P VEY £ 4t 2025, 46(4): 820-830
Chinese Journal of Tropical Crops

e “i2(2” FHERNBEAREEMERET miRNA 5717

FElete, ZEk, EEE, THL
UMM B2y R p 22 B A R R 2 IR F A E LR E /R R PR TR AR R LM ELRE, TR
JH 510006

W OE: AMRUAAREEIEE MR, fESitiE ‘Eﬁi'“ﬂjh;ﬁtfi}: fdiJT] EASYspin Plus i 4B i $2 B 7 &
FEIURE i Y 5 RNA, FIJH HiSeq 2500 &1 38 &0 7 F G #4700, B 7EARTT miRNA 76 R = AR B (M ER W aa vh &
FEME X T RES 5B AR EHE R, VB /R AR I W8 ALE AT 820 2% . BUA AR F = A ER b an i 2 14
FR AL, 3 (R v 3 PO B RS B ER, R —ARL SEAR L R AR mIRNA kg, ik = AR
BARAR P 22 5 miRNA, X225 miRNA R SEE R 00, 2 )5 TR 3L R T, N3RS T sE 2 5 AR F AR
7 4 B e 7 TR A0 A DG A miRNA G 85 5 R - 58— F0RE S A i 1 508 A4 LA miRNA Fi 764 /> T miRNA
55 ACHE S T AR T Y 444 2V miRNA T 673 4SBT B0 miRNA, 25 = A0HE & b 246 904 4~ 2241 miRNA Fi
1100 S HE miRNA, =ACHE P 3E3K75 59 422 5 263K miRNA K 275 PHEZER, EMAY miRNA LN E 82 5
AWK ﬁﬂ;’nﬁﬂiﬂtﬁi%fanL% TRV miRNA $3E R 3 T R R A A MR R S
S AP RO LA AR S . SRS HE miRNA JEFT NR RS, 258 & B, miR8020-x 1 novel-m0628-5p ] fig
Z 5 AR ET B RR R A A Y4 i ; miR7494-y . miR477-y . miR5185-y . miR7757-y . miR408-z #il novel-m0628-5p
A B I AR B 2 R AR R e o AR BIF ST R FH i 3 e O A5 3 PR B s AR R A0 i miRNA ki, IR HAEYE B
ST AR RN AT E S R A AR = B 1 1 38 FH S 9 miRNA 5 25 JLks A B 36 3 6 1R & e 3R s &
FF miRNA JAFHLHIIAI, IF R AR E A A ™= 9 & AR 8T 1 i& 42

X8R AATE; PAIC1Z; miRNA; HiSeq 2500 7 4 i 5

FESES: S567.19 MERARERD: A

MiRNAs Analysis of Aquilaria sinensis Vitro Roots with Stress
Memory Characteristic

ZHUANG Tingting, LI Jiaxin, ZHAN Ruoting, MA Xinye

School of Chinese Materia Medica, Guangzhou University of Chinese Medicine / Ministry of Education Key Laboratory of Chinese
Medicinal Resource from Lingnan, Ministry of Education / National Engineering Research Center for Proprietary Chinese Medicines
R&D Laboratory of Southern Medicines, Guangzhou, Guangdong 510006, China

Abstract: The total RNA of Aquilaria sinensis Vitro roots was extracted using the EASY spin Plus Plant Rapid Extrac-
tion Kit after three consecutive generations of salt stress treatment, and sequenced using the HiSeq 2500 high- through-
put sequencing platform, aiming at exploring the roles of miRNAs in the three generations of A. sinensis vitro roots
under salt stress and the metabolic pathways that may be involved in the regulation, and providing references to reveal
the mechanisms of 4. sinensis. The miRNA expression profiles of the first, second and third generations were obtained
by using the high-throughput sequencing platform and bioinformatics technology, and the differential miRNAs in the
three generations of vitro roots were screened, and the target genes of the differential miRNAs were predicted, and then
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the target gene analysis was performed to obtain the miRNAs that might be involved in the secondary metabolites of 4.
sinensis and those that were related to the response to salt stress. The results showed that 508 known miRNAs and 764
new predicted miRNAs were detected in the first-generation samples; 444 known miRNAs and 673 new predicted
miRNAs were detected in the second-generation samples; 904 known miRNAs and 1100 new predicted miRNASs were
detected in the third-generation samples. A total of 59 differentially expressed miRNAs and 275 target genes were ob-
tained from the three samples. The up-regulated miRNA target genes were mainly involved in flavonoid biosynthesis
and glutathione metabolism, while the down-regulated miRNA target genes were mainly involved in phenylpropanoid
biosynthesis, Plant hormone signal transduction, plant-pathogen interactions and other signaling pathways. The key
miRNAs were selected for NR annotation, and it was found that miR8020-x and novel-m0628-5p might be involved in
the synthesis of secondary metabolites in 4. sinensis vitro roots, and miR7494-y, miR477-y, miR5185-y, miR7757-y,
miR408-z, and novel-m0628-5p might be responded to 4. sinensis vitro roots salt stress. In this study, we used
high-throughput sequencing to obtain miRNA expression profiles of 4. sinensis vitro roots under salt stress, and bioin-
formatics analysis to obtain miRNAs that may be involved in secondary metabolites of A. sinensis and those related to
the response to salt stress.The results of the present study will help to enhance the understanding of the miRNA regula-
tory mechanisms of 4. sinensis under salt stress conditions and provide a new pathway for the synthesis of secondary

metabolites of A. sinensis.
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Tab.1 Sample datafiltering statistics
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VN o High_quality 3" adapter_null adapter_contaminants Smaller_than_18nt Clean_tags
’ (ratio/%) (ratio/%) (ratio/%) (ratio/%) (ratio/%)
G:-1 13 656 935(98.6) 38 554(0.3) 16 429(0.1) 685 384(5.0) 12 828 377(93.9)
G;-2 13 521 873(98.7) 30 420(0.2) 33 828(0.3) 1258 681(9.3) 11 760 730(87.0)
G;-3 14 737 562(98.8) 27 486(0.2) 41 657(0.3) 955 116(6.5) 13 336 291(90.5)
Gy-1 10 209 976(99.2) 4 438(0.4) 22 864(0.2) 398 519(4.0) 9512 104(93.2)
Gy-2 13 304 295(98.6) 15 190(0.1) 17 331(0.1) 734 884(5.5) 12 472 052(94.0)
Gy-3 11 186 638(99.4) 27 872(0.2) 95 341(0.9) 1267 715(11.3) 9 548 798(85.4)
Gs-1 15 764 705(98.7) 24 510(0.2) 24 522(0.2) 1419 687(9.0) 14 217 036(90.2)
Gsz-2 15 340 433(98.7) 23 005(0.2) 38 022(0.2) 1829 675(11.9) 13 346 541(87.0)
Gsz-3 11 642 970(99.3) 15 248(0.1) 28 321(0.2) 1043 192(9.0) 10 499 617(90.2)
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Fig. 2 Known miRNAs and new predicted miRNASs iden-
tified under salt stress treatment in vitro roots
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Fig. 1 Distribution of miRNA lengths under salt stressin A. sinensis Vitro roots
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Tab. 2 Statistics of the top 10 known miRNAs and new predicted miRNAs expressed in samples
miRNA K Length/nt %1 Sequence G G, Gs
miR166-y 21 TCGGACCAGGCTTCATTCCCC 2 316 253.769 3947 914.119 6 264 167.887
miR396-x 21 TTCCACAGCTTTCTTGAACTG 675 094.116 1217 643.213 1892 737.329
miR156-x 21 TTGACAGAAGATAGAGAGCAC 283 127.753 522 513.619 805 641.373
miR157-x 21 TTGACAGAAGATAGAGAGCAC 228 373.079 417 354.525 645 727.604
miR398-x 21 GGAGCGACCTGAGATCACATG 123 522.997 242 633.392 366 156.389
mi R408-x 21 CAGGGAAGAGACAGAGCATGG 98 874.286 177 519.784 276 394.070
miR159-y 21 TTTGGATTGAAGGGAGCTCTA 84 214.939 143 643.680 227 858.619
miR7122-x 22 TTAGACAGAGAAATCACGGTGG 80 259.852 138 766.818 219 026.669
miR162-y 21 TCGATAAACCTCTGCATCCAG 64 593.526 112 598.561 177 192.087
miR156-y 21 GCTCACTCTCTATCTGTCACC 38 787.990 73 348.811 112 136.801
novel-m0109-3p 21 ACCGTGTTTCTCTGTTCGAAC 12 675.659 8037.969 30 391.845
novel-m0497-3p 21 CATGTGCCCCTCTTCCCCATC 11 044.516 9688.187 344.175
novel-m0108-3p 20 CCACCGTGTTTCTCTGTCTA 6893.590 4270.412 8597.977
novel-m0109-5p 22 TCGAACAGAGAAATCACGGTTG 5102.004 6405.531 7949.745
novel-m0224-3p 22 TTGTCCTTGCGCATGGTTCCTC 3186.141 3446.286 1934.236
novel-m0105-3p 22 TCGAAGGGGATGGGAGGGATGG 2156.164 1989.688 383.329
novel-m0106-3p 22 TCGAAGGGGATGGGAGGGATGG 2156.164 1989.688 383.329
novel-m0611-5p 21 GGAATGTTGTCTGGTTCGATG 1573.424 1526.025 3309.866
novel-m0213-5p 21 TCCCTCCATCGTACCAGCTTT 886.198 1156.272 457.478
novel-m0317-5p 21 AGATATTGGCGTGCCTCAATC 817.402 848.404 1045.881
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Fig. 3 Differentially expression analysis of miRNAs in three generations of A. sinensis vitro roots under salt stress
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Tab. 3 Top 10 up-regulated, down-regulated miRNAs with differential expression between groups

4 £ miRNA 2 AR T miRNA % SRR P fH
Group Up-regulated miRNA Fold change P vaue Down-regulated miRNA Fold change P vaue
G1vs G, novel-m0001-5p 11.397 767 0.044 648 novel-m0244-5p —11.800 946 0.037 762

novel-m0271-3p -11.621 815 0.039 966

G1 Vs Gs novel-m0141-5p 10.711 567 0.005 860 novel-m0561-3p —-11.631 160 0.006 446
novel-m0098-3p 10.434 395 0.004 184 novel-m0271-3p -11.621 815 0.011 475
novel-m0226-3p 9.779 479 0.037 407 novel-m0161-3p -10.997 967 0.022 497
novel-m0065-3p 7.466 889 0.001 222 novel-m0620-3p -10.867 173 0.033 285
novel-m0308-3p 3.919 291 0.046 455 novel-m0363-5p —10.806 778 0.028 692
novel-m0308-5p 3.436 403 0.047 956 novel-m0593-3p -10.570 279 0.018 212
miR390-y 3.360 268 0.040 017 miR7757-y —10.419 788 0.041 477
novel-m0396-5p —7.516 096 0.002 802

novel-m0591-5p —6.616 241 0.002 381

novel-m0256-5p —6.374 034 0.003 907

G, vs Gs novel-m0098-3p 10.434 395 0.000 858 novel-m0628-5p —11.209 329 0.012 424
novel-m0015-3p 9.222 352 0.026 771 novel-mo099-5p -11.113 369 0.037 838
novel-m0441-3p 9.079 351 0.043 641 novel-m0561-3p —10.916 666 0.018 517
miR7494-y 9.075 871 0.039 750 novel-m0533-3p —10.238 285 0.044 501
novel-m0320-3p 5.261 913 0.033 898 novel-m0336-3p —10.085 393 0.046 369
novel-m0321-3p 5.261 913 0.033 822 novel-m0396-5p —6.720 578 0.004 122
novel-m0238-5p 4.956 819 0.006 719 novel-m0001-5p —6.532 673 0.008 632
novel-m0065-3p 4.696 587 0.006 680 novel-m0591-5p —6.268 276 0.000 886
novel-m0652-5p 4.402 037 0.032 568 miR5185-y —6.216 985 0.045 925
novel-m0464-3p 4.098 503 0.043 383 novel-m0256-5p —5.654 693 0.002 052
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Fig. 4 GO functional annotation of differentially expressed miRNA target genes
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Tab. 4 Differential miRNA key pathways and NR annotation

5 WS i K i X ) .

F5 mES R HEIEN miRNA NR F:# NR note
No. ID Pathway name Target genes

1 koO0010 a5 A il evm.model.Scaffold 1.84 novel-m0628-5p [t~ 1-/75 g W -6- AR 1-1k IV 1 i [ 35 K]
Glycolysis/ Aldose 1-/Glucose-6-phosphate 1-epimerase
Gluconeogenesis [Corchorus capsularis)

2 ko01100  fbigfigts evm.model.Scaffold 446.31  miR8020-x 5K AR TR [k
Metabolic pathways chalcone flavonone isomerase [ Prunus persica

evm.model .Scaffold 139.25 novel-m0628-5p  Fiijill . £k ki{A& S CBS Z543k 1148 4 CBSX3
[HHR]
PREDICTED: CBS domain-containing protein
CBSX3, mitochondria [Citrus sinensis)

3 ko00943  KiFRAMI& evm.model.Scaffold 446.31  miR8020-x A5 SR A A K]
flavonoid biosynthesis chalcone flavonone isomerase [ Prunus persical

4 ko00940  JENLEAMIE R evm.model.Scaffold 167.8 ~ miR5185-y T . R ALY 44 [

Phenylpropanoid PREDICTED: peroxidase 44 [ Prunus mume]
biosynthesis

5 ko00480 73 M kIt evm.model Scaffold 19528 miR7494-y . AR D ik S AL 2 (AT AT )
Glutathione metabolism PREDICTED: probable glutathione peroxidase 2

[Theobroma cacao)

6 ko03018  RNA [&fit evm.model.Scaffold 216.1  novel-m0098-3p  RNA UZjigfiti, ATP #ifitd:, SK12/DOB1 &
RNA degradation [7] T /i 4 [7] A] 5]

RNA helicase, ATP-dependent, SK12/DOB1
protein isoform 4 [ Theobroma cacao)

evm.model.Scaffold 26.304  novel-m0161-3p  Hiiill: 7] i) CCRA AHCIH T 1 RIS 11[##]
PREDICTED: probable CCR4-associated factor 1
homolog 11 [ Populus euphratica)

7 ko04075 MM E(EESLS evm.model .Scaffold 1.585 ~ miR7494-y R IR AR SR R E A (A )
Plant hormone Leucine-rich receptor-like protein kinase family
signal transduction protein [Theobroma cacao]

evm.model.Scaffold 24.124  miR7757-y AR AT B3 FEEHAHIIET AUXIAA HH
SR T 1 [A] ] 5]
ranscriptional factor B3 family protein / auxin-
responsive factor AUX/IAA-related isoform 1
[Theobroma cacao)

evm.model.Scaffold 403.11  miR408-z T R KE RN E M IAAG [FiHiAR]
PREDICTED: auxin-responsive protein
|IAAG6-like [Gossypium hirsutum)

evm.model.Scaffold 140.3  miR5185-y # F-box/WD 4 pof10 [HJE]
F-box/WD repeat-containing protein pof10
[Glycine sojal

8 ko04016  MAPK {Z2- k-t evm.model.Scaffold 43.133 novel-m0628-5p  Fiiill|. 43 224> 2L 5% AL TR M il g 2 [W) T g
MAPK signaling X1 [Hiti e A4
pathway-plant PREDICTED: mitogen-activated protein kinase

kinase 2 isoform X1 [Citrus sinensis]

9 ko04144  NEHEER evm.mode! . Scaffold 3.680  novel-m0320-3p  SEC7 KE&E [ ##K]

Endocytosis SECT7-like protein [Corchorus capsularis]

10 ko04626  #i4y-f skt E/EH]  evm.model.Scaffold 8140  miR477-y TR : lysM G54 IRSZ AR G 3R] T &)
Plant-pathogen PREDICTED: lysM domain receptor-like kinase
interaction

3 [Theobroma cacao)

A3 5T B 5 A e H R S0 0 1 R 22 SR 1 95
TR 76 M i B A ¢ ; miR5185-y A #0 3L [H 5 &
F-box/WD H & H FHAHX; miR477-y MHLEK S
6 FG) S AZ AR RS 3 A OG5 miR7757-y 4L

lysM ¢

A5 A KA T B3R AR I B T AUXTIAA
FHIE TR T B 1 A5G ; miR408-z 5254 K& I i &

1 1AA6 #HC; novel-m0628-5p 545 2243 24 i
LB P 2 R TR X1 A %,
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3 iTig
31 FESSEAFTEARIERE~ME
XHI miRNA

ghf GO hfigiERe . KEGG &40 K257
mMiRNA 19 NR FERE, & I DY = 22 7E 4 o 72
At B AL T L S T RE M I R (5 T 1% =
R EREHE, # miRNA HEEH e S5 A
FUAACE= A G, T —2 miRNA HEEEA
AT R 55 AR B AR ) iz W 38 A G . 7E = AR
ER W 3e Ab Y B AR AR T 2L R1E 59425 5 miRNA,
Hr, 7F GLvs Gy, Gy Vs Gy, G, vs G — AN Hha
Hrpsrila 1. 7. 134 LM ZES miRNA, A
2.19.17 ™~ F 2% miRNA, 2 5% miRNA
Bl 2 ol AE AR B B 3 N, 7€ G vs Gs Fl G
Vs Ga P~ LU ZH 2ok v R 9 22 5 miRNA Sz i ik
DT, KR T HAEEELZAEME T, H
FEHRFB IR R A T R Z2=024,

AR AL BESE N ( CHI ) 2635 AT LA #F
/LN e S A AW I L7/ LR A N 1 SR
miR8020-x il il Y %L Kl evm.model . Scaffol d446.
31 SR SR AHOC . Ptk , 4T miR8020-x
A B 3 5 M) L 3 PR 8 5k K S St R T R A AR ik
R A R T S R T P i e, DT 5 i 21 B Yk A
R A K, (BT E G — 25 1 S35 50 IE
AN, ZREH novel-m0628-5p HYAEAEA evm.
model.Scaffold139.25 F1 evm.model .Scaffol d43.133
g3l 5 CBSX3 Ml 22 4y 24 7 1 AL 2 11 3% g
(MAPK ) #i3€, ifii CBSXs & 5B IT 4 %
BRI R AP MAPKK Al RES 510
- LI E AR . L, ASBEST HED
% LA novel-m0628-5p AW i [ 1 A 7 B Ak
e BT RES S5 AR 2-(2- R L EL) EHE
Y HA
32 TS SEAEEARMEALHBEEX
B miRNA

TEERE T T, W% ( Populus euphratica )
REfE IR IEH IR AL e Rk, 4RER SUA
PoAAL ISP, AP R B, $5E miRNA 0
miR7494-y {J#E3E K evm.model .Scaffold195.28 5
A H R ARG 2 MG, IS5 SRS
£ (GO:0004601 ), &L FE ( GO:0009404 ),
WMENFHESEE (GO:0009755) 45t fE; H
XL evm.model .scaffold7.53 75 22 & iR/ 75 4,

R 26 MG T, S 5 MG 51 SE k. Fit,
I miR7494-y 3 5 9 45 3L . evm.model.
Scaffold195.28 FI# 3 [ evm.model.scaffold7.53
M5, R R B AARTEER A T A
REI MG S A% T, DATIT42 i Hemt $h vk . A5,
755 miR5185-y il ALK evm.model. Scaf-
fold140.3 5 F-box A&, Tl F-box & H 5K ML bt
WS E S 5 R g RP Hi, ARSI
miR5185-y 2 5 B AR i 7 £ Jifpae o
MiRA4AT77 TE 558 ( Camellia sinensis ) WX Wi 5

(U5, R4 ) Ay S 3 T B P /R R P
MiR7757 % 5 /N3 ( Triticum aestivum ) T &
AR AR SR BT B, miRA408 i K
IRBESE G T Eh B | TRV KA AR R T 57, (HR
w7 T RS B M RS AR,
miR477-y, miR7757-y Al miR408-z S Fl £ 7 3%
K, UEPHXEE miRNA W] RES P AT R R b
HEBEEWNMHFEMH . OF LysM 282K 7E
T Bad K BAEBLE RS HT, JF ., TR
R, R IER (Malus pumila )
() LysM K213 HE MdLY K15 845 357 55 X T8
B HRALTA I PUE . ARDISE &3, miR4AT7-y [
H: 5 evm.model .Scaffold8.140 5 &4 lysM 45 43,
()32 AR BB A G, 1L 2 5 R DR R A B
YERT, I AT fi ik i 9 2 A AR ke 1 i o) 3 Jh 6 1Y
HRHEE /1. LAh, CBSXs M AUX/IAA EH
S IE S 2 5 0 ) ol i i R 20 2B AR
KR, Z7FRIEIKE miR7757-y HFEREA evm,
model.Scaffold24.124 W= E 55 1L i
AUX/IAA & 4, 1 miR408-z 11 3 K evm.model.
Scaffold403.11 M JE# A K2 W& 1AAG, X
S A R LRI SZ M T AR A B AR 14 A K R
R E R BE T o R BT, AWM miR
8020-x F novel-m0628-5p 1] it 2 5 [ A T B /A4l
YA =PI A B, 1 miR7494-y . miR4T77-y
miR5185-y .miR7757-y .miR408-z F1 novel-m0628-
5p WA HE S 5 IR T B URAR X R Wpa o iz . 9K
M, AWFIE AN miIRNA JEF7 I RESRIE &%
TR B VERPLRIBESE . R e AE A fe v,
W AR B EIEE IR S AT 22 5% miRNA 5
“GOfLT MG, I, JRERE R TR R
miRNA B ZIBESIE, 5 7E B8 © 1 7E $6 i an i 2
) BAARAE FIOLE], IfiE— PR R e AT 5 e il
107 FRAEZ AT TEER 2R o
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