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Abstract

MicroRNAs (miRNAs), a class of regulatory RNAs, are tiny, non-protein coding and about 18 to 26 nucleotides long.
They are involved in the posttranscriptional gene regulation. Their conserved nature among various organisms makes them a
worthy foundation for the prediction of novel miRNAs by computational comparative genomics approach. This study
resulted in 16 miRNAs belonging to 13 families; miR 156, 159, 160, 162, 166, 171, 172, 390, 395, 397, 535, 1310 and 4221
for the first time in Artemisia annua. All 16 miRNA precursors are observed with stable secondary structures and the mature
miRNAs found in stem region of the stem loop structures. Their targets consist of transcription factors like; APETALAZ2,

WRKY3, DELLA, MYB and hypothetical proteins.
Introduction

Artemisia L., of the family Asteraceae, found in the
temperate regions of the northern hemisphere, in arid
and semiarid climates areas.The genus has a great
economic importance as medicinal resource, flavouring
agent, antibacterial, antifedant and antimalarial activities
(Ihsan-ul-hag et al., 2012). MicroRNAs (miRNAs) are
small about 18-26 nucleotides long, and non-protein
coding (Mica et al., 2006). They are conserved in
various plant and animal species (Wang et al., 2012;
Barozai, 2012a). They are the gene regulation player to
control the expression of messenger RNAs (mMRNAS)
(Carrington & Ambros, 2003). They generate from a
folded stem-loop structures called as Precursor miRNAs
(pre-miRNASs). A short double-stranded RNA (dsRNA)
is created by detaching the loop of pre-miRNAs. The
mature miRNA is one of the single strand of the dsSRNA
that later integrate into the RNA induced silencing
complex (RISC) (Bai et al., 2012). The RISC complex
containing miRNA has the ability to negatively regulate
the mRNA expression either by inhibiting translation
process or by causing its destruction. This depends on
the stringency of the miRNA complementarity to its
mRNA target (Tang et al., 2003).

In plant and animal species the miRNAs regulate
various life processes like; growth & development, organ
development, inactivation of the inserted gene, signaling
pathway, environmental stresses and resist the attacking
viruses (Aukerman & Sakai, 2003; Chen et al., 2012).

Among majority of animals and plants, miRNAs
showed conserved nature (Barozai et al., 2011a; 2011b;
Barozai, 2012b). This conservation of the miRNAs
brings a chance for the prediction and identification of
new homolog miRNASs in other species.

As according to the microRNA Registry Database
(Version Rfam 16.0 released Sept. 2010) (Griffiths-
Jones, 2004), there is no miRNA repository for the
Artemisia annua. The current research is aimed to find
potential miRNAs in Artemisia annua. This effort is
resulted 16 novel miRNAs for the first time in Artemisia
annua. These miRNAs belong to 13 miRNA families.
Further their targets were also identified.

Materials and Methods

Identification of Artemisia annua candidate sequences:
The Barozai et al., (2008) methodology after some
modification is used to predict the Artemisia annua
potential miRNAs. The candidate sequences containing
Pre-miRNAs of A. annua were identified, using known
plant pre-miRNAs from the microRNA Registry Database
(\Version Rfam 16.0 released Sept. 2010) (Griffiths-Jones,
2004), with the help of Blastn algorithm (Altschul et al.,
1990). The A. annua Expressed Sequence Tags (ESTs)
form the EST database publically available at
http://blast.ncbi.nlm.nih.gov/Blast.cgi. were mined to find
the candidate sequences. The candidate sequences in
FASTA formats having a range of 0-4 mature miRNAs
mismatches were saved. These sequences were further
subjected to develop a single tone EST.

To validate as non-protein coding the initial candidate
A. annua miRNA sequences were blast for protein
homology search in the protein database at National
Center for Biotechnology Information (NCBI) through
Blastx program (Stephen et al., 1997).

Creation of stem-loop structures for the Artemisia
annua candidate sequences: The RNA folding
algorithm, MFOLD (version 3.2) (Zuker, 2003), was used
to predict the stem-loop structures for the candidate’s
sequences. The same parameters as used earlier (Barozai.
2012c) were applied. The stem portion of the secondary
structures were checked for the mature sequences with at
least 10 base pairs involved in Watson-Crick or G/U base
pairing between the mature miRNA and the opposite
strand (MIRNA*).

Conservation and phylogenetic analysis: The A. annua
miRNA (miR-156) conservation and Phylogenetic
analysis with Brassica napus, Arabidopsis thaliana and
Populus trichocarpa orthologues was carried out by
applying weblogo program: a sequence logo generator
(Crooks et al., 2004) and ClustalW to initiate cladogram
tree using neighbor joining clustering method (Larkin et
al., 2007) respectively.

Prediction of A. annua miRNA targets: The A. annua
miRNA targets were predicted using the NCBI Blastn
program (Altschul, 1990) and RNA-hybrid, a miRNA target
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prediction tool (Kruger & Rehmsmeier, 2006) in similar way
as reported for other organism (Barozai, 2012d). Briefly, the
mature miRNA sequences as queries were subjected to Blast
program and the sequences showing 75% query coverage
were selected and subjected to RNA-hybrid for the
confirmation. The results were saved.

Results and Discussion

The novel identified A. annua miRNAs: Total 16 novel
miRNAs in A. annua were identified from the available
ESTs applying the computational genomics approach.
These miRNAs belong to 13 miRNA families; mir 156,
159, 160, 162, 166, 171, 172, 390, 395, 397, 535, 1310
and 4221. The computational comparative genomics
approaches are proven techniques for the new interesting
findings in plants (Barozai & Husnain, 2011; Barozai &
Wahid, 2012; Barozai et al., 2012). Maximum three
miRNAs are found from miR 156 family followed by 2 in
miR 390. All the novel A. annua miRNAs annotated as a
valid candidate after satisfying the empirical formula for
biogenesis and expression of the miRNAs, suggested by
Ambrose et al., (2003). The novel A. annua pre-miRNAs
satisfied the three criteria (B, C and D) of the Ambrose et
al., (2003). In such type studies the fulfilling of the only
criterion D is enough for homologous sequences to
validate as new miRNAs in different species.

A. annua miRNAs Characterization: According to
MFOLD (Zuker, 2003), the novel identified A. annua pre-
miRNAs have minimum folding free energies (mfe)
ranges from -9.1 to -58.6 Kcal mol™ with an average of
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Fig. 1. The novel A. annua miRNA secondary structures
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about -31.8 Kcal mol™. The pre-miRNAs length ranges
from 51-178 nt with an average of 88 nt. The mature
miRNA sequences length ranges from 20-23 nt. Majority
(62.5%) of the A. annua miRNAs have 21nt length,
followed by 20nt (18.8%), 22nt (12.5%) and 19nt (6.2%).
Majority (43.8%) of the A. annua miRNAs are observed
perfectly conserved with O mismatches with their
homologs, followed by 1 (31%), 2 (12.5%), 3 (6%) and 4
(6%) mismatches. Majority of A. annua miRNAs are
located on the 5’ (62.5%) followed by 3’ (37.5%) arms of
the pre-miRNAs as illustrated in Fig. 1. The A. annua
miRNAs characterization such as source miRNAs, pre-
miRNAs length (PL), minimum free folding energies
(MFE), mature miRNA sequences (MS), number of
mismatches (NM), mature sequence length (ML), source
ESTs (SE), mature sequence arm (MSA) and GC
percentage are summarized in Table 1. All the mature
sequences of A. annua miRNAs are observed in the stem
region of the stem-loop structures, as shown in Fig. 1. The
novel A. annua miRNA stem-loop structures were
observed with at least 11-21 nucleotides engaged in
Watson-Crick or G/U base pairings between the mature
miRNA and the opposite arms (miRNAs*) in the stem
region. These results are in agreement with previously
reported works by many researcher groups (Barozi et al.,
2008; Barozai et al., 2011c; Wang et al., 2012).

To confirm the new A. annua miRNAs as solid
candidates of miRNAs, the connection between them and
known protein is very important. The A. annua miRNAs
have showed no homology with known proteins. Similar
results were reported for plant and animal miRNAs
(Barozai et al., 2008; Barozai, 2012b).
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The A. annua pre-miRNAs secondary structures are predicted using Mfold algorithm. These structures are clearly showing that mature
miRNAs in stem region of the stem-loop structures, highlighted with parallel lines and in color.
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Table 1. Characterization of the novel identified A. annua miRNAs.

fﬁf&”&? nfioélﬁfis PL  MFE MS NM ML SE MSA  GC%
aan-MIR156a  aly-MIR156a 60  -12.30 Ui’éi’éigé%@ 1 20 EYL2709 5 4333
aan-MIR156b  aly-MIR156a 69  -20.30 Ui’éi’éiéé%@ 1 20 EY094777 5 5942
anMIRIS6c bnaMIRISGa 86 3730 U o CPASASA o o1 Eziasel 5 3953
aan-MIR159  pvu-MIR159a 178  -58.60 UGUGfGACUAUC%AGAGGG 3 21 EZ205405 3 4270
anMIRIGO  Wi-MIRI6Oe 51 3230  CooCUSSERECC g a1 Eviosess 5 6666
aan-MIR162  sly-MIR162 106  -37.50 UCUGC'?CUAAUA&'%E\%UC 0 21 EZ141250 3 4245
aan-MIR166  ptc-MIR166q 92 -42.60 S iss 1 21 Ez182127 3 4780
anMIRLTL  cchMIRLZL 54 1760  CORUNCASERSCE o a1 Evorrar 5 s370
anMIRLT2  ahMIRL72a 112 -4g0  ACQAUCLLEAYG 0 21 Ezioess 3 3571
anMIR390a  athMIR3%0a 96 4350  AACCUCRGBASEG g o1 Ezzoarer 5 4063
aan-MIR390b  ath-MIR3%0a 87  -40.40 AAGACGJ:C?CGC?CACGGG 0 21 EZ215022 5 4368
aan-MIR395  o0sa-miR3%50 121  -26.13 AUG:GAGCTA?CUUUCUGG 1 21 Ez347884 3 3884
aan-MIR397  sly-MIR397 79  -37.40 AUUSCSXSSQGCG 0 20 EZ179528 5 3923
aan-MIR535  pab-MIRS35 80  -9.10 Ueﬁgﬁgéﬁgég% 2 22 EY095515 5 4500
aan-MIR1310  pta-MIR1310 78  -29.40 GGCﬁxggggg_ﬁCGc 2 22 EZ285930 5  57.70
aan-MIR4221  aly-MIR4221 59  -16.1 AAG’;GUUUUGCA"AA%:‘AUU 4 23 EYOT1372 3 2372

The novel identified A. annua miRNAs were characterized in terms of PL= Precursor miRNA length, MFE= Minimum free energy,
MS= Mature sequence, NM= Number of mismatches (represented in bold & enlarged font size), ML= Mature sequence length,

MSA= Mature sequence arm, SE= Source EST and GC % = GC percentage

Conservation and Phylogenetic analysis of A. annua
miRNAs: The novel A. annua miRNAs were further
annotated in terms of conservation and phylogenetic
analysis. Conservation was observed for the A. annua
(aan) (miR-156) with Arabidopsis thaliana (ath), Brassica
napus (bna) and Populus trichocarpa (ptc) miRNAs as
shown in Fig. 2. Similar findings were given by Barozai
et al., in plants (Barozai et al., 2008). The Phylogenetic
analysis of the same miRNA (miR-156) sequences have
showed that the A. annua is more closed to Brassica
napus (bna) than the Arabidopsis thaliana (ath) and
Populus trichocarpa (ptc) as shown in Fig. 3.

A. annua miRNA targets: The prediction of the newly
identified A. annua miRNA targets is a crucial step for
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Fig. 2. The A. annua miRNA conservation studies.
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strong validation of computationally identified miRNAs.
Total 14 targets were annotated for the novel identified A.
annua miRNAs, using a combination of Blast and RNA
hybrid algorithms as shown in Table 2. Almost all of these
targets are already reported as miRNA targets in other plant
and animal species (Barozai et al., 2011c; Barozai. 2012c).
Many targeted proteins of plant miRNAs belong to the
transcription factors (Wang et al., 2012; Barozai et al.,
2013). Same targets family is predicted for A. annua
miRNAs. The newly identified A. annua miRNAs 156,
160, 162 and 172 target APETALA2, WRKY3, DELLA,
MYB-related and WRKY1 ftranscription  factors
respectively. Other A. annua miRNAs target hypothetical
proteins. Similar findings are reported for various plants
(Barozai et al., 2008; Chen et al., 2012; Wang et al., 2012).
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Alignment of pre-miRNAs (156) of A. annua with Arabidopsis thaliana (ath), Brassica napus (bna) and Populus trichocarpa (ptc) miRNAs,
using Weblogo: a sequence logo generator, showing miRNA sequences conservation. The mature sequences highlighted in a box.
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Table 2. Putative A. annua miRNA target. The A. annua miRNA families and their putative targets, predicted
with the help of Blastn and RNA- hybrid tools are represented. The targeted proteins function,
Genbank Acc. And RNA-hybrid results are also provided.

A. annua Micro
RNA family

Targets

Function

| Genbank Acc.# |

RNA-Hybrid Result

156

156

159

160

162

166

171

172

390

395

397

535

1310

4221

APETALAZ transcription factor

WRKY 3 transcription factor

Hypothetical protein

DELLA protein

MY B-related transcription factor

Hypothetical protein

Hypothetical protein

WRKY transcription factor 1

Hypothetical protein

Hypothetical protein

Hypothetical protein

Hypothetical Protein

Hypothetical Protein

Hypothetical protein

ACY74336

GU299481

EZ320956

GQ468552

GQ468553

EZ211664

EZ349102

FJ390842

EZ283822

EZ274318

EZ182168

EZ304086

EZ345678

EZ208022

target 5' U

target5’A U GCUG G AA C3

GUG CUCAU CU CU UGUCA
CAC GAGUG GA GA ACAGU
miRNA 3'A A AG &
target5* A GAGAG AA U3Z
GCUUACU UUU CUGUCA
CGAGUGA A AA GACAGU
miRNA 3'ACA G G 5
target5'U A UC A A3
GG GCUCCCUUU UC ACA
UC CGAGGGAAG AG UGU
miRNA 3'G A uu G %
target5’U GU A U AZ
GGCGU GCAG AGCCG GCA
CCGUA UGUC UCGGU caU
miRNA 3' ccC Cc %

target5'A CCA UGUU GCC C 3

UGG AUGU GGAGG GUC
ACC UACG UCUCC UAG
miRNA 3'G AAA CU¥5
target5’ CGG UC A G3
G UG GUC GG CCAG
C AC CGG CC GGUU
miRNA 3'UUCUU UU AA ¥
target5 G A C A3
AUUG GC CG GC CAAU
UAAC CG GC CG GUUA
miRNA 3'CUA C A GU¥Y
target5' C CcC G3
UAGC CGUCAAGG uucuU
GUCG GUAGUUCU AAGA
miRNA 3'UAC UA 5'
target5A C G c3
GC UUGUU UUCUUG GCuuU
CG GAUAG GAGGAC CGAA
mRNA3ICC G U &5
target5* A UUUU cuzyd
UUCCUC CAAACUCUC
AAGGAG GUUUGAG AG
miRNA 3'CUC A UAYS
target5' G AUGAUU C3
CG CAGCGUUG CUCAG
GU GUUGCGAC GAGUU
miRNA 3'A A GU A5
GUACC GGA G C3
CG GCUCUC CUU UGCA
GC CGAGAG GAG ACGU
mRNA3ICA A AAGA 5
target5' G us

AGGGCGUUGCGCCCCCGAUGCC

UCCCGCAACGCGGGGGCUACGG
miRNA 3' 5
target 5' A G AZY%

UUUCAAUAAUUUA GAACU
AAAGUUAUUAAAU CUUGA
miRNA 3'A A GAAS
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bna- MIR 156

aan- MIR 156
ath- MIR 156

Fig. 3. The A. annua miRNA phylogenetic analysis.

pic- MIR 156

The Phylogenetic analysis of the pre-miRNA (156) of A. annua (aan) with Arabidopsis thaliana (ath), Brassica napus (bna) and
Populus trichocarpa (ptc) miRNAs, was done with the help of ClustalW and cladogram tree was generated using neighbor joining
clustering method. The Phylogenetic tree showed that on the basis of pre-miRNA sequences, the A. annua (aan) is more closed to
Brassica napus (bna) than the Arabidopsis thaliana (ath) and Populus trichocarpa (ptc).

Conclusion

Total 16 miRNAs belonging to 13 families are reported
here in Artemisia species. These results will be a valuable
resource in elucidating the gene regulation mechanism in the
Artemisia. It also supports the bioinformatics method for
new pre-miRNAs documentation from plant species whose
genome is not yet sequenced. These miRNAs can be utilized
in the medicinal aspect of this plant species.
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