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Trans—activation and mobilization of a Mutator-like element in

Arabidopsis thaliana
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Transposable elements (TEs) are found in genomes of essentially every organisms
examined. Mobile TEs are potentially mutagenic and deleterious for stability of the host
gename, but most of TEs in eukaryotes are silenced by epigenetic mechanisms of host,
such as RNA interference, histone modifications, and DNA methylation. The importance of
DNA methylation in TE repression has recently been demonstrated in both mammals and
ptants by molecular genetic approaches. Less investigated research area is mechanisms
of TEs to ceunter-act the host defense. Here | report activity of a plant TE to counter-act
DNA methylation and silencing by the host,

VANDALZ27 is a group of DNA TEs found in the genome of Arabidopsis thaliana. By
structurail similarity of encoded genes, VANDALZ27 has been classified as a member of
Mutator-like elements (MULESs). Previous results of Southern analysis suggest that some
of VANDALZ21 copies transpose in the background of reduced genomic DNA methylation in
A. thaliana mutant ddm1 (decrease in DNA methylation) (Tsukahara et al 2009). Using
genomic DNA of the self-pollinated ddm? mutants, first | identified a mobile copy of
VANDAL21 family by PCR-based methods and whole-genome re-sequencing. | renamed
the mobile VANDAL21 copy Hiun (Hi; Japanese for “flying cloud™).

Uniike most of other mobile MULEs, the mobile copy does not have terminal inverted
repeat (TIR). This is unusual because TIR has generally been thought to be the substrate
for transposase. Despite the unorthodox structure, Hi excised and transposed as other
typical MULEs with TIR. As other MULEs, Hi integrated with generating farget site
duplication around 9-bp long. In addition, it integrated preferentially near transcription
start site. A unique behavior of Hi is that the integration has bias in the orlentation, which
may be related to the asymmetry in the terminal sequences of Hj, Excision of Hi often
occurs with leaving the structure of the target locus before the integration, suggesting that
the terminal positions in both sides are precisely determined even without TIR.

Hi has three open reading flames (ORFs), which | named hiA, hiB and hiC. The hiA
encodes a protein with high sequence similarities to transposases found in other MULESs.
Two other ORFs, hiB and hiC, do not have sequence similarity to any characterized
proteins. These ORFs are silent in wild type background, where F/ is immobile. In order to
see if transcriptional de-repression of these ORFs is sufficient for H/i mobilization, |
introduced Hi transgene into wild type background. In the Hf transgene, all three ORFs are
transcribed and the transgene induced excision of endogenous Hi. In addition, the Hj
transgene induced loss of DNA methylation in terminal regions of endogenous Hi.

In order to know role of each ORF in the trans-acting effects of Hi transgene, | generated
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three types of transgenes with deletions for each of the three ORFs. The DNA
de-methylation effect was abolished in transgene with deletion of AIC (AhIC), suggesting
that hiC essential for the demethyiation. On the other hand, ARIB (transgene with deletion
of hiB) had the de-methylation activity indistinguishable from full length Hitransgene, AhiA
(transgene with delation of hiA) had de-methylation activity for one of the two terminals of
endogenous H/, which is upstream of hiC, but de-methylation activity was much reduced in
the terminal region upstream of hiA.

| also examined effect of AhIA for the mobilization of endogenous HI. In most of the
transgenic lines, | could detect excision of endogenous Hi. The resulis were surprising,
because h/A encodes a putative transposase, which presumably calalyses the
transposition. However, subsequent analyses revealed that hiA transcript accumulates in
AhIA lines, suggesting that endogenous hiA was de-repressed in the presence of Ah/A
transgene. AhIA transgene contains two ORFs, AIB and RIC. In order to test if HIC is
sufficient for the transcriptional re-repression of endogenous h/A, |introduced a transgene
with deletion of both h/A and HIB (DhiA;B). ARIA,B induced transcription of endogenous A
and hiB, AhiA;B also induced excision of endegenous Hi, and DNA de-methyiation of one
terminal of endogenous Hi. These trans-acting effects are indistinguishable from those by
AhiA, suggesting that fiC, rather than hB, is responsible for these {rans-acting effects of

the Hi transgene,

In summary, | identifled a mobile copy of MULEs without TIR and named thai Hiun (Hi),
When HI is transformed Into wild type plant, stlent endogenous H/ copy was excised,
suggesting that Hi Is supplying factor(s) necessary for the transposition. hiC, one of the
Hi-encoded gene, induced transcriptional activation, excision and DNA de-methylation of
the repressed FHi copy. These trans-acting effects of hIC would contribute for
counter-acting DNA methylation and silencing by the host.
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A S HEAE L CHOA0MAE, MOy 7 MM CER L, ol Sl
ORBA o TERE, ¥ AOFLEEA2 BERICEThbEb SN, T ¥
AR i P OREERNLY AR REREHRE LTELEFILERTWS, b
SRR i, F AFCBBLELY, av—HERMSELY T, T0R)R
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HBXAOHBTAHENRETHRY /) Al o TDNAD A F LD VS VIR
T L sud X Kb (drabidopsis thaliana) OE BAEddmI OB kB> TE
Tro ZOREE. DNAAFNMEDBETOX Dl PRk T 4 w2 ELL-T, udg
RFAXFOIFEERPI AR CREBEEL, BBETLHI EERIEDTVD,
FELE. BBEAEREINLE RS AR ORT, DNAMF VAR Y U ThDH
VANDAL2IVC DWW T e i 2 38 2 R o Ty VANDAL2IVIDNA b T 2 ZAR Y D iph»
© b Mutator-like elements (MULEs) @7 7 2 U —IZ{ T 5,

& AT EF . ddnlERTIRBV TR OIBBENED B 5 VANDAL2IO 150 = & —
%@ﬁL\MWum&%Mﬁho:@mmowf\ﬁéhﬁ%ﬁi@%%mg?wﬁ
DCedhBH, L HMWOMULEsE R  EBICMLE & # 2 5CV o terminal inverted
repeat (TIR) FR#I & izl -, 2. Hild 8-> Dopen reading flames (ORFs), hid, hiB,
BCH o T, hidiZe OB S D IBHEREL B, kB hCHHE T RIEF
MEAR R ORMO Y S IR Rt 3. HiEHABRKHEALLNI AV
= P TR, NEEHITIE ODNAA FALBBEICET U, WEGRHOE Y ML
MEEER SN, 4. MASNHEHIO 3 DOORFD I b, WAXEBEE: Bbhids, W
FEMERADFE . HIOE 0 H LIRS TRR» -2, 5. BAENLHOMNCHENTE
PEHUTE ODNAA F L EET &8, HOBREZIEEEL, HMI LIl E4 5 &
Bbhhi,

EHRITE. AETCHE VMR BI PR TI WP DNA P U ARY DT/
AU A RARBEBEMIEEEZ YN TR, FLTHFI VAR VEBIKBIT 32 E VR
G4y TR A =R AD—EBALMILE, T AR ERBE, 2< 0%
S RA MBI Y 2 CHEERBIED, A MEBIEDNA A F itk > T, bT
VARY VERELLE D YA, KRR, ShICHT B MT AR RO TH
HER] OBRLLEX, FHCAKRRENbOTHD, i, O THRPR) &4
5 hiC RO Z R HTCHAED LWV AN X LABROPCRDLIESLD,
Lo THEBSAORMBHGTE, MEEREOEGLZME T LFEAR B TH
Br L.
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