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- STRACT MicroRNAs (miRNAs) are a class of endogenous small regulatory RNA molecules (20-24 nucleotides) that play

important role in various aspects in plant develop

ment and come out as gene expression regulators at post-transcrip-

tional levels in plants. Plant microRNAs indulge in miscellaneous biological processes together with growth and stress responses.Salt and
drought stresses are one of the most serious abiotic stresses of crop plant world-wide. Although the expression of miRNAs under abiotic stress
is not well understood and our efforts are just beginning to be explored it. We analyzed the promoters of 11 conserve miRNAs families (miR156,
miR159, miR160, miR164, miR166, miR167, miR169, miR171, miR172, miR393, miR396) that contained all the stress-related cis-elements.
Among these miRNAs we found only two miRNAs- miRNA396 and miRNA169 showing up regulation in salt and drought stress respectively.

INTRODUCTION

Plants are sessile in nature that’s why they have developed sev-
eral mechanisms to cope up with environmental stresses. Due
to global warming, earth temperature increases gradually, this
causes the conversion of previously wet region to more arid
and the deposition of salt into low lying grass and farm lands.
Drought and salt stress are two wide ranges of abiotic stresses
which causes severe damage of crop growth and productivity. Al-
though various research unit has been dedicated towards abiotic
stress inducing genes but the mechanism of these stress induc-
ing gene expression remain largely unknown. MicroRNAs are ap-
proximate 21 nucleotides short sequences of endogenous highly
conserve class of non coding RNAs that regulate gene expression
at post transcriptional level. MicroRNAs have enormous role in
plant development including metabolic process and organ de-
velopment (Palatnik et al., 2003). Not only in developmental
process but also have been shown to play an important role in
environmental abiotic stress such as drought (Zao et al., 2007)
salinity, heavy metals and cold (Zhou et al., 2008). MicroRNA398
was first stress reported miRNA regulated by oxidative stresses.
During sulphate and inorganic phosphate starvation responses
miRNA395 and miRNA399 were identified respectively (Fujii et
al., 2005).

Various technique and approaches have been developed (Bio-
chemical, Molecular and Bioinformatics) for miRNA analysis
and detection. In which Stem loop RT-PCR is fast sensitive and
specific miRNA expression profiling and suitable for quantifica-
tion of miRNA expression (Varkonyi-Gassic et al., 2007).The gene
responsive to salt and drought stresses are poorly understood
regarding regulatory mechanism. Being as a gene regulator, miR-
NA play an important role in plant tolerance to abiotic stresses
(Zhang et al., 2005). Rice is widely used cereal staple crop all
over the world so it is necessary to understand the metabolic
process to look up its yield, nutrition quality and stress manage-
ment in near future because of tremendous increase in popula-
tion. Perhaps majority of biological characteristic is governed by
miRNAs. On that basis we can assume high significance to make
the rice miRNA as a better tool to increase the rice yields. The
aim of this study was to analysis of expression of conserve miR-
NAs under salt and drought stress which target to transcription
factors in rice.

Materials and Methods

Seed sterilization and stress treatment

Rice seeds obtained from (Indian Agricultural Research Institute,
New Delhi, India) were washed with mild detergent solution and
rinsed with distilled water. Seeds of Oryza sativa var. Pusa Bas-
mati-1 were sterilized and grown under control condition at 28

C in day or 25 C in night with 12hrs light/12hrs dark photoperi-
ods. After 14 days of germination. Uniform-sized seedlings were
subjected to 200 mM of NaCl for different time interval maxi-
mum up to 72 hrs at 28 C. For drought treatment, seedlings
were carefully transferred from their pots onto dry paper in the
growth room and drought stress was applied for various periods.
The samples were frozen in liquid nitrogen and sotred at -80 C
for further analysis. Total RNA was isolated from 80-100 mg
shoot tissue of rice using RNAeasy plant mini kit from QIAGEN
according to the manufacturer’s instructions. The RNA quality
was checked by agarose gel electrophoresis and nanodrop.

Primer design for conserve miRNA

Conserve miRNA strongly participate in plant development be-
cause they regulate different transcription factor gene. We found
these targets in Indica rice with the help of miRU target predic-
tion algorithm. Plant miRNAs recognize their target mRNAs by
near-perfect base pairing; computational sequence similarity
search can be used to identify potential targets. The conserve
rice miRNA sequences were downloaded from Sanger institute
miRBase sequence Database (Relesel2.0) (Griffiths-Jones et al.,
2008). The stem loop RT primers were designed according to
Chen et al., (2005). On the basis of single nucleotide differences
of each miRNA family members, introduce degenerated nucleo-
tides to amplify miRNA. Primer sequence data of selected miR-
NAs are presented in Table 3 and 4. The specificity of stem-loop
RT primers to individual miRNA is conferred by a six nucleotide
extension at the 3" end; this extension is a reverse complement
of the last 6 nucleotides at the 3’ end of the miRNA (Fig 2). For-
ward primers are specific to the miRNA sequence but exclude
the last six nucleotides at the 3’ end of the miRNA. A 5" exten-
sion of 5-7 nucleotides is added to each forward primer to in-
crease the melting temperature; these sequences were chosen
randomly and are relatively GC-rich.

cis-acting element analysis of conserve miRNA promoter
Micro RNA (miRNA) originated from long primary transcript
(pri-miRNA) and finally it makes a shape of miRNA when it pro-
cessed from precursors miRNA (pre-miRNA). Stress gene of miR-
NA has been analyzed by the presence of cis acting elements ex-
tensively (Zhang et al., 2005).The sequences of promoter region
were downloaded from PMRD and the cis-element was predicted
via PLACE. In the promotor region we searched ABRE (ABA re-
sponsive element: ACGTG), DRE (Dehydration responsive ele-
ment: RYCGAC), ERD (Early responsive to dehydration element:
ACGT), LTRE (Low temperature responsive element: CCGAC),
MYB (CTAACA, CNGTTR), MYC (CANNTG). Both MYB and MYC
are found in promoters of dehydration responsive gene and salt
induced cis-element.
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Isolation of RNA and cDNA preparation

Total RNA was isolated from 80-100 mg leaf tissue of rice using
RNAeasy plant mini kit from QIAGEN. Reverse transcription re-
action carried out in 10pl reaction mixture contain RNA, 50nM
stem loop RT primer, 50 unit reverse transcriptase, 0.25 mM
dNTPs, 1X reverse transcriptase buffer and 4 unit RNAase in-
hibitor. For reverse transcriptase incubation start at 16 C for 30
minutes followed by pulse RT of 60 cycles for 30 second at 30 C,
30 second at 42 C and 1 second at 50 ‘C. For reaction termina-
tion incubate at 85 C for 5 minutes to snatch the reverse tran-
scriptase activity.

Stem-loop RT (Reverse transcriptase) PCR

Stem loop RT and PCR primers were designed according to
Chen et al., (2005). Total RNA was treated with DNAse-I (Pro-
mega) to remove residue of genomic DNA. Four hundred na-
nograms RNA (DNAse treated) were used to generate first
strand cDNA (Varkonyi-Gassic et al., 2007). We prepare 19 mi-
cro lit PCR reaction mixture contain 15.4pl nuclease free wa-
ter, 2 pl 10X PCR buffer, 0.4pl 10Mm dNTPs mix, 0.4pl forward
primer(10puM),0.4pl reverse primer(10uM) and 0.4pl Phusion Taq
(Finzyme). After the preparation of master mix we separately
added 1pl RT product. RT product act as template for this PCR,
in our designed experiment we used here different RT product
from control to salt stress at different time interval. Reaction
mix placed on thermal cycler pre heated block (94 C) and in-
cubation period was 94 C for 2 min followed by 20-40cycles of
94 C for 15s and 60 C for 1 min (Erika et al., 2007).PCR product
visualized by gel electrophoresis on 4% agarose gel in 1X TAE
(Fig 5a and 5b) . We wanted aim to check the expression of con-
serve miRNA in rice under salt and drought stress at different
time interval in this context separately we amplified each con-
serve miRNA under 200mM salt stress at different time interval
with the help of Stem-loop RT-PCR (End point PCR).The most
important parameters in this stem loop RT PCR was re folding
of stem loop in to its stable structure when primer subjected
to high temperature. During the reaction if stem loop folded
incompletely due to this increase the chances of non specific
cDNA may occurs. Due to the same we faced the problem of non
specific PCR amplification. We prepared the step wise dilution of
total RNA of rice shoots for establishment of sensitivity of stem
loop RT PCR. In semiquantitaive manner we performed the am-
plification at fixed cycle (20-30 cycles). We detected the ampli-
fication of tested miRNA from 400ng total RNA. In the selected
cycle there were no amplification in minus-RT except week band
of primer dimmer. Though we got non specific PCR amplifica-
tion above 30 PCR cycle. Three biological replicates were run for
each miRNA for each treatment and then results were analyzed.

Result and discussion

Twenty miRNAs are highly conserved in three sequenced plant
genome Arabidopsis, Oryza sativa and Populus trichocarpa (Jones
Rhoades et al., 2006). Our aim was to study the expression of
those conserve miRNA which targeted to transcription fac-
tor (Table 1 and 2). Tentatively we choose eleven miRNA which
target to transcription factor. Conserve plant miRNA regulate
homologous target at identical target sites in every species
in which they exist and these target can be simply predicted
(Rhoades et al., 2002). We designed the primers (Table 3 and 4)
according to Chen et al., (2005). Mature miRNA are conserve in
different plant species (Fig 1). The members of miRNA in same
families differ from each other by only one to three nucleotides
or identical (Fig 1). We used stem loop RT-PCR for expression of
miRNA because due to cross hybridization might be occurred in
microarray as well as in northern blots.

Expression of known miRNAs altered by salinity and
drought stress in rice (PB 1-Pusa Basmati 1)

In our designed experiment stem loop RT-PCR approach was
used to detect mature miRNA species in rice seedling shoot.
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Expression of conserve miRNA which targeted to transcription
factor was detected using two step process in the first the stem
loop RT primer was hybridized to a miRNA and then reversely
transcribed in the pulsed RT reaction in the second step the RT
product was amplified according to experiment and generally
quantified by semiquantitaive manner (Fig 5 and 6). For Semi
quantitative study of miRNA first we ensured the equal concen-
tration of total RNA from different plant samples (stress or with-
out stress) at different time interval up to 72 hrs under salt and
drought stress condition. We determined the cycling parameter
as well as MgCl, concentration along with actin control and
the condition were chosen such that none of the stem loop RT
product reached at Platue stage at the end of amplification. Ex-
pression of selected mature miRNA altered during salt (200mM
NaCl) and drought stress in a time dependent manner.

During stem loop RT-PCR we observed that transcript of all
miRNA accumulate at 18 hrs maximally and we did not found
any amplification beyond that. These 11 miRNA get induced
(Up/down) in both the stress. In our data we did not saw the
amplification of all miRNA (Eleven conserve miRNA) up to 72hrs
although we found amplification only up to 18hrs. We hypoth-
esized that may be they are required at low level at this stage or
their expression is inadequate on order of plant development,
which make it difficult to identified the changes under stress
conditions. We found miRNA169 exhibiting good expression pat-
tern in comparison to others and showing up regulation during
drought stress condition. We know that the most of the miRNAs
are involved in the regulation of crucial development process.
Plant in stress condition always has shown abnormal develop-
mental phenotype. It is evident that most of the miRNA targeted
genes participate in development as will as stress regulation. So
we speculate that these miRNA which targeted to transcription
factors might be co regulated by both environmental factors and
developmental cue.

Analysis of cis-element exist in the promoters of miRNA
MicroRNA originated from long primary transcript (Pri-miRNA)
and finally it makes a shape of miRNA processed from precur-
sor's miRNA (Pre-miRNA). Stress gene of miRNA has been ana-
lyzed by the presence of cis acting elements extensively (Zhang
et al., 2005).The sequences of promoter region were downloaded
from PMRD and the cis-element was predicted via PLACE. On
promoter we search ABRE (ABA responsive element: ACGTG),
DRE (Dehydration responsive element: RYCGAC), ERD (Early
responsive to dehydration element: ACGT), LTRE (Low tempera-
ture responsive element: CCGAC), MYB (CTAACA, CNGTTR),
MYC (CANNTG)-Both are found in promoters of dehydration
responsive gene and salt induced cis-element. We got all type of
abiotic stress related cis elements on the promoters of selected
miRNAs (Fig 4).

Conclusion

Computational method identified miRNA that are conserve
between Arabidopsis and rice. On this evidence we chose 11
miRNA which target to those transcription factors which have
great importance in plant development. It is evident that most
of the miRNA (gene regulators) expression altered during the
abiotic stresses (Liu et al., 2008). In this report we investigated
the changes in miRNA expression level under salt stress (200mM
NaCl) and drought stress in rice variety: Pusa Basmati 1. We
exhibited it with the semiquantitaive Stem loop RT-PCR to test
whether the stress influence the expression of miRNA. Stem
loop RT-PCR is most reliable sensitive and affordable methods
because in microarray, miRNA belonging to same family have
similar expression pattern due to one or two nucleotides dif-
ference in each family members. That’s why they could not be
differentiated in microarray analysis because of cross hybridi-
zation. Using Stem Loop RT-PCR we analyzed 11 different con-
serve miRNA (which target to transcription factor) in two week
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old rice seedling shoot exposed under salt and drought condi-
tions. We failed to detect the expression of miRNA up to 72hrs
, We hypothesized that may be they are required at low level at
this stage or their expression is inadequate on order of plant de-
velopment, which make it difficult to identify the changes under
stress conditions. In addition most of the miRNA involve in the
regulation of crucial development process. Plant in stress condi-
tion always has shown abnormal developmental phenotype. We
found two miRNAs miRNA396 and miRNA169 showing up regu-
lation in salt and drought stress respectively. So we speculate
that these miRNA which targeted to transcription factors might
be co regulated by both environmental factors and developmen-
tal cue. This introductory data indicate that miRNA might play
an important role in abiotic stresses in plant and help to with
stand to survive against stresses. Due to potential uncertainty in
this experiment it is not reasonable to just estimate the exact ef-
fects of these miRNA in plants. This data help to understand the
relation of miRNA with abiotic stresses, initial point for future
studies and sustained efforts are needed to confirm the function
of miRNAs in stress responses and adaptation.
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Figl: Conserve miRNAs alignment showing in Arabidopsis,
Populus and Oryza sativa.
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(@) | miRNA136 | scTcoTaTod
(Stem loop)
@ | mRNAlss 5" gogpoge TCACAGAAGAGACT-¥
R Forward
Primer

§-CCAGTGCAGGGTCCGAGGT-Y
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Fig 2: Diagram showing the primer design for stem-loop RT-PCR
for detection of microRNAs. (a) The stem-loop RT primers have a
universal backbone and provide a miRNA-specific extension. The
specificity of a stem-loop RT primer to an individual miRNA is con-
ferred by a six-nucleotide extension at the 3"-end which is a reverse
complement of the last six nucleotides at the 3'-end of the miRNA.
The backbone sequence can form a stem-loop structure because of
the complementarity between the nucleotides in the 5'- and 3'-end.
(b) Forward primers are specific to the miRNA sequence but ex-
clude the six nucleotides at the 3"-end of the miRNA. (c) Universal
reverse primer. (d) Showing the loop structure of stem loop primer.

I"”D (;l””

0
Total miBNA Stem loop RT primer
(miBNA, specific)
c T Reverse transcriptase
1 IIID
PCR
miBRNA specific Forward primer Universal Reverse primer
—
_
Amplification of gINA of known iR A
T —— Amplified product

Fig 3: Schematic showing stem loop RT-PCR mechanism.
In this method the stem loop primer binds to the 3’ portion of
miRNA and then initiate the reverse transcription, after the re-
verse transcription RT product amplify with the help of miRNA
specific forward primer and universal reverse primer.

'{:rgeted Conservation status

. an-

gﬂ;‘ ?«fﬂggon 32;2; Oryza {:;)SP " |References
family

miR156 |SBP N N N ggér;hart etal,

miR159 [MYB N V J gg(l)réhart et al.,

miR160 |ARF N V N I;gg;hart etal,

miR164 [NAC N Y N gg;)réhart et al.,

miR166 |HD-ZIPII |y y J gg(l)ghart et al,
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miR167 |ARF y N N l;g(i)l;hart etal, Table3: Stem loop primers for rice conserve miRNA.
miR169 |HAP2 N N J Reinhart et al., MicroRNAs Forward primer for stem loop RT PCR
2002
miR171 |SCL J J J Reinhart et al., miRNA156 5-gcggeggTGACAGAAGAGAGT-3
2002 s s
- miRNA159 5"-gcggcggATTGGATTGAAGGGA-3
miR172 |AP2 N N N Park et al., 2002
Jones Rhoades miRNA160 5-cgccTGCCTGGCTCCCTGT-3
miR393 |bZIP and Bartel,
v v v 2004, miRNA162a 5'-gcggcggTCGATAAACCTCTGC-3'
Jones Rhoades . 5-cacgTGGAGAAGCAGGGCA-3
miR396 |GRF N N N and Bartel, miRNA164 cacgl
2004.
Tablel: miRNA and their predicted target. The miRNA (previ- miRNA166 5-gogcgTCGGACCAGGCTTCA-3
ously known) in listed table is conserve (Arabidopsis, Oryza and miRNA167 5-gggcgTGAAGCTGCCAGCAT-3
Populus) and targeted to transcription factors.
miRNA169a,b,c  |5-gcggesCAGCCAAGGATGACT-3'
miRNA |Predicted function Target Gene Accession No miRNA169d-p 5-gcggcgc TAGCCAAGGATGAAT-3
miRNA171 5-gccgTGATTGAGCCGTGCC-3
miR-  |Squamosa promoter- iRNA172 5-ggcgcAGAATCTTGATGATG-3
NA156 |binding protein SBP(0sIBCD032899 m% ’ ggeec ’
SPI.2, SPL9, SPL10 miRNA393 5-gcgcggTCCAAAGGGATCGCA-3
Dt arowth miRNA396 5-gcggcegg TTCCACAGCTTTCTT-3°
ant growth, anther -
miR 159 |development and flow- |MYB(OSIBCD018450) Universal reverse | o ) GTGCAGGGTCCGAGGT-3
ering time. (Palatnik ez primer
al.2004)
Apical meristem es- MicroRNAs Stem loop primers
) tabl.lshment, embryo- miRNA156 5 —GTCGTATCCAGTGCAGGGTCCGI}GG—
miR- genic development and |[NAC(OSIBCD014570) TATTCGCACTGGATACGACgtgctc-3
NA164 |meristem formation. >
- . 5GTCGTATCCAGTGCAGGGTCCGAGGTATT
(61;111113 (e)a(t) At‘l)l.,2004,MaJlory miRNA159a.bf | oo xoTGGATACG AC(t/c)agage3
miRNA159¢.d.e 5’—GTCGTATCCAGTGCAGGGTCC(!}AGGTATT
Plant growth, root and CGCACTGGATACGAC(t/c)ggage-3
miR160 |shootand vascular ARF(OSIBCD014998,021834) 5-GTCGTATCCAGTGCAGGGTCCGAGGTATT
development. Apical miRNA160 CGCACTGGATACGAC(t/c)ggcat-3’
dormence
miRNA164 5-GTCGTATCCAGTGCAGGGTCCGAGG-
Homeobox-leucine zip- TATTCGCACTGGATACGACcgcacg-3’
miRNA |t transcription . 5-GTCGTATCCAGTGCAGGGTCCGAGG-
factor (HB-14); homeo- |HD-ZIPIII (LOC_ miRNA166 e
166 domain-leucine 0s12¢41860.1 ) TATTCGCACTGGATACGACctggat-3
zipper protein Revoluta 5-GTCGTATCCAGTGCAGGGTCCGAGG-
(REV) miRNA167 TATTCGCACTGGATACGACggggaa-3
MiRNA  |Plant growth root and 5-GTCGTATCCAGTGCAGGGTCCGAGGTATT
167 shoot ARF (LOC_0s04g57610) miRNA169 CGCACTGGATACGAC(t/c)(c/a)ggca-3"
miRNA171 5’—GTCGTATCCAGTGCAGGGTCCGI,\GG—
miR-  |CCAAT-binding tran-  |HAP2 (LOC_0s03g07880.1 TATTCGCACTGGATACGACgatatt-3
NAl169 [scription factor ) 5-GTCGTATCCAGTGCAGGGTCCGAGG-
miRNA172 TATTCGCACTGGATACGACatgcag-3’
mIRNA | Scarecrow like tran-5¢1 (10C_0s06g01620.1 )
scription factor miRNA393 5-GTCGTATCCAGTGCAGGGTCCGAGG-
(SCLe) TATTCGCACTGGATACGACagatcaa-3
5-GTCGTATCCAGTGCAGGGTCCGAGG-
Plant flowering time miRNA396 TATTCGCACTGGATACGACgagttc-3’
miR- and floral morphol-
AP2(0OSIBCD015814,012428)
NAL72|ogy. (Aukerman and Table4: Forwards and universal reverse primer
Sakai,2003)
R BHLE L Fig 4: Exhibiting abiotic stress related cis acting elements
1%1;‘3-93 factorstranscrlptlon bZIP(OsIBCD028791) on the promoter of different miRNAs
- i ofcis sle e on fhe rometer ofRNA1S6
1‘{;}\3% GRF factors GRF(OsIBCD011542) “

Table 2: miRNA targeted transcription factor and its acces-
sions no in Pusa Basmati 1. We targeted these conserve miR-
NA in rice (Pusa Basmati 1) with the help miR U target finders.
These conserve miRNA strongly participate in plant develop-
ment because they regulate different transcription factor gene.

ABA CRE ERD LTRE uvB WYe

cis-elements

B miRNA1 58S
B miRNA1 580
O miRNA153e
B miRNA1 580
W miRNAT S8
B miRNA1 58T
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Analysis of ciselements on the promoter of miRNA172
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Fig 6: Expression level of selected miRNAs by Stem-loop RT PCR under
drought and salt (200mM NaCl) stress at different time course.
Thesensitivity of the stem-loop RT-PCR
Fig S5a: Stem-loop RT-PCR analyses of miRNAs. The

amounts of RNA npg/micro lit used for reverse
transcription reactions are indicated on the top.
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Fig 7b: Relative percent expression of selected conserves
miRNA in rice seedlings under salt stress (200mM, NaCl) at
different time course in rice (Pusa basmati 1). Three biologi-
cal replicates were run for each mature miRNA. This graph
was plotted on the basis of band intensity obtained by semi-
quantitaive stem loop RT PCR. The band intensity for each
sample was normalized. The normalized value for healthy
tissue was taken as 100 while the value for other stress sam-
ples was given with respect to healthy control. Actin is used
as an internal loading control.
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