Institute: Institute of Botany
Topic: The impact of microplastic and heavy metals on plant cell
Name of supervisor: dr hab. Aneta Słomka, prof. UJ
aneta.slomka@uj.edu.pl
Background information:
Despite the known impact of microplastics (MPs) on aquatic organisms, knowledge about their
influence on terrestrial organisms, especially plants, is very scarce. Some reports in recent years
show that particles as large as tens of micrometers could be collected (absorbed or transported) by
plants as their presence is confirmed within root cells [1, 2]. Therefore, there is a risk of the MPs
being transferred to the aerial organs of plants and then their consumption by animals or humans.
We know nothing yet about how plastic affects plants, positively or negatively. The problem of
uptake and impact of heavy metals (HMs) in plants is much more elaborated. Overall, an excess of
heavy metals negatively affects plant growth and metabolism, with the exception of species that
tolerate increased concentrations of heavy metals in the soil (metallophytes). As an inert carbon
stream in an aquatic environment, MPs have been reported as carriers for HMs and both exhibit
various interactive effects [3]. However, these interactions are still poorly understood, especially the
mechanisms driving these interactions and how they pose risks on organisms such as terrestrial
plants.
The main question to be addressed in the project:
The main aim of the project is to determine the influence and predict the effects of MPs and MPs in
combination with HMs on the functioning of the plant cell.
Information on the methods/description of work:
1/ identification of the types of microplastics found in a post-industrial dump containing HMs, on which
a landfill operates, and chemical synthesis/purchase of appropriate ready-made commercially
available MPs;
2/ treatment of cells with MPs and confirmation of the presence of MPs within cell structures;
3/ measurement of viability and physiological parameters of cells under the influence of MPs alone,
HMs alone, MPs + HMs, manipulating various culture parameters, i.e. temperature, pH;
4/ modelling of interaction between HMs and MPs.
Various microscopic and spectrophotometric techniques on in vitro culture of suspended cells will be
applied.
Additional information (e.g. special requirements from the student):
basic knowledge on plant cell structure and plant physiology, working time flexibility and regularity,
English fluency, readiness to work in interdisciplinary team, basic statistical knowledge.
Place/name of potential foreign collaborator:
The collaboration between Polish and Chinese and/or German and/or North American scientific groups
will be established. Three of them belong to the small group of scientists studying the effects of MPs
on plants [1-3].
References (3):
[1] Austen K., MacLean J., Balanzategui D., Hölker F. 2022. Microplastic inclusion in birch tree roots.
Science of the Total Environment, 808, 152085.
[2] Li L., Luo Y., Li R. et al. 2020. Effective uptake of submicrometre plastics by crop plants via a crackentry mode. Nature Sustainability, 3, 929–937.
[3] Liu S., Shi J., Wang J., et al. 2021. Interactions between microplastics and heavy metals in aquatic
environments: A Review. Frontiers in Microbiology, 12, 652520.

Institute: Institute of Botany
Topic: Embryology of selected species of Utricularia section Utricularia, with particular emphasis on
developmental disorders
Name of supervisor: prof. dr hab. Bartosz J. Płachno
bartosz.plachno@uj.edu.pl
Background information:
The genus Utricularia (Lentibulariaceae) includes around 250 species of carnivorous plants, which
have an unusual vegetative body structure and possess traps for catching small invertebrates
(Miranda et al. 2021). Most species reproduce sexually, however, some reproduce mostly
vegetatively forming clonal populations, then seeds are rarely produced or are not produced at all.
Extensive clonal growth and vegetative dispersal of plants can disrupt the functioning of sexual
polymorphisms (Barrett 2015). Also due to miniature genomes and high molecular evolutionary
mutation rates in chloroplast, mitochondrial and nuclear sequences Utricularia have become an
interesting model for research also on reproduction and gametophyte development (Ibarra-Laclette
et al. 2021).
The main question to be addressed in the project:
The aim of the project is to compare several species of bladderworts (Utricularia) in terms of the
development of female gametophytes and the structure of the pistils, and the interaction between
male and female gametophytes. The main question is whether the sterility of some species is related
to a disturbance in the development of: ovules, female gametophytes, or a disturbance in the growth
of pollen tubes.
Information on the methods/description of work:
We will use various embryological techniques, light, scanning and also transmission electron
microscopies.
Additional information (e.g. Special requirements from the student) :
A candidate should possess basic knowledge on the plant anatomy, embryology and cell structure as
well as the ability to work in interdisciplinary research teams.
Place/name of potential foreign collaborator:
References (3):
Miranda, V.F.O.; Silva, S.R.; Reut, M.S.; Dolsan, H.; Stolarczyk, P.; Rutishauser, R.; Płachno, B.J. A
Historical Perspective of Bladderworts (Utricularia): Traps, Carnivory and Body Architecture. Plants
2021, 10, 2656. https://doi.org/10.3390/plants10122656
Barrett, S.C. Influences of clonality on plant sexual reproduction. Proc Natl Acad Sci U S A. 2015;112
(29), 8859-8866. doi:10.1073/pnas.1501712112
Ibarra-Laclette, E., Albert, V.A., Pérez-Torres, C.A. et al. Transcriptomics and molecular evolutionary
rate analysis of the bladderwort (Utricularia), a carnivorous plant with a minimal genome. BMC Plant
Biol 2011, 11, 101 https://doi.org/10.1186/1471-2229-11-101

Institute: Institute of Botany
Topic: Hybridization and introgression processes within populations of feather grasses in lowland and
mountain steppes
Name of supervisor: prof. dr hab. Marcin Nobis
m.nobis@uj.edu.pl
Background information:
The evolutionary significance of hybridization in speciation has been a very interesting question for
decades. Nowadays new genomic data are increasing research attention to this topic. Studying
natural hybridization provide opportunities to gain data that are not easy to obtain from laboratory
crosses because they usually involve relatively few generations of recombination. Generally,
approximately 25% of plant species are able to hybridization in the wild and up to 11% of flowering
plants may be the results of hybridization events. We presume that natural hybridization also
represents an important factor influencing the high diversity of Stipa, and we predict that around
30% of the genus species could have a hybrid origin (Nobis et al. 2020). Our research concerning the
hybridization within Stipa caucasica – S. kirghisorum – S. richteriana complex will provide novel
insights into empirical studies of natural hybridization. New evidence about the hybrid origin of
selected Stipa species will help to clarify genetic processes within the populations and the genus and
complement knowledge about hybrid speciation in plants.
The main question to be addressed in the project:
Are there genotypes adapted to different environmental conditions within the particular species
range? Is the ability to hybridization and introgression equal within a different part of the species
distribution range? Will climate change lead to the overlap of ranges between species (that show
hybridization ability) in areas where so far their ranges have not overlapped?
Information on the methods/description of work:
Field research will be conducted in the lowland and mountain feathergrass steppes of Middle Asia
(Kazakhstan, Kyrgyzstan, Tajikistan). We aim to assess the genetic structure of parental-hybrid
populations, check the frequency of hybridization and introgression within the climatic gradient and
due to climate change (under different climate models and scenarios), and whether climate change
will increase the likelihood of hybridization in populations that have currently not been in contact
with other species. For each species, we will select localities from different parts of the geographical
range where the species coexist with other related species. From such a population, we will collect
20 individuals for each of co-occurring taxa and individuals that will exhibit hybrid characteristics.
During the fieldwork environmental data as well as plant materials for morphological, molecular, and
syntaxonomic examinations will be collected. SNP genotyping by high-density sequencing will be
done by using the DArT method, which represents a combination of complexity reduction method
and next-generation sequencing, optimized for each organism to select the most appropriate
complexity reduction method (Baiakhmetov et al. 2020).
Additional information
A potential candidate should possess knowledge and experience in designing and conducting
interdisciplinary research. The candidate needs to have the ability to work in the research team.
Excellent written and oral skills in English language are required.
Name of potential foreign collaborator:
Prof. Georgy Lazkov, Kyrgyz Academy of Sciences
References:
1. Baiakhmetov, E., Ryzhakova, D., Gudkova, P.D., Nobis M. 2021. Evidence for extensive hybridisation
and past introgression events in feather grasses using genome-wide SNP genotyping. BMC Plant
Biology 21, 505

2. Nobis M., Gudkova P.D., Nowak A., Sawicki J., Nobis A. 2020. A synopsis of the genus Stipa (Poaceae)
in Middle Asia, including a key to species identification, an annotated checklist, and phytogeographic
analyses. Annals of the Missouri Botanical Garden105: 1-63

Institute: Institute of Botany
Topic: Regeneration processes in isolated endosperm of selected cultivars of Actinidia arguta
Name of supervisor: dr hab. Marzena Popielarska-Konieczna, prof. UJ
m.popielarska-konieczna@uj.edu.pl
Background information:
Endosperm is a unique tissue because of its origin, ploidy content and recalcitrance upon
dedifferentiation in vitro. In Mini kiwi, Actinidia arguta, the protocol for shoot proliferation and
regeneration from isolated endosperm has already been developed (Abdullah et al., 2021). We have
also shown that the selected cultivars of kiwi berries differ significantly in their potential to
regenerate plants from endosperm-derived calli. We observed the differences in cell wall
composition between organogenic and non-organogenic pathway after several weeks of cultivation
(Popielarska-Konieczna et al., 2020). in particular, our preliminary research (unpublished) showed
that the cell wall composition differs between cultivars with high and low potency for regeneration at
the beginning of cell differentiation. The aim of the study is to identify the key genes associated with
this high regeneration potential through genetic and protein profiling. One of these is the gene
RAPTOR1 that is expressed in the organogenic callus of the related species Actinidia chinensis
(Czernicka et al., 2021).
Main research questions to be addressed in the project:
The project will on the one hand focus on the identification of key genes and proteins (collaboration
with PhD Jenny Renaut, Luxembourg Institute of Science and Technology) in mature endosperm
capable of dedifferentiation and subsequent shoot regeneration. On the other hand, we want to
improve the efficiency of shoot bud regeneration by applying thin layer technology and new variants
of plant growth regulators (collaboration with Prof. Stefaan Werbrouck, Ghent University). This
aspect is important for effectively obtaining plants with a higher ploidy.
Information on the methods/description of work:
In proposed work following methods will be used: plant tissue culture techniques, histological
sections for light and fluorescence microscopy, immunolabeling, RT-qPCR, proteome analysis
(MALDI).
Additional information (e.g. special requirements from the student):
The candidate should be well familiar with plant biology, including histology and embryology, and
should also master MS Office (PowerPoint, Excel, Corel PHOTO-Paint, CorelDraw) and Statistica, and
have basic knowledge and practice of plant tissue culture and molecular methods.
Place/name of potential foreign collaborator:
Prof. Stefaan Werbrouck, Laboratory for Applied In Vitro Plant Biotechnology, Faculty of Bioscience
Engineering, University Ghent, Belgium
PhD Jenny Renaut, Environmental Research and Innovation Department, Luxembourg Institute of
Science and Technology, Luxembourg
References (3):
Popielarska-Konieczna et al. (2020) DOI: 10.1007/s00299-020-02530-2
Czernicka et al. (2021) DOI: 10.1007/s00299-021-02661-0
Abdullah et al. (2021) DOI: 10.1007/s11240-021-02149-5

Institute: Institute of Botany
Topic: The accumulation rate of essential and trace elements, including heavy metals in usnic acid
containing lichen species in the Arctic
Name of supervisor: dr hab. Michał Węgrzyn, prof. UJ
michal.wegrzyn@uj.edu.pl
Background information:
One of the most important and widely studied lichen metabolite is usnic acid (2,6-diacetyl-7,9dihydroxy-8,9b-dimethyl-1,3 (2H, 9bH)-dibenzo-furandione). Its pharmacological potential
(antibacterial, antiviral, anti-inflammatory, analgesic, and cytotoxic activity) is well documented
(Gallanty et al. 2021). Most of reports published to date have confirmed a relationship between
sunlight exposure and usnic acid content in several lichen species, which was linked to its well-known
photoprotective effect. Lichens can accumulate essential and trace elements, including heavy metals,
in their thalli, as a result of the lack of cuticle or any other system that would block the absorption of
different contaminants. This makes them good bioindicators of air pollution, however the
interrelationships between metabolites and heavy metals accumulation in their thalli is still unclear
(Węgrzyn et al., 2016, 2018). Some authors indicate that lichen metabolites, e.g. usnic acid or
atranorin, may act as chelators of cations, including heavy metals, and thus perform a protective role
against their toxic effect to the lichen cells. The main aim of the research will be to determine the
impact of the varied concentration of the usnic acid in the thallus of selected lichen species occurring
in the Arctic tundra on the rate of accumulation of heavy and trace metals as a result of
environmental pollution. The research will be carried out based on materials collected in the 1980s
and in the present time, in the areas of the Belsund fiord in the western part of Spitsbergen
(Svalbard).
The main question to be addressed in the project:
The importance of usnic acid in the process of accumulation of environmental pollutants (essential
and trace elements, including heavy metals) in the Arctic tundra lichens.
Information on the methods/description of work:
The main research tasks will be: 1) Collecting fresh material in Spitsbergen and selecting herbarium
material from the 1980s for analyses; 2) Determination of the levels of usnic acid and selected
essential and trace elements, including heavy metals in historical and fresh samples; 3) Data analysis
aimed at determining the relationship between the studied variables.
Additional information:
Advanced knowledge in statistical methods and Geographic Information System.
Place/name of potential foreign collaborator:
UNIS - University of Svalbard
References:
Galanty A., Wietrzyk-Pełka P., Węgrzyn M.H., Fołta M., Krośniak M., Podolak I., Zagrodzki P. 2021.
Quantitative variations of usnic acid and selected elements in terricolous lichen Cladonia mitis Sandst.,
with respect to different environmental factors - A chemometric approach. Phytochemistry 192:
112948.
Węgrzyn, M., Wietrzyk, P., Lisowska, M., Klimek, B., Nicia, P. 2016. What influences heavy metals
accumulation in arctic lichen Cetrariella delisei in Svalbard? Polar Science 10: 532–540.
Węgrzyn M. H., Wietrzyk-Pełka P., Nicia P., Lehman-Konera S., Olech M. 2018. Short-term monitoring
of Arctic trace metal contamination based on Cetrariella delisei bioindicator in Svalbard. Acta Societatis
Botanicorum Poloniae 87: 3600.

Institute: Institute of Environmental Sciences
Topic: The thermoregulation - oxidative stress nexus as driver for avian senescence
Name of supervisors: dr hab. Ulf Bauchinger, prof. UJ (auxiliary supervisor dr. Edyta Sadowska)
ulf.bauchinger@uj.edu.pl

Background information:
Aging can be defined as a time-dependent persistent decline in reproductivity and functionality.
While we do know that all higher organisms age we do not understand the cause for this process.
The thermoregulatory capacity of animals are also impaired by progressing age as normothermic
levels change with age, and many mammals and birds may become torpid or drop their body
temperature during the night by a few °C. Even small drops in temperature may have profound
effects on enzymatic activity, which also applies to enzymes that act as antioxidants against free
radicals. They protect against the negative effects of oxidative stress through free radical scavenging
and if this protective enzymatic action is reduced in its rate, free radicals may remain unchecked and
lead to oxidative damage of biomolecules. Such oxidative damage risks functional integrity of
biomolecules and is currently one of the most frequently forwarded driver of aging.
The main question to be addressed in the project:
Is avian body temperature regulation linked to oxidative stress?
Information on the methods/description of work:
Measurements of the avian metabolism will be performed on the whole organism level through
open-flow respirometry and accompanying measurements of body temperature. The project entails
determination and estimation of oxidative stress through measurements of plasma antioxidative
capacity and markers for oxidative damage in blood plasma. Experimental manipulations of
environmental condition will be performed to test hypothesis for a link between body temperature
regulation and the risk to encounter oxidative stress.
Additional information:
The research is funded through an OPUS grant from the National Science Foundation in Poland
(NCN) that covers also an additional science stipend. Student must be fluent in English, willing to
learn new methods, interested in experimental work. Experience with energy metabolism,
biochemistry, oxidative stress biology and/or work with birds are an asset but not necessary.
Place/name of potential foreign collaborator:
Prof. Scott R. McWilliams (University of Rhode Island, US)
References:
Zagkle, E., M. Grosiak, U. Bauchinger, and E. T. Sadowska. 2020. Rest-Phase Hypothermia Reveals a
Link Between Aging and Oxidative Stress: A Novel Hypothesis. Frontiers in Physiology 11.
https://doi.org/10.3389/fphys.2020.575060.
Skrip, M. M., and S. R. McWilliams. 2016. Oxidative balance in birds: an atoms-to-organisms-toecology primer for ornithologists. Journal of Field Ornithology 87:1-20.
McWilliams S.R., Pierce B.J., Wittenzellner A., Langlois L., Engel S., Speakman J.R., Fatica O.,
DeMoranville K.J., Goymann W., Trost T., Amadeusz Bryła A., Dzialo M., Sadowska E.T., and
Bauchinger U. 2020. The energy savings-oxidative cost tradeoff for migratory birds during endurance
flight. eLife 2020;9:e60626 DOI: 10.7554/eLife.60626.

Institute: Institute of Environmental Sciences
Topic: Nutritional ecology of bees: balancing bee nutrient demands and nutrient supply with a
diversity of pollen sources
Name of supervisor: dr hab. Marcin Czarnołęski, prof UJ
marcin.czarnoleski@uj.edu.pl
Background information:
For bees, pollen quality determines the overall quality of the larval food, influences the development
of individuals and shapes their populations. Not all plants produce pollen that satisfies the nutritional
requirements of bees, and we do not know how different plant pollens impact bees’ nutritional
demands. Our understanding of the differential contribution of various nutrients to bees’ growth and
development is minimal.
The framework of ecological stoichiometry is a promising approach to this issue. It allows questions
about the most basic mechanism that shapes the nutritional ecology of bees, i.e., balancing the larval
diet to enable larval growth, and development.
The main question to be addressed in the project:
The goal of this project is to determine the nutritional limitations imposed on wild bees by the lack of
nutritionally balanced pollen. Therefore, we will (i) determine the nutritional value of the pollen
produced by various plant species and (ii) estimate the nutritional needs of different species of wild
bees. Finally, the combination of both research aims will enable us to (iii) assess nutritional
bottlenecks as determinants of the biodiversity of wild bee species.
Information on the methods/description of work:
We will characterize the stoichiometry of multiple elements for bees and pollen. Within the
framework of ecological stoichiometry, the nutritional demand of the bees will be compared with the
nutritional supply of the pollen to study if and how the local flora community influence bee
communities and populations via the presence or absence of plant species that supply
stoichiometrically adequate pollen for bees.
Additional information:
Required: (1) Master's level in the studies in the field related to the project’s scope; (2) academiclevel knowledge in ecology, evolution and physiology; (3) general experience and interest in any field
of ecology; (4) basic knowledge of statistics; (5) fluency in English.
Preferred:
experience in publishing scientific results; strong motivation to learn programming in R.
Personal qualities:
(1) effective communication; (2) interpersonal abilities and the ability to work well with others; (3)
computer and technical literacy; (4) problem-solving/creativity; (5) skills in planning and organizing;
(6) reliability, diligence, and punctuality; (7) the ability to critically evaluate the obtained results; and
(8) willingness to actively participate in conferences, festivals and other forms of dissemination of the
project’s results and preparation of scientific publications in English at a high, international level.

Place/name of potential foreign collaborator:
Technical university of Munich, Germany / Prof. Dr. Sara Diana Leonhardt
References:
Filipiak, M., Woyciechowski, M., & Czarnoleski, M. (2021). Stoichiometric niche, nutrient partitioning
and resource allocation in a solitary bee are sex-specific and phosphorous is allocated mainly to the
cocoon. Scientific Reports, 11(1), 652. https://doi.org/10.1038/s41598-020-79647-7
Parreño, …et al… & Leonhardt, S. D. (2022). Critical links between biodiversity and health in wild bee
conservation. Trends in Ecology & Evolution, 37(4), 309–321.
https://doi.org/10.1016/j.tree.2021.11.013

Institute: Institute of Environmental Sciences
Topic: Genetic drivers of microbiome variation on local and comparative scale
Name of supervisors: dr hab. Szymon Drobniak
szymek.drobniak@uj.edu.pl

Background information:
Project within the tasks planned in an OPUS research grant “Microbiome: heritable and repeatable?”.
The research grant aims art estimating the genetic factors influencing microbiome variability in a wild
bird population, and its potential links to individual fitness. It will be the first attempt to estimate two
key ingredients of an evolving trait (here – microbiome diversity): its underlying genetic variance, and
selection acting on it in a wild population. This PhD. fellowship will focus on the heritability and
genetic variance underlying variation of microbiome in a wild population of birds.
The main question to be addressed:
What is the genetic background (both in terms of quantitative genetic variance and specific genetic
variants) of microbiome diversity in a wild bird population?
Information on methods/description of work:
The tasks of the student will comprise: sample collection in the wild population of collared
flycatchers in Sweden (Baltic island of Gotland), contribution to the planning and logistics of
fieldwork, molecular genetic analyses of collected material in a genetic laboratory and preparation of
samples for sequencing (next-generation sequencing using in-house platform as well as outsourced),
analysis of resulting data. The position will give unique opportunities to learn cutting-edge molecular
tools, modern statistical and mathematical modelling skills, and recent meta-analytical and research
synthesis methods.
Additional information:
Students applying for this project should have keen interest in evolutionary biology and ecology,
preferably experience (or strong motivation to gain it) in modern genetic molecular tools. European
driving license and interest in modern statistical methods used in biology will be a plus. Fluency in
English is a must. The student will be a member of inclusive and strongly collaborative research team
and will have opportunities to contribute to many research outputs as co-author.
References:
Drobniak SM, Cichoń M, Janas K, Barczyk J, Gustafsson L, Zagalska‐Neubauer M (2022). Habitat
shapes diversity of gut microbiomes in a wild population of blue tits Cyanistes caeruleus. Journal of
Avian Biology 2022.
Drobniak SM, Sudyka J, Cichoń M, Arct A, Gustafsson L, Lutyk D, et al. (2022). Differential effects of
steroid hormones on levels of broad-sense heritability in a wild bird: possible mechanism of
environment × genetic variance interaction? Heredity 128: 63–76.
Henry LP, Bruijning M, Forsberg SKG, Ayroles JF (2021). The microbiome extends host evolutionary
potential. Nat Commun 12: 5141.

Institute: Institute of Environmental Sciences
Topic: Selective potential of microbiome variation in a wild bird population
Name of supervisors: dr hab. Szymon Drobniak
szymek.drobniak@uj.edu.pl
Background information:
Project within the tasks planned in an OPUS research grant “Microbiome: heritable and repeatable?”.
The research grant aims art estimating the genetic factors influencing microbiome variability in a wild
bird population, and its potential links to individual fitness. It will be the first attempt to estimate two
key ingredients of an evolving trait (here – microbiome diversity): its underlying genetic variance, and
selection acting on it in a wild population. This PhD. fellowship will be focused on fitness
consequences of microbiome variation.
The main question to be addressed:
Does microbiome variation undergo natural selection in a wild bird population?
Information on methods/description of work:
The tasks of the student will comprise: sample collection in the wild population of collared
flycatchers in Sweden (Baltic island of Gotland), contribution to the planning and logistics of
fieldwork, help with molecular genetic analyses of collected material in a genetic laboratory and
preparation of samples for sequencing, literature screening and comparative data collection for a
meta-analysis of published studies on microbiome-fitness links, analysis of resulting data. The
position will give unique opportunities to learn cutting-edge molecular tools, modern statistical and
mathematical modelling skills.
Additional information:
Students applying for this project should have keen interest in evolutionary biology and ecology,
preferably experience (or strong motivation to gain it) in modern genetic molecular tools. European
driving license and interest in modern statistical methods used in biology will be a plus. Fluency in
English is a must. The student will be a member of inclusive and strongly collaborative research team
and will have opportunities to contribute to many research outputs as co-author.
References:
Drobniak SM, Cichoń M, Janas K, Barczyk J, Gustafsson L, Zagalska‐Neubauer M (2022). Habitat
shapes diversity of gut microbiomes in a wild population of blue tits Cyanistes caeruleus. Journal of
Avian Biology 2022.
Drobniak SM, Sudyka J, Cichoń M, Arct A, Gustafsson L, Lutyk D, et al. (2022). Differential effects of
steroid hormones on levels of broad-sense heritability in a wild bird: possible mechanism of
environment × genetic variance interaction? Heredity 128: 63–76.
Henry LP, Bruijning M, Forsberg SKG, Ayroles JF (2021). The microbiome extends host evolutionary
potential. Nat Commun 12: 5141.

Institute: Institute of Environmental Sciences
Topic: Climate crisis: a new paradigm for addressing minimization of plastic harm in the era of COVID19 pandemic
Name of supervisor: prof. dr hab. Małgorzata Grodzińska-Jurczak
m.grodzinska-jurczak@uj.edu.pl
Background information:
Contemporary environmental discourses have been largely focused on different contributors to the
climate crisis including plastic considered as having the strongest impact on the natural environment
and public health. The CO2 emissions directly connected to plastic production, recycling and
utilization – estimated to triple by 2050 - requires a re-assessment due to the global COVID-19
pandemic. The already chronic problem of plastic pollution is just becoming more worrying, as the
new circumstances result in a constantly growing generation of a new type of pollution originating
from single-use items such as gloves, masks, medical suits, cutlery etc. The previously perceived
negative roles of plastic experience a major change as health fears appear to outweigh
environmental concerns. However, although the effects of the COVID-19 pandemic are more
immediate than those
of plastic usage, both have a tremendous impact on the environment and public health. Facing both
threats requires a major incision into the prevailing plastic governance ensuring
a sustainable transition of values and behaviors towards a holistic plastic waste management while
considering changing environmental conditions.
The main questions to be addressed in PhD project:
This research project aims at re-assessing the plastic threat reinforced by the COVID-19 pandemic. It
will investigate attitudes and opinions towards the harm of plastic to the environment and health,
using the interdisciplinary context, investigating the local communities originated from various
location of Poland. Moreover, we’ll develop an inclusive approach aiming at minimizing the new type
of plastic pollution – mainly microplastic - which will comprise a combination of innovative
technologies, participatory scenario modelling and knowledge co-creation processes.
Information on the methods/description of work:
The project will utilize a mixed-mode approach with qualitative and quantitative methods. The
outputs of the PhD project will be used for comparisons with equivalent research
in other countries to validate their relevance and strengthen their practical universality.
Special requirements from the student:
A potential candidate should possess knowledge and experience in working cohesively
in an interdisciplinary team environment, demonstrate excellent written and oral Polish and English
communication skills. A job experience in practical interdisciplinary (also non-research sector) and
participatory research methods would be of advantage.
Place/name of potential foreign collaborator:
1. Prof. Marco Neudecker (Hochschule Hannover – University of Applied Sciences and Arts,
Institute of Bioplastics and Biocomposites, Mechanical and Bioprocess Engineering.
Haisterberhalle 10A, 30453, Hannover, Niemcy)
2. Dr. Heather Leslie (Univeristy of Amsterdam, Faculty of Science, Science Park 904, 1090 GE
Amsterdam, Holandia)
References:
Ali, Y., Razi, M., De Felice, F., Sabir, M., & Petrillo, A. (2019). A VIKOR based approach for
assessing the social, environmental and economic effects of “smog” on human health. Science
of The Total Environment, 650, 2897–2905. https://doi.org/10.1016/j.scitotenv.2018.10.041 .

Hamilton, L. A., Feit, S., Muffett, C., Kelso, M., Rubright, S. M., Bernhardt, C., Schaeffer, E.,
Moon, D., Morris, J., & Labbé-Bellas, R. (2019). Plastic & Climate: The Hidden Costs of a Plastic
Planet. Center for International Environmental Law (CIEL).
Leslie, H., van Velzen, M., Brandsma, S., Vethaak, A., Garcia-Vallejo, J., & Lamoree, M. (2022).
Discovery and quantification of plastic particle pollution in human blood. Environment
International, 107199. doi: 10.1016/j.envint.2022.107199.

Institute: Institute of Environmental Sciences
Topic: Correlated responses to multidirectional artificial selection in the bank vole
Name of supervisor: prof. dr hab. Paweł Koteja (and dr Edyta Sadowska as auxiliary supervisor)
pawel.koteja@uj.edu.pl
Background information:
One of the main challenges in biology is to understand the evolution of complex adaptations
allowing realization of the astonishing variety of "lifestyles." A powerful tool in the research area,
which is a basis of the research program of our team, is an experimental evolution approach. In
a laboratory colony of a wild rodent, the bank vole Myodes glareolus, we have applied artificial
selection to mimic evolution towards high aerobic exercise metabolism, predatory behavior, and
ability to cope with a herbivorous diet. Therefore, we created a laboratory model of adaptive
radiation that provides a unique model for testing hypotheses concerning the correlated evolution
of complex traits. Specific projects based on the model concern both studying correlated responses
to the selection in organismal-level traits and analyses of molecular and biochemical background of
the selection differences.
The main questions to be addressed in the project:
The specific project is focused on questions concerning behavior:
1) Does rearing by the mother (maternal postnatal environment) determine the behavior of voles,
and especially the propensity towards predatory behavior and the predatory performance?
2) Does the multidirectional selection modify food preference?
Information on the methods/description of work:
1) We will combine the experimental evolution with cross-fostering into a “nature vs nurture”
scheme to determine the relative contribution of genetic and maternal postnatal environment on
the predatory behavior. Samples of tissues will be preserved for follow-up project focused on
investigation of the molecular background of the behaviour (gene expression level).
2) We will perform standard “cafeteria” tests, in which the animals are offered simultaneously
alternative diets.
In addition, the student will have an opportunity to participate in other running projects within
the framework of the same experimental evolution model system, and will get support in applying
for his/her own project, especially to investigate neurobiological and molecular mechanisms of the
selection differences.
Additional information:
Merit expectations:
- The prospective candidate should show good communication in English and have organizational
and collaboration skills.
- Experience of research with small mammals, in the areas of evolutionary biology or
neurosciences, and experience in physiological or molecular laboratory work, are considered
advantageous.
Place/name of potential foreign collaborator:
Jennifer Hoy (University of Nevada, Reno); Theodore Garland (University of California); Tappio
Mappes and Phillip Watts (University of Jyvaskyla, Finland)
References:
Sadowska, E. T., K. Baliga-Klimczyk, K. M. Chrzascik, and P. Koteja. 2008. Laboratory model of
adaptive radiation: A selection experiment in the bank vole. Physiological and Biochemical Zoology
81:627-640.

Konczal, M., Koteja, P., Orlowska-Feuer, P., Radwan, J., Sadowska, E.T., Babik, W. 2016. Genomic
response to selection for predatory behavior in a mammalian model of adaptive radiation. Molecular
Biology and Evolution 33(9):2429–2440.
Maiti, U., E. T. Sadowska., K. M. Chrzascik, and P. Koteja. 2018. Experimental evolution of personality
traits: open-field exploration in bank voles from a multidirectional selection experiment. Current
Zoology 65(4): 375–384.

Institute: Institute of Environmental Sciences
Topic: The diversity, distribution, and ecological dynamics of insect microbiomes
Name of supervisor: dr hab. Piotr Łukasik
p.lukasik@uj.edu.pl
Background information (max 200 words):
Insects frequently associate with microbes, forming different types of symbiotic associations that
often play major roles in the insect biology. We know that the microbiome abundance, composition
and roles vary among insect species, but they also differ among populations, sampling dates, and
among individuals sampled from a population at the same time. However, our understanding of the
microbiome diversity patterns across insects, and factors that influence them, remains very limited.
The goal of the proposed project is a comprehensive survey of microbial symbioses across large
numbers of diverse insects. As a source of material, we will use existing insect collections from
Sweden and Greenland, obtained in collaboration with Sweden-based biodiversity surveys, and will
collect additional samples. We will characterize them using innovative high-throughput sequencingbased approaches, custom bioinformatics solutions, and advanced statistical models. These
approaches will allow us to understand the microbiome composition across the taxonomic diversity
of insects, and to describe the seasonal changes, geographic variation, and the effects of
environmental factors on microbiomes of selected, broadly distributed species.
The main question to be addressed in the project:
The Ph.D. Student will address a series of questions about factors that drive the abundance and
composition of microbial symbionts across diverse insects
Information on the methods/description of work:
Initially, the student will work on the analysis of existing, extensive marker gene amplicon datasets
for diverse Swedish and Greenland insects, developing and consolidating their bioinformatics skills,
and aiming to use these data to address some of the broad questions in the field of symbiosis. Later,
depending on interests and research funding, they may participate in field collections, laboratory
work, analysis of expanding marker gene datasets, phylogenomics and comparative genomics
characterization of broadly distributed microbial clades, or development and implementation of
statistical models. The student will be encouraged to work closely with other team members and
Polish and international project collaborators.
Additional information:
The successful candidate will have an M.Sc. degree in a relevant field by September 2022; a
demonstrated interest in Evolution, Entomology, Microbiology, and/or Genomics; experience with,
or a keen interest in learning, Bioinformatics and Computational Biology; and strong English
language, communication, and organizational skills. Previous experience with insect ecology,
evolution and especially symbioses, molecular biology, microbiome surveys, phylogenomics and/or
comparative genomics, and modelling skills, as well as the willingness to travel, are advantageous.
For more information regarding the project and the research group please check
www.symbio.eko.uj.edu.pl
Place/name of potential foreign collaborator:
Tomas Roslin, Swedish Agricultural University
Otso Ovaskainen, University of Jyväskylä, Finland
References:
Moran N.A., McCutcheon J.P. & Nakabachi A. (2008): Genomics and evolution of heritable bacterial
symbionts. Annual Review of Genetics 42:165-190, doi:10.1146/annurev.genet.41.110306.130119.
Perreau, J. & Moran, N. A. (2021): Genetic innovations in animal–microbe symbioses. Nat. Rev.
Genet. 1–17, doi:10.1038/s41576-021-00395-z.
Sudakaran S., Kost C., Kaltenpoth M. (2017): Symbiont acquisition and replacement as a source of
ecological innovation. Trends in Microbiology 25:375-390, doi:10.1016/j.tim.2017.02.014

Institute: Institute of Environmental Sciences
Topic: Human – wildlife conflicts in urban areas

Name of supervisor: dr hab. Izabela Wierzbowska
i.wierzbowska@uj.edu.pl
Background Information:
As urbanisation and habitat destruction increase, numerous animal species struggle for survival,
while others thrive. In our (Basak et al. 2020) recent research we found that roe deer (Capreolus
capreolus), wild boar (Sus scrofa), red fox (Vulpes vulpes), and stone marten (Martes foina) are the
most common urban species in Krakow city. Yet, often they are involved in conflict situations. The
proposed research would be an extension of the study with a special focus on studying animal
activity in urban gradient.
The main question to be addressed in the project:
We will analyse the impact of environmental factors which might affect wild animals activity and their
presence in urban areas as well evaluate the characteristics of human-wildlife conflicts with a special
focus on animal-vehicle collisions
Information on the methods/description of work:
Cooperation will be established with the urban wildlife stakeholders in Polish cities to evaluate a survey
on a national scale to obtain information on conflict situations involving urban wildlife. Camera traps
will be set up to identify animals’ activity and characteristics of their occurrence.
Additional information:
Knowledge of the functioning of urban ecosystems, experience in field studies of mammals, a fluency
in Polish and English.
Place/name of a potential foreign collaborator:
Luís Miguel Rosalino, Faculty of Biology, University in Lisbon
References:
Basak SM, Wierzbowska IA, Gajda A, Czarnoleski M, Lesiak M, Widera E. Human–Wildlife Conflicts in
Krakow City, Southern Poland. Animals, 10(6), 1014. doi: 10.3390/ani10061014.
Caravaggi A,Burton AC, Clark DA, et al. A review of factors to consider when using camera traps to
study animal behavior to inform wildlife ecology and conservation. Conservation Science and Practice.
2020; 2:e239.https://doi.org/10.1111/csp2.239.
Herrera, D., Moore, S., Flockhart, D., McShea, W., & Cove, M. Thinking outside the park:
recommendations for camera trapping mammal communities in the urban matrix. Journal Of Urban
Ecology. 2021. juaa036, https://doi.org/10.1093/jue/juaa036.

Institute: Institute of Environmental Sciences
Topic: The Assessment of interspecific interactions between sympatric carnivores in the Carpathian
Mountains
Name of supervisor: dr hab. Izabela Wierzbowska
i.wierzbowska@uj.edu.pl
Background information:
In functioning ecosystems, there are strong interspecific links between trophic levels, so called trophic
cascades, where top carnivores suppress carnivore guild members on lower trophic levels, ultimately
affecting the growth and distribution of species further down the trophic ladder, such as herbivores
and producers.
Interspecific interactions determine species distribution and abundance, and that makes this a key
factor in large carnivores conservation. Studies on interspecific killing have shown that in case of very
similar body sizes competitors prefer to avoid direct conflicts. Humans have significantly altered the
nature of these trophic interactions though multiple pathways, including the extermination of top
carnivores, facilitating biological invasions, landscape transformation, and human activities such as
pet-keeping. For example, large carnivores such as wolves (Canis lupus), brown bears (Ursus arctos),
and lynxes (Lynx lynx) were heavily persecuted during the 20th century, when their numbers reached
record lows across Europe. Put under strict protection near the end of the 20th century, these top
carnivores are now recovering in some parts of Europe, including Poland.
Although humans have kept pets for thousands of years, the number of domestic cats (Felis catus) and
dogs (Canis lupus familiaris) moving through the environment have likely also increased through time
as human populations grew and expanded and as pet-keeping became more fashionable. Feral
domestic cats and dogs are currently considered one of the top threats to biodiversity around the
world and can generally be considered novel members of wild carnivore guilds.
The main question to be addressed in the project:
In this project will focus on how to:
1) determine the status, structure, and behaviour of carnivore communities across multiple gradients
of anthropogenic disturbance, including landscape configuration and use, hunting pressure, and the
presence of top, alien, and domestic carnivores,
2) to evaluate the effect of how the presence of large carnivore as top predators affects the distribution
and behaviour of native and domestic mesocarnivores,
Information on the methods/description of work:
The use of non-invasive methods including camera trapping. The study will be performed in the
Carpathian Mountains, mainly with the ongoing cooperation with the national parks. The records
from camera traps will be evaluated and processed by multidimensional statistical analyses and GIS
models.
Special requirements from the student:
General knowledge at the level of graduated biology with focus on wildlife ecology. Experience with
the use of camera traps and field work. Very good command of English and good of Polish.
Experience in using statistical and GIS analyses.
Place/name of potential foreign collaborator:
Dr Aimee Taillian, Norwegian Institute for Nature Research, Norway
Reference(s):
Lewis, J. S., Bailey, L. L., VandeWoude, S., & Crooks, K. R. (2015). Interspecific interactions between
wild felids vary across scales and levels of urbanization. Ecology and evolution, 5: 5946–5961.
https://doi.org/10.1002/ece3.1812.
Manlick, P.J. & Pauli, J.N. (2020). Human disturbance increases trophic niche overlap in terrestrial
carnivore communities. PNAS, 117: 26842-26848 https://doi.org/10.1073/pnas.2012774117.

Rich M., Thompson C., Prange S. and Popescu V. D. (2018). Relative Importance of Habitat
Characteristics and Interspecific Relations in Determining Terrestrial Carnivore Occurrence. Front.
Ecol. Evol. 6:78. doi: 10.3389/fevo.2018.00078

Institute: Institute of Environmental Sciences

Topic: Ecological speciation within the Brachionus plicatilis (Rotifera) cryptic species complex

Name of supervisor: dr hab. Aleksandra Walczyńska
aleksandra.walczynska@uj.edu.pl
Background information:
Species representing the Brachionus plicatilis cryptic species complex inhabit different aquatic
systems all over the world, but the best known and studied is the metapopulation inhabiting the
brackish ponds in the Mediterranean coast of Spain, consisting of four known and officially described
species and two other not yet named. This metapopulation was already the subject of studies
focusing on environmental selection as affecting body size at the inter- and intraspecific levels. This
system of studies has a considerable potential to pose hypotheses on the mechanisms of ecological
speciation.
The main question to be addressed in the project:
The main project hypothesis is to test whether body size is a ‘magic trait’ in the ecological speciation
within the Brachionus plicatilis cryptic species complex.
Information on the methods/description of work:
The project will be realized in three steps: (i) selection of ponds with the most and the least plastic
rotifers representing five Brachionus species (based on existing database), (ii) field and laboratory
work at the University of Valencia, Spain, aiming to link environmental heterogeneity and body size
plasticity in Brachionus species, (iii) estimation of gene flow in the B. plicatilis cryptic species
complex, using GWAS approach at Oxford University.
Additional information:
Deep knowledge in evolutionary ecology theory, good manual skills for the work with live rotifers, at
least general knowledge in molecular techniques.
Place/name of potential foreign collaborator:
Professor Manuel Serra, University of Valencia, Spain; Professor Timothy Barraclough, Oxford
University, UK.
References:
Walczyńska, A. and Serra, M., preprint:
https://www.biorxiv.org/content/10.1101/2020.04.30.070417v1
Campillo, S., Garcia-Roger, E. M., Carmona, M. J., Gomez, A. & Serra, M. Selection on life history traits
and genetic population divergence in rotifers. J Evol Biol 22, 2542-2553 (2009).
https://onlinelibrary.wiley.com/doi/10.1111/j.1420-9101.2009.01871.x
Barraclough, T. G. The Evolutionary Biology of Species. (2019).
https://oxford.universitypressscholarship.com/view/10.1093/oso/9780198749745.001.0001/oso9780198749745

Institute : Institute of Zoology and Biomedical Research.
Topic: Involvement of gasotransmitter systems in the brain response to seizure activity in animal
models of epilepsy.
Name of supervisor: prof. dr hab. Krzysztof Janeczko
k.janeczko@uj.edu.pl
Background information/Information on the methods/description of work:
Temporal lobe epilepsy presents severe clinical cases of recurrent spontaneous seizures
resulting in excitotoxicity, neuroinflammation, oxidative stress, and neurodegeneration and
facilitating further epileptic episodes. According to classical concepts, seizure susceptibility depends
on imbalances between excitatory and inhibitory neurotransmitters, mainly between glutamatergic
and GABAergic systems. These concepts have been significantly modified by discoveries of cellular
interactions via very small gaseous particles: nitric oxide, carbon monoxide and hydrogen sulfide.
These molecules, called gasotransmitters, are involved in the function of several organs, including
the brain and they can also affect each other functionally. However, our present knowledge about
possible roles of gasotransmitters in the genesis, course and effects of epilepsy remains significantly
limited. So far we know that pathological states accompanying traumatic brain injuries which are also
typical of epilepsy, like neuroinflammation, oxidative stress or neurodegeneration, include
gasotransmitter‐involving processes. Such indirect approach to the problem does not give scientific
satisfaction and is the source of inspiration for this project based on animal models.
Main research purposes and techniques to be applied:
Two well established experimental models based on pilocarpine‐ and electroshock‐induced seizures
combined with telemetric EEG recordings will be used here. Then, reactive changes in the system of
gasotransmitter‐producing enzymes will be characterized by:
1) changes in levels of gasotransmitters (nitric oxide, hydrogen sulfide and carbon monoxide) in the
peripheral blood and brain (biochemical measurements);
2) changes in expression of enzyme proteins in the cerebral cortex, hippocampal formation and
brainstem (Western blots);
3) mapping of brain areas expressing these enzyme proteins (immunohistology);
4) mapping of glial responses and the blood‐brain barrier disruptions (immunohistology);
5) mapping of neurons and glial cells expressing proteins of the gasotransmitter‐producing enzymes;
6) the extent of neuronal degeneration, changes in quantity and distribution.
The obtained data will be analyzed to detect possible causal relationships.
Additional information, Special requirements from the student:
The student should demonstrate:
1. knowledge of theoretical and practical research problems underlying the proposed research
project;
2. certified professional abilities to perform tests on animals;
3. knowledge of appropriate research techniques;
4. abilities to teamwork confirmed by the last academic supervisor.
Place/name of potential foreign collaborator:
Professor Csaba Szabo, Faculty of Science and Medicine, University of Fribourg, Switzerland.
References:
Che X. et al. 2018 The Role of Gaseous Molecules in Traumatic Brain Injury: An Updated Review.
Front Neurosci. 12:392. doi:10.3389/fnins.2018.00392.
Raju K. and Ischiropoulos H. 2016 Gaseous Signaling in the Central Nervous System. In: Neuroscience
in the 21st Century. Springer, New York, NY. https://doi.org/10.1007/978‐1‐4939‐3474‐4_152.
Kulkarni‐Chitnis M et al. 2019 Interaction between hydrogen sulfide, nitric oxide, and carbon
monoxide pathways in the bovine isolated retina. AIMS Neuroscience, 6(3): 104‐115.
doi:10.3934/Neuroscience.2019.3.104.

Institute : Institute of Zoology and Biomedical Research.
Topic: Expression and role of asprosin/OLFR734 in the regulation of mouse hypothalamus and
pituitary cells function.
Name of supervisor: dr hab. Agnieszka Rak, prof. UJ
agnieszka.rak@uj.edu.pl
Background information:
Obesity and overweight are increasing worldwide and have detrimental influences on several human
body functions including the reproductive health. In particular, obese women undergo perturbations
of the ‘hypothalamic pituitary ovarian axis’, and frequently suffer of menstrual dysfunction leading to
anovulation and infertility. Besides the hormone disorders and subfertility that are common in the
polycystic ovary syndrome (PCOS). The adipose tissue indeed, releases a number of bioactive
molecules, namely adipokines, that variably interact with multiple molecular pathways of insulin
resistance, inflammation, hypertension and cardiovascular risk. Obesity is conditions that alter the
profiles of specific hormones such as insulin and adipokines and, thus, definitely impair the women
fertility. Many reports indicate that adipokines regulate the female reproduction on hypothalamus –
pituitary level. In the present project we will focus on description of adipokine – asprosin – as new
regulators in female reproduction - on the hypothalamus and pituitary physiology. Asprosin is a
fasting-induced glucogenic hormone, which stimulates appetitive behavior by OLFR734 receptor. It
has been highlighted that elevated asprosin levels are observed in humans and mice with obesity,
insulin resistance, and type 2 diabetes mellitus, however the role of asprosin in female reproduction
is currently unclear.
The main question to be addressed in the project:
- mRNA and protein expression as well as immunolocalization of asprosin/OLFR737 in the mouse
(obese vs control) hypothalamus and pituitary, - concentration of asprosin in plasma during estrous
cycle (obese vs control), - the role of asprosin in the regulation of hypothalamus and pituitary cells
(GT1-7 and LβT2, respectively) physiology: hormone secretion, proliferation, apoptosis and signalling
pathways – involvement of OLFR737 in asprosin action oh hypothalamus and pituitry.
Information on the methods/description of work:
real time PCR, Western blot, ELISA, immunohistochemistry, in vitro culture of GT1-7 and LβT2 cell
line, genes silencing, proliferation and apoptosis assays, statistical tests.
Additional information:
ability to use planned methods, using basic statistical analysis programs, knowledge of English in
speech and writing, readiness to work in a team and openness to new challenges.
Place/name of potential foreign collaborator:
INRAE, Unité Physiologie de la Reproduction et des Comportements, Nouzilly, France / Professor
Joëlle Dupont.
References:
Rak A, et al., Adiponectin and resistin: potential metabolic signals affecting hypothalamo-pituitary
gonadal axis in females and males of different species. Reproduction. 2017;153(6):R215-R226.
Reverchon M, et al., Adipokines and the female reproductive tract. Int J Endocrinol.
2014;2014:232454.
Dupont J, et al., Involvement of adipokines, AMPK, PI3K and the PPAR signaling pathways in ovarian
follicle development and cancer. Int J Dev Biol. 2012;56:959-67.

Institute: Institute of Zoology and Biomedical Research
Topic: The diversity and dynamics of insect heritable microbiota
Name of supervisor: dr hab. Wacław Tworzydło, prof. UJ (dr Anna Michalik)
w.tworzydlo@uj.edu.pl
Background information:
Nutritional, heritable symbiosis is ubiquitous within Auchenorrhyncha - a hemipteran clade comprising
planthoppers, leafhoppers, treehoppers, spittlebugs, and cicadas, and feeding exclusively on nutrientlimited diet of plant sap. Most Auchenorrhyncha harbor two ancient heritable bacterial symbionts that
have co-diversified with hosts for hundreds of million years. However, in many lineages, one or both
of these symbionts has been replaced by other bacteria or fungi. Alternatively, in other
Auchenorrhynchan lineages, the ancestral co-primary symbionts were joined by additional microbes
that now contribute additional nutritional functions. Finally, these insects commonly host heritable
facultative symbionts from broadly distributed clades such as Wolbachia and Rickettsia, who may also
provide nutrients but also affect insect reproduction or resistance to natural enemies. All these
microbes play critical importance in insect biology, but there is rapidly accumulating evidence that the
infections may vary among insect clades, species, populations, and even individuals sampled at the
same time, at the same site. Unfortunately, we know very little about these diversity and
spatiotemporal distribution patterns or their biological importance.
The main question to be addressed in the project:
How stable are these host-symbiont associations, and what factors affect their stability? How frequent
are acquisitions of novel symbionts? Which factors hamper or facilitate the replacement of the existing
symbiont by another one? To address these and related questions, we will conduct broad
Auchenorrhyncha sampling across Central Europe and Baltic countries, followed by a comprehensive
characterization of their microbiomes.

Information on the methods/description of work:
The student will conduct a comprehensive analysis of symbiotic systems of different
Auchenorrhyncha species that will be broadly and repeatedly sampled across Central Europe and
Baltic countries. The primary responsibilities will include microscopic (LM, TEM, FISH) and
bioinformatic analyses (next-generation sequencing data) of the collected material. The student will
have an opportunity to also participate in insect sampling and identification (including fieldwork in
Poland and abroad) and the molecular work on these specimens (DNA extraction, next-generation
sequencing library preparation). They will work closely with members of the Symbiosis Evolution
Group at the Institute of Environmental Sciences of JU.
Additional information:
Essential qualifications:
- M.Sc. degree in biology or related field by September 2022
- Demonstrated interest in entomology, symbiosis, evolution
- Experience with or interest in learning molecular biology, bioinformatics, and microscopy
techniques - Good organization and interpersonal skills
- Good English language skills
The Student will be considered for the PhD position within the NCN Opus 21 project “The patterns,
processes, and drivers of insect microbiome variability”, which may provide an additional research
stipend and travel opportunities to the successful candidate. The stipend recipient will be selected in
a separate competition, and the applicants interested in this opportunity are encouraged to contact
Dr. Anna Michalik (a.michalik@uj.edu.pl) directly as soon as possible.

Place/name of potential foreign collaborator:
Prof. Dr. Martin Kaltenpoth, Johannes Gutenberg University Mainz, Germany
References:
Sudakaran, S.; Kost, C.; Kaltenpoth, M. Symbiont Acquisition and Replacement as a Source of
Ecological Innovation. Trends Microbiol. 2017, 25, 375–390.
Łukasik, P.; Nazario, K.; Van Leuven, J.T.; Campbell, M.A.; Meyer, M.; Michalik, A.; Pessacq, P.; Simon,
C.; Veloso, C.; McCutcheon, J.P. Multiple Origins of Interdependent Endosymbiotic Complexes in a
Genus of Cicadas. Proc. Natl. Acad. Sci. 2018, 115, E226.
Michalik, A.; Castillo Franco, D.; Kobiałka, M.; Szklarzewicz, T.; Stroiński, A.; Łukasik, P. Alternative
Transmission Patterns in Independently Acquired Nutritional Co-Symbionts of Dictyopharidae
Planthoppers. mBio 2021, 12(4) e01228-21.

Institute: Institute of Zoology and Biomedical Research
Topic: The neuronal mechanism of the influence of light on motivation and decision making
Name of Supervisor: dr hab. Tomasz Błasiak, prof. UJ
tomasz.blasiak@uj.edu.pl
Background information:
Light has a significant impact on the level of our motivation and the decisions we make. The exact
brain circuits that mediate the effects of light on animal behaviour are not well understood. Little is
known about the neural mechanisms by which the intensity of light and the direction it comes from
affect the animal's level of behavioural invigoration and decisions it makes about e.g., approach vs.
withdrawal, or orientation/turning in a specific direction with respect to the incident light. In recent
years, there have been scientific reports suggesting that the activity of the midbrain dopaminergic
system, which is the most important element of the reward system in the brain of animals, may be
influenced by light [1, 2].
The main question and tasks:
How light affects the activity of the midbrain dopaminergic system of the rat. In particular: 1) what
neural circuits and how are they involved; 2) what effect light has on the elements of the studied
circuits; 3) how light conditions and experimental manipulation of involved neuronal pathways
influences behaviour of the animals.
Information on the methods/description of work:
The studies will be performed on adult male rats. The following experimental techniques are planned
to be used: 1) Neuroanatomy: neuronal tract-tracing with the use of anterograde, retrograde and
transsynaptic viral vectors and classical chemical markers; 2) Electrophysiology: single and multichannel extracellular recordings during exposure of the animal to the light stimuli of various intensity
and direction, combined with optogenetic manipulation of the activity within the elements of the
studied neural pathways; 3) Behaviour: testing of animal behaviours during light stimulation
(different intensities and directions) and optogenetic manipulation of studied neuronal pathways.
Additional information:
The student should have experience in the following research techniques: injections of viral vectors
into the selected structures of the rodent brain; single- and multi-channel recording of neuronal
activity in an in vivo preparation of anesthetized rat; behavioural testing of laboratory animals (rats);
preparation and microscopic analysis of the histological material of immunocytochemically stained
nerve tissue. In addition, the student should have the following skills, training and qualities: training
to perform procedures and experiments and to kill animals (in accordance with the applicable Act on
the protection of animals used for scientific or educational purposes, of January 15, 2015); ability to
analyse the electrophysiological signal using specialized software (Spike2, Kilosort); good command
of the English language.
References:
Lu Huang, Yue Xi, Yanfang Peng, Yan Yang, Xiaodan Huang, Yunwei Fu, Qian Tao, Jia Xiao, Tifei Yuan,
Kai An, Huan Zhao, Mingliang Pu, Fuqiang Xu, Tian Xue, Minmin Luo, Kwok-Fai So, Chaoran Ren (2019)
A Visual Circuit Related to Habenula Underlies the Antidepressive Effects of Light Therapy. Neuron
102(1):128-142.e8.
Pradel Kamil, Drwiȩga Gniewosz, Błasiak Tomasz (2021) Superior Colliculus Controls the Activity of the
Rostromedial Tegmental Nuclei in an Asymmetrical Manner. Journal of Neuroscience 41(18):40064022.

Institute: Institute of Zoology and Biomedical Research
Topic: The influence of dopamine released in the motor cortex on the acquisition of precise motor
skills.
Name of Supervisor: dr hab. Tomasz Błasiak, prof. UJ
tomasz.blasiak@uj.edu.pl
Background information:
The motor cortex gives rise to major descending circuits that control voluntary movement and are
critically involved in learning motor skills, e.g. reaching, grasping and manipulating objects. The
mechanisms by which motor learning occurs are still not fully understood. This is partly due to the
complexity of the circuits of the motor cortex, containing a wide variety of types of pyramidal
neurons [1]. One possible process by which learning and motor updating is achieved is error-based
learning. The best-known error signal in the mammalian brain is the dopamine (DA) encoded reward
prediction error [2]. This suggests that DA-dependent modulation of neural assemblies in the motor
cortex may be required to refine precise movements. However, a causal relationship between DA
release and neuronal activity in the motor cortex has not yet been described.
The main question and tasks:
How spatiotemporal differences in DA levels relate to ongoing neuronal activity in the motor cortex
and influence behaviour in awake mice performing motor task. In particular: 1) to measure DA
release in the motor cortex and calcium dynamics in genetically defined types of cortical neurons; 2)
to determine the functional role of DA-sensitive cells in motor cortex by performing chemogenetic
and optogenetic manipulations during ongoing behavior.
Information on the methods/description of work:
The studies will be performed on adult male mice congenic with C57BL/6N strain, harbouring a Cre
recombinase expressed under the control of the Drd1a (D1 receptor) or Drd2 (D2 receptor) gene
promoters. The following experimental techniques are planned to be used: 1) In vivo, fibre
photometry: imaging of DA release and intracellular calcium concentration in defined populations of
motor cortex pyramidal neurons in head-restrained animals performing motor tasks; 2) Behavioural:
mice will learn to maneuver the joystick up to a certain threshold to receive a water reward while
activity of the studied population of cortical neurons will be chemogenetically or optogenetically
manipulated.
Additional information:
The student should have experience in the following research techniques: injections of viral vectors
into the selected structures of the rodent brain; fibre photometry imaging of neuronal activity in an
in vivo preparation of head restrained mice; behavioural testing of laboratory animals (mice). In
addition, the student should have the following skills, training and qualities: training to perform
procedures and experiments and to kill animals (in accordance with the applicable Act on the
protection of animals used for scientific or educational purposes, of January 15, 2015); good
command of the English language.
References:
Economo Michael, Viswanathan Sarada, Tasic Bosiljka, Bas Erhan, Winnubst Johan, Menon Vilas,
Graybuck Lucas, Thuc Nghi Nguyen, Smith Kimberly, Yao Zizhen, Wang Lihua, Gerfen Charles,
Chandrashekar Jayaram, Zeng Hongkui, Looger Loren, Svoboda Karel (2018) Distinct descending motor
cortex pathways and their roles in movement. Nature 563(7792):79-84.
Schultz Wolfram, Dayan Peter, Montague Read (1997) A neural substrate of prediction and reward.
Science 275(5306):1593–1599.

