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SUMMARY

ETS transcription factor family is one of the largest families and plays role in
different processes such as apoptosis, nervous system development, cell proliferation
etc. This family is divided into subfamilies according to similarities of conserved
domains.

Drosophila larval brain contains different types of neuroblasts (NB) which can
be distinguished from each other such as Type II NB, antennal lobe NB, mushroom
body NB, optic lobe NB. During development, neuron and glia formation are tightly
regulated by TFs both temporally and spatially.

Pnt, is used as a marker for Type II NB and also plays a role in glia formation.
The antagonist of Pnt, Aop plays role in cell fate determination. According to the
interfamilial relationship of ETS TFs like in Pnt and Aop, ETS genes may play a role
in lineage formation. This thesis focused on genes regulated by the ETS TFs in
neuroglial lineage formation. Neuron and glia formation was evaluated by comparing
either neuron or glia samples with Type II NB, antennal lobe NB or mushroom body
NB samples that were obtained from published Drosophila larva transcriptome data.
Nervous system related genes were selected from genes that were found both in
differentiated neuron and glia in comparison to NBs and promoter analysis was
performed for ETS TFs. Thereafter, gene regulatory networks were created to
illuminate the potential role of ETS TFs in the regulation of selected genes during
nervous system development. These results may contribute to the understanding and

potential use of ETS TFs in neuroregenerative treatments.

Key Words: ETS Family, Transcription Factor, Drosophila melanogaster,

Lineage Formation.



OZET

ETS transkripsiyon faktdrii ailesi en biiyiik transkripsiyon faktorii ailelerinden
biridir ve apoptoz, sinir sistemi gelisimi, hiicre ¢ogalmasi vb. gibi farkl: siireclerde
rol oynar. Bu aile, evrimsel korunmuslugu olan bolgelerinin benzerliklerine gore alt
ailelere ayrilmistir. Bu TF ailesinin biitiin iiyelerinin rolleri tam olarak bilinmemekle
birlikte, aktivator veya baskilayicilar roliine sahiptir.

Drosophila larva beyni, Tip II NB, anten lobu NB, mantar gévdesi NB, optik
lob NB gibi ayirt edilebilen farkli noroblast tiirleri igermektedir. Geligim sirasinda,
bu ndroblastlardan néron ve glia olusumu ve noroblastlarin yenilenmesi, hem
zamansal hem de mekansal olarak transkripsiyon faktorleri tarafindan siki bir sekilde
diizenlenmektedir.

ETS genlerinden biri olan Pnt, Tip II NB i¢in belirte¢ olarak kullanilir ve
embriyoda glia olusumunda rol almaktadir. Pnt'nin antagonisti olan Aop, hiicre
kaderinin belirlenmesinde rol oynamaktadir. Pnt ve Aop arasindaki iliskide oldugu
gibi ETS transkripsiyon faktorlerinin aileler arasi iliskisine gore, ETS genleri soy
olusumunda rol oynayabilir. Bu tez, néroglial soy olusumunda ETS transkripsiyon
faktorleri tarafindan diizenlenen genlere odaklanmistir. Bu analizlerde, yayimlanmis
Drosophila larva verilerinden elde edilen Tip II NB, antennal lob NB veya mantar
govdesi NB oOrnekleri ile ndron veya glia Ornekleri karsilastirilarak
degerlendirilmistir. Sinir sistemi ile ilgili genler, hem noéron hem de glia
karsilastirmasinda bulunan genler arasindan secilerek ETS transkripsiyon faktorleri
icin promotor analizi yapilarak belirlendi. Daha sonra, sinir sistemi geligimi sirasinda
secilen genlerin diizenlenmesinde ETS TF'lerin potansiyel roliinii aydinlatmak i¢in
gen diizenleyici aglar olusturulmustur. Bu sonuglar, ETS TF'lerin ndrorejeneratif

tedavilerde anlagilmasina ve potansiyel kullanimina katkida bulunabilir.

Anahtar Kelimeler: ETS Ailesi, Transkripsiyon Faktorleri, Drosophila

melanogaster, Soy Olusumu.
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1. INTRODUCTION

1.1. Drosophila Central Nervous System (CNS)
Development

Drosophila is a commonly used organism in research because of its short
developmental time as well as for the broad similarity of developmental programs to
those in mammalian organisms. Fly completes its development from embryo to first
instar larva about one day and in about 10 days larval growth and metamorphosis
occurs [1].

The Drosophila central nervous system (CNS) is formed by the assembly of the
segments called neuromere [2]. This CNS can be divided into 2 parts: brain and
ventral nerve cord (VNC). Each part contains different number of neuromeres and
homology between neuromeres can be understood by looking at the gene expression
profile of the neural stem cells, or neuroblasts (NBs), in each neuromer [1],[3]. The
combination of the transcription factors (TFs) generate distinct neuroblasts and
neuronal identities.

In Drosophila development, neurogenesis occurs in 3 stages: (i) embryonic
stage, (ii) larval stage and (iii) pupal stage [4], [5]. NBs in embryo divide
asymmetrically and can give different cell types including (a) another NB, (b) a
ganglion mother cell (GMC) small intermediate progenitors that produce neuron and
glia, (c) intermediate neural precursor (INP), (d) neuron or (e) glia [1],[4],[6]. In the
embryonic stage, neuroblasts are formed and produce neuron and glia mostly for
larval CNS. At the end of embryogenesis, neuroblasts enter the quiescent state, except
mushroom body (MB) neuroblasts, but are activated again in larval stage [5]. NBs
should produce different types of neurons for neuronal diversity. For this purpose,
temporal expression of Hunchback (Hb), Kruppel (Kr), Pdm and Castor (Cas)
transcription factors provide production of different types of neuron or glia [7]-[9].
In larval and pupal stages, NBs divide hundreds of times to produce a variety of

neurons and glia. Most of the adults’ neurons and glia are produced at these stages.



1.2. Drosophila Larval Neuroblasts

Central brain lobes

/N

Type | NB

Type Il NB
Mushroom body NB
Optic lobe NB
Antennal lobe NB

Figure 1.1: Drosophila larval brain anatomy. NB, neuroblast; VNC, ventral nerve
cord.

The Drosophila larval brain contains two central brain lobes and ventral nerve
cord (VNC). The larval brain of Drosophila is used to examine neuroblasts lineage
formation because there are different types of neuroblasts and they can be
distinguished from each other according to their location. In the Drosophila larva
brain, there are 5 main neuroblast types as Type I NBs, Type II NBs, Mushroom
Body (MB) NBs, Optic Lobe NBs and Antennal Lobe (AL) NBs (Figure 1.1,
modified from [10]).

Type I NBs undergo asymmetric cell division and produce GMCs which give
rise to neuron or mature neuron. Most of the brain NBs divide according to Type I
manner [1],[11] (Figure 1.2 A). Type II NBs divide asymmetrically and produce
intermediate neural progenitors (INPs) and which first divide symmetrically to
increase their number and then divide asymmetrically to produce GMCs that generate
neurons or glial cells [4],[12]. The fact that INPs divide symmetrically and increase
their number allows Type II neuroblasts to produce more neurons than Type I

neuroblasts [13] (Figure 1.2 B). Type II NBs lack the expression of a proneural gene,



asense, and thus called PAN (posterior Asense negative) neuroblasts. Type II NBs
also show expression of the Ets transcription factor Pointed which is a master
regulator of Type Il NBs [11],[14].

Mushroom bodies are the olfactory learning and memory center of Drosophila
[15],[16]. Mushroom body neuroblasts (MB NBs) produce Kenyon cells and can be
distinguished from other NBs by the expression of eyeless (ey) gene [15],[17]. The
MB NBs divide asymmetrically and produce two GMCs, one of which produces
either a neuron or a glia with no sister fate diversification (Figure 1.2 C). Antennal
lobe is the primary olfactory center that takes odor information from the antenna and
transfers this to relevant areas in the brain [16],[18]. Antennal lobe neuroblast (AL
NB) lineage needs the proper expression of the empty spiracles (ems) for the normal
function [19]. AL NBs divide until pupation and there are binary sister fate decisions

unlike MB NBs (Figure 1.2 D).
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Figure 1.2: Neurogenesis patterns of Drosophila neuroblasts (NBs). A. Type I
lineages, one progenitor produce ganglion mother cells (GMCs) which either divide
once to produce two neurons or directly differentiate into a single mature neuron. B.
Type 1II lineages, intermediate neural progenitors (INPs) are produce by asymmetric

cell divison and then GMCs prdocued from INPs to produce an independent series
of offspring. C. The MB NBs yield only three major classes of MB neurons, with
no sister fate diversification in the paired neurons made by one GMC. D. The AL
NBs can generate ~40 neuron types from a single hemi lineage, as their GMCs
make daughter cells with distinct A/B fates due to a Notch-mediated binary sister

fate decision.




1.3. ETS Transcription Factor Family

E-twenty-six (ETS) transcription factor family is one of the largest transcription
factor families. The ETS family is defined according to their DNA binding domains,
which is called the ETS binding domain and it is about 85 amino acids [20]. The core
motif of this ETS DNA binding domain is 5’-GGA (A / T)-3’ and core DNA binding
domain contains the helix-turn-helix motif [20],[21]. Although many other ETS
domain proteins have been identified from various organisms according to similar
items on ETS domain, this transcription factor family is unique to the metazoan
lineage [22]. This family plays an important role in the nervous system development,
apoptosis, proliferation and cell migration [23],[24].

This large family is divided into subfamilies according to their conserved
domain similarities such as ETS, ERG, TEL, PEA3 (Figure 1.3, modified from Ekin
Sonmez- personal communication). One of the conserved domains is the POINTED
domain, which derives its name from the Pnt protein that was first identified in
Drosophila. This domain has a role in homo oligomerization, heterodimerization and
repression of transcription [22]. Ets65A is the member of the ERG subfamily and it
is a RNA polymerase II specific transcription factor. It plays a role in cell
differentiation and regulation of transcription [25]. Another RNA polymerase II
specific ETS transcription factor is Eip74EF and it has a role in cell differentiation
and autophagy [25],[26]. Aop plays role as a negative regulator of photoreceptor
development and it is antagonist to Pnt [27]. Ets96B is found in dopaminergic
neurons and plays role in dopamine signaling. It also plays roles in regulation of

circadian cycle and cell differentiation [28].
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Figure 1.3: The subfamilies of ETS transcription factor family in Drosophila
melanogaster.

Purpose of Thesis

Transcription factors play important role in the formation of different
neuroblast lineage. The role of ETS transcription factors in the lineage formation is
not fully known. However, Pnt, one of the ETS TFs member, has important role in
Type II NB characteristic and also play role in glia formation in embryo and its
antagonist Aop play role in cell fate determination. According to interfamiliar
relationship of ETS like on Pnt and Aop, the regulation of ETS transcription factors
and the change of target genes have an effect on lineage formation. In this study,
published RNAseq data which contain specifically labelled Type II NB, AL NB, MB
NB, neuron, and glia data were analyzed to generate gene regulatory networks that

shows the potential targets and the role of the ETS transcription factor in lineage

formation.




2. MATERIALS and METHODS

2.1. Methods

RNA-seq datasets which are related with Drosophila lineage formation were
obtained from Gene Expression Omnibus (GEO) platform and GSE71104 [16]
dataset was selected for this study. In this dataset neuroblast lineages are labelled by
using recombinase-dependent NB drivers such that all NBs are selected by chimeric
dpnEE promoter and then each lineage is selected from all NBs by using exogenous

transcriptional activator cassette.

2.1.1. GALAXY and Data Processing

GSE71104 dataset contains transcriptome data of mushroom body neuroblast,
antennal lobe neuroblast, Type II neuroblast, non-selective neuroblasts (3 biological
replicates for each neuroblast), neuron and glia (2 biological replicates for neuron and
glia samples) which were labelled from Drosophila larval brain. The information
related to samples in data is shown in Table 1. Preprocessing of the raw data was
performed by using the GALAXY platform [29]. The reads in raw data were loaded
to GALAXY platform by using Faster Download and Extract Reads in FASTQ
format tool from NCBI the Short Read Archive (SRA).



Table 1.1: The sample information of GSE71104 dataset.

SRR number Age Cell type Source
SRR2107300 50hr after larva hatch neuroblast Brain

SRR2107301 50hr after larva hatch neuroblast Brain

SRR2107302 50hr after larva hatch neuroblast Brain

SRR2107303 50hr after larva hatch neuroblast Antennal lobe
SRR2107304 50hr after larva hatch neuroblast Antennal lobe
SRR2107305 50hr after larva hatch neuroblast Antennal lobe
SRR2107306 wandering larva glia Brain

SRR2107307 wandering larva glia Brain

SRR2107308 50hr after larva hatch neuroblast Mushroom body 2hr wait
SRR2107309 50hr after larva hatch neuroblast Mushroom body 2hr wait
SRR2107310 50hr after larva hatch neuroblast Mushroom body 2hr wait
SRR2107311 50hr after larva hatch neuroblast Mushroom body 3 wash
SRR2107312 50hr after larva hatch neuroblast Mushroom body 3 wash
SRR2107313 50hr after larva hatch neuroblast Mushroom body 3 wash
SRR2107314 50hr after larva hatch neuroblast Mushroom body
SRR2107315 50hr after larva hatch neuroblast Mushroom body
SRR2107316 50hr after larva hatch neuroblast Mushroom body
SRR2107317 wandering larva neuron Brain

SRR2107318 wandering larva neuron Brain

SRR2107319 50hr after larva hatch neuroblast Brain

SRR2107320 50hr after larva hatch neuroblast Brain

SRR2107321 50hr after larva hatch neuroblast Brain

The reads may contain adapter sequences and there might be some low quality
parts in sequences. These parts in reads should be eliminated for reliable further
analysis. To check the quality of the reads FASTQC tool was used. The low quality
reads and adapter sequences were eliminated by using TrimGalore! as cut-off 28.
After elimination of low quality parts, quality control of reads had been repeated by
using FASTQC tool to be sure all samples sequences have good quality. To find the
location of the reads in reference organism’s genome, alignment of the reads should
be performed against reference genome. There are different tools to perform this
processes such as TopHat2 and GSNAP but these programs use large memory
especially when working large genome data and the process can take a long time. For
these reasons, we have aligned the reads based on the reference genome,
dmel BGDPS5, using the HISAT2 tool which works faster and requires less memory.
BAM (binary alignment map) file was obtained as result of the HISAT2 tool and it
was used as input in featureCounts tool which is used to count reads that matched the

reference genome. As a result, count data of each samples was combined and gene



expression matrix was obtained. The flow chart of our methodology of study is shown

in Figure 2.1 (Sonmez et.al, in preparation).

GEO
Data search
GSE71104

}

GALAXY
Raw Data Analysis
(FastQC, TrimGalore!, Hisat2, FeatureCounts)

}

R Programming
Differential Gene Expression Analysis
(Normalization, PCA, DEseq2)

}

GO Analysis
Nervous System Related Genes

4 \

TF- Gene PandaR Correlation
Interaction Table | s Normalized Counts Normalized Counts

\ /

| Promoter Analysis |

{

Cytoscape
Regulatory Network

Figure 2.1: Methodology of transcriptome analysis of Drosophila larval dataset.

2.1.2. Differential Gene Expression Analysis

Downstream analysis of this data was performed by using R programming
language. The count data matrix, which was obtained from GALAXY platform as a
FeatureCounts was uploaded to R programming. The range of the raw counts is large
so it should be transformed and fitted to a more eligible range for more consistent
analysis. So, the normalization of the data was performed by using variance
stabilizing transformation (vst) which assures that variance is constant in the range
of mean values. After normalization of data, principal component analysis (PCA) was
performed to check the distribution of samples and whether there were outlier

samples. R package DEseq2 which used raw counts of samples was used for



differentially gene expression analysis for each neuroblast sample versus neuron and
glia samples. Differentially expressed genes (DEG) were obtained by using
Benjamini & Hochberg corrected p-value < 0.05 significance level (p-adjusted). The
up regulated differentially expressed genes were determined by using Log2 fold
change > 1 and down regulated DEGs were determined by Log2 fold change < -1.
The visualization of the differentially expressed genes in each analysis condition
(such as glia compared to Type II NB, neuron compared to Typell NB) was
performed by using volcano plot in EnhancedVolcano R package [30].

2.1.3. Gene Set Enrichment (GSE) Analysis

The intersection of glia and neuron datasets for each neuroblast comparison was
examined by using the venn package of R [31]. The regulation of the common genes
that are obtained from intersection of glia and neuron datasets may play an important
role in lineage formation, therefore these genes were used for further analysis. Gene
set enrichment analysis is used to examine classes of over-represented genes in large
groups, such as the biological processes they are involved in, or the signalling
pathway and cellular components they are found in. Gene ontology (GO) enrichment
analysis of selected common genes were performed by using clusterProfiler R
package [32] to find the biological processes in which these common genes are

2% ¢¢

involved. Nervous system related GO terms were filtered by using “neur”, “nervous”,
9 <¢

“glia”, “glio” terms. The results graph was visualized by using the ggplot2 R package
[33].

2.1.4. Gene Regulatory Network Construction

Gene regulatory networks show the interaction between transcription factors
(TFs) and genes which have binding sites for that transcription factor. In gene
regulatory networks, there are nodes and edges. Nodes are used to represent genes
and transcription factors while edges are used to represent interaction between genes
and transcription factors.

To examine the binding site of the transcription factor for the selected promoter

sequences, a genome-wide promoter analysis for Drosophila was first performed

10



using the FindM tool [34]. For this purpose, the letter probability matrix of
transcription factors taken from the CIS-BP database [35] was used as input. To
prevent random and irrelevant binding probability of TF on sequences, sequences
between -1000 to 100 TSS (transcription start site) and a p-value threshold of 0.001
for the binding motif filtration were used and promoter sequences were determined.
The resulting output file was then converted into a readable TF-gene interaction table
using the R program.

To create gene regulatory network of common genes and selected ETS
transcription factors (TF)- Aop, Eip74EF, Ets96B, Ets65A, Pnt- in each neuron and
glia dataset R package PANDA was used [36]. The PANDA algorithm uses
correlation coefficients to create a connection, network, between transcription factor
(TF) and gene. TF-gene interaction table and expression matrix were used in the
PANDA algorithm. The correlation analysis was performed by using corr() function
in R to detect the relationship between TF and genes and results were combined with
the PANDA algorithm output for creating an edge-weighted gene regulatory network
for selected transcription factors. The correlation values were filtered as absolute
correlation > 0.75. The resulting network table was uploaded to Cytoscape for
visualization [37].

Then to create a more specific gene regulatory network, promoter analysis of
nervous system related genes that were selected from common genes was performed.
For this purpose, TxDb annotation package of R [38] was used for promoter
sequences and -1000 to 100bp TSS was selected as binding region for transcription
factors. For the motif of transcription factors, Aop, Eip74EF, Ets65A, Ets96B, Pnt,
MotifDB package was used in R [39]. PANDA and promoter analysis results were
used to create gene regulatory networks and these networks were visualized using

Cytoscape.
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3. RESULTS

Different types of neurons come together to form a brain. The production of
this diversity of neurons is provided by neural stem cells (NSCs), which are called
neuroblast in Drosophila. In this study, we focused on the role of the ETS
transcription factors on the formation of neurons and glia from different neuroblast
lineages as antennal lobe (AL) neuroblast, mushroom body (MB) neuroblast and

Type Il neuroblast.

3.1. Differential Gene Expression Analysis

In the first step of analysis, outlier samples and the distribution of samples in
data should be checked and outlier samples should be eliminated for consistent
analysis. For this purpose, all samplesin the data (ie Type II NB, AL NB, MB NB,
neuron and glia data) were analyzed using principal component analysis (PCA;
Figure 3.1 ). In this particular dataset, there are 3 different types of mushroom body
neuroblast samples because the researchers have tried different conditions such as 2
hours prolonged incubation time and adding 3 more washing steps in the cleaning
step of experimental procedure. We chose not to include these additional conditions
for further analysis because these conditions were shown to have no effect on the
results when compared to normal mushroom body samples. Principal component
analysis (PCA) showed that neuron and glia samples were clearly seperated as
distinct clusters from each other as well as neuroblast samples (Figure 3.1 A).
However, the neuroblast samples clustered together in contrast to neuron and glia
samples. This could be partly explained by overall similarity in transcriptional
profiles of all undifferentiated neuroblasts as compared to differentiated mature cells.

When we repeated the PCA analysis with only neuroblast samples, it was
observed that Type I NB, MB NB and AL NB were all separate from each other as
distinct clusters, and there was no outlier group (Figure 3.1 B). All neuroblast samples
(showed as blue dots and referred to as NB in Figure 3.1 B) which are a mixture of
Type I NB and Type II NB, clustered together with Type II NB (purple dots) in PCA
plot. After this PCA analysis, we determined that the sample data could be directly

used for further analysis without extra filtering process. Next, the expression levels

12



of ETS genes and marker genes were examined with a heatmap using normalized
counts (Figure 3.1 C). In the experimental step of this dataset neuroblasts of larvae
were selected by using dpn promoter, which validates our methodolgy since dpn gene

is expressed in all neuroblast samples.
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Figure 3.1: Transcriptome analysis of the Type II NB, AL NB, MB NB, neuron
and glia samples. A. The distribution of the samples was shown in the PCA plot by
using normalized gene expression. B. Each neuroblast type is distinguished from
each other in the neuroblast cluster from (A) by using principal component analysis
of normalized gene expression. C. The heatmap of expression of ETS genes and
marker genes for all neuroblast, AL NB, MB NB, neuron and glia.

mira (miranda) is a cortical scaffold protein that is asymmetrically localized
during neuroblast cell division, and it is used as a marker for Type I neuroblast [40].
The eyeless (ey) gene is a transcription factor that is mostly expressed in mushroom
body (MB) NB and is commonly used as MB NB marker while another transcription
factor, empty spiracles (ems) is expressed in antennal lobe (AL) NB and used as AL

NB marker. A member of the achate-scute complex transcription factor family,
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asense (ase) is a proneural gene and a Type I NB marker, and not surprisingly its
expression was observed in both AL NB and MB NB. The gene Hairy/E(spl)-related
with YRPW motif (Hey) is another key transcription factor that is used as a new-born
neuron marker, while neuronal Synaptobrevin (nSyb), a SNAP receptor protein
involved in vesicular fusion, is a mature neuron marker [41]. The embryonic lethal
abnormal vision (elav) is a general neuron marker and is expressed in all
developmental stages, while reverse polarity (repo) is a homeodomain transcription
factor expressed in glia and is therefore used as glia marker [42].

Pointed (pnt) is a member of the Ets gene superfamily that plays a role in
formation of glia and correlates with repo but it is also used as Type II NB markers.

Anterior open (aop) was found to exhibit high expression in glia although have
expression in all samples. Ets21C is expressed in both glia and neuron but
inconsistent in neuron. Ets65A is expressed in neuron but not glia while Ets96B is
expressed in neuron and heterogeneous expression in glia. Ets97D is expressed
almost all samples and Eip74EF is highly expressed in neuron and glia samples.

When we looked at the consistency of the ETS genes, we selected aop, Ets65A,
Ets96B, Eip74EF and pnt for further analysis.

3.2. Glia and Neuron Lineage Formation from Type I NB

To examine role of the Ets genes in lineage formation from Type II NB,
differentially expressed genes for both glia compared Type II NB and neuron
compared Type II NB were analyzed. Firstly, the distribution of the samples was
performed by PCA analysis and result showed that samples were discriminated each
other (Figure 3.2 A). 2326 genes were upregulated while 1831 genes were
downregulated, when neuron was compared to Type II NB (Figure 3.2 B). 2454 genes
were upregulated and 1566 genes were downregulated while glia formation from
Type I NB (Figure 3.2 C). When the expression levels of Ets genes were examined
in neuron and glia comparison data, it was observed that the expressions of aop,

Eip74EF, Ets96B and pnt changed significantly (Figure 3.2 D).
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Figure 3.2: Glia and neuron lineage formation from Type II NB. A. PCA
analysis of the samples’ normalized gene expression was performed to examine the
distribition of samples. B. Up and down regulated genes was shown in volcano plot
in neuronal lineage formation from Type II NB. C. In glial lineage formation, up
and down regulated genes shown in volcano plot. D. The expression levels of the
ETS genes in both neuron and glial lineage formation from Type II NB data.

16



To examine the regulation between neuronal and glial lineage formation, we
compared these two datasets and we obtained 1504 genes were found common in
both dataset while 1531 genes found only in glia and 1712 genes found only in neuron
datasets (Figure 3.3 A). Gene Ontology (GO) analysis revealed that common genes
are releated to both neurogenesis and gliogenesis releated process while only glia
genes play role in just gliogenesis in nervous system (Figure 3.3 B). The common
genes play role both in neuronal and glial processes so we also examined that how
ETS tanscriptional factors regulate these common genes and lead them to the
formation of neuron or glia lineage. For this purpose, we obtained gene regulatory
network from common genes (Figure 3.4 ). In glia data, Aop, Eip74EF, and Ets96B
upregulated while Ets65A and Pnt downregulated. We observed that while Aop and
Ets96B TFs regulate a gene cluster, Eip74EF and Pnt TFs regulate another gene
cluster together. A large group of genes is also regulated by 5 ETS transcription
factors, while Ets65A is included in this group by regulating a small number of genes
(Figure 3.4 A). In neuron data, Pnt and Aop downregulated while other ETS genes
upregulated. We observed that Pnt and Eip74EF regulate a smaller gene cluster
together, except for the gene cluster in which all transcription factors play a role in
regulation. We also found that, unlike the glia data, Ets65A regulates more genes and
this might be because Ets65A is upregulated in neuron data (Figure 3.4 B). To be
more specific, we selected nervous system related genes from common genes and
performed promoter analysis to detect that those genes have binding region for our

ETS transcription factors and created gene regulatory network (Figure 3.5-3.6).
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Figure 3.4: The gene regulatory network of glia and neuron lineage formation
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Glia vs Type II NB dataset. B. The gene regulatory network of common genes
according to Neuron vs Type II NB dataset.
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3.2.1. Gene Regulatory Network in Glia Lineage from Type II NB

In glia compared to Type II NB data, we found that only four TFs — Pnt, Aop,
Eip74EF and Ets96B- regulate nervous system related genes and there is no potential
interaction with other TFs for Ets96B (Figure 3.5). Among these TFs, Aop and
Ets96B, especially Ets96B, regulated genes most of the genes alone while Pnt and
Eip74EF regulated a gene cluster together. Pnt has 15 targets and 5 of them controlled
by only Pnt. Pnt is downregulated in glial formation from Type II NB and its 4 targets
also downregulated and positively correlated with Pnt while 11 of the targets are
negatively correlated with Pnt as upregulated. Specific Pnt targets are mostly related
with motor neuron axon guidance such as Ptp99A and side genes [43]—-[45]. Although
they play role in same process, Ptp99A is upregulated while side is downregulated.
Tbh and spas genes are also specific targets of Pnt and these genes found in both glia
compared to Type II NB and neuron compare to Type II NB data. Tbh (Tyramine 3
hydroxylase) is play role in olfactory learning and memory while spas have role in
axon transport and severing of microtubule. They are up regulated in both dataset but
only regulator of the Tbh changes and is controlled in the neuron data by Eip74EF.
Gadl is upregulated and play role in production of the nervous system specific
glutamic acid decaboxylase which convert to glutamate to inhibitory neurotransmitter
GABA.

Aop have 12 specific targets and only 3 of them is downregulated while others
upregulated. The downregulated genes, Dbx take part in neuron differentiation and
mostly found in GABAergic neurons and GlyRS (Glycyl-tRNA synthetase) play role
in dendrite formation. These two genes also found in neuron formation data but they
under the control of different transcription factors. The most of the upregulated
targets of the Aop related with neurotransmitter secretion, neuromuscular synaptic
transmission processes. One of them is Plc21C (Phospholipase C) which codes the
phospholipase C and this gene is necessary for the regulation of neuron cellular
homeostasis. slo (slowpoke) is another upregulated gene which under the control of
Aop in glia data, this gene provide the production of the apha subunit of calcium-
activated potassum channel. Therefore, this gene has important role in
communication between neurons because it controls the release of neurotransmitter

at the synapses. This gene is also found in neuron formation data as upregulated but
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regulated by Ets96B. When we looked at the genes that Aop and Pnt regulate
together, there are only 2 genes, Syt7 and wcd, and they are both downregulated so
they positively correlated with Pnt while negatively correlated with Aop. Syt7 is
another gene that regulate neurotransmitter release that provide synthesis of calcium-
dependent phospholipid binding proteins. wcd play role in neuroblast proliferation
and stem cell maintenance. It does this process by regulating the size of the cell
through ribosome synthesis. This gene also found in neuron formation data as
downregulated and it is under the control of same transcription factor, Aop and Pnt.

Eip74EF has 6 specific target and only one Snap25 is upregulated and positively
correlated. Snap25 (Synaptosomal- associated protein 25kDa) provide synthesis of a
part of SNARE protein complexes which is important to recognition of the
neurotransmitters by correct membrane receptors. The downregulated genes Pdf
(pigment-dispresing factor) provides the production of a neuropeptide that triggers
intracellular signaling. Cdk5alpha is another downregulated genes and by making a
complex with CdkS5, it play important role in the regulation of syanptic homeostasis
and axon pattern in post-mitotic neurons. ths (thisbe) gene code Fibroblast growth
factor (FGF) and it can act as chemoattractant to provide cell migration and play role
in glial cell development. Syx6 is the gene that regulated by both Eip74EF and Aop
transcription factors. It belongs to SNARE proteins family like Snap25 and required
for binding activity of SNARE proteins. It also have role in retrograde transcport and
synaptic vesicle docking. When we looked the genes that contorolled both Pnt and
Eip74EF, there are 8 genes and only the gene produce protein for neuronal
development Cbp53E is downregulated, others are upregulated. Pvfl, Timp and dap
genes found in neuron data but they are regulated by different transcription factors
and dap downregulated in neuron data while others expression patterns did not
change. dap gene inhibits activity of protein kinease and when dap is upregulated
cells arrest in G1/G0 phase and post-mitotic cells enter the differentiation stage. Pvfl
produce the PDGF- and VEGF- related factors and regulated cell migration by
binding of this factor to the receptor tyrosine kinase and activated it. Timp is another
upregulated genes that regulated by Pnt and Eip74EF and have role in extracellular
matrix organization.

Ets96B regulated 13 genes and all of them are the specific targets of it. 5 of
them is downregulated while 8 genes upregulated. Rib and Cirl genes found in neuron

data and upregulated also but rib is regulated by Eip74EF while Cirl is regulated by
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Ets65A in neuron data. Cirl is G-protein coupled receptor and play role in tactile and

auditory stimuli perception. Downregulated genes mainly related with neuroblast

development. klu is one of the downregulated genes and play role in characterization

of the secondary precursor cells in neuroblast lineages. Pon (partner of numb) is other

downregulated genes and worked with numb which is important for asymmetric cell

division of neuroblast.
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Figure 3.5: The gene regulatory network which was obtained from promoter
analysis results for Aop, Ets65A, Eip74EF, Ets65A and Pnt transcription factors of
nervous system related genes of common genes by using glia vs Typell NB dataset.

( * shows the genes that are found in both glia and neuron datasets. )
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3.2.2. Gene Regulatory Network in Neuron Lineage from Type II
NB

In the network which obtain from neuron compared to Type II NB data, five
TFs play role in the regulation of the nervous system related genes differ from the
glia compare to Type II NB data (Figure 3.6).

Pnt is downregulated similar to glia data and has 14 unique target. The only 4
of the targets positively correlated with Pnt. When we compare to glia data, Pnt
regulate more genes in neuronal lineage formation. Dbx which take part in neuron
differentiaiton is one of the specific targets of the Pnt and it is upregulated. This gene
is regulated by the Aop and downregulated in glia dataset. The changing of the
transcription factors which regulate this gene effect the changing the expression level
and may crucial role in formation of the neuron. nvy is trancriptional repressor and it
is upregulated gene that take part in axon guidance proces.

While Aop is upregulated in glia data, it is downregulated in neuron formation
data. Although the number of specific targets is same in both data, Aop regulates
different genes in neuron data. The fact that Ets65A started to regulate genes by being
included in the neuronal lineage formation network may have caused to change the
expression of Aop. Aop and Ets65A regulate together the gene which play role in
recognition of the synaptic targets, CG5758. Although Syx1A and Syx18 is member
of the SNARE proteins, they have different expression profile. Syx1A which play
role in neurotransmitter releasse and neuronal differentiation is upregulated while
Syx18 gene which provide the coding of neuromuscular synaptic transmission
receptor is downregulated. The gene that have role in axon transport, spas, is unique
target of the Aop and upregulate whereas this gene under the control of the Pnt in
glial data with similar expression profile. Aop and Pnt regulates a gene, wed, together
in both glia and neuron data and this genes that have role in neuroblast proliferation
downregulated in both data.

In neuron lineage formation network, the specific targets of Eip74EF is
increase, it regulates 13 genes. 5 of the genes downregulated while 8 genes
upregulated and expression profile of the Eip74EF is similar to glia data. There are 4
unique target which found in glia formation also.Although expression profile rib did
not change, it is the unique target of Ets96B in glia data. The Pvfl gene involved in
cell migration is regulated by Pnt and Eip74EF in glia data, while here it is the specific
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target of Eip74EF and upregulated in both data. The another gene that found in both
data is GlyRS, it is the specific target of the Aop in glia data. Although this gene
regulated by different transcription factors, it is downregulated in both network. The
Tbh, which is involved in learning and memory, is upregulated in both data sets, but
Pnt regulates spesifically this gene in the glia data. Ser (serrate) which is involved in
wing development, is upregulated by Eip74EF and Aop.

Ets65A is a transcription factor that involved in neuron lineage formation. It is
upregulated and have 11 specific targets. Ets65A have mainly negative correlation
with its unique targets. galectin and aPKC are the positively correlated genes with
Ets65A and galectin take part recognition of synaptic targets while aPKC is have role
in self renewal of neuroblast and neuroblast proliferation. There are 2 genes, Cirl and
dap, that found in both glia and neuron data as well as specific target of Ets65A in
neuron data. Cirl is regulated by Ets96B and is upregulated in glia network while dap
is regulated by Pnt and Eip74EF together in glia network. The unique target of
Ets65A, dap is downregulated in neuron while it is upregulating in glia data. The
downregulated genes mostly related with neuron development processes. For
example mas gene play role in axon development and neuron projection fasciculation
while btd take part in neuron differentiaiton. FER is another downregulated genes
which is tyrosine kinease and have role in regulation of cell adhesion and adherent
junction so it involved in axon guidance. Invadolysin, which is involved in mitosis
and cell migration, is regulated by Eip74EF and Ets65A and has a positive correlation
with both.

Ets96B regulate 13 genes specifically and there are no collebration with other
ETS TFs like in glia network. Ets96B is upregulated in here also, and mostly have
positive correlation with its targets. Only spin and loco is downregulated genes which
both are related with glial cell differentiation process. loco is also important for
asymmetric neuroblast division. There are 3 upregulated genes which found also in
glia network. Timp and Cbp53E is regulated by Pnt and Eip74EF in glia data but
CbpS3E which take part in regulation of neuron projection development is
downregulated in glia network while Timp is upregulated in both network. Another
gene which found in glia network is slo, and it is upregulated in both network whereas
it is spesific target of the Aop in glia network. The most of the upregulated targets
are related with learning and memory proceses such as Galphaq, Alk and Rdl. Cals

is one of the upregulated genes have role in synaptic transmission regulation.
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Figure 3.6: The gene regulatory network which was obtained from promoter
analysis results for Aop, Ets65A, Eip74EF, Ets65A and Pnt transcription factors of
nervous system related genes of common genes by using neuron vs Typell NB
dataset. ( * shows the genes that are found in both glia and neuron datasets. )

3.3. Glia and Neuron Lineage Formation from Antennal
Lobe (AL) NB

In the lineage formation from Antennal lobe (AL) NB, differentially expressed
genes for both glia compared AL NB and neuron compared AL NB were analyzed.
Firstly, the distribution of the samples performed by PCA analysis and result showed

that samples were discriminated each other (Figure 3.7).
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2119 genes upregulated while 1939 genes downregulated, when neuron

compared to AL NB (Figure 3.8). 2287 genes upregulated and 1669 genes

downregulated while glia formation from AL NB (Figure 3.9). The expression of aop,

Eip74EF and pnt genes significantly changes in both glia compare to AL NB and

neuron compare to AL NB data (Figure 3.10).
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Figure 3.8: Up and down regulated genes was shown in volcano plot in

neuronal lineage formation from AL NB.
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Figure 3.10: The expression levels of the ETS genes in both neuron and glial
lineage formation from AL NB.

The comparison of the glia and neuron data give us 1352 genes were found in
both dataset while 1539 genes found only in glia and 1721 genes found only in neuron
datasets (Figure 3.11 A). Gene Ontology (GO) analysis revealed that common genes
are related both neurogenesis and gliogenesis related process similar to lineage
formation from Type II NB, however only glia genes play role in neuron remodelling

in addition to gliogenesis (Figure 3.11 B).
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Figure 3.11: Glia and Neuron Lineage Formation from AL NB. A. The
number of differentially expressed genes in glia, neuron and intersection of them
when compare to AL neuroblast (p-adjusted < 0.05). B. Nervous system related GO
terms in neuron, glia and intersection of both when neuron and glia originated from
AL NB.

To examine the role of the ETS transcription factors, gene regulatory network
from the common genes which contain genes that play role both neuronal and glial
processes were created (Figure 3.12, 3.13). When we looked the glia compare to AL
NB data, Aop, Eip74EF, Ets96B and Pnt upregulated and only Ets65A
downregulated. All 5 transcription factors regulates a most of the genes together
(Figure 3.12). However, Pnt and Aop downregulated while Eip74EF, Ets65A and
Ets96B downregulated in neuron compare to AL NB data. Like in glia data, all TFs
regulate most of the genes together and there is no significant cluster specific to TFs

(Figure 3.13).
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Figure 3.12: The gene regulatory network of common genes according to Glia
vs AL NB dataset.

Figure 3.13: The gene regulatory network of common genes according to
neuron compared to AL NB dataset.

To distinguish specific genes which are regulated by selected ETS TFs, we

selected nervous system related genes from common genes and performed promoter

analysis to detect that those genes have binding regions for our ETS transcription
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factors and created a gene regulatory network (Figure 3.14, 3.15). In both glia
compared to AL NB network (Figure 3.14) and neuron compared to AL NB network
(Figure 3.15), same 15 genes are regulated by the same TFs.

Figure 3.14: The gene regulatory network which obtained from promoter
analysis results for Aop, Ets65A, Eip74EF, Ets65A and Pnt transcription factors of
nervous system related genes of common genes by using glia vs AL NB dataset.
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Figure 3.15: The gene regulatory network which obtained from promoter
analysis results for Aop, Ets65A, Eip74EF, Ets65A and Pnt transcription factors of
nervous system related genes of common genes of neuron compared to AL NB.

Among these genes, only Syt4, Syn and cas genes expression were changed.
Syt4 gene has role in regulation of synaptic plasticity and it is upregulated in neuron
network while downregulated in glia formation [46]. Syn gene is also upregulated in
neuron formation while downregulated in glia formation and this gene play role in
olfactory learning which is quite associated with antennal lobe characteristic [47].
The other gene, cas, plays a role in glial cell development so it is upregulated in the

glia network while downregulated in the neuron network [48].

3.4. Glia and Neuron Lineage Formation from Mushroom
Body (MB) NB

To examine the lineage formation from mushroom body neuroblast,
differentially expression gene analysis was performed for both glia compared MB
NB and neuron compared MB NB. Firstly, the distribution of the samples performed
by PCA analysis and result showed that ther are no outlier and samples were

discriminated each other (Figure 3.16). 2189 genes upregulated while 2046 genes
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downregulated, when neuron compared to MB NB (Figure 3.17). 2241 genes
upregulated and 1789 genes downregulated while glia formation from MB NB
(Figure 3.18). The expression of Eip74EF and pnt genes significantly changes in both
glia compare to MB NB and neuron compare to MB NB data (Figure 3.19).

20
&

AGlia
BMB_NB
¢ Neuron

0

® Glia_rep1
© Glia_rep2
*MB_NB_rep1
o MB_NB_rep2
o MB_NB_rep3
Neuron_rep1
» Neuron_rep2

PC2: 30% variance

-20

o o o o o
N N < ©

'PC1: 67% variance

-40

Figure 3.16: PCA analysis of the samples’ normalized gene expression of glia

and neuron lineage formation from MB NB.
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Figure 3.19: The expression levels of the ETS genes in both neuron and glial
lineage formation from MB NB.

When we compared the glia and neuron data, 1488 genes were found in both

dataset while 1495 genes found only in glia and 1746 genes found only in neuron

datasets (Figure 10A). Gene Ontology (GO) analysis revealed that common genes are

related both neurogenesis and gliogenesis related process similar to lineage formation

from Type II NB and AL NB, while only neuron genes related with neurogenesis and

there are no enriched nervous system related process for only glia genes (Figure 10B).

33



A

Gliavs MB NB Neuron vs MB NB

h

1746

Nervous System Related GO Terms in Glia vs MB NB and Neuron vs MB NB

ynapti bly at neur
ion of neurotr itter levels
of neuronal synaptic plasticity
regulation of neuron differentiation
regulation of neurogenesis
regulation of nervous system development
peripheral nervous system development
neurotransmitter transport
neurotransmitter secretion

neuropep p y
neuron recognition
neuron projection morphogenesis |
neuron projection guidance
neuron projection fasciculation
neuron projection development
neuron cellular homeostasis

neur ynap!

002

000 000 00000000

Description

neuroblast proliferation

neuroblast fate commitment

neuroblast division

neuroblast differentiation

neuroblast development

neural precursor cell proliferation

of synapti bly at neur lar j i

gatit lation of neur lar synapti
gative regulation of lar juncti

900000000 000000000

® 0 0 o

gative reg of neurog
motor neuron axon guidance
gliogenesis
central nervous system development
cell morphogenesis involved in neuron differentiation
ic neuroblast divisi

©
a

oo& W
Cluster

Figure 3.20: Glia and Neuron Lineage Formation from MB NB. A. The
number of differentially expressed genes in glia, neuron and intersection of them
when compare to AL neuroblast (p-adjusted < 0.05). B. Nervous system related GO
terms in neuron, glia and intersection of both when neuron and glia originated from
MB NB.

The common genes that contain genes that play role both neuronal and glial
processes were taken and created gene regulatory network for examining the role of
the ETS transcription factors in lineage formation from MB NB (Figure 3.21, 3.22).
Aop, Eip74EF, Ets96B and Pnt upregulated and only Ets65A downregulated in the
glia compare to MB NB data which is similar to glia formation from AL NB network
(Figure 3.21). These 5 transcription factors regulates most of the genes together.

However, Pnt and Aop downregulated while Eip74EF, Ets65A and Ets96B
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downregulated in neuron compare to MB NB data (Figure 3.22). Similar to glia data,

all TFs regulate the genes together and there is no significant cluster specific to TFs.
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Figure 3.21: The gene regulatory network of common genes according to Glia
vs MB NB dataset.
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Figure 3.22: The gene regulatory network of common genes according to
neuron compared to MB NB dataset.
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To distinguish specific genes which are regulated by selected ETS TFs, we
selected nervous system related genes from common genes and performed promoter
analysis to detect that those genes have binding regions for our ETS transcription
factors and created a gene regulatory network (Figure 3.23, 3.24). In both glia
compared to MB NB network (Figure 3.23) and neuron compared to MB NB network
(Figure 3.24), same 15 genes are regulated by the same TFs. Among these genes,
Nlg3, Syn and dprll genes have different expression profile in glia and neuron
network. NlIg3 gene plays role in formation of synapse and synaptic transmission by
providing coding of synaptic adhesion molecule and it is upregulated in neuron
network while downregulated in glia formation. Syn which have role in olfactory
learning is also upregulated in neuron formation while downregulated in glia
formation. The dprl1 plays a role in neuromuscular junction development regulation
and axon guidance so it is upregulated in the neuron network while downregulated in
the glia network. There are 9 genes -Syn, Gnfl, Antp, Dmtn, spartin, neur, Rfx,Cont,
cwo- are found in both AL NB networks and MB NB networks with same expression
patterns.

The genes only found in MB NB networks are Itpr, Nlg3, opa and dprl1. Itpr
is needed to production of intracellular ligang gated calcium channel which is
important for signalling and it also play role in mushroom body development [49] so
this gene is upregulated in both neuron and glia formation from MB NB. opa is one
of the gene that responsible from temporal patterning and it indicates that the neuron
stem cell is aging [50]. This gene is downregulated in both neuron and glia compared

to MB NB networks.
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Figure 3.23: The gene regulatory network which obtained from promoter
analysis results for AOP, Ets65A, Eip74EF, Ets65A and PNT transcription factors of
nervous system related genes of common genes by using glia vs MB NB dataset.
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Figure 3.24: The gene regulatory network which obtained from promoter
analysis results for Aop, Ets65A, Eip74EF, Ets65A and Pnt transcription factors of
nervous system related genes of common genes of neuron compared to MB NB.
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4. DISCUSSION and CONCLUSION

ETS transcription factor family have different functions and play role in
different processes such as Ets65A have role in cell differentiation, Pnt take part in
cell migration and cell differentiation. Two ETS members, Aop and Pnt work as
antagonistically and based on this interfamilial relationship, ETS genes may play role
in lineage formation.

In this thesis, we analyzed lineage formation from 3 different types of
neuroblast, Type II NB, AL NB and MB NB, by using previously published
Drosophila larva data. After differentially expressed genes analysis and promoter
analysis of common genes that found in both neuron and glia data, gene regulatory
networks were obtained for each neuroblast and lineage types. In lineage formation
from Type II NB, Ets65A more specific to neuron lineage formation because when
we compare subnetworks, Ets65A found only in neuron network and it regulates
genes that play role in neuroblast proliferation like atypical protein kinase C (aPKC)
and buttonhead (btd) and also regulates genes take part in neurogenesis like mas that
have role in axon development, FER which play role in axon guidance and galectin
that have role in synaptic target recognition. When we compare glia and neuron
subnetworks, there are genes that found at both networks and although their
expression patterns similar, their regulators change except for genes play role in
neuron differentiation dap, Cbp53E, Dbx. The expression pattern and regulators of
these 3 genes are changed. There is only one gene that expression pattern and
regulator did not change which name is wicked (wcd) that regulates cell size for stem
cell maintanence by ribosome synthesis. Also, the expression of the Aop decrease in
neuron so it may important for glia formation.

In lineage formation from antennal lobe neuroblast, same genes regulated by
the same transcription factors in both glia and neuron networks. Only 3 genes
expression were changed. Syt4 that have role in synaptic plasticity regulation, Syn
which take part in olfactory learning were both related with neurogenesis so it is
upregulated in neuron. cas which is the another gene that expression was changed
and it play role in glial cell development so it was upregulated in glia network.
Although they are under the control of the same transcription factors, the change in

the expression levels of transcription factors as Aop and Pnt upregulated in glia and
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downregulated in glia and Ets65A is upregulated in neuron provide the change in
expression levels of these genes.

In lineage formation from MB NB, same transcription factors regulate same
genes for both glia and neuron networks similar to AL NB networks. In here, again
there are 3 genes, Nlg3, Syn and dprl1 which expression levels are changed while
other genes have similar expression patterns for both networks. These three genes
have role in neurogenesis so they are upregulated in neuron network while
downregulated in glia network. When we compare AL NB networks and MB NB
networks, there are 9 genes that found in both lineage formation networks. These
genes have role in neuroblast development, learning and memory. Syn has role in
olfactory learning, memory and neur has role in long-term memory which have
similar role reason finding of these genes in both AL NB and MB NB analysis and
they might be separated in the adult.

When we examined the lineage formation from all three NB, there are only two
gene that found in all three networks which are cwo and spartin has been identified.
cwo (clockwork orange) is important role in the regulation of transcription of the
rhytmic genes which keeps circadian time. This gene is upregulated and under the
control of Ets96B in glia formation from Type II NB. In ALNB networks, it is also
upregulated and controlled by the all 5 transcription factor in both neuron and glia
lineage formation networks while it is regulated by only Aop and Eip74EF in MB
NB networks for both and glia and neuron formation. spartin is found in organelle
membranes and can associated with different molecules like lipid droplets,
mitochondria. By interacting with mitochondria, it play role in the regulation of the
mithondrial calcium homeostasis [51]. This gene is regulated by the Eip74EF in
neuron lineage formation from Type II NB while it is under the control of all five
ETS transcription factor in both glia and neuron formation although it is upregulated
in all networks.

Transcription factors can be activators that promote gene expression or
repressors that inhibit the gene expression. The Ets transcription factors Ets65A,
Ets96B, Eip74EF, Pnt are activators and Aop is repressor. According to this
information, genes with positive correlation with Ets TFs were selected for the
interpretation of the networks obtained as a result of the analysis (Figure 3.25 — 3.30).

As an example, if Pnt was downregulated, we selected downregulated genes because
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Pnt is activator. However, if Aop was upregulated, the downregulated genes were

selected because Aop is repressor.

In lineage formation form Type II NB, Ets96B regulated genes that mostly

related with neuronal process like axon guidance, synaptic processes in glia dataset

(Figure 3.25). However, different transcription factors are involved in the regulation

of neuronal processes in the neuron dataset. For example, Eip74EF regulates genes

involved in axon guidance, while genes involved in synaptic processes are regulated

by Ets96B and Ets65A (Figure 3.26).
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In lineage formation form AL NB, synaptic process genes were regulated by

Eip74EF and Pnt, and neuronal process genes were regulated by Ets96B, Eip74EF

and Pnt in glia dataset (Figure 3.27). However, the genes involved in these processes

are regulated in the neuron network by Aop, Eip74EF, Ets96B and Ets65A (Figure

3.28).
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In lineage formation form MB NB, neuronal process genes were regulated by

Eip74EF, and neuromuscular junction development genes were regulated by Aop and

Ets65A in glia dataset (Figure 3.29). In neuron network, Eip74EF and Aop were

regulated neuronal processes genes and other 4 TFs which are Aop, Eip74EF, Ets96B

and Ets65A were regulated neuromuscular junction development, synaptic assembly

processes genes (Figure 3.30).
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