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ABSTRACT

ANALYSIS OF TEMPORAL AND SPATIAL EXPRESSION OF
DROSOPHILA EMBRYONIC SMALL RNAS BY DEEP-SEQUENCING
METHOD

The world of small RNAs is expanding and new types of small RNAs are being
identified. By using deep-sequencing techniques in addition to most abundant small
RNAs; miRNA and siRNA, piRNA and tRFs were further characterized and shown to
be functional. The global behavior of small RNAs during MZT and their location in the
cytoplasmic complexes has not been shown. By combining polysomal fractionation and
deep-sequencing technique as well as the highly regulated developmental stages in
Drosophila we have shown that the temporal and spatial expression of small RNAs
changes during MZT. We have shown that each small RNA group has unique behaviour
in cytoplasm and is enriched in specific polysomal fractions which shows that their

local function in cytoplasmic complexes is mainly translational machinery.
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OZET

DROZOFILA EMBRYONIK KUCUK RNA’LARININ ZAMANA VE
KONUMA BAGLI iIFADELERININ DERIN SEKANSLAMA METODU
ILE ANALIZI

Kiicik RNA'larinin diinyast gittikce biiyliyor ve yeni kiiciik RNA tiirleri
kesfedilmektedir. Derin sekanslama teknigi kullanarak en ¢ok bulunan kiiciik RNA’lar
olan miRNA ve siRNA’ya ek olarak piRNA ve tRF’ler de kesfedilmis ve fonksiyonel
olduklar1 gosterilmistir. Kiiciik RNA’larin genel olarak MZT sirasinda nasil
davrandikar1 ve sitoplazmik komplekslerdeki yerleri daha gosterilmemistir. Polizomal
fraksiyonasyonu ve derin sekanslama tekniklerini birlestirerek ve bunlara ek olarak
yiksek derecede kontrol edilen Drozofila gelisim asamalarim kullanarak kiigiik
RNA’larin MZT sirasinda zamana bagl yerlerinin degitistigini gosterdik. Her Kiiciik
RNA grubunun sitoplazmada unik davraniglara sahip oldugunu ve spesifik polizomal
fraksiyonlarda yer aldiklarimi buda bunlarin  sitoplazmadaki yerlerinin  ve

fonksiyonlarinin daha c¢ok translasyon boliimii oldugunu gosterir.
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CHAPTER 1

INTRODUCTION

1.1. miRNA

microRNAs (miRNAs) are 20-23 nucleotide (nt) in length and their biogenesis
and function are well characterised in many organsims. Post-transcriptional gene
regulation by miRNA is one of the most important steps that plays role in many cellular
processes including cell fate determination, apoptosis, metabolism (Bartel, e al. 2004).
To date, many small RNAs that play role in transcriptional and post-transcriptional
regulations have been identified in various organsims (for review; Aalto, ef al. 2012). In
Drosophila, the well common known small RNAs playing role in gene silencing are
miRNAs, siRNA and piRNAs (Okamura, ef al. 2008; Siomi, et al. 2009; Ghildiyal, et
al. 2009). These small RNAs have similar features in their length, biogenesis and mode
of action. Thus, these small RNAs has certain length of 20-30 nt and processed from
longer transcript for their maturation by RNase III enzymes at multiple, sequential steps
(Kim, et al. 2009). Additionally, these small RNAs associate with Argonautes (AGO)
proteins and loaded into protein complexes named RNA-Induced Silencing Complex
(RISC) and play role in gene silencing (Okamura, et al. 2008; Hutvagner, et al. 2008;
Siomi, et al. 2009; Ghildiyal, et al. 2009; Kim, et al. 2009). Eventhough their
processing and function have not been well characterised in Drosophila, tRNA-derived
fragments (tRF) have also been shown to play role in gene silencing and cell
proliferation in mammals (Lee, et al. 2009; Cole, et al. 2009; Haussecker, et al. 2010).

Since the discovery of the first miRNA, lin-4, in 1993 (Lee, et al. 1993) and the
RNA interference (RNAi) in 1998 (Fire, et al. 1998), the role of small non-coding
RNAs has been expanding from transcriptional to post-trancriptional regulation. It has
been estimated that 30-50% of mRNAs are regulated by miRNAs (John, er al., 2004;
Krek, et al., 2005; Lewis, et al., 2005; Brennecke, et al., 2005). miRNAs are 20-23 nt
the most well studied small RNA group, whose biogenesis and function are well
caracterised. miRNAs are transcribed from miRNA genes or miRNA clusters by RNA

Pol II/III or from intron of protein coding genes after splicing. The first trancribed



primary miRNA (pri-miRNA) transcript has 5'-cap and poly(A) tail and folds to form
stem-loop hairpin structures. In nucleus, the microprocessing complex (Drosha/Pasha
with protein partner DGCR®8) recognizes the hairpin structure and processes the primary
transcript into 70 nt hairpin struture releasing 3'-2 nt overhang that is recognised by
exporting proteins (exportin-5) and transported to the cytoplasm. The pre-miRNA is
converted to a duplex by dicer-depended or indepedent canonical miRNA pathway.
One of the strands from the dublex is selected to be loaded into the RISC complex
containing Ago and auxiliary proteins (Lee, et al. 2003; Cai et al. 2004; Borchert, et al.
2006; Ruby et al. 2007; Okamura, et al. 2007; Berezikov, et al. 2007). The miRNA
directs the RISC complex to their target and depending on the complementarity between
the miRNA and its target, the target can be repressed or degraded. (for review, Kim V.
N., etal, 2009; Huntzinger, E., etal, 2011; Djuranovic, S., etal, 2011). In addition to
translation repression, it has been shown that the repressed mRNAs are degraded as
well, which contradict that partially complementarity repress translation (Guo, et al.
2010). miRNAs can repress translation at multiple steps; (1) translation initiation (Pillai,
et al. 2005; Humphreys, et al. 2005; Kirikidou, et al. 2007), (2) preventing 60S joining
(Chendrimada, et al. 2007; Wang, et al. 2008), (3) post-initiation repression that
includes premature ribosome "drop-off", co-translational nascent polypeptide
degradation and impaired elongation (Petersen, et al. 2006; Nottrott, et al. 2006; Gu, et
al. 2009).

1.2. siRNA

small interfering RNAs (siRNA) are another class of small RNAs that are
derived from experimentally introduced dsRNA or endogeously expressed mRNA and
transposons. The exogenous siRNA are processed from dsRNA from viral RNAs or
experimentally introduced dsRNA (Fire, et al. 1998; Timons and Fire, 1998; Elbashir,
et al. 2001; Wilkins, et al. 2005). In Drosophila, the dsRNA is processed by Dicer into
~21 nt dsRNA with such complementarity that leaves 3'-2 nt overhang, and one of these
strands is loaded into RISC complex (Zamore, et al. 2000; Elbashir, et al. 2001a;
Elbashir, et al. 2001b). While mammals and C. elegans have one Dicer and Ago
proteins that play role in both miRNA and siRNA pathways, flies have two Dicers
(Dicer-1, -2) and Argonautes (AGO-1, -2) that play role in miRNA or siRNA. Because



flies are highly exposed to viral infections, Dicer-2/AGO-2 are specialized to interact
with siRNA while Dicer-1/AGO-1 interact with miRNA (Hutvagner, et al. 2001;
Grishok, et al. 2001; Ketting, et al. 2001; Lee, et al. 2004). Additionally, plant and C.
elegans has evolved to convert single-stranded RNA (ssRNA) into double stranded
RNA (dsRNA) by RNA-depended RNA Polymerase (RARNA Pol), while RARNA Pol
is not found in flies and mammals. The RARNA Pol play role in endogenous or viral
single stranded RNA degradation by converting ssSRNA to dsRNA and subsequently its
degradation by siRNA pathway (Voinnet, et al. 2008; Gazzani, et al. 2004). The
mammals evolved to deal with dsRNA and viral infection by using protein based
immune system (Williams, et al. 1999; Kunzi, et al. 2005; Vilcek, et al. 2006). Because
mammals does not have interferon response in their germ cells (e.g., oocyte), it has been
shown that endogenous siRNAs (endo-siRNA) are generated in the oocyte of mouse

(Watanabe, er al. 2008).

1.3. piRNA

Piwi-interacting RNAs (piRNA) are 23-30 nt small RNAs derived from
transposon and mainly play role in transposon silencing in germ cells (Malone CD, et
al. 2009; Siomi, et al. 2011) as well as clearance of maternal mRNA during maternal-
to-zygotic transition (MZT) (Rouget, et al. 2010). piRNAs in Drosophila differs from
siRNA and miRNAs as they interact with PIWI familiy proteins and processed
independent of Dicer. piRNAs are found in plants, C. elegans, mammals and flies. The
biogenesis of piRNAs is well characterised in flies. piRNAs interact with PIWI family
proteins. There are three PIWI proteins in Drosophila, AGO3, Auburgine and PIWI
which interact with a different subset of small RNAs that are classified as piRNAs
(Saito, et al. 2006; Nishida, et al. 2007; Gunawardane, et al. 2007; Brennecke, et al,
2007). AGO3 and Aub are mainly cytoplasmic in oocyte of Drosophila and AGO3 is
more dense in nuage bodies than Aub while PIWI is nuclear in both somatic (such as
follicle cells) and ovary (Brennecke, et al, 2007). Deep-sequencing studies have shown
that Aub/PIWI interacts with piRNA that has 5' U preference (Brennecke, et al. 2007).
Bioinformatic analyses of small RNA interacting with PIWI has shown that, there is 10
nt complementarity at the 5' end of piRNAs and the 5' U at position 1 is complement to

A at position 10 on the complement piRNA (Brennecke, ef al. 2007). This leads to the



ping pong cycle hypothesis, as a piRNA binds to the target sequence and generates a
new piRNA. In the ping pong cycle, the primary transcipt from Transposable Elements
(TEs) is single stranded and does not generate dsSRNA, the slicer acticvity of AGO3 and
Aub leads to the degradation of TE transcript in nuage bodies, a perinuclear cytoplasmic
structure, that generates new piRNAs (Gunawardane, et al. 2007; Brennecke, et al.
2007; Li, et al. 2009; Malone, et al. 2009). The piRNAs that initiates the ping pong
cycle are believed to be inherited maternally and called as primary piRNAs (Brennecke,
et al. 2008) and the newly generated piRNAs in nuage bodies are called secondary
piRNAs. In addition to ping pong cycle another pathway has been identified in
Drosophila which is named as primary piRNA pathway. The primary piRNA are
exclusively derived from the flamenco locus around ~180 kb genomic sequence that
generates also a trasncript in that size (Brennecke, et al. 2007). During the primary
piRNA, the ping pong cycle is not seen and slicer activity of PIWI is not required. The
primary pathway takes play in Yb body, non-membranus cytoplasmic structure, and
three proteins involve; Armitage (Armi), the Tudor Domain containing RNA helicase
Yb and Zucchini (Malone, et al. 2009; Saito, et al. 2009; Olivieri, et al. 2010). The
piRNAs processed in the cytoplasmic structure Yb, are loaded to PIWI and PIWI-
piRNA complexes are transported to the nucleus (Qi, et al. 2011).

1.4. tRF

Transfer RNA (tRNA) are ~70 nt in length and one of the fundemantal
component of translation machinary. It has been shown that under stress conditions
various fragments (17-55 nt) are derived from tRNAs (Thompson, et al. 2008; Hsieh, et
al. 2009; Cole, et al. 2009). In many unicellular organism, it has been shown that under
starvation and oxidative stress, tRNA fragments in length of 30-50 bp are generated
(Haiser, et al. 2008; Jochl, et al. 2008; Lee, et al. 2005; Thompson, et al. 2008;
Thompson, et al. 2009). In Drosophila, the presence ~35 nt fragments derived from the
5" end of tRNAs has been cloned from mRNA fractions (Hatice Yigit, Unpublished
Data). During developmental processes of Drosophila melanogaster, tRNA fragments
of 16-26 nt has been identified, no processing positions specified (Aravin, et al. 2003).
By high-throughput sequencing, tRNA derived fragments (tRF) were shown to be

abundant as musch as miRNAs and tRF-1001 (19 nt) was shown to be essential for cell



proliferation (Lee, et al. 2009). tRF are shown to be processed by Dicer (Cole, et al.
2009). From a tRF gene region various fragments can be generated as (1) after
transcription from 5’ leader and 3’ end trailer, (2) 5° and 3’ end of mature miRNAs
(with 3° CCA) (for review; Haussecker et al. 2010; Sobala, et al., 2011). The function
of tRF in Drosophila has not been shown and remains to be elucidated. Even though
there are studies showing that various tRFs may interact with different Ago proteins
(Haussecker, et al. 2010) but the role of tRFs in development, apoptosis and many

cellular processes remains to be elucidated.

1.5. Smaug, miRNA, siRNA and piRNA in Early Embryo Development

The early development after fertilization involves several important regulatory
steps before and after the genome of zygote is activated. In almost all organisms, the
majority of embryonic components are obatained maternally through oocyte cytoplasm.
The majority of embryonic mRNAs maternally obtained are stored in oocyte during
maturation or after fertilization (Aoki, et al. 1997, Bachvarova, et al. 1985; Bachvarova,
et al. 1992; Braude, et al. 1988; Crosby, et al. 1988; Jeanblanc, et al. 2008; Kopecny, et
al. 1989; Leandri, et al. 2009). The stored mRNAs in the oocyte, are used for protein
sythesis as the transcription silenced when the oocyte has fully matured (Miyara, et al.
2003; Fulka, et al. 2009; De La Fuente, et al. 2001; Fair, et al. 1995; Fair, et al. 1996).
The maternally inherited mRNAs are removed when the zygote genome is activated for
trancription (Schier, 2007; Hyttel, et al. 1997; Memili, et al. 1998). The duration of
genome activation may takes hours (e.g., Drosophila) or days (e.g., human).

For the maternal-to-zygote transition (MZT) two processes are important; (1) the
removal of maternal transcripts and (2) the activation of the zygotic genome. In
Drosophila, the activation of zygotic genome is required for the blastoderm
cellularisation (Merrill, et al. 1988; Poulson, et al. 1937; Wieschaus, et al. 1988) and
this takes around 2.5 to 3.0 hour post-fertilisation. The completion of MZT is followed
by mid-blastula transition (MBT). Recent studies show the important role of timing and
regulation of MZT by the mother as around 50% of all protein coding genes that can be
encoded by the genome are loaded to the oocyte (De Renzis et al., 2007; Tadros et al.,
2007). Each study has shown that (1) in acitivated but unfertilised egg which is
transcriptionally silent, %20 of maternal mRNA are degraded (Tadros et al., 2007), (2)



the zygotic trasncription also leads to the degradation of maternal mRNAs and
transcription of newly expressed mRNAs represent around 18% of transcipts (De
Renzis et al., 2007). These studies have shown that after the maternal mRNA clearance,
the zygotic mRNAs are also trancribed to replace with the maternal mRNAs that are
degraded, consistant with previous studies (Heifetz, et al. 1999; Bashirullah, et al. 2001;
Tadros,et al. 2003). These studies identified an upstream consensus heptamer sequence
(TAGteam sites) that may be required for the transcriptional activation (Liang, et al.
2008).

The degradation mechanisms of mRNAs in early embryo depend on different
mechansims that destabilise the mRNAs such as Smaug and small RNAs, thus mainly
translational repression and coupled by degradation (Jacobson, et al. 1996). The spatial
expresion of mRNA in the embryo depends on "degradation/protection" mechanism as
an mRNA is degraded in some cells, it may be protected in another cell. In Drosophila
embryo, the spatio/temporal expression of nanos and Hsp83 is determined by the
mechanism described above. The nanos gradient in Drosophila embryo depends on the
translational regulation (Dahanukar, et al. 1996), the localisation of Hsp83 depends on
Smaug (Semotok, ef al. 2005) by translational regulation as well, which is shown that
Hsp83 has binding site for Smaug (Semtook, et al. 2008). The role of Smaug in global
gene expression in MZT was shown (Tadros, et al. 2007). These studies show that the
destabilisation of mRNAs during MZT is regulated by translational regulation and
destabilisation of mRNAs by decapping of Poly(A).

In many organisms (e.g., Drosophila, Mouse, Xenopus and Zebrafish), it has
been shown that maternal mRNA degradation depends on translation regulation by
miRNAs. The first studies from Zebrafish have shown that miR-430 is involved in the
maternal mRNA degradation and clearance of these mRNAs during MZT (Giraldez, et
al. 2006; Kedde, et al. 2007). The same miRNA family was shown to act similarly in
Xenopus to repress and destabilise the maternal mRNAs during MBT (Lund, et al.
2009). In C. elegans, miR-35-42 family (maternal), miR-51-56 family (zygotic) and
miR-58/80-82 (bantam) family (zygotic) has been shown to have the same role as
miRNAs mentioned in destablisation of maternal mRNAs (Wu, ef al. 2010). The same
miRNA family (miR-290) has been predicted to exist in Mouse and enriched in early
embryo but not yet characterised experimentally to degrade maternal mRNAs (Zeng, et

al. 2005; Tang, et al. 2005).



In Drosophila, the miRNA cluster (miR-6-1, miR-6-2, miR-6-3, miR-5, miR-4,
miR-286, miR-3 and miR-309) modulates clearance of maternal mRNAs (Bushati, et al.
2008; Benoit, e al. 2009). Thus, there is a reciprocal change in the expression level of
miRNAs and their targets. Additionally the expression of these miRNAs depends on
Smaug. Smaug acts in two ways, (1) binding to the target mRNAs 3' UTR and
destabilise, (2) activating the transcription of miR-309 cluster in zygote.

In addition to miRNAs, piRNAs (generated from roo and 412 retrotranposon)
act together with Smaug to destablize maternal mRNAs (nanos) in Drosophila (Rouget,
et al. 2010). Additionally, in mouse spermatoids MIWI are shown to interact with
polysomes (Grivna, et al. 2006). In another study, it has been shown that MILI is
required for translation in mouse spermatocytes (Unhavaithaya, et al. 2009). In addition
to the role of piRNAs and miRNAs in maternal mRNA clearance, it has been shown
that siRNAs also act in the germ cells in mouse and Drosophila (Watanabe, et al. 2008;
Tchurikov, et al. 2011).

The role of small RNAs in MZT seems to be evolutionary conserved and acts in
insects, C. elegans, Zebrafish, Xenopus and mouse. In studies discussed so far, there is
information about the role of small RNAs in translational repression of maternal
mRNAs, but to what extent these small RNAs are found in translational machinary has
not been studied genome wide. Here, we aimed to analyse the temporal expression of
small RNA in early Drosophila embryo and their localisation in translational machinary

in the cytoplasmic RNAs.

1.6. Aim of The Study

In this study, (1) it was aimed to analyse deep-sequencing data from fractionated
and unfractionated of Drosophila melanogaster embryo, (2) comparing the expression
level of various small RNAs from miRNA, piRNA, siRNA and tRNA, (3) localisation

of small RNAs in translational machinary.



CHAPTER 2

MATERIAL AND METHOD

In this study, the bioinformatic analyses of deep-sequencing data and supporting
experiment are given. The experiements including embryo collection, RNA isolation
and RNA quality control are described elsewhere (Hatice Yigit, Master Thesis) but

summarised here.

2.1. Embryo Collection and Sucrose Density Gradient

2.1.1. Embryo Collection

The Drosophila Oregon R strain were grown at 25 °C on standard agar, corn
meal, sucrose, yeast medium prepared. 30 g agar and 60 g yeast extract were dissolved
and boiled in 1,8 L dH,0 and another mix of 110 gram corn meal and 96 gram sucrose
were added to the mixture. Then, the total mixture boiled for extra 20 min and after
cooling 25 ml propionic acid (Merc) and 25 ml nipagyn were added to the mixture.

When Drosophila population reached sufficient density, the whole population
was transferred to a common and large cage. Embryo collection plates were prepared as
follows. 22.5 g agar was boiled in 700 mL dH20O, 94 g sucrose was dissolved in 150 mL
dH20 and mixed with 330 mL fruit juice. 0-1h embryos was collected by placing
embryo collection plates in a large cage and waiting for an hour. 8 hour embryos were
collected by incubating the plate in an incubator at 25°C for 7 hours after the plate
incubated for one hour in the large Drosophila case. Embryos were immediately washed

with 0,7% NaCl and 0.1% Triton-X and then stored at -80 °C until use.

2.1.2. Polysome Profile of 0-1 Hour and 8 Hour Embryos

By Polysome profiling, cytoplasmic mRNP complexes can be fractionated based

on their translational status such as mRNP, 60S, monosome and polysome. There is no



ribosomal subunits. 40S or 60S status represent that mRNPs bounded with small

ribosomal subunits in the mRNP fractions. At monosome or 80S levels, messenger

RNAs are bounded with only one full ribosome. Polysomes contain at least more than

one ribosomes. Polysome profiles of 0-1 and 8 h embryos were obtained successfully

with an increasing size and volume (Figure 2.1).
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Figure 2.1. Polysome profilings of 1 and 8 hour embryos. The lysate of embryos was
centrifuged and fractionated by Density Sucrose Gradient Fractionation
(DSGF) system. The first highest peak represents mRNP status and second
one represents 60S subunits of ribosome and in the of the profile, the
highest peak represents monosome. Polysome is heaviest fraction relative
to monosome, 60S and mRNP. Each increasing peak presents the ribosome
number on mRNA and polysome volume (Source: Cagdas Goktas, Master

Thesis).

2.1.3. Total RNA Isolation

Total RNA was isolated by miRVana kit accroding to the Kit procedure (Hatice
Yigit, Master Thesis)

2.2. Deep-Sequencing of Small RNAs

1 ug of total RNA from three replicates were mixed and sequenced by Fasteris

[llumunia (Switzerland). cDNA clones in length of 15-30 bp were sequenced.



2.3. Data Analyses of Deep-sequencing Data

2.3.1 Barcode Selection and 3' Adapter Trimming

Deep-sequencing yielded fragments of 36 bp in length. Because we used
multiplexed sequencing, sequences were splitted to their corresponding samples
according to their barcode sequences. In order to choose the barcode, we allowed single
mismatch. As a result, single mismatch caused in some sample the same barcode. We
removed these kinds of sequences from further analyses. Only sequences without any
ambiguity were used for further analyses.

After barcode selection, the 3' adapter sequence were removed. The 3' adaptor
sequences were trimmed from the raw reads in 4 steps by using 3' Adapter sequence (5'-
ATCTCGTATGCCGTCTTCTGCTTGT-3"). (1) At the end of the raw reads, the full
adapter sequence searched, which permits to identify inserts equal to 7 nt. (2) If no
adapter sequence was found, the last base of the 3' adapter was removed and the
sequence was searched at the end of the reads. The minimum adapter size of 4 nt
permits identifying inserts up to 28 nt. (3) Finally, the mismatch of the adapter was
searched in the remaining reads. The first 3 bases of the adapter was searched in the
reads. (a) If the first 3 bases were found only one time in the full read, then the
homology of the aligned nucleotides were calculated. >=75% homology (including the
first 3 bases) permits identifying inserts upto 29 nucleotides. (b) If the first three bases
found more than one times in the full read, then the homology for each possible adapter
were calculated. >=75% homology of only one possible adapter in the full reads permits
identifying up to 29 nucleotide inserts. If >=75% homology was found for more than
one possible adapter, then the highest homology (the most-left position) in nucleotide
number were used to identify the insert. Because only a single mismatch at position 10
of the adapter generates two possible homology with >=75%, the alignment of such
inserts to the model genome shows that the most-left adapter is most-likely the adapter
start position. (4) inserts with poly(A) and/or with more than 1 "N" were also removed
from the data. Inserts in length of 15-29 bp were used for further analyses.

After insert selection, all samples were collapsed and only unique sequences

were obtained. Then the cloning frequency of each sequence was added to the header
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line of the sequence into fasta format. This allows easy manipulation of the data in

subsequent analyses.

2.3.2 Alignment of Sequences to the Drosophila melanogaster Genome

After converting the sequences into fasta format, the sequences were aligned to
the Drosophila mealnogaster genome, release dmel-r5.39 (flybase.org). For alignment,
mature tRNA sequences were downloaded from flybase and 3'-CCA appended. Then,
nexalign program (de Hoon, et al. 2009) was used to align all sequences to the genome
and mature tRNAs. We used three options for alignment, (1) aligning all the reads for
exact match (EMM), (2) using remaining sequences and aligning reads for one error
(insertion or deletion or mismatch), (MINDEL) (3) using remaining sequences at each
step and aligning for two mismatches (M2M) and then three mismatches (M3M). The
remaining sequences were grouped as unmapped (UNM). After genome alignment for
each unique reads number of mapping site in the genome and the mapping type were

appended to the header line for further data analyses.

2.3.3. Alignment of Sequences to the Drosophila Known RNAs

After aligning sequences to the genome, the number of genome mapping were
also added to the header line of the fasta sequences. All known RNAs sequences
downloaded from flybase (dmel-r5.39) except (i) hairpin and miRNAs sequences were
downloaded fom mirbase (www.mirbase.org) (Release 17), (ii) rRNA sequences (5.8S,

18S and 28S) from NCBI (M21017.1), (iii) Repbase collection (Jurka, et al. 2000;

Jurka, et al. 2005) and (iv) piRNA clusters genomic coordinates from a previously
published article (Brennecke, et al. 2007) and the piRNA clusters from sense strand of
genome were extracted by an in-house-algorithm from dmel-r5.39.

The known RNA names were arranged for further data analyses and all reads
was aligned to the known RNA for exact match, one error, 2 and 3 mismatches as done
for the genome alignment. The reads aligned to each known RNA groups as; (1) align
sequences to a known RNA group, (ii) the matched ones are grouped as the knwon

RNAs the reads mapped, (iii) aligning remaining sequences to the next knwon RNAs

11



groups and classifying the matched as the RNA group the reads until all known RNA
group were used, (iv) repeat this steps for exact match, then one error and finally for 2
and 3 mismatches. The groups of known RNAs were ordered as rRNA, hairpin, tRNA,
miscRNA, ncRNA, transposon, transcript, intron, pseudogene and intergenic region.

In order to analyse the miRNA cluster and Repbase collection another alignment
done. For Repbase collection, the transposon mapped sequences were remapped for
exact matches to the repbase collection, for piRNA clusters the intergenic region

mapped reads and transposon mapped reads were realigned to the piRNA clusters.

2.3.4 Mature miRNA Expression Levels

The mature miRNAs sequences and hairpin sequences were downloaded from
mirbase (Release 17). The 5'- seed sequence is important for the miRNA target
recognition. Thus, we used the 5'-end of mature miRNAs from mirbase, we extended
the mature miRNA sequences 3 bp at the 3' end, as some mature miRNAs has 1,2 and 3
nucleotide appended as the 3' is variable. Then we only used hairpin exact matched
sequences to realign mature miRNAs with 3 bp appended (mature_3bp). After aligning
sequences to the mature_3bp, each sample in 7-8h embryo was compared with the same
sample in O-1h. Thus, the read per million (RPM) for each mature_3bp, we used the
below formula ; (fold = ((7-8h_RPM + 10)/(0-1h_RPM + 10)), then the log2 of fold
were calculated by excel. By this way we decrease the fold changes for lower Read Per
Million frequencies such as 8 versus 2 will be 4 fold, but if we add 10 this will be

around 1 fold as a result not significant change.

2.3.5 tRF Expression Levels

For tRNA derived fragments we only calculated the nucleotide distribution on
the mature tRNAs to determine the most abundant fragments and the length distribution
of tRFs to identify the average tRF in Drosophila. In order to calculate the each
nucleotide cloned on the mature tRNA, we converted each read frequency to RPM and
increased the frequency of the nucleotide on the mature tRNAs that the read mapped.
By this way we calculated the frequency of each nucleotide in 10 samples and find the

major processing sites on mature tRNAs for each one and for all tRNA by
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superimposing. Also, one of tRNA fragment from the tRNA- Glycine was further
confirmed by Northern Blot (Goktas, et al., unpublished data).

2.3.6. Transposon Derived Fragments (siRNA and piRNA)

2.3.6.1 Repbase Collection Expression Level

The reads mapped perfectly to the transposon and mapped only one time in the
genome were realigned to the Repbase collection and the number of reads in RPM
mapped to each transposon were calculated and the log2 ratio were calculated as above.
The transposons from flybase which is calculated based on the Repbase were used to
classify small RNAs transposon derived ones, while Repbase colection were used for
the expression level of transposon in 0-1h versus 7-8h. For Repbase expression level we
only used 23-29 nt reads as piRNAs are in these length but siRNAs are 21 nt. Here we
are interested in the expression level of piRNAs that are derived from transposons. The
siRNA expression level is too low and siRNAs map many sites in the genome.

Therefore we excluded in our analyses.

2.3.6.2 Classification of Transposon Derived small RNAs

In Drosophila so far there are two small RNA groups that were shown to derive
from tranpsons siRNA and piRNA. siRNA are 21 nt in length and piRNAs are 23-30 nt
in length. In order to check whether 23-29 nt reads has piRNA features we checked two
features as (i) the frequency of reads that has 10 nt at 5'-5', (ii) if a read has 10
nucleotide complementarity the frequency of nucleotide at position 1 and 10 were
calculated. Thus, piRNA has 5' U preference and A at position in the complement
piRNAs (Brennecke, et al, 2007). In order to do such analyses we used all piRNAs that
mapped to the transposon in length of 23-29 nt and mapping at most 10 times in the
genome (this can be done for others as well but it takes longer time so we ignore them).
Then, for each transposon mapped reads (i) the start position for the sense strand were
determined, (ii) then end position of all reads in the antisense strand were determined,
(iii) the distance between sense/start and antisense/end were calculated, and (iv) if the

distance were less than equal to 100, the distance frequency were calculated by the
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frequency of the piRNAs. The by using excel, the ferquency versus distance were
shown on XY-chart. Also, if the distance is equal to 10 then the frequency of the

nucleotide at position 1 and position 10 were calcualted.

2.3.7. piRNA Clusters Analyses

piIRNA clusters are the major piRNA processing sites.The piRNA cluster
coordinates determined previously (Brennecke, et al. 2007) were used to get genomic
sense from flybase (dmel-r5.39) and all reads mapped to the transposon and intergenic

regions were realigned to these genomic strands.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Data Analyses

3.1.1. Barcode Selection and Adapter Trimming

The barcode selection and 3' adapter trimming was performed by an in-house-
written algorithm and the summary of the insert selection is given in Table-3.1. The
sequences in length of 15-29 bp were chosen for further data analyses. The percentage
of inserts with length of 15-29 bp range from 88.8 to 99.5. The remaining reads for
Poly_7-8h is the highest with 75%. The minimum adapter size used for adapter
sequence is 3 bp. If 2 bp allowed then the remaining sequences are generated from 2S
rRNA with more than 95%. Thus, in our-data set we have major 2S rRNA sequences as
expected. Because we did not remove 2S rRNA, the enrichment mainly found in

Polysomal fractions.

309% -
—— mMRNP_0-1h
25% - —aB05_D-1h
—— 805_D-1h
20% 1 —«_ Poy _0-1h
1o - mRNP_7-5h
605_7-8h
10% - 805_7-8h
Poy_7-8h
59 ——Tot_0-1h
. Tot 7-8h
(L s S ..,
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Figure 3.1. The lengh distribution of inserts. The inserts in length of 15-29 bp used and
the percentage of reads length calculated in each sample. (0-1h/7-8h: O-
1h/7-8h embryonic RNA; Pol: Polysomal RNA, Tot: Total RNA) .
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After the insert selection, the length distribution of inserts in each sample were
calculated (Figure-3.1). The relative length distribution of our data is enriched at 22-29
bp. Because we used the whole embryo, we have different cell population (especially, in
7-8h), and the length distribution may have slight changes between samples. miRNAs
are 22-23 bp in length in Drosophila as a result the enrichment at 22-23 bp is because
there are miRNAs at this length that constitute the majority of 22-23 bp reads. The reads
longer than 23 bp were found to be mainly derived from transposon as they are
classified as piRNAs which are in length of 23-30 with an average lenght of 24-25 bp
(Brennecke, et al, 2007). Thus, the relative difference in reads lenght distribution is not
because of any experimental error, rather because of the increase or the decrease in the

amount functional small RNAs (e.g., miRNA, siRNA).

3.1.2. Alignment of Sequences to the Drosophila Genome

After the insert selection, the reads were aligned to the Drosophila melanogaster
genome (r5.39) (Figure-3.2). After aligning the sequences to the genome, for each insert
the number of mapping site in the genome was appended to the header of each insert.
By this way, in further data analyses the mapping sites were calculated easily. Also, the
percentage of inserts that mapped exactly (EMM), with one error (MINDEL), 2 and 3
mismatches were also determined. 72-82% of inserts mapped perfectly to the genome,

while more than 90% of inserts mapped to the genome with exact and single error.

100% 7 wm == — — p— _— [ | | B |
20%
H UNM
60% 1 W3
m 2
40% 1 B MINDEL
W ENM
20% 1
1% 1
0-1h | 7-8h | 0-1h | 7-8h | 0-1h | 7-8h | 0-1h | 7-8h | 0-1h | 7-Bh
mRMP 605 a0s Poly Tot

Figure 3.2. Alignment of the sequences to the genome. Inserts were aligned to the dmel-
r5.39 genome and the percentage of inserts that mapped to the genome
determined.
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The alignment of the reads to the genome gave a relatively similar exact match
from 72-80%. For our experiment we used Drosophila melanogaster Oregon R strain,
while the Drosophila genome is sequenced from the “y1; cnl bwl spl” isogenic strain
(Adams, et al, 2000). The effect of strain differences is discussed elsewhere (Brennecke,
et al, 2007, Supplemental Data). The single error that macth to the miRNAs seems to be
an SNP in Drosophila genome as we manulay sequenced Oregon R, w1118, S2 and
Ago'" strains and we showed for a single miRNA that the single error is not because of
error in the sequencing but because of SNP in Drosophila and cell lines (Data not
shown). Overall this indicates the quality of our data that can be used for data analyses,
as the SNP is common. In order to be consistent in data samples, we only used
sequences that mapped exactly to the known RNAs, as thre are sequences that
unmapped to the genome (exon-exon junction may mapped exactly, to the transcripts

CDS).

3.1.3. Analysis of Known RNAs

3.1.3.1 Alignment of Sequences to the Known RNAs

After aligning sequences to the dmel-r5.39 and determining number of candidate
mapping sites, the inserts were aligned to the known RNA database. The nexalign
program was used to align sequences with sense or antisense sequences to the known
RNAs. A pre-alignemnt to the all known RNAs, directed us to align sequences in an
order described in method. The alignment results are given in Figure-3.3. 71-82% of
reads mapped exactly to the known RNAs. Thus, the majority of small RNAs mapped
exactly to the known RNAs and more than 90% of sequences mapped with exact and
single error. Except for rRNA, hairpin sequences we used all other sequences from the
flybase as a result we expected the same mapping percentage as genome alignment.

The alignment of the sequences gave novel data about the intracellular
localisation of small RNAs. While analysing such data, researchers generally used the
most abundant small RNA group while indetifying novel RNA group (Lee, et al, 2009).
Thus, while analysing a data if a group of small RNA is enriched in a sample, this leads
to the assumption that the RNA group has functional role. So far, the total RNAs are

used for deep-sequencing or immunoprecipitation of protein complexes has been done
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that allows the researcher to enrich a small RNA group that is found in a particular
protein complexes (Brennecke, et al, 2007). In our data we used both total and
cytoplasmic RNA and enriched small RNAs according to their translational status.

As can be seen in Figure-3.3, for each fraction specific small RNA groups are
enriched. For mRNP fraction the majority of small RNAs matched to the tRNAs, with
30% and 37% in O-1h and 7-8h, respectively. In Polysomal fraction the majority of
small RNAs are derived from rRNA and transposon. Because polysomal fraction are
enriched with polysome, it is possible to have such small RNAs, either degradation
products or biogenesis (not known). While we compared the total RNAs, the majority of
0-1h embryonic total and polysomal RNAs are derived from transposons compared with
7-8h. This indicates the advantage of our polysomal techniques to enrich similar size

complexes either translation machinary or complexes in that sizes.
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Figure 3.3. Alignment of the sequences to the known RNAs. The sequences aligned to
the order given in legends from down to top, and this figure shows the
alignment for the exact, mindel, 2 and 3 mismatch to the known RNAs. If a
sequence matched to a known RNA group, we assumed the sequence to be
derived from that groups, as the sequence may also mapped to other known
RNAs.

The relative percentage of rRNA derived fragments in lower complexes is equal,
while there is a slight increase in 7-8h polysomal fractions and total RNAs. Most
probably there is a direct degradation or biogenesis of rRNAs in later stage of
development. As the increase in small RNAs derived or degraded from rRNAs

increased in 7-8h and this increase is found in polysomal fraction. Additionally, the
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transcript derived fragments are highly seen in early embryo, which probably indicates
either clerance of maternal mRNAs or biogenesis of new small RNAs. In additon to
known RNAs also small RNAs mapped to the intron and intergenic regions. All these
small RNAs have features of piRNA, as their length are enriched in 23-29 bp (discussed

below).

3.1.3.2. miRNA Expression Analyses

In order to calculate the expression level of miRNAs, we firstly aligned
sequences to the hairpin with perfect matches. Considering the top 10 highest hairpin
sequences in each sample, 18 hairpin sequences consists of 82.52-93.6% of hairpin
exact matched sequences. Thus, for some miRNAs the expression level is highly
increased. For instance, dme-bantam has 30% in total 7-8h while dme-miR-1 has 43%
of 0-1h. The enrichment of dme-bantam in 60S and 80S fraction is similar in 0-1h and
7-8h. Thus, eventhough their fold changes are different their abundance in fractions are,
similar, which show that the position of the miRNAs does not change but the amount
changes. Because we do not have a direct normalisation factor, the abundance can not
be compared with other fractions.

The mature miRNA expression level was determined by aligning
sequences to the miRNA mature core sequence (deposited in mirbase) and 3 bp
appended to the 3'. Because the 5' seed sequence play important role in miRNA/target
recognition, the 5' end deposited in mirbase was used. As can be seen in Table-3.2, the
percentage of sequences that mapped to the hairpin or mature_3bp appened are almost
the same, which indicates the majority of processing is at mature_sequences with 3bp
appended.

In order to calculate the fold changes, the number of reads in read per million
mapped to the mature_3bp appended were increased by 10 and the log2 ratio of 7-8h
frequency over O-1h were calcualted. Then by using cluster 3.0, the samples were

clustered and visualised by java Tree View (http://jtreeview.sourceforge.net/).

In order to analyse the expression level of miRNAs, we chose the ones with
higher frequency. Thus, a miRNA with at least 50 RPM in at least one sample were
used for further analyses.As the remaining were assumed to expressed with lower

frequency (Figure-3.4).
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In total 426 mature miRNAs sequences deposited in mirbase were used for
analyses. The sequences are annotated as 3p or S5p depending on the location of the
mature sequence on the hairpin. But in Release 17, the mature and star form are not
given. Of 426 mature sequences, 256 (60%) mature miRNAs has been detected with
perfect matches. We only analysed the expression level of mature miRNAs whose
frequency in RPM is above 50 in at least sample. 162 miRNAs (63,28%) of 256 has
expression level below 50 RPM in all samples, while 94 (36,72%) of 256 miRNAs has
50 RPM at least in one sample. Thus 94 of 426 (22,07%) of mature miRNAs were
represented in our data. As we analysed the data elsewhere (Malone, et al, 2007), we
found the same results (not shown).

We calculated the fold change in all samples. Because we do not have a
normalisation factor we only compared each fraction of 0-1h/7-8h with each other. By
this way, we expected to observe changes in the fractions. To our expectation, we
observed changes in different fractions. To understand each miRNA behaviour we
divided each samples into three different categories, changes (increase or decrease) or
no change. As a result we had 4 major groups each has its unique subgroups. The first
attempt to group miRNAs was to compare their expression level in total RNAs, as we
have 3 groups with increase, decrease or no change. The 4th group behaves differently,

as the expression level in total RNAs is contrast to the fractions.

The first group of small RNAs we observed is the one highly expressed in early
embryo. Of 94 miRNAs analysed, 29 miRNAs are highly expressed in 0-1h while their
expression level decrease toward 7-8h. The majority of these changes is found in mRNP
with 20 miRNAs, while this changes decreases towards polysomes (9,6,3, respectively,
in 60S, 80S and polysome). This indicates the majority of small RNAs, acts at mRNP
complexes in early embryo compared with 7-8h. Moreover the changes in total RNA
may not be significant found in fractions for 7 miRNAs (Table-3.3, Figure-3.4). The
second group of miRNAs are highly expressed in 7-8h embryo (41 of 94 miRNAs).
While 17 miRNAs are highly expressed in mRNP, the majority of miRNAs are highly
expressed in 60S. Moreover the fold changes in higher complexes increased
(17,25,15,14 in mRNP, 60S, 80S and Polysome). This indicates that in addition to
repressed translation at the intiation step, these miRNAs also repress translation at the
elongation step of translation. Similar to 0-1h, the increase in total RNAs is not found in

fractions for 9 miRNAs (Table-3.3, Figure-3.4). The third group of miRNAs expression
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level does not change in total RNAs, while increasing in fractions. Thus, in 7-8h
embryo an increase was found in heavier complexes,while in lower complexes in 0-1h
embryo. Also some miRNAs are equally expressed in total RNAs as well as in fractions
(Table-3.3, Figure-3.4). The fourth group of miRNAs acts differently, as their
expression in fraction is opposite in total RNAs. For that miRNAs, we propose two
main mechanisms; (1) the elimination of small RNAs at the isolation, if they are in
higher complexes such as nucleus or unknown structures , (2) because we are interested

in cytoplasmic miRNAs (Table-3.3, Figure-3.4).

3.1.4. Transposon derived small RNAs.

The majoirty of 0-1h embryonic total RNAs matches to the transposon either in
sense or antisense orientation. This indicates the function of these small RNAs in early
development. So far, it has been shown that piRNAs deposited maternally or generated
in the embryo play important role in early development. Also it has been shown that
there is a maternal effect in the production of piRNAs derived from transposon. In
mouse, MILI/MIWI are associated with polysomal fractions (Grivna, et al. 2006;
Unhavaithaya, er al. 2009), and maternal mRNAs are degraded from the embryo by
piRNAs (Rouget, et al. 2010). Thus, piRNA acts in early development and germ cells
protection as well as has been shown to regulate non-transposon mRNAs as well. The
presence of MIWI/MILI in polysome indicates the possible role of piRNAs in
translational regulation miRNAs. To check whether, transposon derived small RNAs
are found in polysomal fraction, the percentage of transposon mapped sequences were
calculated. To our expectation, we found that the majority of polysomal fraction
contains piRNAs. However it remains to be elucidated that these piRNAs are associated
with polysome but not heavy complexes. In order to determine the expression level of
transposon the Repbase colection was used. We used the same calculation as previously
except, we normalised our data to total number of reads (Brennecke, et al. 2007). The
expression level of transposon decreased or not change towards 7-8h. This is a direct
indication of the role of piRNAs in early development.

For piRNAs matched to the abovementioned transposon we only used reads in
length of 23-29 bp. The main important feature of piRNAs, studied in Drosophila so
far, is the presence of U the 1st position and A at the 10th position. Additionally, the
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Figure 3.4. The Clustering of miRNA expression level. The log2 fold chages were cluster by Gene Cluster 3.0 and viewed by Java TreeView.
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Here only the mature_3bp (94 miRNAs) that has at least 50 RPM in at least one sample are shown as the fold changes of the remaing

are not changed.

Figure 3.5. The fold changes of Repbase Collection. The fold changes of each transposon were converted to log2 and clsutered by Gene

Cluster3.0 and viewed by Java TreeView.
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piRNAs with U at the first position has preference for Aub while the ones with A at the
position 10th are found in PIWI/AGO3 (Brennecke, et al. 2007). Morover piRNAs has
10 nucleotide complementarity at the 5' end and are generated by ping pong cycle. In
order check whether these reads are piRNAs or not, we aligned sequences to the
transposon from flybase. Then, for each piRNA on the transposon we calculated the
distance to antisense reads to each sense reads frequency. We found that, there is a
major pick at the position 10 which supports that these small RNAs are piRNAs
(Figure-3.6). We further analyses the frequency of nucleotide at the position 1 and 10.
We found that the majority of position 1 is U while the position 10 are A (Figure-3.7).
Thus, the small RNA population matched to the transposons has unique features of

piRNAs.

g00000 -

300000 1

T T T o T T T

=40 =30 =20 <110 0 10 20 30 40

Figure 3.6. The 5'-5' complemetarity among the transposon matched small RNAs. The
distance of each small RNAs from each other were calculated and the
frequency of each distance were determined for all reads.

Because the majority of piRNAs are found in polysomal fractions we next
determined the length distribution of transposon matched sequences in all samples.
Interestingly, there is a peak at 21 bp in total 7-8h embryo, with hight frequency
compared with 0-1h. Moreover, the 21 bp frequency is high in mRNP fraction while
dereasing towards polysomal fractions. Comparing in all samples, we found that 21 bp
are higher in 7-8h embryo. This data supports that siRNAs are important in later
develeopmental stages compared with piRNAs. Additionally, their inracellular
localisation differs. Thus, the amound of siRNA decreases gradually towards polysome,

while of piRNAs increases (Figure-3.8, Figure-3.9).
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Figure 3.7. The nucleotide bias at position 1 and 10 th of the transposon mapped small
RNAs. To check whether these reads has U or A at position 1 and 10 th we
calculated the number of reads that has A,C,G or U at Pos 1 and 10, only
using the small RNAs that has 10 nucleotide complementarity.
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Figure 3.8. The nucleotide distribution of transposon derived small RNAs in 0-1h. The
percentage of small RNAs in total exact matched reads to the transposon
were calcculated in each fraction.

Moreover, we collected deep-sequencing data from different developmental
stages of Drosophila melanogaster.-We found that, the siRNA contents increased
significantly during development. The majority of S2 and Kc cell line transposons
matched small RNAs are in length of 21 bp. This is a direct evidence of the role of
siRNAs in somatic cells. Evenmore, the transposon derived small RNA contents

decreases in later development, as shown in Figure-3.11.
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—— MEH

Figure 3.9. The nucleotide distribution of transposon derived small RNAs in 7-8h. The

percentage of small RNAs in total exact matched reads to the transposon
were calcculated in each fraction.
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Figure 3.10. The percentage of transposon derived small RNAs in different
developmental stages of Drosophila. The percentage of small RNAs in

total exact matched reads to the transposon were calcculated in each
fraction.
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Figure 3.11. The known RNAs content in different developmental stages of Drosphila
melanogaster. The strain names are wK: wild type caugth, OR: laboratory
wild type, W1118: white eye, OC: Oregon Cansas, Ovary: oocyte, emb:
embryo, Kc and S2: Drosphila cell lines, ADH: Adult Head, ADB: Adult
Body, LRV: Larva, PUP: Pupa, IMG: Imaginal Discs. (These data sets
were collected from previously published articles and raw sequences
downloaded from GEO according to the GEO Accession Numbers in these
articles; Aravin, et al, 2003; Brennecke, et al, 2007; Chung, et al, 2008).

We also check the relative percentage of Drosophila small RNAs in all
developmental stages described in Figure-3.8, 3.9. As can be seen the transposon
mathced small RNAs percentage decreases in later developmental stages, while miRNA

expression level increases (Figure-3.10, 3.11).

3.1.5 tRF Expression Levels

The detailed data about tRF analyses were descirebed elsewhere (Goktas, et al.,
unpublished data). Here, a brief information about the most abundant tRNA Glycine is
given and the summary of length distribution is described.

For each the tRNA, the nucleotide position were determined and the frequency
of the reads in each sample were calculated in RPM. Then for each nucleotide at a
particular the number of times the nucleotide cloned is calcuted and shown in Figure-
3.12. We found that the majority of tRF (~95%) are derived from the first 29 nt of
mature tRNAs. It should be noted that the most abundant tRF are derived from the 5’
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end of tRNAs, also there are fragments that are derived from middle or 3* end of tRNA
on individual tRNA (not shown).
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1 3 15 2 X B 43 5 T 64 71 73 83

Nucleotide Position

Figure 3.12. The nucleotide distribution on a superimposed tRNA.

Also the 3' end processing of all tRNAs were determined on the superimposed
tRNA (Figure-3.12) and on a clover-leaf structure of tRNAs (Figure-3.13). The 3’ end
of tRF fragments are at position 19 and 26-29 with highest peak at 28 nt. Around 25%
of the mitochondrial tRNA (mt:tRNA:S:AGY) is 19 nt from the first 19 nt of the 5’ end.
Thus, except for mitochondrial tRNAs the tRF from Drosophila is derived from the 26-
29 nt at the 5” end.

180:000 28
160000
140000
T20:000
100000
30000 18
S0000
40000
20000 I

Read Per Million

1 3 15 22 29 36 43 30 37 64 7 78 a5

Nucleotdde Position

Figure 3.13. The 3' end processing of tRNAs. The frequency of each read's 3'-end were
calculated for all tRNAs on a superimposed tRNAs. In Figure-10, all
nucleotides were calculated while here only the 3' end nucleotide were
calculated as it gives the averege length distribution of tRFs.
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In order to check the 3’ end position on the cloverleaf of mature tRNAs, we
divided a tRNA into 15 regions (Figure-3.14) and calculated the 3’ end position of the
tRF in this regions. The mt:tRNA:S:AGY does not have a cloverleaf structure as a result
we excluded this tRNA from this analyses. Thus, around 75% of tRF were used to
determine the location 3’ end processing.

We found that the majority of tRF are derived at region 7 and at position 2,3,4.
Thus, tRF 3’ end are processedd from the 2nd, 3" and 4™ nt at the anticodon stem close
to D-loop and enriched at 4th nt. This is interesting as there four 3’ position on primary
structure (26-29 nt), 3 position are enrcihed on the secondary structure, which indicates
specific processing on the anticodon stem.

We choose one of the tRNA that has the most abundant tRF for further detailed
analyses. Majority of the tRF are derived from tRF glycine and we calculated the
frequency of each nucleotide in each farctions. As can be seen, tRFs from glycine are
derived from the 5’ end and higher in 0-1h/7-8h fractions compared with other fractions

(Figure-3.15).

500070 47 Acceptor Stem (CCA)

300000 -
37
250000
200000 27
150000 -

100000

Read Per Million

0000 1

0 o I o -
1 2 3 4 3 7 7 3 9 10 11 12 13 14
Region on tRNA Cloverleaf

Figure 3.14. The 3'-end processing sites on the 2D-tRNA structure. The cloverleaf
tRNA sturcture were divided into 15 regions and the 3'-end processing
sites in each region were calculated.
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Figure 3.15. The frequency of tRNA:G:35Be for all samples. The most abundant tRFs
derived from the tRNA:G: were shown on the tRNA by calculating the
frequncy of each nucleotide in each sample seperately.

wENF 605 805 Poly
mature A
tRNA |
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Figure 3.16. Polysomal fractions of 7-8h embryo and Northern Blot of tRNA:G:35Be. A
probe against the first 35 nucleotide of tRNA:G: were used to show tRF
derived from the 5' end of the tRNA:G:. (Source: Master Thesis of Cagdas
Goktas).

We choose one of the tRNA that has the most abundant tRF for further detailed
analyses. Majority of the tRF are derived from tRF glycine and we calculated the
frequency of each nucleotide in each farctions. As can be seen, tRFs from glycine are

derived from the 5° end and higher in 0-1h/7-8h fractions compared with other fractions

(Figure-3.15).
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In order to confirm these observation in 7-8h embryo northern blot was
performed by using bioting labelled probe against the first 40 bp of the tRNA:G3:35Be.

We have shown ~27 nt tRF are enrcihed in mRNP frcaction.
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CHAPTER 4

CONCLUSION

During the maternal-to-zygotic transition two crucial events takes place, (i)
clearance of maternal mRNAs, (ii) activation of the genome and transcription of zygotic
mRNA. The clearance of maternal mRNAs has been shown in different organisms that
depends on RNA-Binding proteins (Gallo, et al. 2008; Schubert, et al. 2000;
D’ Agostino, et al. 2006; Smibert, et al., 1996; De Rensiz, et al. 2007; Tadros, et al.,
2007; Aviv, et al., 2006) or small RNAs including miRNA, siRNA and piRNAs
(Rouget, et al. 2010; Bushati, et al. 2008; Giraldez, et al. 2006; Tchurikov, et al. 2011).
The maternal mRNA degradation depends on translatioal repression and destabilisation
of mRNA by removing of poy(A) tail (Semotook, et al.2005; Semotook, et al. 2007).
One of the location for mRNA decay or storage is in processing bodies (Flemr, et al.
2010; Sheth, et al. 2007), where as a miRNA can stop translation at any step of
translation (for review; Fabian, et al. 2012). To answer the temporal and spatial
expression of miRNAs, we used polysomal fractionation and deep-sequencing method
together. We have shown that miRNAs expression level changes during maternal-to-
zygotic transition. Interestingly, the localisation of miRNAs seems to does not change
during the MZT. If a miRNA acts in mRNP fraction it seems that the miRNA are highly
found in these samples for two embryonic stages. For instance, the developmental
important bantam are highly expressed in 7-8h embryo (30-fold), while the localisation
of the miR-bantam does not change, it acts in the 60S and 80S but not mRNP or
polysomes. This is interesting as an miRNA transcription increases the complexes the
miRNA interacts does not change. On the other hand, as the amount of the miRNA
increases the increase is distributed in all samples not evenly. We have defined 4
miRNA groups whose expression level differs from each other. As expected, three
miRNA groups were determine in total RNAs as increase or decrease or no changes.
But these three groups has been further grouped according to their behaviour in
translational machinary. Our data shows that not all miRNAs behaves in the same way
in the cytoplasm but different groups of miRNAs behaves the sames. The main

mechanism behind such behaviour is not known. By assuming that a miRNAs is
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enriched where its target is found, the behaviour of these miRNAs should be further
charcaterised by miRNA and its target reciprocal location in during translation.

Another group of small RNAs are transposon derived small RNAs that are
divided into two major groups as siRNA (21 nt) and piRNAs (23-29 nt).The behaviour
of these small RNAs differs from each other in two ways, (i) siRNA are highly
expressed in 7-8h, while piRNAs are expressed in 0-1h, (i1) siRNA mainly found in
mRNP while piRNAs in polysomes. We further analysed from other datas available at
different developmnetal stages that temporal expression of siRNA and piRNAs differs
in Drosphila. The siRNA population derived from transposon significanly increases at
later development and most probably in somatic cells. It should be noted that we used
only the early embryo which i enriched still with piRNAs. Either the increase or
decrease is because of dilution of the germ cells towards either remains to be elucidated.

The third major group of small RNAs are tRFs and mainly found in mRNP and
60S fractions. The main functions of tRFs is not known, except the tRF-1001 which is
derived from 3'-trailer of tRNA has been shown to be functional. In our data we have
shown that tRF are in non-polysomal fractions, but whether these tRFs has a functional
role remains to be elucidated.

Overall, the behaviour of four most abundant small RNAs differ in their
localisation in polysomal fractions. While miRNAs can act in all 4 fractions, siRNAs

and tRFs act in non-polysomal fraction and piRNAs mainly in polysomal frcations.
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