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Graphic Legend:

Epigenetic editing enriches H3K36me3 at the gene for Srsfl1, a splice factor. Enrichment of H3K36me3
causes alternative splicing of Srsfl1, in the form of increased intron retention. After this manipulation in a
brain reward region, mice show greater preference for a cocaine reward.
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Summary

Alternative splicing is a key mechanism for neuronal gene regulation, and is grossly altered in mouse brain
reward regions following investigator-administered cocaine. It is well established that cocaine
epigenetically regulates transcription, yet mechanism(s) by which cocaine-induced epigenetic
modifications regulate alternative splicing is largely unexplored. Our group and others have previously
identified the histone modification, H3K36me3, as a putative splicing regulator. However, it has not yet
been possible to establish the direct causal relevance of this modification to alternative splicing in brain or
any other context. We found that mouse cocaine self-administration caused widespread alternative splicing,
concomitant with enrichment of H3K36me3 at splice junctions. Differentially spliced genes were enriched
in the motif for splice factor, Srsf11, which was both differentially spliced and enriched in H3K36me3.
Epigenetic editing led us to conclude that H3K36me3 functions directly in alternative splicing of Srsfll,

and that this mechanism enhances cocaine reward behavior.
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INTRODUCTION

Alternative splicing is a key mechanism for gene regulation in brain. Aberrant splicing is implicated in
myriad neurological diseases, such as autism (Gonatopoulos-Pournatzis et al., 2018; Quesnel-Valliéres et
al., 2016; Voineagu et al., 2011), Rett syndrome (Cheng et al., 2017; Kriaucionis and Bird, 2004; Li et al.,
2016), Huntington’s disease (Lin et al., 1993; Sathasivam et al., 2013; Wood, 2013), spinal muscular
atrophy (Cartegni et al., 2006; Lorson et al., 1999; Parente and Corti, 2018; Xiong et al., 2015) and
schizophrenia (Gandal et al., 2018; Glatt et al., 2011; Morikawa and Manabe, 2010; Nakata et al., 2009;
Wu et al., 2012). However, this mechanism of gene regulation is understudied in neuropsychiatric diseases,
including drug addiction. Persistence of cocaine-driven changes in isoform expression may underlie the
chronic nature of addiction, analogous to permanent alternative isoform expression during neuronal
differentiation (Schwartzentruber et al., 2018; Xu et al., 2017). It is well established that cocaine
epigenetically regulates gene expression (Calipari et al., 2016; Cates et al., 2018; Damez-Werno et al., 2012,
2016; Feng et al., 2014; Hamilton et al., 2017; Heller et al., 2014, 2016; Maze et al., 2011; Taniguchi et al.,
2012), yet mechanism(s) by which cocaine-induced epigenetic modifications regulate alternative splicing

is largely unexplored.

Recent bioinformatic studies find that epigenetic features may be more important than gene sequence in
differentiating splicing patterns (De Almeida et al., 2011; Bonev et al., 2017; Pajoro et al., 2017; Yuan et
al.,, 2017; Zhou et al., 2012). Using agnostic classical statistical and machine-learning methods we
previously found that histone H3 lysing 36 trimethylation (H3K36me3) is the most informative histone
post-translational modification (hPTM) in predicting splicing events in the nucleus accumbens (NAc), a
key brain reward region (Hu et al., 2017), and in multiple tissues across development (Hu et al., 2018).
Furthermore, overexpression of the histone methyltransferase, SET domain containing 2 (Set2) (McDaniel
and Strahl, 2017; Strahl et al., 2002), in human stem cells leads to splice-site enrichment of H3K36me3 and
alternative exon exclusion at the fibroblast growth factor (FGF?2) gene (Luco et al., 2010). Despite this

progress in identifying H3K36me3 as a splicing regulator, it has not yet been possible to distinguish
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between the mere presence and causal relevance of this modification in alternative splicing in brain or any

other context.

To elucidate the role of H3K36me3 in cocaine-induced alternative splicing, we first quantified concomitant
splice-site enrichment of H3K36me3 and differential isoform expression in the mouse NAc following
cocaine self-administration (SA). We found that alternative splicing serves as a key transcriptional
mechanism in three brain reward regions in the context of volitional cocaine seeking, expanding on prior
findings limited to investigator administered cocaine. Second, we showed that cocaine self-administration
led to enrichment of H3K36me3 at splice junctions of differentially spliced genes in the NAc. Third, to
validate that enrichment of H3K36me3 was causally linked to alternative splicing, we overexpressed Set2
in the NAc. Global enrichment of H3K36me3 by either cocaine or Set2 led to alternative splicing of a
common set of genes. We identified the splice factor, serine and arginine rich splicing factor 11 (Srsfl1,
also known as SRp54) (Gonatopoulos-Pournatzis et al., 2018), as highly enriched amongst both cocaine
and Set2 spliced genes. Interestingly, Srsf11 was both differentially spliced and differentially enriched in
H3K36me3 following either treatment. Finally, we applied targeted epigenetic editing to establish that
H3K36me3 functions directly in alternative splicing of Srsf11, and found that this manipulation enhanced

cocaine-reward behavior.

RESULTS

Alternative splicing and H3K36me3 enrichment in NAc following cocaine self-administration
Cocaine SA is a contingent paradigm for modeling addiction (Heilig et al., 2016), in which mice are trained
to associate an operant response (€.g. spinning a wheel) with cocaine reward and reward delivery cues (light,
tone). Mice also learn to discriminate between a cocaine-paired response and a control, saline-paired
response. Control animals are placed in an identical experimental apparatus, but receive saline only. This
complex paradigm recapitulates drug motivation and saliency, as well as drug/cue-associations, all of which

are key features of the human disease (Sadri-Vakili et al., 2010; Schmidt and Pierce, 2010; Vassoler et al.,
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2013). To investigate alternative splicing and H3K36me3 enrichment in cocaine SA, mice (n=12) were
trained to self-administer cocaine or saline (control) (Figure 1A). Measurement of drug infusions showed
that mice infused cocaine during 21 2hr-SA sessions, and discriminated between the cocaine and saline-
paired responses (Figure 1B, Supplement figure 1 A-C). For downstream biochemical analyses, mice were

euthanized 24 hours after the last SA session, and tissue from brain reward regions was collected.

To measure cocaine driven alternative splicing, we first applied rMATS splicing analysis (Shen et al., 2014)
to RNA-sequencing data from the nucleus accumbens (NAc), prefrontal cortex (PFC) and ventral tegmental
area (VTA), providing a comprehensive dataset of differential isoform expression in three brain reward
regions (Supplement figure 1E-G). We next analyzed NAc RNA expression data with a pairwise
comparison method with alternative splicing detection software MAJIQ (Norton et al., 2018). MAJIQ
detects, quantifies, and visualizes local splicing variations (LSV), without dependence on existing isoform
annotations. The relative abundance of each isoform is quantified as percent spliced in (PSI); APSI
quantifies the difference in relative isoform abundance between treatments. A pairwise comparison between
treatments is more amenable to bioinformatic analysis of brain samples, which are heterogeneous both in
tissue composition and behavioral endpoints, in that it extracts APSI specific to between-group comparisons
from that measured within-group. We identified 2730 genes that were differentially spliced in the NAc

following cocaine SA (Supplement table 1).

In addition to alternative splicing, cocaine SA caused concomitant changes in global H3K36me3
enrichment, with approximately 2% of H3K36me3 peaks differentially enriched between saline and cocaine
treated NAc (Figure 1C). More than 1000 H3K36me3 peaks (83.3%) were differentially enriched by
cocaine SA, while 211 (16.6%) were de-enriched (Figure 1D). Cocaine SA did not lead to a gross
redistribution of H3K36me3 (Figure 1C) nor a change in the genic distribution of H3K36me3 (Figures 1E-

F). This is consistent with the fact that cocaine did not change expression of endogenous histone
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methyltransferase, Setd2 (Supplement figure 1D). To examine the correlation between alternative splicing
events and H3K36me3 enrichment, we quantified H3K36me3 enrichment at splice junctions of
alternatively spliced genes in NAc, following both saline and cocaine SA (Supplement table 1). As a control,
we randomly permuted the genomic locations of the splicing junctions. We observed higher H3K36me3
enrichment at alternatively spliced junctions compared to permuted junction control, which exhibited a
‘flat-line’ like pattern (Figure 1G). This showed that H3K36me3 was specifically enriched at splice
junctions of differentially spliced genes, suggesting that cocaine SA drives alternative splicing through

regulation of H3K36me3 enrichment.

Set2 overexpression in NAc regulated alternative splicing via H3K36me3 enrichment

We next sought to build on previous evidence that links Set2-dependent H3K36me3 to alternative splicing
(De Almeida et al., 2011; Luco et al., 2010; Pajoro et al., 2017; Sessa et al., 2019; Xu et al., 2017; Yuan et
al., 2017; Zhou et al., 2012). Although in higher eukaryotes multiple H3K36 methyltransferases catalyze
H3K36mel and H3K36me2, the yeast Set2 homolog is specific to H3K36me3 (McDaniel and Strahl, 2017;
Sorenson et al., 2016; Strahl et al., 2002). We thus virally expressed Set2 to increase global H3K36me3
levels in NAc (Figure 2A, B). Expression of catalytically dead Set2(R195G) or GFP served as controls
(Figure 2A). We validated global enrichment of H3K36me3 by western blot (Figure 2C) and quantitative
histone mass spectrometry (Figure 2D). ChIP-seq analysis (n=3) showed genome-wide H3K36me3

enrichment after Set2 overexpression relative to Set2(R195G) (Figure 2E-H).

To elucidate how Set2-induced enrichment of H3K36me3 affects splicing, we analyzed alternative splicing
events using MAJIQ, with a pairwise comparison approach (Norton et al., 2018). We identified 2841
differential splicing events between Set2 and Set2(R195G) treated NAc (APSI > |0.1], FDR < 0.05)
(Supplement table 2). Set2 overexpression in NAc caused a subset of genes to be both differentially

enriched in H3K36me3 and differentially spliced, compared to Set2(R195G) control (Figure 2I). This is
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consistent with our previous observation that H3K36me3 is enriched at alternative splice junctions

following cocaine SA (Figure 1G).

Set2 overexpression also regulated gene expression in NAc (Supplement Figure 2A-C), consistent with the
role of H3K36me3 in marking transcriptionally active loci (Strahl et al., 2002; Wilhelm et al., 2011). To
understand the functional role of Set2 in cocaine SA, we compared differentially expressed genes (DEG)
from Set2 and cocaine SA, and found a significant overlap between the two groups (Supplement figure 2D).
We validated H3K36me3-mediated downregulation of transmembrane protein 25 (7mem25) and
upregulation of plexin A1 (Plxnal) (Supplement figure 2E) in both biological NAc replicates and Neuro2A
(N2a) cells (Supplement figure 2F-G). Taken together, these results show Set2 overexpression increased
global H3K36me3 enrichment in NAc affecting both gene transcription (Supplement figure 2A-C, 2E-G)

and alternative splicing (Supplement table 2).

Set2 overexpression increased mouse cocaine reward behavior

Having established a potential role for Set2 in cocaine-induced alternative splicing, we next wanted to
confirm its importance in cocaine reward using cocaine conditioned place preference (CPP) (Mcclung, 2007)
(Figure 3A). In this paradigm, mice freely explore a two-sided chamber, to confirm a lack of innate
preference for either side (pre-test). Mice are then trained to associate investigator-administered cocaine
with exploration of only one side of the chamber, and saline with the other. After training, mice are again
allowed to freely explore the two chambers (post-test). The difference in percentage of total time spent on
the cocaine-paired side before (pre-test) and after (post-test) training quantifies CPP. Manipulations that
enhance cocaine reward lead to increased time spent in the cocaine-paired side (Heller et al., 2016; Mcclung,
2007). In our experiment, mice were injected intra-NAc with either HSV-Set2 or HSV-Set2(R195G), and
subjected to cocaine CPP (Figure 3A). All mice receiving cocaine regardless of virus treatment showed an
increase in percentage time spent in the cocaine-paired chamber (Figure 3A), indicating that virus treatment

did not interfere with conditioning. Amongst cocaine treated mice, HSV-Set2 enhanced CPP compared to
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HSV-Set2(R195G), suggesting that H3K36me3 enrichment increases cocaine reward (Figure 3A,
Supplement figure 3A-B). There was no difference in the total distance traveled between HSV-Set2 and -
Set2(R195G) injected animals (Supplement figure 3A), indicating that Set2-enhanced cocaine reward is not
due to changes in locomotor behavior. We further validated the relevance of H3K36me3 enrichment to
cocaine CPP using an enzymatic inhibitor of Set2 (Supplemental Figures 3B-D). Inhibition of Set2
enzymatic activity rescued its effects on cocaine CPP (Supplemental figures 3C) and had no effect on

locomotor activity (Supplemental figure 3D).

Given our finding that global H3K36me3 enrichment enhanced cocaine CPP, we next tested the role of
Set2 in cocaine SA, which evaluates animals’ motivation and cue discrimination, as well as drug intake
(Sadri-Vakili et al., 2010; Schmidt and Pierce, 2010; Vassoler et al., 2013; Walker et al., 2018). Similar to
human addicts, these features of drug behavior are variable across animal subjects. We used exploratory
factor analysis to reduce multidimensional behavioral data to latent factors associated with interrelated
behavioral traits (Figure 3D) (Walker et al., 2018). This approach discriminates between baseline individual
differences in behavior and those driven by cocaine treatment (Supplement figure 3E). Using published
criteria (Walker et al., 2018), we identified 3 factors that are associated with SA behavior and reflect
important components of addiction: cocaine intake (Factor 2, Figures 3D-F), total paired responses (Factor
5, Supplement figures 3F-H), and discrimination between paired and unpaired responses (Factor 7,
Supplement figures 31-K). Based on these measures of addiction-related behaviors, we calculated a
composite score, or Addiction Index (AI), for each animal (Walker et al., 2018). We found that animals
with overexpression of Set2 in NAc had a higher Al (Figure 3C), compared to Set2(R195G) controls. Taken
together, these behavioral data demonstrated that overexpression of Set2 and global enrichment of

H3K36me3 in NAc enhance cocaine reward behavior.

Set2 and cocaine regulated alternative splicing and H3K36me3 enrichment of Srsf11
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We measured 1350 genes that were differentially spliced following both cocaine SA and Set2
overexpression, relative to saline and Set2(R195G), respectively (Figure 4A). Given this significant overlap,
we hypothesized that the common differentially spliced genes were (1) regulated by the same splice factor(s)

(2) causal to the Set2-mediated enhancement in cocaine reward behavior.

Application of the bioinformatic tools, Homer and MEME, identified 7 splice factor binding motifs
common to both treatments (Figure 4B-C, Supplement figure 4A). The corresponding splice factors were
identified using MEME-TOMTOM (Gupta et al., 2007) and published iCLIP-sequencing data sets from
mouse neurons (Chen et al., 2018; Rodor et al., 2017; Takeuchi et al., 2018; Vuong et al., 2016) (Figure
4B, Supplement figure 4A,C). We focused on the motif for serine/arginine-rich splicing factor 11 (Srsfl1),
as it showed enrichment at the junction regions, with robust increases at exon start and end sites, and a ‘flat-
line’-like pattern of enrichment at the permuted junction controls (Figure 4C). This computational data was
further validated by the fact that the Srsf11 motifs identified in our dataset are also those most enriched by
Srsf11 iCLIP (UCUCUC and CUCUCU) (Gonatopoulos-Pournatzis et al., 2018) (Figure 4D). 7 additional
splice motifs were enriched in our dataset, including neuro-oncological ventral antigen 2 (Nova2),
polypyrimidine tract binding protein 2 (PTBP2) (Saito et al., 2019), but the enrichment patterns at splice
junctions were highly similar to the permuted controls, indicating that those splice factors were not enriched

at splice junctions of alternatively spliced genes in Set2 or cocaine SA datasets (Supplement figure 4C).

The role of Srsfl1 in driving differential splicing could not be linked to changes in its expression, as there
were no differences in Srsfll expression following cocaine SA (Supplement figures 4B, D) or Set2
overexpression (Figure 4F, Supplement figures 4B, F), relative to saline or Set2(R195G), respectively.
Alternatively, Set2 overexpression and cocaine SA both led to alternative splicing of Srsfl1 (Figure 4E,
Supplement figure 4E), specifically intron retention (Supplement table 3). We biochemically validated
these findings in a replicate cohort of HSV-Set2 or HSV-Set2(R195G) injected mice (Figure 4G) and Set2-

transfected N2a cells (Figure 4H), using qPCR and PCR methods to measure gene expression (Supplement
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figure 4F) and alternative splicing (Figure 4G-H), respectively. PCR validation of alternative splicing was
accomplished using a single pair of primers to amplify multiple isoforms; PSI was quantified as the relative
abundance of each isoform in a single lane (Gonatopoulos-Pournatzis et al., 2018). Furthermore, both Set2
overexpression and cocaine SA caused differential enrichment of H3K36me3 at the Srsf11 splice junction
(Figure 41). Together, these findings suggested that both cocaine SA and Set2 drive a common differential
splicing profile via alternative splicing of the splice factor, Srsfl11. H3K36me3 enrichment at Srsf11 splice

junctions suggested a role for this hPTM in driving alternative splicing of this gene.

Epigenetic editing of H3K36me3 was sufficient to drive alternative splicing of Srsfll and increase
cocaine reward behavior

Set2 overexpression in NAc established a causal relationship between H3K36me3 and splicing of Srsfll,
but this experiment did not prove the direct causal relevance and sufficiency of H3K36me3 enrichment to
Srsfl1 splicing. To address this, we used nuclease-deficient Cas9 (dCas9) fused to Set2 for targeted
epigenetic editing of H3K36me3. Cautiously, we noted previous data suggesting that when the Cas9-
sgRNA complex is targeted intragenically to the non-template DNA strand it causes expression silencing,
while complexes binding to the template DNA strand do not (Qi et al., 2013). We thus designed the Srsf11
sgRNAs to target either the template (T1) or non-template (N2, N3) strands, with minimal predicted oft-
target mismatch (see methods) (Figure 5A). A non-targeting (NT) control sgRNA did not align to any

genomic sequence.

We measured H3K36me3 enrichment using ‘Cleavage Under Targets and Release Using Nuclease’
(CUT&RUN)-sequencing (Skene and Henikoff, 2017; Skene et al., 2018) on N2a cells transfected with
dCas9-Set2 and sgRNAs T1, N2, or N3 (Figure 5F). dCas9-Set2 plus sgRNA T1 led to a 200-fold increase
of H3K36me3 enrichment compared to sgRNA non-targeting (NT) (Figure 5B), while sgRNAs N2 and N3
showed similar enrichment to NT (Figure 5D; note change in RPM scale). sgRNAs T1, N2, N3 and NT all

showed similar global H3K36me3 distributions, suggesting negligible off-target effects (Figure 5C). Track
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coverage confirmed that the sgRNA T1-specific, H3K36me3 enriched region overlapped precisely with the
sgRNA T1 photospacer motif, which was not observed for the control sgRNAs NT, N2 and N3 (Figure 5E).
Using PCR, we found that dCas9-Set2 transfected with Srsf77-sgRNA-T1 increased Srsfl1 intron retention
(inclusion ratio) compared to control-sgRNA-NT control. No differences were observed between dCas9-
Set2 plus control-sgRNA-NT and dCas9-Set2(R195G) plus Srsf17-sgRNAs-T1 or control-sgRNA-NT
(Figure 5F). Together, these data showed that in N2a cells, targeted epigenetic editing of H3K36me3 at the

splice junction is sufficient to drive alternative isoform expression of Srsfl1 via increased intron retention.

To validate this result in vivo, we expressed dCas9-Set2 and Srsf11-sgRNA (T1) or control-sgRNA-NT in
mouse NAc. Neuronal-specific expression was conferred by the human synapsin 1 gene promoter. For
scientific rigor, we used within-animal controls wherein one hemisphere was injected with control-sgRNA -
NT and the other hemisphere was injected with Srsf7/-sgRNA (T1) (Figure 5G). We found that expression
of dCas9-Set2 transfected with Srsf17/-sgRNA-T1 with increased the Srsfl1 alternative isoforms inclusion

ratio compared to control-sgRNA-NT (Figure SH).

Given that global Set2 overexpression enhanced cocaine reward behavior (Figure 3), we next tested the
hypothesis that alternative splicing of Srsf11 is sufficient to increase cocaine conditioned place preference.
We transfected dCas9-Set2 plus Srsf717-sgRNA-T1 or control-sgRNA-NT in mouse NAc and subjected
animals to cocaine CPP (Figure 5I). dCas9-Set2 plus Srsf7/-sgRNA-T1 caused an increase in cocaine
conditioned place preference, as measured by percent change in time spent on the cocaine-paired side,
compared to control-sgRNA-NT (Figure 5I). There was no difference in distance travelled between
treatment groups (Supplement figure 5D). Taken together, these data show that targeted epigenetic editing
H3K36me3 at the Srsf1l splice junction was sufficient to drive alternative splicing and enhance cocaine

reward behavior in mice.

DISCUSSION
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Alternative splicing is a key mechanism for gene regulation in brain. Neuron-specific isoform expression
is essential to proper cell-type specification as shown from recent studies in neuronal development (Furlanis
and Scheiffele, 2018; Saito et al., 2019; Schwartzentruber et al., 2018), disease (Gandal et al., 2018; de la
Torre-Ubieta et al., 2016; Parikshak et al., 2016; Voineagu et al., 2011) and activity (Cates et al., 2018;
Parikshak et al., 2016; Quesnel-Valliéres et al., 2016). While many neurological diseases, including autism
(Quesnel-Valliéres et al., 2016; Voineagu et al., 2011), Rett syndrome (Cheng et al., 2017; Kriaucionis and
Bird, 2004; Li et al., 2016), Huntington’s disease (Lin et al., 1993; Sathasivam et al., 2013; Wood, 2013),
spinal muscular atrophy (Cartegni et al., 2006; Lorson et al., 1999; Parente and Corti, 2018; Xiong et al.,
2015) and schizophrenia (Gandal et al., 2018; Glatt et al., 2011; Morikawa and Manabe, 2010; Nakata et
al., 2009; Wu et al., 2012) have been linked to disruptions in alternative splicing, this mechanism of gene
regulation is understudied in the context of drug abuse and addiction. Only one study thus far has reported
that investigator administered cocaine results in greater changes in isoform expression than gene expression
in the NAc (Feng et al., 2014). In the current study, we found that alternative splicing serves as a key
transcriptional mechanism in three brain reward regions in the context of volitional cocaine seeking,
expanding on prior findings limited to investigator administered cocaine. In addition, we showed that
cocaine self-administration led to enrichment of H3K36me3 at splice junctions of differentially spliced

genes in the NAc.

Persistence of cocaine-driven changes in isoform expression may underlie the chronic nature of addiction,
analogous to permanent alternative isoform expression during cell-fate determination (Schwartzentruber et
al., 2018; Xu et al., 2017). It is well established that cocaine epigenetically regulates gene expression
(Calipari et al., 2016; Cates et al., 2018; Damez-Werno et al., 2012, 2016; Feng et al., 2014; Hamilton et
al., 2017; Heller et al., 2014, 2016; Maze et al., 2011; Taniguchi et al., 2012), yet mechanism(s) by which
cocaine-induced epigenetic modifications regulate alternative splicing is largely unexplored. Prior data
indicate that a subset alternatively spliced genes after investigator-administered cocaine are enriched in the

splice factor motif for A2BP1(Rbfox1/Fox-1), as well as the hPTM, H3K4me3 (Feng et al., 2014). In fact,
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co-immunoprecipitation of A2BP1 and H3K4me3 in NAc increases after cocaine administration (Feng et

al., 2014).

To add to this nascent body of literature on chromatin-regulated alternative splicing in brain, we previously
applied agnostic classical statistical and machine-learning methods to find that H3K36me3 is the most
informative hPTM in predicting splicing events in the NAc (Hu et al., 2017) and multiple other neural
tissues at several developmental timepoints (Hu et al., 2018). Analysis of NAc enrichment of 8 hPTMs in
the exon flanking regions reveals that only H3K36me3 and H3K4mel are differentially enriched with
respect to skipped exon category and best predicted skipped exon events (Hu et al., 2017). Genome-wide
mapping of histone modifications in many organisms has revealed their non-random distribution around
exons, with H3K36me3 enriched in exonic regions compared to intronic regions (Ernst and Kellis, 2017;
Huetal., 2017; Leung et al., 2019; Luco et al., 2010; Meers et al., 2017; Xu et al., 2017). A recent study in
human stem cells finds that H3K36me3 regulates alternative splicing events and are involved in nonsense-
mediated mRNA decay of BRCAl-associated RING domain protein 1 (BARD1), which is crucial to
activate Ataxia telangiectasia mutated (ATM) and ATM and RAD3-related (ATR) pathway and maintain
cell pluripotency state (Xu et al., 2017). This study reveals that epigenetic features play a dominant role in
decoding alternative splicing patterns, suggesting a key function of hPTMs in comprehensively
understanding splicing machinery (Xu et al., 2017). In addition, specific hPTMS are strongly associated
with different splicing types. H3K36me3 marks splicing related exons as shown in studies profiling
H3K36me3 enrichment as lower in alternative splicing exons than constitutive exons (Hu et al., 2017;
Kolasinska-Zwierz et al., 2009; Luco et al., 2010; Sessa et al., 2019; Wilhelm et al., 2011). H3K36me3 also
facilitates efficient mRNA splicing through recruitment of an “adapter protein” to stabilize splice factors
and regulate proper cotranscriptional splicesome assembly (Leung et al., 2019). This alternative splicing
related enrichment is highly evolutionarily conserved between humans and mice (Kolasinska-Zwierz et al.,

2009; Wilhelm et al., 2011).
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We expanded upon these bioinformatic analyses with an experimental manipulation of Set2, finding that
enrichment of H3K36me3 in NAc by Set2 overexpression caused changes in global alternative splicing.
We hypothesized that H3K36me3-mediated alternative splicing is an underlying mechanism for cocaine
reward behavior. We found a significant overlap in alternatively spliced genes following Set2 and cocaine
SA treatments. De novo motif search revealed 7 splice motifs common to both treatments, suggesting that
the increased cocaine preference following Set2 treatment is regulated, in part, by the same splice
machinery as cocaine SA. By combining de novo motif search and CLIP-seq data from neurons, we
identified Srsfll as a putative splice factor regulating splicing across treatments. Given the recently
discovered role of Srsf11 in microexon expression in neurons (Gonatopoulos-Pournatzis et al., 2018), it will
be interesting to analyze microexon expression and splicing in our datasets, especially following dCas9-
Set2 driven splicing of Srsf11. Furthermore, we expect that additional splice factors are involved in cocaine
driven alternative splicing, such as A2BP1, the motif for which was identified in our datasets and is enriched
in spliced genes following investigator administered cocaine (Feng et al., 2014). In identifying key splicing
factors that regulate cocaine driven alternative splicing, we were limited to available database of splicing
factor motifs and CLIP-seq data that matched our species and tissue type of interest. As more
comprehensive CLIP-seq data become available, it will be possible to identify additional components of

the splice machinery relevant in cocaine and chromatin-mediated alternative splicing.

Having identified Srsfll as a likely candidate for the regulation of Set2 and cocaine-driven alternative
splicing, we sought to analyze its mode of regulation in these contexts. Interestingly, while Srsf1/ gene
expression was unchanged, both cocaine and Set2 caused increased intron retention in this transcript and
enrichment of H3K36me3 at the relevant splice junction. Notably, the differential Srsfll isoforms are
associated with functional differences. The alternative inclusion isoform (ENSMUST00000152274) is
translated into a 423aa coding protein (ENSMUSP00000127239) while the exclusion isoform

(ENSMUST00000126716) is degraded by nonsense medicated mRNA decay (ENSMUSP00000114370).
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Increasing intron retention is a possible post-translational mechanism for overall increased expression of

the Srsfl1 protein.

We found that epigenetic editing using dCas9-Set2 was sufficient to recapitulate endogenous enrichment
of H3K36me3 at the splice junction of Srsf11 and drive alternative splicing both in vitro and in vivo. Our
results indicate that H3K36me3 can directly regulate alternative splicing without affecting expression.
However, given that H3K36me3 is associated with active transcription, the presence of this mark on a splice
factor gene could indirectly regulate splicing. This mechanism can be further probed by identification of
the splice factor genes differentially expressed following Set2 overexpression. Chromatin modifications
may directly regulate splicing in specific cellular contexts, and may do so via recruitment of splice
factors/adapter, or regulation of the kinetics of RNAPolIl. Evidence for direct recruitment of an adapter
system by H3K36me3 is demonstrated at the fibroblast growth factor (FGFR2) gene during cell
differentiation (Luco et al., 2010). This adaptor system consisting of hPTM (H3K36me3), a chromatin-
binding protein (mortality factor 4 like 1, MRG15) and a splicing regulator (polypyrimidine tract binding
protein 1, PTB), regulates FGFR2 alternative splicing (Luco et al., 2010). However, in the prior study Set2
overexpression increased global H3K36me3, which makes it difficult to distinguish direct function of this
hPTM in splicing FGFR2 from pleiotropic effects. To examine the direct causal relevance of H3K36me3
in splicing Srsfll in NAc we took an epigenetic editing approach. dCas9-Set2 directed to Srsfll
recapitulated endogenous H3K36me3 enrichment at a single splice junction and drove splicing of this gene.
Further studies will be aimed at distinguishing between the direct recruitment and kinetic models of splicing

regulation by H3K36me3.

Epigenetic editing in brain has seen major advances in its application to gene activation and silencing (Lee
etal., 2018; Liu et al., 2018; Zheng et al., 2018). For example, targeted dCas9-Tetl to CGG repeats in gene
fragile X mental retardation 1 (FMR]) is sufficient to reverse the hypermethylation at this locus and sustain

expression of fragile X mental retardation protein (FMRP) in edited neurons (Liu et al., 2018). Another
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study finds that dCas9-DNMT3a target a-synuclein (SNCA) causes downregulation of SNCA mRNA and
protein in patient derived dopaminergic neurons (Kantor et al., 2018). In cocaine exposure, epigenetic
editing of histone methylation or acetylation at the FBJ osteosarcoma oncogene B (Fosb) locus using zinc
finger protein is sufficient to dynamically regulate gene expression and control the behavioral effects of
cocaine exposure (Heller et al., 2014). While showcasing the utility of epigenetic editing in brain, these
studies have focused exclusively on regulating gene expression. The present study is the first to demonstrate

the utility of epigenetic editing in regulating alternative splicing.

Finally, because global H3K36me3 enrichment regulated both cocaine reward behavior and alternative
splicing of Srsfl1-motif enriched genes, we hypothesized that Srsfl1 is a key regulator of cocaine reward
behavior. We therefore examined the effect of dCas9-Set2-mediated splicing of Srsfl1 in cocaine CPP and
found that this manipulation was sufficient to enhance drug reward behavior. Studies of splicing in other
neurological conditions have highlighted the key role of isoform expression in mediating disease
phenotypes. For example, one study in Alzheimer's disease (AD) postmortem brains revealed that reduction
in the ratio of transmembrane to soluble neurexin3 (NRXN3) promotes the neuronal AD phenotype
(Hishimoto et al., 2019). Neurexin splicing variants also control postsynaptic response of N-methyl-D-
aspartate (NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors.
Specifically, alternative splicing of presynaptic neurexin-1 at splice site 4 (SS4) dramatically enhanced
postsynaptic NMDA-receptor-mediated response, while alternative splicing of neurexin-3 at SS4
suppressed AMPA-receptor-mediated synaptic responses in hippocampus (Dai et al., 2019). These studies
support the notion that alternative splicing can mediate different biological functions in varying
neurological contexts. With this study, we provided additional evidence that alternative splicing events are
associated with the pathology of addiction, such that Set2-mediated alternative splicing of Srsfll is

sufficient to augment cocaine preference.

Conclusion
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Epigenetic editing of H3K36me3 at Srsfl1 was sufficient to drive intron retention of Srsfll and enhance
cocaine place preference and self-administration. We conclude that H3K36me3 functions directly in

alternative splicing of Srsf11, and that this mechanism underlies cocaine reward behavior.

METHODS

Animals

Adult male, 8-week old C57BL/6J mice (Jackson) were used in this study. Mice were housed five per cage
on a 12-h light-dark cycle at constant temperature (23°C) with access to food and water ad libitum. Animals
were habituated to experimenter handling for at least 1 week before experimentation. All animal protocols

were approved by the Institutional Animal Care and Use Committee of University of Pennsylvania.

Intravenous cocaine self-administration (SA) and tissue collection

Mice were singly housed and habituated to the researcher by daily handling sessions for 7 days prior to the
start of SA training. The acquisition of the instrumental task was facilitated in naive mice by conducting
daily training sessions in the operant chambers using a food pellet reward (20 mg). Mice were first
introduced to the food pellets and food restricted (BioServ, Product #F0071), starting 3 days prior to the
start of the operant training. Operant food training was conducted in 1-hour sessions for 10 days. The wheels
were defined as paired if a 90o rotation of the wheel resulted in the presentation of a reward, with light and
tone cues, and unpaired if spinning has no scheduled consequences. Following operant food SA training,
mice were implanted with an indwelling catheter to the right external jugular vein under oxygen/isoflurane
anesthesia and allowed 3 days to recover, during which time they were monitored daily for distress. Mice
were then assigned to self-administer either saline or 0.56 mg/kg/infusion of cocaine on a fixed ratio (FR)
schedule during daily 2-hour sessions for 21 consecutive days. Acquisition of cocaine SA was defined as

three consecutive sessions during which = 10 infusions occurred, infusions did not vary by more than 20%,

and at least 80% of spins were on the paired lever. For self-administration studies used for molecular
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biochemistry and sequencing, mice were run on a FR1 schedule for two-hour sessions over 21 consecutive
days. For animals used in Set2-virus paired self-administration, an initial FR1 schedule was used. Once
animals met learning criteria, they were moved to fixed-ratio 5 (FR5) and subsequently to progressive ratio
(PR) schedule. 24 hours after the last cocaine session, mice were rapidly euthanized by cervical dislocation
and decapitated, brains were removed and NAc, VTA, PFC was dissected using aluminum Harris micro-

punch (Sigma-Aldrich). Tissue was frozen on dry ice and stored at -80 until downstream analysis.

Cocaine conditioned place preference

Stereotactic surgery was performed as detailed below. After surgeries, mice were given 2 or 3 days to
recover before being placed in the chamber and allowed to explore the conditioning apparatus. The
conditioning is consisted of 2 distinct environment chambers (white/black stripe side, and gray side). Mice
that showed pre-conditioning preference (more than 30% of total time spent in either of the 2 chambers)
were excluded from the study. The initial preference was recorded (Pre-test). During training, mice received
two parings per day: cocaine (15 mg/kg; i.p.) in the morning and were confined to the less preferred chamber
in the pre-test. Saline (0.9%; 1 ml/kg; i.p.) in the afternoon and confined on the opposite side of the place
preference chamber. On post-test day, mice were placed again in the either chamber with free access to
both chambers, and the time spent in each side was quantified (Post-test). Data are expressed as percentage
time spent on the cocaine-paired side in post-test minus the percentage time spent on the same side (CPP

percentage time change).

Viral and Intra-NAc Transfection

Following anesthesia with a mixture of oxygen and isoflurane, 8-week-old C57BL/6 male mice were
stereotactically infused with HSV virus encoding Set2 plasmid or catalytically dead Set2(R195G) control
(Strahl et al., 2002). Nucleus accumbens (NAc) was targeted bilaterally using the following stereotaxic
coordinates: + 1.6 (anterior/posterior), +1.5 (lateral), and —4.4 (dorsal/ventral) at an angle of 10° from the

midline (relative to Bregma). The core and shell subregions of NAc are affected equally by these injections
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(the two subregions cannot reliably be targeted selectively in a mouse). A total of 1 puL of virus was
delivered on each side over a 5-min period, followed by 5 min of rest. For Set2 with inhibitor Bay598
(SML1603) (10uM) treatment, inhibitor was dissolved in DMSO and mixed with virus. 1 pL of virus and
inhibitor mixture was delivered to NAc on each side at a rate of 0.2 ul per minute, followed by 5 min of
rest. dCas9-Set2 in-vivo transfection was conducted using the transfection reagent Jet-PEI (Polyplus
transfection), prepared according to manufacturer’s instructions. 12.5 pl DNA plasmid (1.0 ug/ul.) was
diluted in 12.5 pl of sterile 10% glucose and added to diluted Jet-PEI, mixed by pipetting and incubated at
room temperature (RT) for 15 min. A total of 1.5 pl of Jet-PEI/Plasmid solution was delivered NAc at a
rate of 0.2 ul per minute, followed by 5 min of rest. In all molecular and behavioral experiments, proper
NAc targeting of virus infusion was confirmed post hoc by preparing brain slices and visual confirmation
of both needle track and GFP expression by microscopy. The mice were subjected to behavioral,
immunohistochemical or DNA/RNA analysis after 2 days for virus transfection and 3 days for Jet-PEI

transfection.

Immunoblot analysis

Frozen NAc tissue were lysed in RIPA buffer (50 mM Tris-Cl, pH 8.0, 150 mM NaCl, 1% Nonidet P-40,
0.5% sodium deoxycholate and 0.1% SDS) plus a complete protease inhibitor cocktail (Roche). Lysates
were centrifuged and supernatants were subjected to SDS-PAGE. Primary antibodies were as follows:
rabbit polyclonal anti-H3K36me3 antibody (1:1,000, Abcam, #ab9050), mouse monoclonal anti-H3
antibody (1:2,000, Abcam, #ab24834). The blots were developed using an ECL kit (Pierce). Protein levels

were quantified by Image].

Chromatin immunoprecipitation (ChIP) and ChIP-sequencing analysis
ChIP was performed on frozen bilateral NAc 2 mm punches pooled from 2-3 mice, and dissected as
described above. Chromatin was prepared as described previously (Heller et al., 2014) and sheared using a

diogenode bioruptor XL at high sonication intensity for 30 minutes (30 s on/30 s off). Fragment size was
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verified at 150-300 bp with an Agilent 2100 bioanalyzer. Sheared chromatin was incubated overnight with
the H3K36me3 (Abcam ab9050) antibody previously bound to magnetic beads (Dynabeads M-280, Life
Technologies. After reverse cross-linking and DNA purification (Qiagen Spin Column), ChIP-sequencing
libraries were prepared using the NEBNext ChIP-Seq Library Prep Master Mix Set for [llumina (E6240L)
using an adaptor oligo dilution of 1:20 for all samples. Prepared samples were pooled and sequenced on
[llumina Hiseq 4000 platform to achieve ~30 million reads per sample. Raw sequencing data was
processed to generate fastq files of 50 bp single-end reads for further processing.

Sequences were aligned using Bowtie v2.1.0, allowing for =<2 mismatches to the reference in 50 bp.

High quality and uniquely aligned reads were confirmed for H3K36me3 ChIP-sequencing. Uniquely
mapped reads were used for subsequent analysis. Peak calling was performed using SICER (Xu et al.,
2014), whereas DiffBind (Ross-Innes et al., 2012) was used to identify the differential histone modification
sites between treatment and control groups.

Integrated profiles were created by averaging the observed signal for each bin for the selected set of
relevant genes using deepTools computeMatrix; values displayed indicate fragments per 50-bp bin per
million mapped reads (Figures 1H, 2H, 5B-D, Supplement figure 2C). Integrated profile of H3k36me3
enrichment at splice junctions (Figure 1G, 4C, Supplement figure 4C) was created similarly using
deepTools computeMatrix. Splice junctions were defined using 200bp up- and down-stream of spliced
exon start/end site. Permuted splicing junctions were generated by randomly permuting the genomic
locations of the splice junctions using Bedtools shuffle. H3K36me3 Enrichment of islands over genome
was assessed using HOMER software with a false discovery rate (FDR) of 5% as a cutoff and a
significance score (fold-change score over input) of 1.5. By default, HOMER used DESeq2's rlog
transform to create normalized log2 read counts, thereafter generate log2 transformed enrichment relative
to a specific genomic category (Heinz et al., 2010). Gene Ontology was analyzed using the Database for
Annotation, Visualization and Integrated Discovery (DAVID) Bioinformatics Resource specifying for

biological processes. IGV is used to visualize the track coverage.
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RNA extraction, PCR and quantitative RT-PCR

Total RNA was extracted from tissue and cells using the RNeasy Mini Kit (Qiagen) as recommended by
the manufacturer. To assess inclusion of alternative exons, forward and reverse primers were designed to
anneal to the constitutively included exons upstream and downstream of the alternative exon, respectively.
PCR assays were performed based on previous published method (Gonatopoulos-Pournatzis et al., 2018)
OneStep RT-PCR kit (QIAGEN) was used according to the manufacturer’s recommendations. Reaction
products were separated on 1% agarose gels. Percent Spliced In (PSI) values were calculated using ImagelJ
software. First the exon-included and exon-excluded band intensities were corrected by subtracting
background. Then, intensity of the exon-included band was divided by the sum of the exon- included and
exon-excluded bands. The result was multiplied by 100% to obtain the PSI value. qPCR and data analysis
was performed as previously described (Heller et al., 2016), by comparing Ct values of the experimental

group to control using the AACt method.

RNA-sequencing and analysis

RNA quality control assays and library preparation were performed by the University of Pennsylvania Next
Generation Sequencing core. Total RNA was quantified using fluorescent chemistry contained in the Qubit
RNA HS Assay Kit (Cat# Q10211, Thermo Fisher Scientific). 1 ul was used to assess RNA Integrity
Number (RIN) using the Agilent Bioanalyzer RNA nano kit (Cat # 5067-1513, Agilent). The RIN range
was between 8 and 9.8. RNA-seq was carried out on an Illumina HiSeq 4000. Sequence alignment was
performed using STAR (Dobin et al., 2013). The FASTQ sequence was aligned to the mouse genome mm9
or mm10 and unique read alignments were used to quantify expression and aggregated on a per-gene basis
using the Ensembl (GRCm38.67) annotation. We used DESeq2 (Love et al., 2014) to assess differential
expression between sample groups, and both rMATS (Shen et al., 2014) and MAJIQ (Green et al., 2017;

Norton et al., 2018) to assess alternative splicing. Cocaine SA splicing data (Figure 4A-B) was defined as
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MAJIQ identified alternative spliced genes common to cocaine SA plus 1-day and 28-day abstinence. All

RNA-seq data was deposited in NCBI as GEOxx.

Extraction of histones from NAc tissue

Tissue was lysed in nuclear isolation buffer (15 mM Tris pH 7.5, 60 mM KCIl, 15 mM NaCl, 5 mM MgCl2,
1 mM CacCl2, 250 mM sucrose, 10 mM sodium butyrate, | mM DTT, 500 uM AEBSF, 5 nM microcystin)
containing 0.3% NP-40 alternative on ice for 5 min. Nuclei were pelleted and resuspended in 0.4 N H2SO4
followed by 1.5 hr rotation at 4°C. After centrifugation, supernatants were collected, proteins were
precipitated in 33% TCA overnight on ice, washed with acetone, and resuspended in deionized water.
Acid-extracted histones (5-10 pg) were resuspended in 100 mM ammonium bicarbonate (pH 8), derivatized
using propionic anhydride and digested with trypsin as previously described (Sidoli et al., 2016). After a
second round of propionylation the resulting histone peptides were desalted using C18 Stage Tips, dried
using a centrifugal evaporator, and reconstituted using 0.1% formic acid in preparation for LC-MS analysis.
Liquid Chromatography — Mass Spectrometry

Nanoflow liquid chromatography was performed using a Thermo ScientificTM Easy nLCTM 1000
equipped with a 75 pm x 20 cm column packed in-house using Reprosil-Pur C18-AQ (3 pm; Dr. Maisch
GmbH, Germany). Buffer A was 0.1% formic acid and Buffer B was 0.1% formic acid in 80%
acetonitrile. Peptides were resolved using a two-step linear gradient from 5% to 33% B over 45 min, then
from 33% B to 90% B over 10 min at a flow rate of 300 nL/min. The HPLC was coupled online to an
Orbitrap Elite mass spectrometer operating in the positive mode using a Nanospray Flex™ Jon Source

(Thermo Scientific) at 2.3 kV.

For MS, a full scan (m/z 300-1100) was acquired in the Orbitrap mass analyzer with a resolution of
120,000 (at 200 m/z) followed by 8 MS2 scans using precursor isolation windows of 50 m/z each (e.g.
300-350, 350-400...650-700). A second full scan was then performed followed by the remaining 8§ MS2

scans (800-850, 900-950...). MS/MS spectra were acquired in the ion trap operating in normal mode.
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Fragmentation was performed using collision-induced dissociation (CID) in the ion trap mass analyzer
with a normalized collision energy of 35. AGC target and maximum injection time were 5e5 and 50 ms
for the full MS scan, and 3e4 and 50 ms for the MS2 scans, respectively. Raw files were analyzed using
EpiProfile 2.0 (Yuan et al., 2018). The area under the curve (AUC) for each modified state of a peptide
was normalized against the total of all peptide AUCs to give the relative abundance of the histone

modification.

Plasmid construction and sgRNA design.

The Set2 and Set2 mutant R195G plasmid used for this study were obtained from Dr. Brian Strahl (UNC).
Plasmids were then packaged into HSV-GFP virus. dCas9-Set2 construct was optimized, synthesized and
cloned into pENTR-dTOPO by GENEWIZ. Then the entry plasmid pENTR-dTOPO-dCas9-Set2 was
packaged into destination vector hSyn-GW-IRES2-mCherry using Gateway LR Clonase Il enzyme mix
(ThermoFisher 11791020). The hsyn-GW-dCas9-SET2-IRES2-mCherry vector, encoding mammalian
codon-optimized Streptococcus pyogenes dCas9 fused to a human SET2 domain were used for neuronal

cell line and neuronal tissue transfections.

The single guide RNA was designed and screened using the web tool http://crispr.mit.edu/. The PAM
sequence of these guide RN As was used to determine the minimal off-target effect. The three sgRNAs with
the highest off-target scores were designed based on H3K36me3 enriched region and strand specificity.
Then the 19bp target sequence was synthesized into gBlock that contains U6 promoter, guide RNA scaffold
and termination signal. Then gBLOCK was cloned into an empty backbone vector pENTR/d-TOPO
(ThermoFisher K240020) following manufacture instructions. Additionally, the entry plasmid was
packaged into destination vector P1005-GFP using Gateway LR Clonase II enzyme mix (ThermoFisher

11791020).

Cell culture and transfection
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Neuro2a cells (CCL-131), ATCC were cultured in EMEM medium with 10%FBS in 6-well plates. The
cells were transfected with 400 ng of plasmid DNA using Effectene reagent (Qiagen), and RNA was
isolated using the RNeasy Mini Kit (Qiagen) according to the manufacturer instructions. The cells were
maintained at 37 °C and 5% CO2, and harvested in 24 hours. dCas9-Set2 with sgRNA were transfected in
six-well plates with 1 mg of each respective dCas9 expression vector, 0.33 mg of individual gRNA
expression vectors using Effectene reagent (Qiagen) as per the manufacturer’s instruction. The cells were

maintained at 37 °C and 5% CO2, and harvested in 48 hours after transfection.

Splicing motif analysis

De novo motifs (recurring, fixed-length patterns) in the top 1000 (rank by “inter” treatment difference)
alternative splicing junctions (+-200bps of splice site) were identified using HOMER software with
scrambled sequence as control. Similar motif analysis was done using MEME. Searched motifs were then
submitted as input to the MEME-Tomtom program to rank the motifs in the database and produce an

alignment for each significant match for splice factors using Ray2013 RBP databases (Ray et al., 2013).

CUT&RUN sequencing

CUT&RUN was performed based on published method (Skene and Henikoff, 2017; Skene et al., 2018).
Transfected N2a cells were first lysed to isolate the nuclei. The nuclei were then centrifuged, washed and
incubated with lectin-coated magnetic beads. The lectin-nuclei complexes were then resuspended with anti-
H3K36me3 antibody (Abcam, #ab9050) and incubated overnight at 4,C. The nuclei were washed next day
to remove unbound antibodies and incubated with Protein-A-MNase for 1 hour, then washed again to
remove unbound protein-A-MNase. CaCI2 was added to initiate the calcium dependent nuclease activity
of MNase to cleave the DNA around the DNA-binding protein. The protein-A-MNase reaction was
quenched by adding chelating agents (EDTA and EGTA). The cleaved DNA fragments were then liberated
into the supernatant and incubated with proteinase K for 15 minutes at 700C. DNA fragments were purified

using Qiagen mini-elute and used to construct a sequencing library using NEBNext ChIP-Seq Library Prep
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Master Mix Set for [llumina® (E6240L) using an adaptor oligo dilution of 1:20 for all samples. Samples
were pooled and sequenced on Illumina Hiseq 4000 platform to achieve ~20 million reads per sample.
Raw sequencing data was processed to generate fastq files of 50 bp pair-end reads for further processing.
The data was then collected and analyzed using software that aligns sample sequences to mm9 to identify

the H3K36me3 targeted DNA fragments.
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FIGURE LEGENDS

Figure 1. Alternative splicing and H3K36me3 enrichment in NAc following cocaine self-
administration

(A) Schematic showing cocaine SA. Mice were food trained for 10 days prior to jugular catheterization
surgery. Following recovery, mice (n=12/group) underwent 2hr, daily SA sessions for 21 days. Cocaine
treated mice could self-administer either cocaine or saline, while saline treated controls could administer
only saline. Following the last day of SA, mice were subjected to forced (home cage) abstinence for 1 day.

NAc, VTA, and PFC tissue was then collected for downstream analysis.
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(B) Average cocaine or saline infusions (n=12 per group) per session for cocaine SA treatments. Mice
showed a significant higher infusion rate for cocaine than saline in both treatments (two-way ANOVA
repeated measure; Interaction effect F (20,440) =3.081, P<0.0001; drug effect F(1,22)=78.9, P<0.0001;
session effect F (8.522,187.5) =2.298, P=0.0201).

(C) Venn diagram showing cocaine-driven differential enrichment of H3K36me3 identified by ChIP-seq,
compared to saline. Enrichment regions were counted based on Fold change > 1 or <-1 and FDR <0.1.
(D) Differential H3K36me3 enrichment after cocaine SA, compared to saline. Fold change > 1 or < -1 and
FDR <0.1.

(E) H3K36me3 genic distribution after cocaine or saline SA.

(F) Profile plot of H3K36me3 genome-wide (scaled gene body regions with Skb up-/down-stream)
distribution in cocaine SA and saline control.

(G) Differential H3K36me3 enrichment at alternative splice junctions (+/-200bp) after cocaine (blue) or
saline (red) treatment, compared to permuted junction sequences (grey). Splice junction start (SJS); splice

junction end (SJE); reads per million (RPM).

Figure 2. Set2 overexpression in NAc regulated alternative splicing via H3K36me3 enrichment

(A) Schematic of Set2 histone methyltransferase and catalytically dead Set2(R195G) control. SRI: Set2
Rpbl interacting domain.

(B) Representative image of HSV virus mediated GFP expression in NAc.

(C) Representative western blot and quantification of H3K36me3 protein in HSV-Set2, HSV- Set2(R195G)
or HSV-GFP injected NAc (One-way ANOV A with Tukey’s multiple comparison test. Main effect of virus,
DF=19, **p<0.01).

(D) Quantitative mass spectrometry of H3.1 and H3.3 K36me3 in HSV-Set2, HSV- Set2(R195G) and HSV-
GFP injected NAc (two-way ANOVA; Interaction effect F(2,29) =1.0521, P=0.362; Histone location effect

F(1,29)=0.411, P=0.526, virus effect F(1,456) =9.7348, P<0.001)) .
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(E) Venn diagram Set2-mediated differential enrichment of H3K36me3 identified by ChIP-seq, compared
to Set2(R195G).

(F) Quantification of up and down regulated H3K36me3 peaks in HSV-Set2 compared to HSV-Set2(R195G)
contro. Fold change > 1 or <-1 and FDR < 0.1.

(G) Heatmap of H3K36me3 distribution on gene bodies with 5kb up- and down-stream regions across
genome in HSV-GFP, HSV-Set2(R195G), HSV-Set2 viral injected NAc.

(H) Profile plot of H3K36me3 distribution of HSV-GFP, HSV- Set2(R195G), and HSV-Set2 viral injected
NAc.

() Venn diagram showing overlap between genes both differentially enriched in H3K36me3 and
differentiall spliced following Set2 overexpression, compared to Set2(R195G). Fisher exact test (FET)

P<0.00001.

Figure 3. Set2 overexpression increased mouse cocaine reward behavior

(A) Schematic for HSV-Set2 or HSV-Set2(R195G) viral injection followed by CPP behavioral test.
Percentage change in time spent on cocaine-treated side by HSV-Set2 and -Set2(R195G) injected animals
in CPP test (* p<0.05, student t-test).

(B) Schematic showing cocaine SA with Set2 viral injection. Mice were food trained for 10 days prior to
jugular catheterization surgery. Following recovery, mice underwent 2hr, daily SA sessions for 21 days.
HSV-Set2 virus were given at different time points between the two cohorts (indicated by syringes).
Following the last day of SA, mice were subjected to forced (home cage) abstinence for 1 day. NAc tissue
was then collected for downstream analysis.

(C) Addiction index (Al) of factors that are most strongly associated with addiction-like behaviors. Set2
treated group showed significantly higher Al than Set2(R195G) group (Student T-test, * P<0.05).

(D) Factor loading of factors 2 with SA behavior cocaine intake (yellow = positive).
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(E) Individual transformed data from cocaine total intake during SA following Set2 or Set2(R195G) NAc
injection (Student T-test, non-significant). The transformed value was calculated to generate Al for each
individual.

(F) Individual cocaine total intake data presented for the behavior associated with factor 2 (Student T-test,

% P<0.01).

Figure 4. Set2 and cocaine regulated alternative splicing and H3K36me3 enrichment of Srsf71

(A) Venn diagram showing comparison of alternatively spliced genes in HSV-Set2 and cocaine SA treated
groups (pairwise comparison using MAJIQ, FDR < 0.05 APSI> 0.1; FET P < 0.00001).

(B) Venn diagram showing shared 6-mer motifs that were independently identified in alternative splicing
junctions of Set2 overexpression and cocaine SA treatments.

(C) Profile plot of Srsfl1 iCLIP-seq signal at alternative splicing junctions (top “bell-curve” like) and
scrambled sequence control (bottom “flat-line” like) of cocaine SA and Set2 overexpression treatments.
(D) Averaged z-score of Srsfll binding frequency compared to control on splicing motifs identified in
cocaine SA and Set2 splice junctions.

(E) Violin plots of PSI values of Srsfl1 intron retention alternative splicing event identified by MAJIQ in
Set2(R195G) and Set2 overexpression in NAc.

(F) RNA-seq track coverage at alternative splicing region in Set2(R195G) and Set2 overexpression in NAc.
(G) Quantification for validating intron retention event in Set2(R195G) and Set2 overexpression in NAc
with representative PCR blot (* p<0.05, student T-test).

(H) Quantification for validating intron retention event in Set2 and -Set2(R195QG) transfected N2a cells
with representative PCR blot (* p<0.05, Student’s t-test).

(I) H3K36me3 ChIP-seq coverage and quantification at Srsfl1 alternative splice junction in Set2(R195G)

and Set2 overexpression in NAc.
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Figure 5. Epigenetic editing of H3K36me3 was sufficient to drive alternative splicing of Srsfl1 and
increase cocaine reward behavior

(A) Schematic of sgRNA designed to target H3K36me3 enriched region of Srsf71.

(B) H3K36me3 enrichment at Srsfll in N2a cells transfected with dCas9-Set2 and sgRNAs. Note that
H3K36me3 enrichment following transfection with sgRNAs N2, N3 and NT at not above background, and
are shown in panel D. T: Template, N: Non-template, NT: Non-targeting.

(C) H3K36me3 enrichment at Srsf11 in N2a cells transfected with dCas9-Set2 and sgRNAs.

(D) H3K36me3 enrichment at targeted Srsfl1 gene body region of dCas9-Set2 with sgRNA N2, N3,

NT and IgG controls. Note difference in RPM scale relative to panel B.

(E) H3K36me3 CUT&RUN-seq track coverage showing H3K36me3 enrichment at sgRNA T1 targeted
locus. Black bar: 20bp protospacer motif.

(F) Quantification of Srsfll alternative isoform expression in N2a cells transfected with dCas9-Set2 or
dCas9-Set2(R195G) and sgRNA T1 or NT (ns, non-significant, *** p<0.001. One-way ANOVA with
Tukey’s multiple comparison, P(dCas9-Set2-NT (ctrl) vs. dCas9-Set2-T) = 0.0007; P(dCas9-R195G-T vs.
dCas9-R195G-NT(ctrl)) = 0.018).

(G) Schematic showing in-vivo transfection of dCas9-SET2 with sgRNA T1 and NT in two hemispheres
of NAc.

(H) Quantification of Srsfl1 alternative isoform expression in NAc expressing dCas9-Set2 and sgRNA T1
or NT (** p<0.01. Student T-test).

(I) Timeline and schematic of NAc expression of dCas9-Set2 plus sgRNA T1 or NT, followed by CPP.
Percentage change in time spent in cocaine-paired chamber following dCas9-Set2 plus sgRNA T1 or NT

treatment (* p<0.05, **p<0.01 Student T-test P=0.0032).

SUPPLEMENT FIGURE LEGENDS

Supplement figure 1. Cocaine SA behavior and alternative splicing profiles in multiple brain regions
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(A) Mice show significantly greater discrimination between the paired and unpaired wheel sessions (two-
way ANOVA repeated measure). Interaction effect F(20,440) = 1.002, P=0.4584; drug effect F(1,22)=36,
P<0.0001; session effect F(24,440) =1.411, P=0.1116).

(B) Mice in cocaine group spun the paired wheel significantly more than saline group across sessions (two-
way ANOVA repeated measure). Interaction effect F(20,440) = 1.487, P =0.0810; drug effect
F(1,22)=9.406, P=0.0056; session effect F(24,440) =0.9203, P=0.5612).

(C) Cocaine-SA mice spun the unpaired wheel significantly less than saline-SA mice across sessions (two-
way ANOVA repeated measure; Interaction effect F(20,440) = 1.407, P =0.1136; drug effect
F(1,22)=0.07903, P=0.7812; session effect F(24,440) =0.9474, P=0.5266).

(D) Biological validation of Setd2 expression levels in NAc following cocaine SA, compared to saline
controls.

(E-G) Alternative splicing summary comparing SA cocaine and saline in (E) NAc, (F) PFC and (G) VTA
identified by rtMATS. Only alternative splicing events that are FDR < 0.05 and APSI > 0.1 were shown in
the table.

(H) Alternative splicing summary comparing HSV-Set2 and HSV-Set2(R195G) in NAc identified by
rMATS. Only alternative splicing events that are FDR < 0.05 and APSI> 0.1 were shown in the table.

(D) Alternative splicing events summary comparing HSV-Set2 and HSV-R195G in NAc identified by
MAIJIQ V1.1 using pairwise comparison of each replicate. Most of alternative splicing events occurred
between treatment in the pairwise comparison as indicated by the dark color. Alternative splicing events

are also detected within treatment due to sample to sample variance.

Supplement figure 2. Set2 overexpression regulates gene expression in NAc

(A) HSV-Set2 up- and down-regulates gene expression. Among the regulated genes, 55.9% were
upregulated comparing to HSV- Set2(R195G) and 45.1% were down-regulated.

(B) Venn diagram showing overlap between DEG identified by RNA-seq and HSV-Set2 mediated

H3K36me3 enriched genes (FET < 0.00001).
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(C) Profile plot of H3K36me3 enrichment on HSV-Set2 mediated DEGs compared to Set2(R195G).

(D) Venn diagram showing overlap between DEGs mediated by cocaine compared to saline and Set2
compared to Set2(R195G) (FET< 0.00001).

(E) Track coverage of H3K36me3 ChIP- and RNA-seq from HSV-Set2 and -Set2(R195G), as well as
cocaine and saline for representative up-regulated gene 7mem25 and down-regulated gene Plxndl.

(F) gPCR validation on Set2-mediated DEGs from separate biological replicates.

(G) gPCR validation on Set2-mediated DEGs from transfected Neuro2a cells.

Supplement figure 3. Set2 mediated H3K36me3 enrichment increases cocaine preference

(A) Distance traveled in pre-test by HSV-Set2 and HSV-Set2(R195G) injected animals (non-significant,
Student’s unpaired t-test).

(B) Representative western blot for H3K36me3 and total H3 in HSV-Set2, HSV-Set2 with inhibitor Bay598,
HSV-R195G, and HSV-R195G with methyltransferase inhibitor Bay598 injected NAc (one-way ANOVA
with Tukey’s multiple comparison, * P<0.05,** P<0.01). BAY598 is a methyltransferase inhibitor that
reduces the effect of SET2 on CPP. This confirmed that the Set2-mediated increase in cocaine CPP required
SET?2 catalytic activity.

(C) Percentage change in time spent in cocaine treated side of HSV-Set2 and HSV-Set2 (R195G) with
BAY598 injected animals.

(D) Distance traveled in Pre-Tests of HSV-Set2 and HSV-Set2(R195G) with BAY 598 injected animals.
(E) Factor analysis was used to reduce multidimensional behavioral data to factors. The association of each
factor with each behavioral endpoint included in the analysis is displayed. Factors were positively (yellow),
negatively (blue), or not associated (black) with each endpoint. These particular associations allowed for
the interpretation of the how each factor related to Set2 affected cocaine SA behaviors.

(F-K) Data for individual animals for each behavior and each factor are presented. (F, I) Factor loading of
factors 5 and 7 with self- administration behaviors (yellow = positive; blue = negative) are presented. (G,

J) Individual data presented for the behaviors associated with each factor. (G) Factor 5 is associated with
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consummatory regulation. It positively associated with paired lever under a fixed-ratio 1 and negatively
associated with unpaired lever under a fixed-ratio 5, and (J) Factor 7 is positively associated with paired
lever and negatively associated with unpaired lever under a fixed-ratio 1. (H, K) Individual transformed
data for (H) factor 5 associated total levels presses in Set2 or Set2(R195G) in cocaine SA experiment
(Student T-test, * P<0.05), and (K) factor 7 associated discrimination index in Set2 or Set2(R195G) in

cocaine SA experiment (Student T-test, * P<0.05).

Supplement figure 4. Srsfl1 is identified as a key splice factor that mediates alternative splicing in cocaine
and Set2 treatments

(A) Representative splicing motifs in cocaine SA and Set2 at both 3’ and 5 splice junctions that were
identified by Meme.

(B) Expression of Srsfll in cocaine SA and Set2 detected in RNA-seq. No significant differential
expression was identified in either comparison.

(C) Published CLIP-Seq signal plotted on cocaine SA and Set2 splicing junctions and their corresponding
permuted sequences at both 3” and 5°. None of the signal showed a distinct pattern such as Srsfl1.

(D) Track coverage of RNA-seq of cocaine and saline samples in cocaine SA.

(E) Srsfll alternative splicing event was detected by rMATSs in cocaine SA and Set2 (* FDR<0.05,
**FDR<0.01).

(F) Validation on Srsfll expression of Set2 and Set2(R195G) controls using biological replicates (No
significance, Student T-test).

(G) Function analysis on overlapped alternative splicing genes among cocaine SA and Set2 group.

(H) Venn diagram showing significant overlap between DEGs and alternative splicing genes mediated by

Set2 overexpression (FET P <0.00001).

Supplement figure 5. dCas9-Set2 shows negligible off-target effect in mediating H3K36me3 enrichment
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(A) Heatmap of genome-wide H3K36me3 enrichment of dCas9-Set2 plus sgRNA T1 and NT transfected
N2a cells identified by CUT&RUN-seq. No difference in enrichment distribution was observed between
the two treatments.

(B) Volcano plot from DiffBind analysis between dCas9-Set2 with sgRNA T1 and NT. Srsfll was the
highest differentially enriched gene (Fold change = 152.2, FDR = 5e-75). Pink dots indicate other
significantly differential H3K36me3 enriched peaks (log2(Fold-change)>=4).

(C) Genomic locations of 122 identified H3K36me3 differential enrichment in dCas9-Set2 plus sgRNA T1
compared to dCas9-Set2 plus sgRNA NT. The majority of off-target enrichment are at intergenic regions.
(D) Distance traveled in pre-test by dCas9-Set2 plus sgRNA T1 compared to dCas9-Set2 plus sgRNA NT

animals (non-significant, Student’s unpaired t-test).
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Supplement figure 1 Cocaine SA behavior and alternative splicing profiles in multiple brain regions
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Supplement Figure 2. Set2 overexpression regulates gene expression in NAc
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Supplement Figure 3 Set2 mediated H3K36me3 enrichment increases cocaine preference
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Supplement figure 4. Srsf11 is |dent|f|ed as a key splice factor that mediates alternative splicing
in cocaine and Set2 treatments
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Supplement figure 5. dCas9-Set2 showed negligible off-target effect in mediating H3K36me3 enrichment
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Eene:ENSMUS( Griad gene:ENSMUSC 3 0 1 o Nav2 1 0 0 0 7:48964440-49 gene ENSMLRbfoxl  gene:ENSML 4 0 1 16:6173667-6487819
gene:ENSMUS(Braf gene:ENSMUSC 3 4 [ o Plch2 1 o 0 1 4:155009137-1 gene:ENSMUAfipl  gene:ENSML 4 2 o 3:84527798-84534587
gene:ENSMUS( Csmd3. gene:ENSMUSC 3 1 1 o Rian 1 0 0 1 12:109606343- gene:ENSML Paxé gene:ENSML 4 o o 2:105683958-105684751
gene:ENSMUS( Fancm gene:ENSMUSC 3 2 0 0 12:65099452-6 gene:ENSMUS( Frmpdd gene:ENSMUSC 1 0 0 3 X167897638-1 gene:ENSMLPik3c2b  gene:ENSML a 4 o 1:133098800-133099153
Bene:ENSMUS(Zfpg63 gene:ENSMUSC 3 1 0 o phet 1 o 0 0611223220831 gene:ENSMURassf2  gene:ENSML 4 4 0 2:132012652-132029751
Bene:ENSMUSCIgdccd gene:ENSMUSC 3 2 0 0 9:65125422-65 gene:ENSMUS( Fopnl gene:ENSMUSC 1 o 0 1 16:14314013-1 gene:ENSMUEpbA112  gene:ENSML 4 o o 10:25495591-25501824
gene:ENSMUS( Plekhas gene:ENSMUSC 3 1 0 o Grsf1 1 o 0 0/5:88673849-88 gene:ENSMLSpock3  gene:ENSML a o 3 8:62951301-62951800
Eene:ENSMUS( B230209E15Ril gene:ENSMUSC 3 1 0 1 tgb3bp. 1 o 0 0 4:99802232-99 gene:ENSML Neor2 gene:ENSML 4 1 1 5:125018990- 125019819
Eene:ENSMUS( Ercc8 gene:ENSMUSC 3 4 0 0 13:108175620- gene:ENSMUS( Pcbp2 ene:ENSMUSC 1 0 0 0 15:102470803- gene:ENSML Cacnald  gene:ENSML 4 1 0 14:30172059-30178545
gene:ENSMUS(Adama gene:ENSMUSC 3 1 0 0 51121522419-1 geniENSMUS( 210403AD7R) gene ENSMUSC 1 o 0 0 3:88710852-88 gene:ENSML Et4 gene:ENSML 4 1 0 2:20798783-20807902
gene:ENSMUSC Alg9 gene:ENSMUSC 3 o 0 1 Fams3b 1 0 0 071327601671 gene:ENSML Bbx gene:ENSML 4 2 [ 16:50320413-50331029
Bene:ENSMUS(Tyk2 gene:ENSMUSC 3 1 0 09:21115279-21 gene:ENSMUS( Nptn gene:ENSMUSC 1 0 0 3 9:58582526-58 gene:ENSMUFmnl1  gene:ENSML a 0 1 11:103197778-103198135.
Bene:ENSMUS( Cadm1 gene:ENSMUSC 3 1 1 o ik 1 [ 0 0 4:16131646-16 gene:ENSMUMacfl  gene:ENSML a 6 0 4:123554365-123565214
Bene:ENSMUSC Pacsin2 gene:ENSMUSC 3 1 1 2 Dhis7 1 o 0 0 17:80278381-8 gene:ENSMUEPDALIL  gene:ENSML a 2 1 2:156514210-156524881
gene:ENSMUS( Mplkip gene:ENSMUSC 3 0 o 2 13:17696841-1 gene:ENSMUS( Smarcel  gene:ENSMUSC 1 o 0 1 11:99220735-9 gene:ENSMU Plekhas  gene:ENSML a o 2 6:140579476-140580460
Eene:ENSMUSC Nelfcd gene:ENSMUSC 3 2 0 0 2:174424740-1 gene:ENSMUS( Tbeld13 gene:ENSMUSC 1 o 0 1 2:30134870-30 gene:ENSML Rpska2  gene:ENSML 4 3 0 17:7228029-7246702
Eene:ENSMUS(Trpc7 gene:ENSMUSC 3 0 o 1 Pedhghs 1 o [ 0 18:37733550-3 gene:ENSML Dcunld2  gene:ENSML 4 2 0 8:13250043-13261385
gene:ENSMUS(Gm16867  gene:ENSMUSC 3 0 2 1 2fp280d 1 o 0 2972329953-72 gene:ENSML Metti2la  gene:ENSML 4 o o 164616444-64617162
Bene:ENSMUS( Uspsd gene:ENSMUSC 3 2 0 o Tsgalo 1 0 0 0 1:37834337-37, gene:ENSML Nit1 gene:ENSML 4 o 3 1:171345000-171345191
Bene:ENSMUSPwwp2a gene:ENSMUSC 3 1 0 1 11:43684225-4 gene:ENSMUS Cdc27 gene:ENSMUSC 1 0 0 3 11:104520833- gene:ENSML N3, gene:ENSML a 4 o 12:88725340-88794504
Bene:ENSMUS( Gonal gene:ENSMUSC 3 1 1 1 Folh1 1 o 0 0 7:86737576-86 gene:ENSML Pedh7 gene:ENSML 4 [ 0 5:57913348-58128975
Bene:ENSMUS( Mtg2 gene:ENSMUSC 3 o 0 1 1 o 0 0 X:151801366-1 gene:ENSML Pprc1 gene:ENSML 4 o o 0 19:46061576-46062141
gene:ENSMUS(Ssnal gene:ENSMUSC 3 o 2 3 2:25272128-25 gene:ENSMUS( Carf gene:ENSMUSC 1 o 0 5 1:60108200-60 gene:ENSML Shc2 gene:ENSML a 1 0 0 10:79621187-79622255
Eene:ENSMUSC Ptprd gene:ENSMUSC 3 0 0 4 1 1 0 0 081247284821 gene:ENSMU Arhgef6  gene:ENSML 4 3 0 0 X:57240687-57244605
Eene:ENSMUS( Dapk3 gene:ENSMUSC 3 0 0 2 10811834198 gene:ENSMUSC Hinfp gene:ENSMUSC 1 0 0 2 9:44298411-44 gene:ENSML Zranbl  gene:ENSML 4 4 o 07 131931545 132949535
gene:ENSMUS( Bas3 gene:ENSMUSC 3 0 3 1 11:85354661-8 gene:ENSMUS( Clen3 gene:ENSMUSC 1 0 0 0 8:60975907-60 gene:ENSML Tnik gene:ENSML 4 o 2 1 3:28625222
gene:ENSMUSCAldh1I1 gene:ENSMUSC 3 0 0 2 AdgreS 1 0 0 0 8:83729525-83 gene:ENSML Toel gene:ENSML 4 o 2 14 115805759 nss\mss
Bene:ENSMUS(Trptl gene:ENSMUSC 3 0 0 2 Hbs1l 1 0 0 010213093142 gene: ENSMLAQZ]AZSFUM gene: ENSML a 0 3 3 8:105285869- mszxms
gene:ENSMUS( Chfr gene:ENSMUSC 3 o 0 2 5:110136194-1 gene:ENSMUS( Tmem255a  gene:ENSMUSC 1 o 0 0 Xi38226956-38 gene:ENSML Ttc23 MU 4 0 1 3 7:67662526-676671¢
Bene:ENSMUSCKif17 gene:ENSMUSC 3 o 0 3 4:138288485-1 gene:ENSMUS( Telo2 gene:ENSMUSC 1 o 0 0 17:25107439-2 gene:ENSMU otk gene: msw a 1 1 1 7:131373830- mmnss
gene:ENSMUS( Grinl gene:ENSMUSC 3 o 3 1 ba4 1 o 0 1 11:103103096- gene:ENSMU Mical2  gene:ENSML a 1 o 2 7:112332039-112346722
Eene:ENSMUSCLrrccl gene:ENSMUSC 3 2 0 o Sic3gal 1 o 0 0 15:96624169-9 gene:ENSMLEtI4. gene:ENSML 4 0 0 1 2:20808024- msnznn
Eene:ENSMUSCKIRIZ2 gene:ENSMUSC 3 0 0 1 Tmem161b 1 0 0 213842723278 gene:ENSMUMm2  gene:ENSML 4 0 5 2 9:13749400-137
gene:ENSMUSC Hefcl gene:ENSMUSC 3 1 1 o Chuk 1 0 0 3 19:44078985-4 gene:ENSML Abr gene:ENSML 4 4 o 4 1176509072 75577507
gene:ENSMUS(Zfp930 gene:ENSMUSC 3 5 0 o Trt 1 0 0 1 4:123048830-1 gene:ENSML Scn9a gene:ENSML 4 o 2 0 2:66566289-66568007
gene:ENSMUS( Man2c1 gene:ENSMUSC 3 0 2 0 9:57133592-57 gene:ENSMUS( Ptprf gene:ENSMUSC 1 0 0 041182251261 gene:ENSML Sdccagd  gene:ENSML a 4 0 1 2:26388560-26389149
Bene:ENSMUS(Rebtb2 gene:ENSMUSC 3 o 0 o fats 1 o 0 2 81073393671 gene:ENSML Las1l gene:ENSML 4 1 6 2 X:95947073-95947770
gene:ENSMUS(Semasa gene:ENSMUSC 3 o 0 0 15:32417509-3 gene:ENSMUS( Brd3 gene:ENSMUSC 1 o 0 1 2:27459828-27 gene:ENSML Unci3a  gene:ENSML a 1 1 0 871631046-71634517
gene:ENSMUS(Zfpg63 gene:ENSMUSC 3 1 0 o Rnf14 1 o 0 3 18:38297205-3 gene:ENSML Cpeb3  gene:ENSML a 0 2 3 19:37174985-37177908
Eene:ENSMUSC Cpned. gene:ENSMUSC 3 3 0 2 1 1 o 0 0 1:89789324-89 gene:ENSML Rsrpl gene:ENSML 4 1 0 0 4:134925821-134926026
Eene:ENSMUS(Trimds gene:ENSMUSC 3 1 4 o Nav2 1 0 0 0 7:49584212-49 gene:ENSML Sidt1 gene:ENSML 4 3 0 0 16:44255981-44257933
gene:ENSMUS( Clend gene:ENSMUSC 3 0 3 2 btk 1 o 0 2 9:85722449-85 gene:ENSMLCyp27al  gene:ENSML 4 1 o 2 1:74735863-74735864.
gene:ENSMUS(Nav3 gene:ENSMUSC 3 2 o o Paxx 1 0 0 0 2:25450915-25. gene:ENSML GmO866  gene:ENSML 4 1 3 41227142162-27153317
gene:ENSMUS(Tmem39a  gene:ENSMUSC 3 1 1 o C530008M17Ri 1 0 0 3 576843198-76 gene:ENSMLSIc27a1  gene:ENSML a o 1 0 871569432-71570196
Bene:ENSMUSC Mihas1 gene:ENSMUSC 3 o 0 2 1 o 0 5 271515800-71 gene:ENSML Hacel gene:ENSML 4 4 0 1 10:45638403-4:
Bene:ENSMUS(Azin2 gene:ENSMUSC 3 1 0 3 41289507721 gene:ENSMUS( Ssbpl gene:ENSMUSC 1 o 0 3 6:40471835-40 gene:ENSML Dzip1l gene:ENSMU a 3 0 0 9:99651054-99654783
Bene:ENSMUS(Pppdril-ps  gene:ENSMUSC 3 o 0 0 21736493671 gene:ENSMUS( Epb41lab  gene:ENSMUSC 1 o 0 1 4:57007977-57 gene:ENSMU Kif22 gene:ENSML a 0 a 0 7:127027840-127027931
Eene:ENSMUSCFbrsi1 gene:ENSMUSC 3 3 0 2 51103774071 gene:ENSMUS Firre gene:ENSMUSC 1 o 0 2 Xi50615515-50 gene:ENSML Fefrl gene:ENSML 4 1 0 4 8:25532428-25557731
Eene:ENSMUSC Usp6 gene:ENSMUSC 3 o [ o Pabpcd 1 o [ 0 41232890741 gene:ENSML Pesks. gene:ENSML 4 2 0 0 7:66025407-66025566
gene:ENSMUS( Aasdh gene:ENSMUSC 3 o 0 1 Dzip3 1 o 0 0 16:48950033-4 gene:ENSMLZfp783  gene:ENSML 4 o 3 0 6:47949991-47950978
gene:ENSMUS(Sap130 gene:ENSMUSC 3 0 2 o 5p10 1 0 0 0 8:119910939-1 gene:ENSMLR1XS gene:ENSML 4 0 o 1 3:94954251-94955015
gene:ENSMUS(Trab gene:ENSMUSC 3 0 3 0 16:22255117-2 gene:ENSMUS( Cstf1 gene:ENSMUSC 1 0 0 0 2:172370856-1 gene:ENSML Birc6 gene:ENSML a 0 0 0 17:74606123-74608097
Bene:ENSMUS(Trpm3 gene:ENSMUSC 3 1 3 1 algapal 1 [ 0 2 12:55612393-5 gene:ENSMUMob3b  gene:ENSML a 0 2 0 4:34986118-35083770
Bene:ENSMUS(Zfp397 gene:ENSMUSC 3 3 1 2 Fam160a2 1 o 0 0 7:105390352-1 gene:ENSML Gramd1b  gene:ENSML a 1 0 10 9:40333655-40345908.
gene:ENSMUSC Abccs gene:ENSMUSC 3 o 1 o d17 1 o 0 5 15:78435710-7. gene:ENSMU Kansl3  gene:ENSML a 3 0 0 1:36347294-36348525
Eene:ENSMUS( Uggt2 gene:ENSMUSC 3 o 4 0 14:119008811- gene:ENSMUS( Pla2gde gene:ENSMUSC 1 o 0 2 211202002851 gene:ENSML Kalrn gene:ENSML 4 2 0 0 16:34055115-34116222
Eene:ENSMUSCUaplll gene:ENSMUSC 3 2 o 1 Arhgap26 1 o [ 418 assvesns 3 gene:ENSML Dnlz gene:ENSML 4 0 1 2 zzszsussa 26351773
gene:ENSMUS(Rpe gene:ENSMUSC 3 2 2 3 Stards 1 0 0 0 X:99060799-99 gene:ENSML Chuk gene:ENSML 4 1 2 0 19 44087916
gene:ENSMUSC Dalrgkl gene:ENSMUSC 3 1 0 0 Tip 1 0 0 119 zmxszz 2 gene:ENSML Sidt2 gene:ENSML 4 2 0 1 9.459475527459”335
gene:ENSMUS(Trank1 gene:ENSMUSC 3 1 0 0/9:111373545-1 gene:ENSMUS( Plekhas gene:ENSMUSC 1 0 0 0 6:140591764-1 gene:ENSML Mfsdda  gene:ENSML a 1 1 0 1:132027540-132028453
gene:ENSMUS(Fam76b gene:ENSMUSC 3 2 0 2 9:13836716-13 gene:ENSMUS( Epba1l3 gene:ENSMUSC 1 o 0 2 17:69273917-6 gene:ENSML Myrip gene:ENSML a 0 5 2 9:120304276-120335598
Bene:ENSMUS( Lars2 gene:ENSMUSC 3 2 0 091234182861 gene:ENSMUS( B230216N24Ri gene:ENSMUSC 1 o 0 1 1:98033215-98 gene:ENSMUZfp746  gene:ENSML a 1 3 0 6:48064952-48067169
gene:ENSMUS(Sez6l gene:ENSMUSC 3 2 0 3 511124257221 gene:ENSMUS( Rab13 gene:ENSMUSC 1 o 0 0 3:90213822-90 gene:ENSML Donson ~ gene:ENSML a 1 0 2 16:91683811-91684085
Eene:ENSMUSC Frmdda gene:ENSMUSC 3 2 0 0 pck2 1 o 0 1 14:55544063-5 gene:ENSML Fgdd gene:ENSML 4 0 0 3 16:16504216- 16550037
Eene:ENSMUSC Ctbp2 gene:ENSMUSC 3 0 [ s Iffol 1 o [ 3 6:125151525-1 gene:ENSML Fam135a  gene:ENSML 4 1 0 2 1:24030528-24030;
gene:ENSMUSC Pop7. gene:ENSMUSC 3 3 1 o Fuom 1 0 0 1 7:140101669-1 gene:ENSML Clip1 gene:ENSML 4 1 1 0 5:123581507- msszvzn
gene:ENSMUS(Psd2 gene:ENSMUSC 3 2 0 o re3 1 0 0 0 14:38376507-3 gene:ENSML Crtc2 gene:ENSML 4 1 o 2 3:90262714-90263171
gene:ENSMUSC Luc7| gene:ENSMUSC 3 2 0 1 17:26253091-2 gene:ENSMUS( Cearl gene:ENSMUSC 1 0 0 2 1062791042-6 gene:ENSMLUNC7S  gene:ENSML a 0 5 2 12:103108778-103112022
Bene:ENSMUSCNsd3 gene:ENSMUSC 3 2 0 o Pedhgbt 1 [ 0 0 18:37744658-3 gene:ENSML Fbin1 gene:ENSML 4 [ 2 0 15:85244306-85251445
Bene:ENSMUSC Lrchl gene:ENSMUSC 3 1 0 3 Cep13s 1 o 0 0 5:76637071-76 gene:ENSML Letm2  gene:ENSML a 0 0 1 8:25592595-25593719
gene:ENSMUS( Siae gene:ENSMUSC 3 o 0 3 9:37613611-37 gene:ENSMUS( Golgal gene:ENSMUSC 1 o 0 0 2:39053030-39 gene:ENSML Zbtbs gene:ENSML a 1 3 0 4:44995386-45012224
EeneENSMUS(Gm21811  gene:ENSMUSC 3 o 0 1 Ddb2 1 o 0 0 2:91234299-91 gene:ENSML Fbxol6  gene:ENSML 4 1 0 0 14:65303202-65320105
Eene:ENSMUSCSnrpn gene:ENSMUSC 3 0 [ 2 2ip0 1 o [ 1 8:106419610-1 gene:ENSML Synj2 gene:ENSML 4 2 0 1 17:6035559-6037384
gene:ENSMUS( Zdhhcl gene:ENSMUSC 3 1 0 2 Dig2 1 o 0 0792417323-92 gene:ENSMULAbc  gene:ENSML 4 2 0 0 12:84606308-84608570
gene:ENSMUS(Srrt gene:ENSMUSC 3 0 [ o Mt 1 0 0 2 13:68580715-6 gene:ENSML Scyl3 gene:ENSML 4 4 o 0 1:163933693-163934632
gene:ENSMUS( Ldlradd gene:ENSMUSC 3 1 1 2 Afapilt 1 0 0 0 18:61736947-6 gene:ENSML Sirt1 gene:ENSML a [ 3 0 1063326186-63331745
Bene:ENSMUS( Cedc39 gene:ENSMUSC 3 3 0 o Psenen 1 o 0 0 7:30562428-30 gene:ENSMUSh2d5  gene:ENSML a 1 0 2 4:138253958-138254273
EeNe:ENSMUS(Whamm  gene:ENSMUSC 3 o 0 2 Tmu 1 o 0 1 15:85894020-8 gene:ENSMUZfp536  gene:ENSML a 0 3 4 7:37716642-3776959
gene:ENSMUSC Peyt2 gene:ENSMUSC 3 3 0 0 11:120613083- gene:ENSMUS( Nav2 gene:ENSMUSC 1 o 0 2 7:49575255-49 gene:ENSML Grip1 gene:ENSML a o 2 0 10:119454422-119897715
Eene:ENSMUS( 8430429K09Rik gene:ENSMUSC 3 0 2 2 11:3452740-34 gene:ENSMUS( Amt gene:ENSMUSC 1 o 0 0 01082988991 gene:ENSMLKmt2e  gene:ENSML 4 0 1 2 5:23500576-23500727
Eene:ENSMUSCEfnb3 gene:ENSMUSC 3 0 2 0 11:69556269-6 gene:ENSMUS( Pkn1 gene:ENSMUSC 1 0 0 0 8:83673556-83 gene:ENSML Denndsb  gene:ENSML 4 1 5 0 6:149080915- mmnxa
gene:ENSMUS( Mark2 gene:ENSMUSC 3 o o o Hdacs, 1 0 0 2 11:102207166- gene:ENSML 87436 gene:ENSML 4 2 o 4 6:86439258-864437:
gene:ENSMUSC Plxncl gene:ENSMUSC 3 0 1 o 1 0 0 1 9:58158230-58 gene:ENSMUMps9  gene:ENSML 4 0 2 3 1:42899352- azsseass
gene:ENSMUS(Mphosph9  gene:ENSMUSC 3 1 0 051243209981 gene:ENSMUS( AW047730  gene:ENSMUSC 1 0 0 0 3:88201229-88 gene:ENSMUHGgAl2  gene:ENSML a 0 3 1 17:56096276-56096848
Bene:ENSMUSCFbxw? gene:ENSMUSC 3 3 1 0 3:84864011-84 gene:ENSMUS( Mtus2 gene:ENSMUSC 1 o 0 0/5:148236477-1 gene:ENSML Tmem161a gene:ENSML 4 3 o 0 8:70177338-70177452
gene:ENSMUS( Tspan12 gene:ENSMUSC 3 o 1 2 6:21772936-21 gene:ENSMUS( 2fpadd. gene:ENSMUSC 1 o 0 3 7:6172574-618 gene:ENSML Cntln gene:ENSMU a 1 0 0 4:85050136-85063178
gene:ENSMUS( Beas1 gene:ENSMUSC 3 0 3 0 2:170366528-1 gene:ENSMUS( Calcrl gene:ENSMUSC 1 o 0 0 2:84377045-84 gene:ENSML Brd7 gene:ENSML a 0 1 0 8:88331442-88332479
Eene:ENSMUS(Kdmea gene:ENSMUSC 3 1 1 o Drase1l1 1 o 0 0 X:74273691-74 gene:ENSML AtpSs gene:ENSML 4 0 0 4 12:69725294-69725295
Eene:ENSMUSC Agap3 gene:ENSMUSC 3 0 0 o Ints13, 1 0 0 1 6:146555052-1 gene:ENSML Casp2 gene:ENSML 4 0 3 0 6:42268980- 42269222
gene:ENSMUS(GM6145  gene:ENSMUSC 3 1 [ o Fam13sa 1 0 0 2 1:24030528-24 gene:ENSML Setdb2  gene:ENSML 4 2 o 0 14:59437765-5944
gene:ENSMUS( Csnk2a2 gene:ENSMUSC 3 1 1 o Myodb 1 0 0 0 8:71350189-71 gene:ENSML Dcun1d2  gene:ENSML 4 2 o 2 5.13157975713253947
gene:ENSMUS(Rad1 gene:ENSMUSC 3 1 1 o Pedhgh? 1 0 0 018:37754193-3 gene:ENSMUPcdhl9  gene:ENSML a s o 3 X:133625438-133685118
gene:ENSMUSC Eef2kmt gene:ENSMUSC 3 0 1 1 Man2cl 1 o 0 0 9:57138520-57 gene:ENSMIL Maz gene:ENSML 4 1 0 0 7:127023168-127024444.
Bene:ENSMUSCAmpd2 gene:ENSMUSC 3 o 0 o 713 1 o 0 3 11:942915789. gene:ENSML Atat1 gene:ENSMU a 1 0 0 17:35909491-35909929
gene:ENSMUSC Epb4113 gene:ENSMUSC 3 o 1 1 17:69075995-6 gene:ENSMUS( C230057MO2Ri gene:ENSMUSC 1 o 0 0 81227265541 gene:ENSML Slit2 gene:ENSML a 2 0 0 5:48189592-48192193
gene:ENSMUSC Mapk11 gene:ENSMUSC 3 3 0 2 1 o 0 1 11:95843895-9 gene:ENSMLUncsd  gene:ENSML 4 0 1 0 8:28759122-28761699
Eene:ENSMUS(AUD19823  gene:ENSMUSC 3 3 0 2 Phif2 1 0 0 0 5:20803350-20 gene:ENSMLDIs312  gene:ENSML 4 3 2 0 1:86760389- xeszazzz
gene:ENSMUS( Celf6 gene:ENSMUSC 3 0 2 o Mpped 1 o 0 4 15:83789080-8 gene:ENSML Cep126  gene:ENSML 4 o 1 0 9:8103516-
Bene:ENSMUS( 4932438A13Ri} gene:ENSMUSC 3 0 0 o Ephas, 1 0 0 0/5:84233918-84 gene:ENSMLPis1 gene:ENSML 4 o 4 0 9.9579555579535171
gene:ENSMUSCActrS gene:ENSMUSC 3 2 0 o Uros 1 0 0 071336905931 gene:ENSML Sgce gene:ENSML 4 1 0 1 6:4677197-4678067
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Table 1

Bene:ENSMUSCFam76b  gene:ENSMUSC 3 0 1 2 91383671613 gene:ENSMUS( Tyt gene:ENSMUSC 1 0 o 0 19:6996777-69 gene ENSMLZIp551  gene:ENSML 4 0 3 2 7:12417218-12421808
gene:ENSMUS( Plekhas ene:ENSMUSC 3 2 o 1 1 0 o 3 11:49213642-4 gene ENSML Tmem161a  gene:ENSML a B o 1 870177338-70177452
Bene:ENSMUS(4930447M23R gene:ENSMUSC 3 0 o 0 2:19348611-19 gene:ENSMUS(Dnasell1  gene:ENSMUSC 1 0 o 3 X74273691.74 gene:ENSMUStrad  gene ENSML 4 3 1 0 1:58991136-58992204
gene:ENSMUS( Golgal Eene:ENSMUSC 3 1 o 0 5417 1 0 o 2 3:89394393-89 gene:ENSML HpsL gene:ENSML 4 o o 0 19:42766216-42766710
gene:ENSMUS( Dajbd Bene:ENSMUSC 3 2 o s Mindyd 1 0 o 16:55207751-55 gene ENSMUMIg2  geneieNSML 4 3 1 0 2:180071886-180078619
gene ENSMUSC Dixdel gene:ENSMUSC 3 0 1 2 11172 1 0 o 053126372631 geneENSML Celf1 geneENSML 4 3 o 2910134029101

gene ENSMUSC Gart gene:ENSMUSC 3 0 o 1 Phyhdl 1 0 o 3 2:30277644-30 gene:ENSML Sict1 geneENSML 4 3 o 0 16:44255027-44257933
geneENSMUS(GMI0S61  gene:ENSMUSC 3 1 o o zeb2os 1 0 o 0 24511130245 gene:ENSMIL Fina geneENSML 4 4 o 0 X74200550-74241103
gene:ENSMUS( Suds3 gene:ENSMUSC 3 0 2 0 5:117092856-1 gene:ENSMUS(Epballa  gene:ENSMUSC 1 0 o 0 457007977-57 gene:ENSMLEfaS  gene:ENSML 4 0 3 0 17:62607463-62613837
gene:ENSMUS( Helg geneENSMUSC 3 0 1 2 pricd 1 0 o 014306055693 gene ENSML M3 gene:ENSML a 2 1 4 5:146959276-146963221
Bene ENSMUS(Rel2 Bene:ENSMUSC 3 0 3 317:33931070-3 gene:ENSMUS(Syndigl _ gene:ENSMUSC 1 0 o 321498410611 gene:ENSMURreb]  gene:ENSML 4 3 1 0 13:37778557-37888871
gene:ENSMUSC Lypd1 Bene:ENSMUSC 3 0 1 0 1:125010528-1 gene:ENSMUS| 4930402H24Rl gene:ENSMUSC 1 0 o 3 211307776261 gene:ENSMLRbMID  geneiENSML 4 o o 1 X20635914-20639433
Bene:ENSMUS(Fam192a  gene:ENSMUSC 3 1 o 2 Mtus1 1 0 o 0 8:41022504-41 gene:ENSMIL Tial gene:ENSML 4 o o 0 6:86420411.86424345
gene:ENSMUS( Ppfial Bene:ENSMUSC 3 4 2 2 Coccd 1 0 o 0 3:134236686-1 gene:ENSML Z(p874b  gene:ENSMIL 4 4 3 3 13:67481845-67484141
Bene:ENSMUS(Crtnapsc  gene:ENSMUSC 3 0 3 017:57892093-5 gene ENSMUS( Rwdd3 Bene:ENSMUSC 1 0 o 2 3121156186-1 gene:ENSMLZbt20  gene:ENSML 4 0 o 1 16:43569781-43577030
gene:ENSMUSC Rreb1 gene:ENSMUSC 3 0 o 2 dc39 1 0 o 2 3:33830516-33 gene ENSML Map3ki  gene:ENSML 4 2 o 0 17:12240070-12243500
gene:ENSMUSCAmnL geneENSMUSC 3 2 o 0 Exosc8 1 0 o 2 35473117154 gene ENSMLZIp523  gene:ENSML 4 0 1 4 17:28201651-28201652
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BeneENSMUSCHI3 BeneENSMUSC 2 0 o 3 Scai 1 0 o 2 23008054739 geneENSMLZIpS32  gene:ENSML 3 3 o 3 1865644369-65682895
gene:ENSMUS( Phial Eene:ENSMUSC 2 3 o 0 1 0 o 0 15:42476505-4 gene:ENSMLFgfrl  geneiENSML 3 o o 1 8:25532428-25557731
gene:ENSMUS(1110038812Ril gene:ENSMUSC 2 0 o 017:34951925-3 gene ENSMUS( Syt6 Bene:ENSMUSC 1 0 o 131036271321 gene/ENSML Tmem266  gene:ENSML 3 o 1 0 9:55397789-55400574
geneENSMUSC Scrib e ENSMUSC 2 0 1 0 Myt 1 0 3 010:10225510-1 gene:ENSML Rarres2  gene:ENSML 3 2 3 2 6:48570243-48570244
gene ENSMUSCKsrl gene:ENSMUSC 2 0 o 0 11:79031122-7 gene:ENSMUSI Necap2 gene:ENSMUSC 1 0 o 141410702331 gene:ENSML KIhid geneENSML 3 0 2 1 X114521779-114525632
geneENSMUS(Cbs gene:ENSMUSC 2 0 o 2 Tiapl 1 0 o 3 17:46263810-4 gene ENSML Clapd7  gene:ENSML 3 0 4 2 8:06163863-461
Bene:ENSMUS(Tmem208  gene:ENSMUSC 2 1 1 o Denndsb 1 0 0 1 6:149080915-1 gene:ENSML Raplgap  gene:ENSML 3 o 3 1 4137727779-137728260
gene:ENSMUS Foxj3 Bene:ENSMUSC 2 0 1 2 4:119540557-1 gene ENSMUS( Afg1l gene:ENSMUSC 1 0 o 0/10:42415648-4 gene:ENSML Cpnes  gene:ENSML 3 o 1 0 6:113283087-11328319
gene:ENSMUS(Lingo? Bene:ENSMUSC 2 3 o 3 Mar 1 0 o 2 61163384901 geneENSMLAEI  gene:ENSML 3 3 o 0 15:88815990-83816067
gene:ENSMUS( Cadps e ENSMUSC 2 0 o 0 14:12468366-1 geneENSMUS( Apc2 Bene:ENSMUSC 1 0 o 110802992788 gene ENSMLSyngap1  gene:ENSML 3 4 o 0 17:26960521-26961069
Bene:ENSMUSDtnb ene:ENSMUSC 2 0 1 0 12:3772746-37 gene ENSMUS( Otub2 Bene:ENSMUSC 1 0 o 2 12103389108 gene:ENSMLCAKI2  gene:ENSML 3 1 o © t13satsess seassino
fene ENSMUSC AB30023F 248 genc ENSMUSC 2 0 2 1 Scafl 1 0 o 17:45014335-45 gene/ENSMLOgeh  gene:ENSML 3 1 3 0 11:6313979-63167

gene ENSMUSC Polr3gl gene:ENSMUSC 2 0 o 0 3:96579911-96 gene:ENSMUS( Gm21969  gene:ENSMUSC 1 0 o 0 4139605094-1 gene:ENSMLGM15912  gene:ENSML 3 1 1 0 1a7io0nser raooaato
gene:ENSMUS( Dip2c gene:ENSMUSC 2 1 o 0 13:9493176-94 gene:ENSMUSI Hsf1 gene:ENSMUSC 1 0 o 1 1576500053-7 gene:ENSMUSorbs1  gene:ENSML 3 1 o 1 10:40382633-40393388
Bene:ENSMUSC Pfas gene:ENSMUSC 2 1 o 0 11:68990895-6 gene:ENSMUSI Cepdd geneENSMUSC 1 0 o 0 85653251456 gene ENSMLAMI2  gene:ENSML 3 1 o 0 7:84361668-8440985:
gene:ENSMUS(Mrs2 gene:ENSMUSC 2 2 o o 1 0 o 0 4:108625814-1 gene ENSMLFrip2  gene:ENSML 3 1 o 1 3:79506278-79508087
BeneENSMUS(Tcld23  geneENSMUSC 2 0 o 2 K220 1 0 o 3 12:25046235-2 gene:ENSML Carmill  gene ENSML 3 3 1 3 13:24016710-24020047
Eene:ENSMUS( 21p788 BeneENSMUSC 2 0 o s 1 0 o 0 4:129631354-1 geneENSMLTacc2  gene:ENSML 3 1 o 2 7:130729828-130733518
gene:ENSMUS Aatk Bene:ENSMUSC 2 0 o 1 11:120021535- gene:ENSMUS( Manzd Bene:ENSMUSC 1 0 o 0955713359257 gene:ENSML Golimé  gene:ENSML 3 o 2 0 3:75902484-75903247
gene ENSMUSCSn gene:ENSMUSC 2 0 2 0 1 0 o 2 57690438076 gene ENSMLPpf8  gene:ENSML 3 3 1 2 2:4645673-4648097
geneENSMUSCThrb gene:ENSMUSC 2 0 o 0 LA T7E2ESEE 1 peneENSMUSI Tt gene:ENSMUSC 1 0 o 115759261937 gene!ENSMLZIpG2  gene:ENSML 3 2 4 2 11:49213642-49215064
geneENSMUSCUboxs gene:ENSMUSC 2 0 1 0 coxt9 1 0 o 05139339385-1 gene:ENSMLRf14da  gene:ENSML 3 1 o 2 12:26389575-26405319
gene:ENSMUSC Kalrn gene:ENSMUSC 2 1 o 1 1 0 o 3 2:20967720-20 gene ENSMLPcbp3  gene:ENSML 3 0 2 1 1076771036-76781832
gene:ENSMUS( Sgipl gene:ENSMUSC 2 0 1 o b1 1 0 o 115:93391565-9 gene/ENSMLDcaf1l  gene:ENSML 3 o o 3 14:55560627-55561075
BeneENSMUS(SIcl6a7  geneENSMUSC 2 0 o 0 10:125341850- gene:ENSMUS( Lgals! BeneENSMUSC 1 0 o 1 11:20830347-2 gene ENSML Ank2 Bene:ENSML 3 3 o 0 3:126966146-126971003
EeneENSMUS(Zc3hlla  genetENSMUSC 2 0 o 1 c13007. 1 0 o 2 13838727618 gene:ENSML Malsul  gene:ENSML 3 o 1 0 6:49074103-49075086
Bene:ENSMUS( Ska2 Bene:ENSMUSC 2 2 o 0 11:87109304-8 gene: ENSMUS Psd Bene:ENSMUSC 1 0 o 2 19:46326222-4 gene:ENSML Vgt geneENSML 3 o 2 1 sismasies 3massos
gene:ENSMUS(Wopl Bene:ENSMUSC 2 1 1 1 ol 1 0 3 01195008841-1 gene:ENSMLPm20d2  gene:ENSML 3 3 1 0 4:33183219-3318704
gene:ENSMUSC Aridst gene:ENSMUSC 2 0 1 0 Slc13as 1 0 o 0 11:72253402-7 gene:ENSMLSIc38a6  gene:ENSML 3 0 o 0 taysserzes aatonds
geneENSMUSC P2 gene:ENSMUSC 2 0 o o Neald 1 0 o 015:37780227-3 gene:ENSMULSM21  gene:ENSML 3 0 o 3 2:164791568-164791713
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Table 1

Bene:ENSMUS( Pabpcd. gene:ENSMUSC o 4:123298051-1 gene:ENSMUS( Deaf10 gene:ENSMUSC 4:45348219-45 gene:ENSML Ctnna2  gene:ENSML 0 6:76882837-76915734
gene:ENSMUS( Lingol gene:ENSMUSC Lres7 2:120609023-1 gene:ENSML Itpr1 gene:ENSMU 0 6:108363705-108365299
gene:ENSMUSC Ppfiad gene:ENSMUSC H Lims1 10:58418474-5 gene:ENSML Gm16867  gene:ENSML 3 14:69373121-69502982

Eene:ENSMUSC Wiz gene:ENSMUSC 0 17:32368147-3 gene:ENSMUS( 6530402F 18Rik gene:ENSMUSC 2:29248878-29 gene:ENSML CybS61d1  gene:ENSML 1 3:108200162- 108200760

gene:ENSMUS( Cede30 gene:ENSMUSC 5 4:119359737-1 gene:ENSMUS( Ppp1r37 gene:ENSMUSC 7:19531593-19 gene:ENSML Sidt2 gene:ENSML 3 9:45047055-45947541
gene:ENSMUS( Adgres. gene:ENSMUSC csin2 15:83379806-8 gene:ENSMLAgapl  gene:ENSML 0 1:89609583-89627761
gene:ENSMUSCElfn2 gene:ENSMUSC 212 5:143240080-1 gene:ENSML Snx15 gene:ENSML 1 19:6123950-6124153
gene:ENSMUS( Pedhbs. gene:ENSMUSC Miip 9:77190737-77 gene:ENSMU Arhgef11  gene:ENSML 0 3:87717174-87717421
gene:ENSMUS( Ctnall gene:ENSMUSC I 8:106192434-1 gene:ENSML 9030622022 gene:ENSML 0 2:147967271-147972675
Bene:ENSMUS(Tfdp2 gene:ENSMUSC Gltgd1 14:31004790-3 gene:ENSML Vav3 gene:ENSML 0 3:109664433-109682806
gene:ENSMUS( Dot1! gene:ENSMUSC Ph12 11780238197 gene:ENSMLFbxl12  gene:ENSMU 1 9:20642096-20644195
Eene:ENSMUS( 9130401MO1R gene:ENSMUSC Thib 14:17661024-1 gene:ENSML Ripk2 gene:ENSML 0 4:16155190-16158277
Eene:ENSMUS(9430015G 10RIl gene:ENSMUSC 4:156110173-1 gene:ENSMUS( Palmd gene:ENSMUSC 3 116913633 1 gene ENSML Fbin2 gene:ENSML 2 6:91257826-91263339
gene:ENSMUS( Nsd3 ene:ENSMUSC tmé ie:ENSML Peské. gene:ENSML 0 7:66025407-66031749
gene:ENSMUS(Vwasb2 gene:ENSMUSC M2 5 msossess— gene ENSML Setds gene:ENSML 0 6:113109616-113109885
gene:ENSMUS(Telo2 gene:ENSMUSC 17:25107439-2 gene:ENSMUS( Clintl gene:ENSMUSC 11:45906467-4 gene:ENSML Rabepk  gene:ENSMU 2 2:34797433-34799423
Bene:ENSMUS( C230004F 18Rik gene:ENSMUSC X:61133503-61 gene:ENSMUS( Cbin2 gene:ENSMUSC 18:86711225-8 gene:ENSML Dzip1l gene:ENSML 0 9:99629669-99637347
gene:ENSMUS(Zebl gene:ENSMUSC Cedc191 16:43890038-4 gene:ENSML Arhgef17  gene:ENSMU 0 7:100890498-100928569
gene:ENSMUS( Cep170 gene:ENSMUSC 1:176761500-1 gene:ENSMUS( Trimds gene:ENSMUSC 3:89244411-89 gene:ENSMUMImI2  gene:ENSML 0 15:12236120-12237929
Eene:ENSMUSCEvi5 gene:ENSMUSC Kdm1b 13:47067582-4 gene:ENSML 9030622022 gene:ENSML 0 2:147962707-147972675
Eene:ENSMUS( Mapk7 gene:ENSMUSC 11:61489270-6 gene:ENSMUS( Ppipskl gene:ENSMUSC 2:121351013-1 gene:ENSML Mrps16  gene:ENSML 0 142 20392153 20393481
gene:ENSMUS( Masp1 gene:ENSMUSC nsi1 22121004121 gene:ENSMLAdGA2  gene:ENSML 0 3:148821408-148822955
gene:ENSMUSC Magi1 gene:ENSMUSC slcgag 2:167445607-1 gene:ENSML Dennddc  gene:ENSML 2 4.35314534735319351
Bene:ENSMUS( Pdeddip gene:ENSMUSC Slcaza2 1175563708-7 gene:ENSML Pacsinl  gene:ENSML 4 17:27655910-27701826
Bene:ENSMUSC Mid1 gene:ENSMUSC Npr3 15:11846385-1 gene:ENSML SIc25a37  gene:ENSMU 14:69247637-69247638
Bene:ENSMUS(NT2 gene:ENSMUSC 11:4768273-47 gene:ENSMUS( Ucki gene:ENSMUSC 2:181569652-1 gene:ENSML Otud7b  gene:ENSMU 3:96140605-96141488
Eene:ENSMUS(Rab11fip2  gene:ENSMUSC o 1:86257362-86 gene:ENSMLPitrm1  gene:ENSMU 13:6548229-6549583
Eene:ENSMUSC Eifdg1 gene:ENSMUSC BC028528 3:95885071-95 genc:ENSML Col18a1  gene:ENSML 10:77058830-77059105
Eene:ENSMUS( Cep72 gene:ENSMUSC Panks 4:154978442-1 gene:ENSML Grem2  gene:ENSML 1:174837282-174872434
gene:ENSMUSC Repinl gene:ENSMUSC Brsi2 7:141998722-1 gene:ENSML Clipl gene:ENSML 5:123580124-123582720
gene:ENSMUS(KIhi29 gene:ENSMUSC Deaf17 27107816471 gene:ENSMU Mfsdda  gene:ENSML 1:132028452-132028453
gene:ENSMUS( Acbdd gene:ENSMUSC 11:103103369- gene:ENSMUS( Zfp64d gene:ENSMUSC 5:106636323-1 gene:ENSML Dvl1 gene:ENSML 4:155856820-15¢

Bene:ENSMUSCOIfr1393
gene:ENSMUS(Trpm3
gene:ENSMUSC Ptprk

gene:ENSMUSC
gene:ENSMUSC
gene:ENSMUSC

11:49279420-4 gene:ENSMUS( Ctnnall
19:22733171-2 gene:ENSMUS( Brd3
10:28551756-2 gene:ENSMUS( Tpm3

gene:ENSMUSC
gene:ENSMUSC
gene:ENSMUSC

4:56838047-56 gene:ENSMU Rap1gap  gene:ENSMU
2:27453074-27. gene:ENSML A930017MO: gene:ENSMU
3:90091091-90 gene:ENSML DIErtd622e gene:ENSML

5857993
4:137728180-137728181
15:44788623-44805235
1:97654689-97661831

EeneENSMUS(Adamts6  gene:ENSMUSC Tox 4:6842426-699 gene:ENSML Tmc7 gene:ENSML 7:118566425-118578285
gene:ENSMUS(Gpri37h  gene:ENSMUSC Nexmif X:104083283-1 gene:ENSML Mok gene:ENSML 12:110808204-110808205.
gene:ENSMUS( Tenmd gene:ENSMUSC atip2 7:49759311-49 gene:ENSML Auts2 gene:ENSML 5:131533872-131770760
gene:ENSMUS( Cwe22 gene:ENSMUSC 2:77896578-77 gene:ENSMUS( Srsfd. gene:ENSMUSC 4:131885492-1 gene:ENSMLPhIdb2  gene:ENSML 16:45772275-45777713
Bene:ENSMUSC Ppfibpl gene:ENSMUSC Ryr2 13:11710086-1 gene:ENSMLZ{p940  gene:ENSMU 7:29846833-29846834
Bene:ENSMUS(Sez6 gene:ENSMUSC 11:77973977-7 gene:ENSMUS( Ercc8 gene:ENSMUSC 13:108175620- gene:ENSMLZfp612  gene:ENSMU 8:110082742-110083657
gene:ENSMUS( Dram1 gene:ENSMUSC 6:124859649-1 gene:ENSML Rbmd gene:ENSML 19:4792820-4793672

gene:ENSMUSCRH3
Eene:ENSMUSC Adat1
gene:ENSMUSC Kansi1l

gene:ENSMUSC
gene:ENSMUSC
gene:ENSMUSC

Kene
8:111992005-1 gene:ENSMUS( Ddrgk1.

gene:ENSMUSC

7:46435346-46 gene:ENSML Gm10516  gene:ENSML
2:130663554-1 gene:ENSML Gm9BE6  gene:ENSML
1:16691773-16 gene:ENSML  2-Mar gene:ENSML

1:192144539-192145214
12:27142162-27160230
17:33716062-33718546
7:96852582-96854717

O N O OO WNWNNON R OO WR WS RO r N

gene:ENSMUS(Tmem129  gene:ENSMUSC st 8:3631204-363 gene:ENSMLTenmd  gene:ENSML
gene:ENSMUS(Fam23da  gene:ENSMUSC 17:26226023-2 gene:ENSMUS( Pus1 gene:ENSMUSC 5:110775638-1 gene:ENSML Ybx3 gene:ENSML 6:131376180-131379358
Bene:ENSMUS( Cfap69 gene:ENSMUSC Xab2 8:3613290-361 gene:ENSML Phf24 gene:ENSML 4:42916829-42922567
Bene:ENSMUSC Dbt gene:ENSMUSC 3:116513191-1 gene:ENSMUS( Mapdks gene:ENSMUSC 12:69842036-6 gene:ENSML Zkscans  gene:ENSMU 5:145205708-145207563
Bene:ENSMUS(Anxa3 gene:ENSMUSC xnb3 X:73757150-73 gene:ENSML Cadps gene:ENSML 0 14:12468366-12473409
gene:ENSMUSC Cnnm1 gene:ENSMUSC Uspl6 16:87474581-8 gene:ENSML SIcdal0  gene:ENSMU 0 2:62243453-62244352
Eene:ENSMUS( Garni3. gene:ENSMUSC Depdcs 5:32934015-32 gene:ENSML Celf1 gene:ENSML 1 2:91013402.91016566
gene:ENSMUSC Arfgap3 gene:ENSMUSC Griad 9:4432887-445 gene:ENSMUAtp1b  gene:ENSML 0 3:35837589-3583;
Eene:ENSMUS(Camsap3  gene:ENSMUSC tga6 27184950671 gene:ENSMUImjdlc  gene:ENSML 1 10:67186311-67189736
gene:ENSMUS Pwwp2a gene:ENSMUSC 11:43717149-4 gene:ENSMUS( Mrpl38 gene:ENSMUSC 11:116135116- gene:ENSML Rgs8 gene:ENSML 0 1:153653355-153665836
gene:ENSMUS( Goltlb gene:ENSMUSC Sypl 12:32967753-3 gene:ENSML Ptprd gene:ENSML 1 4:76325345-765¢
Bene:ENSMUS(Zc3h18 gene:ENSMUSC 8:122411427-1 gene:ENSMUS( Lrrc14 gene:ENSMUSC 15767132207 gene:ENSMLPde3b  gene:ENSMU 2 7:114508912-114518281
gene:ENSMUS( Tub gene:ENSMUSC 7:109011138-1 gene:ENSMUS( PIp2 gene:ENSMUSC X:7669758-767 gene:ENSML Adar gene:ENSML 2 3:89715538-89734842

Bene:ENSMUS( Cadc1S1 gene:ENSMUSC Trip1o 17:57261788-5 gene:ENSML A230056P14 gene:ENSML 0 7:55972161-55972904
EeneENSMUS(Fam184a  gene:ENSMUSC 11:73308818-7 gene:ENSML Prrxd. gene:ENSML 0 1:163254048-163257761
Eene:ENSMUS(Timm9 gene:ENSMUSC 12:71132086-7 gene:ENSMUS( Zkscan2 gene:ENSMUSC 7:123487645-1 gene:ENSML Emid gene:ENSML 1 17:83421735-83427223
gene:ENSMUS(Smurf2 gene:ENSMUSC 1:106875939- gene:ENSMUS( Hid1 gene:ENSMUSC 11:115359811- gene:ENSML AkL gene:ENSML 0 2:32629616-32629849

gene:ENSMUS(Setds

Bene:ENSMUS( Gfod2
Bene:ENSMUSCArpp21

gene:ENSMUSC

gene:ENSMUSC
gene:ENSMUSC

6:113109990-1 gene:ENSMUS( Rad52

gene:ENSMUSC

8:105717650-1 gene:ENSMUS{ CO30006K11Rik
9:112149372-1 gene:ENSMUS( Fez2

gene:ENSMUSC
gene:ENSMUSC

61199131031 gene:ENSMLSIc39a13  gene:ENSML

15:76723219-7 gene:ENSML E130307A14 gene:ENSMU
17:78387071-7 gene:ENSML Cpeb2 gene:ENSML

10:39633016-39681473
5:43238416-43244586

gene:ENSMUS( Gabra2 gene:ENSMUSC Ints6 14:62696955-6 gene:ENSML Mok gene:ENSMU 12:110808121-110808122
Bene:ENSMUS( Mapakd. gene:ENSMUSC prioc X:77764650-77 gene:ENSMLU Shankl  gene:ENSML 7:44333618-44342098
Eene:ENSMUS(Tledl gene:ENSMUSC 11:78179056-7 gene:ENSMUS( Tmem230  gene:ENSMUSC 2:132246074-1 gene:ENSML Trpv2 gene:ENSML 11:62589824-62590163
Eene:ENSMUS(Nrde2 gene:ENSMUSC 12:100150050- gene:ENSMUS( Fam171al  gene:ENSMUSC z zmssz 317 gene:ENSML Ksr1 gene:ENSML 11:79016263-79018300
Bene:ENSMUSC Hspb11 gene:ENSMUSC 1405-6 gene:ENSML Xrn1 gene:ENSML 1960

gene:ENSMUS( Rrebl gene:ENSMUSC Caldl e 34745015 3a gene ENSMLCfap97  gene:ENSML 8:46163863-46169559

Bene:ENSMUS( Cep70.

gene:ENSMUSC

\e:ENSML Popd gene:ENSML

gene:ENSMUS(Slc39a3 gene:ENSMUSC 19:28945831-2 gene:ENSMLEpbALI2  gene:ENSML 10:25:
Bene:ENSMUS(Arhgapl7  gene:ENSMUSC 7:123308413-1 gene:ENSMUS( Ripk2 gene:ENSMUSC 4:16129109-16 gene:ENSMU Gt2ird1  gene:ENSMU 2 5:134363979-134376107
Bene:ENSMUSMsI3 gene:ENSMUSC prom1 5:43995114-44 gene:ENSML Uvrag gene:ENSML 0 7:99004706-99065800
gene:ENSMUS(Dis3I2 gene:ENSMUSC Eifag1 16:20673655-2 gene:ENSML Cpne6  gene:ENSML 0 14:55510709-55511958
Eene:ENSMUSC Cacnalg gene:ENSMUSC 11:94418970-9 gene:ENSMUS( Camsap3  gene:ENSMUSC 8:3599249-360 gene:ENSMLUSIc27a1  gene:ENSML 1 8:71569037-71570721
Eene:ENSMUS( C2cd3 gene:ENSMUSC Inppsd. 1:87715093-87 gene:ENSML Kyatl gene:ENSML 0 2:30187307-30187689
gene:ENSMUS(Zfp827 gene:ENSMUSC Csnkigl 9:65909168-65 gene:ENSML Zfp286  gene:ENSML 11:62780899-62783672
Bene:ENSMUS(Zfpas1 gene:ENSMUSC Kif13b 14:64669717-6 gene:ENSML Hirip3 gene:ENSML 0 7:126862516-126862600
Bene:ENSMUS(Spaca6 gene:ENSMUSC 17:17837769-1 gene:ENSMUS( Lba gene:ENSMUSC 3:86737171-86 gene:ENSML Skil gene:ENSML 0 331113502-31116816
Bene:ENSMUSC Auts2 gene:ENSMUSC 5:131475176-1 gene:ENSMUS( Srebf2 gene:ENSMUSC 15:82203836-8 gene:ENSML Paxc gene:ENSML 0 2:25460494-25460787
Bene:ENSMUSCAnkL gene:ENSMUSC 8:23123978-23 gene:ENSMUS( Guf1 gene:ENSMUSC 5:69561857-69 gene:ENSML Rbm?7 gene:ENSMU 0 9:48494181-48495155
Bene:ENSMUS( Rasgrf2 gene:ENSMUSC sdrazel 8:117665080-1 gene:ENSML Eeflakmt2 ~gene:ENSML 2 7:132837207-132850591
Eene:ENSMUSCAmpd2 gene:ENSMUSC Rabl3 16:37560100-3 gene:ENSMLEpbALIl  gene:ENSML 1 2:156438633-156493904
gene:ENSMUS( Carf gene:ENSMUSC Zbtb4 11:69775442-6 gene:ENSML Lama2  gene:ENSML 0 1027018527-27023272
gene:ENSMUSC Mittp. gene:ENSMUSC Trrcée 11:117740000- gene:ENSMLLama2  gene:ENSML 0 1027021472-27023272
gene:ENSMUSCNign1 gene:ENSMUSC Ra\zapaz 2:146353279-1 gene:ENSMLTmtcd  gene:ENSML 1 14:122978286-122983172
Bene:ENSMUS(Tvp23a gene:ENSMUSC 12:88853112-8 gene:ENSMUNsun7  gene:ENSMU 1 5:66284289-66289419
gene:ENSMUS( Cdan1 gene:ENSMUSC 2:120722758-1 gene:ENSMUS( Vpplrle gene:ENSMUSC 15:103534410- gene:ENSMLRph3a  gene:ENSMU 20955983-120959259
Bene:ENSMUSC Mib2 gene:ENSMUSC DS 51245626821 gene:ENSMU Ranbpl  gene:ENSMU 1 16:18247425-18248127
gene:ENSMUSCIntsél gene:ENSMUSC Pleda 1:74561937-74 gene:ENSML Nignl gene:ENSML 0 3:26184811-26331004
gene:ENSMUS( Col25a1 gene:ENSMUSC Dpp7 2:25353217-25 gene:ENSML Med23  gene:ENSML 0 10:24882649-24883204
Eene:ENSMUSC Gtizh2 gene:ENSMUSC Rnf216 5:143090929-1 gene:ENSML Neurlla  gene:ENSML 0 19:47179551-4723;
gene:ENSMUSC Mtfr1 gene:ENSMUSC Pias2 18:77065419-7 gene:ENSML Cogl gene:ENSML 1 11:113661218-113662207
gene:ENSMUS( Cfap97 gene:ENSMUSC slitrk2 X:66653371-6 gene:ENSML Gmip. gene:ENSML 1 8:69817140-69817723
gene:ENSMUS( Faxc gene:ENSMUSC Nt 2:148672835-1 gene:ENSML Arhgdib  gene:ENSMU 2 6:136933773-136941438
Bene:ENSMUS(SIc38a10  gene:ENSMUSC 11:120108490- gene:ENSMUS( Zfp62 gene:ENSMUSC 11:49203538-4 gene:ENSML EpbALl2  gene:ENSMU 3 10:25504259-2550617°
gene:ENSMUS( Cabin1 gene:ENSMUSC 14 17:33629216-3 gene:ENSMLZfp950  gene:ENSMU 0 19:61120452-61127007
gene:ENSMUS( Dhtkdl gene:ENSMUSC Nupsa 5:92431122-92 gene:ENSML Gria3 gene:ENSML 0 X:41654253-41654810
Eene:ENSMUSCACIS4509.1  gene:ENSMUSC 16:11778533-1 gene:ENSMUS( Ahdcl gene:ENSMUSC 4:133055203-1 gene:ENSMUAIKGhS  gene:ENSML 2 9:3335504-3335595.
Eene:ENSMUS(2fp326 gene:ENSMUSC Tmemaa 16:30540909-3 gene:ENSMLPpp6r3  gene:ENSML 3459480-34¢
gene:ENSMUS( Uvssa gene:ENSMUSC K2 8:84993456-84 gene:ENSML P3h3 gene:ENSML 0 6:124850985-124851079
gene:ENSMUS( Polr3c gene:ENSMUSC BC030499 11:78292798-7 gene:ENSML Sigmarl  gene:ENSML 0 4:41740642-41740823
gene:ENSMUSCIsca2 gene:ENSMUSC 1 2Mar 17 33716062-3 gene:ENSML Gatad2a  geneENSML 0 8:69916451-69
Bene:ENSMUS( Gapvdl gene:ENSMUSC Engase 1:118485905- gene:ENSML Txndcl1  gene:ENSMU 0 16:11093928-11104566
gene:ENSMUS(Naa33 gene:ENSMUSC 11:69395681-6 gene:ENSMUS( Gpri37c gene:ENSMUSC 1A 452204184 gene:ENSMUTmt2a  gene:ENSML 0 16:18251001-18251549
gene:ENSMUSC Ermard gene:ENSMUSC 17:15056834-1 gene:ENSMUSI( Pedh19 gene:ENSMUSC X:133681408-1 gene:ENSML B230209E15 gene:ENSML 4 7:61535488-61546001
Eene:ENSMUSC Apip. gene:ENSMUSC Tox2 2:163321548-1 gene:ENSML Trdp2 gene:ENSML 8 9:96259300-96273839
Eene:ENSMUS( Gulpl gene:ENSMUSC Efcabs. 11:77104351-7 gene:ENSMU Nadsynl  gene:ENSML 0 7:143819200-143822659
gene:ENSMUS( Mef2d gene:ENSMUSC Pla2gde 2:120200285-1 gene:ENSMUMbnI1  gene:ENSML 0 3:60615773-60621423
gene:ENSMUS(Scafl gene:ENSMUSC o 3:54156250-54 gene:ENSML 1500004A13 gene:ENSML 1 3:88825414-88832264.
gene:ENSMUS(Git2 gene:ENSMUSC 5:114753153-1 gene:ENSMUS( Peskd. gene:ENSMUSC 10:80322209-8 gene:ENSML Crot6. gene:ENSML 1 11:49685155-49685248
Bene:ENSMUSCOx1 gene:ENSMUSC pp3ca 311368347761 gene:ENSMLUncdSa  gene:ENSML 0 7:80339016-80339314
Bene:ENSMUS(Riokl gene:ENSMUSC pi31 1:39367934-3 gene:ENSMLRbM25  gene:ENSMU 0 12:83651444-83651646
Eene:ENSMUS( Grb10. gene:ENSMUSC 11:11954908-1 gene:ENSMUS( 6430573F 11Rik gene:ENSMUSC 8:36505725-36 gene:ENSML At gene:ENSML 2 3:95060421-95466793
Eene:ENSMUSC Pdzd2 gene:ENSMUSC 15:12419572-1 gene:ENSMUS( Xpot gene:ENSMUSC 10:121622991- gene:ENSML P3h3 gene:ENSML 0 6:124850985-124851079
EeneENSMUS(GM13306  gene:ENSMUSC 4:42153905-42 gene:ENSMUS( Nrde2 gene:ENSMUSC 12:100150050- gene:ENSML Fpgt gene:ENSML 0 3:155091558-155093299
gene:ENSMUS(Bcl2i1 gene:ENSMUSC nt 16:5081661-50 gene:ENSML Rps6kb2  gene:ENSML 4 19:4158802-415:
gene:ENSMUS(Rnpc3 gene:ENSMUSC 3:113605647-1 gene:ENSMUS( Pexs| gene:ENSMUSC 3:33080536-33 gene:ENSML Abcg2  gene:ENSML 1 6:58597108-58655638
gene:ENSMUS( Dnlz gene:ENSMUSC Oraov1 7:144919341-1 gene:ENSMLUnci3b  gene:ENSML 0 4:43259609-43
Bene:ENSMUS(Theld12 gene:ENSMUSC Tatdn 15:58921417-5 gene:ENSML Hercd. gene:ENSML 0 10:63299239-63303845
gene:ENSMUS( 4933412006Ril gene:ENSMUSC Pisd-ps1 11:3127219-31 gene:ENSML Micul gene:ENSMU 0 10:59750547-59756706
gene:ENSMUSC Rockl gene:ENSMUSC Pofutl 2:153248631-1 gene:ENSMIL Ftx gene:ENSML 0 X:103570875-103572500
Eene:ENSMUS(Fina gene:ENSMUSC beagb 11 mmzzsx sene ENSMLA13b  gene:ENSML 0 16:62801790-62802720
Eene:ENSMUS(ABhd1los  gene:ENSMUSC 5:135012429-1 gene:ENSMUS( Gfra2 gene:ENSMUSC e:ENSML Ralgpsl  gene:ENSML 0 2:33336620-33340713
gene:ENSMUSC Profd0b gene:ENSMUSC Bbx 15 snsznm 5\gene ENSML Emsy gene:ENSML 0 7:98599793-98600672
Eene:ENSMUS(CybS61a3  gene:ENSMUSC Hs3sts. 10:36702030-3 gene:ENSML Gf2i gene:ENSML 2 5:134274595-134279437
gene:ENSMUS( Escol gene:ENSMUSC 18:10577090-1 gene:ENSMUS( Eifsa gene:ENSMUSC 11:69920430-6 gene:ENSML Rps6ka3  gene:ENSML 0 X:159278203-159279167
Bene:ENSMUSC Uvssa gene:ENSMUSC 3 15:35114958-3 gene:ENSML Szrd1 gene:ENSML 2 4:141118781-141120324
Bene:ENSMUS(Trimds gene:ENSMUSC 3:89244411-89 gene:ENSMUS( B230206HO7Ril gene:ENSMUSC 7:141360421-1 gene:ENSML Bbs9 gene:ENSMU 1 9:22648034-22655225
gene:ENSMUSCRpI38 gene:ENSMUSC 11:114668626- gene:ENSMUS( Rian gene:ENSMUSC 12:109606343- gene:ENSML Heowl  gene:ENSML 3 13:14306933-14316017
Eene:ENSMUS( Tnpol gene:ENSMUSC Lmod 3:144202051-1 gene:ENSML Ppfia2  gene:ENSML 0 10:106819557-106828877
Eene:ENSMUS( Aasdh gene:ENSMUSC Gfral 19:58454594-5. gene:ENSML Srcap gene:ENSML 2 7:127540433-127540656
gene:ENSMUS( Rbfox2 gene:ENSMUSC Cedc1as 2:50004064-59 gene:ENSML 2fp62 gene:ENSML 4 11:49213642-49213643
gene:ENSMUS(Slc2a6 gene:ENSMUSC Elin2 8:27023906-27 gene:ENSML Reor3 gene:ENSML 3 1:192101155-192101626
gene:ENSMUS( Chehd7 gene:ENSMUSC 4:3949127-394 gene:ENSMUS( Bbs5. gene:ENSMUSC 2:69654112-69 geneENSMLRab30  gene:ENSML 2 7:92777690-92819983
gene:ENSMUS( Firre gene:ENSMUSC Ntan1 16:13826985-1 gene:ENSML Capnl gene:ENSML 1 19:6014468-6015736
ene:ENSMUS(9230114K14Rik gene:ENSMUSC ety 6:47450483-47 gene:ENSML Dvi1 gene:ENSMU 0 4:155856820-155857496
Eene:ENSMUSCRnf149 gene:ENSMUSC 1:39558411-39 gene:ENSMUS( Pla2gde gene:ENSMUSC 21201864101 gene:ENSML Map2ks  gene:ENSML 0 9:63358060-63377123
Eene:ENSMUSC Adgrl2 gene:ENSMUSC 3:148861289-1 gene:ENSMUS( Ankrdd gene:ENSMUSC 12:110977548- gene:ENSML Fat3. gene:ENSML 09: quams 15919164
Eene:ENSMUSCP3h3. gene:ENSMUSC 6:124845319-1 gene:ENSMUS( Srsfd gene:ENSMUSC 4:131886106-1 gene:ENSMLZfp335  gene:ENSML 0 2:1¢ 1164900278
gene:ENSMUSCRf32 gene:ENSMUSC Ctbp2 7:132999345-1 gene:ENSML Dnald. gene:ENSML 0 153 7s7ssoz1 79774359
gene:ENSMUS(Slc39a3 gene:ENSMUSC 18:37687817-3 gene:ENSMUNudedl  gene:ENSML 0 15:44400227-44401282
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7:38268659-38268902
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Bene:ENSMUS( Unc79 gene:ENSMUSC 12:102949575- gene:ENSMUS( Gfod2 gene:ENSMUSC x 1057176501‘sene ENSMLC87436  gene:ENSMU 6438347-86443727
Bene:ENSMUS( Ppp1r37 gene:ENSMUSC 7:19531593-19 gene:ENSMUS Idh1 gene:ENSMUSC 1:65175368-65 gene:ENSML Itpr1 gene:ENSMU 0 6:108418000-108431461
Eene:ENSMUS( Gpr& gene:ENSMUSC 13:113043299- gene:ENSMUS( Xpnpep3  gene:ENSMUSC 15:81414548-8 gene:ENSML Bcl9 gene:ENSML 2 3:97223977-97228192
Eene:ENSMUSCSlcd3a2 gene:ENSMUSC 11:75563708-7 gene:ENSMUS( Tmem 129 gene:ENSMUSC 5:33655797-33 gene:ENSMLIggapl  gene:ENSML 0 7:80729081-80730069
Eene:ENSMUSCBrpfl gene:ENSMUSC 6:113317676-1 gene:ENSMUS( Nup205 gene:ENSMUSC 6:35205534-35 gene:ENSMU Ankid10  gene:ENSML 2 8:11619297-11620262
gene:ENSMUS Magi2 gene:ENSMUSC Rspo2 15:43169995-4 gene:ENSML Dmd gene:ENSML 0 X85144165-85144911
gene:ENSMUS(Vav2 gene:ENSMUSC Baz2b 2:59978701-59 gene:ENSMLSpin2c  gene:ENSML 2 X:153832329-153832330
Bene:ENSMUS( C330007P06Rik gene:ENSMUSC Fam234a 17:26220580-2 gene:ENSML Slc16a7  gene:ENSMU 1 10:125302081-125341781
Bene:ENSMUSC M2 gene:ENSMUSC ip874b 13:67474550-6 gene:ENSMLApP21  gene:ENSMU 15 9:11218776-112187861
Bene:ENSMUSCRims1 gene:ENSMUSC Flywchl 17:23770328-2 gene:ENSMIL Hght gene:ENSMU 0 15:76369954-76370162
gene:ENSMUSCPvt1 gene:ENSMUSC 15:62175548-6 gene:ENSMUS( Spsbl gene:ENSMUSC 4:149907257-1 gene:ENSML Tmem198b_gene:ENSML 1 10:128803357-128804233
gene:ENSMUS(Scnm 1 gene:ENSMUSC ltrap 16:26722931-2 gene:ENSML Welrd gene:ENSML 0 17:31510646-31518818
Eene:ENSMUS(Res17 gene:ENSMUSC Csmd3. 15:47914105-4 gene:ENSML Mpped]  gene:ENSML 0 15:83800184-83836273
gene:ENSMUS( Fancd2 gene:ENSMUSC 6:113585543-1 gene:ENSMUS( Ubxn11 gene:ENSMUSC 4:134113433-1 gene:ENSMUSIBSiad  gene:ENSML 0 1:95660995-95667478
gene:ENSMUS(Trerf1 gene:ENSMUSC 17:47319618-4 gene:ENSMUS( Uimct gene:ENSMUSC 0 13:55075994-5 gene:ENSML Paip2 gene:ENSML 2 18:35600117-35610871
gene:ENSMUS( Tmod3 gene:ENSMUSC Plod3 0 51369902761 gene:ENSMLGm21969  gene:ENSML 0 4:139605094-139607605
Bene:ENSMUS(Theldg gene:ENSMUSC Ets1 09:32664719-32 gene:ENSMUPcdhls  gene:ENSML 0 10:73947146-74051093
gene:ENSMUS( Cadm1 gene:ENSMUSC Naxd 0 8:11510347-11 gene:ENSML Synrg gene:ENSMU 0 11:83982307-83986814
gene:ENSMUS( Ubn2 gene:ENSMUSC Myodb, 187133439471 gene:ENSMUMagi2  gene:ENSML 0 5:19678769-20065552
Eene:ENSMUSC Hdac10 gene:ENSMUSC Rital 0 51206120741 gene:ENSML Amnl gene:ENSML 0 6:149185124-149188606
Eene:ENSMUSCKIhI22 gene:ENSMUSC 16:17760558-1 gene:ENSMUS( Ankrd49 gene:ENSMUSC 091478161114 gene:ENSMLProcal  gene:ENSML 0 11:78201892-78204065
gene:ENSMUS(Foxj3 gene:ENSMUSC n 4:119602492-1 gene:ENSMUS( Btbd10 gene:ENSMUSC 0 7:113351938-1 gene:ENSMU Agtpbpl  gene:ENSML 1 13:59544451-59557223
gene:ENSMUSCfemt gene:ENSMUSC Re3h2 2 2:37377268-37 gene:ENSML Miks gene:ENSML 0 2:136885700-136891279
Bene:ENSMUSCNfats gene:ENSMUSC o Kdelc1 0 1144112882-44 gene:ENSML Pcedlb  gene:ENSML 0 15:97361335-97373956
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Bene:ENSMUS(Sox20t gene:ENSMUSC 2 1 1 1 Letmd1 1 o 0 0 15:100469138- gene:ENSMUSNap91  gene:ENSML 3 [ [ 2 9:86792736-86793357
Bene:ENSMUSC Aspscrl gene:ENSMUSC 2 1 1 1 11:120673170- gene:ENSMUS( Welpcp gene:ENSMUSC 1 o 0 0 11:21572370-2 gene:ENSML Carmil3  gene:ENSML 3 0 0 2

gene:ENSMUSC Cbib gene:ENSMUSC 2 o 3 0 16:52174448-5 gene:ENSMUS( Uncdsa gene:ENSMUSC 1 o 0 0 7:80339159-80 gene:ENSML Cacnale  gene:ENSML 3 2 1 0

Eene:ENSMUSC Usf3 gene:ENSMUSC 2 o 0 4 Tetn3 1 o 0 0 19:40605459-4 gene:ENSML Lrch gene:ENSML 3 3 0

Eene:ENSMUS( Ssbpd gene:ENSMUSC 2 o 2 2 Secisbp2 1 o [ 0 13:51678881-5 gene:ENSML Cald1 gene:ENSML 3 0 1

gene:ENSMUS(Srrm2 gene:ENSMUSC 2 0 0 1 17:23822043-2 gene:ENSMUS( Dzip1! gene:ENSMUSC 1 o 0 3 9.99663157-99 gene:ENSML Glbll gene:ENSML 3 0 0

gene:ENSMUSC Adpgk gene:ENSMUSC 2 1 1 2 slc27a1 1 0 0 0 8:71579798-71 gene:ENSML B230206HO7 gene:ENSML 3 1 0

Bene:ENSMUSC Uspl1 gene:ENSMUSC 2 0 0 2 Xiap 1 0 0 0 X42068482-42 gene:ENSML Nr2c2 gene:ENSML 3 0 1

Bene:ENSMUS( D630023F18Ril gene:ENSMUSC 2 0 2 1 1:65117209-65 gene:ENSMUS Dnajbd gene:ENSMUSC 1 o 0 1 3:152193618-1 gene:ENSMUTsc22d2  gene:ENSML 3 1 0

Bene:ENSMUS(Vav2 gene:ENSMUSC 2 1 3 o Hahds 1 o 0 0 6:120518537-1 gene:ENSML Latfl1 gene:ENSML 3 0 2

gene:ENSMUS(Penp gene:ENSMUSC 2 o 2 o Thasi1 1 o 0 222121004121 gene:ENSMUKmtSa  gene:ENSMU 3 0 0

Eene:ENSMUSC Atpl1c gene:ENSMUSC 2 o 0 o Mtif2 1 0 0 1 11:29530154-2 gene:ENSML Zfp688  gene:ENSML 3 1 2

Eene:ENSMUS(Xndel gene:ENSMUSC 2 1 0 2 1 0 0 2 3:88711629-88 gene:ENSML GmA6430  gene:ENSML 3 1 1

gene:ENSMUS(Ttc14 gene:ENSMUSC 2 o o o st 1 0 0 0 15:35114657-3 gene:ENSML Ubr2 gene:ENSML 3 1 0

gene:ENSMUS( Mas1 gene:ENSMUSC 2 0 0 0 17:12848120-1 gene:ENSMUS( Atp11b gene:ENSMUSC 1 0 0 0 3:35839214-35 gene:ENSML Afapl gene:ENSML 3 0 1

gene:ENSMUS( Cnst gene:ENSMUSC 2 0 0 0 1179506616-1 gene:ENSMUS( Cacng8 gene:ENSMUSC 1 0 0 273392198-339 gene:ENSMUEfcab2  gene:ENSML 3 2 0

gene:ENSMUS( Fancg gene:ENSMUSC 2 2 [ 0 Tefa 1 o 0 1 18:69564684-6 gene:ENSML Plcel gene:ENSML 3 1 0

Bene:ENSMUS(Snap91 gene:ENSMUSC 2 o 1 o Pdeab 1 o 0 3 4:102421820-1gene:ENSMU Phactrd  gene:ENSML 3 0 0

gene:ENSMUS(Slclal gene:ENSMUSC 2 o o 1 Nops 1 o 0 0 2:130278290-1 gene:ENSMU Micalll  gene:ENSML 3 o 0

Eene:ENSMUSC Atpl1c gene:ENSMUSC 2 3 0 3 1 1 o 0 2 2:30113481-30 gene:ENSML Plcbd gene:ENSML 3 0 0 0 2:135659454- 135741530
EeneENSMUS(Gramdlb  gene:ENSMUSC 2 0 0 3 Zert 1 0 0 1 2:30105022-30 gene:ENSML Shroom1  gene:ENSML 3 0 1 0 11:53464330-
gene:ENSMUSCKifc2 gene:ENSMUSC 2 0 1 o 1 0 0 2 11388536721 gene:ENSML Mars gene:ENSML 3 o 3 0 10117295533 117295717
gene:ENSMUSC Magi2 gene:ENSMUSC 2 1 0 2 Tv23a 1 0 0 3 16:10428803-1 gene:ENSMLDcplb  gene:ENSML 3 0 3 2 6:119183777-119198928
gene:ENSMUS( Abca2 gene:ENSMUSC 2 1 0 o Prom1 1 0 0 2 5:43995114-04 gene:ENSMUPnpla8  gene:ENSML 3 [ 3 2 12:44269301-44283311
Eene:ENSMUS(Srsfo gene:ENSMUSC 2 o 0 4/5:115328704-1 gene:ENSMUS( Adam17 gene:ENSMUSC 1 o 0 3 1221329155-2 gene:ENSMUEfcabl0  gene:ENSML 3 4 0 0 12:33395198-33398548
Bene:ENSMUSC Huwel gene:ENSMUSC 2 3 0 1 Secisbp2 1 o 0 2 13:51682154-5 gene:ENSMUBcI11a  gene:ENSML 3 0 1 0 11:24078445-24085321
Bene:ENSMUS(Zkscan16  gene:ENSMUSC 2 2 0 2 Kihi1s 1 o 0 0 X94235020-94 gene:ENSMLPnpla6  gene:ENSML 3 o 3 2 8:3515556-3516510
Eene:ENSMUSCBbx gene:ENSMUSC 2 o 0 o Taoks 1 o 0 2 51171337751 gene:ENSML Cald1 gene:ENSML 3 0 0 2 6:34747969-34753443
Eene:ENSMUSCP3h3. gene:ENSMUSC 2 1 2 2 6:124845319-1 gene:ENSMUS( MyoSb gene:ENSMUSC 1 0 0 0 18:74723857-7.gene:ENSMULMrps36. gene:ENSML 3 0 5 0 13:100743637-100743789
gene:ENSMUS(Xntrpc gene:ENSMUSC 2 1 0 2 Slcda2 1 o 0 1 5:24424368-24 gene:ENSMUMef2c  gene:ENSML 3 3 o 0 13:83652986-83654598
Bene:ENSMUS( Mrps30 gene:ENSMUSC 2 o 2 0 13:118385379- gene:ENSMUS( FbxI19 gene:ENSMUSC 1 0 0 271277510261 gene:ENSML Kened gene:ENSML 3 1 1 3 7:44598575-44601869
gene:ENSMUS( Abhd18 gene:ENSMUSC 2 1 0 2 3:40917067-40 gene:ENSMUS( Rpain gene:ENSMUSC 1 0 0 0 11:70974132-7 gene:ENSML Rpgr gene:ENSML 3 0 4 1 X:10158880-10164722
Bene:ENSMUS( Gpatchs. gene:ENSMUSC 2 0 3 2 11:102528166- gene:ENSMUS( Zechc2 gene:ENSMUSC 1 o 0 1 1:106023758-1 gene:ENSML Hdlbp. gene:ENSML 3 0 0 4 1:93442250-93445580
gene:ENSMUS( Gpatch2 gene:ENSMUSC 2 o 3 1 Potib 1 0 0 0 17:55709086-5 gene:ENSML Hacel gene:ENSMU 3 3 0 1 10:45618629-45648591
Eene:ENSMUSCTrub2 gene:ENSMUSC 2 2 o o Pord 1 o 0 0 4:76085561-76 gene:ENSMLGmI96  gene:ENSML 3 o 0 0 2:25579955-25580040
Eene:ENSMUSCJosd2 gene:ENSMUSC 2 o 3 2 Cede127 1 o 0 2 13:74356907-7. gene:ENSML Kif17 gene:ENSML 3 6 0 2 4:138296262-138301249
Eene:ENSMUSCII18. gene:ENSMUSC 2 1 0 3 Kansl2 1 0 0 1 15:98520425-9 gene:ENSMLGdpds  gene:ENSML 3 0 0 0 7:99456534-99456997
gene:ENSMUSC Ppfial gene:ENSMUSC 2 0 0 0 Tenm2 1 0 0 2 11:37145640-3 gene:ENSML Ubl7 gene:ENSML 3 1 o 2 9:57911007-57912638
gene:ENSMUS( Mok gene:ENSMUSC 2 0 1 1 12:110808399- gene:ENSMUS( Ep400. gene:ENSMUSC 1 0 0 0 51106681901 gene:ENSML Arvef gene:ENSML 3 2 o 0 16:18404545-18405102
gene:ENSMUS(Rtkn gene:ENSMUSC 2 0 1 3 b2 1 0 0 a1 130714575 1 gene ENSMUAnkzfl  gene:ENSMU 3 0 [ 3 1:75192677-75194841
Bene:ENSMUS(Shisag gene:ENSMUSC 2 o 1 1 16:11994050-1 gene:ENSMUS( Tmem150c  gene:ENSMUSC 1 o 0 25 e ENSML VrkL gene:ENSML 3 [ 1 0 12:106070615-106075007
Bene:ENSMUS(ThI3 gene:ENSMUSC 2 0 0 o lac: 1 o 0 1 11 esuumz 6 gm ENSML Srsf3 gene:ENSML 3 [ 0 0 17:29038624-29039454
gene:ENSMUSC Enoxl gene:ENSMUSC 2 a 0 o Mstol 1 o 0 0 3:88909910-88 gene:ENSML Phf24 gene:ENSML 3 o 2 2 4:42916829-42922567
Eene:ENSMUSCPax6 gene:ENSMUSC 2 0 0 2 fm1 1 o 0 1 X:48499871-48 gene:ENSML Gria3 gene:ENSML 3 4 0 3 X:41669615-41672219
gene:ENSMUS( Ythdcl gene:ENSMUSC 2 1 1 o ks 1 0 0 0 9:57593853-57 gene:ENSML Arhgef2  gene:ENSML 3 1 0 03: m:sssa 88620787
gene:ENSMUS( Cedc122 gene:ENSMUSC 2 1 o 1 Teaim 1 o 0 091228145881 gene:ENSML Rasgrp3  gene:ENSML 3 1 0 2 17:75488949-75491758
gene:ENSMUSCRf32 gene:ENSMUSC 2 2 0 1 Gpbps 1 0 o 05:110104420-1 gene:ENSMLMocs1  gene:ENSML 3 3 o 017, osaaesxsrawsmo
gene:ENSMUS(Psd3 gene:ENSMUSC 2 0 1 1 1 0 0 013:83734706-8 gene:ENSMULAbcd  gene:ENSML 3 0 2 0 12:84612450-84613905
Bene:ENSMUS(Zechcs gene:ENSMUSC 2 o 0 o Kihdca 1 o 0 0 81217970281 gene:ENSML Afdn gene:ENSML 3 3 0 0 17:13823458-13828929
Bene:ENSMUSC Lrchl gene:ENSMUSC 2 o 0 o Gripl 1 o 0 0101119454422 gene:ENSMUFbxi21  gene:ENSML 3 0 0 0 13:56523603-56526915
gene:ENSMUSC Abcf2 gene:ENSMUSC 2 o 0 o rp15 1 o 0 0 11867376851 gene:ENSML lgsec2  gene:ENSML 3 o 2 2 X:152166963-152202908
Eene:ENSMUSC Priarla gene:ENSMUSC 2 o 0 0 11:109649527- gene:ENSMUS( Tada3 gene:ENSMUSC 1 o 0 0 6:113376064-1 gene:ENSML Zfp382  gene:ENSMIL 3 0 0 0 7:30131624-30133263
Eene:ENSMUSCFgfr2 gene:ENSMUSC 2 0 3 o Pbxd 1 0 0 0 8:69859153-69. gene:ENSML Recdl gene:ENSML 3 2 0 0 7:80321343-80323750
gene:ENSMUS( Tiall gene:ENSMUSC 2 1 0 0 7:128447107-1 gene:ENSMUS( Coagb gene:ENSMUSC 1 0 0 1 7:27243396-27 gene:ENSML Phi3. gene:ENSML 3 o 2 0 1:30837266-30862987
gene:ENSMUSMrpl10 gene:ENSMUSC 2 0 2 1 11:97042009-9 gene:ENSMUS( Mtus2 gene:ENSMUSC 1 0 0 0/5147957721-1 gene:ENSMLRbM12  gene:ENSML 3 o o 4 2:156103397-156111786
Bene:ENSMUSC Hpca gene:ENSMUSC 2 0 2 1 4:129120200-1 gene:ENSMUS Dock10 gene:ENSMUSC 1 0 0 0 1180540578-80 gene:ENSML  8-Sep gene:ENSML 3 1 1 2 11:53537915-53541475
Bene:ENSMUS( Cpnel gene:ENSMUSC 2 o 0 s Dlg1 1 [ 0 0 16:31853884-3 gene:ENSMURundcl  gene:ENSML 3 2 1 0 11:101425610-101429452
gene:ENSMUSCPat] gene:ENSMUSC 2 1 0 1 Ttes 1 o 0 0 16:94384066-9 gene:ENSMLZmymS  gene:ENSML 3 0 1 0 14:56804863-56811592
gene:ENSMUS(Syngap1 gene:ENSMUSC 2 o 1 1 17:26946738-2 gene:ENSMUSI( Vezt gene:ENSMUSC 1 o 0 31093993654-9 gene:ENSMLAMpPG2  gene:ENSML 3 1 o 0 3:108079326-108079587
Eene:ENSMUSCKalm gene:ENSMUSC 2 o 2 0 16:34055115-3 gene:ENSMUS( Atpéuih gene:ENSMUSC 1 o 0 3 1:5083625-508 gene:ENSML 2fp6a4  gene:ENSML 3 2 0 2 5:106619642- 106666785
Eene:ENSMUSC Mbtps2 gene:ENSMUSC 2 o 1 0 6m10790 1 o [ 0 13:41885637-4 gene:ENSML Enoxl gene:ENSML 3 2 0 2 14:77365071-77380579
gene:ENSMUS( Hdac10 gene:ENSMUSC 2 o 2 1 Fipll1 1 o 0 0/5:74557149-74 gene:ENSMLZfp383  gene:ENSML 3 3 0 3 7:29912586-29912587
gene:ENSMUS( Pdcd2! gene:ENSMUSC 2 0 0 07:34184811-34 gene:ENSMUS( Atp13a3 gene:ENSMUSC 1 0 0 0 16:30359749-3 gene:ENSMLPpDEr3  gene:ENSML 3 2 [ 0 19:3526934-3575641
gene:ENSMUS(Tulpd. gene:ENSMUSC 2 1 0 0 17:6122344-61 gene:ENSMUS( Sorcs1 gene:ENSMUSC 1 0 0 2 19:50144147-5 gene:ENSML Zdhhel  gene:ENSML 3 0 1 8:105473069-10547
Bene:ENSMUS( Gyg gene:ENSMUSC 2 0 1 0 3:20122864-20 gene:ENSMUS( Fam184a  gene:ENSMUSC 1 o 0 0 10536410625 gene:ENSML Swtl gene:ENSML 3 0 0 0 1:151401173-151402955
Bene:ENSMUS( Cdds gene:ENSMUSC 2 o 0 2 Nle1 1 o 0 0 11:82901627-8 gene:ENSML Cacnald  gene:ENSML 3 3 0 0 14:30089905-30095318
gene:ENSMUS( Canll gene:ENSMUSC 2 o 0 o Pbrm1 1 o 0 0 14:31044709-3 gene:ENSML Pym1 gene:ENSML 3 1 1 2 10:128750337-128765147
Eene:ENSMUSCPtk2 gene:ENSMUSC 2 0 3 o Tatdn1 1 o 0 2 15:58921417-5 gene:ENSML Kif2a gene:ENSML 3 4 0 0 13:106969817-106974495
gene:ENSMUS( Smad2 gene:ENSMUSC 2 1 0 2 Pord 1 0 0 0 4:76099605-76 gene:ENSML Tmem132a  gene:ENSML 3 0 1 0 19:10859151-10859564
gene:ENSMUS( Cyld gene:ENSMUSC 2 1 0 5 samd10 1 o 0 0 2:181506887-1 gene:ENSMLRims1  gene:ENSML 3 o [ 0 1:22398781-22
gene:ENSMUS( 6430573F 1Rik gene:ENSMUSC 2 0 1 1 Arpp21. 1 0 0 1 9:112143538-1 gene:ENSML Elavi3 gene:ENSML 3 1 1 0 9:22018854-22024674
Eene:ENSMUS(Map3ki2  gene:ENSMUSC 2 1 1 a Ralgds 1 0 0 0 2:28513560-28 gene:ENSML Serpinadg  gene:ENSML 3 0 2 12:104236318-104237195.
Bene:ENSMUS( Plekhal gene:ENSMUSC 2 o 0 1 Cfap6s 1 [ 0 0 1:74923065-74 gene:ENSML Pofibpl  gene:ENSML 3 0 1 1 6:146888683-146917748
gene:ENSMUS( Deplb. gene:ENSMUSC 2 1 0 1 6:119215606-1 gene:ENSMUS( sm gene:ENSMUSC 1 o 0 0 17:27021347-2 gene:ENSMU Nrd1 gene:ENSMU 3 1 0 0 4:109016785-109017627
Eene:ENSMUSCANKS gene:ENSMUSC 2 o 0 1 1 o 0 0 11:79412758-7 gene:ENSML Serpinadg ~ gene:ENSML 3 o 0 2 12:104238344-104239035
Eene:ENSMUS( Csad gene:ENSMUSC 2 3 0 1 15:102177786- gene:ENSMUSC NlalS gene:ENSMUSC 1 o 0 0 81073587661 gene:ENSML Cp gene:ENSML 3 0 2 1 3:20005571-20006550
Eene:ENSMUS( Ctsc gene:ENSMUSC 2 0 0 o 1 0 0 0 5:34694853-34 gene:ENSML Idua gene:ENSML 3 0 1 2 5:108680249- 108680250
gene:ENSMUS( Ankrd16 gene:ENSMUSC 2 0 1 0 21177982311 gene:ENSMUS( cvlhl gene:ENSMUSC 1 o 0 4 11:118193697- gene:ENSML Et4 gene:ENSML 3 2 [ 2:20808190-208(
gene:ENSMUS( Dph7 gene:ENSMUSC 2 1 0 2 Acbds 1 0 0 0 2:23068286-23 gene:ENSML Aasdhppt  gene:ENSML 3 0 1 0 9.43039194309133
gene:ENSMUS( Chrd gene:ENSMUSC 2 0 0 o Amz1 1 0 0 051407244711 gene:ENSMUWipf2  gene:ENSML 3 0 3 2 11:98864140-9
Bene:ENSMUS(Wdr19 gene:ENSMUSC 2 o 0 1 Trom3 1 [ 0 0/19:22926070-2 gene:ENSML Perl gene:ENSML 3 [ 3 0 11 59105523 emasz
Bene:ENSMUSCEtla gene:ENSMUSC 2 o 0 2 1 o 0 0/19:29755017-2 gene:ENSML Gphn gene:ENSMU 3 0 0 4 12:78504751-78562856
Eene:ENSMUS(Brpf3 gene:ENSMUSC 2 o 0 1 17:28828441-2 gene:ENSMUSI Kif1b gene:ENSMUSC 1 o 0 0 41492653621 gene:ENSML Fos. gene:ENSML 3 1 0 0 12:85474180-85474935
Eene:ENSMUSCCp gene:ENSMUSC 2 o 2 2 319989218-20 gene:ENSMUS( Rps6ke1 gene:ENSMUSC 1 o 0 0 11908101211 gene:ENSMUMtss1  gene:ENSML 3 0 1 0 15:58948442-58951470
gene:ENSMUS(Snap91 gene:ENSMUSC 2 o 2 1 Fam228b 1 o [ 2 12:4748196-47. gene:ENSML Kyat1 gene:ENSML 3 1 0 1 2:30185569-30185667
gene:ENSMUSCActisb gene:ENSMUSC 2 0 1 7 Piga 1 o 0 3 X164423363-1 gene:ENSML Sema6a  gene:ENSML 3 0 0 2 18:47249584-47276586
gene:ENSMUSC Uspl1 gene:ENSMUSC 2 2 1 o Nelyt 1 0 0 114:16280814-1 gene:ENSMLCxcl12 gene:ENSML 3 1 o 0 6:117173578-117176086
gene:ENSMUS(Torlaip2  gene:ENSMUSC 2 0 0 1 Gba, 1 0 0 0 4:43567067-43 gene:ENSMUEDDL  gene:ENSML 3 1 o 0 4:131955578-131957643
Bene:ENSMUSC Mknki gene:ENSMUSC 2 2 0 0 4:115875545-1 gene:ENSMUS( Kihl 13 gene:ENSMUSC 1 o 0 0X:23294280-23 gene:ENSMLTenm3  gene:ENSML 3 0 0 1 8:43310769-48313238
Bene:ENSMUSC Vepkmt gene:ENSMUSC 2 o 0 0 12:69582345-6 gene:ENSMUS( Ubr2 gene:ENSMUSC 1 o 0 0 17:46976090-4 gene:ENSML Rgs3 gene:ENSML 3 0 3 0 4:62652836-62689499
gene:ENSMUS(The1d24 gene:ENSMUSC 2 o 1 o cc2d2a 1 o 0 0/5:43671304-43 gene:ENSML Postn gene:ENSML 3 o 1 0 3:54385285-54385671
Eene:ENSMUSC Mppel gene:ENSMUSC 2 o 0 2 Orai2 1 0 0 2 51361683651 gene:ENSMUNoslap  gene:ENSML 3 0 1 0 1:170320587-170327518
Eene:ENSMUSC AtpScL gene:ENSMUSC 2 1 [ 1 Gl 1 o [ 0 11437417111 gene:ENSML Crem gene:ENSML 3 0 1 6 18:3273578-3276694
gene:ENSMUS(Sorcs1 gene:ENSMUSC 2 0 0 o Gm16432 1 0 0 0 1:178040333-1 gene:ENSMLRbfox2  gene:ENSML 3 1 o 2 15:77086155-77094451
gene:ENSMUSCFn1 gene:ENSMUSC 2 1 0 0 171614035-71 gene:ENSMUS( Tsta3 gene:ENSMUSC 1 0 0 1 15:75926193-7 gene:ENSML Ddb2 gene:ENSML 3 o o 3 2:91212614-91234108
Bene:ENSMUSCBptf gene:ENSMUSC 2 0 2 0 11:107053305- gene:ENSMUS( Ccserl gene:ENSMUSC 1 0 0 1 6:61810708-61 gene:ENSML Tesc gene:ENSML 3 2 [ 2 5:118056443-118056444
Bene:ENSMUSC Htr7 gene:ENSMUSC 2 o 0 2 1 1 o 0 2 51392308381 gene:ENSML Pprt gene:ENSML 3 1 1 0 2:161656290-161697974
Bene:ENSMUSCRf20 gene:ENSMUSC 2 1 0 1 4:49632211-49 gene:ENSMUS( Rnf181 gene:ENSMUSC 1 o 0 1 67236153972 gene:ENSMUAIKDNS  gene:ENSML 3 o 2 0 2:93996392-94003053
gene:ENSMUSC Ppfibpl gene:ENSMUSC 2 0 0 0 61470125181 gene:ENSMUS( Myadm gene:ENSMUSC 1 o 0 1 7:3290630-329 gene:ENSMUIgsec3  gene:ENSML 3 1 0 0 6:121379909-121379995
Eene:ENSMUSC Claspl gene:ENSMUSC 2 1 1 0 11185219341 gene:ENSMUS( Mon1a gene:ENSMUSC 1 0 0 0 9:107901960-1 gene: ENSMLShmlz genE ENSML 3 0 0 1 10:127521106-127522288
Eene:ENSMUSC Exog. gene:ENSMUSC 2 1 0 2 9:119445801-1 gene:ENSMUS( Cacnale gene:ENSMUSC 1 0 0 0 1:154488133-1 gene:ENSML Moc: ene:ENSML 3 3 0 3 17:49439606-4944
gene:ENSMUS(Tpm3 gene:ENSMUSC 2 0 1 o Cede122 1 0 0 2 14:77068949-7 gene: ENSMLAQ!USD!US' feneiENshL 3 o o 4 18:70467485-70467759
gene:ENSMUS( C230004F 18Rik gene:ENSMUSC 2 0 0 0 Xi61119424-61 gene:ENSMUS( Synpo. gene:ENSMUSC 1 0 0 0 18:60607024-6 gene:ENSML Ptprk gene:ENSML 3 2 2 0 10:28560165-28562107
gene:ENSMUS(Efr3a gene:ENSMUSC 2 3 0 0 15:65815411-6 gene:ENSMUS( Gedh gene:ENSMUSC 1 0 0 0 8:84892572-84 gene:ENSML ffo2 gene:ENSML 3 0 o 0 4:139605094-1 5
Bene:ENSMUS( Gtpbps gene:ENSMUSC 2 0 0 2 1 [ 0 1 2:104255570-1 gene:ENSML Zkscan3  gene:ENSML 3 0 a 2 13:21396577-21402392
Bene:ENSMUS( Golga3 gene:ENSMUSC 2 o 1 0/5:110176922-1 gene:ENSMUS( Kennl gene:ENSMUSC 1 o 0 1 8:70846772-70 gene:ENSMUSIc38a6  gene:ENSML 2 1 1 2 12:73341760-73344793
Eene:ENSMUS(GM11767  gene:ENSMUSC 2 0 2 3 11:119936049- gene:ENSMUS( Wdr24 gene:ENSMUSC 1 o 0 0 17:25825831-2 gene:ENSML ZfpS12b  gene:ENSML 2 0 0 0 2:181588103-181588214
Eene:ENSMUS( Zewpw1 gene:ENSMUSC 2 1 2 0 5:137812100-1 gene:ENSMUS( Mtmr14, gene:ENSMUSC 1 0 0 0 6:113270701-1 gene:ENSML Zfp37 gene:ENSML 2 1 1 4 4:62205105-62208078
gene:ENSMUSCFbin. gene:ENSMUSC 2 0 0 o E230016M11Ri 1 0 0 06 smsasaumgene ENSMLFmnIl  gene:ENSML 2 1 0 0 11:103197778-103198483
Bene:ENSMUS(GMAB430  gene:ENSMUSC 2 1 1 1 Rlim 1 o 0 0x e:ENSML Osgepll  gene:ENSML 2 o 0 0 1:53321210-53323167
gene:ENSMUSC Adap2 gene:ENSMUSC 2 4 0 0 11:801: Agtpbpl 1 0 0 1 13 59544451 5 gene ENSML Dig2 gene:ENSML 2 o o 0 7:92417323-92420632
gene:ENSMUS( Orc gene:ENSMUSC 2 1 0 o Lyrm1. 1 0 0 6 7:119900308-1 gene:ENSMU Sapcdl  gene:ENSML 2 2 o 0 17:35026147-35026338
Bene:ENSMUS( Clk2 gene:ENSMUSC 2 o 0 1 Gng13 1 o 0 1 17:25717581-2 gene:ENSMLTmem39  gene:ENSML 2 0 0 0 16:38585518-38586221
Bene:ENSMUS(Zfp148 gene:ENSMUSC 2 1 0 o Rnf167 1 o 0 2 11:70648592-7 gene:ENSML Fx gene:ENSML 2 1 2 1 X:103591889-103595931
gene:ENSMUS(Slcda7 gene:ENSMUSC 2 1 0 1 Ruma 1 o 0 2 17:44639826-4 gene:ENSML Cenpt gene:ENSML 2 1 0 1 8:105849549-105849626
Eene:ENSMUS( Map3k7 gene:ENSMUSC 2 0 0 1 Pisd-ps1 1 o 0 0 11:3129118-31 gene:ENSMLGmA2641  gene:ENSML 2 1 0 0 9:109072737- 109073755
Eene:ENSMUS(Tjapl. gene:ENSMUSC 2 0 0 4 17:46264978-4 gene:ENSMUS( Keng2 gene:ENSMUSC 1 0 0 0 2:181092292-1 gene:ENSML Epn2 gene:ENSML 2 0 0 0 11:61546911-615795¢
gene:ENSMUS(Secisbp2  gene:ENSMUSC 2 o 0 o Pedhgal 1 o 0 0 18:37664365-3 gene:ENSMLPde1b  gene:ENSML 2 o 3 0 15:103503372- 103503451
gene:ENSMUS(SIc35b3 gene:ENSMUSC 2 0 0 o 1 0 0 2 4:42812540-42 gene:ENSML Flad1 gene:ENSML 2 0 1 1 3:89411380-89411561
gene:ENSMUSC Elovi7 gene:ENSMUSC 2 2 0 o mbti1 1 0 0 1 2:162959604-1 gene:ENSML Afdn gene:ENSML 2 3 0 0 17:1382358- 13525943
Bene:ENSMUSNuprl gene:ENSMUSC 2 2 0 3 7:126625185-1 gene:ENSMUS( Rbm10 gene:ENSMUSC 1 o 0 2 X20637656-20 gene:ENSML Prk gene:ENSML 2 2 [ 0 148155345816
Bene:ENSMUS(Zfyve19 gene:ENSMUSC 2 o 0 0 21192120141 gene:ENSMUS( Rnf144b gene:ENSMUSC 1 o 0 0 13:47122873-4 gene:ENSMURab3il1  gene:ENSML 2 0 1 0 19:10027637- wnzazss
Eene:ENSMUS(Adamts10  gene:ENSMUSC 2 0 0 0 17:33543305-3 gene:ENSMUS( Rab26 gene:ENSMUSC 1 o 0 417:24529913-2 gene:ENSMU Akap8l  gene:ENSML 2 o o 0 17:32335170-32335563
Eene:ENSMUSC Dabl gene:ENSMUSC 2 1 0 5 4:104367717-1 gene:ENSMUS( Cyp2d22 gene:ENSMUSC 1 o 0 1 15:82376041-8 gene:ENSMURImS2  gene:ENSML 2 0 0 0 15:39511374-39534838
Eene:ENSMUS(Tsc2 gene:ENSMUSC 2 0 0 0 17:24601457-2 gene:ENSMUS Iffol gene:ENSMUSC 1 0 0 0 6:125146029-1 gene:ENSML Ccdc163  gene:ENSML 2 0 0 2 4:116709094-116709438
gene:ENSMUS( Crotd gene:ENSMUSC 2 4 0 o 511 1 0 0 0 X95947073-95 gene:ENSML Med7 gene:ENSML 2 4 2 0 11:46437009-46439806
Bene:ENSMUS(TmemB0  gene:ENSMUSC 2 0 o o Ahde1 1 0 0 1 4:133055203-1 gene:ENSML Tex30 gene:ENSML 2 0 4 3 1:44100001- 44101900
Eene:ENSMUS(BCO6S397  gene:ENSMUSC 2 1 0 o scafl 1 0 0 1 745014335 45 genciENSL elfy gene:ENSML 2 0 o 1 3:94484865-9448:
Bene:ENSMUSC Dhtkd1 gene:ENSMUSC 2 0 0 o Macrod2 1 [ 0 22 gene:ENSML Rsrp1 gene:ENSML 2 0 0 2 4:134925432- 131926735
Bene:ENSMUSC Atp13a2 gene:ENSMUSC 2 o 0 1 Pnplas. 1 o 0 28 3515556 351 gene:ENSML Arhgap35  gene:ENSMU 2 0 1 2 7:16565329-16598878.
gene:ENSMUS(Baz2b. gene:ENSMUSC 2 o 0 o nm2 1 o 0 2 921489794-21 gene:ENSML Ubn2 gene:ENSML 2 1 1 0 6:38464043-38470152
Eene:ENSMUSC Eps1511 gene:ENSMUSC 2 o 1 o Tie1 1 o 0 1 4:72158417-72 gene:ENSML Arhgef25  gene:ENSML 2 0 0 0 10:127187322-127189495
Eene:ENSMUSC Enoxl gene:ENSMUSC 2 0 2 o Smarce1 1 0 0 0 11:99228318-9 gene:ENSMLSIcal0  gene:ENSML 2 1 0 2 2:62316681-62324725
gene:ENSMUS( Griad gene:ENSMUSC 2 0 o o Gm10334 1 0 0 3 6:41445020-41. gene:ENSML Kifc2 gene:ENSML 2 0 3 1 15:76662672-76662833
gene:ENSMUS(Pfas gene:ENSMUSC 2 1 0 0 11:68990895-6 gene:ENSMUS( Ncapd3 gene:ENSMUSC 1 0 0 0/9:27030499-27 gene:ENSML Rmil gene:ENSML 2 1 o 1 13:58402789-58407002
gene:ENSMUS(Thrb. gene:ENSMUSC 2 0 0 1 14:17826975-1 gene:ENSMUS Ip6k2 gene:ENSMUSC 1 0 0 3 9:108796783-1 gene:ENSML Neorl gene:ENSML 2 0 [ 2 11:62373454-62376635
Bene:ENSMUSC Leorl gene:ENSMUSC 2 o 2 2 3 1 o 0 0/7:98226500-98 gene:ENSML Crem gene:ENSMU 2 0 1 0 18:3268129-3273422
gene:ENSMUS(Pocla gene:ENSMUSC 2 4 0 s hbdi1 1 o 0 2 17:25836193-2 gene:ENSML Ptk gene:ENSMU 2 0 0 1 15:73343359-73394648
gene:ENSMUSC Ankrd28 gene:ENSMUSC 2 o 0 3 14:31779005-3 gene:ENSMUS( Dock10 gene:ENSMUSC 1 o 0 0 1:80501826-80 gene:ENSML Cc2d2a  gene:ENSML 2 1 1 0 5:43671304-43673692
Eene:ENSMUS( Sdccagd gene:ENSMUSC 2 3 1 4 Rbm39 1 o 0 12:156177385-1 gene:ENSMUIgsecl  gene:ENSML 2 0 2 0 6:90664071-90667900
Eene:ENSMUS(Trimg gene:ENSMUSC 2 0 3 0 12:70251260-7 gene:ENSMUS( P(ské gene:ENSMUSC 1 0 0 0 7:66025407-66 gene:ENSML Wwox  gene:ENSML 2 0 1 0 8:114448338-114450517
gene:ENSMUSCANK3. gene:ENSMUSC 2 2 o o 1 0 0 0 11:31889939-3 gene:ENSMLSIc27a1  gene:ENSML 2 o o 1 8:71569023-71569342
gene:ENSMUS( Rhixdl1 gene:ENSMUSC 2 0 0 0 17:25836572-2 gene:ENSMUS( Rwddi gene:ENSMUSC 1 0 0 231211560571 gene:ENSMLZfp949  gene:ENSML 2 1 [ 3 9:88548508-88552716.
gene:ENSMUS( Mindyd gene:ENSMUSC 2 0 1 0 6:55278110-55 gene:ENSMUS( Zdhhcd gene:ENSMUSC 1 0 0 051433243981 gene:ENSML 5ap30bp  gene:ENSMIL 2 0 1 0 11:115935475-115938010
Bene:ENSMUSC Plgrkt gene:ENSMUSC 2 1 0 1 Dpp10 1 o 0 411239051761 gene:ENSMUPdedb  gene:ENSML 2 0 0 1 4:102255456-102487211
gene:ENSMUS( Bcas3 gene:ENSMUSC 2 1 1 0 11:85583994-8 gene:ENSMUS( Slcda7 gene:ENSMUSC 1 o 0 0 14:14739874-1 gene:ENSML Tppl gene:ENSML 2 0 2 0 7:105751729-105751982
Bene:ENSMUS(Synj2 gene:ENSMUSC 2 o 1 01 1 o 0 0 8:28760892-28 gene:ENSML Tcf12 gene:ENSML 2 2 1 1 9:71868278-71870074
Eene:ENSMUSC Rock gene:ENSMUSC 2 o 1 0 1 o 0 0 9:77190737-77 gene:ENSML Eml4 gene:ENSML 2 0 0 0 17:83421735-83428000
Eene:ENSMUS(Zfps51 gene:ENSMUSC 2 0 1 1 7:12417218-12 gene:ENSMUS( Adgrfs. gene:ENSMUSC 1 0 0 2 17:43439795-4 gene:ENSML AnkrddS  gene:ENSML 2 0 3 0 1:161163405-161164172
gene:ENSMUS(Zfp273 gene:ENSMUSC 2 1 1 o Nsun3 1 0 0 1 16:62776631-6 gene:ENSML 0df2 gene:ENSML 2 o 1 0 3:145126225-145127831
gene:ENSMUSC Miip. gene:ENSMUSC 2 0 1 0 Dock11 1 0 0 0 X36069986-36 gene:ENSML SIc1232  gene:ENSML 2 2 [ 0 18:57932605-57934951
gene:ENSMUS( Hdacd gene:ENSMUSC 2 2 0 31 Burc 1 0 0 0 19:45406586-4 gene:ENSML Synj1 gene:ENSML 2 0 4 0 16:90948113-90949699
Bene:ENSMUS( Ppedc gene:ENSMUSC 2 2 0 1 Uspdo 1 o 0 0 1:87946707-87 gene:ENSML Rapgefd  gene:ENSML 2 1 [ 1272141172-72174423
Bene:ENSMUS( Cep70. gene:ENSMUSC 2 o 1 1 Foq3 1 o 0 2 41195405571 gene:ENSML Zfp27 gene:ENSML 2 0 0 0 7:29900338-29903905
gene:ENSMUSC Carmill gene:ENSMUSC 2 o 1 2 Myho 1 o 0 0 15:77782970-7 gene:ENSML Vav2 gene:ENSML 2 7 0 0 2:27300444-27302008
Eene:ENSMUSC Mief2 gene:ENSMUSC 2 o 0 21 Tmem234 1 o 0 1 4:129601243-1 gene:ENSML Zfp874b  gene:ENSML 2 2 0 1 13:67481845-67484141
gene: stMusmqsmazzumme ENSMUSC 2 0 0 2 216 1 0 0 5:143090929-1 gene:ENSMLMcam  gene:ENSML 2 1 0 44140992-441
gene:ENSMUS(Slcdgal ne:ENSMUSC 2 2 0 0 11:78470851-7. gene:ENSMUS( Capn15, gene:ENSMUSC 1 0 0 z 17:25959985-2 gene:ENSML Pan3 gene:ENSML 2 o 1 1 5:147488258-147519505
gene:ENSMUSC Hmgal ge»e ENSMUS( 2 0 0 2 17:27556711-2 gene:ENSMUS( Paha2 gene:ENSMUSC 1 0 0 0 11:54125816-5 gene:ENSML Ccdc163  gene:ENSML 2 o 0 2 4:116710284-116711311
gene:ENSMUS(Commd7  gene:ENSMUSC 2 0 1 1 Katnbl 1 0 0 0 8:95096019-95 gene:ENSML Acsf3 gene:ENSML 2 [ o 0 8:122784101-122785819
Bene:ENSMUS(Zfp809 gene:ENSMUSC 2 0 0 2 I 1 0 0 0 8:106192434-1 gene:ENSML L3mbti3  gene:ENSML 2 1 0 0 10:26342667-26344612
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