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Non-coding RNAs (ncRNAs) refer to a large and diverse 
collection of polyadenylated or non-polyadenylated RNA 
transcripts with low protein coding potential. In general, the 
house-keeping ncRNAs (e.g., ribosomal RNAs and transfer 
RNAs), primary transcripts of microRNAs (miRNAs) and 
plant specific RNA polymerase V (Pol V)-dependent 
ncRNA transcripts also fall into this definition. The applica-
tion of next-generation sequencing leads to identification of 
over 30,000 putative ncRNAs in plants [1]. While it is pos-
sible that some ncRNAs are transcription noises or the 
by-products of RNA processing and degradation, growing 
lines of evidence suggest that a large fraction of them are 
functional and play various regulatory activities during de-
velopment. 

Recent studies have revealed the role of long ncRNAs 
(lncRNAs) in regulating gene expression. IPS1 (INDUCED 
BY PHOSPHATE STARVATION1) encodes a ncRNA with a 
short motif that is highly complementary to the sequence of 
miR399 except a mismatched loop at the expected miR399 
cleavage site. The mismatch loop enables IPS1 to function 
as a miRNA target mimicry (non-degradable miRNA target) 
and sequestrate miR399 activity [2]. Pol V-dependent 
ncRNA transcripts have been implicated in RNA-directed 
DNA methylation, which indirectly causes gene silencing 
[3]. lncRNA can also regulate gene expression by recruiting 

histone modification complex. FLOWERING LOCUS C 
(FLC), a MADS-box transcription factor, negatively regu-
lates flowering in Arabidopsis thaliana. In response to cold, 
the expression of FLC is greatly reduced largely due to the 
epigenetic silencing mediated by H3K27 trimethylation. 
Dean and Sung labs identified two cold-responsive 
lncRNAs, COLDAIR and COOLAIR, transcribed by inde-
pendent promoters from the FLC genomic region [4]. While 
the COOLAIR transcript is physically associated with FLC 
locus and accelerates transcriptional shutdown of FLC dur-
ing cold exposure, COLDAIR directly interacts with the 
Polycomb repressive complex 2 to induce epigenetic re-
pression of FLC. More recently, two papers from Crespi lab 
demonstrated that lncRNA can hijack nuclear alternative 
splicing regulators to modulate alternative splicing patterns 
[5] or regulate the formation of a chromatin loop encom-
passing the promoter of its neighboring gene [6]. 

Surprisingly, a new study now demonstrated that the 
primary transcript of miRNA has potential coding function. 
Lauressergues and his colleagues [7] identified miPEPs, the 
short peptides encoded by pri-miRNAs in Arabidopsis and 
Medicago truncatula (Figure 1). Immunoblot using the spe-
cific antibodies validated that at least five predicted miPEPs 
are naturally translated in plants. 

Promoter reporter analyses revealed that the miPEPs 
confer the same expression pattern as their associated ma-
ture miRNAs. miPEPs are not junks or by-products, rather  
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Figure 1 (color online)  Biogenesis of miRNA and miPEP. MIR171B is 
used as an example [7]. The pri-miR171b, transcribed by RNA Pol II, 
undergoes fate decisions: It can be processed by dicing body to produce 
miRNA duplex or translated into miPEP (ORF1) which in turn increases 
the transcription of MIR171B. The dashed line indicates unknown molecu-
lar mechanism. 

they have specific biological function. Lauressergues et al. 
found that overexpression of miPEP171b in M. truncatula 
leads to the increased accumulation of endogenous 
miR171b, which in turn modifies root development (Figure 
1). This result is further confirmed by application of syn-
thetic miPEP171b to M. truncatula. Notably, the activation 
of miRNA by corresponding miPEP is a general phenome-
non. Application of the synthetic peptide or overexpression 
of five additional miPEPs from different miRNA families in 
M. truncatula and A. thaliana increases accumulation of the 
corresponding miRNAs. 

The increased amount of mature miRNAs caused by 
miPEP overexpression can result from either enhanced 
pri-miRNA procession or increased miRNA transcription. 
Treatment with cordycepin, an inhibitor of RNA synthesis, 
completely abolishes the positive effect of miPEP on 
pri-miRNA accumulation, suggesting that miPEP increases 
miRNA abundance through activating the transcription of 
miRNAs. 

The discovery of miPEPs is in agreement with the recent 
genome-wide studies showing hundreds of micropeptides 
encoded in vertebrate lncRNAs. Although Lauressergues et 
al. provided compelling evidence that miPEPs exert poten-
tial role in regulating miRNA expression, several funda-
mental questions need to be resolved. First, how does 
miPEP function? In Arabidopsis, there is no common sig-
nature among miPEPs, suggesting each of these putative 
miPEPs is likely specific for its miRNA. These findings 
raise the question about how miPEP regulates transcription 
of pri-miRNA. Does miPEP function as a complex with 
other unknown factors? Whether they regulate miRNA ex-
pression in trans or in cis? 

As messenger RNAs (mRNAs) for protein coding genes, 
pri-miRNAs are transcribed by RNA polymerase II and 
harbor 5′7-methylguanosine cap and polyadenylate tail [8]. 
The identification of miPEP suggests that pri-miRNA is 
subjected to a fate decision between translation and miRNA 
procession. Indeed, genome-wide profiling of ribosome 

footprints in Arabidopsis found that the sequence encoding 
miPEP165a in pri-miR165a is occupied by ribosomes [9]. 
However, it remains unclear that how the translation of 
miPEP is coordinated with miRNA procession and why a 
fraction of pri-miRNAs is not processed by Dicing body in 
nucleus. 

Bioinformatic analyses predict that most pri-miRNAs are 
able to encode more than one miPEP. Lauressergues et al. 
found that there are the two putative open reading frames 
(ORFs) of pri-miR171b in M. truncatula and only the first 
ORF can be translated in to a small peptide. Do all miPEPs 
function as transcriptional activators? A possible strategy 
for determining their functions is to overexpress candidate 
miPEPs and monitor changes in gene expression and phe-
notypes. While being more convincing, the reverse experi-
ment by removal of endogenous coding sequence for miPEP 
is challenging because it is difficult to determine whether 
any changes in gene expression or phenotypes are due to 
loss of the coding sequence or disruption of the transcript in 
which it lies. 

Another unanswered question is, given their small size, 
whether miPEPs can move between cells or be transported 
in a long-distance manner. In Arabidopsis, it is prevalent 
that small secreted peptides mediate short or long-distance 
signaling, as exemplified by CLAVATA3 peptides in the 
maintenance of shoot apical meristem and CEP peptides in 
coordinating root development with needs for nitrogen [10]. 
Thus, the comparison of the localization of pri-mRNAs and 
related miPEPs will elucidate whether miPEP acts in a 
cell-autonomous or non-cell-autonomous way. 

As always, the unexpected is the most fascinating. Fur-
ther experimental validation of miPEPs in other plants, 
identification of the molecular mechanism by which miPEP 
regulates gene expression, and delineation of miPEP evolu-
tion will be important next steps. 
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