Specilace

Proces vzniku novych druhu




Biologicka diverzita je diskontinualni.
Druhy objektivne existuji.
Jak je definovat?

“Nebudu zde ani probirat rizné definice
pojmu druh. Zadna z nich az dosud
neuspokojila vsechny prirodovédce, ale
kazdy pfrirodovédec zhruba vi, co mini tim,
kdyz mluvi o druhu.”

(Charles Darwin, O vzniku druhu pfirodnim
vybeérem, 1859)



Co je to druh?

Biologicka koncepce druhu (Ernst Mayr, 1942)

« Druh je skupina jedincu, ktefi se vzajemné plodné
kfizi a jsou reprodukcCné izolované od jinych takovych
skupin.
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Morfologicka koncepce druhu

Druh je skupina jedincu, ktefi se vzajemné podobaji a odliSuji se
ur€itymi znaky od jedincu jiného druhu.
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Genealogickal/fylogeneticka koncepce druhu

* Druh je skupina jedincu, ktefi vykazuiji urcité spolecné znaky,
a maji svého unikatniho spole¢ného predka a to i na urovni
genealogii.




Ekologicka koncepce druhu

Druh je skupina blizce pfibuznych jedincu, ktefi obyvaji stejnou ekologickou niku.
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Speciacni kontinuum
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Speciation driven by intrinsic barriers vs. speciation driven by extrinsic postzygotic
and prezygotic barriers (ecological speciation and speciation by sexual selection)

b Speciation driven by intrinsic barriers

Barrier effects

Panmictic
populations

barriers

Speciation continuum _Two |rrever5|l_le
isolated species

Mus musculus domesticus and Ficedula hypoleuca and
Mus musculus musculus Ficedula albicollis flycatchers

Japan sea stickleback
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Orchis spp. orchids

a Speciation driven by divergent selection

Barrier effects
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Pundamilia nyererei and Pundamilia pundamilia cichlids

Haplochromine cichlids
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Young stickleback species pairs
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Jak druhy vznikaji
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Jak druhy vznikaji

Sympatricka speciace

Charles Darwin

Vznik polymorfismu

)

Reprodukéni izolace vznika
za pritomnosti genového toku
v sympatrii

Disruptivni selekce

'

Asortativni parovani



Problémy sympatrické speciace

Jak zabranit rekombinaci mezi geny pro:
(1) vybiravost samic,
(2) pohlavné selektované znaky samcu a
(3) ekologické znaky

Geospiza magnirostris
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Sympatrickou speciaci je tézke dolozit

Jak vyvratit, ze v minulosti nebyly druhy alespon prechodnou dobu v alopatrii?

O Amphilophus citrinellus & Amphilophus zaliosus

Dva druhy palem na ostrove
lorda Howa v Pacifiku. Cichlidy v kraterovém jezere v Nikaragui

Savolainen et al. (2006), Nature. Barluenga et al. (2006), Nature.



‘u‘ B ‘.{."‘-
Z A

Ernst Mayr

Po sekundarnim
kontaktu se druhy uz
nekfizi anebo
produkuji, sterilni Ci
nezivotaschopné
hybridni potomstvo.

Jak druhy vznikaji

Alopatricka speciace

a»
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Vznik geografické bariéry

D

Reprodukeni bariéra vznika
bez pfitomnosti genového
toku v alopatrii

¢

Divergence bez
genového toku

A



Vnitrni postzygoticka izolace

Oryza sativa
Hybridni sterilita indica hybrid aponica

Zhenshan 97
(indica)

Nipponbars
(japonica)

Q D. melanogaster Q D. melanogaster C(1)RM
x & D. santomea x & D. santomea
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Vnitini postzygoticka izolace byla vzdy povazovana za dulezité kritérium
pro vymezeni druhi. Nicméné, jeji vznik byl na konci 19. stoleti zahadou.

e ™ /No man could have more earnestly\
wished for the success of natural

selection in regard to sterility, than |
did.... | always felt sure it could be
worked out, but always failed in
detail. The cause being as | believe,
that natural selection cannot effect

what is not good for the individual. &=
\ R RN :,.:,

Could you imagine
that hybrid sterility
arose by natural
selection?

| am sorry you should have
given yourself the trouble to
answer my ideas on sterility... |
now think there is about an
even chance that natural
selection may or not be able to
accumulate sterility.

b7 )

Charles Darwin

Alfred Russel Wallace
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Vnitrni postzygoticka izolace
nevznika adaptivné, ale jako
vedlejSi efekt divergence
druht (zpusobené selekci ¢i
genetickym driftem).

(Bateson)-Dobzhansky-Muller
nekompatibility
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Dveé pravidla speciace

Haldaneovo pravidlo

Pokud je u mezidruhovych hybridd jedno
pohlavi sterilni €i nezivotaschopnég, je to
zpravidla pohlavi heterogametické (1922).

John B. S. Haldane
Teorie dominance

Homogametické pohlavi Heterogametické pohlavi
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N Y N
AaBb Aab
fertilni

sterilni

o ‘@

h




Dvé pravidla speciace

Velky vliv chromosomu X

« Chromosom X ma vétsi vliv
na postzygotickou izolaci ve
srovnani s autosomy.

« Muze byt vysvétleno teorii
dominace?

H. Allen Orr
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(D4

Geny hybridni sterility jsou na chromosomu X Castgjsi, i kdyz se vezmou v
potaz recesivni autosomalni nekompatibility.

Velky vliv chromosomu X na hybridni sterilitu musi mit i jiné vysvétleni nez
teorii dominance.

Homozygotni introgrese z D. mauritiana do D. sechellia
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Velky vliv chromosomu Z

Slavik tmavy
(Luscinia luscinia)
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Slavik obecny
(Luscinia megarhynchos)

Storchova et al. 2010



Priciny velkého vlivu chromosomu X/Z

Rychlejsi molekularni evoluce na chromosomu X/Z _—
0.34
i. Casté&jsi fixace vyhodnych recesivnich mutaci na =
hemizygotnim chromosomu X/Z. = o2
©
ii. SilnéjSi geneticky drift, CastéjSi fixace mirnée 019
nevyhodnych mutaci. 0.1
0.05
Slavik obecny Slavik tmavy -
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SO vice promiskuitni
-> nizSi Ne chr Z
-> silnéjSi geneticky drift na Z

v wv s

Janousek et al. 2019



Priciny velkého vlivu chromosomu X/Z

Meioticky tah

Rychla koevoluce mezi geny zpusobujici meioticky tah a jejich
supresory. U hybridd maze zpusobit sterilitu.

Samci hybridi ¢astecné sterilni.

Pokud hybridni samci vyprodukuji néjaké potomstvo,
jde vzdy jen o samice (X-vazany meioticky tah).

Gen odpovedny za sterilitu a meioticky tah:

Overdrive. Vykazuje velmi rychlou evoluci Drosophila pseudoobscura
(vysoké dN/dS). Poddruh z Kolumbie

(Bogota) a USA

Phadnis and Orr, 2009



Early pachynema O

Early pachynema

Priciny velkého vlivu chromosomu X/Z

Late pachytene

Porucha inaktivace pohlavnich chromosomu
v samci mei6éze u hybridu

sex body
PB6F1

PWD/Ph
(M.m.musculus)

* Hybridni samci sterilni.

« Asynapse homolognich chromosomu v
meidze a porucha inaktivace
chromosomu X.

Bhattacharyya et al. (2013) PNAS
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« Gen saméi hybridni sterility u mysi. S @2{% %ﬁﬁ
« DNA vazebny protein (zinc-finger doména). o Gpee®  Doge?® o

Ur€uje pozici dvouvlaknovych zlomd v DNA

béhem meidzy .

. . re-SET st-SET
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* Rychla molekularni evoluce.
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Speciacni geny

Urass with swaomitalis
Pagfisn (paental stran) ———————————p» Hybrc (offsanng)

w ‘ Xiphophorus
. ‘ . . Xmrk-2 (hybridni nezivotaschopnost)

Zhoubné melanomy u hybridd

Drosophila

Overdrive (hybridni sterilita)

OdsH (hybridni sterilita)

Nup96 (hybridni nezivotaschopnost)
Hmr (hybridni nezivotaschopnost)

House mouse
Prmd9 (hybridni sterilita)

« Rychla molekularni evoluce (geny uc€astnici se vnitrogenomovych konfliktd,
ko-evolu€nich zavodu ve zbrojent).



Konflikt mezi matkou a plodem muze vést
ke vzniku hybridni nezivotaschopnosti u savcu

» Hybridni nezivotaschopnost vznika relativhé
rychle u savcu ve srovnani s jinymi obratlovci

maternal imprinting £ paternal imprinting

limits use of matemal resources maximizes use of maternal resourcaes

by baby in utero L A "'-. /

oo growt R

* Placentalni dysplazie u savcéich hybridi

by baby in utero

M. musculus x M. spretus
- zmenSena placenta

M. sprestus x M. musculus
- zvétSena placenta




Abnormalni vyvoj semen u krytosemennych rostlin

Crx Cgqg Cg x Cr
Poruchy vyvoje endospermu Capsella rubella a C. grandiflora
u hybridd

Reberning et al. 2015
Lafon-Placette and Kohler, 2016



Mito-nuklearni inkompatibility

Proteiny dulezité pro oxidativni fosforylaci jsou ¢aste¢né kdédované
MtDNA a CasteCneé v jadre.

Rychla molekularni evoluce mtDNA u ZivoCicht muze vést k mito-
nuklearnim nekompatibilitam (suboptimalni elektronovy transport béhem
oxydativni forforylace, vysSi produkce kyslikovych radikala).




Mito-nuklearni koevoluce

ARTICLES nature .
https://doi.org,/10.1038//541559-018-0588-1 eCOIOgy & eV()lutlon

OPEN

Genomic sighatures of mitonuclear coevolution
across populations of Tigriopus californicus

Felipe S. Barreto™'2*, Eric T. Watson?, Thiago G. Lima?*, Christopher S. Willett*, Suzanne Edmands?,
Weizhong Li®* and Ronald S. Burton?
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Chromosomalni speciace

Robertsonovské translokace

Metacentricky chromosom vznikly fuzi
dvou akrocentrickych chromosomu.

Mus musculus domesticus

Breakage

_ n vice nez 40 ruznych lokalnich
9 chromosomovych ras s riznymi Rb
ragmen
Uity o chromosomy.

Normal, nonhomologous, Robertsonian
acrocentric chromosomes translocation

Hybridi mezi rasami liSicimi se jedinou Robertsonovskou

translokci mohou byt fertilni. Ale hybridi mezi rasami, kde
stejny chromosom je v Rb translokaci s jinym autozomem
vétsSinou sterilni.



Chromosomové translokace ¢asto zpusobuiji sterilitu pouze u
samcl (Haldaneovo pravidlo)

Mnoho Rb translokaci, reciprokych autozomalnich translokaci a X-
autosomalnich translokaci zpusobuje sterilitu hybridnich samcu, ale ne
samic (Haldaneovo pravidlo).

Sterilni samci heterozygotni pro translokaci vykazuji nekompletni
1718 . ° - . . . ’ ’
— synapsi chromosomu, ktera interferuje s inaktivaci pohlavnich
L o v y
¢—— 2 chromosomu béhem meiozy.
17 | 1647 a
l Pre-mid-pachytene Mid-late pachytene Spermatids
, § o , spermatocytes =) spermatocytes o
g) < < ! < 4
% o N o ;
Cf'f, o ° 7x °° 17X © 17X
A Y ’,"‘\ Chromosome Chromosome Chromosome
S
\':\'f.:'\ - Pre-mid-pachytene Mid-late pachytene Spermatids
o 9 - spermatocytes © . spermatocytes =)
B10-T43/+ £ uﬁ - | aﬂ
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17 X 17 X 17 X
Chromosome Chromosome Chromosome

Homolka et al. 2007



Aktivace transpozonu u mezidruhovych hybridi

« Transpozony jsou umlcny malymi RNA (piRNA) v germinalni linii.

« Nekompatibility mezi paternalné zdédénymi transpozony a maternalné
dédénymi piIRNA mohou vést k aktivaci transpozond.
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Ungerer et al. 2006




Proc. Natl. Acad. Sci. USA
Vol. 92, pp. 8050-8054, August 1995
Genetics

Diverse transposable elements are mobilized in hybrid dysgenesis

in Drosophila virilis

(regulation of transposition)

DMITRI A. PETROV, JENNIFER L. SCHUTZMAN, DANIEL L. HARTL, AND ELENA R. LOZOVSKAYA

Department of Organismic and Evolutionary Biology, Harvard University, 16 Divinity Avenue, Cambridge, MA 02138

Communicated by Matthew Meselson, Harvard University, Cambridge, MA, May 25, 1995 (received for review April 4, 1995)

ABSTRACT = We describe a system of hybrid dysgenesis in
Drosophila virilis in which at least four unrelated transposable
elements are all mobilized following a dysgenic cross. The data
are largely consistent with the superposition of at least three
different systems of hybrid dysgenesis, each repressing a
different transposable element, which break down following
the hybrid cross, possibly because they share a common
pathway in the host. The data are also consistent with a
mechanism in which mobilization of a single element triggers
that of others, perhaps through chromosome breakage. The
mobilization of multiple, unrelated elements in hybrid dys-
genesis is reminiscent of McClintock’s evidence [McClintock,
B. (1955) Brookhaven Symp. Biol. 8, 58-74] for simultaneous
mobilization of different transposable elements in maize.

viral element not detectable in either parent species. These results,
taken with the observation of deficient methylation and de novo
chromosome change in other mammalian hybrids, indicate that
the failure of DNA methylation and subsequent mobile-element
activity in hybrids could facilitate rapid karyotypic evolution.

illan Publishers Lid 1998
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Undermethylation

associated with retroelement
activation and chromosome
remodelling in an interspecific
mammalian hybrid

Rachel J. Waugh O'Neill*t, Michael J. O'Neill:
& Jennifer A. Marshall Graves*

* Department of Genetics and Human Variation, La Trobe University, Bundoora,
Victoria 3083, Australia

t Department of Molecular Biology, Princeton University, Princeton,

New Jersey 08544, USA

Genetic models'” predict that genomic rearrangement in hybrids
can facilitate reproductive isolation and the formation of new
species by preventing gene flow between the parent species and
hybrid (sunflowers are an example®). The mechanism underlying
hybridization-induced chromosome remodelling is as vyet
unknown, although mobile element activity has been shown to
be involved in DNA rearrangement in some dysgenic Drosophila
hybrids**. It has been proposed that DNA methylation evolved asa
means of repressing the movement of mobile elements (the host
defence model®). If such a protective mechanism were to fail,
mobile elements could be activated, and could cause major and
rapid genome alterations®. Here we demonstrate the occurrence
of genome-wide undermethylation, retroviral element amplifica-
tion and chromosome remodelling in an interspecific mammalian
hybrid (Macropus eugenii X Wallabia bicolor). Atypically extended
centromeres of Macropus eugenii derived autosomes in the hybrid
were composed primarily of an unmethylated, amplified retro-

t Present address: Department of Ecology and Evolutionary Biology, Princeton University, Princeton,
New Jersey 08544, USA.

NATURE|VOL 393|7 MAY 1558




Drosophila buzzatii and D. koepferae
coexist in the arid zones of Bolivia and
the Argentine Northwest.

« Mobilization of TEs has been described in interspecific hybrids.

« TE deregulation very likely due to fast divergence in piRNA
pathway proteins and piRNA (signs of positive selection,
differential experssion between species).

. genes MbPy

Article
Drosophila Interspecific Hybridization Causes a
Deregulation of the piRNA Pathway Genes

Victor Gamez-Visairas "1, Valéria Romero-Soriano /2, Joan Marti-Carreras 1302,
Eila Segarra-Carrillo ! and Maria Pilar Garcia Guerreiro *(
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Presun genu jako pri¢ina hybridni sterility
JYAlpha, gen dulezity pro samci fertilitu chr3 chrd

: Nl
Na chr 3 u Drosophila melanogaster in D 1 copy of JYAlpha
Na chr 4 u Drosophila simulans

y 1 copy of JYAlpha
Cast F2 hybridd postrada JYAlpha -> sterility

2 copies of JYAlpha

0 copies of JYAlpha

| E—— [— | [
[ | N [
[— | — [ |
. [ —/ | |

Bl D. melanogaster
[0 D.simulans

Masly et al. 2006



Hybridni sterilita u kfizencll mezi druhy liSicimi se ploidii

» Hybridni jedinci (3n) problém s meidézou. Sterilita.

* Duplikace genomu vytvori okamzitou reprodukcni izolaci.
Okamzita sympatricka speciace



Da se vubec v praxi rozlisit
sympatricka a alopatricka speciace?



Mezidruhova hybridizace po sekundarnim kontaktu

ini rhynch : m——
::322:::2 mggiiiay chos Mus musculus domesticus -
Mus musculus musculus g B . &%
« M'. \d‘-@o Victori

< ,":;‘

Southem Africa

Cichlids

Bombina bombina
Bombina variegata

)

Homo sapiens
Homo neanderthalensis

Fire-bellied
toad range
Hybrid zone

Yellow-bellied
toad range




Selektivne propustna reprodukcni bariéra

N N
druh 1 = // - O \ ‘ druh 2

: |
| O OO 0
\\09// > M. m. musculus




Selektivné propustna reprodukcni bariéra

Rt
<

druh 1 -

=

-
D

d'zmp

Corvus corone Corvus cornix

Genovy koncept druhu (Chung-I Wu, 2001)

* Reprodukéni bariéra se nemusi tykat celého genomu, ale muze byt
udrzovana celkem malym pocétem genu.

» Druh jako koadaptovany komplex genu.



Divergence s genovym tokem

*Speciace je obvykle pozvolny proces.
*\/ pfirodé nalezneme druhy v rizném stadiu vzniku.

*Blizce pribuzné druhy jsou Casto ne zcela reprodukcne izolované.

\




Genomicke ostrovy zvysené diferenciace a divergence
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Geographic clines

Gene flow, ox m—
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Genomic clines
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Jak dokoncit speciaci po sekundarnim kontaktu

Reinforcement

» Vznik prezygotické bariéry v dusledku selekce proti hybridizaci.

Allopatry
F albicol |"f5

ff“ If" & &\ {cww
F. albicollis

Eu r-::upa}




Reinforcement na gameticke urovni

INTERNATIONAL JOURNAL OF ORGANIC EVOLUTION

SOCIETY for the STUDY of EVOLUTION

ORIGINAL ARTICLE

Sperm divergence in a passerine contact zone: Indication of
reinforcement at the gametic level

Tomas Albrecht . Kamila Opletalova, Jifi Reif, Vaclav JanouSek, Lubomir Pialek, Emily R. A. Cramer,
Arild Johnsen, Radka Reifova

First published: 31 December 2018 | https://doi.org/10.1111/ev0.13677 | Citations: 2



No contact (allopatry)

exual selection

Smadja and Butlin. MolEcol. 2011



Evoluéni dusledky mezidruhové hybridizace

Mezidruhovy genovy tok je dulezitym zdrojem genetické variability
Paralelni evoluce
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Hybridizace a genovy tok urychluje adaptivni radiace

« K adaptivni radiaci
treba nejen volné
ekologické niky, ale
také geneticka
variabilita.

Upper Nile A

| Drainage systems
Upper Nile (N) B East coast

- P Nile basin
Frequency of the m ANEEEEEEEEEEEEEEEEEn :
North Interior

Congolese allele EEEEEEEEEEEEEEEEEEEE
. Endorheic drainage systems
0002 04 06 08 1.0 Zambezi

Meier, et al. 2017 Nat. Comm.

H. cf. serranus




Speciace hybridizaci
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Polyploidni hybridni speciace

Provazena duplikaci genomu
hybridniho druhu.

Duplikace genomu

(1) odstrani pripadné poruchy v
meidze u hybridd, pokud se
rodiCovskeé druhy liSi ploidii.

(2) vytvori reprodukéni bariéru
mezi hybridy a rodiCovskymi
druhy.

Casta u rostlin. ~ 15%
krytosemennych roslin vzniklo
polyploidni hybridni speciaci.
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N. digluta
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=72
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Homoploidni hybridni speciace

* Nedochazi ke zménam ploidie.

* Reprodukcni izolace mezi hybridnim
druhem a rodiCovskymi druhy se
muze vytvofit pokud se hybridi
geograficky oddéli od populace
rodiCovskych druhl anebo
ekologicky odlisi.

Heliconius heurippa'

|

House sparrow
Passer domesticus)

I Italian-house hybrids

Italian sparrow
(Passer italiae)

Spanish sparrow
(Passer hispaniolensis)

100

——— H. niveus subp. niveus

perennial Helianthus

H. praecox

H. debilis

H. niveus subsp. tephrodes
H. niveus subsp. canescens

H. neglectus

H. petiolaris « _
"\. “H. anomalus (sand dune)
/. -H deserticola (desert floor)

& - -'H paradoxus (salt marsh)

-
H. annuus

H. argophylius
H. bolanderi
H. exilis
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Hybrid speciation leads to novel male secondary sexual
ornamentation of an Amazonian bird

Alfredo O. Barrera-Guzman®', Alexandre Aleixo®, Matthew D. Shawkey®, and Jason T. Weir®d"

*Department of Ecology and Evolutionary Biology, University of Toronto, Toronto, ON, Canada MS5 382, "Department of Zoology, Museu Pardense Emilio
Goeldi, Belém, Para, 66040-170 Brazil; “Department of Biology, University of Ghent, 9000 Ghent, Belgium; and “Department of Biological Sciences,

University of Toronto Scarborough, Toronto, OM, Canada M1C 144
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Hybridogeneze

« Skokan zeleny je F1 hybrid. Pfi gametogenezi F1 hybrida
zni¢en genom jednoho z rodi¢u. KFfizenim s rodi¢ovskym
druhem, jehoz genom byl zni€en, vznika opét F1 hybrid.
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skokan kratkonohy

skokan skiehotavy
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