Fylogeneze a diverzita obratlovcu

6. Craniata, Cyclostomata
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Vertebrata
Plesiomorfie

* Neuralni lista

* Plakody a z nich odvozené struktury (smyslové organy apod.)

* Mozek s rhombomerickou segmentaci

* Hypofyza — centrum humoralni regulace, neuro i adenohypofyza

* Celkovostni senzorické organy s multiciliarnimi receptory (neuromasty)

Zakladni autapomorfie
Zcela noveé (nespolecné s Olfactores)

Chrupavka s potencialem mineralizace, zuby, exoskelet

Axialni skelet a hlavovy skelet

Cévni soustava - 3dilné srdce, cévy s endotelem

Vylu€ovaci soustava - glomeluralni ledvina, nefron: Malphigiho télisko + tubuly
+ primarni mocovod

Klze a kozni derivaty

ZvétSeni poctu gend v genomu
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paraxialni

intermediarni

mezoderm:

chorda dorsalis

laterg|ni 3 TSR amniova dutina
N dorzalni aorta

interceluarni stérbiny v lateralnim
A entoderm ey el il

medularni trubice

intermediarni prvosegment
mezoderm (nefrotom) (somit)
sténa amnia somatopleura
‘i
B intraembryonalni coelom splanchnopleura
Mezoderm:

» lateralni mezoderm - zachovava si podobu listu
* mezoderm po stranach chordy zmohutni v ploténku = tzv. paraaxialni mezoderm
* mezi obéma oddily mezodermu = intermediarni mezoderm (nefrotomy)
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paraaxialni mezoderm, somit

Myotome formation ‘
e dorsa R .

? w

-
ventral ¢

sclerotome

diferenciace somiti:

sclerotom — Zebra,obratle

myotom - svaly

dermatom - skara

neural
neural groove tube neural crest
ectoderm ectoderm
somatic
» somite coelom
mesoderm | Paraxial _lateral plate mesoderm T splanchnic
endoderm T endoderm
intermediate notochord INtermediate

notochord

(only right shown)

'
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Zaberni oblast:

« Maly pocet otvoru s vysoce specializovanym dychacim epitelem (zabra)
» chrupavcité zaberni oblouky (visceralni skelet)

» branchiomericka svalovina — svalova pumpa

« prutok vody Zaberni oblasti: aktivni svalova pumpa (visc. skelet + branchiomerické svaly)

zaberni oblouky, osvaleni krku a tvare, puvod v paraaxialnim mesodermu

|

Savci preména v mimické svaly

Aty
e e \
-4 — 77

SC

VISCERAL SKELETAL ARCHES (1-7)
\ DEPRESSORES ARCUORUM (1-7)

7
LEVATORES 1-4 "/";L

A o
DORSOLARYNGIS AND NS ph

DORSOTRACHEALIS sc N

DIGASTRICUS

MASSETER
TEMPORALIS
[

Mpotydews | Sphwcier cob
Ospressor mandtamse  Branchotyomm

Mecturus

INTERMANDIBULARES Al ADYNAED
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Potrava a traveni, skupin bez ¢elisti

 Clenity ustni aparat se specializovanymi organy (Celisti, zuby, jazyk)
« strevo s komplikovanym resorpCnim epitelem, hladkou svalovinou, peristaltika
« traveni potravy extracelularne, travici enzymy

[ neural crest-derived skeletal elements

® Oddélené jétra a pankreas - mesodermal neurocranium and otic capsules

Adult hagfish o = R

Chrupavka, kost - BNL
— mesoderm
druhotné chrupavcita

Hlava, mozek, smysly
Mineralizovana tkan

Kostra, zuby
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Vyvojové vztahy basalnich recentnich skupin tradicné nejasné

morfologie

. . Craniate theory —
Agnatha — Ostracodermi (recentné jen P
sliznatky) + Cyclostomata (recentné jen mihule) =

Gnathostcmes - —_
sliznatky a mihule - bez dermalnich kosti a o _
. . , , . S Craniates
mineralizovanych tkani R —
jen chrupavcity endoskelet —
sekundarné u mihuli, primarné u sliznatek e
Kruhousti — Cyclostomata reetietes _ |
monofylielparafylie? Cyclostome theory
*spoleCné znaky, plesiomorfie ' §
*nemaji parove ploutve, chrupavcita lebka bez Celisti, G\;??—
neparovy nosni otvor, slozity jazyk, nemaji supiny -
ani dermaini kost P —
notochord zachovan (u mihuli chrupavgité horni - Vertebrates
oblouky obratl() Gyalastomats
srohovité zoubky v ustech (odontoidy) S
Hagfishes

moleku

larni data
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Craniata / Cyclostomata
Fylogeneticka pozice Myxinoidea a Vertebrata

Dvoji celogenomova duplikace, teorie 1/2R

2 e e e e ey g

~=aEE Amphioxus
e, W
Hagfishes
Lampreys
S Conodonts
&
Heterostracans
Anaspids
Thelodonts
Galeaspids
Osteostracans
Antiarchs
Ptyctodonts
Arthrodires

(ﬁ\}f- 1 N:c ‘Acanthodians’
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Inshore hagfish
Eptatretus burgeri

O

Arctic lamprey
Lethenteron
camtschaticum

A

Small-spotted
catshark
Scyliorhinus canicula

—m

Mouse
Mus musculus

—“d

Amphioxus
Branchiostoma floridae

———
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whole-cluster temporal colinearity (WTC) - u vSech Cyclo- i Gnathostomata

141110 987 4
| | |
13 11 miR-196 10 4 3 (e1)(e2) 1
" I | Il
98 6(e1*)5 4 2 Mtx =
[ [ | | ]}
miR-196 miR-10
1311 10l9 8 654 32
L1 1L | 11 | | v
11 98 7 4 1
1 1 1 | \Y
4 3 (e1)(e2)
1 ||
\

Ale mozna 2 prvni duplikace u kruhoustych a €elistnatcu nezavisle
mihule, sliznatky vice nez 4 shluky Hox, ((naznacuje jejich pribuznost)
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Ale...

A. Ancestral state

EVX1312111098 76 5 4 3 2 1
EHEHEHHE-EHEHEHEHEHEHEHE-E

1. duplikace

B. Ancient agnathan

EVX1312111098 76 5§ 4 3 2 1
abiHE—EHEHEHEHEHEHEHEHEHEHE
od pHoHHHOHOHO—OHOHOHO—10

Duplikace vlastné byly 3

D. Mouse

Evx 1312111098 7 6 5 4 3 2 1
A

B
C
D

3&3

6. Craniata et al

3. duplikace

E. Ancient ray-finned fish
EVX1312111098 76 5§ 4 3 2 1

2. duplikace

C. Ancient gnathostome
EVX1312111098 76 5 4 3 2 1

F. Zebrafish G. Fugu

evx 1312111098 76 5§ 4 3 2 1

ztrata genu je CastéjSi nez genovy zisk, stav u pfedkud (A) 13 genu HOX + EVX. 1. duplikace,
pravdépodobné u Agnatha (B), ale rychlé ztraty u C a D skupiny 12 (AB) a 2 a 7 (CD). 2.
duplikace, u Gnathostomata(C), nasledné ztraty 5 a 6 z clusteru HOXD; a u tetrapod ztraty
HOXC1,HOXC3 a gen EVX z HOXBclusteru (D). 3. duplikace zpusobila osm klastrd u
Actinopterygii (E), + unikatni ztraty u zebrafish (F) a Fugu (G).
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ZmnozZeni genu patrné vyznamné prispélo k evolucni
plasticité obratlovci, nebot umozZnilo nezavislou
evoluci jejich jednotlivych kopii: nékteré mohly

Mammals
nadale plnit plvodni funkci, zatimco ostatni mohly
ziskavat funkce nové. V€etné regulacnich genu Amnioles
fidicich embryologické procesy (Hox), evoluce
ontogeneze je u obratlovcl plastictéjsi. Tetrapods
Sauropsids
Sarcopterygians
Osteichthyans
Teleosts
Gnathostomes Actinopterygians @
Vertebrates PO

: Cyclostomes

1R, 2R Chondrichtyans

6. Craniata et al

-~ Human Q

—————— Platypus < 3

— Chicken @
| %

Xenopus %
Coelacanth @

Zebrafish =S4

W T2

Spotted gar =f—g—g
Elephant shark 4@’}7‘

Lamprey )
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Nevyjasnéné pribuzenskeé vztahy sliznatek

Myxinoidea - sliznatky

? .
T Conodonta - konodonti . O
1 Arandaspida i 3
T Heterostraci .Pteraspidomorphi" § g
+ Thelodonti stitoploutvi o §
| Petromyzontida - mihule +5<\
— ", g
t Anaspida - birkenie . 28
- 1 Galeaspida ,,Cephillasplgﬁglorphl g g
T Osteostraci avostit! * 3

T Placodermi - pancirnatci

Chondrichthyes - paryby },,Elasmobranchiomorphi“

t Acanthodii - trnoploutvi &
Actinopterygii - paprskoploutvi

Sarcopterygii

Y
DJDWOLS
-oyipuboaisp

Pozice Placodermi a Acanthodii — dle kostni tkané

DYy 4ouby”
12A0[4DUCO - DIDJGI4U2A
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Gnathostome outgroups

Fossil agnathans (‘ostracoderms’)

Stem gnathostomes

FAD obratlovcl 6. Craniata et al

Cyclostomes ) Miyashita et al. 2019

Monophyly Paraphyly

A. Cyclostomes among agnathans B. Craniate Hypothesis;
agnathans as stem venebrates

Hypotézy Cyclostomata — mono-parafylie, blue box =
: podpora z morfologickych dat; red box = podpora z
\ At molekularnich dat, zluté pole = kompatibilni s obéma

datovymi typy.

Vertebrata / “Craniata
(A) Nekladistické klasifikacni schémata zaloZzena na
morfologickych datech — Cyclostomata vnofena
C. Cyclostome Hypothesis D. Craniate Hypothesis; SKUpma mezi Agnatha’

39“3‘“6”5 S o dnalineiones (B) Craniata zaloZzend na morfologickych datech,
) sliznatky a fosilni Agnatha mimo Vertebrata,
= (C) Cyclostomata hypotéza podporovana
molekularnimi  daty. Fosilni Agnatha sestersti
Gnathostomata,
(D) Craniata hypotéza - sliznatky mimo korunni
Vertebrata obratlovce ,

(E) aktualizovana Cyclostomata (sliznatky a mihule).
Nicméné, nékteré fosilni Agnatha jsou blize k

Cyclostomata nez ke Gnathostomata.
E. Updated Cyclostome Hypothesis 8 é ‘ , , . .,
Molekularni data opakované ukazuji na

Vertebrata —Craniata

Hagfish  Lampreys Gnathostomes

\ monofylii Cyclostomata

Fossil agnathans (‘ostracoderms’)

Nutna kombinace morfologie a genetickych znaku

Types of support

Vertebrata

Morphological Molecular Compatible
data data with both
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1) Soukup et al. 2012 — zakladani primarnich ust

craniate 3 8 cyclostome
hypothesis g g hypothesis

7] 1]

o o

£ &

[ ©

| = C

Stomodeal © o
invagination

w 7]

o o

Q. Q.

g £

e b
Early intervention
of the secondary

o mouth mesenchyme

2 into the primary

% ( mouth formation

@

T V

B Ectoderm [ Brain B Secondary mouth
"] Endoderm B Notochord mesenchyme

Celistnatci a mihule tvorba Ust pomoci invaginace stomodea (primarni Ustni jamky) a perforace oralni membrany.
U mihule a €elistnatc, hluboka invaginace stomodea, ale zlistava dutina s velum, ktery pfedstavuje ¢ast sekundarnich
ust = craniate hypotéza

Ustni membrana pozdéji perforuje a otevira samostatné orofaryngealni a nosohltanové dutiny, stejné u mihuli a sliznatek
= cyclostome hypotéza

nosohltanova dutina ll, spodni ret; npc, nosohltanova dutina; nps,nasohltanova pfepazka; opc; orofaryngealni dutina; ul,
horni ret; v, velum
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Formace primarnich ust
mihule a Celistnatci velmi podobné (invaginaci stomodea), ale sliznatky maiji zcela
unikatni orofaryngealni morfogenezi (Uplné jinou néz ostatni Vertebrata), nemaji stomodeum

(1a) Endodermal nasopharyngeal septum
(1b) Delayed persistence of oral membrane, no stomodeum

Hagfishes

plaoodeasapartofmn
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2) Sansom et al. 2010 — chrupavka

Craniata (

Urochordata

Cephalochordata Jehordata

Ukazuji na morfologické rozdily mezi mihuli

a sliznatkou.

Sliznatkam chybi — nervoveé fizeni srdce,
adenohypofyza, obratle, lymfocyty,
osmoregulace, okohybné svaly) — jen
regrese?

Cyclostomata nejsou monofyleticky taxon?

vertebrates
sensu lato)

135185
135185

1555
1655

175585
17.5185

19185
201185
21185

nasal basket otic capsul

. dorsal
wesa|wae [ gliznatka wr

dorsal
radal dorsal nerve caudal

£
H
:
g

4 i
— o
= unx

6. Craniata et al

caudal

duct

cartlage

dentigerous
cartiage

1 SN accesory hearts

2 IR o= sophagocutaneous duct
e QUi

3.5 76 N s/ime glands

3.5 7.6 I separated atrium/ventricle

5575 I nasophyaryngeal duct

5575 gill asymmetry

0 dayst 2 4 66 111520 2735 48 63 90 130

(a) Adult lamprey (left) and hagfish (right)
anatomy with reconstructions of the
morphology at the end of decay stages 1-5.
Red represents hard cartilage, blue is soft

cartilage, purple is undetermined cartilage
type and green is keratinous tissues.
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hyd na ade nc

Ale pozdéji i morfologické podobnosti
k monofylii Cyclostomata

Sliznatky — nasohypofyzarni
kanal do streva

olf.b ade
Mihule — nasohypofyzarni kanal
je slepy, hitan je dorsoventralne e
déleny, spodni dychaci Gast ys G m hya pha
slepa

no na ade nc nt

Gnathostomata — parova nosni
dutina

Rozdilné plakody —
adenohypofyzarni a Cichova
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Pelmatozoan ossicles

Priscomyzon riniensis

3) Datovani fosilii
m
Eleutherozoa g
(13) 5155 g'
Stromatocystites walcotti % 5
i g 312
4< Crinoidea 21
e Ia)
; 2
@ Pterobranchia =
Rhabdotubus johanssoni
5
—< Enteropneusta c
M
<1 c o
ephalochordata 9
< Tunicata )
Haikouichthys ercaicunensis
()
-
(16,17) 514 Petromyzontida o g
o B
ol FY
@)
3

RIRWO01S0|2A)

Myxinoidea

Arandaspis prionotolepis
_@ GNATHOSTOMATA

<
M
o
—
4°)
o
=
jo¥}
—
js¥)

Benton et al. 2014
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Kombinace pfistupl - genetické i anatomické znaky = monofyletiénost Cyclostomata, rRNA

¢ Branchiostoma e

@

Lampetrq “S—_

Micro RNA

Character changes on branch:

mm Acquisition of miRNA family éé%ééﬁééé;é Actinopterygia eSS
. Acquisition of miRNA family; lost at least once in ingroup
W Loss of miRNA family —
W Transcript absent in adult - presence/absence of gene unknown
VO
e
- =
Cyclostomes Myxinidac** PSR )
Petromyzontidae 4
© s
N . .
~(© — Chondrichthyes Chimaeriformes %\/
> =N ‘
g Elasmobranchii qp m
N
P
:S Gnathostomes | . Latimerid Q&;@‘
w— Sarcopterygii atimendacEd X =
N Dipnoi @ _—— —
Tetrapoda ‘%‘t)
Osteichthyes 5.0
y —  (Cladistia @® Mé; -
Actinopterygii Chondrostei %
- Lepisosteidac @
pattemn | @ Amiidae **
pattern 2: s

Teleostei, w(/ o= —
5 :
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A fm Haikouella

Haikouichthys
Myllokunmingia i};
——u Metaspriggina Nt ¢ 3
)" Tethymyxine tapirostrum ’ SNL =g
—{ T==-. Rubicundus eos
——a Rubicundus lopheliae E

—= ‘Paramyxine’spp. _

(xg:‘vi:"idea —a Eptatretus burgeri \ L
— group) Eptatretus Stoutii ———Seme=z
[ _:: Myaxine glutinosa (
Neomyxine biniplicata
Myxinikela

Cyclostomi
(crown group)

Gilpichthys
__ % Hardistiella 4 \
L= Mayomyzon :
] ‘ Myxineidus S
«} fPriscomyzon R
—————a Mesomyzon
[ = Geotria australis " (£
' Mordacia mordax N .
Petromyzontiformes Lampetra fluviatilis .
(crown group) —(_—CE Lethenteron camchatsticum
© Petromyzon marinus

l Euconodonta
Pipiscius =,
’ = Cornovichthys =
Ciderius A G
Achanarella > ‘
e s i ¥
lerown grous) : Euphanerops — -
Lasanius }/‘f’ Ry
Birkeniida & PR
] Gnathostomata (total group)
(MYA)

Ediacaran

Maximum parsimony and Bayesian inference potvrzuji monofylii skupiny
Dvé hlavni apomorfie — keratinové zuby (zluté) a pozice svalstva (Cervené)

(E, myxinoids; F, petromyzontiforms; G, gnathostomes), each is accompanied by a chondrocranium in left
lateral view (green: neural crest-derived nasohypophyseal skeleton; red: mesodermally derived
neurocranium; blue: neural crest-derived pharyngeal skeleton).
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Crown-group
Agnatha - vymreli Jawed vertebrates

Origin of
endochondral
| bone.

'\
l\ Mineralized viscerocranium, axial skeleton,
'\ appendicular skeleton and fin radials.

Origin of cellular bone.
] Origin of mineralised neurocranium.
Origin of dermal skeleton composed of odontodes and extensive

'\ I\ plywood-like bone.

Origin of mineralised dermal skeleton
Origin of unmineralised skeleton
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CyC|OSt0mata od Gnathostomata ordovik-devon, 470-360 mil.

Synapomorfie

e Vodni formy s kruhovym prlrezem téla, bez prostorné télni dutiny, bez
parovych ploutvi, bez Celisti, bez Supin, bez dermalnich kosti a
mineralizovanych tkani

* Rohovité zoubky v savych ustech.

* Respiracni plachetka (velum) v ustnim aparatu.

« Slozity jazyk.

« Oporné elementy Zaberniho koSe jsou ulozeny vné Zabernich vacku, zabry
vznikaji z endodermu.

e Jen chrupavcity endoskelet - pololebka + neuralni oblouky (chybi u
sliznatek),

e neparova nozdra a nasohypofyzarni kanal (spojeni hypofyzy a Cichové
chodby),
e notochord mohutny, nezaskrceny (axialni dopredny pohyb)
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Myxinoidea - sliznatky
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Metamerni zlazy, sliz

3 pary hmatovych tentakuli, odontoidy
Redukované oci

Voda nasavana nasohypofyzarni chodbou
Neparova nozdra

Periodicky hermafroditismus, vnéjSi oplozeni
Jen leva Cuvierova chodba — cévni systém
43 druht 6 rodu, Myxine, Bdellostoma

the single nostril

& teeth in
open mouth

eqy capsuleE'I ?

hook of egg capsule

U slime gland pares

gill apertures

* primarné morske - télni tekutiny s
vysokym obsahem soli; isotonické s
morskou vodou

OSMOKONFORMITA

» kdeZzto obratlovci asi primarné
sladkovodni - opodstatnénost vzniku
ledviny jen v hypotonickém
(sladkovodnim prostiedi)

cloacal slit
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Keratinové zuby na jazyku (zatazitelné) — neni jasna homologic¢nost, nedostatek embryologickych informaci,
dlouho nebyla znama ontogeneze, jazyk je hodné odliSny od mihuli

perinasalni
makadla

pokal cell cone

nosni otvor A

stel lte
reticulsm

[ mueosa

ustni makadla

; e

4 ulp cavity
(developing secondary U v
replacement toothlet)

keratinové
zuby

Hcremental
growth lines

basal boly
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Oisi et al 2013, 2015

Prvni detailni ontogeneze
sliznatek

Lo 3K
>\ \ \\ h) \I‘
| p2 \P3 \

71 p \ ¢
a0l @02 ao3 204 45

Embrya Eptatretus burgeri.
Faryngealni endoderm je zbarven
Zluté a ENCHANISYSemNic zbarven
Cervené. Svétle modra barva pod
mozkem pfedstavuje  oronasalni
derivaty ektodermu.

(A-C) Zadni polovina hltanu se posune
dozadu rozSifenim faryngalniho
oblouku.

(D-E) Somity, puvodné vzadu, se
presouvaji  dopfedu k  otickym
kapsulim (F).
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lebka — bez stropu neurokrania = hemikranium
nasohypofyzarni kanal otevieny volné do hltanu

Lamprey nhs ns hyp /
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Adult hagfish

ANP-derived nasal cartilages

PHP-derived premandibular cranium
mandibular arch-derivatives

hyoid arch-derivatives

3rd and posterior pharyngeal arch skeletons
mesodermal neurocranium and otic capsules

Adult lamprey

Flg. 10. Homology of chondrocranial elements in cyclostomes. Hagfish and lamprey chondro-
crania were compared on the basis of our results. Hagfish chondrocranium was redrawn from the
work of Holmgren and Stensio (1936), and those of the lamprey from the work of Marinelli and

Strenger (1954) and Fontaine (1958).

6. Craniata et al

Sliznatky, mihule
Nehomologické velum

Sliznatky - chrupavka netvofi oporu
zabernim Stérbinam, Zaberni skelet
nenavazuje na zabra

Sliznatky

Ale v ocasni Casti chrupavcité
hrbolky — redukované obratle?
podobnost s mihuli
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Dychaci soustava

Zaberni vacky uvnitf kose z chrupavéitych Zabernich prstencd,
vystelka endodermalniho ptvodu

usti samostatné na povrch nebo do spole¢ného kanalku

Nejednotny pocet Zabernich otvora (1-16) a zabernich vacku
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External gill
opening

=

EoESESESE

5o

6. Craniata et al

Inner gill

Efferent artery duct

Afferent
artery

g
gess <
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A

Excurrent duct

Afferent
Branchial Artery

Efferent
Branchial Artery

Efferent
Branchial Artery

Incurrent duct

FG. 3. Anatomy of hagfish gills. A: schematic of a longitudinal cut through a gill pouch from the Atlantic hagfish, with a lateral perspective of
a primary gill fold (filament) and its lamellae (boxed area). Note radial arrangement of additional filaments around the pouch. Large arrows indicate
direction of water flow; small arrows indicate direction of blood flow. [Modified from Elger (169).] B: scanning electron micrographs of a gill filament
from the Pacific hagfish, comparable to boxed area in A. Top micrograph (x<30) shows an overview of a filament, with afferent (AF) and efferent
(EF) regions, and respiratory lamellae (R) with second-order folds (2). MU indicates muscular layer around the pouch. Arrow indicates flow of waler
through pouch from incurrent duct (ID) to excurrent duct (ED); arrowheads indicate flow of blood across filament. Bottom panel (X 70) reveals
higher order folds of the lamellae, ie., third- (3), fourth- (4), fifth- (5), and sixth-order (6) folds. [Modified from Mallatt and Paulsen (432).]
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Sinus Venosus

Atrium

Oxygen poor blood
leaves the heart and
goes to the gills. From
there it goes to the rest

of the body.

Oxygen-poor
blood enters the
heart from the HAGF'SH
body

TGN HEART

ventricle

Autonomni srdce, aditivni srdce v ocasni Casti, erythrocyty, unikatni
Granulocyty (velmi moderni, podobné savcim)
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Vnitfni ucho — pouze 1 chodba (mihule 2) ve vnitfnim uchu, sliznatky nemaji
segmentované skvrny (makula) a kristy (z nich kanalky).

Hagfish Lamprey Zebrafish
Semicircular
Semicircular canal Semicircular canals o, Canals
= = - = /7 (NN
=/ . N ey % ; .
‘ | , \ 17
| == o N o BN 7
| S / A o
k -\ ? Y ' . ! |

.‘ ' y ~ J
f ' g ¢
4 / 7 |
» - }lu. > > " 4 J
o ") | | LY /
| f | " | y v | . /
\ / A ¥ | A J S— \ Y
—— - i P AV b
: A

Macula ™ e /
Macula communis Cliated Utricudar [ ™~
COMMUNIs L
chambers macula Saccular

macula

-

Lagenar
macula

Srovnani dospélych sliznatek, mihuli a ryb. Smyslové makula jsou zobrazeny v tmavé Sedé;
krysty jsou zobrazeny svétle Sedé. Jedina skvrna = makulum communis v uchu sliznatky
a mihule, asymetrické usporadani tfi samostatnych smyslovych makul v uchu ryb. AH, V a
PH jsou pfedni horizontalni, vertikalni a zadni horizontalni oblasti macula communis u mihule.
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Oko sliznatky

chybi CoCka i okohybné svaly
2vrstva retina, n. opticus velmi
tenky

Chybi chiasma opticum

Mozecek

(obvykle ma mozeckova kura dva
systemy somatickych projekci —
ipsilateralni - na stejné strane,
bilateralni — na obou stranach)

ipsilateralni projekce redukovana
jen 15%

A,B, fezy okem sliznatek. A, Eptatretus burgeri. Stupnice fiditka 0,15 mm. B, Eptatretus stoutii. Oko
(hvézdicka). Sipky (GC) gangliové buriky; modré (PR) fotoreceptory; a erné (RE) sitnicové epitelové buriky. C,
Dva trojuhelniky oznacuji dva vnéjsi segmenty. R, receptorové buriky; O, vnéjsi synapticka vrstva; C, bunécna
téla projek&nich neuronu; I, vnitfni viaknita vrstva; V, sklivec.
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Unikatni kozni kolagen (proteiny serin, treonin)

defense escape
=
nw un
predator attacks hagfish by suction flow hagfish escapes slime by knot tying

thickening thinning
in elongational flow in shear flow

knot moving direction

rheological
flow

‘. L0 7 e |
suction flow < o
direction ‘.__..,._,.;__-. i : s
thickening mucin might support thinning slime may
clogging of predator’s gills facilitate escape
a) proteinova vieténka a b)
hagfish slime - . , v v v
A a fibrous and cold-set hydrogel mucinove meChyrky ve VOde
g praskaji a vytvareji vrstvu
P slizu
hagfish slime pores exudate **“"
le"’("oo,z"; Dokonala obrana — zalepeni

zaber celistnatcu.

threads

mucin
strands

hagfish protein :
fibers

gl

hagfish mucin

http://jeb.biologists.org/content/217/13/2288

slime



http://jeb.biologists.org/content/217/13/2288
http://jeb.biologists.org/content/217/13/2288
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http://www.youtube.com/watch?v=tKTRv3hx1s0&list=PLE0B26
B1CCB3FC9FE&index=7&feature=plpp_video

https://www.youtube.com/watch?v=Bb2EOP30hnE&list=PLEOB26
B1CCB3FCOFE&index=2

https://phys.org/news/2017-12-loose-skin-slack-volume-
hagfish.html


https://www.youtube.com/watch?v=Bb2EOP3ohnE&list=PLE0B26B1CCB3FC9FE&index=2
http://www.youtube.com/watch?v=tKTRv3hx1s0&list=PLE0B26B1CCB3FC9FE&index=7&feature=plpp_video
http://www.youtube.com/watch?v=tKTRv3hx1s0&list=PLE0B26B1CCB3FC9FE&index=7&feature=plpp_video
https://phys.org/news/2017-12-loose-skin-slack-volume-hagfish.html
https://phys.org/news/2017-12-loose-skin-slack-volume-hagfish.html
https://www.youtube.com/watch?v=Bb2EOP3ohnE&list=PLE0B26B1CCB3FC9FE&index=2
https://www.youtube.com/watch?v=Bb2EOP3ohnE&list=PLE0B26B1CCB3FC9FE&index=2
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Zintzen et al. 2011 SciRep

Adaptace proti predatoriim v akci: Zralok Dalatias licha (a-c) a Polyprion americanus
(d-f) se pokousSeji ulovit sliznatku. Nejprve se predatofi pfiblizi ke své potencialni
kofristi. Zakousnou se do jejiho téla nebo se ji pokusi spolknout, ale sliznatky
okamzité vystfiknou do ust predatort proudy slizu (Sipky). Ti se dusi, a davi se ve
shaze odstranit sliz z ust a zabernich komor.
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6. Craniata et al

viwv s

otvor, Myxine

Eptatretidae — 2 rody, 35 druhu, vice otvor
Eptatretus, Paramyxine
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Myxinoidea - sliznatky

- ——

QMW~«-~.;.- -

Myxine mcmillanae
hlubokomorska
Karibik
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Reprodukce

quine qluiinosa

Polylecitalni vajiCka, rohovité obaly se tvofi jiz v ovariu
Gonada nema Vyvod https://www.google.com/search?g=knotting+hagfish&sca_esv=fc2ebee71

a55c¢782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBI

Gamety se uvolfiuji do coelomu a pak do kloaky  uszvipa:17114569984178ei=55IC7taGGaWhi-gPm 2C-
.. .. ’ v ° Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAXxWIOAIHHZu-
Samic je v populaci si 100x vic nez samcu AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:

v , , . b88cf4c5,vid:RrPvMMkQkkO,st:0
Pfimy vyvoj e

Intenzivni lov, misty hojné tisice ks/km?
Kolonialni, Self, ,krtina“=1 jedinec



https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
https://www.google.com/search?q=knotting+hagfish&sca_esv=fc2ebee71a55c782&tbm=vid&prmd=ivnbz&sxsrf=ACQVn09dKwaphQVad5YpSel7BBIuBZVtpQ:1711456998417&ei=5sICZtaGGaWhi-gPm_2C-Ac&start=10&sa=N&ved=2ahUKEwjWkcGT-pGFAxWl0AIHHZu-AH8Q8tMDegQIBRAE&biw=1920&bih=1039&dpr=1#fpstate=ive&vld=cid:b88cf4c5,vid:RrPvMMkQkk0,st:0
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Hypoteticka mista pro ukladani vajiCek. Pfedpoklada se, Ze sliznatky ukladaji vajicka bud a) do prostor mezi
kameny, b) pod pisek, nebo c) do hmoty vlastniho slizu.
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Bdellostorma (80 cm)
potravou jsou poranéné a mrtve ryby,
Clenovci, mékkysi

Odontoidy jen na dvojlaloéném jazyku, funguje
jako cCelisti — prolezou skielemi ryb nebo se
provrtaji pres teélni sténu a vyziraji vnitrnosti
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Petromyzontida - mihule
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Druhotné bez exoskeletu a parovych pfivéskd, jen chrupavcity endoskelet, arcualia, mohutny
notochord, bez horizontalniho septa

Pfisavny ustni ter¢ s odontoidy,

neparovy Cichovy ustroj druhotné splynutim, dorzalni a ventralni kofeny alternuiji,
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Adult — prisavny tercC s pistovitym jazykem a mohutné retraktory —
Podobné jako u Gnathostomata

(5 —

Homologony Celisti: /

. A b4 4‘% N '*V T I
Oporné struktury jazyka blood £/ ndn A‘\ - BB weter e
Apomorfie - mukochrupavky wator U

velum P

Fig 15 A Sagrammatc madian sevion of B hend of an adet amprey .

VODRes YOm0 Manl W KV BT T rOMie LaTORO0e Lnae iy Meea Lattrane
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lebka = paleocranium (pololebka), prechordalia a parachordalia
7/ Zzabernich otvoru

branchialni skelet: 9 svislych nepravidelnych obloukt (1. a 2. pred
1.Stérbinou), vzajemné propojena — posledni navazuje na coelom

* neni homologicky s branchialnim skeletem Gnathostomata
vnhé zaberniho aparatu (Hox geny), vice typu chrupavky

) L) .& e A C\ Ll
PR LT AL L LT TP 777777777 N' l'!

'
»
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Pétidilny mozek, u minoh 3dilny — telencephalon, diencephalon, tegmentum,
velky diencephalon - hypothalamus

right ductus Cuvieri

zilné srdce — sinus venosus, atrium,
ventriculus, conus arteriosus (srdecCny
nasadec, srdeCni svalovina, tepe a ma
chlopné)

Larva conus, dospélec bulbus arteriosus
sinus, jen pravy ductus Cuvieri, vice
druht hemoglobinu a granulocytu
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U mihuli je dychaci ¢ast hltanu se 7 pary vnitrnich zabernich skulin oddélena
od travici ¢asti, u minoh jsou travici i dychaci cest v hltanu spole¢né,
zalubek chybi, stfevo — spiralni rasa

travici ¢ast hltanu
dychaci cast hltanu

Zaberni vacek Mesonefros, parova Wolfova chodba,
urogenitalni sinus

stavba zaber vice jako u paryb nez u Gonady neparoveé, vajiCka oligolecialni
sliznatek
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ektoderm

Horizontal View

Area shown in (8)
Teleost Fish
D
. ._.._.7\ g ‘ \?"l =
\ /l ‘=’ ——
[ ; ' p fréers
THIIN ’
Mmieal comatntor cxtornad g opening d-:::::dm
Larval Lamprey

entoderm
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41 druht — 9 anadromnich (tfeni ve sladké v.) a 32 permanentné sladkovodnich

A) Parasitické druhy:

anadromni (Petromyzon, Lampetra fluviatilis, Geotria) i trvale
sladkovodni (Eudontomyzon danfordi, E.mariae), nékteré mrchozravé
(Caspiomyzon), velké — parasiticky zZivot (18-30 mésicua)

B) Neparasitické druhy:

oooooo

(Lampetra planeri, Eudontomyzon gracilis, E.vladykovi, aj.)

Petromyzontidae (NAm, EuAs: Petromyzon marinus - m.morska
Lampetridae: Lampetra fluviatilis - m.ficni

L. planeri - m. potocCni

Eudontomyzon danfordi — m. karpatska (paraziticka, Dunaj, Rakousko-Ukrajina)
E. mariae - m. ukrajinska, ad neparazitiCni, nepfijimaji potravu, hynou
Geotriidae (Au, NZ, 4 druhy) - mihulicoviti

Mordaciidae (Sam (Chile), Au 3 druhy) — mihulkoviti anadromni

lov pro olej (vyroba svicek), pozdéji ke konzumaci, Caspiomyzon — az 30 mil rocné (Volha)
preruseni migracnich cest, témér vSude



Petromyzon marinus — mihule morska
Minoha-filtrace detritu, po nékolika letech

hematofagni a migrace do more, 100vky km
Vnitrozemské populace migruji z/do jezera
Predace-pfisavaji se ozubenym ustnim terCem a jazykem
narusuji kGzi ryb a nasavaiji kasi ze svall s krvi
Ekologicka katastrofa

Ontario (1835), kanal Ontario Erie 1919

1921 Erie, 1936 Michigan, 1937 Huron, 1946 Horni,
nyni ve vSech jezerech; Extinkce 3druh( lososovitych

ryb, dfive vylov 3000 tun/rok, nyni 5-10 t

6. Craniata et al
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Adulti zahrabavaji jikry do pisku, za 14 dni
se lihnou 5-7 mm velké minohy

(minoha, “Ammocoetes branchialis (Linne),
endostyl, hltan nerozdélen, velum jako
filtr.organ, oCi nevyvinuty, mikrofagni, vyvoj
1-10 (3-6) let, metamorfdza koncem léta trva
4-5 tydnU: zkraceni téla, ustni terc,
pigmentace, ploutve, zuby a odi

M
Y,..oo'i.

6. Craniata et al

Larva mihule: horni ret s filtraCnimi ciry,
kruhové velum, nerozdéleny jicen, hltan se
sterbinami, endostyl — po metamorfdze do
parové thyreoidy, mozek nedifer. — ocni
skvrna bez dif. jednotlivych struktur,
zaklady otického vacku, po vykuleni —
jednovrstevna pokozka

N dsdadastd ascd s dl Al ] 20N TEF RN
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Zivotni cyklus

treni — jaro, stérk, 16°C

monogamni teritorialni Petromyzon, kolonialni Lampetra
velké druhy stovky tis. vajiCek, malé tisice

po spareni uhyn

12-18 MONTHS

One summer, fall, and winter

Downstream

Migration of adults
migration to lakes

into streams

JUNE - MARCH MARCH - JULY

Emergence from
stream bed

Death of adults
after spawning

3-10+YEARS
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vnejsi oplozeni
po treni hynou
nepfimy vyvoj
— larva minoha

minoha

Lampetra planeri

Konrad P. Schmicit
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Myxinoidea (Hyperotreti) - sliznatky Petromyzontida (Hyperartia) - mihule
Petromyzontes, Petromyzones

* primdrné morské (chladna more) . , ladl inf
- téIni tekutiny s vysokym potamotokni nebo =
- OSMOREGULACE v hypotonickém

obsahem soli, isotonické s

morskou vodou prostredi

(OSMOKONFORMITA) - o
. chybi obratle ngur'allm oE)Iouky obratlu
+ metamerni Zldzy, sliz slizove buiky =
. hvézdicovitd dsta hmatové kruhovy prisavny dstni

terc s odontoidy, minoha
s podkovovitymi sty
* nepdrovd nozdra, voda hasdvdna

do I E / Il IVI

» pohlavi oddélené, mihule umira po prvni
reprodukci, larva minoha

tentakule a odontoidy
na dvoulaloé¢némjazyku

* nepdrovd nozdra, voda

* nasdvdna nasohypofyzdrni
chodbou

» periodicky hermafroditismus,
vneéjsi oplozeni, opakovana
reprodukce, vyvoj primy
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Myxinoidea - sliznatky

y = y o oy V 4 14
-hlianjitamm;mhamiunkm

* jen leva Cuvierova chodba,
* jen 1 polokruzna chodba

43 druht 6 rodu, Myxine,
Bdellostoma

Dychaci aparat

Sliznatky

zaberni vacky uvnitf koSe z chrupavc€itych
Zzabernich prstencu, usti samostatné

na povrch, nebo do spolecného kanalku,
hitan nerozdélen na travici a dychaci Cast

6. Craniata et al

Petromyzontida - mihule

« travici a dychaci cesty oddeleng, jen
u minoh spole¢né

* jen prava Cuvierova chodba

* 2 polokruzné chodby

« 1. duplikace Hox genu

41 (9+32) druh, Petromyzon, Lampetra,
Eudontomyzon

Mihule

zaberni vacky uvnitf kose ze 7 chrup.
zabernich obloukd, usti samostatné

na povrch 7 zabernimi skulinami po stranach
za hlavou

hitan rozdélen na travici a dychaci cast
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Myxinoidea
sliznatky

*jen chorda

*metamerni slizoveé zlazy
*1 polokruzna chodba
*nasohypofyzarni chodba

«dorzalni a ventralni koreny

-spojeni v misni nerv
sosmokonformita

}

Petromyzontida
mihule

*jen zaklady neuralnich
oblouki obratl

*jen slizove bunky

2 polokruzné chodby
*nasohypofyzarni vak
*kofeny se nespojuji
osmoregulace

J

|

slozity jazyk

*jen chrupavka, neni kost

«7-9 Zabernich obloukd
*neparovy ploutevni lem
eneparova nozdra

«zabry ve vaccich - entoderm
*neparova gonada bez vyvodu
eodontoidy v ustech — sani

6. Craniata et al

Gnathostomata
Celistnatci

*obratle

slizové bunky, kozni zlazy
3 polokruzné chodby
«dorzalni a ventralni koreny
-spojeni v misni nerv
osmoregulace

.chrupavka a celularni
kost

«Celisti

sparove koncetiny
eparové nozdry

«zabry na prepazkach
(obloucich)

plice

sparove gonady




Chordata

Olfactores

FAD obratlovcl

Vertebrata/
Craniata

tHaikouella

Cyclostomata
(

PP Hyperoartia/Petromyzontida (lampreys) (:_,,,

Gnathostomata

Cephalochordata Amphioxiformes (lancelets) —m—-

LThaliacea (salps) % ...

e

~Appendicularia (formerly Larvacea)

Tunicata L"Ascidiacea" (polyphyletic; sea squirts) &

Myxini (hagfishes) &&—

—tConodonta <= -

Crown

1"Placodermi”

6. Craniata et al

tPteraspidomorphi (includes tArandaspida, tAstraspida and tHeterostraci) s

I-tCephalaspidomorphi (includes tGaleaspida, 1Osteostraci and tPituriaspida) ‘\

(paraphyletic; includes tAntiarchi, tPetalichthyida, tPtyctodontida and tArthrodira) w

=t"Acanthodii" (paraphyletic) >$<sgn

Gnathostomata

Euteleostomi/|

LChondrichthyes/Cartilaginous fishes (sharks, rays, rat fish) )-*

—~Actinopterygii (ray-finned fishes) )»

~Actinistia (coelacanths) g

~Dipnoi (lungfishes) < s>

——— Amphibia g
—Synapsida _ pammalia &

Lepidosauromorpha
(lizards, snakes,

Osteichthyes

T, __tuatara, alnd the)ir
extinct relatives
(lobe-finned fishes)| |

Tetrapoda )
(four-limbed vertebrates)| Amniota

: Archosauromorpha
Sauropsida | (crocodiles, birds,
| _and their extinct
relatives)

TR

Testudinata (turtles
—and their extinct
relatives)
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Pteraspidomorphi" - vymreli
dorzalni a ventralni deska z kosténych stitka na hlavé

T Arandaspida

Anatolepis - kambrium Wyoming, ordovik
Spicberky '

Sacabambaspis - ordovik — Bolivie, ryba bez Celisti, 30cm

+ Het traci - Stitobloutvi
Pteraspis

devon — Anglie, parové nozdry,
nasohypofyzarni kanalek
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Cephalaspidomorphi
T Galeaspida

devon Cina, Vietnam, perichondrialni kost,
masivni hlavohrudni pancif (nékdy k

Osteostraci)

v perichondriu se diferencuji
osteoblasty, kostény plast’ (obstupuje
télo budouci kosti)

Anaspidomorphi
be hi ho &t

T Anaspida - birkenie

parové pfivésky, skupiny drobnych §titkd,
hypocerkni ploutev, za hlavou linie 10 zabernich otvoru,
notochord do spodniho laloku C ploutve nevétvené paprsky
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Perichondrialni osifikace - povrchova osifikace z perichondria

Do chrupavky vapenaté soli, bunky chrupavky odfiznuty od kysliku a Zivin - smrt.
Pak do ni krevni vlaseé€nice, porovita struktura, posléze znama jako kostni dren.

Na povrchu diafyzy (stfedni €asti kosti) vznika duty kostni valec — manzeta

Desmogenni osifikaci vnitrni
vrstvy perichondria, diferenciace na
osteoblasty.

Manzeta brani vyzive, difuzi z
perichondria

5 4
gl

. x' '| \ \
3

!
iz
!

t

perichondrium ( - periost)
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Thelodontomorphi T Thelodonti

Alchetron

parové prsni privésky, drobné stitky na téle,
hypocerkni ploutev, skupina zabernich otvorl, zoubky v hltanu
(jiny ptvod nez pravé zuby), zaludek
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Osteostraci — Stitohlavi, silur — devon

Siroky hlavovy S§tit, na trupu desticky z dentinu, na povrchu néco jako sklovina

perichondrialni osifikace, preadaptace ke zvétSovani téla, sladkovodni,

oCi nahofe na hlavé, shora na hlavé 3 policka ze Stitki chranicich kanalky (hlavové
nervy, postranni ¢ara, elektrorecepce?), na dné hltanu desticky — pohyblivost, drceni

potravy
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