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Abstract: MicroRNAs (miRNAs) are a class of non-coding single-stranded RNAs involved in the regulation
of gene expression found in a wide variety of eukaryotic cells and viruses. Recent studies have shown that some
plant-derived miRNAs, which can stably exist in blood, tissues, and organs of animals, play a role in regulating the
expression of different target proteins. In this review, we intend to sort out the mechanism of plant miRNA regula-
tion based on the current research, and discuss its application prospects in the mining of miRNA active components
of traditional Chinese medicine, small nucleic acid drug development, and drug development using plants as
carriers. This can be beneficial to deepen the understanding of plant miRNA regulation, as well as the pharmacological
mechanism and biological function of medicinal plants, thus providing new ideas for the prevention or treatment
therapies towards human diseases.
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REITFES, R 2 (0T ALK B, miRNA AN 7] A
S 1) AR AR N IR JE TR T DA O 4 L At P e
HRE. AR, £V MRAIEA h AR —
LA ) >R YR ) miRNA, X 245 47 miRNA #1E B f %
RAE— AR BRI REE . B RTEE A AR 250
PR R AR R R R R L 2RI
AR, IR TG R I T B A TR A 20 1 g
FRRE T 254 AL SR AL TR o) % . AR SO A 2
TP miRNA 5 58 4% B AH OC SOk, 4l 2 45 7Y
mMIRNA %5 F 1 45 (1) 5 78 DR A vT Re i F LA, I 3
FOMAE ) miIRNA FE o 2535 P 1870 A MZ IR 259 T
R~ CARE ) N B4R (0 25 90 JF 55 1 2 F AT e gk AT 1 4R
wF, DUHAXGT RS 70 miRNA 25 5t i 36 5 2 1 1, HE
YD miRNA 5 5 42 10 78 77 m) 42 it SR 2
1 miRNABRIEEMRHNFHIE
11 BFEEIKRNLI

H AR S A AR 2 A AR SR B BR R, 5 4 Fh )
(1) HAS 5 A2 Bk SR B 52 BB S AT 9% E . A AL
FOR, AW oA 8 AR A A D) %) 58 AR R R 3R B R
F W, T SR AT R I miRNA BE S AE W i [a]
(A5 5 A% 16 7 115 i 3 FE R Rk o A% ke o B 22
WAEAE M (1), 7£ 2005 4F & B\ 48 A H i) miR-32
AT miR-122 35 e A R5CH i) 48 i o 306 4 S) 0 B R K 2RI
R #-1 (primate foamy virus-1) i & 4, HE 10 & 15 55
S 4 R 5 3 i A s b 38 miR-199a-3p Al
MiR-210 142 £ B4 % 93 25 1) 52 1 =15 RE 1 SO 3 g o Ak
i %] B 1 19 /) RNA (B.cinerea small RNAs, Bc-sRNA),
i 41 Be-siR3.1 ] LA YT BRAE 4 404 5 I 128 4t (1) AH O
ERL, AT 0 1) G i 3 1 S 9% S B4, 7 2011 4, Zhang
SRR E 7 — WUE KRB, YR U5 ) miRNA168a
Re 8 28 i/ BRVE AL R Gt N MG 31, Bl S Bk Ak
WEZANHLEE, WA /DR AAR AR . @it 2 mise
5wt LR B, miR168a ] #E ) A I % L i R %2
A7 4% 2 M -1 (low-density lipoprotein receptor adapter
protein 1, LDLRAP-1), I il i% & B #I R i&, #E 1M f#
IRAR 35 2 i5 5 1 (low-density lipoprotein, LDL) ) ifil 3%
TR, BT A RS AR TR RUE ) mIRNAL68a
A LB YR 4 AL B R Rk . — AR IEE 5]
AR 2 G WA GRS, B 1T 2 T S il . 2,
T K U5 miRNA 5 54 2 2 Wy 5 X ) it 7 b o T
¥ % o
1.2 E¥ miRNABERELZ I e R s BAR

2012 4, Wang &80 H = A0 7 32 ARAE N L2
For B K Bk B A& FRAMED R (BLFEREA) ) miRNA.
ML i A 55 5 ) B T & B SR R miRNA T

FIK H FARFIKEG, B @ ab, 78 MR G il W
HB) 7 AFE KT A E A S EY T mIRNA. %
WL R B, AME miIRNA BT #8 5 1f 2% b i) & 5 AR
J TR B2 ) DA DR 3 L f 52 B8R I AT RE 52 e 48 i 1)
e, P 3CHF T Zhang M B FL 45 R . A miR-
NA 1 31 S 7T BL S 5A Bl 40 4 AV A6 T8 B MR A8 34, 3
0 WL A% — € B AR T, H AR 58 & B A s e
Y mIRNA B 7 HLAR A 9 15 15 5t AU 0 D §e 8 s A
LU JUANJ7 AR .

121 REER PSR RS R T
1EH, Yang ZF18197E 2015 4F [ 2 T 5 8o, G EAE
(1 miR2911 R LATE /N BRI I3 A1 PRV b 4 A 0 21, I
H miR2911 ¥ 73 F /K 5 IR & f& AJK P AH % . Zhou
SEROE FURE 5 1) S R AE 25 M ORI T AR E A AE I
MiR2911, H7E )9 1 P v] B 45 48 n) 22 B T B 38 8 i
B (HINL.H5NL A1 H7NO), 99 25 1 & i, B 19 25
S 5] A ) BRI, T 2 3 PR AIC Y HENL 5 7
Ve Tl RN o ez

122 mMEBER (ISR H AR Y, Y RIE
miR167e-5p A L ik # (4] p-catenin &% [ 4101 1 7 8 4
J (R G BE  A BF SRR, FEVE T N R LY ke
FFEY miR159 WA AE, FF Hadt— B Bl 50 K A ) K5
19 MiR159 Fe {2 35 $0 i) L s 4H it 1) 35 2% . miR159
JE Ik B 1 g 5 Wint {5 5 38 B 19 3% SERLF 7 (transcrip-
tion factor 7) JE K, i J5 e BL K MYC 3R, AT &K
FEFD ) R VR . SEONA R, BIEFCN A 2
TP 228 R I T A IK ) miR159, 1 P 2= 48 X
SR HEZ U B, XU SR VR 22 AR I B
PUBIER T — % BB s, oY miIRNA B8 5 i
PR RIE IR T IS .

123 BAHREER Cavalieri 22K PP miRNA
A LA SCAZ A TR A X0 98 R R -1~ 1) s 2 e 7, 4] 980
PR -~ 35 A G0 B s AL, ET A0 T 4 i e . XA S
P 5 AN T g 5 R miRNA 45 4 0 28R 41 g Toll
FE 22 1k 3 (Toll-like receptor 3, TLR3) & ¥ TRIF (TIR-
domain-containing adapter-inducing IFN-2 signaling) 15
SAEFZNA K. HIMZI AR R, ) miIRNA B
B SR VR AR A SN T BE R B H, SRR
MIRNA HA Bl5 18 1 98 R AH B I /7. Xiang &4
JILH LI miRNA X 5 5 41 i 1) ik PR 2R 0k B A 3
SR, RS S ) T 0 2 1 DA 9 E AN
TOAHSRHE R Rk, Dyt — b s A 1 b 24 H 5
HIAE ML A5 ok 7 87 LB . Shen ZEPHESE T 4 &
NI Y T ik n] ST s /) BRI JUE 470 i i R et 2H 23 2
1 2% 1A FEL ) SR R 1Y) miR396, Ak Py i Y rp 2 1 T SR U
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miR396 ] 11 il B ity /1N R 2 B4l ) B T 40 (T helper 2
cell, Th2) S g X 1K 5 1 5% % X - GATA-3 (GATA
binding protein 3) F ik, 7 B b 24 3 1 K U5 H) miR396
AR g — B L 1 R R 9T SIS I LR NI 72
124 RIPOCIMEER SRR S IE TR B
B S miR156 7E Lo IfIL 7 50 i A4, A 41 556 2 B
T ) miR156 W] #E 7] 1% $2 & & 7 7 -A (junction adhe-
sion molecule-A, JAM-A), %4> 1€ 3l ik s FE gk, £ 35
o IR, miR156 @ i 4 1] JAM-A [ Rk, jisb 1
JE A IR T 355 S 0 B R 0 B X I A P R 40 e )
Bk, AT R AP I 38 5 50 20 ks A B A 1) R R 20, 3%
W T4 7 T 4% 6 55 3238 1 AR ) miRNA LR A4 1
EIOPER, S5 T —FloBr 1 S -3 4 T HLAL, ok
A TRBH TR0 I TR S R T 1 S

g B RTR, MY miRNA 78 8 5 g 5R A 5%
BE PR ST L ORIPO I A5 D TR 8 T
T RE . ALY mIRNA #5542 0T 78 R AU
MIRNA R R 4L 18T (3842, (5] I 9 9 1) 1 24 F A
Wy e 2 2 280 R R R R 2 4 FE AL SRR T (R0 I 5
)27, FESXT 10 Fh b 24 R 7 b R IR, R R 25 A L
13 AL HE mIRNA ZE N 19/ RNA, H i 80s BT
/INRNA AT BN I A fili, 3% S6BfF 72 31E 52 7 H 24578 RNA
N B P 1 i RS, RN B TR A )
MIRNA [ DI RefE A i — PR .
2 FEMMIRNA BT E 4 & H B R IR B HLH

A MiRNA K 57 5 (R B — 58 (2R 20
R AT A VI 22 WL 18 A 19 B, 357 6 A 0 A o) %

Figure 1

P70 B AR I R TR R 0 A ORAIE HE miRNA ) 58 B
HESEPE YD mIRNA 0] 28 i 8 A0 T8 FHFE TR 3 R 52
H 3t G B it B 2H 24 B AN T 0 AL miRNA R
WC K AR FHATL )2 T AT 3R AT ) 46 ) R
2.1 EYImMIRNA TR E
211 EYIMRNAZEERE . ZIETPMEEM WX
KW, BRI P ARGEF ER &N
MIR159%1, 75 3] #4 F K Ak h oK miRNA I FZ 1) o1
ik, IR BR300 i FOK Y miIRNA 2 & AH B
FRAIC 22 1/30, {H 2 AE AN 8] (1) T oK pal ek v L = AR % 55 1)
Jig A Ab S AR AR e 6 e I ) 18 i KK 1 miRNA, 1iE
B oK mIRNAZE — EFEFE EXFBR A A FMRAE
— & [P PR Wang S5 FIE i 1lumina i 38 &y A
SEI 5 & PCR (quantitative real time-polymerase chain
reaction, QRT-PCR) J5 %56 4IE T 7% & 3 7 39 1 37 5 N
Z: 7 miRNA YA RS E A7 7E, WK BN 4 5E & T
71 miRNA Z % 1) 43 F miRNA. Xie 55558 i i #
2 AT AR B SR Y, UE SE T A 24 4 B AR R Aok
JE miRNA R 5E 1, 2 W1 L3070 h o] AAEAE D e 58
B2 Y miRNA. 25 5 A B2 T84 45 if
7 Bl A B2 BF IR B A SR RE KR
T2, 55— MY miRNA 2 e iF Fe ) B AT A7 AR AR
KZ 5. Shen 5B IRG 7R | &I )2 0 5 3K
ORI miRNA B, JF 50 5l e 17 LANER S A9 AN
R MIRNA, i — 5 L W15 5550 B & W 313 Fol 1
DL BB FE R B, 5 78 0 Lo 72 ok 2k e 1

Examples of microRNA (miRNA) cross-kingdom regulation and mechanism of action. Bc: B.cinerea; RISC: RNA-induced

silencing complex; AGO: Argonaute, the core component of RISC; HJT: Hong Jing Tian, a kind of traditional Chinese medicine; AAAAA:

Poly-adenosine tail; The arrows indicate the direction of the small RNA transfer
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MRNA A [5], HE 4 miRNA TE 32 9 A0 38 3 i 7 A A X
AbF BB RS E IR S

212 HEYmMIRNAEBEKEMBERTRRGEPHREM
TE ) MiIRNA A £ 1) 45 1) 1 S PR A 43 3 1] B 76 30 ) 1k
WA EAFAE o BT 15250 400 L, HE4) miRNA 7E pH
2.0 [ A% vty 15 R HA 358 Hh (1 [ iAo P 55 2l 0 miRNAA AH LE
25 IR0, Philip ZB37E 38 i LN 25T 1k R Gk
HIF 58 K 5 2K miRNA 1) #2058 P I R B, 22 A7l
TEEME AL (75 min) AR, KE TR
B Y mIRNA VI A R e A2 E . R 25 SR TE B b
30 min J&5, £ % miRNA [, 11 miR2911 (K H H A %
1 GC & & 45 8 P 41, 843 L6 % J R o o P A e
Jf HLRE 6% % RNase &b 2 H A i P Y B & KR K
gy (BE AR B R 2 08 A0 2 Ty 25) A1 n] DL 3k A
MIRNA 7E 153 2 48 [ Fa s 003, 5 4, R4 ok IR
mMiRNA 7£ 45 14 | H A AN [F F 21 %) miRNA [ JlURE o
R 30t () 2'-O- F 3640 m UAR I e AT 4 52 A% R S U g
P14 A6 AR R0 PR T8 A T 38 i L e (80900,

B T MY miRNA B 5 g5/ fa e 2 o, mZ
KW, SIS T B 5 R AT OR P miIRNA A %
R B B A, JE v A S NS P . Koberle Z568717E
ML A 73 2 4 B 0 60 52 1) miRNA Rl =JE 3 96 0. 3%
1 miRNA J&, 4 T RNase A 8% RNase 1 il 7 1% & )5,
FI A qRT-PCR & Il miRNA [ A 15 0, 45 Bk 3
£, ZE 11 miRNA % RNase A &b B2 (1 #E J PEAR T L % i
LI MIRNA. 7E— I 5T it 90 e, R BT 43 B9 %
€ R 2497 57 TR S A A AR FE 4R K kT (exosome-like
nanoparticles, ELNSs), J£¥ H iy % N« A4k 7, HAas
TG BT - miRNA S W 7 T B R 2495, 1 4b
21 it S 6 R BT S R AN A BT AR 4y i S R
U BT AT S A7 ORI T S il 3 495 1, F 9 3R I I
Fofr 285 44 1T LA miRNA 75 340 i FOATL A ) a2 o R
] 6 G 52 A% TR T 11 P2 e, 386 n v 2654 300 JoR IR WAL N I,
P P 29T A “imTRIAR T R R BN H SR AR
MIiRNA 7E 5 4) Ff i 32 o F2 o £ R e MR A0 B 1E
MU B AL T A H R RS
2.2 M mMIRNA BY%E S RN H

T JUAF, 40 N V5 P miIRNA IR 30k © 4 1k %5
AR SR /NI 3032 B 00 N b A i B v R T
NI FE A W AN R A A AR RS L e
i 2R 15 6 5 AT miRNA ) ELNst-431 FE 58 ]2 i 2453
F1) bt A 0 3 4 1 AL miRNA F) ELNSs 1] % 4% vh 25 4F
W3 P AR B, 4 A ) miRNAGE A 38 i 5 25 B i
% [ (high-density lipoprotein, HDL) # i#: 1% % 5% {4 4]
e, 534k, WF 78 % BLISIPE i i A0 i S R i 21 i

— [P miRNA 1775 T 10 (microvesicles, MVs)
o IR I I A ARSI R B, SR B 45 b R A AR WA 1)
MVs 1] DL 0I5 A 0 miRNA 352 25 A0 N 2% B A 30 2
WL Z AR Th g . EAR H X AR AR
B 1 B, (B T DA WIAELA) AU ) miRNA 2152 44 41 fifd
HE AR AT Redn T d@ i IR AR ALk 1, 72 B Wi
FH R mIRNA M AR IR 1R 240 i HroRe T8 Sk I e i &
AN an R JE A N R B R B M R O T
W ) MR AR, B ATT 2 4 o b B 90 A R e 3 T e ik &2
gAML . Yang PG FL T AR & Bl ) ECE IR A R SR
TR T T80 i I 7 RE IR R 2R A, XM R B
AH VR TT 5] S 1 i 10 3853 P 5O BRI BT DA s B )
MIiRNA fIEE I O T A7 R FE ) miRNA G 7 8
73, Fo o TR 2 B RT3 A R ) — A ) R

2.3 HEYImMIRNA B R BEHIERHLEI

FE B 18 miIRNA 1E F AL 2 1/, A 2 2158 1E 20
ZAETT R UL RNA T3t (RNA interference, RNAI) I
F o Napoli 58k 32 1 18 5 5L K] A2 20 6 v L8 31 11 2
CRITBR I 5, 3 N ) 4/ MU DRI A U R 5 R ) mRNA
AKPRAD T R Fire SEUEIE HGE XUEE RNA (double-
stranded RNA, dsRNA) w1 UL 5] & 75 Wi Fa #F 2k
(Caenorhabditis elegans) = E.#h mRNA J7 41 (1) & K I
BR, K X AL SR A 2O RNAG, BRI — Fh i 5%
J& 5= R U Bk B % (post-transcriptional gene silencing,
PTGS). Zamore 5U7HIE B | B dsRNA 7= 2 1) 21~
23 nt [/ siRNA (small interference RNA) /& & 4% PTGS
(9 17 5SS A 52, dSRNA P2 A 1) 21~23 nt F BEA 5
DIFIAH X mRNA.

5 SiRNA FH 2L, miRNA 1 LL PTGS J7 =1 il 5 [l
Fik, siRNA AT miRNA (1728 ST ERAL 1 1 ] 2 flr R leel,
TE B R0 40 L, mIRNA J& R 3% 5% 2l i RNA R &
ity || PG R AZ T BEAT 1, 7 2E 4] 2 miIRNA (pri-miRNA),
SR pri-miRNABEIE], T2 RCETA miIRNA (pre-miRNA),
pre-miRNA Bt Ji5 4% exportin 5 M 2 i 1% 44 12 25 40 fifa 5 ,
bt Ji5 4% Dicer B 1 — 25 hn T B 19~25 4> nt 1 miRNA
XUEEAA . 7EIX B, 145 miRNA 1 Argonaute (AGO) &
H 45 & (A A AGO 45 & 1) miRNA* 2= 4t [ fi#), T2 Ak
RISC (RNA-induced silencing complex) & &4, 8 id
“miRNA-mRNA” 1] 5 5 B bf, 254 £ H b5 mRNA L.
MRNA H1 A2 miRNA 22 8] ) R O 38 A A 7E i
19 39E4i A% 1X (3 untranslated region, 3' UTR) Al & &
7 X (B FFEa I 2~7 nt). RZHHLT, 751
RIEHR o ULHC, 2> 30 & A R, AR BS54
= FEULEE, 25 51 mRNA T E] DL K B fif, 31X AL 28
LA T SIRNA A 3 1 25 R I R 1T
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Figure 2 Classical post-transcriptional gene silencing mechanisms of small interference RNA (siRNA) and miRNA. RISC: RISC is
assembled by Dicer enzyme, AGO protein, small RNA, and other biological macromolecules. siRNA: Double strand RNA (dsRNA) (either
transcribed or artificially introduced) is processed by Dicer into sSiRNA which is loaded into the RISC. The guide strand of siRNA guides the
RISC to the target mMRNA. The full complementary binding between the guide strand of siRNA and the target mMRNA leads to the cleavage of
mRNA; miRNA: Transcription of miRNA gene is carried out by RNA polymerase 1l in the nucleus to give pri-miRNA, which is then
cleaved by Drosha to form pre-miRNA. The pre-miRNA is transported by exportin 5 to the cytoplasm where it is processed by Dicer into
miRNA. The miRNA is loaded into the RISC where one strand is discarded, and the RISC is guided by the remaining strand to the target
mRNA through partially complementary binding. The target mRNA is inhibited via translational repression, degradation, or cleavage;
miRNA/miRNA*: Denoting the miRNA duplex, one miRNA binds to the AGO protein, miRNA* that does not bind to AGO protein will be

degraded; m7G: 7-Methylguanine; AAAA: Poly-adenosine tail; ATP: Adenosine triphosphate

AN, KT SY), H miRNA L E 2
AR EL RS, B S B A A R A DL R R B
RS HASA T 2 57 (8 1)1, AR i i 4
miRNA 5 3 %) miRNA #8 1] 5 AGO & [ 45 & ¥ B
RISC, — 3 ) miRNA X338 i fig 5 5 4k i Xt 77 20 5] &
RISC 15 1) S FE ], AT 52 i B0 366 [R] AH OC 3 4591, (H
Y miRNA FITE & H br mRNA 45 & 41 7 2
FEFF LS, — BL454, o] B M fif H b5 mRNA, 1 3]
Y)miRNA 5 3 & H br mRNA 45 & 0 R 5 e . 3
A& XA ) miRNA 25 518 2 1) B 58 K IS, HE )
miR168a 1] A B 1% Wi 7L 2 7 14 4 LDLRAP-1 & [ %
15, AR H mRNA /K-, & B 2 K 7 miR168a
AT A AL S Sh BEPE mIRNA [ DD &E, 1T i 5 1R
A 5% LDLRAP-1 f{ Bl %% . b 4b, #E 4 miR156al%°liE

o5 N EFIKA K40 B bR mRNA ) 3 UTR A58
A H AMN4 nt AN ILHED), BFAK T JAM-A & [ & & DL A
MRNA &, #H] JAM-A FE 5] 1 5% 5% )5 B o, 3k — b
UESEAE Y miRNA TEAT 185 SR $ T R, 5 AL30)
MIRNA 45 [ & B K Rk HAG MR . H 46, Tk
B I 27L 2 40 5 A 4 miRNA (3 BUR — & 5 1 4
mMiRNA 173 B A ¢, {H /21X 2 miRNA 417 K 3E A1)
D) RE 0 UIA Bl — 8 BB, I8 A mIRNA T H
IhRE T BN 543 100 /4N $4 UL A 4B ik 20,
3 EH miRNABIR A BT =R T

T miRNA [ 5 8 22 B0 % o8 vh 24535 M 20 1
FARATIF 7B IR A, ol BH HR 24 1) 24 2800 i B At g
BETH D14 T84 W a] X AE 40 miRNA & 74 5
BEAT AR, UL 2590 T AT ] )3 7, el ) F
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Table 1 Similarities and differences of miRNAs and siRNAs. nt: Nucleotide; RNA Pol: RNA polymerase; DCL1: Dicer-like 1; HEN1:

Hua enhancer 1; UTR: Untranslated region

Characteristic Plants' miRNA

Animals' miRNA

siRNA

First reported in the literature 2002 (Arabidopsis thaliana)®?
Location in the genome Most are located in regions between
protein-coding genes

Mature RNA length
Pre-miRNA length
Mature RNA structure

19-25nt
60-300 nt

tion modifications at the 3' end

RNA Pol Il, RNA Pol 111, DCL1, and
HEN1

Nucleus

Highly matched

Key enzymes

Biosynthetic location
Pairing with target gene
Target site

UTR and 5' UTR regions

Mechanism of repression mMRNA cleavage

It is usually relatively stable with methyla-

Mainly in coding sequence, secondly in 3'

1993 (Caenorhabditis elegans)®®
Most are located in regions between
protein-coding genes, and also exist
in the intron regions

19-25nt

70-90 nt

No methylation modification at 3'
end, it has free hydroxyl group
RNA Pol Il, RNA Pol 11, Drosha,
Dicer, and exportin 5

Nucleus and cytoplasm

Mismatches are allowed

Mainly in 3' UTR

Transcriptional repression and

1990 (Petunia)®

From transposons, transgenic, or
viral exogenously transcribed
genes

21-23 nt

None, converted from dsRNA
No methylation modification at
3'end

Dicer

Typically exogenous import
Highly matched

Typically in coding sequence

mRNA cleavage

mRNA cleavage or degradation

TR — G RN N R SS HE R — P R S
Wit o
3.1 HZmMIRNAEMER 5 B 4 1R

th 24 18 245 20000 o Al AN A R R T TR AR
Y (2 By AV o B AFSE), B BE & mIRNA %
IREYIIT . AR Z 251 IR B AR =P i) B ARAE I BL
1) 388 3o A7 P A S AR A A 1 B 8] T <6 R AR P T
BEAE AL LS B RO 5y 4 HUR BT i A AR G g2
Ihie i) B AR PSR, 0 M miRNA [/ FE LR X
S i AR VF AT PR R R . BT R 25 R miRNAs 15
A 280 s AR P AR A, T8 R TR L B R A5 A DR B
I, T 43 BT K1 A THT 2R Gt 1 A 9 28 )2 THI 4K 21 4% 7
AE FH B R DR R B I B, W5 43— o e PR A FH 5 5
W), A R 2 miRNA 2 L TR0 40 25 R 1 T I 4%, RE %
KW FE B AIG B Al SR 56 R 1R | H I, ST T 380

Zhang 2581 ] PageRank 5k $2 B 05 pi 4 222
T miRNA BV R i, SRR DI RE A9 A
3K BT A IS AR R R R B . o 2 R
AR (Gene Ontology, GO) A1 KEGG (Kyoto Encyclo-
pedia of Genes and Genomes) i i 7> ¥7, & I A 1 ¢
LY miRNA I ELAR 5 14 miRNA H 5 ) #E AR B
AL Dy REARBAE . B FT R B AMFEAE Y miRNA [ 42
PR SIH R PR3 B 2 A TE R B B R, XA H A0
THE TR R IR 2 8 1a) NI miRNA $2 4L [
. Kumar SEE8 I A W45 B 5 071 50 i 24 AR )
W TE LI J T A, BE 9 3 AT e R TR A AL
DA IR ZAE A B miRNA 2 75 2 5 1 12 98 i A0 55 {5
SRR . AIIEEE T RKI, 141 E M mIRNA T LA
TN 152 N FEHE A, I HX Se 3 ] 5 LI |

F I00L998 Fe SE e RE AR S . H AT, tHENL R G
T3 4 MR LA B rh 245 R U miRNA 25 4 ol il 4 A
FHAE 55 504G % T B, 76 B3 A 1 3 — 20 3 S0t 30 4E,
AR 2 miRNA T PE %53, B8 47 1) B miRNA (1)
5 ) A T 2 A G R B AT BIL
32 IMNZBRAAMF AR

ANETR 25 SRR RNAT BR 254, BAT 5 R 42 1)
R S PR B I R R SR L A A T R A BRI R R
SRR, NI RAT L 4 2 Hh. 201848 H,
2 [H & AL 2 I #ELR (Food and Drug Administra-
tion, FDA) & AL #E T Alnylam i1l 2528 71 (] RNAI {174
7 245 Patisiran (Onpattro) 7] LA i ek /b £ 44 A 3%
T AL B ) AR, VR TT B AE VR IR IR R B e
FEASYE o AT IMZ R 29 R Bk R 2 — 32 ol v
RRe s Hh 3 16 25 ) B IA R AR RS, M R FEAE R

BF 7% CUE SE 7 K 20 miRNA 76 8 i 16 97 1 78
771000 7 B B 45 T e ApcMint /N BRAR AL R I R 41
It 24 miRNA VR & 4 ] A 2% B A /N BUMOR ffer o %08
WA E 3G E s miRNA (miR-34a. miR-
143 Al miR-145), ‘E AT W T A R ) RFAE 1 miRNA,
RP7E 31 A i (1) 2 B 4l A 1S FEARUBE SR oy, X FlRE A
MIRNA ] DU I L 20 49 (6 78 A0 T8 W, I o 8 B /S
BRSO VR o i SR X TR AR Y 2 A miRNA
AHIPIR, R FAR B LB A TREAL I miRNA,
TR VR A 260 TE 3 BRI A0 2 T B g, BT —
(G R S . 53 4, BF FE RGBT 5 K B 7 b i
AL F W B BERR LA, (K 2 BT A VO &
RAESE 2y bk R BL), HvT 5 miRNA JE IR i Ak it
ANNEHEANE bR 4, CR4 FEAE 2\ 40 B 1) i 72
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T B 52 A% R Bl AR A 1) 52 1, X P miRNA R DLIE i Jig o
HEMBEFNRN, O IR miRNAs 75 G IT 2459
FEfL T BB KR .

T AN, INZBR 25 FE R G I o — S B R = H %
AP ) #. Minutolo 5020 J B A v /) RNA (olea
europaea small RNAs, oeu-sRs) 7E §t i & 17 15 oF B A
5 N2 miR-34a (has-miR34a) T ¢ [F Y5 14, 7 A [ fi
988 411 it v 4 k4 5L oeu-sRs A LA K has-miR34a 411
bR mMRNA 2k, 51 il 83 40 B f 8 T2 F0 14 58 #0041
I HAE Bk = has-miR-34a 1) J}83 48 g 5] A\ oeu-sRs 1]
DA S A9 68 77, 1 N U 14 has-miR34a Ik R IA 1
Y HATIAS 52 52, 2 B AR K JR miRNA & RAR TG
BAYIRIRTREYE . T AHOCHE SRR, [F]— miRNA 7] BA
W% 2 > mRNA 73 1, A A 1 miRNA 737t 7] BL )
[] 1 2 A1 [5] i) mRNA 43 -1+, O'Day 251835 | Ingenuity
AT HIE 75 70 R AE SRS 11 Fh miRNA A& 3 34
AN CENFEFR B ELEAH BAE M 4, RPIZ FhmiRNA 5
% b L W B RUAH ELAE FH OFAH ELER R, IX A 2 50 2 1
MIRNA-FE LR [P 2 1™ 2 1 miRNA VR 7 7L B 1) 24 2%
PR, BT DLl S S E0T R IE BN miRNA RS2 IR 4
% o AR [RIIS, 3PP B R 8 R AR K
PR ] A, e miRINA [R5 08 2% T 2628 1V 22 25 R 1
ek, MmiE TR A . HATHEY) miRNA B 7
LTI WNE F OISR N 1 Y S i B S X NG Y
V) miRNA JT & B 25 ), (E 0428 L 22 4 1 J7 1 AF 5577
33 LIEYIARENAIAL

W 50 K B W) miRNA 8 58 & 3 N AR A2
Weoe R, )25 NRRAEIERR, IR ARAN
B R IE, %R IA LB WA N EAR 6 TT Rt
P IR SRS BE 5 T A . Xiao UM 11 B AT & 1
KR I B S H %5 0 AR WA R RE 9 K R (edible plant-
derived exosome-like nanoparticles, EPDELNSs) f{]
mIiRNA, #45 F500l A1 2 e 43 47 % B EPDELNSs ™ 5 &
1% 1 mIRNA R B8 55 1 15 48 11 240 Jfa DA -5 s 5 DN % ik
A Ko BRI P G KL IR IR ORI A FH WL 1) 0 A ) B,
{H 2 A3 NATTRE K05 T £ FH B KA e 254
ARTT Re 2 AL TH BN KR

Zhang 5516138 1o K] 4 5 77 2, BRDDAE AR S T
@ 1 B %) HBsAg (hepatitis B surface antigen) & X (2,
RYFT 2955 95 (1 48 ) 1 siRNA 751, 1 45 20 1 et 1
ASEW R R, HR R I REE T4 HBsAQ JE K 1 RNA
J7 50 0] DA N AR WS IR e PR 25 S S A ) HBsAg 2k
HIRIE, 125 T HBsAg " 5L RN R K & H s,
/INER FA015 B G2, IF B3 WS 3 A L ) 2 1

SR X LS5 A J3 2 B, B AR A 9 UE 1 miRNA
KR 5 24 ) SIRNA A 2 fif v sSIRNA £2 e i) 73 DL
S RNAG T A 18 72 jiE - B —Fhog 7%k . H
T, O T3 P 5 DR B U £ 4 1) 2 Ak T A AE A, TR
BT 2 ) 7 B 2R SO0 OR B0 IE IX R R B 1 B 1)
ek, AT S A sl A AT A
4 REEERE

£ PR Y B AR Y 25+ miRNA B DL 78 425 0 5L
A GEE DRI R O ARG 3] T K E LI IRIE,
XARAE B T A 256 AR ) miRNA T B8 2 25 FAEY)
) —FiE PR S . B AT R IR T B R R T BE miRNA
{1 5 B B I = d I miRNA S F ARl
gRT-PCRI®! Northern blotting!. J& fiz 2% 3¢ (in situ
hybridization, I1SH)14 5246 77 12 74 i miRNA K1k 3,
HE G 3 AR P AE R 2 T RN RO FE R T Sy B
MIRNA % 75 (1 Th g, 5 a7k Py 2 A= 92 52 36 10047
hAEIRAE . 4N, 2 AE Y miRNA B 5L 8 Kk, s
H By ) 24 AT A4 B UL SR I HE AT B 24 RO TR AT TRV TE
25 HE £ miRNA 9 47, Chen 503138 i % A= a1 gk
AT HE SR AT A= i FRE M 0 T J5 A7 A R B A
() MIRNA, i B xtr-miR-22 f) $I 35 DR 1000 435 31 4
AN H A VR 54k 40 B I 7 AR 2 B A

M AT 72 K, A miIRNA B S22 AT — & KA
JTAER, Fo5 A 10 miRNA BT DU F A0l 4k hy 5 4k 5
R AR AR B R (1 3Rk, DU BIPTR U B8 LR
YeAb PR S o A A A R I L B P AT B 43 A 1
TR, J2 AR M R A 23k, DAL R AT AR AR 2
P, A 8 TR 1 RO B Ao S 1 S5 A0 A% R S 24 ) Ak 4
A7 AE KR 7 0481, {2 il T A i 4R S AR,
A AR AE B G HORME R, i L% 2 R A A 5 g
KA ORI AR G5 A 10 75 2 52 T 245 4 1) R 45 R SRR W VA
JrUe, RN A BB WA (1 7 7%, Btk F A A
FLAT A0 A AL 25 40 (1 JORE, AN AT BAK RS A2 7= N
TLAMUAAR, X T G5 K3 B T AN OKRE ) 2R THI % R, 1 o
HAREPEI, Yong S508125 & RAR A=A K} (191 4 240 P
B L RE) 0 ks T e DA R A7 AR AR oRL, R AR T —
96 441 b £ 0 A5 2B 22 FLAE 4R KR (E-PSINPS),
FH T b 96 1 240 R £ L 1) 2 25, 3K ot 7 A 44 45 2 40 KR
AT AR T D) R B B e B, B A
PEFI R e SRR o RIS, MR Al Ak 22 4 1 R S
IR AR 1] 6 1A 5 s, R FH 8 67 il S AL Bl 9 4R
A UAAA Y AR A SRR R AN AN B I R o0, g
GAFETERY/P QUGB ib S R (B SN AL kY b he ko1
R, AT SE AT N R R 25

FEL P 5K U5 miRNA 25 ) Ff 8 42 0F 70473 b T - 44
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REM B, 1A R 2 ) s A i vk, 4 e 25 miRNA
TE 1) 2% F Y AL T R o )RR AL A i i IR
s HL 1 L LK 3X 28 miRNA 7E 30 #4110 17 42 F
XCHR AT S AR S ST 25 55
MIRNA [ A 50y 77 5 FAR O 73 T LRI AN TG 28, RSk B
PRNER BT HE ) miRNA 2 iAe] %5 15 17 38 WAL DA R dnfir
# miRNA 454 15 £ RISC JH B UL ERHLHI 25 . XX A8
AT AR 2R, AN B s 189 5 N AT R 24 A A K R
MIRNA [ T fi#, 1045 7] 68 R 10 8la o7 AN 2R
R [WIRe
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