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Abstract

Objective

Abiotic stresses such as drought and salinity significantly affect plant growth and
performance. Plants use strategies to adapt and tolerate drought and salt stress that may
threaten their survival during their life cycle, one of which is miRNA-mediated post-
transcriptional regulation.

Materials and methods

In the current research, miRNAs that showed significant expression during salt and
drought stress were selected by checking the references to investigate this phenomenon
in rapeseed plants. The phylogenetic tree was constructed to analyze and compare the
evolutionary relationships and conservation of MicroRNA effective in drought and
salinity stress in Brassica napus, Brassica rapa, and Brassica oleracea species. Target
genes for selected miRNAs were identified using psRNATarget online software.
Categorization and gene ontology of target genes and identification of biological

pathways were accomplished; also, proteins were classified based on molecular function


https://orcid.org/0000-0001-9614-1630
https://orcid.org/0000-0002-6439-0496
https://orcid.org/0000-0002-7533-0827

and biological processes. The Protein-protein interaction was analyzed to
comprehensively interpret the relationships between the target genes. In the present study,
225 target genes for miRNAs were identified.

Results

After examining the protein interaction network, it was found that there were the most
interactions between ribosomal, proteasome subunits, and the ubiquitin-proteasome
system. This result determined that drought and salinity stress leads to the activation of
various biological systems and pathways and changes in gene expression along with the
activation of the protein synthesis machine and alterations in protein content. By
activating post-transcriptional gene regulation (PTGR) and post-translational
modifications (PTMs), the plant regulates the abundance, activities, intracellular
distribution, and transport of regulatory proteins involved in various growth processes as
well as stress response.

Conclusion

The results of this study will lead to a broader perspective regarding stress and its effect
on the pathways involved in cellular processes and will reveal the wide dimensions of the
stress response.
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Table 1. The list of selected microRNAs related to drought and salinity stress and their

references
MiRNAs oAS gy ol O g9 references e
Plant stress
Brassica napus ] .
Brassica juncea g 9 Suis Barrera-Figueroa et al. 2012; Khraiwesh et )
miR156 Oryza sativa Drought and al. 2012; Carnavale Bottino et al. 2013;
Saccharum ssp salt (Bhardwaj et al. 2014; Jian et al. 2016
Arabidopsis thaliana
Brassica napus . .
Triticum aestivum g 9 Suis Barrera-Figueroa et al. 2012; Khraiwesh et )
miR169 Saccharum ssp Drought and  al. 2012; Gentile et al. 2015; Akdogan et al.
Oryza sativa salt (2016; Jian et al. 2016
Arabidopsis thaliana
Brassica napus .
) Saccharum ssp a9 9 SIS Zhou et al. 2010b; Khraiwesh et al. 2012; )
miR171 - Drought and : :
Oryza sativa (Gentile et al. 2015; Jian et al. 2016
Arabidopsis thaliana salt
_ Brassica napus i Zhou et al. 2010b; Gentile et al. 2015; Jian )
miR172 Oryza sativa | 2016
Saccharum ssp Drought (etal.
miR395 Brassica napus 2 (Akdogan et al. 2016; Jian et al. 2016)
Triticum aestivum Drought
miR393 Brassica oleracea S5 (Tian et al. 2014; Jian et al. 2016)
Brassica napus salt
1iR395 Brassica oleracea Syph Khraiwesh et al. 2012; Tian et al. 2014; )
Arabidopsis thaliana salt (Pegler et al. 2021
. Sipd 5 Sis
. Brassica napus T
miR399 Arabidopsis thaliana Drought and (Baek et al. 2016; Jian et al. 2016)
salt
o9 5 (S _
miR860 Brassica napus Drought and (Jian et al. 2016)
salt
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Gupta et al. 2019; Taghvaei ) cé,5 1,5 sl 590 ,/,S5 V- -+ LBOOLStraP (505 5 (NJ) (Soluwor—Jlasl 34,
(etal. 2019

oMl 8l SeS a4y @b GLMIRNA & by gloJly 5l oolizal b Bud g5 o i
sl 5 olS 4 be e DFCI Gene Index (BNGI, version 5) jl eslizul L ¥+ VY asws pSRNATarget
Dai et al. 2018; Mohsenzadeh Golfazani et al. ) s bl 5,8 i slayiolyb jl ooliall b s (sl
(2022b

SaS b B (gl bt s o2 9 (SA40d 18R (S5 (63 ;oS yaanns 9 o Uil Sl (oav 33
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9 PR Copon | ikidyge hlis jliel Sl jadli ogh e 03 G T b el Jol a4 ol nl 3 a5
Jolss oy a5 olai 09,8 pasuie ¢l (SZKlarczyk et al. 2018; Taghvaei et al. 2022) ws gl +/¥
L5 odliul Y/A aswas Cytoscape jéle s > (Y MCC zg,) CytoHubba il 5l sy ,50uG by jiiSebp o

(Shannon et al. 2003; Mohsenzadeh Golfazani et al. 2022a)

7 Multiple Alignment

8 Gene Ontology (GO)

? Protein-protein interaction networks
10 Minimum required interaction score
' Maximal clique centrality
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9w § Swid Widd U b o Brassica napus microRNA &L g adgl sl JIgi .Y Jois
Table 2. Primary and mature sequences of Brassica napus microRNAs associated with

drought and salinity stress

: , 9, iy
miRNAs Primary sequences «J, Jis v Jy
Y 5€q 45y Mature sequences
ba-MIR156¢ MI0006484 :
GGGAGUGAUGCAGGUUGUUGACAGAAGAUAGAGAGCACUAAGGAUGAC | bna-miR156¢
AUGCAAGUACAAGGAUAUAAGGAAAUUCAAGAAAGAGAGGAAAAAAGA | MIMAT0005639
GCCUGCAUCUUUACUCUUUUGUGCUCUCUAUACUUCUGUCAAUACCAUU | UUGACAGAAGAUAG
AUUUAUUCCU AGAGCAC
bna-MIR156b MI0006481 bna-miR156b
_ UAGGUUUGAGAGUGAUGCUGGUUGUUGACAGAAGAUAGAGAGCACUAA | MIMATO0005636
miR156 GGAUGACAUGCAAGUACAUAUGUAUGUAUCAUCACACCGCCUGUGGAU | UUGACAGAAGAUAG
GAUUACAAAAAUAAAACCAAUUCAAAAGAGAGAGAGAGAGAGCCUGCA | AGAGCAC
UGUCUACUCUUUCGUGCUCUCUAUACUUCUGUCACCACCAUUAUUUCUU | bra-miR1seg
CUUCUUUCUUACCUA MIMAT0023616
bna-MIR156g MI0020263 UUGACAGAAGAUAG
CGUUGAUAGUGUUGACAGAAGAUAGAGAGCACAGAUGAUGAGAUGCAA | AGAGCAC
UUUGGAGCAGCUUGUAUGCAUCGUACUCCUUUGUGCUCUCUAGUCUUC
UGUCAUCACUCGUUACUUG
bna-MIRI69K MI0006467
AAACGGUGACAUGAAGAAUGAGAAGUUGUGUGGUAGCCAAGGAUGACU
UGCCUGCGUCUUAACACCAUAUCACAGACUUUAUCGAUAGUCUCUGAGU
UGGUUAGGCUGUAGGCAGUCUCCUCGGCUAUUCAGACACUCCUCUUUCU | o it 1eon
ccucAUUUC MIMAT0023629
bna-MIR169g MI0006463 MIMATO023622 JGAC
GAGAAACGGUGACAUGAAGAAUGAGAAGUUGUGUGGUAGCCAAGGAUG | SHSESAA
ACUUGCCUGCGUCUUUAACACCAUAUCAAAGACUUUAUCGAUAGUCUCU | pUGCEEE
GAGUUGGUUAGGCUGUAGGCAGUCUCCUUGGCUAUUCAGACACUCCUC | Pha-miR1690.
UUUCUCCUCAUUUCACAUUUCUC MM L0002 JGAC
bna-MIR169h MI0006464 cheecan
GAGAAAUGGUGACAUGAAGAAUGAGAAGUUGUGUGGUAGCCAAGGAUG | JUCCCOR,
ACUUGCCUGCGUCUUAGACCAUAUCUAUCAAAGACUAAAAGAUUGAUA | BamiR1est
GUCUUCGAUGAAUUGGUUAAUCGGUAGGCAGUCUCCUCGGCUAUUCAG | MIMATO008020 |
ACAGUUCUCUUUCUCCUCAUUUCACAUUUCUC UAGCCAAG
bna-MIR169 MI0006461 pusCCUe
GUUUCAGGCAGUCUCCUUGGCUAUCUUGACAUGCUUUUUUCUUCCAUG | RRa-mIRIESg
UUAUACCUUCUUUCUUUGUAUUUUUCGAAUCCAAAUAAUAUUUUUUUC | MIMATO00S618 |
UAUAAAUUUACUACGAAAAUCCUUUAAACAAUCUCUAACAAAGUAUGU | JHSSSHAS
UAUUAGAAAACUACCACUUUUUGCAUUUAUUACAAAUGCAUGUACGUG | paSCELGC
GUGAGUGUAUGCAUUCUUUAGAAGGAAAUGUCAAAGGUGAAUAGAAGA | DRa-mIRIEOL
AUCAUAUUUGGUAGCCAAGGAUGACUUGCCUAUUUCU A 2 UGAC
na- a
UGUGACCAAAGUAGUGUGCAGCCAAGGAUGACUUGCCGAUUUAAAAUA | JUCCCUCC
UCUGAUAAGUAUUUUAUUUCGUAUUUUAAAGAAAAAAAUCAUGAUCGG | Bna-miR16om.
CAAGUUGUCCUUGGCUAUACGUUUCUUUGUGUCGCG R e\ UGA
bna-MIR169i MI0006465 JGAGCCA
AGAGUCAUGUUUAGUAGCCAAGGAUGACUUGCCUGCUCUUUUUCACCU | SUUGECE
CCAUGAUUCAAUUUUAUGUACAGUUUUGGAUUACUAUGCUUCUAAAGA | Pra-miR1SSc.
GUAUAGUAAUUCAAAAUCUUGUUGAAUCUUUGAGGGUAACAGUUUCAG | MIMATO00%614 -
GCAGUCUCCUUGGCUAUCUUGACAUGCUUU uasccan
miR169 | bna-MIR169F MI0006462 GCCLS:
GUCAAAGAUGAAUAGGAGAAUUCUAUUUGGUAGCCAAGGAUGACUUGC | BRa-miRIEOL
CUACUUCUUUGCGAAGGAAAAUGGUCACGGUGUCAUGUUUGAAAGUGA | MIMATOO0S62L |
AUAUAUAUUUAUAAGAGUAUAUCAAUUAGUGACCAUUUUGCGUAUAAA | JEGCEAAG
AAGAUAUUAGGCAGUCUCCUUGGCUAUCCUUAUAUGUUCUUCUUUCUC | PUCEELEC
AUCUCAGAC MIMAT0005617
bna-MIR169c MI0006459 R R UGAC
AGAUGAAUAGAAGAAUCAUAUUUGGUAGCCAAGGAUGACUUGCCUAUU | UASEEAA
UCUUGAGAGUAAAAUGGGCAUGGUGUCAUGUUAAAAGUUACUGUAGGU | JUCCCUA,
AGUUUCAAUUUGACCAUUUUCCUUACAAAUGAUAUUAGGCAGUCUCCU | bramiRIesk
UGGCUAUCCUUAUAUGUUCUUCUCUCUCAUCU MM A 0005622 G AC
bna-MIR169n MI0020276 UASCCAAG
AGAAUUGCAUGAAGUGGAGUAGAGUAUAAUGCAGCCAAGGAUGACUUG | pUGCCLGC
CCGGAGGGUCGUUCAUCAUGCAUAAUAAUAUUGGUGAUGAACAUAAUU | BRa-miR168d
CUGGCAAGUUGCCCUUCGGCUACAUUUUGCUCUCUUCUACUCAUGCAAA | MIMATOO09ELS ¢
CUCUC
<bna-MIR169d MI0006460 Aty
GAAGGAGAUGUCAAAGAUGAAUAGGAGAUUUCUAUUUGGUAGCCAAGG | Pha-miR1boe
AUGACUUGCCUACUUCUUUGCGAAGGAAAAUGGUCACGGUGUCAUGUU | MIMATO00561E |\
UGAAAGUGAAUAUACAUUUUUAAGAGUAUAUCAAUUAGUGACCAUUUU | UASSSAA
GCGUAUAAAAAGAUAUUAGGCAGUCUCCUUGGCUAUCCUUAUAUGUUC | JUSCCUR,
UUCUUUCUCAUCUCAGACAUUUACCUUC R 10
bna-MIR169m MI0006469 MM A L0061 UG AC
UAUAUGUAUCAGAGAGUCAUGCAUGGGAAAAUAGAGAAUGAUAAUGAG | UHSSSHAS
CCAAAGAUGACUUGCCGAUUUUACCAAAGAAUUUAAAACUGAUAAUGG | JUSCCUGC
UGACUGGCAAGUCGACUUUGGCUCUGUUUCCUUCUCUUCUUUUCGAUG | BramiRlésa
UAAGACUCUAGAUAUCUAU
. CAGCCAAGGAUGAC
bna-MIR169] MI0006466 CAGCCAN
GUGUUUAGUAGCCAAGGAUGACUUGCCUGCUCUUGUUCACCUCCACGAU
UCAACUUUAUACGUUGAAGGGUUUUGGAUUAUUGUGCAUUCAACAUGU
AUAAUAAUUUGAAAUCAUGUUGAAUCUUUGUGGGUUAGGUUUCAGGCA
GUCUCCUUGGCUAUUUUGACAU
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bna-MIR169b M10006458
GUGACCAAAGUAGUGUGCAGCCAAGGAUGACUUGCCGAUUUGAAAUAU
AUUUUUAAUACUUUACUAAGACAUCUUUUCAGUUUCAAAUUUGUCUUG
GAGAGGCUAGGAAGAAAUUACAAUUUAUUUCGUAGUUUAAAGAAAAAA
UAUGAUCGGCAAGUUUUCCUUGGCUACAUGUUUCUUUGUGUCGC
bna-MIR169l M10006468
CAUGGCGAAAAGAGUCGUGUUUAGUAGCCAAGGAUGACUUGCCUGCUC
UUGUUCACCUCCACGAUUCAACUUUAUACGUUGAAGGGUUUUGGAUUA
UUGUGCAUUCAACAUGUAUAAUAAUUUGAAAUCAUGUUGAAUCUUUGU
RgggxﬁgGUUUCAGGCAGUCUCCUUGGCUAUUUUGACAUACUUUUUUC

bna-miR171c
MIMATO0005607
UUGAGCCGUGCCAA
bna-MIR171a MI10006450 UAUCACG
UGGUCAAGCGAGAUAUUAGUGCGGUUCAAUCAAAUAGUCUCACUCUUA bna-miR171a
GUUGAUAGAGAUUGAUUUUGUUCGAUUGAGCCGUGCCAAUAUCACGCA MIMATO0005605
UAUAACCA UUGAGCCGUGCCAA
bna-MIR171e MI10006454 UAUCACG
CAAUACGAGAUAUUGGUGUGGUUCAAUCAGAAAACCACACUCUUUUGU bna-miR171e
miR171 UGUAGAGAUCGGUUUGUUUGAUUGAGCCGUGCCAAUAUCACGAG MIMATO0005609
bna-MIR171d M10006453 UUGAGCCGUGCCAA
ACAAUGCGAGAUAUUGGUGCGGUUCAAUCAGAAAUCCACACUCUUUUG UAUCACG
UUGUAGAGAUCGGUUUGUUUGAUUGAGCCGUGCCAAUAUCACGAGUGU bna-miR171b
bna-MIR171b M10006451 MIMATO0005606
GGUAACGCGAGAUAUUAGUGCGGUUCAAUCAAAUAGUCGUGUUCUCAC UUGAGCCGUGCCAA
UUGAUAGAGAUCGGUUUUGUUCGAUUGAGCCGUGCCAAUAUCACGCGU UAUCACG
CAACC bna-miR171d
MIMATO0005608
UUGAGCCGUGCCAA
UAUCACG
bna-MIR172d MI10020277 bna-miR172d
mir172 | YUUUUGCUAUUGCAUCAUCAUCAAGAUUCAGAAAUCAUAUUCCUUGAU MIMATO0023630
GGGUUCUCCUUCGAGCCUGUCUUUUUUGGUUUGAGAAUCUUGAUGAUG AGAAUCUUGAUGAU
CUGCAGCGGCGAUUAAA GCUGCAG
bna-miR395d
bna-MIR395f M10020288 MIMATO0023639
GUCCUCUUGAGUUCCCUUUAACGCUUCAUUGUUCAGACUUGGUUGUCU CUGAAGUGUUUGGG
AAUAUCUACCGAUACAUCAACGUAAUGAACACUGAAGUGUUUGGGGGG GGGACUC
ACUCUAGGUGGC bna-miR395f
bna-MIR395d M10020286 MIMATO0023641
miR395 | GCCCCCAUGAGUUCCCUUUAACGCUUCAUUGUGAUUACUCCAGUCACAU | CUGAAGUGUUUGGG
UUAUUUUUCUUAAAUGUUUGGUCGAUUUUUGUAUACAACACUGAAGUG | GGGACUC
UUUGGGGGGACUCGUGGUGC bna-miR395e
bna-MIR395e M10020287 MIMATO0023640
CCCCUUGAGUUCCCUGAAACGCUUCAUUGUUCAUUACGUAGAUGUUUA CUGAAGUGUUUGGG
GUAAAUCAAUCUAAUGAACACUGAAGUGUUUGGGGGGACUCUAGGUGG | GGGACUC
bna-MIR399a MI0005774 bna-miR399b
ACAGGGCAAGAUCUCUAUUGGCAGAAAACCAUUACUUAGAUCUUUGCA MIMATO0023642
UCUCUUUCUGCAUUGAUUUGUAGUGAGUUCUCUGCCAAAGGAGAUUUG UGCCAAAGGAGAUU
CCCGGU UGCCCGG
bna-MIR399b M10020289 bna-miR399a
miR399 AUUACAGGGCAAGAUCUCUAUUGGCAGGAAACCAUUACUUGACCUUUG MIMATO0004449
CAUCUCUUUAUGCAUUGUUUUGUAGUGAGUUCUCUGCCAAAGGAGAUU UGCCAAAGGAGAUU
UGCCCGGUAAU UGCCCGG
bna-MIR399c M10020290 bna-miR399¢
AUUACAGGGCAAGAUCUCCUUUGGCAGGAAUCCAUUACUUCAGUCUUA MIMATO0023643
CAUAUGCAUAUAUGUUUGUGGUGAGCUCUCUGCCAAAGGAGAUUUGUC UGCCAAAGGAGAUU
CGGUAAU UGUCCGG
bna-MIR396a MI0005773 bna-miR396a
miR396 UUCCACAGCUUUCUUGAACUUUCUUUUUCAUUUCCCUUAUUUUASAGCG | MIMATO0004448
AAAUUAAAUAACUAAAAAUCUCUAACAUUUAACACUCUASAAAAAAAA UUCCACAGCUUUCU
AGCUCAASAAAGCUGUGGGA UGAACUU
bna-MIR393 MI0005772 bna-miR393
miR393 UCCAAAGGGAUCGCAUUGAUCCUAAUCAAGCUGAGUUAUUCCCGAAUA MIMATO0004447
AUUAUUUUAAUUUUUUCUCAAUGGAAAGAUAGAAAAAAAAAAUUUUGC | UCCAAAGGGAUCGC
UUCGUUUUCCGGAUCAUGCGAUCUCUUCGGA AUUGAUC
bna-MIR860 M10020292 bna-miR860
miR860 UGGUCAAGUGUAAUGUAUGUAGUCCAAUCUAUUGAAGUACUAGCACAC MIMATO0023645
CAUCUCUAGUGAGAUGAUGUGGUUGAGUAGUUCAAUACAUUGGACUAC UCAAUACAUUGGAC
AUAUAUUACUUUUGAUCAA UACAUAU

MIiCroRNA (sla JsUge isu ol ;5 (BMIRNA G59ld €& 35 pwy 9 (Sadcblis ow 0 (B

bna- bna-miR395 bna-miR393 bna-miR860 bna-miR169 bna-miR171 bna-miR156 _.L .l
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SolS5 (lay w y o sl )5 5148wy 3,90 Brassica napus oLs ,» bna-miR172 bna-miR399 miR396
2 Sgen i IS 5 gr9—d 9 Std 15,0 p3b pogde a5 wad ol GMIRNA 1 aws o 56l 4
BLASTN bl oyl .25 MiIRBase oS0 ;5 59550 Brassica oleracea Brassica rapa solis! sladss
S Sl a5 &b i s cé S g o Sl sladigS o > MIRBase oL 5 JL cMIRNA g
LMIRNA ) e sli 5454 B. oOleracea 4 B. rapa 445 o > aolie Jls za B. Napus gL smiRNA
» bNa-miR393 &5 sl s 4 i3S Sldllas 3g3900) b .39 DNA-MIR393 bna-miR399 bna-miR169 f.Ls
b as 158 5L cund I MIRNA o) 13 (Tian et al. 2014) .5 .5 Brassica oleracea oS > (gy98 s
ord olw s B rapa 455 ;> MIR156 sdlgls aSul 3439 b .o 115 3939 MIRBASE oKL 55 ol sae Jg by
o3lgls 4 3lxie DOI-MiR157a 4 bra-miR157a L 1, o JelS 4l 5 155" bna-miR156 &L Jig BLASTN Ll oy
B. rapa 4,5 ,» (MiR171a/b/c/d/e) miR171 oslgls Iy ls olis B. oleracea 4, B. rapa 445 45 ,» MiR157
bna- o ,p .05 ol Wi bol-miR171a g4 Lis B. oleracea 445 ,» g5 olw Ls bra-miR171a/b/c/d

B. » aolio Jlg e Jg o4 B. rapa, bra-miR395a/b/c/d L YL 4l 5 sxims Lz miR395d/e/f
> B. oleracea ,» 4 el 4lis B. rapa ,» bra-miR396-5p L bna-miR396a s s il Oleracea
o4 Brassica oleracea ols )> (syg (55,5 bNA-MIR396 4tsi5 aales 4 an 95 b dgng opl b oaiis el ol
<y 4 B. oleracea B. rapa «45 ¢ Jb sMIRNA L 135 bna-miR172d _4»,.» .(Tian et al. 2014) 15
35 135 bNa-miR860 cqulice )y .55 DOI-MiIR172b 4 bol-miR172a bra-miR172¢C L a4l i sximy i
SLMIRNA gl oo JIg 5 ,0m 54 Dra-miR860 alie Jlg (ol )ls B. rapa s ki MiRNA -l a8 sl olis
W59l 53 Sgls Shld (o s 2)90 o L5 D)lge (B p3 3 398 gl Lo 3 e g cpl a8 o i S pts
3 Sl dpen @l dgrg (ul b g (V USS) cily gy 2500 MIR3IB 1o ogasey Ciglis (nl cing: ol glo
oSS sl 5yl JL MIRNA & ygo 4 colys > g 5l isu ol sl LMIRNA S50 asb oYL Sus cblas
ol 53,Skos 1 & 45 b culpliy bl anlgs Gam MRNA (o 55 b Jlas (sl (53,8kes (415 5 015 "RISC
MIR156 o3lgls MIRNA )3 jogasy o5 ond 4l opl ) oYL S s cblis MIRNA Jlg 5l jiso
4 MIR395 3 MIR172 claolgls 3 Jb ol b g ,KouSy p suaie MolS a8 MIRB60 y MIR396 MiR171

46593 > MIRB6O gl Jlgs JolS > pots con] 3o 4G i odalin ALG g U LG wigilsy S egls sy

12 RNA-induced silencing complex
\RE
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Cowl w3590 GLMIRNA 1> 53, Slos pisy g dawd
Figure 1. The multiple alignments of the primary sequence of miRNAs in B. napus, B. rapa,

and B. oleracea plants were performed using the ClustalW plugin in Unipro UGENE
software. The red box indicates the conserved and functional sequence in the studied
mMiRNAs

3 olpee cpl 03y s> 3¢5 > 1, B. oleracea 4 B. rapa (lapgjgeq,S atws 93 yo &ly 3 1518 4l 4 av g5 b

Tian ) sgs oais yasuio B. Oleracea o5 ;s o MIR393 g MIR396 i 5,k jl i aseio 1515 )3 (g9 ¢ (Suis
Sy B rapa ol )3 (6y98 9 (Sid (i 50 S50 SMIRNA jlatod ol (i85 gl (w0 929 ol b (€t al. 2014
olS )3 (g9 5 (St i, gl 5l By (i oaiS ST Wl e WMIRNA (pl gy L) Jless] 4 cl iS5
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Figure 2. The phylogenetic tree of primary sequences of miRNAs in B. napus, B. rapa, and B. oleracea

84

26

99

MIR17Z

plants was constructed using MEGAX software with the neighbor-joining method and bootstrap test
with 1000 replications
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o ) ol 3Skes g5 «dum MRNA s MIRNA (s Jlail sy g0 535 4y (65908 o] (53,8Mas o (02 9 550
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aws oyl 5l a8 (¥ o) a5 ololis bNa-mMiR156 (ol Gan o5 FA wyp o) 4 > tbNA-MIR156
sl s (25268 DNA-MIR1SE (gl g o e 2 p3lSe oo 51 03 ¥V 5 o2 Jlae o380 5 51 05 &
squamosa promoter squamosa promoter binding protein-like 10(SPL10) (sla ;4 3leie)/0 Hlade b
g Squamosa promoter binding protein-like 15(SPL15) binding protein-like 2(SPL2)
PSRNATarget ;13810 5 SoS 4 bna-miR156 (5l ous bl Bax 5 .Y Jgas

Table 3. Target gene identified for bna-miR156 using psRNATarget

miRNA_Acc  Target Acc. Expectation Target start Target_end Inhibition  Gene names

bna-miR156¢ TC200337 15 1168 1188 Cleavage SPL10
bna-miR156¢ TC210178 15 1108 1128 Cleavage SPL2
bna-miR156¢ CX189447 15 290 310 Cleavage SPL15
bna-miR156¢ TC197337 2.5 429 449 Cleavage SPL13B
bna-miR156¢ TC163178 2.5 84 104 Cleavage aapl
bna-miR156¢ TC201789 2.5 51 71 Translation PSB28
bna-miR156¢ TC173904 3 687 707 Cleavage SC35
bna-miR156¢ TC177533 3 505 525 Cleavage SPL3
bna-miR156¢ TC209054 3 118 138 Cleavage VPS28-1
bna-miR156¢ TC198942 3.5 274 294 Cleavage ATJ8
bna-miR156¢ TC182301 35 1029 1049 Cleavage AL4
bna-miR156¢ GR444442 3.5 16 36 Cleavage MSH2
bna-miR156¢ TC178093 35 554 574 Cleavage RPP1C
bna-miR156¢ TC209692 3.5 10 30 Cleavage CCX3
bna-miR156¢ TC169034 3.5 634 654 Cleavage SPL3
bna-miR156¢ DW999514 3.5 44 64 Cleavage At1g48330
bna-miR156¢ TC193647 3.5 1000 1020 Cleavage RPN11
bna-miR156¢ TC175666 35 879 899 Cleavage SGPP
bna-miR156¢ TC176166 3.5 98 118 Cleavage At2g45990
bna-miR156¢ TC166520 35 692 712 Cleavage MCD7.8
bna-miR156¢ TC193661 3.5 1182 1202 Cleavage NEK3
bna-miR156¢ DW998491 35 651 671 Translation At5g43440
bna-miR156¢ TC165577 4 1237 1257 Cleavage ADH2
bna-miR156¢ TC171289 4 787 807 Cleavage RH26
bna-miR156¢ TC195178 4 289 309 Cleavage RH25
bna-miR156¢ TC163889 4 751 771 Cleavage VHA-c5
bna-miR156¢ TC183113 4 1345 1365 Cleavage RPS17D
bna-miR156¢ TC189091 4 430 450 Cleavage At3g18410
bna-miR156¢ CX188322 4 594 614 Cleavage IP5P6
bna-miR156¢ TC179878 4 436 456 Cleavage At3g18410
bna-miR156¢ TC162866 4 2103 2123 Cleavage HSP70-1
bna-miR156¢ TC213502 4 842 862 Translation PES
bna-miR156¢ TC172623 4 91 111 Translation NCER2
bna-miR156¢ TC180759 4 65 85 Cleavage CID9
bna-miR156¢ TC171695 4 37 57 Cleavage SSL12
bna-miR156¢ TC195611 4 52 72 Cleavage PYD1
bna-miR156¢ TC166315 4 995 1015 Cleavage CWLP
bna-miR156¢ TC172188 4 54 74 Cleavage ATL52
bna-miR156¢ TC194111 4 460 480 Translation At5g44005
bna-miR156¢ TC211365 4 207 227 Cleavage TOPP4
bna-miR156¢ TC183876 4 1376 1396 Cleavage ABI1
bna-miR156¢ TC167642 4 870 890 Cleavage SGPP
bna-miR156¢ TC196356 4 25 45 Cleavage GATA18
bna-miR156¢ TC191133 4 151 171 Cleavage RABALC
bna-miR156¢ ES998325 4 163 183 Cleavage At1g49180
bna-miR156¢ ES905761 4 121 141 Cleavage FBL3
bna-miR156¢ TC175661 4 513 533 Cleavage POLD4
bna-miR156¢ TC178589 4 405 425 Cleavage  At5g07960
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Sl e mlal Sy e S xeld (So3gdsn slaanl o SPLIO Gua 5 o8 ol oLt e () 2

3 SPL2 Gan (5 (e Cuils 5 (mnginy oas il] 4 (oiagy alye IS oloj st S Sy

e (el 4 (g Al ye SIS o palals ST St AT, e ity M Sy g0 2 ol (So3else slasial b

i b 0351 5 % Jpho Copmar iS5 i oSl 305 larilp 3 g SPLIS Goam 5 .ty 25 mnginy
(Riechmann et al. 2000; Shikata et al. 2009; Xing et al. 2010; Ye et al. 2020) >g; )i 3! ¢ w959,

piwlse 3ayb 5l 03 sl Sl ol 51 &S (F Jgis) 1 ololis bna-miR171 1, s o3 Vo tbna-miR171

ol s 5 SCL15 Gauw o5 .59 Scarecrow-like protein 6(SCL6) Scarecrow-like protein 15(SCL15) (sla;

(oo s ¢ Joloo L5 1 Jold (S5glom sl )d 13 SCLE Ban (] o omrginy walatd 7 Jobo by 1ol (Sjolses

(Engstrom et al. 2011; Gaudet et al. 2011; Li et al. 2011) wsgs )38 31w gigy walel jgy ailud s

PsRNATarget 153 0,5 SeS 4 bna-miR171 (gl sud (o lwlnd dua 5.8 Jo>

Table 4. Target gene identified for bna-miR171 using psRNATarget

mMiRNA_Acc. Target Acc. Expectation Target start Target_end Inhibition Gene names

bna-miR171c  TC191279 2 598 618 Translation SCL15
bna-miR171c TC195562 2 831 851 Cleavage SCL6
bna-miR171c  TC194761 4 563 583 Cleavage CIPK5
bna-miR171c  TC167577 4 810 830 Cleavage CDKG1
bna-miR171c  TC179460 4 465 485 Cleavage GTE5
bna-miR171c TC197116 4 223 243 Translation DALL4
bna-miR171c ~ CNB829556 4 123 143 Translation MRF3
bna-miR171c TC172757 4 247 267 Translation MCD1
bna-miR171c  TC199491 4 541 561 Cleavage POT4
bna-miR171c EE409212 4 211 231 Cleavage At2g15560
bna-miR171c EV083949 4 151 171 Cleavage LPAT3
bna-miR171c  TC202894 4 405 425 Cleavage MAB16.4
bna-miR171c  TC168689 4 686 706 Cleavage NIFS1
bna-miR171c  TC201185 4 1418 1438 Cleavage At3g06270
bna-miR171c  TC197122 4 1070 1090 Cleavage At5g54780

93 30w oyl 5 a8 (B Jgin) a5 ool bna-miR172 (ly Gun o5 ¥+ wyp o 45 5> tbNA-MIR172

byl maw (2 yie8 DNA-MIRLT2 (gl 98 o0 walats b piuilSe Gl 51 05 YA 5 a0 5 )l p3slSe )b 51 3

16 |eaf shaping
17 Negative regulation of auxin metabolic process
18 Anther development
19 Regulation of cell population proliferation
20 Cell differentiation
YYA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



._JJJJJJJJJJJJJJJJJJJJJJnlJJJJJJJnlJJnlJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF._
< . wort e
Y&+ cdb&o&bg‘ﬂ%‘a}d)uﬁmsb

L O L e . R R R R R R R S

Floral homeotic protein AP2-like ethylene-responsive transcription factor (TOE2) (sla )5 4 3lete +/0 jlide
Gan o5 oS ol ol mlie )y 04 Ethylene-responsive transcription factor (RAP2-7) APETALA 2 (AP2)
PRI Cagh (s o 9o (LS S50 gad ot o (61855 (S5 2y (Jsbo plod 1ol (Sifglse slasnl ) > AP2
Kunst et al. ) s J35 ™ (sl b oss Jad KIS yowo > RAP2-7 ; TOE2 sl cpimad S)b e85 5

.(1989; Jofuku et al. 1994; Jofuku et al. 2005; Wirschum et al. 2006; Huang et al. 2013
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Table 5. Target gene identified for bna-miR172 using psRNATarget

miRNA_Acc.  Target Acc. Expectation Target start Target_end Inhibition Gene names

bna-miR172d TC195815 0.5 314 334 Cleavage AP2
bna-miR172d DY020927 0.5 440 460 Cleavage TOE2
bna-miR172d TC192206 0.5 618 638 Cleavage RAP2-7
bna-miR172d TC184340 1.5 833 853 Cleavage SMZ
bna-miR172d TC206341 1.5 156 176 Cleavage RCA
bna-miR172d GR450692 2 205 225 Cleavage SULTR1;3
bna-miR172d TC178706 25 591 611 Cleavage HSD3
bna-miR172d EE481041 25 285 305 Cleavage TRF-like 5
bna-miR172d TC171490 3 90 110 Cleavage LIP1
bna-miR172d ES903597 3 671 691 Translation SMXL3
bna-miR172d TC161981 3.5 167 187 Cleavage CNGC1
bna-miR172d TC185148 35 117 137 Cleavage RKS1
bna-miR172d TC206849 3.5 501 521 Cleavage CRK24
bna-miR172d TC205639 35 293 313 Cleavage SPA3
bna-miR172d EV163824 3.5 260 280 Cleavage ABCG6
bna-miR172d FG564604 35 222 242 Cleavage At5g25330
bna-miR172d TC199033 35 1253 1273 Translation At2g03510
bna-miR172d TC168318 3.5 720 740 Cleavage TAl
bna-miR172d TC172909 35 1007 1027 Cleavage RPT1A
bna-miR172d CN730332 3.5 82 102 Cleavage At2g33847
bna-miR172d EV188001 35 561 581 Cleavage COL13
bna-miR172d TC176478 35 139 159 Cleavage RPL9D
bna-miR172d DY025345 3.5 522 542 Cleavage VAT1
bna-miR172d EL626840 35 118 138 Cleavage LIP1
bna-miR172d TC212778 35 277 297 Cleavage XBAT31
bna-miR172d CN729904 4 248 268 Cleavage ACA2
bna-miR172d TC204762 4 628 648 Cleavage SHA1
bna-miR172d TC163985 4 1062 1082 Cleavage HO1
bna-miR172d TC201376 4 356 376 Cleavage CYTBS5-E
bna-miR172d EE436169 4 601 621 Cleavage DTX19
bna-miR172d TC176438 4 949 969 Cleavage At5g43190
bna-miR172d TC173017 4 205 225 Cleavage CKA?2
bna-miR172d TC193129 4 68 88 Cleavage At5g60615
bna-miR172d TC162435 4 750 770 Cleavage At2g30170
bna-miR172d EE508972 4 281 301 Cleavage At3g13882
bna-miR172d TC190823 4 282 302 Cleavage PILS5
bna-miR172d ES900502 4 483 503 Cleavage PUB6
bna-miR172d TC190716 4 249 269 Cleavage At3g02880
bna-miR172d TC190395 4 702 722 Cleavage TFIIA

21 Ethylene-activated signaling pathway
Yy 4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



B L R L R R L R

(YE+Y oylimo € 0ylowd (V€ 0y90) (659WiS (5590980 gus dlmo

-JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF-

p3lSe Bayb 5l 5 93 ol ol 5l a8 (8 Jgda) w olwliis Cus o3 VY bNa-miR393 I, tbna-miR393
53 4 Bl S e sl s 3208 DNG-MIRBOB (1,1 2 o s iyt p3sn s 1 055 ) 5 o2 s
Lot Jlad SiJlSms pno 2ol (0L (So5elgm slaanl b 5 o5 opl .5 (AFB3) Auxin signaling F-box 3 Gua
305 T iBig osmolisiSsS g bl Ay gai 03,5 sl (il Al drogs ool duly (Sl & Jsbo duuly (g
.(Cecchetti et al. 2008; Vidal et al. 2010) cusl 33 o2 0
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Table 6. Target gene identified for bna-miR393 using psRNATarget

miRNA_Acc. Target_Acc. Expectation Target_start Target_end Inhibition Gene names
bna-miR393 TC175423 1 1093 1113 Cleavage AFB3
bna-miR393 TC180163 15 762 782 Cleavage TIR1
bna-miR393 TC176250 2.5 236 256 Cleavage BHLH77
bna-miR393 TC181533 2.5 920 940 Cleavage GRH1
bna-miR393 TC178553 3 877 897 Cleavage PBL7
bna-miR393 GR448850 3 279 299 Cleavage At4g27130
bna-miR393 TC189968 35 1299 1319 Cleavage PSAT1
bna-miR393 CD825577 3.5 133 153 Cleavage CDS1
bna-miR393 TC169101 35 729 749 Cleavage THI1
bna-miR393 ES922859 3.5 117 137 Cleavage At1g30440
bna-miR393 CD836704 35 205 225 Cleavage DXPS3
bna-miR393 TC193588 4 1217 1238 Cleavage A36
bna-miR393 TC177542 4 331 351 Translation CYCA3-2
bna-miR393 DY013027 4 587 607 Cleavage SGS3
bna-miR393 TC208184 4 198 220 Cleavage At4g31790
bna-miR393 TC189722 4 198 218 Cleavage PGD2
bna-miR393 TC167611 4 657 677 Cleavage LHCB5
bna-miR393 TC203655 4 432 452 Cleavage At3g25545
bna-miR393 EL623319 4 56 76 Cleavage At1g20430
bna-miR393 TC213130 4 1231 1251 Translation PYD3
bna-miR393 EE468726 4 57 77 Cleavage RPS15AA

il Gayb 5l o5 93 Sl ol 5 a8 (Y Jgdo) a5 olwlus bna-miR156 1y uw 5 Y0 tbna-miR395

& 3letn 3 e b sl o (1208 DNA-MIRBI5 (ol tigd o s 1 p3lSe b 31 05 VY 5 4e2 3 e
jl 25 Sm-like protein LSM2(LSM2) Sulfate transporter 2.1(SULTR2;1) ATP sulfurylase 4(APS4) a5
Gaudet et al. ) cul 5o g gmdousl (3353 Al 3ige w8 3 APSA 15 (Sjgds o] )b Ll
Takahashi ) 15> 8 MRNAS oMl 1> LSM2 5 5 cldgw olie Jisl » 35 SULTR2;1 ;2011

(et al. 2000; Gaudet et al. 2011

22 Protein ubiquitination
YY.
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Table 7. Target gene identified for bna-miR395 using psRNATarget

miRNA_Acc. Target_Acc. Expectation Target_start Target_end Inhibition Gene names
bna-miR395d TC161837 2 395 415 Cleavage APS4
bna-miR395d TC196344 2 110 130 Cleavage SULTR2;1
bna-miR395d TC194625 2 153 173 Cleavage LSM2
bna-miR395d EE505105 3 26 46 Cleavage ERF5
bna-miR395d TC164712 3 161 181 Cleavage AOC1
bna-miR395d TC210033 3 29 49 Cleavage 1AA16
bna-miR395d TC167317 4 358 378 Cleavage APS1
bna-miR395d TC212796 4 76 96 Cleavage HSFALA
bna-miR395d TC166732 4 731 751 Cleavage DAN1
bna-miR395d TC170860 4 381 401 Cleavage UBP14
bna-miR395d TC181206 4 451 471 Cleavage At5g07670
bna-miR395d TC163140 4 13 33 Cleavage At5g45880
bna-miR395d TC164950 4 1062 1082 Cleavage FRO5
bna-miR395d EL622706 4 327 347 Cleavage PER66
bna-miR395d TC195097 4 419 439 Cleavage APS3
bna-miR395d TC174114 4 13 33 Cleavage GWD1
bna-miR395d FG578632 4 282 302 Cleavage HSFALE
bna-miR395d EE432116 4 252 272 Cleavage SULTR1;2
bna-miR395d FG562207 4 428 448 Cleavage At1g27030
bna-miR395d EV196300 4 400 420 Cleavage At5g39980
bna-miR395d TC207631 4 580 600 Cleavage SUR1
bna-miR395d EV158747 4 9 29 Cleavage SPL
bna-miR395d EE463322 4 593 613 Cleavage PBL7
bna-miR395d TC193450 4 325 345 Cleavage At3g43583
bna-miR395d TC169359 4 415 435 Cleavage LTPG5
bna-miR395d TC214178 4 895 915 Translation HHO2
bna-miR395d TC178967 4 433 453 Cleavage HSFB1
bna-miR395d TC170043 4 861 881 Cleavage BHLH128
bna-miR395d TC177707 4 857 877 Translation HHO2
bna-miR395d TC173035 4 580 600 Cleavage HSFB2B
bna-miR395d TC206782 4 1644 1664 Cleavage At5g44680
bna-miR395d EL590625 4 396 416 Cleavage ILL3
bna-miR395d TC210886 4 209 229 Cleavage WOX9
bna-miR395d TC212205 4 429 449 Cleavage G6PD2
bna-miR395d TC201952 4 332 352 Cleavage At1g19860

0w 3w ol 5 aS (A Jass) 15 ololis bna-miR396 1y Gus o5 5 mls wlsl ,» tbna-miR396

e b 5] s (8 DNA-MIRBIB (sl 55 o s e p3lSe o J 05 O 5 4025 s p35180 o b 5

sk ol 2 Malate synthase (MLS) Atypical CYS HIS rich thioredoxin 5 (ACHT5) (sl 4 Gl g3

Sl SS90 (55 46 12 S| 5 48 2 ¢80 Jlam! s sloaiy] 2 )5 MLS 5 ACHTS 5 55 s 0 5k

(Gaudet et al. 2011) susb awsly s

Pl Bayb 3l o5 99 S opl 5 aS (A Jods) 15 olwbis Bus o5 )0 bNa-miR860 I, tbna-miR860

& et VB jlada b )] daws (3 208 MICTORNA (yl (el g oo welati 2 3150 oo 51 03 VY g 4025 )Mo

O cgsilipnnT S35 4 Gl o g ATy3 dles il (Sjelsm slasial)d 3 3 cnl o9 Ferrochelatase-1(FC1) -3
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Table 8. Target gene identified for bna-miR396 using psRNATarget

miRNA_Acc. Target Acc. Expectation Target_start Target_end Inhibition Gene names
bna-miR396a TC187500 2 513 533 Cleavage ACHT5
bna-miR396a EV034616 2 81 101 Cleavage MLS
bna-miR396a TC170340 25 643 663 Cleavage At2929340
bna-miR396a TC177516 25 900 920 Cleavage Atl1g75510
bna-miR396a TC183331 25 522 542 Cleavage ATG10
bna-miR396a TC189970 25 931 951 Cleavage RH3
bna-miR396a TC177014 25 1457 1477 Cleavage DEGP1
bna-miR396a TC181583 2.5 675 695 Cleavage CAC3
bna-miR396a TC200332 25 699 719 Cleavage AGL24
bna-miR396a TC171496 3 719 739 Translation FLU
bna-miR396a TC187395 3 545 566 Cleavage GRF9
bna-miR396a EL588114 3 508 528 Cleavage SRM1
bna-miR396a EE557600 3 252 273 Cleavage GRF4
bna-miR396a CX278866 3 511 531 Cleavage TIM50
bna-miR396a TC196487 3 785 806 Cleavage GRF2
bna-miR396a TC181676 3 483 503 Cleavage HEMA1
bna-miR396a TC179132 3 635 656 Cleavage GRF7
bna-miR396a TC177807 3 610 631 Cleavage GRF4
bna-miR396a DV643325 3 158 178 Cleavage CEP14
bna-miR396a TC173822 3 334 354 Cleavage At4g32590
bna-miR396a GR463390 3 387 407 Cleavage UBC25
bna-miR396a DW997496 3 543 563 Cleavage HSP90-4
bna-miR396a EL625432 3 203 223 Cleavage UBP5
bna-miR396a TC188123 3 425 445 Cleavage HSP90-2
bna-miR396a TC213959 3 994 1014 Cleavage At1g07310
bna-miR396a TC198128 3 845 865 Cleavage At1g07990
bna-miR396a TC213531 3 387 407 Cleavage MNJ7.25
bna-miR396a TC191005 35 769 789 Cleavage STR7
bna-miR396a EL623951 3.5 653 673 Cleavage LAP3
bna-miR396a TC189021 3.5 474 494 Cleavage XBCP3
bna-miR396a EE553181 35 181 201 Cleavage SINAT2
bna-miR396a TC188333 3.5 740 760 Cleavage 4CL4
bna-miR396a TC209102 35 770 790 Cleavage NPF8.3
bna-miR396a EV078031 3.5 279 299 Cleavage BI01
bna-miR396a TC165833 35 691 711 Cleavage BAG4
bna-miR396a TC195066 35 599 619 Cleavage AT4g29040
bna-miR396a EE426459 3.5 145 165 Cleavage BHLH74
bna-miR396a TC162813 35 523 543 Cleavage RD21C
bna-miR396a TC171464 3.5 22 42 Cleavage RPT4A
bna-miR396a TC164713 35 411 431 Cleavage RAP2-2
bna-miR396a TC169703 35 39 59 Cleavage LUP1
bna-miR396a TC167449 3.5 1387 1407 Cleavage BGLU44
bna-miR396a FG572766 35 15 35 Cleavage RS31
bna-miR396a TC168895 4 676 696 Cleavage At5g61440
bna-miR396a EE425761 4 202 222 Cleavage ASA2
bna-miR396a EE430620 4 430 450 Cleavage SR34A
bna-miR396a TC169694 4 353 373 Cleavage BGAL4
bna-miR396a EE463642 4 498 518 Cleavage At3g19370
bna-miR396a TC181006 4 785 805 Translation SBE2.1
bna-miR396a FG574661 4 413 433 Cleavage CP1
bna-miR396a TC176910 4 406 426 Cleavage At3g01660
bna-miR396a TC170128 4 497 517 Cleavage RD21A
bna-miR396a TC168631 4 247 267 Cleavage MFP1
bna-miR396a TC199637 4 134 153 Translation RABG3B
bna-miR396a TC209595 4 496 516 Cleavage RD21B
bna-miR396a EV120573 4 445 465 Cleavage MS1
bna-miR396a EE428719 4 374 394 Cleavage RPL18C
bna-miR396a TC203440 4 581 601 Cleavage At5g27330
bna-miR396a FG557805 4 362 382 Cleavage TPR14
bna-miR396a TC174733 4 305 325 Cleavage F24G24.70
bna-miR396a TC190025 4 561 581 Cleavage CHI3
YYY
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Table 9. Target gene identified for bna-miR156 using psRNATarget

miRNA_Acc.  Target Acc.  Expectation  Target start  Target_end Inhibition Gene names

bna-miR860 TC167118 1.5 1642 1662 Cleavage FC1
bna-miR860 TC188635 3 1143 1163 Cleavage ENO1
bna-miR860 TC172219 3 1199 1219 Cleavage RPS11C
bna-miR860 TC212133 3 392 412 Cleavage At5g06400
bna-miR860 TC191881 3 631 651 Cleavage 1QD22
bna-miR860 CX279675 3 452 472 Cleavage UGE1
bna-miR860 TC197230 3 462 482 Translation CML28
bna-miR860 TC175260 3.5 534 553 Cleavage At5g03795
bna-miR860 TC211326 3.5 758 778 Cleavage At5g55840
bna-miR860 TC190350 4 1288 1308 Cleavage At4g11680
bna-miR860 GR438961 4 491 511 Translation T20H2.24
bna-miR860 TC205632 4 824 844 Cleavage UBC37
bna-miR860 TC177133 4 1176 1196 Cleavage MPA22.8
bna-miR860 TC202599 4 470 490 Cleavage At5g08670
bna-miR860 TC188682 4 539 559 Cleavage SUVH3

sloanl b ( Jslo slinl a1y ond o i Gan gla ) wlid gwd )y ) 1B B 5  owlnd
Sisdem sbanlys o ell o) (Balakrishnan et al. 2013) uis o candib JoSgo 3,Slos 5 (Sojglon
Sl 9 232 €IS o & Gl 5 € St i > €Syl ol 35 & Jgbo (ol 35 Jols gl i
3390 0 i Sy «Bgn pSheSY g € Joloig)» sk Kol b lagpe Slold it (oo (sl
iy 52 2581 |y gl sy € J5Slgo 3Slas st i > 5 € Sl &5 )936 ol ( Jslpm (slod Slac
b),{l.b )139@3 9 Gl 045 03)91 LD:‘_J GO (s pwsd b)lo..ii o])o.lb LY RV LSLD’QJ u.u:L.w (S (o A 109.3)443 L.JLjP t_i.:
(Ve Jgta oF JS) ol 0sd many duw S5 )3 L]

(p-value<e/+o FDR) PANTHER qiuu I 03l b Bua b y5 owlind gand Yo Joua
Table 10. Ontology of target genes using PANTHER system (p-value <0.05 FDR)

Category name (Accession) Genes Count Percentage
(Biological Process) Ssjg/gw (il ys
cellular process (G0O:0009987) 69 40.10%
metabolic process (GO:0008152) 63 36.60%
biological regulation (GO:0065007) 21 12.20%
response to stimulus (GO:0050896) 12 7.00%
localization (GO:0051179) 6 3.50%
interspecies interaction between organisms (GO:0044419) 1 0.60%
(Cellular Component) Jskw !5
cellular anatomical entity (G0O:0110165) 86 45.50%
intracellular (GO:0005622) 79 41.80%
protein-containing complex (GO:0032991) 24 12.70%
(Molecular Function) Jsge »,Sdes
catalytic activity (G0:0003824) 57 46.70%
binding (GO:0005488) 36 29.50%
molecular function regulator (GO:0098772) 14 11.50%
transporter activity (G0O:0005215) 11 9.00%
structural molecule activity (GO:0005198) 4 3.30%
YYY
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d »
B calcum- tinding poatein (PCOGUED)
B chaperone (PCOOO72)
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Figure 3. Circular diagram of GO and protein classification of target genes using

PANTHER: a) cellular components, b) biological processes, c) molecular function, d)
protein classification
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Figure 4. Protein-protein interaction network using STRING database. Colored nodes

represent proteins, and colored lines represent their interaction with each other
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Table 11. Classification of target genes based on protein type using PANTHER system (p-
value <0.05 FDR)

Category name (Accession) Genes Count Percentage
metabolite interconversion enzyme (PC00262) 45 34.40%
protein modifying enzyme (PC00260) 24 18.30%
gene-specific transcriptional regulator (PC00264) 16 12.20%
transporter (PC00227) 14 10.70%
nucleic acid metabolism protein (PC00171) 10 7.60%
translational protein (PC00263) 9 6.90%
chaperone (PC00072) 5 3.80%
transmembrane signal receptor (PC00197) 2 1.50%
scaffold/adaptor protein (PC00226) 1 0.80%
membrane traffic protein (PC00150) 1 0.80%
protein-binding activity modulator (PC00095) 1 0.80%
calcium-binding protein (PC00060) 1 0.80%
cytoskeletal protein (PC00085) 1 0.80%
chromatin/chromatin-binding, or -regulatory protein (PC00077) 1 0.80%

Sl & ol (g CudeS S8 (ol gl ge 51 (S (UPS) Mpgilisg = nidisSng i docs S plod 5

UPS 0 (SU et al. 2020) J}u}@ odlésiwl L;hl.\f PFI9y )ll'w?o.h Lo dl).: uﬁLo‘ L; W)bb dl.mu,.ba).: w).’>o

Ao &y (pideSg TS aScis Wil opl Wsd e (IS ideSs s JsSse L Ksd 4 jo Wb &S e

28 Ubiquitin carrier protein 37 (UBC37)
29 Ubiquitin-proteasome system
30 Conjugation process
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Figure 5. The graph of genes with the most interaction was obtained using the CytoHubba
tool and the MCC method

31 Ubiquitin activating enzyme; UBA
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33 Ubiquitin ligase; UBL
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35 Post-transcriptional gene regulation
36 Post-translational modifications
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