


Pojem fenotyp:

* genotyp — dnes zpravidla chapan jako sekvence
DNA

* fenotyp — soubor vSech vlastnosti organismu (napf.
morfologie, fyziologie, vyvin, chovani)

(zavedl Johanssen r. 1911 kvali vymezeni vici
genotypu)

(,rozsSireny fenotyp“ — Dawkins)

- negenetické a epigenetické vlastnosti (maternalni
efekt, inaktivace X chromosomu apod., nukleotyp,
faktory prostredi)

Klasicke vyjadreni kvantitativni genetikgl:
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Vo=V.+V_+V

P G E G X E E. Ray Lankester’s figure of
the “degenerate” adult Sac-
culina, showing the externa

(sac) and interna (roots).

Wilhelm Johannsen
1857-1927
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’ it hi i . . v " GENES IN CONFLICT
*  zduraznit historickou povahu evoluce vs. adaptacionalismus (napf. N e
sociobiologie) -

e zduraznit roli prostfedi ve formovani fenotypu

* vymezit se proti striktné genocentrickému pohledu:

- ,nova syntéza“ — soustredila se na zmeénu frekvence
prohlasila za evoluci

- Hamilton, Dawkins — ,sobecky gen® Male Female
vysvétluje vyborné nékteré fenomény,

soustiedi se na vnitropopulacni =

(vnitrodruhovou) uroven

GENES IN CONFLICT

* prozkoumat (proximatni) faktory ovliviujici l l
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Potfebujeme se zabyvat historickou slozkou evoluce? e Locic or monsters

EVIDENCE FOR INTERNAL CONSTRAINT IN DEVELOPMENT AND EVOLUTION

externalismus versus internalismus Geobios, mémoire spécial n° 12

by

Pere ALRERCHH
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Potfebujeme se zabyvat historickou slozkou evoluce?
O (ne-)unikatnostnosti fenotypu

Historical contingency

Historical contingency and the evolution of a key
innovation in an experimental population of
Escherichia coli

Zachary D. Blount, Christina Z. Borland, and Richard E. Lenski*

PMAS | June 10, 2008 | vol. 105 | no.23 | 7899-7906
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O (ne-)unikatnostnosti fenotypu

- konvergence

Maturwissenschaflen (2005) 92:1-19

L. D. Martin - T. J. Meehan

Extinction may not be forever

Latest Miocene Vadh C Assemblage  Pleistocene Vadh C Assemblage
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(Ne)unikatnost fenotypu

konvergence savcich spoleCenstev
— odpovidaji klimatickym cyklim

L. ID. Martin - T. J. Meehan
Extinction may not be forever
Maturwissenschalten (2005 92:1-19
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O (ne-)unikatnostnosti fenotypu

Historical contingency and the purported uniqueness
of evolutionary innovations

Geerat J. Vermeij*

Table 1. Times of origin of purportedly singular innovations

Innovation

Time of origin

Ref.

Origin of Earth's life

Compartments (protocells)

Universal genetic code

Coordinated chromosomal replication

Oxygenic photosynthesis

Formation of eukaryote

Primary symbiosis between
cyanobacterium and eukaryote

Sexual populations

Eumetazoan nervous system

Eumetazoan extracellular digestion

Bilaterian pattern formation

Cnidarian nematocysts

Triplobastian three-layered construction

Ecdysozoan molting

Echinoderm water-vascular system

Brachiopod cyrtomatodont hinge

Land-plant seed

Amnicte amnion

Arthropod wings

Chelonian turtle construction

Theropod feathers

Angiosperm endospearm

Human language

Before 3.5 Ga
Before 3.5 Ga
Before 3.5 Ga
Before 3.5 Ga
35 Ga
27 Ga
27 Ga

1.2 Ga
&00 Ma
&00 Ma
&00 Ma
L5 Ma
550 Ma
LSO Ma
LSO Ma
450 Ma
370 Ma
340 Ma
340 Ma
225 Ma
160 Ma
140 Ma
1 Ma

8

8
6, 8

8
17,18
8, 1%-21

22

23
24
24
24
24
24
25
26, 27
28
29
30
7,31, 32
11, 33
34, 35
36
8

Details of initial conditions evolutionary pathways,

phenotypes, and timing are contingent,

but important ecological, functional, and directional
aspects of the history of life are replicable and

predictable.

Table 2. Times of first instantiation of repeated innovations

Innovation Time Ref.
Fixation of COz into organic compounds  Before 3.5 Ga 17
Nitrogen fixation 3.5 Ma 37
Aerobic respiration 2.7 Ma 17
Multicellularity 1.7 Ga 38, 39
Plant apical growth 650 Ma or earlier 23
Animal coloniality 550 Ma 40-42
Mineralized skeleton 550 13, 43
Planktotrophic larvae 550 Ma 44
Secondary symbiosis between plastids 550 Ma 18, 45
and eukaryotes
Wenom injection 540 Ma 1
Animal muscularized appendages 540 Ma 12
Meolluscan operculum 520 Ma 46
Image-forming eyes 520 Ma 30, 47
Bivalved accretionary shell 520 Ma 46, 48
Arthropod conglobation 490 Ma 49
Gastropod siphonal indentation 450 Ma 46
Vertebrate teeth 435 Ma 50
Vertebrate mineralized endoskeleton 430 Ma 51
Plant vascular structure 435 Ma 52
Cemented bivalved shell 400 Ma 53
Arthropod silk production 390 Ma 54, 55
Plant differentiated megaspores 390 Ma 56
Plant leaves 390 Ma 57,58
Trees and secondary growth 390 Ma 59
Insect stylet 390 Ma 60
Tetrapod ear 370 Ma 30, 61, 62
Land-plant vines 300 Ma 63, 64
Network leaf venation 300 Ma 57, 65, 66
C4 photosynthesis by land plants 300 Ma 30, 67
Insect asynchronous flight muscules 300 Ma 31
Tetrapod jaw propaliny 290 Ma 68
Tetrapod bipedalism 290 Ma 69
Tetrapod turbinates 260 Ma 70
Tetrapod secondary palate 260 Ma 70
Wertebrate gliding 260 Ma 71
Wertebrate endothermy 225 Ma 70
Tetrapod fully erect posture 225 Ma 72
Tetrapod wings 225 Ma 1
Crustacean crab form 180 Ma 73,74
Mammalian middle earbones 180 Ma 75-77
Animal eusociality 125 Ma 78
Plant heat production 125 Ma 79
Plant alkaloids 125 Ma 80
Vertebrate placenta 125 Ma 30
Plant basal growth 90 Ma 1
Free-floating aquatic multicellular 80 Ma 1
plants
Gastropod labral tooth 80 Ma 14
Excretion of molecular oxygen by fishes 80 Ma 81
Stereoscopic vision in tetrapods 80 Ma 82
Electrical sensation by fishes 80 Ma 30
Mammalian hypsodonty 60 Ma 83
Crab heterachely 60 Ma 49
Burrowing ratchet sculpture in bivalves 55 Ma 84
Sand-dollar eccentricity 10 Ma 85




Evolution: like any other science
O (ne-)unikatnostnosti fenotypu it is predictable
Simon Conway Morris*
Phil. Trans. R. Soc. B (2010) 365, 133145

Convergences in larval and adult ecomorphs between and within Madagascan and Asian

ranids Madagascar Asia

————n I Tomopterna
I 9 I Mantella

o
| Mantidactylus Joiinatecog

something very like a
human is an evolutionary
inevitability

b
[ .y ‘_,.‘3 | Mantidactylus

Boophiz (Rhacophorinae) Asian F

E e —_ —

EEE Burrowing [~ Fanged EE Poisonous B Arboreal N Torrantial

Convergences in larval and adult ecomorphs betwesn and within Madagascan and Asian ranids. Al Asian species are from the Indian subconfinent, sxcept one
{Limnonsctes kuhll, indicated by an asterisk) coming from Vistnam. Adult burrowing frogs (red boxes), beside having a toad-ike general momphology and short hind limbs,
exhibit a suite of characters [such as feetwith a crescenfic inner metatarsal fubercle (red arrows) and partly connected lateral metatarsals) that are adaptations to the
fossorial Zone. Theair tadpoles have a general body shape and mouth parts [such as rows of keratinized testh (black arrows)] which are of the typical ancestral aguatic type.
Arboreal frogs (green boxes) exhibit similar adult ecomomphs in Madagascan and Indian Rhacophorinae. Some Asian iree frogs exhibit a development on land with complete
metamorphesis in the egg, showing a remarkable convergence with some Madagascan arboreal species (Mantidaciyus). Some rock-dwelling frogs (yellow boxes) hawve
semitemresinal larvas with stout hind-limbs, a strongly developed tail with much reduced fin membranes, and with the ventral side of the body and the spiracle tube (as well
as, sometimes, the anal tube) Aatiened. Certain torrential frogs (Dlue boxes) have larvas that lack hemy teeth and exbit. arcund the mouth, enlargad lobes that are richly
provided with papillas. Fanged frogs (dashed green boxes) have protruding fangs in the lower jaw. Although poisonous frogs do not ocour in Asia, some poisonous mantellas
(black dashed box) exhibit aposematic colors and are remarkably convergent with the nectropical peison armow frogs, Dendrobatidas.

Bossuyt F., Milinkovitch M. C. PNAS 2000;97:6585-6530 | : t é Ei
@2000 by Mational Acagemy of Sciences




O (ne-)unikatnostnosti fenotypu - paralelismus

ig. 19.9. Four recurrent suites of traits in male carabid beetles (Ohomopterus species). Each s
ontains a representative male of different species with similar size, genitalic structure, and oth
hology. The copulatory piece (shown below each specimen) is a chitinous part of the male ¢
1—c in dorsal view, d in lateral view). From Su et al. (1996). Courtesy of Z.-H. Su.
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Fig. 19.10. “Type switching” in male carabid bee-
tles {(Obomopterus species). The four suites of traits
(a-d) shown in figure 19.9 recur independently
many times, as shown on a molecular phylogeny
of two major lineages of the genus QOhomopterus.
Symbols correspond to groups of figure 19.9: a =
squares; b = triangles; ¢ = stars; d = circles. Phy-
logeny after Su et al. (1996).



O (ne-)unikatnostnosti fenotypu - paralelismus

Ocasati: pfi redukci zachovany prsty I-IV
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I'rom genes to phenotype: dynamical systems and evolvability

P. Alberch

NATURAL
VARIATION

EXPERIMENTAL

VARIATION

Experimental decrease in cell number
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5. Experimentslly generated morphologies

Fig. 6. An cmipirical approach to the study of ordered phyvlogenetic
transformations. (A} Two anuran lincages have lost woes in-
dependenthy during phylogeny. In both <ases the fimst toe (‘the
thumb™} i the oue that has been lost, In salamanders digital loss has
vecarred vt least seven independent cases during evolution. Inall
of the instauces the forms have canverged in the loss of the tifth toe:
— ¢ B) Identical treatment of an enibrvonic Hmb bud with a mitatic
tnhibutor with reversible effevts tesults in the loss of pre-anial digits
in frogs while salamanders lose post-aaial clements. These ditfer-
ences in experimentally generated forms parallel observed evoluti-
onary trends (from Adberch & Gale, 1985)



O (ne)unikatnost fenotypu
- re-evoluce, recurrence, reversals

Dollovo pravidlo

— — 2

,Organismy se nemohou, a to
dokonce ani CasteCné, vratit do
predchoziho stavu, ktery
charakterizoval jejich predky."

N 7

Louis Antoine Marie Joseph Dollo (1857-1931)



http://en.wikipedia.org/wiki/1857
http://en.wikipedia.org/wiki/1931

Jaky muze byt mechanismus Dollova pravidla?

Hen's teeth with enamel cap: from dream to impossibility
Jean-Yves Sire*!, Sidney C Delgado! and Marc Girondot?

BNVIC Evolutionary Biology

- u ptaku uplna ztrata nebo ztrata
funkénosti genl spojenych

s enamelem (amelogenin, AMEL;
ameloblastin, AMBN; enamelin,
ENAM) a dentinem

(dentin sialophosphoprotein, DSPP)



Kde plati Dollovo pravidlo?

REPTILIAN VIVIPARITY AND DOLLO’S LAW

MicHAEL S. Y. LEE!?2 AND RICHARD SHINE!?

Evelution, 52(5), 1998, pp. 14411450

- partenogeneze, zivorodost, altricialita ...

- reverze vyzaduje nékolik korelovanych zmén
podminénych riznymi proximatnimi mechanismy
(napf. je mozna indukce fertilnich samcu u
partenogenetickych teida)

— — 4

Jo, jo, vZdyt jsem vam to fikal ...

N 7

Louis Antoine Marie Joseph Dollo (1857-1931)


http://en.wikipedia.org/wiki/1857
http://en.wikipedia.org/wiki/1931
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(Ne)unikatnost fenotypu
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Dugtyoplera

Loss and recovery of wings
in stick insects

Michael F. Whiting*, Sven Bradler & Taylor Maowell ¢
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Fgure 1 Examples of wing features in stick insacts, a, Brample of a fully wingad
macropterous) female phasmid (Phasma gigas) with enlarged hindwingz and thickened
forewings. b, Wing venation of male Phyillfum calebicum with major veing labellad,
demonstrating homology with other insact wing veins. A, anal wain; C, costa vain; Cu,
cubituz vein; M, madial wein; R, radius vein; Rs, radial sactor vein; Sc, subcosta wein,
¢, Example of a partially wingad {brachypterous) famale phasmid [Extafosoma popa) with
reduced hindwings. d, Example of 2 wingless Epternous) femalke phasmid (Leprocaulinus
ap.) with wings entirgly abzant.
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Jak testovat platnost Dollova
pravidla? — fylogenetické
srovnavaci metody

LOSS AND RE-EVOLUTION OF COMPLEX LIFE
CYCLES IN MARSUPIAL FROGS: DOES
ANCESTRAL TRAIT RECONSTRUCTION
MISLEAD? Evolution 61-8 18861800

John J. Wiens, 2 Caitlin A. Kuczynski,! William E. Duellman,? and Tod W. Reeder®

G
2 4 Reversal supported
T 2
20 '\k Ambiguous
2 2
g+
= -6 -
L g ] Multiple origins of
= direct development supportad
£ =105

-1z I I I I |

a1 2 2 4 5 i 7
Log model asymmetry (gain ratefloss rate)

Flect ftzgeraid

s Flectonotus Dygmasus

1-rate

2-rate

Hemiphractus heliod

Hemiphractus scutatus

Hemiphractus bubalws
* e Hamiphractus proboscidous

Stofania ginasi

Stefania schubert

Stefania coxi

L
* s

Gastrotheca fissipas

Stofania evansi
tefania scalae

G, wa ke

G guenthen

e & woinlandi

. comuta

{ G, dendronastes
G helanae
— " G lmgipes

. ovifera

biphasic (tadpole stage)
direct devalopmant
ambiguous reconstruction
unknown

G. galeata

G. fonadis

G, monticola

G omphylax

G, plumbea
G. fobambag
G nicefon

%

G dunm
G aigenkovirons

G. trachyceps

G, awsomaciNata
G. nyzi
G, Zeugocystis

G. grswodi

3. peruana

G, pseusks

G psychvophila

. stictopleura
G. atympana

G excubior

* G, ochoai
G. marsypiai

—_— 5. grEcilis

—L

G. chrstiani
&. chiysostcla

0.05 changes



Evelution, 60{%), 2006, pp. 1896-19]12

EVIDENCE FOR THE REVERSIBILITY OF DIGIT LOSS: A PHYLOGENETIC STUDY OF

Jak testovat platnost Dollova ,
d| o LIMB EVOLUTION IN BACHIA (GYMNOPHTHALMIDAE: SQUAMATA)
praVI a! Tiana KoHLspDORF!? aND GUNTER P. WAGNER!?
g g
g m E‘ g = § ] m % % ol §
588358 s_ %38 sfes s_ %8
HEHTHINR IR
BEfa§fsieezedss §E535 SEFESES
Eicifsfeacfeigis BiTifEfEscfEziic
o oof of o of of of of oo of of of o of o Wi oo of of of of of of of of of of o o o wi
0 n ] a n L] ] | ] a -] o -] m L] L] 4] n o a ] L] L} L] -
Fingers
{ordered)
| gain = loss | gain=21loss =10 |
(steps:12) i (steps:15) |
k| 3
= = o =
o 4] b w0
w'”:E o 23 __EJ?.‘IE."’_ -E - ‘mgg
$E5s Eﬁéggﬁﬁ %EE%Egagﬁgiézéﬁﬁ
253 HiiH I I
5E2¢ £§825828 S58S:58383:£8382%8
o o o o oo oo oo ouj of o o o of of of o of of of o o o oW
a =] a =] ] o = g q a
B =
Toes
{ordered) —
L =
- | - - N | —
I gain = loss gain =42 loss = 1.0 EH 3
(steps22) (steps43) B 4

Fic. 2.  Ancestral reconstructions of number of fingers (top panel) and number of toes (bottom panel) in Bachia species, based on the
topology presented in Figure 1. On the left side reconstructions are based on the model where gains and losses of digits have the same
welght. On the right side reconstructions follow models increasing the weight of digit gain, in relation to loss, until the point where
gains are not ohserved anymore on the reconstructions. Number of evolutionary steps are shown within parentheses.
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Fic. 3. Relationship between changes in cost of morphological (2-2-2-2-0)
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under the model of gains and losses with different weights) and a000000
initial steps (5. under the model of equal weights for gains and [ ]
losses). The graph on the top relates to fingers (forelimb) and the | )
graph in the bottom relates to toes (hind limhb). The thick line in- Gli3 knockout mutations C >
dicates results obtained under our proposed phylogeny (real data), (polydactylus, D-l identity in all positions)
and the thin line indicates mean £ standard error obtained from 50 ﬂ ﬂ

permutations. (2-2-2.2.2-2.2.2)



Jak testovat platnost Dollova

pravidla?

/

Foaeme mm

DID EGG-LAYING BOAS BREAK DOLLO’S LAW?
PHYLOGENETIC EVIDENCE FOR REVERSAL TO
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Figure 3. Parsimony-based character reconstructions. (A) Character state reconstruction under a reversible model that allows both
transitions from owviparity to viviparity and from viviparity to oviparity. Viviparous lineages are in black and oviparous lineages are in
white. This model requires three steps. (B} Character state reconstruction under an irreversible modsl that does not allow transitions
from viviparity to oviparity. This model requires five steps.



atavismy
- spontanni
- experimentalné navozene

- fixované (taxicke): Amphignathodon (zuby na mandibule), pavouci?

Fig. 12.2. Atavistic polydactyly in a modern horse:
(A) left fore foot; (B) left hind foot; (C) tarsus of
right hind foot from the inside. I-IV, bones ho-
mologous to metacarpals I-1V. Other labels indi-
cate navicular {n), cuboid (cb.), trapezoid (td),
trapezium (tm), unciform (u), magnum (m), ecto-
cuneiform (4) and cuneiform (1-3) bones. From
Bateson (1894).
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AIGURE 1. Intrarelationships of arachnid orders after Schultz (1986). Superimposed
onto the scheme are the hypothesized character state changes. Black squares indi-
cate the presence of opisthosomal appendages in adults, and white squares indicate
their absence. Here the presence of opisthosomal appendages in Araneae is recog-
nized as an example of taxic atavism. Inset illustrates opisthosomal appendages in
ventral view of Lipbistius, a primitive spider. Modified from Stiassny (1992).



Jaky muze byt mechanismus re-evoluce (poruseni
Dollova pravidla)?

fenotypova plasticita a zména prostredi



pojmy fenotyp, rozSifeny fenotyp, genotyp

evoluce je historicky jev, evolucni biologie proto nutneé musi balancovat mezi
zkoumanim jednotlivosti a hledanim obecnosti

v evoluci dochazelo ve znacné mire ke konvergentni a paralelni evoluci podobnych
organismu (napf. k opakovanému vyvinuti ekomorf), konvergentné mohla vznikat i
cela spoleCenstva

re-evoluce nékterych znakul v urcite linii se zda nepravdépodobna (Dollovo pravidlo),
ale nékdy doslo ke ztraté a nasledné re-evoluci celého organu €i organoveé soustavy

re-evoluce komplexnich znaku ztracenych u predka vs. alternativni vysvétleni
mnohem CastéjSich ztrat nez znovunabyti znaku se da statisticky testovat pomoci
fylogenetickych srovnavacich metod, vzdy vSak zalezi na nasi vife v nepomeér mezi
rychlostmi prechodu v kazdém sméru

pro re-evoluci vSak nekdy také hovori dalSi nepfimé dukazy (relativné malo
komplexni zmeny potrebne k re-evoluci, rozdily ve znaku podezrelem z re-evoluce
proti plvodnimu stavu)

nékteré pripady re-evoluce lze vysvétlit zafixovanim atavismu ¢i zménou prostredi
vyvolané zmeéné fenotypu
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