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Sekundarni kontakt
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Hybridizace:

25% druhu cévnatych rostlin
10% druhu zivocichu
pravdepodobne podhodnoceni (jen napadné druhy: kachny, rajky, motyli)

Casto duvodem naruSeni prostredi:
napr. ,Darwinovy pénkavy“ Geospiza fuliginosa, G. fortis a

G. scandens po El Nifno

G. scandens

Geospiza fuliginosa




Mozne vysledky hybridizace

a) b)
hybridni zéna
hybridni \*™
hybridni roj zona
(hybrid swarm)
c) d) hybridni taxon

novy
habitat




Hybridni zona (Barton a Hewitt 1985)

= oblast, ve které se dveé geneticky odlisné populace setkavaji, kfizi
a davaji vzniknout alespon nejakemu hybridnimu potomstvu

Hybridni zény muzeme délit na:

primarni

sekundarni

tenzni (tension), mozaikoveé (mosaic), odsazene (staggered), ,mottled" ...

extrinsic selection (vnejSi prostredi)
intrinsic selection (prezygotické nebo postzygotické bariéry)




Mozaikova hybridni zona:

vliv vnejsiho prostredi

vlastné soubor nekolika hybridnich zén

pf.. Gryllus firmus x G. pennsylvanicus (SV USA)

piséité x hlinité pady

Iris fulva x I. brevicaulis:

l. fulva se omezuje na zalesnénégjSi m

r

sta

frequency of trait

-----------------M

transect across the zone




kunka obecna
B. bombina:

niziny

prevazne ve vode
vetsi vodni plochy
tencCi kuze
teritorialni

530 Hz

delSi vyvoj

Bombina:

HZ, v Polsku ne

v Chorvatsku mozaikova

o
\\\ 5

@ B. bombina
A B variegata

N

k. Zlutobfiché
B. variegata:

hory, pahorkatiny
terestricka
rozmn. v louzich
tlusta kuze
neteritorialni

580 Hz

kratSi vyvoj




AUSTRIA

Most hybrid zones are
tension zones.

Nick Barton

... l.e., they are maintained by balance between
dispersal and selection (Barton & Hewitt, 1985)




Tenzni zona je kdyz...




Tenzni zona je kdyz...

= rozsirovani zony




Tenzni zona je kdyz...

—> zuzovani zony

Tenzni zéna udrzovana dynamickou rovnovahou mezi disperzi a selekci




tenzni zona se pohybuje
ve smeru gradientu
populacni hustoty

Tenzni zéna neni zavisla na vnéjsich podminkach (intrinsic selection)
= jeji pozice se ustali na misté geografické prekazky

LA 4V 4







tenzni zona se pohybuje
ve smeéru gradientu
populacni hustoty







Teorie klin:

sekundarni kontakt: :> koincidentni a konkordantni kliny

Klina = gradient znaku (napf. frekvence alely nebo prumér
kvantitativnino znaku) pres prostorove kontinualni habitat




sekundarni kontakt

n.2 F

e L

=100

Geographic scale

a0l

100




'

koincidence = souhlasna pozice stfedu

konkordance = souhlasny tvar klin
(v praxi vetSinou souhlasné Sirky)




Teorie klin:

vs. selektovane lokusy

selekce proti hybridum




difuze neutralniho markeru
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Geographic scale
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difuze neutralniho markeru

=100

Geographic scale
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difuze neutralniho markeru

=100

Geographic scale

100




difuze neutralniho markeru

-14an

=30 a0

Geographic scale

100




vS. selektovane lokusy

s postupujicim casem konkordance mizi ...

lokus 2

... ale (u tenzni zény) selekce tlaci kliny pro jednotlivé lokusy k sobée
= udrzuje koincidenci




obcgas ...

... ale kliny stale paralelni

lokus 1

lokus 2




cline models (diffusion approximation etc.), linkage disequilibrium,
evolutionary parameters

problém, jak analyzovat




Studium hybridni zény

Vzorky podél linearniho nebo 2D transektu, geografické koordinaty
lokalit

Geneticka (morfologicka, behavioralni atd. analyza)
... problém nezavislosti vzorku (Fgt, Fis ... efektivni pocCet alel)

Geografické kliny
Odhad disperze, selekce a dalSich parametru

Alternativni pfistupy:
monotonni kliny

2D analyza
genomicke kliny
konkordancni analyza




Pripadova studie: hybridni z6na domacich mysi

Denmark §




musculus




Mysi kolonizace Evropy
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Cucchi et al. (2005)



Mysi kolonizace Evropy

Doba bronzova a zelezna

Cucchi et al. (2005)




Mysi kolonizace Evropy
Pozdni neolit

pol. 4. tisicileti BC

Cucchi et al. (2011)




Mysi kolonizace Evropy

Vikingove

Prager et al. (1993); Searle et al. (2009)




Hybridni zona v Evrope musculus

nezname presné
dobu vzniku...

....

domesticus




Hybridni zéna v Evropé

Co tuto zonu ovlivhuje?




Arctic Circla
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Arctic Circla

%j Horwegian
=ea

Atlantic "

Ocean

E oceanske klima F¥®
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klimatické faktory nehraji roli
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Pripadova studie: hybridni zona domacich mysi
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prubéh hybridni zény muze byt komplikovany....

... havic predem vétsinou nezname, nebo extrapolujeme z globalniho smeru
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Widescale survey
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Cline interpolated

from widescale survey




2D - 1D Kliny




Priklad: Mpi

1,0
Sirka (w) = 1/max. slope
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0 20 40 60 80 100 120 140
vzdalenost podél transektu (km)

prolozeni: napfr. logisticka regrese x modely zalozené na teorii klin
sigmoidni model: hyperbolicka tangencialni funkce:

p(x,) = ;{1 + tanh(z(xf_c)ﬂ

w




Vice genu:

-
o

0.8 P(xi)=%|:1*tanh(2(xi=c) » p(xi)exp(-inﬂ/w)
)
§ 0.6 £
o 4p
L 04
LL

O
N

0.0

Distance along transect

,Stepped” model (symetricky, asymetricky)

vazbova nerovnovaha v dusledku pfilivu rodiCovskych kombinaci =
zesileni selekce ve stfedu zony = centralni schod
introgresni ,ocasy” vypovidaji o selekci na jednotlivé lokusy




Z hodnot LD a klinalnich parametri muzeme odhadnout
nektere dalsi klicove evolucni parametry:

dispersal: g=w kr
1+7
o 2
effective selection: s = 8()
w
selection on marker loci: s.=5 6
2 2
selection on selected loci: s = 80 1n( B j
B’ wlAu
fitness of hybrids: Wy = (WEPJ
7B’
number of loci under selection: n =




srovhani modelu: LRT (jsou ,nestované®); d.f. = rozdil poctu parametru

likelihood profiles:

Log-Likelihood

Six allozymes
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hybridni zéna hybrid index

ok

distance along transect (km)

hybrid index

10

oblasti pod selekci

. 8 . |

08

0

/.

sirka kliny

w rw

vzdalenost na chromosomu distance along transect (km)
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centromera molekularni markery




Problemy — chromozom Y
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Pooled Adjacent Violators Algorithm (PAVA)

5 O

% non-monotonic - O O

E “adjacent violators”

o

A O

o ’ \ O

> O

@ Q Brunk (1955)

-1 O Barlow et al. (1972)

Macholan et al. (2008)

Distance along transect

. /V _@_

<

© -@—'-@

E

r) :

5 . _~

=

S| AL g

3|/ ©

LL _@'

Distance along transect




PAVA for different orientations

_0\
_.m

e

No. orientations = N(N — 1)
— 3 sites: 6 different directions

— 20 sites: 380 directions
accuracy = 1°

most likely direction




Log likelihood
O(support)

T

-10

-80 -60

Geographic orientation (degrees from due north)




Monotonic clines — consensus orientation
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salient/invagination = 330 km?




Podivne chovani chromozomu Y v hybridni zone — shrnuti:

v v VLR &Y 4

vlastnim genetickém pozadi

2. vétSi procento samcu ve srovnani s ostatnimi oblastmi

Bud nahoda, nebo ...




... hebo geneticky konflikt mezi Xa'Y
a pravdepodobne i nekterymi autozomalnimi geny

[HIEEARYS FivaLLy GOINGITONSSS
LLahy JOS=

' Il
-1 8 |[

“THIS WAS

SUPPOSED
TO BE

4 MY TURN,

"'I'l DAMMITI®

FreakingMNews.com




Gregor Mendel

, = zakon o
4% j segregaci

A
50%

Aa

7\

a

50%




Intragenomovy konflikt vede k vetsimu zastoupeni nekteréeho
genomoveho elementu v pristi generaci

Gregor Mendel A a

{ ,drive” (tah) W/\

95% 5%

vychyleni segregaciho (transmisniho) pomeru
= segregation distortion (SD)
= transmission ratio distortion (TRD)

Aa
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Chr. X - 2D analyza
Geneland
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Celogenomova analyza — ,genomicke kliny*

A. Underdominance C. Epistasis
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Z. Gompert & A. Buerkle
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Konkordancni
analyza:

S.J.E. Baird
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Konkordancni
analyza:

S.J.E. Baird

HI focal locus
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Konkordancni
analyza:

vychyleni
na zapad

S.J.E. Baird
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Konkordancni
analyza:

S.J.E. Baird
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Proximalni marker na chr. X
bloky kolem prox. markeru

hranice pfechodu chr. Y
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lokality bez introgrese

konsensualni
hranice prechodu

Rekombinace snizuje velikost introgresovanych
blokl smérem od stfedu zony




Analyza pachovych preferenci pres mysi hybridni zénu:
zesileni (reinforcement) prezygotickou bariérou
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ProcC studovat hybridni zony? - speciace

Dobzhanského-Mulleriv model

Dobzhansky-Muller model

Descendant 1

AaBB w===p 22BB W. Bateson T. Dobzhansky H. Muller

Ancestor / \ Hybrid

AABB AaBb

\ Descendant 2 /

AABb =P AAbb

Fig. I The Dobzhansky-Muller model for postzygotic isolation
(see text for a full explanation)




,Zavody ve zbrojeni” a sekundarni kontakt
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Fuck off bear cavalry




geneticky konflikt: “klasicky” scénar

subpop. 1

arms race v o
ancestralni pokracujici
populaci arms race

subpop. 2
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sekundarni kontakt
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geneticky konflikt: alternativni scénar vitéz konflikiu prospenuje

na “naivnim” genetickém
pozadi

\ W J
arms race v o
ancestralni pokracujici sekundarni kontakt

subpop. 1

populaci arms race

subpop. 2

“antispeciacni geny”




ProC nepozorujeme casteji?

{ incompatibility loci

neutral loci }

[ arms victors

Casovana bomba...




Cytonuklearni nerovnovahy

* = nenahodné asociace jadernych a cytoplazmatickych
(mitochondrialnich) alel

e 3 x 2 tabulka

jaderny genotyp:
MtDNA: AA Aa aa celkem
M u, v, w, X
m u, v, w, y
celkem u v w 1




Absence hybridizace

Nahodné krizeni, hybridni roj

jaderny genotyp:
mtDNA: AA Aa aa
M +++ 0 0
m 0 0 +++

Hybridizace bez vyraznejsi introgrese,

kfizeni nezavisi na pohlavi

jaderny genotyp:
mtDNA: AA Aa aa
M obs=exp obs=exp obs=exp
m obs=exp obs=exp obs=exp

Hybridizace bez introgrese,
kfizeni zavisi na pohlavi

jaderny genotyp:
mtDNA: AA Aa aa
M ++ obs=exp 0

m 0 obs=exp ++

jaderny genotyp:
mtDNA: AA Aa aa
M ++ ++ 0
m 0 - ++




Hybridi se Castéji kfizi s méné
diskriminujicim druhem

Symetricka introgrese
do obou druht

jaderny genotyp:
mtDNA: AA Aa aa
M obs=exp ++ --
m obs=exp - ++

Mozna introgrese,
kfizeni zavislé na pohlavi

jaderny genotyp:
mtDNA: AA Aa aa
M ++ obs=exp --
m - obs=exp ++

jaderny genotyp:
mtDNA: AA Aa aa
M ++ ++ --

m 0 0 ++




Programy pro analyzu hybridnich zon:

Analyse: Stuart J.E. Baird, Nick H. Barton (Mac)
ClineFit: Adam Porter (PC)
CFit: Thomas Lenormand (PC)

(Geneland)

T. Lenormand

S.J.E. Baird

N.H. Barton




Program NewHybrids:

A Model-Based Method for Identifying Species Hybrids Using

We present a statistical method for identifying species hybrids using data on multiple, unlinked markers.
The method does not require that allele frequencies be known in the parental species nor that separate,
pure samples of the parental species be available. The method is suitable for both markers with fixed
allelic differences between the species and markers without fixed differences. The probability model used
is one in which parentals and various classes of hybrids (F,’s, Fs’s, and various backcrosses) form a mixture
from which the sample is drawn. Using the framework of Bayesian model-based clustering allows us to
compute, by Markov chain Monte Carlo, the posterior probability that each individual belongs to each
of the distinct hybrid classes. We demonstrate the method on allozyme data from two species of hybridizing

Multilocus Genetic Data

E. C. Anderson' and E. A. Thompson

Department of Statistics, University of Washingion, Seaitle, Washington 98195

Manuscript received October 3, 2001
Accepted for publication December 24, 2001

ABSTRACT

trout, as well as on two simulated data sets.
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FiGURE 1.—Six arrangements of founders on a pedigree of
n = 2 generations. Each box represents a locus. The circles
within each box represent the two genes possessed by the
diploid organism at the locus. The founders are the individuals
in the top row of each pedigree. Black gene copies are those
originating from the species A population, and the white genes
are from species B. Genes that are not determined to be either
black or white by the pedigree and the founders in it are
denoted by broken circles. The individual at the bottom of
each pedigree belongs to a different hybrid class, determined
by the arrangement of species among the founders. a—f repre-
sent six distinct genealogical classes. a—f also represent six distinct
genolype frequency classes. There are, however, only five distinct
frene frequency classes; the individuals at the bottoms of pedigrees
c and f are both in the same gene frequency class.




