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Advances in the response and modulation of phytohormones
on arbuscular mycorrhizal symbiosis

LIAO De-hua, LIU Jun-li, LIU Jian-jian, YANG Xiao-feng, CHEN Xiao, GU Mian, CHEN Ai-qun"
( College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: [ Objectives ] Arbuscular mycorrhizal (AM) symbiosis that is formed by AM fungi in soil and most
land plants is the most widespread mutualistic association in nature. The establishment of AM symbiosis involves
complicated pathways of signal exchange and transduction, which are regulated by many genes with stringent and
coordinated expression procedures. Plant hormones are well known to be signaling molecules that act in almost all
physiological processes during plant growth and development, and also have been demonstrated to play crucial
roles in modulating interactions between plants and microbe, including the AM fungi. In this article, the research
progresses on the phytohormone-mediated regulation of AM symbiosis in last decade were reviewed. [ Major
advances ] External application of low concentration of both auxin and abscisic acid improved the formation of
AM symbiosis, while endogenous lack of gibberellin, abscisic acid and brassinolide repressed mycorrhization.
Mutants with defection in jasmonic acid biosynthesis retarded AM fungal colonization, and knock down of the
receptors of strigoloctone, auxin and abscisic acid inhibited AM symbiosis. Notably, the repressed expression of
receptor of auxin not only decreased the AM colonization, but also inhibited the arbuscule abundance in cortical
cells. [ Expectations ] The current research regarding the molecular mechanisms underlying the phytohormone-
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mediated regulation in the establishment of AM symbiosis is still in the early stage. With the rapid development of

transgenic and gene editing techniques, such as Crispr/cas9-mediated gene knockout technology, and through the

deeply mining of the genomic, transcriptomic, proteomic and metabolomics data set, the scientific questions with

respect to AM symbiosis and other plant-microbial interaction systems will be finally answered.
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Fig. 1 The establishment of arbuscular mycorrhizal symbiosis
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Fig. 2 The signaling pathway associated with arbuscular mycorrhizal symbiosis
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2.5 FRHABER

KFARAE N ELAF S e 22 5%
AR B RN XTI E (AR O FUR R AR A ) 1R et
Mt AR, RS RGE , AM HEXT KA . HIE
FEE NS AR 3R (42 A BB 75 31 TR 3R N ]
PR Er 1 3 finees 7o —SSRERT R A AH OCEE I (n
W Iam A A TS 3L R 408 RN 6 E Ak B il 2
LA AOC) WA A& BLRES FEIE B 1) 4 i v e S
PEFRIAT, HBEHFCA IR, X TR AR S Rets 4%
PP AR R AR e A R A B 18 . AR R — RSBt
GER I, AN N R A R SCHAT A= Yo A R AR Y
IANBCR AR A AR [A R s, 2 1Az B4R
ZRZEFZ, HA G5 S F R AN ) & . FEY)
P EERRE )R IR SRS . W Regvar 5 (1996)
WG, AN AR BE (5 pM) B A FIT R X R
SRR A A B I AR R8N s T 0 — S s
B, HNE A (0.05~5 mM) KA GEUE 4 ] 5
L VETEAINAR R 1) AM B R YL 50,

WAL, 2R ENMSEER Box, @ iie
B DR 45 A 45 T Bk AR AR ) PN TR R R 1Y) VR B g
R I ARIEE . Landgraf %5 (2012) it &2
XTI i AR 2 A 1 I G P TR R R R KT BE 8 i
FAEHE AM H R EAE IR PR YRR, Isayenkov
25 (2005) KB, HWHHEAE TPORAIR G RPN
I AL A SR A0C YFRIE, RS B3 FRAICH;
FEE AR PR JA BOUREE, AR A PRAR
A SRR A T A E SRR AR 0, R T
I R AE DA TR AR 3 2 o A% rh o] g B A TE TR 4R AL
N o SULESIEAH— BN, BRI G R A A
spr2 [ AM ELJE {7 Y28 W B BRI, I EREG RE IS W Ah
Tt o Y 2 SR P R TR K A 0, (HLA N AN 2
Herrera-Medina 5 (2008) & 7 fifi 24 41j iR AN UG AL
1K jai-1 58 AR ECEPIA S0 AM E R R 4L
2, I HAMIE it i HE 35 5 51 T 192 15 R 6%t 5 0 o) Y
HERIFEARAR R ) AM ELJR R YL,
2.6 KiFEE. HSEEANEE. KBRS HE

K ERAT Jy—Fh 2 RS 5 2 T WIE S RE
PRV A A PT B TR, R skt g 4 0 g
i )37 AR AR A i R BIFSERBE, AM BT XA
YR AR SOK IR TE S ALY R (IRYL Y
R Be) FURM, SN 1K A IR B K A AR AN 52
M) AM P 7E K RS AR R I E AL, (HREAE IR AL
TE MR g B AR 3 FR 09 Herrera-Medina 4% (2003) BF

FRIL, B R AR (R 2R R R T A A Y
TKAG TR FEAL ) B3N (AR 2R 3R KA R A W 6
Tit) R AR MK A R IR B RE RS 52 AML L
B A AR 2R AR e AR B AR S A= 0 A B S
J&, TEHRD G. intraradices WFPSRIFT , I DAY
IEIE T SA MR B S5 AR FR AR YL R A AKOE B B 5
TN 5 TAEFEFN G. intraradices TP 4514
T, B L DRAR ) N R 1 K A R v B 1 RS BR S
Mol AM ECTE X AR R R et B, (HIFAS 2 e 24 1Y
AR YRR YL BE i THk= 20 5K %R
B BB O AE DG A S AR R I SE B TR, X T AR
V57K TR 7K T 5 A TR AR e A= 18 AR O R AT o
— W

SRR N ER LT Re S U A MM R BAE, I
PR RE AR 0 A K K RIS AR ) R AR
S ELR LT Ve S EN= R [Tp 0 i Ti i Bde ] oS Sih
REfE 2 S N S 5 I AR IR A 5E i A
XA/ . Foo 4 (2013) X — AN IS 3R PR & Lk
FaRAAK Tkb IBFFE RN, SRR RAR T N R
B mEk i O B A A i —2, HHAR R AM HH
{RYCRE AR A B E 227 Sl Fi
MM R NER A AR & 1) AM HIF AR Y A%
MAITEGE A B, R AM B (R.irregularis) /\JA
J5 R R Y ARG TR AR AR A 5 BT A A A
LU i 2 A . ISR E A R B, R i e — A
TENLTER B T R I R SISUT2 FRIKAEMS .
FAEHE AM BRI AR AR Gy o 38 A R U
LRI F 9 HAMEARUEIA SISUT2 BEfE AR R
R R st P N R 1 (SIBAKL F1 SIMSBPI1)
HAE, K5/RT SISUT2 REfEE MR E NER T 1ME
SRR SRR ) (1) DB AR 2 e R

T 3 %] e M e g A AR epinastic
PRIARAR YN BT A B, 2 58 B IR IR AR 2R A AR
1R Yy A7 3] g I, Torres de Los Santos %5
(2011) XI5 — A4 i 25 4 A ZE 221K rin (ripening
inhibitor) MY TE MR R YL RN 7B & B, 55 %8 HRAH
b, AR R 3R A TR AR AR % 9 & LA A (L4
AM ELTR AR YR | 7 Y B RN ARG ) it 3 4
i, W T SRR TR AR B OOV, T
RIN JE W 5E Jy— A V45 2957 H2 ) MADS-box
R SR, Wi T i ) Re %38 2k A
T RIN 3R 28 P87 AR AR LA i 7
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Table 1 Effect of different phytohormones on arbuscular mycorrhiza formation

B SEe R S AbIE SMEE S
Phytohormone Plant material Treatment Phenomenon
TG NEE G RS R DA U A E R AR R AP AM HIH AM fungi Tk AM FLTR = 5 5 AR B i
Strigoloctone ~ Outbound Mutants insensitive to biosynthesis inoculation Repressing mycorrhizal infection rate and
/responses arbuscule formation
ERE By (B SNIRHE AR 2, 4-D FRYAIEI, DA B
Auxin Tomato (Wide type) External application of low Increased mycorrhizal infection and
concentration of 2, 4-D arbuscule formation
R AM ELH TAA TP )
Inoculation of AM fungi Higher IAA activity
MK R 2K TIR1 Il AFB SRIK SRR BHERD AM BT ik AM FLI 25 5 AROE A
Transgenic plants with repressed expression of AM fungi inoculation Repressing mycorrhizal infection and
auxin receptors TIR1 and AFB arbuscule formation
FER KRG HAE . AT (AR SN A R R T AM R R0

Gibberellin

Wi

Abscisic acid

AR

Jasmonic acid

i R
Brassinolide
A
Ethylene

Rice, Medicago and Tobacco (Wide type)

DELLAZRZE R AP AM HIH

DELLA mutants Inoculation of AM fungi

i (EFAER) AN R B 7 12

Tomato (Wide type) Abscisic acid external application

in low concentration
TR IR & B KA = Al AR Hefh AM 2B
Mutants with defection in abscisic acid biosynthesis Inoculation of AM fungi

and signal transduction

Tk (HFAER) SN MR B IR AHTR
Garlic (Wide type) External application of low

concentration of jasmonate
AR A AL el AM B

Mutant with defection in jasmonic acid biosynthesis Inoculation of AM fungi

Gibberellin external application

Repressing mycorrhizal infection

T AM BT 5o o)
Repressing mycorrhizal infection

fEE AM ELF {5 Yel2 %)
Increasing mycorrhizal infection

ikl AM FLEE R
Repressing mycorrhizal infection

{2t AM BT R YL

Increasing mycorrhizal infection

HER AM SRR G
Retarding mycorrhizal infection

R N & B AL HFh AM HH i AM HEE R
Mutant with defection in brassinolide biosynthesis Inoculation of AM fungi Repressing mycorrhizal infection
VY 3 UR A S A N b AM U fiEik AM FLR (R YL

Mutants with over-production of ethylene Inoculation of AM fungi

Increasing mycorrhizal infection
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