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Small interfering RNAs (siRNAs) 
regulate gene expression by 
inducing either transcriptional or 
post-transcriptional gene silencing 
through a variety of mechanisms, 
including DNA methylation, mRNA 
cleavage and translation repression. 
Plants produce siRNAs that can be 
21, 22 or 24 nucleotides (nt) long. 
Whereas the role of the 21-nt and 
24-nt siRNAs has been well studied 
— they mediate mRNA cleavage and 
DNA methylation, respectively — 
the role of endogenous 22-nt siRNAs 
has remained largely unknown, 
because 22-nt siRNAs have been 
barely detected in plants so far. Now 
in Nature, Guo and colleagues report 
the identification of a group of endo
genous 22-nt siRNAs that play a part 
in enhancing environmental stress 
responses by repressing translation.

Plant siRNAs are produced 
through cleavage of double-stranded 
RNA precursors by RNases of the 
Dicer family. The Arabidopsis genome 
encodes four Dicer-like (DCL) pro
teins. DCL1 produces microRNAs, 
DCL3 produces 24-nt siRNAs and 
DCL4 produces 21-nt siRNAs. 
As DCL2 is thought to generate viral 

22-nt siRNAs, the authors went on 
to investigate whether DCL2 might 
also be involved in the production of 
endogenous 22-nt siRNAs.

They analysed plants carrying 
mutations in genes encoding 
RNA-degrading enzymes that would 
normally prevent the accumulation 
of mRNA-derived siRNAs, in 
combination with DCL mutations. 
Mutations in these enzymes resulted 
in various developmental defects that 
were rescued by mutations in DCL2, 
suggesting that the developmental 
defects are cause by the accumulation 
of DCL2-dependent 22-nt siRNAs. 
Indeed, small-RNA sequencing 
confirmed an increase in the 
abundance of 22-nt siRNAs in the 
developmental mutants. When 
analysing the sequences of the >1,100 
protein-coding genes from which 
these 22-nt siRNAs were produced, 
the authors found several genes 
involved in plant development, 
but, strikingly, two genes encoding 
nitrate reductases, NIA1 and NIA2, 
contributed respectively 45% and 
48% of the total amount of 22-nt 
siRNAs that accumulated in the 
plants with developmental defects.

Next, the authors investigated 
the mechanisms by which the 
22-nt siRNAs might affect gene 
expression. Transcriptome profiling 
revealed that the mRNA levels of 
the genes that produce them were 
unaffected, but the NIA1 and NIA2 
proteins were hardly detectable, 
even when proteasome-mediated 
degradation was inhibited, indicating 
that 22-nt siRNAs function by 
repressing translation. Moreover, the 
total amount of polysome-associated 
mRNA was reduced, suggesting 
global translation repression in 
addition to gene-specific translation 
repression. Translation repression 
was further confirmed using an 
in vitro cell-free system and by the 

finding that these 22-nt siRNAs 
require Argonaute 1 to function, 
which is a protein that associates  
with siRNAs to repress translation.

The growth and development 
defects associated with the 
accumulation of 22-nt siRNAs 
included reduction in root and 
seedling growth; alteration of 
phloem development; anthocyanin 
accumulation (as also seen when 
nitrogen metabolism is altered); 
reduction of photosynthesis and cell 
division; and activation of many stress 
response genes, together suggesting 
that 22-nt siRNAs coordinate plant 
growth and stress responses.

In wild-type plants, 22-nt 
siRNAs accumulated in conditions 
of nitrogen deficiency. Consistent 
with previous observations, NIA1 
and NIA2 protein expression and 
mRNA polysome association were 
reduced. As amino acid synthesis 
relies heavily on NIA1/2-dependent 
and nitrite-reductase-dependent 
ammonium production, the 
authors suggest that the global 
translation repression might be, at 
least in part, caused by a shortage 
of amino acids. Thus, 22-nt siRNAs 
seem to be produced in response 
to nitrogen deficiency to dampen 
global translation and reduce plant 
growth. Importantly, 22-nt siRNAs 
also accumulated following treatment 
with abscisic acid (a plant hormone 
that regulates development and 
environmental stress responses)  
and in conditions of high salinity.

This study indicates that the 
production of endogenous 22-nt 
siRNAs, especially from the NIA1 and 
NIA2 genes, might be an important 
mechanism that enables plants to 
respond and adapt to environmental 
abiotic stresses, by reducing growth 
and activating defence mechanisms.
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