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Abstract

The plant male germline undergoes DNA methylation reprogramming, which methylates genes de
novo and thereby alters gene expression and regulates meiosis. Here we reveal the molecular
mechanism underlying this reprogramming. We demonstrate that genic methylation in the male
germline, from meiocytes to sperm, is established by 24 nucleotide siRNAs transcribed from
transposons with imperfect sequence homology. These siRNAs are synthesized by meiocyte nurse
cells (tapetum) via activity of CLSY3, a chromatin remodeler absent in other anther cells. Tapetal
siRNAs govern germline methylation throughout the genome, including the inherited methylation
patterns in sperm. Tapetum-derived siRNAs also silence germline transposons, thereby
safeguarding genome integrity. Our results reveal that tapetal siRNAs are sufficient to reconstitute
germline methylation patterns and drive functional methylation reprogramming throughout the

male germline.
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Main Text

Methylation of the 5th carbon of cytosine carries essential regulatory functions in eukaryotic
genomes, including transcriptional regulation of genes and transposable elements (TEs) (/-3).
DNA methylation patterns are faithfully replicated during cell division, thus allowing methylation
to have homeostatic functions during development (/, 2). However, animal and plant germlines
undergo DNA methylation reprogramming (4-6). In mammals, impaired reprogramming is
associated with misregulation of genes and TEs, and arrests male meiosis (7). In plants, DNA
methylation reprogramming occurs during gametogenesis, when global methylation levels change
(8-11) and thousands of loci are actively demethylated in gamete companion cells (9, /0). DNA
methylation reprogramming in the Arabidopsis thaliana male germline also involves de novo
methylation at hundreds of genes, which regulates gene expression and meiosis (6). This germline-
specific methylation is catalyzed by the small RNA-directed DNA methylation pathway (RdADM)
(6), which generally methylates transposable elements (TEs) (/2). How RdDM targets genes
specifically in the male germline, and how particular genes are selected for methylation, are

unknown.

24-nt siRNA pattern in meiocytes

In RdDM, 24-nt small interfering RNAs (siRNAs), which are produced from transcripts
synthesized by RNA polymerase IV (Pol IV, a plant-specific derivative of Pol II) and RNA-
dependent RNA polymerase 2 (RDR2), guide methyltransferases DRM1 and 2 to target loci via
association with a homologous transcript generated by Pol V (another plant-specific derivative of
Pol II) (/2). To understand how specific loci are methylated by RdADM exclusively in the male

germline, we sequenced siRNAs from isolated Arabidopsis male meiocytes (prophase I, mostly
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pachytene stage; Fig. 1A). In somatic tissues such as leaves, roots and seedlings, 24-nt siRNAs
associate with methylated RADM loci (~ 10,000 loci, predominantly TEs (6); Fig. 1, B and C, and
fig. SIA). In relation to somatic tissues, nearly all (98%) of these canonical RADM loci have
substantially fewer 24-nt siRNAs in meiocytes (Fig. 1, B and C, and fig. S1, A and B), and CHH
methylation at these loci is reduced (Fig. 1, B and D). However, when normalized to 21-nt
microRNAs, the levels of 24-nt siRNAs at canonical RADM loci are similar in meiocytes and soma
(fig. S1C). The vast relative difference in 24-nt siRNA abundance occurs because male meiocyte
24-nt siRNAs are concentrated (logo(RPKM+1) > 7) in 854 clusters, most of which (80%) do not
overlap canonical RADM loci. These clusters have higher levels of siRNAs and DNA methylation
in meiocytes compared to somatic tissues (Fig. 1, B to D, and fig. S1, A and D), and overlap the

724 loci we previously identified as hypermethylated in the male germline (6) (fig. S1E).

Consistent with RdADM targeting, the majority (93%, 797) of meiocyte siRNA clusters have
significantly reduced CHH methylation in drm! drm2 double mutant (simplified as drm) or rdr2
mutant plants (Fig. 1, B and D, and table S1), and like canonical RdADM loci (/3), overlap mostly
non-coding regions (fig. S1F). These 797 siRNA clusters span 588 Kb (0.4% of the genome) but
comprise 94% of the clustered 24-nt siRNAs, mostly (70%) overlapping TEs (TEs make up 18%
of the genome; fig. S1G and table S2). Altogether, our results demonstrate that male meiocytes
have a distinctive RdADM-associated siRNA profile, with the majority of 24-nt siRNAs targeting a

small number of hypermethylated loci (we will refer to these 797 loci as HyperTEs; table S2).

TE-derived siRNAs methylate genes with mismatches

We found few 24-nt siRNAs in meiocytes associated with genes hypermethylated in the male

germline (MetGenes; Fig. 1, B and C, and fig. S1, A and G), even though MetGenes are targeted

4
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by RdDM (6). A comparison revealed that MetGenes and HyperTEs share similar sequences,
leading us to hypothesize that MetGenes may be targeted by siRNAs produced from HyperTEs.
Supporting this hypothesis, we found that 24-nt siRNAs generated from HyperTEs can be aligned
to MetGenes if up to three mismatches are allowed (Fig. 1, B and E, and table S3). The association
of siRNAs with MetGenes is not caused by random mapping of mismatched siRNAs, because
neither all genes nor random control loci associate with mismatched siRNAs (Fig. 1E).
Furthermore, we find that for 89% of HyperTE-associated siRNAs that map to MetGenes,
MetGenes are the best hits in the genome aside from the source HyperTEs. These analyses suggest

that siRNAs produced from HyperTEs cause methylation at MetGenes with similar sequences.

To test the causal relationship between HyperTE-associated siRNAs and the methylation at
MetGenes, we created two independent CRISPR/Cas9 lines with deletions of a HyperTE
(HyperTE224, AT2TE15980; Fig. 1F and fig. S2A). We observed abolishment of methylation at
the predicted target MetGene (MetGenel86, AT3G04230; Fig. 1F and table S3) in meiocytes
isolated from both deletion lines (Fig. 1G), whereas overall methylation did not change (fig. S2B).
We applied this experimental strategy to another HyperTE (HyperTE315, AT2TE72995), siRNAs
from which are predicted to target two MetGenes (MetGene24, AT1G15520; and MetGene86,
AT1G56410) (fig. S2C and table S3). Consistently, we observed complete loss of methylation at
both target MetGenes in meiocytes of the HyperTE315-deletion lines (Fig. 1H and fig. S2, B and
D). These results demonstrate that methylation at MetGenes is induced in trans by siRNAs derived

from HyperTEs.

Meiocytes and tapetum share siRNA profiles
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In RdDM, Pol IV and Pol V preferentially associate with methylated DNA, making RdDM a self-
reinforcing pathway, in which methylation promotes the generation of methylation-inducing
siRNA (74, 15). Therefore, regardless of the initial guiding siRNA, Pol V-mediated DNA
methylation attracts the Pol IV pathway in situ to generate perfectly matching siRNAs (12, 14).
The observation that few perfectly matching siRNAs are associated with MetGenes (Fig. 1, B, C
and E) suggests that the Pol IV pathway is quiescent in meiocytes, with MetGene-inducing siRNAs

generated from HyperTEs in other cells.

Male meiocytes are enclosed by a layer of tapetal nurse cells (/6) (Fig. 1A). The meiocytes and
tapetal cells are connected via cytoplasmic channels called plasmodesmata (17, /8), which are
regarded as the most likely route for intercellular siRNA movement in plants (/9-217). Furthermore,
24-nt siRNAs have been proposed to accumulate in maize tapetum during early meiosis (22),
exactly the stage when plasmodesmata connect meiocytes and tapetal cells. Therefore, siRNAs
that induce methylation at MetGenes may be generated by HyperTEs in the tapetum and
transported into meiocytes. To test this hypothesis, we developed a method to isolate tapetal cells.
We generated Arabidopsis transgenic plants carrying GFP driven by a tapetum-specific promoter
(pA9, simplified as pTP; Fig. 2A) (23, 24) and isolated GFP-positive tapetal cells via fluorescence-
activated cell sorting (FACS; fig. S3A). The isolated tapetal cells are of high purity, evaluated
through fluorescence microscopy (>95% purity) and RNA sequencing, which shows enrichment

of tapetum-specific genes and depletion of somatic and meiotic genes (table S4).

DNA methylation analysis of tapetal cells revealed that HyperTEs are hypermethylated in the
tapetum in comparison to somatic tissues, at levels even higher than in meiocytes (Figs. 1B and

2B). As in meiocytes (Fig. 1, B and D), HyperTE methylation in the tapetum requires RDR2 (Figs.

6
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1B and 2B). Tapetal cells also show enrichment of 24-nt siRNAs at HyperTEs (Fig. 2, C and D,
and fig. S3B), similar to meiocytes (Fig. 1C). As in meiocytes (Fig. 1C), siRNA levels at canonical
RdDM loci are relatively low but similar in absolute terms to somatic cells (Fig. 2C and fig. S1C)
and DNA methylation at these loci is low (Figs. 1B and 2B). Genome-wide, 24-nt siRNAs in
identified siRNA clusters strongly correlate between tapetal cells and meiocytes (Fig. 2E). As in
meiocytes (Fig. 1C), few siRNAs match MetGenes perfectly in tapetal cells (Fig. 2C). The
resemblance between siRNA profiles suggests en masse siRNA movement from tapetum to
meiocytes, which is consistent with knowledge of intercellular siRNA transport through
plasmodesmata (25). In contrast to meiocytes, MetGenes are not methylated in tapetal cells (Figs.
1B and 2B). This is consistent with tapetum having an active Pol IV pathway, because RADM-
mediated methylation should not exist in the absence of perfectly matching siRNAs in such cells.
Our results also imply that, unlike in meiocytes, the tapetal Pol V pathway is unable to induce

DNA methylation with mismatched siRNAs.

Tapetal siRNAs drive meiocyte methylation reprogramming

To test whether tapetum-derived siRNAs work in trans to induce methylation in meiocytes, we
created a genetic mosaic system with 24-nt siRNA biogenesis confined to the tapetum. We
expressed RDR2 (fused with a Flag tag) in the rdr2 null mutant background using the tapetum-
specific p49 promoter (simplified as pTP::RDR?2 rdr2; Fig. 3A). Immunolocalization with anti-
Flag antibodies in anther cross-sections confirmed the specific induction of RDR2 in the tapetum
in two independent mosaic lines (Fig. 3A). In the meiocytes isolated from both lines, methylation
at MetGenes and HyperTEs was increased to levels comparable with wild type (Fig. 3, B and C,

and fig. S4, A and B). As a control, we generated a pTP::POL-V pol-v mosaic line. As Pol V
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mediates DNA methylation rather than siRNA biogenesis, it must work in cis. Consistently,
meiocytes from two independent lines show no methylation at MetGenes (Fig. 3, B and C, and fig.
S4C shows Pol V protein is correctly expressed). These results demonstrate that activity of the Pol

IV pathway in the tapetum is sufficient to methylate MetGenes and HyperTEs in meiocytes.

RDR2 produces double-stranded RNA (dsRNA) precursors, which are converted to 24-nt siRNAs
by DCL3 (/2). Because the dsSRNA precursors have been shown to move between cells (19, 20),
we sought to understand whether these molecules or siRNAs are the primary signals that move
from the tapetum to meiocytes. We therefore generated two independent mosaic lines with DCL3
confined to the tapetum (pTP::DCL3 dcl3; fig. S4C shows DCL3 is correctly expressed).
Meiocytes from both lines show wild-type methylation at MetGenes and HyperTEs, whereas dc/3
mutants have reduced methylation at both sets of loci in meiocytes (Fig. 3, B and C). This indicates
that tapetal 24-nt siRNAs are sufficient to trigger methylation at MetGenes and HyperTEs in
meiocytes. Furthermore, DCL3 expression is 9.4 times greater in tapetal cells than in meiocytes
(fig. S4D), suggesting most 24-nt siRNA dicing occurs in the tapetum. These results suggest that
24-nt siRNAs are the predominant non-cell-autonomous signal that originates in the tapetum and

drives methylation in meiocytes.

HyperTEs produce siRNAs via CLSY3

We next investigated how the distinctive siRNA profile in the tapetum is generated (Fig. 2, C and
D). Four putative chromatin remodelers, CLASSY 1-4 (CLSYs), recruit Pol IV to produce siRNAs
at largely discrete sets of loci (26). Therefore, we evaluated the relationship of the clsyl/2/3/4-
dependent siRNA clusters identified in floral buds (26) with HyperTEs. We found a proportion

of HyperTEs (66%; 524 out of 797) overlap clsy3-dependent siRNA clusters (804 loci), whereas

8
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only 1% to 8% of HyperTEs overlap clsyl-, 2- or 4- dependent clusters (fig. SSA). Consistently,
in both tapetal cells and meiocytes, relatively few 24-nt siRNAs are associated with clsyl,2- or
clsy4-dependent clusters, whereas c/sy3-dependent clusters are enriched in siRNAs (Fig. 4A). In
contrast in leaves, most siRNAs are associated with c/sy/,2- and clsy4-dependent clusters (Fig.

4A).

We next examined the transcription of CLSYs in the tapetum, meiocytes and somatic tissues. We
found that CLSY! and 2 are the predominant homologs in somatic tissues, whereas CLSY3 is the
most highly expressed CLSY in the tapetum (Fig. 4B). To validate this result and examine the
expression pattern of CLSY3, we generated a CLSY3-Venus fusion line (pCLSY3::Venus-CLSY3).
Confocal microscopy shows CLSY3 is undetectable in seedlings and leaves but enriched in
carpels and anthers (Fig. 4C and fig. S5B). In the anther, CLSY3 is specifically expressed in
tapetal cells and absent from all other cell types, including meiocytes (Fig. 4C). Based on these
results, CLSY3 is likely responsible for the distinctive siRNA profile in tapetal and meiocyte
cells. CLSY3 is also enriched in ovules (fig. S5B), where accumulation of 24-nt siRNAs from
~200 loci was recently observed in Brassica (27), suggesting a similar methylation
reprogramming phenomenon on the female side. CLSY3 activity also likely contributes to the
high siRNA abundance in the floral bud (Fig. 4A), a mixture of cells and tissues that express

different CLSY proteins.

To test our hypothesis that tapetal CLSY3 drives the production of HyperTE-associated siRNAs,
we isolated meiocytes from the clsy3 mutant and performed siRNA sequencing. We also
examined clsy4 meiocytes, because CLSY3 and 4 were reported to be partially redundant (26) and

CLSY4 transcripts are detected in the tapetum (Fig. 4B). We found that 24-nt siRNAs at HyperTEs
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are lost in c/sy3 mutant meiocytes, similarly to pol iv mutant meiocytes, whereas clsy4 meiocytes
are unaffected (Fig. 4D). Consistently, we found loss of methylation at HyperTEs and MetGenes
in clsy3 meiocytes, whereas clsyl, 2 or 4 mutant meiocytes and c/sy/,;2 double mutant meiocytes
have wild-type levels of methylation (Fig. 4E). These results establish that CLSY3 is required for
the production of HyperTE-associated siRNAs in the tapetum and the consequent methylation of
HyperTEs and MetGenes. Given that in anthers CLSY3 is absent from meiocytes and only
expressed in the tapetum (Fig. 4C), these results further demonstrate that siRNA biogenesis is

suppressed in meiocytes and meiocyte siRNAs are derived from the tapetum.

Tapetal siRNAs shape sperm DNA methylation

As the methylation at MetGenes persists throughout male germline development to gametogenesis
(6) (Fig. 1B), we wondered whether tapetum-derived siRNAs can drive methylation throughout
the germline. To test this, we analyzed DNA methylation in sperm isolated from the c/sy3 mutant.
DNA methylation at MetGenes and HyperTEs is reduced in clsy3 mutant sperm to levels
resembling drm mutant sperm (Fig. 5, A and B, and fig. S6). In contrast, methylation at canonical

RdDM loci is not affected by the c/sy3 mutation (Fig. 5, A and B, and fig. S6).

To confirm the competence of tapetal siRNAs to shape sperm methylation, we examined sperm
from the pTP::RDR2 rdr2 mosaic line. DNA methylation at MetGenes and HyperTE:s is restored
to wild-type levels in pTP::RDR?2 rdr2 sperm (including CG, CHG and CHH methylation; Fig. 5,
A and B, and fig. S6). Furthermore, methylation at canonical RdADM loci is also restored (Fig. 5,
A and B, and fig. S6), in line with soma-like absolute levels of 24-nt siRNA at canonical RA(DM
loci in the tapetum (fig. S1C). These results demonstrate that tapetal siRNAs drive DNA

methylation reprogramming in the male germline all the way to the gametes.

10
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Tapetal siRNAs silence germline transposons

MetGene methylation was shown to regulate gene expression and male meiosis (6). Besides
MetGenes, our results demonstrate that tapetal siRNAs also induce methylation at TEs in the male
germline (Figs. 3B, 4D and 5A). Therefore, we investigated whether siRNAs serve to silence
germline TEs in addition to their gene regulatory function. To address this question, we performed
RNA sequencing of tapetal cells and pollen from wild type and the drm mutant. Analysis of these
data in combination with analogous data from meiocytes and leaves (6) identified retrotransposons
from a Gypsy family (GPI) that are specifically activated in RADM-defective germline cells (Fig.
6A). GPI transcription is not activated in drm mutant leaves, but strongly activated in the tapetum
and pollen (and slightly in meiocytes; Fig. 6A). We observed loss of methylation in RADM (drm
and rdr2) mutants at the LTRs in the tapetum and meiocytes (fig. S7A), indicating that GPI is

directly suppressed by RADM.

To further examine GP/ activity during germline development, we generated a YFP reporter line
driven by GP1’s LTR sequence (GP1rr::YFP) and crossed it to rdr2 and drm mutants. Consistent
with the RNA-seq data, YFP signal was undetectable in wild type and specifically observed in the
anthers of rdr2 and drm mutants (Fig. 6, B to D). In both mutants, GP/ activity can be first
observed in the tapetum at a stage prior to meiosis (Fig. 6B). Subsequently, YFP signal is strongest
in the tapetum at the onset of meiosis, and in microspores (and to a lesser extent pollen) after
meiosis (Fig. 6, B to D). These observations confirm that GPI is specifically activated in the
germline and tapetum when RdDM is compromised. Although DNA methylation of the GP/ LTRs

requires RADM in the soma, tapetum and germline (fig. S7A), loss of RADM does not activate

11
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GPI in somatic tissues (Fig. 6A). This suggests that GP/ targets expression in reproductive cells,

possibly by exploiting transcription factors specific to these cell types.

To confirm that tapetum is the origin of GP/ silencing siRNAs, we first took advantage of the fact
that microspores are haploid meiotic products in which genetic segregation has occurred (Figs. 1A
and 6C). In a mutant carrying a recessive heterozygous rdr2 mutation, the diploid tapetal cells (of
rdr2/+ genotype) are able to produce siRNAs, whereas half of the haploid microspores (the ones
of rdr2 genotype) are not (Fig. 6C). We did not detect GP activity in any anther tissue, including
the tapetum and microspores, of GPIrrr::YFP rdr2/+ plants (Fig. 6D), confirming that GPI-
silencing siRNAs are produced in diploid somatic cells. In contrast, half (50.7%, n = 1391) of the
microspores from GPIrr:: YFP drm/+ plants exhibit YFP signal (Fig. 6D), consistent with the cis

action of DRM methyltransferases.

To validate the silencing of GPI by tapetal siRNAs, we crossed the GP/ YFP reporter into the
pTP::RDR2 rdr2 genetic background that limits siRNA production to the tapetum. No GP/
activity was observed in GPIrrr::YFP pTP::RDR2 rdr2 anthers (Fig. 6D), demonstrating the
competence of tapetal siRNAs to silence GP/ in the male germline. GP! is a canonical RdADM
locus (fig. S7, A and B), further demonstrating that tapetal siRNA production and germline activity

are not confined to HyperTEs (fig. S8).

Discussion

Our study demonstrates that DNA methylation reprogramming in the male germline is driven by
tapetum-derived siRNAs. While quiescent in 24-nt siRNA biogenesis, male meiocytes can use

imperfectly matching siRNAs to target DNA methylation, suggesting the Pol V branch of RA(DM

12
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is hypersensitive in meiocytes (fig. S8). Thus, meiosis appears to be a key stage for genome
surveillance, during which RdDM targets genes and TEs with sequences sufficiently similar to
those of TEs that produce siRNAs in the tapetum (e.g., GPI) (fig. S8). Methylation of genes allows
transcriptional regulation by RADM in the germline (6), which has the potential to improve fitness

and hence be selected during evolution at specific loci.

Tapetal siRNAs can induce DNA methylation not only in meiocytes, but throughout the male
germline (Fig. 5SA). Furthermore, tapetal siRNAs are competent to restore not only sperm MetGene
methylation, but also the full spectrum of sperm RdDM (Fig. 5A, and figs. S6 and S8). The central
role of tapetal siRNAs in determining the paternally inherited DNA methylome illustrates the
reprogramming potential of nurse cells. This theme has also emerged in studies of animal
germlines (2§), indicating convergent functional evolution between plant and animal germline

epigenetic reprogramming systems.

Materials and methods summary

Arabidopsis male meiocytes, tapetal cells and sperm nuclei were isolated by microdissection or
FACS to produce siRNA, RNA, and bisulfite sequencing libraries. Sequencing data was processed
using the following software: Bowtie, Bismark, Kallisto, Shortstack, Cutadapt, TrimGalore and
MarkDuplicates. HyperTEs were identified by requiring higher levels of 24-nt siRNA compared
to 25-nt siRNA in wildtype meiocytes as well as requiring a loss of meiotic CHH methylation in
drm?2 or rdr2 mutant meiocytes. Canonical RdADM loci and MetGenes were previously reported
(6). HyperTE CRISPR deletion lines were created using guide RNAs listed in table S5.

Immunolocalization of pA9::RDR2-Flag rdr2 anthers was examined via a Zeiss DM6000

13
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microscope. Expression of pA9::Pol-V-3xFlag and pA9::DCL3-3xFlag was confirmed by
270 inflorescence immunoblot assay. CLSY3-Venus and GPI.rr::YFP lines were examined using a

Leica SP5 confocal microscope.
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Fig. 1. HyperTE-derived siRNAs drive MetGene methylation in male meiocytes

365 (A) A schematic of male germline development in Arabidopsis. (B) CHH methylation and 24-nt siRNA

abundance (mapped with 0 or <3 mismatches) at a canonical RdADM locus (cRdDM), a HyperTE and
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a MetGene across tissues and cells as indicated. Each locus is underlined in red. siRNAs that target the
MetGene with mismatches originate from the HyperTE, with both source and sink regions underlined
in magenta. (C and D) Levels of 24-nt siRNAs (C) and CHH methylation (D) at cRdDMs, HyperTEs

370 and MetGenes in male meiocytes and indicated somatic tissues. (E) Abundance of meiocyte 24-nt
siRNAs mapped with 0 or <3 mismatches to MetGenes, a control set of random loci of similar sizes,
and all genes. (F) DNA sequence alignment between HyperTE224 and MetGene186, with mismatches
marked by asterisks. (G) DNA methylation at MetGene186 (underlined in red) in meiocytes from wild-
type (WT) and two independent HyperTE224 deletion lines. (H) DNA methylation levels at

375 MetGene24 and 86 in meiocytes from indicated genotypes. *** P < 2.2e-16, Kolmogorov-
Smirnov test; Rep, biological replicate; RPKM, reads per kilobase per million (C, E).
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Fig. 2. Tapetal nurse cells have a similar 24-nt siRNA profile to meiocytes

(A) Images of pTP::GFP anthers. TP, tapetum; yellow, GFP fluorescence; red, auto-fluorescence.
Scale bars, 25 um. (B) CHH methylation at MetGenes, HyperTEs and cRdDMs in the leaf, meiocyte
and tapetum. (C) 24-nt siRNA levels at cRADMs, MetGenes and HyperTEs in the tapetum (Rep,
biological replicate). *** P < 2.2e-16, Kolmogorov-Smirnov test. (D) Proportions of 24-nt siRNAs
associated with different features in the meiocyte, tapetum, and somatic tissues. (E) Correlations
(Pearson’s R) between 24-nt siRNA abundance in the indicated cells/tissues at meiocyte (left; n =
3,712) or tapetum (right; n = 5,841) siRNA clusters.
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Fig. 3. siRNAs that drive methylation in meiocytes are produced by tapetal cells

390 (A) Immunostaining of a pTP::RDR2-Flag rdr2 anther. Anti-Flag signal (red) is observed specifically
in the tapetum (TP, outlined in white). Scale bars, 10 um. (B and C) CHH methylation at MetGenes
and HyperTEs (B; examples shown in C, underlined in red) in the meiocytes from WT, RdADM mutants
and their corresponding mosaic lines (two independent transgenic lines for each).
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Fig. 4. CLSY3 is required for HyperTE siRNAs

(A) 24-nt siRNA abundance at clsy3-, clsy4-, clsy1,2- dependent (dep) clusters in indicated tissues and
cells. (B) Abundance of CLSY transcripts across tissues and cells. TPM, transcripts per million. (C)
CLSY3-Venus localization in the tapetum (TP). Scale bars, 25 um. (D) 24-nt siRNA levels at
HyperTEs in the leaf and meiocytes (MC) from indicated genotypes. (E) CHH methylation at
MetGenes, HyperTEs and cRdDMs in the leaf and MC across genotypes. MC, meiocyte; R, biological
replicate (A, D, E).
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Fig. 5. Tapetal siRNAs determine the sperm DNA methylome

(A and B) CHH methylation at HyperTEs, MetGenes, and cRdDMs (A; examples displayed in B,
underlined in red) in sperm cells from wild-type and indicated genotypes. P values, Kolmogorov-
410 Smirnov test.
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Fig. 6. Tapetal siRNAs silence the GPI transposon in the germline

(A) GPI transcription in indicated cells and tissues. FPKM, fragments per kilobase per million. (B)

415 Confocal images of GP1.7x:: YFP drm anthers during development. (C) Schematics illustrating RDR2
functionality in rdr2/+ heterozygous mutant anther (left) and the expected outcome if GPI-silencing
siRNA is cell autonomous (middle) or non-autonomous (right). (D) GPI.7z:: YFP anthers in indicated
genetic backgrounds at stage 6 (upper panels) and 8 (lower panels). Yellow, YFP; red, auto-
fluorescence (B, D). Scale bars, 20 um (B) and 25 pm (D).
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