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ABSTRACT

Over the last decades, epigenetic mechanisms have been relsgedro 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. Preus studies have already shown that Setdbl couldndi trimethylate

H3K9 in euchromatin (Wang et &003) and deletion of Setdbl results in the lethality of embryos at a
very early embryonic stage (Dodge etZ604). Additionally, ChigSeq data showtthat Setdb1 binds

to pluripotencyassociated genes and development regulators in ESBiéddgau et al. 2009'uan et

al. 2009). These results indicate the potential functions of Setdb1 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.tel or der t o speci fi
function of Setdbl1l in definitiver emarotderr mge mwe. a
activated by the expression of Cre recombinase.
d el et e dBy @anitorihd 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 endadtatad déects. In the

subsequent studies | focusamaembryos 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 compléserotation and show progressive deterioration of

the hindgut region. In mutant embryos the hindgit ver t i cul um i s f omwihed but
splanchnopleuraMoreover the sizef t he dor s al aorta is much bigg
devel opment the diveeltopgutesmulcainm@ti Aiupeheur ed
Whol e mount embryo i mmunostaining revealed an i
mut ant ambr ywdhe reduceddedkeonrmsadgiEpnimiofi ve .streak
I nteregetifrPggind what Setdbl mutant <cells display
node region. We assume that i mpaired signal trar
contributes to the devel opment atenmndteiffexct geresSewh
regul at edmbtyarStetamd contr ol embryos at E7. 75 we
Several genes belongi ng twerdi fffoeurnedn tt o\i&l odgybhstr eehy |
a visceral endedef mt gégnén Setdpl tmurtcangh etntbe ywls

mount embryo IiAfMAuUmposti diivieng,el | s ar e mbaiyminy cr e@satr
i ndicating that uihsc elroas sd emfsi o @@ttt agnbalf fierc t the de\
embryonic part. We''%a 'dBecgehear&ptPead eBetEcSbilcel | s &

di fferentiati on of thesesegl lamalinpsios enedveal end
commi t ment genes are upregul stsaudnei n htahe Smutddrt b

expression of the endoderm differentiation progr


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 fur die
Embryonalentwicklung. In meiner Arbeit habe ich mich auf die Funktionen der Histon
Methyltransferase Setdbl bei der Endodermentwicklung konzentriert. Voherigéers konnten

zeigen, dass Setdbl essentiell fir die Embryonalentwicklung ist und Histon H3 an Lysiod@rdi
trimethylieren kann. Desweiteren bindet Setdbl in Maus ES Zellen an Gene die mit Pluripotenz
assoziiert sind. Diese Daten lassen eine mogliEbektion von Setdbl in der Regulation der

Embryonalentwicklung vermuten.

Wahrend der Embryonalentwicklung, bei der Gastrulation, formen sich drei Keimblatter: Ektoderm,
Mesoderm und Endoderm. Um die Funktion von Setdbl in der Endodermentwicklung ztestudie
schalteten wir Setdbl in Endodermzellen aus, die das Markergen Sox17 exprimieren. Aul3erdem
kreuzten wir ein Cre/GFReportersystem in diese Mauslinie, um die Deletion von Setdbl in Sox17
exprimierenden Zellen durch GHEpression erkennen zu kdnnemnhand der GFP Expression
konnten wir feststellen, dass in unserem Mausmodell die Embryonen Setdbl entweder global
ausschalteten, oder Setdbl spezifisch nur in Endedettan verloren. Ich fokussierte mich in meiner
Arbeit auf Mausembryonen mit spezifigghDepletion von Setdbl in Endodermzellen. Embryonen in
denen Setdbl im Endoderm deletiert ist, fihren keine embryonale Drehung durch und zeigen eine
Schadigung der embryonalen Darmregion. Aufl3erdem ist die dorsale Aorta erweitert und die
Embryonen zeigenDefekte in der Mesodermentwicklung, welche wabhrscheinlich von einer
Fehlentwicklung des Diverticulums herrihrt. Weiterhin konnten wir durch Immunfarbungen einen
Anstieg der Apoptose im posterioren Bereich dieser Embryonen feststellen. Desweiteren kimnten w
eine veranderte Morphogenese von Setdbl depletierten Zellen detektieren und eine Veranderung des
Embryonalknotens durch diese Zellen. Wir vermuten, dass eine veranderte Signaltransduktion an
dieser wichtigen embryonalen Struktur fir einen Teil des RiEsoin unserem Mausmodell

verantwortlich ist.

Um Gene zu identifizieren die durch Setdbl reguliert werden, fuhrten wir auch Micr&andign

mit Embryonen vom Stadium E7.75 durch und konnten mehrere deregulierte Gene identifizieren.
Von unserem SetdB1"; Sox1Zcre; GFPReporter Mausmodell stellten wir auch ES Zellen her.
Durch induzierte Endodermentwicklung in Setdipletierten Zellen konnten wir mittels RN&eq
Analysen feststellen, dass Gene, die Endodermdifferenzierung vermitteln, ho@ntegalien 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 celis stored inthe DNA sequence. Compaction of the DNA malkie
long double straretl DNA fit into the nucleusand highly organizedDNA wraps around the histone
octamer containing two moleculeschof the four histones, H2A, H2B, H3, and H4 to form the
nucleosome which is the fundamental repeating unit of chromatin. Furthethmrerysal 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)

) ‘
3 5 1 2
1 / ‘ 3 4
5

D Loops of 30-nm

% 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 11nm fiber as the primary level of chromatin compact®BhThe 1tnm fiber folds on itself to form
two columns of nucleosoreeC) The folded 1inm fiber forms the 3Gm chromatin fiber which is considered
as the seandary level of compactiom) The 3@nm fiberis twisted and forms a more compact fiber (blue) with
some portions attached to a protein scaffold (r&dl)The 30nm fiber may also form the interdigitating layer
which is another tertiary level of compagtid=) The threedimensional 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 444 H3
dimers through a stronghklix bundle (4HB) between the tev H3 molecules. H2A and H2B form
the dimers first then interact with H3 and H4 tetramer through a weakhdlix bundle (4HB)
between H2B and H4 (Bonisch et al. 2012). Additionalliyof the nucleosomes contain one molecule

of the linker protein H1 whit binds at or near the nucleosome dyad axis and interacts with the linker
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DNA. H1 could wrap another 20 base paifsthe octamerleading to 2 turns around it (Olins et al.
2003). A lot of norhistone proteins are also involved in the construction of chromatin wahadias

the structure of the chromatin more complicated. The strings of nucleosomes could be organized to the
higher orétred 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 idergry ihanother 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 nucleosomegould be condensed and form the quaternary structure of chromatin in a complex
context (Sajan et al. 2012).

1.2 Epigenetic mechanism regulategene 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 decid® gene regulation evethough the DNA sequence is the
direct template for the DNA transcription and RNA translation. The transcription mechanism on
chromatinizedDNA is nearly the same among different species. First, the activators could bind the
core promoter region and théime adaptors such as SAGA and other mediators are recruited. These
bound activators could in turn facilitate the binding of general transcriptional factons.sRtothg at

the core promoter form the pmatiation complex with TFIID, TFIIA, and TFIIBand 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 conniecthie 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 Il binds to the promoter region of genes then recruits different factors to the core
promoter to form the primitiation complex and initiate the transcription and elongation. Howéver
structure of the nucleosome is not statictlae time. Alot of protein complexes could induce the
change of the nucleosome structure and further tileegene expression.n® of he major classes of

the chromatin regulators are histone modifications including methylation, acetylation, ubimunfian
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 remession,

as H3K9me, H4K20me and H3K27me. The other subgieugssociated with active transcription
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including acetylation and methylation of H3K4 and H3K3Bhe precise mechanism of histone
modification involved in the chromatin structure change remains to be unclear buhgootikeess

have been gradually accepteBirst, 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 leadingntopen chromatinarchitecture
(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
examplesis that H3K9me could facilitag¢ the binding of HP1 which further foefmeterochromatin
(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 beginninghistone modification was considered to be relative stablet@pdist on the
histone residues permanently. The only way to remove thethrasigh exchange of the histone
variants and dilution during DNA replication. But with the identification of enzymes which could
remove these histone modificatiomsdifferent view was generatetlow histone modificationsre
consideredo 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 biolagieal remain unclear and

morework need to be doneo further our understanding

1.2.2 Chromatin remodelers

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

remodelers could control gene expression by regulating DNA accessibility.

How is this regulation achieved?vo different outcomes of the chromatemalding are generally
accepted. The remodelers could alter the nucleosome packaging to expose the transcription start site
by nucleosome sliding, or nucleosoméction, or localized unwrapping. The other category could
access the transcription factors into specific DNA ssiterough change of the composition of the
nucleosome. So far, four different families of chromatin remodeling complexes have been identified
(Flaus et al. 2006). These remodefamilies are SWI/SNF feiily 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 inserioBach family contains different domaiim

or adjacent to the ATPas#gomain 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 octames are wrapped around by DNA sequence to form the core nucleogartieles
During replication the nucleosomes are disassembled and the existing sisitbniee randomly

distributed to the nely 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 difference(Kamakaka et al. 2005). The variaai® mainly distinguished by incorporation

of the chromatin in a DNA replicatiemdependent manner (Skene et 2013). Recentlyhistone

variants received more and more attention in gene regulation because of theofhhaghromatin
statedue to thereplacement of the canaail histones by these varianBme of these variamexist

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. fhee variantgdo not exist

globally like MacroH2As, H2A.Bbd and Rotifer H2As. They are expressed exclusively in specific
species or cell lineages (Talbert et 2010). The difference between these canonical histones and
variants could be found in just avf amino acid (H3.3) or in the histone tails (MacroH2A) or in the
histone fold domains (H2ABbd).i et al. 2007). These histone variants are also involweggulating
transcriptional activity. One wetiharacterized variant is H2A.Z which prefers to aitpromoters.

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 tieding of Oct4 in the promoteegionsof pluripotency

genes which impadrthe pluripotency of ES cells.

1.3H3K9-specificmethyltransferase

Epigenetic modifications are related to diverse biological processes. There are active and inactive
epigenetic modifications which could regulate the binding of transcription factors makied DNA
sequences resulting in the expression or the repression of specific gerewitt¢lie 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 histaiwe®rm nucleosomes. The nucleosomes could be
further compacted to form chromatins. The tails of the highly organized chromatin could be modified
by different histone podtanslational modifications (PTMs) inding phoghorylation, acetylation,
ubiquitination and methylation and so on (Figurel.2 A). These modifications can contribute to gene
expression and cell fate decisiothrough the change of the chromatin structure or affect the
interaction of protein aoplexeswith the DNA sequence. Histone methylation has been reported on
arginine, lysine andistidine (Greer et al. 2012Yhe methylation on lysine is more exten$ye
studiedand occurs as mongodi-, or trimethylated form on H3K4, H3K9, H3K27, H3K36, H3K79,
H4K20 and others (Figurel.2 B) (Zhang et al. 2001). Among them H3K4, H3K3&2Kd9 are
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considered as the transcriptidgahctive markers and H3K9, H3K27 and H4K20 are relaie
transcriptional repression. H3K9 methylation is a significant repressive modification which is
catalyed by several different metligdnsferasesuch as Suv39hBuv39h2 G9a, Glpl and Setdbl.

In mammalsthese methytansferasghave a pivotal roleni different biological processes and early
embryonic deelopment. Loss of these mettrginsferasgleads to the alteration of H3K9 methylation

and severe growth defact

A

e o %o ® oo e ooo
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2 4 910 14 1718 23 262728 j H3 |
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Figure 1.2 Sites of postranslational modifications on histone tails and the structure of lysine methylation
(Zzhang et al. 2001). A) The modifications shown include acetylation (purple), methylation (red),
phosphorylation (green), and ubiquitination (orange) on the ¢4ilH3, H4, H2A and H2BB) Molecular

structure of lysine and monddi-, and trimethyklysine.
1.3.1 $iv3%1 and Suv3%h2

Suv39 hl andh?2 werethe first identified mamnalian lysinepreferring histoe methyltransferases and
SET domaircontaining proteinsThe SET domain in Suv39hl and h2 is found and conserved in
several different proteins from different species. Most of tI&S€ domain containing proteins are
considered as chromatin modifiedefuweinet al. 1998)The SETdomain is alsg@resenin several
different protein families, for exampl@olycomb and trithorax group (R& and trxG), acting as
repressors and activators respectivélgnong all of these SET domaicortaining protein families,
Suv3% family proteins also contain a chrordomain (The Chromatin Organization Maodifier), 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 ber identified in different species, for example CLR4 in yeA#iskire et al. 1995), Swar)3-9

in drosophila (Sass et al.1998), Suv39h1 aAdn mouse, and SUV39H1 in human (Rea e2@00).
SUV39h1 and SUV39h2 are the most studied histone methyltransferases (HKMTSs), which play very
important role in pericentric heterochromatin establishment and gene repression (Pete280di) al.
Heterochomatin protein 1 (HP1) could contribute to the heterochromatin formation and also mediate
gene silencing. HP1 involves two important conserved chromo shddmainand chromo domain

and is able to localize at the methylated H3 peptide. InrmetliP1 canrecruit H3K9specific
methyltransferaseand propgatethe H3K9 methylation (Bannister et 2001).

In Drosophila, Position effect variegation (PEV) is an interesting way to study heterochromatin
mediated gene silencing.euchromatic gene will be silenced wheis placed in the neighborhood of
heterochromatins. It has been proposed that HP1la and HP1b could be recruited via the SUV39h
mediated H3K9me3 in periceit heterochromatin and further interact with DNA methyltfarase

3b (Lehnertz et al2003). In Suv39h dn ES cells, HK® trimethylation is drastically decreased in
heterochromatirbut the moneand dimethylation in theeuchromatinis not impairedSuv39h1 and

h2 double null mouse could be born but at only-Blémdelian ratios and shoa/severeretardation
phenotype. Loss of SB9h1l and h2severely affect the genetic stability through impairing the

chromosomesegregation during mitosis and meiosis (Peters et al. 2003).

1.3.2 G9a and (p1

G9a and Glpl ar&ET-domaincontaining molecules which could mainly merand dimethylate
H3K9. Recently, the function of G9a and Glpas been found to be involved in diverse biological
processes therefore more and more interastieen raised otihe study of these two nistiases
(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 euchmnatin (Rice et al2003).Glpl encode the G9a like
protein andmethylatesthe same sulstrate on histones as G9a. However G9a and Glpl cannot
compensatdor the function of each other that means the levels of H3K9mel and H3K9me2 are
severely reduced upon the deletion of &itB8a or Glpl and double knockout of G9a and Glp1l could
not further reduce the methylation lev&d9a and Glpl could perform the methylation function
through the formation of homomeric and heteromeric congsl@achibanaet al.2005).Additionally,

the G9aGlIpl heterocomplex also need the binding of Wiz, a naific fingercontainingmolecule

The binding of wiz to the heterocomplex is matable than the interaction with the homocomplex.
Therefore it is speculated that the G8p1-Wiz complex exists as the dominant intracellular form
(Ueda et al2006).

The relationship between H3K9 methylation and DNA methylation is very complicated. Treere is
paper showing thahe G9a-Glp1 complex silencgtranscription 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 2008). DNMT1 can regulatthe chromatin structure by
loading of G9a and knockdown of DNMT1 reduces H3K9me2 levels in human cells (Esteve 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 tine lethality of the mouse embryos at around E9.5 and the
development of the embryas severelyretaded (Tachibana et al. 2005 he epigenetic change
through G9a also plays a very imgort role in repression of Qttduring futher development
(Feldmanet al 2006). The mone and dimethylation 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 HRXhe promoteregion of @t4, subsequently
Dnmt3a/3b which is recruited by HP1 sauthe DNA methylation até® promoter.

1.3.3 Setdbl

Setdblwas first identified ina human myelogenous leukemia cell line (Nomura et al. 1994). Setdbl
called Esetn mousewasisolated from mouse hematopoietic cells through a yeashyvad 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 interactiosteshp and
regulated gene expression. Additionally, Setdb1 can form different complexes with different partners.

These different complexes are involved in different biological processes.

Gel filtration experimerg in HelLa cells showedthat Setdblis co-eluted with a 200kD protein.
Through Setdbl immunoprecipitation and Mass spectrometric analysis this big pragdotentified

as mouse ATFassociated Modulator ¢(&IP) (Wang et al.2003)Knockdown of Af7ip cannot

affect the expression level of Setdbl but it resulesdecrease of H3K@e3and the increased level of
H3K9me2 th in vitro and in vivo (Wang et aR003). In a reconstituted chromatin transcription
system, Af7ip improves the repression function oft@#l through the conversion of H3K9me2 to
H3K9me3 in the promoter region of specific genes. In a yeashyvdd experiment using the PHD
finger and bromodomain ofdfl as bait, Schultz (Schultz et 2003) found that Kpl was associated

with Setdb1. Theull down experiment with flatagged Setdbl also proved thaX is an interactor

of Setdb1 in HEK293 cells. In the KRABapl repression systerdetdblcould enhance the H3K9
methylation and the binding of HPba an endogenous promoter region. Baseditwgir results they
suggested thatdfl actsas a molecular scaffold protewhich could bind to specific promoter reg®n
through the KRAB proteingind then recruits Setdb1 to establish the H3K9me3. Further H3K9me3
recruis HP1 to facilitate the nucleatioof facultative heterochromatin and repress the gene expression
(Schultz et al. 2003). HoweveH3K9me3 is not onlyusedas a repressive marker in euchromatin.
During the ES cell differentiation proce$$3K9me3 which is assumed to be formed by Setdlihen
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).
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Fromin vivo and in vitro experimesf Sarraf showed that il could bind @fl and Setdb1 with
different domains, thus they suggested that these three proteins probablg ¢omplex together
(Sarraf et al.2004). CelP experimerd showed that Setdbl andhdl interacted with eachtloer

during all the celtycle phasesCafl which functions in S phase could only be coimmunoprecipitated
by the other two proteins at that time poifihis experimentdemonstratedhat Gaf-1/Mbdl/Setdldl
complex can only be formed dog 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 a004).Setdbl is also involved in somatic cell reprogramming. Loss of Setdbl
affedsthe efficiency of reprogramming from somatic cells to iPS (Onder et al. 20483.of Setdbl

also facilitateghe reprogramming of the piESC which is an intermediated stage of iPSC into the

iPSC througHossof H3K9me3 in the promoter regions of photent factors (Chen et al. 2013).
1.4Lineage 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 animARer 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 (Saiz2814). The first cell fate decision
ocaursin the morula stage and two different cell lineages, trophectoderm cell lineage and inner cell
mass (ICM), are generated based on the distinct dpécall polarity and transcription factor network
(Takaoka et al. 2012). These two different cell typeshe blastocyst show exclusive expression
betweenthe trophectodom cell lineage markers Cdx2 dhd pluripotencyassociated transcription
factors Oct4 and Nanog. Before the cell fate decision occurred these nmd&xpresed randomly

in the blastocgt, gradually the Cdx2 is restricted to the outside cells which bexwopmhectoderm

and Oct4 and Nanog are confirtedhe inner cell mass (Niwa et al. 2005).

The second wave of differentiation during early embryonic development tejoptie ICM which

can differentiate intoepiblast and primitive endodermhowever the mechanism underlying this
process is still elusive (Morris 201¥amanaka 2011 It coincideswith avariety 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, Gata6 and {dapEsso

in the ICM. Duringfurtherdevelopment, Gata6 positive cells move out from ICM and are restricted to
the primitive endoderm region. Nanog positive cells become mutual exclusive with Gata6é and only

exist in theepiblast


http://www.sciencedirect.com/science/article/pii/S1472648311001647
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Trophectoderm
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E3.5 E4.5

Figure 1.3Lineagesegregation in theblastocyss (Arnold et al. 2009) A) At E2.5, the overlapped expression

of two transcription factors, Cdx2 and @ctin the blastomere. At E3.@he expressionof Cdx2 and Oct4
becoms exclusive. At blastocyst stage Oct4 positive cells localize in the inner cell mass and Cdx2 positive cells
are restricted to the outside to form Trophectod@)rAt early blastocyst stage, the transcription factors Nanog
and Gata@rerandomly and exclugely expressed in the inner cell mass. At E4.5 the Gata6 positive cells move
to the distal surface d@he ICM to form primitive endoderm and Nanog positive cells give rise to the pluripotent

epiblast.

The formation and correct placement of the primitsteeak is an important step for the onset of
gastrulation to form threeifferent germ layers (Tam et.&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 antagorssdf 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 primitiveeat formation at the posterior epiblast daad
considered to activate a feedback loop to maintain Nodal expression (Ben et alTl286hree

germ layersectoderm, mesoderm and definitive endoderm, are formed from the epiblast through the
primitive steak (Figure 1.4) (Sebastian et al. 2009). Mesoderm is formed by the ingression of the
epiblast through the primitive stleéo generate a new layer between epiblast and visceral endoderm
The endoderm germ layer is derived from the mesendoderthéranteior primitive streak region.
Mesendoderm can generate the precordial plate, the node, the notochord and the definitive endoderm
(DE) cell lineage. The nascent DE cells move onto the outer surface of the embryo and disperse

visceral endoderm cells. Therfoation of ectoderm does not need the migration of the epiblast though



17 INTRODUCTION

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. Rg@sanisms underlying
these processes are rather complicatedgendtic studies identified that several transcription factors
cooperated with each other to pattern antgvasterior polarity in the mouse embryo and orchestrate
the three germ layers foation.

Posterior
primitive streak
Brachyury”
Anterior
visceral
endoderm

Mesoderm

Anterior primitive streak

Proximal Brachyury*
. Foxa2*
Anterior 4—3—» Posterior Definitive
; endoderm
Distal

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

form mesoderm and endoderBrachyuryand Foxa2 are mesendoderm markers.

1.5Wnt 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, T@eta, FGF and BMP4, habeen 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, migrationand celldeath. So far at least three Wnt signaling pathways are identified
containing the canonical WritetaCatenin signaling pathway, the 'noanonical' Wnt/Ca2+ pathway
and the Wnt/PCP pathway (Cadigan et al. 2006). The canonical Wnt signaling yashwel|
understood and is conserved in different species. In the absence of Wnt signaht&eita could
interact with a destructive complex containing CK1Alpha (Casein Kihasipha), GSK3Beta
(Glycogen Synthase KinaseBeta), AXIN (Axis Inhibitor) and the APC (Adenomatous Polyposis
Coali) protein. This interaction will induce the phosphorylation betaCatenin and promote the
interaction withbetaTRCP (BetaTransducin Repedfontaining Protein), a component of the E3
ubiquitin ligase complex, whichesults in theubiquitinationof betaCatenin and degradation by the

proteasomeln 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. Thetiactioh
Dishevelled protein could inhibit the ability of GSK3 Beta. AfterwabdtaCatenin will be set free
from the Axin complex and accumulates in the cytoplasran unphosphorylated stat®ue to the
accumulation bet&ateninis translocated into theucleus. Without the induction of Wnt signaling,
LEF (LymphoidEnhancing Factor) and TCF -Jell Factor) cooperate with Groucho and CTBP
(COOHterminal Binding Protein) to repress gene expression. Inptesece of Wnt signaling
binding ofbetaCatenin ® TCF/LEF convedthe repressive activity of TCF/LEF into transcrptal
activity which could activate the specific target genes. The regulatory mechanism is also related to
structual changes irchromatin. It has been shown that the histone acetylowssd CBP (CREB
Binding Protein) and the chromatiamodeling complesWI/SNFcould interact withhetaCatenin to
activae transcription (Klaus et al. 2008). The Wnt family corssidtat least 16 members in theouse
which is secretd cysteinerich glycoproteinsThe Wnt signaling pathway is an essential molecular
pathway for the differentiation dahe primitive streak (Nakanishi et al. 2009). Deletion of Wnt3a
impairs the development of the mesendoderm lineagknstead promasneuralization(Yoshikawa

et al. 1997). Ablation obetacatenin in the definitive endoderm results in the lethality of early

embryosandswitchesthe cell fate fom endoderm to precardiac mesoderm (Lickert et al. 2002).

The rodal signaling pathway is another importamblecular pathway which is implicated in the
specification of the primary body axis and the formation of mesoderm and enddditman

2001) Nodal pathway ligands belong to the transforming growth fdugta (TGF3 ) super f ami |
which could bind the type | and type Il sertieeonine kinase receptors. The activation of the type |
and type Il seringhreonine kinase receptors phosphorylatea&®mand/or Smad3 in the cytoplasm
which theninteract with Smad4 to form a complex whichnslocateinto the nucleus. In the nucleus

the formed complex could interact with-aotivators and other transcription factors to regulate gene
expression. Additinally, Lefty and Cerl are considered as extracellular inhibibérghe nodal
signaling pathwayndimpair the binding of nodal to the receptor. In the mouse, nodal is expressed in
early embryogenesis before and during gastrulation. Nodal signaling ial douche early patterning.
Before gastrulatiomodal is expresed througlhout the epiblast and is important for the formation of
extraembryonic ectoderm and visceral endoddrater the expression ofiodal is localizedto the
posterior part of the embryos and contributes to the formatidhegfrimitive streak (Norris et al.
1999).Upon lossof nodal, the primitive streak cannot be formed amgressiorof mesendoderm
genesis decreased. The migration of tietra-embryonic nesoderm from the posterior stresk

dramatically reduced in nodal mutant embryBsefinan et al. 2001

During embryogenesis, the expressafrthe corepluripotencytranscription factors will be shut down
and he inner cell mass starts to differentiate into epiblast and visceral endoderm. They further form
the outer and inner layers of the gastrula embryo. fidpéctoderm gives rise the extraeambryonic

part which generates supportive tissue for the future development of the embryo through providing


http://www.ncbi.nlm.nih.gov/pubmed?term=Whitman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11709181
http://www.ncbi.nlm.nih.gov/pubmed?term=Brennan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11418863
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nutriens and oxygen. During developmeatsubset of the epiblast ingressnto the primitive streak

and generates maxtodermwhich further dfferentiatesinto mesoderm and endoderm.

The nanipulation of early embryos is relatively difficult as they aey small andt is difficult to get
enough litters, especially it is hard to collect enough material to perform moleculareandlgs
establishment oh vitro differentiationsystems fromtem cells towards multiple cell lineagattows
studying the molecular mechanisregulating cell lineage induction and specification. In vitro
differentiation of ES cells into different cellnkages provides system to study thenfluence of
differentfactors during early embryogenesis. There is a correspondence of the devedbpatbatay

of the cells in vivo and in vitro. The factors which could influence the developingricesses
betweerES cells and ebryos are also similar. Tisin vitro study for the molecular mechanism of the
early embryonic development is an efficient replacement for the in vivo dmggrtantly, n vitro
differentiationcan produceenoughmaterialto study molecubr mechanisma ES cells are pluripotent

and possess étpotential to differenate into almostall cell lineages. Therefore a lot of workstaeen
conducted to establish proper methdd induce the differentiation of pluripotent stem cells into
specific @ll lineage. The easiest anthostcommon way to generate three germ layers in vitro is to
use the embryo body formation whialasestablished around 30 years ago (Doetschman 206%).

The EB could also form three different germ layers but the steuctuthe EB is far less organized
than the actual embryos aiitdis still difficult to study single cell lineage For better analysisf
specific cell lineage differentiatioit is required to use defined situation to obtaia 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 theanscriptionfactors for the spgfic stage in vitro could reflectthe in vivo
situation. Culturing the ES cells in the conventional sefm@® medium could produce
neuroectodermal cells which express the specific neuroectodermal genes such as Sox1 (Ying et al.
2003). Treatment of the Ecells with the combination afctivin A and retinoic acid lead to the
differentiation of ES cells intthe mesoderm cell lineage (Oeda et al. 20L&finitive endoderm and
visceral endodermanbe derived by the culture serum free medium through thetermediate stage

of mesendoderm with the induction of different concentratidractivin A (Yasunaga ei ak006) and
Whnt3a (Nakanishi et al. 2009). With the deeper understgraf the embryonic developmennore

methodswill be established for diffené cell lineages differentiation

1.6 Epigenetic mechanism regulation is connected to ES celuripotency and cell

lineage commitment

During development, gene expression patterns are strictly controlled. It is required that some critical
genes arespatially 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 masshromatin islargely open whileduring development the

chromatin of differentiated cells becostdocked and heterogeneous (Orkin et2@l11). It isknown
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that the chromatin structure affects cell fate determination. A large number of chromatin modifiers are
indicated to interact witpluripotercy factors and developmental regulator®ss of these genes leads
to severe defesin ES cells pluripotency and cell lineage commitment.

The NuRD complex could interact with the cquleripotercy transcription factor®©ct4 and Nanog

(Liang et al. 2008) and loss of MBD3 which is a component of NURD impairs the pluripotent state of
ES cells (Kaji et al.2006). This could be caused by the abnormal differentiatiba tophectoderm

cell lineage (Zhu et al. 2009). Polycbntomplexs 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 defactd embryonic lethality in mice (Surface et al.12).

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 howr&m®@ssed cellneage genes maintain

the potential for activation during developmeniese genes are inbdvalentconfigurationenriched

with H3K27me3 and H3K4meandcaneasilyswitch on or offduring differentiation. Moreover there

is also evidence that PcG proteins could mediate Hox ggamession througithanges irchromatin
strucure (Eskeland et al. 2010). Chromatin modifier, such as Swi/Snf coegplean occupy core
pluripotercy factors and repress their expression through chromatin compaction (Schaniel et al. 2009).
Oct4 directly regulatethe expression dhe epigenetic regaltors Jmjdla and Jmjd2c. Both of $he

genes regulate the expression of Tcl and Nanog, through the demethylatlé8K8ie3 and
H3K9me2 in the promoter region (Loh et al. 2007).

1.7 The Functions of Setdbl during development

Setdblwas shown to be important for early embryonic developmerbsasof Sadblin the mouse
leads to lethality of the embryos in the pienplantation stage and th&etdbl deleted blastocyst
cannot give rise to ES cells. Additionallpss of Setdbl cannot altére global level of di and tri
methylationof H3K9 rather than in specific loci (Dodge et 2004). There is study showing that
Setdbl cooperates with Oct4 to confine éxpressiornf Cdx2 to maintain the pluripotent state of
embryonic stem cells (Yuaet al. 2009). From Chipeq data we know that Oct4 is enriched in the
gene body of trophectoderm specific cell lineage geaesh asCdx2 and Tcfa2aThrough colP
experimens, Oct4 and Setdbdvere shown tdind to each other. Deletion ofc@ leads to th reduced
binding of Setdb1to Cdx2 and Tcfa2a and the enrichment of H3K9me3 and H3K9mi#2sdloci is
reduced. The loss of Setdbl also reduces the enriclohétf8K9me3 and H3K9me2 at Tcfa2a and
Cdx2 loci however does not harm the binding the Octthése loci. Taken together,eferesults

showthatOct4 recruitsSetdbl1to repress the expression of Tcfa2a and Cdx2 through H3K9me.

A RNAI screening assay also proved that the krobmkn 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 Setdbl prodwsieslar effect as the loss of
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Oct4 in inflenang the ES cellstate. Setdb1Chip-seq analysis showhat Stdbl occupes the core
promoter regions of 2232 genes. Among thdB% of these genes show active transcriptindare

also occupied by Pol Il and active transcription markérdy 52% of Sedbl binding sitesippear to

be transcriptiondy repressed. Interestingly most of tlepresedgenes are developmahgenes. 38%

of the represed genesshow co-localization of Setdb1l and PRC subunit Suz12 which is a repressive
factor (Hansen et a2008. Setdbl functions as a mettmghsferase and is implicatedthe repression

through H3K9 methylation. H3K9me3 Chgaq indicated that nearly all ohe H3K9me3 occupied
euchromatingenes are also docalized by H3K4me. There are only 22% of the genbilware

localized by H3K9me3 also bound by Setdbl. Tdasald be caused by otherethyltransferaseand
demethylationon some sites. Setdddound genes which have the highest density of H3K9me3 are

also ceoccupied by H3K4me3 and H3K27me3. Loss of Seid&S 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. 2010From these resultsve assume that Setdbl is involved in the regulation

of some developmental genes and probably cooperate with PcG proteins to regulate gene expression

on specificgenomicloci.
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AIM OF THE THESIS

Epigenetis is connectedwith diverse biological processes. More and more researches show that
epigeretic alteratios results in severe diseases and developmhedefecs. The mechanism
underlying these processes remain unclear. During development, transcription pradpiam are
mediated by different transcription factors are changing in ordgeneate different cell lineagest

is still elusive how these transcription factdesget specifichinding sites in the genomelistone
lysine methylation is a very important modification which could control gapeessior{Kouzarides
2007). Our lab is interested in mechanisms of transcriptional reprdssiibre histone modifications
H3K9me3 and H4K20me3rhus it was very interesting for us tdeterminethe functiors of Setdbl

which is a pivotal methyltransferase for H3K9me3 in eaofatin 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 atheutunction of Setdblin
different developmentgbrocessesin order to study the spatial and temporal function of Setabl,
usedconditionalSetdb1 knocut miceand inducd the deletion of Setdbl specifically in endoderm.

In this work | addressdthe following questions:
What is the phenotype when Selb1 is specifically deleted in the endoderm lineage?

Upon loss of Setdbl, embryosedata very early embryonic stagend ES cells carot maintain
pluripotency,but we have no clue if Setdbl is also involved in endoderm developmerit tred
specific lossof Setdbl in the endoderm cell lineage causes any developmentas.defsttwe need
to investigate the phenotype upon deletion of Setdbl in the endoderm. Second, if the embryos show
phenotypic defest we will identify the exactstructual change of the mutant embryosduring

development.
The potential regulatory mechanism of Setdbfor endoderm lineage commitment

We already know that Setdbl could interact with a lot of regulatory factors and regulates gene
expression in several different cell typesdabiological 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 figuee out th
function of Setdbl during endoderm developmdhtis 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 aisteresting 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 knockoummice

2.1.1Genomic locus of Setdbl and knockout strategy

Setdbl has begiroven as a H3K9 trimthylase and plays an essential role during mouse development.
Deletion of Setdbl results in the lethality of early embryos. In order to overcome thisedaality

issue we used ®tdbl conditional knockounice which allowed us to study the function $&tdblin
specific tissues and time points. The figure below (Figure 2.1skgws the schematic othe
conditionalSetdblknockout allele. Setdbl exeahis flanked byloxP sites and could be cut off by the
introduction ofCre recombinase. There isbatagalactosidaséf-gal) insertion which is flanked by
FRT sites before exon 4f3-gal could be removed by introduction of Flp recombinasefAal is
under the control of #h endogenouspromoter of Setdbl, the expression [Bfjal reflecs the
endogenousxpression of SetdbRemoval ofexon 4 fronthe Setdbiflox alleleleads to drame shift

mutation in Setdbl and could only give rise t@@esely truncated protein

In order to obtain SetdB1™ mice, we first crossed Setdb%* mice with Flp mice which could
generatea Setdb*’* mouse line by removinthe B-gal insertion.Then we intercrosed Setdb1**
mouse withSetdb** mouse to get Setd¥¥"* homozygousnice. Using Setdb*"** mice, we can
exciseexon 4 by introducing the Cre recombinase at different time pointsradifferentorgans.
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Figure 2.1 Schematicof Setdblknockout allelesand knockout strategy. A) Schematic of Setdbl deletion
strategy.The 3-gal allele could be converted &dlox allele by introduction of Ip recombinase. Exon 4 could be
excised by introduction of Creecombinase. B) Gel pictures shagnotyping results for individual Setdbl

alleles

2.1.2 Generation of conditional Setdb1 knockout MEF and EScell lines

Setdb{*™* MEFs and ES cellsvere obtained fromSetdbi®"* mice. Exon4 of Setdblcan be
deletedby the introduction of Cre recombinasEor the further analysis of the function®étdbl, we
deletael Setdbl by infectingthe Setdb®*"™* MEFs with an adenovirus which expresses Cre
recombinaser control virus Four daysafterinfection, we tested the deletion rate of Setdbl by PCR.
A prominent PCR band detecting the deleted alletld be detectedindicating efficient

recombination othe loxP site (Figure 2.2

Ad-cre  Ad-EGFP  + = M

Setdb 1™

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

infectionwith adenoviruexpressing Cre recombina@&d-Cre) but notwith the control virus (AeGFP).

In order to get stabl&etdbldeficient cell lines, four days after virus infection single cedl were
selected These cells were expandedand checkedor deletion of SetdhlThe loss ofSetdblwas

proven by PCRand western bldaiFigure 23).
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Setdb1™
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Setdb19e!®®

Figure 2.3 Setdbl deletion in single cell clones. A)oss of exort of Setdblin independent knockut clones

In the single cell clones, clone2 and cloned fox bandcould be detected buheflox bandcouldbe detected in
the parental cell lin€E1265). The ddta band is cledy detectablein the mutant clones but not in the parental
cell line. B) Setdb1 proteiris lostin Setdb*"*iMEFs (clone2) Nuclearextract was isolated from mutant and
wild type cell lines. As the commercial Setdbl antibody is not wiom for western blot (showing two bands),
we used Setdb1 antibody whielasgenerated by ourselveBhe Setdb1 band is absent in the lane of Sefdib1

iIMEFs nuclearextract.

After generatingSetdbl deleted MEF we wantedto testif loss of Setdbleads to changes in the
expression of genes whidre controlled bythis epigeneticregulatory mechanismmprinted genes
aregood candidates as it has been shiweforethat imprintng control region (ICR) presentin the
imprinted gene clusters are occupied by DNA methylation Ei3K9me3 Changes in these
modificatiors affect the expression of imprinted ger{&®erner et al. 2009\We checked two well
studied imprinted genes Igf2 and Hi® Setdbl mutant MEFSWVe found both of these genes are

downregulated Figure 2.4)

Igf2 H19

19 19
s 08 1 § 08 9
g 06 4 % 06
= 04 2 04 1
£ 02 2 02
x o

a : . ; = | B

flox/flox flox/flox
Setdbl Clone2 Clone3 Setdbl Clone2 Clone3

Figure 2.4 Loss of Setdb1l affects the expression of imprinted genédsprinted genes are tested in the parental

cell line andtwo Setdb1 mutant cell cloneSlpne2 and clone3)gf2 and H19 aréothdownregulatel.

This resultreveaédthat Setdbl ismportant for the regulation of imprintedgenesn or der t o co
t hkel etion of nSoerpedleti saliyweéeéw Sy PMEFEEEL-B)i t h
i nducirtel erecombilThas ettradbitssfsect ed Cre tramotmbht edse



RESULTS 26

hor mbhedinag ndoof t he eMttrhogie n strta ey itdf@eHEI t, r o g e n
recefpusgdedr eecboimmase itseé fomyntfoipnleads ma d tHiowé @ dWiolf |

t rsalno c aERg eCroeanbi nase i nltook Phaurckheed) e fHogren @ snger et al
The expression of imprinted geness testect dayO (without induction) day3, day5 and dayafter

the induction of 40HT in th& e t 'd B*PMEFS. At day3 after transfectigrsetdblwaslost and the

expression othe imprinted gens Igf2 and H19wasreducedby half. These two genewere more

strongly reducedt day5 and dayé&fter deletion of Setdbl Fi gur e 2. 5) .

Imprinted gene expression

Relative expression level

Figure 2.5Imprinted genes Igf2 and H19 are reduced upon deletion of Setdbl in the primary MEF3he
expression level of Igf2H19 and Setdbin Cre transfecte® e t 'd B*p'ME'REs1 633€ ds)testedupon
deletion of Setdbat different daysvith 4OHT induction

Aswas alreddcdy dredwn, on of Setdbl in ES cells re:
ES cells into tr Yulnetcat. 2009 r imn ced ded in@eagentr ol tr
in ES cells, "WeFiSh*fc¢ed By tHeutédrbbl e Cre r@&@hbhembina
del etion rate of thhef f indWemntelhea f&ree i2n dESD$ICTe Inldw cit
nearly 70% of Set dblanids tdneel eRNAD lienv etl hiet £gdderiyaenaer |
del etion rate of Set@ bl Aceac lde e 9thd@t%® (i Fniidguucrieb | 2.
constrags$desickdieldd beuuonsetdheodehdti owagyf. Setdbl in
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Figure 2.6 Deletion rate of Setdbl in ES cells with inducible Cre. APCR for Setdbl flox and delta allele
Strong band can be detectedSre t 'd B*E'$°* c(eB 3B HVery weak Setdblldx bandcanbe detected
after day 2 andday 4 of 4 OHT induction. The Suv4-20h2 bandacts as a controB) qPCR analysis fothe
deletion of Setdb1 in the gemic levelin Cre transfecte® e t 'd B*E'S ° *c(eB 3B Zafter day2 and dayt
with 40HT induction C) Quantification of Setdbitranscriptsin Cre transfecte® e t 'd B*E'$°*c(eB 8 25
3 pfter day 2 and dag with 40HT induction.

To check the spatial and tempor al func$etocblof S
should be bpeedfioalkhyoder mr bsp'd@&n®&tsebll st.neW wi t

Sox-Cf7e mouse | ine. Sox17 ianidanmaendbideamt $vakecale:
definitive endoderm (Kanai et al. 2002). Cre re
whi ch means the s@Gl g rd@momrsasinlassewhi ch initiate tF

Wh etnhSee t 'd B*Td s en e oiswietlhSeo x-C7e mouys evedSige@ b1l mut ani
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ablebt@aetndESS cell s.
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Our stwaasteegygr os 5°%'8'eRadI®7 mou g d eGFilPtenpor t ek i meouse
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Figure 2.7 Schematicfor obtaining the Setdbl EGFP-reporter mouse line and Cre-mediated

activation of EGFP during endoderm differentiation
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Figure 2.10 Generation of Setdb1l HA-3xFLAG knock-in ES cells. A)Targeting strategy for SetdiHA-
3XFLAG ES cells. The HABXFLAG double tag replaces the STOP codon of Setdbl and is followed by-a FRT
flanked neomycin resistance gene whighsed forpositiveselectionB) Successful homologous recombination

in clone K9D2 was confirmedytdPCR amplification of knockin specific regions. Flag western blot of control vs
knockin cells proofed expression of H3xFLAG-tagged Setdbl.
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Figure 2.11 Optimization Setdbl IP experimens. A) Extraction of Setdbl frommuclei using different salt

concentratioa 300mM salt without sonication could extract theghest amount of soluble SetdbiB)
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2.2 Phenotypic defed of mutant embryos upon deletion of Setdbl in
endoderm

2.2.1Expressionprofile of Setdbl during mouse development

In order to detect the expression of Setdlting early developmental stages tife embryoswe
performed b-gal stainingin Setdb®* embryos andhdult tissues Becausehe p-gal gene is inserted
before exom and drien by theendogenous promoter of Setdbl, the expressidhgafl reflecs the
expression of Setdbl. First we isolated Settbdmbryos at E7.5, E8.5 and E9The B-gal staining
was detecte@ll over the embryosrom E7.5 to E9.5demonstrating thabetdbl is expressed in the
whole embryoduring early embryonic developme(figure 2.13 A). We also performedryostat
sections to check the expression of SetdbMifferent adult organsBrain and testis show the
strongest expression @tgal. Some of thesergans are derived frotte endoderm cell lineage, for
example liver, spleen and pancreas (FigurE3B). The expression of Setdbl during different
development stagesuggests afmmportant function of 8tdb1l during early embryonic development
and endoderm development in the later stages.

A

E7.5 E8.5 E9.5

Control

pgal
Setdb1
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Figure 2.13 Setdbl is expressed in early embryos arnid different adult organs. A) From E7.5 to E9.5 the

whole Setdb%' embryos show the staining pfgal. B) B-galis expressedh different adult organs.
2.2.2Early lethality of mouse embryos upordeletion of Setdbl in endoderm
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500pm 500 um 1000 um

Type 1 mutant

n>10 n>5 n=4 \
Type 2 mutant
n>3

Figure 2.14 Development defects of the early embryos upon deletion of Setdbl in the Sox17 linedgem

END
Setdb1

E7.5 to E8.0, the mutant embryos (Sefds) arecomparable t@ontrol embryos and did not show clear defects
(A, B, C, D, E and F).At E8.25 mutant embryos start to show mild defectmpaedto control embryo$G, H

and [). At E8.5 the control embryos perform axis rotat{@h but typel mutant embryd¥) and type2mutant
embryos cannot rotatéd). At E9.5 the typel mutant embry¢N) have almost the same size as the control
embryos(M) but the posteriorpart of the mutant embryos is smaller and cannot rotate. The type2 mutant

embryos at E9.50) show strong overatlefecs andaturning problem.
2 . BoxBrmediated deletion of Setdbl leads to two different phenotypes

As described b&ktoE®RP weenmaamieh EGthded r epooubeE ] pgene
us to trace Sox17 |l ineage HEGEFIPI s.n By ea rfadbyrrzydorsig h aw
not alBGF®f stlaeni ng owashkocdeaf mnedgi on and al so a
EGFP stainingofntbehemGFBRopoddtisceonunl d be det ect ed
mut ant and control EGRfbriyepor tAecrt i aadi del ef i on of
expression o,ft h8oxXxkht.e $d ft el Josx 1i7n etxtpa emasr ul a |
Bec aiuts®@tdeglel astsdaxc BT i st peismiricvedendoder m, it is
early Soxh@elelxghmeas | maiamteai ned i n comeér bbaséodt p:s
f or matdtomerotlaurrganmgs develne gmaeiret imugkayntos whi ch sho
overE®&FP st annionug exmper isme/retr el y ri®t.ar dleids (Fi gdi
corresdpmnaur observation t haft pghemaet yapniecSEiedf befcitfsf
mut a(nRisgud e 2Wel assumed that the tymphbgl simetcami cer
del etion of Setdbl in thlen endmgtgre®sntmd ttambrgee chbv g
genebgtoavade r al | del etion of Setdbl.
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type 1 control

type 2 control
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Figuibdwd. di EGEP e@aXxpression patterns ihncoynpedl emmdy ans
GFP signalt osdarmdeosdearimntredichieconepi b(AastBad@dr éepraevsarstol
embr;Vyos andKepr meeembr)y.osTihseE@GBP st atihmemug ailCratnifb ei r
typel embryos. TheEGWRoké aembnygosEns hFgpldepmés gints o I(
embr;Mos NanfD epr meteambr)yTheGFEP sd ggmAad eeict etdhe mdurtahle t ub
type2 eGabm@yos (

2 . Bt 4 uaxh tua sigthe hindgut region in SetdbE"® mutant embryos

ThsetdBelmbr yosacsteaw devel opmewetwvah tt @@ fseprea.ikfede x t
chaslgye n si t u sdxpheersiemeamxwee r fieodemdg tshe function of R
defi mintdiowesrlaimaln|l v dhwppgremut avhti chmbbrieyoosspeci fi c de
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of Setdbl i nWe nusod edinf ficaryg st Tptho b && p n taheds eS okxely7?
mar kefdisf f emlemyroengiconsaf oRyeyuits regi on mar ker whi c|
foregut i nvagi m&tpirem.eaTrail nitsi b & Q €Mc Kantiegrhotalpg h 200 7

Neprami sgut region mar ker andopceonulrde goindny obfe trheec og
E8.5 embryos. Sox17 could be recognized in the |
tub asi hwermdnagisobl asts and visceral endoderm ( McK

Comparheg$S¥et sibtlant) and wild type embryo6 ,with
thexpresasobfo®Pyydods hnac!|l sdowdi fference between
embryos. As Sox17 is also egeixtpriessdadr dmrtebchigsed g s
expression of Sox17 in definitive endiondetrhme A (

embrwescould judge that the devel opment of the g

is not affected. The expseshicosamke Blmesg Mot aatr
Thuel @t i on of Setdbl in definitive endoderm does
Lateral Dorsal Lateral Dorsal

Control
Control

PYY

Sox17

Setdb1™”
Setdb1™

Trh
Control

Figure 2.16 No difference in gut region and neural tissue marker expression between control and

Control

Nepen

Setdb1™
Setdb1™®

S e t @VRriutant) embryos at E8.5 by in situhybridization . Pictures are taken from the lateaaid dorsal

side of the embryod.here is no differencthatcould be detectedisingthese four different in situ markers.

Based hen expressionhef et hesimromgu & ¢ te slieateviesd c mat ir o h
and mut ant Femikerhyaonst @ deend istitor mdat yo egoaft itome gut r eqgi
mut ant embryos. Wec ccrmoténndelcy esl muomndi amher ent dev
E8.B08. 5 and E9. 5. These mpanbadyfamisne dert ® sgeieido s d i
di ffer erft tlhaeyeroe md ey tastfhyasndgies uc vawfrlve emut ant and c
embryosi alt m&Esf8t Ot he sameeapodsiheoshapetshmeespdoderl
similar 7. Fhegareeel ry2zsveedai@ant doder me c olpfeadedin t he mut an
embryof at ES8.
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Figure 2.17 No structur al change of the hindgut regionupon deletion of Setdbl at E8.0A, B, C and D)
H&E staining of m@raffin sections of contrandS e t o Brriltant)embryosat E8.0.E) The schematiof the

position of thesectionsshown in AD.

We ekRoanother catt whlace hreinmbernytosi nsthow t he axi s t
around ES8. 5. Du r i ntghhéndgut diverticudum unéidtes porbe aldsed from the

hindgut region to the foregut regiole ¢ o u | dhindgue @ivertichlem is already closed in both

control and mutanembryos but the structuref that region is altereéh the mutantsin control

embryos the hindgut diverticulum is closed amdontact withthe splanchnopleuréFigure2.18 A, B,

C and D). In mutant embryos the hindgut ver t i cul um ciotul ids bemdlolr ene da ibd
cont adthsepi ahchhBip®wBilEte a F, G Maodtelbleyesi ze of the do
much bigger i asmobagtrnd thiotl Nednhtbolyeg sdevel opment of
pamttshe mutant embryos such as neural tube and he

A st hsplanchnopleura nides ot deri ved f r om,weh ea sesnudmoedde rtmh el ilnoes
cont act bet we e rspladchnopteurd & @ wlld @y m -caerhd aut omombluiss ef f
mems | ack of Setdbl in endoderm cells does not o

ti ssuet hhets saulesso cl ose to endoder m.



39 RESULTS

Control

Figure 2.18 Defective gut development upon deletion of Setdbl in th€ e t 'aNlS’(riJutant) embryos at
E8.5. A, B, E and F)H&E staining of @raffin sectios at E8.0 from different layer€, D, G and H) Enlarged
picture from the square regioh). Schematicindicatesthe position of thedifferentsectionsRed arrows point to

the defected region.

Immunohistochemistryvas further conductedor later stage when the embryos already shed

strong phenotypeat E9.5. We dund that the anterior part of the mutant embryos sada similar

structure as thevild type embryos but thgosteriorgut regionbetween mutant and control embs

was not comparabléAt this developmentastage the mutant embryos already sbdsevere defest

and theoverall structure vas severelyaffected The hindgut diverticulum is surrounded Iige
splanchnopleuran control enioryos but the hindgut diverticuluncould not propety interact with

other tissues and was stuck in the dorsal artenutant embryos (Figure 2.19 arrow). This is
consistenwith our findings inE8.5embryosWet hae ncd hat del eti on of Setd
resumtdefecti ve pes eparptmenft toHe trhiet ant embryos.
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200pm

END
T

Figure 2.19 The posterior part of the Setdb (mutant) embryos is stronglydefective upon deletion of

Setdbl at E9.5A) The gutregionis surrounded byhe splanchnopleuran the control embryoB) The gut is
stuck in the dorsal aorta the mutant embryand the posterior region isiderdevelopedirrows showhindgut

diverticulum.

The hiisctad| oagt a IEBs ébd hh ®&tv etathe di verticulum in the mi
connecot ghseoder m deFuvaheawemsm@aitdal much bigger in
embryos. As Sox Ip7erliimdeesdsh at rp8roakghegneibtkosr contri but «
formation owebltesdedesdselt he f orfmfaddtoend oudp anrh edevla
Setdbl

Platelet endothelial cell adhesion molectfedqaml) is proved to be related to the formatiohthe
vasculaure and mediate cell-cell adhesionPecani is expressed in atndothelial cells ands first
detected in thgolk sac andsubsequently within the embryo itséBaldwin et al. 1994) By staining
of Pecamlin the mutant embryos welind thathe expression of pecaml is not affected but the blood
vesse$ are bigger in the mutant embryos in tlomparisonwith the control embryosThis is
consistent withour histologcal analysis Based on this result weoncludethat the formation of the

vasculdureis notgenerallyaffected by loss of Setdbl
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Control Setdb1™?
Caspase 3 Pecam1 Caspase 3

Figure 2220 Whole mount immunostaining of control and S e t B"¥(dutant) embryos at E9.0for

Pecam1

200pm

Pecamland Caspase3In mutant embrygsthe blood vesssliwhich are stained with Pecaml (redye wilder

thanin control embryosThe squares on the left side shth& position othe images in the embryos
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2.3 Molecular changes during embryonic development upon deletion of
Sedbl

2. L ehe expression changesndparerdre lagt IEorn 7df S

Froaouprevanakwedemonsadaveldopment al def ecttheby | o
endoderm regi owetirletdo d ehrethiefeynob | & € @ ptalra tmeacrhea nri esgru | a
Setdbtendoder m de vQnleo panpepnrto ag énvehs ctho air ceeurpteinfeyg u | a
del etioni of erba@ thddlemdt et mald i oncsammndi Wahteessd. | ect e d
mutant embryos and 4 c owetrueneé deedmdr repsiccs roaa r sEidy 7 & n avl
(Fi @qatseshdre is no obvious phenotypic defect at |
at E8. 5. ,ddxditTiiomadéfyinitiaerendddE6mMSishasti hat
to tell direct dedebyetabpedofeses dbad s adThiey wd esrc e
endoderm al so shows the expression of Sox17 at

endoderorh.vidodwmse | opment al defect takesipgl acse aasts uln@
the |l oss of Setdbl in viscer atl ocefn deondberrgmo dioeisp arott
to coll ect the embryos at E7. 75 damd tthrey vtiiscieda
definitivibeemdod et meimbd sniondg g & b v vpdhuesn o tFyi p@ X e

Figure 221 Embryos which are collected for microarray analysisat E7.75 No phenotypic difference
between 4control and 4S e t Bniutant)embryos. The upper part of the visceral endodanmong control

and mutant embryos wasedfor genotyping(shown by red line).

Thmi croaxpragssi on afadbygiecmelsegunie bl edntly dysregul
mut ant embryos (FDR <10%) and most.Thifs tihe seonyisg
with the function of nSeetthdybllt raasn saf 2rkgapdres p(esHei ggeuirben s2i
l evel dfsefaboyggimdund 1/ 3 whwiicthh ei ss pceocnisfiisct ednehleet i on
endoderm | i mébagfe. dysgroang uMbatdiendl aghdirabaefr -endoder m
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l i neage genes are dGakprkrssaead. SFop3 ewhmpulhe ar e

devel opment ahbdoinngclirpesaissedarien mut ant embryos. I nt
upregul ation of genes which are indicative of a
Rex2) . Several amoun&NAprwgukated in Setdbl mut

cluster, for exampl e, has bte@nokWywowt)( Ribg BRAd hA ai |
B)l.n coentdrod¥tr meage mar keésos17 famd e@Qambp |escadiae ar epr
suggest that |l oss of SeddbhErkeebadsetd t hekdgelege

nor mal expression of endoderm genes.
B
A top100
Setdb]end control Gene  Description fc control  mutant
Gabmr1  GABA C receptor, subunit tho 1 10,24 125 1245
Mpvi7l Mpwi7 transgene, kidney disease mutant-ike 484 180 861
Sycp3 synaptonemal complex protein 3 478 40 227
Zp558 zinc finger protein 558 3% 76 267
Mael  maelstrom homolog KT 40 131
ZpB40  zinc finger protein 640 354 2 4]
Dppa2 dewelopmental pluripotency associated 2 275 128 350
Rex2 reduced expression 2 272 338 o1
Mir302b microRNA 302 204 250 461
up Mir302c microRNA 302c 1,03 182 311
Mir302a microRNA 302a 1,68 2 416
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 222 Affymetrix expression analyses n E7.75 embryos. A) Heat mapshowing the top 100
dysregulated genes in @etdb£"° (mutan) and 3 control embryo®) List of top upregulated gene€) List of
selecteddownregulated genes. Fc = fold change; numbers in control and mutant column represent normalized

intensity values of the selected probesets.

Through thexmpiekbmst@@®niagent i fied some genes which
embr yos (ahte aE7 .f705 d westoauggeb)t.v aNe xdta,t e t hese most dy
check 1 f these ¢eainBe s25araen dalBE9o. Oa fnfuetcatnetd eambt yos .
and three control embryos at E8.25 and one mut an
from these samRFeRCR nanVelaycsoied dhc@abrr 1 amds Mpel 7|

most wupregul ated genes henr oeuxprne scsriooanr rlaeyviedla tian stk

both E8. 25t agdRex92 Owhi stho ctomé r pbatr eEfSowt &eenlalys o
upregul ateaddo ToRdngedowCer 1 which i s am egrud cad erdm
imhe mumbarnFogumde The explrcdawmiden hleesvee genes at ES8
bet ween contr ol andndwutdart mé eixrpyaedalaoRmpe £EE i 0N

l evel oMad Sreetddubcled t o 2/ 3 inedhlhercamint aminr waodrmaad s, ¢
t hegRTaRnal ysis revealed that dysregul ated genes
devel opment al®"emhgego®sin Setdbl
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A B
E8.25 E9.0

359 06
05 4
25 4
04 -

® Control 03 W Control
15 - @ Mutant @ Mutant

0,2

GABRR1 MPV17L  TBX4 Cerl Rex2 Setdbl GABRR1 MPVITL TBX4 Cerl Rex2

Relative expression to HPRT
Relative expression to HPRT

Figure 2.23 RT-gPCR analysisof dysegulated genesn E8.25 and E9.0Control and S e t @"Rriutant)
embryos.A) RT-gPCR analysis of Setdbl and candidate gém&8 25 Control andSetdb£"° (mutant)

embryos Error barsrepresent standard error of the mean (SEM)tbfeebiologicalreplicates. B) RT-gPCR
analysis of Setdbl and candidate gend=9.0 Control andSetdb£"° (mutant)embryos. The relative expression
of these genes is normalized to HPRT.

Anot h-eegulipatleFdH genmak pyessed i n vhnspgraiemilt iened odterr
stage and covers the surface of embriywasa.dulddiync
restricted to the extra visceral e ntdtoid eetm ale.gi
InNt erednt i 8gx¥y¥7 mut ant embryos the expression of
endoderm at the neurdalt epiltna btehees t ppagset earnido ri sa nall sloa
embryoni c,whu &t me g stohrischitee svi scer al endoderm cannot
definitive endoderm (Kanai et al. 200%as.i mAd atrhe
phenett8opx 17 mut ant edhlbreisist we doefpltadeeemeintendoder i
definitive endoder®eti®brat ant dembryosat &d perfor
immunostandnionhgs e FPed nt mat aAt e mb rhyainss oing rraud ¢ he mbtr ry«
(Figuye When weattyhedby dipumael ehptes hieon of AFP
confined to the extra embryonic part buwdgl it hletr e ¢
expressi M abcB&®P. | osbeadisnTedbedple essi on of AFP i
endogdwehrintch results in the difficulty or delay o

definitivelendoder m ce
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Figure 2.24 Overexpression of AFP upon deletion of SetdbIThe staining of AFP irS e t Y Bndutant)
embryos is much stronger thancontrol embryosRed arrove show AFP positive cells in embryonic region

Setdb£N° mutant embryos

To test i f del etion of Setdbl in visceral endo
devel owaneditssegbedaéemhround ES8.f50AeRMd pewi dr mee@ns
upregul ati amyolf k, Ahciicth i s derivedblutloenr e¢ei issemna
abnor mal exprashegeiaon sofof AFh gid® mb 2w g g e sdtesl etthhaotn o f
Set dlwvl siceenrdaoldeuree x pr essi on of Sox17 does not i nf
embr yonaned ptabret f or madteisopn t@f tyhelAdr Pyweaoyeurl aalt i emd coder
geneThus it hevdltdgménhtet idvee iaenfsd & @ ¢ 1y mtnot riddemn\saaclelr

we stil/l need to tesfl uenoehtmheglétknasd ddystr efgaid lad

these |l .ater stages
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Figure 225 Upregulation of AFP upon deletion of Setdbl in the Yolk saat E8.5S e t ©"B(rhutant)

embryos The staining of AFP in mutant embryos is much stronger than control embryos. However AFP

staining is restrictetb the yolk sac and cannot detected in other regions.

2.

3.d20o0deEenr m specifiactomansareé pteaduwmced

Setdbl mutant embryosamsdotwheamhef grud

t

® O Q

—*

ranscriptional fact®ertsdibalrenaddecme

in the post ¢

getgnawtd dtednetc e
deblysdeWeti 90

nd pedvhod®m mouwst aifmimmgpaz2 and Sox17. Bottthegenes

ndoderm | i ndageadanddkei@wcxxd?2 t he head
mbryosohabei ous phéemet yspga, nh oge odrl

f,alhde rrmeugiaonn.
t a@edlywe dmamnk

he posterior emariPiod a6rtdh BER enupt raemstfs | nall oi sngl y

educepgdoshether mue @gimbnm yofs ( it g B 0Z,.h
el etion of Setdblkagndocderam ier iextmir
he ewlbirglm c oulfdu rltehaetne niodheoafieek o p me n t

ttsis possi bl

esp eficasd fi @rf sr e g
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Figure 2.26 Reduction of endoderm markers in the posteor part of S e t 'aNHirﬁutant) embryos A) The

staining of Sox17 (red) and Foxa2 (green) localize iretiteeendoderm region of control and mutant embryos.
TherearelessSox17 expressing celend weaker staining of Sox17 time posteriorregionof mutant embryasB)
At head fold stage, theahing of Sox17 is reduced primitive streak regiof mutant embryas

233l ncr eased mptolped oppdsst eri or paupomfdelhet imun amft @

I n order to figure out the possible molecul ar n
SetdBmMut ant ,evmb rfyierssttfe ddtehlee t Beotndatlf ec s sr cievAdsl t he
defecti ve phseorbovtiyopuesa b e o a the EBt. Réb ewvmb rsytoasi nehte E8 . 2
apoptot iCxs pnaaStk&.r25% he mut aned echbSo g &3& asdndamgnd t he
node wnegoiomcitdhentalpyoptwad i cneae keFd) THa glureqg ency
apotpit® i cne Htbhees a | side of wadlksomui @Bit ¢ ardBdA Shay e
arnco endoderm cells localized in that region the
embrypsobebluyeak elcpmadf .enat or der toosicsheicrk naoproeptdet
stained paraffin sectiomsg @&B.t&o ntdrsopla La8red Mbmmue a nt
apoptowede®auealdl S n t he nuhteaynma eemméby tyroiscmaesdd dteor ni. h e

These gswepdgHaAttess of edatodideetiimeshdas | tighhcriempept osi s
Howevemartkgedh cr e as e dar apeonutt codsks rsin | s iarepnl dioedse rtmh c e | |

wi t houtma3d tftelmeb r ma | devel opment of adjacent cell s
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Figure 2.27 Increase of apoptdic marksin the posterior part of the S e t '(::iNlin]lutant) embryosat E8.5
A) Embryos are stained witBox17 (red) and Caspase3 (greét)e staining of Sox17 is reduced around the
node region and th€asmse3staining is increasedB) Caspase3 staining in the dorsal side ofgtbsteriorpart

of the mutant embryos is increased.

E8.5

Figure 2.28 Transverse sectios of the S e t '(::iNl?(mutant) embryos show more apoptotic staining.
Transverse sections of control and mutant embwear® stained withCaspase&nd Hematoxylin(A andC). B
andD marked by the rectangie shown inhe magnified viewlncrease of apoptotic markstime posterior part

of the mutant embryo3he apoptotic staining is pointed by the red arrBvadD).

Wet hen iafsrkeldi f erations of endoder m ceeflflescpoerd cel |
del etion of SetdbliaHB&40D phaspboiopt tht isd o nmo HI3f |
pl ays an i mpomtiandthiesroddeér gle3 S10 phosphoryl ati on
prometaphase and metaphase inhibits the depositi
(Duan2€08al . With the stainipmg@l o fceHtdail Abgep hiodsepnhtoir f
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We -sbained the embryos TwisokdtBaixini ptghsed g HBSM & h .

mut ant embryos is reduced wthaerfceh (iFsi Qadlochresri@s.t?esntn o
Oobvidoiufsf drie3ncle@ plai ni ng bet ween coWMer éd6urahdd mobah
tiheesul t t hrwd uKdnhBvtsit ah néc am be detected(Gdur iSng G2l |
and mibtud s iiss) arbospernotl i ffoexrl(® ¢sh amlgz e ma | . Tr 0DV r sef sect i
E8. 5 ewmbrsgms neHle mait tolxryd | Ki cormp almi £¢mt r ol, emdbdr yos
mar ked ddouled eme ad eStfhmibielain tThe endoeadmdamnmd deni v
organs s howrod mdbeartatidieann contr ol (and umw@thazrst3 6mb r \
resul ttshlaadeke alf Setdbl in taé ftehecal opdreaIm & eergd ®lnb Al o

Figure 2.2 No obvious change of H3S10 phosphorylation staining in theposterior part of S e t Ny 1
(mutant) embryos in comparisonwith control embryos. Sox17 (red) and H3S10ph (Green) are stained in

control and mutant embryos. The images are taken themposterior side.
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Figure 2.30 Transverse sectios of embryos showcomparable proliferation between control and Setdb$"°
(mutants) embryos Transverse sections of control and mutant embryere stained withKi67 (grey) and
Hematoxylin(blue) (A and C). B andD marked by the rectangle are shown in the magnified Midavmarked
changen proliferaion between control and mutant embnamsild be detected

2. 4Aberrant coverage of Ylambnypde region in Se

I n or derditsos efcutr tthheer e n d od'8mwum acha f eecntbsr yiors Sveet dcbalr e
Setdbleted cells by trBasaeghrbehpeo rEtGFrP vWa ec are proa d
mut ant tehl s dadeéwveenSex1l7 | ineadgd hoealt!| Seeidbld . aIF
coll ected EEBP Oc Grett ddll and mut alBbDx & AEGkWds tandi pg
No obvious difference could be déibewvetved, béetwaemp
asthe node regi we sanad | teme ami@e It diedmb r yPisgu).e 2. 31
Addi t |EGF®| Ipyosidowled cled | det ect ed Swhxilt/ihht heospr iemiptri
streakThegeodata support our finding thadaf | oss

i mportant endoderm | ineage marker s.

DAP!

Posterior

Fi gu3B3EGEP and Sox17Seetxdpbrle sessGFoPh ciommt r olatanE® . mut alnt a ®adnb
mut ant wenbd gbped DRI (Sox17 EGCFRdAd() Graaan) .

Basetheni dacproepatstetpecss tienr i or part ahdthkemuoast ok me
marikshper i mi ti,we a¢¢ bmlndo dvdri clhoaasl i zed mang Itbhei s r eg
affected. The mouse embryo node region and axi al
I siamport antf ooerfgtaguisityznemaen @ yb esdl v r engKindeo et al, 2011) Th e

node pptoheéunedal fl owi tadtstydranted mr mii nteh rloaufgth t he | at e
(LPM) ( Sa2uinldR gecte eanidpder m has al so -rbdegent raeslyartmed rt
halseen shoiwm Itahcakti nng a8 ex kit er§ibgwt agymmethreyn.ot ype
Setdbl rhutyaorst leombmbhedei thel at(Yeod hed thi2BDIl®9 we Blwu £ d
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to check i f tlheewslod#f miBeatgekeb lafifrects t he noi®ala dev
maj or transcri pti oni rfiatcittahpee dvihiotsievidsk qrtraegsusikr oend ifsor
devel opment o ff oanmretseproisaremr aod axes formati on. T
notochord and tail bs @& adte nmMbatyeorsw dvd atlehll afpomecnht e cskt a ¢
i f the mode rmpgaiored by del eti on HEGSF R enttdboldl iamd
mutant embryos at rasgaifpEEg.n5d alind per f or med

Theompari soconbebweand sbheairstaThmlamy de expressed i

embseya@nds sitaioomgarable to control ecnebl rl yso si.n Hoh

mu t
t hceengfert he nodet,hBS&eFgH opno. s iTthi v dec &1 Ipo Fdi agvuedde Qe 131 s
P) .

__

and

ant eanbbhgtoaftimed proper endoderm cell regi on
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2 4 Characterization of in vitro differentiated Setdbl mutant endoderm
cells
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Figure 2.33 In vitro differentiation of pluripotent ES cells into endoderm cells. A)Schematicsof ES cell

differentiaton into endoderm cells. In pluripotent cells, pluripatgrmarkers can be identified. By adding

Wnt3a and ActivinA, 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) Immunofluorescencestaining of different markers during differentiation. Ahe
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Figure 2.3 Setdb1™™%: Sox17Cre mutant ES cells (SetdbI™P) could differentiate into the endoderm
lineage at day4of differentiation. On day4of differentiation both control and mutant cell lines sleowa high
differentiation efficiency. These celgerestained withFoxa2 (green) and Sox17 (red).
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3 DISCUSSIONS

3.1 Setdbl is implicatedin the endoderm specification

Setdbl is involved in severdifferent biological processes. Howeytre specific function of Setdbl
during development rematd largelyuncharacterized because of the early lethality of the mutant
embryos. According tadhe X-gal stainingof Setdbli -gal embryos we could demonstrate the
expression of Setdbl iwhole embryos during gastrulation stagéwrough X-gal stainingof adult
organs we alséound expression of Setdbl in seveaalult cell lineagesFor examplethere is a high
expression level oSetdbl in the brain and testis and intermediate expression level in the liver,
pancreas and spleen, which are the endoderm derivéfiigese 2.13B). Thus we hypothesidehat
Setdbl has a potential role in endoderm development. These endoderm derived organs are related to
several severe diseases like, for example, typiabetes caused by the destruction of pancreatic
cdls (Lee et al. 211).In this work, Itried to figure out the spatial and temporal functiohSetdb1 in
endoderm developmerind to understand the mecham of endoderm developme(iDodge et al.
2004). Because of the early lethality &etdblmutant embryosat periimplantationstageit was
difficult to study the function of &db1 in the later developmerithus we used Setdbl conditional
knockout mice. Setdbis deletedn Sox17 lineage cellwith a Crerecombinaseinder control of the
Sox17 promoter Setdb£° mutantembryos showclear defectlnterestingly,two different kinds of
defective phenotypecould be identified (Figure 2.14. This is probablybecause of the different
deletion ways of Setdbl in the embryos dudistinctexpression profilgof Sox17.

Sox17wasfirst identified in 1995 and belongs to Sox gene family due to a high level of -@witho
identity (Dunn et al. 1995). Members of the Sox gene families are related to cell type specification and
tissue differentiationduring development. Because of tlgeneral function of Soxgenes during
development, Sox17 waalso considered to be implicatedmousedevelopment(Kanaiet al.2002).
Detailed functional analysis about Sox17 was condudi@ihg the last yearsSox17 was first
identified as a transcription factéer mouse speratogenesis (Kanai et al. 199\t is expressed at
around postmplantation stage in the visceral and definitive endoderm. Deletion of Sox17 severely
impairs axis rotatioms well agmid- and hindgut forration (Kanai et al. 2002). Recently it was found
that the expression of Sox17 calso be detecte in the inner cell mass. Ahe 32 cell stagethe
expression of Sox17 is first observed and with the expansion of the blastocyst the expresstdn of O
and $x17 overlap in some cells. After tH28 cell stage Sox17 expression in the epiblast is shut
down andrestricted to the primitive endoderm region adjacent to the blastocoel cavity (Niakan et al.
2010). Further functional analysis demonstrated that delaifoSox17 leads to a failurén the
establishment of the leftght embryonic patterning (Viotti et al. 2012). Interestingly, another paper
reported that the deletion of Sox17 could cause two different phenotypeph@notype shows strong

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

different phenotypes atenclear

Embryos withdeletion ofSetdbl in the Sox17 lineag8etdbf"") show similar phenotyps as the
Sox17 mutant embryofKim et al. 2007) In order to trace the fate tiie Setdbl deleted celén
EGFPbasedCre reporterwas usedio monitor the deletion of Setdbl in individual cellhie EGFP
reporterfeatures astop codon flanked bydxP sitesupstreamof an EGFP transgene. Expression of
Cre results in a removal dfie stop codorthrough the recombinatioand activation oEGFP. First
when we checked the control embryos EBFP expression, a very interestipgenanenonwas
identified In some embryos th&GFP stainingcould only be detectedn the endoderm region and
blood vesselswhich are considered to be derived from Sopidgenitor cellfEngert et al. 2009)
However in other embryahie EGFP cels werelocalized everywheréhroughoutthe mutantembryo
(Figure 2.15) We further analyzed the mutant embryos with the S@&x¥/ EGFPreporter system.
Consistently some mutant embryos only showed #@FP signal inthe definitive endoderm and
vessels at E8.5 but others showed the overall staining in the embryos. Interestirtglyt embryos
which showed th&&GFP staining in the whole embryos were strongly retaeshetiwe call it type 2
mutant phenotypeHowever the embryos with confine8GFP staining in the endoderm region and
blood vesset showeda milder phenotypewhich we considered as type 1 mutant phenotyipigure
2.14 and2.15). Based onthis observationthe generation of these two different phenotypes from
mutant embryos could be explaineddifferentexpression pattesof Sox17. In the morula, Sox17 is
expressed in some cells and then shut dowthe blastocyst Activation of Sox17 in the epiblast
startsin the definitive endoderm at around E6.0 (Kanai et al. 2002). Howeneefate of theSox17
expressingells in the morula is still unclea@ur resuls suggesthat type 1 mutant embryos start to
lose Setdbl mainly ghe primitive streak stagandthus mutant embryos show endodesamecific
defects. In type 2 mutant embryos, Sox17ikely activated atan earier stage in the blastocyst
resulting in the loss of Setdtdven outside endodermccording to the two different phenotypes
caused by th different expression patterns of Soxitvé hypothesize that the cells expressing Sox17
in blastocyst also contribute to the later development of the embrgagver specificloss of Setdbl

in thelater Sox17 lineageféectsendoderndevelopment.

In my work, | mainly focugdon the functios of Setdb1l in definitive endoderby studying the tye 1
mutantembryc. Three different germ layers emerge at around E6.5 and ingress from the primitive
streak. In typel mutant embryosSetdblstart to bedeleted in the definitive endoderm at this time
point. Fom E6.5 to E8.0no obvious phenotype can be detected in the mutant embpegever

upon E8.5, which is the time point of the embryo axis rotation, mutant embryos show a turning defect
and retardabn of the posteriorpart (Figure 2.14. Importantly,the head and the heart could be formed
properly. In order to figure out the exact structural chaw§¢he embryos upon deletion 8étdbl at

this stage, we performeidhmunohistochemistngtainingfrom E8.0 to E9.5. At E8.0the paraffin

sections did not show differerg@ the gut region between control and mutant embryos. We could
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identify that endoderm and mesoderm are in contact with each iathmth control and mutant
emlryos However when we checked the embryos at E8.5 which already showadhihg defectve
found a big difference in the hindgut region between control and mutant embryos. In control embryos
the hindgut diverticulum keepcontact with the mesoderm and grafiyy moves forward with the
surrounding of the mesoderm. But BE8.5 mutant embryos weoftind the mesoderm derived
splanchnopleuraetached from the endoderffigure 2.18. In addition the dorsal aortal in mutant
embryos is much bigger thamcontrol embyos. During developmenthe hindgut diverticulum of the
mutant embryos cannot move forward with the surrounding of the mesgddsteadis arrestsn the
dorsal aortaresulting in perturbedmesodermdevelopment Thus loss of Setdbl in the definitive
endalerm affects the further development of the gut region. Howéwveranterior part of the mutant
embryo is not affecteduggestindhis defecto bemainly caused by thabnormal development of the

definitive endoderm.

In the next stepwe investigatel possiblereasors for the endodernphenotypeFirst we investigat
the expression ofmajor endoderm genesn Setdbl mutant embryos The whole mount
immunostaining reveat a redu@d expression of Foxa2 and Sox17 in the primitive strefamutant
embryog(Figure 2.26. Next,we checked if deletion of Setdbl in endoderm cells affgmbptosis and
proliferation of these cell§'hewhole mount embryastainingwas performed wittCaspase3 which is
an apoptotic marker an&i3S10phwhich is proliferation marke(Figure 227 and Figure 29). We
detectedanincreasen apoptoticcellsin the posteriorpart of the mutant embryoklowever,most of
the Caspase3 stainingas localizedin the dorsal side of the mutant embryggure 227 and Figure
2.28). ThroughH3S10phstaining in thewhole embryosand immunohistochemististaining by Ki67
as aproliferation marker we could not detecta difference betweertontrol and mutant embryos
(Figure 229 and Figure 20). This indicates that eletion of Setdbldoes notstrongly affect the
normal developmenaf the endoderm cellandratherinduceddefects inneghboringcells. The node
is localized in the posterior part of the embryoxl perforrs important organizerolesfor embryos
developnent Destruction ofthe nodewill severely affect the embryonic developmenherefore we
checledif the node region is affected upon the deletion of Setdbl in endodimtably, endoderm
lies adjacent to the node and the loss of Sox17 in the definitive endodernsithpastalishment 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 formatitmeafode we staired the
embryos with T. T is a mesendodetnanscripton factor and serves as a markamich is first
activated in the primitive streak anmslthen expressed in the ngdetochord and tail budl plays
essential role for emboyic development. Lack of T resalin the disruption of the node and imair
the extension of the notochord precursdhen we conducted T staining in the embrifeerewas no

change ofT in the node regian



67 DISCUSSIONS

In order to check the cell fate of the mutant cells we crossed $&tl1Sox17ZCre mice with an
EGFP Crereporter mouse. The expression ofEGFP through Ge mediated recombination is
irreversibly activatedthuswe can trace the mutant endodermscéf Setdb1EGFP control embryos

at E8.5 the EGFP positive cells surround the node regiand here is clear boundary betwetre
endoderm region anthe node region. Howevein E8.5 SetdblEGFP mutant embryoshe EGFP
positive cells are not well organizethe EGFP positive cellgonverge intdhe node regianThere is

no clear boundary between the endoderm region #rmanode region and the surface of the node
region ispartially covered byEGFP positive cellgFigure 2.32. Presumably the deletion of Setdbl in
the endoderm cells changed the propeftthese cells in a way th#teycannot be maintained in the
properendoderm positioriThere is a recent studyoshibaet al. 2012yevealing thathe node region
consiss of two different cell typesperinodal crown cells sitting on the edge of the node region and pit
cells located in the central regionthi node.lt is suggestedhatthe nodal flow is sensed depemd

on Pdk2 locagd on the surface athe cilia ofthe crown cells.In Setdbl mutanémbryos the EGFP
positive cellscover part of the surface tifie node region where the crown celéside Based on this
observation, we assumedatitoverageby the EGFP cells impairs the signal tranissionthrough the
cilia of the crown cellsThus henode canot function well as morganizer for normal development of
the mutantembryos This could be one of the possibilitiadich causethe endodernphenotypeBut
some questions remain unanswered. It is unclear why the Setdbl mutant cells carumdinketo

the endoderm region ariidthe mutant cellseally affect the function of the node as a developmental

organizer.

Overall, ar findings reveal that the deletion of Setdbl in endoderm cetisairs the normal
development of the embrydd/e foundnot only the Setdbl deleted endodermsail be defectiveut
also the tissue close to endodermafiected.We assume that loss of Setdbl in endoderm cell irapair
the development of the embryos thgbupoth cell-autonomousnd norcell autonomougffecs.

3.2 Setdbl regulates gene expressiam different biological processes

3.21 Setdbl regulates gene expressiaturing early embryonic development

Setdbl control and mutant embryoswere collectedat E7.75 (head fold stagegnd subjected to
microarrayexpression analysi§.he defect of the mutaeimbryoswvasnot obvious at E7.75however,
dysregulated genes might be direct target genes of Sietdiefinitive endoderm ovisceral 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 moreagulated genes than dowegulded genes. Interestingly, most

of the upregulated genes in mutant embryos are normally not exggtesgust kept at a very low

level in early embryonic development. These genes are closely connected to dsfeerfic cell

lineages and conduct functias in differentadultorgans.
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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). Thera ssudy showing that Sycp3 plagn essential role in
testicular developmérand fertility in the male mouse (Yuan et 2000). Loss of $cp3 in female

mice causesdefective meiotic chromosome segregation and early embryonic lethality (Yuan et al.
2002). Gabrrl is the most wpgulated gene iBetdb£"® embryos andbelongsto 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 2005).We also detect upegulation of Dppa2 which is associated
with undifferentiated or pluripotent ES ce{Watabe et al2012. Several microRNAs were found-up
regulated and couldotentiallyresult in the defect in Setdimdutantembryos. The mir3® cluster has

been shown to be activated in the ES cells by Sox2 antl(Oatd et al2008) and contributeto the
maintenance dfhe pluripotent staté Anokye et al.2011).Somegenes which are related to endoderm
developmentare dowrregulated upomwleletion of Setdbl. The expression of Cerl starts from E5.5 in
the lateral region (Torres et &007) and therontinuesin definitive endodernfrom E7.5. During

later developmentCerl could be detected in the foregut endoderm and the mesoderm (lwasihita
2013). Sox17 is considered as a transcription factor mediating endoderm differentiatiém and
specifically expressed in the definitive endoderm region at E8.5. The expression of these two
important endoderm genesgas reduced according tthe expresion analysisand the reduction of
Sox17was proven by whole mount immunostaining (Figure 8)2These resuls indicatethat Setdbl

could restrict the expression génes which contribute to different development praessssd ensure
endoderm lineage differentian.

Sox17 is activated in the primitive endoderm whfahther develos into visceral endoderm. This
expression profile of Sox17 resaih the deletion of Setdbl in visceral endodevfisceral endoderm
is important for thenorphogenesiand patterning of the epiblast and is involved in the nutrient uptake
and transpor{(Srinivas. 2006). From our data we could identify theregulation of AFP which is
secreted in the visceral endoderm during the fetal life (Kwon @086).Becausevisceral endoderm
is replaced by definitive endoderm during developn(iénton et al.208), we wanedto investigate if
the up-regulationof this visceral endodermarkerwould be indicative of defectiveorphogenesisd
definitive endodermEmbryoswere stainedwith AFP antibody and thep-regulationof AFP was
confirmedat E7.5 in the mutant embryos but the stainivag confinedto the extraembryonic part
(Figure2.24). At E8.5, we ould identify anincreasein AFP staining in the yolk sa@igure 2.3).
According to this resultwe speculate that even though visceral endoderm genes-sgulgted in
mutant embryoshis does nointerferewith the normal functiorof endoderm cells to replace visceral
endoderm Therefoe we speculatéhat the defective phenotypef the mutantembryosis mainly
caused bydefinitive endoderm defexat a later stageBut the visceral endoderm will form thy®lk

sac in the later development stagénich uptake and breakdown the macronutrient from moter.



69 DISCUSSIONS

cannot exclude thathangs in gene expression in the extra embryonic panld also impair the
development of emboy(Follit et al. 2014).

We furthertestedif the expression level afysregulated gends E7.75 embryoss alteredin later
developmentastages. We checked the genes which are most dysreguiataditant embryos at E8.5

and E9.0 Consistent tahe analysis at E7.75t later developmental steg@abrrl and Mpv17lwhich

are the most upegulated genes show marked increase and Cerl whible imast downegulated

gene is markedy reduced. Tius we could validate the microarray date and found the same
dysregulated genes in the mutant embryos at latersstge tothe complexity of early embryonic
developmentaind the expression profile of Sakin the early embrygst is difficult to distinguishif

these dysregulated genes are framsceral endoderm or definitive endoderfimeage cells
Additionally how these dysregulated genes affect the normal development of the embryos ill need
to be investigated.

3.2.2 Setdbl regulates the expression of imprinted genes

In mammalian genonsethere is a group of gen&ghich is imprinted. These imprinted genes inherit

the epigenetic markers from their parental origin which will affect thgiression. These genes are
expressed from one parental allele but are repressed from the other parentdtialesbdullah et al.

2008). So far around 100 genes have been identified as imprinted genes, most of the clusters contain
genes for noncoding MAs which has beemshownto repress the proximal proteaoding genes
(Rougeulle et al. 2002). These imprinted genes could be either mtaynadaterndly expressed

through the regulation @ghe correspondingnprinting control region (ICR). These ICRse modified

by either DNA methylation or histone modificatsn

The question is to understand how the methylated ICR could affect the activity of the nearby genes?
Interestingly methylation markerare depositeth the paternal germ linia intergenicregions leading

to the heritable repression from the patdyn@herited chromosome. In contrast, methylation markers

in the female germlinarenot placed in intergenic regions barerather locate@n the promoters of
imprinted genes Bartolomei et al. 2011). So far the best studied example of the repression of
paternally methlated ICRs locatingo an inergenic region is Igf2 and H19 (Hark et al. 2000). The
enhancer region for both dtie geness located downstream of H19. The ICR placed upstream of the
transcriptional start sitef H19 containinga binding sitefor CTCFE This insulator protein @nbind to

the unmethylated maternal IC&hd blocks the interactionvith the enhanceof 1gf2 rendering the
inactivation of 1gf2. However H19 could be activétey the interation of the enhancer with th¢19
promoter In the paternal chromosome as CTCF couldbid to the mehylated ICR the expression

of Igf2 will be activated by the interaction between the enhancer and promoter. In contrast to
paterndy methylated ICR, a materndly methylated ICRregulatesthe promoters of the imprinted
genes for Igf2r and An (Sleutels et al2002). Tke ICR region located in the CpiSland couldactas

promoter of Airn In the paterné} derived chromosome the Cg8and in the intron is unmethylated,
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therefore the expression of Airn asnancodingRNA could restrict the expssion of Igf2r. In the
materndl inherited tiromosome the ICR is methylatatiusthe Airn will be repessed and Igf2r is
activated. There is evidence shaomg that the Airn ncRNA could recruitrepressive histone
modificationsto inactivate thegeneexpressionon the paternal eomosome (Nagano et al. 2008).
Another interesting finding connects H3K9me3 to the regulation of H19 and Igf@Moainier et al.
2013). Transcribed H19 ncRNA cooperates withdito repress the expression of 1gf2. Loss of H19
results in the reduction of H3K&3 in the DMR region(differentially methylated regiois also called
imprinting control regioh As it is already known Kidl could forma complexwith Setdbl to repress
gene expression artd maintain the H3K9me3 methylah duiing the replicationWe 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 findthe alteration of gene expressifffigure 2.4 and 2.5) Interestingly and surprisingly

both of the Igf2 and H19 genes are matkeduced upon deletion of Setdbl. As chromatin long
distance interaction is a major regolgt mechanism for Igf2 and H1@nd enhancers difoth genes

are located downstam of these genesevassumehat Setdbl is involved to regulag the chromatin
structure of tis locus Loss of Setdbl interfesavith the interaction of enhancer with promoter of both

genes. Ths both genes cannot be activated upon deletion of Setdbl.

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

In mammalsmore than 10% ofhe genome is derived from endogenous retrovirus (EBfuences

which @an be divided into three classes (Initial sequencing and comparative analysis of the mouse
genome). In the normal situatioBERVs are transcriptionally silent in the host genome. But these
parasitic sequence elements could also be reactivated and caugeldtisreof 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 orepressor for the DNA sequersgecific KRAB-ZFP has been identified to be
involved in the repression ehdogenousetrovirues(ERVs) during early embryogenesis (Rowe et al.
2010; Wolf et al. 2007)Upon lboss of KAP1 in ES cells, a range of ERVYor example murine
leukemiavirus and IAP elements will be depressed. Also in early embryonic development IAP
elementsare eactivatedupondeletion of Kapl. It has been further demonstrated thapKdeletion
leads to the changgin DNA methylation and H3K9me8n IAP elements. lipl mediated silencing
mediatedby recruiting the histone methyltransferagadbl, heterochromatin protein 1 (HP1) and the
NuURD histone deacetylase complex (Sripathy et al. 2006). Matsui showed that &sllal in ES
cells resul$ in the reactivation of IAP elements and loss of H3K91fnef these elements (Matsui et
al. 2010). As Setdbplays a major roldor the repression of ERV in ES cells and neural progenitor
cells (Tan et al. 2012) it asinteresting to identifyif Setdblhas a roldor IAP silencing inendoderm
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cells. Firsf we isolated mutant embryos at E8.5 and E9.5 and checked the expression of IAP elements.
Interestingly we found thatlAP elements are also depressed in the mutant E8.5 aréglFzembryos.
Also in the sorted SetdbBEGFP mutant endoderm celi®activation oflAP elementsvasidentified
(Figure 2.2). But the upreguation of these IAP elements in endoderm celéss muchlower than in
ES cells.These resultdllustrate that Setdblcontribute to thesilendng of endogenousetroviruges
during endoderm developmebut a regulatorymechanismwhich is likely comparable t&S cells
However,if the depression of IAP elements influea@xpression obther genesand couldimpair

development of the embryaged to beclarified.
3.3 Loss ofSetdb1 affects the propeiiesof endoderm cells duringin vitro

In vitro differentiation of ES cells become a very powerful method to study the molecular mechanism
underlying specific celineage commitmest In our experimerstthe ES cellaveredifferentiatedinto
endoderm lineage cells by adding Activinand Wnt3a (Yang et aR014). Upon differentiation, at

day 23 the ES cells reach the mesendoderm stadeFaxa? is activatedsox17 will be activated at
around dayt. As we are usingGFP reporter cellghe green signatart tobe activatedtday4. For
RNA-seq analysisEGFP positive cellsveresortedat day seven when the Setdbl has been removed
(proved by western and RACR) (Figure 2.8). From the RNAseq analysiswe couldfound that
genes which facilitate endoderm developmemte upregulated and the genes which repress the

endoderm commitmentere downregulatedFigure2.39).

Nanog and Soxareboth highly expressed istem cells and are involved in ES cell pluripotency and
selfreneval. These genes have different potential for further cell lineage commitment (Wang et al.
2012). Nanog represses embryonic ectoderm differentiation and overexprasblanogfacilitates
endoderm lineage specification. In contrast to Nanog, Sox2 increases the differendizgoaderm

but represses the commitmeatthe endoderm cell lineagd@homson et al2011). \ery interestingly

from our RNASeq resuls we could see the upegulationof Nanog but decreadexpressiorof Sox2

in Setdbl EGFP mutant cell$his means the cells are in a state more like endodelisn MixI1

which is a mesendoderm gene is around 6 foldegplated in the differentiated Setdbl mutant cells.
This genewas slownto be related to endoderm development (Hart 2G02).Loss of MixI1 in the
embryos at E7.0 leado a thickened primitive streakhich lacks a morphologically recognizable
node. At E8.5 the anter-posterior axis of the mutant embryos is much &toand the midline
structure is strongly retded. MixI1 as a mesendoderm geaed plays an important role for the
normal development of mesoderm and endoderm. Howeverexpression of MixI1 in the ventral
marginal zone of Xenopugmbryos 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 differat effecs (Lim et al. 2009). By constitutive expression of MixI1 during the

mesoderm differentiatiort is difficult to generatehematopoietic cells. fforced overexpression of
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MixI1 during the endoderm differentiation from ES cells will increase theesspon of definitive
endoderm genes and promote the formation of endodeltenDuring differentiation, Activin Acould
induce the expression of Mixl1. Theaee H3K9me3 and MK16ac deposédin the promoter region

of MixI1l. Under the induction of Nodal GFb signals, Smad®mad23 and Trim33SmadZ3
complexes will be formed andind to H3K9me3 in promoter region of MixI{Xi et al. 2011) The
binding of this complex will displace HP1 and initiate the transcription through the recruitment of Pol
Il. Fromthis experiment we know the poised H3K9me3 in the promoter region of Mixl1 works as bait
which could induce the binding of the aetiing complex. Setdb which acts as a histone
methyltransferasecould stimulate the histone modification in the promoter i@y of this main
regulator.We assumehatthe deposit of H3K9me3 is formed through the interaction of Setdbl with
the core pluripoteey transcription factorsThuswe postulatehat the lack of Setdbl endoderm cells

will reduce the H3K9me3 in the proten region of MixI1 which will lead to the removal of HP1 in
this region. The expression of MixI1 will be activat&hmes is considered to be upstream of MixI1
andis also upregulated in th8etdblmutant differentiated cellDuring embryonic development
MixI1 expression in the primitive streak was lost in Eomes krmgkmice.There are papsishowing

that Eomes plaga pivotal rolein mesendoderm differentiation and MixI1 could facilities the
differentiation of definitive endoderm Both genes will repress the expression of T during
differentiation. T which is dowrregulated in Setdbl EGFP mutant cells necessary for the
development of the mesoderfwilson et al. 1995). This means both Mixl1 and Eomes have the
opposite role to T. Thissialso consistent with our resolt upregulation of Eomes and MixI1 but the
down regulation of T in the differentiated cells upon deletion of SetdibIneansthat the
differentiated mutant cellare prone tostay in the endoderm statéoxal 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 guedelopment (Hiemisch et al.1997)nHb is required for the organogenesis

of the liver, the kidney and the pancreas keeps expressiofor a long time. It is first detected in the
visceral endoderm and activated in the definitive endoderm at arounddefidier et al.1999). Our
RNA-seq result indicatean increase of Foxal, Foxa3 and Hnflb. Interestingly Nodal and Wnt are
also upregulated in the differentiated mutant cells. Loss of Nodal will lead to the missing of the
primitive streak and the Nodalgnaling pathway is important for the formation of the endoderm. In
the gastrulation stagéVnt3 is expresed in the posterior epiblast anihe primitive streak. The
expression level of Wnt3 is a good biomarker for the potential of definitive endodesiopieent.

ES cells are much easier to differentiate to endoderrawgh the higher level of Wnt3 (Jiang et al.
2013).

In summarywe could find most of the ugegulated genes (Mix]J EomesWnt3 and so on) are related
to endoderm differentiation or timtion of endoderm commitment. But the devagulated genes are

more related to different cell lineagésox2 and T). Therefet we think thatcells without Setdbl are
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more responge to external signals. With the external endoderm stimulbe Setdbl muant

endoderm lineage cells possess more endoderm paspert

However howdoesSetdbl regulate thexpressiorof thesegenes? As Setdbl does not contiPNA
bindingdomain there should be interaoh partnersof Setdbl involedin its recruitmentIn order to
identify such interacton partnerswe performed Setdbl pull down assag followed by mass

spectrometrydentification

Setdblwas showrto be related t&S cell pluripotency by interacting with transcriptif@ctors. Loss

of Setdblleads to the deepressionof the trophectoderm lineage gene Cdx2 in ES cells. The
occupancy of Sefil in the promoter region @@dx2 depends on theresenceof Oct4. Setdblmay
form different complexes in different cell types. AdditionaBetdblwassuggested to be involved in
the establishment and maintenance of the H3K9me3 (Sarraf et al. 2004) and the extension of
heterochromatinichimura et al. 2005)Even though Setdbl compriae MBD-like domain critical
amino acidresidues for binding methylatddNA are mutatedlt is thus unlikely that Setdbl1 could
bind directly to target genesdthusthere must be other interémb partnercooperang with Setdbl.
Several different Setdbl complexes have been identified from different cell types arg]l lathge
proteinsthat wouldinteract with Setdbl &S cellsand endoderm cellsre still notknown (Schultz et

al. 2003; Sarraf et a004; Fritsch et al. 2010). In order to perfomrdetailed molecular analysis of
Setdbl in ES cellsve generated Setdbl kreim ES cells wih an affinity-tag fusedto the Gterminus

of Setdbl. With this toplwe couldidentify interacton partnersof endogenoug expressed Setdbl.
We carried ouFLAG IP experimerg and identified the Setdbl intergwt partners througmassspec
analysis Interestingly, Af7ip which has been identified as a factor interacting with Setdbl lia He
cellswas also highly enriched in our IP experimge(iVang et al2003) This meanshat Setdbl has
the same regulatory mechanism in differeatl types DNA methylation has déen known to be
involved ingene repression. The function of DNA methylatisnonducted by the binding of methyl
CpG binding domain proteinétf7ip is a very important factor which could facilitate gene repression
throughthe binding to the transcriptional repression domain of Mbd1, one of at least five fi@mma
MBD proteins (Fujita et al2003). Setdblwas also reported to beecruited to DNA methylad
regiors through Af7ip to repress gene expressigynergistically(Minkovsky et al. 2014) Because
Atf7ip could facilitate the conversion of-aiethylation to tdimethylationby Setdbl and MBD1 can
mediate he formation ofheterochromatinUchimura et al. 2006)Setdblis possibly involved in

Mbdl-dependent transcriptiahrepression through heterochromatin assembly.

From our list we could also find Glp, Dnmtl and Kapl binding to Setdbl. These interactors of
Setdbl have also been identifiedrlier (Fritsch et al. 2010). Howevehow Setdbl is involved in
different biological processes with thaseéeractorsand if the interaction is direct or indirect remain
uncharacterizedrurthermore it needs to be clarified if the interaction partners that we found in ES

cells also functionn the contekof 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 witiGlutamine complemented with
sodium pyruvate, fetatalf serum (Sigma), bet@ercaptoethanol, neessential 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 culturesdishfeeders

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 &3mwovided by diode,
argon and heliuameon 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 céllines

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 MEKinhibitor. Until 5 to 7 days, the inner cell mass
outgrow to form big colony then the colony cha 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

Coatthe plate with gelatirfor half an hour lateand thenseed the Wnt3a feeders 3 hours before
starting differentiation with Bx10" cells per 24 well. Trypsinize ES cells and-ptate the ES cells
two times to remove all the feeders. See@k20 ES cellsonto feeder (Wnt3a feeders) coated plate in
1 ml differentiation mediun{Yang et al.2014hnd change medium every day. For the feeder free
endodermdifferentiation experiment, skip the step of preparing \tthet3a feeders instead add of

Whnt3a into the diffeentiation 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-Tod&ys in the differentiation medium until

theyreach high differentiation efficiency.
FACS analysis thedifferentiated cells and FACS sorting

FACS Canto Flow Cytometer (BD Bioscienaeds used to analyze the apoptosis of the differentiated
control and mutant cells. After 7 days of differentiation SetdBEP reporter cellsvere stained with
AnnexinV which isan apoptotic marker andere analyzed withthe FACS machine to calculate the
proportion of the apoptotic cells in the differentiated GFP positive cells. The cells used for the RNA

seqgweresorted directly after day af differentiation
4.2 Molecular biology methods

Cloning of candidate proteins

CDNAs werereversetranscribed from the RNA template purified from either mouse fibroblasts or
embryonic stem cells. Primengeredesigned with gateway atde overhangs. Cloningasperformed
usinggatewag | oni ng system (lnvitrogen) following the

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

RNA of cellswas harvestedby using RNEasy (Qiagen). 100ng~1.25ug RMAs used for cDNA
synthesis using Superscript lll 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 gesseecific primers. Ctvalueswere normalized to the geometric
mean of Actinor HPRT for each individual cDNA and fold changes where calculated by-DH2Ci-
method (Vandesompele et al. 2002). gPCR préraez listed in Tabld.4.

4.3 Biochemical Methods

Determination of protein concentration

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

SDS page gel

Separation of proteins by SEFAGE was performed in the Perfect Blue Dual gel Twin system
(Peglab) using precast gel cassettes (Invitrogen). Resolving and stacking@ggsepared according

to the manufacturer’s instructions using 30%
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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 samplese mixed with Roti Load (Roth)

and heatlenatured for 7 min at 95°C. Various molecular weight pnoséandards weresedfrom
Bio-Rad/Peqlab. Electrophoresis was performed at8®mA at RT for varying time. SDS gelsere
either used for Coomassie staining, silver staining or western blotting.

Coomassie staining of protein gels

Proteinswere 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 waterjvasused to remove excessive staining solution.
Silver staining of protein gels

SDS pagewas fixed in fixation solution [10% acetic acid, 30% isopropanol] for at leabt @
overnight at room temperature. The gelswashed 3x 20nin in 30% ethanol followed by sensitizing
using 0.01% Nz5,0; for 1 min at room temperature and washed 3xs&0 with water. Staining
solution [0.1% AgNQ in H,O] wasapplied for 1h at roomtemperaturavhile shaking. The gelvas
again washed 3x 38ec with water and incubated with the developer solution [3%®ka 0.05%
formaldehyde, 0.02% N&Os in H,QO] until the bandsvereclear. Reactiorwasstopped by adding 5%

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

Proteins separated by SIPRGE were transferred to a PVDF membrane (Roth). Transfas
achieved with a wet blot system (Criterion Blotter, Bad). Before the transfer, the polyacrylamide
gel and the PVDF membraneereactivated in MeOH and rinsed in blotting buffer [25mM Tris, 192
mM glycine, 10% methanol]. The transfaasperformed 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 tspeufin background. After
blocking the membranesere incubated either for 2.5 h at RT or o/n at 4°C with an appropriate
dilution of the primary antibody. The membranesre extensively washed for 3 x 2@in in PBST
Buffer [1 x PBS, 0.1% (v/v Tween 20)]. TheRR-coupled secondary antibodyasincubated for 1

1.5 h at room temperature in the appropriate dilution in blocking buffer. The membraresgain
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 Setdbl 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 Setdb1 deleted MEFs.

Tudor MBD PreSet Set Set

1 H N 1 1308

f

peptide aa698-1308

Figure 4.1 Peptidesused for antibody generation

Expression and purification of GSTtaggedproteins from E. coli

GST fusion proteins were expressed from pGEX6P1 vector in E. coli BI21 (Stratagene). Bacteria were
induced at OD=0.6 by addingmiM IPTG at 37°Cfor 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 30nin at4°C. Cell debris was removed by centrifugationn@i@ 12000 rpm 4°C. GST
tagged proteins were bound to Glutathi@8epharose beads (Amersham Biosciences) tor4iC
rotating. After washing with 10x volume of wash buffer | [20mM Tris pH 7.5, 500 mM NaGiM

EDTA, 1% TritonX-100 and 1mM DTT], wash buffer 1l [20 mM Tris pH 7.5, 150 mM NaCl, 2 mM
EDTA, 0.1% TritonX100 und 1mM DTT] and wash buffer Ill [20 mM Tris pH 7.5, 150 mM NacCl, 2

mM EDTA und 1mM DTT] bound proteins were eluted with elution bufi€niM Tris (pH 8.0)and

10 mM Glutathion], dialyzed against 1XxPBS, 20% glycerol then snap frozen and st@@tCat

Co-immunoprecipitation

Nuclei from wild type and Setdbl HALAG ES cells were isolated by spinning through a Ficoll
gradient. Thenuclear 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 (Rocledijwed by aldition

of benzonase andcubaton for 15 min at 37°C. Adjust salt concentration3@0mM 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 andedapezd. The extract

was incubated witlnti-flag M2 agarose beads for 2 hours at 4°C on a rotating wheel. The beads were
washed in IP buffer containing 368M NacCl for five times and eluted with SDS sample buffer.
Proteins were separated on Sp@yacrylamidgels and analyzed by western blotting using atigbo

for different purpose

4.4 Embryology method
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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 tZ rinse solution [2mM MgCI20.02% NR40; 001%
sodium deoxycholate in PBShe embryoswere stained with Xgal staining solution [Img/ml
dimethylformamide; 5mM potassium ferricyanide; 5mM potassium ferrocyanide in LacZ rinse
solution] O/N at 37°C.

In situ hybridizatio n

Dissect embryos in autoclaved PBS dixdin 4% paraformaldehyde (PFA) in PBS at 4°C overnight.
Add 1 ml prehybridization buffer [50% Formamide, 5xSSC pH5.4, 1%SDS, 50ug/ml yeast tRNA, 50
pg/ml Heparin] to the embryos and swirl for 5 min then replacé ®itml 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 minwasincubate& with enbryos 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 timiés WNT [10 mM TrisHCI, pH 7.5 0.5 M

NaCl ,0.1% Tweer20] at RT for 5 min followed by treatment with 100pug/ml RNase A for 60 min in
TNT at 37 °C. Then the embryegerewashed with TNT: Solution 1l [50% formamidaX SSC, pH

4.5, 0.2% SDS in regular MilliQ #D] (1:1) for 5 min at RT then washed &x&in with solution Il at

65 °C followed by 3 x wash for 5 min each in MAB [100mM Maleic acid, 150 mM NaCl, 2mM
Levamisole, 0.1% TweeR0.] at RT. Add 12 ml of antibody solution and rock gently at 4°C
overnight after the Preblock embryos in 10% lamb seruMAB/2% blocking reagent for-2 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 NacCl , 100 mM T+i$Cl, pH 9.5, 50 mM MgCI2 0.1Twee?0, 2

mM Levamisole] for 10 min at RTollowed by the incubation of the embryos i¥2 Inl 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 b%28eOH/PBST, 50% MeOH/PBST, 75MeOH/PBST
and 100% MeOH for 10 min each and kept for a year28fC. Then the embryos could be
redehydrated by MeOH/PBST (75%MeG# 50% MeOH-> 25% MeOH-> PBST) series in reverse

for 5 min each.
Whole mount embryo immunostaining

Embryoswereisolated in the dissection medium (PBS+) [PBS containingthdgl Ca+]. Then these
embryoswerefixed for 20 min at RT in 2% PFA in PBSfellowed by permeabilizing for 10 to 15

min in the permeabilization solution [DM Glycin/0.1% TritonX-100]. Transfeithese embryos into
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blocking solution [0.1% TweeR0; 10% FCS; 0.1% BSA; 3% Rabbit, Goat or Donkey serun3)]. 2
hours later the primary antibodiegere added into blocking solution and incubét®/N at 4°C.The

next day leave these embryos for another 2$hauRT. After 3 times wash with PBST, these embryos
wereincubated with secondary antibody for minimum 3 hours at RT then wash with PBST for 3 times.
Afterwards these embryasere dehydratd with a series of 30%, 60% and 80% Glycerol in PBST+
for 5 min e&gh. Then embed the embryos in the embedding meftiuthe microscopy analysis.

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

Embryoswerefixed in 4% PFA at 2C O/N and wash quickly with PBS. Differecbncentration of
Ethanolwasused to dehydrate the embryos (25%, 5@%6,96% and 100%ethano). 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 dighttion.

The embeddecembryos weresectionedfrom different layersby microtome Fist these slidevere
deparaffinized irXyleneand then rehydrated H00% 96% 75% and50% ethanol Afterwards these
slides were stained withHematoxylinand thencounterstainedvith Eosin After staining the slides
weredehydratd and mourgdwith cytoseal.

4.5 Mouse methods

Generation of conditional mouse knockout stains

Heterozygous mice with successful germ line transmission of the targeted alleleyenerated
throughthe EUCOMM project. Setdb1 begml mowse was introduced Figcombinase to remove the
betagalgenec as s et t e r e allaléstTo disyuptiSebl pretein,chamiozygous SetdB 1™
mice were crossed with different Cre lines. To monitor the Setdbl deleted cells"&Ettbmice
were crossewith CAG-CAT-EGFP reporter mice (Nakamura et al. 2006).

Genotyping

Genomic DNAwasisolated from tail bioges Proteinase K (Invitrogen) in tail buffer (50 TRIS pH
7.4, 100mM EDTA, 100mM NacCl, 1% SDS) at 55°C overniglals used to remove proteins. DNA
was precipitated by high saland isopropanol and resuspeird 1XTE buffer. Genotypingvas
performed as standard endpoint PCR reaction in 25pul volume.

For very less cell numbexsf early embryos (earlier than E8.5), cellere lysedwith Lysis buffer
(50mM KCI, 10mM Tris HCI PH8.0, 2mM Mggl 0.45% NP40, 0.45% Tween20) and proteias
degmadal with Proteinase K at 5& for at least 3 hours. Then inactivate proteinase Kdating

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

vector company description
pDonor Zeo Invitrogen Bacterial expression vector, containing att sidegé&beway
cloning
. Mammalian expression vector;t€rminal EGFP tag, CMV
PEGFP N1 Invitrogen promoter, polyadenylation signal from SV40
CMV mve Invitrooen Mammalian expression vector;tdrminal emyc, HA tag, CMV
P y 9 promoter, polyadenylation signal fro&/40
0Gex6P1 Invitrogen Bacterial expression ve_cto_r,—tNrmmal GS‘!’ tag, tac promoter
PreScission cleavage site
pET21 Novagen Bacterial expression vector

Table 4.2 Bacteria strains

Strain company genotype
F—ompT gal dcm lomsdSB(rBmB-) A ( DE 3
BI21 (DES3) NEB [lacl lacUV5-T7 gene 1 ind1 sam7 nin5])
F- endAl gInV44 thil recAl relAl gyrA96 deoR nupG
DHS alpha Promega | 80 d1 aczAMI BrgBYLBIahSARYTAKNK + )—,
Stellar clontech F- ar ap,rdo(ABac [ 80d | acZAM

A ( mhsdRMSmcr BC) , Amcr A, d
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Table 4.3 Primer sequence

Genotyping primer
For Setdbl mouse
Setdbl flox F TCTTTGAGCCAGAGCAAGCAGG
Setdbl flox R TGGCAGCTCACAAGCACATTCA
setdbl betagal F AGTAAATCTTTGAGCCAGAGCAAGC
setdbl betgal R TTCTTCTGTTAGTCCCAACCCCTT
Setdbl flp F GTGGATCGATCCTACCCCTTGCG
Setdbl flp R GTCCAACTGCAGCCCAAGCTTCC
Setdbl delta F AGTAAATCTTTGAGCCAGAGCAAGC
Setdbl delta R TCACAGAGATCCACCTGCCTTTCCT
Setdbl Soxl1-tre F GTGTATAAGCCCGAGATGG
Setdbl Soxl1-tre M CTCAACTGTTCAAGTGGCAG
Setdbl Soxl1-tre R GATCTATGGTGCCAAGGATGAC
Cloning primer
Setdbl 698f GGGGACAAGTTTGTACAAAAAAGCAGGCTACACC
ATGTTGGACATCACCTATG
Setdbl 1308f ZBg?C?TA&CCCé%Trng;?\EAAGAAAGCTGGGTCAAGA
Mutagenesis primer
Setdbl H1241L f CCGCTACCTCAATCTGAGTTGCAGCCCCAAC
Setdbl H1241L r GTTGGGGCTGCAACTCAGATTGAGGTAGCGG
Setdbl H1241R f GCCGCTACCTCAATAGGAGTTGCAGCCCCAAC
Setdbl H1241R r GTTGGGGCTGCAACTCCTATTGAGGTAGCGGC
Setdbl C1243Af CTACCTCAATCACAGTGCCAGCCCCAACCTGTTTG
Setdbl C1243Ar CAAACAGGTTGGGGCTGGCACTGTGATTGAGGTAG
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Table 4.4Primers 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 CGAGGG TGG TTCTCTACT CCAT
IAP U3 R | GACGTG TCACTC CCT GAT TGG
IAP pol F CTT GCC CTT AAA GGT CTA AAA GCA
IAP pol R | GCG GTA TAA GGT ACA ATT AAA AGA TAT GG
IAP global F CGGGTCGCGGTAATAAAGGT
IAP global R | ACTCTCGTTCCCCAGCTGAA
Igfar 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
Mpvl7L F | TCATGTACTGGCCCTTTGTG
Mpvl7L R | TATGGACTGCAGTGTACCATCG
Rex2 F | TGTTTGCTCCTCACCAAGAA
Rex2 R | CCTCCGATGAGAAGTCCAAA
Cerl F | ACTGTGCCCTTCAACCAGAC
Cerl R | CATTTGCCAAAGCAAAGGTT
Thox4 F GAGGATGTTCCCCAGCTACA
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Tbhox4 R | ATCCGGGTGCACATAAAGTC

Foxal F | CCTCCGATGAGAAGTCCAAA

Foxal R | TGTTAGGGACTGTGAAGATG

Nodal F | TTCAAGCCTGTTGGGCTCTAC

Nodal R | TCCGGTCACGTCCACATCTT

Hnflb F | AGGGAGGTGGTCGATGTCA

Hnflb R | TCTGGACTGTCTGGTTGAACT

Wnt3 F | GGAGCGACAGTCAGATCTCC

Wnt3 R | AGAAGAGACCTGCCTCCACA
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Table 4.5 Antibodies used for immunofluorescence and western blot

Antibody company
Setdbl SantaCruz
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 knoclout
DAPI: 4,6-Diamino-2-phenylindol
DNA: deoxyribonucleic acid
ESCs embryonic stem cells
GFP: Green Fluorescent Protein

GST: GlutathiorS-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

mMiRNA: microRNA

MRNA: messenger RNA
ncRNA: non coding RNA

PCR: polzmerase chain reaction

gRT-PCR:quantitative Realime polymerase chain reaction

RNA: Ribonucleic acid

SET: suppressor of variegation, enhancer of zeste and trithorax

Setdb1:SET domain, bifurcated 1

Suv39h1l: suppressor of variegatio® Bomolog 1
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Suv39h2: suppressor of variegatio Bomolog 2
Suv420h1: suppressor of variegatior2@ homolog 1
Suv420h2: suppressor of variegatior2@ homolog 2

XEN: extraemryonic endoderm
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END
1

Table 1. Affymetrix array data list of Setdb embryos. These genes which are more than 1.2

fold change are listed.

Gene symbol or ID Ratio Mut/Ctrl rawp
Slc13a4 0,48 3,22E03
Reep6 0,60 1,63E02
Klb 0,57 2,58E03
Slc2a2 0,57 2,34E03
Xir5¢ 0,59 6,95E04
Chd7 0,82 2,11E01
Garl 0,69 1,23E02
Capn2 0,71 2,21E02
Chd7 0,85 2,82E01
Setdbl 0,62 7,17E05
Nolcl 0,75 6,53E02
Xir5¢ 0,64 1,84E03
Rnf213 0,81 2,07E01
Epb4.1I3 0,79 1,58E01
Rbm25 0,77 1,11E01
Rbm25 0,77 1,16E01
Supt16h 0,80 1,50E01
Slc7a7 0,61 3,10E04
Slc20al 0,68 2,22E03
Sgkl 0,62 7,99E04
Ddx21 0,76 6,06E02
Pbrm1 0,82 1,98E01
Slc16a6 0,66 1,83E03
Naal5 0,80 1,30E01
Rad5412 0,80 1,43E01
Trim44 0,82 1,76E01
Cerl 0,65 1,33E04
Chd7 0,90 4,09E01
Cldn2 0,69 4,39E03
C330019G07Rik 0,89 3,52E01
GENSCANO00000007344 0,82 1,63E01
Marcksl1 0,74 4,63E02
Rbm47 0,69 7,62E03
Chd7 0,89 3,46E01
Dnajc13 0,78 7,94E02
2210011C24Rik 0,64 9,62E04
Ckap2| 0,77 4,10E02
Purb 0,85 2,59E01
Chd7 0,93 4,83E01
Chd7 0,91 3,97E01
Thoc4 0,73 3,44E03
Foxc2 0,77 7,37E02
Stox2 1,04 6,85E01
Eif3b 0,80 8,51E02
Kif5b 0,88 3,11E01
Ncl 0,83 1,76E01
Kdr 0,74 1,68E02
Pbrm1 0,83 2,16E01
Myo9a 0,87 2,85E01
Hnrnpu 0,84 2,16E01
Igf2bpl 0,89 3,59E01
Opa3 0,77 3,83E02
Tcfl5 0,70 1,36E04
Rrplb 0,81 1,31E01
Zfp259 0,74 5,96E03
Srsf2ip 0,88 3,01E01
Elovl6 0,82 1,35E01
Ppp1r7 0,82 1,38E01
Odcl 0,70 1,92E03
Srp72 0,83 1,49E01
Srrm2 0,83 1,84E01
Yars 0,79 6,97E02
Stxbp4 0,93 4,62E01
Zbed3 0,79 4,70E02
A530032D15Rik 0,80 7,75E02
4932438A13Rik 0,90 3,81E01
Ltnl 0,78 4,92E02
Smc3 0,88 3,34E01
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Igfbp5 0,77 3,05E02
Ftsj3 0,80 6,12E02
Ckap5 0,84 1,84E01
Cdk12 0,89 3,46E01
Xir3c 0,73 1,21E03
Zc3h4 0,82 1,27E01
Usp8 0,83 1,35E01
Rbms1 0,82 9,42E02
Podx! 0,84 1,69E01
Prpf40a 0,83 1,34E01
Pabpc4 0,79 3,83E02
Ltbr 0,71 3,56E05
Sfrpl 0,88 3,04E01
Ltnl 0,81 7,39E02
Aff4 0,92 4,39E01
Tripl2 0,86 2,26E01
Selll3 0,71 5,19E04
Eif3a 0,81 7,88E02
GENSCAN00000029169 0,74 1,94E03
Mtap4 0,85 2,14E01
Hspa4 0,83 1,11E01
Scpepl 0,74 4,52E03
Arid3c 0,69 1,08£04
C230081A13Rik 0,94 4,83E01
Srrml 0,85 2,06E01
XlIr3a 0,74 1,74E03
Luzpl 0,86 2,65E01
Pabpc4 0,80 4,38E02
Rnasen 0,91 3,91E01
Eif3] 0,80 5,39E02
Pabpc4 0,80 4,83E02
Hnrnpa3 0,87 2,63E01
Hnrnpa3 0,87 2,63E01
Wnk3-ps 0,83 1,17E01
Dhx8 0,82 7,86E02
Brwd3 0,83 1,53E01
Pabpcl 0,85 1,90E01
Gnl3l 0,81 6,94E02
4932438A13Rik 0,96 5,81E01
Eif3] 0,79 3,67E02
Lyar 0,83 1,23E01
ENSMUST00000150411 0,77 6,81E03
Hnrnpa3 0,86 2,52E01
Adamts9 0,83 1,32E01
Arhgaplla 0,82 1,16E01
Tetl 0,93 4,86E01
Srgapl 0,82 9,42E02
Dhx29 0,81 5,40E02
Pabpc4 0,80 5,81E02
Actn4 0,86 2,58E01
Nf2 0,85 1,90E01
Myo9a 0,91 4,24E01
Tgsl 0,84 1,37E01
4932438A13Rik 0,92 4,53E01
Tet3 0,85 1,97E01
Pvr 0,74 1,45E03
Ddx24 0,81 4,19E02
Psmc2 0,77 3,03E03
Nfe212 0,79 2,42E02
Hnrnpa3 0,87 2,53E01
Odcl 0,74 2,04E03
GENSCAN00000041795 0,80 3,76E02
Ywhab 0,84 1,33E01
Igf2bpl 0,84 1,32E01
Bmsl 0,83 1,14E01
Sox17 0,74 8,67E04
Hnrnpd 0,85 1,73E01
Mnsl 0,84 1,51E01
Hnrnpa3 0,87 2,83E01
Fus 0,86 1,83E01
Crebbp 0,92 4,53E01
Ddx46 0,92 4,33E01
Hnrnpa3 0,88 2,90E01
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Ltnl 0,82 8,01E02
Ogfr 0,81 4,42E02

Gemin5 0,81 7,37E02
Eif3c 0,87 2,48E01
Smarca4 0,90 3,67E01
Hnrnpul2 0,87 2,63E01
Slcl6al 0,75 3,07E03
Ubgln2 0,86 2,30E01
Mprip 0,94 5,27E01
Csda 0,85 1,48E01
Zdbf2 0,83 9,37E02
Bmpr2 0,87 2,67E01
Mettll 0,75 4,65E03
Chd8 0,85 1,69E01
Dkcl 0,86 1,79E01
Hnrnpa3 0,87 2,53E01
Sartl 0,91 3,72E01
1200009022Rik 0,76 1,18E03
HnrnpaO 0,82 5,25E02
Actnl 0,87 2,42E01
Slco3al 0,80 1,81E02
Chd7 0,96 5,70E01
Aakl 0,85 1,76E01
Ddc 0,79 1,56E02
Fscnl 0,88 2,60E01
Kpnbl 0,84 1,07E01
Ddx23 0,83 9,66E02
Ccdc86 0,82 8,39E02
Usp7 0,88 2,65E01
Nudt1l 0,75 1,76E03
Trpsl 0,90 3,41E01
Zfp398 0,79 1,70E02
Ralbpl 0,87 2,02E01
Clintl 0,83 6,70E02
Cltc 0,83 8,65E02
Arhgapl 0,84 9,65E02
Bat2I2 0,92 4,76E01
Setx 0,87 2,36E01
Chd7 0,88 2,51E01
Zc3h18 0,84 1,09E01
Sall4 0,85 1,46E01
Srp68 0,86 1,75E01
Ltnl 0,82 6,32E02
GENSCANO00000006406 0,81 2,58E02
Lpgatl 0,78 4,03E03
Frmd4a 0,87 2,24E01
Igf2bp3 0,86 1,65E01
Pbrm1 0,87 1,98E01
Pde3a 0,78 8,20E03
Hectd1 0,87 2,17E01
Nhs 0,81 2, 79602
Psmd1 0,85 1,21E01
Chd7 0,89 3,24E01
Caprinl 0,84 8,50E02
Hsp90b1 0,86 1,53E01
Dhcr24 0,83 5,09E02
Ankrd17 0,92 4,29E01
Fam98a 0,78 2,57E03
Whsc1l 0,90 3,60E01
Nono 0,87 2,12E01
Setd5 0,92 4,30E01
Vim 0,85 1,59E01
Tnks 0,90 3,22E01
Gm340 0,91 4,11E01
Xpnpepl 0,83 6,49E02
Mdn1 0,83 7,38E02
Zmizl 0,96 5,96E01
Gprc5c 0,84 8,28E02
Whbp11 0,86 1,87E01
Dnmtl 0,87 2,18E01
Ddx18 0,81 1,57E02
Pitpna 0,80 1,52E02
Zeb2 0,96 5,82E01
E430025E21Rik 0,86 1,64E01
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Tcf25 0,84 8,48E02
Hcfcl 0,88 2,40E01
Nfyc 0,79 2,81E03

GENSCANO00000005602 0,81 2,64E02
4732471D19Rik 0,91 3,95E01
Trip4 0,81 2,47E02
Stipl 0,83 6,43E02
Ssrpl 0,82 4,55E02
Vcp 0,85 9,44E02
Pa2g4 0,81 1,57E02
Sec63 0,88 2,75E01
Hs6st2 0,83 4,53E02
Mcm6 0,85 1,04E01

Bbx 0,87 1,96E01

Rest 0,88 2,47E01
Chd7 0,97 6,32E01
Hdgf 0,87 1,84E01
GENSCANO00000044609 0,83 5,42E02
5730590G19Rik 0,94 5,27E01
4933411K20Rik 0,83 5,33E02
Zmym4 0,88 2,35E01
Usp42 0,86 1,33E01
2010305A19Rik 0,76 4,86E04
Chd7 0,87 2,23E01
Spna2 0,89 2,88E01
Nmt2 0,83 4,46E02
2610507B11Rik 0,88 2,55E01
Gnall 0,80 6,43E03
Rangapl 0,82 4,32E02
Mis12 0,79 3,72E03
C79407 0,89 2,71E01
Hadha 0,85 9,96E02
Nudc 0,84 6,66E02
D8Ertd82e 0,86 1,61E01
Prcl 0,81 1,82E02
Zfp568 0,83 5,07E02
Gtf2i 0,89 2,51E01
Mia3 0,90 3,35E01

Lars 0,85 9,53E02
Polr3c 0,84 6,61E02
Hnrnpab 0,83 3,03E02
4932438A13Rik 0,95 5,37E01
Fam98b 0,87 1,89E01
4931431F19Rik 0,81 1,06E02
Igf2bp2 0,88 2,41E01
Cdr2 0,78 2,12E03
Ppfibpl 0,83 4,65E02
Zscan4ps2 0,84 7,44E02
Zfp710 0,84 7,42E02
Npcl 0,83 4,75E02
Abcfl 0,88 2,12E01
Lrpapl 0,82 2,79E02
Hsp90aal 0,84 5,87E02
Supt5h 0,88 2,14E01
Dnajcl3 0,87 2,05E01
Tpm3 0,84 5,50E02
Sic39a7 0,83 3,92E02
Myolb 0,85 1,08E01
Smchdl 0,87 1,71E01
Birc6 0,88 2,54E01
Arhgef5 0,85 9,25E02
Ebfl 0,85 1,04E01
Ankrd13a 0,85 1,01E01
Nup214 0,88 2,55E01
GENSCANO00000033295 0,83 3,34E02
Anks4b 0,78 9,28E04
Smarcab 0,90 3,18E01
Heatrl 0,83 3,22E02
2900092E17Rik 0,79 3,80E03
Sh3kbpl 0,93 4,40E01
Prss12 0,76 1,31E03
Dhx38 0,89 2,77E01
Ube4b 0,93 4,47E01
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Rprd2 0,89 2,98E01
Inpp5a 0,81 8,63E03
Fam83b 0,80 7,06E03
Arl2bp 0,82 1,75E02

Hsp90aal 0,86 1,16E01
Gm5471 0,81 8,55E03
Ppmlg 0,82 1,50E02
Hyoul 0,87 1,73E01
Ezr 0,85 1,00E01
Ncapd2 0,89 2,68E01
Rapgef2 0,93 4,42E01
Zfp57 0,83 3,13E02
GENSCAN00000044605 0,85 7,20E02
Gnl2 0,86 1,15E01
Synj2 0,80 6,37E03
Secl6b 0,81 9,99E03
Dnajc11 0,85 6,76E02
Zebl 0,88 2,21E01
Pdxdcl 0,85 7,97E02
Nrp2 0,90 2,80E01
Smarcdl 0,86 1,05E01
Nudt10 0,75 2,19E03
Elac2 0,84 2,75E02
ENSMUST00000120104 0,82 2,35E02
Fat3 0,92 4,26E01
Taf3 0,90 3,17E01
Nudc 0,88 1,94E01
Dennd5b 0,88 1,72E01
Ladl 0,84 5,01E02
Grinlla 0,86 8,78E02
Polrla 0,86 1,27E01
Ltnl 0,86 1,04E01
Hdlbp 0,93 4,67E01
GENSCANO00000048589 0,87 1,25E01
lldrl 0,78 1,56E03
Zfp106 0,97 6,50E01
Rcorl 0,86 8,67E02
Ppp3ca 0,91 3,31E01
Pla2g6 0,85 6,80E02
Rapgefl 0,93 4,36E01
Cog5 0,84 4,18E02
Smurfl 0,86 8,21E02
Fam3c 0,82 8,34E03
Psmcl 0,80 2,75E03
Nasp 0,89 2,29E01
ENSMUST00000120860 0,81 7,89E03
Sael 0,85 5,49E02
Zfp281 0,88 1,94E01
Smarcab 0,91 3,42E01
Qrichl 0,88 1,93E01
Anp32b 0,86 9,07E02
GENSCAN00000031128 0,81 2,88E03
Hsp90aal 0,86 1,04E01
Emel 0,83 1,24E02
Golml 0,94 4,89E01
Thllx 0,90 3,18E01
Smyd5 0,84 4,49E02
GENSCANO00000016966 0,86 9,09E02
Ddx18 0,82 7,19E03
Ctnndl 0,89 2,52E01
Tex2 0,82 1,14E02
Samhd1l 0,88 1,63E01
Myh10 0,90 3,02E01
Sdha 0,86 7,01E02
Ddx6 0,88 1,50E01
Tsrl 0,83 1,78E02
Mapk14 0,82 1,15E02
Mtap 0,83 7,42E03
Cdca2 0,84 2,99E02
Tmx2 0,76 2,06E03
D10Wsu52e 0,84 1,97E02
Ide 0,84 2,50E02
Myst2 0,85 4,34E02
Ltnl 0,87 1,31E01
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Map3k1l 0,90 3,07E01
Tpm3 0,88 1,71E01
Huwel 0,95 5,44E01
MyblI2 0,90 2,96E01
Ly75 0,87 1,25E01
Neol 0,91 3,25E01
X02935 0,83 1,20E02
Sept9 0,93 4,44E01
Naccl 0,89 1,89E01
Thoc5 0,90 2,51E01
Dnajb11 0,81 1,98E03
Acsl1 0,85 4,48E02
Acaca 0,89 2,10E01
Ptpdcl 0,83 6,90E03
Fam180a 0,82 2,36E03
Zfp300 0,80 7,33E04
Epb4.1 0,99 7,27E01
Epb4.112 0,91 3,51E01
Colec12 0,96 5,78E01
Rrpl 0,91 2,95E01
Gpd2 0,87 1,10E01
Ube2r2 0,91 3,17E01
Ppp2r5d 0,91 2,94E01
ENSMUST00000119244 0,85 4,01E02
Brpfl 0,89 2,09E01
2610002D18Rik 0,81 1,27E03
Fbxol1l 0,92 3,58E01
Etfl 0,84 1,02E02
4932438A13Rik 0,96 5,71E01
1810055G02Rik 0,86 4,89E02
Ddx19a 0,84 1,11E02
Lias 0,81 1,45E03
Snx19 0,87 7,69E02
Staul 0,91 2,91E01
Cttn 0,90 2,45E01
Wwpl 0,87 5,86E02
Kcnal 0,86 3,33E02
Carml 0,92 3,41E01
CdkI3 0,85 2,06E02
Txnrdl 0,88 7,87E02
Ahsal 0,83 2,31E03
Ddx42 0,89 1,37E01
Rsl1d1l 0,87 6,95E02
Cdv3 0,87 4,60E02
Cops8 0,86 2,63E02
Sec62 0,88 6,84E02
Eif4g2 0,88 7,46E02
1300018J18Rik 1,14 1,18E01
4930432021Rik 1,11 3,68E01
Cnotél 1,16 3,60E02
OrmdI2 1,12 2,69E01
Prdx5 1,14 1,52E01
Pagr3 1,15 7,75E02
Ndufs4 1,16 8,22E02
Fhit 1,20 5,33E03
OIfr920 1,16 8,11E02
Crot 1,18 2,07E02
Dnasell3 1,19 1,27E02
Edil3 1,28 2,23E03
Fut10 1,17 5,06E02
Apoalbp 1,14 1,90E01
Ppie 1,17 7,78E02
E2f1 1,18 3,78E02
Lsm10 1,11 4,95E01
Esco2 1,20 9,14E03
Lamp?2 1,21 7,44E03
Degs2 1,20 1,22E02
ENSMUST00000058162 1,21 4,67E03
Pex7 1,13 3,44E01
Tm2d3 1,13 3,92E01
Cypl7al 1,28 1,65E03
1700080G18Rik 1,16 1,69E01
Wnt5b 1,20 2,31E02
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Srsf7 1,17 1,29E01
Paip2 1,17 8,54E02

Zfp747 1,19 5,72E02
GENSCANO00000036079 1,15 2,24E01
Krtcap3 1,19 3,93E02
Cblc 1,26 1,18E03
Cdc7 1,17 1,46E01
Fancf 1,18 9,79E02
Atg4c 1,15 2,46E01
Sec61lg 1,19 6,49E02
Ms4al0 1,25 9,26E04
A930001N0O9Rik 1,21 1,34E02
Gabre 1,20 4,13E02
Acpp 1,23 7,08E03
Golga7 1,24 2,46E03
Tafld 1,18 1,11E01
Sdhc 1,20 3,23E02

1115 1,23 5,41E03
Cox7b 1,20 4,97E02
Histlhld 1,21 2,32E02
Efcab2 1,16 2,53E01
Prrgl 1,21 2,32E02
Tmem208 1,23 6,93E03
Gm5465 1,20 3,34E02
GENSCAN00000019883 1,22 1,10E02
Zc4h2 1,18 1,20E01
Fbxo8 1,19 8,59E02
Mov10I1 1,32 1,82E03
Cox6c 1,23 6,48E03
Dpm3 1,18 1,38E01
Pebpl 1,23 8,11E03
ENSMUST00000082933 1,17 1,73E01
Trappc2 1,20 4,98E02
Hexb 1,20 4,98E02
Ube2b 1,17 1,74E01
Tmema82 1,26 2,13E03
Amnl 1,21 5,31E02
RIn3 1,24 5,70E03
E330020D12Rik 1,23 9,79E03
2410076121Rik 1,24 9,23E03
Cldn10 1,18 1,62E01
Dbi 1,25 4,68E03
Hacel 1,21 4,84E02
Ppox 1,24 6,54E03
Mixipl 1,22 2,52E02
ENSMUST00000083299 1,18 1,56E01
Dkk1 1,22 2,72E02
Dppa4 1,26 3,38E03
Ssbp2 1,24 1,06E02
Ndufb11 1,23 1,22E02
2410089E03Rik 1,41 3,59E03
Rnf5 1,20 7,71E02
Rps27a 1,19 1,41E01
Cmpk1 1,21 4,56E02
Romol 1,21 5,39E02
Trappc2 1,21 3,79E02
Gabarapl2 1,20 8,50E02
2310004124Rik 1,21 7,50E02
Dexi 1,22 2,03E02
Zfp560 1,19 1,32E01
Wdr86 1,23 1,54E02
AK132964 1,22 2,78E02
Mthfd2l 1,26 4,69E03
Al597479 1,18 2,22E01
2410004B18Rik 1,18 2,51E01
Rpl12 1,18 2,03E01
Dcaf6 1,24 1,44E02
Cryll 1,20 1,01E01
Ccng2 1,22 3,68E02
Klhi13 1,24 1,86E02
Dnahc6 1,20 8,80E02
1700034H14Rik 1,18 2,63E01
ENSMUST00000101869 1,20 1,06E01
Cda 1,24 1,38E02
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1700094D03Rik 1,18 3,01E01
Ndufal3 1,23 2,77E02
Gm13290 1,32 8,39E04
Taspl 1,25 1,42E02
Lmbrll 1,24 1,60E02
Cox6c 1,25 5,94E03
Atp5j2 1,22 5,86E02
1700012B15Rik 1,28 1,60E03
0610010012Rik 1,24 1,72E02
ENSMUST00000082581 1,18 2,62E01
FbxI5 1,23 2,39E02
H2afv 1,27 2,04E03
Pebpl 1,26 6,47E03
Tmem128 1,20 1,29E01
Rbm44 1,47 5,67E03
Pramel3 1,22 6,80E02
Mrpl32 1,19 2,19E01
Hsbpl 1,25 9,95E03
ENSMUST00000102009 1,18 3,02E01
ENSMUST00000102009 1,18 3,02E01
ENSMUST00000102009 1,18 3,02E01
ENSMUST00000102009 1,18 3,02E01
ENSMUST00000102009 1,18 3,02E01
ENSMUST00000102009 1,18 3,02E01
EU599041 1,41 2,35E03
Pole2 1,23 5,27E02
Mirl5b 1,36 7,32E04
Stard3 1,21 1,02E01
Cenpq 1,24 3,78E02
Tssc4 1,21 1,24E01
Shcbpl 1,27 4,92E03
Arsk 1,25 1,68E02
ENSMUSTO00000083703 1,20 1,70E01
Sic10a4 1,27 5,96E03
Ccdc58 1,21 1,36E01
4930579G24Rik 1,20 1,96E01
Tmem163 1,27 9,81E03
NR_002841.1 1,25 1,91E02
Pramel3 1,23 7,25E02
AA474408 1,25 3,22E02
Lipol 1,23 8,83E02
Akap7 1,26 8,94E03
Thcel 1,24 3,54E02
C330021F23Rik 1,26 1,14E02
Gtf2b 1,21 1,56E01
Tomm7 1,25 2,80E02
Pcmtd2 1,24 3,76E02
Gstml 1,46 3,75E03
9430023L20Rik 1,23 1,00E01
Apoc3 1,27 1,33E02
Atf7ip 1,36 8,06E04
Zfand2b 1,23 8,99E02
Radl 1,21 1,43E01
Romol 1,25 4,03E02
NM_025969.1 1,20 2,60E01
Snora3 1,24 6,07E02
Rab39b 1,25 3,59E02
Gm13152 1,33 2,75E04
Elmod2 1,21 2,05E01
ENSMUST00000099185 1,31 2,69E03
Cercam 1,26 2,68E02
Selk 1,24 4,99E02
Bcl10 1,22 1,03E01
Gm16386 1,29 4,71E03
Rxrg 1,34 1,59E03
Gm13152 1,30 1,51E03
Ppil5 1,23 1,05601
1700029101Rik 1,38 8,46E04
Scai 1,24 6,44E02
Snora3 1,24 6,77E02
Lsm5 1,22 1,36E01
Efna3 1,26 3,18E02
Gstpl 1,32 1,31E03




97 APPENDIX
Klk1b27 1,27 1,29E02
Rnfl13 1,23 9,51E02
Cenpw 1,25 4,03E02
Tmshb4x 1,29 7,28E03
Ndufcl 1,25 3,34E02
Sgppl 1,23 1,21E01
Rps14 1,23 1,54E01
Cptlc 1,29 1,00E02
Serfl 1,28 8,60E03
Aplpl 1,41 1,61E03
Lrrc3b 1,36 6,34E04
AK010586 1,38 8,26E04
Zfp595 1,24 1,08E01
Pdcd10 1,21 2,11E01
Mterfdl 1,24 8,46E02
Gpr85 1,28 7,52E03
Fdxacbl 1,25 6,30E02
Gulpl 1,25 7,65E02
Mboatl 1,35 1,78E03
Pde6d 1,24 8,05E02
Nudt14 1,23 1,52E01
Lsm5 1,23 1,53E01
H2-Keb 1,29 7,88E03
Tcn2 1,34 9,83E04
BC088983 1,23 1,32E01
ENSMUST00000083907 1,25 7,40E02
Fgg 1,37 1,54E03
GENSCANO00000042973 1,29 1,43E02
Med21 1,22 2,04E01
Ndufb1l 1,28 1,58E02
Cpne3 1,32 8,45E04
Ndufb2 1,24 1,48E01
Rxrb 1,25 9,76E02
Tmem54 1,31 9,80E03
Cox6bl 1,30 1,15E02
Pramel3 1,28 2,66E02
GENSCANO00000037690 1,31 5,35E03
1110003E01Rik 1,28 1,36E02
Myl6 1,31 6,69E03
Ccbl2 1,34 1,70E03
EU599041 1,48 1,19E03
Pafah1lb3 1,27 4,79E02
Lgalsl 1,31 4,85E03
ENSMUST00000093641 1,27 3,82E02
Mterf 1,24 1,52E01
Sh3gl2 1,31 5,24E03
Histlh4i 1,32 3,45E03
Aldh6al 1,33 5,61E03
Qtrtl 1,28 3,25E02
Myl6 1,30 1,59E02
Trpc6 1,30 1,58E02
Vamp7 1,27 6,74E02
Snora73a 1,22 2,70E01
Fzd8 1,27 6,28E02
0610009B22Rik 1,24 1,58E01
Gstm?2 1,30 1,68E02
Snora70 1,26 1,01E01
ENSMUST00000093713 1,27 5,90E02
Anxa2 1,29 2,84E02
Rpl2211 1,26 9,65E02
Snord104 1,31 1,19E02
Myl6 1,31 1,19E02
KIhi32 1,29 1,61E02
1110rb 1,30 1,76E02
Ndufcl 1,29 2,31E02
Hrsp12 1,26 1,14E01
ENSMUST00000082561 1,28 4,63E02
Myl6 1,31 1,32E02
Myl6 1,31 8,81E03
Vnnl 1,34 9,51E04
Ndufa3 1,32 9,84E03
Gm10374 1,34 4,26E03
Wdr90 1,32 1,27E02
Myl6 1,31 1,09E02




APPENDIX 08
Rpl2211 1,27 7,43E02
Vamp4 1,30 2,33E02

Rdml 1,34 2,75E03
Snord35a 1,28 8,21E02
Snora61 1,24 2,83E01
Snora7a 1,28 7,41E02

Mtchl 1,37 6,91E04
Brp44l 1,22 3,79E01
Tmem159 1,31 1,89E02

Gstm6 1,28 9,45E02
Gm13139 1,41 8,04E04

Aim2 1,36 5,28E03

Rpl13 1,28 1,08E01
Tmco6 1,27 1,11E01
Snord33 1,25 2,55E01
Mif4gd 1,28 8,56E02

Npnt 1,41 1,68E03

Mterf 1,29 3,76E02

Snhgl 1,25 2,37E01

ENSMUST00000091320 1,31 1,83E02
Lsm7 1,28 8,64E02
NM_028615 1,39 1,78E03
Hormadl 1,44 5,81E04
NM_001082620.1 1,51 1,66E03
Slc25al14 1,32 2,67E02

Fcgr3 1,37 4,23E03

Btg2 1,33 6,31E03

2610524H06Rik 1,35 3,94E03

Stral3 1,33 1,98E02

Krccl 1,31 3,19E02
Dnajb9 1,27 1,54E01

E130120F12Rik 1,32 2,96E02
B230315N10Rik 1,31 4,92E02

Fabp7 1,31 4,09E02

Ldocl 1,50 9,06E04

Cetn2 1,33 1,48E02
KIhi24 1,42 3,14E05

Ly96 1,30 9,78E02

1700030C10Rik 1,39 1,46E03

Trpcl 1,36 1,22E02

Lekrl 1,31 4,17E02
Tmem38b 1,29 1,51E01
Smpdi3a 1,30 8,84E02

Atp5I 1,30 8,98E02
Dppaba 1,36 6,27E03

ENSMUST00000049869 1,33 3,74E02
Hspbl 1,41 3,78E04
ENSMUST00000083266 1,26 2,76E01
Lsm7 1,30 9,59E02
ENSMUST00000137320 1,30 9,89E02

Tmed6 1,38 1,02E03

Spopl 1,33 3,09E02

Lcmt2 1,39 2,22E03

Pdpl 1,37 4,76E03

Hspbl 1,41 3,48E04

Meigl 1,25 4,34E01
Lgals9 1,40 3,43E03
Nckapll 1,43 5,52E04

NM_001081226.1 1,35 2,05E02
Pnliprp2 1,48 6,67E05

Gls 1,32 6,46E02

Zfp640 1,45 1,56E04

Rac3 1,31 1,01E01
AK044970 1,40 3,12E03
AK044970 1,40 3,12E03
AK044970 1,40 3,12E03
ENSMUST00000082919 1,32 7,84E02

Atp5l 1,31 1,33E01

Cmi3 1,44 2,44E03
Ankrd10 1,32 1,04E01

Nxt2 1,37 8,55E03

AU022751 1,41 1,46E03
Ugt2b38 1,33 6,92E02
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NC_005089 1,34 5,15E02
Spry3 1,40 4,43E03
Gnpda2 1,35 2,64E02
Tktl2 1,51 6,38E04
Atp5I 1,33 1,06E01
Histlh2bc 1,43 2,54E04
Npbwrl 1,44 1,41E04
Mir20a 1,47 2,22E03
Acatl 1,38 1,53E02
Bves 1,42 2,50E03
Spp2 1,42 8,42E04
ENSMUST00000093682 1,36 4,42E02
1700029101Rik 1,51 1,04E04
Atp5l 1,33 1,44E01
Stag3 1,41 4,72E03
Cripl 1,35 5,67E02
Atp5I 1,34 1,07E01
Atp5I 1,34 1,16E01
Sec61b 1,38 2,87E02
1810037117Rik 1,33 1,51E01
Ndufb8 1,36 8,98E02
Ms4a4d 1,44 1,89E03
ENSMUST00000142348 1,38 2,70E02
3110007F17Rik 1,44 1,85E03
Sic7al3 1,39 2,34E02
ENSMUST00000082651 1,36 6,86E02
Ccl27a 1,40 1,98E02
Ccl27a 1,40 1,98E02
Btla 1,45 7,44E03
Hsd3b4 1,44 2,33E03
Hsd3b4 1,44 2,33E03
S100al 1,40 2,66E02
Dhrs7 1,44 3,86E03
ENSMUST00000067345 1,46 4,14E03
Sec61b 1,39 6,53E02
Clec2j 1,58 7,17E05
Sec61b 1,40 3,80E02
Akricl2 1,45 2,63E03
Scarnal3 1,40 2,98E02
Ugt2b34 1,47 4,65E04
3110057012Rik 1,40 4,90E02
Ccl27a 1,41 3,33E02
Ndufb7 1,42 2,07E02
Gm10752 1,37 1,11E01
3110007F17Rik 1,48 1,55E03
Cd28 1,56 1,14E04
Klk1b24 1,62 2,91E05
Greel0 1,41 3,34E02
3110007F17Rik 1,49 1,58E03
Enpp3 1,61 1,05E03
D6Mm5e 1,54 5,00E04
Fthi17 1,43 2,25E02
ENSMUST00000083155 1,44 1,73E02
Fkbp6 1,55 5,03E05
Gstp2 1,55 2,56E05
Cyp4al2a 1,54 7,98E04
Fxyd5 1,60 4,59E04
Snora73b 1,39 1,07E01
Plac8 1,44 4,02E02
Histlhilc 1,52 6,12E04
Mir7-1 1,41 7,38E02
Rpl13a 1,42 6,75E02
Trim13 1,47 4,62E03
Fut9 1,50 4,56E03
Gstp2 1,58 3,25E05
Rnfl7 1,56 1,55E04
Apoa2 1,50 2,35E03
Gm13235 1,67 4,88E05
ENSMUST00000082475 1,52 4,65E04
Actré 1,43 6,29E02
Fthi17 1,48 1,10E02
Trp53inpl 1,48 5,03E03
Sepwl 1,51 3,42E03
Histlh2ae 1,51 3,67E03
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4833442J19Rik 1,52 1,22E03
Gm13051 1,67 5,64E05
Rex2 1,68 3,81E05
ENSMUST00000088218 2,29 8,84E03
Fsd1l 1,55 2,12E03
Emcn 1,58 1,55E03
ENSMUST00000101881 1,45 6,55E02
A830018L16Rik 1,55 2,45E03
Tex12 1,60 6,10E04
Uqgerll 1,47 3,68E02
Mirlet7f-1 1,68 1,24E03
Tspo 1,47 5,11E02
Snora28 1,47 5,04E02
Mir302d 1,47 6,60E02
ENSMUST00000083025 1,52 1,20E02
Tc2n 1,53 7,08E03
Uqgerll 1,49 4,02E02
Gm13154 1,70 3,10E05
Mir302a 1,50 4,42E02
Tdgfl 1,64 1,56E04
Bstl 1,56 7,02E03
Mir301b 1,68 5,25E05
Rnu3b4 1,55 1,16E02
Rnu3b4 1,55 1,16E02
Rnu3b4 1,55 1,16E02
Rnu3b4 1,55 1,16E02
Gm15107 1,59 7,19E03
1110001J03Rik 1,50 6,70E02
ENSMUST00000082466 1,55 1,51E02
BC035947 1,75 1,56E04
NC_005089 1,58 1,30E02
Dppa2 1,70 1,07E05
ENSMUST00000157774 1,61 9,76E03
Serpinala 1,73 4,39E05
Apoc2 1,77 5,89E05
Rps12 1,56 2,74E02
Tuba3a 1,70 2,69E03
Mir19b-1 2,00 9,96E04
ENSMUST00000099683 1,64 2,34E03
ENSMUST00000083959 1,53 1,44E01
Gpx3 1,90 4,73E04
ENSMUST00000099046 1,64 5,70E03
Myl4 1,81 1,34E03
Afp 1,82 1,06E04
Gm15107 1,67 6,68E03
Gm15107 1,67 5,70E03
Gm15107 1,69 4,69E03
Gm15107 1,69 4,69E03
Nat8 1,76 7,49E05
Gm11275 1,74 8,76E04
Gm15107 1,70 4,48E03
Zfp600 1,82 9,33E05
Gm5226 1,87 2,52E05
Gm15107 1,72 1,24E02
Gm773 1,77 2,37E03
Serpinf2 1,81 9,30E04
S100a1l 2,02 8,81E05
C330022B21Rik 1,80 1,98E04
Mir302c 1,71 1,87E02
Mirl8 2,06 7,99E06
Snora44 1,59 2,83E01
ENSMUST00000083947 1,79 1,47E03
1700110I01Rik 1,93 4,71E05
Serpinale 1,91 2,35E05
S100all 2,06 4,36E05
Plbd1 2,11 7,39E06
Al481877 2,03 1,99E07
Serpinala 1,82 2,66E03
Zfp640 1,91 3,34E04
Cyp2d26 1,79 8,46E03
ENSMUST00000083028 1,82 2,42E03
Akrlcl9 1,84 3,39E03
LOC280487 2,11 4,31E04
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Mir19b-2 1,85 2,27E03
Gm15107 1,83 1,01E02

Rnulbl 1,91 2,38E03
Mir302b 1,84 7,53E03
Rnulbl 1,91 2,74E03
Rnulbl 1,91 2,74E03
Rnulbl 1,91 2,74E03

Duspl 1,93 2,91E05
Cyp4al2b 2,20 1,03E03

Alb 1,82 1,76E02
Histlh2aa 1,86 6,42E03

Sppl 1,85 2,24E02
ENSMUST00000054349 2,15 1,46E04
Gm15107 1,90 7,82E03
Vmn2r-ps104 2,01 8,73E05
Mirl9a 2,12 1,55E06
Rnulbl 2,00 1,93E03
Hist2h3c2ps 2,09 1,49E05
ENSMUST00000099056 1,97 2,00E03
ENSMUST00000147569 1,96 3,66E03
Rnyl 1,88 8,99E02
Hist1h2bg 2,14 8,58E04
Rnu3a 1,98 2,25E02
Akricl3 2,16 4,25E05

Lgals2 2,19 6,62E05
Gm7120 2,25 1,23E04

Mupl 2,09 1,02E02

Ddx4 2,43 5,42E04
ENSMUST00000099414 2,21 3,47E04
2610305D13Rik 2,38 1,68E04
S100g 2,26 3,04E05

Khdcla 2,24 7,53E05
1700110101Rik 2,36 2,80E05
ENSMUST00000099042 2,16 4,20E03
Ugt3a2 2,08 4,76E02

Khdclc 2,38 4,62E05

Defbl 2,12 4,87E02
3830403N18Rik 2,33 5,04E04
Zfp640 2,34 8,79E06
Slc25a31 2,46 1,83E07
Gm13235 2,59 4,22E05
Gm13235 2,59 4,22E05

Xlr 2,37 6,90E06
NC_005089 2,28 1,20E02
Ccnblipl 2,36 1,09E03

Mup7 2,32 1,11E02

Mupl 2,33 1,36E02

Mup3 2,35 5,97E03

Rex2 2,72 3,02E07

Dppa2 2,72 9,27E05

Klk1b5 2,31 3,86E02

Taf7l 2,71 1,11E06

Ugt3a2 2,33 2,91E02
ENSMUST00000099042 2,46 8,40E04
Mup7 2,43 7,84E03

Ube2l6 2,86 1,36E06

Zfp640 2,62 1,05E03

Mupl 2,52 1,18E02

Kegl 2,43 6,44E02
ENSMUST00000099046 2,53 5,55E03
Sultldl 2,59 5,41E02

Mup7 2,69 8,95E03

Zfp640 2,96 4,09E04

Mup7 2,87 8,82E03

Mael 3,27 1,54E06

Akrlc21 2,95 1,88E02
Zfp640 3,22 9,47E05

Zfp558 3,50 2,72E06
1700110101Rik 3,34 2,08E05
ENSMUST00000112652 3,44 1,17E07
NM_001081285.1 3,27 5,96E05
Hbaal 3,69 6,53E05

Hbaal 3,72 6,89E05

Kap 3,28 1,24E02
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Gm13242 456 1,13E06
Hbb-b2 432 4,90E05
Gm10324 437 3,72E08
Hbb-b1 434 5,27E05
Sycp3 4,67 5,07E07
Rpl39l 447 4,26E07
Mpv17] 4,79 3,33E09
Tmem27 3,98 1,43E02
Gabrrl 9,97 1,18E08
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Table 2. Mass spec list of Setdbl Flag IP$rom two repeats (MaxQuant analysis). K9G1
represerd SetdbtFlagknockin cell line

. Prepl Prep2
Protein ID Gene Names K9G1/Conl K9G1/Con2

1P100844695 Setdbl 15234000 7011400
IP100380770 Atf7ip 3513800 1940600
1P100222310 2700007P21Rik 2912700 580930
1P100121788 Msp23 754400 0,679023205
1P100119581 Fbl 451090 3,455792835
1P100108271 Elavil 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
IP100830976 mCG_19661 43921 60337
IP100649060 Akap2 39776 29480
IP100661618 24,77432583 1835400
1P100831490 Igk-V33 20,75728639 0,169387879
1P100828741 C130057N11Rik 17,4325835 0,430948802
1P100230394 Lmnbl 10,40208692 1153300
IP100458765 Khdrbs1 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 CP110VL 2,714674601 0,908797109
1P100230035 D1Pasirs2 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
IP100396739 Smarcab 1,564443215 1,185532792
IP100475246 Igh 1,533822143 0,024505694
IP100555042 Ehmtl 1,466704779 69395
IP100131674 2210010C04Rik 1,465431677 0,445046698
1P100420329 Ascc3l1l 1,419159456 2,231763417
IP100378855 1,351833195 0,758565921
IP100785509 ENSMUSG00000076577 1,276045002 1,253294892
1P100119478 Tmod3 1,251496105 4,178305667
IP100395100 EG386551 1,236693376 5,992525861
IP100653307 Ddx17 1,232398507 10,20751578
IP100605227 mKIAAQ0138 1,220859388 41934
1P100346834 Krt76 1,175764925 0,508735493
1P100929832 Nup205 1,136992493 86036
IP100405665 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 anttMOG kappa 0,89022635 0,550355484
1P100403589 Erh 0,87768683 0,266770466
1P100421014 0,87522576 0,088366024
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1P100831162 G8(anttMRBC) V-2/ JL 0,871932005 0,690615938
IP100720058 mKIAA0035 0,83663764 4,667275404
1P100420481 Tpx2 0,836241519 0,911940406
1P100115660 Tcofl 0,804229231 1,368369984
1P100318048 Nol5a 0,774251694 290230
IPI00678584 Igl-V2 0,748202958 1,808299312
1P100230044 Tpm3 0,747153942 84958
1P100309398 Cdc46 0,722074481 2,274972444
1P100226073 Hnrnpf 0,711749885 0,695848999
IP100553499 1I9G1 TS1 VL 0,707814758 1,080514227
1P100460668 Bafl90a 0,70499131 46086
IP100623570 cbp37 0,652124721 3,624524953
1P100462809 0,62956751 2,278531283
1P100130343 Hnrnpc 0,614102277 3,078151528
1P100458190 Pde4d 0,596916981 1,174069511
1P100138207 ENSMUSG00000056850 0,588912051 0,073267885
IPI00663560 0,536877127 1,084742233
1P100921658 Flna 0,521325752 0,832055571
IP100127415 Npm1 0,517208629 0,544864637
1P100319830 Elf 0,482388879 1,608726454
1P100929786 Kiaa0731 0,426001085 68670
IPI00757312 Myh10 0,397899846 151880
1P100124573 BC018507 0,397651913 1,138087227
1P100850020 Igk-C 0,39557459 0,244950175
1P100817029 Glyrl 0,358545395 0,148482186
1P100224127 D2Wsu81le 0,337817702 0,466979773
1P100269662 Hnrnpa3 0,332080059 1,088514764
1P100653841 Capzal 0,330813955 184280
1P100331424 Prp31 0,324340172 0,103910273
1P100453826 Matr3 0,322711062 0,216374032
IPI00330000 Hist2h2aal 0,311446268 3,589436313
IP100623776 H4-12 0,287392197 3,871513356
IP100331461 Rpl1l 0,241641686 0,771918427
1P100221581 Eif4b 0,241258916 3,099947114
1P100221694 Bola2 0,229085772 1,276419748
1P100323819 Rps20 0,226625867 8,368138483
1P100129468 Cbx3 0,203910076 2,84096133
IP100762198 Hbb-b1 0,186718863 38586
1P100348270 Hist2h2bb 0,184701805 9,157242981
1P100153400 H2afj 0,156490718 131640
1P100282848 H3.3a 0,129058767 4,098003489
IPI00670422 Nhp2I1 0,043285703 4,863509116
1P100108338 Mcm3 0,042250576 0,622419002
1P100119667 Eefla2 0,03560898 0,373263944
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Table 3. List of dysregulated genes from Setdb1l 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 5,91
Ddx3y -6,42 4931409K22Rik 5,73
0610038LO8RIk -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 5,21
Dmrt3 -5,02 Cd79b 5,16
Nuprl -4,98 Gm10304 5,16
2900055J20Rik -4,83 Slc9a2 5,11
Chacl -4,77 Lrrc24 5,06
Ankrd1 -4,72 Gm10434 5,03
Fstl3 -4,70 Ninj2 5,00
Ern2 -4,56 Gm13230 5,00
Ntf3 -4,56 Slcl7a8 4,79
Gm20448 -4,56 Dpys 4,76
Smpdi3a -4,45 Aldob 4,76
Huslb -4,40 Ddx43 4,76
Gm17203 -4,34 Rampl 4,73
A230028005Rik -4,34 Gm26627 4,69
GO0s2 -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 Sicl7al 4,39
C730034F03Rik -3,95 1700093J21Rik 4,39
Gm12356 -3,95 Agbl1l 4,39
Gm12264 -3,95 Dnaafl 4,39
Gm5558 -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
Fam22la -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 Sicl4al 4,21
Tex26 -3,79 Cacng3 4,21
1700023L04Rik -3,79 Gm13385 4,21
Sh2d6é -3,79 Gm16124 4,21
Gpr20 -3,74 Gm12908 4,21
Gm20498 -3,70 Gm26189 4,21
Vstm2| -3,70 4933416MO7Rik 4,21
Tmem?72 -3,70 4930467K11Rik 4,21
Gja5 -3,70 4930578MO1Rik 4,21
Histlh2aj -3,70 Akrlc21 4,11
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Gm13133 -3,70 Faml154a 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
RP2329616.9 -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 Abca8h 4,00
Gm13069 -3,60 4921501E09Rik 4,00
Gm25284 -3,60 Ctla4 4,00
Gm26590 -3,60 Ifi44 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
KIk6 -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 12 3,89
Gm26578 -3,51 Hpca 3,89
Ccserl -3,47 Adam5 3,89
Adora3 -3,40 Triml1 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 Gmi16111 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 Nqgol 3,76
Ccdcl51 -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
Rps24ps2 -3,28 S100b 3,76
Gm5535 -3,28 2810032G03Rik 3,76
Gm11451 -3,28 5330416CO1RIk 3,76
Gm12607 -3,28 Cxcl1l 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
Tmem?213 -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 Sic13a3 3,69
Ptger2 -3,16 Morn3 3,69
SIc25a34 -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 Slc39al12 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 Cesba 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 OIfr1006 3,62
Mdgal -3,11 Scgb1b30 3,62
Gm16041 -3,11 Gm17396 3,62
Vep-rs -3,10 Gm7638 3,62
Dmrtl -3,09 Gm12196 3,62
Hs3st3al -3,09 Gm13121 3,62
Mmp12 -3,09 1700123012Rik 3,62
Selenbp2 -3,09 A530076117Rik 3,62
Smpd5 -3,09 Gm14157 3,62
A730090N16Rik -3,09 5133400J02Rik 3,62
OxId1 -3,08 Gm14225 3,62
Ifit2 -3,08 Gm23094 3,62
Vps37d -3,07 Serpinadpsl 3,62
Nap1l2 -3,07 Gm20470 3,62
Gm3896 -3,07 n-R5s211 3,62
Grin2¢c -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
Hcls1 -3,02 Tex33 3,55
Klra5 -3,02 Gmb5177 3,55
Krt17 -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
Mirl81b-2 -3,02 Hdc 3,47
vmnlrd -3,02 Slc2a2 3,47
Ccdc105 -3,02 Car5b 3,47
OIfr1397-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 1700113H08Rik 3,47
Gm3164 -3,02 Odf3b 3,47
Hspelps3 -3,02 Ces2a 3,47
Vmn1r39 -3,02 Tcllb2 3,47
Palm2 -3,00 Gm25578 3,47
Rgs9 -2,97 Pabpnll 3,47
1700084C01Rik -2,97 Itgad 3,47
Gm9311 -2,97 Klf14 3,47
Dscam -2,95 Nirp4g 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 Gm?25925 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 OIfr888 3,47
Cd200r3 -2,87 Gm16701 3,47
Kcnj9 -2,87 A930006I01Rik 3,42
BC028528 -2,87 RP24312B12.1 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
Gm5581 -2,87 Aldh8al 3,39
Gm8062 -2,87 Ccdc144b 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 Nirp4e 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
Rpl7apsl12 -2,87 Gabrg2 3,30
Gm13466 -2,87 Krt24 3,30
Gm12337 -2,87 Gm16437 3,30
1700013G23Rik -2,87 Ccdcl172 3,30
Gm11934 -2,87 Mettl7b 3,30
Gm14547 -2,87 Serpinb11 3,30
Gm16563 -2,87 I12ra 3,30
Gm15954 -2,87 Prkcq 3,30
Gm20686 -2,87 Procr 3,30
Raxos1 -2,87 Cacnalf 3,30
mmu-mir-7237 -2,87 Thx22 3,30
Ppplrla -2,86 Beanl 3,30
Klk12 -2,85 Cebpa 3,30
Bmp4 -2,85 Sicl7a2 3,30
Tctex1d2 -2,83 Spatal6 3,30
Zfp773 -2,83 Mpped1 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
MIkI -2,79 Gm22502 3,30
Ptchd2 -2,79 Gm23723 3,30
KIk9 -2,79 Gm22682 3,30
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OIfr1372-psl -2,79 9230020A06Rik 3,30
Gm26770 2,77 Gmb5532 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
Slc1l0a2 -2,70 Hmgblps4 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 Gmb5435 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 Lrtm?2 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
Gmb5117 -2,70 Tcstv3 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 Gprl15 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 Sbhk2 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
B230314MO0O3Rik -2,63 Hoxall 3,11
Gm14122 -2,62 Foxf2 3,11
Six30s1 -2,61 Clvs1 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 3,11
Bpifb2 -2,60 Olfr1388 3,11
Rho -2,60 Tecrl 3,11
4930556J24Rik -2,60 Lrrc15 3,11
Gm25188 -2,60 1700016K19Rik 3,11
Mir302b -2,60 5830411N06Rik 3,11
AW011738 -2,60 Gsta2 3,11
Gm16057 -2,60 Gm23095 3,11
Gm26280 -2,60 Gm25681 3,11
1110019D14Rik -2,60 Speer3 3,11
Akap5b -2,60 Gm8587 3,11
Chstl -2,59 Ang6é 3,11
Kctd1 -2,58 Dcdc5 3,11
Pgbd1 -2,57 Gm25538 3,11
Gm13033 -2,57 Skint5 3,11
DLEU2_1 -2,57 Gm7609 3,11
Tmem54 -2,56 Olfr1069-psl 3,11
Phox2a -2,56 Gm12985 3,11
Tmem59l -2,56 Gm4852 3,11
Rcsdl -2,56 Gm12785 3,11
9230105E05Rik -2,56 Gm8624 3,11
ler3 -2,55 Gm11734 3,11
Car3 -2,55 Gm12018 3,11
Gm6415 -2,55 Gm15485 3,11
Hey2 -2,53 Gm13536 3,11
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 3,11
Rtnl -2,51 A230004M16Rik 3,11
Enox1 -2,51 Gm15457 3,11
Cd163I1 -2,51 1500017E21Rik 3,11
6820408C15Rik -2,51 Gm25460 3,11
Wnt6 -2,51 Gm24996 3,11
Zswim2 -2,51 Gm15825 3,11
Tnfsf9 -2,51 Ugtlab5 3,11
Npy6r -2,51 Gm3371 3,11
Ccdc67 -2,51 4930433I11Rik 3,11
Abcg5 -2,51 Gm8878 3,11
Gm9294 -2,51 Gm10417 3,11
Cnripl -2,51 Gm17365 3,11
Gm6430 -2,51 Gm23019 3,11
Fam26f -2,51 Gm25211 3,11
Foxc2 -2,51 Gm26822 3,11
Ofccl -2,51 Gm26877 3,11
Kcna3 -2,51 4930593A02Rik 3,11
Mucl5 -2,51 C530050E15Rik 3,11
Fam181b -2,51 Gm2445 3,11
Olfr352 -2,51 CT030684.1 3,11
A430110L20Rik -2,51 RP23302F9.2 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 Gm?25618 3,01
Gm12168 -2,51 Ly9 3,00
Gm11805 -2,51 Nt5clb 3,00
4930595D18Rik -2,51 Lectl 3,00
Gm12001 -2,51 Spag6 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 Ms4adb 3,00
Gm26215 -2,51 Rit2 3,00

Srpx -2,51 Mro 3,00
Gm16549 -2,561 Psgl16 3,00
Gm17528 -2,51 Gm12020 3,00
Gm20515 -2,561 Gm15808 3,00

Gm4705 -2,51 Gm13134 3,00
Vmn1r50 -2,561 Gm16070 3,00
Gm23092 -2,51 4930566F21Rik 3,00
Gm24243 -2,51 Gm26872 3,00
Gm26820 -2,561 A930011012Rik 3,00
Gm26566 -2,51 5830416P10Rik 3,00
Gm10814 -2,561 Fcgr3 3,00
4930500F10Rik -2,51 Srgn 2,98
Gm26856 -2,561 Cutal 2,97
Gm26962 -2,561 Sds 2,97
Zfp759 -2,49 Ano4 2,97
Scx -2,46 3110043A19Rik 2,97
Ldocll -2,46 Mytll 2,97
Zc2hclc -2,46 Gm26519 2,96
Bdh2 -2,45 Gm25973 2,95
Map6 -2,45 Cabpl 2,92
Slc6alsb -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 Adap2 2,89
Pnma2 -2,41 P2rx1 2,89
Tmsb4x -2,41 Acotl12 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

Cdi4 -2,40 Stac 2,89

Gm26132 -2,40 Nirp4d 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 Frrsil 2,89
MIMT1_1 -2,40 Fam19a4 2,89
Enpp3 -2,40 Chst9 2,89
Tcergll -2,39 Serpinb13 2,89
Gm10406 -2,38 Gmb5540 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 Gm5468 2,89
Actr3b -2,36 Gpr97 2,89
Gm23037 -2,36 QOIfr530 2,89
A130006112Rik -2,36 QOlfr508 2,89
Rps13ps4 -2,36 Gm10157 2,89
Npm3psl -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
Tmem181lbps -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
112rb1 -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 1700099I09Rik 2,89
Tnfsf10 -2,28 Rnasek 2,89
Gml14117 -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
Gpr81 -2,28 4930511M11Rik 2,83
5330417H12Rik -2,28 Hormad?2 2,83
Fgf4 -2,28 Capnil 2,83
Ifi205 -2,28 Mir23a 2,83
Ifng -2,28 A930033H14Rik 2,83
Olfr166 -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
Lilrab -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
Trbvs -2,28 Vavl 2,76
Gm26014 -2,28 Colecl1 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 Mageb3 2,76
Gm24592 -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
36324541 22Rik -2,28 Thcld10c 2,72
Tmsb15b1 -2,28 Rims1 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 Slc38a8 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 Akricl2 2,68
Txnip -2,25 Gm16012 2,68
Zfp185 -2,25 Gm10544 2,68
Gm15777 -2,25 Gm?26984 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 Adam?2 2,62
Lamp3 -2,20 Iqcf3 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 IsIr 2,62
Postn -2,19 Bank1l 2,62
Gm11457 -2,19 Esml 2,62
Pyy -2,19 5031434C07Rik 2,62
Ccdc103 -2,18 Fam179a 2,62
Ttll13 -2,18 Gm7729 2,62
Gm11400 -2,18 Pla2g4f 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
Tmem181bps -2,18 C230029F24Rik 2,62
Rbbp8nl -2,17 Gm9889 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 Myh1l 2,62
Efcab10 -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 Fbxw24 2,62




APPENDIX 114
Ccrl0 -2,16 Vmnir51 2,62
Krt84 -2,16 Ifnal3 2,62

Gm9888 -2,16 Mirl86 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 9230009I02Rik 2,62
Galnt18 -2,14 5730507CO01Rik 2,62
Tmod4 -2,13 B430319F04Rik 2,62
Kcng4 -2,13 Gm10634 2,62
Nrgl -2,13 Defb28 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
Gpmé6a -2,11 Gm6161 2,62
Upbl -2,11 Gm11893 2,62
Bai3 -2,11 Gm13670 2,62
C130071CO3Rik -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 Gml16174 2,62
Tnncl -2,08 Gm14703 2,62
Prss16 -2,08 Gm23957 2,62
Ccdcl19 -2,08 Gm22762 2,62
P2ry14 -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 A530084CO06Rik 2,62
Rnfl44a -2,04 Gm19840 2,62
Harbil -2,04 Gm16432 2,62
Slc6ad -2,04 Hspala 2,62
Slc4a5 -2,04 Gm23153 2,62
Gm561 -2,03 Vmn2r-ps9 2,62
Zik1l -2,03 Igkv1-110 2,62
B3gnt5 -2,02 Igkv10-96 2,62
Nalcn -2,02 Gm?22287 2,62
Slc47al -2,02 Ighv5-6 2,62
Scarf2 -2,02 Topazl 2,62
Slic4lal -2,02 Gm?24968 2,62
Ednl -2,02 Gm4461 2,62
Cpb2 -2,02 2610316D01Rik 2,62
Rgn -2,02 4833428L15Rik 2,62

Selp -2,02 Rpl31-psi5 2,62
Car9 -2,02 Rmst 2,62
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Rasllla -2,02 Gm26875 2,62
Lmod?2 -2,02 Gm17619 2,62
Slc7al0 -2,02 1700101111Rik 2,62

Dcx -2,02 B230377A18Rik 2,62
Thyl -2,02 Gm26849 2,62
Bcl2I10 -2,02 9630001P10Rik 2,62
Itgbll -2,02 mmumir-6975 2,62
Larp6 -2,02 Rgs8 2,61
Sapcdl -2,02 1700019B0O3Rik 2,59
BC061194 -2,02 Tmem25 2,59
Ribpl -2,02 Pmel 2,58
Saa4 -2,02 Gm22170 2,58
Pfpl -2,02 Slc44a5 2,58
Btbd16 -2,02 Pegl0 2,58
Dao -2,02 Olfr1513 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
Nr1lh4 -2,02 4933431K23Rik 2,55
Gemin4 -2,02 Gm16049 2,55
Ppp1r3d -2,02 Ak9 2,55
Pppl1r3g -2,02 A730085K08Rik 2,55
Slc6a7 -2,02 Gm25327 2,55
Sox14 -2,02 Gm21814 2,55
Kdm4d -2,02 A430057M04Rik 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
OlIfr1350 -2,02 Gm25008 2,52
Cesld -2,02 Cntnap5a 2,52
Scimp -2,02 Klhi41 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
OIfr926 -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
Rpl7aps3 -2,02 Ccdcl54 2,47
Gm10244 -2,02 Slc28a3 2,47
Gm7457 -2,02 111r2 2,47
Rpl21-ps4 -2,02 Slcl12al 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 Olfr1331 2,47
Gm11628 -2,02 BC028471 2,47
Gm15207 -2,02 Gm?22824 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
2700069I118Rik -2,02 Gm26580 2,47
Gm11269 -2,02 Mfsd2b 2,46
Has2os -2,02 Samd5 2,46
Hnrnpall2ps -2,02 Tsga8 2,46
B230206H07Rik -2,02 Gm16503 2,46
Cbhfa2t2psl -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 C7 2,44
Gm8429 -2,02 Gm27026 2,44
Gm17112 -2,02 Apol8 2,43
Gm6659 -2,02 Pdxkps 2,42
Gm23162 -2,02 Tmem4b5a 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
RP24570C10.7 -2,02 Bcl2I115 2,42
RP24194K24.6 -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 D430041DO05Rik 2,41
Aug 00 -1,98 P2rx7 2,41
Myl9 -1,98 Wdrl7 2,41
Evala -1,98 Faups2 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 Mgp 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-rs1 2,37
B4galnt4 -1,96 Gfil 2,37
Wdr86 -1,96 Pdf 2,36
Ikzf4 -1,95 Gm20681 2,36
Zkscanl4 -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
Ahnak?2 -1,95 AA414768 2,34
4632411P08Rik -1,95 Akricl3 2,34
Famllla -1,94 Gm13391 2,33
Pik3c2b -1,94 Pgbd5 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 Hnfdg 2,30
Gip -1,92 Alox12e 2,30
Gdapl -1,92 lyd 2,30
Gria4 -1,92 Thata 2,30
Dnaic2 -1,92 Gas2I2 2,30
Bpifc -1,92 Nell2 2,30
Rps27aps2 -1,92 Ly6h 2,30
n-R5s151 -1,92 T3 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
Zbtb32 -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
Zcchc24 -1,90 Hoxa6 2,30
Hmgn3 -1,89 Elfn2 2,30
A230107NO1Rik -1,89 Olfr1018 2,30
2700046G09Rik -1,89 9530080011Rik 2,30
Gadd45b -1,89 OIfr1010 2,30
Zfp72 -1,89 B530045E10Rik 2,30
Paqré -1,88 Rpslips4 2,30
Gprc5a -1,87 Nxph3 2,30
Cldn10 -1,87 Nxpe5 2,30
Slc22a6 -1,87 Ddil 2,30
Pcsk2 -1,87 Olfr1366 2,30
1700023E05Rik -1,87 Frmd3 2,30
Lyvel -1,87 Tifab 2,30
Ptprm -1,87 Olfr165 2,30
Rgl3 -1,87 l131ra 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 Olfr1501 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
Hoxb?2 -1,87 Gm24412 2,30
1700028N14Rik -1,87 Serpina3f 2,30
Nirp12 -1,87 Gprll3 2,30
9230113P08Rik -1,87 Xkr9 2,30
Gmb5622 -1,87 Mrgprb5 2,30
Gm12488 -1,87 Rps8psl 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 Olfr713 2,30
Fabp3 -1,86 Gm10638 2,30
Zcchcl8 -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 Igkv15-103 2,30
Exoc3I2 -1,84 Igkv12-46 2,30
Cyb5r2 -1,84 Gm26012 2,30
Mir302d -1,84 Gm25803 2,30
Gm14410 -1,84 Gm4877 2,30
Rps15aps4 -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
Moxd1l -1,82 Gm14550 2,30
Pifl -1,82 Gm12717 2,30
Bok -1,82 Gm11488 2,30
Tm4sfs -1,81 Gm13915 2,30
Irak3 -1,81 Gm7091 2,30
Slc30al10 -1,81 Gm11450 2,30
Hmgcs2 -1,81 Gm11380 2,30
Cd27 -1,81 Gprl44ps 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 Vmn2rll7 2,30
Slc26all -1,79 Gm9268 2,30
Gm9900 -1,79 Gm17191 2,30
Calr3 -1,79 Vmn2r80 2,30
Ccrl -1,79 Nirplc-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 Olfr893 2,30
Bbs10 -1,79 Gm379 2,30
Adarb2 -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
Rasll1lb -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 Gmb5523 2,30
Fam220a -1,76 Gm26756 2,30
Gmb5611 -1,76 Gm8824 2,30
Gucy2e -1,76 Gm6283 2,30
Gprc5h -1,76 Gm4804 2,30
Cyp26cl -1,76 RP2359B16.8 2,30
5430403G16Rik -1,76 mmumir-6391 2,30
A530017D24Rik -1,76 Nod1l 2,29
2010001MO6Rik -1,75 A330008L17Rik 2,28
T -1,75 Trhr2 2,28
Pkd1l1 -1,75 Gm?22748 2,27
Hist2h3c2 -1,75 Adra2a 2,27
Pvtl -1,75 Tmem40 2,27
Gcek -1,74 Spefl 2,26
Ddx58 -1,74 Styk1 2,26
Rpl15ps2 -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
Unc93b1l -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 Lman1l 2,21
Apoa2 -1,70 Dsg3 2,21
1700008003Rik -1,70 Gm16135 2,21
Tnfaip8I2 -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
Kenk?7 -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 Gm8566 2,18
Trf -1,70 Gm25801 2,18
Rnf43 -1,70 Gm10466 2,18
Snch -1,70 Slcola6 2,18
Gm7008 -1,70 Spcs2ps 2,18
115 -1,70 Gm25544 2,18
Clqc -1,70 Gm12299 2,18
l122ral -1,70 4930481A15Rik 2,18
Adh4 -1,70 Gm24400 2,18
Uts2r -1,70 Gm17688 2,18
17f -1,70 4930444M15Rik 2,18
Ctfl -1,70 Gm26768 2,18
Gimap5 -1,70 RP23386K20.2 2,18
4932442 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
Olfr1395 -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
Abcb5 -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-Tqg 2,14
Gm24430 -1,70 Nkx6-1 2,13
Gm11034 -1,70 111r11 2,13
Gbp6 -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
C630028M04Rik -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
Skint6é -1,70 Cnpyl 2,11
Gm13209 -1,70 Vwe2l 2,11
Gm15860 -1,70 Hsf3 2,11
Gm12680 -1,70 Gm9801 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 Olfr169 2,11
BC035044 -1,70 Trim10 2,11
Gm17226 -1,70 Anapcl5ps 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
Vmn2rl8 -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-psll4 -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 Gm?24655 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 RP2486015.2 2,11
Gm3809 -1,70 MEG3_1 2,11
Gm8957 -1,70 mmumir-6398 2,11
Gm8927 -1,70 RP24300P2.1 2,11
RP23304116.1 -1,70 Mtmr10 2,11
RP23477C13.2 -1,70 Mir5136 2,10
GNAS-AS1 1 -1,70 Nudt12 2,10
Atp6v0e2 -1,69 mt-Tf 2,10
Cep55 -1,68 PcnxI2 2,09
Fam46b -1,68 Crispld1 2,09
Wnt5a -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
Gprd4 -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 Gm?24130 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 Cardl1 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
Pcdhbl17 -1,62 Gm11790 2,04
Fam78a -1,62 Gm22204 2,04
Gm6612 -1,62 Gm4750 2,04
Gm3848 -1,62 Gm16378 2,04
Gml16214 -1,62 B230110C06Rik 2,04
Asicl -1,62 Gm27002 2,04
Prph -1,62 Mroh6 2,04
Rilpl1 -1,62 Wnt3 2,03
Axl -1,62 Sgce 2,03
Chac2 -1,62 Akrlcl9 2,03
A830018L16Rik -1,62 Hapln4 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
1700003M02Rik -1,60 TtlI8 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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Anp32bpsl -1,60 Uspl7id 2,00
Gm12034 -1,60 Nirplb 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
MsI312 -1,59 1700092MO07Rik 1,97
Cacngb -1,59 Sost 1,97
1110046J04Rik -1,59 Mytl 1,97
Trim43a -1,59 l11r1 1,97
St8sia4 -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 Papin 1,95
Ldb3 -1,58 Cd72 1,95
Spata25 -1,57 Cntnl 1,95
2610015P09Rik -1,57 Acat3 1,95
Akrlcl -1,57 Ccdcl46 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 Rbpsuhrs3 1,94
Gm7707 -1,57 Alpl 1,94
Gm20540 -1,57 Sv2c 1,94
Gm26693 -1,57 Depdc? 1,94
Gm26874 -1,57 Klf2 1,94
Ypel4 -1,57 Slc5a5 1,94
Adrb3 -1,57 Foxql 1,94
Adm2 -1,57 Tnfaip2 1,93
Amigo2 -1,57 Gprl28 1,93
Arhgef39 -1,56 C1qgtnf9 1,93
Sema3c -1,56 Pnlip 1,92
Gm9825 -1,56 Best4ps 1,92
Mypop -1,56 2010015M23Rik 1,92
Ermn -1,56 Cxcrb5 1,92
Mettl18 -1,56 1700086P04Rik 1,91
Gm11603 -1,56 Gm23547 1,91
Rpl35aps3 -1,55 Camk4 1,90
Ccnd2 -1,55 Apoal 1,89
Gyltllb -1,55 Itgb2l 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
Zfp112 -1,55 Tcplll2 1,89
Slc6a2 -1,55 Rdh12 1,89
Ces3a -1,55 Slic34al 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
Gmb5561 -1,55 Slc25a45 1,89
Gm26668 -1,54 Myadml|2 1,89
Anpep -1,54 Cdh9 1,89
Pmm1 -1,54 Pih1d3 1,89
Wdr38 -1,54 Atp6vig3 1,89
4921525B02Rik -1,54 Dpt 1,89
Rps19ps4 -1,54 Myoc 1,89
Gm14634 -1,53 Kif12 1,89
Zfp467 -1,53 Calrd 1,89
Hspb8 -1,53 Draxin 1,89
Plagll -1,53 Tesc 1,89
ZfpA73 -1,53 Whnt7a 1,89
Tmem219 -1,53 Art4 1,89
BC100451 -1,53 Slcolcl 1,89
6330403N20Rik -1,53 HapIn3 1,89
Tmem108 -1,53 Ctrl 1,89
Irs2 -1,52 Ctrbl 1,89
Bmp8b -1,52 Crtam 1,89
Mapk8ip2 -1,52 4931429111Rik 1,89
Rpp38 -1,52 Drd2 1,89
Six5 -1,52 Cd3o0ld 1,89
Fzd4 -1,52 OIfr1509 1,89
Gm16794 -1,52 Dgkb 1,89
Eno2 -1,52 Mbl1l 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 Nirc4 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 OIfr1123 1,89
Sparcll -1,51 Fam25c 1,89
Tfr2 -1,51 Muc19 1,89
Fgf3 -1,51 Pcdhb14 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
Olfmi2b -1,51 Prss54 1,89
Mocos -1,51 Gm9826 1,89
Lrrcl? -1,51 Ceacaml19 1,89
Serpinb6b -1,51 Olfr430 1,89
Discl -1,51 A930002I21Rik 1,89
Gm4835 -1,51 Abcal?2 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 Rpl27apsl 1,89
Gm13529 -1,51 1700112E06Rik 1,89
Gm15049 -1,51 Cntn4 1,89
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Gm12470 -1,51 Gm?23517 1,89
Gm7206 -1,51 Gm23099 1,89
Gm9673 -1,51 Mir218-1 1,89
Gm11609 -1,51 Gm22351 1,89
Gm12656 -1,51 Gm24445 1,89
Gm5883 -1,51 Gm?25628 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
mmumir-7578 -1,51 Timm8a2 1,89
SNORA21 -1,51 D6Ertd474e 1,89
Gm11983 -1,51 Arl14epl 1,89
Rab32 -1,50 Olfr472 1,89
Anxal -1,50 Olfr561 1,89

Arsi -1,50 Mrgprx2 1,89
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