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Genetic dissection of DNA hypermethylation

induced by ddmI mutation.
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DNA methylation is an epigenetic mark important for heterochromatin silencing and
-regulation of gene expression. In plants, DNA methylation is observed in cytosines in all of contexts
including CG, CHG, and CHH. DDM1 (decrease in DNA methylation 1), a SWI2/SNF2 chromatin
remodeling factor is required for maintenance of DNA methylation in all contexts of cytosines. In
the ddm1I mutant, genome-wide reduction of DNA methylation was observed, and de-repression
was found in silent repetitive elements. Although ddml mutant initially grows normally, various
developmental abnormalities were induced during repeated self-pollinations. Most of the
abnormalities were induced by de-repression of silent element caused by DNA hypomethylation in
ddml However, one abnormal phenotype named bonsai (bns) was caused | by DNA
hyper-methylation and sﬂéncing of the responsible gene, BNS, which encodes a protein similar to
Anaphase Promoting Complex 13 (APC13). Thus, BNS locus is hyper-methylated locally in the
background of global hypomethylation. To understand this enigmatic phenomenon, here I examined
the factors involved in the BNS hyper-methylatioﬁ, and I also analyzed genome-wide effect of
ddm Iinduced DNA hyper-methylation.

First, to understand the factors required for this phenomenon, double mutants between
ddm1 and various factors involved in the epigenetic modifications were generated, and after the
repetitive self-pollination, DNA methylation states in BNS locus were detected. In ddmI and bans

. plants, 24-nt small RNA, which is considered as a trigger of de novo DNA methylation in plant
(RNA-directed DNA methylation: RADM), was accumulated. This observation implied that BNS
gene is de novo methylated by RADM pathway. However, previously-characterized components of

RADM pathway were dispensable for ddmI-induced BNS methylation. On the other hand,
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mutation in plant-specific DNA methyltransferase, CHROMOMETHYLASE 3 (CMT3) suppressed
the induction of DNA hyper-methylation. CMT3 was considered as a DNA methyltransferase for
maintenance of non-CG methylation. The mutation in KRYPTONITE (KYP), a histone H3K9
methyltransferase which directs non-CG methylation by CMTS3, also suppressed the induction of
BNS methylation. These results indicate that ddmI-induced BNS methylation was mediated by
KYP and CMTS3, rather than RADM pathway.

Next, to understand the genome-wide effect of ddmI-induced DNA hyper-methylation, I
detected global states of DNA methylation in ddm.I mutant by MeDIP-chip analysis. Consistent
with previous reports, drastic reduction of DNA methylation in transposable elements was observed
as a rapid effect in ddmJ mutant. During self-pollinations, DNA methylation states changed in
many loci. Some loci kept decreasing DNA methylation during self-pollinations. I also found
numerous loci which behave in BNSlike manner. Induction of DNA methylation was observed in
both of genes and transposable elements. Thé slow DNA hyper-methylation was induced into all the
three contexts, but ilt was generally most frequent at CHG sites. Compared to genic region,
induction of DNA hyper-methylation in transposable elements tend to be moderate. In most loci, as
was the case for the BNS locus, induction of DNA hyper-methylation was suppressed in the ddm1
kyp double mutant.

In this study, I showed KYP and CMT3 mediated induction of DNA methylation in ddm
mutant. Interestingly, although KYP and CMT3 were considered as components required for the
maintenance of DNA methylation in non-CG contexts, this study revealed that they are also
involved in induction of DNA methylation including CG context in ddm1 background. KYP has a
SRA domain, which can bind to methylated DNA, and CMT3 has a chromo-ciomain, which can bind

to methylated histone, so they could be recruited to epigenetic modifications catalyzed by the other
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factor. This self-reinforcement mechanism may be involved in the spreading of DNA methylation in
ddm 1 mutant.

Recent studies revealed the epigenetic backup mechanism, which is the induction of DNA
methylation in globally hypomethylated mutants. In dc&ni mutant, many hyper-methylated loci
were observed, implying that a similar mechanism might be activated. Although target specificity is
still unclear, DNA methylation and/or H3K9 methylation might be a target of DNA
hyper-methylation, because induction of DNA methylation depends on KYP and CMTS3. Previous
study reported that although H3K9 methylation in heterochromatic region was reduced in the
ddm 1 mutant, overall level of H3K9 methylation was not changed. Thus the ddm mutation might
have induced ectopic H3K9 methylation and DNA methylation in various genic loci, in a manner

dependent on KYP and CMTS.
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oA XFRFOddmIBREREEIT. 7 A& hiz> TDNADIK A F)L{b& 3] & it
T ERamend, LOL—HOBERTIXFEIL, DNAOEATF VI L2 BEBEFRED
MEIZB BT, ExKRKESAR, ddmIERIZE > TONAF A FAEB L ORENFH
ST ABBIFHIEEBREL, @ATFNMEOAT =X LEHEZOERFRNERIZONTSE
BZ L7, DNAXFNLLIZTFHEY LSS THBLTHALNDZ D, AmXHEBET
575 —=it, MBECEBTI PR T 4 v 7 RBEFRAGFNHEELHEAT S LTE
EThD,

er REAITET. ddm]’Z’é?%lCJ: D de novoB! DDNAB A F AL EZ T 5 2 & BNEEICHR

£ XN TW5SHBONSAI (BNS) BETFHRIBEZEEZEL LT, BAFMERKFET2EEFZ
R, ddmIERIZ X VERENB bnst EERETIX, RNAIZKET 5 de novoBI DNA
A F i (RADM) & OBENTRB I 5 BNSEEBHED24-nt small RNABRBEICER
T 5, 2 TRADMLRNAT . de novofld B WIZH#FFEIDNAA F LIt L 2 BEF
WZoWT, TFNFNORARERLAdmIER P LSO _EXREKEEH L LT A,
RADMRNATFHICEHET I B FOEEIIRAONT . DNAATFNMLERH#ETH L X b
H3K9 A F )L {LEE % © % 5 KRYPTONITE (KYP) & # FA{LH3K9% B+ 5DNARAF
NALEESE T & 5 CHROMOMETHYLASES (CMT3)® 2 2, ddmlZE £ F T BNSD de
novoBIDNAB A FNMEB LI OCZOHRFICEFLETHIZ L2 RH Lz, 7ERITFECGE S D
BRIDNA X F AL O HEEEE DS & 5 KYP-CMTSE KA, de novoBlIc b HSRE L. H
CORFIIC bIREE LB B = & 25 L AR FTEMAE < . +HIETE 3,

W, HFERRBI WNddmITEEGHEORR 2B ERZANWTS / LU A F2DNAX
FNALDENEE X fEHT L. BNSHEIEL & R, ddmIERIZE > TDNAREFE A FH{LENHHE
WA SHMEETDAI LALLM L, TNETOMRA LR, ddmnIERETREHE S
DADNADIE A F AR, FECPTVARY VEIITHESE2HMRE TICHAONTD,
ddmIlZ L5 EAF ki, BAFAELID B EHAROBEERTD oL Y LELEND
T EHERLK, ¥ BNSEHBUADE A F bbb, £ < IXBNSE RFICKYP-CMT3R I
BETHZEREEHLMNT L,

ddml1ZEEBETICBIT S BNSOFE A F{bii B+ 5 LINE BEFICEET D Z LB
Mmbhbd, ExARSAE, B LINE 85l &#8EA2 LT, KYP-CMT3 &Kz X 5 de novo
% DNA A F AR BNS~EEML. TO%BRABBIC L B2 F I LRENEF SN
EWIHFHHOETAVEZRE L, B2 RKSAREICH I —EBELEZED,. A F Ak H3KI
BoORRGR., T72bb ddml EETCTIEDNABAFNVILEE2@HET I LD/ LET
AFNVAL HIKY OFSEPE DL WVWIREFEOERHRLBAEDLEDZ T, UTORHRZE
BE L, T2bb. ddmlZERT CBNSICEERET S LINEERFBIEAFALILEEZXT,
FREBET DD H3K A FALEHEEENH S, KYP-CMTS &¥Ic X5 LINE &
FID de novo B A FNAL L FTOECHILYT A 7 NVBBFTEINBIEVWIFERHKETHD, ZDIK
HICBWT BNS~DEAFNMMEDEIR EHEFIZ. ddmI ERBICL VWV EATVEEEEZXT
7B LINEESIZ2EME L, 7/ 2EEHEZHER LI L T2@EX 0% 5 2K
RERL LTHBEAEND, BNSUADOEATFNVLEBOEIT L ED T, FICBEFORHD
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HRICHEERIRIEPLETHIN, ddml BEE T CEGFREAMFIBE O EENHE
TAHAEMFEHBRE LT, EFICHAN N YBEENEEL NS,

HERTICIIBLRIORH, B IHIQAERRE, BIUABERIL 25054
DHEEBELODEAMICLVEEZITo -,

HEHIXTIRE, BLEHBRROIEM THEONLEERILEZLORBENS, D+
BItELdon T, EERERICH L THBECHDREEN2INTRBY, 4% L HHF
REFIT TV ETHLMBtBZEHEERAZFICODT TSI AR TERAEZ, O
EHRRTIE, ZLOTFT R ELELH LN, ERICOLYRLTVWEHAZ LN T, B
HEENICE X TWe, UEDZ ENLEEBELBN —BL T, ExREIABNRKERD
FMNEREINDICHRRENEZFEL TS LHHLE,
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