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the primary miRNA (pri-miRNA) gene transcript (Papp et 
al., 2003). The processed pri-miRNA is called pre-miRNA 
which is eventually processed into mature miRNA: 
miRNA* duplex (guide stand: passenger strand) (Bartel 
and Chen, 2004). The mature miRNAs duplex is then 
transported into the RNA-induced silencing complex 
(RISC) which either degrade the corresponding target 
mRNA or repress its translation. In both animal and plant 
genomes, multiple precursors are present to produce 
similar mature miRNA (Tanzer et al., 2005; Maher et al., 
2006). Animal genomes have a large number of small 
miRNA gene families while plant genomes have fewer 
but larger miRNA gene families. Plant miRNAs derived 
from the same gene family are often highly similar unlike 
animal miRNA genes where divergence has occurred 
even on the mature miRNA sequences. The similarities 
are not only restricted to mature miRNA regions but also 
throughout the genes suggesting the recent origin of 
plant miRNA gene families which might still be going on. 
Recently Zhang et al. (2006) has reported a total of 481 
miRNAs from more than 6 million plant EST sequences 
that belong to 37 miRNA families from 71 different plant 
species.  

In the recent past, efforts have been put forth to identify 
the different mechanism of evolutionary origin of miRNA 
genes. Four mechanisms have been proposed so far. 
First mechanism implies evolutionary origin of miRNA 
genes via duplication of protein coding genes (Fahlgren 
et al., 2007, 2010).  Second mechanism involves the con-
version of transposable elements in to miRNA genes 
(Piriyapongsa and Jordan, 2008). Third and fourth 
includes duplication of pre-existing miRNA genes with 
subsequent mutation and natural origin by spontaneous 
mutation from hairpin structure in the genome 
respectively (Li and Mao, 2007; De Felippes et al., 2008). 
Plant miRNAs have been reported to be conserved 
across wide taxa of gymnosperms, fern, moss, and 
liverwort (Floyd and Bowman, 2004; Cuperus et al., 
2011). Conserved nature of miRNAs across the species 
might be due to the specific mechanism of origin over the 
years. 

MicroRNAs are a gene family united not by a common 
sequence, nor by a common phenotypic output, but by a 
unique mode of biogenesis and molecular mechanism 
(Axtell, 2008). Most of the predicted targets of these 
microRNAs are members of transcription factor “gene 
families” involved in developmental patterning or cell 
differentiation (Rhoades et al., 2002) that is, miRNA 
genes also form gene families. Since the evolution of 
animal miRNA gene families has been a subject of many 
paper (Tanzer and Stadler, 2006; Bompfunewerer et al., 
2005), in this paper we cloned and characterized the Tae 
pre-miR159a and Tae pre-miR1123 from Indian 
hexaploid wheat cultivar Agra local and compared the 
obtained sequences with the sequences of same miRNA 
reported in the other plant species to study the evolutionary 
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linkages of miRNA gene families in wheat genomes. 
 
 
MATERIALS AND METHODS 
 
Plant materials  
 
Hexaploid wheat cultivar Agra Local was grown at 30 seeds per 10 
cm pot at 15-25°C temperature under natural lighting conditions for 
ten days in glass house at Division of Plant Pathology, IARI, New 
Delhi. This cultivar is characterized by its larger area of production 
as well as susceptibility to stem rust as reported by our previous 
publication (Gupta et al., 2012). Leaf samples were collected and 
quickly frozen in liquid nitrogen and stored at -800C until used for 
total RNA isolation and subsequent cloning. 
 
 
Isolation of total RNA from leaf sample  
 
Leaf samples were harvested from healthy plants of 10 days old 
seedlings and quickly frozen in liquid nitrogen and stored at -80°C 
prior to total RNA isolation. Total RNA was extracted from 100 mg 
of leaf tissues using RNeasy Plant Kit (Qiagen) according to 
manufacturer’s instruction. The purity and concentration of RNA 
was determined by spectrophotometer NanoDrop, ND-1000 
(NanoDrop technologies). 
 
 
cDNA synthesis and PCR amplification 
 
Specific primers were synthesized from Sigma Pvt Ltd. Primer 
sequences of pre-miR159a were designed from chromosome no. 1 
of Arabidopsis collected from NCBI and pre-miR1123 were 
designed from wheat miR1123 sequences available in Sanger 
miRBase http://miRNA.sanger.ac.ck.  For cDNA synthesis, Reverse 
transcriptase (RT) (NEB) was used.  cDNA was synthesized using 
the reverse primer of both the miRNAs (pre-miR159a  reverse 
primer: 5’TGA GTC GAC ATG TAG AGC TCC CTT CAA TCC3’ 
Tm:90°C; pre-miRNA 1123 reverse primer: 5’TTC TAT GAG ACC 
AGG TCT CAC3’ Tm:62°C) and the reaction mixture was prepared 
in 200 μl microfuge tube.   

The reaction was carried out at 42°C for 60 min followed by 
purification by cDNA purification kit (Qiagen). A ~175 bp and ~220 
bp fragment containing the entire sequence of the wheat pre-
miR159a and miR1123 respectively were amplified by PCR 
amplification using complementary DNA (cDNA). 20 µl PCR 
reaction volume was prepared using 2 µl of cDNA (25 ng/μl) as 
template, 1 µl (10 mM) reverse primer, 1 µl (10 mM) forward primer 
(pre-miR159a  forward primer: 5’CAC CAC AGT TTG CTT ATG 
TCG GAT CC3’ Tm:78°C; pre-miRNA 1123 forward primer: 5’AAA 
ATT ATA TGA GAC CAG GCT C3’ Tm:60°C), 1 µl (25mM) MgCl2, 

0.25 U Taq DNA polymerase (NEB) and 11.5 µl sterile distilled 
water (SDW) using PCR programme (94 °C for 4 min followed by 
30 cycles of 94°C for 40 s, 58°C for 30 s and 72 °C for 90 s for pre-
miR159a and 94 °C for 5 min followed by 30 cycles of 94 °C for 30 
s, 58°C for 1 min and 72°C for 1 min for pre-miR1123). PCR 
amplification was performed in a thermo cycler separately 
(ERICOMP Power Block II System). The amplified product was 
separated on 1% agarose gel run in 1X TAE buffer and detected by 
ethidium bromide staining. 
 
 
Cloning of amplified product and restriction analysis 
 
Amplified  products  were   gel  eluted  and  purified  by Genei  PCR 



 

 

315
 
 
 

 
 
 
puri
prod
prov
Pos
follo
rest
seq
Alig
 
 
Bio
 
Raw
wer
sam
miR
from

52          Afr. J

 
Figure 1. 
miR159a a
cultivar. (A
(1 kb an
amplicon 
digestion 
amplicon 
molecular 
amplicon 
digestion 
amplicon fr

fication kit follo
duct was used f
vided by Prome
sitives clones w
owed by colon
triction analysis
uences were 
nment Editor (v

informatic ana

w sequences of 
e used to analy

me pre-miRNA
RNA159a seque
m Sanger  miRB

J. Biotechnol.

Amplification a
and pre-miR112

A) Lane 1 and 3,
d100 bp resp
of pre-miR15
of pre-miR159
from pGEMT.
weight marke
of pre-miR11
of pre-miR112
rom pGEMT. 

owing the manu
for T-A cloning 
ega according t
were selected 
ny PCR and N
, positive clone
analysed in 

version 5.0.9). 

alysis 

f both the pre-m
yse the evolutio
s across the 

ences from diffe
Base (http://miRN

and confirmatio
23 from Agra lo
, molecular weig
pectively); lane
9a; lane 4, 

9a to release 
. (B) Lane 1
r (1 kb); lane
23; lane 4, 

23 to release 

ufacturer’s proto
in p-GEMT Eas
to Sambrook an
based on blue

Not I restriction
es were sequen
silico using B

miRNAs obtained
nary linkage wit

different pla
erent plant spec
NA.sanger.ac.c

 

on of pre-
ocal wheat 
ght marker 

e 2, PCR 
restriction 
~175 bp 

1 and 3, 
e 2, PCR 

restriction 
~220 bp 

ocol. Purified P
sy vector (3015 
nd Russell (200
e white screen
n digestion. A
nced and obtain
BioEdit Sequen

d after sequenc
th the sequence
nt species. P

cies were collec
k).  The sequen

PCR 
bp) 
01). 
ning 
After 
ned 
nce 

cing 
e of 
Pre-
cted 
nce  

 
 
 
 
of wh
compa
Alignm
multip
structu
MFOL
(http://
 
 
RESU
 
Amp
miR1
 
An a
miR1
local 
then 
Fifty w
plate.
separ
subje
descr
five 
isolat
~175
1A).
seque
miR1
clone
1B, la
using
to ge
and T
 
 
Sequ
 
Sequ
repor
nt lon
strand
show
found
the s
simila
miR1
Tae l
duple
found
matrix
miR1
conse
repre
seque
found
proce

heat specific P
ared with the re
ment Editor (ve
le sequence 
ure of both th
LDROOT sec
/www.bioinfo.rp

ULTS 

lification, c
159a 

mplicon of ~
59a was obta
(AL). The P

cloned in p-G
white colonie
. All these co
rately. From 

ected to col
ribed earlier. 
clones were

tion. Final co
 bp fragment 
Two clones
enced to get
59a. Similar 

e the ~220 bp
ane 4). The r
g BioEdit Seq
et the precurs
Tae AL pre-m

uence analys

uence analys
rted plant spe
ng mature miR
d of mature

wed 5-6 mism
d that mismat
species (Figu
arity of Tae A
59a (At: A.
ine3338 pre-

ex miRNA (
d to be exact
x suggests 
59a (Table 1
erved motif 

esenting mat
ence respect
d to be con
essing of prec

Pre-miR1123 f
eported sequen
ersion 5.0.9) wa

alignment ana
he pre-miRNA 
condary stru
i.edu/applicatio

cloning and

~175 bp corre
ained by PCR
PCR purified 
GEMT Easy v
es were found
olonies were 
the master 

ony PCR u
On the basis 
e selected 
nfirmation wa
using Not I r
(p-GEMT- T
t the nucleot

r approach w
p amplicon o
raw sequence
quence Alignm
sor sequence

miR1123.  

sis of pre-miR

sis of pre-m
ecies indicate
RNA towards 
e miRNA res
matches. On 
tches in miRN
ure 2). Althou
AL pre-miR15
thaliana) and

-miR159a, the
miRNA:miRN
ly same (Figu

43-82% va
). Multiple se
at 3’ and 

ture miRNA 
tively. Beside

nserved whic
cursor sequen

from Agra loc
ce of wheat. Bi
as used for the
alysis. Second

sequences w
ucture predic
ns/mfold). 

d sequenci

esponding to
R from wheat

amplicon (~
vector (Figure

d on X-gal, IP
streaked on
plates, ten c

using the sp
of the colony
for recombi

as carried ou
restriction dig
Tae AL pre-m
tide sequenc
was used to
of AL pre-miR
es obtained w
ment Editor (
e of Tae AL 

R159a and p

iR159a from
s the presenc
the 3’ end. T

siding at 5’ 
close compa

NA duplex are
ugh the ove
59a was 82%
d only 64% 
e pattern of m

NA*) within s
ure 3A). Sequ
ariation in 
equence align

5’ end of 
and its co

es this, certa
ch might be 
nces by DCL1

al cultivar wa
ioEdit Sequenc
e sequence an
dary stem loo
was done usin
ction softwar

ng of pre

o Tae AL pre
t cultivar Agra

~175 bp) wa
e 1A, lane 2)

PTG, ampicillin
n master plate
colonies were
pecific prime
y PCR results
nant plasmid
t by releasing
estion (Figure

miR159a) was
ce of AL pre
o amplify and
R1123 (Figure
were analysed
version 5.0.9
pre-miR159a

re-miR1123

m 11 differen
ce of exact 2

The passenge
end of gene

arison, it wa
e conserved in
rall sequence

% with At pre
with reported

mismatches o
species were
uence identity
precursor o

nment showed
miRNA gene
omplementary

ain motif were
essential fo

1.  

s 
e 
d 
p 
g 
e 

e-

e-
a 
s 
). 
n 
e 
e 

er 
s, 
d 
g 
e 
s 

e-
d 
e 
d 

9) 
a 

nt 
1 

er 
e 
s 
n 
e 

e-
d 
of 
e 
y 

of 
d 
e 
y 
e 

or 



 

 

 
 
 

 
Figu
alon
thre
gree
spe
 

ure 2. Comparis
ng with miRNA 
ee species name
en colour. Matu
cies 

son of matches
with accession 
ely G. max, Z. m
re miR159a.1 o

s and mismatche
number while m

mays and P. vu
of P. vulgaris an

es in pre-miR15
mature miRNAs

ulgaris have two
nd miR159a.3p 

59a duplex acro
s are represente
o mature miRNA
of G. max and 

oss the species
ed in between t
A sequences in 
Z. mays were u

Gup

s. Extreme left r
the loop structu
the respective 

used to compar

pta and Prave

epresents the n
ure (red color). 
backbone whic

re with mature m

een          3153

name of species
Pre-miR159a in

ch is denoted by
miRNAs of othe

3 

 

s 
n 
y 
r 



 

 

315
 
 
 

 
Fig
co
In 
Z. 
mi

 
 
 
Phy
miR
(pre
Tae
from

54          Afr. J

gure 3. A. Com
nserved in natu
between the ba
mays; ptc, P. 

RNA1123 sequ

ylogenetic re
R159a is sho
e-miRNA) of 
e line 3338 p
m mi

J. Biotechnol.

mparision of pre
ure across the s
ackbone conserv
trichocarpa; pta
ence isolated fr

elationship s
owing close 
Arabidopsis, 

pre-miR1123 
RNAs 

e-miR159a sequ
pecies while the
ved nucleotides
a, P. taeda; vv
rom Agra local (

uggests that
relationship 
Brassica, an
sequence w

Registry 

uence isolated 
e sequences fla
s are highlighted
vi, V. vinifera; b
Tae AL) wheat 

t Tae AL p
with backbo

nd Triticum. T
was download

databa

from Agra loca
anking to the ma
d. (tae, T. aestiv
bra, B. rapa; m
cultivar with rep

pre-
one 
The 
ded 
ase 

(http:/
the T
miR1
repor
(Figu

al wheat cultivar
ature miRNA are
vum; ath, A. tha
tr, M. truncatul
ported sequence

//miRNA.sang
Tae AL pre-m
123 showed

rted sequenc
re 3B).  

r with different 
re not conserved
aliana; sof, S. of
la; pvu, P. vulg
es of line Tae 3

ger.ac.uk) an
miR1123. On
d >83% seq
ce of pre-miR

species. Matur
d across the ba
fficinarum; gma
garis). B. Comp
3338. 

nd used to c
n comparing, 
uence simila

R1123 from T

re miRNAs are 
ckbone length. 
, G. max; zma, 
parison of pre-

compare with
Tae AL pre

arity with the
Tae line 3338

 

h 
e-
e 
8 



 

 

 
 
 

 
 
 
Ta
 

P

ta
ta
lo
at
so
g
zm
pt
pt
vv
b
m
pv

 
 
 
In 
pre
 
The

 
Figure 3. Con

able 1. Sequenc

arameter 

ae 
ae Agra 
ocal 
th  
of 
ma  
ma  
tc 
ta  
vi  
ra  

mtr  
vu  

silico predic
e-miR159a an

e  sequences

td. 

ce identity matrix

tae 
tae

lo

ID 

0.642 

0.566 0
0.575 0
0.454 0
0.613 0
0.5 0

0.479 0
0.479 0
0.549 0
0.505 0
0.545 0

ction of sec
nd pre-miR11

  of Tae  line3

x of pre-miR159

e Agra 
ocal 

ath

ID 
 

.826 ID

.434 0.39

.515 0.52

.463 0.41

.559 0.56
0.43 0.4
.434 0.43
.776 0.90
.564 0.56

0.59 0.61

condary loo
123    

3338  pre-miR

9a. 

h sof 

D 
94 ID 
24 0.443 
19 0.846 
62 0.418 

43 0.418 
33 0.382 
09 0.394 
63 0.403 
19 0.397 

p structure 

R159a  and T

gma zm

ID 
0.474 ID
0.672 0.4
0.395 0.47
0.434 0.39
0.533 0.4
0.686 0.4
0.771 0.42

of 

Tae 

line 3
Regis
to pr
MFO

ma ptc 

D 
45 ID 
72 0.466 
96 0.42 
19 0.592 

43 0.639 
22 0.701 

3338 pre-miR
stry database
redict the s
LDROOT se

Gup

pta vv

 

ID 
0.415 ID
0.417 0.4
0.45 0.4
0.433 0.4

R1123 were d
e (http://miRN
secondary st
econdary stru

pta and Prave

vi bra 

D 
18 ID 
65 0.558 

45 0.607 

downloaded 
NA.sanger.ac.
tem loop str
ucture predic

een          3155

 

mtr pvu

ID 
0.751 ID 

from miRNAs
.uk) and used
ructure using
ction software

5 

s 
d 
g 
e



 

 

315
 
 
 

 
F
re
3

 
 
 
(htt
Com
miR
ans

56          Afr. J

igure 4. Comp
eported line Tae
338 (D) Stem lo

tp://www.bioin
mparison of s
R159a with Ta
s B and that o

J. Biotechnol.

parison of seco
e 3338. (B) Ste
oop structure fro

nfo.rpi.edu/ap
secondary str
ae AL pre-miR
of Tae line 33

ondary stem loo
m loop structur

om Agra local w

pplications/mfo
ructure of Tae
R159a is sho
38 pre-miR11

op structure of 
re from Agra loc

wheat cultivar (Ta

old). 
e line 3338 p
wn in Figure 
123 with Tae 

f pre-miR159a 
cal wheat cultiva

Tae AL). 

pre-
4A 
AL 

pre-m
struct
miRN
throu

and pre-miR11
ar (Tae AL). (C

miR1123 in F
ture indicate

NA at 3’ end
ghout  the ba

123 in wheat. (
C) Stem loop str

Figure 4C an
s the presen

d and variou
ackbone. Thes

(A) Stem loop 
ructure from rep

d D. This se
nce of conse

us other cons
se conserved

structure from 
ported line Tae 

econdary loop
erved mature
served motifs

d  motifs migh

p 
e 
s 

ht 



 

 

 
 
 
 
be playing important role in processing.  
 
 
DISCUSSION 
 
To date, limited evidence is available about the origi-
nation of miRNA genes in plant genomes. The 
characteristic stem loop structure and the functional 
mode by which miRNAs pair with their target genes 
support the hypothesis that the de novo generation of 
miRNA genes is related to their target genes (Allen et al., 
2004). Sequence divergence in miRNA backbone among 
different plant species maintain with the fold back 
structure and recognition by DCL1. Among various plant 
species the sequence divergence continued until the 
point that the miRNA:miRNA* forming a duplex were 
maintained. Till date no specific model has been 
proposed on sequence similarity between miRNA genes. 
In plants, miRNA gene of same family are often scattered 
throughout the genome indicating the shuffling since the 
amplification of these families. 

Mature miR159a is found to be nearly conserved 
across the species although the passenger strand 
showed 30-35% variability. Mature miR1123 sequences 
are 100% conserved in two genotypes of the same 
species. The duplex miRNA strands (guide: passenger) 
in the stem loop structure of pre-miRNA showed a similar 
pattern within the species which differs across species. 
The overall sequence identity matrix showed variation 
from 43-82% with no such species specific consideration. 
These results suggest that sequence variation in the 
backbone maintains two important features: (1) mature 
miRNA fold back structure and (2) sequence required for 
its processing. 
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