SUPPLEMENTAL RESULTS
Description of epigenetic regulators
DNA methylation and demethylation
DNA methylation, methylation of cytosine in genomic DNA, is an epigenetic mark important for stability of genomes and repression of gene expression [1]. In plants, DNA methylation is added by de novo or maintenance DNA methylation pathways and removed through active DNA demethylation pathways. De novo DNA methylation is established by the RNA-directed DNA methylation (RdDM) pathway, in which long noncoding RNAs and siRNAs mediate sequence-specific cytosine methylation [2]. RdDM is best characterized in Arabidopsis, where it targets heterochromatic regions that are enriched in transposable elements (TEs) and other DNA repeat sequences [3]. Maintenance of methylation marks depends on the cytosine context, wherein CG and CHG (H stands for A, T, C) methylation is maintained by DNA METHYLTRANSFERASE 1 (MET1) and CHROMOMETHYLASE 3 (CMT3), respectively, while CHH methylation is catalyzed by CMT2 or established de novo by DOMAINS REARRANGED METHYLTRANSFERASE 2 (DRM2) in every cell cycle [4,5]. To remove methylation, plants utilize a multistep base excision repair pathway initiated by a family of 5-methylcytosine DNA glycosylases including ROS1 [6,7]. 
Histone modification
Histone variants and posttranslational modification of histone N-terminal tails are known to affect chromatin organization and control gene expression. It was proposed that the combination of histone modifications at a given genomic locus forms the ‘histone code’ to extend the information potential of DNA [8] and affect gene regulation, which is an active research area with applications in health, food security, and environment. Well-characterized histone modifications in plants include histone acetylation, methylation and ubiquitination.
[bookmark: _Toc34825878]Histone acetylation: Histone lysine (K) acetylation reduces the positive charge of histones, weakening its interaction with DNA. Loose DNA-histone interaction leads to ‘open chromatin’, which is generally associated with active genes and transcription. Histone acetylation is added by histone acetyltransferases (HATs) and erased by histone deacetylases (HDAC) [9]. Plants have three families of HDACs: HDA1/RPD3, SIR2 and the plant specific HD2/HDT [9]. Among these, the HDA1/RPD3 family HDACs are the best-characterized. For example, HDA6 is involved in flowering control [10], transcriptional gene silencing, rRNA gene repression, nucleolar dominance [11], and stress response [12]. Likewise, the HDA1/RPD3 homologs HDA9 and HDA19 regulate stress response, flowering [13], development, and the circadian clock [14,15]. Recent studies of the plant-specific HD2 histone deacetylases show diverse roles in plants. For example,  HDT1/HD2A and HDT2/HD2B regulate root development [16]; HDT2 is involved in plant innate immunity [17]; HDT2 and HDT3 modulate rRNA processing at both transcriptional and posttranscriptional level; and HDT4 (with HDA6) regulate telomeric length through interaction with telomere-binding proteins [19]. Finally, the pair of plant homologs of sirtuin-type lysine deacetylases (SRT1 and SRT2) are involved in ethylene-induced transcriptional repression [20] while SRT2 was found to have roles in mitochondrial energy metabolism [21]. 
[bookmark: _Toc34825879]Histone methylation: Methylation of histone tails is a posttranslational modification associated with gene activation, gene repression, heterochromatin maintenance, and control of transposon activity. Histone methylation is reversible due to the function of highly conserved methyltransferases and demethylases, using both arginine (R) and lysine (K) residues as substrate. Plants possess a superfamily of histone lysine methyltransferases which share the SET (Su(var)3-9, Enhancer of Zeste, Trithorax) domain. These enzymes catalyze SAM-dependent addition of methyl group to lysine, which can be mono-, di- or trimethylated, in lysine residues at histone tails. In plants, the best studied lysine residues are in histone H3 at K4, K9, K27 and K36. Conserved families of SET domain-containing proteins (SDG) are responsible for depositing histone methylation marks and have been reviewed extensively [22–24]. 
H3K4 methylation, a mark associated with active gene expression, is deposited by trithorax group (TRX) subgroup of SDG proteins such as ARABIDOPSIS TRITHORAX RELATED 7 (ATXR7/SDG25) for histone H3 lysine 4 monomethylation (H3K4me1,[25]), ATX2 for H3K4me2 [26][24]; and ATX1, SDG2, SDG4, ATXR7/SDG25, and SDG26 for H3K4me3 [24]. Another methylation mark associated with active gene transcription is H3K36 methylation. The ABSENT, SMALL, HOMEOTIC 1 (ASH1)-related homolog ASHR3/SDG4 is an H3K36 methyltransferase that deposits mono-, di- and try-methylation [27,28] while the ASH1 homolog ASHH2/SDG8 catalyzes di- and tri-methylation of H3K36 within gene bodies [29,30]. 
H3K27me3 is a repressive histone mark deposited by the Polycomb Repressive Complex 2 (PRC2). Plant homologs of Drosophila’s Enhancer of Zeste (E(Z)) - CURLY LEAF (CLF), SWINGER (SWN) or MEDEA (MEA) - are responsible for the catalytic activity of PRC2 complex [31–33]. ATXR5 and ATXR6, on the other hand, are writers of H3K27me1 on histone H3.1 [34], a mark that was shown to associate with the replication fork and maintain the memory of silencing during DNA replication  [35].  
Methylation of H3K9 is mediated by the largest subgroup of SDG proteins, Su(var)3-9-related proteins, in Arabidopsis. KRYPTONITE/SUVH4 deposits H3K9me1 and H3K9me2, binds methylated cytosines, and cooperates with the CHG DNA methyltransferase CMT3 to maintain both repressive marks in silenced loci [36]. Similarly, SUVH5 and SUVH6 [37] were shown to contribute to H3K9me1 and H3K9me2 at different heterochromatic sequences. SUVR4 was a reported writer of H3K9me3 [38] involved in silencing transposons and pseudogenes. 
Arginine residue of the histone tail is another methylation site associated with gene regulation in plants. This modification exists as monomethyl-arginine and dimethyl-arginine which can be asymmetric or symmetric [39]. These reactions are catalyzed by protein arginine methyltransferases (PRMTs). Arabidopsis has 11 PRMTs, including the plant-specific PRMT10 [40]. Among these, in vitro histone methyltransferase activity was reported for PRMT1a, PRMT1b [41] and PRMT10 [42], all of which can methylate H4R3. In addition, in vivo activity of PRMTs were shown through work on PRMT4a and PRMT4b, which redundantly affect asymmetrically di-methylated H3R17 and H3R26 and control flowering time [42]. Moreover, PRMT5 can symmetrically di-methylate histone H4R3 in vivo, with roles in vernalization [43] and iron homeostasis [44].
Removal of histone methylation is achieved by two groups of proteins: lysine-specific histone demethylase-LIKE (LDL) proteins and the JUMONJI-C-DOMAIN (JmjC) proteins. The Arabidopsis genome encodes 4 LDL histone demethylases and 21 JmjC proteins [45]. The LDL proteins FLOWERING LOCUS D (FLD) and its close homologs LDL1 and LDL2 promote floral transition through its involvement with demethylation of H3K4 in FLOWERING LOCUS C (FLC) [46]. LDL3 was shown to specifically eliminate H3K4me2 during callus formation in roots, thereby priming and facilitating the activation of genes during shoot induction [47]. On the other hand, RELATIVE OF EARLY FLOWERING 6 (REF6) and its close paralogs ELF6 and JMJ13, are Jumonji-type histone demethylases that determine the boundaries established by PRC2-mediated gene repression by removing and limiting the spreading of H3K27me3 [48–50]. Other characterized JmjC proteins include the H3K4 demethylases JMJ14 [51] and JMJ18 [52] that promote flowering;  H3K4 demethylases JMJ16 and JMJ17 involved in leaf senescence [53] and drought [54], respectively; and INCREASE IN BONSAI METHYLATION (IBM1), a histone H3K9 demethylase involved in DNA methylation [55].
Histone ubiquitination: Histone H2A and H2B are substrates for histone mono-ubiquitination. In Arabidopsis, HISTONE MONOUBIQUITINATION 1 (AtHUB1) and AtHUB2 are RING E3 ligase homologs that function in the mono-ubiquitination of histone H2B and regulates a variety of processes  . Histone ubiquitination is reversible through the action of histone deubiquitinases. Indeed, several deubiquitinases are known to target H2B in Arabidopsis: ubiquitin-specific protease 22 (UBP22)[59], UBP26[60] and OTUBAIN-LIKE DEUBIQUITINASE (OTLD1)[61]. 
Chromatin/nucleosome remodeling
Chromatin remodelers move, eject, or restructure the configuration of nucleosomes, using ATP as the energy source [62]. In eukaryotes, there are four families of ATPase-driven chromatin remodelers: SWI/SNF, ISWI, CHD and INO80/SWR1. 
SWItch/Sucrose Non Fermentable (SWI/SNF) chromatin remodelers slide and eject nucleosomes at many loci [62]. SWI/SNF in plants come in three forms: BRAHMA (BRM), SPLAYED (SYD) and MINUSCULE (MINU) [63]. BRM functions as a regulator of Polycomb function during developmental and reproductive processes [64–66]. SYD is involved in regulating shoot apical meristem identity [67], biotic stress signaling [68] and like BRM, can overcome Polycomb repression to co-establish floral organ identity [69]. Arabidopsis MINU1 and MINU2 are involved in temporary growth arrest upon perceiving stress [70]  and double mutants cause embryogenesis and stem cell maintenance defects [71].
Two ISWI homologs are present in Arabidopsis: CHROMATIN REMODELING PROTEIN 11 (CHR11) and CHR17. The ISWI proteins have a conserved role of sliding nucleosomes in gene bodies to form patterns [72] and replacing histone variants H2A.Z in gene bodies [73].
The CHD1 (chromodomain, helicase/ATPase and DNA‐binding domain) family homologs in Arabidopsis are CHD1/CHR5 and three CHD3 types: PICKLE (PKL), PICKLE RELATED 1 (PKR1) and PKR2 [63]. CHD1 is involved in reducing nucleosome occupancy at transcriptional start sites and was shown to directly activate the expression of seed maturation genes [74,75]. PKL is an ATPase chromatin remodeler that interacts with PHOTOPERIOD INDEPENDENT EARLY FLOWERING 1 (PIE1) to promote retention of the repressive mark H3K27me3 in H2A.Z-targeted loci [76], and regulates many developmental processes [77–79] and stress response [80,81].
Lastly, plants possess chromatin remodeling complexes that process H2A.Z, including the SWI/SNF2-RELATED 1 (SWR1) which deposits H2A.Z [82] and INO80 (INOSITOL REQUIRING 80) complex which evicts H2A.Z [83]. 
Proteins involved in siRNA biogenesis
Non-coding RNA that participate in chromatin regulation include long non-coding RNAs (lncRNAs; > 200 nt) and small RNAs (sRNAs; 18-30 nt). Some lncRNAs mediate chromatin modifications, for example, COLDAIR, an intronic lncRNA in the sense strand of FLOWERING LOCUS C (FLC), transiently recruits the PRC2 complex to FLC during cold-mediated epigenetic repression of FLC [84]. The sRNAs classify into two broad classes: miRNAs and siRNAs. siRNAs specifically have a role in transcriptional gene silencing with relevance to epigenetic silencing. In canonical RNA-directed DNA methylation pathway (RdDM) pathway [3], POL IV generates transcripts which serve as template for RNA-DEPENDENT RNA POLYMERASE 1 (RDR1) to synthesize double-stranded RNAs. DICER-LIKE3 (DCL3) cleaves the double-stranded RNA to form 24-nt siRNAs that are loaded to ARGONAUTE (AGO) proteins, mainly AGO4 and AGO6. The siRNA-AGO complex then binds to target loci through base-pairing with POL V-synthesized lncRNAs (scaffolds). The RNA scaffold complex recruits other protein complex including DRM2, the DNA methyltransferase responsible for de novo DNA methylation [3] and leads to subsequent transcriptional gene silencing.
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