Varga Mate
Genetikai Tanszék



Mirol szol a fejlodésbiologia és az EvoDevo?




“Az allatok nagyobb csoportjainak altalanos
jellegei hamarabb jelennek meg az
embridban, mint a specidlis jellegek.”

Karl Ernst von Baer (1792 - 1876)
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Table 1. Differences in amino acid sequences of human and chimpanzee polypeptides. Lyso-
zyme, carbonic anhydrase, albumin, and transferrin have been compared immunologically by
the microcomplement fixation technique, Amino acid sequences have been determined for the
other proteins. Numbers in parentheses indicate references for each protein,

Protein Amino acid differences Amino acid sites
Fibrinopeptides A and B (3) 0 10
Cytochrome ¢ (4) 0 104
Lysozyme (13) ~0 130
Hemoglobin « (4) 0 141
Hemoglobin g (4) 0 146
Hemoglobin 4y (3, 6) 0 146
Hemoglobin %y (5, 6) 0 146
Hemoglobin § (5, 8) 1 146
Myoglobin (7) 1 153
Carbonic anhydrase (4, 12) ~3 264
Serum albumin (70) ~6 580
Transferrin (17) ~8 647

Total ~19 2633

“A relatively small number of genetic changes in systems
controlling the expression of genes may account for the major
organismal differences between humans and chimpanzees.”

( King and Wilson (1975) Science)



Nkx2.5 expression  Tinman expression
in the fetal heart in the fly embryo
Functional
Pax6é gene /
-
[
Non-functio mutation mutatic
Pax6 gene
abnormal heart loss of dorsal vessel and
visceral mesoderm

morphogenesis

m’i‘;m.-..
Nkx2.5/Tinman proteins:
ancestral determinants
of heart and lateral
mesoderm?
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A/P diversification: Hox genes

Lobsters Mouse Mollusks



Homeotikus mutansok ecetmuslicaban
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Branchiopoda

Maxillopoda

Malacostraca

Parhyale hawaiensis

Genus

Artemia
(brine shrimp)

Triops
(brine shrimyp)

Mesocyclopa
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(Pavlopoulos et al. (2009) PNAS)



A Ubx anterior Hoxgenes B posterior Hox genes

no visible
A1/3 phenotype

Amphipoda

anterior appendages || Flegs]!| Rlegs || pleopods || uropods |
| 1

Decapoda

single leg type

(Martin et al. (2016) Curr Bio)



hoxc6 expresszids mintazat

(a) Chick Python
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(Cohn és Tickle (1999) Nature alapjan)



A BMP jelatviteli utvonal szerepe a denevérszarny
kialakulasaban

Forelimbs Hindlimbs

A b
PP

Gremlin

.

Bmp7

(Weatherbee et al., 2006)



A BMP jelatviteli utvonal szerepe a denevérszarny
kialakulasaban

control BMP/SU5402 control BMP/SU5402

E Mouse Duck (hindlimb) Bat (forelimb)
Bmps Bmps
J lHGm
Cell Cell
Death Death

OO Bmp signaling BFgf signaling BmGremlin expression

(Weatherbee et al., 2006)



(Jeffery et al. (2003) Integr Comp Bio)



(Yamamoto et al. (2004) Nature)



(Yamamoto et al. (2004) Nature)



Surface Fish Cavefish Surface Fish Cavefish
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(Yamamoto et al. (2009) Dev Bio)
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(Yamamoto et al. (2009) Dev Bio)

- a szemsorvadas felthetdleg csak neutralis mellékhatasa az adaptiv izlelébimbd-szam
novekedést okozd megnovekedett shh expresszionak



Warbler finch

Small
ground finch

Medium

tree finch ground finch

Vegetarian
tree finch ground finch



Large ground finch
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a Cactus finch

Sharp-beaked finch

Medium ground fincl

mall ground finch

Gene expression patterns in key embryonic
stages of beak development

Stage 26 Stage 27 Stage 30

B-catenin + TGFBIIr + Dkk

Bmp4 pmx

(Mallarino et al. (2011) PNAS)




Tengeri forma Edesvizi forma



Hindlimb reduction

Mouse

Wild type Pitx1--

Stickleback

13

Marine Freshwater
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Olfactory pit

Lethal null
mutation
(laboratory mouse)

Viable regulatory
mutation
(wild stickleback)

(Shapiro et al. (2004) Nature)



AP/OV

Uninjected Sibling < Parental Population

(Chan et al. (2010) Science)
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Rock pocket mouse

Mefanism

Reddish (human, horse)
or pale (bear) hair
Linked sites for melanism
in rock pocket mouse

Red hair in human
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Varanoid root

Stem group Serpentes
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(Sagai et al., (2004) Mammalian Genome)
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(Kvon et al., (2016) Cell)









Ambulocetidae

Basilosauroidea Modern cetaceans
inn.

inn. inn. 4 % )
(; w E fem.
tib.

N

Mysticeti Odontoceti

Pakicetidae Remingtonocetidae

(Thewissen et al., (2006) PNAS)



Cetek: hatso6 vegtag a delfinek egyedfejlodése soran

Carnegie Carnegie Carnegie Carnegie
Stage 12 Stage 13 Stage 16 Stage 17

94657 94701 94651 94670
CRL: 6.0 mm CRL: 8.5 mm CRL:11.0mm  CRL:17.5 mm




Cetek: atavizmusok




gerinchurosok = olyan €l6lenyek, amelyek életlk valamely szakaszaban
rendelkeznek a kovetkezd jellegekkel:
- notochord (gerinchur);
- dorzalis idegcs6;
- kopoltyuivek
- izmos, posztanalis farok




Emberek: az embrionalis farok sy

oposszum

hazimacska

ember




Fig-1 - Phiotograph showing tail in extended condition.  Fig. 2. - Photograph showing tail in state of contraction.
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W s hottentotus
1 § Chiysochioris asiatica
W Echinops telfairi
§ Elephantulus rufescens
, _: ' Rhynchocyon petersi
| A — W Orycteropus afer 10°12752
$ Dugong dugon
§ Heterohyrax brucei
W Procavia capensis
¥ Elephas maximus

l— W Loxodonla africana
W Lama glama

W Sus scrofa

W Hippopotamus amphibius

X Eubalaena glacialis 2*/2738

X Eubalaena australis 1*12738

X Megaptera novaeangliae 1*/2738

l Eschrichtius robustus 15*/2731

X Caperea marginata 17*/2730
Physeler macrocephalus

p o e ——

' Kogia sima 4*/2733

i Kogia breviceps 8*/2735
' Delphinapterus leucas
' Phocoena phocoena

" Tursiops truncatus

W Inia geoffrensis

§ Pontoporia blainvillei

W Mesoplodon bidens
§ Platanista minor

' Bos taurus

_’—Mﬂ

Equus ballus
l Manis pentadactyla 24*/2722

ﬂ X Manis tricuspis 22*11998

]_ Can:s familiaris

e §j Felis catus
§ Myotis lucifugus

W Erinaceus europasus

i Bradypus tridactylus 14*/1209

fi Choloepus didactylus 23*/1891

W Choloepus hoffmanni 38°/2788
X Myrmecophaga tridactyla 39*/3079
X Tamandua tetradactyla 3612792
X Cyclopes didactylus 29*/2409

W Dasypus novemcinctus §*/2775
i Tolypeutes matacus 24*/2858

Wi Chaetophractus villosus 14*2587
W Euphractus sexcinctus 16%/2476

(Meredith et al., (2009) PLoS Genet)
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(Brawand et al., (2008) PLoS Biol)
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a~globin $-globin
glﬂ.a m:a] N. angustata

a~globin B-globin

slili m P. charcoti
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(Near et al., (2006) Mol Bio Evol)
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a szervezeti komplexitas nem flgg 0ssze szorosan a genom mérettel és a
genek szamaval

a4

homolog géneket hasznalnak bizonyos (de nem minden) homolog szervek
kialakitasahoz

az evolucios szempontbdl fontos valtozasok gyakran pleiotrop gének
szabalyoz6 szekvenciajat érintik (igy Uj helyeken kapcsolhatnak
be/modulalhtanak jelatviteli utvonalakat)

nem pleiotrop gének maguk is celpontjai lehetnek evolucios valtozasoknak

a hasznalaton kivuli szervek elcsokevényesednek, de az ket kialakito
genetikai program kulonleges esetekben ujra aktivalhatd (atavizmusok)

az elsatnyult szervek specifikus tulajdonsagaiért felelés gének maguk is
elcsokevényesednek (pszeudogének)

a csak az egyik nem szamara hasznos tulajdonsagot kodolo allélok a szex-
determinacios allélal kapcsoltan orokl6dnek



