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dorsal ventral

Fig.7. Epithelial areas of mollusc embryos. Diagrams of a 28-h old embryo
of the gastropod Patella vulgata in dorsal and ventral views (modified from
Dictus and Damen 1997), and diagmms of a larva the polyplacophoran
Chaetopleura apiculata in dorsal and ventral views (modified from Henry
etal. 2004), The episphere (cells of the first micromere quartet) is brown, cells
ofthe second micromere quartet are blue, with darker 2d-cells, and cells of the
third micromere quartet are white.
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Bivalvia

Scaphopoda

thonaplactophors
b

Gastropoda
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Mollusca

shell valve

E W

olyplacophor:

=bral ganglion
mouth —
darsoventral muscle alimentary canal mantle cavity
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alimentary 3 ) ardiumy
tract (gut) 1 rt with
ultrafiltration




Mollusca — metamerismus?

Monoplacophora

e o J e 1
1 2 3 4 5 7

Polyplacophora




Hox geny mékkysu

« puvodné AP jako u jinych bilaterii, u plzu a hlavonozcu
prevzaly jiné funkce
 plzi: prototroch a shell field

* (u ostatnich skupin nezname)

' Annelida Polyplacophora - Gastropoda




Polyplacophora
Neomeniomorpha Aculifera
Chaetodermomorpha
Monoplacophora
Gastropoda

Bivalvia Conchifera

Cephalopoda

Scaphopoda

Neomeniomorpha

Chaetodermomorpha
Polyplacophora
Monoplacophora

Bivalvia ] Diasoma

Scaphopoda (Loboconcha)

Gastropoda :| Cyrtosoma

Cephalopoda (Visceroconcha)

Neomeniomorpha
Aplacophora

Chaetodermomeorpha

Polyplacophora

Monoplacophora
Bivalvia

Testaria
Gastropoda

Cephalopoda

Scaphopoda

Conchifera Conchifera C .
Testaria Testaria Neomeniomorpha

Polyplacophora Polyplacophora Chaetodermomorpha | Aculifera

Neomeniomorpha Chaetodermomorpha Polyplacophora

Chaetodermomorpha Neomeniomorpha Bl

Polyplacophora Seriaka Scaphopoda — Cephalopoda

Neomeniomorpha Gastropoda . Gastropoda
Chaetodermomorpha Cephalopoda yrtosoma Bivalvia

'_C Monoplacophora e Bivalvia Scaphopoda

Other Conchifera Monoplacophora Monoplacophora
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Mollusca

 klasicka morfologicka
fylogeneze:
parafyleticka
Aculifera, iscermeencha
monofyleticka
Testaria (=
Polyplacophora +
Conchifera)

n stem

cerebral ganglion
mouth —

dorsoventral muscle alimentary canal  mantle cavity

(ELL

alimentary
tract {gut)







, 1ryblidia“ = Neopilinomorpha (=
“Monoplacophora®)




Neacrania anomala
Lineus bilineatus
Phascolion strombi
Paraperilla limicola
mbion
Loxosomella murmanica
Xenoturbella bo k
Entalina LP(ra
Siphonodel a \um lobatum
Pulsellum a
Caduhﬁs SUbfLIS\fomIS
Dentalium inaequicostatum
Fustiaria rubescens
Rhabdus rectius
Amahs pilsbryi
s entalis
coradomenia sp.
Eptmuma sp.

chaétodérma nitidulam

Scutgpus ventrolineatus
Nautilus
Nautilus scroblcu\a(u:

Bathyp I arcticu
a ithis syrtcnsls

uthis infernalis
Sepia off I’| alis
Helevol(ﬁul\\shawm\énus

tohes bartrami
MOrulPui his knipovitchi
H\slmteui};ﬂs hoyiel
Archites
Lepidoteuthis gr\maidn
Neotrigonia margarjtac
Mmanmﬁ-‘m auricularia
Anodonta sp.
Cardita calyculata

starte castanea
Phaxas pellucidus
Parvicardium minimum
Abra nitida

Preissena polymorpha
Mya aren
Corbic u!a
Chameleg striatula
Mercenaria mercenaria
Solemya velum
Nucula sulcata
Nuculana mmuta
Yn\dm limatul

ytilus gn“opr‘)v-ﬂ(\ahs

Pteria
Ostrea edull
Chlamys va
mema

\D \(10 leurus cajetanus
Leptachiton asellls
Callochiton stlemvalvu
Acanthochitona crinita
Lryp(op\ax]ﬂpam:
Tonicella lineata

Mopalia muscosa
Cryptocmton IS{\_l\r*r\

Lhak(‘upleula aur(ulala
Callistochiton antiquus
|schnochiton comptus
Lorica valvox

Chiton olivaceus

>4

SCAPHOPODA
SOLENOGASTRES

GASTROPODA
CAUDOFOVEATA

POLYPLACOPHORA/
MONOPLACOPHORA

'ROPODA

Mollusca
Serialia???

Namartea

Brachiopoda
Cydlophora

Entopracis

= Solenogastres '

Anrelida

100/100
sase | [TT00000 Minaglscophars
100/ - SERIALIA
- % paysdacophora

3,00/100

ST

Bivalia

RAML 5 ML artea

Bayes PP, MUSCLE/ MP A WU C

s 12




Mollusca
fylogenomika

1

Meratrix
Sinonovacula
Dreissena

Hyriopsis
Pinctada

Crassostrea
Mytilus Pteriomorpha

Pectinidae

Polyschides

Antalis

Octopus
Nautil

Latamuia

0.99/93 Loligo
Idiosepius | Decapodiformes
Euprymna

Heteroconchia

a8
oo™ | Protobranchia

Scaphopoda
Cephalopoda

Wirenia

*
0.98 /100

$ Scutopus
Chastoderma

Oligochaeta

Neomenia Neomeniomorpha

Chaetodermomorpha
Polyplacophora

Capitella

Ahinefla

Sipuncula

~

0.1 subs

Chaetoptarus

Hirudinea
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Mollusca
fylogenomika 2

multiseptatni schranky (Nautilus
etc., Monoplacophora:
Hypseloconidae)

serialni usporadani zaber, nefridii

a srdecCnich atrii (Nautilus)

Aculifera r

Neomenlomorpha

Chastoderma nitidulum Chaetodermomorpha

Conchifera

~haetopleura apiculat Polyplacophora
Laevipiina hyafina  Monoplacophora
100/88/4 00/9 A ’ ~
u Idiosgpius paradoxus
¢ Cephalopoda
" Euprymna scolopes
"

2 M e Scaphopoda

0O/70/100/89 H -
{ Myanassa obsoketa

Aplysia califomica
. - Lymnaea stagnaiis
Biomphalaria glabrata
29/70/ 00/

Gastropoda

‘4|_7 Hallotss discus
30/74/24/52 Haliotis asinina
00

Lottia gigantea

Hyriopsis cumingii
. Chiamys fameni
Mizuhopecten yessoensis
Argopecten imadians
Mytius galioprovincials
" Mytius calfornianus Bivalvia
PRinctada martensi

Crassostrea virginica

Crassostrea gigas
Ruditapes decussatus
Rudftapes philippinarum




Priapulus

icephalus

Daphnia

Lestes

Enallagma

Tribolis )
Drosophila

Aedes

Mollusca Gl

S0/80 J Terebratalia

r— Lingula
% b, Gilottidia

fylogenomika gl eer=——=uu_.

POZI0s ‘.;\\‘__J

rpodonyeig

Chaetopterus

(.-Ii'h}!r'l'l'u-
Nautilus
’:fll-"vt“f‘.\l,';
Euprymna

Octopus
Enteroct s
Genitoconia

Chaetode rma

Lz b q_ll “|l‘1[i_l:|_)

Le Plog hiton
I Chaetopleura

/|
o /e !" MC c‘”z.’
i
o Boreochiton

Antalis Scaphopod
Lottia

3 e Haliotis

ERINOY

o

Littorina

Strombus

Crepidula
Neptunea

o Buccinum

Convphella

4—]..'_'_ Biomphalaria
98/* Apilysia

Mercenaria
o). Macrocall,

QOIR6 _‘{n-a'l NS
| E Mytilus edulis
e Mytilus californianus

—— L4 R

'J'J"‘i-._'.

Crassostrea

Nucula
1.‘!..1:':".':.’
Cerebratulus
Amphiporiis

Nemertea

PP = WAG+ I'YCAT +GTR+ I'*




< Gastropoda
88
1004* Bivalvia

mem Scaphopoda

m—— POlyplacophora

—— Neomeniomorpha

) n eSta b i I n I’ ——— Chaetodermomorpha

[ s Cephalopoda

pOStave n I’ ———msemmm Entoprocta + Cycliophora

0.1 substitutions / site

hlavonozcu a

* Bivalvia
er
N Gastropoda

e SCaphopoda

Cephalopoda

wen POlyplacophora

=—mmm Neomeniomorpha

- (Chaetodermomorpha

— Entopmcta
0.1 substitutions / ste

b




Aculifera




Folyplacophora Meomeniomarpha B Neomeniomorpha Polyplacophora D Neomeniomarpha

=y

Ml
=5

1

Gl
\l |

. 'E.H:!mﬂ h'Br'Ih‘ﬂl i EI'.'-"E m "ng ITII.,Jﬁl:rE' L " D ventromedian muscle . ventrolateral muscle

. dorsoventral muscle D prototroch muscle ring|

m fransversal muscle . ractus muscla ] transversal muscie E ring muscle

= mouth . recius muscle

i
. afn rl:ll || ng musﬂlﬂ N pedal pit . enrolling muscle

« Aculifera — puvodné valcoviti (Aplacophora, larvy Polyplacophora,
Kulindroplax) — plochy tvar polyplakofor druhotny?




Folyplacophora LCA of Aculifera Meomeniomarpha

Aculifera
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Halkieria

MOLLUSCA
ACULIFERA
APLACOPHORA

Other Lophotrochozoa
Sister-group to ©
Polyplacophora
Caudofoveata
Solenogastre

Conchifera

Wiwaxia




Aculifera
P olyplacophora
Chitonida
P iy

-
T

r
LY

crown group

Polyplacophora

crown group

:\phlu'lpht'l ra

today (ﬂ‘? O LA;
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Cephalopoda
Aplacophora

Mesozoic

Gastropoda (

O
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o
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s
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—_—

]
T
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S
0
€

Necomecmomorpha Chactodermomorpha »
- . . .
e a¥ _ s reduction of lacunae
- ¢ loss of
- * | ]
LA

—— shell plates

- [ )
Ordovician S ¢
palacoloricate
stem Aplacophora
.. .
- +

-
- -

Pt

palacoloricate stem Aculifera

- . R
Bivalvia .
2

F_lhcul\ ncate

stem Polyplacophora
B

Late Cambnian

Matthevia, stem aculiferan

~

kambrijske formy Halkieria, Wiwaxia etc.
patri mezi Aculifera?




Kulindropl/ax (silur)

* Kulindroplax (silur) — ,aplakofor s polyplakofornimi
destiCkami®

 ,Palaeoloricata® patri mezi Aplacophora?
« podpora pro monofylii Aculifera




Aplacophora Polyplacophora

Multiplacophora O

Schizoplax /
/ O 4 Polyplacophora

Paleoloricate

stem Aculifera

Halkienia
Orthrozanclus




Gastropod




Gastropoda

Polyplacophora

Chilton alfeacens

& Chaetodenmg sp.
2 Greenland neomeninmonph
ONeomenia mEpatrapema

Aplacophom

Monoplacophora

Cephalopodn

@ Lasvipiling hyaling

(") Enmucula tenwis
) Solemya velum

Scaphopoda
.| AR
tnntl Rivalvia | -

2 Pinctads fircata

@ Neotrignria margaritacea

[T RE

Gastropoda

1ML
pene sampling
o 150 geoes
D 624 senes
() 11i¥ genes
) public data
@ now data

ObA-BayesOMA-MLARA-Bayes/ AB A-ML

= U111
¢ alternative rooting focations

L
vJ.I ui

rugr
]| mmnnn
L nn

e

Orthogastropoda

Apogastropoda

(b

Orthogastropoda

Apogastropoda

()

Apogastropoda ‘

Neritimorpha
Vetigastropoda
Caenogastropoda

Heterobranchia

Vetigastropoda
Neritimorpha
Caenogastropoda

Heterobranchia
Neritimorpha
Vetigastropoda

Caenogastropoda

Heterobranchia

Apogastropoda

(e)

Archaeogastropoda

Apogastropoda

(@2

Apogastropoda

Vetigastropoda
Neritimorpha
Caenogastropoda

Heterobranchia

Vetigastropoda
Neritimorpha
Caenogastropoda

Heterobranchia
Vetigastropoda
Neritimorpha

Caenogastropoda

Heterobranchia

OMAI1-B/ML
OMA2-B/ML
OMA3-B/ML

ABAI-B
ABA2-B
ABA3-B/ML

ABAI-ML
ABA2-ML




Bivalvia




QEECOEOOOOY

Laptachi "
e L2ptochiton asellus

apiculata

ca
Antalis entalis

7 a
Halatis

e
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Propeamussium watson
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TS
O
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25
- Flacuna piacenta
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Dimya japanica
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Fhaxay peflucidus
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*, Fragum unedo

Cerastoderma edule
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Scissula simills
Dorax runculus
Abraalba
Macoma balthica
Tagelus plebeius
his deflorate

b

b
e
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Venus verrucosa

e

0.84 — Gemma gemma
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5-9 genu + morfologie (210

Glauconome rugosa
Cyren Mo

S 000800 84

e

s
Trapesium sublaevigatum
Chama maceraphylia
Hemidonex pictus

M e
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Protobranchia (red), Pleriomorphia (green), Palseoheterodonta (orange ), Archiheterodonta (dark blue), Anomalodesmata
{pumie), and Imparidentia (hght Blue). Ouigroup taxa appear in black.




Laevipilina hyalina

@ Lottia gigantea

n n - @ Octopus vulgaris
I V V I ‘ @ Chiton olivaceus
@ Gadila tolmiei

:@} Greenland Neomeniomorpha

@ Solemva velum

|
I;rm..u‘u‘!u r'mm_s Protobranchia
B Yoldia limatula

Neocardia sp.

Bivalvia] e O Mytilus edulis

Placopecten magellanicus

Atrina rigida

Autobranchia

Heteroconchia () Astarte sulcata
Archiheterodonta

® FEucrassatella cumingii

Lyonsia floridana
Heterodonta]  pemgf 9D |

(o) Myochama anomioides
Phacoides pectinata
!

@) Lamychaena hians

Hiatella arctica
1 3 7 7 o TT1 ® Lasaea adansoni
g e n U @ Galeomma turtoni

@ Cerastoderma edule

Euheterodonta

sphaerium nucleus
Mya arenaria

100] 100 | 100 ° - Donacilla cornea
100100100 —

Glossus humanus

gene occupancy per taxon iy .
@ Arctica islandica

@ Corbicula fluminea

® Cyrenoida floridana

Polymesoda caroliniana







. Plectronoceras
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Necftocaris jako
hlavonozec”?

Ammonoidea
Colecidea

Nectocarididae :'ﬂ— Nautiloidea
Gastropcda

-esseeaeeene Scaphopoda
Bivalvia

Monoplacophora
Polyplacophora

K R o Halwaxiida
— T == |- e S — — Odonfogrfphus

Widespread mineralization

, Terreneuvian | Series 2 | Series3 | Furongian B
Ediacaran T Ordovician
Cambrian

~521 | 510 | 499 488 Ma
Emu bay

Chengjiang Burgess Shale
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Polychaeta Annelida

Clitellata _
+ incertae sedis g Scolecida

Cénalipalpata




Ml Amphino
HEClitellata
WEunicida
WPhylledacida
WSabellida

u
E oL 5
Chautoseia aCITHOL
:|Qweniidae
Phyllodocidae

Siboglinidae

Hesionidae
Nephtyidae

Lumbrineridae
e

Aeolosomatidae

Chaetopteridae

S » donedavna
téemer neznama
fylogeneze
B o °
vl genu

| Syllidae

Pilargidae
.| Nereididae

Dorvilleidae

Eunicidae + Onuphidae

Sabellidae
nidae

Dinophilidae

| Hirudinida




Fylogeneze
krouzkovcu

6 genu + morfologie

Pororgodglg
T

g— Myzostomida
Aberranta
&....,.....{ - y

. \pm?hr\l

niidae
Quesfa

Lumbrineridae
QY— Hlstnobdt»llldurwE

unicidae
Onuphidae
Oenonidae
Daorvilleidae

Parapodrilus (Dorvilleidae)

Amp

oridae

Polynoidae
selidae

Alc l‘:llri e

—{: Phy

g ==sseneenff— Dinophilidae

Sipunculida

Sc allbre
Ophe

| . oy
[ y I Rirn 1 1o
Hrabeiella
Aeclosomalidae Cim
Polamodrilus
Chtellata

eridae

Tomaop I.-ru!::
Goniadidae

drilidae

Pectinariidae

Terebellidae
Ampharelidae
Alvinellidae

Arenicolidae
MaMnnHue
| iR

maﬂdoo

Peg

Fauveliopsidae

Sternc

l:: Paraonidae
Cossuridae

idae




1.00 Emenia fetida {Lumbacidae)
‘3’4'[ Eisenia andrei (Lumbricidae)
‘—— Lumbricus rubalus (Lumbncidae)

————————— Penonyx excavatus (Megascoleadas)
% Helobasila robusta {Gossiphorsidas)
100 Hasmentera depressa (Glossiphonindae)

Annelida | .

Tubifex tubdex (Tubdficidas)

Urechis caupo (Echiura)
Pectinana koreny

. ; o Capitelia teleta (Capitelidae]
y O g e n O I I l I a ; Ophedfia fmacia (Ophelidas)
(Pectinarsdae)

Lanice conchilega (Terebellidae) Terebadliformia

Avinella pompeana (Alvinelidas)
Arervcols manna (Arenicoidaos)
Flabeligera affires  (Flabelbgendae)

Ciratulformia

Cimatuius sp. {Cumatulidae)
FRidgeia piscesae (Siboglirdoe)

Annelida e O

Maiacoceros fuliginosus (Spicredae)

Giycera tndactyla (Glyoaridas)

Pleistoannelida Eulecoigers oo A

Platyneress dumeni (Nereididae)

‘ , Typosylis pagmentata (Sylhdae)
( = ‘ | a d e 1 ) - ” Onuphis indescens (Oruphedae) ”
b2 - : s oo 10

Lumbrinens ronata (Lumbnnandas)

Eunicida

Sthenalais boa (Sigalionidas) [] Phylodocida

E rra nti a - E Scoloplos ammiger (Orbiriidas)

Eurythos complanata {Amphinomidae) [] Armphinomida Errantia

hemiste lageniormis (Sipuncua)

Sedentaria S

1ag[— Myzostoma seymourcolegionim (Myzostomida)
100

Myrostoma cirderum (Myzostomida)

Chaetopéerus vanopedatus (Chaetoptendae)

Cersbatulus lacteus (Namertea)

Lottia gigantea (Gastropodal)

Cassostrea gegas (Bivabvia)

lermbrataiie transversa (Brachsopoda)

Bu nernting (Ectoprocta)

0.2 Substitutions per position




Annelida
fylogenomika

Clitellata

Terebelliformia
Arenicolidae

Opheliidaa

Echiuridae - Capitellidae
Spionidae - Sabellariidae
Serpulidae - Sabellidag

a— zahusteni samplingu

Orbiniidae

4 7 | (Myzostomida jako sesterska

Eunicida

oy skupina errantii) > zmeéna

e | P zakladniho planu (B > A):
=~ meéne acikulatni




Annelida
fosilni zaznam

Clitellata_ { “Oligochaetes’ |¢

= ‘| Hirudinea

Flabelligeridae

 ;ejedjedijeue),

Sabellida 'Sabellidae’

Serpulidae

e o = -

Echiura

Spionidae

Opheliidae

COrbiniidae

PoEE o e o e Em e Em e o E e Em o Em e s

Myzostomida

Amphinomidae

al oo Goniadidae
ermormia
e - L Glyceridae

Hesionidae
pom =i ‘l Nereidae

Phyllodocida Tomopteridae

e — —

Crown Annelida

Sedentaria’ Errantia’

Nephtyidae

i F
Clitesl|ata ‘Canalipalpata’ Orbiniidas Aciculata

Phyllodocidae

Clitellurm acicilae dorsaliventral cirri
grooved feeding palps antennae
compound chaetae
jaws

Aphroditiformia

eje|naiay

Pygocimus

_Bur_q:gsscr:n‘me?n -
C Peomiomium ')
B~ Eunicida

Phrogmochaeta

Il Sipuncula

biramous parapadsa

ey chesies Cam. | Ord.[sil.] Dev. | carb. |Pe_rm.- Jur.




Annelida — kambrium

™

Phragmochaeta

Canadia

ROM62972

Burgessochaeta

— Pygocirrus

—— Guanshanchaeta
<)

4 Crown Annelida N
Y,

kmenova linie — homonomni segmentace, hlava nerozdelena na pro- a
peristomium, palpy notopodialniho puvodu

—> bazalni pravi krouzkovci (Magelona, Owenia) jsou morfologicky velmi
odvozeni




Tmabcdrulus heuden

yrociliatus

Parergodu?us heideri
Stygocapitella subterranea
Hrabeiella periglandulata
Potamodrilus Tluviatilis
Rheomorpha neiswestonovae
Aeclosoma hemprichi
Aeolosoma vmde

ustralis

Bo\hnuneurum

leronidrilus gravidus
Heronidrilus heronae
Uncinais uncinata

Monopr!\ephorus rubroniveus
ristina longiseta
Ainudrilus lutulentus
siavina apdpendlculah
ero digitata

nis
Ve]dovskyel\a comata
Heterodrilus chenianus
Heterodrilus minisetosus
Heterodrilus devexus
Heterodrilus flexuosus
Heterodrilus queenslandicus
Heterodrilus paucifascis
Heterodrilus jamiesoni
Heterodrilus keenani
Heterodrilus ersei

‘Aktedrilus arclicus

Inanidrilus aduncosetis
Olavius vacuus
Olavius albidus

Olavius algarvensis
72 Olavius tantulus
Bathydrilus adrlatlcus
Bathydrilus rohdei
Limnodriloides armatus
Limnodriloides monothecus

Limnodriloides barnardi
Tectidrilus bori

Tectidrilus verrucosus

Limnodriloides rubicundus
Limnodriloides vespertinus
Limnodriloides lateroporus
Limnodriloides appendiculatu:
Thalassodrilides gurwitschi
Thalassodrilides ineri

e
mplivasatus
Tublflcoldes parvlduclus
Tubifex tubifex
Ilycdrllus templetoni
Heterochaeta costata
Tubificoides pseudogaster
Limnodrilus hoffmeisteri
Limnodrilus udekemianus
Tubifex ignotus
Clnle\lno arenarius
pnrosperma ferox

62
Character:
Habitat

Aquatic
Semi-terrestrial
Terrestrial

10 steps

Barionina subfioralis
Buchhovzna ﬁellax

ia
Enchytraeus cf._ a\bldus
Grania americana
Grania variochaeta
Lumbricus rubellus
Eisenia fetida
Dichogaster saliens
Pontodrilus litoralis
Eisenia andrei
Lumbricus terrestris
Octolasion lacteum
Propappus volki

62
Character:
Aquatic
environment
Marine
Brackish
Freshwater

Limited
24 steps

Clitellata

Hh nchelmlstalrarheca
r‘) ilus frigidus
Stylodrilus heringianus

Character:

Habitat

Semi-terrestrial

10 steps

Rhynchelmis shamanensis
Styloscolex baicalensis
Acanthobdella peledina
Clrrodrrlus sappuransm
Sathodril
Kuonugaton vicloriensis
Branchmbdalia parasita

Xironidrilus formosus
gambarmcoia pamelae

Cambarincola mesochoreus
Cambarincola gracilis
Cambarincala montanus
Ozobranchus margoi
Pontobdella muricata
Stibarobdella macrothela

Myzobdella lugubris
Bra nchslllun tarpedinis
obdella vivida
Piacicols geomelra
Helobdella nununununojensis

Haa mentaria mqrssla
Helobdella papillata
Helobdella triserialis

EEmosssssaEEEEEER

marginal
Haementeria ghilianii

gracilis
obdella garoul
Alboglossiphonia heteroclita
Glossiphonia complanata
Theromyzon tessulatum
Glusmrhoma concolor
Alboglossiphonia lata
Glossiphonia verrucala

Placobdella parasitica
lacobdella multiineata
Placobdella Bapill‘r!‘er.a

Placobdella transluscens
lacobdella picta
Placobdella costata
Placobdelia pediculata
Barbronia weberi
Barbronia arcana
Barbronia gwalagwalensis
Croatobranchus mestrovi
Dina lineata
Erpobdella dubia
Erpobdella obscura
Erpobdella japonica
Erpobdella octoculata

abdella ochoterenai
rpubdslla ma:ncama
pobdella punc
Erpnbdella tnannulala

Cy
Fatagamchdella lralema
Samlscnlax similis
Oxyptychus braziliensi
xyptychus slrlalus
Phl obdella floridana
Macrobdella ditetra
Macrobdella decora
Macrobdella diplotertia
Haemadipsa sumatrana
Chtonobdella bilineata
Haemadipsa sylvesiris

SEsssEsEEDE

facomtei

Harudmana mamlkansws
ipponi

Aliglimnatis africana
Haemopis sanguisuga
Haemopis marmorata
Haemopls terresiris
Haemopis caeca
Haemapis grandis

Character:
Aquatic
environment
Marine

Brackish

245teps | imited




Annelida

Hrabeiella (+ Clitellata =
Dorsopharyngea), Aeolosomatida




“*Archiannelid

de

Dinophilus neni
pedogeneticky
dorvilleid!

100 im

Nerillidae: =
Troglochaetus

rilidae




Annelida: Pogonophora

tentacles

cephalic lobe

forepart

paired
papillae

unpaired

o\
\\\7 papillae

\
\
\

girdles
\.

enlarged s
papillae /
/i .\
: \

‘.\'

postannular I

papillae

NS ’

trunk N /
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frenulates




Hipponoe

P u Dodecacena
ogonophora
. Terebellides
_%Parafwneﬂa
Pectinaria
Gunnaria
S e a X Sabellia pavonina
Sabella spallanzanii
Ficopomatus
: Spirorbis

Siboglinum fiordicum
—.FSiboga'mum ekmani
- p=—Spirobrachia

-

sajeeydijod Jaylo

elejnual

Moo s
Sedax

Sclerolinum
Lamellibrachia

2epiulboqis

Escarpia
Rifha
Tevnia
Ridgeia
Qasisia

elajuaLW
ST Y

B

:{g} 2003 Greg Rouse

.
%
o
L
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SDAA3 SN0

WinpJojuod Wnujjoiajas

NUICIIS 104G WINWjo4a[35 MH

pindAyspd iy

ILUDYIDG DIYIDIGI) LT
sisuaigsowuoyppy piyaoiqobin
jupwiye wnujBogrs

aapes  snwinjdigni xopaso
snasol Xppasg
— LLEW, Xopaso
i ALEW, xDpasg
JE||03-3)YyMm, XDPIsO
SLIOJOINLY XDPaso)

snyuodof xppasg
Aejjo>-mopak, xppasg
Jejjox-abuelg, xppasg -
e 155840YUDI XDPAS0)
jBiids Xppasg

isiabol xopasn

4 djed-apnu, xopasp
IpjaolysuaploU XBpasg)

;0 djed-apnu, xppasg

¥ djed-apnu, xopasp

8 djed-apnu, Xxbpaso
SN31124PIUD XOPaso

1y3Nod3 XBpasg

g djed-apnu, xppasg

.a djed-apnu, xppasg

) djed-apnu, xopasg

sndpord xopasg

Jymed-mo ||k, xopaso
JEBueuBlpaw, Xppas 660-560="dd o
died-uaa.b, xopaspo L=dd =

IA=FEE sisuauoljdarap xopasg




Heterotrophic

Sulfide-oxidizing symbionts symbionts

Pogonophora

« — Osedax frankpressi

hard substrate

Osedax mucofloris sp.n.

I— Osedax rubiplumus

-

Escarpia spicata

Oasisia alvinae

o228

Ridgeia piscesae

(]
=

4 e
Hydrothermal vent Cold seep Organic:icy

sediment Whale-fall

Riftia pachyptila

Tevnia jerichonana

Vestimentifera Sclerolinum Frenulata

VENT & SEEP

Lamellibrachia barhami

Sclerolinum b rattstromi
+ l' Galathealinum brachiosum
Polybrachia sp.

— Spirobrachia sp.

Siboglinum ekmani

SEDIMENT

Siboglinum fiordicum S — thiotrophic| < oo

vestimentiferan
symbiont symbionts

x
‘ OTHER POLYCHAETES S~ /

mathanotrophic
frenulate symbionts

= Owenia sp.

— Myriochele sp.

= 0.01 changes
-7

<D
\
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B
hypothesis 1
/ i
nypoir&sis 2 ;
anterior ventral chaelae

hypothesis 5

Echiurida /.*

lateral

:’fm |

E . { i I __
posterior ) e
o T
. hypofrsis 4 caudal semi-circles of anal chaetae
m

chety nejsou segmentalné usporadane
jako u mnohostétinatcu

x 1 par ventralnich chet v predni Casti
tela

+ 1-2 kruhy posteriornich chet
(Urechidae, Echiurinae)




Annelida:
Echiurida +
Capitellida

(+ Psammodrilidae?




0/m8] Analaszorynchus sp. 10
VORI Anala s sornchus Bps 11
o F—"‘F Analassmmchussp. 12

a4 L Anelazsorynchus sp. 2

dear— Anelassorfiynchos sp. 4
[l Anelazsorfynchus sp. 8§
— Anslassorfynchuz sp. 3
- Anelassorhynchuz sp. 9
Il Anelagsofiynchussp. 13
h’l' r Anglazsorynchus sp. 1
; bDliLL Anelazsomynchussp. 7
1 E !U— Anslgssorfynchussp. 5

m = 14
asa | l - Anglsssochynchussp. &
O 88mT | — Aneizssorynchus porcelus
:-J-I F— Ochetosfoma erghmogamman

b— Orchefosfoma sp. 1
I_ Liztriolobuz sorbilans
[ fkedosoma gogoshimense Thalassematidae
|' ‘— lkadosoma efegans
|-_. { -,c.;_:—O:ﬁsrusrnms adar
1.00/ 100} b Ochetostoma sp. 2
1 000 00y Thalessems sp. 1

\— Thalassema falazsemum
r Lissomyema exii
L Lizzomyama sp. 1
- Arhynchife hayaol

| - Artiynchife sp. 1

Urechizsp. 1

Sy R '.!Ifc!utlrl*da:e'“ ssasesasanenas
e = e dellz mizahiona's

capitellidu??? (x 5 genu)

sexualni dimorfismus u S
Bonellioidea e

Matabonelia haswall
Bonellidas sp. 2
Bonaliidas sp. 1
Protobonallia sp. 1

Maxmualsa lanke sier Bonelliidae

keda Benindes

, #hoda sp. 1 Ik T
edidae
Lﬁcsn‘a sp. 2

Dasyb.'ancl‘;u-s-s-p.-T TR R AR

Mofornashis afenceus P "
Hideromasts flifarmis Capitellidae (Annelida)

Capitelis telefa

Ciphalia sp. (Annefida)
Lepioonofus spp. (Annelida j
Siphonosoma cumanenze (Annafida)
Litoring [itionng (Mollusca)
Solamya velum (Mollusca) OUtg'erS
Cannoma hamanako (Nemenas)
Terebratalia franswerza (Brachiopoda)

0.5




Nuchal Shield

Introvert
With
Tentacles

Intestine

Spindle
Muscle

Nerve Ring

Esophagus

Retractor
Muscles
For
Introvert

Sipunculida




Sipunculus
Sipunculidae

Xenosiphon
Phascolion

Onchnesoma

Sipunculida O

Golfingiidae

Nephasoma

Phascolopsis

Themiste

Thysanocardia

Siphonosoma

nudus Sipunculidae

Siphonosomatidae

Phascolion cryptum

= P lopsis gouldii Siphonomecus

Antillesoma

- Antillesomatidae

Siphonosoma cumanense

Y p——

Phascolosoms perlucens ascolosor \ r— Apa’onsoma

11B&51099 Amtillesoma antillarum Antillesomaf

&) Homogaster sarmitica \ j Phascolosoma

'd N
Number of |
orthogroups

- Paramphiname jefreysii y 1 — Aspidosiphon

90 RE0.9
1eRs0.m - Eurythos complanata

11/72/56/0.99

O Chastopionus sp.

) Aspidosiphonidae
> Magsiona johnstoni Cioeosiphon

Q) Owenia husitormis

D) Chiton civaceus

75 % matrix
O odopus wiganis @ 1

> Argonemertes austraiensis & 120

& 1o

-0 Baseodiscus unicalar O &
¢ 0 )
e

V1/100/96/0.99

.




300 pmiB,Cl !

Problemaltica

Lobatfocerebrum
Jennaria

morsti benticti Cervi bez segmentace a chet, znama
castecne ultrastruktura, nic o ontogenezi, zadne
molekularni udaje

bud’ zjednoduseni krouzkovci, nebo neco bazalniho (,mezi
plostenci a krouzkovci®)




Lobatfocerebrum

napadneé slozity mozek
(miniaturizace?)
zadne znamky segmentace




Jennaria a Nerillidae?




urodriius

Arthropoda
Gnathostomulida
L Gastrotrncha
Platyhelminthes

Sipuncula

Diurodrilus
Micrognathozoa

Rofifera

Entoprocta

{10

Dinophilidas

Mollusca

Nomertea s _ S R
1% R
\.-./. .j.

Brachiopoda oy koo -

Annelida

pedogeneticky dorvijlleid!




Myzostomida




Myzostomida

* hluboky konflikt
mezi jednotlivymi
soubory genu:

1. Annelida (Hox,

mitochondrie, 5l
morfologie, mIRNA) -

"~ ==~ Myzostomida?
2. Platyzoa ‘ Rl'ti?:f;’ 3
(ribosomalni geny) | Platyhelminthes

Annelida




Myzostomida
segmentace + svalovina

druhotne radialni usporadani
svaloviny

puvodné 6 (?) segmentu

im [ltm Eem [l cm



45/8400,

6889

Endomyzostoma clarki

Endomyzostoma deformator

% Endomyzostoman. sp. A Endomyzostomatidae
Endomyzostoma neridae
950 Endomyzostoma n. sp. 1
A grvgieri Asteromy tidae
* — P
yz,,s,bmum ple el Protomyzostomatidae
Eenymeenymyzostomatidae

ly 1y )stoma cirripe

62/B60.9;

26/+/-

(prev.

Myzas}ama au;!rafg

Myzostoma divisor
oy /zostoma cirriferum
EEYE] ostoma testudo
tyzo.

Myzostoma alatum
cHE Camaamxmﬂm&mﬂaﬂca"
X Myzostoma cf. viride
Myzostoma kymae
toma ci. kymae
toma ambiguum
0 so/VOIOPharyngoides arvensis
o ostoma longitergum
stoma pseudocuniculus

*,

s)pseizar

I Myzostoma cuniculus
MVZDsrams

Tiaai Wzomma aumnae

s o, Myzostoma cf. laurenae

a7 ontramyzostoma bialatum.

o pMyzostomasp. B

i &YZDSW capitocutis

2684
B4 toma i

wm:n lyzostoma seymou iorum
mygghsrom sudsanaf
jotopharyngoides platypus
“:5* My mortenseni
Myzostoma pa!ycyc.'us
m,,Myzostoma . stochoeides
L Myzostoma sp. C
85/8400.87) Myzostoma miki
Myzostoma debiae
=, MyZzostoma bicorne
Ty Myzostoma laingense
e Myzostoma sp. aff. attenuatum
'Myzostoma tertiusi
Myzostoma sp. aff. jaegersteni
Myzoerama sp aff. furcatum
5 yzas ﬂssum
zostoma sp. D

8817510 2341

1611~ P
Myzostoma fuscomaculatum
ostoma bocki

10+ 4710 Mf.lgzo asp. G

Hypomyzostoma jasont

Lt ":": = Hypomyzosioma nanseni
* St FypOMyZOSIOMaA TASCIATUM

27/-10.67 Hy,nomy,_asfoma Jonathen!
SOMVZoStoman. sp. 2

[54/761

= Mesamyznslaman sp. A
k.1 Mesemyzostoman. sp. 3
— Mesomyzostoma ct. reichenspergi
48/49/0.73 " Mesomyzostoman. sp. 4
457.10.6° Mesomyzostoman. sp. C

"'""‘iﬂpsamyzacmma lanterbecqae
56/-/0.95] Mesomyzostoma kalol
Mesomyzestoman. sp. B

— 39/-0.81

22" *Masomyzostoman. sp. 1

76154

52/32/
9/4r3

Lifestyle 9

89
*
*
%
%
*|
!
*!
*
*;
44135/ *
o
*
66/15/ *
12/4/3
o1% ****
**
k.l
.4
b
* *)
*
] Gall-forming
[l Cyst-forming
=1 In mouth or digestive tube
L] Parasitic host-eater A
Il Cyst to free-living on host
*
*

Endomyzostoma clarki
Endomyzostoma deformator
Endomyzostoma . sp. A
Endomyzostoma n. sp. 1
Endomyzostoma neridae
Asleromyzostomum grygieri
\Protomyzostomum lingua

| Protomyzostomuim roseus
Eenymeenymyzostoma cirripediu

D Pulvinomyzostomum pulvinar

Pulvinomyzostomum inaki
Pulvinomyzostomum messingi
yzostoma australe
lyzostoma josefinae
yzostoma divisor
yzostoma cirriferum
yzostoma lestudo
lyzostoma alatum
ontramyzostoma sphaera
rzostoma cf. viride
yzostoma kymae

III3T

IO

cf. kymae

ambiguum

des aruensis
ostormna

pseudocuniculus
yzostoma indocuniculus
yzostoma cuniculus
yzostoma sp. A

yzosfoma laurenae

yzostoma cl. laurenae
ontramyzosioma bialatum
yzostoma sp.

lyzostoma capitocutis
yzosloma nigromaculatum
yzostoma insigne

yzostoma seymourcoliegiorum
"ropharyn goides plalypus
yzostoma susanae

yzostoma mortenseni
yzostoma polycyclus
yzostoma cl. slochoeides
yzostoma sp.

ostoma miki

yzostoma debiae

yzostoma bicorne

yzostoma laingense
yzostoma sp. aff. attenvatum
yzostoma tertiusi

yzostoma sp. aff. jaegersteni
yzostoma sp aff furcatum
yzostoma fissum

yzostoma sp. D

yzostoma hollandi

yzostoma eeckhauti
yzostoma pipkini

yzostoma sp. F

yzostoma sp. E

yzostoma fuscomaculatum
zostoma bocki

fyzostoma sp. G
/pomyzostoma jasoni
/pomyzostoma nanseni
pomyzostoma fasciatum
/pomyzostoma jonathoni
lesomyzostoma n. sp. 2
lesomyzostoma n. sp. A
Mesomyzostoma nsp.
Mesomyzostoma reichenspergi
Mesomyzostoma n. Sp. 4
\Mesomyzostoma n. sp. C
Mesomyzostoma lanterbecqae
Mesomyzostoma cf. katoi
'Mesomyzostoma n. sp. B
'Mesomyzostoma n. sp. 1

S e

3
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Krouzkovci a
M{DNA

konzervativni poradi u
Pleistoannelida (vCetné
myzostomidu)

bazalni krouzkovci jsou
odlisni (a kazdy jiny)
mitogenomika odpovida
fylogenomice (x
Oweniidae)

l Brachiopods

| Nemertea




Fylogenomika krouzkovcu

Cephalothrix hongkongiensis
Cerebratulus marginatus

Octopus vulgaris

Chiton olivaceus

Terebratalia transversa

Phoronis australis

Owenia sp

Cca 800 10 5 Magelona pitelkai

Chaelopterus sp.

o o ———— Mesochaetopterus minutus
g e n u 5 Pareurythoe californica
= Phascolopsis gouldii
Sipunculus nudus
Protodriloides chaetifer

Pharyngocirrus tridentiger
Megadrilus sp.
Polygordius sp
Harmothoe imbricata
Phyllodoce medipapiliata
Eunice torquata

Naineris dendritica

Spinther sp.

Dinophilus taeniatus
Osedax frankpressi
Myzostoma seymourcollegiorum
LL@ 100 Endomyzostoma cysticolum
Myzostomida sp

Hormogaster elisae
Bonellia viridis

Thoracophelia mucronata

Arenicola marina

Thelepus sp.

Flabelliderma ockeri
Sternaspis affinis

Fauveliopsis sp

Neosabellaria cemenlarium
Sabella pavonina
Prionospio sp




Fylogenomika
krouzkovcu

Osedax = artefakt (+
Pogonophora

zakladni strom + pridavani
po jednom: Spinther—
Orbiniidae

Myzostomida — Orbiniidae
Dinophilidae — ? (Clitellata?)

Polygordiidae — v ramci
Aphroditiformia®?

Dinophilus tae
a saymourcolieglorum

Endomyzostoma ¢ s
Myzostomida sp

Sabalia pavonina
O8pI0 5.

Caphtella teleta

Helobdella 10busta

MATRIX 3

Phoranis australis

Terebratalia transversa

Chiton ofi

Octopus vulgaris
Cephalothrix hongkongiensis
Uerebratulus marginaius

Owenia sp.

- Magelona pitelkai
Chaetopterus sp.
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Clitellata
Terebelliformia
Arenicoliclas
Maldanidae
Echiura
Capitellidas
Opheliidae
Spionidas
Sabellariidas
Serpulicas
Fabriciidae
Sabellidae
Cirratuliformia
Siboglinidas
Orbiniicae
Parergodrilidas
Diurodrilicias
Dinophilidas

Merillicae

Sedentaria

SEdentaﬁi}
Errantia m

Sipuncula

Amphinomidae “P

Chaetopteridae ”

Magelonidae Cf
Oweniidae )

Errantia

_E Glyceriformia

Tomopteridae

Phyllodocidas

Mereldiclae

Mephtyidas
Syllidae
Polynoidae
Sigalionidae

Euniciclae

Onuphidae
Lumbrineridae
Dorvilleidae
Protadriloidae
Protedrilidae

Saccockridae

Polygordiidas

Myzastomida




,Problemaltica’ a fylogenomika

Laevipiling Fryalir
Chitan aliveceus
Lottia gigantea
tolmie
SOMENIA SP.
holdoskepia sp

ama hamanake
chtefla ifrmal

o A NEMERTEA

BRACHIOPODA |
' PHORONIEEES

nembranacen

e ot SUdul g | | ECTOPROCTANM

gelona johnston
f.m?cmr.a berk
mphinome jelfreysii
ioprerus sp.
Chaetopterus sp

%
@

cu

Harmothoe extenuata
jepthys coeca
Glycera tridactyla

Diurodrilus subterraneus

POs armmger
netida
scalelepis squamal
Sabellaria afveo

Pristina
Lumbriculus ruebellus
Helabdela robusta

Lobatocerebrum
Diurodrilus




bazalni Annelida
(,Sedentaria®)

Oweniidae
Magelonidae
Chaetopteridae
Apistobranchidae (?77?

Pleijel 2007

Ei
Efsenia felida
Lumbricus rubelius
has kareanus

Clitellata

Hasmantera depresse
o

i
Pristina leid)
5 H‘.I'ﬁb'{frex tug?fox I
Alvineila gg;npejans Terebelliformial

; iz koreni i
Aronicels maring Arenicolidae
Ophelia rathkei Opheliidae/
inhelia limaing :
Opéaa inash. Capitellidae/
rechis caupo ll Echiura
P /) vaxilio.

Fa o g o T 98

Scolulepis squamata Spionidal
i it

Flaballigera afiinis

cn%?;fﬂcfg:m Cirratuliformia/

[Cid Piscesod i i

Ridgala op. Siboglinidae
Rirtia pashyptila

Annelida

l tsania andrel .

Sedentaria

pn;r,{btfoe‘?:‘#gs Armians I Orbiniidag -~ -

se.orergodrilus heideri' | Parergodrilidae

drilus

Apharyngtus punicus
Ehrnj);hﬁ_us yﬁrm_ cilfatius "
Trilobodrilus ax

M, itla fagei * Nerillidae -

_:\ “ Diurcdrilidae o=

Orbiniida

Lysidice sp.
Aaé_fpﬂysa ﬂ%ﬂ”

Nii
i Eﬂ%’ﬂggg zonats
ral @ sp-
i Exallopus sp.
0 hr}folrochl ﬂfobl}plfpll’t
Protodorviliea keferstein
Dorvillea sp.

Iycera
Eglls claviy

Nsns!hﬁfs:;;ﬂ - Phyllodacida
Mammﬁé’?_;'f-frﬁ:e’u
Stheneias boa

4

Errantia

Protodriloides chaetifer i ) e s
Protodriloides symbioticus ™ | ad jae)” = Protodrilida
— FProtodrilis adhaerens © C
Saccocirrus burchelli “* {Saccacimmidas) = i
fygordius <p. - — |
ygordius EF' w . Iil 2 .
Polygardius lacteus ™

calling cernua
sp.

Symbion pandara

do
ufa neriting

Protodrili-
formia




mitrariova larva

bez disepimentu mezi
clanky

bez typické krouzkovCi
Y | e

protonefridie \2_& '
,2deuterostomniho typu” § ey

Oweniidae

intraepidermalni NS (+
Magelonidae,
Pogonophora) s
podivnymi synapsemi
monociliatni epitely (ne u
vSech druhu)




Annelida

’ ’ " . Pleistoannelida
bazalni Annelida
has korean .

5
arionyx excavalus
elobdelia robusta Clitellata
Hesmagena depressa
lirudo

?-ﬁi’ff&i’?fﬂm I
iffineols

U “ iﬁﬁ;ﬁg{g:}npejana it Terebelll'_formiaf
Arenicola marina _ 4 Arenicolidae
Ophelia rathkei Opheliidae!
9 alina S

Capitellidae/
rechis caupo | El:hiuramﬂ
’ vai

do 58

Scolulepis squamata Spionidal
i it

Flaballigera afiinis
Cirrafulis sn, Cirratuliformia/
jeia plspesas i i
Ridge sp-? Siboglinidae

Riftis pachyptila
pn;r,??ﬁé"}fﬁg" AmHgat I Orhiniidae

— Parergadrilus heideri' I Parergodrilidae Orbln"da

Diurodrilus “ Diurcdrilidae
Apharyngtus punicus * ]
i

inaphilus ociliatus "
P triobdritus axi
itfa fagei ** Nerillidae

(8 - it i
" " g 4 % < Eunice pennata
Amphinomidae T = = e
! ’ "fﬂ;‘,ﬂgﬂ: zonats
Arabella sp.

Aberrantidae (???) - ud e A

i
Protodorviliea keferstein

iea sp.

T

Glypera
Nepthys caeca
— Syiliz 8o,

5 S
mmmﬁ?giﬂfﬂm
Stheneiais boa

Phyllodocida

Protodriloides chaetifer '8 ] ) N s
Protodriloides symbioticus * (Prolodriloidae)” 4 Protadrilida

— Protodrilus adhaerens ™ {Protod C PrOtOdI‘IiI-
Saccom;:’us humﬂhﬂ]’h A [Saccacimidas). = \ f e
gordius sp. ! M—
Polygordius g “ || Polygordiidae —= ormia
Polygardius lacteus ™ =

celling cermnua
sp.

Symbion pandara

do
ufa neriting

= Euprymna scolopes
Hanlaya sp.




bazalni Annelida
nesegmentovani
cervi

Sipunculida
Lobatocerebromorpha (?)

300 ym (8,C)

Eisen) Fl
Lumbﬂcus mbe#fus
i

Perianyx
= yh‘;'ﬁadvofﬂa robusgta Clitetlata

Hasmenteria depressa
Dlaeia dep y

Prist, lesil
i o |
iﬁﬁﬁéﬁﬂ‘ﬁgﬁfﬁm na 2 Terebelliformial

; Korani .
Aronicola marina Arenicolidae
Ophelia rathkei Dpheli‘:daef
S |l da
O aloh’?’!uism P

mchrs caupo | Echiura
vas

Pl palydo bl

Scolulepis squamata Splomd al

hallid

F!&baﬂfﬂem affinis

Ciratiles Cirratuliformial

idgeia piscesae i i

Ridgala op. Siboglinidae
Riftia pachyptila

Annelida

' EJisnFa EndrEi .

Sedentaria

IDﬁ,!erUer:ut:'?a armiger | Orbiniidae

Famr'gq'dr’ﬁ‘hrs heideri ' I F‘are"qodr\lldae

TSR

Di drilus

Apha ryng;fus punicys *

Trafubnd’nfln ax,

iftfa fagei ** Nerillidae

eus “ Diurodrilidae

< Orbiniida

M‘;a.rd'ru sp.
fpn ysa e

Exa.f.lupus P,
Ophi olrochl globnpld‘pau
Protodorviliea keferstein .i

rvillea sp.

grrcera

Eiflalia

Nsp.lhﬁy]s caecs Phyllodocida

H’armargw 1 ax!anu!!s
boa

Errantia

Saccocirrus humhn]’h
Po! gordlus sp. -
rgorr:ms 5p. !
ardius ar!cue ad

Mmhnldae!

s | Oweniidae

Symbion pandara

Protodrili-
formia




Protodriliform

Protodrilidae
Protodriloididae
Saccocirridae
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s : ganglion and trunk discs P obo\sc S ameiiotic:

disc cerebral -ﬁf \ # / cavity
‘ ganglion

. , T cerebral
cerebral " W ] ganglla( \\ 7

pouch

trunk disc

 cerebral outline of dorsal disc fused cephalic b <A
pouch concave hyposphere discs juveniie

(B) (D)




Amphiporusangulatus

Monostilifera s Amphiporus lactifloreus
-
Paranemertes sp. 249
= Paranemertes peregr ina o1

Paranemertes sanjuanensis
Amphiporus formidabilis
Amphiporusimparispinosusf

Emplectonema buergeri

- Y 4 ]
Emplectonema gracile J : = a S n I C
Furj g ittoralis /

M alacobdelia cf. grossa E
e puntinonemertes sp. 115 3
Poseidonemertes sp. 349

Poseidonemertes sp. 508

BALAWAUOIRY

Poseidonemertes collaris

Hoplonemertea
(=Enopla) Qrotyphlonemeries sp. 21

Zygonemertes simonae
Z\"L“U?ll'lﬂl‘!‘k‘\ virescens

el Annulonemertes

Antarctonemertes varverae

Tetrastemmatidae
Tetrastemma elegans

7 f Oerstedia venusta :l ) .
1.0 . Oerstedia zebra | I l | I erIS I uS
100 Tetrastemma wilsoni
s Nemerteflina yamaoki
‘ egment :
seg ace):
I Pelagonemertes sp. 545 L4
Bubgii e r Phailonemertes murrayi O d VOZe n y d ru h

EAISWAU0AN]

Nipponnemertes bimaculatus

Carcinonemertes cf. c. i
‘—.N’ﬂppmuwmr‘rtu punctatilus
Protopelagonemertes sp. 544
Nectonemertes mirabilis

1 4
Reptant sp. 481
S G P Op I IIII el
Reptant sp. 500
Cerebratulus marginatus

Parborlasia corrugatus
Parvicirrus dubius
Lineus longissimus
Ramphegordius sanguineus
Lineus viridis

Lineus atborostratus
Tenuilineus bicolor
Micrura alaskensis
Notaspermus geniculatus
Riserius pugetensis
Hubrechtella dubic
== Carinoma mutab

remaphoros

1.0 " {lothrix filiformis

LO Xioo rocephalothrix simulus
100

palaco-

= g nemerteans
Procephalotrix spiralis

0.92 Tubulanus punctatus
i'ET! bulanus rivabdotus
100 y

0.54 Mytilus edul
iET«'i('f‘ln‘h ]

Aplysia calif

L0 [ Sipun
90 Urechis caupo

utgroup




» Malacobdella

(,Bdellonemertea* = N eme rtea
symbionti mékkysu) a
Annulonemertes patri do

Hoplonemertea fylogenom | ka

Arhynchonemertes. nevime

Chiton olivaceus

Octopus vulgaris

Ennucula tenuis

YISNTIOW

Gadila tolmiei

Sipunculus nudus

Capitella teleta

b
=
=
m
r
O
b

Helobdella robusta

Hormogaster samnitica

Tubulanus punctatus PALAEONEMERTEA

Carinoma hamanako

Cephalothrix hongkongiensis

—

' Baseodiscus unicolor . ST
NEMERTEA oo e HETERONEMERTEA
Cerebratulus marginatus
+|— Risenellus occultus

NEONEMERTEA |
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Brachiozoa = Phoronozoa =
Brachiopoda s.lat.




Phoronida




Phoronida

 aktinotrocha - jedina
primarni larva s krevnim
systemem, dobre vyvinutymi
nefridialnimi kanaly a
metasomalnim vakem

* {j. plantonni juvenil?




Phoronida

e parova brisni NS s metamerickymi komisurami u
larev, ztracené u dospélcu

FMRF-amide




Phoronida

« celom tripartitni
(,archicelomatni®) — pritomnost
protocelu zalezi na velikosti telal

e proto—mezo—meta




ventral valve

digestive
divarticulum

ganglion stomach
1

. intestine
(no anus)

™ adductor muscle

diductor muscle
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Phylum Brachiopoda Dumeril, 1806
Diagnosis as in Cohen (2000), modified from Emig
(1977b, 1982).
Subphylum Linguliformea Williams et al., 1996
Diagnosis as in Williams et al. (1996), with
emendation “or in a cylindrical tube of their own
secretion” (after Emig 1982).
Class Craniata Williams ¢t al., 199

u
ra I l I O z Oa Diagnosis as for subphylum Craniiformea and
Class Craniata in Williams et al. (1996).

Class Phoronata cl. nov.,

Diagnosis as for subphylum Phoroniformea in

Cohen (2000).

Class Lingulata Gorjansky & Popoy, 1985

Diagnosis as in Williams et al. (1996).
Subphvlum Rhynchonelliformea Willians et al., 1996

Class Rhynchonellata Williams et al., 1996

Order Rhynchonellida Kuhn, 1949

Order Terebratulida Waagen, 1883

Order Thecideida Elliot, 1958

Discinizca of. tenwis (Africa)

Dizcinisca of. tenuiz (5. America) Lingulifarmea
Craniformea

Gioitidia pyramidata
Linguia of, anating iInarticulate
Novocrania anomala (M. Atlantic) brachicgods)

Craniid {chimagriz)

100,100 Pheranid (chimaeric)
I E L . ' Pharonids
Phoroniz hippoorspis (Meditsmansan)

Tersbratalia transversa

- . Rhynchonellifarmea
Terabratuling ratizs by

Echemithinia gra i {Articulate
brachiopods)

Noiosaria nigicans

D Mulluscs
Pectinid {Dutgroup)

0.0 substitutions'site




Yuganotheca

Go\‘f\ed‘on

Phoronis

kambrium (Chengjiang)
bez schranek




LIngulosacculus
(kambrium) — ,mekk
ramenonozec -
Phoronida

* Drakozoon (silur) —
mekky, serialni

1

y

dorsal valve

_Vvascula
< media

visceral .
area vascula
lateralia

hinge-line

ventral valve

visceral
area

eajessuiopnesd ——




Brachiozoa a
Tommotiida

Crown-phoronids i Crown-linguliform
brachiopods Mickwitzia brachiopods

Micrina

?
Paterinds + Tannuolina
Askepasma Paterimitra

Kulparina

Camenella Dailyatia L.
Sunnaginia

?

Lapworthella Eccentrotheca

Molluscs, annelids
and their allies




/ nuklearnich
proteinovych
genu + 3 rDNA

A

Bayesian mixed models (full dataset)

Novocrania
Terebratulina
Tarebratalia
Glottidia
Lingula
P architecta
P_vancouverensis
Phoronopsis
M_califorianus
M_edulis
Modiclus
Mercenaria

Nucula
Anadara

Aplysia
'l— Crepidula

Littorina
1 i Neptunea
Buccinum

Haliatis

Chaetopleura
Leptochiton

Nereis

Alvinella

Lumbricus
Tubifex
Capitella

Stylochus

Carinoma

Tubulanus
Amphiporus

Cerebratulus
Lineus

Helobdella

A
Brachiopod monophyly

Phoronida

Craniformea

Linguliformea

Rhynchonelliformea

B
Brachiopod paraphyly

Rhynchonelliformea

e Craniformea

Linguliformea

Phoronida

B

Minimum Evolution (full dataset)

Clottidia
Lingula

Brachiopoda

Phoronida

C

Mollusca
Novocrania
Glottidia
Lingula
Terebratulina
Terebratalia
P_architecta
F_vancouverensis
Phoronopsis
Mollusca
Annelida

Platyhelminthes

Nemertea

Navocrania
P_architecta
Phoronopsis
P_vancouverensis

|:BS Terebratulina

Terebratalia

Root A
(brachiopod
monophyly)

Linguliformea Phoronida

Craniiformea Rhynchonelliformea

Root B
(brachiopod

paraphyly)

Brachiopoda (Inarticulata)

| Phoronida

I Brachiopoda (Articulata)

Bayesian mixed models (rate homogeneous sites)

Brachiopoda

| Phoronida




 slow-fast analyza:
Novocrania je
artificialne
pritahovana k
chapadlovkam -
bazalni postaveni

neverohodné =
Inarticulata?

monofylie
ramenonozcu
podporena i miRNA
Post-Cambrian

2 p‘r’.eChOdy Od fOSfétﬁ Ediacaran € Paleozoic Mesozoic Cenozoic
(~ Tomot”da?) k P_vancouverensis

Phoronopsis

vapenci — unikatni v g
ramcl metazoil... Terebratulin

Terebratalia
Lingula
Glottidia

635 600 | 500
-




zadni

Brachiopoda

predni

hitbetni
schranka

bfigni
schranka

predni
brachialni (pfedni)
schranka

pedikularmi (Zadni
schranka

zadni

Halkieria

Polyplacophora
Phoronida

-

e

L

Halkieria




,Brachiopod fold"

 Uudajné viditelny v metamorféze craniidu
* X zadné naznaky ,foldingu” v metamorféze Novocrania???




Brachiopoda a Spiralia

o« [erebratalia

« dalekosahla homologie
pi‘ed n I’Ch éé Stl’ Ia rev ( ap/ca/, Gastropod TFGCODhOFE PIatynersTrochophare Capitella Trochophore

Sea Urchin Gastrula  Hemichordate Worm Tornaria Larva  Tunicate Larva

k.1
Mo
Wroxoz  Msixsse
Homeobrain NKZ2.1+0tp

mantle, pedicel lobes) aYa 5,
| ' y ¢ 3 i F TB
. » ) I

Ventral View Dorsal View Midsagittal Plane
Fez Wroxoz  Mnk2.1 Msix3/e
lFOXG Homeobrain .Otp




Evoluce biomineralizace

Ca-phosphate Ca-carbonate BMP
Chitin
signaling

Shells Shells Sclerites

————— Conchifera [ ) o ©
Aculifera & ®

Brachiopoda

Linguliformea

Craniiformea

Rhynchonelliformea

Phoronida
_CZ Conchifera _E Conchifera C Conchifera
Aculifera Aculifera Aculifera

Ca-phosphate Ca-carbonate Chitin scaffold
Linguliformea (_ = Linguliformea — Linguliformea

Craniiformea Craniiformea Craniiformea

Rhynchonelliformea Rhynchonelliformea Rhynchonelliformea

Phoronida Phoronida Phoronida




Brachiopoda: L/ngula genom

* ... ramenonoZzci jsou bliZzsi mekkysum nez

krouZkovecum...
« Conchozoa???

Homo‘*
Ciona ‘

Branchiostoma
Crassostrea

Tribolium seie
Drosophila
Daphnia @ ¥
Nematostella J ‘

Acropora ‘




Kamptozoa = Entoprocta

tentacle  apical surface

mouth
gonopore
ganglion
oesophagus

calyx—

mesenchyme

- f:u’wh;m 4 bbby
fv .Ikrr-f o ... g

Entoprocta Ectoprocta Pterobranchia
Phoronida
Brachiopoda




Entoprocta:
plaziva larva

spolecné znaky s mekkysi
(= Lacunifera =
Tetraneuralia)

i '-'& o . H\w =
TR
R N '%
| IR RS

\\ . A 3 Sy

T




Cycliophora

! Becln

@ BIODIDAC, Stritch
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7d.8¢,10

Loxosomells varians

3 [ Loxomitra mEugumaensis

Loxomitra tetravrganon

Loxvsomella sp. on Godfingia sp

Loxosomells harmeri

Loxosamella sp. on Palmiskenea skenei

Loxesoma pectinaricola

10 12,13

—'—%— Loxasomelky vivipara

Laxisomelly stamatophora

Laxosamelka prarguenensis

Loxosomelhe plakorticola

mrafoides

I synapomorphy

lequivocal

I loss or other change




Bryozoa = Ectoprocta

gizzard

retractar
muscle

funiculus

i anus
orifice o i B i -

{ 1| -mouth

P B i
A | 41 metacoel
W - supraneural pore e by 1
-/ ¥ s
.

- — ganglion
— anus T I _ . Gy -
s i ’ ; [~cardiac
collar i i i 7

\ 1 /
Y ovary—gae 1/ daganarating i ~pylorus
/ polypide | i1 =

& ~caescum

I
=]
um _";"1

\
II|
|I scp..t

if{) o

matacoa

mesocoel

ganglion

tentacle

_‘!tiiubljs

ovicell
loperculum Yl embryo

retractor \ [of |
muscle Eifte

F_]ari(;:tal \ frontal
muscle ' membrane

I |
testis ovary funiculus

|excsacca| coelom
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Fylogeneze
mechovek

PHOMOMIS vancouverensis

1,00 Aszajirella gelatinosa
Lophopus crysfallinus

Pectinatelia magniica

! Phylaciolaemata
1.00— Cristatela mucedo

1.00 )
Fredencela sullana®

Fiuwmatella repens
Gelatinella foanensis

1100

Crisida comuta
009

1.00 Crisia ebumea

Crisia acuiests
Diplosalen abelia

Lichenopora sp.”
Plagivacia patina

Bowerbankia graciis

Securifiusiva securifrons

Stenolasmata
Disparella hispida

Callsporeiia hyaling

Alcyonidium gelafinosum®

Tersbratalia fransverss
Pediceling cermua

Baventsia gracilis

Flustretidra hispida
Alcyonidivm mamilatum
Triticeda pedicelata
TriticeNa kareni
Bicelarialla ciliata
100 Membranipora membranacea

Elpctra pllosa

Flustra foliacea
1.00 | Buguia turmita
Scrupocelania scruposa
Refaporella beaniana
Schizomawvella inearis

Cryptosula paliasiana

E=chareila immersa

0.62
079 10.88

Gymnolaemala

Bryozoa Phylacto- Steno-

laemata laemata

Cheilo- Gymno- Phylacto-
stomata lagmata + laemata +
Stenolaemata Steno-
lagmata

Gymno-
laemata




Fylogeneze mechovek

« 7 genu (rDNA + mtDNA)

« fylogeneze v rozporu s
kladistickymi analyzami
morfologickych dat -
fylogeneticky vyznamne
jsou znaky z mekké
anatomie, ne znaky
skeletalni




Ectoprocta — inervace lofoforu

* |ofoforova konkavita
u Phylactolaemata
+ vnitrni rada
chapadel bez
serotoninové
Inervace <
zvetseni lofoforu?

Phylactolaemata
odvozena?




Larvy mechovek

aboral/posterior

oral/anterior

Phylactolaemata:
prekocialni puceni
z episfery




Metamorfoza mechovek

« exprese ma par spole¢nych znaku s ostatnimi bilaterii
(tvorba polypida nebo aspon lofoforu), ale A/P osu
nelze jasne urcit

Swirmming |avy - N post-atiachn 160 post-atichmen 24h post-atiacheTant

e
Larval stage early pre-ancestrulae Mid pre-ancestrulae Mid pre-ancestrulae late pre-ancestrulae




Lophophorata?

Lophophorata: lofofor +
epistom

Bryozoa + Phoronida:
evaginace ventralni
vchlipeniny na pocatku
metamorfozy

Phoronida + Phylactolaemata:

svalovina trupu
X Brachiozoa

Echinoderas
Xiphinema

Brachionus
Fhilodina

I Syndermata

Baranisia
Pedicellina cernua
F'em r:f.lma 14)

L '-?-u.ll = - [=

ejeioydoydon

Helobdeliz
Chaetoderma
Euprymna
Idiosepius
Lepidochitana
Crassostrea
Mytilus
Argopactan

Chiamys
Hyriopsis
Dreissena
Venerupis
Lottia

Haliotis

Aplysia
Lymnaea
Biomphalaria

Annelida

Mollusca




Lophophorata?

196 genu - i
vsechny pozice X T . ' -
X vylouceni —

znaku s Ty W o
nejvyssim ' '
procentem
chybegjicich dat

ejesoydoydon

ejrioydoydo

e SO
Thi

He a
Chaetoderma
Euprymna
Idiosepius
Lepidochitana
Crassostrea
Mytilus
Argopecten

Hi
Chastoderma
— Euprymna
Idivsepius
Lepidochitona
— Crassostrea
Mytilus
Argopecten
- Chiamys f
’ Mollusca Chiamys <
= Hyriopsis ) Hyriopsis Mollusca
sy Dreissena
Venerupis Venerupis
ol Lottia

Haliotis
Aplysia
Lymnaaa

Lymnaea
Biomphalaria

Biomphalaria
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Lophophorata”

 protocel u Phylactolaemata”? — celom ano, ale jeden (skrz
celé telo vCetneé epistomu)

« Brachiopoda - bi- i tripartitni (protocel u Lingula) ~
Phoronida

* homologicka inervace lofoforu (Phoronida—-Brachiopoda-

Ectoprocta)
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,Mesozoa"

Rhombozoa

(plosténci???)

. Nematogen .. Rombogen

b 7

R axoblast
axidlni o (i - pahlavni

bufika ™_Td 1} ] ASAN: Zlaza
axoblasty A/ | : ' '

- Spermie

-- vajicko

nematogen

ARE i H 1~ axialni
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Orthonectida

svaly + serotonergni NS

podoba se larvam Ci trpaslicim
samcum?

slozite receptory

nervova soustava — v predni casti
tela skupina malych bunek

propojenych synapsemi
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Orthonectida

 bilateralni svalovy
systém
slozite receptory

nervova soustava —
v predni Casti tela
skupina malych
bunek propojenych
synapsemi




Orthonectida

potravni plazmodium

v nem vznikaji pohlavni
jedinci (partenogeneze?)

ven se dostavaji pomoci
specialnich
plazmodialnich kanalu

nepohlavni deleni
plazmodii
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IN THE RENAL SAC

nematogen rhombogen

vermiform infusoriform
embryo embryo
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Rhombozoa

exprese genu odpovida
trochoforové larve

Hox gen DoxC neni aktivni
ve vyvoji infusoriformniho
stadia
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Expression pattern

Vermiform embryo

Calotte-specific Chitinase-like protein (Ogino et al.,

Rhombozoa
Trunk-specific Aquaglyceroporin

Aspartate aminotransferase
Cathepsin-L-like cysteine peptidase
DoxC (Kobayashi et al., 2009)
Glucose transporter
Glycin transporter IN THE RENAL SAC
Germ line cell-specific (agamete  Do-otx (Kobayashi et al., 2009) nematogen e
and germinal cell in :
infusoriform embryo)
Germ line cell-specific (agamete) Ets domain-containing protein
Rad 18 protein
Ubiquitous F-actin capping protein
Glucose dehydrogenase
HSP 70
HSP 90
Isocitrate dehydrogenase
Serine hydroxymethyltransferase
Succinate-CoA ligase BN | o vl - L
Valosin-containing protein '
14-3-3 protein

Infusoriform embryo
Urn cell-specific Aspartate aminotransferase
Cathepsin-L-like cysteine peptidase
F-actin capping protein
HSP 70
HSP 90

Succinate-CoA ligase

posterior

IN THE SEA

Valosin-containing protein
14-3-3 protein
Ciliated cell-specific Glucose dehydrogenase
Ubiquitous Isocitrate dehydrogenase




Rhom bozoa
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