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Studies on control of mobile retrotransposons in Arabidopsis
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< Partl >
Retrotransposons are major components of eukaryotic genome. They have proliferated
in the genome during evolution through their copy-and-paste type transposition.
However, in the current genome, most of them are inactivated by degeneration 61'
silencing mechanism of hosts. In the model plant, Az‘abz’dopsis thaliana, mobile
endogenous retrotransposon have not been found. This is one of the reasons why
characteristics of retrotransposons have not been well investigated in A. thaliana. To
understand dynamics of retrotransposon in the genome, the identification of mobile
endogenous copies is essential.
In Part 1, I described identification of a mobile endogenous LTR (long terminal repeat)
‘retrotransposon, ATGPS3, by through genetic characterization of one of the
developmental abnormalities induced by ddmI (decreased in DNA methylation 1)
mutation. ddml mutant shows genome-wide reduction of DNA methylation, especially
in transposable elements. ddml mutation induces various developmental
abnormalities during repeated self-pollination. ATGPS8 was identified in one of such
abnormalities, called wavy-sepal Using map-based cloning, I found that wavy-sepal
phenotype was caused by an insertion of ATGP3 into FASCIATAI gene. ATGP3 is
transcriptionally activated and it retrotransposed in self-pollinated ddml mutant,
while it is inactive in wild-type. This is the first identification of mobile endogenous

LTR retrotransposon in A. thaliana.

In plants, DNA methylation is observed in cytosines in all three contexts, CG, CHG,
and CHH (H means A, C or T). Methylation at CG sites and non-CG (CHG and CHH)
sites depends on MET1 (METHYLTRANSFERASE 1) and CMT3
(CHROMOMETHYLASE 3), respectively. DDMI (Decrease in DNA Methylation 1),
which encodes a SWI/SNF2 chromatin remodeling factor contribute to the maintenance
of both CG and non-CG methylation. To investigate epigenefic control of ATGP3 by
DNA methylation, I examined retrotransposition of ATGP3 in metl, cmt8, metlemts
mutants. ATGP3 was also mbbilized in the double mutant of metl and cmit3, but not in
metl or cmtd single mutant, suggesting that ATGP3 is repressed.by both CG and
non-CG methylation.

To examine whether activated ATGPS in ddml mutant is re-silenced in DDM1 '
background, I backcrossed ddml mutant with wild-type. ATGPS was transcriptionally
active in twice-backcrossed plants, suggesting DDMI is not sufficient to silence
activated ATGPS3 at least in two plant generations.

I also investigated new insertion sites of activated ATGP3 in ddmI mutant. As a result,
AATGPS integrated various positions of chromosomes, and it did not show biased

integration in the genome, suggesting that ATGP3 does not have integration

— 148 —



specificity.
Identification of ATGPS3 triggered the identification of other mobile retrotransposon in

A. thaliana, and led us to investigate dynamics of retrotransposon.

< Part2 >
The distribution of retrotransposon in the genome is not uniform in the genus-
Arabidopsis. Most of the retrotransposons are located in pericentromeric region. Such
biased distribution is also observed in genomes of other eukaryotic organisms, such as
fruit fly or puffer fish. However, it is not clear how such biased distribution have
formed. There are two hypotheses for the biased distribution. One is that
retrotransposon insertions in genic region have been eliminated by natural selection
and they have remained in gene-poor heterochromatic region. The otheris that
retrotransposons preferentially integrate into pericentromeric region. However, mobile
retrotransposon with targeted integration into such region has not been identified in
plants so far.
In Part 2, T investigated the second hypothesis using another retrotransposon family,
COPIA93. COPIA93 family is one of the retrotranpsposon families mobilized in cfdm]
mutant of 4. thaliana. The same family retrotransposons are abundant in 4. [yrata
and their sequences are very similar to each other, suggesting their recent
amplification in the 4. Iyrata genome. Interestingly, most of the copies of COPIA93 in
A. Iyrata are located in centromeric repeats, implying that they specifically integrate
i;itb centromeric repeats. In order to examine insertion specificity of their de novo
integrations, I cloned and introduced one of the COPIA93 family retrtoranspoéon in 4.
Iyrata, which we named Tall (Transposon of A. lyrata I), into A. thaliana. Introduced
Tall was transcribed and retrotransposed in A. thaliana. Surprisingly, 7all
exclusively integrated into centromeric repeats of the A. thaliana genome, suggesting
that Ta/lhas integration specificity into centromeric repeats.
| In contrast to A. Iyrata, COPIA93 copies in A.thlaiana (ATCOPIA93) do not show
centromere-specific localization, although their sequences are very similar (> 90%
similarity) to. 7a/l. I also introduced ATCOPIA93 into A. thlaiana. ATCOPIA9S
integrated into various positions of chromosomal arm region, suggesting that
ATCOPIA93 does not have targeting specificity into centromeric region. Thus, even
though ATCOPIAY93 and Tall are highly related, their targeting specificities differ
considerably. 7ali provides us useful experimental system to investigate evolutionary

dynamics of retrotransposon.
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BESAMI. LR RS VRARY VRS ) AL RETREFQB D, 20D EE
BPRELT, 4 AEEBEM O Arabidopsis # W THREZ#ED =, T UDIT, B EHE
FRoOL PR LSV RARY VAR RETAHE, KL ke hSVRBY Uity ba
AFRADHO~TF O 0w F VBRI EETIAN AL EZTOBELANL I LCEH
FEWT,

BE—DHHTHD, BETHLEETAIFEEHEZ/F OV I NF VARV VORERX. ddmi
(DNA &R F ) BRGNP ORELEERCEE 2B OERE wavy-sepal DR HE

FFEPHEEETAFCLVERSIRE, v R—R7u—=v LY, wavy-sepal E
Bix NEMHOBS LTR VI ua b VARV U THD ATGP3 B FASCIATAI BEEFIT
EASHh, TOEBETFHENBESNBEILICLVBESBISNIENALNICR T,
TR Eb, ATGP3 ik, 22 b7 ADEAFVLREDS & T, BBEMEL
TN A thaliana ® v ha RS ARV Y TOMHDTOFE LTHERShE
( Nature 461. 2009 ), '

BT 5 DNA A F kX CG ¥ F 2 MET1 {2, non-CG ¥4 b+ (CHG,CHH)
N CMT 3L o THEMSHD, DDML i, ZTHOHAEDO AT NMEOMRFICHM Z &1L
Mo TUWD, ATGPS ODIEBIEME % metl, cmt3 B X 1 double mutant TR E T A,
5% 13 double mutant COAHEZ Y B—FRETIHEVWTNTHER LR o7k, Lo T,
WE S ) A0 ATGP3 1%, CG & non-CG DEEALD XA F AL L Y RIS TNS
R DT,

EOHMTHEIF ) AHDOL I FSUARY VOB M AT EABHO~Tu s 0
2 FUEBE~DREIC DWW TOERIZIE, A. thaliana ® ddml mutant FTEHEDL
DofebdOEDD Vir bTFUYARY Y. THD COPIAIS family & iz, THVIE,
NS D family D 2 ¥ —MN, A. thaliana DEBEETH D A. lyrata O b A7 IV
— MERELTWVWBRZERBELNER2TWEEDTH B, A. Iyrata © COPIAIS
family b Tall b4l abv—%rn—=2 7 L, A thalianalCBEA LT EZ A,
EEAED TolIBEY A7V E— MNIRELTHEASLIENH LN TR

(Genes & Dev.26.2012), UL UMW &, A. thaliana b7 ua—{bLlatbt—ix, [
U COPIA93 family DL bu bS5V ARY UV THIHICHED BT (>90% similarity), &
Y hE AT ~OBERMARFBARBI LT, FCREAEKEB EONWAWVWARGHI~FAIN
ro MEUOabE —ThHoTCHEBETEF /LA ELEOEHMBERIENL, BRI ABEAREL
EERRE., BREEROIEERLV IR NS UARY VORI EEHEONYT ) LD
ODERFROPERDIEDCHERARVAT AL R ERHHENS,

PUEDZFERSAOELHEIT. WTHHEOEBWFROKER T, FAMIE LTEE LY
DRVHNETHD, TNOLOHRICBVWTIERSAOEMREMBIZE LI RE L,
BEE—F., ZFMARITLLTEVLVARAALZEHELTND LAY, ZUCETIZE2RAE
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