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- (symbiosis) | DIRE

18774
Albert Bernhard Frank (1839-1900, 7#%) who was
studying lichens, coins the word “symbiotismus

(symbiosis)” to indicate the case when two species
live on or in one another in a way which is not simply
coexistence.
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mutualism commensalism parasitism
S| | BrEmGtE) | durm FELER
Eg commensalism neutralism amensalism
HE REEH B
parasitism commensalism antagonism
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18854
Frank coins the word "mykorhiza (mycorrhiza)" for
the association of a fungus and plants roots.
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“It appears to be localized response to an unknown stimulus.”
Mosse and Hepper (1975)
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“ ...may be the site of cytological changes necessary before
hyphae from spores become physiologically infective.”
Powell (1976)
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Dialysis membrane
(molecular weight cut-off 500 Da)
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Giovannetti et al. (1993, 1994, 1996).
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IR/ ARIIIBRE (I T HEET T FIL (nod gene inducer)&L THEIK

OH OH HO ')
o o |

OH O OH O
Naringenin Luteolin Daidzein, R=H,
9 Genistein, R=0OH
J0—/\— VILIFILIF FARX
Trifolium repens Medicago sativa Glycine max
Redmond et al., Peters et al., Kosslak et al.,
Nature (1986). Science (1986). PNAS (1987)

| TV E/TADAME LR ELBNE R (myc) Tl
BRAEEDHEERELLK>TWNSEN DM T=, Duc et al., (1989).
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OCH,

OH O

Formononetin, R=H
Apigenin Quercetin Biochanin A, R=0OH
Gigaspora margarita
Glomus etunicatum

Gigaspora margarita Glomus sp.

Gianinazzi-Pearson et al. Becard et al. (1992) Siqueria et al. (1991)
(1989)

IR/ AFEERDBEEZRTHSH/LIV S BEESE (chalcone synthase)%
RIELI-FEOTY (Zea mays) THEIBERIXEEIZE IS,
Becard et al. (1995).
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Microinjected test samples

™.

O, 0
Well

( gl
2% CO,, 32 °C

—
24 hrs

Gigaspora gigantea
germinated on
an M medium plate

olo O
X

O

A

- Exudates + Exudates

Nagahashi and Douds (1999)



Table 2. Branching activity of purified exudates, obtained from root or
cell cultures of various plant species, on hyphae of germinating spores

of Gigaspora gigantea

BARADKREESAMEE

F DRI IUYIC

“Branching factor” named by Becard.

DCDHREOND

Family Species Activity
Plant root exudates (seedlings)
Ombelliferea Daucus carota +
Solanaceae Nicotiana tabacum +
Gramineae Zea mays +
Gramineae Sorghum bicolor +
Leguminosae Pisum sativum +
Leguminosae Pisum sativum Myc™! 2 +
Leguminosae Pisum sativum Myc™?? +
Brassicaceae Arabidopsis thaliana 0
Brassicaceae Brassica napus 0
Brassicaceae Brassica oleracea 0
Transformed root exudates
Ombelliferea Daucus carota +
Leguminosae Medicago sativa +
Leguminosae Medicago truncatula +
Solanaceae Solanum esculentum +
Chenopodiaceae Beta vulgaris 0
Cell culture exudates
Ombelliferea Daucus carota 0

Buee et al.
(2000).
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nature Vol 435(9 June 2005|doi:10.1038/nature03608

LETTERS

Plant sesquiterpenes induce hyphal branching in
arbuscular mycorrhizal fungi

Kohki Akiyama®? Ken-ichi Matsuzaki' & Hideo Hayashi' Aklyama et al. (2005)
O//,,, O O//,,, O O/,,I O O O
(z\(O OH (z\(O (:\CO \L\(O
(+)-5-Deoxystrigol (+)-Strigol Sorgolactone GR24

Lotus japonicus



2JtS (Lotus faponicus)
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° 5 > >
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2 109 5-7H
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FFE T /LB MMEED (11 g) 9920 LOKFIRD S5EE

—— Wakogel C-200 U UATIVAS A (AT -BEEET F)L)
40% BFEE T F)UisHX (337 mg)

— Kieselgel 60 ' JNTIVAS A (APAFHV-PEERY)

20% )’ ~ViBHKX (85 mg) 0.3 pg/disc

— Kieselgel 60 AT ILASA (FILIV-PEEY)
8,12% P ~ViBatK (61.2 mg)

— Inertsil SIL-100A DHYHPLC (15% IT5 _J —)L-n-A\F1 )
Rt9-10 min (3.4 mg) 34 ng/disc

— Inertsil ODS-3 HEXHPLC (80% )tz ~— ~1J)L-2K)
Rt7.8 min (0.86mgq) 8.6 ng/disc

—— Inertsil SIL-100A DEYHPLC (15% 5/ —)L-n-A\F1))
R£9.9 min (8.1 ng) 76 pg/disc
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BEER T )L o3 EYIEED (4 mg) 20 L kKR - SBREBIRINS

40% BERR T F)UiBHX (EEXREITE)

— Wakogel C-200 U AT IVAS LA (- ANFH Y - BEEETF)L)

Rt22.3 min E—2

— Inertsil ODS-3 DEY HPLC (40-100% ¥ ~— k~UJL-2K, 30D)

Branching factor 18 ug
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38

28 +

a1

97 UV (MeCN) Lmax 234 nm

IR (KBr) vmax 1784, 1744, 1683, 1340, 1024 cm""!
1H-NMR (400 MHz, CDCl,) § 1.08 (3H,s, H-9 or H-10),
1.10 (3H, s, H-9 or H-10), 2.01 (3H, t, J=1.5 Hz, H-7"),
5.49 (1H, br.d. J=8.0 Hz, H-8b), 6.12 (1H, m, H-2"),
6.90 (1H, m, H-3"), 7.39 (1H, d, J=2.7 Hz, H-6')

CD (MeCN) Amax (Ac) 262 (-2.86), 230 (21.2) nm

30 pg/disc CEARDIREE FE

2R IJ=ILDOEBESR (1991)
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G. margarita DBARDIRES

Control (70% EtOH-H,0)  Natural 5-deoxy-strigol ~ Synthetic 5-deoxy-strigol
30 pg/disc 100 pg/disc (racemic)
(MEC 3 pg/disc) (MEC <30pg/disc)
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Akiyama, K., Matsuzaki, K., & Hayashi, H. Nature 435, 824-827 (2005).
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Yoneyama et al. (2007a,b, 2008), Lépez-Raez et al. (2008)
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Inhibition of shoot branching by new
terpenoid plant hormones

Mikihisa Umehara', Atsushi Hanada', Satoko Yoshida', Kohki Akiyvama®, Tomotsugu Arite’, |
Noriko Takeda-Kamiya', Hiroshi Magome', Yuji Kamiya', Ken Shirasu’, Koichi Yoneyama®, Junko Kyozuka’

& Shinjiro Yamaguchi'

nature

ARTICI_ES

Strigolactone inhibition of shoot branching

Victoria Gomez-Roldan’, Soraya Fermas®, Philip B. Brewer , Virginie Puech Pagés', Elizabeth A Dun’,
Jean-Paui Piiiot?, I-ablen Letisse®, Radosiava Matusova®, Saida Danoun’, Jean-Charies Portais®,
Harro Bouwmeester™® Gmllaume Bécard', Christine A. Beverldge T Catherlne Rameau” *&szm F.Rochange'*

Vol 455|11 September 2008|doi:10.1038 /nature07271

Published online 10 August 2008.
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Gomez-Roldan et al. (2008)
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FEIDHAEY T FIVHDE Myc factor

BEARDIR=EERBZI

REELFHEIR
HEME Myc factor N N i
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Symbiotic host-specificity of Rhizobium meliloti is determined by a sulphated and
acylated glucosamine oligosaccharide signal

Patrice Lerouge, Philippe Roche, Catherine Faucher, Fabienne Maillet,

Georges Truchet, Jean Claude Promé” & Jean Dénarié

Nature 344, 781 - 784 (1990).
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R0 0
3 R,0 HO HO on
NR, NHACc NHAC
Acyl -n
HE R Acyl 1 R,s R R, n
FAX Bradyrhizobium Cis:1 H H H MeFuc 3
Jjaponicum
AT Rhizobium etlii Cis:1 CHs NH.CO H AcFuc 3
H
HO—i\— Rhizobium Cis0 H H CH3;CO H 2
leguminosarum Cis:1
bv. trifolii C20:3
C20:4
IR bv. viciae Cig:1 H H CHs3CO H 2,3
Cig4
TV ILI7ILI7 Sinorhizobium meliloti  Cqg:2 H H H SOzH 2
SvagYy Mesorhizobium loti Cisg0 CHs NH,CO NH.CO AcMeFuc 3

Cis:1
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Expression of early nodulin genes in alfalfa mycorrhizae indicates that
signal transduction pathways used in forming arbuscular mycorrhizae and
Rhizobium-induced nodules may be conserved

van Rhijn et al., PNAS, 94, 5467-5472 (1997).
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Msc27




Medicago truncatula ENOD11: A Novel RPRP-Encoding Early Nodulin
Gene Expressed During Mycorrhization in Arbuscule-Containing Cells
Journet et al., MPMI, 14, 737-748 (2001).
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Histochemical localization of GUS activity in the transgenic line L416 expressing
MtENOD11—gusA



AME [ IEARD OREMSELFZAE I DILEMEMEZDW T D

A Diffusible Factor from Arbuscular Mycorrhizal Fungi Induces Symbiosis-
Specific MtENOD11 Expression in Roots of Medicago truncatula
Kosuta et al., Plant Physiol., 131, 1-11 (2003).
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Nod factors and a diffusible factor from arbuscular mycorrhizal fungi
stimulate lateral root formation in Medicago truncatula via the DMI1/DMI2
signalling pathway

Boglarka Olah, Christian Briere, Guillaume Becard, Jean Denarie and Clare Gough
Plant J., 44, 195-207 (2005).

control NF 100 nM Gigaspora Glomus
margarita intraradices



Mesorhizobium loti Increases Root-Specific Expression of a Calcium-Binding
Protein Homologue Identified by Promoter Tagging in Lotus japonicus
Webb et al., Molecular Plant-Microbe Interactions,13, 606-616 (2000).

Lotus japonicus T90 2 EH Bz

740 bp, 150 a.a.

2.3 kb 5 —_ ka1,
| 2 LiCbp1

GUS

JO®—4—3X 0%




LjCbp1 TOE—4 —(INod T » 75 —DAMEBIC K > T3
o ESNDd

Qar

Nod-factor
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L=
M. loti nodC %
o
Nod-factor cb I
- I Gigaspora margarita Glomus intraradices
M. loti nodC

Radutoiu, S. et al., (2003)

Parniske (2000) “Strong GUS expression in root areas
infected with G. intraradices”
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The Most Widespread Symbiosis on Earth

INVAMOOO IV —2
(International Culture Collection of VA Mycorrhizal Fungi)
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