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Piwi-interacting RNA (piRNA) 

functions in the ovarian somatic cells of 

Drosophila melanogaster to suppress the 

expression of certain genes post-

transcriptionally. This form of silencing 

is a primitive immune system to protect 

Drosophila from potentially devastating 

effects of transposable elements (TE) on 

the germline. However, this silencing 

mechanism is still not fully understood, 

and the proteins and protein complexes 

involved are still the focus of 

biochemical research. It has been shown 

that to some extent, the protein Yb plays 

a role in the formation or recognition of 

the RNA-interfering Silencing Complex 

(RISC) characteristic of piRNA 

silencing.1 In order to test the role of 

various cis elements on gene expression 

in the presence and absence of Yb, a 

luciferase assay was set up to measure 

the relative expression of firefly and 

renilla Luciferase in various scenarios. 

The conclusions, while perhaps skewed 

by experimental error, show that our 

simple hypothesis about Yb involvement 

is inadequate in describing the behavior 

of Yb and piRNA activity. 
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Introduction

 The central dogma of genetics – 

transcription of DNA followed by 

translation of RNA into protein – vastly 

oversimplifies the true nature of 

genetics. Transposons, or transposable 

elements (TEs), are an example of DNA 

being moved around by proteins, rather 

than remaining statically in the same part 

of the genome. Because transposons can 

cause deleterious mutations to other 

parts of the genome or an overexpression 

of certain genes, certain organisms, 

including Drosophila melanogaster, 

have developed primitive immune 

systems as a response to transposons. 

Silencing mechanisms involving Piwi-

interacting RNA (piRNA) are especially 

prominent in ovarian somatic cells 

(OSC) of drosophila, where mutations 

from TEs can drastically lower the 

fitness of a female fruit fly.1 

 The piRNA pathway silences 

transposons by first forming RNA-

interfering silencing complexes (RISCs) 

that can bind to transposon transcripts 

and prevent their translation. The exact 

mechanisms by which RISCs form and 

silence transposon transcripts are still 

topics of active biochemical study.  

 It has been previously shown that 

certain 100 nucleotide sequences in the 

3’ Untranslated Region (UTR) of some 

transcripts are crucial in the expression 

of small cis piRNA sequences. It is 

believed that the protein Yb binds to 

these sequences, thereby inducing the 

production of corresponding piRNAs. 

These piRNA sequences in turn reduce 

the expression of target sequences, 

protecting the genome. This is outlined 

in Figure 1.2,3
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Figure 1. Predicted behavior of Yb protein (or complex) with traffic jam and control 3’ UTRs. It is 
predicted that tj 3’ UTR will induce expression of cis piRNA. 

 
 

In order to study the effects of 

various 3’ UTRs in the presence and 

absence of Yb, we performed a 

Luciferase assay with several ovarian 

somatic cell lines.4 The OSC samples 

were transfected with one of three 

plasmids containing various 3’ UTRs 

connected to the firefly Luciferase gene 

as well as the Renilla Luciferase gene. 

These samples were split in half, and one 

of the two halves was treated with a Yb 

knockdown procedure to eliminate Yb in 

the cell. The ratio of firefly Luciferase 

activity to renilla Luciferase activity was 

measured for each of the six samplese to 

study the effects of the three 3’ UTRs 

and the Yb knockdowns. 

 The hypothesized results are 

shown in Figure 2. It was believed that a 

Yb knockdown in the cell lines would 
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inhibit piRNA activity. Without piRNA 

silencing, firefly Luciferase activity as 

compared to the standardized Renilla 

Luciferase activity would have been 

similarly high in all three Yb knockdown 

samples, regardless of the 3’ UTR 

sequence. In the EGFP control 

knockdowns, it was predicted that Yb 

would stimulate piRNA activity, 

decreasing the Luciferase ratio in cells 

transfected with the recognizable 3’ 

UTR. As discussed in the next section, 

the results did not match up well to our 

hypothesis, possibly indicating the 

existence of a more complex pathway. 
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Figure 2. Hypothesis: in Yb-knockdown strains, we predicted that there would be no expression of cis 
piRNA sequences. Without piRNA to silence the expression of firefly Luciferase, the expression ratios as 
measured by the Luciferase assay would be the same for every strain. In strains which had the control 
EGFP knockdown, cis piRNA sequences would be expressed if Yb had an adequate 3' UTR to bind, 
resulting in lowered Luciferase expression ratios. 
 
 

Results and Discussion

The results of the Luciferase 

assays performed by both myself and Dr. 

Ishizu did not match up to the 

hypothesized data. Data may have been 

skewed by inadequate mixing and 

partitioning of samples, but this could 

not account for the drastic changes from 

expected results. The results of my 

experiment and that of Dr. Ishizu are 

shown in Figures 3 and 4, respectively. 

Since the data from my 

experiment differ noticeably from that of 

Dr. Ishizu’s experiment, several more 

trials should be conducted. While the 
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data are far from our prediction, they are 

enough to discount our simple 

hypothesis, if the experiments were 

performed correctly. We cannot directly 

link Yb to piRNA expression, or at least 

we cannot account well enough for the 

exact effects of Yb and/or piRNA on 

protein expression. There is still much to 

study regarding the piRNA silencing 

pathway and its end effects. Despite the 

results of the Luciferase assay, it is clear 

that the Yb knockdown by RNAi was 

successful. This was shown via a 

Western blot, shown in Figure 5. 

 

 

Figure 3. The results of my Luciferase assay experiment. The Yb knockdown ratios were not stabilized to 
the same level, and the EGFP knockdown with the mcs sequence actually had lower Luciferase activity 

than predicted. 
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Figure 4. The results of Dr. Ishizu’s Luciferase assay experiment. The Yb knockdown ratios were not 
stabilized to the same level, and the EGFP knockdowns showed activity levels varying that in my 

experiment. 
 

 

Figure 5. Western blot showing protein levels by blotting with anti-Yb and anti-Tubulin (followed by a 
secondary anti-Mouse antibody conjugated to horse radish peroxidase). Yb levels are clearly decreased in 

the samples treated with Yb RNAi. Tubulin levels are fairly constant across all samples, indicating 
comparable cell counts. 
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Materials and Methods

To avoid working tediously with 

Drosophila melanogaster, stable tissue 

cultures of Ovarian Somatic Cells 

(OSCs) were developed by the lab. 

These were kept at the optimal 

temperature of 26°C and re-plated with 

PBS washing every two days. Prior to 

transfection and the Luciferase assay, 

half of the six culture wells in the 

experiment were subjected to RNAi to 

knockdown Yb. The other half were 

subjected to a control RNAi to 

knockdown EGFP. All six cultures were 

subjected to one of three plasmids 

containing the firefly and Renilla 

Luciferase genes as well as piRNA 

sequences and one of three 3' UTR 

sequences. One of the plasmids 

contained the tj (traffic jam) 3' UTR, 

while another contained the 3' UTR of 

CG9257. Both of these 3' UTRs should 

bind the Yb protein and induce piRNA 

production to silence firefly Luciferase 

transcripts. The third plasmid contained 

an inert control multiple cloning site 

(mcs) 3' UTR, which should not induce 

piRNA production. The plasmids were 

incorporated into the OSC by 

transfection after following the Xfect 

transfection protocol. The luminescence 

of each of the six wells was measured 

after addition of luciferin substrate. This 

light-producing reaction, catalyzed by 

firefly Luciferase, was quenched with 

the addition of another substrate, which 

emitted light in the presence of the 

standardized Renilla Luciferase. 

Conclusion Since the results differed in 

an unpredictable way from our 

hypothesis, no decisive conclusion can 

be drawn from the data except that our 

predicted relationship between Yb, 
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piRNA, and Luciferase activity was too 

simplistic. Future experiments can 

modify the experimental procedure to 

regulate levels of different proteins 

involved in the silencing pathway or 

different 3' UTRs. There is still much to 

learn about piRNA and its effects in 

Drosophila melanogaster. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



University of Tokyo Research Internship Program 2013 
Kubicki Final Report 
M. Siomi Lab 
 

10 

Bibliography 

 
1. Saito, K., Ishizu, H., Komai, M., Kotani, H., Kawamura, Y., Nishida, K.M., Siomi, H., and Siomi, M.C. 

 (2010). Roles for the Yb body components Armitage and Yb in primary piRNA biogenesis in 

 Drosophila. Genes Dev 24, 2493–2498. 

 

2. Saito, K., and Siomi, M.C. (2010). Small RNA-Mediated Quiescence of Transposable 

 Elements in Animals. Developmental Cell 19, 687–69

3. Ishizu, H. Private notes and figures. 

 

4. Ar, B., Je, T., and Jf, H. (1988). Optimized use of the firefly luciferase assay as a reporter gene in 

  mammalian cell lines. Biotechniques 7, 1116–1122. 

 

 

 


