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ABSTRACT
MicroRNAs (miRNAs) are a class of short and endogenously initiated non-coding RNAs that post-
transcriptionally control gene expression via either translational repression or mRNA degradation. Mature
miRNAs are reported to be highly conserved throughout the plant kingdom; therefore, comparative

genomics approaches are used to predict the novel miRNA genes and their target genes. In this study,
bioinformatics and laboratory approaches followed by the EST and miRNA sequences in the databases
for chicory species were employed for the identification of potential miRNAs and their potential targets
either in Cichorium intybus or Cichorium endivia. To identify the potential miRNAs in the C. intybus and
C. endivia, all the publicly available EST sequences of the plant were blasted against the previously
known Plant miRNAs. Ultimately, four novel miRNAs belonging to four different families of miR166,
miR156, miR162 and miR393 were identified. Also, a large number of genes, such as 7/R/, Squamusa
promoter binding proteins genes were identified as target genes of these miRNAs. Furthermore, the
results of Real Time PCR showed that the transcriptional activities of miR156 in the leaf tissue of C.
endivia are extremely high, not only than those observed for flower tissue of the same species, but also as
compared with the leaf and flower tissues of the another species of C. intybus.
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Table 1. Identification of homology search of C. intybus C. EST against other organism miRNAs

miRNA EST Identity ~ AliLength mismatch g-start q-end s-start s-end  e-value
ath-miR393b-3p  EH705516.1 100 19 0 1 19 133 151 2.00E-07
ath-miR393b-3p  EH708787.1 100 19 0 1 19 165 183 2.00E-07
ath-miR5021 EH690608.1 100 18 0 3 20 1 18 7.00E-07
bdi-miR162 EH697729.1 100 19 0 1 19 200 218 2.00E-07
bdi-miR162 EH705786.1 100 19 0 1 19 200 218 2.00E-07
bdi-miR162 EH705869.1 100 19 0 1 19 200 218 2.00E-07
bdi-miR166e-3p  EH673915.1 100 20 0 2 21 180 199  5.00E-08
bdi-miR166e-3p  EH692022.1 100 19 0 1 19 200 218 2.00E-07
bdi-miR166e-3p  EH704864.1 100 19 0 2 20 175 193 2.00E-07
bna-miR156a EH683240.1 100 19 0 1 19 200 218 2.00E-07
crm-miR-2229b  FL682357.1 100 20 0 4 23 219 200  6.00E-08
gma-miR166h-3p EH673915.1 100 19 0 3 21 180 198  2.00E-07
gma-miR166h-3p  EH692022.1 100 20 0 1 20 199 218  5.00E-08
gma-miR166h-3p EH704864.1 100 19 0 3 21 175 193 2.00E-07
0sa-miR5082 FL680337.1 100 19 0 2 20 222 204  2.00E-07
mo-miR-331-5p  FL674541.1 100 19 0 1 19 56 38 2.00E-07
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Table 1. Identification of homology search of C. endivia C. EST against other organism miRNAs

miRNA EST Identity AliLength Mismatch g-start g-end s-start s-end E-value
ath-miR162a-5p EL355282.1 95.45 22 1 1 22 200 221 8.00E-07
ath-miR162a-5p EL357851.1 95.45 22 1 1 22 200 221 8.00E-07
ath-miR162a-5p EL364741.1 95.45 22 1 1 22 191 212 8.00E-07
ath-miR162a-5p EL365237.1 95.45 22 1 1 22 200 221 8.00E-07
ath-miR162a-5p EL366205.1 95.45 22 1 1 22 200 221 8.00E-07
ath-miR162a-5p EL369343.1 95.45 22 1 1 22 180 201 8.00E-07
ath-miR162a-5p EL369624.1 95.45 22 1 1 22 200 221 8.00E-07
bna-miR171g EL347264.1 95.45 22 1 1 22 200 221 8.00E-07
cme-miR156j EL345696.1 95.24 21 1 1 21 198 218 3.00E-06
han-miR3630-5p EL346114.1 95.45 22 1 1 22 200 221 8.00E-07
sme-miR-754c-2-3p  EL361505.1 100 20 0 1 20 200 219 6.00E-08
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Figure 2. Predicted stem-loop hairpin secondary structures of the newly potential miRNAs identified in C.
endivia that are generated by MFOLD. The mature miRNAs located in the secondary stem loop hairpin
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Table 3. Targets of the newly predicted miRNAs from coffee EST sequences, TAIR and AGI
. . GO annotation
miRNA Target protein Target ID Biological function Molecular function
Methyliransierase dependent on s- .
Methyltransferase de (;ndf:nt ons AT5G2618,1 rRNA methylation methyltransferase RNA
adenosyl L-methionine
mirl62 RING-H2 group F2A AT5G2000,1 Cell cycle regulation ... Irion binding
Cysteine proteinase AT1G10570.2 protein desumoylation ... endopeptidase SUMO specific
protease,
peroxidase AT2G18140.1 hydrogen peroxide catabolism perox1dz]13ti1[(l)(111i;11;1etal ron
ATP citrate lyase AT1G10670.3 coA biosynthesis ... ATP citrate synthase
DCLI TC400535 gene silencing, RNA Ribonuclease 11
processing
Squamusa promoter binding AT2G33810.1 increase of trans'crlptlon, Leaf binding transcription factor,
. proteins formation DNA
miR156 Serine / th ine ki
Protein kinase AT3G28690.1 erine Hreoline kinase
activity
proteins HD-ZIP TC392453 DNA and lipid binding
RNA binding glycine rich proteins TC370088 RNA binding
e . . . DNA and lipid binding,
transcription factors homeodomain TC359261 Cell differentiation ... L
miR166 transcription factor
AP2/B3 transcription factors AT1G49475.1 Transcription regulation DNA binding
MSLS AT3G14810.1 Ionic channel Anion transport
basic leucine zipper transcription AT2G36270.1 B transcription factor Positive transcnptlon
factor regulation
RNA-bmdmg (RRM/.RBD/RNP) AT5G19960.1 mRNA binding polyadenylation mRNA
motifs proteins
Phosphatidylinositol 3,4 kinase AT1G49340.2 Phosphatidylinositol kinase
phosphorylation
lektine kinase 3 receptor TC362950 Defensive response Serine / glcrggriltl}tle kinase
miR393b . Peptidyl tyrosine Protein Tyrosine / Serine /
Tyrosine phosphatase TC361553 dephosphorylation Threonine Phosphatase
Protein TRANSPORT INHIBITOR TC361747 auxin signaling pathway Auxin binding, auxin receptor
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Figure 3. Phylogenetic analysis of the newly predicted pre-miRNA sequences of two chicory species
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Figure 4. Detection of miRNA with conventional PCR. a: miR156, b: miR166
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Figure 5. Relative expression or miR156 in C. endivia and C. intybus. F-1: C. intybus flower; L-1: C.
intybus leaf;, F-E: C. endivia flower; L-E: C. endivia leaf.

Sae slags ST an byl Gy doa o5 )4
05 oSl & by )3 oo slag ond (o8
(DCLD) Sy potls deds ety oaiiS oS cla
slops g bjld Sl ATP g bajlessyy Oy
5 RNA & onigd Jaie ooy ocauSas
9 DNA & Jlail ;o J5o HD-ZIP (sl pus5g

i el 1) wad

REFERENCES

I S Ao
eyl acgeme S 5l (i cpl o
@lolis ol pBilesl slo g, 5 (Silosiils
2LS G55 50 0 byl Bua slagys 5 LlmiRNA
&l 5l a5 C. endivia o C. intybus ol gulS
solaiul aiws U,Jy.al O9Z (oo Lng&,,Jyl.Lo )

1. Din, M., Barozai, M. Y. K. & Baloch, I. A. (2014). Identification and functional analysis of new
conserved microRNAs and their targets in potato (Solanum tuberosum L.). Turkish Journal of

Botany, 38(6), 1199-1213.

2. Devi, K. J., Chakraborty, S., Deb, B. & Rajwanshi, R. (2016). Computational identification and
functional annotation of microRNAs and their targets from expressed sequence tags (ESTs) and
genome survey sequences (GSSs) of coffee (Coffea arabica L.). Plant Gene, 6, 30-42.

3. Das, S., Vasudeva, N. & Sharma, S. (2016). C. intybus: A concise report on its ethnomedicinal,
botanical, and phytopharmacological aspects. Drug Development and Therapeutics, 7(1), 1.

4. De Paola, D., Cattonaro, F., Pignone, D. & Sonnante, G. (2012). The miRNAome of globe artichoke:
conserved and novel micro RNAs and target analysis. BMC Genomics, 13(1), 41.



10.

11.

s g0 y0 o] Gua lays g la(MIRNA) microRNA  olulis o) Ko 5 (> 5 4z )lox e

. Pérez-Quintero, A. L., Sablok, G., Tatarinova, T. V., Conesa, A., Kuo, J. & Lopez, C. (2012). Mining

of miRNAs and potential targets from gene oriented clusters of transcripts sequences of the anti-
malarial plant, Artemisia annua. Biotechnology Letters, 34(4), 737-745.

Reinhart, B. J., Weinstein, E. G., Rhoades, M. W., Bartel, B. & Bartel, D. P. (2002). MicroRNAs in
plants. Genes & Development, 16(13), 1616-1626.

Song, C., Fang, J., Li, X., Liu, H. & Chao, C. T. (2009). Identification and characterization of 27
conserved microRNAs in citrus. Planta, 230(4), 671-685.

Varkonyi-Gasic, E., Wu, R., Wood, M., Walton, E. F. & Hellens, R. P. (2007). Protocol: a highly
sensitive RT-PCR method for detection and quantification of microRNAs. Plant Methods, 3(1), 12.
Xie, F. L., Huang, S. Q., Guo, K., Xiang, A. L., Zhu, Y. Y., Nie, L. & Yang, Z. M. (2007).
Computational identification of novel microRNAs and targets in Brassica napus. Febs Letters, 581(7),
1464-1474.

Zhang, B., Pan, X. & Anderson, T. A. (2006). Identification of 188 conserved maize microRNAs and
their targets. FEBS Letters, 580(15), 3753-3762.

Zhou, Z. S., Wang, S. J. & Yang, Z. M. (2008). Biological detection and analysis of mercury toxicity
to alfalfa (Medicago sativa) plants. Chemosphere, 70(8), 1500-1509.



