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“Symbiosis Is a prolonged living together of different
organisms that is beneficial for at least one of them.”
Anton de Bary (1879)
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e Continuum from mutualism to competition

« Variation of relationships over time and depending on:
 environmental conditions
 physiological conditions



Two major plant - microbe mutualisms

ARBUSCULAR MYCORRHIZATION

LEGUME NODULATION

e Primitive fungi: Glomeromycota
e More than 80% of higher plants

e Ancient symbiosis (460 MYA)

* No organogenesis

» Phosphate and nitrogen nutrition

« Protection against biotic and abiotic
stresses

e Low level of host specificity

Gram negative bacteria: rhizobia
Restricted to legumes

Recent symbiosis (60 MYA)
Nodule organogenesis

Nitrogen nutrition

Generally highly specific



Molecular dialog in legume nodulation and

arbuscular mycorrhization
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Genetic analysis of symbiotic signaling

Myc factors g W Nod factors
Myc receptors Nod receptors
(NFR1, NFR5)
DMI1
DMI2
1PD3 NP
NSP2

Arbuscular W :F > Legume
mycorrhization nodulation

Lateral root development

1. Common symbiotic signaling pathway
2. Control of plant development:
Optimize™ LCO Promoter Technology, EMD Crop Biosciences



Kistner and Parniske (2002)

Existence of a “master key” for root symbioses

Legume nodulation hijacked pre-existing mechanisms of
arbuscular mycorrhization (AM)



An example of Cheater: non-fixing rhizobia

e Some rhizobia fix nitrogen
more efficiently than others

* Nitrogen fixation requires a
large amount of energy

* Rhizobia which are not fixing
nitrogen efficiently are

Single-nodule experiment

Rhizobia ( x108)
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“The Bad” from a plant perspective:
Root - Knot Nematodes (RKN)

* Plant-parasitic nematodes
 Present in all ecological niches

 More than 2,000 plant species are
susceptible

o Cause approximately 5% of global crop loss
« Galling of root system

Lotus Japonlcus
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Resistance of nfrl and nfr5 mutants of
Lotus japonicus to RKN infection

Number of galls / per plant
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Weerasinghe et al. (2003)

Root knot nematodes (RKN)
hijacked the Nod factor
symbiotic signaling pathway
“Nem factor” hypothesis

Restricted to legumes?



“The Bad” from a human perspective:
Salmonella and E. coli 0157

Table 1. Repored outhreaks of illness associated with seed sprouts, 197219298

No. of Likelw
culoure. SOUYCE
confirmed Twvpe of of contami-
Year Pathogen case st Liocation Sprout nation Ref.
1973 Bocillus cereus 4 1 T7.5 state Sow, cress, Seed 3
mustard
1988 Salmonello Saint-Paal 143 United Kingdom Mung Seed 5]
19849 & Gold-Coastc Gl TUnited Kingdom Cress Seed andior 7
sprouter
1984 5. Bovismorbificans HH5 Swoeden, Finland Alfalfa Seed 8,8
18995 5. Branley 245 17 175, states, Alfalfa Secd 101
Finland
1995-96 5. Newport 133h =7 1J.8. states, Alfalfa Seod 11
Canada, Denmark
1996 5. Montevideo =G0 2 TS states Alfalfa Seed and/! 13
and & Meleapridis or Sprouter
1996 Fecherichie coli O167T:HT  ~6, 000 Japan Radish Send 165
1997 E coli 0167 HT 1265 Japan Radish Secd 17
1997 5. Meleapridis TH Canada Alfalfn Seed 15
18997 5. Infantis and 108 2175, states Alfalfa, Seed 14
5. Anatam mung,
other
18997 E coli O167:H7 26 4 TS, states Alfalfa Secd 18
1997-98 S8, Senfrenherg ng 2 TUS. states Clover, Seed andior ®
alfalfa sSprouter
1898 E. colt 0167 WM & 2 TS states Clowver, Seed and/or #
alfalfa Sprouter
1998 5. Havana, 5. Cubana, 34 5 UL states Alfalfa Seed and/or #
and 5. Tennesseo Sproutor

#The number of culture-confirmed cases represents only a small proportion of the total illness in these outhreaks, as many ill

persons either do not seek care or do not have a stool culture performed if they do seek care.
Tneludes only culture-confirmed casesin Oregon and Brtish Columbia,

Taormina et al. (1999)

Seed sprouts are
reservoirs for
Salmonella and E. coli
which behave as root
endophytes

_Dong et-al. {2003)



No. of CFU within plant
( Logso CFU/gfw tissue)

No. of CFU along rhizosphere

Medicago truncatula dmil mutants are
over-infected
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DMI1 allows colonization of
roots by symbiotic microbes
but prevents infection by
(pathogenic) saprophytes

Other symbiotic genes play
the same role?

Plant genes controlling root

colonization by enteric /
endophytic bacteria?

Dong et al. (2003)



Symbiotic mechanisms share common components:

plant — microbes
animal — microbes
microbes — microbes

Symbiosis / Plant development
crops yield (food and biofuel)

Symbiosis / Defense reactions

crops yield (food and biofuel)
disease outbreaks
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