dG9a has only
minor effects. It remains possible that dLSD1, dCoREST-L
and dGYa depletion does lead to small expression changes
of weakly expressed genes that our analysis has not been
able to detect. In addition, it is possible that dCoREST-
L depletion is compensated by dCoREST-M, e.g. by in-
creased binding of dCoREST-M containing complexes to
dLSD1/dCoREST-L bound regions. In any case, our study
identifies LINT as an important repressor of genes that
are inappropriate for macrophages such as the germ line-
specific MBTS genes. Our results call into question whether
dLSDI1 and dGY%a play important roles in regulating tran-
scription in macrophage-like cells at all, at least under our
experimental conditions, even though they are clearly as-
sociated with chromatin and occupy more than a thou-
sand sites. An interesting parallel to our results is the find-
ing that LSD1 knockdown does not result in major tran-
scriptional effects in mouse ES cells (29). This is consistent
with the hypothesis that also in mammals the ubiquitous
LSD1/CoREST complex regulates transcription in a cell
type-restricted manner.

In stark contrast to our results in S2 cells, depletion of
dLSD1 (and depletion of dCoREST) results in the dere-
pression of more than 1000 genes in the male germ line,
the disruption of spermiogenesis and infertility. Amongst
the genes repressed by dLSD1/dCoREST many appear to
be specific for non-germ line lineages such as neurons. De-
pletion of LINT subunits or dG9a has no effect on sper-
matogenesis. Indeed, LSD1 plays also an important role in
mammalian spermatogenesis: The SLC complex containing
LSDI1, CoREST and SFMBI is highly expressed in mouse
spermatocytes (8). Moreover, LSD1 and SFMBTI colocal-
ize at meiotic chromosomes. Conditional ablation of LSD1
expression in mouse testis results in misexpression of genes
involved in stem cell and progenitor maintenance and differ-
entiation, defective meiosis, complete loss of mature sperm
and infertility (43,44). Although these studies did not di-
rectly address the role of COREST these data are consis-
tent with an important role of LSD1/CoREST complexes
in spermatogenesis that is remarkably conserved between
mouse and fly.

Unlike the LINT and dLSD1/dCoREST complexes for
which we have identified important functions as transcrip-
tional regulators in S2 cells and the male germ line, respec-
tively, dG9a depletion did not produce significant effects in
any of our experimental systems. These findings agree with
earlier studies that have shown that although dG9a is abun-
dantly expressed in the male germ line, dG9a mutants do
not display a reduction of H3K9 methylation levels in germ
cells (45,46). Moreover, dG9a is a non-essential gene and
dG9a null mutants display mostly behavioural phenotypes
(47-50). Defects of dG9a deficient flies have been reported
under various conditions of stress (50-52). It is conceivable,
that the dG9a/dCoREST complex is important in cell types
that have not been analysed in our study or exerts its most
prominent effects only under particular stress conditions.

A simple explanation for the cell-type- and lineage-
specific differences in dCoREST complex function revealed
in our study would be a potential differential expression of
dCoREST complex signature subunits in S2 cells and testis.
Indeed, on the RNA level G9a expression is only moder-
ate in S2 cells and low in testis (Fly Atlas, data not shown),
thus, providing a potential explanation for the weak effects
on transcription when dG9a is depleted in these cells. How-
ever, on the protein level, dG9a has been demonstrated to be
abundantly expressed in testis (45,46). dLSD1 expression is
much higher in S2 cells, where the dLSD1/dCoREST com-
plex represses only few genes, compared to testis, where the
dLSD1/dCoREST complex is a major repressor of tran-
scription and essential for spermatogenesis. In addition,
dLint-1 expression is higher in testis compared to S2 cells
even though depletion of LINT has no effect on spermato-
genesis. Taken together, these observations suggest that dif-
ferences in dCoREST complex repression activity cannot
be easily attributed to differences in expression levels.

How is dCoREST complex activity confined to partic-
ular cell types and lineages? It is possible that cell-type-
specific post-translational modifications of dCoREST com-
plexes activate or inactivate their functions. Alternatively,
gene repression by dCoREST complexes might be depen-
dent on cell-type-specific transcription factors that recruit
dCoREST complexes to chromatin. These cell-type-specific
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transcription factors would specifically interact with one of
the dCoREST complexes, potentially by contacting one of
their signature subunits, and recruit this complex to sets
of genes that need to be silenced in the given cell type. In-
deed, we have recently identified such a mechanism involv-
ing the germ line-specific transcription factor Kumgang and
the chromatin regulator dMi-2 that is responsible for the re-
pression of hundreds of genes in the male germ line (34).

Our study has identified a set of distinct histone deacety-
lase complexes that are built around a dCoREST/dRPD3
core which have the potential to generate repressive chro-
matin structures by altering nucleosome acetylation and
methylation. These complexes serve to repress lineage in-
appropriate genes, such as neuronal genes in the male germ
line or germ line-specific genes in macrophage-like cells and
often play critical roles in differentiation. We have revealed
an unexpected division of labour amongst these complexes
with individual dCoREST complexes being dedicated to
preventing inappropriate gene expression in specific cell lin-
eages and cell types.

In a broader sense, our study adds to the growing appre-
ciation that chromatin regulating complexes are not all pur-
pose machines that exert the same functions in all cell types
but, instead, that they are tailored by the inclusion of spe-
cific accessory subunits to perform distinct cell type- and
lineage-specific roles. Future analyses will aim to define the
molecular mechanisms by which this specificity is achieved.
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SUPPLEMENTARY MATERIAL AND METHODS
Cas9 gene editing and transfections

Endogenous dCoREST, dLSD1, dL(3)mbt, and dG9a were epitope-tagged using CRISPR/Cas9: Four
days before transfection, S2[Cas9] cells were first transiently depleted of the essential NHEJ-factor Lig4
and the MMEJ-factor Mus308 via RNAI to favour homologous recombination. U6-sgRNA template and
homologous recombination template (for the introduction of the GFP-tag at the C-terminus and the
puromycin resistance cassette) for tagging were generated as described in (17) and transfected into cells.
After four days, puromycin-resistant cells were selected in 2.5 ug/ml puromycin for two weeks. Monoclonal
cell lines were prepared by serial dilution and clones were analysed by PCR and Western blot. Primers
used to generate PCR products are listed in Supplementary Table S5.

For introduction of transgene by stable transfection, plasmids expressing full-length FLAG-tagged
dCoREST-L, dCoREST-M or dLSD1 under control of a metallothionein promoter were co-transfected with
pBS-Puro (which confers resistance to puromycin) into S2 cells as described previously (16). In brief, a
total of 7.4x106 S2 cells were seeded in 10 cm plates (Sarstedt). The next day cells were transfected with
30 ug of pPRmHa-3 plasmid containing the coding sequence of full-length FLAG-tagged dCoREST-L,
dCoREST-M or dLSD1 under control of the metallothionein promoter and 1.5 ug of the pBS-Puro by
calcium-phosphate transfection. Medium was exchanged 24 hours after transfection. After three days cells
were split and selected in 10 pg/ml puromycin for three weeks. Transgene expression was induced by
adding CuSOs to a final concentration of 100 ym and nuclear extracts were prepared 24 hours later and
analysed by Western blot.

Protein expression in Sf9 cells and co-immunoprecipitation

Baculoviruses expressing dCoREST-L, dCoREST-M and dLSD1 were generated with the Bac-to-Bac
Baculovirus Expression System (Invitrogen) according to the manufacturer's instructions. Sf9 cells were
harvested 72 hours after infection and lysed by three freeze/thaw cycles in Lysis buffer (20 mm Hepes pH
7.6, 200 mm KCI, 10% (v/v) glycerol, 0.1% (v/v) NP-40). Lysates were cleared by centrifugation (30 min,
17,000 x g, 4 °C).

200 pl of Sf9 extracts with comparable amounts of the target proteins were mixed with 1 ml of IP150-
buffer (25 mm Hepes pH 7.9, 150 mm NaCl, 12.5 mm MgClz, 0.1 mm EDTA, 10% (v/v) glycerol, 0.1% (v/v)
NP-40). 3 ul of antibody (anti-dCoREST, (13)) was added to each sample and the reaction was rotated for
two hours at 4 °C. Protein G Sepharose 4 Fast Flow beads (GE Healthcare) were blocked for one hour
with 0.5 mg/ml BSA and 1% (w/v) Gelatin from cold water fish skin. 20 ul of blocked beads were added to
each IP reaction and rotated for one hour at 4 °C. Immune complexes were precipitated by centrifugation
(4 min, 1,500 x g, 4 °C) and washed four times with 1 ml of IP150-buffer. Precipitates were eluted with
SDS-loading buffer and analyzed by SDS-PAGE and Western Blot.



RNA isolation and qPCR

RNA isolation was performed using the peqGOLD Total RNA Kit (S-Line, peglab) according to the
manufacturer’s instructions from three independent RNAi experiments in S2 cells or from a pool of 50
testes from 3 independent crosses. RNA was additionally treated with DNase | (peqGOLD DNase | Digest
Kit, peglab) according to the manufacturer’s instruction. Upon quantification (NanoDrop; Thermo
Scientific), cDNA synthesis was carried out in triplicate from 0.2 ug (testis) or 1.0 ug (S2 cells) of isolated
RNA using the SensiFAST™ cDNA Synthesis Kit (Bioline) according to the manufacturer’s protocol. cDNA
was diluted ten times for further use in gPCR reactions. gPCR was performed using the SensiFAST™
SYBR® Lo-ROX Kit (Bioline) on a Mx3000P cycler (Agilent Technologies) according to the instruction
manual. Calculations were done according to (23). Data presented in the graphs represent mean values of
three biological (S2 cells) or three technical (testes) replicates with standard deviation. For determination
of RNA expression in testes, testes from several independent crosses were pooled prior to RNA

preparation. Primer sequences are listed in Supplementary Table S6.



SUPPLEMENTARY TABLES

Supplementary Table S1. List of proteins identified by LC-MS/MS analysis in the anti-CoREST co-
immunoprecipitation experiment (n=4, FDR=0.01, s0=2).

Supplementary Table S2. List of proteins identified by LC-MS/MS analysis in the anti-FLAG co-
immunoprecipitation experiment of FLAG-dCoREST-L (n=4, FDR=0.2, s0=1).

Supplementary Table S3. List of proteins identified by LC-MS/MS analysis in anti-FLAG co-
immunoprecipitation experiment of FLAG-dCoREST-M (n=4, FDR=0.2, s0=1).

Supplementary Table S4. List of primers used for amplification of the templates for dsRNA synthesis by in vitro
transcription.

No. Name Sequence

1 EFGP-RNAi-fw gaattaatacgactcactatagggAGAGCTGGACGGCGACGTAA

2 EFGP-RNAI-rv gaattaatacgactcactatagggAGACTTGTACAGCTCGTCCATG
3 dCoREST-RNAI-fw taatacgactcactatagggCATTCGCTCAGTTTTCTGACG
4 dCoREST-RNAI-rv taatacgactcactatagggCCACCGAAATGTACTCCTCC

5 dCoREST-L-RNAi-fw taatacgactcactatagggAAGATTTGCAACGTGGTCTG

6 dCoREST-L-RNAi-rv taatacgactcactatagggTTCCGCCAAATAGAGACTGG

7 dLSD1-RNAi-fw taatacgactcactatagggAAAGAAACGTCAATCACCCG

8 dLSD1-RNAi-rv taatacgactcactatagggCCTCTTCGTTGGGTGTCATT

9 dL(3)mbt-RNAi-fw taatacgactcactatagggGTTGGTTTGGGTGCTGTCTT
10  dL(3)mbt-RNAi-rv taatacgactcactatagggGCGTCTAAAGTTCAGCCAGG

11 dLint-1-RNAi-fw taatacgactcactatagggATGAAAGGGTCGCTGGATT

12 dLint-1-RNAi-rv taatacgactcactatagggGCTCGGCACTGGAATCAT

13  dG9a-RNAi-fw taatacgactcactatagggAAACCAAGTGTTACTTTGAGAG
14 dG9a-RNAi-rv taatacgactcactatagggTGTACAAAATATGCCACATCCT




Supplementary Table S5. List of primers used in CRISPR/Cas9 tagging experiments.

No. Name Sequence

1 Crispr dCoREST CCTATTTTCAATTTAACGTCGCAGAGTTCCTGGCCAACTGGTTTAAGAGCTATGC
TG

2 Sense dCoREST GCGAAGAAAATCGCGCTCAGCACCGGAGGCGGAAGCAGCGTCGCAGAGTTCCTGG
CCAACGGATCTTCCGGATGGCTCGAG

3 Antisense dCoREST ATGTTATGTATCGGTATATATCTATGCGTGCATATATATCGCGAGTGAACACGTC
GCTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCATATG

4 dCoREST-GFP-seq_fw TCTCTTCTCCTCCTCCACAG

5 dCoREST-GFP-seq_rv CGTCCCCCAAAACATCAATC

6 Crispr dLSD1 CCTATTTTCAATTTAACGTCGAACAATGTATTTAGCGTGAGTTTAAGAGCTATGC
TG

7 Sense dLSD1 TCGTCAAAGAAGTCGGAGGAGAATTCAAACTCAAACACTGCCGACTCTACGGAGC
TACAGGGATCTTCCGGATGGCTCGAG

8 Antisense dLSD1 CAAAACTAAACGCTCTAGGAGTAACTGCTGGGGACCAAATGCATCACGCTAAATA
CATTGGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCATATG

9 dLSD1-GFP-seq_fw CCCAATCTATCTGACTCCTC

10  dLSD1-GFP-seq_rv TTACAGCGGCCTAGCTTCGT

11 Crispr dL(3)mbt CCTATTTTCAATTTAACGTCGCCCTTGCGCACGTCCTCTTGTTTAAGAGCTATGC
TG

12  Sense dL(3)mbt TCCGACGGCGATGTGGCGATGGTGCCGATGGAAGTGCGCACGCCCTTGCGCACGT
CCTCTGGATCTTCCGGATGGCTCGAG

13 Antisense dL(3)mbt GGTGCAACAAAATAATCTTATAAATCAATCAACGGAAGCGGATGCCTGGTATCCG
GAGTCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCATATG

14  dL(3)mbt-GFP-seq_fw ATGGGGATGGCGATTGTGAA

15  dL(3)mbt-GFP-seq_rv ATAATACCCGAATGGGCCGA

16 Crispr dG9a CCTATTTTCAATTTAACGTCGGAGAAAATTGGACACGCGTGTTTAAGAGCTATGC
TG

17  Sense dG9a GCACCGGAAAATGAAACGGGAACGCTGTCGTCTACAAATACGGAGAAAATTGGAC
ACGCGGGATCTTCCGGATGGCTCGAG

18 Antisense dG9a TTTTATTTGTTGGATGAGACTGTGAAATCTGCAATCATCTCAGGTTTAGGTGGTT
TTAGCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCATATG

19 dG9a-GFP-seq_fw CACCGGAAAATGAAACGGGA

20 dG9a-GFP-seq_rv ACCGGGCTTCGATAACGATT




Supplementary Table S6. List of primers used for gPCR gene expression analysis.

No. Name Sequence

1 Rp49-RT-fw TGTCCTTCCAGCTTCAAGATGACCATC
2 Rp49-RT-rv CTTGGGCTTGCGCCATTTGTG
3 dCoREST-RT-fw TCAAGGATGGCTCCGAGAAC
4 dCoREST-L-RT-rv TGTGCCATGCCCTTTCTTGT
5 dCoREST-RT-fw TCAAGGATGGCTCCGAGAAC
6 dCoREST-M-RT-rv CCTATTCTTCTGTATCTTGT
7 dLSD1-RT-fw ACGGCGAGTAGAGGAGAAAT
8 dLSD1-RT-rv GATTATGATGTCATCCGTCA
9 dL(3)mbt-RT-fw TTTCTGGCACCACATTTCTG
10  dL(3)mbt-RT-rv CTCTCCTTCTGCGTACTCTGC
11 dLint-1-RT1-fw GCAGGAGCAGCAAAGACG

12 dLint-1-RT1-rv CTCAAAGAGGCCGAGGAAC

13 dLint-1-RT2-fw CCGTGAAGCTGAAGGAGAAC
14  dLint-1-RT2-rv GGAAGTGCTTGCGAATAAGC
15  dG9a-RT-fw AACGATGACTTGGAGCGTGTA
16 dG9a-RT-rv GGGAGTCAGCACGTTGAAGT




SUPPLEMENTARY FIGURES

QT
G &
§ &
o 0O
S 5
s ¢ 8
o
IR
180 kDa
130 kDa- - -
&0 @ s |+, nspecific band
100 kDa > e
70 kDa+
55 kDa
*unspecific band
40 kDa-
1 2 3
a-FLAG

Supplementary Figure S1. Stable expression of FLAG-dCoREST-L and FLAG-dCoREST-M in S2 cells. Nuclear
extracts from control cells (mock, lane 1) and cells stably expressing FLAG-dCoREST-L (lane 3) and FLAG-
dCoREST-M (lane 4) were analysed by anti-FLAG Western blot.
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Supplementary Figure S2. dLSD1 preferentially interacts with dCOREST-L. Sf9 cells were co-infected with
recombinant baculoviruses directing the expression of dLSD1, dCoREST-L and/or dCoREST-M, as indicated on
top. Extracts were immunoprecipitated with anti-CoREST antibody and analysed by Western blot using the

antibodies indicated on the right. Lanes 1-5: 5% input.
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Supplementary Figure S3. Endogenously tagged cell lines were analysed by Western blot using anti-GFP
antibody or antibody corresponding to the analysed protein. Note that in the dCoOREST-GFP cell line both

dCoREST isoforms are present.
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Supplementary Figure S4. Nuclear extract from Drosophila embryos (1 mg) was fractionated over a Superose 6
column. Fractions were analysed by Western blot using the antibodies indicated on the right. Fraction numbers

and molecular mass standards are denoted on top.



dCoREST-L RNAI dLSD1 RNAi

Supplementary Figure S5. Comparison of dCOREST-L and dLSD1 upregulated genes in S2 cells that are
changed by a factor of 1.5 or more. Venn diagram comparing dCoREST-L and dLSD1 upregulated genes with fold
change of 1.5 (log2FC=0.58, adj. p<0.05).
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‘ copper ion homeostasis (GO:0055070)
\ synapsis (GO:0007129)
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‘ indole-containing compound metabolic process (GO:0042430)
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Supplementary Figure S6. Gene Ontology term enrichment analysis of LINT-repressed genes. GO analysis was
performed using the Metascape tool.



LINT target genes

Kc cells S2 cells

Supplementary Figure S7. Overlap of LINT target genes in Kc and S2 cells. Venn diagram of LINT target genes
in Kc cells (microarray; (15)) and S2 cells (RNA-seq; this study) (fold change =2.0, adj. p<0.05).
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Supplementary Figure S8. Depletion of dCOREST disrupts wing vein differentiation. Upper panel: Graph
showing the distribution (in %) of posterior crossvein (PCV, black), anterior crossvein (ACV, dark blue), combined
ACV and PCV (light blue), and Curly (red) phenotypes upon depletion of dCoREST, dLSD1, dL(3)mbt, dLint-1,
and dG9a in fly wing discs. Depletion of dChd3, CG9973, CG2083 as well as en-GAL4 driver flies served as
controls. Lower panels: Examples of phenotypes: The positions of longitudinal veins (L1 to L5), ACV and PCV in
wild type wings are shown in panel 1. PVC phenotypes are characterised by formation of additional PCV material
around the PCV vein (panel 2; arrow). ACV and L4 phenotypes are characterised by formation of additional vein
material around ACV and L4 (panel 3; arrow head). A combined ACV, L4 and PCV phenotype is shown in panel 3.
The characteristic dLint-1 RNAI curly wing phenotype is shown in panel 4.
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Supplementary Figure S9. Distribution of phenotypes in fly wings of flies raised at an elevated temperature of 30
°C. Graph showing the distribution (in %) of PCV (black), ACV (dark blue), combined ACV and PCYV (light blue),
and Curly (red) phenotypes upon depletion of dCOREST, dLSD1, dL(3)mbt, dLint-1, and dG9a in fly wing discs at
30°C.
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Supplementary Figure S$10. Efficiency of RNAi knockdowns of dCOREST in fly testes. (A) gPCR analysis of
dCoREST-L and dCoREST-M expression in three bam-GAL4 driven dCoREST RNA. fly lines. RNA levels in
control testes were set to 1 and RNA levels in RNAi-depleted testes are depicted relative to the level in
corresponding controls.
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Supplementary Figure S11. gPCR analysis of dCoREST-L, dCoREST-M, dLSD1, dL(3)mbt, dLint-1 and dG9a
expression in bam>>RNA.:i fly lines. RNA levels in control testes were set to 1 and RNA levels in RNAi-depleted

testes are depicted relative to the level in corresponding controls.
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Supplementary Figure $S12. Gene Ontology term enrichment analysis of dCoREST and dLSD1 co-repressed
genes. GO analysis was performed using the Metascape tool.
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Supplementary Figure $13. Alignment of LSD1 binding interface of human CoREST with dCoREST-L and
dCoREST-M. Multiple sequence alignment of hCoREST, dCoREST-L and dCoREST-M was generated with the
ClustalW program. hCoREST amino acids that directly interact with LSD1 are in red (according to (39)). Identical

residues are highlighted in yellow, similar residues are highlighted in blue.

313
461
263

373
516
282

421
576
342



29¢2S1°01 292509°01 329568 L1 299¢G¢2’ L1 9GGSEE 81 L0L9GG 81 9¢//8G°81 389.G98° L1
70028046 5.6¥61°Cl 2E0LY8’ L1 169259C°C) 3200988} L2/€8L'8) 7882LE°61 )6919¢°8}
i7€82L°€1 582€G0°G 1 LEEYGE6' VI 70SYYE VL 2E¥E89°LC B0LEE L 22 26E€00€°CC L¥91G2 |2
599/¥8°Cl 2¥82ESEL 5v¥81LC' Sl svOVSE VI 5€8LL0°1S L LS9V 12 DEVC OS2 IE0LSB 02
5698Y9° L1 2G/8€8°CL HLGLEE'GI 5970€.8°6 76 1S¥S°0C 365€06°6} 11S606°61 )ECLCE'8I
)6E86L°CL ZLLI0GEL DL2YO0°CL L6ECOL'EL 3€89E 102 2L¥88G 0C 79¥95G°0C 5¥9.58°6 1
5GGE.6°C1 L86GG8' V1 58€919°91 5L005L°G L 5¥9vL1'ec 2.1096°2¢ 30SC16°¢C L8681 L LS
596€91°91 312¥S6'Gl kPG L0'81 28966L°G) 200V LSG°€C L646€2C V¢ 5V.ELS VC )66989°EC
1698€8°01 5¥962E°Cl LIV.LL9°91 36¥E29°CL 20¥981°02C DY 1L66°02 5LLYC L LS 5251 S0°02
38996/ L1 L8/800°€L 3€02¢ 01 5099€0°C| 3EYYCE 61 3GS60L°61 39¥85S5°61 501¥19°81
38951Y0°Cl 5¢V.G9°€L L0668V 308¥98°C L 28E€C61°0C 202 10" LS 28099 L 56251202
38€9/8° L1 51€2SE°EL eV IEL'EL »G¥9E6°CL 5,6G12°02C L1£L00" 1S 205208702 208€10°02
598912°01 L1€966° L1 2998EL L1 9L1L69G L1 1G68E8'81 712EBE'61 796682°0C L6V6.E°81
5L64E2C 1L 3G0L8L kL #60€0Y L1 D2222c0’ L 19S8LL'6) 3048E8°8) 58641281 L9¥Cv061
JV6€8ECI 18596626 +8.E€9¢°E} 0¥6¥8°0) 7264816} 81,696} 1989096} 5.88.L1'8}
199910°81 3€8.09'81 3086.E° VS 2L10LS° 6L SLLLLY LS DG/8S1'8C LLECEY'8C 20L19Y° L2
5¢8220°C1 298€9€°01 269L19°CL 1L99€E" L) DBEBLI6) L L9656°6) D09Y06°61 3€.661 61
1012€99°6 29258596 D1C9LE VI 3L162E L1 2¢2891°61 3GEBSGY 61 3G88G1°61 51292E°81
38EEE0CL LO9ELL'EL L6LSYE VI 721.28°C) 316952 L D6VCyI L2 LGEYES LE 7€2820° 12
56049¢° 11 D6918ECI LGOEEL 0} DGL9¥8° L) 298/80°61 )82E68°6) L68.E9°61 38168581
7/816E€°Cl 20VYV.L'Cl 521d62 L) 3V L6EL V) 78G1.671¢ 38EVBY'SC 510G988°¢C 350099 |2
781908°L1 962/296°L1 19821081 512208° L1 £56625€E°G2 3.¥866°G2C 7£0099°9¢ 3¢6.15°SC
19699¢'v | 586¥¥E V1 5600L1L°EL D90ECO V| IW8LS L ¥C IW006.L V2 1L LLL6VC L62688°E}
79/086°€1 D96909°01 7¥8€1LL0L 320850 ¥ £1E€910°02C 5€0S09°0¢ 5850€8°0¢ 515586°6 1
20¥10¢ L1 296€S0°01 262296°€1 38200€°01 3LEGEC LS £1G262°2C 292615°CC 7./8G8 L1
+6G€26°01 78101201 369€6¢" HI 2¥.v2E L 209€CL '8} L¥0/.86°8) ILEBLEGI 3661LEL 6}
L2/221°61 510€S1°0C 5L6€02°€C 29€60L°61 51E€C 1182 319G91°62 3G1156°8¢ LGPy . 182
3/8CLG L1 98.Y2CS €L 59VE66.°6 16.¥29°€1 569958°61 1G¥81L°0C BLLEVE6°0C 31/.881°61
s¥G86€°C1 209€95°01 226662+ LLE/.86°0) 50780961 76¥Vv6'61 D8YEC6'6L SLLGOL'6I
28L0Y0°€L LGGY8C'0L ¥9LEGL 1L 5G0848°01 DLvSL 61 79981702 19¥66.°02C GESIE6 1
1S €96V 5SL10€91 36691261 3EL9€E°9) 5€8060°GC D1E€LSL°GC 7HVGSL Ge 38GYEL VC
56LE16°01 5390L01L° L1 3¥LS¥9° L 78¥69L°€) 2695 1LY°0¢ D0SE6S°0¢ 282.298°0¢ )9¥0¥0°02
L0LELE L 5/61€.676 298Y0L°CL 3¢G8LG°01 16£18L°61 57009181 387065 02 7€869.°02
56¥798€¢2°6 LSEY/LS V1 Dc0c/L'01 38051G L DOL82C0 0 DE0CC9'0¢ L¥/.8.8°0C 7SEV.LS 61
1G/216°01 3¥6525°C1 109€EY 01 LG909G°C ) 585081 °0¢ 38%7€05°0¢ 702¥EY ' 0¢ 3€59686°02
30V¥60°€1L 596881 V1 2¢60v9°G 1L 512S1E V1 220€L6°¢¢ LL6EESG EC 70V066°EC 5¢EL1L°CC
3760167 LL ICLLLE 0L DE¥9/.8°EL L€B060° LI 3E€G8SY°0C 51G1LL 1S 5€80G¢2° LS 16912702
1G88Y.L LI 7kvPY0'0L 2¥S6EC° L1 1SL081 LE DEC61L6°6) LOEOYY OC L¥71601°0C 16 LvYS 61
2/2G986° L1 7¥SEY80°6 5809€L° L1 5€982 VI £1E€G2CE e 182989°¢¢ £EE 102 'EC 28Y01¢'ce
32EL6°EL 7089G2°CL DSLvey LI 289599 LI 7859891 ¢ 3G/8E/'2¢ £¢¥89E°2¢ 799909°02
70G¥/.6°C1 2G0€L 1" 11 19228891 1096269} 2900€8°EC DS LLL ¥2 L8061 ¢ 360068 €2
300V L1 L218L2. 'L 380L20°G 1 5€80GY'CL 5¢6010° LS 58EEEY LS DECCEI L 3¢€618°02
19/2€9° L1 128225 LI 166¥29°G 1L DEE098°C L 38E€06¢°¢C 71095 °¢¢ 3€6060°€¢ 5820L0°CC
209¥60°C1 120€98° L1 2G¥/20° L) 3€EVEC L LE6LEY 'S I8V 1 'EC L L9981 EC )9G82E ¢C
5G//10°8L Le€I8Y' L1 51€96/°¢¢ 185€S0°S | DeL9.L' LS EELS6E 8C 2eV821 '8¢ 782819° L2
'¥G80¢°C | 5¢50€0°01 3L09¥8 LI 7#29€G°01 391€82°0C 3¢cE v LS LLLL99 L ¢ Le6S0Y 02
LIE0SE VI 329961 L1 58€502°0C )evELS 8l 5EVL1LG L2 3¢6086° L2 36ELL0°8C 2GVSvi'LC
1/29898°6 59¥€11°01 5¢€801 V1 2€0528°01 707099 L€ 5G¥950°¢¢ LE6OV8 LC 219182 |2
W¥EL9°GL D66LEL'9L 3020L1°0C D988L° 9L BLLLLE LS E0L99L°LE Lev/.S6°LS LL2eLSS LS
)LLE.6°01 DL89€8B'0L 24928 L 51ev L 01 580908°0¢ D¥706286° 12 380L¥8°¢C L9..G¢C 1 C
2¥6898°91 LG99€9°91 5¢1/80°¢C Z¥¥8.L6°€L DBEYSE L 5L6€LE78C 3.8VEE 8C 598128 L2
WIEL9°0L 726991°C1 L009€E8' L1 3178YEE9°6 168969° 12 L19620°¢C I10261°¢2 538006812
)2cvel 0l 1G¥666°01 2G9€CL €1 5660080} I172€05°¢C 50¢525°¢¢ 1689.9°¢¢ 209202 ¢c
7620€06°'6 79G2966'6 3L0V61" L1 L0COV8 LI 7850¥ 'S¢ 3¢2889°¢C 3918.5°¢C 76.6G.L° ¢
)/88VS LI vSv6Y VL D¥8981'8L 28Y1G2°01 5798E€€°GC 71G.L6°G2 £89918°G¢ 28205¢2°G¢C
V9SGV 101 L60SY8'EL 56090981 3.2y L 2¢8¥8E°GC 29852 1'9¢ IWEI0E 9¢ 10.¥20°Ge
)80/81°€1 28621001 7/8516°81 5€101E°E€L LOES08°GC 20961 €792 5915G0L°9¢ 59€1GL°G2

1 56 1 56 156 Bb 121} eIl A1 L1
¢c<wm__ mcem___ Noem___ Fo<m___ S3HOOP | SIHOOP | STHODP | SIHOOP
) ) : : oval oval oval oval

9
ac
g€
99¢
cl
LI
144
6Ly
144
4
€e
6

L

8
Vi
€ce
6€

€9

1514
1]

89

el
c6e
[4°]
Ll
gl
68v
ve

%4

66
174
HE
98

081
61
LEE
gl
209
14
414
09
ov.

919
el
Ly
(8¢]
g9€
G8¢
8L

Juno)
SIN/SIN

000¢9¢tve
00060t¢c6
000¢886¢
000€¥9¢e
00069908
00099952
00056 18¥
00096849
0009Sv.2
0004S01S
00004v¢ce
0006¥¥S.L
0009€9 ¥
000£€10€
0000004¥
0008€8G |
0006¢SY¢
000€6.€2
00012509
000€S10€
000€€E0y
00095S¢y
00098.1¢
000990
000€0VvE
00062589
00009v6€
1000481 LY
00006008
0009€v0}
1000L0¥ L1
000€L19}
00051189
0001620}
00098c.}
000€tcEl
0004110}
00018209
0008€8G |
000cc6E
000620¢c¢c
000€0LE}
00069¢¢cE
000S}+L.LL
0001lc062
0000S6.¢
0007618}
000€8209
00051069
0008¥09¥
000tcv 0oy
000LSYLL
0000vEeY
00091 Sv¥
00082196
0008€168
00016.L.2

Ausuaquj

699'v¢
cLvSi
vl
LE'€ce
LE1'89
LE€cE
LE'€ce
LE'€ce
LE€cE
8E0" I
LE'€ce
80’8
L6V°9¢
691°9¢
g8L'EY
LE'€ce
g€cs8l
Geg'te
19°G8¢
9/°'G¢e
L9'v.2C
gLele
8L¢cl
61°'69¢
(RACTAVA
SLy0S
LE€cE
6€°69¢
€e8'ar
86999
LE'€ce
L0L°LL
V1091
19G9°G¥y
9G90°L
LE€cE
91E¥9
I¥8°99
LE'€cE
L6E'GI
LE'€ce
¥59°89
LE'€ce
LE'€ce
LE€cE
19°€G¢e
LE'€ce
YAS AV
LE'€ce
LC9'9
LE€cE
Yor° 19
6S'v4¢
€6°091
LE'€ce
LE'€ce
LE'€cE

2100

O O O 0O O o o o

0
)0SS00°0
0

O 0 0O 0000 0 0O O O O 0O

¢01500°0

O 0 O 0o o o o

0
+G20S00°0
0

OO0 0 00 00 0 0 O O O O

wJs
~—

996000

o O O O o o o

anjea-p

€89°9¢€
€9°'10¢
9/9v¢
61889
99/2°¢€y
ce'LLE
1/8°8¢
91'05¢
¥8.°6.
G6¥°0€
99€'9/
L8¢cE
Ly1°0S
8v.'EE
ce8ey
8G6°LY
Ly'891
96¢°€9
¥8'9LL
96L°L}
SIS TAVAZ
90129
980 vy
€8'691
L1G°GS
L29v.
€89

v10le
660° IS
Ly'8LL
L9°¢ElL
61v°G9
LGEPE
81E°GE
6€.'89
€c'00}
990°6€
l6c'8¢
c9'qS|
86 LI
6981
9.6°€Y
66°78€
G69°'¢9
668°29
ev' /9

YRAA 14
€860}
96291
I8LL6
V1€/8
leL'€e
14017
88€°GY
88€'86
yAsxadt
g18'8l1

[eax]
ybiom

‘IO

cl
8'8
8'Ge
¥0
¢'le
L9l
c'6v
8'ct
L'9¢
L9
VALY
I
!
FHE
€6l
6'9L
Vel
8'G
Y4
L6}
¥'8¢
6°'G2
8'6
g'ce
g¢c
¢l
L'LL
14’
9'6
8'9
8'0L
L'LL
Sv
€6l
6'¢
6'LE
6'.L¢c
9'ee
¥'Ge
L'¢cE
G'cs
€'ee
8'9¢
6V
6°'c8
9'LE
L'69
cve
<9
9¢
LGl
L6l
2'9¢
6'9¢
€69
6'9%
¥'€9
[%] @
Beianod
o

auanbas
anbiun

L'Gl
8'8
8'Ge
v've
¢'le
L9l
c'6v
8'cy
L'9¢
L9
v've
I
eel
FHE
€6l
69
Vel
8'G
Y4
L6l
¥'8¢
6'Gc
8'6
g'ce
g¢c
Gl
LLL
Vet
9'6
8'9
8'0L
L)
Sy
€6l
6°¢
6'IE
6'Lc
9'ee
¥'Se
L'cE
G'cs
g€'ee
8'9¢
6t
6'c8
9'LE
L'69
cve
g9
9¢
¥'09
L6l
2'9¢
6'9¢
€69
6'9%
¥'€9
[%] @
bBeianod
o

ouanbas

lozel
+ anbiun

LGl
8'8

8'G¢e
v've
g'le
L9l
2’6V
8¢ty
L9¢
L9

v've
L

€c€l
FHE
€6}
692
Vel
8'G

/L

L6l
¥'8€
6'Ge
8'6

g'¢c
g'¢

cl

L'LL
Vel
9'6

89

8'0L
L'LL
vy
€61
6°¢

6'LE
6'L¢
9'€e
v'Gc
L'cE
g'cg
g£'ee
8'9¢
S WAY)
6'€8
9'LE
,L'69
cve
g9

9¢

¥°09
L6l
¢'9¢
6'9€
€369
6'9Y
¥'€9

[%] @

bBesanod soapndad
anbiun

=]
ouanbag

4
HE
HE

Ly
gl
lclh
Vi

el

€3
gl

I

cl
H

x4

A
I

60}

140]"
€
L.
A
4]
0¢
6€1
I
¢c
14
91
Vi
L.
3]
0¢

1S 9|qe] Arejuswe|ddng

14

HL
HE
/8

Ly
Gl
Lclh
Vi

el

€3
Gl

I

cl
H

x4

A
I
9

9
601

140]"
€
L.
LI
¢S
0¢
6€1
I
68
14
91
Vi
L.
Gg
0¢

sopndad

14

HE
HE
/8

Ly
Gl
Lclh
Vi

el

€9
Gl

I

¢l
HE

x4

A
I

60}

140]"
0.
L.
LI
¢S
0¢
6€1

68

9l
Vi
L.
Gg
0¢

anbiun | sepndad

+ Jozey

£-38G.b
e}

1274440012744 4O1E! JINOHA YEYYPYOIYEYYYOI LOLLEEBSYE'S €9E€09E€58282 L
SOHNGIN DHINEIN I ATABDM-IINOHA SOHNBINISOHINGINI 6SYL09E LSS ¥ 699 L9YYSE0CE L

GS1DO\PWA IMPA0VOY FA0VOV I INOHA FIHMYE0VOVILIHMYI0VOV I 26169118Y8°S 6866.EL.212E L

uads
eudy
VE-udqy
LoIy
1seo

91€D0\BWQJ
Ipbo.

€Z9d6IN Z9d6IN 1 |18rad6N - IINOYd €29d6INIEZad6IN I 0S8568€0.8 77 L0252089759€" L
8dINMLD ' dNMLD I INOYHA 8dWMZDI8dINMLDHM 516/2825060°€ 96£90820696€ L
G2¥MBD 32yMBD I INOYA S2PMBDISZrMBDH 9059 LLSH01L'9 ¥20EEYEI LEDY L
ONIMLD NIMLOIds INOHA LOHVION IMLDIAS 2955701196°€ SOLY LL2L.G2Sy L

8¥09¥0 |87097011 DIZOMMLDHEINOHA 8¥09¥0I18709¥0O141 L912687526 ¥ 2E0SSHY 1 €025 L
LOINABD [DINABD Y MAABY I IINOHA LOWABDIZOWABDI4 191229//86°2 #895109¥9/¥S" L
Z23AN6D IANBDIdS JNOHA 1aD0HIZIANEDIAS 259+88£529°Y 910812 119095 L

AAUIMPE0VOV E0VOV I A INOHA 8ZAMPA0VOVIS8ZAMYEa0VOV I 52987.€9.0°G ¥652 1986209,

eren\ewq
8v¥1LLDD
g8eeno\ewa
PAN

ZsaN
ge-uogy
odo

ziesia

2s-uy|

908
(vBpw)pow
we|1e

J3Sd
g8eLvo\ewq
1sd

epdy
96-86dnN
812190

unq

g0d

Lpge

15940D
2UP
G/190\8wq
Jea
2z1loo\ewq
68190\I8WQA
LLepd
1SSELDD
695HD\PWA
od
LLEDD\BW(
15840)
-
2,190\8ewq
‘01900193
LODY
lqui(e)l

4o3

15940D
gLIHO\BW(
ZM)

01zdsv 0lzasvii JNOYA 0+zAsvIoLZAasVyI1 98LyY8ES06°G L08Y L9E0L20L L
8/89/03/89.01ds |6IN11L.8Dd6INIM-INOHA 1dIHI8Z89.01dS 20208E0YSE'S 926529999 1L L
0dOM6ED ) dOMED 14 JINOHA 0dOMBDI0NdOMBDI DEOE0SEC00'6 SYSSIrSIe8LL L
EOXN60D JOXA6OI1 JNOHA SOXABDIEOXABDMIZLS0LS0Y8°E 8610 1+SG62SE6L L
EdNABD dNABDIMDISEDI8DM-INOHA EdNABDIEANABDI LE069 LY LEL'C £52.59998618°L
€YSM6E0 3¥SM6ED 11} JNOHA €¥SMBDIEYSMBDII BE0Z0YY00S v 6287209E€€058°L
£19100 ¥90VOVH -:INOHA 8ADNYE0VOVISADNYE0VOV 4 619E8ESIVE '€ 82.2800576.8°L
L10M6D L LOM6DIM)ILrHISOMIINOYHA ZLOM6EDILLOMEDH €160 kLEYY L9 99/622227588 L
¢8¥YM6D 28YM6D 41 JNOHA 28¥MBDIZ8YMBD I EY8.9Y1980°S 99818£606168°L
809A6D 09A6DIds AINOYA ™ LDNIYHIS0IA6DIdS F2806700€E € 17.20051.£856'L
/89980 v90VOV 1 1-INOHA 899MYE0V0VI8a9MPI0VOY 141 B89Y6ESEIL'9 628669101586 L
EIAMLD YEOVOV I ISI3INOHA £94T1¥90V0VIE4TYA0VOV 4 D0SSL L6Y6S | 62€€088101L00°8
0285€d |09270Al d1028S€dIds:INOHA 092Z0A109.Z0AM BLIYEL Y LL'E 9LL6/.E15V61L0°8
YNOM6D 'NOM6ED 14 JINOHA YNOMEDIYNOMBEDII 609 rY6ELI" L 80LZEYLE6VO0L'S
280I80 |28DI8DIM BDI08DISDIM-INOHA 28DI8DIZ8DI8DM 22h8Y8E€8™9 658680102L '8
L1S¥6D [ LG6DIds JNOHA FOVAHIZLSY6DIdS E68SE19288°E 79296.90982 '8
SHOABD HOABDIds AINOHA 86dNNISHOABDIAS 206S6€906.°€ ¥S2r0LL9VEY L8
EINABD :INABDIds ANOYA LAdHIEINABDICAS £G2/¥60L.8°G L9E€26 L£9552E 8
€25¥20 |L¥8reX M g1eesyeDIds:INOYA Ly8reX|.y8reX 41 BS90LE 1662 622925017205 8
236300 23630011 )IL6NMLOM-INOHA ¢36300123630014 2928002670 87112061 LG8
6NOM6D INOMED 14 JINOHA 6NOMBDIENOMBDI 26 168E€8E8° Y 0665S01E1LE0ZI'8
99HNGIN YaHNGIN 14} JINOHA 99HNBINI9EHNBINI BYE€92E082E Y 118299.96289°8
+93A60 193A6014 JINOHA +F3IA60DILFIN6DIM 5792055615 € 1552820€2€9.2°8
6AIANGD IBAINGDIH JNOHA BAINBDIBAINEDIA B69SSYEIVE'S 8.V910712816'8
26d4N\6D 26dA60D11 MYIOVOVI-INOHA 264A6DI26dA6DH F028ES0652'G 9205 2E08816'8
6HMAGD HMAGDI4 JINOHA 6HMABDIBHMABDINBLEILBISCS ¥ C161E€9/98.176'8
9N6A6D I3N6AGDIN 3NOHA 9N6ABDI9NBABDI 28769862079 €16952.028616°8
6LMABD |LZ8MZX 141 ZXI9dOreX M-IN0YA LZ8reX|+Z8reXH 989€.26.59°¢ 71852299266

8X8300 BX830D 4 JNOHA 8X830DI8X8I0DM ¥ +12£99298Y | 1185295866156
021N6D 02TAGDIH JNOHA 02TABDI0ZTIABDI DFS69E0EECE (E6LEELII2CES 6
£1092d /109ed|ds AINOHA OdI21092dIds 8225902 }'E 92705587 .E9'6
0€ZA6D 0E€ZA6DI4 JNOHA 0€ZABDIOEZABDI 650858826117 |LSL2ELGCY Y96

9€36SD 1€36SDIds INIZHrd6INI-INOHA HOOHI9EABSDIMS B06689682Y '€ 16L1099258 4.6
¢2ZN\6D 22ZA\6DI1 DI60AS9DI-INOHA 22ZNA6DIZCZABDM 1 E1LSS56.66°C 0.2689€2522L 6
IXOAGO :MOAGDH} JNOHA IMOABDIMOABDII981/8/8625°S €7.85.006416°6
LMYMED MM6O 11 JINOHA LMYMBDILMYMBDIM 0ECLEYBE6L'E 9HLSS688E92 0+
YAMZED rAMZEDIM)IBOAMLOM-INOHA YAMCEDIPAMSEDM 1959620612 v 516878866 LE 0L
¢9aA60 2SdA6D 14 JNOHA 2S9A6DI12S9A601M E02699YE601 |L262972618E 01
120ved LSZNYY I FIZADMEIML-INOYHA LSZNYVILSZNPY I L281G9€980°9 #92.70G 181901
FOV1LO 1OV1L014 INOHA HDVILOILDVILOMI 50£2€0882 L€ 690+¥SE262L 0L
9NGA6D INGABDI SOF FVOVH-INOHA 9NGA6DI9NGA6DIMI G6902rSY6.L°S LSS HLY L9801
0HHSSA DHHSSAM |642MEDM-INOHA 04HSSAIOHHSSAM E8Y081226S°S YE69 .06V LS I

6v2r¥DD DIYa0VOV YA0VOVHI JNOHA 2vVO1raovOoVvIeYDTra0vO0VI4 9205752229 998€82699GS L

g-g(ien)ng
MD

LBMABD L5079} L6MABDIMS:INOYA £D0Z.291.90Z.91 L666.26262 € Sevy9818286° 1
€EAS8D €AS8DIds INOHA AMMVDIEEASSODIAS GLL06.L.18L"E L9¥€6026502 2}

pw)pow-aid |99Z LVOV 192 VOV EINOHA +ZND92Z LYOVILZND9Z LYOVI 8EE61LLL922'E 8 LL2066ELZ CL

NS

sdi (enjea
10adiun | uivload sq| uisro4d aosualaia
>~._._°_N_>_ |Qv60|_|



26c/99°€1 L069SEEL 319982V LLLOEE V) 38819281 26828L°8) )¢8EGC 6} L0928 LI
2G¥C1I8'LL 21066S°Cl HE6V9GCL

7vE091L°GL
79¢/80°Cl
3G¥908°C 1
79LLG6°01}
3LGYVL0°GL
+/9001°81
1GE9.0°G1
+86CEV 91
\GEELLL6
LI26E91L
)0¢¥09°E L
SGH99Y°CL
sejeieicr AN
78/¥9¥° 91
)/8628°01
7G8GLE L)
19/2LLCl
3669L1°GL
2001917 1L
)12EL98°6
LLecry 9l
+79990°01}
366€.9°G1
198LLY 1L
2128001}
)E88YCL'6
01890V 1
19889601}
)GV VE9' 81
3VLLLEEL
WG 168Gl
5626 vl
SLSLLY L
L9EVEG |1
).G02S°0}
)S60€G9° L1
1/8/29°€1
2G//2E L1
EVI9EGL
182L09° L1
/68¥06° 1
150G¥0°81
19898201
7v€G65°G1
3€28LY L1
596929°C 1
5LE6LGCL
10/8LC° L1
)6£2C08°G 1
)8/ELCCl
LLS6LY 1L
3€6G1LL91
26/9LLv1
1/CLEL 1L
WAAYARAE
WATAR NN
+G1892°01
1G/602°G}
LLVL8LLL
28¢196°¢Cl
01LG9Y°Cl
1¢/6/.9°6

)68095°G 1
7ke8evcl
3€0€L6° L1
2€GL10°CH
50LEE9EL
)88ECE 6L
12626y 9l
)GECET 9L
2Gv/8E¢CL
7v/,00°L1
3L10SE VL
3LCLES VL
VXA YA
56989 L1
50VY9E° 1L
3/26€€°CH
20€069° 1
280€66°L1
53L1EE6 L
389261
1/G12€'81
198/€1°01
3EV89E°G1
2€8LEL 1L
18V816° 1
+6/890°C1
51/899°GL
JEVI8G LI
36286161
)E09EL VL
eSS v
5198€E8'E L
7€8/01°€L
+G099°C 1
5G18.2°€lL
001927 L1
2960291
'9010€°CL
)GECLO'GL
+G6Y26°Cl
5GG61E01
2/0080°61
s¥00€L L1
2€2G28'Gl
+06680°01
18898L°Cl
LL6L0E'GL
+0G09.9°6
)6C696°G 1
LE0¥2C00t
109998° L1
0LV P 9L
7¥880C v |
1/29€6° L1
590018°CH
17688€" |1
3886V¥°01
3€081G°E1
+c06€C'L1
5CC89.L°ElL
19219801

iev,0°91
509G6€" I
7/899¢°C 1
279229’ 1
36/26L°G1
L€089.L°61
LOLLEYOL
sHG99°91
0S.S°01
)L1S60°8}
)0LGES'GL
WOLEY'vi
219EEECH
50¢800°L}
2€8€16°01
L00¥81° k1
59¢019°¢1
VEOLL'8L
7€00€V°0}
>¥6001" |1
18V€.2'81
LLeese e
)9S LL
N{UZAEA
19€L0€" I}
21869°}1
)E869L°G1
BSYILL'EL
L0CELY'61
)G0898°C L
Leeci8 vl
5¢84929°€1
298/28°91
)C9G.9°C1
18G89Y°C 1
10€68 L1
)066V LV
1€86¥0°C 1
3908€C°G 1
J9668¢" |1
208G61° L1
LGV LEVBL
39L1¥8° L1
37996.L°€1
3LEY0CL
3629881
‘1981291
2G6€18° L1
26L9VV°91
3G9V 1296
91GESCL
4]l ZAVAY
)9LE69°GL
L06¥2C6 L1
166€0G°9 1
1968LECL
7GCOLy L1
\8LVVE 9L
>L061LY'81
1¢c90L V1
3¢E6VE L1

Le¥9C1'¢l 52G€606°91 31E€.80°L1 58892921 I891LESG 9}
20210891 7¢lv/,2'0¢ 2¥S¥2e8'0¢ 11¥98¢° LS L6091¢°02
601192  H 59996991 19€CLL°9) 71€2/.8°91 58G¥E6°GI
286861 LI 5¢1/..6°9) 3092628 L) 5¥80LS° LI L¥E€990°9}
'01842°0} LEVEBL V) 5670659} DE00C8 9} 7G6€2C6°G |
L9911V 9L 1SGLLO°61) 370122°0¢ D9€988°0¢ 5622916}
29v/8L°81 L812¥9°€C 198.2CL ¢ 1.282E ¢ 96961 °EC
198¥E€E'G 1 70719502 2199€86°0¢ LLE000" I IEEBEL0C
)9166€°L) DLGG8C 1C 22596181 1€6€82°¢C 5681G1°1¢C
1€996 1L LV ELS6°'V ) DE09EL 9L 5L01LGL 91 2€E6EL°GI
37904 1L} L00€8" 12 5860€C°¢C 35€5€8°¢C 38661G° 1S
LCGL6L Y1 IELLO6'8) 3G IVIY'61 52.021°0C L6VV66°8 1
209671 5692581 D9961°61 LLLL9G'61 I32¥909°81
10€8.LY°C) IPEG98°'G) LGEGCE L) 38GL0L° L} 58V061°9}
7¢€1CG'G) 21E€996° 1S 511600°¢C L¥SLv8 12 L98YSG L IC
)666.E°C) 768269°G} 18099991 I9¥82L LI LG¥SLC 9l
3999127 796.VS 81 26626981 229691 °81 )8ELCC 8}
1/6206°C} 2108S0°L} DGCL68°L) 2LSELC'8) L6ELO0° LI
1649/ 1L} D¥SS¥Eec 599€6/.°¢C 18685.°¢C 5E61G9° LS
2082917 L 522¥92'9) 709LE€° L) IL9LEY LI D96480°G
5/0008°Cl L861LEL9) LE80GS LI 309€LG LI 7V L6V9°GI
1988YS' L1 5E¥268°¢C 7¥2IvE EC 7G2v S EC 789691 ¢C
)6,€088°6 7926¢ G} I1GLGC 91 5€€602° L} 79906L°G |
L68Y€C 91 5EG1I8Y 1C 2)G.E2CL 12 29621 1S 589991 |1 ¢
1¢968€°0} 2911992} L0L2v0 L} 2L00EY' 91 208050° LI
WEEIL'CI 79260891 7196528} 16975281 I288SG 1 1}
20£902C°€} LEBOEB LI 576906° L} WV .LS8 LI 7¥6926°9}
)68E1LL G EVBLLL'0C I60€0L" 12 31¥0.L8"LC 72691¥6°02
sVICLO L DEL8L6°9) 7L10LL° L) L20EYO'8L 30V.Lv6°9t
3967961 562605 ¢ 202291°GC 2960€.L°GC 5¥6.01 ¢
3L1.66°CL ALV IV.L 61 362E€81°0C 52810961 1€.886°8}
2GE186°C) 29.¥52°0¢C s¥¥.69°0C LE€6ESL'0C ZLELYL G
+9¥836°€1 I¥6668°61 D18060°0¢ 1 L6190°0¢ L¥7028L°6}
1/G12€°L) 38/59€2°0¢ 1790.8°0¢ 26690112 38095L°6}
160€61" I 2€0L22'8) 72615161 7G000L'8) I168EQ° LI
7¥20v0’ L1 2E08Y6°L) 3GGV61°8) 5GL181'8) 789¥66°9}
1/9898°}1 7/8/86°L} LeVELY'8) 362828 LI 3195089}
5G09.G°C ) DG8669°6} L28080°0C 2902886} 5180.5°8}
56/998°01 5462252} 2961€2°8) 192G8L'8) 162962 LI
666891 )699.V"1¢ LE0ECO'CC 7691L.LV'cc 7LEESY L C
38620L°C) L¥9LGC L) LOV.6E'8) 266910°6) L186LL'8I
1€€9G LGl 1 SLv0L L)Y 7€29/2G° L) 529€V2 81 29GLEE LI
7v/G98E'81 L6V.0V ¢ I99¥01°GC 260265°GC LV 1129V e
706086°0} LLO6LS L} 36GLGL° L) 7¥6¥09° LI 70SvEL LI
+9€.€9°91 7¢/8.2'12 €926} 1 2992¢t'cc )62S6E° I ¢
7 V26.L L1 260GSy L) 369EV.L LL DI6YLE 8L 26¥690° LI
FLCEOL L L29GG9°8L 561899°81 3128LV'61 3GE6L6°L1
2€¥8.G°G1 18/6/€°1C L€28LSG 1 C 26GL)11°¢23691Lcc Ie
36,096°C) 28G9/61 '8} 1¥¥8LEBL IEVCE8' LI 712108}
>19096°G | 3082Y¥'¢c 368.66°¢C D662 1E°EC 310E6E°CC
av/98¢" L1 3¢0€SE L) 3G/9vS LI 2¥6010°8) 2V 166G LI
J69€L1°E1 L6¥0C9'8) 7¢GClc6) 16196761 3,E£.29°8}
7€1699°91 D19800°€¢C 589€GL°€C L 8VC 101 I8EE L 'EC
VI8V L'EL 38/.G1C 1 C 5€LLLY V2 V288G 12 191066702
266122711 3862/.2'81 )0LEL0'6) 208280°6} 7659518
38€20€°G 1 76€99G° 1€ D959/28G° LS 770108 L ¢ 5€950E" 1S
2LEEY L L 2891EL°8) DC0LGE 61 D8EIGC 61 50168181
LELYO0 L1 3926082} LO8YEL'B) 1 G66LL°8) L6E0L6°9}
26952y 91 7€2/2€°¢¢ 538€8€G°¢2 IW821L0'EC DLI091'¢e
1bEL6L°L) 7LE€96Y 12 56E€€61°GC LOEELL'GE )G6.LS1'1C
)00L6%°01} 38659226} 3.2009°0¢ 299611 LS Z1SLYC 61
611809} 3/82€L°6) LOV0CE'6) 7962988} Z¥91LEB LI

29G2cE vl 718€96°CH HPS6L°C) L0L69G°6) 1LV 61 260G920°0C 1280616}

181

9l

91
84y

29

14"
(¥4
al
¥8
ol
8¢
L62
[4°]

0S

0S8
8Ll
%4
4"
ol

00055609
0004481}
00088EV |
0006100}
0008286}
00289¢v
0006€08}
000Svcle
00008L¢¢e
0006EL2}
0006€ECH
0000¥€ 19
0009828}
000216}
0090561
00019¢6}
000Lc6v |
00099€6}
00001869
000618
000¥810€
000€€6S
00004vct
0088519
000tveve
00SvELL
000FL20€}
000919¢}
000496¢€
000seLet
00080€SL
00008059
000800¢}
0000916}
00019¢te
0004062V
000€¥Y8¢
000£010€
00028904
0006€.5¢
0006€€86
00018.€9
00087968
'000L0C L
000€.9€¢
00050€09
000€9vS |
000¥1098
0009296 |
000cvv IS
000626€}
0008€609
0006€cS |
00045091
000€£8€9€
0009196}
0006555
00048.0%
000410€2
0000€269
000€68S |
0006195 |
0007 10S€E
000119659

HOPI
cvo'vi
960°¢L
I12°R]
891°€E
988¢€'9
TAVANE
(RIRHAN
68'68}
¥¥'99

€.0°¢c
RIRHAN
98°¢6
¢89°0L
919°LL
Gege9
8LL'6L
YASTA )
285929
RIRHAN
6v.Ic
66.1°9
RIRHAN
85929
RIRHAN
8LELL
8912’8
90€9}
Y9281
652¢8°6
RIRHAN
veeve
90918
LEVEL
L06'6¢
/81°'G¢e
6v.'62
€80°LI
819

14478
RIRHAN
6916°G
Yv'L9

RIRHAN
€998}
RIRHAN
€e6 0l
1GE96
L'6G1

€.8'¢S
RIRHAN
9.€°0¢
69611
RIRHAN
G0'9¢¢
6.8l

RIRHAN
Yv6'LE
v.,.°9¢
RIRHAN
RIRHAN
99G°06
6€2¢°LE
98'GEl

0

0

0
L60€500°0
0
/801070

O 00 0 0000 O O O

LE6010°0
0
0
0
18096000
0
22€2800°0
0
51€2€00°0
£182500°0
0
0
1G66€S00°0
0

o O O O OO O o

¥20LL00
0
650100
0

0

0

0
a¥9¥500°0
0

O 00000000000 O O O O

18°'G0}
¢62¢'c6
GOL'LL
LY 09
8210}
9Gv'ev
LY v8
€90°'89
96969
(A% K4
V1801
162 99
69°CLL
c0'00}
691°69
€8'8¢

Yvov.L
¢8'¢ve
8016}
98€°'69
8v'Lyi
Lv.'Ge
cev'69
LoV vy
cll'¢e8
¢ceve
691°'GE
126'G9
69°€0}
¢60°68
v6.L°€L
gge ae
€G.°'8G
€Leht
€0L Vi
Y9229
LEV'E9
821°€9
LEE LY
99G°€g
6E 9V
60V
1089¢
ve' 181
1689

¥61°€9
8v.'8€
€200}
€81°L€E
YA WAS
LE°0C}
9€vel
G6'50¢
(O VAYS
¥08°18
I¥8°LE
82291
818°€G
61E0¥
Y¥6°€9
80 Ly
L2y G99
GG6°LE
£19'8€

9¢
Sv
9L
6'¢
'y
8¢
L'€2
LS.
8'Gy
(AT
9¢
¥'9€
60
€LL
LYy
€Ly
I8
60
L.
8¢9
6'¢
g'8
LvL
v
L'}
€0l
L0t

€4
g'¢c
0S8
L0l
V'8l
L'EL
gl
FHE
ot

6°0¢
[
S'Le
L'}
8'G
6'89
WA
v'/le
89
LS
€/¢
29
2’8l
6°¢
8Ll
QLY
Sve
8¢l
I'6
801L
I'6
(A
8Ly
é'éc
L've
€¢el

9¢
Sy
(] 8
6¢
Y
8¢
L'€c
LS.
8'Gy
(A4
9¢
¥'9€
el
€LL
LY
€Ly
I8
60
L
8¢9
6'€
g'8
LvL.
v
g'le
€0l
L0}

€g
R4
0S8
L0l
V'8l
L'EL
Sl
FHE
ot

6°0¢
I'e
G'Le
L'
8'G
6'89
gL
v'/le
89
LS
€/¢
29
2’8l
6¢
8Ll
WA
G've
8¢l
G'LL
801
I'6
(4
8Ly
é'éc
L've
€cel

€0l
Sy
Lol
6°¢
4
8¢
L'€c
LS.
8'Gy
(AT
9¢
¥'9€
el
I5WAS
LY
€Ly
I8
60
b4
8¢9
6'€
g8
LvL.
v
g'le
€0t
L0}

€g
g'¢
0S
L0t
'8l
L'EL
Sl
FHE
ol

6°0¢
('
G'Le
L'
8'G
6'89
gL
v'/le
89
LS
€/l¢
¢9
g8l
6°¢
8Ll
G'Ly
Gve
8¢l
AR
801
I'6
(4
8Ly
é¢'éc
L've
€cel

0
™

O MO T T NMO T UOU~"TOAN~ AN I~

—
(o2}

N~ ™M ©

0~ O A
[sp) [sp]

— O MO T T ANMO ST UO~—"TOAN~ AN~

~— N~
[ap)

N~ ™ ©

B~ O A
[sp) [sp)

-~ —

O MO+ T ANMO ST O~—OAN~AN| ~

— N~
™

e|0|
9gyHo\BWQ
10

golsda
/29PD

pPs

NUIN

2102

1100

67 1DO\BWA
es1Ho\BWqa
¥6HD1S3d
L-1ed

ocidiw
G1L0OM-uoue
VNOd

A

pnw
¥100M-uoue
1102
M40V
00N

8100
2ees-low
e|0|
0z6D\BWq
Sl

6.4am
ide)n

XS]

170e-Ad@
28IpPM
e6vyOO\BWq
6o

A IVARSE
802119DD

Py

79 1Do\eW(Q
€e990\dWq

¥Z/980 '7/980Ids ANOYA vV1011¥ZL98DIds 6EL6YY LL6LY LL626LESHOSL
9G9d6IN ISDd6INI 6D4d6NI-INOHA 95D d6INIISDEINIL 6 1E292905 G H866850 905 ¥
Zr4d6N 2vdd6IN I DIBLTABDIEIINOHA Svdd6INIZYAd6INIA 908S6.L52.L1 v OV0ELZICHLIL Y
YOVABD DVAEDIdS AINOHA 99 +dAIYOVABDIMS L507029500°S 9LEE66L06SLL Y
LESAGD LESAGOIN JNOHA LESABDILESABDIM 60681789V £€92.52S1918L'Y
G2HI80 |G2HI8DIM '2XI6714MreX M- INOYHA S2HI8DISCHISOI P L9YEEL6LL'E EV0L669L9E L8 Y
800A60D 300A6014 3NOHA 80DA6DIB0OAEDI D9¥E682.6€°€ 012288890918t
¢6EMBD 26EM6D I JNOHA 26EMBDIZEEMBEDHI 502E 18682 v 800L20S0E HES T
€L92d |LBEAYVILIELOZLIAS:INOYHA LBEAYYILBEAYY I} 8112897285 ¥ E76095802EE8
AMABD PAMAGDIM FI64HC LT H-TNOHA YAMABDIPIMABDIM EBI9E ISP L'S G8LLZ1828LL8'Y
83DA6D 3SON6011 JNOHA 8SDABDIBSONEDH P88 199V 161 '€ |L8ECSLEOBLLE Y
6.0180D 9dArexH1)16,01801ds:3NOHA 94AreX19dAarex i rS8612.SSy v 116256529266
08NALD DSNALDHMIDISIEI6DM-IINOHA 08NALDIOBNALDIN L290€ 282 ¥ 126001922996 1
¢36Z1V 36Z1VIds MLII6SHI LALEINOYA YSNITIZI6Z VIS £188726806°C ¥80/8E2 126V
OVSM6BD IVSMBD I 66GMBDI-IINOHA 0VSMBDIOVSM6EDIH 09¥62E2280°F |1L09Y9EE€9Y20°S
L16LLd L L6LLdIds 3INOYA VYNOJIZI6L1LdIdS 565296 19.€ % 0S999566£660°S
L61¥0d BDOAESOM |261¥0dIAS:TINOHA EDAESDIEDAESDIN G0902€89.26°E LEELLLOOCLS 'S
PIONG6IN ' FONG6N I YDOINGINIHEIINOHA YIAONBINIPIONGINI 521880€2.L6°+ 6S00£S2Y0622 S
YMMS8D WSSO 11 JNOHA YMMS8DIYMMSS8DI4 82800€ +728Y 9€8520086112°S
¢ THAGBD ZTHAGDI1 ANOYA 2THABDIZTHABDIM D912V LLEV € |LSSEEE06Y8YC S
/42160 £4216D1ds ATMPEOVOVHEINOHA TMOVIZALIGDIAS 98599 LEVY8'E 162SPELLI8SE'S
€30M.D 30M.DIds ANOYA Y9OWIEIONLDIMS E29SSIEL6E'E 200.8290929€°G
0reML0 |0reML0h JNOHA 0reMLDIOreEMLOM 60S60£96SY v 8SYE9CY6E6E'S
L7120 Ya0V0oVH ISI3NOYA LD T7a0v0ovILFDT790V0V I 6S0E00LL29°E 1991828922 1G°S
YZOMLD ZOMLOIAS IF82eydIds:INOHA EVIOTIYZONLOIAS b2LSLLEL9L Y 889./926VG 1SS
6XM0M6D SIMOMGED 4} JINOHA 6MOMBDIEMOMBDIMI LLL88SYLES Y GLLILIBEYBLLS'S
969¢€ed [1H1areX 1 dd1969ezdIds:3NOYA HArex|HareXH 69.£€87865°¢ €9€9+189.29°G
FHNABD [HWABD M [PETINODM-INOHA  HHINABDIFHINABDI 90¥5502L62°€ L 70L972.66G0L°S
€4.16D -9MNYAM I€ALIBDIAS:TINOHA FOMNYIILOMNYIN 0288EBVEVE Y 018E€€CCE6L0L'S
80rA60O 80rA6OI1 JNOHA 80rA6DISOrABDIM 9E 11856252 ¥ 021.25096¥9.L°G
BOMABD DMA6DIds AINOHA 0EAdAIBOMABDIAS 991SE6Y191'S PSLEELL0.88L'S
INTA6D NIA6DIds ANOHA 28HAMILNTABDIAS 560099.258°G £7.£€9225008'S
€0AAN6D JOAA6DI JNOHA €0AN6DIEOANBDIM EBLYEYI9L6°E 66V8LLY61208°S
YMEMBO M EMED 11 JNOHA PMEMBDIYM EMBDI 2062.21986°S 6SSSELI906EL8°G
699M60 399M60 11} JNOHA 69SMBDIBISMEDHI 9099285212 8108L0L16616°G
VASI VASNAS I VASIR JNOHA L9EMLDILIENLDIMN 29Y P2 LY LEE Y 276002965886°G
8VNA6D 192 VOV :FNOHA €0NDIZYOVIEONDIZ VOV BLLY6L0V.L8 € 9186982009
LEZAMLD LSNALOI)IBAAAEDI-INOHA LSAMLOILZAMLD M 1088619825°S 909202207010°9
0VEIA60 IVEA6D1HHISONISDIEIINOHA 0VAAEDIOVAAEDM L EV8YYI 198y €€02L268.790°9

€159 MPAOVOV YAOVOVY 1 71-3INOHA €ITMNYEI0VOVIEIINYI0VOV I 60SS L0 LY LY (Y6 1LPE9SL0™9

2(z)ns
Auos

2L1G2d |FSHr M SleZkSedIds:INOYA FSHMLAILSHP LT PE86.82EL6 Y GEELEG6YC8L0™9
SdHABD 4dA6DIdS AINOHA 9ed9NISJHABDIAS F26909€91LG° Y GG+ 1019910809

1S2D0\BWA NMYIOVOV Ya0VOV I 1-INOHA 999MYa0VOVI9ODIMPA0VOVY 1 9582 LS 28 ' (8SG2CLELOS LD

151619
ueo

goelY

8NYS6D 3NHS6014 | LHOdEWIH-INOHA 8NHS6DI8NHS6DMI 0820012292°S 8¥920129.561°9
821LAB0 82LA6DII NISITdENI-IINOHA 82+A6DI8ZEABDIN 0812 1L0SSE 9 98656750V Ye 9
LHOMBD HOMBED1 344AN6INIE-IINOHA ZHOM6EDILHOMBDI 920 18YSYEL v 9658581296529

LEEDDI\BWA MPE0VOV YI0VOV 41 -2NOHA LOOMPE0VOVIZODONYE0VOV I 0595581292 'Y 992281088.82°9

€eyOo\LBWd
00¥O0\BWd
OL'VNYoU||

CLHd6W ZLHd6WN M [EHId6WI-IINOYHA SZHdB6NIZZHJBINIM YL LS61LELI'S 2695221622859
LPANGD LPANBDII0dH6N-TINOHA LIAABDILIANGDII G295€2.699°€ G2 15551828999
LOMAGD DMAGOI1 JNOHA ZOMABDIZOMABDII 9260€69.5 1Y 9EH0E0S22229°9

uoq IMy9ovoV Ya0vov i 1-INOHA 2 LHMPA0VOVIZ L HMPA0VOVY 1 #S881L2LE9°9 6EC689S06 L9
£9€D0\BWA |DE20VOV 1€20VOV M :TNOHA 9INDDESOVOVIINDDEZOVOV I 6.80182ESS ¥ £01+8.6657828°9
xd)MyaovOovY 0vOov I FINOHA 899DMYE0V0VISADMYA0VOV I E0EYE8ZS86 Y Geeeeheees’'9

€66D0\PWJ
L1-GIPIOGL
LXAS

d-yd

100

SIARA 1910
lojle]
yXARINELN
G160190

GO LOD\BWQg
Ioey

CYMNABO grMA6DH IZNOdBNI-IINOHA SMABDIZYMABDM BYS6YLEL00'9 212288820989
G1dA6D S1dA6OIM JNOHA S1dABDISTdABDM S90EEE0E6L 1 |LOLLOELYZ 198°9
6X0MLD 6X0MLOM ANOYHA 6X0MLDIEX0MLDM 5+01896€S55™9 80VE661920£0°L
69.6€d 39.6€d1ds N\SDIBMONSDHEINOHA dHJIB9L6€dIAS DL2ySS0E8L'E v2e kSL90€0"L
L10€0D 36Ad6INIM} |210€0D1dS:INOHA S6Ad6NIS6Ad6INIMI EBOELLY8YL Y L981¥21801L60°L
9Q9MIr LD IOMIrLOIN ANOYHA 99IMMLOI99MILDM ECHS69.82°G 71980678801 L
8SIA6D 3SIN6DIAS NOMPEOVOVHFINOHA LLNLIBSIA6DIAS 5850022 ¥ 225 H¥800LSEL L
YdNAGD 7dNAGD 1 JINOHA ¥dNABDIFANABDII B80S HESE90'9 8EE22C092 IS+ L
89XS8D A0VOV I IS:3N0HA €S4T790V0VIESHTPa0VO0V 4 BOEL L6691 '€ G96.00862 161 "L
6.dI8D 161dI8D1 8DIONISDHEINOHA 61dI8DI6LdISOI PL25E£8262°S £€6061268028 L
£L32M6D .32M6D 1 JINOHA Z3ZM6EDILIZMEDIN BL8ECL6.8Y°E 8Y0069.51G.8 L



1/16E€8°CL SLIBLL 1L ILOEGS HI
21828901 LLV/EL'SL 3160V VL
S3VEBCLH LI 3G0LE9°CL 71V IVE'EL
169¢v0° L1 189887°01 11881G°Cl
2GG/2E°€1L 9050V 28L6.6°CL
3G6LEL9L 7820G€'81 78LLE9°LL
50692901 56V 1G°0L LG18SGY L1
260920 L1 22G9G1¢°Cl 32009 L1
308/02°C ) 389¥€L°CI DEGGGIC I
37906€" L1 2¢9VEE VI 2680VE V1
)06.EE°GL 87981791 29958G°G |
SCLLLLCL L8C929°€1 J0EELL'GL
286/88°Gl 5.22¢2/'Gl LG620L°G)
769129V 1 2EY920'G 1 595¥80°G 1
3/€96%° 11 L9€860°'V 1 LI0BEG V|
)GG0S0 9L ILLEIY' L1 IL0S09°LL
288651 L1 59¢¥9¥8'6 )rEBI6'C L
7V8LLE VL IGOVEL VL 12G968°G1
56£676/.°6 9.1868°91 399.¥2'G1
3Leovy Ll 3/6/26°01 L64SCL L1
19219G°€1 2EV6E0°GI 2889V 1
LEIP29'91 D6S0EL 81 59/9.0°81
3G9V.E L1 7¥99.L0° L1 2202501}
W8SL1°61 2208181 16952881
58Y0LY L1 291¥2G'81 19996.°81
1C6VL1L'GL 7,992y v 1 7¢0965°G 1
56282L°G1 IG9V.LY V1 2€698L°G1
IPP8GE LI S¥08ESG LI L9EVEY €L
7vel9c L1 LLyG/8°0L 3¥¥09G L1
+G98EB'0L SGHYIL'EL 56295V V1
1090650} 526956 L1 ##80EY" |1
57918091 LHI8LEL'LL DEBIGS G
sLVLLL0) L299/2¢2°C) D8LGL9°0)
5L0126°01 DGS06€°CH 3G1998° L1
FLGEBB' LI 392660°Cl )61G/8°L1
+0100CCH FHLSLE VL Z18LI9'GL
768€E9 LI 51E91L6°CI ILVECL O}
79/ 1€€0°6 268¥95°01 21996€" L1
>19€/8°11 1868Y5 01 5¢0189°01}
589/89°Cl 7G/22G.'6 ¥€0.88' L1
16/826°€1 )0E€962°G | 5¢G2EB'EL
20G6¥8°€l vL2lec L1 i¢9ev.L €L
5GLSLLCl 226162 L1 Dev61L6°01
960 L1 78G629°C1 28L/.2S V1
3/886L°}1 31G826°C1 I9.619° 1
LSr9€E 81 5G1089°61 L80G65°6}
)E€10L6°01 39/98G" L1 5G0S98E°G L
2962V 281091 V1 5819€C 91
5L6867°Cl DY60v.L €L 281G01 L1
'y8/29°GL 28V0LL' VI SLEBLY'GL
386G09°Cl 181EBY' VI 5.7086°C )
S6LLL0°0L 28026501 3¥9LGYCl
11899281 39/¥€6'81 )9V.E0'6 L
5916G€6°6 L0EG09°CH LV EEI0V 1
3004¥6°L 1 2/82266°6 560601 °C}
2802¢/6°L1 ZLEVOL'BL LOLLGL'BL
7b8YYS 0L LL2CLL V1 30G12G°G )
599GY8° L1 BLG VOV 1 989LEV V1
26LE90°CL DELILG VI 2GGL08 VL
2€9702" L1 53992v0° L1 J0LVEVC )
7816¥0 L1 2G2891° L1 5¢/E€598°01
1€9¢6¥°L1 LS00VY'81 5198€6'81
)0G989°GI LIv8YEGI LGEV.B'OL
5688E€G° L1 L9VV66° L1 31G8EL'EL

5¥2/28'€l L98E62'GI
1182€6°01 589€¥0°91
100€60°1} 5706969}
L€659COV 1 DLL6EC G
16C9EL V| 5¢928E LI
+1G/EGL°L) 31¥6EL°0C
2€4062°€1 2600691}
188998°01 190866 17}
1€G2.9°C) 3€€612°9}
LLESLO'V) 3€8692C LI
L2c€81'91 39985161
F0LLEY'EL LEVESB LI
3EVCLE 9L 76978961
18G¥GC'Gl 2€02Lv'81
5//280°G} 3,2€0V9}
)06¥E1L°L) 2810202
7HEL096°6 5C9ELG V1
1/2656'v} L€2056°8}
IG6C LG 7v0V.L6° L1
)9€089°0} L¥E66Y 'Sl
3/£5982°01 50898¢°L}
769€.9°L1 100819°1¢C
L68L¥S 0L 719LLL V)
18G606°L} D¥018Y'¢c
Jclev '8l 2€6.G2°¢C
190106°G} 20/86.°8}
1€699G°G 1 3686906}
7€8012°¢) 2¢02c6'SG}
56G2¢/0°G1 110E6°G}
28/918° L1 5399¥€9°G|
2¥09G8°¢Cl 5L1G89°¢Cl
7€¥3952°91 370122’ 0¢
+EEVLL0) L628Y.L 1)
L60LLEE} 7HPOVI°GI
SLEZLOLE 509988°¢l
56¢89811 09€.E°8}
3G8069°¢ ) 76€008°G}
1€/229°¢l 3vEE0C 1
LOYPSLGE 372091791
ILEGLO L BLICLY EL
1V€2E8 V1 I L0VBE61
3/0¥60°1} 7E€SLEI LI
2069€8°01 54/8€€°8}
1,626V} DeV9LL L)
5G0090°0} DeLevy Gl
V€896 LELCILEC
7¢¢E08°El 199¥0€° LI
168.G€V | GEBBE6}
+66.¥9°01 2005129}
1/G€2y'S) 1866026}
)8LE99°CI I2C9L9° LI
7¢€0€8°0} 53972061}
7€/999°81 p/L11S0°EC
3€22G€°0} 5L62L6°G}
LLEBGL'CI 200902 L}
+609¥2°L1 D¢910€°¢c
291208°G ) 286686°L}
7¢99¢ v} L9G6E6°LI
7/8€S0°E} 50VV66°LI1
1€92GL ) 3829.6°G}
5802520} 5V 109€9}
3GE8Y0'81 3028v.'¢c
10790991 55 10VL°6}
2¢/v0€ L1 792€99°91

50042€91 30¥918°91 7106€EE'G L
1¢/009°91 3¥¥952'L1L 2120L6°G L
Wwyave L)L LL0LED DL D6LESL G
18G9€0°91 2096¥L 91 0¥V’ Gl
169C16°L1 D6S62S 8L 561V L LL
71929271 ¢ FH¥28 L2 166675 02
5/0€€0°G 1 366886°G1 50¥902°G 1
1€€E€0L°G1 2C69LL°GL 7996.LV' V1
30€C LG 9L LLV 18691 5G609L°G 1
5L089%°L 1 9G2GE6°L1 58296991
3EEEE9°0C 70¥908°61 L9G/2.°81
2LEG 1281 29Y8Y6'81 529/.2€°G 1
'y81/8°61 5160E€6°61 5£EE6V 61
'¥9800°61 25096561 31068281
2¥99€G°91 i€10SE°61 782.0L°81
L6ELLY 1S 3920157 1S D9GYEC 02
1G91€9°G1 5€/G68°C1 2E€6.VE'GL
166619°61 79822081 38G188'81
L1/£06°81 38822981 58711081
JHL98L°G1 366/.¥8°G1 2€9866°C 1
PG L L1 ZLEVOL'81 58868E 9L
262Eay'2cc D80EVL LS 71¥82.°0¢C
5¢6€99°G1 708885°G1L D9LEGIEL
510688°¢¢ 561EC1 €2 36€9.0°¢C
56189/°¢¢ )G98569°¢¢ 2L2/95G°1¢
51e2d8y'61 5G5¥82°0¢ 789€16'81
580129°61 7¥10L6°61 DG6SCE 6}
)9/6G0°9L LLI/8L'LL 78EVI6'GL
18¢8/2°91 LLEBEL'LL 2L¥9V6°'GL
LELE66'91 71E9L9°8L 2V HE6G G
108680°L1 L962/G°LL OLLLIG6L 9L
+L6¥25°0¢ 7G6E62 LS 7¢CLEB6L
5G8L1G°G1 7G66VY' 9L LOLOLO' VI
5G2 16991 718920°L1 LO9ESO09L
)10CLL'61 5G66€0°61 2LV V. 8L
7cPGG'81 7GG9GY°61 989G 19° L1
3760LL°91 DY1288'L1 7€8698' 1 |
2G69YY'G 1 5G9996°G1 2¢G28E°G1
70008€°91 36206991 90591
7cOV LV L1 5¥6561° L1 L900VS G 1
3GL6C1°61 D9VLE0°61 21085081
5¢¢980°81 36,0181 59€066°9 1
298G€ECEL 78419261 5L1G95€°CL
59//0€°81 592498581 58€909°L1
28GG6.°Gl 72£089°L1 L€8GI9°91
3GEEEL VS LGI9LL Ve LEVIVO'EC
79v/LLE L1 DIG0L6°LL ZLEQEC LI
2860€Y°61 208GYY'61 5G17018°81
561¥9¢€° L1 LG9692° L1 7¢/689°G 1
2G0/96°61 L00S8€°0C )OO LEC 6L
58E1E0'8I 5962 1E€'81 26881L0°L1
10,686V 7./809°91 56€82L°Gl
2G0699°€¢ 31¥8¥..L €2 596299°¢¢
)G9818°91 22¥65€91 20096191
)G CEE 8L 10¢626°L) Z6LClc L1
)¢808.°¢¢ 1682¢66°¢C 356868 L¢
1¥92¢00°61 18086761 5G2000°8}
19605€°81 )00EY8'8L 16¢996° LI
118/9€°61 716899°61 1€€C0ELL
2€1699°91 36/V61°L1 LOEL6E S
182961 V1 7¥989Lv 1 1G6008°91
1l¥2/2’€2C 2G100¥°€C Z6vClEce
58G2G0° ¢ LG8IEL LC 5.12G8'0¢C
W1290°L1 26691y L1 2€689€91

€L

SOl

O~ MO AN <O~
Al

(a\]

N~ N OO JFT OO AN - ML
b

all

el
(¥4
6

0069016
000k+68
000¥LES}
00€9.8v
00055822
00008052
0050€6¢
0086266
00062052
0001488}
00088t1S
00095.5¢
000€.561
000S¢Lcy
000¥€cLe
000€€91¢
0082199
00060419
0006S11¢
00€18¢.
000¥¥S62
00042£69
00l€lL6e
000€0256
000104S¢
000€/.8€6
000¥20cS
00080L}}
0090% 19
000€129¢
00€6€19
0009G..}
000S€0€E
000vLIES
000689¢}
0000510}
0012099
008€006
O0OFHI8L
0001.89¢
000€1852
00060612
000€SSHE
000888¢CE
0015016
0006588}
000+29ce
0004¥0v |
000c8LE}
00008599
00090182
00097 L1
000cev LI
00¥£9.29
00SvSY
000€cEvL
000¥76€59S
000Gecre
0009/489¢€
0002586}
008€1499
1000cc8 L1
0006099}
000v.Lv0€

8681
¥92°0€
LL'8L

661E€L
6ECLL
covl

98.6°G
€86E°L
90’ vi
8vv'Ic
127 5174
86G°¢Cl
8EY 9Y
cev'cl
LLL71S
66°LL1
6S9.°L
9€ev8
81€°0¢
1511 47)
c06°cc
RIRHAN
685919
RIRHAN
6vC' 16
AR
689°6¢
6€9.°8
6v6.'G
99/°I¢e
L¥92'9
91'8€}
€69°¢y
Ll ¢
LLVYL
89'6E¢
€651
8cv'LI
€caal
€04°0¢
82'Ge

G6S v
124X
€L’y
JASROYE

RIRHAN
S08'8¢
¥89°'v¢€
ceeL’9
€26°69
6686}
12K
RIRHAN
[ALAR)
[AY4 R
RIRHAN
18€°LE
8¢l'¢c
¥0°0€

Gé8v'cc
/891
RIRHAN
88°00}
9G8'v¢

0
0
0
1611G00°0
0
0
¢c9010°0
ZE1500°0

o OO0 O O o o

0

312G00°0
0

0
I¥0LLO0
0

0
9201100
0

0

0

0

)82€300°0
98€010°0
0
¢08010°0

OO0 0 0 0 0 0O O O O

o

7¢/,2500°0
0
0
0
0
0
€81800°0
0
0
0
0
+£69600°0
810100

O OO0 00 O O O O

¥82°69
c9€'09
1 RA VA
/800
6L°€lc
8E°'GY

¥S9G°6€
Sval

89 LLI
Yy va
98.°8¢
¥GE°9G
G81°8¢€
LE9°GS
€eq' Ly
€9¢' Ly
I6°1Ct
YA JAVAS]
STAAU
yASWA
€8E°C6
€96'88
8.G°1L
9v2'8G
G8l'€c
¢€0'29
¢9¢'¢8
67588
81€E

G61°96
679°9¢€
¥S€°09
69'8.€
9€'€ee
6LV ¢l
29896
Yv9'€e
98°¢ClL
LE6LL
vE161
6€€'¢c
8€2¢'09
9/9°9¢
¢6€'9.
8999
81269
evoLL
78801}
L0G¢L
LOL°0€
L0€'6L
Gggeal
S90'v.
1427014
TAWA
9LL',S
¢8€'G6
gce ey
65E ¥
830}
€28'89
¥6€°69
Yv9°ca
829¢E!

9¢
6V
8'G
Sv
69
1%
Sv
60
9¢
LA
€0¢
g'e
6'1c
éc
¢S
8'0v
€1l
g'GlL
vyl

8V
a'ly

o3}
¥'9€
gl
v'6
9l
'y
8¢
L9
Lve
8¢
6’}
€Gl
67}
901t
6V

g'¢c
¥'8¢
6V
L9
69
L9
618
8¢
€3
8¢
el
S'v
6°¢
6'GE
€9
L.
29
g€l
L0t
6'Gl
6V
L€
€19
g6l
1744

9¢
6'v
8'G
Sy
69
14
Sy
60
9¢
V.
€0¢
g€
6'l¢
ég'c
[
8'0v
el
g'GlL
vyl

8V
(VA%

g
¥'9€
gl
v'6
9t
Y
8¢
L9
L've
8¢
6’
€al
6vI
901t
6'v

K4
¥'8¢
6'v
L9
69
L9
6'18
8¢
€g
8¢
LEL
Sy
6'€
6'GE
€9
L
29
g€l
L0l
6'Gl
6'v
L€
€19
g6l
1744

9¢
S've
8'G
Sy
69
14
Sy
60
9¢
V.
€0¢
g'e
6'l¢
¢'c
A
8'0v
el
g'Gl
vyl

8V
a'ly

Gg
¥'9€
el
v'6
691
4
8¢
L9
L've
8¢
6’
€al
6Vl
90!t
6'v

g¢
¥'8¢
6'v
L9
69
L9
6'18
8¢
€g
8¢
LFEL
Sy
6'¢
6'GE
6°0¢
b4
L'29
g€l
L0l
6'Gl
6'v
L€
€19
g6l
1744

D~ O N~ O AN ANOANL NN ST O~ ™M~ AN

Al +~
(o0} Al

AN T~ AN T AN~ OANO TNV OO ™~~~ <~

[sP)

%

~— < OO ™

AT W0

[e9)

€

N~

D~ O N~ O AN ANOANUL NN~ S O~ M~ AN

Al +~
(o0} Al

AN~ AN T AN~ OANO NV OO M~ <~

— <SS OO - OM
<

NI W0

[+0]

€

< N~

~—

~—

DO~ O NN~ OHOANANOANLANAN~ T O~ O AN AN
™

A+~ O
(o0} Al

~— ~—

ANT AN T NN OANO MO OO MO~ <~
™

[s2)
<

8¢

LLeJw
dga10
geesda
gedid

Buey

Ludy
2044wq
2diq
9gyHO\BWA
edVDUY
dipy

¥Popd

YZAX60D rZAX6011 JNOHA YZAX6DIYZAX6D D9058Y€8G ¢ 9€2270.896G9°€
9€0970 Y9OVOV 1 3:3NOHA 2gHMYE0VOVI2aHMYE0VOV 4 EV 1298E€SS9" | L866E107900L €
IH9A60 -HAA6D M JNOHA +HEABDILHEABDII D0E96YS8YS C 86906SE8E0L'E
ETArLO IACLOIdS AINOHA 8EdHdIETArLDIdS FS687Y80€0°C 220262 LSS0L'E
FOXABD DXA60DIAs | 911Z20Z2914-INOHA DONVHILOXABDIAS 9%20205126°€ £61260€092+L°€

LOENBD DENBDIdS AINOHA 9ANSdIZDENBDIAS BEISLLGERL'E 2E6IELILLISL'E
GEXABD S1EXAGOIM JNOHA SEXABDISEXABDM EE0L888LL.L'C 62S6EYS669GL '€
YAyA6D FAvN\6DIH INOYA YAYABDIYAYABDM 9GSS L068EE6'E 9292Y61ESLBL'E

867180 |0ZMMZX 141 ZXIE8ANZX M-INOHA 0ZAMEXI0ZUreX Kl 622€L262.L6'y 82821.£98008°€
099d6IN |[DDd6IN I 38Dd6NI-TNOHA 09Dd6ININDDdEINI D¥6£S05809°C S0Y0¥0286908°€
8DOAN6D 'OOANEDH JNOHA 8DDABDIBODA6DMMI 62.200£2Y8°E £6617.2ELLEES'E

F6ANBO 6ANGDI JNOHA FBANBDIFBANBDI 520152826+ |L69265C HL8E]'E

€5d [MaovoVv vaovov i INOHA +dMPa0vov|LdIMPaovov I LY61720592'9 LS8820.8/8€8°E
6,089D0 1T¥90VOV Y90VOV 41 - INOHA 234T90V0VIZa4Tra0vOoV I 128520699 Y #E826SEYITY8 e

PPN
qudy

J]S

gudy

Zludy

9Jeds

sdoy

aoigd

4O /€290
9102
Gog(lea)ns
usy
Hold3d
L-1ed

PO

v6Ld

giel
reeno\ewQ
J-1S3-uoue
10

406910
VIA-2V1d!
£62oo\Pwq

vy 190 [Py L9014 JINOHA P 190IvYY E90I1 6528€ Y958 L L¥.00SESYSYS'E
BATYMLO YAOVOV I IS:INOHA SZMPA0VOVISZIMPI0VO0V 4 0162978559 £798287555H8'E
86.0%vd 'DAd6NIM LSAd6NH-INOHA €DAdBNIEDABINI ELEYYS2e6l e G91E28EL8SS8'E

YZENGD ¥ZENGDIM JNOHA ¥ZEABDIYZENBDI B86EY LY0L8'E £869/81188.8°€
9EYA60D 9EVYAGD I JNOHA 9eYABDIIEYABDI F1610L6€2E + £6..78665796°C
€€3650 €€3650D4 JNOYA ££36SDIEET6SOM 0G256.E€68°C 8529690L1286°C

LIAN6IN CTANBIN I YSOWSDH-INOYA L TANBINIZTANGINI 6265200988 | #2SESLLY8166°E
8959 1d 31Ad6INIMI 189591 d1dS:INOHA 61Ad6NI6TAd6INIMI 99 L0YEYOLL'E 665 102E8E600' 1
0dDINZD |[dDNZDMNEMBDIM-INOHA 0dDINZDI0dDINSDI G005 H0 L8V L € €9501 LEBEECO Y
GOXABD iOXA6DI4 JNOHA SOXABDISOXABDIMI 6EIBOEYZIS ¥ 09089 1+9LS¥0'
G02S0d 30250dIds AINOYA ™ +dHIS0250dIdS 680152220€ Y 29222557280
6Sv.L05S¥..01ds 3INOYA N3MI6SYLLOIds GLGS20816'E L6¥8296195601
L9OABD YA0VOV 4} IS'3INOHA 0THTYA0VOVIOTHTYa0VOV 4} E9EE L L2EES ¥ 262EV86LE0C L T
BN I 3NDM ETHHI9FEI6DILTINOHA 6INDCEIIBINDC LI LL8LELZSEY € 86EYILILYOCH Y
60981d 50987 d|ds 3INOYA SMADI60981dIds D0E6.5E06 L2 8299097S80€E L
SAHAB0 iAHAGDIM JINOHA SAHABDISAHABDM EE11L292280°¢C |LEVL0CYESLY LY
9AMABD \MABDIdS AINOHA 84V.LISAMABDIAS 281826€828° L S¥7008L6€9L )Y
YZEM6D 7ZEMGED14 JNOHA ¥ZEMBDIYZEMBEDHI E8E89/2580 Y 60220289866 11
810244 11810244 JNOYHA 810Z241810Z.8141 566 182298V°€ ¥9EY0SG 195028 ¥
0810k+d iVANBN I MOABINHEINOHA SYANBINISYIANGINI E6V.LYCLLIY € Y66ESY208LYE ¥
¥2Sv60 reS60Ids ANOHA 11AQI¥2Sy6DIds 617L09€9966°0 ¥0LEOLLEECYC
09.LA6D 09LABDI)IFANMLOII-INOHA 09.LABDIO9LABDH 51G9€069.9°C 801216820252 v
LANABD [ANAGDIN JINOHA ZANABDIZLANABDI £1982950€L°C L1 18Y989.6€E€ Y

LPOY IMPE0VOV ¥90VOVH 1-INOHA ¥XAIMPEOVOVIYXIMPE0VOV 4 28¥5S0SE89 2 ¥9P2E6061SYE v

ysw

quos
LesIL
vean
£0009(1)I
6.690\8WQ
da

G100
ocirdiw
alIsid
1-db@
ordiw
nioelaq
usw
G-0/9SH

dgiO Myda0ovov ydovovii

ZpPyoyo
7100
[wis
2ldy
1dod
qp

czZe
€100
a.zes13
6cHHWQ

9dSA6D )XASAGDIH JINOHA 9AdSA6DI9ASABDHHI L0ESESSELL'C LY95860E269E Y
LAYMLD 790VOV 41 3:3NOHA SAHMYE0VOVICAHMYE0VOVH 22E61LE61 L2 800L.2 196821 1
80¢2M.LD 302M.L011 JNOHA 8DCHULDIBOZHLDHMI5L0LS6E6Y LY 02YYECL99621 1
8 IABD [IMO6INIH 8rABDIAS:INOYA LMOd6INIZMOd6IN I FS9.606680°C LL99S 12 L8261
68HA6D 8HABDIdS AINOHA LONJI68HABDIAS S0800€L9VE" | ILESI9V0SSY6Y ¥
L036S0D L0IA6SOHI DISNIBDHEIINOHA L0ABSDIL0I6SDI4 959€8Y2H29'C 969 76S89E LS T
81€¥2D Ya0VOoVH - INOHA 00IMYI0VOVIODINYE0VOV 41 681282 +8ESC €2V06G+L02ES ¥
OIMMLO |0IMMLOM LY IPNSZ LY I-TINOHA OIMMLOIOIMMLOM LEL60ZLOLS ¥ 06GEC06EEEES
¢vSMBD Z¥SM6ED 1 JNOHA 2rSMBDICYSM6EDMI EV LEEL28EEC ILLELL206L9ES T
00dABD DdABDIAS £A1944dEAMFINOHA 8SdMIODJABDIAS 8BS/ 7299858°E L2EEL62Y26YS
L€6300 1£630014 JNOYA +£63001+E6300DM E9YELS88E6°C 00220616 LSS T
6G IMLD 6SIMLDIN JNOYHA 6SIMLDI6S FMLDIM 0502296252 ¥ 0£582.502€ESS ¥
616A60 6L6A6011 JNOHA 616A6DI6L6ABDM EVOEBESELE'E 85T L0YS999.G
61LHJ6IN 53 Hd6N I [200M6EDI-IINOHA 6 FHJBINIE LHJ6IN I 089528€0.E°E€ 29€EY8212098S ¥
G86¢d YA0VOV I IS:aINOHA a4 1rd0v0oVIcadTya0vov I EVSLES0ELL'S 060082995885
JNOHA SXAMPA0VOVISXIMPE0VOVIN £299592/5Y'C G1G2L991926S
LLXNBD LLXNGOM JNOHA LLXNBDILLXNBDMI 22€566.821 L 981619982809 1
69MAGD BOMAGOIN ANOYHA 69MABDIEIMABDIN L86ECLEIOL'G GLS8L6LL9ELI Y
FAO96D [LAO96D11 DILD8I0DH-INOHA LA096DIFA096DIMI CLSLOLLYLE' L 22 LG2L0SSL29 Y
1098Yd ¥A0VOV I 41dS:3INOHA OrIT9a0vOoVIOor 1790v0V H 06761£9867 '€ S202€L 160299
SHIM6D HEM6EO 1 JNOHA SHEMBODISHLMBDIMI L6LLYY081L2 € 811 1171089569
Y.V N\6D Y.y \6DIH JINOHA ¥.¥A6DIV.LYABDIM 62E8€S51L0L0'Y 9¥S8E802L969 1
€019S0 101950141 JNOHA €019S0IE0IFSOIM 5982G519821'€ €28292EvY00L Y
G098%d |COEAPV 411 LIS0981dIdS:INOHA E0EAYVIE0EAPY 1} B0Z92990.L9 ¥ GOEL8L66EE0L Y
889700 389¥0DIdS )AHMYEOVOV - INOHA D13I88970DIAS G9191919S8°E €1LEVE8YESLL Y
SMXABD MXAGDI1 JINOHA 2MXABDIZMXABDINDLY82160L9°€ 8009YE6SC LEL Y



376699°C 1
3€GG80°CL
L091€°81
18096€°01
19444 4"
7L10L6°EL
31260191
J0LS9L7LL
5/80€L°C)
'961.LECL
+9Y9€0°CL
AV AR
0192y’ G1
5LLESLCL
104892V}
£6G0€0° L1
1G2Gee8' L1
56096901}
L€08.LE°01
798EL1L°CL
E6197°Cl

2901€C° L1
70996€°€ 1
yovel L1
)80€60°C 1
SHEQOVL
/8LLS09L
'v120291
)0612Sv1
2EE€108° L1
29968¢°¢Cl
19809991
)68€0°91
SYov6e 11
3€CV0L'EL
30EVEE G
L€S00C" +1
ARRXARSE
)CEOLY L1
7v/EE0°91L
LGOGLL L
sVGG18°¢Cl

361176/8°6 3E€8V.LL VI

WWE/86'81
)CovelL vl
)E6EVC 6L
+95697°C L
791LG9G°GL
)G 198°GL
2€98YYEL
19¥€G8° 11
LL92OLEl
LZ120€°01L
79008L°Cl
)62€2C6 L1
7009€9°E L
)965S0°0}
19Vvv LGl
ZL6VE8LL
2€L/20v1
7/v/6L.°01
282989°G1
169C¢ 19V 1
LLIev LGl
1€€6.6'V 1
L29LI9°0}
7G0¥66°01
)21829°01
3¢0991° L1
7€€2G98°C 1
18GE9E'GL
2G6€099° L1
2¢69€L°01
+69EVS 0L
45211008t

19988881
+816EV'GI
16¢€80°61
/288GL.L L1
70CV9°G1
76C/V0°L1
5¢92¢97' 91
2C€861° 11
7v20v9El
30¢¥9.°01
LEE96E V1
LLogee ¢l
5¢G81G°EL
7812905°6
5¢06€9°G 1
7LL6E0° 1L
7V6L9E V1
199V.E L1
J6vecy' Gl
+6CGEL VL
2€8L07°G1
202990 L1
)9€./8°C)
56€869° 11
W/LIS6'v1
20¢€60°01}
)2GGe98°¢Cl
7080C1°G1
)00L0€0}
10€2€CCl
1¢9€28°Cl
3/8025°¢CH

5L/G2EL'6 )CEIVTCI

5G¢01L0°61
WIOLG'EL
36£965°C 1
36269901
L€122991
3916€L° 1L
201L9%L°01L
+CcS9L vl
2L€82L°G1

5¥6289°¢C1
Ly06SY°E1
76/8v 1 L1
3€0699°01
Yeree gl
5/¥6005°6
)8G/2/L¢ClL
1€8G8.°91
3829V L1

57099501
)991LE6°EL
5/G82Y'81
2E0V65°E1
Y1000V 1
iVEGLL'GL
3€8ELEOIL
SLELEO'GL
rgeicieion 4%
)9E18L°CL
18G199°G1
3CGH0L°EL
)E182E9IL
LLZ0LCEL
3 1209°G1
3/2082°¢Cl
50126981
)6EVC8 L1
7L6LvCCh
JEVIGR LI
L2cIes el
)LEBBYCI
'81/29°61
76G90€°9 1
\WWELGY 61
1€9/9¥°C1
)69/25°G 1
'¥969€°L1
2692651
10EVLC L
)0C09v v 1
7ke/leS ¢l
1GL16G°C1
10¢120°C}
18/G16°CL

299/2Lv° L) 226VELEL
3¢¥98G 11 3G99Y6°'Gl
)0/42/L1" L) 50806902
2G1€28° L 164G2L°G)
2€0¥52'G1 36€5920°L1
)8EL0L'G) 3L0LL6°L)
309616°G} 59€128°8}
YaveO v 56482891
ICG19G°C) L6VLGC 9l
128Gy Cl 1968YY 11
18689121 L096EE 8}
)CELIL L) 7€L891 L)
3/GELY'S) 2EVCLG 9l
1/0L1LL°C) DLI8B6C S
5£09G€°91 3888918}
7LEOVC L) 52¥6S0° 1}

S9V60v v 1
JLL098°91
LG1902°0¢
76£280°C1
70¢029°L1
5CGY2ce 81
76V.LLL 8L
3/869Y°L1
V2G99l
119680V |
3009981
56495181
2€LG€9° L1
18EG6Y°G1
JIVELG 8L
1CLOEY VI

LSV 99°GlL
29G¥6€° L1
56¢¥769°0¢
)0C12L 91
7GG801°81
7¢¥292'81
WA XATE
26982991
+€0€L2°91
2¥006L°91
21687. 81
)¢ 129981
58v2c/2'81
LL6vPy oL
7160761
7LV L YL

7/2/S/°81 5¢9¥80°1¢ 3€8.G1" 1 ¢ 306¥88" 1 ¢

JPSLSL L 7001C6° 1}
3¢/G81°91 206109°L}
29v.6V° L1 38.66G 11
106€8G°E} 2969119}
768989 L1 DOLYYS €l
+86€/8°61 )LLEEC CC
3062€2C°G} 5387062 L}
26€€28'81 30960.°1¢
38V 1L6v°01 3700EL V1
)C9.€6°'S ) 7£€2€05 '8}
3/19€6°91 36EE€856}
3/E£869°G1 58/2€9°81
5/80€L°C) 2L0291°G}
)/9/0Gv} 3099817791
1906911 26186017}
s6¥99¢ v aV/LL1G 9l
3L06£9°C) 39L1I8Y°'GI
2€192G°E1 5E8YEY 9L

269216176 312955°01 56€SVC° €L

1/8926'G 1
1G/G/6°CL
)/V86E°E L
7G0L9€°C )
8BSV L LL
k929 V1
78,6091
Lceecl vl
1€/G6L°C1
39965V 1
)08/8LV1
1/2€06°01}
100£9G°€ 1
L0GEEB'GL
£2066€" 1
LG69CLCl
1/G98L°€1L
706¥S99°€ 1
e iaZzANNE
3908€E°C I
3¢V92EE L
s¥6€0L L1
+80¥85'v 1
7662V 91
LIEYO06'0}
L6089€°C 1
)88G6.°G 1
3¢G/E8'G1

2€6.99'11 5629€9°81
>€90/8°}1 L¥8986°G}
0bVPY v LELCEE LI
39L1EECH 3LLLLYEL
JEV66°91 7¥G2CE 61
566990V} L9LLYY LI
)/80LL°€} 28999€°8}
+G/812°01 3L0VEL VI
2004G€ V) 269V.LY Gl
53,6681 L L VSECH
26€LLE VI 50916591
3V66.2°Cl IvCLL gl
1L8VEL'EL IEBYI991
38G€/8°G1 )G¥ 10881
WL0ECE) 7evevv vl
107000t} 2109€0°8}
798651 ¢l 7¢8051'Gl
289/2¢¢) s 19GvE v
19865l 7GGEV L Cl
18206E°L} L9961 LI
)I¥8EB'EL L612CS 9l
5602EY" H 269950°G}
104801 L1 386200°E}
3PS 91 57098261
109916° 1 3¢8600°1}
1G9680°G} 229€€9°91

3.726EEL
i8YGI9°CL
)8G/69V1
2€L189°G1
WW6v8L 91
1¢¥299°¢¢

50806191
2€/268°L1
2GOI9L°GL
)612CE0° LI
2LSYYSOL
)95996°¢¢

2¢9188°€lL
5H896°G1
2¥€269°0¢
L/8129°€1L
)¢G016°91
SEEELS L)
+¢180L'61
)I¥888'GlL
L6c0cLv}
56628091
3G00€'81
18188€°L1
MyvI8'LL
1€€€0L°G1
LyGv9L L)
)6ESBE V1
5198¥.°0¢
+8¢0€0°E}
5GG28G'LL
126028y 1
+0GEL9°G1
sv/960°v 1
L€C/E9°1C

291796881 L 171288'81 D6G2CCy 81
28811G°¢c 12/888°¢cc 1./888'I¢

3/829. V1
5G/GV6°81
ARSI TA
188E€GE B
36 1967°G 1
)€8//8°91
WSI6SEL
70621891
3€€G00°91
IO LL
168G2€°C1
3GIVE06GL
Neragcit R
26900121
20GE8€°G1
5210661
)09698°L 1
)9607L 81
SEVEEBOL
192875991
7€2009°91
L0Lev0°LL
19V/G6'V 1
1¢€E68°91
LOVv8.L 81
5C9VEGL
51684891
769¢¥8°G1
)EEC09° L1
+1C86..L°91
VEV88'61
569127 L)
SLG6YSG1
108091
)889G6°6 1
5L6EEC VL
309G€1L°L1L

AZALV AT
36086161
7€600¥°02
Ww6ev.L 81
1€6929°G1
7/869L°L1
296/29°G1
W09 L1
)9G120°91
Lee8ev’ L1
7bCOL6 1L
iV V6161
7€/G8Y°91
3L9V6L° L1
)869€C 91
1G811€°0¢
29972581
LYy EL 8L
512c0891
20C9G1°LL
1G1128°91
L9/L16L°LL
)8G61I8 V1
58G/01L° L1
56500961
2C€G98'Gl
289/96°€1
)ECI8LOL
)¢6095°91
79LLYS 9L
1G8G19°61
1¥6.08°L1
SHIVL YL
38Y90€°91
)€.695°0C
eLCLL'GL
WOrv.L 9L

)OI899V 1
7LL16E8BL
)0GESE6 L
5912691
309G12°G1
LESSLL'LL
5994.V' V1
)02GES 91
3L019E'GL
5¥6259C 91
2699V V1
59065181
108969°G1
VA IXAWAL
1GEGL6'V 1
1996.€°61
695 L1
2LEBEY'8IL
1892¢98'G1
)¢c09.°G1
+L9ESLOL
56122591
)696VE G|
10/8€6°91
29¥G0.L'81
3ELV69°V 1
7EVVIVEL
568912L°GL
s81.6811
1¢G/62°G1
)618¥S'81
).0269°91
786E01°G1
3LePS6'Gl
37/201°61
)GG69S V1
119€86'G1

3¢L10C'S ) 5266668} LGL0EE 6} 3026¥.L°61 D0B09Y '8
701¥26°L} 2¥6699°0¢ L 6¥2¥6°0¢ DL0L2E°0C 5€L619°6}

3
14
Ll

(%]
(9p)

~—

AN~ O v~ 1O < AN
h

o N
©

8l

I
gl

0

000£06v€
00096801}
0065269
000cS.Lv¥
0000491€
0005460€
000¥E8Y |
0009G.€}
006298~
0009816}
000¢80€¢
000€61Lct
00v.108
00096692
00vEEL6
000€v.LS |
00cc6ve
00V 19vS
0006905 |
00046.L€}
00cL1Ey
00051599
00088691
00025948}
008v9vS
00099156
I0008LLG}
00050601
00081L0E}
0000€LvE
001028y
0009629
0008810}
0008080}
00898¢¢
0006¥9¢
008¢c69
00097vEL
0088¥89
0006150}
00059801}
00019181
0020099
0004clct
0026069
00008582
005689¢
001898
00041899
0056461
000+LSO}
001918~
000ZLELIL
009Secy
00086. ¥
000€.E91
0092929
00982¢9.
000cv0E}
0091629
004cc66
0006LEV
000€1869

QGG
14 ¥
21989
[Rejejene
£09°6€
98€°€e
865962
cE9'LI
vve' Gl
669°¢l
vE8°¢CL
ar'vic
gLt
cq9v'L
€19'ay
L2099
16804
79652
62049
96/2¢l
vEE 1L
2699
1626
619°I€
67'861
¢899
€68'18
¢cl’'€6
G86°6€
eav L1
G09°'8¢
6€89°9
12°1: 4%
960°L
Sovv'9
65169
99€°'99
avvcl
€cl
ove'S
¥€€°99
LG6° L1
¢G99
€988'G
2¢g4e8'9
G601'9
9¢v'9¢
v L
¥0..°8
L0Gv¢
821L9
LLLO'6
88€L°G
¥6€°61
¥¥2a'8
RIRHAN
£91°0¢
6L}
LOEL9
G90'vv
99069
eVl
GGvic
LEE VY

16866000
0
0
17656000
0

o OO0 O O o o

0
7¢/ 15000
0
¥S9010°0
0
566150070
+0€1800°0
0
5¢G/€00°0
7G19600°0
0
0
0
76956000
0
0
0
1/68100°0
0
96000
0
10G0G00°0
6860100
19999000
0
0
0
11€8600°0
0
0
0
LLGOL00
)G0€800°0
€04010°0
0
56810070
+86€3G00°0
0
2959180070
59/€£500°0
620100
0
700€5G00°0
0
0
0
¢/010°0
0
26599000
706810070
0
0

680°66
€LELL
919°¢C
[A4¥4]
S6'6vi
86697
€0°'ec
IS8y
1G8'E6
801'€8
L60°¢c
¢6'099
1G°€8
19.°¢8
6SvII
g'ecc
LIy'8L
€66°G9
€9°tl
Yy 9Ee
9911
YOl 1€
€91°29
908°Lv
G18'vS
6y’ v6
£9°00}
€00°99
¥86°09
cl0gl
90'vCH
99°9¢€1
9G'Gee
£,.°60}
vE6°€L
ce'1€9
G8E'LE
9,69
vic ey
€9°0¢t
Sv6' LS
9¢'6¢
82611
L0v'8E
9/1°G8
80€°€S
Y¥8'¢6
L9°EE}
6.6°9€
1,89
G28'96
SLevi
GEL'GL
¢c'80}
8vE ey
¥66°¢c
8€8'¢a
69869
¥00°19
8G1°0L
vv'8¢t
€LV LE
Leel
V' ve

6’}
1744
v'Ge
6'¢
6’9
FHE
LA
6L
€€

€Gl
¢S
9¢
9l
I'6
90
L8
€€
L'}
80
(4
6'¢
(0}
6¢lh
8Ll
60
29l
G'8¢
691
6’}
89
L'l
(e}

9l
¢o0
gel
8l
6'6
L
I8
R4t
(0]

€¢
L€
8'G

1744
L0l
(4
L2
L'l
69
L€
6V
g9
9'G
€1l
VL
80
9L
€0l
l'¢c

6’
1744
v'Ge
6'¢
6'G
FHE
V.
6L
€€

€al
[
9¢
9l
I'6
90
L8
€€
L'}
80
I'e
6'€
(N0} %
LGl
8Ll
60
29l
G'8¢
691
6’
89
L'}
LG

9L
¢o0
gtl
8L
66
L
I8
vl
(0] 8

€¢
L€
8'G

1744
L0l
I'e
L2
L'}
69
L€
6Vl
g9
9'G
el
Vi
80
9L
€0l
l'ec

6’
vy
v'Ge
6'¢
6'9
FHE
V.
6L
€€

€al
A
9¢
9l
16
90
L8
€€
L'}
80
I¢
6'¢
(M0} %
LGl
8Ll
60
29l
G'8¢
691
6’
89
L'
(]

9l
A0
gtl
8L
6'6
L
I8
oVl
(0] 8

€¢
L€
8'g

gL
L0t
I¢
9¢lt
L'
69
L€
6Vl
g9
9'g
el
Vi
80
9L
€0lL
l'ec

T NN~ N r~rO AN AN AN ANANDTFT O~ OM

o
Al

~—

‘.O:C\JFLOF(\IC’)C\JFC’)FFF?FNC’)FV—FI\C\JC\JFNC\JO’JV—FFLOFVNLD@NFLO?

T NN~ N r~rO AN AN AN ANANODTFT O~ OM

o
Al

~—

(O:C\JT—LOF(\ICOC\JT—CO*I—T—F#?—C\ICOT—F*I—I\C\IC\Iw—C\IC\l(")w—v—T—CO*I—ﬂ'C\ILOQC\Iv—(OLD

T NN~ NhN O~ AN AN AN ANANO~F O OM

o
Al

~—

LO::NT—LDFNOONT—OO‘I—GDF?(')C\IO’)T—F‘I—I\C\INT—C\IN(")F‘I—T—(O‘I—#C\ILOOC\I‘I—LOLD

LIsu

8y LLIDD
/2dsH
gsik-oun
1S/¥D0
e1dy
89eH\PWq
1dy
L-e6dnN

FNICLI [LNIF L3 Z9MPE0VOV I-TINOYA FNICEIIEINIP LTI S¥EL6G8LLLC [L261E€082688.L°2
9INDYLD NDMLODIdS ANOHA LIADDI9NDILDIAS 2€1€882926'C 085L5190126.L°C
81520d |280reX 4 HI8LS20dIds:INOHA 280reXI28IreXH G029/ Ly /€S '€ ¥LE€€876001+8°2
GNNISD SNNISDIMIND9Z VOV H-INOHA SNNISDISNNISDH 2S6818€06€ | (6625228221182
LPMABD MYMABDIdS AINOHA ANJNILMMABDIAS 97091E€€80S°E 2192219995282
GOPAB6D SOYA6DMI DI6ZHABDIEIINOHA SOYABDISOYABDI4 £E69081£288°C 686026.1729€8°C
ZASABD ZASA6D11 1998300 H1IINOHA SASABDICASABOI4 88LLE¥8508'S LS0LEY2I5EY8'C
ODINMLO ONMLDMA JNOHA ODWMLDIODWMLOMPLSL92YY6’L |1186G28+.058°C
90ZX60D 0ZX60DIds AINOHA LEBNNIYOZX6DIMS 10290682022 G18616¥0.£98°2

dusoul §7¥90V0V Ya0VOoV I :INOYA cD41¥90v0VIcDA1790VOVIHI 0L9S LS LYYEC |81L8.1180688°C

el
S
2/190\8wq
leq

2geq
g-paddiN
AQig

Ileq

2hidy
13sdn

Lyjz

Ledie

dio

Gldy

1L

pIW

Aed

gudy

wys
96109(1)I
-d3AIN
99//92\lPW(
LeL

loy

na
G81ELnD
wb

wn)

888190
SL1NNd
glreaw
LdVeMao
1z)6

yedle

Hw
2lgno\ewq
viHYWQ
1qwys
120¥DD

m

jay

p-yd
€2LLDD
|-lred
61590\8WQ
9¢dsH
¥6.90\IW(
owe]

Lised

1100

gelldy

vOid

Gl-sd3
Frudy

9066%d J06617dIds ANOYA H4V1190667dIds 588€8502LL L 609 +.5676206'C
€TING6IN STINGIN I | ZGANBINI-TINOHA E1ANBINIETIANGINII SLLSY LSYIS | L2L029Sv L0162
GADI8D SADISOIMNISZONGBNIM-INOYA SADISDISADISDH BEYIEESLOE | GIY68E991826°C
6dIAGD I6dINGOI1 JNOHA 6dINBDIBdINEDIM LEEILYIVES'E 26L12EH006E6'C
YMOMBD YHABIN I MOMBDIAS'INOHA 9HEd6INIOHA6INIH 2660 1+29190°C 986995/69816'C
2INdZ0 v90oVOV 41 [-INOHA €24MPE0V0VIESIMYE0VOVHL 11201004801 I£10208Y.Y656°C
0S096D 0S096D 1M NI LSHABNIM-INOHA 0S096D10S0960D11 0822 1£9926°€ 9€85200€2096°2
9AHMLD BOEAYY I QAHMLDIAS:INOHA 8DEAYVISDEAYV I 22200L9790°C 79 10S6S0EE96°2

I8ANGD 8ANGDIH 3NOYA +8ANGDIL8AABDIM k129021870 L¥06Y L2 LEEI6'C
SdNA60 i9NA6O11 JNOHA SINABDISINABDHMI 96EYESYLEE'G |HLLLSELELOLEC

99182d3918¢ed|ds AINOYA LH4Z199182dIdS 65+62.28.€°€ 69822 L76.00°€
0SNABD SNABDIds AINOYA ™ H4EIFIOSNABDIAS 5220198222 | 67€8S099ESE0°E
90¥A\6D 90¥A6D 4 JNOYHA 90¥A6DI90YABDI BCL2ELESLL'E 91¥0L2E€26250°E

9AENBD IAENBDIHI DIPSVYABDIEIINOHA INEABDIONEABDIA E€8888/9.1°E 8288/97602L0°€
G09800 LA LAYV DICAAdSOM-INOHA LALAYVYILALAYY I BEEBOYICYE ¥ 8GLE€99G2/80°€
8NdI8D I8NdISDIM IMPE0VOVIH-INOHA 8NdISDISNISDM 220€01+8960°C G89LIVELELE0'E
G4ZA60D S4ZA6011 JNOHA S4ZA6DISAZABDM Ly LY61YS1L02'S OPY LSEEILE60°E
19162d 299d6INIH} [L91SedIds'INOHA 29Dd6INIZ9DdBINIH 608022925 € 622222 LS960°E
1X0Z.9 |1 X0Z.91M DILSPMEDIM-INOHA 1X0Z2811X0Z291M 9LL0 865 L' PEE8SSYY.L660°E
639DreX 6IOreXH XIYNIrSXM-INOHA 639rexX163DreX 1 8288291¥22°€ [€L5vvEE9604)E
0rg300 0rg30014 JNOHA 0rg30DI0r8300M ¥ 152992261°€ |92/80125S2CLEHL'E
gerreX |Igerrex i z.aivetz2a-3INOYad CerrexI2erreX i yeSyegyy0S e LE88YEre6SeL e
CLPP LT IZLPP IO TYEOVOVIEINOYA 24P AL L1 58865 L0V66°'C ¢9L97Y9E8L YL E
L2560 [eS¥6DIds ANOHA ™ LaMANILESY6DIds 026992661y 2LL9ES Y 18ETE
617186d |IMHI LI 1167 186dIAS:INOYA™ EMHI EIILMHC LI 621926 L2 61606956852 '€
09Ads8y daAdsvii JNOHA 09A08YI0GAA8Y M 2L¥0Y80EL6'C BEYSCELLYEIC E
€73d6IN 213d6INIMDIFSSABDIM-INOYA €T3d6INIETId6INIHI B6L00S HESE'E SLLELBOY8EIZT €
GI6Z LV /ISI6GZ V14 JNOYA SI6ZLVISI6Z VI P60ELLO8E6 | L208ELEOYSLE'E
9HMILO )JHMI LD INOHA 9HMILOI9HMILDIM 18ES1/82.S Y 2/012516.082°€
FONMLO LONMLDMA JNOHA ONMLDILONMLDIM D60YY2ZEEIY C D0YELIBESSBL €
gzleed 3ekeedlds 3INOYA 9Xaqigz eedIds 28108S0L18°2 iy .26vS662 '€
LZZN6D L2ZN6DINIZVId6INIM-TNOYA L2ZA6DILSZA6DI 5028692055 v £2vEreLeLG0E €
69dN9D 39dN9D 41 DIESNISOIM-INOHA 69dN9DIEIdNIDHI 29.EE208EL'E G628LG8LLOLE'E

¥O6N6D D6N6DIdS JINOYAd HEIFIPDBN6DIAS 52295902€€° L (91€96€282 HLE'E
679A60 6¥dN60111 JNOHA 6¥9A6DI6v9A60D1M 668S8LEV.6°L 9LELLYOBEYCE'E
YrEM6D 7M'EMBD 11} JNOHA PreMeDIvreMeDI 190910182€E | 22 108ECYLEE'E
YEXABD FEXAGOI1 ANOYHA YEXABDIFEXABDM L00E2ZY099" | [LOLOLS0LESYE €

EEMABD LSHdBINI EEMABDIAS:INOHA LSHd6INIZSAdBINII BYEL080E8EC 98LESHSLIEYEE
0d2M60 )d2M6D 11 DF2M6EDHL-IINOHA 0a2M6EDI0AZMED 14 908S9EE8LE'S 92196916 196€E €
68..1d FA0VOV 4 Is13INOHA 6£Ary90vovIeEArya0vov i #S 15820106 2888912100V '€
2Ly¥20 }Ly¥2Dlds AINOHA 494I2.¥¥2DIds 9122886029°C ¥9.19256€8EY '€
FEANGD LEANBDH)IEZSMBDH-INOHA LEINBDIFEANBDII 66LE€099SE° L €£LG0LE 929V
G6XIrL0O |S6XrLOM JNOYHA S6XMLDISEXMLDM E6SE086V6SC HE1LS882LY691'E
6N3IA6D 5NINGOH JINOHA 6NIN6DIENINGDIHI 29669ES9€0°C LS98SES6C6Y'E
t4dABD F4dABDIA JNOHA +4dABDILIdABDIM L6LE69L5EY | £€0652602 H0S '€
£1520d 999reX 1 121520d1ds:INOHA 999reXI1999reX 4 ke 882620 + 95101026505 €
6VVAGD 5VVAGOI JNOHA 6VVABDIBYVABDIA 21295€809S ¥ 99791899192G '€
L2Y€00D [2¥e0DIds \IMPa0vov HEINOYA DNV 11LZPE0DIdS LOSEEEBLLO Y E2vy.9L612hS €
019180 /101918011 JNOHA 01918DI0I19.L8DI41 006 +8752SS" + ¥S5606229L55S°€
8V./Z1V 90V0VH1IS:3NOYd 8AIT¥A0VOVIBATT1#A0V0VHI BLEL990.LEL'E S0SEESC008SS €
8200¢d 32002d|ds AINOYA 2vdHI82002dIds b#¥9¥S0E6 )€ G¥SL2E61L9E1L9'E
¥€0€5d 7€0€5dIds ANOYA 2¢04dIPe0€SdIds LyE6601L601C 717909825 179°E
ZANINSD AININBDI L LEMBDI-INOHA 2AININSDIZANINSDI E0L02LS666°C GE9990ES 18Y9°E
ZHENBD HEABDIdS AINOHA 3ASdICHEABDIAS BS70981216'C €1¥68L07L159°E



16892V 91
LZ106¥°91
WA 4WAE
5092091
7var96°G1
)6G869°C |
+G0CES V1
16998181
76,E€6L°L)
5/0998°91
1/G299°Cl
5,.2609°L1
RerANRON 4
)EV80LEL
76558856
106995 v 1
3¢v209°G1
L6G69€°01}
38G088°L1
59Y¥S0°01L
796,90°C}
W63 91
56/996°C1
)C6.E€9°91
37E062°6 1
L66E9ECL
+98760°6 1
+E€2ECL 91
SGLLEB YL
L0LE0L°0}
)EVCrE 8L
2€€996°C1
)02GS.L°EL
3001GE VL
76£€22 01

70,2659
s€81/8°91
+8162€°L1
)8L6LL°91
2469191
1120691
L0991
7vGESY61
)C6998°L1
NANXA WAL
‘8l
580G09°L1
3L0829°G1
3¥622E'G1
1002OY" }1
3698€L°G1
1G9¢cv 91
289920°}1
)CGEIC 61
5G1ece 0L
10LEVEEL
298G8€°91
1l7996°€1
)669LL° L1
5G8E6C 61
-8028E€°C 1
)E6661°61
59706591
7€66€9°G1
5¢8€90°01
L18189°81
58¢0V0°EL
128995V |
16¥69€°G 1
7¢EEVICL

)88265°L1
38¥8€8°91
56C0€G°LI
56812891
2LLSY 191
70996€°€
W0S.L9°GL
Ll6lcv'61
)2/898'81
ZELI9L'8IL
3/19€6°CL
389181
196Gy S'Gl
79/081°Gl
+1€9/98°C 1
)8/¥08°G 1
2084€L°91
11619171
5€6199°L1
56609601}
7G96VSCl
7€G687°91
'8¢/9v' V1

16VE€0€°L} 1166298}
7€6/6/2°91 L0G€9G9°81
)EGOLG L) 2¥95V0°6}
+E€1E8'91 26995581
7G¥6vE 91 3/9€.0°81
)L0V9C V) 7LLEEESI
5¢G9€0°G) LOI6L6LI
50999161 396116°0C
JWI610°61 D892€0°0C
299¥€L°L) 580929761
>198€Gv1 32082091
36¢806°L} )G8808°6}
5/9€12'G1 L0981l S
19¥G928°€L 72104291
76¢€€E0} 22¥8Y0°El
28/11G°G) 55620€° L}
16¥99.° L1 ) 1SEYS 8L
786862€6°6 L¥EL09 1}
290,58} Z11.E6°0C
5¢6¥0v°01 596808°Cl
12E61E° L) 3G¥896°¢C}
584/18°91 3687218l
26200111 30879191

)EECIVBL
16952061
1¢L/6L°61
)160S0°61
L/92¢6€°81
L09¢9191
1G69Y9° L1

5¥6G989°61 10L5¥8'81
s9L0LL'61 5LC18E'8BL
)8EL1E°0C L£€€0L0°6}
)66E00°61 897 19'81
5/GE€88°8L LILI20'8L
10G/22S91 7980¥6'v |
56604281 avEIV6'91L

50129912 586086° ¢ )8.529°0¢
56¢¢/8°0¢ LL6EES LS 516260702
0¥ I¥°0¢ 16¢422°0¢ 506080°6 1
SvEOVY 9L 7G9E€LL°91 29¥V6.L°GL
58¢€¢¢'0¢ i,¥,09°0¢ 5¢ V6961
LEV6EE 8L 56946481 LOGLIV L1
S€0VG9°LL 2C9V61°91 LL9VPS 9L
i0¢1LE0°EL 261EL9°EL 7LEE€8GEL
5kS/6°L1 39G18E'8L DI99EL L1
!8¥2G8'81 19090861 518LL¥'81
7G068°€l 166,500} 8¢V I8°EL
1668¥0°¢c )EV6Y9' LS 5.2050°8 1
5G9 1G98°CL Zvv/86°Cl 360CEV CL
7080C G 364GV G IVEVEL'GL

JIV8EL L1 DdclIe L) 5192888l
3€.1€0°0¢ 1G/221'0¢ 296921 ¢

26,681
Le0S€EL 91
1206861
18981c'¢c

\w28.6°Cl
5L/Y2l'6)
ZHCOY 9L
3//G28'Gl
10€429°C}
LE1098'81
s¥8/29°€1
W 6S6V 1
LLLCEY' G
7veavScl

3699/2°CL 5.V 19v°G) D8998L°GI
+L19G6°61 IELEIY LS DIVIO6 IC
799.vv" L1 390699°8 ) 3/8V66°8|
0VEEY 9L 59698L° L) 11.V/.C'8I
2L1/9€°C) 509€€G°G) HI6GGLE}

7v€2/8°61 )0V 12L 81
1/2c1891 7LEV6L 9L
7¢1G0°0C 50428.L°81
2€€€19°¢¢ 502229’ Ie
269096°G1 D8cCLEGL
226095°¢¢ 108025°I¢
1€€8Y8°61 56162981
189¥8.'81 L6E€E€6S LI
SVESYCEL 706L¥0°EL

16€1E€1L'8) 5/81€0° 1S
L6€896°Cl 191596E°G}
201642°G1 5982€€°91
3¢8680°G} 226990°L}
26921 L1 30691G°€E}

57G90%°0¢ 30¥ELL 1S L2002 ¢ DL2ev80° L ¢ 2vve6E Ee
1¢€062°L1 I8ELEL L) D9EL0G 9} 2299816}

2v8189 11
108818°L1
)S182L7 L1
1kevv2 9l
)89662 |1
3/.E60°V 1
7vEV68Cl
30EVVLEL
)09¥0L°C}
398/96°L1
161250°CL
280898°0¢
)66/81°91
309G12°G1
3/8LLYV L
10926E" H
S0vE8LLL
:812E0°CL
107981°0¢
36SVSv €L
Pav Ly L
LEEGCa vl
SEV6E0°EL
Y061 1|
)Cr899°01
560LVV L1
£29908°¢}

LLIOY8 1L
VXAV X AAL
)89826°91
SLELO8 L
LLLYYLGL
3W/¥89°CL
3¢GvV89 V1
+918€6°01
)G98.E°L1
AWATAVNNE
G Ive8'le
i¥60¥S 91
)6c/6V°G1
376/98°01
Weall el
W/LEES L1
LSLI6Y'EL
7€2/91°1¢
1V 10ES L1
AVAYXAINE
Jevi6e Gl
+06198°C1
)6801LEECL
SELVI0CH
17082061
LG6009°91

19/6S1°EL
7c6E6Y 11
50126991
\7998L°CL
LIGYEE G
)E66VI V1
78E0V8'V 1
7GCEG8 L1
LELLIGOL
161128°Cl
+1/8969°1¢
1EVG8Y 91
3G9EV9'G1
7ZOLYL b
L0G8v.L°EL
)c/98¢'81
)88EI8'EL
Vv 16°02
)8Cl9C V1
7¢9LV6°01
5867 18°Gl
16¥266°C 1
169968} 1
SYVELLCL
1ECL19°81
56191091

3¢Sy Cl 58298E°G1
+9E61LECH ZLLLLBEL
J¥v10L°91 32211681
)89G/G L L292v9El
LSV I8V VI LGYBYE LI
361G V1 IEVC8C 9l
+8200G°1} 3€9981°91
1LCLSOEL PPV LIS VI
L9GvcE L) Svv /vy 61
3999¥9°¢C 1 LGG999° 1|
5¢9859¢’ ¢ 7£00€6°€C
2¢Gv/9°91 510192°81
LELLS6'S) 5€9962° L1
2GV01LG 0} LEEELEEL
706 1LESG L) 5¥7029°G
)6915E'8L L9¥9EL'0C
3V665°€1 798826°G
L2€e0Y'0¢ 1G¥2SE'€C
3/9GYS" L1 7£€0€50°G}
3¢685.°¢cl 7908¥8°E}
)61GYG 91 28L269°L1
)08YSEEL 5991EG°G1
76065950} LOIVLO'GI
568¢GE L 7,168 V|
3/0LLE61 ILEVCO’LC
F9€9L 1" L) 20€28Y 9}

L0vCI9°€l 398€L2°Cl LE06ECE) LI6V8G 0} 700481°G}

20080%° L 16801 L2 29¥¥¥2'0c

WWGI6L9L LE9CIE6OL
)GEBL6'91 36998181
5GG9v/L L1 29069281
9LV /.9°CL 3666596V 1
188/¥6°€¢ 19898.°€¢
)682¢/0°61 €896
LE8SOS VI IWLLEC 9l
7668SE V1 7GE0LL VL
LLLLOS'61 560792L°61
L/9680°91 286€81°GL
78¥/85°91 28EESY'81
1¢G909°91 29981€°L1
50907 1°L1 58887981
3€62CE8 VI 2GG98Y°G 1
28G620°0¢ 21€289°0¢
1L609€°G1 L LEIVB'GL
5617E€29'v¢ 58€285v¢
)LLE9C61 22009961
)6/98€°81 L0C9596'81
21GG26°Cl DOL8Y6 V1
59/€26°Cl 5€89¥2 91
1¥8¥8.°0C 396/91°1¢
88591 2€8969°91
EVILLELEC LC0EBLEC
FLELGE G D608LY 91
2EV8EE VL 3LV 12091
5€0099°81 186770681
+6160L°G1 3628YE€91L
598€22'91 39/¥.€°G1
7c0G6L V1 719EV6 V1
22189971 980L€E1°¢¢
3¢9/99°L1 38/818°91
120999°G1 5¢9962°G

ELLI6'GL
'¥/8€0°L1
+GYG80°L1L
597069V |
s0vev.Lce
+9€106'81
7€9590€°C1
3077881 |
3918.G°81
YRS AEA
50¢¥0L° L1
19699191
)ELV6C 91
+L98V8'V 1
7¢¥899°61
6LIEE VL
56..61°€¢C
381706'81
3.V 106°LL
)6GCOL v 1
+8EVSE8YV 1
19¢9.0°0¢
7828.9°G1
LLLSLLee
LGELVB YL
1/0061°€1
L€G/S0'81
38EV0L'GL
3G/869°V 1
3/£028°€1
1¥¥689°0¢
)08G98°91
59922811

9¢
g
9€

< o

8¢
6€
0¢

8¢

0]8

el

v

144

%4

I

ol
ol

v0l

~—

AN AN OO AN INO AN ™

000Gcav
000489.}
100018LIC
00058219
00041599
000€91LLIE
0006€V.LS
00012992
0009690¢
000G8EE
0001060}
000¥L¥S1
00087 1LEC
00Sv 156
0
000€0.E€
000¢€£506
00%£200¢
00062964
0ovvEL8
00v.681
00012EYS
0009200
000€0129
00082¢.LE9
00€vS.L6
000699¢€
000€08¢}
000585952
00¢vcee
0002487}
0000661€
0000¥60S
000418¥¢
0

00042 L€}
00098115
0062858
0oveere
000€.2G19
008G HHE
000299}
0000£EG}H
0006¥8¢
0019619
0001565 |
00€28vS
00052062
00015016
000€c.E8
0
009480¢€
000€86¢¢2
00%90.8
000¥¥69€
0004818
00.¥6€¢
00024988.
000890¢}
001c09¢
005206V
0008€ S
000FZ91LL
001cel9

/¥5'88
JASRerAR
¢L'06}
¥60°'v€
GoE'8l
€298l
JASI RS
/€868
LOELL
20669
c6lLLL
€82¢'GL
G00'v¢
VAL KA
80G1'G
Yrovi
e€gcel
880.°G
Y0¥ 61
VLL9

¢6Se’S
VILE'8L
cL6'9Y
¢6€°68
¥2'961
6¥86'8
8170}

92868
80c'¢l
ove'a

€Col
c09°'G¢e
966°LL
G89'8I
LHLEY'O
RIRHAN
Ge'e9

Svocl
ove'a

2¢659°9¢
oave's

cEL’Ie
12891
€6'Gl

966.°G
6720}
¥0059'8
RIRHAN
V1064
G.€°'8¢
G09°Gl
61G€9
¢8'G6

L09%°S
69°2¢9l
8909°G
6.E°€l
9v9'8€
€0eL’ L
61199
G8EL9
98919
9G90°L
LCLLL

OO0 OO0 O O O O

0
5G¥49500°0

6120100
0

30628000
/886000
0

0

0

0

)/¥€500°0
0

0

0

26986000
0

0

0

0
GG6010°0
0

0

0

L/18600°0
0

+£€/8600°0
0

0

0
L0¥0L00
0
1625000
0

0

0

0
9€8010°0
0
7100100
0
Gv10L0°0
0

0

)G€2500°0

30€9600°0

196180070
0

)E€0S00°0
650500°0

¥6'10}
¥0'SEC
60°00}
€er'a9
60288
LL79€}
cEll

L8y
GL0'eS
8¥9°¢9
991°€9
YXAAA)
2¢0€'99
/81°G¢c
819y
VeV 69
€99°G9
gLoct
I¥8°0¢
2069

L2

690°G.
€lL'eee
68699
69109
LLE0L
9L'vEl
8301
61LEEY
¥€'G0¢
680°8€
lg'ece
85961
9/€°1G
velL'6L
£96'8v
6€9°19
soeet
L0G°69
G21'99
crSve
14014
L1679
801" I¥
86'80}
/c/l'88
¥06°08
80809
90°¢6

gL't
G'6ct

¥€6'8¢
L0129
198Gy
68V’ vl
1 ZAVA
G16'8L
8210l
¢99°'66
9€e’ v
ev'0Sgt
¥8L°Gl1
G0l'6¢
8€G°9L

6L}
QL
8'Ge

L9
8¢
(e}
€¢
6'1€
8'0¢
4
G'0¢c
acl
HE
LYy
g'g
v've
60
(%1%
€0

8¢
6V
(s
€6¢
9l
G'6
¢'0¢c
9¢
9l
[Ai%
6’}
L€
9L
L'l
evy
89
A
8l
8L

QL
V'S
8¢l
L'}
68}
(]
2'€9
8Ll
LYy
Vi

L'le
g€
9’6y

Ve
g'8
vl
€€
L'l
8°0€
9

4

6,1
QL
8'Ge

L9
8¢
LG
9'9¢
6'1€
8'0¢
4
G'0¢c
gcl
HE
LY
g'q
v've
60
[X217%
€0

8¢
6'v
(!
€6¢
9l
G'6
(A4
9¢
9l
[AC) 4
6’
L€
9L
L'}
ey
89
A
8’l
8L

Gl
1A%}
8¢l
L'
681
(]
2'€9
8Ll
LYy
vl

L'le
g€
9'6v

Ve
g'8
vl
€€
L'}
8'0¢
9

4

6,1
QL
8'Ge

L9
8¢
(]
9'9¢
6'1€
8'0¢
(4
G'0¢c
gcl
HE
LY
g'g
Y've
60
I8y
€0

8¢
6'v
(e
€'6¢
Q'L
G'6
¢'0¢c
9¢
9l
)4
6’
L€
9L
L'
19047
89
¢t
8’
8.

GLl
v'S
8¢l
L'
681
l'e
2'€9
8Ll
LYy
Vi

LIS
29
9'6v

v'e
g8
vl
€€
L'}
8'0¢
9

4

0 o N~ A
- Y T

T O LT AN~ AN NO~O UM ™T ~~NhNrrOoO AN~ AN SO ANNMNOMTMOMOOMOOM

[To]

4

T O~ AN OO®M~~— < ~ AW

(92)
<

- -0 - -~ O N~ 0O~ - < ©

cl
LI
8l

O N O O™
~—

T O LU ST AN~ AN ANO~O UM ™" N~ OAAN~AN I O AN M~
h

[To]

4

O~ AN OO~ < ~ AN

™
<

- -0 7 - OAN 0O~ - < ©

¢l
L
81

O AN MO O ™
- -

O U ST AN~ AN NO~O UM ™ r~NrOAWN~AN I O AN M~
~—

Lo

4

O~ AN OO~ < ~ AW

(92)
<

T 0O 7 - O AN~ 00O AN ™~ < ©

slew

[S)tele]V]
€.190\ewq
g62-vedd
LOH:¥YNaog
G90/90
gudy

FIEMLO |ZSHP LIINTLIENLDIDSIINOYA ™ LSHP FIIZSHP L3 9L2E.79676°2 6126.8811791C
¥/3d6N L3d6INI IZNZMEDH-IINOYHA v23Ad6INIYLId6NIA S72LE8618E°E £058256190L L2
€N3Arex enaArexii DI00ZA6DH-INOHA €NAreXIENIANreX |14 98€812620E°E LG2026S H79LLC

6.19€d HOWGII £ 19€d1dS:INOHA 6HOWBINIGHDINGIN I 9269859 )" I 189029EY6.1°C

€IZINSD E€IZIN8DI DIBZNMLDM-IINOHA EIZINSDIEIZINSGD I D280002E0E ¥ 2268€.60088 12
2VYZALD VZALDIdS AINOYA S90LAICYZALDIAS 292252512 £€82962008822 €
9dEAB0 Ya0VOV 1 3-INOHA 63HMYE0VOVIEIHMYE0VOV 141 0EEYIY LGS2 2 99¥S20LL61LES S

dgi0 Mya0ovOY FA0VOoVIH -JNOHA 69DMPA0VO0VIEDOMNYI0VOoV I L0LLLYSS.9°C 052y L692VEL 2

9699D0\IW(
¥25v0(2)l
IXdEHS
Ly8D0\ewQ
d(2)es
g09doN
€8S11DD
0SdnN

ojel
cd-adain
ZriHo\ewq
aod
€2a1:vNaod
|0JO

2N
ceydje-dey
Ny

Leduo

dis

1-3y

gydel

u(L)ss

gudy

noj

eglLdnN

/el
0€2899
ewweb|4Jo
©}902S0H
9gyHo\BwWQ
28ed1:Ls3d
%89-W[4D
g/8-1dd
erdnN

EOMABD DMABDHI DMABDI-INOHA EOMABDIEOMABDIN GLOLLIEELY'C 9E6£0022L6VC
LV6ABD V6A6DIds ANOHA 9OONILVYBABDIdS 569.£28928'C 9L LLEBEL2SC 2
€OON60D ;JOON6DI4 JNOHA €DONBDIEDDIN6DHI 599602 EYE 2 00E6EYSEL LI
€01960 €D +96014 DISZHABDII-INOHA €01+96DIED L96DHI S60¥SEEB L0 ILEBELYSILEIZ C
66L71d 3617 LdIds AINOHA de434166 7 1dIds Bg862€0EY " | L08..26..892°C
180YY0 YE0VOV M 1. INOHA 2d8MyaovovIcasMyaovov i LLSyS LY L62'S LSGS0ES.Y 1822
93ZA6D JZA6DIdS AINOHA 1XYEI93ZA6DIds BE2S90€S569" | 8091798298822
800M.LD A0MLOIds AINOHA 0SANNIBAOMLDIdS G6£906£658 ' G87L0VS6S5562 2
Ly86Yd [ ¥867dIds |6INIZEDDEINIMFINOYA 94V.LILY861dIdS D6EESSY .61 2 G88CEEY68662'C
YVOANGD "'VONGOH JINOHA YVOABDIYYOABDII BOESIL0880° L 660£69L0.50€°C
FDMABD DMABD MODISOHEINOHA FOMABDIFOMABDI 0158962292+ E1¥8619L182E°2
S1IA6D 399d6IN I} ISTTIABDIAS:INOYA 899d6INI899d6INIHY 9E0LLLY8SE Y €1.L6628L89€EC
SAENGD SAENGOIN JNOHA SAENBDISAEABOM EYCLI6LE8L L £295790LE0SEC
BINAd6IN IINId6INL [29€ F90IM-INOYHA 6INAd6INIBINAdBINI 67958266 LL°E 897/ 1281925E 2
65 +260 |9VId6NI M ETI9TIF EI-TNOYA 9VId6INIVIHBINI BL99Y02S2S ¥ 0SEVEEEE6ESE 'S

GGYN6D SSYAGOIN JNOHA SSYABDISSYABDIM L98/2696€2°E 612.801¥295E°C
68XS80D 68XS8DI JNOHA 68XS8DIE8XSBOMI 2569.892.L°€ LGEYOYSLEOIE C
8dAX6D dAX6DIds ANOHA £dODIBHAX6DIS 0811€02220°S LSES.LY.2SLLE2

2LeSd 22125dIds LroyyaovovI-INOYA dYSiesesdIds DSe8y6SS9y € 90S2€0.7928€E°2
60TN0T30TNOTH DI8LHISDIM-INOYA 60TNO0TIBDTINOTH 2¥0EY65866°C 8555200SY6€E 2
SZMPA\6D SZIA6DIH JNOYHA SZrA6DISZMABDI 50€920€0.6°C S0SG98€0L6101°C

60.E1d 30LE LIS ABINILOrd6NIMTINOYA HSI60LELdIAS ES067089S L €5E4206€0551 2
0£292d v90vOoVv 13- INOHA 93DMYEI0VO0VI9OTOMYE0VOV 141 L285Y9vE28'E V105 1S8981LY'C
CINBZ LV 2INSZ V41 MPA0VOVIHL-INOYA CINSZIVICNSZ LY BS62LLLYLL'E LSE699EG98LY'2
93aXA6D AXABDIMS VI8LAMBYHEINOHA €S ENNI9AXABDIAS ES2 1626555 ¢ G950225606.L1 2
SAHABD FA0ZZGIH} ISAHABDIAS:ANOYA LA0ZZAILA0Z.A1M 96215 LLY02'E L.802886E 181 'C
OVNMLD ¥NMLODIds ANOHA INAQIOVYNMLDIAS 9981925700°¢ €9002L0}2v67'2
OHPN6D Fa0vov 1 ds:3NOYd HAryaovovILaryaovov i 661622825 € 9¥05€298010S°C
LArA60 LArAeOIA 3NOYA +ArA60IFArA60I E€82902L10°C (£2898Y2.5625°C
ZHLABD ZHLAB6DIM XIBASIZXIM-INOHA SHLABDICHLABDM 0HLEEEY0SE | BEES68890EES S
SHXABD idXAGDH JNOHA SHXABDISHXABDI1 60882.8.08°€ 0£29E96EVEES S
YHSABD ZE4ANBIN I HSABDIAS:INOHA CEANGINIEEANBINI 09962182 '€ 0+1687998S51S €
2862ld z86¢kdlds ANOYHA ¢tddleseetdlds 5.21902989' | 617096977€09°C
G83A6D S83N6011 JNOYA S83IN6DIS8INBDIM 695V €8/52°C 69Y90099.609°C

HWH)MyE0VOV y90VOoV I - INOYHA 9dOMYE0VO0VI9dOMYE0VOV 41 076805282 2L8E65S5G1E29°C

vopu3
291D0\pw(
ez1LoHo\ewq
092.00ddg4
Vv09dsH
vielL

419d1y

giel
ellopL439
JpuId

gldy

[e[o|

€SN

IPUIA

plws

LddIH
gopu3
901HD\lBWQ
qolel

06€180D 19N14SEH} SI06€18D1ds:INOHA 9NIKSAI9NIKSAI 9590112922 ¥¥196+06 15292
£03reX 1203reX M DI6HEMBDH-INOYA £0AreX1203AreXH1 £929802€82°2C 61L0S6E00EE9°C
cdNAG6D }HNABDIN JNOHA 2HNABDIZHNABDI 20095589€2°E £88196272199°C
GHYI8D 3HAd6IN I} SHHISDIds:IINOYA 8HAd6INIBHE6INIM LS22SYELSY e S€62099.5€99°C
69200 5¥92001ds |SNINAGDIAS:INOYA YO9HDI69200Ids FS08502792 '€ L96€S2IVLLL9°2
G28.vd |FOCAYVII P LIILHILEIMEIINOYHA FOZAPYILOCAYY 141 2226906099 ¥ 1802092205292
€989%d 9897dIds |LDICOAMLDHEINOYA L9TMIE9897dIdS 2€01889116'EC £85/7901.289°2
G2eeD FaHNS3 M} SeereDIds:INOYA LGHNSAILaHNSI M 2721182992 6EY L881Y69689°2
81IA6D ! L1ABDIdS 3INOYA ak43I8LTA6DIAS 2266.6LL19°L GLOSLEE62669C
€4d980 £4d980D1 IMYE0VOV M-IINOHA £4d498D1€4d98D 141 BOY90LIESE € 29¥S00L6120L'C
€L¥8LO IY8LOIds AINOHA 8SHIELY8LOIAS E29556//8°C €SEV88ELLELL'E
ZIEMLO MO LT 1I2IUMLOIAS: INOHA LMOrLIIZMOr LT 19267S.EVL '€ 2008L0EE€2SCL 2
06SM6D IEPVYIZX I} 1106SM6BDIAS NOHA EVPVIeXIEYYIreX M 56929078568 | 09567S69S51EL S
SZaA6D ZdA6DIds JNOHA 4AHLAISZEA6DIdS 19/89575¥0'C G88920€8525.'2
8€916d I8€916d 141 LDIZ8NMLOII-INOHA 8EIL6ISEI L6 L6SI9LEIL]'C G68EELOSEBSL '
€AId6N €AId6INIINIZ8DdBINIM-IINOYA EAIdENIEAIdBININ BS28Y6Y.Y6' Y LSESEEZ0CLIL'C
OrAQ8Y OrAdsyi DI68EL8DI-IINOHA OrAd8YIOrAQ8Y 41 £8229912€9' L 6LG1LPSL09E9.LC
GSOBIN 55Dd6INHIZYPABDM-INOHA SSDdBINISSDdEININ L785910708°C E¥02E0006ELL'2
L1ZX6D 1ZX6DIds ANOHA av4VLIZ1ZX60Ids 57859291v.'2 SHE€951688LL°C

LWL )MPE0VOV Y90VOoV I 1 INOHA 899MYa0VO0VI89OMYI0VOV 4 ¢6SP0LLYOL | 69V LELYESESL S

[A1219)

EMVABD IMVAGD 11 JINOHA EMVABDIEMVYABDII 0929696612 €4212.592088L°C



269/66°61 3.609¢°0¢ 5¢96€9°0¢ 3¢9¥06'61 7£€61.9°1¢ 30.G928" 1 2¢€918°1¢ 78¥58L L¢ €I 000LE1LL 19208 O ¥9€°6 LE L L€ % % %4 £2Sdd | 6NGA60D 5N9A6D 4 JINOHA 6NGA6DIBNAAEDIMI 0SELLY LLLO Y 296 LLOLELYLS L
7L66 L VL 5V.EGG VL 98/886°V L IEEQCO VI 299886°G L 290GL1°91 5210€9°91 L9¥G98°GL |€ 00068LE} 296k 0 ¥°08 € € € 4 4 4 aedie| 0¥6300D .H0023AM )Y630DIds:INOHA LHID2IILDDD2IM LELS6Y0E LS € 8090267 176G |
1G8E68°L1 5811.G'81 D¥92¢8L'81 LLGEOY'8) 2268LL°6) 3€2E€C0°0C 510G961°0C D6VESL 6} V2 000SvSSE 2988 0 86G9°GL v'Gl 121 121 L L L dod| €/0tvd3EON6INM €L0LPdIAS:INOHA 6EDNGINIBEONGINIIE99 1698601 '€ 8IEZSOEIB66S -
518186°91 308¥67° 91 5¥ev66'91 7619.E°L1 2122181 LG61€E8'8) D/80G8'8) LG0061°'8) 6 00015969 €08°'sy O cv.'69 LS LS (e} € € € 1SOl|  IENAGBD FSNAGDIH ANOYHA FZNABDIFZNABDI BE6Y88SS.L2 E HPSELYI0SY2I |
176066V | 3€GCEL V| 26698V | 3GEG9C°G L 2026€2° 91 199298°91 20210891 5391L10G°91 | ¥ 000S€2¢8¢ 10’0 0 88¢el v 14 14 € € € BE419| GZNABD gNABDIdS ANOHA ™ VedIFISENABDIdS 2£€92525856°€ 90529 +0091€9° |
12098891 58G092°L1 DLE6V L) 362069°L} 5049706} DB8LESE 6} I8GYCC 61 3,.920V'8t | IS 000€€L¥6 60698 O I°69 (AT (A4 (AT HE HE HE FOOON | 6S0I8D 16S0ISOIM 3DISL6ABDIM-INOHA 6S0I8DIES0I8DIM L806705208°C 8SEE€CL6CESET
vLSLL0°V2C 5.V 12Eve 596299 V¢ 5v,028 VS P EL1L1L09¢C 5866.E°9¢ 1¥6091°9¢ 51 1.26°GC | €0€ 0008€L.L LE'€2E O V1’09 969 LvL. LvL. x4 ov ov @agsanleleq  09SveO )9SPeoIds 7LvI019Z LY HEINOYA Lag1109572DIds b2S16060E€8°€ £952525526V9"
56V L L1 28G220°81 5G/89L°L1 J0L¥86°91L ILELYE6 81 362EBE'61 5EBSCI'61 Levy6L' 8l |G 00049€8Y 1¥6'¥¢ 0 920°G¢ 1’81 181 1’81 % 4 4 obdid | /ZXdI8D IZXdISDI JNOHA ZXdI8DILXdI8DI49.0856.92.°C ££€809/809€69
+8G€98°G1 542/82°G1 11 /LG19°GL 78629591 DE6S8L L) 26C1H/8°L) LOCEGB L) LO6L9L L)L €L 000€1028 86£'8€ 0 9€'0¢c |9€ g'e R 9 9 9 VEUIS 11¥90V0V ¥90VOoVH 11-INOHA 284Tv90V0VI284T+a0VOV I EV6S91L629°C 09¥2LL 169669
)8/250°G1 5969¥Cv I 2€8..2°G) 7812.E°G) 5129229} D8Y6¥9°91 3¢29v0° L) 71E€CL8°91 |G 000lv6LE 6E€L°CE O L€0t 9 9 9 € € € NS-iopnl| ZSOM6D .SOMEOIH JINOHA LSOMBEDILSOMBDIMI L1E2812028°C 26290 +vrehLL L
)C9L09°LL 7¥8819°L1 LGG29L 8L L6VYEL 8L 3GL0SE 61 DO9C0 02 7G996€°0C ILV89E°6L | L 000¢€866€ 64°L6F 0 v6'€8L |96} 96} 96} ve ve ve IOvdI8| 08€190 |08€E 9014 3VI62ZA8YI-INOHA 08E90I08E 90 i 195700881 ¢ 06550926585 |
509¢16°€1L DeL6cc V1 318026°€L 10L9LE V1 LL9209°G) 59269191 300€1LC 9} 38989Y°Gl ¥ 0000442 vSv9L 0O L9¢61L (L'} L'l L'} 4 4 4 M| 92Ad6H 92Ad6H I ISAMABDI-INOHA 9ZAd6HIIZAEH I 95590V Y LEL'E £0526G22869L |
WSYv/eyL L6EBIL'GL 326292°G) 1¢€900°G ) 2€2922°91 548.€E8°91 L60960° L} LI8YEQ'9L 9 00099081 886°€EL 0 €e9’tL L€ L€ L€ 4 4 4 end| LNEM6D N EMBDMI 30HS6DHEINOYA ENEMBDIEN EMBDIHI L502962850°E 2€L2L6L760LL L
LELBEE VL ZL69LL VL 7G0€CE VI 76LY10°GE I2G810°9) 29G9G20°91 7€LEVO LI 2G0€L6°GH | | 00044S€} LoOo€L 0 €86°18 (4 (4 Le 3 I b VSYSAN | EHYMLD HYMMLODIdS ANOHA HYASIEHMMLDIAS FS1€0.58€8°C 852086001718 |
7GOE Y2 D098S0'CI 34262V €L IPOESICI DG6SYL'EL DVEIBE VI 5L8EVE G LSLOvE VL | | 0099499 9164°G | GGE0L0°0 SGL'G8F 60 60 60 b 3 I |dem | ZLSMBD 8YVIZX M ILLSMBDIMS:INOYA 8YVYIreXI8YVIreXh 6822y L0te'e 102008828518 |
59/EGE°CL 28EL8L°CL DEEVLLCL 3L1.99°CL 58CEYO VL DOCSSL VI 56496L V) 1G¥866°Cl | | 00v€0LE 81209 k90100 |LO°OE} (A (A L - H H 99290 1T¥90V0V Y90VOV 41 - INOHA SZHTYA0VO0VISZHTYa0vO0V 11 668.529022°C 9¥6.560LLL18° L
3G0€9E°EC D2GeLE €2 20LVEB EC 78E800° V¢ 3811G2°G2C 2 18ES9°GC £¢8899°G¢ 1G0€82°GC |ELL 00018¥0G LE€CE 0 6867 L'€S L'€g L'€g /e x4 x4 vganleydie| S0990d 50990d1ds /9 11€0990d1ds:INOHA" €VELIS0990dIds 55826286001 1802S8ESS6 18
)G06SL VL LV EL9E V1 3G9682°G 1 3608081 290692°G ) LELIBE Q) LLOVSL L) 26602991 OI 000c¢v.LLE LLIG0E O vE'8LL |2V cv ey ] g S die|| SMVABD vA0OVOV 4 IS'INOHA LALMPEOVOVILALMYEOVOV 14} LL1€8268Y L' £068L06E£€528
+9Y0L0 9L DCLECE'SLE LLOCLL 9L S18YPPS 9L 50E6V.L L) 56E6CE 8T 2¥E6.9°8) 196/61°L) 8L J000ELLEL |€8L°L6 |0 6EVv9L 99 99 99 L L L cdol | 8vesid3vesidlds AINOYA ¢dOLI8YeES LIS BELBBEEIBI C GGV LG8Y88LYS |
+8/120°€1 20666€ L1 ILELLOCL DLSEGE CL 3886SL°EL 52€900°V | E9GEE9 V| 57.G/8°€L | ¥ 00046¢v} c6L°L '¥80500°0 |¢5'€6S |0 ¥'0 cve 3 I /8 uads | €8XS8D INON6MI Had6NHINOYAd INONBINISINONGINIMI 0576626761 C 98L.888E.578 |
L0EOVL €L 3282V v 1 3960G98°C1 381656V DEG6Y6'S) 51295091 )9€186°G) 322vEL 9t 9 000cceLl 1Sv'ee O GGgg'¢8 89 8'G 8'G € € € JWod | 19¥9vd DEHAEINIM L9191 dIdS:INOHA 0LHJ6NIOLHABIN I 2281 LL6G2 € 297EE02L0LS8 |
1b2960°L1 59¢V /L1 L1 D92¢9C L L1 DIPSSLE'ZL DOLLLE 8L 209V Ly'61 269196°61 50069€°'8) VI 000L¥S kL |60 VL |0 GO0t L9l 9L 9L 6 6 6 0JyD €S998D £SH98DI JNOYA £S99801£S9980DM 9L¥SL22Shi e L85G LY8E6S.8 |
206818°Cl D9¥0cy'Cl 7816¢6°Cl 3€996G°€1L 280S.6°€1 38EL09°G L 7G1GBE'GL L960LE VL | | 0002690} SS¥9'9 8046000 v9'6¥L 9} 9l 9’1 b H H LAEIS | SHAAB0 iHdAGDIM JINOHA SHAABDISHAABDMIBOLELLILGL'C L906+Y929LL8° L
1€022¥'61 £9/86€°61 1996%0°0¢ 5¢¥¥60°0¢ 2L0G8Y" 1 LG2EcL | ¢ L¥V/.6L 1 i0V0LY LS 6€ 000€60€€ 92096 O 6808 9'Ge 9'Ge Sy 8 8 ¥4 aoganieleq  880d ¥880dIds HOTA0VOVHEINOHA €99LI1+880dIdS FOZY0.L16.6°€ 6669€.528L.8
7G9618°61 36¢895°0¢ L69629°0¢ L068E6'61 3.8051°¢C L602.Ly'¢c 1€.2E€°CC 5796559 1  LE 10002y LLE 199206 |0 669'0¢ 8'G. 8'G. 8'G. 8 8 8 €2dsH | 91520d 393aN6INI} 191520d1ds:IINOHA 893INGINIBOTANGINI ZEEILYSEDS'E 69860LE.9688" |
)/8€0L°91 360G 181 L6ECLE6°LL 21G608°LL L9221 61 I8EEQ6°61 IEEI0C°0C 51c61vS 8L |61 0008700} 66895 0 6£€'€S | Gde Gg'¢c G'¢e 8 8 8 gzanlewweb /ggeed LSGeeed|ds ANOHA +D911252€2d1dS |1260901+580°2 S89.21280068" |
2¥82EG V1 380908 v 1 18E60L G 5LLE61°G) 2G9G92G°91 IG¥S0E L) L90629°9) L9¥62L 9t | | 000644L 86lv'S 3166000 1S°¢C 9 9 9 b b H ¥odN| 9812Sd EXVIreXNI198reSsdIds:INOYA EXVIeXIEXYIeX I LS 16786658'C 8L9€.1.82C 16"}
)E6C L6V 30EC96°'V 1L Z19ELE°GL 5LEVO00' 9L 369EV.L 9L 7226Lv° L) 2L00LO'BL DELECO 9L 6 0008¢tc9 9999L O 19881 |¥'¥ vy vy % % %4 2oul| 9/0A60 ILOABDM} 18236 IM-TINOHA 9LDABDI9LONE6DIM ELSGI8ES0Y'C [ LELEESSYES G |
5¢9GE 191 DI90G°91 2912 1G 9L LE9VLE QL DIOBEL'B) 31G9EL'B) LEOEGL B} L¥0GCS L) | | 00028611 LOLHE  ¥1SS00°0 9LO°LHE 9'€l 9'€l 9€l 3 I H FLOOM-Uoue = GENAGD 3ENAGDIH} JNOHA SENABDISENABDM LIYZ6EYEB0'E |96S EL0060916" L
'8V 12€91 201L69€°91 LILECT 9L 26¥V2LG 9L 56CEVI' L) IEGELY 8L DLLEOC 6} LG6EVL'BL || 00060+9€ L009F O 6GY°'GS L'e L'e [ b b H 19| PXHI8D |¥XHI8DIM13AIS0L48AM-INOHA ¥XHISOIYXHI8DM 9+6.76926°C £009962L96 16" |
avevS9' L1 9//916°L1 58G06€°81 58592981 5¥.101°0C L#8990°0¢ L¥969€°0¢ 71 ¥08L°6} 61 000660€} L1'V9 0 8/8'Gy  6'Gl 6'Gl 6'Gl % % %4 VydId 87,200 2rdD621H 187.2001ds'3INOHA ™ 2 dD6I2rdD6IH 190698205 € 99118152 1026
J6LL0L'GL 199009V | 3L26G6°V 1 DcG9G G| 28EGSL 9L L69660° L1 BL186Y° L1 79998591 | | 000860S€ ¢S091L 0 L9'80L |¥ 14 14 € € € HUD | 0095€d D09SEdIds AINOHA +O44I009S€EdIdS 26227S6E0€°E SLILEEESI2826' |
200¢2’S1 a¥2002°G ) 5¢96€9°G ) LY60EL'S) 22922V L) 5682SY L) DWLEES L) 360Gy LL G 000S6v9L €Ly LE 39881000 vvS'eS v 14 14 4 4 4 kedid | LNNABD INNABDI} JNOHA HANABDIHNNABDII EYEL008EE9 Y 29909622S9€6° |
71888891 260¥85°L1 500LL9°L1 DLEOEY L) 56G¥0C°6) 3.999€°6) 5.910L°61 79¢¥90°6} | LI 000€S9H¥S 829¢9 0 ¢loeyr 96l 96l g6l S S S gLudy| 192ML0 HeM.LDIds TyaovovEINOYA HNHAYILDEHLOIAS GLEB2I6688°E GSEVL2LS68E6 |
18€G68°€1 7998EY'G L L¥€909°G L 5€G/.29°G 1 18ELEBIL B312620° L) 52G.¢6°L) 39659991 | ¥ 0005065} 650°€lL |0 qI8’or 69 6'G 6'G 4 4 4 8€0id | 1D6N6D -06N6DIHI JINOHA +OB6NBDILD6NBDHHI F09£809250°C G.585268 1816 L
5GY90€°91 2¢/018°G1 7e¥SEL 9L 51G9€8°91 L8YV06°L) 2194881 568180°6} L686L0°8) L2 0000tV | 1ES'G9 |0 29991 9§ g'g g'g S S S qud | ZagNe6D J9N6DIds AINOHA dSV1012AdN6DIds 0606791198'C 0€96801+69596° -
5GEG6€°61 166%15°0C )0L02Y'0¢ 70L00€°61 2LEGEL L L0LS9C ¢C sV Iveec 560192 L¢ ¥e 0008L¢¢c GL¢v¥8 0 g€¢c’6c | 60¢€ 6°0€ 6°0¢ L L L L3pdie| 86S8vd 5Zad6INI 186581dIAS:INOHA 629d6N16Z9d6IN I 61011.295°C 2€2.00996896°
190G 191 182y 1891 L1LSS6°9L 281290° L1 DBLELE 8L 5€99.6°81 51869€°61 2¢v¥S1 8L |02 000¢cSel ¢Le.L 0 89'lcl 6Vl 6Vl 6Vl (0]8 o] o] 061dD| 8.¥¥2D3.¥¥eDlds AINOYA 06+dDI8L12DIds 58229189682 GIELEVOE62LE |
198/21°CL 2v/LLG99°CL 5066€L°CL LLYY6C €L 7L LSV €L 289828V} i 19€C G 5VPEGS VI 2 000l6S0F So6°€EL O I6°€LL  |C [ 4 4 4 4 BI100 | 6H8ABD YEOVOVIH [1-INOHA ¥X4T790VO0VITX4TPA0VOV I FO00YEYEYZ C €9ELVSECBELE |
289820°G1 19999V 91 181E€9L°9L 50CIV.L V1 5¥EESC 9L DPGL62'8) 39222581 7900082} | 8 0000€tLE SSv'ee O 99'v9 99 99 99 % % 4 SHSAT| 8INXS8D JINXS8D I} LZEMBDHEINOHA 8INXSSDIBINXS8DI4 562952221 L #819.2525€86° |
SHIYOE L1 3G€2S9°8L POLLEC 8L 2E69CL'81 2996.5°0C E9¥9.L0° LS Zv¥888°61 ZICLIE 6L | G2 00064508 S6€el 0 8l9'¢vr 98¢ G'8¢ G'8¢ 6 6 6 okudy | S€0SSd 89DId6INHI HISE0SSdIds'INOYA 8DId6INISDId6INI 2116229012 2.287720ES86' |
)6C0€ECI 5¥1280°G1 LECO66'V I 220G 1'G) 7851019} 317922891 32286591 5€9900°9} 2 0042v98 90k kL 37295000 69€°GE  |L'S LS LS 4 4 4 gupden | /8%/0d BNId6INI)128720d1ds:3INOHA 8NId6INISNId6BINI BLLOY8LLOS | (02622 L186E66
28Y9€0°EL 765V 19°€L 3LE200'V 1 50GE€Cy €1 2850L2°G ) 08V 16°G) 566E€85°G) DL9862°G) | | 0084€.S ¢lv.L'S 60€0L0°0 €2€¢9 € € € 3 H H ¢'6Y.9'93 | 92¢9M60D )cSM6DIM JNOHA 92SMBDI9ZSMEDII 99850916/.9°€ BOELYIELLLE6" |
219109°L1 58800281 57799€°81 51992181 510508°61 DG1LS1L°0C 72.109°0C L 2SEGL 6L 6 00091.6€ 8288 0 €9 LI v'6¢ v'6¢ v'6S € € € ZHeL S0667d PA0VOVIHS:3INOHA ONIMPAOVOVIONIMYE0VOVIHI 219280S5.79°C 8068 1LESL6100°2
1L9E€62 V1 262/88°Cl 529982V S19L¥8 V1 3GGG18°G) 392.E2°9) 168VEL 9} 50VLGG Gl G 0ooocovt veE8 et 0 6€8°/8 6°¢C 6¢ 6°¢ 4 4 4 ISH| YNOr.L0 7NOrL0H JNOHA YNOrLOIYNOIrLOM 28.1995¥61°C 6215612668002
)/E8E8°CL 3G6LLL V1 50¢8VE°GL L¥828GCL Evev8E V1 LGL0LC 9L 7E€0ECY 9L LLOE06'S) € 000€6E6} 8¥6°0F  a¥8¥S00°0 €°8E} € € € ¢ ¢ 4 Zgnw | L90M6D -90M6ED I} 164IASYHE-IINOHA L90MBDI1LI0MEDI4 EEB06 LYESE” | 92252 H6600°C
BV IOV 566 1LV 30LLLL9L 992591 70€8Y8°91 526928081 180126°L) L62E6C L) gl 0009¥€L¥  1008E |0 €./.¢6 v'6 v'6 v'6 9 9 9 M- VLN ZANABD LANABDHI 194NA6DHEINOHA LANABDILANABDIA 9290818888 | 0088€LLESSLOC
)80¥SY 0L LL¥888'CL IV’ El 5€6888°Cl L0989V LGG0EI VI 1€0LYS VI LL2cEC V) | | 0094v9¥ 8299'G  ¥.10L00 ZI10'G8 '} g’ g’ b b H FPBIN | 8ANMLO 3ANMLOIM JNOHA 8ANMLDISANMLDIMI 51829894251 9612L590€1+9¥0°C
+6C999° L1 DGCGEE L1 7€2/26°L) 16196781 58561LY'6) LELYI0'0C 365269°0C 7¢ELSE 6L LY 000vtc9c €4°eSE 0 yASKAN L've L've L've Vi Vi Vi IMIS | GINABD iINABDIINISSIdENIN-INOYA SINABDISINABDH 216162.0979°C 9¥90S£0280S50°C
)0E08Y°61 588015761 166050°0C L99€1°0¢ 366EVY LS L996€9° L ¢ L8GCS6° ¢ 18V/.cL'¢c | L€ 000¥0L0¥ L160L O 9€9' V€ F1LE FLE LLE L L L ai4| EALMBD \EMBDIdS AINOHA 1Ha4IEALMBDIdS 961918768 £7€.20822+20°2
Y0696 L1 319€0676°6 2€10G8°01 I#6ES6° L1 D8IVED V1 D96EBLCI 5122cS '€l 20690L¢C | | 0098IvE 120V'S 16266000 82'GEC 80 80 80 b b H eays ENANGBIN INONBIN 3rAd6NI-INOYA EINANGIIEINANGINII 92188509€6° L 8582€9001180°2
792891 €1 DG9ES6°EL ¥Ge9L'CL IWS/LS6°Cl 5¢V99L V1 569E€9G°G) IP0SLO°GL 581929V | | 009986/ €999°G LOLOLO0 | kLCO} (8 (A L - - - dOoeieq | 129290 -292901ds AINOHA 29d011292901ds L6££52666€'C 81L0E1L88EILB0'C
+G026G°C1 3¢0€8E°EL 560L09°€L 5¥9LE9°€L DYO008' VL ELEQEQ'GL 21GL61°91 581616V 9 000€92¢8€ ¢c9'€e 0 6€°/9€ 8’} 8’1 8’ %4 % 1% €ZHO:VYNQAO9 | GZHJ6W 5ZHd6NH (IFO3reX-INOYA SZHJ6INISZHJ6INI B122S06.59°C 9S8E1£590280°C
26046L°L1 DCEIVI'LL 5LEVYC 8L 26626581 £6.28E°0¢ L6G0CY'0C 582186} 710220°0¢ Cl 100096} 60k 0 1G98y |L'G2 L'G¢ L'G¢ 9 9 9 3G2IeH | 892/2D 392.2D1ds NI06Dd6NMFINOHA 96£XA1892.2DIds 560628520 '€ €91081.87060°2
7GHEL9'GL D69GL6°GL L0GESGC 9L DECTSY 9L 39002G L) 7EVECL 8L 5V/.2v6'8) L8GEGL'BL 8 0000vE L | L2909 |0 8L'09FL 129 L9 L9 L L L JOH| 8O¥A6D OVA6DIdS AINOYA 4OHI8OYABDICAS ESS061LEE60°E £€26EEEIS960°C
SE6S9L 1L 186041711 1E€9280°EL 1 L8ECO'E) 3€60LC'E} LGLEEL V) 5L¥2SY Gl ic618VEL | | 008I¥61 €18L°'G | LEOLO'O 662°LL I'e (4 I'e I b H weT | 82680d 38IN6INIMI 182680d1ds:INOHA 68INGINI68ANGINII 2868775561 | 8LLEYZZZ6804'2
7€8E€9L°CL ZvIVVE VI DE6BLIEL 126830V} 3€EV6YE 9L 76E¥VC6'9) L0LGBI'G) D666SE G L 0006008} 8S¥'¥L 0 8¢¢cOL 9¢ 9¢ 9¢ 4 4 4 Ludy | ¥SMABD 'SMABD I JNOHA YSMABDIYSMABDI 20SPY LY8Y8°C [cG28Y6628L1E 2
79169Y°G 1 3G€G/6'V 1 7€8190°91 3¢¥6.6°G) 5¢/281°L) 3210908} I3G06¥E '8t 19CLLELL V€ 0006evvL 8L LvE 0 L0y 9P Sy Sy HE HE HE ¥Sew  8YOABD vA0VOVIH-INOHA 8HHMYE0VOVISHHMYIOVOV 4 BSL01L9€88°C 1S8L2ILLIEB LS
+02295°01 29€80G" I 5929G96°01 360€2C0° FI L9622c¢ H 7HLLLO'G) 2G0ESL'E) 3L6€E8L'EL C 0 €e09'9  6€96000 VIL'GY |G°¢C g'¢ g¢ b H H Siud | 26S8vd 26581dIds AINOHA 2dIdI26S58YdIds 2962S00LEY | 29€1LL818LELC
3¢89897 1 D992¢99°G1 1€609¥°G1 LE€B099°GI 2€2090°L} 7968518} 782¥S8°L} 1096269} 9 00064vEL GecG'€e O 61LE€0F 67¢C} 6¢Cl 6¢l € € € 6HD0\BWA | ZIHABD |ZIHAGDIA JNOYHA LIHABDILIHABDIM pLESSSCLEG C £98€55L.56/G1'C



+8/9¥6'81 5€129Y°1¢ 16889981 20€EVL 8}
7¥20Sv'61 7.€8L6°1C L9LLLY 61 7¥2906°6}
50919081 39/8€G°0C 2V LELL'BL L¥SCLE LI
360¢}H'¢c Dev.Lel €2 19¥95G°¢C L ¥E0V6’ L2
58288181 5000¢2°0¢ D8LI91'8) 321G09°8}
5967 16°G1 5€E6S1L 8L 9GHELL'ZL 3090609}
+90060°81 5629051 182C16°L1 76862L'81
160017°61 LE9EBI'1CIL6199°L1 5895188}
1/G€/0°61 566821 °€C 798€81°6} 7¢/.2E6°6}
W8S 1'81 D82G9Y°LE D26E90° L1 298519'81
J01866°61 2G6191°¢¢ 2700628} 2980026}
3¢8/98°61 509€8E°¢¢ 2¥061€°0¢ 5¢/2vc'0c
16¢8€G°0C 516129°¢¢ LLEBIC 61 790210°02
11982561 586080°¢c 281EVI'8I 1LGC61 6}
196/6/°61 10¥2¢82¢'¢¢ 1:065€0°0¢ 16.5990°02
)G22CS.L'61 7959.61°¢C DS6E1G°61 265.E2°02
3¢9¥60°61 78L.¥G'¢C LLE€8L L) LECBEL G}
)C/8EB'61 78/G1E 1S 1€EVIG 8L 5C1/8YV 6}
ic0v6 1L L8LSLL LC 77280281 5vvvil 02
7/E€L10°81 D9G28E'6) DEGELC B L0902 LI
166,056} 300920°¢¢ 3G¥€GL'8) 5925Y9°61
50LEE€1'81 318669°0C 51y LI Ev/8L1'8L
50¢9€5°0¢ 506080°1¢ 696€€°6} 5359982¢€" 1 ¢
56¢¥60°0¢ 3¢,060°€C L¥615GE°61 D80.82C°6}
)C/9LVL L) 3GGE6Y LS 2LVEBL L1 71GGGL 81
126¥01'81 7191CL 12 L06€LC'8) 798628}
26cV.y'8L 2610LE LS LL6LLS L) 2GLHLES 9L
>€09€6°61 1708E6° L ¢ 175996°81 €€C65 81
70LE69°L) 21GVLE°EC 30LG96G°9 2LVvvi 8l
/695261 DI96.LY° 1 ¢ 2¢86017°'61 286€1LE 6}
10G010°L1 LS0€L9°0C }¥8Ly1° L1 L9890 L1
‘Y0192 L) 2GLECL'0C SHLIYO G 3C9V68°LI
€€2./L°61 L¥6.€2°¢C 5¢8/92¢° L} I89599°6}
)CLEC0’ L1 LG.62¢2 LS 5881181 39/.88L°91
)/¥696' | 7€610G°0¢ L62080°9} 39€2CE LI
)910€8°01 562022C'8} 18EBEG'EL DI9E6ST LI
2¥E€C19°0C 5¢1v69° LS 5E07L9'81 5E6LSL' L)
288€60° 1 2060896} 31296€E€°G) 706LLE9}
76/2¢8'G1 122996°'0¢ 1.6/89°91 5G089G9'8}
162067 L1 28L0E6°91 321296711 208580°Cl
SLE6LL L 220G0€° 71 LG6009° HE FELOEY EL
)6S0V 191 LLIELY 02 IGE6Y8 V| S¥P822 Gl
3881G1'V1 76081 1'0C 5662€8° LI L LEYCE G
76¢G¥G°0) 3198291 382161 "L 29¥92C1°GI
S61LvvYy L 2LEVB6°91 501L1G8°0L 7L0LEG VI
3/99/¢° 11 DV0LEG'6) SEELLOCH 79E€06 1" LI
3//0¥8'v 1 26G68.L°8) 2096¥. 9} LEBEIG B

paMoow giyoow gi yoow | LA yoow
ov4a! oval oval oval

VYAV RETANRAP 61 4 A AAP VA VA W RAPVA 4 41 WA
51G20€°¢¢ L82.€€°EC 30€1G8°¢¢ 2¢9020°EC
19690%°0¢ 1¥€€LG 1 5/9862°0¢ 38I¥S1'cc
+69¥8€°G¢ 3660.£°G2 599¥00°GC 212 L61°GC
56099€° 1S L0LYYECC 24218 12 569716712
)2€986'81 79/E€29°61 .8298L°6) Z¥¥119°0C
+G62SS° IS 211/8E°2C D0LEYO 2 362.981°2¢
)29l'cc LI8Y18'¢c 118E8'1¢ 598889°¢C
168685°¢c )19.28'€¢ Lecc v Ec 78¥8ESEC
)6G/56°0¢ 5686€€°¢C D061 58" 1 369959°2¢
LGEYG1'EC 5/8229°€¢ 1 G0668°¢¢ 3L2¥02°EC
+99€90°€¢ LSY90v've 7EE€19G°EC 39961S C
199160°€2 186962 V¢ LIV1.9°€C 2 1¥900°¥2
1€9/01°¢¢ 3r¥8¥9°€¢ )20.90°EC 1€¥961°EC
78LIY6°EC 360G 'v2 2¥6G1L1L'EC 6V 1 L6°EC
7LOY9L°€C LY0S.L2 V2 2€€G29°€EC €202 Ve
7¢6090€°¢¢ DG H169°€¢ 599660°€C VLISV EC
)96 12€°€¢ 30¥722S'€¢ 708€€9°¢¢ 300601°€C
)02912'cc 1628Y.L'2c 1€8ELL 2 I8EEE0EC
)6E60L°61 7¥G919°¢¢ 3G.6€0°¢C 2910¥6°1C
)8/081°€¢ 79¢98.L°E¢ 58G21¢'EC 502061 EC
7¢L0EG 12 21982G°¢C 109V 18" LS 7G2991°2c
262vV v 50¢98¢°G¢ 2966€L12C 1 L0180'GC
30£199°¢¢ 71809812 16800€ ¢ 568€8E ¢
38888G° ¢ 30160€°€¢ Le/cEL'ec Le8EBB e
S61118°1¢C 789682°€¢ L6869°¢C 268051 €2
J089L1L°0C PP LLLEEC 3¢99€EY ' ¢C 16.V9E°EC
2022S0°€¢ 10428¢'v¢ 182988°€¢C 360100°¥¢
FLLEEO'LE D12GG.L €2 D928.628°E¢ 58807V €2
20¢G990°€C 1 9¥SESve Z211988°EC 5¢€€50° ¢
+£€9089°0¢ 30¥7808°¢¢ SLLL0V'2c L9669°2C
)Y6€80° 1 ¢ 2€2905°¢¢ )1/886°1¢ 19L.Gv¢c
1166€8°¢¢ 7616€5vC L.¢tS1L0'¥¢ L0000 e
)6V912¢'2c 1€2916°¢c 719299°¢c 3e8l.L'ec
)//262¢'0¢ 6E€291°¢¢ 3G€699°1¢ 1¥75.60°¢C
3¢9768°61 31C/E9°61 '86/.E1'61 509E€8C6}
3G/6/8°¢¢ L62L16'V2C 1691ECVC 519012 Ve
5€0€08'81 5985929°0¢ L19260°0¢ 7S9vvv' 1S
79/006° ¢ 1}1¥0L1°EC ) I¥695°¢C 7¢65¥6°¢C
5G¥869°91 5¢06.¢°81 8/810°81 LL69C1 81
3G0CS6'v 1 L8LEEC61 L8GIYG 81 5992581
>k¥60€°0¢ 3918.E°¢¢ 51¢9¢0°¢c 56¥081°'cc
'0€88L°61 12G1ec 1C 2/98EL°0C LYOLLY LS
18062181 7¢G2lc’61 LS0¥8E 81 396159881
5¥¢/G99°/1 366008°61 56£088°61 DILOEG 6}
L00v¥ 161 36€991°¢¢ 315060°¢C DE€0.LE 2
)9€028°€¢ )ECEIY'GC 795295 ¢ €0098° 12

pd-L | €47l | el L M-l
S3HOJP S3HOOP S3IHOOP | SIHOOP
ova! ova! ova! ova!

(0] 8

IG1

Juno)n
SIN/SIN

00099¢8¥
00096118
0008cclt
0009.4S5.S
00009€8|
00066899
0004Ev61
00058512
00019491
00092919
000¥91 1S
000122059
00062969
000¥0.45€
00000¢4e
00056158
0002869
000€.¥8€
00098119
000€90v€
0008049%
000806}¢
0002S9¢EY
000€918I
000tcLIy
0001lc662
000599812
0005€69¢
0008.05¢
00000058
1000L¥L L1
0000LEce
000400859
I0006LL L1
00046€ct
00091LEVe
000659€€
000¥€1E9
000vS 181
0000S€0€
000€56¢29
0000Lv8I
000829 |
0002059¢€
000.£0¢62
0008¥9¢€
0008186€

Ausuayu|

62851
LE€ce
L6€°69
8.E¥9
8G°0¢E}
Yoy LE
v61°LE
91818
650°GS
¢0¢'q¢e
L9°E9}
86'GlL
62081
L11'96
108'89
LE'€2CE
90°LI1
8G'1¢l
L8'V¥e
9L'vGl
LE€ce
¥6°901
LY.L
L0'¢ce
LE'€2CE
65286
€LoLL
€e0k
G609
LE€ce
cre a8
99'801}
LE€ce
19€°8¢€
1 4AN017
€9'v0¢
LE'€2CE
¥68°¢v
L6 v01
/9989
LSOV
Sv'061
6,82

90°'LE

LG L
LL2'8I
LE€ce

2109g

S16°9Y
Gco'Gy
629°0¢
9.V L
€LS've
919'€c
€L9°L1
HO'LL
c09€cl
L0S¢Cl
c68'/L¢c
9.v'8I
62¢0°I¢
¥99°1¢
a8a'vi
l6C'LI
L€L0€
G691
€€'89

819°GE
€L1°6}
LY9'€C
LEV'8IL
¢0c6'8
¢§4'6¢
c6e’le
891°Gl
L0c €l
€06°'Gl
8¢c¢'0¢€
vee el
169°/L¢
6209}
LLEOL
Geceve
9629}
cl91'6
LLYE
c091

L1269
9v6°G6
8/8°LI
668°8¢
YRAA 14
€28l

96618
v1€/8

OO0 00 00000 0000000000000 000000000000 O O O OO

5€99100°0

o

O O O O OO

[eax]
ybBrom

‘IO

anjeA-p

8¢y
8'G9
¥'€9
9'v8
Sy
9'8¢
€0¢
9¢s
¢Sy
L'€2
2s
6',9
19
8'9Y
1’6
9'GL
8'GY
9'lS
L'S€
6'LS
6S
9'9¢
6'€E
€9¢
¥'09
€69
R R
€S
9'GS
8'tv9
299
G'es
L'19
L'9Y
96l
L€l
1’98
YAVA]
14%
€7¢
g8
8'€9
gce
8'8l
0l
6°ce
€'GS
[%] @
Belanod
9

ouanbas
anbiun

8¢y
8'G9
¥'€9
9'v8
gy
9'8¢c
€0¢
9¢s
a'sy
L'€e
2s
6',9
19
8'9v
1’6
9'GL
8'GY
9'lg
L'SE
6'LS
6S
9'9¢
6'cE
€'9¢
Y08
€69
[ Re]
€S
9'GS
89
299
G'es
L'19
L'9Y
96l
L'El
1’98
YAVA]
14%
€e
g8
8'c9
gce
8’8l
v'0l
6°ce
€'GS
[%] @
Beianod
o

ouanbas

lozel
+ anbiun

2S 9|ge] Aejuswe|ddng

8¢y
8'G9
¥'€9
9'v8
Sy
9'8¢
€0g
9'¢s
A1
L'€e
cs
629
L9
8'9%
L'6
96/
8'Gy
9'Lg
L'SE
6'1S
69
9'9¢
6'€E
€'9¢
¥'09
€99
LS
€18
9'G9
819
99
g'es
19
L9Y
96}
L€l
,£'98
L[S
144
€c
g8
8'€9
G'¢c
88l
0ol
6'¢E
€69

[%] @

Beianos sapndad

9
ouanbag

O AN O © O NN o v
- - - - ~—

O AN O JF|OO © — ©

[e0)
<

anbiun

sapndad
anbiun
+ lozey

L
Gl

gl

cl

al

9l
cl

N MO O O

8v

sapndad

€1dy
¥1dy
€gdsH
qgesdy
gvol1dy
/2dsH
211dy
81Sdy
9e1dy
v9e1dy
81dy
le1dy
v811dy
811dy
0€sdy
e61Sdy
v/1dy
vsendy
epdy
1Moy
¥11dy
veldy
aredy
621dy
/71dy
671dy
zlsdy
Gesdy
/21dy
els
0€1dy
91dy
8g1dy
v./€1dy
Gi1dy
qui(e)l
leSdy
eyG1Sdy
2e1dy
£DO\PW(Q
s-g(lea)ng
qolsdy
2sdy
ID00}+D3
e0lSdy
8e1dy
15940)

NO

/6/910!6/9101ds!6/,910lds G€012888" | 35002 109°C
08160d D8160d1dsD8160dIds L5/916€2°C -LL26V.9°C
91520d 393N6IN 11 393N6IN 1} 9696E2H8° L LL6LLLLLC
YEEMBD PINTrEX 1 PINIrEX 11 0598252t 1686.8.8°C
¥d LABD dLABDIAS d1ABDIdS €/85812'2 )€26LLE6'C
81520d |280reX |44 1280reX 8161£52S ¢ LLSEYOY6 2
69 1LM6D 39 L MBD 1 39 L MBD 4} 2E2EE068” | ;2L58286'C
¥601vd 7601¥dIds 7601 ¥dIds 2€6.22¥8" | i0L22E86°C
0€961d ISEDreX 4 ISEDreX 1} G66085Y9° L L.€€22210°E
L1IA6D |Z1TTABDH}|Z1TTABDH} 285687S9° | .ei62970°E
IDEABD HEABDIAS HDEABDIAS 2750012 2 5.86EL50°€
LINBABD LINBABD I LINBABDI GLLL9LLS ' SLeSiolL €
€6017d26017dIdS2601dIds Le8Shi.LL e r.SPIEL'E
YESABD INHJBN Y INHABIN 1} LELEEE0'C 32 SEY LS
8HAABD 3HAABDHI3HAABD I LE€289069°C }82050vC '€
8106€d 59002311 590023 68 L870V'C 3776 1852E'E
€2297d 9SOreXH9SoreX i #2S6Lvel’ | i8.209v€°€
69NABD 39NABD I 3INABD I €G29€918°C 7€€08.5€°€
L1560 1S¥6DIds | LG¥6DIdS L6E08Y96° | ;2E0L0LEE
079810 .O0d6INIH .ODd6NI 8186.L.2°C JELVBLLE'E
1#8GGd | ¥85GdIds | #855d1dS 69258651 [¥82912Y '€
63INABD ANABDIAS INABDIMS S6.80€9€°C )WIELSYY'E
GIHAGBD 33HAGD M 3IHABDI41 90662028 L €792 L6V
¥S 120 7S 1¥2DIds 7S Ly2DIds G8202016° | iS9LEE6S'E
0012€d 99GMreXH|99GreX i 20819202 3802€1L69°E
2880Sd 0NArexHoNnarexHi 800¢LS6v°¢ .6201L€08°E
GS¥08d 55708d1dS 55708d1ds /8258829 | .98€8€26°E
88581 d 38581d1ds 38587 dIdS 655ESG.6S°C )e8SY.LY6'E
GNAAGD iNAABD M INGABD G LE9YSLE L LEEE0VLO'Y
6.68¢d 5.68£d1ds 5/68€dIds (89225881 '€ }G82SL L0V
61PABD 6LIABDI4 6LIPABDIN EEIYIVLL C 5628EV0L T
ZMBABD JMBABD I} JMBABDI192222900°C - 27E€982 L'
GSZABD LVEZ LA LVYEZ A4 G8086890°C ) L9E00Y LY
YNINABD |JHINGIN I JHINGIN I 668905122 ) LELSGEIZ T
G¥¥/ 1O |09SA8Y I |09GA8Y 1} LOEGYCY8' | )E666LEE Y
2S9N6D 2S9ABD1H 2SIABD I €981V06EE" | 7SSY.LehE Y
/2690 V6N IVId6INII 929.28€€'C .2S0.L28E ¥
61 18%d |6 LI BINPL LI LLEE8SSE | iELGY8LI Y
6SE0d 35€+0d1dS 55£70dIds (6565212 LOLLL8EI'Y
26D ZrdABDI ZrHABD 141 806905 16 L SE9EELEL Y
MABD 34d4d6IN 1 3H4d6INI €£0L6162'C LLV2S6S0°S
EOMABD DANBINIDIANGINIL LEIZZELD'C 16890V LS
6001€d F89d6IN I F8ad6INI 0V68798S" | )S090..2'S
LMPMBD MyMBDHF MyMBD 1SS 19200°C 925 HHLSE'S
¥19A6D LGA6DIds | LGABDIAS €61786966 | J951579.°S
ZNSM6D 90VOV I ¥90V0V I 2 L6L96€ES | 71G9/8EE™9
FOVILO LDV ILOM LDV TLOMY 9LSY129G E V8 HL8EY L

sal
uisyoud
KAyolepy

(enjea -]
-d)9071- | dualayig

sal

10.diun uiajoid



L0¥0€L°0¢C
76810191
1/G/12°61
58288181
59612181
3¢8/98°61
5¢9760°6 1
+¢l616°01
WA LAY
)L6/¥8°01
+¢0/56°61
56¢¥760°0¢
L69LVL 61
)rG886°L1L
>€09€6°61
1/G€.0°61
LE¥¥08°0¢
L2c6v01'81
)182/8°61
ivv0SL'v1
LE9Y9L°GL
76,.0V° 1S
7¢£808'81
39¢180°CH
56698281
2899/¥°¢¢
10G01L0°L}
)19/99°0¢
26€099°L1
1€./99°61
100802°0¢
509190°81
19G/6.°61
Lev/ee 0l
ESIYO'LL
2GGEYV8'GIL
LGY/99°G1
7S18LE 1L
5/GGGC61
EV8YS Gl
2G6/886°01
)6S0V 191
Ll66¥6°Cl
589691° L1
37082001}
7GL0S0CH
)9/L9VV VL

paoow
ov4!

50G8G€°€¢ 1G2/¥2'0¢ LEB6LLE L LG02Y0'Se D¥/.8881¢ 1.6101°Ge LEL06E°GC
LEV691°1¢ 1989 L1 3160068} 56.€10°¢C I€6/.9.L° ¢ i¥¥9cv'¢c LE€LLLS CC
768698 Lc v VY1181 56866681 285GYYC €2 7567 18°¢C 168829°€C 1 G2099°EC
22E218°0C D8LI9L'81 321590981 2926€5°¢C 5391650°¢C 7£6€€2°EC 362581 °EC
)0¥668°0¢ 16¢E0V 91 29L1EG 9} 3G60€6°1¢ 08159°1¢ 7088812 20811¥8°LC
3¢0€8€°¢¢ 18G9€€°0¢ 5¢/2vc'0¢ L0L2Lc 2 3€206 | ¢ I9€568 ¢ 39.800°GC
)E6V69°¢¢ L2/€8L°L) 562V28'61 1886LY'EC 28O EC L9881 ¢ 7G0901 12
5€6/L/G°€1 7¢G/VE°CL 2IECE9L 01 3L080E'G ) 509080°Gt 567199°91 LOEECE 9}
1+8669°0¢ L9100¥°L} 3,E£59€C'8) L9/.¥9G°¢C 2088€E8" 1 ¢ 1G6602°EC 191599822
1/G2EV' L1 0SS 10" L1 D99G8E'G) L82290°L1 31902t L} L¥6L0E°8) L1182 LI
1£/961°¢¢ 3999.0°61 56..69°6} 1 L6686°CC LEBEIQ'EC 716LLL V2 590LES VC
1€G€86°¢¢ 1£92/9°61 11629961 3ECley ' ve 36V.LSEvE 7.9/88° ¢ 52/.808°1¢
2L121G°¢e 1/G€LG°61 5381590€°0¢ 28982S V¢ L6V.vS v 5869G.L Ve 3Lccv.L Ve
)8096€° LS 712992721 D66¥95°81 268829°¢C 5¢0¥01'¢c L00S9Y'EC I6959E°EC
1708€6°1¢ 1929026} 279592681 8999112 7690€0°1¢ 7¢09€ 1 "v¢ 7.2.00°1¢
BLIGLL'EC 298€8L'61 2¢/2€6°6) LLESLLVC 2¥2€9.L°EC 39.G¥0°GC )6006.L V¢
70€8L0'vC Z0LLEL' 6L DIVPS6BY LE LV LYY GC 70G9186° V¢ 1SG9L1°9¢ LO0ES66°GC
799888°0¢ 106€12'81 7981628} L02G/.8°¢C } LEOGSG CC 2¢2€SG2 EC 3697EE EC
s¥G8ev'ee LILL0L L) 582299°0¢ DO0L6E ¢ 288Ley €2 H12000°GC L0681 12
299¢10°61 086592071 316069} L1798¥2°0¢ L #8990°0¢ 329t L1°0¢ 30L199°0C
28012961 L9¥0L¥'81 79G01LE°E} LOEOLO'6) L9025S°61 206201 °¢2 L0€G9G°CC
50¥7¢2G'€¢ 968051 ¢ )G289G°1¢ 26€211'9¢ 566208°GC L¥0815°9¢ 521€L5°9¢
1€9¢1/71¢ 02281881 L0529 '8} 5¥8668°€C 7.¥220°EC 5625962 ¢ 7¥6E.L.L°EC
3LE060°81 29G9260° FI 296222 ) 26922991 3€LEYY LI 52L1LSS LI 719182°8}
)6G08Y" 1 19095221 79921881 5356066°¢C 1¥79869°¢¢ L99.06°€C L0LEG9°EC
7809¢€°€2C )ELL68'CC 51PI1LE°¢C 5G0.86°9¢ 78Y/.v6°9¢ 3¢E61E° L2 L6EYSE L2
)6G.€9°0¢C L8Py LI L98I9Y0° LI 72090€°¢C 799€88" 12 509806°CC IES6E8°CC
)GGG6G7 1 i¥62V8'61 616V 161 265991 ¢ 58229. ¢ LG/820°GC LS0188°1¢
16191G71S 2/¥€8L° L1 LEOYED B 577 1E20°EC 560628°¢C 7¢1606°EC | 8Y6E6°EC
3G6868°1¢ 167721881 388689°61 )EE08L 1 1699¢6°€C 716056°1C LV96.L1°GC
1¥60¥S 1S )02688'81 39¢EV.L 6} 20L09Y" 1€ IG996 1 '¥E ILELYC GC LE9EL0"GE
2LvPS9°0C L9LLEL'BL LYGSLE L) LEEL0SG SC S0V L6Y'CC 76E2.8°EC 719€2C6°EC
10¥7¢8¢'¢¢ 1069€0°0¢ D6.5990°0¢ 30LLe'GC 782¥20°Ge 5LE€€8E°GC 765 1cv'Ge
281¥29°€1 39€950°CH LE06YL €L DOGSO0° LI LO91C6°9) IP8B09° LI 26E€869°LI
>/ 19/.6'81 798EV6°L1 L9928 L) 59EVELCC 1€VSEE" L )99G9GE EC 126860 1C
1G068E 1S 3L1LG99°91 L8YSYC 81 3GLL19°CC 7L16GECC 2GEEEB'EC 390819°EC
3G/96€°0C 5SHV LG VI 7L0VEY 91 788561 5666.LE" 1 ¢ 52€€08°¢C 705¥S6° |2
)c69¥0°'81 18E8E6°E L 3299521 26,070 1¢ D859961°0¢ 38EC9E 1 ¢ )GLELL' 8L
L€08L171¢ 38,522’61 291SGVE'61 36€96L V¢ 5¥9..8 12 DE90EC G 38E6YE GC
7GE€88.°0¢ 2,6/89°91 L1866} L0LS9¢°EC LG¥028'¢¢ 206200°1¢ )G LIv8'EC
)8/¥29'81 :0¥80G°€1 56005€'8} )¥66.€°0¢ 54809961 381¥89°LC | L¥EB8G IS
1€G85€°0¢ 19E6Y8' V| s¥1822'G 1 5392690°¢C 29C168° ¢ 196G.1°¢C 7v.86¢°¢C
>810€6°91 59606568 370810°HI 390129°L} 38¥8GE'8) L66V9E '8} 586LLL°8}
368970V | 566699°G1 32199621 L190560°1¢ )€CS8C 1¢ 5€6969°6} V0611 02
5LEV86°91 1062.¥°0) 7L0LEG V) 389G980°6} L6E0LL'6) 56C1LL.S°6) 18LYEY 6
VOGS L)L LEOYS6S76 548662°S ) DG6€28°0¢ 3G17050°0¢ 1 20229°0¢ 2:00802°6}
18E96V°61 LCLIEL L1 L9E18I'6) 765669°GC 1 G1886 ¢ 35088192 79095092

Py IN-L | € IN-L | 2P N-L | MOIN-L
S3HOOJP | STHOOIP | STHOIP | S3HOIP
ova! ova! ova! ova!

gijoow [ zaoow | LA yoow
dv4! ov4! ovd!

[4°]
14
%4
9
8l
[4°]
yA]

€e

29
0c
FLL
9
125
8¢
659
9€
i)

Gl
6l
9

0S
8¢
ac
av
L
€9
A
(0%
ve
L
o€
oy
8¢
8v
g9
6€

14

0]8

8l
991

uno)
SIN/SIN

100012611
0000¢S02
0006€91 |
000104¢c€
0000StctH
0008S€6.
000€9569
006.v€¢C
0000tLZ¢cE
00€2086
00061€£66
000€60€2
000¥ELEL
0006¥cvE
000¢S60€
000881cE
000€6vEL
000£ES€EE
000€2064
000158¥9
000cEr6
00096.v€
0009€5952
0006€28}
000v€.L2S
00019.81
0005ScE}
000926V
00005149
000%200}
00087601}
0000€ 169
00015649
0008189¢
00061599
00098¢vE
0009889¢
00016009
000€9G.I
JO006 LLLE
00049..¢
00089202
000169.€
00092284
0000c9€e
10006¢01L1
00040699

Ausuaqu|

€L'Gcl
v.20¢
9€8°'€S
6'16¢

€29'ay
91’6}
¢l'9¢¢
LYEY'S
6L7ClHI
or8¢l
v0'cLL
RIRHA
RIRHAN
€L'10}
GEY'€6
920°0S
| AN
lch'e8
Gv'0€e
€26°0¢
G8G'GS
861°9¢€
e LY
€q' v

98'90¢
¢9'19¢
616°GL
G/.'88¢
RIRHAN
¢G'90¢
€L°E61
v'/icl

908'¢8
81€°9¢
19201
c0'8l1
66868
¥0'c61
L6°0G 1
cG6ll
¥S9.°G¢e
YRR 7
99/G°G
/98'6¢
gevct
G9c'es
RIRHAN

21005

182°L1
vev'Ge
L0GCl
€LSve
891°Gl
9.8l
LEL0E
061

VA4 R
A4 Y4
c68'/L¢
¢0c6'8
l6c’L1
€L9°/L1
L0C’EL
c0g el
LEV'8L
c6e’le
6209}
L YL
I¥8°0¢
G86¢'9
LLEOL
9v9'ce
9€.'6¢
99.Lv'L
vee el
¢l91°6
¢g99'6¢
€L1°6}
GG9'/LI
629°0¢
a8avi
S90'vL
919°¢c
Gceve
668'8¢
96°¢9l
8¢c¢0¢
¢0'91

¥8L°Gl
8/8°LI
¢,/S00°0 /L.2°69
0 €926}
€281

YRAA 14
969°¢9

o OO0 O O O o

wJ
~—

89500°0

OO0 0O 0000000000000 0000 OO0 00 o0 ooooooo oo oo

o o o

[eax]
yBrom

‘IonN

anjeA-p

es 9|ge| Ateyjuswa|ddng

¥'c9
€'9¢
L'cE
8'ch
9'6v
9’19
S'09
€0l
L'LE
6
2’09
8'9¢
L'16
€/l2
€3
6°'€S
8'LG
68
99
L'/lc
19€
2'6¢g
2’99
V'Ic
7'€9
6'96
°1°]
00}
6',9
1’89
g'/9
¥'€9
6¢cl
9'8
¥'c9
L'6€
8'LE
GLI
¥'09
6'0L
8'0¢
6'99
€¢
2'9¢
70l
6'02
¥'G9
[%] @
Beianod
o

ouanbas
anbiun

¥'c9
€'9¢
L'cE
8'cY
9'6Y
919
S'09
€0l
(RA
6
209
8'9¢
L'16
€/lc
€3
6'€S
8'LG
68V
99
L'/lc
L9¢
2'6¢g
2’99
V'Ic
¥'€9
6'96
GG
00}
6',9
1’89
Gg'/9
¥'€9
6¢cl
9'8
¥'c9
L'6€
8'LE
GLI
¥°09
6°0L
8'0¢
6'9S
€¢
29¢
70l
602
¥'G9
[%] @
Beianod
9

ouanbas
lozel

+ anbiun

¥'29
€9¢
YA
8'Ey
9’6y
9’19
G'09
€0t
b'LE
6
¢'09
8'9¢
L'16
€/l¢
€g
6'€9
8’19
6'8Y
£99
L'/2
1'9€
¢'6€
2’99
vic
¥'€9
696
Gg
001}
6'29
1’89
G'29
¥'€9
6¢Cl
9'8
29
L'6€
8'1E
A
09
604
8'0¢
699
€¢
¢'9¢
¥'0l
6°0¢
99

[%] @

Beianods sopndad

9
ouanbag

N AN WO v~ 0

anbiun

N AN WO~ O

sopndad
anbiun
+ lozey

NO WO~ O

sepndad

921dy
essdy
v9g1dy
qvol1dy
2lsdy
le1dy
v/1dy
ns}
velldy
x|

81dy
621dy
e61Sdy
211dy
Gesdy
9e1dy
are1dy
671dy
821dy
eySISdy
IDO\lBW(
6€1dy
v/e1dy
8€-4NN
91dy
qgesdy
0€1dy
lesdy
/7dy
y11dy
vsendy
ggdsH
0€sdy
G-0/9SH
/2dsH
Gldy
2sdy
qui(e)l
BlS
2edy
qolel
qolsdy
eno\ewq
gedsH
e0|Sdy

ZNAABD ZNAABDI ZNAABD I 7987€8L°C 52GE€L9L'E
981720 [SNMIreXH GNMIreX 1 3S6€€98 | 186298L°E
L1INBD |Z1TA6D M} ZLTABDI 756012 2 11298L°E
¥d LABD d1A6DIds d1A6DIdS722528°C L0.9218°E
GG¥08d 35708dIdS 55708d1dS 7208226} I1L9E6€8'E

LINBABD LINBABD I LINBABDINLIEYOLL'E 2822788°C
£229%d [9SDreX K 9SOreX 19852856 | 5280226'€
GEGABD JESABDIAS [ESABDIAS 3€G1LEL9°C LEOV LV6'E

63INABD ANABDIIS INABDICNS L2892 38ELLL6'E
871gM.D 1gMLDIds 1gMLDI1ds 3020922} 39.5586°€

IDEABD DEABDIAS DEABDIAS )619828°C 227 LOLO' Y
¥S 1720 7S 1 ¥#2DIds 7S L #2D1ds 71728852 36208 1L0'Y
8106€d 5900231 59QD2AM 7L¥0€96°C L¥2ySED

69 1LM6D 39 LMBDI11 59 L MBD 14159289212 ) LS0LED' Y
88587d 38581 dIdS 3858+ dIdSL06.Y7L0'E I2ZvEB0 ¥
0€96¥d ISEDreX M ISEDreX 72996022 L00ESO L ¥

GIHABD 53IHABDIM 5IHABDI4 2298282 ¢ 22082+
2880Sd 0NAreXHionareXHk+20686'¢ 3S€0.Le k¥
GSZABD |LVEZ LA LVEZ LA LSP26S k2 70L99G L
6t 18¥d 6T LI BINPT LI DEESEBE | 325109t Y

IDMABD DMABDH DMABDII30186.LE L 75560811
0€19L0)EL910IdS )EL91LOIAS L906¥59°E 39826V2 ¥

NINABD (AHINBIN Y AHINGINII 208592 IEEBLBC
LOZAL9/DZALAI LDZALAIM79000LE | 2€10ESE Y

EMBABD JMBABDIH MBABD I )8706EY 2 7€001SE ¥

EEMBD PINTreX 1 PINTrEX 41 3812019°S 7SECE8E Y
61PABD 6LIABDI 6LIABDIN7S0L2LS C 52€205Y
/269/0)VIAd6INIHIIVIH6INIALESLBIL'E LLL90LY
0012€d 9DSreX 1 |99G6MreX 76 LELLS 2 5061625

I ¥8G5d 1 #85GdIdS | #8GGdIdS DLOLE LL'E 3629695
69NABD 3aNABD I 3aNABDI4 7692885 '€ L96 7€'
91520d 393N6IA M} 393N6IN 41 D208998°C 76EL0V9'
8HAABD 3HAABDIM13HANBDI L60E€C69'E 2228y 1LY
G¥862d 90VOV I #90VOVIH1 DS LLY86°C 2GEEY88
81520d [280reXH1280reX 1 ILEE0Le € 3652126V
Gv/ 1O 09SA8Y M |09SABY 1L GZYEE L' 3892€L0°G
6001€d 8ad6IN 1 P8Id6INII 2ESSLLL'Z LO0ESOL'S
2SaN60D 2SaABDIH 2SaA6D1HHELEBBI9 L 91L0L88L'S
6.68€d 5.68€dIdS5.68€dIdSIL0LE LY ¥ DSLECLE'S
6S€0d 55€0d1ds 35€70dIds )25 LE8E S 760V91 'S
L17X60D 1ZX60Ids 1ZX6DIdsL29LLLS | 30988SY'S
EOMABD OANBINIMOIANGINIIBL9091€°C LLLSBES'S

ZrHABD ZrHABDIM ZFHABDI41 36225€E8" | 260€918°S
G1520d 51520dIds 51520dIds19€.G¢2 ) ¢ L£685Y8'S
¥ 19A60D 19A6DIdS 1GA6DIdS 37266€6°L 2S0€LC L9

1900193 ZMYM6D MyM6ED 11 MyM6ED141)860166° 1 L2c/885°9

1S9H0D

NO

9£3650)£365DIds )e36501dS L1292 L€ 58506962

sail
sdl (anjea °
joudiun | urvoud ) -
Auofeyy | o0 d)DO71- duasaya



2G188E V1L 7¢E¥80V 1 398€CS V1 LOOVLS 9L DS/L98E 91 3V /.9E° 9L IEEQLY LI LV .LL6E LI
)E60€2°0C 1G61G.°€¢ 72168161 2.0.25°0¢ IEL086°CC 775.9€°C¢C 26598V 1'EC L 16860°EC
7¢66€2.°0¢ 5¢¥861 ¢ 5€8182°0¢ 5 I¥90€° 1 ¢ 1¥E€ELG'EC 3.2V6€°EC IV/.888°EC 718350 1C
LE160€ 1S 29641 L Y2 59680€°0¢ 5¢6€91°¢C 109Vv L 'vC L9918L°EC LEOLLS VC 1L0LEV VC
)LGECY L) 19YV80'61 iVEYVS8'8I 78,996 L) DESYLy'0C 7208.8°6} LG9866°0¢ )652€9°02

29¢06.°0¢
30VVEV'61L
LELL¥6°0C
)G0889°81
LY9vC 8L

1€8991'v¢ 1 ¥0/86°61 3L099¢ 1 5¢61cL°EC 382EvY €2 1L.E20°'1C I6LLEL EC
)8¥6¥0°€C 3.219¥°81 20080%°0¢ 58/.825°¢c 28.291°¢c 51€628°¢¢ 50¢60L°¢C
36c6¥y'cc 2G6192°61 LE8YL0°0C 3909€ 1 °€C 36¥52G°¢C 30990€°€¢C 38G1G1°EC
1/02€5°¢¢ L02986°L) 9EVLLL'6) DIV69G 1 ¢ 38/LLG€E" 12 5290591 °¢¢C 1182€0°¢C
79LEL1°2C 1€E 18981 7628066} 7.9.E8" 1 29€2vS L ¢ L€9LLY'¢c 70E0V L ¢c

10066¥°G 1 5¢9¥2L0°L} 0¥8EY'SI 700L6G°G ) 209€08°9) D82618°9) 25169161 7290€9°6}
186020°0¢ 2.5¥65°€2C )10L8Y'61 71E€9G96°0C L GELEL'EC 529088°¢C 299.61°EC 199..9°EC
5¢5202°0¢ 5¢882€ ¢ 3¢¥991¥°'0¢ 369950°¢c LE8I60 ¢ 7L LY¥Y9'EC 76996€ ¢ 16E€L02 V¢
)02G9S9 ¢ 31€86.°¢¢ iV0€6E L 7€1808°0¢ 1G9918°EC 79951 €2 I8V691 ¢ [861.LC° V¢
1€GEY0°0C 586186°€¢ 38895661 7.£986°0¢ 1€6E€GE°EC 3G¥8Y | '€C 7V G2 ¢ )IG6€58°EC
'91¥081°0¢ 716€98°EC 3G¥.0€°61 ISELEY L 58V88Y'EC 2GL¥61°EC L89896°EC 798606°EC
77/86€° L1 ILL098'9L 3LIVLS VI I8EV IV EL 771S0C'8) 3HV6YL'8E DLLLL8 L) 3G88E8 LI
Welv /'8l )6/L.22°¢c 52986981 DGEBYG 61 56E€10G°¢C L09YY0'¢e 1.6889°¢C 70CvSec

)80LEL6GL
3881501
782E€GE6 1
VXA YAAE
786 17502
LGELECLL
)869¢6°1¢
)88.¥ 181
)86/98°01
2C6¥0E° L1
18190691
50977581
7v1602°0¢
29€82€61
79€1L09 V1
590S¥2 L1
20660€'81
ST TRAANE
3/60€C61
/889601
)C9/L.6°L1
7¢08€0°61
)092¢8€91
70LE69°L1
LZ1G08°LL
7600996 1
)6/G/2°91
798986 |1
5LEV0E6 L
1600L7°61
16¢8€5°0¢
3V9LV9° L1
)0cCy'81
1686666 |
70982.L' L1
1G8818°Gl
120,961

>86¥€2°€¢ 30099961 79¢/.99°0¢ 799950°€¢ 10.885°¢C 5010¥6°€C 189116°EC
1/086€°L1 1G2€98' L1 561028°C) 2G¥8G1°Gl LOEEGB V| 29LIve LI 362€91°9}
1/282€.'¢c L£/826'81 LE611LC'0C 3€2€G.L°¢C L6/€29°¢C 1 86/¢2c°EC )88Y.L0°EC
199€62°1¢ 19€9628 L1 3/¥950°81 LeELYS ¢ L€SEBE0C I9VECI L 5€0G1G" LS
76699¢°€¢ 76,0086} 3¢2C10°0¢ 2€8091°€C 3¢9850°€C 377 1G60°1C 2LV L ve e
L€€02€°¢c 72501891 DLL/.28'8) 5356122} 23¢2G90.L°0¢ X650€ 1 °¢¢ 285250°¢c
L6¢c€¢c )Wwe9cy Lc 261.EL°0¢ 549/81v2 LSL61EVC L 29E6E VC 79661G 1S
2G168.L°¢¢ +LG02L'81 39€6EL°61 360L91°¢C L 968E 1 'CC I€B62C6°CC 7659516°CC
296609171 12889€° L1 L0CLLGC) DL86EL'G) L9929 5712S6°Gl L91E96°CI
)61252°0¢ 31990821 78€.¢6°S} L64/16°0¢ 388701°0¢ )81.28°0¢ 1 89€E8°0C
2G¥G60°0¢ 5G4V 19°L1 26€091°8) 5L10G2°0C 266¥59°0C 7.V9v1" 12 )69.L01° L C
20¥2¢c/l'¢c 72089881 7.2801°0¢ 542098°¢¢ LG9€E€.L°¢C LEELSG L EC 500622 °EC
2.6V 16°€2C )0¢EY6'61 LS6ESC L 29.2v0 ¢ 30.968°EC 700SS.L ¢ 5¢522cS e
)6..9°¢¢ IECEBY'61 I2c06'61 L6EBYS'SC L€22cE ¢d 7eVLEEVE 12082C V¢
3H7068°L1 36¥ECI9°CI 5¢6LEG VI 120629} D6ELYC 9t SEEE08'6) 112VES 6}
3€/850°1¢ 59926281 198012°0¢ L9¥¥¥0'cc 1 808LL°CC 5.12.98°C¢CILLLSL L C
39989561 76G1EY'81 58881LY°LI 560€0G S WV LLC L 2902v6° ¢ i¥.S69°1C
)909€L 8L 2V.611" L 39¥202° L1 28620591 50108891 212592981 71¥02S 8}
198/99°1¢ Lvev06'81 d¥66Y 161 7..099°¢C I989.1V'CC I1¢86L1'EC 7V6EVE EC
3¢E8EL L) 3G6.61° L1 3€E8VLL 'S} i¥2E0V L) 786E81°LI LEBYCE LI DO66LE LI
)898G2°€¢ 36019981 21899961 )9€082°EC 2€9¥2L°¢C L 01681°'EC 7€29.G°EC
s¥2 129722 I8EE0L°61 3G¥E9E°0C 119880°1¢ 19981LE ¢ 7€ELEV'EC L0918V 'EC
38ECEE 61 2¥086€91 56¥E€GG 91 3660¥1°0C 326101°0C I160.6°0¢ 1 89€Y8°0C
7991€1°€2 5606¥S°L) LOE6LC 6} SIPL0G°CC Lviccc ec 2GELLL'EC L9CLEC EC
380661 °€¢ 10€8.¢°L1 3950806} 59/9/.9°¢¢ L29.06°¢c L9.0€G°EC )E08CY ¢c
)2E66°1¢ LGEE0G 61 266,696 3178Y61°EC 110V 10°EC 53808.LE V¢ 5¥7¥801 17¢
)E1996°1¢ 20966291 18065821 1 G999¢" 1 302.¥6°0C D6EEE L EC 70282¢'¢c
)80996°61 .88¥€9°L1 L60960°0¢ 59¢¥29°0¢ 7¢99€1'¢¢ 765¥.G°¢c 7¢0v9S9 '8}
2298/2'v1 36215801 00808} 2266268} 29981E°6} 2LL080°6} L2G9ci 6}
28€€2/712 260€88°L1 D08220°'6} 3¢LELY'¢c 5V 1021 €2 D¥6286°¢C 20€90L°EC
36¢069°¢¢ LEVCLE 6L 3.¥180°0¢ 169€C0vC L ¥/.8L9°EC 7V 1 .99V ¢ L 296G V¢
288219°0¢ 38266581 5456€5°1¢ DL8215°0C 566120°1¢ 16/.89€°€C ) 156588}
)E€86G2 12 '80L6YV°L) 3856116} 26/8.LY'¢c 1¢06GC°¢C 5LEVC6°¢C 51.E80°EC
'191 L.y €¢ 58¥6¥€°0¢ 386988°0¢ 7£85181¢ 3,0.82 ¢ 37€560°GC 26C161°GC
LEI8YL'G1 320€L8 L1 18V090° L L18VEB'GL LLI6OL'G) L22G26°91 L0289 LI
7V V981 LL090¥'S ) 21929891 5598256} 3065€0° 12 50¢85€°0¢ 1¢G8.L1°0C
16991122 799/6G°81 1L16.V°61 D66CLE°EC L¥6890°EC 7LL9VC V¢ LG2C96°EC

€
(37
LS
8
L
Ly
/9
0c
(37
62
14
14
68
19
€g
LE
14
€e
/9
8
62
av
cl
gl
e
6V
8
H
cl
i)
(A
o€l
el
0L
av
4
69
6
ac
12
S
€e
0c
14"
(37
8v
€
ge
9
/Lc
0€
e
€
6
29

00€v9¢L
00092tv9Y
00086.8¥
1000089 L1
0009625
0002928y
00041649
00040%€}
0004Ev9¢
0000809¢
00089159
0006£82S
00051506
I000L}1E6
00018209
000+vv IS
000966.}
000606¢€
000¥6099
000t2CLSE
00082182
0001¢599¢
000¥8..¢
1000€6V L1
000c.662
000t€18¢C
00081499}
00011659
000¢cl L6
000v2c s
1000£LE9LL
0000656}
000465V
000€6¥89
000¢cl6¢e
0006210}
0001€£0¢28
00004S.}
000088SG |
000592y
000S€0.E
0000cEce
000tcL62
0000697}
000¥9¢ce
000¢2c08¢
000FLOO}
000499.€
0006£526
000¥SESY
00096182
00059099
000.v6¢}
0009¥9v |
0004E56¥

LyE9

8L°L2¢
G186}
G8'LLIE
6900°6
/8°0¢}
68'8G}
12819
14554
9e'8El
€09°¢l
8v'Ldc
A4
16'891
¢8'00¢
8v1°'06
cl69l
€q'v8

SS9/l
€809
evl'a8
€eL'16
Le0'ce
L€9°09
/828
88'ILI
cov'Le
L9E

Yv.'8€
¢0'¢9¢
G8'€9¢
RIRHA
/8269
¢g'8l¢c
YXANNG
GG88's
G8'€G¢e
891'v¢
ev1'89
18201
66¢°El
GELLL
Syl

RIRHAN
LE'Gl¢e
8'vve

G0c9'L
c8 vl
€9°¢0¢
SL'ELt
¢8v0l
€91°'G.
€co’' L1
9€G'¢ce
6'lct

¢

¥¥9r00°0 991vE
G018}
g8c'Gl
L0v'8¢
6SLv}
9109}
¥€0€
99¢°¢tl
19°0€
V.. 91
989°0L
9€6'v}
69.°€C
LS6'vC
866°€C
[ WA*
999°v¢
Ll'¢e
9€0v¢E
8109}
ceg vl
(YA WES
€IS 1L
8v0°'Gl
90659
8L1°LI
2 181
v6'LL
Iy 62
€c9'¢c
€9r°'6¢
LELLL
684" LY
€€'89
819°GE
G000 687V}
S16°9Y
68699
e ad
88Y°El
V6.L°El
€06°'G}
LEOLL
Gc0'Sy
c0cve
66829
8€G¢l
HO'LL
6¢0'I¢
8cL'Iv
chi'le
€v90l
€v.'69
LEGE9
¥99°1¢

OO0 0000000000 00000000 OO0 00 o0 ooooooobo oo oo

I~
N~

O 00 0O 0000 OO0 OO0 OO0 0O oo oo

v'S
S'v9
¥'€9
(AR
60}
809
L'€9
L'6v
8'GE
9'€9
L'e
9'89
€89
VIS
09
g'eg
121
809
(SN4%
L
¥'69
L'ey
6'89
LS
(A7
€729
29
9l
1’82
8'0L
6'09
174017
8'v¢
L9¢
LYy
¢ol
6V
¢l
g'8¢
€89
6'9¢
209
G'8¢€
869
€y
¢'6¢
LGl
9'89
29
6€
G'LE
8'vg
8¢
€8
€69

178"
S'v9
¥'€9
AR
60l
809
L'€9
L'6¥
8'GE
g'€9
()
9'89
€89
V1S
09
g'eg
121
809
(4%
L
¥'69
L'EY
6'89
IS
(A7
€29
29
9'/¢
1’82
8'0L
6°09
eey
8'v¢
L'9¢
L'vy
¢ol
514
gL
¢'8¢
€89
6'9¢
209
9'8¢
8'69
ey
¢'6¢
LGl
9'89
L'29
6€
G'LE
8'vg
8¢
€8
€69

¥'a
S'v9
¥'€9
c'lg
14
809
L'€9
L'6v
8'GE
G'€9
L9
9'89
€89
VIS
£L09
G'€g
121"
809
(4%
L
69
L'ey
6'89
LS
(A7
€29
¢9
9'/¢
'8¢
8'0L
6°09
eey
8'v¢
L9¢
L'vy
¢ol
6v
VA
'8¢
€89
6'9¢
09
G'8¢
8'69
ey
¢'6¢
LGl
9'89
L29
6€
G'LE
8'vg
g'q
€8
€69

8

Gl
cl
Vi

cl
44

(0]8
el

cl
6l
Ll
8l

cl

Ll

cl
¢l

I

Gl
¢l
14

¢l
44

0]k
el

¢l
61
LI
81

¢l

yA

¢l
cl

I

Gl
cl
14

cl
9

ol
el

cl
61
L
81

cl

yA

cl
al

sOO\BWQ
L1Sdy
21Sdy
9sdy
ov1dy
€2sdy
vesdy
92sdy
2g1dy
91sdy
1-0/9SH
€g1dy
8sdy
€11dy
611dy
v21dy
LdAD
/Sdy
g1dy
JOH
Le1dy
€sdy
ld1dy
¥2sdy
62Sdy
£1sdy
€69
v/2Sdy
MII-0d1dY
6Sdy
veeg1dy
#-0/0SH
09de
epdy
oY
[e[o]
€1dy
eydje-dey
Gedy
02sdy
110e-Ad@
/21dy
G1Sdy
¥1dy
0d1dy
L=
B00Y
81sdy
v811dy
ZSoN
11dy
e/g1dy
89dsH
Gpoy
g11dy

2D0.18D 200180141 2D018D141)S 8589 | )S.L17666°
996300 g63001ds g63001ds3188050°L I156870°C
¥0/21dy0..1d1ds 7021 dIdS L LS0CYE | 526E004'C
/2£62d /2c62dlds 12e62dIds 52e€2S L | 7€85801°C
LOL8Ld IMALZOMY IMAMZDIAL6LG00S°C 52910512
2NE18D +90VO0V I #90VOV 41 92259Se | 70v9.LL L'
0£855d DE€8SSdIds DE8SSIAS 3165891 L D2ET61LE 2
800€ Ld /¥Od6INHY . ¥DdBINI L618LLE L 3EG912e S
/880Gd /8805d1ds 18805dIds #8812 | 1002E€22 2
/E€2M6D 790V0V 1} #90V0V 41 L2895eE | 3LGL.LYe e
£¥862d 2862dIds 5+862dIdS 786€6.E" | 30€58.¢°C
6518¥d 55 187dIds 5G18¥dIdS3920L0€ | 1.2.€82°C
8ATINSD [Y90VO0V 1} [F90VOV I 21L02E8T | LL6LLCE S
92 1vd D44d6N I D44dBIN 410969852 L 22e9e e
1¥29€d 1 #29€d10S 1 #29€d1dS L#SEILE L D20LLLY'C
9APABD 1903rZX 41 1903 rgX 141 )0E2882 | 39662V S
£0052d 10052d1ds 10052d1ds LL19/8€" | L€6.G9S1'C
LBVABD)ILINISOMIZINISDMIILE LIED L 22¥S8ES S
8HSMBD 76,064 6,064 1413L£522S | 70EVY.S'C
80YA6D DYA6DIds DY ABDIS 517£558°0 28690852
L6SNBD 65A\6DIdS .6SA6DIASLL92EL9°L 7817885
655900 ZVENED I ZVEINED 1 3956291 | 9029199°C
0/580d 5M9d6IN 1 519d6IN4138086 1L | 2G6VEEL S
622M6D 322MBD 111 522MBD 141 7788201} | L9652 L 'C
69HABD O0VOV 1 ¥O0VOV 413622 L L€ 5ELGYS.L'C
¥€€€00 10S6Mr2X 1} I0G6M2X 14135290 | 5829€9.°C
8NYS6D 3NHS6D M 3NHS6DI .29V L0E L LLYY6.LL'C
/S€G1d/GeS IS 1GES LIS 72S6.9Y | 53L0LL6L°C
LOIMLD /O INLOMV LD IMLOIMLOY6ESL'C 72€90.8°C
GE6SSd IMNSIDMMNSIDIHIZEIELSI' L 5.989€6°C
8YO0MBD 3YOMBDM1YOMBDI3L60LEL L J08LPL6°C
Ly LLEd SV G2V 12013261 LEL | 52L5600°E
081M.D 08IMLDM 08 IMLDH1 32691801 D286950°€
L1S¥6D ! 1S5¥6DI1ds | 15#6D1dS 3656698 | 39,865 1€
079810 :00d6IN I L.ODd6INI 2G0L6 LE'E 37280LL'E
ZIUMLO MO LI MO LI GEEBL 80 20€1€22 '€
/6/910!6/9101ds!6/9101ds 38171252 32¥8192°E
GSPABD [GSYABDHI GSYABDI3LL2070" | 30662 LEE
667M6D 367MBD 11 367 MBDI41 5261825 | 38ES18E°E
8285Gd 32855dIds 32855dIds 5/82LL2'¢ L€2SL8E'E
60MA6D OMABDIAS DMA6DIAS 3210Ley 2 36v.2eh €
GNEABD SNGABDIM SNGABDI PP LLOY | 2€0961LG°E
ZMZMZOZMZI LD ZMZIMLO141)1L6808E" | L2866 1GE
08160d D8160dIds D8160dIdS3.¥262.L°2 L 169.ESE
6886 Ld )/Dd6INHIILDLBINI 7SLEVLE | 3LOLEVS'E
22ZN\6D 22ZN\BDIM 22ZN6DI42196.18°0 389E1SS'E
FASMBD ISOVIZX 1 ISOVIeX 1 3905516°0 D66£09G '€
¥601¥d y6017d1ds 7601 ¥dIds L £¥52G2 ¢ DSE609S'E
€601¥d 2601¥dIdS 60 L 7d|ds 3+S028Y'C )re858S €
669180 |S6DI8DI |S6DI8DI41).62289°0 7S6065 '€
2229vd v90VO0V I #90VOV I VL LYEE 2 Z00EV 19°E
8XXA6D 3SHd6IN 1 3SHABN I LESLLBE ' 3€92699°€
G21/60521/60I1ds5212601dS26.2969 | 3.62699°C
ErZA6D EMrZABDM EMrZABDII 3L 18Y'C 3L0€6.9°€
YESAB0 IWHABWIHHINHJBINI 7€82EEY ' 7250L0L°E€



/. List of academic teachers

My academic teachers at the Philipps-University Marburg were:

Adamkiewicz, Adhikary, Aigner, Arenz, Bartsch, Bauer, Bauer, Baum, B6hm, Brandt,
Brehm, Bremmer, Buchholz, Daut, Decher, Dietrich, Einhduser-Treyer, Ellenrieder, El-
sésser, Fritz, Garten, Greiner, Grosse, GroBmann, Grzeschik, Hagemann, Hanze, Hev-
erhagen, Heyd, Jacob, Kauser, Kinscherf, Klingmudller, Lauth, Lill, Lillig, Loh&fer, Lohoff,
Maisner, Mandic, MeiBner, Milani, Mihlenhoff, Muller, Miller-Briisselbach, Ocker, Oliv-
er, Pfestroff, Plant, Preisig-Muller, Puccetti, Reinartz, Schéafer, Schmeck, Schiitz,
Steinhoff, Stiewe, Subtil, Suske, Voigt, Westermann, Wrocklage



Ill. Acknowledgements

This thesis would not have been possible without the contribution and support of
many dear people.

First and foremost | want to thank Prof. Dr. Alexander Brehm for providing the fi-
nancial and thematic framework and the infrastructure that made this thesis possible.
But, more importantly, | want to say thank you for his continuing support and mentor-
ship, his trust, and his brilliant ways of teaching!

Thanks to Prof. Dr. Sven Bogdan for his report on this thesis.

| am grateful to everyone who, over the years, added to the very nice working envi-
ronment at the Brehm lab, especially Dr. Stephan Awe, Dr. Karim Bouazoune, Dr.
Kristina Kovag, Dr. Igor Macinkovié, Dr. Ikram Ullah, Joanna Brihl, Ulla Kopiniak, Karin
Theis, Bernhard GroB, and Elisabeth Schneider. Thank you for every advise, practical
help and our productive discussions.

I am thankful to Dr. Robert Liefke, Prof. Dr. Olalla Vazquez, Dr. Lea Albert, Dr. Hart-
mann Raifer, Prof. Dr. Nancy Fossett, Dr. Tsuyoshi Tokusumi, Prof. Dr. Klaus Forste-
mann and his lab staff, Prof. Dr. Thorsten Stiewe, and Dr. Andrea Nist for their contri-
bution to the U-shaped publication and the very pleasant and fruitful cooperation.

Likewise, | want to thank everyone involved in publishing our results on dCoREST
complexes, especially Dr. Igor Maginkovic.

| want to thank all members and organizers of the TRR81 research network “Chro-
matin changes in differentiation and malignancies” for providing an excellent scientific
environment with productive discussions and input.

A special thanks goes to my dear friends and lab colleagues, who all shared and
shouldered my everyday lab life: Igor, Kristina, Sara, Lisa, Sabrina, Clara. Thank you
for your support!

| also want to thank all students | had the pleasure of supervising during my thesis
work. Especially Julia, Sam, and Laura, who brought me forward in critically reflecting
on experiments, results, and approaches.

Finally, I want to thank my friends and family for keeping me grounded and for car-
ingly distracting me from and encouraging my work in equal measures. Especially |
want to thank my parents, who always support and believe in me. Thank you!



	Table of contents
	List of abbreviations
	1. Introduction
	1.1. Cell identity and transcription
	1.2. Chromatin structure and gene expression
	1.3. Histone modification and chromatin remodeling
	1.4. Developmental functions of the chromatin regulator NuRD
	2. Ush regulates hemocyte-specific gene expression, fatty acid metabolism and cell cycle progression and  cooperates with dNuRD to orchestrate hematopoiesis
	2.1. Introduction
	2.1.1. Hematopoiesis and immunity in Drosophila melanogaster
	2.1.2. U-shaped, a transcriptional regulator of hematopoiesis
	2.2. Synopsis of results
	2.3. Discussion
	2.3.1. Transcriptional regulation by Ush
	2.3.2. Ush isoforms and the FOG repression motif
	2.3.3. NuRD recruitment by FOG repression motif containing proteins
	2.3.4. Ush and hemocyte proliferation
	2.4. Contribution statement
	3. Distinct CoREST complexes act  in a cell-type-specific manner
	3.1. Introduction
	3.2. Synopsis of results
	3.3. Discussion
	3.3.1. Cell type specificity of dCoREST-containing complexes
	3.3.2. Significance of dCoREST as subunit of chromatin-modifying complexes
	3.4. Contribution statement
	4. Summary
	5. Zusammenfassung
	6. References
	Appendix

