development) je geneticky
programovany a cyklicky.

Evoluce (historicky vyvoj, fylogene:
neni programovana, nybrz nahodil .2,




Viyvojové zakony /|

+~ Von Baeruv zakon (1828):
“znaky vyskytujici se u vyssi

systematicke skupiny se obvykle obj
ve vyvinu drive nez znaky nizsi sk

+~ Haeckeluv biogeneticky zakon (186 g j f /’1
“‘ontogeneze rekapituluje fylogenez »
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Carl Ernst von Baer
(1792-1876)
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Baerovy zakony fylotypového stadia obratlovcu

(1828)

[1] Obecné znaky velké skupiny zivocCichll se v embryu vyskytuji drive
nez znaky specializované

[2] Méné obecné znaky se vyvijeji ze znakll obecnéjsich,
pri€emz znaky velmi specialni se tvori az ke konci embryogeneze

[3] Embrya odliSnych druhii se od sebe v pribéhu individualniho
vyvoje stale vice a vice odliSuji

[4] Casné embryo evoluéné vyssiho zivoéisného druhu neni podobné
dospélci nizsiho zivo€icha nybrz jeho casnému embryu
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Omezeni biogenetického zékeha/
£\

2 Dospélé znaky pfedkl‘l jsou jen

vyjime&né ¢asnymi vyvojovymi stadii/l /4
evolucnich nasledovniku. / {7,
+ Adaptace ve vyvoji jsou stadium- / | 4h
specifickeé, odrazi se ve vyslednych'/{: / | - /;L‘

fenotypech l *

+» Ne vsechny nove znaky vznikaji
prostrednictvim terminalni adice
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“... Evoluce spocCiva ve zdedeéni zmen [, } |
a . ® s I\
individualniho vyvoje ...” I3

funkcni biologie = anatomie, genova exprese
vyvoj = zmény funkéni biologie / realny éas

evoluce = zmeny individualniho vyvoje :
/ historicky ¢as |/ 7 &




@ ZOOTYP

-

Saint-Hilaire !
Vs (1772-1844, Paris) 4
Zahavci Cervi ZivoCichové paralogni geny
_ -

"T‘J genova duplikac§
B s o ¥

zootyp (fylotypové stadium) Adlvergence druhus

;o puvod genovych shluki Hox' — Ay - F'-;; BT Ay — A _d le

_ # * alsl

. , . e — Vo] Ui
//puvod homeoboxovych genu — A~ Ay — — A A — ?k
./pﬁvod ,helix-turn-helix“ geni druh | druh 11 o5
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selekce se vSak realizuje na bazi fenotypu !
(Soma, fenotyp)

(Genotyp, transmisni genetika, zdrodeénd drdha )

Weismann (1889): somatické zmény ziskané v prubéhu
zivota vyssich zivo€ichu neovliviauji reprodukéni bunky
Ci potomstvo (“Weismannova bariéra®).



R Pearl, WF Schoppe (1921), Zukerman (1951):
... Zakladni biologicka doktrina ... v prubéhu zivota jedince
nenastava zvyseni poctu primarnich oocytu nad ramec téch,
které byly vytvoreny pri tvorbe vajecCniku (koncCi narozenim) ...

J Johnson et al. (2004):
... juvenilni i adultni vajeCniky mysi maji mitoticky aktivni
zarodecné bunky ...
... chemoterapie eliminujici zasoby folikulu muze byt pfekonana
aktivaci novych zarodecnych bunek ...
... transplantace wt-ovarii do GFP-mysSi vede k infiltraci folikulu
GFP-pozitivnimi zarodeCnymi bunkami ...

J Johnson et al. (2005):

. moznost extragonadalniho zdroje zarodeCnych bunek — trans-
plantace kostni dfené nebo periferni krve (pluripotentni bunky)
vedou ke vzniku oocytu donorového typu ...

... schopnost fertilizace a dalSiho vyvoje oocytu odvozenych z
kostni drene Ci krve vsak dosud nebyla prokazana ...




A Schematic Drawing of the Ovary

The blue arrow follows the the owvartan follicles from thewr maturation (from primary follicles) to
as they mature. The schematic is merely drawn this way to show all the stages of matu

N Primary Secondary Follicle
Germinal Follicles (Antrum forming)
Epithelium -

VAN Granulosum

ing
R Theca — Folicle A
Povedou tyto vysledky ke zpochybnéni Weismannovy bariéry a umozni
vysvétleni epigenetického (Lamarckova) dédéni ziskanych znaku ?!?

Pozor! U samecku-zivo€ichl zakladni biologicka doktrina (princip
reprodukéni biologie) neplati viibec: samci zarode¢éné bunky (sperma-
togonie) se mitoticky mnozi a jejich meiotické derivaty (spermie)
obvykle vznikaji az v dospélosti.



- \ cy&oplasma posterioru oplozeného vajicka
Transplantace polove prenesena do anterioru jiného
cytoplasmy muze indukovat
tvorbu zarodecné linie

primordialni zarodecné
bunky jsou prvnimi

odliSnymi, na posteriornim syncycium
konci T £
anteriorni bunkyMolovou plasmou)l
: e .
u drosofily, e 3
hllvstlce (granule P) elufar
a zab

- =
moucha G vytvakizarodecné bunky
sgenotypem G ayY




Obr. 44. Demonstrace primordidlnich zarode¢nych bunék v ¢asném endodermu embrya Zzaby
(podle Gilberta, 1988). Cast ventralni tkané neuruly, kde jsou piftomny prekurzory zarodeénych
bunék, mutantniho donora (tvoficiho ve svych jadrech pouze jediné jadérko) byla prenesena do
recipienta divokeého typu (se dvéma jadérky). Po operaci byly zdby donora sterilni, nebot
zarode¢né buitky byly odstranény a neurula jiz neni schopna si vytvoiit noveé. Hostitelska zdba
vsak byla fertilni a vytvaiela meiézou gamety bud s zadnym nebo jednim jadérkem (typ donora),
nebo s jednim jadérkem (typ hostitele, tj. vlastni). Kiizenim této chimérické zaby s divokym typem

vznik4 potomstvo s jednim nebo dvéma jadérky (pivodni experimenty, Blackler 1966).

donor hostitel
(1-jadérko) (2-jadérka)

zirodeiné budky hostitele

(2- jadérka )
/ transplantace | zérodeiné buiiky donora
rudimentirni (1-jadérko )
sterilni dospélec _utuo¥_~ gondda
(1- jadérko ) LREE0 M)

chiméricka Ziba - tkdd donora : tkai hostitele :
meidza | 4 ')
1-jadérko 0 - jadérko 1 - jadérko
potomstvo:

wild-type
partner — 1- jadérko : 2 - jadérka 1 - jadérko 2 — jadérka
gamety




Obr. 49. Konstrukce chimérické mysi kombinaci blastomer z odlisnych jedinct (podle Miillera,
1997). Tento experiment vychazi ze schopnosti regulace, tj. schopnosti ¢asti blastuly regenerovat
po excizi zbyvajici ¢asti, a relativné pozdni diferenciace bunéc¢nych linii u savei. Blastocysty dvou
odlisnych mysich linii byly zbaveny zony pellucidy, fizovany a produkt byl vnesen do délohy

pseudopregnantni samicky. Vysledny jedinec je genetickou mozaikou bunék obou vychozich hnii.

@ _— enzymaticka
@ ‘ macerace

oplozena vaji¢ka ve stadiu
ryhovini ze dvou genotypové
i fenotypové odli¥nych mysi

INEL
‘/ inkubace
pFi 37°C

In vive

hostitelska samicka chiméricky jedinec




Heterotopni evoluce

exprimovany v prubéhu VyVOje |
+» Heterotopie muze vytvaret nové morfolo%/

odli§né od drah, které vyvareji formy predkd / [

+» Heterotopie je zvyraznena prostorem, 2 J :/
nikoli Casem L o "_\.:-;.3‘

+» Halder et al. (1995) indukovali extra-o€i n oy

kiidlech, nohach a tykadlech Drosophila :. ! : i
ektopickou expresi "eyeless” cDNA s [\

s 4
\
R



PAX6/Eyeless exprese
v musich a mysich oénich zakladech
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Homeoticke geny davaji vznik
sériove homolognim strukturam.

- Tribolium

S - Trosophils
HEEHEEHEHE- - —- - —-
-..-.—. - - - —

Mouse

—u. — - - - - -
- -



HOMEOTICKE GENY

jeden z kliél specifikace a diferenciace

r
haltere -'"'l

BITHORAX specifikuje treti ¢lanek hrudi a S /\\_,)
zadecek: ztrata funkce — misto kyvadélek i ile ,i ,’ ¥
se tvori druhy par kridel Edward Lewis (1963) : pravidlo [ B

(vice anteriorni fenotyp) spacio-temporalni kolinearity .- -



ANTENNAPEDIA specifikuje mesothorax: ;

jeho ektopicka ,dominantni” exprese vyvolava tvorbu
nohou na hlavé (vice posteriorni fenotyp)

zadecek ” hrud’II hlava

Bithorax

L o !

ll , C
! / “

wt mutant

1,; ! b | !
Antemhdbedial]
' ey



Polarizacni oblast pupene specifikuje ; /
koncetinu podél antero-posteriorni osy’ /&
ci |

exprese genu SONIC hedgehog na posteriornim .{;}pn
pupene poskytuje pozicni signal podél A-P osy } &1 |

Anterior

Posterior




Exprese homeotickych genu
v pupenu kridla kurete

Hox-d geny jsou exprimovany
podél antero-posteriorni osy :
Hox-d 13 je nezadnéjsi

Anterior Anterior

Hoxa9 Hoxa9-13 Hoxd9 Hoxd9-13

Proximal Distal Proximal Distal

Hoxd3-11

Posterior Posterior
=




a b Chick Python
Gerwcal Forelimb T
h
F
2 |
Thoracic r a
Flank a
. n
i k
c
Lumbar
Hindlimb Hindlimb

Hox gene expression in the evolution of shakes — a dramatic modification of the
vertebrate body axis. a | The skeleton of a python embryo stained with Alcian blue (cartilage) and
Alizarin red (bone). b | Schematic diagram comparing domains of Hox gene expression in chick and
shake embryos: HoxB5, green; HoxC8, blue; HoxC86, red. Hox genes are involved in the
regionalization of the lateral plate mesoderm into forelimb, flank and hindlimb, to specify limb position.
The expansion of HoxC8 and HoxC6 domains in python correlates with the expansion of thoracic
identity and can account for the absence of forelimbs



Evoluce homeotickych /I
(selektorovych) gend </ |

+» VYSoKy stupen podobnosti mezi geny,/ 3
skupin Antennapedia a Bithorax, / '

duplikace
+ véechny obsahuji homeobox, 180 k. ;
» koduji 60-amino-kyselinovou L

homeodomenu, ktera se vaze k DN “;(

3 o
+» pribuzné geny nalezeny | U vSech Jlny \‘
zivocichu, Cloveka i rostlin g 512 {\
I\




Mouellic et al.: Homeosis in the mouse induced by a Uil /
mutation in th Hox-3.1 gene. — Cell 69, 251, 1992 ¢

k¥ |

- nahrazeni kodujici sekvence genu Hox3.1 signalnim genem Iac;{: =‘ ;\ \
homologni rekombinaci v kultivovanych embryonalnich kmenovych /1 !
bunkach 4 ” | E
| | 4 /

- gen rezistence k neomycinu zajiStuje selekci homolognich rel(/ombirvéntﬁ/ f

- lacZ gen je reportérovy — detekuje mista exprese Hox3.1 v hete,rozyqotmch
mysSich Hox3.1 +/- (... hybridizace s mRNA ¢i imunobarveni) ," [ /]

- homozygotni stav Hox3.1 -/- je semiletalni, nékolik segmentu i(ostrng
transformovano jako vice-anteriorni (podobné u drosofily loss-of- fu’nctlon
mutace Bithorax)

- 8. par Zeber je spojen s hrudni kosti a tvorba 14. paru na bedernim obratli!






Mgy

Forelimb Phenotype in Hox-3.7 Mutant Mice

The mouse on the left has a Hox-3.7*"" genotype. The mouse on the
right, whose fingers are clenched, has a Hox-3.7' genotype.
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Chicken hindlimb

.4

Duck hindlimb

BI\IAP Grelmlin Apopltosis Nev;bom

Regulation of chicken limb apoptosis by BMPs. Autopods of chicken feet (top) and duck feet
(bottom) at similar stages. The in situ hybridizations show that while bone morphogenetic proteins (BMPs)
are expressed in both the chicken and duck hindlimb webbing, the duck hindlimb also shows expression of \
gremiin in the webbing (arrows). Gremlin is an inhibitor of BMPs. The pattern of cell death (shown by neutral Y
red dye accumulation) becomes distinctly different in the two types of webbing.



a| Control chicken hindlimbs have extensive
apoptosis in the space between the digits, leading
to the absence of webbing. b | When beads
soaked with Gremlin protein, an inhibitor of bone
morphogenetic protein (BMP), are placed into the
interdigtal mesoderm, the webbing persists and
generates a duck-like foot,




Box 1 | Evolution of the Hox cluster during metazoan evolution

During evolution, large
MACRO EVOLUTIONARY EVENTS
markedly altered the
metazoan body plan and
gave rise to the
morphological diversity and
complexity of current
phyla™. The cladogram
shows the main metazoan
groups and the associated
body-plan transitions
(indicated by red circles).
The closest unicellular
relatives of metazoans were
the choanoflagellates™; the
question marks indicate
uncertainty about the Hox
gene complement in these
evolutionary positions. The
tirst body-plan transition in
metazoans was the origin of
radial symmetry, which gave
rise, in the first instance, to
cnidarians. The origin of
bilaterality involved the
generation of two body axes
{anteroposterior and
dorsoventral), the
endomesoderm, and a
nervous system that was

3

Choanoflagellates

Multicellularity 4{: i —
?

Symmetry

Coelom

Bilateral symmetry 4¢

Meaural crast, vertebras

Sponges
A 8 C P
Chidarians
—|a— R
A =
Acoelomorphs

— .
& 3 g B

Last eubilaterian ancestor

1 2 3 4 45 58 B4
Protostomes

1 2 3 4 5Antp Ubx P1/2
abaA

1 23 45 6 7 8 9 10111213 14

Deuterostomes
Echinoderma’hemichordates

— Cephalochordates

23 d b8 FTE 9 101112153 14

‘P— Vertebrates

I 23 4 5 '8 F 8 g 101711213 14



Homeoboxové genoveé shluky u metazoi

jsou stareé asi 1 miliardu let, prostorova/Casova kolinearita
castecne zachovana, poprve se vyskytuji na evolucnim
prechodu Cnidaria/Bilateralia, souvislost se vznikem ftri
zarodecnych listu

MEGACLUSTER (ancestralni ProtoHox)

se postupné amplifikoval a divergoval ve tfi skupiny genu

(a) Hox-shluk: (Lewis 1978; 5+3 geny u drosofily, 39 genu
ve 4 shlucich u savcu), pusobi predevsSim v ektodermu
(b) ParaHox-shluk: Brooke, Garcia, Holland 1998; je pouze u
obratlovcu, blizky Hox-shluku, fidi vyvin endodermu
(c) NK-shluk: Kim-Niremberg 1989; 4 geny u drosofily, téz
u obratlovcu, fidi hlavné vyvin mesodermu



HETEROCHRONNI GENY




HETEROCHRONNI MUTACE

model Fizeni ¢asového vyvoje larvy hlistice C-elega

specificka stadia larvalniho vyvoje jsou
urcovana hladinou proteinu lin-14

lin-14 mutace, ,,ztrata* funkce

lin-14

L] 3] [

casovy gradient lin-14 je vysledkem trans-
krip¢ni represe lin-14 proteinem lin-4
zalinajici pri casném vyvoji larvy

lin-14 mutace, ,,ziskani“ funkce,
nebo ,,ztrata* lin-4 funkce

W\ \

.




Heterochonie

+ Evolucni zmeny v rychlosti nebo
casovani vyvojovych udalosti davaji /|
vznik novym adultnim fenotypum /|

+ Odlisné rychlosti rustu ruznych cCastij:
téla b&hem vyvoje organismu jsou /4 f
podstatou allometrickych vztahu :

+» Heterochonie tvori zjevnou asociacl .
mezi ontogenezou a fylogenezou




Ko )
Heterochronni evoluce ’«/ &
1\ |

(vyvin nastava casne = progeneze, nebo/f1-
relativni redukce rychlosti nastupu jedng@no
znaku relativne K jinému = neotenie)

» Peramorfie: je zptsobena zvySenim rychlosti

vyvoje znaku vedouciho ke zvyraznenerr!u ‘{3’
znaku adultninho potomstva L\ :
(prodlouzeni rustove faze = hvpermorfoza) f\

+» Pedomorfie: je zpl‘]sobena redukci rychlo
vyvoje znaku coz vede K juvenilnim




Heterochronni evoluce

+» Pedomorfie: neotenie u axolotla I\

(Ambystoma mexicanum), kde juvenilni zabra |*
Jjsou zachovany az do dospelosti '

+» Peramorfie: vzrust velikosti parozi
(hypermorfoza) u irského losa

(Megaloceros giganteus)




Polymorphism in the development of horns in the male dung beetle, Onthophagus taurus.
a | Small horns, produced by males below threshold size. b | Fully developed horns in a male over threshold size.



PROGERIE (progeneze) SN |
predc¢asné starnuti u clovéka 3 | ';

| A

Obvykle single-genové mutace jsou odpovégJ @ 'j ;/1

za senescentni fenotypy, které imituji normativni starnutr {‘ J
g}
- impakt na urcity (jediny) organ ¢i tkan (unimod 7rl ;’ /b
progeroidni syndromy), pr. Alzheimer L8 / A
: '_A ./ = \',

- impakt na mnohé organy a tkané (segmentacni | ° y T4 5’;

progeroidni syndromy), pr. Hutchinson-Gilford, Werner &
1\



Mational Institute on Aging

1% N1H SeniorHealth

; ® Main Menu | o Site Index
Alzheimer's Alzheimer's Disease

Disease Defined | Alzheimer's Disease Defined
Causes and Risk

Factors
. Symptoms and Dementia is a brain disorder that seriously affects a
Diagnosis person's ability to carry out daily activities. Alzheimer's
Treatments and disease is the most common form of dementia among
Research older people. It involves the parts of the brain that control
thought, memory, and language. Every day scientists
learn more, but right now the causes of Alzheimer's
disease are still unknown, and there is no cure.

. Frequently
Asked Questions

MedlinePlus for
More Inform ation

Epfi"tﬁf'ﬁiﬂﬂdw Areas of the Brain Affected by Alzheimer's
version 4
Disease

\
Dr. Alois Alzheimer )
(1864-1915, Mnichov) P '
Intelligence - 7 == .
judgcﬁwnl. . < WSS == = .'&
and behavior \ ’ \

Memory



Hutchinson-Gilforduliv progeria-syndrom L o Y
je onemocnéni déti zpusobené mutaci | ( .
proteinu vyznamneho pro architekturu jadra: aberantni morfologie. ‘-

Filamenty u periferie jadra odpovidaji za udrzovani struktury a stability jédra,f"\\
ochrana pred mechanickym stresem. Lamina téz udrzuji genomove domény
regulacni funkce v expresi.



Spontanni bodova mutace
v kodonu 608 genu kodu-
jiciho protein lamin A

Silentni aa-mutace aktivuje
kryptické misto sestrihu RNA

Mutantni protein progerin
postrada 50aa na C-konci

Meni se jeho post-translacni
modifikace

Progerie u Cloveka i mysi,
scvrkla jadra,

defektni reparace DNA,
genomova nestabilita

C>T
G608G

ety Wit %3

De novo silent mutation in LMNA
exon 11

Aberrant mRNA splicing due to the
activation of a cryptic splice site

|

50 aa deletion

)
'o‘.‘ .': ?

e C AAX

.
Z

AAAAAA

Synthesis of a truncated,
unprocessed pre-lamin A protein
retaining a toxic farnesyl
modification

|

Dominant negative effect of mutant lamin A on

DO 10.1371/journal pbio.0030395.g001

lamina function

= Nuclear morphological abnormalities
= Disorganization of heterochromatin

= Defective repair of DNA damage and
increased genomic instability

The Molecular Basis of Nuclear Defects in HGPS



Figure 1. Photographs of a Female Patient with the Werner Syndrome, the Prototypic Segmental Progeroid Syndrome

The patient had multiple cardinal signs of the classical form of the disease, including bilateral cataracts, characteristic dermatological pathol-
ogy, short stature, premature graying and thinning of scalp hair, and parental consanguinity (she was the product of a second cousin marriage).
She also had type 2 diabetes mellitus, hypogonadism (with menopause at age 35 years), osteoporosis, flat feet, and a characteristic high-
pitched, squeaky voice. Cytogenetic studies revealed minor mosaicisms for autosomal translocations, deletions, and aneuploidy involving
the X chromosome, initially raising the question of a mosaic Turner syndrome (Jaramillo et al., 1985), but consistent with the more general
cytogenetic instability and cell selection reported in such patients (Salk et al., 1981a, 1981b). The patient died at the age of 61 of unreported
causes. The International Registry of Werner Syndrome (http://www.pathology.washington.edu/research/werner/registry/frame2.html) deter-
mined that this patient was homozygous for a previously described large genomic deletion involving exons 19-23 of the WRN gene. (A) Age
~13 (growth had ceased at age 12); (B) Age 21; (C) Age 56. Photographs are courtesy of the patient's spouse, with informed consent of
the patient.
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Werneruv syndrom — autosomalni recesivni choroba, ztgte
funkce DNA helikazy, onset v dospélém véku. o SN

Helikaza hraje ulohu v DNA replikaci a rekombinaci, replika
vidlicka.

Pacienti trpi defektni replikaci DNA, problémy s reparaci '
restrukturalizace chromatinu. . .

Senescence — permanentni zastava bunécného deleni g4, « | *
dysfunkce telomer. AR ]S

Kuriozni antagonismus mezi starnutim a rakovinou: [ %
bunécna senescence — zastava déleni — je obrannym meclanis

:
k u€¢innému zastaveni proliferace nadorovych bunék. . i 4
‘o
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