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Extended abstract
Introduction

Gall oak (Quercus infectoria) is one of the extraordinary tree species with functional medicinal properties within
the oak family. Various studies have confirmed the presence of numerous secondary metabolites with therapeutic
properties in this plant. Despite the significance of gall oak, its genetic structure remains elusive. Therefore,
unraveling the genetic structure of gall ok may provide valuable insights into its potential applications across
diverse industries. MicroRNAs emerge as pivotal genetic elements implicated in the biosynthesis of crucial
metabolites across a wide range of different plant species. Despite the significant role of miRNAs in plants, as of
yet, no miRNAs have been reported in Q. infectoria. To this end, in the present study, after assembling the
transcriptome of Q. infectoria, conserved microRNAs were identified.

Materials and methods

During the summer season, leaf and root samples of Q. infectoria were collected from trees in the Shineh region,
and 2-year-old seedlings were grown from mature oaks in Khorramabad (Lorestan Province, Iran). Collected
samples were immediately frozen in liquid nitrogen, transferred to the laboratory, and stored at -80° C. Total RNA
was extracted from roots and leaves using the Djami-Tchatchou method. After sequencing by the Illumina HiSeq
2500 platform and checking the quality of all the generated reads, the adapter sequences were removed, and the
high-quality reads were assembled using Trinity package with default settings. To identify miRNAs and their
target genes, all plant miRNAs sequences were downloaded from the miRbase database. The BLASTn algorithm
was employed to identify the highest similarity between unigenes and mature plant miRNAs. Furthermore,
BLASTx was used to search against the non-redundant proteins (NR) database to remove protein-coding unigenes.
The investigation of miRNA second-structure prediction involved assessing the similarity between potential
unigenes and mature miRNA sequences using the mfold web tool. Identification of miRNA target genes and gene
ontology (GO) was performed using the psRNAtarget web-tool and OmicsBox software, respectively.
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Results and discussion

In total, 276,852,255 clean reads of high quality were obtained from leaf and root samples. After assembling the
transcriptome and removing redundant sequences, 89,335 unigenes were generated with an average length of
1043.27 bp. miRNA precursors from non-protein-coding unigenes were selected. Finally, following a range of
strict filtering criteria, four miRNAs belonging to conserved miRNAs families were identified, including qin-
miR 156, qin-miR399, qin-miR160, and qin-miR172. We also identified a total of 521 target genes for these
miRNAs. KEGG pathway analysis showed the unigene targets were classified in the citrate cycle (TCA cycle)
pathway. Examining miRNA target genes in Q. infectoria and analyzing their interaction network, finally led to
the identification of three hub genes. Identified miRNA target genes were associated with the biosynthesis of
various enzyme groups, suggesting that most of miRNAs regulating hydrolases, transferases, and oxidoreductases.
MiRNAs play a pivotal role in the production and accumulation of secondary metabolites by targeting genes
encoding enzymes involved in their biosynthesis. In plants, miRNAs regulate genes associated with biotic and
abiotic stresses. Q. infectoria leaves contain tannins, quercetin, and catechin are the phenolic compounds. Various
enzymes, including oxidoreductases, ligases, and transferases, are involved in the biosynthesis of these
compounds. The results of this study showed that numerous miRNAs, including miR160, miR172, and miR156,
exert influence on the expression of genes involved in the biosynthesis of Q. infectoria compounds. There seem
to be significant correlation between the activity of such miRNAs and their target genes involved in the
biosynthesis Q. infectoria compounds.

Conclusions

Gall oak is an endangered and rare three species with important medicinal properties within the oak family.
Multiple individual studies have reported the presence of numerous secondary metabolites with therapeutic
activities in gall oak. Despite the significance of gall oak, its genetic structure remains elusive, limiting our
comprehensive understanding of its potential applications. Understanding the genetic structure of gall oak may
shed light into its potential applications across various industries. In this study, the gall oak transcriptome was used
to identify conserved microRNAs. Using bioinformatics methods, the sequence of 4 conserved microRNAs
including miR156, miR399, miR160, and miR172 was identified. This is the first report identifying microRNAs
in gall oak. Further analysis was carried out to establish the relationship between the identified microRNAs and
their target genes. Given the role of microRNAs in regulating transcription factors and their impact on genes
involved in secondary metabolite biosynthesis, future breeding programs in Q. infectoria may benefit from the
potential of such regulatory elements as a guide and key.
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L’*;}:} gb. RNA ), rU
Feature Name of mature microRNAs
. qin-miR172 qin-miR399 qin-miR 1561 qin-miR160
T
SRt evgLocus_159374 Contig3380 evgLocus 35663 evgLocus_120402
Unigene name
SRl 517 1245 646 1166
Unigene length
SRNA 5, Iy olaske
Sisn o 8‘{ 230..252 294..314 142..163 1091..1111
Sequence coordinates of
mature microRNA on Unigene
Gk 8 Glads S 5ol
Number of mismatch 0 0 0 0
nucleotides
Sl sy 50 A
3.93E-06 4.85E-05 1.49E-05 4.85E-05
E-value
bit score 44.9 41.1 43 41.1
Shegte Jls dsb
(Gleir) RNA 5, 103 90 88 82

Pre-microRNA sequence
length (bp)

«RNA 'S L;\)3
Glods) e L

Sequence of identified
microRNA

Gl o) srd plulis

Length of identified
microRNA (bp)

GC MJJ
GC%
AU M)}
AU%
S50 50T 6550 JBlas
MFE (kcal/mol)
sl @550 Blas axls
;})j}b
AMFE
S5 50T g5l Bla
s s
MFEI

AUGCAGCAUCAU UGCCAAAGGAGAUU UGCUCACUUCUCU GGCAUACAGGGA

CAAGAUUCUCA UGCCCUG UUCUGUCAU GCCAGGCA
23 21 22 20
40.78 38.89 45.45 53.66
59.22 61.11 54.55 46.34
-45.00 -40.00 -39.40 -42.50
-43.69 -44.44 -44.77 -51.83
1.07 1.14 0.99 0.97
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Figure 1. Predicted pre-microRNAs secondary structure of four microRNAs identified in Q.infectoria. The blue
highlights correspond to the mature microRNA sequence.
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4 g n 0§ 2he (YJSE) 4 8 13 (s 3000
53 53 U8 535481 5 51500305 Y sken sms5les S 4
S 5 e 555 Aol Kile alises L LS 5o s
$laos (Tayel et al., 2018) Wods 15 138 Lok s
o1 055 3 LAR 5 CCR F3H CYP73A DFR
LS5l e e 3 & Al LS 50, 50.S]
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Liet) L5 i [Sien F3H 5 CHI Gt a3 |
e A3 56 (g e 3 e 51 nl (al,, 2021
Sty A5 53 68 358 e et 55158 ) S80S
He er) doea j3e Laopitilnyily ol (s 0550
o s 33 5 LS ;3 miR156 5 miR858 .(al., 2008
Zhang et al.,) Xyl edad iE ool ssls
Podophyllum oS ;5 & ol ol aseis (2022
ol 15 Gs L miR829 o esa miR172i peltatum
CHS 5 (4-coumarate--CoA ligase) 4CL Sl
Lol fE A58 i gs 53 (Chalcone synthase)

.(Hossain et al., 2022)

w33 O Bus Glad} 5 o Clablws GLRNA 3,

Ol a.LHS(..Ja.\.y Jolse oo 5 (Chavesetal., 2014)
miR156-SPL- Js5le Ol sk Qusuber )5 a8
5 adliae 5 g i 5 lacSs Ol s s miR172
23 S Olgear glos S s5ba 35 dsdle ol 288
Dok 53 el ot o3litd adlS (5l okS Koyl oy
52 5 6 Ol Okt s 53 MIRISE »shavs (slasy
O S MIRIT2 S Jl 3 s Slobes 2L ot
, miR156 (Sobral ef al., 2020) sls oL 1, of Cillses
A 5l s s (O Gas glaod olsew) SPL
Sles 7S 35 oS i 4Kt S a5 ok i
oS 5315 gad 5 Ay il glaasr & duas o LSS
5 30 S miR156 (Aung ef al., 2015) &S o J S
Sros 5 48 ol OIS 3 st CBli> Lo (SWRNA
Opamed a3 e A e ) s,y Jelse 5l e
STV Ol 5 s b Sla 5 Joos 53 RNA 35 ol
O 5 S5 anllas 1 G285 4 6 and silts S o5 3
55 BRNA 5, SIS sy ol (Zhang ef al., 2022)
LLRNA G5 L)l 28 alS 4 56 sl sl s s
R 3 GAIS S s Jalse Ol sl IS
Dl 4 o ol 03 (5 e sy JWEl 5 ol
5o aalas (Pagano ef al, 2021) LS &l ol sl
2 456 lacd sbe 5 5 wlas 53 Lol 2 5 LRNA
5> miR156 « sls oLis (Mentha spp.) CL” slag S
5 S o S A g 5 s 5 J 50 OO o s
Singh eral.,) 51> & BHLH s, Jole olis s
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Table 2. Frequency of identified microRNA target genes and mechanism of regulation of target genes

expression present in gall oak transcriptome.

L;Ju)\}‘)l.:
el Inhibition g
mRNA degradation Inhibition of translation
qin-miR156 122 14 136
qin-miR 160 131 21 152
qin-miR172 84 14 98
qin-miR399 124 11 135
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Figure 2. Frequency distribution of genes encoding different groups of enzymes being regulated by identified miRNAs in

the gall oak transcriptome.
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Figure 3. Functional enrichment analysis of target genes that are regulated by microRNAs identified in Q. infectoria. A:
Biological processes; B: cellular components; C: Molecular functional group; D: Metabolic pathways

AR}



—4 e G0 S RPLID ¢ a5 sm, slagetsn ool
st LS b 550 5 (Deviseral,, 2015) AT o e
Sipe Jeda MIRIT2 Glaal 51 05 ol & 340
=05 e 25 Lol 5, (Pasandideh Arjmand et al., 2021)
Soi GLSsn 5 P53 SRS, oS IS e
HSPs (gla 552 Sl (S 5 3,15 35 5 (HSPS) 55l
O 5 Ll s o g5 gy S s 5 bl 5o
i o\ LAHSP.(Ramsee et al., 2020) Ll axsls
Soply e oy Ll ddaie Gl AT 4l 53 S
Aals3 5l = (Clément et al., 2011) &S o 25 531,
Olo i ok 5l Ol oo el 5 OLALS 55 &8 e oo OLES
Sl s 4 Jood RPL23A ile 055505 b bad o slal)

05 (Karami et al., 2023) Avse 35 |y fws) o8

Dloj iS55 6 033 05 al p 253l 55 31 S RPL23Ab
53 s B ae § o 5 (e 5 ) o e B0
05 S sl Ol mbs SleS S Ce Er oS
A3k e Olyes S5 RPS 5 RPL (sla03 L RPL23A
5> &Sk (oSS 5w, 5 e RPS 5 RPL glad)

G FeinE 5 e ST 4 Jesd 5 (a3l
.(Moin et al., 2017) 1 ,ls

o o
REL4 GBss1
GFAT )
Y Y * ) 4acLLe
o secar g cext d o Y
scvz ® s ALDH28D)
? HOP3 L@ MEDT2
HSP9O-5 PGDH2 T ve
T14C9.70 @ )" —h 9 ( i nmu;
@ seon J cepps ™
RAR1 o229 GAPCP1
FI1A3.17 o
RPS27B 9 Qize RPS2I8
RPS3AA 1
- X RPLAA
TISN1.80 Loer )
EIF2 GAMMA
-z RPSIAB ]
MPA24.10  ATRI cemrec
AN
@ 9 4
PRL1 RAPTOR1 atp9 SIGB:
AHATI ——
@
o uBc7 RPL13AB
) NBR1
ARF10 [* §
9
PHYA
‘ HUB1
BLH1 RBG4
ELF6
MAF4 [* ! oEcP1 o
K21€13.21 Corss

FISHIZ  grshia

QIG3F7_ARATH

WRPL23AB

w33 O Bus Glad} 5 o Clablws GLRNA 3,

o BRNA 55 Sua slalf S es p 4G5 Jou
S Jdow 5 5IE bk s LRNA 55 Gus glads)
L 55 05 aw bl ol Sulg s Lol (S
JS2) L5 RPLID ; RPL23AB RPS3AB s 05 s
oSS a5 S 55 RP) o5 5m0 Slagtis (7
s ookl atll ota (B e dauly 5 esism
GIEIS e 5o IS s dad )3 959, OS A B0 an s
S Ja;u J,a\f L RP slag) V.:Ja.ﬁ gl g
Fosm g 3 5 S Ady s 5 bty o 55 e pl
» Moin et al, 2017) L, o b ey5s,
SaSan 035 S aiby SSUS 05 e stall
S slasl g G s Lo edgs L i
sladely codl (Sas a5y oS, slaesl gl
RPLIOD 5 RPLIC ;3 O 5l g0 . ASL axils uﬁju.:.a g
Osls s Sl g g e Llsl o Al s ;:5'“[3 e
sl b 8 s e LIS pl 53 e Obsy S o g a0
3 8es 5 sl Sl 5 e sl LOJ ) s Sl
o Sl sluas 4 anly sl (RPL9) el gl oyl
om0 SoEs s Ol Bl sl dghe 53 255

0 AEL QA el 4 ey &b S o5 Al e

UCr1-1
SAC3A PURY B
MRL1
) MDIs2
NRPB1
Ccra-a
s & CRT2
SR30
‘ FKBP15-1
aren & .
HSP90-2
Tic20-1l ATII6
cPN10 ?
POIC. TIPI7.130 00
RPL12B-2
SAHHT
F11C18.10
cMLs QBGXP7 ARATH
FRePiy L& Q93VF4 ARATH
DDB2 ?
Tcre1 ose1 @ T32E8.13
PPCK1
MXco.7
INT3 F4J6V1 ARATH

BB Lok 55 et olulis gL RNA 5, G glao [slen , aSs -1 S

Figure 3. Interaction network of target genes regulating by identified microRNAs in Q.infectoria
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