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miRNA library and thermodynamic stability of Astragali Radix decoction pieces
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Abstract: Objective To establish a small RNA library of Astragalus membranaceus, in order to understand the intake and absorption
of miRNAs in human body, and to lay the foundation for pharmacological research of Astragali Radix decoction pieces (ARP).
Methods The decoction of 4. membranaceus after desiccation, high temperature and microwave treatment was used as sample, and
using high-throughput sequencing technology, the unknown miRNA sequence was obtained. Results Totally 9 931 049 small RNA
sequences were identified from ARP by the high-throughput sequencing technology. After compared with all hairpin-forming
precursors in miRBase 21 database, the miRNA library of ARP decoction was established, and one conserved miRNA and 9 novel
miRNA sequences were confirmed. Twelve class I small interfering RNAs (siRNAs) were obtained by further bioinformatic analysis
and we found that the 5’ terminal was unstable while the 3’ terminal was stable thermodynamically. Conclusion The miRNAs
expression profiles of ARP is first revealed by thermodynamic treatment. Our study suggests that class I siRNA can be used as a
potential biochemistry components of phytomedicine, which might contribute to the epigenetic studies on Chinese materia medica.

Key words: miRNA; Astragalus membranaceus (Fisch) Bge.; high-throughput sequencing technology; small interfere RNA;

thermodynamic stability; Chinese materia medica

FRBP D] TN TR
AN ek H . ERMEY . FREAEHI 2 A 5

o

L ST M o R 2R BT 3
i ORI T3 IR SR SR e S

=

WP Astragalus membranaceus (Fisch.) Bge. var.
mongholicus (Bge.) Hsiao BT Astragalus
membranaceus (Fisch.) Bge. M. 25 &2 IRIK
WHIRRPZ —, (REZH) 2015 Fhad B KR
ANV R FURFEE . HEe. ot Epsshd.

IS BHA: 2015-06-21

S LAT 25 10 G U T RN B AR A T,
ORI TE T A R 21 7 i R Y, (B LA o
FNKILFHIkrE (expressed sequence tag, EST)
CLoe R . 742 721 A RS BB h LSS T
AN 9 893 MU P4 XK AT T4 5 B B

EEWME: W EAREIA S DNTEELS S E AL HES Y H (2xb22012-003)
EEE N Lk (1961—), U5, FAEERIE, #a%, LA, BF505 oA S, Tel: (021)65415910  E-mail: sbsys1303@aliyun.com



* 3080 * ¢ %% Chinese Traditional and Herbal Drugs 35 46 % 28 20 #§ 20154 10 A
YA R YA RTE,  [FIRSEERAREAT Invitrogen A W]), FFEZRIHER ORI A 11,
A ST B A PR A EH-20 CLRAFAA .

/N RNA (microRNA. miRNA) &2/
YRGS RNA . SR T miRNA HIZ0H 5%
¥) (primary transcripts miRNA, pri-miRNAs), HA
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24 521 A~ miRNA FEPH, M4 miRNA JE[ P2
(miRBsse 21) HENER, STHEHLHT AR C B
30 424 A~p miRNA JF AN, (HH A oo
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1 st
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B, SR N SR BRI E BT I Astragalus
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2.1 HEERER&E
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%M.
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FIGY Gt PO B A3 A S e R S I i)
WEWIR I I B P AT 20 FRE, LASRAGAE
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B EA IR RIE S E R
24 EYERESH

{f B novoalign 10.1 # f ( Novocraft
Technologies Sdn Bhd) XJ CLA1 A HIFEY) miRNA
FEHIHEAT AL, A58 miRNA FRF. Sk w45 )
OIHT, BE LR AR R S miRNA B3 o i
KM F LR & 4Ty 5 0 815 38 &
miRNA, Jf5 miRNA £(#i % (miRBase 21) Fr#k
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#z2 EIfF miRNA EEMZE (EH>10) FAisg
Table 2

precursors (reading > 10)

Main categories and reading of miRNAs

Table 1 Category analysis on miRNA from A.
membranaceus (length distribution and reading)
FERENE e | TR e
Bt A /nt

16 497 115 24 206 146
17 484 864 25 164 923
18 446 749 26 115767
19 436 296 27 88301
20 394 291 28 60 094
21 371 321 29 41130
22 326 557 30 25 141
23 267 047

interfere RNA, siRNA). 2" 16 nt 5 12.83%, 17 nt
1 12.51%. 1K BEAE 20~24 nt 15 40.39%. 20~24
nt K RNA FEAEHAH FEJE miRNA. A KT
FORI/INTF RNA 0 sl B8 miRNA.
24~30 nt Jir i LR
3.2 EEMF miRNA REIAD

ff/] Novoalign10.1 FA3 RTA W S C A0
JTAA MY miRNA JPFIEE T, A3 1 A SR
MIR6300 fR5FFF1. ST EREREE) T T
W AEAT S INFAFIRR SE ) 4 A B AR AR, A
KR T F LA bk, g kB 510 Fh
AR miRNA [, 2 5lJE T 23 505 . R4 SCik
RGP E RO 10, PR 10
1L ANPH] (R 2)0 X 2L 1Y) miRNA 4k 2k
17307, IR LA AP AE 46 MRS B IR O 57 sl ik
FASA I miRNA J7 41, X 28 miRNA K JEAE 15~
21 nt, KZ% T miRBase 21 [H| & 545, EMI{EKE

miRNA FUAARZE 3% | miRNA BiAR2E 52
miR8175 25 miR2916 254
miR5054 11 miR894 16
miR5368 23 miR398 17
miR6300 35 miR1103 34
miR9728 11 miR398b 17
miR2592b 19

Glycine max Merr.. ULF4 I+ Arabidopsis thaliana
Heynh. F1/KHE Oryza sativa Watt. “5HE4)_ 547 4E
B ERIORST I, PLGEREE miRNA FhoRRIA )
Z W (30 Hov BEOR ST T iAo S5 Ak B
(1 1 A miRNA (tec-miR396d) . i 7 & I AR
S RO A AL FE ) miRNA A5 9 ANT 4,
A3 miR166i. miR396 F1 miR5077 (£ 4). i
miR396 Z W& ¢ 5l & T 7 A A E P A
(mdm-miR396e. mdm-miR396f. mdm-miR396g.
pab-miR396b . pab-miR396¢c . ptc-miR396f .
ptc-miR396g-5p).
3.3 EERERN miRNA RIEMHTFXIEHER
Fik

SCRRIRIE, WA S0 2 A B AR IR 45
Fitk 5 siRNA FEIEPIRAThReAH HAE R, #
siRNA 7004 3 2%, JLrn 126 siRNA 701 BAT feoi £
(PIFEDRICER BN, T2 siRNA [ 5 AARHEA 375 1~7
HIRAL R (XD B 4~T DM AU (A+
U) =57%]. &R EoR, HERAHA 5 1 miRNA
FEAFT& 1 25 siRNA SifbaiE (& 3), 200

#* 3 FEE miRNA iZ %5 miRBase 21 $iEERY 3T b

Table 3 Profile of miRNAs identified from A. membranaceus and comparison with miRBase 21 database

miRNA 4%k BHRTY (5°-3) nt miRBase 21 $il L HRITH] (5°—-37) nt
ata-miR5168-5p GUUGUCGUCUGGUUCA 16 GGGUUGUUGUCUGGUUCAAGG 21
ath-miR401 AACUGGUGUCGACCG 15 CGAAACUGGUGUCGACCGACA 21
ath-miR5660 CAGGAGGUUAGUGCAAUG 18 CAGGUGGUUAGUGCAAUGGAA 21
ath-MIR8175 CCCCGGCAGCGGCGCC 16 GAUCCCCGGCAACGGCGCCA 21
bdi-miR5054 CCCCACGGUGGGCGCC 16 UCCCCACGGUCGGCGCCA 18
bdi-miR7735-3p CGCCGGUCGGAGCCAC 16 CCGGUCGGAGCCAAGAGACGCGGC 24
bdi-miR7777-5p.1 UGGGUAGAACUGCCUCU 17 CUUUGGUUGGGUAGAACUACC 21
cca-miR6117 CCGGGUUGAAGACAUU 16 GGUUAGGUUGAUCGGGUUGAAGAC 24
cme-miR166i UCUCGGACCAGGCUUCAUUCU 21  UCGGACCAGGCUUCAUUCUC 20
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miRNA % F BARITH (5-3) nt miRBase 21 i FEHR)ITH] (5°—37) nt
cme-miR396e UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUG 21
cpa-miR8155 CCUGGCUCUGAUACC 15 UAACCUGGCUCUGAUACCA 19
csi-miR3953 UUCUGUAAGCCGUCGA 16 UUGAGUUCUGCAAGCCGUCGA 21
gma-miR171a UCGUUGAGCCGUGCCA 16 UGAGCCGUGCCAAUAUCACGA 21
gma-miR171i-3p UUCGUUGAGCCGUGCC 16 UUGAGCCGUGCCAAUAUCACG 21
gma-miR4995 GGCAGUGGCUUGGUU 15  AGGCAGUGGCUUGGUUAAGGG 21
gma-miR5368 AGGGACAGUGUCAGGUAG 18  GGACAGUCUCAGGUAGACA 19
gma-miR5783 CGGAGACGACGGCGGGG 17 GACGACGACGGGGAGGACGCGC 22
gma-miR6300 UCGUUGUAGUAUAGUGGUAAG 21  GUCGUUGUAGUAUAGUGG 18
gma-miR862a CUUUGAAGGAAUUAGA 16 UGCUGGAUGUCUUUGAAGGAAU 21
gma-miR9728 ACCCGGAGAACUGAAACA 18 CGCAGAACUGAAACAAGUUGA 21
gma-miR9728 ACCCGGAGAACUGAAACA 18 CGCAGAACUGAAACAAGUUGA 21
hbr-miR6173 UAAACGAUGGAUACU 15  AGCCGUAAACGAUGGAUACU 20
lus-miR1711 UUCGUUGAGCCGUGCC 16 UUGAGCCGUGCCAAUAUCACG 21
mdm-miR396f UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUG 21
mdm-miR396¢g UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUG 21
mtr-miR2603 GUCCCUGCCCUUUGUA 16 UUUGGUAUUGGUCCCUGCACUU 22
mtr-miR7696a-3p AUGAGAACUUGAAGGACC 18  UUGAAUUAUGAGAACUUGAAG 21
0sa-miR5072 CCCCAGCGGAGUCGCC 16 CGAUUCCCCAGCGGAGUCGCCA 22
0sa-miR5077 GUUCACGUCGGGUUCACCA 19  GUUCGCGUCGGGUUCACCA 19
0sa-miR5083 CUACAAUUAUCUGACC 16 AGACUACAAUUAUCUGAUCA 20
0sa-miR5800 CGGAACGGCUGCUUC 15 CCCGGCUAUCGGAACGGCUGC 21
pab-miR3711 GGCGCUAGAAGGAGGGC 17 UGGCGCUAGAAGGAGGGCCU 20
pab-miR396b UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUU 21
pab-miR396¢ UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUU 21
peu-miR2916 UUGGGGGCUCGAAGACGAUC 20 UGGGGACUCGAAGACGAUCAUAU 23
ppe-miR1511-3p CCUGGCUCUGAUACC 15 ACCUGGCUCUGAUACCAUAAC 21
ppt-miR894 UUCACGUCAGGUUCACC 17  CGUUUCACGUCGGGUUCACC 20
ptc-miR396f UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUG 21
ptc-miR396g-5p UUCCACGGCUUUCUUGAACU 20 UUCCACGGCUUUCUUGAACUU 21
rgl-miR5139 CCUGGCUCUGAUACC 15  AAACCUGGCUCUGAUACCA 19
smo-miR396 UUCCACGGCUUUCUUG 16 UUCCACGGCUUUCUUGAACC 20
tcc-miR160a GUUCUCCCUGGCUCCCUGA 19 UGCCUGGCUCCCUGAAUGCCA 21
tcc-miR396d UUCCACGGCUUUCUUGAACUU 21 UUCCACGGCUUUCUUGAACUU 21
vvi-miR160b GUUCUCCCUGGCUCCCUGA 19 UGCCUGGCUCCCUGAAUGCCAUC 23
zma-miR398b-5p CGGGGGACGGACUGGGAA 18  GGGGCGGACUGGGAACACAUG 21

miRNA Y PRI RAE S : ata-1LI2EH, ath-BARGST, bdi- “BURANE, cca-FISEHT, cme-F/R, cpa-TEAJK, csi-TAIRE, gma- K5, hbr-ELPEIK
By lus-TAMK, mdm-3ER, mte-BEFARE T, osa-/KHE, pab-WEi =42, peu-#45, ppe-Bkit, ppt-#aE, pte-Amf, rgl-Hi#, smo-TLFAEH, tec-
wu, vi-di%, zma-EK, T

miRNA name prefix abbreviation: ata-Aegilops tauschii, ath-Arabidopsis thaliana, bdi-Brachypodium distachyon, cca-Cynara cardunculus,

cme-Cucumis melo, cpa-Carica papaya, csi-Citrus sinensis, gma-Glycine max, hbr-Hevea brasiliensis, lus-Linum usitatissimum, mdm-Malus domestica,

mtr-Medicago truncatula, osa-Oryza sativa, pab-Picea abies, peu-Populus euphratica, ppe-Prunus persica, ppt-Physcomitrella patens, ptc-Populus

trichocarpa, rgl-Rehmannia glutinosa, smo-Selaginella moellendorffii, tcc-Theobroma cacao, vvi-Vitis vinifera, zma-Zea mays, same as below
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F 4 HEPHATAIERTH miRNA fhZ
Table 4 Novel non-conserved miRNAs identified from A.

membranaceus

miRNA %7k BHRIFH (5°—3) nt
UCUCGGACCAGGCUUCAUUCU 21
UUCCACGGCUUUCUUGAACU 20

UUCCACGGCUUUCUUGAACU 20

cme-miR 1661

cme-miR396e

mdm-miR396f
mdm-miR396g  UUCCACGGCUUUCUUGAACU 20
0sa-miR5077 GUUCACGUCGGGUUCACCA 19
UUCCACGGCUUUCUUGAACU 20
UUCCACGGCUUUCUUGAACU 20
UUCCACGGCUUUCUUGAACU 20

UUCCACGGCUUUCUUGAACU 20

pab-miR396b
pab-miR396¢
ptc-miR396f
ptc-miR396g-5p

miR5139, miR6173, miR396. miR8155 !l miR166i.
Hp miR396 KEFFHIWE T 8 A A 7 41
(mdm-miR396e. mdm-miR396f. mdm-miR396g .
pab-miR396b . pab-miR396¢c . ptc-miR396f .
ptc-miR396g-5p « ttc-miR396d ) . [f] i Bt T ix 2K
miRNA 5457 FHNHAELR T miRNA J54147 53 5
BN, VISR TAaPI B B W miRNA
T, LS k2o =, ER OB T
JERSE (K 5).

£S5 BERNFLEHERFIERZE SIRNA F51 5B HE
R R ELER

Table 5 Comparison on class I siRNA sequences from
extract of A. membranaceus after thermodynamic treatment

and known miRBase 21 database

miRBase 21 i 5 ¢ 51 5 460

miRNA £ FR ) .

BB AILLE (5°—3)
miRBase 21 UAACCUGGCUCUGAUACCIA
cpa-miRNA8155  CCUGGCUCUGAUAC(
miRBase 21 AGCCGUAAACGAUGGAUAC]
hbr-miR6173 UAAACGA
miRBase 21 AAACCUGGCUCUGAUACCA
rgl-miR5139 CCUGGCUCJUGAUAC(
miRBase 21 UCGGACCAGGCUUCAUUCU|C
cme-miR 166i UCUCGGACCAGGCUUCAUUCU|
miRBase 21 UUCCACGGCUUU[CUUGAACUG

miR-396 Kk UUCCACGGCUUUICUUGAAC

T HE N g BT XA

Boxes indicate seed region

4 g

BRE T R A —, DA
REAEIHAE B JT A TIR R . AL )
AR ST SRS, B3Rl sk
SIAE SIS SRR IRV TT T AR AR G I T 3L
RUAE AR A P 258F 7S, Ak 2 gy BeE W AT
BAE A AR 2D, i i 3 — S A i,
AR 2 1) 22 58 A YR TT BEAR MR = A 8 1R A H

%K 2 BT A0 R R AT 1 20~24 nt RNA
NIt 5 DR S DU ER I PR S AL, miRNA & /hor 1
RNA W —RE R IR 1o B GRS/ 5
T RNA EHEDE TR A1 FH 00 B A R v 0 7
KRIRE, YR LU s DNA
[RIZH 275 NIt AR2% . B miRNA £E AR5 Ff
PORBT U E, OO KERR P miRNA 7E4
kRO, I miRNA A] 53 TR 1697 .

ANET AN E T TH miRNA IRFST, B 2EmFoT
SRS NN SO PN ] N I R g SR 2
I . e BRI RGE SE A R IR A
FMHME KSR, 5—KEY miRNA 47
W H RN EAAAEIR K 22 57, FEY) miRNA 4347
B2 H S AL R A T R B
SO PUISEE a5, SR T R AN AF
HME TG TR0 miRNA #5012
Z IEAER T AR T /Nor - RNA AR E 1 o

T2 L EAFERE Y 2 S 2 N Y P A Rk,
TEIR IR L RS 2 B Ak 5 vh A FH 2590475 AR 25 4
Fo MR L5 0GB T 22y
AN A REHERR SR /N7 RNA T RENE, B
SRIX AT REVS SIS (cross-kingdom) IBtAL 521,
A AT B AN ARIFFT I H A T I SE B Al
FH B A 245 W e 2 10200 B IR o B /N 20
RNA PIfFAE, T4 a3l ae it N, DRR
TR 2 EAE ML

¥ ISR = vy o) Ll I RPN TP S K 974
YER G AT B K AR 15~30 nt /M1
RNA. 5HAhF25 miRNA BRI, AHF5T
B R T RS BT AR A, R
Wil AEAE AR S AL BN T, U &)
SRR ) BEAR B, /N3 F RNA B 1) W R 7
Bk, B 16~20 nt S EG B E . BEERT
FWE ml B S5 RIS /05T RNA £,
5 HARBFIT I T Lo, 6] Bk 28 SCRRAS 2Rt R e B
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AN R R SR A5

BRI R AL il I T )G, BT s B
THENURAEREAT A5 B %0, AU 2 SRR
MIR6300 {57741, 22 ZIEERFIAEDIE DR L
FAT, S IR BT AR 4 R AT AT T L
WAFHEDE B2 b, BRSO F X . A
510 FPEH miRNA JPHIH TR H 46 S RIA
ff) miRNA, IX%% miRNA 7F K5 SR IFRIK RS
) B B AR, DLEREE miRNA
FhRLIE NREZ N (R 1), FFETICHIFIEMN R
FRAE . LA BB A2 il TR S5 B 45 1 1)
X miR396 FK%, ZmfELRST. 5 R IAR R
1) miRNA 9 /> (£ 2), BT miR166i il miR5077
Ak, 312 miRNA396 G, Ko eaI 14
A% 5 miRBase 21 B4 e A7 22 57« R AZ AT IR K
JEYILE 19~21 nto 45 FRW], AT ERIE R e
i 52 47 2 5 AF R R 43 miR396 F I

siRNA 7F RNA i S E 54 (RNA-induced
silencing complex, RISC) HH{EH AT BEAFLE 2 Ff
il —FE 3E RNA F R 75— Rl S EU L
WP, P E TN T RNA A S HIFE R PTER
e, Hopkow R AE TR I R sy 1
Al siRNA )5 T X 48k 5 miRNA & Watson-Crick i
FERCRT R E Tk o T SIRNA 232 3 25: 12K siRNA
Ao KRR VUERER, 1 3°—>5 1~7 MR
PEE B 4~T7 A A B U (RIS JRIEIE ), ol &
T MEHFIRA S B A+U IELH =57%, [FII7E
19 MZAFIRAT £ oA G 8L C CEYIEERE /g ) o 111
7 siRNA RADHIEEVIERIER], E7F 3755 1~7
MZHFRALE LA G 8L C 3. 11 28 siRNA fiE
PRIYTER VR F AT 1 28000 10 282 [A)22), Sk ),
LT BLALE S u ANFEE 1/ 7T RNA B+
S R THEAN AR AE RISC o ARSLEGHFFT RN,
H 12 NN F RNA JPHIFTE 12K siRNA (R 3D,
1 25 siRNA 76 RICERALE] T i dpei, Lt mT
RE A HAT 25 AN E I T A 53 1

BARA ST T UL EERRIEMISE R, (HAN
B B R MAE AR IR AT REAS, DR AR )
Tolt () A A 23 R A AN S DAL OR 7 Py T A fepdk— 20
W o AR S AL B I FAEAR IR B IAE T SE56 1)
AR ATERETERRIE M, DABLRLH B 2 R
7 R FOREA, R LI Readh N AR B8
/N T RNA [WFRR, PR R A2 i

PEIRIRIT T miRNA [ IIRNE - AL 2 2% 1tk
SR -
5 NG

I 5 DR v R R EE W R T, O A
B BB & A KRN RNA, e L
miRNA i 2T JH AR A3, A7)
TEAEAR S BCAE R SF ) miRNA, [RIAELE 12 A 1
2% siRNA 701, B EH miR396 FKkh #u )y 2 f
Fsg . BT /N T RNA 25 A fridt— 20
AR

Ak KRRARE LB RAKER S AR
EIRARIe F St E R P37 @ 6948 5.

W

3k
1] EZ [S]. —. 2010.
] Ma X Q, Shi Q, Duan J A, et al. Chemical analysis of

Radix astragali (Huangqi) in China: A comparison with

— —
[\

its adulterants and seasonal variations [J]. J Agric Food
Chem, 2002, 50(17): 4861-4866.

[3] Chen J, Zhang X, Wang Y, et al. Formononetin promotes
proliferation that involves a feedback loop of
microRNA-375 and estrogen receptor alpha in estrogen
receptor-positive cells [J]. Mol Carcinog, 2015. doi: 10.
1002/mc. 22282.

[4] Chen J, Ge B, Wang Y, et al. Biochanin a promotes

feedback loop of
microRNA-375 and estrogen receptor alpha in breast
cancer cells [J]. Cell Physiol Biochem, 2015, 35(2):
639-646.

[5] Wang N, Liu J, Xie F, et al. miR-124/ATF-6, a novel
lifespan extension pathway of Astragalus polysaccharide
in Caenorhabditis elegans [J]. J Cell Biochem, 2015,
116(2): 242-251.

[6] Jin M, Zhao K, Huang Q, et al. Structural features and

proliferation that involves a

biological activities of the polysaccharides from

Astragalus membranaceus [J]. Int J Biol Macromol, 2014,

64: 257-266.
[77 Huang G C, Lee C J, Wang K T, et al
Immunomodulatory effects of hedysarumpolybotrys

extract in mice macrophages, splenocytes and leucopenia
[J]. Molecules, 2013, 18(12): 14862-14875.

[8] Liu X B, Ma L, Zhang A H, et al. High-throughput
analysis ~ and  characterization = of  Astragalus
membranaceus transcriptome using 454 GS FLX [J].
PLoS One, 2014, 9(5): €95831.

[9] Bartel D P. MicroRNAs:

genomics, biogenesis,



tEd

Chinese Traditional and Herbal Drugs

H46% 2049 2015410 A « 3085 *

[10]

[12]

[14]

[15]

[16]

[17]

mechanism, and function [J]. Cell, 2004, 116(2): 281-297.
Jones-Rhoades M W, Bartel D P, Bartel B. MicroRNAs
and their regulatory roles in plants [J]. Annu Rev Plant
Biol, 2006, 57: 19-53.

Mallory A C, Vaucheret H. Functions of microRNAs and
related small RNAs in plants [J]. Nat Genet, 2006,
38(Suppl): 31-36.

Brodersen P, Sakvarelidze-Achard L, Bruun-Rasmussen
M, et al. Widespread translational inhibition by plant
miRNAs and siRNAs [J]. Science, 2008, 320(5800):
1185-1190.

Carrington J C, Ambros V. Role of microRNAs in plant
and animal development [J]. Science, 2003, 301(5631):
336-338.

BRI, ZE5eB, #REfE, 25, HiEE microRNAs FIHIHE
R AE A B A T Sz 3AE 7). "R &2y, 2014, 45(8):
1129-1135.

Wu B, Wang M, Ma Y, et al. High-throughput sequencing
and characterization of the small RNA transcriptome
reveal features of novel and conserved microRNAs in
Panax ginseng [J]. PLoS One, 2012, 7(9): e44385.

Llave C, Kasschau K D, Rector M A, et al. Endogenous
and silencing-associated small RNAs in plants [J]. Plant
Cell, 2002, 14(7): 1605-1619.

Kozomara A, Griffiths-Jones S. miRBase: integrating
microRNA annotation and deep-sequencing data [J]. Nucl
Acid Res, 2014, 42: D68-D73.

WHBR, £ 8, F OB, E BUREORN ] Trh
FEMMIBEFT (7], PRSI BE 85 & 8K, 1999,
12(3): 365-367.

[19]

(20]

(21]

(22]

(23]

(24]

[26]

Friedlinder M R, Chen W, Adamidi C, et al. Discovering
microRNAs from deep sequencing data using miRDeep
[J]. Nat Biotechnol, 2008, 26(4): 407-415.

Bullard J H, Purdom E, Hansen K D, et al. Evaluation of
statistical methods for normalization and differential
expression in mRNA-Seq [J1. BMC
Bioinformatics, 2010, 11: 94. doi: 10. 1186/1471-2105-
11-94.

Turner M, Yu O, Subramanian S. Genome organization
and characteristics of soybean microRNAs [J]. BMC
Genomics, 2012, 13: 169. doi: 10. 1186/1471-2164-13-169.
Ui-Tei K, Naito Y, Takahashi F, et al. Guidelines for the
selection of highly effective siRNA sequences for
mammalian and chick RNA interference [J]. Nuc! Acid
Res, 2004, 32(3): 936-948.

Ibrahim L F, Marzouk M M, Hussein S R, ef al
Flavonoid constituents and biological
Astragalus bombycinus Boiss [J]. Nat Prod Res, 2013,
27(4/5): 386-393.

Liang H, Zhang S, Fu Z, et al. Effective detection and

experiments

screening of

quantification of dietetically absorbed plant microRNAs
in human plasma [J]. J Nutr Biochem, 2015, 26(5):
505-512.

Ui-Tei K, Nishi K, Takahashi T, et al. Thermodynamic
control of small RNA-mediated gene silencing [J]. Front
Genet, 2012, 3: 101. doi: 10. 3389/fgene. 2012. 00101.
eCollection 2012.

Liu J, Carmell M A, Rivas F V, et al. Argonaute? is the
catalytic engine of mammalian RNAi [J]. Science, 2004,
305(5689): 1437-1441.





