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Supplementary Figure 1. Identification,
validation, and characterization of
clsy-dependent 24nt-siRNA clusters.

(a) Genome browser screen shots depicting the
expression levels (reads per 10 million, rp10m) of
the four CLSY genes in wild-type (WT) plants or
the indicated clsy mutant alleles. The
approximate locations of the T-DNA insertions for
each allele are indicated by the hollow black
triangles and the scale is indicated in brackets.
(b) Bar graph showing the number of 21nt-, 22nt-,
23nt-, and 24nt-smRNA clusters identified from
small RNA-seq experiments in three WT
replicates (WT_1, WT_2, and WT_3) and the
pol-iv. mutant using the ShortStack tool suite.
Cluster numbers for all other genotypes can be
determined from Supplementary Table 3. (¢) Bar
graph showing the percent of 24nt-siRNAs in the
three WT small RNA datasets that map to the
core set of clusters (ie. “covered” vs
“‘uncovered”). For details regarding the
generation of the core clusters, see Materials and
Methods. (d) Pie chart showing the percent of
core 24nt-siRNA clusters that are
pol-iv-dependent. (e) Heatmap showing the
levels of 24nt-siRNAs at pol-iv-dependent
24nt-siRNA clusters in the genotypes indicated
below. The black triangle marks the midpoint of
the 24nt-siRNA clusters and the flanking regions
extend +/- 5kb. (f) Unscaled Venn diagram
showing the overlap between loci with reduced
24nt-siRNA levels in the clsy single mutants. (g)
Heatmaps showing the levels of 24nt-siRNAs at
clsy-dependent 24nt-siRNA clusters in the
genotypes indicated below. Here and elsewhere,
the heatmaps are scaled as in e such that the
Y-axis reflects the number of clusters analyzed,
with the exception of the clsy2-dependent
clusters that are marked by an asterisk (*) to
indicate that this heatmap was expanded by
20-fold due to the small sample size. (h and i)
Boxplots showing 24nt-siRNA levels at the
indicated clsy-dependent clusters in the clsy
single mutants as compared to pol-iv. In h, only
uniquely-mapped reads from the same data set
used in Figure 1 are plotted and in i, both unique-
and multi-mapping reads from an independent,
biological replicate (rep2) are plotted. (j) Violin
plots showing the size distribution of 24nt-siRNA
clusters dependent on the mutants listed below.
Median cluster sizes are indicated above each
sample. Here, and in all subsequent
supplementary figures, the boxplots and violin
plots show the interquartile range (IQR) with the
median shown as the black line and the whiskers
corresponding to 1.5 times the IQR. For the violin
plots, the outlines indicate kernel probability
density. (k) Pie chart showing the percent of
pol-iv-dependent 24nt-siRNAs present in a
representative WT sample, WT_1, that fall into
24nt-siRNA clusters dependent on each clsy
single mutant or none (i.e. “remaining pol-iv-dep
clusters”). As clusters controlled by clsy3 and
clsy4 show the largest overlap (N), these clusters
are treated independently while all the other
intersecting clusters are grouped together and
represented by the “other” category. sp. indicates
clsy-specific reduced 24nt-siRNA clusters.
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Supplementary Figure 2. Characterization of 24nt-siRNA clusters dependent on various c/sy double mutants.

(a) Scaled Venn diagrams showing the relationships between loci with reduced 24nt-siRNA levels in the indicated clsy single and double
mutants. (b) Boxplots showing 24nt-siRNA levels at the indicated clsy-dependent clusters in clsy single or double mutants as compared
to WT controls and pol-iv. (¢) Proportional heatmaps showing the levels of 24nt-siRNAs at c/sy-dependent 24nt-siRNA clusters in the
genotypes indicated below. The black triangles mark the midpoints of the 24nt-siRNA clusters and the flanking regions extend +/- 5kb. (d)
Pie chart showing the percent of pol-iv-dependent 24nt-siRNAs present in a representative WT sample, WT_1, that fall into 24nt-siRNA
clusters dependent on each clsy double mutant or neither (i.e. “remaining pol-iv-dep clusters”). sp. indicates clsy-specific reduced
24nt-siRNA clusters. Clusters controlled by both double mutants (M) were also included. (e) Chromosome views of 24nt-siRNA clusters
dependent on the genotypes indicated on the left, where the scale is the number of clusters per 100kb bin. Red regions correspond to the
pericentromeric DNA®, (f) Violin plots showing the size distribution of 24nt-siRNA clusters dependent on the mutants listed below. Median

cluster sizes are indicated above each sample.
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Supplementary Figure 3. Confirmation of c/sy mutant phenotypes with alternate mutant alleles.

(a) Reverse transcriptase quantitative PCR (RT-gPCR) assays showing the expression levels of the CLSY1, CLSY3 and CLSY4 genes in WT plants or
the indicated clsy mutant alleles. The samples were normalized relative to ACTIN2 and the error bars represent the standard error between three
technical replicates. In the gene models above, hollow black triangles indicate the locations of the T-DNA insertions for each allele and red lines indicate
the regions amplified by PCR. (b) Scaled Venn diagrams based on the reduced 24nt-siRNA clusters provided in Supplementary Table 4 showing the
relationships between loci with reduced 24nt-siRNA levels in the clsy single mutants. For readability, only overlaps >20 are labeled. A small number of
overlaps are not shown due to spatial constraints, but the unscaled Venn diagram in ¢ shows all the overlaps. (d-g and j-1) Scaled Venn diagrams (left)
and boxplots (right) showing the overlaps in reduced 24nt-siRNA clusters and reductions in 24nt-siRNA levels, respectively, in the indicated genotypes.
For the Venn diagrams, the clsy alleles characterized in the main text are depicted as black outlined circles while the new alleles are colored. In e the
diagram is upscaled by 25-fold for readability. For d and g, where many reduced 24nt-siRNA clusters appear to be specific to just one of the two alleles
based on the DESeq2 thresholds (FC=2; FDR<0.01), additional boxplots were included to demonstrate that even at these loci, the two alleles show
similar trends. (h and i) Scaled Venn diagrams showing relationships between loci with reduced 24nt-siRNA levels in the clsy single, double, and pol-iv
mutants.



a Hypo DMRs overlapping with reduced 24nt-siRNA clusters

24nt-siRNAs (rpkm)
at CHG DMRs at CG DMRs

24nt-siRNAs (rpkm)

24nt-siRNAs (rpkm)
at CHH DMRs

24nt-siRNAs (rpkm)
at CHG DMRs at CG DMRs

24nt-siRNAs (rpkm)

24nt-siRNAs (rpkm)
at CHH DMRs

remaining
clsy1-dep clsy2-dep clsy3-dep clsy4-dep clsy1,2-dep clsy3,4-dep pol-iv-dep* pol-iv-dep
DMRs n=94 DMRs n=41 DMRs n=70 DMRs n=65 DMRs n=153 DMRs n=165 DMRs n=411 DMRs n=2,312
1000
800 - T
| T
600 T, C :
I
400 T ;! ' .
[ | T | .
I v QQ D ‘ HD v
T T T T T
0 DDDD_DQQ_ SE==EET= Q cecdcam _ ooz B HHD llodad _ |EZE&E
DMRs n=120 DMRs n=31 DMRs n=76 DMRs n=63 DMRs n=531 DMRs n=389 DMRs n=969 DMRs n=6,427
1500 .
T ! T
I T 1
1000+ T T T
i T - | . i
. | L LT
5004 T T | - o T4 P
“‘r B Iy T T‘r EBB | o ‘Q“Q .
- T
DMRs n=805 DMRs n=18 DMRs n=287 DMRs n=57 DMRs n=2,647 DMRs n=932 DMRs n=1,530 DMRs n=11,327
3000
2500 T N
2000- N | oL
1500 T T T !
| Py T oy
1000+ T LT T R | . L,
5000 T T LT s Qw QT ! QQQQQQ ‘ BQEQ
T TT T
ol poos_slla_ QQ D_gg_ TTEETELE | ssczzesm . oei= B T T ez |omdd
TANO DT AT > TN OOT ND Y > AN DT ND Y D> AN DT N YT D —NO DN Y > —NO DN T > rNﬂmN‘(‘B.? —N®O DT >
SEE 588298 £rEsd8988 £ afE2T £ 52288T £EEA3RR £ RRE SEEfploR srEail
22z, /660888 22z, /6608088 z2zzzx,!866808 z2z2zx,/060608s8 zzz loka 22z l2@s 222/ .'2873 22z, '%a
S S S S go%© go% ooy =)
3 3
b Hypo DMRs non-overlapping with reduced 24nt-siRNA clusters .
remaining
clsy1-dep clsy2-dep clsy3-dep clsy4-dep clsy1,2-dep clsy3,4-dep pol-iv-dep* pol-iv-dep
DMRs n=1,125 DMRs n=2,049 DMRs n=953 DMRs n=1,083 DMRs n=1,372 DMRs n=1,561 DMRs n=1,206 DMRs n=1,412
400 -
300+
200+
100
O e I I e e e T T
DMRs n=56 DMRs n=161 DMRs n=53 DMRs n=115 DMRs n=83 DMRs n=301 DMRs n=821 DMRs n=926
400
-
300
2004 T T T T ! ‘T T T
[T [ T T | !
Loy ! ! | [ | |
[CECN | (IR [ D A B
Q . . D T -
o = I;;igeég:l_ Q QD Srdiasdad__ |Eolo_ Sz |EZE=_ B _ | T _
DMRs n=433 DMRs n=56 DMRs n=51 DMRs n=104 DMRs n=463 DMRs n=230 DMRs n=851 DMRs n=1,169
8001
.
-
. ! T
600 0 B . - !
L | . 1
400 T, ‘ P
1 1 T |
200 T T - i T o N -
7“TT ‘ET E ‘DQD QEQE TQ TTTT TT T T T ‘ TTT
-
ol BEeE EE_ g _ el |oofiecel__ |omie B ooemos e 2 |amo
UM OTAUDNTE ~NMOICUDTE ~NMOICTADTSE —AUMOCUNDTE ~UMOINTE ~UMONT S —NOINTDTE — oD
Lt s 2aesd Ll sogees Lldsaoesd Hlsfeosd HPR'sTSd HERE eSS l—‘l—‘l—‘ﬁ“;‘igé ee's $3
22z, '9°°%a zzz,/9°%%a z2zxz,/9°9%0%a zzz, !S°%%a zzz/ 'B@a zzz, 'Z@a =222 /2273 22z, !%a
z 2 z z S S z°°g =2
K K

Supplementary Figure 4. Analysis of 24nt-siRNA levels at DMRs identified in the c/sy mutants.
Boxplots showing 24nt-siRNA levels in each clsy single, double or quadruple mutant as compared to each other and pol-iv at hypo DMRs that
either overlap with (a), or fail to overlap with (b), reduced 24nt-siRNA clusters in the various clsy mutants. For b, the reductions at these loci
were either too weak (e.g. <2fold reduced) or too small (e.g. only 100bp out of a larger 24nt-siRNA cluster) to pass the thresholds used for
calling reduced 24nt-siRNA clusters. The asterisk (*) indicates that the overlap between hypo DMRs and reduced 24nt-siRNA clusters for this
category of DMRs were determined differently because they do not correspond to a genotype. For the genotype-specific DMRs (e.g.
clsy1-dep DMRs), the total DMRs are split between those that do, or do not, overlap with reduced 24nt-siRNA clusters identified in the same
genetic background. For the pol-iv-dependent hypo DMRs not identified in either the clsy1,2 or clsy3,4 double mutants (“remaining pol-iv-dep
DMRs”), the DMRs that overlap with 24nt-siRNA clusters that are reduced in the pol-iv mutant but not the clsy1,2 or clsy3,4 mutants were
then determined to define the “remaining pol-iv-dep DMRs” that overlap with the “remaining pol-iv-dep reduced 24nt-siRNA clusters”. A similar
analysis was preformed to identify the “remaining pol-iv-dep DMRs” that do not overlap with reduced 24nt-siRNA clusters.



clsy3

clsy2

clsy3

clsy2

clsy3

clsy2

« - - [Th Arrod o F- - [T b arjod e I S g AN N o N - Ar-jod
8 - - - [} penbAsp Sor - ---- - penb Asjo wmﬂ -k oF--- - - - penb Asp
O r-- L[]+ Brim oW - - BAETIM RN F--O3 4 - --{0---4F F@- A - BreTim
>c - Lem > o - Lo 20 Y F-O0AF ----O---4F @3- - Fem
Te’ Ot - € 1M S R € 1M AT € 1M
sLv- - L1 1+ fzim S = FlLF-- FZm 85 e B s 1 0 el S R FTAm
QRE - hTm o[ -+ S 1TIM o0 - -- - - -4 -0 FTIm
[2]
F - [Th arod - - T Hr aeod o F- Ly r---C T __J -4 [0+ - A-jod
& F--- - [ -+ | penb Aspo - - - - - - - 1 penb Asjp ® -l - - - - - rl - penb Asp
D Qi oD Qc P [l S R L plehsio
CO¢ - I - ilpehsp £ O F -H--H - pehsio €33 -l I i & v eAst
EQL . L lgusp ET LD Lz LAspo € a8 F-llAF F---EE---4 FHE -z s
T2 c T2 - T 3T - L . — | Bre—
gxgvr-- L1 -+ foem gz gl - BAETIM g3l F - -+ L B A HI- e IM
882+ LI+ feim g8 -+ FETIM s < F-@Ar F--{EE---4F FD- FETIm
- F- - - FZTIM F - 4 FZTIm =X F-OF A or--EE---4F fl- AT
Fo- - - - - AR m P - A LM 2 F-@Ar b---EE---4F HH Lmm
S i ) S — = N Nl Sy [ Aod
g2 © W pekso g8 - I oA & - B - .- - - [ #Ese
L 2 g 2 RN F - o - -O---+4 F +O-+ AV
DL - [ --+  |[zuhsp o % A - 2uhsp 53 LS
NS [ - BAET LM <~ SO L Bre— S+ =N F- A+ F-- - - - -4+ - -4 - BreT 1
- @ ) 1M - D~ —
Qe r--L11-+  feum QLI - FeTIMm QI L iR Fo-dE- - - PEE - FE M
@ 2Z - L1 zum L8]+ FZIM & " e e FTm
I L 57 S RS S S SR
3 - [0} aod S S— | [Tk rLl_J----4 faod
° WM F-- - - - - pighsto S - F pehsto WS bo-- - - - C- ‘».Hm\,\m\o
s T R T Y AT Fo-reuse T ES R S B B el I I S g
g N A e I ey . e s == LR o o i
= N - Ny - T3¢ Fo-- O - -Af P - e
PN F- - - - S €M N B FE LM Yﬂuun F---EE- A € 1M
28 - [ -+ ST LM La [+ F T IM 2 Fo- -0 oF P - EEE - - d PIE - [cim
i i R T ) © - - F1Tm © S Rl et el - e M
- - [T} Aeod T HE Aked F F---CT 3+4F FI3-+ - Arjod
- - L] pAsp - S - phso -l F-----F - - pAsio
@ - E- - | edeo g8 W -efsp o, - NG, SRR & - efsio
37 - - T - - 2 © ¢ FHEE - r Zfsp S5~ F-ll-r F-- - - PR - ehsp
<~ o - CLF--+ | Asp M.J%r:uL r Aspo A.ﬁ._w F-0 A - -4 HE - LAsp
WW F-- - A L BreT I ./aw IO+ - BABT LM o3 < F-ElAt F--EF--4F HOA F BAeT LM
" E =T o S FeTim S = rd-+ T S © P F--O0F - -+F 0 FeTIm
& T Hl - dm F-@ar e--EE---r P - Zim
W s B S YY) - - FTIM F-MAr F--OE--40 DA FTLM
2 - [harod S —— i Rl s i | Y o -
/ / - --- + ----  ar-jod
ﬁuw - T - - - - pfsP - - -+ - pAsio F- -0 - r--1E---r -l - - - pAsp
o eg - W efso ae - - - efso g0 O PIEEENEEY TR R oo
g S S o S 7/ C) o L - ) 2hsp TE s F -0l - - - - - - - 4 - ehsp
T Qg [ B B S V. O Q¢ FEEE - - - LAspo QLD D - [ o i S S o - LAsp
2< oo -4 FBreTm = - -+ " BAeTIM 23 < F- A e --= T - - - -4 FBreTm

Sa r - - {0t - FETIM S N FETIM S -0 A F--Cd--+F PO ----+4 relm
P-4 FZm - E- - - FZm F-ERar r--EEE---f GEEE----4 FZm

[l B S | St V) F - - - - FTIm F- A Fo-- -+ FOE----40 FIm

F - - [T kit neod - T hF Aqod s FODF v T} - - b Aeod

[ 1 ) N——— Y 7 AT - - - ) pAsp F-- N - Fe - - - R - - - -4 pfsp

ag - - e gy BT - efsp 2, P -l Fo .- - .- A eAso

S - W e 5L 0 e T8y b FoER - - - oA

Q5 o s d g - - usp d%% - R S R e “F oo
M,W -4 Fereim M,.W He- - - I BAET M M,mn F-EE- F-- O -4 fOE- - - F Bae” LA

o Sad  r-o LLl et feum ¢ © r O3 -~ em S - B PO PEET -4 pelm
s R ) I - - M =M PECF - 4f fEES - -4 fZum
a oo oI - - A B I S | S - R R Lo
z - 1} arod S E—— -0} S s s I
w o e 7O F - - - pAs F----DN---F ------- - - phsp
& og - EEEE - fefs oy - EEm-o- - e o Fo-- B ---- NN - - EEE---- ref
2 S5 - - - - s S L or - s RN F----D--r r------- - - s
A= - - O s < e - e S - A - - - - DR - 4f - W - - - -4 U
L L e &z - - PbeTim I R S el i R R AT

82 r-- -1 [em I M S © oo - - b - -- - -df - B ---- Fem

- - -4 S - - -4 ez - - - -4t - - - - -4} - - - A

b ZIM (| 1M F = - - F 0 B Ll I B A 1M

[ B N e B St V) PO - - FTAMm Fo--Od-+r F---{0ER--qr -0 FTIm

EEEEE 8898 ° $ s cgsssacgsssac
SYINA 9HO SVNuIs-3upZ U sdiNad 92 HHOW % DOHOW % o0wW %

o ¥e OHOW % o je 9w % ]

, double or

double or quadruple mutant

compared to each other, WT controls and pol-iv. (c) Boxplots showing the levels of CG methylation at the hypo CG DMRs that overlap with
the reduced 24nt-siRNA clusters identified in each clsy single, double or quadruple mutant compared to each other and pol-iv. (d) Boxplots

siRNA clusters identified in each clsy single

WT controls, and pol-iv.

Supplementary Figure 5. Characterization of hypo DMRs and quantification of DNA methylation levels in c/sy mutants.
(a) Unscaled Venn diagrams showing the relationships between hypo DMRs in the CHH, CHG, and CG contexts in the clsy single mutants.

(b) Boxplots showing the levels of CHG methylation at the hypo CHG DMRs identified in each clsy single,

showing the levels of CG, CHG and CHH methylation at all the reduced 24nt-

quadruple mutant as compared to each other,
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Supplementary Figure 6. Associations between clsy-up-regulated loci, reduced 24nt-siRNA clusters, and DMRs.

(a) Genome browser screen shot showing the levels of 24nt-siRNAs (rp10m), DNA methylation and gene expression (rp10m) at example loci
regulated by each CLSY protein. For each set of data, the scale is indicated in brackets, with CG, CHG, and CHH methylation shown in green,
blue, and red, respectively. The regions showing the most prominent clsy-specific reductions in 24nt-siRNAs and methylation are highlighted
in grey. The TAIR10 annotated genes, newly-identified transcripts (TCONS_#), or hypo CHH DMRs (100bp) that overlap with reduced
24nt-siRNA clusters are shown below. (b) Scaled Venn diagrams showing the number of up-regulated genes in the pol-iv (left) or clsy
quadruple (right) mutants that overlap with both reduced 24nt-siRNA clusters and =1 hypo DMRs in either the CG or non-CG contexts in the
pol-iv or clsy quadruple mutants, respectively. (¢) Bar plots indicating the number of up-regulated loci shown in b that are associated with zero,
1, 2-4, or 25 hypo DMRs in the CG or non-CG context that also overlap with reduced 24nt-siRNA clusters. (d) Heatmaps and profile plots
showing the expression of all the up-regulated TAIR10 genes, unannotated transcripts (un. txn), and TAIR10 repeats shown in Figure 4a, as
described in Figure 4b, except in the clsy2 mutant background. (e) Scaled Venn diagram showing the number of up-regulated loci in the pol-iv
mutant that overlap with both reduced 24nt-siRNA clusters and =1 hypo DMR in any sequence context in the c/sy2 mutant. The N symbol
indicates the intersection between datasets.
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? Supplementary Figure 7. The CLSY family is required for
" Pol-lV association at chromatin.
21 (a-c) Heatmaps showing Pol-IV enrichment at the indicated
3| clsy-dependent 24nt-siRNA clusters in the genotypes shown
§ above. For a and b, profile plots showing the mean enrichment
. » 2 levels are shown above. All heatmaps are scaled relative to the
Bkb A Bkb-5kb A 5kb-Skb A Skb-5kb A Skb-Skb A Skb-Skb A kb S number of 24nt-siRNA clusters and colored as shown for panel a,

with the exception of the c/sy2-dependent clusters that are marked
by two asterisks (**) to indicate that this heatmap was expanded by
20-fold due to the small sample size. (d) Genome browser screen
shots showing the 24nt-siRNA levels (rp10m), percent CHH
methylation, and Pol-IV enrichment (rp10m) at loci dependent on
CLSY1-4, respectively. For each set of data the scale is indicated
in brackets, where k indicates 1000. The TAIR10 annotated genes
and hypo CHH DMRs (100bp) that overlap with reduced
24nt-siRNA clusters are shown below. The “----" indicates WT
plants without the NRPD1-3xFLAG transgene. The asterisk (*)
indicates lines that are also homozygous for the NRPD1-3xFLAG
transgene and the nrpd1 mutant.
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Supplementary Figure 8. Co-immunoprecipitation assays showing that CLSY1/2 are required for the association between

SHH1 and Pol-IV.

Uncropped Western blots showing the levels of NRPD1-3xFLAG or SHH1-3xMyc from co-immunoprecipitation (co-IP) experiments
in the genetic backgrounds indicated above each lane. For each blot the antibody (a) used is indicated in the upper right corner and
the sizes of the protein markers are indicated on the left. An asterisk (*) marks a background band present in the a-Myc IP and the

bands corresponding to the NRPD1-3xFLAG and SHH1-3xMyc proteins are marked with arrows. For the IP titrations, the gradient
triangles represent a series of 2-fold dilutions starting from undiluted IP samples.
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Supplementary Figure 9. Correlating 24nt-siRNAs and H3K9me2 levels in the suvh4,5,6 triple mutant at c/sy-dependent 24nt-siRNA

clusters.

(a and c) Heatmaps and profile plots showing the levels of 24nt-siRNAs (Log,(mut/WT)) and H3K9 di-methylation (Log,(H3K9me2/H3))* in the
indicated genotypes at clsy1,2-dependent or clsy3,4-dependent 24nt-siRNA clusters +/- 5kb, respectively. As indicated by the shaded triangle, the
heatmaps for each panel are ordered from high to low based on the mean level of H3K9me2 enrichment in the suvh4,5,6 triple mutant. (b and d)
Genome browser screen shots showing the levels of 24nt-siRNAs (rp10m) and H3K9me2 modifications at example loci in which H3K9me2 levels
remain high or are reduced compared to WT controls. For each set of data, the scale is indicated in brackets, and for the ChlPseq data, both the
Log,-normalized tracks (H3K9me2/H3) used to generate the heatmaps in panel a, as well as the individual H3 and H3K9me?2 tracks (rp10m) are
included. The TAIR10 annotated genes and reduced 24nt-siRNA clusters are shown below.
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