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Rice AGO4a contributes to the shaping

p XI " of male meiotic DNA methylome

I \

Meiosis is a specialised cell division that gives rise to haploid
and diversified gametes which take part in fertilisation (Fig-
ure 1A). The importance of meiosis in plant reproduction
calls for well-orchestrated regulations from genetic and epi-
genetic factors including DNA methylation. Different from
animals, DNA methylation in plants can occur at CHH con-
text (H = A, T, C) which dynamically changes throughout
the male sexual lineage development. The machineries that
grant this dynamic methylation and their impacts on meiosis
progression and outcome have remained poorly understood.

RNA-directed DNA methylation is a plant-specific pathway
that can induce de novo CHH methylation, guided by small
RNAs and members of ARGONAUTE 4 (AGO4) protein
clade. We found that in rice (Oryza sativa), a member of the
AGO4 clade, OsAGO4a, was localised to the nucleus of pol-
len mother cells (PMCs) and loaded tightly to the chromo-
somes during early meiosis (Figure 1B). A small RNA
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Fig. 1: Rice AGO4a contributes to the male meiotic
methylome.

(A) Pollen mother cells (PMCs) undergo meiosis to produce haploid
spores and gametes which eventually take part in fertilisation. (B)
Rice AGO4a is localised to the nucleus of PMCs and loaded tightly to
the chromosomes during early meiosis. (C) Before and during early
meiosis, AGO4a associates with various small RNAs, especially those
derived from TEs and 24-PHAS. (D) ago4a mutant exhibited global
CHH hypomethylation, as assayed by Whole Genome Bisulfite
sequencing. Tetrad, Isolated tetrad spores; PMC, Isolated PMCs; Pre-
mei, Premeiotic anthers. (E) Examples of 24-PHAS loci bearing
AGO4a-dependent hypermethylation in PMCs and tetrad spores.
AGO4a-siRNA, AGO4a-bound 24-nt small RNAs as profiled in (C).
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immunoprecipitation sequencing revealed the association of
0sAGO4a with various small RNAs before and during early
meiosis (Figure 1C). These small RNAs were derived mainly
from transposable elements (TEs) and loci encoding for an
obscured reproductive small RNA class known as 24-PHAS.
The association led to CHH methylation elevation at the TE
and 24-PHAS loci in the male sexual lineage, with pro-
nounced methylation loss observed in an ago4a null mutant
(Figure 1D-E). Hence, the study paints a detailed picture of
the rice male meiotic methylome contributed by OsAGO4a
and primes the understanding of its importance in meiosis.

The findings from this study steer an array of interesting
hypotheses: (i) The retaining level of CHH methylation sug-
gested participation of additional AGO proteins in meiotic
RADM. Indeed, double mutant of OsAGO4a and its paralog
0sAGO4b exhibited infertility (data not shown). (ii) Func-
tional significance of small RNAs encoded by 24-PHAS in
meiosis is completely unknown. The meiosis-specific hyper-
methylation of some 24-PHAS loci found in this study may
point to a role in transcriptional gene expression regulation
and/or meiotic chromosomal behaviours. (iii) MELL, a regu-
lator of meiosis progression and Large-scale meiotic chro-
mosome remodelling showed tetrad-specific hypermethyl-
ation which significantly reduced in the ago4a mutant (data
not shown). This points toward a crosstalk between AGO4a-
dependent RADM and other epigenetic modifications that
may together coordinate meiosis and gametogenesis. We are
eagerly investigating these hypotheses which will expand our
understanding of rice meiosis and reproduction, potentially
benefit future breeding projects.
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