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Abstract: Objective To analyze and identify ginseng miRNA. Methods The miRNA and target genes of Shizhu ginseng and Yuan
ginseng were detected by the degradation sequencing technology; Functional annotation of Degradome genes was carried out using
public databases of KEGG/NR/GO database; The expression of miRNA and target genes of Shizhu ginseng and Yuan ginseng was
determinated by real time fluorescence quantitative PCR technique. Results A total of 13 target genes of eight miRNA families were
obtained; The target gene type of miRNA was mainly transcriptional factor, response factor, and signal transduction pathway by means
of KEGG/NR/GO database analysis. The results of real time fluorescence quantitative PCR verification of agc-miR-159, bdi-miR162,
cpa-miR319, pgi-miR4376, smo-miR396 and its target genes were basically consistent with the expression of miRNA and target genes
from the degradation group. Conclusion The target genes of partial Panax ginseng miRNA is clarified, which lays the foundation for
further study of the possible function of ginseng miRNA.
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Panax ginseng C. A. Mey.. K 2 Flugifif N 2 (1) 3 4k
MR 5T B R phe 2 BRF RO L, B 70% 4
FEHHE 1 min, BELREKMEEE, B THEE
AWKy, VIR, SREEERE, 5
N80 ‘CUKFHHRAT
2 %

21 2 RNAREURAL

211 ERNARI ABERKCAVIE A&
#) 200 mg) A1 AE S Bl 2 R 23 Bl AE A [R] B B
W B AR, e 2IJC 1w JClER 1.5 mL Eppendorf
b, F4% Trizol :REUSE RNA, A 20~30 pl £
DEPC AbFEf 28 T/KIE RNA, —80 CLRIF#:
H, BUEH:3 1317 DNase | 42 .

2.1.2 S RNA 4tk BX 20~50 ug RNA ¥, 5
pL 10 X DNase | Buffer, 2 uL.(10 units)Recombinant

DNase I, 1 puL (20 units) RNase Inhibitor, # /&5 /1
A DEPC A3 i) 2 B F /K2 50 b R Bk R, T
37 ‘C/xM 20~30 min, #4bFE{ Recombinant
DNase | &3 . I 10 pL 3 mol/L B&ER4A AT 250 pL
A ORE, JRA)JE-80 CJHE 20 min. 4 °C, 12 000
r/min &0 10 min, 3 B3 CRERIKED . A 1
mL [#) 70%4 ZEEHE%, 4 “C. 12000 r/min &0 5
min, # LG, TRUTE. FEER DEPC A BT
ZE TR RNA, IR F BTt e e ks I
& RNA [ 5834
22 XEWMZESNF

BRI EAS S RNA ZHE L RK 5 A=) A #)
HEAT 1llumina HiSeq TM2000 5 .
2.3 BRSO

FEE EI A3 B R, Sk, MR E reads,
FGYEEAR BT B (17 51 (clean tags) - EHY Rfam
H1 Genbank 4 A % clean tags [P 4IfE &, JRATHE
FRVER LI ncRNA: rRNA. scRNA. snoRNA %%,
B AR Y tags 55 H R4 (Unigenes) 14T
Ebxt, 3545 cDNAsense, #E4T miRNA FRARZLAL 5 1)
5 441, R CleaveLand3 #4441 (P<
0.05), #ffi7E miIRNA #EHEA
24 SEERRAEE PCR (qRT-PCR) WiFERFE
15 miRNAs & HE0E X

EHRCAMEZ. [WZSF 5 NMEFRIE miRNA:
agc-miR-159, bdi-miR162. cpa-miR319. pgi-miR4376.
smo-miR396, XF 5 4 miRNAs Az H #0353 4T
QRT-PCR I&IF (3% 1). #/% QuantiFast® SYBR® Green
PCR Kit i7)& (Qiagen A, fEE) HET.

#* 1 gRT-PCR WiERI miRNAs H5 45751
Table 1 Primer sequence of miRNAs verified by qRT-PCR

miRNA T (5°—3) P B fop
miR159-F ACACTCCAGCTGGGTTTGGATTGAAGGGAGCT 71
miR159-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTAGAGCTC 71
miR162-F ACACTCCAGCTGGGTCGATAAACCTCTGCATC 71
miR162-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTGGATGC 71
miR319-F ACACTCCAGCTGGGTTGGACTGAAGGGAGCTC 71
miR319-FT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGGGAGCT 71
miR396-F ACACTCCAGCTGGGTTCCACAGCTTTCTTGAA 71
miR396-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAGTTCAA 71
miR4376-F ACACTCCAGCTGGGTTGGCATTCTGTCCACC 71
miR4376-FT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGAGGTGG 70
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Fig. 1 RNA electrophoresis of Shizhu ginseng and Yuan
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*2 ASNESEREEEERST
Table 2 Statistics results of gene functional annotation of
Shizhu ginseng and Yuan ginseng

TEREEE F:F%H
Nr 11767
KEGG 11 655
GO 10 705
st 12 915

Venn chart for annotation_genes
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Fig. 2 Common and specific degradation genes of Shizhu
ginseng and Yuan ginseng
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Fig. 3 Classification of GO function of ginseng miRNA target gene of Shizhu ginseng and Yuan ginseng
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Table 3 Annotation of degradome sequencing

HEN FUE R I M K cDNA K /bp
SPL17_ORYSJ promoter-binding protein SPL9 1405 0.5 0 1944
SPL7_ORYSI squamosa promoter-hinding protein 13 15 0 503
DNJH_CUCSA DnaJ 1185 4.0 4 1946
GAML1_ORYSI transcription factor GAMYB 1699 2.0 0 2712
TCP24_ARATH TCP transcription factor 2017 35 0 2920
ARFR_ORYSJ auxin response factor 2085 15 0 3295
NC100_ARATH NAC domain-containing protein 93 2.0 0 683
NAC98_ARATH protein CUP-SHAPED 848 2.5 0 1339
NAC22_ARATH NAC domain-containing protein 805 2.5 0 984
ATB15 ARATH DNA binding protein 1635 35 0 3786
ARFF_ARATH auxin response factor 3808 3.0 0 4230
AGO1_ARATH AGO1 833 3.0 0 3919
TIF6B_ARATH JAZ3 1129 4.0 0 1525
NFYAL ARATH CCAAT-box binding factor HAP2 homolog 1519 45 0 2059
AP2_ARATH ethylene-responsive transcription factor 2291 30 0 2643
DAPB3_PSEMX uncharacterized protein 1897 4.0 2 2850
RH46_ARATH DEAD-hox ATP-dependent RNA helicase 1997 45 2 2395
AFB2_ARATH protein auxin signaling F-BOX 2206 30 0 2620
TIR1_ARATH transport inhibitor response 1 1913 4.0 0 2607
GRF6_ORYSJ uncharacterized protein 1107 3.0 0 2498
GRF3_ORYSJ growth-regulating factor 3 836 2.0 0 2009
UBC24_ARATH ubiquitin-conjugating enzyme E2 771 0.5 2 4443
CLPAA SOLLC ATP-dependent Clp protease ATP-binding subunit clpA homolog CD4A 1467 30 2 3419
ETO1_ARATH ethylene-overproduction 1419 3.0 0 3625
TMVRN_NICGU TMV resistance protein N 998 30 2 3607
TMVRN_NICGU ATP binding protein 211 30 4 717
R13L4_ARATH disease resistance RPP13-like protein 4-like 897 2.0 2 3196
R13L1 ARATH putative disease resistance protein At3g14460 576 2.5 4 4273
CAR11_ARATH probable ADP-ribosylation factor GTPase-activating protein AGD11-like 341 2.5 4 1101
ACA8_ARATH autoinhibited calcium ATPase 328 3.0 0 739
GAE6_ARATH UDP-glucuronate 4-epimerase 189 35 0 892
DNAJH_SYNY3 hypothetical protein PRUPE 294 45 0 2443
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Table 4 Identification of ginseng miRNA target gene information by degradome sequencing
miRNA BE LRV RE BEIE A PIEILr S 25 cDNA K JE/bp
aqc-miR159 transcription factor GAMYB GAM1_ORYSI 1699 25 0 2712
bdi-miR162 endoribonuclease Dicer homologl ~ DCL1_ARATH 4288 15 0 6 288
cpa-miR319 transcription factor GAMYB GAM1_ORYSI 1699 1.0 0 2712
cme-miR166  homeobox-leucinezipper protein REV_ARATH 1105 2.0 0 3470
DNA binding protein ATB15_ARATH 1635 2.0 0 3786
pgi-miR4376  auto-inhibitedcalcium ATPase ACA8_ARATH 328 3.0 0 739
smo-miR396  hypothetical protein GRF1_ARATH 120 2.0 0 1386
growth-regulating factor GRF3_ORYSJ 836 2.0 0 2009
unnamed protein product GRF4_ORYSJ 848 2.0 0 2239
growth-regulating factor GRF6_ORYSJ 1107 2.0 0 2498
uncharacterized protein RPD1_ARATH 1849 2.0 0 3153
comp46638 SPX domain-containing membrane  SPXM3_ARATH 376 15 0 3251
protein
comp65451 tir-nbs-Irr resistance protein TMVRN_NICGU 852 15 2 1834
259 A 157 B =3l %
20 SHMS
¥ 15- i 0]
X K
® 1.0 i 05 %
051 2 . .
o H 4 H H EZA 0 _‘% % %
miR159 miR319  miR396  miR4376 GAM1_ORYS| DCLI_ARATH GRF1_ARATH ACA8 ARATH

A-Z 5 miRNA qRT-PCR KlE  B-2% 413 K] gRT-PCR ¥l
A-qRT-PCR validationof differentially expressed miRNAs B-gRT-PCR validation of differentially expressed target genes
4 ZE5 miRNA R3BEFE gqPCR HiE
Fig. 4 Validation of differential miRNAs and target genes by gPCR
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Bk, AZ miRNA A HERE ML R IE 1 1%
TER, BN NS IRIT R A 3 o Bl 2 — o
R T IR IR — R U, A T I B AR W A
UE NS mIRNA BIER IR, I
gRT-PCR %iE, fHHH—Em4R. Ait—PH#HR
ANZ miRNA  J F R0 5L R B 7R LA P9 ) AT e 42

YERIFT T 22tk
SE R
[1] Bartel D P. MicroRNAs: Genomics, biogenesis,



* 950« ¢ &% Chinese Traditional and Herbal Drugs %550 % % 4 #1 201942 A
mechanism, and function [J]. Cell, 2004, 116(2): decoction [J]. |~ &R 25 B} K& %4k, 2017, 33(5):
281-297. 595-599.

[2] Fang Y N, Zheng B B, Wang L, et al. High-throughput [10] Addo-Quaye C, Miller W, Axtell M J. CleaveLand: A

(3]

[4]

[5]

(6]

[7]

(8]

[l

sequencing and degradome analysis reveal altered
expression of mMiIRNAs and their targets in a male-sterile
cybrid pummelo (Citrus grandis) [J]. BMC Genom, 2016,
17(1): 591-605.

Yang X, Wang L, Yuan D, et al. Small RNA and
degradome sequencing reveal complex miRNA regulation
during cotton somatic embryogenesis [J]. J Exper Bot,
2013, 64(6): 1521-1536.

Yu X T, Wang S P. Clinical observation ontreatment for
postoperative gastric cancer byginsenoside Rgs combined
with chemotherapy [J]. Chin J Cancer Prev Treat, 2010,
17(10): 779-781.

Zhang G, Liu A, Zhou Y, et al. Panax ginseng
ginsenoside-Rg,
antiapoptosis in a rat model with vascular dementia [J]. J
Ethnopharmacol, 2008, 115(3): 441-448.

Sui DY, Yu X F, Qu S C, et al. Effects of Panax
20S-2
onexperimental ventricular remodeling in rat [J]. Chin
Pharm J, 2007, 42(2): 108-112.

William C S, Chung W S, Sally K W, et al. Ginsenoside
Re of Panax ginseng possessessignificant antioxidant and
antihyperlipidemic efficaciesin streptozotocin-induced
diabetic rats [J]. Eur J Pharm, 2006, 550(1/3): 173-179.
Kim S E, Lee Y H, Park H J, et al. Ginsenoside-Rs4, a
new type of ginseng saponin concurrentlyinduces
apoptosis and selectively elevates protein levels of p53
and p21WAF1 in human hepatoma SK-HEP-1cells
European [J]. Eur J Cancer, 1999, 35(3): 507-511.

Wang W J, He Z H, Chen Y L, et al. Comparison of
two miRNA methods for

protects memory impairment via

quinquefolium protopanaxdiol saponins

extraction of ginseng

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

pipeline for using degradome data to find cleaved small
RNA targets [J]. Bioinformatics, 2008, 25(1): 130-131.
Elbashir S M, Lendeckel W, Tuschl T. RNA interference
is mediated by 21- and 22-nucleotide RNAs [J]. Genes
Dev, 2001, 15(2): 188-200.

Li B, Duan H, Li J, et al. Global identification of
miRNAs and targets in Populus euphratica under salt
stress [J]. Plant Mol Biol, 2013, 81(6): 525-539.

Lu S, Sun Y H, Shi R, et al. Novel and mechanical
stress-responsive microRNAs in Populus trichocarpa that
are absent from Arabidopsis [J]. Plant Cell, 2005, 17(8):
2186-2203.

Jiang J, Lv M, Liang Y, et al. Identification of novel and
conserved miRNAs involved in pollen development in
Brassica campestris ssp. chinensis by high-throughput
sequencing and degradome analysis [J]. BMC Genom,
2014, 15(1): 146.

Palatnik J F, Allen E, Wu X, et al. Control of leaf
morphogenesis by microRNAs [J]. 2003,
425(6955): 257-267.

Zhang L, Hou D X, Chen X, et al. Exogenous plant

Nature,

MIR168a specifically targets mammalian LDLRAP1:
Evidence of cross-kingdom regulation by microRNA [J].
Cell Res, 2012, 22(22): 107-126.

Li J, Zhang Y J, Li D M, et al. Small non-coding RNAs
transfer through mammalian placenta and directly
regulate fetal gene expression [J]. Protein Cell, 2015,
6(6): 391-396.

Zhou Z, Li X H, Liu J X, et al. Honeysuckle-encoded
atypical microRNA2911 directly targets influenza A
viruses [J]. Cell Res, 2015, 25(1): 39-49.



