Abstrakt

Rad Cetartiodactyla je v soudasnosti jedna z nejvétsich skupin savell na zemi, ktera
zahrnuje 10 Celedi suchozemskych a 12 ¢eledi vodnich savci. Charakteristickym znakem
viech dnesnich sudokopytnikii je osa kondetin prochazejici mezi 3. a 4. prstem. Rad
Cetartiodactyla je z cytogenetického hlediska heterogenni skupinou organismi, ve které se
vyskytuji Celedi s pomalou karyotypovou evoluci (Cetacea a Hippopotamidae) a Celedi
(napt. Bovidae), jejichz zastupci maji znaéné odlisné karyotypy (2n =30 - 60). Pro
uptesnéni evoluénich vztahl prispiva velkou mérou komparativni genomika zalozena na
analyze chromozomi, mapovani geni a DNA sekvenovani. Jednou ze zakladnich a hojné
vyuzivanych metod je ZOO-FISH, jejimZ principem je mezidruhovéa cross-hybridizace
specifickych sond urcit¢ho druhu na chromozomy jiného druhu. Na zdkladé znalosti
evolu¢nich chromozomovych piestaveb miizeme sledovat speciaci druhd.

Jednim z cil prace byla komparativni cytogenetika u vybranych savct z tadu
Ceatriodactyla. K tomuto Ucelu byly pouZzity celochromozomové a BAC FISH sondy,
které byly ptfipravovany z DNA prasete a kravy. Chromozomalni DNA byla ziskdvana
pratokovou cytometrii chromozomi nebo laserovou mikrodisekci. Metodou ZOO-FISH
byl u hrosika liberijského poprvé stanoven komparativni karyotyp, ktery je téméf shodny
s karyotypem hrocha. Urcena byla také blizsi struktura chromozomu X hroSika, jez je
velice podobna struktute chromozomu X Zirafy.

V ramci Celedi Bovidae existuje zna¢na variabilita v diploidnim poctu chromozomt
(2n =30 - 60), nicmén¢ pocet autozomalnich ramen ziistdva téméf nezménén a genomy
jednotlivych druhti jsou vysoce homologni. Predpoklada se, Ze ancestralni karyotyp,
konzervovany v genomu kravy nebo kozy, m¢l celkem 58 akrocentrickych autozomi,
akrocentricky X a maly submetacentricky chromozom Y. Velik4d variabilita v poctu
chromozomti a karyotypova rtznorodost v Celedi Bovidae je velice vyhodnym prvkem
pfi studiu meiotického déleni a rekombinacni interference.

DalSim cilem této prace bylo porovnavani frekvence a distribuce rekombinaci mezi
riznymi druhy z Celedi Bovidae. Bylo sledovano, zda vlivem centrickych fzi a procesem
domestikace dochdzi ke zménam rekombinace u zkoumanych druhi. S vyuzitim
imunofluorescen¢ni detekce meiotickych proteint (MLH1, SCP3) a FISH jsme sledovali
v pachytennich spermatocytech frekvenci a distribuci crossing-overi na meiotickych

chromozomech. Vysetieno bylo celkem 112 jedinct 28 rGznych druhti z celedi Bovidae.



U vSech vySetfovanych zvifat byla nalezena vyznamna individudlni i mezidruhova
variabilita v délce synaptonemalnich komplexti a v poctu rekombinaci na buiiku. Zaroven
byl prokazan ubytek poctu a zména distribuce rekombinaci na metacentrickych
chromozomech ovce oproti jejich orthologim u kravy a kozy. Tyto rozdily jsou
pravdépodobné zplsobeny metacentrickym stavem chromozomi a centromerickou

interferenci pasobici pfes centromeru.



Abstract

The order Cetartiodactyla is currently one of the largest groups of mammals on
Earth that includes 10 families of terrestrial and 12 families of aquatic mammals. The main
hallmark of all today's ungulates is the limb axis passing between the third and fourth
finger. The order Cetartiodactyla is a cytogenetically heterogeneous group of organisms,
comprising families with slow karyotype evolution (Cetacea and Hippopotamidae) and
families (e.g. Bovidae) whose representatives have distinct karyotypes (2n = 30 to 60).
Comparative genomics, based on the analysis of chromosomes, gene mapping and DNA
sequencing, greatly contributes to the clarification of evolutionary relationships between
animals. One of the basic and abundantly used methods is ZOO-FISH, which is based on
cross-hybridization of specific probes from one species on chromosomes of another
species. Based on the knowledge of evolutional chromosomal rearrangements, the process
of organism speciation can be traced.
One of the aims of this study were comparative cytogenetics of selected mammals from the
order Ceatriodactyla. For this purpose, whole chromosome and BAC FISH probes,
prepared from pig and cow DNA, were used. Chromosomal DNA was obtained by flow
cytometry of chromosomes or by laser microdissection. Using ZOO-FISH, comparative
karyotype between pygmy hippo and common hippo was established for the first time.
These karyotypes are almost identical. Detailed structure of the pygmy hippo X
chromosome was defined and is very similar to the structure of the giraffe X chromosome.
Within the family Bovidae, there is a considerable variability in the diploid number of
chromosomes (2n = 30 to 60), but the number of autosomal arms remains almost constant
and genomes of various species are highly homologous. It is believed that the ancestral
karyotype, preserved in the genome of cows and goats, had a total of 58 acrocentric
autosomes, an acrocentric X and a small submetacentric Y chromosome. The great
variability in chromosome number and karyotype diversity in Bovidae is a very convenient
feature for the study of meiotic division and recombination interference.
Another aim of this study was the comparison of recombination frequencies and their
distribution between different species of Bovidae. We investigated if centric fusions and
the process of domestication cause changes in recombination rates in the researched
species. With the use of immunofluorescence detection of meiotic proteins (MLH1, SCP3)

and subsequent FISH, we analysed the frequency and distribution of crossing-overs on



meiotic chromosomes in pachytene spermatocytes. A total of 112 individuals from 28
different Bovidae species were examined. In all investigated animals, significant individual
and interspecies variability was found in the length of synaptonemal complexes and the
number of recombination events per cell. A decrease in the number and a change in the
distribution of crossing-overs on sheep metacentric chromosomes was demonstrated
compared to their orthologues in cows and goats. These differences are probably caused by
the metacentric state of chromosomes and by centromeric interference acting over the

centromere.



