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Studies on the acceleration mechanism for CACTA

transposon activity
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Transposable elements constitute the major part of the genome in many eukéryotic organisms.
Transposons and their remnants cause gene disruptions and genomic féarrangements. In
addition, transposons often affect expression of neighboring genes. Flithermore, recent
studies showed a part of transposon-derived sequences and proteins participéte in host cellular
processes.

In plants, most of these elements are not transcribed under normal conditicrs. A common
feature of these sequences is heavy methylation. DNA methylation generally suppresses gene
expression in both mammals and plants. In mammals, many cytosines in CG context are
methylated. These methylated cytosines are involved in several epigenetic phenomena, e.g.
X-chromosome inactivation, imprinting and silencing of transposable elemerits. In plants,
cytosines in all contexts (CG, CHG and CHH; where H is A, C or T) have a potential to be
methylated. In Arabidopsis thaliana, identified DNA methyltransferases appéar to have
preference for sequence contexts. METHYLTRANSFERASE 1(MET1) gene, which is a mouse
DNA methyltransferase 1 (Dnmt1) homolog, is responsible for cytosine mettiylation in the CG
context by maintenance mechanism. CHROMOMETHYLASE 3 (CMT3) is thought to regulate it
in the CHG context. DOMAINS REARRANGED METHYLTRANSFERASE 2 (DRM2) is thought
to be a de novo methyltransferase and to act on cytosines in all contexts. Defécts in DNA
methyliransferases result in transcriptional activation of transposons. However, the silencing
mechanism of the transposon by host and the maintenance mechanism of transposon activity
remain puzzling. For most transposons, the epigenetic alterations by defects of epigenetic
modifiers often become heritable. These alterations are not recovered even éfter backcross 1o
wild-type plants. In addition, the backcross brings epigenetically wild-type alleles into the F1
generation. Such epigenetic heterogeneities between epimutated allele and uhaffected allele
make it difficult to assess these epigenetic alterations.

Many phenomena as results of transposon mobility have been described iti cultivar of maize,
morning glory and snapdragon. It has long been known that maize trarisposons sometimes
switch their phases between active and inactive without changes in nuclestide sequence. For
instance, it has been described that the Spm transposon in maize transits arfiéng three phases:
(i) cryptic (stable inactive), (i) programmable (unsettled) and (iii) active phases. The correlation
has been reported between these phases and their DNA methylation léel. However, the
molecular basis for the connection between the host regulator and transposon are poorly
understood.

The CACTA transposon, which is a DNA-type transposon, transposes throtgh “cut (excision)

& paste (insertion)” mechanism. In Arabidopsis, the mobility of CACTA transposon is observed
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in a mutant named Decreased in DNA Methylation1 (ddm71). DDM1 gene encodes a
chromatin-remodeling factor but not DNA methylase. Although it is still utitlear whether the
reduction of DNA methylation is a direct trigger for the activation of CACTA, the ddm?1 mutant
shows the genome-wide hypomethylation. Backcross analysis revealed that activated CACTA
transposons maintain its activity even in wild-type background, suggjésting epigenetic
alterations induced by ddm1 is also heritable. Behaviors of CACTA family ifi Arabidopsis are
relatively easy to trace because of the low copy number and the availability of the
comprehensive Arabidopsis genomic information. In addition, CACTA transposons are
uniformly heavily methylated and silent in wild-type Arabidopsis plants; allowing us to
investigate its activation process.

In the present study, | focused on the excision activity of CACTA tratisposon and DNA
methylation status at early step of the activation by the ddm? mutatioh. The progressive
reduction of DNA methylation level at CACTA loci and the progressive incrétrient in the excision
activity were observed in proceeding generations of the ddm7 mutant. Additionally, a monitoring
system using a reporter gene provided an evidence that transposases derived from endogenous
locus were supplied in all tissues examined and that trans-acting factors contributed to the
difference of the CACTA activity between generations. Furthermore; segregation of a
non-autonomous copy CACTAZ (CAC2) from an autonomous copy CACTA1 (CAC1) leads to
inefficient hypomethylation at the CAC2 locus in the ddm1 mutant backgroutid, especially at the
3" terminal end. The excision activity of CAC7 and CAC2 that were exposed by the ddm?
mutation increased even in the DDM1-functional background. This result suggests activated
CACT1 by the ddm1 mutation can boost its own and its family activities. i further studies, |
examined endogenous factors involved in regulation of the CACTA activity iti the ddm7 mutant
background by examination of double mutants of ddm7 and other epigerigtic regulators. The
results suggest that MET1 and CMT3, which are DNA methylases, and KYP and RTS1, which
are histone modifiers, are also involved in suppression of the CACTA &ttivity in the ddm?
background. Although the small RNA pathway is a common regulator of trafisposons in animals
and plants, the small RNA components did not affect in the CACTA activity. The progressive
reduction of DNA methylation that were observed in the ddm7 background &ould be due to the
eventual positive-feedback of the CACTA activity as a result of the competition between active
CACT and other epigenetic factors. After exposure to the ddm1 mutation, CACT and CACZ are
activated. Then, CACT overcomes the remaining effects of other factots involved in the
suppression of the CACTA activity. This study showed that active CACT might hamper the DNA

methylation as a host defense mechanism.
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