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ABSTRACT 

 

The role of the putative long non-coding transcript 

overexpressed in Drosophila eggless mutant 

 

Dong hyun Kim 

 Major in Applied Life Chemistry 

Department of Agricultural Biotechnology 

 The Graduate School 

Seoul National University  

 

The eggless (dSETDB1), histone 3 lysine 9 tri-methyltransferase, is required 

for oogenesis of Drosophila melanogaster. Its molecular function is epigenetic 

gene regulation by forming heterochromatin structure. In the absence of eggless, 

it occurs piRNA decrease, apoptosis, stem cell undifferentiation and so on in 

ovaries. Among of these changes, I focused on the expression change of some 

long non-coding RNA, putative non-coding RNA. Putative non-coding RNAs 

(PNCRs) were 17 transcripts introduced at PNAS journal in 2005. Although 

functions of 3 candidates were revealed, other candidates’ functions remain to be 

unknown. In this study, RNA-sequencing was carried out to analyze the 

phenomenon related to eggless knockout at transcriptome level. I selected 
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pncr003:2L from 17 PNCR candidates in RNA-sequencing data. By using 

pncr003:2L transfection, it was revealed that this candidate made the cell 

number of ovarian follicle cells increase, and I discovered that this phenomenon 

might be related to DREF and osa genes. However, the interaction between 

pncr003:2L and DREF protein was obscure because of my poor experiments, 

and the interaction between eggless gene and pncr003:2L was not related 

directly. Nevertheless, my findings can provide the possibility of long non-

coding RNA research related to eggless gene. 

 

Key words: eggless, Drosophila ovary, putative non-coding RNA, cell growth, 

string, DREF 
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INTRODUCTION 

 

The eggless (dSETDB1), histone 3 lysine 9 tri-methyltransferase, is required 

for oogenesis of Drosophila melanogaster. Its functions are activated by 

epigenetic regulation. The trimethylated histone 3 lysine 9 (H3K9me3) signal is 

repressive mark that initiates heterochromatin formation by recruiting 

heterochromatin protein 1 (HP1) (Yoon et al., 2008). So, eggless plays critical 

roles in gene regulations related to cell proliferation, fate determination, and 

survival (Wang et al., 2011). Recently, it was reported that it negatively regulates 

a transposon expression by activating piRNA clusters including flamenco and 

42AB (Rangan et al., 2011). In the absence of eggless, it occurs piRNA decrease 

(also transposon increase), apoptosis, stem cell undifferentiation and so on in 

ovaries (Clough et al., 2007; Ishizu et al., 2012). Among of them, the expression 

change of some long non-coding RNAs (lncRNAs) was detected and their 

activities in eggless mutant ovary are not reported. 

The number of described non-coding RNA genes has undergone recent and 

dramatic expansion as novel untranslated RNA molecules have been discovered 

in genomes of many organisms. Their lengths are similar to protein-coding 

mRNAs, and they have poly-A tail and splicing activity. Although a long non-
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coding RNA was first described about three decades ago (Tupy et al., 2005), its 

functions generally remain elusive. However, the long non-coding RNA whose 

functions were discovered has the ability to form RNA-protein complexes. 

Generally, these transcripts have been shown to mediate transcriptional 

regulation by recruiting chromatin remodeling complexes. For example, there are 

COLDAIR transcript related to vernalization (Heo, J. B. and S. Sung, 2011) and 

roX transcripts (roX1 and roX2) functioning in binding to male-specific lethal 

proteins (Kelley, R. L., 2004). Therefore, LncRNAs are emerging as important 

regulatory factors in molecular genetic and cellular processes although functions 

of most lncRNAs remain to be determined. 

Among of many lncRNAs, I focused on the putative non-coding RNAs 

(PNCRs) which were 17 PNCR transcripts introduced at PNAS journal (Tupy et 

al., 2005). Because PNCRs neither have specific sequence motif nor are 

conserved across species, they were discovered by using positional curation 

instead of finding coding potential and sequence homology. Positional curation is 

the method searching for evidence of specific transcription in segments of the 

genome that lack other annotations (Tupy et al., 2005). It includes RT-PCR, 

northern blot, in situ hybridization and computational research. By using these 

methods, 17 non-coding transcripts were selected from 7,972 individual cDNA 

sequences. As it was revealed that the expression of 17 PNCRs was conserved in 
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other Drosophila species, their biological importance was verified.  

In this study, I selected pncr003:2L from 17 PNCR candidates in RNA-

sequencing data, and I showed that this candidate increases the cell number of 

ovarian follicle cells. I showed that string gene was related to the increase of cell 

number. I supposed that this phenomenon might be related to DREF and osa 

genes, and I guessed that pncr003:2L might interact with DREF or OSA 

proteins. Although I cannot find out the interaction between pncr003:2L and 

these proteins, my findings can provide the possibility of long non-coding RNA 

research related to eggless gene.  
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MATERIALS AND METHODS 

 

Drosophila ovary dissection 

The eggless alleles were w ; egg
2138

/Gcyo (single point mutation line) and w ; 

Dll-MP/Gcyo (deficiency mutant that covers the eggless gene). These lines were 

crossed and maintained at 26℃ in ten days. I selected a w ; egg
2138

/Dll-MP line 

by using Gcyo balancer chromosome that distinguishes it from w ; egg
2138

/Gcyo 

and w ; Dll-MP/Gcyo lines. Dissected ovaries were collected from two- to three-

day-old flies. W
1118 

allele was used as a wild-type strain. 

 

OSC culture 

OSCs were cultured as described (saito et al., 2009). Cell culture medium was 

prepared from Shields and Sang M3 Insect Medium added with 0.6 mg/ml 

glutathione, 10% FBS, 10 mU/ml insulin and 10% fly extract. I collected adult 

Oregon R flies and measured their total weight. Flies were treated with 70% 

ethanol for 5 min, and then washed several times with PBS. Flies were 

transferred to a mortar and 10ml of M3/FBS medium was added. Flies were 

homogenized using a pestle on ice, after which M3/FBS was added to the 

homogenate, giving a final concentration of 0.2g (fly weight) per ml. This 
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homogenate was centrifuged at 7,500rpm for 10min. The supernatant was 

divided into 500ul aliquots and then heat treated at 60℃ for 5min. After aliquots 

were cooled on ice for 3min, This preparation was spun at 13,000rpm for 5min. 

The supernatant was centrifuged at least twice more and the clear supernatant 

then collected. The supernatant was stored at -80℃ before use. Fly extract was 

sterilized by filtration and added to the culture mediun to a final concentration of 

10%. For passaging, OSCs were washed in PBS and then exposed to a solution 

of trypsin-EDTA for 1min at 37℃. Culture mediun was then added to neutralize 

the trypsin. The cells were washed by aspiration in the medium and aliquots were 

pipetted into a 6-well plate (SPL) or a 90-mm cell culturing dish (SPL). These 

were then incubated at 26℃. 

 

Transfection 

OSC transfection was performed as described (saito et al., 2009). Trupsinized 

OSCs (3*10
6
 cells) were suspended in 100ul of solution V of the Cell Line 

Nucleofector Kit V (Lonza) and mixed with 5ug of expression plasmid. 

Transfection was conducted in an electroporation cuvette using the Nucleofector 

instrument (Lonza; program T-029). The transfected cells were transferred to 
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fresh OSC medium and incubated at 26℃ in 48 hours. 

 

Quantitative Real-Time PCR 

Total RNAs of ovaries, OSCs were isolated using TRIzol® (Ambion) 

according to the manufacturer’s instructions. One microgram of total RNA was 

annealed with an oligo-dT primer and a random hexamer. Reverse transcription 

was carried out using SuperScript® III (Invitrogen) according to the 

manufacturer’s protocol. The cDNAs (1/5th diluted RT reaction product) were 

amplified by LightCycler® SYBR Green I master (roche). Each PCR reaction 

was performed with following mixtures: 5ul of LightCycler® SYBR Green I 

master, 0.5uM of forward and reverse primers and 1ul cDNA in a 10ul of total 

volume. PCR cycles were as follows: 1 cycle of 95 ℃ for 5min; 45 cycles of 

95℃ for 10sec; 58℃ for 10sec, 72℃ for 10sec. The data from this experiment 

were analyzed by using the comparative Ct method (Willems et al., 2008). 

 

RNA biotinylation, pull-down assay 

A biotin-labeling of pncr003:2L RNA and antisense pncr003:2L RNA was 

carried out using the Biotin RNA Labeling Mix (Roche) and T7 RNA 

polymerase. Biotinylated RNAs were treated with RNase-free DNase I (takara) 
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and purified using phenol/chloroform extraction. Two picomole biotinylated 

RNA was mixed with lysis buffer and 100ug of OSC whole cell extract. OSC 

whole cell extract was prepared in a lysis buffer containing 20mM Tris-HCl 

(pH8.0), 100mM KCl, 5mM MgCl2, 2mM DTT, 0.1% Triton X-100, and 

protease inhibitors. After incubating samples at 30℃ for 1 hour, streptavidin 

agarose beads (Thermo Scientific) washed by lysis buffer were added to each 

binding reaction and incubated at RT for 1 hour. Proten loading buffer was added 

to each samples, and boiled 95℃ for 5 minutes. The mixed protein was 

visualized by western blot. 

 

Western blot 

 Protein samples were separated on 10% SDS-polyacrylamide gel (PAGE). 

Proteins were transferred to PVDF membrane (Millipore) for 1h at 200 mA by 

using Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). The membrane 

was blocked in 5% (w/v) skim milk (BD) with PBS-T (0.1% (v/v) Tween-20) for 

over-night. Primary antibody to anti-V5 (Sigma) was bound to DREF-V5 in 1% 

(w/v) BSA (Bovogen) with PBS. Proteins were detected by ECl solution 

(Thermo Scientific) and exposed to X-ray film. 

 



- 12 - 

RESULTS 

 

Pncr003:2l gene was overexpressed in eggless mutant ovaries 

Before the expression fold change of PNCR transcripts between wild-type and 

eggless mutant ovaries was measured, RNA-sequencing and its data analysis 

were performed (This experiment was not performed by me). RNA-sequencing 

is a technology that facilitates analysis of gene expression at transcriptome level. 

This method has clear advantages over existing approaches and is expected to 

revolutionize the manner in which eukaryotic transcriptomes are analyzed (Wang 

et al., 2009). Various gene expression fold changes are dicovered (Figure 1a). 

They are related to piRNA biogenesis, apoptosis, tumorigenesis, and putative 

non-coding RNAs. and I focused on the expression changes of PNCRs. 

However, as time goes by, Non-coding RNA analysis methods have been 

developed and protein coding activities of 5 PNCR candidates were revealed. So, 

5 candidates (pncr001:3R, pncr005:2R, pncr006:X, pncr007:3R and 

pncr010:3L) were excluded from anaysis data (Figure 1b). The expression fold 

differentiation of 5 candidates (pncr002:3R, pncr012:2L, pncr015:3L, 

pncr016:2R and pncr017:3R) was not detected. So, 7 candidates (pncr003:2L, 

pncr004:X, pncr008:3L, pncr009:3L, pncr011:3L, pncr013:4, pncr014:3L) were 
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left and I focused on pncr003:2L transcript whose fold change level is about 20 

fold in eggless mutant and highest. 

 

The number of OSC was increased in pncr003:2L overexpressed sample 

To identify functions of this non-coding transcript, I performed pncr003:2L 

overexpression using ovarian somatic cell (OSC) transfection. OSC is part of 

somatic cells which are around germline cells of the ovary, and it contains only 

mitotically active early somatic cells (saito et al., 2009). Because eggless gene is 

activated at early stage of Drosophila oogenesis, I regarded OSCs as suitable 

cell-lines in my experiments. By using pAC5.1 vector, I cloned pncr003:2L - 

pAC5.1 vector. Considering the strand specificity of lncRNAs, I performed the 

cloning experiments about anti-strand of pncr003:2L. So, I performed 

transfection experiments about three type vectors (Figure 2a).  

At first, I discovered that the cell number of pncr003:2L overexpression 

sample was 2.7-fold higher than that of anti-sense control (Figure 2b, 2c). To 

verify the effects induced by pncr003:2L, I carried out qRT-PCR analysis about 

pncr003:2L. As results, the expression level of pncr003:2L in pncr003:2L 

overexpression sample was 65-fold higher than that in anti-sense control (Figure 

2d). Therefore, the cell number of OSCs was increased by pncr003:2L.  
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string was overexpressed in pncr003:2L overexpressed sample 

 To determine the phenomenon at transcription level, I searched many genes 

related to cell growth. Because most of the long non-coding RNAs whose 

functions are revealed form RNA-protein complexes and modify histone code 

(Wahlestedt, C., 2013), it might regulate the expression of mRNAs and I 

searched the possible target genes and proteins of pncr003:2L by searching 

research papers and using qRT-PCR about them. 

 Candidates of target genes were including components in hedgehog pathway, 

notch pathway, wingless pathway, and cell cycle. Their pathways are known as 

inducing development of ovarian follicle cells (Klusza and Deng, 2011; Li et al., 

2009). So, I selected candidates which are hh, ci, ptc and smo in hedgehog 

pathway, notch in notch pathway, wg in wingless pathway and cycA, cycB, 

cycB3, cycD, cycE, cdk1 and string in cell cycle. 

 Among of these genes, I found that the expression level of string gene was 6 

fold-higher than that of anti-sense control (Figure 3a). The string gene, CDC25 

homolog, is known to control the transitions from G2 to M phase by activating 

Cdk1 (Inaba et al., 2011). As a result, a string gene can make the number of 

follicle cell increase, and it was verified (Inaba et al., 2011). Furthemore, I found 

detailed mechanism which regulates the string gene expression. Considering the 

ability of forming RNA-protein complexes, I supposed that pncr003:2L would 
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be related to DREF (DNA replication-related element factor) and osa genes. 

DREF positively regulates DRE sequence containing genes (Nakamura et al., 

2008). The osa gene has DRE sequence and forms BAP Complexes that 

positively regulate target gene, that is, string (Mohrmann et al., 2004). Therefore, 

I supposed that pncr003:2L will be related to each step by binding protein 

(Figure 3b). However, the expression level of osa gene is 3.8 higher than that of 

antisense control (Figure 3c). Therefore, I focused on the binding DREF-

pncr003:2L interactions. 

 

DREF-pncr003:2L binding activity analysis 

 To determine the protein binding activity of pncr003:2L, I carried out RNA-

pulldown assay and western blot. RNA pull-down assay was performed to 

identify RNA-protein binding reaction analysis by many research papers (Rinn et 

al., 2007; Heo, J. B. and S. Sung, 2011).  

 To detect the DREF protein, I cloned the pAC5.1-DREF-V5 vector, and DREF 

protein was overexpressed in OSCs by using transfection. I carried out the RNA 

pull-down assay and western blot. However, I cannot find out the DREF protein 

and difference between biotinylated anti-pncr003:2L transcripts and pncr003:2L 

transcripts because of my poor experiments. Therefore, I concluded that the 

intereaction between pncr003:2L and DREF protein remained unknown. 
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Discussion 

 

 PNCR research paper was published nine years ago, and 17 PNCR candidates 

were registered at flybase homepage, a comprehensive database for information 

on the genetics and molecular biology of Drosophila (http://flybase.org). 

Because of this reason, 17 PNCR candidates were identified easily from RNA-

sequencing analysis data (This part was not carried out by me). However, the 

possibility of interactions between eggless and other unknown lncRNAs cannot 

be ignored. LncRNAs in Drosophila have been revealed continually by using 

CAGE (cap analysis of gene expression) sequencing, poly-A RNA-sequencing, 

and diverse database sources and so on (Hoskins et al., 2011; Young et al., 2012). 

Recently, additional RNA-sequencing experiments were carried out, and I will 

identify other lncRNA candidates whose expression level changes are discovered 

after RNA-sequencing data are analyzed.  

 To identify functions of pncr003:2L, I performed this non-coding transcripts 

overexpression using OSC transfection. However, this experiment may ignore 

the pncr003:2L effects of germline cells because OSCs only contain somatic 

cells of flies ovary. To analyze the effects of this phenomenon at various angles, 

Flies crossing experiments are needed and knock-down experiment of 

http://flybase.org/
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pncr003:2L used by UAS-GAL4 systems is being carried out. If this experiment 

is succeeded, it will supplement pncr003:2L overexpression related data. 

 In my paper, RNA pull-down assay and western blot analysis were not 

successful. Uncertainly, it may be induced by detergent (Triton X-100) in lysis 

buffer because it may react bradford solution so that protein weights were 

overestimated. Also, I may research the wrong pathway related to string gene, 

and pncr003:2L may not form RNA-protein complex. Therefore, it is necessary 

to find the whole proteins binding to pncr003:2L, and these proteins need to be 

found out by Mass spectroscopy. 

 In my research, interactions between eggless and pncr003:2L remain to be 

obscure. Because the expression level changes of eggless between pncr003:2L 

overexpression sample and anti-sense control were not detected (Figure 4a), it 

may be difficult to decide a direct interaction between them. However, mutation 

of eggless induces apoptosis (Wang et al., 2011), and the expression level 

changes of apoptosis related genes (rpr, hid) between transfection samples were 

detected (Figure 4a). Thus, I carefully predict the indirect interactions about 

them though apoptosis stimulus (Figure 4b). Also, it may be feedback loop 

against apoptosis stimulus because pncr003:2L make OSC cell number increase. 

To identify detailed interactions of them, supplementary experiments are needed. 
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FIGURES AND LEGENDS 

 

Figure 1. Analysis of the gene expression level changes from RNA-

sequencing data 

 

(a) Changes of gene expressions against to eggless knockout. There are largely 4 

groups including piRNA, apoptosis, stem cell, and long non-coding RNA. 

 

(b) Classification of PNCR transcripts from RNA-sequencing data according to 

expression level change. 5 candidates were excluded from anaysis data. 

pncr003:2L transcript whose fold change level is about 20 fold in eggless mutant 

and highest. 
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(a)  

 

 

 

 

(b)  
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Figure 2. Functional analysis of pncr003:2L 

 

(a) Schemes of pAC5.1-pncr003:2L transfection to ovarian somatic cells 

 

(b) The cell number of pncr003:2L overexpression sample was 2.7-fold higher 

than antisense control. This figure was taken by Nikon Eclipse TS100 at 200X 

fold. 

 

(c) Identification of pncr003:2L overexpression. It was 65 fold higher than 

pAC5.1 control sample. 
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(a)  

 

(b)  

 

(c)  
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Figure 3. Identification of target genes related to follicle cell growth 

  

(a) qRT-PCR analysis of target genes. string gene is the highest level up among 

of many genes related to follicle cell growth.  

(a1) a raw data of qRT-PCR. The far left lines are those of rp49 gene, 

housekeeping gene. 

 

(b) DREF and osa genes pathway related to string. DREF protein positively 

regulates DRE sequence containing genes, the osa gene. It forms BAP 

Complexes that positively regulate target gene, that is, string. 

 

(c) The experiment about expression level change of osa gene. The expression 

level of osa gene is 3.8 higher than that of antisense control. 
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(a)                              (a1) 

  

 

(b)                                            (c) 
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Figure 4. Possibility of pncr003:2L and apoptosis 

 

(a) The expression level changes of eggless, hid, rpr genes. Although the 

expression level of eggless was little changed, expression level of hid and rpr 

genes in pncr003:2L overexpression sample was higher than that in anti-sense 

overexpression sample. 

 

(b) Interactions of pncr003:2L and apoptosis are two possibility. pncr003:2L 

may stimulate cell growth signal, and it may stimulate apoptosis signal. Another 

possibility is that pncr003:2L may stimulate both of them. 
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(a)  

 

 

(b)  
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ABSTRACT IN KOREAN 

 

eggless mutant에서 발현이 증가하는 putative non-coding 

RNA (PNCR)의 기능 규명 

 

 eggless (dSETDB1)는 초파리의 난소형성에 중요한 역할을 하는 histone 

methyltransferase (H3K9me3) 계열의 효소로써, 이 유전자가 제대로 발현

되지 않을 경우 piRNA 감소, apoptosis 등의 현상이 발생하며 그 중에서 

putative non-coding RNA (PNCR)의 발현량이 변하는 것을 관찰할 수가 

있다. PNCR은 2005년 PNAS 논문에서 발굴한 17개의 non-coding RNA로

써, 일부를 제외하면 아직 기능이 제대로 밝혀지지 않은 long non-coding 

transcripts이다. RNA-sequencing 자료를 분석한 결과, pncr003:2L 후보

가 eggless mutant ovary에서 wild type (w1118)보다 20배 증가한 것을 확

인하였다. 이 전사체의 기능을 알아보기 위해 OSC transfection을 진행하였

는데, 그 결과 OSC의 세포수가 증가한 것을 확인하였다. 이 현상을 규명하

기 위해 세포 수 증가와 관련된 여러 표적유전자를 검색하여 이에 대한 

qRT-PCR을 진행하였으며, 그 중에서 string 이라는 유전자가 이에 관련된 

것을 확인하였다. 이를 명확하게 하기 위해 이와 관련된 DREF, OSA 단백질

과 pncr003:2L 간의 상호작용을 확인하려 하였으나 실험설계의 문제로 명

확하게 밝혀내지 못하였다. eggless 와 pncr003:2L에 대해서는 직접적인 상

관관계는 찾아내지 못했지만, apoptosis와 관련이 있을 것으로 추정된다. 

 

주요어: eggless, 초파리 난소, putative non-coding RNA, 세포성장, string, 

DREF 
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ABSTRACT 

 

The role of the putative long non-coding transcript 

overexpressed in Drosophila eggless mutant 

 

Dong hyun Kim 

 Major in Applied Life Chemistry 

Department of Agricultural Biotechnology 

 The Graduate School 

Seoul National University  

 

The eggless (dSETDB1), histone 3 lysine 9 tri-methyltransferase, is required 

for oogenesis of Drosophila melanogaster. Its molecular function is epigenetic 

gene regulation by forming heterochromatin structure. In the absence of eggless, 

it occurs piRNA decrease, apoptosis, stem cell undifferentiation and so on in 

ovaries. Among of these changes, I focused on the expression change of some 

long non-coding RNA, putative non-coding RNA. Putative non-coding RNAs 

(PNCRs) were 17 transcripts introduced at PNAS journal in 2005. Although 

functions of 3 candidates were revealed, other candidates’ functions remain to be 

unknown. In this study, RNA-sequencing was carried out to analyze the 

phenomenon related to eggless knockout at transcriptome level. I selected 
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pncr003:2L from 17 PNCR candidates in RNA-sequencing data. By using 

pncr003:2L transfection, it was revealed that this candidate made the cell 

number of ovarian follicle cells increase, and I discovered that this phenomenon 

might be related to DREF and osa genes. However, the interaction between 

pncr003:2L and DREF protein was obscure because of my poor experiments, 

and the interaction between eggless gene and pncr003:2L was not related 

directly. Nevertheless, my findings can provide the possibility of long non-

coding RNA research related to eggless gene. 

 

Key words: eggless, Drosophila ovary, putative non-coding RNA, cell growth, 

string, DREF 

 

Student number: 2012-21149 

 

 

 

 

 



- 3 - 

CONTENTS 

PAGE 

ABSTRACT  ·········································································································································· 1 

CONTENTS  ········································································································································· 3 

LIST OF FIGURES  ······················································································································ 4 

INTRODUCTION  ························································································································· 5 

MATERIALS AND METHODS  ···················································································· 8 

RESULTS  ············································································································································· 12 

DISCUSSION  ·································································································································· 16 

FIGURES AND LEGENDS  ····························································································· 18 

REFERENCES  ······························································································································ 26 

ABSTRACT IN KOREAN  ································································································ 30 

 

 

 

 



- 4 - 

LIST OF FIGURES 

 

Figure 1. Analysis of the gene expression level changes from RNA-sequencing 

data 

 

Figure 2. Functional analysis of pncr003:2L 

 

Figure 3. Identification of target genes related to follicle cell growth 

 

Figure 4. Possibility of pncr003:2L and apoptosis 

 

 

 

 

 

 

 



- 5 - 

INTRODUCTION 

 

The eggless (dSETDB1), histone 3 lysine 9 tri-methyltransferase, is required 

for oogenesis of Drosophila melanogaster. Its functions are activated by 

epigenetic regulation. The trimethylated histone 3 lysine 9 (H3K9me3) signal is 

repressive mark that initiates heterochromatin formation by recruiting 

heterochromatin protein 1 (HP1) (Yoon et al., 2008). So, eggless plays critical 

roles in gene regulations related to cell proliferation, fate determination, and 

survival (Wang et al., 2011). Recently, it was reported that it negatively regulates 

a transposon expression by activating piRNA clusters including flamenco and 

42AB (Rangan et al., 2011). In the absence of eggless, it occurs piRNA decrease 

(also transposon increase), apoptosis, stem cell undifferentiation and so on in 

ovaries (Clough et al., 2007; Ishizu et al., 2012). Among of them, the expression 

change of some long non-coding RNAs (lncRNAs) was detected and their 

activities in eggless mutant ovary are not reported. 

The number of described non-coding RNA genes has undergone recent and 

dramatic expansion as novel untranslated RNA molecules have been discovered 

in genomes of many organisms. Their lengths are similar to protein-coding 

mRNAs, and they have poly-A tail and splicing activity. Although a long non-
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coding RNA was first described about three decades ago (Tupy et al., 2005), its 

functions generally remain elusive. However, the long non-coding RNA whose 

functions were discovered has the ability to form RNA-protein complexes. 

Generally, these transcripts have been shown to mediate transcriptional 

regulation by recruiting chromatin remodeling complexes. For example, there are 

COLDAIR transcript related to vernalization (Heo, J. B. and S. Sung, 2011) and 

roX transcripts (roX1 and roX2) functioning in binding to male-specific lethal 

proteins (Kelley, R. L., 2004). Therefore, LncRNAs are emerging as important 

regulatory factors in molecular genetic and cellular processes although functions 

of most lncRNAs remain to be determined. 

Among of many lncRNAs, I focused on the putative non-coding RNAs 

(PNCRs) which were 17 PNCR transcripts introduced at PNAS journal (Tupy et 

al., 2005). Because PNCRs neither have specific sequence motif nor are 

conserved across species, they were discovered by using positional curation 

instead of finding coding potential and sequence homology. Positional curation is 

the method searching for evidence of specific transcription in segments of the 

genome that lack other annotations (Tupy et al., 2005). It includes RT-PCR, 

northern blot, in situ hybridization and computational research. By using these 

methods, 17 non-coding transcripts were selected from 7,972 individual cDNA 

sequences. As it was revealed that the expression of 17 PNCRs was conserved in 
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other Drosophila species, their biological importance was verified.  

In this study, I selected pncr003:2L from 17 PNCR candidates in RNA-

sequencing data, and I showed that this candidate increases the cell number of 

ovarian follicle cells. I showed that string gene was related to the increase of cell 

number. I supposed that this phenomenon might be related to DREF and osa 

genes, and I guessed that pncr003:2L might interact with DREF or OSA 

proteins. Although I cannot find out the interaction between pncr003:2L and 

these proteins, my findings can provide the possibility of long non-coding RNA 

research related to eggless gene.  
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MATERIALS AND METHODS 

 

Drosophila ovary dissection 

The eggless alleles were w ; egg
2138

/Gcyo (single point mutation line) and w ; 

Dll-MP/Gcyo (deficiency mutant that covers the eggless gene). These lines were 

crossed and maintained at 26℃ in ten days. I selected a w ; egg
2138

/Dll-MP line 

by using Gcyo balancer chromosome that distinguishes it from w ; egg
2138

/Gcyo 

and w ; Dll-MP/Gcyo lines. Dissected ovaries were collected from two- to three-

day-old flies. W
1118 

allele was used as a wild-type strain. 

 

OSC culture 

OSCs were cultured as described (saito et al., 2009). Cell culture medium was 

prepared from Shields and Sang M3 Insect Medium added with 0.6 mg/ml 

glutathione, 10% FBS, 10 mU/ml insulin and 10% fly extract. I collected adult 

Oregon R flies and measured their total weight. Flies were treated with 70% 

ethanol for 5 min, and then washed several times with PBS. Flies were 

transferred to a mortar and 10ml of M3/FBS medium was added. Flies were 

homogenized using a pestle on ice, after which M3/FBS was added to the 

homogenate, giving a final concentration of 0.2g (fly weight) per ml. This 
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homogenate was centrifuged at 7,500rpm for 10min. The supernatant was 

divided into 500ul aliquots and then heat treated at 60℃ for 5min. After aliquots 

were cooled on ice for 3min, This preparation was spun at 13,000rpm for 5min. 

The supernatant was centrifuged at least twice more and the clear supernatant 

then collected. The supernatant was stored at -80℃ before use. Fly extract was 

sterilized by filtration and added to the culture mediun to a final concentration of 

10%. For passaging, OSCs were washed in PBS and then exposed to a solution 

of trypsin-EDTA for 1min at 37℃. Culture mediun was then added to neutralize 

the trypsin. The cells were washed by aspiration in the medium and aliquots were 

pipetted into a 6-well plate (SPL) or a 90-mm cell culturing dish (SPL). These 

were then incubated at 26℃. 

 

Transfection 

OSC transfection was performed as described (saito et al., 2009). Trupsinized 

OSCs (3*10
6
 cells) were suspended in 100ul of solution V of the Cell Line 

Nucleofector Kit V (Lonza) and mixed with 5ug of expression plasmid. 

Transfection was conducted in an electroporation cuvette using the Nucleofector 

instrument (Lonza; program T-029). The transfected cells were transferred to 
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fresh OSC medium and incubated at 26℃ in 48 hours. 

 

Quantitative Real-Time PCR 

Total RNAs of ovaries, OSCs were isolated using TRIzol® (Ambion) 

according to the manufacturer’s instructions. One microgram of total RNA was 

annealed with an oligo-dT primer and a random hexamer. Reverse transcription 

was carried out using SuperScript® III (Invitrogen) according to the 

manufacturer’s protocol. The cDNAs (1/5th diluted RT reaction product) were 

amplified by LightCycler® SYBR Green I master (roche). Each PCR reaction 

was performed with following mixtures: 5ul of LightCycler® SYBR Green I 

master, 0.5uM of forward and reverse primers and 1ul cDNA in a 10ul of total 

volume. PCR cycles were as follows: 1 cycle of 95 ℃ for 5min; 45 cycles of 

95℃ for 10sec; 58℃ for 10sec, 72℃ for 10sec. The data from this experiment 

were analyzed by using the comparative Ct method (Willems et al., 2008). 

 

RNA biotinylation, pull-down assay 

A biotin-labeling of pncr003:2L RNA and antisense pncr003:2L RNA was 

carried out using the Biotin RNA Labeling Mix (Roche) and T7 RNA 

polymerase. Biotinylated RNAs were treated with RNase-free DNase I (takara) 
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and purified using phenol/chloroform extraction. Two picomole biotinylated 

RNA was mixed with lysis buffer and 100ug of OSC whole cell extract. OSC 

whole cell extract was prepared in a lysis buffer containing 20mM Tris-HCl 

(pH8.0), 100mM KCl, 5mM MgCl2, 2mM DTT, 0.1% Triton X-100, and 

protease inhibitors. After incubating samples at 30℃ for 1 hour, streptavidin 

agarose beads (Thermo Scientific) washed by lysis buffer were added to each 

binding reaction and incubated at RT for 1 hour. Proten loading buffer was added 

to each samples, and boiled 95℃ for 5 minutes. The mixed protein was 

visualized by western blot. 

 

Western blot 

 Protein samples were separated on 10% SDS-polyacrylamide gel (PAGE). 

Proteins were transferred to PVDF membrane (Millipore) for 1h at 200 mA by 

using Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). The membrane 

was blocked in 5% (w/v) skim milk (BD) with PBS-T (0.1% (v/v) Tween-20) for 

over-night. Primary antibody to anti-V5 (Sigma) was bound to DREF-V5 in 1% 

(w/v) BSA (Bovogen) with PBS. Proteins were detected by ECl solution 

(Thermo Scientific) and exposed to X-ray film. 

 



- 12 - 

RESULTS 

 

Pncr003:2l gene was overexpressed in eggless mutant ovaries 

Before the expression fold change of PNCR transcripts between wild-type and 

eggless mutant ovaries was measured, RNA-sequencing and its data analysis 

were performed (This experiment was not performed by me). RNA-sequencing 

is a technology that facilitates analysis of gene expression at transcriptome level. 

This method has clear advantages over existing approaches and is expected to 

revolutionize the manner in which eukaryotic transcriptomes are analyzed (Wang 

et al., 2009). Various gene expression fold changes are dicovered (Figure 1a). 

They are related to piRNA biogenesis, apoptosis, tumorigenesis, and putative 

non-coding RNAs. and I focused on the expression changes of PNCRs. 

However, as time goes by, Non-coding RNA analysis methods have been 

developed and protein coding activities of 5 PNCR candidates were revealed. So, 

5 candidates (pncr001:3R, pncr005:2R, pncr006:X, pncr007:3R and 

pncr010:3L) were excluded from anaysis data (Figure 1b). The expression fold 

differentiation of 5 candidates (pncr002:3R, pncr012:2L, pncr015:3L, 

pncr016:2R and pncr017:3R) was not detected. So, 7 candidates (pncr003:2L, 

pncr004:X, pncr008:3L, pncr009:3L, pncr011:3L, pncr013:4, pncr014:3L) were 
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left and I focused on pncr003:2L transcript whose fold change level is about 20 

fold in eggless mutant and highest. 

 

The number of OSC was increased in pncr003:2L overexpressed sample 

To identify functions of this non-coding transcript, I performed pncr003:2L 

overexpression using ovarian somatic cell (OSC) transfection. OSC is part of 

somatic cells which are around germline cells of the ovary, and it contains only 

mitotically active early somatic cells (saito et al., 2009). Because eggless gene is 

activated at early stage of Drosophila oogenesis, I regarded OSCs as suitable 

cell-lines in my experiments. By using pAC5.1 vector, I cloned pncr003:2L - 

pAC5.1 vector. Considering the strand specificity of lncRNAs, I performed the 

cloning experiments about anti-strand of pncr003:2L. So, I performed 

transfection experiments about three type vectors (Figure 2a).  

At first, I discovered that the cell number of pncr003:2L overexpression 

sample was 2.7-fold higher than that of anti-sense control (Figure 2b, 2c). To 

verify the effects induced by pncr003:2L, I carried out qRT-PCR analysis about 

pncr003:2L. As results, the expression level of pncr003:2L in pncr003:2L 

overexpression sample was 65-fold higher than that in anti-sense control (Figure 

2d). Therefore, the cell number of OSCs was increased by pncr003:2L.  
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string was overexpressed in pncr003:2L overexpressed sample 

 To determine the phenomenon at transcription level, I searched many genes 

related to cell growth. Because most of the long non-coding RNAs whose 

functions are revealed form RNA-protein complexes and modify histone code 

(Wahlestedt, C., 2013), it might regulate the expression of mRNAs and I 

searched the possible target genes and proteins of pncr003:2L by searching 

research papers and using qRT-PCR about them. 

 Candidates of target genes were including components in hedgehog pathway, 

notch pathway, wingless pathway, and cell cycle. Their pathways are known as 

inducing development of ovarian follicle cells (Klusza and Deng, 2011; Li et al., 

2009). So, I selected candidates which are hh, ci, ptc and smo in hedgehog 

pathway, notch in notch pathway, wg in wingless pathway and cycA, cycB, 

cycB3, cycD, cycE, cdk1 and string in cell cycle. 

 Among of these genes, I found that the expression level of string gene was 6 

fold-higher than that of anti-sense control (Figure 3a). The string gene, CDC25 

homolog, is known to control the transitions from G2 to M phase by activating 

Cdk1 (Inaba et al., 2011). As a result, a string gene can make the number of 

follicle cell increase, and it was verified (Inaba et al., 2011). Furthemore, I found 

detailed mechanism which regulates the string gene expression. Considering the 

ability of forming RNA-protein complexes, I supposed that pncr003:2L would 
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be related to DREF (DNA replication-related element factor) and osa genes. 

DREF positively regulates DRE sequence containing genes (Nakamura et al., 

2008). The osa gene has DRE sequence and forms BAP Complexes that 

positively regulate target gene, that is, string (Mohrmann et al., 2004). Therefore, 

I supposed that pncr003:2L will be related to each step by binding protein 

(Figure 3b). However, the expression level of osa gene is 3.8 higher than that of 

antisense control (Figure 3c). Therefore, I focused on the binding DREF-

pncr003:2L interactions. 

 

DREF-pncr003:2L binding activity analysis 

 To determine the protein binding activity of pncr003:2L, I carried out RNA-

pulldown assay and western blot. RNA pull-down assay was performed to 

identify RNA-protein binding reaction analysis by many research papers (Rinn et 

al., 2007; Heo, J. B. and S. Sung, 2011).  

 To detect the DREF protein, I cloned the pAC5.1-DREF-V5 vector, and DREF 

protein was overexpressed in OSCs by using transfection. I carried out the RNA 

pull-down assay and western blot. However, I cannot find out the DREF protein 

and difference between biotinylated anti-pncr003:2L transcripts and pncr003:2L 

transcripts because of my poor experiments. Therefore, I concluded that the 

intereaction between pncr003:2L and DREF protein remained unknown. 
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Discussion 

 

 PNCR research paper was published nine years ago, and 17 PNCR candidates 

were registered at flybase homepage, a comprehensive database for information 

on the genetics and molecular biology of Drosophila (http://flybase.org). 

Because of this reason, 17 PNCR candidates were identified easily from RNA-

sequencing analysis data (This part was not carried out by me). However, the 

possibility of interactions between eggless and other unknown lncRNAs cannot 

be ignored. LncRNAs in Drosophila have been revealed continually by using 

CAGE (cap analysis of gene expression) sequencing, poly-A RNA-sequencing, 

and diverse database sources and so on (Hoskins et al., 2011; Young et al., 2012). 

Recently, additional RNA-sequencing experiments were carried out, and I will 

identify other lncRNA candidates whose expression level changes are discovered 

after RNA-sequencing data are analyzed.  

 To identify functions of pncr003:2L, I performed this non-coding transcripts 

overexpression using OSC transfection. However, this experiment may ignore 

the pncr003:2L effects of germline cells because OSCs only contain somatic 

cells of flies ovary. To analyze the effects of this phenomenon at various angles, 

Flies crossing experiments are needed and knock-down experiment of 

http://flybase.org/
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pncr003:2L used by UAS-GAL4 systems is being carried out. If this experiment 

is succeeded, it will supplement pncr003:2L overexpression related data. 

 In my paper, RNA pull-down assay and western blot analysis were not 

successful. Uncertainly, it may be induced by detergent (Triton X-100) in lysis 

buffer because it may react bradford solution so that protein weights were 

overestimated. Also, I may research the wrong pathway related to string gene, 

and pncr003:2L may not form RNA-protein complex. Therefore, it is necessary 

to find the whole proteins binding to pncr003:2L, and these proteins need to be 

found out by Mass spectroscopy. 

 In my research, interactions between eggless and pncr003:2L remain to be 

obscure. Because the expression level changes of eggless between pncr003:2L 

overexpression sample and anti-sense control were not detected (Figure 4a), it 

may be difficult to decide a direct interaction between them. However, mutation 

of eggless induces apoptosis (Wang et al., 2011), and the expression level 

changes of apoptosis related genes (rpr, hid) between transfection samples were 

detected (Figure 4a). Thus, I carefully predict the indirect interactions about 

them though apoptosis stimulus (Figure 4b). Also, it may be feedback loop 

against apoptosis stimulus because pncr003:2L make OSC cell number increase. 

To identify detailed interactions of them, supplementary experiments are needed. 
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FIGURES AND LEGENDS 

 

Figure 1. Analysis of the gene expression level changes from RNA-

sequencing data 

 

(a) Changes of gene expressions against to eggless knockout. There are largely 4 

groups including piRNA, apoptosis, stem cell, and long non-coding RNA. 

 

(b) Classification of PNCR transcripts from RNA-sequencing data according to 

expression level change. 5 candidates were excluded from anaysis data. 

pncr003:2L transcript whose fold change level is about 20 fold in eggless mutant 

and highest. 
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(a)  

 

 

 

 

(b)  
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Figure 2. Functional analysis of pncr003:2L 

 

(a) Schemes of pAC5.1-pncr003:2L transfection to ovarian somatic cells 

 

(b) The cell number of pncr003:2L overexpression sample was 2.7-fold higher 

than antisense control. This figure was taken by Nikon Eclipse TS100 at 200X 

fold. 

 

(c) Identification of pncr003:2L overexpression. It was 65 fold higher than 

pAC5.1 control sample. 
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(a)  

 

(b)  

 

(c)  
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Figure 3. Identification of target genes related to follicle cell growth 

  

(a) qRT-PCR analysis of target genes. string gene is the highest level up among 

of many genes related to follicle cell growth.  

(a1) a raw data of qRT-PCR. The far left lines are those of rp49 gene, 

housekeeping gene. 

 

(b) DREF and osa genes pathway related to string. DREF protein positively 

regulates DRE sequence containing genes, the osa gene. It forms BAP 

Complexes that positively regulate target gene, that is, string. 

 

(c) The experiment about expression level change of osa gene. The expression 

level of osa gene is 3.8 higher than that of antisense control. 
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(a)                              (a1) 

  

 

(b)                                            (c) 
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Figure 4. Possibility of pncr003:2L and apoptosis 

 

(a) The expression level changes of eggless, hid, rpr genes. Although the 

expression level of eggless was little changed, expression level of hid and rpr 

genes in pncr003:2L overexpression sample was higher than that in anti-sense 

overexpression sample. 

 

(b) Interactions of pncr003:2L and apoptosis are two possibility. pncr003:2L 

may stimulate cell growth signal, and it may stimulate apoptosis signal. Another 

possibility is that pncr003:2L may stimulate both of them. 
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(a)  

 

 

(b)  
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ABSTRACT IN KOREAN 

 

eggless mutant에서 발현이 증가하는 putative non-coding 

RNA (PNCR)의 기능 규명 

 

 eggless (dSETDB1)는 초파리의 난소형성에 중요한 역할을 하는 histone 

methyltransferase (H3K9me3) 계열의 효소로써, 이 유전자가 제대로 발현

되지 않을 경우 piRNA 감소, apoptosis 등의 현상이 발생하며 그 중에서 

putative non-coding RNA (PNCR)의 발현량이 변하는 것을 관찰할 수가 

있다. PNCR은 2005년 PNAS 논문에서 발굴한 17개의 non-coding RNA로

써, 일부를 제외하면 아직 기능이 제대로 밝혀지지 않은 long non-coding 

transcripts이다. RNA-sequencing 자료를 분석한 결과, pncr003:2L 후보

가 eggless mutant ovary에서 wild type (w1118)보다 20배 증가한 것을 확

인하였다. 이 전사체의 기능을 알아보기 위해 OSC transfection을 진행하였

는데, 그 결과 OSC의 세포수가 증가한 것을 확인하였다. 이 현상을 규명하

기 위해 세포 수 증가와 관련된 여러 표적유전자를 검색하여 이에 대한 

qRT-PCR을 진행하였으며, 그 중에서 string 이라는 유전자가 이에 관련된 

것을 확인하였다. 이를 명확하게 하기 위해 이와 관련된 DREF, OSA 단백질

과 pncr003:2L 간의 상호작용을 확인하려 하였으나 실험설계의 문제로 명

확하게 밝혀내지 못하였다. eggless 와 pncr003:2L에 대해서는 직접적인 상

관관계는 찾아내지 못했지만, apoptosis와 관련이 있을 것으로 추정된다. 

 

주요어: eggless, 초파리 난소, putative non-coding RNA, 세포성장, string, 

DREF 

 

학번: 2012-21149 
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