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MicroRNA: Fine-tunes the function of genes in zebrafish
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Abstract

MicroRNAs (miRNAs), 18-25 nt single-stranded RNAs, act as regulators in fine-tuning gene
function. The absence of mMiRNAs is not life-threatening in early embryonic development of Dicer-
knockout zebrafish and mice, which may account for genetic expression of various traits as a result
of miRNA complexity in higher animals during natural evolution. The Pol-I1-mediated intronic
miRNA is a useful tool to validate the function of computer-predicated miRNAs in zebrafish and

mice.
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MicroRNA (miRNA), a class of 18-25 nt single-stranded RNA, used to be considered as the
debris of gene transcripts. In 2000s, the observations that the abundant non-coding RNASs
regulate the expression of protein-coding genes became a breakthrough in the understanding
of the post-genome gene functions.

The miRNA is a small regulatory single-stranded RNA. The miRNA is transcribed from the
DNA segment, which codes for a precursor of miRNA (pri-miRNA), but is not translated into
protein. The pri-miRNA includes the miRNA sequence and its reverse-complement base pair
to form a small hairpin RNA (shRNA) with a nucleotide loop at one end. The pri-miRNA is
cleaved at the base of the ShRNA stem region by Drosha, a nuclear enzyme, to form a pre-
miR-NA. The pre-miRNA molecule is then actively transported out of the nucleus by Exportin
5. In the cytoplasm, the enzyme Dicer cuts the hairpin loop and one of the stem arm out of the
pre-miRNA to form the mature miRNA.

The miRNA functions in gene regulation. It is partially complementary to a part of one or more
mRNAsS, usually at a site in the 3'-UTR. Binding of the miRNA to the mRNA inhibits protein
translation and/or triggers the degradation of the mRNA transcript through a process similar

to RNA interference (RNAI).

Recent new evidence suggests that the miRNASs act as regulators in fine-tuning gene functions
[1,2]. These observations have pinpointed the important but not life-essential role of miRNAs
in regulation of morphogenesis, suggesting a function of miRNAs in fine-tuning genes
involved in the brain development. In the study of [2], a family of miR-430 miRNA was
identified and the genomic locus composing of multiple miR-430 copies was found to be
clustered. This type of conserved clusters was also observed in other animal genomes [4].
Conceivably, more than one miRNAs target on the same genes because the interaction between
the miRNA and its target mMRNA is based on partial complementarity. Thus, the partial
complementarity and multiple miRNA clustering may provide a more delicate means for
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regulating gene expression. Further, even though important roles for miRNAs during
embryonic morphogenesis and differentiation were suggested, none of the signaling pathways
known to be affected during embryonic morphogenesis was markedly affected in the Dicer-
knockout zebrafish, indicating that the absence of miRNAs is not life-threatening. Similar
observations were reported in murine ES cells after Dicer ablation [4].

The fine-tuning of gene functions by miRNAs may account for genetic expression of various
traits, consequently, any dysregulation of this miRNA mechanism may lead to genetic diseases.
One good example is fragile X syndrome, which represents about 30% of human inherited
mental retardation. CGG repeat (rCGG) expansion inthe 5-UTR of FMR1 gene is the causative
mutation in 99% of individuals with fragile X syndrome [3]. The FMR1 gene encodes an RNA-
binding protein, FMRP, which is associated with polyribosome assembly in an RNP-dependent
manner, therefore, is capable of suppressing translation through an RNAi-like pathway. FMRP
also contains a nuclear localization signal (NLS) and a nuclear export signal (NES) for shuttling
certain miRNAs between the nucleus and cytoplasm. Probably, CpG methylation in the
FMR1 rCGG expansion is triggered by a hairpin RNA derived from the 3'-UTR of the
FMR1 expanded allele transcript. The hairpin RNA, processed by Dicer, triggers the formation
of RNA-induced initiator of transcriptional gene silencing on the homologous rCGG sequences
and results in heterochromatin repression of the FMR1 locus [3].

These examples suggest that natural evolution gives rise to more complexity and more variety
of miRNAs in higher animals and plants. Again, these miRNAs coordinate the vast gene
expression volumes and interactions in higher animals and plants. As a result, any dysregulation
of miRNAs may interfere with the fine-tuning mechanism of genes and leads to genetic
diseases. These examples also suggest that most miRNAs may not control the life-essential
gene expression in a none-or-all fashion, but rather coordinate the fine-tuning of the
transcriptional and post-transcriptional gene regulation.

A comprehensive screening of mMiRNA expression patterns in zebrafish development also
revealed that most miRNAs function in tissue fate establishment, differentiation, and
maintenance of tissue identity, but not life-threatening [6]. Given that many miRNA genes are
clustered in the genome and probably expressed as one primary transcript, it is logic to predict
that many of these clustered genes encoding miRNAs showed identical or overlapping
expression patterns. Again, these findings suggest that the miRNA functions in specific and
diverse, temporal and spatial, fine-tuning for crucial differentiation and development and that
the miRNA may be transcribed with the protein-coding gene at the same time by Type Il RNA
polymerases (Pol- I1). Indeed, Wienholds et al. [6] and others have identified numerous
miRNAs located in the intron of protein-coding genes (Table 1). However, these intronic
miRNAs were predicted based on computational programs and need to be validated for their
functional significance.

Fig. 1 shows a Pol-11-mediated concurrent synthesis of mMRNA and intronic miRNAs. The
conventional central dogma of molecular biology is the transcription of DNA to RNA to
protein, which forms the backbone of molecular biology and is represented by four major
stages. First, the DNA replicates its information in a process that involves many enzymes:
replication, (not shown). Second, the DNA codes for the production of messenger RNA
(mRNA) during transcription, also known as the RNA synthesis. In chromosomes, DNA acts
as a template for the synthesis of RNA. In most mammalian cells, only 1% of the DNA sequence
is copied into a functional MRNA. Third, the mRNA is processed and migrates from the nucleus
to the cytoplasm in eukaryotes. Fourth, MRNA carries coded information to ribosomes, which
“‘read’” this information and use it for protein synthesis. The non-coding sequences are
subtracted from the coding sequences of a gene in order to transcribe DNA into mRNA. The
non-coding sequences located in introns are removed from the pre-mRNA by RNA splicing.
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The fragments of the spliced introns are transported out of the nucleus and processed as intronic
miRNAS, which bind to the mRNA transcript and suppress the protein-coding gene expression
based on partial complementarity.

The man-made intronic miRNA system has been experimentally demonstrated in zebrafish.
Previously, we have discovered that the biogenesis of miRNA-like precursors from the 5'-
proximal intron regions of gene transcripts (i.e., pre-mRNAS) is mediated through the
mammalian Pol-11. Based on this observation, a unique miRNA-inducing vector construct was
developed [1]. Using man-made introns containing hairpin-like miRNA precursors (pre-
miRNA), we were able to generate mature miRNA molecules. These miRNA molecules
triggered specific gene silencing in several human cancerous cells and rat neuronal stem cells
in vitro, as well as in chicken embryo and zebrafish in vivo [5]. The prerequisites for this type
of miRNA generation are (a) the coupled interaction of nascent pre-mRNA transcription and
intron excision, occurring within certain nuclear regions proximal to genomic perichromatin
fibrils, (b) formation of mature miRNAs after Pol-11 RNA splicing and excision processing,
and (c) the exons of the encoding gene transcript are ligated together to form a mature mRNA
for protein synthesis of the encoding gene.

In a nutshell, unique features of the intronic miRNA expression system are the following: First,
they are compatible with Pol-11 RNA transcription capable of tissue-specific and gene-specific
targeted gene silencing. Second, they are compatible with drug-inducible promoters for
developing Tet-On or Tet-Off cassettes. Third, the promoters and vectors as well as intronic
pre-miRNA inserts are interchangeable. And, lastly, multiple pre-miRNA (cluster) insertion
can be developed.

Research into the identification of miRNAs advanced exponentially during 2005, and the view
that has emerged is that miRNA may be fine-tuning the minute events of biological
development. The challenge now is to validate the function of the computer-searched miRNAs
in the diverse biological systems so that the functional significance of miRNAs can be fully
established. To this end, man-made miRNA expression systems are readily available tools for
the elucidation of the vital function of these non-coding small RNAs in zebrafish.
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Schematic diagram of protein synthesis and intronic miRNA formation.
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