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Parameters of body
size and developmental
time:

* the growth rate

* the initial weight

. the ICG

where W is the initial weight of the instar and k is the
growth exponent, which is calculated from the growth
rate (GR) during the third day of the instar as follows:

E = 0.15 + exp(—0.65 + W) + GR + 0.27. (2.2)

The duration of the instar (development time) i
given by

In(533— 0.8/ W;)

Duration of instar = 2

+ICG. (2.3)

We note that these equations do not include the
photoperiodic gating (i.e. as written, they stop after
the second checkpoint). We calculare the gating
numerically by knowing when the larva starts growing
to the nearest hour and calculate whether equaton
(2.3) predicts a time inside a gate; if it does not then
we add the appropriate dme interval to the ICG
term in equatons (2.1) and (2.2).

The model thus requires only three easily measur-
able mputs, which we call the underfving facrors. These
are (i) the growth rate, (i) the inigal weight and
(i11) the ICG. The critical weight (CW) is related o
the initdal weight of the instar by the linear function
CW=533*W,— 0.8 (Nijhout e al. 2006). In the
figures used in this paper, we show body size and devel-
opment time as functdons of the CW The model
accurately predicts individual final weights and develop-
ment times for the entre physiologically relevant range
of the three underlying factors, which are growth rate =
1-4gd™ ', ICG=16-9h and CW=3-9g The
mathematical model is implemented in MatTab (The
Math Works, Natick, MA, USA), and the visualizatons
of the muluvariate data as well as the calculatons of the
gradients were done in Amira (Mercury Computer
Systems, Chelmsford, MA, USA).
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Figure 1. Logic diagram of the mathematical model for body
size and development dme in the final (fifth) larval instar of
M. sexma. Diamonds represent checkpoints. Approximarte
masses and tmes for the wild tpe at each stage are indi-
cated. ICG, interval to cessation of growth; JH, juvenile
hormone; PTTH, prothoracicotropic hormone.



Celkovy vztah mezi dobou vyvinu Existuji oblasti, kde vztah neni

a velikosti predikovany modelem: p((?Z“IstlvnII )
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Figure 4. Body size and development time as functions of
either the growth rate (a), critical weight (#), or ICG
(), when the other factors are held constant. The constant
values were growth rate, 2.5 gd™'; critical weight, 6 g; and
ICG, 48h. Filled circles, body size; open circles,
development time.
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Figure 5. Phenotypic landscapes of body size (2) and development time (&) as functions of the growth rate, critical weight and
ICG. Orientation of axes is the same for the two landscapes. Body size (g) and development time (days) are indicated by colour
scales.
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Figure 7. Selected isosurfaces for (@) bodv size (red) and (#) development time (green). Orientation of the phenotypic land-
zcape iz the same in all panels. lsosurfaces are combinations of parameter values that produce the same phenotvpe. The
gradients of the phenotypic landscapes for (&) body size and (d) development time. The gradients are shown as ribbons
that follow the steepest internal slopes of the phenotypic landscapes. The gradients are orthogonal o the sosufaces.



Parametry modelu jsou zavislé na podminkach prostfedi, ale i na genotypu
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Figure 8. Sterec-pair showing distriburions of six straing of M. sexta within the phenotypic landscape of body size. Strain 1 is
the ancestor of straing 2—3, which were derived by selection for increased or decreased body size and development time. Strain
6 15 the black larval mutani. The dimensions of the axes of the spheroids correspond to standard deviations around the mean
for each of the underlving factors. Colour of the spheroids indicares body size.
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Figure 6. Phenotvpic landscape for body size when critcal
weight is held constant at 7 g. The two circles indicate phe-
notypes at two different temperamres: 30°C (on the right)
and 20°C (left).



Fenotypovy polymorfismus je nékdy spojen s genetickym polymorfismem, jindy s fenotypovou

plasticitou (polyfénie)

Genes as leaders and followers
in evolution
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Fenotypovy polymorfismus je nékdy spojen s genetickym polymorfismem, jindy s fenotypovou
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Fenotypovy polymorfismus je ur€ovan genetickym polymorfismus spi$ pod frekvenéné-
zavislou selekci, ale fenotypovou plasticitou (polyfénie) spis pod cyklickou selekci
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Figure 1| The effects of frequency and nutrient level on rover and sitter
fitness. The x axis, plotted as the frequency of sitters, is inversely
proportional to the frequency of rovers. a, b, Rover (for™, squares) and sitter
(for”, triangles) morphs were reared together under a range of frequencies
(3:1, 1:1, 1:3) and on either higher (a) or lower (b) nutrient abundance
media. To facilitate counts, rovers were marked with GFP. Fitness was
estimated using the proportion that survived to pupation (mean * s.e.m.).
Sample sizes were 20 (a) and 40 (b) vials per treatment.




MozZny scénar evoluce polyfénie

Evolution of a Polyphenism by
Genetic Accommodation

Yuichiro Suzuki® and H. Frederik Nijhout
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Mozny scénar evoluce polyfénie
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Mozny scénar evoluce polyfénie
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Fenotypova plasticita je pravdepodobné
ancestralni, teprve pozdéji vznikla regulace
(kanalizace)

Epigenetic  mechanisms -  conditional,  non-programmed
determinants of individual development, of which the most
important are (1) interactions of cell metabolism with the
physicochemical environment within and external to the organism,
(2) interactions of tissue masses with the physical environment on
the basis of physical laws inherent to condensed materials, and (3)
interactions among tissues themselves, according to an evolving

set of rules.
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Epigenetic Mechanisms of Character Origination

STUART A. NEWMAN" ano GERD B. MULLER**

JOURNAL OF EXPERIMENTAL ZOOLOGY (MOL DEV EVOL) 288:304-317 (2000)

Fig. 1. Generic processes in tissue morphogenesis. A: Sche-
matic representation of the behavior of intermixed cells and
corresponding tissue fragments in the case where the two
cell populations are differentially adhesive. The cell mixture
will sort out as the more adhesive cells establish more stable
bonds with one another than with cells of the other popula-
tion. Random motion leads to the formation of cohesive is-
lands of these cells, and these will ultimately coalesce into a
separate tissue phase, or compartment. The equilibrium con-
figuration of the cell mixture is identical to that which would
be formed by fusion and spreading of fragments of tissue con-
sisting of the same differentially adhesive cell populations.
B: Schematic view of formation of a lumen or internal cavity
by differential adhesion in an epithelioid tissue consisting of
polarized cells. In the original state (top) the cells are uni-
formly adhesive, and make contacts around their entire pe-
ripheries. Upon expression of an anti-adhesive protein (green)
in a polarized fashion in a random subpopulation of cells (cen-
ter), and random movement of the cells throughout the mass,
bonds between adhesive surfaces are energetically favored
over those between adhesive and nonadhesive surfaces, re-
sulting in lumen formation (bottom). C: Schematic cross-sec-
tional views of the five main types of gastrulation. In each
case a new population of cells differentiates from a solid or
hollow embryo and assumes a position that would be attained
by a similarly situated differentially adhesive population. D:
Schematic representation of two modes of tissue segmenta-
tion that can arise when the tizssue’s cellz contain a biochemi-
cal circuit that generates a chemical oscillation or “molecular
clock,” and the oscillating species directly or indirectly regu-
lates the strength or specificity of cell adhesivity. In the
mechanism shown on the left, the periodic change in cell
adhesivity occurs in a growth zone in which the cell cycle
has a different period from the regulatory oscillator; as a re-
sult, bands of tissue are sequentially generated with alter-
nating cohesive properties. In the mechanism shown on the
right, one or more of the biochemical species can diffuse, lead-
ing to a set of standing waves of concentration of the regula-
tory molecule by a reaction-diffusion mechanism. This leads
to the simultaneous formation of bands of tissue with alter-
nating cohesive propertiez. See Newman, '93 for additional
details. (A, with changes, from Steinberg, '98; B after Newman
and Tomasek, "96)



Dulezitost mechanickych stimull a integrace epigenetickych procesu do vyvinu
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Fig. 5. Complete aplasia of the crest cartilage in a paralyzed chick
embryo. Left, control.

Origin of the “fibular crest” in archosauran hindlimbs by mechanical regulation
of mesenchymal morphogenesis. Progressive evolutionary reduction of the
fibula increases the mechanical load on the connective tissue between the
tibia (yellow) and the fibula (brown), exerted by the pulling action of the
iliofibularis muscle (red). A stress-dependent cartilage (blue) forms in
response and becomes later incorporated into the ossifying tibia to form a
prominent crest (stippled), a homologue shared by theropod dinosaurs and
carinate birds. This tight fixation of the proximal fibula permits its further distal
reduction in avian limbs.




Muze byt mutant s radikalné pozménénym fenotypem zivotaschopny?

Tak mi laskavé vysvétli, k Cemu jsou mi dobry
kolty proklaté nizko, kdyz mam kratky ruce!
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Evolutionary and experimental change in egg volume, heterochrony of
larval body and juvenile rudiment, and evolutionary reversibility in
pluteus form

Douglas F. Bertram,? Nicole E. Phillips,? and Richard R. Strathmanns:*
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Fig.8. Larvae of Strongyviocentrotus purpuraius from single eggs
(top row) and two fused eggs (bottom row) at 6, 18, and 29 days of
age. Larva of Strongyvlocentrotus droebachiensis from a single egg
(middle row) at 6 days of age.
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An Effect of the Uterine Environment upon
Skeletal Morphology in the Mouse

ANNE MCLAREN & DONALD MICHIE

Nature 181, 1147 - 1148 (19 April 1958);
doi:10.1038/1811147a0




Je fenotypova plasticita v daném znaku adaptivni?

* nékdy ano (polyfénie)
* nékdy neutralni
* nekdy maladaptivni

- naklady a omezeni adaptivni fenotypové plasticity:

Box 1. Nine potential costs and limits of phenotypic plasticity Costs and limits of phenotypic plasticity
Costs of plasticity
# Maintenance costs: Energetic costs ofthe sensony and regulatory mechanisms of plasticity. Thomas J. DeWitt
* Prgction costs: The production cost of inducible structures has besn viewesd by some as & cost of Andre\:v sih

plasticity. Cthar suthors dissgree becauss production costs ar also paid by fissd ganctypes. Insoma
cases, the production costs that plastic garotypes pay will eaxcaed those paid by fisad genctypes; the
SmCEES I8 & s cost of plasticity.

* [nfprmedon scquisiion cos i The procass of ecquirng infomation about the emironment my be risky, TREE pol. I3 no. 2 February FA98
ireatve energy for sampling, or raducs foraging or mating efficiency.

* Develppmental ins tabiity: Phanotypic impracision may ba inherent for amdronmantally contingant
dewelaprent. Imprecision ¢an result in raducad fitness undear stabilzing selaction.

& [zenetic gosts: (1) Linkage - genss promoting plasticity may b linked with gares corfaming low finess.
(21 Plictropy - plasticity genes may have negative pleiotropic effacts on fraits otherthan the plastic rait
() Epistasis — ragulatory loci producing plasticity may medify expression of other genes.

Limiits to the benefit of plasticity

David Sloan Wilson

Toward a population genetic framework
of developmental evolution: the costs, limits,

» information refiabiity imit: Plastic organismes can praduce maladapted phenotypes when they ara and consequences of phenotypic plasticity

m Etl:l.l'tﬂ'la E1'I'l.1l'|:ﬂ!1'lal'l‘t. o, 'H"'HI'III:_'III'I'ECTII'II'IJEI']I' but the ermircrment II|'|=EIHE,E'5. . Emilie C. Snell-Rood,” James David Van Dyken, Tami Cruickshank, Michael J. Wade, and
» [ gg-time fimit: A plastic stratagy must imoke developrment to alter phenctypes. Tha lag-time betwaen Armin P. Moczek

an arsircnmental changs and & phanotypic response can reducs fitness.

# Deqelppmentsl mrge imi: Fissd development may be mare capable of producing sdaptive, extrams BioEssays 32:71-81, © 2000 Wiey Perpdicals, Inc.

pherotypes than facutatve deelopmanit.
= Epiphenpiyps probEm; Flastic add-on phanotypes may ba ineffactive compared with the same phano-
typic elemeant that is integratad durirg 2arly development.




Zmeény navozené prostfedim (fenotypova plasticita) mohou byt podobné jako
zmeény genetické

Geneticky polymorfismus vedouci k polymorfismu ve fenotypu se patrné udrzuje
jinymi evoluénimi mechanismy nez adaptivni fenotypova plasticita

Polyfénie se Casto mohla vyvinout diky genetické akomodaci

Fenotypova plasticita je univerzalni jev, muze byt pfimym dasledkem zmén ve fyzikalné-
chemickych podminkach prostredi

Ne kazda fenotypova plasticita je adaptivni

Omezeni a limity jsou dulezitym faktorem evoluce adaptivni fenotypové plasticity
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