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AB STRACT : Re cently, MicroRNAs (miRNAs) have been shown to be im por tant reg u la tor of genes in many
or gan isms and have been im pli cated in a grow ing num ber of dis eases. MiRNA are ~22 nt se quences. C.
annuum is a well known plant in the world. A to tal of 1,18,578 Ex pressed Se quence Tags (EST) of C. annuum
were mined from da ta base of EST’s (dbEST) and pro cessed through Seqclean, 490 se quences were trashed
and rest of 1,18,088 se quences were masked through RepeatMasker. Contigs were ob tained by pro cess ing
masked se quences through TGICL. A to tal no. of 25 pu ta tive microRNA’s  with  sig nif i cant sim i lar ity with the
plant miRNA  of closely re lated spe cies of C. annuum.  Ma jor ity of the pre dicted miRNAs were of 24, 23 and 22
nu cleo tides in length. The po ten tial tar get of these miRNAs were miRNAs en cod ing en zymes regulating
es sen tial plant met a bolic path ways in clud ing the pu ta tive tran scrip tion fac tor, oxygenases, dis ease re sis tance
pro teins, wound-re spon sive fam ily pro tein, early E3 ubiquitin ligase, Rho bind ing fam ily pro teins and mostly
are re lated to the re sponses to the bi otic stresses and stress signaling in plants
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Cap si cum annuum is a do mes ti cated spe cies of
the plant ge nus Cap si cum be longs to fam ily
solanaceae. It is the most com mon and ex ten sively
cul ti vated of the five do mes ti cated cap si cums
en com passes a wide va ri ety of shapes and sizes of
pep pers, both mild and hot, rang ing from bell pep pers
to chilli pep pers. The miRNAs are a class of small
reg u la tory RNAs, which neg a tively reg u late gene
ex pres sion at the post transcriptional lev els by bind ing
tar get mRNAs for mRNA cleav age or in hi bi tion of
mRNA trans la tion (Zhang et al., 10). Many
in ves ti ga tions have shown that miRNAs play an
im por tant role in a va ri ety of bi o log i cal and met a bolic
pro cesses in plants and an i mals (Car ring ton and
Ambros, 4; Ambros and Chen, 3; Zhang et al., 12). In
plants, miRNAs func tion to con trol tis sue (leaf, root,
stem, and flower) dif fer en ti a tion and de vel op ment,
phase switch ing from veg e ta tive growth to re pro duc tive 
growth, sig nal transduction, and the re sponse to bi otic
and abiotic stress (e.g., sa lin ity, drought, and
patho gens) (Chen, 5; Zhang et al. 10). Since, the first
miRNAs were dis cov ered in plants in 2002 (Park et al.
8; Reinhart et al. 9), sev eral hun dred miRNAs have
been iden ti fied in plants by com pu ta tional and
ex per i men tal ap proaches (Zhang et al. 11). How ever,
in Solanaceae, lim ited re search has been at tempted to

elu ci date the role of miRNAs in growth and
de vel op ment, more over, pu ta tive tar get genes
reg u lated by miRNAs have not yet been iden ti fied. The
ex ten sive evo lu tion ary con ser va tion of miRNA pro vides 
a pow er ful ap proach to their iden ti fi ca tion us ing
com par a tive genomics. Us ing this strat egy, we re cently 
de vel oped an ex pressed se quence tag (EST) and a
ge nome sur vey se quence (GSS) ap proach to iden tify
miRNAs (Pan et al., 7). There are sev eral sig nif i cant
ad van tages of us ing EST anal y sis for iden ti fy ing
miRNAs: (1) EST anal y sis can be em ployed to iden tify
con served miRNAs not only in model spe cies, whose
genomes have been pub lished, but also in spe cies for
which only EST se quences have been de ter mined; (2)
EST anal y sis pro vides di rect ev i dence for miRNA
ex pres sion that can not be in ferred from genomic
se quence sur veys since EST are de rived from
tran scribed se quences (mRNA) (Ad ams et al., 1;
Matukumalli et al., 6; Altschul et al., 2). Al though
sev eral com pu ta tional pro grams have been de vel oped
for pre dict ing miRNAs, all these pro grams are based
on ge nome se quences and re quire that these
pro grams run in di vid u ally on a com puter; there is no
any clue on their ex pres sion of miRNAs pre dicted by
these pro grams (Zhang et al., 11). Thus, the dif fi culty
re lated to ge nome-based miRNA pre dic tion is
rem e died by EST based anal y ses. Based on these
three ad van tages, EST anal y sis will sig nif i cantly
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en hance our abil ity to iden tify miRNAs and to
in ves ti gate miRNA struc ture, func tion and evo lu tion.
Cur rently, 1,15,878 Cap si cum annuum ESTs have
been de pos ited in Na tional Cen ter for Bio tech nol ogy
In for ma tion (NCBI). The num ber of miRNAs ob tained
by EST anal y sis de pends on three fac tors: num ber of
pre vi ously known miRNAs, con ser va tion of miRNA
se quence and struc ture, and the num ber of ESTs in the 
database. EST analysis makes it possible to rapidly
study miRNAs and their functions in species for which
the genome sequences are not well known, which
would be impossible using traditional computational
approaches.

MA TE RI ALS AND METH ODS 

For iden ti fi ca tion of miRNA’s in Cap si cum annuum 
in-house pipe line was de vel oped. A set of pro grams
were com bined sys tem at i cally for the iden ti fi ca tion of
miRNA’s. EST se quences down loaded from dbEST
(Ex pressed se quence da ta base pres ent at NCBI). 
Sev eral fil ter ing steps (Fig . 1) were ap plied in this EST
based com pu ta tional ap proach for re li able pre dic tion of 
miRNA and their tar gets.

RE SULTS AND DIS CUS SION

A to tal of 25 miRNAs were iden ti fied us ing EST
based com pu ta tional ap proaches in Cap si cum
Annuum. These miRNA se quences were num bered
ac cord ingly (Ta ble 1). Dif fer ent char ac ter is tic val ues of
these iden ti fied miRNA along with their po ten tial tar gets 
were also recorded. 

In silico iden ti fi ca tion of miRNA from
Cap si cum annuum

In the pres ent study pre vi ously de signed pipe line
was im proved. Thus, EST based com pu ta tional
ap proach was used with sev eral fil ter ing steps that
iden ti fied the po ten tial miRNAs in a sen si tive and
spe cific man ner. In this ap proach af ter pass ing the
118578 raw EST se quences of Cap si cum annuum
through SeqClean, 118088 ESTs in out put, 5,302
se quences in trimmed and 490 se quences in trashed
with trash code were ob tained. Seqclean out put
con tained log file, .cln file and .clean file. Log file
con tained the sum mary of the pro cess, .cln file
con tained trim ming and trash ing de tails and clean file
con tained only valid and trimmed se quences. The
vec tor con tam i nat ing se quences were re moved by
SeqClean. Now this seqcl_se quences_fasta.clean file
was the next in put for RepeatMasker. It con tained
118088 se quences and three main file were ob tained
viz., .tbl, .masked and .out file, in which .tbl file showed
the whole pro cess and .masked file showed masked
se quences. Through RepeatMasker 1.57% bases
were masked. The masked se quences were
pro cessed through TGICL. In pres ent ap proach, the
most pop u lar soft ware tool, CAP3 for EST clus ter ing
was merged with TGICL. Through TGICL, 12070
contigs and 10515 sin gle tons were ob tained. Though,
the un aligned as sem bled ESTs may rep re sent low
qual ity sin gle tons and thus sin gle tons can also be the
source of some miRNAs. Thus, sin gle tons were
merged into contigs and fi nally the da ta base of contigs
was gen er ated. The fi nal contigs da ta base was blasted 
with the ma ture miRNA se quences of Solanum fam ily
which are pub licly avail able at http://www.mirbase.org/. 
To tal 25 miRNAs of Cap si cum annuum were iden ti fied
based on their at least 80% identity (Table 1). 

Char ac ter iza tion of Iden ti fied miRNA

In pres ent study, our main fo cus was to iden tify
and an a lyze some miRNAs re lated to re sponses to
bi otic stresses from Cap si cum annuum. We
computationally char ac ter ized all 25 pre dicted
miRNAs. Dif fer ent val ues such as size, A+U (%),
MFEs, scores and hy brid iza tion en er gies of the
pre dicted miRNAs were re corded in ad di tion to their
po ten tial tar gets (Ta ble 1). Out of 25 pre dicted miRNAs, 
ap prox i mate size of miRNA was 23-24 nu cle o tide.
Other char ac ter is tic fea tures of these ma ture plant
miRNA such as se quence starts with ‘U’ and more than
50% A+U con tent, lower min i mal fold ing free en ergy
(MFE) and hy brid iza tion en ergy Zhang et al., 11) were
also re corded. Out of 25 miRNAs, ma jor ity of miRNAs
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Fig. 1 : Computational approach for microRNA (miRNA)
       prediction in Capsicum annuum.



were hav ing more than 50% A+U con tent, 16 miRNAs
se quences were started with ‘U’ which shows their
pos si bil ity of ex is tence in the chilli plant (Table 1).

Based on the pre dicted tar gets of these miRNAs
and other above men tioned char ac ter is tic fea tures,
sev eral po ten tial miRNAs were iden ti fied, which might
be re lated to any dis ease re sponse (Ta ble 1). Fur ther

val i da tion of these miRNA tar gets can be done
ex per i men tally. 
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Table 1 : List of predicted miRNAs of Capsicum annuum, their sizes, minimum folding energy, hybridization
       energy and their predicted targets.

Identified
miRNA

miRNA Sequence (5’-3’) Size (nt),
A+U (%)

Minimum
folding
energy
(MFE) 

Hybridizati
on energy
(Kcal/mol)

Predicted targets

chilli-miR-1 UGCCUGGCUCCCUGCAUGCCA 21, 33.3 -4.0 -29.91 E3 ubiquitin ligase

chilli-miR-2 UCCACAGGCUUUCUUGAACGG 21, 47 -0.8 -20.77 Homeodomain-like superfamily
protein

chilli-miR-3 UUGACAGAAGAGAGAGAGCAC 21, 52.8 3.5 -22.87 purine permease 4

chilli-miR-4 AGGCAGUGGCUUGGUUAAGGG 21, 42.8 -2.1 -21.70 O-methyltransferase 1

chilli-miR-5 UGUGGGUGGGGUGGAAAGAUU 21, 47 2.5 -22.29 RNA-binding (RRM/RBD/RNP
motifs) family protein

chilli-miR-6 UGCCUGGCUCCCUGCAUGCCA 21, 33.3 -4.0 -29.90 E3 ubiquitin ligase

chilli-miR-7 CUCGGAGAGGGAAGAACGCGGUG 22, 36.36 -1.3 -25.58 2-oxoglutarate (2OG) and
Fe(II)-dependent oxygenase
superfamily protein

chilli-miR-8 CCUAGGAAAUGAGAAAACUCGGC 23, 56.52 -1.7 -24.90 pentatricopeptide repeat 336

chilli-miR-9 UGAAAGACAAGGGUAGUGAGAUG 23, 56.52 1.4 -21.67 xyloglucan
endotransglucosylase/hydrolase 8

chilli-miR-10 CAUCAGAAUUCAUGGAGGCUAG 23, 52.17 -0.3 -22.05 PAK-box/P21-Rho-binding family
protein

chilli-miR-11 UCUUUGGUUGUUUAGCUAUAUGA 23, 65.2 -1.1 -21.58 NO TARGET

chilli-miR-12 UAAAGGCUGUUAUGCUUAUUUUUG 24, 70.83 -3.2 -20.81 Coproporphyrinogen III oxidase

chilli-miR-13 AAGUUUGGACUUAAAUUUGGUAAC 23, 73.91 -0.3 -27.47 dicer-like 1

chilli-miR-14 UGAGUAUUACAUCAGGUACUGGU 23, 60.87 -2.7 -24.95 NO TARGET

chilli-miR-15 UCGGGAAGGCAGCUGCGGCGGACU 23, 30.48 -1.7 -20.29 Coproporphyrinogen III oxidase

chilli-miR-16 UGAUUUGAAGUUUAUGAAUGUUGUA 24, 79.16 1.7 -29.49 dicer-like 1

chilli-miR-17 UGAAGAUGCACCAGAUGUUGAGAGGCC 27, 48.14 0.7 -26.49 NO TARGET

chilli-miR-18 UCGAAUUUUUACCCUUUUUUGGUCU 25, 68 -0.9 -24.01 purine permease 4

chilli-miR-19 CGACAACAACAACAAGAAGAAGAG 24, 58.33 0.0 -29.14 PPDK regulatory protein

chilli-miR-20 UAUAGAGAGCAGGAAGAUUAAUGU 24, 62.5 1 -30.99 purine permease 4

chilli-miR-21 UGGGGGAGCCAUGAGAUAAGAGCA 24, 45.83 -2.3 -24.87 Homeodomain-like superfamily
protein

chilli-miR-22 UGAUUCGAACGUCACCAUCCAACA 23, 56.52 -0.6 -26.72 Coproporphyrinogen III oxidase

chilli-miR-23 GGAGGAGGUAGAGGGUGGUGGAAUU 24, 45.83 2.0 -20.40 2-oxoglutarate (2OG) and
Fe(II)-dependent oxygenase
superfamily protein

chilli-miR-24 GAUGAAGAAGUGGAAGGAAGAAGA 24, 58.3 2.5 -26.29 E3 ubiquitin ligase

chilli-miR-25 UCACAACCUCCUUGAGUGAGUUGA 24, 54.16 -1.9 -20.14 Protein kinase superfamily protein
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