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Abstract

Il. Abstract

Hematopoietic stem cells (HSCs) are characterized by two unique features, the ability to
self-renew and to differentiate, that are tightly controlled by transcription factors functioning in
concert with epigenetic regulators. The histone methyltransferase SETDBL1 is known for its
role in epigenetic silencing. Studies of SETDB1 during early development and in different
cellular systems pointed to a pivotal role of this histone methyltransferase enzyme in the
maintenance of cell identity and genome integrity. SETDB1-mediated silencing of endogenous
retroviruses is well-established; however, there is a poor understanding of its role in gene
regulation. Besides, the questions of how and by which mechanisms SETDB1 regulates HSC
self-renewal, and lineage specification remained mostly unanswered. Here, we show that
ablation of Setdbl in the fetal liver HSCs (Setdb1'®¥) generates a progressive phenotype from
fetal to postnatal. Increased fetal liver long-term hematopoietic stem cells (LT-HSCs) number,
enhanced cycling, and normal survival of these cells is followed by enhanced apoptosis and
subsequent depletion of LT-HSCs at the postnatal stage, which is indicative of “stem cell
exhaustion,” leading to hematopoiesis failure and postnatal lethality. Setdbl-deficient
hematopoietic stem and progenitor cells (HSPCs) display compromised lymphoid lineage
differentiation and enhanced myeloerythroid output. Despite the expansion of Setdbl'®
HSPCs, they generate fewer and smaller colonies in vitro and fail to repopulate the bone
marrow in competitive transplantation experiments, in part, due to the compromised homing
potential. Coherently, HSC gene signature and gene sets implicated in cellular communication
and homing downregulated in Setdbl'® HSPCs. Strikingly, we observe substantial
downregulation of critical regulators of lymphoid development in Setdb1'?¥ HSPCs, whereas
myeloerythroid lineage affiliated genes show upregulation. Direct silencing function of SETDB1
in fetal liver HSPCs is attributed to the deposition of the H3K9me3 mark on the promoters of
non-hematopoietic genes and retrotransposons. Interestingly, we further showed that SETDB1
loss changes the chromatin state toward a more accessible state, as demonstrated by the
higher number of ATAC peaks in Setdbl'® LSKs, which is the direct consequence of
H3K9me3 hypomethylation. Specifically, the accessible chromatin regions containing PU.1
and CTCF motifs embedded in ERVs (class Ill) and B3 subfamily of B2 SINEs
retrotransposons, respectively, lost the H3K9me3 mark. Surprisingly, significantly deregulated

genes neighboring these putative motifs are associated with the hematopoietic phenotype.

In conclusion, we demonstrated that Setdbl deletion in FL HSPCs generates a unique
phenotype compared with the adult counterparts, which is the loss of HSPCs identity and
skewed differentiation toward myeloerythroid lineage. Beyond gene promoters and

retrotransposon silencing, SETDBL1 fine-tunes gene expression by organizing the chromatin
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accessibility through deposition of H3K9me3 at inappropriate PU.1 and CTCF motifs. Putative
binding of TFs, especially CTCF, to their corresponding unprotected motifs in the absence of
Setdbl, lead to transcriptional changes, which at least in part, underlies the compromised

HSPCs function and skewed lineage specification.
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I1l. Zusamenfassung

Hamatopoetische Stammzellen (HSZ) zeichnen sich durch zwei einzigartige Fahigkeit
aus, die zur Selbsterneuerung und die zur Differenzierung. Beide werden durch
Transkriptionsfaktoren, die zusammen mit epigenetischen Regulatoren wirken, streng
kontrolliert. Die Histonmethyltransferase SETDBL1 ist fur ihren Beitrag zur epigenetischen
Stilllegung bekannt. Studien an SETDB1 wahrend der frihen Entwicklung und in
verschiedenen zellularen Systemen zeigten eine zentrale Rolle dieser Histon-
Methyltransferase bei der Aufrechterhaltung von Zellidentitdt und Genomintegritat. Die
SETDB1-vermittelte Stilllegung endogener Retroviren ist bestens bekannt. Beztglich ihrer
Rolle in der Genregulation mangelt es jedoch an Verstandnis. Au3erdem blieben die Fragen,
wie und durch welche Mechanismen SETDB1 die HSZ-Selbsterneuerung und die
Spezifikation der Abstammungslinien reguliert, gréf3tenteils unbeantwortet. Hier zeigen wir,
dass die Entfernung von Setdbl in den HSZ der fétalen Leber (Setdb1'®) einen progressiven
Phanotyp von fotal bis postnatal erzeugt. Erhéhte LT-HSZ Zahlen in der fétalen Leber, ein
erhohter Zyklusdurchlauf und ein normales Uberleben dieser Zellen werden von erhohter
Apoptose und einer anschlieenden Abnahme von LT-HSZ im postnatalen Stadium gefolgt.
Dies weist auf eine ,Stammzellenerschépfung” hin, die zum Versagen der Hdmatopoese und
einer postnatalen Letalitdt fihrt. Setdbl-defiziente Stamm- und Progenitorzellen (HSPZ)
zeigen eine beeintrchtigte Differenzierung der lymphoiden Linien und eine verbesserte
Myeloerythroid-Produktion. Trotz der Expansion von Setdbl1'®-HSPZ erzeugen sie in vitro
immer weniger Kolonien und kdnnen das Knochenmark in  kompetitiven
Transplantationsexperimenten nicht neu bevdlkern, was teilweise auf das beeintrachtigte
Homing-Potenzial zuriickzufiihren ist. Damit zusammenhangend sind die HSZ-Gensignatur
und die Gensétze, die an der zellularen Kommunikation und dem Homing beteiligt sind, in
Setdb1¥®-HSPZ herunter reguliert. Bemerkenswerterweise beobachten wir bei Setdblv#'-
HSPZ eine erhebliche Expressionsminderung kritischer Regulatoren der
Lymphoidentwicklung, wéhrend Gene, die mit der Myeloerythroid-Linie verbunden sind, eine
Hochregulierung aufweisen. Die direkte Stummschaltungsfunktion von SETDB1 in fotalen
Leber-HSPZ wird auf die Anreicherung der H3K9me3-Markierung auf den Promotoren nicht
hamatopoetischer Gene und Retrotransposons zurlickgefiihrt. Interessanterweise haben wir
weiter gezeigt, dass der Verlust von SETDB1 den Chromatin-Zustand in einen zugénglicheren
Zustand andert, wie die hohere Anzahl von ATAC-Peaks in Setdb1"®-LSK, als direkte Folge
der H3K9me3-Hypomethylierung, zeigt. Insbesondere die H3K9me3-Markierung an
zugéanglichen Chromatinregionen, die PU.1- und CTCF-Motive enthielten, wie die in ERVs

(Klasse Ill) bzw. B3-Unterfamilie von B2 SINEs-Retrotransposons eingebetteten, gingen

Vi
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verloren. Uberraschenderweise sind signifikant deregulierte Gene, die diesen mutmaRlichen

Motiven benachbart sind, mit dem hdmatopoetischen Phanotyp assoziiert.

Zusammenfassend haben wir gezeigt, dass die Deletion von Setdbl in FL-HSPZ im
Vergleich zu den adulten Gegenstiicken einen einzigartigen Phanotyp erzeugt, der den Verlust
der Identitdt von HSPZ und die verzerrte Differenzierung zur myeloerythroiden Linie darstellt.
Uber Genpromotoren- und Retrotransposon- Stilllegung hinaus optimiert SETDB1 die
Genexpression, indem es die Zuganglichkeit des Chromatins durch Ablagerung von H3K9me3
an ungeeigneten PU.1- und CTCF-Motiven organisiert. Die mutmafliche Bindung von TFs,
insbesondere CTCF, an ihren entsprechenden Motiven in Abwesenheit von SETDBL1 fihrt zu
Transkriptionsdnderungen, die zumindest teilweise der beeintrachtigten HSPZ-Funktion und

der verzerrten Abstammungsspezifikation zugrunde liegen.

vii
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1. Introduction

1.1. Hematopoiesis: development and regulation

1.1.1. From embryo to adult: development of hematopoiesis in mice

The hematopoietic system is the complex system involved in the continuous creation of
blood cells in different organs and tissues during development. The detailed studies of the
process of hematopoietic development have been started in the early 1900s (Clark, 1909;
Stockard, 1915; Sabin, 1920). Ever since, our understanding of this complex developmental

system has expanded through several milestones.

In mice, the development of the hematopoietic system occurs in two waves: (1) primitive
hematopoiesis; and, (2) definitive hematopoiesis (Figure 1.1). The first wave of hematopoiesis,
primitive hematopoiesis, also known as embryonic hematopoiesis initiates at embryonic day
(E) 7.0-E9.5 in the yolk sac blood islands which mainly produces primitive embryonic
erythrocytes and some myeloid cells with no lymphoid potential (Moore and Metcalf, 1970;
Palis et al., 1999; Lux et al., 2008). The major function of erythrocytes which are nucleated
and express fetal hemoglobin, is to facilitate oxygen transport to the fast-growing embryonic
tissues (Barker, 1968; Steiner and Vogel, 1973) The primitive hematopoiesis has short-term
reconstituting potential (Cumano et al., 1996); therefore, it is soon followed by definitive
hematopoiesis. At E9.5-E10.5, the first definitive hematopoietic stem cells (dHSCs) emerges
in the aorta-gonad-mesonephros (AGM) region. dHSCs isolated from the AGM region have
the long-term and autonomous capacity to generate adult-type hematopoietic cells upon
transplantation to wild type irradiated recipients (Medvinsky and Dzierzak, 1996).
Subsequently, definitive hematopoiesis continues with the colonization of other hematopoietic
organs. In parallel with the AGM region, at E10.5-E11.0, placenta harbors dHSCs. The
placental dHSC pool increase dramatically by E12.5 and decrease afterward upon peak
migration of dHSCs to the next hematopoietic site, the fetal liver (FL) (Mdller et al., 1994;Godin
and Cumano, 2002; Gekas et al., 2005; Ottersbach and Dzierzak, 2005). The onset of
hematopoiesis in the FL occurs as early as E10 (Houssaint, 1981). The immature
hematopoietic cells and macrophages are detected by light and electron microscopy, as
showed by Sasaki and his colleague (Sasaki and Sonoda, 2000). At E11, the first dHSCs arrive
in the FL from the placenta and AGM region (Muller et al., 1994; Gekas et al., 2005). However,
Kieusseian et al. present a new developmental stage in HSC development during FL
hematopoiesis. They show that FL is colonized primarily at E9.0 by erythro-myeloid progenitors

directly from the yolk sac followed by migration of immature HSCs from para-aortic
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splanchnopleura (P-Sp), an intraembryonic region that evolves into AGM region later, and
AGM region at E10. Moreover, they characterized these immature HSCs by phenotype and
reconstitution potential. Importantly, they give rise to HSCs in situ (Kieusseian et al., 2012).
From E11-E12, hematopoietic compartment expands in the FL, which is mainly comprised of
the formation of erythroblasts islands, leading to erythroid development after E12 (Sasaki and
Sonoda, 2000). Concomitantly, lymphoid progenitors migrate from FL and seed fetal thymus
around E11 (Kawamoto et al., 1998; Kawamoto et al., 1999; Douagi et al., 2002).

AGM
\ Placenta
E7.0 E9.5 E10.5 EM E15 E17.5 Birth Postnatal Adult
Primitive Definitive l 1 1

l

Figure 1.1 | Timeline of hematopoiesis in mice

The development of the hematopoietic system in mice initiates at different time points and locations.
Hematopoiesis occurs in two waves, the primitive and definitive hematopoietic waves. The primitive wave
mainly generates erythroid progenitors, while the definitive wave gives rise to the hematopoietic stem cells
(HSCs) to ensure lifelong maintenance of hematopoiesis. AGM, aorta-gonad-mesonephros; E, embryonic day.
Figure is modified from (Wang and Wagers, 2011).

The peak of FL hematopoiesis initiates from E12.5-E15.5 when the FL is the primary
active site of hematopoietic development. HSC pool expands massively and reaches a
maximum of ~1000 HSCs around E15.5. HSCs undergo commitment and differentiation to
generate the first single-potent progenitors and differentiated cells, respectively, fueling the
hematopoietic system in the growing embryo. By E15.5-E16.5, HSC production in the FL hits
the plateau and decreases (Morrison et al., 1995; Ema and Nakauchi, 2000; Gekas et al.,
2005). Around E15, FL HSCs seed fetal spleen (Sasaki and Matsumura, 1988). After that,
HSCs activity increases until E17.5 (Christensen et al., 2004). However, the HSC pool resides
in the fetal spleen until two weeks after birth (postnatal), contributing to hematopoiesis during

the hematopoietic site transition from FL to bone marrow (BM) (Wolber et al., 2002;
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Christensen et al., 2004). Moreover, spleen provides an additional site for erythropoiesis and
myelopoiesis during fetal and postnatal life (Djaldetti et al., 1975; Bertrand et al., 2006).

Upon development of the skeletal system, functional circulating HSCs of FL origin home
to the fetal BM at E17.5. Engraftment and proliferation of HSCs in the newly generated fetal
BM niche ensures hematopoietic system establishment at this stage (Christensen et al., 2004;
Gekas et al., 2005). The shift of hematopoietic development from FL to fetal BM marks the
final transition of the hematopoietic site where BM maintains hematopoiesis until after birth,

postnatal, and later during adult life.

1.1.2. Hematopoietic hierarchy

Pioneering studies that proposed the concept of hematopoietic stem cell initiated around
60 years ago by Till and McCulloch. They provided the first evidence that a single progenitor
exists in the adult BM and is potent for self-renewal and multi-lineage differentiation. They
observed the formation of colonies in the spleen of irradiated recipient mice ten days after
transplantation with BM cells (Till and McCulloch, 1961; Wu et al., 1968)

Upon development of new technologies, in 1988, purification of mouse adult BM HSCs
becomes possible using fluorescence-activated cell sorting (FACS) and monoclonal antibodies
(Muller-Sieburg et al., 1986; Spangrude et al., 1988). The Weissman lab was first to enrich the
HSC population characterized by Thy-1°% Lin~ Sca-1* surface markers. They further
demonstrated that these cells are capable of long-term reconstitution of the hematopoietic
system after transplantation into the lethally irradiated mice (Spangrude et al., 1988). Ever
since, different surface markers identified to optimize HSCs purification including CD34, c-kit,
and SLAM (signaling lymphocyte activation molecule) markers (lkuta and Weissman, 1992;
Kiel et al., 2005; Oguro et al., 2013). In 1994, Weissman lab showed that the Thy-1°" Lin- Sca-
1* population could be fractionated based on the expression of the lineage markers Macl and
CD4 to three populations: long-term hematopoietic stem cells (LT-HSC), short-term
hematopoietic stem cells (ST-HSC) and multipotent progenitors (MPP). They demonstrated
that ST-HSC sustained transient reconstitution potential, while the MPP population lost the
self-renewal potential of HSCs (Morrison and Weissman, 1994). Later studies demonstrated
that the enrichment of HSC cells in CD34™°% ¢-Kit* Sca-1* Lin~ population is enough for long-
term myelolymphoid reconstitution in lethally irradiated mice upon single-cell transplantation
(Osawa et al., 1996). Further studies identified the presence of hematopoietic intermediate
progenitors comprised of common lymphoid progenitors (CLP), common myeloid progenitors
(CMP), Granulocyte-monocyte progenitors (GMP), and Megakaryocyte-erythrocyte

progenitors (MEP). However, later studies questioned the presence of CMP by identification

3
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of FLT3" CD34" c-Kit* Sca-1* Lin lymphoid-primed multipotent progenitors (LMPPs). Gene
expression profiling of these population revealed a gradual decrease in the Megakaryocyte-
erythrocyte (MKE) transcriptional initiation, an increase in lymphoid specific gene expression,
and maintained Granulocyte-monocyte (GM) transcriptional initiation from LT-HSCs to LMPPs.
Interestingly, the LMPPs were defined during FL hematopoiesis (Mansson et al., 2007). In
parallel, heterogeneity in the MPP population demonstrated using different surface marker
combinations (Akashi et al., 2000; Adolfsson et al., 2005; Pietras et al., 2015).

The tree-like hierarchical model of hematopoietic system in mouse has been shaped by
Weissman lab to demonstrate the relationship between HSCs, their immediate progenitors,
and the sequential differentiation process (Morrison et al., 1997; Akashi et al., 2000; Manz et
al., 2002). In this classical model, HSCs, at the apex of the hierarchy, go through a series of
stages comprised of multipotent, bipotent, and unipotent progenitor cells. In this process, the
self-renewal and lineage potential is restricted in a stepwise manner. Each stage encompasses
cells with defined immunophenotype and binary lineage branchpoint, which shapes a tree-like

hierarchical model (Figure 1.2).

This model considers HSCs to be functionally homogeneous cell population which carry
a balanced differentiation potential. However, this model has been challenged thanks to the
recent advances in the functional and transcriptomic analysis at the single-cell level,
suggesting that lineage commitment already occurs in HSC or MPP compartments (Mercier
and Scadden, 2015; Paul et al., 2015; Notta et al., 2016; Karamitros et al., 2018).

The establishment of either of the models is mainly based on the phenotypic, functional,
and transcriptomic analysis of hematopoietic compartments in the adult BM. Since the very
first HSCs differentiation takes place in the FL, several studies sought to characterize the
hematopoietic cell populations in the FL. The presence of HSCs in the FL was first
demonstrated by the identification of labeled clones derived from retrovirally-marked HSCs
after transplantation in unirradiated adult mice (Capel et al., 1990; Jordan et al., 1990). Using
comprehensive flow cytometry-based cell separation and transplantation experiments, Akashi
and his colleagues characterized the intermediate progenitor cells in the FL analogous to the
phenotypically defined progenitor cells in the adult BM (Mebius et al., 2001; Traver et al.,
2001). Moreover, SLAM markers allowed for the high purification of FL HSCs as of the BM
counterparts (Kim et al., 2006). Taken together, the classical model of the hematopoietic
hierarchy is conserved in the FL. However, several developmental differences exist between
FL and BM HSCs.
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Figure 1.2 | Hierarchical model of hematopoietic system

Maintenance of the hematopoietic system is dependent on the self-renewing HSCs at the apex of the
hematopoietic hierarchy. HSCs are divided based on the temporal reconstitution potential to LT-HSCs and ST-
HSCs. HSCs give rise to MPPs, providing the bifurcation point toward either lymphoid lineage or
myeloerythroid lineage. The formation and survival of HSCs depend on the combinatorial function of TFs at
the onset of both primitive and definitive hematopoiesis. Moreover, several other TFs demonstrated to have a
prominent role in the maintenance of HSCs during fetal and adult hematopoiesis. Upon lineage commitment,
the generation of each population depends on the expression of one or a combination of several TFs. LT-HSC,
long-term hematopoietic stem cell; ST-HSC, short-term hematopoietic stem cell; MPP, multipotent progenitors;
LMPP, lymphoid-primed multipotent progenitor; CLP, common lymphoid progenitor; CMP, common myeloid
progenitor; GMP, granulocyte—monocyte progenitor; MEP, megakaryocyte—erythrocyte progenitor. Figure is
modified from (Manz and Boettcher, 2014).

1.1.3. Developmental changes in hematopoietic stem cell characteristics from

fetal to adult

The difference in biological characteristics between fetal and adult hematopoietic cells
was revealed by detecting the clones of differentiating hematopoietic cells (CFU-S) in the
spleen of irradiated mice, two weeks after transplantation (Till and McCulloch, 1961). CFU-S
assay quantitively demonstrated that fetal cells bear higher cycling activity, which is in contrast
with the very low cycling life of adult CFU-S (Becker et al., 1965). Moreover, the repopulating
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potential of fetal CFU-S was much higher than adult CFU-S after transplantation in the
irradiated recipient mice (Schofield, 1970).

During the development of HSCs from FL to adult BM, several phenotypic and functional
changes occur (Table 1.1). As long as phenotypic differences are concerned, FL HSCs
express AA4.1 (CD93), Mac-1 (CD11b), and CD34 surface markers, while adult BM HSCs do
not (Jordan et al., 1990). In addition, FL HSCs transiently express VE-cadherin (CD144) at
E13.5to E16.5 (Kim et al., 2005). Apart from the phenotypic differences, fetal and adult HSCs
bear functional differences. First, FL HSCs demonstrate high cycling activity, while the adult
BM HSCs are mainly in a quiescent state. The fraction of cycling HSCs drops from almost
100% in the FL to around 10% in the adult BM (Fleming et al., 1993; Morrison et al., 1995;
Bowie et al., 2006). Importantly, the cycling status of HSCs showed to be independent of the
location of the HSCs as the fetal HSCs remain in the cycle from FL to the BM until three weeks
after birth when they precipitously become quiescent in the period of one week, highlighting
the presence of an intrinsic mechanism which regulates this timely developmental switch
(Bowie et al., 2006; Bowie et al., 2007). One of the mechanisms suggested to play a role in
modulating this switch is the decrease of C/EBPa expression in a developmentally regulated
manner. C/EBPa-deficient adult HSCs acquired the FL HSCs characteristics in terms of cell
cycle status and transcriptional profile, suggesting an inhibitory impact for C/EBPa on the
HSCs cell cycle (Ye et al., 2013). Second, another differentiating feature is the self-renewal
potential. The rate at which the E14.5 FL HSCs regenerate hematopoiesis is higher compare
to BM HSCs (Bowie et al., 2007; Rebel etal., 1996a; Rebel et al., 1996b). In addition, FL HSCs
demonstrate superior regenerative activity in competitive repopulating unit (CRU) assay to that
of BM (Pawliuk et al., 1996). Interestingly, this property changes simultaneously with the
decrease in the cell cycle activity between 3 and 4 weeks after birth (Bowie et al., 2007). Third,
not only the self-renewal potential is timely regulated, but also the lineage output potential
undergoes the developmental changes. FL HSCs generate ~twofold higher granulocytes and
monocytes (Macl* and/or Ly6g*) upon transplantation, while the contribution of the adult BM
HSCs to lineage reconstitution is balanced (Bowie et al., 2007). Forth, it was shown that FL
HSCs divisions are symmetrical, while adult BM HSCs divide asymmetrically, explaining the
substantial number of FL HSCs as compared with BM HSCs (Morrison et al., 1995; Takano et
al., 2004). Lastly, it was shown that the strikingly cycling FL HSCs require substantially different
metabolic pathways for energy production. Adult BM HSCs are mainly fueled by glycolysis.
During differentiation, the decrease in glycolysis is accompanied by an increase in oxidative
phosphorylation (OxPhos) (Suda et al., 2011; Klimmeck et al., 2012). Intriguingly, a recent
study revealed that, in addition to glycolysis, FL HSCs use OxPhos to generate ATP efficiently

and to fuel their tremendous expansion. In this study, FL HSCs showed a remarkably higher
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level of OxPhos, and citric acid cycle (TCA) gene expression compared with BM HSCs
(Manesia et al., 2015).

Table 1.1 | Phenotypic and functional differences between fetal liver and adult bone marrow HSCs

Property Fetal liver HSC Adult bone marrow HSC References

Surface marker AA4.1 (CD93)* AA4.1 (CD93) - (Jordan et al., 1990)
Mac-1 (CD11b) * Mac-1 (CD11b) - (Kim et al., 2005)
CD34* CD34
VE-cadherin (CD144) *  VE-cadherin (CD144)"

Proliferation activity Cycling Quiescent (Fleming et al., 1993)

(Morrison et al., 1995)
(Bowie et al., 2006)

Regenerative activity Superior Normal (Pawliuk et al., 1996)
Lineage output potential Myeloid biased Balanced (Bowie et al., 2007)
Cell division mode Symmetrical Asymmetrical (Morrison et al., 1995)
(Takano et al., 2004)
Metabolic pathway Glycolysis Glycolysis (Suda et al., 2011)
Oxidative (Manesia et al., 2015)
phosphorylation
(OxPhos)

1.1.4. Mechanisms to regulate hematopoietic stem cell function

The two unigue and opposing functions of HSCs — self-renewal capacity and multilineage
differentiation — are regulated by coordinated mechanisms encompassing extrinsic and
intrinsic factors. Extrinsic factors refer to the specialized cells and factors that create the
microenvironment or ‘niche’ while intrinsic factors concern transcription factors and epigenetic

mechanisms.

In 1978, Schofield proposed the concept of the niche. He described that the input from
microenvironment or ‘niche’ is required for both primitive and definitive hematopoiesis and that
the behavior of HSCs is determined by its association with other cells (Schofield, 1978). Today,
the niche includes signals harmonized in a spatially and temporally dependent manner. Such
signals are provided by specific cells and soluble molecules. During definitive hematopoiesis,
colonization of FL depends on the expression of CXCL12 chemokine (SDF1) by FL stromal
cells and its ligand CXCR4 (CD184) by HSCs (Nagasawa et al., 1996; Ma et al., 1998; McGrath
et al., 1999). Besides, production of SCF cytokine by stromal cells and expression of its
receptor c-Kit (CD117) on the surface of HSPCs showed to be an essential mechanism for
HSCs function and homing (McCulloch et al., 1965; Broxmeyer et al., 1991; Christensen et al.,
2004). Moreover, FL stromal cells produce Insulin-like growth factor 2 (IGF2) and angiopoietin-
like factors, which are essential for HSCs function (Zhang and Lodish, 2004; Zhang et al.,
2006). Additionally, fetal HSCs migration and engraftment rely on the adhesion such as a4

integrin, neural cadherin (N-cadherin), and osteopontin (Qian et al., 2007; Toyama et al., 2012;
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Cao et al., 2019). Likewise, responsible mechanisms for homing and engraftment of HSCs to
the BM include CXCR4/CXCL12, cKit/SCF, Ang-1/Tie2, and signaling pathways (Frenette,

2008). Extrinsic pathways meet to activate the expression of hematopoietic TFs.

TFs serve as the significant intrinsic determinants involved in HSCs development,
function, and lineage-restricted differentiation (Orkin, 2000). The implication of TFs in
hematopoiesis regulation has been determined through gene knock out strategies (Rossi et
al., 2012). The important TFs governing the early stage of the HSCs formation and primitive
hematopoiesis include SCL/TAL1, LMO2, and FLI-1 (Robb et al., 1995; Yamada et al., 1998;
Manaia et al., 2000; Robertson et al., 2000; Goéttgens et al., 2002). Complete deletion of the
Scl/Tall, the helix-loop-helix transcription factor, leads to the embryonic lethality and defective
fetal HSC production (Robb et al., 1995; Shivdasani et al., 1995). The development of HSCs
depends on SCL already in the yolk sac (Robb and Begley, 1997). However, SCL remains
essential for megakaryocyte and erythroid development in the adult mouse (Hall et al., 2003).
LIM-only TF LMO2 was found to be fundamental in primitive erythropoiesis and also in
definitive hematopoiesis (Yamada et al., 1998). In developing hematopoietic and endothelial
cells, Fli-1 is expressed (Truong and Ben-David, 2000; Vlaeminck-Guillem et al., 2000). The
Fli-1 mutation is embryonically lethal and show an impaired mature megakaryocytes
production which leads to hemorrhage in the central nervous system, implying the role of FLI-
1 in the hematopoiesis regulation (Hart et al., 2000; Spyropoulos et al., 2000). Moreover, FLI-
1 jointly with GATA2 and ELF-1 was found to be part of an enhanceosome crucial for the
transcription of the Scl gene and establishment of the HSC formation transcriptional program in
vivo (Gottgens et al., 2002). The two critical TFs involved in the definitive hematopoiesis
include GATA2 and RUNXL1 (Tsai et al., 1994; Wang et al., 1996). GATA2 modulates the
generation, development, and survival of HSCs during definitive hematopoiesis. Gata2
deletion in mice leads to embryonic lethality, and ES cells generated from Gata2 knockout (ko)
mice showed impaired production of hematopoietic cells in transplanted mice (Tsai et al., 1994;
de Pater et al., 2013). Moreover, GATA2 regulates the proliferation and cell cycle progression
of hematopoietic stem and progenitor cells (Tsai and Orkin, 1997). Deletion of Gata2 and
Runxl using VE-cadherin/cdh5 (Cre) revealed that both TFs were required for the HSC
formation during the endothelial-to-hematopoietic transition (EHT) (Chen et al., 2009).
Additionally, Vav-Cre mediated deletion of Runx1 did not produce any defect on the HSCs in
the FL (Chen et al., 2009; Tober et al., 2013).

Several TFs are pivotal for FL but not adult HSCs. FL and postnatal HSCs are endowed
with the expression of Sox17. Kim and his colleagues demonstrated that Sox17, the
endodermal marker, is 1) restrictively expressed in mouse FL and postnatal HSCs, and 2)

involved in FL but not adult BM HSCs maintenance. The expression of Sox17 gradually
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decreases at the postnatal stage, reaching to undetectable level eight weeks after birth. Sox17
depletion was independent of the quiescent state of the adult BM HSCs. Furthermore, the
deletion of Sox17 using Tie2-Cre revealed that Sox17 is required for the production and
maintenance of definitive HSCs since hematopoietic cells from yolk sac and embryo at E11.5
illustrated a marked reduction in the reconstitution potential (Kim et al., 2007). Another study
revealed that the forced expression of Sox17 enhanced myeloid lineage output in adult BM
HSCs, indicative of FL HSC property (He et al., 2011). Similarly, HmgaZ2, Lin28b (RNA-binding
protein), and let-7 miRNA implicated the differential expression pattern in E14.5 FL HSCs
compared with those in adult BM. In mouse, the Lin28b-let-7-Hmga2 pathway serves as an
intrinsic clock to modulate the FL HSCs self-renewal and developmental transition from fetal
to the adult at 3-4 weeks after birth. FL HSCs show a higher expression of Lin28b, which is
repressive for let-7 miRNA expression; therefore, it permits the enhanced level of Hmga2.
Consequently, the elevated level of Hmga2 induces the FL HSCs self-renewal (Copley et al.,
2013).

Apart from the FL HSCs-specific TFs, several TFs express exclusively in adult BM HSCs.
It was shown that the C/EBPa. endowed the adult HSCs with the quiescent state by a gradual
decrease in the expression pattern from FL HSCs to adult BM HSCs (Ye et al., 2013). Bmil,
a member of the polycomb-repressive complex, was the first TF demonstrated to be involved
in adult HSC maintenance (Park et al., 2003). Correspondingly, Gfil, and Tel/Etv6 showed to
be pivotal in modulating the survival of adult HSCs (Hock et al., 2004a; Hock et al., 2004b).
Besides, members of ETS family TFs have also been shown to be indispensable for the
maintenance of adult HSCs. A member of this family is the E-twenty-six (ETS)-related gene
(ERG), which is shown to be critical for definitive hematopoiesis and the function of adult HSCs
(Loughran et al., 2008; Ng et al., 2011). At the functional level, Erg coordinates the balance
between self-renewal and differentiation by restricting the adult HSC premature differentiation
(Knudsen et al., 2015). A few more examples of essential TFs in adult HSCs development and
maintenance are HoxA9 and HoxA10 (homeobox factors), Meisl (TALE family), and E2A
(Helix-loop-Helix proteins)(Lawrence et al., 2005; Magnusson et al., 2007; Yang et al., 2008;
Semerad et al., 2009; Ariki et al., 2014).

The first lineage segregation occurs in HSCs/MPPs — mediated by PU.1 and GATAL —
which is the branchpoint for either myeloid/lymphoid or erythroid/megakaryocytic the cell
lineage (Shivdasani et al., 1997; Laslo et al., 2006). PU.1 is a member of the ETS family of TF,
encoded by the Spil gene. It has been shown that the efficient production of LMPPs from
HSCs is dependent on PU.1 and that it promotes the formation of CLPs, subsequently (Pang
et al., 2018). During LMPPs generation, PU.1, E2A, and lkaros function to promote the
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myeloid/lymphoid branch at the expense of the erythroid/megakaryocytic lineage (Dias et al.,
2008; Semerad et al., 2009; Ng et al., 2009). As mentioned earlier, LMPPs are potent to
generate GMPs, CLPs, and (early T-cell progenitors) ETPs. While several studies
demonstrated the essential role of PU.1, E2A, and lkaros for induction of the lymphoid
transcriptional network, it has been shown that myeloid cell fate in the GMP compartment is
much dependent on the collaboration of PU.1 and C/EBPa. (Laslo et al., 2008). GATAL, a zinc
finger TF encoded by the Gatal gene, is the master regulator of erythroid/megakaryocytic
lineage specification (Ferreira et al., 2005). Intriguingly, GATA1" MPPs demonstrated
myeloerythroid potential and lacked lymphoid potential. At the same time, the PU.1* MPPs (the
closest equivalent to LMPPs) harbored the granulocyte/monocyte/lymphoid-restricted
progenitor activity lacking megakaryocyte/erythroid differentiation, suggesting the reciprocal
activation of GATA1 and PU.1 coordinates the lineage fate determination at the first
HSCs/MPPs bifurcation (Arinobu et al., 2007). Furthermore, the lineage-committed cells such
as eosinophils, mast cells or basophils also expressed GATAL (Matrtin et al., 1990; Zon et al.,
1993). Supporting evidence raised from the study, which carried single-cell RNA-seq analysis
on myeloid progenitors and demonstrated the heterogeneity of GMPs and distinct myeloid
differentiation pathways based on GATALl expression. The GATAl* pathway generated
megakaryocytes, erythroid cells, eosinophils, mast cells, and, while the GATAL1 pathway gave
rise to lymphocytes, neutrophils, and monocytes introducing two discrete subsets within GMPs
(Drissen et al., 2016).

Of note, TFs are not the sole determinants of cell fate decisions and lineage priming. A

myriad of evidence has described the function of TFs in concert with epigenetic regulators.

1.2. Epigenetic control of chromatin state

1.2.1. Epigenetic mechanisms

The genetic information flows from DNA to RNA and subsequently to the protein
according to the central dogma of gene expression (Cobb, 2017). Intriguingly, the zygote and
differentiated cells share the same genetic information (Bird, 2002). The field of epigenetics
has been established based on this fundamental question of how one genome gives rise to
many different cellular phenotypes. Conrad Waddington, who was first to coin the term
“epigenetics,” described it as a branch of biology to understand the connection between
genotype and phenotype (Waddington, 1942). Broadly speaking, epigenetics entails the

mechanisms which, without modifying the DNA sequence, alter the outcome of a locus or
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chromosome, heritably and stably (Goldberg et al., 2007). Therefore, the generation of diverse
cell types upon development and differentiation in a multicellular organism proposed to be
driven by the change in the “epigenetic landscape,” as conceptualized by Waddington.
(Waddington, 1957). The epigenetic landscape of a cell has taken shape based on the
modifications of the chromatin — a complex of DNA and its associated proteins — through
epigenetic mechanisms. The core epigenetic mechanisms encompass DNA methylation,

histone modifications, and chromatin remodeling.

DNA methylation. In mammals, methylation of the cytosine residues of CpG
dinucleotides is mediated by DNA methyltransferases (DNMTSs). While DNMT3a and DNMT3b
are responsible for de novo methylation after DNA replication, DNMT1 mediates maintenance
methylation during DNA replication by adding the methyl groups to hemi-methylated DNA
(Jaenisch and Bird, 2003). Moreover, a high frequency of CpGs in parts of the genome shape
CpG islands (CGls), and methylation of CGls associates with transcriptional repression (Goll
and Bestor, 2005). Besides, DNA methylation is involved in the control of the centromeric
region, silencing of repetitive elements, X chromosome inactivation, and genomic imprinting
(Scelfo and Fachinetti, 2019; Greenberg and Bourc’his, 2019)

Histone modifications. In eukaryotic cells, the highly conserved core histone proteins
and DNA form nucleosomes, which are the building blocks of the chromatin. Each nucleosome
consists of a histone octamer containing two molecules of each histone proteins (H2A, H2B,
H3, and H4) and 147 bp of DNA, which wraps around them. The linker histone H1 binds to and
protects the free DNA between the nucleosomes (Luger and Richmond, 1998; Kornberg and
Lorch, 1999) The protruded histone tails undergo several post-translational modifications
(PTMs). Several covalent histone modifications have been characterized, including
methylation, acetylation, phosphorylation, ubiquitination, sumoylation, poly (ADP)-ribosylation,
and deamination. Post-translational histone modifications are carried out by different enzymes
that regulate the addition or removal of a modification dynamically on different amino acid
residues (Berger, 2007; Kouzarides, 2007).

Chromatin remodeling. Along with covalent modification, chromatin structure is also
regulated by noncovalent mechanisms such as chromatin remodeling. Chromatin remodeling
complexes utilize ATP hydrolysis to change histone-DNA contacts by altering the nucleosome

arrangement (sliding) or nucleosome ejection (Saha et al., 2006).
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1.2.2. Histone modifications define chromatin state

Chromatin provides the template for storage and organization of the genetic information
in the nuclei of the eukaryotic cells (Jenuwein and Allis, 2001). Nucleosomes, which are the
building block of the chromatin, contribute to the first level of chromatin compaction. Post-
translational modifications of histones control the degree of chromatin compaction, thereby
governing the DNA accessibility to the transcriptional machinery and distinct pattern of gene
expression. Therefore, proper organization of the chromatin, which is mediated by post-
translational modifications of histones, is central to many developmental processes and
cellular differentiation (Greer and Shi, 2012). Some of the histone modifications, such as
trimethylation of lysine 4 (H3K4me3) or acetylation of lysine 14 of histone H3 (H3K14ac), are
associated with the genomic regions which are actively transcribed, indicative of open or
accessible regions. In contrast, other histone marks, such as H3K27me3 or H3K9me3, are
correlated with transcriptionally repressed genes, which are the typical feature of close or
inaccessible regions (Sparmann and Van Lohuizen, 2006). It has been postulated that the
combination of different histone modifications constitutes “histone code,” which defines the
chromatin state. In this context, the distinct histone code governs the dynamic mutual passage
from transcriptionally active to transcriptionally silent chromatin states by allowing for the
binding of specific chromatin remodeling factors, while blocking the others (Jenuwein and Allis,
2001) (Figure 1.3). Accordingly, disruption of proper chromatin state leads to inappropriate

gene expression and genomic instability (Sparmann and Van Lohuizen, 2006).

Thanks to the genome-wide studies, the profiling of the genomic distribution of histone
modifications in combination with transcriptome analysis highlighted the central interaction
between regulation of the chromatin state and function of the genome. Among the histone
modifications, Lysine (Lys) methylations seem like a dynamic modification since they are
indicative of both transcriptionally active and silent chromatin. The modification is carried out
by Lys methyltransferases (KMTs) at several degrees as mono- (mel), di- (me2), or
trimethylation (me3) in particular Lys residue at different positions within histone. Histone Lys
methylations associated with transcriptional activation include methylations of histone H3 Lys
4 (H3K4) and H3K36, whereas methylation of histone H3 Lys 9 (H3K9), H3K27 and H4K20
are implicated in gene silencing (Eissenberg and Shilatifard, 2010; Wagner and Carpenter,
2012; Mozzetta et al., 2015). H3K9 methylation marks are mediated by SUV39 family of
methyltransferases. SETDB1, a member of this family, is involved in the chromatin compaction

(heterochromatinization) of the euchromatin regions (Huisinga et al., 2006).
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Figure 1.3 | Histone modifications define chromatin state

In eukaryotic cells, chromosomes contain genetic information. They are composed of the DNA double helix,
which is wrapped around histones, creating nucleosomes that further fold to form the higher-order chromatin.
For many cellular processes, including transcription, the precise organization of chromatin is fundamental.
Post-transcriptional histone modifications define the dynamic changes between transcriptionally active and
silent states. Figure is modified from (Sparmann and Van Lohuizen, 2006).

1.3. The histone lysine methyltransferase SETDB1

1.3.1. SETDB1 structural features

SET domain bifurcated 1 (SETDB1) belongs to the SUV39 family of methyltransferases
Yang et al., 2002). The enzyme is responsible for the deposition of the H3K9me3 mark outside
of pericentric heterochromatin (Bilodeau et al., 2009; Dambacher et al., 2010; Karimi et al.,
2011). The catalytic activity of this family depends on the SET-domain (similar to other KMTSs)
and the two unique cysteine-rich domains called pre-SET and post-SET domains (Rea et al.,
2000; Schultz et al., 2002). In SETDB1, the SET domain is bifurcated by the insertion of
hundreds of amino acids (Schultz et al., 2002; Falandry et al., 2010). In addition, SETDB1
contains a putative methyl-CpG-binding domain (MBD), which might bind to methylated DNA
(Kang, 2015). SETDB1 also possesses two Todur domains which are positioned consecutively

and are involved in binding to methylated Lys and protein-protein interaction (Yang et al., 2002;
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Ponting, 1997)(Figure 1.4). Studies of SETDB1 deletion during mouse development and in
different cellular contexts highlighted the importance of SETDB1 function in the maintenance

of the cell identity and genome integrity.
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Figure 1.4 | The domain composition of SETDB1

SETDB1 encompasses two Tudor domains implicated in protein interaction, a putative methyl-DNA binding
domain (MBD). Besides, the methyltransferase activity of SETDBL1 is attributed to the Pre-SET, SET, and Post-
SET domains. Figure is modified from (Mozzetta et al., 2015).

1.3.2. SETDB1 and its H3K9me3-marked targets during development and
differentiation

During early development, SETDB1 demonstrated a severe phenotype. Setdbl ko mice
die at the pre-implantation stage between E3.5 and E5.5 (Dodge et al., 2004; Keniry et al.,
2016). Besides, no mESC lines were established by Setdbl ko blastocyst outgrowth, which
was consistent with the impaired proliferation and survival of mMESC upon Setdbl depletion
(Yuan etal., 2009; Lohmann et al., 2010). SETDB1 is crucial to maintain the mESC pluripotent
state. mMESC devoid of Setdbl differentiated into the trophectoderm lineage cells. SETDB1
was recruited to the promoter of the trophectoderm genes (Tcfap2a and Cdx2) by the stem
cell-specific transcription factor Oct4, thereby repressing the transcription by deposition of
H3K9me2/3 (Bilodeau et al., 2009; Yuan et al., 2009; Lohmann et al., 2010). Interestingly, a
subset of these genes carried the features of bivalent genes marked by H3K4me3 and
H3K27me3 modifications catalyzed by Trithorax and Polycomb group proteins, respectively.
Setdbl ablation led to a concomitant increase of H3K4me3 activation mark and depletion of
H3K27me3 repression mark, thus losing the mESC pluripotent state (Bilodeau et al., 2009;
Lohmann et al., 2010). However, these genes lack DNA methylation (Karimi et al., 2011). In
parallel, a set of germline genes showed to be the direct SETDBL1 targets which lost H3K9me3
and became upregulated in Setdb1l ko mESC (Karimi et al., 2011).

Importantly, SETDB1 played a fundamental role in silencing the retrotransposons during
development. Retrotransposons are composed of non-LTR (long-terminal direct repeats) and

LTR retrotransposons. The non-LTR is constituted by long interspersed elements (LINEs) and
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short interspersed elements (SINEs). The LTR retrotransposons comprised around 10% of
mouse genome and derived from endogenous retroviruses (ERV) superfamily, which were
classified into three groups (class |, Il, and Ill) (Stocking and Kozak, 2008). In mESC, SETDB1
is responsible for the deposition of H3K9me3 and subsequent transcriptional repression of
ERVs MLV and GLN (class I) and IAP, MusD, ERVK10C (class Il) (Matsui et al., 2010; Karimi
et al., 2011; Maksakova et al., 2011; Maksakova et al., 2013). Besides, upregulation ERVs
neighboring genes via the generation of chimeric transcripts observed upon Setdbl loss in
mMESC (Karimi et al., 2011).

In germline cells, depletion of Setdbl in spermatogonial stem cell (SSC) led to reduced
viability due to enhanced apoptosis and decreased level of H3K9me3. Among the apoptosis-
associated genes, the promoter of the cytochrome oxidase Cox4i2 gene showed enrichment
for SETDB1-mediated H3K9me3 and DNA methylation. In the rescue experiment, ko of Cox4i2
restored cell viability (An et al., 2014). Conditional deletion of Setdbl in male primordial germ
cells (PGCs) at E13.5, led to the decreased number of germ cells and impaired gametogenesis
in postnatal and adult mice. Partial loss of H3K9me3 and H3K27me3 was accompanied by an
increase of global DNA methylation at the H3K9me3-targeted regions. Additionally, ERVs
including IAPEz and ERVK10C, upregulated upon Setdbl loss, which led to the upregulation

of the neighboring genes and generation of chimeric transcripts (Liu et al., 2014).

Setdbl was highly expressed in neural progenitor cells (NPC) at E9.5 but downregulated
over time. Proper expression of neuronal and non-neuronal genes such as the astrocyte
marker Gfap and gliogenesis regulator Sox9 was dependent on SETDB1. Setdbl-deficient
NPC demonstrated impaired neurogenesis, increased apoptosis (only in deep layer neurons),
compromised proliferation, enhanced astrocyte differentiation, and reduced level of global
H3K9me3. Subsequently, mice died 10 days after birth. Finally, Setdbl deletion induced
derepression of IAPs (class Il) and upregulation of genes in their vicinity by generating the

chimeric transcripts (Tan et al., 2012).

Deletion of Setdbl in postnatal forebrain neurons showed normal gross cytoarchitecture;
however, adult mice brains were smaller. Nevertheless, no premature cell death or neuronal
loss observed. Hi-C chromosome conformation capture revealed no change in the 3D
organization of the genome. However, 110 long-range chromosomal contacts were lost in the
mutant neurons. Analysis of the topologically associated domains (TAD) revealed the loss of
a super TAD that encompassed 77 genes, including the regulators of neuronal connectivity,
Pcdha, Pcdhb, and Pcdhg. Similar to CD19+ B lymphocytes and mESC, H3K9me3
hypomethylated regions in the clustered Pcdh locus showed enrichment for CTCF motifs.

Accordingly, CTCF binding to the exposed CTCF motif in mutant neurons increased, thereby
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enhancing the insulation. However, the insulation was lost at the Pcdh cluster due to the
structural collapse. Concomitantly, loss of DNA methylation, accumulation of histone
hyperacetylation, and upregulation of the genes in this cluster observed. Multiple KRAB zinc
finger proteins, like ZFP143 recognition sequences, showed enrichment in the new CTCF
binding sites, indicating the role of SETDB1-mediated H3K9me3 in preventing the excessive
CTCF binding (Jiang et al., 2017).

In mice bone mesenchymal cells, the deletion of Setdbl using Prx1 showed skeletal
malformation in newborn mice. Growth plate chondrocytes were disorganized, and
concomitantly, chondrocyte hypertrophy was accelerated. Moreover, the formation of
epiphyseal plate (physis) was impaired (Yang et al., 2013). Ablation of Setdb1 using the same
deleter in mesenchymal stem cell (MSC) inhibited their differentiation into oste oblasts (Lawson
et al., 2013a). Both studies demonstrated that the interaction of Runx2 with SETDB1 and
HDAC4 regulates the expression of Runx2 target genes, like osteocalcin (Lawson et al.,
2013b; Yang et al., 2013). Articular chondrocytes devoid of Setdbl demonstrated enhanced

hypertrophy, apoptosis, and underwent terminal differentiation (Lawson et al., 2013b).

Deletion of Setdbl in proliferating myoblasts led to impaired proliferation and
differentiation accompanied by downregulation of muscle-specific genes such as MyoD and
myogenin (Song et al., 2015). However, when Setdbl is deleted shortly before terminal
differentiation, decreased self-renewal, and enhanced commitment occurred. Loss of Setdbl
led to the decreased H3K9me3 on SETDBL1 binding sites and consequent upregulation of
myeloblast differentiation genes like Ankrdl, which were targeted directly by SETDB1 at the
enhancer. Moreover, in proliferating myoblasts, the artificial increase of the canonical Wnt3a
signaling, which is critical for embryonic myogenesis, induced redistribution of Setdbl to the

cytoplasm (Beyer et al., 2016).

In the hematopoietic system, SETDB1 was studied in different cell populations.
Macrophages devoid of Setdbl using LysM-Cre increased expression of TLR4-mediated
proinflammatory cytokines like interleukin-6 (IL6) following lipid A stimulation. Due to the
enhanced response after LPS treatment, mutant mice were prone to endotoxin shock.
Mechanistically, SETDB1-mediated H3K9me3 reduced on the proximal promoter region of IL6
and enhanced the recruitment of NF-kB p65, which was induced by LPS. Subsequently, the
promoter activity of IL6 enhanced. Therefore, Setdbl was able to regulate the expression of

the proinflammatory cytokine in macrophages (Hachiya et al., 2016).

Ablation of Setdb1 under the Cd4-Cre promoter in SP CD4+ T cells resulted in a partial

decrease of the T cell reservoir. Transcriptome analysis did not reveal any bias toward a
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specific T helper (Th) lineage. However, when Th cells were challenged in IL-12-mediated Thl
differentiation assay, Setdbl-mutant T cells showed Thl priming demonstrated by enhanced
secretion of Thl- specific cytokines. Moreover, in the Th2-instructing condition, the acquisition
of the Th2 phenotype by Setdbl-deficient T cells was impaired. Furthermore, stable
commitment to the Th2 cells in vitro and the Th1-Th2 balance in vivo were compromised in
Setdbl-mutant T cells. There were no SETDB1-mediated H3K9me3 at the Th1l-specific genes
in wildtype Th2 cells; however, 74% of ERVs — harboring H3K9me3 as SETDBL direct targets
— overlapped or flanked enhancers of Thl-related genes such as T-Bet, STAT4, IRF-1, and
RUNXS3. Thus, SETDBL1 regulated Th2 cell integrity at the chromatin level (Adoue et al., 2019).

Deletion of Setdbl using thymocyte-specific Lck-Cre, resulted in decreased cellularity in
the thymus, lymph nodes, and spleen (Martin et al., 2015; Takikita et al., 2016). During
thymocyte development, a partial block in the double-positive (DP) to single-positive (SP)
transition was observed. Moreover, DP thymocytes underwent enhanced apoptosis, which
was attributed to the shift toward negative selection. In fact, DP thymocytes displayed
enhanced responsiveness to the TCR agonism. Although contradictory in the context of TCR
inhibition, upregulation of the TCR inhibitory receptor, FcyRIlb, in mutant thymocytes showed
to be the consequence of the H3K9me3 loss at the promoter. Finally, the authors suggested
that inhibition of LAT, the modulator of TCR signaling, by FcyRIIb led to the hyperactive TCR
signaling and subsequent apoptosis (Martin et al., 2015). However, another study that used
the same Cre deleter suggested that FcyRIIb decreased the activation of ERK by
phosphorylation, which defected positive selection. Moreover, the expression of IAP and MusD

(class 1) elements was induced in thymocytes (Takikita et al., 2016).

Specific deletion of Setdbl in pro-B cells using Mb1-Cre abolished bone marrow and
splenic late-stage B-cells due to the enhanced apoptosis. However, the expression of Bcl2,
the anti-apoptotic gene, partially rescued splenic B cells. Impaired function of pro-B cells to
generate B cells and to form colonies was confirmed to be intrinsic in both in vitro and in vivo
assays, respectively. Immune-related and non-hematopoietic genes showed upregulation in
Setdbl-deficient pro-B cells (Collins et al., 2015; Pasquarella et al., 2016). In addition, several
genes belonging to the unfolded protein response (UPR) pathway were upregulated. Setdbl
deletion in pro-B cells resulted in the loss of H3K9me3 and derepression of the several ERVs
elements, including MLV, VL30 (class I) and MMTYV (class Il). Translation of excessive viral
protein led to the endoplasmic reticulum (ER) stress, activation of UPR and, subsequent
apoptosis. Indeed, envelop protein (Env) of the MLV was detected on the surface of mutant
pro-B cells. Similarly, ectopic expression of Env protein led to the enhanced apoptosis and

subsequent trigger of the UPR pathway (Pasquarella et al., 2016). Additionally, the
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upregulation of MLV elements led to the upregulation of genes in their vicinity (Collins et al.,
2015; Pasquarella et al., 2016).

In hematopoietic stem and progenitor cells, tamoxifen-induced deletion of Setdbl in mice
transplanted with Cre-ERT; Setdb1 " bone marrow cells was lethal at 3 weeks after induction
due to the massive BM failure. The BM cellularity, number of HSCs, MPPs, CMPs, GMPs,
except for MEPs, decreased dramatically. Apoptosis enhanced in LSK cells (HSCs and MPPSs)
but not in LK cells (CMPs, GMPs, and MEPs). Concomitantly, the cell cycle was impaired in
LSK cells, as showed by Pyronin Y staining and BrdU incorporation assay. No significant
changes observed in the global DNA methylation and H3K9me3 level in mutant GMP.
However, a significant decrease of H3K9me3 observed at the promoter of coding genes and
ERVs such as ERV1 (class I), IAP (class Il), and ERVL (class Ill). Correspondingly, the ERV1
(class 1), IAP, and Etn (class Il) demonstrated mild up-regulation in both Setdbl-mutant LSK
and GMPs. In contrast to mESC, NPC, PGCs and similar to pro-B cell, no chimeric transcripts
detected for the highly expressed genes. The majority of upregulated genes in Setdb1-mutant
LSK and GMPs showed to be non-hematopoietic genes, including gluconeogenesis enzymes
Fbpl1/2. Accordingly, these genes lost H3K9me3 at the promoter and DNA methylation level
around TSS and in the gene body in Setdbl-mutant GMPs. Up-regulation of these
gluconeogenic enzymes led to decreased ATP levels, impaired metabolic hemostasis, and

subsequently compromised HSPC function (Koide et al., 2016).
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2. Summary and objectives

Studies of SETDB1 during early development and in different cellular systems pointed
to a pivotal role of this histone methyltransferase enzyme in the maintenance of cell identity
and genome integrity. Indeed, SETDB1 not only demonstrated a cell type-specific phenotype,
but it also represented a cell stage-specific phenotype. In particular, SETDB1 was dispensable
for the survival of differentiated cells, whereas cell function (macrophage) and cell lineage
integrity (CD4* T cell) were tightly controlled by SETDB1-mediated silencing. In committed
progenitors, Setdbl ablation led to apoptosis and partial (T cell progenitor) or complete (pro-B
cell) developmental arrest. Intriguingly, Setdbl deletion in stem cells and early progenitors
resulted in either skewed (MESC, and NPC) or blocked differentiation (MSC). However, in
profound contrast to other stem cells, Setdbl-deficient adult hematopoietic stem and
progenitor cells represented a severe phenotype as they underwent extensive apoptosis,
which was due to the non-hematopoietic events. The questions of how and by which
mechanisms SETDBI regulates HSC self-renewal and lineage specification remained mostly
unanswered. Given that fetal liver and adult HSCs differ in many phenotypic and functional
features (reviewed in section 1.1.3), | decided to move the window of the analysis to the earlier

time points during hematopoietic development.

Therefore, the main objectives of the current thesis were to understand 1) the
significance of SETDB1 in FL hematopoietic stem and progenitor cell function, 2) SETDB1

mode of action with regard to gene regulation.
To this end, | planned the following sub-objectives:

- Characterization of Setdbl implications in the HSC self-renewal and differentiation.
I wondered which phenotypic changes would occur during FL and postnatal
hematopoiesis, and how it differed from adult hematopoiesis. Moreover, the
functional features of HSPCs devoid of Setdb1 were studied by standard functional

assays in vitro and in vivo.

- Investigation of transcriptional changes underlying the defined phenotype. Given the
fact that HSPCs encompass a heterogeneous population, to gain a better resolution
for SETDB1-mediated gene regulation, | performed transcriptome analysis distinctly
in FL LT-HSCs and MPPs.
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Identification of SETDBL1 targets in HSPCs. In order to dissect SETDBL1 direct/indirect
silencing function in transcriptional regulation of its targets, | planned to map the
genome-wide H3K9me3 mark as the readout of SETDB1 function in HSPCs.

Interrogation of SETDB1 implication on chromatin dynamics. | assessed the

genome-wide chromatin accessibility, integrated it into the transcriptome, and

H3K9me3 data to unravel the SETDB1 mode of action on gene regulation.
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3. Results

3.1. Characterization of Setdbl ablation during fetal and postnatal

hematopoiesis

3.1.1. Setdbl1'® embryos develop normal but show increased lethality at

postnatal stage

To study the function of SETDB1 during fetal and postnatal hematopoiesis, we
established a mouse model in which Setdb1 was deleted in the HSCs that emerged at E10.5
(Ogilvy et al., 1999). To achieve that, we crossed Setdb11°¥"x mice with Vav-cre mice to delete
Setdbl exon 4 flanked by two loxP sites, hereafter called Setdb1'® (Figure 3.1A). Embryos
and mice with Setdb1%*; Vav-cre or Setdb17¥*; +/+ used as control. E14.5 embryos normally
developed as Setdbl'® embryos were indistinguishable from the control ones, and the
cellularity of the fetal liver remained unchanged (Figure 3.1B, C). Setdb1"® mice were born at
the Mendelian ratio; however, they did not reach the adult stage and died around 3-4 weeks
after birth. At postnatal (2 weeks after birth), Setdb1"® mice looked slightly smaller, as
compared with the control littermates, which became prominent at 3-4 weeks after birth (Figure
3.1D). Histological analysis revealed the hypocellularity of Setdb1¥® BM (Figure 3.1E). Indeed,
BM cellularity decreased significantly (Figure 3.1H). Additionally, postnatal Setdb1'®" mice had
enlarged spleen and severe thymus atrophy, which resulted in a 200-fold decrease in thymus
cellularity (Figure 3.1F-H). Postnatal lethality of Setdb1'® mice was probably due to the
hematopoiesis failure in the central hematopoietic organs. Therefore, besides E14.5 fetal liver,

we analyzed the hematopoietic phenotype shortly before death at 2 weeks after birth.
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Figure 3.1 | Setdb1¥® embryos develop normal but show increased lethality at postnatal stage

(A) Timeline of Setdbl deletion and analyses time points. (B) Representative photos of E14.5 control
(Setdb1o¥*; Vav-cre or Setdb1°¥*; +/+) and Setdb1'® (Setdb1fo¥/fox: Vvav-cre) embryos. (C) Comparison of
total cell number between control and Setdb1'® E14.5 FLs (n=10). Data are shown as mean + SD. (D)
Representative photo of 2-week-old control (Setdblf**; Vav-cre or Setdbl™/*; +/+) and Setdblv&
(Setdb1fo¥fox, vay-cre) mice. (E) H&E staining of decalcified BM sections from 2-week-old control and
Setdb1v® mice. (F) Spleen of 2-week-old control and Setdb1'® mice. (G) Thymus of 2-week-old control and
Setdb1v® mice. (H) Comparison of total cell number between control and Setdb1'® bone marrow, spleen and
thymus in of 2-week-old mice (n=20). Data are shown as mean +* SD. **P<0.001 (unpaired two-tailed
Student’s t-test); NS, not significant.
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3.1.2. Deletion of Setdb1 abrogates lymphoid lineage

Thymocyte development occurs in the thymus following the migration of early T-cell
progenitors from the BM. In the thymus, early T-cell progenitors pass through the double-
negative (DN) stages from DN1 to DN4 and then to the CD4/CD8 double-positive stage (DP).
The DP cells generate either CD4 or CD8 single-positive cells (SP) before they enter the
periphery. In Setdb1¥® mice, the marked reduction of thymus cellularity was suggestive of the
possibility of impaired thymocyte development. Indeed, FACS analysis of early thymocytes at
2 weeks after birth (2wk) showed a significant increase in the frequency of Setdb1"®¥ DN1
(CD44* CD25%), DN2 (CD44* CD25%), and DN3 (CD44  CD25") followed by a decrease in DN4
(CD44° CD25°) population, indicating a severe developmental transition block from DN3 to DN4
stage (Figure 3.2A, B).

The second developmental block observed at the DP to both CD4 and CD8 SP cells
resulted in a ~ 50% decrease in the frequency of CD4* and CD8* T cells (Figure 3.2C, D).
Concomitantly, both CD4* and CD8" T cells showed a 10-fold decrease in the spleen of
Setdb1® mice, demonstrating that the few generated T cells were not able to enter the
periphery (Figure 3.2E, F, G). We previously showed that the deletion of Setdbl1 impairs B cell
development (Pasquarella et al., 2016). Similarly, Setdb1'® B cells (B220* CD19*) were absent
in the FL (Figure 3.2H, 1) as well as BM and spleen (data not shown), suggesting that the
overall lymphoid output is severely impaired in Setdb1'? mice. We then analyzed if the
common lymphoid progenitors (CLPs) were generated in the absence of Setdbl. Surprisingly,
there was no significant difference in the frequency of CLPs (Lin" IL7ra* Sca-1"" ckit®") neither
in the FL (Figure 3.2J, K) nor in the BM (data not shown), illustrating that Setdb1'?' lymphoid
progenitors were generated, but they failed to populate the thymus efficiently. Besides, the few
CLPs that migrated to the thymus showed impaired T-cell development. Likewise, Setdbl1&"

CLPs were compromised to generate B cells.
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Figure 3.2 | Deletion of Setdb1 abrogates lymphoid lineage

(A) Representative FACS plots of DN thymocytes in the thymus of control and Setdb1'® mice at 2wk (B)
Frequencies of DN thymocytes in the thymus of control and Setdb1'® mice at 2wk (n=3). Data are shown as
mean + SD. (C) Representative FACS plots of SP, CD4*, and CD8* thymocytes in the thymus of control and
Setdb1Y® mice at 2wk (D) Frequencies of SP, CD4*, and CD8* thymocytes in the thymus of control and
Setdb1'® mice at 2wk (n=3). Data are shown as mean * SD. (E) Representative FACS plots of CD4* and
CD8* T cells in the spleen of control and Setdb1? mice at 2wk. (F) Frequencies of CD4* and (G) CD8* T cells
in the spleen of control and Setdb1® mice at 2wk (n=3). Data are shown as mean + SD. (H) Representative
FACS plots of B cells in control and Setdb1v? E14.5 FLs. (I) Frequencies of B cells in control and Setdb1va
E14.5 FLs (n=3). Data are shown as mean = SD. (J) Representative FACS plots of CLPs in control and
Setdb1v® E14.5 FLs. (K) Frequencies of CLPs in control and Setdb1v®' E14.5 FLs (n=3). Data are shown as
mean * SD. *P<0.05, **P<0.01, ***P<0.001 (unpaired two-tailed Student’s t-test); NS, not significant.
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3.1.3. Setdb1 ablation leads to the expansion of myeloerythroid lineage

At E14.5, FL is the primary site of erythropoiesis and myelopoiesis. In parallel at E15,
spleen provides an additional site for erythroid and myeloid cell generation until postnatal life
(Bertrand et al., 2006). To evaluate how Setdbl loss affected myeloerythroid lineage, we
analyzed erythroblast in both FL and 2wk spleen. Interestingly, the frequency of Setdb1'® pro-
erythroblasts (ProE) (CD71" TER119Y) demonstrated ~2-fold and a 15-fold increase in FL and
spleen, respectively. Moreover, TER119* erythroblasts significantly augmented by 2-fold in the
Setdb1'® spleen (Figure 3.3A-F). Likewise, the analysis of myeloid compartment revealed a
marked increase in the percentage of Gr-1* Mac-1" for ~ 2-fold in FL and ~ 3-fold in the spleen
(Figure 3.3G-J). The higher presence of erythroid and myeloid lineage prompted us to analyze
the corresponding progenitors in the Setdbl-deficient FL. Therefore, we measured the
common myeloid progenitors (CMPs), granulocyte-macrophage progenitors (GMPs), and
megakaryocyte-erythroid progenitors (MEPS) in the Setdb1'®" FL and 2wk BM. Interestingly,
Setdbl ablation significantly led to a decrease in the frequency of CMPs (c-kit""
CD34*CD16/32"°") and an increase in the frequency of GMPs (c-kit"9" CD34*CD16/32*) in the
FL (Figure 3.3K-M) and BM (data not shown). Surprisingly, the percentage of MEPs (c-kit"d"
CD34°CD16/32") did not show any significant difference in Setdb1'®¥ FL compared to control
(Figure 3.3K, N) and even showed an insignificant decrease in 2wk BM (data not shown). In
summary, both erythroid and myeloid lineages expanded in the absence of Setdbl in FL and
spleen. However, analysis of the progenitors revealed that the commitment of CMPs was more
prone toward GMPs, resulting in the reduction of CMPs and overrepresentation of GMPs. In
contrast to the erythroid cells, the MEPs remained unchanged, suggesting that the enhanced

differentiation toward erythroid lineage happened at later stages of erythroid development.
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Figure 3.3 | Setdb1 ablation leads to the expansion of myeloerythroid lineage

(A) Representative FACS plots of ProE and TER119* erythroblasts in control and Setdb1v® E14.5 FLs. (B)
Frequencies of ProE and (C) TER119* erythroblasts in control and Setdb1'®'E14.5 FLs (n=4). Data are shown
as mean + SD. (D) Representative FACS plots of ProE and TER119* erythroblasts in the spleen of control and
Setdb1'® mice at 2wk. (E) Frequencies of ProE and (F) TER119* erythroblasts in the spleen of control and
Setdb1'® mice at 2wk (n=3). Data are shown as mean * SD. (G) Representative FACS plots of Gr-1* Mac-1*
cells in control and Setdb1'® E14.5 FLs. (H) Frequencies of Gr-1* Mac-1* cells in control and Setdb1v®'E14.5
FLs (n=4). Data are shown as mean + SD. (I) Representative FACS plots of Gr-1* Mac-1* cells in the spleen
of control and Setdb1'® mice at 2wk. (J) Frequencies of of Gr-1* Mac-1* cells in the spleen of control and
Setdb1'® mice at 2wk (n=6). Data are shown as mean * SD. (K) Representative FACS plots of myeloid
progenitors in control and Setdb1v&' E14.5 FLs. (L) Frequencies per ckit high* of CMP (M) GMP and (N) MEP
in control and Setdb1® E14.5 FLs (n=4). Data are shown as mean + SD. *P<0.05, **P<0.01 (unpaired two-
tailed Student’s t-test); NS, not significant.
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3.1.4. Absence of Setdb1 causes fetal liver expansion and postnatal loss of LT-
HSCs

To assess how Setdbl ablation implicated the hematopoietic stem and progenitor cells
(HSPCs, also known as LSK), we measure the percentage of LSK cells and their

subpopulations, including long-term hematopoietic stem cells (LT-HSCs), and multipotent
progenitors (MPPs) in Setdb1'® FL and 2wk BM.
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Figure 3.4 | Absence of Setdb1 causes fetal liver expansion and postnatal loss of LT-HSCs

(A) Representative FACS plots of LSK (B) LT-HSC and MPP populations in control and Setdb1v?'E14.5 FLs.
(C) Frequencies of LSK (D) LT-HSC (E) MPP populations in control and Setdb1'® E14.5 FLs (n=4). Data are
shown as mean + SD. (F) Representative FACS plots of LSK (G) LT-HSC and MPP populations in the BM of
control and Setdb1¥® at 2wk. (H) Frequencies of LSK (I) LT-HSC (J) MPP populations in the BM of control

and Setdb1'® at 2wk (n=4). Data are shown as mean + SD. *P<0.05, **P<0.01, ***P<0.001 (unpaired two-
tailed Student’s t-test); NS, not significant.

Setdbl-deficient FL contained 2-fold more LSK (Lin" Sca-1* c-kit") compared to control
(Figure 3.4A, C). Consistently, the frequency of LT-HSCs (LSK CD150" CD48") and MPPs
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(LSK CD150" CD48") showed a significant increase of ~ 2 and 3-fold, respectively (Figure
3.4B, D, E). However, analysis of the hematopoietic stem and progenitor counterparts in 2 wk
BM revealed a comparable percentage of LSKs in Setdb1® and control BM, indicating that
the Setdb1® LSKs were decreasing from fetal to postnatal (Figure 3.4F, H). Intriguingly, the
percentage of LT-HSCs showed a marked reduction in 2wk BM, whereas, the MPPs remained
unchanged (Figure 3.4G, I, J).

Thus, Setdbl ablation led to a progressive loss of LT-HSCs, which resulted in minimizing
the difference between Setdb1¥® and control LSKs and MPPs from fetal to the postnatal stage.
The phenotype of Setdb1'® LT-HSC is suggestive of stem cell exhaustion in which after the

initial expansion, the population of LT-HSC declined progressively.

3.2. Phenotypic and functional profiling of Setdb1 deficient HSPCs

3.2.1. Postnatal but not fetal liver Setdb1v®' LT-HSCs show enhanced apoptosis

To gain insight into the survival of hematopoietic stem and progenitor cells, we assessed

apoptosis on these cells in E14.5 FL and 2wk BM.

Setdbl-ablated LSK showed a lower percentage of AnnV* cells compared to control
(Figure 3.5 A, B). Moreover, there was no difference in the percentage of apoptotic cells in
both LT-HSCs and MPPs (Figure 3.5 A, C, D). In 2wk BM, Setdb1'®' LSK showed a significant
increase in the percentage of apoptosis (Figure 3.5 E, F). Strikingly, there was a 10-fold
increase in the apoptosis of LT-HSCs. Moreover, MPPs demonstrated higher, but not

significant, apoptosis rate (Figure 3.5E, G, H).

To sum, FL hematopoietic stem and progenitor cells showed normal survival followed by
enhanced apoptosis at postnatal, more specifically in LT-HSCs, which is indicative of stem cell

exhaustion.
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Figure 3.5 | Postnatal but not fetal liver Setdb1v®' LT-HSCs show enhanced apoptosis
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(A) Representative FACS plots apoptotic cells (AnnV*) in LSK, LT-HSC, and MPP in control and Setdb1va
E14.5 FLs. (B) Frequencies of apoptotic cells in LSK, (C) LT-HSC, and (D) MPP in control and Setdb1'& E14.5
FLs (n=4). (E) Representative FACS plots apoptotic cells in LSK, LT-HSC, and MPP in the BM of control and
Setdb1v® at 2wk. (F) Frequencies of apoptotic cells in LSK, (G) LT-HSC, and (H) MPP in the BM of control
and Setdb1'® at 2wk (n=4). Data are shown as mean + SD. *P<0.05 (unpaired two-tailed Student’s t-test);

NS, not significant.

3.2.2. Setdb1 loss augments cell cycle entry of fetal liver LT-HSCs

To determine whether enhanced hematopoietic stem and progenitor cells population

were due to the change in cell proliferation, we analyzed the cell cycle profile by measuring

the Ki-67 proliferation marker. We observed that in the absence of Setdbl, the fraction of LT-

HSCs in the GO phase significantly decreased with a concomitant increase of cells in the G1
phase (Figure 3.6A, C). Likewise, a higher percentage of Setdbl-deficient LSK and MPPs

showed to be in cycle compare to control (Figure 3.6A, B, D). These data are consistent with

normal survival and expansion of the Setdbl-ablated hematopoietic stem and progenitor cells.
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Figure 3.6 | Setdb1 loss augments cell cycle entry of fetal liver LT-HSC

(A) Representative FACS plots of the cell cycle distribution in LSK, LT-HSC, and MPP in control and Setdb1v&"
E14.5 FLs. (B) Frequencies of LSK, (C) LT-HSC, and (D) MPP in each cell cycle phase in control and Setdb1va
E14.5 FLs (n=4). Data are shown as mean * SD. *P<0.05, **P<0.01 (unpaired two-tailed Student’s t-test); NS,
not significant.

3.2.3. Function of fetal liver HSPCs is impaired in absence of Setdb1 in vivo and

in vitro

The early lethality of Setdb1'® mice and severe decrease in the BM cell number
precluded evaluation of Setdbl loss in 2wk BM HSPCs. Therefore, to assess the significance
of Setdbl on the function of HSPCs, we conducted the gold standard competitive
transplantation experiment using E14.5 FL cells. For this purpose, we transplanted the
Setdb1"?” or control CD45.2 donor FL cells with CD45.1 competitor FL cells at the ratio of 1:1
to the lethally irradiated recipient CD45.1/2 mice. We then monitored the percentage of CD45.2
donor cells in the peripheral blood of the recipient mice every two weeks for two months after
transplantation. Setdb1®¥ FL cells did not show any contribution to the peripheral blood at any
assessment time points, whereas control FL cells demonstrated a 50% donor contribution
(Figure 3.7A, B). Analysis of BM cells from the moribund mice, 8 weeks after transplantation,
revealed that Setdb1'® donor FL cells had competitive disadvantage and ultimately failed to

reconstitute the hematopoietic compartment in the recipients, as shown by the ratio of CD45.2
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to CD45.1 donor cell (Figure 3.7C). Therefore, this experiment showed that Setdb1 is required
for the HSPCs function. Despite the double frequency of LSK cells in Setdbl-deficient FL, the
absence of Setdb1 severely impaired HSPCs function.

We next tested the colony formation potential of FL progenitors in vitro using the
methylcellulose medium supplemented with either SCF, IL-3, IL-6, and EPO (MethoCult
M3434) or IL-7 (MethoCult M3630) supporting the myeloerythroid and pre-B cell colonies,
respectively. Compare to control, Setdb1'® FL cells not only generated a fewer number of
myeloerythroid colonies, but the colonies were also smaller in size (Figure 3.7D). As expected,
no pre-B cell colony was formed by Setdb1-ablated FL cells (Figure 3.7E). In summary, Setdbl
loss compromised both myeloerythroid and lymphoid colony-forming potential of progenitors.
However, the reduced number of myeloerythroid colonies was in contrast with higher
myeloerythroid differentiation potential in FL of Setdbl1'® embryos, probably due to their
susceptibility in in vitro culture.
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Figure 3.7 | Function of fetal liver HSPCs is impaired in absence of Setdb1 in vivo and in vitro

(A) Frequency of CD45.2* donor cells in the PB of recipient mice at different time points after transplanation
(n=3). (B) Representative FACS plots distinguishing the contribution of CD45.1* (competitor) and CD45.2*
(donor) cells in the BM of recipient mice, 8 weeks after transplantaion. (C) The ratio between control or
Setdb1® and competitor cell frequency of total BM, lineage~, and LSKs in the the BM of recipient mice, 8
weeks after transplantaion (n=3). (D) Average myeloerythroid and (E) pre-B cell colonies generated from
control and Setdb1'® FLs in methylcellulose colony forming assays perfomed in MethoCult M3434 and
MethoCult M3630, respectively (n=4). Data are shown as mean * SD. *P<0.05, **P<0.01, **P<0.001,
****P<(0.0001 (unpaired two-tailed Student’s t-test).
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3.2.4. Lack of Setdbl partially compromises homing potential of fetal liver
HSPCs

Given that Setdbl*® HSPCs demonstrated severely impaired functionality in
transplantation, we wondered if HSPCs devoid of Setdbl were capable of migrating to the
bone marrow efficiently. To address this, we performed a homing experiment by injecting the
CFSE-labeled Setdb1® and control FL lineage™ cells to the lethally irradiated recipient mice
and analyzed the percentage of CFSE* cells in the BM after 16h. Although not significant, the
frequency of Setdb1'® CFSE" cells exhibited a decreasing trend. To substantiate this, we
measured the expression of known homing surface markers on LSKs from Setdbl1'® and
control FL cells. Intriguingly, both CD62L and VLA-4 surface markers significantly decreased
on Setdb1'® LSKs. Collectively, these data indicate that Setdbl deficiency compromised, at
least partially, the homing potential of FL HSPCs.
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Figure 3.8 | Lack of Setdb1 partially compromises homing potential of fetal liver HSPCs

(A) Frequencies of control and Setdb1v® CFSE" cells in the BM of lethally irradiated recipient mice 16h after
injection (n=3). (B) Representative histogram indicating the expression of CD62L homing marker on control
and Setdb1® FL LSKs. (C) Comparison of the mean fluorescence intensity (MFI) of CD62L expression on
control and Setdb1v®' FL LSKs (n=4). (D) Representative histogram indicating the expression of VLA-4 homing
marker on control and Setdb1'® FL LSKs. (E) Comparison of the mean fluorescence intensity (MFI) of VLA-4
expression on control and Setdb1'® FL LSKs (n=4). Data are shown as mean + SD. **P<0.01, ***P<0.001,
(unpaired two-tailed Student’s t-test) ); NS, not significant.

3.3. Transcriptome analysis of fetal liver LT-HSCs and MPPs

3.3.1. Genes are dysregulated in Setdbl-deleted LT-HSCs and MPPs

To decipher the molecular basis underlying Setdb1-regulated HSPCs maintenance and
differentiation, we performed high-throughput bulk RNA sequencing (RNA-Seq) on LT-HSCs
and MPPs sorted from Setdb1'? and control FL cells. On Integrative Genomics Viewer (IGV),
the deletion of Setdbl exon 4 in LT-HSC and MPP was evident (Figure 3.9A). Principal

component analysis (PCA) of transcriptome data of all samples projected 52% and 92%

32



Results

transcriptional variance based on the first component (PC1), which separated well the
Setdb1"® and control samples in LT-HSCs and MPPs, respectively (Figure 3.9B, C).
Differential expression analysis of all coding genes demonstrated that 285 and 2719 were
significantly dysregulated in Setdb1'® LT-HSCs and MPPs, respectively, relative to control
(Pagi < 0.05). In LT-HSCs, out of 285 dysregulated genes, 144 genes were upregulated, and
141 genes were downregulated (Figure 3.9D). Interestingly, in MPPs, more genes deregulated
upon Setdbl loss. Out of 2719 dysregulated genes in MPPs, 1213 genes were upregulated,
and 1506 genes were downregulated (Figure 3.9E). The majority of the highly upregulated
genes in both Setdb1® LT-HSCs and MPPs revealed to be tissue non-specific genes. Among
upregulated genes in both Setdb1'® LT-HSCs and MPPs, we found testis-specific genes (lgcg,
4930550L24Rik, Dnah8, M1ap, and Tex19.1), oocyte-specific gene (Stag3), germ cell-specific
gene (Gm1564), neuronal gene (Akap5), and gene encoding ion channel membrane protein
(Tmem150c). The upregulation of the Tex19.1 gene was also reported in Setdbl-knockdown
ES cells (Yuan et al., 2009). The liver and muscle-specific gluconeogenic enzymes, Fbpl and
Fbp2, respectively, were previously shown to be upregulated in Setdbl-deficient adult HSPCs
(Koide et al., 2016). Similarly, expression of both genes increased in Setdb1'® MPPs,
whereas, only Fbp2 demonstrated upregulation in Setdb1"® LT-HSCs. Moreover, the cell
cycle-related gene Gstp2, G1 to S phase transition protein 2, was among the upregulated
genes, implying the enhanced cell cycle progression. Interestingly, a couple of hematopoietic
specific genes showed strong upregulation. Setdbl-ablated pro-B cells and T cells showed
upregulation of the Fcgr2b gene (Pasquarella et al., 2016; Takikita et al., 2016). Likewise, both
Setdb1"® LT-HSCs and MPPs expressed high levels of the Fcgr2b gene. Lastly, strong
expression of the erythroid-specific enzyme, Carl, observed in Setdb1'® LT-HSCs and MPPs.

Although SETDB1 was known for its silencing function, we also looked at the
downregulated genes that could be indirectly regulated by SETDB1. Surprisingly, we found
the established SETDB1 target H19, and H19-regulated gene Igf2, both belonged to the
Imprinted Gene Network (IGN), downregulated in Setdb1"® LT-HSCs and MPPs. Intriguingly,
several immune-related genes such as chemaokine receptors (Ccr2, Ccr9), adhesion molecule
(Vcaml), pattern-recognition receptor (Clec7) demonstrated strong downregulation in
Setdb1'® MPPs, suggesting the requirement of Setdbl for proper expression of immune-

related genes.
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Figure 3.9 | Genes are dysregulated in Setdb1-deleted LT-HSCs and MPPs

(A) Genome browser view of Setdbl locus. Red-colored box indicates the exon 4 deletion in Setdb1v® LT-
HSC and MPP. (B) Principal component analysis (PCA) of transcriptional profiles of control and Setdb1v&’ LT-
HSC. (C) As in A, but for control and Setdb1'® MPP. (D) Average expression of all protein-coding genes
versus log2 fold change in control vs Setdb1'a LT-HSC. Highlighted in red are significantly upregulated genes
in Setdb1¥& LT-HSC. Highlighted in blue are significantly downregulated genes in Setdb1'® LT-HSC (Pag <
0.05, n=3 for each group). (E) Same as D, but for MPP (Padj< 0.05, log2 fold change > 0.5, n=3 for each group).
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3.3.2. Hallmark gene sets related to cell cycle are enriched in Setdb1V®' LT-HSCs
and MPPs

We next, performed Gene Set Enrichment Analysis (GSEA) for hallmark gene sets
comparing Setdb1'® and control LT-HSCs and MPPs. Consistent with the enhanced cell cycle
activation, several gene sets associated to cell cycle enriched significantly in Setdb1® LT-
HSCs as well as MPPs (Figure 3.10 A, B). Moreover, we observed enrichment for the oxidative
phosphorylation (OxPhos) gene set. OxPhos was reported as the FL additional source for
energy production to meet the demand of the highly proliferating FL HSPCs (Manesia et al.,
2015). In addition, the unfolded protein response (UPR) gene set demonstrated marked
enrichment; however, in contrast to pro-B cells (Pasquarella et al., 2016), we have not
observed any apoptosis in Setdb1® HSPCs (Figure 3.5 A-D). In support of the higher erythroid

lineage output, the heme metabolism-related genes enriched in Setdb1'3 MPPs.

Hallmark gene sets in LT-HSC Hallmark gene sets in MPP
oxidative phosphorylation G2M checkpoint
G2M checkpoint oxidative phosphorylation
mtorc1 signaling unfolded protein response
unfolded protein response E2F targets
myc targets_v2 myc targets_v2
E2F targets myc targets_v1
myc targets_v1 heme_metabolism
- 0 0.5 1 1.5 2 2.5 3 0 0.5 1 15 2 2.5 3
Normalized Enrichment Score (NES) Normalized Enrichment Score (NES)
FDR <0.01 FDR <0.01

Figure 3.10 | Hallmark gene sets related to cell cycle are enriched in Setdb1'® LT-HSCs and MPPs

(A) Gene Set Enrichment Analysis (GSEA) of RNA-seq data for hallmark gene sets enriched in Setdb1v& LT-
HSC performed by GSEA software (Subramanian et al., 2005). Shown are the highly enriched gene sets. (B)
Same as A, but for MPP. FDR, false discovery rate.

3.3.3. Setdb1v® LT-HSCs and MPPs show loss of transcriptional identity and
biased lineage specific gene expression

Apart from non-hematopoietic genes (described in section 3.3.1), we detected several
hematopoietic genes deregulated in Setdbl-deficient HSPCs. Strikingly, the absence of
Setdbl in LT-HSCs led to the downregulation of Hoxal0, Hoxa9, Smad?7, Flt3, and FL specific
Hmga2 genes involved in survival and self-renewal of LT-HSCs (Figure 3.11A).
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By GSEA, we observed that the gene signature specific to LT-HSC is completely
depleted in Setdb1'® LT-HSCs, suggesting the significance of Setdbl in the maintenance of
the HSC transcriptional identity (Figure 3.11B). Likewise, not only the expression of HSC-
specific genes decreased in Setdb1'®¥ MPP, but the transcriptional gene signature related to
HSPCs also depleted (Figure 3.11C, D). Consistent with the phenotypic profiling, we observed
downregulation of many genes involved in lymphoid development. Transcription factor PU.1
(encoded by Spil) showed to be critical in lymphoid lineage priming from multipotent
progenitors by regulating its two target genes encoding key cytokine receptors Flt3, IL-7Ra
(DeKaoter et al., 2002; Carotta et al., 2010; Pang et al., 2018). In MPPs, Setdb1l ablation led to
a significant downregulation of Spil, Fit3, and II7r. (Figure 3.11C). Interestingly, expression of
another PU.1 target, Mef2c, that showed to regulate lymphoid versus myeloid fate choice in
MPPs (Stehling-Sun et al., 2009) markedly decreased (Figure. 3.11C). Accordingly, the gene
signatures related to both B and T cell development were lost in Setdb1'® MPPs (Figure
3.11E).

Coherence with the myeloerythroid lineage expansion in the absence of Setdbl, we
observed the upregulation of the erythroid-affiliated genes, Gatal, Zfpm1 (FOG-1), Tall, KIf1,
Epor, and Carl (Figure. 3.11C). Moreover, the gene signature related to nucleated erythrocyte,
which encompassed genes implicated in erythropoiesis were positively enriched in Setdb1"2Y
MPPs (Figure 3.11F), which corroborated the enriched heme metabolism gene signature in
the hallmark genes (Figure 3.10B). In addition to the highly expressed myeloid related gene
Fcgr2b, we detected upregulation of the Cebpe gene, which was shown previously to be crucial
for terminal differentiation and function of granulocytes (Lekstrom-Himes, 2001)(Figure.
3.11C).

To sum, our data demonstrated that Setdbl was required for the maintenance of the

HSPCs transcriptional identity and the regulation of balanced lineage priming.
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Figure 3.11 | Setdb1v® LT-HSCs and MPPs show loss of transcriptional identity and biased lineage
specific gene expression

(A) Heatmap showing selected hematopoietic stem cell-related gene expression in control (con) and Setdb1v&"
(mut) FL LT-HSC (Padj < 0.05). (B) Gene Set Enrichment Analysis (GSEA) with LT-HSC gene signature
(Ivanova et al., 2002) for RNA-seq data from control and Setdb1v® FL LT-HSC. (C) Heatmap indicating
selected hematopoietic stem cell-, lymphoid-, and myeloerythroid-associated gene expression in control (con)
and Setdb1'® (mut) FL MPP (Padj< 0.05, log2 fold change > 0.5). (D) Gene Set Enrichment Analysis (GSEA)
with hematopoietic stem and progenitor cell (HSPC) gene signature (lvanova et al., 2002) for RNA-seq data
from control and Setdb1'® FL MPP. (E) Gene Set Enrichment Analysis (GSEA) with GO lymphocyte
differentiation gene signature for RNA-seq data from control and Setdb1'® FL MPP. (F) Gene Set Enrichment
Analysis (GSEA) with nucleated erythrocyte gene signature (Chambers et al., 2007) for RNA-seq data from
control and Setdb1¥® FL MPP. NES, normalised enrichment score; FDR, false discovery rate.
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3.3.4. Setdb1-deleted MPPs downregulate expression of genes associated with
cellular communication

By KEGG pathway analysis, we observed depletion of gene sets related to cellular
communications, e.g., cell adhesion molecules (CAMs) and Cytokine-cytokine receptor
interaction (Figure 3.12A, B). The chemokine receptors CCR9 and CCR7 were required for
the seeding of lymphoid progenitors in the thymus (Ramond et al., 2014). In Setdb1"®" MPPs,
expression of both Ccr9 and Ccr7 genes showed a marked decrease (Figure 3.12C). In
addition, HSPCs homing markers, LFA-1 (Itgal), CD62L (Sell), CXCR4 (Cxcr4), VLA-4
(ITGA4), were significantly downregulated in Setdb1'® MPPs (Figure 3.12C). These data
confirmed a partial decrease in the homing capability of Setdb1-ablated HSPCs in vivo (Figure
3.8A-E).
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Figure 3.12 | Setdb1-deleted MPPs downregulate expression of genes associated with cellular
communication

(A) Gene Set Enrichment Analysis (GSEA) for KEGG pathway gene signature related to cytokine-cytokine
receptor interaction for RNA-seq data from control and Setdb1va¥ FL MPP. (B) As in A, but for KEGG pathway
gene signature related to cell adhesion molecules (CAMs). (C) Heatmap showing expression (given by TPM)
of selected genes in control and Setdb1'® FL MPP (Pagj < 0.05). . NES, normalised enrichment score; FDR,
false discovery rate; TPM, transcripts per million.
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3.3.5. Retrotransposons are derepressed in Setdb1'? LT-HSCs and MPPs

Setdbl depletion in a variety of cellular systems led to derepression of different families
of retrotransposons. To verify which families gained transcriptional activity in the absence of
Setdbl, we analyzed the differential expression of all annotated retrotransposon defined in the
University of California Santa Cruz (UCSC) genome browser in our RNA-seq data from
Setdb1® LT-HSCs and MPPs compared to control. The significant expression was observed
in all classes of ERVs in both LT-HSCs and MPPs such as MuLV and MMVL30 (class ),
RLTR50A, MMERVK10C, and IAPLTR3 (class Il), and MER74C (class Ill) (Figure 3.13A, B).
Interestingly, we detected significant but mild expression of non-LTR retrotransposons such
as LINE-L1 and B2 SINE in Setdb1'® MPPs (Figure 3.13C, D). Mild expression of LINE-L1
was observed in visceral endoderm (XEN) cells (PhD thesis, Zeyang Wang); however, B2

SINE exhibited an exclusive expression pattern in Setdbl-deleted FL MPPs.
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Figure 3.13 | Retrotransposons are derepressed in Setdb1'® LT-HSCs and MPPs

(A) Dot plot indicating average expression versus log2 fold change of ERV families in control vs Setdb1v& LT-
HSC. Highlighted in red are significantly upregulated ERVs in Setdb1?' LT-HSC. (Pagj< 0.01, log2 fold change
> 1, n=3 for each group). (B) Same as A, but for MPP. Highlighted in red are significantly upregulated ERVs
in Setdb1va MPP. Highlighted in blue are significantly downregulated ERVs in Setdb1'® MPP. (Pag < 0.01,
log2 fold change > 1, n=3 for each group). (C) Dot plot indicating average expression versus log2 fold change
of LINEs in control vs Setdb1v®" MPP. Highlighted in red are significantly upregulated SINEs in Setdb1v&" MPP.
(Pagi < 0.01, log2 fold change > 0.2, n=3 for each group). (D) Dot plot indicating average expression versus
log2 fold change of SINE families in control vs Setdb1v&" MPP. Highlighted in red are significantly upregulated
SINE in Setdb1v& MPP. (Padj< 0.01, log2 fold change > 0.2, n=3 for each group).
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3.4. Identification of SETDB1 targets

3.4.1. SETDB1 directly targets non-hematopoietic genes

SETDB1-mediated silencing is heralded by the deposition of the H3K9me3 mark on its
target regions. To investigate whether the upregulation of genes was the direct consequence
of Setdbl ablation, we mapped the H3K9me3 mark as the readout of SETDB1 enzymatic
activity in Setdb1¥® and control LSK cells using chromatin immunoprecipitation followed by
high-throughput sequencing (ChIP-Seq). However, the number of FL LSK cells was the limiting
factor to employ regular ChlP protocols. Therefore, we utilized the ultra-low-input micrococcal
nuclease-based native ChIP (ULI-NChIP) and sequencing method (Brind’Amour et al., 2015).
We asked whether the level of H3K9me3 mark changed at transcriptional start sites (TSS) of
coding genes (-4.0 kb to +1.0 kb from TSS) upon Setdbl deletion in LSK cells and that the
loss of H3K9me3 led to the transcriptional changes observed in MPPs, which encompassed
the substantial fraction of LSK cells. Interestingly, we observed that the promoter of non-
hematopoietic genes in FL LSK cells was enriched for the SETDB1-mediated H3K9me3 mark.
The deletion of Setdb1 resulted in a reduction of the H3K9me3 level at these gene promoters
such as Fbp2, Dnah8, Gstp2, and M1ap. This observation was coherent with the transcriptome
analysis since many of these genes exhibited a significantly higher expression in Setdb1'&"
MPP cells (Figure 3.14). Loss of H3K9me3 at the promoter of Fbp2 in Setdb1'®" FL LSKs was
consistent with that of adult BM HSPCs (Koide et al., 2016).

Figure 3.14 | SETDB1 directly
targets non-hematopoietic genes
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3.4.2. SETDB1 mediates silencing on ERVs

We next analyzed H3K9me3 enrichment at different families of retrotransposons and
asked if there is a correlation between the loss of H3K9me3 mark and the derepression of
retrotransposons. Surprisingly, not all families of the derepressed retrotransposons in
Setdb1'® MPPs demonstrated H3K9me3-hypomethylation. ERVs class | and Il, whose
expression was detected in Setdb1'® MPPs, such as MuLV and MMVL30 (class 1), RLTR50A,
MMERVK10C showed loss of H3K9me3. In contrast, IAPLTR3 (class Il), and MER74C (class
lIl) exhibited maintained H3K9me3 level, suggesting that SETDB1-mediated silencing did not
control the expression of these elements (Figure 3.15A). Mild reduction of H3K9me3 level at
LINEs was reported in Setdbl knockout MEF cells (Kato et al., 2018). Similarly, we observed
H3K9me3-hypomethylation at LINE-L1 (Figure 3.15B). Despite significant but slight
derepression of B2 SINE, the H3K9me3 level showed a reduction trend; however, it did not
pass the set threshold (Figure 3.15C).

In Setdbl-ablated mESCs, neural progenitor cells, and PGCs, activation of ERVSs, such
as IAPs, and generation of chimeric transcripts starting from ERVS, led to the upregulation of
neighboring genes (Karimi et al., 2011; Tan et al., 2012; Liu et al., 2014). However, such
transcripts have been detected neither in pro-B cells nor in LSK and GMP cells upon Setdbl
deletion (Koide et al., 2016; Pasquarella et al., 2016). In Setdb1'® MPPs, by visual inspection
of genomic regions of upregulated genes on IGV browser, we detected several genes such as
Fcgr2b and Def8 that laid in the vicinity of derepressed ERVs; however, the orientation of the
derepressed ERVs with respect to the neighboring genes dismissed the generation of read-
through transcripts (Figure 3.15D). For example, Fcgr2b, the only hematopoietic-related gene,

bore the head-to-head orientation with respect to its neighboring MuLV-int ERV.

To sum, SETDB1 mediated silencing at the promoters and retrotransposons. However,

SETDB1-mediated repression at the promoters was limited to non-hematopoietic genes.

41



Results

(Setdb1vav/control)

Log2FoldChange H3K9me3_LSK

MER74CILTRIERVL
" IAPLTR3-intILTRIERVK

«MMVL30-intILTRIERV1

« " «MuLV-intiLTRIERV1

.. *MMTY-intiLTRIERVK - RLTRSOAILTRIERVK
” “MMERVK10C-ntILTRIERVK

“RLTR4SILTRIERVK

Log2FoldChange ERV expression_MPP
(Setdb1vav/control)

c

©* L1Md_TILINEIL1

(Setdb1vav/control)

Log2FoldChange H3K9me3_LSK

3
=

Log2FoldChange H3K9me3_LSK
(Setdb1vav/control)

- ——B2_Mm1alSINEIB2

Log2FoldChange LINE expression_MPP
(Setdb1vav/control)

Figure 3.15 | SETDB1 mediates silencing on ERVs

(A) Scatter plot indicating the correlation between the expression of ERV families in Setdb1?' vs control MPP
and H3K9me3 levels in Setdb1'® vs control LSK. Highlighted in red are significantly upregulated ERVS (Padj <
0.01, log2 fold change > 1) demonstrating reduced H3K9me3 levels (log2 fold change > 0.2). (B) Scatter plot
indicating the correlation between the expression of LINEs in Setdb1'® vs control MPP and H3K9me3 levels
in Setdb1® vs control LSK. Highlighted in red are significantly upregulated LINEs (Padj< 0.01, log2 fold change
> 0.2) demonstrating reduced H3K9me3 levels (log2 fold change > 0.2). (C) same as B, but for SINEs.
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3.5. Assessment of genome-wide chromatin accessibility and motifs in

correlation with H3K9me3 and gene expression

3.5.1. Chromatin accessibility is altered in Setdb1v&' LSK cells

Given that the correlation of Setdbl-mediated silencing to the observed Setdbl'®
hematopoietic phenotype was weak, we wondered whether SETDB1 governed the gene
transcription by modulating the chromatin dynamic. Therefore, we used the improved protocol
of assay for transposase-accessible chromatin using sequencing (Omni-ATAC-seq) (Corces
et al.,, 2017) to gain insight about SETDB1 regulatory function beyond promoters and
retrotransposons by identifying the genome-wide chromatin accessibility landscape in LSK
cells. In total, we identified 29774 non-promoter accessible regions. The PCA analysis of nhon-
promoter ATAC peaks projected 82% variance based on the first component (PC1), which
distinguished well the Setdb1'® and control LSK samples (Figure 3.16A).

Assessment of the differential accessible regions (log2 fold change > 2) revealed 708
regions, which gained accessibility in Setdb1'® LSK cells and 135 regions, which lost
accessibility (Figure 3.16B). Using Homer motif analysis, we asked if the 708 newly emerged
ATAC peaks in Setdb1® LSK cells harbored TF binding sites. Interestingly, three of the five
top-scoring motifs matched to PU.1 and other ETS TFs. The other two motifs were enriched
for the critical transcriptional regulator and genome organizer CTCF and its paralog BORIS
(Figure 3.16C). Notably, the average ATAC-seq coverage on PU.1 and CTCF motifs increased
in Setdb1'® LSK cells compared to controls, corroborating the presence of the motifs in the
accessible regions (Figure 3.16D, E). Intriguingly, except for Boris (TPM<1), CTCF and other
ETS TFs such as PU.1 were expressed at different levels in both Setdb1'?' and control LSK
cells, suggesting the binding potentiality of these TFs to their corresponding motifs (Figure
3.16F).
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Figure 3.16 | Chromatin accessibility is altered in Setdb1'® LSK cells

(A) Principal component analysis (PCA) of non-promoter ATAC peaks in control and Setdb1'® LSKs. (B) Dot
plot showing ATAC-seq coverage (given by RPKM) in control vs Setdb1v® LSK. Highlighted in red are the
gained ATAC peaks in Setdb1? LSK (log2 fold change > 2). Highlighted in blue are the lost ATAC peaks in
Setdb1v& LSK (C) Motif analysis in gained ATAC peaks in Setdb1'® LSK. The first five top-scoring motifs are
listed. (D) ATAC-seq coverage (given by RPKM) on PU.1 motifs in gained ATAC peaks in Setdb1® LSK (n=2).
Mean coverage + SD (shaded area) is shown. (E) Same as D, but for CTCF moatifs. (F) Heatmap showing
expression (given by TPM) of motif-associated TFS in control and Setdb1v® FL MPP. TPM, transcripts per
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3.5.2. TF binding sites found in Setdb1'#’-specific open chromatin lose SETDB1-
mediated H3K9me3 protection

We then asked if the altered chromatin accessibility was directly mediated by SETDBL1.
Among the expressed ETS TFs in LSK cells that could potentially bind to ETS motif, only PU.1
is known as the master regulator of lineage fate determination (Arinobu et al., 2007)(Figure
3.16E). Therefore, we determined the level of H3K9me3 over PU.1 and CTCF motifs detected
in the Setdb1?"- specific ATAC peaks in control and Setdb1'®¥ LSK cells. Of note, we detected
a high density of H3K9me3 on both PU.1 and CTCF motifs in control LSK cells. Intriguingly,
striking hypomethylation was observed on PU.1 and CTCF motifs in Setdb1¥® LSK cells, at
the same level as the input sample (Figure 3.17 A, B). Importantly, the H3K9me3 reduction
was specific for the motifs mentioned above since the H3K9me3 mark remained unaltered at
the other part of the genomes, for example, at those repressed ERVs, which maintained the
low level H3K9me3 mark in control and Setdb1'®' LSK cells (Figure 3.17 C). In conclusion,
loss of H3K9me3 protection on PU.1 and CTCF binding motifs in Setdb1¥® LSK cells led to
enhanced accessibility, thereby providing additional binding sites for the readily available

corresponding TFs.
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Figure 3.17 | TF binding sites found in Setdb1v®'-specific open chromatin lose SETDB1-mediated
H3K9me3 protection

(A) H3K9me3 coverage (given by RPKM) on PU.1 motifs in gained ATAC peaks in Setdb1'? LSK (n=3). Mean
coverage + SD (shaded area) is shown. (B) As in A, but on CTCF motifs. (C) H3K9me3 coverage (given by
RPKM) on a subset of represed ERVs with maintained H3K9me3 in Setdb1'® LSK (n=3). Mean coverage +
SD (shaded area) is shown.
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3.5.3. Potential target genes associated with TF binding sites are deregulated

We next interrogated if the exposed TF binding sites found in the Setdb1'®'- specific
open chromatin regions that could potentially be bound by PU.1 and CTCF, modulated the
transcription of the neighboring genes. Therefore, we first filtered the TSS of all coding genes
for the ones which were within the £ 100 kb window around the PU.1 and CTCF binding motifs.
In total, we found 417 and 389 genes either up or downstream of PU.1 and CTCF motifs,
respectively. To gain insight into the transcriptional changes, we overlapped the significantly
deregulated genes in Setdbl-deficient MPPs with those of PU.1 and CTCF motif-associated.
Interestingly, 29 out of 417 PU.1 motif-related genes showed significant upregulation, and the
same number of the genes showed downregulation in Setdb1'®" MPPs (Figure 3.18A, B).
Likewise, 25 and 38 out of 389 CTCF motif-associated genes were significantly up and
downregulated, respectively, in Setdb1"® MPPs (Figure 3.18C, D).

To understand the biological function, we analyzed the genes in the intersection of each
Venn diagram with the ShinyGO tool for the GO biological process terms and KEGG pathways
(Ge etal., 2020). PU.1 motif-related upregulated genes did not show significant enrichment for
defined terms and pathways. Nevertheless, we observed cases where an exposed PU.1 motif
correlated with an upregulated gene such as Fech gene locus (Figure 3.18E). The gene
encodes the ferrochelatase enzyme involved in heme metabolism, which showed enrichment
among the hallmark gene sets in Setdb1'®" MPP (Figure 3.10B). However, this gene is not the
PU.1 target. Interestingly, PU.1 motif-related downregulated genes enriched for the KEGG
pathway, such as cytokine-cytokine receptor interaction (Figure 3.18F). The illustration was at
IL16 gene locus, where the loss of H3K9me3 observed at PU.1 binding motif in a region with
enhanced accessibility upstream of the IL16 locus (Figure 3.18G). Of note, the emerged PU.1
motif demonstrating H3K9me3 deficit related to Fech and IL16 genes resided in ORR1E and
ORR1B1 subfamilies of ERVs class Ill retrotransposons, respectively. However, no
transcriptional changes observed for these elements in Setdb1?" MPPs (Figure 3.13B, Figure
3.15A).

We applied the same approach to the CTCF motif-associated genes. Our analysis
revealed that upregulated genes related to the CTCF motif enriched for GO biological process
terms associated with nuclear division (Figure 3.18H). For instance, the upregulated Spire2
gene, involved in the nucleation of actin filaments, bore a hypomethylated B3 retrotransposon,
the subfamily of B2 SINE, which uncovered a CTCF binding motif (Figure 3.18l). Strikingly, we
observed a strong representation of downregulated CTCF motif-related genes in GO biological
process terms such as “antigen processing and presentation” and “immune response” (Figure

3.18J). CTCF showed to be central for the regulation of human major histocompatibility
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complex (MHC) class Il genes (Majumder and Boss, 2010). Setdb1'® MPPs demonstrated a
significant downregulation of several genes in the large MHC Il locus, encompassing two
hypomethylated CTCF motifs within the B3 subfamily in an open chromatin environment.
Further illustration was observed at the upstream of Cx3crl locus, the chemokine receptor
related to the “immune response” GO biological process term (Figure 3.18K). However, despite
the fact that we observed significant but slight upregulation of B2 SINE in Setdb1'®" MPPs
(Figure 3.13D), loss of H3K9me3 occurred at CTCF-containing B3 subfamily of B2 SINE

elements did not result in transcriptional activation of these loci.

Collectively, these data showed that Setdbl-dependent loss of H3K9me3 at
retrotransposons, which still remained repressed, altered the chromatin dynamic toward the
more accessible state, which exposed the cryptic PU.1 and CTCF binding site. Putative binding
of the corresponding TFs could eventually, and partly explain the gene deregulation in Setdb1-
ablated HSPCs.
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Figure 3.18 | Potential target genes associated with TF binding sites are deregulated

(A) Scaled Venn diagram indicating the overlap of the significantly upregulated genes (Pagj < 0.05, log2 fold
change > 0.5) and PU.1 motif-related genes (TSS within £ 100 kb window around PU.1 motif). (B) Scaled Venn
diagram indicating the overlap of the significantly downregulated genes (Pagj < 0.05, log2 fold change > 0.5)
and PU.1 motif-related genes (TSS within + 100 kb window around PU.1 motif). (C) Scaled Venn diagram
indicating the overlap of the significantly upregulated genes (Pagj < 0.05, log2 fold change > 0.5) and CTCF
motif-related genes (TSS within £ 100 kb window around CTCF motif). (D) Scaled Venn diagram indicating the
overlap of the significantly downregulated genes (Pagj < 0.05, log2 fold change > 0.5) and CTCF motif-related
genes (TSS within + 100 kb window around CTCF motif). (E) IGV shapshot of the Fech locus at the intersection
in A. Shaded region indicates the hypomethylated motif in the gained ATAC peak in Setdb1?' LSK. Black box
indicates ERV coordinate. (F) KEGG pathway analysis using ShinyGO tool (Ge et al., 2020) for the genes at
the intersection in B. (G) IGV snapshot of the 1116 locus at the intersection in B. Shaded region indicates the
hypomethylated motif in the gained ATAC peak in Setdb1?' LSK. Black box indicates ERV coordinate. (H) GO
biological pathway analysis using ShinyGO tool for the genes at the intersection in C. (I) IGV snapshot of the
Spire2 locus at the intersection in C. Shaded region indicates the hypomethylated motif in the gained ATAC
peak in Setdb1'® LSK. Black box indicates B3 subfamily of B2 SINE coordinate. (J) GO biological pathway
analysis using ShinyGO tool for the genes at the intersection in D. (K) IGV snapshot of the Cx3crl locus.
Shaded region indicates the hypomethylated motif in the gained ATAC peak in Setdb1'® LSK. Black box
indicates B3 subfamily of B2 SINE coordinate.
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4. Discussion

4.1. SETDB1 demonstrates a progressive and developmentally distinct

phenotype during hematopoiesis

Definitive hematopoiesis in mice peaks at E14.5 in FL, and then moves to BM until after
birth (reviewed in section 1.1.1). During this period, HSCs demonstrate developmentally
distinct phenotypic and functional features to ensure proper development and maintenance of
the hematopoietic system (reviewed in section 1.1.3). The pivotal role of histone
methyltransferase SETDBL1 in the maintenance of cell identity during early development and
different cellular contexts, as well as adult HSPCs (reviewed in section 1.3.2), prompted us to
investigate its significance during FL and postnatal hematopoiesis. In this study, we deleted
Setdbl at E9.5-E10.5, the earliest developmental time point of definitive hematopoiesis using
Vav-Cre deleter. Interestingly, Setdb1'® embryos developed normally with no change in FL
cellularity; however, the enhanced lethality at the postnatal stage (3-4 wk) which was
accompanied by hypocellularity in the central hematopoietic organs, namely, BM and thymus,
pointed to the hematopoietic failure (Figure 3.1). The Setdb1'®' postnatal phenotype resembled
that of adult BM. Setdbl ablation in adult HSCs led to expanded apoptosis of these cells,
severe BM failure, and mice lethality within 3 weeks after Setdbl deletion (Koide et al., 2016).
Assessment of hematopoietic compartments in the FL and postnatal (2wk) BM demonstrated
a developmental stage-specific phenotype. Expansion of LT-HSCs and MPPs in the FL was
followed by the postnatal loss of LT-HSCs (Figure 3.4). Marked decrease of FL LT-HSCs at
the GO phase of cell cycle and lack of apoptosis further supported the fact that FL LT-HSCs
devoid of Setdbl enhanced cycling capacity while maintaining normal survival (Figure 3.5,
Figure 3.6). In contrast, 2wk LT-HSCs exhibited enhanced apoptosis (Figure 3.5). Setdb1"2
LT-HSC phenotype was indicative of a phenomenon called “stem cell exhaustion,” in which

the population of LT-HSC declined progressively after initial expansion (Jacob et al., 2010).

When it came to lineage specification, Setdbl ablation resulted in a compromised
lymphoid differentiation while at the same enhancing myeloerythroid output. Thymocyte-
specific deletion of Setdbl induced a partial transition block in the double-positive (DP) to
single-positive (SP) cells and subsequent hypocellularity of the thymus (Martin et al., 2015;
Takikita et al., 2016). Similarly, Setdb1 deficiency diminished T cell reservoir in the thymus and
spleen, which could be partly attributed to two developmental blocks, first at DN3 to DN4 stage
and second at DP to both CD4 and CD8 SP cells (Figure 3.2). Another clue for impaired
lymphopoiesis arose from the fact that despite T cell pool shrinkage, surprisingly, the

comparable number of CLPs were generated upon Setdb1 deletion, implying the compromised
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homing potential of CLPs to the thymus. Besides, in line with our previous finding (Pasquarella
et al., 2016), Setdb1 was essential for B cell development since no B cell was generated from
Setdb1'® CLPs. On the other side of the hematopoietic system, myeloerythroid lineage
specification enhanced progressively, as demonstrated by the frequency of
granulocyte/monocyte cells in Setdb1'®" FL and 2wk BM. The same held true when we looked
at their immediate progenitors, GMPs. In the same way, the early erythroid progenitors
continuously expanded in Setdb1® FL and 2wk spleen (Figure 3.3). However, similar to
Setdb1'® CLPs, the frequency of MEPs remained unaltered in Setdb1'® FL. The phenotypic
consequences of Setdbl deletion during fetal and postnatal hematopoiesis was unique when
compared to the previously reported adult hematopoiesis (Koide et al., 2016). Except for adult
BM MEPs, which phenocopied the FL counterparts, all the other progenitors severely declined
in adult BM upon Setdb1 loss.

Together, Setdbl ablation in the entire hematopoietic system generated a progressive
phenotype from fetal to postnatal, as demonstrated by 1) stem cell exhaustion feature of LT-
HSCs, 2) myeloerythroid expansion. Importantly, fetal and postnatal hematopoiesis was
distinct from that of adult, thereby indicating a developmental stage-specific phenotype (Figure
4.1).
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Figure 4.1 | Summary of the progressive Setdb1'® phenotype in hematopoietic system

Setdbl deletion in the fetal liver HSPCs demonstrates a progressive phenotype. Expansion and normal
survival of fetal liver LT-HSCs at E14.5 is followed by the apoptosis and depletion of these cells at around two
weeks after birth (postnatal). Lymphoid lineage specification is compromised downstream of the CLP
population, while at the same time, myeloerythroid expansion becomes more pronounce over time, leading to
biased lineage differentiation.
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4.2. SETDBL1 is central for functional capacity of FL HSPCs

The functional characteristics of HSCs can be assessed by a variety of approaches. In
this study, we took advantage of the gold standard transplantation experiment for the
assessment of several aspects of HSPCs function. We showed that Setdbl presence is vital
for the engraftment potential since FL Setdb1'® HSPCs were incapable of repopulating the
recipient BM in the competitive transplantation setting. Besides, both myeloerythroid and
lymphoid colony formation ability of FL Setdb1?* hematopoietic progenitors was impaired in in
vitro culture (Figure 3.7). Reduced number of myeloerythroid colonies, despite the expansion
of these cells in vivo, hinted to their probable vulnerability to in vitro culture. Another
fundamental feature of HSCs is the migrating function (Ciriza et al., 2013). Compromised
function of FL Setdb1'® HSPCs for hematopoietic reconstitution after transplantation raised
the question of whether these cells were able to home to the BM niche. Indeed, FL Setdb1'®
HSPCs endowed with less, but not significant, homing potential (Figure 3.8). However, a
significant decrease in the surface expression of homing markers on Setdbl'® LSKs
substantiated the results of the homing experiment. Coherently, several gene sets, including
the ones implicated in cellular communication and homing such as cell adhesion molecules
(CAMs) and Cytokine-cytokine receptors, depleted in Setdb1v® MPPs (Figure 3.12). Thus, not
only the hematopoietic reconstitution was impaired, but it also could be attributed, at least in

part, to inefficient homing.

4.3. Transcriptome analysis corroborates the phenotypic and functional features
of FL Setdb1'® HSPCs

To date, there was no genome-wide transcriptional profiling for Setdb1-deleted LT-HSCs
and MPPs, let alone the FL stage. Our study provided the first comprehensive transcriptome
analysis of these populations to better elucidate their distinct phenotypic and functional
properties during FL hematopoiesis, in the absence of Setdbl. Previous studies highlighted
the importance of Setdbl in the repression of tissue-inappropriate genes (Yuan et al., 2009;
Karimi et al., 2011; Tan et al., 2012; Koide et al., 2016). Likewise, in FL LT-HSCs and MPPs,
Setdbl was essential for repressing the non-hematopoietic genes associated with other
tissues, including testis, oocyte, germ cell, neuron, and muscle, thereby maintaining the
hematopoietic cell identity (Figure 3.9). In the GSEA analysis, enrichment of several pathways
related to cell cycle supported the enhanced cycling and subsequent expansion of Setdb1'&
LT-HSCs and MPPs (Figure 3.10). Enhanced cycling requires higher energy production. In
quiescent adult BM HSCs, glycolysis is the main metabolic pathway for energy production
(Suda et al., 2011; Klimmeck et al., 2012). Interestingly, cycling FL HSCs are fueled not only
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by glycolysis but also additionally by oxidative phosphorylation (OxPhos) (Manesia et al.,
2015). In consistence, the OxPhos gene set enriched in Setdb1'®" LT-HSCs to meet the energy
demand of highly proliferating cells as well as in Setdb1'®¥ MPPs. The fact that FL Setdb1'®
LT-HSCs acquired additional energy capacity reasoned their normal survival and proliferation
potential despite Fbp2 upregulation. The muscle gluconeogenic enzyme, Fbp2, is nhormally
transcriptionally repressed in other organs, including HSPCs, thereby favoring glycolysis (Ito
and Suda, 2014). In Setdbl1-depleted adult HSPCs, the upregulation of Fbp2 resulted in ATP
depletion and impaired cell repopulation (Koide et al., 2016). Our data supported this notion
that FL Setdb1'® LT-HSCs could well tolerate the antagonized glycolysis, thanks to having
been fueled by OxPhos.

Beyond non-hematopoietic genes, other transcriptional changes occurred. Enhanced
proliferation and subsequent abundance of HSPCs seemed contradictory to the impaired
function of Setdb1'®* HSPCs in vivo. However, significant downregulation of several stem cell
genes, including the FL-specific Hmga2 gene, all conferring self-renewal advantage, and
depletion of the LT-HSC gene signature in Setdbl'® LT-HSCs further confirmed the
compromised function (Figure 3.11). Our data suggested that the proliferating Setdb1'®" LT-
HSCs lost their cell identity and that the enhanced proliferation could not be attributed to the

enhanced self-renewal but rather to other inducing factors, for example, lymphopenia.

In MPPs, lineage segregation is governed by the two master regulators PU.1 and GATAL
(Shivdasani et al., 1997; Laslo et al., 2006). Transcriptome analysis of FL Setdb1"®¥ MPPs
provided molecular evidence about the tipped lineage priming in these cells (Figure 3.11).
Indeed, transcriptional changes of Setdb1'® MPPs were similar to that of PU.1 as well as its
target Mef2c deletion (Stehling-Sun et al., 2009; Pang et al., 2018). MPPs devoid of PU.1
demonstrated impaired progression toward LMPPs, resulting in diminished LMPPs and CLPs.
Moreover, transcription of several genes that were dependent on PU.1 decreased, including
Csflr, FIt3, lI7r, and Mef2c. Concomitantly, genes involved in myeloid and erythroid
differentiation, such as Cebpe and Gfil, were upregulated (Pang et al., 2018). Besides, Mef2c
showed to be involved in transcriptional regulation of lymphoid development and myeloid
versus lymphoid cell fate ‘choice’ in MPPs. Mef2c-deficient MPPs were incapable of generating
CLPs, B cells, T cells, and NK cells, but showed enhanced myeloid output. Transcriptional
profiling revealed the downregulation of lymphoid genes such as Etsl, Ragl, FIt3, Tcf7, and
Pbx1 and upregulation of myeloid genes, including Fcgr2b, Cebpa, and Lyc6cl (Stehling-Sun
et al., 2009). All aforementioned transcriptional events occurred in Setdb1'® MPPs, implying
the role of PU.1 and its target Mef2c for the biased lineage specification. Of note, despite the
shared transcriptional changes, Setdbl1'® MPPs were potent to generate a comparable

number of CLPs to the control. One explanation is that the extent of transcriptional changes in

53



Discussion

Setdb1® MPPs is milder than that of PU.1 and Mef2c complete deletion. Although lymphoid-
affiliated genes are significantly downregulated, Setdb1"® MPPs are still endowed with the
minimal activity of these genes, which allows for lymphoid priming and CLP generation from
MPPs. Moreover, the severe developmental block in Setdb1'® CLPs toward B and T cell
differentiation could account for their accumulation. In line with this, the lymphoid differentiation
gene signature was depleted in Setdb1'® MPPs (Figure 3.11). Another reason could be the
defective homing potential of Setdb1'® CLPs to the thymus, leading to their congestion in FL
and BM. The chemokine receptors CCR9 and CCR?7 are required for migrating and seeding of
lymphoid progenitors in the thymus (Ramond et al., 2014). Coherently, the expression of both

chemokine receptors markedly decreased (Figure 3.12).

Enhanced myeloerythroid output could be, in part, attributed to the downregulation of
lymphoid specific genes, thereby favoring the myeloerythroid lineage specification. For
example, genes such as Cebpe and Gfil upregulated in PU.1-deleted MPPs, and Fcgr2b and
Lyc6cl upregulated in Mef2c-deficient MPPs were among the myeloerythroid genes with
enhanced expression in Setdb1Y®Y MPPs. Another example was the Pbx1 gene. In CMPs, Pbx1
gene restrains the expression of GMP specific genes and subsequent myeloid differentiation
(Ficara et al., 2013). Assuming that Pbx1 downregulation endured in Setdbl1"®’ CMPs,
enhanced GMP commitment and subsequently higher myeloid output could also be attributed
to this molecular event. In addition, Setdb1'® MPPs demonstrated a striking upregulation of
erythroid-affiliated genes, GATAL on the top as the master regulator of erythroid lineage
priming (Figure. 3.11). Consistently, the gene signature associated with erythropoiesis and
heme metabolism positively enriched in Setdbl'® MPPs (Figure 3.10, Figure 3.11).
Surprisingly, despite the transcriptional activation of erythroid lineage, the number of MEPSs in
Setdb1'® FL remained unchanged compared to control. However, the progressive expansion
of erythroid progenitors corroborated the transcriptional changes (Figure 3.3). One explanation
could be that the rate of erythroid differentiation exceeded that of MEP commitment from
Setdb1¥® CMPs. This speculation seems plausible if we consider that Setdb1'®¥ CMPs are
endowed with a premature commitment toward GMPs, as mentioned above, suggesting that

the CMPs balanced commitment to their immediate progenitors is tipped.

Previous studies pointed to the fact that Setdbl depletion resulted in the expression of
distinct classes of retrotransposons in different cell types. Moreover, activation of a given ERV
has been attributed to the presence of the cell type-specific transcription factor. For example,
in pro-B cell, activation of MLV ERV was linked to the binding of Pax5, the B cell-specific TF
(Collins et al., 2015). However, expression of the similar MLV family in Setdb1¥®LT-HSC and
MPPs raised the question of whether binding of the cell-specific TF is sufficient for their

expression. In addition, significant but mild expression of non-LTR retrotransposons such as
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LINE-L1 and B2 SINE in Setdb1Y®" MPPs has not been reported before in hematopoietic cells.
Moreover, expression of MuLV and MMVL30 (class I) ERVs in Setdb1'® LT-HSC and MPPs

was similar to that of pro-B cells (Figure 3.13).

We previously showed that expression of ERVs and enhanced production of viral
proteins, which overwhelmed endoplasmic reticulum (ER), led to the accumulation of misfolded
or unfolded proteins and subsequently triggered unfolded protein response (UPR), thereby
leading to apoptosis in pro-B cells (Pasquarella et al., 2016). However, despite the enrichment
of the UPR gene set in both Setdb1'®LT-HSC and MPPs, no apoptosis detected in these cells
(Figure 3.5, Figure 3.10). This can be explained by the mechanism which protects the
proliferating FL-HSCs during the peak of their expansion (E14.5-E15.5) in FL (Sigurdsson and
Miharada, 2018). It was shown that the bile acid pool of either maternal or fetal sources in the
FL was the key mechanism to manage ER stress. Consistently, bile acids functioned as
chemical chaperons to suppress ER and, consequently, the generation of misfolded or
unfolded proteins in the growing FL HSCs (Sigurdsson et al., 2016). Similarly, Setdb1'® LT-
HSC and MPPs could presumably take advantage of the bile acid pool in the FL and reduce
the ER burden by suppressing the excessive production of misfolded or unfolded viral proteins,

thereby maintaining their survival.

4.4. SETDB1 directly silences non-hematopoietic genes and retrotransposons in
FL LSKs

So far, the direct function of SETDBL1 in gene silencing is attributed to the deposition of
the H3K9me3 mark on gene promoters, including developmental genes and lineage-
specific/non-specific genes (Bilodeau et al., 2009; Yuan et al., 2009; Karimi et al., 2011; Tan
et al., 2012; Koide et al., 2016). In fact, in Setdb1'® LSKs, genes demonstrating the highest
level of expression were those which lost H3K9me3 at their promoters, including Fbp2, Dnah8,
Gstp2, and Mlap. Of note, none of the promoter-hypomethylated genes were hematopoietic-
specific (Figure 3.14). As to retrotransposons, while the majority of derepressed ERVs (MuLV
and MMVL30 (class I), RLTR50A, MMERVK10C (class Il)) demonstrated hypomethylation,
derepression of IAPLTR3 (class Il), and MER74C (class Ill) seemed to be independent of
SETDB1 as shown by maintained H3K9me3 level in the absence of Setdbl (Figure 3.15). The
expression of these ERVs might be due to the other changes in their chromatin environment,
like loss of DNA methylation. Moreover, the LINE-L1 element showed mild reduction of the
H3K9me3 level, similar to MEF cells (Kato et al., 2018). Generation of chimeric transcripts,
which denotes ERV-derived transcripts extending to the nearby genes (aka read-through

transcripts), has been reported previously, leading to the upregulation of ERV neighboring
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genes (Karimi etal., 2011; Tan et al., 2012; Liu et al., 2014). In Setdb1'®* MPPs, the orientation
of the upregulated genes with respect to the derepressed ERV disputed the possibility of
chimeric transcript formation. To this end, no chimeric transcript was detected upon Setdbl

ablation in other hematopoietic cells (Koide et al., 2016; Pasquarella et al., 2016).

4.5. Chromatin accessibility is modulated by SETDB1-mediated H3K9me3
deposition in FL LSKs

The fact that regulation of hematopoietic genes was not directly regulated by SETDB1
and considering the SETDBL1 role in heterochromatinization of the genome, we hypothesized
that SETDB1 should control gene expression by modulating chromatin accessibility landscape.
Indeed, Setdbl loss changed the chromatin state toward a more accessible and less
compacted state, as demonstrated by the higher number of ATAC peaks in Setdb1® LSKs
(Figure 3.16). More interestingly, the newly emerged ATAC peaks harbored the TF binding
sites related to hematopoietic development (PU.1 and other ETS TFs), genome organization,
and transcriptional regulator (CTCF). We further showed that the alteration of chromatin
accessibility was the direct consequence of H3K9me3 hypomethylation. More specifically, in
Setdb1'?® LSKs, the accessible chromatin regions containing PU.1 and CTCF motifs explicitly
lost the H3K9me3 mark, indicating that SETDB1-mediated H3K9me3 deposition was crucial

for proper organization of chromatin accessibility (Figure 3.17).

4.6. SETDB1 fine-tunes gene expression by protecting excessive PU.1 and CTCF

binding motifs

Expression of PU.1 along with other ETS TFs and CTCF in Setdb1"® MPPs further
supported this notion that putative binding of the available TFs to newly emerged binding motifs
could contribute to gene deregulation (Figure 3.16 F). Indeed, there was an overlap between
genes significantly deregulated in Setdb1® MPPs and those within the £ 100 kb window
around the PU.1 and CTCF binding motifs in Setdb1'@'-specific ATAC peaks in LSKs (Figure
3.18 A-D). Surprisingly, significantly downregulated genes neighboring these putative motifs
seemed to be more relevant to the hematopoietic phenotype, as demonstrated by the
enrichment of the “cytokine-cytokine receptor interaction” pathway in downregulated PU.1
motif-related genes (Figure 3.18 F). Consistently, downregulated CTCF motif-related genes
enriched for “antigen processing and presentation” and “immune response” pathways (Figure
3.18 H, J).

Mechanism of action of PU.1 in inducing the expression of its target genes relates to

PU.1 concentration and the affinity of binding sites (Pham et al., 2013; Rothenberg et al.,
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2019). The excessive PU.1 binding site that emerged upon Setdbl loss could shift the
genome-wide PU.1 binding, which could also include some of the PU.1 high-affinity motifs.
The subsequent shift in the concentration gradient, as well as downregulation of PU.1, could
eventually lead to the depletion or low concentration of PU.1 on its actual targets, thereby
perturbing the regular PU.1-guided transcriptional events, for example, lymphoid lineage
specification in MPPs. Besides, the previous study showed that PU.1 mediated transcriptional
repression and activation by redirecting the binding of the co-TFs (Hosokawa et al., 2018). To
this end, redistribution of PU.1 binding might lead to aberrant binding of the partner TFs,
leading to another layer of gene deregulation. Moreover, PU.1 instructs lineage commitment
through its interplay with GATAL (Burda et al., 2010). It was previously reported that PU.1
repressed GATAL-target genes by binding to GATAL on DNA, recruiting pRb, Suv39h, and
HPla, depositing of H3K9me, and subsequent formation of the repressive chromatin
environment (Stopka et al., 2005). In Setdb1'®* MPPs, the upregulation of erythroid-specific
genes and higher erythroid output might be due to the scarce of PU.1 on GATAL target genes,
leading to disruption of the repressive chromatin complex.

The sequence-specific DNA binding factor CTCF has multifaceted functions. The
physical interactions of the genomic regions bound by CTCF with themselves and/or with other
regions establish the CTCF as an “architectural protein” (Ong and Corces, 2014). For
instance, it can function as a transcriptional insulator, which blocks enhancer-promoter
interactions and/or a domain barrier, which protects the active genomic regions from the
spread of neighboring repressive epigenetic marks (Bell et al., 1999; Cuddapah et al., 2009).
Moreover, CTCF demarcates the boundaries of topologically associating domains (TADS),
thereby allowing for the local enhancer-promoter interaction within a defined TAD across which
the interactions are restricted (Dixon et al., 2012; Gorkin et al., 2014). In Setdb1'® LSKs,
enrichment of CTCF motifs in ATAC peaks was suggestive of the implication of CTCF in gene
deregulation. As such, potential binding of CTCF to these motifs could lead to 1)
downregulation of CTCF-motif neighboring genes due to the insulating function of CTCF, 2)
upregulation of CTCF-motif neighboring genes due to the structural collapse or change of
domain architecture. The latter was shown in neurons, in which loss of Setdbl1 and excessive
CTCF binding shifted the repressive long-range contacts toward facilitative shorter-range
promoter-enhancer looping, thereby leading to gene upregulation (Jiang et al., 2017). Other
sequence features at TAD boundaries are SINE elements. Moreover, the highest fraction of
CTCF binding sites is embedded in SINEs at both TAD and non-TAD boundaries
(Kentepozidou et al., 2020). Interestingly, in Setdb1'® LSKs, the hypomethylated CTCF motifs
in ATAC peaks were embedded in the B3 subfamily of B2 SINEs (Figure 3.18 I, K). This points
to the fact that SETDB1-mediated H3K9me3 deposition at SINEs is integral to protect the
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genome-wide CTCF binding, thereby suggesting a role for SETDB1 in the maintenance of

domain architecture and proper gene expression.

4.7. Conclusion and future directions

In conclusion, our study provided a detailed analysis of Setdbl ablation during FL
hematopoiesis. We demonstrated that Setdb1 deletion in FL LT-HSCs and MPPs generated a
unique phenotype, which was different from that of adult HSPCs, thereby corroborating the
SETDBL1 cell type and developmental stage-specific phenotype. To this end, some of the
phenotypic features of Setdbl-ablated FL HSPCs could be attributed to their developmentally
distinct characteristics in comparison to adult HSPCs. This was the first study to show the
significance of SETDB1 for the maintenance and function of FL HSPCs. Setdbl deletion led
to the loss of HSPCs identity and skewed differentiation toward myeloerythroid lineage. We
showed that Setdbl ablation resulted in both non-hematopoietic and hematopoietic
transcriptional events. While SETDB1 governed non-hematopoietic transcriptional changes in
adult HSPCs (Koide et al., 2016), our study delineated the first hematopoietic transcriptional
events in HSPCs devoid of Setdbl. Restriction of SETDB1-silencing function to the promoters
of non-hematopoietic genes and retrotransposons, pointed to the existence of an additional
mechanism underlying the hematopoietic genes regulation. Indeed, we showed that SETDB1
organized chromatin accessibility through deposition of H3K9me3 at ERVs (class Ill) and B2
SINES retrotransposons, which embedded PU.1 and CTCF motifs, respectively. In fact, there
was an overlap between deregulated genes, especially the downregulated immune genes, and
the PU.1 and CTCF motif-associated genes. Therefore, we postulate that apart from gene
promoters and retrotransposons silencing, there is an additional mechanism by which SETDB1
finetunes gene expression that is through protecting inappropriate PU.1 and CTCF binding
sites. Putative binding of PU.1 and CTCF to these unprotected and exposed motifs leads to
redistribution of TFs, which, for example, in the case of CTCF, results in either enhanced
insulation or altered domain architecture, promoter-enhancer interaction, and transcriptional

changes (Figure 4.2).

To confirm the proposed model, it would be of high interest to ask whether the binding
of PU.1 and CTCEF is linked to their biological functions. One option would be to map PU.1 and
CTCF in Setdb1'® HSPCs to narrow down the analysis on those target genes either bound by
these TFs or lost the TF occupancy. In light of advancement in TFs ChlIP protocols tailored to
low cell numbers, this experiment would be possible in the near future. To complement this
experiment, and to gain insight into the target gene activation or repression, the identification

of enhancer landscape (H3K4me/H3K27ac) and subsequent integrative analysis using
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transcriptome and TF occupancy data are suggested. Given the role of CTCF as architectural

protein in TAD formation and redistribution of CTCF binding motifs in the absence of Setdbl,

analysis of TADs architecture using the Hi-C method will be of particular interest to delineate

the transcriptional changes. Collectively, these analyses will shed light on the SETDB1

implication in shaping the chromatin landscape, enhancer-promoter interaction mediated by

CTCF, and domain architecture, which can eventually grant or impede access to the

transcriptional machinery, thereby fine-tuning the transcriptional changes, fundamental for

HSPCs function.
Control Setdb1vav
@ H3K9Ime3
Il Retrotransposon
B PU.1 motif PU.1
B CTCF motif 1 . @

1

TTTTE 29208
| |

Inaccessible chromatin state Accessible chromatin state
Protected inappropriate binding motifs Exposed inappropriate binding motifs
Regulated domain architecture Altered domain architecture

Proper gene expression Aberrant gene expression
Maintainance of HSPCs function Impairment of HSPCs function
Balanced lineage differentiation Skewed lineage differentiation

Figure 4.2 | The proposed model of Setdbl-mediated gene regulation

SETDB1-mediated H3K9me3 protects the inappropriate, retrotransposon-embedded PU.1 and CTCF binding
sites in HSPCs. SETDB1 loss and subsequent hypomethylation shift the chromatin state toward more
accessibility on these binding motifs. Putative binding of PU.1 and CTCF to the exposed and unprotected

motifs results in the redistribution of transcription factors and subsequent gene deregulation.
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5. Materials

5.1. Mice
Transgenic mice Strain
Setdb1 flox; flox C57BL/6
Vav-cre C57BL/6
Wild type (CD45.2) C57BL/6
Wild type (CD45.1) B6/SJL
Wild type (CD45.1/2) B6/SJL

5.2. Antibodies

FACS antibodies

Antibody (anti-mouse) Clone Fluorochrome Provider Identifier
CD117 2B8 APC-Alexa Fluor 780 Thermo Fischer Scientific  Cat# 47-1171-80
CD127(IL7Ra) A7R34 PE-Cy5 Thermo Fischer Scientific  Cat# 15-1271-81
CD150 mShadl50 APC Thermo Fischer Scientific  Cat# 17-1502-80
CD150 mShad150 FITC Thermo Fischer Scientific ~ Cat# 11-1502-80
CD16/32 93 PE-Cy7 Thermo Fischer Scientific ~ Cat# 25-0161-81
CD34 RAM34 eFluor 660 Thermo Fischer Scientific ~ Cat# 50-0341-82
CD3e 145-2C11 APC-eFluor 780 Thermo Fischer Scientific  Cat# 47-0031-80
CD45.1 A20 PE-Cy7 Thermo Fischer Scientific ~ Cat# 25-0453-81
CD45.2 104 FITC Thermo Fischer Scientific  Cat# 11-0454-81
CD45R/B220 RA3-SB2 APC-Alexa-Fluor 750 Thermo Fischer Scientific ~ Cat# 27-0452-82
CD48 HM48-1 PE-Cy7 Thermo Fischer Scientific  Cat# 25-0481-80
CD62L MEL-14 FITC Thermo Fischer Scientific  Cat# 11-0621-82
CD71 R17217 PE Thermo Fischer Scientific  Cat# 12-0711-81
CD8a 53-6.7 PE-Cy7 Thermo Fischer Scientific ~ Cat# 25-0081-81
Ki67 SolA15 eflour 450 Thermo Fischer Scientific  Cat# 48-5698-80
Ly-6G(Gr-1) RB6-8C5 PE Thermo Fischer Scientific ~ Cat# 12-5931-81
Sca-1 D7 FITC Thermo Fischer Scientific ~ Cat# 11-5981-81
Sca-1 D7 PerCP-Cyanine 5.5 Thermo Fischer Scientific ~ Cat# 45 5981-80
erll9 TER119 APC-AlexaFluor 780 Thermo Fischer Scientific  Cat# 47-5921-80
Terll9 TER119 PE Thermo Fischer Scientific ~ Cat# 12-5921-81
CD11b/Mac-1 M1/70 PE BD Bioscience Cat# 553311
CD11c HL3 PE BD Bioscience Cat# 553802
CD127(IL7Ra) SB/199 BVv421 BD Bioscience Cat# 566300
CD19 1D3 PE BD Bioscience Cat# 553786
CD3e 145-2C11 PE BD Bioscience Cat# 553064
CD4 PM4-5 PE BD Bioscience Cat# 553049
CD45R/B220 RA3-6B2 PE BD Bioscience Cat# 561878
CD49d (VLA-4) R1-2 BV786 BD Bioscience Cat# 564397
CD8a. 53-6.7 PE BD Bioscience Cat# 553033
Mouse BD Fc Block 2.4G2 purified BD Bioscience Cat# 553142
ChIP antibody

Target ID Weight Host Type Provider Identifier
H3K9me3 249 17 kDa rabbit polyclonal Active Motif 39161
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5.3. Reagents and Commercial assays

Reagent/Commercial assay Provider Identifier
Agencourt AMPure XP Beckman Coulter Cat# A63882
Agilent High Sensitivity DNA Kit Agilent Cat# 5067-4626
Agilent RNA 6000 Pico Kit Agilent Cat# 5067-1513
Annexin V Apoptosis Detection Kit FITC Thermo Fischer Scientific Cat# 88-8005-72
Anti-PE MicroBeads Miltenyi Cat# 130-048-801

Arcturus® PicoPure® RNA Isolation Kit

CellTrace CFSE Cell Proliferation Kit

cOmplete, Mini, EDTA-free Protease Inhibitor Cocktail
Digitonin

Dynabeads Protein A/Protein G

Foxp3 / Transcription Factor Staining Buffer Set

Thermo Fischer Scientific
Thermo Fischer Scientific
Roche Diagnostics
Promega

Thermo Fischer Scientific
Thermo Fischer Scientific

Cat# KIT0204
Cat# C34570
Cat# 4693159001
Cat# G9441

Cat# 10015D
Cat# 00-5523-00

Methocult M3434 STEMCELL Technologies Cat# 03434
Methocult M3630 STEMCELL Technologies Cat# 03630
MicroPlex Library Preparation Kit v2 Diagenode Cat# C05010012
MNase Biolabs Cat# M0247S
Nextera DNA Library Preparation Kit lllumina Cat# FC-121-1030
Nuclei Isolation Kit: Nuclei EZ Prep Sigma Cat# NUC-101
Osteosoft Merck Cat# 101728
PCR clean-up MinElute kit Qiagen Cat# 28006
Qubit dsDNA HS Assay kit Thermo Fischer Scientific Cat# Q33854
red blood cell lysis buffer BD Bioscience Cat# 555899
RNase-Free DNase Set Qiagen Cat# 79254
SMART-Seq v4 Ultra Low Input RNA Kit Clontech Cat# 634888
Zombie Aqua Fixable Viability Dye BioLegend Cat# 423101
5.4. High-throughput sequencing libraries
Library Name ID Experiment Sequencing mode Index
LT-HSC_Cont-2 GS98 RNA-seq 50 bp paired-end ATCACG
LT-HSC_Cont-3 GS99 RNA-seq 50 bp paired-end CGATGT
LT-HSC_Cont-4 GS100 RNA-seq 50 bp paired-end TTAGGC
LT-HSC_Mut-1 GS101 RNA-seq 50 bp paired-end TGACCA
LT-HSC_Mut-3 GS102 RNA-seq 50 bp paired-end ACAGTG
LT-HSC_Mut-4 GS103 RNA-seq 50 bp paired-end GCCAAT
MPP_Cont-1 GS104 RNA-seq 50 bp paired-end CAGATC
MPP_Cont-2 GS105 RNA-seq 50 bp paired-end ACTTGA
MPP_Cont-3 GS106 RNA-seq 50 bp paired-end GATCAG
MPP_Mut-1 GS107 RNA-seq 50 bp paired-end TAGCTT
MPP_Mut-2 GS108 RNA-seq 50 bp paired-end GGCTAC
MPP_Mut-4 GS109 RNA-seq 50 bp paired-end CTTGTA
LSK_Input_con_1 GS353 ULI-NChIP-seq 50 bp single-end ATCACG
LSK_H3K9me3_con_1 GS344 ULI-NChIP-seq 50 bp single-end CGATGT
LSK_H3K9me3_con_2 GS229 ULI-NChIP-seq 50 bp single-end CGATGT
LSK_H3K9me3_con_3 GS346 ULI-NChIP-seq 50 bp single-end GCCAAT
LSK_H3K9me3_mut_1 GS345 ULI-NChIP-seq 50 bp single-end TTAGGC
LSK_H3K9me3_mut_2 GS352 ULI-NChIP-seq 50 bp single-end ACAGTG
LSK_H3K9me3_mut_3 GS347 ULI-NChIP-seq 50 bp single-end CAGATC
FL_LSK_conl_Omni-ATAC GS472 Omni-ATAC-seq 50 bp single-end GCTACGCT
FL_LSK_con2_Omni-ATAC GS444 Omni-ATAC-seq 50 bp single-end AGGCAGAA
FL_LSK_mutl_Omni-ATAC GS473 Omni-ATAC-seq 50 bp single-end CGAGGCTG
FL_LSK_mut2_Omni-ATAC GS445 Omni-ATAC-seq 50 bp single-end CGAGGCTG
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6. Methods

6.1. Mice

The Setdbl floxed mice were purchased from the EUCOMM project
[Setdb]m1aEUCOMMWS v/gy-cre transgenic mice have been described previously (Ogilvy et al.,
1999). All mice colonies were bred and housed in ventilated cages in pathogen-free conditions
in the mouse facility at the Adolf Butenandt Institute and Biomedical Center (BMC). All mice
experiments were performed in accordance with EU regulations. The 2- to 3-week-old mice

and E14.5 embryos were used for experiments.
6.2. Hematoxylin and Eosin (H&E) staining of bone marrow

Sterna collected from 2-week-old control and Setdbl'® mice were fixed in 4%
formaldehyde, decalcified in Osteosoft (Merck), embedded in paraffin, sectioned, and stained

with haematoxylin and eosin following deparaffinization and rehydration.
6.3. Flow cytometry and cell sorting

For FACS analysis, bone marrow cell suspension was prepared by flushing tibiae and
femurs and filtered through 70 pm cell strainer. To obtain hematopoietic cells from spleen and
thymus, the organs were gently meshed using the thumb rest of a 10 ml plunger on a 70 um
cell strainer. Fetal liver hematopoietic cells were prepared through dissociation of fetal livers
using a 1 mL pipette and filtered through 70 uym cell strainer. Single cell suspensions from
different organs were incubated with unconjugated CD16/CD32 Fc- blocking antibody (2.4G2)
for 20 minutes at 4°C, and then were stained using antibody conjugates listed in section 5.2.
Antibodies and dyes for 20 minutes at 4°C. For myeloid progenitor analysis, CD16/CD32 Fc-
unblocked sample was subjected for staining. For fetal liver HSPCs analysis, anti-Macl
(M1/70) was removed from the lineage® staining antibody cocktail. All antibodies were
purchased from BD Bioscience and Thermo Fischer Scientific (listed in section 5.2.
Antibodies).

For FACS sorting, fetal liver cells were filtered through a 40 ym filter, pre-treated with
red blood cell lysis buffer (BD Bioscience) following the manufacturer’s instructions, stained
with PE-conjugated antibodies for lineage markers, and then enriched for lineage HSPCs
using Anti-PE MicroBeads (Miltenyi) through magnetic separation with the QuadroMACS
separator. Cells were then labelled with fluorochrome-coupled antibodies specific for LT-
HSCs, MPPs, and LSKs (listed in sections 5.2. Antibodies, and 6.4. Definition of hematopoietic

cell populations). Based on the purpose of the experiment, the labeled cells were run on BD
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FACSCanto or BD LSRFortessa for analysis or on FACSAria Ill or BD FACSAria Fusion for

cell sorting. FACS) data were analyzed with Flowjo software (Tree Star).

6.4. Definition of hematopoietic cell populations

Cell population Gating strategy

LT-HSC Living cells, Lin-, Sca-1*, c-kit*, CD150*, CD48"
MPP Living cells, Lin-, Sca-1*, c-kit*, CD150", CD48*
LSK Living cells, Lin", Sca-1*, c-kit*

CLP Living cells, Lin-, IL7Ra*, Sca-1'%, c-kit'"

CMP Living cells, Lin, c-kithsh, Sca-1-, CD34*,CD16/32/ov
MEP Living cells, Lin-, c-kit"9", Sca-1-, CD34", CD16/32
GMP Living cells, Lin-, c-kit"e" Sca-1-, CD34*, CD16/32*
B cell Living cells, Lymphocyte, CD19*, B220*

DN1 Living cells, CD44*, CD25

DN2 Living cells, CD44*, CD25*

DN3 Living cells, CD44, CD25*

DN4 Living cells, CD44", CD25

DP Living cells, CD3*, CD4*, CD8*

SP CD4 Living cells, CD3*, CD4*, CD8"

SP CD8 Living cells, CD3*, CD4-, CD8*

ProE Living cells, CD71*, TER119

TER119 erythroblasts Living cells, CD71*-, TER119*
Granulocyte/Macrophage/Monocyte Living cells, Gr-1*, Mac-1*

6.5. Annexin V staining

One million bone marrow or fetal liver cells first stained for the specific markers to detect
LSKs. Labelled cells were washed once with ImL 1X PBS and then with 1mL 1X Annexin V
binding buffer (Thermo Fischer Scientific). 5 pL of fluorochrome-conjugated Annexin V was
added to the 100 pL cell suspension in Annexin V binding buffer. Cells were incubated at room
temperature for 15 minutes, protected from light. Cell then were washed in 2 mL 1X Annexin
V binding buffer and resuspended in 200 uL of 1X Annexin V Binding Buffer. 5 uL of Propidium
lodide Staining Solution added to discriminate the dead cells. Samples were analyzed within
1 hour, while stored at 4°C in the dark.

6.6. Intracellular staining for cell cycle analysis

For intracellular Ki-67 staining, similar to cell preparation for FACS sorting explained
above, RBC-lysed fetal liver cells were subjected to MACS cell separation to enrich for lineage-
cells. To eliminate dead cells, 1.5 million cells were first stained with Zombie Aqua Fixable
Viability Dye (BioLegend) according to the manufacturer’s instructions. After the last wash,
cells were labeled for the specific markers to detect LSKs. Fixation and permeabilization were

carried out using Foxp3/Transcription Factor Staining Buffer Set (Thermo Fischer Scientific)
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following the manufacturer’s protocol. After fixation/permeabilization, intracellular staining was

performed with Ki-67 (SolA15) antibody. Samples were run on BD LSRFortessa for analysis.
6.7. Transplantation assay

For transplantation, fetal liver cells were collected from CD45.1 wild type (competitor)
and CD45.2 Setdb1¥® or control (donor) E14.5 embryos. One million competitor fetal liver cells
were mixed with either Setdb1'® (Setdb1/°¥fx; \vav-cre) or control (Setdb1™¥*; Vav-cre or
Setdb1™*; +/+) donor fetal livers cells at the ration of 1:1 and a total of two million cells were
transplanted into the lethally irradiated (9.5 Gy) recipient mice (CD45.1/2) by tail vein injection.
To analyze donor-derived chimerism, peripheral blood was collected from tail vein of recipients
every 2 weeks after transplantation. Percentage of the chimerism in the bone marrow of
recipient mice was assessed 8 weeks after transplantation. Additional CD45.1 (A20) and
CD45.2 (104) were added to the antibody cocktail to measure the percentage of contribution

from each donor.
6.8. Colony forming assay

For methylcellulose assays, 3x10* cells were plated in methylcellulose medium
supporting myeloerythroid colonies, Methocult M3434 (STEMCELL Technologies), in 60 mm
dishes, in duplicate. For pre-B cell colony forming assay, 1x10° fetal liver cells, were seeded
in Methocult M3630 (STEMCELL Technologies), Plates were incubated at 37°C in 5% CO2
with =2 95% humidity. Myeloerythroid and pre-B cell colonies were enumerated on day 10 and

day 7 after culture, respectively.
6.9. Homing assay

Fetal liver cells were collected from Setdb1'® and control embryos, pre-treated with red
blood cell lysis buffer (BD Biosciences), and enriched for lineage cells, as described for FACS
sorting. Lineage- cells were labeled with CFSE (Thermo Fischer Scientific) for 10 min at 37°C
at the final concentration of 10 uM, and 10 million CFSE-labelled lineage™ cells were injected
into the lethally irradiated (9.5 Gy) recipient mice via tail vein. Frequency of CFSE* cells were

analyzed in the bone marrow, 20 hours after injection by flow cytometry.
6.10. RNA-sequencing

To isolate total RNA, E14.5 Setdb1¥® and control fetal liver LT-HSCs and MPPs were
sorted directly into the 100 ul extraction buffer, provided by PicoPure RNA Isolation Kit

(Thermo Fischer Scientific). Total RNA isolation was carried out according to the
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manufacturer‘s instructions. DNase treatment was performed on column using RNase-Free
DNase Set (Qiagen). The RNA quantity and quality were assessed on an Agilent 2100
Bioanalyzer by the Agilent RNA 6000 Pico Kit (Agilent Technologies). High-quality RNA
samples with RNA Integrity Number (RIN) > 8 were used for cDNA synthesis with SMART -
Seq v4 Ultra Low Input RNA Kit (Clontech) according to the manufacturer’s instruction. Before
proceeding to library preparation, cDNA was sheared in a Covaris S220 device (PP 175; DF
10; CB 200; 5 min; 4°C) to the size range of 200-500 bp and were subjected to library
preparation with MicroPlex Library Preparation Kit v2 (Diagenode). The quantity of the libraries
was assessed in a Qubit 3.0 Fluorometer with Qubit dsDNA HS Assay kit (Thermo Fischer
Scientific). Libraries were further qualified by the Agilent High Sensitivity DNA Kit (Agilent
Technologies). Libraries were sequenced using lllumina’s HiSeq 1500 sequencer for 50 bp
paired end (PE) reads at the Laboratory for Functional Genome Analysis (LAFUGA) within the
Gene Center (LMU Munich).

6.11. RNA-seq bioinformatic analysis

Demultiplexing of data was carried out on the Galaxy platform (Afgan et al., 2016).
Paired-end reads were mapped to the version mm210 for mouse genome using STAR (Dobin
et al., 2013). Normalization of read counts for all genes and differential expression analysis
were performed using DESeq2 (Love et al., 2014). Heatmaps were plotted with pheatmap
either using rlog-normalized expression values or log-transformed mean TPM (Transcript Per
Million) from RSEM-normalized data. plotPCA function of the DESeq2 package was employed
for PCA analyses. Gene set enrichment analysis was performed with GSEA software
(Subramanian et al., 2005). KEGG pathway and GO analyses on motif-associated genes were
carried out using ShinyGO tool (Ge et al., 2020). The expression levels of repeat classes were
assessed with Homer using the analyzeRepeats.pl program with “repeats” function, following
loading the repeat definitions from UCSC. Differential expression analysis of repeats was

performed using DESeq2.
6.12. ULI-NChIP-sequencing

5000 LSK cells were sorted from E14.5 Setdb1'® and control fetal livers in the low
binding tubes, centrifuged and cell pellet was resuspended in 20 uL of EZ nuclei isolation lysis
buffer (Sigma) containing 0.1% Triton, 0.1% deoxycholate, 1x cOmplete EDTA-free Protease
Inhibitor Cocktail (Roche Diagnostics), 1 mM PMSF, flash frozen and kept at -80 °C. Chromatin
fragmentation and immunoprecipitation was performed following the ultra-low-input
micrococcal nuclease-based native ChIP (ULI-NChIP) protocol with minor modifications

(Brind’Amour et al., 2015). Briefly, after thawing cells in nuclei isolation lysis buffer, 10% of the
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volume (2 uL) of a 1% Triton/1% deoxycholate solution was added and mixed by pipette up
and down 15-20 times while swirling. Chromatin was fragmented using MNase (Biolabs)
enzyme at 1.5 U/pL in MNase digestion buffer (1X MNase Reaction Buffer, 100 mM DTT, 50%
PEG 6000, and ultrapure H20) for 7.5 minutes at 21°C. Reaction was stopped by adding 10%
of the reaction volume of 100 yM EDTA and 1% Triton/1% deoxycholate solution. To 120 yL
fragmentated chromatin, 380 pL of complete immunoprecipitation buffer (20 mM Tris-HCI (pH
8.0), 2 mM EDTA, 150 mM NacCl, 0.1% Triton X-100, 1x cOmplete EDTA-free Protease
Inhibitor Cocktail, 1 mM PMSF) was added. Chromatin was rotated for 1 hour at 4°C and 13
rpm. For input, 100 uL of sample was taken, 10% volume of 10% SDS (10 uL) was added and
mixed together with 90 pL elution buffer (Qiagen). The input sample was kept at 4°C and DNA
purification was performed together with IP samples. The remaining 400 pL chromatin was
pre-cleared in 2 tubes, each 200 pL together with 5 pL of pre-washed 1:1 protein A:protein G
Dynabeads (Thermo Fischer Scientific) and incubated for 3 hours on a rotator at 4°C and 13
rom. In parallel, per IP tube, 0.25 ug (0.25 uL) of H3K9me3 antibody (Active motif) was
incubated with 5 yL of pre-washed 1:1 protein A:protein G Dynabeads (Thermo Fischer
Scientific) in 100 yL complete immunoprecipitation buffer for 3 hours on a rotator at 4°C and
13 rpm. After incubation, all tubes were placed on the magnetic rack. The antibody-coated
beads were washed 1X with 200 uL complete immunoprecipitation buffer and the pre-cleared
chromatin was then added to the antibody-beads complex. The immunoprecipitation was
carried out overnight (12 hours) at 4°C whilst rocking at 13rpm. Chromatin-bound beads were
first washed 3X, each for 10 min at 4°C and 20 rpm with 500 pL low salt wash buffer (20 mM
Tris-HCI (pH 8.0), 2 mM EDTA, 150 mM NacCl, 1% Triton X-100, 0.1% SDS) and then 3X with
high salt wash buffer (20 mM Tris-HCI pH 8.0, 2 mM EDTA, 500 mM NaCl, 1% Triton X-100,
0.1% SDS). Per sample, 2 IP tubes were pooled and were eluted in 30 uL freshly prepared
ChlP elution buffer (100 mM NaHCO3, 1% SDS) for 1.5 hours at 65°C in a thermo-shaker. To
maximize the elution, additional 70 uL freshly prepared ChlIP elution buffer was added to the
beads. DNA isolation was carried out by Agencourt AMPure XP beads (Beckman Coulter) from
input and ChIP samples. Samples were quantified in a Qubit 3.0 Fluorometer with Qubit
dsDNA HS Assay kit (Thermo Fischer Scientific). Fragmentation of MNase-treated chromatin
was assessed on input sample by the Agilent High Sensitivity DNA Kit (Agilent Technologies).
Input and ChIP samples were subjected to library preparation with MicroPlex Library
Preparation Kit v2 (Diagenode). The quantity of the libraries was assessed in a Qubit 3.0
Fluorometer with Qubit dsDNA HS Assay kit (Thermo Fischer Scientific). Libraries were further
qualified by the Agilent High Sensitivity DNA Kit (Agilent Technologies). Libraries were
sequenced using lllumina’s HiSeq 1500 sequencer for 50 bp single-end (SE) reads at the
Laboratory for Functional Genome Analysis (LAFUGA) within the Gene Center (LMU Munich).
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6.13. ULI-NChIP-seq bioinformatic analysis

Data demultiplexing was done on the Galaxy platform. Reads were aligned to the version
mm10 for mouse genome using bowtie (Langmead, 2010), excluding multi-mapped reads.
Identification of H3K9me3 peaks was carried out by Homer (Heinz et al., 2010). For repeat
analysis, multi-mapped reads were included. Enrichment of H3K9me3 on repeats was
assessed by Homer using the analyzeRepeats.pl program with “repeats” function, following
loading the repeat definitions from UCSC. Coverage density of H3K9me3 on motifs was
assessed with annotatePeaks.pl program from corresponding tag directories, using option “-

hist 50 -size 4000”. Plots were generated with ggplot2.
6.13. Omni-ATAC-sequencing

ATAC-seq was performed as previously described (Corces et al., 2017). Briefly, 10,000
LSK cells were sorted from E14.5 Setdb1"® and control fetal livers in the low binding tubes.
Cells were spun at 500 g for 5 min at 4°C. Cell pellets were resuspended and lysed in cold
ATAC Resuspension Buffer (10mM Tris-HCI (pH 7.4), 10 mM NaCl, 3 mM MgCI2) containing
0.1% NP40, 0.1% Tween-20 and 0.01% digitonin. Cell lysis reaction was incubated on ice for
3 min and then 1 ml of ATAC Resuspension Buffer containing only 0.1% Tween-20 was added
and centrifuged at 500 g for 5 min at 4°C. Nuclei were then resuspended in 10 pyL of
Transposition Mix containing 25 uL 2x Tagmentation Buffer (20 mM Tris-HCI (pH 7.6), 10 mM
MgCI2, 20% dimethyl Formamide, H20), 2.5 yL Tn5 Transposase (Illumina), 5.25 yuL H20,
16.5 uL PBS, 0.25 pL of 2% digitonin (Promega) and 0.5 pL of 10% Tween-20. Reactions were
proceeded by incubation for 30 min at 37°C in a thermo-shaker at 900 rpm. NA was
subsequently purified using PCR clean-up MinElute kit (Qiagen). Transposed DNA was then
amplified in 50 uL reactions with custom primers as described previously (Buenrostro et al.,
2013). Libraries were amplified for 4 cycles and then were monitored with gPCR in a 15 pL
reaction containing the same primers and 5 yL PCR sample. gPCR output was monitored for
the ARN. The number of additional cycles of the PCR reaction needed for the remaining PCR
samples was estimated based on the 0.25 ARN cycle number. Amplified libraries were purified
with the PCR clean-up MinElute kit (Qiagen) and size selected for fragments less than 600 bp
using the Agencourt AMPure XP beads (Beckman Coulter). Libraries were quantified in a Qubit
3.0 Fluorometer with Qubit dsDNA HS Assay kit (Thermo Fischer Scientific). Further
qualification of the libraries was by the Agilent High Sensitivity DNA Kit (Agilent Technologies).
Libraries were sequenced using lllumina’s HiSeq 1500 sequencer for 50 bp single-end (SE)
reads at the Laboratory for Functional Genome Analysis (LAFUGA) within the Gene Center
(LMU Munich).
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6.14. Omni-ATAC-seq bioinformatic analysis

Data demultiplexing was done on the Galaxy platform. ATAC-seq reads were reads were
mapped to the version mm10 for mouse genome using Bowtie. ATAC peaks over Input

background were identified with Homer using the findPeaks.pl program with option “-style
factor”. Peaks from all samples were merged using mergePeaks. The unified Peak list was
filtered for promoter-associated peaks (distance to TSS < 1000bp) with bedtools. ATAC
coverage counts were then calculated with Homer using the annotatePeaks.pl from
corresponding tag directories. ATAC peaks with log2 fold change > 2 were defined as
differentially accessible region. PCA analysis was performed on ATAC peaks coverage data
with plotPCA function in R. Transcription factor motif prediction for differential ATAC peak was

done with Homer using findMotifsGenome.pl program.
6.15. Data presentation and statistical analyses

Data are presented as meantSD calculated from “n“ number of independent

experiments. Statistical analysis was performed in R.
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7. Abbreviations

Ab antibody(ies)

AGM aorta-gonad-mesonephros

APC allophycocyanin

APC-Cy7 allophycocyanin-Cy7 conjugated
ATAC-seq assay for transposase-accessible chromatin using sequencing
BM bone marrow

BV brilliant violet

C/EBPa CCAAT/enhancer-binding protein alpha
C/EBPg CCAAT/enhancer-binding protein epsilon
CAM cell adhesion molecule

CCRY7 chemokine (C-C motif) receptor 7
CCR9 chemokine (C-C motif) receptor 9
cDNA complementary DNA

CFSE carboxyfluorescein succinimidyl ester
CFU-S colony forming unit-spleen

CGl CpG island(s)

ChiP chromatin immunoprecipitation

CLP common lymphoid progenitor(s)

CMP common myeloid progenitor(s)

CpG cytosine nucleotide followed by a guanine in the 5’ to 3’ direction
CRU competitive repopulating unit

CTCF CCCTC-binding factor

CX3CR1 CX3C chemokine receptor 1

CXCL12 chemokine (C-X-C motif) ligand 12
CXCR4 chemokine (C-X-C motif) receptor 4
Def8 defensin 8

dHSC definitive hematopoietic stem cellv
DN double negative

DNAme deoxyribonucleic acid methylation
DNMT DNA methyltransferase (cytosine-5) 1
DNMT3a DNA methyltransferase 3A

DNMT3b DNA methyltransferase 3B

DP double positive

E embryonic day

EHT endothelial-to-hematopoietic transition
Env envelop protein

EPO erythropoietin

ERG ETS-related gene

ERV endogenous retroviruse(s)

ETS E-twenty-six

FACS fluorescence-activated cell sorting
Fbp2 fructose-bisphosphatase 2

FL fetal liver

Fli-1 friend leukemia integration 1

Fit3 FMS-related tyrosine kinase 3

FOG-1 friend of GATA-1

GATAl globin transcription factor 1

Gfil growth factor independent 1

GM granulocyte-monocyte

GMP granulocyte-macrophage progenitor(s)
GO gene ontology

Gr-1 granulocyte-1

GSEA gene set enrichment analysis
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H3K14ac
H3K27ac
H3K27me3
H3K36
H3K4me3
H3K9me/1/2/3
H4K20
HDAC4
Hmga2
HoxA10
HoxA9
HP1
HSC
HSPC
IAP

IGF2

IGN

IGV

IL-3

IL-6

IL-7
IL7Ra

IP

kb

KMT

KO
LFA-1
LINE
LMO2
LMPP
LPS
LT-HSC
LTR
Mac-1
MACS
MBD
MEF
MEP
mESC
MKE
MMTV
MPP
MRNA
MSC
MuLV (MLV)
NPC
OxPhos
P-Sp
PBS
PCA
PCR

PE
PE-Cy5
PE-Cy7
PGCs
Pre-B

histone 3 lysine 14 acetylation
histone 3 lysine 27 acetylation
histone 3 lysine 27 trimethylation
histone 3 lysine 36

histone 3 lysine 4 trimethylation
histone 3 lysine 9 mono/ di/ trimethylation
histone 4 lysine 20

histone Deacetylase 4

high Mobility Group AT-Hook 2
homeobox A10

homeobox A9

heterochromatic protein 1
hematopoietic stem cell(s)
hematopoietic stem and progenitor cell(s)
internal A-type particle

insulin-like growth factor 2

imprinted gene network

integrated genome browser
interleukin 3

interleukin 6

interleukin 7

interleukin 7 receptor-a
immunoprecipitation

kilobases

lysine methyltransferases

knockout

lymphocyte function-associated antigen 1
long interspersed nuclear element(s)
LIM domain only 2

lymphoid-primed multipotent progenitor(s)
lipopolysaccharides

long-term hematopoietic stem cell(s)
long terminal repeat

macrophage-1

magnetic activatd cell sorting
methyl-CpG binding domain

mouse embryonic fibroblast(s)
megakaryocyte-erythroid progenitor(s)
mouse embryonic stem cell(s)
megakaryocyte-erythrocyte

mouse mammary tumor virus
multipotent progenitor(s)

messenger ribonucleic acid
mesenchymal stem cell

murine leukemia viruses

neural progenitor cells

oxidative phosphorylation
para-aortic splanchnopleura
phosphate saline buffer

principal component analysis
polymerase chain reaction
phycoerythrin

phycoerythrin-Cy5 conjugated
phycoerythrin-Cy7 conjugated
primordial germ cells

precursor B cells
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PTM

rcf
RNA-Seq
RPKM
rpm

RT
RUNX1
SCF
SCL/TAL1
SDF1
SET domain
SETDB1
Sfpil (PU.1)
SINE
SLAM
Sox17
SP
ST-HSC
SUV39
TF

Th

TSS

ULI-NChIP-seq

UPR
Vav
VLA-4
wk
XEN
ZFP

post-translational modification

relative centrifugal force

RNA high throughput sequencing

reads per kilobase of transcript per million mapped reads
rotations per minute

room temperature

runt-related transcription factor 1

stem cell factor

stem cell leukemia/T-cell acute lymphoblastic leukemia [T-ALL] 1
stromal cell-derived factor 1

Su(var)3-9 and 'Enhancer of zeste' protein domain

SET domain bifurcated 1 (also ESET)

spleen focus forming virus (SFFV) proviral integration oncogene
short interspersed nuclear element(s)

signaling lymphocyte activation molecule

SRY-box transcription factor 17

single positive

short-term hematopoietic stem cell(s)

suppressor of variegation 3-9

transcription factor

T helper

transcription start site(s)

ultra-low-input native chromatin immunoprecipitation followed by high throughput sequencing

unfolded protein response

Vav 1 oncogene

very late antigen-4

week

extraembryonic endoderm stem cells
zinc finger protein
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10. Appendix

Table 10.1 | List of significantly upregulated genes in Setdb1v®' LT-HSCs

gene log2FoldChange padj

4930550L24Rik  3,91226304 5,81E-43
lgcg 3,05452084 5,03E-53
Stag3 2,96320513 2,11E-86
Dnah8 2,43437381 1,41E-75
Tmem150c 2,3214372 3,94E-10
Akap5 2,2954194 1,61E-25
M1lap 2,25293503 7,90E-32
1700097NO2Rik  2,13473463 9,98E-27
Fcgr2b 2,12454222 1,52E-26
2810474019Rik  1,93852159 1,13E-34
Gstp2 1,68153886 7,08E-15
Gm1564 1,65184762 1,40E-11
Carl 1,51888416 3,84E-29
Cldn10 1,45283395 1,14E-09
Amotll 1,43147296 1,42E-11
Gstpl 1,40856093 2,28E-17
Entpd3 1,27476849 1,42E-08
Sicla4 1,23794086 7,45E-08
Ldocll 1,23520375 1,14E-09
Def8 1,21784481 4,17E-12
Arl14epl 1,14781722 3,85E-08
4930447C04Rik 1,13766289 2,11E-06
Gapt 1,1132987 1,45E-06
Kirblc 1,09468584 1,97E-05
4930526115Rik  1,08501191 2,98E-05
Ccdc36 1,04715475 6,39E-05
Alyref2 1,04393917 5,00E-06
Ryr2 1,0355964 1,09E-04
Pkd1l3 1,01737463 1,68E-04
Cirl 1,01268793 4,88E-07
Zcwpwl 1,00419496 4,75E-07
Dmcl 0,98371019 2,45E-04
Dzipl 0,97594868 3,62E-04
Slcl6a3 0,97411192 3,14E-05
D330045A20Rik 0,95352279 5,58E-04
Prr19 0,93537032 1,68E-04
Tex15 0,9319548 1,45E-06
111rl1 0,92350896 9,24E-04
Nrg4 0,92274335 8,84E-04
Ccbl2 0,91384198 3,14E-05
Tmem132d 0,90442472 6,52E-06
Slc25a31 0,88531814 1,00E-04
4930539E08Rik  0,88075998 1,54E-03
AI506816 0,87295248 1,14E-03
Akrlc13 0,8534203 2,01E-05
Rnf17 0,84962577 3,62E-03
Crispld2 0,82653131 1,17E-03
Gal3st3 0,82035737 3,05E-04

Akap2
Zfp709
1700001L05Rik
Pcdhgal2
Espnl
Hsh2d
Ly6cl
Mical2
Afapl
Gpc2
Setx
1700030C10Rik
Skint3
Pla2g5
Ahsa2
Ttc39b
Erdrl

Alpl
Gm13154
Catspergl
B3gnt7
Vmn2r96
Zfp110
Pcdhgb4
Fbpl
Ltbpl
Sdsl
Kirrel2
Zc3havll
Fam208a
Mtl5

Pxtl
Ecml
Zfp808
Gdf3
Hyoul
Scml4
Tdrkh
2610305D13Rik
Plcd3
Frmd6
Eptl
Aim2
Sema4f
Fbp2
Gadd45g
Cnr2
Adad2
Ncfl

0,80739374
0,80374616
0,80027346
0,7909819

0,78770911
0,78424511
0,77958271
0,77913449
0,77826478
0,77243878
0,77002243
0,76140523
0,75893565
0,75783223
0,74579887
0,72498535
0,72139105
0,7137502

0,71267247
0,70364025
0,70266079
0,69160109
0,68804101
0,68505956
0,6781096

0,6746406

0,67177386
0,6618209

0,65717529
0,65195806
0,64635484
0,64588508
0,64537822
0,64277975
0,64211678
0,64155368
0,63985857
0,63865777
0,63320556
0,63313914
0,63275438
0,6299149

0,62619114
0,62066967
0,61379998
0,61311868
0,60904949
0,60027951
0,59481666

6,23E-03
1,20E-03
7,34E-03
1,10E-02
6,90E-03
8,51E-04
4,72E-03
6,11E-03
1,11E-02
3,73E-04
2,98E-05
1,70E-02
1,51E-02
6,96E-06
2,66E-05
5,11E-04
1,93E-02
2,84E-02
3,50E-02
2,26E-02
1,60E-03
3,53E-06
2,66E-05
3,80E-02
1,89E-02
3,17E-02
3,84E-02
3,06E-05
1,20E-02
9,95E-03
3,12E-02
4,71E-02
1,05E-02
5,86E-03
2,04E-02
7,11E-03
4,83E-02
9,24E-03
4,99E-02
4,02E-02
1,51E-02
7,37E-03
1,79E-02
4,94E-02
5,07E-10
3,57E-02
9,24E-03
1,67E-03
4,57E-02
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Macrod2 0,58665848 1,10E-02 St6galnac3 0,49404679 2,33E-02
Epha2 0,58236394 1,68E-02 Padi3 0,47657343 1,04E-02
Sh2d5 0,57825578 4,46E-02 Klhi6 0,47395349 1,31E-02
Tex19.1 0,57550772 2,78E-13 Ethel 0,46944334 1,36E-02
Cep70 0,56873458 4,14E-03 Ppal 0,45154397 4,83E-02
Morc2a 0,56428549 1,70E-02 Gabrrl 0,43916735 8,51E-04
Smc5 0,54859882 6,56E-05 Ppefl 0,41006352 1,10E-02
Ugcc2 0,5434979 5,09E-03 Ankrd36 0,40929274 3,00E-02
Gm13157 0,54324844 9,07E-03 Cyp2b10 0,39875897 7,42E-04
Tex19.2 0,53885116 3,48E-03 Fmrlnb 0,39526754 1,71E-02
H2-T23 0,53685487 1,77E-02 1700029P11Rik 0,36261379 5,26E-03
Trapla 0,52944868 4,10E-13 Ntngl 0,34009188 4,46E-02
Ly6k 0,52356629 6,94E-04 Dppa4 0,33673336 4,46E-02
Olfr1372-psl 0,52195242 4,59E-05 Tuba3a 0,32301932 1,68E-02
Tmem184b 0,51894215 1,40E-02 2310043L19Rik  0,31033314 4,45E-02
Sync 0,51766985 1,60E-02 Ccl12 0,30487065 1,25E-02
Chrnb4 0,51325263 3,07E-02 Fcrlb 0,29110436 1,28E-02
Vill 0,50953625 1,96E-03 Cdsn 0,29059951 1,99E-02
Clstn3 0,5071999 2,74E-02 Capnll 0,2707337 3,02E-02
Arhgap30 0,50497001 2,11E-02 Tcfl5 0,26929407 4,59E-02
Nccrpl 0,50112984 5,86E-03 Ak7 0,26917523 1,52E-03
Pfkp 0,50012056 1,31E-02 Prss42 0,21011662 3,63E-02
Slfn4 0,49968218 1,16E-04 Mmp13 0,03603977 2,47E-05
F11r 0,49427955 4,83E-02
Table 10.2 | List of significantly downregulated genes in Setdb1'® LT-HSCs

gene log2FoldChange padj FIt3 -0,9075568 4,75E-07
Igfl -1,5556759 4,88E-14 Epb4.113 -0,9038017 7,97E-04
Muc6 -1,513428 1,73E-10 Fxyd1 -0,8904782 2,16E-03
Igf2 -1,4714635 2,42E-11 Ctsh -0,8705468 1,36E-03
Ces2b -1,4415444 1,20E-09 3632451006Rik -0,8443961 3,36E-03
Plbd1 -1,3334879 1,01E-08 Jun -0,8413209 1,10E-05
H19 -1,3284269 6,16E-11 Fam132a -0,8324807 1,10E-03
Cleclb -1,3049536 3,46E-08 Efnal -0,8314191 2,13E-03
Cd36 -1,3009417 7,63E-08 Agpl -0,8283186 7,07E-04
Meg3 -1,298693 2,31E-08 Fprl -0,8249161 1,27E-04
(6{9) -1,2898255 3,77E-08 Lama3 -0,8202546 1,00E-03
Tmem26 -1,2517557 4,49E-07 Nrk -0,8192814 6,75E-03
1118bp -1,2217478 4,90E-07 Mrap -0,8179833 4,78E-03
Gfra2 -1,2099955 9,34E-07 Car3 -0,8137523 4,59E-05
Fcgrt -1,0745087 9,21E-08 Epha7 -0,8125505 6,84E-03
VidIr -1,0373061 4,27E-05 Armcx4 -0,7958166 6,75E-03
Pitx2 -1,014036 1,23E-04 Sqrdl -0,7957601 9,30E-03
Plxna4osl -1,0111203 1,68E-04 Lancl3 -0,7955882 1,05E-02
Gimap3 -0,9962522 1,91E-04 Gem -0,7936787 6,32E-06
Cyp4b1l -0,9857281 1,52E-04 Ndnf -0,7655982 8,76E-03
Wifdc18 -0,9832358 4,27E-05 Bex2 -0,7482612 1,88E-02
S100al16 -0,9723587 3,16E-04 Trf -0,748031 8,81E-03
Wfdcl7 -0,9707684 3,62E-04 Serpinfl -0,7460152 1,33E-03
Kcna2 -0,9521371 2,19E-06 Dkk1 -0,7417883 1,10E-02
Syne4 -0,9516352 3,563E-04 Sh2d4a -0,7403581 2,26E-02
Tac2 -0,9468217 4,01E-05 Gpc3 -0,7333674 2,15E-02
Postn -0,9452318 3,70E-04 Gjb2 -0,7297818 1,35E-05
Plekhgl -0,9319419 7,04E-06 Scdl -0,7266717 2,11E-02
Dhrs3 -0,9276352 2,45E-04 Dlk1 -0,7258604 7,20E-03
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Cyp26b1
S1pr3
Collla2
Fxyd7
Hoxa3
Cclé
Hid1l
Ecscr
Angptl3
Itihd
Zfp354c
Seppl
Gstad
Pde2a
Sox18
Ikbke
Acox2
Spon2
Folr2
Mafb
Hpgd
Trib2
Tox
Enpp2
Serpinalc
F2
Hmgcs2
Irf6
Btbd3
Rdh12
Sgsml
Clec7a
Pid1
Snhgl1l
Ccrs
Cd22
Vdr
Serpinale
Stab2
Prdm5
Itgh5
Pld2

-0,7250747
-0,7128973
-0,712395

-0,7084429
-0,7075926
-0,707321

-0,7061947
-0,7032363
-0,6909535
-0,6901982
-0,6899704
-0,6867481
-0,6860896
-0,6777887
-0,675221

-0,6737371
-0,6727887
-0,6720432
-0,6699711
-0,6646306
-0,6636823
-0,6589709
-0,6547175
-0,6539077
-0,6534966
-0,6519707
-0,6517076
-0,6478002
-0,6476678
-0,6476189
-0,646276

-0,6440714
-0,6414378
-0,6402921
-0,6379448
-0,6312287
-0,6228348
-0,6218423
-0,6149588
-0,6025731
-0,602156

-0,6013125

1,90E-02
6,00E-04
6,75E-03
3,79E-02
1,10E-02
3,10E-02
1,25E-02
6,71E-03
5,20E-03
5,90E-04
1,23E-02
1,32E-03
1,57E-02
1,58E-03
2,04E-02
1,04E-02
1,76E-02
2,44E-03
5,09E-03
1,49E-02
4,26E-02
3,03E-02
4,83E-02
1,12E-03
2,49E-04
1,49E-02
1,10E-02
2,11E-02
1,43E-02
1,05E-02
2,94E-02
1,10E-02
1,12E-03
9,07E-03
2,59E-02
4,08E-03
2,66E-02
1,58E-03
1,23E-02
2,79E-02
4,26E-02
4,03E-02

Prodh2
Cacna2dl
Pparg
Zfp870
Sema6d
Ccr2
Cds2
Sdcl

Pld3
Itm2a
Emcn

Cfi
Tmeml154
Dsp
Serinc5
Tsc22d1
Paqgr9
Cyp2c44
Sicla2
Otc

Cnn3
Atgl4
Chga
Hoxa9
Spp2
Pcsk5
Ugt2h34
Matla
Serpinald
F13b
Hmga2
Crp

Pipox

Glul
Abhd4
Itm2b
Adra2b
Vsigd
D10Bwg1379e
Ugt2b36
BC024386
Vcaml

-0,5940125
-0,5851662
-0,584916
-0,5832662
-0,5759463
-0,5749633
-0,5728482
-0,5686102
-0,568319
-0,557254
-0,5399243
-0,5364755
-0,5295636
-0,5261037
-0,5241273
-0,5239202
-0,5238419
-0,5053779
-0,5002941
-0,4956555
-0,4943356
-0,4829064
-0,4801615
-0,4741318
-0,4711199
-0,4652567
-0,4594334
-0,4594317
-0,45479
-0,4425091
-0,4272461
-0,4202027
-0,4137955
-0,3975756
-0,3939315
-0,3855565
-0,3563666
-0,3463763
-0,3404254
-0,2922276
-0,255519
-0,2278482

2,95E-02
3,78E-02
3,61E-03
3,27E-02
2,94E-02
1,42E-03
9,55E-03
6,75E-03
1,59E-03
1,10E-02
4,92E-02
2,66E-02
4,04E-02
2,95E-02
1,40E-02
4,78E-03
4,19E-02
5,09E-03
9,15E-03
2,66E-02
3,57E-02
2,40E-02
2,86E-02
3,63E-02
4,32E-02
3,57E-02
4,31E-02
3,46E-03
4,64E-02
3,00E-02
2,18E-02
1,52E-02
2,24E-02
4,95E-02
2,66E-02
3,23E-02
1,25E-02
8,42E-03
1,05E-02
8,99E-03
1,95E-02
4,31E-02

Table 10.3 | List of significantly upregulated genes in Setdb1v® MPPs

gene log2FoldChange padj
Fbp2 8,2541579 3,44E-91
Tex19.1 8,083226 3,60E-28
Tmem150c 7,1041668 4,40E-20
Carl 6,982836 0,00E+00
Gm1564 5,2794679 1,27E-20
Ak7 5,2075651 3,45E-26
Amotl1l 5,1732828 1,78E-31
4930550L24Rik  4,8787257 7,91E-54
Gstp2 4,5292684 1,16E-59
Fbp1l 4,4745765 1,89E-121

Vmn2r96
Arll4epl
Ryr2
Olfr1372-psl
Secl4l4
Ntngl
Tcfl5
Akap5
Pla2g5
Stag3
Sdsl

4,4481598
4,2773757
4,1225307
3,9968248
3,9206038
3,8200288
3,5923296
3,4304792
3,3887289
3,344433

3,3285062

2,00E-13
2,08E-11
5,12E-42
8,36E-12
4,45E-10
9,32E-33
1,20E-10
5,76E-74
3,32E-08
1,74E-123
3,45E-21
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Grhi2

lgcg

Aplpl
Mlap
Cyp2b10
Mmpl4
Slc4a8
Ltbpl
Homer2
Dnah8
Cdsn

Ly6k
Padi3
Kirrel2
Cyp2al2
Myrip
Ackrl
Gabrrl
Vwa5b2
Col5a1
Lamal
Nfatc4
Cntn3
Entpd3
Tmem132d
Nccrpl
Ly6cl
Prr19
Dppa4
Ahsa2
111rl1
Pcsk9
2410076121Rik
1700029P11Rik
Vmn2r24
1700097NO02Rik
Col4a3
2810474019Rik
Ankrd36
Adad2
Sptb

Xlr3a
BC051019
Epcam
Ndufa4l2
Anol
Tex19.2
Amigo2
Pxtl

Gtsfl
Upklb
Tdrd5
Dmcl

Mt2

Podxl
Hvcnl

3,2989723
3,2480146
3,2396361
3,1619179
3,1547991
3,1159403
3,1105676
3,0817303
3,0658014
3,0363132
3,0092211
3,001536

2,977548

2,9753266
2,9560387
2,9076802
2,8773135
2,870101

2,8574232
2,8514505
2,8369186
2,8278286
2,7769376
2,7663237
2,7449186
2,743152

2,6979353
2,6942456
2,6789908
2,632368

2,6204741
2,6153912
2,6104434
2,5787021
2,5766322
2,5743662
2,571029

2,5670461
2,5257113
2,4764895
2,4566872
2,4307363
2,4271703
2,4271036
2,4244287
2,4012748
2,3893618
2,3524958
2,332726

2,3087368
2,2966229
2,2917469
2,2666426
2,2587531
1,9029792
1,8994078

4,27E-08
2,16E-61
5,80E-16
2,85E-102
1,35E-09
4,63E-28
2,03E-36
4,59E-46
4,47E-17
9,08E-147
8,83E-09
2,35E-11
7,09E-54
2,05E-08
1,30E-08
2,65E-08
6,26E-24
6,80E-07
3,31E-14
6,20E-59
2,66E-08
2,76E-08
2,08E-13
1,96E-10
6,42E-10
2,58E-10
1,99E-06
3,01E-11
5,37E-08
6,01E-114
4,03E-31
4,65E-25
6,37E-15
1,42E-07
1,36E-07
4,85E-13
2,37E-11
7,96E-135
7,14E-08
1,19E-06
6,41E-57
4,25E-08
1,96E-06
1,94E-13
1,23E-12
2,23E-12
9,79E-06
1,06E-18
1,15E-10
4,29E-06
2,97E-08
6,90E-08
1,57E-14
2,78E-44
1,41E-30
5,73E-17

Gypa

Whbp2nl
Serpinb9g

Penk

Popdc2

Sgcz

Cbr3
4930433N12Rik
Tspo2
Pcdhgal2
Ank2

Gal3st3

Amn

Boll

Tmodl

Cbr2

Apol8

Epb4.2

Grtpl
D330045A20Rik
Sowaha
Hormad2
5730507C01Rik
Cebpe

Dzipl
4930447C04Rik
Smarca5-ps
Vangll

Slc7al5
Redrum

Snca

Slc30a10
D10Bwg1379e
Mtl

Gm10532
Plcd3
1700112E06Rik
Stk32b

Optn

Sicla4

Gstpl

Tuba8

Acacb

Trapla

NfxI1

KIf5

Fech

Tdrd9

Gsdma3
Atp6apll
Fcgr2b

Acoxl

Prss42
2310043L19Rik
Pnma5b

Gpat2

2,2565957
2,244762

2,2413306
2,2370209
2,2248377
2,1990749
2,1823257
2,1705249
2,1641035
2,1629848
2,1504115
2,1444144
2,1425722
2,1321832
2,1304337
2,1233983
2,115492

2,1015449
2,0952139
2,0940183
2,0936704
2,0871257
2,072165

2,0714911
2,0662841
2,063864

2,0600335
2,0567091
2,0521509
2,0423822
2,0400194
2,0361654
2,0150673
2,0136056
2,0102036
2,0062575
1,9883581
1,9739019
1,9674104
1,9630441
1,9605183
1,9585726
1,9553998
1,9540155
1,9495015
1,9464011
1,9415137
1,9391623
1,9379318
1,9309149
1,9230629
1,9169993
1,9152947
1,9062002
1,6762174
1,664523

1,10E-32
1,16E-06
1,22E-06
9,01E-08
1,61E-12
1,60E-06
2,10E-07
2,71E-05
1,42E-35
1,11E-11
2,09E-09
9,83E-08
5,55E-06
3,59E-08
3,47E-16
1,38E-06
2,97E-11
1,98E-36
1,73E-11
2,19E-17
3,45E-14
2,79E-12
1,34E-09
7,34E-15
1,03E-20
4,86E-25
1,22E-08
2,03E-28
6,50E-05
1,96E-34
1,34E-23
4,85E-23
6,88E-08
6,05E-44
8,99E-05
4,62E-11
3,39E-08
1,32E-07
9,69E-22
4,15E-26
1,27E-65
8,12E-19
1,82E-12
2,32E-17
7,94E-41
2,19E-12
1,46E-38
4,44E-05
5,30E-06
1,15E-04
4,33E-25
1,32E-04
3,30E-05
9,84E-06
4,55E-05
2,09E-05

77



Appendix

2210417A02Rik
Add2
Vwce
Il1bos
Eif5a2
1700030C10Rik
Abcg4
Cpne7
Ank1l
Rragd
Rnf17
Cnnml
Trim10
Ank3
Rgcc
Itgb2l
Clcn2
1300017J02Rik
St6galnach
Slc6a9
Rhox5
Prkdi1
Trim24
Sh3d19
Tex15
Fam83g
Rhag
Irs2
Trem3
Adam8
Arhgefl12
Sic41a3
Sdk1l
Sicl6a3
Arsg
Bmp7
Msrb3
1700001L05Rik
Spats2
Ccl2
Pak6
Tspan33
Aldh1I2
Akap2
Hesx1
Cpox
Ccdc36
Asns
Endod1
Topazl
Nipal
Garem
Acmsd
Abcal3
Dmtn
Gadd45g

1,8992132
1,899148

1,8902033
1,889921

1,8824409
1,8733156
1,8675217
1,8635477
1,8525289
1,8515074
1,8453956
1,8435696
1,8393796
1,8343701
1,8282528
1,8263005
1,8090039
1,8084013
1,7994762
1,7981928
1,7972429
1,7891198
1,7841554
1,780313

1,7748523
1,7733599
1,7696599
1,7587364
1,7576669
1,7559211
1,7542993
1,7519053
1,7485105
1,7450623
1,7428601
1,7318167
1,7301374
1,7282591
1,7270595
1,726626

1,7219666
1,7174177
1,7161724
1,7146673
1,7135531
1,7084151
1,7040506
1,7006954
1,6951126
1,6852439
1,6814922
1,6790166
1,5172418
1,5155256
1,5142034
1,5124568

1,87E-05
1,09E-29
1,89E-06
6,28E-05
8,25E-23
2,59E-10
7,23E-25
4,05E-07
4,89E-34
3,07E-05
3,41E-06
2,32E-06
5,48E-19
3,10E-06
1,96E-30
3,00E-07
4,42E-23
2,29E-13
7,23E-07
1,51E-18
2,53E-05
4,31E-06
1,75E-32
7,98E-15
1,92E-07
2,44E-13
1,87E-08
2,28E-16
2,59E-09
2,07E-14
2,53E-11
4,26E-23
2,10E-05
2,38E-30
1,26E-10
4,14E-05
1,43E-25
2,44E-17
1,15E-19
2,04E-06
1,37E-05
1,35E-17
1,73E-04
1,57E-07
1,10E-13
1,79E-30
1,50E-10
3,36E-28
4,43E-24
2,82E-05
7,72E-11
1,87E-20
7,78E-07
1,60E-04
2,37E-07
3,82E-13

Sycel
Pklr
Socs2
Abcb10
Fgll
FbxI2
Ache
Fam210b
LOC100503676
Gal3stl
Lmna
Gm364
Sptal
Pkhd1l1
Icam4
Gmb5483
Mmp9
Gm867
Perp
Reep6
Nxpe4
Pla2gl2a
Gatal
Pixdcl
Ssx2ip
KIfl
Hecwl
Epor
Bicdl
Dazl
Nrg4
Nckapl
1700023E05Rik
En2
Arhgdig
Stk31
Gmpr
Sgms2
Vnnl

Kel
Galnté
Cyp2a5
P4ha3
2900041M22Rik
Sox6
Olfmli2b
Rfesd
Rims3
Prokrl
Tspanl2
5730508B09Rik
Slc39a8
Sicla3
111r2
Samdl14
Ms4a3

1,6634882
1,662053

1,6568173
1,6509062
1,6505894
1,6486457
1,6460253
1,6452739
1,6445516
1,6435764
1,642653

1,6325516
1,6276725
1,6273659
1,6265693
1,6262007
1,6246004
1,6220241
1,6189502
1,6161764
1,6146128
1,6143016
1,6134772
1,6118327
1,6097941
1,6071123
1,6039788
1,6016131
1,6007252
1,6003014
1,592551

1,5916125
1,5905708
1,5902971
1,5859396
1,5840745
1,5821927
1,5808734
1,5690097
1,5547836
1,5543734
1,5543306
1,5510686
1,5410201
1,5365372
1,5319349
1,5282998
1,5249046
1,5246419
1,5241248
1,5237157
1,5192396
1,3948807
1,3897238
1,3880603
1,3857421

7,94E-05
3,39E-23
3,11E-15
2,28E-31
3,63E-04
6,97E-12
5,75E-08
1,57E-19
1,34E-04
8,14E-08
1,10E-26
9,64E-04
1,03E-20
2,18E-08
6,75E-20
7,28E-10
2,09E-05
2,16E-04
3,91E-08
4,95E-18
8,18E-18
1,36E-24
3,07E-22
6,91E-07
1,01E-33
4,36E-29
5,99E-04
3,10E-24
3,90E-13
1,68E-04
8,50E-14
2,79E-09
8,46E-05
7,84E-05
1,44E-09
4,34E-04
6,01E-32
1,31E-08
7,40E-05
9,26E-22
1,47E-15
6,20E-05
5,09E-04
8,77E-05
3,73E-10
1,30E-04
1,74E-24
5,46E-04
1,68E-07
6,89E-06
6,33E-12
3,16E-23
5,27E-04
1,91E-10
1,03E-16
1,66E-11
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Ell2

Nxt2
Zarl
Hemgn
Zfp808
Cchl2
Pkd1I3
Usp32
Tsix
Fam46c
AI506816
Itsnl
Elane
Dnajb3
Blvrb
Cbhar2
Gcelm
Fkbp6
Plek2
Vpsl3c
Ppap2a
Fmrlnb
Erdrl
Usp44
Rbm44
Tmemb56
Gm14139
Cesld
Mfhas1
Fcnb
Rnf128
Reps2
Osgepll
Cited4
Rhd
Ppplr36
Napll3
Pcdhgh8
Emc9
Hsd17b6
Frmpd1
Erbb3
Cachdl
Mfsd2b
Zfp575
6720489N17Rik
Rec8
Hspala
Myo5hb
Hmbs
Wipil
Slc22a4
G530011006Rik
Slc25a31
Lama4
1810055G02Rik

1,5102698
1,510148
1,5095448
1,5067942
1,5058368
1,5056981
1,5019453
1,4948911
1,4944787
1,4927571
1,4925331
1,4906517
1,4815307
1,4807004
1,4779227
1,46974
1,4668342
1,4667275
1,4654184
1,4649238
1,4640836
1,4607469
1,4580412
1,457733
1,4540022
1,4483665
1,4474806
1,4458937
1,438352
1,436572
1,4345709
1,433266
1,4312724
1,4286447
1,4282228
1,4278205
1,4240382
1,4194969
1,4194416
1,4144886
1,4125338
1,4123573
1,4113574
1,4095582
1,4088379
1,4037807
1,4036048
1,3985543
1,3979162
1,395101
1,2648356
1,2630646
1,2597319
1,2594419
1,2580391
1,2573239

2,59E-22
1,51E-20
1,20E-04
2,89E-25
8,46E-18
2,77TE-40
1,95E-08
6,11E-19
8,50E-04
6,52E-10
3,91E-23
5,15E-27
2,30E-19
4,24E-06
7,87E-27
4,43E-06
1,15E-16
9,11E-04
6,16E-07
3,62E-16
9,85E-12
9,79E-04
1,19E-05
2,88E-07
4,01E-04
4,74E-15
1,15E-03
1,16E-03
3,27E-09
2,52E-10
1,35E-08
5,26E-07
7,79E-18
7,51E-19
1,12E-19
1,64E-03
2,90E-06
1,93E-03
1,22E-11
2,30E-04
2,09E-04
6,98E-07
9,87E-06
8,99E-17
2,43E-04
6,56E-15
5,01E-07
1,88E-03
4,74E-04
4,43E-24
5,55E-09
7,29E-09
3,38E-03
8,98E-06
2,14E-03
3,49E-11

Mrpl52
2610305D13Rik
Sycp3

Fgd6

Gpcl

Cdr2
2410003L11Rik
Dpf3

Dnajc6
Slc22a23
Prnp
Cyp4b1-ps2
Ermap

Alad

Cda

Phyhip
4930526115Rik
Tbcld12
Ublcpl

Syce3

Stfal

Abcb4

Mylk3

Abhd5
6030468B19Rik
Lamb3
BC100530
PcnxI2

Ston2

Smim1l
Bcl2I15

Mtl5

Mstl

Myh7b

Pdia2
2310039L15Rik
1gsf3
Rab11fip4osl
Pglyrpl

Ccl7

Clpx

Alas2

Farp2
Map3k6

Cftr

Epn2

Uros

Wnk4

Enpp3
Ripply3

Lyvel

Prelid2

Clcal

Cldn10

Setx

Nxf7

1,3798184
1,3791851
1,3712343
1,3700516
1,3680986
1,3680124
1,3639824
1,3637085
1,3621248
1,3602906
1,358702

1,355604

1,3546804
1,3520744
1,3420038
1,3389302
1,3359027
1,3331094
1,3310957
1,3309646
1,3298483
1,3272718
1,3257146
1,3202096
1,3180757
1,3176752
1,3150009
1,3129104
1,3127169
1,3126779
1,3109579
1,3101552
1,3056858
1,305101

1,3048265
1,301563

1,3006249
1,2994452
1,2969445
1,2946305
1,2885359
1,2854249
1,2845056
1,2821448
1,2811985
1,2746952
1,2745687
1,2743006
1,2694104
1,2663648
1,1910053
1,1897801
1,1895123
1,1882766
1,1881732
1,1863227

1,58E-25
3,54E-12
2,51E-03
5,03E-10
1,57E-05
3,64E-09
1,74E-03
2,43E-04
2,65E-04
1,96E-10
6,42E-13
4,21E-03
2,30E-06
2,56E-20
2,81E-03
1,79E-04
4,94E-11
5,65E-05
1,49E-10
3,42E-04
2,03E-04
1,42E-15
1,58E-04
8,59E-14
4,89E-11
2,79E-03
5,19E-09
4,29E-03
2,25E-07
7,26E-17
2,13E-03
9,46E-05
1,01E-03
5,39E-05
1,35E-11
4,58E-04
1,49E-09
5,13E-04
2,22E-11
3,34E-03
4,04E-25
8,40E-07
2,78E-03
3,96E-11
5,68E-04
7,39E-04
4,94E-19
4,67E-08
4,30E-03
3,64E-03
4,22E-04
4,17E-11
9,58E-03
8,65E-03
1,36E-25
9,75E-03
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Pramefl2
Camsap2
Hspbapl
Tomlll
Hbglb
Serpinb8
Mgarp
Daaml
S100a8
lzumol
Slc38a4
Mar8

Ryk

Cttn

Tjpl
Slc25a21
Fhdcl
Cacnalh
4933431E20Rik
GIrx5
Cldn13
Semadf
Arhgef25
5730460C07Rik
Tnfrsf23
Pkd1l2
Myold
Zcwpwl
Wdr65
Eroll
6820408C15Rik
Tmem40
Gm4841
Ccnb3
Meiob
Asb17
Gstm5
Ttc39b
Sgppl
Zdhhc14
Thcld24
Cablesl
Cbharl
Kcnj5
Epdrl
Zfpm1
Gmi

Lrig3

Itch
Hspalb
1730030J21Rik
Rcvrn
Samdll
Hemtl
Alox5
Prkar2b

1,2546984
1,2545461
1,254303

1,254079

1,2521642
1,251895

1,251894

1,2505969
1,2498969
1,249097

1,2472511
1,2453252
1,2452368
1,240266

1,2396396
1,2396214
1,2370709
1,2362695
1,2353712
1,2351277
1,2338363
1,233763

1,2321451
1,2304122
1,2289339
1,226263

1,2250176
1,2232959
1,2232584
1,2219676
1,2182958
1,2160405
1,215788

1,2133227
1,2130682
1,2118463
1,2110594
1,209798

1,2086942
1,2056865
1,2023516
1,2004873
1,1990816
1,1975686
1,1971631
1,1964252
1,1937558
1,192448

1,1012271
1,1004319
1,0980987
1,0962681
1,0942726
1,0931393
1,092578

1,0877592

5,82E-03
5,20E-13
3,99E-11
2,29E-12
4,26E-03
2,32E-03
4,63E-03
1,88E-09
3,78E-04
4,61E-03
1,65E-04
7,49E-17
8,28E-08
6,19E-21
1,92E-07
5,55E-09
8,76E-07
7,37E-03
2,91E-06
3,47E-14
3,10E-12
1,95E-03
1,13E-08
3,82E-03
8,47E-04
2,77E-03
4,65E-08
3,06E-14
2,37E-04
2,36E-20
6,82E-03
1,84E-15
4,46E-03
3,52E-03
6,97E-03
2,06E-03
4,45E-12
2,28E-12
2,31E-12
1,33E-06
9,51E-17
8,27E-07
3,02E-05
4,58E-03
6,84E-12
3,49E-04
8,01E-03
3,63E-03
4,50E-24
1,56E-02
2,29E-03
8,19E-03
9,52E-03
1,80E-02
4,84E-05
4,69E-14

3300005D01Rik
Spire2
Gab2
Dnah7a
Xk

Smc5
Slc25a38
1100001G20Rik
Bex4
Hormad1l
St3gal2
Ampd3
Hsd11lbl
Rbl

C4ab
Atp7b
Abcb6
Gm13152
Pcdhgb4
Leftyl
Lrigl
Dusp27
Zadh2
Tfrc

Ngol
Trib3
Pmm1l
AdamtslI5
Slcobl
Rfx2

Mael
C330013F16Rik
Pcdhgb2
Syt
Hsd17b14
Cldn15
D730045A05Rik
Pcytlb
Igsf21
Serpinb9c
Bag3
Prom1
Tnfaip2
Aqp3

Alpl

Atg2b
Asbl70s
St6galnac3
Ifnirl
Stx11

Igcd

Oaf

Prdx3
Chrnb4
Lcn2
Clgaltl

1,1857306
1,1853021
1,1828941
1,1814929
1,1809902
1,180768

1,1770311
1,1709256
1,1707571
1,1691531
1,1683048
1,1600172
1,1581237
1,1555064
1,1554892
1,1548394
1,1470478
1,1400409
1,1383426
1,1365613
1,1362258
1,1354405
1,132897

1,1312059
1,1299371
1,128866

1,1285747
1,1274244
1,1271927
1,1269467
1,1264387
1,1252908
1,1218606
1,1214958
1,1210328
1,1202908
1,1202768
1,1193293
1,1188752
1,1180001
1,1138171
1,1127976
1,1106008
1,1092911
1,1091924
1,1059037
1,1016322
1,1014295
1,0451652
1,0399989
1,039749

1,0375675
1,0359271
1,0319736
1,0309829
1,0303033

1,82E-04
1,91E-03
7,62E-13
1,04E-02
8,32E-16
3,41E-36
5,34E-17
4,74E-03
7,85E-12
8,78E-04
1,79E-16
1,49E-12
5,99E-05
2,59E-10
1,21E-02
4,63E-11
1,76E-16
7,84E-05
6,91E-04
1,39E-03
2,36E-03
4,22E-03
2,33E-13
5,34E-15
2,34E-05
2,51E-03
6,84E-11
2,69E-03
1,45E-02
6,19E-08
9,85E-04
7,36E-03
1,54E-02
1,28E-02
9,30E-04
5,78E-04
1,46E-03
1,33E-07
1,44E-03
1,45E-03
5,75E-06
1,23E-03
1,25E-13
2,73E-08
1,75E-03
4,07E-21
8,51E-03
1,35E-15
2,06E-02
2,41E-04
5,97E-03
9,31E-06
1,58E-13
2,54E-02
2,27E-02
4,76E-05
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Agrn

Cpd
Tmem150cos
Xlrda
Ctcflos
Slc6al3
Gprl50
4921525009Rik
Gm13154
Cnnm2
Pard3
Chac2
Fam208a
Gpsm2
Mob1b
Zbtbd6
Mgll
Chchd10
Map10
Cep76
Dcbld2
Fndc5
Nt5c3
BC021767
Fry
Asnsdl
Scube2
Ttbk2
Arrbl
Sh3tc2
Wdr63
Ldoc1l
BC049635
Fam20a
Prkabl
Gca
Cetn4
Etv4
Fam188a
Abch9
0610010FO05Rik
2410088K16Rik
Lactb2
Caprin2
Abcg2
Dnaja4
Atplbl
Qpct

Hk1
Sicl4al
Lrrc20
Aplp2
Mical2
Spoll
Pvtl
Ccrnd4l

1,0876958
1,0864386
1,0822279
1,0819899
1,0796263
1,0782761
1,0774187
1,0769818
1,0769119
1,0750862
1,0750438
1,0726741
1,0698819
1,0687973
1,0685954
1,0676747
1,0675934
1,0650286
1,0642454
1,0634093
1,063319

1,0627381
1,0627334
1,0622386
1,0604794
1,0598504
1,0597103
1,0583909
1,0568952
1,0545377
1,0540753
1,0537434
1,0535643
1,0535276
1,0527458
1,0516229
1,0506594
1,050582

1,0497368
1,0492254
1,0489886
1,0489763
1,0481825
1,0474423
1,0470941
1,0464699
0,9625034
0,9593827
0,9590892
0,9574914
0,955788

0,9554736
0,9552635
0,9551951
0,9533239
0,952622

3,98E-08
3,71E-14
2,11E-03
2,73E-04
1,53E-02
4,45E-09
5,69E-03
1,92E-02
2,91E-03
1,83E-07
1,99E-02
6,07E-08
2,87E-17
1,12E-12
1,15E-06
9,98E-05
1,25E-05
1,03E-08
4,45E-05
3,27E-12
1,84E-03
2,03E-02
1,10E-14
1,99E-02
1,93E-11
2,40E-15
1,02E-02
3,70E-07
9,51E-17
1,10E-02
2,20E-03
1,87E-09
2,31E-02
1,02E-02
1,81E-16
1,20E-04
1,22E-02
1,70E-02
5,88E-17
2,69E-07
1,25E-16
2,66E-03
1,48E-09
9,85E-12
1,45E-12
8,94E-05
1,47E-06
3,46E-02
7,79E-20
4,36E-08
1,19E-07
1,18E-11
2,00E-06
1,53E-02
1,30E-04
2,93E-07

C330024C12Rik
Nxpe2
Mgst3
Casp4
Tarsl2
Osbpl3
Steap3
Ubacl
Faml24a
Larplb
Car2
Clec2i
Cyth3
Atp8b5
Bazla
Tmeml4c
Papola
Tango2
Tada2b
Stfa2ll
Mar3
Asbl
Hipk2
2210016F16Rik
Cd55
Ccdc150
Hebpl
Rnf43
Smocl
Foxhl
Gas6
Nadk2
1110008P14Rik
B3gnt7
Akrlcl3
Stx2
Ehd3
Dennd4a
Synel
Gpr64
Gm19589
Ntn4
Plekhg4
Galnt2
Mpp2
9830132P13Rik
Crip2
Pacsl
Mtus2
Usp45
Lyar
Zfp709
Mylk
Tmem9b
Rexo2
4930459C07Rik

1,0279956
1,0268056
1,026474
1,0251107
1,0231074
1,0215155
1,0190118
1,0189399
1,0185269
1,0169644
1,015679
1,0147633
1,0144599
1,0128026
1,0127915
1,010262
1,0075784
1,0031604
1,0005125
0,9994915
0,997418
0,9956015
0,9941047
0,9926616
0,9909568
0,9908859
0,9901782
0,9889909
0,9870762
0,9863471
0,9855312
0,9837194
0,983182
0,9824974
0,9777232
0,9766895
0,9758416
0,9753763
0,9750336
0,97461
0,9703624
0,967827
0,9651027
0,9635011
0,9633888
0,9626518
0,892633
0,8923571
0,8922704
0,8919834
0,8908595
0,8880914
0,8870875
0,8826568
0,8815325
0,8811962

2,77E-02
5,40E-09
1,03E-11
1,99E-05
1,54E-09
9,54E-10
2,55E-12
1,55E-13
2,34E-02
7,89E-04
8,60E-17
3,49E-04
2,50E-08
2,95E-02
3,14E-12
1,81E-15
9,10E-20
5,72E-12
1,83E-03
2,72E-02
4,45E-05
7,46E-08
1,21E-09
4,43E-08
4,80E-07
1,87E-02
4,57E-08
4,37E-03
3,31E-05
1,12E-02
1,32E-02
2,72E-10
4,36E-06
1,65E-13
7,50E-11
6,34E-12
1,54E-04
4,86E-16
2,92E-10
3,83E-02
2,70E-02
1,80E-02
3,50E-02
1,27E-12
2,87E-05
3,57E-02
4,88E-06
4,93E-12
2,60E-02
3,88E-08
4,69E-14
1,13E-06
1,22E-03
5,91E-07
1,52E-10
7,56E-03
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3110043021Rik
Txnrd2

Tnk2

Sogal
Tmem64
Clstn3

Bdh1l

Slcdal

Sep8

Zfp882

Spock?2

Rtn4r

Myh10

Pip5k1b
Atplb2

S100a9

Fitm1
A630007B0O6Rik
Bai2

Celal
Gm10825
Clcn3
1700012B07Rik
GatsI3

Glol

Adcy6

Ankrd9

Bambi

PIxna2

Rmdn3

Zfp951

Phf10

Def8

Tspan8

Gprl55

Eptl
1300002E11Rik
Clintl

Trim58

St3gal6
Siclla2

Chill

Acsll

Ctsg

Mical3

Svip

Fhod3
5730420D15Rik
Pbx3

Pidk2b

Tnntl

Tuba3a
0610040J01Rik
Cpeb4
1810006J02Rik
Pip4k2c

0,9504952
0,9503811
0,9493799
0,9477204
0,9476011
0,9475192
0,9458047
0,9449419
0,9446096
0,9410827
0,9382296
0,9378714
0,9375839
0,9363386
0,9346824
0,9345382
0,9338341
0,9312392
0,9265123
0,9262024
0,9227843
0,9185335
0,9178158
0,9167123
0,9164363
0,9108907
0,9101948
0,9100579
0,9094029
0,9075287
0,9064102
0,9055038
0,9049531
0,9039813
0,9011906
0,8996499
0,8963692
0,8963311
0,8959682
0,895684
0,8949372
0,8947832
0,8941551
0,8936148
0,8354692
0,8353705
0,8341317
0,8334663
0,8305708
0,8247634
0,8220667
0,82043
0,8200192
0,8200172
0,8185635
0,8182758

5,32E-06
7,57E-13
1,58E-05
5,71E-11
4,98E-08
9,21E-14
1,07E-10
3,55E-02
3,78E-12
5,11E-06
4,40E-02
3,96E-02
8,81E-09
8,38E-04
1,12E-11
1,80E-02
4,71E-02
6,20E-07
1,79E-02
1,18E-05
5,06E-03
6,31E-12
5,35E-03
2,57E-02
2,75E-13
3,94E-06
3,95E-04
7,13E-05
4,57E-04
1,65E-10
1,53E-04
6,55E-09
1,30E-10
1,66E-05
4,65E-04
2,27E-08
1,10E-07
1,29E-12
1,82E-04
8,98E-07
2,62E-08
3,37E-02
3,62E-09
1,73E-06
2,53E-05
8,58E-07
4,37E-02
3,06E-02
1,47E-03
4,15E-08
1,24E-03
4,71E-02
8,92E-04
1,13E-05
4,03E-02
4,33E-10

Tnfrsfl4
Clec4b2
Zdhhc25
Nars2
Cdc73
Tdrkh
Ank
Stabl
Orc5
Mcts2
Dopey2
Atp6v0Oal
Slc35g1
Olr1
9430020K01Rik
Klhl12
Uncbcl
E2f4
4930430F08Rik
Tmem120b
Prss57
Dclrela
Mtfrl
Bola3
2610524H06Rik
Tex21
Cptlc
KIhl23
Ufspl
Pnpo
Ntn3
Otub2
Rnf125
Sycn
Ppplri5a
Gsr

Pdk1l
Hcfc2
Xlrdb
Cox17
Dhx40
Chstll
Manla
Bcas2
Galnt10
Desi2
Tfr2
Nt5dc2
Grina
Asapl
Odcl
Lpcatl
Mospd3
Tshax
Dusp4
Usp7

0,8808207
0,8800382
0,8791541
0,8760206
0,8744485
0,8739256
0,8738972
0,8733585
0,8733242
0,871966

0,8713884
0,8702985
0,8699333
0,8694383
0,8692793
0,8687579
0,8679008
0,8667167
0,8658788
0,865233

0,8635195
0,8612354
0,8596182
0,8587923
0,8578213
0,8567956
0,8553236
0,8544994
0,8543189
0,8540311
0,8524026
0,8516456
0,8487836
0,8474739
0,8467743
0,8438917
0,8407762
0,8403569
0,8402054
0,8389155
0,8374628
0,8371221
0,8358205
0,8357261
0,7742541
0,7738541
0,7728281
0,7725827
0,7705256
0,7702292
0,7683192
0,7677041
0,767452

0,7665593
0,7663975
0,7645412

4,21E-04
3,93E-02
7,77E-03
6,21E-11
8,11E-07
4,65E-10
5,42E-05
3,47E-02
1,61E-07
2,52E-04
1,97E-08
1,02E-07
7,85E-06
1,11E-02
3,74E-06
2,53E-10
1,06E-02
9,85E-12
2,39E-05
1,31E-04
1,04E-05
7,12E-08
8,55E-11
1,24E-06
2,05E-11
4,59E-02
4,36E-02
2,34E-07
2,37E-02
4,30E-10
2,32E-02
2,39E-05
2,39E-04
9,78E-03
3,53E-07
6,21E-08
2,36E-13
1,85E-07
1,67E-02
1,03E-10
1,93E-06
2,24E-04
1,05E-13
7,60E-13
5,89E-07
4,36E-09
8,21E-10
9,25E-07
2,43E-06
2,45E-08
4,91E-07
4,20E-08
3,15E-09
5,89E-11
3,58E-02
7,87E-09
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Epha8
Gtf2hl
Crnde
Glccil
Cd24a
Agfgl
Gm13251
BC021614
KIf9
Ttll12
Hacel
Bahdl
Mgl2
Btafl
Zfp110
Frmd4a
Lnp
Lpinl
Slc25a33
Acaa2
Tgm2
Pgp
Zfp69
Ermpl
4732471J01Rik
Yodl
Hif3a
Tab3
Sicl6al
Spirel
Mbd2
Pik3cb
Ethel
Folrl
Smapl
Sicl2a4
Hmgb3
Ssscal
Clecl0a
Dnajc19
Ppp2r3a
Pithd1
Ubxn2a
Gas2I1
Draml
Tmem69
Orc2
Ptpdcl
4930452B06Rik
Pcytla
Mthfd2
Esyt2
Fndc3b
Gm13283
Polm
Pnp2

0,8178547
0,8168741
0,8149574
0,8142211
0,8127435
0,8117973
0,8107755
0,8103604
0,808723

0,8078066
0,8050122
0,8044307
0,8025303
0,8013901
0,8009823
0,7989081
0,7982031
0,7976243
0,7973638
0,7966919
0,7962094
0,7960079
0,7934059
0,7884162
0,787227

0,7867483
0,7866956
0,7848308
0,7844482
0,7840142
0,7839611
0,7832014
0,7827175
0,7806482
0,7777494
0,7771733
0,7758455
0,7757501
0,7755102
0,7750467
0,7743764
0,7743377
0,7327981
0,7324854
0,7320583
0,7320553
0,7313007
0,7311657
0,7311215
0,7301649
0,7299765
0,7298282
0,7295063
0,7275837
0,7263392
0,7254367

3,29E-02
1,67E-10
3,04E-03
5,55E-03
2,65E-10
2,12E-06
3,70E-02
1,69E-02
4,17E-02
8,51E-12
2,30E-05
5,42E-05
3,27E-02
2,22E-11
4,45E-10
1,59E-09
2,96E-06
1,23E-07
4,51E-03
6,35E-10
5,82E-08
1,91E-07
4,00E-04
2,72E-10
1,49E-02
1,44E-05
4,35E-11
3,86E-06
6,61E-12
1,31E-06
2,00E-04
3,29E-05
8,12E-09
3,99E-02
1,10E-03
1,18E-05
1,29E-11
1,66E-09
4,61E-02
4,57E-08
2,26E-05
9,17E-06
1,93E-06
6,68E-03
3,12E-02
1,15E-05
2,05E-10
3,60E-02
1,61E-02
2,10E-07
6,61E-08
5,61E-07
7,05E-04
1,96E-02
3,68E-02
2,96E-03

Cd59a
Slc38a5
Homerl
Lgalsl
Gukl
Usp46
1ft140
Rnfl9a
Ddahl
Gm16793
Lor4
Ankrd6
Tm7sf3
Morc2a
Adamts3
Ttll4
Zfp78
Idh3a
Ehbpl
Olfmll
Bcl2l111
Htatip2
Zc3havll
Mar2
8430419L09Rik
Ankrd13c
Zfp800
KIf11
Ago2
Eps15
Mnsl
Ehdl
Pycr2
Zfp934
Scml4
Ash2|
Prss50
EmI5
Narf
Wsh2
TIk1
Uapl
Xpo4
Per2
Slcl16a6
Fthl
Uimcl
Gm3604
Tall
Hic2
Hdacl1l
Higdla
Fam195a
Donson
Arl5a
Faml126a

0,7638595
0,7625067
0,761705

0,7598754
0,759131

0,7587114
0,7580814
0,756649

0,7566064
0,7549367
0,7545065
0,754494

0,7540679
0,7531969
0,7523382
0,7521936
0,7511897
0,749251

0,7479924
0,7476354
0,7459766
0,7455717
0,7451702
0,744695

0,7442279
0,7439803
0,7439242
0,7435058
0,741156

0,740532

0,740437

0,7386676
0,7369781
0,7361178
0,7350946
0,7349267
0,7345276
0,7344801
0,7337628
0,7336889
0,7334515
0,7333008
0,6921726
0,6910965
0,6909977
0,6899175
0,688576

0,6878223
0,6877877
0,6876636
0,6862127
0,6859963
0,6859003
0,6858579
0,6851914
0,6851381

3,50E-04
1,22E-04
2,94E-04
7,28E-11
2,32E-08
7,75E-09
2,35E-09
4,33E-08
4,29E-02
1,73E-02
3,49E-02
5,75E-06
6,54E-07
2,76E-11
8,08E-04
3,04E-11
2,66E-02
5,72E-10
1,39E-03
4,68E-02
3,71E-06
4,83E-07
4,18E-06
1,55E-06
1,54E-07
1,39E-04
1,57E-06
1,65E-03
1,08E-08
1,07E-08
3,94E-06
5,65E-07
8,52E-09
3,01E-04
1,19E-03
2,84E-08
9,53E-04
4,84E-03
3,43E-07
3,00E-04
2,73E-09
2,32E-07
1,26E-06
2,21E-05
5,85E-05
7,31E-08
6,90E-09
2,61E-03
2,01E-05
7,46E-05
3,71E-02
1,39E-07
5,36E-05
6,19E-04
2,03E-06
8,07E-08
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Golph3
Atp8al
4921513103Rik
Napepld
Hp
Iscal
Cdk14
Acssl
Csgalnactl
Ciart
Clybl
Mapk13
Ythdc2
Nudt9
Map4k5
Snhg3
Ap3sl
Tmem185b
Klhdc2
Sic7a7
Ankrd27
Sphk1l
Zc3h6
Afapl
Slc26al
Dhrs11
Pnol
Mcu
Wrn
Rnf123
Msh2
Cox11
Ninl
Hyoul
Bnip3
Casc4
Sec24a
Ammecrl
Mettl20
Golml
Ppox
Plaa
Uqgcc2
Atf4
Ap2al
Prkaal
Tafl10
Rpia
Spryd7
Iba57
Ubxn2b
Rabl10os
Rabgefl
Nudt19
Grb10
Clica

0,7241041
0,7239534
0,72357
0,7235289
0,7222128
0,7221847
0,7214768
0,7204761
0,7203869
0,7193812
0,7192084
0,7189865
0,7181701
0,7179982
0,7171224
0,7156589
0,7144224
0,7139619
0,7122124
0,7120652
0,711391
0,7112978
0,7109434
0,709759
0,7087572
0,7087264
0,7085771
0,7082665
0,7071422
0,7055923
0,7029918
0,7024608
0,6986568
0,6983821
0,6969537
0,6963895
0,6963008
0,6962557
0,6949764
0,6947288
0,6548845
0,6548733
0,6546951
0,6545735
0,6539915
0,6530668
0,652192
0,6521529
0,6509974
0,6506159
0,6504017
0,650098
0,6487272
0,6485445
0,6485291
0,6481199

2,81E-08
4,84E-08
1,81E-02
5,75E-03
2,98E-04
3,19E-08
2,32E-03
2,95E-06
3,03E-04
4,23E-02
2,71E-06
1,08E-02
3,70E-05
4,11E-08
2,58E-04
8,59E-05
7,88E-05
4,46E-07
6,14E-06
6,57E-03
1,18E-09
5,35E-04
4,47E-03
8,41E-03
1,11E-03
2,41E-06
2,02E-08
5,92E-04
9,82E-06
5,22E-09
8,34E-11
5,75E-05
1,14E-04
6,88E-10
2,80E-06
2,09E-04
9,55E-05
2,89E-04
3,99E-05
4,40E-06
3,74E-06
1,22E-08
1,20E-09
2,17E-07
7,42E-08
2,25E-05
1,41E-03
1,39E-02
5,60E-04
2,48E-04
2,34E-05
4,64E-05
5,67E-06
1,58E-06
6,99E-10
1,24E-08

Hiatll
Nudt4
Ptpnl12
Parml
Sord
Ydjc
Gid8
8030462N17Rik
Acer2
Acp5
Hspadl
Sfxnl
Tmcl
Bag2
Exoc5
Atp13a3
Zfp511
Asfla
Gfml
Ppal
Wapal
Slc30al
Sorbsl1
Ddx39
Xpnpepl
Eif2b3
Piezol
Rom1
Lysmd3
Aqp9
Mff
Gcesh
Hspel
Rnf139
Clgbp
Gss
Slc2a8
Tprgl
Hs6stl
Gm13212
Slc25al16
Ly6c2
Ifrd2
Kctd7
Psme3
Scdl
Psmg2
Casp3
Tcaml
Hras
Timm23
Srm
Tmem131
Gars
Prkagl
Pus7

0,6838614
0,6836934
0,6836712
0,6833196
0,6812483
0,6790798
0,6786611
0,6784936
0,678286
0,6773214
0,6761067
0,6743105
0,6729012
0,6716375
0,6712813
0,6709501
0,6708682
0,6686796
0,6684343
0,6677958
0,6669064
0,6653256
0,664583
0,6645788
0,6640636
0,6629546
0,6619721
0,661665
0,6616073
0,6613916
0,6612152
0,6597228
0,6593156
0,65896
0,6587693
0,6580912
0,6569316
0,6559553
0,6555012
0,6551413
0,6308011
0,6302022
0,6289086
0,6284464
0,6281503
0,6280168
0,6275666
0,6272755
0,6268134
0,6266456
0,6265248
0,6258352
0,6255609
0,6252969
0,6248185
0,6232391

5,85E-08
1,20E-05
2,82E-06
3,80E-02
5,87E-07
1,84E-04
3,36E-07
1,70E-02
5,10E-03
2,60E-06
2,68E-06
1,62E-09
2,98E-02
4,11E-07
7,49E-08
4,63E-07
7,91E-05
7,02E-06
1,77E-07
9,73E-09
2,00E-07
3,15E-02
8,26E-04
9,57E-09
3,70E-08
5,97E-06
1,74E-05
4,83E-02
5,05E-05
4,96E-07
9,10E-07
1,55E-07
1,87E-08
3,79E-05
1,53E-06
7,59E-06
6,54E-04
1,97E-04
4,23E-04
1,86E-02
5,85E-04
2,69E-02
1,43E-06
1,13E-03
7,19E-08
5,73E-03
6,40E-07
1,13E-05
1,01E-02
7,31E-03
8,20E-07
7,32E-07
2,75E-06
1,88E-07
1,52E-06
1,60E-07
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Fbxo10
Slc19a2
Cnr2
Ppa2
St3gal5
Anxa9
Tshzl
Pir
EgIn3
Sic35a3
Bysl
Stom
Ube3c
Abcc4
Ccdc71l
Tceal8
Vkorclll
Scrn3
MIIt3
Zbtb46
Mrs2
Gm13157
Ccrl2
Psmd5
Mylpf
Ranbp17
B3galnt2
Al662270
Gclc
Tprkb
A430005L14Rik
Rab44
Clptm1l
Ushlc
Crat
Mtfl
Nekl
Smim5
Cdc20
Atxnl
Pon2
Tomm40
Dnajc12
Eeflel
Ccdc23
Fnip2
Dpy19I1
Acss2
Lrrc8b
Utpl18
Eafl
Mrpl20
Skal
Eri2
Fbxo9
Urod

0,6478837
0,6477122
0,6474856
0,6473058
0,6469284
0,6469159
0,6467994
0,6467547
0,6467367
0,6467304
0,6448274
0,6446454
0,644592
0,6436441
0,6436222
0,6435865
0,641859
0,6410343
0,6406979
0,6405201
0,6394935
0,6391396
0,6390424
0,6388889
0,6388189
0,6374578
0,6373383
0,6357565
0,6356941
0,6336265
0,6333942
0,6331293
0,6331176
0,6328381
0,63206
0,6316884
0,6313988
0,6311694
0,6065583
0,6051999
0,6044485
0,6040646
0,6037823
0,6031091
0,60216
0,6021377
0,6008246
0,6000951
0,5989471
0,5988192
0,5980557
0,5971043
0,5966339
0,5965838
0,5957671
0,595732

1,53E-03
2,26E-03
3,18E-06
1,93E-06
2,28E-05
1,39E-02
2,87E-04
4,58E-02
1,61E-05
1,06E-04
8,58E-07
1,23E-04
1,39E-06
3,43E-05
8,75E-03
5,85E-05
3,44E-05
2,04E-04
1,57E-04
3,47E-02
5,59E-03
3,45E-05
1,20E-02
1,89E-06
6,68E-03
6,19E-03
3,49E-07
1,26E-07
1,71E-04
4,53E-04
8,42E-06
3,05E-04
1,10E-04
3,63E-02
2,72E-05
3,79E-05
6,81E-06
3,43E-05
1,12E-05
4,48E-03
2,54E-06
3,93E-06
8,78E-03
3,08E-05
2,91E-05
1,60E-03
2,39E-04
2,61E-03
3,27E-03
6,49E-06
1,09E-07
3,52E-06
2,53E-05
6,87E-05
4,53E-05
4,12E-05

Metap2
Slc25a37
Ube2jl
2410127L17Rik
Fabp5
Gfptl
Tmtc3
Eps8
Orcl
Gpc2
Mthfdl
Ube2c
Hsphl
Lsr
Stk38lI
Sunl
Pabpc4
3110002H16Rik
Stt3b
Hdgf
Gentl
Ktil2
Etfl

Cirl
Wdsubl
Olfr417
Pitrm1
Cry2
Fafl
Sod2
Nhp2
Gfilb
1700037H04Rik
Lonrfl
Mtfpl
Did
Ahctfl
Dmkn
Ankrd22
Gabl
Uqcrq
Gm608
Idil

Pfkp
2700097009Rik
Wdr55
Ringl
Mrto4
Usp33
Fbxo30
Ggaz2
Rael
Rn45s
Mpv1712
Uspl4d
Mbd1

0,6227054
0,6226508
0,6220545
0,6214658
0,6214432
0,6212071
0,6209384
0,6206337
0,620102

0,6195882
0,6194103
0,6191685
0,6188204
0,6187547
0,617531

0,6174729
0,6174712
0,617327

0,6165417
0,6165356
0,6162731
0,6147202
0,6137101
0,6133274
0,6118009
0,6115816
0,6115753
0,6113988
0,6111681
0,6108655
0,6099265
0,6090423
0,6088818
0,6079326
0,6076385
0,6073976
0,6066918
0,6065729
0,5773667
0,577093

0,5761557
0,5759607
0,5759576
0,5758569
0,5726082
0,5726059
0,5719358
0,5712006
0,5708612
0,5706454
0,5699683
0,5696157
0,5695793
0,5690084
0,5689006
0,568882

1,08E-07
2,51E-05
8,64E-06
9,21E-03
2,17E-05
2,59E-05
1,48E-04
6,77E-04
1,98E-04
7,21E-04
6,23E-08
3,65E-09
1,16E-07
6,80E-03
2,32E-03
1,10E-06
2,28E-05
5,20E-06
1,99E-08
3,59E-02
2,44E-05
1,13E-06
3,62E-08
9,00E-03
1,17E-04
4,27E-02
5,10E-07
1,18E-04
7,34E-04
1,42E-06
3,40E-08
2,09E-04
4,70E-06
4,06E-02
1,33E-04
1,64E-05
9,11E-09
4,43E-02
4,14E-02
4,81E-04
5,23E-07
1,02E-03
1,42E-02
4,91E-05
1,64E-03
2,91E-05
2,60E-03
1,17E-06
1,39E-05
2,02E-04
2,34E-05
7,48E-07
2,71E-06
1,37E-03
1,76E-06
5,45E-08
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Trappcl0 0,5954488 3,43E-04 Ppmi1l 0,5686889 2,25E-03
Scampl 0,5949974 1,80E-05 Helq 0,5665441 6,15E-04
Hnrnpll 0,5938576 1,92E-05 Pigg 0,5655552 1,66E-03
Fam98a 0,5935472 8,63E-06 Cars 0,5651461 1,60E-05
Htra2 0,5931226 7,14E-07 Alg3 0,5649196 4,70E-06
Sccpdh 0,5926563 3,58E-04 Uqcrfsl 0,5636912 8,16E-05
Epb4.1 0,5922842 2,57E-08 Psmd7 0,5636049 1,06E-07
Slc7a5 0,591367 3,77E-06 Savl 0,563494 1,50E-02
Ercl 0,5905507 1,36E-03 Bmp2k 0,5623472 8,37E-03
Heatr3 0,5904979 4,57E-08 Atplb3 0,5612319 1,44E-05
Minppl 0,5902235 5,47E-06 Mars 0,5610752 4,87E-08
Txnll 0,5901191 6,31E-07 Srpl19 0,5607797 2,17E-06
Bcl2I113 0,5897559 6,82E-07 D10Wsul02e 0,5604552 2,06E-06
4930523C07Rik  0,5897002 1,31E-03 Atp2a2 0,5603772 1,88E-05
Ppp2rlb 0,5891303 2,12E-06 PIk1 0,5600315 9,49E-08
6030458C11Rik  0,5886115 1,52E-06 Nsun2 0,5599403 3,22E-06
Ranbp2 0,5882885 1,30E-06 Dr1 0,5598202 8,42E-07
F2r 0,5869993 1,50E-05 Lmtk2 0,5569446 7,21E-04
Degsl 0,5864157 4,54E-06 Parpl16 0,5545051 4,24E-03
Cayl 0,5864121 5,24E-03 C230052I12Rik  0,5540036 2,92E-04
Serpinb9e 0,5854068 4,81E-02 2410004N09Rik  0,5537946 1,58E-02
Gnai3 0,5852112 8,73E-08 Pqglcl 0,5531674 1,36E-05
Kifsb 0,5845918 4,45E-09 Msh6 0,5529643 3,77E-06
Afg3I2 0,5836475 1,96E-05 Dhx29 0,5517945 1,76E-05
Cish 0,5832678 1,30E-02 Cat 0,5508204 2,47E-05
Nol10 0,5831733 4,93E-05 Psmg4 0,5507113 3,86E-04
Dph3 0,5829716 8,47E-06 Gprl46 0,5505052 8,99E-03
Traml 0,5825256 1,67E-07 Timml7a 0,5502314 1,61E-05
FIt3I 0,5822472 6,41E-03 Comt 0,5492316 1,52E-06
Brpf3 0,5815607 1,35E-03 Ampd2 0,5488647 4,67E-08
Adk 0,5798451 1,57E-05 Akapl 0,5486392 5,88E-05
Xpot 0,5794386 1,07E-08 Get4 0,5484935 1,93E-03
Ehhadh 0,5793959 1,36E-02 Ccna2 0,5481532 8,30E-05
Rabggtb 0,5787522 5,16E-04 lars2 0,5478725 7,02E-06
Lrrc8c 0,5782896 7,44E-05 Eif2ak1 0,5476023 5,72E-05
Tnfrsf26 0,5773675 5,80E-03 Psma8 0,547562 2,50E-02
Cdc25b 0,5465676 2,57E-05 Mrpl12 0,5214136 2,15E-05
Sic7al 0,5464856 1,70E-06 Sdf2l1 0,5211818 4,15E-04
Ubpl 0,5460983 5,26E-05 Rcorl 0,5208767 2,37E-03
Slic48al 0,5448063 5,42E-05 Atpifl 0,5207759 1,88E-06
Jmy 0,5445135 7,70E-03 Arfgef2 0,5207437 9,69E-05
Mettl16 0,5444307 3,17E-05 Slc25a44 0,520564 2,59E-03
Cenpw 0,5444254 3,99E-05 Dctn6 0,519989 6,30E-05
Surf2 0,5438119 2,69E-04 Pigq 0,5196697 3,71E-05
Nupl2 0,5435059 1,12E-03 Bsg 0,5195 1,07E-04
Mbp 0,5432329 5,22E-06 Ppmig 0,5192672 1,59E-05
Thrg4 0,5430038 2,27E-05 OormdI3 0,5179825 4,26E-05
Pgmi 0,542636 9,13E-06 Nsun5 0,5177999 2,46E-05
Mtx2 0,5423633 3,15E-04 Cep70 0,5173382 9,26E-04
Deptor 0,5422021 1,79E-03 Hmmr 0,5163015 3,35E-04
Hectd1 0,5419766 1,17E-06 Manf 0,5162834 5,85E-05
Clic 0,5405592 1,04E-05 Fam136a 0,5161691 4,86E-06
Tstd3 0,5404537 1,25E-02 Prrcl 0,516154 2,56E-05
Ube2g2 0,5404142 4,68E-04 Tomm70a 0,5160315 6,73E-06
Myo19 0,5393532 5,87E-03 Cdk8 0,5159343 2,14E-03
Rhoq 0,5387401 1,19E-02 Slc25a32 0,5157853 1,51E-03

86



Appendix

Ecsit 0,5382975 1,96E-04 Larpl 0,5137087 2,67E-05
Phykpl 0,5380695 1,57E-03 Tmed?7 0,5135818 5,10E-03
Prdx2 0,5379231 1,21E-05 C030006K11Rik 0,513375 9,70E-03
Tmem184c 0,5362207 2,23E-03 Pkn2 0,5132744 1,43E-04
Bcat2 0,5360382 1,52E-05 Ddx21 0,513243 1,27E-04
Whamm 0,5353676 4,94E-02 Cdkn3 0,511882 2,99E-03
Atl2 0,5353609 1,38E-04 Psmd3 0,5116396 2,72E-05
Tubalc 0,535008 1,04E-05 Micu2 0,5113027 8,61E-04
Ppid 0,5347937 3,52E-06 Memol 0,5112038 2,97E-04
Simo2 0,5347516 5,68E-06 Kpna2 0,5105942 4,41E-05
Chd7 0,5347318 3,29E-03 Akap7 0,5101998 3,36E-02
Arhgap28 0,5339273 5,32E-03 Ankrd54 0,5095454 4,22E-03
Acpl 0,5337045 1,20E-04 Usol 0,5084325 8,47E-06
Kpnal 0,5317489 3,89E-06 Strap 0,5083744 2,41E-05
Caapl 0,5314196 1,89E-02 Uck2 0,5071547 1,99E-04
Phb2 0,5311154 2,48E-05 Ccnbl 0,5062627 1,40E-04
Apdel 0,529691 7,21E-04 Hprt 0,5062015 1,80E-05
Ptdss2 0,5295754 1,18E-04 Mettl8 0,5058326 5,00E-03
Scoc 0,5286552 2,06E-03 Slc35b1 0,505724 7,86E-05
Nploc4 0,5283704 7,77E-05 Ltb 0,5053209 1,22E-02
D630045J12Rik  0,5270822 3,36E-02 L2hgdh 0,5053105 2,45E-04
Pik3r2 0,5268815 3,36E-04 Naa50 0,5049237 8,47E-06
Ppp2r4 0,5262515 2,34E-05 Ttc7b 0,5044168 4,58E-02
Eif2b5 0,5261087 6,33E-05 Gucdl 0,5042563 6,07E-04
Mcphl 0,5259838 6,85E-06 Aars 0,5038992 5,04E-06
Amfr 0,5255639 5,27E-04 Bckdhb 0,5033792 6,16E-03
Rasa2 0,5255451 8,03E-04 Comtdl 0,5028444 1,01E-03
Rab6a 0,5249846 4,65E-04 Tomm5 0,5026668 2,73E-05
Fancd2 0,5242548 2,30E-04 Lrpprc 0,5018591 1,84E-05
C330018D20Rik  0,5240794 7,95E-03 Nup210 0,5017762 1,77E-05
Pacsin2 0,5234241 1,57E-06 Atmin 0,5012198 1,97E-03
Necap2 0,5230182 2,00E-05 Fam109b 0,5009905 1,46E-04
Tmc8 0,5217169 7,38E-04 Setd6 0,5009746 1,87E-02
Piga 0,5215545 1,43E-03 Herc4 0,5008448 1,21E-05
Cdc34 0,5006156 3,27E-03 Rmnd5b 0,5001513 4,01E-05
Hbs1l 0,500534 2,58E-04 Sqgle 0,5000749 3,19E-05

Table 10.4 | List of significantly downregulated genes in Setdb1'?¥ MPPs

gene log2FoldChange padj Pltp -3,2992584 6,14E-16
Vcaml -5,4074127 2,37E-80 Prss34 -3,2488261 1,06E-09
Clec7a -5,4058569 2,99E-61 Sdpr -3,1150944 1,07E-11
Ccr2 -4,8967092 2,02E-133 Clec4a3 -3,1031785 2,30E-33
Ccr9 -4,5525165 1,44E-103 Pid1 -3,0992277 1,59E-22
Rnd3 -4,4248291 2,55E-35 Gjb2 -3,0859113 4,95E-09
Hpgd -4,3093908 6,78E-71 Lparl -3,073066 2,38E-30
Postn -4,093155 1,12E-51 Cd209a -3,0425222 1,02E-08
Sema3d -3,5585212 3,63E-30 Tmem26 -3,0296908 8,42E-12
Ly86 -3,542128 2,94E-74 Mafb -3,0245151 4,77E-18
Ms4a4c -3,5253334 1,55E-19 Wifdcl7 -2,9862564 4,28E-38
Ccr5 -3,5034223 1,54E-29 I113ral -2,9714949 5,66E-32
Siglech -3,3643387 3,43E-08 Lilra6 -2,9674334 2,17E-12
Emr4 -3,3610712 1,41E-32 H2-Aa -2,9599805 6,02E-14
Plbd1 -3,3578508 3,74E-36 Thbsl -2,9365948 2,66E-30
Ifi204 -3,3529713 3,20E-34 Mpegl -2,8640384 9,38E-29
Ctsh -3,3387773 1,26E-75 Ragl -2,8637889 1,10E-19
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Marl -2,8413055 2,89E-14 Csflr -2,2286088 8,15E-17
Stcl -2,833702 1,20E-33 Fnl -2,2215622 1,27E-28
Pou2afl -2,8124613 1,25E-06 Kcngl -2,2173779 2,16E-10
Tcf7 -2,7717945 6,11E-13 Cfh -2,2164097 2,07E-20
Stab2 -2,7650413 7,41E-17 H19 -2,2137373 2,59E-17
Ifi205 -2,758035 1,70E-06 Mycl -2,2028114 2,70E-09
Klrk1 -2,7500934 5,66E-08 Mertk -2,190118 5,51E-13
Sema6d -2,7317772 1,97E-13 Batf3 -2,1823704 6,83E-07
DIk1 -2,7182217 1,03E-16 Cmah -2,1705985 1,77E-15
Vidir -2,6788624 5,60E-12 Al607873 -2,1542661 5,35E-17
Mnda -2,6707619 7,56E-10 Ebfl -2,1494537 1,26E-11
Cx3crl -2,6588658 1,09E-32 Tifab -2,1482091 1,00E-42
Gpr35 -2,6579691 1,44E-19 Ahnak -2,1467883 5,15E-27
Gfra2 -2,6474696 1,89E-13 Gbp4 -2,1387747 1,35E-09
Fprl -2,6308953 6,91E-10 Cdsl -2,1281076 2,97E-08
Klra2 -2,6201419 3,89E-09 Icos -2,1144106 2,83E-14
Slfn2 -2,610413 2,87E-47 Gm5086 -2,1086339 4,01E-06
Clec4n -2,5932684 1,86E-26 PIxnb2 -2,1045352 1,73E-24
Cd74 -2,5932501 1,65E-35 Rassf4 -2,100909 4,62E-50
Ctss -2,590086 6,47E-76 Pla2g7 -2,0961615 7,41E-12
Cd36 -2,5853029 1,26E-11 Nrpl -2,0917921 4,05E-16
Igfl -2,5847121 3,34E-22 Fcorl -2,0889853 5,25E-20
Abca9 -2,5720594 2,32E-14 Pld4 -2,0882868 1,12E-72
Aifl -2,5691085 3,47E-24 Ddit4l -2,0863323 4,32E-07
Ms4at6c -2,5448136 3,47E-14 l12rb -2,0664099 6,09E-06
Spic -2,5262097 1,20E-15 Cttnbp2nl -2,0654302 2,49E-08
Prss2 -2,5200202 2,56E-07 Kcna2 -2,0611454 4,08E-06
Kmo -2,5182755 2,07E-24 Lifr -2,0610041 9,57E-09
TIr8 -2,5116811 4,30E-10 Ppfiad -2,0444201 3,47E-27
Mcpt8 -2,5090508 1,92E-09 Arl5¢ -2,0411605 7,44E-09
Lgals3 -2,5031593 1,93E-55 Cdh5 -2,0381145 1,62E-08
Pyhinl -2,4976351 2,67E-22 Ifit3 -2,0213025 3,40E-10
7r -2,417381 1,40E-10 Pygm -2,0091391 2,94E-20
C6 -2,4169116 3,60E-07 Pirb -2,0079476 1,19E-31
Cd7 -2,4138772 2,73E-09 Cd22 -2,004892 1,17E-09
Ifitm6 -2,4018993 3,48E-17 AB30033H20Rik  -1,9990304 2,79E-09
Hesl -2,4005381 3,28E-07 Meg3 -1,9921457 4,69E-07
Cybb -2,398386 5,12E-45 Ms4adb -1,9916285 2,99E-06
Nrih3 -2,3921167 4,43E-18 Ephb6 -1,9851969 1,90E-17
Kynu -2,3906499 1,30E-10 Tns4 -1,9830353 1,04E-05
Slinl -2,3877714 2,06E-10 SIfn5 -1,9745198 1,86E-11
Klf4 -2,3833561 2,39E-10 Kird1 -1,9705501 1,65E-07
Cysltrl -2,3772425 1,37E-20 Nes -1,9582329 3,19E-15
Emrl -2,3584438 1,20E-33 Ly6d -1,9581221 9,82E-06
1d2 -2,3482178 2,02E-74 1118bp -1,946556 6,00E-07
Asb2 -2,3286787 7,43E-11 AI839979 -1,9443522 3,12E-09
Fcgrt -2,321982 2,31E-23 Fcgrd -1,9398975 5,16E-08
P2ry12 -2,3132761 6,13E-15 Hck -1,9388011 4,65E-25
Scel -2,3110194 2,51E-05 Cd79a -1,9282907 4,67E-08
Ptpro -2,3063502 9,20E-18 Atf3 -1,9239394 1,42E-06
Ccl3 -2,2932413 5,60E-11 Glis3 -1,9155224 3,66E-06
Abcc3 -2,2818739 1,42E-22 Gmb5431 -1,9132182 2,18E-06
Zbpl -2,280832 1,71E-14 Itgax -1,8982539 1,83E-08
Blnk -2,2612918 4,33E-07 Cd28 -1,8931908 3,32E-08
Olfm1 -2,2552868 9,89E-10 Sicllal -1,8826082 6,14E-18
Gbp8 -2,239311 3,58E-11 Dse -1,882562 1,72E-19
Apocl -1,8812602 3,33E-14 Cc2 -1,665694 2,62E-05
Irf4 -1,8807927 1,04E-08 TIr7 -1,6627748 1,75E-13
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Ecscr -1,8785281 7,72E-20 Timd4 -1,6625381 2,21E-05
Gria3 -1,8762189 1,23E-17 Rorc -1,6617329 1,83E-04
Serpinfl -1,8715602 6,59E-23 Gprl83 -1,6546554 4,28E-11
Sdc4 -1,8694957 4,96E-11 Clec4al -1,6503457 6,59E-05
NIrp3 -1,8629391 4,51E-07 Anpep -1,6421843 1,10E-07
Ccla -1,8508087 1,21E-16 Btla -1,6420338 8,93E-09
Axl -1,8500573 1,07E-18 PIxnadosl -1,6404161 7,42E-06
Selp -1,8499318 2,69E-08 Ctsc -1,6294221 8,07E-48
Mx1 -1,8497908 1,32E-08 Ccl24 -1,6234155 9,62E-08
Cadmil -1,8481502 3,10E-11 Fos -1,6219334 6,66E-09
Lyz2 -1,8461667 3,14E-35 Scimp -1,61913 7,40E-05
Zfp366 -1,8316268 3,92E-05 Pydc3 -1,6189354 2,08E-06
Wifdc18 -1,8312903 1,13E-04 Lgmn -1,6145778 2,43E-21
Ccl9 -1,8152705 2,30E-08 Kif26a -1,6142458 7,22E-04
Thbd -1,8103834 6,51E-18 Pnck -1,6067702 4,26E-10
Spib -1,8083394 7,55E-05 Vpreb3 -1,6049473 4,28E-04
Mrc2 -1,7973253 4,99E-04 1830012016Rik  -1,6044924 2,57E-04
Cdse -1,7938354 6,84E-22 Arhgef37 -1,6010229 2,39E-04
Acvrll -1,7928862 1,86E-07 H2-Ebl -1,6002486 1,81E-04
P2ry13 -1,7850357 8,87E-15 Trim30a -1,5994976 3,54E-19
Nrk -1,782986 9,42E-07 Colg -1,5970673 3,68E-05
Gbp9 -1,7818278 5,50E-11 Tpm2 -1,5967537 3,43E-15
Irf5 -1,7812948 1,90E-37 Ptprk -1,5947029 1,26E-08
Rtn1 -1,7801928 9,35E-08 Pmaipl -1,5926463 7,99E-12
Gimap3 -1,7785429 6,13E-08 Adora3 -1,5849687 7,99E-05
l110ra -1,7680568 1,17E-21 Dysf -1,5836788 2,80E-04
Treml4 -1,7656782 2,54E-08 Mycbpap -1,5827049 1,98E-04
Dhrs3 -1,7600241 1,37E-18 1118 -1,5811421 1,02E-09
Gprl4l -1,7555441 3,01E-11 Rasgrpl -1,5795187 1,28E-04
Faml129a -1,754933 2,04E-21 Gprl8 -1,5745299 5,78E-05
Bcl6 -1,7505235 6,98E-07 Trpsl -1,5716731 1,84E-16
Auts2 -1,7468042 4,11E-06 Lpxn -1,5715808 4,52E-11
Sicl5a3 -1,7460864 6,53E-07 Semadc -1,5714217 1,03E-11
Trf -1,7402186 2,99E-35 Ms4a6b -1,5669264 5,14E-13
Ifi2712a -1,7379938 1,85E-05 Fgl2 -1,5575199 9,86E-17
Phf1lb -1,7287378 2,19E-08 Filip1l -1,5575101 2,21E-14
Klhi30 -1,7236675 3,55E-04 Mx2 -1,5523418 3,27E-05
Ctnnd2 -1,7211756 8,74E-11 Hmga2 -1,5453016 4,36E-38
Apoe -1,7088749 1,04E-24 H2-DMb2 -1,5431627 3,41E-06
Slc7a2 -1,7058127 2,41E-05 Tmem37 -1,5418866 9,98E-08
Ccrl -1,7057971 1,62E-11 Slc37a2 -1,5340094 7,21E-09
Igfbp5 -1,7044485 3,75E-04 Irf7 -1,5305285 6,89E-06
Atpla3 -1,7033662 1,90E-15 Triml2a -1,5276771 3,08E-10
Naaa -1,7032304 8,29E-08 Camkv -1,5158424 3,37E-07
Lilra5 -1,7013531 4,12E-04 Rin2 -1,5130748 6,09E-10
AF251705 -1,6987586 1,65E-10 Hfe -1,5129377 2,06E-11
PIxnb3 -1,6922161 6,32E-05 Zc3hl2d -1,5089608 6,58E-05
Itgb5 -1,6900285 1,09E-07 BIk -1,5088925 1,03E-03
Ckb -1,6900103 4,33E-21 Sicla2 -1,502363 1,26E-03
HIx -1,6823443 3,72E-11 Acadl2 -1,4965664 4,76E-05
Spon2 -1,6814634 2,62E-04 Pydc4 -1,4962093 4,83E-04
P2ry6 -1,678071 5,81E-09 Nfil3 -1,4945068 1,98E-14
Pparg -1,6712556 6,82E-05 Gpr34 -1,4855137 6,54E-04
Cfb -1,6711213 1,37E-12 Tmem51 -1,4812699 2,82E-08
Cd302 -1,4774174 6,88E-10 Pgapl -1,3545791 2,29E-04
Irf8 -1,4724332 4,71E-24 Igf2 -1,3513571 1,68E-03
Gm14446 -1,4717703 2,56E-04 Nefh -1,3506228 3,87E-11
Sdc3 -1,4690987 2,20E-04 Abcal -1,3489794 2,68E-14
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5430435G22Rik
Adap2
Sox18
Cdi4
9930111J21Rik1
Dmpk
Igsf10
Gbp2
Socs3
Gm12250
Cxx1c
Cd300ld
Lancl3
Rag2
Tnip3
Cmbl
Ms4a6d
Sdcl
Ctsf
H2-DMa
Nirpla
Clgb
Clics
Olfr433
Tremll
Jphl
Sall2
Sowahc
Padi2
Gpc3
Pld1
Gpnmb
Ifitl
1830077J02Rik
Evi2a
1600010MO07Rik
Mc5r
Thcld9
Trim12c
Ptms
Etsl
Cd4
Enpp2
Hid1l
Kctd12b
Satl
Nirplb
Jun
Gpx3
Rtp4
Themis2
TIr3
Cd200r3
Lrrc34
Ddx60
Clcfl
Aim1
Adgb

-1,4679953
-1,4612555
-1,4576578
-1,4544787
-1,4540719
-1,4533935
-1,4506238
-1,4493342
-1,4412545
-1,4404174
-1,4393111
-1,4382541
-1,4376658
-1,4300147
-1,4299933
-1,4276517
-1,4254737
-1,424995

-1,4210583
-1,4205207
-1,4194446
-1,4184018
-1,4137276
-1,4134381
-1,4107544
-1,4105675
-1,409046

-1,4055449
-1,4039684
-1,4033329
-1,4011345
-1,4008442
-1,4006418
-1,396705

-1,3925984
-1,3908728
-1,3892887
-1,3878677
-1,3870262
-1,3851261
-1,3803185
-1,3786204
-1,3752699
-1,3729278
-1,3727054
-1,3720014
-1,3700947
-1,3686154
-1,3677761
-1,3653578
-1,3644602
-1,3600285
-1,2632802
-1,2627582
-1,2604433
-1,257868

-1,2576876
-1,2569654

4,13E-06
8,97E-05
1,57E-07
1,69E-04
7,09E-08
5,62E-04
1,41E-07
7,72E-09
2,48E-04
2,94E-07
9,61E-05
6,74E-06
5,46E-04
1,66E-11
4,77E-09
1,01E-03
6,28E-08
2,42E-15
1,52E-07
9,20E-18
7,23E-16
1,13E-04
1,34E-03
1,58E-03
4,80E-04
2,99E-04
5,43E-07
3,70E-04
1,18E-15
3,89E-09
3,69E-06
6,71E-05
5,29E-06
1,36E-08
7,70E-12
9,19E-04
4,18E-10
1,40E-04
1,02E-08
3,74E-06
9,59E-15
8,49E-10
3,44E-03
9,82E-06
1,42E-05
7,67E-26
1,65E-04
4,62E-14
8,55E-14
2,58E-04
7,21E-16
2,02E-03
4,15E-03
4,21E-03
3,18E-05
4,59E-04
2,86E-06
1,45E-03

llla

Dkk1
Fgf13
Paqr5
KIhl13
Ciita
Tyrobp
Coro2a
Tmem229b
Dhx58
Itih3
Trim34a
Cd300a
Cox6a2
Slamf8
Grifin
Trim30d
Serpinalb
Mcoln3
Cypllal
Cd300Ig
Adaml1l
Hspg2
Clga

Clu

Rmst
Lilrb4
Havcr2
Laccl
Lpar6
Aldob
Phactrl
Tmem86a
Coll7al
Ffar2
Gm7694
Evi

Cd38

Sell

Zbtb4
Tmem?229a
Nkd1
Tnfrsf25
Prr33
BC064078
Ptprf
8430408G22Rik
Cpxm1l
Adamtsl2
SIfn8
Lspl
Prdm1
2210010C04Rik
Ifitm3
Mfsd7a
Trim36
Pcgf2
Fgd2

-1,3480882
-1,3460885
-1,345646

-1,335888

-1,335337

-1,3334408
-1,3323784
-1,3311413
-1,3287737
-1,3283027
-1,3273286
-1,3269491
-1,326873

-1,3263286
-1,3242757
-1,3230616
-1,3229386
-1,3218024
-1,3216679
-1,319631

-1,3194569
-1,3155774
-1,3152964
-1,3127395
-1,3103869
-1,3093747
-1,3057967
-1,3026679
-1,3006018
-1,2999057
-1,2988427
-1,2981037
-1,2980674
-1,2978453
-1,2931086
-1,2868877
-1,2853572
-1,2830324
-1,2818703
-1,2810861
-1,2777212
-1,2765098
-1,2757653
-1,2755006
-1,2739594
-1,273826

-1,2735829
-1,2715937
-1,2677314
-1,2675032
-1,2661507
-1,2648871
-1,1748291
-1,1738809
-1,1675323
-1,1665149
-1,1663533
-1,1655627

2,27E-03
3,16E-03
8,49E-04
9,86E-10
1,26E-03
3,88E-03
1,89E-23
5,00E-28
1,01E-15
1,59E-09
2,79E-03
9,21E-13
1,39E-14
4,88E-06
4,61E-04
2,43E-03
9,39E-06
2,77E-03
4,26E-04
4,24E-03
1,25E-03
5,12E-08
1,66E-03
6,43E-04
2,09E-03
4,53E-03
3,32E-08
3,45E-04
1,83E-07
9,71E-15
3,43E-03
4,50E-03
1,84E-08
3,76E-03
6,79E-05
6,49E-06
1,61E-19
1,70E-05
6,21E-11
9,51E-06
6,29E-04
1,38E-03
1,39E-04
3,10E-04
1,55E-05
3,55E-04
2,71E-06
4,88E-06
6,22E-03
1,37E-09
9,08E-30
2,47E-03
1,13E-02
1,97E-16
1,08E-02
1,20E-03
4,63E-03
2,06E-16
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Trib2
Sirpa
Rgs2
Dock4
Evpl
Apobecl
B3gnt8
Ddit4
Ccdc148
Oas2
Apob
Gpro7
Sicl18al
Neatl
Sqrdl
Cd200r4
BC147527
Pdlim4
Zfp703
Noslap
Isg15
Cdhl
Hmox1
Grn
Amzl
Zeb2o0s
Xafl
Marco
Nuprl
Rarg
Ephx1
Tox
Cxcl16
Trim21
Mndal
Aldhll1
Fpr2
Lrpl
Btbd11
Cdes
Angptl2
Sparc
Gm4951
Fam184b
Raphl
Itih2
Armcx4
Zfyve9
Dpp4
Grm6
F630111L10Rik
Slc9a7
Vpreb2
Msda7
4930506M0O7Rik
Ndnf
Rtkn
Rasgeflb

-1,2539573
-1,2529949
-1,2516032
-1,2506704
-1,2488727
-1,2483816
-1,2467274
-1,2462708
-1,244628
-1,2435596
-1,2425465
-1,2381719
-1,237026
-1,2354191
-1,2308901
-1,2241209
-1,2237041
-1,2229679
-1,2229566
-1,2209646
-1,218903
-1,2171892
-1,2142054
-1,2135307
-1,2121429
-1,2120774
-1,2103731
-1,210284
-1,2097512
-1,209413
-1,2085894
-1,2071676
-1,2007985
-1,1986431
-1,197516
-1,1975109
-1,196264
-1,1930273
-1,1904848
-1,1891699
-1,1879684
-1,1832012
-1,1814744
-1,1806353
-1,1795257
-1,17841
-1,1772066
-1,1760734
-1,1757686
-1,1755671
-1,1188439
-1,117124
-1,11654
-1,1164926
-1,1150188
-1,1146826
-1,1143595
-1,1119777

1,68E-03
3,16E-22
5,40E-24
5,63E-04
1,12E-03
1,26E-11
1,67E-06
5,48E-08
4,43E-03
8,02E-04
4,85E-03
4,08E-15
2,87E-17
7,89E-10
2,78E-04
6,03E-03
5,69E-08
3,36E-03
1,48E-05
1,48E-04
5,29E-06
9,54E-03
9,12E-05
2,98E-19
4,86E-06
3,61E-03
3,76E-07
1,92E-03
1,87E-04
1,53E-06
2,77E-03
5,55E-08
9,46E-03
4,54E-13
2,88E-17
3,15E-05
8,98E-03
2,64E-19
2,15E-04
1,50E-12
1,24E-05
9,63E-03
1,02E-02
9,64E-03
9,55E-06
8,30E-03
3,49E-07
1,09E-02
7,41E-12
1,04E-02
1,06E-02
5,13E-04
1,49E-02
1,57E-02
1,20E-02
1,59E-02
6,48E-10
1,16E-07

Kcnk13
Zfp462
Fcerlg
Vin
Amical
Semada
Lpl

Ak8

Tirl
Clec4f
Ptprm
Siglecl
Gngt2
Ccr7
Unc93bl
Chrnbl
Clqc
Zikl

Fgg
Agpat9
Tle2
Ccenjl
Rasgrp3
Clec4a2
Lrrc25
Myolb
Iglil
Krt80
Myadml2
Nr4al
Rasall
Gsap
Psap
Al854703
Arhgef9
Gria2
Csf2rb2
Cd207
Entpdl
Apoc2
1700026L06Rik
Pdcdl
Cds2
Nlrplc-ps
Ednrb
Pdzd4
Acsl6
Calm4
4632428N05Rik
Gm15987
Gngl1l
H2-Q10
Slcl3a3
Tnni2
Marcks
Ptplad2
Ifitm1
Col18al

-1,1630489
-1,1612246
-1,1609871
-1,160787
-1,1605983
-1,1604497
-1,1604464
-1,1599853
-1,159059
-1,1547087
-1,1530287
-1,1512296
-1,1506787
-1,1499429
-1,1488443
-1,1476848
-1,1473213
-1,1466373
-1,1457102
-1,1455402
-1,1452057
-1,1446486
-1,1441024
-1,1438496
-1,1421929
-1,1412251
-1,1396407
-1,1391598
-1,1374121
-1,13695
-1,136841
-1,1325548
-1,1323748
-1,1299054
-1,1277112
-1,1276122
-1,1267904
-1,1265193
-1,1262696
-1,1259481
-1,1256945
-1,1254029
-1,1252093
-1,1246021
-1,1239923
-1,1236366
-1,1224955
-1,1213186
-1,1212519
-1,1205938
-1,0666742
-1,0617956
-1,061385
-1,0607343
-1,0593661
-1,0591684
-1,0573565
-1,057245

1,09E-02
1,08E-02
1,56E-15
9,39E-03
9,35E-03
3,16E-06
7,28E-09
5,98E-03
4,45E-04
1,97E-03
1,36E-03
9,21E-03
1,09E-05
2,57E-08
9,31E-22
6,72E-05
8,82E-03
8,74E-09
1,09E-02
6,10E-03
4,98E-05
2,76E-04
2,58E-08
3,82E-05
4,51E-06
3,94E-04
1,31E-02
4,36E-05
9,91E-03
3,96E-04
1,13E-03
1,01E-06
1,18E-23
1,41E-04
4,08E-03
1,11E-03
1,53E-09
1,46E-03
3,24E-10
9,17E-03
1,71E-03
1,43E-02
1,12E-19
7,61E-03
1,54E-03
1,10E-02
5,25E-03
1,50E-02
3,53E-15
1,80E-03
3,82E-05
1,78E-02
2,10E-02
6,57E-08
2,78E-10
9,45E-12
4,78E-12
1,03E-09
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Camkld
Notchl
Rnase6
Pcdhga6
Plekhgl
Kifc3
Phfild
Prdm5
Pilrb1
Paqr9
Ptafr
lgf2bp1
Depdc7
Maf
Mmp17
ll6ra
Gprc5ce
Zfp711
Prkag3
Epha7
Plg

Atpda
Gm10584
Rbfox2
AB124611
1700040L02Rik
Pyroxd2
Aadac
Smad7
Zcchcl8
Ilirn
Seppl
Mmp11
Sardh
Slc35d3
6030408B16Rik
Tmem71
Cyp4bl
Cdoe
Trexl
Lairl
1fi203
Aphlc
Dcbld1
2010300CO02Rik
Pegl2
Acotl
Rab20
Fam26f
Pkdcc
Irgm2
Sp140
Gm1966
Sytl4
Tmem98
Fkbp9
Tead3
Gm13710

-1,1104852
-1,1084809
-1,1082972
-1,1056685
-1,1036259
-1,1034848
-1,1034015
-1,1027645
-1,1026155
-1,102305

-1,1022654
-1,1017636
-1,1013965
-1,0999559
-1,0990699
-1,0989623
-1,0977616
-1,097241

-1,0946195
-1,0936625
-1,0920086
-1,0919988
-1,0912309
-1,0900673
-1,086543

-1,0858941
-1,082638

-1,0806172
-1,0804016
-1,0795523
-1,0792563
-1,0779541
-1,0778794
-1,0764838
-1,0760163
-1,075866

-1,0756204
-1,0751959
-1,0740698
-1,0740397
-1,0721864
-1,0716611
-1,0712111
-1,0702131
-1,0684195
-1,0683187
-1,0679588
-1,0667144
-1,0251919
-1,0246336
-1,0237103
-1,0219332
-1,0196387
-1,0187353
-1,0181465
-1,0179503
-1,017795

-1,0173846

7,39E-15
5,35E-15
8,00E-12
9,01E-03
1,46E-03
6,68E-03
1,28E-02
9,81E-07
3,84E-03
1,68E-02
3,78E-06
1,30E-16
6,62E-03
3,87E-04
2,70E-03
2,07E-09
1,57E-02
3,91E-05
1,83E-02
9,10E-05
1,61E-02
1,90E-03
1,86E-02
1,39E-04
1,20E-04
1,16E-04
5,02E-03
1,55E-02
1,02E-04
1,37E-03
1,79E-02
3,57E-19
6,82E-03
2,03E-02
1,89E-10
2,15E-02
1,58E-05
1,87E-02
9,82E-04
1,24E-12
3,17E-04
5,35E-17
1,22E-04
1,51E-03
2,09E-02
1,27E-03
5,39E-04
1,98E-02
2,92E-04
2,57E-02
5,63E-07
1,06E-09
8,49E-12
6,05E-05
1,25E-12
1,21E-05
2,89E-02
2,87E-02

Ltbp3
E230029CO05Rik
Mef2b
3632451006Rik
Dusp22
Gm11545
5031439G07Rik
Ccdcl35
St8sial

Plod1l

Ap3m2

Abtb2

Cyp2j6

Bstl

Gbp3

Mpped2
Tmem44

Htra3

Gatm

KIf12

Cdi01
E330013P04Rik
Obsl1

Alpk3

Faml74a

Myl4

PIxna3

Pxdn

Prkcdbp

Folr2

1d3

Dicl

Cyp2j9

Trim14

Llcam

Arrdc3

Rtn4rll

Trem2

Pik3r5
AW112010
Stard13

Prosl
Tmem106a
Magee2
2810410L24Rik
Ctsw

Apof

Fmol

Cd248
C130050018Rik
Arhgap22

Nsg2

Serpincl
Ceacaml

Gfral
Gm10640
Tagap

Bmpl

-1,0560595
-1,055442
-1,0552395
-1,0540825
-1,0535406
-1,0530387
-1,0525405
-1,0519363
-1,0519151
-1,0476118
-1,0475222
-1,0475078
-1,047214
-1,0452297
-1,0441069
-1,0437413
-1,0435367
-1,0433409
-1,0430599
-1,0422944
-1,0413144
-1,0411517
-1,0410637
-1,0410575
-1,0399944
-1,0396071
-1,0395451
-1,0391095
-1,0390554
-1,03882
-1,0382857
-1,0374737
-1,035438
-1,0340141
-1,033874
-1,0338421
-1,0318274
-1,031188
-1,0310771
-1,0304931
-1,0298426
-1,0292274
-1,0287108
-1,0286442
-1,0284433
-1,0274437
-1,0269373
-1,0260376
-0,9779708
-0,9777631
-0,9762929
-0,975039
-0,974412
-0,9733202
-0,9705211
-0,9703344
-0,9702614
-0,9698164

2,20E-02
2,24E-02
1,95E-02
2,34E-02
9,91E-08
2,15E-02
5,70E-07
2,66E-04
2,43E-07
2,65E-09
4,47E-05
1,94E-04
9,45E-04
2,34E-02
6,06E-07
6,01E-04
1,08E-03
2,27E-02
5,36E-11
3,49E-03
2,52E-02
2,01E-02
1,13E-05
3,47E-06
1,08E-07
2,42E-03
1,45E-07
2,60E-02
1,60E-02
7,31E-03
1,57E-10
1,27E-02
2,94E-04
4,32E-07
2,53E-02
1,37E-10
2,73E-02
8,66E-04
3,95E-08
5,71E-03
9,52E-03
1,44E-05
1,85E-05
1,79E-02
2,90E-05
7,73E-05
8,82E-03
1,23E-02
3,81E-02
3,28E-05
3,86E-02
1,30E-03
3,19E-02
9,92E-05
2,08E-05
3,99E-02
2,26E-06
8,89E-04
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Binl
Semadg
Spl100
Nfam1
Cyp4f18
3830408C21Rik
S100a10
Sppl
II1b
Rbpms2
Vcan
Fkbplb
Bend6
Pacsinl
Sh3pxd2a
Lgals3bp
TIrl3
Tiam2
Rnf150
Fcna
Sic12a9
Tfeb

Mpl
Igsec2
Degs2
A530088E08RIik
Rhbdfl
Mira
Slc43a2
Cdo3
Fzd6
Pde2a
Phflla
Tmem38a
Snx29
Chad
Fxyd7
Alcam
Cc2d2a
Dtx4
Sulf2
Egrl
Prrt2
Ldhd
H1f0
Serpindl
Cd300e
Aldh5a1
Pde5a
Spsbl
Syne4
Samd9l
Tnnil
Slc4a4
Capsl
Plekhol
Ticam2
Rgag4

-1,0157069
-1,0155822
-1,0147197
-1,013422

-1,0131357
-1,0122468
-1,0105199
-1,0084715
-1,0061654
-1,0050167
-1,0050033
-1,0048643
-1,0029569
-1,0028389
-1,0024268
-1,0001917
-1,0001305
-0,9999396
-0,9995618
-0,9992397
-0,9978716
-0,9974269
-0,997047

-0,9964331
-0,9961554
-0,9952747
-0,9944581
-0,993422

-0,9922683
-0,9905786
-0,9898476
-0,9895166
-0,9889286
-0,9889157
-0,9886851
-0,9863154
-0,9853029
-0,9845637
-0,9838697
-0,9838591
-0,9836109
-0,983365

-0,9830077
-0,9823896
-0,982284

-0,9783575
-0,9413985
-0,9413316
-0,9407561
-0,9398832
-0,939395

-0,9387165
-0,9385977
-0,9382311
-0,9382259
-0,9382057
-0,938122

-0,9377818

1,05E-10
3,05E-02
1,87E-07
6,97E-17
1,13E-04
2,27E-02
6,07E-15
2,35E-02
2,65E-02
3,15E-02
3,04E-02
1,19E-02
2,67E-02
4,08E-03
3,43E-03
2,07E-08
7,52E-04
3,12E-04
1,56E-03
2,77E-02
4,66E-10
1,15E-04
7,49E-17
1,04E-03
3,15E-03
1,82E-03
3,38E-02
6,04E-05
3,06E-13
9,01E-13
1,79E-04
4,51E-03
2,60E-02
1,50E-04
6,68E-07
1,87E-02
1,53E-02
1,83E-02
4,18E-03
3,48E-06
1,97E-02
7,32E-03
6,93E-03
2,87E-02
4,34E-14
3,58E-02
4,36E-02
3,64E-02
1,15E-02
5,92E-03
2,44E-02
7,14E-07
1,18E-02
4,20E-02
1,83E-02
3,03E-06
2,01E-09
2,54E-03

Rgs8
Myof
Rasa4
Abhd4
112a
Spef2
Rgs3
2900026A02Rik
Itfg3
Mmp8
C3arl
Pilra
Slc9a9
Kctd12
Ly6a
Rab39
Sic27al
Mzb1l
Trp53inpl
S100all
Hivep2
Fam155a
Rgll
Zfp658
Hmga2-psl
Rpgripl
Cx3cl1
Ssh3
Itpripl2
Neol
Rasdl
Fam46a
1700015E13Rik
Oasla
Gprl33
Parp14
Sgsml
BC035044
Rsad2
Plekhhl
Gpm6b
Statl
Eepdl
Abcd2
Gprl37b
Cyth4
Al429214
Clec9a
She

Irfl
Adamts6
Epha2
Hmcnl
Jup

FIt3
B3gnt5
Gm4759
Snx7

-0,9691661
-0,9691396
-0,9691132
-0,96838
-0,9679845
-0,9679839
-0,9665307
-0,9662791
-0,9645941
-0,96339
-0,9633022
-0,9628296
-0,9608417
-0,9599193
-0,9593243
-0,9590954
-0,9574998
-0,9565917
-0,9555302
-0,9549942
-0,9535841
-0,9535014
-0,9531637
-0,9531418
-0,9527233
-0,952609
-0,9524701
-0,9507561
-0,9506481
-0,950623
-0,9504065
-0,95001
-0,9498365
-0,9492059
-0,9487769
-0,9476997
-0,947195
-0,9465398
-0,9460003
-0,945793
-0,9452185
-0,9441332
-0,9439541
-0,9433716
-0,9431737
-0,9429623
-0,9003355
-0,9001132
-0,89987
-0,8997555
-0,8995998
-0,8980226
-0,8976248
-0,8973942
-0,8970808
-0,8963016
-0,8960163
-0,8956427

2,74E-02
9,92E-03
5,31E-06
4,48E-11
1,79E-09
1,99E-02
2,54E-04
4,17E-08
7,68E-09
6,06E-03
1,15E-03
7,49E-03
5,94E-11
2,24E-08
1,19E-07
3,84E-03
1,25E-05
3,22E-06
3,10E-06
8,20E-16
2,76E-03
3,86E-02
2,18E-08
1,94E-04
4,88E-03
1,26E-04
3,36E-02
7,39E-03
6,72E-04
4,24E-02
2,72E-04
1,81E-04
4,45E-02
4,11E-05
4,00E-02
2,10E-08
1,33E-05
1,72E-11
3,61E-04
3,70E-02
1,84E-02
1,31E-08
9,45E-04
1,39E-04
2,20E-02
1,26E-12
1,99E-02
7,09E-03
2,58E-02
1,21E-11
7,48E-03
2,74E-02
2,27E-02
1,99E-05
3,09E-13
3,32E-03
1,39E-06
5,24E-03
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Bex2
Dsel
Proc
Aphlb
Tgtpl
Fscnl
Acsbgl
Zfp579
Oasl2
Bend5
Hoxa7
Zbtb16
Gjal
Duspl18
H2-K2
Plekhal
Tsc22d1
Gabre
Tcplll2
Rab32
Irgm1
Pchd1
Gm15708
St8siad
Zfp551
Tmem91l
Zbtb7b
Fndc4
Mdk
Mrvil
Ctxnl
Myo15
Artl
Abcg3
Spl10
Ccdc60
Tyro3
Tnfsf10
Tmeml132a
Pou2f2
Cleclb
Cpq
6330416G13Rik
Fam43a
Gyltllb
Pisd-ps2
Rgsl
Gm12216
Slamf7
Fogr
Zfp773
Phactr2
Pcdhgh6
Hoxa3
Gab3
Mxd4
Jam3
Zfp831

-0,9376283
-0,9362896
-0,9347875
-0,9340798
-0,9288956
-0,9280656
-0,9280022
-0,9263151
-0,9263035
-0,926261
-0,9256458
-0,9248318
-0,9238585
-0,9220748
-0,9219558
-0,9205892
-0,9179893
-0,9164902
-0,9160603
-0,9159217
-0,9157148
-0,9155501
-0,9142678
-0,914202
-0,9132235
-0,9130705
-0,9124491
-0,9100902
-0,9092867
-0,9091093
-0,9084336
-0,908062
-0,9075891
-0,9068382
-0,9055007
-0,9044048
-0,9041937
-0,9037896
-0,9014447
-0,9012835
-0,9012734
-0,9011249
-0,9011163
-0,90077
-0,8671267
-0,8671031
-0,8669807
-0,8662931
-0,865089
-0,8648744
-0,8647816
-0,8636041
-0,8619454
-0,8616576
-0,8614689
-0,8614494
-0,8605052
-0,860317

1,95E-02
7,27E-03
3,37E-02
1,32E-02
3,72E-02
7,30E-08
4,60E-02
2,23E-04
8,56E-03
2,34E-04
4,95E-06
5,63E-03
5,36E-08
5,38E-03
1,45E-02
1,65E-07
1,75E-17
4,49E-02
2,29E-07
7,99E-12
1,84E-07
1,46E-03
5,00E-02
1,59E-12
2,48E-03
3,03E-05
1,95E-04
1,49E-02
4,15E-02
2,78E-05
9,13E-05
3,36E-02
4,45E-02
3,25E-08
5,28E-10
5,08E-03
4,40E-02
2,40E-04
1,42E-03
8,11E-10
1,07E-02
7,76E-11
2,24E-10
4,87E-07
2,91E-02
2,96E-05
5,23E-03
1,66E-02
4,92E-02
2,22E-03
4,75E-04
8,99E-09
2,48E-02
4,18E-03
2,54E-02
6,48E-03
1,75E-05
2,99E-06

Zfp36
Itprl
SIfn10-ps
Sh2d4a
Tir4

Ctsl
Accs
2310040G24Rik
Oplah
Sh2dibl
Itgb7
Maged2
Slc40al
Cldn1
Csf3r
TIr9
Scn3a
Rogdi
Trafdl
Csf2rb
Cd1d2
Tead2
Hoxa9
Aifll
Emcn
Chp2
Vash2
Cnn2
Trim47
Cd276
Acot3
Ilcaml
TIr2
Fbxo32
Large
Smtnl2
Ypel3
Tmsb4x
Cdo7
Rab11fip4
Parp8
Lrrc32
Med12|
Lbh
9130008F23Rik
Acox3
Tnfaip8I2
Serpingl
Fam98c
6430548M08Rik
Robo4
Nynrin
Neurl2
Empl
Sv2a
Zbtb10
Vwaba
Selplg

-0,8949202
-0,894806

-0,894268

-0,8941862
-0,894161

-0,8932862
-0,8927601
-0,8925915
-0,8898287
-0,8867068
-0,8862298
-0,8856443
-0,8855074
-0,8853761
-0,8838813
-0,8838352
-0,8822717
-0,8812855
-0,8811857
-0,8811603
-0,8797387
-0,8795012
-0,8794351
-0,8791667
-0,8773391
-0,8773214
-0,8772787
-0,8766449
-0,8764887
-0,8759988
-0,8742207
-0,8737206
-0,8733425
-0,8720067
-0,871378

-0,8711465
-0,870864

-0,8707721
-0,8703379
-0,8701038
-0,8700008
-0,8695568
-0,8694606
-0,8683833
-0,8337109
-0,8329871
-0,8325833
-0,8323225
-0,8320966
-0,831689

-0,8314394
-0,8310923
-0,8310532
-0,8300187
-0,8296573
-0,8276952
-0,8276409
-0,827442

3,71E-11
9,52E-10
4,71E-05
1,35E-04
1,76E-05
1,09E-08
4,67E-06
9,34E-03
4,41E-02
4,71E-02
3,09E-07
7,23E-10
8,59E-10
3,78E-02
1,67E-16
4,67E-02
4,91E-02
2,01E-10
7,38E-09
8,69E-11
1,79E-02
1,02E-02
1,51E-09
2,35E-02
1,01E-05
4,90E-02
1,68E-02
4,38E-15
2,40E-03
3,36E-03
1,44E-02
3,50E-09
3,09E-07
1,88E-04
2,32E-02
4,93E-02
2,04E-07
2,77E-19
2,07E-10
2,88E-02
4,06E-10
1,09E-02
1,23E-03
1,17E-06
3,76E-02
2,22E-06
8,33E-10
9,33E-03
1,20E-04
6,52E-03
1,20E-05
1,92E-06
1,33E-02
1,11E-03
5,04E-03
5,23E-03
1,06E-08
3,14E-12
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Dyrk1b
Ggts

Evc

KIf7
Myadm
Bok
H2-Ob
Cdid1l
Fosl2
Uncba
Slc25a45
Tor3a
Cyp27al
Sep4
Slc25a23
Tshz3
Dlg2
Mtss1l
P2ry2
Vdr
Celsr2
Vampl
Celsrl
Fkbp7
Aldhlbl
Cyb561a3
Serpinale
Tcn2
Sytll
Calhm2
Bex1
Cd79
Faml67a
Nat8lI
Cepl12
Irf9

Ctsa
Arldc
Dbnl
Uspl8
Fam196b
Oas3
Snn
Apls2
Pil6
Cd27
Msantd3
Ikbke
Slc7a8
P2rx1
Dnmt3a
Tctn3
Dcafl2l1
Asahl
Thcldl6
A630001G21Rik
Gbp7
Cacna2d4

-0,8596131
-0,8590853
-0,8585716
-0,8582828
-0,8573839
-0,8572717
-0,8569886
-0,8562222
-0,8559102
-0,8552826
-0,8547673
-0,8544601
-0,8542764
-0,8541475
-0,8530446
-0,8519453
-0,8507446
-0,8491252
-0,8483258
-0,8482227
-0,8472957
-0,8472664
-0,8466869
-0,8466218
-0,8454444
-0,8454257
-0,844437

-0,8443602
-0,8443424
-0,8443128
-0,8443122
-0,8430856
-0,8405883
-0,8400105
-0,8394444
-0,8387748
-0,8381789
-0,8368909
-0,8366196
-0,8360337
-0,8359238
-0,8342452
-0,8026721
-0,8026594
-0,8025026
-0,8024981
-0,8023645
-0,8022793
-0,802272

-0,8013547
-0,8009986
-0,8009872
-0,8006651
-0,7998325
-0,7982887
-0,7979153
-0,7971046
-0,7954594

1,51E-03
5,95E-03
4,91E-02
9,02E-03
1,30E-12
1,03E-03
5,90E-06
2,57E-07
3,87E-04
2,34E-02
2,96E-11
1,86E-08
3,24E-05
5,38E-03
2,58E-07
2,27E-02
4,58E-02
4,25E-02
1,39E-04
5,88E-03
1,34E-02
2,39E-08
1,01E-02
8,13E-03
1,75E-05
1,06E-15
4,33E-02
3,75E-07
3,00E-06
2,27E-05
1,81E-04
2,74E-09
2,48E-02
1,15E-02
4,39E-02
2,97E-08
2,49E-12
5,10E-03
2,26E-03
4,95E-02
1,11E-02
5,89E-04
1,18E-04
6,40E-05
7,21E-03
3,15E-08
3,56E-02
1,51E-06
8,19E-04
3,16E-05
1,32E-10
1,31E-05
2,71E-02
1,59E-12
4,98E-05
8,09E-06
2,93E-08
2,67E-02

Slc8al
Efnad
Ophnl
Ptgrl
Slc29a3
Sic22al18
Cd180
Mpdz
Pard3b
Litaf
Tgifl
Cyp4v3
Igf2bp2
Tgtp2
4930451G09Rik
Traf5
Tle3
Rph3al
Zfp799
Slit2
2610307P16Rik
Gbp5
Lat2
Boc
Sashl
Paldl
Ift122
Lpp

Hc
Stau2
Slc9b2
Myo1lf
Tmem119
LoxI3
Bcl3
Uaca
Mdfi
Cdsl
Ccdc8
Bach2
Epstil
Fads3
Acy3
Acsf2
Hoxa5
Mtusl
Rassfb
Gstm7
Fhi2
Adck3
Bckdha
Arid5b
Tubb6
Map3k8
Arpp21
Baiap2
Cnn3
Fgd4

-0,8274268
-0,8269128
-0,826362
-0,8242998
-0,8241945
-0,8240924
-0,822442
-0,8222983
-0,8221206
-0,8218776
-0,8215556
-0,8206987
-0,8206705
-0,8200192
-0,8199919
-0,8198342
-0,8197839
-0,8197054
-0,8193395
-0,8183111
-0,8178251
-0,8178099
-0,8167706
-0,816637
-0,8159274
-0,8155813
-0,8148899
-0,8146222
-0,8145886
-0,8126577
-0,8105115
-0,8094981
-0,8094597
-0,8090634
-0,8088879
-0,8069487
-0,8050811
-0,80501
-0,8049792
-0,8048002
-0,8043426
-0,8033755
-0,7640569
-0,7638691
-0,7635971
-0,762586
-0,762445
-0,7616639
-0,7616386
-0,7615315
-0,7614154
-0,760917
-0,7607224
-0,7578198
-0,7574363
-0,7559006
-0,7550549
-0,7543585

2,37E-03
1,11E-02
2,83E-02
9,23E-07
4,28E-10
1,32E-02
5,13E-04
5,73E-03
5,73E-04
2,07E-10
1,79E-09
1,74E-04
9,64E-09
3,22E-03
4,28E-02
6,65E-04
2,80E-09
2,70E-02
4,45E-05
4,20E-02
7,52E-05
1,51E-03
1,28E-05
3,59E-02
2,92E-02
3,90E-03
5,77E-06
2,04E-07
2,92E-02
3,82E-03
4,59E-02
7,63E-16
1,63E-03
3,61E-02
8,74E-03
7,93E-06
3,86E-02
2,05E-02
1,49E-08
5,30E-03
2,20E-08
2,35E-05
1,06E-04
5,09E-05
1,47E-02
3,06E-04
2,15E-10
1,29E-02
4,58E-02
2,69E-06
5,13E-09
2,79E-04
4,07E-04
2,47E-03
6,70E-03
5,08E-05
4,18E-10
2,34E-04
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Isoc2b -0,7942477 8,30E-03 Al504432 -0,7542712  1,38E-02
Firre -0,7900964 1,13E-07 Arhgap26 -0,7538338  1,52E-04
Muc6 -0,7895735 1,81E-02 Fam214a -0,7530558  3,50E-04
Hddc3 -0,7882808 5,83E-03 Gm16897 -0,7525301  6,85E-03
Chn2 -0,7875968 5,50E-04 Cxcrd -0,7523913  6,81E-06
Lyplall -0,7871481 1,99E-03 Pdk2 -0,7521171  2,05E-04
Ppm1h -0,7862192 1,03E-05 H2-M3 -0,7517905  1,90E-03
Hsd3b7 -0,7853418 1,06E-07 Btbd3 -0,751781 1,45E-06
Sirpb1b -0,7824101 4,39E-02 Satb1 -0,7513264  3,65E-06
Plek -0,7820226 5,59E-06 Sfxn4 -0,7510349  1,06E-02
Gesam -0,7820201 1,42E-03 Baspl -0,7505878  8,81E-03
Btgl -0,7812744 5,30E-05 Tirl1 -0,7504217  1,81E-02
Irf6 -0,7805568 1,36E-02 Gimap8 -0,7499566  1,58E-07
Gpri74 -0,779559 4,60E-03 Marveld1 -0,7499348  1,97E-02
Dusp10 -0,7787984 1,98E-02 Gpr160 -0,7488062  7,39E-04
Speg -0,7784761 4,65E-02 2500004C02Rik  -0,7462511  1,97E-03
Plac8 -0,7781022 3,45E-07 Peal5a -0,7460543  3,85E-04
Fut? -0,7777192 2,05E-05 Calcocol -0,7455786  1,19E-07
6330403K07Rik  -0,7775558 3,74E-02 Ccdc102a -0,7446969  9,03E-03
CO030034L19Rik  -0,7772152 1,19E-07 D930048N14Rik -0,7446155  2,10E-02
Ppt2 -0,7766933 1,98E-06 Fam181b -0,7443336  3,21E-02
Mn1 -0,7765929 6,73E-06 Gpri7i -0,7441212  1,33E-08
Marveld2 -0,7764218 1,76E-02 Zbtb18 -0,7433715  1,01E-04
Rilpl1 -0,7762638 1,59E-02 Laptm5 -0,742114 4,38E-12
Tmem108 -0,7748947 5,34E-03 Lstl -0,7413761  1,46E-07
Arhgefs -0,7747322 4,04E-05 Ldirad4 -0,7404752  1,04E-02
Grrpl -0,7733894 8,80E-03 Ppm1k -0,7404404  1,30E-03
Phidb1 -0,772076 1,82E-02 Pak1 -0,7387605  1,22E-11
Pegl3 -0,7719362 9,64E-09 Acot4 -0,738575 4,82E-02
Aridsa -0,7710534 3,48E-06 Epb4.113 -0,7373635  2,70E-04
Fggy -0,7707816 3,63E-04 Abhd14b -0,7362995  3,51E-04
Cst3 -0,7706927 2,28E-12 Rchtb2 -0,7361458  3,79E-09
ltm2a -0,7697209 1,09E-08 Plekhg5 -0,735206 1,68E-04
Fam64a -0,7695565 4,05E-11 Sgce -0,7347701  9,09E-04
Lyn -0,7694504 3,01E-11 Fmnl2 -0,7347425  8,30E-03
Scpepl -0,7694407 6,43E-07 Tnfrsflb -0,7332508  9,42E-09
Rnase4 -0,7681882 3,82E-04 Vasn -0,7328462  4,20E-02
E030024N20Rik  -0,765275 8,49E-03 Myom1 -0,7320167  4,95E-02
B430306NO3Rik  -0,7647257 3,91E-03 Kenh2 -0,7309331  1,65E-03
kzf2 -0,7642567 7,39E-07 Ptger2 -0,730056 1,96E-04
Vangl2 -0,7289031 2,23E-03 Efnbl -0,6949475  2,34E-02
Gpri32 -0,728325 5,75E-05 Tmco4 -0,6949165  4,72E-05
Hnf4a -0,7276453 8,75E-05 Frmd4b -0,6945781  2,60E-05
Slc22al7 -0,7275467 6,04E-03 Cds3 -0,693884 5,46E-07
Ppapdc3 -0,7265127 1,06E-02 Nirc5 -0,6931022  4,59E-02
Tcf4 -0,7254929 2,09E-09 Arhgap4 -0,6922778  1,85E-06
2810408A11Rik  -0,7252551 1,46E-03 Tmem198b -0,6922674  6,91E-03
Cfp -0,7236559 4,73E-06 Rad9b -0,6905625  4,68E-02
Slc26all -0,7216522 3,56E-03 Clk1 -0,6903021  3,98E-08
Cers6 -0,7215776 2,61E-03 Atp6v1g2 -0,6894039  3,76E-02
4930486L24Rik  -0,7214662 4,85E-02 Zfp90o -0,6891671  3,17E-04
Slcsall -0,721 3,56E-02 Carnsl -0,6875667  2,54E-03
Hsd17b11 -0,7206281 3,22E-03 Pbx1 -0,6868547  1,11E-03
Mageel -0,7203204 1,60E-02 Herc6 -0,6866836  1,73E-04
Thal -0,7203051 1,53E-02 Lax1 -0,6859249  3,60E-05
Tapbpl -0,7201377 4,30E-06 Fnbpll -0,6857331  1,00E-02
Cotll -0,7195176 2,25E-07 Abhd15 -0,6855954  9,11E-04
Pik3ap1l -0,7185339 1,54E-07 Zfp521 -0,6855948  1,44E-04
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Tgfbr2
Traf3ip3
Cd200r1
Slc25a53
Rcor2
Prr5l
Capg
Hes6
Nrros
Cnksr3
2900005J15Rik
Sic38a6
Arsa
Prkca
Mb21d1
Srgap3
Kcndl
Yesl
Zdhhc15
H2-DMb1
Cmtm8
Ctso

Syk
Gimap4
Vsig4
Nradd
Msl3I2
Map3k14
2810442121Rik
Slc30a4
Tmem173
2610035D17Rik
Helz2
Gucala
Carl2
Armcx6
Thcld10c
Ppfibp2
H2-Oa
Nhsl1
Rnls
Aoah
Map4k?2
Rnf180
Slc38a7
Btg2
Pik3r6
Inadl
Cmtm3
Rhob
Thxasl
Stambpll
Hexa
Ly6e
Map3k5
Trip6

Hgf

Nr2f6

-0,7184545
-0,7179701
-0,7171529
-0,7154362
-0,7145147
-0,7137652
-0,7125763
-0,7117092
-0,7092843
-0,7091858
-0,7091697
-0,7082104
-0,7081612
-0,7060685
-0,7058145
-0,7048504
-0,7040779
-0,7033257
-0,7024677
-0,7019128
-0,701709

-0,7011216
-0,6999864
-0,6996507
-0,6995829
-0,6995443
-0,6994979
-0,6992842
-0,6990017
-0,6988529
-0,698655

-0,6983933
-0,6977275
-0,6974922
-0,6966997
-0,6965476
-0,695286

-0,6952215
-0,6684265
-0,6680974
-0,6680052
-0,6676113
-0,6671604
-0,6667821
-0,6664608
-0,6661118
-0,6653957
-0,6649329
-0,6646822
-0,6641785
-0,6631616
-0,6617327
-0,6614873
-0,6609655
-0,6608633
-0,6606105
-0,6584083
-0,6583218

9,34E-06
1,78E-09
1,00E-03
6,12E-03
1,08E-02
1,89E-02
1,21E-10
1,01E-05
1,02E-09
2,10E-04
3,09E-02
4,50E-02
3,57E-05
8,44E-04
4,53E-05
1,49E-02
3,64E-02
1,14E-02
1,84E-04
1,20E-02
1,33E-02
1,69E-05
5,69E-09
1,35E-03
2,68E-02
4,91E-02
1,59E-02
2,30E-04
7,33E-03
2,50E-02
1,75E-07
2,03E-04
6,59E-05
4,07E-02
3,23E-02
2,28E-03
4,50E-07
3,36E-03
1,82E-02
4,32E-02
1,88E-02
1,13E-02
6,16E-07
3,61E-02
5,47E-04
6,45E-06
1,21E-04
6,34E-03
1,64E-05
4,64E-03
9,82E-04
3,68E-03
8,54E-06
2,33E-09
1,22E-03
1,04E-04
4,48E-03
2,82E-02

E130317F20Rik
Lekrl
Zfp184
Slc50al
Osbpl5
BC037704
Esam
Ly96

Zyx

Efccl
Arl10
Arhgap25
Hclsl
Tspan6
Tiel

Fes
Ddx58
Dock10
Ids

Abcdl
4933412E12Rik
Fam129c
Phptl
Fam188b
Emb
Amot

Sla

II15ra

Igtp
Nuak2
Inf2
Tacc2
Rora
Nudtl6
Fabp7
Zc2hcla
5830416P10Rik
Fam105a
Rcbtb1
21r
Sox13
Mylip
SlIc35f5
Lysmd2
Wis

Vipr2
Gjb3
Cytip
Gsdmd
Ncf4
Tmem154
Smpd2
Igsf6
SlIc35f2
Cd69

Ifit2
Tmem159
Wdpcp

-0,6854156
-0,6838519
-0,6830481
-0,6829447
-0,6827531
-0,6823641
-0,6815206
-0,681469

-0,680856

-0,6808511
-0,6800501
-0,6800349
-0,6797088
-0,6796496
-0,6795492
-0,6792422
-0,6792247
-0,6782504
-0,677712

-0,6774104
-0,6773771
-0,6771024
-0,6770095
-0,6767457
-0,6763947
-0,6760246
-0,6759274
-0,6747452
-0,6744844
-0,6742043
-0,6738545
-0,6719117
-0,6716863
-0,6712865
-0,6709716
-0,6698084
-0,6697148
-0,6689656
-0,6341702
-0,6341167
-0,6335615
-0,6326814
-0,6326214
-0,6325804
-0,6317891
-0,631766

-0,631273

-0,6293549
-0,6288017
-0,6285508
-0,6283112
-0,6278466
-0,6276919
-0,6272732
-0,6269648
-0,6268494
-0,6262934
-0,6261695

4,72E-02
2,19E-02
8,00E-04
4,26E-08
3,12E-02
4,91E-02
1,26E-04
1,57E-02
4,71E-07
1,85E-03
1,28E-02
1,04E-06
1,61E-09
5,35E-07
1,68E-04
9,90E-06
3,37E-04
3,24E-07
2,00E-03
3,07E-08
2,54E-03
4,63E-02
7,79E-08
1,67E-02
8,16E-09
2,27E-02
3,32E-07
1,56E-02
5,88E-04
1,32E-02
6,23E-03
1,20E-03
5,00E-02
4,09E-03
3,25E-02
2,33E-03
2,30E-02
8,83E-06
1,07E-04
8,57E-06
3,50E-03
9,26E-04
3,11E-03
4,76E-02
3,39E-06
1,64E-03
2,58E-02
1,50E-05
7,32E-06
1,04E-06
6,64E-05
3,45E-04
1,04E-03
1,21E-02
3,26E-03
1,35E-03
1,13E-02
5,07E-03
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Npc2 -0,6579718 5,37E-09 Ypell -0,6242923 1,35E-02
Sh3bp2 -0,657775 2,09E-06 Gm6548 -0,6234431 2,73E-02
Emilin2 -0,6564991 1,00E-03 Mucl3 -0,623302 1,72E-02
Ifitm2 -0,6548325 1,25E-07 Dtx3l -0,6231803 1,16E-04
Nrep -0,6546046 4,40E-02 Atpl0a -0,6226984 7,24E-04
Nfkbiz -0,6533524 6,37E-03 Man2bl -0,622657 8,25E-09
Ifnarl -0,6526707 4,12E-08 Renbp -0,6225067 4,38E-04
Nedd9 -0,6522847 9,49E-05 Nabp1 -0,6220399 4,44E-05
Arid3a -0,650588 1,23E-06 Zfp4a22 -0,6218838 4,73E-08
Smad6 -0,6501647 2,27E-02 Tpmt -0,6218501 3,91E-02
Ssfa2 -0,649068 1,96E-04 Myo6 -0,6199751 5,00E-02
Ivd -0,6483729 4,82E-07 Bmyc -0,6195077 4,04E-04
Ankrd44 -0,6479016 6,13E-06 Lipa -0,6181935 3,40E-05
Gcat -0,6473492 6,02E-05 Trim32 -0,6179628 1,10E-05
Parp9 -0,6472405 7,44E-05 Hexb -0,6169284 5,12E-04
Napsa -0,6466571 3,95E-08 Ctnnbipl -0,6165494 2,02E-02
Ttpa -0,6461052 2,10E-04 Lck -0,6154691 3,68E-04
Smim24 -0,6450718 8,51E-03 Rnf215 -0,6153413 1,62E-02
Ncoa3 -0,644847 1,13E-06 Cyba -0,6152677 6,89E-10
Sh2d3c -0,6439379 1,01E-06 Madd -0,6152421 3,38E-06
Tmem191c -0,6424152 7,91E-03 Timd2 -0,6150367 4,10E-02
Prx -0,6422575 2,44E-02 Fyb -0,6142808 5,65E-07
Fam49a -0,6414478 4,03E-05 Cxcr3 -0,6142277 1,76E-03
Cnp -0,6411462 1,39E-07 Pld3 -0,6130147 3,19E-05
Pold4 -0,6400069 4,89E-05 Gprasp2 -0,6124776 1,04E-02
Vstm4 -0,6397968 4,00E-02 Adamts10 -0,6114384 5,80E-05
Txndcl16 -0,6387483 5,91E-05 Csad -0,6111347 1,73E-03
Zeb2 -0,6381877 8,84E-06 Rin3 -0,6107904 2,96E-06
2010111101Rik -0,6371571 3,05E-05 Itga6 -0,6104725 1,21E-04
Trim26 -0,6371374 3,93E-05 Dleu2 -0,6103344 2,42E-02
Stk10 -0,6365795 9,88E-07 Cand2 -0,6100726 2,13E-04
Kank2 -0,6351947 2,60E-02 Lrrkl -0,6097779 5,41E-05
Adar -0,635099 1,18E-05 Mov10 -0,6087146 5,55E-06
Tns3 -0,6348054 4,69E-04 Tmeml76a -0,6086142 4,58E-05
Dhdh -0,6344815 2,87E-02 Cd33 -0,6080022 2,18E-04
Tnkslbpl -0,6342086 4,47E-02 Abr -0,6070489 9,82E-06
Itgam -0,6069979 1,23E-05 Galm -0,5747014 2,57E-02
N4bp3 -0,6065067 3,56E-03 Pde4b -0,5746402 2,25E-05
Foxpl -0,6059293 8,80E-09 Ppplr9a -0,574593 3,56E-03
Oaslb -0,6055963 4,35E-02 Eogt -0,5742426 2,89E-02
Lztfl1 -0,6055177 8,06E-05 Rhoh -0,5729018 3,94E-05
Rab27a -0,6053649 1,69E-07 Crem -0,5726792 1,79E-02
Ankrd13d -0,6047178 5,63E-03 Igflrl -0,5725823 2,44E-03
Ing4 -0,6043961 2,32E-08 Slcl2a6 -0,5725687 1,21E-05
Tcf712 -0,6043079 7,46E-06 Tpcn2 -0,5721549 9,78E-03
Glis2 -0,6040528 1,53E-02 Ppic -0,5719087 4,12E-04
Stat2 -0,6040136 1,53E-05 Hdac9 -0,5708198 6,81E-03
Nrgn -0,6037895 4,38E-04 Siae -0,56965 1,29E-03
1112rb2 -0,6032127 9,56E-04 Mctp2 -0,5685589 4,24E-03
Cdyl2 -0,6028362 1,09E-03 Sorbs3 -0,5684326 1,85E-03
Klic4 -0,6015285 1,27E-03 Akna -0,5681342 6,30E-05
Suox -0,6011089 3,64E-02 Ctps2 -0,5679717 6,16E-06
Gprl37b-ps -0,6004376 2,02E-02 Idhl -0,567858 2,56E-05
Siglece -0,6000926 1,02E-02 Hpgds -0,5676912 1,62E-02
Zfp53 -0,5996444 2,42E-03 Tnfrsfl3c -0,5675557 4,60E-03
Runx2 -0,5984529 2,94E-05 Galns -0,5675484 4,84E-04
Zfhx3 -0,5976528 4,60E-04 Map2k6 -0,5673904 3,26E-03
Rltpr -0,5973918 3,15E-03 Rara -0,5668572 1,15E-03
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Cepl9 -0,597288 3,63E-04 Ptpn22 -0,5667558 2,71E-04
Gnaq -0,5965837 8,32E-05 Mef2c -0,5666158 7,39E-06
Kank3 -0,5961072 2,65E-02 Slc5a3 -0,5662945 2,67E-03
1600014C10Rik  -0,5956184 9,52E-06 Limk1 -0,5662721 1,05E-03
Morn4 -0,5954413 1,33E-02 Zfp608 -0,5661899 2,10E-05
Zfp286 -0,5950214 2,25E-02 Ralgps1 -0,5647717 4,56E-03
Nagk -0,5947217 1,25E-03 Prkra -0,5645088 1,39E-03
Mctpl -0,592577 7,46E-05 Cnnm4 -0,5642653 1,21E-03
Psmb8 -0,5923751 7,92E-05 Mex3a -0,5641558 2,18E-03
Slc44a2 -0,5922586 2,34E-06 Wdr45 -0,5634529 5,88E-05
Acp2 -0,5910674 1,10E-03 Smo -0,5625014 1,63E-03
Plxnd1 -0,5910476 3,30E-04 S100al6 -0,5622752 4,86E-02
Ypel5 -0,5906195 3,79E-05 Tmem176b -0,5615493 3,53E-05
Nmi -0,5904739 2,80E-04 Gstkl -0,5614858 3,18E-02
Ndst1 -0,5903853 3,01E-04 Prkab2 -0,5611174 3,56E-02
Gm2a -0,590246 4,09E-06 Nudt14 -0,5610711 2,40E-04
Carll -0,5902266 4,95E-02 Egfl7 -0,559395 3,53E-07
Ppmlm -0,5896045 1,93E-03 9030617003Rik  -0,559348 8,57E-04
5430427019Rik  -0,5891622 1,74E-03 Stard5 -0,5592477 1,55E-03
1116 -0,588847 4,04E-06 Abi3 -0,5586098 2,51E-04
Actnl -0,588796 1,36E-02 Pycard -0,5583594 1,20E-06
Ptgsl -0,5879326 1,75E-07 Zfp783 -0,5580006 7,57E-04
Samhd1l -0,5864098 5,47E-06 D5Ertd605e -0,5577858 2,65E-02
Ttc38 -0,5843988 6,01E-03 Tspyl4 -0,5565277 2,87E-02
I13ra -0,5820283 2,82E-02 Ltbr -0,555804 2,02E-03
Tmcc2 -0,5816193 4,85E-03 Plekhm3 -0,5556024 1,27E-03
ll11lral -0,5813092 1,74E-03 Cnripl -0,5552749 1,03E-03
BC005764 -0,5810297 7,60E-05 Tapbp -0,5542351 2,05E-06
Arrdcl -0,5800613 2,52E-07 Slc36al -0,5530747 4,88E-02
Prkce -0,5779632 2,91E-02 Sertad3 -0,5529195 2,24E-03
Dgkg -0,5763908 2,47E-03 Dhrs1 -0,5527328 9,48E-05
Cxcr2 -0,5756822 4,40E-02 Sigirr -0,5527209 2,88E-05
Parpl2 -0,5751817 2,58E-02 Ift22 -0,5519075 8,78E-04
Athll -0,5747417 4,59E-04 Prr5 -0,551493 1,91E-03
Fam21 -0,5512699 3,31E-05 Sh3kbpl -0,5299598 8,40E-05
Haao -0,5510735 5,30E-04 Itgal -0,5289109 1,54E-04
Pcdh7 -0,5474294 5,33E-03 Osginl -0,5284532 2,19E-02
Emidl -0,5469261 6,78E-03 Arhgap6 -0,5278686 2,37E-03
Ehd4 -0,5468142 2,35E-04 Tmtc4 -0,5277502 1,66E-02
Nrxnl -0,5467882 2,89E-02 1700025G04Rik  -0,527638 5,98E-03
Gimap6 -0,5466042 3,98E-06 Mxd3 -0,5273198 4,65E-02
Tgfbi -0,5465559 4,35E-04 Zmym3 -0,5272046 1,14E-04
Ptprc -0,5464297 4,38E-05 Glb1l -0,5256631 1,33E-02
Psmb9 -0,5461697 4,45E-04 Igfbp4 -0,5246845 9,61E-05
Agtrap -0,5453801 4,04E-04 Klk8 -0,5234794 4,34E-04
Cdh1l7 -0,5452301 3,85E-02 Fam101b -0,5227723 7,13E-03
Luzpl -0,5451904 1,37E-03 Tbcld13 -0,5223989 1,66E-02
Ccdc28a -0,5449366 1,39E-02 Sfxn3 -0,5221425 2,83E-04
Ociad2 -0,5446894 3,11E-02 Zbtb20 -0,5219777 2,74E-02
lllrap -0,5445608 1,36E-02 Prkar2a -0,5219531 1,54E-02
Thcld5 -0,5442739 6,67E-06 Arhgap18 -0,521925 2,72E-04
Cdipl -0,544182 2,51E-04 Bloclsl -0,5218327 1,18E-04
Gpatchll -0,54305 1,04E-03 Serfl -0,5207708 8,17E-03
Hdac8 -0,5429439 1,41E-03 Potlb -0,5205806 1,74E-02
Peakl -0,5428748 5,45E-04 Bcl2 -0,5202049 4,06E-03
Sfmbt2 -0,542416 4,31E-02 Ctns -0,5199397 8,51E-03
Lzts2 -0,542135 1,16E-02 Zfp629 -0,5196193 8,61E-04
Stard10 -0,5419589 5,33E-03 Camkk1 -0,5191244 4,25E-03
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Epb4.112
Fmo5
Cbx8
Eif4e3
Itm2c
Cox4i2
Nfats
Casp6
Sik1
Shisa5
Elk3
Chst15
Usfl
Zcchc24
Fcgr3
lqcbl
Gpr56
Cnpy3
Cbx7
Bahccl
Tex264
Gdapl0
Gdil
Sirt3
Pitpnm1
Akrlb10
Cdk19
Rel
Appl2
4931406C07Rik
A230050P20Rik
Enkd1
Parpl10
Ift74
Pdlim7
Zfp667
Clecl2a
F630028010Rik
Gpré5
Kctd14
Tor4a

-0,5414762
-0,5413034
-0,5411201
-0,5405992
-0,5405304
-0,5403324
-0,5401072
-0,5395538
-0,5390982
-0,538847
-0,5383877
-0,5378296
-0,5358572
-0,5356841
-0,5344401
-0,5344323
-0,5342464
-0,5338293
-0,5338025
-0,5335525
-0,5333889
-0,5331691
-0,5331532
-0,5329569
-0,5323364
-0,5321715
-0,53179
-0,5307849
-0,530723
-0,5303378
-0,5303269
-0,5300604
-0,5048953
-0,5048308
-0,5047423
-0,5046161
-0,5037711
-0,5033071
-0,5025576
-0,5024867
-0,5021209

9,81E-05
3,60E-02
8,41E-03
1,63E-02
2,21E-04
4,30E-02
1,40E-03
2,67E-04
3,92E-03
1,81E-06
7,43E-06
1,41E-03
7,31E-05
4,48E-02
2,94E-03
1,55E-03
5,90E-06
1,06E-05
2,03E-02
1,76E-03
4,23E-03
4,40E-02
5,55E-08
2,35E-05
1,21E-02
2,16E-03
5,59E-06
2,97E-02
1,09E-03
2,45E-03
1,16E-02
1,95E-03
6,07E-03
9,21E-03
8,72E-04
3,72E-02
1,46E-02
3,02E-02
1,40E-03
1,02E-02
6,04E-05

Spicel
Nckapll
Futl0
Birc3
Apobr
Inpp4a
Treml2
Stx16
Prkcd
Ppmaif
Ip6k2
Ldhb
Spns3
Rasa3
Mapk3
Sic31a2
3110056K07Rik
Tsc22d3
Sestdl
Sh3pxd2b
Dgka
Ncf2
6330419J24Rik
Nicnl
Maml3
Acotll
Pkn3
Tmsb10
Pla2g15
Tcirgl
Khnyn
Ifnar2
Cythl
Idua
Ptpn6
Mob3c
Cers4
Map3k12
9030619P08Rik
Itpk1

-0,5187062
-0,5185927
-0,5165683
-0,516298

-0,5161388
-0,5159228
-0,5157747
-0,5146943
-0,513545

-0,5127768
-0,5126136
-0,5124742
-0,5119172
-0,5119109
-0,5117559
-0,5116122
-0,511472

-0,5107125
-0,5101197
-0,5100521
-0,509812

-0,5079398
-0,5074271
-0,5071723
-0,506724

-0,5060973
-0,5059785
-0,5059723
-0,505713

-0,5057083
-0,5055369
-0,5050715
-0,5017325
-0,5016355
-0,5015001
-0,5013894
-0,5013071
-0,5009038
-0,5006843
-0,5001285

1,29E-03
5,80E-05
1,38E-02
5,60E-04
3,30E-03
1,68E-02
2,15E-05
2,20E-04
5,78E-05
4,24E-04
4,80E-02
4,60E-04
1,57E-02
3,47E-04
2,92E-04
1,06E-02
3,84E-02
3,71E-05
2,54E-02
2,77E-02
3,69E-02
6,65E-05
4,48E-02
4,37E-02
2,70E-03
6,06E-03
2,28E-02
3,84E-06
9,63E-04
9,10E-05
3,15E-04
8,19E-04
1,41E-02
9,45E-04
9,80E-06
4,89E-03
7,33E-03
4,89E-02
2,76E-02
1,24E-03

Table 10.5 | List of significantly upregulated ERVs in Setdb1V®' LT-HSCs

ERVs log2FoldChange padj

RLTR50A|LTRIERVK 4,533159221 1,76E-19
MER74C|LTR|ERVL 3,872425015 5,42E-14
IAPLTR3-int|LTR|ERVK 3,533401388 2,39E-24
ERVB4_1- MM-int|LTR|ERVK 3,4898036 1,81E-19
MuLV-int|LTR|ERV1 3,039734155 4,17E-36
ERVB4_2-1 MM-int|LTR|ERVK 2,968110392 2,30E-09
RLTR6C_Mm|LTR|ERV1 2,69618733 2,19E-15
RLTR45|LTR|ERVK 2,493699688 4,20E-14
IAPLTR4|LTR|ERVK 2,422171983 5,39E-11
MMERVK10C-int|LTR|ERVK 2,330897416 9,05E-13
RLTR10C|LTR|ERVK 2,300374391 3,31E-06
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MMVL30-int|LTR|ERV1
MMTV-int|LTRIERVK
RLTR3_MmI|LTR|ERVK
MMERVKOC_-int|LTRIERVK
RLTR45-int|LTR|ERVK
RLTR4_Mm|LTR|ERV1
RMER17A-int|LTR|ERVK
IAP1-MM_LTRI|LTR|ERVK
IAP-d-int|LTR|ERVK
RLTR27|LTR|ERVK

2,271243474
2,177523161
2,009509415
1,813424411
1,537845251
1,431960201
1,378754235
1,344447962
1,171041168
1,014595359

1,38E-17
0,000404423
5,06E-06
0,000643022
1,82E-21
6,96E-16
0,000287049
5,94E-05
0,000484206
0,000404423

Table 10.6 | List of significantly upregulated ERVs in Setdb1'?¥ MPPs

log2FoldChange padj
RLTR50A|LTR|ERVK 6,929567457 1,48E-22
IAPLTR3-int|LTR|ERVK 5,957725342 0
ERVB4_2-I_ MM-int|LTR|ERVK 5,910899848 3,26E-136
MER74C|LTR|ERVL 5,554551083 1,07E-30
ERVB4 2-LTR_MM|LTR|ERVK 5,082019253 3,78E-06
MURVY-int|LTR|IERV1 4,575814994 3,65E-31
ERVB4_1-I MM-int|LTR|ERVK 4,463654539 4,11E-78
RLTR6C_Mm|LTR|ERV1 4,36015532 1,00E-50
IAPLTR4|LTR|ERVK 4,255906444 1,34E-82
RLTR10C|LTR|ERVK 4,104850424 1,86E-105
MMERVK10C-int|LTR|ERVK 4,072903087 2,17E-125
RLTR45|LTRIERVK 4,04025705 6,08E-92
MuLV-int|LTR|IERV1 3,952581031 0
RLTR45-int|LTR|IERVK 3,505584294 5,48E-121
RMER17A-int|LTR|ERVK 3,468191276 2,87E-65
MMERVKOC_I-int|LTR|ERVK 3,4538709 1,86E-74
MMVL30-int|LTR|IERV1 3,225050534 8,08E-69
RLTR44E|LTR|ERVK 3,184298209 2,42E-10
MMTV-int|LTR|ERVK 3,045928684 2,52E-46
ERVB3_1- MM-int|LTR|ERVK 2,745359668 5,70E-25
RLTR10B2|LTRIERVK 2,543976306 6,97E-21
IAP-d-int|LTR|ERVK 2,4991614 3,65E-28
ERVB7_3-LTR_MM|LTR|ERVK 2,105487905 3,56E-11
RLTR4_MmI|LTR|ERV1 2,078628927 2,49E-115
MMERVK10D3_I-int|LTR|ERVK 2,007497073 6,23E-28
RLTR44D|LTR|ERVK 1,792437478 0,001084028
RLTR1B-int|LTR|ERV1 1,740523579 6,08E-36
RLTR44B|LTR|ERVK 1,720522959 0,001791936
IAPLTR1a_Mm|LTR|ERVK 1,690250188 2,09E-32
RLTR13D6|LTR|ERVK 1,66631935 1,47E-18
RLTR3_MmI|LTR|ERVK 1,647747567 1,42E-10
MMERGLN-int|LTR|ERV1 1,605707858 7,99E-13
RLTR1B|LTR|ERV1 1,546579957 2,78E-25
RLTR10B|LTR|ERVK 1,434639777 5,29E-06
IAPEY4_l-int|LTR|JERVK 1,375984536 2,73E-49
RLTR10D2|LTR|ERVK 1,351069369 0,004535435
RLTR6-int|LTR|ERV1 1,342205529 2,05E-12
ERVB7_2-LTR_MM|LTR|ERVK 1,320835098 2,21E-11
ETnERV3-int|LTR|ERVK 1,22415767 3,57E-10
IAP1-MM_LTR|LTR|ERVK 1,171322935 0,00136433
RLTR6_Mm|LTR|ERV1 1,137927028 1,17E-08
IAPEZz-int|LTR|ERVK 1,127922157 1,89E-11
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ETNERV-int|LTR|ERVK
RLTR1OF|LTR|ERVK
ERVB4_1B-I_MM-intLTRJERVK
RMER16A3|LTR|ERVK

1,06976194 4,27E-10
1,053555807 5,02E-06
1,03679133 1,36E-07
1,026735636 0,003301675

Table 10.7 | List of significantly upregulated LINEs in Setdb1va" MPPs

log2FoldChange padj
L1_Mm]LINE|L1 0,627558688 4,23E-12
L1M2b|LINE|L1 0,4546018 9,72E-06
X9_LINE|LINE|L1? 0,363004007 0,005456843
L1IMd_T|LINE|L1 0,307181867 2,57E-07
L1_Mus2|LINE|L1 0,262388523 1,01E-07
L1_Mus3|LINE|L1 0,2379632 5,36E-08
L1IMB2|LINE|L1 0,216896528 0,004045762

Table 10.8 | List of significantly upregulated SINEs in Setdb1v® MPPs

log2FoldChange padj
B2_Mm1a|SINE|B2 0,477513027 3,19E-52
B2 Mm1t|SINE|B2 0,319605564 1,43E-27

Table 10.9 | List of top 20 enriched motifs in Setdb1v#'-specific ATAC peaks

# of Target % of
Sequences Target
Log P- with Motif(of Sequences
Motif Name Consensus P-value value 708) with Motif
FliL(ETS)/CD8-FLI-ChIP-
Seq(GSE20898)/Homer NRYTTCCGGH 1,00E-115 -2,66E+02 324 45,76%
CTCF(Zf)/CD4+-CTCF-ChIP-
Seq(Barski_et_al.)/Homer AYAGTGCCMYCTRGTGGCCA  1,00E-113  -2,61E+02 145 20,48%
PU.1(ETS)/ThioMac-PU.1-ChlIP-
Seq(GSE21512)/Homer AGAGGAAGTG 1,00E-108 -2,49E+02 237 33,47%
BORIS(Zf)/K562-CTCFL-ChlIP-
Seq(GSE32465)/Homer CNNBRGCGCCCCCTGSTGGC  1,00E-100 -2,33E+02 147 20,76%
ETS1(ETS)/Jurkat-ETS1-ChIP-
Seq(GSE17954)/Homer ACAGGAAGTG 1,00E-99 -2,30E+02 306 43,22%
ELF3(ETS)/PDAC-ELF3-ChIP-
Seq(GSE64557)/Homer ANCAGGAAGT 1,00E-98 -2,26E+02 251 35,45%
ELF5(ETS)/T47D-ELF5-ChIP-
Seq(GSE30407)/Homer ACVAGGAAGT 1,00E-94 -2,17E+02 245 34,60%
EHF(ETS)/LoVo-EHF-ChIP-
Seq(GSE49402)/Homer AVCAGGAAGT 1,00E-83 -1,93E+02 310 43,79%
ERG(ETS)/VCaP-ERG-ChIP-
Seq(GSE14097)/Homer ACAGGAAGTG 1,00E-79 -1,83E+02 349 49,29%
ETV1(ETS)/GIST48-ETV1-ChIP-
Seq(GSE22441)/Homer AACCGGAAGT 1,00E-79 -1,82E+02 320 45,20%
GABPA(ETS)/Jurkat-GABPa-
ChIP-Seq(GSE17954)/Homer RACCGGAAGT 1,00E-73 -1,68E+02 246 34,75%
Etv2(ETS)/ES-ER71-ChIP-
Seq(GSE59402)/Homer(0.967) NNAYTTCCTGHN 1,00E-70  -1,61E+02 247 34,89%
KIf9(zf)/GBM-KIf9-ChIP-
Seq(GSE62211)/Homer GCCACRCCCACY 1,00E-62 -1,43E+02 172 24,29%
Ets1-distal(ETS)/CD4+-Polll-ChIP-
Seq(Barski_et_al.)/Homer MACAGGAAGT 1,00E-57 -1,33E+02 132 18,64%
EWS:FLI1-fusion(ETS)/SK_N_MC-
EWS:FLI1-ChIP-
Seq(SRA014231)/Homer VACAGGAAAT 1,00E-49 -1,15E+02 163 23,02%
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Sp5(Zf)/mES-Sp5.Flag-ChlP-

Seq(GSE72989)/Homer RGKGGGCGGAGC 1,00E-49 -1,13E+02 238 33,62%
ELF1(ETS)/Jurkat-ELF1-ChlIP-

Seq(SRA014231)/Homer AVCCGGAAGT 1,00E-46 -1,06E+02 141 19,92%
RUNX1(Runt)/Jurkat-RUNX1-

ChIP-Seq(GSE29180)/Homer AAACCACARM 1,00E-43 -1,01E+02 219 30,93%
EWS:ERG-

fusion(ETS)/CADO_ES1-

EWS:ERG-ChIP-

Seq(SRA014231)/Homer ATTTCCTGTN 1,00E-43 -1,01E+02 165 23,31%
ETS(ETS)/Promoter/Homer AACCGGAAGT 1,00E-43 -1,00E+02 109 15,40%
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