Vnitroarealova proménlivost

Geografie genotypové / fenotypové radiace

Teoretické aspekty proménlivosti

* Proménlivost: zékladni charakteristika taxonu
(populace), méfitko ptirozené biodiverzity, objekt
mezipopulacniho srovnani

* Genotypicka promeénlivost (geografie genotypické
podobnosti, alellicka biogeografie etc.)

* Fenotypicka proménlivost a jeji faktory (vékova,
pohlavni, geograficka — po odfiltrovani efektt
vnitropopulacni proménlivosti)

Zakladni typy geografické
(vnitroarealové) proménlivosti:

* Spojita: * Nespojita

* typické pro taxony s * typicka pro taxony s
velkymi arealy, zejm. nespojitymi arealy, s
zonalnimi, nepohlavnim

AuAlnigme rozmnozovanim

° graduami zmeny * nespojité zmeén
kontextu (klima apod.) konlzeitu 4

« piikl. vklil?dlm' « ptikl. kategoridalni
promeénlivost proménlivost

Korelované faktory proménlivosti

* SPOJITA - NESPOJITA
r-strategie,

vysoka vagilita
generalismus, euryekie
dalkové siteni germinalnich

K-strategie

nizka vagilita
stenoekie

specialisace (potravni,

stadii :
panmikticka strukura stanovistni)

populace omezena disperse
omezend alelickd divergence rigidni populaéni

(stabilisujici selekee, struktury (démy, trvalé

fenotypové contraints rodiny apod.)




Klinalni proménlivost

* gradudlni, plynulé, jednosmérné posuny

stavu znaku v prostoru - klasifika¢ni
konvence: jediny taxon

* posuny v selekéni hodnoté alel / zmény ve

frekvenci alel (S8kalované geografickym
faktorem, napf. teplota apod.)

stav

znaku

Klinalni proménlivost

/

“Klimaticka pravidla”

(latitudinalni gradienty u teplokrevnych obratlovci)
J.A. Allen (1877): proporéni pravidlo
C. Bergmann (1847): télesna velikost
R. Hesse (1921): velikost srdce
C.W.L. Gloger (1833): zbarveni
a dalsi (napf. velikost sntsky atd.) — viz téz
Rapoport




Klinalni

proménlivost "Kyanogenese

jetele
<A
’ Kyanogeneze — altitudinalni \ 5 q
u jetele proménlivost S

CN-glucose

FIGURE 13
Frequency of the cyanide-producing form In populations of white clover (Trifolium
repens), represented by the black section of each circle. The cyanogenic form Is more " h

common in warmer regions. Thin lines are January isotherms. (Modified from Jones HCN A cosides o I
1973, after Daday 1954)

l myrosinase repens [

Nespojita proménlivost
— zakladni varianty

* nezavisla divergence ostrovnich populaci

* mozaikova variabilita — fenotypicky odraz
metapopulaéni dynamiky (zrnitost vyskytu,
morfy- Parnasius), geneticky drift malych

WATER

populac W S =
+ ekotypicka variabilita (ekomorfy-Biston, Arvicola) : : b 4 s
—silny selekéni tlak komponent prostiedi i . = aovonN
* mikrogeograficka variabilita (u forem s vyrazné o R 3 AN iv
ostrlivkovitym rozSifenim a demy — Drosophila, %7 ' N A e
Mus domesticus apod.) — doCasna stabilisace 7 sy sanp

* kategorialni variabilita




Figure 5.5 Frequency of —

ILl{()t),plcl(a . rr;clam( and peppered forms T T
proménlivost: Industridlni melanismus ~ &izeeecd mon n

different parts of the United

Kingdom. The filled-in part of
each diagram represents the
3 i frequency of the melanic form
inthatarea. Melanic moths are
generally more prevalent in
industrial areas, such as
central England, but note the
high proportion in East Anglia
Reprinted, by permission of
the publisher, from Lees
(1971).

barevné faze veverky
(Sciurus vulgaris), dtto
Trichosurus vulpecula v
Tasmanii, apod.

Abb.
Kelten

Kategona}m prs)ylenllvost Kategoridlni proménlivost:
nespojita promeénlivost na vétsich prostorovych

Skélach stupnovité (schodovité) kliny

stav stav

znaku
znaku




Kategoridlni proménlivost

Zona sympatrie

stav Geografické
maku kriterium
druhové
odliSnosti
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ISOLATION BY DISTANCE*

SEWALL WRIGHT
The University of Chicago®

Received November 9, 1942

TUDY of statistical differences among local populations is an important

line of attack on the evolutionary problem. While such differences can
only rarely represent first steps toward speciation in the sense of the splitting
of the species, they are important for the evolution of the species as a whole.
They provide a possible basis for intergroup selection of genetic systems, a
process that provides a more effective mechanism for adaptive advance of the
species as a whole than does the mass selection which is all that can occur
under panmixia.

Fig. 247, Bidogster ‘mainly responsible for integration of ideas leading to Neo-Ds
on. Thoodesios Dabzhansey, Emet Mayr and Sewall Wight.

HEY, I'M BEING
FOLLOWED BY
MONKEYS! ~__
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TUDY of statistical differences
line of attack on the evolution

adaptive ad:
species as a whole than does the mass selection which is all that can occur

under panmixia

ISOLATION BY DISTANCE*

SEWALL WRIGHT
The University of Chicago®

as the el

ubgroup tends to vary about a certain equi-
curve ((q)) determined by the met sys-

Received November 9, 1942 o The gene feguency
ibrium poi
tematic pre

of gene frequency

TUDY of statistical differences among local populations is an important per generation from recurrent mutation, immigration, and selectior) in con-
junction with the cumulative effects of acciden ampling (random devia-
line of attack on the evolutionary problem. While such differences can tion 3q, variance per generation ) (WRIGHT 1920, 1037, 1942).
only rarely represent first steps toward speciation in the sense of the splitting ) #t@) = (/e exp 2 [ aseboaa]
of the species, they are important for the evolution of the species as a whole. L I o1 i i s DTSR o 14
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They provide a possible basis for intergroup selection of genetic systems, a
process that provides a more effective mechanism for adaptive advance of the
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species as a whole than does the mass selection which is all that can occur thedollowg; ”‘"""‘”"”‘”\“ fb(@dqrx (Wala
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F statistika
vliv populaéni substruktury na heterozygozitu

H, = primérna pozorovana
heterozygozita v subpopulaci

Hg = prumérna oekavana
] heterozygozita v panmiktické
s subpopulaci

N / =2p; qlk\:\
[ o | [ e0 e
{ @~ | | C0OeQeO H- = odeka . .
) = oCekavana heterozygozita
%‘%‘o \08%8%0/ T e Y9

na jedince v panmiktické
H=2pg populaci




F statistika
vliv populaéni substruktury na heterozygozitu
koeficient inbreedingu

primérna redukce H jedince vlivem
nenahodného pareni v subpopulaci

Fis=(Hs-H)/Hs

N\ ‘// \\‘ fixaéni index
( o-\co [ R ) primérna redukce H subpopulace
\ oSBS%/ \opoes0: (vzhledem k celé populaci) vlivem
Mo ~ \-,,,// genetického driftu v subpopulaci
- \ 25 Fgr =(H;-Hg) /Hy
© | [ 2% celkovy fixaéni index
N oSS R0o primérna redukce H jedince vzhledem k
/ N A celé populaci
H=2pq Fir = (Hr-Hg) / Hy

(1-F)=(1-Fig) (1-Fgy)

F statistika
vliv populaéni substruktury na heterozygozitu

Populationn=20

genovy posun

Populationn=2000

genovy tok

Ql

Selekce:

zdroj zmény
proménlivosti

Directional
selection
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* stabilisovana situace (normalni
distribuce) vs. vyvojové
tendence

» Usmérnujici (direkciondlni)
selekce — zvySeni Sikmosti
rozdéleni (=skeweness)

* Stabilisujici - zvySeni
Spicatosti (= kurtosis)

Indicie druhové odliSnosti — nespojitost
fenotypické (resp. genotypicke)
proménlivosti: bimodalni frekvenéni kiivka

* Ostré odlisnosti ve stavu znaktli nebo
variacni struktufe fenotypu : tradi¢ni
klasifika¢ni usus: allopatrie - geografické
rasy, sympatrie - druhy

» Sympatrie forem s nespojitou fenotypovou
proménlivosti = chorologické (arealové)
kriterium druhu

druh

- populace, v ramci niz probiha genova
rekombinace (u sexualné se
rozmnozujicich organismu)

Evoluéni jednotka, ktera je vnimana jako méné arbitrarni
nez jiné kategorie (poddruh, rod, eled atd.)




Problémy s aplikaci BSC (isolation species)

Allopatrické populace (blizce pfibuzné)

Reprodukéné izolaéni bariéry (RIBs) vznikaji u geograficky
izolovanych populaci jako vedlejSi byprodukt genetické
diferenciace

Testy — zjisténi, jestli si zminéné populace zachovaji
samostatnost v sympatrii - je €asto obtizné korektné provést

Jak velka geneticka vzdalenost a jak intenzivni geneticka
vyména mezi dvéma populacemi je nutna k tomu, aby byly
prohlaseny za samostatny druh?

Ur&eni druhového statutu je spojeno se studiem genového toku
a introgrese pfi hybridizaci

Z pohledu BSC neexistuji erna nebo bila feSeni — speciace
je kontinualni proces, vzdy je potfeba danou situaci vztahnout
k probihajicimu fylogenetickému scénafi

Reprodukéné izolaéni mechanismy )
— vnitini x vnéjsi

RIB podle BSC jsou vlastnosti druhu (nejedna se tedy
napf. o pouhou geografickou izolaci)

Obtizné se aplikuje
-mikroalopatrie, sympatricka speciace x sekundarni
prekryv alopatricky vzniklych populaci

-vznikaji RIB adaptivné (pod vlivem selekéniho tlaku
upfednostriujiciho rozmnozovani v ramci druhu) nebo jako
sekundarni produkt genetické diferenciace?

Reprodukéné izolaéni mechanismy

1. Prezygotic Barriers
a. Ecological or habitat isolation: Populations occupy different habitats in the
same general region, and most matings take place within these microhab-
itat types.
b. Temporal isolation: Matings take place at different times (e.g., seasonally
or diurnally).

c. Ethological isolation: Individuals from different populations meet, but do
not mate.

d. Mechanical isolation: Inter-population matings occur, but no transfer of male
gametes takes place.

e. Gametic mortality or incompatibility: Transfer of male gametes occurs, but
eggs are not fertilized
. Postzygotic Barriers
a. F, inviability: F, hybrids have reduced viability.
b. F, sterility: F, hybrids have reduced fertility.
. Hybrid breakdown: F,, backcross, or later-generation hybrids have reduced
viability or fertility.




Geograficky aspekt speciace

allopatricka speciace : postupna geneticka divergence (v¢.
postzygotické RIM v allopatrickych populacich) - klasicky
model

peripatricka speciace : divergence v perifernich isolatech

parapatricka speciace : lokalni pferyvy v toku gent ve
velkych aredlech (napf. specialisace na riizna prostiedi,
lokalni specifika apod.)- srv. ,,ekologicka speciace*

sympatricka speciace : retikulatni speciace (napf.
chromosomalni pfestavby s s vyraznym dopadem na
zivotaschopnost hybridi)

E‘TI;?I::;;;‘;"“ E
= AU D DD - .
Allopatrie. Q Cip D @ Peripatrie

£
1.2. Parapatrie vnéfii

Parapatrie

2 Nevikarizu|lci aredly
2.1, Sympatrie syntopicks nebo 2.1. sympatrie Gplnd

-

2.2. sympatrie &istetnd

dichopatricka

Geograficka speciace:

peripatricka

parapatricka

sympatricka
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- Zabyva se mechanismy, které ovliviiuji geografickou
distribuci genealogickych linii

- Historicka, fylogeneticka komponenta prostorové distribuce
genovych linii.
genealogie + cas + prostor

fylogenetika

phyle = tribe, race and

genetikos = relative to birth, from genesis = birth

systematika, pfirozena klasifikace,
strom zivota ‘

evoluéni biologie, mechanismy
evoluce

oseaie

a1
Ma -
] gv&
H
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a)

biogeography

vicariance dispersal

microevolutionary disciplines

jl
A

phylogeography
3
{

BASIC DIVISION
LAVERS"

’ Morpnology — -

historical
geography

macroevolutionary disciplines

Avise, 2000

~ TAXONOMIC
DIVISION "SLICES
Bacterilogy

—— Ornihology
Mycology

Herpetology
Entomology

) ) taxon
molecular evolution
systematic biology (object)
\'é- Iﬁ).';'

variability, biodiversity T e

Meleagroteuthis 5p

general biology (methods)

molecular biology, genetics
biopolymers

®| Protoporphyrin IX with Fe*

e IR
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Proc genetické markery?

- tidky vyskyt homoplazii

neutralni
- mnozstvi dat, princip operativni homologie
- nejdetailnéj$i anatomie
- digitalni informace
- moznost srovnavat vzdalené taxony
- moznost studovat genetiku vSech organismu
- umoziuji pristup k obrovskému mnozstvi
genetické variability v biosfére
- moznost méteni vzdalenosti, molekularni hodiny
- moznost studovat mechanismy evoluce
-.novy pristup

divergent

convergent evolution

‘Stemarchorhynchus mormyrus (Steindachner, 1868)

aj.

adaptivni o’

radiace L
£33 897
2 xR 3% &
= O 2 1T a ®»

w Lutetian

Afrotheria

molekularni biologie

fenotyp

Gasto studovan pfimo
proximatni mechanismy
zaméfeni na extrémni fenotypy
(ztrata funkce apod.)

geneticka variabilita a genotyp
jednoduchy pohled na
variabilitu

(divoky typ / mutant apod.)

molekularni evoluce

fenotyp
zfidka studovan pfimo

geneticka variabilita a genotyp
komplexni pohled na variabilitu
mechanismy vzniku a
udrzovani

slozity matematicky aparat

13



Avise and Wollenberg, 1997

® @ e e

Avise and Wollenberg, 1997

mezidruhové divergence

velké genetické distance mezi
vzorky

snazs$i nalézt dobfe podporeny
strom

stromy — fylogeneze

topologie stromu je dulezita k
formulaci hypotéz

uzly reprezentuji specia¢ni
udalosti

vnitrodruhové divergence

malé genetické vzdalenosti mezi
vzorky

obtizné nalézt dobfe podporeny
strom

stromy — genealogie

topologie stromu je méné
dalezita k formulaci hypotéz

uzly reprezentuji koalescenéni
udalosti

.

(1

fylogeneticka historie = arealova historie
aredl : taxon =/= organismy : geny
ale: historie taxonu neni identicka s historii arealu (!)

Genes and organisms Parasites and hosts Organisms and areas

N

e Qrganism Host
Gene m— Parasite <= Area
m— Organism
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phylogeography
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human mtDNA

(16,569 base pairs)

8885
z
o ER % § control region (CR)
gl B
i) K NADH dehydrogenases
]
g cytochrome ¢ oxidases
£ nuclear ribosomal RNAs
§
genes cytochrome b (cyt b)

ATP synthases
transfer RNAs

FIGURE 1.10  Structure and organization of genes in mammalian mtDNA. O, and O,
are origins of replication of the two strands of the molecule. MtDNA molecules nor-
mally display identical gene orders within and among related animal species, but occa-
sional rearrangements have occurred in evolution and can be exploited as markers to
identify deep branches in macroevolutionary trees (Smith et al., 1993; Boore et al., 1995)

Avise, 2000
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Avise, 2000
mature
soma oocyte 8 sperm

animal
generation 1

animal
generation 2 l

germ cells

FIGURE 1.11 Mitochondria (black dots) exist as large populations of organelles
within the cytoplasmic lineages of somatic cells and germ cells. In most animals, about
20-50 germ-cell generations intervene between organismal generations.

Avise, 2000
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rostlinna mtDNA — rychla evoluce prfestaveb, pomala evoluce sekvenci

(cca 100x pomalej$i mutaéni rychlost nez u mtDNA Zivogichul) mtDNA

nonreticulate genealogy
X

nucDNA
anastomose genealogy

ory, s
-a2
/) 101
it
Cox3 If >

N
N¢

a2
Nmp-a2

\ t

organismal generations

a2
\enFct
\WVimfta-ct
atpa

Avise, 2000

mitochondrialni Eva

(mitochondrial mrca
— most recent common ancestor)

Brown et al. (1980) — mala divergence mtDNA u recentnich populaci
Homo sapiens (p=0.0036) — divergence 180 — 360 000 let, bottleneck
(Garden of Eden, Noah’s Ark)

Cann et al. (1987) — hypotéza out of Africa

Vi A
\¢ Europe

40k - 50k

M) i Haplogroups)

150k - 170K

South Amenica

Adam

—— —  —{Y-chromeosomemrca)

Africa
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prior history

metodologické komplikace — diploidni (problém s izolaci haplotypt u
heterozygotli, genové rodiny — problém se specifitou primeru

biologicky charakter — pomala evoluce (nedostatek fylogeneticky
infromativnich mist), rekombinace

unresolved:

cis configuration
for A-T and G-C

GTATCT(A)GGCAAGTT(T|CAGT.

GTATCT|G|GGCAAGTT|C [CAGT.

or
trans configuration

for A-T and G-C
GTATCT(A)GGCAAGTTC\CAGT.

GTATCT|G|GGCAAGTT|T [CAGT.

Brown and Wright, 1975 — partenogenetické jeStérky

Brown et al., 1979 — primati

sequence divergence

kalibrace: 2% mezi taxony na 106 let
1% na linii na 108 let

T T T

T
0 20 40 60 80

divergence time (Mya)

organismal generations

Avise, 2000

17



ACCACCAACAACAACA ACCAGT
70 80 90 100 110 120
L E‘
100 r
80
£ 60
1
]
=
® a0 T—miDNA or cpDNA only
11— nucDNA. SNP, AFLP or RAPD only
T — miicrosatcllite only
IV — allozyme only
20
Land 1T combined
Tand I combined
0 Lind IV combined
2232 other combinations
- =2 8 % §5s iy 3 or 4 markers combined
~==2g8 § g § §
l { Publication year YR IR
| | A
) e representation
patice cegion 1 region 2 region 3
< iarge / R D
T s | D G TR
G=t=c a—b—c a—b—2¢)
H
ierge = 2y
Iz sensiicisans [ t ;—n i—m—n 1
g SEEEEE R Nooi |
3 Amia calva '
G=y—=z 1—y—2 x—y—2)
(bowfin) !
southeastern U.S. 1
Iz e A 2 2D EE= /
SEnelic ges QO esstern drainages
@ western drainsges /l
s O s ) 7’
Thunnus albacares ¢
X no targe =
™ genetic gaps 2R - = (yellowfin tuna)
circumglobal
&5 2 Q rare haplotypes
@) snared in similac frequencies
by Indo-Pacific and
7 o lar
Vo e RS e et el




Mezitaxonové srovnani V
fylogeograﬁckeho vystupu

/é?ﬁif

Gambusia affinis/ G. holbrooki

=

Micropterus salmoides

Eéﬁ

- tradiéni paradigma evropské historické
biogeografie

» Ledova doba zatlacila interglacialni spolec¢enstva a
jednotlivé jejich prvky hluboko na jih

* Prvky soucasné stredoevropské fauny prezivaly v
mediterrannich refugiich (kde doslo k nezavislé
divergenci azZ allopatrické speciaci)

* Jejich dnesni arealy jsou vysledkem postglacialni
rekolonizace z mediterrannich refugii
- cf. rozsiteni evropskych podvojnych druhd,
podle miry vzniku RIM — mira hybridizace,
introgrese

g7

Chorologicka

korespondence
fﬂog?]gﬁc 0 Vzc\ éy
1 - >

Attty

YAtlantic* 14T 0 ===
drainages

Sl

"Gulf"
drainages
[
faunal similarity mtDNA genealogy
(241 fish specles) (Lepomls punctarus)

Figure |

The three major Mediterranean refugial and differentiation
centres of Southern Europe during the last ice-age (RI:
Adlantic-Mediterranean, R2: Adriatic-Mediterranean, R3:
Pontic-Mediterranean) and the geographic location of the five

most important contact and hybridisation areas where differ-

ent biota got into secondary contact during the postglacial
range expansion processes (H1: Pyrenees, H2: Alps, H3:
western Central Europe, H4: eastern Central Europe, H5:
Central Scandinavia. {Based on Taberlet et al. [9] and Hewitt

[5D)-
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Grasshopper
(Chorthippues parallelus)

Alder
(Alnies glutinosa)

Fig. 2 Three paradigm European po:
patterns. the alder. the oak and the shre

(Ursus arctos)

Oaks Shrew
(Quercus spp)

I colonization patterns, the grasshopper, the hedgehog and the bear, and three similar species

see Hewitt 1999 for detailed discussion and references).

a)

coalescent theory - demography
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