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*HQH� VLOHQFLQJ� LQ� WKH� Arabidopsis� JHQRPH� LV� KLJKO\� FRUUHODWHG� ZLWK�
'1$�PHWK\ODWLRQ��ZKLFK� LV� IRXQG� LQ� WKUHH� GLIIHUHQW� F\WRVLQH� FRQWH[WV��
0HWK\ODWLRQ�RI�V\PPHWULF�&*�DQG�&+*�VLWHV��LQ�ZKLFK�+� �$��7��RU�&��
DUH� PHGLDWHG� E\� '1$� 0(7+</75$16)(5$6(�� �0(7��� DQG�
&+52020(7+</$6(���&07���� UHVSHFWLYHO\��ZKLOH�&++�PHWK\OD�
WLRQ� LV� PDLQO\� FDWDO\]HG� E\� '20$,16� 5($55$1*('�
0(7+</75$16)(5$6(�� �'50��� �1��� 6LOHQW� ORFL� DUH� DOVR� HQULFKHG�
LQ�WKH�UHSUHVVLYH�KLVWRQH�+��O\VLQH���GLPHWK\ODWLRQ�PDUN��+�.�PH����2��
3���

Suppressor of drm2� DQG�cmt3� �SDC�� LV�D�JHQH�ZKRVH� UHSUHVVLRQ� LQ�
PRVW�WLVVXHV�GHSHQGV�RQ�WKH�UHGXQGDQW�DFWLYLWLHV�RI�'50��DQG�&07���4��
5���+HQFH��D�ORVV�RI�SDC�VLOHQFLQJ�LV�REVHUYHG�LQ�WKH�drm2 cmt3�GRXEOH�
PXWDQW�EXW�QRW� LQ� WKH�drm2�RU�cmt3� VLQJOH�PXWDQWV��7KH�SDC�SURPRWHU�
FDUULHV� VHYHQ� WDQGHP� UHSHDWV�� ZKLFK� UHFUXLW� WKH�'1$�PHWK\ODWLRQ�PD�
FKLQHU\�DQG�FDXVH�WUDQVFULSWLRQDO�JHQH�VLOHQFLQJ��:H�HQJLQHHUHG�D�*)3�
EDVHG�VHQVRU�FRQVWUXFW�FRQWUROOHG�E\�WKH�SDC�SURPRWHU��ILJ��6�$���7KH�
SDC::GFP� WUDQVJHQH� EHKDYHV� VLPLODUO\� WR� HQGRJHQRXV�SDC�� DQG� *)3�
IOXRUHVFHQFH� LV� QRW� GHWHFWDEOH� LQ�ZLOG�W\SH��drm2� RU� cmt3� SODQWV� EXW� LV�
KLJKO\�H[SUHVVHG�LQ�drm2 cmt3�GRXEOH�PXWDQW��)LJ���$���

:H�FDUULHG�RXW� HWK\O�PHWKDQHVXOIRQDWH� �(06��PXWDJHQHVLV� VFUHHQV�
LQ�ZLOG�W\SH�RU�cmt3�EDFNJURXQGV�IRU�PXWDQWV�VKRZLQJ�SDC::GFP�RYHU�
H[SUHVVLRQ�� DQG� LGHQWLILHG� WKH� ZW� ����� cmt3� ��� DQG� cmt3� ����PXWDQWV�

�)LJ�� ��� $� DQG� %��� 0DSSLQJ� H[SHUL�
PHQWV� XVLQJ� EXON� VHJUHJDQW� DQDO\VLV�
FRXSOHG�WR�GHHS�JHQRPH�UH�VHTXHQFLQJ�
LQGLFDWHG� WKDW� cmt3� ��� FRQWDLQHG� D�
PXWDWLRQ� LQ� At4g36290� �AtMORC1���
SUHYLRXVO\� DOVR� QDPHG�
COMPROMISED RECOGNITION OF 
TCV-1 (CRT1)��6��7���ZKLOH�ZW�����DQG�
cmt3� ���� ERWK� FRQWDLQHG�PXWDWLRQV� LQ�
At1g19100 (AtMORC6)��7���ILJV��6�%��
6��� DQG� 6�$��� $Q� atmorc1� DOOHOH� ZDV�
SUHYLRXVO\� UHSRUWHG� WR� VKRZ� UHGXFHG�
UHVLVWDQFH� WR� WKH� 7&9� YLUXV� �6�� 7���
VXJJHVWLQJ� WKDW� AtMORC1� LV� DOVR� LQ�
YROYHG� LQ� YLUDO� UHVLVWDQFH�� LQ� DGGLWLRQ�
WR� LWV� UROH� LQ� JHQH� VLOHQFLQJ� GHVFULEHG�
LQ� WKLV� VWXG\�� ZKHUHDV� PXWDWLRQV� LQ�
AtMORC6�KDYH�QRW�EHHQ�GHVFULEHG��7R�
HQVXUH�WKDW�atmorc1�DQG�atmorc6�PXWD�
WLRQV� ZHUH� WKRVH� UHVSRQVLEOH� IRU� WKH�
ORVV� RI� SDC� VLOHQFLQJ�� ZH� LVRODWHG�
NQRFN�RXW� 7�'1$� LQVHUWLRQ� OLQHV� at-
morc1-4�DQG�atmorc6-3��DQG�FRQILUPHG�
SDC� RYHUH[SUHVVLRQ� LQ� WKHVH� WZR�PX�
WDQW�DOOHOHV��ILJ��6�%��&�DQG�'���*HQHW�
LF� FRPSOHPHQWDWLRQ� FURVVHV� EHWZHHQ�
WKH� UHFHVVLYH� (06� DQG� 7�'1$� PX�
WDQWV� FRQILUPHG� AtMORC1� DQG� At-
MORC6� DV� WKH�PXWDWHG� JHQHV� UHVSRQ�
UHVSRQVLEOH� IRU� SDC::GFP� DFWLYDWLRQ�
LQ� WKH� WKUHH� (06� OLQHV� �ILJ�� 6�(���
7KHUHIRUH�� ���� ���� DQG� ���� ZHUH� UH�
QDPHG� atmorc1-3�� atmorc6-1� DQG� at-
morc6-2��UHVSHFWLYHO\��

8VLQJ�51$�VHTXHQFLQJ��51$�VHT��
�8��� ZH� IRXQG� WKDW� WKH� PDMRULW\� RI�
51$V� VLJQLILFDQWO\� DIIHFWHG� LQ� WKH�
atmorc1� DQG�atmorc6�PXWDQWV� VKRZHG�
XS�UHJXODWLRQ�� DQG�PDQ\� RI� WKHVH� 7(V�
EHORQJ� WR� YDULRXV� WUDQVSRVRQ� VXSHU�
IDPLOLHV� LQFOXGLQJ�� DPRQJ� RWKHUV�� WKH�

/75�*\SV\�� /75�&RSLD�� '1$�0X'5� DQG� '1$�+DUELQJHU� IDPLOLHV�
�)LJ�� �&� DQG�'�� ILJ�� 6�$�� WDEOH� 6���� 7KH� H[SUHVVLRQ� GHIHFWV� LQ� WKH�at-
morc1� DQG�atmorc6�PXWDQWV�ZHUH�YHU\� VLPLODU��ZLWK� DOO� EXW� WZR�RI� WKH�
WUDQVSRVRQV� XSUHJXODWHG� LQ� atmorc1� DOVR� XSUHJXODWHG� LQ� atmorc6� �ILJ��
6�%���3URWHLQ�FRGLQJ�JHQHV�RYHUH[SUHVVHG� LQ� WKH�atmorc1� DQG�atmorc6�
(06�DQG�7�'1$�PXWDQWV� LQFOXGHG�HQGRJHQRXV�SDC� �WDEOH�6����7KHUH�
ZDV�D�KLJK�GHJUHH�RI�RYHUODS�EHWZHHQ�WKH�JHQHV�XSUHJXODWHG�LQ�atmorc1�
DQG�atmorc6��ILJ��6�&���PRVW�RI�WKHP�FRUUHVSRQGLQJ�WR�'1$�PHWK\ODWHG�
DQG� VLOHQFHG� ORFL�� GHUHSUHVVHG� LQ� ERWK� atmorc1� DQG� atmorc6� �ILJ�� 6�'�
DQG� (��� :H� DOVR� SHUIRUPHG� 51$�VHT� LQ� WKH� atmorc1 atmorc6� GRXEOH�
PXWDQW�DQG�IRXQG�D�YHU\�VLPLODU�VHW�RI�JHQHV�DQG�WUDQVSRVRQV�XSUHJXODW�
HG��ZLWK�RQO\�D�IHZ�JHQHV�XSUHJXODWHG�LQ�WKH�GRXEOH�PXWDQW�WKDW�ZHUH�QRW�
XSUHJXODWHG� LQ� HDFK� RI� WKH� VLQJOH� PXWDQWV� �WDEOH� 6���� VXJJHVWLQJ� WKDW�
$W025&��DQG�$W025&��PD\�DFW�WRJHWKHU�WR�HQIRUFH�JHQH�VLOHQFLQJ��

:KROH�JHQRPH�ELVXOILWH�VHTXHQFLQJ��%6�VHT���9��UHYHDOHG�WKDW�'1$�
PHWK\ODWLRQ�OHYHOV�LQ�DOO�VHTXHQFH�FRQWH[WV�ZHUH�XQDOWHUHG�LQ�atmorc1�RU�
atmorc6�UHODWLYH�WR�ZLOG�W\SH�DW�7(V�XSUHJXODWHG�LQ�atmorc1�RU�atmorc6�
�)LJ�� �$� DQG�%�� QRU�ZHUH� WKHUH� DQ\� EXON� DOWHUDWLRQV� LQ� SURWHLQ�FRGLQJ�
JHQHV�RU�7(V�LQ�WKH�JHQRPH��ILJ��6�$�DQG�%���,Q�DGGLWLRQ��DQDO\VHV�DW�WKH�
SHULFHQWURPHULF� VDWHOOLWH� &(1���� UHSHDWV� DQG� ILYH� ORFL� XSUHJXODWHG� LQ�
atmorc1�DQG�atmorc6� VKRZHG�WKDW� WKH�'1$�PHWK\ODWLRQ�SDWWHUQV� LQ�at-
morc1-4�DQG�atmorc6-3�ZHUH�VLPLODU�WR�ZLOG�W\SH��)LJ���&�DQG�'���&K,3��
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Transposable elements (TEs) and DNA repeats are commonly targeted by DNA and 
histone methylation to achieve epigenetic gene silencing. We isolated mutations in 
two Arabidopsis genes, AtMORC1 and AtMORC6, which cause de-repression of 
DNA-methylated genes and TEs, but no losses of DNA or histone methylation. 
AtMORC1 and AtMORC6 are members of the conserved Microrchidia (MORC) 
adenosine triphosphatase (ATPase) family, predicted to catalyze alterations in 
chromosome superstructure. The atmorc1 and atmorc6 mutants show 
decondensation of pericentromeric heterochromatin, increased interaction of 
pericentromeric regions with the rest of the genome, and transcriptional defects 
that are largely restricted to loci residing in pericentromeric regions. Knockdown of 
the single MORC homolog in Caenorhabditis elegans also impairs transgene 
silencing. We propose that the MORC ATPases are conserved regulators of gene 
silencing in eukaryotes. 
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Fig. 1. Mutations of two MORC 
homologs induce SDC::GFP and 
TE overexpression. (A) Wild type 
(wt), drm2 mutant and cmt3 mutant 
plants carrying SDC::GFP showing 
no GFP fluorescence under UV 
light (insets show each plant under 
white light) and drm2 cmt3 double 
mutant and EMS-mutagenized lines 
wt #67, cmt3 #49, and cmt3 #7 
plants showing strong GFP 
fluorescence. (B) Western blot 
using anti-GFP antibody confirms 
SDC::GFP overexpression in the 
EMS mutants. Coomassie staining 
of the large Rubisco subunit (rbcL) 
is used as loading control. (C) 
Number of TEs overexpressed in 
atmorc1 and atmorc6 and classified 
by superfamily. For each mutant, 
RQO\�7(V�ZLWK�D�����IROG�LQFUHDVH�LQ�
both the EMS and T-DNA alleles 
over wild type and with a p-YDOXH���
0.05 are represented. (D) Relative 
fold increase of four TE transcripts 
in atmorc1-4 and atmorc6-3 over 
wild type assayed by Real-Time 
quantitative PCR (RT-qPCR) and 
normalized to ACTIN7. Errors bars 
indicate standard deviation based 
on three independent biological 
replicates. 
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VHT� DQDO\VHV� RI� +�.�PH�� DOVR� GLG� QRW� UHYHDO� DQ\� FKDQJHV� LQ� WKH� at-
morc1� RU�atmorc6�PXWDQWV� DW�SDC� RU� RWKHU� XSUHJXODWHG� ORFDWLRQV� �ILJ��
6�$�DQG�%���)LQDOO\�� VPDOO�51$�VHTXHQFLQJ�DQDO\VHV� VKRZHG� WKDW�HOH�
PHQWV� XS�UHJXODWHG� LQ� atmorc1� DQG�atmorc6�PXWDQWV� ZHUH� HQULFKHG� LQ�
VL51$V��EXW�WKHVH�VL51$�OHYHOV�GLG�QRW�FKDQJH�LQ�WKH�PXWDQWV��ILJ��6����
7KXV�AtMORC1�DQG�AtMORC6�DUH�QRW�UHTXLUHG�WR�PDLQWDLQ�'1$�PHWK�
\ODWLRQ�� +�.�PH��� RU� VL51$V�� VXJJHVWLQJ� WKDW� $W025&�� DQG� $W�
025&�� DUH� OLNHO\� WR� HLWKHU� DFW� GRZQVWUHDP� RI� '1$� PHWK\ODWLRQ� RU�
HQIRUFH�VLOHQFLQJ�E\�D�QRYHO�PHFKDQLVP��

AtMORC1� DQG� AtMORC6� DUH� KRPRORJV� RI� PRXVH� Microrchidia1�
�MORC1�� �10�� 11��� DQG� FRQWDLQ� *\UDVH�� +VS���� +LVWLGLQH� .LQDVH� DQG�
0XW/��*+./��DQG�6��GRPDLQV��WRJHWKHU�FRPSULVLQJ�DQ�$73DVH�PRGXOH�
�6�� LQ� DGGLWLRQ� WR� D� SXWDWLYH�&� WHUPLQDO� FRLOHG�FRLO� GRPDLQ� �ILJ�� 6�%���
7KH�(06�PXWDWLRQV� IRXQG� LQ�atmorc1-3��atmorc6-1� DQG�atmorc6-2� DO�
OHOHV� DOO� LQWURGXFHG� SUHPDWXUH� VWRS� FRGRQV� ZLWKLQ� WKH� *+./� GRPDLQ�
�ILJ��6�%���

%HFDXVH�RI�WKH�VLPLODULW\�RI�$W025&��DQG�$W025&��WR�$73DVHV�
LQYROYHG� LQ�PDQLSXODWLQJ� FKURPDWLQ� VXSHUVWUXFWXUH� �12��� WKHVH� SURWHLQV�
PD\�DIIHFW�JHQH�VLOHQFLQJ�WKURXJK�KLJKHU�RUGHU�FRPSDFWLRQ�RI�PHWK\ODW�
HG� DQG� VLOHQW� FKURPDWLQ�� ,Q� ZLOG� W\SH� QXFOHL�� SHULFHQWURPHULF� KHWHUR�
FKURPDWLQ� IRUPV� GHQVHO\� VWDLQLQJ� QXFOHDU� ERGLHV� FDOOHG� FKURPRFHQWHUV�
WKDW�ORFDOL]H�WR�WKH�QXFOHDU�SHULSKHU\��13���:H�REVHUYHG�GHFRQGHQVDWLRQ�
RI� FKURPRFHQWHUV� LQ� WKH� atmorc1� DQG� atmorc6� PXWDQWV� �DV� ZHOO� DV� LQ�
atmorc1 atmorc6� GRXEOH�PXWDQW�� �ILJ��6������� DQG� DOVR� IRXQG� WKDW� ORFL�
WUDQVFULSWLRQDOO\�GH�UHSUHVVHG�LQ�WKH�PXWDQWV�PRVWO\�ORFDOL]HG�WR�SHULFHQ�
WURPHULF�KHWHURFKURPDWLQ��ILJ��6����WDEOHV�6��DQG�6����7R�GLUHFWO\�H[DP�
LQH�ZKROH�JHQRPH�FKURPDWLQ� LQWHUDFWLRQV��ZH�SHUIRUPHG�+L�&�DQDO\VHV�
LQ�ZLOG� W\SH� DQG� atmorc6-1� �14��� &RQVLVWHQW�ZLWK� SUHYLRXV� F\WRORJLFDO�
VWXGLHV� �13��� WKH� ZLOG� W\SH� JHQRPH� VKRZHG� LQWHUDFWLRQV� EHWZHHQ� WHOR�
PHUHV�DV�ZHOO�DV�EHWZHHQ�HXFKURPDWLF�UHJLRQV�RQ�WKH�VDPH�FKURPRVRPH�
DUP� �)LJ�� �$��� ,Q� FRQWUDVW�� SHULFHQWURPHULF� KHWHURFKURPDWLQ� UHJLRQV�
LQWHUDFWHG�YHU\�ZHDNO\�ZLWK�WKH�UHVW�RI�WKH�JHQRPH��FRQVLVWHQW�ZLWK�WKHLU�
FRPSDFWLRQ� LQ� FKURPRFHQWHUV� �)LJ�� �$��� :KLOH� atmorc6-1� VKRZHG� D�
URXJKO\�VLPLODU�FKURPDWLQ�DUFKLWHFWXUH��ILJ��6�����SORWWLQJ�WKH�GLIIHUHQFHV�
EHWZHHQ�PXWDQW�DQG�ZLOG�W\SH�VKRZHG�WKDW�atmorc6-1�VKRZV�DQ�LQFUHDVH�
LQ�LQWHUDFWLRQV�EHWZHHQ�WKH�SHULFHQWURPHULF�UHJLRQV�RI�DOO�FKURPRVRPHV�
ZLWK� WKH� HXFKURPDWLF� DUPV� RI� DOO� FKURPRVRPHV�� DQG� D� FRUUHVSRQGLQJ�
GHSOHWLRQ�RI�LQWHUDFWLRQV�RI�HXFKURPDWLF�DUPV�ZLWK�WKHPVHOYHV��6LQFH�WKH�
DQDO\VLV�UHSRUWV�UHODWLYH�FKDQJHV��ZLWK�WKH�VXP�RI�GLIIHUHQFHV�VHW�WR�]HUR��
WKH� PRVW� OLNHO\� LQWHUSUHWDWLRQ� RI� WKHVH� ILQGLQJV� LV� WKDW� SHULFHQWURPHULF�
UHJLRQV�LQWHUDFW�PRUH�VWURQJO\�ZLWK�WKH�HXFKURPDWLF�DUPV�LQ�atmorc6-1��
DOWKRXJK�ZH�FDQQRW�H[FOXGH� WKDW� WKH�PXWDQW�DOVR�KDV�HIIHFWV�RQ� WKH�HX�
FKURPDWLF�DUPV��)LJ���%���7KLV�LQWHUSUHWDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�F\WR�
ORJLFDO�REVHUYDWLRQV�VKRZLQJ�WKDW�FKURPRFHQWHUV�H[SDQG�RXW�LQWR�D�ODUJHU�
DUHD�RI�WKH�QXFOHXV�LQ�WKH�PXWDQWV��ILJ��6����:H�DOVR�IRXQG��XVLQJ�FRP�
SOHPHQWLQJ�P\F�WDJJHG�WUDQVJHQHV��WKDW�$W025&��DQG�$W025&��SUR�
WHLQV�IRUPHG�VPDOO�QXFOHDU�ERGLHV�WKDW�ZHUH�XVXDOO\�DGMDFHQW�WR��EXW�QRW�
ZLWKLQ� FKURPRFHQWHUV� �)LJ�� �&� DQG� ILJV�� 6�������� 7KHVH� UHVXOWV� DUH� DOO�
FRQVLVWHQW� ZLWK� D� PRGHO� LQ� ZKLFK� $W025&�� DQG� $W025&�� HQIRUFH�
FRPSDFWLRQ� DQG� JHQH� VLOHQFLQJ� RI� SHULFHQWURPHULF� KHWHURFKURPDWLQ��
DOWKRXJK�LW� LV�DOVR�SRVVLEOH� WKDW�FKDQJHV� LQ�FKURPDWLQ�DQG�JHQH�H[SUHV�
VLRQ�LQ�WKH�PXWDQW�VHFRQGDULO\�OHDG�WR�WKH�REVHUYHG�FKDQJHV�LQ�FKURPDWLQ�
FRPSDFWLRQ��0XWDWLRQ� RI� WKH� SODQW� VSHFLILF�020��JHQH� KDV� DOVR� EHHQ�
VKRZQ�WR�DIIHFW�JHQH�VLOHQFLQJ�EXW�QRW�'1$�PHWK\ODWLRQ�LQ�Arabidopsis��
KRZHYHU�mom1�PXWDQWV�GR�QRW�VKRZ�FKURPRFHQWHU�GHFRQGHQVDWLRQ�DQG�
WKHUHIRUH�DUH�OLNHO\�WR�DFW�YLD�D�GLIIHUHQW�PHFKDQLVP��15��16���

$� VLQJOH�025&�KRPRORJ��morc-1�� LV� SUHVHQW� LQ� WKH�ZRUP�Caeno-
rhabditis elegans,�ZKLFK� LV�GHYRLG�RI�'1$�PHWK\ODWLRQ��17���7R� WHVW� LI�
WKH�C. elegans morc-1��=&�������LV�LQYROYHG�LQ�JHQH�VLOHQFLQJ��ZH�SHU�
IRUPHG� 51$L�PHGLDWHG� NQRFN�GRZQ� RI�morc-1� LQ� WKH� eri-1� VHQVLWL]HG�
EDFNJURXQG��LQ�ZKLFK�D�*)3�WUDQVJHQH�LV�VLOHQFHG�LQ�PRVW�RI�WKH�ZRUP�
VHDP�FHOOV��)LJ���'���18���morc-1�GHSOHWHG�ZRUPV�VKRZHG�*)3�UHDFWLYD�
WLRQ�VLPLODU�WR�ZRUPV�GHSOHWHG�RI�rde-4��DQ�HVVHQWLDO�FRPSRQHQW�RI�JHQH�

VLOHQFLQJ� LQ� C. elegans� �)LJ�� �'�� �19��� 7KHVH� UHVXOWV� VXJJHVW� WKDW�
025&V�PD\� SOD\� DQ� DQFLHQW� DQG� FRQVHUYHG� UROH� LQ� JHQH� VLOHQFLQJ�� ,Q�
DGGLWLRQ��WKH�REVHUYDWLRQ�WKDW�morc-1�LV�UHTXLUHG�IRU�JHQH�VLOHQFLQJ�LQ�C. 
elegans� UHLQIRUFHV� RXU� YLHZ� WKDW�025&V� LQ�Arabidopsis� DUH� HQIRUFLQJ�
VLOHQFLQJ� E\� D� PHFKDQLVP� WKDW� PD\� QRW� EH� GLUHFWO\� OLQNHG� ZLWK� '1$�
PHWK\ODWLRQ�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� SKHQRW\SH� RI� WKH�Morc1�
NQRFNRXW�PRXVH�UHVHPEOHV�Miwi2��DQG�Dnmt3L�NQRFNRXW�PRXVH�SKHQR�
W\SHV�� VKRZLQJ� PDOH�VSHFLILF� PHLRWLF� GHIHFWV� GXULQJ� VSHUPDWRJHQHVLV�
�10��20±22���0LZL��DQG�'QPW�/�DUH�ERWK�UHTXLUHG�IRU�7(�VLOHQFLQJ��DQG�
LW� LV� SRVVLEOH� WKDW�0RUF��PLJKW� EH� LQYROYHG� LQ� WUDQVSRVRQ� VLOHQFLQJ� LQ�
PDPPDOV�DV�ZHOO��:H�SURSRVH�WKDW�025&�IDPLO\�$73DVHV�DFWV�WR�UHJX�
ODWH� FKURPDWLQ� DUFKLWHFWXUH� DQG�JHQH� VLOHQFLQJ� LQ� D�ZLGH�YDULHW\�RI� HX�
NDU\RWHV��

Fig. 2. DNA methylation is not impaired in atmorc1 and 
atmorc6 mutants. (A and B) Metaplot analyses showing DNA 
methylation level in atmorc1-4, atmorc6-3 and wild type for 
the set of TEs upregulated in atmorc1-4 (A) and atmorc6-3 
(B). The gray vertical lines mark the boundaries between 1 
kilobase upstream and downstream regions of TEs. (C) 
Southern blot analyses assaying CG methylation level at 
CEN180 repeats using HpaII-treated genomic DNAs. m, 
methylated; u, unmethylated. met1-3 genomic DNA is used 
as positive control for loss of CG methylation (23). (D) 
Percent DNA methylation at SDC and 4 TEs overexpressed 
in atmorc1-4 and atmorc6-3 assayed by bisulfite sequencing. 
24 clones were analyzed for each individual analysis. 
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Fig. 3. AtMORC1 and AtMORC6 are required for maintenance of chromatin 
architecture, form nuclear bodies near chromocenters, and morc-1 is involved in 
gene silencing in C. elegans. (A) Interaction matrix of the wild type Arabidopsis 
genome from Hi-C analysis. Positions along the 5 chromosomes are shown from left 
to right and top to bottom, and each pixel represents interactions from uniquely 
mapping paired end reads in 200 kilobase bins. Black bars and circles mark the 
positions of the pericentromeric and telomeric regions, respectively. Light grey 
regions represent areas masked out due to problematic mapping. Black bars show 
separation between chromosomes. (B) Difference plot showing enrichment of Hi-C 
interactions in atmorc6-1 in red and interactions depleted in atmorc6-1 in blue. (C) 
Anti-Myc immunostaining showing localization of pAtMORC6::AtMORC6-Myc and 
pAtMORC1::AtMORC1-Myc in nuclear bodies adjacent to chromocenters. AtMORC1 
and At025&��VKRZHG�DQ�DYHUDJH�RI�������í����� �DYHUDJH�SOXV�RU�PLQXV�VWDQGDUG�
GHYLDWLRQ�� DQG� ���� ��í� 1.2 bodies per chromocenter, respectively. DAPI staining 
shows chromocenter location. Bottom panels are merges. (D) A silenced seam cell-
specific GFP transgene in the eri-1 (mg366) sensitized background is overexpressed 
in worms fed with bacteria expressing double-stranded RNA targeting morc-1 or rde-
4 but not in worms fed with bacteria expressing a control empty vector. Results are 
representative of five independent replicates. 

 o
n 

M
ay

 1
0,

 2
01

2
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fro
m

 

http://www.sciencemag.org/content/early/recent
http://dx.doi.org/10.1038/nrg2719
http://dx.doi.org/10.1038/nrg2719
http://dx.doi.org/10.1038/nature731
http://dx.doi.org/10.1038/nature731
http://dx.doi.org/10.1093/emboj/cdf687
http://dx.doi.org/10.1093/emboj/cdf687
http://dx.doi.org/10.1016/j.cell.2006.08.003
http://dx.doi.org/10.1016/j.cell.2006.08.003
http://dx.doi.org/10.1101/gad.1667808
http://dx.doi.org/10.1101/gad.1667808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18559476&dopt=Abstract
http://dx.doi.org/10.1016/j.chom.2007.11.006
http://dx.doi.org/10.1016/j.chom.2007.11.006
http://dx.doi.org/10.1105/tpc.109.071662
http://dx.doi.org/10.1105/tpc.109.071662
http://dx.doi.org/10.1038/nrg2484
http://dx.doi.org/10.1038/nrg2484
http://dx.doi.org/10.1038/nature06745
http://dx.doi.org/10.1038/nature06745
http://dx.doi.org/10.1073/pnas.95.24.14361
http://dx.doi.org/10.1073/pnas.95.24.14361
http://dx.doi.org/10.1093/hmg/8.7.1201
http://dx.doi.org/10.1093/hmg/8.7.1201
http://dx.doi.org/10.1186/1745-6150-3-8
http://dx.doi.org/10.1186/1745-6150-3-8
http://dx.doi.org/10.1073/pnas.212325299
http://dx.doi.org/10.1073/pnas.212325299
http://dx.doi.org/10.1126/science.1181369
http://dx.doi.org/10.1126/science.1181369
http://dx.doi.org/10.1038/35012108
http://dx.doi.org/10.1038/35012108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10821279&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-313X.2003.01667.x
http://dx.doi.org/10.1046/j.1365-313X.2003.01667.x
http://www.sciencemag.org/


��KWWS���ZZZ�VFLHQFHPDJ�RUJ�FRQWHQW�HDUO\�UHFHQW������0D\��������3DJH������������VFLHQFH���������
�

Nucleic Acids Res.�14���������������GRL���������QDU������������0HGOLQH�
���� 6�� .HQQHG\�� '�� :DQJ�� *�� 5XYNXQ�� $� FRQVHUYHG� VL51$�GHJUDGLQJ� 51DVH�

QHJDWLYHO\�UHJXODWHV�51$�LQWHUIHUHQFH�LQ�&��HOHJDQV��Nature�427��������������
GRL���������QDWXUH������0HGOLQH�

����+��7DEDUD�et al���7KH�UGH���JHQH��51$�LQWHUIHUHQFH��DQG�WUDQVSRVRQ�VLOHQFLQJ�
LQ� &�� HOHJDQV�� Cell� 99�� ���� �������� GRL���������6�������������������;�
0HGOLQH�

����0��$��&DUPHOO�et al���0,:,��LV�HVVHQWLDO�IRU�VSHUPDWRJHQHVLV�DQG�UHSUHVVLRQ�
RI� WUDQVSRVRQV� LQ� WKH� PRXVH� PDOH� JHUPOLQH�� Dev. Cell� 12�� ���� ��������
GRL���������M�GHYFHO�������������0HGOLQH�

���� '�� %RXUF¶KLV�� 7�� +�� %HVWRU�� 0HLRWLF� FDWDVWURSKH� DQG� UHWURWUDQVSRVRQ�
UHDFWLYDWLRQ� LQ� PDOH� JHUP� FHOOV� ODFNLQJ� 'QPW�/�� Nature� 431�� ��� ��������
GRL���������QDWXUH������0HGOLQH�

����$��$��$UDYLQ�et al���$�SL51$�SDWKZD\�SULPHG�E\� LQGLYLGXDO� WUDQVSRVRQV� LV�
OLQNHG� WR� GH� QRYR� '1$� PHWK\ODWLRQ� LQ� PLFH�� Mol. Cell� 31�� ���� ��������
GRL���������M�PROFHO�������������0HGOLQH�

����0��:��.DQNHO�et al���$UDELGRSVLV�0(7��F\WRVLQH�PHWK\OWUDQVIHUDVH�PXWDQWV��
Genetics�163���������������0HGOLQH�

����1��.OHLQERHOWLQJ��*��+XHS��$��.ORHWJHQ��3��9LHKRHYHU��%��:HLVVKDDU��*$%,�
.DW�6LPSOH6HDUFK�� QHZ� IHDWXUHV�RI� WKH�$UDELGRSVLV� WKDOLDQD�7�'1$�PXWDQW�
GDWDEDVH�� Nucleic Acids Res.� 40�� �'DWDEDVH� LVVXH��� '����� ��������
GRL���������QDU�JNU�����0HGOLQH�

����6��-��&ORXJK��$��)��%HQW��)ORUDO�GLS��D�VLPSOLILHG�PHWKRG�IRU�$JUREDFWHULXP�
PHGLDWHG� WUDQVIRUPDWLRQ� RI� $UDELGRSVLV� WKDOLDQD�� Plant J.� 16�� ���� ��������
GRL���������M���������[������������[�0HGOLQH�

���� -�� $�� /DZ�� $�� $�� 9DVKLVKW�� -�� $�� :RKOVFKOHJHO�� 6�� (�� -DFREVHQ�� 6++��� D�
KRPHRGRPDLQ� SURWHLQ� UHTXLUHG� IRU� '1$� PHWK\ODWLRQ�� DV� ZHOO� DV� 5'5���
5'0��� DQG� FKURPDWLQ� UHPRGHOLQJ� IDFWRUV�� DVVRFLDWH� ZLWK� 51$� SRO\PHUDVH�
,9�� PLoS Genet.� 7�� H�������� �������� GRL���������MRXUQDO�SJHQ���������
0HGOLQH�

����0��9��*UHHQEHUJ� et al��� ,GHQWLILFDWLRQ� RI� JHQHV� UHTXLUHG� IRU� GH� QRYR�'1$�
PHWK\ODWLRQ� LQ� $UDELGRSVLV�� Epigenetics� 6�� ���� ��������
GRL���������HSL�����������0HGOLQH�

���� %�� /DQJPHDG��&�� 7UDSQHOO��0�� 3RS�� 6�� /�� 6DO]EHUJ��8OWUDIDVW� DQG�PHPRU\�
HIILFLHQW�DOLJQPHQW�RI� VKRUW�'1$�VHTXHQFHV� WR� WKH�KXPDQ�JHQRPH��Genome 
Biol.�10��5�����������GRL���������JE�����������U���0HGOLQH�

����$��0RUWD]DYL��%��$��:LOOLDPV��.��0F&XH��/��6FKDHIIHU��%��:ROG��0DSSLQJ�
DQG� TXDQWLI\LQJ� PDPPDOLDQ� WUDQVFULSWRPHV� E\� 51$�6HT�� Nat. Methods� 5��
������������GRL���������QPHWK������0HGOLQH�

����<��%HQMDPLQL��<��+RFKEHUJ��J. R. Stat. Soc., B�57�������������
���� 3�� <�� &KHQ�� 6�� -�� &RNXV�� 0�� 3HOOHJULQL�� %6� 6HHNHU�� SUHFLVH� PDSSLQJ� IRU�

ELVXOILWH�VHTXHQFLQJ��BMC Bioinformatics�11��������������GRL��������������
������������0HGOLQH�

���� -�� /HH� et al��� $QDO\VLV� RI� WUDQVFULSWLRQ� IDFWRU� +<�� JHQRPLF� ELQGLQJ� VLWHV�
UHYHDOHG�LWV�KLHUDUFKLFDO�UROH�LQ�OLJKW�UHJXODWLRQ�RI�GHYHORSPHQW��Plant Cell�19��
������������GRL���������WSF������������0HGOLQH�

����&��/X��%��&��0H\HUV��3��-��*UHHQ��&RQVWUXFWLRQ�RI�VPDOO�51$�F'1$�OLEUDULHV�
IRU� GHHS� VHTXHQFLQJ�� Methods� 43�� ���� ��������
GRL���������M�\PHWK�������������0HGOLQH�

���� <�� =KDQJ� et al��� 6SDWLDO� RUJDQL]DWLRQ� RI� WKH� PRXVH� JHQRPH� DQG� LWV� UROH� LQ�
UHFXUUHQW� FKURPRVRPDO� WUDQVORFDWLRQV�� Cell� 148�� ���� ��������
GRL���������M�FHOO�������������0HGOLQH�

����:��-��6RSSH�et al���'1$�PHWK\ODWLRQ�FRQWUROV�KLVWRQH�+��O\VLQH���PHWK\ODWLRQ�
DQG� KHWHURFKURPDWLQ� DVVHPEO\� LQ� $UDELGRSVLV�� EMBO J.� 21�� ����� ��������
GRL���������HPERM�FGI����0HGOLQH�

���� -�� .�� .LP� et al��� )XQFWLRQDO� JHQRPLF� DQDO\VLV� RI� 51$� LQWHUIHUHQFH� LQ� &��
HOHJDQV��Science�308���������������GRL���������VFLHQFH���������0HGOLQH�

���� 5�� 6�� .DPDWK� et al��� 6\VWHPDWLF� IXQFWLRQDO� DQDO\VLV� RI� WKH� &DHQRUKDEGLWLV�
HOHJDQV� JHQRPH� XVLQJ� 51$L�� Nature� 421�� ���� ��������
GRL���������QDWXUH������0HGOLQH�

����<��<��3RORVLQD��&��*��&XSSOHV��:RW�WKH�¶/�'RHV�0XW/�GR"�Mutat. Res.�705��
������������GRL���������M�PUUHY�������������0HGOLQH�

���� <�� 0LPXUD�� .�� 7DNDKDVKL�� .�� .DZDWD�� 7�� $ND]DZD�� 1�� ,QRXH�� 7ZR�VWHS�
FRORFDOL]DWLRQ� RI�025&��ZLWK� 30/�QXFOHDU� ERGLHV�� J. Cell Sci.�123�� �����
��������GRL���������MFV��������0HGOLQH�

����7��+LUDQR��7KH�$%&V�RI�60&�SURWHLQV��WZR�DUPHG�$73DVHV�IRU�FKURPRVRPH�
FRQGHQVDWLRQ�� FRKHVLRQ�� DQG� UHSDLU�� Genes Dev.� 16�� ���� ��������
GRL���������JDG��������0HGOLQH�

���� 0�� (�� %OHZLWW� et al��� 6PF+'��� FRQWDLQLQJ� D� VWUXFWXUDO�PDLQWHQDQFH�RI�

FKURPRVRPHV�KLQJH�GRPDLQ��KDV�D�FULWLFDO�UROH�LQ�;�LQDFWLYDWLRQ��Nat. Genet.�
40��������������GRL���������QJ�����0HGOLQH�

���� ,�� $XVLQ�� 7�� &�� 0RFNOHU�� -�� &KRU\�� 6�� (�� -DFREVHQ�� ,'1�� DQG� ,'1�� DUH�
UHTXLUHG� IRU� GH�QRYR�'1$�PHWK\ODWLRQ� LQ�$UDELGRSVLV� WKDOLDQD��Nat. Struct. 
Mol. Biol.�16���������������GRL���������QVPE������0HGOLQH�

���� 7�� .DQQR� et al��� $� VWUXFWXUDO�PDLQWHQDQFH�RI�FKURPRVRPHV� KLQJH� GRPDLQ�
FRQWDLQLQJ� SURWHLQ� LV� UHTXLUHG� IRU� 51$�GLUHFWHG� '1$� PHWK\ODWLRQ�� Nat. 
Genet.�40��������������GRL���������QJ�����0HGOLQH�

����*��%|KPGRUIHU�et al���*0,���D�VWUXFWXUDO�PDLQWHQDQFH�RI�FKURPRVRPHV�KLQJH�
GRPDLQ�FRQWDLQLQJ�SURWHLQ��LV�LQYROYHG�LQ�VRPDWLF�KRPRORJRXV�UHFRPELQDWLRQ�
LQ� $UDELGRSVLV�� Plant J.� 67�� ���� �������� GRL���������M������
���;������������[�0HGOLQH�

Acknowledgments: :H� WKDQN�0��$NKDYDQ� IRU� VHTXHQFLQJ�� /��*RGGDUG� DQG�/��
,UXHOD�$ULVSH� IRU� DVVLVWDQFH�ZLWK� FRQIRFDO�PLFURVFRS\�� DQG� 3�� )UDQV]� DQG� ,��
6FKXEHUW�IRU�KHOSIXO�GLVFXVVLRQV��6�)��LV�D�6SHFLDO�)HOORZ�RI�WKH�/HXNHPLD�DQG�
/\PSKRPD� 6RFLHW\�� -�&�� LV� VXSSRUWHG� E\� WKH� 5XWK� /�� .LUVFKVWHLQ� 1DWLRQDO�
5HVHDUFK� 6HUYLFH� $ZDUG� *0�������� 5�3�0�� LV� VXSSRUWHG� E\� WKH� 1DWLRQDO�
,QVWLWXWH� RI� *HQHUDO� 0HGLFDO� 6FLHQFHV� �JUDQW� )��*0��������� DQG� -�'�� LV�
VXSSRUWHG� E\� D� :�0�� .HFN� )RXQGDWLRQ� 'LVWLQJXLVKHG� <RXQJ� 6FKRODU� LQ�
0HGLFDO� 5HVHDUFK� $ZDUG�� 5HVHDUFK� LQ� WKH� -DFREVHQ�� .LP�� 0LFKDHOV�� DQG�
'HNNHU� ODERUDWRULHV� ZDV� VXSSRUWHG� E\� 1,+� JUDQWV� *0������� *0��������
*0�������� DQG� +*�������� UHVSHFWLYHO\�� 6HTXHQFLQJ� ILOHV� KDYH� EHHQ�
GHSRVLWHG� DW� *(2� �DFFHVVLRQ� FRGH� *6(�������� 7KH� DXWKRUV� GHFODUH� QR�
FRPSHWLQJ�ILQDQFLDO�LQWHUHVWV��6�(�-��LV�DQ�LQYHVWLJDWRU�RI�WKH�+RZDUG�+XJKHV�
0HGLFDO� ,QVWLWXWH�� &RUUHVSRQGHQFH� DQG� UHTXHVWV� IRU� PDWHULDOV� VKRXOG� EH�
DGGUHVVHG�WR�6�(�-���MDFREVHQ#XFOD�HGX���

Supplementary Materials 
ZZZ�VFLHQFHPDJ�RUJ�FJL�FRQWHQW�IXOO�VFLHQFH���������'&��
0DWHULDOV�DQG�0HWKRGV�
)LJV��6��WR�6���
7DEOHV�6��WR�6��
5HIHUHQFHV��24±44��

���0DUFK�������DFFHSWHG����$SULO������
3XEOLVKHG�RQOLQH����0D\���������������VFLHQFH���������
��������VFLHQFH���������
�

 o
n 

M
ay

 1
0,

 2
01

2
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fro
m

 

http://www.sciencemag.org/content/early/recent
http://dx.doi.org/10.1093/nar/14.16.6711
http://dx.doi.org/10.1093/nar/14.16.6711
http://dx.doi.org/10.1038/nature02302
http://dx.doi.org/10.1038/nature02302
http://dx.doi.org/10.1016/S0092-8674(00)81644-X
http://dx.doi.org/10.1016/S0092-8674(00)81644-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10535731&dopt=Abstract
http://dx.doi.org/10.1016/j.devcel.2007.03.001
http://dx.doi.org/10.1016/j.devcel.2007.03.001
http://dx.doi.org/10.1038/nature02886
http://dx.doi.org/10.1038/nature02886
http://dx.doi.org/10.1016/j.molcel.2008.09.003
http://dx.doi.org/10.1016/j.molcel.2008.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12663548&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkr1047
http://dx.doi.org/10.1093/nar/gkr1047
http://dx.doi.org/10.1046/j.1365-313x.1998.00343.x
http://dx.doi.org/10.1046/j.1365-313x.1998.00343.x
http://dx.doi.org/10.1371/journal.pgen.1002195
http://dx.doi.org/10.1371/journal.pgen.1002195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21811420&dopt=Abstract
http://dx.doi.org/10.4161/epi.6.3.14242
http://dx.doi.org/10.4161/epi.6.3.14242
http://dx.doi.org/10.1186/gb-2009-10-3-r25
http://dx.doi.org/10.1186/gb-2009-10-3-r25
http://dx.doi.org/10.1038/nmeth.1226
http://dx.doi.org/10.1038/nmeth.1226
http://dx.doi.org/10.1186/1471-2105-11-203
http://dx.doi.org/10.1186/1471-2105-11-203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20416082&dopt=Abstract
http://dx.doi.org/10.1105/tpc.106.047688
http://dx.doi.org/10.1105/tpc.106.047688
http://dx.doi.org/10.1016/j.ymeth.2007.05.002
http://dx.doi.org/10.1016/j.ymeth.2007.05.002
http://dx.doi.org/10.1016/j.cell.2012.02.002
http://dx.doi.org/10.1016/j.cell.2012.02.002
http://dx.doi.org/10.1093/emboj/cdf657
http://dx.doi.org/10.1093/emboj/cdf657
http://dx.doi.org/10.1126/science.1109267
http://dx.doi.org/10.1126/science.1109267
http://dx.doi.org/10.1038/nature01278
http://dx.doi.org/10.1038/nature01278
http://dx.doi.org/10.1016/j.mrrev.2010.07.002
http://dx.doi.org/10.1016/j.mrrev.2010.07.002
http://dx.doi.org/10.1242/jcs.063586
http://dx.doi.org/10.1242/jcs.063586
http://dx.doi.org/10.1101/gad.955102
http://dx.doi.org/10.1101/gad.955102
http://dx.doi.org/10.1038/ng.142
http://dx.doi.org/10.1038/ng.142
http://dx.doi.org/10.1038/nsmb.1690
http://dx.doi.org/10.1038/nsmb.1690
http://dx.doi.org/10.1038/ng.119
http://dx.doi.org/10.1038/ng.119
http://dx.doi.org/10.1111/j.1365-313X.2011.04604.x
http://dx.doi.org/10.1111/j.1365-313X.2011.04604.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21481027&dopt=Abstract
http://www.sciencemag.org/

