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Abstract

MicroRNAs (miRNAs) usually contain 19-24 nucleotides and have been identified as important eukaryotic gene
regulators. Applications of various computational approaches have simplified the task by predicting miRNAs from
available sequence data sources. In this study, we identified a conserved miR414 from a computational analysis of
EST sequence data available from Stevia rebaudiana. In addition, we also identified six conserved miRNAs
namely miR169, miR319, miR414, miR164, miR167 and miR398 using stem-loop RT-PCR analysis. Hence,
miR414 was commonly identified using both methods. The expression analysis of these miRNAs documented
their roles in growth and development of Stevia. Furthermore, the detected miRNAs were found to target genes
involved in plant growth, development, metabolism and signal transduction. This is the first study reporting these
conserved miRNAs and their expression in Stevia.
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Introduction miRNA binds to Argonaute protein that is present on
the RNA-induced silencing complex (RISC) (/-3).

MicroRNAs (miRNAs) are 1924 nucleotides This binding directs miRNA towards its complemen-

(nt)-long riboregulators in plants, animals and viruses. tary target A sequence. This particular mode of

They act on mRNAs and regulate the gene expression action of miRNAs has become the basis of various

post-transcriptionally through mRNA degradation or plant processes such as  developmental - changes,

translational repression (/). miRNAs are processed physiological responses, metabolism or any defensive

from intergenic regions of the host genome (2, 3). response against abiotic or biotic factors (2-4). Pres-

Pri-miRNA is transcribed from miRNA-coding genes ently, a large number of miRNAs have been charac-

by RNA polymerase 1T and processed by Dicer-like 1 terized from various monocots and dicots (/). The

protein (DCLI) to produce pre-miRNA and eventu- sequence information about these is publicly available

ally the mature miRNA duplex. The processed mature on the miRBase website (http://www.mirbase.org/).

Stevia rebaudiana, a dicotyledonary plant of the

*Corresponding author. Asteraceae family, produces clinically and commer-
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cosides (5). Biosynthesis pathway of these metabo-
lites consists of multiple steps that are catalyzed by
different enzymes. The yield of steviol glycosides and
expression of genes encoding the biosynthetic en-
zymes are known to be developmentally regulated (6,
7). Therefore, better understanding of the genetic
regulation of this pathway could be very useful for
manipulating the yield of steviol glycosides. Modern
genomics approaches have documented the impor-
tance of miRNAs in such metabolic pathway regula-
tion (4, 8). For example, in Arabidopsis, TEOSINTE
BRANCHED/CYCLOIDEA/PC (TCP) transcription
factors that control the biosynthesis of jasmonic acid
are regulated by miR319 (8).

Despite the clinical and commercial value of S. re-
baudiana, no conserved or novel miRNA has been
identified from this species. In view of this, a compu-
tational approach was employed to identify potential
miRNAs using EST data of Stevia available at NCBI
and one conserved miR414 was identified. In addition,
we used stem-loop reverse transcription PCR (SL
RT-PCR) analysis to identify more miRNAs experi-
mentally. In doing so, six miRNAs were identified
including the computationally identified miR414.
Furthermore, expression of these 6 miRNAs was ana-
lyzed. Target protein analysis of these identified
miRNAs suggested their roles in growth and devel-
opment of Stevia. For the first time, a total of six con-
served miRNAs were identified and experimentally
validated in Stevia in the present study.

Results and Discussion

Identification of miRNAs has remained a tedious job.
Cloning of miRNAs was possible only for organisms
with completely sequenced genomes (9). With the
advent of novel next-generation technology, computa-
tional approaches were introduced and currently
software tools can identify miRNAs from EST/GSS
sources and predict their secondary structures, targets
and homologues (/0). However, computationally pre-
dicted data need to be validated experimentally. Thus,
combined computational and experimental ap-
proaches would provide more reliable data. In this
paper, we attempted to identify conserved miRNAs
from S. rebaudiana using computational and experi-

mental methods.

In silico identification of conserved miR414
from Stevia ESTs

Micro PC (puPC) is a computational tool that allows
the identification of conserved miRNAs from plant
EST data, predicts their secondary structure and iden-
tifies homologues from other plant species (9, 1/-13).
This software compares the submitted query sequence
against the known miRNAs in miRBase Release 18
(www.mirbase.org), which contains 18,226 entries of
miRNAs from animal as well as plant species.

Out of the 5,548 ESTs available at NCBI for Stevia,
only 33 ESTs
miRNAs from other plant species. The data were fur-

showed complementarities with

ther analyzed based on the number of mismatches and
secondary structures. It is known that potential
miRNAs are allowed to have maximum alignment
and less than four mismatches with the query se-
quence. In addition, the secondary structure should
possess higher negative minimum free energy (MFE),
30%-70% A+U content and the absence of a break or
loop in the miRNA sequence (9, /4). According to
these criteria, only one miRNA designated as
miR414 was found on EST gi|16948646 of Stevia. In
this case, only 2-bp mismatch was present between
the query and miR414, A+U content was 61.59%,
MFE was -33.4 and MFEI was calculated as -0.57.
These observations satisfied the defined -criteria
(Figure 1), suggesting that EST gi|16948646 is a
precursor sequence for miR414. Homologues for
miR414 were also predicted and this miR414
showed homology with those from Oryza sativa and
Raphanus raphanis (Table S1).

Targets for miR414 were also predicted using the
target scanner utility program of uPC. No target was
found related to the synthesis of steviol glycosides. A
total of 117 target proteins were predicted from
Arabidopsis. Annotations of target proteins with GO
terms suggested that these proteins are involved in
transcriptional and translational regulation, protein
and chromatin modifications, and DNA repair (Table
S2). GO enrichment analysis showed that 40 out of
117 predicted target proteins were associated with
transcriptional regulation, followed by 16 targets that
regulate protein modifications and 10 targets involved
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Figure 1 Predicted secondary structure of identified precursor miR414 in Stevia. Structure was generated using UNAFold program.
The mature miR414 sequence is shown with shade. The actual size of the precursor may be slightly shorter or longer than presented

here.

in DNA repair. Moreover, 9 out of 117 play roles in
chromatin modification and only one was found to
regulate the translation process (Table S3). The ob-
servation thus suggests that among the various pre-
dicted targets, miR414 primarily targets transcrip-
tional regulators. The target transcription factors in-
clude the bZIP family transcription factors, WRKY,
MYB, B3, scarecrow, heat shock proteins and TCP, all
of which play roles in plant growth, development,
physiological and morphological changes, metabolism
and defense responses (/5-27). Hence, miR414 seems
to play a very important role in the regulation of plant
growth and development. Other targets identified for
miR414  were found to play roles in
post-transcriptional modifications, including high
mobility group proteins, SNF2 transcriptional regu-
lator, C2H2 zinc finger proteins, pentatricopeptide
repeat-containing proteins, F-Box family proteins,

DNA store keepers and RNA recognition motifs (/9,
20, 22, 23).

Identification of conserved miRNAs experi-
mentally

miRNAs are known to be evolutionarily conserved
among plant species (24). Ten miRNAs were used in
this study for experimental validation, since they are
conserved among various dicots and monocots such
as Arabidopsis, poplar, grape, rice, maize and sor-
ghum (24). It has been reported that cloning, hybridi-
zation and microarray-like techniques are not sensi-
tive enough to detect less abundant miRNAs (235).
However, SL RT-PCR has been found to be a more
reliable method for the detection of miRNAs from
various plant tissues in Arabidopsis, poppy and to-
bacco (25-27). Therefore, in this work, the presence
of 10 conserved miRNAs (miR167, miR169,
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Figure 2 Expression profile of miRNAs in leaf and root. Expression of miR167, miR169, miR319, miR414, miR164 and miR398
in young leaf (Y), old leaf (O) and root (R) was detected using SL RT-PCR. 18sRNA was used as the internal control to equalize
cDNA quantity. Each bar in the diagram corresponds to the IDV of the intensity of the individually amplified band in the gel. A least

significant difference test was employed to test the relative expression levels of miRNAs. The data are presented as mean+standard

deviation (n=3). Same number of asterisks above error bars represents non-significant difference and different number of asterisks

represents significant difference, P<0.05.

miR319, miR414, miR164, miR398, miR408,
miR395, miR397 and miR399) was detected using SL
RT-PCR. RNA from three tissues, including young
leaves, old leaves and roots, was extracted and
miRNA specific cDNA was synthesized and utilized
for the following amplification reactions with SL
RT-PCR. Among the 10 miRNAs examined, the ex-
pression of miR167, miR169, miR319, miR414,
miR164 and miR398 was detected. Identity of these
miRNA PCR products was confirmed by sequencing.
Interestingly, miR414 was also detected using SL
RT-PCR, which validates our result of the previous
in silico prediction.

All of the six detected miRNAs were found to be
expressed in both leaves and roots. However, they
showed differential expression in the tested tissues.
All these miRNAs were expressed significantly
higher in young leaves than in roots. To evaluate the

214

developmental effect on the miRNA expression, we
conducted expression profiling of these miRNAs in
young and old leaf samples. Of the six miRNAs de-
tected, four miRNAs including miR169, miR319,
miR414 and miR164 were expressed significantly
higher in young leaves than in old leaves, while
miR167 and miR398 were expressed significantly
higher in older leaves than young ones. Interestingly,
steviol glycosides are reported to be accumulated at
higher levels in young leaves than old leaves and least
found in roots (6, 28). Therefore, it is possible that
miR169, miR319, miR414 and miR164 might be in-
volved in regulation of genes of the steviol glycoside
biosynthesis pathway in young leaves, which might
explain why the detected miRNAs showed tissue and
developmental age-dependent expression in Stevia.
Importantly, miR164 showed highest expression in
leaf tissues, while miR414 showed highest expression
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in root tissues. Differential expression of various
identified miRNAs implies their involvement in vari-
ous physiological and developmental processes in-
cluding steviol glycoside biosynthesis, which needs to
be unraveled in future.

Targets for these conserved miRNAs have been
reported in Arabidopsis. Due to lack of genomic data
in Stevia, targets have not been identified from Stevia
mRNA. The target genes for these miRNAs mainly
encode proteins involved in plant growth, hormonal
signaling, stress responses, secondary metabolism and
signal transduction (/2, 29, 30). Out of the six
miRNAs, miR398, miR164 and miR169 have been
shown to be mechanistically conserved in the regula-
tion of a variety of nutrient, abiotic, mechanical and
physiological stresses in Arabidopsis and poplar (31).
Identification of these conserved miRNAs in Stevia
and targets in Arabidopsis suggested their possible
role in growth and development of Stevia.

In conclusion, our work documents the identifica-
tion of conserved miR414 from computational EST
analysis of Stevia for the first time. In addition, six
miRNAs were also identified using SL RT-PCR, in-
cluding miR414, which was predicted computation-
ally. The expression analysis of miRNAs in various
tissues suggests their possible regulatory role in
growth, development and metabolism of Stevia. Also,
Stevia can be added to the list of plant species con-
taining miRNAs and supporting the concept of evolu-
tionary conservation of miRNAs.

Materials and Methods

EST collection and in silico miRNA prediction

A total of 5,548 Stevia EST sequences were obtained
from the NCBI dbEST Database (http://www.ncbi.
nlm.nih.gov/dbEST/). puPC (http://www.biotec.or.th/
isl/micropc) was used to predict conserved miRNAs.
Stevia ESTs were submitted as input query sequences
against miRBase Release 18 with condition <3000 bp
with default parameters to obtain possible comple-
mentary miRNAs.

RNA isolation

Stevia seeds were surface sterilized using 1% sodium
hypochlorite and germinated on medium (pH 5.8)
containing Murashige and Skoog (MS) salts supple-
mented with vitamins solution (1000X), 0.8% agar,
and 3% sucrose. The germinated seedlings were al-
lowed to grow in tissue culture conditions for two
months. Afterwards, the plants were transferred to a
green house in pots. RNA was isolated using fourth leaf
from the top (designated as young leaf, Y), eighth leaf
from the top (designated as old leaf, O) and roots (des-
ignated as R). Total RNA was isolated from individual
samples using Qiagen miRNeasy Plant Minikit as in-
structed by the manufacturer. The quality and quantity
of isolated RNA samples were measured using Nano-
drop ND-1000 (Nanodrop Technologies, USA).

Stem-loop reverse transcription

Stem-loop reverse transcription (SL RT) primers were
designed manually for miR408, miR399, miR398,
miR397, miR395, miR319, miR169, miR167,
miR164 and miR414 (Table S4) following the criteria
as described earlier (32). The forward primer was de-
signed to be specific to the miRNA sequence exclud-
ing the last six nucleotides at the 3” end of the miRNA.
At the 5’ end of the forward primer, 5-7 GC-rich nu-
cleotides were added to raise the melting temperature
of primers. The reverse primer was universal for all
sets of stem-loop primers (32). miRNA SL RT was car-
ried out using 50 ng of leaf and root small RNA frac-
tions. 0.5 pL of 10 mM dNTP mix was added to RNA,
incubated for 5 min at 65°C and then kept on ice for 2
min. To the above mix, 2 pL of 5% First Strand Buffer,
1 pL of 0.1 M DTT and 0.5 pL of Superscript III re-
verse transcriptase (100 units) were added. A master
mix of the above recipe was prepared for ten tubes and
distributed  equally.  Thereafter, 1 pL  of
miRNA-specific SL RT primer was added. The reac-
tion was performed as 16°C, 30 min for 1 cycle; 30°C,
30 s; 42° C, 30 s; 50°C, 1 s for 60 cycles followed by
incubation at 85°C for 5 min.and finally hold at 4°C.

PCR amplification of miRNAs

Experimental identification of conserved miRNAs
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was performed by polymerase chain reaction (PCR)
amplification with the above synthesized cDNAs. The
20 pL reaction recipe consisted of 1 pL miRNA-
specific cDNA, 0.4 pL forward primer (10 pM), 0.4
pL reverse primer (10 uM), 0.4 pL of 10 mM dNTP
mix, 2 pL of 10X PCR Buffer and 0.4 pL of Taq po-
lymerase. The reaction was incubated in a thermal
cycler at 94°C, 3 min for 1 cycle; 94°C, 15 s and 60°C,
1 min for 25 cycles followed by hold at 4°C. The re-
action products were analyzed on a 3.5% agarose gel
in 1 xTAE buffer and scanned using an Alpha DigiDoc
gel documentation system (Alpha Innotech, USA).
The experiment for each miRNA was repeated three
times for statistical analysis. 18sRNA was used as the
internal control and relative expression was calculated
by determining the Integrated Density Values (IDV)
of gel bands using AD-1000 software.

Statistical analysis

The data are presented as meantstandard deviation
(n=3). A least significant difference test (LSD-test)
was employed to test the relative expression levels of
miRNAs in young leaf (Y), old leaf (O) and root (R)
tissues of Stevia at the 5% level.
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