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INTRODUCTION 

 

Since the discovery of the first small regulatory RNA molecules (Lee et al., 1993; 

Wightman et al., 1993), microRNAs (miRNAs) have become one of the most studied fields 

in molecular biology. These small non-coding RNA molecules form a gene regulatory 

network comparable to that of transcription factors by targeting mRNA molecules via 

sequence complementarity (Filipowicz et al., 2008; Carthew & Sontheimer, 2009; Ghildiyal 

& Zamore, 2009; Slezak-Prochazka et al., 2010). Most of these 20–24 nucleotide (nt) long 

molecules are formed via a canonical pathway, beginning with the transcription of a long 

primary precursor (pri-miRNA) with hairpin structure, followed by the cleavage of the 

nuclear RNase III-like enzyme Drosha, mediated by its partner protein, DGCR8. The so 

formed pre-miRNA is then recognized and transported by the Exportin-5 shuttle system to 

the cytoplasm where Dicer, another RNase III-type enzyme, produces the double-stranded 

miRNA:miRNA* duplex. Further processing involves the incorporation of this species into 

an Argonaute protein containing RNA-induced silencing complex (RISC) where one strand 

is removed and the mature RISC is formed. The regulatory effect is then manifested by the 

destabilization and/or translational inhibition of the target mRNA molecule via partial base 

pairing of the miRNA and the 3'-untranslated region (3'-UTR) of the mRNA (Huntzinger & 

Izaurralde, 2011). 

Owing to the development of molecular biology techniques and bioinformatics tools, 

there are emerging data on various alternative miRNA maturation routes beside the 

canonical miRNA biogenesis pathway. The alternative biogenesis pathways could bypass 

certain steps of the canonical process, typically one of the two cleavage steps. Therefore, 

there are Drosha-independent and Dicer-independent alternative maturation pathways 

(Miyoshi et al., 2010; Yang&Lai, 2011).  

The most prominent Drosha-independent miRNA biogenesis is the mirtron pathway 

which was first described in Drosophila melanogaster and Caenorhabditis elegans 

(Okamura et al., 2007; Ruby et al., 2007). MiRNAs of mirtron origin are localized in short 

introns (50-100nt) where the whole intron is essentially equivalent to the pre-miRNA form. 

This allows that the first step of the mirtron processing is different from the canonical one: 

the pre-miRNA is cleaved out from the primary transcript by the splicing machinery instead 

of the Drosha/DGCR8 complex. 
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Beside invertebrates, bioinformatics studies and small RNA data analysis suggested the 

existence of the mirtron biogenesis pathway also in vertebrates (Berezikov et al., 2007; 

Babiarz et al., 2008; Glazov et al., 2009; Chong et al., 2010; Babiarz et al., 2011). Moreover, 

among other mammalian species, mirtrons were predicted to be present also in humans, but 

experimental validations or detailed investigations in these species were still remained.  

 

 

AIMS  

 

One of the most widespread non-canonical miRNA maturation routes is the mirtron 

biogenesis pathway. It was discovered in invertebrates, but was also predicted in vertebrates, 

e.g. in mammals. Since at the beginning of my work there was no experimental evidence for 

the existence of the mirtron biogenesis pathway in these species, we decided to investigate 

the following:   

 

� Processing of functional mature miRNAs from three predicted human and 

one Drosophila (control) mirtron from their original genomic coding 

context in human cells.  

 

� Investigation of the effect of the harboring exon sequences on mature 

miRNA processing for the chosen mirtrons, analysis of their expression and 

function from a heterologous coding context. 

 

� Development of stable mirtron-expressing cell lines by using the Sleeping 

Beauty transposon based gene delivery system. 

 

� To provide evidence for the mirtron biogenesis pathway in mammals: 

investigation of splicing dependency and Drosha/DGCR8 independency of 

miRNA processing from predicted mirtron origin. 

 

� Direct detection of mature miRNAs of mirtron origin. 
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METHODS 

 
� We have made more than fifty plasmid constructs for our experiments (mirtron/ 

miRNA expressing and control vectors, luciferase sensor/ mutant sensor 

plasmids, etc.). They were made by standard molecular cloning methodologies. 

Subsequently, the transfection efficiencies of these vectors were followed by 

EGFP fluorescence. 

 

� The applied mirtron, control and exon coding sequences were selected by 

various bioinformatics tools, available free of charge on the internet. 

 

� Splicing of the predicted mirtron sequences were examined 48h after transfection 

by the isolation, reverse transcription and PCR (RT-PCR) of total RNA samples. 

Accurate splicing was verified by sequencing the PCR products.  

 

� The function of mirtron derived mature miRNAs was detected by luciferase 

assays, applying sensor and mutant sensor constructs, as well as ’non-cognate’ 

miRNA controls. 

 

� We established stable mirtron- and canonical miRNA-expressing cell lines by 

the Sleeping Beauty transposon based gene delivery system. We used EGFP 

fluorescence for sorting the cells. 

 

� We have confirmed the existence of mirtron biogenesis pathway in two different 

ways. First, we proved splicing dependency by making and investigate (RT-

PCR, luciferase assay) 5’ splicing mutant mirtron expressing vectors. Second, 

we demonstrated Drosha/DGCR8 independence by luciferase assays in DGCR8 

deficient mouse embryonic fibroblast cells. 

 

� For the direct detection of human mirtron derived mature miRNAs, we applied 

Northern blot and stem-loop quantitative RT-PCR techniques. 
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RESULTS  
 

� We have found that the investigated predicted human mirtrons were able to 

splice out from their original genomic environment. However, the splicing 

efficiencies were different and generally low for each mirtron construct. In spite 

of the good splicing predictions, the Drosophila mirtron control was not able to 

splice out from its harboring genomic exons in mammalian cells.  

� Out of the three investigated predicted mirtrons, only two (mir-1226 and mir-

877) could generate functional mature miRNAs, when expressed from their 

original genomic context. 

� When expressing predicted mirtrons from a heterologous coding context, in the 

case of mir-1226 and mir-877, we got similar results to that of mirtrons 

expressed from endogenous coding context.  

� We successfully developed stable mirtron-expressing cell lines by the Sleeping 

Beauty transposon based gene delivery system. We did not find any conspicuous 

difference among the developed, mirtron overexpressing and the parental cell 

lines during normal cell culture conditions. These data indicate that expression of 

the investigated mirtrons does not interfere with the expression of essential 

genes.  

� We have found that mir-877 can liberate functional mature miRNAs from both 

of its 5’- and 3’-arms simultaneously in various cell types examined. The miR-

877-3p repressed the luciferase sensor significantly, and it was comparable to 

that of miR-877-5p. 

� The 5’ splice site mutation of mir-1226 and mir-877 abolished the generation of 

functional miRNAs from these sequences. It has proved the splicing dependency 

of mature miRNA processing from the mir-1226 and mir-877 mirtrons.  

� In contrast to the canonical miRNA control, functional mature miRNAs were 

generated from mir-877 in DGCR8 deficient mouse embryonic fibroblast cells. It 

provided evidence that there is Drosha/DGCR8 complex independent mirtron 

biogenesis in mammals.  

� The pre- and mature miRNA forms of mir-1226 were detectable by Northern 

blot analysis, while mir-877 derived miRNA forms were not. 

� For the reliable detection of mir-877 derived mature miRNAs, we optimized the 

stem-loop quantitative RT-PCR technique. During these experiments: 
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o we determined the optimal amount of the total RNA for the reverse 

transcription reaction for various endogenous controls; 

o we have shown that the target miRNA of interest can be reverse 

transcribed together with the appropriate endogenous control in one 

reaction; 

o we demonstrated that carry over DNA contamination could severely 

mislead the detection by this technique; 

o we concluded that the effect of the DNA on the measurements is 

sequence specific, since only DNA containing the corresponding pre-

miRNA coding sequence gave false positive signals; 

o our data revealed that the false positive signal is mostly realized during 

the reverse transcription reaction. 

� After a proper optimization and establishment of a refined protocol of the stem-

loop quantitative RT-PCR, we reliably detected all of the mirtron derived 

functional mature miRNAs by this technique. miR-1226 was detectable at a level 

of one order of magnitude higher than miR-877-5p or mir-877-3p. 

 

CONCLUSIONS 
 

We provided evidence that the splicing dependent and Drosha/DGCR8 complex 

independent mirtron biogenesis pathway exist not only in invertebrates but also in 

vertebrates. There are human mirtron derived functional miRNAs, and their processing is 

independent of the flanking exons. However, experimental validation revealed that there are 

predicted mirtron sequences which are not bona fide mirtrons. Furthermore, we showed that 

mir-877 can liberate functional mature miRNAs from both of its 5’- and 3’-arms 

simultaneously in various cell types examined. Therefore, we would like to emphasize that it 

seems to be important to examine both arms of a particular miRNA when exploring the 

relevant physiological functions. Moreover, our data suggest that neither good splicing 

efficiency nor high overall miRNA expression level is a strict prerequisite for efficient 

mirtron functionality.  

Optimization of the stem-loop quantitative RT-PCR showed a surprising result that 

DNA could serve as a template during mature miRNA measurements, mostly during the 

reverse transcription reaction. Our data suggest that the corresponding pre-miRNA coding 

sequence is detected by the stem-loop primer. Our data that the mir-1226 derived mature 
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miRNA was detected one order of magnitude higher than that of mir-877 by this technique 

could explain why mir-877 derived mature miRNA forms could not be detected by Northern 

blot analysis. 
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