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19 Abstract‌ABSTRACT‌ ‌ 
20 ‌ 
21 DNA‌‌methylation‌‌has‌‌evolved‌‌to‌‌silence‌‌mutagenic‌‌transposable‌‌elements‌‌(TEs)‌‌while‌‌typically‌‌                       
22 avoiding‌‌the‌‌targeting‌‌of‌‌endogenous‌‌genes.‌‌Mechanisms‌‌that‌‌prevent‌‌DNA‌‌methyltransferases‌‌                     
23 from‌ ‌ectopically‌ ‌methylating‌ ‌genes‌ ‌are‌ ‌expected‌ ‌to‌ ‌be‌ ‌of‌ ‌prime‌ ‌importance‌ ‌during‌ ‌periods‌ ‌of‌‌                           

24 dynamic‌‌cell‌‌cycle‌‌activities‌‌including‌‌plant‌‌embryogenesis.‌‌However,‌‌virtually‌‌nothing‌‌is‌‌known‌‌                       
25 regarding‌ ‌how‌ ‌DNA‌ ‌methyltransferase‌ ‌activities‌ ‌are‌‌precisely‌‌regulated‌‌during‌‌embryogenesis‌‌                   
26 to‌ ‌prevent‌ ‌the‌ ‌induction‌ ‌of‌ ‌potentially‌ ‌deleterious‌ ‌and‌ ‌mitotically‌ ‌stable‌ ‌genic‌ ‌epimutations.‌‌                       

27 Here,‌ ‌we‌ ‌report‌ ‌that‌ ‌microRNA-mediated‌ ‌repression‌‌of‌‌CHROMOMETHYLASE‌‌3‌‌(CMT3)‌‌and‌‌                     
28 the‌ ‌chromatin‌ ‌features‌ ‌that‌ ‌CMT3‌ ‌prefers‌ ‌help‌ ‌prevent‌ ‌ectopic‌ ‌methylation‌ ‌of‌ ‌thousands‌ ‌of‌‌                         
29 genes‌ ‌during‌ ‌embryogenesis‌ ‌that‌ ‌can‌ ‌persist‌ ‌for‌ ‌weeks‌ ‌afterwards.‌ ‌‌Our‌ ‌results‌ ‌are‌ ‌also‌‌                         

30 consistent‌‌with‌‌‌CMT3-induced‌‌ectopic‌‌methylation‌‌of‌‌‌promoters‌‌or‌‌bodies‌‌of‌‌‌genes‌‌undergoing‌‌                       
31 transcriptional‌ ‌activation‌ ‌reduc‌ing‌ ‌their‌ ‌‌expression‌corresponding‌ ‌transcript‌ ‌levels‌.‌ ‌Therefore,‌‌               
32 the‌‌repression‌‌of‌‌CMT3‌‌prevents‌‌epigenetic‌‌collateral‌‌damage‌‌on‌‌endogenous‌‌genes.‌‌We‌‌also‌‌                         
33 provide‌ ‌a‌ ‌model‌ ‌that‌ ‌may‌ ‌help‌ ‌reconcile‌ ‌conflicting‌ ‌viewpoints‌ ‌regarding‌ ‌the‌ ‌functions‌ ‌of‌‌                         

34 gene-body‌ ‌methylation‌ ‌that‌ ‌occurs‌ ‌in‌ ‌nearly‌ ‌all‌ ‌flowering‌ ‌plants.‌ ‌ ‌   
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35 Introduction‌INTRODUCTION‌ ‌ 

36 Methylation‌‌of‌‌DNA‌‌encoding‌‌transposable‌‌elements‌‌(TE)‌‌is‌‌required‌‌to‌‌silence‌‌their‌‌expression‌‌                         
37 and‌‌consequently‌‌prevent‌‌them‌‌from‌‌mobilizing‌‌and‌‌mutagenizing‌‌genomes‌‌‌(Kato‌‌et‌‌al.,‌‌2003;‌‌                         
38 Law‌ ‌and‌ ‌Jacobsen,‌ ‌2010)‌.‌ ‌Complex‌ ‌mechanisms‌ ‌have‌‌evolved‌‌to‌‌balance‌‌the‌‌high‌‌degree‌‌of‌‌                           
39 sensitivity‌ ‌needed‌ ‌to‌ ‌direct‌ ‌methylation‌ ‌and‌ ‌silencing‌ ‌of‌ ‌TEs‌ ‌with‌ ‌the‌ ‌precision‌ ‌required‌ ‌to‌‌                           

40 prevent‌ ‌ectopic‌ ‌methylation‌ ‌of‌ ‌endogenous‌ ‌genes‌ ‌‌(Antunez-Sanchez‌ ‌et‌ ‌al.,‌ ‌2020;‌ ‌Ito‌ ‌et‌ ‌al.,‌‌                         
41 2015;‌ ‌Papareddy‌ ‌et‌ ‌al.,‌ ‌2020;‌ ‌Saze‌ ‌and‌ ‌Kakutani,‌ ‌2011;‌ ‌Williams‌ ‌et‌ ‌al.,‌ ‌2015;‌ ‌Zhang‌ ‌et‌ ‌al.,‌‌                               
42 2020)‌.‌ ‌However,‌ ‌little‌ ‌is‌ ‌known‌ ‌about‌ ‌the‌ ‌mechanisms‌ ‌of‌ ‌epigenome‌ ‌homeostasis‌ ‌during‌‌                       

43 embryogenesis‌‌when‌‌organisms‌‌are‌‌particularly‌‌vulnerable‌‌to‌‌TE-induced‌‌mutagenesis,‌‌as‌‌well‌‌                     
44 as‌ ‌the‌ ‌establishment‌ ‌of‌ ‌potentially‌‌deleterious‌‌epimutations‌‌that‌‌can‌‌persist‌‌through‌‌many‌‌cell‌‌                         
45 divisions‌ ‌and‌ ‌even‌ ‌across‌ ‌generations‌ ‌‌(Henderson‌‌and‌‌Jacobsen,‌‌2007;‌‌Mathieu‌‌et‌‌al.,‌‌2007;‌‌                         

46 Probst‌ ‌et‌ ‌al.,‌ ‌2009;‌ ‌Saze‌ ‌et‌ ‌al.,‌ ‌2003;‌ ‌Scheid‌ ‌et‌ ‌al.,‌ ‌1998)‌.‌ ‌ 

47 In‌‌‌Arabidopsis‌‌thaliana‌‌(Arabidopsis),‌‌most‌‌TEs‌‌are‌‌found‌‌in‌‌pericentromeric‌‌regions‌‌of‌‌the‌‌                         
48 genome‌‌to‌‌which‌‌RNA‌‌polymerases‌‌have‌‌limited‌‌access‌‌‌(Arabidopsis‌‌Genome‌‌Initiative,‌‌2000;‌‌                       
49 Lippman‌ ‌et‌ ‌al.,‌ ‌2004;‌ ‌2000;‌ ‌Zhang‌ ‌et‌ ‌al.,‌ ‌2006)‌.‌ ‌These‌ ‌TE-enriched‌ ‌constitutive‌‌                       

50 heterochromatic‌ ‌regions‌ ‌are‌ ‌characterized‌ ‌by‌ ‌high‌ ‌densities‌ ‌of‌ ‌cytosine‌ ‌methylation‌ ‌in‌‌                     
51 symmetric‌ ‌(CG‌ ‌or‌ ‌CHG;‌ ‌H‌ ‌≠‌‌G)‌‌and‌‌asymmetric‌‌(CHH)‌‌contexts,‌‌as‌‌well‌‌as‌‌histone‌‌H3‌‌lysine‌‌                                 
52 dimethylation‌ ‌(H3K9me2)‌‌and‌‌other‌‌transcriptionally‌‌repressive‌‌chromatin‌‌marks‌‌‌(Cokus‌‌et‌‌al.,‌‌                     

53 2008;‌ ‌Lister‌ ‌et‌ ‌al.,‌‌2008;‌‌Stroud‌‌et‌‌al.,‌‌2014)‌.‌‌Symmetric‌‌DNA‌‌methylation‌‌and‌‌H3K9me2‌‌also‌‌                             
54 facilitate‌ ‌the‌ ‌stable‌ ‌propagation‌ ‌of‌ ‌silenced‌ ‌states‌‌through‌‌cell‌‌divisions‌‌‌(Jackson‌‌et‌‌al.,‌‌2002;‌‌                           
55 Lindroth‌ ‌et‌‌al.,‌‌2001;‌‌Stroud‌‌et‌‌al.,‌‌2013,‌‌2014)‌.‌‌METHYLTRANSFERASE‌‌1‌‌(MET1)‌‌maintains‌‌                         

56 CG‌ ‌methylation‌ ‌through‌ ‌mitotic‌ ‌and‌ ‌meiotic‌‌cell‌‌divisions‌‌with‌‌high‌‌fidelity‌‌due‌‌to‌‌VARIANT‌‌IN‌‌                             
57 METHYLATION‌‌1/2/3‌‌(VIM1/2/3)‌‌proteins‌‌that‌‌recognize‌‌hemi-methylated‌‌CG‌‌and‌‌recruit‌‌MET1‌‌                     
58 to‌‌methylate‌‌daughter‌‌strands‌‌‌(Feng‌‌et‌‌al.,‌‌2010;‌‌Finnegan‌‌and‌‌Dennis,‌‌1993;‌‌Ning‌‌et‌‌al.,‌‌2020;‌‌                               
59 Woo‌ ‌et‌ ‌al.,‌‌2008)‌.‌‌CG‌‌methylation‌‌can‌‌also‌‌recruit‌‌RNA‌‌Polymerase‌‌IV‌‌complexes‌‌required‌‌to‌‌                             

60 produce‌‌24-nt‌‌small‌‌interfering‌‌RNAs‌‌(siRNAs)‌‌that‌‌are‌‌then‌‌loaded‌‌onto‌‌ARGONAUTE‌‌proteins‌‌                         
61 and‌‌guide‌‌them‌‌to‌‌target‌‌loci‌‌by‌‌base-pairing‌‌with‌‌nucleic‌‌acids‌‌‌(Blevins‌‌et‌‌al.,‌‌2015;‌‌Herr‌‌et‌‌al.,‌‌                                   
62 2005;‌ ‌Papareddy‌ ‌et‌ ‌al.,‌ ‌2020;‌ ‌Zhai‌ ‌et‌ ‌al.,‌ ‌2015;‌ ‌Zilberman‌ ‌et‌ ‌al.,‌ ‌2003)‌.‌ ‌This‌ ‌leads‌ ‌to‌ ‌the‌‌                                 

63 recruitment‌‌of‌‌DOMAINS‌‌REARRANGED‌‌METHYLTRANSFERASES‌‌1/2‌‌(DRM1/2)‌‌and‌‌results‌‌                 
64 in‌‌de‌‌novo‌‌methylation‌‌of‌‌cytosines‌‌in‌‌all‌‌sequence‌‌contexts,‌‌including‌‌CHH,‌‌which‌‌is‌‌a‌‌hallmark‌‌                               
65 feature‌ ‌of‌ ‌RNA-directed‌ ‌DNA‌ ‌methylation‌ ‌(RdDM)‌ ‌‌(Cao‌ ‌and‌ ‌Jacobsen,‌ ‌2002;‌ ‌Stroud‌ ‌et‌ ‌al.,‌‌                         

66 2013;‌ ‌Wierzbicki‌ ‌et‌ ‌al.,‌ ‌2008)‌.‌ ‌However,‌ ‌RdDM‌ ‌is‌ ‌typically‌ ‌restricted‌ ‌from‌ ‌constitutive‌‌                       
67 heterochromatin‌ ‌because‌ ‌it‌ ‌is‌ ‌inaccessible‌ ‌to‌ ‌DNA-dependent‌ ‌RNA‌ ‌polymerase‌ ‌IV‌ ‌and‌‌                     
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‌ 

68 methyltransferases‌ ‌required‌ ‌for‌ ‌RdDM‌‌‌(Papareddy‌‌et‌‌al.,‌‌2020;‌‌Zemach‌‌et‌‌al.,‌‌2013)‌.‌‌Instead,‌‌                         

69 CHH‌ ‌methylation‌ ‌of‌ ‌constitutive‌ ‌heterochromatin‌ ‌is‌ ‌mediated‌ ‌by‌ ‌CHROMOMETHYLASE‌ ‌2‌‌                   
70 (CMT2)‌ ‌that‌ ‌binds‌ ‌to‌ ‌H3K9me2‌ ‌deposited‌ ‌by‌ ‌KRYPTONITE‌ ‌(KYP)‌ ‌and‌ ‌closely‌ ‌related‌‌                       
71 SUPPRESSOR‌ ‌OF‌ ‌‌VARIATION‌VARIEGATION‌ ‌3-9‌ ‌HOMOLOGUE‌ ‌PROTEIN‌ ‌5/6‌ ‌(SUVH5/6)‌‌               
72 methyltransferases‌ ‌‌(Stroud‌ ‌et‌ ‌al.,‌ ‌2014;‌ ‌Zemach‌ ‌et‌ ‌al.,‌ ‌2013)‌.‌ ‌CHROMOMETHYLASE‌ ‌3‌                     

73 (CMT3)‌‌also‌‌forms‌‌interlocking‌‌positive‌‌feedback‌‌loops‌‌with‌‌H3K9‌‌methyltransferases‌‌‌(Du‌‌et‌‌al.,‌‌                         
74 2012;‌ ‌Jackson‌ ‌et‌ ‌al.,‌ ‌2002;‌ ‌Lindroth‌ ‌et‌ ‌al.,‌ ‌2001)‌,‌ ‌but‌‌is‌‌more‌‌closely‌‌associated‌‌with‌‌the‌‌cell‌‌                                 
75 cycle‌ ‌and‌ ‌mediates‌ ‌CHG‌ ‌methylation‌ ‌‌(Ning‌ ‌et‌ ‌al.,‌ ‌2020)‌.‌‌ ‌  

76 CMT3-mediated‌ ‌CHG‌ ‌methylation‌ ‌is‌ ‌largely‌ ‌deposited‌ ‌on‌ ‌TEs.‌ ‌However,‌ ‌CMT3‌ ‌can‌ ‌also‌‌                       
77 induce‌ ‌the‌ ‌ectopic‌ ‌methylation‌ ‌of‌ ‌protein-coding‌ ‌genes‌ ‌‌(Wendte‌ ‌et‌ ‌al.,‌ ‌2019)‌.‌ ‌Moreover,‌ ‌the‌‌                         
78 introduction‌ ‌of‌ ‌Arabidopsis‌ ‌CMT3‌ ‌transgenes‌ ‌into‌ ‌‌Eutrema‌ ‌salsugineum‌,‌ ‌which‌ ‌lost‌ ‌CMT3‌‌                     

79 millions‌ ‌of‌ ‌years‌ ‌ago‌ ‌‌(Bewick‌ ‌et‌ ‌al.,‌ ‌2016)‌,‌‌could‌‌occasionally‌‌reconstitute‌‌CG‌‌methylation‌‌on‌‌                           
80 genes‌ (Wendte‌ ‌et‌ ‌al.,‌ ‌2019)‌.‌ ‌The‌ ‌resulting‌ ‌gene-body‌ ‌methylation‌ ‌(gbM)‌ ‌could‌ ‌be‌ ‌stably‌‌                         
81 maintained‌ ‌independent‌ ‌of‌ ‌the‌‌CMT3‌‌transgene‌‌for‌‌several‌‌generations‌‌‌(Wendte‌‌et‌‌al.,‌‌2019)‌.‌‌                         
82 However,‌ ‌it‌ ‌remains‌ ‌largely‌ ‌unknown‌ ‌how‌ ‌CMT3‌ ‌is‌‌restricted‌‌to‌‌targeting‌‌heterochromatin,‌‌as‌‌                         

83 well‌ ‌as‌ ‌the‌ ‌consequences‌ ‌of‌ ‌CMT3-induced‌ ‌hypermethylation‌ ‌of‌ ‌genes.‌ ‌Moreover,‌ ‌the‌‌                     
84 functional‌ ‌significance‌ ‌of‌ ‌gbM‌ ‌in‌ ‌animals‌ ‌and‌ ‌plants‌ ‌has‌ ‌been‌ ‌intensely‌ ‌debated.‌ ‌Because‌‌                         
85 methylated‌‌cytosines‌‌are‌‌mutagenic‌‌‌due‌‌to‌‌associated‌‌cytosine‌‌deamination‌‌‌(Shen‌‌et‌‌al.,‌‌1992;‌‌                         

86 Sved‌ ‌and‌ ‌Bird,‌ ‌1990)‌,‌ ‌features‌ ‌associated‌ ‌with‌ ‌gbM‌ ‌have‌ ‌been‌ ‌interpreted‌ ‌as‌ ‌evidence‌ ‌that‌‌                           
87 gbM‌ ‌provides‌ ‌selective‌ ‌advantages‌ ‌that‌ ‌counterbalance‌ ‌this‌ ‌mutagenesis-imposed‌ ‌fitness‌‌                 
88 penalty.‌ ‌For‌‌instance,‌‌gbM‌‌is‌‌depleted‌‌from‌‌transcription‌‌start‌‌and‌‌end‌‌sites‌‌‌(Tran‌‌et‌‌al.,‌‌2005;‌‌                               

89 Zhang‌ ‌et‌ ‌al.,‌ ‌2006;‌ ‌Zilberman‌ ‌et‌ ‌al.,‌ ‌2007)‌,‌ ‌and‌ ‌it‌ ‌has‌ ‌recently‌‌been‌‌reported‌‌that‌‌gbM‌‌helps‌‌                                 
90 prevent‌ ‌transcription‌ ‌initiation‌ ‌from‌ ‌cryptic‌ ‌promoters‌ ‌located‌ ‌in‌ ‌gene‌ ‌bodies‌ ‌as‌ ‌initially‌‌                       
91 proposed‌ ‌‌(Choi‌ ‌et‌ ‌al.,‌ ‌2019;‌ ‌Zilberman‌ ‌et‌ ‌al.,‌ ‌2007)‌.‌ ‌Moreover,‌ ‌gbM‌ ‌tends‌ ‌to‌ ‌be‌‌enriched‌‌on‌‌                               
92 constitutively‌‌expressed‌‌genes‌‌‌(Lister‌‌et‌‌al.,‌‌2008;‌‌Niederhuth‌‌et‌‌al.,‌‌2016;‌‌Takuno‌‌et‌‌al.,‌‌2017;‌‌                             

93 Zhang‌ ‌et‌ ‌al.,‌ ‌2006)‌,‌ ‌which‌ ‌would‌ ‌be‌ ‌consistent‌ ‌with‌ ‌gbM‌ ‌stabilizing‌ ‌gene‌ ‌expression‌ ‌by‌‌                           
94 excluding‌‌certain‌‌histone‌‌variants‌‌(i.e‌‌H2A.Z)‌‌from‌‌genes‌‌‌(Coleman-Derr‌‌and‌‌Zilberman,‌‌2012)‌‌                       
95 and‌ ‌generally‌ ‌enhancing‌ ‌gene‌ ‌expression‌ ‌‌(Muyle‌ ‌and‌ ‌Gaut,‌ ‌2019;‌ ‌Shahzad‌ ‌et‌ ‌al.,‌ ‌2021)‌.‌‌                         

96 Nevertheless,‌‌accumulating‌‌evidence‌‌is‌‌also‌‌consistent‌‌with‌‌gbM‌‌being‌‌a‌‌heritable‌‌by-product‌‌of‌‌                         
97 CMT3-induced‌ ‌epimutations‌ ‌‌(Bewick‌ ‌et‌ ‌al.,‌ ‌2016,‌ ‌2019;‌ ‌Wendte‌ ‌et‌ ‌al.,‌ ‌2019)‌.‌ ‌ 

98 Consistent‌‌with‌‌the‌‌need‌‌to‌‌fine-tune‌‌the‌‌amount‌‌of‌‌CMT3‌‌activities‌‌required‌‌to‌‌both‌‌silence‌‌                             

99 TEs‌ ‌and‌ ‌prevent‌ ‌epimutations‌ ‌on‌ ‌genes,‌ ‌mechanisms‌ ‌exist‌ ‌that‌ ‌transcriptionally‌ ‌‌(Ning‌ ‌et‌ ‌al.,‌‌                         
100 2020)‌‌and‌‌post-translationally‌‌‌(Deng‌‌et‌‌al.,‌‌2016)‌‌regulate‌‌CMT3,‌‌as‌‌well‌‌as‌‌remove‌‌H3K9me2‌‌                           
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‌ 

101 specifically‌‌from‌‌expressed‌‌genes‌(Inagaki‌‌et‌‌al.,‌‌2010;‌‌Saze‌‌et‌‌al.,‌‌2008)‌.‌‌These‌‌and‌‌additional‌‌                             

102 mechanisms‌ ‌are‌ ‌likely‌ ‌of‌ ‌utmost‌ ‌importance‌ ‌during‌ ‌embryo‌ ‌development‌ ‌when‌ ‌a‌‌proliferative‌‌                       
103 morphogenesis‌‌phase‌‌produces‌‌the‌‌most‌‌fundamental‌‌cell‌‌lineages‌‌of‌‌the‌‌plant,‌‌including‌‌those‌‌                         
104 that‌ ‌will‌ ‌eventually‌ ‌generate‌ ‌the‌ ‌gametes.‌ ‌Yet,‌ ‌how‌ ‌DNA‌ ‌methylation‌ ‌pathways‌ ‌are‌‌regulated‌‌                         
105 during‌ ‌this‌ ‌phase‌ ‌of‌ ‌dynamic‌ ‌cell‌ ‌division‌ ‌to‌ ‌exquisitely‌ ‌balance‌ ‌the‌ ‌need‌ ‌for‌ ‌TE‌ ‌methylation‌‌                             

106 with‌ ‌the‌ ‌prevention‌ ‌of‌ ‌potentially‌ ‌deleterious‌ ‌and‌ ‌stably‌ ‌inherited‌ ‌epimutations‌ ‌is‌ ‌virtually‌‌                       
107 unknown.‌ ‌ ‌   
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108 Results‌RESULTS‌ ‌ 
109 ‌ 
110 Cell‌ ‌division‌ ‌is‌ ‌linked‌ ‌with‌ ‌CG‌ ‌and‌ ‌CHG‌ ‌methylation‌ ‌through‌ ‌distinct‌ ‌mechanisms‌‌ ‌  
111 MET1‌ ‌and‌‌VIM1/2/3‌‌are‌‌required‌‌for‌‌the‌‌faithful‌‌transmission‌‌of‌‌mCG‌‌across‌‌cell‌‌cycles‌‌‌(Feng‌‌                             
112 et‌ ‌al.,‌ ‌2010;‌ ‌Finnegan‌ ‌and‌ ‌Dennis,‌‌1993;‌‌Ning‌‌et‌‌al.,‌‌2020;‌‌Woo‌‌et‌‌al.,‌‌2008)‌‌and‌‌accordingly‌‌                                 

113 had‌ ‌increased‌ ‌transcript‌ ‌levels‌ ‌in‌ ‌rapidly‌ ‌dividing‌ ‌early‌ ‌embryos‌ ‌that‌ ‌also‌ ‌correlated‌‌well‌‌with‌‌                           
114 transcripts‌ ‌encoding‌ ‌cell-cycle‌ ‌activators‌ ‌throughout‌ ‌embryogenesis‌ ‌(Fig‌ure‌.‌ ‌1A)‌ ‌‌(Hofmann‌‌et‌‌                   
115 al.,‌ ‌2019;‌ ‌Papareddy‌ ‌et‌ ‌al.,‌ ‌2020)‌.‌ ‌More‌ ‌specifically,‌ ‌MET1‌ ‌and‌ ‌VIM1/2/3‌ ‌transcript‌ ‌levels‌‌                         

116 peaked‌‌at‌‌the‌‌early‌‌heart‌‌stage‌‌and‌‌were‌‌reduced‌‌afterwards‌‌before‌‌plummeting‌‌at‌‌the‌‌mature‌‌                             
117 green‌ ‌stage.‌ ‌These‌ ‌transcript‌ ‌developmental‌ ‌dynamics‌ ‌were‌ ‌also‌ ‌characteristic‌ ‌of‌ ‌transcripts‌‌                     
118 encoding‌ ‌proteins‌ ‌involved‌ ‌in‌ ‌licensing‌ ‌DNA‌ ‌replication‌ ‌(e.g.‌ ‌Cyclins‌ ‌A2/B1,‌ ‌CDKB1-1,‌‌                     

119 MINICHROMOSOME‌ ‌MAINTENANCE2),‌ ‌heterochromatin‌‌maintenance‌‌(e.g.‌‌DDM1)‌‌and‌‌DNA‌‌               
120 methylation‌‌(e.g.‌‌CMT3),‌‌but‌‌not‌‌randomized‌‌controls‌‌(Fig‌ure‌s‌.‌‌1B‌,‌‌Figure‌‌1-figure‌‌supplement‌,‌‌                       
121 S‌ ‌‌1A).‌ ‌Therefore,‌ ‌genes‌ ‌required‌ ‌for‌ ‌DNA‌ ‌methylation‌ ‌and‌ ‌heterochromatin‌ ‌maintenance‌ ‌are‌‌                       
122 tightly‌ ‌correlated‌ ‌with‌ ‌cell-cycle‌ ‌activity‌ ‌during‌ ‌embryogenesis.‌ ‌ 

123 To‌‌test‌‌whether‌‌the‌‌patterns‌‌observed‌‌for‌‌transcripts‌‌regulating‌‌DNA‌‌methylation‌‌reflect‌‌DNA‌‌                         
124 methylation‌‌dynamics,‌‌we‌‌computed‌‌differentially‌‌methylated‌‌cytosines‌‌(DMCs)‌‌across‌‌flowers,‌‌                   
125 embryos‌‌and‌‌leaves‌‌(see‌‌Methods).‌‌Similar‌‌to‌‌previous‌‌observations‌‌‌(Bouyer‌‌et‌‌al.,‌‌2017;‌‌Lin‌‌et‌‌                             

126 al.,‌ ‌2017;‌ ‌Papareddy‌ ‌et‌ ‌al.,‌ ‌2020)‌,‌ ‌70%‌ ‌of‌ ‌DMCs‌ ‌occurred‌ ‌in‌ ‌the‌ ‌CHH‌ ‌context‌ ‌(Fig‌ure‌.‌ ‌1C).‌‌                               
127 Consistent‌‌with‌‌dynamic‌‌expression‌‌patterns‌‌of‌‌MET1‌‌and‌‌CMT3,‌‌substantial‌‌fractions‌‌of‌‌DMCs‌‌                         
128 respectively‌ ‌occurred‌ ‌in‌ ‌CG‌ ‌(20%)‌ ‌or‌ ‌CHG‌ ‌(10%)‌ ‌contexts.‌ ‌Therefore,‌ ‌DNA‌ ‌methylation‌ ‌is‌‌                         

129 dynamically‌ ‌reconfigured‌ ‌in‌ ‌all‌ ‌sequence‌ ‌contexts‌ ‌during‌ ‌embryogenesis.‌ ‌In‌ ‌total,‌ ‌these‌‌                     
130 symmetric‌ ‌DMCs‌ ‌represented‌ ‌1,185‌ ‌CG‌ ‌(‌Supplementary‌ ‌File‌ ‌‌Table‌ ‌S‌1)‌ ‌and‌ ‌1,398‌ ‌CHG‌‌                       
131 (‌Supplementary‌ ‌File‌ ‌‌Table‌ ‌S‌2)‌ ‌differentially‌ ‌methylated‌ ‌regions‌ ‌(DMRs)‌ ‌covering‌ ‌201‌ ‌kb‌ ‌and‌‌                       
132 185.8‌ ‌kb,‌ ‌respectively‌ ‌(Fig‌ure‌.‌ ‌1D,‌ ‌‌Supplementary‌ ‌File‌ ‌1‌Table‌ ‌S1‌;‌ ‌see‌ ‌Methods).‌ ‌Although‌ ‌a‌‌                         

133 significant‌‌fraction‌‌of‌‌CG‌‌and‌‌CHG‌‌DMRs‌‌overlapped‌‌(n‌‌=‌‌183;‌‌7.1%‌‌of‌‌total),‌‌the‌‌vast‌‌majority‌‌                                 
134 of‌ ‌CG‌ ‌and‌ ‌CHG‌ ‌DMRs‌ ‌were‌ ‌located‌ ‌in‌ ‌non-overlapping‌ ‌genomic‌ ‌regions‌ ‌corresponding‌ ‌to‌‌                         
135 euchromatic‌ ‌gene-rich‌ ‌and‌ ‌heterochromatic‌ ‌TE-rich‌ ‌regions‌ ‌of‌ ‌the‌ ‌genome,‌ ‌respectively‌‌                   

136 (Fig‌ure‌.‌ ‌1D).‌ ‌Because‌ ‌CHG‌ ‌methylation‌ ‌can‌ ‌require‌ ‌CG‌ ‌methylation‌‌‌(Stroud‌‌et‌‌al.,‌‌2013)‌,‌‌we‌‌                           
137 tested‌ ‌whether‌ ‌the‌ ‌15.1%‌ ‌of‌ ‌CHG‌ ‌DMRs‌ ‌overlapping‌ ‌CG‌ ‌DMRs‌ ‌require‌ ‌CG‌ ‌methylation.‌‌                         
138 Leaves‌ ‌deficient‌ ‌in‌ ‌CG‌ ‌methylation‌ ‌did‌ ‌not‌ ‌have‌ ‌reduced‌ ‌CHG‌ ‌methylation‌ ‌in‌ ‌CHG‌ ‌DMRs‌‌                           

139 regardless‌ ‌of‌ ‌whether‌ ‌or‌ ‌not‌ ‌they‌ ‌overlapped‌ ‌with‌ ‌CG‌‌DMRs‌‌(Fig‌ure‌‌2-figure‌‌supplement‌‌2B‌.‌‌                           
140 S2B‌;‌ ‌data‌ ‌from‌ ‌Stroud‌ ‌et‌ ‌al.‌ ‌2013).‌ ‌This‌ ‌indicates‌ ‌that‌ ‌CHG‌ ‌DMRs‌ ‌occur‌ ‌in‌‌distinct‌‌genomic‌‌                               
141 regions‌ ‌and‌ ‌are‌ ‌largely‌ ‌independent‌ ‌of‌ ‌CG‌ ‌methylation‌ ‌(Fig‌ure‌.‌‌ ‌1E,F).‌ ‌ 
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‌ 

142 Relative‌ ‌to‌ ‌floral‌ ‌bud‌ ‌samples,‌ ‌CG‌ ‌DMRs‌‌have‌‌slightly‌‌reduced‌‌methylation‌‌in‌‌preglobular‌‌                         

143 embryos,‌ ‌followed‌ ‌by‌ ‌increased‌ ‌methylation‌ ‌until‌ ‌after‌ ‌the‌ ‌torpedo‌ ‌stage,‌ ‌when‌ ‌levels‌‌                       
144 dramatically‌ ‌reduce‌ ‌in‌ ‌mature‌ ‌green‌‌embryos‌‌and‌‌recover‌‌in‌‌leaves‌‌(Fig‌ure‌.‌‌1G).‌‌By‌‌contrast,‌‌                           
145 methylation‌ ‌levels‌ ‌of‌ ‌CHG‌ ‌DMRs‌ ‌are‌ ‌relatively‌‌stable‌‌between‌‌floral‌‌buds‌‌and‌‌early‌‌embryos,‌‌                           
146 then‌ ‌decrease‌ ‌in‌ ‌late‌ ‌embryos,‌ ‌reaching‌ ‌a‌ ‌minimum‌ ‌in‌ ‌leaves‌ ‌(Fig‌ure‌.‌ ‌1H).‌ ‌Accordingly,‌‌                         

147 changes‌ ‌in‌ ‌CG‌ ‌and‌ ‌CHG‌ ‌DMR‌ ‌methylation‌ ‌levels‌ ‌during‌ ‌development‌ ‌were‌ ‌significantly‌‌                       
148 correlated‌ ‌with‌ ‌MET1‌ ‌(Pearson’s‌ ‌R‌ ‌=‌ ‌0.8;‌ ‌‌P‌ ‌value‌ ‌=‌ ‌0.03)‌ ‌and‌‌CMT3‌‌(Pearson’s‌‌R‌‌=‌‌0.74;‌‌‌P‌‌                                   
149 value‌ ‌=‌ ‌0.05)‌ ‌transcript‌ ‌levels,‌ ‌respectively‌ ‌(Fig‌ure‌ ‌1-figures‌ ‌supplement‌ .‌‌S‌1B,C).‌‌Therefore,‌‌                       

150 although‌ ‌cell‌ ‌division‌ ‌rates‌ ‌are‌ ‌correlated‌ ‌with‌ ‌symmetric‌ ‌DNA‌ ‌methylation‌ ‌dynamics,‌ ‌distinct‌‌                       
151 mechanisms‌ ‌reconfigure‌ ‌CG‌ ‌or‌ ‌CHG‌ ‌methylation‌ ‌genome-wide‌ ‌during‌ ‌embryogenesis.‌ ‌ 

152

‌ 
153 Figure‌ ‌1.‌ ‌Cell‌ ‌division‌ ‌is‌ ‌linked‌ ‌with‌ ‌CG‌ ‌and‌ ‌CHG‌ ‌methylation‌ ‌through‌ ‌distinct‌ ‌mechanisms.‌ ‌ 

154 A)‌‌Bar‌‌chart‌‌depicting‌‌total‌‌abundance‌‌(‌top‌)‌‌and‌‌heat‌‌map‌‌of‌‌individual‌‌relative‌‌transcript‌‌levels‌‌(‌bottom‌)‌‌of‌‌genes‌‌                                   

155 involved‌ ‌in‌ ‌CG‌ ‌methylation‌ ‌in‌ ‌‌three‌ ‌biological‌ ‌replicates‌ ‌each‌ ‌of‌ ‌‌flowers,‌ ‌embryos‌ ‌and‌ ‌leaves‌ ‌(Hofmann‌ ‌et‌ ‌al.‌‌                                 

156 2019)‌.‌‌fb,‌‌floral‌‌buds;‌‌pg,‌‌preglobular;‌‌gl,‌‌globular;‌‌eh,‌‌early‌‌heart;‌‌lh,‌‌late‌‌heart;‌‌et,‌‌early‌‌torpedo;‌‌lt,‌‌late‌‌torpedo;‌‌                                       

157 bc,‌‌bent‌‌cotyledon;‌‌mg,‌‌mature‌‌green;‌‌lf,‌‌leaf.‌‌‌B)‌‌Heatmap‌‌showing‌‌developmental‌‌dynamics‌‌of‌‌permuted‌‌gene‌‌set‌‌                                 

158 (‌top‌)‌‌median‌‌values‌‌(i.e.‌‌1000‌‌iterations‌‌of‌‌random‌‌sampling‌‌of‌‌25‌‌genes)‌‌and‌‌top-25‌‌genes‌‌co-varying‌‌with‌‌MET1,‌‌                                   
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‌ 

159 VIM1,‌‌VIM2‌‌and‌‌VIM3‌‌obtained‌‌by‌‌employing‌‌nearest‌‌neighbour‌‌algorithm‌‌calculated‌‌based‌‌on‌‌Euclidean‌‌distance‌‌                             

160 between‌‌genes‌‌and‌‌centroid‌‌expression‌‌of‌‌MET1,‌‌VIM1,‌‌VIM2‌‌and‌‌VIM3‌‌(‌bottom‌).‌‌‌C)‌‌Sequence‌‌logo‌‌representing‌‌                               

161 nucleotide‌ ‌probability‌ ‌relative‌ ‌to‌ ‌differentially‌ ‌methylated‌ ‌cytosines‌ ‌(DMC).‌ ‌‌D)‌ ‌Proportion‌ ‌of‌ ‌CG‌ ‌and‌ ‌CHG‌‌                           

162 differentially‌ ‌methylated‌ ‌regions‌ ‌(DMRs)‌ ‌overlapping‌ ‌genomic‌ ‌features.‌ ‌Venn‌ ‌diagram‌‌showing‌‌overlap‌‌between‌‌                       

163 CG‌‌and‌‌CHG‌‌DMRs.‌‌Significance‌‌overlap‌‌of‌‌DMRs‌‌determined‌‌by‌‌Fisher's‌‌Exact‌‌test‌‌‌P‌‌value‌‌<‌‌0.0001‌‌is‌‌indicated‌‌                                     

164 by‌ ‌****.‌ ‌‌E‌ ‌and‌ ‌‌F)‌ ‌‌Violin‌‌plot‌‌showing‌‌CG‌‌(‌top‌)‌‌and‌‌CHG‌‌(‌bottom‌)‌‌methylation‌‌differences‌‌between‌‌mutant‌‌‌and‌‌                                   

165 WT‌wild‌‌type‌‌leaves‌‌for‌‌CHG‌‌DMRs‌‌overlapping‌‌(‌E‌)‌‌or‌‌not‌‌overlapping‌‌(‌F‌)‌‌with‌‌CG‌‌DMRs‌‌‌(Stroud‌‌et‌‌al.,‌‌2013)‌.‌‌‌G‌‌                                       

166 and‌‌‌H)‌‌‌Box‌‌plots‌‌of‌‌average‌‌weighted‌‌methylation‌‌of‌‌CG‌‌DMRs‌‌(n‌‌=‌‌1,185)‌‌and‌‌‌G)‌‌‌CHG‌‌DMRs‌‌(n‌‌=‌‌1,398)‌‌during‌‌                                           

167 development.‌ ‌fb,‌ ‌floral‌‌buds;‌‌pg,‌‌preglobular;‌‌eh,‌‌early‌‌heart;‌‌tp,‌‌torpedo‌‌(6‌‌DAP)‌‌‌(Pignatta‌‌et‌‌al.,‌‌2015)‌;‌‌bc,‌‌bent‌‌                                     

168 cotyledon;‌‌lt-mg,‌‌late‌‌torpedo-to-early‌‌mature‌‌green‌‌‌(Hsieh‌‌et‌‌al.,‌‌2009)‌;‌‌mg,‌‌mature‌‌green‌‌‌(Bouyer‌‌et‌‌al.,‌‌2017)‌;‌‌lf,‌‌                                   

169 leaf.‌‌fb,‌‌pg,‌‌eh,‌‌bc‌‌and‌‌lf‌‌were‌‌from‌‌(‌(Bouyer‌‌et‌‌al.,‌‌2017;‌‌Hsieh‌‌et‌‌al.,‌‌2009;‌‌Papareddy‌‌et‌‌al.,‌‌2020;‌‌Pignatta‌‌et‌‌al.,‌‌                                               

170 2015)‌.‌ ‌Unless‌ ‌stated‌ ‌as‌ ‌not‌ ‌significant‌ ‌(ns),‌ ‌all‌ ‌combinations‌ ‌are‌ ‌significant‌ ‌with‌ ‌‌P‌ ‌values‌ ‌<‌ ‌0.001‌ ‌obtained‌ ‌by‌‌                                   

171 Mann-Whitney‌ ‌U‌‌test.‌‌Shaded‌‌horizontal‌‌line‌‌in‌‌the‌‌background‌‌represents‌‌the‌‌median‌‌methylation‌‌value‌‌of‌‌floral‌‌                               

172 buds.‌ ‌ 

173 ‌ 

174

175 Figure‌ ‌‌1-figure‌ ‌supplement‌ ‌‌S‌1.‌ ‌Characteristics‌ ‌of‌ ‌genes‌ ‌and‌ ‌differentially‌ ‌methylated‌‌regions‌‌co-expressed‌‌                       

176 with‌ ‌symmetric‌ ‌methyltransferases‌ ‌‌(Related‌ ‌to‌ ‌Fig.‌ ‌1)‌.‌ ‌A)‌ ‌‌Gene‌ ‌ontology‌ ‌enrichment‌ ‌of‌ ‌top-50‌ ‌genes‌‌                           

177 co-expressed‌‌with‌‌MET1‌‌and‌‌VIM1/2/3‌‌with‌‌false‌‌discovery‌‌rates‌‌<‌‌0.05.‌‌‌B‌‌and‌‌‌C‌)‌‌Scatterplots‌‌showing‌‌Pearson’s‌‌                                 

178 R‌ ‌between‌ ‌MET1‌ ‌transcript‌ ‌levels‌ ‌(TPM;‌ ‌transcripts‌ ‌per‌ ‌million)‌ ‌and‌ ‌mean-weighted‌ ‌CG‌ ‌methylation‌ ‌of‌‌                           

179 developmental‌ ‌CG‌ ‌DMRs‌ ‌(B)‌ ‌or‌ ‌CMT3‌ ‌TPM‌ ‌and‌ ‌mean-weighted‌ ‌CHG‌ ‌methylation‌ ‌of‌ ‌developmental‌ ‌CHG‌ ‌DMRs.‌ ‌ 

180 ‌ 
181 Genome-wide‌ ‌coordination‌ ‌of‌ ‌symmetric‌ ‌DNA‌ ‌methylation‌‌ ‌  
182 Because‌‌DNA‌‌methylation‌‌is‌‌concentrated‌‌on‌‌TEs‌‌‌(Stroud‌‌et‌‌al.,‌‌2013;‌‌Zhang‌‌et‌‌al.,‌‌2006)‌,‌‌we‌‌                               
183 next‌ ‌investigated‌ ‌global‌ ‌developmental‌ ‌dynamics‌ ‌of‌ ‌TE‌ ‌methylation.‌ ‌CG‌ ‌methylation‌ ‌on‌ ‌both‌‌                       
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‌ 

184 euchromatic‌ ‌and‌ ‌heterochromatic‌ ‌TEs‌ ‌was‌ ‌slightly‌ ‌reduced‌ ‌in‌ ‌pregobular‌ ‌embryos‌ ‌and‌ ‌then‌‌                       

185 restored‌‌to‌‌the‌‌levels‌‌found‌‌in‌‌floral‌‌buds‌‌by‌‌the‌‌early‌‌heart‌‌stage‌‌(Fig‌ure‌.‌‌2A,B).‌‌Whereas‌‌CG‌‌                                 

186 methylation‌ ‌of‌ ‌euchromatic‌ ‌TEs‌ ‌was‌ ‌relatively‌ ‌constant‌ ‌for‌ ‌the‌ ‌remainder‌ ‌of‌ ‌embryogenesis,‌‌                       
187 heterochromatic‌ ‌TEs‌ ‌had‌ ‌significantly‌ ‌increased‌ ‌methylation‌ ‌during‌ ‌late‌ ‌embryogenesis‌‌                 
188 compared‌ ‌to‌ ‌post-embryonic‌ ‌tissues.‌ ‌Consistent‌ ‌with‌ ‌heterochromatin‌ ‌becoming‌ ‌highly‌‌                 
189 condensed‌ ‌during‌ ‌embryo‌ ‌maturation‌ ‌‌(van‌ ‌Zanten‌ ‌et‌ ‌al.,‌ ‌2011)‌,‌ ‌we‌ ‌found‌ ‌that‌ ‌CG‌‌                         

190 hypermethylation‌‌in‌‌mature‌‌green‌‌compared‌‌to‌‌bent‌‌cotyledon‌‌embryos‌‌predominantly‌‌occurred‌‌                     
191 in‌ ‌pericentromeric‌ ‌genomic‌ ‌regions‌‌rather‌‌than‌‌gene-rich‌‌chromosomal‌‌arms‌‌(Fig‌ure‌.‌‌2C).‌‌CG‌‌                       
192 methylation‌ ‌was‌ ‌required‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌24-nt‌ ‌siRNAs‌ ‌from‌ ‌euchromatic‌ ‌TEs,‌ ‌but‌ ‌only‌‌                           

193 marginally‌ ‌for‌ ‌heterochromatic‌ ‌TEs‌ ‌(Fig‌ure‌‌2-figure‌‌supplement‌‌‌.‌‌S‌2A,‌‌data‌‌from‌‌‌(Lister‌‌et‌‌al.,‌‌                           
194 2008)‌).‌ ‌Conversely,‌ ‌the‌ ‌loss‌ ‌of‌ ‌24-nt‌ ‌siRNAs‌ ‌in‌‌‌nrpd1a‌‌mutants‌‌only‌‌had‌‌negligible‌‌effects‌‌on‌‌                             
195 CG‌ ‌methylation‌ ‌of‌ ‌both‌ ‌heterochromatic‌ ‌and‌ ‌euchromatic‌ ‌TEs‌ ‌(Fig‌ure‌ ‌2-figure‌ ‌supplement‌ ‌‌.‌‌                       

196 S‌2B,C).‌ ‌Therefore,‌ ‌siRNA‌ ‌production‌ ‌from‌ ‌euchromatic‌ ‌regions‌ ‌of‌ ‌the‌ ‌genome‌ ‌requires‌ ‌CG‌‌                       
197 methylation,‌ ‌but‌ ‌not‌ ‌vice‌ ‌versa.‌ ‌ 
198 Global‌ ‌CHG‌ ‌methylation‌ ‌of‌ ‌euchromatic‌ ‌and‌ ‌heterochromatic‌ ‌TEs‌ ‌was‌ ‌higher‌ ‌in‌ ‌embryos‌‌                       
199 compared‌ ‌to‌ ‌leaves‌ ‌(Fig‌ure‌.‌ ‌2D,E).‌ ‌Similar‌ ‌to‌ ‌previous‌ ‌observations‌ ‌for‌ ‌CHH‌ ‌methylation‌‌                       

200 (Papareddy‌‌et‌‌al.,‌‌2020)‌,‌‌siRNA-deficient‌‌‌nrpd1a‌‌mutant‌‌tissues‌‌had‌‌reduced‌‌CHG‌‌methylation‌‌                       
201 on‌ ‌euchromatic‌ ‌or‌‌heterochromatic‌‌TEs‌‌in‌‌all‌‌or‌‌only‌‌embryonic‌‌samples,‌‌respectively‌‌(Fig‌ure‌.‌‌                         
202 2F,G).‌ ‌Intriguingly,‌ ‌increased‌ ‌CHH‌ ‌methylation‌ ‌on‌ ‌heterochromatic‌ ‌TEs‌ ‌was‌ ‌significantly‌‌                   

203 correlated‌ ‌with‌ ‌decreased‌ ‌CHG‌ ‌methylation‌ ‌during‌ ‌late‌ ‌stages‌ ‌of‌ ‌embryogenesis‌ ‌when‌ ‌cell‌‌                       
204 division‌ ‌rates‌ ‌are‌ ‌reduced‌ ‌(Fig‌ure‌.‌ ‌2H).‌ ‌Therefore,‌ ‌CMT3-dependent‌ ‌CHG‌ ‌and‌‌                   
205 CMT2-dependent‌ ‌CHH‌ ‌methylation‌ ‌of‌ ‌heterochromatic‌ ‌TEs‌ ‌are‌ ‌respectively‌ ‌positively‌ ‌and‌‌                   

206 negatively‌ ‌correlated‌ ‌with‌ ‌cell‌ ‌division‌ ‌rates.‌‌ ‌  
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207

‌ 
208 Figure‌ ‌2.‌ ‌Genome-wide‌ ‌coordination‌ ‌of‌ ‌symmetric‌ ‌DNA‌ ‌methylation.‌‌ ‌  

209 A‌ ‌and‌ ‌‌B)‌ ‌‌Boxplots‌ ‌of‌ ‌CG‌ ‌methylation‌ ‌percentages‌ ‌on‌ ‌euchromatic‌ ‌(‌A‌)‌ ‌and‌ ‌heterochromatic‌ ‌(‌B‌)‌ ‌TEs‌ ‌during‌‌                               

210 development.‌‌fb,‌‌floral‌‌buds;‌‌sp,‌‌sperm‌‌‌(Ibarra‌‌et‌‌al.,‌‌2012)‌;‌‌pg,‌‌preglobular;‌‌eh,‌‌early‌‌heart;‌‌tp,‌‌torpedo‌‌(6‌‌DAP);‌‌bc,‌‌                                       

211 bent‌‌cotyledon;‌‌lt-mg,‌‌late‌‌torpedo-to-early‌‌mature‌‌green;‌‌mg,‌‌mature‌‌green;‌‌lf,‌‌leaf.‌‌Thick‌‌horizontal‌‌bars‌‌indicate‌‌                               

212 medians,‌ ‌and‌ ‌the‌ ‌top‌ ‌and‌ ‌bottom‌ ‌edges‌ ‌of‌ ‌boxes‌ ‌represent‌ ‌the‌ ‌75th‌ ‌and‌ ‌25th‌ ‌percentiles,‌ ‌respectively.‌ ‌Shaded‌‌                                 

213 horizontal‌ ‌line‌ ‌in‌ ‌the‌ ‌background‌ ‌represents‌ ‌the‌ ‌median‌ ‌methylation‌ ‌value‌ ‌of‌ ‌floral‌ ‌buds.‌ ‌‌C‌)‌ ‌Difference‌ ‌in‌ ‌CG‌‌                                 

214 methylation‌ ‌between‌ ‌mature‌ ‌green‌ ‌(mg)‌ ‌and‌ ‌bent‌ ‌cotyledon‌ ‌(bc)‌ ‌embryos‌ ‌were‌‌calculated‌‌in‌‌1-kb‌‌genomic‌‌bins,‌‌                               

215 which‌ ‌were‌ ‌divided‌ ‌into‌ ‌percentiles‌ ‌and‌ ‌sorted‌ ‌based‌ ‌on‌ ‌their‌ ‌distance‌ ‌to‌ ‌centromeres‌ ‌(1‌ ‌and‌ ‌100‌ ‌being‌‌the‌‌tile‌‌                                     

216 closest‌ ‌and‌ ‌furthest‌ ‌from‌ ‌centromeres,‌ ‌respectively).‌ ‌Red‌ ‌color‌ ‌line‌ ‌indicates‌ ‌the‌‌median‌‌and‌‌the‌‌top‌‌and‌‌bottom‌‌                                 

217 edges‌ ‌of‌ ‌the‌ ‌blue‌‌colored‌‌boxes‌‌represent‌‌75th‌‌and‌‌25th‌‌percentiles,‌‌respectively.‌‌Vertical‌‌grey‌‌bars‌‌indicate‌‌1.5X‌‌                                 

218 the‌ ‌interquartile‌ ‌range.‌ ‌‌D‌ ‌and‌‌‌E)‌‌‌Boxplots‌‌of‌‌CHG‌‌methylation‌‌on‌‌euchromatic‌‌(‌D‌)‌‌and‌‌heterochromatic‌‌(‌E‌)‌‌TEs‌‌                                 

219 during‌‌development‌‌(key‌‌as‌‌in‌‌‌A‌).‌‌‌F‌‌and‌‌‌G)‌‌Boxplots‌‌of‌‌CHG‌‌methylation‌‌differences‌‌between‌‌‌nrpd1a‌‌and‌‌‌WT‌wild‌‌                                   

220 type‌‌(Col-0)‌‌tissues‌‌for‌‌euchromatic‌‌(‌F‌)‌‌and‌‌heterochromatic‌‌(‌G‌)‌‌TEs.‌‌‌H)‌‌‌Scatterplot‌‌showing‌‌Pearson’s‌‌correlation‌‌                             

221 coefficients‌‌(‌R‌).‌‌Differences‌‌in‌‌mCHH‌‌and‌‌mCHG‌‌between‌‌bent‌‌cotyledon‌‌(bc)‌‌and‌‌torpedo‌‌stage‌‌(tp)‌‌embryos‌‌are‌‌                                 

222 shown‌ ‌on‌ ‌x-‌ ‌and‌ ‌y-axes,‌ ‌respectively.‌ ‌Histograms‌ ‌show‌ ‌the‌ ‌number‌ ‌of‌ ‌TEs‌ ‌in‌ ‌thousands‌ ‌(K).‌ ‌ 
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223

‌ 
224 Figure‌‌‌S‌2‌-figure‌‌supplement‌‌1‌.‌‌Relationships‌‌between‌‌MET1‌‌and‌‌24-nt‌‌siRNAs‌‌‌(Related‌‌to‌‌Fig‌.‌‌2)‌.‌‌‌A)‌‌Boxplot‌‌                               

225 illustrating‌‌relative‌‌levels‌‌of‌‌24-nt‌‌siRNAs‌‌in‌‌‌met1‌‌relative‌‌to‌‌‌wild‌‌type‌‌(‌WT‌)‌‌‌(Lister‌‌et‌‌al.,‌‌2008)‌;‌‌Euchromatic‌‌and‌‌                                     

226 heterochromatic‌‌TEs‌‌are‌‌abbreviated‌‌as‌‌Euc.‌‌TEs‌‌and‌‌Het.‌‌TEs,‌‌respectively.‌‌‌B‌‌and‌‌‌C‌)‌‌Boxplots‌‌of‌‌CG‌‌methylation‌‌                                   

227 differences‌‌between‌‌‌nrpd1a‌‌and‌‌wild-type‌‌tissues‌‌for‌‌euchromatic‌‌(‌B‌)‌‌and‌‌heterochromatic‌‌(‌C‌)‌‌TEs.‌‌fb,‌‌floral‌‌buds;‌‌                               

228 eh,‌‌early‌‌heart;‌‌bc,‌‌bent‌‌cotyledon;‌‌lf,‌‌leaf.‌‌Thick‌‌horizontal‌‌bars‌‌indicate‌‌medians,‌‌and‌‌the‌‌top‌‌and‌‌bottom‌‌edges‌‌of‌‌                                       

229 boxes‌ ‌indicate‌ ‌the‌ ‌75th‌ ‌and‌ ‌25th‌ ‌percentiles,‌ ‌respectively.‌‌ ‌  
230 ‌ 
231 Repression‌ ‌of‌ ‌CMT3‌ ‌during‌ ‌embryogenesis‌ ‌regulates‌ ‌methylome‌ ‌dynamics‌ ‌ 
232 CMT3‌ ‌is‌ ‌recruited‌ ‌to‌ ‌loci‌ ‌by‌ ‌binding‌ ‌to‌ ‌H3K9me2‌ ‌deposited‌ ‌by‌ ‌SUVH4/5/6‌ ‌histone‌‌                         
233 methyltransferases‌ ‌‌(Du‌ ‌et‌ ‌al.,‌ ‌2012;‌ ‌Jackson‌ ‌et‌ ‌al.,‌ ‌2002;‌ ‌Lindroth‌ ‌et‌ ‌al.,‌ ‌2001;‌ ‌Stroud‌‌et‌‌al.,‌‌                               
234 2014)‌.‌ ‌CMT3‌ ‌and‌ ‌KYP,‌ ‌which‌ ‌is‌‌the‌‌major‌‌SUVH4‌‌H3K9‌‌methyltransferase,‌‌were‌‌dynamically‌‌                         

235 expressed‌ ‌according‌ ‌to‌ ‌patterns‌ ‌characteristic‌ ‌of‌ ‌other‌ ‌cell-cycle‌ ‌regulated‌ ‌genes‌ ‌and‌ ‌CHG‌‌                       
236 methylation‌‌dynamics‌‌(Fig‌ure‌s‌.‌‌1A,H,‌‌Figure‌‌‌3A).‌‌More‌‌specifically,‌‌CMT3‌‌and‌‌KYP‌‌were‌‌highly‌‌                         
237 expressed‌ ‌in‌ ‌rapidly‌ ‌dividing‌ ‌early‌ ‌embryos‌ ‌and‌‌had‌‌reduced‌‌expression‌‌in‌‌late‌‌embryos‌‌until‌‌                           

238 the‌‌mature‌‌stage,‌‌where‌‌they‌‌were‌‌barely‌‌detectable.‌‌Altogether,‌‌our‌‌results‌‌are‌‌consistent‌‌with‌‌                           
239 the‌‌idea‌‌that‌‌the‌‌more‌‌rapid‌‌cell‌‌divisions‌‌in‌‌early‌‌embryos‌‌demand‌‌higher‌‌levels‌‌of‌‌CMT3‌‌and‌‌                                 
240 KYP‌ ‌to‌ ‌maintain‌ ‌mCHG‌ ‌through‌ ‌the‌ ‌cell‌ ‌cycle.‌ ‌Moreover,‌‌‌IBM1,‌‌which‌‌encodes‌‌an‌‌H3K9me2‌‌                           
241 demethylase‌ ‌and‌ ‌prevents‌ ‌CMT3‌ ‌recruitment‌ ‌to‌ ‌gene‌ ‌bodies‌ ‌‌(Miura‌ ‌et‌ ‌al.,‌ ‌2009;‌ ‌Saze‌‌et‌‌al.,‌‌                             

242 2008)‌,‌ ‌is‌ ‌dynamically‌ ‌expressed‌ ‌during‌ ‌embryogenesis‌ ‌in‌ ‌a‌ ‌pattern‌ ‌that‌ ‌strongly‌ ‌resembles‌‌                       
243 CMT3‌‌and‌‌KYP‌‌(Fig‌ure‌.‌‌3A).‌‌Therefore,‌‌co-expression‌‌of‌‌IBM1‌‌with‌‌CMT3‌‌and‌‌KYP‌‌likely‌‌helps‌‌                             
244 limit‌‌ectopic‌‌H3K9me2‌‌and‌‌methylated‌‌CHG‌‌on‌‌gene‌‌bodies‌‌during‌‌embryogenesis‌‌as‌‌has‌‌been‌‌                           

245 demonstrated‌ ‌during‌ ‌post-embryonic‌ ‌development‌ ‌‌(Inagaki‌ ‌et‌ ‌al.,‌ ‌2017)‌.‌‌ ‌  
246 We‌ ‌previously‌ ‌found‌ ‌that‌‌miR823-directed‌‌cleavage‌‌of‌‌CMT3‌‌transcripts‌‌is‌‌highly‌‌enriched‌‌                       
247 in‌‌embryos‌‌directly‌‌after‌‌morphogenesis‌‌‌(Plotnikova‌‌et‌‌al.,‌‌2019)‌.‌‌In‌‌contrast‌‌to‌‌CMT3‌‌transcript‌‌                           
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‌ 

248 dynamics,‌ ‌miR823‌ ‌accumulates‌ ‌during‌ ‌embryogenesis,‌ ‌and‌ ‌miR823:CMT3‌‌cleavage‌‌products‌‌                 

249 were‌ ‌enriched‌ ‌and‌ ‌significantly‌ ‌detected‌ ‌specifically‌ ‌at‌ ‌late‌ ‌heart‌ ‌and‌ ‌early‌ ‌torpedo‌ ‌stages‌‌                         
250 precisely‌ ‌when‌ ‌CMT3‌ ‌transcript‌ ‌levels‌ ‌were‌ ‌sharply‌ ‌decreasing‌ ‌(Fig‌ure‌.‌ ‌3B).‌ ‌Based‌‌on‌‌these‌‌                         
251 observations,‌ ‌we‌ ‌hypothesized‌ ‌that‌ ‌miR823-mediated‌ ‌repression‌ ‌of‌ ‌CMT3‌ ‌contributes‌ ‌to‌ ‌the‌                     
252 reduced‌ ‌CHG‌ ‌methylation‌ ‌levels‌ ‌observed‌ ‌during‌ ‌late‌ ‌embryogenesis.‌‌ ‌  

253 To‌ ‌test‌ ‌if‌ ‌miR823-directed‌ ‌repression‌‌of‌‌CMT3‌‌transcripts‌‌reduces‌‌CHG‌‌methylation‌‌levels‌‌                       
254 during‌‌embryogenesis,‌‌we‌‌generated‌‌deletions‌‌in‌‌the‌‌region‌‌of‌‌the‌‌‌MIR823‌‌locus‌‌encoding‌‌the‌‌                           
255 mature‌ ‌miRNA‌ ‌(Fig‌ure‌ ‌3-figure‌ ‌supplement‌ ‌1‌.‌ ‌S3‌A)‌ ‌and‌ ‌examined‌‌CMT3‌‌transcript‌‌and‌‌CHG‌‌                         

256 methylation‌ ‌levels.‌ ‌Both‌ ‌independently‌ ‌generated‌ ‌‌mir823-1‌ ‌and‌ ‌‌mir823-2‌ ‌mutants‌ ‌were‌‌                   
257 confirmed‌‌as‌‌nulls‌‌(Fig‌ure‌‌3-figure‌‌supplement‌‌1B‌.‌‌S3B‌)‌‌and‌‌had‌‌significantly‌‌increased‌‌CMT3‌‌                         
258 levels‌‌relative‌‌to‌‌wild‌‌type‌‌(WT)‌‌in‌‌‌embryos‌‌at‌‌the‌‌‌bent‌‌cotyledon‌‌stage‌‌‌when‌embryos‌‌at‌‌which‌‌                               

259 stage‌ ‌CMT3‌ ‌levels‌ ‌are‌ ‌normally‌ ‌reduced‌ ‌(Fig‌ure‌.‌ ‌3C).‌ ‌Consistent‌ ‌with‌ ‌miR823-directed‌‌                     
260 cleavage‌ ‌of‌ ‌CMT3‌ ‌being‌ ‌highly‌ ‌enriched‌ ‌in‌ ‌embryos,‌ ‌we‌ ‌did‌ ‌not‌ ‌observe‌ ‌increased‌ ‌CMT3‌‌                           
261 transcripts‌‌in‌‌either‌‌leaves‌‌or‌‌floral‌‌buds‌‌of‌‌‌mir823‌‌mutants‌‌(Fig‌ure‌‌3-figure‌‌supplement‌‌1‌.‌‌S3‌D).‌‌                             
262 Moreover,‌ ‌CHG,‌ ‌but‌ ‌not‌ ‌CG‌ ‌or‌ ‌CHH,‌ ‌methylation‌ ‌was‌ ‌increased‌ ‌on‌ ‌TEs‌ ‌in‌ ‌bent‌ ‌cotyledon‌‌                             

263 embryos‌ ‌of‌ ‌both‌ ‌‌mir823-1‌ ‌and‌ ‌‌mir823-2‌ ‌mutants‌ ‌relative‌ ‌to‌ ‌‌WT‌wild‌ ‌type‌ ‌(Fig‌ure‌s.‌‌3D,‌‌Figure‌‌                           
264 3-supplemental‌ ‌figure‌ ‌1‌S3‌E).‌ ‌ 
265 As‌ ‌an‌‌independent‌‌approach,‌‌we‌‌used‌‌site-directed‌‌mutagenesis‌‌to‌‌introduce‌‌synonymous‌‌                     

266 mutations‌ ‌in‌ ‌the‌ ‌miR823‌ ‌target‌ ‌site‌ ‌within‌ ‌CMT3‌ ‌transgene‌ ‌constructs‌ ‌that‌ ‌included‌ ‌1.41‌ ‌kb‌‌                           
267 upstream‌ ‌and‌ ‌0.73‌ ‌kb‌ ‌downstream‌ ‌intergenic‌‌regions,‌‌and‌‌associated‌‌cis-regulatory‌‌elements‌‌                     
268 (Fig‌ure‌.‌ ‌‌3-figure‌ ‌supplement‌ ‌1C‌S3C‌;‌ ‌see‌ ‌Methods).‌ ‌As‌ ‌controls,‌ ‌we‌ ‌also‌ ‌generated‌ ‌CMT3‌‌                       

269 constructs‌ ‌without‌ ‌mutations,‌ ‌and‌ ‌introduced‌‌these‌‌miR823-cleavable‌‌CMT3‌‌(cCMT3),‌‌as‌‌well‌‌                     
270 as‌ ‌the‌ ‌miR823-resistant‌ ‌(rCMT3),‌ ‌constructs‌ ‌into‌ ‌‌cmt3-11‌ ‌mutant‌ ‌plants‌ ‌‌(Henderson‌ ‌and‌‌                     
271 Jacobsen,‌ ‌2008)‌.‌ ‌CMT3‌ ‌transcript‌ ‌levels‌ ‌were‌ ‌increased‌ ‌in‌ ‌rCMT3‌ ‌relative‌ ‌to‌ ‌cCMT3‌‌lines‌‌at‌‌                           
272 the‌ ‌bent‌ ‌cotyledon‌ ‌stage‌ ‌(Fig‌ure‌.‌ ‌3C),‌ ‌but‌ ‌not‌ ‌in‌ ‌leaves‌ ‌or‌ ‌floral‌ ‌buds‌ ‌(Fig‌ure‌ ‌3-figure‌‌                             

273 supplement‌ ‌1‌.‌ ‌S3‌D),‌ ‌which‌ ‌further‌ ‌indicates‌ ‌that‌ ‌miR823-directed‌ ‌cleavage‌‌and‌‌repression‌‌of‌‌                       
274 CMT3‌ ‌is‌ ‌highly‌ ‌enriched‌ ‌in‌ ‌embryos‌ ‌transitioning‌ ‌between‌ ‌morphogenesis‌ ‌and‌ ‌maturation.‌‌                     
275 CMT3‌ ‌levels‌ ‌were‌ ‌also‌ ‌increased‌ ‌in‌ ‌cCMT3‌ ‌and‌ ‌rCMT3‌ ‌lines‌ ‌compared‌‌to‌‌Col-0‌‌in‌‌embryos,‌‌                             

276 leaves‌‌and‌‌floral‌‌buds‌‌(Fig‌ure‌s.‌‌3C,‌‌Figure‌‌3-figure‌‌supplement‌‌1‌S3‌D)‌‌suggesting‌‌that‌‌miR823‌‌                         
277 is‌ ‌not‌ ‌sufficient‌ ‌to‌ ‌repress‌ ‌transgenic‌ ‌CMT3‌ ‌to‌ ‌the‌ ‌same‌ ‌extent‌ ‌as‌ ‌endogenous‌ ‌CMT3‌‌                           
278 transcripts.‌ ‌Although‌ ‌we‌ ‌cannot‌ ‌rule‌ ‌out‌ ‌that‌ ‌this‌ ‌is‌ ‌due‌ ‌to‌ ‌missing‌ ‌cis-regulatory‌ ‌repressive‌‌                           

279 elements‌ ‌in‌ ‌the‌ ‌transgenes,‌ ‌increased‌ ‌gene‌ ‌dosage‌ ‌and‌ ‌positional‌ ‌effects‌ ‌of‌ ‌the‌ ‌transgenes‌‌                         
280 seems‌ ‌more‌ ‌likely.‌ ‌Upstream‌ ‌and‌ ‌downstream‌ ‌intergenic‌ ‌regions‌ ‌were‌ ‌included‌ ‌in‌ ‌the‌ ‌CMT3‌‌                         
281 constructs‌ ‌(Fig‌ure‌ ‌3-figure‌ ‌supplement‌ ‌1‌.‌ ‌S‌G).‌ ‌Moreover,‌ ‌although‌ ‌relative‌ ‌transgene‌ ‌copy‌‌                     

12‌ ‌ 

https://paperpile.com/c/ju89vP/RYav
https://paperpile.com/c/ju89vP/RYav
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282 numbers‌‌were‌‌not‌‌significantly‌‌different‌‌across‌‌the‌‌independently‌‌generated‌‌cCMT3‌‌and‌‌rCMT3‌‌                       

283 transgenic‌ ‌lines,‌ ‌they‌ ‌were‌ ‌higher‌ ‌than‌ ‌endogenous‌ ‌CMT3‌ ‌in‌ ‌‌WT‌wild‌ ‌type‌ ‌(Fig‌ure‌ ‌4-figure‌‌                         
284 supplement‌ ‌1‌.‌ ‌S4‌G,H).‌ ‌Nevertheless,‌ ‌it‌ ‌is‌ ‌clear‌ ‌that‌ ‌CMT3‌ ‌levels‌ ‌are‌ ‌finely‌ ‌tuned‌ ‌during‌‌                           
285 embryogenesis.‌ ‌Together‌ ‌with‌ ‌the‌ ‌analysis‌ ‌of‌ ‌‌mir823‌ ‌mutants‌ ‌and‌ ‌miR823-mediated‌ ‌CMT3‌‌                     
286 transcript‌ ‌cleavage‌ ‌products‌ ‌‌(Plotnikova‌ ‌et‌ ‌al.,‌ ‌2019)‌,‌ ‌these‌ ‌results‌ ‌strongly‌ ‌indicate‌ ‌that‌‌                       

287 miR823‌ ‌cleaves‌ ‌and‌ ‌represses‌ ‌CMT3‌ ‌levels‌ ‌during‌ ‌mid-embryogenesis.‌‌Consistent‌‌with‌‌what‌‌                     
288 we‌ ‌observed‌ ‌in‌ ‌‌mir823‌ ‌mutants,‌ ‌increased‌ ‌CMT3‌ ‌transcript‌ ‌levels‌ ‌in‌ ‌cCMT3‌ ‌and‌ ‌rCMT3‌‌                         
289 embryos‌ ‌resulted‌ ‌in‌ ‌CHG‌ ‌hypermethylation‌ ‌of‌ ‌TEs‌ ‌(Fig‌ure‌.‌ ‌3D)‌ ‌but‌ ‌did‌ ‌not‌ ‌globally‌‌influence‌‌                           

290 CG‌ ‌or‌ ‌CHH‌ ‌methylation‌ ‌(Fig‌ure‌.‌-figure‌ ‌supplement‌ ‌1‌ ‌S3‌E,F).‌ ‌Remarkably,‌ ‌increased‌ ‌CMT3‌‌                     
291 transcript‌‌levels‌‌in‌‌‌mir823‌‌mutants,‌‌cCMT3‌‌and‌‌most‌‌strikingly‌‌rCMT3‌‌embryos‌‌were‌‌associated‌‌                         
292 with‌ ‌ectopic‌ ‌CHG‌ ‌methylation‌ ‌on‌ ‌protein-coding‌ ‌gene‌ ‌bodies‌ ‌and‌ ‌flanking‌ ‌regions‌ ‌in‌ ‌bent‌‌                         

293 cotyledon‌ ‌embryos‌ ‌(Fig‌ure‌.‌ ‌3E).‌ ‌Therefore,‌ ‌both‌ ‌TEs‌ ‌and‌ ‌genes‌ ‌are‌ ‌hypermethylated‌ ‌when‌‌                       
294 CMT3‌ ‌levels‌‌are‌‌not‌‌properly‌‌down-regulated‌‌upon‌‌the‌‌morphogenesis-to-maturation‌‌transition‌‌                   
295 during‌ ‌embryogenesis.‌ ‌ 
296 To‌‌test‌‌whether‌‌miR823-directed‌‌repression‌‌of‌‌CMT3‌‌and‌‌prevention‌‌of‌‌CHG‌‌methylation‌‌of‌‌                         

297 genes‌‌that‌‌we‌‌observed‌‌in‌‌embryos‌‌persists‌‌after‌‌embryogenesis,‌‌we‌‌next‌‌profiled‌‌methylomes‌‌                         
298 of‌‌cCMT3‌‌and‌‌rCMT3‌‌plants‌‌three‌‌weeks‌‌after‌‌germination.‌‌‌We‌‌chose‌‌to‌‌focus‌‌on‌‌rCMT3‌‌plants‌‌                               
299 because‌ ‌of‌ ‌the‌ ‌large‌ ‌amount‌ ‌of‌ ‌hypermethylation‌ ‌observed‌ ‌in‌ ‌these‌ ‌lines‌ ‌during‌‌                       

300 embryogenesis,‌ ‌and‌ ‌used‌ ‌cCMT3‌ ‌plants‌ ‌as‌ ‌controls.‌ ‌‌Although‌ ‌TEs‌ ‌had‌ ‌increased‌ ‌CHG‌‌                       
301 methylation‌ ‌levels‌ ‌in‌ ‌both‌‌cCMT3‌‌lines‌‌relative‌‌to‌‌‌WT‌wild‌‌type‌,‌‌protein-coding‌‌genes‌‌were‌‌not‌‌                           
302 affected‌‌(Fig‌ure‌.‌‌3F,G).‌‌In‌‌stark‌‌contrast,‌‌TEs‌‌and‌‌genes‌‌were‌‌hypermethylated‌‌in‌‌both‌‌rCMT3‌‌                           

303 lines‌‌compared‌‌to‌‌cCMT3‌‌or‌‌‌WT‌wild‌‌type‌‌plants,‌‌and‌‌only‌‌slightly‌‌reduced‌‌relative‌‌to‌‌the‌‌levels‌‌                               
304 observed‌‌in‌‌rCMT3‌‌bent‌‌cotyledon‌‌embryos‌‌(Fig‌ure‌.‌‌3F,G).‌‌Together‌‌with‌‌miR823-independent‌‌                     
305 processes‌ ‌(e.g.‌‌IBM1‌‌removal‌‌of‌‌H3K9me2),‌‌miR823-directed‌‌repression‌‌of‌‌CMT3‌‌is‌‌therefore‌‌                       
306 required‌‌to‌‌prevent‌‌the‌‌hypermethylation‌‌of‌‌protein-coding‌‌genes‌‌that‌‌can‌‌be‌‌maintained‌‌weeks‌‌                         

307 after‌ ‌the‌ ‌completion‌ ‌of‌ ‌embryogenesis.‌‌ ‌  
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308

‌ 
309 Figure‌ ‌3.‌‌Repression‌‌of‌‌CMT3‌‌during‌‌embryogenesis‌‌regulates‌‌methylome‌‌dynamics.‌‌A)‌‌‌Barplots‌‌illustrating‌‌                         

310 transcript‌‌levels‌‌of‌‌CMT3‌‌(‌top‌),‌‌KYP‌‌(‌middle‌)‌‌and‌‌IBM1‌‌(‌bottom‌)‌‌in‌‌flowers,‌‌embryos‌‌and‌‌leaves.‌‌fb,‌‌floral‌‌buds;‌‌                                   

311 pg,‌‌preglobular;‌‌gl,‌‌globular;‌‌eh,‌‌early‌‌heart;‌‌lh,‌‌late‌‌heart;‌‌et,‌‌early‌‌torpedo;‌‌lt,‌‌late‌‌torpedo;‌‌bc,‌‌bent‌‌cotyledon;‌‌mg,‌‌                                       

312 mature‌ ‌green;‌ ‌lf,‌ ‌leaf.‌ ‌‌Error‌ ‌bars‌ ‌represent‌ ‌standard‌ ‌errors‌ ‌of‌ ‌the‌ ‌means‌ ‌of‌ ‌three‌ ‌biological‌ ‌replicates‌.‌ ‌‌B‌)‌ ‌Line‌‌                                   

313 graphs‌‌showing‌‌the‌‌relative‌‌RNA‌‌abundance‌‌of‌‌miR823‌‌(‌blue‌),‌‌CMT3‌‌RNA‌‌(‌yellow‌)‌‌and‌‌miR823:CMT3‌‌cleavage‌‌                             

314 products‌‌(‌pink‌).‌‌‌C‌)‌‌Log‌2‌-transformed‌‌relative‌‌CMT3‌‌target‌‌transcript‌‌levels‌‌in‌‌bent‌‌cotyledon‌‌embryos‌‌(8‌‌DAP;‌‌day‌‌                               

315 after‌ ‌pollination)‌ ‌from‌ ‌‌WT‌wild‌ ‌type‌ ‌plants‌ ‌(Col-0),‌ ‌or‌‌‌cmt3-11‌‌plants‌‌expressing‌‌either‌‌miR823-cleavable‌‌CMT3‌‌                           

316 (cCMT3)‌‌or‌‌miR823-resistant‌‌CMT3‌‌(rCMT3)‌‌versions.‌‌Each‌‌dot‌‌represents‌‌the‌‌mean‌‌of‌‌two‌‌technical‌‌replicates‌‌of‌‌                               

317 embryos‌‌and‌.‌‌‌b‌B‌ars‌‌represent‌‌mean‌‌values‌.‌‌E‌‌and‌‌e‌rror‌‌bars‌‌in‌‌A-C‌‌represent‌ ‌indicate‌‌‌standard‌‌error‌s‌‌of‌‌the‌‌means‌‌                                      

318 of‌ ‌three‌ ‌biological‌ ‌replicates‌.‌ ‌Asterisks‌ ‌indicate‌ ‌whether‌‌the‌‌transcript‌‌levels‌‌observed‌‌in‌‌‌mir823‌‌mutant,‌‌cCMT3‌‌                             

319 and‌‌rCMT3‌‌embryos‌‌were‌‌significantly‌‌different‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌(Two-tailed‌‌Student’s‌‌t‌‌tests;‌‌****,‌‌***,‌‌                               

320 **,‌‌and‌‌*‌‌represent‌‌‌P‌‌values‌‌<‌‌0.0001,‌‌<‌‌0.001,‌‌<‌‌0.01,‌‌and‌‌<‌‌0.05,‌‌respectively).‌‌Color-coded‌‌according‌‌to‌‌the‌‌key.‌‌                                         

321 D‌)‌‌Boxplots‌‌of‌‌CHG‌‌methylation‌‌on‌‌transposons‌‌with‌‌≥5‌‌informative‌‌cytosines‌‌covered‌‌by‌‌≥4‌‌reads‌‌and‌‌classified‌‌                                 

322 as‌ ‌either‌ ‌euchromatic‌ ‌or‌ ‌heterochromatic‌ ‌in‌ ‌Papareddy‌‌et‌‌al.‌‌2020.‌‌‌P‌‌values‌‌< 0.0001‌‌based‌‌on‌‌Mann-Whitney‌‌‌U‌‌                                 

323 tests‌‌of‌‌methylation‌‌differences‌‌between‌‌‌WT‌wild‌‌type‌‌and‌‌either‌‌mutant‌‌or‌‌‌transgenic‌‌bent‌‌cotyledon‌‌embryos‌‌‌are‌‌                               

324 represented‌‌by‌‌****.‌‌‌E‌)‌‌Metaplots‌‌of‌‌average‌‌CHG‌‌methylation‌‌percentages‌‌across‌‌genes‌‌bodies‌‌from‌‌transcription‌‌                             

325 start‌‌sites‌‌(TSS)‌‌to‌‌transcription‌‌end‌‌sites‌‌(TES),‌‌1.5-kb‌‌upstream‌‌and‌‌1.5-kb‌‌downstream‌‌of‌‌genes‌‌in‌‌bent‌‌cotyledon‌‌                                   

326 embryos.‌ ‌‌Color-coded‌ ‌according‌ ‌to‌ ‌the‌ ‌key.‌ ‌‌F‌ ‌and‌ ‌‌G‌)‌ ‌Boxplots‌ ‌of‌ ‌CHG‌ ‌methylation‌ ‌on‌ ‌transposons‌ ‌(‌F‌)‌ ‌and‌‌                                 

327 metaplots‌ ‌of‌ ‌CHG‌ ‌methylation‌ ‌on‌ ‌genes‌ ‌(‌G‌)‌ ‌in‌ ‌three-week‌ ‌old‌ ‌plants‌ ‌as‌ ‌described‌ ‌in‌ ‌‌D‌‌ ‌and‌ ‌‌E‌,‌ ‌respectively.‌ ‌ 
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328 ‌ 

329

‌ 
330 Figure‌‌3-figure‌‌supplement‌‌1‌Figure‌‌S3‌.‌‌‌mir823‌‌mutants‌‌and‌‌effects‌‌of‌‌miR823-directed‌‌repression‌‌of‌‌CMT3‌‌                           

331 (Related‌‌to‌‌Fig.‌‌3)‌.‌‌‌A‌)‌‌Diagram‌‌of‌‌sequences‌‌deleted‌‌by‌‌CRISPR/Cas9‌‌approach‌‌from‌‌MIR823A‌‌locus‌‌in‌‌‌miR823-1‌‌                                 

332 and‌ ‌‌miR823-2‌.‌ ‌‌B‌)‌ ‌Relative‌ ‌levels‌ ‌of‌ ‌miR823‌ ‌in‌ ‌‌WT‌wild‌ ‌type‌ ‌(Col-0),‌ ‌‌mir823-1‌ ‌and‌ ‌‌mir823-2‌ ‌bent‌ ‌cotyledon‌‌                               

333 embryos‌‌(~8‌‌DAP;‌‌days‌‌after‌‌pollination).‌‌Stem-loop‌‌qPCR‌‌values‌‌were‌‌normalized‌‌to‌‌U6‌‌and‌‌then‌‌divided‌‌by‌‌the‌‌                                   

334 levels‌ ‌observed‌ ‌in‌ ‌wild-type‌ ‌plants‌ ‌before‌ ‌log‌2‌-transformation.‌ ‌Each‌ ‌dot‌ ‌represents‌ ‌the‌ ‌mean‌ ‌of‌ ‌two‌ ‌technical‌‌                             

335 replicates‌‌of‌‌embryos,‌‌and‌‌error‌‌bars‌‌indicate‌‌standard‌‌error.‌‌‌P‌‌values‌‌< 0.01‌‌based‌‌on‌‌two-tailed‌‌Student’s‌‌t-test‌‌of‌‌                                   

336 differences‌‌between‌‌‌WT‌wild‌‌type‌‌and‌‌‌miR823‌‌mutants‌‌are‌‌represented‌‌by‌‌*.‌‌‌C‌)‌‌Schematics‌‌of‌‌miR823‌‌target‌‌site‌‌in‌‌                                   

337 CMT3‌ ‌transcripts.‌ ‌Base-pairing‌ ‌interactions‌ ‌of‌ ‌miR823‌ ‌with‌ ‌either‌ ‌wild-type‌ ‌target‌ ‌sites‌ ‌(cleavable,‌ ‌cCMT3)‌ ‌or‌‌                           

338 miRNA-resistant‌ ‌target‌‌sites‌‌(resistant,‌‌rCMT3)‌‌are‌‌indicated‌‌above‌‌and‌‌below,‌‌respectively.‌‌Mutations‌‌introduced‌‌                         

339 are‌‌labeled‌‌in‌‌red,‌‌and‌‌Watson-Crick‌‌base-pairing‌‌(I),‌‌non-base-pairing‌‌(X),‌‌and‌‌G:U‌‌wobbles‌‌(O)‌‌for‌‌each‌‌pair‌‌are‌‌                                   

340 indicated.‌‌‌D‌)‌‌Relative‌‌CMT3‌‌transcript‌‌levels‌‌in‌‌two-week‌‌old‌‌leaves‌‌(‌left‌)‌‌or‌‌floral‌‌buds‌‌(‌right‌)‌‌from‌‌‌WT‌wild‌‌type‌‌                                   
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341 plants‌ ‌(Col-0),‌ ‌‌mir823-1‌,‌ ‌‌mir823-2‌,‌ ‌or‌ cmt3-11‌ ‌plants‌ ‌carrying‌ ‌either‌ ‌miR823-cleavable‌ ‌CMT3‌ ‌(cCMT3)‌ ‌or‌‌                         

342 miR823-resistant‌ ‌CMT3‌ ‌(rCMT3)‌ ‌transgenes.‌ ‌Bars‌ ‌represent‌ ‌mean‌‌values‌‌and‌‌error‌‌bars‌‌indicate‌‌standard‌‌errors.‌‌                           

343 Asterisks‌‌indicate‌‌whether‌‌the‌‌transcript‌‌levels‌‌observed‌‌in‌‌‌mir823‌‌mutants,‌‌or‌‌cCMT3‌‌and‌‌rCMT3‌‌transgenics‌‌were‌‌                               

344 significantly‌ ‌different‌ ‌compared‌ ‌to‌ ‌‌WT‌wild‌ ‌type‌ ‌(Two-tailed‌ ‌Student’s‌ ‌t-tests;‌ ‌****,‌ ‌***,‌ ‌**,‌ ‌and‌ ‌*‌ ‌represent‌ ‌‌P‌‌                               

345 values‌‌<‌‌0.0001,‌‌<‌‌0.001,‌‌<‌‌0.01,‌‌and‌‌<‌‌0.05,‌‌respectively).‌‌‌E‌)‌‌Boxplots‌‌of‌‌CG‌‌(‌top‌)‌‌and‌‌CHH‌‌(‌bottom‌)‌‌methylation‌‌                                       

346 on‌‌euchromatic‌‌and‌‌heterochromatic‌‌transposons‌‌with‌‌≥4‌‌informative‌‌cytosines‌‌covered‌‌by‌‌≥5‌‌reads.‌‌‌F‌)‌‌‌Metaplots‌‌                             

347 of‌ ‌average‌ ‌‌CG‌ ‌(‌top‌)‌ ‌and‌ ‌CHH‌ ‌(‌bottom‌)‌ ‌methylation‌ ‌percentages‌ ‌across‌ ‌genes‌ ‌bodies,‌ ‌and‌ ‌1.5‌ ‌kb‌ ‌upstream‌ ‌and‌‌                                 

348 downstream‌‌regions.‌‌Genotypes‌‌are‌‌‌color-coded‌‌according‌‌to‌‌the‌‌key.‌‌‌G‌)‌‌‌Integrative‌‌Genomics‌‌Viewer‌‌screenshot‌‌                           

349 of‌ ‌CMT3‌ ‌locus‌‌showing‌‌normalized‌‌coverage‌‌of‌‌methylC-seq‌‌reads‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌(see‌‌Methods).‌‌‌H‌)‌‌                               

350 CMT3‌ ‌copy‌ ‌number‌ ‌quantification‌ ‌based‌ ‌on‌ ‌qPCR‌ ‌in‌ ‌three-week‌ ‌old‌ ‌leaves‌ ‌from‌ ‌‌WT‌wild‌ ‌type‌ ‌(Col-0),‌ ‌or‌‌                               

351 independently‌ ‌generated‌ ‌rCMT3‌ ‌or‌ ‌cCMT3‌ ‌transgenics‌ ‌in‌ ‌the‌ ‌‌cmt3-11‌‌ ‌background.‌ ‌ 

352 ‌ 

353 Chromatin‌ ‌features‌ ‌associated‌ ‌with‌ ‌CMT3-induced‌ ‌gene‌ ‌methylation‌ ‌ 
354 To‌ ‌yield‌ ‌insights‌ ‌into‌ ‌how‌ ‌genes‌ ‌are‌ ‌hypermethylated‌ ‌upon‌ ‌the‌ ‌derepression‌ ‌of‌ ‌CMT3,‌ ‌we‌‌                           
355 determined‌ ‌whether‌ ‌certain‌ ‌genomic‌ ‌features‌ ‌were‌ ‌associated‌ ‌with‌ ‌CMT3-induced‌ ‌genic‌‌                   
356 methylation.‌ ‌Towards‌ ‌this‌ ‌end,‌ ‌we‌‌first‌‌selected‌‌22,637‌‌nuclear-encoded‌‌protein-coding‌‌genes‌‌                     

357 that‌ ‌had‌ ‌≥5‌ ‌methylC-seq‌ ‌reads‌ ‌overlapping‌ ‌CHG‌ ‌sites‌ ‌in‌ ‌rCMT3‌ ‌line‌ ‌#3‌ ‌and‌ ‌that‌ ‌were‌‌                             
358 expressed‌ ‌(i.e.‌ ‌≥1‌‌TPM‌‌in‌‌any‌‌tissue‌‌based‌‌on‌‌‌(Hofmann‌‌et‌‌al.,‌‌2019)‌).‌‌We‌‌chose‌‌rCMT3‌‌line‌‌                                 
359 #3‌ ‌because‌ ‌it‌ ‌had‌ ‌the‌ ‌strongest‌ ‌genome-wide‌ ‌CHG‌ ‌hypermethylation‌ ‌and‌ ‌focussed‌ ‌on‌‌                       

360 expressed‌ ‌genes‌ ‌to‌ ‌exclude‌ ‌those‌ ‌that‌ ‌may‌ ‌have‌ ‌TE-like‌ ‌features,‌ ‌which‌ ‌could‌ ‌confound‌‌                         
361 analysis.‌ ‌We‌ ‌then‌ ‌used‌ ‌k-means‌ ‌clustering‌ ‌of‌ ‌the‌ ‌differences‌ ‌between‌ ‌rCMT3‌ ‌line‌ ‌#3‌ ‌and‌‌                           
362 WT‌wild‌ ‌type‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌ ‌to‌ ‌partition‌ ‌this‌ ‌set‌ ‌of‌ ‌genes‌ ‌into‌ ‌four‌ ‌clusters‌ ‌(Fig‌ure‌‌                             

363 4-figure‌‌supplement‌‌1‌.‌‌S4‌A).‌‌These‌‌clusters‌‌were‌‌comprised‌‌of‌‌1,439‌‌to‌‌7,882‌‌genes‌‌(6.4%‌‌to‌‌                             
364 34.8%‌‌of‌‌total)‌‌and‌‌ranged‌‌from‌‌groups‌‌of‌‌genes‌‌that‌‌had‌‌no‌‌methylation‌‌changes‌‌(cluster‌‌1)‌‌to‌‌                                 
365 those‌ ‌that‌ ‌were‌ ‌strongly‌ ‌hypermethylated‌ ‌‌with‌ ‌3’‌ ‌biases‌ ‌‌(cluster‌ ‌4)‌ ‌in‌ ‌rCMT3‌ ‌compared‌ ‌to‌‌                           
366 WT‌wild‌‌type‌‌embryos‌‌‌(Fig‌ure‌‌‌s.‌‌‌4A,B,‌‌Figure‌‌4-figure‌‌supplement‌‌1‌S4‌B,C).‌‌The‌‌same‌‌patterns‌‌                         

367 were‌ ‌observed‌ ‌across‌ ‌these‌ ‌clusters‌ ‌in‌ ‌embryos‌ ‌from‌ ‌an‌ ‌independently‌ ‌generated‌ ‌rCMT3‌‌                       
368 transgenic‌ ‌(line‌ ‌#1),‌ ‌which‌ ‌indicates‌ ‌that‌ ‌CMT3-induced‌ ‌hypermethylation‌ ‌is‌ ‌not‌ ‌stochastic‌‌                     
369 (Fig‌ure‌ ‌4-figure‌ ‌supplement‌ ‌1‌.‌ ‌S4‌B,C).‌‌ ‌  

370 TE-like‌ ‌methylated‌ ‌(teM)‌ ‌genes‌ ‌generally‌ ‌have‌ ‌non-CG‌ ‌methylation‌ ‌on‌ ‌their‌ ‌gene‌ ‌bodies‌‌                       
371 without‌‌strong‌‌3’‌‌biases‌‌‌(Kawakatsu‌‌et‌‌al.‌‌2016;‌‌Bewick‌‌et‌‌al.‌‌2016)‌.‌‌To‌‌check‌‌whether‌‌rCMT3‌‌                               
372 induced‌ ‌genic‌ ‌CHG‌ ‌methylation‌ ‌is‌ ‌affected‌ ‌by‌ ‌teMs,‌ ‌we‌ ‌intersected‌ ‌our‌ ‌gene‌ ‌clusters‌ ‌with‌‌                           

373 previously‌ ‌defined‌ ‌teMs‌ ‌(Bewick‌ ‌et‌ ‌al.‌ ‌2016)‌ ‌and‌ ‌found‌ ‌that‌ ‌only‌ ‌272‌ ‌of‌ ‌22,637‌ ‌(0.012%)‌‌                             
374 expressed‌ ‌genes‌ ‌overlapped‌ ‌teMs‌ ‌(Figure‌ ‌4-figure‌‌supplement‌‌1D).‌‌Hypermethylated‌‌clusters‌‌                   
375 (cluster‌ ‌3‌ ‌and‌ ‌4)‌ ‌contained‌ ‌more‌ ‌teMs‌ ‌compared‌ ‌to‌ ‌unmethylated‌ ‌or‌ ‌lowly‌ ‌methylated‌ ‌gene‌‌                           
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376 clusters‌ ‌(Figure‌ ‌4-figure‌ ‌supplement‌ ‌1E).‌ ‌However,‌ ‌rCMT3‌ ‌embryos‌ ‌still‌ ‌had‌ ‌genic‌ ‌CHG‌‌                       

377 hypermethylation‌ ‌and‌ ‌3’‌ ‌biases‌ ‌after‌ ‌excluding‌ ‌teM‌ ‌genes;‌ ‌whereas,‌ ‌WT‌ ‌embryos‌ ‌remained‌‌                       
378 devoid‌ ‌of‌ ‌CHG‌ ‌methylation‌ ‌(Figure‌ ‌4-figure‌ ‌supplement‌ ‌1F,G).‌ ‌Therefore,‌ ‌our‌ ‌analysis‌ ‌is‌ ‌not‌‌                         
379 confounded‌ ‌by‌ ‌either‌ ‌TEs‌ ‌or‌ ‌teM‌ ‌genes.‌ ‌As‌ ‌expected,‌ ‌CMT3-induced‌ ‌hypermethylation‌‌                     
380 predominantly‌‌occurred‌‌in‌‌the‌‌CMT3-preferred‌‌CWG‌‌context‌‌‌(Gouil‌‌and‌‌Baulcombe,‌‌2016;‌‌Li‌‌et‌‌                         

381 al.,‌ ‌2018)‌ ‌although‌ ‌hypermethylation‌ ‌was‌ ‌also‌ ‌found‌ ‌in‌ ‌CCG‌ ‌and‌ ‌slightly,‌ ‌but‌ ‌significantly‌ ‌in‌‌                           
382 non-CHG‌‌contexts,‌‌including‌‌CG‌‌characteristic‌‌of‌‌gbM‌‌similar‌‌to‌‌previous‌‌observations‌‌(Figure‌‌                       
383 4-figure‌ ‌supplement‌ ‌1H)‌ ‌‌(Wendte‌ ‌et‌ ‌al.,‌ ‌2019)‌.‌ ‌ 

384 Consistent‌ ‌with‌ ‌methyltransferases‌ ‌preferring‌ ‌nucleosome-rich‌ ‌DNA‌ ‌as‌ ‌substrates‌‌               
385 (Chodavarapu‌‌et‌‌al.‌‌2010;‌‌Du‌‌et‌‌al.‌‌2012)‌,‌‌CMT3-induced‌‌hypermethylation‌‌was‌‌proportional‌‌to‌‌                         
386 patterns‌‌of‌‌nucleosome‌‌occupancy‌‌and‌‌biased‌‌towards‌‌the‌‌3’‌‌ends‌‌of‌‌gene‌‌bodies,‌‌which‌‌was‌‌                             

387 highly‌‌similar‌‌to‌‌CG‌‌methylation‌‌(Fig‌ure‌‌‌s.‌‌‌4C,‌‌Figure‌‌4-figure‌‌supplement‌‌1‌S4‌I‌E‌).‌‌Nucleosome‌‌                         
388 spacing‌ ‌is‌ ‌promoted‌ ‌by‌ ‌linker‌ ‌histone‌ ‌1‌ ‌(H1)‌ ‌‌(Choi‌ ‌et‌ ‌al.,‌ ‌2019;‌ ‌Fan‌ ‌et‌ ‌al.,‌ ‌2003)‌ ‌and‌‌                                 
389 CMT3-induced‌‌CHG‌‌hypermethylation‌‌was‌‌proportional‌‌to‌‌H1‌‌levels‌‌across‌‌gene‌‌bodies‌‌(Fig‌ure‌‌                       
390 4-figure‌ ‌supplement‌ ‌1‌.‌ ‌S4‌J‌F‌).‌ ‌Because‌ ‌nucleosome‌ ‌occupancy‌ ‌was‌ ‌not‌ ‌as‌ ‌readily‌‌                     

391 distinguishable‌ ‌between‌ ‌clusters‌ ‌of‌ ‌affected‌ ‌genes‌ ‌(i.e.‌ ‌clusters‌ ‌2-4)‌ ‌(Fig‌ure‌ ‌4-figure‌‌                     
392 supplement‌ ‌1‌.‌ ‌S4‌I,J‌E,F‌),‌ ‌we‌ ‌hypothesized‌ ‌that‌ ‌histone‌ ‌variants‌ ‌conferring‌ ‌differential‌‌                   
393 nucleosome‌ ‌stabilities‌ ‌and‌ ‌chromatin‌ ‌accessibility‌ ‌may‌ ‌influence‌ ‌ectopic‌ ‌CMT3-induced‌‌                 

394 hypermethylation‌‌‌(Osakabe‌‌et‌‌al.,‌‌2018)‌.‌‌Indeed,‌‌CHG‌‌hypermethylation‌‌across‌‌the‌‌four‌‌groups‌‌                       
395 was‌‌positively‌‌correlated‌‌with‌‌levels‌‌of‌‌the‌‌stable‌‌histone‌‌variants‌‌H2A,‌‌H2A.X‌‌and‌‌most‌‌notably‌‌                             
396 H2A.W‌ ‌that‌ ‌was‌ ‌recently‌ ‌shown‌ ‌to‌ ‌be‌ ‌required‌ ‌for‌ ‌CHG‌ ‌methylation‌ ‌(Fig‌ure‌ ‌‌s.‌ ‌‌4E,F,‌ ‌Figure‌‌                             

397 4-figure‌ ‌supplement‌ ‌1‌S4‌K‌G‌)‌ ‌‌(Bourguet‌ ‌et‌ ‌al.,‌ ‌2021;‌ ‌Yelagandula‌‌et‌‌al.,‌‌2014)‌.‌‌CMT3-induced‌‌                       
398 CHG‌ ‌hypermethylation‌ ‌was‌ ‌also‌ ‌tightly‌ ‌associated‌ ‌with‌ ‌transcriptionally‌ ‌repressive‌ ‌H3K9me2‌‌                   
399 marks,‌ ‌which‌ ‌are‌ ‌required‌ ‌for‌ ‌interdependent‌ ‌feedback‌ ‌loops‌ ‌with‌ ‌CMT3‌ ‌(Fig‌ure‌.‌ ‌4G).‌ ‌It‌‌was‌‌                           
400 inversely‌ ‌related‌ ‌to‌ ‌H2A.Z‌ ‌(Fig‌ure‌.‌ ‌4H)‌ ‌and‌ ‌marks‌ ‌indicative‌ ‌of‌ ‌active‌ ‌transcription‌ ‌including‌,‌‌                         

401 H3K4me3‌ ‌and‌ ‌H3K9ac‌ ‌(Fig‌ure‌s.‌ ‌4I,‌ ‌Figure‌ ‌4-figure‌ ‌supplement‌ ‌1‌S4‌L‌H‌).‌ ‌Further‌ ‌suggesting‌‌                     
402 that‌‌deregulated‌‌CMT3‌‌prefers‌‌features‌‌typically‌‌associated‌‌with‌‌inaccessible‌‌chromatin,‌‌genes‌‌                     
403 with‌‌CHG‌‌hypermethylation‌‌had‌‌reduced‌‌chromatin‌‌accessibility‌‌(Fig‌ure‌‌4-figure‌‌supplement‌‌1‌.‌‌                     

404 S4‌M‌I‌)‌ ‌and‌ ‌were‌ ‌generally‌ ‌closer‌‌to‌‌heterochromatic‌‌centromeres‌‌(Fig‌ure‌.‌‌‌4-figure‌‌supplement‌‌                     
405 1‌S4‌N‌J‌).‌ ‌Moreover,‌ ‌the‌ ‌most‌ ‌CMT3-induced‌ ‌hypermethylated‌ ‌genes‌ ‌(i.e.‌ ‌cluster‌ ‌4)‌ ‌were‌ ‌also‌‌                       
406 substantially‌ ‌hypermethylated‌ ‌in‌ ‌‌ddm1‌ ‌mutants‌ ‌(Fig‌ure‌.‌ ‌4J)‌ ‌that‌ ‌have‌ ‌increased‌‌                   

407 heterochromatic‌ ‌accessibility‌‌(Fig‌ure‌.‌‌4K)‌‌and‌‌decreased‌‌stability‌‌‌(Mathieu‌‌et‌‌al.,‌‌2003;‌‌Soppe‌                       
408 et‌ ‌al.,‌ ‌2002;‌ ‌Zhong‌‌et‌‌al.,‌‌2021)‌.‌‌Although‌‌CMT3-induced‌‌CHG‌‌hypermethylation‌‌was‌‌strongly‌‌                         
409 associated‌ ‌with‌ ‌CG‌ ‌gene-body‌ ‌methylation‌ ‌(gbM),‌ ‌both‌ ‌the‌ ‌independence‌ ‌of‌ ‌developmental‌‌                     
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410 mCHG‌ ‌DMRs‌ ‌(Fig‌ure‌.‌ ‌1E,F)‌‌and‌‌the‌‌gain‌‌of‌‌mCHG‌‌being‌‌associated‌‌with‌‌proportional‌‌loss‌‌of‌‌                             

411 mCG‌‌over‌‌genes‌‌in‌‌‌ddm1‌‌mutants‌‌(Fig‌ure‌‌4-figure‌‌supplement‌.‌‌‌1‌S4‌O‌K‌)‌‌‌(Ito‌‌et‌‌al.,‌‌2015;‌‌Stroud‌‌                             
412 et‌ ‌al.,‌ ‌2013;‌ ‌Zemach‌ ‌et‌ ‌al.,‌ ‌2013)‌ ‌indicate‌ ‌that‌ ‌mCG‌ ‌is‌ ‌not‌ ‌strictly‌ ‌required‌ ‌for‌ ‌ectopic‌ ‌CHG‌‌                                 
413 hypermethylation‌‌of‌‌genes.‌‌Instead,‌‌the‌‌associations‌‌between‌‌chromatin‌‌features‌‌of‌‌genes‌‌and‌‌                       
414 their‌‌propensity‌‌for‌‌CMT3-induced‌‌hypermethylation‌‌altogether‌‌suggest‌‌that‌‌excessive‌‌CMT3‌‌is‌‌                     

415 ectopically‌ ‌recruited‌ ‌to‌ ‌genic‌ ‌chromatin‌ ‌characterized‌ ‌by‌ ‌nucleosome‌ ‌stability‌ ‌and‌‌                   
416 inaccessibility.‌ ‌ 

417

‌ 
418 Figure‌‌4.‌‌Chromatin‌‌features‌‌associated‌‌with‌‌CMT3-induced‌‌gene‌‌methylation.‌‌A‌)‌‌Proportion‌‌of‌‌genes‌‌in‌‌each‌‌                             

419 cluster‌‌partitioned‌‌using‌‌k-means‌‌clustering‌‌algorithm‌‌based‌‌on‌‌differences‌‌in‌‌mCHG‌‌between‌‌rCMT3‌‌(line‌‌#3)‌‌and‌‌                               

420 WT‌wild‌‌type‌‌embryos.‌‌Unaffected‌‌genes‌‌(‌yellow‌),‌‌low‌‌mCHG‌‌gain‌‌genes‌‌(‌red‌),‌‌moderate‌‌mCHG‌‌gain‌‌genes‌‌(‌blue‌)‌‌                               

421 and‌ ‌high‌ ‌mCHG‌ ‌gain‌ ‌genes‌ ‌(‌grey‌).‌ ‌Green‌ ‌inner‌ ‌circle‌ ‌represents‌ ‌all‌ ‌expressed‌ ‌genes.‌ ‌‌B‌-‌D‌)‌ ‌Metaplots‌ ‌showing‌‌                               

422 mCHG‌ ‌on‌ ‌gene‌ ‌clusters‌ ‌in‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌ ‌from‌ ‌rCMT3‌ ‌line‌ ‌#3‌ ‌(L‌ ‌#3)‌ ‌(‌B‌),‌ ‌mCG‌ ‌on‌ ‌gene‌ ‌clusters‌ ‌in‌‌                                       
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423 WT‌wild‌‌type‌‌bent‌‌cotyledon‌‌embryos‌‌(‌C‌)‌‌and‌‌mCHG‌‌in‌‌rCMT3‌‌(L‌‌#3)‌‌three-week‌‌old‌‌plants‌‌(3WK)‌‌(‌D‌).‌‌Shaded‌‌                                   

424 ribbons‌ ‌in‌‌metaplots‌‌represent‌‌standard‌‌deviations.‌‌‌E‌-‌I‌)‌‌Metaplots‌‌showing‌‌normalized‌‌reads‌‌per‌‌genomic‌‌content‌‌                           

425 (RPGC)‌‌average‌‌values‌‌of‌‌histone‌‌variant‌‌H2A‌‌(‌E‌),‌‌H2A.W‌‌(‌F‌)‌‌‌(Yelagandula‌‌et‌‌al.,‌‌2014)‌,‌‌H3K9me2‌‌(‌G‌)‌‌‌(Stroud‌‌et‌‌                                   

426 al.,‌‌2014)‌,‌‌H2A.Z‌‌(‌H‌)‌‌‌(Yelagandula‌‌et‌‌al.,‌‌2014)‌‌and‌‌H3K4me2‌‌(‌I‌)‌‌‌(Maher,‌‌2020)‌.‌‌‌P‌‌values‌‌<‌‌0.0001‌‌‌obtained‌‌by‌‌                                     

427 Mann-Whitney‌‌U‌‌test‌‌based‌‌on‌‌differences‌‌between‌‌genes‌‌in‌‌cluster‌‌1‌‌or‌‌4‌‌compared‌‌to‌‌all‌‌genes‌‌is‌‌represented‌‌by‌                                       

428 ****.‌‌‌J)‌‌Metaplots‌‌showing‌‌mCHG‌‌on‌‌gene‌‌clusters‌‌in‌‌seventh‌‌generation‌‌‌ddm1‌‌mutants‌‌‌(Stroud‌‌et‌‌al.,‌‌2013)‌.‌‌‌K‌)‌‌                                   

429 Normalized‌ ‌ATAC-seq‌ ‌reads‌ ‌‌(Zhong‌ ‌et‌ ‌al.,‌ ‌2021)‌ ‌representing‌ ‌accessibility‌ ‌of‌ ‌heterochromatic‌‌TEs‌‌(Het.TEs)‌‌in‌‌                           

430 WT‌ ‌and‌ ‌‌ddm1‌‌ ‌mutants‌ ‌as‌ ‌defined‌ ‌in‌ ‌Papareddy‌ ‌et‌ ‌al.,‌ ‌2020.‌‌ ‌  

431

‌ 
432 Figure‌‌‌4-figure‌‌supplement‌‌1‌S‌4‌.‌‌Partitioning‌‌of‌‌CMT3-induced‌‌hypermethylated‌‌genes‌‌and‌‌associated‌‌chromatin‌‌                       

433 features‌‌(Related‌‌to‌‌Fig.‌‌4)‌.‌‌A)‌‌‌Determining‌‌the‌‌optimal‌‌K-value‌‌based‌‌difference‌‌in‌‌genic‌‌mCHG‌‌between‌‌rCMT3‌‌                                 

434 (Line‌ ‌#3)‌ ‌and‌ ‌wild-type‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌ ‌using‌ ‌the‌‌elbow‌‌method.‌‌Four‌‌clusters‌‌were‌‌selected‌‌as‌‌optimal‌‌                                 
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435 because‌‌the‌‌total‌‌within‌‌cluster‌‌sum‌‌of‌‌squares‌‌(WSS)‌‌became‌‌marginal‌‌after‌‌a‌‌K‌‌value‌‌of‌‌four.‌‌‌B‌‌and‌‌‌C‌)‌‌Barplots‌‌                                         

436 showing‌‌median‌‌mCHG‌‌gain‌‌on‌‌annotated‌‌gene‌‌bodies‌‌in‌‌rCMT3‌‌(Line‌‌#1)‌‌(B)‌‌and‌‌rCMT3‌‌(Line‌‌#3)‌‌(‌C‌)‌‌compared‌‌                                     

437 to‌ ‌wild-type‌ ‌bent‌ ‌cotyledon‌ ‌embryos.‌ ‌‌D‌)‌ ‌Overlap‌ ‌between‌ ‌expressed‌ ‌genes‌ ‌used‌‌for‌‌K-means‌‌clustering‌‌in‌‌main‌‌                               

438 figure‌ ‌4A‌ ‌and‌ ‌all‌ ‌genes‌ ‌classified‌ ‌as‌ ‌teM‌‌in‌‌Bewick‌‌et‌‌al‌‌2016.‌‌‌E‌)‌‌Number‌‌of‌‌total‌‌intersected‌‌teM‌‌in‌‌each‌‌gene‌‌                                           

439 cluster.‌‌‌F-G‌)‌‌Metaplot‌‌showing‌‌average‌‌weighted‌‌methylation‌‌rate‌‌in‌‌rCMT3‌‌Line‌‌#3‌‌(‌F‌)‌‌and‌‌‌wild‌‌type‌‌(‌WT‌)‌‌(‌G‌)‌‌                                   

440 after‌ ‌excluding‌‌272‌‌teM‌‌intersecting‌‌genes.‌‌‌H‌D‌)‌‌Barplots‌‌illustrating‌‌median‌‌gain‌‌of‌‌methylation‌‌in‌‌rCMT3‌‌(Line‌‌                               

441 #1)‌ ‌(‌top‌)‌ ‌and‌ ‌rCMT3‌ ‌(Line‌ ‌#3)‌ ‌(‌bottom‌)‌ ‌compared‌ ‌to‌ ‌wild-type‌ ‌bent‌ ‌cotyledon‌‌embryos‌‌in‌‌various‌‌trinucleotide‌                               

442 cytosine‌ ‌contexts‌ ‌where‌ ‌W‌ ‌=‌ ‌A‌ ‌or‌ ‌T‌‌and‌‌D‌‌≠‌‌C.‌‌‌P‌‌Values‌‌<0.05‌‌and‌‌<0.0001‌‌obtained‌‌by‌‌Mann‌‌Whitney‌‌U‌‌test‌‌                                             

443 based‌‌on‌‌difference‌‌in‌‌DCG‌‌methylation‌‌between‌‌rCMT3‌‌and‌‌WT‌‌in‌‌bent‌‌cotyledon‌‌embryos‌‌were‌‌represented‌‌by‌‌*‌‌                                   

444 and‌ ‌****‌ ‌respectively.‌ ‌‌I-M‌E‌-‌I‌)‌ ‌Metaplots‌ ‌showing‌ ‌nucleosome‌ ‌occupancy‌ ‌obtained‌ ‌from‌ ‌MNase-seq‌ ‌data‌‌                       

445 (Rutowicz‌ ‌et‌ ‌al.,‌ ‌2019)‌ ‌(‌I‌E‌),‌ ‌enrichment‌ ‌of‌ ‌linker‌ ‌histone‌ ‌1‌ ‌(H1)‌‌on‌‌gene‌‌clusters‌(Choi‌‌et‌‌al.)‌‌(‌J‌F‌),‌‌normalized‌‌                                     

446 reads‌ ‌per‌ ‌genomic‌ ‌content‌ ‌(RPGC)‌ ‌average‌ ‌value‌ ‌of‌ ‌histone‌ ‌variant‌ ‌H2A.X‌ ‌‌(Yelagandula‌ ‌et‌ ‌al.,‌ ‌2014)‌ ‌(‌K‌G‌),‌‌                               

447 H3K9Ac‌ ‌‌(Wang‌ ‌et‌ ‌al.,‌ ‌2019)‌ ‌(‌L‌H‌)‌‌and‌‌DNase-Seq‌‌signal‌‌on‌‌gene‌‌clusters‌‌representing‌‌accessibility‌‌‌(Choi‌‌et‌‌al.)‌‌                                 

448 (‌M‌I‌).‌‌‌N‌J‌)‌‌Violin‌‌plot‌‌showing‌‌distances‌‌between‌‌genes‌‌and‌‌centromeres‌‌per‌‌cluster.‌‌White‌‌dots‌‌indicate‌‌the‌‌median‌‌                                 

449 and‌‌vertical‌‌black‌‌bars‌‌indicate‌‌1.5X‌‌interquartile‌‌ranges.‌‌‌O‌K‌)‌‌Metaplot‌‌of‌‌CG‌‌methylation‌‌in‌‌differences‌‌in‌‌‌ddm1‌‌                                 

450 compared‌ ‌to‌ ‌‌wild‌ ‌type‌ ‌(‌WT‌)‌‌ ‌‌(Stroud‌ ‌et‌ ‌al.,‌ ‌2013)‌.‌‌ ‌  

451 ‌ 
452 Impact‌ ‌of‌ ‌CMT3-induced‌ ‌hypermethylation‌ ‌on‌ ‌gene‌ ‌expression‌‌ ‌  
453 Because‌‌CHG‌‌methylation‌‌of‌‌TEs‌‌contributes‌‌to‌‌their‌‌repression‌‌‌(Stroud‌‌et‌‌al.,‌‌2014)‌,‌‌we‌‌tested‌‌                             
454 whether‌ ‌CMT3-induced‌ ‌ectopic‌‌CHG‌‌hypermethylation‌‌of‌‌protein-coding‌‌genes‌‌also‌‌represses‌‌                   

455 their‌ ‌expression‌ ‌levels.‌ ‌Namely,‌ ‌we‌ ‌performed‌ ‌mRNA-seq‌ ‌on‌ ‌three‌ ‌biological‌ ‌replicates‌ ‌of‌‌                       
456 WT‌wild‌ ‌type‌ ‌and‌ ‌rCMT3‌ ‌(line‌ ‌#s‌ ‌1‌ ‌and‌ ‌3)‌ ‌bent‌ ‌cotyledon‌ ‌embryos.‌ ‌Principal‌ ‌component‌‌                           
457 analysis‌ ‌revealed‌ ‌that‌ ‌‌WT‌wild‌ ‌type‌ ‌and‌ ‌rCMT3‌ ‌biological‌ ‌replicates‌ ‌clustered‌ ‌according‌ ‌to‌‌                       

458 genotype‌‌and‌‌in‌‌similar‌‌positions‌‌along‌‌the‌‌dominant‌‌principal‌‌component‌‌axis‌‌corresponding‌‌to‌‌                         
459 developmental‌ ‌time‌ ‌(Fig‌ure‌.‌ ‌5A).‌ ‌This‌ ‌indicates‌ ‌that‌ ‌our‌ ‌mRNA-seq‌ ‌datasets‌ ‌captured‌ ‌gene‌‌                       
460 expression‌‌variation‌‌inherent‌‌to‌‌‌WT‌wild‌‌type‌‌and‌‌rCMT3‌‌genotypes,‌‌as‌‌well‌‌as‌‌that‌‌our‌‌staging‌‌                             

461 was‌‌accurate.‌‌Differences‌‌in‌‌global‌‌transcript‌‌levels‌‌were‌‌not‌‌observed‌‌across‌‌the‌‌four‌‌clusters‌‌                           
462 with‌ ‌increasing‌ ‌levels‌ ‌of‌ ‌CMT3-induced‌ ‌CHG‌ ‌methylation‌ ‌suggesting‌ ‌that‌ ‌ectopic‌ ‌CHG‌‌                     
463 methylation‌ ‌alone‌ ‌was‌ ‌not‌ ‌sufficient‌ ‌to‌ ‌globally‌ ‌repress‌ ‌gene‌ ‌expression‌ ‌(Fig‌ure‌s.‌ ‌5B,‌ ‌Figure‌‌                         
464 5-figure‌ ‌supplement‌ ‌‌1‌S5‌A).‌ ‌We‌ ‌then‌ ‌identified‌ ‌916‌ ‌genes‌ ‌that‌ ‌were‌ ‌differentially‌ ‌expressed‌‌                       

465 between‌ ‌rCMT3‌ ‌and‌ ‌WT‌ ‌embryos‌ ‌(i.e.‌ ‌≥2-fold‌ ‌differences‌ ‌and‌ ‌adj.‌ ‌‌P‌ ‌‌values‌ ‌≤‌ ‌0.01;‌ ‌see‌‌                             
466 Methods)‌‌(Fig‌ure‌‌5-figure‌‌supplement‌‌1‌.‌‌S5‌B,C‌‌and‌‌‌Supplementary‌‌File‌‌‌Table‌‌S‌3).‌‌Differentially‌‌                       
467 expressed‌ ‌genes‌ ‌(DEGs),‌ ‌defined‌ ‌by‌ ‌comparing‌ ‌either‌ ‌rCMT3‌ ‌line‌ ‌#1‌ ‌or‌ ‌rCMT3‌ ‌line‌ ‌#3‌ ‌with‌‌                             

468 WT‌wild‌ ‌type‌,‌ ‌were‌ ‌commonly‌ ‌detected‌ ‌in‌ ‌both‌ ‌independently‌ ‌generated‌ ‌lines‌ ‌with‌ ‌87.5%‌ ‌of‌‌                         
469 genes‌ ‌overlapping‌ ‌(Fig‌ure‌ ‌5-figure‌ ‌supplement‌.‌ ‌‌1‌S5‌C).‌ ‌In‌ ‌both‌ ‌rCMT3‌‌lines,‌‌DEGs‌‌were‌‌less‌‌                         
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470 hypermethylated‌ ‌compared‌ ‌to‌ ‌all‌ ‌expressed‌ ‌genes,‌ ‌which‌ ‌indicates‌ ‌that‌ ‌the‌ ‌vast‌ ‌majority‌ ‌of‌‌                         

471 changes‌ ‌in‌ ‌gene‌ ‌expression‌ ‌observed‌ ‌upon‌ ‌up-regulation‌‌of‌‌CMT3‌‌w‌ere‌as‌‌not‌‌directly‌‌due‌‌to‌‌                           
472 their‌ ‌hypermethylation‌ ‌(Fig‌ure‌ ‌5-figure‌ ‌supplement‌ ‌1‌.‌ ‌S5‌D).‌ ‌We‌ ‌then‌ ‌examined‌ ‌whether‌‌                     
473 hypermethylation‌ ‌affects‌ ‌a‌ ‌subset‌ ‌of‌ ‌genes‌ ‌by‌ ‌computing‌ ‌DMRs‌ ‌in‌ ‌rCMT3‌ ‌compared‌ ‌to‌ ‌WT‌‌                           
474 bent‌ ‌cotyledon‌ ‌embryos‌ ‌and‌ ‌identified‌ ‌4,603‌ ‌(97%‌ ‌of‌ ‌total)‌ ‌and‌ ‌127‌ ‌(3%‌ ‌of‌ ‌total)‌ ‌CHG‌‌                             

475 hypermethylated‌ ‌and‌ ‌hypomethylated‌ ‌DMRs,‌ ‌respectively‌ ‌(‌Supplementary‌ ‌File‌ ‌‌Table‌ ‌S‌4;‌ ‌see‌‌                   
476 Methods).‌‌Further‌‌suggesting‌‌that‌‌CHG‌‌hypermethylation‌‌has‌‌minimal‌‌direct‌‌consequences‌‌on‌‌                     
477 the‌ ‌expression‌ ‌of‌ ‌most‌ ‌genes‌ ‌under‌ ‌the‌ ‌conditions‌ ‌examined,‌ ‌we‌ ‌found‌ ‌that‌‌only‌‌a‌‌small‌‌but‌‌                               

478 significant‌ ‌number‌ ‌of‌ ‌the‌ ‌down-regulated‌ ‌genes‌ ‌(including‌ ‌1.5‌ ‌kb‌ ‌regions‌ ‌flanking‌ ‌their‌‌                       
479 transcriptional‌‌units)‌‌overlapped‌‌DMRs‌‌(21‌‌of‌‌542,‌‌3.8%‌‌of‌‌total;‌‌Fisher's‌‌exact‌‌test,‌‌‌P‌‌value‌‌=‌‌                               
480 1.29e-05)‌‌(Fig‌ure‌‌5-figure‌‌supplement‌‌1‌.‌‌S5‌E).‌‌Consistent‌‌with‌‌CMT3-induced‌‌hypermethylation‌‌                   

481 repressing‌ ‌their‌ ‌expression,‌ ‌the‌ ‌DMRs‌ ‌overlapping‌ ‌these‌ ‌21‌ ‌down-regulated‌ ‌genes‌ ‌were‌‌                     
482 significantly‌ ‌CHG‌ ‌hypermethylated‌ ‌compared‌ ‌to‌ ‌genomic‌ ‌bins‌ ‌(Fig‌ure‌.‌ ‌5C).‌ ‌Moreover,‌ ‌the‌‌                     
483 stronger-expressing‌ ‌rCMT3‌ ‌line‌ ‌#3‌ ‌had‌ ‌significantly‌ ‌higher‌ ‌CHG‌ ‌methylation‌ ‌compared‌ ‌to‌‌                     
484 rCMT3‌ ‌line‌ ‌#1‌ ‌(Fig‌ure‌.‌ ‌5C).‌ ‌This‌ ‌further‌ ‌supports‌ ‌that‌ ‌increased‌ ‌CMT3‌ ‌levels‌ ‌lead‌ ‌to‌ ‌more‌‌                             

485 ectopic‌‌CHG‌‌methylation‌‌‌(Inagaki‌‌et‌‌al.,‌‌2010,‌‌2017)‌.‌‌However,‌‌the‌‌transcript‌‌levels‌‌of‌‌these‌‌21‌‌                             
486 genes‌‌were‌‌only‌‌moderately‌‌reduced‌‌in‌‌rCMT3‌‌line‌‌#3‌‌compared‌‌to‌‌rCMT3‌‌line‌‌#1,‌‌suggesting‌‌                             
487 non-linear‌ ‌relationships‌ ‌between‌ ‌gene‌ ‌hypermethylation‌ ‌and‌ ‌transcript‌ ‌levels‌ ‌(Fig‌ure‌ ‌5-figure‌‌                   

488 supplement‌ ‌1‌.‌ ‌S5‌F).‌ ‌Strikingly,‌ ‌transcripts‌ ‌corresponding‌ ‌to‌ ‌these‌ ‌21‌ ‌CMT3-induced‌‌                   
489 hypermethylated‌ ‌and‌ ‌down-regulated‌ ‌genes‌ ‌were‌ ‌rapidly‌ ‌increasing‌ ‌when‌ ‌embryos‌ ‌were‌‌                   
490 transitioning‌ ‌to‌ ‌the‌ ‌maturation‌ ‌phase‌ ‌(Fig‌ure‌.‌ ‌5D).‌ ‌Moreover,‌ ‌10‌ ‌of‌ ‌these‌ ‌21‌ ‌genes‌ ‌(Fisher’s‌‌                           

491 exact‌‌test,‌‌‌P‌‌value‌‌=‌‌1.49e-13),‌‌were‌‌among‌‌a‌‌group‌‌of‌‌381‌‌genes‌‌previously‌‌identified‌‌to‌‌also‌‌                                 
492 be‌ ‌rapidly‌ ‌activated‌ ‌at‌ ‌these‌ ‌time‌‌points‌‌(Fig‌ure‌‌5-figure‌‌supplement‌‌1‌.‌‌S5‌G)‌‌‌(Hofmann‌‌et‌‌al.,‌‌                             
493 2019)‌.‌ ‌Nearly‌ ‌half‌ ‌of‌ ‌these‌ ‌381‌ ‌genes‌ ‌(n‌ ‌=‌ ‌183,‌ ‌48%)‌ ‌were‌ ‌also‌ ‌among‌ ‌the‌‌563‌‌significantly‌‌                                 
494 down-regulated‌‌genes‌‌in‌‌rCMT3‌‌embryos‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌.‌‌Altogether,‌‌our‌‌expression‌‌                       

495 and‌ ‌methylation‌ ‌analyses‌ ‌suggest‌ ‌that‌ ‌when‌ ‌CMT3‌ ‌is‌ ‌not‌ ‌properly‌ ‌repressed‌ ‌it‌ ‌can‌ ‌induce‌‌                           
496 ectopic‌ ‌hypermethylation‌ ‌of‌ ‌genes.‌ ‌Furthermore,‌ ‌‌we‌ ‌suggest‌ ‌that‌ ‌‌CMT3-induced‌‌                 
497 hypermethylation‌‌‌of‌‌gene‌‌promoters‌‌or‌‌bodies‌‌‌can‌‌reduce‌‌the‌‌steady‌‌state‌‌levels‌‌of‌‌transcripts‌‌                           

498 from‌ ‌genes‌ ‌that‌ ‌are‌ ‌in‌ ‌the‌ ‌process‌ ‌of‌ ‌switching‌ ‌from‌ ‌silent‌ ‌to‌ ‌active‌ ‌transcriptional‌ ‌states.‌‌                             
499 However,‌ ‌additional‌ ‌experiments‌ ‌are‌ ‌required‌ ‌to‌ ‌directly‌ ‌test‌ ‌whether‌ ‌gene-body‌ ‌CHG‌‌                     
500 methylation‌ ‌can‌ ‌repress‌ ‌gene‌ ‌expression.‌ ‌ ‌   
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501

‌ 
502 Figure‌‌5.‌‌Impact‌‌of‌‌CMT3-induced‌‌hypermethylation‌‌on‌‌gene‌‌expression.‌‌A)‌‌‌Principal‌‌component‌‌analysis‌‌of‌‌                           

503 mRNA-seq‌ ‌from‌ ‌three‌ ‌biological‌ ‌replicates‌ ‌of‌ ‌rCMT3‌ ‌and‌ ‌‌WT‌wild‌ ‌type‌ ‌(‌WT;‌ ‌‌Col-0)‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌‌                             

504 generated‌ ‌in‌ ‌this‌ ‌study‌ ‌along‌ ‌with‌ ‌floral‌ ‌buds,‌ ‌embryos,‌ ‌leaves,‌ ‌from‌ ‌‌(Hofmann‌ ‌et‌ ‌al.,‌ ‌2019)‌ ‌and‌ ‌color-coded‌‌                                 

505 according‌‌to‌‌the‌‌key.‌‌‌B‌)‌‌‌Violin‌‌plot‌‌showing‌‌transcript‌‌fold‌‌changes‌‌in‌‌rCMT3‌‌(line‌‌#3)‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌                                     

506 (‌WT;‌ ‌‌Col-0)‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌ ‌per‌ ‌cluster‌ ‌as‌ ‌defined‌ ‌in‌ ‌Fig‌ure‌.‌ ‌4A‌.‌ ‌C‌)‌ ‌Boxplot‌ ‌showing‌ ‌difference‌ ‌in‌‌                                 

507 methylation‌‌comparing‌‌rCMT3‌‌to‌‌WT‌‌in‌‌down-regulated‌‌genes‌‌(DRG)‌‌intersecting‌‌with‌‌DMRs‌‌and‌‌similarly‌‌sized‌‌                             

508 genomic‌‌bins‌‌of‌‌213-bp‌‌as‌‌controls.‌‌‌P‌‌‌values‌‌<‌‌0.001‌‌and‌‌‌< 0.0001‌‌based‌‌on‌‌Mann-Whitney‌‌‌U‌‌tests‌‌are‌‌represented‌‌                                     

509 by‌ ‌***‌ ‌and‌ ‌****‌ ‌respectively.‌ ‌‌D‌)‌ ‌Boxplot‌ ‌(‌top‌)‌ ‌and‌ ‌heatmap‌ ‌(‌bottom‌)‌ ‌of‌ ‌transcript‌ ‌levels‌ ‌of‌ ‌DRGs‌‌intersecting‌‌                                 

510 DMRs‌‌during‌‌embryogenesis.‌‌‌P‌‌‌values‌‌‌<‌‌0.001‌‌based‌‌on‌‌differences‌‌in‌‌transcript‌‌levels‌‌between‌‌mature‌‌green‌‌(mg)‌‌                                 

22‌ ‌ 

https://paperpile.com/c/ju89vP/j6Te


‌ 

511 and‌‌all‌‌other‌‌stages‌‌of‌‌embryogenesis‌‌based‌‌on‌‌Mann-Whitney‌‌‌U‌‌test‌‌are‌‌represented‌‌by‌‌***.‌‌‌E‌)‌‌Integrative‌‌genome‌‌                                   

512 viewer‌ ‌(IGV)‌ ‌screenshot‌ ‌of‌ ‌representative‌ ‌down‌ ‌regulated‌ ‌genes‌ ‌associated‌ ‌with‌ ‌DMRs.‌ ‌ 

513 ‌ 

514

‌ 
515 Figure‌ ‌‌5-figure‌ ‌supplement‌ ‌1‌S5‌.‌ ‌Additional‌ ‌information‌ ‌regarding‌ ‌the‌ ‌influence‌ ‌of‌ ‌CMT3-induced‌‌                     

516 hypermethylation‌ ‌on‌ ‌gene‌ ‌expression‌ ‌(Related‌ ‌to‌ ‌Fig.‌ ‌5)‌.‌ ‌A‌)‌ ‌Violin‌ ‌plot‌ ‌showing‌ ‌expression‌ ‌fold‌ ‌change‌ ‌in‌‌                               

517 rCMT3‌‌(line‌‌#3)‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌(Col-0)‌‌bent‌‌cotyledon‌‌embryos‌‌per‌‌cluster‌‌as‌‌defined‌‌in‌‌Fig‌ure‌.‌‌4A.‌‌‌B‌)‌‌                                     

518 Scaled‌ ‌heatmap‌ ‌of‌ ‌differentially‌ ‌expressed‌ ‌genes‌‌(DEGs)‌‌when‌‌rCMT3‌‌bent‌‌cotyledon‌‌are‌‌compared‌‌to‌‌WT‌‌with‌‌                               

519 upregulated‌ ‌(URGs)‌ ‌and‌ ‌downregulated‌ ‌genes‌ ‌(DRGs)‌ ‌shown‌ ‌at‌ ‌the‌ ‌top‌ ‌and‌‌bottom,‌‌respectively.‌‌‌C‌)‌‌Three-way‌‌                             

520 Venn‌ ‌diagram‌ ‌showing‌ ‌the‌ ‌proportion‌ ‌of‌ ‌DEGs‌ ‌overlapping‌ ‌with‌ ‌each‌ ‌labelled‌ ‌comparison.‌ ‌‌D‌)‌ ‌Metaplot‌ ‌of‌‌                             

521 difference‌‌in‌‌CHG‌‌methylation‌‌in‌‌rCMT3‌‌(line‌‌#1)‌‌(‌red)‌‌or‌‌rCMT3‌‌(‌line‌‌#3)‌‌(‌blue‌)‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌for‌‌all‌‌                                       

522 expressed‌‌genes‌‌(AEGs,‌‌‌left‌),‌‌downregulated‌‌genes‌‌(DRGs,‌‌‌middle‌)‌‌and‌‌upregulated‌‌genes‌‌(URGs,‌‌‌right‌).‌‌‌E‌)‌‌Venn‌‌                             

523 diagram‌ ‌showing‌ ‌overlap‌ ‌between‌ ‌hyper‌ ‌differentially‌ ‌methylated‌ ‌regions‌ ‌(DMRs)‌ ‌and‌ ‌down‌ ‌regulated‌ ‌genes‌‌                         

524 (DRGs)‌‌in‌‌rCMT3‌‌compared‌‌to‌‌‌WT‌wild‌‌type‌‌bent‌‌cotyledon‌‌embryos.‌‌‌F‌)‌‌Boxplot‌‌showing‌‌log‌2‌ ‌fold-change‌‌(FC)‌‌of‌‌                                 

525 transcript‌ ‌levels‌ ‌between‌ ‌rCMT3‌ ‌and‌ ‌Col-0‌ ‌(WT)‌ ‌for‌ ‌all‌ ‌DRGs‌ ‌intersecting‌ ‌DMRs‌ ‌(‌top‌).‌ ‌Heatmap‌ ‌showing‌‌                             

526 fold-change‌ ‌of‌ ‌individual‌ ‌DRGs‌ ‌(‌bottom‌).‌ ‌‌G‌)‌ ‌Venn‌ ‌diagram‌ ‌showing‌ ‌overlap‌ ‌between‌‌genes‌‌rapidly‌‌activated‌‌at‌‌                             

527 mature‌ ‌green‌ ‌stage‌ ‌(cluster‌ ‌D6‌ ‌genes‌ ‌based‌ ‌on‌ ‌‌(Hofmann‌ ‌et‌ ‌al.,‌ ‌2019)‌)‌ ‌and‌ ‌21‌ ‌DRGs/DMRs.‌ ‌ ‌   
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528 Discussion‌DISCUSSION‌ ‌ 
529 ‌ 
530 DNA‌ ‌methylation‌ ‌is‌ ‌faithfully‌ ‌propagated‌ ‌across‌ ‌cell‌ ‌cycles‌ ‌by‌ ‌methyltransferases‌ ‌to‌ ‌ensure‌‌                       
531 robust‌ ‌silencing‌ ‌of‌ ‌TEs‌ ‌‌(Borges‌ ‌et‌ ‌al.,‌ ‌2021;‌ ‌Law‌ ‌and‌ ‌Jacobsen,‌ ‌2010;‌ ‌Mathieu‌ ‌et‌ ‌al.,‌ ‌2007;‌‌                               
532 Ning‌‌et‌‌al.,‌‌2020;‌‌Probst‌‌et‌‌al.,‌‌2009;‌‌Saze‌‌et‌‌al.,‌‌2003)‌.‌‌However,‌‌it‌‌is‌‌not‌‌well‌‌understood‌‌how‌‌                                     

533 DNA‌‌methyltransferases‌‌are‌‌regulated‌‌following‌‌periods‌‌of‌‌rapid‌‌division‌‌to‌‌prevent‌‌off-targeting‌‌                       
534 of‌ ‌genes‌ ‌and‌ ‌their‌ ‌consequential‌ ‌repression.‌ ‌Cell‌ ‌division‌ ‌rates‌ ‌are‌ ‌highly‌ ‌dynamic‌ ‌during‌‌                         
535 Arabidopsis‌ ‌embryogenesis.‌ ‌We‌ ‌found‌ ‌that‌ ‌the‌ ‌expression‌ ‌of‌ ‌MET1‌ ‌and‌ ‌CMT3‌‌                     

536 methyltransferases‌‌and‌‌corresponding‌‌CG‌‌and‌‌CHG‌‌methylation‌‌are‌‌intricately‌‌linked‌‌to‌‌mitotic‌‌                       
537 indices‌ ‌through‌ ‌distinct‌ ‌mechanisms‌ ‌(Fig‌ure‌.‌ ‌1).‌ ‌Moreover,‌ ‌miR823-mediated‌ ‌cleavage‌ ‌and‌‌                   
538 repression‌ ‌of‌ ‌CMT3‌ ‌following‌ ‌the‌ ‌proliferative‌ ‌early‌ ‌phase‌ ‌of‌ ‌embryogenesis‌ ‌helps‌ ‌prevent‌‌                       

539 excess‌ ‌CMT3‌ ‌from‌ ‌ectopically‌ ‌methylating‌ ‌protein-coding‌ ‌genes‌ ‌that‌ ‌can‌ ‌persist‌ ‌for‌ ‌weeks‌‌                       
540 afterwards‌ ‌(Fig‌ure‌.‌ ‌3).‌ ‌CMT3-induced‌ ‌hypermethylation‌ ‌of‌ ‌genes‌ ‌was‌ ‌highly‌ ‌associated‌ ‌with‌‌                     
541 features‌‌conferring‌‌nucleosome‌‌stability‌‌(Fig‌ure‌.‌‌4)‌‌and‌‌resulted‌‌in‌‌the‌‌repression‌‌of‌‌genes‌‌that‌‌                           
542 are‌ ‌transcriptionally‌ ‌activated‌ ‌(Fig‌ure‌.‌ ‌5).‌ ‌Repression‌ ‌of‌ ‌CMT3‌ ‌following‌ ‌a‌ ‌period‌ ‌when‌ ‌it‌ ‌is‌‌                           

543 needed‌ ‌in‌ ‌high‌ ‌quantity‌ ‌to‌ ‌keep‌ ‌pace‌ ‌with‌ ‌TE‌ ‌methylation‌ ‌therefore‌ ‌prevents‌ ‌CMT3‌ ‌from‌‌                           
544 ectopically‌ ‌targeting‌ ‌protein-coding‌ ‌genes‌ ‌for‌ ‌methylation.‌ ‌This‌ ‌resulting‌ ‌epigenetic‌ ‌collateral‌‌                   
545 damage‌‌on‌‌protein-coding‌‌genes‌‌‌appears‌‌to‌can‌‌negatively‌‌affect‌‌gene‌‌expression.‌‌Our‌‌results‌‌                       

546 are‌ ‌consistent‌ ‌with‌ ‌the‌ ‌model‌ ‌that‌ ‌CMT3-induced‌ ‌epimutations‌ ‌give‌ ‌rise‌ ‌to‌ ‌CG‌ ‌gene-body‌‌                         
547 methylation‌ ‌(gbM)‌ ‌that‌ ‌can‌ ‌be‌ ‌maintained‌ ‌by‌ ‌MET1‌ ‌across‌ ‌many‌ ‌generations‌ ‌‌(Wendte‌‌et‌‌al.,‌‌                           
548 2019)‌.‌ ‌ 

549 Complex‌ ‌mechanisms‌ ‌are‌ ‌required‌ ‌to‌ ‌specifically‌ ‌silence‌ ‌mutagenic‌ ‌TEs‌ ‌rather‌ ‌than‌                     
550 endogenous‌‌genes‌‌‌(Antunez-Sanchez‌‌et‌‌al.,‌‌2020;‌‌Deng‌‌et‌‌al.,‌‌2016;‌‌Lee‌‌et‌‌al.,‌‌2021;‌‌Lister‌‌et‌‌                               
551 al.,‌‌2008;‌‌Papareddy‌‌et‌‌al.,‌‌2020;‌‌Saze‌‌and‌‌Kakutani,‌‌2011;‌‌Williams‌‌et‌‌al.,‌‌2015;‌‌Zhang‌‌et‌‌al.,‌‌                                 
552 2020)‌.‌ ‌Mechanisms‌ ‌regulating‌ ‌epigenome‌ ‌homeostasis‌ ‌are‌ ‌of‌ ‌paramount‌ ‌importance‌ ‌during‌‌                   

553 Arabidopsis‌ ‌embryogenesis‌ ‌due‌ ‌to‌ ‌highly‌ ‌dynamic‌ ‌cell‌ ‌cycle‌ ‌and‌ ‌transcriptional‌ ‌activities,‌ ‌as‌‌                       
554 well‌ ‌as‌ ‌the‌ ‌establishment‌ ‌of‌ ‌cell‌ ‌lineages‌ ‌that‌ ‌will‌ ‌produce‌ ‌all‌ ‌future‌ ‌cell‌ ‌types‌ ‌including‌ ‌the‌‌                               
555 gametes.‌ ‌MET1‌ ‌and‌ ‌CMT3‌ ‌methyltransferases‌ ‌are‌ ‌required‌ ‌for‌ ‌TE‌ ‌methylation‌ ‌‌(Kato‌ ‌et‌ ‌al.,‌‌                         

556 2003;‌ ‌Stroud‌ ‌et‌ ‌al.,‌ ‌2014)‌ ‌and‌ ‌are‌ ‌expressed‌ ‌at‌‌high‌‌levels‌‌during‌‌early‌‌embryogenesis‌‌likely‌‌                             
557 because‌ ‌this‌ ‌is‌ ‌a‌ ‌period‌ ‌of‌ ‌rapid‌ ‌cell‌ ‌division.‌ ‌CHG‌ ‌and‌ ‌CHH‌ ‌‌methylation‌ ‌exhibit‌ ‌opposite‌‌                             
558 developmental‌‌dynamics‌‌depending‌‌on‌‌the‌‌tissue’s‌‌mitotic‌‌index‌‌(Fig‌ure‌s‌.‌‌1,‌‌Figure‌‌‌2,‌‌Figure‌‌‌6)‌‌                           

559 (Papareddy‌ ‌et‌ ‌al.,‌ ‌2020)‌.‌ ‌When‌‌embryos‌‌are‌‌transitioning‌‌to‌‌stages‌‌with‌‌reduced‌‌cell‌‌division,‌‌                           
560 decreased‌‌CMT3-mediated‌‌CHG‌‌methylation‌‌is‌‌correlated‌‌with‌‌increased‌‌CMT2-mediated‌‌CHH‌‌                   
561 methylation‌ ‌(Fig‌ure‌.‌ ‌2H).‌ ‌Unlike‌ ‌CMT2,‌ ‌‌CMT3‌ ‌can‌ ‌also‌ ‌target‌ ‌protein-coding‌ ‌genes‌ ‌for‌ ‌CHG‌‌                         
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562 methylation‌ ‌‌(Stroud‌ ‌et‌ ‌al.,‌ ‌2014)‌ ‌and‌ ‌lead‌ ‌to‌ ‌the‌ ‌recruitment‌ ‌of‌ ‌transcriptionally‌ ‌repressive‌‌                         

563 H3K9me2‌ ‌methyltransferases‌ ‌such‌ ‌as‌ ‌KYP‌ ‌‌(Du‌ ‌et‌ ‌al.,‌ ‌2014;‌‌Jackson‌‌et‌‌al.,‌‌2002;‌‌Lindroth‌‌et‌‌                             
564 al.,‌ ‌2001)‌.‌ ‌Therefore,‌ ‌handing‌‌over‌‌TE‌‌silencing‌‌to‌‌CMT2-dependent‌‌CHH‌‌methylation‌‌in‌‌cells‌‌                         
565 with‌ ‌reduced‌ ‌division‌ ‌rates‌ ‌likely‌ ‌reduces‌ ‌ectopic‌ ‌methylation‌ ‌of‌ ‌protein-coding‌ ‌genes.‌ ‌In‌‌                       
566 addition‌ ‌to‌‌what‌‌we‌‌observed‌‌during‌‌embryogenesis,‌‌varying‌‌degrees‌‌of‌‌mitotic‌‌indices‌‌across‌‌                         

567 development‌ ‌can‌ ‌readily‌ ‌explain‌ ‌the‌ ‌genome-wide‌ ‌patterns‌ ‌of‌ ‌non-CG‌ ‌methylation‌ ‌reported‌‌                     
568 thus‌‌far‌‌‌(Borges‌‌et‌‌al.,‌‌2021;‌‌Calarco‌‌et‌‌al.,‌‌2012;‌‌Gutzat‌‌et‌‌al.,‌‌2020;‌‌Ji‌‌et‌‌al.,‌‌2019;‌‌Kawakatsu‌‌                                     
569 et‌ ‌al.,‌ ‌2016,‌ ‌2017;‌ ‌Lin‌ ‌et‌ ‌al.,‌ ‌2017;‌ ‌Narsai‌ ‌et‌ ‌al.,‌ ‌2017;‌ ‌Papareddy‌ ‌and‌ ‌Nodine,‌ ‌2021)‌.‌ ‌ 

570 CMT3,‌ ‌KYP‌ ‌and‌ ‌their‌ ‌corresponding‌ ‌DNA‌ ‌and‌ ‌histone‌ ‌methylation‌ ‌marks‌ ‌form‌‌                     
571 interdependent‌‌feedback‌‌loops‌‌that‌‌perpetuate‌‌silencing‌‌through‌‌cell‌‌divisions‌‌‌(Du‌‌et‌‌al.,‌‌2015;‌‌                         
572 Ning‌ ‌et‌ ‌al.,‌ ‌2020)‌.‌ ‌Consistent‌ ‌with‌ ‌the‌ ‌transcription-coupled‌ ‌H3K9me2‌ ‌demethylase‌ ‌IBM1‌‌                     

573 breaking‌ ‌these‌ ‌loops‌ ‌and‌ ‌preventing‌ ‌ectopic‌ ‌CHG‌ ‌hypermethylation‌ ‌of‌ ‌genes,‌ ‌we‌ ‌found‌ ‌that‌‌                         
574 CMT3,‌‌KYP‌‌and‌‌IBM1‌‌were‌‌highly‌‌expressed‌‌during‌‌early‌‌embryogenesis‌‌(Fig‌ure‌.‌‌3).‌‌After‌‌this‌‌                           
575 rapidly‌ ‌dividing‌ ‌morphogenesis‌ ‌phase,‌ ‌transcripts‌ ‌from‌ ‌CMT3,‌ ‌KYP‌ ‌and‌ ‌IBM1‌ ‌decrease,‌ ‌and‌‌                       
576 miR823‌‌directs‌‌the‌‌cleavage‌‌and‌‌repression‌‌of‌‌excess‌‌CMT3‌‌to‌‌help‌‌prevent‌‌hypermethylation‌‌                         

577 of‌‌protein-coding‌‌genes‌‌(Fig‌ure‌.‌‌3).‌‌Excess‌‌CMT3‌‌induces‌‌CHG‌‌methylation‌‌on‌‌distinct‌‌regions‌‌                         
578 of‌‌protein-coding‌‌genes‌‌that‌‌are‌‌characteristic‌‌of‌‌stable‌‌nucleosomes‌‌including‌‌transcriptionally‌‌                     
579 repressive‌‌H3K9me2‌‌marks‌‌that‌‌bind‌‌to‌‌CMT3.‌‌Although‌‌the‌‌distribution‌‌of‌‌CMT3-induced‌‌CHG‌‌                         

580 hypermethylation‌‌is‌‌strikingly‌‌similar‌‌to‌‌CG‌‌gene-body‌‌methylation‌‌of‌‌genes‌‌(Fig‌ure‌.‌‌4B,C),‌‌this‌‌                         
581 appears‌ ‌to‌ ‌be‌ ‌due‌ ‌to‌ ‌common‌ ‌targeting‌ ‌mechanisms‌ ‌by‌‌CMT3‌‌and‌‌MET1‌‌rather‌‌than‌‌a‌‌strict‌‌                               
582 prerequisite‌‌of‌‌CG.‌‌In‌‌fact,‌‌mutants‌‌with‌‌reduced‌‌CG‌‌methylation‌‌(Fig‌ure‌‌4-figure‌‌supplement‌‌‌.‌‌                           

583 S‌4‌O‌K‌)‌‌‌(Jacobsen‌‌and‌‌Meyerowitz,‌‌1997;‌‌Lister‌‌et‌‌al.,‌‌2008;‌‌Saze‌‌and‌‌Kakutani,‌‌2007;‌‌Stroud‌‌et‌‌                             
584 al.,‌ ‌2013)‌ ‌or‌ ‌species‌ ‌largely‌ ‌devoid‌ ‌of‌ ‌genic‌ ‌CG‌ ‌methylation‌ ‌‌(Wendte‌ ‌et‌ ‌al.,‌ ‌2019)‌ ‌can‌ ‌still‌‌                               
585 recruit‌ ‌CHG‌ ‌on‌ ‌genes.‌ ‌CMT3-induced‌ ‌CHG‌ ‌methylation‌ ‌of‌ ‌genes‌‌that‌‌we‌‌observed‌‌in‌‌rCMT3‌‌                           
586 transgenic‌ ‌plants‌ ‌was‌ ‌similar‌ ‌to‌ ‌ectopic‌ ‌gain‌ ‌of‌ ‌genic‌ ‌mCHG‌ ‌in‌ ‌‌ddm1‌ ‌mutants‌ ‌(Fig‌ure‌.‌ ‌4).‌‌                             

587 Notably,‌ ‌heterochromatin‌ ‌becomes‌ ‌destabilized‌ ‌in‌ ‌‌ddm1‌ ‌mutants‌ ‌(Fig‌ure‌.‌ ‌4K)‌ ‌‌(Mathieu‌ ‌et‌‌al.,‌‌                       
588 2003;‌ ‌Soppe‌ ‌et‌ ‌al.,‌ ‌2002)‌ ‌and‌ ‌CMT3‌ ‌prefers‌ ‌features‌ ‌associated‌ ‌with‌ ‌stable‌ ‌(Fig‌ure‌s.‌ ‌4E,F,‌‌                           
589 Figure‌ ‌4-figure‌ ‌supplement‌ ‌‌1‌S4‌K‌G‌)‌‌‌(Bourguet‌‌et‌‌al.,‌‌2021;‌‌Osakabe‌‌et‌‌al.,‌‌2018;‌‌Yelagandula‌‌                         

590 et‌‌al.,‌‌2014)‌‌over‌‌unstable‌‌nucleosomes‌‌such‌‌as‌‌H2A.Z‌‌with‌‌active‌‌marks‌‌(Fig‌ure‌s.‌‌4H,I,‌‌Figure‌‌                             
591 4-figure‌ ‌supplement‌ ‌1‌S‌4‌L‌H‌).‌ ‌Although‌ ‌destabilization‌ ‌of‌ ‌heterochromatin‌ ‌has‌ ‌been‌ ‌inversely‌‌                   
592 correlated‌‌with‌‌genic‌‌CHG‌‌methylation‌‌‌(Ito‌‌et‌‌al.,‌‌2015;‌‌Zhang‌‌et‌‌al.,‌‌2020)‌,‌‌chromatin‌‌features‌‌                             

593 underlying‌ ‌this‌ ‌mechanism‌ ‌are‌ ‌unclear.‌ ‌‌Therefore,‌ ‌we‌ ‌propose‌ ‌that‌ ‌destabilization‌ ‌of‌‌                     
594 heterochromatin‌ ‌in‌ ‌‌ddm1‌ ‌mutants‌ ‌redirects‌ ‌CMT3‌ ‌to‌ ‌genic‌ ‌regions‌ ‌with‌ ‌stable‌ ‌nucleosomes.‌‌                       
595 Therefore,‌‌factors‌‌such‌‌as‌‌DDM1‌‌that‌‌stabilize‌‌heterochromatin‌‌may‌‌be‌‌yet‌‌another‌‌mechanism‌‌                         
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596 required‌ ‌to‌ ‌regulate‌ ‌CMT3‌‌activity‌‌in‌‌order‌‌to‌‌achieve‌‌proper‌‌epigenome‌‌homeostasis‌‌(Fig‌ure‌.‌‌                         

597 6).‌ ‌ 
598 CMT3-induced‌‌CHG‌‌hypermethylation‌‌of‌‌genes‌‌did‌‌not‌‌globally‌‌affect‌‌steady‌‌state‌‌transcript‌‌                       
599 levels‌ ‌(Fig‌ure‌.‌ ‌5).‌ ‌However,‌ ‌we‌ ‌observed‌ ‌exceptional‌ ‌association‌ ‌between‌ ‌CHG‌‌                   
600 hypermethylation‌ ‌and‌ ‌repression‌ ‌of‌ ‌genes‌ ‌that‌ ‌switch‌ ‌from‌ ‌transcriptionally‌ ‌inactive‌ ‌to‌ ‌active‌‌                       

601 states.‌‌Because‌‌IBM1-mediated‌‌removal‌‌of‌‌H3K9me2‌‌marks‌‌is‌‌coupled‌‌to‌‌transcription‌‌‌(Inagaki‌‌                       
602 et‌ ‌al.,‌ ‌2017)‌,‌ ‌it‌ ‌is‌ ‌possible‌ ‌that‌ ‌CMT3-induced‌ ‌methylation‌ ‌can‌ ‌form‌ ‌feedback‌ ‌loops‌ ‌with‌‌                           
603 H3K9me2‌‌methyltransferases‌‌when‌‌genes‌‌are‌‌transcriptionally‌‌inert.‌‌However,‌‌when‌‌genes‌‌are‌‌                     

604 switched‌ ‌on,‌ ‌H3K9me2‌ ‌could‌ ‌repress‌ ‌initial‌ ‌rounds‌ ‌of‌ ‌transcription‌ ‌before‌ ‌it‌ ‌is‌ ‌removed‌ ‌by‌‌                           
605 IBM1.‌ ‌Accordingly,‌ ‌it‌ ‌may‌‌be‌‌difficult‌‌to‌‌detect‌‌the‌‌effects‌‌of‌‌ectopic‌‌CHG‌‌methylation‌‌on‌‌gene‌‌                               
606 expression‌‌when‌‌quantifying‌‌transcripts‌‌at‌‌steady‌‌state‌‌with‌‌standard‌‌mRNA-seq.‌‌‌It‌‌is‌‌possible‌‌                         

607 that‌ ‌we‌ ‌observed‌ ‌a‌ ‌repressive‌ ‌effect‌ ‌of‌‌CHG‌‌hypermethylation‌‌on‌‌a‌‌subset‌‌of‌‌genes‌‌because‌‌                             
608 we‌ ‌profiled‌ ‌a‌ ‌developmental‌ ‌stage‌ ‌in‌ ‌which‌ ‌hundreds‌ ‌of‌ ‌genes‌ ‌become‌ ‌transcriptionally‌‌                       
609 activated‌ ‌at‌ ‌the‌ ‌onset‌‌of‌‌embryo‌‌maturation.‌‌Nevertheless,‌‌we‌‌cannot‌‌completely‌‌exclude‌‌that‌‌                         
610 the‌ ‌repression‌ ‌of‌ ‌hypermethylated‌ ‌genes‌ ‌undergoing‌ ‌transcriptional‌ ‌activation‌ ‌is‌ ‌due‌ ‌to‌‌                     

611 secondary‌ ‌effects‌ ‌of‌ ‌other‌ ‌genes‌ ‌influenced‌ ‌by‌ ‌CMT3-induced‌ ‌hypermethylation.‌ ‌‌Importantly,‌‌                   
612 CMT3-induced‌ ‌CHG‌ ‌hypermethylation‌ ‌due‌ ‌at‌ ‌least‌ ‌partially‌ ‌to‌ ‌loss‌ ‌of‌ ‌miR823‌ ‌repression‌ ‌in‌‌                         
613 embryos‌‌is‌‌largely‌‌maintained‌‌for‌‌weeks‌‌after‌‌detectable‌‌miRNA‌‌activity‌‌(Fig‌ure‌.‌‌3).‌‌Therefore,‌‌                         

614 epigenetic‌‌collateral‌‌damage‌‌occurring‌‌in‌‌embryos‌‌may‌‌also‌‌negatively‌‌impact‌‌gene‌‌expression‌‌                       
615 later‌ ‌in‌ ‌life.‌ ‌‌However,‌ ‌future‌ ‌experiments‌ ‌are‌ ‌required‌ ‌to‌‌directly‌‌test‌‌the‌‌relationship‌‌between‌‌                           
616 CMT3-induced‌ ‌hypermethylation‌ ‌and‌ ‌gene‌ ‌expression.‌ ‌ 

617 Transcriptional‌ ‌‌(Ning‌ ‌et‌ ‌al.,‌ ‌2020)‌,‌ ‌post-transcriptional‌ ‌(Fig‌ure‌.‌ ‌3),‌‌post-translational‌‌‌(Deng‌‌                   
618 et‌‌al.,‌‌2016)‌,‌‌post-hoc‌‌‌(Saze‌‌et‌‌al.,‌‌2008)‌‌and‌‌perhaps‌‌substrate-related‌‌(Fig‌ure‌.‌‌4)‌‌mechanisms‌‌                           
619 fine-tune‌‌CMT3‌‌activities‌‌to‌‌levels‌‌required‌‌to‌‌specifically‌‌silence‌‌mutagenic‌‌TEs‌‌but‌‌not‌‌genes.‌‌                           
620 However,‌ ‌errors‌ ‌in‌ ‌restricting‌ ‌CMT3‌ ‌to‌ ‌heterochromatin‌ ‌are‌ ‌inevitable‌ ‌on‌ ‌an‌ ‌evolutionary‌‌                       

621 timescale‌ ‌‌(Zhang‌ ‌et‌ ‌al.,‌ ‌2020)‌ ‌and‌ ‌recent‌ ‌studies‌ ‌indicate‌ ‌that‌ ‌CMT3-induced‌ ‌methylation‌ ‌of‌‌                         
622 genes‌‌precedes‌‌gbM‌‌‌(Wendte‌‌et‌‌al.,‌‌2019)‌.‌‌Because‌‌gbM‌‌can‌‌be‌‌stably‌‌maintained‌‌over‌‌many‌‌                             
623 generations‌ ‌by‌ ‌MET1‌ ‌and‌ ‌its‌ ‌functional‌ ‌significance‌ ‌is‌ ‌debatable‌ ‌‌(Bewick‌ ‌et‌ ‌al.,‌ ‌2016,‌ ‌2019;‌‌                           

624 Choi‌ ‌et‌ ‌al.,‌ ‌2019;‌ ‌Coleman-Derr‌ ‌and‌ ‌Zilberman,‌ ‌2012;‌ ‌Le‌ ‌et‌ ‌al.,‌ ‌2020;‌ ‌Picard‌ ‌and‌ ‌Gehring,‌‌                             
625 2017;‌‌Shahzad‌‌et‌‌al.,‌‌2021;‌‌Takuno‌‌and‌‌Gaut,‌‌2013;‌‌Wendte‌‌et‌‌al.,‌‌2019;‌‌Williams‌‌et‌‌al.,‌‌2021;‌‌                                 
626 Zilberman,‌‌2017)‌,‌‌it‌‌cannot‌‌be‌‌excluded‌‌that‌‌gbM‌‌is‌‌merely‌‌an‌‌evolutionary‌‌record‌‌of‌‌epigenetic‌‌                             

627 collateral‌ ‌damage‌ ‌events‌ ‌that‌ ‌occurred‌ ‌in‌ ‌the‌ ‌past‌ ‌‌(Bewick‌ ‌and‌‌Schmitz,‌‌2017;‌‌Bewick‌‌et‌‌al.,‌‌                             
628 2017)‌.‌ ‌Our‌ ‌results‌ ‌suggest‌ ‌that‌ ‌derepressed‌ ‌CMT3‌ ‌and‌ ‌MET1‌ ‌both‌ ‌prefer‌ ‌genic‌ ‌regions‌‌                         
629 characterized‌ ‌by‌ ‌increased‌ ‌nucleosome‌ ‌stability‌ ‌(Fig‌ure‌.‌ ‌4).‌ ‌Accordingly,‌ ‌CMT3-induced‌‌CHG‌‌                   
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630 hypermethylation‌‌tends‌‌to‌‌occur‌‌away‌‌from‌‌transcription‌‌start‌‌and‌‌end‌‌sites‌‌of‌‌genes‌‌in‌‌a‌‌nearly‌‌                               

631 identical‌ ‌pattern‌ ‌as‌ ‌observed‌ ‌for‌ ‌gbM‌ ‌(Fig‌ure‌.‌ ‌4).‌ ‌We‌ ‌propose‌ ‌that‌ ‌CHG‌ ‌methylation‌ ‌is‌‌more‌‌                             
632 tolerated‌ ‌in‌ ‌central/3’‌ ‌biased‌ ‌regions‌ ‌because‌ ‌they‌ ‌are‌ ‌relatively‌ ‌inaccessible‌ ‌to‌ ‌trans-acting‌‌                       
633 factors‌‌that‌‌regulate‌‌transcription.‌‌Moreover,‌‌our‌‌results‌‌‌tentatively‌‌‌suggest‌‌that‌‌CMT3-induced‌‌                     
634 hypermethylation‌ ‌can‌ ‌repress‌ ‌genes‌ ‌that‌ ‌are‌ ‌transcriptionally‌ ‌activated‌ ‌(Fig‌ure‌.‌ ‌5).‌ ‌Perhaps‌‌                     

635 genes‌‌that‌‌are‌‌consistently‌‌expressed‌‌can‌‌accumulate‌‌CHG‌‌methylation‌‌without‌‌having‌‌a‌‌large‌‌                         
636 effect‌‌on‌‌steady‌‌state‌‌transcript‌‌levels‌‌and‌‌resulting‌‌fitness‌‌penalties,‌‌and‌‌thus‌‌be‌‌more‌‌likely‌‌to‌‌                               
637 accumulate‌‌gbM‌‌over‌‌evolutionary‌‌time.‌‌In‌‌other‌‌words,‌‌miR823-mediated‌‌repression‌‌is‌‌one‌‌of‌‌                         

638 several‌ ‌ways‌ ‌to‌ ‌prevent‌ ‌CMT3‌ ‌from‌ ‌ectopically‌ ‌methylating‌ ‌protein-coding‌ ‌genes.‌ ‌However,‌‌                     
639 CMT3‌‌off-targeting‌‌on‌‌genes‌‌may‌‌still‌‌occur‌‌despite‌‌these‌‌complex‌‌regulatory‌‌mechanisms‌‌and‌‌                         
640 the‌‌resulting‌‌epigenetic‌‌collateral‌‌damage‌‌can‌‌be‌‌recorded‌‌as‌‌heritable‌‌gbM.‌‌The‌‌characteristic‌‌                         

641 features‌ ‌of‌ ‌gbM‌ ‌may‌ ‌not‌ ‌pertain‌ ‌to‌ ‌its‌ ‌current‌ ‌functions,‌ ‌but‌ ‌rather‌ ‌the‌ ‌consequences‌ ‌of‌‌                             
642 transient‌ ‌CHG‌ ‌methylation‌ ‌that‌ ‌occurred‌ ‌in‌ ‌the‌ ‌past‌ ‌and‌ ‌were‌ ‌selected‌ ‌on‌ ‌during‌ ‌evolution.‌ ‌ 
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643

‌ 
644 Figure‌ ‌6.‌ ‌Models‌ ‌for‌ ‌CMT3‌ ‌regulation‌ ‌during‌ ‌periods‌ ‌of‌ ‌fluctuating‌ ‌cell‌ ‌division‌ ‌rates‌ ‌and‌ ‌destabilized‌‌                             

645 chromatin.‌‌A‌)‌‌Model‌‌of‌‌non-CG‌‌methylation‌‌dynamics‌‌during‌‌embryo‌‌development‌‌and‌‌corresponding‌‌regulatory‌‌                         

646 mechanisms.‌‌‌B‌)‌‌Model‌‌for‌‌how‌‌CMT3‌‌equilibrium‌‌is‌‌maintained‌‌to‌‌restrict‌‌its‌‌activity‌‌to‌‌heterochromatin.‌‌‌Density‌‌                               

647 of‌‌transposable‌‌elements‌‌(TEs)‌‌(‌top;‌‌red‌)‌‌and‌‌genes‌‌(‌middle;‌‌blue‌)‌‌on‌‌chromosome‌‌1.‌‌Cartoon‌‌illustration‌‌of‌‌gene‌‌                                 

648 cluster‌ ‌location‌ ‌(‌bottom‌)‌ ‌according‌ ‌to‌ ‌key‌ ‌in‌ ‌Fig‌ure‌.‌ ‌4A.‌‌Black‌‌dot‌‌represents‌‌the‌‌centromere.‌‌(i)‌‌In‌‌steady‌‌state,‌‌                                   
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649 stable‌‌nucleosomes‌‌along‌‌with‌‌H3K9me2‌‌and‌‌DNA‌‌methylation‌‌provides‌‌positive‌‌reinforcement‌‌to‌‌sequester‌‌CMT3‌‌                           

650 to‌‌constitutive‌‌heterochromatin.‌‌(ii)‌‌Loss‌‌of‌‌DDM1‌‌results‌‌in‌‌destabilized‌‌and‌‌accessible‌‌heterochromatin‌‌‌(Zhong‌‌et‌‌                             

651 al.,‌‌2021)‌,‌‌characterized‌‌by‌‌loss‌‌of‌‌H3K9me2‌‌and‌‌stable‌‌nucleosomes‌‌‌(Osakabe‌‌et‌‌al.,‌‌2021)‌.‌‌Accessible‌‌chromatin‌‌                               

652 or‌ ‌DNA‌ ‌without‌ ‌stable‌ ‌nucleosomes‌ ‌is‌ ‌no‌ ‌longer‌ ‌a‌ ‌preferable‌ ‌substrate‌ ‌for‌ ‌CMT3‌ ‌and‌ ‌results‌ ‌in‌ ‌CHG‌‌                                 

653 hypomethylation‌ ‌of‌ ‌TEs.‌ ‌CMT3‌ ‌will‌ ‌now‌ ‌be‌ ‌readily‌ ‌available‌ ‌and‌ ‌redirected‌ ‌to‌ ‌genic‌ ‌regions‌ ‌where‌ ‌it‌ ‌induces‌‌                                 

654 ectopic‌‌CHG‌‌methylation‌‌in‌‌proportion‌‌to‌‌the‌‌levels‌‌of‌‌stable‌‌nucleosomes‌‌and‌‌chromatin‌‌marks.‌‌(iii)‌‌Excess‌‌levels‌‌                                 

655 of‌ ‌CMT3‌ ‌causes‌ ‌genome-wide‌ ‌CHG‌ ‌hypermethylation‌ ‌with‌ ‌a‌ ‌preference‌ ‌for‌ ‌stable‌ ‌nucleosomes‌‌associated‌‌with‌‌                           

656 repressive‌ ‌marks‌ ‌that‌ ‌tend‌ ‌to‌ ‌be‌ ‌in‌ ‌regions‌ ‌closer‌ ‌to‌ ‌centromeres‌ ‌compared‌ ‌to‌ ‌chromosomal‌ ‌arms.‌ ‌ 
657 ‌   
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658 M‌aterials‌ ‌and‌ ‌methods‌ATERIALS‌ ‌AND‌ ‌METHODS‌ ‌ 
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Key‌ ‌Resources‌ ‌Table‌ ‌ 

Reagent‌‌ 
type‌‌ 
(species)‌‌or‌‌   
resource‌ ‌ 

Designation‌ ‌  Source‌ ‌or‌‌   
reference‌ ‌ 

Identifiers‌ ‌  Additional‌‌ 
information‌ ‌ 

gene‌‌ 

(‌Arabidopsis‌‌ 

thaliana‌)‌ ‌ 

‌ ‌  

CHROMOMETHY‌
LASE‌ ‌3‌ ‌(CMT3)‌ ‌ 

TAIR‌ ‌  AT1G69770‌ ‌  ‌ ‌  

gene‌‌ 

(‌Arabidopsis‌‌ 

thaliana‌)‌ ‌ 

‌ ‌  

MICRORNA‌ ‌823A‌‌   
(MIR823A)‌ ‌ 

TAIR‌ ‌  AT3G13724‌ ‌  ‌ ‌  

genetic‌‌ 

reagent‌‌ 

(‌Arabidopsis‌‌ 

thaliana‌)‌ ‌ 
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miR823-cleavable‌‌ 
CMT3‌ ‌(cCMT3)‌ ‌ 

this‌ ‌paper‌ ‌  ‌ ‌   pAlligatorR43/prom‌
oterCMT3::genomic‌
CMT3‌ ‌ 

genetic‌‌ 

reagent‌‌ 
(‌Arabidopsis‌‌ 

thaliana‌)‌ ‌ 

‌ ‌  

miR823-resistant‌‌ 
CMT3‌ ‌(rCMT3)‌ ‌ 

this‌ ‌paper‌ ‌  ‌ ‌   pAlligatorR43/prom‌
oterCMT3::resistant‌
CMT3‌ ‌ 
(generated‌ ‌from‌‌   
cCMT3‌ ‌with‌‌   
site-directed‌‌ 
mutagenesis)‌ ‌ 

recombinant‌‌ 
DNA‌ 
reagent‌ ‌ 

pAlligatorR43‌‌ 
(plasmid)‌ ‌ 

DOI:‌‌ 
10.7554/eLi‌
fe.04501‌ ‌ 

‌ ‌   mCherry‌ ‌selection‌‌   
marker‌ ‌ 

recombinant‌‌ 
DNA‌ 
reagent‌ ‌ 

pHSE401‌‌ 
(plasmid)‌ ‌ 

Addgene‌ ‌  #62201‌ ‌  CRISPR/Cas9‌‌ 
plasmid‌ ‌ 
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660 ‌ 
661 Plant‌ ‌material‌ ‌and‌ ‌growth‌ ‌conditions‌‌ ‌  
662 Arabidopsis‌ ‌thaliana‌ ‌accession‌ ‌Columbia-0‌ ‌(Col-0)‌ ‌were‌‌grown‌‌in‌‌controlled‌‌growth‌‌chambers‌‌                     
663 at‌ ‌20-22˚C‌ ‌under‌ ‌a‌ ‌16-h‌ ‌light/8-h‌ ‌dark‌ ‌cycle‌ ‌with‌ ‌incandescent‌ ‌lights‌ ‌(130‌ ‌to‌ ‌150‌ ‌µmol/m‌2‌/s).‌ ‌ 
664 ‌ ‌  
665 Generation‌ ‌of‌ ‌transgenic‌ ‌lines‌ ‌ 
666 The‌ ‌control‌ ‌genomic‌ ‌CMT3‌ ‌construct‌ ‌(miR823-cleavable;‌ ‌cCMT3)‌ ‌was‌ ‌generated‌ ‌by‌ ‌PCR‌‌                     
667 amplification‌ ‌of‌ ‌the‌ ‌CMT3‌ ‌locus‌ ‌including‌ ‌1,408‌ ‌bp‌ ‌upstream‌ ‌and‌ ‌730‌ ‌bp‌ ‌downstream‌ ‌of‌ ‌the‌‌                             
668 TAIR10-annotated‌ ‌transcription‌ ‌start‌ ‌and‌ ‌end‌ ‌sites,‌ ‌respectively.‌ ‌PCR‌ ‌primers‌ ‌included‌‌                   
669 overhangs‌ ‌for‌ ‌subsequent‌ ‌Gibson‌ ‌assembly‌ ‌into‌ ‌MultiSite-Gateway‌ ‌destination‌ ‌vector‌‌                 
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recombinant‌‌ 
DNA‌ 
reagent‌ ‌ 

pCBCD-T1T2‌‌ 
(plasmid)‌ ‌ 

Addgene‌ ‌  #50590‌ ‌  CRISPR/Cas9‌‌ 
plasmid‌ ‌ 

strain‌‌ 
(‌Arabidopsis‌‌ 
thaliana‌)‌ ‌ 

cmt3-11T‌ ‌  NASC‌ ‌  SALK_148381‌ ‌  T-DNA‌ ‌insertion‌‌   
mutant‌ ‌of‌ ‌‌CMT3‌ ‌ 

strain‌‌ 
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thaliana‌)‌ ‌ 

mir823-1‌ ‌  this‌ ‌paper‌ ‌  ‌ ‌   miR823‌ ‌knockout‌‌   
mutant‌ ‌ 
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(‌Arabidopsis‌‌ 
thaliana‌)‌ ‌ 

mir823-2‌ ‌  this‌ ‌paper‌ ‌  ‌ ‌   miR823‌ ‌knockout‌‌   
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New‌‌ 
England‌ ‌ 
Biolabs‌ ‌ 

#E0554S‌ ‌  ‌ ‌  
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Fast‌ ‌SYBR‌ ‌Green‌‌     
Master‌ ‌Mix‌ ‌ 

Roche‌ ‌  #0640271200‌
1‌ ‌ 

‌ ‌  

commercial‌ 
kit‌ ‌ 
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670 pAlligatorR43‌ ‌‌(Kawashima‌ ‌et‌ ‌al.,‌ ‌2013)‌.‌ ‌The‌ ‌miR823-resistant‌ ‌CMT3‌ ‌construct‌ ‌(rCMT3)‌ ‌was‌‌                     

671 generated‌ ‌by‌‌PCR‌‌site-directed‌‌mutagenesis‌‌(Q5‌‌Site-Directed‌‌Mutagenesis‌‌Kit,‌‌New‌‌England‌‌                     
672 Biolabs)‌‌using‌‌the‌‌cCMT3‌‌construct‌‌as‌‌a‌‌template‌‌to‌‌introduce‌‌six‌‌silent‌‌mutations‌‌as‌‌shown‌‌in‌‌                               
673 Fig‌ure‌ ‌3-figure‌ ‌supplement‌ ‌1‌.‌ ‌S3‌C.‌ ‌Both‌ ‌cCMT3‌ ‌and‌ ‌rCMT3‌ ‌construct‌ ‌sequences‌ ‌were‌‌                       
674 analyzed‌ ‌for‌ ‌mutations‌ ‌using‌ ‌Sanger‌ ‌sequencing.‌ ‌All‌ ‌primers‌ ‌used‌ ‌are‌ ‌listed‌ ‌in‌ ‌the‌‌                         

675 Supplementary‌ ‌File‌ ‌‌Table‌‌S‌5.‌‌The‌‌constructs‌‌were‌‌transformed‌‌into‌‌‌cmt3-11T‌‌(SALK_148381)‌‌                     
676 using‌ ‌the‌ ‌Agrobacterium‌ ‌floral‌ ‌dip‌ ‌method‌ ‌‌(Clough‌ ‌and‌ ‌Bent,‌ ‌1998)‌,‌ ‌and‌ ‌transformants‌ ‌were‌‌                         
677 selected‌ ‌based‌‌on‌‌seed-coat‌‌RFP‌‌signal‌‌under‌‌fluorescent‌‌light‌‌(Zeiss‌‌SteREO‌‌DiscoveryV.8).‌‌                       

678 Multiple‌ ‌independent‌ ‌first-generation‌ ‌transgenic‌ ‌(T1)‌ ‌lines‌ ‌were‌ ‌identified‌ ‌for‌ ‌cCMT3‌ ‌and‌‌                     
679 rCMT3,‌ ‌and‌ ‌three‌ ‌and‌ ‌four‌ ‌were‌ ‌respectively‌ ‌characterized‌ ‌in‌ ‌bent‌ ‌cotyledon‌ ‌embryos‌ ‌for‌ ‌each.‌ ‌ 
680 ‌ 
681 Generation‌ ‌of‌ ‌CRISPR/Cas9‌ ‌knockout‌ ‌mutants‌ ‌for‌ ‌‌MIR823‌‌ ‌  
682 CRISPR/Cas9‌‌knockout‌‌mutants‌‌in‌‌‌MIR823‌‌were‌‌created‌‌by‌‌using‌‌a‌‌modified‌‌pHSE401‌‌binary‌‌                         
683 vector‌ ‌(Addgene‌ ‌#62201)‌ ‌according‌ ‌to‌ ‌the‌ ‌protocol‌ ‌detailed‌ ‌by‌ ‌‌(Xing‌ ‌et‌ ‌al.,‌ ‌2014)‌.‌ ‌Primers‌‌                           
684 containing‌ ‌the‌ ‌sequences‌ ‌for‌ ‌the‌ ‌two‌ ‌guide‌ ‌RNAs‌ ‌targeting‌ ‌the‌ ‌‌MIR823‌ ‌locus‌ ‌flanking‌ ‌the‌‌                           

685 miR823‌‌sequence‌‌(Fig‌ure‌‌3-figure‌‌supplement‌‌1‌.‌‌S3‌A‌‌and‌‌‌Supplementary‌‌File‌‌‌T‌able‌‌S‌5)‌‌were‌‌                         
686 amplified‌ ‌together‌ ‌with‌ ‌the‌ ‌pCBCD-T1T2‌ ‌plasmid‌ ‌(Addgene‌ ‌#50590),‌ ‌and‌ ‌the‌ ‌resulting‌ ‌PCR‌‌                       
687 product‌ ‌was‌ ‌subsequently‌ ‌assembled‌ ‌into‌ ‌the‌ ‌pHSE401‌ ‌binary‌ ‌vector‌ ‌using‌ ‌GoldenGate‌‌                     

688 cloning‌ ‌method‌ ‌‌(Xing‌ ‌et‌ ‌al.,‌ ‌2014)‌.‌ ‌Plants‌ ‌were‌ ‌transformed‌ ‌with‌ ‌the‌ ‌floral‌ ‌dip‌ ‌method‌ ‌as‌‌                             
689 described‌ ‌above;‌ ‌and‌‌Cas9-positive‌‌seeds‌‌were‌‌selected‌‌based‌‌on‌‌the‌‌presence‌‌of‌‌seed‌‌coat‌‌                           
690 RFP‌‌signal.‌‌Deletion‌‌lines‌‌were‌‌identified‌‌with‌‌PCR‌‌using‌‌primers‌‌flanking‌‌gRNA-targeted‌‌sites‌‌                         

691 (Fig‌ure‌ ‌3-figure‌ ‌supplement‌ ‌1‌.‌ ‌S3‌A‌‌and‌‌‌Supplementary‌‌File‌‌‌Table‌‌S‌5).‌‌Deletion‌‌mutants‌‌were‌‌                         
692 confirmed‌ ‌and‌ ‌mapped‌ ‌by‌ ‌Sanger‌ ‌sequencing.‌ ‌ 
693 ‌ 
694 qRT-PCR‌ ‌analysis‌ ‌ 
695 Leaves‌ ‌(two-week‌ ‌old‌ ‌rosettes),‌‌floral‌‌clusters‌‌(five‌‌weeks)‌‌and‌‌bent‌‌cotyledon‌‌embryos‌‌(eight‌‌                         
696 DAP)‌‌were‌‌homogenized‌‌in‌‌500‌‌μl‌‌TRIzol‌‌reagent‌‌(Invitrogen)‌‌and‌‌total‌‌RNA‌‌was‌‌isolated‌‌and‌‌                             
697 purified‌ ‌according‌ ‌to‌ ‌manufacturer’s‌ ‌recommendations.‌ ‌For‌ ‌mRNA,‌ ‌200‌ ‌ng‌ ‌of‌ ‌total‌ ‌RNA‌ ‌was‌‌                         

698 used‌‌for‌‌cDNA‌‌synthesis‌‌with‌‌SuperScript‌‌III‌‌Reverse‌‌Transcriptase‌‌(Thermo‌‌Fisher‌‌Scientific).‌‌                       
699 The‌ ‌cDNA‌ ‌was‌ ‌diluted‌ ‌two-fold‌ ‌for‌ ‌embryos‌ ‌or‌ ‌ten-fold‌ ‌for‌ ‌leaves‌ ‌and‌ ‌floral‌ ‌buds‌ ‌with‌‌                             
700 nuclease-free‌‌water.‌‌Two‌‌μL‌‌of‌‌diluted‌‌cDNA‌‌was‌‌used‌‌as‌‌a‌‌template‌‌for‌‌the‌‌qRT-PCR‌‌with‌‌Fast‌‌                                 

701 SYBR‌ ‌Green‌ ‌Master‌ ‌Mix‌ ‌(Roche)‌ ‌on‌ ‌a‌ ‌LightCycler‌ ‌96‌ ‌instrument‌ ‌(Roche)‌ ‌with‌ ‌two‌ ‌technical‌‌                           
702 replicates‌‌for‌‌each‌‌biorep.‌‌For‌‌miRNA823‌‌quantification,‌‌corresponding‌‌stem-loop‌‌primers‌‌were‌‌                     
703 added‌‌to‌‌the‌‌RT‌‌reaction‌‌(adapted‌‌from‌‌‌(Yang‌‌et‌‌al.,‌‌2014)‌)‌‌and‌‌miR823‌‌levels‌‌were‌‌measured‌‌                               
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704 using‌ ‌Fast‌ ‌SYBR‌ ‌Green‌ ‌Master‌ ‌Mix‌ ‌(Roche)‌ ‌with‌ ‌miRNA823‌ ‌specific‌ ‌forward‌ ‌primer‌ ‌and‌ ‌a‌‌                           

705 stem-loop‌ ‌specific‌ ‌universal‌ ‌reverse‌ ‌primer.‌ ‌U6‌ ‌snRNA‌ ‌was‌ ‌used‌ ‌as‌ ‌the‌ ‌reference‌ ‌RNA‌‌                         
706 (adapted‌ ‌from‌ ‌‌(Shen‌‌et‌‌al.,‌‌2010)‌.‌‌Primers‌‌used‌‌for‌‌qRT-PCR‌‌are‌‌listed‌‌in‌‌‌Supplementary‌‌File‌‌                             
707 Table‌ ‌S‌5.‌ ‌ 
708 ‌ 
709 Sample‌ ‌size‌ ‌estimation,‌ ‌e‌E‌mbryo‌ ‌isolation‌ ‌and‌ ‌nucleic‌ ‌acid‌ ‌extraction‌ ‌ 
710 Sample‌‌sizes‌‌were‌‌determined‌‌based‌‌on‌‌a‌‌combination‌‌of‌‌the‌‌required‌‌statistical‌‌power,‌‌ability‌‌                           
711 to‌ ‌acquire‌ ‌samples‌‌and‌‌cost‌‌of‌‌the‌‌experiments.‌‌‌Bent‌‌cotyledon‌‌embryos‌‌were‌‌dissected‌‌from‌‌                           

712 seeds‌ ‌eight‌ ‌days‌ ‌after‌ ‌pollination‌ ‌and‌ ‌also‌ ‌selected‌ ‌based‌‌on‌‌morphology‌‌to‌‌ensure‌‌accurate‌‌                           
713 staging.‌ ‌Embryos‌ ‌were‌ ‌serially‌ ‌washed‌ ‌4×‌ ‌with‌ ‌nuclease-free‌ ‌water‌ ‌under‌ ‌an‌ ‌inverted‌‌                       
714 microscope.‌ ‌Approximately‌ ‌50‌ ‌embryos‌ ‌per‌ ‌replicate‌ ‌were‌ ‌isolated‌ ‌and‌ ‌stored‌ ‌at‌ ‌-80‌ ‌°C‌‌until‌‌                           

715 further‌‌use.‌‌RNA‌‌was‌‌isolated‌‌as‌‌previously‌‌described‌‌‌(Lutzmayer‌‌et‌‌al.,‌‌2017;‌‌Plotnikova‌‌et‌‌al.,‌‌                             
716 2019)‌.‌ ‌Genomic‌ ‌DNA‌ ‌was‌ ‌extracted‌ ‌from‌ ‌embryos‌ ‌and‌ ‌three-week‌ ‌old‌ ‌plants‌ ‌using‌‌                       
717 Quick-‌DNA‌TM‌ ‌‌Micro‌ ‌prep‌ ‌Kit‌ ‌(Zymo‌ ‌D3020)‌ ‌according‌ ‌to‌ ‌the‌ ‌recommendations‌ ‌of‌ ‌the‌‌                       
718 manufacturer.‌ ‌ 
719 ‌ 
720 DNA‌ ‌methylation‌ ‌profiling‌ ‌and‌ ‌analysis‌ ‌ 
721 MethylC-Seq‌ ‌libraries‌ ‌were‌ ‌generated‌ ‌as‌ ‌described‌ ‌previously‌ ‌‌(Papareddy‌ ‌et‌ ‌al.,‌ ‌2020)‌ ‌and‌‌                       
722 sequenced‌‌in‌‌single-read‌‌mode‌‌on‌‌an‌‌Illumina‌‌HiSeq‌‌2500‌‌or‌‌Nextseq‌‌550‌‌instrument.‌‌‌Adapters‌‌                           
723 and‌ ‌the‌ ‌first‌ ‌six‌ ‌bases‌ ‌corresponding‌ ‌to‌ ‌random‌ ‌hexamers‌ ‌used‌ ‌during‌ ‌the‌ ‌pre-amplification‌‌                         

724 step‌ ‌were‌ ‌trimmed‌ ‌from‌ ‌MethylC-seq‌ ‌reads‌ ‌using‌‌‌Trim‌‌Galore‌.‌‌Bisulfite-converted‌‌reads‌‌were‌‌                       
725 aligned‌ ‌against‌ ‌the‌ ‌TAIR10‌ ‌genome‌ ‌‌(Lamesch‌ ‌et‌ ‌al.,‌ ‌2012)‌ ‌in‌ ‌non-directional‌ ‌mode‌ ‌using‌‌                         
726 Bismark‌ ‌(‌bismark‌ ‌--non_directional‌ ‌-q‌ ‌--score-min‌ ‌L,0,-0.4‌)‌ ‌‌(Krueger‌ ‌and‌ ‌Andrews,‌ ‌2011)‌.‌‌                   

727 Methylpy‌ ‌software‌ ‌was‌ ‌used‌ ‌to‌ ‌extract‌ ‌weighted‌ ‌methylation‌‌rates‌‌for‌‌each‌‌available‌‌cytosine‌‌                         
728 from‌‌BAM‌‌files‌‌containing‌‌only‌‌deduplicated‌‌and‌‌uniquely‌‌mapped‌‌reads‌‌‌(Schultz‌‌et‌‌al.,‌‌2015)‌.‌‌                           
729 Reads‌ ‌mapping‌ ‌to‌ ‌the‌ ‌unmethylated‌ ‌chloroplast‌ ‌genome‌ ‌were‌ ‌used‌ ‌to‌ ‌calculate‌ ‌bisulfite‌‌                       
730 conversion‌ ‌rates.‌ ‌‌FASTQ‌ ‌files‌ ‌obtained‌ ‌from‌ ‌publicly‌ ‌available‌ ‌methylomes‌ ‌generated‌ ‌from‌‌                     

731 sperm‌‌‌(Ibarra‌‌et‌‌al.,‌‌2012)‌,‌‌early‌‌torpedo‌‌‌(Pignatta‌‌et‌‌al.,‌‌2015)‌,‌‌mid-torpedo‌‌to‌‌early‌‌maturation‌‌                             
732 (Hsieh‌ ‌et‌‌al.,‌‌2009)‌,‌‌mature‌‌green‌‌embryos‌‌‌(Bouyer‌‌et‌‌al.,‌‌2017)‌‌and‌‌DNA‌‌methylation‌‌mutant‌‌                             
733 leaves‌ ‌‌(Stroud‌ ‌et‌ ‌al.,‌ ‌2013)‌ ‌were‌ ‌also‌ ‌processed‌ ‌in‌ ‌a‌ ‌similar‌ ‌manner‌ ‌except‌ ‌that‌ ‌alignments‌‌                             

734 were‌ ‌performed‌ ‌in‌‌directional‌‌mode‌‌and‌‌only‌‌5′‌‌end‌‌nucleotides‌‌of‌‌the‌‌reads‌‌with‌‌m-bias‌‌were‌‌                               
735 removed.‌ ‌Differentially‌ ‌methylated‌ ‌regions‌ ‌(DMRs)‌ ‌were‌ ‌‌identified‌ ‌using‌ ‌‌Methylpy‌ ‌‌(Schultz‌ ‌et‌‌                     
736 al.,‌ ‌2015)‌.‌ ‌Briefly,‌ ‌‌two‌ ‌‌biological‌ ‌replicates‌‌were‌‌pooled‌‌and‌‌differentially‌‌methylated‌‌cytosines‌‌                       

737 (DMCs)‌ ‌were‌ ‌identified‌ ‌by‌ ‌root‌ ‌mean‌ ‌squared‌ ‌tests‌ ‌with‌ ‌false‌ ‌discovery‌ ‌rates‌ ‌≤‌ ‌0.01.‌ ‌DMRs‌‌                             

33‌ ‌ 

https://paperpile.com/c/ju89vP/ZCSV
http://www.plantcell.org/cgi/content/full/tpc.19.00395/DC1
https://paperpile.com/c/ju89vP/8NDZ+e6jIu
https://paperpile.com/c/ju89vP/8NDZ+e6jIu
https://paperpile.com/c/ju89vP/kcjj
https://paperpile.com/c/ju89vP/kXm9u
https://paperpile.com/c/ju89vP/rVf4X
https://paperpile.com/c/ju89vP/vfhWG
https://paperpile.com/c/ju89vP/oCQY
https://paperpile.com/c/ju89vP/JfjE
https://paperpile.com/c/ju89vP/7ODD
https://paperpile.com/c/ju89vP/slSi
https://paperpile.com/c/ju89vP/KZhx
https://paperpile.com/c/ju89vP/vfhWG
https://paperpile.com/c/ju89vP/vfhWG


‌ 

738 were‌‌defined‌‌by‌‌collapsing‌‌DMCs‌‌with‌‌≥4‌‌reads‌‌within‌‌500‌‌bps‌‌to‌‌single‌‌units‌‌requiring‌‌≥8‌‌and‌‌                                 

739 ≥4‌ ‌DMCs‌ ‌for‌ ‌CG‌ ‌and‌ ‌CHN‌ ‌sites,‌ ‌respectively‌ ‌(N‌‌=‌‌A,T,C,G;‌‌H‌‌≠‌‌G).‌‌Using‌‌these‌‌parameters,‌‌                                 
740 DMRs‌‌were‌‌identified‌‌across‌‌floral‌‌bud,‌‌early‌‌heart,‌‌early‌‌torpedo,‌‌bent‌‌cotyledon,‌‌mature‌‌green‌‌                           

741 and‌‌leaf‌‌samples,‌‌and‌‌merged‌‌into‌‌a‌‌single‌‌bedFile‌‌using‌‌the‌‌BEDtools‌‌‌merge‌‌function‌‌‌(Quinlan‌‌                             
742 and‌ ‌Hall,‌ ‌2010)‌.‌ ‌Resulting‌ ‌DMRs‌ ‌were‌ ‌then‌ ‌used‌ ‌to‌ ‌calculate‌ ‌the‌ ‌methylation‌ ‌rate‌ ‌on‌ ‌all‌‌                             
743 analyzed‌ ‌tissues‌ ‌and‌ ‌genotypes.‌ ‌‌We‌ ‌assigned‌ ‌that‌ ‌a‌ ‌gene‌ ‌and‌ ‌a‌ ‌DMR‌ ‌are‌ ‌associated‌ ‌if‌ ‌the‌‌                               
744 DMR‌ ‌is‌ ‌overlapping‌ ‌within‌ ‌1.5‌ ‌kb‌ ‌upstream‌ ‌or‌ ‌downstream‌‌of‌‌TAIR10‌‌annotated‌‌gene‌‌bodies‌‌                           

745 using‌‌BEDtools‌‌‌closest‌‌function.‌‌For‌‌down-regulated‌‌genes‌‌overlapping‌‌with‌‌DMRs‌‌with‌‌above‌‌                       
746 criteria,‌ ‌significance‌ ‌was‌ ‌tested‌ ‌using‌ ‌BEDtools‌ ‌‌fisher‌ ‌function‌ ‌with‌ ‌nuclear‌ ‌genome‌ ‌as‌ ‌a‌‌                         
747 background‌ ‌control‌.‌‌ ‌  

748 ‌ 
749 mRNA‌ ‌profiling‌ ‌and‌ ‌analysis‌ ‌ 
750 Smart-seq2‌ ‌mRNA‌ ‌libraries‌ ‌were‌ ‌generated‌ ‌from‌ ‌1‌ ‌µl‌ ‌of‌ ‌the‌ ‌7‌‌µl‌‌bent‌‌cotyledon‌‌embryo‌‌total‌‌                               

751 RNA‌ ‌as‌ ‌previously‌ ‌described‌ ‌‌(Hofmann‌ ‌et‌‌al.,‌‌2019;‌‌Picelli‌‌et‌‌al.,‌‌2014)‌.‌‌Both‌‌amplified‌‌cDNA‌‌                             
752 and‌ ‌final‌‌libraries‌‌were‌‌inspected‌‌using‌‌Agilent‌‌HS‌‌NGS‌‌Fragment‌‌Kit‌‌(DNF-474)‌‌to‌‌control‌‌for‌‌                             
753 library‌‌quality‌‌and‌‌proper‌‌length‌‌distributions.‌‌Libraries‌‌were‌‌sequenced‌‌in‌‌single-read‌‌mode‌‌on‌‌                         
754 an‌ ‌Illumina‌ ‌HiSeq‌ ‌2500‌ ‌or‌ ‌NextSeq‌ ‌550‌ ‌machine.‌ ‌Raw‌ ‌FASTQ‌ ‌files‌ ‌from‌‌technical‌‌replicates‌‌                           

755 were‌‌merged,‌‌quality‌‌filtered‌‌and‌‌trimmed‌‌for‌‌adapter‌‌sequences‌‌with‌‌‌Trim‌‌Galore‌‌‌using‌‌default‌‌                           
756 parameters.‌ ‌‌Trimmed‌ ‌reads‌ ‌were‌ ‌aligned‌ ‌using‌ ‌‌STAR‌ ‌‌(Dobin‌ ‌et‌ ‌al.,‌ ‌2013)‌ ‌against‌ ‌a‌‌genome‌‌                           
757 index‌ ‌generated‌‌using‌‌the‌‌TAIR10‌‌genome‌‌fasta‌‌file‌‌and‌‌‌all‌‌transcripts‌‌in‌‌the‌‌GTF‌‌of‌‌Ensembl‌‌                               

758 build‌‌TAIR10‌‌annotation‌‌set‌‌(release‌‌version‌‌44).‌‌Aligned‌‌transcriptome‌‌bam‌‌files‌‌were‌‌used‌‌to‌‌                           
759 quantify‌ ‌read‌ ‌counts‌ ‌per‌ ‌gene‌ ‌and‌ ‌transcript‌ ‌abundance‌ ‌using‌ ‌RSEM‌ ‌‌(Li‌ ‌and‌ ‌Dewey,‌ ‌2011)‌.‌‌                           
760 Along‌ ‌with‌ ‌the‌ ‌transcriptomes‌ ‌generated‌ ‌in‌ ‌this‌ ‌study,‌ ‌publicly‌ ‌available‌ ‌embryonic‌‌                     

761 transcriptomes‌ ‌(Hofman‌ ‌et‌ ‌al.,‌ ‌2019)‌ ‌used‌ ‌for‌ ‌PCA‌ ‌were‌ ‌analyzed‌ ‌in‌ ‌the‌ ‌same‌ ‌fashion‌ ‌as‌‌                             
762 described‌‌above‌‌(‌Supplementary‌‌File‌‌‌Table‌‌S‌6).‌‌Prior‌‌to‌‌PCA‌‌(Fig‌ure‌.‌‌5A),‌‌read‌‌counts‌‌derived‌‌                           
763 from‌‌nuclear‌‌protein-coding‌‌genes‌‌were‌‌subjected‌‌to‌‌variance‌‌stabilizing‌‌transformations‌‌using‌‌                     
764 DESeq2‌‌‌(Love‌‌et‌‌al.,‌‌2014)‌.‌‌Differential‌‌gene‌‌expression‌‌analysis‌‌was‌‌performed‌‌using‌‌DESeq2‌‌                         

765 for‌‌genes‌‌with‌‌at‌‌least‌‌five‌‌aligned‌‌reads.‌‌Genes‌‌with‌‌≥2-fold‌‌differences‌‌and‌‌adjusted‌‌p-value‌‌≤‌‌                               
766 0.01‌ ‌were‌ ‌classified‌ ‌as‌ ‌differentially‌ ‌expressed‌ ‌genes‌ ‌(DEGs).‌ ‌‌Nearest-neighbour‌ ‌genes‌ ‌in‌‌                     
767 Fig‌ure‌.‌ ‌1A,B‌ ‌were‌ ‌classified‌ ‌based‌ ‌on‌ ‌Euclidean‌ ‌distance.‌ ‌First,‌ ‌the‌ ‌centroid‌ ‌expression‌ ‌of‌‌                         

768 MET1‌ ‌and‌ ‌VIM1/2/3‌ ‌was‌ ‌calculated‌ ‌for‌‌all‌‌tissue‌‌types‌‌represented‌‌in‌‌the‌‌developmental‌‌time‌‌                           

769 series.‌ ‌This‌ ‌centroid‌ ‌value‌ ‌was‌ ‌then‌ ‌used‌ ‌to‌ ‌calculate‌ ‌Euclidean‌ ‌distance‌ ‌of‌ ‌all‌‌                         
770 TAIR10-annotated‌ ‌protein-coding‌ ‌genes‌ ‌and‌ ‌sorted‌ ‌based‌ ‌on‌ ‌their‌ ‌distances.‌ ‌ 
771 ‌ 
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772 ChIP-seq‌ ‌analysis‌ ‌ 
773 ChIP-seq‌‌data‌‌for‌‌H2A‌‌variants‌‌and‌‌H3K9me2‌‌were‌‌downloaded‌‌from‌‌GSE50942‌‌‌(Yelagandula‌‌                       

774 et‌ ‌al.,‌ ‌2014)‌ ‌and‌ ‌GSE51304‌ ‌‌(Stroud‌ ‌et‌ ‌al.,‌ ‌2014)‌ ‌respectively.‌ ‌H3K9‌ ‌acetylation‌ ‌marks‌ ‌were‌‌                           
775 from‌‌GSE98214‌‌‌(Wang‌‌et‌‌al.,‌‌2019)‌.‌‌‌H3K4me3‌‌‌marks‌‌were‌‌obtained‌‌from‌‌GSE152243‌(Maher,‌‌                         
776 2020)‌.‌‌All‌‌FASTQ‌‌files‌‌were‌‌trimmed‌‌and‌‌quality‌‌filtered‌‌using‌‌‌Trim‌‌Galore‌‌‌default‌‌parameters.‌‌                           

777 Trimmed‌ ‌reads‌ ‌were‌ ‌aligned‌ ‌against‌ ‌the‌ ‌TAIR10‌ ‌genome‌ ‌using‌ ‌BWA-MEM‌ ‌‌(Li‌ ‌and‌ ‌Durbin,‌‌                         
778 2009)‌.‌‌Multi-mapping‌‌reads‌‌and‌‌clonal‌‌duplicates‌‌were‌‌removed‌‌using‌‌‌MarkDuplicates‌‌from‌‌the‌‌                       
779 Picard‌ ‌Tools‌ ‌suite‌ ‌‌(Toolkit,‌ ‌2019)‌.‌ ‌The‌ ‌resulting‌ ‌BAM‌ ‌files‌ ‌containing‌ ‌alignments‌ ‌were‌‌sorted,‌‌                         

780 indexed‌‌and‌‌used‌‌as‌‌input‌‌for‌‌the‌‌‌bamCoverage‌‌‌function‌‌of‌‌deepTools‌‌‌(Ramírez‌‌et‌‌al.,‌‌2014)‌‌to‌‌                               
781 obtain‌ ‌genome‌ ‌normalized‌ ‌coverage‌ ‌with‌ ‌parameters‌ ‌--normalizeUsing‌ ‌'RPGC'.‌ ‌‌Processed‌‌                 
782 bigwig‌ ‌files‌ ‌for‌ ‌‌H1‌ ‌Chromatin‌ ‌Affinity‌ ‌purification‌ ‌followed‌ ‌by‌ ‌sequencing‌ ‌(ChAP)‌ ‌and‌‌                       
783 DNase-seq‌‌datasets‌‌were‌‌obtained‌‌from‌‌GSE122394‌‌‌(Choi‌‌et‌‌al.,‌‌2019)‌.‌‌MNase-Seq‌‌data‌‌was‌‌                         

784 obtained‌‌from‌‌GSE113556‌‌‌(Rutowicz‌‌et‌‌al.,‌‌2019)‌.‌‌ATAC-seq‌‌processed‌‌bigwig‌‌files‌‌for‌‌‌WT‌wild‌‌                         
785 type‌‌ ‌and‌ ‌‌ddm1‌‌ ‌mutants‌ ‌were‌ ‌from‌ ‌GSE155503‌ ‌‌(Zhong‌ ‌et‌ ‌al.,‌ ‌2021)‌.‌ ‌ 
786 ‌ 
787 Metaplots‌ ‌ 
788 ChIP,‌ ‌ATAC,‌ ‌MNase,‌ ‌DNase‌ ‌and‌ ‌MethylC-seq‌ ‌metaplots‌ ‌were‌ ‌plotted‌ ‌using‌ ‌the‌ ‌R‌ ‌library‌‌                         

789 Seqplots‌ ‌‌(Stempor‌ ‌and‌ ‌Ahringer,‌ ‌2016)‌.‌ ‌Body,‌ ‌upstream,‌ ‌and‌ ‌downstream‌ ‌regions‌ ‌of‌ ‌TEs‌ ‌or‌‌                         
790 genes‌‌were‌‌split‌‌into‌‌equal-sized‌‌bins,‌‌and‌‌the‌‌average‌‌levels‌‌for‌‌each‌‌bin‌‌was‌‌calculated‌‌and‌‌                               
791 plotted.‌ ‌ 
792 ‌ 
793 CMT3‌ ‌transgene‌ ‌copy‌ ‌number‌ ‌estimation‌‌ ‌  
794 CMT3‌ ‌transgene‌ ‌copy‌ ‌number‌ ‌was‌ ‌estimated‌ ‌using‌ ‌two‌ ‌methods:‌ ‌qPCR‌ ‌and‌ ‌coverage‌‌                       

795 calculation.‌ ‌For‌‌the‌‌qPCR‌‌method,‌‌genomic‌‌DNA‌‌was‌‌extracted‌‌from‌‌leaves‌‌of‌‌three-week‌‌old‌‌                           
796 plants‌ ‌using‌ ‌the‌ ‌CTAB‌ ‌DNA‌ ‌isolation‌ ‌method‌ ‌‌(Aboul-Maaty‌ ‌and‌ ‌Oraby,‌ ‌2019)‌.‌ ‌Relative‌‌                       
797 transgene‌ ‌copy‌ ‌number‌ ‌was‌ ‌determined‌ ‌by‌ ‌using‌ ‌the‌ ‌qPCR-based‌ ‌method‌ ‌as‌ ‌described‌‌                       
798 (Shepherd‌‌et‌‌al.,‌‌2009)‌.‌‌‌ACTIN2‌‌was‌‌used‌‌as‌‌a‌‌control‌‌gene‌‌while‌‌transgene‌‌copy‌‌number‌‌was‌‌                               

799 calculated‌‌based‌‌on‌‌CMT3‌‌levels.‌‌For‌‌the‌‌coverage‌‌method,‌‌‌Bismark-aligned‌‌and‌‌deduplicated‌‌                       
800 BAM‌‌files‌‌from‌‌‌WT‌wild‌‌type‌,‌‌cCMT3‌‌and‌‌rCMT3‌‌lines‌‌‌were‌‌processed‌‌with‌‌DeepTools‌‌to‌‌obtain‌‌                             
801 normalized‌ ‌genome‌ ‌coverage‌ ‌as‌ ‌bins‌ ‌per‌ ‌million‌ ‌mapped‌ ‌reads‌ ‌(BPM)‌ ‌units‌ ‌with‌ ‌the‌‌                         

802 bamCoverage‌‌function‌‌and‌‌following‌‌parameters:‌‌--binsize‌‌50‌‌--skipNAs‌‌--normalizeUsing‌‌'BPM'‌‌                   
803 --ignoreForNormalization‌ ‌mitochondria‌ ‌chloroplast‌.‌ ‌The‌ ‌resulting‌ ‌bigwig‌ ‌files‌ ‌were‌ ‌used‌ ‌to‌‌                   
804 calculate‌ ‌genome-wide‌ ‌coverage‌ ‌fold-changes‌ ‌relative‌ ‌to‌ ‌‌WT‌wild‌ ‌type‌ ‌using‌ ‌the‌ ‌deepTools‌‌                     

805 function‌ ‌‌bigwigCompare‌ ‌--skipNAs‌ ‌--operation‌ ‌"ratio".‌ ‌‌CMT3‌ ‌locus‌ ‌was‌ ‌displayed‌ ‌with‌ ‌the‌‌                     
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806 Integrative‌ ‌Genomics‌ ‌Viewer‌ ‌(IGV)‌ ‌ 

807 ‌ 
808 Availability‌ ‌of‌ ‌data‌ ‌and‌ ‌material‌‌ ‌  
809 All‌ ‌sequencing‌ ‌data‌ ‌generated‌ ‌in‌ ‌this‌ ‌study‌ ‌are‌ ‌available‌ ‌at‌ ‌the‌ ‌National‌ ‌Center‌ ‌for‌‌                           
810 Biotechnology‌ ‌Information‌ ‌Gene‌ ‌Expression‌ ‌Omnibus‌ ‌(NCBI‌ ‌GEO,‌‌             
811 https://www.ncbi.nlm.nih.gov/geo/‌)‌ ‌under‌ ‌accession‌ ‌number‌ ‌‌GSE171198‌.‌ ‌ChIP-Seq‌ ‌and‌‌             
812 mRNA-seq‌ ‌bioinformatic‌‌analysis‌‌pipelines‌‌were‌‌based‌‌on‌‌Nextflow‌‌‌(Di‌‌Tommaso‌‌et‌‌al.,‌‌2017)‌‌                         

813 and‌ ‌the‌ ‌nf-core‌ ‌framework‌ ‌‌(Ewels‌ ‌et‌ ‌al.,‌ ‌2020)‌ ‌are‌ ‌available‌ ‌at‌‌                     
814 https://github.com/Gregor-Mendel-Institute/RKP2021-CMT3‌.‌ ‌ 
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