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Summary

Modern genetics revealed the molecular mechanism of gene regulation based on the
linear DNA base sequences of a gene composed of upstream region, promoter region,
transcribed regions encoding primary transcript, and downstream region. The primary
transcripts of premature messenger (m)RNAs are processed by the splicing mechanism
removing introns. The mature mRNAs are constituted of untranslated regions (UTRS)
and coding region. However, recent research results discovered epigenetics, which
includes heritable gene regulation without change in DNA base sequence.

Epigenetics in fungi, animals and plants includes at least four major categories. These
are as follows, i) RNA interference (RNAI) caused by the introduction of double
stranded (ds) RNA, ii) Repeat induced point mutation (RIP) observed in Neurosora
crassa, which includes methylation of DNA, iii) The maintenance mechanism of
genetic program by Polycomb group (PcG) genes and Trithorax Group (TrxG) genes,
and iv) Gene regulation through the methylation of DNA in plants and animals. In the
last case the epigenetic regulation by CpG methylation in DNA in mammals is
described in Patterns of Heredity and Genetic Alteration: Epigenetics of Mammals.

RNAI is found in Caenorhabtidis elegans, where the introduction of dsRNA of a gene
specifically inhibit the expression of the gene by the effective degradation of the mRNA
of the gene, and therefore RNAI could be observed after the transcription of the gene.

Repeat induced point mutation (RIP) observed in Neurospora crassa includes following
phenomena. A sizeable DNA segment introduced into the genome of Neurospora crassa
cells by transformation causes point mutations in the region of duplicated DNA
segments on the sides of both residential DNA and transforming DNA in one nucleus
during the pre-meiotic dikaryon during the process of sexual cycle before entering into
meiosis.

The dual epigenetic regulation of genes first analyzed by Drosophila melanogaster is
the gene regulation caused by PcG genes, which regulate the genes over the cell cycles
by the repressive mechanism. Conversely, TrxG genes regulate the genes over the cell
cycles by the stimulating mechanism.

Epigenetic regulation observed in Arabidopsis thaliana seems to be similar to those
observed in mammalian gene regulation via DNA methylation. A mutation caused in the
FWA gene showing gene inactivation did not show any of the change in the DNA
sequence. However, it caused the methylation of upstream region of FWA gene. Such a
mutation was called as epi-allele. Although the title of this Topic Perspectives is
“History and Scope of Genetics, the part of history could be observed in several Topic
Perspectives, the author wish to focus on “Scope of Genetics”, that is, “epigenetic
regulation of gene expression”.

1. Introduction

Epigenetic regulation of gene expression is classified into two groups, which are the
genetic regulation of a gene at the transcriptional level, and that at the post
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transcriptional level. RNAI observed in Caenorhabtidis elegans, post-transcriptional
gene silencing (PTGS) in plants and gene quelling in Neurospora crassa are classified
into the gene regulation at the post transcriptional level. These phenomena appeared as
the suppression of gene expression are caused by the introduction of double stranded
RNA (dsRNA) or DNA into the target cells. In this case the genetic expression of a
homologous gene in the targetted cells is suppressed by the destruction of the messenger
RNA (mMRNA). The molecular systems are considered to be genetic defense systems
from viruses such as retrovirus and from mobilization of transposable elements.

Repeat induced point mutation (RIP) was discovered in a filamentous fungus
Neurospora crassa and thereafter related process, methylation induced premeiotically
(MIP) was discovered in a filamentous fungus, Ascobolus immersus. RIP and MIP
inactivate the duplicated DNA sequences in a pair-wise manner by the methylation of
cytosine(C) forming 5mC. Two copies of homologous sequences in one nucleus are
affected simultaneously by the RIP or MIP process. RIP induces several point mutations
in the duplicated DNA by deamination of 5mC causing C to T mutation. However, MIP
induces methylation of cytosine in the duplicated region without causing deamination of
5mC.

Polycomb group (PcG) genes and Trithorax group (TrxG) genes are known to regulate
the hometic genes such as HOM-C gene by the specific mechanism to maintain the gene
regulation for a specific duration at a defined cells during the development of the
organism. PcG proteins suppress gene expression, while TrxG proteins antagonistically
activate the gene expression. PcG gene is not detected in Saccharomyces cerevisiae. In
Caenorhabtidis elegans the existence of two PcG genes was identified. In Drosophila
malanogaster about 100 genes with PRE (Polycomb response elemnt) were detected,
and 30 genes were defined to be PcG genes. Among them 16 genes were identified to
show the function of PcG genes. In Arabidopsis thaliana two genes with the function of
PcG were identified. To control the highly organized program for the morphogenesis of
higher organisms epigenetic mechanisms such as the suppressive function of PcG genes
and stimulative function of TrxG may be evolved.

The epigenetic regulation of gene expression in Arabidopsis. thaliana has special
importance for the genetic analysis of the relationship between genetic regulation by
DNA methylation and by antagonistic regulation by PcG genes and TrxG genes, since
either Saccharomyces cerevisiae, Caenorhabtidis elegance or Drosophila melanogaster,
which are model systems for genetic analysis, show limited levels of methylation of
DNA.

2. RNA interference

Epigenetic gene regulations are largely composed of two major categories, one of which
is regulated during the process of transcription of genes (TGS: transcriptional gene
silencing) and the other is regulated after transcription. Post-transcriptional gene
silencing (PTGS) observed in plants, gene quelling that occurs in Neurospora crassa,
and RNA interference (RNAI) first reported in Caenorhabtidis elegans are included in
the latter categories. The latter three phenomena are caused by the DNA or dsRNA
introduced exogeneously, and results in the suppression of the genes with homologous
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sequences. These phenomena originally found in plants, fungi and Caenorhabtidis
elegans are mutually related in the sense that these processes are closely related to the
molecular defense mechanism from the genetic materials such as retro viruses and also
from retro transposons.

2.1. Process of RNA interference (RNAI)

In the process of RNAIi the dsRNA introduced have the ability to suppress the
expression of homologous genes. The first report was made in Caenorhabtidis elegans,
and then in Drosophila melanogaster and Arabidopsis thaliana similar phenomena are
reported.

In the cells accepting dsSRNA mRNA with the homologous base sequence will be
degraded. The amount of dsRNA required for the suppression of homologous gene
expression is exceedingly small in the amount suggesting that before the process of
MRNA degradation dsRNA is suggested to be propagated or the dsSRNA may have
catalylic activity. The effect of RNAI can be observed through the germ cell line and to
the next generation.

2.2. The genes regulating the process of RNAI

In Neurospora crassa mutations related to the genes regulating the occurrence of gene
quelling were isolated by use of transgene of al-1. The introduction of al-1 gene to wild
type caused albino mutation as a result of gene quilling, from which revertants
producing orange colored conidia were isolated. One of the quelling defective (qde)
mutants, qde-1 was cloned. The putative amino acid sequence of qde-1 gene product is
similar to an RNA dependent RNA polymerase found in the potato. The presence of
qde-1 homologues in Caenorhabtidis elegans ego-1, ORF of Schizosaccharomyces
pombe Z98553 (pom), ORF of Arabidopsis thaliana AF080120 (araB) and tomato
(Lycopersicon esculentum) Y10403 (RaRP) indicates that a conserved gene-silencing
mechanism may exist, which may have evolved to maintain the integrity of the genome
and to protect the genome against naturally occurring transposons and viruses.

In Caenorhabtidis elegans RNA interference-deficient (rde) mutants, rde-1~rde-4 were
identified. The gene rde-1 encodes a protein (RDE-1) with 1,020 amino acids, which
form gene family of 22 genes coding homologues of RDE-1. In Arabidopsis thaliana,
zwille (=pinhead) and argonautel, and in Drosopila melanogaster sting and piwi are the
homologuous genes of rde-1.

Two mutator mutants in Saccharomyces cerevisiae with a high capacity to mobilize
transposon, mut-2 and mut-7 show exceedingly low activity of RNAIi. The putative
amino acid sequence of mut-7 includes a part of bacterial RNase D, DNA Q helicase
(protein for Wernar syndrome), 3', 5' exonuclease such as PM-Scl100 and also 3', 5'
exonuclease domain in DNA polymerase.

2.3. Putative function of small dsRNA in the process of RNA interference

By use of tomato and tobacco (Nicotiana tobaccum) the cell with transgenes with ACO
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and also GFP (gelfish fluorescent protein) genes, or by infection with virus, the
induction of PTGS resulted in the accumulation of 25 bp double stranded RNA. This
short RNA is constituted of sense and antisense strands of mRNA, which included the
nucleotide sequence of transgene. For the process of this short dSRNA accumulation the
sense strand of transgene should be synthesized and also the multiplication of RNA
virus is also required, suggesting that antisense RNA could be produced through the
sense RNA as a template, and that the 25 bp dsRNA denatured may hybridize to the
MRNA, which facilitates the degradation of mRNA at a specific site.

During the process of RNAI, the accumulation of small dsSRNA could be detected. The
cultured cell of Drosophila melanogaster transformed with dsRNA have the
endonuclease activities with high specificity to the small dsSRNA accumulated in the
cell. By use of this extract from embryo in vitro system to analyze the molecular basis
of RNAI was developed, and following results were obtained, 1) in vitro activity to
degrade target mMRNA requires ATP, 2) transcription is not required, 3) added dsRNA is
split into 21-23 bp, and this process is promoted in the presence of ATP without target
MRNA, 4) target RNA can be split at every 21-23 nt at precisely the region covered by
dsRNA, and 5) mRNA can be hydrolyzed at uracil. These results indicate that the
process of RNAI can be catalized by the two steps including the splitting of the dSRNA
to small dsRNA and then the hydrolysis of target mMRNA at uracil.

2.4. RNase activities from dsRNA to siRNA, Dicer

One of the nuclease included in the process to split dSRNA was a member of an RNase
I11 family, and it was designated as Dicer, which had two RNase 111 motifs and at the C-
terminus DNA helicase domain. The hydrolysis of dSRNA by Dicer required ATP, and it
is assumed that the small dsRNA may be unwound by the Dicer and then recognize the
target MRNA by the hybridization to the target mMRNA. The biochemical process of to
split dSRNA to 22 bp dsRNA by Dicer was separated from the other biochemical
process to split target mMRNA by a nuclease complex designated as RNA-induced
silencing complex (RISC).
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