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Program prednasky:

* meidza a gametogeneze
* mechanismy fertilizace

e casnd embryogeneze

* hybridi a chiméry
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Zpusoby rozmnozovani eukaryot

Nepohlavni rozmnozovadni

e potomstvo geneticky identické s rodicovskym
organismem

Pohlavni rozmmnozovani

e puvodni kombinace genu zanikaji a vznikaiji
novée — kazdy organismus je geneticky
jedinecny

e kompetitivni selekcni vyhoda pro organismy v
nepredvidatelné variabilnim prostredi
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MEIOZA A GAMETOGENEZE
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MEIOZA

e dvé po sobé jdouci déleni:
|. meiotické (heterotypické, redukeni)
l. meiotické (homeotypicke, ekvacni)

Geneticky vyznam meidzy:

e redukce poctu chromozomu pfi tvorbé
pohlavnich bunék

* v gametach 2" (22° = 8.388.608) moznych
kombinaci chromosomu (pak jesté zvyseno
crossmg overem)

* pdrovani homologickych chromosomd, které
umoznule crossing-over a tim | rekombinaci
genu
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Schéma kombinace
chromozom( v gametdch

tfi pary homolognich
chromosomi

duplikace a nezavislé
usporadani matefskych a otcovskych
homologl béhem meiozy
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Stadia meiotickeho déleni

e Premeiotickd interfaze

e Meidza I:
profdze |: leptotene
zygotene
pachytene
diplotene
diakineze
metafdaze |, anafdze |, telofdze |
e Meidza ll:

profdze Il, metafaze Il, anafdaze ll, telofaze |l
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Tvorba bivalentu a crossing-over
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Synaptonemalni komplex
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Poruchy meidzy a jejich genetické dusledky

a) Nerovhomeérny crossing-over
e v profazi |

e dusledek: delece a duplikace daného
chromozomu v polovineé gamet
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Poruchy meidzy a jejich geneticke dusledky

b) Neoddéleni (nhondisjunkce)
» sesterské chromatidy v anafdzi |

e porucha centromer nebo porucha mitotického
apardtu

e dusledek: aneuploidie
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GAMETOGENEZE: SPERMATOGENEZE

* primordidini zarodecnd burika (spermatogonie)
(46, soustavné se mitoticky déli)
e spermatocyt |. Fddu
(46, probihd meidza l.)
e spermatocyt Il. Fadu
(23, probihd meidza ll.)
e spermatida
(23, dozrava bez dalsiho déleni)
* spermie
(23, uvolnuji se do lumina semennych kanalku)

1 spermatogonie —
- 4 haploidni rovhocenné spermie
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GAMETOGENEZE: OOGENEZE

e primordidini zdrodec¢nd bunka
(46, mitotické déleni)

* oOogonium
(46, mitdza, ve 3.mésici po oplozeni vyvoj v
oocyty) m

pocet zarodecnych
bunék v ovariu
béhem zivota

Years after birth
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GAMETOGENEZE: OOGENEZE

e oocytl. fadu
(46, zacne meidza |, zastaveni v profdzi jesté pred
narozenim............ pfi dozravani se délici vieténko
presunuje k periferii bunky — nerovhomérné déleni)
e oocyt Il. Fadu (+ pdlocyt)
(23, vstupuje do meidzy ll, zastaveni v metafdzi Il.)
e ovum (+ pdlocyt)
(23, meidza dokoncena v piipadé oplozeni)
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Prubéh oogeneze

Oogenesis (Figure 42.14)
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REGULACE OOGENEZE
1. regulacni bod = diplotene meidzy |

e dlouhodobé zablokovdni bunécného cyklu (u ¢lovéka az
50 let); u nékterych Zivocisnych druht az do fertilizace

e dekondenzace chromosomd, transkripcni aktivita
(akumulace materidlu pro casnou embryogenezi)

* hormondini stimulace (LH) — Cdk1/cyklin B (MPF) —
kondenzace chromosomd, rozpad jaderné membradny,
formovani spindiu

* anaphase-promoting complex
— spoustli anafazi

e pouze cdastecnd deaktivace Cdkl
pretrvavaijici M-fdze (kondenzovany
chromatin, bez jaderné membrany)
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REGULACE OOGENEZE

2. regulacni bod = metafdze meidzy |

e u vétsiny obratlovcl az do fertilizace
e po cytokinezi l.meidzy - zvyseni aktivity MPF

e anaphase-promoting komplex syntetizovan az po
fertilizaci

MPF activity

Ca®-induced cyclin degradation
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MECHANISMY FERTILIZACE

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 05/ 23.3.




Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 05/ 23.3.




Kontakt spermie a oocyiu

e 300 milidnt spermii v ejakuldtu — 200 spermii v misté
fertilizace ve vejcovodu

e chemoatrakianty uvolhovaneé folikularnimi bunkami

Kapacitace
* 5-6 hodin (&lovék)

e zmeény lipidu a glykoproteinl plazmatické membrany
(ztrata cholesterou ->zvyseni fluidity)

e HCO; — aktivace adenylatcyklazy — syntéza CAMP —
indukce zmén podminujicich kapacitaci

e zvySeni metabolismu a pohyblivosti spermie
e vzrust membranového potencidlu
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Zona pellucida

« extraceluldrni matrix oocytu (specificke slozeni)
* 3 typy glykoproteinu (ZP2+ZP3, ZP1)

e bariéra mezidruhoveé fertilizace

e 7P3 - receptor druhové specifické vazby

Akrosomdlni reakce
e obsah akrosomu uvolnén exocyidzou

e indukce zvySenim koncentrace Ca?* v cytoplazmé
spermil - vazba na ZP3

e hydrolytické enzymy — prichod zonou pellucidou
e vazba membrdanovych proteint spermie na ZP2
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Mechanismy blokujici polyspermii

e primdarni blok:

depolarizace plazmatické membrdny oocytu po fuzi s
prvni spermi

e sekunddarni blok - kortikdlni reakce oocytu:

uvolnéni obsahu kortikalnich granuli — enzymy ménici
vlastnosti zony pellucidy (§t&€peni ZP2, hydrolyza
cukernych zbytkd na ZP3)

e intraceluldarni zvyseni koncentrace Ca?+
(vede k dokonceni Il. déléni)

Dusledky polyspermie:

vice centriold — multipoldrni spindl — porucha
segregace chromosomu — nondisjunkce —
aneuploidie — zdastava vyvoje
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Mechanismus fuze spermie a oocyiu
e u vétSiny druhl nejasny

Fertilin
e transmembrdnovy protein spermii (mys)

e vazebné domény pro integriny oocytu, fuzogenni

oblast

Fuze prvojader |
U nizSich Zivocicht ihned po fUzi  |idatista
gamet

e u savcl pouze prostorové priblizeni
prvojader

e syntéza DNA oddélené
e priblizeni prvojader pomoci MT
Z centriolu spermie

e rozpad jadernych membrdn az
pfi prvnim mitotickém déleni zygoty

zona pellucida

pronuclei
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CASNA EMBRYOGENEZE
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Casnd embryogeneze u obojzivelnik:
» velmi kratky bunécny cyklus (30 min)
e zmensovani objemu dcefinnych bunék

blastula tadpole




Casnd embryogeneze u obojzivelniki:
 velmi kratky bunécny cyklus (30 min)
e zmensovani objemu dcefinnych bunék

Unfertiized agg Fertilizad agg Midblastula Early gastrula Late gastrula
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Casnd embryogeneze u savcl:
* zygola
* morula (8, resp. 16 bunek = blastomery)

* blastocysta (trofoektoderm, inner cell mass =
ICM, blastocoel, zona pelucida)
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Pribéh casne embryogeneze u mysi




Pribéh casné embryogeneze u Clovéka
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Inaktivace chromozomu X

e v casné blastocysté inaktivace paterndiniho X

« zUstava inaktivovdn v extraembryondinich tkdnich
 VICM se inaktivace zirdci - pozdéji ndhodnd inaktivace

@ Mature gametes

. o
Germline imprint 7\
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[ aternal
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b i zromv |
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TVORBA HYBRIDU A CHIMER
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HYBRID

e Z genetického pohledu
potomek vznikly pohlavnim rozmnozovdnim dvou
odlisSnych homozygotu stejného druhu =>heterozygot

e z taxonomického pohledu
potomek vznikly z kfizeni mezi 2 jedinci odliSného taxonu

= v rdmci druhu (poddruhy)-tygr bengadisky x sibifsky
= mezi druhy - tygr x lev

= mezirody - ovce x koza

* mezi celedémi - vyjimecné

* mezi fady - u zivocichu neni zndmo




MEZIDRUHOVY HYBRID

e kfizeni v rdmci rodu

e potomek fenotypové podobny rodicim

e cCasto infertilni (rizny pocet chromosomu)

e odlisnosti v ndmluvnich ritudlech, pareni a chovdani
e jind sezdna pdareni

e antigenni reakce na spermie
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zeedonk, zonkey
osel (62 chr.) x zebra (32- 46 chr.)
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liger, tigon
lev (38 chr.) x tygr (38 chr.)
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MEZIRODOVY HYBRID

e kfizeni odliSnych rodu
e prirozené vyjimecny vyskyt (Toast of Botswana)

* moznost (nutnost) asistovaneé inseminace (cama)
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Joast of Botswana® (57 chr.) r.2000
ovce (54 chr) x koza (60 chr.)
odlis Geep = chiméra

a4 .
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camda

velbloud (74 chr) x Icma (74 chr.)

< S
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CHIMERA

recky Xiuaipa (Chimaira); latinsky Chimaera
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http://el.wikipedia.org/wiki/%CE%A7%CE%AF%CE%BC%CE%B1%CE%B9%CF%81%CE%B1_(%CE%BC%CF%85%CE%B8%CE%BF%CE%BB%CE%BF%CE%B3%CE%AF%CE%B1)�

CHIMERA

organismus obsahuijici alespon 2 geneticky odlisné
bunécné populace plivodem z odliSnych zygot

Vznik:

ze 4 bunék- dvé zygoty (tetragameticka ch.)

ze 3 bunék - (partenogeneticka ch.)

transplantaci kostni dfené (prenos kmenovych bunék)
spojenim céevnich obéhl (anastomadzy) u
dvojvajecnych dvojcat

z casného embrya a diploidnich bunék (fazi, injekci)
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Tetragameticky chimerismus

e vrozeny chimerismus - u lidi vyjimecné (bézné u primat)

e spojenim dvou zygot (Casnych embryi)

* riziko i pfi asistované reprodukci

e organismus obsahuje dvé odlisné sady chomozomu

e orgdny a tkdné maiji jiny pavod

 viditelné rozdily: barva od¢i, viasu, ,Hitchhiker's thumb,,
(AR), Blaschkovy linie, pohlavi mize byt hermafroditni
(46,XX/46,XY), 2 populace krvinek (imunologickda

tolerance obou skupin)
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Hitchhiker's thumb

Blaschkovy linie
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Tetragameticky chimerismus

) ( AtmXim )

n=23

Oocytes

| ( Az2mX2m |




Partenogeneticky chimerismus

e oocyt podlehd partenogenezi a rozdéli se
e vznik 2 haploidnich bunék

e oplozeny 2 spermiemi

IIIIII_,.._.]:::'A. 1 m x ml:l "-.__I..IIII III':: A 1 m x m.:l = Eé-._-‘i;::-.--- -
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Androgeneticky chimerismus

*, . -'._ — r-l : _? . ] n r

standardni fertilizace oocytu spermii (23,X)

vznik sekunddrniho poldarniho téliska
endoreplikace parentdiniho prvojadra

vznik 1 diploidni bunky (46,XX) a Thaploidni (23,X)

haploidni burika podléhd endoreplikaci
->androgeneticka linie

r1 =4 E
45 XX\

A1m Xm | A1m }{m )N /) A1m

' e r1 23 | I __:_'_'_

- ;{' )= 46
/46, Xm *~|

.l ) II| |II B [ — _____.-"'-
< 4N n=23 / A1 m 2n=46

Diploidization of the paternal genome
and mitotic division of the biparental cell




VYUZITI CHIMER VE VYZKUMU

studium vyvoje savciho embryogeneze
ovéreni podilu kmmenovych bunék na vyvoji embryc
tvorba ,novych druhi e

medicinsky vyznam

priprava
agregacné
injikacné
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Original Article

Logkarniz (20067 20, 857-869, doi:10.1038/ 5. leu, 2404171 ; publizshed online 23 February 2008

A population of very small embryonic-like (VSEL)

CXCR47TSSEA-1"0Oct-4" stem cells identified in adult
bone marrow
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pocet: cca 0,02% BM MNC
definice: Sca-1* (stem cell antigen-marker HSC)
lin- (lineage-negative)
CD45 (Leukocyte Common Anfigen)
exprimuiji: SSEA-1, Oct-4, Nanog, Rex-1
velikost: 2-4 um

schopnost diferenciace do riznych linii 3 zarodecnych vrstev
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Chimeéry: tvorba ,,novych druht“

geep (kovce?) chiméra kozy a ovce (ne hybrid)
poprveé v roce 1978 Austrdlie, Dr R.S. White
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Chimeéry: medicinsky vyznam

Critical Reviews in
ONCOLOGY/
HEMATOLOGY

kﬂﬂ'iﬁiﬁlﬂlﬁ |m;;|:1 Critical Reviews in Oncology/Hematology 15 (1993) 3544

In utero transplantation of hematopoietic stem cells

Alan W. Flake®, Esmail D. Zanjani*"

“Department of Surgery, Division of Pediatric Surgery, Fetal Treaimeni Program, University of Californiu, Sun Froncisco and " Department of
Medicine, Veterans Affairs Medical Center, Reno, NV and Fetal Treatment Program, University of California, San Francisco, USA

Vyzkum krvetvorby a krevnich chorob:

 hematopoetické kmenové b. z lidskych fetdlnich jater
* infraperitonedini injekce do fetu ovce

* lymfoidni prekurzory pretrvavaly az 3,5 roku po transplantaci




Formation of human hepatocytes by human hematopoietic stem cells in sheep

Graca Almeida-Porada, Christopher D. Porada, Jason Chamberlain, Ali Torabi, and Esmail D. Zanjan

We took advantage of the proliferative
and permissive environment of the devel-
oping preimmune fetus to develop a non-
injury large animal model in sheep, in
which the transplantation of defined popu-
lations of human hematopoietic stem cells
resulted in the establishment of human
hematopoiesis and led to the formation of
significant numbers of long-lasting, func-
tional human liver cells, with some ani-
mals exhibiting levels as high as 20% of
donor (human) hepatocytes 11 months
after transplantation. A direct correlation

was found between hepatocyte activity
and phenotype of transplanted cells, cell
dose administered, source of cells used
on a cell-per-cell basis (bone marrow,
cord blood, mobilized peripheral blood),
and time after transplantation. Human
hepatocytes generated in this model re-
tained functional properties of normal
hepatocytes, constituted hepatic func-
tional units with the presence of human
endothelial and biliary duct cells, and
secreted human albumin that was de-
tected in circulation. Transplanting popu-

lations of hematopoietic stem cells can
efficiently generate significant numbers
of functional hepatic cells in this nonin-
jury large animal model and thus could be
a means of ameliorating or curing genetic
diseases in which a deficiency of liver
cells or their products threatens the life of
the fetus or newborn. (Blood. 2004;104:
2582-2590)

2 2004 by The American Society of Hematology

&%
»

Figure 1. Adult human HSCs generate significant numbers of hepatocytes in a noninjury fetal model. {A) Control eheep liver section (nontransplanted) stained with an
antibody antthuman hepatocyte (clone OCH1ES) as described in “Materials and methods " (B-C) Liver secions obtained at 3 weeks (B) and 4 months () afer iransplantation
from ghesp that received transolanted human BM CD24%Lin~ cells, stained with the same antibody showing a higher number of human hepatocyies in the latter (C). (DY) Liver
section obtzined at 11 months after transplantation from sheep that received transplanted CB-derived CD34-Lin~ celis, stained with antihuman hepatocyte antibody. Human
hepatocytes in all sections can be identified by the dark brown coloration.




Ndhrada orgdant

Nature Medicline 9, B3

Published online: 23 De 02, | doii10,1038/nme12

Human and porcine early kidney precursors as a new
source for transplantation

prekurzorové ledvinoveé b. z lidské fetdini tkané
transplantace do mysiho embrya
diferenciace ve funkéni nefrony a podpulrné tkdné
tvorba miniaturnino funkéniho orgdnu - produkce moci




Human mesenchymal stem cells in rodent
whole-embryo culture are reprogrammed
to contribute to kidney tissues

Takashi Yokoo**, Toya Ohashi'®, Jin Song Shen', Ken Sakurait®, Yoichi Miyazaki*?, Yasunori Utsunomiya®,
Masanori Takahashi", Yoshio Terada', Yoshikatsu EtotS, Tetsuya Kawamura®, Noriko Osumi", and Tatsuo Hosoya*

. tinstitute of DMA Medlcing, Jikel Unbearsity School of Medicine, 3-25
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Development of functional human embryonic
stem cell-derived neurons in mouse brain

Alysson R. Muotri*t, Kinichi Nakashima***, Nicolas Toni*, Vladislav M. Sandler*, and Fred H. Gage*®

*Laboratory of Genetlcs, The salk Irstitute for Blological Studies, 10010 North Torrey Pines Road, La Jolla, C& 92037; and *Laboratory of Molecular
Meurcsclence, Graduate School of Blologlcal Sclences, Mara Insthiute of Sclence ard Technology, B316-5 Takayama, lkoma 630-0101, lapan

Cantributed by Fred H. Gage, Oceber 27, 2005

Thalamus

Vyzkum neurodegenerativnich chorob:
« hESCs implantovdny do mysiho fetdalniho mozku
« diferenciace ve funkeéni linie neurdinich bunék




Available online at www.sciencedirect.com
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ELSEVIER Developments] Biology 295 (A06) 90— 102

Contribution of human embryonic stem cells to mouse blastocysts

Daylon James °, Scott A. Noggle ', Tomasz Swigut, Ali H. Brivanlou *

Labaratwy of Malecula Embayology, The R Ulnvessity, 1230 Bnk Avenue, New Yook, NY 10028, 1084

Foceived for publication 18 Janosry riaed 13 Fehmary 2006; sccopted 16 March 2006
Available onling 12 June 2004
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