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Prostfedi je vzdy dulezité pfi formovani fenotypu
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Fenotypova plasticita — schopnost organismu vytvaret
ruzny fenotyp v zavislosti na vnéjSich podminkach
(jeden genotyp odpovida mnoha fenotypim)

- fenotypova flexibilita
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Fenotypova plasticita — schopnost organismu vytvaret  asold as you are. o
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Figure 59. Degree of change in the dry mass of various
organs of mature Andean toads Bufo spinulosus as a function
of either feeding and fasting (X-axis) or season (summer
compared with winter, Y-axis). The degrees of change reflect the Figure 58. Most of your cells are younger than you are (at

. I - : least the DNA in the cells is), but there is a lot of variation
first two principal components in a factor analysis. between cell ypes,

Based on Naya et al. (2009). Modified from Vince (2006), partly based on Spalding et al. (20054,
2005b 2008) and Bergmann et al. (2009).



Fenotypova plasticita — schopnost organismu vytvaret
ruzny fenotyp v zavislosti na vnéjSich podminkach
(jeden genotyp odpovida mnoha fenotypim)

- fenotypova flexibilita,

- life-cycle staging




Fenotypova plasticita — schopnost organismu vytvaret
ruzny fenotyp v zavislosti na vnéjSich podminkach
(jeden genotyp odpovida mnoha fenotypim)

- fenotypova flexibilita,

- life-cycle staging
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Figure 62. (A) Antler length is a function of the shoulder
height of the deer stag that carries it. The outcome is determined
by a ‘race’ between how rapidly cartilage grows and how
rapidly it mineralizes, a ratio that is body-size dependent. In
small deer, mineralization relative to cartilage growth rates is
high, which leads to small, single-point antlers. In the largest
deer, the ratio is small and this produces the broad plate-like
antlers carried by moose Alces alces and the extinct Irish elk
Megaloceros giganteus. (B) A diagram outlining the ways in
which antler shape may be memorized in the brain and how
this memory feeds back into the shape of the antler during the
subsequent growth cycle.

Put together from figures in Turner (2007).



Fenotypova plasticita — schopnost organismu vytvaret
ruzny fenotyp v zavislosti na vnéjSich podminkach
(jeden genotyp odpovida mnoha fenotypim)

- fenotypova flexibilita :

- life-cycle staging The Flexible

Phenotype

- vyvinova plasticita (developmental plasticity) —
nevratné zmeny probéhlé béhem ontogeneze urcuji
konecny fenotyp
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Norma reakce — popisuje fenotypy odpovidajici jednomu genotypu v zavislosti
na gradientu vnéjSich podminek

- Spojita

- polyfenie (polyphenism): jeden genotyp odpovida nékolika diskrétnim
fenotypum realizovanych v odpovidajicich podminkach prostredi

- kanalizace (canalization) — schopnost produkovat stejny fenotyp bez ohledu
na proménlivost podminek prostredi (environmental canalisation) nebo
genotypu (genetic canalisation)
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Za jednotlivé znaky polyfénnich morf mohou byt zodpovédné ruzné mechanismy

)
(¢}

N
o

—_
(&)}

e
o

9}

E
£
R
5
e
=
@
4]
E

mean temperature (°C)

- e - i
Small eyespots | Large eyespots,
Cryptic wing | More conspicuous .
pattern wing pattern
ody size .S

mall body size
“éé e
Dry season @ & Wet season
phenotype & & phenotype

- L
Long life | Short life
Low metabolism High metabolism
Thrifty/quiescent - Active behaviour :
behaviour | Fast reproduction

Delayed reprod. |

T :

Adult acclimatization




_H
k]

Metodologické pfistupy ke zkoumani fenotypové plasticity:
A) ,common garden® experiment

Slow pace of life in tropical sedentary birds:
a common-garden experiment on four stonechat o4 lole 1018 7115 7
populations from different latitudes i

Martin Wikelski'', Laura Spinney!, Wendy Schelsky?, Alexander Scheuerlein’
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Figure 2. {g) EMR; (b) body mass; () activity rates
{(hopping per 21 h) of stonechats from four populations held
in Germany under common-garden laboratory conditions
(natural simulated photoperiod for Austrian birds,
temperature 20-23 *C). Birds were measured during
wintering condition {January 2001, shaded bars) and
summer/moult condition (July 2000, open bars). Data show
group means + s.e.m. Letters below columns show statistical
differences (determined by Scheffe’s post hoc test; same
letters: no significant difference; different letters: significant
difference between groups, p < 0.05).

B) transplant experiment



Lokalni adaptace nebo fenotypova plasticita?

Adaptive differentiation
following experimental island
colonization in Anolis lizards

Jonathan B. Losos*, Kenneth |. Warheiti
& Thomas W. Schoener!

NATURE [VOL 387 |1 MAY 1997
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Figure 3 Relaticnship between mean perch diameter (In-transformed) used and
size-adjusted hindlimb length in populations of the lizard Anolis sagref on iglands
near Staniel Cay, Bahamas. Circled pointindicates Staniel. The rate of evalution of
size adjusted hindlimb length varied from 89- 1,195 darwins,



Zmeny navozené fenotypovou plasticitou jsou Casto ve stejném smeéru jako

Relative Hindlimb Growth
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Geneticka asimilace - fenotyp dfive vyvolany specifickym podnétem z prostfedi (napf.
stresorem) je pozdéji produkovan vzdy bez ohledu na pfitomnost podnétu; je zavisly
na vyvolani preexistujici genetické variability

Conrad Hal Waddington

1953: cross-veinless, indukce teplotnim Sokem

e

Nature Reviews | Genetics




Hsp90 as a capacitor of phenotypic
variation

Interpretace pokusu — Hsp90, epimutace

Hsp90 as a capacitor for

NATURE | VOL 417 | & JUNE 2002

Christine Queitsch*, Todd A. Sangsier| & Susan Lindquist

morphological evolution

Suzanne L. Rutherford* & Susan Lindquist*

MATURE | VOL 396 | 26 NOVEMEER 1998

Figure 1 Dewvelopmental sbnomalties sssocisted with Hepd0 deficits. See
Table 1 forcoding of traits. Defarmities appearing inHsp&3 mutant stocks: a, 13F.3¢
TMEE, detormed fare-leg (code L1) and transformed 2nd leg (L2) with an ectapic
sex-comb (arrow); b, PEE2/TMEE, deformed eye (E1) with an extra amennae
(arraw); e, e 10/ TMEE, smoath eyes|E3) with black facets (ES); d F522/TMEE, eye
margin transformed into scutellum (E2). Abnormal Fy hybrids produced from
crosses between between Hsp83 mutant stocks and marked laboratory strains:
e,860x582™ Iefteye has black facets (E5); f @64 Xdpp*, disorganized abdominal
tergites (A1), g, e?DXTM23, fiz-lacz, smal wings (W1} h, e3AXIn2RHPLw™,

extraneous tissue growing out of trachesl pit (A2, arrow), i, 19F2XCdca7o%,
eyes absent (E8); |, n‘.}F.ZXCh'cZ?“‘E. wing margin material growing into wing; m,
192522 detormed eye. Heteroallelic Hsp23 combinatione 10/7: k, severely
deformed legs (L1), |, sever black-facet phenotype (E5). Abnarmal F; hybrids
produced withwild-type laboratory stocks andHsp83 mutants: n, 27D or/ 1XI8-6,
thickened wing veins (W3); 0, PE22XSamarkind, transformed wing (W5) and extra
scutellar bristle (B2, arrow). Abnomalties in wild-type lines raised on geldana-
mycin: p,INC-6, notched wings (W2); g, Ore-f, deformed eye (E1)

Mo GDA, 22 °C

GDA, 22 °C

Figure 2 The samea Rl ling-specific phenotypes are uncoverad whan buffenng capacity iz
challznged by GOA (middle) and by growth at 27 °C [faht). a, d, g, j, m; Rl linz seedings
grown without GDA. b, ¢, Ling 113 sezdlings, extreme hypocotyl cuds and roots partially
etended into 2ir. e, T, Line 082 seadiings, S-shaped rossttes with vertically onentad leaf
blades. h, 1, Ling 104 s2edlings, abundant oot hair growth. k, 1, Ling 134 s2adlings, bant
mypocotyls with rosette touching the madium surface. n, o, Ling 122 szedlings,
justapozed cotyladons (similar to those in Shadara) fused to vanying degrees. In extrems
cases, seadings appearad o have only one very large, malformed cotyledon and anz
apparently healthy true leaf. Bacause GDA activity is lost after prolonged light exposure
(322 Meathads), thiz phenotype and other leaf phanotypes) did not appearin kater-
developing leaves, Plant omgans ane indicated, as defined in Fg. 1. Scale bar 2 mm for
a—f, j—=m; 1 mm for g, n, o




Geneticka asimilace vs. Baldwintv efekt Biology and Philosophy 16: 215-237,2001.
© 2001 Khiwer Academic Publishers. Printed in the Netherlands.
Organic Selection: Proximate Environmental Effects

on the Evolution of Morphology and Behaviour

BEIAN K. HALL

fable 1. A summary of the steps in the Baldwin Effect and genetic assimilation to show the
major differences between the two processes

Baldwin Effect Genetic assimilation

1. Interaction with the environment results in Interaction with the environment
phenotypic changes in structure, behaviour,  results in phenotypic changes in
and/or function that are adaptive structure, behaviour or function that

are adaptive

2. Mutations occur that lead to the same Existing genetic vanability 1s
adaptive phenotypic changes; existing expressed in an assimilated
genetic variability 1s insufficient phenotype which appears in the

absence of the environmental
signal; mutation 1s not required

3. Selection favors the mutations, which Selection favors the previously
spread through the population; the unexpessed genetic variabality;
environmentally induced phenotype the number of individuals with
15 now nherited. the assimuilated phenotype

mereases




Developmental plasticity mirrors differences
Fenotypové rozdily mezi druhy mohou byt among taxa in spadefoot toads linking
nasledkem na¢asovani ontogenetickych plasticity and diversity

proces'j, kte ré JSOU Ovl |Vnény prost‘fed |'m lvan Gomez-Mestre** and Daniel R. Buchholz*
Pb. cultripes PMAS December 12, 2006 | wol. 103 no. 50 | 19021-19026
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DEVELOPMENTAL
PLASTICITY
AND EVOLUTION

Organismus je plasticky integrovany systém

Fenotypova akomodace (phenotypic accomodation) — ,adaptive
mutual adjustment among variable parts during development without
genetic change”

} : 0
-y : g
;;
Fig. 3.3. Diet-dependent developmental change in the skull of wild spotted hyenas. Skulls collected fol-l
A B

lowing death of individuals (right to left) 3 months, 24 months, and 11 years old show marked chang |
in attachment sites for feeding muscles (sagittal crest, cheekbones, and forehead). In animals raised mT
captivity, which feed relatively rarely on bone, these feeding structures are poorly developed; elderly cap»}
tive hyenas have skulls that resemble those of cubs (Holekamp and Smale, 1998; Holekamp, personi |
communication). Courtesy of K. E. Holekamp. E

Fig. 3.13. Morphological innovation in a two-legged goat: development of (a) left hind leg, (b) pelvic
musculature, (c) thoracic skeleton, and (d) pelvic skeleton of a normal (A) and a bipedal (B) specimen
of the same age. Changes in the pelvic musculature (b) include a greatly thickened and elongated gluteal
tongue (gt), whose anterior attachments are reinforced by the novel addition of numerous long, flat ten-
dons (t). The form of the thoracic skeleton (c) is represented by a transverse section of the cranial part
of the thorax (left), a horizontal section at the middle of the ribs (middle), and a ventral view of the ster-
num (right). The relatively long ischium (i) of the pelvis (d) and other changes (see text) resemble those
of bipedal mammal species. After Slijper (1942a,b).

http://www.youtube.com/watch?v=2FjKqboY9Yo&feature=related



Mechanistic Analysis of Natural Selection and a Refinement of

Lack’s and Williams’s Principles
Barry Sinervo

VoL, 154, SUPPLEMENT THE AMERICAN WATURALIST JULY 1990
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Figure 1: Natural variation {open circles; mean + 5E) compared to experimentally induced variation (arrows) between (A) clutch size and egg size
and (B) clatch size and total clutch mass for female side-blotched lizards ( Uta stansburiona) from the inner Coast Range of California. Three
manipulations of the endocrine system probe the mechanistic bases of allocation trade-offs: ablation of ovarian follicles { ¥') during early vitellogenesis
reduces clutch size and total clutch mass but increases egg size; administration of exogenous FSH (F) during early vitellogenesis increases clutch
size and total clutch mass but reduces egg size; and exogenous corticosterone implants (B) increase offspring size and total clutch mass, but clutch
size remains unaltered. Manipulated females are compared to both unmanipulated { C) and sham-manipulated females ( 5).



Organismus je plasticky integrovany system: trade-offs mezi jednotlivymi ¢astmi

Costs and the Diversification of
Exaggerated Animal Structures

Douglas ]. Emlen
23 FEBRUARY 2001 VOL 291

(A

SCIENCE

Fig. 1. Physical locations of beetle horns. [A)
Males of O. sharpi produce a hom that extends
from the front of the head. (B) Males of an
unidentified Onthophagus species sampled
from lowland forests of Ecuador produce a pair
of horns that extend from the base of the head.
(C) Females of O. sagittarius produce two
horns, one extending from the thorax and the
other from the center of the head. (D) Horns in
different locations develop adjacent to differ-
ent structures. Horns at the center or front of
the head (red) develop closest to growing an-
tennae, horns at the base of the head (blue)
develop nearest to eyes, and horns on the
thorax (green) develop nearest to wings.
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Fig. 2. Functional costs of beetle horns. In each species, the relative size of horns was negatively
correlated with the relative size of the nearest neighboring structure (antennae, eyes, or wings), and
these developmental tradeoffs were present only in the sex-expressing enlarged herns. (A) O.
sharpi males (top) produce a horn at the front of the face (red), and males with the longest horns
relative to their body size had proportionately smaller antennae (measured as a negative pheno-
typic correlation between relative horn area and relative antenna mass). Female O. sharpi (bottom)
do not produce enlarged horns and do not have negative correlations with antenna size. (B) In an
unidentified Onthophagus species from Ecuador, males (top) produce a pair of horns extending
from the base of the head (blue), and the relative length of male homs was negatively correlated
with the relative area of eyes. Females of this species (bottem) do not produce enlarged horns and
show no evidence for tradeoffs with eyes. In both of these species, "horn” size in females was
estimated as the area of the comparable region of head cuticle (shown in red, or blue, as
appropriate). (C) In Q. sagittarius, females produce two horns (top), one extending from the thorax
(green), and a second from the center of the head (red), and relative female horn length was
negatively correlated with the relative mass of both wings and antennae (horns versus wings
shown). Males of O. sagittarius produce only minimal horns extending from the front of the face
[bottom), and these small horns are not negatively correlated with antennae (the closest neigh-
boring trait). This third species pravides the most convincing evidence for developmental tradeoffs
associated with horn expression because females rather than males produce the enlarged horns,
and females also show lacation-specific patterns of negative phenotypic correlation with adjeining
structures.



Organismus je plasticky integrovany system: trade-offs mezi jednotlivymi ¢astmi
Competition among body parts in the development and evolution

of insect morphology

Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 3685-3689, March 1998
Developmental Biology, Evolution

H. F. NUHOUT* AND D. J. EMLENT
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Fiz. 2. Resource allocation tradeoffs in developing . fqurus
revealed by treatment with the JH analog methoprene. Solid bars,
animals receiving methoprene in acetone; open bars, acetone-treated
controls. (@) Topical application of JH during the second and third
days of the final larval instar induced males to reduce allocation to
horns. Males just above the critical size for horn production developed
significantly shorter horns relative to their body size than control males
{ Mann—Whitney L test on relative horn length: U557 = 9, Z = —1.951,
P = 0.0476). Bars indicate the residual horn length (mean * SEM),
calculated as the difference between actual horn length and that
expected for a male of the same body size. Expected values were
generated from the best-fit curve relating horn size to body size in
unmanipulated males (25). Females never develop horns and were not
affected by the JTH treatment { Mann—-Whitney U test: LUhza3 = 61, 2 =
—1.205, P = 0.228). (b) JH-induced diminution of male horns was
accompanied by a significant increase in the size of male compound
eves (Mann—Whitney U test: U557 = 1, £ = —3.003, P = .0027). Bars
indicate the mean * SEM of residual eve size, calculated from the
mean relationship between eve surface area and body size of unma-
nipulated males. Female eve size was unaffected by JH treatment
{Mann-Whitney U test: U212 =75, 2 = —0.487, P = 0.626), indicating
that increased eve size in males resulted from reduced allocation to
horns rather than as a direct response to JH.



Organismus je plasticky integrovany system: trade-offs mezi jednotlivymi ¢astmi

Evolutionary trade-off between weapons and testes

] _ 16346-16351 | PNAS | October31,2006 | vol. 103 | no.a4
Leigh W. Simmons*T and Douglas J. Emlen*
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Pro pochopeni trade-offs budeme potfebovat znalost fenotypu v nékolika prost

znalost proximatnich mechanismu

Conditional tradeoffs between aging and organismal

performance of Indy long-lived mutant flies

James H. Marden***, Blanka Rogina®¥, Kristi L. Montooth*7, and Stephen L. Helfand*%

Cumulative lifetime fecundity

Fig. 5.

Eclosed adults

High Calarie Food

1200 -

800 — /'_

| /7
l,'.

400

g T T T T
20 40 B0 &0
Age (days)

Low Calorie Food
| T T T T
¥] 2] 40 B0 AD
_ Low Calorie Food
— =

20 40 &8 80

Age (days)

Mean cumulative lifetime fecundity of female Indy long-lived mi
tants is not reduced. Lines heterozygous for the Indy mutation showed great:
early egg production (=25 days) and greater total lifetime egg productic
when reared on high-quality food (Upper Left) but showed reduced ear
(=25 days) and total lifetime egg production when reared on low-calorie foc
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Extended Life-Span Conferred
by Cotransporter Gene
Mutations in Drosophila

Blanka Rogina, Robert A. Reenan, Steven P. Nilsen,

are essentially the same as for egg production. Error bars have been omitted
from all of these plots for the sake of clarity.

PNAS

| March 18, 2003 | wol. 100

| no. 6

| 237

Stephen L. Helfand*

SCIENCE VOL 290 15 DECEMBER 2000

Evolutionary
Endocrinology: The
Developing Synthesis
between Endocrinology
and Evolutionary Genetics

Anthony J. Zera,' Lawrence G. Harshman,!
and Tony D. Wi lliams?

Annu. Rev. Ecol. Evol. Syse. 2007, 38:793-817



Existence trade-offs zalezi na proximatnich mechanismech ovI|anJ|C|Ch znaky

PHILOSOPHICAL
TRANSACTIONS
—OF

THE ROYAL
SOCIETY

Phil. Trans. R. Soc. B (2010) 365, 567-575
doi:10.1008/rsth. 2009.0249

development time (days)

n

(5=

Conflicting processes in the evolution of
body size and development time

H. Frederik Nijhout!:*, Derek A. Roff? and Gogev Davidowitz?
. ~ 0.8
Final size = w5 * exp {{k* ICG +1In5.33 _Wg)

Parameters of body
size and developmental
time:

* the growth rate

* the initial weight

. the ICG

[
=
=3
-]
=
=
=

body size (g)

*£1—D_OT3*ICG)), (2.1)

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:
k= 0.15 + exp(—0.65 + W) « GR + 0.27. (2.2)

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

In(5.33 — 0.8/ W))

ICG.
i +

Duration of instar = (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 mathemartcal model for body
size and development time in the final (fifth) larval instar of
M. szexma. Diamonds represent checkpoints. Approximate
masses and omes for the wild tvpe at each stape are indi-
cated. ICG, mnterval to cessanon of growth; JH, jvenile
hormone; FTTH, prothoracicotropic hormone.



Celkovy vztah mezi dobou vyvinu Existuji oblasti, kde vztah neni

a velikosti predikovany modelem: p(?Z“lstlvnl- )
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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.

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).



pojmy fenotypova plasticita (fenotypova flexibilita; vyvojova plasticita:
polyfenie, norma reakce); kanalizace (environmentalni, geneticka), Hsp90 jako
systém redukce chyb vedouci ke kanalizaci; geneticka asimilace

geneticka asimilace je néco jiného nez Baldwinuv efekt, ktery predpoklada
zménu fenotypu pfed zménou genetickou (Cekani na mutaci)

fenotypova plasticita nékdy muze vysvétlit rozdily mezi populacemi, ktere
byvaji priCitany adaptivnim genetlckym zmenam, k rozliseni téchto moznosti
se pouzivaji ,common garden® nebo ,transplant® experimenty

organismus je integrovany systém, Casto existuji trade-offs mezi jednotlivymi
jeho znaky, ty mohou byt patrné jen v urCitém prostredi a jejich sila zalezi na
proximatnich mechanismech

stejného fenotypu muze byt dosazenou genetickou zménou i zménou
podminek
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