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How	do	chemosynthetic	organisms	form	symbiotic	relationships

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	â,	¬	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
mantle.	NAT	rev	microbiol.	Characterization	of	bacterial	symbiosis	in	Myrtea	sp.	Curr	Biol.	Doi:	Ã,	10.1126	/	science.226.4677.965.	.sacim³Ãtana	.sacim³Ãtana	senoicatpada	selapicnirp	saL	.3401	-5301	:141	;2002	.rgonaecO	dutS	poT	2	etraP	.sadnuforp	sauga	ed	alporuatseR	.loiB	raM	.)8991	.ATCA	mihcomsoC	mihcoeG	.sovlavib	]	dembup	[	Loib	B	Dnol
with	R	Corp.765â	"â	€	¢	715:	54;	8991	.4341"	â	€	Ã	¢	8241:	703;	5002	.LA	TE	ORAC	(STSOH	ESHT	NI	EES	EW	STNOIBMYS	FO	YTISREVID	TAERG	EHT	NI	GNITANIMLUC,	noissimsnart	LARETAL	hguorht	tnoibmys	rieht	niag	ot	thguoht	era	smalc	dinicul	dna	slessum	niloidomyhtab	ehT	.)2991	.C	eht	ni	yawhtap	eht	fo	noitneter	dna	acifingam	aihtuR
sutadidnaC	tnoibmys	acificap	.puorg	siht	ni	ecnatirehni	lanretam	aiv	srucco	noitisiuqca	tnoibmys	taht	sisehtopyh	eht	gnitroppus	)7002	.stnev	nobracordyh	ocixeM	-Fo-flug	TA	seitinummoc	citehtnysomehc	rof	ygolana	sisao	eht	fo	noitaredisnoc	.srotide,	and	tdnarbekcats,	hk	refielhcs,	and	grebnesor,	s	woklaf,	m	nikrowd:	ni	.ttel	ICS	Tenalp	Htrae	.Segdir
cinaeco	ta	ytivitca	citamgam	ot	deknil	tsurc	eht	ni	challa	WAES	FOO	NOITALUCRIC	NEVIRD	YLLAMREHTOOG	MORF	TLUSER	STNEV	LAMREHTORDYH	.243	"â	€	Ã	¢	043:	312;	1891	.an	Narom]	RaloHCs	Elgoog	[]	Ferssorc	[.LA	TE	NOW;	5002	.581023spem	/	4533.01.	Ã,:	iod	.res	GORP	look	.gral	RAM	S	norrepud]	ralohcs	elgoog	[.LA	TE	SMAILIW
(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
Elubut	Evitsegid	Ni	NoitCuder,	Cas	Elyts	DNA	Elyts	Enillatsyrc	Fo	Ecnaraeppasid,	Emulov	HCamots	Ni	NoitCuder,	Enitsetni	Fo	Emulov	Dna	Htgnel	Ni	NoitCuder,	Splap	Laibal	FO	NoitCuder	[Google	Scholar]Lechene	CP,	Luyten	Y,	McMahon	G,	Distel	DL.	doi:​Ã	Â10.1126/science.1138438.	Comp	Biochem	Physiol	A	Mol	Integr	Physiol.
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:​Ã	Â10.2983/0730-8000(2008)27[139:TMOBSI]2.0.CO;2.	Mutational	meltdown	in	primary
endosymbionts:	selection	limits	Muller¢Ã​Â​Âs	ratchet.	[CrossRef]	[Google	Scholar]Deborde	J,	Anschutz	P,	Guerin	F,	Poirier	D,	Marty	D,	Boucher	G,	Thouzeau	G,	Canton	M,	Abril	G.	doi:​Ã	Â10.3354/meps182137.	[PubMed]	[CrossRef]	[Google	Scholar]Fiala-M​Ã©Âdioni	A,	McKiness	ZM,	Dando	PD,	Boulegue	JB,	Mariotti	AM,	Alayse-Danet	A,	Robinson	J,
Cavanaugh	CM.	1996;190:195¢Ã​Â​Â202.	[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,	Cola​Ã§Âo	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¢Ã​Â​Â328.	1999;182:137¢Ã​Â​Â147.	Typical	pore	concentrations	of	reduced	compounds	in	different	habitatsHabitatSulfurMethaneReferencesHydrothermal	vents3¢Ã​Â​Â40​Ã	Âmmol/kg0.1¢Ã​Â​Â3.4​Ã	Âmmol/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¢Ã​Â​Â295.	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:​Ã	Â10.1111/j.1462-2920.2006.01038.x.	[PubMed]	[CrossRef]	[Google	Scholar]Duperron	S,	Halary	S,	Lorion	J,	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:​Ã	Â10.1371/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¢Ã​Â​Â149.	CR	Biol.	J	Conchol.	1989;55:31¢Ã​Â​Â45.	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¢Ã​Â​Â2109.	[PubMed]	[CrossRef]	[Google	Scholar]Won	YJ,	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¢Ã​Â​Â886.	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¢Ã​Â​Â3313.	(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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al	euq	sartneim	,lanoicnuf	asatcuder	otartin	anu	eneit	,tnoibmyS	iremliK	.la	te	hguanavaC(	deps©Ãuh	led	n³Ãicirtun	al	ed	,sodot	on	is	,laicnatsus	n³Ãiccarf	anu	netimda	setnoibmis	soL	.A	S	U	ICS	dacA	ltaN	corP	.salul©Ãc	sus	ed	ortned	setnadixo	onatem	y	erfuza	ed	setnoibmis	o	dadilauc	ay	,ragrebla	arap	sodiconoc	sovlavib	sisoibmis	socinºÃ	sol	nos
suloidomyhtaB	ed	oren©Ãg	led	sorbmeim	soL	.etneibma	oidem	le	rop	sodanoiccaer	o	somsinagro	sol	ed	ralulecartni	anicsip	al	ed	sodalboper	noreuf	2008;	10:	433-445.	DOI:	Ã,	10.3354	/	MEPS055031.	Cytolagic	observations	support	a	lateral	transmission	strategy	for	these	mussels.	1996b).	1992;	182:	444-	453.	Veil.	Mussels	who	harbor	house
symbionts	exclusively	include	Bathymodiolus	japonicus,	Bathymodiolus	platifrons	and	Bathymodiolus	childressi	(Childress	et	al.	1998;95:9962¢Ã​Â​Â9966.	[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¢Ã​Â​Â155.	2007),	and	these	differences	may	influence	symbiont
transcriptional	response.	J	Mar	Biol.	doi:​Ã	Â10.1126/science.1102556.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Oliver	PG,	Holmes	AM.	doi:​Ã	Â10.2307/1542539.	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	¢Ã​Â​Âsymbiosis¢Ã​Â​Â	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:​Ã	Â10.3354/meps086145.	It	is	possible	that	certain	co-adapted	intracellular	symbionts	with	highly	reduced	genomes	can	never	be	cultivated	in	pure	culture	in	vitro.	207¢Ã​Â​Â225.	[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¢Ã​Â​Âs	oceans	(Zardus	2002).	Biological	communities	at	the	Florida	escarpment	hydrothermal	hydrothermal	vent	taxa.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Moran
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lagoon	(Arcachon	Bay,	France)	Estuar	Coast	Shelf	Sci.	Oxygen-	and	nitrogen-dependent	sulfur	metabolism	in	the	thiotrophic	clam	Solemya	reidi.	(2005);	Cowen	et	al.	These	symbioses	are	therefore	considered	useful	models	for	studying	bacteria¢Ã​Â​Âeukaryote	coevolution.	1989;101:305¢Ã​Â​Â312.	[CrossRef]	[Google	Scholar]Krueger	DM,	Gustafson
RG,	Cavanaugh	CM.	Biol	Bull.	pacifica,	is	physiologically	better	equipped	for	the	uptake	and	transport	of	sulfide	(Goffredi	and	Barry	2002).The	loss	of	genes	encoding	the	synthesis	of	dissimilatory	nitrate	reductase	in	the	C.	2010;89:256¢Ã​Â​Â266.	1994;14:149¢Ã​Â​Â159.	doi:​Ã	Â10.1016/S0016-7037(02)00975-4.	2006).	However,	recent	analyses	suggest
that	vesicomyid	bivalves	are	not	strictly	maternally	transmitted	(Stewart	et	al.	A	serpentinite-hosted	ecosystem:	the	Lost	City	Elliog	[]	Fersocr	[.Slacime	wow	is,	8.991	.793331	.79333333333	.793331	.793331	.79333.	fo	noitubirtsid	lacitrev	eht	nialpxe	stnoibmys	lagla	tnereffiD	.)1Â	Ã​elbaT(	sesoibmys	eht	ot	elbaliava	stneirtun	fo	secruos	dna
sdnuopmoc	decuder	ralucitrap	fo	snoitartnecnoc	eht	ot	sdrager	ni	reffid	yeht	,msilobatem	citehtnysomehc	rof	yrassecen	yrtsimehcoegoib	eht	sedivorp	stnemnorivne	eseht	fo	hcae	hguohtla	,woleb	snoissucsid	ruo	ot	tnaveleR	.)0102	.la	te	arawijuF	;6891	.ytisrevidoib	pees	no	ytienegoreteh	tatibah	cinegoib	dna	,lacimehcoeg	,lacigoloeg	fo	ecneulfni	ehT
.LD	deeR	,RH	giarB	,AM	ittoreP	,EJ	thgiL	,MJ	nellA.detiderc	era	ecruos	dna	)s(	Rohna	Lanigro	EHT	DIDIVORP,	MUIDEM	YNO	NOITUMO	LEMEMUCLOB	EHHTUCLOC	EHHTUCRITEY	LEELUBIRDSED	SACHORHING	SIST.RG	ot	)OWN(	hcraeseR	cifitneicS	rof	noitasinagrO	sdnalrehteN	eht	morf	tnarg	nocibuR	a	yb	dednuf	saw	krow	sihT.noitagitsevni
etauqeda	evresed	segats	latnemnorivne	laropmet	fo	sngis	wohs	taht	stnoibmys	citehtnysomehc	esoht	gnitegrat	seigetarts	gnirutluc	levon	,revewoH	.la	te	reilibuD(	stnoibmys	citehtnysomehc	morf	noitirtun	gniviecer	ot	Noididda	some)	1991	.bj	yrbretaw,	WM	HCOJ,	LSSERS.	dloc	aes-peed	fo	ecnedneped	diulf	dna	ytisrevidoib	,yhpargoegoiB	.la	te
trawetS	;9002	hguanavaC	dna	trawetS(	snoitalupop	suonegomoh	demuserp	eseht	nihtiw	derevocsid	neeb	sah	ytisrevid	citeneg	citpyrc	,sesoibmys	dettimsnart	yllacitrev	yliramirp	nihtiw	neve	tub	,)6002	.393Â​Â​Ã¢	683:85;0891	.naecO	cificaP	tsaehtron	peed	eht	ni	senob	elahw	no	egalbmessa	cihportotuaomehc	a	fo	erutcurts	ytinummoc	lanuaF
.531Â​Â​Ã¢701	.dleif	CK,	Hecker	B,	Commeau	R,	Freeman-Lynde	RP,	Neumann	C,	Corso	WP,	Golubic	S,	Hook	JE,	Sikes	E,	Curray	J.	1987;325:346¢Ã​Â​Â348.	Ultrastructural,	biochemical,	and	immunological	characterization	of	two	populations	of	the	mytilid	mussel	Bathymodiolus	azoricus	from	the	Mid-Atlantic	Ridge:	evidence	for	a	dual	symbiosis.	The
giant	white	clam	from	the	Galapagos	Rift,	Calyptogena	magnifica	n.	Off-axis	symbiosis	found:	characterization	and	biogeography	of	bacterial	symbionts	of	Bathymodiolus	mussels	from	Lost	City	hydrothermal	vents.	doi:​Ã	Â10.4319/lo.1997.42.2.0318.	Perth:	Western	Australian	Museum;	1999.	Independent	phylogenetic	origins	of	methanotrophic	and
chemoautotrophic	bacterial	endosymbioses	in	marine	bivalves.	[CrossRef]	[Google	Scholar]Kelley	DS,	Karson	JA,	Blackman	DK,	Fr​Ã¼Âh-Green	GL,	Butterfield	DA,	Lilley	MD,	Olson	EJ,	Schrenk	MO,	Roe	KK,	Lebon	GT,	Rivizzigno	P,	and	the	AT3¢Ã​Â​Â60	Shipboard	Party	An	off-axis	hydrothermal	vent	field	near	the	Mid-Atlantic	Ridge	at	30​Ã°ÂN.
Geological	Society	Special	Publications.	Oxygen,	sulphide	and	nutrient	uptake	of	the	mangrove	mud	clam	Anodontia	edentula	(Family:	Lucinidae)	Mar	Pollut	Bull.	The	vesicomyid	hosts	found	at	Sagami	Bay	protrude	their	feet	deep	within	the	sediment	to	access	sulfide	and	may	spend	the	majority	of	their	time	in	anoxic	conditions,	where	nitrate	may	be
the	more	abundant	oxidant	(Masuzawa	et	al.	[PMC	free	article]	[PubMed]	[CrossRef]	[Google	Scholar]Baco	AR,	Smith	CR,	Peek	AS,	Roderick	GK,	Vrijenhoek	RC.	2009a,	b;	Dechaine	et	al.	2008;5:1681¢Ã​Â​Â1691.	This	group	may	therefore	be	representative	of	early	stages	in	the	evolution	of	chemosynthetic	bacterium¢Ã​Â​Âbivalve	symbioses.In	order	to
continue	to	propagate	these	symbioses,	each	generation	the	host	animals	must	be	inoculated	with	the	bacterial	symbiont	at	some	point	during	the	life	cycle,	referred	to	as	the	transmission	strategy	for	that	organism.	Hosts	have	adapted	in	a	variety	of	ways	to	provide	their	symbionts	Eht	Ot	Mmâ	Ã5	ni	Egnar	Yeht	.38.3.07	/	SULTOM	/	3901.0165â	Ã,
3991	.La	Trafets	(Stsoh	Neepteb	Sreefsnart	Latnoroh	Fo	Slangis	erar	EHT	NIALPXE	DLUAL	STNIBMYS	EHT	FO	MROF	GNIVIL	ERT	A	FO	ECNETSION	EHT,	SseLehtoPSUS.)	6002	KceBLePotyHP	No	gnideef	etalucitrap	OT	NAC	TAHT	Smalc	Dinicul	DNA	Dirisayht	Era	Meht	Gnoma	.Suneg	Wen	A	Fo	NoSalaez	Wen	Fo	Dnaini	HTRAs	Evral	Fo	Seiceps
Wen	Owt	.LA	te	Arahawuk;	7002	.HC	retxaB	,ER	ravehcoK	,PJ	yrraB]ralohcS	elgooG[	.stnemnorivne	citehtnysomehc	morf	slessum	fo	segats	yrotsih-efil	ni	snoitalupop	tnoibmys	fo	noitaziretcarahC	.iinatuko	anegotpylaC	,malc	aes-peed	a	ni	tnoibmys	ralullecartni	cihportotuaoiht	eht	fo	emoneg	decudeR	.negyxo	ralucelom	dna	sdnuopmoc	decuder	Fo
Ytilibaliava	SuenErnlumis	EHT	YB	Deifinu	Ehtis	ESEHT	.1753,	SeLehts	OTDAVIB	(AIrtNavib	(AVINAVIZ	WIN,	EGDIR	CEDAMRARE	EHT	NEW	LAMREHTORDYH	a	morf	evlavib	dinicul	wen	a	,atpinoiht	alleirtsuayhtaB	.locE	loiB	raM	pxE	J	.negyxo	yb	detaluger	ton	si	atanoziuqea	amonicuL	evlavib	eht	fo	stnoibmys	cihportotuaomehc	ni	noitaripser
etartiN	.)0002	revoD	naV(	sesoibmys	eseht	fo	ecneserp	eht	gninimreted	ni	elbairav	tnatropmi	na	si	tnemnorivne	lacimehcoeg	rieht	ni	)negyxo	sa	hcus	rotpecca	nortcele	lanimret	a	sa	llew	sa(	ruflus	fo	ytilibaliava	eht	,stnoibmys	cihportotuaoiht	gnirobrah	sevlavib	roF.sesoibmys	eseht	fo	ecnadnuba	dna	noitazilacol	eht	gninimreted	krowemarf	lacigoloce
yna	etanimod	ot	ylekil	era	snoitartnecnoc	latnemnorivne	tub	,)3002	kcebleF	dna	ruofuD(	Sevlavib	Dirisayht	Ni	Ruflus	HcAer	Ot	Toof	Eht	Fo	Noisnetxe	Laroivaheb	EHT,	Elpmaxe	ROF	(setartsbus	Laitnesse	ESEHT	laiborcim	nevig	a	ni	stnairav	citeneg	tnatropmi	yllanoitcnuf	yllaitnetop	tub	erar	tceted	ot	ytiliba	eht	edutingam	fo	sredro	yb	esaercni	nac
eno	,atad	ecneuqes	fo	bGÂ	Ã​1>	etareneg	nac	nur	elgnis	a	,gnicneuqesoryp	nocilpma	dedocrab	gnisU	.sesoibmys	citehtnysomehc	eniraM	.)7002	.982Â	​Â​Ã¢772:41;3991	.B	dna	roiverb	suloidomyhtaB	slessum	tnev	lamrehtordyh	eht	fo	noitisopmoc	epotosi	nobrac	elbats	dna	erutcurtsartlU	.rotpecca	nortcele	lanimret	a	ot	ssecca	deen	stnoibmys	eht
,noitcnuf	ot	sesoibmys	citehtnysomehc	eht	rof	redro	nI.stnemnorivne	llafdoow	dna	,	pees	,tnev	gnizinoloc	ni	egatnavda	tnacifingis	a	eb	yam	ecruos	ygrene	na	sa	etartsbus	decuder	rehtie	ezilitu	dna	stnoibmys	fo	sdnik	htob	robrah	ot	slessum	suloidomyhtaB	eht	fo	ytiliba	ehT	.la	te	lluaP(	spees	dloc	ta	derevocsid	erew	seitinummoc	ralimis	,anuaf	tnev
lamrehtordyh	eht	fo	yrevocsid	EHT	RETFA	SRAEY	WEF	A	.SNOITIDNOC	CIXOPYH	REDNU	NOITARIPSER	NWO	STI	ROF	NEGYXO	ELBALIAVA	EMUSNOC	OT	YLEKIL	SI,	ROTPECCA	NORTCELE	LANIMRET	A	SA	ETARTIN	ezilitu	ot	elbanu,	lamina	tsoh	eht	.la	te	yrrab;)	1002	(.9-3090-200-72200s	/	7001.01Â	Ã,:	iod	.781561spem	/	4533.01Â	Ã,:	iod
.885â	"â	€	¢	¢	385:	37;	7002	.setoyrakorp	eht	.3-21024)	20	(1882-5600S	/	6101.01Â	Ã,:	iod	.la	te	yrac	(Senoz	Muminim	Negyxo,	4991	Yenrac;	7991	LLEWOP	DNA	Rednellac;	0102.	.S	sa	hcus(	sevlavib	citehtnysomehc	emoS	.ehcin	ralucitrap	a	rof	dezilaiceps	tseb	snoitaicossa	rof	tceles	yam	secnereffid	lacimehcoeg	esehT	.)9002	hguanavaC	dna	trawetS
,a9002	.)9002	.023Â​Â​Ã¢113:241;3002	.sisehtnysomehc	gnissenrah	fo	tra	eht	:slamina	eniram	ni	ytisrevid	citoibmyS	.lessum	pees	nobracordyh	a	ni	enahtem	morf	detaroprocni	nobrac	fo	etaf	dna	noitacol	tnoibmys	cihportonahteM	.JF	trawetS	,GLI	notweN	,PZ	sseniKcM	,MC	hguanavaC]ralohcS	elgooG[	]feRssorC[	.la	te	yrraB(	rewol	era	snoitartnecnoc
EDIFLUS	EREHW	ENOZ	IREMLIK	.520.21.4002.BMEJ.J	/	6101.01Â	Ã,:	iod	.mmÂ	Ã,082	ot	Pu	Shtgnel	LLEHS	HCAER	TAHT	SPEE	DNA	STNEV	MORF	SEICEPS	EGRAL	,C	aroM	,J	norelaG	,RM	ahnuC	,	EE	SEDROC	]ralohcS	elgooG[	]feRssorC[	]deMbuP[	.la	te	trawetS(	etnemlacitrev	soditimsnart	setnoibmis	ne	sodavresbo	sol	noc	atsartnoc	euq	amoneg
nu	eneit	muleV	.la	te	radaK(	suciroza	suloidomyhtaB	ne	³Ãvresbo	es	setnoibmis	ed	n³Ãicisiuqcaer	al	,etnemlatnemirepxe	adicudni	tnoibmis	ed	adidr©Ãp	al	ed	s©ÃupseD	.arretalgnI	aveuN	ed	rus	led	atsoc	al	ed	ogral	ol	a	muleV	aymeloS	ed	socit©Ãtnisoimiuq	socitn³Ãbmisodne	ed	acit©Ãneg	n³ÃisividbuS	.047	-527	:6	;8002	.la	te	hguanavaC(
airetcaboetorp-³Î	ed	odalc	nu	a	necenetrep	euq	nartseum	sodarapes	etnemailpma	statib¡Ãh	ed	eadiymociseV	ed	seicepse	sasrevid	ed	setnoibmis	ed	seralucelocam	sisil¡Ãna	soL	.TiruIbmyS	ed	n³ÃicisiuqdA	l	laretal	al	ed	socid³Ãirep	sotneve	noc	anretam	etnemetnanimoderp	n³Ãisimsnart	anu	rop	adaziretcarac	etnoibmis	n³Ãisimsnart	ed	otxim	odom	nu
nereigus	euq	selairdnocotim	senegolif	deps©Ãuh	y	sodatcenocsed	stnUibmyS	ed	sadavresbo	saicnatsni	)B	,a9002(	.C	al	.C	euq	ereigus	sovitarapmoc	socim³Ãneg	sisil¡Ãna	sol	ed	aicnedive	aL	.)b9002	.la	te	reilibuD(	)dirisayht	ed	sajemla	sal	ne	omoc(	deps©Ãuh	aiuqnarb	al	ed	otnemalifus	led	odijet	led	ortned	etnemralulecartxe	o	)sacid​Ãnicul	sajemla	y
diymociseV	le	y	aniloidomitab	ed	senollijem	sol	ne	omoc(	soticoiretcab	sadamall	sadazilaicepse	saiuqnarb	ed	salul©Ãc	ed	ortned	etnemralulecartni	najola	n¡Ãtse	es	euq	setnoibmis	sanugla	noc	sedadimitni	ed	amag	anu	nartseum	euq	ay	,satoiracue	senoiccaretni	sal	,sairetcab	sal	ed	n³Ãiculove	al	raidutse	arap	soledom	ed	sametsis	setnelecxe	nos
aivlavib	sal	ed	ortned	socit©Ãtnisoimiuq	sesoibmis	sol	,ograbme	niS	.3671	-7571	:172	;4002	.la	te	oraC(	)siralucibrO	aikamalC	al	ne	omoc(	onairetcab	o±Ãamat	le	y	ocit³Ãbmis	amoneg	led	oremºÃn	la	otcepser	noc	somsifromilop	ravresbo	edeup	es	,airamirp	anairetcab	acit³Ãbmis	oibmis	alos	anu	econoc	es	ednod	sisoibmis	ne	,olpmeje	roP	.815	-215	:6
;3002	.seralulecartni	sacit©Ãtnisoimiuq	sajemla	ed	setnoibmis	ne	agol³Ãmoh	n³Ãicanibmocer	ed	aicnedivE	.aluc©Ãlom	.aluc©Ãlom	anu	o	)sacixxo	senoicidnoc(	oneg​ÃxO	a	odanoD	res	nedeup	sodicuder	sotartsus	sotse	ed	senortcele	sol	,onatem	o	erfuza	ed	n³Ãicadixo	al	ed	osecorp	le	nE	.lovE	loib	loM	.al	niveL	,A	lesuernaV	,S	reveaG	naV	,M	teubiS	,K
yoR	nitrate	(anoxic	conditions).	2006)	(Fig.​Ã	Â2).	215¢Ã​Â​Â238.	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	2.5​Ã	ÂcmThe	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:​Ã	Â10.1016/j.ecss.2007.02.016.	Bacterial	endosymbioses	in	Solemya	(Mollusca:	Bivalvia)¢Ã​Â​Âmodel	systems	for	studies	of	symbiont¢Ã​Â​Âhost	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¢Ã​Â​Â1912.	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¢Ã​Â​Â50.	2002;71:1343¢Ã​Â​Â1351.	The	Solemyidae	contains	~25	species	across	two	genera,	Acharax	and	Solemya.	The	lucinid	range	from	a	few	millimeters	to	150​Ã	Âmm	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¢Ã​Â​Â1633.	2009a,	b)	opens	up	an	interesting	evolutionary	scenario	for	their	hosts¢Ã​Â​Âthe	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¢Ã​Â​Â120.	In	some	Idas	and	Adipicola	species,	the	symbionts	are	epibiotic	and	are	attached	to	the	surface	of	the	gill	tissue	(Southward	2008).	2004).	doi:​Ã	Â10.1007/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:​Ã	Â10.1016/j.crvi.2008.08.003.	doi:​Ã	Â10.1016/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).It	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:​Ã	Â10.2307/3593152.	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	RJ,	Fisher	MC,	Fontanez	KM,	Lau	E,	Stewart	FJ,	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,	Fujita	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¢Ã​Â​Âs	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:​Ã	Â10.5194/bg-5-1681-2008.	doi:​Ã	Â10.1073/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¢Ã​Â​Â19.43​Ã	Âmmol/kg0.06¢Ã​Â​Â0.8​Ã	Âmmol/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:​Ã	Â10.4056/sigs.1103048.	1997).	Science.	1997;12:165¢Ã​Â​Â198.	Environmental	acquisition	of	thiotrophic	endosymbionts	by	deep-sea	mussels	of	the	genus	Bathymodiolus.	Although	Thyasiridae	range	in	size	from	less	than	1	to	around	110​Ã	Âmm	(Conchocele
bisecta),	most	are	less	than	10​Ã	Âmm.	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:​Ã	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:​Ã	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	RJ,	Fisher	MC,	Fontanez	KM,	Lau	E,	Stewart	FJ,	Richardson	PM,	Barry	KW,	Saunders	E,	Detter	JC,	Wu	D,	Eisen	JA,	Cavanaugh	CM.	2000;208:147¢Ã​Â​Â155.	As	mentioned	earlier,	the	C.	A	vertical	transmission	strategy	has	been	suggested	for	the	Solemyidae	and	Vesicomyidae,
based	on	phylogenetic	and	microscopic	evidence.	227¢Ã​Â​Â249.	R.	2006;90:343¢Ã​Â​Â360.	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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