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Dr. Radka Symonová, Charles University Prague

Dr. Dunja Lamatsch / Prof. Josef Wanzenböck, Research Institute for Limnology

Outline of our collaboration
Based on our previous work on Coregoninae and Cyprinidae we have initiated a preliminary molecular-cytogenetic study in Coregonus renke originating from the Research Institute for Limnology in Mondsee of the University of Innsbruck. To obtain a more general overview about the genome evolution in Coregoninae and Cyprinidae, an analysis of more species is desirable. The goal of this work was to analyze the coregonin species (complex of species/ lineages) Coregonus lavaretus and individuals of Carassius gibelio cf. carassius, both from Austria (and possibly also from other regions as outgroups for comparison) using molecular cytogenetic analysis and FISH (fluorescence in situ hybridization) with rDNA genes. Further, we established an international platform to perform an extensive and long term analysis of genome divergence based on the existing and future cytogenetic data obtained in the framework of several other projects (in Canada, Norway, Russia) and on CGH (comparative genome hybridization) experiments between populations of 5 other selected species (3 of them endemic in Austria). These species are perspective candidates for a novel model system to study molecular-cytogenetic and evolutionary-ecological aspects of intra-lacustrine speciation in Alpine environments and generally in the Northern Hemisphere affected by cycles of glaciations during the last 2 Million years that resulted in an extremely complex situation in phylogenomic terms.

Funding
During the project Dr. R. Symonová visited Mondsee from 30.6.2014 - 5.7.2014 and from 26.11.2014 - 30.11.2014 together with Mag. Zuzana Majtánová. For their visits we spend €1.440,00. We agreed with Mag. Helena Hanžlová that the remaining money (€720.00) can be used for another visit of R. Symonová to Mondsee in January 2015 (15.1.-28.1.2014). Moreover, Dr. D. Lamatsch was reimbursed by the Austrian agency with €280.00 for her trip in December that was due to technical reasons realized after the termination of project.
Prof. Josef Wanzenböck visited the Laboratory of Fish Genetics in Czech Republic from 22.7.204 - 26.7.2014 together with Dr. D. Lamatsch, and from 5.11.2014 - 9.11.2014. Dr. D. Lamatsch visited after the official end of the project again from 13.12.2014 - 18.12.2014 in agreement with Mag. Helena Hanžlová. The subsistence cost for the initially planned visits of the Austrian partners were not entirely spent and the remaining money on the side of the Charles University was refunded via Rectorate of the University.

Samples

Sampling and aqua-culturing of Coregonus species/lineages from Austria and Carassius gibelio cf. carassius individuals from various sites (Austria, Czech Republic, Russia, Norway) was very successful and provided sufficient material (blood, kidney tissue, fin clips, larval tissue) for all molecular-cytogenetic experiments planned and additionally also for the flow cytometry analysis in Coregonus lavaretus. Moreover, during the additional stay of R. Symonova in Mondsee in January-March 2015 (partly funded from other resources), additional sampling of Coregonus lavaretus in the Lake Constanze was performed and the results of blood and cephalic kidney samples were integrated into the whole study.
Results
1/ Descriptive karyological and molecular-cytogenetic analysis of Coregonin and Cyprinid fish performed by Giemsa staining, Chromomycin A3/DAPI fluorescent analysis and C-banding analysis of constitutive heterochromatin. Preliminary results are demonstrated in Figures 1 and 2.  
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Fig.1 Coregonus lavaretus (Cla102D_6) from Austria - sequential analysis integrating a/ Giemsa staining, b/ DAPI staining, c/ Chromomycin A3 staining, d/ combined DAPI/CMA3 staining to the same metaphase.
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Fig.2 Carassius cf. gibelio (Cgi903_5) from Austria - sequential analysis integrating a/ Giemsa staining, b/ DAPI staining, c/ Chromomycin A3 staining, d/ combined DAPI/CMA3 staining to the same metaphase.
We performed the karyological and cytogenetic screening as the main prerequisite for the down-stream analyses (i.e. for GISH and CGH experiments). These preliminary results show a clear cytogenomic stability in the investigated markers in Carassius whereas a high dynamics in C.lavaretus. We have identified occurrence of 0-3 additional fully heterochromatinized B chromosomes (small acrocentrics) in one Austrian population of C. lavaretus (from Hallstättersee). These cytogenetic characteristics are essential for our further investigations - cytogenetic comparative genome analysis (CGH) to identify species specific differences and the level of genomic divergence within the Coregonus lavaretus complex from Austria. These experiments are currently being performed in the framework of a large international study involving conspecific and congeneric populations from Canada, Norway and Russia. Results of our AKTION project were thus integrated into a broader international collaboration network that was developed during the years 2013-2014. These results will be published in the first line on the intra-species level in planned publication: “Symonová R, Wanzenböck J, Majtánová Z, Praebel K, Sukhanova L, Lamatsch D, Dion-Côté A-M, Rab P, Bernatchez L: Cytogenomic diversification in lineages of Coregonus lavaretus across Eurasia”, where we assess the role of repetitive sequences and heterochromatin accumulation in the lineage diversification comparing conspecific individuals from Austria, Siberia/Russia and Norway. Secondly, the data will be utilized on the inter-specific level comparing C. lavaretus (Eurasia), C. albula (Europe) and C. clupeaformis (Canada, USA) – the precise outline of this work was not yet specified, however, it will be performed under the scientific leadership of R. Symonová and with participation of other co-authors involved in this AKTION project (probably by the end of 2015).
2/ Kinetochore analyses by chromatin pull-down methods

· Since the results of the kinetochore analyses were not satisfactory, we still work on optimizing proper conditions for the chromatin pull-down methods in our non-model fish groups. There is an on-going collaboration on this topic between the two partner laboratories.
3/ Analysis of location of rDNA gene clusters on 2D chromosome spreads and 3D preserved interphase nuclei
· The analysis of rDNA in fish belong to the most crucial markers representing the "evolutionary status" of the whole genome. As such we used FISH with the 28S and 5S rDNA genes to chromosomes and interphase nuclei of Carassius sp. and Coregonus lavaretus. In Carassius, results of 28S rDNA were complementary to the Chromomycin A3 staining indicating a clear GC-enrichment of 28S sites. Here, these experiments were also used as indicators of ploidy level particularly in individuals with an elevated ploidy in Carassius gibelio. In Coregonus lavaretus we have identified opposing trends in the two fractions of ribosomal DNA - namely, a stability and a clear reproducibility in the case of the 5S rDNA localized on a single pair of large (sub)metacentric chromosomes and an increased dynamics in the case of the 28S rDNA localized mostly in centromeric regions of 6-10 acrocentric chromosomes. The 3D FISH to interphase nuclei represents a supplement to the performed analyses and is currently in progress.  
4/ Transfer and sharing of knowledge about genetics, ecology and evolution of Teleost fish

· We discussed extensively genetics, ecology and evolution of Teleost fish during the mutual visits, also with other members of the cytogenetic group of Prof. Petr Ráb (e.g. Dr. Lukáš Choleva, Mag. Zuzana Majtanova)
· During the visit of the Austrian partners in Liběchov in July 2014 a small symposium on Coregonids was held: Anne-Marie Dion-Côté, visiting researcher from Louis Bernatchez´ group (Institut de Biologie Intégrative et des Systèmes (IBIS), Département de Biologie, Université Laval, Québec, QC, Canada), gave a talk about her research work on Coregonids from North America. Josef Wanzenböck (Research Institute for Limnology Mondsee, Austria) gave a talk about Coregonids from Austrian prealpine lakes. Radka Symonová gave a talk about progress in cytogenetic methods in Coregonids and Carassids. Dunja Lamatsch and Petr Ráb participated in the discussions.
5/ Manuscript of research paper Molecular cytogenetics of Teleost fish

· The planned manuscript " Symonová R, Wanzenböck J, Majtánová Z, Praebel K, Sukhanova L, Lamatsch D, Dion-Côté A-M, Ráb P, Bernatchez L: Cytogenomic diversification in lineages of Coregonus lavaretus across Eurasia" is currently in preparation and our AKTION project will be acknowledged. 
· Next to the planned manuscript we prepared a bilateral grant proposal between the Czech Grant Agency GAČR and the Austrian Science Foundation FWF ("Comparative cytogenomics of anciently and recently arisen polyploid fish"; I2005-B26). This was rated EXCELLENT (C1) on the Austrian side by two independent reviewers but could not be funded because of financial restrictions. This bilateral project proposal was resubmitted in February 2015 by RS and DKL and in collaboration with the Czech partners (PR, ZM, LCh )
· Abstract of the bilateral project: The goal of this project is to investigate mechanisms and consequences of speciation and despeciation on the cytogenetic level in European freshwater fish as model systems. Chromosome structures and behaviour seen during metaphase in mitosis and meiosis display many common features stable across eukaryotes. However, processes such as interspecific hybridization and/or polyploidization have often dramatic impacts on such a conservative machinery, e.g. the control of pairing and segregation, recombination rate, irregularities during meiosis leading to the formation of unreduced gametes, etc. As a result, hybridization and polyploidization can lead to lethal impact to the genome integrity or a decreased fertility to sterility on one side and they can produce a source for accelerated species diversification on the other side. These processes may cause speciation reversal (i.e. despeciation) through introgressive hybridization of both nascent and well established species. This is extremely dangerous especially under impaired environmental conditions where various species may come into reproductive contact. When hybridization is coupled with genomic admixture between locally adapted and immigrant populations, this may result in genomic deterioration and even cause extinction of native species. Therefore, it is important to understand properly both, intrinsic and extrinsic factors affecting chromosomal DNA interactions during speciation, hybridization and polyploidization events. Here, one of the main questions in the studies of hybrid introgressions remains open: What is the role of genomic divergence and evolutionary age between genetically interacting species in shaping chromosomal architecture and behaviour during mitosis and meiosis? To address this question, we propose to select three model fish genera representing various stages of speciation. The first model comprises Coregonus a representative of ancient autopolyploids (whole genome duplication without hybridization) showing enormous divergence relatively recently i.e. postglacially. The second model system is Carassius which underwent both auto- and allopolyploidization events (as consquences of interspecies hybridization) leading to an array of sexual, quasi-sexual and asexual reproduction. This enabled at least one lineage to become invasive in Europe with high risk of adverse impacts on indigenous species. The third model genus is Cobitis representing a complex of sexual species in which historical and ongoing hybridizations produce polyploid hybrids with strictly clonal reproduction. In the era of massively undertaken next generation sequencing, where researchers are usually “lost in the map”, we will profit from an application of molecular cytogenetics and cytogenomics offering a great level of resolution of changes in mitotic and meiotic chromosome structures and behaviour undetectable by other methods. 

6/ Establishment of advanced methods in hitherto non-model fish species as a starting point for a future scientific collaboration between the Czech and Austrian partners

· The methods were established in Austria and refined for the specific requirements of Carassius and Coregonus species.
· During the additional 2 weeks stay of Dr. R. Symonová in January 2015 and her other visits to Mondsee most of the techniques and methods were prepared for their future utilization in the framework of our continuing collaboration at the Research Institute for Limnology of Mondsee. We will keep on using Coregonus from Austria in our cytogenomic studies, e.g. currently elaborated flow cytometry analysis of ploidy level in larval stages where potential abnormalities are expected.
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