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Gene expression is intensively regulated at the transcript 
level. It is the rate of transcription and the rate of degrada-
tion that together determine the steady-state level of a spe-
cific transcript. A whole-genome study indicates that the 
half-life of Arabidopsis transcripts varies from 0.2 to >24 h, 
indicating large variations in the turnover rate of specific 
transcripts, which is related to their biological functions [1]. 
While RNA polymerase II is responsible for mRNA pro-
duction in all eukaryotic organisms, a large repertoire of 
ribonucleases are involved in mRNA decay [2]. Different 
components in the RNA degradation pathway usually target 
specific sets of transcripts. The specificity can be at least 
partly accounted for by the presence of RNA motifs within 
the 3′ UTR regions and RNA binding proteins that recog-
nize them. In Arabidopsis, mRNAs targeted for degradation 
are first deadenylated and subjected to digestion by at least 
two major classes of exonucleases [3]. The exosome per-
forms 3′5′ degradation, whereas the XRN4 exonuclease 
acts on further decapped transcripts and digests them from 
the 5′ end.  

Both animals and plants utilize small RNAs for posttran-
scriptional gene silencing (PTGS) and/or transcriptional 
gene silencing (TGS). Evolutionarily, small RNA- mediated 
gene silencing is believed to function in defense against 

foreign nucleic acids, whether they are from viruses, trans-
posons or transgenes. In Arabidopsis, small RNAs are usu-
ally 2124 nucleotides in length. Different classes of small 
RNAs (sRNA) all require a double stranded RNA (dsRNA) 
precursor that is diced into small fragments by the RNase 
III-class DICER enzymes. The DICER protein functions 
like a ruler to determine the size of small RNA products. 
For example, siRNA generated by DCL2 are usually 22-nt 
long and siRNA by DCL4 are 21-nt long. When the guide 
strand of double stranded sRNAs are loaded into 
ARGONAUTE (AGO) proteins and form the RNA-induced 
silencing complex (RISC), the RISC complex binds to 
complementary transcripts, resulting in transcript cleavage 
or translational inhibition. The cleaved transcript can also 
be converted into dsRNAs by the RNA-dependent RNA 
polymerases (RDRs) and produce so-called secondary small 
interfering RNAs, which increases siRNA levels and en-
sures silencing.  

The dsRNA precursor can be generated from different 
sources. MicroRNA (miRNA) genes produce transcripts 
that form hairpin-loop structures and are processed into 
mature miRNAs by DCL1. In other cases, aberrant tran-
scripts are sensed by the cell and converted into dsRNAs by 
RDRs. For example, TRANS-ACTING SIRNA (TAS) genes 
are targets of miRNAs. The cleaved transcripts by the 
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miRNA-containing RISC complex are uncapped in the 5′ 
end and processed into 2122 nt siRNAs by the combined 
action of RDR6 and DCL2/4. The resulting ta-siRNAs then 
regulate other genes in trans.  

An interesting question is how the cell protects its own 
protein-coding transcripts from being targeted by the RNA 
silencing machinery. A recent study by Zhang et al. indi-
cates that removal of aberrant transcripts by the RNA decay 
pathway is the key [4]. 

The authors started by screening for mutants that sup-
press the ethylene hyper-response phenotype of EIN3 over-
expression lines. The result is the identification of several 
genes functioning in RNA degradation, including the 5′3′ 
exonuclease XRN4/EIN5 and subunits of the SKI complex 
that has RNA helicase activity and functions in feeding 
transcripts into the exosome for degradation. EIN5 was 
shown to suppress PTGS of specific transgenes and it was 
proposed that defects in 5′3′ RNA degradation lead to ac-
cumulation of aberrant transgene transcripts, which are tar-
geted by the RNA silencing machinery [5]. Interestingly, 
whereas the ein5 or the ski2 single mutant shows relatively 
normal phenotypes, the ein5-1 ski2-2 double mutant is em-
bryonic lethal, indicating that EIN5 and SKI2 redundantly 
target some endogenous transcripts. By using the weak al-
lele ski2-3, the ein5-1 ski2-3 mutant is viable but shows 
severe developmental defects. Surprisingly, the mutation in 
RDR6 almost completely restores normal phenotypes in 
ein5-1 ski2-3 mutants. Further genetic analyses indicated 
that the mutant phenotype of ein5 ski2 also depends on oth-
er known components of PTGS, including AGO1, SGS3 
and DCL2/4. Thus disruption of both the 5′ and 3′ RNA 
decay function is devastating to plants. This might be be-
cause some highly expressed genes tend to generate aber-
rant RNAs such as abnormally processed RNAs, which are 
ordinarily destroyed by the RNA decay pathways. However, 
the aberrant RNAs would over-accumulate in the ein5 ski2 
RNA decay mutants, and the accumulated aberrant RNAs 
may be channeled to the RDR6 protein, which initiates the 
RNA interfering process, leading to silencing of the tran-
scripts. 

Whole-genome mRNA and small RNA profiling pro-
vides direct support for the above model. Transcriptome 
analyses identified 596 differentially expressed genes in 
ein5 ski2 and >80% of them were down-regulated. Very 
similar transcriptome profiles were observed between rdr6 
and ein5 ski2 rdr6, both of which show almost opposite 
pattern to that of the ein5 ski2 mutant. In addition, more 
than 400 protein-coding genes that produce RDR6-     
dependent sRNAs in the ein5 ski2 mutant were identified 
and named coding transcript-derived siRNAs (ct-siRNAs). 
As expected the ct-siRNA loci is over-represented in the 

down-regulated genes in the ein5-1 ski2-3 mutant, whose 
expression is presumably repressed by the ct-siRNAs. 
However, the up-regulated genes are also enriched for 
ct-siRNAs, indicating that either the siRNA does not have a 
silencing function or another antagonizing mechanism ex-
ists to protect the transcript from being destructed.  

Considering the definition of ct-siRNAs, we may expect 
to identify more genes that produce them under different 
mutant backgrounds or environmental stresses. In the ein5 
single mutant, though morphologically normal, accumula-
tion of gene-derived siRNAs was reported for over one 
hundred loci [6]. The mRNA decapping enzymes, which 
function before XRN4 decay, also have a role in preventing 
PTGS of transgenes [7]. More importantly, other conditions 
that lead to accumulation of aberrant transcripts may also 
trigger the production of ct-siRNAs. Mutations defective in 
genes involved in RNA splicing and mRNA 3’ end for-
mation also enhanced PTGS at specific loci [8]. Recently it 
was proposed that splicing is likely an important feature by 
which the cell senses foreign/aberrant transcripts. The study 
in human pathogenic yeast Cryptococcus neoformans shows 
that transposons tend to have sub-optimal splicing sites that 
may be sensed by spliceosomes and enhance siRNA bio-
genesis [9]. Indeed Arabidopsis intron-less genes have 
higher exon siRNA density, and introducing an intron into a 
GFP transgene suppresses spurious transgene silencing in 
plants [10]. Thus cells probably utilized every feature of 
normal mRNAs to recognize aberrant/foreign ones. A prop-
er function of the RNA decay and RNA processing path-
ways is important to protect normal transcripts from being 
targeted for gene silencing. 
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