Nervovy systéem maji pouze

mnohobunecni zivocichove, ale

jednobunééné organizmy jsou schopny reagovat na externi
stimuly na subbunééné urovni. Jsou vybaveni specializovanymi
organelami a molekularni masinerii nutnou k recepci chemickych,
mechanickych a svételnych stimull, vedeni signalu (sekrece
biologicky aktivnich latek resp. propagace membranového
potencialu) a generovani efektorové odpovédi.




‘& —Plamateron FIGURE 13-5 .
An idealized transverse section

surface of brain

of the wall of the brain to show
Dendrite neuroglial cells; other non-

nervous cells; and their

relationships to neurons, the

Astrocyte

Axon

Myelin — Microglial ventricular system, and blood
sheath cell vessels. (Modified from
Williams et al.)
Oligoden- Neuronal
drocyte cell body
Capillary
wall

Axons within
myelin sheaths
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Prokaryota

Maji iontové kanaly, jejich funkce
je vétSinou neznama (vétsinou
osmoregulace)

Nap¥. Escherichia coli:

6 mechanicky vratkovanych
kanall

3 napétové vratkované kanaly
(jeden K*, dva CI)



Protista
Neuroaktivni latky:

Adrenalin, noradrenalin, serotomnin (5-HT), DOPA
(3,4-dihydroxy-L-phenylalanine), dopamin, beta-
endorphin; receptory acetylcholinu, katecholaminu a
opiatd

Mechanicky a napét'ové nebo
ligandem vratkované kanaly

Depolarizace nebo hyperpolarizace membrany napf.
po mechanické stimulaci, u nékterych akéni potencial
(vétSinou Ca?*)

Néleynici —rody Paramecium (TREPKA), Stylonichia
(SLAVINKA) — opacné poly téla vybaveny riznymi
iontovymi kanaly — orientovana unikova reakce

Obrnénky (Dinoflagelata) — rod Noctiluca —
dva ruzné typy pohybu bi¢ikem a bioluminiscence



Kvasinky

Mechanicky a napét'ové
vratkované kanaly

+ pheromonalni komunikace
(¢asto signalni molekuly homologické
témuz u zivocichu, napr. alpha type mating
factor = gonadotropin—-releasing hormone)

Rostliny

Elektricky a humoralni pfenos
signalu

Akéni potencial (plasmodesmata
floemu; Ca2* in, CI" out)

GABA, glycine, glutamate,
acethylcholine (ale neuc¢astni se
chemického prenosu elektického
signalu; snad funkce v
metabolismu, cyrcadiinnich
rytmech, etc.)
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Hexactinellida

&

Demospongia

91y
Choanoflagellata
+ Ministeria

,Porifera®

Homoscleromorpha

Calcispongia

Ctenophora

Placozoa

Cnidaria

1 — Eumetazoa

2 — Planulozoa ‘ II

Bilateria (+Myxozoa)

Prvni 2ivocichové neméli:

Metazoa

Typické znaky:
{éﬂploldni mnohobunééné

v haploidni faze omezena na
gamety

v extracelularni matrix
(kolagen, glykoproteiny)

v pojivova tkan a epitely
v mezibunééné spoje

v struktura brv a biéiku
‘(9xz+z, pfiéné pruhované kotvici

v stavba spermie

v prubéh ontogeneze
unikatni slgni ni drahy definujici
élesné osy, gastru aee)

nervou soustavu, svalovou soustavu, smyslové
organy, travici dutinu ani pohlavni zlazy.



Vznik nervovych a
svalovych bunek

Myoepithelial cells

Neurosensory cell

Myoneme Nerve cell



Spolecny vznik nervovych a svalovych
buniek z myoepitelialniho prekurzoru

Molekuléarni data (

, 2004, Pages 331-345)
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Atonal-like gen Atll (rodina basic helix—-loop-helix
(bHLH) transcripénich faktora) — exprese v nervovych
burikach i svalech

Neuronalni marker — gen NP kédujici
RF-amide neuropeptid — exprese v

nervovych buiikach i svalech masita (Podocoryne carnea)

Polypovci (Hydrozoa): nezmarovka


http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236766%232004%23997309997%23498435%23FLA%23&_cdi=6766&_pubType=J&_auth=y&_acct=C000053052&_version=1&_urlVersion=0&_userid=2788347&md5=7ee504cec495d007cf26fc9c25443bb9

Zahavci (Cnidaria)

‘ ,Sit'ovita* nervova
I soustava

» koncentrace neuronu
kolem ustniho otvoru polypu
a zvonu meduz)

> neuropeptidy - RFamidy
» nékolik typu neuront:
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Zahavci (Cnidaria)

I .sit'ovita“ nervova
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Zahavci (Cnidaria)
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Zahavci - neuropeptidy

Table 1. Neuropeptide families in cnidarians.

Nejméné 6 riznych subpopulaci neuronii
Chybi acetyicholin; katecholaminy vzacné

Species Structure Name
Anthopleura elegantissima L-3-phenyllactyl-Phe-Lys—-Ala—-NH, Antho—-KAamide
Anthopleura elegantissima L-3-phenyllactyl+Tyr—-Arg-Ile—-NH, Antho-RIamide I
Anthopleura elegantissima Tyr—-Arg-Ile-NH, Antho-~RIamide II
Anthopleura elegantissima L-3-phenyllactylt+Leu-Arg-Asn-NH, Antho-RNamide I
Anthopleura elegantissima Leu-Arg-Asn—-NH, Antho—-RNamide II
Anthopleura elegantissima <GlutSertLeu-Arg-Trp-NH, Antho-RWamide I
Anthopleura elegantissima <GlutGlytLeu-Arg-Trp-NH, Antho-RWamide II
Anthopleura elegantissima <Glu-Asn-Phe-His-LeutArg-Pro-NH, Antho-RPamide II
Anthopleura elegantissima Leu—PIOvao¢Gly—Pro-Leu$Pro«Arg-P:o—Nﬂ, Antho-RPamide I
Anthopleura elegantissima GlyuProiHyp—Ser*Leu#PheiArg-Pro-NH, Antho-RPamide IV
Anthopleura elegantissima <Glu-Val-LystLeu-Tyr-Arg-Pro-NH, Antho-RPamide III
Anthopleura elegantissima Tyx-Arg-Pro—-NH, Antho-RPamide V
Anthopleura elegantissima <GlutGly-Arg-Phe-NH, Antho—-RFamide

Renilla kéllikeri

Polyorchis penicillatus

Polyorchis penicillatus

<GlutGly-Arg-Phe-NH,

<Glu4TrptlLeutlys

<Glm-Leu<-LeuWGly-»Gly-Arg—Phe-NH2

Gly-Arg—Phe-NH,

Antho-RFamide

Pol~RFamide I

Pol-RFamide II




Zahavci (Cnidaria)

» pinaktonni larvy (planula):
- serotonin, katecholaminy
indukuji metamorfézu

External

Ca++

Bacterial Inducer

T, <4 i i (| W
fi gty £ il

Z

PKC activation

5-HT containing cell 5-HT target cell

1
).}

a3

Internal

.~ M .

MR AT
SN S

S5-HT (5-hydroxytryptamin = serotonin)
imunopozitivni buiiky v panule
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TETRANEURAL BAUPLAN
with Gangila

!

TETRANEURAL BAUPLAN
with Medutlary Cords

I 1t

YL

STRICKLEITER BAUPLAN
with Condensatlon of

Ganglia

i

1
STRICKLEITER BAUPLAN
without Condensation ot

Ganglia

]

BASIC BILATERIAN BAUPLAN

D

I

T 1

t

NERVE PLEXUS

l Plosténci (Platyhelmintes)

Typy nervoveé
soustavy

Bilateralia - ancestralni bauplan:

v mozkové (nadjicnové)
ganglion
v nervové pasy

obsahujici nervové viakna i téla
neuronu (nejspiSe 3 pary - dorzalni,
ventralni a lateralni)

Praplosténci (Acoelomorpha)

Hlistice (Nematoda)
Pasnice (Nemertea)
Drapkovci (Onychophora)

+ v redukované formeé asi také
Chapadlovky (Phoronida)
Ramenonozci (Brachiopoda)
Mechovci (Ectoprocta)

Na obrazku jsou €erné vyznaceny ¢asti CNS
obsahuijici téla neuront, bile nervové pasy a
komisury neobsahujici téla neuront



TETRANEURAL BAUPLAN STRICKLEITER BAUPLAN
with Ganglla with Condensation ol
Ganglia

Te= ¥

! I

TETRANEURAL BAUPLAN STRICKLEITER BAUPLAN
with Medutlary Cords without Condensation ot
Ganglia

I 1t

YL

-1

\ /

BASIC BILATERIAN BAUPLAN

I

T 1

t
NERVE PLEXUS

Typy nervoveé
soustavy

Mékkysi - tetraneuralni bauplan:
v 2 péry nervovych pasu

(pleurovisceralni a pedalni)

Cervovci (Aplacophora)
‘ Stitkonosci (Polyplacophora)

Monoplacophora

Plzi (Gastropoda)

Mizi (Bivalvia)

Kelnatky (Scaphopoda)
Hlavonozci (Cephalopoda)

Krouzkovci skupiny Aciculata

Na obrazku jsou €erné vyznaceny ¢asti CNS
obsahuijici téla neuront, bile nervové pasy a
komisury neobsahujici téla neuront



TETRANEURAL BAUPLAN
with Gangila

STRICKLEITER BAUPLAN
with Condensatlon of

Ganglia

ad

! I

TETRANEURAL BAUPLAN STRICKLEITER BAUPLAN
with Medutlary Cords without Condensation ot
Ganglia

-1

\ /

BASIC BILATERIAN BAUPLAN

I 1t

YL

I

T 1

t
NERVE PLEXUS

=
=

Typy nervoveé
soustavy

Zebtiékovita NS

v 1 péar ventralnich nervovych
pasu

(neobsahuiji téla neuroni)
v segmentalné usporadana
ganglia

Krouzkovci (Annelida) :
Rypeéky (Kinorhyncha) il
Zelvusky (Tardigrada) -

Clenovci (Euartropoda)

Na obrazku jsou €erné vyznaceny ¢asti CNS
obsahuijici téla neuront, bile nervové pasy a
komisury neobsahujici téla neuront



Typy nervoveé soustavy
(zjednoduseno)

Ambulacraria [ Echinodermata
Deuterostomes — Enteropneusta s s s s
Ehordata Urochordata Gangha
—— Cephalochordata
1 Vertebrata @
: . Annelida — Oligochaete
—Slateria — Polychaete I
T T
Lophotrochozoa — — g e
Brachiopoda S anglia
— Phoronida §
Protostomes L Mollusca _g
Nemertini =

Platyhelminthes

Scalidophora

Ecdysozoa —
y Onychophora Druhotna
— Arthropoda redukce
—— Nematomorpha

Nematoda NERVE'F‘LEXUS



Plosténci (Platyhelmintes)

Auricle

Anterior continuation
of ventral nerve cord

Cerebral
ganglion

/ Ocellus
Dorsal cord  Cerebral ganglion

Optic nerve

Lateral cord

Ventrolateral cord

Plosténky (Turbelaria)

mozkové ganglion
Plosténky skupiny Polycladida — laloénaté mozkové ganglion



Plosténci (Platyhelmintes)

Scolex Rostellar nerve ring

Ventral nerve cord

Lateral nerve cord

Acetabulum——1 Dorsal nerve cord

pe /_,._—Lateral

nerve cord
Transverse

Ventral

comm.issural nerve cord
ganglion Dorsal
: ' § nerve cord
Commissural Eommissural
nerve ring ganglion
Motolice (Trematoda) Tasemnice (Cestoda)

‘JB m m /_\\D Pocet a pozice nervovych pasu u

I I ‘ riiznych skupin plosténci



Hlistice (Nematoda)
(Caenorhabditis elegans)

http://www.wormatlas.org/

Rectum

Hermafrodit:
302 neuront (8)
cca 7000 synapsi

Male:
383 neuronu (89)

BodyFIG1B

Neuronal cells

approximately 6400 chemical synapses, 900 gap
junctions, and 1500 neuromuscular junctions

nucleus
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NERVE RING DORSAL
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(Caenorhabditis elegans)

CORD
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DORSAL
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&/

PHARYNX
POSTERIOR
BuLE

PHARYNX

ANTERIOR
BuLs

Ventral nerve

EXCRETORY
PORE

cord ® |
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ANTERIOR GANGLION LATERAL & VENTRAL GANGLIA

RETROVESICULAR GANGLION




LATE L4 (42 hrs, 20°C)

EF1 DVE DVF

px11 _EF2.
( DX2.
Spy s,

Ka . "o,

Intestine

Gonad @

ADULT

LATERAL view, left side. Nuclei in left lumbar (LGL), left cloacal (CGL) and the dorsal rectal ganglion (DRG, shown in
L4 figure only). CGL nuclei position largely invariant; those of lumbar ganglia more variable. Unmarked nuclei belong to
juvenile or hermaphrodite cell groups. (Adapted from Sulston et al., 1980, Fig 12).
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DORSO-RECTAL GANGLION

(Caenorhabditis elegans)

MaleEpiFIG10A: MALE-SPECIFIC SENSILLA OF THE TAIL

Spicules
(protruding through cloaca)

v AW

Post-Cloacal
Sensilla

Male tail

VENTRAL, oblique view
SEM (Hall) 434 HO7_22

MaleFIG7B

opening
CG(L) (anus)

VNC

Tail ganglia in the male are larger
plus males have 2 additional ganglia, CG(L/R).

Anus

CG(L/R), Cloacal Ganglia; DRG, Dorsorectal Ganglion; LG(R/L), Lumbar Ganglia; PAG,
Pre-Anal Ganglion; VNC, Ventral Nerve Cord; DNC, Dorsal Nerve Cord.



mozkové pleurovisceralni termindlni nadstrevni
ganglion pruh komisury

a) \\ ; \ /

sublingudlni predni nervovy

2 ; terminalni
| h s
ganglion  ganglion nohy pruh nohy et
mozkové nadstievni komisura

pleurovisceralni pleurovisceralnich
pruh

| a noznich pruht

ganglion

N T
o g s .M.,i. B LV ——— /
b) \ _ \ ) terminalni
predni ganglion nohy nervovy pruh nohy podstievni
o komisura
dorzalni zaludek stfevo
komisura

zadni adduktor

predni
adduktor anus
,-‘—'/ ;‘
visceralni
“ ganglia
o] nozni ganglia cerebropleuralni

noha ganglia

Mékkysi (Molusca)

5 @
Littmﬂ% Tritonia *

Helix



interbrachial com, brachial n.

tentacie n.

superior buccat g.

olfactory n.
collar n.

visceral n.
anterior head
retractor n.
funne!
retractor n.

pallial n.
R
stellate n. : \\%
N\ -
stellate g. %
\.
posterior
head
retractor n,
renal n, :
cardiac n.
genital
duct n. branchial n.
nidamental \ gastric g. branchial g.
gland n. caecum n.

gastrnic n.

Mékkysi (Molusca)
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Octopus

Mékkysi (Molusca)
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Tritonia diomedea



Zej kalifornsky
(Aplysia californica)

cca 20 000 neuronu

Right
connective

Buccal g gg)rll%n
. Branchial
Cerebral g G I g
: enital-
l»:lg ural g pericardial
Pedal g herve

Abdominal g

_Branchaal g

Gental g Osphradial g

Aplysia californica




Clenovci (Artropoda)

Hmyz (Insecta)
Optic lobes / Hypocerebral ganglion
\ -
% i

Protocerebrum Corpora cardiaca 7

Corpora allata

Antennal nerves =2

N
7l

Deutocerebrum ““ |

Subesophageal
ganglion
D
Mandible/ / C
Maxilla
(A) Segmental Mo Lateral
anglia Mo ocellus .
Brain Circumesophageal BArG C3L 2 Optic
connective 34 Protocerebrum
Cut (®) Compoung¢
eye
: Segmental Antennal nerve
J g4 7 nerves Median ocellus :
Deut brum "\Hypocerebral
Optic lobe euLocere ganglion
Tritocerebrum i R
Figure 17.26 (A) The insect central nervous system. - j A ecutrent nerve
(B) Frontolateral view of the brain of a locust (Orthoptera). Frontal connective Y [ Circumesophageal
Labral nerve — connective

Frontal ganglion a Postesophageal connective



Clenovci (Artropoda)

Connective Circumenteric Esophagus
connectives

(B) (D) Antennary Brain
Brain nerve
N f Optic /
- s e, nerves AT
g = Esophagus Fr
e /
.4

{ = ~— Subenteri¢
Esophagus r\\ganglion
B
© Thoracic <
- nerves
Thoracic Antennulary =
ganglia nerve )
Optic nerve
Antennary /
nerve
— Esophagus \ Z I\, L
Mandibular —— A_ "‘ r
nerve Nerves of
# Abdominal e s pleon
ganglia . i i
/ Thoracic -
nerve plate &~ N
Nerves to
J urosome

Fleon ganglia

Korysi (Crustacea)
A) Zabronozka, B) rak, C) krab, D) bleSivec

(B)

(&)

Optic nerve

Cerebral ganglia
(brain)

Fused prosomal
ganglia

First opisthosomal
ganglion

Fused prosomal

and opisthosomal
ganglia with nerves
to appendages

Opisthosomal
nerves

7
|

Klepitkatci (Chelicerata)
A) Stir, B)pavouk

Chybi:

¥ deuterocerebrum



Clenovci (Artropoda)

Brain
O seG
H 16

a) saranc¢e, b) moucha, c¢) listonoh, d) humr, e) stonozka, f) ostrorep
SEG - podjicnova (subesophagealni) ganglia

TG — hrudni (thorakalni) ganglia



Cptic lobe Zentral brain Cptic nerves
[ 1T 1
Lamina Protocerehral bridge
Medulla
<N Mushroam bod Alpha lobe

Cal
Laobula A

WO

o)

Feduncle’lC) Anterior optic tubercle

(3
Accessory medulla '

Central body

Antennal nerve )
4y
Artennal lohe

Beta lohe

Lateral accessory lohe

Clenovci (Artropoda)
Hmyz (Insecta)

-

Protocerebrum

C <=

—~

Deutocerebrum

Tritocerehrum



y+1.0 y+4.0 y+3.0 y+4.0 y+20

Hmyz (Insecta)
\ / yd /

Drosophila melanogaster

http:/lwww.neurofly.de/

trachea muscle no.1
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Hmyz (Insecta)

Drosophila melanogaster

http:/lwww.neurofly.de/
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Kopinatci (Cephalochordata)

(Branchiostoma lanceolatum)

Epibranchial
Hatschek’s pit o _.,,..‘..,_g‘roove
B il AANANRLAAGRTARLIGIRND RS
L B e i
‘W

:.:‘?'?l o ’ i

Pigment spot
Notochord

> N ~;'.-:-.:..-- NS
- P =G o Gill slit
=37 / \\\ \/c'u b
Oral hood " \ ill bar
Buccal cirri fronf \\s“—-m% \

R PR

Vel
Wheel organ Velar elum

Vestibule tentacle Endostyle

Pharynx




v 60 pard mignich nervi

(misto odstupu pravého a
levého vzdy alternuje)

v spinalni nerv tvoii jen
dorzéini kofeny

Chybi:
v spinalni ganglia

v ventralni koren
misnich nervs v

tvoreny vybézky svalovych

unék; vuci dorzalnim
koFfenum v intersegmentalni
pozici)

Kopinatci (Cephalochordata)

(Branchiostoma lanceolatum)

. . Dorsal storage
Epibranchial
gfoo Dorsal fin chamber Notochord
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Branchiostoma lanceolatum
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Branchiostoma lanceolatum

v CNS nejvétsi prumér ve

stifedu téla (smérem kaudalnim
Chybia i rostralnim i se zuzuje)

2 lokalni reflexy v butiky soustiedény okolo
komory (periferné jsou podélné
probihajici nervova viakna)

v rizné funkéni typy neuronts
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Fig. 9.22a,b, Rohde cells in the spinal cord of Branchiostoma

in dorsal view, a Some Rohde cells and their processes, as . . L .
observed in a methylene blue preparation (redrawn from  Fig. 9.21. Horizontal projection of a number of neurons in

Retzius 1891, Fig.1). b The most rostrally situated elements  the spinal ord of Branchiostoma; for abbreviations see list on

of the anterior group of Rohde cells (based on Franz 1923, igs. nd 5
Fig. 24). For abbreviation see list on p. 378 p. 378 {based on Bone 1960b, Figs. 3 a )
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Branchiostoma lanceolatum

wimozek*“

Fig. 9.24. Semidiagrammatic representation of a paramedian  organ; Jc, Joseph cells; Ic, lamellar cells; neu, neuropil; nsc,
sagittal section through the most rostral part of the Branchi- neurosecretory cells; pc, pigment cells; ve, ventricular cavity;
ostoma CNS. cec, Clear epithelial cells; dec, dark epithelial 1, 2, 3, 4, 5, zones of different types of epithelial ce
cells; gln, glycogen containing neurons; io, infundibular (redrawn from Meves 1973, Fig. 9)



Plasténci (Tunicata)

v nervova trubice - pouze larvy
larva sumky - CNS cca 100 neuront

Brain

Neural gland

Dorsal strand

Dorsal strand plexus

Visceral nerves

Fig. 6.15. Overview (left) and detail (right) of the nervous system in adult ascidians (Tunicata). The nervous system is shown in black. After
Mackie (1995).
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Obratiovci (Vertebrata)

B

=X
Bony fish
ey, WPy
. Y ES
s Amphibian
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Lamprey [ Cerebrum
[ Cerebellum
Optic tectum

FIGURE 16.33 Evolution of the vertebrate brain.
Note the phylogenetic enlargement of the cerebrum and
cerebellum.

Telencenhalon
Prosencephalon
{loretrain)
Disrcaphalan
Mesencephalon
[middbrain)
Metercephalon Rhosri halon
Myelanceghalion (himdbrain)
Spinal i

Ventral

@ sulcus

(b)

Cerebellum _!

|
1
i
|

Mylen- 'Meten- Dien- Telen-

v —— ~
©) Rhomben-  Mesen- Prosen-

Cerebellum.

Choroid plexus

Medulla Tegmentum
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FIGURE 16.25 Development of the central nervous system. (a-d) Embryonic development. () Fluid-filled ventricles
within the central nervous system. (f) Anatomical regions of the adult brain.



Obratiovci (Vertebrata)

Olfactory

Medulla
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X IX vI
Pituitary
X v v v Vi
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nerve feve Pluitary - pulb Vil - Optic Olfactory
:"'9“'3’ Optic Pituitary  tract lobe
(©) Bowfin obe nerve @ Frog

FIGURE 16.35 Vertebrate brains. Dorsal views are shown above, lateral views below. (a) Lamprey (Lampetra). (b) Shark
(Scymnus). (c) Bowfin (Amia). (d) Frog (Rana). (e) Alligator (Alligator). (f) Insectivore (Gymnura). (g) Goose (Anser). (h) Horse (Equus).

(ab) (d~g) After Romer and Parsons; (c) after Davis and Northcutt; (h) after Getty.
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FIGURE 16.35 continued



Obratiovci (Vertebrata)

Terminal

nerve Olfactory Olfactory bulb

Olfactory tract

chiasm

Lateral line

Vagus
Spinal nerve |

(@) Shark
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FIGURE 16.36 Vertebrate brains, ventral views. (a) Shark (Scymnus). (b) Alligator (Alligator). (c) Horse (Equus).

After Romer and Parsons.
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FIGURE 16.37 Vertebrate brains, sagittal views. (a) Shark (Scyllium). (b) Frog (Rana). (c) Lizard (Lacerta). (d) Opossum
(Didelphis). () Human (Homo).

(ad.e) After Romer and Parsons; (b,c) after Jollie.
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Velikost jednotlivych ¢asti mozku lze predikovat z
absolutni velikosti mozku jako celku (pro 11 ¢asti mozku
primatd, hmyzozravcl a netopyri — 96% pozorované

variability)
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Ventricle

most neuronal cell bodie§
in periventricular lamina

Koncovy mozek
laminarniho typu

TABLE 4—-1. Vertebrates with Laminar Brains

(Group I)

Agnatha Lampreys

Chondrichthyes Squalomorph sharks
Squantinomorph sharks
Holocephalians (chimaeras)

Actinopterygii Cladistians (bichirs, or reedfishes)
Chondrosteans (sturgeons and paddlefishes)
Ginglymodians (gars)
Halecomorphans (bowfin)

Sarcopterygii Actinistians (coelacanth)
Dipnoans (lungfish)
Amphibians




T NY

Ventricle

Velky koncovy
mozek u riznych
obratiovcu
nékolikrat nezavisle,
avSak obdobnym
vyvojovym
mechanismem

many neuronal cell bodies
migrated peripherally

TABLE 4-2. Vertebrates with Elaborated Brains
(Group II)
Agnatha Hagfishes
Chondrichthyes Galeomorph sharks
Skates
Rays
Actinopterygii Teleosts
Sarcopterygii Mammals
Diapsid reptiles
Birds
Turtles




Sarcopterygian Radiation

Butler and
Hodos, 1996

Ray-finned Fishes

Euteleost

Cartilaginous Fishes

Galeomorph Shark

Cyclostomes

Lamprey Hagfish



Velky mozek muze vzniknout rtizné: priklad ryb ¢eledi Mormyridae
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Log brain weight

Relativni velikost mozku obratlovcu

Line connecting species
in different groups with

same body size \ " , blue whale
ammals

human\

gorilla

Bl Cartilaginous
fishes
ostrich
Diapsid reptiles
‘ and turtles

goldfish

Ray-finned eel

fishes

——— Hadfishes and lampreys

Log body weight

A. The logarithm of brain weight plotted as a
function of body weight in approximately 200
species representing major craniate clades.
(Modified from Butler and Hodos, after North-
cutt.)
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Na velikosti zalezi

10,000

1,000 |-
20
£ Analogie:
S 10 ) )
g Mozek jako firma - pokud
E se firma rozroste je nutné
7 ® ji reorganizovat
< o001

0.001

Ha La CF RF LF Am Bi Tu LS Mr Pl

Abbreviations: Ha = hagfishes; La = lampreys; CF = cartilaginous fishes; RF = ray-
tinned fishes; LF = lungfish; Am = amphibians; Bi = birds; Tu = turtles; L = lizards; S =
snakes; Mr = marsupials; Pl = placental mammals.



Vznik novych funkénich
korovych oblasti

Mnozstvi funkénich korovych oblasti koreluje
s velikosti mozku resp. plochou isokortexu

rejsek - 0,15 cm?
makak - 72 cm? tj. cca 480x vice
¢élovék - cca 800 cm2, tj. 5000x vice nez rejsek

——

Cerebellum

—




FIGURE 16.43
Evolution of vertebrate
cerebral hemispheres.
The cerebral hemispheres
are shown in characteristic
cross section. In the
lamprey, the cerebral
hemispheres incorporate
(top) the components of
the subpallium (septum,
striatum), but only the
lateral pallium; the rest of
the pallium resides mostly
in the unevaginated region
of the telencephalon
(bottom) posterior to the
cerebral hemispheres. In
basal gnathostomes, and
thereafter, these five regions
are within the cerebral
hemispheres.

Basal ray-fin fish
(Polypterus)

Lamprey

%

Bird

0/////////5;/

Dorsal

ventricular Reptile
ridge

Basal gnathostome

Mammal
(eutherian)

Primitive amniote

Pallium

B Medial pallium
. Dorsal pallium
D Lateral pallium

Subpallium
Striatum
L___] Septum

Stavba
koncového
mozku

Aeulk All vertebrates

(except ray-finned fishes)

Actinopterygians

Eversion ¢
Inversion
Medial
n € > Dorsal i
n Pallium

Embryonic
orientation

FIGURE 16.42 Embryonic development of the
telencephalon. In actinopterygians, the telencephalon becomes
everted during development, the pallium swings outward. In all
other vertebrates, it becomes evaginated and inverted; walls of
the hemispheres inflate outward (evagination) and the medial
pallium and septum roll inward (inversion).



Stavba koncového mozku

Bazalni ganglia

(A) Pigeon telencephalon Dorsal

ventricular
ridge

(A) Amphibians (B) Reptiles (C) Mammals

Striatum

Neocortex
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Stavba koncového mozku

dorsal ventricular ridge (dorzalni
komorovy hiebinek) u plazi a ptaki

(A) Apigeon’s DVR

(A) Pseudemys scripta, (B) Alligator missisipiensis, (C) Gekko

gecko, (D) Tupianambis teguixin



(A) Bullfrog

(B) Polypterus

Koncovy mozek ryb a
obojzivelniku neni
vyhradné ¢€ichovy

Cichovy lalok inervuje jen omezenou

¢ast koncového mozku ryb a
obhojZivelniki




Gyrifikace nezavisi na evoluéni pokrocilosti,
ale na absolutni veklikostimozku

(A) Marmoset

0.5cm




Micha - Medula spinalis

Ontogeneze a princip organizace

Roof plate
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Alar plate
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i Ay Week 4
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FIGURE 13-9

Development of the spinal cord. A, Early differentiation of the neural tube, showing proliferation of
cells in the pseudostratified epithelium of the matrix zone. B, Migration of developing neurons into
the mantle zone. Primary bipolar sensory neurons and multipolar motor neurons can be seen already.
C, Transverse section through the spinal cord of a 10-mm pig embryo. A very thin marginal zone,
which is fated to form the white matter, now can be seen. D, Schematic transverse section through
spinal cord of a 23-mm pig embryo. E, Transverse section through spinal cord of a 45-mm pig
embryo. F, Transverse section through spinal cord of a 100-mm pig embryo. (Modified from Balinsky.)




Epigenetic population matching

hypothesis

»Hypotéza epigenetického populaéniho parovani“

(A) Turtle brain and spinal cord

ANA
E% o TAD DN
S NV = =R bASARARS

Cervical Lumbar

(B) Turtle spinal cord transverse sections

Lizard

; Turtle
Alligator Snake Bird
Mammals
Sacral
Sacral
Lumbar Lumbar —— Sacral

enlargement
enlargement

Thoracic Thoracic Thoracic
Cervical

enlargement Cervical

Cervical enlargement

FIGURE 8-6. Schematic representations of three types of spinal cord. Left: Typical tetrapod spinal
cord with cervical and lumbar enlargements and a thick thoracic region. Center: A snake spinal cord that
is thick throughout its length and lacks cervical or lumbar enlargements. Right: A spinal cord character-
istic of turtles and birds that has cervical and lumbar enlargements but is thin in the thoracic region.

Apoptosis

Neurogeneze obratlovel — 20-80%
nadprodukce neuronti

(napf. v lumbalni miSe degeneruje 40%
motoneuront)

Piezivani neuronu zavisi na:

» trofick%ch faktorech produkovanych
cilovymi tkanémi (NGF, nékteré cytokiny)

» aferentni synaptické aktivité
» hormonélnich signalech atd.

Pyknosis (apoptotic figure) Apoptotic bodies

cross-linking of proteins
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Micha - Medula spinalis

Princip organizace

Lizard Pigeon Human

Hand

FIGURE 8-8. Lamination in the gray matter of three tetrapods: a lizard, a pigeon, and a human.
Laminae |-VI constitute the dorsal horn. LaminaeVIIl and IX are the ventral horn. Many axons of descend-

ing pathways terminate in lamina VIIl. Lamina IX neurons are the motor neurons.

Trunk

Forearm
Upper arm Shoulder



Network of sensory

fibers and interneurons  Central canal Mdiller fibers

Motor neuron

A. Lamprey

Dorsomedian sulcus

Gray matter

Interneurons

Motor
neuron

White matter

Axon of motor neuron Motor neuron

leaving cord in ventral root

Ventromedian fissure

B. Frog

Ventral
horn

C. Alligator Ventral fissure Somatic motor cells

FIGURE 13-12
Transverse sections of the spinal cord of representative

vertebrates. A, A lamprey. B, A frog. C, An alligator.
(A, After Tretjakoff; B, after Gaupp.)

Micha - Medula spinalis

Evoluce u obratlovcu
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FIGURE 13-14

Evolution of spinal nerves. A, A dorsal view of the spinal cord and nerves of a lamprey.

B, Transverse section through the spinal cord and nerves of a lamprey. C, Transverse section
through the spinal cord of a lissamphibian. D, Transverse section through the spinal cord of
an amniote. The neurons are color coded to indicate the functional groups to which they
belong. (Modified from Romer and Parsons.)
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Obr. 152. HRBETNf MICHA A MOZKOVY KMEN; pohled ze-
zadu; pétefni kanal je otevfen zezadu odstran&nim obratlovych ob-
loukd; je patrna hibetni micha, jeji dorsélni provazce, intumescen-
tia cervicalis a i ia lumbalis, conus medullaris, sulcus
medianus posterior; v krénim tseku a v &asti hrudniho Gseku jsou

Iné fasciculus gracilis a f I ze sulcus poste-
rolateralis vystupuji zadni mi3ni kofeny a sbihaji se s pfednimi ko-
feny v mi3ni nervy, které jsou na obraze ozna¢eny a prochézeji
skrze dura mater: 8 pari krénich nervi (z toho prvni par nad atla-
sem, 8. par mezi obratli C7 a Th1), 12 part hrudnich nervi, 5 pari
bedernich nervii (paty z nich vystupuje pod obratlem L5, mezi nim
a kosti kfiZovou), 5 péart sakrélnich nervi (paty z nich vystupuje
mezi ossacrum a os coccygis) a 1 par (nékdy 2 pary) kostrénich
nervii (skrze hiatus sacralis); dura mater spinalis a ligamentum
denticulatum jsou zvyraznény zelenou barvou; neni zakreslena
arachnoidea (srov. text)

Micha - Medulla
spinalis

Anatomie




AV 4 »y
First dorsal fin Second dorsal fin P (+) b4 &
ni3
. riabéh misni
Pectoral fin Myotomal muscle buds

Pelvic fin Anal fin

A. Spinal nerves, somites, and associated structures of a 19-mm embryo of Squalus

FIGURE 13-15
Nerves to fins of an
elasmobranch. A, Spinal
nerves, somites, and associated
structures of a 19-mm embryo
of Squalus. The nerves are
indicated in blue; the muscles,
in red. B, Hypothetical
intermediate developmental
stage. The nerves are indicated Anterior collector nerve Posterior collector nerve
in blue; only the portions of
the musculature in the fins are
indicated in red. C, Spinal
nerves of an adult Squalus.
Note how the nerves bend
toward the bases of the
pectoral and pelvic fins.
(Modified from Goodrich.)

B. Hypothetical intermediate developmental stage

Obr. 282. AREAE RADICULARES KUZE; podle Keegana a
Garretta (1948) z Gray’s Anatomy (1980) — modifikovéano; okrsky
jednotlivych mi3nich nervii jsou oznadeny pismenem a Cislem
nervu a odliSeny barevné
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Hlavové nervy - ancestralni usporadani

Demonstrovano na modelu zraloka

Superficial ophthalmic trunk Deep ophthalmic
] ramus V (SS)

'Superﬁcial oph-  Superficial oph-

thalmic ramus
ADLLN (SSS)  V (ss%

Terminal
nerve

Maxillary
ramus V. Buccal ramus

(SS) ADLLN (SSS)
| l | Mandibular T
Infraorbital trunk ramus V Palatine
(SM, SS) ramus VII
(VS)

A. General plan of cranial nerves of a gnathostome

FIGURE 13-18
The cranial nerves and their major branches in a t
spiny dogfish (Squalus) and coelacanths (Latimeri.
omits others in order to emphasize general patterr
abbreviations; see Table 13-4. A, General plan of
treat the six lateral line nerves (ADLLN, AVLLN, C
other cranial nerves, but we have adopted the res
ontogenetically and phylogenetically distinct cran
C, Detail of the major r.
arrangement of the pharyngeal, pretrematic, and
motor, SS = somatic sensory, SSS = special soma
VS = visceral sensory. (See Northcutt and Bemis,

Somitomeres

Extrinsic
ocular
muscles

Roots of ADLLN + R
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FIGURE 13-20

Relationship between cranial
nerves, somitomeres, somites,

and visceral arches during the
development of the head of an early
vertebrate. Nerves are identified by
Roman numerals, and somitomeres
and somites, by Arabic numerals.
(Modified from Northcutt.)
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Relationship between cranial
nerves, somitomeres, somites,

and visceral arches during the
development of the head of an early
vertebrate. Nerves are identified by
Roman numerals, and somitomeres
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(Modified from Northcutt.)



Hlavové nervy - puvod nervu boéni éary
a situace u amniot

Dorsolateral Placodes Lateral Line Nerves

Middle Supratemporal Otic
Middle

Supratemporal

Anterodorsal

; Posterior
Posterior

Anterodorsal Anteroventral

Anteroventral

)

Vo
~ Hypobranchial trunk

(a)

(b)

XI
II (ocular
Xl primordium)
I (olfactory
primordium)
(c) Fetal dog (d) Adult dog

FIGURE 16.13 Embryonic development of cranial nerves. (a) The lateral line cranial nerves arise from the dorsolateral
placodes. (b) Generalized number and innervation pattern of lateral line nerves in jawed fishes. Ganglia are represented by expanded areas
with small circles inside. Relative position of eye (dashed circle) and otic vesicle (dashed pear-shape) are indicated. Hypobranchial trunk
includes the lateral line nerve and the facial cranial nerve VIl. (c) Fetal dog. (d) Adult dog. The posterior lateral line nerve has three rami:
dorsal (d), lateral (I), and ventral (v).The anterodorsal lateral line nerve has two major rami: the superficial ophthalmic (SO) and buccal (B).
The anteroventral lateral line nerve produces two major rami: the anterior (Ad) and posterior (Pd) divisions.

(b) After Northcutt.



Aktivita regulaénich genui a homologie
mozku élenovcu a obratiovcu

Hranice Otx/Hox:

Arthropoda Od pOVidé hl‘aniCi

]:D deuterocerebrurm /tritocerebrum
stfedni mozek / zadni mozek

Hemichordata

mzs 00 0

Craniata




Aktivita regulaénich geni a homologie mozku
¢lenovcu a obratiovcu

Indukce diferenciace nervové tkané

Drosophila
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Vertebrate

Ectoderm

BMP BMP

Gut

BMP
Neural crest

chordin

Invaginating
neural tube

chordin

Notochord
BMP

BMP

BMP
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+

$09
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BMP2a 4

(bone morphogenic
protein)
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Aktivita regulaénich geni a homologie mozku
¢lenovcu a obratiovcu

(N1 E— Dorzoventrélni inverze

Protostomia

Etienne Geoffroy Saint-Hilaire, 1822
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