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Metody a modely vyvojove
biologie




Zakladni modely

Coenorhabditis elegans (hadatko)
Drosophila melanogaster (octomilka)
Danio rerio (zebrafish, danio, zebriCka)
Xenopus tropicallis/laevis (drapatka, frog)
kure (Gallus domesticus, chick)

mysS (Mus musculus, mouse)




Vyhody a nevyhody jednotlivych
modelu (parametry)

Je model v néCem jedineCny?

Jak moc je model pristupny geneticke
manipulaci?

Jak rychle je mozno proveést experiment?

Jak moc je model relevantni pro lidskou
embryogenezi a medicinu?

Jak finanCne narocne je pracovat s danym
modelem?

Dalsi parametry (vhodny pro large-scale
screening”?, vhodny pro in vivo imaging?,
vhodny pro lineage tracing? atd.)




Coenorhabditis elegans (worm)

e asi 1 mm velky hlist
* levny provoz

« mutantni kmeny se mohou
uchovavat jako zmrazene U
* vhodny pro poznavani

zakladnich mechanismu

vyvoje a bunécnych vztahu
* omezena prenositelnost

konkrétnich poznatku (napf. o .:r

funkci jednotlivych genu) na ' —

dalsi modelove organismy a

Clovéka — duvodem je zna¢na

fylogeneticka vzdalenost a

specifické funkce mnoha genu

u C. elegans




Coenorhabditis elegans
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Jedine€nost: omezeny pocCet AN
bunék (pfesné 959 u
hermafrodita a 1031 u \ ‘
samce) a pfesné
popsani jejich
vzajemnych vztahu . im
(matefska a dcefinna LRI
burika), propojeni
(neurony) a osudu

(diferenciace, migrace,
apoptdza) g“-!! i

i
Nobelova cena 2002: A

Sydney Brenner — otec C.
elegans (lineage of N
C.elegans scientists) HLDIERELT I L

John Sulston — zmapoval |
vyvojové linie (kniha
Common Thread)

Robert Horvitz — popsani
me’Ch gena LR LRIYL | i
zodpovednych za
apoptézu




Coenorhabditis elegans

genom sekvenovan 2002, asi 20 000 genu

genetické manipulace — RNA interference
(Nobelova cena 2006 — Andrew Fire and Craigh
Mello) — ponoreni, mikroinjekce nebo nakrmeni
bakteriema s patricnou dsRNA

v CR — skupina M. Jindry a M. Asahina v
Ceskych Budejovicich

uziteCné odkazy na: htip://www.wormbase.org/
nebo http://www.wormbook.org/




Drosophila melanogaster




Drosophila melanogaster

 klasicky geneticky model
uz od roku 1909 (Thomas
Morgan)

* vysoky stupen poznani
genetiky octomilek, nizke
naklady a rychly generacni
cas (2 tydny) je duvodem
pro jejich vyuziti ve
vyvojove biologii

* genom sekvenovan 2000 —
pouze 4 pary chromozomu




Drosophila melanogaster

genetické modifikace:

(i) velké spektrum kmenu s
prirozenymi nebo
iIndukovanymi mutacemi, ktere
se naakumulovaly v prubéhu
100 let vyzkumu octomilek

(ii) transgenni Drosophily s
vyuzitim P-elementu a
pokrocCilych genetickych
technik

(iii) od roku 2000 i specificka
rekombinace (knock-out a
knock-in kmeny)

(iv) moznosti vytvareni chimeér
a mozaik




Drosophila melanogaster

Homeoboxove geny

Mammals
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Xenopus (drapatka)

« X. laevis — klasicky
model, tetraploidni —
genom neni
sekvenovan a nejsou
mozne stabilni
geneticke modifikace

« X. tropicallis — nove
zavadeny druh, ktery
umoznuje




Species X. laevis

X. tropicalis

ploidy allotetraploid

| 8 chromosomes
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Xenopus (drapatka)

vyhody (modifikovano z Wikipedie):

1) X. laevis is primarily aquatic and can be maintained and bred easily in
aquaria

2) unlike most other amphibians, X. laevis happily feeds on "dead" organic
material

3) X. laevis is very hardy and tolerate a wide range of living conditions; and
most importantly

4) X. laevis can be induced to ovulate and mate anytime of the year
following a simple injection of gonadotropic hormones. This discovery in the
1930's became the basis of a simple pregnancy test for humans and led to
its worldwide distribution and use

5. By the late 1950's and early 1960's more sensitive methods for detecting
pregnancy were developed and X. laevis were no longer needed for this
purpose. However by this time developmental biologists throughout the
world had begun to exploit Xenopus embryos as a convenient model
system. For the purpose of genetics, and some molecular studies, though,
X. I/aelv[fj is not the ideal system, in large part because it is effectively
polyplol




Zivotni cyklus drapatky (X. laevis

tailbud

neurula




Genetické manipulace u X. laevis

GOF (gain-of-function) -
overexprese proteinu —
mikroinjekce mMRNA pro
,protein of interest” do vajiCka
nebo bunek Casného embrya
(podle mista mikroinjekce Ize
urcit ve kterych bunkach k
overexpresi dojde)

LOF (loss-of-function) —
mikroinjekce anti-sense
morpholino-oligonucleotides —
specificky se vazi na mRNA v
misteé prvniho kodonu a brani
tak translaci

zdvojeni télni osy indukované mikroinjekci proteinu
Whnt do ventralni blastomery

Morpholino-

RNA
Heteroduplex

» Watson-Crick bonds

» Bases positioned for
strong binding

* Usually 25 base
Maorpholino oligos
are used




Danio rerio (zebricka, zebrafish)




Danio rerio (zebricka, zebrafish)

Vyhody

» obratlovec

* Prolific

» pruhledna embrya

* rychly vyvoj

* vnejSi oplozeni a vyvoj

* jednoduchy system

* Identifikovatelne, stereotypické neurony
* moznost genetickych manipulaci

* A great community!




Danio rerio — rychla embryogeneze
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Genetické modifikace u

Danio rerio

GOF - overexprese — injekce
MRNA do vaji€ka nebo
embrya

LOF
morpholina
ENU mutageneze a skrinink

embryonalni kmenové
bunky a homologni
rekombinace podobné jako
u mysSi — do budoucna

ENU mutagenesis

genomic DNA library sperm library
i lIVF
nesteld PCR F 2 +/®
sequence reaction ¢
—
¢ +/+
sequence analysis F3 +®
with PolyPhred o/
mutation detection breeding to
by resequening homozygosity

Figure 1. Overview of target-selected mutagenesis in zebrafish. Ninety-nine adult
male zebrafish were mutagenized by three to five consecutive treatments with
3 mM ENU, in accordance with (32). The mutagenized fish were crossed with
wild-type females to give a nonmosaic F1 generation of fish. Sperm was isolated
and cryopreserved from 2679 fertile F1 males. Genomic DNA was isolated,
arrayed in PCR plates, and screened for mutations by nested PCR amplification
of the target gene and subsequent DNA sequence analysis. After a particular
mutation was identified, in vitro fertilizations (IVF) were performed to recover the
F2 line carrying the mutation (12). Finally, mutations can be bred to homozygosity
and analyzed for phenotypes.
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kure (chick)

vyvoj je blizky (i molekularné)
VyVvoji savcu, véetné Clovéka
embryo snadno ziskatelné
(jako vajiCko) a pristupné
manipulaci (po odstranéni
skorapky ©)

dobre popsany klasicky model,
ktery zaziva novy rozmach s
nastupem molekularnich
technik

jako jeden z prvnich pouzit pro
lineage tracing (chiméra kure x
kiepelka), bunky se liSi tvarem
jader

1 1 ] Sy i i
Fisjh Salamander Turtle Chicken Rabbit: Human




Chicken electroporation

w Electroporation  Culture Analysis
hh ¥ oV r:
Q @ r
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ChArE X In ovo :
(24 h)
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Left, the lumen of an eight-somite chicken
neural tube is filled with plasmid DNA
(orange) to direct lacZ expression.
Electrodes are placed on either side of the
embryo and transfer into the right side of the
neural tube (toward the positive pole; +) is
achieved by applying 4 50-ms pulses of 15
V each. Right, after in ovo culture for 24 h,
lacZ expression (dark blue) is strongly
detected on the transfected side.




Elektroporace kureci nervové trubice umoznila poznat
jakym zpusobem buriky béhem vyvoje ziskavaji a udrzuji
svou identitu

Cross section of the spinal cord of an embryonic

Fig. A - A model for early spinal cord day three chicken embryo stained with
development. The neural tube which will form fluorescent antibodies. Shown here in red is the
the spinal cord is patterned into specific motor neuron progenitor domain (pMN), one of
domains by multiple external signals which many precise domains established by earlier
include a ventralizing Sonic Hedgehog (Shh) signaling events. The pMN domain is here
signal from the notochord (N) and floor plate labelled through the use of antibodies specific
(F), a dorsalizing BMP signal from the roof for Olig2, a critical regulator of motor neuron
plate (R), and retinoic acid (RA) signaling formation. Developing motor neurons emerging

from the adjacent somites (S). from the pMN are shown labelled in green.




MysS

Savec

z toho plyne, ze
embryonalni vyvoj je ze
v8ech modelu

L&D Al

genom sekvenovan
jedinecny diky
moznostem genetickych

manipulaci (transgenni
mysi)

- e

*. .. and stay away from scientists —they
CHNSE cANCEr,™




Mys je velmi relevantni model pro studium lidské embryologie
(A) (B)

piebaldismus

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 1.15 © 2006 Sinauer Associates, Inc.




Mys - nevyhody

* relativné dlouhy
generacni ¢as

* embrya obtiznée
pristupna
experimentalni
manipulaci — pouze v
deloze matky

« financné narocny
model

Gestational Ages
in Days
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Priprava mysich kmenovych bunek

Harvesting Mouse
Embryonic Stem Cells




Transgenni mys — state of the art:

* knock-in mySi — umoznuji zamény genu,
vheseni bodovych mutaci atd.

» kondicionalni knock-out/in mysi zalozene
na Cre-recombinazovém systemu

a) pouze v urcité tkani/typu bunek

b) pouze po vnéjsi stimulaci (tzv. inducibilni
Cre), tj. v experimentalneé urCenem case

c) nahodneé — v urcCitém procentu bunek,
vyuziti pro lineage tracing




Vyhody a nevyhody jednotlivych
experimentalnich modelu vyvojové
biologie -summary

Tabkle 1. Some Strangths and Weaknesses of the Main Devalopmental Modal Systoms
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Srovnani
jednotlivych
modelu

Zebrafish
A

Epidermal
b = ectoderm ~—

Neural
ectoderm

Epidermal

ectoderm
/ \

Mesoderm \ <

Endoderm { |
Extraembryonic/
P mesoderm P

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 1.6 © 2006 Sinauer Associates, In




Zaver: Pro obecné zavery je
nejlepsi modely kombinovat!




