Fylogeneze a diverzita obratlovci

6. Craniata, Myxinoidea, Petromyzontida
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Zakladni apomorfie Craniata

* 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)

Zcela nové (nespolecné s Olfactores)

« Chrupavka s potencialem mineralizace

« Zuby, exoskelet

* Axialni skelet a hlavovy skelet

« Cévni systém - 3dilné srdce, cévy s endotelem etc.

* VyluCovaci: glomeluralni ledvina, nefron: Malphigiho télisko + tubuly + primarni
* mocovod

« Kuze a kozni derivaty

« ZvétSeni poCtu genu v genomu
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Zaberni oblast:
-Maly pocet otvorl s vysoce specializovanym dychacim epitelem (zabra)
-chrupavcité zaberni oblouky (visceralni skelet)

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

Zzaberni oblouky, osvaleni krku a tvare, puvod v paraaxialnim mesodermu
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mezoderm:  paraxialni

intermediarni chorda dorsalis

latera X TSR amniova dutina
' dorzalni aorta

A ' interceluarni stérbiny v lateralnim
entoderm mezodermu

medularni trubice

prvosegment
(somit)

intermediarni
mezoderm (nefrotom)

sténa amnia somatopleura

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 .

tome ,
dorsa dermomyotome

myotome

ventral

scl‘rotomo

diferenciace somita:
sclerotom — Zebra,obratle
myotom - svaly
dermatom - skara

neural
neural groove tube neural crest
ectoderm ectoderm
somatic
) i somite coelom
mesoderm . PAmdalc o istorat plate =) mesoderm splanchnic
endoderm T endoderm
notochord intermediate notochord intermediate

{only right shown)

extra-embryonic
Oderm
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Potrava a traveni

-Clenity ustni aparat se specializovanymi organy (Celisti, zuby, jazyk)

-stfevo s komplikovanym resorpCnim epitelem, hladkou svalovinou, peristaltika
-traveni potravy extracelularné, travici enzymy

-oddélena jatra a pankreas MR i kB wkatesoa o

I mesodermal neurocranium and otic capsules

Adult hagfish

e ——

e —_—

Hlava, mozek, smysly
Mineralizovana tkan
Kostra, zuby
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whole-cluster temporal colinearity (WTC) - u vSech Cyclo- i Gnathostomata

Inshore hagfish
Eptatretus burgeri

- O

Arctic lamprey
Lethenteron
camtschaticum

A -

Small-spotted
catshark
Scyliorhinus canicula

”

Mouse

S— Mus musculus

——‘d

Amphioxus
Branchiostoma floridae
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Ale... 1. duplikace 2. duplikace 3. duplikace

A. Ancestral state B. Ancient agnathan C. Ancient gnathostome E. Ancient ray-finned fish

EVX1312111098 7 6 5 4 3 2 1 EVX1312111098 76 543 2 1 EVX13121110987 654 32 1 EVX13121110987 65 4 3 2 1
ab DHO—DHE- OO
[FEFEFERERINEE]
od HOHOHOHOHOHO—OHOHOHO—0

D. Mouse F. Zebrafish G. Fugu
Evx 1312111098 76 54 32 1 evx 1312111098 76 5 4 3 2 1 Evx 1312111098 76 56 4 3 2 1

Eiii
I
T

cb —im-u- i
dapHHHHHF—TH1—

A cladistic model for the evolution of vertebrate HOX clusters, using gene presence as character
states. Assuming that gene loss is more frequent than gene gain, the ancestral state (A) had 13
HOX genes pluseVX. Duplication, probably in an agnathan fish (B), gave a proto-(AB) cluster
lacking group 12 and a proto-(CD) cluster lacking groups 2 and 7. A second duplication, perhaps
in an ancient gnathostome fish (C), was followed by losses of group 8 from the HOXA cluster,
group 11 from the HOXB cluster, EVX from theHOXC cluster, and groups 5 and 6 from the
HOXDcluster; subsequently, the tetrapod lineages lost HOXC1,HOXC3, and an EVX gene from
the HOXBcluster (D). Finally, an apparent duplication event produced eight clusters in a ray-

finned fish (E), followed by further shared and unique losses in zebrafish (F) andFugu (G)
lineages.
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Myxinoidea - sliznatky

t Placodermi - pancifnatci

Chondrichthyes - paryby

t Acanthodii - trnoploutvi

Actinopterygii - paprskoploutvi

Sarcopterygii

6. Craniata et al
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Vyvojové vztahy basalnich recentnich skupin tradicné nejasné

Agnatha — Ostracodermi, Cyclostomata Graniate theory -

. . - ) _ A ]
sliznatky a mihule - bez dermalnich kosti a %ﬁ_
mineralizovanych tkani frathostones |
jen chrupavcéity endoskelet ) _
sekundarné u mihuli, primarné u sliznatek Ep\re;.s; franiates
Kruhousti — Cyclostomata R
monofylie/parafylie? o _
*spoleCné znaky, plesiomorfie Cyclostome theory -
*nemayji parove ploutve, chrupavcita lebka bez Celisti, P §
neparovy nosni otvor, slozity jazyk, nemaji Supiny o
ani dermalni kost o
notochord zachovan (u mihuli chrupavcité horni o
oblouky obratl() Lomprays | lertebrates
srohovité zoubky v ustech (odontoidy) Oyclostomata

-
Hagfishes
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Soukup et al. 2012

craniate 2 @ cyclostome
hypothesis E g hypothesis
2 =
o ©
= =
Stomodeal O G
invagination
W
>, 2
o o &
a a
E 1 E
S 3
Early intervention
of the secondary
. " mouth mesenchyme
2z o into the primary
0 [ mouth formation
=) 1=
@ ©
T T
M Ectoderm [ Brain I Secondary mouth
[] Endoderm B Notochord mesenchyme

The main mode of primary mouth formation in gnathostomes (shark) compared with mouth formation in lampreys and hagfishes.
Thesagittal plane is shown, anterior to the left. The shark illustrates mouth formation via stomodeal invagination and perforation of
the oralmembrane. In lampreys, similar morphogenesis occurs including deeply invaginated stomodeum, but the forming oral
membrane is made complexby the velum, which represents a part of the secondary mouth. This holds true for hagfishes as well.
Here, however, the primary mouth formation arguably appears entirely in the endoderm domain, with ectoderm reaching this area
rather late via the subcephalic cleft. The forming oral membrane later perforates to open the separate oropharyngeal and
nasopharyngeal cavities. I, lower lip; npc, nasopharyngeal cavity; nps,nasopharyngeal septum; opc; oropharyngeal cavity; ul, upper
lip; v, velum
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Formace primarnich ust
mihule a Celistnatci velmi podobné (invaginaci stomodea), ale sliznatky maji zcela
unikatni orofaryngealni morfogenezi (uplné jinou néz ostatni Vertebrata)

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

—. Hagfishes £ =

(2a) Separation of stomodeum from nasohypophysaal plate

—I Lampreys QE
(1) Oral

membrana
+ Sharks \a

(Zb) Deep
stomodeum (3c) Stomodeal wadge
g =0 Ray-finned fishes },@ﬁ-’ |
(3a) Spiit of naso-hypophysaal
plate, adenohypophyseal (3b) Stomodeal collar ]
placode as a part of stomodeum —C Lungfishes
(3b) Stomodeal
collar Frogs ‘a t
Salamanders k
Caecilians \a
Amniotes ?
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Pelmatozoan ossicles
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Genetické i anatomickeé znaky = monofyletiCnhost Cyclostomata
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Character changes on branch:

B Acquisition of miRNA family

. 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

SySy mm

Lampetrq <.

— Myxinidae** _ y

Cyclostomes
o Chondrichthyes
Gnathostomes | Sarcopterygii
Osteichthyes
Actinopterygii
pattern 1: @@
pattern 2: %

=l

Petromyzontidac 53

Chimaeriformes o /L_\L_/
Elasmobranchii -(%

— Latimeridacam® Q

Dipnoi —
Telrapoda -

Cladistia @
Chondroste] @

Lepisosteidae @@
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Fossil agnathans (‘ostracoderms’)
Gnathostome outgroups

Stem gnathostomes
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Cyclostomes

Monophyly Paraphyly

B. Craniate Hypothesis;
agnathans as stem vertebrates

SN LN INLY

Vertebrata

A. Cyclostomes among agnathans

Vertebrata

D. Craniate Hypothesis;
agnathans as stem gnathostomes

LA

Vertebrata

N

%\ Hagfish  Lampreys Gnathostomes
'
e} %

\%&

Fossil agnathans (‘ostracoderms’)

C. Cyclostome Hypothesis

&

Vertebrata

E. Updated Cyclostome Hypothesis

Types of support

Vertebrata . :
Morphological Molecular Compatible
data data with both

6. Craniata et al

Miyashita et al. 2019

A summary of hypotheses for cyclostome
relationships. The hypotheses differ in cyclostome
monophyly or paraphyly (columns), and about
relationships of fossil “agnathans” with respect to the
cyclostome and gnathostome crowns (rows). Blue
box = support from morphological data; red box =
support from molecular data. Yellow box = compatible
with both data types. (A) Noncladistic classification
schemes based on morphological data with
cyclostomes nested among agnathans. (B) Craniate
hypothesis in early cladistic analyses based on
morphological data, where hagfish and fossil
agnathans become nested outside the crown
vertebrate node. (C) Cyclostome hypothesis as
supported by molecular data. Fossil agnathans are
assumed on the gnathostome stem. (D) Craniate
hypothesis in recent analyses of morphological data,
where hagfish remain nested outside the crown
vertebrate node. Fossil agnathans are placed on the
gnathostome stem. (E) Updated cyclostome
hypothesis  supported by the analyses of
morphological data presented in this paper. Hagfish
and lampreys form a clade of cyclostomes as
supported by the molecular inferences. However,
some fossil agnathans are closer to the cyclostome
crown than to the gnathostome crown.

Nutna kombinace morfologie a genetickych znaku
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\ Rubicundus lopheliae E
\ ‘Paramyxine’ spp. _
Myxinoidea _E Eptatretus burgeri N\ UL (o=
=i (crown group) Eptatretus stoutii —=
Cyclostomi . s i
(crown group) . yxine biniplicata
= Myxinikela
= Gilpichthys
Hardistiella y. SR
—:- Mayomyzon o 1) ) - 1
— Myxineidus Ny z F
<1 EPriscomyzon 7 =
Mesomyzon o
T Geotria australis ‘:vé\"n' LN
L Mordacia mordax { .. e
Petromyzontiformes Lampetra fluviatilis .
(crown group) —'——1‘:: Lethenteron camchatsticum
. Petromyzon marinus
Euconodonta
Pipiscius S
——— = Cornovichthys - T
Ciderius o, G
Achanarella &
= Jamoytius
Vertebrata {L. Euphanerops
(crown group) . N
—=a Lasanius =5 o
Birkeniida L&
Gnathostomata (total group)
500 400 300 200 100 0
Egacaran | Gambran | Ordovoion | Siur INBBIGHRRIN 1iss. | Povn o [N oSt —Growocous —Pacogens oo M

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

(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

Ag nat h a - Vym i‘eli Jawed vertebrates

Origin of
endochondral
| bone.

|\ '\ \ 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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Cyclostomata

Synapomorfie

Rohovité zoubky v savych ustech.
Respiracni plachetka (velum) v ustnim
aparatu.

Slozity jazyk.

Oporné elementy zaberniho kose jsou
ulozeny vne zabernich vacku, zabry
vznikaji z endodermu.
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,2Agnatha* bezcelistni
Cyclostomata (kruhousti)

Vodni formy s kruhovym prufezem téla, bez prostorné
telni dutiny, bez parovych ploutvi, bez Celisti, bez Supin,
bez dermalnich kosti a mineralizovanych tkani,

jen chrupavcCity endoskelet: pololebka + neuralni
oblouky (chybi u sliznatek), neparova nozdra a
nasohypofyzarni kanal, chorda mohutna, nezaskrcena
(axialni dopredny pohyb)

Zabra: endodermalni Zaberni vacky
rada autplesiomorfii (monomericky hemoglobin),
specifické adaptace u mihuli (parasitismus).
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Agnatha - neparova chodba a
nasohypofyzarni kanal

Sliznatky — nasohypofyzarni
kanal do stfeva

Mihule — nasohypofyzarni kanal
je slepy, hitan je dorsoventralnée
deleny, spodni dychaci Cast
slepa

Gnathostomata — parova nosni
dutina

Rozdilné plakody —
adenohypofyzarni a Cichova

6. Craniata et al
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Myxinoidea - sliznatky
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Metamerni zlazy, sliz

3 pary hmatovych tentakuli, odontoidy
Redukované ocCi

Voda nasavana nasohypofyzarni chodbou
Neparova nozdra

Periodicky hermafroditismus, vnéjsi oplozeni
Jen leva Cuvierova chodba

43 druhd 6 rodu, Myxine, Bdellostoma

e primarne morske - téini tekutiny s
vysokym obsahem soli; isotonicke s
mofskou vodou

OSMOKONFORMITA

kdezto obratlovci asi primarné
sladkovodni - opodstatnénost vzniku
ledviny jen v hypotonickém
(sladkovodnim prostredi)

ey I:EIFISL-HE@

the single nastril

teeth in

hoak of egy capsule  f e

cloacal slit
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Perinasalni makadla
Nosni otvor

Keratinosni zuby

Ustni makadla
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Keratinové zuby na jazyku — neni jasna homologicnost, nedostatek
embryologickych informaci, dlouho nebyla znama ontogeneze

1)

keralin cap
(s lronal toothlel)

pokal cell cone stel lage
(primary replacement regiculum
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S growih hnes
N

oval
ML

/ P /
l.» ,. \| If
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\ | i
R g
’ | '
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(developing secondary pulp cavity

replacement toothlet)
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adenohypofyza + faryngealni septum - endodermalni
Problém: chybi data o embryogenesi sliznatky, posledni udaje 1910, 1960 -
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Oisi et al 2013, 2015

Prvni detailni ontogeneze

Figure 2 Mid-to late pharyngular-stage
embryos of Eptatretus burgeri. (A-C)
Left lateral views of 3D-reconstructed
embryos at stages 45, 50, and 53.
Pharyngeal endoderm is colored
yellow and the arterial system is
colored red. The light blue color
beneath the brain primordia
represents oronasal ectodermal
derivatives (for details, see [10]). Note
that the caudal half of the pharynx
shifts caudally by the expansion of the
pharyngeal arch 3 and 4 domain. (D-
F) Reconstructions of embryos at
stages 40, 50, and 53, with Tbx1/10A-
positive  mesodermal components
(colored pink) as well as somites (sm).
Note that somites initially arise caudal
to the entire pharynx at stage 40, and
later shift rostrally to reach the mid-
otic level (F).
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Zaberni skelet nenavazuje na Zabra
Lebka — bez stropu neurokrania = hemikranium

Nasohypofyzarni kanal otevreny volné do hitanu
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Dychaci soustava

Zaberni vacky uvniti koe z chrupavéitych
zabernich prstencu, vystelka endodermalniho
puvodu

usti samostatné na povrch nebo do spole¢ného
kanalku

Nejednotny poCet zabernich otvoru (1-16) a entodermalnich Zabernich vacku
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A

Excurrent duct

Afferent
Branchial Artery

Efferent
Branchial Artery

Incurrent duct

F1G. 3. Anatomy of hagfish gills. A: schematic of a longitudinal cut through a gill pouch from the Atlantic hagfish, with a lateral perspective o
a primary gill fold (filament) and its lamellae (boxed area). Note radial arrangement of additional filaments around the pouch. Large arrows indicats
direction of water flow; small arrows indicate direction of blood flow. [Modified from Elger (169).] B: scanning electron micrographs of a gill filamen
from the Pacific hagfish, comparable to boxed area in A. Top micrograph (<30) shows an overview of a filament, with afferent (AF) and efferen
(EF) regions, and respiratory lamellae (R) with second-order folds (2). MU indicates muscular layer around the pouch. Arrow indicates flow of wate
through pouch from incurrent duct (ID) to excurrent duct (ED); arrowheads indicate flow of blood across filament. Bottom panel (< 70) reveal:
higher order folds of the lamellae. iLe.. third- (3). fourth- (4). fifth- (5). and sixth-order (6) folds. [Modified from Mallatt and Paulsen (432).]
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Myxinidae — 2rody, 23 druht — 1 vnéjsi
zaberni otvor
Myxine

Eptatretidae — 2 rody, 35 druhu, vice otvoru
Eptatretus, Paramyxine

MY L.
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Hagfish Lamprey Zebrafish
Samicircular canal Safiiciulai Canals
.._'__.-"_-" B '\-\.\."R ._?ﬁ'--; T_'-\.\H
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maciila
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Comparative sketch of adult hagfish, lamprey and zebrafish inner ears. Lateral views
with anterior to the left; not to scale. Sensory maculae are shown in dark grey; cristae are
shown in light grey. Note the single macula communis in the hagfish and lamprey ear, and the
asymmetric arrangement of three separate sensory maculae in the zebrafish ear. AH, V and
PH are the anterior horizontal, vertical and posterior horizontal regions, respectively, of the
lamprey macula communis.

Agnatha — pouze 2 chodby v rovhovaznem ustroji, u
sliznatek bez morfologicky vymezenych maculae a crist
- extrémni autplesiomorfie ?
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Oko sliznatky:

*Absence cocky

*Absence okohybnych svala
*Dvouvrstevna retina bez
vicevrstevné polohy integracnich
neuronu, n.opticus velmi tenky (30
um)

chiasma opticum soucasti
hypothalamu

zrakove projekce jako u jinych
(thalamus, tectum) ale ipsilateralni
projekce jen 15%

*Ektodermalni plakoda — ne cocka,
pouze nepigmentova skvrna na kuzi

A,B, Light micrographs of sections through hagfish eyes. A, Eptatretus burgeri. Scale bar 0.15 mm. From
Locket & Jorgensen (56). B, Eptatretus stoutii. Eye (starred) and eye-patch (arrowed). Stain: Hematoxylin and
Eosin. From Zeiss et al (267). Arrows indicate nuclear layers as follows: red (GC) ganglion cells; blue (PR)
photoreceptors; and black (RE) retinal epithelial cells. C, Electron micrograph of retinal section, Eptatretus
stoutii. The two triangles mark two outer segments. R, receptor cells; O, outer synaptic layer; C, cell bodies of
projection neurons; |, inner fiber layer; V, vitreous body. Distinct outer and inner limiting membranes are visible.
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I  ANP-derived nasal cartilages

- PHP-derived premandibular cranium

B mandibular arch-derivatives

- hyoid arch-derivatives

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

Adult hagfish

Fig. 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 Stensit (1936), and those of the lamprey from the work of Marinelli and
Strenger (1954) and Fontaine (1958).

6. Craniata et al

Sliznatky, mihule
Nehomologickeé velum
Sliznatky - chrupavka

netvofi oporu zabernim
stérbinam
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Sinus Venosus

1 Atrium

'M Oxygen poor blood

leaves the heart and

goes to the gills. From
/a ::y there it goes to the rest

of the body.

Qxygen-poor
blood enters the
heart from the

body

=\

_ Conus Arteriosus
Ventricle

Autonomni srdce, aditivni srdce v ocasni casti,
erythrocyty, unikatni granulocyty

Unikatni kozni kolagen (serin, treonin)
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thickening mucin might support
clogging of predator’s gills

defense escape
[
.E % PREDATORY
S
v v
predator attacks hagfish by suction flow hagfish escapes slime by knot tying
thickening thinning
© in elongational flow in shear flow
O
> 3
o O
S =
£
b,

thinning slime may
facilitate escape

A ) hagfish slime - B soy protein isolate
a fibrous and cold-set hydrogel suspension
"""" ’ R thread
- . A1 Tk kel
hagfish slime pores exudate “"™ |~ "® o0 T 0 e
i soy protein
+ water :
fast deployment H
¥ flow 1 (~100 ms)
slime . :
: soy protein
Yumade C - ! stabilized oil
droplet
mucin ( -
strands ™~ . & .
________________ -
hagfish protein : ) ) -~
fibers : @ i
/\_/ : - A & &
hagfish mucin ® »
slime ‘ soy milk

&)

knot moving direction

6. Craniata et al

Sliz sliznatky:

(a) proteinova “vieténka” + (b) mucinové
méchyrky = ve vodé praskaji a podél
proteinovych vretének vytvareji docasny
slizovy agregat

Efektivni zalepeni Zaber celistnatci ! —
dokonala obrana

http://jeb.biologists.org/content/217/13/2288
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http://www.youtube.com/watch?v=tK TRv3hx1s0&list=PLEQOB26
B1CCB3FCO9FE&index=7&feature=plpp video

https://www.youtube.com/watch?v=Bb2EOP30hnE&index=3&li
st=PLEOB26B1CCB3FC9FE

https.//www.youtube.com/watch?v=_8FVpj0p-iU

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



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://www.youtube.com/watch?v=Bb2EOP3ohnE&index=3&list=PLE0B26B1CCB3FC9FE
http://www.youtube.com/watch?v=_8FVpj0p-iU
https://phys.org/news/2017-12-loose-skin-slack-volume-hagfish.html

FAD obratlovcl 6. Craniata et al
Myxinoidea - sliznatky

* ——

.&MWW‘ b

Myxine

Myxine mcmillanae
hlubokomorska
Karibik
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Bdellostoma (80 cm)
potravou jsou poranéné a mrtvée ryby,
Clenovci, mékkysi

Odontoidy jen na dvojlaloCném jazyku, funguje jako
Celisti — prolezou skrelemi ryb nebo se provrtaji pres
telni sténu a vyziraji vnitfnosti
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quine qluhnosa

Polylecitalni vajiCka, rohovité obaly se tvofi jiz v ovariu
Gonada nema vyvod

Gamety se uvolnuji do coelomu a pak do kloaky
Samic je v populaci a si 100x vic nez samcu

Primy vyvoj

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

e

W N .
":)l‘“" SN
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Petromyzontida - mihule
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Druhotné bez exoskeletu a parovych pfivésku, jen chrupavcity endoskelet, arcualia, mohutné
chorda, bez horizontalniho septa

Pfisavny ustni ter€ s odontoidy, pololebka, 9 paru zab. obloukl se 7 otvory,

neparovy Cichovy ustroj druhotné splynutim, dorzalni a ventralni koreny alternujl',_f
41 druhu — 9 anadromnich a 32 permanentné sladkovodnich
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lebka=paleocranium (pololebka)

branchialni skelet: 9 svislych nepravidelnych oblouk(i(1.a2.pred
1.stérbinou), vzajemné propojena — posledni navazuje na perikard

* neni homologicky s branchialnim skeletem Gnathostomata
vné Zaberniho aparatu, vice typUu chrupavky

1.\7;,‘&\\'9

+ g b \f 17 &S
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Pétidilny mozek, u minoh 3dilny — telencephalon, diencephalon, tegmentum,
velky diencephalon - hypothalamus

zilné srdce — sinus venosus, atrium, ventriculus, conus arteriosus (srde¢ny nasadec)
a jen pravy ductus Cuvieri, vice druhtt hemoglobinu a granulocytu
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U mihuli je dychaci ¢ast hitanu se 7 pary vnitrnich zabernich skulin oddélena
od travici ¢asti, u minoh jsou travici i dychaci cest v hltanu spolecne,
zalubek chybi, stfevo — spiralni fasa

travici ¢ast hltanu
dychaci ¢ast 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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A) Parasitické druhy:

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

B) Neparasitické druhy:

po metamorfoze neprijimaji potravu, mensi nez larva, nemigruiji, Ziji 6
mes. (Lampetra planeri, Eudontomyzon gracilis, E.vladykovi, aj.)

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

L. planeri - m. potocni,

Eudontomyzon danfordi — m.karpatska,

E.mariae - m.ukrajinska

Geotridae (Au, NZ, 4 druhy) - mihulicoviti

Mordaciidae (Sam, Au 3 druhy) - mihulkoviti
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vneéjsi oplozeni
po tfeni hynou
neprimy vyvoj
— larva minoha

minoha

Lampetra planeri

Konrad P. Schmicit
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-

4 J NS~ | e S oy r‘;;/ _‘ (L
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Petromyzon Mmarnus - m}h‘ﬂ?-}@ﬁk%.‘ dravad

-

Minoha-filtrace detritu, po nékolika letech
hematofagni a migrace do more
Predace-pfisavaji se ozubenym ustnim
teréem a jazykem narusuji kdzi ryb a
nasavaji 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

NN~ REASLINGE S,

v
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Zivotni cyklus

treni — jaro, Stérk, 16°C
monogamni teritorialni Petromyzon
kolonialni Lampetra

velkeé druhy stovky tis. vajiCek
malé tisice 12-18 MONTHS

One summer, fall, and winter

po spareni uhyn

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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Adulti zahrabavaiji jirky do pisku, za 14 dni  Larva mihule: horni ret s filtraCnimi ciry,

se lihnou 5-7 mm velké minohy kruhove velum, nerozdéleny jicen, hltan se
(minoha, “Ammocoetes branchialis(Linne), Sterbinami, endostyl — po metamorféze do
endostyl, hltan nerozdélen, velum jako parové thyreoidy, mozek nedifer. — oCni
filtr.organ, oci nevyvinuty,mikrofagni,vyvoj skvrna bez dif.jednotlivych struktur, zaklady
1-10 (3-6) let, metamorfdza koncem léta trva otického vacku, po vykuleni —

4-5 tydnQ: zkraceni téla, ustni terc, jednovrstevna pokozka

pigmentace, ploutve, zuby a oCi

Laakd MM AL AATR T S ST T oy
| :
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Shrnuti

Myxinoidea (Hyperotreti) - sliznatky ~ Petromyzontida (Hyperartia) - mihule
Petromyzontes, Petromyzones

. p:ifrl‘ ci,r;rr\ék_m;).ﬁské (chlc;‘c{né rrt\)oF'eh) i » potamotokni nebo sladkovodni
- télni tekutiny s vysokym obsahem soli, =,
isotonicke sﬁwor‘zkou{/odou ) OSMQRE,GULACE v hypotonickém
(OSMOKONFORMITA) prostredi
* chybi obratle
* metamerni Zldzy, sliz
- hvézdicovitd Usta, hmatové
tentakule a odontoidy
na dvoulalo¢némjazyku
* nepdrovd nozdra, voda
* nasdvdna hasohypofyzdrni
chodbou
- periodicky hermafro-
ditismus, vnési oplozeni, opakova
reprodukce, vyvoj primy

- neurdlni oblouky obratli

» slizové burky

» kruhovy prisavny dstni
terc¢ s odontoidy, minoha
s podkovovitymi Usty ;

- nepdrovd nozdra, voda nasdvdna d
nasohypofyzdrniho vacku

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

© Rehak
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Myxinoidea - sliznatky

* hltan s trdvici i dychaci funkci

» jen leva Cuvierova chodba,
» jen 1 polokruzna chodba

43 druhl 6 rodl, Myxine,
Bdellostoma

Dychaci aparat

Sliznatky

zaberni vacky uvnitf kode z chrupavéitych

Zabernich prstencd, Usti samostatné
na povrch, nebo do spole¢ného kanalku,

hltan nerozdélen na trdvici a dychaci ¢dst

6. Craniata et al

Petromyzontida - mihule
»  frdvici a dychaci cesty oddélené,
jen u minoh spole¢né

jen pravd Cuvierova chodba
2 polokruzné chodby

1. duplikace Hox gent

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

Mihule

zaberni vac ky uvnitr kose ze 7 chrup.
Zabernich obloukd, Usti samostatné

na povrch 7 zabernimi skulinami po
strandch za hlavou

hltan rozdélen na travici a dychaci ¢ast

© Rehak
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Myxinoidea
sliznatky

sjen chorda

*metamerni slizové zlazy

*1 polokruzna chodba
*nasohypofyzarni chodba
«dorzalni a ventralni koreny
-spojeni v misni nerv
osmokonformita

\

Petromyzontida
mihule

‘jen zaklady neuralnich
obloukt obratlu

*jen slizové bunky

2 polokruzné chodby
*nasohypofyzarni vak
*kofeny se nespojuji
s0smoregulace

J

jen chrupavka, neni kost
*7-9 zabernich oblouku
*neparovy ploutevni lem

*neparova nozdra

«zabry ve vaccich - entoderm
*neparova gonada bez vyvodu
«odontoidy v Uustech — sani
*slozity jazyk

6. Craniata et al

Gnathostomata
Celistnatci

«obratle

slizové bunky, kozni zlazy
*3 polokruzné chodby
«dorzalni a ventralni koreny
-spojeni v misni nerv
0smoregulace

.chrupavka a celularni
kost

Celisti

sparove koncetiny
sparove nozdry

«zabry na prepazkach
(obloucich)

plice

sparové gonady



FAD obratlovcu 6. Craniata et al

VERTEBRATA

---------------------------------------------------- My//okuﬂgmlhg/'a ..I.

Myxinoidea
4 —  cYcLoSTOMATA

Petromyzontida

Conodonta 1 >
S
Arandaspida T, Astraspida t S
R : Heterostraci T 8_
Anaspida T
: Galeaspida 1
i ; Thelodonti T

Osteostraci T

GNATHOSTOMATA

© Rehak
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Agnatha - vymreli

6. Craniata et al

dorzdlni a ventrdlni deska z kosténych $titkd na hlavé
T Arandaspida

Anatolepis - kambrium Wyoming, or'dowk
Spicberky

Sacabambaspis - ordovik - Bolivie

5mm

T Heterostraci - $titoploutvi

Pteraspis

devon - Anglie, pdrové nozdry,
1 par Zab. $térb.
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bez hlavového $titu

T Anaspida - birkenie

pdrové privésky, hypocerkni ploutev, skupiny drobnych &titkd, za hlavou linie 10
zabernich otvord, nevétvené paprsky

T Galeaspida - devon Cina, Vietham, perichondridlni kost (nékdy k Osteostraci)
v perichondriu se diferencuji osteoblasty, kostény plast (obklapi télo budouci kosti)
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bez hlavového $titu T Thelodonti

Alchetron

pdrové prsni privésky, drobné stitky na téle,
hypocerkni ploutev, skupina Zabernich otvort
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Osteostraci — Stitohlavi, silur — devon

Siroky hlavovy Stit, 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 Stitku chranicich kanalky (hlavové
nervy, postranni ¢ara, elektrorecepce?), na dné hltanu desticky — pohyblivost, drceni

potravy
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Do chrupavky vapenaté soli, bunky chrupavky odfiznuty od kysliku a Zivin - smrt.
Pak do ni krevni vlasecnice, porovita struktura, posléze znama jako kostni dfen.

V jadru kosti se ustanovi tzv. primarni osifika€ni jadro; z néj osteoblasty (ale i
osteoklasty s neméné dulezitou roli) Sifi do vSech ¢asti budouci kosti.

Postupné az do rustovych plotének, kde neustale vznikda nova chrupavka,
odstupuje do stran, mineralizuje a po osidleni kostnimi burfikami se méni v
regulérni kost.
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