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Sz o5 53 e glalis bl S5s-) Jse
Tablel. Characteristics of miRNAs identified in S. khuzistanica

Aos Sty Jsb U Jsb Sl JIs
Busbm it g b E _:)
GC Gl cas) U L cas) aas glalis
Mature miRNA  Unigene GC MFE Pre-miRNA miRNA miRNA sequence
MFEI AMFE E value
name name Percent (kcal/mol) length(bp) length(bp) identified
5'ACGCAGGAGA
miR391 Dn27508 40.91 -51.5 -1.43 -58.52 88 19 0.001
GAUGAUGCC3'
S'UUAGAUUCACG
miR403 Dn44525 37.74 -65.7 -1.09 -41.32 159 22 5.39E-06
CACAAACUCGU3’
S'UACUACUCCCU
miR1128 Dn15524 40.18 -80.1 -1.78 -71.52 112 19 2.89E-04
CCGUCCCA3
S'UCCUAAAUACU
miR5049 Dn63908 44.74 -49.6 -1.46 -65.26 76 21 2.71E-05
UGUUGUUGGG3’
S'UGAAGCUGCCA
miR167b Dn50227 47.32 -43.4 -0.82 -38.75 112 22 8.90E-06
GCAUGAUCUA3'
5'UAGCCAAGGAU
miR169 Dn17216 36.75 -70.92 -1.00 -36.67 234 21 2.80E-05
GACUUGCCUA3’
S'UGAUUGAGCCG
miR171 Dn30225 45.92 -55.2 -1.23 -56.33 98 21 1.48E-04
UGCCAAUAUC3'
S'UCAUUGAGUGC
miR397 Dn29624 42.98 -48.0 -0.98 -42.11 114 21 0.000063
AGCGUUGAUG3’
S'UGAAGCUGCCA
miR167d Dn35116 50.94 -52.9 -0.98 -49.91 106 22 6.74E-06
GCAUGAUCUUA3'
S'UCGGACCAGG
miR166 Dn14771 56.00 -49.2 -1.17 -65.60 75 22 7.27E-06
CuucAuUuccccu’

S20556 5T 5 Blos asle MFEL sasmomas s, 55 al5T 53,1 Jslas AMFE S5, 535 5051 (5551 Jslas -MFE
MFE: Minimum free energy; AMFE: Minimum Folding free Energy; MFEI: Minimum fold energy index
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Figure 2. Target genes set enrichment analysis in the molcular function category of 10 identified miRNAs
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Figure 4. Target genes set enrichment analysis in the cellular compounds category of 10 identified miRNAs
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Figure 5. Pathway Enrichment of the target genes of 10 identified miRNA

te 3l S MEED L bl e Sl i W s 2l 3l
SO TR O N W N N N J A Ty
A7 5 Lt oS s e ol iy Olllas as gt
5 S MFEL hls al8 b ,w sbaslein 3l o)
G Gl ans bl S e o s /8 ke
ams e ol |y 8, MFEL s\ (Pseudo-hairpins)

55> 5« (Viridiplantae) LS Abgllwe b Jls »

bl e Clel S&l 4 ar g L s anslie miRBase s
bl lels s aacbls o0 4 28
S K8 Sl Wlye Sl G b
5 N e CL‘ sl ¢l J(Zhang et al., 2006a)

2l



e slays s BRNA S, wlls

Sl saz oyl o0l @v‘g 5 Jes slags ol
MiR403 ,, , s adlae s (Mishra et al., 2015)
5 ool L5 G 350 1, AGO2 55 L e cal oS sl olis
350 o s o LB S WS IS ol ol
5> MIR397 .(Harvey et al., 2011) cuwl sus axls
5 Gl 0 Cdile glad Sy lad g s S ray
Gas |, LACI7 5 LACA LAC2 (laps i ,sbay
miR397 ;5 o (Wang et al., 2014) sas o )l 3
oo a0le ) 8 25 4 el glaanl b 5o iy
» (Shriramet al., 2016) w35 (5550 5 JlSas
Sl e e SSlus Joisase @l
S s it 450 Gbcd b juesn 5 Sl
oy ol s gn a1y snd plelis Sl e Gaa 5500
5\ s i 3 e 2 3550 5 g s | S
Gupta et al., ) sl calbe 456 slcd e s
3550 03 fS sba badsn 5 a4l olS 5 als (2017
s Sl e e 93wl 48 85 adlllas
—m e SFN e 5 Ol s Joli by 5 a5
IS 4 Ol clg s & el Dlas-0 54h)
Ml dae 0 b Slady Jemsi) siile sl
Bl oyipe sloasls ol wpie Jitd (Sl
Olandy Jol S ol Giliie sbajl ol s Jss by
LIS JZ 5 FPP) Sy s w6 (GPP)
oelS (Liang et al., 2002) .S o (GGPP) wlaws o
Jols Ygams balidy g oy a5 Jleb b slol s
(GGR) 5kS5s, Jol 8 Jul 3 oalils 5 ola3kSy 550,05
U B 3,50 (ATAG3B460.1) w5l ool o iz
¢l (Meadows et al., 2018) 5,8 .« Ll 3 MiR5049
“ir SOl il Dl sy s 53 Loy 5 il
fragrans) s o 5n3 o3l 51 LS 3 wised gl S
g s > MIR167 5 mMIR160 . (Osmanthus
oS S 2 el 3 TR CH | ESV A PSTE
&S az el glas (Catharanthus roseus) s »  2s,l0
et s w5 53 0535 MIRNA Gus sWARF

AR

S ob plas a4t ksl o, (Bonnet et al., 2004)
Uy plelis ool Jlae cazn Lons pllis b .
Jsb mos ol calk. (Axtell et al., 2011) HlS s
slslegin dob mis b oadle ) gbobw sl
o\las s oS (Patanun et al., 2013) HlS bl .
& o Sl L e o)ls Clllae sas 51F cnie
S5l s3T5 Jlas IS 5e, e SLRNA L
5 o 4wl MFEI (Bonnet et al., 2004) &)ls (¢ xS
b Use s IS —V/VA b o —/AY aials 53 adllas o)
SN ICEVRN RN R FVO BT VA T VIR < W
5 (=+/0%) IRNA (~-/F) tRNA |, MFEI 5
Zhang et al., ) sy xS (—+/#Y b —-/#%) MRNA
s glelis Sl i bl e &S s o olas 5 (2006
Gy o455 sbes S s bl S Vi
el sl S Ypane (5 Gl Sl o s
Sy e Sps b Sl ol 3l Jlas . aiS e sl
s ol ol ol 1wl oS bl
Jliod %LU e oShigs 3 05054 Saal  o3lal Jslas
Axtell etal., ) s> o ol 53115 Ol gme b e o 2o
Glgmn 50 3l o8l ens 4l adlls s (2011
YL GC (gl b gl 5o Wl e Slai i 53 55 AU
Dhandapani ) cul sas (i, 8 56 b Sldlas 53 4S5
Cp e s 39y Jolos Bas sbys o o (etal, 2011
WS 5l s S ol tiols Lolasil s a1y )3 slaw
PRSI Hﬁv BERPNYI PSRt J RPN T
5s8L el s (Lan Thi Hoang et al., 2017) 41> sugs
-”;g_s* gmme Sl ) 51 S olsiea ARF s 5555
orzad 5 olS sal y Sis A 4 C‘“\‘ (siadey 5 &S
Guptaetal., ) s,ls (285 o) SIS 5 el 4 oy
ARF8 5 ARF6 il oSl samspnly slags (2014
Gas GRAS lays MiR167a Gl clay; aless)
5 ARF16 lay5 5 (Huang et al., 2017) miR171b
53 (Yoon et al., 2010) sxes MiIR391 Gus ARFL7
s S8 LS s MIR1ET s 4 SlWlae 5 (b



\ay

future perspectives. Critical Reviews in Plant
Sciences. 25: 417-440.

—Fan, R, Li, Y. Li, C. and Zhang, Y. 2015.
Differential microRNA analysis of glandular
trichomes and young leaves in Xanthium strumarium
L. reveals their putative roles in regulating terpenoid
biosynthesis. PL0oS One. 10(9), p.e0139002.

— Goossens, A., Hakkinen, ST., Laakso, I., Seppéanen-
Laakso, T., Biondi, S., De Sutter, V., Lammertyn,
F., Nuutila, AM., Soderlund, H. and Zabeau, M.
2003. A functional genomics approach toward the
understanding of secondary metabolism in plant
cells. Proceedings of the National Academy of
Sciences. 100 (14): 8595-8600.

— Guigon, I., Legrand, S., Berthelot, JF., Bini, S,
Lanselle, D., Benmounah, M. and Touzet, H. 2019.
miRkwood: a tool for the reliable identification of
microRNAS in plant genomes. BMC Genomics. 20:
1-9.

— Gupta, O., Sharma, P., Gupta, R. and Sharma, |. 2014.
MicroRNA mediated regulation of metal toxicity in
plants: present status and future perspectives. Plant
Molecular Biology. 84: 1-18.

— Gupta, OP., Karkute, SG., Banerjee, S., Meena, NL.
and Dahuja, A. 2017. Contemporary understanding
of miRNA-based regulation of secondary
metabolites biosynthesis in plants. Frontiers in Plant
Science. 8: 374.

— Haas, BJ., Papanicolaou, A., Yassour, M., Grabherr,
M., Blood, PD., Bowden, J., Couger, MB., Eccles,
D., Li, B. and Lieber, M. 2013. De novo transcript
sequence reconstruction from RNA-seq using the
Trinity platform for reference generation and
analysis. Nature Protocols. 8: 1494-1512.

— Hao, DC., Chen, SL., Xiao, PG. and Liu, M. 2012.
Application of high-throughput sequencing in
medicinal plant transcriptome studies. Drug
Development Research. 73: 487-498.

— Harvey, JJ., Lewsey, MG., Patel, K., Westwood, J.,
Heimstadt, S., Carr, JP. and Baulcombe, DC. 2011.
An antiviral defense role of AGO2 in plants. PloS
one. 6: e14639.

— Huang, W., Peng, S., Xian, Z., Lin, D., Hu, G., Yang,
L., Ren, M. and Li, Z. 2017. Overexpression of a
tomato miR171 target gene SI GRAS 24 impacts
multiple agronomical traits via regulating gibberellin
and auxin homeostasis. Plant Biotechnology Journal.
15: 472-488.

— Jamzad, Z. 1994. A new species of the genus Satureja
(Labiatae) from Iran. Iranian Journal of Botany. 6:
215-8.

— Lan Thi Hoang, X., Du Nhi, NH., Binh Anh Thu, N.,
Phuong Thao, N. and Phan Tran, LS. 2017.
Transcription factors and their roles in signal

¥ osles XA s ol ) JKr 5 50 0LLS PNl 5 K5 Ol ale 4 2

Ga b b 5 Wb i adss s Jea) a5
2y s cpl G2 a5 b, 550y s ARFL6
(Shenetal., 2017) uS o 58 o ALS a5l

Somins » G Slulse 3 S b adllas
L;u\...a\.....a e fﬁ%ff'Jg"‘""Jg swesls d—’;j’ 3l u;\.w».a:
52 gl Jlanl Glai 5 Glasss o5 oS ol e
g oazme 52 el aiils iz (6 e sn B e r....h.;
G e o Loes sa G.L...,LM sl e Gua bys

e o Sdple anlp s Jeke anlp ey S
A4 (Fm) Al b ates Ho ) e &.L‘\.;.:: sl . Gl

38 ey son ol sl olanl s
AL.E Q\ c’\.u 9 b.)‘,.g "}J‘ &.ﬁ)‘) b\.ﬁg ).) \Jjuﬂ &L.u\.l..u

Dy .,\.n:\f':- o\,f Q,[‘ BL AUJ\J‘ s

ool 8590 2ol

— Axtell, MJ., Westholm, JO. and Lai, EC. 2011. Vive
la différence: biogenesis and evolution of
microRNAs in plants and animals. Genome Biology.
12:1-13.

— Bonnet, E., Wuyts, J., Rouzé, P. and Van de Peer, Y.
2004. Evidence that microRNA precursors, unlike
other non-coding RNAs, have lower folding free
energies than random sequences. Bioinformatics. 20:
2911-2917.

— Castel, SE., Martienssen, RA., 2013. RNA
interference in the nucleus: roles for small RNAs in
transcription, epigenetics and beyond. Nature
Reviews Genetics, 14: 100-112.

— Dai, X. and Zhao, PX. 2011. psRNATarget: a plant
small RNA target analysis server. Nucleic Acids
Research. 39: W155-W159.

— Dhandapani, V., Ramchiary, N., Paul, P., Kim, J.,
Choi, SH., Lee, J., Hur, Y. and Lim, YP. 2011.
Identification of potential microRNAs and their
targets in Brassica rapa L. Molecules and Cells. 32:
21-37.

— Dudareva, N., Negre, F., Nagegowda, DA. and
Orlova, 1. 2006. Plant volatiles: recent advances and



e slays s BRNA S, wlls

and metabolite profiling in Satureja khuzistanica in
response to drought stress. lIranian Journal of
Rangelands and Forests Plant Breeding and Genetic
Research. 25(2): 232-246. (In Persian).

\4¥

transduction in plants under abiotic stresses. Current
genomics. 18: 483-497.

- Li, L., Xu, J., Yang, D., Tan, X. and Wang, H. 2010.

Computational approaches for microRNA studies: a
review. Mammalian Genome. 21: 1-12.

— Shen, E., Singh, S., Ghosh, J., Patra, B., Paul, P,
Yuan, L. and Pattanaik, S. 2017. The miRNAome of
Catharanthus  roseus: identification, expression
analysis, and potential roles of microRNAs in
regulation of terpenoid indole alkaloid biosynthesis.

— Liang. PH., Ko, TP. and Wang, AHJ. 2002. Structure,
mechanism and function of prenyltransferases.
European Journal of Biochemistry. 269(14): 3339-54.

— Mehta, A., Gupta, H., Rawal, R., Mankad, A., Tiwari,

Scientific reports. 7, 43027.

— Shriram, V., Kumar, V., Devarumath, RM., Khare,

TS. and Wani, SH. 2016. MicroRNAs as potential
targets for abiotic stress tolerance in plants. Frontiers
in Plant Science, 7: 817.

— Singh, N., Srivastava, S., Shasany, A.K. and Sharma,
A. 2016. Identification of mMiRNAs and their targets
involved in the secondary metabolic pathways of
Mentha spp. Computational Biology and Chemistry,
64, pp.154-162.

— Sohrabi, S., Ismaili, A., Nazarian firouz abadi, F. and

Fallahi, H. 2019. Identification and characterization
of conserved miRNAs in lentil. Journal of Molecular
and Cellular Research (Iranian Journal of Biology),
32(4): 606-616. (In Persian).

— Wang, CY., Zhang, S., Yu, Y., Luo, YC., Liu, Q., Ju,
C., Zhang, YC., Qu, LH., Lucas, WJ. and Wang, X.
2014. MiR397b regulates both lignin content and
seed number in Arabidopsis via modulating a
laccase involved in lignin biosynthesis. Plant
Biotechnology Journal. 12: 1132-1142.

—Wang, M., Wang, Q. and Wang, B. 2012.
Identification and characterization of microRNAs in
Asiatic cotton (Gossypium arboreum L.). PLoS One.
7:e33696.

- Yoon, EK,, Yang, JH., Lim, J., Kim, SH., Kim, SK. and
Lee, WS. 2010. Auxin regulation of the
microRNA390-dependent transacting small interfering
RNA pathway in Arabidopsis lateral root development.
Nucleic Acids Research. 38: 1382-1391.

— Zhang, B., Pan, X., Cannon, CH., Cobb, GP. and
Anderson, TA. 2006a. Conservation and divergence
of plant microRNA genes. The Plant Journal. 46:
243-259.

— Zhang, B., Pan, X., Cobb, GP. and Anderson, TA.
2006b. Plant microRNA: a small regulatory
molecule with big impact. Developmental Biology.

T., Patel, M. and Ghosh, A. 2016. In silico
microRNA identification from stevia rebaudiana
transcriptome assembly. European Journal of
Medicinal Plants. 1-14.

— Meadows, CW., Mingardon, F., Garabedian, BM.,

Baidoo, EEK., Benites, VT., Rodrigues, AV,
Abourjeily, R., Chanal, A. and Lee, TS. 2018.
Discovery of novel geranylgeranyl reductases and
characterization of their substrate promiscuity.
Biotechnology for Biofuels. 11: 340.

— Mirjani, L., Salimi, A., Matinizadeh, M., Razavi, K.

and Shahbazi, M. 2018. Effective factors on
micropropagation of medicinal plant of Satureja
khuzistanica. lranian Journal of Rangelands and
Forests Plant Breeding and Genetic Research. 26
(1): 53-62 . (In Persian).

— Mishra, AK., Duraisamy, GS., Tycova, A. and

Matousek, J. 2015. Computational exploration of
microRNAs from expressed sequence tags of
Humulus lupulus, target predictions and expression
analysis. Computational Biology and Chemistry. 59:
131-141.

— Naghavi, MR. and Karimi, AA. 2018. Identification

of miRNAs and their target genes in red clover
(Trifolium pretense). Iranian Journal of Rangelands
and Forests Plant Breeding and Genetic Research.
26(2): 156-164. (In Persian).

— Patanun, O., Lertpanyasampatha, M., Sojikul, P.,

Viboonjun, U. and Narangajavana, J. 2013.
Computational identification of microRNAs and
their targets in cassava (Manihot esculenta Crantz.).
Molecular Biotechnology. 53: 257-269.

— Reimand, J., Arak, T., Adler, P., Kolberg, L.,

Reisberg, S., Peterson, H. and Vilo, J. 2016. g:
Profiler—a web server for functional interpretation
of gene lists (2016 update). Nucleic acids research.
44: \W83-W89.

289: 3-16. — Sefidkon, F., Jamzad, Z. and Mirza, M. 2004.
— Zhang, B., Pan, X., Cox, S., Cobb, G. and Anderson, Chemical variation in the essential oil of Satureja
T. 2006¢. Evidence that miRNAs are different from sahendica from Iran. Food chemistry. 88: 325-328.
other RNAs. Cellular and Molecular Life Sciences — Shariat, A., Karimzadeh, G., Assareh, MH. and
CMLS. 63: 246-254. Hadian, J. 2017. Variations of physiological indices



195 Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research, Vol. 29, No.2, 2021

Identification of microRNAs and related target genes in Satureja khuzistanica Jamzad

S. Shams!, A. Ismaili*", F. Nazarian Firouz-Abadi’, H. Mumivand*

1- PhD graduated, Dept. Production Engineering and Plant Genetics, Faculty of Agriculture, Lorestan University, Khorramabad,
I.R. Iran.

2*- Corresponding author, Prof., Dept. Production Engineering and Plant Genetics, Faculty of Agriculture, Lorestan University,
Khorramabad, I.R. Iran, E-mail: ismaili.a@lu.ac.ir

3- Prof., Dept. Production Engineering and Plant Genetics, Faculty of Agriculture, Lorestan University, Khorramabad, I.R. Iran.

4- Assist. Prof., Dept. Horticultural Sciences, Faculty of Agriculture, Lorestan University, Khorramabad, I.R. Iran

Received: 13.06.2021 Accepted: 08.11.2021

Abstract

MicroRNAs (miRNAs) are one of the small and non-coding regulatory molecules, which
regulate gene expression by transcriptional cleavage or translational suppression. miRNAs are
involved in regulating a wide range of metabolic and physiological processes in plants.The
Lamiaceae family plants, especially Satureja khuzistanica, are well known herbs for its flavor,
fragrance and medicinal properties. To date, no miRNAs have been identified in Satureja
species. In present study, a computational approach based on homology search was used to
identify miRNAs and their targets of Satureja khuzistanica. Non-coding unigenes were
identified and considered for candidates of miRNAs precursor. After evaluating the general
parameters such as GC bases percentage, minimum folding free energy (MFE), minimum free
energy index (MFEI) and secondary structure, 58 miRNAs were identified, which among them,
by applying plant specific parameters and filtring the miRNAs from several transcripts, overall
ten miRNAs were identified. Then, 930 target transcripts were predicted using psRNATarget
website and the annotation of them was performed using BLASTX tools of NCBI Blast+
software (v2.6.0). Examination of target genes showed that auxin-responsive genes, GRAS
((Gibberlic-acid insensitive (GAI), Rspressor of GAl (RGA) and Scarerow (SCR), AGO2
(Argonaute 2) and LAC (Laccase) family genes are the main targets of the identified miRNAS in
S. khuzistanica. Pathway enrichment analysis of the target genes revealed that the secondary
metabolic pathway is significantly among the targets of the identified miRNASs. This is the first
study describing miRNAs and their role in the regulation of target genes in S. khuzistanica.
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