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Advances of miRNA-mediated regulatory roles in
plant-microbe interaction

LU Xiaoman®, ZHANG Wenyi’, ZHANG Haihua, LIANG Zongsuo, CHEN Haimin

College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China

Abstract: There are many bidirectional communication and crosstalk between microbes and host
plants. The plant-pathogen interaction directly affects the survival of host plants, while the interaction
between plants and their probiotics benefits both. Plant miRNA responds quickly to pathogenic or
beneficial microbes when they enter the plant tissues, while microbes also produce miRNA-like RNA
(milRNA) to affect plant health. These means miRNA or milRNA is an important fast-responding
molecular mediator in plant-microbe interactions, and these internal mechanisms have been better
understood in recent years. This review summarized the regulatory roles of miRNA in plant-pathogens
and plant-probiotics interaction. The regulatory role of miRNA in disease resistance of host plants
during plant-pathogens interaction, and the regulatory role of miRNA in promoting host growth and
development during plant-probiotics interaction, as well as the cross-kingdom regulatory role of

milRNA in host plants, were discussed in-depth.

Keywords: plant-microbe interaction; miRNA; milRNA; cross-kingdom regulation
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miRNA & — 28 Hy A 5 35 PR 20 ) 1) 44 7%
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PmiREN 4§ miRNA & 5040 4 gt i
miRBase /& H AT WA A~ 88 R 2 —
% HHT, miRBase22 %4 A ISR T 48 860 4%
miRNA 274510,

EAER, TEZMMEY P e T K&
miRNAs, HHIFGIF A 428 45 miRNA A
FeaPl, #Y miRNA fER Y E R R E - kAR
W PLa A5 5 5 T5 2y TR A AR
YRR, 82 i FUJR 7 FL A i A o 6 R A 3Rk o
WMFEH (Solanum lycopersicum) ' miR156 A
miR 172 43 5138 1 # L K] AP2a il CNR V45 J 512
) 201 Sobhani &5 UK BA M B Bl B
(Ferula gummosa Boiss.) 1 miR1533, miR5021
M miR5658 4%l &L §E ) SPL7. SPL11 AH
ATHBI13 Z 5 WA i, Xu 558 10 5l
% P2 589 MRiA miRNAs, If
KW miR5072 #8 ] L WAt A BEELAE S S
FF 200 8 A WA . miRNA BF 58 — AL 45
miRNA [} %558 5 EY 2= gt i~ i . B
BT, AHY miRNA 57 R ZAE P E miRNA 45
TE ML FI , 56 F miRNA A9 22 D REWF 5T
Bl R 2 miRNA B [R5 0 2% LA
5 B4 S T T A R IR AN TR A

EAERTEMAY) (FEEER) PRI T
miRNA 2%, 2010 45, Lee S5 7E AR kA B
(Neurospora crassa) &I T HA Y 514
miRNA ##F i miRNA £ RNA, B4 milRNA
(miRNA-like)!" I X — 2L H B 1 milRNA K H AR
PRSI, milRNA AT RES W AR A E
. Xia ZEMYERL BT (Sclerotinia sclerotiorum
(Lib.) de Bary) WiZA TR %E T 2754
milRNA, F XA milRNA Ft#8 3E K 27 7 7
3 Hr, &I Ssc-milR-240 7] g i H H R4
EALBEBHHRUBREHESHERT
HOK 5 Zhou %5115 2o G BE I 5 A4 B A
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15 4> milRNA, 7p#r &k, KX 15 4
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MR SRR Rk . W (Aspergillus
flavus) JE—FhSAEPEOR B, Bai TN HE
i P 4 135 B milRNA, JEHEN
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miRNA i b A8 ) 40 1 3 228 38 3 38 1]
Y RIPURE T NB-LRR, JL T JRAISEE RS
EF PP/ . FEY NB-LRR 2 (1 0] 7 R3S
FITEGLA: Wi G o WS A D B AR S s o A9
B, TRHE A P miR2118 . miR1507 A
miR2109 # i NB-LRR [, X ] fE-5 A%
J B 1) B A DY e e AR A i ) T
(Fusarium oxysporum f. sp. lycopersici) Jii, KN
' miR482 . miR5300 1 J#Z 54 NB-LRR 1,
BARR T 3% i o D T R BT, LR I A

gBZ B (lipopolysaccharide, LPS) AbPHJE, &N

miR393 T, JLHE LR BE AR F A2 (CRE i ity 2 [
(lectin receptor-like kinases, LecRLKs) [ i, AJ
SR B IR LPS By HEmtHirE R,

miRNA B A E R G 5@
SRR PUETE . 7EF 2 IRIAYEATR (Xanthomonas
axonopodis pv. manihotis) JEYLHIARE (Manihot
esculenta Crantz.) "', A% miR160 ] ARF £
FEDH miR 167 L [ A 195 Tt 1R , 3 AT~ miRNA
S 54 K Z G5 1R, Pinweha 25P7F]
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AL IR (Colletotrichum gloeosporioides
f.sp.) RPEARZES, kK IAZE miR393 il miR160
WAL TSR ILR TIRI A ARF HETH0 ] A4 4
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F-box 4 KK Z M TIRI il 2E K FE 5 542
BHURG T ORI E R, SFERHAS (Malus hupehensis
(Pamp.) Rehd.) #{ (Botryosphaeria dothidea)
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il MhAGOI, fRIE/KME (salicylic acid, SA)
SRR BRSOV, AT AE 2 0 S5 iR 4 A i R B AE
RAEJ , 1 1) 814551 (2 % 63 D B ik )
ZEBHRIREE U AT A AR (jasmonic acid, JA) &k
S GRABAR R L A R R i AR, 3 5 v 2
FP U E F il miRNA FEFUHREIL R il
B KB (Botrytis cinerea) 1249 )5 , TN
miR156e-3p . miR390b-5p . miR399b . miR482d-5p
IR AR R 5818 2 SR KRB A PLIE),

miRNA S-S A1) 1 17 5 D Bl A ) A=
Fr_E e AP PR TS, BAT RS> miRNA
2 N IAE R S DT RE T, AR 5 B
Zhang 5PN ARSI (M. oryzae) TH Kk
Guyll 124 /K 5, miR319 H3RE i, HEm
TEILELEL OsTCP21 W3Rk HEE, Ml JA 1
A6 U TR AR S, FEAROK A X ik
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2.1.2 miRNA (milRNA) 7ZEEY-HREYEE
3 A R 1 B S R R

miRNA (milRNA) 7EAH Y -9 J2 6 A= 9 |
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(Pst-milrl) 7EAZ Y5 Bl th 2 /N, Sl
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AT F) 55 95 S A AR 0 R e T AE TG R DD, A
WA Z B IR (Verticillium dahliae) 1742
mF, AP miR166 Fl miR159 2535 Fif, K —
B L P 2 R S DB G A Ca™ R
PE )2 b 2 B 25 11 (Clp-1) PSRz & C-15
FALEE (HIC-15) M8 1, LAR1S A St
JRRE S, Meng R R, T A
miR1001 i s $8 W] JKEE 1 (B. cinerea) "HHY
ATP A 4 T oA It A 24 Je e 250 A JOA T <1

JKEEH (B. cinerea) 1ZYHEYIHTE 1110,

miRNA (milRNA) #9855 77 X JE 57 1 #4
SRS, AN miRNA (milRNA) 745412 1
P2 B AR Y RES , 0 RNA i . 75
W AR o pH 45, PRHHE =5 miRNA FFRE PEXT
5 R s U 2 G H TR T miRNA HLAk
1) 5 R iE HLR A R 58 4 W BH . HEDU AT 6B 2 A
Yy -l 2 2 fa BB A7 AR RO 5 SR A 0 A1 i
& (extracellular vesicle, EV) J& miRNA 5 554
iz TR AP e e U R T I — T oY R
HY, FEYA T LI TF EV MISMBIE,
AlF sSRNA (GBI JKEETE (B. cinerea) W, iX
EEA sRNA A BER 7RI RO IR 4, JFp
PR 241 A A

#*1 miRNA EEYSHFEMEMEER I EDRERIEE

Table 1

Regulation of miRNA on plant disease resistance in plant-pathogens interaction

Interaction type Microbe Host plant  miRNA

Function References

Non Pseudomonas  Arabidopsis miR773
cross-kingdom  syringae
regulation miR393
Xanthomonas ~ Manihot miR160, miR167
axonopodis esculenta
LPS Arabidopsis miR393
Magnaporthe  Oryza miR164a
oryzae sativa
miR319
Botrytis cinerea Tomato miR156e-3p,
miR390b-5p,
miR399b,
miR482d-5p
Fusarium Tomato miR482,
oxysporum miR5300

Up-regulate target gene MET?2 to enhance plant  [19]
disease resistance

Down-regulate F-box auxin receptor T/R/ [20]
inhibits auxin signaling and enhances plant
antimicrobial activity

Participate in regulating auxin signal [21]

Up-regulate target genes lectin receptor-like [22]
kinases, LecRLKs, and enhancement of

Arabidopsis resistance to LPS

Increase programmed cell death, accumulation of [23]
reactive oxygen species, deposition of callose

and immune defense

Inhibitethe expression of the target gene [24]
OsTCP21 results in suppression of JA synthesis

and reduce resistance of rice to pathogens

Enhance resistance to B. cinerea by JA signaling [25]
pathway

Inhibite NB-LRR domain protein reduces tomato [26]
resistance to pathogens

&: 010-64807509
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B D

Interaction type Microbe Host plant miRNA

Function References

Manihot

gloeosporioides esculenta

Colletotrichum

Botryosphaeria Malus miR168
dothidea hupehensis
Cross-kingdom Puccinia Wheat milR1
regulation graminis
Verticillium Cotton miR166, miR159
dahliae
Botrytis cinerea Tomato miR1001
Valsa mali Apple milR37
milR1

miR393, miR160

Down-regulate target genes 7/RI and ARF, [27]
inhibite auxin signaling and promote cassava

defense response

Targeted inhibite MhAGO1 promotes [28]
SA-mediated defense responses and positively
regulates host plant resistance to pathogens

Inhibite target gene pathogenesibaxis-related 2 [29]
(PR2) expression to prevent plant defense

Improve disease resistance of host plants [18]
Inhibite B. cinerea toxicity to infected plants [30]
Regulate the oxidative stress response of [31]

glutathione peroxidase gene VmGP

Inhibite host immunity by silencing host [32]
receptor-like kinase genes, MdRLKT! and

MdARLKT?2

3 miRNA A5 GAEBRENELE
TR HREE

SRS A W 4 R 2B TEER
Ho A V20018 A AR RN A 2 51
M 25 AT . miIRNA 2 Y-t A A |
PErh i B 2R R 201, A
SRR . NAETE . MRPREA Y SF 5 O
HRPERLER BEAT B4 (3 2).

3.1 miRNA #EEY-HEWEYMEEHRY
pEEAN

miRNA 75 A5 1) - MR T AR ) - AR T AR
(arbuscular mycorrhizal fungi, AM) J:/: ¢ &
Z 5 E VAN RSG5
G B S R A R RIS Sy TR
FEOVER, SRS AR TR A S R AR I
T T ALAEAE L, 20 R T SRR R A A
AR o X T AEIOR U, [ USRS TR AR U R A
WA A=y Al MR, i DAASE T AR L TR ] FiE
B A RO R 3R o MR sSHe, HaY)
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o] FL A S b K AL 5 . U miR397 M U2y
Cu-miRNA, Z 57 KM P [ 0RO A 4 £
AP FEARE RS EAEY LR,

miR172P7 miR2111%45 2 4598 1 1 1 18 47 (]
¥, miR172 IR 4555 8 2 EDOD40
SR 2 i 1S R N = A = 11 YN e i
AOFE s miR211 JUPE i i) TML1 H1 TML2 #%
SERFER TR, AL IERYRIE . EfE
f miR396 X AAKL B AR A4 T2 R 1 424 1T

miR396 75 M )i S AR L TR SRR I 2 R
UL GRF4 13k B, sEmife A= Yy ak
FIFLEF AM BRI ™. TFoTiEsiF 24
Yy 2k 5 SR AR L B B A A A OC FR R 4R
Wk (P1) AORRIC, LA miRNA399 AL A
FEDAMCE RAR I EE , (HE R 202 MtPho2
TR FE MR OO R b 551, XA FITF
AR5 Pi RIS AIEE A, Wong-Bajracharya 253
F sRNA i 7 FFE AL miRNA £ AR F A%
(Eucalyptus grandis) WIAMERR B/ G D
# (Pisolithus microcarpus) R T —5H Y
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H.H miRNA (miRS), EREMNE R TR 1E
FAHRFB, E%%E%Tﬁ%ﬁ/\ﬁ, ZUE B AR
e A 235 4 11 ) B, B 02 2 i 2 AR R 19 B 75 )
W, XFEFE miRNA 1] A SEEHE E

RS ST, I LA R S AT AL R AR
HAEFM,

3.2 miRNA #EEY-RNEEEEFRIIRE
1EH

) A A T A A f TR A ) 1) A R el 2 B
W, B—RASHE AT LE Y4
S RE I LA T, PR B SRR,
FE )N AL TR AR N A FLA AT AR AT, H AR R
— G PN A B 23 5F miRNA A SRR 9 L K
KB MNPUIRN . BIHE %] JEWEH (Pochonia
chlamydosporia) EFE MG, 518 & AN
miR390b-3p 2§ 26 > miRNA 2% F- 3£k, i@
FE R 43t & B AT BB 2 5 PR 4 18 S AT 1Y )5
U A4 R SSDA9 HERN B E I 40
s, SIEZE P AFE miR160. miR156 Fi
miR319 7EN A 38 4> miRNA 22 F:5& 1k, It
ML Rk M Re S SEE R H 7 (4
KERMHAF . EKZR/NrF RNA Fl GRAS
) HUve B FIVRE P 3R S A Tl A T O
5 FHY AR & B BT TE,
3.3 miRNA ZEEYERFHEDEES
AR E1E R

B Bl A ) 2 R % B T AR B - 4 R
HRCEY, DT O T, b s PR
di L — A EATER I i B2 R
AEWIRE, a5 AR TTRR ) A 4 i B Ak o
T A TR AR PR i A B, S DB b 5
Pttt E AR EAE R, RKILDATE, M5 ik e fil
YR T 2R IR R Y, miRNA fE Rl
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Py 55 MR BRGAE P AR EATE FH 3k i DG R 5,
S AH ) - MR PR B AE 3 A B A Y Bl R B
miRNA A5 T8 SR B i B 0 5 4L .
DHREFNE AT O, b 2 A 4 i A 4 L ARl
KA, Feal2SEYRNAER AT AE
B RP,

MR PR R AR A 40 By — i DL AR PRl A=
Yy, XHEYIMRBIEE KB A ER I, XL
S A] DUE E R, el DU R . R
ORI R B, R A AN ARG R ZERLFF R ACCC
01380 VOCs Y+ mi I J , 18 F M P H miRNA
1) R IB A B R4S, Hoth miR394b-5p |
miR159¢c, miR164a, miR164c-5p. miR399c-5p
T, 1M miR160b ., miR319a, miR5015 .
miR171b-3p. miR5633, miR2938 L. 55—
MR, B RAAITE (Pseudomonas putida)
TS IT A B AE R RS AT Bl 32 miR393a-5p-
TIR1 SR IR TTAR . ZE AR i A

4 REERE

Zi BTk, miRNA JEAEY)-9% IR Y
FEW) - 2 A DA ) A o A R R A T Y
A, ERMAEYIREESE (F) EEYR
R, miRNA 81 25 5 sk i 5 iy 20
RPN AER LT . A NE . H0 R
{RGFHTE SN o FEAE L A milRNA A
1@15%5’]5!3&7;?*&%%#‘1@% HAEH
— PP R A -, RS S
AIILAA G
BARHAT miRNA B9 FR S — PR
PN, H miRNA FEAHY) 5 R Y Z [ AR 4

Eﬁ%m%tﬂ%%él@% R, BHRINH
miRNA FE it EV 7 RIS Rk iz
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Table 2 Regulation of miRNA on plant growth, development and metabolism in plant-probiotics interaction

Interaction type =~ Microbes Host plant miRNA Function References
Non Bradyrhizobium sp.  Lotus miR397 Promote the steady state of copper [36]
cross-kingdom Jjaponicus
regulation Rhizobium Legumes miR169, Promote tumorigenesis [37-39]
miR172,
miR2111
Bacillus subtilis Arabidopsis  miR394b-5p, Promote the growth of host plants [40]
miR159c,
miR164a,
miR399¢-5p,
miR160b,
miR2938
Pseudomonas putida Arabidopsis ~ miR393a-p Increase the fresh and dry weight of [41]
roots and shoots and the number of
lateral branches
Streptomyces sp. Populus miR 156, Promote seedling growth and enhance [42]
miR 160, disease resistance
miR319
Arbuscular Medicago miR396 Down-regulate arbuscular mycorrhizal [43]
mycorrhizal truncatula formation
Pochonia Tomato miR390b-3p Regulate defense genes to promote [44]
chlamydosporia symbiosis between host plants and
endophytes
Cross-kingdom  Pisolithus Eucalyptus miR8 Promote the entry of fungal hyphae [45]
regulation microcarpus grandis and root’s absorption of host plants

Xu EPHREE T ASHINMAGKTERL (G-Exos)  miRNA FAGG MM, 45 5 & B0% 1 bk 78

I 38 3 P PP A R 25 T H P Y miRNA, &
B AR A AT 40 A AT T 40 I P Pi3k 45 E
B, HiASTaMmpassib, ik, ma
SERW, MWk n] LA EV ¥ sRNAs $41z 3|
AHEAE A EC TR S A e, o TR B T AH O
R R RIE, B2 EV EUTiEE sSRNAs I
TE MR AR LR AP, miRNA FERE Y -1
A=) Z IRl 5 B A is Ty ORI N B — 10 BV %
s, RHREELMERIERE, XHEA R
GEo MR, ASLHG A i o Y AR - TO R
JCHEE IR R DY b T — PRk R U2
PG B N A FLARE 45 B DF33 XS

http://journals.im.ac.cn/cjben

J&, miR156a, miR408, miR164a. miR396 Y
FIRIKEAT B R, FB4 miRNA 5204
BRI E VMG, W2 DF33 SR
AR 7+ (FFEFR)-

JUE ATHRTRT miRNA ) 5k
YIEAEMESE RO UKL —F, (BREE I — 0o
FKERAMBL2ER AR, TS A miRNA
N5 8 MR A B T T AR AR S e R A
BLA, e 2 A Sy — i 28 3% R0 ) 0
A, WA DG i g AT S A T L 3
A TR FITAR PR A S5 AT 4 S A ) =2 B 2 4= 47 B AR
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