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ABSTRACT

Over the last decades, epigenetic mechanisms have been related to severe diseases (Dambacher et al.
2010) and developmental defects (Hahn et al. 2010). For my thesis, | mainly focused on the functional
study of Setdbl, which is a histone methyltransferase that mediates H3K9 methylation, during
endoderm development. Previous studies have already shown that Setdbl1 could di- and tri-methylate
H3K9 in euchromatin (Wang et al. 2003) and deletion of Setdbl results in the lethality of embryos at a
very early embryonic stage (Dodge et al. 2004). Additionally, Chip-Seq data showed that Setdbl binds
to pluripotency-associated genes and development regulators in ES cells (Bilodeau et al. 2009, Yuan et
al. 2009). These results indicate the potential functions of Setdbl in regulating mouse development.

During early embryonic development, three germ layers start to be formed at gastrulation stage
(Takaoka et al. 2012). In order to study the spatial and temporal function of Setdbl in endoderm
development we specifically deleted Setdbl in Sox17 lineage cells. In order to specifically test the
function of Setdbl in definitive endoderm, we additionally introduced a GFP-reporter gene. GFP is
activated by the expression of Cre recombinase. Thus, we assume that GFP positive cells have also
deleted Setdb1. By monitoring the Setdbl deleted cells, we found that mutant embryos which showed
a broad GFP signal even outside endoderm were severely developmentally retarded. In contrast, a
specific GFP signal in the endoderm region correlated with milder endoderm-related defects. In the
subsequent studies | focused on embryos with specific deletion of Setdbl in the endoderm. In order to
further characterize the phenotype we performed immunohistochemistry to check for structural
changes. Setdbl mutant embryos cannot complete axis rotation and show progressive deterioration of
the hindgut region. In mutant embryos the hindgut diverticulum is formed but loses the contact with
splanchnopleura. Moreover the size of the dorsal aorta is much bigger in mutant embryos. During
development the diverticulum cannot further develop resulting in perturbed mesoderm development.
Whole mount embryo immunostaining revealed an increase in apoptotic cells in the posterior part of
mutant embryos and the reduced expression of endoderm genes in the primitive streak region.
Interestingly we found that Setdbl mutant cells display altered morphogenesis and cover part of the
node region. We assume that impaired signal transmission through the cilia on the surface of the node
contributes to the developmental defect of Setdbl mutant embryos. To identify genes which are
regulated by Setdbl, mutant and control embryos at E7.75 were collected for microarray analysis.
Several genes belonging to different biological processes were found to be dysregulated. AFP, which is
a visceral endoderm gene, is upregulated in Setdbl mutant embryos. However, through the whole
mount embryo immunostaining, AFP positive cells are mainly restricted to the extra-embryonic part
indicating that the loss of Setdbl in visceral endoderm does not affect the development of the
embryonic part. We also generated Setdbl1™"*; Sox17-cre; GFP-reporter ES cells and induced
differentiation of these cells into endoderm cells. RNA-seq analysis revealed that endoderm
commitment genes are upregulated in the mutant cells. We therefore assume that Setdbl balances the

expression of the endoderm differentiation program.


https://www.google.de/search?q=splanchnopleura&client=firefox-a&hs=pq9&sa=X&rls=org.mozilla:en-US:official&channel=sb&tbm=isch&tbo=u&source=univ&ei=tujHU9qxLsXk4QTBz4HoAg&ved=0CDEQsAQ&biw=1280&bih=864
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ABSTRACT

Epigenetische Mechanismen haben eine grosse Bedeutung bei der Krankheitsentstehung und fir die
Embryonalentwicklung. In meiner Arbeit habe ich mich auf die Funktionen der Histon-
Methyltransferase Setdbl bei der Endodermentwicklung konzentriert. VVoherige Studien konnten
zeigen, dass Setdbl essentiell fiir die Embryonalentwicklung ist und Histon H3 an Lysin 9 di- oder
trimethylieren kann. Desweiteren bindet Setdbl in Maus ES Zellen an Gene die mit Pluripotenz
assoziiert sind. Diese Daten lassen eine mdgliche Funktion von Setdbl in der Regulation der

Embryonalentwicklung vermuten.

Wiahrend der Embryonalentwicklung, bei der Gastrulation, formen sich drei Keimblatter: Ektoderm,
Mesoderm und Endoderm. Um die Funktion von Setdbl in der Endodermentwicklung zu studieren,
schalteten wir Setdbl in Endodermzellen aus, die das Markergen Sox17 exprimieren. Aullerdem
kreuzten wir ein Cre/GFP-Reportersystem in diese Mauslinie, um die Deletion von Setdbl in Sox17
exprimierenden Zellen durch GFP-Expression erkennen zu kdnnen. Anhand der GFP Expression
konnten wir feststellen, dass in unserem Mausmodell die Embryonen Setdbl entweder global
ausschalteten, oder Setdbl spezifisch nur in Endoderm-Zellen verloren. Ich fokussierte mich in meiner
Arbeit auf Mausembryonen mit spezifischer Depletion von Setdbl in Endodermzellen. Embryonen in
denen Setdbl im Endoderm deletiert ist, fuhren keine embryonale Drehung durch und zeigen eine
Schéadigung der embryonalen Darmregion. AuBerdem ist die dorsale Aorta erweitert und die
Embryonen zeigen Defekte in der Mesodermentwicklung, welche wahrscheinlich von einer
Fehlentwicklung des Diverticulums herrihrt. Weiterhin konnten wir durch Immunférbungen einen
Anstieg der Apoptose im posterioren Bereich dieser Embryonen feststellen. Desweiteren konnten wir
eine veranderte Morphogenese von Setdbl depletierten Zellen detektieren und eine Veranderung des
Embryonalknotens durch diese Zellen. Wir vermuten, dass eine verdnderte Signaltransduktion an
dieser wichtigen embryonalen Struktur fir einen Teil des Phéanotyps in unserem Mausmodell

verantwortlich ist.

Um Gene zu identifizieren die durch Setdbl reguliert werden, fiihrten wir auch Microarray-Studien
mit Embryonen vom Stadium E7.75 durch und konnten mehrere deregulierte Gene identifizieren.
Von unserem Setdb1"/"%. Sox17-cre; GFP-Reporter Mausmodell stellten wir auch ES Zellen her.
Durch induzierte Endodermentwicklung in Setdbl-depletierten Zellen konnten wir mittels RNA-Seq
Analysen feststellen, dass Gene, die Endodermdifferenzierung vermitteln, hochreguliert waren in.

Folglich, scheint Setdbl die Expression des Endoderm Differenzierungssystems zu regulieren.
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1. INTRODUCTION

1.1 Chromatin structure

The genetic information in cells is stored in the DNA sequence. Compaction of the DNA makes the
long double stranded DNA fit into the nucleus and highly organized. DNA wraps around the histone
octamer containing two molecules each of the four histones, H2A, H2B, H3, and H4 to form the
nucleosome which is the fundamental repeating unit of chromatin. Furthermore, the crystal structure

of the histone octamer is revealed in details at 2.8A resolution.

A 11-nm fiber B Nucleosome stacking C 30-nm fiber
(primary level) (folded 11-nm fiber with (secondary level)
4 zigzag linker DNA) 4

5 \
3 E 5 1 2
1 ] 3 4
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D Loops of 30-nm

a fiber (tertiary level)

F Organization of whole E Interdigitating layers of
chromosomes inside the irregularly organized
nucleus (quaternary level) nucleosomes (tertiary level)

Figure 1.1 Different levels of chromatin compaction (Sajan et al. 2012). A) Multiple nucleosomes in a row
form the 11-nm fiber as the primary level of chromatin compaction. B) The 11-nm fiber folds on itself to form
two columns of nucleosomes. C) The folded 11-nm fiber forms the 30-nm chromatin fiber which is considered
as the secondary level of compaction. D) The 30-nm fiber is twisted and forms a more compact fiber (blue) with
some portions attached to a protein scaffold (red). E) The 30-nm fiber may also form the interdigitating layer
which is another tertiary level of compaction. F) The three-dimensional organization of entire chromosomes

considered as the quaternary level.

Ten years ago, it was found that H3 and H4 first form a tetramer which is comprised of two H3-H4
dimers through a strong 4-helix bundle (4-HB) between the two H3 molecules. H2A and H2B form
the dimers first then interact with a H3 and H4 tetramer through a weak 4-helix bundle (4-HB)
between H2B and H4 (Bonisch et al. 2012). Additionally, all of the nucleosomes contain one molecule

of the linker protein H1 which binds at or near the nucleosome dyad axis and interacts with the linker
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DNA. H1 could wrap another 20 base pairs of the octamer leading to 2 turns around it (Olins et al.
2003). A lot of non-histone proteins are also involved in the construction of chromatin which makes
the structure of the chromatin more complicated. The strings of nucleosomes could be organized to the
higher ordered 30 nm fibers which are considered as the secondary level of chromatin organization.
Furthermore, the 30 nm fibers could be arranged in loops that constitute the tertiary structure of
chromatin (Woodcock et al 2001). Recent research results identify there is another structure existence
of interdigitating layers with irregularly organized nucleosomes in the metaphase chromosome are also
considered as tertiary structure of chromatin. The loops of the 30 nm fibers and interdigitating layers
of nucleosomes could be condensed and form the quaternary structure of chromatin in a complex
context (Sajan et al. 2012).

1.2 Epigenetic mechanism regulates gene transcription

Chromatin is a rather complicated complex. More and more factors have been found involved in
maintaining the stable structure of chromatin and contributing to gene regulation. The DNA sequence
is not the only factor which could decide on gene regulation even though the DNA sequence is the
direct template for the DNA transcription and RNA translation. The transcription mechanism on
chromatinized DNA is nearly the same among different species. First, the activators could bind the
core promoter region and then the adaptors such as SAGA and other mediators are recruited. These
bound activators could in turn facilitate the binding of general transcriptional factors. Pol Il sitting at
the core promoter form the pre-initiation complex with TFIID, TFIIA, and TFIIB and so on (Green et
al. 2005). Pol Il could position at the single strand DNA which are cleaved by TFIIF and further

recruit the elongation factors to perform the RNA synthesis.
1.2.1 Histone modification

Even though the gene expression directly connects to the DNA transcription and RNA translation,
there are still several different factors playing important roles for gene expression regulation. Histone
modifications as important components of the epigenetic regulation mechanisms also regulate the gene

expression.

First, the Pol 1l binds to the promoter region of genes then recruits different factors to the core
promoter to form the pre-initiation complex and initiate the transcription and elongation. However, the
structure of the nucleosome is not static all the time. A lot of protein complexes could induce the
change of the nucleosome structure and further alter the gene expression. One of the major classes of
the chromatin regulators are histone modifications including methylation, acetylation, ubiquitiantion,
ADP-ribosylation, sumolation and phosphorylation. These modifications could be divided into two
different subgroups according to their functions. One subgroup is related to the gene repression, such

as H3K9me, H4K20me and H3K27me. The other subgroup is associated with active transcription
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including acetylation and methylation of H3K4 and H3K36. The precise mechanism of histone
modification involved in the chromatin structure change remains to be unclear but some hypotheses
have been gradually accepted. First, most of these modifications can change the charge of nucleosome
which could alter the interaction between DNA and histones. For example, histone acetylation could
neutralize the positive charge of specific lysine sites leading to an open chromatin architecture
(Shahbazian et al. 2007). The other idea is that the different histone modifications could recruit
different factors to specific loci of the chromatin which could alter the DNA transcription. One of the
examples is that H3K9me could facilitate the binding of HP1 which further forms heterochromatin
(Ayyanathan et al. 2003). These different effects could also happen on one modification. Additionally,
in some cases different modifications could alter the modification state of each other. A well-
characterized example is the H2BK123ub1 could promote H3K4me3 and H3K79me3 (Lee et al. 2010).

At the first beginning, histone modification was considered to be relative stable and to exist on the
histone residues permanently. The only way to remove them is through exchange of the histone
variants and dilution during DNA replication. But with the identification of enzymes which could
remove these histone modifications, a different view was generated. Now histone modifications are
considered to be rather dynamic (Kooistra et al. 2012). The balance between the addition and removal
of histone modification is very important for the proper expression of specific genes. Several
important questions regarding their molecular mechanism and biological roles remain unclear and

more work needs to be done to further our understanding.

1.2.2 Chromatin remodelers

Another major epigenetic regulatory mechanism involved in gene transcription is chromatin remolding.
Chromatin remodeling complexes could alter the contacts between chromatin and DNA through the
power of ATP hydrolysis (Clapier et al. 2009). The structural change of chromatin caused by

remodelers could control gene expression by regulating DNA accessibility.

How is this regulation achieved? Two different outcomes of the chromatin remodeling are generally
accepted. The remodelers could alter the nucleosome packaging to expose the transcription start site
by nucleosome sliding, or nucleosome eviction, or localized unwrapping. The other category could
access the transcription factors into specific DNA sites through change of the composition of the
nucleosome. So far, four different families of chromatin remodeling complexes have been identified
(Flaus et al. 2006). These remodeler families are SWI/SNF family remodelers, ISWI family
remodelers, CHD family remodelers and INO80 family remodelers. They all share one similar ATPase
domain which is split into two parts by different insertions. Each family contains different domains in
or adjacent to the ATPase domain performing different biological function. Also there are some
pioneering studies to show the important role of remodelers for gene regulation during development
(Clapier et al. 2009).
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1.2.3 Histone variants

Histone octamers are wrapped around by DNA sequence to form the core nucleosome particles.
During replication the nucleosomes are disassembled and the existing histones will be randomly

distributed to the newly formed nucleosome and 50% histones are freshly synthesized.

Three of these four canonical histones, H2A H2B and H3, have been proved to have several histone
variants. The differences between these canonical histones and variants range from nearly nothing to
divergent differences (Kamakaka et al. 2005). The variants are mainly distinguished by incorporation
of the chromatin in a DNA replication-independent manner (Skene et al. 2013). Recently, histone
variants received more and more attention in gene regulation because of the change of the chromatin
state due to the replacement of the canonical histones by these variants. Some of these variants exist
globally in eukaryotic animals, for example CenH3, H3.3, H2A.Z and H2A.X. These variants are
proven to be involved in the structure and stability of the nucleosome. The other variants do not exist
globally like MacroH2As, H2A.Bbd and Rotifer H2As. They are expressed exclusively in specific
species or cell lineages (Talbert et al. 2010). The difference between these canonical histones and
variants could be found in just a few amino acids (H3.3) or in the histone tails (MacroH2A) or in the
histone fold domains (H2ABbd) (Li et al. 2007). These histone variants are also involved in regulating
transcriptional activity. One well-characterized variant is H2A.Z which prefers to sit at promoters.
Upon transcription initiation, H2A.Z is evicted and the transcription could be activated (Zhang et al.
2005). In ES cells, loss of H2A.Z impedes the binding of Oct4 in the promoter regions of pluripotency

genes which impairs the pluripotency of ES cells.
1.3 H3K9-specific methyltransferase

Epigenetic modifications are related to diverse biological processes. There are active and inactive
epigenetic modifications which could regulate the binding of transcription factors to the naked DNA
sequences resulting in the expression or the repression of specific genes. Cells with the expression of
specific genes patterns could exhibit different functions. Inappropriate expression pattern in the cells

leads to apoptosis and disease.

The DNA sequences wrapping around the histones to form nucleosomes. The nucleosomes could be
further compacted to form chromatins. The tails of the highly organized chromatin could be modified
by different histone post-translational modifications (PTMs) including phosphorylation, acetylation,
ubiquitination, and methylation and so on (Figurel.2 A). These modifications can contribute to gene
expression and cell fate decisions through the change of the chromatin structure or affect the
interaction of protein complexes with the DNA sequence. Histone methylation has been reported on
arginine, lysine and histidine (Greer et al. 2012). The methylation on lysine is more extensively
studied and occurs as mono-, di-, or trimethylated form on H3K4, H3K9, H3K27, H3K36, H3K79,
H4K20 and others (Figurel.2 B) (Zhang et al. 2001). Among them H3K4, H3K36 and H3K79 are
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considered as the transcriptionally active markers and H3K9, H3K27 and H4K20 are related to
transcriptional repression. H3K9 methylation is a significant repressive modification which is
catalyzed by several different methyltransferases such as Suv39h1, Suv39h2, G9a, Glpl and Setdbl.
In mammals, these methyltransferases have a pivotal role in different biological processes and early
embryonic development. Loss of these methyltransferases leads to the alteration of H3K9 methylation

and severe growth defects.

A
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Figure 1.2 Sites of post-translational modifications on histone tails and the structure of lysine methylation
(Zhang et al. 2001). A) The modifications shown include acetylation (purple), methylation (red),
phosphorylation (green), and ubiquitination (orange) on the tails of H3, H4, H2A and H2B. B) Molecular

structure of lysine and mono-, di-, and tri-methyl-lysine.
1.3.1 Suv39h1 and Suv39h2

Suv39 hl and h2 were the first identified mammalian lysine-preferring histone methyltransferases and
SET domain-containing proteins. The SET domain in Suv39hl and h2 is found and conserved in
several different proteins from different species. Most of these SET domain containing proteins are
considered as chromatin modifiers (Jenuwein et al. 1998). The SET domain is also present in several
different protein families, for example, polycomb and trithorax group (Pc-G and trx-G), acting as
repressors and activators respectively. Among all of these SET domain-containing protein families,
Suv39h family proteins also contain a chromo-domain (The Chromatin Organization Modifier), which

is also conserved and characterized as a chromatin regulator motif. Homologues of Suv39h families


http://www.ncbi.nlm.nih.gov/pubmed?term=Jenuwein%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9487389
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have been identified in different species, for example CLR4 in yeast (Allshire et al. 1995), Su(var)3-9
in drosophila (Sass et al.1998), Suv39h1 and h2 in mouse, and SUV39HL1 in human (Rea et al. 2000).
SUV39h1 and SUV39h2 are the most studied histone methyltransferases (HKMTSs), which play very
important role in pericentric heterochromatin establishment and gene repression (Peters et al. 2001).
Heterochromatin protein 1 (HP1) could contribute to the heterochromatin formation and also mediate
gene silencing. HP1 involves two important conserved chromo shadow domain and chromo domain
and is able to localize at the methylated H3 peptide. In return, HP1 can recruit H3K9-specific

methyltransferases and propagate the H3K9 methylation (Bannister et al. 2001).

In Drosophila, Position effect variegation (PEV) is an interesting way to study heterochromatin
mediated gene silencing. A euchromatic gene will be silenced when it is placed in the neighborhood of
heterochromatins. It has been proposed that HP1la and HP1b could be recruited via the SUV39h
mediated H3K9me3 in pericentric heterochromatin and further interact with DNA methyltransferase
3b (Lehnertz et al. 2003). In Suv39h dn ES cells, H3-K9 trimethylation is drastically decreased in
heterochromatin but the mono- and di-methylation in the euchromatin is not impaired. Suv39hl and
h2 double null mouse could be born but at only sub-Mendelian ratios and show a severe retardation
phenotype. Loss of Suv39hl and h2 severely affect the genetic stability through impairing the

chromosome segregation during mitosis and meiosis (Peters et al. 2003).

1.3.2 G9a and Glp1l

G9a and Glpl are SET-domain-containing molecules which could mainly mono- and di-methylate
H3K9. Recently, the function of G9a and Glpl has been found to be involved in diverse biological
processes therefore more and more interest has been raised on the study of these two methylases
(Shinkai et al. 2011). G9a was the second reported HKMT. G9a deficient cells lacked nearly all the
H3K9me2 and show a significant decrease in H3K9mel which demonstrate that G9a is a major
H3K9mel and H3K9me2 HKMT mainly in euchromatin (Rice et al. 2003). Glp1 encode the G9a like
protein and methylates the same substrate on histones as G9a. However G9a and Glpl cannot
compensate for the function of each other that means the levels of H3K9mel and H3K9me2 are
severely reduced upon the deletion of either G9a or Glp1 and double knockout of G9a and Glpl could
not further reduce the methylation level. G9a and Glpl could perform the methylation function
through the formation of homomeric and heteromeric complexes (Tachibana et al. 2005). Additionally,
the G9a—Glpl heterocomplex also need the binding of Wiz, a multi-zinc finger-containing molecule.
The binding of wiz to the heterocomplex is more stable than the interaction with the homocomplex.
Therefore it is speculated that the G9a—Glpl-Wiz complex exists as the dominant intracellular form
(Ueda et al. 2006).

The relationship between H3K9 methylation and DNA methylation is very complicated. There is a

paper showing that the G9a-Glpl complex silences transcription through mediating not only H3K9


http://www.ncbi.nlm.nih.gov/pubmed?term=Allshire%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=7851795
http://www.ncbi.nlm.nih.gov/pubmed?term=Tachibana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15774718
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but also DNA methylation (Tachibana et al. 2008). DNMT1 can regulate the chromatin structure by
loading of G9a and knockdown of DNMT1 reduces H3K9me2 levels in human cells (Estéve et al.
2006). The function of G9a and Glpl is also closely related to early mouse embryonic development.
Loss of either G9a or Glpl results in the lethality of the mouse embryos at around E9.5 and the
development of the embryos is severely retarded (Tachibana et al. 2005). The epigenetic change
through G9a also plays a very important role in repression of Oct4 during further development
(Feldman et al. 2006). The mono- and di-methylation levels in H3K9 are drastically reduced and the
location of HP1 is also dispersed in G9a or Glpl mutant cell lines. G9a mediated methylation can
induce heterochromatinization via the binding of HP1 in the promoter region of Oct4, subsequently
Dnmt3a/3b which is recruited by HP1 cause the DNA methylation at Oct4 promoter.

1.3.3 Setdb1l

Setdbl was first identified in a human myelogenous leukemia cell line (Nomura et al. 1994). Setdbl,
called Eset in mouse, was isolated from mouse hematopoietic cells through a yeast two-hybrid library
of ERG and is 92% identical to human Setdbl (Yang et al. 2002). Setdbl consists of Tudor, MBD1
and SET domain. These domains have potential functions to mediate the interaction of proteins and
regulated gene expression. Additionally, Setdbl can form different complexes with different partners.

These different complexes are involved in different biological processes.

Gel filtration experiments in HelLa cells showed that Setdbl is co-eluted with a 200kD protein.
Through Setdbl immunoprecipitation and Mass spectrometric analysis this big protein was identified
as mouse ATFa-associated Modulator (Atf7IP) (Wang et al.2003). Knock-down of Atf7ip cannot
affect the expression level of Setdbl but it results in a decrease of H3K9me3 and the increased level of
H3K9me2 both in vitro and in vivo (Wang et al. 2003). In a reconstituted chromatin transcription
system, Atf7ip improves the repression function of Setdbl through the conversion of H3K9me2 to
H3K9me3 in the promoter region of specific genes. In a yeast two-hybrid experiment using the PHD
finger and bromodomain of Kapl as bait, Schultz (Schultz et al. 2003) found that Kapl was associated
with Setdbl. The pull down experiment with flag-tagged Setdb1 also proved that Kap1l is an interactor
of Setdbl in HEK293 cells. In the KRAB—Kapl repression system, Setdbl could enhance the H3K9
methylation and the binding of HP1a on an endogenous promoter region. Based on their results they
suggested that Kap1 acts as a molecular scaffold protein which could bind to specific promoter regions
through the KRAB proteins and then recruits Setdbl to establish the H3K9me3. Further H3K9me3
recruits HP1 to facilitate the nucleation of facultative heterochromatin and repress the gene expression
(Schultz et al. 2003). However, H3K9me3 is not only used as a repressive marker in euchromatin.
During the ES cell differentiation process, H3K9me3 which is assumed to be formed by Setdbl in the
upstream of mesendoderm genes can recruit the binding of Trim33 and displace HP1. Two nodal-
induced Smad proteins cooperate to facilitate the activation of mesendoderm genes and initiate the

mesendodermal cell commitment (Xi et al, 2011).



15 INTRODUCTION

From in vivo and in vitro experiments, Sarraf showed that Mbd1 could bind Cafl and Setdbl with
different domains, thus they suggested that these three proteins probably form a complex together
(Sarraf et al. 2004). Co-IP experiments showed that Setdbl and Mbd1l interacted with each other
during all the cell cycle phases. Cafl which functions in S phase could only be coimmunoprecipitated
by the other two proteins at that time point. This experiment demonstrated that Caf-1/Mbd1/Setdbl
complex can only be formed during DNA replication and the H3K9me3 could be established by
Setdbl during the chromatin assembly before H3 and H4 dimers are loaded into DNA to form
chromatin (Sarraf et al. 2004). Setdbl is also involved in somatic cell reprogramming. Loss of Setdbl
affects the efficiency of reprogramming from somatic cells to iPS (Onder et al. 2012). Loss of Setdbl
also facilitates the reprogramming of the pre-iPSC which is an intermediated stage of iPSC into the

iPSC through loss of H3K9me3 in the promoter regions of pluripotent factors (Chen et al. 2013).
1.4 Lineage decisions during early embryonic development

Differentiation and proliferation of the pluripotent cells during early embryonic development are
extremely important for the normal growth of the animals. After fertilization, zygotes start to perform
division and proliferation. Spatial and temporal regulation of specific gene expression and a diversity
of signaling pathways are involved in these processes (Saiz et al. 2013). The first cell fate decision
occurs in the morula stage and two different cell lineages, trophectoderm cell lineage and inner cell
mass (ICM), are generated based on the distinct apical-basal polarity and transcription factor network
(Takaoka et al. 2012). These two different cell types in the blastocyst show exclusive expression
between the trophectodom cell lineage markers Cdx2 and the pluripotency-associated transcription
factors Oct4 and Nanog. Before the cell fate decision occurred these markers are expressed randomly
in the blastocyst, gradually the Cdx2 is restricted to the outside cells which becomes trophectoderm

and Oct4 and Nanog are confined to the inner cell mass (Niwa et al. 2005).

The second wave of differentiation during early embryonic development happens in the ICM which
can differentiate into epiblast and primitive endoderm, however the mechanism underlying this
process is still elusive (Morris 2011; Yamanaka 2011). It coincides with a variety of cell behaviors and
selective apoptosis (Plusa et al. 2008) and not only relies on the position of the cells (Chazaud et al.
2006). Considering the gene expression regulation related to this process, Gata6é and Nanog co-express
in the ICM. During further development, Gata6 positive cells move out from ICM and are restricted to
the primitive endoderm region. Nanog positive cells become mutual exclusive with Gataé and only

exist in the epiblast.
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Figure 1.3 Lineage segregation in the blastocysts (Arnold et al. 2009). A) At E2.5, the overlapped expression
of two transcription factors, Cdx2 and Oct4, in the blastomere. At E3.0, the expression of Cdx2 and Oct4
becomes exclusive. At blastocyst stage Oct4 positive cells localize in the inner cell mass and Cdx2 positive cells
are restricted to the outside to form Trophectoderm. B) At early blastocyst stage, the transcription factors Nanog
and Gata6 are randomly and exclusively expressed in the inner cell mass. At E4.5 the Gata6 positive cells move
to the distal surface of the ICM to form primitive endoderm and Nanog positive cells give rise to the pluripotent

epiblast.

The formation and correct placement of the primitive streak is an important step for the onset of
gastrulation to form three different germ layers (Tam et al. 2007). The Nodal signaling pathway is
important for the epiblast patterning and the correct placement of the primitive streak. Cerl and Leftyl
which act as the antagonists of Nodal could regulate the activity of Nodal signaling and guarantee the
correct movement of the primitive streak from the anterior to the posterior epiblast (Perea et al. 2002).
Wnt3 signaling is also necessary for the primitive streak formation at the posterior epiblast and is
considered to activate a feedback loop to maintain Nodal expression (Ben et al. 2006).These three
germ layers, ectoderm, mesoderm and definitive endoderm, are formed from the epiblast through the
primitive streak (Figure 1.4) (Sebastian et al. 2009). Mesoderm is formed by the ingression of the
epiblast through the primitive streak to generate a new layer between epiblast and visceral endoderm.
The endoderm germ layer is derived from the mesendoderm in the anterior primitive streak region.
Mesendoderm can generate the precordial plate, the node, the notochord and the definitive endoderm
(DE) cell lineages. The nascent DE cells move onto the outer surface of the embryo and disperse

visceral endoderm cells. The formation of ectoderm does not need the migration of the epiblast though
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the primitive streak. It is just derived from cells in the distal and anterior region of the epiblast and
considered as the default state of epiblast differentiation (Camus et al. 2006). Mechanisms underlying
these processes are rather complicated and genetic studies identified that several transcription factors
cooperated with each other to pattern anterior-posterior polarity in the mouse embryo and orchestrate
the three germ layers formation.

Posterior
primitive streak
Brachyury”
Anterior
visceral

endoderm
Mesoderm

Proxi Anterior primitive streak
roximal Brachyury*
. Foxa2*
Anterior 4—1-» Posterior Definitive
; endoderm
Distal

Figure 1.4 Mouse germ layer formation (Murry et al. 2008). Epiblast egresses from the primitive streak to

form mesoderm and endoderm. Brachyury and Foxa2 are mesendoderm markers.

1.5 Wnt and Nodal signaling pathways regulate endoderm differentiation during early

embryonic development

Cell fates could be specified through different signals during development. A number of signaling
pathways, for example Wnt, TGF-beta, FGF and BMP4, have been identified. The interplay of several

different signaling pathways could strictly regulate the development of tissue and organs.

During development, the Wnt signal plays very important roles for cell fate specification in
proliferation, migration and cell death. So far at least three Wnt signaling pathways are identified
containing the canonical Wnt/ beta-Catenin signaling pathway, the 'non-canonical' Wnt/Ca2+ pathway
and the Wnt/PCP pathway (Cadigan et al. 2006). The canonical Wnt signaling pathway is well
understood and is conserved in different species. In the absence of Wnt signal, Beta-catenin could
interact with a destructive complex containing CK1Alpha (Casein Kinase-1-Alpha), GSK3Beta
(Glycogen Synthase Kinase-3-Beta), AXIN (Axis Inhibitor) and the APC (Adenomatous Polyposis
Coli) protein. This interaction will induce the phosphorylation of beta-Catenin and promote the
interaction with beta-TRCP (Beta-Transducin Repeat-Containing Protein), a component of the E3
ubiquitin ligase complex, which results in the ubiquitination of beta-Catenin and degradation by the

proteasome. In the presence of Wnt signaling, Frizzled which is the receptor of Wnt will activate the
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Dishevelled protein which could enhance the phosphorylation of GSK3 Beta. The activation of
Dishevelled protein could inhibit the ability of GSK3 Beta. Afterwards beta-Catenin will be set free
from the Axin complex and accumulates in the cytoplasm in an unphosphorylated state. Due to the
accumulation beta-Catenin is translocated into the nucleus. Without the induction of Wnt signaling,
LEF (Lymphoid-Enhancing Factor) and TCF (T-Cell Factor) cooperate with Groucho and CTBP
(COOH-terminal Binding Protein) to repress gene expression. In the presence of Wnt signaling
binding of beta-Catenin to TCF/LEF converts the repressive activity of TCF/LEF into transcriptional
activity which could activate the specific target genes. The regulatory mechanism is also related to
structural changes in chromatin. It has been shown that the histone acetyltransferase CBP (CREB-
Binding Protein) and the chromatin-remodeling complex SWI/SNF could interact with beta-Catenin to
activate transcription (Klaus et al. 2008). The Wnt family consists of at least 16 members in the mouse
which is secreted cysteine-rich glycoproteins. The Wnt signaling pathway is an essential molecular
pathway for the differentiation of the primitive streak (Nakanishi et al. 2009). Deletion of Wnt3a
impairs the development of the mesendoderm lineage and instead promotes neuralization (Yoshikawa
et al. 1997). Ablation of beta-catenin in the definitive endoderm results in the lethality of early

embryos and switches the cell fate from endoderm to precardiac mesoderm (Lickert et al. 2002).

The nodal signaling pathway is another important molecular pathway which is implicated in the
specification of the primary body axis and the formation of mesoderm and endoderm (Whitman.
2001). Nodal pathway ligands belong to the transforming growth factor-beta (TGF-B) superfamily
which could bind the type | and type Il serine-threonine kinase receptors. The activation of the type |
and type Il serine-threonine kinase receptors phosphorylate Smad2 and/or Smad3 in the cytoplasm
which then interact with Smad4 to form a complex which translocates into the nucleus. In the nucleus
the formed complex could interact with co-activators and other transcription factors to regulate gene
expression. Additionally, Lefty and Cerl are considered as extracellular inhibitors of the nodal
signaling pathway and impair the binding of nodal to the receptor. In the mouse, nodal is expressed in
early embryogenesis before and during gastrulation. Nodal signaling is crucial for the early patterning.
Before gastrulation nodal is expressed throughout the epiblast and is important for the formation of
extraembryonic ectoderm and visceral endoderm. Later the expression of nodal is localized to the
posterior part of the embryos and contributes to the formation of the primitive streak (Norris et al.
1999). Upon loss of nodal, the primitive streak cannot be formed and expression of mesendoderm
genes is decreased. The migration of the extra-embryonic mesoderm from the posterior streak is

dramatically reduced in nodal mutant embryos (Brennan et al. 2001).

During embryogenesis, the expression of the core pluripotency transcription factors will be shut down
and the inner cell mass starts to differentiate into epiblast and visceral endoderm. They further form
the outer and inner layers of the gastrula embryo. The trophectoderm gives rise to the extraembryonic

part which generates supportive tissue for the future development of the embryo through providing
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nutrients and oxygen. During development a subset of the epiblast ingresses into the primitive streak

and generates mesendoderm which further differentiates into mesoderm and endoderm.

The manipulation of early embryos is relatively difficult as they are very small and it is difficult to get
enough litters, especially it is hard to collect enough material to perform molecular analyses. The
establishment of in vitro differentiation systems from stem cells towards multiple cell lineages allows
studying the molecular mechanism regulating cell lineage induction and specification. In vitro
differentiation of ES cells into different cell lineages provides a system to study the influence of
different factors during early embryogenesis. There is a correspondence of the developmental pathway
of the cells in vivo and in vitro. The factors which could influence the developmental processes
between ES cells and embryos are also similar. Thus in vitro study for the molecular mechanism of the
early embryonic development is an efficient replacement for the in vivo study. Importantly, in vitro
differentiation can produce enough material to study molecular mechanisms. ES cells are pluripotent
and possess the potential to differentiate into almost all cell lineages. Therefore a lot of work has been
conducted to establish proper methods to induce the differentiation of pluripotent stem cells into
specific cell lineages. The easiest and most common way to generate three germ layers in vitro is to
use the embryo body formation which was established around 30 years ago (Doetschman et al. 2005).
The EB could also form three different germ layers but the structure of the EB is far less organized
than the actual embryos and it is still difficult to study single cell lineages. For better analysis of
specific cell lineage differentiation, it is required to use a defined situation to obtain a high purity of
cells. Even though a lot of effort has been made it is still difficult to generate all different cell types
(Nishikawa et al. 2007). So far some defined culture conditions have been identified and to some
extent the change of the transcription factors for the specific stages in vitro could reflect the in vivo
situation. Culturing the ES cells in the conventional serum-free medium could produce
neuroectodermal cells which express the specific neuroectodermal genes such as Sox1 (Ying et al.
2003). Treatment of the ES cells with the combination of activin A and retinoic acid lead to the
differentiation of ES cells into the mesoderm cell lineage (Oeda et al. 2013). Definitive endoderm and
visceral endoderm can be derived by the culture in serum free medium through the intermediate stage
of mesendoderm with the induction of different concentrations of activin A (Yasunaga ei al. 2006) and
Whnt3a (Nakanishi et al. 2009). With the deeper understanding of the embryonic development, more

methods will be established for different cell lineages differentiation.

1.6 Epigenetic mechanism regulation is connected to ES cell pluripotency and cell

lineage commitment

During development, gene expression patterns are strictly controlled. It is required that some critical
genes are spatially and temporally expressed according to the defined conditions. Chromatin
conformation is altered during the cell fate change from the pluripotent stem cell to specific cell
lineages. In ES cells and inner cell mass, chromatin is largely open while during development the

chromatin of differentiated cells becomes blocked and heterogeneous (Orkin et al. 2011). It is known
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that the chromatin structure affects cell fate determination. A large number of chromatin modifiers are
indicated to interact with pluripotency factors and developmental regulators. Loss of these genes leads
to severe defects in ES cells pluripotency and cell lineage commitment.

The NuRD complex could interact with the core pluripotency transcription factors Oct4 and Nanog
(Liang et al. 2008) and loss of MBD3 which is a component of NUuRD impairs the pluripotent state of
ES cells (Kaji et al.2006). This could be caused by the abnormal differentiation to the trophectoderm
cell lineage (Zhu et al. 2009). Polycomb complexes gain a lot of attention for the involvement in
diverse biological processes and PcG proteins are also related to ES cell differentiation. Deletion of
PcG proteins leads to developmental defects and embryonic lethality in mice (Surface et al. 2010).
PcG proteins bind to a large cohort of developmental regulators and repress the expression of these
genes in ESCs (Boyer et al. 2006). It is also interesting how PcG-repressed cell-lineage genes maintain
the potential for activation during development. These genes are in a bivalent configuration enriched
with H3K27me3 and H3K4me3 and can easily switch on or off during differentiation. Moreover there
is also evidence that PcG proteins could mediate Hox gene repression through changes in chromatin
structure (Eskeland et al. 2010). Chromatin modifier, such as Swi/Snf complexes, can occupy core
pluripotency factors and repress their expression through chromatin compaction (Schaniel et al. 2009).
Oct4 directly regulates the expression of the epigenetic regulators Jmjdla and Jmjd2c. Both of these
genes regulate the expression of Tcl and Nanog, through the demethylation of H3K9me3 and
H3K9mez2 in the promoter region (Loh et al. 2007).

1.7 The Functions of Setdbl during development

Setdbl was shown to be important for early embryonic development as loss of Setdbl in the mouse
leads to lethality of the embryos in the peri-implantation stage and the Setdbl deleted blastocyst
cannot give rise to ES cells. Additionally, loss of Setdbl cannot alter the global level of di and tri
methylation of H3K9 rather than in specific loci (Dodge et al. 2004). There is a study showing that
Setdbl cooperates with Oct4 to confine the expression of Cdx2 to maintain the pluripotent state of
embryonic stem cells (Yuan et al. 2009). From Chip-seq data we know that Oct4 is enriched in the
gene body of trophectoderm specific cell lineage genes, such as Cdx2 and Tcfa2a. Through colP
experiments, Oct4 and Setdb1 were shown to bind to each other. Deletion of Oct4 leads to the reduced
binding of Setdbl to Cdx2 and Tcfa2a and the enrichment of H3K9me3 and H3K9me2 at these loci is
reduced. The loss of Setdbl also reduces the enrichment of H3K9me3 and H3K9me2 at Tcfa2a and
Cdx2 loci however does not harm the binding the Oct4 to these loci. Taken together, these results

show that Oct4 recruits Setdbl to repress the expression of Tcfa2a and Cdx2 through H3K9me.

A RNAI screening assay also proved that the knock-down of the genes which are associated with
H3K9 methylation, H3K27 methylation and acetylation can impair the pluripotency of the ES cells

(Lohmann et al. 2010). Disruption of the expression of Setdb1 produces a similar effect as the loss of
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Oct4 in influencing the ES cell state. Setdb1 Chip-seq analysis shows that Setdbl occupies the core
promoter regions of 2232 genes. Among them, 48% of these genes show active transcription and are
also occupied by Pol 11 and active transcription markers. Only 52% of Setdbl binding sites appear to
be transcriptionally repressed. Interestingly most of the repressed genes are developmental genes. 38%
of the repressed genes show co-localization of Setdbl and PRC subunit Suz12 which is a repressive
factor (Hansen et al. 2008). Setdb1 functions as a methyltransferase and is implicated in the repression
through H3K9 methylation. H3K9me3 Chip-seq indicated that nearly all of the H3K9me3 occupied
euchromatin genes are also co-localized by H3K4me. There are only 22% of the genes which are
localized by H3K9me3 also bound by Setdbl. This could be caused by other methyltransferases and
demethylation on some sites. Setdbl-bound genes which have the highest density of H3K9me3 are
also co-occupied by H3K4me3 and H3K27me3. Loss of Setdbl in ES cells results in the deregulation
of some of these genes which are occupied by Setdbl and enriched for H3K9me3, H3K27me3 and
H3K4me3. Some of these derepressed genes are also overlapped with targets of polycomb repressed
genes (Lohmann et al. 2010). From these results, we assume that Setdb1 is involved in the regulation
of some developmental genes and probably cooperate with PcG proteins to regulate gene expression

on specific genomic loci.
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AIM OF THE THESIS

Epigenetics is connected with diverse biological processes. More and more researches show that
epigenetic alterations results in severe diseases and developmental defects. The mechanisms
underlying these processes remain unclear. During development, transcription programs which are
mediated by different transcription factors are changing in order to generate different cell lineages. It
is still elusive how these transcription factors target specific binding sites in the genome. Histone
lysine methylation is a very important modification which could control gene expression (Kouzarides.
2007). Our lab is interested in mechanisms of transcriptional repression by the histone modifications
H3K9me3 and H4K20me3. Thus it was very interesting for us to determine the functions of Setdbl,

which is a pivotal methyltransferase for H3K9me3 in euchromatin, during development.

As loss of Setdbl leads to early embryonic lethality at around E6.0, it is difficult to study the function
of Setdbl during development. So far there is little knowledge about the function of Setdbl in
different developmental processes. In order to study the spatial and temporal function of Setdbl, we
used conditional Setdbl1 knockout mice and induced the deletion of Setdbl specifically in endoderm.

In this work | addressed the following questions:
What is the phenotype when Setdbl is specifically deleted in the endoderm lineage?

Upon loss of Setdbl, embryos die at a very early embryonic stage and ES cells cannot maintain
pluripotency, but we have no clue if Setdbl is also involved in endoderm development and if the
specific loss of Setdbl in the endoderm cell lineage causes any developmental defects. First, we need
to investigate the phenotype upon deletion of Setdbl in the endoderm. Second, if the embryos show
phenotypic defects, we will identify the exact structural changes of the mutant embryos during

development.
The potential regulatory mechanism of Setdbl for endoderm lineage commitment

We already know that Setdbl could interact with a lot of regulatory factors and regulates gene
expression in several different cell types and biological processes. But we do not know if Setdbl
interacts with specific factors to regulate gene expression during endoderm development. Detecting
the interactors of Setdbl in this spatial and temporal time point could better help us to figure out the
function of Setdbl during endoderm development. It is important to figure out the potential
mechanism how Setdbl regulates genes expression in endoderm and if Setdbl target genes directly or
indirectly influence embryonic development. It is also interesting to identify if Setdbl is involved in

specific signaling pathways which are important for endoderm development.
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2. RESULTS

2.1 Establishment of Setdb1 conditional knockout mice

2.1.1 Genomic locus of Setdbl1 and knockout strategy

Setdbl has been proven as a H3K9 trimethylase and plays an essential role during mouse development.
Deletion of Setdbl results in the lethality of early embryos. In order to overcome this early lethality
issue, we used Setdbl conditional knockout mice which allowed us to study the function of Setdbl in
specific tissues and time points. The figure below (Figure 2.1 A) shows the schematic of the
conditional Setdbl knockout allele. Setdbl exon 4 is flanked by loxP sites and could be cut off by the
introduction of Cre recombinase. There is a beta-galactosidase (B-gal) insertion which is flanked by
FRT sites before exon 4. B-gal could be removed by introduction of Flp recombinase. As B-gal is
under the control of the endogenous promoter of Setdbl, the expression of B-gal reflects the
endogenous expression of Setdbl. Removal of exon 4 from the Setdbl flox allele leads to a frame shift

mutation in Setdbl and could only give rise to a severely truncated protein.

In order to obtain Setdb1™"* mice, we first crossed Setdb1”%"* mice with Flp mice which could
generate a Setdb1"™* mouse line by removing the B-gal insertion. Then, we intercrossed Setdb1"**
mouse with Setdb1"* mouse to get Setdb1"*"*homozygous mice. Using Setdb1""** mice, we can
excise exon 4 by introducing the Cre recombinase at different time points and in different organs.
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Figure 2.1 Schematic of Setdbl knockout alleles and knockout strategy. A) Schematic of Setdbl deletion
strategy. The B-gal allele could be converted to a flox allele by introduction of Flp recombinase. Exon 4 could be
excised by introduction of Cre recombinase. B) Gel pictures show genotyping results for individual Setdbl

alleles.

2.1.2 Generation of conditional Setdb1 knockout MEF and ES cell lines

Setdb1""* MEFs and ES cells were obtained from Setdb1""* mice. Exon 4 of Setdbl can be
deleted by the introduction of Cre recombinase. For the further analysis of the function of Setdbl, we
deleted Setdbl by infecting the Setdb1™"* MEFs with an adenovirus which expresses Cre-
recombinase or control virus. Four days after infection, we tested the deletion rate of Setdbl by PCR.
A prominent PCR band detecting the deleted allele could be detected indicating efficient
recombination of the loxP site (Figure 2.2).

Ad-cre  Ad-EGFP  + = M

Setdb 1™

Figure 2.2 Deletion of Setdbl with Cre-expressing adenovirus. Setdb1 delta band could be detected after the

infection with adenovirus expressing Cre recombinase (Ad-Cre) but not with the control virus (Ad-GFP).

In order to get stable Setdbl deficient cell lines, four days after virus infection single cells were
selected. These cells were expanded and checked for deletion of Setdbl. The loss of Setdbl was
proven by PCR and western blot (Figure 2.3).
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Figure 2.3 Setdbl deletion in single cell clones. A) Loss of exon 4 of Setdb1 in independent knock-out clones.
In the single cell clones, clone2 and clone3, no flox band could be detected but the flox band could be detected in
the parental cell line (E126-5). The delta band is clearly detectable in the mutant clones but not in the parental
cell line. B) Setdb1 protein is lost in Setdb1%" iMEFs (clone2). Nuclear extract was isolated from mutant and
wild type cell lines. As the commercial Setdbl antibody is not promising for western blot (showing two bands),
we used Setdb1 antibody which was generated by ourselves. The Setdbl band is absent in the lane of Setdb1%"

iMEFs nuclear extract.

After generating Setdbl deleted MEFs, we wanted to test if loss of Setdbl leads to changes in the
expression of genes which are controlled by this epigenetic regulatory mechanism. Imprinted genes
are good candidates as it has been shown before that imprinting control region (ICR) present in the
imprinted gene clusters are occupied by DNA methylation and H3K9me3. Changes in these
modifications affect the expression of imprinted genes (Koerner et al. 2009). We checked two well-
studied imprinted genes 1gf2 and H19 in Setdbl mutant MEFs. We found both of these genes are
down-regulated (Figure 2.4).
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Figure 2.4 Loss of Setdbl affects the expression of imprinted genes. Imprinted genes are tested in the parental
cell line and two Setdb1 mutant cell clones (Clone2 and clone3). Igf2 and H19 are both down-regulated.

This result revealed that Setdbl is important for the regulation of imprinted genes. In order to control
the deletion of Setdbl in cells more precisely, we infected Setdbl™™* pMEFs (E163-3) with

inducible Cre recombinase virus. The stable transfected Cre recombinase is fused to a mutated
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hormone binding domain of the estrogen receptor. Without stimulus of tamoxifen (4OHT), estrogen
receptor fused to Cre recombinase is confined to the cytoplasm. However, addition of 4OHT will
translocate Cre-ER recombinase into nuclei to excise loxP flanked target genes (Hirrlinger et al. 2009).
The expression of imprinted genes was tested at day0 (without induction), day3, day5 and day7 after
the induction of 40HT in the Setdb1™"* pMEFs. At day3 after transfection, Setdb1 was lost and the
expression of the imprinted genes Igf2 and H19 was reduced by half. These two genes were more
strongly reduced at day5 and day7 after deletion of Setdbl (Figure 2.5).

Imprinted gene expression

Relative expression level

Figure 2.5 Imprinted genes Igf2 and H19 are reduced upon deletion of Setdbl in the primary MEFs. The
expression level of 1gf2, H19 and Setdb1 in Cre transfected Setdb1™¥™* pMEFs (E163-3Cre) is tested upon
deletion of Setdbl at different days with 4OHT induction.

As was already shown, the deletion of Setdbl in ES cells results in the differentiation of pluripotent
ES cells into trophectoderm cell lineage (Yuan et al. 2009). In order to control the deletion of Setdbl
in ES cells, we infected Setdb1™™ ES cells (B32-3) with inducible Cre recombinase virus. The
deletion rate of the inducible Cre in ES cells is efficient. We can see after 2 days induction with 4OHT,
nearly 70% of Setdbl is deleted in the genome and the RNA level is clearly reduced. At day 4 the
deletion rate of Setdbl reached 90% (Figure 2.6). According to this result, these inducible Cre

construct transfected cells could be used to induce the deletion of Setdbl in a simple way.
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Figure 2.6 Deletion rate of Setdbl in ES cells with inducible Cre. A) PCR for Setdbl flox and delta allele.
Strong band can be detected in Setdb1™¥™°* ES cells (B32-3). Very weak Setdb1 flox band can be detected
after day 2 and day 4 of 4 OHT induction. The Suv4-20h2 band acts as a control. B) gPCR analysis for the
deletion of Setdb1 in the genomic level in Cre transfected Setdb1™™* ES cells (B32-3) after day 2 and day 4
with 40OHT induction. C) Quantification of Setdb1 transcripts in Cre transfected Setdb1"¥™* ES cells (B32-
3) after day 2 and day 4 with 4OHT induction.

To check the spatial and temporal function of Setdbl during mouse endoderm development, Setdbl
should be specifically deleted in endoderm lineage cells. We crossed Setdbl™™™ mouse line with a
Sox17-Cre mouse line. Sox17 is an endoderm lineage marker and is mainly activated in visceral and
definitive endoderm (Kanai et al. 2002). Cre recombinase is under the control of the Sox17 promoter
which means the Cre recombinase is only expressed in cells which initiate the expression of Sox17.
When the Setdb1™™* mouse line is crossed with the Sox17-Cre mouse line, we get a Setdbl mutant
line with specific deletion in endoderm cells (Setdb1™P). In Setdb1™™" mutant embryos, deletion of
Setdb] mainly happens in gastrulation stage corresponding to the expression of Sox17, thus we were

able to obtain Setdb1™™" ES cells.

Even though we got Setdb1™"*; Sox17-cre mutant ES cells (Setdb1™""), it would be difficult to test
the deletion rate of Setdbl and differentiation efficiency cannot be guaranteed. Another drawback is
that it would be difficult to get a pure endoderm cell population by in vitro differentiation as there is
no proper endoderm surface marker for sorting. Thus we introduced the EGFP Cre-reporter which
could be used for monitoring the differentiation and for sorting the differentiated cells for further
analyses. The EGFP signal is activated by the Cre-mediated excision of a translation stop signal
between CAG promoter and EGFP. Sorting for EGFP expression thus results in a pure endoderm cell
population that has activated Sox17.

Our strategy was to cross Setdbl™"™;

Sox17-Cre mouse with the EGFP-reporter mouse line
(Kawamoto et al. 2000). The following genotypes containing Setdb1™¥"* Sox17-Cre; EGFP-reporter
as mutant mouse (Setdbl EGFP mutant) and Setdbl™*; Sox17-cre; GFP-reporter (Setdbl EGFP

control) as control mouse. We assume that deletion of exon 4 occurs in the same cells as activation of



RESULTS 28

the EGFP reporter (Figure 2.7). Using this system, we can thus perform in vitro and in vivo

experiments to trace Setdbl deleted cells and it is easy to sort differentiated cells for further analysis.
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Figure 2.7 Schematic for obtaining the Setdbl EGFP-reporter mouse line and Cre-mediated

activation of EGFP during endoderm differentiation

In this strategy, we first needed to check if EGFP can be activated and if this activation is based on the
expression of Sox17 in vivo. We performed a staining of Sox17 and EGFP in Setdbl EGFP control
embryos and embryos without Sox17-Cre (Figure 2.8). In the Sox17-Cre negative embryos, there is no
EGFP staining meaning no EGFP leakiness happened in the embryos. For the embryos containing
Sox17-Cre, we can see an overlap between Sox17 and EGFP staining. All of these EGFP positive cells
are restricted to the endoderm region. The overlap of these two different staining indicates that the

expression of EGFP is activated by the expression of Sox17.
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Figure 2.8 EGFP signal is activated by Sox17-Cre upon differentiation. In the Sox17-Cre negative embryos,
there is no EGFP staining and Sox17 is restricted to the endoderm region. In the Sox17-Cre embryos (EGFP
control embryos) Sox17 is expressed in the endoderm region and the EGFP staining is activated and overlapped

with Sox17.

Based on the in vivo experiment, the EGFP reporter can be activated during development. We now
used this system to derive Setdbl EGFP control and mutant ES cells. Notably, our isolated Setdbl
EGFP ES cells cultured under standard ES cell conditions could show EGFP signals. This could be
due to the transient expression of Sox17 in the blastocysts or spontaneous expression of Sox17 in ES
cells which would lead to the permanent activation of EGFP reporter. Closer inspection revealed EGFP
positive colonies during the first passages of the freshly isolated ES cells (Figure 2.9). That is probably
due to the fact that in blastocyst stage embryos inner cell mass cells can randomly express Sox17
which is normally shut down during later development, however the EGFP reporter cannot be
switched off even Sox17 expression ceases. In order to eliminate the EGFP positive ES cells we
picked single colonies which were EGFP negative and expanded these colonies for further analyses.
Upon in vitro endoderm differentiation, EGFP can only be activated in the Sox17 expressed endoderm

cells.
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Figure 2.9 EGFP signal can be activated in the first passage of the isolated ES cells. We split the outgrowth
of the inner cell mass from the blastocyst (EGFP control embryos) to get ES cell colonies. There are colonies
showing EGFP signals. Arrows show the colonies with EGFP signal. Arrowheads point to the colonies without

EGFP. We picked up and expanded the EGFP-negative cell colonies for further analyses.

2.1.3 Generation of Setdb1 knock-in cell lines

Setdb] acts as a histone methyltransferase and does not contain a DNA binding domain. In order to
understand targeting pathways, we wanted to screen for Setdbl interaction partners. Some proteins
were already identified to interact with Setdbl in different cell types and biological processes (Fritsch
et al. 2010; Wang et al, 2003). However, the interactors of Setdbl in ES cells and endoderm cells are
not clear. As the available Setdbl antibodies in our hand were not applicable for IP experiments, in
order to further figure out how Setdbl performs its function in ES cells and during developmental
processes we generated Setdbl knock-in cell lines with a HA-3xFlag tag. The knock-in ES cell line
was established by homologous recombination of HA-3xFlag tagged Setdbl into the endogenous
Setdbl locus. This affinity-tag is fused to the C-terminus of Setdbl and replaces the stop codon. There
is a FRT-flanked neomycin cassette following the affinity-tag which could be used to carry out the
neomycin selection (Figure 2.10 A). The insertion of the affinity tag was confirmed by PCR
amplification in the knock-in specific regions and FLAG western blot (Figure 2.10 B). We could then
use this Setdbl knock-in cell line to perform pull down assays to identify interaction partners of

Setdbl at the endogenous expression level in ES cells and during differentiation.
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Figure 2.10 Generation of Setdbl HA-3XFLAG knock-in ES cells. A) Targeting strategy for Setdbl HA-
3XFLAG ES cells. The HA-3XFLAG double tag replaces the STOP codon of Setdbl and is followed by a FRT-
flanked neomycin resistance gene which is used for positive selection. B) Successful homologous recombination
in clone K9D2 was confirmed by PCR amplification of knock-in specific regions. Flag western blot of control vs.

knock-in cells proofed expression of HA-3xFLAG-tagged Setdb1.

After the generation of the Setdbl knock-in cell line, we performed pull-down experiments to identify
the interaction partners of Setdbl by using the 3xFLAG tag. First we optimized the condition for the
Setdb1 pull down experiment. We tried to extract Setdbl with different salt concentration. The biggest
amount of soluble Setdbl protein could be extracted with 300mM salt in comparison to the 150mM
salt extraction with or without sonication (Figure 2.11A). Overnight incubation of the protein extract
with the beads resulted in the binding of unspecific proteins. For example Kapl can bind to the
agarose beads in the wild type ES cell extract after overnight incubation but cannot bind to the beads
after 2 hours of incubation (Figure2.11 B and C). In order to avoid the unspecific binding proteins, we
decided to use mild binding conditions: 300mM salt extraction and 2 hour binding at 4 degree Celsius.
Using this condition, Setdbl can be highly enriched and only the strong interaction partners can bind
to the beads (Figure 2.11 D and E). We eluted the binding proteins from beads and performed mass-
spec analysis which could identify the strong and direct interactors of Setdbl.
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Figure 2.11 Optimization Setdbl IP experiments. A) Extraction of Setdbl from nuclei using different salt

concentrations. 300mM salt without sonication could extract the highest amount of soluble Setdbl. B)
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Unspecific binding of KAP1 to the FLAG beads. KAP1 could bind to the FLAG beads after o/n incubation with
beads and nuclear extract of wild type ES cells. C) FLAG western blot proved the binding of Flag-tagged Setdb1
to the beads. D) No KAP1 binds to the beads and FLAG-tagged Setdb1 after 2 hours incubation. E) Setdbl could
be highly enriched with the beads after 2 hours incubation.

After the pull-down experiment, we run the eluted samples in an SDS-PAGE gel and cut each lane into
8 pieces. Through tryptic digestion, the proteins were cleaved into peptides and subjected to
LC/MS/MS analysis. We performed two replicate experiments. In the first replicate, we could identify
147 proteins enriched by Setdbl. 191 proteins were identified as potential interactors of Setdbl in the
second replicate. When we compared the two datasets, we could find 110 proteins to overlap in the
two replicates (Figure 2.12). By analyzing these data we found some binding proteins of Setdbl in our
list that had been previously reported to interact with Setdbl. For example, the interaction of Setdbl
and Atf7ip, Dnmtl, Glpl and Trim28 has been found in different cells and biological processes
(Fritsch et al. 2010). Atf7ip is the most enriched protein in our list. Atf7ip is a co-transcription factor
which could interact with several different factors to regulate transcription and was found to form a
complex with Setdbl to facilitate the conversion of di-methylation to tri-methylation in HeLa cells.
The pull down experiment proved the interaction of Setdbl with Atf7ip in ES cells. Setdbl plays an
essential role for gene regulation in ES cells, however the mechanisms underlying its regulation are
still elusive. Our finding that Atf7ip interacts with Setdbl in ES cells suggests important function for
Atf7ip in targeting Setdb1 to specific DNA regions or in regulating its activity.

Proteins enriched by Setdbl IP

prep-1 110 prep-2

81 37

2.12 110 proteins were enriched with Setdb1 in 2 replicates of Setdb1-FLAG IP.
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2.2 Phenotypic defects of mutant embryos upon deletion of Setdbl in
endoderm

2.2.1 Expression profile of Setdbl during mouse development

In order to detect the expression of Setdbl during early developmental stages of the embryos, we
performed B-gal staining in Setdb1”®® embryos and adult tissues. Because the B-gal gene is inserted
before exon 4 and driven by the endogenous promoter of Setdbl, the expression of B-gal reflects the
expression of Setdbl. First we isolated Setdb1"® embryos at E7.5, E8.5 and E9.5. The p-gal staining
was detected all over the embryos from E7.5 to E9.5 demonstrating that Setdbl is expressed in the
whole embryo during early embryonic development (Figure 2.13 A). We also performed cryostat
sections to check the expression of Setdbl in different adult organs. Brain and testis show the
strongest expression of B-gal. Some of these organs are derived from the endoderm cell lineage, for
example liver, spleen and pancreas (Figure 2.13 B). The expression of Setdbl during different
development stages suggests an important function of Setdbl during early embryonic development
and endoderm development in the later stages.
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Figure 2.13 Setdbl is expressed in early embryos and in different adult organs. A) From E7.5 to E9.5 the

whole Setdb1*% embryos show the staining of B-gal. B) B-gal is expressed in different adult organs.
2.2.2 Early lethality of mouse embryos upon deletion of Setdbl in endoderm

In order to investigate the functions of Setdbl in the endoderm cell lineage, the Setdb 1™V Sox17-

cre mutant mouse line (Setdb1™"

) was generated. Early embryos at different stages from E7.5 to E9.5
were collected for phenotypic analysis. We found that the mutant embryos started to show a visible
defect at E8.25. We could identify two different kinds of phenotypes (Figure 2.14). We call them typel
and type2 mutant phenotype. The typel mutant embryos have nearly the same size as the WT embryos
until E9.5. In general the embryos start to carry out the axis rotation at E8.5, but the typel mutant
embryos show a clear turning problem. At E9.5 the typel mutant embryos cannot rotate and the
posterior part of these embryos is strongly retarded. The other parts of the typel mutant embryos are
comparable to the control embryos. In comparison with typel mutant embryos, type2 mutants show
severe developmental defects. The type2 mutant embryos are smaller than the control embryos from
E8.25 and also show the turning defect at E8.5. At E9.5, the type2 mutant embryos show severe

growth retardation. Not only the posterior part but also the anterior part of the mutant embryos shows

severe developmental defects.
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Figure 2.14 Development defects of the early embryos upon deletion of Setdbl in the Sox17 lineage. From
E7.5 to E8.0, the mutant embryos (Setdb1=P) are comparable to control embryos and did not show clear defects
(A, B, C, D, E and F). At E8.25 mutant embryos start to show mild defects compared to control embryos (G, H
and 1). At E8.5 the control embryos perform axis rotation (J) but typel mutant embryos (K) and type2 mutant
embryos cannot rotate (L). At E9.5 the typel mutant embryos (N) have almost the same size as the control
embryos (M) but the posterior part of the mutant embryos is smaller and cannot rotate. The type2 mutant

embryos at E9.5 (O) show strong overall defects and a turning problem.
2.2.3 Sox17-mediated deletion of Setdbl leads to two different phenotypes

As described before, we generated Setdbl EGFP reporter mice and the EGFP reporter gene could help
us to trace Sox17 lineage cells. By analyzing the expression of EGFP in the embryos, we found that
not all of the EGFP staining was confined to the endoderm region and also a few embryos showed
EGFP staining in other regions of the embryo. This EGFP expression pattern could be detected both in
mutant and control embryos. Activation of EGFP reporter and deletion of Setdbl is due to the
expression of Sox17. So far, the fate of the Sox17 expressing cells in the morula is still elusive.
Because in late stage blastocysts Sox17 is restricted to primitive endoderm, it is unclear that if these
early Sox17 expressing cells in the morula are maintained in the blastocyst to contribute to the
formation of other organs during development. Interestingly, the mutant embryos which show the
overall EGFP staining in our experiment are severely retarded (Figure 2.15). This finding
corresponded to our observation that there are two different kinds of phenotypic defects in Setdb1™"
mutants (Figure 2.14). We assumed that the typel mutant embryos are generated by the specific

deletion of Setdbl in the endoderm during development. In contrast, type2 mutant embryos are

generated by an overall deletion of Setdbl.
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Figure 2.15 Two different EGFP expression patterns in control and mutant embryos. In typel embryos the
GFP signal is restricted to the endoderm region of the epiblast derivatives (A, B, C and D represent control
embryos; I, J, K and L represent mutant embryos). There is no EGFP staining in the neural tube (C and K) in
typel embryos. The whole embryos show EGFP staining in type2 embryos (E, F, G and H represent control
embryos; M, N, O and P represent mutant embryos). The EGFP signal can be detected in the neural tube of the
type2 embryos (G and O).

2.2.4 Structural changes in the hindgut region in Setdb1®"°

mutant embryos
The Setdb1™ embryos show a clear developmental defect. Next, we wanted to specify marker
changes by in situ experiments. In these experiments we focused on the function of Setdbl in the

definitive endoderm cells and only analyzed typel mutant embryos which show the specific deletion
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of Setdbl in endoderm cells. We use different probes for Pyy, Trh, Nepn and Sox17 to detect these key
markers of different embryonic regions. Pyy is a foregut region marker which is expressed in the
foregut invagination. Trh is mainly expressed in neural tissues at roughly E9.0 (McKnight et al. 2007).
Nepn is a midgut region marker and could only be recognized at the open region of the gut tube at the
E8.5 embryos. Sox17 could be recognized in the hindgut region which is the closed region of the gut
tub as well as in hemangioblasts and visceral endoderm (McKnight et al. 2010).

END
1

Comparing the Setdb (mutant) and wild type embryos with these different probes (Figure 2.16),
the expression of Pyy, Sox17, Trh does not show a clear difference between mutant and wild type
embryos. As Sox17 is also expressed in the visceral endoderm, it is hard to judge the precise
expression of Sox17 in definitive endoderm. According to Pyy, Trh and Nepn expression in the
embryos we could judge that the development of the gut region and neural tube in the mutant embryos
is not affected. The expression of these three markers is the same among mutant and control embryos.

Thus deletion of Setdbl in definitive endoderm does not affect the formation of the gut region.
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Figure 2.16 No difference in gut region and neural tissue marker expression between control and
Setdb1*"" (mutant) embryos at E8.5 by in situ hybridization. Pictures are taken from the lateral and dorsal

side of the embryos. There is no difference that could be detected using these four different in situ markers.

Based on the expression of these markers, there is no difference in gut tube formation between control
and mutant embryos. Further, we intended to identify any structural alterations of the gut region in
mutant embryos. We collected mutant and control embryos from different developmental stages at
ES8.0, E8.5 and E9.5. These embryos were embedded in paraffin and used to generate sections of
different layers of these embryos to identify structural changes. The structure of the mutant and control
embryos at E8.0 is almost the same and the shape and the position of the endoderm cells is also very
similar (Figure 2.17). These analyses revealed that endoderm could be properly formed in the mutant

embryos at ES.0.
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Figure 2.17 No structural change of the hindgut region upon deletion of Setdbl at E8.0. A, B, C and D)

END
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H&E staining of paraffin sections of control and Setdb (mutant) embryos at E8.0. E) The schematic of the

position of the sections shown in A-D.

We chose another critical time point at which the mutant embryos show the axis turning problem at
around E8.5. During mouse development, the hindgut diverticulum initiates to be closed from the
hindgut region to the foregut region. We could see the hindgut diverticulum is already closed in both
control and mutant embryos but the structure of that region is altered in the mutants. In control
embryos the hindgut diverticulum is closed and in contact with the splanchnopleura (Figure 2.18 A, B,
C and D). In mutant embryos the hindgut diverticulum could be formed but it is smaller and loses the
contact with the splanchnopleura (Figure 2.18 E, F, G and H). Moreover the size of the dorsal aorta is
much bigger in mutant embryos as compared to control embryos. Notably, the development of anterior

parts of the mutant embryos such as neural tube and heart is normal.

As the splanchnopleura and is not derived from the endoderm lineage, we assumed the loss of the
contact between diverticulum and splanchnopleura is caused by non-cell autonomous effects. This
means lack of Setdbl in endoderm cells does not only affect the development of the endoderm derived

tissue but also the tissues close to endoderm.
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Control

Figure 2.18 Defective gut development upon deletion of Setdbl in the Setdb1*"" (mutant) embryos at
E8.5. A, B, E and F) H&E staining of paraffin sections at E8.0 from different layers. C, D, G and H) Enlarged
picture from the square region. 1) Schematic indicates the position of the different sections. Red arrows point to

the defected region.

Immunohistochemistry was further conducted for later stages when the embryos already showed
strong phenotypes at E9.5. We found that the anterior part of the mutant embryos showed a similar
structure as the wild type embryos but the posterior gut region between mutant and control embryos
was not comparable. At this developmental stage the mutant embryos already showed severe defects
and the overall structure was severely affected. The hindgut diverticulum is surrounded by the
splanchnopleura in control embryos but the hindgut diverticulum could not properly interact with
other tissues and was stuck in the dorsal aorta in mutant embryos (Figure 2.19 arrow). This is
consistent with our findings in E8.5 embryos. We thus conclude that deletion of Setdbl in endoderm

results in defective development of the posterior part of the mutant embryos.
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Figure 2.19 The posterior part of the Setdb1¥"° (mutant) embryos is strongly defective upon deletion of
Setdbl at E9.5. A) The gut region is surrounded by the splanchnopleura in the control embryo. B) The gut is
stuck in the dorsal aorta in the mutant embryo and the posterior region is underdeveloped. Arrows show hindgut

diverticulum.

The histological analysis at E8.5 revealed that the diverticulum in the mutant embryos cannot be well
connected to the mesoderm derivatives. Furthermore the dorsal aortal is much bigger in the mutant
embryos. As Sox17 lineage tracing experiments showed that Sox17 progenitor cells contribute to the
formation of blood vessels we tested if the formation of the vasculature is affected upon deletion of

Setdbl.

Platelet endothelial cell adhesion molecule (Pecam-1) is proved to be related to the formation of the
vasculature and mediates cell-cell adhesion. Pecaml is expressed in all endothelial cells and is first
detected in the yolk sac and subsequently within the embryo itself (Baldwin et al. 1994). By staining
of Pecaml in the mutant embryos we found that the expression of pecaml is not affected but the blood
vessels are bigger in the mutant embryos in the comparison with the control embryos. This is
consistent with our histological analysis. Based on this result we conclude that the formation of the

vasculature is not generally affected by loss of Setdb1.
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Control Setdb1™?
Caspase 3 Pecam1 Caspase 3

Figure 2.20 Whole mount immunostaining of control and Setdb1*™" (mutant) embryos at E9.0 for

Pecam1

200pm

Pecaml and Caspase3. In mutant embryos, the blood vessels which are stained with Pecaml (red) are wilder

than in control embryos. The squares on the left side show the position of the images in the embryos.
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2.3 Molecular changes during embryonic development upon deletion of
Setdbl

2.3.1 Gene expression changes upon deletion of Setdb1 in endoderm at E7.75

From our previous analysis, we demonstrated a developmental defect by loss of Setdbl in the
endoderm region. In the next step, we tried to identify the molecular mechanism that are regulated by
Setdbl during endoderm development. One approach is to identify genes which are deregulated upon
deletion of Setdbl in endoderm then to test potential functions of these candidates. We collected 4
mutant embryos and 4 control embryos at E7.75 which were used for expression microarray analysis
(Figure 2.21). As there is no obvious phenotypic defect at E7.5 and the axis turning problem take place
at E8.5. Additionally, Sox17 in definitive endoderm is activated at around E6.5 thus the best time point
to tell direct deregulated genes caused by deletion of Setdbl is between E7.5 and E8.5. The visceral
endoderm also shows the expression of Sox17 at roughly E4.5 and is partially replaced by definitive
endoderm. The obvious developmental defect takes place at E8.5 in mutant embryos thus it is assumed
the loss of Setdbl in visceral endoderm does not affect the development of embryonic part. We decide
to collect the embryos at E7.75 and try to identify the target genes of Setdbl in the visceral and

definitive endoderm. The mutant embryos at this stage do not show obvious phenotype (Figure 2.21).

Control

Figure 2.21 Embryos which are collected for microarray analysis at E7.75. No phenotypic difference
between 4 control and 4 Setdbl"™"" (mutant) embryos. The upper part of the visceral endoderm among control

and mutant embryos was used for genotyping (shown by red line).

The microarray expression analysis revealed 936 genes to be significantly dysregulated in Setdbl
mutant embryos (FDR <10%) and most of these dysregulated genes are upregulated. This is consistent
with the function of Setdbl as a repressive histone methyltransferase (Figure 2.22 A). The expression
level of Setdbl1 is reduced by around 1/3 which is consistent with the specific deletion of Setdb1 in the

endoderm lineage. From the list of dysregulated genes we found that a number of non-endoderm
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lineage genes are derepressed. For example, Gabrrl and Sycp3 which are related to neuronal
development and meiosis are strongly increased in mutant embryos. Interestingly, we further detected
upregulation of genes which are indicative of an undifferentiated or pluripotent state (e.g., Dppa2,
Rex2). Several microRNAs were also found upregulated in Setdbl mutant embryos. The mir302
cluster, for example, has been shown to maintain a pluripotent state (Anoky et al. 2011) (Figure 2.22
B). In contrast, endoderm lineage markers, for example Sox17 and Cerl, are repressed. These data
suggest that loss of Setdbl leads to the derepression of different cell lineage genes and perturbs the

normal expression of endoderm genes.

B
A top100

Setdb1 end control Gene  Description fc control  mutant
Gabrr1  GABA C receptor, subunit rho 1 1024 125 1245

Mpvi7l Mpwi7 transgene, kidney disease mutant-ike 484 180 861

Sycp3 synaptonemal complex protein 3 478 40 27

Zp558 zinc finger protein 558 35 76 267

Mael  maelstrom homolog M 40 131

ZpB40  zinc finger protein 840 354 2 7

Dppa2 dewelopmental pluripotency associated 2 275 128 350

Rex2 reduced expression 2 272 38 211

Mir302b microRNA 302> 204 250 461

up Mir302c microRNA 302c 1.8 182 3n

Mird02a microRNA 302a 1,68 rig} 418

Mir302d microRNA 302d 1.67 431 632

C
Gene Description fc control  mutant

Slc2a2  solute carrier family 2 member2 0,57 844 480
down | Setdbl  SET domain, bifurcated 1 0,62 868 541
Cerl cerberus 1 homolog 0,65 1221 788
Sox17 SRY-box containing gene 17 0,74 504 374

Figure 2.22 Affymetrix expression analyses in E7.75 embryos. A) Heat map showing the top 100
1END

dysregulated genes in 4 Setdb (mutant) and 3 control embryos. B) List of top up-regulated genes. C) List of

selected down-regulated genes. Fc = fold change; numbers in control and mutant column represent normalized

intensity values of the selected probesets.

Through the microarray expression data, we identified some genes which are deregulated in mutant
embryos at E7.75 (head fold stage). Next, we sought to validate these most dysregulated genes and
check if these genes are also affected in E8.25 and E9.0 mutant embryos. We collected three mutant
and three control embryos at E8.25 and one mutant and one control embryos at E9.0. We isolated RNA
from these samples and carried out RT-qPCR analyses. We could detect that Gabrrl and Mpv171 as the
most upregulated genes in our microarray data show higher expression level in the mutant embryos in
both E8.25 and E9.0 stages. Rex2 which contributes to the pluripotency of ES cells was also
upregulated. Tbx4 showed no change. Cerl which is an endoderm cell lineage gene is down-regulated
in the mutant embryos (Figure 2.23). The expression level change of these genes at E8.25 and E9.0
between control and mutant embryos corresponds with the microarray expression data. The expression
level of Setdbl was reduced to 2/3 in the mutant embryos compared to control embryos. In summary,
the RT-qPCR analysis revealed that dysregulated genes in E7.75 embryos are also dysregulated at later

END
1

developmental stages in Setdb embryos.
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Figure 2.23 RT-qPCR analysis of dysegulated genes in E8.25 and E9.0 Control and Setdb1*™" (mutant)
embryos. A) RT-qPCR analysis of Setdbl and candidate genes in E8.25 Control and Setdb1®N° (mutant)
embryos. Error bars represent + standard error of the mean (SEM) of three biological replicates. B) RT-gPCR
analysis of Setdb1 and candidate genes in E9.0 Control and Setdb1®"P (mutant) embryos. The relative expression
of these genes is normalized to HPRT.

Another up-regulated gene, AFP, is normally expressed in visceral endoderm in the primitive streak
stage and covers the surface of embryos. During development the expression of AFP is gradually
restricted to the extra visceral endoderm region until the early neural plate stage (Viotti et al. 2011).
Interestingly, in Sox17 mutant embryos the expression of AFP cannot be restricted to the visceral
endoderm at the neural plate stage and is also detectable in the posterior and lateral regions of the
embryonic gut region, which demonstrates that the visceral endoderm cannot be properly replaced by
definitive endoderm (Kanai et al. 2002). As the loss of Setdb1 in Sox17 positive cells causes a similar
phenotype to Sox17 mutant embryos we decided to test if the replacement of the visceral endoderm by
definitive endoderm is also deteriorated in Setdb1"™™" mutant embryos. We performed whole mount
immunostaining and observed that AFP in mutant embryos is much stronger than in control embryos
(Figure 2.24). When we closely analyzed the staining we found that the expression of AFP is mainly
confined to the extra embryonic part but there are still some cells in the embryonic part showing slight
expression of AFP. We assume that loss of Setdbl leads to increased expression of AFP in visceral
endoderm, which results in the difficulty or delay of the replacement of visceral endoderm cells by

definitive endoderm cells.
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Figure 2.24 Overexpression of AFP upon deletion of Setdbl. The staining of AFP in Setdb1™ " (mutant)

embryos is much stronger than in control embryos. Red arrows show AFP positive cells in embryonic region in

Setdb1®"° mutant embryos

To test if deletion of Setdbl in visceral endoderm would lead to defects in visceral endoderm
development, we dissected embryos at around ES8.5 and performed staining for AFP. We could identify
upregulation of AFP in the yolk sac, which is derived from visceral endoderm, but there is no
abnormal expression of AFP in other parts of the embryo (Figure 2.25). This suggests that deletion of
Setdb] in visceral endoderm due to expression of Sox17 does not influence the development of the
embryonic part and the formation of yolk sac despite the upregulation of AFP as visceral endoderm
gene. Thus the defect in development of the definitive endoderm is likely to be cell-intrinsic. However,
we still need to test if other genes that could influence the function of the yolk sac are dysregulated at

these later stages.
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Figure 2.25 Upregulation of AFP upon deletion of Setdbl in the Yolk sac at E8.5 Setdb1*" (mutant)

embryos. The staining of AFP in mutant embryos is much stronger than control embryos. However AFP
staining is restricted to the yolk sac and cannot be detected in other regions.

2.3.2 Endoderm specific transcription factors are reduced in the posterior region of the embryos

Setdb]l mutant embryos show the gut region defect and therefore set out to test if the major endoderm
transcriptional factors are affected by deletion of Setdbl in endoderm cells. We isolated E7.5 embryos
and performed whole mount immunostaining for Foxa2 and Sox17. Both genes are expressed in the
endoderm lineage and Foxa2 is additionally detected in the headfold region. At E7.5, the mutant
embryos have no obvious phenotype, however the staining of the two markers is already reduced in
the posterior part of the mutant embryos (Figure 2.26 A). The expression of Sox17 is also strongly
reduced in the posterior region of the mutant embryos at ES.0 (Figure 2.26 B). Thus, it is possible that
deletion of Setdbl affects the expression of key endoderm transcription factors in specific regions of

the embryo which could lead to the further impairment of development.
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Figure 2.26 Reduction of endoderm markers in the posterior part of Setdb (mutant) embryos. A) The

staining of Sox17 (red) and Foxa2 (green) localize in the entire endoderm region of control and mutant embryos.
There are less Sox17 expressing cells and weaker staining of Sox17 in the posterior region of mutant embryos. B)

At head fold stage, the staining of Sox17 is reduced in primitive streak region of mutant embryos.

2.3.3 Increased apoptosis in the posterior part of the mutant embryos upon deletion of Setdb1

In order to figure out the possible molecular mechanism which causes the developmental defect in
Setdb1™" mutant embryos, we first tested if the deletion of Setdbl affects cell survival. As the
defective phenotype becomes obvious at around E8.25 we stained the embryos at E8.25 with the
apoptotic marker Caspase3. At E8.25, the mutant embryos showed reduced Sox17 staining around the
node region and coincidently the apoptotic marker was increased (Figure 2.27 A). The frequency of
apoptotic cells in the dorsal side of the mutant embryos was also increased (Figure 2.27 B). As there
are no endoderm cells localized in that region the increased apoptosis in the dorsal side of the mutant
embryos is probably caused by a secondary effect. In order to check apoptosis in more detail, we
stained paraffin sections of control and mutant embryos at E8.5 with Caspase3 (Figure 2.28). More

apoptotic cells were found in the mutant embryos and they were mainly restricted to the mesoderm.

These results suggest that loss of Setdbl in endoderm cells leads to a slight increase in apoptosis.
However the markedly increased apoptosis around endodermal cells implies that endoderm cells

without Setdb1 may affect the normal development of adjacent cells.
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Figure 2.27 Increase of apoptotic marks in the posterior part of the Setdb (mutant) embryos at E8.5.
A) Embryos are stained with Sox17 (red) and Caspase3 (green). The staining of Sox17 is reduced around the
node region and the Caspase3 staining is increased. B) Caspase3 staining in the dorsal side of the posterior part

of the mutant embryos is increased.

E8.5

Figure 2.28 Transverse sections of the Setdb1™ " (mutant) embryos show more apoptotic staining.
Transverse sections of control and mutant embryos were stained with Caspase3 and Hematoxylin (A and C). B
and D marked by the rectangle are shown in the magnified view. Increase of apoptotic marks in the posterior part

of the mutant embryos. The apoptotic staining is pointed by the red arrow (B and D).

We then asked if proliferations of endoderm cells or cells adjacent to endoderm are affected upon
deletion of Setdbl. H3S10 phosphorylation is a post transcriptional modification on histone H3 and
plays an important role in mitosis. The emergence of H3S10 phosphorylation during prophase,
prometaphase and metaphase inhibits the deposition of H3K9 methylation and HP1 in heterochromatin

(Duan et al. 2008). With the staining of H3S10 phosphorylation proliferating cells can be identified.
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We co-stained the embryos with Sox17 and H3S10ph. The Sox17 staining in the posterior part of the
mutant embryos is reduced which is consistent with the staining before (Figure 2.29). There is no
obvious difference in H3S10ph staining between control and mutant embryos. We further confirmed
this result through staining with Ki67 which can be detected during all cell active phases (G1, S, G2
and mitosis) but is absent from non-proliferating cells (Scholzen et al. 2000). Transverse sections of
E8.5 embryos were stained with Hematoxylin and Ki67. In comparison with control embryos, no
marked difference could be detected in Setdb1™" mutants. The endoderm and non-endoderm derived

organs show comparable proliferation between control and mutant embryos (Figure 2.30). Thus our

results reveal that lack of Setdb1 in the endoderm region does not affect the proliferation of these cells.

Figure 2.29 No obvious change of H3S10 phosphorylation staining in the posterior part of Setdb1*""
(mutant) embryos in comparison with control embryos. Sox17 (red) and H3S10ph (Green) are stained in

control and mutant embryos. The images are taken from the posterior side.

E8.5
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Figure 2.30 Transverse sections of embryos show comparable proliferation between control and Setdb1="°
(mutants) embryos. Transverse sections of control and mutant embryos were stained with Ki67 (grey) and
Hematoxylin (blue) (A and C). B and D marked by the rectangle are shown in the magnified view. No marked

change in proliferation between control and mutant embryos could be detected.

2.3.4 Aberrant coverage of the node region in Setdb1*"" embryos

In order to further dissect the endoderm defects in Setdb1™P

mutant embryos we carefully analyzed
Setdbl-deleted cells by tracing the EGFP Cre reporter. Based on this reporter we can recognize Setdbl
mutant cells and try to detect differences of Sox17 lineage cells with and without Setdbl. First, we
collected E8.0 Setdbl EGFP control and mutant embryos and performed Sox17 and EGFP staining.
No obvious difference could be detected between control and mutant embryos. However, it appeared
as if the node region and the midline were smaller and narrower in Setdb1™" embryos (Figure 2.31).
Additionally, EGFP positive cells could be detected which lost expression of Sox17 in the primitive

streak region. These data support our finding that loss of Setdbl leads to an altered expression of

important endoderm lineage markers.

DAP!
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Figure 2.31 EGFP and Sox17 expression in Setdbl EGFP control and mutant embryos at E8.0. Control and
mutant embryos were stained for DNA (DAPI), Sox17 (red) and EGFP (Green).

Based on the increased apoptosis in the posterior part of the mutant embryos and the loss of endoderm
marks in the primitive streak, we assumed that the node which is localized in this region may also be
affected. The mouse embryo node region and axial midline arise from the anterior primitive streak and
is an important organizer for left-right asymmetry and body axes formation (Kinder et al, 2011). The
node produces the nodal flow to determine left-right asymmetry through the lateral plate mesoderm
(LPM) (Saund et al. 2012). Recently, endoderm has also been related to the left-right asymmetry. It
has been shown that mice lacking Sox17 show a defect in left-right asymmetry. The phenotype of
Setdbl mutant embryos looks similar to node deleted embryos (Yoshiba et al. 2012). Thus we wanted
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to check if loss of Setdbl in the endoderm lineage affects the normal development of the node. T is a

major transcription factor whose expression is initiated in the primitive streak. It is required for normal
development of mesoderm and for anterior-posterior axes formation. T is expressed in the node,
notochord and tail bud at later development stages. Staining embryos with T would allow us to check
if the node region is impaired by deletion of Setdbl in endoderm. We isolated EGFP control and
mutant embryos at roughly E8.5 and performed a staining for EGFP and T.

The comparison between control and mutant embryos showed us that T can be expressed in the mutant
embryos and its staining is comparable to control embryos. However the GFP positive cells in the
mutant embryos cannot be confined to the proper endoderm cell region and these cells converge into

the center of the node region. Thus, the EGFP positive cells cover the T positive cells (Figure 2.32 L
and P).

__

~~ 5 Somites”
(E8.5)
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Figure 2.32 Co-staining of EGFP and T in Setdbl EGFP control and mutant embryos at E8.5. A and F)
Schematic of pictures taken in different regions of control and mutant embryos. The analyzed embryos have
around 5 somites. B and G) DAPI staining in the embryonic anterior part. C and H) EGFP staining in the
embryonic anterior part. D and I) T staining in the embryonic anterior part. E and J) Merge of EGFP and T in
the embryonic anterior part. K and Q) DAPI staining in the embryonic posterior part. L and P) EGFP staining in
the embryonic posterior part. EGFP cells cover part of the node region. Dashed lines indicate the node region. M
and Q) T staining in the embryonic posterior part. N and R) Merge of EGFP and T in the embryonic posterior
part. Solid white line demarcates the transverse section through node region. S) EGFP positive cells stay adjacent

to the T positive cells (red). T) EGFP positive cells cover the T positive cells.

The transverse sections also show the coverage of the GFP positive cells over the T positive cells in
the node region of mutant embryos (Figure 2.32 S and T). As the node is an essential organizer for the
embryonic development and the signals generated by the node are transmitted through the Cilia on its
surface (Yoshiba et al. 2012), the coverage of the node region by different type of cells can impair the
transition of the signals and affect the development of the embryos. This phenotype could be one of

END
177" embryos. However, further analyses are necessary

the reasons for impaired development of Setdb
to better specify the identity and molecular properties of the cells that cover the node region in

Setdb1™" embryos.
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2.4 Characterization of in vitro differentiated Setdbl mutant endoderm
cells

2.4.1 Establishment of an in vitro endoderm differentiation system

Loss of Setdbl in endoderm cells leads to developmental defective embryos. To better characterize the
molecular changes in mutant endoderm cells, we needed to obtain more and pure endoderm cells. Due
to the complicated embryonic structure, it is difficult to get enough and pure Setdbl mutant endoderm
cells from these embryos. Thus we established an in vitro endoderm differentiation system in which
we could differentiate ES cells specifically into endoderm cells.

By adding Wnt3a and Activin A into the culture medium, endoderm-specific transcription factors can
be activated and ES cells initiate the differentiation into endoderm cells (Figure 2.33 A and B). Upon
endoderm commitment pluripotency markers are shut down. Using this method, we could get more

and purer endoderm cells for molecular studies.

A B

Pluripotent stage Mesendoderm stage Endoderm stage

endoderm commitment
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Figure 2.33 In vitro differentiation of pluripotent ES cells into endoderm cells. A) Schematics of ES cell
differentiation into endoderm cells. In pluripotent cells, pluripotency markers can be identified. By adding
Wnt3a and Activin A, pluripotent cells differentiate into mesendoderm cells and mesendoderm genes are
activated. Mesendoderm cells can further differentiate into endoderm cells with the expression of endoderm
specific markers. B) Immunofluorescence staining of different markers during differentiation. At the
pluripotency stage most of the cells show Oct4 staining. At mesendoderm stage some colonies show endoderm
transcriptional factor Sox17 and Foxa2 but most of the cells still show Oct4 staining. At endoderm stage the
pluripotency marker Oct4 is shut down and the endoderm lineage markers Sox17 and Foxa2 are activated in

most of the cells.

For the next experiments we used our ES cell line in which deletion of Setdbl could be induced by
addition of 4OHT. With this system we wanted to test if deletion of Setdbl in ES cells impairs the
differentiation of these ES cells into the endoderm lineage. We started the differentiation of the

inducible ES cell lines with 4OHT or without 4OHT induction at day 0. The cells without the
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treatment of 4OHT could differentiate efficiently and generated Foxa2 and Sox17 double positive
cells. When Setdbl was deleted at day 0, it was hard to find Foxa2 and Sox17 double positive cells
after differentiation (Figure 2.34). Most of Setdbl deleted cells cannot survive during the
differentiation process. This result revealed that Setdbl is important for the differentiation of

pluripotent cells into endoderm cells.
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Figure 2.34 ES cell can hardly differentiate into endoderm cells upon deletion of Setdbl. In wildtype (WT)
cells, the addition of 4OHT which is used to delete Setdbl at dO does not impair the differentiation of ES cells.
But when Setdbl is deleted in ES cell, most of these cells cannot survive until day4 of differentiation and only

few Sox17 and Foxa2 double positive cells can be generated without Setdbl.

These data suggest an important function of Setdb1 for endoderm commitment. However this situation
does not perfectly fit with the in vivo situation. It is difficult to control the time point of Setdbl
deletion in the inducible-Cre systerm. In order to better mimic the in vivo situation of Setdbl™ "
mutant embryos we decided to isolate Setdb1™¥™**; Sox17-Cre mutant (Setdb1™®) ES cell lines. We
crossed the Setdb1™™ with Sox17-Cre mice and isolated blastocysts to obtain Setdb1™™*; Sox17-
Cre ES cell lines. Then we performed differentiation experiments with these cell lines to test if these

cells can differentiate or if they show phenotypic defects.

After 4 days of differentiation, we stained the cells with Foxa2 and Sox17. Both control and mutant
cell lines can differentiate and show the Foxa2 and Sox17 staining (Figure 2.35). The differentiated
mutant cells did not show obvious defects. This suggests that loss of Setdbl in the endoderm cells
does not affect the development of the cells. This situation is thus comparable to the in vivo situation.
Even though the endoderm cells can be generated during differentiation, the molecular changes in the

Setdb1 mutant endoderm cells need to be investigated
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Figure 2.35 Setdb1"/1%; Sox17-Cre mutant ES cells (Setdb1®"P) could differentiate into the endoderm
lineage at day4 of differentiation. On day4 of differentiation both control and mutant cell lines showed a high
differentiation efficiency. These cells were stained with Foxa2 (green) and Sox17 (red).

2.4.2 No alteration in histone modifications upon deletion of Setdb1 in endoderm cells

In order to trace the Setdbl mutant endoderm cells we introduced the Cre based EGFP reporter gene
into Setdb1™™*; Sox17-cre mutant ES cells (Setdbl1™P) (Figure 2.5). We then tested the Setdbl
EGFP reporter ES cells in the in vitro differentiation system. After four days of differentiation, Sox17
starts to be activated and EGFP could be detected in all Sox17 positive cells. On day 5 of
differentiation, higher numbers of Sox17-expressing cells were detected and the EGFP signal
completely overlapped with the Sox17 staining (Figure 2.36). This test confirmed the activity of the
Sox17-driven Cre recombinase upon endoderm differentiation in vitro and demonstrates that the EGFP

positive cells represent the Setdb1 mutant endoderm cells.

Figure 2.36 EGFP signal could be activated in Setdbl EGFP control cell lines (B70-1) during endoderm
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differentiation. Day4 and day5 differentiated cells were stained with Sox17 (red) and GFP (Green). At day4,
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Sox17 and EGFP start to be activated. At day5 the cells are highly differentiated. Both stainings almost

overlapped.

Based on these experiments, we know that EGFP can be used as a reporter to for the deletion of
Setdbl during differentiation. Then we wanted to isolate pure Setdbl mutant endoderm cells and
check which genes are affected and if histone modifications are altered in these cells upon deletion of
Setdbl. We differentiated control and mutant cells for 7 days and performed staining for Sox17 and
EGFP. Both EGFP control (B70-1) and mutant (B63-4) ES cell lines can be differentiated well. In the
EGFP positive cells, Sox17 exactly overlapped with EGFP (Figure 2.37 A). The loss of Setdbl in
endoderm cells did not obviously affect the normal development of these cells. In the undifferentiated
situation very few cells were EGFP positive (Figure 2.37 B). These EGFP positive cells are probably

generated due to the spontaneous expression of Sox17 in the ES colonies (Niakan et al. 2010). After

day 7 of differentiation, large numbers of EGFP positive cells could be detected (Figure 2.37 B).
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Figure 2.37 FACS analysis of Setdb1-deficient endoderm cells based on the EGFP Cre reporter. A) Overlap
of Sox17 and EGFP signals in differentiated Setdbl EGFP control (B70-1) and mutant (B63-4) cells. B) FACS
analysis of EGFP positive cells. There is a very low percentage of EGFP positive cells in the undifferentiated
EGFP reporter cell lines. The percentage of the EGFP positive cells markedly increased at day 7 of
differentiation in both control (B70-1) and mutant (B63-4) cells. No GFP positive cells could be detected in the

undifferentiated wild type ES cells.

We then FACS-sorted EGFP positive cells and isolated RNA to test expression levels of Setdbl and
selected candidate genes from the microarray expression analysis (Figure 2.38 A). Expression of
Setdbl could not be detected in the mutant EGFP cells demonstrating that Setdbl was completely
deleted during differentiation. We also tested the expression level of Gabrrl and Cerl which are the
most up and down regulated genes in our microarray expression analysis in embryos. Gabrrl was not
activated in EGFP positive mutant cells. Cerl which is an endoderm cell lineage gene is less expressed
in differentiated Setdbl mutant cells. We also performed western blot experiments to assess Setdbl
protein levels in the mutant cell lines during differentiation. Setdb1 was clearly reduced in the mutant
cells (Figure 2.38 B). Thus, differentiated cells sorted by EGFP expression represent Setdbl mutant

endoderm cells and can be used for further molecular analyses.
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Figure 2.38 Changes in gene expression in Setdbl-deficient endoderm cells. A) Change in gene expression
were tested by RT-qPCR. Setdbl is hardly detectable in the differentiated Setdbl EGFP mutant cells (B63-4). No
expression of Gabrrl was detected in both differentiated and undifferentiated cells. Cerl is activated in Setdbl
EGFP mutant (B63-4) and control cells (B70-1). B) Western blot for Setdbl and Trim28 (loading control).
Setdb1 protein is strongly reduced in the differentiated Setdbl EGFP mutant cells (B63-4).

Setdbl was demonstrated as a histone methyltransferase which regulates different biological
processes. Therefore we wanted to test if the loss of Setdbl in endoderm cells affects overall histone
modifications. H3K9ac, H3K9me2 and H3K9me3 were assessed in differentiated Setdbl EGFP
control and mutant cells. We extracted whole cell proteins and used Trim28 as loading control. We

could not detect a significant change of the signals of H3K9ac, H3K9me2 or H3K9me3 between
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control and mutant differentiated cells (Figure 2.39). These data demonstrate that the deletion of
Setdbl in endoderm cells does not result in global alternations of histone modifications but probably

causes change on specific loci related to the spatial and temporal functions of Setdbl as histone

methyltransferase.
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Figure 2.39 Analysis of histone modifications in endoderm differentiated cells. H3K9me2, H3K9me3 and
H3K9ac were tested in whole cell extracts from differentiated control (B70-1) and mutant (B63-4) cells. No clear
difference could be detected between control (B70-1) and mutant (B63-4) cells. Trim28 was used as loading

control.

2.4.3 Molecular changes of the in vitro differentiated Setdb1 mutant cells

Although there were no global alterations in histone modifications in Setdbl mutant endoderm cells
we asked if gene expression is altered in mutant cells. Transcriptome analysis for sorted Setdbl EGFP
control and mutant cells was performed by RNA-seq analysis. Interestingly, we could find several
genes which are related to endoderm development to be upregulated in mutant cells. For example,
Mixll which is first expressed in the primitive streak of embryos and facilitates endoderm
development is upregulated (Lim et al. 2009) (Figure 2.40 A). Eomes, Foxal, Foxa3, Hnflb and Cerl
as classical endoderm markers are also upregulated (Figure 2.40 B). Wnt3 and Nodal belonging to the
Wnt and Tgf-B signaling pathway and involved in endoderm differentiation are also increased.
Interestingly, Nanog and Sox2 considered as pluripotency-associated genes are up- and down-
regulated separately in Setdbl EGFP mutant endoderm cells. On the other hand, T (Izumi et al. 2007)
and Tbx1 (Zhang et al. 2006) which are also important for the differentiation of mesendoderm are
down-regulated. Even though these genes are expressed almost at the same time point and are
important for the initiation of mesendoderm during in vitro and in vivo differentiation they have
different roles for distinct cell lineage commitments (Izumi et al. 2007; Wang et al). The up-regulated
genes (Mixl1, Nanog and so on) facilitate endoderm specification, however the down-regulated genes
(T, Sox2 and so on) repressed endoderm commitment and induce the differentiation of the mesoderm
and ectoderm lineages. These findings reveal that the genes which are related to endoderm

differentiation are much easier to be activated in endoderm cells upon deletion of Setdbl.
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Figure 2.40 Dysregulated genes in differentiated Setdbl EGFP mutant (B63-4) cells. A) RNA-seq analysis
revealed increased transcription of Mixl1 in Setdbl EGFP mutant endoderm cells. B) Genes related to endoderm
lineage commitment are up-regulated in Setdbl EGFP mutant endoderm cells. C) Genes related to mesoderm

lineage commitment are down-regulated in Setdb! EGFP mutant endoderm cells.

Next we wanted to test if the dysregulated genes in Setdbl EGFP mutant cells are also dysregulated in
Setdb1™" embryos. Mixll is a mesendoderm gene regulating the endoderm development and is
speculated to be regulated by histone modifications induced by Setdbl (Xi et al. 2011). We checked
the expression level of Mixll in differentiated Setdbl EGFP mutant cells by RT-qPCR. Mixl1 was
indeed increased in the Setdbl EGFP mutant endoderm cells in comparison to Setdbl EGFP control

cells (Figure 2.41 A). However, we did not identify an increase of MixI1 in Setdb1™""

mutant embryos
at E8.0 and found only a slight increase of Mixl1 in E9.0 mutant embryos (Figure 2.41 B and C). We
also confirmed the up-regulation of Nodal, Hnflb and Foxal by RT-qPCR in mutant cells (Figure 2.41

B and C). However, these genes were not increased in Setdb1™ " mutant embryos. There are two
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possible reasons for this. One reason is that we differentiated ES cells until day7 and Sox17 starts to be
activated at roughly day4. This means we analyze the cells 3 days after activation of Sox17. In
embryos, Sox17 is activated at day 6.5. The time point of the differentiated endoderm cells used for
RNA-seq would thus more correspond to E9.5 embryos. Unfortunately, E9.5 mutant embryos show
severe defects and cannot be used for testing gene expression. The other possible reason for not
finding consistent transcriptional changes between in vitro cells and embryos may be that the
expression of these genes is not restricted to endoderm cells. A specific change in gene expression in

endoderm is therefore hard to detectable.
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Figure 2.41 qRT-PCR analysis of selected dysregulated genes from RNA-seq analysis of differentiated
cells. A) Confirmation of the up-regulated genes from the RNA-seq analysis in differentiated Setdbl EGFP
(mutant) cells. Error bars represent + standard error of the mean (SEM) of three technical replicates. B) No

expression change of Mixll in E8.0 Setdbl1™" (mutant) embryos. C) Slight upregulation of Mixll in E9.0
Setdb1*™P (mutant) embryo.

In ES cells, the histone modifications H3K9me3 and H4K20me3 occupy endogenous retroviruses

(ERVs) according to genome wide analyses. Recent studies showed Setdb1 mediated H3K9me3 could
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maintain silencing of these endogenous retroviruses (Rowe et al. 2010). Loss of Setdbl in ES cell
results in the decrease of H3K9me3 at ERV elements and de-repression of endogenous retroviruses
(Rowe et al. 2010) (Matsui et al.2010). Therefore, we wanted to test if the loss of Setdbl in endoderm
progenitor cells also perturbs the silencing of ERV elements. We tested the expression of an abundant
ERV subclass, IAP elements, in sorted Setdbl EGFP mutant cells and Setdbl™" embryos (Figure
2.42). IAP elements are upregulated around 4 fold in the sorted cells and are upregulated around 7 fold
in the E8.5 mutant embryos. This shows that during embryonic development Setdb1 functions in the
repression of retrotransponsons. However, the level of up-regulation of IAPs is much lower than in

Setdbl mutant ES cells (Rowe et al. 2010).
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Figure 2.42 De-repression of IAP elements upon loss of Setdb1l in endoderm cells. The blue bars are the
control cells and the red bars are the mutant cells. The IAP elements are de-repressed in the sorted Setdb1 EGFP
mutant cells, E8.5 embryos and E9.5 embryos. Error bars in B70-1 and B63-4 d7 sorted cells represent
standard error of the mean (SEM) of three technical replicates. Error bars in E8.5 control and mutant embryos

represent + standard error of the mean (SEM) of three technical replicates.

We observed a clear endoderm-related phenotype in Setdb1™” embryos, however, it is difficult to tell
whether this defect is due to proliferation or apoptosis. We set out to test if apoptosis or proliferation is
altered in our in vitro differentiation assay. We differentiated Setdbl EGFP control and mutant cells
into endoderm cells and then performed EGFP staining together with Ki67 or Caspase3. In both of
control and mutant differentiated cells, high levels of both Ki67 and Caspase3 positive cells can be

detected but due to the high numbers the staining is hard to be quantified (Figure 2.43).
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A

Figure 2.43 Immunofluorescence for Ki67 and Caspase3 in differentiated Setdb1 EGFP control (B70-1)
and mutant (B63-4) cells. A) Co-staining of EGFP and Ki67 in differentiated Setdbl EGFP control and mutant
cells. B) Co-staining of EGFP and Caspase3 in differentiated Setdbl EGFP control and mutant cells.

In order to better quantify apoptosis rate in Setdbl EGFP control and mutant cells we performed FACS
analyses (Figure 2.44). For the apoptosis analysis, we differentiated the Setdbl EGFP control and
mutant cells and then stained these cells with AnnexinV which is a specific PS (phosphatidylserine)-
binding protein and can be used to detect apoptotic cells. In our FACS analysis, we could detect more
apoptotic cells in the Setdbl EGFP mutant cells. The increase in apoptosis in the mutant cells could be

one of the reasons why loss of Setdb1 in the endoderm results in the developmental defect.
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Figure 2.44 Loss of Setdb1 in endoderm cells causes more apoptosis. A) FACs analysis for AnnexinV (APC)
and EGFP (FITC) in differentiated Setdbl EGFP control (B70-1) and mutant (B63-4) cells. B) Quantification of
the FACs analysis. Overall more apoptotic cells can be detected in differentiated Setdbl EGFP mutant (B63-4)
cells. Error bars represent + standard error of the mean (SEM) of three technical replicates. C) Apoptotic is
increased in differentiated Setdbl EGFP mutant (B63-4) cells. Error bars represent * standard error of the mean

(SEM) of three technical replicates.
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3 DISCUSSIONS

3.1 Setdbl is implicated in the endoderm specification

Setdbl is involved in several different biological processes. However, the specific function of Setdbl
during development remained largely uncharacterized because of the early lethality of the mutant
embryos. According to the X-gal staining of Setdbl B-gal embryos, we could demonstrate the
expression of Setdbl in whole embryos during gastrulation stage. Through X-gal staining of adult
organs we also found expression of Setdbl in several adult cell lineages. For example, there is a high
expression level of Setdbl in the brain and testis and intermediate expression level in the liver,
pancreas and spleen, which are the endoderm derivatives (Figure 2.13 B). Thus we hypothesized that
Setdbl has a potential role in endoderm development. These endoderm derived organs are related to
several severe diseases like, for example, type | diabetes caused by the destruction of pancreatic B-
cells (Lee et al. 2011). In this work, I tried to figure out the spatial and temporal functions of Setdb1 in
endoderm development and to understand the mechanism of endoderm development (Dodge et al.
2004). Because of the early lethality of Setdbl mutant embryos at peri-implantation stage it was
difficult to study the function of Setdbl in the later development. Thus we used Setdbl conditional
knock-out mice. Setdbl is deleted in Sox17 lineage cells with a Cre-recombinase under control of the

Sox17 promoter. Setdb1®=\°

mutant embryos show clear defect. Interestingly, two different kinds of
defective phenotype could be identified (Figure 2.14). This is probably because of the different

deletion ways of Setdbl in the embryos due to distinct expression profiles of Sox17.

Sox17 was first identified in 1995 and belongs to Sox gene family due to a high level of amino-acid
identity (Dunn et al. 1995). Members of the Sox gene families are related to cell type specification and
tissue differentiation during development. Because of the general function of Sox genes during
development, Sox17 was also considered to be implicated in mouse development (Kanai et al. 2002).
Detailed functional analysis about Sox17 was conducted during the last years. Sox17 was first
identified as a transcription factor for mouse spermatogenesis (Kanai et al. 1995) but is expressed at
around post-implantation stage in the visceral and definitive endoderm. Deletion of Sox17 severely
impairs axis rotation as well as mid- and hindgut formation (Kanai et al. 2002). Recently it was found
that the expression of Sox17 can also be detected in the inner cell mass. At the 32 cell stage, the
expression of Sox17 is first observed and with the expansion of the blastocyst the expression of Oct4
and Sox17 overlap in some cells. After the 128 cell stage Sox17 expression in the epiblast is shut
down and restricted to the primitive endoderm region adjacent to the blastocoel cavity (Niakan et al.
2010). Further functional analysis demonstrated that deletion of Sox17 leads to a failure in the
establishment of the left-right embryonic patterning (Viotti et al. 2012). Interestingly, another paper
reported that the deletion of Sox17 could cause two different phenotypes. One phenotype shows strong

defects where the whole bodies of the embryos are retarded. The other phenotype shows a mild defect
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with rotation problem and retarded posterior part (Kim et al. 2007). However the reasons for these two

different phenotypes are unclear.

Embryos with deletion of Setdbl in the Sox17 lineage (Setdb1P) show similar phenotypes as the
Sox17 mutant embryos (Kim et al. 2007). In order to trace the fate of the Setdbl deleted cells an
EGFP-based Cre reporter was used to monitor the deletion of Setdbl in individual cells. The EGFP
reporter features a stop codon flanked by LoxP sites upstream of an EGFP transgene. Expression of
Cre results in a removal of the stop codon through the recombination and activation of EGFP. First
when we checked the control embryos for EGFP expression, a very interesting phenomenon was
identified. In some embryos the EGFP staining could only be detected in the endoderm region and
blood vessels which are considered to be derived from Sox17 progenitor cells (Engert et al. 2009).
However in other embryos the EGFP cells were localized everywhere throughout the mutant embryo
(Figure 2.15). We further analyzed the mutant embryos with the Sox17-Cre, EGFP-reporter system.
Consistently, some mutant embryos only showed the EGFP signal in the definitive endoderm and
vessels at E8.5 but others showed the overall staining in the embryos. Interestingly, mutant embryos
which showed the EGFP staining in the whole embryos were strongly retarded and we call it type 2
mutant phenotype. However, the embryos with confined EGFP staining in the endoderm region and
blood vessels showed a milder phenotype which we considered as type 1 mutant phenotype (Figure
2.14 and 2.15). Based on this observation, the generation of these two different phenotypes from
mutant embryos could be explained by different expression patterns of Sox17. In the morula, Sox17 is
expressed in some cells and then shut down in the blastocyst. Activation of Sox17 in the epiblast
starts in the definitive endoderm at around E6.0 (Kanai et al. 2002). However, the fate of the Sox17
expressing cells in the morula is still unclear. Our results suggest that type 1 mutant embryos start to
lose Setdbl mainly at the primitive streak stage and thus mutant embryos show endoderm-specific
defects. In type 2 mutant embryos, Sox17 is likely activated at an earlier stage in the blastocysts
resulting in the loss of Setdbl even outside endoderm. According to the two different phenotypes
caused by the different expression patterns of Sox17, we hypothesize that the cells expressing Sox17
in blastocyst also contribute to the later development of the embryos; however, specific loss of Setdbl

in the later Sox17 lineage affects endoderm development.

In my work, I mainly focused on the functions of Setdbl in definitive endoderm by studying the type 1
mutant embryos. Three different germ layers emerge at around E6.5 and ingress from the primitive
streak. In type 1 mutant embryos, Setdbl start to be deleted in the definitive endoderm at this time
point. From E6.5 to E8.0, no obvious phenotype can be detected in the mutant embryos. However
upon E8.5, which is the time point of the embryo axis rotation, mutant embryos show a turning defect
and retardation of the posterior part (Figure 2.14). Importantly, the head and the heart could be formed
properly. In order to figure out the exact structural changes of the embryos upon deletion of Setdbl at
this stage, we performed immunohistochemistry staining from E8.0 to E9.5. At E8.0, the paraffin

sections did not show differences in the gut region between control and mutant embryos. We could
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identify that endoderm and mesoderm are in contact with each other in both control and mutant
embryos. However when we checked the embryos at E8.5 which already showed the turning defect we
found a big difference in the hindgut region between control and mutant embryos. In control embryos,
the hindgut diverticulum keeps contact with the mesoderm and gradually moves forward with the
surrounding of the mesoderm. But in E8.5 mutant embryos we found the mesoderm derived
splanchnopleura detached from the endoderm (Figure 2.18). In addition, the dorsal aortal in mutant
embryos is much bigger than in control embryos. During development, the hindgut diverticulum of the
mutant embryos cannot move forward with the surrounding of the mesoderm; instead is arrests in the
dorsal aorta resulting in perturbed mesoderm development. Thus loss of Setdbl in the definitive
endoderm affects the further development of the gut region. However, the anterior part of the mutant
embryo is not affected suggesting this defect to be mainly caused by the abnormal development of the

definitive endoderm.

In the next steps we investigated possible reasons for the endoderm phenotype. First we investigated
the expression of major endoderm genes in Setdbl mutant embryos. The whole mount
immunostaining revealed a reduced expression of Foxa2 and Sox17 in the primitive streak of mutant
embryos (Figure 2.26). Next, we checked if deletion of Setdbl in endoderm cells affects apoptosis and
proliferation of these cells. The whole mount embryo staining was performed with Caspase3 which is
an apoptotic marker and H3S10ph which is proliferation marker (Figure 2.27 and Figure 2.29). We
detected an increase in apoptotic cells in the posterior part of the mutant embryos. However, most of
the Caspase3 staining was localized in the dorsal side of the mutant embryos (Figure 2.27 and Figure
2.28). Through H3S10ph staining in the whole embryos and immunohistochemistry staining by Ki67
as a proliferation marker, we could not detect a difference between control and mutant embryos
(Figure 2.29 and Figure 2.30). This indicates that deletion of Setdbl does not strongly affect the
normal development of the endoderm cells and rather induced defects in neighboring cells. The node
is localized in the posterior part of the embryos and performs important organizer roles for embryos
development. Destruction of the node will severely affect the embryonic development. Therefore we
checked if the node region is affected upon the deletion of Setdbl in endoderm. Notably, endoderm
lies adjacent to the node and the loss of Sox17 in the definitive endoderm impairs the establishment of
left-right asymmetry through the lack of Connexin45 in the endoderm cells which has been implicated
to the signal relay (Giepmans. 2004). In order to check the formation of the node, we stained the
embryos with T. T is a mesendoderm transcription factor and serves as a marker which is first
activated in the primitive streak and is then expressed in the node, notochord and tail bud. T plays
essential role for embryonic development. Lack of T results in the disruption of the node and impairs
the extension of the notochord precursors. When we conducted T staining in the embryos there was no

change of T in the node region.
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In order to check the cell fate of the mutant cells we crossed Setdb1™"/1°*: Sox17-Cre mice with an
EGFP Cre-reporter mouse. The expression of EGFP through Cre mediated recombination is
irreversibly activated, thus we can trace the mutant endoderm cells. In Setdb1l EGFP control embryos
at E8.5, the EGFP positive cells surround the node region, and there is clear boundary between the
endoderm region and the node region. However, in E8.5 Setdbl EGFP mutant embryos, the EGFP
positive cells are not well organized. The EGFP positive cells converge into the node region. There is
no clear boundary between the endoderm region and the node region and the surface of the node
region is partially covered by EGFP positive cells (Figure 2.32). Presumably the deletion of Setdbl in
the endoderm cells changed the property of these cells in a way that they cannot be maintained in the
proper endoderm position. There is a recent study (Yoshiba et al. 2012) revealing that the node region
consists of two different cell types: perinodal crown cells sitting on the edge of the node region and pit
cells located in the central region of the node. It is suggested that the nodal flow is sensed dependent
on Pdk2 located on the surface of the cilia of the crown cells. In Setdbl mutant embryos, the EGFP
positive cells cover part of the surface of the node region where the crown cells reside. Based on this
observation, we assumed that coverage by the EGFP cells impairs the signal transmission through the
cilia of the crown cells. Thus the node cannot function well as an organizer for normal development of
the mutant embryos. This could be one of the possibilities which cause the endoderm phenotype. But
some questions remain unanswered. It is unclear why the Setdbl mutant cells cannot be confined to
the endoderm region and if the mutant cells really affect the function of the node as a developmental

organizer.

Overall, our findings reveal that the deletion of Setdbl in endoderm cells impairs the normal
development of the embryos. We found not only the Setdb1 deleted endoderm cells to be defective but
also the tissue close to endoderm is affected. We assume that loss of Setdbl in endoderm cell impairs

the development of the embryos through both cell-autonomous and non-cell autonomous effects.

3.2 Setdbl regulates gene expression in different biological processes

3.2.1 Setdbl regulates gene expression during early embryonic development

Setdbl control and mutant embryos were collected at E7.75 (head fold stage) and subjected to
microarray expression analysis. The defect of the mutant embryos was not obvious at E7.75, however,
dysregulated genes might be direct target genes of Setdb1 in definitive endoderm or visceral endoderm.
Totally, we found 936 genes were significantly dysregulated in the mutant embryos (FDR <10%).
Consistent with the function of Setdbl as a repressive histone methyltransferase, among the top100
dysregulated genes, there are more up-regulated genes than down-regulated genes. Interestingly, most
of the up-regulated genes in mutant embryos are normally not expressed or just kept at a very low
level in early embryonic development. These genes are closely connected to different specific cell

lineages and conduct functions in different adult organs.
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Synaptonemal complex protein (Sycp3) is first expressed in leptotene spermatocytes and shut down in
late meiotic cells (Lammers et al. 1994). There is a study showing that Sycp3 plays an essential role in
testicular development and fertility in the male mouse (Yuan et al. 2000). Loss of Sycp3 in female
mice causes defective meiotic chromosome segregation and early embryonic lethality (Yuan et al.
2002). Gabrr1 is the most up-regulated gene in Setdb1™° embryos and belongs to the GABA receptor
rho subunit family which is mainly expressed in the brain (Garcia et al. 2011). GABA is the major
inhibitory neurotransmitter in the brain which could activate subclasses of GABA receptors rhol, rho2
and rho3 subunits (Alakuijala et al. 2005). We also detect up-regulation of Dppa2 which is associated
with undifferentiated or pluripotent ES cells (Watabe et al. 2012). Several microRNAs were found up-
regulated and could potentially result in the defect in Setdbl mutant embryos. The mir302 cluster has
been shown to be activated in the ES cells by Sox2 and Oct4 (Card et al. 2008) and contributes to the
maintenance of the pluripotent state (Anokye et al. 2011). Some genes which are related to endoderm
development are down-regulated upon deletion of Setdbl. The expression of Cerl starts from E5.5 in
the lateral region (Torres et al. 2007) and then continues in definitive endoderm from E7.5. During
later development, Cerl could be detected in the foregut endoderm and the mesoderm (lwashita et al.
2013). Sox17 is considered as a transcription factor mediating endoderm differentiation and is
specifically expressed in the definitive endoderm region at E8.5. The expression of these two
important endoderm genes was reduced according to the expression analysis and the reduction of
Sox17 was proven by whole mount immunostaining (Figure 2.26). These results indicate that Setdbl
could restrict the expression of genes which contribute to different development processes and ensures

endoderm lineage differentiation.

Sox17 is activated in the primitive endoderm which further develops into visceral endoderm. This
expression profile of Sox17 results in the deletion of Setdbl in visceral endoderm. Visceral endoderm
is important for the morphogenesis and patterning of the epiblast and is involved in the nutrient uptake
and transport (Srinivas. 2006). From our data we could identify the up-regulation of AFP which is
secreted in the visceral endoderm during the fetal life (Kwon et al. 2006). Because visceral endoderm
is replaced by definitive endoderm during development (Kwon et al.2008), we wanted to investigate if
the up-regulation of this visceral endoderm marker would be indicative of defective morphogenesis od
definitive endoderm. Embryos were stained with AFP antibody and the up-regulation of AFP was
confirmed at E7.5 in the mutant embryos but the staining was confined to the extraembryonic part
(Figure 2.24). At E8.5, we could identify an increase in AFP staining in the yolk sac (Figure 2.25).
According to this result, we speculate that even though visceral endoderm genes are up-regulated in
mutant embryos this does not interfere with the normal function of endoderm cells to replace visceral
endoderm. Therefore we speculate that the defective phenotype of the mutant embryos is mainly
caused by definitive endoderm defects at a later stage. But the visceral endoderm will form the yolk

sac in the later development stages which uptake and breakdown the macronutrient from mother. We
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cannot exclude that changes in gene expression in the extra embryonic part could also impair the

development of embryo (Follit et al. 2014).

We further tested if the expression level of dysregulated genes in E7.75 embryos is altered in later
developmental stages. We checked the genes which are most dysregulated in mutant embryos at E8.5
and E9.0. Consistent to the analysis at E7.75, at later developmental stages Gabrrl and Mpv17l which
are the most up-regulated genes show marked increase and Cerl which is the most down-regulated
gene is markedly reduced. Thus we could validate the microarray date and found the same
dysregulated genes in the mutant embryos at later stages. Due to the complexity of early embryonic
development and the expression profile of Sox17 in the early embryos, it is difficult to distinguish if
these dysregulated genes are from visceral endoderm or definitive endoderm lineage cells.
Additionally how these dysregulated genes affect the normal development of the embryos still needs
to be investigated.

3.2.2 Setdbl regulates the expression of imprinted genes

In mammalian genomes, there is a group of genes which is imprinted. These imprinted genes inherit
the epigenetic markers from their parental origin which will affect their expression. These genes are
expressed from one parental allele but are repressed from the other parental allele (lderaabdullah et al.
2008). So far around 100 genes have been identified as imprinted genes, most of the clusters contain
genes for noncoding RNAs which has been shown to repress the proximal protein-coding genes
(Rougeulle et al. 2002). These imprinted genes could be either maternally or paternally expressed
through the regulation of the corresponding imprinting control region (ICR). These ICRs are modified

by either DNA methylation or histone modifications.

The question is to understand how the methylated ICR could affect the activity of the nearby genes?
Interestingly, methylation markers are deposited in the paternal germ line in intergenic regions leading
to the heritable repression from the paternally inherited chromosome. In contrast, methylation markers
in the female germline are not placed in intergenic regions but are rather located on the promoters of
imprinted genes (Bartolomei et al. 2011). So far, the best studied example of the repression of
paternally methylated ICRs locating to an intergenic region is Igf2 and H19 (Hark et al. 2000). The
enhancer region for both of the genes is located downstream of H19. The ICR placed upstream of the
transcriptional start site of H19 containing a binding site for CTCF. This insulator protein can bind to
the unmethylated maternal ICR and blocks the interaction with the enhancer of Igf2 rendering the
inactivation of 1gf2. However H19 could be activated by the interaction of the enhancer with the H19
promoter. In the paternal chromosome as CTCF could not bind to the methylated ICR the expression
of 1gf2 will be activated by the interaction between the enhancer and promoter. In contrast to
paternally methylated ICRs, a maternally methylated ICR regulates the promoters of the imprinted
genes for Igf2r and Airn (Sleutels et al. 2002). The ICR region located in the CpG-Island could act as

promoter of Airn. In the paternally derived chromosome the CpG-island in the intron is unmethylated,
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therefore the expression of Airn as a noncoding RNA could restrict the expression of Igf2r. In the
maternally inherited chromosome the ICR is methylated, thus the Airn will be repressed and 1gf2r is
activated. There is evidence showing that the Airn ncRNA could recruit repressive histone
modifications to inactivate the gene expression on the paternal chromosome (Nagano et al. 2008).
Another interesting finding connects H3K9me3 to the regulation of H19 and Igf2 loci (Monnier et al.
2013). Transcribed H19 ncRNA cooperates with Mbd1 to repress the expression of 1gf2. Loss of H19
results in the reduction of H3K9me3 in the DMR region (differentially methylated region is also called
imprinting control region). As it is already known Mbd1 could form a complex with Setdbl to repress
gene expression and to maintain the H3K9me3 methylation during the replication. We assume that
Setdbl is also involved in the regulation of imprinted genes. We tested the expression level of these
imprinted genes in Setdbl mutant immortalized MEFs and primary MEFs. In both different cell types
we could find the alteration of gene expression (Figure 2.4 and 2.5). Interestingly and surprisingly,
both of the Igf2 and H19 genes are markedly reduced upon deletion of Setdbl. As chromatin long
distance interaction is a major regulatory mechanism for 1gf2 and H19, and enhancers of both genes
are located downstream of these genes, we assume that Setdbl is involved to regulating the chromatin
structure of this locus. Loss of Setdbl interferes with the interaction of enhancer with promoter of both

genes. Thus, both genes cannot be activated upon deletion of Setdbl.

3.2.3 IAP elements are derepressed upon deletion of Setdbl during early embryonic
development

In mammals, more than 10% of the genome is derived from endogenous retrovirus (ERV) sequences
which can be divided into three classes (Initial sequencing and comparative analysis of the mouse
genome). In the normal situation, ERVs are transcriptionally silent in the host genome. But these
parasitic sequence elements could also be reactivated and cause dysregulation of nearby cellular genes
and also induces new mutations via replicative transposition (Walsh et al.1998). The intracisternal A

type particle (IAP) retrovirus is one of the most aggressive parasitic sequence in the mouse genome.

Kap-1 which is a corepressor for the DNA sequence-specific KRAB-ZFP has been identified to be
involved in the repression of endogenous retroviruses (ERVS) during early embryogenesis (Rowe et al.
2010; Wolf et al. 2007). Upon loss of KAP1 in ES cells, a range of ERVs, for example murine
leukemia virus and IAP elements will be de-repressed. Also in early embryonic development IAP
elements are reactivated upon deletion of Kapl. It has been further demonstrated that Kapl deletion
leads to the changes in DNA methylation and H3K9me3 on IAP elements. Kapl mediated silencing is
mediated by recruiting the histone methyltransferase Setdbl, heterochromatin protein 1 (HP1) and the
NuRD histone deacetylase complex (Sripathy et al. 2006). Matsui showed that loss of Setdbl in ES
cells results in the reactivation of IAP elements and loss of H3K9me3 from these elements (Matsui et
al. 2010). As Setdbl plays a major role for the repression of ERV in ES cells and neural progenitor

cells (Tan et al. 2012) it was interesting to identify if Setdbl has a role for IAP silencing in endoderm
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cells. First, we isolated mutant embryos at E8.5 and E9.5 and checked the expression of IAP elements.
Interestingly, we found that IAP elements are also de-repressed in the mutant E8.5 and E9.5 embryos.
Also in the sorted Setdbl EGFP mutant endoderm cells reactivation of IAP elements was identified
(Figure 2.42). But the up-regulation of these IAP elements in endoderm cells was much lower than in
ES cells. These results illustrate that Setdbl contribute to the silencing of endogenous retroviruses
during endoderm development but a regulatory mechanism which is likely comparable to ES cells.
However, if the depression of IAP elements influences expression of other genes and could impair

development of the embryos needs to be clarified.
3.3 Loss of Setdb1 affects the properties of endoderm cells during in vitro

In vitro differentiation of ES cells become a very powerful method to study the molecular mechanism
underlying specific cell lineage commitments. In our experiments the ES cells were differentiated into
endoderm lineage cells by adding Activin A and Wnt3a (Yang et al. 2014). Upon differentiation, at
day 2-3 the ES cells reach the mesendoderm stage and Foxaz2 is activated. Sox17 will be activated at
around day 4. As we are using EGFP reporter cells, the green signal start to be activated at day 4. For
RNA-seq analysis, EGFP positive cells were sorted at day seven when the Setdbl has been removed
(proved by western and RT-PCR) (Figure 2.38). From the RNA-seq analysis, we could found that
genes which facilitate endoderm development were up-regulated and the genes which repress the

endoderm commitment were down-regulated (Figure 2.39).

Nanog and Sox2 are both highly expressed in stem cells and are involved in ES cell pluripotency and
self-renewal. These genes have different potential for further cell lineage commitment (Wang et al.
2012). Nanog represses embryonic ectoderm differentiation and overexpression of Nanog facilitates
endoderm lineage specification. In contrast to Nanog, Sox2 increases the differentiation to ectoderm
but represses the commitment to the endoderm cell lineage (Thomson et al. 2011). Very interestingly
from our RNA-Seq results we could see the up-regulation of Nanog but decreased expression of Sox2
in Setdbl EGFP mutant cells. This means the cells are in a state more like endoderm cells. MixI1
which is a mesendoderm gene is around 6 fold up-regulated in the differentiated Setdbl mutant cells.
This gene was shown to be related to endoderm development (Hart et al. 2002). Loss of MixI1 in the
embryos at E7.0 leads to a thickened primitive streak which lacks a morphologically recognizable
node. At E8.5 the anterior-posterior axis of the mutant embryos is much shorter and the midline
structure is strongly retarded. MixI1 as a mesendoderm gene and plays an important role for the
normal development of mesoderm and endoderm. However, overexpression of MixI1 in the ventral
marginal zone of Xenopus embryos leads to the repression of dorsal and ventral mesoderm
differentiation and promoted the expansion of endoderm (Lemaire et al. 1998). The enforced
expression of MixI1 in mesodermal and endodermal precursors during mouse ES cell differentiation
will cause different effects (Lim et al. 2009). By constitutive expression of MixI1l during the

mesoderm differentiation it is difficult to generate hematopoietic cells. Enforced overexpression of
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MixI1 during the endoderm differentiation from ES cells will increase the expression of definitive
endoderm genes and promote the formation of endoderm cells. During differentiation, Activin A could
induce the expression of MixI1. There are H3K9me3 and H4K16ac deposited in the promoter region
of MixlI1. Under the induction of Nodal TGF-B signals, Smad4-Smad2/3 and Trim33-Smad2/3
complexes will be formed and bind to H3K9me3 in promoter region of MixI1 (Xi et al. 2011). The
binding of this complex will displace HP1 and initiate the transcription through the recruitment of Pol
I1. From this experiment we know the poised H3K9me3 in the promoter region of MixI1 works as bait
which could induce the binding of the activating complex. Setdbl which acts as a histone
methyltransferase could stimulate the histone modification in the promoter region of this main
regulator. We assume that the deposit of H3K9me3 is formed through the interaction of Setdbl with
the core pluripotency transcription factors. Thus we postulate that the lack of Setdbl in endoderm cells
will reduce the H3K9me3 in the promoter region of MixI1 which will lead to the removal of HP1 in
this region. The expression of MixI1 will be activated. Eomes is considered to be upstream of MixI1
and is also upregulated in the Setdbl mutant differentiated cells. During embryonic development,
MixI1 expression in the primitive streak was lost in Eomes knock-out mice. There are papers showing
that Eomes plays a pivotal role in mesendoderm differentiation and MixI1 could facilities the
differentiation of definitive endoderm. Both genes will repress the expression of T during
differentiation. T which is down-regulated in Setdbl EGFP mutant cells is necessary for the
development of the mesoderm (Wilson et al. 1995). This means both MixI1 and Eomes have the
opposite role to T. This is also consistent with our result of upregulation of Eomes and MixI1 but the
down regulation of T in the differentiated cells upon deletion of Setdbl. It means that the
differentiated mutant cells are prone to stay in the endoderm state. Foxal, Foxa2 and Foxa3 are a
family of transcription factors which are responsible for hepatocyte differentiation (Monaghan et al.
1993). All of these three genes start to be expressed in the endoderm region at around E6.5 to E8.0 and
have been involved in gut development (Hiemisch et al.1997). Hnflb is required for the organogenesis
of the liver, the kidney and the pancreas and keeps expression for a long time. It is first detected in the
visceral endoderm and activated in the definitive endoderm at around E8.0 (Coffinier et al. 1999). Our
RNA-seq result indicates an increase of Foxal, Foxa3 and Hnflb. Interestingly Nodal and Wnt are
also up-regulated in the differentiated mutant cells. Loss of Nodal will lead to the missing of the
primitive streak and the Nodal signaling pathway is important for the formation of the endoderm. In
the gastrulation stage, Wnt3 is expressed in the posterior epiblast and the primitive streak. The
expression level of Wnt3 is a good biomarker for the potential of definitive endoderm development.
ES cells are much easier to differentiate to endoderm cells with the higher level of Wnt3 (Jiang et al.
2013).

In summary, we could find most of the up-regulated genes (MixI1, Eomes, Wnt3 and so on) are related
to endoderm differentiation or initiation of endoderm commitment. But the down-regulated genes are

more related to different cell lineages (Sox2 and T). Therefore, we think that cells without Setdbl are
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more responsive to external signals. With the external endoderm stimulus, the Setdbl mutant

endoderm lineage cells possess more endoderm properties.

However how does Setdbl regulate the expression of these genes? As Setdb1 does not contain a DNA
binding domain, there should be interaction partners of Setdbl involved in its recruitment. In order to
identify such interaction partners we performed Setdbl pull down assays followed by mass-

spectrometry identification.

Setdbl was shown to be related to ES cell pluripotency by interacting with transcription factors. Loss
of Setdbl leads to the de-repression of the trophectoderm lineage gene Cdx2 in ES cells. The
occupancy of Setdbl in the promoter region of Cdx2 depends on the presence of Oct4. Setdbl may
form different complexes in different cell types. Additionally, Setdbl was suggested to be involved in
the establishment and maintenance of the H3K9me3 (Sarraf et al. 2004) and the extension of
heterochromatin (lchimura et al. 2005). Even though Setdbl comprise an MBD-like domain, critical
amino acid residues for binding methylated DNA are mutated. It is thus unlikely that Setdbl could
bind directly to target genes and thus there must be other interaction partners cooperating with Setdbl.
Several different Setdbl complexes have been identified from different cell types and stages, but
proteins that would interact with Setdbl in ES cells and endoderm cells are still not known (Schultz et
al. 2003; Sarraf et al. 2004; Fritsch et al. 2010). In order to perform a detailed molecular analysis of
Setdbl in ES cells, we generated Setdb1 knock-in ES cells with an affinity-tag fused to the C-terminus
of Setdbl. With this tool, we could identify interaction partners of endogenously expressed Setdbl.
We carried out FLAG IP experiments and identified the Setdbl interaction partners through mass-spec
analysis. Interestingly, Atf7ip which has been identified as a factor interacting with Setdbl in HelLa
cells was also highly enriched in our IP experiments (Wang et al. 2003). This means that Setdbl has
the same regulatory mechanism in different cell types. DNA methylation has been known to be
involved in gene repression. The function of DNA methylation is conducted by the binding of methyl-
CpG binding domain proteins. Atf7ip is a very important factor which could facilitate gene repression
through the binding to the transcriptional repression domain of Mbd1, one of at least five mammalian
MBD proteins (Fujita et al. 2003). Setdbl was also reported to be recruited to DNA methylated
regions through Atf7ip to repress gene expression synergistically (Minkovsky et al. 2014). Because
Atf7ip could facilitate the conversion of di-methylation to tri-methylation by Setdbl and MBD1 can
mediate the formation of heterochromatin (Uchimura et al. 2006), Setdbl is possibly involved in

Mbd1-dependent transcriptional repression through heterochromatin assembly.

From our list, we could also find Glpl, Dnmtl and Kapl binding to Setdbl. These interactors of
Setdbl have also been identified earlier (Fritsch et al. 2010). However, how Setdbl is involved in
different biological processes with these interactors and if the interaction is direct or indirect remain
uncharacterized. Furthermore it needs to be clarified if the interaction partners that we found in ES

cells also function in the context of endoderm differentiation.
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4. MATERIAL AND METHOD

4.1 Cell biology methods

Cultivation of mammalian cells

MEF and ES cells are cultivated in High Glucose DMEM with L-Glutamine complemented with
sodium pyruvate, fetal calf serum (Sigma), beta-mercaptoethanol, non-essential amino acids (PAA)
and penicillin/streptomycin (PAA) in a 37°C incubator at 5% CO2. For ES cell culture medium is
supplemented with leukemia inhibitory factor (LIF) and gelatinized tissue culture dishes or feeders

covered dishes were used.
Immunofluorescence and microscopy

A Leica TCS SP5 confocal laser scanning microscope and a Zeiss LSM510 microscope were used to
obtain the images. Sequential excitation at 405nm, 488 nm, 543 nm and 633nm are provided by diode,
argon and helium-neon gas lasers, respectively. Emission detection ranges of the PMTs were adjusted

to minimize crosstalk between the channels. Images were further analyzed using FiJi software.
Establishment of ES and MEFs cell lines

Blastocysts are isolated at 3.5 dpc with mouth pipette. Culture the blastocysts on the feeder coated 48
well plate with ES cell medium containing MEK-1 inhibitor. Until 5 to 7 days, the inner cell mass
outgrow to form big colony then the colony can be trypsinized and transformed to bigger plate with
feeders. The medium should be changed every day. At the first passages the cells could only be split
when the colonies are formed as the new generated ES cells cannot grow very well at the first days.
Embryos are isolated at E13.5. Removing head and livers from the embryos then chop these embryos
into very small pieces with razor. Trypsinize the cell to single cells and then culture and expand the

cells.
Endoderm differentiation experiment

Coat the plate with gelatin for half an hour later and then seed the Wnt3a feeders 3 hours before
starting differentiation with 5-6x10* cells per 24 well. Trypsinize ES cells and pre-plate the ES cells
two times to remove all the feeders. Seed 2-3x10° ES cells onto feeder (Wnt3a feeders) coated plate in
1 ml differentiation medium (Yang et al.2014) and change medium every day. For the feeder free
endoderm differentiation experiment, skip the step of preparing the Wnt3a feeders instead add of

Whnt3a into the differentiation medium. The culture plates need to be coated with gelatin half an hour
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before the seeding. These cells need to be cultured for 6-7 days in the differentiation medium until

they reach high differentiation efficiency.
FACS analysis the differentiated cells and FACS sorting

FACS Canto Flow Cytometer (BD Bioscience) was used to analyze the apoptosis of the differentiated
control and mutant cells. After 7 days of differentiation Setdbl EGFP reporter cells were stained with
AnnexinV which is an apoptotic marker and were analyzed with the FACS machine to calculate the
proportion of the apoptotic cells in the differentiated GFP positive cells. The cells used for the RNA-

seq were sorted directly after day 7 of differentiation.
4.2 Molecular biology methods

Cloning of candidate proteins

CDNAs were reverse-transcribed from the RNA template purified from either mouse fibroblasts or
embryonic stem cells. Primers were designed with gateway att-side overhangs. Cloning was performed
using gateway cloning system (Invitrogen) following the manufacturer’s instructions. Primers used for

cloning are listed in Table 4.3.
RT-gPCR for monitoring different gene expression level

RNA of cells was harvested by using RNEasy (Qiagen). 100ng~1.25ug RNA was used for cDNA
synthesis using Superscript 111 Kit (Invitrogen) and random hexameric primers (NEB). gPCR reactions
were carried out in technical triplicates using a Roche Light Cycler 480 with FAST SYBR® Master
Mix (Applied Biosystems), and gene-specific primers. Ct-values were normalized to the geometric
mean of Actin or HPRT for each individual cDNA and fold changes where calculated by the 2-DDCt-
method (Vandesompele et al. 2002). gPCR primers are listed in Table 4.4.

4.3 Biochemical Methods

Determination of protein concentration

The concentration of proteins was determined by Bradford assay (Bradford.1979) (Compton et
al.1985).

SDS page gel

Separation of proteins by SDS-PAGE was performed in the Perfect Blue Dual gel Twin system
(Peglab) using precast gel cassettes (Invitrogen). Resolving and stacking gels were prepared according

to the manufacturer’s instructions using 30% (v/v) polyacrylamide solution (Rotiphorese, 37.5:1
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acrylamide/bisacrylamide) and resolving gel buffer (375mM Tris/HCI pH 8.8) or stacking gel buffer
(125mM Tris/HCI pH 6.8) respectively. Prior to loading samples were mixed with Roti Load (Roth)
and heat-denatured for 7 min at 95°C. Various molecular weight protein standards were used from
Bio-Rad/Peqlab. Electrophoresis was performed at 40 - 80 mA at RT for varying time. SDS gels were

either used for Coomassie staining, silver staining or western blotting.
Coomassie staining of protein gels

Proteins were visualized in SDS page by incubating in staining solution [0.1% Coomassie R250, 10%
acetic acid, 25% methanol] for 15 min at room temperature. Destain solution [8% acidic acid, 25%

methanol in water] was used to remove excessive staining solution.
Silver staining of protein gels

SDS page was fixed in fixation solution [10% acetic acid, 30% isopropanol] for at least 2 h or
overnight at room temperature. The gel was washed 3x 20 min in 30% ethanol followed by sensitizing
using 0.01% Na,S,0; for 1 min at room temperature and washed 3x 30 sec with water. Staining
solution [0.1% AgNO; in H,O] was applied for 1 h at room temperature while shaking. The gel was
again washed 3x 30 sec with water and incubated with the developer solution [3% Na,COs, 0.05%
formaldehyde, 0.02% Na,S,0; in H,O] until the bands were clear. Reaction was stopped by adding 5%

glycine solution. The gel was rinsed in water and stored in water at 4°C until analysis.
Western blot

Proteins separated by SDS-PAGE were transferred to a PVDF membrane (Roth). Transfer was
achieved with a wet blot system (Criterion Blotter, Bio-Rad). Before the transfer, the polyacrylamide
gel and the PVDF membrane were activated in MeOH and rinsed in blotting buffer [25mM Tris, 192
mM glycine, 10% methanol]. The transfer was performed at 400 mA for 1 h at 4°C. The membranes
are incubated in Blocking Buffer [1 x PBS, 2.5% BSA and 2.5% milk] for 1 h at RT in order to
saturate free binding sites on the membrane and hence minimize the non-specific background. After
blocking the membranes were incubated either for 2.5 h at RT or o/n at 4°C with an appropriate
dilution of the primary antibody. The membranes were extensively washed for 3 x 20 min in PBST
Buffer [1 x PBS, 0.1% (v/v Tween 20)]. The HRP-coupled secondary antibody was incubated for 1-
1.5 h at room temperature in the appropriate dilution in blocking buffer. The membranes were again
washed 3x 20 min in PBST and exposed to X ray films using ECL developer solution mix (Amersham

biosciences).
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Generation of Setdb1 antibodies

Setdbl antibody was raised in mouse immunized with peptide derived from the mouse protein.
Antibody serum was tested on extracts from mouse embryonic stem cells and Setdbl deleted MEFs.

Tudor MBD PreSet Set Set

1 H N B 1308

f

peptide aa698-1308

Figure 4.1 Peptides used for antibody generation

Expression and purification of GST tagged proteins from E. coli

GST fusion proteins were expressed from pGEX6P1 vector in E. coli BI21 (Stratagene). Bacteria were
induced at OD=0.6 by adding 1 mM IPTG at 37°C for 3 h or overnight at 25°C. Harvested cells were
resuspended in Lysis buffer [20 mM Tris pH 7.5, 150 mM NaCl, 2 mM EDTA, 1mM DTT, complete
(Roche)] and disrupted using a Branson sonicator. Suspension was adjusted to 1% Triton and
incubated for 30 min at 4°C. Cell debris was removed by centrifugation 60 min 12000 rpm 4°C. GST
tagged proteins were bound to Glutathione-S-Sepharose beads (Amersham Biosciences) for 1 h 4°C
rotating. After washing with 10x volume of wash buffer I [20mM Tris pH 7.5, 500 mM NaCl, 2 mM
EDTA, 1% Triton-X-100 and 1mM DTT], wash buffer Il [20 mM Tris pH 7.5, 150 mM NaCl, 2 mM
EDTA, 0.1% TritonX-100 und 1mM DTT] and wash buffer 111 [20 mM Tris pH 7.5, 150 mM NacCl, 2
mM EDTA und 1mM DTT] bound proteins were eluted with elution buffer [10mM Tris (pH 8.0) and
10 mM Glutathion], dialyzed against 1xPBS, 20% glycerol then snap frozen and stored at -80°C.

Co-immunoprecipitation

Nuclei from wild type and Setdbl HA-FLAG ES cells were isolated by spinning through a Ficoll
gradient. The nuclear pellet was resuspended in low salt IP Buffer [50mM Tris pH 7.5, 150mM NacCl,
1mM EDTA, 20% glycerol, 0.1% NP40, proteinase inhibitor cocktail (Roche)] followed by addition
of benzonase and incubation for 15 min at 37°C. Adjust salt concentration to 300mM and incubate for
30 mins on ice followed by mild sonication 2x 10 sec at amplitude 10 in a Branson sonifier. Insoluble
proteins were separated by spinning for 30 min at 13000 rpm at 4°C and repeated once. The extract
was incubated with anti-flag M2 agarose beads for 2 hours at 4°C on a rotating wheel. The beads were
washed in IP buffer containing 300 mM NaCl for five times and eluted with SDS sample buffer.
Proteins were separated on SDS-polyacrylamidgels and analyzed by western blotting using antibodies

for different purposes.

4.4 Embryology methods
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Whole mount embryo X-gal staining

Embryos were dissected carefully then fix embryos with 4% paraformaldehyde/PBS at 4°C
[E7.5/5min;E8.5/10min]. After washing with LacZ rinse solution [2mM MgCI2; 0.02% NP-40; 0.01%
sodium deoxycholate in PBS] the embryos were stained with X-gal staining solution [1mg/ml
dimethylformamide; 5mM potassium ferricyanide; 5mM potassium ferrocyanide in LacZ rinse
solution] O/N at 37°C.

In situ hybridization

Dissect embryos in autoclaved PBS and fix in 4% paraformaldehyde (PFA) in PBS at 4°C overnight.
Add 1 ml prehybridization buffer [50% Formamide, 5XxSSC pH5.4, 1%SDS, 50ug/ml yeast tRNA, 50
pg/ml Heparin] to the embryos and swirl for 5 min then replace with 2 ml fresh prehybridization
buffer and incubate at 70°C for at least 2 hours. Replace the prehybridization buffer with
hybridisation mix including 500ng to 1.0 pg/mL DIG. Labeled RNA probe which has been denatured
at 80°C for 5 min was incubated with embryos overnight at 70°C. The next day, quick wash with 1 ml
of hybridization buffer at 70°C and 3x30 min wash with prewarmed solution | [50% formamide, 5X
SSC, pH 4.5, 1% SDS] at 70°C. Afterwards wash 3 times with TNT [10 mM Tris-HCI, pH 7.5, 0.5 M
NaCl , 0.1% Tween-20] at RT for 5 min followed by treatment with 100pg/ml RNase A for 60 min in
TNT at 37 °C. Then the embryos were washed with TNT: Solution Il [50% formamide, 2X SSC, pH
4.5, 0.2% SDS in regular MilliQ H,0] (1:1) for 5 min at RT then washed 3x30 min with solution I at
65 °C followed by 3 x wash for 5 min each in MAB [100mM Maleic acid, 150 mM NaCl, 2mM
Levamisole, 0.1% Tween-20.] at RT. Add 1-2 ml of antibody solution and rock gently at 4°C
overnight after the Preblock embryos in 10% lamb serum in MAB/2% blocking reagent for 2-3 hours
at RT. In the third day carry out the whole day wash with MAB. Until the fourth day wash the
embryos 3 x with NTMT [100 mM NaCl , 100 mM Tris-HCI, pH 9.5, 50 mM MgCI2 0.1Tween-20, 2
mM Levamisole] for 10 min at RT followed by the incubation of the embryos in 1-2 ml BM purple
with levamisole at RT to develop colors. Stop the chromogenic reaction by washing 3 times in PBST
with PH at 4.5.

The embryos could also be dehydrated by 25% MeOH/PBST, 50% MeOH/PBST, 75% MeOH/PBST
and 100% MeOH for 10 min each and kept for a year at -20°C. Then the embryos could be
redehydrated by MeOH/PBST (75%MeOH -> 50% MeOH -> 25% MeOH -> PBST) series in reverse

for 5 min each.
Whole mount embryo immunostaining

Embryos were isolated in the dissection medium (PBS+) [PBS containing Mg,+ ad Ca,+]. Then these
embryos were fixed for 20 min at RT in 2% PFA in PBS+ followed by permeabilizing for 10 to 15

min in the permeabilization solution [0.1 M Glycin/0.1% TritonX-100]. Transfer these embryos into
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blocking solution [0.1% Tween-20; 10% FCS; 0.1% BSA; 3% Rabbit, Goat or Donkey serum]. 2-3
hours later the primary antibodies were added into blocking solution and incubated O/N at 4°C.The
next day leave these embryos for another 2 hours at RT. After 3 times wash with PBST, these embryos
were incubated with secondary antibody for minimum 3 hours at RT then wash with PBST for 3 times.
Afterwards these embryos were dehydrated with a series of 30%, 60% and 80% Glycerol in PBST+
for 5 min each. Then embed the embryos in the embedding medium for the microscopy analysis.

Embryo preparation for paraffin section and Hematoxylin and Eosin (H&E) Staining

Embryos were fixed in 4% PFA at 4°C O/N and wash quickly with PBS. Different concentration of
Ethanol was used to dehydrate the embryos (25%, 50%, 75%, 96% and 100% ethanol). Then Xylol
was used to dehydrate the embryos followed by incubation in paraffin at 65°C O/N. Next day, the
embryos could be embedded and oriented in the right direction.

The embedded embryos were sectioned from different layers by microtome. Fist these slide were
deparaffinized in Xylene and then rehydrated by 100%, 96%, 75% and 50% ethanol. Afterwards these
slides were stained with Hematoxylin and then counterstained with Eosin. After staining the slides
were dehydrated and mounted with cytoseal.

4.5 Mouse methods

Generation of conditional mouse knock-out stains

Heterozygous mice with successful germ line transmission of the targeted allele were generated
through the EUCOMM project. Setdbl beta-gal mouse was introduced Flp recombinase to remove the
beta-gal gene cassette resulting in “flox” alleles. To disrupt Setdbl protein, homozygous Setdb1*/1°

1f|ox/f|ox

mice were crossed with different Cre lines. To monitor the Setdbl deleted cells Setdb mice

were crossed with CAG-CAT-EGFP reporter mice (Nakamura et al. 2006).
Genotyping

Genomic DNA was isolated from tail biopsies. Proteinase K (Invitrogen) in tail buffer (50 TRIS pH
7.4, 100mM EDTA, 100mM NaCl, 1% SDS) at 55°C overnight was used to remove proteins. DNA
was precipitated by high salt and isopropanol and resuspend in 1XTE buffer. Genotyping was
performed as standard endpoint PCR reaction in 25ul volume.

For very less cell numbers of early embryos (earlier than E8.5), cells were lysed with Lysis buffer
(50mM KCI, 10mM Tris HCI PH8.0, 2mM MgCl,, 0.45% NP-40, 0.45% Tween20) and protein was
degraded with Proteinase K at 55°C for at least 3 hours. Then inactivate proteinase K by heating

at 95 °C for 10~20 Min.
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Table 4.1 Cloning vectors

vector company description

Bacterial expression vector, containing att sides for gateway

pDonor Zeo Invitrogen .
cloning

Mammalian expression vector, C-terminal EGFP tag, CMV

PEGFP N1 Invitrogen promoter, polyadenylation signal from SV40
CMV mve Invitrogen Mammalian expression vector, N-terminal c-myc, HA tag, CMV
P y g promoter, polyadenylation signal from SV40
DGex6P1 Invitrogen Bacterial expression vect_or,_ N-terminal G_ST tag, tac promoter,
PreScission cleavage site
pET21 Novagen Bacterial expression vector

Table 4.2 Bacteria strains

Strain company genotype

F—ompT gal decm lon hsdSB(rB- mB-) M(DE3

Bl21 (DE3) NEB [lacl lacUV5-T7 gene 1 ind1 sam7 nin5])

F- endAl ginV44 thi-1 recAl relAl gyrA96 deoR nupG

DHS alpha Promega ®80dlacZAM 15 A(lacZY A-argF)U169, hsdR17(rK- mK+), A

F—, ara,A(lac-proAB) [®80d lacZAM15], rpsL(str), thi,

Stellar clontech A(mrr-hsdRMS-mcrBC), AmcrA, dam, dem
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Table 4.3 Primer sequence

Genotyping primer
For Setdbl mouse
Setdbl flox F TCTTTGAGCCAGAGCAAGCAGG
Setdbl flox R TGGCAGCTCACAAGCACATTCA
setdbl beta-gal F AGTAAATCTTTGAGCCAGAGCAAGC
setdbl beta-gal R TTCTTCTGTTAGTCCCAACCCCTT
Setdb1 flp F GTGGATCGATCCTACCCCTTGCG
Setdbl flp R GTCCAACTGCAGCCCAAGCTTCC
Setdbl delta F AGTAAATCTTTGAGCCAGAGCAAGC
Setdbl delta R TCACAGAGATCCACCTGCCTTTCCT
Setdbl Sox17-cre F GTGTATAAGCCCGAGATGG
Setdbl Sox17-cre M CTCAACTGTTCAAGTGGCAG
Setdbl1 Sox17-cre R GATCTATGGTGCCAAGGATGAC
Cloning primer
Setdb1 698f GGGGACAAGTTTGTACAAAAAAGCAGGCTACACC
ATGTTGGACATCACCTATG
Setdbl 1308f GGGGACCACTTTGTACAAGAAAGCTGGGTCAAGA
AGTCTCCCTCTGCATT
Mutagenesis primer
Setdbl H1241L f CCGCTACCTCAATCTGAGTTGCAGCCCCAAC
Setdbl H1241L r GTTGGGGCTGCAACTCAGATTGAGGTAGCGG
Setdbl H1241R f GCCGCTACCTCAATAGGAGTTGCAGCCCCAAC
Setdbl H1241R r GTTGGGGCTGCAACTCCTATTGAGGTAGCGGC
Setdbl C1243A f CTACCTCAATCACAGTGCCAGCCCCAACCTGTTTG
Setdbl C1243Ar CAAACAGGTTGGGGCTGGCACTGTGATTGAGGTAG
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Table 4.4 Primers used for quantitative PCR

Gene Sequence
HPRT F ATGAGCGCAAGTTGAATCTG
HPRT R CAGATGGCCACAGGACTAGA
GAPDH F TCAAGAAGGTGGTGAAGCAG
GAPDH R GTTGAAGTCGCAGGAGACAA
Oct4 F | AGACCATGTTTCTGAAGTGCCCG
Oct4 R CGCCGGTTACAGAACCATACTCG
IAP U3 F CGA GGG TGG TTCTCT ACT CCAT
IAP U3 R GAC GTG TCA CTC CCT GAT TGG
IAP pol F CTT GCC CTT AAA GGT CTA AAA GCA
IAP pol R GCG GTATAA GGT ACA ATT AAA AGA TAT GG
IAP global F CGGGTCGCGGTAATAAAGGT
IAP global R | ACTCTCGTTCCCCAGCTGAA
Igf2r F GCTGCCAGCCTTCAGATTCACA
Igf2r R | TTCTTGCAGGCTGCAGTAGTCCTC
Airn F AGCCCTTCCTTTCTTGTTTCCTTG
Airn R | AAATCTCACTATTCCCGCTCCCTG
Igf2 F GGGAGCTTGTTGACACGCTTCA
Igf2 R | AAGTACGGCCTGAGAGGTAGACACG
H19 F CATGTCTGGGCCTTTGAA
H19 R | TTGGCTCCAGGATGATGT
Setdbl Exon4 F AGCAGAACTCCAAAAGACCAGAAGC
Setdbl Exon4 R | TCTTGCCCAGAATCCGCATG
Gabrrl F CACACCACCACAAAACTAGCC
Gabrrl R | TGGCAGGAAAGTAGGTTTGG
Mpv17L F TCATGTACTGGCCCTTTGTG
Mpvl7L R | TATGGACTGCAGTGTACCATCG
Rex2 F TGTTTGCTCCTCACCAAGAA
Rex2 R CCTCCGATGAGAAGTCCAAA
Cerl F | ACTGTGCCCTTCAACCAGAC
Cerl R CATTTGCCAAAGCAAAGGTT
Thox4 F GAGGATGTTCCCCAGCTACA
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Thox4 R | ATCCGGGTGCACATAAAGTC
Foxal F | CCTCCGATGAGAAGTCCAAA
Foxal R | TGTTAGGGACTGTGAAGATG
Nodal F | TTCAAGCCTGTTGGGCTCTAC
Nodal R | TCCGGTCACGTCCACATCTT
Hnflb F | AGGGAGGTGGTCGATGTCA
Hnflb R | TCTGGACTGTCTGGTTGAACT
Wwnt3 F | GGAGCGACAGTCAGATCTCC
Wnt3 R | AGAAGAGACCTGCCTCCACA
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Table 4.5 Antibodies used for immunofluorescence and western blot

Antibody company
Setdbl Santa Cruz
Flag Sigma
Sox17 Acris/Novus
Foxa2 Abcam
Brachyury Santa Cruz
Pecaml BD science
H3K9mel IMP
H3K9me2 IMP
H3K9me3 IMP
H4K20me3 IMP
H3K9AC Abcam
GFP Aves

Ki67 Zytomed
Caspase3 Zytomed
H3S10ph Abcam
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ABBREVIATIONS

ABBREVIATIONS

ADP: adenosine diphosphate

ATP: adenosine triphosphate

BSA: bovine serum albumin

cDNA: complementary DNA

CKO: conditional knock-out

DAPI: 4,6-Diamino-2-phenylindol

DNA: deoxyribonucleic acid

ESCs: embryonic stem cells

GFP: Green Fluorescent Protein

GST: Glutathion-S-Transferase

H3K9me3: trimethylation of histone H3 at lysine 9
H4K20me3: trimethylation of histone H4 at lysine 20
HMTase: histone lysine methyaltransferase
HP1: heterochromatin protein 1

kb: Kilobases

kDa: Kilodalton

KO: knockout

miRNA: microRNA

MRNA: messenger RNA

ncRNA: non coding RNA

PCR: polzmerase chain reaction

gRT-PCR: guantitative Real-time polymerase chain reaction

RNA: Ribonucleic acid

SET: suppressor of variegation, enhancer of zeste and trithorax

Setdbl: SET domain, bifurcated 1

Suv39h1: suppressor of variegation 3-9 homolog 1
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Suv39h2: suppressor of variegation 3-9 homolog 2
Suv4-20h1: suppressor of variegation 4-20 homolog 1
Suv4-20h2: suppressor of variegation 4-20 homolog 2

XEN: extraemryonic endoderm
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Table 1. Affymetrix array data list of Setdb1=° embryos. These genes which are more than 1.2

fold change are listed.

Gene symbol or ID Ratio Mut/Ctrl rawp
Sic13a4 0,48 3,22E-03
Reep6 0,60 1,63E-02
Kib 0,57 2,58E-03
Slc2a2 0,57 2,34E-03
Xlr5¢ 0,59 6,95E-04
Chd7 0,82 2,11E-01
Garl 0,69 1,23E-02
Capn2 0,71 2,21E-02
Chd7 0,85 2,82E-01
Setdbl 0,62 7,17E-05
Nolcl 0,75 6,53E-02
Xlr5¢ 0,64 1,84E-03
Rnf213 0,81 2,07E-01
Epb4.113 0,79 1,58E-01
Rbm25 0,77 1,11E-01
Rbm25 0,77 1,16E-01
Supt16h 0,80 1,50E-01
Slc7a7 0,61 3,10E-04
Slc20al 0,68 2,22E-03
Sgkl 0,62 7,99E-04
Ddx21 0,76 6,06E-02
Pbrm1 0,82 1,98E-01
Slcl6a6 0,66 1,83E-03
Naal5 0,80 1,30E-01
Rad5412 0,80 1,43E-01
Trim44 0,82 1,76E-01
Cerl 0,65 1,33E-04
Chd7 0,90 4,09E-01
Cldn2 0,69 4,39E-03
C330019G07Rik 0,89 3,52E-01
GENSCANO00000007344 0,82 1,63E-01
Marcksl1 0,74 4,63E-02
Rbm47 0,69 7,62E-03
Chd7 0,89 3,46E-01
Dnajc13 0,78 7,94E-02
2210011C24Rik 0,64 9,62E-04
Ckap2l 0,77 4,10E-02
Purb 0,85 2,59E-01
Chd7 0,93 4,83E-01
Chd7 0,91 3,97E-01
Thoc4 0,73 3,44E-03
Foxc2 0,77 7,37E-02
Stox2 1,04 6,85E-01
Eif3b 0,80 8,51E-02
Kif5h 0,88 3,11E-01
Ncl 0,83 1,76E-01
Kdr 0,74 1,68E-02
Pbrm1 0,83 2,16E-01
Myo9a 0,87 2,85E-01
Hnrnpu 0,84 2,16E-01
Igf2bpl 0,89 3,59E-01
Opa3 0,77 3,83E-02
Tcfls 0,70 1,36E-04
Rrplb 0,81 1,31E-01
Zfp259 0,74 5,96E-03
Srsf2ip 0,88 3,01E-01
Elovl6é 0,82 1,35E-01
Ppplr7 0,82 1,38E-01
Odcl 0,70 1,92E-03
Srp72 0,83 1,49E-01
Srrm2 0,83 1,84E-01
Yars 0,79 6,97E-02
Stxbp4 0,93 4,62E-01
Zbed3 0,79 4,70E-02
A530032D15Rik 0,80 7,75E-02
4932438A13Rik 0,90 3,81E-01
Ltnl 0,78 4,92E-02
Smc3 0,88 3,34E-01
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Igfhp5 0,77 3,05E-02
Ftsj3 0,80 6,12E-02
Ckap5 0,84 1,84E-01
Cdk12 0,89 3,46E-01
Xlr3c 0,73 1,21E-03
Zc3h4 0,82 1,27E-01
Usp8 0,83 1,35E-01
Rbms1 0,82 9,42E-02
Podxl 0,84 1,69E-01
Prpf40a 0,83 1,34E-01
Pabpcd 0,79 3,83E-02
Ltbr 0,71 3,56E-05
Sfrpl 0,88 3,04E-01
Ltnl 0,81 7,39E-02
Aff4 0,92 4,39E-01
Tripl2 0,86 2,26E-01
Selll3 0,71 5,19E-04
Eif3a 0,81 7,88E-02
GENSCANO00000029169 0,74 1,94E-03
Mtap4 0,85 2,14E-01
Hspa4 0,83 1,11E-01
Scpepl 0,74 4,52E-03
Arid3c 0,69 1,08E-04
C230081A13Rik 0,94 4,83E-01
Srrml 0,85 2,06E-01
Xlr3a 0,74 1,74E-03
Luzpl 0,86 2,65E-01
Pabpc4 0,80 4,38E-02
Rnasen 0,91 3,91E-01
Eif3) 0,80 5,39E-02
Pabpc4 0,80 4,83E-02
Hnrnpa3 0,87 2,63E-01
Hnrnpa3 0,87 2,63E-01
Wnk3-ps 0,83 1,17E-01
Dhx8 0,82 7,86E-02
Brwd3 0,83 1,53E-01
Pabpcl 0,85 1,90E-01
Gnl3l 0,81 6,94E-02
4932438A13Rik 0,96 5,81E-01
Eif3) 0,79 3,67E-02
Lyar 0,83 1,23E-01
ENSMUST00000150411 0,77 6,81E-03
Hnrnpa3 0,86 2,52E-01
Adamts9 0,83 1,32E-01
Arhgaplla 0,82 1,16E-01
Tetl 0,93 4,86E-01
Srgapl 0,82 9,42E-02
Dhx29 0,81 5,40E-02
Pabpc4 0,80 5,81E-02
Actn4 0,86 2,58E-01
Nf2 0,85 1,90E-01
Myo9a 0,91 4,24E-01
Tgsl 0,84 1,37E-01
4932438A13Rik 0,92 4,53E-01
Tet3 0,85 1,97E-01
Pvr 0,74 1,45E-03
Ddx24 0,81 4,19E-02
Psmc2 0,77 3,03E-03
Nfe2l2 0,79 2,42E-02
Hnrnpa3 0,87 2,53E-01
Odcl 0,74 2,04E-03
GENSCANO00000041795 0,80 3,76E-02
Ywhab 0,84 1,33E-01
Igf2bpl 0,84 1,32E-01
Bmsl 0,83 1,14E-01
Sox17 0,74 8,67E-04
Hnrnpd 0,85 1,73E-01
Mnsl 0,84 1,51E-01
Hnrnpa3 0,87 2,83E-01
Fus 0,86 1,83E-01
Crebbp 0,92 4,53E-01
Ddx46 0,92 4,33E-01
Hnrnpa3 0,88 2,90E-01
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Ltnl 0,82 8,01E-02
Ogfr 0,81 4,42E-02

Gemin5 0,81 7,37E-02
Eif3c 0,87 2,48E-01
Smarcad 0,90 3,67E-01
Hnrnpul2 0,87 2,63E-01
Sicl6al 0,75 3,07E-03
Ubgin2 0,86 2,30E-01
Mprip 0,94 5,27E-01
Csda 0,85 1,48E-01
Zdbf2 0,83 9,37E-02
Bmpr2 0,87 2,67E-01
Mettl1 0,75 4,65E-03
Chd8 0,85 1,69E-01
Dkcl 0,86 1,79E-01
Hnrnpa3 0,87 2,53E-01
Sartl 0,91 3,72E-01
1200009022Rik 0,76 1,18E-03
Hnrnpa0 0,82 5,25E-02
Actnl 0,87 2,42E-01
Slco3al 0,80 1,81E-02
Chd7 0,96 5,70E-01
Aakl 0,85 1,76E-01
Ddc 0,79 1,56E-02
Fscnl 0,88 2,60E-01
Kpnbl 0,84 1,07E-01
Ddx23 0,83 9,66E-02
Ccdc86 0,82 8,39E-02
Usp7 0,88 2,65E-01
Nudtl1l 0,75 1,76E-03
Trpsl 0,90 3,41E-01
Zfp398 0,79 1,70E-02
Ralbpl 0,87 2,02E-01
Clintl 0,83 6,70E-02
Cltc 0,83 8,65E-02
Arhgapl 0,84 9,65E-02
Bat212 0,92 4,76E-01
Setx 0,87 2,36E-01
Chd7 0,88 2,51E-01
Zc3h18 0,84 1,09E-01
Sall4 0,85 1,46E-01
Srp68 0,86 1,75E-01
Ltnl 0,82 6,32E-02
GENSCANO00000006406 0,81 2,58E-02
Lpgatl 0,78 4,03E-03
Frmd4a 0,87 2,24E-01
Igf2bp3 0,86 1,65E-01
Pbrm1 0,87 1,98E-01
Pde3a 0,78 8,20E-03
Hectdl 0,87 2,17E-01
Nhs 0,81 2,79E-02
Psmd1 0,85 1,21E-01
Chd7 0,89 3,24E-01
Caprinl 0,84 8,50E-02
Hsp90b1 0,86 1,53E-01
Dhcr24 0,83 5,09E-02
Ankrd17 0,92 4,29E-01
Fam98a 0,78 2,57E-03
Whscl 0,90 3,60E-01
Nono 0,87 2,12E-01
Setd5 0,92 4,30E-01
Vim 0,85 1,59E-01
Tnks 0,90 3,22E-01
Gm340 0,91 4,11E-01
Xpnpepl 0,83 6,49E-02
Mdn1 0,83 7,38E-02
Zmizl 0,96 5,96E-01
Gpre5c¢ 0,84 8,28E-02
Whbp1l 0,86 1,87E-01
Dnmtl 0,87 2,18E-01
Ddx18 0,81 1,57E-02
Pitpna 0,80 1,52E-02
Zeb2 0,96 5,82E-01
E430025E21Rik 0,86 1,64E-01
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Tcf25 0,84 8,48E-02
Hcfcl 0,88 2,40E-01
Nfyc 0,79 2,81E-03

GENSCAN00000005602 0,81 2,64E-02
4732471D19Rik 0,91 3,95E-01
Trip4 0,81 2,47E-02
Stipl 0,83 6,43E-02
Ssrpl 0,82 4,55E-02

Vep 0,85 9,44E-02
Pa2g4 0,81 1,57E-02
Sec63 0,88 2,75E-01
Hs6st2 0,83 4,53E-02
Mcm6 0,85 1,04E-01

Bbx 0,87 1,96E-01

Rest 0,88 2,47E-01

Chd7 0,97 6,32E-01
Hdgf 0,87 1,84E-01
GENSCAN00000044609 0,83 5,42E-02
5730590G19Rik 0,94 5,27E-01
4933411K20Rik 0,83 5,33E-02
Zmym4 0,88 2,35E-01
Usp42 0,86 1,33E-01
2010305A19Rik 0,76 4,86E-04
Chd7 0,87 2,23E-01
Spna2 0,89 2,88E-01
Nmt2 0,83 4,46E-02
2610507B11Rik 0,88 2,55E-01
Gnall 0,80 6,43E-03
Rangapl 0,82 4,32E-02
Mis12 0,79 3,72E-03
C79407 0,89 2,71E-01
Hadha 0,85 9,96E-02
Nudc 0,84 6,66E-02
D8Ertd82e 0,86 1,61E-01
Prcl 0,81 1,82E-02
Zfp568 0,83 5,07E-02
Gtf2i 0,89 2,51E-01
Mia3 0,90 3,35E-01

Lars 0,85 9,53E-02
Polr3c 0,84 6,61E-02
Hnrnpab 0,83 3,03E-02
4932438A13Rik 0,95 5,37E-01
Fam98b 0,87 1,89E-01
4931431F19Rik 0,81 1,06E-02
Igf2bp2 0,88 2,41E-01
Cdr2 0,78 2,12E-03
Ppfibpl 0,83 4,65E-02
Zscan4-ps2 0,84 7,44E-02
Zfp710 0,84 7,42E-02
Npcl 0,83 4,75E-02
Abcfl 0,88 2,12E-01
Lrpapl 0,82 2,79E-02
Hsp90aal 0,84 5,87E-02
Supt5h 0,88 2,14E-01
Dnajc13 0,87 2,05E-01
Tpm3 0,84 5,50E-02
Slc39a7 0,83 3,92E-02
Myolb 0,85 1,08E-01
Smchd1 0,87 1,71E-01
Birc6 0,88 2,54E-01
Arhgef5 0,85 9,25E-02
Ebfl 0,85 1,04E-01
Ankrd13a 0,85 1,01E-01
Nup214 0,88 2,55E-01
GENSCANO00000033295 0,83 3,34E-02
Anks4b 0,78 9,28E-04
Smarcab 0,90 3,18E-01
Heatrl 0,83 3,22E-02
2900092E17Rik 0,79 3,80E-03
Sh3kbpl 0,93 4,40E-01
Prss12 0,76 1,31E-03
Dhx38 0,89 2,77E-01
Ube4b 0,93 4,47E-01
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Rprd2 0,89 2,98E-01
Inpp5a 0,81 8,63E-03

Fam83b 0,80 7,06E-03
Arl2bp 0,82 1,75E-02
Hsp90aal 0,86 1,16E-01
Gmb5471 0,81 8,55E-03
Ppmlg 0,82 1,50E-02
Hyoul 0,87 1,73E-01
Ezr 0,85 1,00E-01
Ncapd?2 0,89 2,68E-01
Rapgef2 0,93 4,42E-01
Zfp57 0,83 3,13E-02
GENSCANO00000044605 0,85 7,20E-02
Gnl2 0,86 1,15E-01
Synj2 0,80 6,37E-03
Sec16b 0,81 9,99E-03
Dnajc11 0,85 6,76E-02
Zebl 0,88 2,21E-01
Pdxdcl 0,85 7,97E-02
Nrp2 0,90 2,80E-01
Smarcdl 0,86 1,05E-01
Nudt10 0,75 2,19E-03
Elac2 0,84 2,75E-02
ENSMUST00000120104 0,82 2,35E-02
Fat3 0,92 4,26E-01
Taf3 0,90 3,17E-01
Nudc 0,88 1,94E-01
Dennd5h 0,88 1,72E-01
Ladl 0,84 5,01E-02
Grinlla 0,86 8,78E-02
Polrla 0,86 1,27E-01
Ltnl 0,86 1,04E-01
Hdlbp 0,93 4,67E-01
GENSCAN00000048589 0,87 1,25E-01
Ildrl 0,78 1,56E-03
Zfpl106 0,97 6,50E-01
Rcorl 0,86 8,67E-02
Ppp3ca 0,91 3,31E-01
Pla2g6 0,85 6,80E-02
Rapgefl 0,93 4,36E-01
Cogb 0,84 4,18E-02
Smurfl 0,86 8,21E-02
Fam3c 0,82 8,34E-03
Psmcl 0,80 2,75E-03
Nasp 0,89 2,29E-01
ENSMUST00000120860 0,81 7,89E-03
Sael 0,85 5,49E-02
Zfp281 0,88 1,94E-01
Smarcab 0,91 3,42E-01
Qrichl 0,88 1,93E-01
Anp32b 0,86 9,07E-02
GENSCANO00000031128 0,81 2,88E-03
Hsp90aal 0,86 1,04E-01
Emel 0,83 1,24E-02
Golm1 0,94 4,89E-01
Thllx 0,90 3,18E-01
Smyd5 0,84 4,49E-02
GENSCANO00000016966 0,86 9,09E-02
Ddx18 0,82 7,19E-03
Ctnndl 0,89 2,52E-01
Tex2 0,82 1,14E-02
Samhdl 0,88 1,63E-01
Myh10 0,90 3,02E-01
Sdha 0,86 7,01E-02
Ddx6 0,88 1,50E-01
Tsrl 0,83 1,78E-02
Mapk14 0,82 1,15E-02
Mtap 0,83 7,42E-03
Cdca2 0,84 2,99E-02
Tmx2 0,76 2,06E-03
D10Wsu52e 0,84 1,97E-02
Ide 0,84 2,50E-02
Myst2 0,85 4,34E-02
Ltnl 0,87 1,31E-01
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Map3k1 0,90 3,07E-01
Tpm3 0,88 1,71E-01
Huwel 0,95 5,44E-01
Mybl2 0,90 2,96E-01
Ly75 0,87 1,25E-01
Neol 0,91 3,25E-01
X02935 0,83 1,20E-02
Sept9 0,93 4,44E-01
Naccl 0,89 1,89E-01
Thoc5 0,90 2,51E-01
Dnajb11l 0,81 1,98E-03
Acsll 0,85 4,48E-02
Acaca 0,89 2,10E-01
Ptpdcl 0,83 6,90E-03
Fam180a 0,82 2,36E-03
Zfp300 0,80 7,33E-04
Epb4.1 0,99 7,27E-01
Epb4.112 0,91 3,51E-01
Colec12 0,96 5,78E-01
Rrpl 0,91 2,95E-01
Gpd2 0,87 1,10E-01
Ube2r2 091 3,17E-01
Ppp2r5d 0,91 2,94E-01
ENSMUST00000119244 0,85 4,01E-02
Brpfl 0,89 2,09E-01
2610002D18Rik 0,81 1,27E-03
Fbxoll 0,92 3,58E-01
Etfl 0,84 1,02E-02
4932438A13Rik 0,96 5,71E-01
1810055G02Rik 0,86 4,89E-02
Ddx19a 0,84 1,11E-02
Lias 0,81 1,45E-03
Snx19 0,87 7,69E-02
Staul 091 2,91E-01
Cttn 0,90 2,45E-01
Wwpl 0,87 5,86E-02
Kcnal 0,86 3,33E-02
Carml 0,92 3,41E-01
CdkI3 0,85 2,06E-02
Txnrdl 0,88 7,87E-02
Ahsal 0,83 2,31E-03
Ddx42 0,89 1,37E-01
Rsl1dl 0,87 6,95E-02
Cdv3 0,87 4,60E-02
Cops8 0,86 2,63E-02
Sec62 0,88 6,84E-02
Eif4g2 0,88 7,46E-02
1300018J18Rik 1,14 1,18E-01
4930432021Rik 1,11 3,68E-01
Cnot6l 1,16 3,60E-02
OrmdI2 1,12 2,69E-01
Prdx5 1,14 1,52E-01
Pagr3 1,15 7,75E-02
Ndufs4 1,16 8,22E-02
Fhit 1,20 5,33E-03
OIfr920 1,16 8,11E-02
Crot 1,18 2,07E-02
Dnasell3 1,19 1,27E-02
Edil3 1,28 2,23E-03
Fut10 1,17 5,06E-02
Apoalbp 1,14 1,90E-01
Ppie 1,17 7,78E-02
E2fl 1,18 3,78E-02
Lsm10 1,11 4,95E-01
Esco2 1,20 9,14E-03
Lamp2 1,21 7,44E-03
Degs2 1,20 1,22E-02
ENSMUST00000058162 1,21 4,67E-03
Pex7 1,13 3,44E-01
Tm2d3 1,13 3,92E-01
Cypl7al 1,28 1,65E-03
1700080G18Rik 1,16 1,69E-01
Wnt5h 1,20 2,31E-02
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Srsf7 1,17 1,29E-01
Paip2 1,17 8,54E-02

Zfp747 1,19 5,72E-02
GENSCANO00000036079 1,15 2,24E-01
Krtcap3 1,19 3,93E-02
Chlc 1,26 1,18E-03

Cdc7 1,17 1,46E-01
Fancf 1,18 9,79E-02
Atgédc 1,15 2,46E-01
Sec6lg 1,19 6,49E-02
Ms4al0 1,25 9,26E-04
A930001N09Rik 1,21 1,34E-02
Gabre 1,20 4,13E-02
Acpp 1,23 7,08E-03
Golga7 1,24 2,46E-03
Tafld 1,18 1,11E-01
Sdhc 1,20 3,23E-02

1115 1,23 5,41E-03
Cox7b 1,20 4,97E-02
Histlhld 1,21 2,32E-02
Efcab2 1,16 2,53E-01
Prrgl 1,21 2,32E-02
Tmem208 1,23 6,93E-03
Gmb5465 1,20 3,34E-02
GENSCANO00000019883 1,22 1,10E-02
Zc4h2 1,18 1,20E-01
Fbxo8 1,19 8,59E-02
Mov10I1 1,32 1,82E-03
Cox6c 1,23 6,48E-03
Dpm3 1,18 1,38E-01
Pebpl 1,23 8,11E-03
ENSMUST00000082933 1,17 1,73E-01
Trappc2 1,20 4,98E-02
Hexb 1,20 4,98E-02
Ube2b 1,17 1,74E-01
Tmem82 1,26 2,13E-03
Amnl 1,21 5,31E-02
RIn3 1,24 5,70E-03
E330020D12Rik 1,23 9,79E-03
2410076121Rik 1,24 9,23E-03
Cldn10 1,18 1,62E-01

Dbi 1,25 4,68E-03
Hacel 1,21 4,84E-02
Ppox 1,24 6,54E-03
Mixipl 1,22 2,52E-02
ENSMUST00000083299 1,18 1,56E-01
Dkk1 1,22 2,72E-02
Dppa4 1,26 3,38E-03
Sshp2 1,24 1,06E-02
Ndufb11 1,23 1,22E-02
2410089E03Rik 1,41 3,59E-03
Rnf5 1,20 7,71E-02
Rps27a 1,19 1,41E-01
Cmpk1 1,21 4,56E-02
Romol 1,21 5,39E-02
Trappc2 1,21 3,79E-02
Gabarapl2 1,20 8,50E-02
2310004 124Rik 1,21 7,50E-02
Dexi 1,22 2,03E-02
Zfp560 1,19 1,32E-01
Wdr86 1,23 1,54E-02
AK132964 1,22 2,78E-02
Mthfd2l 1,26 4,69E-03
Al597479 1,18 2,22E-01
2410004B18Rik 1,18 2,51E-01
Rpl12 1,18 2,03E-01
Dcaf6 1,24 1,44E-02
Cryll 1,20 1,01E-01
Ccng2 1,22 3,68E-02
Klhi13 1,24 1,86E-02
Dnahc6 1,20 8,80E-02
1700034H14Rik 1,18 2,63E-01
ENSMUST00000101869 1,20 1,06E-01
Cda 1,24 1,38E-02
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1700094D03Rik 1,18 3,01E-01
Ndufal3 1,23 2,77E-02
Gm13290 1,32 8,39E-04
Taspl 1,25 1,42E-02
Lmbrll 1,24 1,60E-02
Cox6c 1,25 5,94E-03
Atp5j2 1,22 5,86E-02
1700012B15Rik 1,28 1,60E-03
0610010012Rik 1,24 1,72E-02
ENSMUST00000082581 1,18 2,62E-01
FbxI5 1,23 2,39E-02
H2afv 1,27 2,04E-03
Pebpl 1,26 6,47E-03
Tmem128 1,20 1,29E-01
Rbm44 1,47 5,67E-03
Pramel3 1,22 6,80E-02
Mrpl32 1,19 2,19E-01
Hsbpl 1,25 9,95E-03
ENSMUST00000102009 1,18 3,02E-01
ENSMUST00000102009 1,18 3,02E-01
ENSMUST00000102009 1,18 3,02E-01
ENSMUST00000102009 1,18 3,02E-01
ENSMUST00000102009 1,18 3,02E-01
ENSMUST00000102009 1,18 3,02E-01
EU599041 141 2,35E-03
Pole2 1,23 5,27E-02
Mirl5b 1,36 7,32E-04
Stard3 1,21 1,02E-01
Cenpq 1,24 3,78E-02
Tssc4 1,21 1,24E-01
Shchpl 1,27 4,92E-03
Arsk 1,25 1,68E-02
ENSMUST00000083703 1,20 1,70E-01
Slc10a4 1,27 5,96E-03
Ccdc58 1,21 1,36E-01
4930579G24Rik 1,20 1,96E-01
Tmem163 1,27 9,81E-03
NR_002841.1 1,25 1,91E-02
Pramel3 1,23 7,25E-02
AA474408 1,25 3,22E-02
Lipol 1,23 8,83E-02
Akap7 1,26 8,94E-03
Thcel 1,24 3,54E-02
C330021F23Rik 1,26 1,14E-02
Gtf2b 1,21 1,56E-01
Tomm7 1,25 2,80E-02
Pcmtd?2 1,24 3,76E-02
Gstm1l 1,46 3,75E-03
9430023L20Rik 1,23 1,00E-01
Apoc3 1,27 1,33E-02
Atf7ip 1,36 8,06E-04
Zfand2b 1,23 8,99E-02
Radl 1,21 1,43E-01
Romol 1,25 4,03E-02
NM_025969.1 1,20 2,60E-01
Snora3 1,24 6,07E-02
Rab39b 1,25 3,59E-02
Gm13152 1,33 2,75E-04
Elmod2 1,21 2,05E-01
ENSMUST00000099185 1,31 2,69E-03
Cercam 1,26 2,68E-02
Selk 1,24 4,99E-02
Bcl10 1,22 1,03E-01
Gm16386 1,29 4,71E-03
Rxrg 1,34 1,59E-03
Gm13152 1,30 1,51E-03
Ppil5 1,23 1,05E-01
1700029101Rik 1,38 8,46E-04
Scai 1,24 6,44E-02
Snora3 1,24 6,77E-02
Lsm5 1,22 1,36E-01
Efna3 1,26 3,18E-02
Gstpl 1,32 1,31E-03
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Klk1b27 1,27 1,29E-02
Rnf13 1,23 9,51E-02
Cenpw 1,25 4,03E-02
Tmsh4x 1,29 7,28E-03
Ndufcl 1,25 3,34E-02
Sgppl 1,23 1,21E-01
Rps14 1,23 1,54E-01
Cptlc 1,29 1,00E-02
Serfl 1,28 8,60E-03
Aplpl 1,41 1,61E-03
Lrrc3b 1,36 6,34E-04
AK010586 1,38 8,26E-04
Zfp595 1,24 1,08E-01
Pdcd10 1,21 2,11E-01
Mterfdl 1,24 8,46E-02
Gpr85 1,28 7,52E-03
Fdxachl 1,25 6,30E-02
Gulpl 1,25 7,65E-02
Mboatl 1,35 1,78E-03
Pde6d 1,24 8,05E-02
Nudt14 1,23 1,52E-01
Lsm5 1,23 1,53E-01
H2-Ke6 1,29 7,88E-03
Tcn2 1,34 9,83E-04
BC088983 1,23 1,32E-01
ENSMUST00000083907 1,25 7,40E-02
Fgg 1,37 1,54E-03
GENSCANO00000042973 1,29 1,43E-02
Med21 1,22 2,04E-01
Ndufb1l 1,28 1,58E-02
Cpne3 1,32 8,45E-04
Ndufbh2 1,24 1,48E-01
Rxrb 1,25 9,76E-02
Tmem54 1,31 9,80E-03
Cox6bl 1,30 1,15E-02
Pramel3 1,28 2,66E-02
GENSCANO00000037690 1,31 5,35E-03
1110003E01Rik 1,28 1,36E-02
Myl6 1,31 6,69E-03
Ccbl2 1,34 1,70E-03
EU599041 1,48 1,19E-03
Pafah1lb3 1,27 4,79E-02
Lgalsl 1,31 4,85E-03
ENSMUST00000093641 1,27 3,82E-02
Mterf 1,24 1,52E-01
Sh3gl2 1,31 5,24E-03
Histlh4i 1,32 3,45E-03
Aldh6al 1,33 5,61E-03
Qtrtl 1,28 3,25E-02
Myl6 1,30 1,59E-02
Trpc6 1,30 1,58E-02
Vamp7 1,27 6,74E-02
Snora73a 1,22 2,70E-01
Fzd8 1,27 6,28E-02
0610009B22Rik 1,24 1,58E-01
Gstm?2 1,30 1,68E-02
Snora70 1,26 1,01E-01
ENSMUST00000093713 1,27 5,90E-02
Anxa2 1,29 2,84E-02
Rpl22I1 1,26 9,65E-02
Snord104 1,31 1,19E-02
Myl6 1,31 1,19E-02
Klhl32 1,29 1,61E-02
1110rb 1,30 1,76E-02
Ndufcl 1,29 2,31E-02
Hrspl12 1,26 1,14E-01
ENSMUST00000082561 1,28 4,63E-02
Myl6 1,31 1,32E-02
Myl6 1,31 8,81E-03
Vnnl 1,34 9,51E-04
Ndufa3 1,32 9,84E-03
Gm10374 1,34 4,26E-03
Wdr90 1,32 1,27E-02
Myl6 1,31 1,09E-02
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Rpl22I1 1,27 7,43E-02
Vamp4 1,30 2,33E-02

Rdm1 1,34 2,75E-03
Snord35a 1,28 8,21E-02
Snora61 1,24 2,83E-01
Snora7a 1,28 7,41E-02
Mtchl 1,37 6,91E-04
Brp44l 1,22 3,79E-01
Tmem159 1,31 1,89E-02
Gstm6 1,28 9,45E-02
Gm13139 1,41 8,04E-04
Aim2 1,36 5,28E-03
Rpl13 1,28 1,08E-01
Tmco6 1,27 1,11E-01
Snord33 1,25 2,55E-01
Mifdgd 1,28 8,56E-02
Npnt 1,41 1,68E-03
Mterf 1,29 3,76E-02
Snhgl 1,25 2,37E-01
ENSMUST00000091320 1,31 1,83E-02
Lsm7 1,28 8,64E-02
NM_028615 1,39 1,78E-03
Hormad1l 1,44 5,81E-04
NM_001082620.1 1,51 1,66E-03
Slc25a14 1,32 2,67E-02
Fcgr3 1,37 4,23E-03

Btg2 1,33 6,31E-03
2610524H06Rik 1,35 3,94E-03
Stral3 1,33 1,98E-02
Krccl 1,31 3,19E-02
Dnajbh9 1,27 1,54E-01
E130120F12Rik 1,32 2,96E-02
B230315N10Rik 1,31 4,92E-02
Fabp7 1,31 4,09E-02
Ldocl 1,50 9,06E-04
Cetn2 1,33 1,48E-02
Klhl24 1,42 3,14E-05
Ly96 1,30 9,78E-02
1700030C10Rik 1,39 1,46E-03
Trpcl 1,36 1,22E-02
Lekrl 1,31 4,17E-02
Tmem38b 1,29 1,51E-01
SmpdI3a 1,30 8,84E-02
Atp5I 1,30 8,98E-02
Dppaba 1,36 6,27E-03
ENSMUST00000049869 1,33 3,74E-02
Hspbl 1,41 3,78E-04
ENSMUST00000083266 1,26 2,76E-01
Lsm7 1,30 9,59E-02
ENSMUST00000137320 1,30 9,89E-02
Tmed6 1,38 1,02E-03
Spopl 1,33 3,09E-02
Lcmt2 1,39 2,22E-03
Pdp1 1,37 4,76E-03
Hspbl 1,41 3,48E-04
Meigl 1,25 4,34E-01
Lgals9 1,40 3,43E-03
Nckapll 1,43 5,52E-04
NM_001081226.1 1,35 2,05E-02
Pnliprp2 1,48 6,67E-05

Gls 1,32 6,46E-02
Zfp640 1,45 1,56E-04
Rac3 1,31 1,01E-01
AK044970 1,40 3,12E-03
AK044970 1,40 3,12E-03
AK044970 1,40 3,12E-03
ENSMUST00000082919 1,32 7,84E-02
Atp5l 1,31 1,33E-01
Cml3 1,44 2,44E-03
Ankrd10 1,32 1,04E-01
Nxt2 1,37 8,55E-03
AU022751 1,41 1,46E-03
Ugt2b38 1,33 6,92E-02
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NC_005089 1,34 5,15E-02
Spry3 1,40 4,43E-03
Gnpda2 1,35 2,64E-02
Tktl2 1,51 6,38E-04
Atp5l 1,33 1,06E-01
Histlh2bc 1,43 2,54E-04
Npbwrl 1,44 1,41E-04
Mir20a 1,47 2,22E-03
Acatl 1,38 1,53E-02
Bves 1,42 2,50E-03
Spp2 1,42 8,42E-04
ENSMUST00000093682 1,36 4,42E-02
1700029101Rik 1,51 1,04E-04
Atp5l 1,33 1,44E-01
Stag3 1,41 4,72E-03
Cripl 1,35 5,67E-02
Atp5I 1,34 1,07E-01
Atp5I 1,34 1,16E-01
Sec61b 1,38 2,87E-02
1810037117Rik 1,33 1,51E-01
Ndufb8 1,36 8,98E-02
Msd4add 1,44 1,89E-03
ENSMUST00000142348 1,38 2,70E-02
3110007F17Rik 1,44 1,85E-03
Slc7al3 1,39 2,34E-02
ENSMUST00000082651 1,36 6,86E-02
Ccl27a 1,40 1,98E-02
Ccl27a 1,40 1,98E-02
Btla 1,45 7,44E-03
Hsd3b4 1,44 2,33E-03
Hsd3b4 1,44 2,33E-03
S100al 1,40 2,66E-02
Dhrs7 1,44 3,86E-03
ENSMUSTO00000067345 1,46 4,14E-03
Sec61b 1,39 6,53E-02
Clec?j 1,58 7,17E-05
Sec61b 1,40 3,80E-02
Akricl2 1,45 2,63E-03
Scarnal3 1,40 2,98E-02
Ugt2h34 1,47 4,65E-04
3110057012Rik 1,40 4,90E-02
Ccl27a 1,41 3,33E-02
Ndufb7 1,42 2,07E-02
Gm10752 1,37 1,11E-01
3110007F17Rik 1,48 1,55E-03
Cd28 1,56 1,14E-04
Klk1b24 1,62 2,91E-05
Grecl0 1,41 3,34E-02
3110007F17Rik 1,49 1,58E-03
Enpp3 1,61 1,05E-03
D6Mmb5e 1,54 5,00E-04
Fthl17 1,43 2,25E-02
ENSMUST00000083155 1,44 1,73E-02
Fkbp6 1,55 5,03E-05
Gstp2 1,55 2,56E-05
Cyp4al2a 1,54 7,98E-04
Fxyd5 1,60 4,59E-04
Snora73b 1,39 1,07E-01
Plac8 1,44 4,02E-02
Histlhlc 1,52 6,12E-04
Mir7-1 1,41 7,38E-02
Rpl13a 1,42 6,75E-02
Trim13 1,47 4,62E-03
Fut9 1,50 4,56E-03
Gstp2 1,58 3,25E-05
Rnfl7 1,56 1,55E-04
Apoa2 1,50 2,35E-03
Gm13235 1,67 4,88E-05
ENSMUST00000082475 1,52 4,65E-04
Actré 1,43 6,29E-02
Fthl17 1,48 1,10E-02
Trp53inpl 1,48 5,03E-03
Sepwl 151 3,42E-03
Histlh2ae 1,51 3,67E-03
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4833442J19Rik 1,52 1,22E-03
Gm13051 1,67 5,64E-05
Rex2 1,68 3,81E-05
ENSMUST00000088218 2,29 8,84E-03
Fsd1l 1,55 2,12E-03
Emcn 1,58 1,55E-03
ENSMUST00000101881 1,45 6,55E-02
A830018L16Rik 1,55 2,45E-03
Tex12 1,60 6,10E-04
Uqcrll 1,47 3,68E-02
Mirlet7f-1 1,68 1,24E-03
Tspo 1,47 5,11E-02
Snora28 1,47 5,04E-02
Mir302d 1,47 6,60E-02
ENSMUST00000083025 1,52 1,20E-02
Tc2n 1,53 7,08E-03
Uqcrll 1,49 4,02E-02
Gm13154 1,70 3,10E-05
Mir302a 1,50 4,42E-02
Tdgfl 1,64 1,56E-04
Bstl 1,56 7,02E-03
Mir301b 1,68 5,25E-05
Rnu3b4 1,55 1,16E-02
Rnu3b4 1,55 1,16E-02
Rnu3b4 1,55 1,16E-02
Rnu3b4 1,55 1,16E-02
Gm15107 1,59 7,19E-03
1110001J03Rik 1,50 6,70E-02
ENSMUST00000082466 1,55 1,51E-02
BC035947 1,75 1,56E-04
NC_005089 1,58 1,30E-02
Dppa2 1,70 1,07E-05
ENSMUST00000157774 1,61 9,76E-03
Serpinala 1,73 4,39E-05
Apoc2 1,77 5,89E-05
Rps12 1,56 2,74E-02
Tuba3a 1,70 2,69E-03
Mirl9b-1 2,00 9,96E-04
ENSMUST00000099683 1,64 2,34E-03
ENSMUST00000083959 1,53 1,44E-01
Gpx3 1,90 4,73E-04
ENSMUST00000099046 1,64 5,70E-03
Myl4 1,81 1,34E-03
Afp 1,82 1,06E-04
Gm15107 1,67 6,68E-03
Gm15107 1,67 5,70E-03
Gm15107 1,69 4,69E-03
Gm15107 1,69 4,69E-03
Nat8 1,76 7,49E-05
Gm11275 1,74 8,76E-04
Gm15107 1,70 4,48E-03
Zfp600 1,82 9,33E-05
Gm5226 1,87 2,52E-05
Gm15107 1,72 1,24E-02
Gm773 1,77 2,37E-03
Serpinf2 1,81 9,30E-04
S100all 2,02 8,81E-05
C330022B21Rik 1,80 1,98E-04
Mir302c 1,71 1,87E-02
Mirl8 2,06 7,99E-06
Snora44 1,59 2,83E-01
ENSMUST00000083947 1,79 1,47E-03
1700110101Rik 1,93 4,71E-05
Serpinale 191 2,35E-05
S100all 2,06 4,36E-05
Plbd1 2,11 7,39E-06
Al481877 2,03 1,99E-07
Serpinala 1,82 2,66E-03
Zfp640 1,91 3,34E-04
Cyp2d26 1,79 8,46E-03
ENSMUST00000083028 1,82 2,42E-03
Akrlcl9 1,84 3,39E-03
LOC280487 2,11 4,31E-04
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Mirl9b-2 1,85 2,27E-03
Gm15107 1,83 1,01E-02

Rnulbl 1,91 2,38E-03
Mir302b 1,84 7,53E-03
Rnulbl 1,91 2,74E-03
Rnulbl 1,91 2,74E-03
Rnulbl 1,91 2,74E-03

Duspl 1,93 2,91E-05
Cyp4al2b 2,20 1,03E-03

Alb 1,82 1,76E-02

Histlh2aa 1,86 6,42E-03

Sppl 1,85 2,24E-02
ENSMUST00000054349 2,15 1,46E-04
Gm15107 1,90 7,82E-03
Vmn2r-ps104 2,01 8,73E-05
Mirl9a 2,12 1,55E-06

Rnulbl 2,00 1,93E-03
Hist2h3c2-ps 2,09 1,49E-05
ENSMUST00000099056 1,97 2,00E-03
ENSMUST00000147569 1,96 3,66E-03
Rnyl 1,88 8,99E-02
Hist1h2bg 2,14 8,58E-04

Rnu3a 1,98 2,25E-02

Akrlcl3 2,16 4,25E-05

Lgals2 2,19 6,62E-05

Gm7120 2,25 1,23E-04

Mupl 2,09 1,02E-02

Ddx4 2,43 5,42E-04
ENSMUST00000099414 2,21 3,47E-04
2610305D13Rik 2,38 1,68E-04
S100g 2,26 3,04E-05

Khdcla 2,24 7,53E-05
1700110101Rik 2,36 2,80E-05
ENSMUST00000099042 2,16 4,20E-03
Ugt3a2 2,08 4,76E-02

Khdclc 2,38 4,62E-05

Defbl 2,12 4,87E-02
3830403N18Rik 2,33 5,04E-04
Zfp640 2,34 8,79E-06
Slc25a31 2,46 1,83E-07
Gm13235 2,59 4,22E-05
Gm13235 2,59 4,22E-05

Xir 2,37 6,90E-06
NC_005089 2,28 1,20E-02
Ccnblipl 2,36 1,09E-03

Mup7 2,32 1,11E-02

Mupl 2,33 1,36E-02

Mup3 2,35 5,97E-03

Rex2 2,72 3,02E-07

Dppa2 2,72 9,27E-05

Klk1b5 2,31 3,86E-02

Taf7l 2,71 1,11E-06

Ugt3a2 2,33 2,91E-02
ENSMUST00000099042 2,46 8,40E-04
Mup7 2,43 7,84E-03

Ube216 2,86 1,36E-06

Zfp640 2,62 1,05E-03

Mupl 2,52 1,18E-02

Kegl 2,43 6,44E-02
ENSMUST00000099046 2,53 5,55E-03
Sultldl 2,59 5,41E-02

Mup7 2,69 8,95E-03

Zfp640 2,96 4,09E-04

Mup7 2,87 8,82E-03

Mael 3,27 1,54E-06

Akrlc2l 2,95 1,88E-02

Zfp640 3,22 9,47E-05

Zfp558 3,50 2,72E-06
1700110101Rik 3,34 2,08E-05
ENSMUST00000112652 3,44 1,17E-07
NM_001081285.1 3,27 5,96E-05
Hba-al 3,69 6,53E-05

Hba-al 3,72 6,89E-05

Kap 3,28 1,24E-02
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Gm13242 456 1,13E-06
Hbb-b2 132 4,90E-05
Gm10324 4,37 3,72E-08
Hbb-b1 434 5.27E-05
Sycp3 1,67 5,07E-07
RpI39l 447 4,26E-07
Mpv17l 4,79 3,33E-09
Tmem27 3,98 1,43E-02
Gabrrl 9,97 1,18E-08
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Table 2. Mass spec list of Setdbl Flag IPs from two repeats (MaxQuant analysis). K9G1
represents Setdb1-Flag knock in cell line.

. Prep-1 Prep-2
Protein ID Gene Names K9G1/Conl K9G1/Con?
1P100844695 Setdbl 15234000 7011400
1P100380770 Atf7ip 3513800 1940600
1P100222310 2700007P21Rik 2912700 580930
1P100121788 Msp23 754400 0,679023205
1P100119581 Fbl 451090 3,455792835
1P100108271 Elavll 378180 1,255619364
IP100620256 Lmnl 349470 161620
1P100453821 Nup155 291910 2,046352418
IP100752086 OTTMUSG00000015149 229650 1,57211372
1P100132443 Hnrnpm 229440 209250
1P100134994 Famllla 103750 110430
1P100849275 Kifcl 96576 51967
1P100134621 Ran 92534 150800
1P100122011 Kiaa0017 85799 207900
1P100129535 Gtl1-13 57720 43447
IP100556768 Thrap3 57506 55008
1P100123181 Myh9 52693 52732
1P100830976 mCG_19661 43921 60337
IP100649060 Akap?2 39776 29480
1P100661618 24,77432583 1835400
1P100831490 1gk-V33 20,75728639 0,169387879
1P100828741 C130057N11Rik 17,4325835 0,430948802
1P100230394 Lmnbl 10,40208692 1153300
1P100458765 Khdrbsl 8,609508579 2,351754786
IP100755318 8,059711822 1,650844173
1P100229845 Jbpl 6,329589271 7,524176191
1P100169625 5,790864814 0,065892418
1P100312128 Kripl 4,591901973 2,007217343
1P100831140 VK 4,285798971 2,374933142
IP100762625 Gm1499 4,060199094 1,465321458
1P100944078 Camsap3 3,525870997 3,701954977
1P100421108 Als4 3,033000163 181280
IP100761741 CP1-10VL 2,714674601 0,908797109
1P100230035 D1Pasl-rs2 2,682454644 2,447077182
1P100323357 Hsc70 2,665181064 4,028557782
IP100127653 Gpx5 2,625657009 1,415055445
1P100115588 Nxfl 2,529104353 7,984461146
1P100228617 Gnai2 2,164330055 33289
1P100111265 Cappa2 2,149244783 193120
1P100128441 Hnrnpr 1,932537974 163840
IP100755119 Morc3 1,755902182 2,026194482
IP100556799 1,704088946 0,737615459
1P100816945 Nrsf 1,566101933 4,324622402
1P100396739 Smarcab 1,564443215 1,185532792
1P100475246 Igh 1,533822143 0,024505694
IP100555042 Ehmtl 1,466704779 69395
1P100131674 2210010C04Rik 1,465431677 0,445046698
1P100420329 Ascc3ll 1,419159456 2,231763417
IP100378855 1,351833195 0,758565921
1P100785509 ENSMUSG00000076577 1,276045002 1,253294892
1P100119478 Tmod3 1,251496105 4,178305667
IP100395100 EG386551 1,236693376 5,992525861
1P100653307 Ddx17 1,232398507 10,20751578
1P100605227 mKIAA0138 1,220859388 41934
1P100346834 Krt76 1,175764925 0,508735493
1P100929832 Nup205 1,136992493 86036
1P100405665 Kif20b 1,121632329 2,513671272
1P100469323 Dnmtl 1,094593527 127350
1P100808254 1,057979198 0,202269389
1P100265358 Dhx38 1,046474445 108100
IP100121596 Prp8 0,969196975 1,619869431
1P100464383 Igk 0,939145426 1,014018907
1P100263048 Numal 0,892721572 1,169221316
1P100123172 anti-MOG kappa 0,89022635 0,550355484
1P100403589 Erh 0,87768683 0,266770466
1P100421014 0,87522576 0,088366024
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IP100831162 G8(anti-MRBC) V-2/J-L 0,871932005 0,690615938
IP100720058 mKIAA0035 0,83663764 4,667275404
IP100420481 Tpx2 0,836241519 0,911940406
IP100115660 Tcofl 0,804229231 1,368369984
IP100318048 Nol5a 0,774251694 290230
IP100678584 Igl-v2 0,748202958 1,808299312
IP100230044 Tpm3 0,747153942 84958
IP100309398 Cdc46 0,722074481 2,274972444
IP100226073 Hnrnpf 0,711749885 0,695848999
IP100553499 IgG1 TS1 VL 0,707814758 1,080514227
IP100460668 Baf190a 0,70499131 46086
IP100623570 chp37 0,652124721 3,624524953
IP100462809 0,62956751 2,278531283
IP100130343 Hnrnpc 0,614102277 3,078151528
IP100458190 Pde4d 0,596916981 1,174069511
IP100138207 ENSMUSG00000056850 0,588912051 0,073267885
IP100663560 0,536877127 1,084742233
IP100921658 Flna 0,521325752 0,832055571
IP100127415 Npm1 0,517208629 0,544864637
IP100319830 EIf 0,482388879 1,608726454
1P100929786 Kiaa0731 0,426001085 68670
IP100757312 Myh10 0,397899846 151880
1P100124573 BC018507 0,397651913 1,138087227
IP100850020 Igk-C 0,39557459 0,244950175
IP100817029 Glyrl 0,358545395 0,148482186
1P100224127 D2Wsu8le 0,337817702 0,466979773
IP100269662 Hnrnpa3 0,332080059 1,088514764
1P100653841 Capzal 0,330813955 184280
IP100331424 Prp31 0,324340172 0,103910273
IP100453826 Matr3 0,322711062 0,216374032
1P100330000 Hist2h2aal 0,311446268 3,589436313
IP100623776 H4-12 0,287392197 3,871513356
1P100331461 Rpl11 0,241641686 0,771918427
IP100221581 Eif4b 0,241258916 3,099947114
1P100221694 Bola2 0,229085772 1,276419748
1P100323819 Rps20 0,226625867 8,368138483
IP100129468 Cbx3 0,203910076 2,84096133
1P100762198 Hbb-b1 0,186718863 38586
IP100348270 Hist2h2bb 0,184701805 9,157242981
1P100153400 H2afj 0,156490718 131640
IP100282848 H3.3a 0,129058767 4,098003489
IP100670422 Nhp2l1 0,043285703 4,863509116
1P100108338 Mcm3 0,042250576 0,622419002
IP100119667 Eefla2 0,03560898 0,373263944
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Table 3. List of dysregulated genes from Setdb1 mutant endoderm cells

Downregulated genes

Upregulated genes

Gene names log2 FoldChange Gene names log2 FoldChange
Eif2s3y -7,97 4933413G19Rik 6,49
Uty -7,78 Gm13394 591
Ddx3y -6,42 4931409K22Rik 5,73
0610038L0O8Rik -6,04 4930556G01Rik 5,69
Histlh4m -5,99 Gm12296 5,51
Klk13 -5,95 Gm26839 5,35
Kcnsl -5,68 Cd22 5,29
Unc45b -5,34 Ppplrlc 5,21
Cryab -5,06 Gm26691 521
Dmrt3 -5,02 Cd79b 5,16
Nuprl -4,98 Gm10304 5,16
2900055J20Rik -4,83 Slc9a2 511
Chacl -4,77 Lrrc24 5,06
Ankrd1l -4,72 Gm10434 5,03
Fstl3 -4,70 Ninj2 5,00
Ern2 -4,56 Gm13230 5,00
Ntf3 -4,56 Slc17a8 4,79
Gm20448 -4,56 Dpys 4,76
SmpdI3a -4,45 Aldob 4,76
Hus1b -4,40 Ddx43 4,76
Gm17203 -4,34 Rampl 4,73
A230028005Rik -4,34 Gm26627 4,69
G0s2 -4,28 Sgcz 4,62
Dpcrl -4,28 Gm11961 4,62
Gm24198 -4,28 Gm10248 4,62
Mfsd2a -4,22 9330162012Rik 4,62
Kdm5d -4,18 Lrrc26 4,55
Mir3060 -4,16 Cyp4a3l 4,55
BC025920 -4,12 Fzd9 4,55
Gm22345 -4,09 Dcc 4,55
Gm25827 -4,09 mt-Te 4,55
uc_338 -4,09 Gm25683 4,55
Gm26559 -4,06 Gm16838 4,55
Astnl -4,02 Vmn2r-ps20 4,55
Gm11821 -4,02 Rab19 4,47
Gm15580 -4,02 Tgm5 4,47
Gm15518 -4,02 Gm23297 4,47
Gm17219 -4,02 Gm17252 4,47
Nmrk1 -3,95 Slcl7al 4,39
C730034F03Rik -3,95 1700093J21Rik 4,39
Gm12356 -3,95 Agbll 4,39
Gm12264 -3,95 Dnaafl 4,39
Gmb5558 -3,95 Gm12596 4,39
Gm13814 -3,91 Aoah 4,30
Zfp641 -3,87 Ankrd22 4,30
Lox -3,87 Them5 4,30
Neurl2 -3,87 SIfn8 4,30
E130304102Rik -3,87 NIrp9b 4,30
Fam221a -3,87 Krt77 4,30
Rxfp4 -3,87 Gm16129 4,30
Trankl -3,87 Drrl 4,30
Gm13145 -3,87 Gm6058 4,30
2410004101Rik -3,87 Gm16190 4,23
Gm15735 -3,87 9530003J23Rik 4,21
Gm13657 -3,87 Lrat 4,21
Gm23468 -3,87 Stapl 4,21
Gm23115 -3,87 Gbx2 4,21
Gnb3 -3,83 Lbx2 4,21
Them6 -3,83 Olfr1258 4,21
Crybal -3,79 Slcl4al 4,21
Tex26 -3,79 Cacng3 4,21
1700023L04Rik -3,79 Gm13385 4,21
Sh2d6 -3,79 Gm16124 4,21
Gpr20 -3,74 Gm12908 4,21
Gm20498 -3,70 Gm26189 4,21
Vstm2l -3,70 4933416 MO7Rik 4,21
Tmem72 -3,70 4930467K11Rik 4,21
Gja5 -3,70 4930578MO1Rik 4,21
Hist1h2aj -3,70 Akric21 4,11
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Gm13133 -3,70 Fam154a 4,11
Gm12117 -3,70 Gm498 4,11

AC144797.1 -3,70 TIrl3 4,11
Klk10 -3,67 Wnt8b 4,11
Lrrc18 -3,67 Gpr149 4,11

Gm3468 -3,65 Cyp2f2 4,11
RP23-29616.9 -3,65 Ceslc 4,11
Jph2 -3,64 Gm5591 4,11
Oaslc -3,60 Slcola5 4,11
Lmxla -3,60 Gm9047 4,11
Treml4 -3,60 Gm17173 4,11
Fam71d -3,60 Gm26706 4,11
5430421N21Rik -3,60 Eif3j2 4,08
Gm12303 -3,60 Abca8b 4,00
Gm13069 -3,60 4921501E09Rik 4,00
Gm25284 -3,60 Ctlad4 4,00
Gm26590 -3,60 Ifid4 4,00
Tmie -3,58 Actl6b 4,00
Pnck -3,57 Arhgap30 4,00
Gdnf -3,56 Gm24611 4,00

Ptk6 -3,56 Nr2fl 4,00
Foxd4 -3,55 Sp110 4,00
Prr5l -3,55 A530040E14Rik 4,00
Pparg -3,51 Gm14139 4,00
Spata3 -3,51 Gm12760 4,00
Klk6 -3,51 Gm15347 4,00
Gprl7 -3,51 Gm7873 4,00
Gm10134 -3,51 Myrip 3,97
Foxel -3,51 Fa2h 3,95
Gm25612 -3,51 Btnlal 3,89
Gm15458 -3,51 Fgf22 3,89
Gm24722 -3,51 Wdr64 3,89
4930532G15Rik -3,51 112 3,89
Gm26578 -3,51 Hpca 3,89
Ccserl -3,47 Adam5 3,89
Adora3 -3,40 Trimll 3,89
Scin -3,40 Gm9936 3,89

Lipf -3,40 BC094916 3,89
Ccdc135 -3,40 Gm14085 3,89
Plekhs1 -3,40 4932414N04Rik 3,89
Dbil5 -3,40 Gm5077 3,89
Ttll6 -3,40 Gm15651 3,89
Npas4 -3,40 Gm16111 3,89
Qrfpr -3,40 Gm26783 3,89
Bhmt -3,40 4833422M21Rik 3,89
Gm11620 -3,40 4930444E06Rik 3,87
4930512H18Rik -3,40 Gpr68 3,86
Gm20678 -3,40 Pnplal 3,85
Gm26568 -3,40 Tex19.1 3,83
Gm9949 -3,34 FbxI8 3,83
1700039E22Rik -3,34 Gm22450 3,83
Gm8177 -3,34 Gm7658 3,79
Six3 -3,32 4732419C18Rik 3,79
Ppplr3c -3,30 Gm24917 3,78
Nxnl2 -3,28 Ngol 3,76
Ccdc151 -3,28 Apol7a 3,76
Gm12703 -3,28 Rhag 3,76
Gadll -3,28 Htr7 3,76
Caspl6 -3,28 Zap70 3,76
Selenbpl -3,28 Cdh15 3,76
Rps24-ps2 -3,28 S100b 3,76
Gmb5535 -3,28 2810032G03Rik 3,76
Gm11451 -3,28 5330416C01Rik 3,76
Gm12607 -3,28 Cxcll11l 3,76
4932702P03Rik -3,28 Gm5580 3,76
Gm2301 -3,28 Gm10499 3,76
4930458D05Rik -3,28 Gm15284 3,76
Myh15 -3,28 Selll2 3,76
Gm26787 -3,28 Gm10916 3,76
1700006J14Rik -3,23 Fam155a 3,76
Tmem213 -3,22 Gm13532 3,76
Gm6478 -3,22 Gm12038 3,76
Gm12856 -3,22 Gm15367 3,76
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Gm25445 -3,22 Gm12984 3,76
A930038B10Rik -3,22 Gm14344 3,76
Gm7805 -3,20 Gm15510 3,76
Gm15869 -3,20 2900079G21Rik 3,76
Mgat3 -3,20 Gm1992 3,76
Slc13a2 -3,16 Gm17212 3,76
Trp53tg5 -3,16 Gm17168 3,76
4632428N05Rik -3,16 Gm5784 3,76
Vephl -3,16 Npm2 3,72
Tdrd12 -3,16 1700120E14Rik 3,72
Pet2 -3,16 Slc13a3 3,69
Ptger2 -3,16 Morn3 3,69
Slc25a34 -3,16 Gm8894 3,69
Ramp3 -3,16 Aox2 3,69
Lgré -3,16 Gm14150 3,69
Fhl4 -3,16 Poulfl 3,62
Krt9 -3,16 Rnase6 3,62
4931415C17Rik -3,16 Trim52 3,62
Egrd -3,16 Fetub 3,62
Gm24608 -3,16 Cxcr2 3,62
Gm15836 -3,16 Itgax 3,62
Gm6322 -3,16 Palmd 3,62
Gm15785 -3,16 Slc39a12 3,62
Gm11199 -3,16 Trim58 3,62
4930457A20Rik -3,16 Gm5867 3,62
Gm13861 -3,16 Krt14 3,62
Gm13609 -3,16 Gm9812 3,62
Gm15295 -3,16 Sprrla 3,62
Gm13977 -3,16 Krt78 3,62
Mir1927 -3,16 A730017C20Rik 3,62
Gm20456 -3,16 Ces5a 3,62
Vmn2r-ps119 -3,16 Zfp804a 3,62
AC132867.1 -3,16 Gm6116 3,62
SNORA43 -3,16 Gm1070 3,62
Gm9918 -3,13 BC030870 3,62
Gm16326 -3,12 Olfr1006 3,62
Mdgal -3,11 Scgh1b30 3,62
Gm16041 -3,11 Gm17396 3,62
\Vcp-rs -3,10 Gm7638 3,62
Dmrtl -3,09 Gm12196 3,62
Hs3st3al -3,09 Gm13121 3,62
Mmp12 -3,09 1700123012Rik 3,62
Selenbp?2 -3,09 A530076117Rik 3,62
Smpd5 -3,09 Gm14157 3,62
A730090N16Rik -3,09 5133400J02Rik 3,62
Oxld1 -3,08 Gm14225 3,62
Ifit2 -3,08 Gm23094 3,62
Vps37d -3,07 Serpina4-ps1 3,62
Nap1l2 -3,07 Gm20470 3,62
Gm3896 -3,07 n-R5s211 3,62
Grin2c -3,07 Triml2 3,59
PodxI2 -3,06 Emx2 3,58
Lrguk -3,05 Skiv2l-psl 3,58
Tph2 -3,02 4930590J08Rik 3,55
Tacr2 -3,02 Rsph6a 3,55
Hclsl -3,02 Tex33 3,55
Klra5 -3,02 Gm5177 3,55
Krtl7 -3,02 Scnnlg 3,47
P2ry13 -3,02 Clvs2 3,47
Hspb2 -3,02 Grial 3,47
Ttc39d -3,02 Cpneb 3,47
Skint7 -3,02 Hgd 3,47
Gm5087 -3,02 Prss30 3,47
Vmn1r222 -3,02 Daf2 3,47
Gm24150 -3,02 Lrrn2 3,47
Mir34a -3,02 Adcyl10 3,47
Mir181b-2 -3,02 Hdc 3,47
Vmnlr4 -3,02 Slc2a2 3,47
Ccdcl105 -3,02 Car5b 3,47
Olfr1397-psl -3,02 1700016D06Rik 3,47
Gm15791 -3,02 Hp 3,47
Gm12848 -3,02 Mucl6 3,47
Gm15234 -3,02 Sdr42el 3,47
Gm11523 -3,02 Sgcg 3,47
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Gm16062 -3,02 Secl 3,47
B230398E01Rik -3,02 1700113HO08Rik 3,47
Gm3164 -3,02 Odf3b 3,47
Hspel-ps3 -3,02 Ces2a 3,47
Vmn1r39 -3,02 Tcllb2 3,47
Palm2 -3,00 Gm25578 3,47
Rgs9 -2,97 Pabpn1l 3,47
1700084CO1Rik -2,97 Itgad 3,47
Gm9311 -2,97 KlIf14 3,47
Dscam -2,95 Nlrp4g 3,47
Gm24867 -2,95 Gm12838 3,47
Gm15549 -2,95 Gm13142 3,47
Gm11511 -2,95 Gm12327 3,47
Gm12972 -2,95 Gm15172 3,47
A830052D11Rik -2,95 Gm13886 3,47
Epdrl -2,92 Gm12798 3,47
Cr2 -2,92 Gm13807 3,47
Tfap2c -2,92 Gm25925 3,47
Shh -2,88 Gm25265 3,47
Asich -2,87 4930556123Rik 3,47
Cd1d1 -2,87 Gm15689 3,47
Csf3r -2,87 Cyp2c69 3,47
Nat8 -2,87 Gm6489 3,47
Vsigl -2,87 Gm6625 3,47
Otud7a -2,87 Olfr888 3,47
Cd200r3 -2,87 Gm16701 3,47
Kenj9 -2,87 A930006101Rik 3,42
BC028528 -2,87 RP24-312B12.1 3,42
Gpr37 -2,87 Agt 3,40
Slprl -2,87 Phactr3 3,39
D930020B18Rik -2,87 1700022111Rik 3,39
Gm9970 -2,87 Pde6b 3,39
Gm13242 -2,87 Tpte 3,39
Gmb5581 -2,87 Aldh8al 3,39
Gm8062 -2,87 Ccdcl144b 3,39
Mroh5 -2,87 Cited4 3,39
Gm10369 -2,87 9030624G23Rik 3,39
Rpl10-ps2 -2,87 Gm22728 3,39
Lrrc55 -2,87 Gm25464 3,39
Gm23608 -2,87 FoxI20s 3,39
Ankrd65 -2,87 C3arl 3,37
Gm13117 -2,87 Nlrpde 3,36
Gm16181 -2,87 Gm26501 3,36
Gm12181 -2,87 Scnla 3,34
Gm13418 -2,87 Pou2f2 3,30
Gm12928 -2,87 Fcrls 3,30
Rpl7a-ps12 -2,87 Gabrg2 3,30
Gm13466 -2,87 Krt24 3,30
Gm12337 -2,87 Gm16437 3,30
1700013G23Rik -2,87 Ccdcl72 3,30
Gm11934 -2,87 Mettl7b 3,30
Gm14547 -2,87 Serpinb1l 3,30
Gm16563 -2,87 112ra 3,30
Gm15954 -2,87 Prkcq 3,30
Gm20686 -2,87 Procr 3,30
Raxosl -2,87 Cacnalf 3,30
mmu-mir-7237 -2,87 Thx22 3,30
Ppplrla -2,86 Beanl 3,30
KIk12 -2,85 Cebpa 3,30
Bmp4 -2,85 Slcl7a2 3,30
Tctex1d2 -2,83 Spatal6 3,30
Zfp773 -2,83 Mppedl 3,30
Gm3636 -2,83 Ttc34 3,30
Frs3 -2,82 Cdcp2 3,30
Adamts20 -2,81 Pla2g4e 3,30
Gm12213 -2,81 Gm609 3,30
Gm26869 -2,81 Gm9901 3,30
Nfkbie -2,80 Oscar 3,30
Ube2t -2,79 1700019A02Rik 3,30
Hspall -2,79 Syt10 3,30
MIkl -2,79 Gm22502 3,30
Ptchd2 -2,79 Gm23723 3,30
KIk9 -2,79 Gm22682 3,30
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Olfr1372-psl -2,79 9230020A06Rik 3,30
Gm26770 -2,77 Gm5532 3,30
Drcl -2,76 Olfr1247 3,30
Gm26925 -2,75 n-R5s158 3,30
2810029C07Rik -2,74 Gm24671 3,30
Nod2 -2,73 Gm14425 3,30
Mab2113 -2,73 Gm14006 3,30
Ccdcl73 -2,71 Gm8805 3,30
Nphsl -2,70 Gm12892 3,30
1700093K21Rik -2,70 Gm14829 3,30
Slc10a2 -2,70 Hmgb1-ps4 3,30
2610034M16Rik -2,70 Gm13165 3,30
Hao2 -2,70 C330018A13Rik 3,30
1700061117Rik -2,70 Gm13748 3,30
Cxcll -2,70 Gm13889 3,30
Kel -2,70 BC052486 3,30
Zfp300 -2,70 Gm23751 3,30
Neurodl -2,70 Gm6133 3,30
Fmol -2,70 Gm17660 3,30
Insm2 -2,70 Mir3090 3,30
Slitrk6 -2,70 Gm5435 3,30
Pcdhb13 -2,70 Gm19791 3,30
C130026121Rik -2,70 Gm26797 3,30
Try4 -2,70 mt-Tv 3,27
Gm9958 -2,70 Mgat4c 3,24
Kbtbd13 -2,70 Asic2 3,24
4931429L15Rik -2,70 Ppara 3,24
Myl4 -2,70 Myot 3,24
n-R5s88 -2,70 Kcnj16 3,24
Foxr2 -2,70 Gm16222 3,24
Gm10575 -2,70 Gm25252 3,24
Gm10647 -2,70 Prkcg 3,22
Gm9143 -2,70 Hoxb6 3,21
Eif3s6-psl -2,70 Lin7b 3,21
Gm11605 -2,70 Hk3 3,21
Mdk-ps1 -2,70 Defb36 3,21
Gm16090 -2,70 Lgals7 3,21
Gm15984 -2,70 Gm12500 3,21
Gm15987 -2,70 Gm12098 3,21
Gm13448 -2,70 Gm11476 3,21
Gm15972 -2,70 4933424 21Rik 3,21
Gm15998 -2,70 4930570N19Rik 3,21
Gm12915 -2,70 Gm24018 3,21
Gm23663 -2,70 Lrtm2 3,20
Gm16538 -2,70 BC051019 3,18
Gm16199 -2,70 Gm24629 3,18
Nhlrc4 -2,70 Wnt2 3,16
Gm17149 -2,70 Atp2b2 3,16
Vmn2r115 -2,70 Cacna2d4 3,16
Vmn2r82 -2,70 Gm1123 3,16
Gm5117 -2,70 Testv3 3,15
Vmn2r-ps18 -2,70 S100a4 3,11
Vmn2r66 -2,70 Mpo 3,11
Gm25709 -2,70 Lect2 3,11
Gm26589 -2,70 Adam7 3,11
Gm26599 -2,70 Gprll5 3,11
2010300F17Rik -2,70 Nppc 3,11
Gm26682 -2,70 Fcna 3,11
Msdadd -2,68 Afm 3,11
Aipll -2,67 Clec4a2 3,11
Gm14091 -2,67 Klrblc 3,11
Cckbr -2,66 Shk2 3,11
Myh7 -2,65 Apba2 3,11
Gm7173 -2,65 Acan 3,11
Mir302a -2,65 Strc 3,11
Klk7 -2,64 Tspan8 3,11
Gm14252 -2,64 Tmprss1lbnl 3,11
Erdrl -2,64 Lgi4 3,11
B230314M03Rik -2,63 Hoxall 3,11
Gm14122 -2,62 Foxf2 3,11
Six30s1 -2,61 Clvsl 3,11
Alx1 -2,61 1700069L16Rik 3,11
Pde7b -2,60 9930038B18Rik 3,11
Cxcll4 -2,60 Henmtl 3,11
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Cd28 -2,60 0610008F07Rik 311
Bpifb2 -2,60 Olfr1388 311
Rho -2,60 Tecrl 3,11
4930556J24Rik -2,60 Lrrc15 311
Gm25188 -2,60 1700016K19Rik 311
Mir302b -2,60 5830411N06Rik 311
AW011738 -2,60 Gsta2 311
Gm16057 -2,60 Gm23095 311
Gm26280 -2,60 Gm25681 311
1110019D14Rik -2,60 Speer3 311
Akap5 -2,60 Gm8587 311
Chstl -2,59 Ang6 311
Kctd1 -2,58 Dcdcb 311
Pgbd1 -2,57 Gm25538 311
Gm13033 -2,57 Skint5 311
DLEU2_1 -2,57 Gm7609 311
Tmem54 -2,56 OIfr1069-ps1 3,11
Phox2a -2,56 Gm12985 3,11
Tmem59I -2,56 Gm4852 3,11
Resdl -2,56 Gm12785 311
9230105E05Rik -2,56 Gm8624 311
ler3 -2,55 Gm11734 311
Car3 -2,55 Gm12018 311
Gm6415 -2,55 Gm15485 3,11
Hey2 -2,53 Gm13536 311
Tagln -2,53 BC039966 3,11
Plekhg6 -2,53 4930551013Rik 3,11
Pitpnm3 -2,53 Gm15911 3,11
Rapsn -2,51 4933406J10Rik 3,11
1700001P01Rik -2,51 Gm13781 311
Rtnl -2,51 A230004M16Rik 3,11
Enox1 -2,51 Gm15457 311
Cd16311 -2,51 1500017E21Rik 311
6820408C15Rik -2,51 Gm25460 3,11
Wnt6 -2,51 Gm24996 311
Zswim2 -2,51 Gm15825 3,11
Tnfsf9 -2,51 Ugtla5 3,11
Npy6ér -2,51 Gm3371 3,11
Ccdc67 -2,51 4930433111Rik 311
Abcgh -2,51 Gm8878 3,11
Gm9294 -2,51 Gm10417 311
Cnripl -2,51 Gm17365 3,11
Gm6430 -2,51 Gm23019 3,11
Fam26f -2,51 Gm25211 311
Foxc2 -2,51 Gm26822 3,11
Ofccl -2,51 Gm26877 311
Kcna3 -2,51 4930593A02Rik 311
Mucl5 -2,51 C530050E15Rik 3,11
Fam181b -2,51 Gm2445 311
OIfr352 -2,51 CT030684.1 311
A430110L20Rik -2,51 RP23-302F9.2 3,11
Actg2 -2,51 Gprl52 3,07
Gm7099 -2,51 Anks4b 3,06
C230062116Rik -2,51 Gucalb 3,06
4930417022Rik -2,51 Gpr50 3,06
1700022K14Rik -2,51 Tacl 3,06
Gm17374 -2,51 4932416K20Rik 3,06
Gm17382 -2,51 Guca2a 3,04
Gm11033 -2,51 Hmcn2 3,04
Gm11052 -2,51 Gm6471 3,04
Gm8152 -2,51 Gm12735 3,03
Gm13454 -2,51 Gm22044 3,02
Gm12899 -2,51 Gm5493 3,02
Gm12479 -2,51 Kcnmal 3,02
Gm8344 -2,51 Gm25618 3,01
Gm12168 -2,51 Ly9 3,00
Gm11805 -2,51 Nt5clb 3,00
4930595D18Rik -2,51 Lectl 3,00
Gm12001 -2,51 Spagb 3,00
Gm12104 -2,51 Spatal8 3,00
Gm13524 -2,51 Arhgap25 3,00
4930423MO2Rik -2,51 Acsmb 3,00
Kis2 -2,51 Adam39 3,00
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Gm15850 -2,51 Msd4a4b 3,00
Gm26215 -2,51 Rit2 3,00

Srpx -2,51 Mro 3,00
Gm16549 -2,51 Psg16 3,00
Gm17528 -2,51 Gm12020 3,00
Gm20515 -2,51 Gm15808 3,00

Gm4705 -2,51 Gm13134 3,00
Vmn1r50 -2,51 Gm16070 3,00
Gm23092 -2,51 4930566F21Rik 3,00
Gm24243 -2,51 Gm26872 3,00
Gm26820 -2,51 A930011012Rik 3,00
Gm26566 -2,51 5830416P10Rik 3,00
Gm10814 -2,51 Fcgr3 3,00
4930500F10Rik -2,51 Srgn 2,98
Gm26856 -2,51 Cutal 2,97
Gm26962 -2,51 Sds 2,97
Zfp759 -2,49 Ano4 2,97
Scx -2,46 3110043A19Rik 2,97
Ldoc1l -2,46 Mytll 2,97
Zc2hclc -2,46 Gm26519 2,96
Bdh2 -2,45 Gm25973 2,95
Map6 -2,45 Cabpl 2,92
Slc6als -2,44 Gm23445 2,92
Gpr87 -2,43 Cd5 2,90
Fam105a -2,43 6330409D20Rik 2,89
Gm14269 -2,43 Pnpla5 2,89
C920009B18Rik -2,43 Itk 2,89
Gm23971 -2,42 Adap? 2,89
Pnma2 -2,41 P2rx1 2,89
Tmsh4x -2,41 Acot12 2,89
Ponl -2,40 Tmco5 2,89
Oaslb -2,40 Oca2 2,89
Barx2 -2,40 Siglecg 2,89
Ankar -2,40 Adam18 2,89

Cd14 -2,40 Stac 2,89

Gm26132 -2,40 Nlrp4d 2,89
4930589L23Rik -2,40 Cdhr3 2,89
Gm10305 -2,40 Banf2 2,89
Gm12568 -2,40 Pyhinl 2,89
Emx20s -2,40 D630023F18Rik 2,89
Mpcl-ps -2,40 Frrsll 2,89
MIMT1_1 -2,40 Fam19a4 2,89
Enpp3 -2,40 Chst9 2,89
Tcergll -2,39 Serpinb13 2,89
Gm10406 -2,38 Gm5540 2,89
Tspan2 -2,38 Txndc2 2,89
A330094K24Rik -2,37 Creg2 2,89
Scrn2 -2,37 Vtcnl 2,89
Enpp2 -2,36 Pcdhb2 2,89
Zfyve28 -2,36 Abcd2 2,89
NIrp6 -2,36 Gmb5468 2,89
Actr3b -2,36 Gpr97 2,89
Gm23037 -2,36 OIfr530 2,89
A130006112Rik -2,36 OIfr508 2,89
Rps13-ps4 -2,36 Gm10157 2,89
Npm3-psl -2,36 Foxd3 2,89
Gm11739 -2,36 A230006K03Rik 2,89
Gm15884 -2,36 Rpl32-ps 2,89
Mir1957 -2,36 Gm4950 2,89
Gm3200 -2,36 Gm10343 2,89
Cap2 -2,35 Gm1966 2,89
Slc26a4 -2,34 Amyl 2,89
Gm4799 -2,34 Olfr1272 2,89
Col8a2 -2,34 Gm23131 2,89
3930402G23Rik -2,34 Gm22231 2,89
Pabpc4l -2,33 Gm6565 2,89
Zfp90 -2,33 Gm15820 2,89
Mir200b -2,33 Gm18859 2,89
E130309D14Rik -2,33 Gm6325 2,89
Actal -2,33 Gm14985 2,89
Susd4 -2,32 Gm11407 2,89
Gent2 -2,31 Gm9378 2,89
Tmem181b-ps -2,31 Gm11540 2,89
Zmat4 -2,30 Gm14620 2,89
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Srd5a2 -2,30 Gm11284 2,89
LoxI1 -2,29 Gm14524 2,89
1112rb1 -2,28 Gm1848 2,89
Adam21 -2,28 Gm12194 2,89
Glra2 -2,28 1810059H22Rik 2,89
Slc25a35 -2,28 5830418P13Rik 2,89
Crisp4 -2,28 Gm16170 2,89
Igca -2,28 Gm12122 2,89
Oxt -2,28 Gm11192 2,89
1810062G17Rik -2,28 Gm13116 2,89
Rhd -2,28 Gm13523 2,89
Sirt4 -2,28 Gm16291 2,89
Pgpepll -2,28 Gm23757 2,89
Cyp2rl -2,28 Gm24554 2,89
Nox1 -2,28 C030048H21Rik 2,89
Ces2g -2,28 BC027582 2,89
Akapl4 -2,28 1700099109Rik 2,89
Tnfsf10 -2,28 Rnasek 2,89
Gm14117 -2,28 C330013E15Rik 2,89
Eif5al3-ps -2,28 Gm6846 2,89
2900005J15Rik -2,28 4930471D02Rik 2,89
Ncmap -2,28 SMAD5-AS1_3 2,89
Gm6816 -2,28 AC091763.1 2,89
Fam211b -2,28 Rbp3 2,86
Lmod1 -2,28 Rdhl 2,83
Gpr8l -2,28 4930511M11Rik 2,83
5330417H12Rik -2,28 Hormad?2 2,83
Fgf4 -2,28 Capnll 2,83
1fi205 -2,28 Mir23a 2,83
Ifng -2,28 A930033H14Rik 2,83
OIfr166 -2,28 5031415H12Rik 2,83
Gm10015 -2,28 Ccdc83 2,80
Gjc3 -2,28 Bail 2,80
Ccdcl76 -2,28 Htr2c 2,80
Fam57b -2,28 Gm14412 2,80
Cfd -2,28 Gm13141 2,80
Gm25813 -2,28 Gm11789 2,80
Gm22354 -2,28 Gm16572 2,80
Serpina3b -2,28 Gm17146 2,80
Gm6969 -2,28 Mclr 2,79
Klk11 -2,28 Msx1 2,78
Lilra5 -2,28 Gm17190 2,77
Lsmem1 -2,28 Tssk3 2,76
BC061237 -2,28 Spata20 2,76
Fnd3c2 -2,28 CK137956 2,76
Gm8098 -2,28 Nnmt 2,76
Btnl5-ps -2,28 Neu4 2,76
Trbv5 -2,28 Vavl 2,76
Gm26014 -2,28 Colecll 2,76
Mir294 -2,28 Slc22a2 2,76
Gm11645 -2,28 Tssk2 2,76
Gm13552 -2,28 Pip5kI1 2,76
Gm15544 -2,28 E330013P04Rik 2,76
Gm14200 -2,28 Gm11353 2,76
Gm15885 -2,28 Mroh9 2,76
Gm11972 -2,28 Mageh3 2,76
Gm?24592 -2,28 Mir1195 2,76
Gm23184 -2,28 Gm12230 2,76
n-R5s21 -2,28 Gm8569 2,76
Gm15567 -2,28 B230206L02Rik 2,76
A530072M11Rik -2,28 Gm3470 2,76
Gm11659 -2,28 Gm20430 2,76
6330418K02Rik -2,28 A330032B11Rik 2,76
Gm15598 -2,28 Cd6 2,75
2900053020Rik -2,28 Cd59b 2,74
Gm12002 -2,28 Gm27031 2,74
Gm15681 -2,28 Myh3 2,73
BC064078 -2,28 Evx2 2,72
AV039307 -2,28 Ferll4 2,72
Gm25282 -2,28 Lrmp 2,72
Mir1969 -2,28 Lyll 2,72
3632454L22Rik -2,28 Thcld10c 2,72
Tmsh15b1 -2,28 Rimsl 2,72
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Gm16239 -2,28 Bclllb 2,72
Gm16043 -2,28 Nrgn 2,72
Gm14027 -2,28 Sytl5 2,72
Gm17324 -2,28 Gm9989 2,72

Gm8237 -2,28 n-R5s56 2,72
Gm9027 -2,28 Mir345 2,72
Mir3092 -2,28 Gm13881 2,72
Mir3080 -2,28 Cfb 2,72
Gm5070 -2,28 9330185C12Rik 2,72
Gm23523 -2,28 Sic38a8 2,70
Gm6919 -2,28 Edn3 2,69
Gm26834 -2,28 Adamts2 2,69
Gm26667 -2,28 Hicl 2,69
Gm17634 -2,28 D630039A03Rik 2,69
3110045C21Rik -2,28 Trim40 2,69
C130060C02Rik -2,28 Gm6044 2,69
Gm26812 -2,28 Gm23140 2,69
Gm11214 -2,28 Ifi2712b 2,68
Gent4 -2,26 Akrlcl2 2,68
Txnip -2,25 Gm16012 2,68
Zfp185 -2,25 Gm10544 2,68
Gml5777 -2,25 Gm26984 2,68
Mppel -2,24 MixI1 2,67
Arrdc3 -2,24 Cd38 2,66
Mir378b -2,23 Ptprb 2,65
Akap2 -2,23 Ptafr 2,65
AU040972 -2,23 Col23al 2,64
Mrps36-psl -2,22 Tat 2,62
Slc45a3 -2,22 Mmp8 2,62
Ccdc109b -2,22 Aldhla3 2,62
Gm6781 -2,22 Gnrhl 2,62
Gm6382 -2,22 Abi3 2,62
Gm22615 -2,22 Hbgla 2,62
Snx32 -2,22 Ccdcl75 2,62
Gjb3 -2,21 Opn4 2,62
Stard8 -2,20 Adam2 2,62
Lamp3 -2,20 Igcf3 2,62
Wdr96 -2,20 Nptx1 2,62
Sox2 -2,20 Tmeff2 2,62
Gm24582 -2,20 Spp2 2,62
Rpl30-ps3 -2,20 F13b 2,62
Gm6305 -2,20 Ccdc3 2,62
1700042010Rik -2,20 2310002L09Rik 2,62
Gm26102 -2,20 C8b 2,62
E030044B06Rik -2,20 Slcolb2 2,62
Cyp2j9 -2,20 Adm 2,62
Gm5113 -2,19 Agp9 2,62
Gm4737 -2,19 Mgll 2,62
Klk14 -2,19 Meox2 2,62
Mapk11 -2,19 Islr 2,62
Postn -2,19 Bank1 2,62
Gm11457 -2,19 Esml 2,62
Pyy -2,19 5031434C07Rik 2,62
Ccdc103 -2,18 Fam179a 2,62
Ttl13 -2,18 Gm7729 2,62
Gm11400 -2,18 Pla2gaf 2,62
Gm1818 -2,18 BC053393 2,62
Tmem95 -2,18 Vstm2a 2,62
Igfbp5 -2,18 Clec4al 2,62
Asah2 -2,18 4921517D22Rik 2,62
Tmem181b-ps -2,18 C230029F24Rik 2,62
Rbbp8nl -2,17 Gm93889 2,62
Phidb3 -2,17 Ppfia2 2,62
1500009L16Rik -2,17 Gm9951 2,62
Pik3cd -2,17 Rab39 2,62
Socs2 -2,17 Actbl2 2,62
Acta2 -2,16 Myh1 2,62
Efcabl10 -2,16 Cts8 2,62
Chst10 -2,16 Gm15698 2,62
Phxr4 -2,16 Cfi 2,62
Bmp5 -2,16 Gm5670 2,62
Dhrs7c -2,16 Rpl10l 2,62
Atg9b -2,16 Fmrlnb 2,62
Tmem145 -2,16 Fboxw24 2,62
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Ccrl0 -2,16 Vmnlr51 2,62
Krt84 -2,16 1fnal3 2,62

Gm9888 -2,16 Mir186 2,62
Mir1188 -2,16 n-R5s7 2,62
Gm15750 -2,16 Cyp2c66 2,62
Gm12974 -2,16 A430093F15Rik 2,62
Gm15867 -2,16 Dsgla 2,62
Gm26608 -2,16 Fam196b 2,62
Tal2 -2,16 Gm10287 2,62
Trim29 -2,14 Rbm44 2,62
Zfp658 -2,14 Actl7a 2,62
Dtwd1 -2,14 9230009102Rik 2,62
Galnt18 -2,14 5730507CO1Rik 2,62
Tmod4 -2,13 B430319F04Rik 2,62
Kceng4 -2,13 Gm10634 2,62
Nrgl -2,13 Defh28 2,62
Al987944 -2,13 Gm10766 2,62
Irf2 -2,13 Gm23940 2,62
Gm8113 -2,13 Gm26339 2,62
Thap3 -2,13 Ighg2b 2,62
Sebox -2,11 Gm10941 2,62
Aanat -2,11 Gm14401 2,62
Cnih3 -2,11 Gm5930 2,62
4930548H24Rik -2,11 Gm2974 2,62
Gpme6a -2,11 Gm6161 2,62
Upbl -2,11 Gm11893 2,62

Bai3 -2,11 Gm13670 2,62
C130071C03Rik -2,11 Gm13326 2,62
1700055D18Rik -2,11 Gm13687 2,62
Gm6316 -2,11 Gm14127 2,62
5330430P22Rik -2,11 Gm5386 2,62
Gm16305 -2,11 Gm13437 2,62
4930405P13Rik -2,11 Gm12469 2,62
Gm6467 -2,11 Gm13148 2,62
Gm27028 -2,11 Gm11930 2,62
Trim54 -2,10 Gm14802 2,62
Camkmt -2,10 Gm14097 2,62
Slc26al -2,09 Gm12958 2,62
2310002F09Rik -2,09 Gm5860 2,62
Maspl -2,09 Gm15412 2,62

Ins2 -2,09 Gm14204 2,62

Pim1 -2,09 Gm8093 2,62
3830408C21Rik -2,09 Gm7613 2,62
Maccl -2,09 Gm16174 2,62
Tnncl -2,08 Gm14703 2,62
Prss16 -2,08 Gm23957 2,62
Ccdc19 -2,08 Gm22762 2,62
P2ryl14 -2,08 Mir1934 2,62
Tnfrsf18 -2,07 Gm24391 2,62
2810433D01Rik -2,07 Gm25435 2,62
Gm16236 -2,07 Gm15796 2,62
Zfp239 -2,06 Gm16006 2,62
Gm8731 -2,06 Rpl29-ps1 2,62
Spockl -2,05 Gm15717 2,62
Wdfyl -2,05 Gm10612 2,62
Panx2 -2,04 Sox2ot 2,62
Vash2 -2,04 A530084C06Rik 2,62
Rnfl44a -2,04 Gm19840 2,62
Harbil -2,04 Gm16432 2,62
Slc6ad -2,04 Hspala 2,62
Slc4ab -2,04 Gm23153 2,62
Gmb561 -2,03 Vmn2r-ps9 2,62
Zikl -2,03 Igkv1-110 2,62
B3gnt5 -2,02 1gkv10-96 2,62
Nalcn -2,02 Gm?22287 2,62
Slc47al -2,02 1ghv5-6 2,62
Scarf2 -2,02 Topazl 2,62
Slc4lal -2,02 Gm24968 2,62
Ednl -2,02 Gm4461 2,62
Cpb2 -2,02 2610316D01Rik 2,62

Rgn -2,02 4833428L15Rik 2,62

Selp -2,02 Rpl31-ps15 2,62

Car9 -2,02 Rmst 2,62
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Rasl1la -2,02 Gm26875 2,62
Lmod2 -2,02 Gm17619 2,62
Slc7al0 -2,02 1700101111Rik 2,62

Dcx -2,02 B230377A18Rik 2,62
Thyl -2,02 Gm26849 2,62
Bcl2110 -2,02 9630001P10Rik 2,62
Itgbl1 -2,02 mmu-mir-6975 2,62
Larp6 -2,02 Rgs8 2,61
Sapcdl -2,02 1700019B03Rik 2,59
BC061194 -2,02 Tmem25 2,59
Ribpl -2,02 Pmel 2,58
Saad -2,02 Gm22170 2,58
Pfpl -2,02 Slc44ab 2,58
Bthd16 -2,02 Peg10 2,58
Dao -2,02 OIfr1513 2,58
Gm16516 -2,02 Gm10655 2,57
RhbdI2 -2,02 Cldn24 2,57
4930412D23Rik -2,02 Gmb5878 2,57
Pnoc -2,02 Gm26104 2,57
Vatll -2,02 Prox2 2,55
Irs3 -2,02 Nefh 2,55
Nrlh4 -2,02 4933431K23Rik 2,55
Gemin4 -2,02 Gm16049 2,55
Ppp1r3d -2,02 Ak9 2,55
Ppplr3g -2,02 A730085K08Rik 2,55
Slc6a7 -2,02 Gm25327 2,55
Sox14 -2,02 Gm21814 2,55
Kdm4d -2,02 A430057MO4Rik 2,54
Pnmal -2,02 F7 2,52
Uspl7la -2,02 Myctl 2,52
Clra -2,02 Prss27 2,52
Skint4 -2,02 Irgcl 2,52
OIfr1350 -2,02 Gm25008 2,52
Cesld -2,02 Cntnap5a 2,52
Scimp -2,02 Klhl41 2,52
0610039K10Rik -2,02 Gm15327 2,52
Ifitm6 -2,02 Gm24136 2,52
Amd-ps3 -2,02 Ifi2712a 2,52
Gm10125 -2,02 Aass 2,52
Olfr926 -2,02 Scarna8 2,52
Rnu73b -2,02 Slc9a9 2,50
Gm25357 -2,02 Nov 2,50
Gm25137 -2,02 Gm24406 2,50
Gm26065 -2,02 Gm15461 2,50
Gm24260 -2,02 Gm23287 2,50
Gm5908 -2,02 Foxfl 2,49
Rpl7a-ps3 -2,02 Ccdc154 2,47
Gm10244 -2,02 Slc28a3 2,47
Gm7457 -2,02 111r2 2,47
Rpl21-ps4 -2,02 Slc12al 2,47
H2-BI -2,02 Calbl 2,47
Gm20775 -2,02 Trim63 2,47
Gm22657 -2,02 Hyal4 2,47
Gm831 -2,02 Tnfsf13b 2,47
Gm17546 -2,02 B3gnt3 2,47
Xirpl -2,02 Glisl 2,47
Gm15366 -2,02 Brinp3 2,47
Gm15745 -2,02 Gplbb 2,47
Gm9009 -2,02 Pkdrej 2,47
Gm9157 -2,02 Pla2g4a 2,47
Gm13328 -2,02 Krt6a 2,47
Gm12599 -2,02 Gm22304 2,47
Gm15197 -2,02 OIfr1331 2,47
Gm11628 -2,02 BC028471 2,47
Gm15207 -2,02 Gm22824 2,47
Gm15897 -2,02 Ceslb 2,47
Gm13525 -2,02 Ms4a6c 2,47
Naip3 -2,02 Gm13416 2,47
Gm14470 -2,02 Gm25654 2,47
Gm15452 -2,02 Gm17428 2,47
Gm15915 -2,02 Apolllb 2,47
Gm14009 -2,02 Gm20702 2,47
Gm2788 -2,02 Gm23144 2,47
Gm16084 -2,02 Gm22633 2,47
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Gm11832 -2,02 Gm22618 2,47
2700069118Rik -2,02 Gm26580 2,47
Gm11269 -2,02 Mfsd2b 2,46
Has20s -2,02 Samd5 2,46
Hnrnpall2-ps -2,02 Tsga8 2,46
B230206H07Rik -2,02 Gm16503 2,46
Cbfa2t2-ps1 -2,02 Rnf39 2,44
Gm15910 -2,02 Cntnap3 2,44
Gm13855 -2,02 Gm10113 2,44
Gm13031 -2,02 Gm26129 2,44
Gm22322 -2,02 Cc7 2,44
Gm8429 -2,02 Gm27026 2,44
Gm17112 -2,02 Apol8 2,43
Gm6659 -2,02 Pdxk-ps 2,42
Gm23162 -2,02 Tmem45a 2,42
Gm22933 -2,02 Maats1 2,42
Kcnj11 -2,02 Grikl 2,42
Igkv4-55 -2,02 Syt4 2,42
4930528D03Rik -2,02 Rhoh 2,42
4921504A21Rik -2,02 Piwil4 2,42
RP24-570C10.7 -2,02 Bcl2I15 2,42
RP24-194K24.6 -2,02 Ifltd1 2,42
mmu-mir-6353 -2,02 Gm22061 2,42
Foxcl -2,02 Gm22353 2,42
Uprt -2,00 Gm8618 2,42
Matnl -2,00 Gm14088 2,42
Gm15774 -2,00 Gm5721 2,42
Pax9 -1,99 Gm15918 2,42
Zc3h8 -1,99 Gm16055 2,42
Myl7 -1,98 D430041D05Rik 2,41
Aug 00 -1,98 P2rx7 2,41
Myl9 -1,98 Wdr17 2,41
Evala -1,98 Fau-ps2 2,40
Zkscan7 -1,98 Mgst2 2,40
Gm16102 -1,98 C3 2,40
Wdr54 -1,97 Pcp4ll 2,39
Galnt16 -1,97 Rrh 2,39
Zdhhc14 -1,97 Klra2 2,39
Kcnipl -1,97 Magp 2,39
4921518J05Rik -1,97 4921513D11Rik 2,39
Gm9083 -1,97 Gm20760 2,39
Itprip -1,97 Cascl 2,38
Antxr2 -1,96 Nr5al 2,37
Rpl10-ps6 -1,96 Lrgl 2,37
Gm16246 -1,96 Gm11755 2,37
Gm19357 -1,96 Gm23137 2,37
PYURF -1,96 Zfp422-rsl 2,37
B4galnt4 -1,96 Gfil 2,37
Wdr86 -1,96 pdf 2,36
Ikzf4 -1,95 Gm20681 2,36
Zkscanl14 -1,95 Six2 2,35
Sult5al -1,95 Slc28al 2,35
Zfp354b -1,95 Gm15541 2,35
Amer2 -1,95 Gm16540 2,35
Zfp455 -1,95 Tmem178b 2,35
Gm7665 -1,95 Barhl2 2,34
Ahnak2 -1,95 AA414768 2,34
4632411P08Rik -1,95 Akrlcl3 2,34
Famllla -1,94 Gm13391 2,33
Pik3c2b -1,94 Pghd5 2,32
Scn2al -1,93 Gabra2 2,30
Tnfsf12 -1,93 Abhd3 2,30
Zfp462 -1,92 Crhr2 2,30
Psgl7 -1,92 Gabral 2,30
Tyrpl -1,92 Hnf4g 2,30
Gip -1,92 Alox12e 2,30
Gdapl -1,92 lyd 2,30
Griad -1,92 Thata 2,30
Dnaic2 -1,92 Gas2l2 2,30
Bpifc -1,92 Nell2 2,30
Rps27a-ps2 -1,92 Ly6h 2,30
n-R5s151 -1,92 TFf3 2,30
9130019P16Rik -1,92 Mtl5 2,30
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Gm14387 -1,92 Ankrd2 2,30
Gm13868 -1,92 Rpl 2,30

Gm8606 -1,92 Slc9a4 2,30
Gm11636 -1,92 Snph 2,30
1810012K08Rik -1,92 Stmn3 2,30
DIx60s1 -1,92 Cckar 2,30
Gm19898 -1,92 Pdcl2 2,30
E030018B13Rik -1,92 Prok2 2,30
Gm10825 -1,92 Klrgl 2,30
Eid2b -1,92 Lrrc23 2,30

Csfl -1,91 2900092C05Rik 2,30

Utfl -1,91 Diol 2,30
Zbth32 -1,91 Ccl7 2,30
Smyd1 -1,91 FbxI21 2,30
Mmp19 -1,90 Darc 2,30
Treh -1,90 4921524 21Rik 2,30
Gm11761 -1,90 Frmpd3 2,30
Zcche24 -1,90 Hoxab 2,30
Hmgn3 -1,89 Elfn2 2,30
A230107N01Rik -1,89 OIfr1018 2,30
2700046G09Rik -1,89 9530080011Rik 2,30
Gadd45b -1,89 OIfr1010 2,30
Zfp72 -1,89 B530045E10Rik 2,30
Paqré -1,88 Rps1l-ps4 2,30
Gprcba -1,87 Nxph3 2,30
Cldn10 -1,87 Nxpe5 2,30
Slc22a6 -1,87 Ddil 2,30
Pcsk2 -1,87 OIfr1366 2,30
1700023E05Rik -1,87 Frmd3 2,30
Lyvel -1,87 Tifab 2,30
Ptprm -1,87 OIfr165 2,30

Rgl3 -1,87 1131ra 2,30
Aicda -1,87 Kcnbl 2,30
Oligl -1,87 Histlh2ba 2,30
Gm9806 -1,87 Gucy2g 2,30
1700084J12Rik -1,87 Gmb5447 2,30
Trim5 -1,87 5730596B20Rik 2,30
H2-Q7 -1,87 1700022P22Rik 2,30
Gm4945 -1,87 OIfr1501 2,30
Cysl -1,87 BC021614 2,30
Vmn2r10 -1,87 Fcgrd 2,30
Tmem88b -1,87 Orm2 2,30
E530001K10Rik -1,87 9430002A10Rik 2,30
Gm13653 -1,87 Gm25793 2,30
A930003A15Rik -1,87 Gm26062 2,30
Hoxb2 -1,87 Gm24412 2,30
1700028N14Rik -1,87 Serpina3f 2,30
Nlrp12 -1,87 Gprll3 2,30
9230113P08Rik -1,87 Xkr9 2,30
Gm5622 -1,87 Mrgprb5 2,30
Gm12488 -1,87 Rps8-psl 2,30
Gm16758 -1,87 Eddm3b 2,30
Gm11465 -1,87 Gm5460 2,30
Gm25116 -1,87 Gm5830 2,30
Mir1950 -1,87 4930567H17Rik 2,30
Gm25348 -1,87 AU016765 2,30
mmu-mir-6363 -1,87 Gm12526 2,30
Futl -1,86 OIfr713 2,30
Fabp3 -1,86 Gm10638 2,30
Zcchel8 -1,85 Gm10654 2,30
Adamts19 -1,85 Rad21l 2,30
1500002C15Rik -1,85 Gm21994 2,30
Ift57 -1,85 4833423E24Rik 2,30

Egf -1,84 9430097D07Rik 2,30
Lphn2 -1,84 1gkv15-103 2,30
Exoc3I2 -1,84 Igkv12-46 2,30
Cyh5r2 -1,84 Gm26012 2,30
Mir302d -1,84 Gm25803 2,30
Gm14410 -1,84 Gm4877 2,30
Rps15a-ps4 -1,84 Rnf148 2,30
Snord88a -1,84 Gm13152 2,30
Uggt2 -1,83 Dearl 2,30
Rorc -1,83 C030005K15Rik 2,30
Ppm1j -1,83 Mir466i 2,30
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Gm20939 -1,83 Gm15823 2,30
Gm9797 -1,83 Gm12933 2,30
Moxd1 -1,82 Gm14550 2,30
Pifl -1,82 Gm12717 2,30
Bok -1,82 Gm11488 2,30
Tm4sf5 -1,81 Gm13915 2,30
Irak3 -1,81 Gm7091 2,30
Slc30a10 -1,81 Gm11450 2,30
Hmgcs?2 -1,81 Gm11380 2,30
Cd27 -1,81 Gprl44-ps 2,30
Hddc3 -1,81 Gm12969 2,30
Fezl -1,81 Gm14827 2,30
Rhov -1,81 Gm12233 2,30
BC106179 -1,81 Gm16010 2,30
Gm23054 -1,81 Gm12066 2,30
Lrchl -1,81 1700061F12Rik 2,30
Gm10615 -1,81 4930550G17Rik 2,30
H2-T10 -1,81 Gm12764 2,30
Gm15799 -1,81 Gm16266 2,30
Mroh3 -1,81 Gm14873 2,30
4930480K23Rik -1,81 Fam150a 2,30
Zfp69 -1,81 2310065F04Rik 2,30
Tfap4 -1,81 Gm11998 2,30
Capn6é -1,81 1700003G18Rik 2,30
Cntfr -1,80 Gm22849 2,30
Pdelb -1,80 Gm25558 2,30
Tmod2 -1,80 Gm25864 2,30
Ziml -1,80 Gm22948 2,30
NrObl -1,80 Gm23341 2,30
Rsadl -1,80 Gm15810 2,30
Map9 -1,80 1110002E22Rik 2,30
Rnd3 -1,80 1700071M16Rik 2,30
Gm4924 -1,79 Vmn2r117 2,30
Slc26all -1,79 Gm9268 2,30
Gm9900 -1,79 Gm17191 2,30
Calr3 -1,79 Vmn2r80 2,30
Ccrl -1,79 Nlrplc-ps 2,30
Prtn3 -1,79 Mir3099 2,30
Myh13 -1,79 Gm20611 2,30
Gmb5643 -1,79 Gm20618 2,30
Gm13196 -1,79 Gm25457 2,30
Gm15552 -1,79 OIfr893 2,30
Bbs10 -1,79 Gm379 2,30
Adarb?2 -1,79 Gm23002 2,30
Clip3 -1,78 Gm22911 2,30
Serpinel -1,78 Gm23151 2,30
Unc80 -1,78 Gm26285 2,30
Myl3 -1,78 Gm10243 2,30
Pxdcl -1,77 Gm25313 2,30
Rasl11lb -1,77 Gm24517 2,30
Spata24 -1,77 Gm22756 2,30
Mettl7al -1,77 Gm26573 2,30
Actcl -1,77 2310069G16Rik 2,30
Grkl -1,77 5730422E09Rik 2,30
Bestl -1,77 4933408J17Rik 2,30
Ttc24 -1,77 4930461G14Rik 2,30
Lrrc37a -1,77 1700015011Rik 2,30
Gm13392 -1,77 Gm5523 2,30
Fam220a -1,76 Gm26756 2,30
Gm5611 -1,76 Gm8824 2,30
Gucy2e -1,76 Gm6283 2,30
Gprcsb -1,76 Gm4804 2,30
Cyp26¢cl -1,76 RP23-59B16.8 2,30
5430403G16Rik -1,76 mmu-mir-6391 2,30
A530017D24Rik -1,76 Nod1 2,29
2010001MO6Rik -1,75 A330008L17Rik 2,28
T -1,75 Trhr2 2,28
Pkd1l1 -1,75 Gm22748 2,27
Hist2h3c2 -1,75 Adra2a 2,27
Pvtl -1,75 Tmem40 2,27
Gek -1,74 Spefl 2,26
Ddx58 -1,74 Styk1 2,26
Rpl15-ps2 -1,74 Tmed6 2,26
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Sema3d -1,73 Bglap3 2,26
Gpx8 -1,73 Ephx3 2,25
Zfp128 -1,73 Amical 2,25
Agbl2 -1,73 Ablim2 2,24
Gm11282 -1,73 Klhi31 2,24
Slc6a20b -1,72 Akrlc20 2,24
Trim34a -1,72 Dach2 2,23
Zfp677 -1,72 Lct 2,23
Rbm24 -1,71 Col20al 2,23
Unc93bl -1,71 Ldhc 2,23
1700028K03Rik -1,71 Pygol 2,23
Tix1 -1,71 Gm13535 2,23
Nudt22 -1,71 Fzd10 2,21
Xkr8 -1,71 Grinl 2,21
Csdc2 -1,71 Vipr2 2,21
Oprk1 -1,71 RhbdI3 2,21
Zfp248 -1,70 Lrrc2 2,21
Meox1 -1,70 5031414D18Rik 2,21
Nkx2-1 -1,70 Hepacam?2 2,21
HIf -1,70 1600029114Rik 2,21
4930550C14Rik -1,70 Grem2 2,21
G6pc2 -1,70 Lmanll 2,21
Apoa2 -1,70 Dsg3 2,21
1700008003Rik -1,70 Gm16135 2,21
Tnfaip8I12 -1,70 9430029A11Rik 2,21
Cd34 -1,70 Gm9719 2,21
Adora2b -1,70 Gm20434 2,21
Spata9 -1,70 9330175E14Rik 2,21
Chat -1,70 Trapla 2,20
Cpn2 -1,70 Hsh2d 2,20
Clps -1,70 Gm26326 2,20
Kcnk7 -1,70 Gm11869 2,20
Tectb -1,70 Gpr3 2,19
Hspal2a -1,70 Histlh2ao 2,19
Adam23 -1,70 Ncan 2,18
Chitl -1,70 Fgf9 2,18
Hc -1,70 Slc5all 2,18
Prom2 -1,70 Mcf2 2,18
Cort -1,70 Zcwpw?2 2,18
Nos3 -1,70 Scnl0a 2,18
4930522N08Rik -1,70 Ushbpl 2,18
Lmo3 -1,70 Gm9725 2,18
Fam24a -1,70 2210406010Rik 2,18
Bco2 -1,70 Elmod1 2,18
Trim42 -1,70 GmB8566 2,18
Trf -1,70 Gm25801 2,18
Rnf43 -1,70 Gm10466 2,18
Snch -1,70 Slcolab 2,18
Gm7008 -1,70 Spcs2-ps 2,18
115 -1,70 Gm25544 2,18
Clqc -1,70 Gm12299 2,18
1122ral -1,70 4930481A15Rik 2,18
Adh4 -1,70 Gm24400 2,18
Uts2r -1,70 Gm17688 2,18
117f -1,70 4930444M15Rik 2,18
Ctfl -1,70 Gm26768 2,18
Gimap5 -1,70 RP23-386K20.2 2,18
49324421 08Rik -1,70 2810455005Rik 2,16
Zfp879 -1,70 Fam210b 2,15
4731417B20Rik -1,70 1116 2,15
Fcrl5 -1,70 Ambp 2,15
Netol -1,70 Gent3 2,15
OIfr1395 -1,70 Nek10 2,15
Otopl -1,70 Fam221b 2,15
Gm9988 -1,70 Lax1 2,15
Kcnj15 -1,70 Gm9869 2,15
Gm25899 -1,70 Mtnrla 2,15
2510046G10Rik -1,70 Gm25698 2,15
Klk1b21 -1,70 Mir695 2,15
OIfr203 -1,70 Gm27042 2,15
Gm4841 -1,70 mmu-mir-8091 2,15
Mir496 -1,70 ElavI3 2,15
Mrgprbl -1,70 Fgfl7 2,14
Abch5 -1,70 Poflb 2,14
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Gm16401 -1,70 Pearl 2,14
Gm14636 -1,70 Thxa2r 2,14

Lstl -1,70 Rbm42 2,14
Gm16589 -1,70 Gabbr2 2,14
4833422C13Rik -1,70 Ak7 2,14
Defb30 -1,70 mt-Tq 2,14
Gm24430 -1,70 Nkx6-1 2,13
Gm11034 -1,70 111rl1 2,13
Gbp6é -1,70 Hkdcl 2,13
Gm11951 -1,70 Dnhd1 2,13
Gm22952 -1,70 4930518C09Rik 2,13
Gm8250 -1,70 Pde8a 2,13
Gm14513 -1,70 Gm22740 2,13
Gm11336 -1,70 Zfp703 2,11
Gm11446 -1,70 Agpl 2,11
Gm14130 -1,70 1700006E09Rik 2,11
Gm12090 -1,70 Kcng2 2,11
Gm15636 -1,70 Pri3cl 2,11
Gm6238 -1,70 Tektl 2,11
Gm15840 -1,70 Snai2 2,11
Gm14044 -1,70 Pde6g 2,11
Gm14038 -1,70 4930426L09Rik 2,11
Gm6977 -1,70 1115 2,11
Gm25780 -1,70 Pla2g2f 2,11
Gm25321 -1,70 Yipf7 2,11
C630028M0O4Rik -1,70 Scnnlb 2,11
Gm15952 -1,70 Ooep 2,11
Gm13548 -1,70 Rag2 2,11
Gm12951 -1,70 Lum 2,11
Gm15328 -1,70 Cldn22 2,11
Gm14123 -1,70 Trim72 2,11
0610009E02Rik -1,70 Olfr266 2,11
Gm15334 -1,70 P2ry4 2,11
Skint6 -1,70 Cnpyl 2,11
Gm13209 -1,70 Vwe2l 2,11
Gm15860 -1,70 Hsf3 2,11
Gm12680 -1,70 Gm93801 2,11
Gm13856 -1,70 Sdpr 2,11
Gm12100 -1,70 Frmpd4 2,11
4933406118Rik -1,70 Gm9867 2,11
Gm14343 -1,70 Spdya 2,11
Gm12290 -1,70 Tarml 2,11
Gm24644 -1,70 Gsdmc2 2,11
Gm22516 -1,70 Gm10083 2,11
Gm25713 -1,70 Olfr1204 2,11
Gm26361 -1,70 Gm23510 2,11
Gm15978 -1,70 n-R5s197 2,11
Gm16137 -1,70 OlIfr169 2,11
BC035044 -1,70 Trim10 2,11
Gm17226 -1,70 Anapcl5-ps 2,11
Gm4462 -1,70 Olfr1242 2,11
Gm4613 -1,70 Gm23692 2,11
Gm17233 -1,70 Ighgl 2,11
D6Ertd527e -1,70 Gm25756 2,11
Gm17175 -1,70 Gm25563 2,11
Gm8425 -1,70 Reg3a 2,11
Vmn2r18 -1,70 Gm14087 2,11
Gm17039 -1,70 Gm13297 2,11
Gm20512 -1,70 Gm15379 2,11
Gm20531 -1,70 Gm12803 2,11
Gm20405 -1,70 Gm9003 2,11
Vmn2r-ps114 -1,70 Gm13784 2,11
Gm10045 -1,70 Gm12436 2,11
Igkv5-43 -1,70 Gm23172 2,11
Gm23617 -1,70 Gm25271 2,11
Gm8212 -1,70 Gm23830 2,11
Gm21846 -1,70 Gm15562 2,11
Wdr49 -1,70 Gm24655 2,11
Gm21893 -1,70 Gm16712 2,11
Gm21984 -1,70 Gm26654 2,11
Gm8298 -1,70 Gm26871 2,11
Sox1 -1,70 A330033J07Rik 2,11
Gm26878 -1,70 5430400D12Rik 2,11
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Gm26513 -1,70 Gm26911 2,11
1700112J16Rik -1,70 Gm26980 2,11
4833407H14Rik -1,70 Rassf10 2,11
4631405K08Rik -1,70 RP24-86015.2 2,11
Gm3809 -1,70 MEG3 1 2,11
Gm8957 -1,70 mmu-mir-6398 2,11
Gm8927 -1,70 RP24-300P2.1 2,11
RP23-304116.1 -1,70 Mtmrl10 2,11
RP23-477C13.2 -1,70 Mir5136 2,10
GNAS-AS1 1 -1,70 Nudt12 2,10
Atp6v0e2 -1,69 mt-Tf 2,10
Cepb5 -1,68 PcnxI2 2,09
Fam46b -1,68 Crispld1 2,09
Whnt5a -1,67 Prir 2,09
Cacnalg -1,67 1700064H15Rik 2,09
Zfp493 -1,67 Nmi 2,08
Mir143hg -1,66 Edil3 2,08
Gm15453 -1,66 Slc25a21 2,08
Nkx2-5 -1,66 Rpl21-ps3 2,08
Pexlla -1,66 Gm13062 2,08
Gpr44 -1,66 2810459M11Rik 2,07
Gm17231 -1,66 Aox4 2,07
Vwa2 -1,66 Proz 2,07
Prps2 -1,65 Gm22739 2,07
Traf5 -1,65 Mir342 2,07
A2m -1,65 Gm13063 2,07
Mrgpre -1,65 Gm24130 2,07
E130102H24Rik -1,65 Gm25193 2,07
1700084E18Rik -1,65 Gm24497 2,07
Gm17218 -1,65 Gm26522 2,07
Gm2885 -1,65 Gm27012 2,07
Gm26826 -1,65 Thx2 2,07
AC124326.1 -1,65 Xirp2 2,06
Cuedcl -1,64 Tecta 2,06
Bzrapl -1,64 Gm13247 2,06
Gm26792 -1,64 mt-Atp8 2,06
Neurllb -1,64 Gm20712 2,05
Smim3 -1,64 Chsy3 2,05
Msh4 -1,64 D130043K22Rik 2,04
B3galtl -1,64 Tnfrsf13b 2,04
Rnf182 -1,64 Slc10a4 2,04
Gm11025 -1,64 Gm9758 2,04
Gm25965 -1,64 Ugt2a3 2,04
0610040B10Rik -1,64 Card11 2,04
Slc35e4 -1,63 9130409123Rik 2,04
Sydel -1,63 Foxn4 2,04
Gm15965 -1,63 Proser2 2,04
Tmem38b -1,63 OIfr1102 2,04
A130014A01Rik -1,63 Gm13015 2,04
H2-M3 -1,62 Gm216 2,04
1600016N20Rik -1,62 Gm2178 2,04
Pcdhb17 -1,62 Gm11790 2,04
Fam78a -1,62 Gm22204 2,04
Gm6612 -1,62 Gm4750 2,04
Gm3848 -1,62 Gm16378 2,04
Gm16214 -1,62 B230110C06Rik 2,04
Asicl -1,62 Gm27002 2,04
Prph -1,62 Mroh6 2,04
Rilpll -1,62 Wnt3 2,03
AxI -1,62 Sgce 2,03
Chac2 -1,62 Akrlcl9 2,03
AB830018L16Rik -1,62 Haplin4 2,02
Gm16233 -1,62 Mkx 2,02
Gm16136 -1,62 Etosl 2,02
Slc37al -1,62 AF366264 2,02
4930581F22Rik -1,61 Fxyd4 2,01
Tuftl -1,61 Tspan32 2,00
Popdc2 -1,60 Pcp2 2,00
1700003MO2Rik -1,60 Ttll8 2,00
N28178 -1,60 Slc5a9 2,00
Hhat -1,60 Lhx5 2,00
Fam228b -1,60 Clgb 2,00
Gm10069 -1,60 Sstr3 2,00
2500004C02Rik -1,60 Gpr158 2,00
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Anp32b-psl -1,60 Uspl171d 2,00
Gm12034 -1,60 Nlirplb 2,00
n-R5s201 -1,60 Vmn1r58 2,00
4930448K12Rik -1,60 1700062123Rik 2,00
Gm15545 -1,60 Gm14022 2,00
Gm22942 -1,60 Abhd12b 2,00
Fbxo24 -1,60 1700025N21Rik 2,00
Gm16244 -1,60 Cd300If 1,99
Gm23713 -1,60 Gm8251 1,99
Gm26680 -1,60 Dsg4 1,98
Gm26679 -1,60 Lcp2 1,98
Angell -1,60 Fgf7 1,98
Hegl -1,60 Gm25039 1,98
Gal3st3 -1,60 C86695 1,98
Alcam -1,60 4930556N08Rik 1,98
Igdcc3 -1,60 Gm11948 1,98
Gm20705 -1,60 1110002J07Rik 1,98
Plcd3 -1,59 Gm20033 1,98
Msl3I2 -1,59 1700092MO7Rik 1,97
Cacng6 -1,59 Sost 1,97
1110046J04Rik -1,59 Mytl 1,97
Trim43a -1,59 111r1 1,97
St8siad -1,59 Pdzd9 1,97
Ribcl -1,59 Viprl 1,97
Hdac9 -1,59 Ptprh 1,97
AF529169 -1,59 Gm13420 1,97
Gm1826 -1,59 Gm25776 1,97
Timm10b -1,59 Papln 1,95
Ldb3 -1,58 Cd72 1,95
Spata25 -1,57 Cntnl 1,95
2610015P09Rik -1,57 Acat3 1,95
Akrlcl -1,57 Ccdc146 1,95
Ugt8a -1,57 mt-TI1 1,95
Zfp3 -1,57 Gm572 1,95
Gm7327 -1,57 A830036E02Rik 1,95
6430503K07Rik -1,57 Gm16154 1,95
A130066N16Rik -1,57 Snord66 1,95
A930013B10Rik -1,57 Kmo 1,95
Dytn -1,57 2310026L22Rik 1,95
Ttpa -1,57 Gm13986 1,95
Gm15198 -1,57 Gm25431 1,95
Gm15794 -1,57 Ctsc 1,95
Gm8216 -1,57 Rbpsuh-rs3 1,94
Gm7707 -1,57 Alpl 1,94
Gm20540 -1,57 Sv2c 1,94
Gm26693 -1,57 Depdc7 1,94
Gm26874 -1,57 KIf2 1,94
Ypeld -1,57 Slc5a5 1,94
Adrb3 -1,57 Foxgl 1,94
Adm?2 -1,57 Tnfaip2 1,93
Amigo2 -1,57 Gprl28 1,93
Arhgef39 -1,56 Clqgtnf9 1,93
Sema3c -1,56 Pnlip 1,92
Gm9825 -1,56 Best4-ps 1,92
Mypop -1,56 2010015M23Rik 1,92
Ermn -1,56 Cxcrb 1,92
Mettl18 -1,56 1700086P04Rik 1,91
Gm11603 -1,56 Gm23547 1,91
Rpl35a-ps3 -1,55 Camk4 1,90
Ccend2 -1,55 Apoal 1,89
Gyltllbh -1,55 ltgb2l 1,89
KCNQ10T1 5 -1,55 Clecl0a 1,89
Gm16316 -1,55 Wap 1,89
Accs -1,55 1700125H20Rik 1,89
Slco3al -1,55 Ccl6 1,89
Npr3 -1,55 Ccl9 1,89
Ltb -1,55 Aoc3 1,89
Ushlc -1,55 Nr2el 1,89
Zfpl12 -1,55 Tcplll2 1,89
Slc6a2 -1,55 Rdh12 1,89
Ces3a -1,55 Slc34al 1,89
Gm12942 -1,55 Dydc2 1,89
Ceacam20 -1,55 Msmb 1,89
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Mansc4 -1,55 Tnfsfll 1,89
Mroh8 -1,55 Mrz11 1,89
Gm2214 -1,55 Baalc 1,89
BC002163 -1,55 Morcl 1,89
1700061H18Rik -1,55 Cldn26 1,89
Gm13594 -1,55 Lrrc69 1,89
Gm12207 -1,55 Gabrr2 1,89
Gm15489 -1,55 Crisp2 1,89
Gm5561 -1,55 Slc25a45 1,89
Gm26668 -1,54 MyadmI2 1,89
Anpep -1,54 Cdh9 1,89
Pmm1 -1,54 Pih1d3 1,89
Wdr38 -1,54 Atp6vlg3 1,89
4921525B02Rik -1,54 Dpt 1,89
Rps19-ps4 -1,54 Myoc 1,89
Gm14634 -1,53 Kif12 1,89
Zfp467 -1,53 Calr4 1,89
Hsph8 -1,53 Draxin 1,89
Plagll -1,53 Tesc 1,89
Zfp473 -1,53 Wnt7a 1,89
Tmem?219 -1,53 Artd 1,89
BC100451 -1,53 Slcolcl 1,89
6330403N20Rik -1,53 Hapln3 1,89
Tmem108 -1,53 Citrl 1,89
Irs2 -1,52 Ctrbl 1,89
Bmp8hb -1,52 Crtam 1,89
Mapk8ip2 -1,52 4931429111Rik 1,89
Rpp38 -1,52 Drd2 1,89
Six5 -1,52 Cd3001d 1,89
Fzd4 -1,52 OIfr1509 1,89
Gm16794 -1,52 Dgkb 1,89
Eno2 -1,52 MblI1 1,89
Nptxr -1,51 Gm4955 1,89
Afaplll -1,51 Fgd3 1,89
Napb -1,51 Cpa4 1,89
Ppplrl6b -1,51 Chad 1,89
Ccdc40 -1,51 Nlrc4 1,89
Rnf207 -1,51 17 1,89
Cypl7al -1,51 Arhgap9 1,89
Thx1 -1,51 Ltb4r2 1,89
Arhgef25 -1,51 Bbox1 1,89
Lrrc46 -1,51 PrrxI1 1,89
1700026L06Rik -1,51 Vwal 1,89
Tm4sfl -1,51 Olfr1123 1,89
Sparcll -1,51 Fam25c 1,89
Tfr2 -1,51 Muc19 1,89
Fgf3 -1,51 Pcdhbl4 1,89
Ephx4 -1,51 Hepacam 1,89
Kcnh5 -1,51 Adam29 1,89
Epgn -1,51 Kcnv2 1,89
Pax1 -1,51 Als2crl2 1,89
Pomk -1,51 Olfr1417 1,89
Olfml2b -1,51 Prss54 1,89
Mocos -1,51 Gm9826 1,89
Lrrcl7 -1,51 Ceacaml19 1,89
Serpinb6b -1,51 OIfr430 1,89
Discl -1,51 A930002121Rik 1,89
Gm4835 -1,51 Abcal2 1,89
Hoxd9 -1,51 4930548G14Rik 1,89
Klrel -1,51 Pcdhb9 1,89
Oprdl -1,51 Prss51 1,89
Zfp786 -1,51 Rasal3 1,89
Doc2a -1,51 Rnase9 1,89
Ffar4 -1,51 5830454E08Rik 1,89
A930005H10Rik -1,51 Dpep2 1,89
Mir30e -1,51 Tmprsslle 1,89
AF357428 -1,51 Foxi3 1,89
Gm11444 -1,51 2810407A14Rik 1,89
Gm10433 -1,51 Rdh9 1,89
Igkv13-84 -1,51 Mab21I1 1,89
Gm25506 -1,51 Musk 1,89
Fam186b -1,51 Rpl27a-psl 1,89
Gm13529 -1,51 1700112E06Rik 1,89
Gm15049 -1,51 Cntn4 1,89
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Gm12470 -1,51 Gm23517 1,89
Gm7206 -1,51 Gm23099 1,89
Gm9673 -1,51 Mir218-1 1,89
Gm11609 -1,51 Gm22351 1,89
Gm12656 -1,51 Gm?24445 1,89
Gm5883 -1,51 Gm25628 1,89
Gm16209 -1,51 Gm10172 1,89
Gm14020 -1,51 Wifdc13 1,89
Gm22960 -1,51 Masl 1,89
Gm14019 -1,51 9930111J21Rik2 1,89
Gm11459 -1,51 Olfr894 1,89
Gm20667 -1,51 Ntn5 1,89
Gm22474 -1,51 Ccin 1,89
D830044116Rik -1,51 Mboat4 1,89
C630004M23Rik -1,51 Tex24 1,89
mmu-mir-7578 -1,51 Timm8a2 1,89
SNORA21 -1,51 D6Ertd474e 1,89
Gm11983 -1,51 Arl14epl 1,89
Rab32 -1,50 OIfrd72 1,89
Anxal -1,50 OIfr561 1,89
Arsi -1,50 Mrgprx2 1,89
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