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Advances in miRNA Research Related to Mycorrhizal Symbiosis

BAI Long' , LI Lili? , YANG Hongyi*
(1. College of Life Sciences, Northeast Forestry University, Harbin, Heilongjiang 150040; 2, Forestry Research Institute of
Heilongjiang Province, Harbin, Heilongjiang 150081)

Abstract; Mycorrhizal symbiosis is a strange biological phenomenon in the process of long-term
co-evolution between plants and fungi,it promotes the plants’ growth and enhances the resistance of
plants, MicroRNA(miRNA) plays an important role in mycorrhizal symbiosis. This study reviewed the
latest advances in mycorrhizal symbiosis-related miRNA's research, to provide new idea for deep
understand to function of miRNA related to mycorrhizal symbiosis.

Keywords: mycorrhiza; symbiosis; miRNA



5 1339

It B B Z2 171

B ESRBE R RS, s i A
RALURAEEFL . MYHSRERERE
FEUT 8 DA ERK RS EAHR L5
B 408 0B A B B AT R AR s ) R T
THEERBRTE B YR T ML - F A T 5
AFRZELA . SRR IR AR ZEEFRL
UK, T 2R IR & TR S TH R D
B A HKE ddH, O w3k O R iEH
BTG B2 5 B DL ¥R A 4 ED I s L TRV TR
L MH SR B

fAIAEEAES B AIF 5T 2% B . 5 VAR B 5% B 5T e 1)
Ao P BB B 2R T S i ) A B R SR A P A
HER ;s R 38 % AR G TEIR AR
ot R | VL5 YR TG T ARG 00 e HE AT £H 27 B 52 G B A T
R GRAE ) A BB AT B I HER It . 2R 45T
o RA, R A EEEEEE AT NS
ZREEIES (BN [6) 1 2R T H 2 7 B SR8 AN )
PSP .
1.2 SEiEFRE

SrEZRMEYNAEEREMIERE TG D8
ZEREERE SRR (PDA 5535 35) | Crapek 5585, 5
TR AR G IR 2 (SBS BE R D) (7T ik
TERE IR AL  YEGA Bigrd (CM i gREE . SNA K 3%
HAE, UL PDA 8537 2R Crapek 35 3% Bodm o UL,
oA 100 pg - mL7' BB B & R S (AD
100 pg « mL ' &N EER SPUA R W AR50 H 40
PR, IAh Wi B A HE R R
FIZRENE, B AR NG RE DG IR R — A .
1.3 RNEHBENEE

WAEEWREE FETER 2 /. DS
Tk, REBREMAEESELETTRKRS L
S PR AR BV K/ N (B, R TERRAE L S b AN
KA, a2 B AR s i TR SRR K
TEA W TE 22 . T SR A F R P= M 554 S R 1E , 2R
JE AR EL T X T & B 1B Sk AT I
B 2D FHEYHEF Y. WA AERKEE
PRETE S H R B, W EERA ITS X £ 40,
LSU EHEF a5 T 5 e, thsh, DNA i
FPEAR S5 A A8 Y 5 B i i vk (PCR-DGGED h,
TFiRZEA N T RAE BB REES, TEEE R
F PCR-DGGE #1 DNA Wl FE A, B9 7 91| 5

MRREFEENE N AERE WA, T/
#H DGGE SRR AR (g kB 58 17 FH 2
WA A H RS 5050 OSBRI

2 HREYRNERRNEYSENE

HREYNEEENBREMMR LR SR
Pk, REFERZE A+, 0B N A EE
BEAR, ERLZHEBETFEEL]. b, wtR—
FZE RS . h T HUEE IR 2 K18 A AR
= SRS R R A, WA B R AP
Bt B2 R0, HEEM R T W
YLK B Lt X A s X & K B L X iR AR
TS B R G54 , 45 R R0, b X AR 75
WA EREEREMEE LD TFRA MK ; X
B 1) b X HEREARAR A A B R RS R B A
FLOHRBRNAEREERMEE LA —EN
g, EFHFEIHITRBE, RN AR RO
FEEBERNERENZ RS AR HA
SRR FHREAR X, BEGEFESHE TR
H PP T B AR A4 AN F I N AR RS, 45
BRI, REMY O FNAEEREBA SR,
AN FIHBERIR R () 2 O F DT P9 AR LR SR TR B
AR PEARBES:; TEF DA FRNEER
FEAS T B4 DANFNAERE G T
R, AN, A HES AR HA R EE
B RIS AR, o A AN e R ], SR sy A B B
H—EMTE EMHASRFE. mRESE R
TR R R AR R . PSR B, )
J&E 25 AR B PN A T T 3 5 0 A 7 ) g 0 e e 4
Mo, - ip B A R K R AR A L N Y
AN MRS H R MR R g, RIS R T-
RFLP 4% 22 5 AR K0 TR 25 HE W v B 24
RARZEZE RS BRI T-RFs, 5/ &
W, mEENEAEFEE 28 AR EFEF
(28 MAFE T-RFs F B ; RRAH L) T-RFLP
Wi . T-RFs $ H At # T-RFs 4 A M, 358
mRZEGEEFNEEEMHELS -CHNHL L —
PR LU bk

3 HLRAEYAERERRRERE"Y

3.1 X
HAEYALE AR RETT R ERS NS



172 It B B Z2

THWD

BRI AS A, H F B T AR L R ™
B YR RA B ER R, ERE e
SEUT SR FARAR ¥ 35 5 43 0% B R M AL AR T 8 Y
HEW Irpex lacteus F Aspergillus tubingensis
HBEFT R K e RE 57, JT 00 31 A A e = v 43
B2 4 A6 MEEH .

X2 FIAEDS % R FE PD WM 3 % X 5 Ak
FEVEEE BN A B Penicillium citreonigrum 3F
TR R B 77, H R WS BB IR Cy-
lindrocarpon destructan 1 BREIREE Alternaria
panax WITEICR & . WAL AR EE RN K
BESEFRAAEIEAT T AL, RS RS EF
BT T EHR T AN E W Alternaria
LIX27 AA R EER R EN, It =
YR et 20 G BT TR o7 T8 VA 0 AL SRR R A T
LTEBH T/ EEP RAARRM SRR 5%
TR AtE pH R R 35 7% 1 6] %) = 1 T 21
SENEREIEITHS AR e TRER
323 U
3.2 RENBFUHZEYE

RN B W R RAEAR Y BAR & BUR
B SR AT 2R, EE AR A
B R IR S B B R FERL AN
FR M A B EREAEY .
WA 3B 4G — e R YW B R 2K A LR AN
%,

BRI, 0T R PSR IR SR B = R A &
T b B AR IR R EH RS R A
o ZRMHR TR | FEARIR S | T K A T - R A 1)
ZHERAEY s R B SR RN RERS IR RN
TR R B S R T ¢ BB b A TR AL 5 05 2R
FRMEIR R RE = 58 TR S T8 T - At R A T
FEW T B RAE Y  R FHEL R - RN L =R,
AR SR I A B P B RS G 4 s 7 R G TR
BRNE G R A & B R TR R
. % 3 Salkowski % W . Rosen- Heimer [ )W ¥
) 5 P o S MR =02 B W

H T2 AR A A LR IR A A=) 2
ZA QAT FE LB 5 P R B UM AR W) R AR
R R 2 —. FE i %k (sequence -
guided genetic screening) 2+ ¥ 5 R VE N i
bR, R R K B PPAL G B A T A AL

YT B P B B 7= A 2R I i B R g 0T
25 FTAE A PR AR TR I TR AR AR 7= 0 0 1 1 SR
H R K . BER-& B8 (polyketide synthnase, PKS) 2
A B B8 1k £ BK & BB (non-ribosomalpeptide
synthnase, NRPS) . ) LB E: H MBI AE R A
B HENG PASO BN A B A (oxyB) (&I L
A% 3,5-AHBA S IEEE R (i fK) %, H LU
PKS FI NRPS 2R R FE M fiEszic ™, H
i XA ) N A B B9 NRPS Fil PKS F: A
WRGEARRIE D, S RPN A B P R ™

4 EHHEFHR

MY NAERE A AT B SRS
Y A UE BUEL DU Y A K
AR 2 IR A A A =06 R
4.1 HiEAE

IR Z R MTT XK IR 2E 5 18
PR PN A L T T R O TRV ) 2 400 o R T g O e
o, 25 SRR W, 18 Bk P AE L T T B A TR VR 19 T
R R SR Y Y% A TR 40 M0 HepG2 400 41
HIVER. RS AB LMK AT 505
FEVE S 1 B R BE I N A B Aspergillus
HQ-24, HAC % b E 4 BUEP . CHO 48 219
MHIFN 71.28% ., TREHAEDS R LM 31
AP BT 37 thINAEERH . MTT R ER
B, HC A 3 bk PN AR LT I A TR 7 )Xo AN [ firk 8 2
FfOEL 7 3 % 1k 40 B 1R . IR AT R A
MTT SBHR T HARNAEEE PG23 KR %
WS i 98 AS49 40 B iy 0 ) 4 L S5 R R B,
PG23 Ftk R BER Z MR MBSO L = T A 0
S0 XTI AS49 21 MM R A 5 2 MEVR EE A
L ICsfE R 1. 073 mg » mL ™,

4.2 mEAFE

XIAO 855 7E i AN AR ELB Botryos pha-
eria dothidea 418 & djalonensone, B DPPH
Hm EBBREMEH ICG K (187 +
0.18)pmol « L7', &—2&% R DPPH A i
BRI A E S FERENETEENAR
W Alternaria PQHI12 W22 (KA W] i 4 ¥ 571 SR B
PP SRR, PR B b AL
EHHHEMTHERNWERY., XK



5 1339

It B B Z2 173

S REHIM S BT 42 BRI E T O
Rl T H R B IR ETE R DPPH H &, ST
SALTERE AL RGN RE T
4.3 MEEWREEHSE

WA B YR A B bR 10 E ORI,
HFEMEALHA ™ AR Y B RS
YER EFAMEARIUAER., EHROES PR
FH, R4 NE BEE Chaetomium globosum
L18 B Ay R . B34 1 AN 2 3 A
FRHFENFIIGZ —. TEFM 38 1k
A A AR LR R IR i T B OK SORG R B 1 TR
DZGS08 , H AT A& B £ K SUA 7 B o8 22 4L B Iy
¥, BFETHESCRAALBEENGAEDS
JEF B 2R I RURSE B T 83 RN A
Hop 14 BEAE X Z 4 1 R/ 48 05 R Bl
AHEPUEME, X2 FEE P E MRS T
2 T s B B B Penicillium citreonigrum
F10, H & B & Xt 45 J& 5% B Cylindrocarpon
destructan .JEBEFRH Alternaria panax B A M
WiEHE. BARBFEIBE T B MmN AERER
PR AR I T A TG P S5 2R B, 11 £k
WA E R 2R EA R B RmEER, K
AP AR EESERE T 24 thiEMA 4
B, HoH 11 RRAR RN 19 AR B 24 1420 1)
WREEERT 10 mm, BiEHEKRE REIZNE
HH .
4.4 WMEMES®E

S AR S5 B T SE 1492 B Chaeto
mium JY25 Hi KA BRI 4 B 005 4 BR B I BT
LT SRR, WA B TY25 R T 4l 2
T SO T B PR AT A5 & A8 T 3 W RO ; B &
MGE N A REAS i S 2000 B FLNERG & 2
¥y, BAREAREERE AT, AR
SR ARSI B EIRE T ) A
FLAGHNERRE 34 th, & W EHEGIKE K
Jo TR B8 €0, R T A i s AT T 7 T 9 PO 2
RUA S HRNAERENXY 24 1 Ml BEA D
WEYE, RAE ST SRR HE 46 tRINE
ELTH , HoH 34 MR A: BT 75 40 B R I R [
TR B RS A

4.5 RH#EEMEREEAHE

2 FAE Y A A LA T A P AR 5|k 2 R L SR
EN R ADYS &Y STty L SRR
B TE EAEYXT Y E SRR 2 AT mie
P Y ERK, AEBRECDHRET 3 M
R TAAR LR X AN 8 R 5B BE 40 IR AR R ), 45
SRR, Binlny 22 10 AR B T (R E B B A T Y
AR YRR X BB S B AR i = 1Y
2B BEFIR R, BT Rk
ETHREABINERRENER Scytalidium TP-
SH4 T » He 2 WA 1 T L, A 0N TR 4
RARHOAR . RSB RY], I 4 FF
BARNAEE AL, ALL AL ALI2 Wi T
FERFTFRZFHRFRHFEARIE LM 4 7
FEERRS MR, BMESISET 9 R
WA R, K 8 BT R 35 B B 3 R
HEEMFHERE, LB AR PPYEF-9
AR EUR M TR T INRFEENRK
iy N
4.6 RAHGAEYHRERE=WHERFE

2 YA A AR AT =4 515 EAH R
FEABLFRI 5 P 4 B, 30 RE AR HE 4 3 Ak P R AR AR ™=
YITE R AR, B0 S A P . TR
FFEINEH EHARREN N AEERE TR E
RE T RIGRIIE DaA17, H R AT W 7l $2 7
B I ST I T AN B SR A M R T & R
e, e A5 ) RT-PCR &0 T g R A4
T8 P116-1a XM F N SS.SE F15-AS KFH %Kik
(RIS , P20 D 16 8 ik DU 2 0 A R
ARl GERRI, NAETFH R PLI6-1a BERRE THI
FINEBH S &, H SS.SE M g-AS EH KX E
ARAL SRR BT & B AR B IEADE R
R PEARSENS @ o HE A A A R B SR A AR
THAEEBS FARTERAM T —F A,
KGR B AR R B, S5 RFW, A
SFELFEFEARMME P NOS.PAL 1 ACC fJ
TP AR AR ER R WG .

5 RE

FIBT . 725 AR A 22 B S HARI = i
WHoE S HAS T BRI R R A7 11 2 IRl



174 It B B Z

THWD

D RS HZ F e 2 — S8 5 R 28 Y i
ARTT PR A LR 7 ThT BT 5T 5 2) RoF 5 20 375 1 T
B SE (045 B A S 30 = 1 R E AT T Ml A A 75
3) 25 Rt N A B A 54 BRI AR A )
MR A= B AL R A TE2E 5 O 25 Hite )
NAER S HENAER . NEME N AERRE
HAFR SN Kooy THURIBEA BB, B,
REAS AR LIk R, ANOUE R T2 e 25
WSRO %oyl B A 25 R A ) AR PR R A
WEAEZERGMAA A HZG AN R
RAE WA= W S5 K

e

(1] #heldk, S8R, e, % 2N A EE SR RES
AL PERREC A aR# ,2008,38(5) :475-484.

[2] TEJESVI M V, NALINI M S, MAHESH B, et al. New
hopes from endophytic fungal secondary metabolites[J]. Bol Soc
Quim Méx, 2007,1(1):19-26.

[3] WhémzE, 528, THF, % MYAAEE 58 EX RN
], e BIER,2010,19(7) . 1750-1754.

(4] #7282, 30008 , I AR IH, 45, M40 /9 H= BOB 5 R B4 B B 52
[J]. B 2E24,2005,36(5) ; 772-776.

(5] ™#2F, TE# . FTH. % MY EERTTR IR
U] RAT=WiFR 5K, 2012(24) ; 176-181.,

[6] fafde, XISEvs, BRE 55, 45 MY N A B0 B JF R A 52
LT]. & &#}4,2009,30(15) :180-183,

(7] ZEBRer (84, BeBE, 4. ARIERmEE st i
WG BEROR M LT ], o ERk = E i), 2012,28(28): 163-168.
[8] Fi. 6% f4M, % £ )IE WA EHEBEHR
PCE-DGGE 43 #7[J]. W E H1 257, 2013,38(12) : 1893-1897.
(9] T/, PhERZE, B, % FF&n F i B SR
S5HEZEA ST P E 2 F4E, 2015, 40(14) ; 2800-
2806.

[10] B W%t , =R, Y A TR B ST MR B L I e [T, 4
AR SHE4&,2010(1) . 74-77.

(117 ST4L #3555 Wi R B IR X =R 2 sy
EEEE RN R IE (T AR 51 R, 2014,29(3)
262-268.

[12] T35, B, HEW, % BERNEERSBES S EH
2], hE R4, 2013,38(22) : 3838-3844.

[13] BG4S, 26, RBW, 5. BRSO FRAEEEK &
‘mH%el] PES %, 2013,38(3):325-330.

[14] BRE, 5, AHY 4. BB R HHA A E KBNS
M DNA ITS FRAIRG R T A1, hEZ ¥ E, 2013,48
(24),2102-2106.

[15] M-, &8, %R, % BAAYE RE2NE RS
e R A AU AR [T, E P2 2eaE, 2014, 39(16) : 3023-3029.

(161 £4, BHRE,3K54050 %, BEMMNLEER E21 kK E
RET=YH BRI, B EFTLRE, 2013,22(4) : 460-464.

(17] Z8, D3RR, DRI, 5. BRI N AR R43 HRAER
WIS ] fE#ZAE,2014,23(19) : 2298-2303.

(18] X% H, 45, M R, % TS NARKRN 58 Kish
TEVE R AT IS RE [T, HREEY, 2014, 45(22) : 3332-3336.
[19] %M, 4L, 3R, 5. R RNAERR L HERE LIX27
R BESR A ORALLT]. B ihRlaE, 2014, 35(17) : 165-169.

[20] 7 F, sk, 0L 2. B8 BER ik R BEA AL
[J]. 24 AR, 2014, 24(4) : 94-99,

[21] FA M XL, 8 TR, 5. HHABYNERLE SRR
SRIG LY SRS RE (T, TREZh, 2014, 45(14) : 2089-2099,

[227 QIN S,LIJ,CHEN H H, et al. Isolation, diversity,and an-
timicrobial activity of rare actinobacteria from medicinal plants of
tropical rain forests in Xishuangbanna,China[J]. Appl Envir Mi-
crobiol, 2009, 75(19) ;. 6176-6186.

[23] ZHAO K,PENTTINEN P,GUAN T W,et al. The diversi-
ty and antimicrobial activity of endophytic actinomycetes isolated
from medicinal plants in Panxi plateau, China[ ] ], Currt Microbi-
ol,2011,62(1):182-190.

[247 WU Y Y,LU CH,QIAN X M, et al, Diversities within gen-
otypes, bioactivity and biosynthetic genes of endophytic actinomy-
cetes isolated from three pharmaceutical plants[J]. Curr Microbi-
ol,2009,59(4) ; 475-482.

[25] fLFF, 3K B, SN, 55, JIAR P 42 L8 93 1% 2 PKS.
NRPS FHB 2R 52, 2014,45(10) : 1461-1467.

[26] w42, 200 , B 7, 2. ZKAL PN AR BT 9 43 B8 B B Fndt
BB T VERFELT 1. H 52,2014, 45(6) : 819-824.

[27] EAH, DEAHER % RN AT RS2 BN
BB LT KRR R 5T &, 2014, 26 (10):
1624-1627.

(28] TR, KERK, HERL. % SABBNEERIR(IDE
PR L 98 S PR A TR 99 S A R R R M B AR R B LT . WL
MR . 2012,27(3) : 109-112.

[29] PhFTIR . ZJY, B, 4. W ATE P 4 KB PG23 B iE TRy
MWL ] S EFik R, 2012,33(9) . 78-81.

[30] XIAOJ,ZHANG Q,GAQOY Q,et al. Secondary metabolites
from the endophytic Botryosphaeria dothidea of Melia azedarach
and their antifungal, antibacterial, antioxidant, and cytotoxic ac-
tivities[ J ]. J Agric Food Chem,2014,62(16):3584-3590.

[31] &— RE)I, KHE, % BENEEW Alternaria sp.
(PQHI12) & LA SN 0 MU B 05 o B E AL B M A 52 [T ], KRR
PR ST & ,2014,26(10) : 1458-1462,1509.

[32] =R, MW, R, % AEHTE R o BE bt &
LAEERT] ZBRIRHE,2012,40(3):1272-1274, 1354,
[33] EHier, REER, KH#H, & RISV EEE Chaetomium
globosum 118 B Y B TN B i R S HubLBL) 1. AR 2E3,
2012,32(7) : 2040-2046.

[34] T, Phviseiet, 00, 55, AL oy A EO8 it TR ORI IE T
BRI LT . AR, 2014, 40(6) : 29-35.



5 1339

It B B Z2 175

[35] BF7, K4, BT, 5 HABYBBTHAEREIER
HIPRATE AT L)), 281, 2014,37(4) :564-568,

[36] X220, g, 8 R, %, TS B 5 R
YRR IR e R [T, P REZY, 2014, 45(22) : 3332-3336.
[37] %A, R, fede, 2%, i M oy AR T AR 20 A B
AR )], U4, 2014,54(3) : 276-284.

[38] k&M BT, X5, B RSN BRI
HEET] YN, 2013,40(9) : 1649-1656.

[39] she&Ean, ZEE, T, % M ENEER G FERS
LRI BB SE [T, e 23 R, 2015, 42(1) . 157-162.

(407 FIMEZEE, BN, BRIB . 2. A A BB NEEEN BRI
W R R )], thEZ e, 2015,50(1) :19-22.

[41] R, B, HAR 5 SRR ERENAEBEN 8 RE
WEEESEL]. P E & R, 2014, 14(2) £ 154-160.

[42] ISR, SN , A2, 45, 3 AR AR B TR R IR b U
BERGW M. HY5,2015,35(1):92-100,

[43] WUTHE B, K54, % SR AN EERN B LS

FHARTE FARKERI]. MRk B4, 2012,41(6) : 101-105.
[44] 3B, ERMH, Hik, 5. B REMANEEERNFERM T
EHEHGEERKMEmII] LR R, 2012, 40 (9); 227
230.

[45] B4, B, AR , 5. BN A RN B X HE
BN TR AT 6% [T]. Agricultural Science and Technolo-
gy,2012,13(7):1497-1501,1570.

(467 SKHGIF FIE, BT, 5. G E BN A B R 1E &
BRPpAERKAMBRRF LATWERII] RATFUHRES TR,
2010,22(1):11-15.

[47] AL R, 4k, % ETXREAERMRANER
FEPLI6-la BRA M BHEEMNHT]. ZEAESMHA
Y32 ,2015,34(1) :155-159,

(48] W&, ELE, MEE, F. —EENKBERKRAZN
AREFBF FREERABE P BEREAEY S RNESE RO
1 E24,2014,45(5) ; 701-708.

Advances in Endophytic Fungi From Medicinal Plant

ZHAQO Huan
(College of Life Science, China Western Normal University/Key Laboratory of Southwest China Wildlife Resource
Conservation, Nanchong, Sichuan 637009)

Abstract: The medical plants have abundant endophytic resources. Co-evolving with medicinal plants,
some endophytic fungi could produce same or similar secondary metabolites as that of host plants.
Endophytic fungi can produce a vast array of secondary metabolites, including anticancer substance,
antioxidants, antimicrobial compounds, antivirals materials, promoting plant growth and synthesis of
the secondary metabolites in medicinal plants, This study was to provide an evidence for further study,
latest research advances were summarized in the main content and present situation of endophytic
fungi,and pointed out some problems in the area.

Keywords: medicinal plant; endophytic fungi; isolation and identification; secondary metabolites;

biological activities



