
ABSTRACT (IN ENGLISH) 

 

The majority of studied turtles show temperature-dependent sex determination, but genotypic sex 

determination (i.e. presence of sex chromosomes) was identified sporadically. This thesis aims to 

investigate and expand our knowledge on the evolution of the karyotype and the sex determination in 

turtles, particularly focusing on the family Geoemydidae, a group of turtles with previously 

documented variability in sex determination systems. The presence of sex chromosomes was explored 

by a combination of conventional and molecular cytogenetic techniques for the analysis of 

karyotypes, distribution of constitutive heterochromatin (C-banding) and repetitive elements and 

comparative genome hybridization (FISH, CGH). In total, 49 species of turtles from nine different 

families were cytogenetically examined in this study. In the family Geoemydidae, a remarkable 

similarity in karyotypes was identified, consisting of 2n=52 chromosomes (which is suggested to be 

the ancestral diploid number for all turtles) and a similar topology of rDNA loci and telomeric 

repeats.  

Sharma et al. (1975) previously reported ZZ/ZW sex chromosomes in Pangshura smithii. 

However, in the analysis presented in this thesis, it is suggested a possible misidentification of these 

sex chromosomes due to erroneous pairing of chromosomes during karyotype reconstruction. 

Moreover, heteromorphic sex chromosomes were not revealed in the closely related geoemydid 

species Geoemyda japonica and Geoemyda spengleri (although the phylogenetic position of the 

genus Geoemyda is still under debate).  

XX/XY sex determination system has been previously documented in Sieberonckiella 

crassicollis and reported in Cuora galbinifrons but supporting data were not published. In the current 

thesis, 10 species from the genus Cuora, including C. galbinifrons were cytogenetically explored, in 

order to identify the presence of sex chromosomes. Karyotype of 2n=52 was identified in all studied 

species, with a similar distribution of telomeric and rDNA repeats, but sex chromosomes were not 

detected. The previous identification of sex chromosomes in Cuora galbinifrons was probably 

erroneous. The turtles of the genus Cuora have either genotypic sex determination with homomorphic 

and poorly differentiated sex chromosomes or temperature-dependent sex determination.  

In addition, an extensive cytogenetic analysis on seven unstudied species from the family 

Chelidae was conducted, including representatives of the genera Chelodina, Elseya and Emydura. 

Presence of XX/XY sex chromosomes was identified in all seven examined species of chelids. 

Despite differing in morphology, the similarity in the repetitive content of the chelid sex 

chromosomes suggests a putative homology in male heterogamety in the family Chelidae that could 

be dating back 50-120 million years ago, but need to be confirmed by further studies.  



The study of repetitive elements often represents a key tool in the study of karyotype 

diversification, disclosing differences which might otherwise get lost by only applying classical 

cytogenetics, as for example the presence of chromosomal rearrangements or even differentiated but 

homomorphic sex chromosomes. In an attempt to explore the karyotype evolution in turtles, the 

distribution of the (TTAGGG)n telomeric repeats was studied in 30 species of turtles, covering nine 

families. Telomeric repeats constitute the extremities of the chromosomes, but in vertebrates have 

been often reported to accumulate also at centromeres or along the chromosomes. It has been 

proposed that these so-called Interstitial Telomeric Repeats (ITRs) are connected with karyotype 

rearrangements or double-strand break repair mechanisms. Although their role is still not clear, they 

might give an insight in karyotype reshuffling in a group like turtles which have been proposed to 

have rather stable karyotypes, especially at family level. All examined species have the expected, 

terminal topology of telomeric repeats, and in addition, interstitial telomeric repeats (ITRs) were 

detected in 5 species, mainly in centromeric positions. The distribution of ITRs does not follow a 

strict phylogenetic pattern, and it seems that they evolved independently within turtles at least seven 

times and do not seem to be directly related to interchromosomal rearrangements.  

 


