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IN BRIEF

A Global View of Hybrid Vigor: DNA Methylation, Small RNAs,

and Gene Expression

Heterosis refers to the increased vigor of
crosses between species (or between
distantly related variants within a species)
compared with the parents. Although het-
erosis, or hybrid vigor, has been recog-
nized for well over a century, its molecular
basis has remained a matter of debate and
is surprisingly poorly understood (Birchler
et al., 2010). Recent progress has pointed to
a role for epigenetics in heterosis (Groszmann
et al, 2011). In a new Large-Scale Biology
Article, Shen et al. (pages 875-892) provide
valuable information about the underpinnings
of heterosis by comparing global DNA meth-
ylation, small RNA (sRNA) expression, and
gene expression patterns in hybrids and their
parents.

Shen et al. established reciprocal crosses
between Arabidopsis thaliana C24 and Lands-
berg erecta ecotypes. The resulting F1
hybrids exhibited heterosis, with increased
growth and more siliques than either parent
(see figure). The authors then used methylC-
seq to sequence the entire cytosine methyl-
ome of both parents and the reciprocal
hybrids, finding that both hybrids had in-
creased cytosine methylation compared with
the parents. In addition, the growth of both
hybrids was more sensitive to a chemical
inhibitor of methylation than was that of the
parents, supporting a role for DNA methyla-
tion in growth vigor.

Groszmann et al. (2011) recently re-
ported that changes in short interfering
RNA and DNA methylation levels appear to
be related to heterosis, and sRNAs are
known to be involved in establishing DNA
methylation through RNA-directed DNA
methylation (Law and Jacobsen, 2010).
Shen et al. used high-throughput sequenc-
ing to examine the global sSRNA expression
profiles of the parents and the hybrids.
They found that regions of the genome that
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give rise to sRNAs had increased DNA
methylation in all lines, and the hybrids had
even higher levels of methylation in those
regions. Overall, their data support a model
in which regions that give rise to sRNAs
and show differential methylation between
the parents account for the increased
methylation in the hybrids. In this model,
sRNAs covering a highly methylated area in
either parent would act in trans to direct
methylation in the hybrid.

Shen et al. also examined the transcrip-
tomes of the parents and hybrids, finding
that more genes were downregulated in the
hybrids than were upregulated. Integration of
the DNA methylome, the sRNAome, and the
transcriptome data supports the idea that
increased methylation of the circadian clock
genes CIRCADIAN CLOCK ASSOCIATED1
and LATE ELONGATED HYPOCOTYL,
which have been reported to be involved in
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Heterosis of reciprocal hybrids between Landsberg
erecta (Ler) and C24 ecotypes. Fifteen-day-old
Arabidopsis F1 hybrids and their parents. Fic,
maternal line is Ler; Fcl, maternal line is C24.
(Reprinted from Shen et al. [2012], Figure 1.)

heterosis, leads to their downregulated
expression in the hybrids. In addition, the
authors found DNA methylation and repres-
sion of flavonoid biosynthesis genes, with
concomitantly increased auxin transport and
signaling activity in the hybrids.

Mutant analysis further supported the
notion that sRNAs are active in heterosis,
perhaps by guiding methylation of DNA via
the RNA-directed DNA methylation path-
way, and that the circadian clock and
flavonoids play roles in generating the
heterotic phenotypes. Thus, these data
from Shen et al. provide useful insights for
future research into heterosis.
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