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Friday, 1st of June 2007

11:00 – 13:00 Arrival  and Registration
13:00 – 13:10 Welcome and Introduction

Session A. « Compatibility in the AM symbiosis »

13:10 – 14:05 Paola Bonfante « Perceiving the signal and sharing the! job : !a way to
reach cell compatibility in AM interactions »

14:05 – 15:00 Maria Harrison « Arbuscule development and phosphate transport in
the AM symbiosis »

15:00 – 15:30 Coffee break

Session B. « Genetics and signalling in arbuscular mycorrhizal fungi »

15:30 – 16:25 Guillaume Bécard « Elucidating the early signalling in the AM symbiosis:
fundamental and practical prospects »

16:25 – 17:20 Ian Sanders « Genetics of AM fungi and how it affects plant growth
»

18:00 – 19:30 Poster session with apéritif

19:30 – 21:00 Dinner

21:00 – 22:30 Poster session

Saturday, 2nd of June 2007

Session C. « Selected talks from submitted abstracts »

09:00 – 10:00 Short talks by A. Le Quere,  P. Lariguet, and  V. Hocher

10:00 – 10:20 Coffee break

Session D. « Genetics of Rhizobium legumes symbiosis »

10:20 – 11:15 Michael Udvardi « Functional genomics of nodule development and
differentiation »

11:15 – 12:10 Jacques Batut « Analysing the symbiotic genome of Sinorhizobium
meliloti »

12:10 – 13:30 Lunch

Session E. « Selected talks from submitted abstracts »

14:00 – 15:00 Short talks by S. Marcel,  F. Breuillin, and  H. Niculita

15:00 – 15:20 Coffee break

Session F. « Specificity versus commonalities in root endosymbioses »

15:20 – 16:15 Giles Oldroyd « Specificity in symbiosis signalling »

16:15 – 17:10 Martin Parniske « Plant genetics of symbiosis »

17:10 – 17:20 Closing address
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Abstracts of lectures

Perceiving the signal and sharing the  job:  a way to  reach cell compatibility in
AM interactions

Paola BONFANTE

Department of Plant Biology, University of Torino and IPP-CNR, Torino
Italy; (p.bonfante@ipp.cnr.it)

The establishment of Arbuscular Mycorrhizas (AM) requires both partners to undergo

significant modifications leading eventually to reciprocal beneficial effects. The aim of

the presentation is to dissect cellular and molecular responses of the host plant to

fungal signals. 

1. Diffusible molecules released by the fungus are perceived by the plant even in the

absence of a physical contact through a rapid and transient intracellular calcium

increase (Navazio et al., 2007 in press).

2. A crucial checkpoint involves cell to cell contact and is located at the root surface,

after appressorium formation, prior to cell penetration. Making use of transformed

roots expressing GFP markers, the assembly of a novel apparatus in epidermal cells

was visualized. This Pre-Penetration Apparatus (PPA) defines the path of

subsequent hyphal infection and is most likely responsible for organizing the

interface compartment (Genre et al., 2005). A comparison with fungal pathogens

supports the AM-specificity of this cell response.

3. A PPA-targeted transcriptome analysis, allowed the identification of 20 genes

involved in cell responsiveness to fungal contact (Siciliano et al., 2007 in press). 

Taken in their whole, the results show that the host plant plays an active role in

preparing and directing AM fungal penetration across the root.
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Arbuscule development and phosphate transport in the AM symbiosis

Maria J. HARRISON

Boyce Thompson Institute for Plant Research, Cornell University, Tower Road,
Ithaca, NY, 14850, USA. (mjh78@cornell.edu)

Plants live in symbiosis with a broad array of microorganisms but perhaps the most

widespread mutualistic interaction is the arbuscular mycorrhizal symbiosis, formed

between arbuscular mycorrhizal (AM) fungi and vascular flowering plants. These

associations develop in the roots where the fungus colonizes the cortex to obtain

carbon provided by the plant. In addition to growth within the root cells, the fungus

establishes a network of hyphae in the surrounding soil, via which it assists the plant

with the acquisition of mineral nutrients, particularly phosphorus.

In the AM symbiosis, the AM fungi invade the root cortex and differentiate

within the cortical cells forming highly branched hyphae, called arbuscules. As the

arbuscules develop, they are enveloped in a plant membrane, the peri-arbuscular

membrane. Thus, they are located within the plant cortical cell but remain separate

from the plant cell cytoplasm. Development of the symbiosis requires ongoing signal

exchange between the symbionts and the coordinate differentiation of both the

fungus and plant cell to form the arbuscule-cortical cell interface. Nutrient exchange

between the symbionts occurs across this membrane interface.

We are interested in the molecular events that underlie development of the

AM symbiosis, with a focus on the development of the arbuscule-cortical cell

interface and phosphate transfer in the symbiosis.  We use Medicago truncatula and

an AM fungus, Glomus versiforme as a model system for our analyses. Transcript

profiling has enabled the identification of M. truncatula genes whose expression is

differentially regulated during in the symbiosis. Further analyses, including the use of

split root systems, reveal that the mycorrhiza-regulated genes show a complex range

of expression patterns. Currently, we are taking a reverse genetics approach to

identify M. truncatula genes whose expression is required for development of the

symbiosis. Using RNAi to down-regulate gene expression in M. truncatula roots we

have identified genes required for arbuscule development and phosphate transport in

the symbiosis. These approaches and recent findings will be discussed.
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Elucidating the early signalling in the AM symbiosis : fundamental and

practical prospects

Guillaume BÉCARD

SCSV, UMR 5546 CNRS/Université Paul Sabatier, BP 42617,  AUZEVILLE, 31326,
CASTANET-TOLOSAN, FRANCE (guillaume.becard@scsv.ups-tlse.fr)

At very early stage of the arbuscular mycorrhizal (AM) symbiosis, the plant and the

fungus exchange diffusible molecules cross activating specific metabolisms and gene

expression in the partners.

Strigolactones are trace molecules that derive from the carotenoid metabolism.

They are exuded by roots and were found to be highly active on AM fungi. We are

presently examining the mode of action of these molecules on the fungal cell

physiology and whether they are essential for the establishment of the symbiosis.

Within 5 minutes, GR24, a strigolactone synthetic analogue, starts to strongly

stimulate Gigaspora rosea oxidative metabolism: NADH production, succinate

dehydrogenase, NADH dehydrogenase, ATP production). Then mitochondria

biogenesis becomes more active. Higher level of gene transcripts involved in cell

elongation and mitochondrial activity is only observed in hyphae (not in spores) and

after several days of treatment. AM colonization is reduced in maize plants affected in

their carotenoid pathway and this reduction can be reverted by the addition of GR24.

The fungus also produces diffusible molecules that can modify root gene

expression and root development. They are not chemically characterized yet, but

several arguments support the hypothesis that they could be ancestral Nod factors,

the symbiotic signals produced by rhizobia. Nod factors are now exploited in

agriculture to improve yield of legume crops. The prospect is that “Myc factors” might

have an even broader practical interest since they should potentially activate

mycorrhizal symbiosis and therefore improve yield of a much larger spectrum of

crops.
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Genetics of AM fungi and how it affects plant growth

Ian SANDERS

Département d'écologie et évolution, Université de Lausanne, 1015 Lausanne,
Switzerland. (ian.sanders@unil.ch)

Given the importance of arbuscular mycorrhizal (AM) fungi for the growth and

ecology of plants, we know remarkably little about their basic genetics and genome

organization. Furthermore, AM fungi form the phylum Glomeromycota that diverged

from other fungi a long time ago (400-1000 million years ago), allowing many

possibilities for the evolution of a different genome organization and different mating

system to that seen in other fungi. AMF are thought to be entirely asexual and not

exchange DNA with other AMF individuals but remarkably this is backed up by little

or no real experimental data. Our recent studies on genome organization in AM fungi,

coupled with studies of AM fungal population genetics, vegetative

compatibility/incompatibility and genetic exchange provide us with a completely

different picture of the genetics of AM fungi. I will present how a population genetic

approach can help us to understand genetic exchange processes among genetically

different AMF individuals and how our recent findings on genetic exchange among

AMF, and its consequences on the AMF phenotype, lays a foundation for

experimentally studying AM fungal genetics. Finally, I will address whether genetic

exchange among AM fungi has any consequences for the fitness of plants that form

symbioses with these important fungi.
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Functional genomics of nodule transport and metabolism

Michael UDVARDI

Plant Biology Division, The Samuel Roberts Noble Foundation,_2510 Sam Noble
Pky., Ardmore, OK 73401, USA; (mudvardi@noble.org)

Legume nodule development results in an organ with unique physiology and

specialised transport and metabolism, which supports the growth of both the plant

and the rhizobial population within.  At the heart of nodule metabolism is the bacterial

nitrogenase enzyme complex, which reduces nitrogen to ammonia only under

conditions of very low oxygen.  Ammonia and possibly amino acids produced by

rhizobia are traded for reduced carbon and other nutrients from the plant, via

transporters on the bacterial inner and outer membranes and the plant symbiosome

membrane that surrounds the bacteria.  Differentiation of plant and bacteroid cells

during nodule development requires global changes in gene expression in both

symbionts.  High-throughput tools for gene and cDNA sequencing, transcript and

metabolite quantification, and analysis of the resulting data, have revolutionized the

study of nodule differentiation and shed new light on nodule physiology and

metabolism.  Improvement of tools for forward and reverse genetics in model

legumes like Lotus japonicus are also enabling groups to identify genes with key

roles in nodule development and function.  In this talk, I will highlight recent advances

in our understanding of nodule physiology and metabolism that have been achieved

through the combination of various ‘omics’ technologies and genetics.  Amongst

other things, the crucial role of symbiotic leghemoglobins in nodule oxygen

homeostasis and energy metabolism will be described, as will a symbiotic sulfate

transporter, SST1 that appears to be important for S-supply to bacteroids and, like

the leghemoglobins, is crucial for symbiotic nitrogen fixation.
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Specificity in symbiosis signalling

Giles OLDROYD, Alfonso MUNOZ, John MARSH, Sonja KOSUTA, Patrick
MIDDLETON, Jiyoung KIM, Sibylle HIRSCH, Peter KALO and Cynthia GLEASON

Department of Disease and Stress Biology, John Innes Centre, Norwich, UK
(giles.oldroyd@bbsrc.ac.uk)

Legumes form symbiotic interactions with both nitrogen fixing rhizobial bacteria and

mycorrhizal fungi. Both of these micro-organisms release diffusible signals that are

recognised by the legume: Nod factors from rhizobia and as yet uncharacterised Myc

factors. There is conservation in the plant signal transduction pathway responsible for

the recognition of both Nod factor and Myc factor. Repetitive oscillations in cytosolic

calcium in root hair cells are one of the earliest plant responses to Nod factor and

Myc factor, however the structure of the calcium response differs for these two

signals. These calcium responses are embedded in the conserved symbiosis

signalling pathway with a calcium/calmodulin dependent kinase (CCaMK) being

apparently responsible for decoding both Myc factor and Nod factor induced calcium

oscillations. Gain of function mutations in CCaMK activate nodulation without the

need for Nod factor or rhizobial elicitation. This gain of function requires the activity of

NSP1 and NSP2, both of which encode putative transcriptional regulators in the

GRAS family, as well as ERN, a newly defined ERF transcription factor. NSP1, NSP2

and ERN have specific functions in Nod factor signalling and represent a nodulation

specific branch downstream of CCaMK. We propose that Nod factor induced calcium

oscillations that occur in both the cytosol and the nucleus regulate the DMI3 kinase

through a combination of calcium and calmodulin binding. DMI3 activates

downstream components, including the transcriptional regulators NSP1, NSP2 and

ERN. CCaMK must be able to discriminate between the Nod factor and Myc factor

induced calcium oscillations and we presume that equivalent mycorrhizal specific

components are induced under the appropriate conditions.
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Intracellular accommodation of symbiotic microbes by plants

Martin PARNISKE

Genetics Institute, Biology Department, Ludwig-Maximilians-Universität, D-80638
München, Germany. (parniske@lmu.de)

The phosphate-acquiring arbuscular mycorrhiza (AM) symbiosis between roots and

fungi of the phylum Glomeromycota was present in earliest land plants and is found

in all major lineages of higher plants today. In contrast, nitrogen-fixing root nodulation

with bacteria is restricted to the eurosid I clade of angiosperms. Despite these

contrasting distribution patterns, these two types of root endosymbiosis are

genetically connected; at least seven ‘common’ symbiosis genes have been cloned

from legumes that are required for both fungal and bacterial symbiosis. The proteins

encoded by these genes appear to act in signaling pathways leading to the

development of intracellular accommodation structures by the plant. We have

obtained evidence that this common symbiosis pathway is indeed conserved among

higher plants, indicating an ancient genetic basis for AM. To further understand the

molecular mechanisms that control the development of AM symbiosis, a microscopic

screen for AM-defective individuals within an ethyl-methane sulfonate (EMS)-

mutagenized population of L. japonicus was performed and mutants bearing heritable

defects in the establishment of the AM symbiosis were isolated. We characterized

the mutant phenotypes at the cytological and molecular level by microscopy and

transcriptional profiling. Furthermore, we are identifying the responsible genes by

map-based cloning.
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Abstracts of posters and short-talks

Analysis of a Second Type III Secretion System in Rhizobium sp. NGR234

Nadia BAKKOU, William J. BROUGHTON and Xavier PERRET

Département de Biologie Végétale, Université de Genève, 1211 Genève 4,
Switzerland.

Type III secretion systems (T3SS) are used by Gram-negative bacteria to deliver into

the cytoplasm of eukaryotic cells various effector proteins, which subvert host

defences.  Known to be important determinants of pathogenicity, T3SS were also

found to play a role in symbiotic interactions between rhizobia and legumes.  In

contrast to the secreted effectors, most of the membrane-associated proteins which

constitute the secretion apparatus are highly conserved and were called Rhc in

rhizobia.

A complete type III secretion system (T3SS-I) was first identified in the symbiotic

plasmid of Rhizobium sp. NGR234 (pNGR234a).  T3SS-I was shown to be activated

via the NodD1 and flavonoid-dependent regulatory cascade that controls most

nodulation genes in NGR234.  Depending on the legume host, the nodulation outer

proteins (Nops) secreted by the T3SS-I modulates the ability of NGR234 to form

functional symbiotic associations.  Recently, the analysis of the 2.43 Mb plasmid

(pNGR234b) revealed a second gene cluster (T3SS-II) predicted to encode all of the

nine conserved Rhc proteins, most of which matched components a second and

cryptic T3SS encoded by the chromosome of Pseudomonas syringae pv.

phaseolicola strain 1448A.  Analysis by RT-PCR of the transcriptional activity of the

promoter that controls the major operon in the NGR234 T3SS-II cluster, showed a

basal level of expression in free-living cells.  To assess the activity of the TTSS-II of

NGR234 and its possible role in symbiosis, a mutant strain NGR∆T3SS-II was

constructed.  The abilities of NGR234 and NGR∆T3SS-II to secrete proteins in the

extra-cellular medium (in the presence or absence of inducing flavonoids), and form

symbiotic associations with a number of selected host plants were compared.  So far,

none of the assays confirmed that the T3SS-II is functional and/or plays a significant

role in nitrogen-fixing symbioses with legume hosts.
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Genetic and nutritional control of the arbuscular mycorrhizal symbiosis

Florence BREUILLIN, SEKHARA REDDY D.M.R., Martine SCHORDERET and
Didier REINHARDT

Plant Biology, Dép. de Biologie, 3 rue Albert Gockel, CH-1700 Fribourg, Switzerland

The establishment of the arbuscular mycorrhizal (AM) symbiosis requires mutual

recognition of the symbiotic partners, and later the coordination of their development.

The fungal partner has to know where and when to produce the appressoria for

penetration, and the arbuscules, the highly branched structures for nutrient

exchange. On the other hand, the plant has to be able to discriminate the AM fungus

from pathogenic soil fungi and to adapt its genetic program to the requirements of the

symbiosis. Recently, several genes have been cloned which are involved in

recognition and signal transduction in the AM symbiosis, as well as in the nodule

symbiosis. However, the AM-specific upstream and downstream events remain

elusive. Besides the genetic makeup of the plant, the nutrient status of the plant

influences the outcome of the interaction. Under high levels of phosphate (when the

plant does not profit from the fungus), fungal colonization decreases and this

reduction in colonization is higher when plants are not limited in other nutrients,

especially macronutrients. We further explored the influence of different nutrients on

the development of the interaction. During the first experiment we found which

macronutrient was responsible of the observed higher reduction in colonization at

high phosphate concentration. In the second following experiment we increased the

concentration of several macronutrients at low phosphate level and observed root

colonization. At the end of these two experiments it appeared that besides

phosphate, nitrate plays an important role in the regulation of root colonization.



- 12 -

Mining insertion rice lines for AM-relevant factors

Leonardo CASIERI and Uta PASZKOWSKI

Departement de Biologie Moleculaire Végétale, Université de Lausanne, 1015
Lausanne, Switzerland.

Arbuscular mycorrhizal (AM) symbiosis is a mutualistic interaction that occurs

between Glomalean fungi and the majority of vascular plants. AM fungi growing intra-

and intercellularly inside the root cortex build a huge dynamic interface between the

symbionts in which nutrient exchange takes place. Genetic and genomics studies,

mainly on dicot plants, have been done to address the factors affecting the

establishment of this interaction, but at the moment few data are available on

monocot plants. Among the monocot hosts of AM fungi rice, for which the genome

has been sequenced, represents a promising model plant to assess mycorrhiza-

induced transcriptional changes and to analyse phenotypic changes of the interaction

through reverse genetic screening.

In a previous experiment performed on rice colonized by Glomus intraradices using a

whole genome Affymetrix GeneChip, 118 genes have been recognized as

specifically mycorrhiza-induced ones. Different insertions into the majority of the

candidate genes were identified in silico and segregating seeds, of most interesting

insertions, were purchased from various collections.

A priority list among the different genes and insertion lines has been done according

to (1) number of gene copies in the genome, (2) the expression levels during

symbiosis and (3) the relative position of the insertion in the gene. An efficient

method of genotyping and then phenotype analysis has been established on rice

plants and the expected mycorrhizal phenotypes, arising from the reverse genetic

screening, will allow us to characterize specific gene functions.
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Rice genes specifically expressed during colonization by two different
arbuscular mycorrhizal fungi

 Caroline GUTJAHR, Uta PASZKOWSKI

Departement de Biologie Moleculaire Végétale, Université de Lausanne, 1015
Lausanne, Switzerland.

The arbuscular mycorrhiza is an ancient symbiosis between most land plants and

Glomalean fungi that is based on the mutual exchange of nutrients between the two

partners. For its structural and physiological establishment a tightly regulated

interchange of signals and the built up of compatibility between the symbionts is

needed. This is accompanied by significant changes in gene expression.

In a microarray experiment performed in our lab on rice roots colonized by Glomus

intraradices a set of genes was exclusively expressed upon mycorrhizal colonization

(OsExM genes) and not in mock inoculated roots or during the interaction with two

pathogenic fungi. This list of OsExM genes consists of 25 members. Analysis of

expression kinetics revealed that the genes fall into two groups of early and late

expressed genes. Spatial expression analysis by in situ hybridization and transcript

profiling of OsExM genes in mycorrhizal mutants is currently under way to relate their

expression to developmental stages of the AM symbiosis. They are also expressed

during the interaction of rice with a member of different fungal genus, Gigaspora

rosea. The general expression in response to different AM fungi renders the OsExM

genes promising candidates for marker genes of mycorrhiza development in rice.
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The actinorhizal symbiosis Casuarina-Frankia

Valérie HOCHER, Sergio SVISTOONOFF, Florence AUGUY, Hassen GHERBI,
Joan ESTEVAN, Benjamin PERET, Laurent LAPLAZE, Didier BOGUSZ, and
Claudine FRANCHE

Laboratoire Rhizogenèse, UMR DIA-PC, Institut de Recherche pour le
Développement, 911 avenue Agropolis, BP 64501, Montpellier Cedex 5, France.
hocher@mpl.ird.fr. http://www.mpl.ird.fr/rhizo.

Actinorhizal root nodules result from the interaction between the nitrogen-fixing actinomycete

Frankia and roots of plants belonging to 8 dicot families and 25 genera. The basic knowledge

of the symbiotic interaction between Frankia and actinorhizal plants is still poorly understood,

although it offers striking differences with the Rhizobium-legume symbiosis.

Our group has concentrated on the molecular study of the plant genes involved in the early

steps of the interaction between Frankia and Casuarina glauca, a valuable tropical tree

originating from Australia. Several candidate genes from Casuarina have been

characterized, including cg12, a subtilase gene specifically expressed during early infection

events. The expression of reporter genes driven by the cg12 promoter region is similar in

transgenic Casuarinaceae and Medicago truncatula, indicating a conservation of regulatory

mechanisms between the two symbioses (1). On the opposite, a gene construct including the

GUS gene under the control of the promoter region from the nodulin gene ENOD12B from

Pisum sativum was not expressed in the early stages of actinorhizal symbiosis (2).

A genomic platform has also been developed to study the molecular mechanisms leading to

actinorhizal nodule development and functioning (3). Genes of primary metabolism, protein

synthesis, cell division and defence were found to be highly represented in nodules. A

subtractive hybridisation library (SSH) was also constructed with roots sampled 4 days after

infection. 703 SSH sequences were validated and annotated, revealing a majority of ESTs

implicated in defence, cell wall structure and gene expression. This EST-based analysis

provides the first picture of the set of genes expressed during actinorhizal symbiosis.

By comparing the symbiotic process involving Frankia to the one involving Rhizobium, we

expect a deeper understanding of the molecular basis underlying host plant predisposition for

nodulation shared by members of the Fabid clade.

1. S. Svistoonoff, L. Laplaze, J. Liang, A. Ribeiro, M.C. Gouveia, F. Auguy, P. Fevereiro, C. Franche
& D. Bogusz (2004) Infection related activation of cg12 promoter is conserved between
actinorhizal and Legume-Rhizobia root nodule symbiosis. Plant Physiol., 136: 3191.

2. M-O. Sy, L. Constans, M. Obertello, C. Geney, L. Laplaze, F. Auguy, V. Hocher, D. Bogusz & C.
Franche. (2006) Analysis of the expression pattern conferred by the PsEnod12B promoter from
the early nodulin gene of Pisum sativum in transgenic actinorhizal trees of the Casuarinaceae
family. Plant Soil, 281: 281.

3. V. Hocher, F. Auguy, X. Argout, L. Laplaze, C. Franche & D. Bogusz (2006) Expressed sequence-
tag analysis in Casuarina glauca actinorhizal nodule and root. New Phytol., 169: 681.
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Bean responses to the Type Three Secretion System of Rhizobium sp. NGR234

Patricia LARIGUET, Silvia ARDISONNE, William BROUGHTON and William
DEAKIN

Laboratoire de biologie moléculaire des plantes supérieures (LBMPS), Sciences III,
Université de Genève, 30 quai Ernest Ansermet, 1211 Genève 4, Switzerland.
Patricia.Lariguet@bioveg.unige.ch

Rhizobia are nitrogen-fixing Gram-negative bacteria that form a mutually beneficial

symbiotic interaction with legumes. Some of them, including Rhizobium etli and the

broad range host Rhizobium sp. strain NGR234 possess an active type III secretion

system (T3SS). T3SS are found in many Gram-negative pathogenic bacteria and

they deliver effector proteins into eukaryotic host cells. Effector proteins perturb

signal transduction pathways of their hosts, thereby facilitating a disease. Some

signalling modifications, or perhaps the effector proteins themselves are detected by

resistant hosts and trigger a strong defence reaction against the pathogen. Effector

proteins  recognized in this way are called avirulence (Avr) proteins.

Inoculation of common bean varieties (Phaseolus vulgaris) with NGR234 results in

mainly small, white, non-nitrogen fixing nodules. We found that in all the commercial

varieties tested so far, the activity of the T3SS is detrimental for efficient nodulation.

NGR234 secretes at least nine proteins in a T3SS dependent fashion: NopA, NopB,

NopC, NopL, NopM, NopP, NopX, NopT and NopJ (Nop stands for Nodulation outer

protein). The negative effect of the NGR234 T3SS for the symbiosis is caused by one

or more of 3 effectors depending on the bean variety: NopJ, NopL and NopT. NopL is

a rhizobial protein with no homology to any known motifs. In contrast NopJ and NopT

exhibit partial homologies to Avr proteins of pathogenic bacteria. The fact that the

symbiotic bacterium NGR234 produces homologues of Avr proteins that might be

recognized by the plant as negative effectors prompted us to test whether similar

mechanisms of effector recognition operate for symbiotic bacteria and for pathogenic

bacteria. Genetic data using bean varieties known to be resistant or susceptible to

the Avr homologues of NopJ and NopT suggested that NopJ and NopT are not

recognized by the same processes as their Avr counterparts. We are currently

searching for bean proteins targeted by the rhizobial T3SS effectors.
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Regulation of surface polysaccharides and the type III secretion protein system
of the broad host range Rhizobium sp. NGR234 during the development of the

symbiosis with legumes.

Antoine Le QUERE, Jérémie GAY-FRARET, Silvia ARDISSONE, William
BROUGHTON and William DEAKIN

Laboratoire de Biologie Moléculaire des Plantes Supérieures, University of Geneva,
Geneva, Switzerland. antoine.lequere@bioveg.unige.ch

The molecular basis of the symbiosis between rhizobia and legumes is complex .

Many early molecular events in symbiotic infection processes are documented, yet

factors enabling rhizobia to progress within the plant-derived infection thread,

penetrate the root cortical cells, and ultimately survive within the intra-cellular

symbiosome compartment as mature nitrogen-fixing bacteroids are poorly

understood. Rhizobial surface polysaccharides (SPS) co-exist with plant-derived

membranes during the infection process. Although relatively few studies have

examined their roles, SPSs are essential for bacterial survival, adaptation, and as

potential determinants of nodulation and/or host specificity. We have followed the

expression of key genes involved in the synthesis and/or modification of SPSs as

well as genes encoding secreted proteins in planta using GFP fusions to various

promoters. As the exceptionally broad host range Rhizobium sp. NGR234 was used

in these studies, we were able to compare rhizobial gene expression patterns in

plants that form both determinate and indeterminate nodules. In this way, we have

been able to localise the expression of these bacterial genes during the infection

process and in functional nodules. Interestingly, a correlation between the patterns of

expression in the early infection thread and in vitro induction assays using plant

flavonoids was found. We were able to show that genes involved in the synthesis or

the modification of the major SPS and the T3SS in NGR234 could be differentially

regulated during symbiotic development.
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Conservation of the transcriptional response of rice to beneficial and root
pathogenic fungi

Sylvain MARCEL and Uta PASZKOWSKI

Département de Biologie Moléculaire Végétale, University of Lausanne, Campus
Dorigny, Switzerland.

Arbuscular mycorrhiza represents one of the most ancient and widespread plant-

symbioses which is assumed to have supported land colonization by plants 400

million years ago. Nowadays, many different associations, from beneficial to

parasitic, exist between plants and other organisms including bacteria, biotrophic and

necrotrophic fungi, parasitic plants and nematodes.

Recent work describes that the plant employs common key elements for the

interaction with AM fungi and taxonomically distant organisms (rhizobia, nematodes

and parasitic plants). These findings have let to the hypothesis that since the

evolutionary origin of the plant association with AM fungi pre-dates that with rhizobia,

nematodes and parasitic plants, the later evolving interactions may have hijacked

parts of the plant program already in place for the AM symbiosis. Surprisingly,

components commonly relevant for association with beneficial and pathogenic fungi

have not yet been identified.

Gene expression profiling efforts revealed a total of 95 genes to be co-regulated after

inoculation of rice roots with the mycorrhizal fungus Glomus intraradices, the hemi-

biotroph fungus Magnaporthe grisea and the necrotrophic fungus Fusarium

moniliforme. Among these genes, the large majority (72 genes) were co-regulated

during root interaction with the biotroph (G. intraradices) and hemi-biotroph (M.

grisea) fungus. Thus, the root transcriptome responds in a related manner to both

fungal interactions. To gain further understanding on the degree of conservation

between both biotrophic/hemi-biotrophic interactions with rice roots, a timecourse

experiments has been performed and the temporal expression profiles of these

genes were determined by Real-Time RT-PCR. Groups of genes were identified

displaying a similar expression profile in both fungal interactions. In contrast, others

showed divergent kinetics specific for one of the fungal partner. Functional analyses

of chosen candidate genes via reverse genetics involve either transgenic approaches

(knock-down and/or over-expression) or use available insertion mutants. Results

obtained from these efforts should improve our understanding of conserved

components required for plant invasion by mutualistic or parasitic fungi.
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Interactions between plant, AMF and earthworms: a mesocosm experiment

Roxane MILLERET, Renée Claire LE BAYON, Jean-Michel GOBAT
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Both arbuscular mycorrhizal fungi (AMF) and earthworms, in addition to physical and

chemical factors, play a major role in soil structuring processes. AMF and

earthworms act differently into the soil. While AMF have mainly mechanical and

chemical roles (soil particles enmeshment into bigger aggregates and glomalin

secretion), earthworms influence the soil by their burial and feeding-casting activities.

Furthermore, earthworms are able to destruct the mycelium network, which could

lead to a decrease of root colonization by the AMF, or an enhancement of the

dispersion of root/mycelium networks. The general aim of this study is a better

understanding of plant-AMF-earthworms-soil interactions. In particular, we try to

assess the effects of earthworms and their interactions with AMF on root

colonization, shoot/root biomass and phosphorous (P) availability in the soil.

A factorial design with three factors (plant (Allium porrum), AMF and earthworms),

using mesocosms, was set up in a climatic chamber. To create conditions with AMF

but without roots, each mesocosm is separated in two equal parts with a nylon mesh

(25mm) that retains the roots but allows hyphae to pass. Pots are harvested after 5,

15 and 35 weeks. At each harvest time, pots are destroyed and plant roots are

separated from the bulk soil. The soil total and bioavailable P is measured. Fresh and

dry shoot/roots are weighted and the percentage of root colonized by AMF is

estimated. This poster will show the first results of the experiment after 5 and 15

weeks.
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Genomic signatures of sexuality in arbuscular mycorrhizal fungi

Hélène NICULITA and Ian SANDERS
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Unlike most fungal phyla, which have a known sexual cycle, arbuscular mycorrhizal

fungi (AMF) are only known to reproduce through asexual mitotic processes. But is

sex truly absent or is it simply rare or cryptic? One way to test claims of ancient

asexuality is to look for evidences of the decay of genes that have an exclusively

sexual function. Crippling deletions in genes known to be crucial to meiosis and

mating would suggest that the organisms bearing those deletions are asexual. The

same goes for selfish genetic elements such as retrotransposons, which are

expected to degenerate in absence of meiosis. Thisapproach was applied to Glomus

intraradices. Surprisingly, no one of these genetic features where found in AMF.

Evidence for sexuality will be discussed.
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Petunia Mutant Defective In Penetration And Arbuscule Morphogenesis Of
Arbuscular Mycorrhizal Symbiosis

SEKHARA REDDY, D.M.R, Martine SCHORDERET, and Didier REINHARDT
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Plant mutants defective in establishing the arbuscular mycorrhizal (AM)

symbiosis are valuable tools to dissect the molecular basis of the AM symbiosis.

Using Petunia hybrida line W138 and Glomus intraradices, we have identified several

mutants with defects at different developmental stages of symbiosis. One of the

mutants, penetration and arbuscule morphogenesis (pam1), is characterized by a

strong decrease in colonization by three different arbuscular mycorrhizal fungi.

Penetrating hyphae are frequently aborted in epidermal cells. Occasionally the

fungus can penetrate to the root cortex but fails to develop arbuscules. Several lines

of evidence suggest that the resulting hyphal colonization in mutant plants does not

support symbiotic acquisition of phosphate and copper by the plant. Further

expression analysis of three petunia orthologues of the common SYM genes

LjPOLLUX, LjSYMRK, and MtDMI3 indicated that pam1 is not mutated in these

genes. The bloated arbuscule 1 (blo1) mutant is defective in the formation of

arbuscules. Pedigree analysis and stabilization data suggests that the blo1 locus is a

due to a single recessive allele. The mutant phenotype observed is similar for three

fungi tested and stable up to 20 weeks. Allelism tests with pam1 mutant showed that

pam1 and blo1 are allelic.

Sekhara Reddy D.M.R., Schorderet, M., Feller U., and Reinhardt, D. A petunia mutant affected in
intracellular accommodation and morphogenesis of arbuscular mycorrhizal fungi, Plant J. (in
press).
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Synthetic communities of arbuscular mycorrhizal fungi
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Arbuscular mycorrhizal fungi (AMF) play an important role in nutrient cycling in

terrestrial ecosystems, having a major impact on plant growth and mineral nutrition

under nutrient limiting conditions. In natural ecosystems, AMF are usually present as

multispecies communities. Also on a level of individual plants, multiple AMF species

are usually co-colonizing single root system.

It has been observed that AMF show an important functional diversity at both inter-

and intraspecific levels. This functional diversity refers to differences observed

between fungi e.g. in the way they promote host plant growth. Functional significance

of presence of the different AMF species within a single root system is unknown. This

is because most experiments addressing the influence of AMF on their host plants

were considering single AMF species/isolates. In few cases, where AMF mixtures

were used for inoculation of plants, the composition of AMF communities in the roots

has, however, not been properly quantified. In this project we aim at establishing

links between the diversity and composition of AMF communities in the roots of

Medicago truncatula and its growth and nutrient acquisition. Three species of AMF

isolated from a single field site will be considered. Different quantitative methods to

assess biomass of each of the AMF species are under development (real-time PCR,

immunoassays). Importance of AMF community composition will be assessed for

plant growth, phosphorus uptake and use efficiency and carbon cost of the

association using pot experiments and isotopes. These physiological analyses will be

conducted in parallel with quantification of expression of genes related to phosphorus

status of the plants. The ultimate goal is to understand how AMF community

composition affects plant growth and phosphorus balance at both physiological and

molecular levels.
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Defining molecular components of symbiotic phosphate uptake in Oryza sativa
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Many plants obtain phosphate form the soil via the symbiosis with arbuscular

mycorrhizal (AM) fungi. In this association, phosphate is acquired from the soil by

fungal hyphae, is translocated through the fungal organism and becomes released

inside the root most likely at arbuscules. Specific mycorrhiza-induced phosphate

transporters enable the plant to transport the phosphate from the apoplastic interface

across the periarbuscular membrane into the cortical cell. In Medicago truncatula,

loss of such a transporter, MtPT4, leads to premature death of the arbuscules (1).

In rice we found that two phosphate transporters genes, OsPT11 and OsPT13, are

up-regulated in the root colonized by AM fungi (2, 3). While OsPT11 represents the

ortholog of MtPT4 no ortholog for OsPT13 has been reported from dicotyledonous

plants. OsPT11 gene expression is strongly up-regulated in roots colonized by

phylogenetically distant Gigaspora rosea and  Glomus intraradices compared with

that of non-colonized roots. However, induction of OsPT13 is strong in roots

colonized by Gigaspora rosea but low in roots colonized by Glomus intraradices.

It is very interesting to understand how these two transporters contribute to symbiotic

phosphate uptake of rice plants colonized by different AM fungi and what their

relevance is for the formation of the AM symbiosis. For this purpose, we will knock-

down expression of the two Pi transporters separately and collectively by making

RNAi lines and investigate the effect on the association with Gigaspora rosea and

Glomus intraradices. We also want to examine the spatial expression profiles and

sub-cellular localizations of these two transporters in wild-type and the newly

generated knock-down lines.

Refences: (1) Helene Javot, R. Varma Penmetsa, Nadia Terzaghi, Douglas R. Cook & Maria J.
Harrison (2007) A Medicago truncatula phosphate transporter indispensable for the arbuscular
mycorrhizal symbiosis. PNAS,  104: 1720. (2) Uta Paszkowski, Scott Kroken, Christophe Roux &
Steven P. Briggs (2002) Rice phosphate transporters include an evolutionarily divergent gene
specifically activated in arbuscular mycorrhizal symbiosis. PNAS, 99: 13324. (3) Sonia Guimil, Hur-
Song Chang, Tong Zhu†, Ane Sesma, Anne Osbourn, Christophe Roux, Vassilios Ioannidis, Edward
J. Oakeley, Myle`ne Docquier, Patrick Descombes, Steven P. Briggs & Uta Paszkowski (2005)
Comparative transcriptomics of rice reveals an ancient pattern of response to microbial colonization.
PNAS, 102: 8066.


