Fylogeneze a diverzita zivo

Sliznatky a mihule
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Nevyjasnéné pribuzenské vztahy sliznatek

Myxinoidea - sliznatky
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Vyvojové vztahy basalnich recentnich skupin tradicné nejasné

Agnatha — Ostracodermi (recentné jen

sliznatky) + Cyclostomata (recentné jen mihule)

sliznatky a mihule - bez dermalnich kosti a
mineralizovanych tkani

jen chrupavcity endoskelet

sekundarne u mihuli, primarné u sliznatek

Kruhousti — Cyclostomata
monofylie/parafylie?

*spolec¢né znaky, plesiomorfie

*nemaji parove ploutve, chrupavcita lebka bez Celisti,
neparovy nosni otvor, slozity jazyk, nemaji Supiny

ani dermalni kost

*notochord zachovan (u mihuli chrupavcité horni
oblouky obratl()

srohovité zoubky v ustech (odontoidy)

Craniate theory

Vertebrata
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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

Hagfishes

placode as a part of stuﬂud :
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Pelmatozoan ossicles
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Kombinace pfistupl - genetické i anatomické znaky = monofyleticnost Cyclostomata

Micro RNA

Stitna zlaza
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Rubicundus eos

‘Paramyxine’ spp.
Eptatretus burgeri "\

Eptatretus stoutii ——=
Myxine glutinosa
Neomyxine biniplicata

Lampetra fluviatilis
Lethenteron camchatsticum
Petromyzon marinus

Gnathostomata (total group)

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).



Crown-group

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



Cyclostomata

Synapomorfie

e Vodni formy s kruhovym priifezem 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 uloZzeny vné Zabernich vacku, zabry
vznikaji z endodermu.

e Jen chrupavcity endoskelet - pololebka + neuralni oblouky (chybi u
sliznatek), neparova nozdra a nasohypofyzarni kanal, chorda mohutna,
nezaskrcena (axialni dopredny pohyb)



Myxinoidea - sliznatky




Metamerni zlazy, sliz

3 pary hmatovych tentakuli, odontoidy
Redukované oci

Voda nasavana nasohypofyzarni chodbou
Neparova nozdra

Periodicky hermafroditismus, vnéjSi oplozeni
Jen leva Cuvierova chodba

43 druht 6 rodu, Myxine, Bdellostoma

e primarné morske - téini tekutiny s
vysokym obsahem soli; isotonicke s
mofiskou vodou

OSMOKONFORMITA

kdeZto obratlovci asi primarné
sladkovodni - opodstatnénost vzniku
ledviny jen v hypotonickém
(sladkovodnim prostiredi)
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Keratinové zuby na jazyku — neni jasna homologicnost, nedostatek
embryologickych informaci, dlouho nebyla znama ontogeneze

perinasalni
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nosni otvor
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Zaberni skelet nenavazuje na Zabra
Lebka — bez stropu neurokrania = hemikranium

Nasohypofyzarni kanal otevieny volné do hitanu
Lamprey nhs ns hyp




Dychaci soustava

Zaberni vacky uvnitf koSe z chrupavéitych Zabernich prstencd,
vystelka endodermalniho ptivodu

usti samostatné na povrch nebo do spole¢ného kanalku

Nejednotny pocet Zabernich otvorl (1-16) a entodermalnich zabernich vacku




Fig. 23: Counter current flow of water and blood in the hagfish gill arch. DA, dorsal
aorta; GE, gill exit; ML, muscular layer; VA, ventral aorta.
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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 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 (<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 water
through pouch from incurrent duct (ID) to excurrent duct (ED); arrowheads indicate flow of blood across filament. Bottom panel (< 70) reveals
higher order folds of the lamellae, i.e., third- (3), fourth- (4), fifth- (), and sixth-order (6) folds. [Modified from Mallatt and Paulsen (432).]



Myxinidae — 2rody, 23 druht — 1 vnéjsi
zaberni otvor
Myxine

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




Sinus Venosus 1
| Atrium

'M Oxygen poor blood

leaves the heart and

goes to the gills. From
/./a :3( there it goes to the rest

of the body.

=\

Oxygen-poor
blood enters the
heart from the
body

. Conus Arteriosus
Ventricle

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



Unikatni kozni kolagen (proteiny serin, treonin)

defense

survival
strategy

predator attacks hagfish by suction flow
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hagfish escapes slime by knot tying

®

knot moving direction

thinning
in shear flow

thinning slime may
facilitate escape

hagfish slime -
a fibrous and cold-set hydrogel

A

’ ™ thread
skeins

hagfish slime pores exudate

+ water
fast deployment
How 1 (~100 ms)

slime
threads
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proteinova vieténka a b)
mucinové méchyrky ve vodé
praskaji a vytvareji vrstvu
slizu

Dokonala obrana — zalepeni
zaber Celistnatcu.

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



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

http://www.youtube.com/watch?v=tKTRv3hx1s0&Ilist=PLEOB26
B1CCB3FC9FE&index=7&feature=plpp video

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

https://www.youtube.com/watch?v=_8FVp|0p-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

Myxinoidea - sliznatky

Myxine mcmillanae
hlubokomorska
Karibik




quine qluiinosa

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




Hypothetical places for hagfish egg deposition. It has been speculated that hagfishes
deposit their eggs either a) in the spaces between rocks, b) under the sand, or ¢) in a
mass of their own slime.



Bdellostoma (80 cm)
potravou jsou poranéné a mrtve ryby,
Clenovci, mekkysi

Odontoidy jen na dvojlaloCném
jazyku, funguje jako

Celisti — prolezou skrelemi ryb
nebo se provrtaji pres

telni sténu a vyziraji vnitrnosti



Petromyzontida - mihule




Druhotné bez exoskeletu a parovych pfivésku, jen chrupavcity endoskelet, arcualia, mohutné
chorda, bez horizontalniho septa

Pfisavny ustni ter€ s odontoidy, pololebka, 9 paru Zzab. obloukt se 7 otvory,

neparovy Cichovy ustroj druhotné splynutim, dorzalni a ventralni koreny a|tel’ntI
41 druht — 9 anadromnich a 32 permanentné sladkovodnich




Adult — pfisavny terC s pistovitym jazykem a mohutné retraktory B

Podobné jako u Gnathostomata

Homologony Celisti:

Oporné struktury jazyka

Apomorfie - mukochrupavky

Fig. 15 A Sagrammatic madian secvion of D hend of an ade mprey.
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lebka=paleocranium (pololebka)

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

* neni homologicky s branchialnim skeletem Gnathostomata
vnhé Zaberniho aparatu, vice typu chrupavky




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 druhti hemoglobinu a granulocytu




U mihuli je dychaci ¢ast hltanu se 7 pary vnitfnich zabernich skulin oddélena
od travici ¢asti, u minoh jsou travici i dychaci cest v hltanu spolecné,
zalubek chybi, stfevo — spiralni rasa
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travici ¢ast hitanu
dychaci ¢ast hltanu

Zaberni vacek Mesonefros, parova Wolfova chodba,
urogenitalni sinus

stavba Zaber vice jako u paryb nez u Gonady neparové, vajicka oligolecialni
sliznatek



A) Parasitické druhy:

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

B) Neparasitické druhy:

(V4 Moo/

(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,

E.mariae - m.ukrajinska

Geotridae (Au, NZ, 4 druhy) - mihulicoviti

Mordaciidae (Sam, Au 3 druhy) - mihulkoviti



Petromyzon marinus — mihule morska

Minoha-filtrace detritu, po nékolika letech

hematofagni a migrace do more

Predace-pfisavaji se ozubenym ustnim ter€em a jazykem
narusuji kuzi ryb a nasavaiji kasi ze svalu s krvi

Ekologicka katastrofa

Ontario (1835), kanal Ontario Erie 1919

1921 Erie, 1936 Michigan, 1937 Huron, 1946 Horni,
nyni ve vSech jezerech; Extinkce 3druhl lososovitych
ryb, drive vylov 3000 tun/rok, nyni 5-10 t




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
feeding on blood of host fish

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



vneéjsi oplozeni
po tfeni hynou
neprimy vyvoj

— larva minoha

minoha

Lampetra planeri

Konrad P. Schmicit




Adulti zahrabavaji jirky do pisku, za 14 dni  Larva mihule: horni ret s filtracnimi ciry,

se lihnou 5-7 mm velké minohy kruhové velum, nerozdéleny jicen, hltan se
(minoha, “Ammocoetes branchialis(Linne), Sterbinami, endostyl — po metamorféze do
endostyl, hitan nerozdélen, velum jako parové thyreoidy, mozek nedifer. — ocni
filtr.organ, o¢i nevyvinuty,mikrofagni,vyvoj skvrna bez dif.jednotlivych struktur, zaklady
1-10 (3-6) let, metamorféza koncem létatrvd  otického vaeku, po vykuleni —

4-5 tydnU: zkraceni téla, Ustni terg, jednovrstevna pokozka

pigmentace, ploutve, zuby a oCi




Myxinoidea
sliznatky

sjen chorda

*metamerni slizové zlazy

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

\

Petromyzontida
mihule

‘Jjen zaklady neuralnich
oblouku obratlu

*jen slizove bunky

2 polokruzné chodby
*nasohypofyzarni vak
*kofeny se nespojuji
s0sSmoregulace

J

|

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

*neparova nozdra

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

*slozity jazyk

Gnathostomata
Celistnatci

«obratle

slizové bunky, kozni zlazy
*3 polokruzné chodby
«dorzalni a ventralni koreny
-spojeni v misni nerv
s0Smoregulace

.chrupavka a celularni
kost

«Celisti

sparove koncetiny
sparove nozdry

«zabry na prepazkach
(obloucich)

plice

sparove gonady
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Osteostraci — stitohlavi, silur — devon

Siroky hlavovy Stit, na trupu desticky z dentinu, na povrchu neco 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




Perichondrialni osifikace

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

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

Postupné az do rustovych plotének, kde neustale vznikd nova chrupavka,
odstupuje do stran, mineralizuje a po osidleni kostnimi bufikami se méni v
regulérni Medullary cavity - ~\~

' rticular cartilage
: J \Spongy hone
Secondary

"\ ossification | . 1‘
,..Zcenter )

Blood vessels

Periosteum

Bone collar ¢ primary (..7‘
__» ossification ;
|‘ ) center Epiphyseal plate /
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\J Bone Growth



