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#  E. AHFA#R(arbuscular mycorrhiza, AM)RZ £3EF AM A Anse K % AWML AR KB
HALIEAZ P A AR AN EAE A R LA AR, AM 99K F 5 AR B AM A -F A
YRGS T rEET, BB FHE A A LE R K. TR REGAGH Y. HEY
BMEEARKREG N TAVY, RE55R% AMEALENETZES,T. X, 224 oA
WMk E AL AM X F 42 B T &K RE: MRM¥p4 A B8 (strigolactones, SLs)%5 AM A @ -4 £
H 210 KA 4G 3k A AR A, BL% BR (abscisic acid, ABA)Awih X & M B8 (brassinosteroid, BR){EHEAT
B H L A 4Z, 12K B (salicylic acid, SA)F= T (ethylene, ET)¥#r#|aT a9 B L 1z, A KE
(auxin, Aux). ABA #= BR WL #4569 AT i ET F=dk & % (gibberellin, GA)#)4E H W A8 &,
¥ #) BR (jasmonic acid, JA)X B L ANZEH ABH RYTRALELERAER A RAEERD. BiTminsri
% (cytokinin, CTK)E AM X H F 69 M 5 ROAF. B oA F Jeh L, @FEHEMPESR T
AR AM K F A2, R4 AM A FH A2 & 45 T RRAAY S E 09 iR 4E R 45 e R Rl AL
WS F 2 6 A (PRI KA AL), DA AP T R R A4 3 15 5 40 7T Ae iR AL SRAHR
RAe Z G H AL F R AM A B -F T E A AR/ 5 THA, A TIRELD LA FHE
WA R A BRI A .
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Mechanisms of phytohormones in regulating arbuscular
mycorrhiza development

WANG Hao ', SUN Liying’
1 College of Biology and Food, Shangqiu Normal University, Shangqiu 476000, Henan, China

2 State Key Laboratory of Crop Stress Biology for Arid Areas, College of Plant Protection, Northwest A&F University,
Yangling 712100, Shaanxi, China

Abstract: Arbuscular mycorrhiza (AM) is a symbiont formed by the interaction and mutual recognition
of soil-born AM fungi and the roots of most vascular plants in the long-term evolution. The development
and function of AM, limited by environmental conditions, especially the soil nutrient level, drought, and
salinity, depend on the precise “molecular dialogue” between AM fungi and host plants. Phytohormones
are low-molecular-weight organics with low concentration and act as crucial signaling molecules in the
regulation of AM symbiosis. There are mainly nine phytohormones participating in regulating AM
development with different effects. Strigolactones (SLs) act at the first symbiotic recognition between
AM fungi and host plants. At the early stage, abscisic acid (ABA) and brassinosteroid (BR) promote the
fungal invasion, whereas salicylic acid (SA) and ethylene (ET) inhibit the fungal invasion. Auxin (Aux),
ABA, and BR promote the subsequent arbuscule formation, whereas ET and gibberellin (GA) suppress
the arbuscule formation. Jasmonic acid (JA) may have both positive and negative regulating effects on
fungal invasion and arbuscule formation. However, the role of cytokinin (CTK) remains unclear in AM
development. In addition, the signaling crosstalk among phytohormones normally determines AM
development. This review summarized the characteristics of different phytohormones and their
associated signaling crosstalk (synergistic or antagonistic) in regulating AM development, and the
possible regulation mechanisms of different phytohormone signals involved in AM development under
stress conditions. The profound research and systematical illustration of the physiological/molecular
mechanisms of phytohormones in regulating the symbiotic relationships between AM fungi and host
plants, will help the study on symbiology and the application of mycorrhizal technology.

Keywords: arbuscular mycorrhiza (AM) fungi; symbiosis; interaction; signaling molecules; stress

MK AR (arbuscular mycorrhiza, AM)J& +
HErP B ERBE TR 1] (Glomeromycota) B 17 YL FEL W)
AT B E A, 72T 80%LL /Y
BB AE BRI, AR 2 TR AR S AN
AM HeA: PR B A (T2 MR, R R
g % ity A A 358 v R A3 i = S A i 5 T Ak
5538 N 2

AM AR RA R P T AM HE S
Y 2 ()B4 TR e (<o 1 X 31 AML 3R AR (R

BCRYHTHE, JCH AR T IR s = i), MR R
SEFEMR R = H R0 43 A I 45 PY B (strigolactones,
SLs), ZGWREARIE M TH . WL
K5AEE, Frztammmm Rk, el
P ZF ERAAILRO, AM BRI 37 44
SR SLs J5 BG40 Myce I F——fig
5t JL T 5 B (lipochito-oligosaccharides, LCOs)
FE A JL T 53 2 W (chitin oligomers, COs)"),
TAE R 2F EAE YR HAZ AR AN Tysin motif (LysM)
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ZARFEBEE RS Myc PR, b i G 3 2k A
{555 4% (common symbiosis signaling pathway,
CSSP) i AR 6 Je 4l AZ iy Ca® 0 e A1,
Bl AM LA DA 22 fioh B AR 3 iz 20 2 1R I8 BB
HML, BUNSTZ S, 3R 20 P 4 B S0 2
T 4% A\ HI %% B (prepenetration apparatus, PPA)
(45K, PPA K151 AM ELIA R 22 AR &
JZAnpat Y, IR ARG Ca™ AT R s I Y
FEARUP D AM R 22 7E B2 )2 A0 M [ B B 4
N B2 J2 20 R Y T 22 RT DL O S — oy BB
BUNEG , 30— B T TR 22 1 R i 2 K™ A i
P, EREABRSMNT, FFEEY A SEIR
M5 R B KEATIE AM E I 1R YR 5 A
FEM Ui ke ARz, ik, F
FHEY O oA AR R B2 5 e J2 200 I 5 S Ik (]
WHFFTE S, DIFIT AM ELRA I 2 1R Y e
PR RIRE, X— AM AR E 54k
FEAAUW e A= W5 & R oG 35 TR i) 3R a6 78
b, WAEREA RIAE P38 % 4 SLs . A4 K % (auxin,
Aux)Fl 7755 % (gibberellin, GA)Z515 520 T (10K
AP R YR E NS S 0 FEREE AM
Az B Ay AN AT ECER Y AR L, A SO AN
T AM R E (e F TSR
5 MO E AR A RS, DA AR DG B
5% PR AL FE B AR .

1 HWEERE AM KE RS A

1.1 J4p) & A EE(strigolactones, SLs)

AM AR R I TR R G S
Gy b SLs!'®, SLs f&— 2R AL mi i e, AR R
S UARY SLs e JE 5 A5 FRFIEXT AM H & 1) 5
KRR iz B E" ] Lopez-Raez
S5 18 S T MR 10 98 55 (Rhizophagus  irregularis)
17 Y FIAZ A (Solanum  lycopersicum)R ' SLs
A R o R Y. SLs DAZKAE N oMl

K, Hi B-BAE DRSS, S DR AU
fin ’%jkﬁﬁ(carotenoid cleavage dioxygenase, CCD)7.
CCD8 Jz 4 i (4 3 P450 Hf A g5 — R4 i =
St s 0, SLs AR AE R CCD7 B
CCD8 HiF AM HL R YN B R, Shg
Jiti F SLs FIZEMMEA 4 GR24 (0.01 pmol/L)fEMK
&AM B WR YR, LB SLs 76 AM ELIE
L R BB VE R . GRAS BRI 5% 5k
¥ NSP1 (nodulation signaling pathway 1)#/
NSP2 £ 5i#E Nod HFiF MR ILESFS
WO AEPERE B S (Medicago truncatula)F17K
i (Oryza sativa)® NSP1 Fl NSP2 il i #% d27
(dwarf27) (4t -1 % N 2 S M B Rk i
2 SLs WAL, ENIMNEAK nspl nsp2
B d27 335 K AM FLIA (R YL 261 8 3 R e,
W] NSP1 Il NSP2 e MU i/ SR A
AM A R SR A KR (Lotus japonicus)
nspl FE7ERMR R SR R Z YR T RE,
(B4 GR24 (0.1 umol/L) N AEVKE 1% AM
HH IR YeR, W NSP1 Al BE7E AM ELRH (2t
R B S 5 oAbk R i R Y B A
nsp2 SRR R SR WA Y R T R
50%, Jf H miR171h #2745 nsp2 BFRIK M
Pl AM E R 1R YL 57 LA, Kretzschmar
LR KW, TERR A 4 (Petunia hybrida) iR 7
AM JE il #H, SLs H1 ABC (ATP-binding
cassette)iz fij 75 1 PDRI1 #4hiz R4S, 5
By AR B LLHL , pdr] BRI R AM HL I 22 1)
AR RS EREFE TR, HE2Z A RRE
DY

F-box % [q d3 i id SCF-E3 {2 R & MR &
Rz RACBE ML 1, 72 SLs {5 SR 5 S 1Y
HEICM, KFE d3 MBS (Pisum sativum) rms4
Je—2% SLs ANHUSIERY F-box 2 [ A (L2,
BEIRENTRA M AM B R R QR TR
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ALY SLs A Bk o2 A2 AR L), {HAM i fin
GR24 RREWK B 2% F AUBRLBH 2> R kil 2% Bl
ZAREE BT rms4 AR SLs B REA
B, HABUKE S A BIZERL, KB F-box &
A S/ SLs SN ads 42 7E A 7y 1o 78 4 5 10
AM AR RERY T E R, SLs 5 B AT
FAH P B 5 o NIRRT AM ) &
B AKAEH J —28 SLs AU R AR d14 H &R
) AM HIE YRR E 5 T AR, KB d14
WAl RENA 2 5 AM BRR Y EmE,
SLs Xf L AM H R {2 L 5 7% F R R EE
KHVER, (HHAEM S AR & 5 D) s iy
VER A ik — 2T

1.2 X #F%(jasmonic acid, JA)

R B, A2 I AR I 27 A
KA MR (salicylic acid, SA)LLES RGaki5hitk
(systemic acquired resistance, SAR), T 24AH%)
22 A I 41 TR A AR [ A= 41 1 (plant growth-
promoting rhizobacteria, PGPR) AfZ A K7 7= 4= JA
LS RGPt (induced systemic resistance,
ISR, AM EF R Y WK 51 & 25 £ 1 568
R G VE B R, FR A <R AR S PR
(mycorrhiza-induced resistance, MIR), 1 B4
5HA SAR Fl ISR HIFR A 4EER,

JA J AT A WA F 2 H liE (methyl jasmonate,
MeJA)J& — K FRVE NS R 1Y 2 AN AR DR 1Y
AP, AM BE R Y R R
Hi, 25 JA G 06 A A i (allene oxide
synthase, AOS)HIN M L kB (allene oxide
cyclase, AOC)FEKITETE KL IR K7 2 4 g
Fak B, 5HENTETE JA ACETHE P ah,
W JA SR 9-18E & ¥ (9-lipoxygenases,
9-LOXs)E:RITE AM FL A {3 Y 1) 41 At 45 S5
Fik, WHES 5 AM B R 24707 EAR
Jfa R g 4E1 ) Tsayenkov 25l RNAI i)

AETERAM 40C BFRIRMEE JA &8, &
HUR N AR 0 #E FE (Rhizophagus intraradices)) 17
Y Fi i RS A B oL, (H A2
PISRARFESE U, TR, il TA G B 58
ARAK spr-2 Fl def-1 H3 22 7 TS f0 B 2 R Y F 3
REA%, (HABE R AR 4B, Tejeda-Sartorius
G R LB, T ospr-2 WRRAEM MRS
(Rhizophagus fasciculatus)IR YW | TR I
KL FEY T RE, [N RE Bl RS i Sus3 F
N RERE AL LinG RO A T, SR M
MeJA (5 pmol/L)REYK & 1% g 2 B AN _E 8 Sus3
N Lin6 BY%% 5% /K-, JA R B 1 52 5 REHE /K fif
Lelgiing AM Hgifeiz, imifeit AM 3L
H 5 Z M, T i IA AR BURRARR jai-1 (JA
S A S G TR EH 3 )R ZR AR D AR A 3 R 1 4 e A
& BRE R FEYRET R, JF XA
AN MeJA (5 pmol/L)BEFEARAR AR
LA R 1 2 Y AR R E 2 Gutjahr 45
MR, KHE TA 5 LB FE AR cpm2 Y
A TR 2R 5 T8 AR At 2 g A0 4R % 8 B W 3 2
S, AHAMEARE JA (50 pwmol/L)J il 5 A BUAR 3
S LA B R AR YL e FE L [R] I 5 g A i A
PR4 (pathogenesis related protein gene 4)f KA
AL T, JA 551 AM FUE R Y
A EARRBAF BB RE LI . AEA B3
A HEAE T

FAL b, SN JA 5% MeJA X AM & H
AIREI S ar Fall AM L RYRIZE | JA W St
MIr sy AN JA W2 A5 a
K, AR EE (5 umol/L) JA fE
HaoR BRI (Glomus sp )X Ksr(Allium sativum)
R A A B IR ), T 4 68 P i AR [] e
J£(0.05, 0.5 8% 5 mmol/L) JA A1 8 7y <} 45 4
%5 (Funneliformis mosseae)X} 54 3% (Tropaeolum

majus). & ARJN(Carica papaya)F 5 JN(Cucumis
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sativus )W 2 ) B2 75 kg-P/(hm*-a)]
KT, AMEALE 0.5 mmol/L MeJA #2151 %
JIAR RAR N S8 1 e R 5 AR,
T E s ARBE[(Z 25 kg-P/(hm*-a)]7KF AR
Jifi 5 mmol/L MeJA 4 [T AR P AR A1 92 25 Fr) =
RE RN,

1.3  7K#HEL (salicylic acid, SA)

RG], AM HIR W2 A7 FARE KL
JZTE B M BES AR T SA 1A BBk (1] 3
TS S Bt o A A DG R 4 T ekt
MR EL (Nicotiana tabacum)iE it 555K NahG (9
T SA FALEE, FEAL SA & at)fie UEHR AR 76 22
TRV ERENRY, SR, WA
N CSA (Fifh% SA A B, $2m SA i) al L
PRI EATRRY, (B AR PR R i e 247
Yoo 5 NECE R AT AR R4, SRIH SA HELE
% AM B2 YLk B, (AAS 52 i HLAZ e 3400
ANIEAR AR R (0.5, 1.0 2% 1.5 mmol/L) SA
AN ) JBE Y 45 R A K AR AR 2R B2 I B R
B, B AER T AR A AR K2 B G i
[, AT L, SA 7E AM BT 2 YL 2 F M R LY
EIHIER, MERGEHAERAA R,
1.4 41 ZH(auxin, Aux)

AM E A Y RIS % B v LR
(indole-3-acetic acid , TAA)P'™ & mg| W T W2
(indole-3-butyric acid, IBA) {4 s in, it
HAMER A KRG bGP el A KR iz
il 77 = L % I FR (tri-iodo-benzoic acid, TIBA)
P T ERR AM R ARG, gish,
AR it FH A K 2R A2 AR 2 5w A PR L R 0 SR
A5+ T M2 (p-chlorophenoxyisobutyric acid, PCIB)
(10 mmol/L) A A 4% (Poncirus  trifoliata) iR &
AR TE BRE B (Glomus versiforme) B9 42 Y4 2K Fll {7
AGEECT, dgiEm, ARKEfEELAES T
FHYIAR R MR EIE R AM BREH2Z4 K

A 2 AM B AP 2 4L e 4

Hanlon F Coenen X & itk £ R A HUR R
K dgt (IS A K RAF S5 S T as iR I E
LeCYP1)FIA: K R iz Hifa TG M 28 28K per (3R
KRR IR PIND)Z H HAh A A AR 76 3 55
KB, R ETUAN HOHR JeR B TR T4 50%,
ERNGE 2 . ABGEERTIER, RIVERR
S5 AM EIER R RS E R, Etemadi
SFUESE, AN AR AR BE (107 pmol/L) A A K 3R
K-S VR AR R Al . P2
e MK AR R AR G 5, Hr !l J2 A T R
I HAE KRR WG 3§ DRS-GUS fla 2N
TEIE N AR B 2 A i P i e PSR s, g 3R
5 miR393 AN A= KR Z I TIRI/AFB
(transport inhibitor responsel/auxin-related F
box)i ik M MASTE P Liao AR, &
Hli AR — L8 S JE AR K R W N Y GH (Gretchen
Hagen)5: N 5% U AR TR INIEFLRIE,
Horb GH3 .4 788 ISR AR B J2 20 v o ek 3R
B R AR RESREWTRES SN
R o IEOR B bR, AR )2 4 A A LR
A6 20 R SR A T R 2H T i FRL AR Y LA
RN, TIRI/AFB HOBIEMAE R R IE S @]
RE5 AL B 2 2 P b 5 0 2 2,
PE A T AT A

BOAh, BiE AR R A BB R AR bsh AR
RN AR R YR ZRRL, HRNE
22 TSR BY S B A= R s B b5
SLs HYRHEEEN CCDS 25 T i, [RI AR 2 SLs
B4 AL, AN GR24 (0.02 pmol/L)AJ
DAERITIKIL % AM BRI G%, RUIAK R
A A L P SLs YA UK/ AM HIE
¥ A R Y e A, R RNAT DR 14427 3%
KA, BRI RARE R TRE,
HEM TAA27 TTHEJE ARF (auxin response factor)
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RN, s NSPI M2 SLs &
B d27 BT IE E AM L E AR,
1.5 FRE H(gibberellin, GA)

AM HERZRIEFF EHPMR P~
GA 45 JBAHEFER U GA3-B- BN Bl GA20-4R
{2235 F 7% Shaul-Keinan 25 & ¥H,
R AR A RE R (2 U A B AR HP g M GA W
FHEAN, BN GA A UBRE S AR na-1 MRz
J2 PR PR AR 6 ) DA T B B A AR v 2
40%, Xt na-1 4NEEF GAs 1% AM BB 1
FeFRERRAR, 25 TFR AR SN GA; BY
GA & AN AR 55 (prohexadione calcium,
PrCa)fie 73 7] 41 il =l A1 12F 3 i AR 2 2 b P AR
HRHENMRET SR, HIaT i, GA
XFMSIE UEA ORAEVE T . teah, SRR
FE(1 umol/L) GA; 4b PR 8 543 2 B8 7Y - 45 3¢
BE MR YL 5 R T B HLIC AR B, &
JE(10 pmol/L) GA; AbFE R 58 &K H Bl 417
P 50, GRAS 1K) DELLA # 5¢
K ¥ GA {5515 F, DELLA 5 GA 1Y
Z K GIDI1 (gibberellin insensitive dwarf 1)
HAR, 2 FAEREMGG TG GA 755i%
# U4 7k A% DELLA 2272814 sir1" F i DELLA
RAK procera” 7PVFIHi . DELLA XS5 A la
cry-sUOMR R AM H I HIH N B 22 80 FIAEE
X R E TR, A RFERNAEE 3 4
DELLA J:[H, H: DELLA WA K dellalldella2
R BRI R M F B 2 TR, AR A
223 0Bk, FIHEN I DELLA — 58484k
IR PN B 22 20 BT R 2 Bl i 70, X B oY
#W, GA {55813 DELLA /% AM BT # 22
TEMRA R )R BT S N R MEUR R -

DELLA 5 GRAS % |1 DIP1 (DELLA
interacting protein 1) &.4F, [R]Hf DIP1 X 5 RAMI

(required for arbuscular mycorrhization 1) 5.4,

PEERE AM A SR A ik M & BT,
5 R R AR B 1R (calcium/calmodulin-
dependent protein kinase, CCaMK)5#; 5% H 1
CYCLOPS (%54 F RAMI J& 8 FIX ) AMCYC
JU) BAEIFBER AL S5 7, B RAMI WY #E 53k
ik; [Aif, DELLA 15 CYCLOPS H.AE, 35k
FOXF RAMI BYHE E30E , TS AR &
5B, DELLA 3 #i5(35S Ji 8h 13K 3
(4 dellal-A18 FIR)REWRKIZ cyclosps TEAEMRII I
FEFAVELG, B DELLA o] g5 HAhF; 5%
-4 NSP2 EAf, eI AM Hh A s
KBV, BESRAME GA; T F AR 1 e
BT A PR R AR AM A F 5@
RAMI Fl RAM2 1933k, (HRHIEN M GA &
BLEHAR SRR ARSI AM A PFRT SbtM 1

(arbuscular mycorrhiza-induced subtilisin-like serine
protease ) [ & ik B M2 P TR 22 19 o A U8, R W
GA i35 X B & F 518 UV AF 7E R R
YER . 41, DELLA. NSP1 5 e i ffk
MYBI1 BAE, B34S )L T BifE . 5w e
T 557 7K A it 35 DR 1) 2 25 A0 AT o AR 950
Seto Z5UHI Nakamura 22V 3, KRS
GA {55 TR I DELLA (1 sirl 4if%)5
SLs {5 &3 14 d14 BARTIHE— 25200 SLs f15 5
B3, Tto SFRIBITTE R, KA GA {55 nl LA
MR Z SLs A LS B, Wu SR, &
il SLs A BELFE AR A SL-ORTI R GA; & &
BEFHE A GAs Fl GA 5 i i &S,
NIk, GA 55 SLs {55 P 2 5 4% % AR
F AM H R IR Y E S (AT I — 2D AESE
1.6 ZMAE 45 F E (cytokinin, CTK)
MRNR R R A FMER S CTK By
A UK BT, W CTK AT Rg S S s
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AM KB R RI, AME M 81 & (500 pmol/L)

S 52 ) BH AR 70 3¢ 55 (Rhizophagus  clarus) ¥ &k .
(Vigna radiata)f Z W12 Y2 5, (HAMNE I i
6- % & IS (5 mg/L) FEAK T A # (Punica
granatum)M R IR B R AR Ye R0, Pl
H1H CTK AU crel™ MR RERRE 1
B 7 (Gigaspora margarita) W) Z G iR | FEEE N
AR 2 B S AR AR, B8 CREL AR
CTK fF5isaxt AM A 2L i, M5 E
L CKX2 (4% CTK EALlE, BEIRpyIE
CTK i) sl R AR AR A e 25 1 R e ™,
EL AR ] S T8 M A0 8 5 Y T 22 4R gt 5 A ROE
R, BiE AR E1ST (MR CTK F it THE)
2R S0 ML A e 2 (0 T 22 B0 5 AR T
TN, Bz, CTK XA AM B RS
NG R B MERAAEA S, BRI RT iz
HIEAIWESE
1.7 Z/%(ethylene, ET)

SN ET 4l AM B A ) 3 A AR

FI YL B I EA R AN, X8 A5t 0
5.5 pL/L ET FEAIK T RMRIFEEE (Rhizophagus
aggregatus) IR PN T8 22 $ht F AR F2 P2, xd
LA (Allium porrum)INEHEN 0.6 nL/L ET FEAIX
R DAL A0 3 R () AR PN TR 22 B R A R
ifi 0.3 uL/L ET SHZ YK F-TC 5 m >, &
ET #RIBRAN epi # R PIMAAEER 1R YR
RPN AU R AR R N AL FR B AR 0 e
MR YR TP &Y, BEREETE ET AL
G AL sickle HLFR ALY BRE TG SR N AR 0 2¢
IR YR TP SRR ET A s il
3 28 FE O H 2 R (aminoethoxyvinyl glycine,
AVG) (10 pmol/LYREWKSZ epi HY 72 BIIAR 14 75 19
{RYeRP0 KB, De Los Santos %5 & Bl & i
epi SR FAR AR 0 8 5 5 S R AR 1l 7
M f e A B 5 AR T B, B ] 28 742

1A rin (RIN J& MADS-box % 3¢ [H F)R R AM K
PR A AR 5 MR B iR, R BT %2
RIN /(015 @42 0] LT AM &k 2,
1.8 Bi%E(abscisic acid, ABA)

AM FLH R Y53 75 EAR T ABA B4 84
1000 SRR it {F € JBE (5 pmol/L) ABA {2 i
SRR EREER RN M, A
BV EE(50 umol/L) ABA FIfEFIEIAR 0N, #
U] ABA X AM &k & B A H2AE ] HAAAE R 5L
o SRT, AMIEAL i = ¥k B2 (50 pmol/L) ABA 42
BT AR AR AR AR (Y Y | SR
T IR BN, R B W] — 50l A ABA X AS[R) 3
FHYREAE AM A& RN REANE . Fih
ABA BB TRASA sitiens HRZAR AR 198 55
R YA | iR B Je R T2 8 0 38 T I, IRt
ET & a0 E7H5 , SMEME ABA (50 pmol/L)
AEHNH sitiens A ET WG E, HF—EFRE
RE % AM B R YR S N F
RARK sitiens (ABA & TN, ET & THE)
R Z AM A B a ik PT4 RGBT,
SIE AR A RE RS 1 KL R B AZ M, X5 AN EAR
Jiti ABA £ LA il 7] Nay WO, Xif £ 7 i A &
HRON—3%, HFEH ABA RAMK notabilis (ABA
HHUER, ET &0 RR FIEAR RGN
YeRERE N L & IEw T ANEEIT AVG
(50 umol/L)REVKSZ sitiens 1R R IR B (017
YR SR, A7 A FRRE I ABA (50 pmol/L)
T BB AT HARE BN S se ST ], ABA
AL AZIE ) AP A AT A, o nT R i 45
Pi ET {5 5B AR MRS AM EL# {2 Y iR /50
J# . Charpentier % &% ¥, ABA {55 0] GE2 9 H
ZARE AL PP2ABL R, FI A RNAi #ij
il PP24B'l FikJG, PR AR RIUAR flE
TR T L 50%, IFIE ST MU/,
FHALRE PT4 K TR, £ ABA 554
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PP2AB'1 /it FEiE AM FH AR SR E T,
ILAh, Fil ABA G U 2 AR R (notabilis |
sitiens F flacca)fR 2 CCD7 1 CCD8 Wi ik/K
SERIE, SLs M4 s b T 40%-52%", %
N TR E ABA FT BB 2 5% SLs A9 45 Bl i fie a2k
AM HWMAERSH SR EM. 5—Jm,
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Table 1 Mutants and transgenic plants altered in hormone biosynthesis or perception and the corresponding
mycorrhizal phenotypes

Hormone Plant species Mutant/transgenic Hormonal Arbuscular AM phenotype References
alteration mycorrhizal (AM)
fungal isolate
Strigolactones  Solanum CCD7-antisense SLs Rhizophagus Decreased mycorrhization [21-22]
(SLs) lycopersicum deficiency intraradices
S. lycopersicum CCDS-RNAI R. intraradices Decreased mycorrhization [23]
Oryza sativa d17 (CCD7) R. intraradices Decreased mycorrhization [24]
O. sativa d10 (CCDS8) R. intraradices Decreased mycorrhization [24]
Pisum sativum  rms1 (CCDS) R. intraradices Decreased mycorrhization [32]
0. sativa d3 (dwarf3) SLs R. intraradices Decreased mycorrhization [31]
insensitivity or Gigaspora
margarita
O. sativa dl4 R. intraradices Increased mycorrhization [31]
or G. margarita
P. sativum rms4 R. intraradices Decreased mycorrhization [32]
Jasmonic acid ~ Medicago AOC]-antisense JA R. intraradices  Delayed mycorrhizal [39]
JA) truncatula deficiency colonization
S. lycopersicum  spr-2, def-1 R. irregularis  Decreased mycorrhizal [40]
colonization
S. lycopersicum spr-2 R. fasciculatus  Decreased mycorrhization [41]
O. sativa cpm?2 (coleoptile R.irregularis  No change [43]
photomorphogenesis 2)
S. lycopersicum  jai-1 JA insensitivity R. intraradices Increased mycorrhization [42]
Salicylic acid ~ Nicotiana NahG SA R. intraradices  Accelerated mycorrhizal [50]
(SA) tabacum deficiency or Funneliformis colonization
mosseae
CS4 Constitutive SA R. intraradices Retarded mycorrhizal [50]
biosynthesis or F. mosseae  colonization
Auxin (Aux) P. sativum bsh (bushy) Auxin R. intraradices Decreased mycorrhizal [65]
deficiency colonization
S. lycopersicum dgt (diageotropica) ~ Auxin R. intraradices Decreased mycorrhizal [58]
insensitivity colonization

pct (polycotyledon)  Hyperactive polar R. intraradices Decreased mycorrhizal [58]

auxin transport colonization
S. lycopersicum, miR393- Lower R.irregularis  Decreased mycorrhizal [59]
M. truncatula  overexpressing sensitivity to colonization and arbuscule
and O. sativa auxin abundance
S. lycopersicum IAA27-RNAi High sensitivity R. irregularis ~ Decreased mycorrhizal [66]
to auxin colonization
Gibberellin (GA) P. sativum na-1 GA deficiency R. intraradices Increased mycorrhizal [70]

colonization and arbuscule
abundance
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C=3)
S. lycopersicum procera Constitutive GA R. irregularis ~ Decreased mycorrhizal [71-72]
response (DELLA colonization and arbuscule
deficient) abundance
P. sativum la cry-s DELLA R. intraradices Decreased mycorrhizal [70]
deficiency colonization and arbuscule
abundance
0. sativa sirl (slender ricel) R. irregularis  Decreased mycorrhizal [75]
colonization and arbuscule
abundance
M. truncatula  dellall/della2 Glomus Less arbuscules [76]
versiforme
Cytokinin M. truncatula  crel (cytokinin CTK signaling G. margarita ~ No change [88]
(CTK) response 1)
N. tabacum 35S:CKX2 CTK deficiency R. intraradices Increased mycorrhizal [89]
colonization
N. tabacum 35S:CKX1, R. irregularis  Decreased mycorrhizal [90]
358:CKX2 colonization and arbuscule
abundance
P. sativum El51 High CTK R.irregularis  Increased mycorrhizal [91]
production colonization and arbuscule
abundance
Ethylene (ET) S. lycopersicum epi (epinastic) High ET R. clarus Decreased mycorrhization [94-96]
S. lycopersicum  epi production R. intraradices Decreased mycorrhization [98]
S. lycopersicum epi R. irregularis  Decreased mycorrhization [99]
S. lycopersicum Nr (Never ripe) Low ET R. clarus Decreased mycorrhization [94]
S. lycopersicum Nr sensitivity R. clarus Increased mycorrhization [95]
M. truncatula  sickle ET insensitivity G. versiforme or Increased mycorrhizal [97]
R. intraradices infection
S. lycopersicum  rin R. intraradices Increased mycorrhization [98]
(ripenenig-inhibitor) R. irregularis [99]
Abscisic acid ~ Lycopersicon  sitiens Deficient in R.intraradices  Decreased mycorrhizal [102]
(ABA) esculentum ABA, but colonization and arbuscule
increased in ET abundance
S. lycopersicum sitiens R. irregularis  Decreased mycorrhizal [103-104]
colonization and arbuscule
abundance
S. lycopersicum notabilis Normal in ABA, R. irregularis ~ Decreased mycorrhizal [103]
but enhanced in intensity
ET
M. truncatula PP2AB’l ABA signaling R. irregularis ~ Decreased mycorrhizal [101]
colonization
Brassinosteroid P. sativum lkb BR deficiency  R. intraradices No change [70]
(BR) P. sativum Ik R. irregularis  Decreased mycorrhization [109]
S. lycopersicum d* (DWARF) R. irregularis  Decreased mycorrhization [110]
O. sativa brd2-1 R. irregularis  Decreased mycorrhization [111]
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Figure 1 The role of different phytohormones and their possible signaling interactions at different stages of
arbuscular mycorrhizal (AM) development. LCOs: Lipochito-oligosaccharides; COs: Chitin oligomers; SLs:
Strigolactones; JA: Jasmonic acid; SA: Salicylic acid; Aux: Auxin; GA: Gibberellin; CTK: Cytokinin; ET:
Ethylene; ABA: Abscisic acid; BR: Brassinosteroid; Pi: Phosphate; CCaMK: Calcium/calmodulin-dependent
protein kinase.
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