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Some of the greatest gains in agricultural yield over the last
century have come from the growth of hybrid plants pro-
duced by crossing two inbred cultivars. The phenomenon
that enables this remarkable crop improvement is termed
heterosis or hybrid vigor. Despite its importance, researchers
are still working to understand the genetic basis of heterosis,
which was first described by Darwin in 1876 (Darwin, 1876).

Through mapping efforts, geneticists have identified het-
erosis-associated quantitative trait loci, some of which have
been further studied to clarify the molecular mechanism by
which they contribute to improved performance in hybrid
plants. However, studies show that most examples of heter-
osis are unlikely to be the product of just one or two genes
(Botet and Keurentjes, 2020). An accumulating body of evi-
dence suggests that due to a wide range of genetic diversity,
from single nucleotide polymorphisms to presence–absence,
copy number, and structural variants to epigenetic variants,
there are substantial differences in the functional gene con-
tent of different crop accessions. These differences can result
in the expression of only one parental allele for a given
gene, called allele-specific expression, a possible mechanism
underlying heterosis (Botet and Keurentjes, 2020).

In this issue of Plant Physiology, Ma et al. address the rela-
tionship between epigenetics and allele-specific expression in
the elite hybrid rice (Oryza sativa) line SY63 (Ma et al.,
2021). Through whole-genome bisulfite sequencing of the
shoot and panicles of SY63, its parents MH63 and ZS97, and
the reciprocal hybrid MZ, the authors identify differentially
methylated regions between lines and tissues. They find an
overall increase in methylation throughout development
and show differences between the two parental lines in this
process, perhaps, unsurprisingly due to their very different
phenotypes at the profiled developmental stages (ZS97 is
valued as a parent for robust seedling growth, while MH63
contributes a robust panicle phenotype; Xie and Zhang,
2018; Ma et al., 2021).

Interestingly, the authors find >60% of the regions
differentially methylated at CG and CHG sequence contexts
between the two parental genomes are located in gene bod-
ies, despite the more common association of these methyla-
tion marks with repetitive sequence and transposable
element silencing in the rice genome. By correlating differen-
tial methylation with gene expression, the authors demon-
strate allele-specific expression is negatively associated with
allele-specific differences in genic CHG methylation in SY63,
consistent with the role of CHG methylation as a repressor
of expression (Figure 1). These methylation differences
appear to be maintained from the parents to the F1 hybrid
and may explain allele-specific differences in expression of a
number of genes associated with agronomically important
traits, such as a regulator of plant architecture and flowering
time and a Xanthomonas oryzae resistance gene (Sun et al.,
2004; Lu et al., 2012, 15).

The findings in this study correspond with published data
suggesting the gene DECREASE IN DNA METHYLATION 1
(DDM1), which is required for CHG methylation in
Arabidopsis (Arabidopsis thaliana) and rice, is also required
for biomass heterosis in Arabidopsis (Kawanabe et al., 2016;
Tan et al., 2016; Zhang et al., 2016). While the authors
demonstrated treatment with the methylation-blocking
drug 50-Azacytidine decreased allele-specific expression in
rice seedlings, it will be interesting to continue studying the
genetic mechanism by which parental methylation patterns
are maintained in an allele-specific manner in hybrids and
the possible role of rice DDM1 in this process. In particular,
gene editing of DDM1 in MH63 and ZS97 will be a key to
the next steps of understanding the role of epigenetics
in hybrid vigor in rice. In the meantime, we can all enjoy
the seeds of this work through the estimated 18.8
million tons of increased yield achieved by growing SY63
over other varieties grown from 1984 to 2012 (Xie and
Zhang, 2018).
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Figure 1 Metaplots showing CG, CHG, and CHH methylation relative to the transcription start sites and end sites (TSS and TES, respectively).
Plots are shown for MH63 parental alleles (green) and ZS97 parental alleles (orange) of MH63-biased or ZS97-biased allele-specific expressed
genes in the SY63 hybrid rice panicle. Notably, there is an inverse correlation between gene body CHG methylation and allele expression. Adapted
from Ma et al. (2021).
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