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This doctoral thesis investigates chromosome and genome characteristics in Zoraptera and Blattodea to
improve understanding of karyotype evolution in these cytogenetically underexplored insect orders. The
studies are based on phylogenetic relationships and required specimen sampling and precise taxonomic
identification as essential prerequisites. Methodological approaches included chromosome preparations,
standard cytogenetic techniques, molecular cytogenetic methods such as fluorescence in situ hybridization
(FISH) mapping of target DNA sequences, preparation of DNA probes, microscopy and imaging, karyotype
analysis, and chromosome measurements. The research also involved genome size measurement using
flow cytometry, DNA extraction, PCR amplification and Sanger sequencing, and reconstruction of time-
calibrated phylogenetic trees using both newly obtained and publicly available molecular markers.

The results of the thesis are presented in three publications and two manuscripts submitted to respected
entomological journals. As Marek Jankasek is the first author of two publications and two manuscripts, and
the corresponding author of both manuscripts, his significant contribution to the thesis can be assumed in
the conceptual design of the research, data acquisition and analysis, and scientific writing. Background
information, aims of the thesis, and the results are presented and discussed in 40 pages, which also contain
the main conclusions. This part is well and clearly written, and | have only a few minor comments:

—In 4.4 section to genome size (GS), the correct term is “GS reduction”, not “GS contraction”.

—In 4.5 section, Noctuoidea are not butterflies, as stated on page 16, but moths.

The publication by Jankasek et al. (2021) in the European Journal of Entomology introduces the Blattodea
Karyotype Database and thus represents a valuable source of data for the scientific community, as reflected
by its citation count (19 in Google Scholar, 13 in WoS). From this database, one can learn not only the
ranges of chromosome numbers for individual groups, but also that the X0 sex chromosome system in
cockroaches changed to multiple neo-sex chromosomes, even forming chains or rings, in termites.

In the study by Jankasek et al. (2024) published in PeerJ, the authors investigated the karyotypes of three
species of angel insects (Zoraptera). This was only the second cytogenetic study of this early-branching
group of Polyneoptera, likely due to their small size and limited availability. Despite this, the authors
conducted the first in-depth research into Zoraptera cytogenetics, documented with high-quality
chromosome images. More importantly, their results reject the hypothesis of holocentricity, clearly
showing a monocentric structure of chromosomes in Zoraptera.

In the manuscript by Jankasek et al., submitted to Systematic Entomology, the authors addressed
phylogeny, karyotype, and genome size evolution in 19 species of African Oxyhaloinae cockroaches by
comparing continental species with those after the colonisation of Madagascar. This is an extensive study,
which has yielded several important findings. In addition to the reconstructed phylogeny of Oxyhaloinae



Wl BIOLOGY CENTRE CAS

Al Institute of Entomology

cockroaches, detailed analyses of karyotypes, including FISH mapping of the 18S rDNA loci and genome
size, revealed that major karyotype rearrangements, including changes in chromosome numbers and
genome size, occurred on the continent and preceded the colonization of Madagascar. Interestingly, the
karyotypes of many species showed a large proportion of microchromosomes, like birds, which could
increase the recombination rate, leading to deletions and genome size reduction. | believe that this study
represents a very significant contribution to the cytogenetics of Blattodea, as well as Polyneoptera. To help
the authors revise this manuscript, | have made a few minor suggestions on the attached page.

In the manuscript by Jankasek et al., submitted to Insect Molecular Biology, the authors investigated the
karyotypes of seven species from both families of Zoraptera, making the conclusions of this study, together
with previously published data, representative for this small insect order. Based on detailed analyses of
high-quality chromosome images, including FISH mapping of 18S rDNA and TTAGG telomeric repeats, this
study definitively refuted the view of a holocentric structure of Zoraptera chromosomes, suggested the XY
sex chromosome system as ancestral for Zoraptera, and proposed karyotype evolution in Zoraptera by
integrating chromosome numbers with a dated molecular phylogeny. In this case as well, to help the
authors revise the manuscript, | have made a few minor suggestions on the attached page.

The publication by Koubova et al. (2021) in the Proceedings of the Royal Society B examines caste-specific
differences in telomerase activity and telomere length in termites. Marek Jankdsek, as a co-author,
conducted FISH mapping with a (TTAGG), probe to confirm the localization of TTAGG telomeric repeats at
chromosome termini. This study is only marginally relevant to the topic of his thesis.

Below are several questions about specific sections of this doctoral thesis.

Question 1 (chapter 4.6 Sex Chromosome Systems in Polyneoptera, page 21 bottom):
Here, the author presents an alternative scenario for the origin of the X0 sex chromosome system in
Brazilozoros kukalovae from the ancestral XY, based on the assumption that the ancestral system in
Zoraptera could be a neo-Xneo-Y system. However, if the neo-X chromosome undergoes fission and
its pseudoautosomal region (PAR) and the neo-Y become an autosome pair, this would only be
possible if recombination is maintained in the PAR. Do the XY chromosomes in other Zoraptera
species pair and show chiasmata during male meiotic prophase I?

Question 2 (Jankasek et al. 2021):
At the time of this publication on the Blattodea Karyotype Database, data on chromosome numbers
and sex chromosome systems were provided for 229 species (138 cockroaches and 91 termites).
However, since then, only two termite species have been added to this database, which seems too
few given the significance of this group of insects. Can you comment on this?

Question 3 (Jankasek et al. 2021):
Is the X0 sex chromosome ancestral for all Blattodea? If so, do you have any hypotheses regarding
the origin of the Y chromosome in termites (Isoptera)?

Question 4 (Jankasek et al. 2024):
Regarding FISH with telomeric probes, the authors concluded that the telomere composition in
Zoraptera cannot be determined with certainty, although the (TTAGG), sequence was confirmed by
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FISH in three species studied. The reason is that the (TTAGGG)s probe also hybridised to chromosome
ends in Latinozoros cacaoensis. However, this could be due to stringency conditions that were too
low, but these were not specified in the Methods, except for non-stringent washes in 4x SSC/0.2%
Tween. Could you specify the stringency washes including the temperature used in this FISH?

Question 5 (Manuscript 3 on karyotype evolution in Oxyhaloinae cockroaches):
When reconstructing chromosome number evolution, there was low support for the ancestral
chromosome numbers due to considerable variability in the continental numbers, suggesting
multiple models of karyotype evolution across different lineages. Nevertheless, could you at least
estimate a likely range of ancestral numbers for African and Madagascan cockroaches?

Question 6 (Manuscript 4 on karyotype evolution in Zoraptera):
| learned from the Discussion that, despite clear hybridization signals, you question the presence of
the TTAGG motif in the telomeres of Zoraptera chromosomes due to the low stringency conditions of
the FISH procedure used. However, does this not also call into question the identified interstitial
telomeric sequences (ITSs)? Why, then, did you not test a modified sequence as a probe, such as the
TTCGG motif recently identified in Dermaptera by Lukhtanov (2025)?

In conclusion, Marek Jankasek demonstrated extensive knowledge in the field of karyotype and genome
evolution, as well as considerable expertise and skill in molecular cytogenetic methods and the use of
phylogenetic tools. The results of his thesis significantly contributed to the understanding of cytogenetics
and karyotype evolution in little-studied insect groups of Polyneoptera. | am pleased to recommend Marek
Jankasek's doctoral thesis for successful defence.

FrantiSek Marec

marec@entu.cas.cz

Ceské Budéjovice, 24 June 2026
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Appendix

Minor suggestions for revision of the Jankasek et al. manuscript submitted to Systematic Entomology:

— Abstract and throughout the text: | recommend changing “genome size contraction” to “genome size
reduction”.

—L156: Provide the concentration of the hypotonic KCl solution.

— L355: Change (Evangelista et al., 2020) to (Evangelista et al., 2021).

—L672: Correct Heriditas to Hereditas.

—Table S2: Provide references to the cited publications by Djernaes et al. (2015), Folmer et al. (1994), and
Giribet et al. (1996) below this table.

— Supplementary methods S2.2: Provide a reference to the cited publication by DolezZel et al. (2007) below
the text.

Minor suggestions for revision of the Jankasek et al. manuscript submitted to Insect Molecular Biology:

— Page 7: Fluorescence in situ hybridization (FISH) is the correct term, not “fluorescent”.

— Page 10: In “an ethanol row (-20 °C 70%, 80%, 96%, 2 min each)”, “-20 °C” is redundant and “ethanol
series” should be used instead of “ethanol row”.

— Page 13, Results, Spiralizoros sp. 3: The karyotype description should refer to Fig. 4A, not Fig. 3A.

— References, page 24: Provide the volume and article number in Jankdsek et al. (2024) as follows: Peer] 12,
€18051.

— Note: Fig. 8 is missing from the file | received for review, probably because it was not converted to PDF by
the online submission system of the IMB journal.



