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Abstrakt

Disertacni prace se zabyva evoluci zpiisobli urCovani pohlavi a genomil u Supinatych plazi.
Jejim zékladem jsou tfi publikované prace a dva rukopisy. Evoluce pohlavné determinacnich
mechanismu, pohlavnich chromosomi a genoma a jejich uspotfadani byla studovdna na Sirsi
fylogenetické urovni vSech Supinatych plazt se zaclenénim dalSich linii plazl a také na mensi
Skale jako podrobné srovnani uvnitt vybranych linii. Problematika byla studovana klasickymi
cytogenetickymi metodami a metodami molekularni cytogenetiky, zejména s pouzitim
fluorescenéni in situ hybridizace na riznych Grovnich. Vysledky byly interpretovany v ramci
fylogenetickych postupi. Prace pfispiva k hlubSimu porozuméni principti ur¢ovani pohlavi a
evoluce tohoto fenoménu nejen u Supinatych plazl, ale i u amniotickych obratlovcl. Na
zaklad¢ vysledkt ziskanych pii feSeni problematiky je mozné konstatovat, ze pohlavni
chromosomy vznikaly v evoluci v jednotlivych skupinach amniotickych obratlovcl nezavisle.
Tento vznik je v nékterych piipadech nasledovan akumulaci mikrosatelitovych sekvenci na
pohlavnich chromosomech, jejichZz charakter v§ak neni spole¢ny pro pohlavni chromosomy u
riznych fylogenetickych linii. Uspotfadani genomt Supinatych plazi vykazuje znacnou miru
konzervatismu a chromosomové piestavby mohou byt posuzovany jako synapomorfie
jednotlivych skupin. Ze srovnani vyplyva, Ze konzervativni uspofadani genomil je

pravdépodobné spolecnym rysem celé skupiny Sauropsida, nejen Supinatych plazi.



Abstract

This Ph.D. thesis is focused on the evolution of sex determining mechanisms and genomes in
squamate reptiles. It is based on three published articles and two manuscripts. The evolution
of sex determining mechanisms, sex chromosomes and genomes, and their organisation, was
studied on a wide phylogenetic scale of the whole group of squamate reptiles and some
lineages of other Sauropsids, as well as on the small phylogenetic range as a detailed
comparative study inside individual lineages of squamates. This thesis is based upon the use
of classical cytogenetic methods, methods of molecular cytogenetic (especially fluorescent in
situ hybridisation) and the results were analysed using phylogenetic approaches. The results
and outputs of this study represent an important contribution to the general knowledge of the
principals of sex determination and the evolution of these phenomena not only in squamate
reptiles but also in the whole group of amniotes. Using the results obtained during the work
on this thesis we can conclude that sex chromosomes evolved in particular lineages of
amniotes independently. This origin was in some cases followed by accumulation of
microsatellite sequences on sex chromosomes, but their identity is not shared between sex
chromosomes of individual lineages across the phylogenetic distribution. Genome
organisation indicates that the high degree of conservatism and chromosome rearrangements
could be considered as a synapomorhyes of individual phylogenetic groups. According to the
comparison of the degree of conservatism of genomes it seems that this is the common

characteristic of the genomes of the whole group of saoropsids and not only the squamates.



Uvod

Diserta¢ni prace se zabyva evoluci pohlavné determinacnich mechanismi a s tim
spojenou evoluci usporadani genomil u Supinatych plazi. Obecné u obratlovel rozliSujeme
dva zakladni typy determinace pohlavi. Environmentalné uréené pohlavi (ESD; z angl.
»environmental sex determination®) v némz to, zda se vyvine ze zygoty samec Ci samice, neni
predikovano pohlavné specifickym genotypem zygoty, ale zavisi na vnéjSich podminkach.
Druhym zplGsobem je genotypicky urcené pohlavi (GSD; z angl. ,genotipic sex
determination®), kde o pohlavi rozhoduji pohlavi determinujici geny, jenz jsou vazany na
pohlavni chromosomy (Ohno 1967, Bull 1983, Valenzuela et al. 2003). Velky zajem byl
Vv literatufe vzdy vénovan otdzkam mozného vzajemného piechodu téchto dvou zékladnich
stavi (Bull 1983, Valenzuela et al. 2003, Janzen & Phillips 2006). Fylogenetické analyzy,
které by relevantnost téchto hypotéz testovaly, vznikaji ale jen velmi pomalu. Prvni kapitola
disertacni prace je tedy vénovana pravé tomuto tématu. Shromazdili jsme literarni udaje o
zpusobech determinace pohlavi pro vice nez 400 druhii Supinatych plazid a podrobili je
fylogenetické analyze s cilem zjistit, ktery ze systémut determinace pohlavi je pro Supinaté
plazi ancestralni. Zaroven jsme testovali moznosti vzajemnych evoluénich piechodt
studovanych systémil u Supinatych plazi.

V dalsi ¢asti prace jsme se zaméfili na testovani ndmi navrzené hypotézy o pohlavnich
chromosomech jako evolu¢ni pasti a hypotézy o tom, Ze ancestralnim zptisobem determinace
pohlavi byl pro vSechny amniotické obratlovce ZW systém pohlavnich chromosomd, kterou
navrhla Graves (2009) na zakladé zjisténi, ze Cast pohlavnich chromosomii u ptakopyska
(Ornithorhynchus anatinus) je synteni s pohlavnim chromosomem Z kura domaciho (Gallus
gallus; Rens et al. 2007) a zaroven, ze pohlavni chromosom kura domaciho je synteni
s pohlavnim chromosomem jednoho druhu gekona (Gekko hokouensis; Kawai et al. 2009).
Pokud bychom uvaZovali jako ancestralni stav determinace pohlavi pro amniotické obratlovce
ZW systém pohlavnich chromosomitl, znamenalo by to, ze pohlavni chromosomy vznikly
V evoluci ze stejn¢ho zakladu. Podrobili jsme tuto pfedstavu testu, kde jsme pouzili metodu
chromosome painting a sondu z pta¢iho Z chromosomu jsme hybridizovali s metafazemi
zastupc vSech hlavnich linii Supinatych plazli, scilem odhalit, zda jsou pohlavni
chromosomy jednotlivych linii homologické. Nase pfedstava evoluce pohlavné
determina¢nich mechanisml u amniotickych obratlovcti je pak podrobné popsana ve tieti Casti
prace.

Ve ctvrté Casti prace jsme se zaméfili na podrobnéjsi cytogenetické vySetfeni jedné

Celedi Supinatych plazt. Zamétili jsme se na Celed” Eublepharidae (Gekkota; Squamata),



protoze jeji druhy se 1isi ve zpusobech determinace pohlavi a v po¢tech chromosomu (Viets et
al. 1994, Kratochvil et al. 2008). Nasim cilem bylo podrobné prozkoumat, jakym zpisobem
mohlo v této skupiné dochdzek k evoluci usporadani genomu a ke vzniku pohlavnich
chromosomil u téch druht, u kterych predpokladdme GSD.

Posledni ¢ast disertacni prace byla soustfedéna na srovnani mikrosatelitové distribuce u
pravdépodobné evoluéné noveé vzniklych heteromorfnich nicméné vsak euchromatickych
pohlavnich chromosomt a pohlavnich chromosomom, které ptestoze jsou homomorfni jsou
znaéné heterochromatinizované. V soucasné dobé byla takovému vysetieni podrobena jen
velmi mala cast obratlovct. Bylo naptiklad zjisténo, Ze u fylogeneticky odvozenych hadi
doSlo k akumulaci GATA mikrosatelitovych sekvenci na pohlavnim chromosomu W
(O’Meally et al. 2010). Pritomnost GATA mikrosatelitovych sekvenci byla pozorovana i u
jinych druhti obratlovcii a spekulovalo se tedy o tom, Ze by pfitomnost GATA sekvenci mohla
byt charakteristicka pro pohlavni chromosomy (O’Meally et al. 2010). Nasim cilem bylo
porovnat distribuci mikrosatelitovych sekvenci na pohlavnich chromosomech a vysledky
takto ziskané zaclenit do obecnéjSitho ramce znalosti tykajicich se vzniku a diferenciace

pohlavnich chromosomu.

Cile prace

Cilem diserta¢ni prace bylo analyzovat dosavadni znalosti o pohlavné determinac¢nich
mechanismech Supinatych plazi za pomoci fylogenetickych pfistupt. Na zakladé vysledka
takto ziskanych, vysledovat vhodné kandidatni linie na rizné fylogenetické skale, dulezité pro
podrobngjsi studii evoluce uspofadani genomu a pohlavné determinacnich mechanisml a
s pouzitim vhodnych metodickych nastroji klasické a molekularni cytogenetiky ziskat zcela
nova experimentalni data, jejichZ vyhodnoceni a zaclenéni do Sir§iho ramce literarnich tidaja

by ptispélo k hlub§imu porozumeéni evoluce studovanych fenomént.

Material a metodika

V pribéhu feSeni disertacni prace byly pouZity metody klasické cytogenetiky
zahrnujici ptipravu tkdnovych kultur, ptipravu chromosomovych preparati a rizné zpisoby
barveni chromosomil. Déle byla aplikovana celd skala metod molekularni cytogenetiky, jako
napiiklad rizné druhy fluorescen¢ni in situ hybridizace, sortovani chromosomi na sortovacim
prutokovém cytometru, metody chromosome painting, mapovani gent nebo hybridizace se

sondami specifickymi pro urCity Usek genomu. Pro vyhodnocovéni dat byly vyuzivany



metody fylogenetické analyzy, jako jsou analyzy maximalni parsimonie nebo maximum
likelihood.

Vysledky a diskuse

Prvni c¢ast disertacni prace byla zaméiena na shromazdéni informaci o pohlavné
determina¢nich mechanismech u Supinatych plazi a na jejich fylogenetickou analyzu. Z této
analyzy jasn€¢ vyplyva, ze zpisoby determinace pohlavi nejsou v jednotlivych liniich
Supinatych plazi natolik variabilni, jaka byla obecna ptedstava. V jednotlivych liniich
Supinatych plazli jsme naopak pozorovali zna¢nou uniformitu ve sledovanych znacich. Jediné
dvé linie, které jsou opravdu variabilni ve zplsobech determinace pohlavi, jsou agamy
(Agamidae) a gekoni (Gekkota). Jako ancestralni zplsob determinace pohlavi pro Supinaté
plazy vyhodnotila nase analyza nevice parsimoni ESD. Pohlavni chromosomy vznikaly
V jednotlivych liniich nezavisle a nezaznamenali jsme ani jednu dobie podpofenou tranzici ve
sméru od ESD ke GSD. Na zékladé téchto zjisténi jsme navrhli hypotézu, podle které by
pohlavni chromosomy mohli plnit funkci jakési evolu¢ni pasti. To by znamenalo, ze jakmile
jednou pohlavni chromosomy v evoluci vzniknou, neni mozny navrat zpét k autozomtiim. Tato
ptredstava se pomérné dobfe dopliiuje s obecnym modelem vzniku a diferenciace pohlavnich

chromosomti (napi. Charlesworth 1991).

I pfesto, Ze divergence mezi liniemi vedoucimi k recentnim ptikiim a Supinatym
plazim miZeme datovat o pfiblizné¢ 275 milionll let zpét do minulosti, podafilo se ndm
hybridizovat sondu z ptaciho chromosomu Z na metafaze 28 druhd ze 17 Celedi Supinatych
plazi, zahrnujicich vSechny hlavni fylogenetické linie studované skupiny. Ptaci, na rozdil od
Supinatych plazti maji karyotyp, ktery je charakteristicky vyskytem velkého pocétu malych
chromosomil. Mohli bychom tedy ocekavat, ze mezi ptaky a Supinatymi plazi muselo dojit
k celé fadé¢ chromosomovych piestaveb. Z nasich vysledkt vSak vyplyva, Ze alespon cast
genomu, synteni s pta¢im Z chromosomem, je u Supinatych plazii nesmirn¢ konzervativni.
Sonda z ptaciho Z totiz vzdy hybridizovala bud’ s ¢asti metacentrického chromosomu, nebo
S parem akrocentrickych chromosomi u Supinatych plazi. U téch druhi, u kterych jsme
schopni v karyotypu rozpoznat pohlavni chromosomy, sonda ani v jednom piipadé s témito
chromosomy nehybridizovala. Naopak u vsech téchto druhti vykazovala syntenii s autosomy.
Zavérem nasi prace je tedy konstatovani, ze pohlavni chromosomy vznikaly v evoluci
Supinatych plazli nezavisle a Ze hypotéza o ancestralnim ZW zpiisobu determinace pohlavi

pro amniotické obratlovce se ve svétle naSich vysledkli jevi pfinejmensim jako méné



parsimoni, ve srovnani s piedstavou ESD jako ancestradlniho zplGsobu urCeni pohlavi.
Podrobnéji je tento nami navrhovany scéndf evoluce pohlavné determinac¢nich mechanismt u
amniotickych obratlovcli popsan v teoretické praci tvofici tfeti kapitolu disertacni prace.
Jednim ze zavéra je upozornéni, Ze neni mozné predvidat minulé ¢i budouci evoluéni udalosti
pouze na zaklad¢ statistické pravdépodobnosti, ale musime se vzdy zaméfit predevSim na

ancestralni spojitost sledovaného fenoménu.

N4 .

V dalsi ¢asti prace jsme se soustiedili na detailn&jsi popis evoluce usporadani genomu a
pohlavnich chromosomii v ramci jedné skupiny Supinatych plazi. Tuto skupinu
reprezentovala Celed” Eublepharidae, kde nachazime variabilitu v poc¢tu a morfologii
pohlavnich chromosomii, ale také ve zptsobech determinace pohlavi. Celkové jsme studovali
dvanact druhii této Celedi, pokryvajici vSechny dosud popsané rody. Vytvorili jsme zékladni
popis jejich karyotypu a zaméfili jsme se na hledani pohlavnich rozdili v karyotypech.
Fylogenetické mapovani zmén v poctech a morfologii chromosomii naznacuje dlouhou
evolu¢ni stazi, kdy karyotyp je sestaven vyhradné z akrocentrickych chromosomu. Tato staze
je vsak u nékterych skupin nasledovdna vyraznymi chromosomovymi piestavbami, které
ptedstavuji s nejvétsi pravdépodobnosti apomorfie danych linii. Morfologicky rozliSené
pohlavni chromosomy jsme byli schopni detekovat pouze u jednoho druhu (Coleonyx
elegans) a jedna se o tzv. neopohlavni chromosomy, kde pohlavni chromosom Y vznikl
prostiednictvim centrické fuze pivodniho Y chromosomu s autosomem. U ostatnich GSD
druht jsme nenalezli Zadné pohlavné vazané rozdily v karyotypu a pohlavni chromosomy u
téchto druhl jsou s nejvétsi pravdépodobnosti homomortni. Z nasich vysledkti vyplyva, ze
Celed Eublepharidae pfedstavuje nesmirné cenny model pro studium evoluce pohlavné
determina¢nich mechanismt, jelikoz zde muzeme nelézt celou skalu zptisobti determinace
pohlavi, od nepfitomnosti pohlavnich chromosomii (ESD), ptes pohlavni chromosomy zcela

morfologicky nediferencované az po vyrazné heteromorfni pohlavni chromosomy.

V posledni casti naSi prace jsme se zamcfili na detailni porovnani distribuce
mikrostelitovych sekvenci mezi dvéma druhy s odliSnym charakterem pohlavnich
chromosomti. Zatimco u jednoho druhu (Coleonyx elegans) jsou pohlavni chromosomy sice
morfologicky odli$né, zda se, ze neparovy chromosom Y je zcela euchromatizovany. U druhu
Eremias velox je naopak homomorfni pohlavni chromosom W  znacné
heterochromatinizovany. Na pohlavnim chromosomu C. elegans jsme nepozorovali zadnou
specifickou distribuci mikrosatelitovych sekvenci, zatimco na W chromosomu E. velox je

akumulace riznych mikrosatelitt vyrazné specificka. Nekteré mikrosatelitové sekvence byly



akumulovéany po celé¢ délce pohlavniho chromosomu W a nékteré jen v jeho casti. Jiné vSak
na pohlavnim chromosomu zcela chybély, pfestoze na autozomech byly rovnomérné
rozmistény. Po srovnani naSich vysledkti s podobnymi studiemi u jinych skupin obratlovci,
muzeme uzaviit, ze akumulace mikrosatelitovych sekvenci neni vzdy spojena s mirou
heteromorfismu pohlavnich chromosomu, ale naopak odrazi miru heterochromatinizace.
Zavérem muzeme také konstatovat, ze spiSe historickd kontingence, nez charakter
jednotlivych mikrosatelitovych sekvenci je vyznamnéjsim faktorem distribuce téchto sekvenci

na pohlavnich chromosomech.

Zavéry

Disertani prace piredstavuje uceleny soubor péti studii zabyvajicich se evoluci
uspofadani genomu a evoluci pohlavnich chromosomu na riznych fylogenetickych trovnich
Supinatych plazii s pouzitim rozliénych metodologickych pfistupt. Zavéry vyplyvajici
Z jednotlivych studii je mozné do znané miry zobecnit a usuzovat podle nich na obecné
evoluéni mechanismy cCasto ne pouze u Supinatych plazi, ale obecnéji 1 u amniotickych
obratlovcu nebo obratlovci. Prace piinasi nova experimentalni data piispivajici k hlubsimu
porozuméni pochodi spjatych s evoluci pohlavné determinacnich mechanismi, diferenciaci

pohlavnich chromosomt a evoluci uspotfadani genomii Supinatych plazi.
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Introduction

This Ph.D. thesis is focused on the evolution of sex-determining mechanisms and on the
evolution of genome organisation in squamate reptiles.

Vertebrates possess two general modes of sex determination. The first type is
environmental sex determination (ESD), where sex chromosomes are absent and sex is
determined by nongenetic factors. The second type is genotypic sex determination (GSD),
where the sex of an individual is dictated by the sex determining genes linked to the sex
chromosomes, i.e. by sex-specific differences in genotype (Ohno 1967, Bull 1983, Valenzuela
et al. 2003). There is huge interest devoted to questions about the possible evolutionary
transitions of those two systems in both directions (Bull 1983, Valenzuela et al. 2003, Janzen
& Phillips 2006), however, there are still few phylogenetic analyses testing these possibilities.
The first chapter of this thesis is focused on this topic. We collected data about sex-
determining mechanisms for more than 400 species of squamate reptiles and employed
comparative phylogenetic analyses to reconstruct the evolution of sex determination in
Squamata.

In the second part of the thesis we tested our hypothesis as to which sex chromosomes
might act as an evolutionary trap, where once they are evolved, sex chromosomes cannot
transform back to autosomes. At the same time we tested the following hypothesis about an
ancestral amniote ZW sex determining system. Graves (2009) postulated that ZW-like sex
chromosomes were the ancestral sex determining system for all amniotes. This hypothesis is
based on the finding that sex chromosomes of one gecko species (Gekko hokouensis) and the
sex chromosome of the chicken (Gallus gallus) are syntenic (Kawai et al. 2009) and at the
same time, the sex chromosome of the chicken is partly syntenic with several sex
chromosomes in the platypus (Ornithorhynchus anatinus; Rens et al. 2007). We tested this
hypothesis using the chicken Z chromosome as a probe for chromosome painting with
metaphases of those species representing major squamate lineages. Our aim was to find out
whether sex chromosomes of those lineages are homologous or evolved independently. This
topic represents also the content of the third part of the thesis.

In the next part of the thesis we focused on a detailed cytogenetic study inside one
family of squamate reptiles. We studied eyelid geckos (family Eublepharidae) because this
group includes both species with temperature-dependent sex determination, and species where
genotypic sex determination (GSD) was suggested based on the observation of equal sex

ratios at several incubation temperatures (Viets et al. 1994, Kratochvil et al. 2008). Our aim



was to obtain more detailed information about the evolution of genome organisation and the
origin of sex chromosomes inside this group.

The last part of the thesis is based on the comparison of microsatellites distribution in
heteromorphic euchromatic sex chromosomes and sex chromosomes which are homomorphic
but very heterochromatinized. Currently there is only very limited knowledge about the
accumulation of microsatellites on sex chromosomes. Of the studies that have been carried
out, it has been discovered that in snakes GATA microsatellites are accumulated on sex
chromosomes, which has also been found in other groups of vertebrates (O’Meally et al.
2010). Based on these results it was proposed that GATA accumulation might be specific for
sex chromosomes (O’Meally et al. 2010). In this study we wanted to compare the distribution
of microsatellite sequences on sex chromosomes and integrate those results into the more

general model of sex chromosomes differentiation.

Aims of the thesis

The aim of this thesis was to analyse up-to-date knowledge about sex-determining
mechanisms in squamate reptiles using phylogenetic approaches, and then, based on these
analyses, to determine the most important lineages on the different phylogenetic scale for the
detailed study of the evolution of genome organisation, and the evolution of sex-determining
mechanisms. This was done using the principals of classical and molecular cytogenetics.
Overall, the aim was to obtain new experimental data, analyse it, and then integrate these

results into the current knowledge about the evolution of the studied phenomena.

Material and methods

For the research of the topic of this thesis methods of classical cytogenetics were used
including cell cultures preparation, preparation of chromosome suspensions and various
techniques of chromosome staining. A number of molecular cytogenetic methods were also
applied, especially different kinds of fluorescent in situ hybridisation, chromosome sorting
using flow cytometry, methods of chromosome painting and gene mapping. For data analyses
phylogenetic approaches such as analyses of maximum parsimony or maximum likelihood

were also applied.

Results and discussion



The first part of this thesis was focused on collecting and analysing the data about sex
determining mechanisms in squamate reptiles. Our results suggest relative uniformity in sex-
determining mechanisms in the majority of the squamate lineages. Well-documented
variability is found only in dragon lizards (Agamidae) and geckos (Gekkota). The polarity of
the sex-determining mechanisms in outgroups identified ESD as the ancestral mode for
Squamata. After extensive review of the literature, we concluded that to date there is no
known well-documented transition from GSD to ESD in reptiles, although transitions in the
opposite direction are plentiful and well corroborated by cytogenetic evidence. We postulate
that the evolution of sex-determining mechanisms in Squamata was probably restricted to the
transitions from ancestral ESD to GSD. In other words, transitions were from the absence of
sex chromosomes to the emergence of sex chromosomes, which have never disappeared and
constitute an evolutionary trap. This evolutionary trap hypothesis could change the
understanding of phylogenetic conservatism of sex-determining systems, even though it is in
concordance with general model of sex chromosomes differentiation (Charlesworth 1991).

The divergence of lineages leading to extant squamate reptiles (lizards, snakes and
amphisbaenians) and birds occurred about 275 million years ago. Birds, unlike squamates,
have karyotypes that are typified by the presence of a number of very small chromosomes.
Hence, a number of chromosome rearrangements might be expected between bird and
squamate genomes. We used chromosome-specific DNA from flow sorted chicken (Gallus
gallus) Z sex chromosomes as a probe in cross-species hybridization to metaphase spreads of
28 species from 17 families representing most main squamate lineages and single species of
crocodiles and turtles. In all but one case, the Z chromosome was conserved intact despite the
very ancient divergence of sauropsid lineages. Furthermore, the probe painted an autosomal
region in seven species from our sample with characterized sex chromosomes, and this
provides evidence against an ancestral avian-like system of sex determination in Squamata.
The avian Z chromosome synteny is, therefore, conserved albeit it is not a sex chromosome in
these squamate species. The more general conclusion based on our results is that ancestral
amniot ZW sex determining mechanisms is at least less parsimonious than ancestral amniot
ESD. This scenario of the evolution of sex-determining mechanisms was described in details
in the third part of the thesis. Important conclusion is, that we cannot predict past or future
evolutionary events based only on their statistical probabilities.

The next part of the thesis was focused on a more detailed description of the evolution
of genome organisation and sex chromosomes inside one family of squamate reptiles. This

group was represented by the family Eublepharidae where we can find variability in sex-



determining modes and in the number and morphology of chromosomes in this particular
species. In this study, we obtained data on karyotypes and chromosomal characteristics in 12
species covering all genera of the family, and searched for the presence of heteromorphic sex
chromosomes. Phylogenetic mapping of chromosomal changes showed a long evolutionary
stasis of karyotypes with all acrocentric chromosomes followed by numerous chromosomal
rearrangements in the ancestors of two lineages. We have found heteromorphic sex
chromosomes in only one species, which suggests that sex chromosomes in most GSD species
of the eyelid geckos are not morphologically differentiated. The sexual difference in
karyotype was detected only in Coleonyx elegans which has a multiple sex chromosome
system (X1 X2Y). The metacentric Y chromosome evolved most likely via centric fusion of
two acrocentric chromosomes. We conclude that the eyelid geckos exhibit diversity in sex
determination ranging from the absence of any sexual differences to heteromorphic sex
chromosomes, which makes them an interesting system for exploring the evolutionary origin
of sexually dimorphic genomes.

In the last part of our study we focused on the comparison of microsatellite distribution
on sex chromosomes between two species of squamate reptiles. We studied the accumulation
of microsatellite repeats on sex chromosomes in a lizard with heteromorphic euchromatic sex
chromosomes (the gecko Coleonyx elegans) and in a lizard with homomorphic sex
chromosomes, where the W chromosome is highly heterochromatic (the lacertid Eremias
velox). Heteromorphic sex chromosomes of C. elegans do not show any sign of microsatellite
accumulation. On the other hand, certain repetitive sequences are extensively accumulated
over the whole length or parts of the W chromosome, while others are notably missing on this
heterochromatinized sex chromosome in E. velox. We can conclude that the comparison of
microsatellite sequences accumulated on sex chromosome in E. velox and other eukaryotic
organisms suggests that historical contingency, not characteristics of particular sequences,
plays a major role in the determination of which microsatellite sequence will be accumulated

on sex chromosomes in particular lineages.

Conclusions

The new experimental data obtained by working on this Ph.D. thesis, based on four
studies, contributes greatly to the general knowledge of evolution of sex-determining
mechanisms and the genome organisation on different scales of phylogeny of squamate
reptiles using various methodological approaches. Conclusions from the particular studies

included in this thesis may be generalized and used for answering questions about more



general evolutionary mechanisms not only in squamate reptiles but also in amniotes or

vertebrates.
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