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How do chemosynthetic organisms form symbiotic relationships

4. Symbiosis:
any close relationship
between species.

1. Parasilism: one organism benefils (the
mosquito) while the other (the host) is harmed.

2. Mutualism: both species benefit.

3. Commensalism: one species benefits (the
egret) while the other remains unaffected.

1997; 129: 465- 476. 2005). Up to six bacterial symbolors have been identified in the ends species, with all the symbiors capable of chemiosinteis (Duperron et al. Ultrastructure of Gill and symbiotic bacteria in Codakia Orbicularis (Bivalvia, Lucinidae) zoomorphology. The symbiosis has performed a role Important in the formation of evolution and
diversity. Of eukaryotic organisms, and now it is clear that eukaryotic orglass, such as chloroplasts and mitochondria, evolved through ancient endosimbiotic events (margulis 1970). Characterization of HABITAT and Nutritional Strategies of Lucinoma Bivalve Aequizonata. 2006; 39: 63 4, = 77. The accelerated evolution and the Rachet of Muller in
endosimbiotic bacteria. Simbiosis of methylotrophic bacteria and deep sea mussels. Characteristics and reproductive strategies of bivalves of reduction of systems. The bivalves usually house their symbiones in thrilling gills typically large and conspicuous, a often they represent more than one. Third of the total weight of the soft tissue of the animal
(flashes 1998). 1998; 48: 277- "286. (Bivalvia: Lucinidae) and Thyasira Sp. [Free PMC Article] [Pubmed] [Google Scholar] Herry A, Diuris M, Pennec M. 2002, Fisher et al. The chemioutotromic symbolic genome of the Calypgagaga Magnifica. [Pubmed] [Crossref] [Google Scholar] Cavanughc, Levering Pr, Maki JS, Mitchell R, Lidstrom Me. Position
himself at the triple union of LA Y, the bivalve alternates between actively pumping the oxygenated water of the arms Superiors of the burrow through the cavity of the mantle and through the gills and when accessing the reduced sulfur compounds are disseminated from the anxic areas below and pumped through a ventral. Opening incurred In the
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(STSOH NIHTIW NEES YTISREVID CITENEG DESERCNI EHT OT GNIDAEL, NITLEENEG HCAE DETIMSNART YLLARETAL EB OT THUGUOHT ERA STNOIBMYS DINICUL EHT.) 0891 RENRUT DNA SSOB (METSYS EVITEGID EHT FO ECNAARAEPPASID LATOT, SESAC Emos Ni, DNA, SLLEC YoRoterces DNIt EvitsEgid fo ecnaraeppasid, Emulov
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2008).Thioautotrophic symbionts are the most common type in Bivalvia and are found in bathymodiolin mussels as well as solemyid, thyasirid, lucinid, and vesicomyid clams (Cavanaugh et al. (Bivalvia: Thyasiridae) from a cold seep in the Eastern Mediterranean. Aspects of the biology of a gutless species of Solemya (Bivalvia: Protobranchia) Can J
Zool. [PubMed] [Google Scholar]DeChaine EG, Bates AE, Shank TM, Cavanaugh CM. Indeed, the vertically transmitted vesicomyid symbionts have undergone dramatic genomic reductions, with the loss of many physiological capabilities (Kuwahara et al. doi:A A10.2983/0730-8000(2008)27[139:TMOBSI]2.0.CO;2. Mutational meltdown in primary
endosymbionts: selection limits Muller¢AAAs ratchet. [CrossRef] [Google Scholar]Deborde ], Anschutz P, Guerin F, Poirier D, Marty D, Boucher G, Thouzeau G, Canton M, Abril G. doi:A A10.3354/meps182137. [PubMed] [CrossRef] [Google Scholar]Fiala-MA©Adioni A, McKiness ZM, Dando PD, Boulegue JB, Mariotti AM, Alayse-Danet A, Robinson ],
Cavanaugh CM. 1996;190:195¢AAA202. [PMC free article] [PubMed] [CrossRef] [Google Scholar]Johnson MA, Fernandez C, Pergent G. 1994). [CrossRef] [Google Scholar]Bennett BA, Smith CR, Glaser B, Maybaum HL. Characterization of the population of the sulfur-oxidizing symbiont of Codakia orbicularis (Bivalvia, Lucinidae) by single-cell
analyses. [CrossRef] [Google Scholar]Riou V, Halary S, Duperron S, Bouillon S, Elskens M, Bettencourt R, Santos RS, Dehairs F, ColaA§Ao A. [PubMed] [CrossRef] [Google Scholar]Stewart FJ, Cavanaugh CM. (Bivalvia; Vesicomyidae) Malacologia. 1981; Cavanaugh 1983). doi:10.1155/2009/625672Le Pennec M, Beninger PG. Transovarial inheritance
of endosymbiotic bacteria in clams inhabiting deep-sea hydrothermal vents and cold seeps. 1997;42:318¢AAA328. 1999;182:137¢AAA147. Typical pore concentrations of reduced compounds in different habitatsHabitatSulfurMethaneReferencesHydrothermal vents3¢AAA40A Ammol/kg0.1¢AAA3.4A Ammol/kgKelley et al. Although known to occur
within several invertebrate groups, it is within the class Bivalvia that this nutritional strategy is most widespread, both phylogenetically and geographically. pp. The co-occurrence of methanotrophic and chemoautotrophic sulfur-oxidizing bacterial symbionts in a deep-sea mussel. 2007; Duperron et al. 2004;70:283¢AAA295. Experimental evidence for
filter-feeding by the hydrothermal vent mussel, Bathymodiolus thermophilus. Deep Sea Res Part 1 Oceanogr Res Pap. 2009).The functionality of the chemosynthetic symbioses relies on both the availability of substrates for chemosynthetic metabolism and the existence of particular metabolic pathways in the symbiont to utilize those substrates.
Nature. 2006; Dubilier et al. [CrossRef] [Google Scholar]Callender WR, Powell EN. Sediment cross section exposing the characteristic Y-shaped burrow dug by S. Single-cell genomics in combination with methods that allow isolation of specific cells of interest from microscopic regions of tissue/cells/organisms such as laser capture microdissection
will be particularly valuable for the characterization of novel chemosynthetic symbiosis and to identify the roles of the different bacteria within hosts harboring multiple symbionts.The recent introduction of next generation sequencing methods in microbial ecology has offered a powerful alternative to traditional clone library-based and microarray
assessments of microbial diversity. doi:A A10.1111/j.1462-2920.2006.01038.x. [PubMed] [CrossRef] [Google Scholar]Duperron S, Halary S, Lorion ], Sibuet M, Gaill F. There is a link, therefore, between geochemistry and the type of symbiosis that can colonize a particular environment (Cordes et al. Indeed, sulfur availability may define niche
differentiation at cold seeps in Monterey where Calyptogena kilmeri inhabits areas of high porewater sulfide concentrations and Calyptogena pacifica beds surround the periphery of the C. 1993), although these bacteria have been detected in other organs of the host as well (Streams et al. doi:A A10.1371/journal.pone.0004969. [CrossRef] [Google
Scholar]DeChaine EG, Cavanaugh CM. reidi and Lucinoma aequizonata) have shown evidence of nitrate respiration when under anoxic and/or oxic conditions (Hentschel and Felbeck 1995; Wilmot and Vetter 1992). 2001;412:145¢AAA149. CR Biol. ] Conchol. 1989;55:31¢AAA45. However, it is possible that the lateral transmission strategy comes with
a substantial benefit; it would allow a host, during colonization of a new habitat, to sample bacteria from that environment, thereby selecting the organisms best suited for the symbiosis given the ecological parameters present.There are numerous environments in the biosphere where the biogeochemistry favors the colonization and emergence of
chemosynthetic metabolisms. 2007;73:2101¢AAA2109. [PubMed] [CrossRef] [Google Scholar]Won Y], Hallam SJ, O'Mullan GD, Pan IL, Buck KR, Vrijenhoek RC. [CrossRef] [Google Scholar]Carney RS. The seagrass flora and fauna of Rottnest Island, Western Australia. Complete genome sequence of Candidatus Ruthia magnifica. [CrossRef] [Google
Scholar]Iglesias-Prieto R, Beltran VH, LaJeunesse TC, Reyes-Bonilla H, Thome PE. V. 2007;17(10):881¢AAA886. These changes can be interpreted as the presumed digestion of the symbiont, a process that is likely normal and ongoing at a lower rate when sulfur is readily available but accelerated when geochemical conditions are not favorable.
2009;75:3304¢AAA3313. (2010); Calleja et al. More commonly, however, a dual symbiosis is seen in the mussels with a thioautotrophic symbiont co-occurring within the same cells as a methanoautotrophic symbiont (Duperron et al. [PubMed] [CrossRef] [Google Scholar]Newton ILG, Girguis PR, Cavanaugh eht ton ro rehtehw raelcnu sniamer ti
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symbionts exclusively include Bathymodiolus japonicus, Bathymodiolus platifrons and Bathymodiolus childressi (Childress et al. 1998;95:9962¢AAA9966. [CrossRef] [Google Scholar]Fujiwara Y, Kawato M, Noda C, Kinoshita G, Yamanaka T, Fujita Y, Uematsu K, Miyazaki JI (2010) Extracellular and mixotrophic symbiosis in the whale-fall mussel
Adipicola pacifica: a trend in evolution from extra- to intracellular symbiosis. Vertically transmitted symbionts are passed down via the gametes (often intracellular). The vent and seep biota. BMC Genomics. affinis brevior from the North Fiji Basin, western Pacific. 2005;208:145¢AAA155. 2007), and these differences may influence symbiont
transcriptional response. ] Mar Biol. doi:A A10.1126/science.1102556. [PMC free article] [PubMed] [CrossRef] [Google Scholar]Oliver PG, Holmes AM. doi:A A10.2307/1542539. Experimentally induced endosymbiont loss and re- -acquirement in the hydrothermal vent bivalve Bathymodiolus azoricus. This brief review aims to provide an overview of the
diverse physiological and genetic adaptations of symbiotic chemosynthetic bacteria and their bivalve hosts.Keywords: Clams, Hydrothermal vents, Methane, Sulfur, Oxidizing bacterial symbionts, ChemoautotrophyThe term ¢AAAsymbiosis¢AAA was coined to describe associations in which different species live closely together, in relationships ranging
from mutualisms to parasitism. [Google Scholar]von Cosel R, Marshall BA. doi:A A10.3354/meps086145. It is possible that certain co-adapted intracellular symbionts with highly reduced genomes can never be cultivated in pure culture in vitro. 207¢AAA225. [Google Scholar]Williams ST, Taylor JD, Glover EA. [PubMed] [CrossRef] [Google Scholar] The
relevance of this intimacy to host function and metabolism is not currently known.Protobranch bivalves of the family Solemyidae occur ubiquitously throughout the world¢AAAs oceans (Zardus 2002). Biological communities at the Florida escarpment hydrothermal hydrothermal vent taxa. [PMC free article] [PubMed] [CrossRef] [Google Scholar]Moran
NA. 2000;126:1¢AAA16. Here we aim to review the diverse genetic and functional characteristics of chemosynthetic symbiosis in bivalves, which reflect the evolutionary ecology of both hosts and symbionts within this important invertebrate group.The unusual nutritional strategy used by these symbiotic bivalves is reflected in their atypical
morphology. 2004).Symbionts can be transmitted to the next host generation along a spectrum of transmission strategies: from strict vertical to strict lateral transmission. Biogeosciences. All work done to date suggests that the bathymodiolin symbionts are acquired from the environment (Won et al. magnifica symbiont does not (Kuwahara et al.
[CrossRef] [Google Scholar]Fisher CR, Brooks JM, Vodenichar JS, Zande JM, Childress JJ, Burke RA. [Google Scholar]Van Dover CL. A methanotrophic marine molluscan (Bivalvia, Mytilidae) symbiosis: mussels fueled by gas. 2003). doi:A 10.1038/325346a0. doi:A 10.1126/science.213.4505.340. [PubMed] [CrossRef] [Google Scholar]Dufour SC.
2003;117:31¢AAA46. (1998) Cospeciation of chemoautotrophic bacteria and deep-sea clams. [CrossRef] [Google Scholar]Boss KJ, Turner RD. magnifica¢AAAs symbiont lost the ability to utilize nitrate¢AAAthe nitrate respiration genes are now pseudogenes in this organism (Newton et al. Methane in aging hydrothermal plumes. A dual symbiosis
shared by two mussel species, Bathymodiolus azoricus and Bathymodiolus puteoserpentis (Bivalvia: Mytilidae), from hydrothermal vents along the northern Mid-Atlantic Ridge. The location of the symbionts has led to speculation about how these hosts acquire their symbionts; it is hypothesized that the symbionts are endocytosed by the epithelial gill
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particularly disadvantageous for the host. The transmission strategy utilized by a symbiosis has generally been inferred from phylogenetic evidence (lack or presence of codiversification) or the presence of bacterial DNA in the gametes of the host (Krueger et al. Currently, chemosynthetic symbioses have been reported from five distinct bivalve
families (Lucinidae, Mytilidae, Solemyidae, Thyasiridae, and Vesicomyidae). doi:A A10.1139/z80-050. ] Bact. doi:A A10.1038/nature02095. [CrossRef] [Google Scholar]Sibuet M, Olu K. 2003)Among the families of chemosymbiotic bivalves, the Thyasiridae stand out in several ways. Phylogenetic analyses places the Lucinidae symbionts in a A3A-
proteobacterial clade including Solemya and vestimentiferan tube worm symbionts (Cavanaugh et al. [CrossRef] [Google Scholar]Goffredi SK, Barry JP. Lucinid bivalves and marine angiosperms: a search for causal relationships. As eukaryotic hosts must use oxygen as a terminal electron acceptor, the retention of the nitrate reductase in the seep clam
symbionts may reduce competition for oxygen between host and symbiont (Newton et al. doi:A A10.1111/§.1462-2920.2005.01113.x. [PubMed] [CrossRef] [Google Scholar]Distel DL. Strict vertical transmission of symbionts is known to dramatically reduce genome content (Moran 2003). doi:A A10.1038/302058a0. The influence of pore-water chemistry
and physiology on the distribution of vesicomyid clams at cold seeps in Monterey Bay: implications for patterns of chemosynthetic community organization. Symbiont DNA has been extracted from the host ovarian tissue (Krueger et al. In contrast to the remarkable phylogenetic divergence of the hosts involved in these symbioses, their chemosynthetic
symbionts cluster all within a single bacterial class, the A2A-proteobacteria, on the basis of RRNA gene sequences (DISTA and CAVANAUGH 1994) (Fig. 2). Shelf on the Estuar SCI coast. The ecological importance of a chemouth symbiosis of invertebrates to the Pharonogam Seagrass beds. London: Geological Society; 2000. 1986; 233: 1306- 1308.
[Free PMC Article] [Pubmed] [Crossref] [Google Scholar] ZARDUS JD. ] Mollus Stud. 2009; Moran 1996)), as well as the impossibility of the Condiversity (evidence that is often seen in the phylogenic analyzes of the HuA © Symbiurt). The solemyid varies in size of less than 30 to more than 200 mm (Acharax Bartschii) and form symbiosis with
thioutotrophic bacterial symbiors within their gill.Soleyyids Epithelial Célulasin A ¢ A ¢ = A" YA ¢ 4, 4, Stewart 2006 (Stewart and Cavanaugh 2006) (Fig. 1) and are capable of swimming by jet propellant through the flexion of the chatter scenes with an expulsion of pulsating water through the back opening (Reid 1980). However, despite the
advantages of the independent detection methods of culture, through enrichment and the isolation of bacterial symbiociales species in pure culture, one could completely characterize the physiology of these notable notes . Doi: A, 10.1016 / 0198-0149 (91) 90084-S. 2010; 3: 163-173. DOI: A, 10.1128 / AEM.02659-08. Chimiosynthetic endosimbiosis is
a nutritional strategy that taught photositenosis in the higher plants. The implications for the differentiation of the host niche are quite clear: a host capable of occupying a genetically diverse group of symbiones adapted to localized habitats can be an advantage compared to people with status relationships. Doi: A, 10.1038 / nrmicro1992. The mutual
associations between bacteria and eukaryotes occur of a ubiquitous nature, forming the basis for key innovations and key evolutionary. (Bivalvia: MyTilidae) Environmental microbiol. Plus Of the ability of the symbiors to breathe nitrate comes from the gene sequencing of the vesicomyid clam symbiors. nineteen ninety six; 93: 2873-2878. High
performance sequencing of derived cDNA groups. derivatives from microbial communities allows analysis of the (meta)transcription profiles and may provide a molecular framework for interpreting physiochemical measurements of metabolism in chemosynthetic symbionts (Stewart et al. New York: Springer; 2005. 2007, 2008). Additional evidence
comes from the lack of congruence between host and symbiont phylogenies (DeChaine et al. 1983;302:58¢AAA61. 1996b), raising the hypothesis that the symbiont is transmitted maternally (vertically) between successive host generations via the egg (Krueger et al. Curr Opin Microbiol. Some of the most prominent examples of these symbioses are
chemosynthetic bacteria and marine invertebrates living in the absence of sunlight at deep-sea hydrothermal vents and in sediments rich in reduced sulfur compounds. Continued genetic, physiological, and evolutionary explorations promise to further increase our understanding of these remarkable symbiotic associations.Advances in single-cell
methods that combine imaging techniques with metabolic analyses, such as nanometer-scale secondary ion mass spectrometry and Raman microscopy, permit the visualization of uptake and distribution of substrates from the environment as well as measuring the rates at which substrates are acquired (Lechene et al. In laboratory-controlled
experiments, reducing the availability of sulfur to the lucinid host induced physiological and morphological changes in the symbiont. Recent phylogenetic analyses of these symbionts revealed at least nine phylogenetically distinct clades within this bacterial class, most of which were interspersed with sequences from free-living bacteria (Dubilier et al.
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individual host¢AAAs tissues. [CrossRef] [Google Scholar]Taylor JD, Glover EA. [PMC free article] [PubMed] [CrossRef] [Google Scholar]Reid RGB. Influence of CH4 and H2S availability on symbiont distribution, carbon assimilation and transfer in the dual symbiotic vent mussel Bathymodiolus azoricus. 2009;1 1:2136¢AAA2147. 2009a).At the other
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yoR nitrate (anoxic conditions). 2006) (Fig.A A2). 215¢AAA238. Each of these hosts associates with a single, unique symbiont phylotype, whose carbon fixation supports most if not all of the nutritional requirements of the adult host (Krueger et al. Scale bar equals 2.5A AcmThe family Lucinidae is by far the most disparate and species-rich of the
chemosynthetic hosts and occupies the greatest variety of habitats over a broad geographical range. doi:A A10.1016/j.ecss.2007.02.016. Bacterial endosymbioses in Solemya (Mollusca: Bivalvia)¢AAAmodel systems for studies of symbiont¢AAAhost adaptation. Many of these enigmatic mutualistic associations are found within the molluscan class
Bivalvia. Effects of long-term starvation on a host bivalve (Codakia orbicularis, Lucinidae) and its symbiont population. 2006;8:1902¢AAA1912. This evidence suggests that these symbioses have evolved multiple times, from different free-living bacterial ancestors.The genetic and genomic diversity of within-host symbiont populations has been explored
in a number of different chemosynthetic bivalves. 1992;110:39¢AAA50. 2002;71:1343¢AAA1351. The Solemyidae contains ~25 species across two genera, Acharax and Solemya. The lucinid range from a few millimeters to 150A Amm in size and harbor thioautotrophic symbionts within their gill epithelial cells (Frenkiel and Moueza 1995; Taylor and
Glover 2000). okutanii specimen for the Candidatus V. 1995;61:1630¢AAA1633. 2009a, b) opens up an interesting evolutionary scenario for their hosts¢cAAAthe loss nitrate respiration might be recouped through homologous recombination between divergent symbionts.Much remains to be learned about the biology of chemosymbiosis in bivalves.
1985;24:113¢AAA120. In some Idas and Adipicola species, the symbionts are epibiotic and are attached to the surface of the gill tissue (Southward 2008). 2004). doi:A A10.1007/BF01203726. 2009b) and that the symbiont of S. However, Stewart et al. [PubMed] [Google Scholar]Lebata MJHL. A new species of Lucinoma (Bivalvia: Lucinoidea) from the
oxygen minimum zone of the Oman margin, Arabian Sea. doi:A A10.1016/j.crvi.2008.08.003. doi:A A10.1016/j.mib.2003.08.001. The relationship between seagrass (Posidonia oceanica) decline and sulfide porewater concentration in carbonate sediments. Unexpected co-occurrence of six bacterial symbionts in the gills of the cold seep mussel Idas sp.
Molecular phylogeny of the Lucinoidea (Bivalvia): non-monophyly and separate acquisition of bacterial chemosymbiosis. The Netherlands: Springer; 2010. [PubMed] [CrossRef] [Google Scholar]Dufour SC, Felbeck H. 2003; DeChaine and Cavanaugh 2005).1t has long been observed that environmental concentrations of methane and sulfur predict the
presence of the chemosynthetic symbioses (Barry et al. Bio Bull. The observation that the primarily vertically transmitted vesicomyid symbionts are occasionally laterally transmitted (Stewart et al. Several key studies of solemyid symbioses have focused on the Atlantic species Solemya velum, which inhabits soft coastal sediments from Florida to Nova
Scotia (Vokes 1955) and its Pacific congener Solemya reidi. doi:A A10.2307/3593152. Some species are associated with cold seeps and mud volcanoes (Brissac et al. magnifica symbiont Candidatus Vesicomyosocious okutanii may reflect differences in host geochemical ecology. Similar mechanisms of niche adaptation have been suggested in other
invertebrate symbioses, for instance, corals (Iglesias-Prieto et al. These experiments suggest that in these hosts, the symbionts are reacquired from the surrounding seawater after induced loss (Kadar et al. PLoS One. [Google Scholar]Brissac T, Rodrigues CF, Gros O, Duperron S. [PubMed] [CrossRef] [Google Scholar]Newton ILG, Woyke T, Auchtung
TA, Dilly GF, Dutton R]J, Fisher MC, Fontanez KM, Lau E, Stewart F], Richardson PM, Barry KW, Saunders E, Detter JC, Wu D, Eisen JA, Cavanaugh CM. Deep-sea hydrothermal vents were the first habitats in which chemosynthesis-driven primary production was shown to fuel large animal communities (Cavanaugh et al. [PubMed] [CrossRef] [Google
Scholar]Kyuno A, Shintaku M, Fuyjita Y, Matsumoto H, Utsumi M, Watanabe H, Fujiwara Y, Miyazaki JI (2009) Dispersal and differentiation of deep-sea mussels of the genus Bathymodiolus (Mytilidae, Bathymodiolinae). The phylogenetic relationships of whale-fall vesicomyid clams based on mitochondrial COI DNA sequences. The Vesicomyidae
comprises at least 50 species occurring ubiquitously at hydrothermal vents, hydrocarbon seeps, and whale falls throughout the world¢AAAs oceans (Baco et al. 1987), but subsequently, Bathymodiolus mussels have been found to have a wide biogeographic distribution, being found globally in environments such as cold seeps and hydrothermal vents
(Dechaine and Cavanaugh 2005). doi:A A10.5194/bg-5-1681-2008. doi:A A10.1073/pnas.93.7.2873. Chemoautotrophic symbionts and translocation of fixed carbon from bacteria to host tissues in the littoral bivalve Loripes lucinalis (Lucinidae) Mar Biol. (2007)It is striking that chemosynthesis has evolved in such phylogenetically diverse bivalve
families ranging from the ancient Solemyidae, the bathymodiolin mussels to the heterodont families Thyasiridae, Lucinidae, and Vesicomyidae. (2002)Cold seeps0.57¢AAA19.43A Ammol/kg0.06¢AAA0.8A Ammol/kgKelley et al. Surprisingly, alternative isolation efforts using, e.g., diffusion chambers with minimal amounts of host tissue or co-occurring
microorganisms, or long-term incubation experiments have not yet been documented. doi:A A10.4056/sigs.1103048. 1997). Science. 1997;12:165¢AAA198. Environmental acquisition of thiotrophic endosymbionts by deep-sea mussels of the genus Bathymodiolus. Although Thyasiridae range in size from less than 1 to around 110A Amm (Conchocele
bisecta), most are less than 10A Amm. These form a sister clade to the symbionts symbionts from Bathymodiolus species, distinct from the symbiont group associated with shallow water families Lucinidae, Thyasiridae, and Solemyidae.Bathymodiolin mussels (family Mytilidae) are one of the most ecologically successful metazoans in the deep-sea; they
are ubiquitous within these habitats, colonizing hydrothermal vents and cold seeps to wood falls, whale carcase, and oil impregnated muds from oil-drilling platform (Taylor and Glover 2010; Dubilier et al. Clearly the pressure to maintain functionality of the nitrate reductase in C. The occurrence of bathymodiolin mussels in this broad range of
environments may be attributed to their nutritional flexibility; they are capable of obtaining nutrition from filter feeding (Page et al. Species-specific variation in sulfide physiology between closely related Vesicomyid clams. doi:A 10.3354/meps225227. Sulfur and/or methane-oxidizing bacteria housed in their gill bacteriocytes cells have been reported
for all studied species of bathymodiolins. doi:A 10.1111/j.1462-2920.2007.01465.x. [PubMed] [CrossRef] [Google Scholar]Duperron S, Lorion J, Samadi S, Gros O, Gaill F. The diversity of the population found within the host has the potential to affect host physiology, evolutionary adaptability, and define host niche. [CrossRef] [Google
Scholar]Roeselers G, Newton ILG, Woyke T, Auchtung TA, Dilly GF, Dutton R], Fisher MC, Fontanez KM, Lau E, Stewart F], Richardson PM, Barry KW, Saunders E, Detter JC, Wu D, Eisen JA, Cavanaugh CM. 2000:;208:147¢AAA155. As mentioned earlier, the C. A vertical transmission strategy has been suggested for the Solemyidae and Vesicomyidae,
based on phylogenetic and microscopic evidence. 227¢AAA249. R. 2006;90:343¢AAA360. The ability to utilize an alternative electron acceptor is a potentially significant trait for these symbioses as the environments in which they reside are often anoxic; indeed, the animals often bridge the oxic/anoxic interface FO SISAB RALUCELOM .RES RGORPO
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