
INTRODUCTION 

Investigating Tex15’s Role in Regulating Chromatin Structure in Olfactory 
Sensory Neurons 
Shivani Patel, Kevin Monahan 

METHODS  

RESULTS CONCLUSIONS 

REFERENCES 

The mammalian olfactory system is made up of a variety of specialized cells 
that allow for the recognition of a vast amount of odorants. In mice, a diversity 
of olfactory sensory neuron (OSN) types is achieved though stochastic, 
monoallelic expression of over 1,200 olfactory receptors (ORs) genes. The 
expression of one allele in each OSNs is controlled by a combination of 
heterochromatin and enhancers, which together modulate the accessibility of 
OR genes to transcription factors that activate gene expression. Early work in 
the lab has identified Tex15 as a key regulator of OR gene expression, as 
mutations in this gene results in skewed expression favoring a small group of 
OR genes. However, Tex15 has a transient expression (at high levels) which 
coincides with the timing of OR gene choice in immature neurons. Therefore, 
we are investigating a role of Tex15 in regulating chromatin structure.[1] 
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RESEARCH QUESTION OR OBJECTIVE  
Our objective is to determine how the loss of Tex15 disrupts OR gene 
expression. Previously, Tex15 was studied for its role in DNA double-strand 
break repair in male mouse spermatocytes [2]. This type of repair involves major 
chromatin change around the sites at which they occur. Tex15 was also found 
to interact with piRNA to help silence Transposable elements (TEs) through 
DNA methylation in male germ cells [3]. Specifically, Tex15 silences retro 
transposons which “copy and paste” themselves into new genome sites, 
potentially disrupting the function of neighboring genes. Based on this 
background we are testing two, possibly inter-related, hypotheses.  

1.  OR gene expression depends on multiple enhancers, therefore we 
hypothesize that Tex15 regulates enhancer chromatin structure.  

2.  In immature OSNs, OR genes are silenced by the addition of 
heterochromatin. We hypothesize that TE expression might target 
heterochromatin to OR gene clusters.  

TEs with similar expression patterns as Tex15 

Figure 2. (A) Diagram of the four cells-types (including the marker genes) used 
within the Mouse olfactory epithelium (MOE). (B) RNA-seq data from early work 
in the lab shows the expression of Tex15 through the different stages of 
differentiation (shows a transient expression in GBCs) . (C) RNA-seq data 
shows expression of many TE classes are also transient in GBCs (Mash). 

(A) 

Figure 3. (A) Scatterplot showing subset of TEs that are enriched in OR gene 
clusters. ~1-2% of TEs are in OR clusters, therefore we used this plot to find 
instances in which >3% of TEs were in OR clusters in relation to the rest of the 
genome (signifying enrichment) . (B) Differential expression analysis of the 
enriched TEs between the four stages of cell differentiation. Plots show the TEs 
with a significant change, two of which (ETnERV-int and MMETn-int) show a 
similar pattern to Tex15.  
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ATAC-seq ( Assay for 
Transposase-Accessible 
Chromatin using 
sequencing): allows us to 
identify regions of open 
chromatin. By comparing 
peaks on Tex15WT (wild-
type) and Tex15KO 
(knock-out), we can 
identify how enhancers 
are affected by Tex15. 

RNA-seq ( RNA-sequencing): 
used to see the expression levels 
of all the genes (and TEs). This 
allows us to then look at sets of 
genes to see how they are 
affected by Tex15. 

RepEnrich: used to estimate 
enrichment of TEs in olfactory 
cells.   

Motifs identified based on ATAC-seq peaks of Tex15WT and KO in OSNs 
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(C) 

Figure 1. (A) Shows 
distribution of the 3 types 
of peaks we identified. 
Results show that most of 
down regulated peaks in 
the Tex15KO are enriched 
in promoters while most of 
the up regulated peaks 
are enriched in the 
intergenic region. (B) Top 
two motifs enriched in up 
regulated peaks. (C) Top 
two motifs enriched in 
down regulated peaks.  

Moving forward we would like to look into the immature olfactory neurons, 
since Tex15 is expressed transiently as olfactory neurons differentiate. More 
specifically, we would like to look at the ATAC-seq data for the immature cells, 
as well as identify the TEs that are near the peaks. We will also look at TE 
expression in Tex15KO GBCs and immature OSNs. To do this we will purify 
these cells and then do RNA-seq analysis. We will then use RepEnrich to 
analyze the data and see how TE expression changes. We will also look into 
how Tex15 may be involved in DNA methylation within the OSNs.  

With the RepEnrich Data we were able to see how TEs may be impacted by 
Tex15. Specifically, we wanted to focus on TEs that are enriched in OR gene 
clusters, since these might offer a connection between the OR phenotype and 
the known role of Tex15. Two of these TEs were ETnERV-int and MMETn-int, 
which as previously mentioned were found to have similar expression patterns 
to Tex15. Therefore, Tex15 may help regulate the expression of these TEs and 
as a result could effect how nearby genes are expressed.  

ATAC-seq analysis of mature Tex15WT and Tex15KO OSNs allowed us to see 
which sections of the genome were affected by the absence of Tex15. By 
examining the the motifs from the differential peaks we may be able to learn 
more about Tex15’s binding partners. For example many of the motifs of the 
up regulated peaks match to C/EBP family protein, which are part of the bZIP 
transcription factors (Figure 1B). bZIP transcription factors have been found to 
regulate OSN differentiation.[4] We also found that many of the down regulated 
peaks had motifs that were enriched with CG sites (Figure 4). 

 

 

 

 

 

This is interesting as CG sites are often one of the areas of the genome where 
DNA methylation occurs. As mentioned in a previous study, Tex15 regulates 
TEs in spermatocytes by helping these sites get methylated[3]. Our ATAC-seq 
data suggests that Tex15 is also involved with DNA methylation in the MOE, 
however it is not clear how. By impacting the accessibility of the chromatin in 
this way, Tex15 may also influence how OR genes are expressed in OSNs. 
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Figure 4. Shows the 
percent of nucleotides 
in each type of peak 
involved in a CG pair. 
Down regulated peaks 
are the highest with 
11.56% 
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TEs Enriched in Olfactory Receptor gene Clusters  
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