Siboglinidae — npeacrasutenu
BOCCTAHOBUTE/IbHbIX COOOLLLECTB

Hapexxaa HukonaeBHa
Pumckana-KopcakoBa
Kadepgpa 300n0rmm 6ecno3BoHOYHbIX



Hctopus nzyuenus CHOOTIIMHU

[IIar 1. OTkpbITHE TOTOHO(DOP

B 1899-1900 BO BpeMs SKCHEAUIIMA JATCKOTO
cyaHa «Cuooray moj mpeIBOAUTEIILCTBOM
Makca Yunssima Kapna BedOepa, nipu
IIOMOIIM TJTyOOKOBOJIHOM JIparv BIEPBbBIC
ObLI MOAHAT HA MOBEPXHOCTH MPEICTABUTED
IIOrOHO(DOP.



HcTopus nzydennss CuOOITIMHU

mar 1. OTkpeITHE TOrOHO(MOP

o Ilepssrii Bma — Siboglinum
weberi Obu1 onMcaH u
M3yueH (paHIly3CKUM
ucciengonareiem Mopucom
Komnepu B 1914 rony.

« HoBprIif opranusm ObLT OTHECEH K
camocTosITelbHOMY cemericTBy Siboglinidae.

N3uaganpHO Komtepn 3atpyaHsiics onpeacanTh
dunorenernueckoe poactao Siboglinum u
JIAIIE MO3HEE BHICKA3bIBAJI MHEHHUE O
COJIMOKEHUH C TTOJTYXODIOBBIMHU



HcTopus nzydeHuss CUOOITIMHUT
mar 1. Otkpeitre noronopop. CCCP

Btopon Buag noroHodop - Lamellisabella
zachsi - 6bin obHapyxeH B 1932 . B
OxoTckom MOpe. [mapobunonor
[1.B.YwakoB, OTHecC ero K Kornb4aTbiM
yepBAM (Nonuxetam), TMOMECTMB B
cemencteo (Sabellidae) (Uschakov,
1933)

=

IoXaHCCOH Bblaenun eMHCTBEHHbIN BUL
(Lamellisabella zachsi) B HoBbIV Kflacc
Pogonophora, KkoTopbln cbnmaun ¢ BecbMa
cBoeobpasHbiMU (POpOHMAAMU
(Johansson, 1937, 1933)

beknemuwes (Beklemishev, 1964),
NPOaHaN3MPOBan UMEIOLLMECA JaHHbIe,
npeanoXun paHr Tmna ana Pogonophora u
paccmaTpuBan ero cpeam BTOPUYHOPOTbIX



A.B.lBanoB (1906-1992)

Onwucan okosio 70 HOBBIX BHJIOB ITOrOHOMOP.

ABTOp MoHOrpaduu 1o noronodopam. [lepsbiii
noAPOOHO U3YYHUJI U ONKCATl MOP(OJIOTHIO,
aHATOMHIO U AMOPHOHAIBLHOE Pa3BUTHE ITOTOHOMOD.
CTOPOHHUK JIEUTEPOCTOMHOMN KOHIIEIIIUN
IPOUCXOKICHUS TOTOHO(OP.



Hctopus nzyuenuss CuOONIMHNA
mar 2. OtkpeiTue Bectumentudep

[lepBble BUObl OMUCAHHbIX
BECTUMEHTUEP — obuTartenu
XONOAHOBOAHbLIX CUMOB

© Charles Fisher

Lamellibrachia luymesi Land, Norrevang,
Lamellibrachia barhami Webb, 1969 1975
Tvn Pogonophora
Knacc Afrenulata
OTp Vestimentifera
Knacc Frenulata

Tun Annelida
Knacc Vestimentifera
Knacc Pogonophora
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HcTopus uzydyeHus

Cubormmumn g

mar 3. OTKpBITHE THAPOTEPMATIBbHBIX 0a3UCOB
['ananarocckoro pudgra, 1976



HcTopus uzydyeHus
CubormmHung

mar 3.

OTKpBITHE BECTUMEHTUDED
THJIPOTEPMAJIbHBIX 0a31COB

1978,1979 norpyxeHuna Ha 21rp BT
[[OA “Cyana’, “Alvin”
«YepHble N Bernble KypUnbLLUKNY






Hctopus nzydyeHus
CuoornmuHug

mar 3. OTKpbITHE
BECTUMEHTH(ED C
TUJIPOTEPMATIBHBIX 0A3UCOB

- B 1980-1985 rox Mepenut J[>)x0HC onrcant
CEeMb BHIOB T'HIPOTEPMATbHBIX
BeCTUMEHTU(EP

-O0HapyXeHa CerMEHTUPOBAaHHAS
OIMMCTOCOMA

-Onucana camasi U3BECTHAA
BecTUMeHTH(epa ruranrckas Riftia
pachyptilla. Crauana BeIEICHA B
OTJICIbHOE CEMEMCTBO, 3aTEM B OTJCIbHBIN
KJ1acc



Cuctema npeanoxeHHas xoHcom B 1985 roay

Phylum VESTIMENTIFERA
Class Axonobranchia
Order Riftiida

Family Riftiidae Jones 1980
Genus Riftia Jones 1980
Riftia pachyptila Jones 1980

Class Basibranchia

Order Lamellibrachiida
Family Lamellibrachiidae Webb 1969
Genus Lamellibachia Webb 1969
Lamellibrachia barhami Webb 1969
Lamellibrachia luymesi Land and Norrevang 1975
Family Escarpiidae Jones 1985
Genus Escarpia Jones 1985
Escarpia spicata Jones 1980
Escarpia laminata Jones 1980

Order Tevniida Jones 1985

Family Tevniidae Jones 1985
Genus Tevnia Jones 1985
Tevnia jerichonana Jones 1985
Genus Oasisia Jones 1985
Oasisia alvinae Jones 1985
Family Ridgeidae Jones 1985
Genus Ridgeia Jones 1985
Ridgeia piscesae Jones 1985
Ridgeia phaeophiale Jones 1985



Circulatory systems of tentacles

Jones, 1985

« (lass Axonobrachia  (Class Basibranchia
 With only R.pachyptila - All other vestimentiferans



02, CO2,
H2

Tpodocoma — TKaHb
cozep kaias
SHIOCUMOMOTHUUYECKHUE
bakTepun

CooTHouweHwue 3C/ 12C B mbiwUax 1 TPohoCcoOMe OANHAKOBO - BAKTEPUN UK UX
MeTabonunTbl — UcTouHUK nuwm (1980-bie, , Cavanaugh et al., 1981; Felbeck, 1981)









VESTIMENTIFERA

-20 BngoB
-BectTumeHTYM(HeEceT WwynanbUeBblA annaparT), TY/IOBULLLE, CEITMEHTbI
OMNMUCTOCOMBI



buroron #1

I'maporepMasibHbIE HCTOYHHUKH



on the side of the
shipwreck ‘Catania’ at 490 m depth, some wooden
Hydrothermal(Rittfres and was transporting cotton balls and oil seeds
Courtesy of Labor(%(gﬁ%i)g%%izmyed Submersible, Shirshov Institute of

Cold seeps

Colony of L. satsuma attached on a whale bone in an aquarium
(Miyamoto et al 2013)



Vestimentifera
94(96) Alaysia? sp. Al
92

99(85) —_CAIH'“'&? sp. A2 Alaysiidae?

100(100) .
Alaysia? sp. A3
J- Alaysia? sp. A4
Arcovestia ivanovi Arcovestiidae
I Riftia pachyptila Riftiidae
Tevnia jerichonana .
iy . ITevnndae
T 4 — Oasisia alvinae
L Ridgeia piscesae Ridgeiidae

Lamellibrachia sp. L7
Lamellibrachia satsuma
Lamellibrachia barhami

98 Lamellibrachia sp. L6
1 9 88 .
geiee) 78 (—ELamelubracb:a sp. L4 Lamellibrachiidae
Lamellibrachia sp. L5
Lamellibrachia sp. L1

I-Lamellibracbia sp. L2
l00(100)'{14‘11mellibr.qclhia columna

Paraescarpia sp.

71

Vestimentifera

78

Seepiophila jonesi
99(96) : -
Escarpia sp. El Escarpiidae
100(100)[Escarpia laminata
Escarpia spicata
Pogonophoran

0.02 genetic distance



10 Tubes, external morphology



Tubes, external morphology

-beTa-XUTUH
-NPOYHbIN
N0 CpaBHEHUIO C anbda-popmon
-C/ly4anHOe nepekpewmBaHnue NeHT
bnbpunn xuTnHa
-c cup-shaped microvilli
-pocT
0,77-1,2 cm B roa, 3HA4YUT 2 MeTPOBble

TPpybKM Bo3pactom 175-250 ner;
Oo4HaKo Ha 60b6ax MmoKeT bbITb U

bbicTpee...(8 cm)




Tubes, external morphology

H1: Cunyp — leBoH

FOxkHoro Ypana : Yamankasia
rifeia n Tevidestus serriformis
(Shpanskaya et al., 1999).

H2:

Kapb6oH Npnavaun Cesepo-
BocTo4Has Cnbupb (Ky3HeuoB u
ap., 1994)

+ Men Kunp, OmaHn, lpy3una

+ KOpa KanndopHum

(Little et al 2007)

H3:
MonekynsipHble Yacbl —
KanHo3om



Vestimentifera
Morphology

OR- obturacular region

Pair of body projections,
surrounding by layers of
tentacles.

VR- vestimental region.

Carries the cilliary field on ventral
side. On dorsal side pair of
body folds

TR- trunk region. Coelomic cavity
well developed.

Contains trophosoma

OS- opistosoma — segmented part
with rows of cheta




HepBHasa cucrema Riftia pachyptila

MOJ3TI

/




Moar Riftia pachyptila

OKOJIORHUIICHHBIN  rhoynopuaToe  mepudepuyeckne
06TIOpAKATBHEIE 0 ' BEHTPaJbHOE 30HEI
1€ TOMBI CKOILJICHUE OOKOBBIX
JIOIIACTeH

Pebpo kybda: 255 MKM



IIos0:eHHe Mmo3ra

— JMIUIEPMUC




IIpoucxoskgeHmre Mo3ra BeCTUMEeHTHdEeP

HanarmoTounsri HanrmoToassi
TraHTJInHU raHTJINnN

) . OxroJsoxummevHsbIit
ITonrsoTounsrii IToxroorounbIH IIeJIOM
AT TaHTJINH

AnHesnabI IN'ummoreTmueckasa
(o Orrhage, IIPOMEKYTOUHAS
Miiller, 2005 ) cTaIus

BectumenTudepn:




Macirra6: 100 MM



Musculature

longitudial

cicular

Feather-like longitudial
muscles




tentacles

IIuranue

H2S,

IIIar 1 pacTBOpEHHBIE B BOJE

_ rasbl JUPOYHAUPYIOT B KPOBb

02, CO2 yepes Iynajblia UiIn
IIOBEPXHOCTbH TeJIa
MUHHYJIA
KpoBeHOCHEBIE

COCY/IbI

IlonepeuHsll cpe3 uepes IyIIaablie



IIutanue

H2S IITar 2 BeHTpa/IbHBIU
_ KPOBEHOCHBIH COCY/I /IOCTABJISIET
KpPOBb, OOTaTyI0 paCTBOPEHHBIMU

02, €02 razamMu K Tpogocome

BeHTpa/IbHBIU
KPOBEHOCHBIU

COCY/I

Tpodocoma — TKaHb coAepKaIas
AHJIOCUMOHOTHYECKHE ODaKTepUU



[TuTaHUe
H2S,

II1ar 3 B tpodocome
XEeMOCUHTE3UPYIOINe OaKTepUuu
OKHUCIAIOT H2S, 3a cueT moJrydeHHOU

02, CO2 sHepruu pukcupynT CO2
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IlonoBasa cucrema Riftia pachyptila




How do bacteria infect the

siboglinids?

IStHYP:

Larval stages are
planktonotrophic.
They feed on
bacterial mats, some
of bacteria from
environment carried
by cells of gut wall.
Then larva settles, it’s
gut reduced, and cells
of gut mesodermal
wrapping grow into
trofosome.



Pa3sButue
TPOPOCOMbBI U
3aparkeHune

Nussbaumer et al., 2006
Nature

29bacterial symbionts colonize the
developing tube of the settled larvae
and enter the host through the skin, a
process that continues through the
early juvenile stages during which the
trophosome is established from
mesodermal tissue.






Frenulata(=Pogonophora=Perviata)

About 143 species (69 species of genus Siboglinum).
Depth 18-10700 m
Fjords, continental shelf, abyssal areas

Tubeworms burried in sediments enriched by
H2S/CHA4

In average 1-2 mm in diameter, 10-100 m in length.
Tubes could be 2-3 times longer, then body.

Cephalic lobe bears 1-200 tentacles.



buoTon

XO0JIOAHBIE CUIIbI U IUPPY3HbIE IPOCAUYNBAHUA



OTKpLITan sojaa

.......

B — chitin + proteins

ars

m both sides

poseidoni tube is inside
2N

rganic matter across
and body wall
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A-~B — Siboglinum paseidon!. A — NOACOK ¢ XPOSXOBMAHMME eTHEKaMK, Maciural 100 MkM, B — yseinueHHbIC KPIOSKOBHAHEIC IETHHKN M3 A,
Rifiia pachyptila. Beriswyree mernskn onncrocomss,. Macurab 5 smxm. Opsrunane: A-B — HL). Flugel, Kiag;

B — mermmxa 1y onscrocomus. I
I' — M.L. Jones, Mpaiiax XapGop.

Webb (1964); Sasayama et al - onuctocoma

Haa, 533, Ulerunxu.






nervous system, sensory organs

Intraepidermal NS

Plexus in cephalc lobe

Brain as nerve ring

Unpaired nerve cord (paired/ widen
under ciliary band)

Tentacle innervation

VNC medullary organized (ganglia are
only in opisthosome segments)

100 pm

Opisthosome receptors
phaosomes

(Oligobrachia gracilis, Siboglinum
fiordicum)




GUTS? Trophosoma! /)

OTKDLITAN BOAA L~ TpyGka

N

MoroHodopbl —
3HA0AEPMANbHAA T

rpywTC
BectumeHTUdepbl —
Me304epManbHan T.

InnaepmMnuc

Fig. 1. Lateral view of the “anchor” of Siboglinum fiordicum.






Sclerolinum

Worm resides in wood fragments.
2 palps

Mesodermal trophosome

Regions as in VMF
7 species

diaphragm
FRENLILATE

tentacle forepart praannular
cha

VESTIMENWTIFERAN
obluraculum  vastimanium

traphosome

trophosomea

girdles| ppisthosoma

- Y S
e e TEPE g e e w e






YepBu-kocroeanl Osedax

Zombie wormes.

Osedax is Latin for "bone-
eating”

Omucano 10 BuaoB (e1re He
MeHee 12 3KIyT CBOETO
OIINCAHUA)

Bcerga 4 naapnbl

> 100 METPOB, IIOBCEMECTHO



buroron

CkeJjieTbl KUTOB U HE
TOJIBKO...



. yeliew-patch ]
= ;  EcnvnpuHumarte pasHyto
0. preen-paip CKOPOCTb HYK/IEOTUAHOM
MonekynapHble Yyachbl _ 3aMeHbl:
" PR e y 3. murde-palp &
8 2 N nHEEEER 1)  OTHOCWUTENbHO
" T e | s (3, nude-palp B MeNTKoBOAHbIX
o MOPCKNX becnos:
o ¢ ' G nuce-palpF g7 Osepakc nossunca 45
] (0, nudepalp G MJTH N1 H KOT4a TONbKO
- 58 B4 BE TONbKO NOABUJIUCH
H — 3. nude-palp 0
APEBHUNE KUTbI
— BE 7 53
| 0. nude-palp E A Havano pasHoobpasusa

kil palps npmxoanTca Ha NO3aHUX
|:i G. spiral Jum OZIUTOLLEH U Hayano
 frankpressi | MWOLEHaQ,
Koraa noasuauco
3ybaTble M ycaTble KUTbI

. white-collar

. orange-collar

IV 2) oTHocuTenbHo 6onee
MeZaNEeHHbIX
MONEKYNAPHbIX YAacOoB
NPUHATbLIX ANA

~mwecfions rnyboKOBOAHbIX aHHEeNUA,

7 O3epakc noaABmACA B

¥ Meny, v Hayano

- nbiplimus pa3Hoobpa3us

npuxoanTca Ha PaHHUI

ManeoueH, Te 3a 20 MmaH

L yillonw o ollar

. EOCRCLE

. TREELE

v fralsirom

Eocene Cligocene | hiazens | F. |F“"'. 0.7 MY Lineaoe 71 A0 NOABACHUA
r [ r rrrrrrr1r 1 rrrfrrrrr 1 rrr1r [1rr1r 1 1 1 T 1T T [T T T T 9 T 1.1 60}1 bLUUNX
40 = Z0 0 *ay 0 MYA
Y, b mMeKonmTarwmnx
Cretaceous | Fal, | Eocenie | Olig, | Polico: i | | | 0.21%MYiLineage
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
125 100 F=) a0 25 0 MYa






The ability of Osedax to colonize and to grow on fishbone lends credibility to a hypothesis that it
might have split from its siboglinid relatives to assume the bone-eating lifestyle during the
Cretaceous, well before the origin of marine mammals (Rouse et al., 2011)



B KOoCcTAX nne3no3aspos

B KocTax xenoHuna



PaHHWIt-no3aHnin Men (100
MJIH 1 H)

HangeHbl Ha nne3no3aBpax
N MOPCKUX Yepernaxax

[1aTMPOBKKU NOABNEHUSA
3nbornuHua, (c rmapoTtepm
M CUMOB) HAMHOTO NnosaHee
Yem € No3gHero Mme3o3os-
KanHo304 (50-100 maH N H)

Danise, Higgs, 2015



Osedax

Owiduet

i £
Projecting of cvicm—/.'fl
l: \‘

) Trunk

A
J | » Rootstructure

In the adult, the bacteria are localised in the root-like structures that grow into the whale
bone. All adult specimens are females...



Between 50 and 100 microscopic dwarf males live inside a single tube of female, and
never develop past the larval stage. Progenetic and arrested at the stage of metatrochophore



Rouse et al 2015



Figure 4. Proposed model of acid secretion for bone dissolution in female Osedax.
intracellular carbonic anhydrases (CA)

Hp are secreted directly onto the bone by apical Vacuolar-Hp-ATPases (VHA), dissolving
bone hydroxyapatite and releasing trapped collagen and lipids that are absorbed and
transported to symbiotic bacteria located in sub-epidermal bacteriocytes in the roots



Verna et al 2010



Bayesian phylogenetic
analysis of ribotype
sequences from
Oceanospirillales bacteria
associated with Osedax bone

WOIMS (black font) and environmental

samples (red font). The yellow highlighted
branches include sequences that are new to this
study. Closely related endosymbiont ribotypes
with genetic distances < 3% were assembled into
triangles and designated as ribospecies Rs1-Rs7.
For reference, the phylotype designations of
Goffredi et al.[11] (P1-P6) and Verna et al.[18]
(A—H) are nested within the new ribospecies
designations. Groupings of recovered ribotypes
that did not cluster with endosymbiont lineages
are indicated as Grp1-Grp3). The numbers along
branches represent Bayesian posterior
probability distributions (PPDs). The branches
with PPDs <0.94 were collapsed into polytomies
(e.g., M. jannaschi and M. rhizophilum).

Salathé and Vrijenhoek BMC
Evolutionary Biology 2012

12:189 doi:10.1186/1471-2148-12-189



o

© 0N O

11.

OcHoBHbIE 4epThbl CHOOTJIMHU/L:

Onucano 180 BuioB (143 Buza Frenulata)

JloimHa oT Heck cM (Osedax) no 2 metpos (Vestimentifera),
Huametp ot 100-200 M (Frenulata) go 6-10 cm (Vestimentifera)

IIpeacraBuTeu riIyOOKOBOJHOIO MOPCKOro OeHTOCa, OOHUTAIOIIIE
Ha BOCCTAHOBHUTEJIBHBIX OMOTOIIaX

7KuByT BHYTpU CEKPETUPOBAHHBIX TPYOOK (XUTHUH!)

Pe3Ko reTepOHOMHBIN THUII CErMeHTaluU Tejla (TUTaHTCKUe
IiepeiHIe CETMEHTHIVS KOPOTKHE CETMEHTHI OIIMCTOCOMBI)

[Tapa Hedpuaus (ecau ecTnb)
['OHOIIOPBI OTKPHIBAIOTCS B IIePeHEN YacTH TYJIOBHIIA
Bapocibie ocobu ullieHbl KUIITeYHUKA

7KuByT 3a cueT 3HAOCUMOUOTUUECKUX OAKTEPHUH, COIep KAIUXCS
BHYTPH KJIETOK CHEIMaIN3UPOBAHHOIO OpTraHa TPOMOCOMBI

IMeroT KPIOUKOBU/AHEIE IIIETUHKH, IIOJ00HbIE IeTUHKAM CUIIUNX
I1OJIUXET.

JlemuroTpodHasa TpoxopopHasd JTNUYNHKA
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“Siboglinidae”

Clittelatomorpha (Zrzavy et al., 2009)

Sabellida (Rouse, Fauchald, 1997)

Cirratuliformia (Weigert et al., 2014)

Oweniidae (Rouseet et al. 2004, J/IuBaHOB,
ITopdupsnesa, 1962, 1965 )




Sabellida u Siboglinidae

MpocToMUyM peayLmMpyeTca U CAMBAETCA C MEPUCTOMUYMOM
Mepuctommym HeceT y cabennun HeceT BOPOTHMYUOK (y
BeCTUMeHTUdEpP N NOroHOPPO ecTb NOXOAMUN BOPOTHUYOK)
Manbnbl UcNonb3ytoTca AnA cbopa MUK, Y TEX U APYTrUX
nepucToMmnanbHble U 06pasyoTca No3aam NPoToTPOXa
CermeHTapHble opraHbl — 2 napbl — HeppPUAUN U TOHOAYKTbI
LLLeTUHKM KpOYKOBUAHbBIE M KanuAanapHble (y BEeCTUMEHTUdEP ecTb
KanuNnapHble B TY/I0BULLE)

se, Fauchald, 1997



Clitellatomorpha u Siboglinidae

Y ppeHynaTHbIx noroHodop Siboglinum (N@rrevang, 1974) v Oligobrachia (Southward, 1984)
onucaHbl TUNUYHbIE GpaocoMbl — GOTOPELLENTOPHbIE KNETKM MUABOK U HEKOTOPbIX O/IUTOXET.

Kpome Toro, ctpoeHune V1-remornobmHa BecTUMEHTUDEP MPAKTUYECKMN UAEHTUYHO CTPOEHULO
remornobuHa nuaskun Macrobdella (Haas et al., 1996a).
g VT

(Zrzavy et al., 2009)



Oweniidae u Siboglinidae

[eTepOHOMHaA cermeHTaumA
HepBHaAa cuctema
LLleTUHKK

50 pm

100 pm

Riftia Byoxo, Munmnues, 1972, (C) 100 nm

pachyptila Jlusanos, ITopdupsena, 1965



Cirratuliformia u Siboglinidae

BHelwwHAAa mopPponorna NMYNHOK U FOBEHUNEN




CMNACHUBO 3A BHUMAHUE !



