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P1.2
The remarkable chloroplast genome of dinoflagellates

C. Howe, A. Barbrook, (University of Cambridge, United
Kingdom)

Peridinin-containing dinoflagellates have a chloroplast genome
very different from that found in all other plants and algae.
Instead of the conventional molecule containing over 100
genes, the dinoflagellates have a collection of small plasmid-
like ‘minicircles’ containing around a dozen genes, with at most
a few genes on each minicircle. The rest of the genome has been
transferred to the nucleus. We have recently identified a limited
number of tRNA genes on dinoflagellate chloroplast mini-
circles, including a gene for fMet-tRNA, which has important
implications for chloroplast–mitochondrion interactions. We

have also found highly unusual‘minimalist’ rRNA genes. The
minicircles have considerable potential as genetic markers for
molecular diversity among symbiotic dinoflagellates of corals
and sea anemones. We have surveyed the minicircles of a range
of Symbiodinium isolates, and compared their variation with
conventional nuclear markers.

doi:10.1016/j.cbpa.2007.01.466

P1.3
Evolutionary ecology of specificity in mycorrhizal
symbioses

M. Bidartondo, (Imperial College London and Royal Botanic
Gardens, Kew, United Kingdom)

Recent data from surveys and/or field experiments in diverse
orchid, liverwort and arbuscular mycorrhizas indicates that
extreme specificity: 1) evolved multiple times, 2) is often
associated with plant parasitism of fungi, 3) has led to
phylotracking coevolution even in the most promiscuous
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P1.14
Exploring the biomedical potential of uncultivated bacterial
symbionts by metagenomic techniques

J. Piel, S. Hrvatin, C. Gurgui, K. Fisch, D. Butzke, (University
Bonn, Germany); L. Fieseler, U. Hentschel, (University
Wuerzburg, Germany); G. Wen, M. Platzer, (Leibniz Institut
Age Research, Germany)

Many natural products from marine animals have b
suspected to be produced by symbiotic bacteria. However
to the general inability to cultivate the suspected producers
study remains challenging. We follow a metagenomic appr
to gain insights into the chemistry and biology of uncultiva
symbionts. Total animal DNA containing all genomes is clo
to generate complex libraries, which are screened for bios
esis genes of interest. These can then be attributed t
corresponding producer. The feasibility of this approach
first demonstrated by using the beetlePaederus fuscipes as
model, the source of the cytotoxic polyketide–nonribosoma
peptide pederin. The entire set of pederin genes was isolate
shown to belong to a symbiotic bacterium with close relation
to Pseudomonas aeruginosa, which colonizes the beetle in lar
numbers (Piel, 2002). Recently a first draft of the symb
genome was completed and is now being analyzed for fa
that determine symbiosis or culturability. The metageno
strategy is also applied in our group to highly comp
associations of marine sponges. FromTheonella swinhoei, a
sponge harboring enormous numbers of diverse bacteria,
involved in the biosynthesis of the onnamides (Piel et al., 2
were isolated from a 1 million clone library and found to be
bacterial origin. The talk discusses some of our recent pro
in the development of techniques to identify, isolate and exp
genes from symbiotic sources.
Piel, J., 2002. Proc. Natl. Acad. Sci. U. S. A. 99, 14002–14007.
Piel, J. Hui, D. Wen, G. Butzke, D. Platzer, M. Fusetani
Matsunaga, S., 2004. Proc. Natl. Acad. Sci. U. S. A. 1
16222–16227.

doi:10.1016/j.cbpa.2007.01.478
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P1.15
Life within insect antennae: Symbiotic bacteria protect
wasp larvae against fungal infestation

M. Kaltenpoth, (University of Würzburg, Germany);
E. Strohm, (University of Regensburg, Germany)

In most known insect-bacteria symbioses, the symbionts pl
important role in the nutrition of the host. Recent studies s
that symbiotic microorganisms can also be involved in
protection of the host against pathogen infestation. Her
report on a highly specialized interaction between an in
species and bacteria for the defense of the host's offs
against microorganisms. European beewolves (Philanthus
triangulum, Hymenoptera, Crabronidae) cultivate symbi
bacteria of the novel species‘Candidatus Streptomyces
philanthi’ in the reservoirs of unique antennal glands. Fem
apply these bacteria to the brood cell prior to oviposition.
larva takes up the bacteria and applies them to the silk thre
its cocoon. Bioassays indicate that the streptomycetes prote
cocoon from fungal infestation and significantly enhance
survival probability of the larva during the long phase
hibernation in the soil, possibly by producing antibiot
Behavioral observations and experiments strongly sugg
vertical transmission of the bacteria. All congeneric bee
species investigated so far (n=27) harbor closely relate
ecotypes of‘Candidatus Streptomyces philanthi’ in their
antennae, indicating that the association with protective ba
is obligate for the genusPhilanthus and might play an importan
role in other insects as well. This is the first report of bac
being cultivated in insect antennae and the first case
specialized symbiosis involving bacteria of the impor
antibiotic–producing genusStreptomyces.

doi:10.1016/j.cbpa.2007.01.479

P1.16
Photobiont-mediated lichen guilds

J. Rikkinen, (University of Helsinki, Finland)

Many recent studies have shown that lichen-forming fung
highly selective with respect to their algal and cyanobact
photobionts. In most cases only a few closely related photo
strains serve as the appropriate symbiotic partners for
mycobiont species. On the other hand, many different fu
often from different genera or even families, can often asso
and potentially share specific photobiont strains. Many lic
forming fungi seem to form photobiont-mediated guilds, i.e.
occurring species populations that utilize the same photo
strain. Some guild members may even depend on other f
species for the effective dispersal of their photobionts. Whil
evolution of a lichen guild may have typically begun as a p
wise interaction between two participants, additional symb
have been collected over time, and others lost. The ecolo
boundaries between existing photobiont-mediated guilds m
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first appear steep but on an evolutionary timescale they
been frequently crossed. For lichen-forming fungi, e
successful shift into a new guild has provided new opportun
for speciation and subsequent radiation. In many lic
symbioses the mycobiont mediates most interactions bet
the photobionts and the outside world. As different fungi h
different defences, a wide range of compatible mycobionts
effectively increase photobiont resistance against UV-radia
grazing, etc. Cyanobacterial photobionts may provide
photosynthate and fixed nitrogen to their fungal partn
However, also the production of toxic cyanobacterial met
lites might explain why certainNostoc strains are favoured b
the mycobionts of some herbivore resistant cyanolichen spe

doi:10.1016/j.cbpa.2007.01.480

P1.17
The population dynamics and symbiotic lifestyle of fungal
endophytes in plant hosts is driven by environmental
conditions

R. Redman, (Montana State University, United States);
R. Rodriguez, (University of Washington, United States)

Plants in high stress habitats typically have 1–3 class 2 funga
endophytes. The endophytes confer stress tolerance to
plants and allow them to expand habitat range. We have b
investigating the ecology of fungal endophytes in planta
have found that 1) the host genotype dictates the symb
lifestyle expressed by endophytes and 2) environme
conditions dictate the endophyte population dynamics in p
co-colonized with endophytes that confer different st
tolerances. For example, plant pathogenic fungi may exp
mutualistic lifestyles in asymptomatic host plants. The pop
tions of endophytes that confer stress tolerance decreases
absence of those stresses. However, when a specific stres
applied, only the population of endophytes adapted to that s
increases. Our results indicate that the adaptive nature of
is more dynamic than previously described and involves in
genomic epigenetic processes.

doi:10.1016/j.cbpa.2007.01.481

P1.18
Response of arbuscular mycorrhizal communities to
seasonality and long-term phosphate application

G. King-Salter, D. Mitchell, (University College Dubli
Ireland); G. Bending, P. Gosling, (University of Warwic
United Kingdom); N. Culleton, (Teagasc Johnstown Ca
Research Centre, Ireland)

Arbuscular mycorrhizal (AM) fungi are root-colonising sy
bionts that enhance plant uptake of phosphorus (P). This
examines the effect of over 35 years of phosphate applicati
ve
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the diversity of AM fungi in an Irish grazed grassland. Root
Lolium perenne (perennial ryegrass) andTrifolium repens
(white clover) were sampled during May, July and Septem
2005 from a long-term P application trial at Teagasc Johns
Castle Research Centre, Wexford, Ireland. Replicated plots
received either 0, 15 or 30 kg P ha� 1 yr� 1, as superphosphat
since 1968. 18 S rDNA-PCR terminal restriction fragm
length polymorphism (T-RFLP) analysis was performed on
samples, using the primer set AM1/NS31 in conjunction w
restriction enzymes HinfI and Hsp92II. A total of 125 termi
restriction fragments (TRFs) was recorded from 126
samples. Principal component analysis showed signif
effects of plant species, season and phosphate treatme
community composition. TRF numbers were significan
greater inT. repens than inL. perenne; 61 TRFs were found
uniquely in T. repens, compared to nine TRFs inL. perenne
only and 55 occurring in both species. Diversity var
seasonally, with the greatest numbers of TRFs in Septem
Number of TRFs declined with increasing phosphate app
tion, but to a much greater extent inT. repens than in L.
perenne. This work supports growing evidence that A
communities differ between co-occurring plant species,
also indicates the response of AM fungi to phosph
application is strongly dependent on the host plant specie

doi:10.1016/j.cbpa.2007.01.482

P1.19
Ecological aspects of mycorrhizal symbiosis— With special
emphasis on the functional diversity of interactions
involving the extraradical mycelium

R. Finlay, (SLU, Sweden)

Different symbiotic mycorrhizal associations betweeen pl
and fungi occur, almost ubiquitously, in a wide range
terrestrial ecosystems. Historically these have mainly
considered within the rather narrow perspective of their ef
on the uptake of dissolved mineral nutrients by individ
plants. More recent research has placed emphasis on a
multifunctional perspective, including the effects of myc
rhizal symbiosis on plant and microbial communities, and
ecosystem processes. This includes mobilisation of N a
from organic polymers, release of nutrients from min
particles or rock surfaces via weathering, effects on ca
cycling, interactions with myco-heterotrophic plants, media
of plant responses to stress factors such as drought
acidification, toxic metals and plant pathogens, as well
range of possible interactions with groups of other
microorganisms. Mycorrhizal fungi connect their plant ho
to the heterogeneously distributed nutrients required for
growth, enabling the flow of energy-rich compounds requ
for nutrient mobilisation whilst simultaneously providi
conduits for the translocation of mobilised products bac
their hosts. In addition to increasing the nutrient absorp
surface area of their host plant root systems, the extrara
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mycelium of mycorrhizal fungi provides a direct pathway
translocation of photosynthetically derived carbon to micro
in the soil and a large surface area for interaction with o
microorganisms. The detailed functioning and regulatio
these mycorrhizosphere processes is still poorly understoo
recent progress will be reviewed and some potentially fru
lines of future research will be discussed.

doi:10.1016/j.cbpa.2007.01.483

P1.20
More than 400 million years of evolution and plants still
can't make it on their own: Plant stress tolerance and
habitat expansion via fungal symbiosis

R. Rodriguez, (University of Washington, United States);
R. Redman, (Montana State University, United States)

Laboratory, greenhouse and field experiments revealed
plants adapt to abiotic stresses and survive in high stress ha
by forming symbioses with class 2 fungal endophytes. This
been demonstrated in geothermal, coastal, and chem
contaminated habitats. Plants in high stress habitats have a
number of endophytes and the fungi adapt to stress in a ha
specific manner. For example, endophytes from geothe
plants confer heat tolerance to plants but not salt toleranc
endophytes from coastal plants confer salt and not
tolerance. The endophytes have broad host ranges and
stress tolerance to genetically divergent plants represe
monocots and eudicots. We conclude that the biochem
communication involved in symbiotically conferred str
tolerance predates the divergence of monocots and eu
(est. 200 MYA). The mechanism of endophyte conferred s
tolerance appears to involve regulation of reactive oxy
species (ROS) rather than several expected physiolo
processes. Biogeographic patterns of habitat-adapted
phytes suggest that plant biogeography and physiolo
plasticity may be mediated by endophytic associations.

doi:10.1016/j.cbpa.2007.01.484

P1.21
Why do corals bleach? Testing evolutionary implications o
flexibility in coral –algal symbiosis

A. Baker, (University of Miami, United States)

Reef-building corals are symbioses between cnidarian inv
brates and dinoflagellate algae in the genusSymbiodinium. This
genus is exceptionally diverse, and some coral species are
exploit this diversity by hosting dynamic multi-species symb
communities whose composition depends on the preva
environmental conditions. However, corals vary in the dive
of symbionts they contain and the relative ease with which t
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symbiont communities can be changed. During particu
stressful conditions, physiological damage to the symbionts
their host) results in the expulsion of symbionts (co
“bleaching”), and eventual coral mortality if symbiont popu
tions are not restored. Consequently, coral bleaching is typ
viewed as a pathological response to cellular damage caus
environmental stress. However, an alternate theory sugges
bleaching can benefit corals by promoting shifts in symb
communities, allowing more rapid response to environme
change. These two viewpoints are not mutually exclus
bleaching may have adaptive value as a means of cha
symbionts, even though it evolved initially as a defense ag
cellular damage. To test the hypothesis that adaptive shi
symbiont communities help explain why corals bleach, dat
bleaching susceptibility and symbiont flexibility were co
pared. If bleaching has adaptive value as a means of prom
different symbiotic partnerships, then corals that are relat
flexible in their associations should bleach more readily
corals which are relatively inflexible, because they have gr
opportunity to recover with different symbionts. This appro
provides a means of testing evolutionary hypotheses, hel
understand the paradox of reef corals as environmen
sensitive yet geologically long-lived, and has implications
the persistence of coral reef ecosystems in an era of cl
change.

doi:10.1016/j.cbpa.2007.01.485

P1.22
Cyanobacteria–bryophyte symbioses

D. Adams, P. Duggan, (University of Leeds, United Kingdo

Cyanobacteria are a huge group of photosynthetic prokar
of enormous environmental importance. They are the
widespread photosynthetic organisms on earth and are re
sible for a large proportion of global CO2 and N2 fixation. They
form symbiotic associations with a wide range of eukary
hosts including plants, fungi, sponges and protists.
cyanobacterial symbionts are often filamentous and fix N2 in
specialised cells known as heterocysts, enabling the
provide the host with fixed nitrogen and, in the case of n
photosynthetic hosts, with fixed carbon. In return,
cyanobacteria receive fixed carbon from photosynthetic h
and possibly protection from predation and from environme
extremes.
The best studied cyanobacterial symbioses are those with p
in which the cyanobacteria can infect the roots, stems, le
and, in the case of the liverworts and hornworts, the thallus
symbionts are usuallyNostoc spp. that gain entry to the host
means of specialised motile filaments known as hormog
The host plant releases chemical signals that stim
hormogonia formation and, by chemoattraction, guide
hormogonia to the point of entry into the plant tissue. In
the symbiotic cavity host signals inhibit further hormogo
formation and stimulate heterocyst development and dinitr
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fixation. The cyanobionts undergo morphological and phy
logical changes, including reduced growth rate and2

fixation, enhanced N2 fixation and release, to the plant,
much of the dinitrogen fixed. With advances in molecu
genetic techniques for symbiotically competent cyanobac
the molecular basis of some of these changes is now b
clarified.

doi:10.1016/j.cbpa.2007.01.486

P1.23
The cellular distribution of metabolites in mycorrhizal
Orchid roots measured by Imaging MALDI

M. Burrell, L. Bendall, D. Read, J. Leake, (University of Sh
field, United Kingdom); M. Clench, C. Earnshaw, (Sheffi
Hallam University, United Kingdom)

Goodyera repens, is evergreen and the other,Neottia nidus-avis,
is entirely parasitic upon its fungal associate. The solvent us
apply the matrix has a significant effect on the structure o
root tissue and has to be optimised for the different species
will present images showing that fungal infected cells ha
high concentration of m/z184 the head group from phosp
pids. This is indicative of the extensive membrane surfac
infected cells, and its distribution can be used to identify o
masses which distinguish the fungal infected from non-infe
cells. This allows the metabolite profiles of plant and fun
components of the roots to be distinguishedin situ for the first
time.

doi:10.1016/j.cbpa.2007.01.487

P1.24
Comparative analysis of gene expression in an aphid–
Buchnerasymbiosis: The role ofBuchnera in the nutrition
of aphid embryos

J. Bermingham, (University College Dublin, Ireland);
H. Charles, F. Calevero, (UMR INRA/INSA de Lyon, Franc
T. Wilkinson, (University College Dublin, Ireland)

Aphids are renowned for their phenomenal reproductive ou
yet little is known about the underlying nutritional physiolo
that drives embryogenesis. In parthenogenetic viviparous a
morphs, the developing embryo is infected with its complim
of Buchnera very early in development, at about the same t
that a direct link with the trophocytes in the germarium is l
This raises questions about the role of the rapidly divid
bacterial cells at this crucial time and indeed through the co
of the developing symbiosis. DoBuchnera support embryo
growth or do the embryos rely solely on inputs from
maternal tissues?
To address this issue bacterial gene expression in devel
embryos of the pea aphidAcyrthosiphon pisum was investigated
-

r
ia,
ng

using a dedicated oligonucleotide microarray covering
whole genome ofBuchnera. Comparative analysis of gen
expression at specific developmental stages of the symb
including early, mid and late embryos, revealed 147 diffe
tially expressed genes, including those involved in esse
nutrient biosynthesis, across the embryo developmental gr
This suggests that the nutritional function of the symbi
varies with developmental age and that the embryos ma
least in part, be independent of the maternal tissues for
amino acids requirements, relying instead on their indivi
Buchnera complements.

doi:10.1016/j.cbpa.2007.01.488
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P1.25
Algae acquire Vitamin B12 through a symbiotic relationship
with bacteria

S. Hodson, E. Deery, M. Warren, (University of Kent, Uni
Kingdom); M. Croft, A. Smith, (University of Cambridg
United Kingdom)

Over the half the algal kingdom requires an external sourc
vitamin B12 (cobalamin) for growth, because they need it a
cofactor for vitamin B12-dependent methionine syntha
(MetH). In this respect they are more like animals than pla
which have an alternative methionine synthase (MetE) that
not use vitamin B12 as cofactor. We have made the remarka
discovery that algae can obtain their vitamin B12 through an
apparently symbiotic relationship with bacteria in return
supplying fixed carbon. Not every combination of algae
cobalamin-synthesising bacteria is successful, indicating
the relationship is specific and not merely due to fortuit
release of vitamin B12 into the medium. In order to study th
apparently symbiotic relationship we have established a m
system that is genetically tractable. We have found that the
bacterium,Mesorhizobium loti, whose genome sequence
known, and for which there are many genetic resources, is
to support the growth of the vitamin B12 auxotrophLobomonas
rostrata. We are currently investigating the genes for12

biosynthesis inM. loti and whether their regulation is affect
by algal extracts. We have identified a number of riboswitc
that appear to control translation of biosynthetic oper
Moreover, we have obtained evidence that communica
between the algae and bacteria is mediated via diffusible fa

doi:10.1016/j.cbpa.2007.01.489

P1.26
Tissue-specific expression of different carbonic anhydrase
in the chemoautotrophic symbiosisRiftia pachyptila

S. Sanchez, A. Andersen, S. Hourdez, F. Lallier, (UMR 7
CNRS-UPMC, France)
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The vestimentiferan tubewormRiftia pachyptila is probably the
most extensively studied deep-sea chemoautotrophic symb
This symbiotic interaction relies on the host's ability
assimilate inorganic molecules from the environment thro
the gill. The branchial plume plays a central role in oxyg
carbon dioxide and sulfide acquisition from the environm
The symbiotic sulfide-oxidizing bacteria are located in
specialized cells (bacteriocytes) in an internal organ c
trophosome. Carbon dioxide diffuses through the bran
plume epithelial cells where it is immediately converted
bicarbonate by a carbonic anhydrase (CA). Once nea
bacteriocytes, bicarbonate is converted back into carbon di
because it is the only species which can be incorporated d
the Calvin–Benson cycle of the bacteria. CA activity a
protein presence have already been documented in both t
in R. pachyptila. In an attempt to identify yet unknown ho
is.
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proteins involved in branchial and trophosome symbio
specific functions, we produced subtracted gill-specific
trophosome-specific cDNA libraries. Sequencing revealed
presence of a novel CA transcript in the gill-specific libr
This new CA shows only 66.8% identity in amino acids with
one previously sequenced (De Cian et al., 2003) which was
found in our trophosome-specific cDNA library. Quantificat
by PCR also revealed differential expression of these two
one being more specifically expressed in branchial plume t
and the other one in the trophosome. We are currently tryi
localize the two CAs messenger RNAs through fluorescein
situ hybridization on histological sections.
De Cian, M.-C. et al., 2003. Proteins, 51: 327–339.

doi:10.1016/j.cbpa.2007.01.490


