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A word from the Committee 

The jubilee 10th biennial PSEPB Conference “Experimental plant biology at various scales: from molecules 

to the environment,” taking place virtually in Katowice, Poland, on September 20–23, 2021, will be an 

excellent forum for presenting new advances and research results in experimental plant biology worldwide 

in the following topics: 

• Genes and phytohormones in plant development

• Cell structure, function, and bioimaging

• Plant epigenetics

• Ecophysiology and physiology of plants under stress

• Plant biotechnology and tissue culture

• The interface between biology and physics - A tribute to Zygmunt Hejnowicz.

The Conference is organized on behalf of the Polish Society of Experimental Plant Biology (PSEPB) and 

coincides with the 20th anniversary of the PSEPB, founded on March 21, 2001. In 2004, PSEPB was 

admitted to the FESPB (Federation of European Societies of Plant Biology), and in 2011 to EPSO 

(European Plant Science Organization). The participation of PSEBP in events promoting scientific research 

manifested itself as organizing scientific conferences and mini symposiums. In 2012, the Society joined the 

organization of events as part of two global events: The Night of Biologists and The Fascination of Plants 

Day. 

The Conference implements the goal of the founders of PTBER, namely the need to create an 

interdisciplinary platform integrating scientists dealing with the broadly understood experimental biology of 

plants, creating a discussion forum and enabling cooperation of all experimental biologists using plants as 

the object of their research - from the molecular to the organismal level, both in research basic and practical 

applications.  

It is a great pleasure and honor to invite all scientists and students to attend the 10th biennial PSEPB 

Conference. We hope that the Conference will symbolically open the next decade of PSEPB activity and 

entry into a new era of scientific exchange of ideas, experience, and research webinars. 
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The 10th Conference of PSEPB 
“Experimental plant biology at various scales: from molecules to the environment” 

CEST (Central European Summer Time) 
The order of the sessions results from the necessity to adjust the lectures of invited speakers from outside the 

CEST 

Day 1 – Monday, September 20, 2021 

09:00–09:15  Opening ceremony, Welcome speeches 
09:15–09:45  Opening lecture – 20 years of experimental plant biology in Poland – long story short. 

Przemysław Wojtaszek 
09:45–09:50 Announcement of PSEPB awards – Magdalena Krzesłowska 
9:50–10:20 Short presentation of awarded articles 
09:50–10:00 Copy number variations shape Arabidopsis thaliana genome and have profound impact on 

protein coding genes. 
Agnieszka Żmieńko (PSEPB award for the best article) 

10:00–10:10 Ecophysiology of Cd and Zn hyperaccumulators – studies on Arabidopsis halleri and 
Arabidopsis arenosa. 
Krzysztof Sitko (PSEPB award for the best series of articles) 

10:10–10:20 Cell wall remodeling and respiratory burst oxidase homolog D & F as modulators in 
resistance and susceptible plant-virus interactions. 
Katarzyna Otulak-Kozieł (PSEPB award for the best series of articles) 

10:20–10:30  Break 

Session 1: Genes and phytohormones in plant development 
Chairs: Małgorzata Gaj and Agata Daszkowska-Golec 

10:30–13:00  Invited lectures 
10:30–11:00  The role of auxin during seed thermomorphogenesis in Arabidopsis thaliana and Brassica 

napus. 
Helene Robert Boisivon 

11:00–11:30  Repression of CHROMOMETHYLASE 3 prevents epigenetic collateral damage in 
Arabidopsis. 
Michael D. Nodine 

11:30–12:00  The journey of two Argonautes along the germline.  
Ruben Gutzat 

12:00–12:30  Guard cells in action. 
Hannes Kollist 

12:30–13:00 Genetics of barley plant architecture. 
Laura Rossini 

13:00–13:30 Break 

13:30–15:00 Oral presentation session 
13:30–13:45  Natural variation identifies SNI1, the SMC5/6 component, as a modifier of meiotic crossover 

in Arabidopsis.  
Piotr Ziółkowski 

13:45–14:00  Evolutionary and functional analysis of SQUAMOSA-PROMOTER BINDING PROTEIN-
LIKE (SPL) gene family in Marchantia polymorpha, an emerging model plant system. 
Alisha Alisha 

14:00–14:15  Exploring the alternative splicing events in barley when exposed to water deficit.  
Agata Daszkowska-Golec 
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14:15–14:30  Genome sequencing and assessment of plant growth-promoting properties of Brevibacillus 
laterosporus 75 strain isolated from maize.  
Joanna Świątczak  

14:30–14:45  The similarity of the regulatory pathways controlling the embryogenic transition of somatic 
cells and identity of stem cells in root apical meristem of Arabidopsis. 
Anna Wójcik  

14:45–15:00  Differential expression profiling in isolated microspore culture of barley cultivars that differ 
in the frequency of green and albino regenerants formation.  
Monika Gajecka 

15:00-15:05 Session summary 

15:05–15:35 Break 

15:35–16:35 Poster Session 1 

Session 6: Interface between biology and physics - a tribute to Zygmunt Hejnowicz 
Chairs: Dorota Kwiatkowska, Kazimierz Trębacz 

16:35–16:50 In memoriam Zygmunt Hejnowicz 

16:50–17:50 Invited lectures 

16:50–17:20  Growth dynamics in the plant root. 
Tobias Baskin  

17:20–17:50  Mechanics of the climbing habit of plants. 
Wendy K. Silk 

17:50–18:20 Break 

18:20–19:20 Poster Session 6 

Day 2 – Tuesday, September 21, 2021 

Session 6: Interface between biology and physics - a tribute to Zygmunt Hejnowicz - continuation 
Chairs: Dorota Kwiatkowska, Kazimierz Trębacz 

9:00–10:00 Oral presentation session 
9:00–9:15  Examination of hydroperoxide content and amylases activity during germination of wheat 

(Triticum aestivum) seeds exposed to electromagnetic field.  
Daniele Cecchetti 

9:15–9:30  Cell lineage tracking reveals origin of leaf dorsiventrality in Arabidopsis. 
Agata Burian 

9:30–9:45  Crosstalk between state transitions, redox signalling and chilling sensitivity on the example 
of pea and bean.  
Małgorzata Krysiak 

9:45–10:00  Growth rate anisotropy during organogenesis at the shoot apical meristem. 
Marcin Lipowczan 

10:00-10:05 Session summary 

10:05-10:20 Break 
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Session 2: Cell structure, function and bioimaging 
Chairs: Magdalena Krzesłowska, Marta Lenartowska  

10:20–12:35  Invited lectures 
10:20–10:50  Orienting growth through polarity. 

Jordi Chan  
10:50–11:20  Imaging ROS/NO production and homeostasis in plant reproductive biology. 

Juan de Dios Alché 
11:20–11:50 Plasmodesmata: new insights and tools to dissect their function in plant development.  

Yoselin Benitez-Alfonso 
11:50–12:20 Live cell and deep tissue imaging during plant-microbe interactions and plant development. 

Ton Timmers 
12:20–12:35 In-depth TEM characterization of male sterile mutants in barley (Hordeum vulgare). 

Ulla Neumann 
12:35–13:00 Break 

13:00–15:00 Oral presentation session 
13:00–13:15  Mapping the regions of PLASTID MOVEMENT IMPAIRED 1 protein responsible for the 

regulation of chloroplast movement.  
Olga Sztatelman  

13:15–13:30  Molecular architecture of wood: from sugars to trees.  
Jan Łyczakowski 

13:30–13:45  Prolamellar body nano-structure – role of carotenoids in membrane network self-
organization.  
Michał Bykowski 

13:45–14:00  Topology of ER PINs: PIN5 versus PIN8 “the Heads and Tails ” of Auxin Flux? 
Yewubnesh Seifu 

14:00–14:15 Break 
14:15–14:30  Cell-to-cell communication via endomembrane system in wood of angiosperm tree species. 

Katarzyna Sokołowska  
14:30–14:45  Nuclear retention of mRNAs as post-transcriptional regulation of gene expression in plants.  

Agnieszka Kołowerzo-Lubnau  
14:45–15:00  The nuclear spatial arrangement of maize chromosome introgressions into oat.  

Dominika Idziak-Helmcke 
Session 2: Invited lecture 
15:00–15:30 The role of plasmodesmata in plant development and during biotic and abiotic stress. 

 Jung-Youn Lee  
15:30-15:35 Session summary 

15:35–16:05 Break 

16:05–17:05 Poster Session 2 

Session 3: Plant epigenetics 
Chairs: Piotr Ziółkowski, Szymon Świeżewski 

17:05–18:05 Invited lectures 
17:05–17:35 Genetic conflicts and seed development. 

Mary Gehring 
17:35–18:05 Linker histones - their roles beyond the chromatin architecture. 

Kinga Rutowicz 

18:15–20:00 Executive Committee and Board Members Meeting 
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Day 3 – Wednesday, September 22, 2021 

Session 3: Plant epigenetics - continuation 
Chairs: Piotr Ziółkowski, Szymon Świeżewski 

9:00–10:00 Invited lectures 
9:00–9:30 DNA methylation reprogramming in plant germlines. 

Xiaoqi Feng 
9:30–10:00 The role of m6A modification in plant microRNA biogenesis. 

Zofia Szweykowska-Kulińska (PSEPB award for the best article) 

10:00–12:00 Oral presentation session  
10:00–10:15  A new insight into the functional relationship between linker histones H1 and other 

chromatin regulators in Arabidopsis.  
Ewelina Małecka 

10:15–10:30  Regulation of DOG1 gene during secondary dormancy induction in Arabidopsis seeds.  
Ruslan Yatusevich  

10:30–10:45  Genes show a distinct asymmetric chromatin structure that is stabilized by a general 
transcription factor IIB (TFIIB1). 
Lien Brzeźniak 

10:45–11:00  The impact of different types of polymorphism on recombination at the hotspot scale.  
Maja Szymanska-Lejman  

11:00–11:15  SERRATE interacts with the nuclear exosome targeting (NEXT) complex to degrade primary 
miRNA precursors in Arabidopsis.  
Mateusz Bajczyk 

11:15–11:30  To be or not to be expressed – studies on nucleolar dominance in allotetraploid 
Brachypodium hybridum.  
Natalia Borowska-Żuchowska  

11:30–11:45  NuA4 complex controls photosynthesis genes by H4 and H2A.Z acetylation.  
Wojciech Dzięgielewski 

11:45–12:00  Histone acetylation controls embryogenic reprogramming in somatic cells of Arabidopsis. 
Joanna Morończyk 

12:00-12.05 – Session summary 

12:05–12:35 Break 

12:35–13:35 Poster Session 3 

13:35-13:50 Break 

Session 4: Ecophysiology and physiology of plants under stress 
Chairs: Andrzej Bajguz, Krzysztof Sitko 

13:50–15:20 Invited lectures 
13:50–14:20  Uncovering seed specialized metabolite diversity and plasticity in cultivated and wild plants. 

Massimiliano Corso 
14:20–14:50  Nanotechnology a new tool for crop improvement. 

Shamsul Hayat 
14:50–15:20  Aspects of the xenoestrogen Bisphenol A, toxic effects on plants. 

Ioannis-Dimosthenis S. Adamakis 
15:20–15:35 Break 
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15:35–17:35 Oral presentation session  
15:35–15:50  Biogenesis of cauliflower mitochondria at transcriptional level under heat stress and 

recovery.  
Michał Rurek 

15:50–16:05  Aluminum toxicity in barley, the most Al sensitive cereal crop. 
Miriam Szurman-Zubrzycka 

16:05–16:20  Mechanism of adaptation of tree seed germination to a changing environment.  
Tomasz Pawłowski 

16:20–16:35  Vesicular trafficking in stress conditions – new regulators.  
Vendula Pukysova 

16:35–16:50  How plants cope with zinc excess? A study on NtZIP11 which is involved in zinc loading 
into “Zn-storage cells” in tobacco. 
Katarzyna Kozak 

16:50–17:05  Bioactive substances as an alternative to fungicides for plant protection. 
Monika Latos 

17:05–17:20  Prolonged darkness has an impact on LHCII proteins phosphorylation status in Arabidopsis 
thaliana. 
Anna Węgrzyn 

17:20–17:35  Effect of combined environmental stresses on plant health: study using the model system of 
Arabidopsis thaliana/Dickeya spp. molecular interactions.  
Izabela Perkowska 

17:35-17.40 – Session summary 

17:40–18:10  Break 

18:10–19:10  Poster Session 4 

Day 4 – Thursday, September 23, 2021 

Session 5: Plant biotechnology and tissue culture 
Chairs: Anna Ihnatowicz, Marta Krychowiak-Maśnicka  

10:00–11:00 Invited lectures 
10:00–10:30  Metabolic engineering for producing plant molecules of higher interest. 

Alain Hehn 
10:30–11:00 Microalgal oil synthesis genes – perfect molecular tools for global grand challenges? 

Krzysztof Zienkiewicz 

11:00–12:30 Oral presentation session  
11:00–11:15  First insights into triacylglycerols (TAGs) metabolism and biotechnological potential of 

TAGs synthesis machinery from Brachypodium distachyon. 
Agnieszka Zienkiewicz 

11:15–11:30  Modifying histone acetylation via TSA-treatment improves plant regeneration efficiency in 
the selected in vitro recalcitrant barley genotypes.  
Katarzyna Nowak 

11:30–11:45  Transcriptomic profiling and in silico analysis of diacylglycerol ancyltransferase-encoding 
genes from oleaginous microalga Nannochloropsis oceanica CCMP-1779.  
Marta Saldat 

11:45–12:00  KING1 – orchestra protein. The level of cyclic nucleotides can be regulated by a single, 
multifunctional protein. 
Mateusz Kwiatkowski 
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12:00–12:15  Effect of knocking-out of LPEAT genes in hexaploid Camelina sativa via CRISPR/Cas9 
system on LPEAT enzymes activity and lipid composition. 
Sylwia Klińska 

12:15–12:30  Antibacterial activity of post-plasma solutions generated by direct current atmospheric 
pressure glow discharge against bacterial phytopathogens.  
Weronika Babińska 

12:30–12:35 Session summary 

12:35–13:00 Break 

13:00–14:00 Poster Session 5 

14:00–14:30 Break 

14:30–14:45 Poster and oral presentation awards; the winner of “Relax with Agrisera…” 

14:45 Closing ceremony 
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SESSION 1 

INVITED LECTURES 



10th Conference of the Polish Society of Experimental Plant Biology

The role of auxin during seed thermomorphogenesis in Arabidopsis
thaliana and Brassica napus

IL1.01

Helene Robert Boisivon1*, Katerina Mácová1, Juan Francisco Sánchez López1,
Unnikannan Prabhullachandran1, Venkata Pardha Saradhi Attuluri1

1 CEITEC Masaryk University, Brno, Czech Republic

* Correspondence: helene.robert.boisivon@ceitec.muni.cz

Abstract:
The impact of climate changes on crop seed production is already visible with the reduced seed yield of a
few percent per year in Europe. For most crops, the critical temperature is around 30 oC. Our lab
researches how warm temperatures affect seed development and production and embryo morphogenesis
in Arabidopsis thaliana and Brassica napus, from embryo fertilization to seed maturation.  In both species,
we determined the response of the flowering plants to different temperature regimes (21/18 °C, 28/18 °C,
and 34/18 °C), focusing on the plant appearance, seed yield, seed quality, seed viability, and embryo
development. These identified cues help us to understand seed thermomorphogenesis. Combining the
analysis in the two species, we identified common and unique features that I will discuss during the lecture.
Hormonal profiling and functional analysis implicated warm temperatures in modifying the auxin
distribution during embryo development. The phenotypes resulting from the aberrant auxin profiles are
defects in root development, misspecification of the cotyledons, and suspensor proliferation. We identified
that heat shock factors might be implicated in regulating auxin production in embryos in response to heat.
In Brassica napus, we additionally investigated the effects of heat on the regulation of ABA production and
the formation of pre-harvest sprouting seeds. The crosstalk with auxin is here hypothesized as the auxin
metabolite profile is affected in our conditions. Our studies provide us with the first insight into how
temperature stress response affects seed production and embryo development.

Funding: This work was supported by European Regional Development Fund-Project "SINGING PLANT“
(CZ.02.1.01/0.0/0.0/16_026/0008446) and by the Czech Science Foundation (project 19-05200S). We
acknowledge the CEITEC Cellular Imaging core facility supported by the MEYS CR (LM2018129 Czech-
BioImaging) and the CEITEC Plant Sciences core facility. 

Keywords:
seed development; Arabidopsis; B. napus; thermomorphogenesis; auxin; ABA; HSF
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10th Conference of the Polish Society of Experimental Plant Biology

The journey of two Argonautes along the germline

IL1.02

Ruben Gutzat1*, Gabriele Bradamante1, Vũ Hoàng Nguyễn1, Ortrun Mittelsten Scheid1

1 Gregor Mendel Institute of Molecular Plant Biology (GMI), Austrian Academy of Sciences, Vienna BioCenter (VBC), Vienna, Austria

* Correspondence: ruben.gutzat@gmi.oeaw.ac.at

Abstract:
In contrast to most animals, plants are considered to lack an early segregating germline [1]. In
Arabidopsis, meiocytes differentiate from cells in the subepidermal layer (L2) in developing flower buds [2].
As subepidermal cells in shoot apical meristems (SAMs) divide anticlinal, they are precursors of meiocytes
but morphologically or molecularly not yet distinguishable from neighboring cells. Cell division rate
estimation and life imaging have suggested special protection mechanisms for cells in the SAM [3, 4], in
addition to epigenomic reprogramming and evidence for reinforced transposon silencing in plant gametes
[5, 6]. However, whether only distinct cells of the SAM enter the reproductive lineage and/or carry extra
silencing mechanisms remained open.

We analyzed localization and function of two ARGONAUTE proteins, AGO5 and AGO9, identified as
preferentially expressed members of the AGO family in the stem cells of the shoot apical meristem [7]. We
show that both are expressed in the reproductive lineage throughout development and cooperate to
achieve enhanced transposon silencing. We analyzed AGO5- and AGO9- bound small RNAs and
determined mRNA expression and DNA methylation in mutants and overexpressing lines. Single stem cell
nuclei mRNA sequencing revealed a central and a peripheral transposon niche within stem cells in the
vegetative phase of the life cycle. AGO5 is active in the central transposon niche, binds 21 and 22 bp
siRNAs and mediates translational repression in the cytoplasm, predominantly of LTR-gypsy
retrotransposons. In contrast, AGO9 is also active in the central and the peripheral stem cell domain.
Transposons targeted by AGO9 change from LTR-retrotransposons in vegetative SAMs to mostly
helitrons in reproductive organs. We could not detect significant changes in nuclear transposon expression
or DNA methylation of transposons in single ago5 or ago9 mutants nor in double mutants. However, the
small RNAs bound especially to AGO5 strongly suggest posttranslational silencing of transposon
transcripts via generation of epigenetically activated small RNAs (easiRNAs). Our results demonstrate the
existence of an early segregating germline in plants and uncover how members of two different clades of
AGO proteins cooperate to achieve transposon silencing in specific cell types. We anticipate these results
to provide insight into epigenetic control of potentially mobile elements in the SAM stem cell niche of
plants.

[1] Lanfear, R., 2018. PLoS Biol 16(5): e2005439; [2] Schmidt, A., et al. 2015. Development 142(2):
229-241; [3] Burian, A., et al. 2016. Curr Biol 26 (11): 1385-1394; [4] Watson, JM., et al. 2016. Proc Natl
Acad Sci U S A 113 (43): 12226-12231; [5] Slotkin, RK., et al. 2009. Cell 136 (3): 461-472; [6] Ibarra, CA.,
et al. 2012. Science 337(6100): 1360-1364; [7] Gutzat, R., et al. 2020. EMBO J: e103667.

Keywords:
stem cells; SAM; AGO; small RNA; transposon
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10th Conference of the Polish Society of Experimental Plant Biology

Guard Cells in Action

IL1.03

Hannes Kollist1*

1 University of Tartu, Tartu, Estonia

* Correspondence: hannes.kollist@ut.ee

Abstract:
Plants are continually balancing the influx of CO2 for photosynthesis against the loss of water through
stomatal pores in their leaves. This is achieved by guard cells that can sense the changes in intercellular
CO2 concentration and adjust stomatal aperture. When the CO2 concentration increases, stomata close
partially. This reduces water loss and could improve the water economy but also increase leaf temperature
and suppress plant growth. Plant hormone abscisic acid (ABA) is involved in the regulation of stomatal
closure during drought but it also has a role in CO2-induced stomatal regulation. To breed water-saving
crops for a future world with elevated CO2 and more frequent drought episodes we need to know
molecular switches in response to ABA/drought and CO2. I will present our results in studying mechanisms
of stomatal movements in response to changes in the environment. The function of protein kinases MPK4,
MPK12, HT1, OST1 and receptor protein GHR1 in the regulation of guard cell anion channels and
stomatal movements will be discussed.

Keywords:
guard cells; CO2; ozone; abscisic acid; vapor pressure deficit
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10th Conference of the Polish Society of Experimental Plant Biology

Repression of CHROMOMETHYLASE 3 prevents epigenetic collateral
damage in Arabidopsis

IL1.04

Michael Nodine1*

1 Wageningen University, Wageningen, The Netherlands

* Correspondence: michael.nodine@wur.nl

Abstract:
DNA methylation has evolved to silence mutagenic transposable elements (TEs) while typically avoiding
the targeting of endogenous genes. Mechanisms that prevent DNA methyltransferases from ectopically
methylating genes are expected to be of prime importance during periods of dynamic cell cycle activities
including plant embryogenesis. However, virtually nothing is known regarding how DNA methyltransferase
activities are precisely regulated during embryogenesis to prevent the induction of potentially deleterious
and mitotically stable genic epimutations. Here, we report that microRNA-mediated repression of
CHROMOMETHYLASE 3 (CMT3) and the chromatin features that CMT3 prefers help prevent ectopic
methylation of thousands of genes during embryogenesis that can persist for weeks afterwards. Moreover,
CMT3-induced ectopic methylation of genes undergoing transcriptional activation can reduce their
corresponding transcript levels. Therefore, the repression of CMT3 prevents epigenetic collateral damage
on endogenous genes. We also provide a model that may help reconcile conflicting viewpoints regarding
the functions of gene-body methylation that occurs in nearly all flowering plants.

Keywords:
small RNAs; embryos; gene regulation; plant development; epigenetics
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10th Conference of the Polish Society of Experimental Plant Biology

Genetics of barley plant architecture

IL1.05

Laura Rossini1*

1 University of Milan, Milan, Italy

* Correspondence: laura.rossini@unimi.it

Abstract:
In grasses, plant architecture traits such as tiller number, culm diameter and thickness, leaf size and
orientation directly impact biomass and grain production as well as adaptation to the environment. Hence,
understanding the genetic control of such traits is highly relevant for developing new improved varieties.
Research in our group aims at identifying and characterizing genes shaping shoot architecture in barley, a
major crop that has been farmed by humans for over 10.000 years and a genetic model for the Triticeae
tribe. To this end, we are exploring germplasm collections and mutagenized populations to investigate
relationships between different shoot features and agronomic traits. The talk will highlight examples of how
linkage/association mapping approaches are used to map the underlying loci, identify candidate genes
and gain insight into the molecular mechanisms of plant development.

Keywords:
agronomic trait; barley; shoot architecture
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SESSION 1 

ORAL PRESENTATIONS



10th Conference of the Polish Society of Experimental Plant Biology

Evolutionary and functional analysis of SQUAMOSA-PROMOTER
BINDING PROTEIN-LIKE (SPL) gene family in Marchantia polymorpha,

an emerging model plant system

OP1.01

Alisha Alisha1*, Zofia Szweykowska-Kulińska1, Izabela Sierocka1

1 Adam Mickiewicz University, Poznan, Poland

* Correspondence: alisha@amu.edu.pl

Abstract:
Marchantia polymorpha is a dioecious liverwort which emerged as a model plant because of its haploid
dominant life cycle and low-level redundancy in the regulatory genes compared to genomes of other land
plants. The SQUAMOSA-PROMOTER BINDING PROTEIN-LIKE (SPL) family of transcription factors is
functionally diverse in controlling a number of fundamental aspects of plant growth and development. Each
SPL gene encodes protein with the highly conserved 76-78 amino acids DNA binding domain, known as
SBP domain. In Marchantia, four SPL family members have been identified, MpSPL1 – MpSPL4.
However, the evolutionary patterns and driving forces of SPL genes in the Marchantia are still not well-
characterized. Our phylogenetic analysis classified MpSPL4 in group 1 while rest of the 3 Marchantia
SPLs in group 2. The motif analysis revealed that the conserved SBP domain of SPL proteins in
Marchantia mostly resembles that of land plants than the green algae.  To investigate the role of MpSPL3
and MpSPL4 genes, we have generated CRISPR/Cas9 genome edited lines for both these genes. The
phenotypic analysis of our mutants is currently underway. We have prepared GUS and citrine reporter
lines under MpSPL3 and MpSPL4 native promoter regions to monitor transcriptional activity of both the
genes in planta. We have also prepared over-expression lines of both the genes to investigate their
functions in wild type plants. Our functional studies on Marchantia SPL genes will foster substantial
insights into the genetic basis for variation in plant life history.

This work was supported by Grant NCN-SONATA11, UMO-2016/21 / D / NZ3 / 00353.

Keywords:
liverwort; Marchantia polymorpha; SPL; transcription factor
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10th Conference of the Polish Society of Experimental Plant Biology

Exploring the alternative splicing events in barley when exposed to
water deficit

OP1.02

Agata Daszkowska-Golec1*, Anna Collin1, Murukarthick Jayakodi2, Martin Mascher2,
Iwona Szarejko1
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Abstract:
The dynamics and complexity of transcriptome regulate plant growth, development, and responses to
external biotic and abiotic cues. The cellular transcriptome is comprising of transcripts derived from a
combination of both transcriptional and posttranscriptional processes. Alternative splicing (AS) potentially
increases the number of protein isoforms produced from multiexon genes and regulate gene expression
through multiple mechanisms: altered translational efficiency of splice isoforms, non-sense mediated
decay, miRNA-mediated mRNA degradation. In Arabidopsis, the increased utilization of next-generation
sequencing technologies in recent years has shown that up to 70% of the plant multi-exon genes generate
more than a single transcript via AS. It is also well-known that stress evokes alternative splicing events in
plants to adjust their adaptation to unfavorable conditions.

Here we investigated the transcriptome of barley leaf in response to drought conditions based on Barley
reference transcriptome BaRTv1.0. We identified core sets of genes regulated specifically by either AS or
transcription upon drought stress, a regulatory specialization that is tightly mirrored by the genomic
features of these genes. Unexpectedly, non-intron retention events, including alternative 3’ or 5’ site, exon
skipping, are overrepresented across regulated AS sets in barley, being also largely involved in
modulating photosynthesis, abiotic stress response and lipid metabolism.

Better understanding of alternative splicing as a part of plant drought response and adaptation may also
prove to be a powerful tool for both fundamental and applied sciences.
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Abstract:
Androgenesis through microspore embryogenesis is potentially the most efficient process of developing
homozygous lines (doubled haploids) from hybrid material. Anther and isolated microspore culture are
frequently utilised in breeding programs to shorten the cycle of cultivar production. However, androgenesis
is a highly genotype-dependent process and some genotypes are prone to produce albino plants during in
vitro culture, which limits the utilisation of androgenesis-based methods in breeding programs.
Regeneration of green plants is possible due to proplastids enclosed within microspores that in vivo
differentiate into amyloplasts, but during androgenic cultures develop into chloroplasts. Albinism is caused
by disruption of plastid biogenesis and failed chloroplast differentiation, which often occur in cereal
androgenesis. Albino plants contain plastids that are arrested at the early phase of chloroplast
differentiation but still little is known about molecular processes leading to detention of chloroplast
differentiation in  vitro. RNA-seq provides a comprehensive tool for transcriptome analysis and has been
only recently utilised in androgenesis research.

In our study, we exploited RNA-seq to compare transcriptomes of two barley cultivars during successive
stages of embryo induction. Two spring barley cultivars ‘Jersey’ and ‘Mercada’ exhibited a similar, high
overall ability to regenerate plants in isolated microspore culture but differed in the frequency of green and
albino regenerants. Cv. ‘Jersey’ regenerated more than 90% of green and 10% of albino plants, whereas
cv. ‘Mercada’ produced only ca. 10% of green and a vast majority of albino regenerants. At first, we
performed transcriptome examination of microspores at the uninucleate stage to identify genes that were
differentially expressed at the time of in  vitro culture initiation. At this stage, the expression of genes
associated with amyloplast formation and carbohydrate metabolic processes differed between both
cultivars. Next, to detect further changes in genetic regulation of plastid development during in vitro
culture, we compared the transcriptomes of microspores and developed embryos at 21. and 35. day of
culture. Such comprehensive analysis of transcriptomes during induction of androgenic embryos gives a
deep insight into molecular processes underlying differential development of chloroplasts in barley
genotypes exhibiting the contrasting capacity to regenerate green plants during microspore
embryogenesis.
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Abstract:
Plant growth – promoting rhizobacteria (PGPR) are heterogeneous group of microorganisms that colonize
the rhizosphere or plant roots, exerting beneficial effects to plants. In order to find potential PGPR, in vitro
assay was performed to screen for the plant growth – promoting activities of maize rhizobacterial strains. A
total of 90 isolates were tested for the ability to produce indole-3-acetic acid, salicylic acid, siderophores,
chitinases, pectinases, cellulases, hydrogen cyanide, ammonia, ACC deaminase, and phosphates. Four
strains identified as Rhodococcus  qingshengii  K8, Bacillus  subtilis  subsp.  stercoris  K73, Brevibacillus
laterosporus K75, and  Brevibacillus laterosporus K89 were able to exhibit the best four to five functional
PGP abilities and inhibited the mycelial growth of maize pathogens.  Based on that, these isolates were
selected to study their effect on maize growth. In vivo experiments in greenhouse conditions showed that
B.  laterosporus  K75 was able to increase maize weight of shoots, roots and leaves, and significantly
increased chlorophyll content index in maize leaves. Given its promising results as PGPR, genome
sequencing of B. lateroprous K75 was performed and genes that contribute to its beneficial activities were
identified. The annotation of the B.  laterosporus  K75 genome revealed genes specific to phosphate
solubilization (pqq, pstA, pstB), and IAA biosynthesis (trpA,B,C,D,E,F,S). K75 genome also contained fhu
genes involved in siderophores sequestration, and genes contributing to protease production (npr). B.
laterosporus K75 genome possessed additional genes specific to glycine-betaine production (opu) and
coded for heat-shock proteins genes such as dnaK. Our results indicated that B. lateroprous K75 is a
good candidate to be used in inoculant formations effective in facilitating maize growth.
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Abstract:
Pluripotent stem cells are the source of new cells for organ and tissue formation in plants and animals. In
higher plants, the pluripotent stem cells are maintained in the shoot and root apical meristems (SAM and
RAM) due to complex regulatory interactions of transcription factors (TFs). Transcriptional regulation of
somatic cell reprogramming during in vitro induced somatic embryogenesis (SE) was postulated to share
some similarity with the regulatory pathway that controls stem cells in the apical meristems of plants.

In support, the extensive modulation of numerous TF genes, including those controlling stem cells in RAM
and SAM, was attributed to SE induction in different plants, including Arabidopsis. Accordingly, we
observed differential expression of the TFs genes involved in the development of the RAM, including
WUSCHEL-RELATED HOMEOBOX (WOX2 and WOX5), SCARECROW (SCR), SHORTROOT (SHR),
and RETINOBLASTOMA-RELATED1 (RBR1) [1] in the SE-induced explants of Arabidopsis. Further
evidence on the role of the RAM-related TFs in SE induction provided the results on the significantly
impaired embryogenic response of the explants with a defected expression of WOX5 and RBR1 and the
enhanced embryogenic response of the explants overexpressing WOX5. Moreover, the SE-related
function of WOX2 and WOX5 suggested a specific expression pattern of these genes that was associated
with the SE-involved explant tissue. The results with the mutants and transgenic lines implied that AUXIN
RESPONSIVE FACTOR16 (ARF16), a negative regulator of WOX5 in root apical meristem [2], might
positively regulate WOX2 and WOX5 during SE induction. The auxin-related role of WOX5 in SE induction
might be assumed as WOX5 overexpression resulted in a significantly higher expression of genes involved
in the TAA1-mediated pathway of auxin biosynthesis.

Altogether, the study provided new pieces of evidence on the similarity of the genetic regulation of SE
induction to that controlling stem cell maintenance in the root apical meristem of Arabidopsis.

This work was supported by a research grant from the National Science Centre in Poland (OPUS13
2017/25/B/NZ1/01615) and the research grant for scientists from the Faculty of Natural Sciences at
the University of Silesia in Katowice.

[1] Drisch, RC., Stahl, Y., 2015. Front. Plant Sci. 6:505. doi: 10.3389/fpls.2015.00505; [2] Ding, Z., Friml,
J., 2010. Proc.  Natl. Acad. Sci. U.S.A. 107, 12046–12051.doi: 10.1073/pnas.1000672107
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Abstract:
The frequency and distribution of meiotic crossovers (COs) are tightly controlled, however a variation in
this process could be observed within both different organisms and populations of the same species. This
variation can be used to identify genetic factors important for crossover formation, especially for its
regulation. Previous mapping using two different Arabidopsis accessions, Col and Ler, allowed us to
localize two QTL peaks indicating the presence of genes which can affect crossover frequency. One of
them has been identified as HEI10. Now, using extensive mapping, we found out that the second locus
corresponds to SNI1. Indeed, sni1 mutant demonstrates modified pattern of crossovers across the
genome. Complementation of the mutant with both Col and Ler alleles of SNI1  restores wild-type
crossover levels. We observed reduced crossover interference in the mutant suggesting that the protein is
involved in noninterfering pathway. SNI1 is known as a negative regulator of systemic acquired resistance
(SAR) in plants. However, our experiments show that its role in meiotic recombination is not connected to
this function. SNI1 was characterized as a counterpart of NSE6, a component of SMC5/6 complex. In
budding yeast, it was shown that SMC5/6 complex regulates activity of helicases involved in double
Holliday junction dissolution and D-loop extension. Therefore, we tested genetic interactions with RECQ4
and FANCM helicases, which showed that SNI1 affects class II crossovers by cooperating mostly with
RECQ4 (a homolog of SGS1/BLM1). We also observed that the sni1 mutation can partially restore fertility
of zip4 mutant which is in agreement with its role in noninterfering crossover pathway. The meiotic
phenotype of sni1 was also characterized with the aid of cytological approaches. We propose that SNI1
regulates the activity of SMC5/6 complex, which in turn affects RECQ/BLM1/SGS1 anti-recombinational
function leading to modified crossover pattern. The study shows the importance of SMC5/6 complex in the
control of meiotic recombination in plants.

This work is supported by NCN grants 2016/21/B/NZ2/01757 and 2016/22/E/NZ2/00455 to PAZ.
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Abstract:
During meiosis, occurrence of at least one crossover (CO) per chromosome pair is essential for proper
gamete formation and is the driver of genetic information shuffling, which enables creating new genotypes.
The state of heterozygosity (presence of DNA polymorphisms between recombining chromosome
homologs) influences the probability of CO occurrence and their spatial distribution.

The heterozygosity juxtaposition effect describes the situation in which polymorphic, heterozygous region
(HET) receives an increased CO number when juxtaposed to a homozygous region (HOM) on the same
chromosome [1]. This is happening at the expense of lower crossover numbers in the adjacent
homozygous region, so the overall CO number is not changed. We recently proved that the effect is
controlled by the mismatch repair system (MMR), which allows to distinguish heterozygous from
homozygous chromosomal regions [2]. MSH2 protein, a key component of MMR, is directly responsible for
polymorphism detection and leads COs into more polymorphic areas. Our project aims to identify the role
of MMR in the heterozygosity juxtaposition effect and its influence on CO distribution – both in the specific
genomic context and in the genome-wide scale. Furthermore, we are testing the effect of MSH2
inactivation on crossover interference, which is a phenomenon describing non-random placement of COs
with respect to each other. We will also show unpublished results concerning juxtaposition effect in the
context of HEI10 overexpression, which is a dosage-dependent pro-crossover factor, acting in class I CO
formation pathway.

For the purpose of our experiments, we have generated A.  thaliana lines with different heterozygosity
patterns carrying msh2 null mutations, achieved using CRISPR/Cas9 system. We are able to calculate
recombination frequency (RF) rates within specific chromosomal intervals by crossing our mutants of
interest with fluorescently tagged lines (FTLs), which contain seed and/or pollen-expressed linked
fluorescent reporters (green and red). The RF is measured by the observation of segregation of fluorescent
markers in F2 generation. This enables us to study recombination frequency along the chromosome arm,
also in homozygous regions, which is not possible using polymorphism-based technologies. We will also
present the genome-scale effects of msh2 mutation on crossover pattern using genotyping-by-sequencing
approach.

Our work reveals a new, pro-recombinational role of MSH2 and provides evidence for the significance of
MMR pathways in the control of chromosomal CO distribution, depending on different patterns of
heterozygosity on the chromosome.

This work is supported by grants: NCN 2020/37/N/NZ2/01226 to JD; NCN 2016/22/E/NZ2/00455 and
FNP POIR.04.04.00-00-5C0F/17-00 to PAZ.

[1] Ziolkowski, et al., eLife, 2015; [2] Blackwell, Dluzewska, et al., EMBO J., 2020
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Abstract:
Micro and siRNAs are essential regulators of almost all developmental processes in the plant.
Nevertheless, the amount of information on the contribution of small non-coding RNA to the development
of the Lupinus luteus plant is still not comprehensive enough. Using next-generation sequencing (NGS) of
low molecular weight RNA libraries, transcriptomes, and degradomes, we recently identified micro and
siRNAs, as well as their target genes in yellow lupine.

Research in recent years shows that miRNA activity is also finely regulated by a recently discovered
mechanism called endogenous target mimicry (eTM). Target mimics, also described as miRNA decoys,
sponges or competing for endogenous RNAs (ceRNAs), generally belong to the long non-coding RNA
(lncRNA) class. In the presented study, we identified lncRNAs in yellow lupine. We indicated that some
lncRNAs bind miRNA binding sites and block the interaction between miRNA and its specific target mRNA
for further regulation. The presented data shed new light on the molecular mechanisms regulating the
development of flower and pods, a vital crop plant, yellow lupine.
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Abstract:
The continual increase in the population of the planet, along with the rising consumption of calories per
capita, is leading to a global increase in demand for plant products. Abiotic stresses, such as heat, cold,
drought and salinity, have a negative impact on the yield efficiency - the intensity and frequency of which
soar due to climate changes. In search of yield improvement and increasing plant’s stress tolerance we are
study the metabolism of plant lipids with the hope of finding the most favourable area for genetic
engineering interference.

Phospholipid:diacylglycerol acyltransferase (PDAT) is one of two types of enzymes involved in the
biosynthesis of plant triacylglycerols (TAGs) - the main component of plant oils. Unlike enzymes of the
DGAT type (using acyl-CoA as fatty acid donors), i t  uses phospholipids (especial ly
phosphatidylethanolamine - PE and phosphatidylcholine - PC) as fatty acid donors for acylation of
diacylglycerol (DAG) in the production of TAG. The relative contribution of PDAT and DGAT type of
enzyme in the accumulation of TAG in seeds of oil plants strongly depend on plant species. The
biosynthesis of TAG in the plant vegetative tissue is poorly explored, however, both PDAT and DGAT type
of activity was detected in such tissues. Moreover, it has been shown, that plant overexpressed PDAT
grown faster than the control ones.

In this study, the effect of different expression of the PDAT1 encoding gene on the development of
Arabidopsis thaliana (control plants, plants with a silenced PDAT1 gene and plants with overexpression of
this gene) under cold (approx. 6 ° C) and standard growth conditions was tested. The plants were cultured
in pot cultures in growth chambers and weighed at chosen points through their whole lifecycle. All
measurements were made in nine replications per line. Obtained results shown a big differences in growth
rates between the tested lines. Those differences magnified under the growth in cold conditions. The fresh
and dry weight of mutants with PDAT overexpression was even 2-3 times bigger than wild type plants or
plants with silenced PDAT1 gene. In order to check whether the differences in the growth rate of the tested
A.  thaliana lines are related to the changes in the lipid profile of their leaves, both the total acyl-lipid
content and composition of leaves of the tested lines were examined.

Keywords:
abiotic stress; PDAT enzyme; lipid; growth rate; Arabidopsis thaliana

29



10th Conference of the Polish Society of Experimental Plant Biology

Identification of new alleles in HvOPR3 (OPDA reductase 3) gene
involved in jasmonate biosynthesis in barley using TILLING strategy

PP1.04

Marzena Kurowska1*, Iwona Szarejko1

1 Faculty of Natural Sciences, University of Silesia in Katowice, Katowice, Poland

* Correspondence: marzena.kurowska@us.edu.pl

Abstract:
Jasmonates modulate many growth and developmental processes of plants and act as stress hormones
that play an important role in plant response to biotic and abiotic stresses. It was postulated that the
adaptive responses to environmental challenges are connected with the jasmonate-mediated changes in
gene expressions. In most plants, jasmonic acid (JA) and its derivates are synthesized by the so-called
octadecanoid pathway, mainly from α-linolenic acid. JAs biosynthesis is a very complex process taking
place in different cell compartments: it is initiated in chloroplasts, and then takes place in the peroxisome
and finally in the cytosol. The 12-oxophytodienoic acid (OPDA) is reduced by OPDA reductase (OPR3) to
give 3-oxo-2(2′[Z]-pentenyl)-cyclopentane-1-octanoic acid (OPC8). OPDA-accumulating mutant displays
drought tolerance in Arabidopsis. We have generated and identified new alleles of the HvOPR3 gene using
TILLING strategy and the HorTILLUS population (Hordeum vulgare – TILLING – University of Silesia)
developed for the spring barley variety ‘Sebastian’. In total, 22 mutations in this gene have been identified -
8 missense, 5 silent, and 9 in noncoding sequences. In the future, we will characterize identified mutants in
terms of response to drought stress.
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Abstract:
Stringent response was originally described as a mechanism helping bacteria Escherichia coli to withstand
conditions of starvation. The hallmark of these response is the production of guanosine tetraphosphate
and guanosine pentaphosphate, atypical nucleotides commonly referred to as (p)ppGpp or alarmones of
the stringent response. Production of these nucleotides takes also place in chloroplasts, where they are
metabolized by homologs of bacterial proteins involved in this process –RelA/SpoT Homologs (RSH) –
belonging to one of the three following groups - RSH1 [major (p)ppGpp hydrolase], RSH2/3 [major
(p)ppGpp synthases] or CRSH (Ca 2+dependent RSH; (p)ppGpp synthase). This work has focused on in
silico analyzes of cis-regulatory elements present in promoter regions of RSH genes of chosen
dicotyledonous and monocotyledonous plants. For that purpose, amino acid sequences homologous to
Arabidopsis thaliana proteins were withdrawn from public databases – NCBI and Phytozome – and
assigned to a particular RSH group, based on conserved domains present in their structure and on carried
out phylogenetic studies. Next, promoter sequences of the RSH genes encoding these proteins were
withdrawn and analyzed towards assessing the presence, number and type of cis-regulatory elements.
Cis-regulatory elements present in RSH promoters from a particular RSH group were grouped into
categories like, for instance, light dependent or core promoter motifs, and the number of cis-regulatory
elements from a particular group of motifs was analyzed in relation to other motifs present in these regions.
Such analyses were carried out to compare cis-regulatory elements present in RSH1, RSH2/3 and CRSH
promoter regions of all studied plants, and, separately, for dicotyledonous and monocotyledonous plants.
All of the analyzed sequences contained motifs indicative of RSH expression in response to changes in
light, to biotic and abiotic stressors and to hormones (with an emphasis on elements suggesting RSH
induction by abscisic acid and jasmonates), as well as at a particular stage of development and in specific
tissues, e.g. in endosperm or in meristems. This data provides insight into possible patterns of RSH gene
expression, and points towards the importance of these genes e.g. in seed development and germination.
Interestingly, numbers of cis-regulatory elements from a particular group of motifs varied in promoters of
monocotyledonous and dicotyledonous plants suggesting that the stringent response might be one of the
elements responsible for different adaptation strategies of these two plant groups.
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Abstract:
The development of anther can be divided into early and late stages, the latter begins after meiosis and
includes processes related to pollen maturation and a series of changes in the anther structure, including
lignocellulosic secondary thickening in the endothecium, enzymatic breakdown of cell walls at the
septum/stomium and cell degeneration via programmed cell death (PCD). In the cleistogamous yellow
lupine (Lupinus  luteus L.) plants, the release of pollen grains occurs before the flower opens leading
mainly to self-pollination; nevertheless which factors regulate this process remains unknown. The plant
hormones gibberellins (GAs) are involved in the anther development at various stages in different plant
species. Due to this fact, the main goal of this study was to establish the role of gibberellic acid (GA3) in
yellow lupine anther dehiscence.

We identified several genes widely associated with anther dehiscence, including LlCAD (CINNAMYL
ALCOHOL DEHYDROGENASE), LlIRX1/LlCesA8 (IRREGULAR XYLEM1/CELLULOSE SYNTHASE A
CATALYTIC  SUBUNIT  8) ,  LlIRX6/LlCOBL4  (COBRA-l ike4)  and  Ll IRX8/LlGAUT12
(GALACTURONOSYLTRANSFERASE12) – all connected with deposition of lignocellulose in the
endothecium; LlQRT2 (QUARTET2) responsible for enzymatic disruption of septum/stomium; as well as
LlPCS1 (PROMOTION OF CELL SURVIVAL1) linked with cell degradation via PCD (anti-PCD factor).
The expression profile of selected genes varied over time during different late stages of anther
development, with the most intense mRNA accumulation in the phases prior to or at the time of anther
opening. The results also revealed that these genes are highly coexpressed and regulated in a GA3-
dependent manner. GA3 application increased the number of LlCAD, all LlIRX and LlQRT2 transcripts,
mainly at the time of anther opening. On the other hand, GA3 treatment decreased the transcriptional
activity of LlPCS1 prior to pollen release which indirectly shows that GA3 favours this process in yellow
lupine anthers by inhibiting the anti-PCD factor. All results strongly suggest that GA3 is involved in the
regulation of yellow lupine anther dehiscence.

Keywords:
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Abstract:
Callus can be used as a model to study the effect of different factors on biological processes. In our
previous research we found that an alteration of nitrogen content in an in vitro culture medium induces a
reduction of carotenoid accumulation in carrot callus. Thus, in this study we aimed to find out how different
amounts and forms of nitrogen affect the development of carrot callus cells by quantification of
accumulated carotenoids, as well as the analysis of gene expression and cell wall chemical composition.

In this study we used a carotenoid rich carrot callus. It was grown on two media with different composition
of nitrogen salts for two months. The control medium was based on the composition of Gamborgs B5
medium, while a modified medium contained altered nitrogen salts composition to have the same total
nitrogen and NO3

– : NH4
+ ratio as in Murashige & Skoog (MS) medium. RNA was isolated from the resulting

callus and sequenced using NGS. The sequencing results were analysed to identify differentially
expressed genes. Additionally, the total carotenoid content was measured and immunohistological studies
were performed using antibodies for selected epitopes of pectins (LM5, LM6, LM19, LM20),
arabinogalactan proteins (AGPs; JIM13, LM2) and extensins (JIM11, JIM12).

Callus grown on the modified medium was paler in colour and accumulated up to 70% less carotenoids
than callus on the B5 medium. Immunohistochemical analyses revealed also differences in the presence of
the cell wall components. Transciptome analysis indicated 260 differentially expressed genes (P < 0.001).
Among the genes involved in carotenoid biosynthesis, a phytoene synthase 2 (psy2) was down regulated.
The differences in gene expression were analyzed to identify the role of availability of nitrogen different
forms in processes related to carotenoid biosynthesis and to relate them also to other processes in carrot
cells.

Research was financed by a National Science Centre, Poland (2018/31/N/NZ9/02368).
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Abstract:
The efficiency of the root-to-shoot metal translocation is strictly controlled in plant organisms. This process
is essential in a plant response to variable metal concentrations in the medium, which determines their
uptake and distribution in plant tissues. However, the molecular mechanism regulating the translocation
and contribution of root segments in this process remains unknown.

Previous studies have shown that the NtZIP5 take a part in the uptake of Zn and Cd and may be involved
in the regulation of the Zn and Cd translocation from the roots to the shoot of tobacco plants. To learn more
about the role of NtZIP5 and root parts in the regulation of Zn and Cd translocation we used the RNAi
technique to reduce the level of NtZIP5 expression.

The 200bp (from ATG) of the ORF of NtZIP5 was cloned into binary expression vector pK7GWIWG2
generating an intron spliced hairpin construct with antisense NtZIP5 fragment – intron – sense NtZIP5
fragment configuration downstream of the CaMV 35S promoter. Created construct NtZIP5-RNAi was used
for stable tobacco transformation.

5-week old RNAi line and WT (wild type) tobacco plants were grown under Zn-deficiency (no Zn was
added to the control medium; NtZIP5 expression is upregulated by Zn deficiency) and in the presence of
0,25µM or 0,5µM Cd for 17 days.

Expression analysis of selected NtZIP5-RNAi homozygous lines showed a decrease in the NtZIP5
transcript abundance to the level of 80% of the wild-type value. NtZIP5-RNAi plants were characterized by
reduced Zn accumulation in shoots and roots in the presence and absence of Cd compared to wild type,
and by higher accumulation of Cd in shoots and roots . The results confirmed that NtZIP5 participates in
Zn and Cd uptake from the medium. It is not, however, involved in the regulation of the translocation to
shoots of both metals. This conclusion was also based on the results of analyzes of Zn translocation to
shoots in the 65Zn pulse labeling experiments.

To determine whether other ZIP genes participate in the generation of the phenotype of NtZIP5-RNAi
plants, the expression pattern of NtIRT1, NtIRT1-like, NtZIP1-like, NtZIP2, NtZIP4A, NtZIP4B, NtZIP8,
NtZIP11 and NtZIP5-like, was analysed by qRT-PCR. It was shown that reduction of NtZIP5 expression
resulted in: (a) increased transcript abundance of NtZIP5-like and NtZIP11 in the apical root parts of
plants under Zn-deficiency without Cd, and in the middle part in the presence of Cd in medium; (b)
increased expression of NtZIP8 in the middle root parts at all applied conditions These results suggest that
these genes are related to each other in a complex network of dependencies of the mechanisms involved
in regulation of Zn homeostasis, additionally dependent on the presence of Cd.

Funding: project OPUS-8 no. 2014/15/B/NZ9/02303 supported by National Science Centre, Poland.
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Abstract:
Plants are exposed to high light (HL) intensity that exceeds their photosynthetic capacity during most days
of their life cycle. Moreover, the frequency of extreme weather events involving HL increased in the past
several years. Annexins are cytoplasmic proteins involved in calcium signaling. Calcium ions confer to
annexins the ability to interact with the plasma membrane and other intracellular membranes. Annexin
overexpression in plants improves their tolerance to adverse environmental conditions including HL, but so
far the mechanism of its action remained undiscovered.

Here we used Arabidopsis  thaliana plants overexpressing annexin 1 (ANN1) and investigated their
transcriptional response to HL with RNA-seq. Our results suggest that ANN1 is able to activate
photoprotective mechanisms improving overall tolerance to stress and the main hub genes involved in this
response are related to jasmonic acid (JA). We have measured the content of JA and its derivatives in
these plants and found out that, in response to HL, the accumulation of JA was higher in ANN1-
overexpressing plants than in wild-type plants. Although JA has been traditionally associated with defense
responses against biotic threats like herbivores or nematodes, recent findings indicate its important role in
plant’s acclimation to HL. This includes, e.g., the enhancing activities of antioxidant defense system,
increasing chlorophyll production, and modulating photosynthetic activity. Researching further the
relationship between ANN1 and JA, we showed that ANN1 acts both upstream and downstream of JA
signaling and that its effect on JA accumulation is dependent on calcium.
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Abstract:
Receptor-like proteins (RLPs) is a group of proteins on the cell surface of plants that function as pattern-
recognition receptors. In contrast to their relatives, receptor-like kinases, RLPs do not possess kinase
domain and require an interaction with specific kinases for their function. RLPs were first studied for their
role in plant development although a growing information, suggesting the activity of many RLPs in stress
responses, appears. In this study we aimed to characterize the intraspecies structural variation of 57
genes encoding RLP in the genome of plant Arabidopsis  thaliana at population level. We specifically
focused on their copy number variation (CNV) landscape, as we found 34 RLP genes overlapping with
previously characterized CNV regions of Arabidopsis genome. We combined bioinformatic and
experimental approaches to show that many RLP manifest biallelic (presence/absence) and multiallelic
variation. We than used transcriptomic data to analyze the correlation between CNV and expression of
RLP genes. Considering the existing information about the role of certain RLP in plant biotic stress
response and development, our analyses indicate that CNV of RLP genes might contribute to natural
variation in plant resistance to biotic stresses. This study is an important step towards understanding the
complexity of mechanisms involved in plant natural diversity and defense.

This study was supported by National Science Centre (Poland) grant No 2017/26/D/NZ2/01079.
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Abstract:
The most common type of seed dormancy is physiological dormancy related to the imbalance between
endogenous stimulators and inhibitors of germination. This type of seeds dormancy can be overcome by
prolonged cold stratification (imbibition in sand with a certain humidity at a low temperature, around 5°C).
Apple (Malus domestica Borkh.) seeds are characterized by a deep physiological dormancy. Embryos
isolated from dormant seeds do not germinate even under favorable environmental conditions. Moreover,
seedlings developed from dormant embryos have morphological anomalies (their cotyledons are
asymmetric in size and greening). Our previous studies have shown that 40 days long cold stratification
removes dormancy of apple seeds (almost 100% of isolated embryos germinate after 3 days of the
culture). Additionally, all formed seedlings exhibit typical morphology. Biochemical changes in embryonic
axes of stratified apple seeds, beside the hormonal balance refer to the content of reactive molecules such
as reactive nitrogen (RNS) and reactive oxygen species (ROS). The fluctuation in ROS and RNS
production during the stratification period are necessary for seeds transition from dormant to non-dormant
stage [1].

In this study, embryonic axis of dormant apple seeds or seeds subjected to cold stratification for 7, 14, 21
and 40 days were used as the experimental material. Nitration of nucleic acid as the content of 8-
nitroguanine (8-NO2-G) was measured in embryonic axis of seeds differing in depth of dormancy. During
stratification the content of nitrated RNA in the embryonic axis increased significantly, reaching the
maximum value after 14 and 40 days of the treatment. As dormancy removal of apple seeds correlates to
fluctuation in ROS content in the embryonic axes we investigated transcription level of genes (RBOH, GR,
GPx,  POx,  SOD,  CAT) related to ROS metabolism. Most of them are under RNS regulation at
posttranslational level. Based on obtained data we cannot exclude that that changes in the expression
level of these genes may be associated with RNA nitration level, although further investigations are
necessary.

The work was done during realization of the project financed by National Science Centre Poland
2016/23/B/NZ9/03462 given to UK.

[1] Dębska, et al., 2013. J. Plant Physiol. 170, 480-488.
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Abstract:
Producing seeds of high physiological quality is key for sustainable worldwide agriculture. It includes
dormancy, an intrinsic seed physiological stage that prevents its germination even under favorable
conditions. To date, a majority of studies on seed dormancy have been performed at population scale.
This has enabled the characterization of a major quantitative trait loci (QTL) regulating seed dormancy,
DELAY OF GERMINATION 1. However, seeds produced within one plant or even one production unit
display physiological differences, including in dormancy depth. In nature, this phenomenon is known as bet
hedging, a strategy for plants to survive unpredictable environmental conditions by producing seeds of
various physiological status. Despite its major role in nature, bet hedging is an undesirable trait in
agriculture. In this project, we aim to unravel novel regulators of seed dormancy at single seed level. We
analyzed single seed dormancy of A. thaliana ecotypes. Usually, dormancy is analyzed at population level,
using DSDS50 (days of seed dry storage required to reach 50% germination). Here, we analyzed single
seed dormancy using parameters further presented. In addition, we are presenting perspectives of
application for seed technology, a growing industrial sector.
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Abstract:
Reactive oxygen species (ROS) and nitric oxide (NO) are widely present in plant reproductive tissues, and
are involved in the signalling processes taking place during the numerous interactions occurring at
different levels in this process. We have used flowers of Olea europaea L. (olive tree) at different stages,
and identified the localization of hydrogen peroxide (H2O2), superoxide (O2

.-) and nitric oxide (NO) in the
developing anthers, pollen grains and stigmatic surface with the aid of histochemical stains and DCFH2-
DA, DHE and DAF-2DA fluorochromes for CLSM localization, as well as treatment with ROS and NO
scavengers and a NO donor [1]. Moreover, we used the NO fluorescent probe DAF-2DA to image NO
production in situ, which was correlated to pollen viability by using propidium iodide in double-labelling
experiments [2].

The results obtained clearly demonstrate that both ROS and NO are produced in the olive reproductive
organs in a stage- and tissue- specific manner, with enhanced production of NO by pollen grains and
tubes during the receptive phase, and a decrease in the presence of ROS over the stigmatic surface when
NO is actively produced.

This study was supported by ERDF-co-funded projects. CA8313, P18-RT-1577 (Junta de Andalucía),
RTC-2016-4824-2, RTC-2017-6654-2 (Programa Retos-Colaboración); 09021200008 (contrato de apoyo
tecnológico CSIC), BFU2016-77243-P, PID2020-113324GB-100 (Plan Nacional I+D). AZ thanks the JAE-
CSIC program and the Agrifood Campus of International Excellence ceiA3 for the grant funding kindly
provided.

[1] Zafra, et al., 2010. BMC Plant Biology 10, 36; [2] Jiménez-Quesada, et al., 2017. Nitric Oxide Biology
and Chemistry 68, 23-37.
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Abstract:
Plasmodesmata (PD) are intercellular membranous channels embedded within distinct cell wall regions
enriched in the (1,3)-β-glucan polymer callose. PD mediate cell-to-cell communication of signalling
molecules, proteins and RNAs, that coordinate development at local domains and that travel via the
phloem to signal in distant organs. PD transport capacity is tightly regulated by callose accumulation
however very little is known about the properties of callose underlying this function or how this mechanism
is modulated in different cell types.

We have used a combination of techniques to study the structural and mechanical properties of callose
and found that interactions with cellulose modulate the properties of biomimetic hydrogels and, likely, cell
walls. We have used immunochemistry to dissect components of PD cell walls co-regulated with callose
and started to gain knowledge on how they affect callose function. We are investigating the potential of
these cell wall polysaccharide complexes to participate in the fine regulation of intercellular transport and
using mutant analysis to determine their importance on root organ development and abiotic stress
responses.
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Abstract:
Generating different tissue shapes requires control in both the amount and direction of tissue growth. How
growth is oriented is a fundamental question in morphogenesis.

In plants, at the cellular level growth is controlled by microtubule alignments.  Microtubules guide the
deposition of cellulose microfibrils into the cell wall, which in turn constrains growth in a particular
direction.  However, at the tissue level, things are less clear.  The dominant idea is that growth is oriented
by stress patterns.  These tissue-wide patterns arise because cells are inflated by turgor pressure, which
drives their growth, and this leads to changes in tissue shape due to the cells being mechanically
connected.

In this talk, I will explore an alternative idea that growth of both cells and tissues is oriented by polarity -
characterised by the asymmetric localisation of proteins at one end of cells.   By this hypothesis, individual
cells have an intrinsic ability to establish polarity and to coordinate it cell-to-cell across the tissue.  Cell
polarity thereby generates a tissue-wide polarity pattern (similar to planar cell polarity described in the
drosophila wing).  The polarity pattern may then orient growth through biasing microtubule alignments.

Tissue polarity has proved highly effective in generating computer growth models that faithfully reproduce
leaf shapes. However, a key element needed to show this system works in plant cells and tissues, is
visualisation of polarity.  In this talk, I will show clearly defined polarity patterns and present evidence for
the presence of a tissue-wide polarity field involved in orienting growth of the Arabidopsis leaf.  I will also
evaluate the role of polarity in orienting growth in the simplified context of tobacco suspension cells, where
the influence of tissue wide cues, such as stresses and morphogen gradients, can be taken away, and yet
growth is specifically oriented.
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Abstract:
Plasmodesmata are membrane-lined nanostructures in plants that bridge individual cells with their
neighboring cells across the cell wall boundaries. They facilitate the movement of various molecules
between cells such as nutrients and signaling molecules, serving fundamental roles for plant form and
function. However, how these communication channels undergo dynamic opening and closing in response
to various stimuli or stress is not fully understood. In my talk, I will present our research focused on
understanding molecular mechanisms and signaling pathways that are integrated with plasmodesmal
regulation during plant defense and development. Specifically, I will discuss callose-dependent
plasmodesmal regulation, the major mechanism so far best known to regulate plasmodesmal permeability.
I will introduce the potent plasmodesmal regulator PDLP5, which functions by activating plasmodesmata-
specific callose synthases, as a mediator between hormonal signaling pathways and plasmodesmal
closure during distinct plant responses to biotic stress and developmental cues. I will detail how different
plasmodesmal specific callose synthases are recruited to synthesize callose at plasmodesmata and
discuss mechanistic models explaining how various input signals might be translated into the closure of
plasmodesmata to generate distinct cellular responses and how such responses feedback to reinforce or
dampen the input signals. I will also discuss my hypothesis about the impact of dynamic plasmodesmal
closure on plant fitness and wellbeing.
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Abstract:
In barley, a large collection of male sterile genetic (msg) mutants exists that can be used to study stamen
development. About 60 of these have been backcrossed repeatedly into the spring barley cultivar Bowman
and genotyped for introgressive hybridization. We have characterized msg32 which shows normal
vegetative growth and development but is completely sterile. Anthers of msg32 possess slightly smaller
anther sacs that fail to open at maturity and carry inviable microspores.

Histological analysis of msg32 anthers indicates that microspores are correctly released after meiosis but
collapse shortly afterwards. Detailed TEM analysis revealed that collapse of msg32 microspores is
preceded by protoplast retraction from the pollen wall with a slight increase of autophagy-related features
compared to Bowman microspores. Eventually, msg32 pollen protoplasts degenerate completely in a
necrosis-like fashion. Pollen wall formation is correctly initiated in msg32 microspores with exine wall
architecture similar to wild-type pollen. However, the exine remains thin and no intine layer is deposited.

These defects in msg32 pollen wall formation are associated with distorted Ubisch bodies, the places on
the tapetum cell surface where material delivery takes place. This delivery is tightly synchronized with an
active degeneration of tapetum cells, a process that is indispensable for the development of viable pollen.
We found that tapetum cell degeneration in Bowman anthers shows multiple ultrastructural characteristics
of (macro)autophagy. Surprisingly, msg32 tapetum cells display similar features, suggesting that a defect
in tapetum degeneration is not the cause of microspore collapse in msg32. Late in development, wild-type
tapetum cells become highly crushed by developing pollen grains and contain abundant autophagosomes
and autophagic bodies in the lumen of smaller vacuoles. By contrast, tapetum cells in msg32 keep their
dome-like shape, containing only few autophagy-related features but a large central vacuole. Moreover,
elongated structures whose electron-density is reminiscent of exine wall material accumulate between
adjacent tapetum cells. Eventually, the large central vacuole ruptures and the protoplast of tapetum cells
degenerates while the cell surface still encompasses a large but empty cell volume.

In summary, the barley msg mutant collection allows to identify and characterize genes important for mid
to late anther development and function. Detailed microscopic analysis, alongside genetic and
transcriptomic data that will be briefly outlined in the presentation, supports a model where MSG32
maintains the metabolic homeostasis of the tapetum to guarantee its function in the delivery of nutrients
and wall materials to the developing pollen.
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Abstract:
Microscopy in general, and botanical microscopy in particular, has seen a tremendous development since
the cloning of the green fluorescent protein and the publication of its sequence in 1992. Fluorescence
microscopy has become a widely applicable technology for imaging cellular components at high resolution
both in living and fixed tissues and enable the study of cellular organisation in high detail, observe gene
activity and measure the interaction of molecules thereby giving information on cellular processes that
were difficult or not at all possible to obtain before. Live cell imaging has become a standard in botanical
microscopy and microscope systems compatible with long-term live experiments exist today. The first part
of my presentation is dedicated to the systems available within my institute in Cologne and will focus on
imaging parameters needed for proper live cell imaging.

Many plant organs are opaque for light and imaging fluorescent signals deep within these organs is
difficult. Recently, clearing techniques came available that allow observing fluorescent signals in whole
plant organs from leaves, roots, flowers and whole legume nodules up to several mms in size. Although,
this has increased our capacity to look deep inside plant organs, it remains challenging to image a
comparable volume within living organs either isolated or attached to the plant. Our ideas and methods to
obtain deep tissue imaging in living plant tissue are the second part of my presentation.
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Abstract:
The prolamellar body (PLB) is a complex, paracrystalline membrane structure in vascular plants’
etioplasts. Upon illumination, it transforms directly into a lamellar thylakoid membrane network. PLB
membranes, similarly to mature thylakoids, are composed mainly of galactolipids and carotenoids but lack
photosynthetic proteins – having a protochlorophyllide oxidoreductase bound with its substrates as a major
protein component. The role of lipid components in the formation and maintenance of intricate membrane
arrangements remains elusive. Moreover, although studied for over 50 years, the spatial structure of PLB
is not yet defined due to limitations in 3D imaging methods and inconclusive analyses of TEM
micrographs. PLB imaged in TEM appears as a highly organized structure with a constant periodicity
throughout the studied specimen, giving a clue that its spatial parameters are linked to specific
experimental conditions as well as a certain genotype and hence PLB biochemical composition. Along with
direct measurements of PLB structure parameters from 2D TEM and 3D electron tomography data, a
specialized software tool was co-developed and used to explicate the complex structure of PLB in different
plant model species as well as Arabidopsis thaliana mutants of carotenoid synthesis pathway. PLB spatial
organization was recognized as a Schwarz D-type minimal surface, contrary to a previous identification as
wurtzite or zinc-blende arrangements. A link between membrane lipid composition and PLB spatial
parameters was also shown.
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Abstract:
During interphase, the nucleus is compartmentalised into distinct territories occupied by individual
chromosomes. The spatial positioning of chromosome territories (CTs) influences the key processes that
take place in the nucleus, such as gene activity regulation and DNA repair. However, the mechanisms that
link nucleus spatial organisation to its functional response toward the current needs of a cell remain
elusive. Particularly little is known about the 3-D arrangement of the parental subgenomes in allopolyploids
and hybrids and its effect on intergenomic interactions. In hybrid crops, the nucleus architecture can have
important implications for their genetic stability and usefulness in the successful expression of
agronomically desired traits. To address this important topic, we applied a molecular cytogenetic approach
to study 3-D nucleus structure in oat-maize addition (OMA) lines with the added chromosome numbers
varying from one to four. Using fluorescence in  situ hybridisation with various probes, confocal laser
scanning microscopy, and state-of-the-art image analysis to perform 3-D reconstruction of nuclei, we
aimed to address the following questions: (1) is there a preferential positioning of the alien chromosomes
in the nuclei of the recipient? (2) what are the factors that determine the position of the alien
chromosomes? We revealed that the maize CTs predominantly occupy nuclear periphery, with the CTs in
leaf nuclei positioned closer to the center of the nucleus than in the root nuclei. In the double disomic OMA
lines, the maize CTs usually formed associations of varying degree, while CT separation prevailed in the
double monosomic line. Remarkably, the shapes of the maize CTs indicated that the introgressed maize
chromosomes lacked polarised orientation, with centromeres and telomeres grouped on opposite sides of
the nucleus, which is typical for oat chromosomes. Our findings shed more light on the processes that
shape the nucleus architecture in hybrid plants.

Project supported by the National Science Centre Poland, grant no. 2018/02/X/NZ3/01545a and the
National Centre for Research and Development Poland grant no. PBS3/B8/17/2015.
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Abstract:
There are multiple gene regulation mechanisms in cells that ensure their transcriptome and proteome
diversity. In recent years, there have been reports of nuclear retention of mRNAs as a new mechanism of
post-transcriptional regulation of gene expression, especially in cells characterized by pulsatile
transcription. The main purpose of retaining mRNAs in the cell nucleus is to delay translation, which allows
the cell to appear specific proteins at the right time.

We found that transcription in microsporocytes of larch, during prophase of the first meiotic division,
occurs in pulsatile manner. Each transcription burst generates a poly (A) RNAs pool which is retained for
some time in the cell nucleus after the transcriptional activity of microsporocytes is silenced. Then poly(A)
RNAs were exported to the cytoplasm, initially in lower and then higher quantity. We checked that the
process of nuclear retention applies to such basic metabolism transcripts as some: slicing factors, RNA
polymerase II subunits, and translational factors. We checked that the process of nuclear retention applies
to such housekeeping transcripts as: slicing factors, RNA polymerase II subunits, and translational factors.
Limited availability, in particular, of splicing and translational factors during transcription, as well as after
its termination, may constitute an additional mechanism influencing the retention of all transcripts
synthesized during the pulse.

This project was supported by National Science Centre (2016/21).
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Abstract:
Wood is primarily composed of plant secondary cell walls which are made from polysaccharides, such as
cellulose and hemicelluloses, and a polyphenolic compound known as lignin. The woody secondary cell
walls of trees are the largest repository of renewable carbon biopolymers on the planet, as such they are a
perfect feedstock for use in alternative industrial processes that tackle the climate emergency. The
arrangement and interactions of plant cell wall components, also known as the molecular architecture of
wood, has tremendous importance for tree growth and industrial application of timber. Despite that, the
molecular architecture of wood remains poorly understood. This presentation will explore recent progress
in the study of wood molecular architecture, highlighting advances obtained using low temperature
scanning electron microscopy and solid state nuclear magnetic resonance spectroscopy. In addition to
that, other spectroscopic and biochemical approaches and techniques used to analyse polysaccharide
and lignin structure will be presented. These tools can be applied in the study of various polysaccharides
in both plant and non-plant systems. Finally, an attempt will be made to link the observed molecular
features of polysaccharide structure with characteristics of wood, highlighting the role of cell wall molecular
architecture in the maintenance of timber properties.
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Abstract:
PIN (PIN-FORMED) proteins are plant specific auxin transporters, which contain variable length of
hydrophilic loop linking two alpha-helical regions. The long loop PINs localizing at the plasma membrane
regulate polar auxin transport (PAT) and establish auxin gradients that subsequently maintain plant growth
and development. However, the shorter loop PINs (PIN5 and PIN8) which localize at the endoplasmic
reticulum (ER) are not directly involved in PAT, instead they maintain intracellular auxin homeostasis.
Although the developmental role of the ER localized PINs has been studied, the structure and function
relationship of these proteins remain less understood. In this study, we investigate the plasma membrane
topology of PIN5 and PIN8. We have used GFP tagged constructs which are ectopically localizing on the
PM of epidermis and cortex of Arabidopsis thaliana root cells and enable the use to previously applied
topology determination methods. Our results indicate that PIN5 and PIN8 probably exhibit opposite
topology. We have also showed that these two proteins which are ectopically localize at the plasma
membrane elicit distinct root phenotype, in terms of root hair length.
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Abstract:
Wood (secondary xylem) is one of the vascular tissues responsible for fast, axial transport of varied
molecules like water, ions, hormones, sugars over long distances, therefore linking roots with trees’
canopy. Besides axial conduction, molecules are transported in wood also in a radial direction, between
elements of different cellular identity what makes intercellular communication in trees especially
challenging. Our previous study demonstrated, for the first time, that molecules can be transported from
dead vessel elements into neighboring living parenchyma cells via endocytosis, both clathrin-mediated
and clathrin-independent [1]. However, further transport of molecules trapped into the endomembrane
system has been still elusive. Therefore, recently we have been focusing on the radial intercellular
transport of fluorescent tracers localized in the endomembrane system via plasmodesmata between
various living xylem parenchyma cells. We engaged Fluorescence Recovery After Photobleaching (FRAP)
to directly analyze spreading of the tracers between the cells and immunogold techniques to localize
tracers in the plasmodesmata region using transmission electron microscopy (TEM). Our study
experimentally proved the relevance of functional integration of vesicular and symplasmic transporting
routes in wood of angiosperm tree species.

[1] Słupianek, A., et al., 2019. New Phytologist 222: 1846-1861
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Abstract:
Chloroplast positioning inside the cell is controlled by blue light in many plant species, including model
plant, Arabidopsis thaliana. In darkness chloroplasts gather mostly at the bottom of palisade cells. Low
intensity blue light triggers accumulation of chloroplasts along the cell walls perpendicular to the direction
of the incident light, whereas high intensity blue light leads to chloroplast avoidance, i.e., relocation to the
cell walls parallel to the incident light. These responses are controlled by blue light receptors, phototropins,
and are dependent on actin cytoskeleton. Numerous genes involved in the regulation of chloroplast
movements have been identified, but the molecular function of most of their products still remains unknown
and the chloroplast movement signaling pathway  remains to be elucidated.

PLASTID MOVEMENT IMPAIRED 1 (PMI1) was initially identified as a component crucial for proper
chloroplast movement [1]. Later it was also demonstrated to be involved in ABA responses [2]. It is
consisted of the N-terminal  NT-C2 domain, potentially binding phospholipids, flanked by unstructured
sequences on both sides. PMI1 C-terminus is a domain of unknown function.  Severity of the phenotype of
the known pmi1 mutants depended strongly on the site and type of the mutation, suggesting that some
parts of the protein are predominant for its function.  In order to map the regions of the protein responsible
for mediating chloroplast movement and possibly address their molecular function,  we have made a
series of mutants with defined truncations of PMI1 gene using CRISPR/Cas9 based genome editing. We
observed chloroplast positioning inside the cells in obtained mutants using confocal light scanning
microscopy. In order to gain insight into light dependence of chloroplast positioning in different tissues,
both palisade and spongy mesophyll were examined. We observed light dependence of chloroplasts
positioning in both tissue types of the wild type plants.  We found that pmi1 mutants coding for proteins
potentially consisting only of N-terminal unstructured part and NT-C2 domain or shorter demonstrated
altered chloroplast  positioning in darkness and their chloroplasts did not significantly change position in
response to  low or high intensity blue light. Plants with longer PMI1 variant were only partially impaired in
chloroplast positioning, possibly indicating a role of middle unstructured region of PMI1 in this process.
Chloroplast positioning in mutants was also correlated with their photosynthetic capacity and ability to
adapt to light stress.

This work was financed by the Polish National Science Center [UMO-2018/29/B/NZ3/01695].

[1] S. L. DeBlasio et al., 2005. Plant Physiol. 139, 101–14; [2] M. Rojas-Pierce et l., 2014. Plant Physiol.
Biochem. 83, 185–193.
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Abstract:
PIN FORMED proteins are plant specific efflux carriers, which facilitate the directionality of auxin flow and
thus play a vital role in the establishment of local auxin maxima within plant tissues that subsequently
guide plant ontogenesis. They are membrane integral proteins with two regions of alpha helical domains
linked with a Hydrophilic Loop (HL) which is usually longer for the plasma membrane localized PINs. The
loop harbors molecular ques important for the subcellular localization and thus function of those
transporters. Although the three-dimensional structure of PIN has not been solved yet, there are already
data showing the topology of PINs. Recent studies also suggest that PINs form disulfide-dependent
dimers probably through small loops in between transmembrane domains or small (~100 amino acid) part
of hydrophilic loop. Here, we present a novel insight into PIN1 hydrophilic loop showing that it is partially
structured when investigate with multiple cell and structural biology techniques. We also investigate the
role of PIN1-HL in that dimerization and other functions like recruitment of proteins required for vesicular
trafficking of the whole PIN protein. possible does not happen through tested sample.
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Abstract:
Morphogenesis of plant organs depends on the complex pattern of cell wall growth, and understanding
how the growth is regulated is fundamental in studies of plant development. A model cell type for studies of
complex shape formation is the jigsaw puzzle-shaped pavement cell of leaf epidermis, e.g. in Arabidopsis
thaliana. Morphogenesis of these cells comprises the formation of interdigitating lobes by anticlinal
(perpendicular to the leaf surface) walls of adjacent pavement cells. Quite a lot is known about the
interplay between adjacent cells that leads to the formation of the anticlinal wall lobes. However, the
interplay between periclinal (parallel to the leaf surface) and anticlinal walls of individual cells, which is
crucial for the morphogenesis of this complex cell shape, remains unclear. We hypothesise that lobe
formation is related to the gradual establishment of local mechanical anisotropy within periclinal walls of
individual pavement cells. To test this hypothesis we perform interdisciplinary investigations of young
rosette leaves of A. thaliana.

We conduct systems biology analysis of epidermal cell-type-specific transcriptomes to identify novel
regulators and the regulatory network of pavement cell morphogenesis. We have identified specifically
expressed genes of epidermal cells at different developmental stages from single-cell transcriptomes of
developing leaves. The constructed developmental trajectory pointed to an essential role of auxin in
pavement cell morphogenesis and also provided candidate genes involved in the process, which will be
further validated.

In parallel, we analyse wall composition and structure and quantify cell morphogenesis in wild type and
mutants in which cytoskeleton and/or cell walls are affected. We have profiled the spatiotemporal pattern
of periclinal wall chemistry (Raman microspectroscopy) and detected changes in wall reinforcement by
cellulose fibrils, being responsible for locally anisotropic growth and in pectins as non-cellulosic
components affecting the wall mechanics. To this aim, we developed a new method to prepare periclinal
wall samples dedicated for Raman microspectroscopy. Using in vivo confocal microscopy, we have
tracked morphogenesis of periclinal wall surface labelled with fluorescent microbeads, and computed its
growth in 3D at subcellular scale, showing changes in growth variation within individual cells. We also
quantify changes in size and shape parameters of pavement cells of growing epidermis of young rosette
leaves using PaCeQuant tool.

Such an interdisciplinary approach helps to add some new pieces to solve the jigsaw puzzle of intricate
cell patterning and cell shape formation - the fundamental question in developmental biology.
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Abstract:
Plasmodesmata (PD), due to their structure and postulated functions, are an extremely interesting
research object, in connection with their role in the control of cells differentiation. Under in vitro conditions,
explants cells change the direction of differentiation, and in such conditions symplasmic communication
between the cells within the explants must be changed. The structural basis for such changes is the
presence or absence of PD and/or their functional state. In presented studies, Arabidopsis somatic
embryogenesis was used as a system for analysis of PD within and between symplasmic domains in
explants. Arabidopsis  thaliana ecotype Columbia‐0 and 35S:BBM transgenic line were used as an
explants. Analyzes concerned the ultrastructure of cells which re-gain totipotency/pluripotency as well as
PD frequency and ultrastructure in symplasmic domain emerging during somatic embryogenesis.
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Abstract:
The isolation of the plant somatic cell is essential to initiate the process of embryogenesis under in vitro
culture conditions. Studies conducted so far based on low molecular weight fluorochromes of symplastic
transport have shown that the course of somatic embryogenesis in Cyathea  delgadii depends on
cytoplasmic connectivity between the cells of the initial explant and the cells of the somatic embryo.
Therefore, in the present study, we focused on analyzing the distribution of callose localized in
plasmodesmata that are the pathway for the exchange of cytoplasm and substances contained therein.
We analyzed two types of explants: stipes and internodes which give rise to embryos of unicellular and
multicellular origin, respectively. For immunohistochemical analysis, samples were collected every two
days after explants were placed on induction medium, then fixed in 4% paraformaldehyde, dehydrated in
an alcoholic series, and embedded in BMM resin. The 2 μm-thick sections were incubated with a primary
monoclonal antibody for callose detection and a secondary antibody labeled with AlexaFluor488.
Observations were made using a fluorescence microscope. To quantify changes, the fluorescence
intensity of callose in stipe and internode explants was analyzed immediately after excision from the donor
plant or after 0.5 and 1.5 hours. For this purpose, fixed explants were incubated with aniline blue. The
amount of callose was calculated based on fluorescence intensity in relation to the background
fluorescence using the ScnImage System software. Immunohistochemical labeling using antibodies
allowed visualization of callose localized in or near plasmodesmata. Its synthesis appears to be more
intense in internode explants than in stipes. Much stronger antibody saturation was observed in the
epidermal cells of the explants than in the cortical cells. In a few-cell somatic embryo, the antibody labeled
mainly plasmodesmata located in the inner anticlinal walls. However, they were not visualized in the cell
walls of the embryo adjacent to the explant. Fluorescence intensity analysis showed approximately twice
as much callose in the internodes as in the stipes, which is in agreement with the results of
immunohistochemical analysis. This study allowed visualization of the plasmodesmata and a preliminary
determination of their distribution, which can further be used to determine their number.

This research was supported by the Polish National Center for Science, no. 2017/27/N/NZ3/00434.
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Abstract:
Prune dwarf virus (PDV) is a viral pathogen distributed worldwide. PDV, a member of the
Bromoviridae family and the genus Ilarvirus, infects fruit trees, generates enormous decrease in fruit yield,
and reduces the effectiveness of vegetative reproduction of various species of orchard trees. For example,
a decrease in fruit yield has been estimated at the level of 80–90% for sweet cherry. Vegetative
reproduction is crucial for orchard trees. A decrease during vegetative reproduction can reach up to 90%
in nurseries. PDV can also be transmitted via seeds and pollen of infected plants Our knowledge about
resistance genes or resistant reactions of plant hosts to PDV is scant. To fill in part of this gap, an aim of
this study was to investigate reactions to PDV infection in a model host, Chenopodium quinoa. Our
investigations concentrated on morphological and ultrastructural changes after inoculation with PDV strain
0599. It turned out that PDV infection can cause deformations in host cells but also induce changes in the
organelles, such as chloroplasts in inoculated leaves. Moreover, we also demonstrated specific
reactions/changes, which could be associated with both types of vascular tissue capable of effectively
blocking the systemic spread of PDV to upper leaves. Furthermore, the relative amount of virus, P1 protein
deposition, and movement protein (MP) gene expression consequently decreased in PDV-inoculated
leaves.
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Abstract:
In our earlier research on Funaria hygrometrica (Hedw.) protonema apical cell response to the effects of
Pb we found that Pb deposits and low – methylesterified pectins (LMP), the main cell wall (CW) compound
binding toxic Pb ions, [1] were localized in the same transporting vesicles [2]. Low-methylesterified pectins
are not synthesized in the Golgi Apparatus and are formed finally within CW by pectin methylesterase [3].
Thus, how LMP could be the cargo of transporting vesicles? It was demonstrated that some CW
components, including LMP, can enter the endomembrane system by endocytic internalization [4]. Hence,
we concluded that Pb deposited in CW and LMP could enter the transporting vesicles by endocytic
internalization of CW components [2]. Likewise, the colocalization of Pb and LMP in the same transporting
vesicles we observed later in root apex cells of poplar and Arabidopsis.

However, chemical fixation of the plant material for immunogold technique used in the experiments
mentioned above, caused disappearance of all biological membranes in the samples and in the
micrographs. Our observations strongly suggested that Pb and LMP were both the cargo of the same
transporting vesicles. However, we could not exclude that the colocalization of Pb and LMP in the same
vesicle, observed in transmission electron microscope (TEM), was the result of the lack of the membrane
surrounding the vesicle.

Preparation of the samples by high pressure freezing and freeze substitution techniques for observations
in TEM allow to preserve the biological membranes in the biological samples and use immunogold
technique for identification of the cell components. Applying these techniques, for Arabidopsis thaliana (L.)
root apex exposed to Pb, allowed us to show evidently, that both Pb deposits and LMP (identified by gold
particles) were the cargo of the same transporting vesicle surrounded by visible biological membrane. We
also confirmed it by EDS X-ray microanalysis connected with TEM. These observations supported our
earlier conclusions that both Pb and LMP can be internalized from plant CW by endocytosis and
transported together by transporting vesicles within the protoplast. Hence, the results revealed clearly that
plant CW is not always a safe compartment for Pb deposition, because Pb can enter the protoplast by
endocytic internalization, together with CW components.

[1] Krzesłowska, M., 2011. Acta Physiol. Plant. 33, 35-51; [2] Krzesłowska et al., 2010. Environ. Pollut.
158, 325-338; [3] Caffall, K.H., Mohnen, D., 2009. Carbohydr. Res. 344, 1879-1900; [4] Baluška et al.,
2005. Protoplasma 225, 141–155.
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Abstract:
Cyanobacteria were the first living organisms on Earth capable of oxygenic photosynthesis (OP).
Cyanobacteria share structural components within the photosystem II (PSII) with algae and plants, such
as the D1/D2 proteins, core antenna proteins CP43/CP47, and PsbO, a protein of the oxygen-evolving
complex in PSII. Photosynthetic O2 generation is inextricably linked to the production of reactive oxygen
species (ROS), including O2

•-, which must be degraded by superoxide dismutases (SODs), an enzyme
that is part of the ROS regulating system. Recent phylogenetic studies have suggested that SODs and OP
may have appeared in the very early stages of the evolution of life on Earth. Therefore, studies of SODs
and PSII proteins in cyanobacteria may provide insights into the evolution of O 2-utilizing metabolic
pathways, including OP and ROS regulating system.

Studies have presented three different species of cyanobacteria: Synechocystis sp. PCC 6803,
Gloeobacter violaceus CCALA 979, Geitlerinema sp. ZHR1A. Synechocystis sp. PCC 6803 is a model
microorganism used in studies on the physiology of cyanobacteria. G. violaceus is considered the
evolutionarily oldest cyanobacterium without thylakoid membranes and with a photosynthetic apparatus
localized in the cytoplasmic membrane, while Geitlerinema sp. ZHR1 is a filamentous cyanobacterium
compared to the previously mentioned species and its physiology is poorly known.

Analysis of PSII proteins revealed significant differences in their abundance among the three
cyanobacterial species. The differences were most pronounced for the PsbO protein; in G.  violaceus,
PsbO content was greatly reduced compared to Synechocystis sp. PCC 6803 and Geitlerinema sp.
ZHR1A, which was associated with the slowest growth and reduced PSII efficiency. The iron form of SOD
(FeSOD) was identified in three cyanobacterial species analyzed: one in Synechocystis sp. and two forms:
FeSOD1 and FeSOD2 in G. violaceus. The reconstructed phylogeny revealed an external localization of
PsbO and the FeSOD1 of the Gloeobacter clade in relation to other oxyphototrophs, suggesting an ancient
origin of the ROS regulating system and the oxygen-evolving complex of PSII.
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Abstract:
Conifers form an important part of a global ecosystem, since they dominate in boreal forests and are the
majority of commercially planted trees. Wood made by coniferous trees, also known as softwood, is widely
used for industrial applications such as building construction or paper and packaging manufacturing.
Despite this importance of softwood, relatively little is known about the variation in the structure of
secondary cell walls forming it. One of the key characteristics of softwood is that it is made of two distinct
types of tracheid cells which form earlywood and latewood. Overall, wood with a larger proportion of
latewood is considered to be more valuable for industrial applications, but this notion is supported mostly
by empirical experience from wood processing.

Using biochemical analysis of hemicellulose structure of timber from Scots pine (Pinus sylvestris) and
Norway spruce (Picea abies) we discover some of the structural features of the secondary cell walls
making up earlywood and latewood in these two species. Most importantly, we notice that hemicellulose
accessibility is likely to be different between earlywood and latewood.

Through, molecular phylogenetics and gene expression profiling we attempt to identify the genetic basis of
the observed biochemical diversity. We uncover three genes with high similarity to Arabidopsis thaliana
Vascular related NAC-Domain (VND) transcription factors, which could be involved in control of secondary
cell wall deposition in Spruce. To model earlywood to latewood transition in Spruce we perform controlled
growth experiments in long and short day conditions. We hypothesize that long day conditions will
stimulate latewood formation. With qPCR analysis we show that the expression pattern putative Spruce
VNDs changes depending on growth conditions used.

Our experiments will facilitate uncovering the molecular basis of wood formation. This may enable
identification of breeding or genetic engineering targets for future wood improvement attempts.
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Abstract:
Most of the mRNA generated in the transcription process undergoes co-transcriptional maturation in the
nucleus. This allows them to be immediately transported to the cytoplasm, where proteins are synthesized
in the process of translation. However, sometimes the created transcripts can be retained, which concerns
mature mRNA as well as pre-mRNA. These transcripts are stopped and stored in the area of nucleus.
Their transport to the cytoplasm, and further the process of translation, is temporarily or definitively
stopped. In the microsporcytes of European larch during the diplotene prophase of I meiotic division, we
observe the retention of polyadenylated transcripts which accumulate in the area of nucleoplasm and small
subnuclear domains called Cajal bodies.  This phenomenon has not yet been observed in these  nuclear
bodies. It was studied that in the set of retained poli(A)RNA there are a.o. transcripts that encode cortical
spliceosome proteins (Sm proteins) and  polymerase II subunit RPB10. Interestingly, in both cases, the
transcripts were retained in an immature form, i.e. with a unspliced sequence of intron. It has been proven
that certain mRNAs that are retaining, within a strict period of time, undergo post-transcriptional splicing.
 As a result of this process, a fully mature transcript is formed and next transported to the cytoplasm,
where it is translated. Most likely, the phenomenon of nuclear retention observed in the test model plays
important role in strict regulation of certain proteins synthesis time. It is crucial for the proper development
of larch generative line cells.

The research is funded by a grant: NCN 2016/21/D/NZ3/00369.
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Abstract:
Viola L. is highly diverse genus in Violaceae with ca. 600 species in 17 sections distributed on both
hemispheres, occupying different habitats. Karyologically is differentiated, chromosome numbers ranged
from 2n=4 to over 2n=120 depending on species/section. Most sections originated by polyploidization, the
highest ploidy reaches 12x [1]. There is a lack of correlation between the genome size and ploidy level in
most of studied species/sections – high polyploids have genome size similar to diploids, suggesting
genome downsizing in genus evolution [2]. To estimate the role of transposable element (TE)
classes/families in genome downsizing we selected species with small genomes – high polyploid (V.
banksii 10x, 2n=50; 2C=1.27 pg) vs diploid (V. pubescens 2x, 2n=12; 2C=0.93 pg), tetraploid (V. stagnina
4x, 2n=20; 2C=1.31 pg) vs autooctoploid (V. elatior 8x, 2n=40; 2C=2.57 pg) and species of Melanium
sect. with large genome (V. lutea ssp. calaminaria 2n=48; 2C=6.27 pg). Flow cytometry was used for
genome size estimation. Libraries were constructed using TruSeq Nano DNA Kit and sequenced on
NovaSeq 6000 platform (Illumina, San Diego, USA). Viola pubescens WGS reads were downloaded from
Sequence Read Archive (SRR5360620). A graph-based clustering analysis was performed independently
for each species, as well as on concatenated dataset with RepeatExplorer [3] using Viridiplantae v. 3.0
database of transposable element protein domains and default settings of 90% similarity over 55 bp of the
read length.

Analysis of TE subclasses proportion (%) in genome of studied Viola species indicated that the most
abundant is LTR subclass and its frequency is comparable in high polyploid V. banksii (10.8) with diploid
V. pubescens (8.85), almost twice higher in octoploid V. elatior (16.88) as with tetraploid V. stagnina
(9.71) and the highest (43.89) in V. lutea ssp. calaminaria with large genome. Regarding the proportion of
TE families in analyzing species the frequency of Ty3-gypsy was the highest whereas the frequency of
Ty1-copia was evidently lower but the distribution was similar to the LTR subclasses.

In conclusion: Elimination of TE led to genome downsizing in high polyploids as documented on V.
pubescens and V. banksii – small genome size, similar frequency of TE. Lack of genome downsizing in
representative of Melanium sect. – large genome, high chromosome number, high frequency of TE.

[1] Marcussen, T. et al., 2015. Systematic Biology 64: 84–101; [2] Żabicka, J. et al., 2019. 5th Conference
on Plant Genome Evolution, Sitges, Spain; [3] Novak, P. et al., 2013. Bioinformatics 29: 792-793
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Abstract:
Turnip mosaic virus (TuMV) is one of the most important plant viruses worldwide. It has a very wide host
range infecting at least 318 species in over 43 families, such as Brassicaceae, Fabaceae, Asteraceae, or
Chenopodiaceae from dicotyledons. Plant NADPH oxidases, the respiratory burst oxidase homologues
(RBOHs), are a major source of reactive oxygen species (ROS) during plant–microbe interactions. The
functions of RBOHs in different plant–pathogen interactions have been analyzed using knockout mutants,
but little focus has been given to plant–virus responses. Therefore, in this work we tested the response
after mechanical inoculation with TuMV in Arabidopsis rbohD and rbohF transposon knockout mutants
and analyzed ultrastructural changes after TuMV inoculation. The development of the TuMV infection
cycle was promoted in rbohD plants, suggesting that RbohD plays a role in the Arabidopsis resistance
response to TuMV. rbohF and rbohD/F mutants display less TuMV accumulation and a lack of virus
cytoplasmic inclusions were observed; these observations suggest that RbohF promotes viral replication
and increases susceptibility to TuMV. rbohD/F displayed a reduction in H2O2 but enhanced resistance
similarly to rbohF. This dominant effect of the rbohF mutation could indicate that RbohF acts as a
susceptibility factor. Induction of hydrogen peroxide by TuMV was partially compromised in rbohD mutants
whereas it was almost completely abolished in rbohD/F, indicating that these oxidases are responsible for
most of the ROS produced in this interaction. The pattern of in situ H2O2 deposition after infection of the
more resistant rbohF and rbohD/F genotypes suggests a putative role of these species on systemic signal
transport. The ultrastructural localization and quantification of pathogenesis-related protein 1 (PR1)
indicate that ROS produced by these oxidases also influence PR1 distribution in the TuMV-A.
thaliana pathosystem. Our results revealed the highest activation of PR1 in rbohD and Col-0. Thus, our
findings indicate a correlation between PR1 accumulation and susceptibility to TuMV. The specific
localization of PR1 in the most resistant genotypes after TuMV inoculation may indicate a connection of
PR1 induction with susceptibility, which may be characteristic for this pathosystem. Our results clearly
indicate the importance of NADPH oxidases RbohD and RbohF in the regulation of the TuMV infection
cycle in Arabidopsis. These findings may help provide a better understanding of the mechanisms
modulating A.  thaliana–TuMV interactions.

Keywords:
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related protein 1
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Abstract:
Mature plant cells, characterized by a specific phenotype and a given function, are defined as
differentiated cells. In response to various stress factors - mechanical injury to the plant, infection with the
pathogens or in vitro culture conditions, plant organisms produce callus tissue by cell dedifferentiation. The
process of differentiation itself, whether naturally occurring during the development of the plant or induced,
often entails significant phenotype changes – the shape, size of cells, the composition of the apoplast and
the symplast can alter. These rearranges are an expression of the new function that cells will perform.

Just like changes in the expression of specific genes and in the structure of chromatin (genetic and
epigenetic factors) or hormonal changes, also modifications in the composition of cell walls can be
markers of individual differentiation processes. The purpose of the presentation is to show a relationship
between the occurrence of pectin epitopes, hemicellulose, arabinogalactan proteins and extensins in
various plant systems where cell differentiation occurs.
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Abstract:
Repetitive DNAs are major component of plant genomes and are known to be responsible for the C-value
paradox that refers to the enormous genome size variation among higher plants. The repetitive DNA is
also diverse and fast evolving and can be involved in chromosomal and genomic rearrangements.
Genome sizes were estimated using flow cytometry for 33 Crepis species and indicated relatively large
variation within the genus. Genome sizes varied nearly 7-fold among diploid species and ranged from 1.03
pg/1C DNA to 7.46 pg/1C DNA. Bidirectional evolution of genome size was observed in Crepis s.l..

The molecular and chromosomal organization of rDNA and satellite sequences were analyzed in selected
Crepis species. More than 20 different patterns of rDNA loci chromosomal organization were observed in
39 analysed species. Several events of rDNA loci gains as well as loci repositioning were recovered for
evolution and diversification of Crepis  s.l. lineages. Only one type of nrITS was isolated from each of
analysed species. One type of 5S rDNA NTS was isolated from most species, however some diploid
species showed two types of this repeat. Different families of satellite repeats were isolate from selected
Crepis species based on NGS and RepeatExplorer results. The genomic and chromosomal organization
of the repeats were analysed.

The study was financially supported by the Polish National Science Centre (Project No.
2017/27/B/NZ8/01478) to BK and by the Scientific and Technological Research Council of Turkey
(TÜBİTAK 2219 Postdoctoral Fellowship Program for Turkısh Cıtızens) to GY.
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Abstract:
Autophagy is a conservative process in yeast, animals, plants and allows the degradation of entire
organelles, macromolecules, and protein complexes. One example of selective autophagy is pexophagy –
an autophagic degradation of peroxisomes. The plant peroxisomes harbor enzymes of the β-oxidation of
fatty acids and the glyoxylate cycle, photorespiration, detoxification of reactive oxygen and nitrogen
species, as well as biosynthesis of hormones and signal molecules. Based on our results, autophagy is
significantly enhanced by sugar starvation in cells of embryo axes of lupin germinating seeds. Moreover,
sugar starvation slows down the mobilization of storage lipid. Additional inhibition in storage lipid
breakdown causes asparagine – a central amino acid in lupin seed metabolism. Simultaneously,
asparagine slows down the degradation of autophagic bodies during advanced autophagy in sugar-
starved embryo axes. We also observed inside autophagic bodies structures, which can be identified as
peroxisomes. Thus the main aim of the research was to examine the changes of peroxisomal markers level
in lupin embryo axes cultured in  vitro under sugar deficiency conditions, under the feeding with sucrose
(60 mM), and under the feeding with asparagine (35mM). During the Western-blot analysis, we used the
primary antibodies specific to Peroxisomal membrane protein (Pex14p), Glycolate oxidase (GOX), and
Catalase (Cat). Different carbon and nitrogen nutrition conditions similarly changed the accumulation of all
peroxisomal markers in embryo axes of both lupin species. We also observed the same pattern in Pex14p
and GOX levels in response to different carbon and nitrogen nutrition.

This work was financed by the National Science Centre, Poland (Grant no. 2016/23/B/NZ3/00735).
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Abstract:
Plasmodesmata (PD) are cytoplasmic channels embedded in cell walls that connect neighboring cells to
allow for cytoplasm-to-cytoplasm (called symplasmic communication) flow of diverse molecules. Plasma
membrane lines a cell wall pore and in the centre desmotubule is located. The area between plasma
membrane and desmotubule is called cytoplasmic sleeve. Actin and myosin might also be elements
building PD. There are studies that show that symplasmic communication changes in plants due to
treatment with actin inhibitors. On the other hand, recent publications claim that actin inhibitors do not
influence plasmodesmata.

Symplasmic communication is an important component of the plant signaling system. PD enable the
exchange of information between adjacent cells and connect the protoplasts into a network called a
symplast. At the early stages of development the plant organism constitutes a single symplasmic domain.
This means that all its cells are connected by functional plasmodesmata. However, during further
development of a plant body symplasmic communication changes. The plant is no longer a single
symplasmic domain. Instead, it is a mosaic of smaller areas (symplasmic domains and fields) in which
cells communicate with each other but at the same time they are symplasmically isolated from other cells
of the plant body. This limitation in symplasmic connectivity plays an important role in cell differentiation
and plant development.

The aim of the present study was to check whether symplasmic communication changes due to
cytochalasin D treatment. Somatic embryos of Daucus carota L. in different stages of development were
analyzed to answer the question how cytoplasmic communication changed under the influence of
cytochalasin D. Analysis was performed by using 8- Acetoxypyrene-1,3,6-trisulfonic acid trisodium salt
(HPTS-acetate) and Fluorescein bis-(5- carboxymethoxy-2-nitrobenzyl) ether, dipotassium salt (CMNB-
caged fluorescein). In the case of HPTS-acetate no significant differences in symplasmic movement
between cytochalasin D treated and untreated embryos were visible. However, studies with CMNB-caged
fluorescein have shown that symplasmic communication has changed after actin inhibitor treatment. After
uncaging fluorescein moved faster and for longer distances in embryos treated with cytochalasin D. This
suggests that actin inhibition increases symplasmic communication in somatic embryos of Daucus carota.

Keywords:
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Abstract:
Maturation of most mRNAs by 5 "capping, splicing and 3 'polyadenylation is co-transcriptional.  The
correct occurrence of these processes allows the fully mature mRNAs to be transported to the cytoplasm,
where proteins are synthesized on the basis of the information provided. However, when the pre-mRNA is
not fully mature, it will remain retained in the nucleus. Our research shows that immature transcripts can
be stored in the nucleoplasm and sub-nuclear domain called Cajal bodies (CBs). During diplotene in larch
microsporocytes we observe mRNAs retention related to gene expression and RNA processing,
translation, cell cycle, metabolic processes and organelle organization. Some of these transcripts are
located on the territory of Cajal's bodies. In CBs we observe transcripts encoding splicing factors e.g.
mRNAs for Sm proteins. These transcripts are not fully-spliced and after the post-transcriptional splicing,
they are transport to the cytoplasm. The mRNA retention phenomenon most likely serves to regulate the
time of transcript export to the cytoplasm and protein synthesis. Additionally, the retention of transcripts
encoding splicing factors may regulate the retention process itself through feedback. The transcripts
encoding the splicing factors are retained, which delays their synthesis in the cell, and thus may delay the
maturation of subsequent pre-mRNAs. 

This project was supported by National Science Center (2016/21/D/NZ3/00369). 
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Abstract:
Seed development is sensitive to parental genomic dosage across a wide range of plant species. Plant
seeds contain a diploid embryo and a triploid endosperm, an embryo-nourishing tissue. Endosperm
acquires resources from the maternal parent and passes them to the embryo, creating genetic conflicts
between parental genomes in endosperm. Endosperm has a 2:1 maternal:paternal genomic ratio –
alterations to this ratio cause seed abortion after a few days of development. In Arabidopsis, crosses
between diploid females and tetraploid males result in about 85% seed abortion, depending on the genetic
strain and environmental conditions. We have previously shown that paternal inheritance of mutations in
NRPD1 largely suppress interploidy seed abortion in Arabidopsis. NRPD1 encodes the largest subunit of
RNA Pol IV, a plant specific RNA Polymerase responsible for the production of small RNAs that direct
DNA methylation. I will describe our latest results on the divergent roles for maternal and paternal RNA Pol
IV during seed development and the basis for dosage sensitivity in Arabidopsis endosperm in the context
of parental genetic conflicts.
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Abstract:
The plant male germline undergoes DNA methylation reprogramming, which methylates genes de
novo and thereby alters gene expression and regulates meiosis. Here we reveal the molecular mechanism
underlying this reprogramming. We demonstrate that genic methylation in the male germline, from
meiocytes to sperm, is established by 24 nucleotide siRNAs transcribed from transposons with imperfect
sequence homology. These siRNAs are synthesized by meiocyte nurse cells (tapetum) via activity of
CLSY3, a chromatin remodeler absent in other anther cells. Tapetal siRNAs govern germline methylation
throughout the genome, including the inherited methylation patterns in sperm. Tapetum-derived siRNAs
also silence germline transposons, thereby safeguarding genome integrity. Our results reveal that tapetal
siRNAs are sufficient to reconstitute germline methylation patterns and drive functional methylation
reprogramming throughout the male germline.
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Abstract:
Chromatin provides a tunable platform for gene expression control. Besides the well-studied core
nucleosome, H1 linker histones are abundant chromatin components with potential to influence chromatin
function. Next to the intensively studied core histones which form the basic unit of chromatin – nucleosome
- there is other abundant chromatin component histone H1. By combining the recent advances in
microscopy and sequencing technics we showed not only that H1 is required for correct formation and
organization of chromatin but also it is essential for maintaining proper chromatin decoration landscape,
specifically H3 modifications. Lack of H1 in Arabidopsis plant did not severely affect the development yet it
was associated with the failures in transitional fate changes in somatic cells e.g. lateral root formation,
stomata patterning. Together, our data suggest that H1 fine tunes developmental transitions via regulating
the precise chromatin organization and providing the accurate platform for chromatin modifying machinery
and eventually epigenetics marks.
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Abstract:
Recently N6-methyladenosine (m6A) methylation has emerged as a biological process with significant
impact on cellular functions. However, almost all the research regarding m6A methylation has been based
on mRNAs. In our research, we focus on how m6A methylation affects microRNA (miRNA) biogenesis
in Arabidopsis. In brief, we show that m6A methylation is necessary to maintain proper levels of mature
miRNAs as well as their precursors. m6A mark affects pri-miRNA secondary structures and affects
the recruitment of the Microprocessor to pri-miRNAs. We also demonstrate the interactions of MTA (m6A
writer) with other proteins involved in miRNA biogenesis, namely RNA Polymerase II and TOUGH. Our
study provides evidence of the role played by m6A in plant miRNA biogenesis.

This work was funded by the Polish National Science Centre (Grants UMO-2019/32/T/NZ1/00122,
UMO-2017/27/N/NZ1/00202, UMO- 2016/23/B/NZ9/00862, UMO-2016/23/D/NZ1/00152,
UMO-2013/10/A/NZ1/00557). The authors also received financial support from the Initiative of
Excellence– Research University (05/IDUB/2019/94) at Adam Mickiewicz University, Poznan, Poland, and
from the Poznan RNA Research Centre.
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Abstract:
The SERRATE protein (SE) is an important factor of the miRNA biogenesis machinery in plants. We found
that SE is associated with the Nuclear Exosome Targeting complex (NEXT), which directs RNA substrates
for degradation by the nucleoplasmic RNA exosome. We identified the subunits of NEXT that directly
mediate the SE/NEXT interaction. We show that NEXT is involved in the degradation of the pri-miRNA 5'
remnants that accumulate after excision of miRNAs from their primary precursors. Moreover, the
disruption of NEXT complex activity leads also to accumulation of full-length miRNA precursors (pri-
miRNAs), suggesting that NEXT participates to the removal of superfluous miRNA precursors.
Interestingly, the characteristic phenotype of the miRNA biogenesis mutants se-2 and hyl1-2 is partially
restored by mutations of NEXT components. This complementation is due to higher levels of mature
miRNAs in such double mutants, suggesting that the slower elimination of precursors or processing
intermediates caused by loss of NEXT compensates for the slow processing caused by loss of SERRATE
or HYL1. Our study uncovers a novel role for the NEXT complex and SE in controlling the levels of miRNA
precursors in Arabidopsis.

This work was supported by grants from the National Science Center UMO-2014/13/N/NZ1/00049 and
UMO-2018/28/T/NZ1/00392.
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Abstract:
Histone acetyltransferase complex NuA4 acts as transcriptional coactivator in eukaryotes. Although it has
been well-studied in yeasts and metazoans, NuA4 remains poorly characterized in plants. After identifying
Arabidopsis thaliana NuA4 subunits EPL1 and EAF1, we found out that loss of EPL1 is not lethal in plants,
contrary to observations in yeast and animals.  Both Atepl1 and Ateaf1 have impaired growth, reduced
chlorophyll levels and small chloroplasts. We have tested whether these alterations are dependent on GLK
or if they come from parallel and novel regulatory pathway. We provide evidence that NuA4 and GLK
function mostly separately to control chloroplast development. Acetylation levels of histone H4 in the
genomic scale are dramatically reduced in chromatin of Atepl1 and to a lesser extent in Ateaf1, while the
histone H3 acetylation levels remain mostly unchanged, indicating that NuA4 is responsible for histone H4
acetylation in plants. Interestingly, a group of NuA4-dependent genes selected on basis of our data, has
shown enrichment in H2A.Z levels on the +1 nucleosome. By determining the genome-wide levels of
H2A.Z acetylation in wild type and Atepl1 we present direct evidence that this histone variant is acetylated
by plant NuA4. Finally, we propose a mechanism in which NuA4-dependent photosynthesis-related genes
are activated by H4 and H2AZ acetylation.

This work was supported by the Polish National Science Center (NCN) grants 2016/22/E/NZ2/00455 to
PAZ,  2015/17/N/NZ1/00028 to  WS and the Foundat ion for  Po l ish  Science grant
(POIR.04.04.00-00-5C0F/17-00) to PAZ.
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Abstract:
Nucleolar dominance (ND) is an epigenetic phenomenon observed in several hybrids and allopolyploids
that consists in preferential suppression of 35S rRNA gene loci inherited from one of the ancestral species.
Considerable attention has been paid to discover the molecular mechanisms which stay behind ND.
Although nearly 90 years have passed since the discovery of ND in Crepis hybrids, our understanding of
exact mechanisms that determine this process is still fragmentary, especially in the case of the
economically important grass family. In 2008, the presence of this phenomenon has been described in an
allotetraploid, annual grass, Brachypodium hybridum (2n=30; genome composition DDSS). The putative
parental genomes of B. hybridum originated from two diploid species, i.e. B. distachyon (2n=10; DD) and
B. stacei (2n=20; SS). Preferential silencing of the S-genome inherited rDNA loci via ND was confirmed in
different tissues of B.  hybridum, including both meristematic and differentiated root cells, prophase I
meiocytes, microspores, and in various tissues of immature and imbibed embryos.

This presentation outlines the studies on the ND molecular mechanisms in several B. hybridum genotypes
originated from various geographic locations (including the individuals from natural populations from
Turkey and Israel). To shed more light on the ND molecular basis, we applied a combination of
cytomolecular approaches to study the organisation, expression and epigenetic landscape of 35S rDNA in
B. hybridum. Southern blot hybridisation on genomic DNA was used to determine each ancestral 35S
rDNA contribution. We observed rDNA units derived from both progenitors; however, a significant
reduction of S-homoeologues was observed in studied accessions. The expression of rDNA
homoeologues was analysed using the RT-CAPS approach based on the polymorphisms in the ITS1
region. In the leaf tissue of all studied genotypes, we revealed only D-specific bands indicating the
expression dominance of B. distachyon-like loci. Interestingly, in some of the studied accessions we found
co-dominance of both ancestral rDNA in adventitious roots, which indicates that ND in B. hybridum is
tissue-specific. Additionally, we used a methylation-sensitive enzyme to provide a general outlook on the
global differences in DNA methylation levels. In all studied genotypes of B.  hybridum we did not reveal
unmethylated PstI (enzyme sensitive to CWG methylation) bands of the B. stacei origin, which supports
the involvement of CWG methylation in the maintenance of ND in this allotetraploid. We also aimed to
investigate the epigenetic status of 35 rRNA gene loci in B. hybridum by determining of DNA methylation
and selected histone modifications (e.g. H4K5ac, H4K16ac, H3K9ac and H3K9me2) immunopatterns.

This work was supported by the National Science Centre, Poland (grant no. 2018/31/B/NZ3/01761 and
2018/02/X/NZ3/03518).
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Abstract:
TFIIB is a general transcription factor which specific mutation in yeast was shown to affect chromatin
contacts in range of single genes (so called gene-loops). Now we show that analogous mutation in
Arabidopsis thaliana homolog, TFIIB1, leads to genome-wide changes in chromatin compaction inside
genes. We observe an increase of Hi-C signal within the gene bodies in the TFIIB1-R58C mutant
compared to WT, interestingly, only in plants subjected to drought stress. We interpret this as TFIIB
capacity to buffer stress-induced changes in chromatin microtopology. In agreement with yeast findings,
TFIIB1-R58C mutation did not alter gene expression levels in nontreated plants. However, when we
performed the repeated drought experiment, we found that expression of many trainable genes is lower in
the TFIIB1 mutant plants on the subsequent stress.

In addition, using Hi-C meta-profiles we demonstrate that genes are basic chromatin structure units and
interaction profile along the gene is not symmetrical with clearly distinguishable position of transcription
start and termination sites.
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Abstract:
Linker histones (H1) are structural elements of chromatin that influence its organization and function. In
Arabidopsis, three H1 variants were identified and shown to be important for regulation of developmental
processes and stress responses, as well as for proper DNA methylation patterns [1,2]. In animals, several
studies indicate existence of the crosstalk between H1s and other chromatin regulatory systems including
evolutionarily conserved Polycomb and SWI/SNF chromatin remodeling complexes. It is also known that
animal H1 variants interact and cooperate with Heterochromatin-associated Protein 1 (HP1) [3]. However,
connections between H1s and those components have not yet been reported in plants. Therefore, we have
investigated possible functional links between H1 histones and other chromatin regulatory factors by
genetic approach in Arabidopsis, by taking advantage of a relatively low number of H1 variants and
viability of H1-depleted mutant line. We focused on BRAHMA (BRM), a catalytic subunit of the SWI/SNF
complex, and LIKE HETEROCHROMATIN PROTEIN1 (LHP1), a PRC1 Polycomb complex component.
Mutant lines carrying different combinations of mutations in H1 variants and BRM or LHP1 genes were
generated, followed by phenotypic and molecular analyses. Our results shed new light on functional
relationship between linker histones and other chromatin regulators and confirm that H1s perform various
functions through collaborations and direct interactions or through competition with other chromatin
factors.
This work was supported by National Science Centre grant 2017/26/E/NZ2/00899.

[1] Zemach, et al., 2013. Cell 153, 193–205; [2] Rutowicz, et al., 2017. Plant Physiol 169, 2080-101; [3]
Over, et al., 2014. Mol Plant 7, 481-91.
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Abstract:
Somatic embryogenesis (SE) is a plant-specific developmental process through which differentiated
somatic cells undergo embryogenic reprogramming and develop into somatic embryos. Many genetic and
epigenetic factors, including histone acetylation (Hac), are believed to play a central role in the
embryogenic fine-tuning of somatic cell transcriptome. The involvement of histone acetylation (Hac) in
controlling the embryogenic induction implies embryogenic response of the explants treated with a
chemical inhibitor of histone deacetylases (HDAC), trichostatin A (TSA) [1].

To get further insights into the role of histone acetylation in regulating genes of a central role in SE
induction, we studied the TSA- (ET) vs. auxin (2,4-D)-induced (EA) embryogenic culture of Arabidopsis.
The global and gene-specific changes in SE culture Hac level were evaluated with ELISA,
immunohistochemistry, and ChIP-qPCR method.

The results of ELISA indicated global changes in histone 3 acetylation (H3ac) during SE and higher H3ac
accumulation in ET culture vs. EA. The spatio-temporal analysis of H3ac signals in the SE-induced
explants showed that global changes in histone acetylation seem to be unspecific to the SE-involved
tissue. Thus, we evaluated Hac level in the selected chromatin fragments associated with TF genes of a
critical role in SE, including LEC1, LEC2 (LEAFY COTYLEDON 1; 2), and FUS3 (FUSCA 3). The ChIP-
qPCR data was compared with the RNA-seq analysis of the TF genes expression during SE induction.
Our results indicated that TSA-induced increased transcriptional activity of LEC1, LEC2 and FUS3, was
accompanied by significant H3/H4ac enrichment of chromatin. Conclusively we assumed that histone
acetylation might control the expression of the key SE-TFs during SE induction.

The changes in histone acetylation were accompanied by differential expression of genes encoding
histone acetyltransferases (HATs) and deacetylases (HDACs) in SE. The role of different HATs and
HDACs in control of SE induction was further supported by the distinctly altered embryogenic potential of
hat and hdac mutants. Most of the mutants displayed decreased embryogenic response, while mutations
in HAG1/GCN5 (gcn5-1 and hag1-5) and HDA19 (HDA19:RNAi) resulted in increased embryogenic
potential. Besides, gcn5-1 and HDA19:RNAi culture displayed significantly increased transcription of
LEC1 and LEC2 genes. ChIP-qPCR analysis of HDA19:RNAi culture indicated significantly higher H3ac
enrichment in the chromatin associated with LEC2. Altogether, the results imply that HDA19 might control
SE induction through negative regulation of LEC2 expression.

This work was supported by a research grant from the National Science Centre in Poland (OPUS13
2017/25/B/NZ1/01615).

[1] Wójcikowska, B., et al., 2018. Frontiers in Plant Science 9, 1353.
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Abstract:
Meiotic crossovers (COs) are the pivotal events in meiosis as they provide accurate homologous
chromosome segregation during the first meiotic division, and genetic variation in natural populations. CO
number is tightly controlled and usually does not exceed three per bivalent, regardless of the chromosome
size or the organism. It is widely accepted that structural differences and SNPs between homologous
chromosomes lead to local suppression of crossover recombination. However, at the fine scale, when few
recombination hotspots are present, this relationship has only been studied to a very limited extent. Taking
advantage of recently developed seed-typing method that provides a precise analysis of the frequency
and distribution of recombination at the fine scale, we will present one of the applications of this method to
study the impact of different types of polymorphism on recombination.

We have developed seed-typing method, which enables to preselect the recombinants based on
segregation of linked fluorescent reporters. First, five extremely narrow intervals of 15-49 kb in length were
generated and crossed with different accessions to investigate recombination within the intervals using
seed-scoring. In order to identify the precise CO sites, the recombinants can be selected and sequenced
using Illumina technology. Later, SNPs differing the parental accessions are used to map CO breakpoints
along the intervals.

One of the intervals, called ChP, which is 26 kb long, showed significantly increased recombination
frequency in Ler×Col cross when compared to Col×Col inbred (mean 18.45 vs. 9.12 cM/Mb respectively).
Using seed-typing method, we detected the precise location of over 220 crossovers, which occurred in
one of the three recombination hotspots identified within ChP. ChP is located in the pericentromeric region,
hence it demonstrates high density of both SNPs and structural variation between Col and other
Arabidopsis accessions making it a perfect model to study their effect on recombination. We used a set of
different accessions to investigate whether structural rearrangements (ranging 8-10kb in size) surrounding
ChP on one or both sides of the interval have an impact on the recombination at the hotspot scale.
Surprisingly, we did not observe differences in the recombination frequency between lines with or without
structural changes. The exception is the C24 line, which additionally has the natural deletion of 1.2kb
within the strongest ChP hotspot resulting in recombination not statistically different from the inbred. These
results show that structural changes have no effect on the crossover frequency unless they directly involve
recombination hotspots. ChP line is also used to investigate the influence of mismatch repair factor MSH2
on the activity of the identified hotspots. The comprehensive analysis of the influence of different types of
polymorphisms on recombination at the hotspot will be presented.
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Abstract:
Seeds ability to ignore temporally favourable conditions postponing germination is known as seed
dormancy. Primary dormancy  is established during seed development and is released in Arabidopsis by
after ripening or stratification. When challenged during imbibition - water uptake in the first phases of
germination, with long lasting unfavourable conditions seeds can enter into secondary dormancy. One of
the key regulators of this process in Arabidopsis and some other plant species is Delay of Germination 1
(DOG1) gene. DOG1 acts as a positive regulator of dormancy and its expression is induced by treatments
resulting in induction of secondary dormancy. Here I will present a novel role of some classical
transcription factors and SWI/SNF ATPase in the regulation of DOG1 gene during establishment of
secondary dormancy in Arabidopsis seeds.
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Abstract:
The dynamics of the chromatin structure is closely related to epigenetic modifications, including DNA
methylation. DNA methylation is the process important for controlling gene expression, maintaining
genome integrity, and regulating organism development. Its mechanism is based on the adding the methyl
group- CH3 to the 5th carbon atom of cytosine, managed by the DNA methyltransferase enzyme. 5-
azacytidine (5-azaC) is an inhibitor of DNA methyltransferase, leading to DNA hypomethylation, and also it
has mutagenic potential. Many studies in both animal and plant cells describe DNA damage caused by the
action of 5-azaC, such as e.g. formation of micronuclei or other chromosomal aberrations. Micronuclei are
round structures, located near the nucleus, formed from an entire chromosome or an acentric fragment,
which are not incorporated into the nucleus during cell division. So far, there are no studies describing the
correlation between DNA methylation and DNA damage and its repair, caused by mutagenic factors. In the
presented studies, 5-azaC, as a demethylation agent was used for treatment Brachypodium distachyon
seeds, to investigate the potential relationship between changes in global DNA methylation and DNA
damage, observed as micronuclei formation.
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Abstract:
The broad potential of the protoplastization (including polyploidization, somatic hybrids, cybrids) for many
economically important plant species is not realized, mainly because of low mitotic activity of the cultured
cells and lack or inefficient plant regeneration. The aim of the research was to verify the hypothesis
assuming that the modification of the level of DNA methylation caused by the use of methylation inhibitors
modulates the mitotic activity of protoplasts and the efficiency of regeneration of plants from protoplast
cultures. Protoplasts were isolated from the leaves of two cultivars (Kilaton, Sława) of white cabbage
(Brassica oleracea var. capitata f. alba). Protoplast cultures were treated with 5-azacytidine (5-aza) and
zebularine (zeb) at concentrations of 0 (control), 2.5, 5 and 10 μM. Effect of inhibitors on the cultures were
assessed on the basis of: 1) the viability of the protoplasts (fluorescence microscopy); 2) mitotic activity of
cells (light microscopy); 3) efficiency of callus production (stereoscopic microscopy); 4) evaluation of
organogenesis after 16 weeks culture.

Inhibitors in applied concentrations did not showed toxicity to the cultured cells, and cell viability was high
(82-86%) and similar to the control (72-78%). Mitotic activity of the cells of cv. Kilaton cultured in the
presence of zeb were slightly higher (59%) in comparison to the control 49%. In cv. Sława, higher
concentrations of zeb decreased mitotic activity, while in cultures treated with 5-aza was at the level
control. Callus production was observed in inhibitor-treated cultures and in controls with various
frequencies. We observed the effect of inhibitors and genotype on the efficiency of plant regeneration from
protoplast-derived callus. In both cultivars higher shoot regeneration (5-13%) was observed in cultures
treated with zeb, regardless of its concentrations.
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Abstract:
Glutamate receptor-like (GLR) channels are strongly implicated in plant adaptive responses. Among
others, they contribute to light-dependent processes. However, mechanisms that modulate GLR
responses to light remain largely unknown. We have shown that the expression of 7 out of 20 genes is
significantly upregulated in response to monochromatic, blue and red irradiation in mature leaves of
Arabidopsis thaliana. These are GLR1.1, GLR2.7, GLR3.1, GLR3.2, GLR3.3, GLR3.5 and GLR3.7.
Analysis of transcriptional patterns in phytochrome and cryptochrome photoreceptor mutants allowed us to
postulate that phytochromes A and B mediate the observed upregulation of all investigated genes.

This study was supported by National Science Centre, Poland, grant no 2016/23/B/NZ3/02141.
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Abstract:
Nucleolar dominance (ND) is a phenomenon first described by Navashin in Crepis species that reflects a
disequilibrium in parental NORs formation – the rRNA genes derived from one parent became silenced
and persist in an "under-dominant" state [1]. The ND was observed in a model allotetraploid grass,
Brachypodium hybridum (genome composition DDSS).  The putative ancestors of this grass are two
diploid species: B. stacei (SS) and B. distachyon (DD). It was shown that 35S ribosomal RNA genes (35S
rDNA) originated from B. stacei are silenced in the meristematic root cells of B. hybridum. Little is known
about the mechanisms laying behind ND, except for the role of DNA methylation and histone deacetylation
in ND establishing and maintenance [2]. In Brachypodium species, it was proved that B. stacei-like rDNA
are characterised by different epigenetic status [3].

We aimed to investigate the ND in 59 B. hybridum genotypes collected from natural Israeli populations.
The collected accessions were distributed across the aridity gradient in Israel. The number and
chromosomal position of the 35S rRNA gene loci were determined using fluorescence in situ hybridisation
(FISH). The variation in the number and FISH signal intensity of 35S rDNA loci were observed between
different accessions. Also, a reverse-transcription-cleaved amplified polymorphic sequence approach (RT-
CAPS) was performed to verify the transcriptional activity of rDNA inherited from both ancestors. All 59
analysed B. hybridum genotypes showed the presence of ND in leaf tissue. Interestingly, in the roots of
some of the accessions, the transcriptional activity of both ancestral rDNA types was observed; thus, we
showed the tissue-specificity of B. hybridum ND for the first time.

This work was supported by the National Science Centre, Poland (grant no. 2018/31/B/NZ3/01761).

[1] Navashin, M., 1934. Cytologia 5, 169-203; [2] Costa-Nunes, P., et al., 2010. Nucleus 1, 254-259; [3]
Borowska-Zuchowska, N., et al., 2017. Sci Rep 7, 5260.
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Abstract:
Cytosine DNA methylation is a dynamic and reversible process that modifies the chromatin structure and
affects gene expression. Changes in DNA methylation patterns have been shown to play important roles in
plant development and immunity. In the Arabidopsis  thaliana genome, DNA methylation has been
observed on three sequence contexts: CG, CHG, CHH. Until present, the most popular method of
identification of methylation sites in the genome has been sodium bisulfite sequencing. This approach
relies on bisulfite-treatment of DNA before routine short-read sequencing. Subsequently, unconverted (i.e.
methylated) cytosine sites are identified by read mapping and comparison to a reference sequence. Long
read nanopore sequencing has brought about significant advances in this field, as it enables direct
detection of modified bases in the native sequenced DNA with appropriate computational algorithms.

We established an efficient method of extracting high molecular weight DNA from small amounts of plant
material and combined it with the nanopore sequencing to assemble the genomic sequence and perform
genome-wide analysis of DNA methylation patterns in two non-reference A.  thaliana accessions,
Mitterberg-2-185 and Dolna-1-40. This approach allows us to study the presence-absence variation of
transposable elements and its impact on methylation and expression patterns of nearby genes.

Our study is supported by National Science Centre (Poland) grant No 2017/26/D/NZ2/01079.
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Abstract:
During meiosis, homologous chromosomes undergo crossover recombination, which contributes to
genetic diversity. Meiotic recombination is a process connected with repair of programmed DNA double-
strand breaks (DSBs) using homologous templates. During this repair relatively few crossovers (COs) and
many non-crossovers (NCOs) are produced. DSBs arise at discrete chromosomal sites called DSB
hotspots, which are usually located in promoters and at the 3 'ends of genes in Arabidopsis. The frequency
with which a given DSB is repaired in a crossover or non-crossover pathway depends on many factors that
are not fully understood. Identification of noncrossover events is based on the detection of conversion
tracts, DNA fragments from the homologous chromosome, which can be identified based on the
polymorphisms between both parents. However, noncrossovers produce very short gene conversion tracts
in plants, hence their detection is very difficult.

The main goal of this project is to estimate CO/NCO ratio in different Arabidopsis thaliana genotypes using
the fluorescent seed system recently developed in our lab. To this end, we developed a non-crossover
(NCO) assay for Chilli Pepper, an interval of 26 kb located in pericentromeric region of chromosome 3. For
the examined genotype, we selected approx. 3,000 non-recombinant seeds (GR/GR and --/--). After
germination, the plant material from leaves were collected and combined into pools of 8 individuals. After
DNA extraction we tested samples using two dCAPs markers which are designed based on their location
in one of three hotspots located in the Chilli Pepper interval.

As expected, the most of tested pools did not show a genotype change indicative of a NCO occurrence.
This data, together with detected COs, were used to estimate the frequency of NCOs. In the case of pools
that had showed the NCO event, we isolated DNA separately from each individual. For templates obtained
in this way we repeated analysis using dCAPs assay and, for the individual in which recombination event
was detected, we amplified the entire hotspot region. This was further used to confirm NCO by Sanger
sequencing.

Our initial results confirm that NCOs are relatively difficult to detect in Arabidopsis. However, dCAPs
markers showed to be useful even when used for pooled samples, and can be successfully used to
develop a cheap and efficient method for NCO detection.

The work is supported by TEAM FNP grant POIR.04.04.00-00-5C0F/17-00 to PAZ.
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Abstract:
Somatic plant cells display a unique capacity to reprogram cell transcriptome towards embryogenic
development. The embryogenic transition of somatic cells (SE) is associated with the extensive modulation
of cell transcriptome. The epigenetic modifications of chromatin, are believed to control developmental
processes, including SE process. However, the role of specific chromatin modifications, in particular
histone acetylation, in the embryogenic reprogramming of somatic cell transcriptome remains limited.

In Arabidopsis, we demonstrated that explants treated with trichostatin A (TSA), an inhibitor of histone
deacetylases, undergo SE induction. Conclusively, the role of histone acetylation in embryogenic induction
might be assumed in Arabidopsis. Thus, to get insights into the histone-acetylation-related mechanism of
SE induction, the transcriptomes of the embryogenic cultures of Arabidopsis induced with TSA vs. auxin
(2,4-D), a standard SE-inducer, were analyzed with the RNAseq method.

The RNAseq data indicated that TSA-mediated SE induction, similarly to 2,4-D-induced SE, is associated
with intensive changes in the expression level of numerous genes. GO analysis of differentially expressed
genes (DEGs) in TSA culture indicated deregulation of numerous stress-related transcripts. The number of
stress-related DEGs was exceptionally high (758) within the up-regulated transcripts at the early stage of
TSA-induced SE. In contrast, much less (264) of the stress-related DEGs were up-regulated in the early
SE induced with auxin treatment. These results demonstrated that TSA-treatment specifically intensively
but transiently activated the stress-related transcripts. Insights into stress-related DEGs revealed
transcripts encoded the critical enzymes controlling the metabolism of the stress hormones, including
salicylic (SA), abscisic (ABA), and jasmonic (JA) acid in the TSA-treated explants. In line with these
results, UPLC-ESI-MS/MS analysis showed significant changes in the level of stress hormones in TSA-
induced SE, including the substantial increase in SA and ABA, and decrease in JA content. Therefore, the
role of histone acetylation in the control of the genes, controlling critical steps in SA (ICS1, ICS2, and
UGT74F2) and ABA (NCEDs, ABA2, BG1, CYP707As) metabolism, might be assumed.

Altogether, RNAseq and hormone content analysis results indicated that the mechanism of the TSA-
induced SE is associated with intensive activation of stress responses. However, the regulatory
mechanism by which TSA exerts the intensive stress response of the cell transcriptome needs further
analysis.

This work was supported by a research grant from the National Science Centre in Poland (OPUS13
2017/25/B/NZ1/01615).
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Abstract:
Bisphenol A (2,2-bis(4-hydroxyphenyl)propane; BPA) is a chemical stabilizer used in the industrial
manufacture of plastic materials. As plastic commodities deteriorate, BPA can escape and pollute the
environment. BPA pollution seems to be harmful, since, it acts as an endocrine disruptor and can cause
several human health issues. While extensive research has been conducted about BPA effects on
humans/animals, scientific data regarding the toxic effects of BPA on plants have been accumulating only
in recent years.

Although plants can absorb and metabolize BPA, at the same time BPA could deteriorate their
cellular/physiological status. It has been shown that experimentally applied concentrations of BPA (mg/L)
negatively affected the growth of many important crops, of non-cultivated plants and the model plant
Arabidopsis  thaliana. Growth reduction effects have interestingly been found to occur also after
environmentally relevant concentrations (μg/L) application of both land plants and seagrasses. The
observed BPA-derived growth defects have been linked to either cytoskeletal derangement, hormonal
imbalance, deterioration of the photosynthetic machinery or ROS production.

It could therefore be concluded that BPA effects in plants are pleiotropic, occurring even under low
concentrations. However, experimentation evidence showed that BPA-derived ROS overproduction
seems to be a key factor causing both oxidative damage, but also triggering retrograde signaling offering
also tolerance against toxic BPA effects.
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Abstract:
Plants produce hundreds of Specialized Metabolites (formerly “secondary metabolites”) in different tissues
and organs, particularly in seeds that accumulate large amount and great diversity of various Specialized
Metabolite (SM) classes. These SMs play a crucial role on physiological functions protecting seeds from a
wide range of abiotic and biotic stresses. Nevertheless, despite the essential role of SMs in the interaction
of plants with their environment, studying the ability of seeds to produce these protective compounds has
been neglected. In our team, we use untargeted metabolomics and other omic techniquesto study SM
landscapes in the seeds of different Brassicaceae. Plants studied are from different accessions/genotypes
(e.g. Arabidopsis, Camelina and Brassica) grown in the open field and harvested during several
consecutive growing seasons, or grown in controlled conditions and subjected to abiotic and biotic
stresses. I will present data showing major and unexplored effects of the environment on the stimulation of
the seed specialized metabolome suggesting that, contrary to what is thought, seeds may not be
exclusively storage and “metabolically static” organs, but they show a very dynamic and inducible
metabolism. Our work suggests a predominant effect of the environment on the regulation of the seed-
specialized metabolome, with a potential impact on the seed quality and response to stresses of
Brassicaceae species.
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Abstract:
Nanotechnology is an emerging field of science that applies particles between 1 and 100 nm in size for a
range of practical uses. Nano-technological discoveries have opened novel applications in biotechnology
and agriculture. Many reactions involving nanoparticles (NPs) are more efficient compared to those of their
respective bulk materials. NPs obtained from plant material, denoted as biogenic or photosynthesized
NPs, are preferred over chemically synthesized NPs due to their low toxicity, rapid reactions, and cost-
effective production. NPs exhibit their unique actions as a function of their size, reactivity, surface area,
and concentration. This presentation addresses certain important aspects of NPs which will be helpful in
improving the productivity of the crops. Various case studies discussed shows the important role of NPs in
stimulating the germination, photosynthetic apparatus, growth, and yield. The case studies include the
impact of various NPs on plants with varying modes of their application. This presentation also
summarizes the biosynthesis, types, and characterization of NPs as well as their role in improving the
productivity of the crop
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Abstract:
In the previous study, the presence of “Zn-storage cells” has been shown in the leaf blades of tobacco
(Nicotiana tabacum var. Xanthi) grown at 200 μM ZnSO4. It seems that groups of palisade parenchyma
cells possessed the ability to accumulate zinc in high concentration, which is revealed only at zinc excess.
The differences in capacity for zinc observed between the cells within palisade parenchyma might play
important role in e.g. maintaining photosynthetic functions. “Zn-storage cells” are likely to protect
neighbouring “non-accumulating cells” from zinc toxicity [1].

The study aimed at the identification of genes responsible for zinc loading into “Zn- storage cells”. One of
the genes which expression was strongly upregulated in leaf blades of tobacco exposed to zinc excess
(200 μM ZnSO4) was NtZIP11 [2]. NtZIP11 protein was classified as a plasma membrane zinc importer
[3].

To prove that NtZIP11 is involved in zinc loading into “Zn- storage cells”, we compared NtZIP11
expression sites (GUS reporter system) with zinc accumulation pattern (Zinpyr1 staining) in leaf blades of
tobacco grown at 200 μM ZnSO4.

NtZIP11 promoter is comprised of 1922 base pairs and contains cis-regulatory elements involved in plants
response to metals, such as ZDRE, IDE1, IDE2 and MRE1. Its sequence was amplified and cloned into
pMDC163::NtZIP11p::GUS, which was used to stably transform a wild-type (WT) tobacco.

All experiments were performed on homozygous transgenic NtZIP11p::GUS lines. Plants were grown at
control conditions (¼ Knop’s medium) for 5 weeks (3 weeks on plates and 2 weeks in hydroponics) and
then exposed to 200 μM ZnSO4 for 4 days. Transverse sections through leaf blades were subjected to
either GUS or Zinpyr1 staining.

On the 3rd and 4th day of exposure to zinc NtZIP11 promoter activity (blue GUS staining) was observed in
groups of palisade parenchyma cells. Parallelly, zinc was accumulated in “Zn-storage cells” (green
fluorescence of Zinpyr1-bound zinc).

The results suggest that expression of NtZIP11 (upregulated by Zn excess) takes place in “Zn storage
cells” containing a high amount of zinc. Accordingly, NtZIP11 is very likely to play a role in zinc loading into
“Zn-accumulating cells” in leaf blades of tobacco [4].

Funding: Polish Science Centre (NCN), HARMONIA-6 call (2014/14/M/NZ3/00527).

[1] Siemianowski, O., et. al., 2013. PCE 36, 1093-1104; [2] Papierniak, A., et. al., 2018. Frontiers in Plant
Science 9, 185; [3] Kozak, K., et. al., 2019. Environmental and Experimental Botany 157; [4] Weremczuk,
A., et. al., 2020. Environmental and Experimental Botany 176, 104074.
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Abstract:
Fungal phytopathogens are a huge problem for global food production. There are many antifungal agents
on the market, most of which are synthetic chemical compounds that are often toxic to the environment. In
order to minimise the chemicalisation, new solutions are being sought.  For years, plant extracts have been
recognised as natural fungicides, e.g. garlic extract against diseases of ornamental plants or vegetable
seedling gangrene. However, extracts are expensive to obtain, so new solutions are being sought. One of
them is to select a bioactive substance showing antimicrobial properties. The overall aim was to compare
the potency of the bioactive substances with commercial fungicides. The bioactive substances found in
rapeseed leaves were selected for the experiment: p-coumaric acid, rutin, quercetin (Sigma). Synthetic
fungicides used in plant protection difenokonazol (Porter 250 EC, Innvigo) and tebukonazol (Ambrossio
500 SC, Innvigo) were used for comparative purposes in the study. The fungicidal properties of the
bioactive substances were determined against the following fungi:  Fusarium solani, Fusarium oxysporum,
Fusarium culmorum, Botrytis cinerea, Alternaria alternata, Phoma lingam. Microbiological tests included:
determination of the minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC)
of bioactive substances, determination of the effect of the carrier on the potency of bioactive substances,
and the effect of seed coating with a preparation based on bioactive substances on the growth inhibition of
fungal phytopathogens. The study showed that coumaric acid inhibited the growth of Phoma lingum,
Fusarium solani and Fusarium culmorum most strongly. The minimum inhibitory concentration for these
pathogens was between 0.093 mg/ml and 0.187 mg/ml.  Rutin showed the weakest fungicidal activity. 
Fusarium oxysporum, F. solani and Alternaria alternata were only inhibited at a rutin concentration of 12
mg/ml.  Quercetin inhibited at low concentrations most strongly the growth of F. culmorum and Phoma
lingum. The minimum inhibitory concentrations were 3 mg/ml and 0.375 mg/ml, respectively. Among the
fungicides tested, difenoconazole was more potent than tebuconazole.  When comparing the potency of
bioactive substances and synthetic fungicides, seed coating with a synthetic preparation showed better
protection against phytopathogens. Although the p-coumaric acid-based preparation also inhibited the
mycelial growth of Alternaria alternata, Botrytis cinerea, Fusarium culmorum and Phoma lingam.
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Abstract:
Seeds evolve from the very beginning of their existence to become efficient environmental change
detectors and also being characterized by specific variations depending on the past fluctuations in the
environment. One of the adaptations to unfavourable environmental conditions is the dormancy
phenomenon, which allows the coordination of seed germination and plant establishment with the
environment. Adaptations have a genetic basis but the environment determines whether the adaptation
mechanism will fulfil its task and the plant will produce healthy seeds and seedlings. Models developed for
climate change scenarios show that some species will face a significant decrease in suitable habitat area.
Climate change may alter the geographical distribution of species, with the plasticity of the species being
the determining factor for the survival of populations. In response to the climate, seed dormancy has
changed, both in the long term as well as in the short term. Long-term effects emerge from sustained
climatic differences among sites, which may result in inheritable dormancy differences through species,
ecotype, and clinal variation. On the other hand, short-term effects are produced by the specific weather
during the seed maturation season, during seed storage in the soil, and during seed germination.
Understanding and explaining how seed dormancy reacts to the local climate in the short- and long-term is
critical to understanding how changes in germination and plant regeneration are affected by environmental
changes, including climate warming. The influence of climate on seed germination underlines the need to
understand how changing environmental conditions will affect plant development. Many physiological and
molecular mechanisms that regulate dormancy have been identified individually in controlled laboratory
studies. However, little is known about how seeds use this complex suite of mechanisms to regulate
dormancy in a variable environment. Understanding the response of plants to climate change requires
more extensive knowledge on the impact of environmental conditions on seed germination. The
mechanism underlying climate adaptation is a key element in predicting the potential of species to face
climate warming. This work focuses on presenting the adaptation mechanism of germination to the various
environments, with emphasis on their prospective roles in adaptation to the changing climate.

This research was supported by a grant (Project No. 2019/33/B/NZ9/02660) funded by the National
Science Centre, Poland, to Pawłowski T.A.
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Abstract:
Plants in their natural environment are constantly exposed to various stress factors, such as infections with
pathogens or nutrient deficiencies. It is difficult or even impossible to separate the effects of biotic and
abiotic stresses on plants in nature, as they often affect plant growth and development simultaneously. In
this work, we investigated the effect of abiotic factor, namely iron (Fe) availability, on the disease
symptoms severity using the model system of Arabidopsis  thaliana/Dickeya spp. pathosystem. The
combined effect of two types of environmental factors and the role of secondary metabolites called
coumarins in plant health was studied by evaluating the disease symptoms in Arabidopsis plants
inoculated with different bacterial strains, and comparing the expression profiles of selected plant and
bacterial genes. Recently, it was proven by many groups, including our research team, that coumarins play
an important role in Fe acquisition in plants. At the same time, some microbial pathogens secrete
compounds called siderophores, which play an analogous role in bacteria. In addition, coumarins may
themselves act as antimicrobials.

For this reason, we used wild-type plants (Col-0) and its mutants defective in coumarin accumulation and
transport (f6'h1, s8h, pdr-9), together with two bacterial strains, Dickeya solani IFB0099 and Dickeya
dadantii 3937, differing in the siderophore production level. Plants cultivated in hydroponics with various
Fe availability and in two soil mixes with different chemical properties were inoculated with Dickeya spp.
strains and the disease symptoms were evaluated. Additionally, we checked the expression levels of
selected plant stress markers and genes encoding bacterial virulence factors.

We showed that D. solani IFB0099 causes more severe disease symptoms than D. dadantii 3937 in all
tested lines and conditions. Furthermore, comparing disease severity between Fe-sufficient and Fe-
depleted conditions, the symptoms were more visible in Fe-sufficient hydroponics. Interestingly, plant
responses to D. dadantii 3937 infection was genotype-dependent in Fe-depleted conditions. Moreover, the
expression level of the S8H and F6’H1 genes in Col-0 genetic background was significantly lower in the
roots exposed to abiotic and biotic stresses when compared to mock inoculated plants grown under Fe
deficiency. Additionally, we showed that the expression of genes encoding bacterial virulence factors was
variable among tested Arabidopsis mutants and that genes encoding plant stress markers were strongly
affected by D. solani IFB0099 infection.

This research was funded by the NCN (2014/15/B/NZ2/01073) grant to A.I.  and NCN
(2019/35/O/NZ1/0275) grant to E.L.
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Abstract:
To compensate for their sessile lifestyle, plants have developed strategies enabling rapid adaptation to
constantly changing environmental conditions. On the subcellular level, membrane vesicular trafficking is
an essential mechanism of controlling and maintaining  the fundamental cellular homeostasis.

Vesicle formation in eukaryotes depends on proper functioning of lipid flippases P4-ATPases that are
known to participate in creating lipid asymmetry between the leaflets of a membrane bilayer and
generating its curvature. Defective functioning of flippases leads to altered membrane properties, impaired
vesicular budding and membrane trafficking defects. Moreover, altered recruitment of other regulators of
vesicular trafficking and lipid signaling was also observed. All these defects result in pleiotropic
phenotypes and abnormal stress responses of P4-ATPase mutants.

Here we show seedling and cellular phenotype of one such mutant exposed to osmotic stress conditions.
We hope that the characterization of this mutant candidate will broaden the knowledge of the mechanism
by which the process of membrane trafficking deals with stress conditions.
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Abstract:
Coordinated mitochondrial and nuclear gene expression is needed for the proper biogenesis of plant
mitochondria. Little is known on the transcriptional regulation of this process within Brassica genus under
the temperature treatment. We used thus de novo sequencing of the transcriptome of the heat-sensitive
cauliflower (Brassica oleracea var. botrytis) cultivar on Illumina NovaSeq6000 to study key transcriptomic
alterations related with the mitochondrial biogenesis under heat treatment and recovery.

We detected in total 6657 and 4083 non-redundant contigs, regulated by heat treatment and after heat
recovery, respectively. In heat (but not in the recovery) transcript downregulations were in majority,
showing detrimental effects of temperature stress on the cauliflower transcriptome. Furthermore, we
extracted 769 and 408 contigs for putative mitochondrial proteins regulated in heat stress and recovery,
respectively. Upregulations prevailed in all investigated conditions; many transcripts were regulated
specifically to the given treatment. Some messengers were inversely regulated in heat and recovery and
after heat recovery their abundancies were particularly high. We also noted a lack of coordination in the
accumulation of transcripts for subunits of the same protein complexes and for matrix enzymes between
heat treatment and heat recovery. Moreover, heat recovery was not always accompanied by the return of
messenger abundancies to the control level.

Various classes of transcripts for mitochondrial proteins were differentially regulated in tested conditions.
Transcripts coding OXPHOS components, P i transporters, enzymes for the biosynthesis of secondary
metabolites as well as pyruvate and nitrate metabolism were notably enriched under heat stress. On the
contrary, messengers for proteins engaged in various aminoacid and dicarboxylate metabolism, anion
binding and metalloendopeptidase activity prevailed after thermal recovery. Finally, contig clustering
revealed 6-8 clusters across investigated conditions. Only few clusters contained contigs regulated in
parallel between heat stress and recovery. Transcripts for organellar RNA-binding proteins varied in
abundance mostly after the direct heat treatment. Those alterations were additionally validated by RT-
qPCR. Confocal microscopy revealed a speckles-like pattern in protoplasts suggesting mitochondrial
localization of selected glycine-rich proteins.

In conclusion, those results suggest serious perturbations in the mitochondrial biogenesis, partially lasting
after heat recovery. Obtained data extend our knowledge on new candidates in heat response in plants,
particularly among agriculturally-important Brassica species.

Our work was supported by KNOW Poznan RNA Centre, grant no. 01/KNOW2/2014 and the Institute of
Molecular Biology and Biotechnology (Adam Mickiewicz University, Poznan).
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Abstract:
Aluminum (Al) is the most common metal in the Earth's crust. It becomes highly phytotoxic in soils with low
pH, where it forms Al3+ ions responsible for a drastic reduction of root growth, leading to the decreased
water and nutrient uptake and reduced yield. Nowadays, >50% of arable lands are acidic. Pollution and
modern farming practices further increase their acidification. Al stress is considered the second, following
drought, most significant abiotic stress that agriculture has to cope with worldwide. That is why it is crucial
to fully understand the mechanism of Al toxicity and plant response to Al, and to create new genotypes
tolerant to this stress.

Barley, ranking fourth in terms of cultivation area and production tonnage, is the cereal crop most sensitive
to Al toxicity. We optimized a hydroponic system to analyze the response of the barley root system to Al
and low pH. Our results showed that barley is very sensitive not only to Al but also to the low pH itself.
Here, we present the response of barley seedlings to these stresses on the physiological and cytological
levels. Additionally, we show the results of RNA-Seq transcriptome analysis of barley root meristems
treated with Al in the short- and long-term experiments. Both low pH and Al are stressful to barley plants,
but Al causes much more changes at the transcriptome level when plants are exposed to this stress for a
long time. The obtained results provide new insights into the complex mechanisms underlying H+ and Al
tolerance in barley, suggesting several common but many more specific genetic pathways launched in
response to these stresses. However, it should be highlighted that plants grown on acidic soils are
simultaneously and continuously exposed to low pH and Al throughout their life. Activation of various
mechanisms in responses to these stresses indicates that the pyramiding of genes for H+- and Al-tolerance
to obtain higher tolerance is possible in barley breeding.
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Abstract:
Photosynthetic apparatus requires plenty of regulation mechanisms enabling efficient adaptation to
changeable light conditions. State transition, counted among them, is based on reversible phosphorylation
of photosystem II light-harvesting complexes (LHCII), facilitating the redistribution of excitation energy
between photosystems. Photoperiod is not the only trigger of the LHCII phosphorylation changes. Abiotic
stresses such as darkness or dark-chilling may evoke a similar reaction; however, regulatory mechanisms
standing behind the LHCII phosphorylation relating to these factors remain elusive. These ushered the aim
of the study: investigation the response of Arabidopsis  thaliana  LHCII phosphorylation
mutants, stn7 and tap38, to dark-chilling and dark conditions. 6-week old A. thaliana plants were exposed
to dark-chilling or darkness for 72 h with regular photoperiod as a control. Samples were collected in
selected time points and subjected to further analysis. Application of electrophoresis followed by
immunoblotting determined LHCII phosphorylation pattern. We examined the organization of
photosynthetic complexes by analysis of low temperature (77 K) chlorophyll fluorescence. Measurement of
the modulated chlorophyll a fluorescence ensured monitoring of the photosynthetic apparatus efficiency in
vivo. Our results showed that prolonged darkness led to constant growth of LHCII phosphorylation level
from 24 h of treatment in all lines, excluding stn7, which correlated with a decrease of the maximal
quantum yield of PSII (Fv/Fm). The stn7 mutant with inactive LHCII phosphorylation process presented
significantly lower Fv/Fm values measured after a long dark period comparing to other lines. Although
amplitude and direction of changes in the Fv/Fm during dark-chilling were similar in all examined lines, we
observed altered kinetics of the nonphotochemical quenching parameter in the stn7 mutant. Collected
data shed new light on the relation between LHCII phosphorylation status and dark-chilling response. The
study enabled the identification of key time points of A. thaliana reaction to prolonged darkness concerning
LHCII phosphorylation status.

Presented work is a part of the project financed by the National Science Centre, Poland grant No.:
2016/23/D/NZ3/01276.
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Abstract:
ZIP proteins are transporters of Zn, Fe and Mn. They transport these microelements towards the
cytoplasm. These proteins are involved in both the uptake and redistribution of mentioned elements.
Expression of many ZIP genes is induced in Zn-deficiency conditions.

In tobacco the level of NtZIP1-like, NtZIP4B, NtZIP5B, NtZIP5-like and NtZIP8 mRNA is higher in roots of
plants growing for 17 days under low-Zn avaliability in comparison to plants growing under optimal
conditions [1].

The main goal of research was to determine the kinetics of the expression of above mentioned NtZIP
genes in leaves and roots after transplanting 5,5-weeks old tobacco plants into a Zn deficient medium. The
experiments were conducted to get the answers to the following questions: (1) How quickly the expression
of Zn-deficiency up-regulated genes increases after occurrence of Zn deficiency in the medium, if plants
have been grown for a long time under optimal Zn-supply conditions? (2) Does the increase in expression
of all studied genes as a result of translating the plants into the Zn-deficient medium occur at the same
time in roots and leaves? (3) Does the increase of their expression depend on the decrease of Zn
concentration in the medium or decrease Zn concentration in the examined organs below, unknown in this
moment, threshold level?

Using qPCR analysis, the expression of these genes in leaves and roots of plants in point 0 and 2, 4, 6 and
8 days after transplanting plants from Zn-optimal to Zn-deficient medium was examined. In order to
confirm the decrease in Zn concentration in examined organs at each examined time point, the Zn
concentration (using AAS measurement) in the leaves and roots from which the RNA was isolated, was
also determined. On the conference obtained results will be presented.

The study was financially supported by thr Ministry od Science and Higher Education through the Faculty
of Biology, University of Warsaw intramural grant to NS - edition 2021/2022.

[1] Palusińska, M., et al., 2020. BMC Plant Biology 20, 37.
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Abstract:
Zinc (Zn) is one of the micronutrients needed for the plant's development and growth. It plays an important
role as a cofactor of more than 300 plant enzymes. The excess of Zn, which is not involved in maintaining
life processes, is stored in the vacuole and apoplast in the root and leaf cells. The least amount is in the
cytoplasm for protection against the toxic effects of its overabundance. The leaf and root Zn concentration
required for optimal growth and development vary and depend on the species and the efficiency of
accessible Zn utilization.

The tobacco plants responded within a few days after Zn deficiency via changes in gene expression but
the visual symptoms, that could be observed, appeared at a much later date, a few weeks even. Four days
after plants were transferred to medium without Zn in the salt form, any potential Zn was only in the form of
water and/or reagents contamination, only about 10% less Zn could be found in the shoots but in the roots
the loss reached 50%.This could be evidence of a redistribution of Zn from root to shoot [1].

To answer at precisely what point the redistribution occurs, tobacco seeds were germinated and grown on
plates with agar-solidified Knop's medium with 0,5 µM Zn for three weeks. Then, seedlings were
transferred to hydroponic culture for the duration of two and a half weeks to reach time "0". For another 8
days, plants were divided and grown with modified Zn concentrations. The first group was grown with an
optimal content of Zn (1µM) and the second one with Zn-deficiency. Every two days, a few plants from
each group were selected to gather plant material and the remaining plants were left to grow. We collected
samples at 0, 2, 4, 6, and 8 time points to determine the Zn concentration in shoots and roots. All  samples
were mineralized and then the Zn amount was measured by Atomic Absorption Spectrometer (AAS).

Knowing the concentration of Zn at all time points and analysed conditions in shoot and root, we were able
to calculate the efficiency of zinc root-to-shoot transport described by the translocation factor (TF) [1]. The
results will be presented on the poster during conference.

Funding: project no. 2019/35/B/NZ9/04338 financially supported by the National Science Centre, Poland.

[1] Barabasz, A., et al., 2019. Frontiers in Plant Science 9, 1984.

Keywords:
tobacco; zinc deficiency; Zn accumulation; root-to-shoot translocation

111



10th Conference of the Polish Society of Experimental Plant Biology

Pyocins as effective agents against widespread plant pathogens
Pseudomonas syringae

PP4.03

Oleksandr Balko1*, Olha Balko1, Lyubov Zelena1, Liliya Avdeeva1

1 Zabolotny Institute of Microbiology and Virology, NAS of Ukraine

* Correspondence: oleksandrbalko@gmail.com

Abstract:
Bacterial diseases cause the considerable loss of the agriculture crop. Among widespread plant
pathogens Pseudomonas syringae strains are characterized by high harmfulness and a high frequency of
isolation. Bacteriocins were proposed for prevention of P.  syringae  strains dissemination. These
substances possess high antibacterial activity, not lower then in classic antibiotics, narrow action
spectrum, which limits their impact to agents of particular disease only, and safety for plants and human.
The production of three type’s bacteriocins: pyocins of R, F and S-type is described for Pseudomonas
aeruginosa. We revealed a number of P. aeruginosa strains – producers of highly active bacteriocins. The
aim of work was research of Pseudomonas  aeruginosa bacteriocin activity against Pseudomonas
syringae phytopathogenic strains.

The objects of investigation were eleven Pseudomonas  aeruginosa bacteriocinogenic strains from
Ukrainian collection of microorganisms (UCM). Multiplex PCR was performed to detect genes encoding P.
aeruginosa pyocins, and pyocin gene expression was analyzed by semiquantative RT-PCR. A number of
stages of induction, concentration and separation were carried out to obtain purified pyocins. Antimicrobial
activity of obtained fractions was tested by "two-layer agar" method. In our study we included
P.aeruginosa UCM В-3 and UCM В-10 and causative agents of plant bacterial diseases as indicator
cultures.

The bacteriostatic activity of initial P. aeruginosa lysates varies from 20 to 40 AU/ml against certain P.
syringae strains. The low-molecular-weight pyocins of S-type were found to be active components of the
lysates. It was revealed that bacteriocin activity can be increased by means of strain-producer cultivation
at 28°С in LB medium under intensive aeration and/ or addition of nalidixic acid to 100 mkg/ml final
concentrations in the end of exponential growth stage under contact with bacterial suspension during three
hours. The effectiveness of cultivation condition optimization and bacteriocin induction depended on a
strain-producer. The introduced approaches brought in increase of P. aeruginosa UCM В-333 lysate
activity more then in 40 times, resulting into the widening of bacteriocin spectrum against all P. syringae
strains and extension of growth absence areas to 26 mm. The expression of genes encoding S1 and S5
pyocins was detected in  the most active strain - P. aeruginosa UCM В-333.

Pseudomonas aeruginosa S-type bacteriocins are characterized by moderate and high activity levels
against the majority of researched P. syringae strains. Described pyocins or constructed on their base
chimeric or hybrid structures can be used in biological products for plant disease protection.

Keywords:
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Abstract:
Modern agriculture focuses on high-quality products, which are obtained with the protection of the natural
environment. Meeting these requirements is possible due to the cultivation of pro-ecological plant plants,
e.g. legumes, including yellow lupine (Lupinus luteus L.). This species is a raw material rich in protein,
characterized by low soil requirements, as well as the ability to fix nitrogen in symbiosis with bacteria of the
genus Rhizobium [1].

Interactions with microsymbionts are manifested in the formation of root nodules, which allows lupine to
bind and convert atmospheric nitrogen into ammonia, and then deposit this compound in the soil.
Consequently, it leads to the enrichment of the soil system and reduces the necessity to use artificial
fertilizers [1]. Despite these advantages, the area of lupine cultivation in Poland is small, due to its high
sensitivity to soil drought stress, which is currently one of the most important abiotic factors negatively
affecting the crops yielding. This stressor disturbs the development and functioning of the root and root
nodules, consequently leading to symbiosome degradation and limiting the amount of fixed nitrogen, which
affects the quality and quantity of the yield [1].

The results of our analyzes show that soil drought increases the level of proline and free malondialdehyde
(MDA) in the root. Proline exhibits osmoprotective effects, while MDA is a marker of lipid peroxidation [2,
3], so their accumulation in the root confirms the activation of stress-induced mechanisms. We observed
that the water deficit in the soil not only changes the amount of pectin, which is the main component of cell
walls but also modifies their composition. This was confirmed by detailed microscopic analyzes. Significant
differences in the ratio of low- and high-methylated pectin in the root nodules of plants exposed to drought
stress have been proven. The obtained results indicate the remodeling of the cell wall structure in the
lupine root in response to drought and strongly supports a significant role of pectin in this process. We
provide new information on the mechanisms of early plant response to abiotic stress, that gives a
possibility to counteract it and increase the resistance of crop species.

The research was supported in part by the Ministry of Science and Higher Education, providing funds for a
research project awarded to S. B. supervised by E.W. (Diamond Grant number DI/2019 018049), and from
the funds of the Excellence Initiative project - Research University - Grants 4 NCU Students (Grant
number 2411).

[1] Wilmowicz, E., et al., 2020. Environmental and Experimental Botany 169, 103900; [2] Somerville, C., et
al., 2004. Science 306, 2206-2211; [3] Hayat, S., et al., 2012. Plant Signaling & Behavior 7, 1456-1466.
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Abstract:
Reactive oxygen species (ROS) are recognized as signalling elements in plants response to environmental
stresses. It is suggested that stress signal might be transduced not only directly by ROS but also by
molecules derived from ROS-dependent oxidation including oxidized peptides and oxidatively modified
transcripts. In the case of transcripts the most frequent oxidative modification includes formation of 8-
hydroxyguanosine (8-OHG).

The aim of present research is assessment of oxidative events taking place in the roots of soybean
seedlings within the first three hours of exposure to cadmium. The soybean seedlings were treated with
distilled water (control) or CdCl2 with Cd at the concentration 10 mg/l for 1, 2 and 3h. Thereafter the level of
superoxide anion, lipid peroxidation, protein carbonylation and 8-OHG in RNA were assessed. In addition
an attempt has been made to localize the 8-OHG enriched transcripts in plant tissues.

The results show that short term Cd treatment has no effect on superoxide anion generation, the intensity
of lipid peroxidation or protein carbonylation. On the other hand exposure to Cd resulted in elevated levels
of 8-OHG in total RNA. The results suggest that transcript oxidation constitutes one of the earliest ROS-
mediated responses to metals.

The research is financed by National Science Center, Poland, in the frame of the project number
2019/33/B/NZ9/00058.
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Abstract:
Melatonin (Mel) is regarded as a new plant hormone that is involved in plant protection against adverse
environmental conditions. In the present study, the responses of Wolffia  arrhizal  to the treatment with
cadmium (Cd), Mel, and the mixture of Cd with Mel were analyzed. Qualitative and quantitative analysis of
Mel and precursors of its biosynthesis was performed using the Shimadzu LC-MS-MS-8050 system. The
photosynthetic pigments (chlorophylls, carotenes, and xanthophylls) content was determined using HPLC,
while protein and monosaccharides level using spectrophotometric methods. The obtained results
indicated that both Cd and Mel influence W. arrhizal cultures in a concentration-dependent manner. The
most stimulatory effect on the growth, endogenous level of Mel and its substrates (tryptophan, 5-
hydroxytryptophan, tryptamine, serotonin, N-acetylserotonin, metoxytryptamine), and the content of
pigments, protein, and sugars were observed in plant treated with 25 µM Mel. Interestingly, the
endogenous level of Mel and its substrates in W.arrhiza exposed on the Cd was significantly higher
compared to the control group. In contrast, the treatment with Cd in the range of 1-100 µM caused a
decrease in plant weight and level of primary metabolites. Application of 25 µM Mel mitigated the inhibitory
effect of Cd and increased the growth and content of targeted metabolites in plants treated with Cd. These
results confirmed for the first time the presence of Mel in W.  arrhiza; moreover, its biosynthesis is
considerably stimulated by the Cd. Furthermore, Mel mitigated the inhibitory effect of Cd in W.  arrhiza.
Therefore, Mel is an essential phytohormone for plant growth and development, especially during abiotic
stresses.
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Abstract:
PLASTID MOVEMENT IMPAIRED 1 (PMI1) is a plant specific protein, that was first identified as a key
factor in both high and low blue light directed chloroplast movements. Chloroplasts of pmi1 mutants lack
the ability to perform accumulation and avoidance responses [1]. PMI1 contains two conserved domains –
C-terminal domain of unknown function and located more to the N-terminal region NT-C2 domain.
Between these domains lies an unstructured fragment (M-unstructured) of the protein.

Interestingly, a role of PMI1 in abscisic acid (ABA) signaling has also been found. PMI1 takes part in an
inhibition of seed germination mediated by ABA, and pmi1 mutant seedlings present decreased ABA
accumulation under insufficient water conditions [2].

A significant group of proteins involved in ABA signaling are SNF1-RELATED KINASES 2 (SnRK2).
These kinases are known to be key proteins to be activated in abiotic stress conditions and adjust plant
metabolism in order to persevere in unfavorable conditions. There are three groups of SnRK2. While
kinases of group 1 are not sensitive to ABA, members of groups 2 (SnRK2.7 and 2.8) and 3 (SnRK2.2, 2.3
and 2.6) are activated not only by osmotic stress, but also by abscisic acid.

PMI1 was identified as a potential substrate of SnRK2 in phosphoproteomic study [3] and is in  vitro
phosphorylated by all of the SnRK2s. Phosphosites in N-terminal part and M-unstructured part of PMI1
were found by mass spectrometry.

In order to examine the nature of PMI1 and SnRK2s interplay, we conducted in vivo protein-protein
interaction study. Bimolecular Fluorescence Complementation (BiFC) experiment was performed on
Agrobacterium transformed Nicotiana benthamiana plants. In this technique, when two proteins, fused
with non-fluorescing parts of the yellow fluorescent protein (YFP), interact with each other YFP is
reconstructed and produce fluorescence, which can be observed in living cells under the microscope. Full
length PMI1 interacted with selected SnRK2s. To identify PMI1 fragment responsible for this interaction,
constructs containing separate parts of the protein (N-terminal, NT-C2 domain, M-unstructured) were
used.

Acknowledgements: This work was financed by the Polish National Science Center
[UMO-2018/29/B/NZ3/01695].

[1] DeBlasio, S. L., et al., 2005. Plant Physiol 139, 101–14; [2] Rojas-Pierce, M., et al., 2014. Plant Physiol
Biochem 83, 185–193; [3] Wang, P., et al., 2013. PNAS 110, 11205–10.
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Abstract:
Nucleotides play a crucial role in numerous metabolic processes and participate in cell signaling. Although
the ability of extracellular nucleotides to initiate diverse signaling responses in animal cells is well
established in plants is recognized only just now. A growing number of papers indicating exogenous
nucleotides involvement in the induction of the defense mechanisms protecting the plant against biotic and
abiotic stress factors [1].

Plants are constantly exposed to various environmental factors and evolved diverse mechanisms allowing
them to respond to different types of stresses. Stomata, except for controlling CO2 uptake and water loss
influencing photosynthesis in plants, restrict the entry of pathogens into leaves and forms a part of plant
defense response. Studies showed that extracellular ATP (eATP) treated leaves evoked stomatal closure,
enhancing resistance to a factor of biotic stress. In this signaling network, nitric oxide (NO) and reactive
oxygen species (ROS) are engaged [2]. Until now are recognized only two receptors for eATP in plants
that belong in the L-type lectin receptor kinases (LecRKs) protein family. The first was described as P2K1
(LecRK-I.9) [3] and the second P2K2 (LecRK-I.5) [4]. It was demonstrated that eATP-induced stomatal
closure depends on P2K1 and is mediated by direct phosphorylation of RBOHD, which synthesizes H2O2.
Although the P2K2 receptor has an even higher affinity to eATP than P2K1 however, its contribution to
stomatal closure has not been established yet [4].

Recently, our research team is focused on studying the function of NpnN′s in plants [5-7]. The latest
findings concern both purine and pyrimidine as well as purine-pyrimidine hybrids of Np4N′s, triggering
induction of phenylpropanoid pathway that can be induced under environmental stresses [7].

In this communication, we report that among tested various NpnN's only Ap4A, Cp4C, and Ap4C, similarly to
the above described eATP treatment, leads to the rapid closure of A. thaliana leaf stomata. Moreover,
none of the products of degradation of these Np4N's evoked stomata closure. Our previous and recent
studies on the role of Np4N′s proved that these nucleotides could be a part of the signal transduction
pathway/s involved in response to stress in plants. However, activated signaling pathways and receptors
for these nucleotides are still unknown. It will be the subject of our studies in the near future.

[1] Pietrowska-Borek, M., et al., 2020. Cells 9, 345; [2] Chen, D., et al., 2017. Nat Commun 8, 2265; [3]
Choi, J., et al., 2014. Science 343, 290–294; [4] Pham, A. Q., et al., 2020. Plant Physiol 183, 1364–1375;
[5] Pietrowska-Borek, M., et al., 2011. FEBS Open Bio 1, 1–6; [6] Pietrowska-Borek, M., et al., 2014. Plant
Physiol Biochem 84, 271–276; [7] Pietrowska-Borek, M., et al., 2020. Plant Physiol Biochem 147,
125–132.
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Abstract:
Brassica napus is one of the most frequently cultivated plant in Poland. One of the strategy to overcome
negative effect of abiotic stresses, especially at germination and early seedling development phase, is a
pre-sowing seed priming. One of the strategy to prime seeds is hydropriming. In this technique seeds are
partially hydrated just in water. Seed priming could be also used with a success to study the impact of
different chemicals on germination and seedling development under stress condition. In this case seeds
are imbibed in some chemicals dissolved in water at proper concentration. In the presented study we have
tested the hypothesis, that seed supplementation in exogenously added proline at priming stage could
mitigate lead stress effect during germination and early seedling development. Here we present the results
which seems to confirm our hypothesis. The study was conducted on rape seeds primed in water
(hydroprimed – HP) and primed in proline solution (10 mM and 100 mM proline – P10 and P100). As a
control unprimed seeds (UP) were used. Germination was done at water and two concentration of lead
nitrate solution (1 mM and 2.5 mM). Here we present the results from analysis carried out on seedlings
during germination. All type of primed seeds (HP, P10, and P100) characterize with more dynamic
germination in both control and stress condition. We did not observed toxic effect of proline at
concentration used in our study. First of all we measured the level of proline accumulation to verified if
exogenously applied proline influence on the proline level during germination. The most visible impact was
observed after 24 h. We noticed higher proline level in primed seeds than in unprimed and increased level
of proline in germinating seeds, which were primed in proline solution. Also the lead stress had positive
effect on proline accumulation. We measure also the level of accumulation of some molecules, which could
be discussed as markers of stress effect to plant. One of them is the level of hydrogen peroxide, which is
classified as reactive oxygen species and plays dual function in living organisms - is engaged in signaling
under optimal and stress condition as well as cause damage to cell component such as proteins, lipids and
nucleic acids. Hydrogen peroxide was accumulated at higher level in germinating seeds under lead stress,
especially in unprimed (UP) and hydroprimed variants (HP), however the level of hydrogen peroxide in
germinating seeds, which were primed in proline solution before germination was at the same level in
control group (germinating on water) and in the stressed plants (germinating on lead). Moreover we
analyzed the level of antioxidant molecules, which help us judge about the possible mechanism activated
by priming. All the results suggest that pre-sowing seed priming enhanced stress resistance at germination
stage and exogenously added proline help to mitigate the negative stress effect in Brassica  napus
seedlings.
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Abstract:
Many areas on Earth suffer from excess of  heavy metals (HMs) pollution which may cause serious threat
for human health. Physical or chemical techniques of HMs removal from soil are a big challenge due to
their complexity and hence high costs. They also may affect negatively on natural soil microorganisms and
cause irreversible changes in soil properties. That is why it is necessary to elaborate new methods helping
in HMs removal from an environment. A promising alternative seems to be using plants for extraction or
stabilization of these dangerous pollutions. There is also a need to identify appropriate plant species
capable for phytoremediation of polluted soils. It is known that halophytes may be good candidates due to
common morphological and physiological response to HMs as well as high amount of salts. One of species
that meets these criteria is semi-halophyte Mesembryanthemum  crystallinum which is mostly
characterized as plant that can perform C3 or CAM-type photosynthesis in correspondence to current
environmental conditions. Our analysis focused on assessment how increased Cd concentrations
(0,01-10,0 mM) may impact on C3 and CAM-performing  M. crystallinum plants. Biometrical analysis,
photochemical activity and Cd content in leaves and roots was determined. Moreover, we focused on
analysis of cadmium translocation to aerial parts and then its detoxification. In this aim expression of genes
associated with a metal uptake (irt2-iron-regulated protein 2, zip4-zinc-induced protein 4), translocation
(hma4- heavy metal ATPase 4) and sequestration (abcc2-ATP-binding cassette 2, cax4-cation exchanger
2, pcs1-phytochelatin synthase 1) was analyzed. Our results showed high tolerance to cadmium of both C3

and CAM-performing plants. In addition, plants treated with the highest Cd concentration (10,0 mM)
accumulated high amounts of Cd in the roots and less in the shoots. Higher Cd accumulation in roots
compare to the shoots suggests that plants may use excluding strategy with concentrations up to 1,0 mM.
CAM plants accumulated twice as much Cd when comparing to C3 plants. Moreover, on the basis of
obtained results, it was found that osmotic stress present in CAM-performing plants enhanced an
expression of the irt2 and pcs1 genes in roots and the cax4, pcs1 and abcc2 genes in the shoots of the
discussed metabolic group. In addition, our results could indicate, that in roots of C3-performing plants Cd
did not influence on regulation of irt2, abcc2 and cax4 gene expression. In roots of CAM-performing plants
Cd presence did not impact on expression of irt2, zip4 and cax4 genes, however in shoots of C3 as well as
CAM-performing plants Cd impacted on regulation of expression of all analyzed genes.

Obtained results in this study indicate that M. crystallinum plants represent certain attributes that may be
successfully used in phytoremediation process of areas contaminated with high salinity as well as high Cd
concentrations.

Keywords:
heavy metal stress; cadmium; plant stress tolerance; Mesembryanthemum crystallinum; CAM
photosynthesis
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Abstract:
Plants are often exposed to a combination of biotic and abiotic stresses that limit crop fields. Although a lot
of specific mechanisms are known that allow to respond to stress conditions, minimizing damages while
conserving valuable resources for growth and reproduction, Further research to understand more of these
phenomena are needed. An important role in response to various stresses play fitohormones, especially
ethylene (ET) – simple gaseous olefin. The level of  ET production during stress depends on the
plastoquinone(PQ) redox state. Neverthless, little is known about regulation of ET biosynthesis pathway
and interaction between ET level, antioxidative plant system components and PQ redox state during the
stress response. It has been described that internal carbon dioxide (CO2)concentration is important factor
influencing ET biosynthesis, so it is possible that diurnal oscillation of this compound in Crassulacean Acid
Metabolism (CAM) plants modify the level of ET production. To test this hypothesis plants, which can
change photosynthetic C3 to CAM carbon metabolism seems to be perfect research objects. One of
species that meets these criteria is the ice plant(Mesembryanthemum crystallinum L.), edible plant
originating from Africa and representing facultative CAM due its ability to shift photosynthesis from C3 to
CAM. In laboratory this process can be induced by application of polyethylene glycol (PEG) or sodium
chloride (NaCl) as well as other factors and this allows to simultaneous evaluation of ongoing processes in
C3- and CAM-performing plants at the same plant age. However, nothing is known about reaction of this
plant to high ET concentration. Analysis of ET biosynthesis pathway components expression of genes
controlling this process and corresponding proteins activity, comparison of diurnal changes in mRNA
content (cat1, cuznsod, capx), changes of  enzymes (CAT, SOD, GPx, APX) activity and fluctuations of
ROS concentration in C3- and CAM- plants is applied to examine interactions between antioxidative and
PQ-ET regulatory system.
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Abstract:
Posttranscriptional regulation of gene expression by miRNA is crucial for a variety of processes
indispensable for plant development and response to environmental factors. SNF1-related Protein Kinases
2 (SnKR2s), which comprises of the 3 groups of kinases divided according to their sensitivity to abscisic
acid, are considered as the main regulators integrating different levels of plant responses to the signals
from the environment. HYPONASTIC LEAVES 1 (HYL1) protein is one of the core components of the
miRNA biogenesis pathway that, together with Dicer-Like 1 (DCL1) and SERRATE (SE), participates in
the maturation of miRNA precursors [1]. The preciseness and efficiency of pri-miRNA processing depend
on HYL1 interactions with other components of miRNA biogenesis machinery [2]. Besides its canonical
function, recent data indicate also another role of this protein which is miRNA dependent translational
repression [3]. Thus, HYL1 knock-out plants show alterations in levels of the majority of known miRNAs
and abnormal growth phenotypes.

In the plant cell level of HYL1 is tightly controlled by a variety of mechanisms. Phosphorylation and
dephosphorylation seem to play a pivotal role in its regulation affecting subcellular localization,
interactions, stability and functions [1]. HYL1 phosphorylation by SnRK2s upon osmotic stress seems to
play a crucial role in the protection of this protein from degradation [4]. Also, MAP kinases are known to
phosphorylate HYL1 [5] but the role of this phosphorylation appears to be different. However, the exact
significance of each phosphorylation event on the fate of the protein remains unknown.

Our studies on the quadruple knockout mutant of ABA-non-activated SnRK2s (snrk2.1/4/5/10) uncover
alterations in levels of a variety of miRNAs. We identified several amino acid residues phosphorylated by
SnRK2s in the HYL1 sequence and our investigations are focused on uncovering the role of these
phosphorylations in the stability of the protein and its localization.

This work was financed by the Polish National Science Center grants: 2016/23/B/NZ3/03182 and
2019/33/N/NZ3/02027.

[1] Wang, J., et al., 2019. Front Plant Sci 10, 360; [2] Kurihara, Y., et al., 2006. RNA 12, 206; [3] Yang, X.,
et al., 2021. The Plant Cell  koab090; [4] Yan, J., et al.,  2017. PLOS Genetics 13, e1006753; [5]
Raghuram, B., et al., 2015. Febs J 282, 521.
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Abstract:
Strigolactones (SLs) are a group of plant hormones involved in many aspects of plant development and
stress adaptation. So far, the role of SLs in the plant response to drought stress, salinity as well as during
nitrogen deficiency has been explored. It is well known,
the one of the main hormone associated with the plant response to abiotic stress is abscisic acid (ABA).
Because, SLs and ABA are carotenoid derivatives the biosynthetic pathways
of both hormones were already explored to investigate the interaction between them. Here, we
demonstrated possible crosstalk between signaling pathways of SLs and ABA. The plant material used in
this study was barley (Hordeum vulgare) mutant carrying a missense mutation in the gene encoding the
SL-specific receptor HvD14. Response of hvd14.d plants to ABA was tested at the seed germination
process and in terms of stomatal closure after ABA spraying.

Our previous results showed that hvd14.d mutant is less sensitive to ABA at seed germination in the
presence of ABA. Here we also demonstrated that hvd14.d is less sensitive to ABA in comparison to wild
type when the closure of the stomata was investigated. These observations indicate the lower sensitivity of
the hvd14.d mutant to ABA treatment. Additionally, performed transcriptome analyses revealed the pool of
differentially expressed genes (DEGs), specific for hvd14.d and WT, in response to exogenous ABA. ABA-
treated mutant exhibit 2019 genes up-regulated and 650 genes down-regulated, while WT showed 28
genes up-regulated and 24 genes down-regulated, respectively. The obtained results reflect a link in
signaling pathways of SLs and ABA.
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Abstract:
The availability of nitrogen determines normal plant development. Plants can incept inorganic nitrogen in
the form of nitrate or ammonium ions. However, it is well known that ammonium nutrition disturbs plant
metabolism and manifests through ammonium toxicity syndrome. It has been proven that the uptake of
ammonium ions by plants as the sole source of nitrogen cause a disruption of the cellular redox balance,
which leads to excessive production of reactive oxygen species (ROS) in tissues and, consequently, to
oxidative stress. In response to the increased production of ROS caused by ammonium nutrition plant
defensive systems including a significant increase in the level of the mitochondrial alternative oxidase
(AOX) protein, are activated. To fully understand the role of AOX in ammonium nutrition conditions, the
contribution of AOX in the optimization of the growth of Arabidopsis thaliana with overexpression or
silenced expression of AOX1a was examined. The research focused on the detailed characterization of
changes in ROS metabolism in transgenic Arabidopsis  thaliana  plants. Considering the increased
resistance of AOX1a overexpressing plants to ammonium nutrition, the AOX protein has been shown to
play an important role in the regulation of cellular redox homeostasis under these stress conditions.
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Abstract:
In the plant kingdom the survival and reproduction abilities are conditioned by very fast detection and
adequate response to changing environmental conditions. Among others salinity and water deficit are the
most commonly occurring stress factors for plants all over the globe. Both stresses cause strong inhibition
of plant growth and losses in cultivars of many species. The emergence of water regime triggers signaling
events in cells, where in the central point are located cascades of numerous protein kinases undergoing
rapid and transient phosphorylation and dephosphorylation events. In plants, SNF1-related protein
kinases 2 (SnRK2s) are key regulators of responses to salt and osmotic stress. Based on a phylogenetic
analysis SnRK2s are divided into three groups; group 1 consists SnRK2s non-activated in response to
ABA, group 2, kinases non-activated or weakly activated (depending on the plant species) by ABA
treatment, and group 3, ABA-activated kinases [1]. Here, we present our current research on SnRK2.10
kinase, member of ABA non-activated SnRK2s.

As previously reported SnRK2.10 is rapidly activated in Arabidopsis roots and stimulates lateral root
forming under salt treatment [2]. However, its role in plant leaves challenged with salinity stayed unknown
so far. Thus we focused our research on this problem. At first we showed that in response to salt stress the
SnRK2.10 is rapidly activated in rosettes of hydroponically grown Arabidopsis thaliana plants. Under
prolonged stress the kinase studied determines resistance of rosettes to salinity by affecting a number of
processes. We found that in snrk2.10 knockout mutants after few days of salinity stress qP, qN, Y(II) and
Fv/Fm parameters were more strongly affected than those in wild type plants. Observed disorders in
photosynthesis efficiency were correlated with lower levels of D1 and D2 proteins and enhanced
phosphorylation of D1. Moreover, accumulation of H2O2 was markedly higher in snrk2.10 mutants under
salinity comparing to wt plants. Finally, we identified a series of transcription factors belonging to WRKY
family, which expression was diminished in salt-treated snrk2.10 mutants. These transcription factors are
known as hub genes, which respond to multiple biotic and abiotic stress factors and regulate wide range of
stress-evoked cellular responses including leaves senescence and death.

Summing up we present new physiological, biochemical and molecular data showing the SnRK2.10 role in
plant resistance to long-term salt stress, which is based on maintaining the photosynthesis efficiency,
regulation of ROS accumulation and hub transcription factors expression in Arabidopsis leaves.

This work was supported by National Science Center Poland, project number 2014/13/D/NZ3/03101 and
2017/27/B/NZ3/01763

[1] Boudsocq, M., et al., 2005. Plant Physiol 138, 1185–1194; [2] McLoughlin, F., et al., 2012. Plant J 72,
436-449.
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Abstract:
Pipecolic acid (Pip) is a non-protein amino acid that is also involved in the induction of so-called acquired
systemic resistance (SAR) in Arabidopsis thaliana plants under biotic stress. The mechanisms underlying
cellular signaling, in which known acid is involved, are poorly understood and require more detailed
research. Mesembryanthemum crystallinum exhibits a unique strategy to combat environmental stress,
which relies on the ability to switch its metabolism from C3 to Crassulacean, and therefore it is a model
organism used in the study of plant reactions to abiotic stress. Such a preparedness of abiotic stress-
treated M. crystallinum plants performing CAM, can influence the plant-pathogen interaction and provide a
unique opportunity to study the co-regulation of primary metabolism, modifications of redox homeostasis,
and defense reactions to pathogens. In our studies, C3 and CAM performing M. crystallinum plants were
treated with Pip before infection with Pseudomonas syringae. The results of analyses concerning bacterial
infection spreading, photosynthetic activity of investigated plants, and the activity of antioxidant system
accompanying the infection revealed significant differences between plants exhibiting C3 or CAM
metabolism and treated with Pip. This was correlated with changes in endogenous pipecolic acid content
and the profile and concentration of some phytohormones. Our results indicate a difference in Pip-induced
defensive response depending on the type of photosynthetic metabolism performed by the plants studied.
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Abstract:
In a number of studies conducted in our team, the effectiveness of 1,3-dioxolanes as compounds
increasing the penetration of biologically active substances into plants through leaves such as herbicides
or plant hormones has been confirmed. In the research presented here, 1,3-dioxolanes were used as
penetrants to facilitate the penetration of mineral salts as foliar fertilizers used in the cultivation of thuja
(Thuja occidentalis cultivar 'Szmaragd').

Thuja occidentalis is a slow growing plant species with an average age of 400 years. Cultivars are very
often used as hedges, and producers want them to grow faster. For this purpose, they use a number of
foliar and soil fertilizers. This leads to an increase in the amount of fertilizers introduced into the
environment.

Here we proposed the use of foliar fertilizers in combination with 1,3-dioxolanes as penetrants to facilitate
the penetration of these substances directly into the leaves. In our opinion, this approach will reduce the
excessive use of artificial fertilizers and increase their effectiveness.

Various combinations of fertilizers in combination with different 1,3-dioxolanes were tested and their effects
on growth and basic physiological parameters mainly related to photosynthesis were assessed. From the
applied variants, the ones were selected that were the most effective and resulted in increased growth
both in length and width, i.e. showing the proportions of plants in relation to the control.

The research was carried out under the NCBR grant LIDER IX „Uciąglenie procesu syntezy 1,3-
dioksolanów wraz z poszerzeniem zakresu stosowalności docelowych produktów w branży chemicznej”
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Abstract:
The plant cell has three genomes - nuclear, mitochondrial and chloroplast one. So some proteins
expression is under the joint control of these genomes. The interactions between the nuclear and
cytoplasmic genomes remain insufficiently understood. Cybrids are a convenient tool for elucidating the
characteristics of their interaction. They are the plants in which the nucleus and chloroplasts are
descended from different parents. In previous studies, somatic cytoplasmic hybrids were obtained by
protoplast fusion. They contain the nuclear-cytoplasmic combinations of genes containing the nucleus and
mitochondria of Brassica napus [1] or Orychophragmus violaceus [2] and transformed chloroplasts of
Lesquerella fendleri.

In this work, a comparative study of the activity of the main antioxidant enzymes of cybrids and their
parental forms has been conducted. We compared plants within groups that included parental forms (L.
fendleri, B.napus L. Westar, O.  violaceus) and the corresponding cybrids (B.napus (+ L.fendleri),
O.violaceus (+ L.fendleri)). The activity of superoxide dismutase, guaiacol peroxidases and catalase was
measured, as well as the content of proline as one of the main low molecular weight markers of salt stress.
These indicators were compared both when cultivating plants under normal conditions and salt stress
(0.05 and 0.2 M NaCl).

It is shown that under normal conditions the content of proline in cybrids is similar to its content in the
parent form which was the donor of nucleus. In response to stress, the proline content changes in cybrids
in the same manner as in the plants which were donor of chloroplasts.

The activity of antioxidant enzymes of cybrids in the absence of stress is higher than that of the nucleus
donor and similar or higher than the activity of these enzymes in the chloroplasts donor. When using 50
mM NaCl, the activity of SOD and catalase remain almost unchanged in both parental forms and cybrids;
changes in the activity of guaiacol peroxidases were observed, but were not regular, indicating slight
stress. In contrast, at 200 mM NaCl, the response to stress conditions of SOD and guaiacol peroxidase of
cybrids was the same as that of the chloroplast donor.

Therefore, we observed the tendency of increase of the antioxidant  enzymes activity in сybrids, indicating
on the stress state of  the cell combining different plants genomes of distant species. At the same time, the
proline content  in cybrids is corresponding that of the nucleus donor plant. Changes in the activity of
antioxidant enzymes and the proline content occur in accordance with changes of those  of chloroplast
donor plants. Thus, chloroplasts play an important role in directing the plant's response to stress.

[1] Nitovska, I., et al., 2006. Cytology and Genetics 40, 191-198; [2] Ovcharenko, O., et al., 2011. PCTOC
105, 21-27.
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Abstract:
The NtZIP4 from ZIP family (ZRT-IRT – like Proteins) is a plasma membrane protein responsible for the
uptake of Zn and Cd, and was proposed to be involved in the regulation of Zn and Cd translocation to
shoots which depends on the combinations of the concentrations of both metals in the medium. To
investigate it, the RNAi plants with the reduced NtZIP4 mRNA level were generated and characterized.

Experiments were performed on the combinations of Zn and Cd concentrations (0 Zn; 0 Zn + 0.25 µM Cd;
1 µM Zn; 1 µM Zn + 1 µM Cd). To better understand whether the decreased level of NtZIP4 expression
affects the efficiency of Zn root-to-shoot translocation, the following were examined in the wild-type and
NtZIP4-RNAi plants: (1) in whole roots and shoots Zn and Cd concentrations (by AAS);  (2) in the apical,
middle and basal roots part the concentration of Zn and Cd (AAS), the expression level of NtZIP4 (Real-
time qPCR), and Zn localization (by Zn indicator Zinpyr-1). Furthermore, to uncover the physiological
function of NtZIP4, its tissue-specific expression in tobacco roots was monitored. For that purpose tobacco
plants expressing pMDC163::NtZIP4Bp::GUS were generated. To learn more, here we applied 65Zn to the
basal root parts of the wild-type and RNAi plants and determined the amount of radioactive Zn transferred
to shoots.

Our study showed that translocation of Zn to shoots of tobacco plants was stimulated by Cd mainly in
plants exposed to 1 µM Zn + 1 µM Cd and the concentration of Cd in the transgenic plants decreased (as
compared with the wild-type) in plants exposed to 0 µM Zn + 0.25 µM Cd. Suppressed expression of
NtZIP4 resulted in alteration of Zn and Cd concentrations in the root parts and changes in the expression
pattern of ZIP genes. The highest expression of NtZIP4 was found at Zn-deficiency. The level of
NtZIP4Bp::GUS expression was high in the Zn-deficient roots and decreased with higher Zn concentration
(1 µM). Furthermore, the addition of Cd to the nutrient solution (both to Zn deficient medium and containing
1 µM Zn) resulted in an increase in the promoter activity. Suppression of NtZIP4 resulted in a moderate
reduction of the amount of 65Zn in the shoots of RNAi plants; however, the difference was statistically
significant for one line only.

Our results confirmed the role of NtZIP4 in the control of Zn/Cd-status-dependent transfer of both metals to
shoots. Furthermore, they indicated that the middle and basal root parts contributed to the regulation of
this process by acting as a reservoir for excess Zn and Cd.

Funding: project OPUS-8 no. 2014/15/B/NZ9/02303 financially supported by the National Science Centre,
Poland.
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Abstract:
The role of silicon (Si) in plants is widely investigated due to its beneficial effect. It is known that Si
accumulates in plant tissues and stimulates physiological responses such as growth and development but
also provides tolerance against biotic and abiotic stresses such as metal toxicity.

In the presented study, we examined the activity of oxidative stress biomarkers in pea plants (Pisum
sativum L.) after cadmium (Cd) application and Si supplementation. The Cd (50 µM CdSO4) treated
plants were supplemented with 1 or 2 mM Na2SiO3. The experiment was carried out in hydroponics under
controlled conditions. The peroxidase and catalase activity was analyzed in stems and roots after 24
hours, one week, and four weeks of Cd treatment with or without Si application. The enzymatic activity
was measured spectrophotometrically (Tecan Infinite 200 PRO). The enzyme's activity was expressed in a
unit that corresponds to oxidation or decomposition of hydrogen peroxide (1 μM H2O2 for 1 min).
Fluorescence microscopy analysis of reactive oxygen species (ROS) production and the vitality of the cells
(live/dead assay) in the roots of the pea plants was also performed during the experiment. Moreover, the
effect of Cd/Si application on growth of pea plants was analyzed before and after Cd treatment with or
without Si supplementation.

The results of this study indicate that Si application had an effect on the activity of the analyzed antioxidant
enzymes activity and growth of the pea plants. Addition of Si effectively mitigated the adverse effect of Cd
treatment on growth of the pea plants.
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Abstract:
In recent years, there has been an impressive development of nanotechnology. This results in an
increasing release of nanomaterials (NM) into the environment, causing the risk of uncontrolled impact on
living organisms, including plants. More and more studies indicate the biotoxic effect of NM on plants,
including crops. The interaction of nanoparticles (NP) with food crops is extremely important as they are a
link of the food chain. The objective of this study was to investigate the effect of negatively charged gold
nanoparticles (-) AuNP (of two concentrations; 25 µg/ml and 50 µg/ml) on barley root development. The
obtained results revealed that regardless of the concentration, (-) AuNP did not enter to the plant body.
However, the dose of (-) AuNP proved to be important for the plant’s response since the different
morphological, histological and ultrastructural changes were observed in treated roots.

Keywords:
barley; gold nanoparticles; root development; root meristem; ultrastructure

130



10th Conference of the Polish Society of Experimental Plant Biology

Heavy metal tolerance, accumulation and detoxification in Brassica
napus plants cultivated with Burkholderia phytofirmans bacteria

PP4.22

Aneta Piechalak1*, Natalia Olender1, Liliana Ciszewska1, Anetta Hanc2, Arleta Małecka1

1 Faculty of Biology, Adam Mickiewicz University, Poznan, Poland
2 Faculty of Chemistry, Adam Mickiewicz University, Poznan, Poland

* Correspondence: anetap@amu.edu.pl

Abstract:
Increased pollution due to heavy metals place human health at risk and it is responsible for several
environmental problems, including the decrease of microbial activity, soil fertility and crop yields. The
accumulation of heavy metals in vascular plants provokes significant biochemical and physiological
responses, modifying several metabolic processes; photosynthesis, reduces the respiration rate, affects
membrane structure and permeability and upsets mineral nutrition. Toxic metallic ions penetrate cells
using the same absorption processes of essential micronutrient ions. In Brassica napus plants was
observed the effects of heavy metal toxicity at the level of nutrients [P, K, Ca, Mg and Cu]. Cu, Zn, and Cd
excess disturbed nutrition contents in roots. Defence of plants against heavy metals involves the activation
of a range of various mechanisms resulting in the modification of ion mobility within the rhizosphere, active
exclusion of heavy metals from cells or synthesis of bioligands. In plants treated with metals was observed
increase of γ-glutamylcysteine synthetase activity, increase of GSH and hGSH level, biosynthesis of
phytochelatins [PCs] and formation of PC-metal complexes. Higher metal tolerance and accumulation can
be also obtained in plants by microorganisms, the strains of which secrete substances that promote metal
mobilization in soil or bacteria which promote the plants growth like plant growth promoting rhizobacteria
(PGPR). Microbial inoculation may have several positive effects on plants: reduction of stress propagation,
increased biomass production, increased productivity and disease resistance. PGPR influence plants by
e.g. increasing the pool of bioavailable phosphorus, nitrogen, and iron (with siderophores secretion) and
producing plant hormones (gibberellins, cytokinins, auxins). They also increase plant resistance ex. by
decreasing ethylene level (through the synthesis of ACC deaminase).The aim of the study was to
determine whether inoculation with endophytic PGPR (Burkholderia phytofirmans PsJNT) can increase
the efficiency of Brassica  napus phytoextraction of Zn, Pb, and Cd, biomass production and stress
tolerance.
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Abstract:
Synthetic chemicals used in control plant diseases have a mostly negative impact on the environment and
also human and animals health. There is a need to consider an alternative to synthetic fungicides in plant
preventing diseases and a good potential seems to be natural products such as plant-derived compounds.
An example of that products is phenolic compounds, which are secondary metabolites synthesized in
plants. The aim of the study was to develop a natural preparation based on phenolic compounds with
antifungal properties against fungal pathogens. Carvacrol and eugenol emulsions were used to investigate
antifungal activities against phytopathogenic fungi as Fusarium culmorum, F.  oxysporum, F.  solani,
Phytophthora cactorum, P. cryptogea, P. megasperma, Botrytis cinerea, Alternaria alternata, Penicillium
verrucosum. In the next stage, a plant protection effectiveness of emulsions based on carvacrol and
eugenol against Botrytis  cinerea was evaluated in the seed treatment method. Antifungal activity of
carvacrol emulsions was also evaluated in greenhouse conditions on cucumber seedlings. The results
obtained in this study demonstrate that carvacrol and eugenol were able to inhibit the growth of all tested
fungi. Carvacrol emulsion applied on the seeds was found to be more effective against B.  cinerea  than
eugenol emulsion. Also, cucumber seedlings were healthier after treated with carvacrol emulsions than
without the preparation. These findings are promising to develop a natural product as an alternative to
fungicide treatment.
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Abstract:
Cytokinins, such as trans-zeatin, take part in the integration of growth control and stress response, but
their role in algal adaptation to heavy metals remains to be elucidated. The current research indicated that
cadmium (Cd), one of the most toxic metals in nature, causes severe depletion of endogenous cytokinins,
auxins, and gibberellin and an increase in abscisic acid content in the green alga Scenedesmus
quadricauda. Exogenous cytokinin alleviates Cd toxicity through the regulation of the endogenous
phytohormones’ levels. Exogenously applied trans-zeatin provoked the coordinated activation metal
tolerance mechanisms leading to the increase in phytochelatin synthase activity and the accumulation of
phytochelatins as well as their precursors including glutathione, cysteine, and γ-glutamylcysteine, which
are essential for Cd sequestration. Significant changes in the levels of low molecular weight metabolites,
mainly involved in metal chelation and glutathione synthesis pathway under the influence of trans-zeatin in
S. quadricauda cells growing in the presence of Cd stress, were observed. Additionally, the application of
exogenous cytokinin significantly alleviated the growth inhibition and stimulated the accumulation of
proteins, chlorophylls, carotenes, and activated the xanthophyll cycle which is extensively involved in the
protection of the photosynthetic apparatus in adverse environmental conditions. The reduction in oxidative
stress caused by the presence of toxic Cd was observed in algal cultures treated with trans-zeatin.
Importantly, cytokinin enhanced the redox status of algal cells inducing the increase in the content of
antioxidants (ascorbate, and proline) and in the activity of antioxidant enzymes (superoxide dismutase,
catalase, ascorbate peroxidase, and glutathione reductase) involved in ROS scavenging. The results of
the present study strongly suggest that exogenous cytokinin enhanced the resistance of microalga S.
quadricauda against Cd toxicity through the activation of different biochemical defence systems.
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Abstract:
Sterols and triterpenoids are distinct products of squalene cyclization, often classified as primary (general)
and secondary (specialized) metabolites, respectively. Sterols are integral components of the cell
membrane, providing its stability and regulating its permeability. Triterpenoids are acting as defense
compounds in plant protection, or participate in other environmental interactions. Regardless their
classification as primary or secondary, both these groups of compounds are involved in the processes of
plant growth and development as well as adaptation to environmental stress.

Although the basic profiles of sterols and triterpenoids in the model plant Arabidopsis have been well
characterized, however, the content of these compounds can be significantly modified in various mutants,
thus influencing some aspects of plant response to stresses. Proline accumulates in many plants upon
various abiotic and biotic stresses. Proline catabolism participates to plant recovery after stress release.
The aim of this study was the analysis of sterols and triterpenoids in Arabidopsis ecotype Col0 (wild type)
and a double prodh1prodh2 mutant.The leaves of respective plants were dried and extracted with diethyl
ether. The extracts were fractionated with the use of preparative adsorption chromatography, and the
fractions were analyzed by gas chromatography - mass spectrometry (GC-MS). The total level of steroids
was 1,31 and 1,39 mg/g d.w. of the wild type and the mutant. In both, the main detected sterols were
campesterol, cholesterol, isofucosterol, sitosterol and stigmasterol. Sitosterol was the most abundant
(60% of the total content of sterols), in addition accompanied by its derivatives, sitostanol and sitostenone
(i.e. saturated stanol and steroid ketone). Generally, the amount of all sterols was slightly higher in the
mutant than in the wild type, with an exception of stigmasterol (11% lower in the mutant). Much bigger
differences were noticed in the case of triterpenoids, particularly oleanolic and ursolic acids, which content
was 6-fold more abundant in the mutant than in the wild type (1,13 and 0,18 mg/g d.w., respectively). The
obtained results point to modifications of the biosynthesis and accumulation of sterols and triterpenoids in
prodh1prodh2 mutant, leading to highly increased level of triterpenoid acids, which are regarded as
defense compounds in higher plants. In turn, the alteration in sterol accumulation in prodh1prodh2 mutant
lead to the slight change in the ratio of sitosterol to stigmasterol (8:1 in the wild type, 10:1 in the mutant).
Such changing balance of individual sterols has been postulated to be of a great importance for the stress
response, and maintenance of the membrane integrity under environmental change to which plants are
exposed.
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Abstract:
Plants cannot escape from unfavourable environmental conditions thus, they developed strategies to cope
with stress conditions. Phosphorus (P) is one of the most important macronutrients necessary for proper
plant growth and development. Plants acquire P as phosphate (Pi) ions from soil. During Pi starvation
expression of Pi transporters’ genes is induced to produce more plasma membrane transporters for the Pi
ions transport from soil to roots. Moreover, specific set of microRNA molecules is produced, including
miR399 and miR827. These small RNAs target mRNAs encoding PHO2 (ubiquitin-conjugating E2
enzyme) and SPX-MFS1 (vacuolar Pi transporter). There is also another environmental stress factor i.e.,
high temperature that is responsible in barley for microRNAs and their targets expression alterations.
Previously, we observed that upon heat stress for some Pi-related genes expression is changed. In our
new studies using NGS (Next-Generation Sequencing) approach and ddPCR (droplet digital PCR), we
analysed how gene expression is affected when two stresses: Pi starvation and high temperature are
applied to barley plants. In barley roots we found that in the case of SPX-MFS1 both stresses have
cumulative effect leading to the gene expression downregulation. In the case of PHT1;1 Pi transporter high
temperature stress is able to induce the decrease of the gene expression but Pi starvation overcomes its
downregulation leading to the increase of the expression compared to the Pi sufficient and normal
temperature conditions. Additionally, we analysed the barley roots metabolome changes. We found that
low Pi and heat stress increase palmitic acid level compared to the level in roots derived from barley
growing in Pi sufficient and normal temperature. Low Pi in normal temperature induces accumulation of D-
xylulose. Our next goal is to correlate gene expression changes in barley roots with metabolome changes
upon the Pi-starvation and high temperature. The gene expression profiles and the metabolic pathways
which are affected by Pi starvation or heat stress acting separately or together will be presented here.
These studies show how the environmental condition (the input) dynamically change gene expression
what results in the differences in the output (metabolome).

This work was supported by the National Science Centre, Poland, based on the decision -
UMO-2016/23/B/NZ9/00857.
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Abstract:
Lead is one of the most phytotoxic heavy metals affecting i.a. growth and development, photosynthesis,
respiration, membrane transport. Although the harmful effects of lead on plants are well documented, the
data concerning the mechanism of its toxic action are still scarce. Pb affects plants primarily through their
root systems. The sequestration of Pb in the vacuole accompanied by changes in root growth and
branching pattern is one of many mechanisms activated by plant roots in response to Pb exposure [1]. Pb
present in the cell can affect membrane transport by changes of membrane properties as well as a direct
impact on transport proteins like channels.

The present study aims to assess the effect of lead on two vacuolar channels representing the main cation
transport system across the tonoplast. Slow vacuolar (SV) channels are permeable to monovalent and
divalent cations and are activated by the cytosol-positive voltages at an elevated cytosolic Ca2+.  Fast
vacuolar (FV) channels are permeable for only monovalent cations and mediate K+ at very low
concentrations of cytosolic Ca2+ and large voltages of either polarity [2]. The role of these channels is most
likely cell potassium partitioning and homeostasis [3, 4].

The studies were performed using the patch-clamp technique in the whole-vacuole and single-channel
configurations. The results obtained indicate the inhibition of the activity of both types of channels with
slight differences in their modulation by lead ions.

[1] Fahr, M., et al., 2013. Front Plant Sci 4, 175; [2] Burdach, Z., et al., 2020. Int J Mol Sci Artic 21, 4876;
[3] Isayenkov, S., et al., 2010. FEBS Lett 584.10, 1982-1988; [4] Burdach, Z., et al., 2018. BMC Plant Biol
18, 102.
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Abstract:
Miscanthus species are characterized by high yield of photosynthesis and biomass production, even under
low-temperature conditions - in contrast to typical C4 plants from tropical and subtropical regions. This
feature has made Miscanthus biomass one of the most promising feedstock for biofuel and bioproduct
industry. In addition, unique features of Miscanthus species make them a convenient model in studies
related to plant tolerance to low-temperature stress, including alterations in cell wall structure in response
to these adverse environmental conditions. Under conditions of temperate climate, which covers most of
Europe, the most resistant to low temperatures is Miscanthus sinensis. The goal of this study was to
determine effects of response to chilling stress in previously selected high- and low cold-tolerant
genotypes (HCT and LCT, respectively) of M. sinensis, which were used as models for the comprehensive
research, comprising metabolomics, biochemistry, physiology and microscopic observations to recognize
key components of cold acclimation in energy grasses.

The results showed significant changes in biochemical profile and physiological processes and
corresponding anatomical alterations during acclimation to low temperatures, which extent was
determined by a genotype. Total chlorophyll content was lower for LCT than HCT genotype. Chilling stress
decreased the maximum quantum yield of photosystem II (Fv/Fm) comparing to control conditions, which
was more pronounced in genotype LCT than HCT though. Total efficiency of photosystem I and II
(PI_ABS) also declined in larger extent in LCT than HCT plants, and corresponded to reduction in net
photosynthesis (PN). However, values of water use efficiency (WUE) and intercellular CO2 (Ci) were higher
for HCT than LCT. Changes related to photosynthesis were accompanied by altered functionality of
biological membranes, which were more susceptible to damage, measured by electrolyte leakage, in
plants of LCT than HCT genotype. We observed also changes in the content of osmoprotectants, both
between LCT and HCT cold-treated plants as well as vs. control plants. Metabolomic analysis, performed
using the UPLC-QExactiveMS method, showed organic acids and several phenylpropanoids including C-
/O-glucosides of flavonoids in the negative ionization and many primary metabolites (amino acids,
nucleobases, and nucleotides) and anthocyanin’s in positive ionization. The differential analysis indicated
significant changes between genotypes and treatment variants for primary and secondary metabolites.
Furthermore, cold stress caused altered structure and composition of cell well, as observed using light
microscope and immunodetection, and supported by  FTIR analysis.

This study was performed within project Preludium 15, No. 218/29/N/NZ9/00854, granted by National
Science Centre, Poland
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Abstract:
Soil contamination with metals and with plant protection products containing metal nanoparticles is
increasing [1, 2]. The influence of metal ions on seed germination and the development of seedlings of
economically important plants is not yet fully understood. The first step towards understanding the possible
toxicity of these compounds is to study the morphological changes in seedlings developing from seeds
exposed to metal ions. Thus, the aim of the research was to investigate the influence of Ag+ ang Zn2+ ions
on seeds germination and growth of pea and wheat seedlings.

Seeds of 10 cultivars of pea (Pisum sativum L.) and wheat (Triticum aestivum L.) were imbibed in water
(control), 500 and 1000 µg/ml AgNO3 and Zn(NO3)2 solutions for 8 h (at 22°C; in the darkness). After
imbibition, seeds of pea and wheat where germinated in wet filter paper rolls (30 seeds in each of 3
replicates) for 4 and 3 days, respectively. Seeds germinability, percentage of properly developed seedling
and seedlings vigor were determined.

Although both, Ag+ ang Zn2+ ions, had no influence on pea and wheat seeds germinability, Ag+ affected
development of seedling of both species. However, the most negative effect on wheat was in 500 µg/ml,
whereas on pea in 1000 µg/ml AgNO3. Moreover, in pea seedlings root were twisted or folded, while in
wheat rots tips changed color to dark brown and their growth was inhibited. No negative nor toxic effect to
pea and wheat seedlings was observed in the case of Zn2+ applied as Zn(NO3)2 solutions at the same
concentration as AgNO3.

[1] Gogos A., et al., 2012. Journal of Agricultural and Food Chemistry 60, 9781–9792; [2] Tang J., et al.,
2019. Journal of Environmental Management 242, 121–130.
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Abstract:
Metals (and among them Ag and Zn) pollute the environment and, even in low concentrations, are toxic to
most plants [1]. It is unknown how silver and zinc ions influence the germination of seeds and what
concentration of these ions is toxic for this process. So far, the role of the seed coat for the penetration of
metals into the developing embryo and the influence of these ions on metabolome of germinating seeds
has not been determined.

Pea seeds (cv. Wenus) were placed in Petri dishes and incubated in water for 24 hours (at 22°C in the
darkness). After one day of imbibition, the seed coat was removed from some seeds, and the rest of them
was left as whole seeds. Seeds and isolated embryos were placed again in Petri dishes containing 50 ml
of water (control) or 50 ml of AgNO3, Zn (NO3)2, KNO3 solutions (100, 250, 500 and 1000 μg/ml). After 24h
of incubation (at 22°C in the darkness), the number of germinating seeds was scored. The axis and
cotyledons were isolated, weighed, and frozen in liquid nitrogen. After freeze drying the tissues were
pulverized and polar metabolites were extracted [2].

The research revealed that increasing concentration of AgNO3 and Zn (NO3)2 decreased the seed
germinability and seedling development. However, no negative influence of KNO3 on seed germination
was demonstrated. The metabolic profile of both the embryonic axis and the cotyledon changed depending
on the concentration of the AgNO3, Zn (NO3)2 and KNO3 in incubation solutions. The changes in the
metabolic profiles of the embryonic axes and cotyledons included a decrease in the content of polar
metabolites (mainly soluble carbohydrates), which may indicate an inhibition of the metabolism of
germinating seeds.

[1] Nagajyoti, P.C., et al., 2010. Environ Chem Lett 8, 199-216; [2] Szablińska-Piernik, J., et al., 2021. J
Plant Physiol 256, 153314.
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Abstract:
Ever since plant cultivation began, the presence of undesirable plants has been an inherent problem.
Whether by taking up nutrients or water, or by restricting light, they cause damage and reduce crop yields.
Ubiquitous weeds are currently one of the biggest threats to crop productivity, posing a widespread
problem causing crop losses. An equally important problem is the development of herbicide resistance in
weeds.
The search for new active substances continues, in spite of the fact that finding one with a new mechanism
of action is becoming increasingly difficult. Hence, efforts are being made to optimize the use of available
herbicides in order to define a lethal dose that reduces weed infestation and simultaneously minimises
discharging of xenobiotics into the environment. Apparently, herbicide rates used by growers are often
overestimated due to a multiplicity of factors, such as weed species composition, potential for weed
resistance, growth stage, and climatic conditions, which can reduce their effectiveness. Additionally, since
herbicides are mostly applied as a foliar spray, the physicochemical properties of the cuticle and the ability
of the droplets retention on the leaf surface are also important.
But nonetheless, there is scope for optimise and reduce the dosage of herbicide, gained by addition of
adjuvants to the applied solution. As a result, the hydrophobic nature of epicuticular waxes as well as high
surface tensions of liquid and droplet-surface contact angles can become less of an issue. Applying
agents that lower the surface tension of water and increase wettability can improve the contact area of the
spray with the leaf surface and potentially promote the foliar uptake process. Enhancing and hastening
absorption is also important for the bioavailability of herbicides, such as glyphosate, the moment they may
form crystalline residues after evaporation of water from their spray solutions.
In our study, we speculate that the utilization of compounds belonging to the group of 1,3-dioxolanes (such
as DMD, TMD, and DDM), which do not pose a significant threat to plants, yet positively modify the
physicochemical properties of solutions, will allow to compensate for the reduction of herbicide –
glyphosate – doses, constantly maintaining their herbicidal efficacy.

Keywords:
herbicides and weed control; glyphosate dose rate; adjuvants for agriculture; enhancing absorption of
foliar-applied herbicides
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Abstract:
MicroRNAs (miRNAs) are 19-24 sRNAs which regulate gene expression at posttranscriptional level by
targeting mRNAs to cleavage or translation inhibition. The Next Generation Sequencing method was used
to study the expression of conserved microRNAs in barley treated with drought stress and after
rehydration. Targets for the miRNAs were identified using Parallel Analysis of RNA Ends method. One of
the drought-regulated molecules is miRNA172b-5p. It is downregulated upon drought and re-watering
restores the miRNA172b-5p expression level. It’s partner, miRNA172-3p, originating from the same
precursor is reversely expressed in the same conditions. The analysis of degradome data allowed to
experimentally identify trehalose-6-phosphate synthase as not previously known target of miRNA172-5p.
As expected, the downregulation of miRNA172b-5p effects in increase of trehalose-6-phosphate synthase
expression leading to higher trehalose content. Also, trehalose-6-phosphate, an intermediate of trehalose
synthesis pathway, is known to induce flowering. In parallel, the miRNA172-3p targets four AP2-like
mRNAs to cleavage what stimulates flowering. Together, we proved that miRNA172b-5p, considered to
be a miRNA* to miRNA172b-3p is a functional molecule. The hvu-miRNA172b-5p/trehalose-6-phosphate
synthase and hvu-miRNA172b-3p/AP2-like create a module leading to osmoprotection and early flowering
induction during drought.

The work was supported by NCN-OPUS grant 2016/23/B/NZ9/00862 „Sieci funkcjonalnych zależności
pomiędzy mikroRNA z rodziny MIR444 a ich docelowymi czynnikami transkrypcyjnymi z rodziny MADS-
box w rozwoju i odpowiedzi jęczmienia na stresy środowiskowe”.
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Abstract:
Leaf senescence is an essential physiological process of plants which is accompanied by the
remobilization of nutrients from senescent leaves to young leaves or other developing organs. Dark-
induced leaf senescence (DILS) is an extreme example of shading that induces leaf senescence similar to
that observed during normal plant development. DILS has been used experimentally as an easy way to
study the progress of leaf senescence. Polyamines (PAs) are low molecular weight organic cations
comprising biogenic amines that play multiple roles in plant growth and senescence. PAs metabolism has
been found to play a central role in metabolic and genetic reprogramming during DILS in barley, a model of
monocots. Robust PAs catabolism can impact the rate of senescence progression in plants. Polyamine
oxidases (PAOs) are flavin adenine dinucleotide-dependent enzymes that function in PA catabolism, play
a critical role in leaf senescence. Even though PAO gene families of Arabidopsis and rice have been well
characterized and their expression in response to developmental and environmental changes has been
investigated, little is known about PAOs in barley (Hordeum vulgare L.). In this study, nine PAO genes in
H.  vulgare  were identified and named as HvPAO1-9. The phylogenetic analysis showed that the plant
PAOs are categorized in four clades:  HvPAO1-3, 6 and 9  belong to clade-II; HvPAO5 belongs to clade-
III; and the residual four (HvPAO4, 7 and 8) to clade-IV; while none belongs to clade-I. The protein
sequence analysis suggested peroxisomal localization for HvPAO7 and 8, members of clade-IV, in barley.
The analysis of genome organization of HvPAOs showed that all the HvPAOs consist of multiple exons
ranging from 5 to 10, while HvPAO5 has only one large exon. To address the individual roles of HvPAOs,
their expression was analysed in root, shoot and leaf tissues. HvPAO2, 4, 5, 7 and 8 were found to be
expressed in leaves and these PAOs were further analysed for the leaf-senescence related gene
expression using DILS model in barley.  Based on the data obtained, the distinctive roles of HvPAOs in
barley leaf senescence are discussed.

This work was supported by the National Science Center, Poland (project number 2018/29 / B / NZ9 /
00734).
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Abstract:
Low temperature stress eliminates or limits the growth and yielding of many crop plants. Grass pea
(Lathyrus  sativus L.) is distinguished from other legume plants by high resistance to unfavorable
environmental conditions, especially drought, salinity, periodic flooding, and also low temperatures [1]. It is
supposed that the resistance or tolerance of grass pea to various abiotic stresses results from the
presence of β-N-oxalylo- α,β-diaminopropionic acid (ODAP) , which has been detected not only in seeds
but also in other plant parts [2]. The response of grass pea plants to drought and salinity stress has been
the subject of many studies [3 - 5]. On the other hand, so far there are no literature reports related to the
mechanism of grass pea response to low temperature stress.

The objective of the present study was to investigate the response of grass pea seedlings to cold stress at
the physiological level, including determination how this stress would regulate ODAP content in genotypes
with low and high seed levels of this neurotoxin.

Two genotypes of grass pea were used: the Polish cultivar Krab (with ODAP content in seeds at the level
of 0.38g/100g) and the Spanish line S95 (0.66g ODAP/100g seeds). The experiment was conducted
under in vitro conditions. 10-day-old seedlings were placed for 24 h at 6°C. After stress treatment,
seedlings were collected and selected physiological parameters (phenolic compounds, ODAP, proline,
sugars and MDA content) were determined separately in leaves, stems and roots.

The results revealed that low temperature stress induced an increase of ODAP content in all organs of the
Krab cultivar and no change in the S95 line. Accumulation of proline and phenolic compounds did not
change in both genotypes. MDA content increased only in leaves of S95 and soluble sugars in stems of
both tested objects.

The lack of significant changes in the content of ODAP in the seedlings of S95 line subjected to cold
treatment may be due to the fact that this line initially contains more β-N-oxalyl-α, β-diaminopropionic acid
than the Krab cultivar. On the other hand, an increase in MDA content may indicate that the leaves of the
S95 plants are more sensitive to cold than those of the Krab plants, and therefore show greater cold
damage. The increase in soluble sugar content in both genotypes may suggest that the seedlings have
started the process of acclimatization to the cold.

[1] Patto, M. C. V., et al., 2006. Euphytica 147, 133-147; [2] Addis, et al., 1994. Annals of Botany 74,
209-21; [3] Piwowarczyk, B., et al., 2016. Plant Cell, Tissue and Organ Culture 124, 227-240; [4]
Piwowarczyk, B., et al., 2017. Acta Physiologiae Plantarum 39, 96; [5] Tokarz, B., et al., 2020. Agronomy
10, 833.
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Abstract:
Chromium, one of the heavy metals, occurs naturally in different oxidation states, which most stable are
trivalent and hexavalent. Trivalent chromium (Cr(III)) is essential element in human diet, while hexavalent
chromium ((Cr(VI)) is extremely toxic carcinogens. It is also highly toxic to plants. One of the plants
capable of accumulating chromium in shoots is water-starwort (Callitriche cophocarpa Sendtn.) [1].
Chromium accumulated in shoot cells may pose a particular threat to the most important process for the
plant, which is photosynthesis.

The aim of the present study was to investigate the response of water-starwort plants to hexavalent
chromium ion stress at the level of the photosynthetic apparatus.

Experimental material comprised in vitro cultures of long-styled water-starwort (Callitriche cophocarpa
Sendtn.) plants. Shoots (ap. 1 g) were transferred to medium containing chromium in the form of
potassium monochromate (K2CrO4) and dichromate (K2Cr2O7) at a concentration of 0.1 mM. Control plants
were cultured in chromium-free medium. After 7 days of culture, estimation of photosynthetic pigment and
malondialdehyde (MDA) content, chlorophyll a fluorescence of young and mature leaves and
photosynthesis efficiency of plants were evaluated. Moreover, ultrastructure of chloroplasts were visualized
using transmission electron microscopy (TEM).

The presence of chromium in the medium caused significant disturbances in the ultrastructure of
chloroplasts. The most harmful for Callitriche plants was potassium monochromate, whose toxic effect led,
on the one hand, to disturbances in the functioning of chloroplasts manifested by a decrease in the
efficiency of linear electron transport rate and, as a result, a significant decrease in net photosynthesis,
and, on the other hand, to disturbances in the functioning of mitochondria resulting in a decrease in the
efficiency of dark respiration.

[1] Augustynowicz, J., et al., 2010. Chemosphere 79, 1077–1083.
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Abstract:
Maize comes from tropical regions and is considered sensitive to low temperatures, hence its cultivation in
temperate climate is limited. Some of the modern maize inbred lines are however characterized with
increased cold tolerance which allows them to survive even prolonged periods of close to 0 ᵒC
temperatures and continue their growth under favorable conditions. Studies conducted by the research
group from the Department of Molecular Ecophysiology of Plants, Faculty of Biology on University of
Warsaw, have shown that cold tolerant lines have more efficient photosynthetic apparatus than sensitive
ones when grown at temperatures below 15 ᵒC. It has also been shown that the vigor of seedlings grown in
low temperature conditions, determines further and proper development of the plant. Tolerant lines are
also characterized by a shortened mesocotyl in relation to sensitive lines, especially in low temperature
growth conditions, which has been correlated with higher light sensitivity during photomorphogenetic
processes. The hypothesis assumes that there is a correlation between higher light sensitivity of cold
tolerant maize lines and their increased tolerance to low temperatures. The current project aims to verify
this theory using a wide spectrum of maize lines. Research includes photomorphogenetic reactions of
seedlings growing in cold conditions in response to different light spectrum ranges and in silico analysis,
which in the final stage will allow to conduct a full genomic association analysis.
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Abstract:
Plant defense potential against environmental stresses caused by pollution and climatic changes may be
elevated through short-lasting, exogenously applied treatments, leading to a development of so called
“primed state” of an organism. Primed plants are considered to perform better than non-primed ones
under unfavorable conditions, what is attributed to altered metabolism and phenomena related to stress
memory.

Changes in accumulation of reactive oxygen species (ROS) have an important role in stress signaling and
defense. Oxidative imbalance accompanies a disruption of homeostasis under metallic stress, and causes
damage to cellular macromolecules. In turn, ROS accumulation and related antioxidant response are
important elements of stress priming mechanisms.

To get an insight into interrelation between priming, oxidative stress and tolerance to toxic metals, an
oxidation status of proteins, lipids and DNA was investigated in primed shoots of two Silene vulgaris
ecotypes differing in tolerance to metallic elements. Shoots of metallicolous (ME) and non-metallicolous
(NME) ecotypes were treated with 0.1 mM solutions of priming agents: H2O2, salicylic acid (SA),
acetylsalicylic acid (ASA) or sodium nitroprusside (SNP) for 7 days, followed by 6-week exposure to 15
µM CdCl2. Control shoots were subjected to hydropriming in distilled water. Protein carbonylation,
enzymatic and non-enzymatic lipid peroxidation and DNA oxidative damage were analyzed in relation to
growth parameters.

The level of respective macromolecule oxidation depended on the ecotype and priming agent. Despite this,
the oxidative modification of macromolecules in Cd-stressed shoots pretreated with SA or SNP proceeded
similarly in both ecotypes and had beneficial effects on their growth and tolerance parameters. Ecotype-
specific responses to priming stimuli  included: capability of ME of elevating or maintaining stable protein
level despite their higher susceptibility to oxidation, as tested priming agents induced formation of carbonyl
derivatives. In contrast, in NME priming contributed to decrease of protein content in the way correlating
with changes in its carbonylation. In this ecotype, significant decline of LOX activity as well as MDA
content (with the exception of H2O2 treatment) was far more pronounced than in ME, due to higher values
of these parameters in shoots cultivated in the absence of priming agent. All priming agents, but
particularly SA and SNP, increased oxidation of DNA bases, although genetic material of ME ecotype was
more resistant to base oxidation, in comparison with NME.

To conclude, priming enhances protein and DNA oxidation in S. vulgaris, and has protective effect on lipid
oxidation when plants are exposed to Cd, while differences in oxidation status of macromolecules between
tolerant and susceptible ecotypes may reflect their distinct strategies to cope with metal toxicity.
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Abstract:
Ethylene is a plant hormone influencing not only growth and development processes but also response to
various abiotic and biotic stress factors. Ethylene is synthesized from S-adenosylmethionine (SAM) via 1-
aminocyclopropane-1-carboxylic acid (ACC). In plants, ACC synthase (ACS) and ACC oxidase (ACO) are
two key enzymes in the ethylene biosynthetic pathway. In this study, we examined ethylene precursor
concentration in the roots and leaves of pea (Pisum sativum L. cv. Cysterski) seedlings growing on the
Hoagland medium supplemented with lead at hormetic (0.075 mM Pb(NO3)2 and sublethal (0.5 mM
Pb(NO3)2 doses. Moreover, the second step of this study was to determine the effect of both lead alone as
well as cross-interactions of both stress factors, i.e. lead and A. pisum on ACS expression. Endogenous
level of aminococyclopropane-1-carboxylic acid (ACC) was determined using mass spectrometry
combined with liquid chromatography (LC–MS). Total RNA from leaves and roots of pea seedlings was
isolated using the miRNeasy Mini Kit (Qiagen, Venlo, the Netherlands), including on-column DNA
digestion with the RNase-Free DNase Set. qPCR was performed using the SensiFAST Probe No-ROX kit.
The results of our experiments have shown that lead treatment and pea aphid attack significantly induced
1-aminocyclopropane-1-carboxylic acid and 1-(malonyl)aminocyclopropane-1-carboxylic acid levels.
Interestingly, expression of the ACC synthase gene ACS was up-regulated in pea seedling organs.

In the presented study we revealed that lead at various concentrations (low causing the hormesis effect vs.
high causing the sublethal effect) and the cross-talk of lead and pea aphid (A.  pisum Harris) strong
upregulated the ethylene biosynthesis in pea seedlings. The response of pea seedlings to the heavy metal-
lead and A. pisum aphid differed greatly at low and sublethal lead concentration.

This work was supported by National Science Centre, Poland grant number 2017/25/N/NZ9/00704.
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Abstract:
Phytohormones producing plant’s endosymbiotic bacteria show ability to stimulate plant’s growth and
development, therefore are often classified as Plant Growth Promoting Bacteria (PGPB). Pseudomonas
putida, an endophytic isolate of Tussilago farfara L. growing on mercury contaminated soil (in mercury
content up to 800 mg Hg/kg) have shown ability to produce indole-3-acetic acid (IAA). However, IAA was
detected with Salkowski method, which although commonly used for estimation of IAA production, is not
capable of distinguishing IAA from other indole-related compounds (IRC).

The aim of this study is to verify whether bacterial components detected by Salkowski method is IAA and
to analyze the impact of culture conditions, such as mercury ions presence and oxygen availability, on IAA
production by mercury-resistant P. putida isolate.

The identification of IAA was performed by HPLC-MS. Analytical approach was supplemented with
transcriptome analysis in order to predict the impact of different culture conditions on expression of genes
involved in IAA biosynthesis pathway. Samples were taken from 96 h cultures, growing in King’s B
medium (with or without mercury supplementation - 0.01% Hg w. v.; each variant in aerobic or anaerobic
conditions). It has been shown that P. putida isolate produces IRC which are seem to be independent of
mercury presence in the medium. In aerobic conditions higher IRC concentration was observed (compared
with anaerobic conditions). This research would allow for better understanding of plant-microbe interaction
and may contribute to further phytobioremediation applications.

Keywords:
Tussilago farfara L.; Plant Growth-Promoting Bacteria (PGPB); indole-3-acetic acid (IAA); Phyto-
Bioremediation
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Abstract:
In the course of evolution, plants have adapted to extremely changing environments. This adaptation relies
especially on the development of a highly diversified and specialized metabolism that constitutes a huge
chemical arsenal specific to each plant species. Furanocoumarins, which are mainly produced in only four
plant species, are a striking example of this evolution.

Although specialized metabolites are important for plants and their survival, they have also been widely
exploited by humans, for example, for therapeutic or cosmetic uses. This exploitation was first carried out
empirically in traditional medicine by using whole plants in the form of decoctions, extracts and poultices.
More recently, dedicated phytochemical analysis methods have made it possible to identify some of these
molecules displaying outstanding physico-chemical properties.

The synthesis of these specialized metabolites requires more or less specific enzymes. Advances in omic
techniques have made it possible to identify a large number of genes coding for such enzymes. Metabolic
engineering approaches, using adapted heterologous expression systems, now makes it possible to
produce some of these high-potential molecules. It is the case, for example, of artepillin C in
Saccharomyces cerevisiae or dicaffeoyl quinic acid in Pichia pastoris.

The pool of plant specialized metabolites is almost inexhaustible. The identification of new molecules, the
understanding of the molecular mechanisms leading to their synthesis and the development of specific
production systems open up prospects for producing original high value added molecules.
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Abstract:
Microalgae gained a considerable interest as a possible biofuel resource, since potentially they can
provide sufficient liquid fuels on a few per cent of available land when compared to terrestrial plants. The
key feature underlying this ability is that, especially under stress conditions, they can produce and
accumulate substantial amounts of lipids (20-50 % of their dry weight). These lipids, mainly in the form of
triacylglycerols, are valuable fuel precursors. I will talk about the progress in our understanding of how
oleaginous microalgae produce and accumulate oil in their cells. A special emphasis will be placed on the
genes directly related to lipid synthesis and accumulation. Moreover, I will characterize the recent
development of efficient molecular tools designed for microalgae to boost their energy density. I will also
describe how these achievements can be used to develop novel strategies of biofuel and biomass
production globally and their potential to meet the challenges of the modern world.
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Abstract:
Soft-rot Pectobacteriaceae (SRP) from the genera Pectobacterium and Dickeya cause blackleg on potato
and soft rot on various plant species, including vegetables, crops and ornamentals. These bacteria are
responsible for severe losses in various crop production sectors as there are still no effective methods to
eradicate them. Hence, we undertook development of an ecological and cheap technology designed for
eradication of bacterial phytopathogens from Dickeya and Pectobacterium spp. based on application of
inorganic salt solutions activated by direct current atmospheric pressure glow discharge (dc-APGD).
Exposure of the above-mentioned solutions to dc-APGD resulted in generation of the so-called ,,plasma-
activated liquids”(PALs) containing high concentrations of reactive oxygen and nitrogen species such as
OH, O, O3, H2O2, HO2, NH, N2, N2+, NO2-, NO3- and NH4+. The generated PALs exhibited antibacterial
properties, i.e. complete eradication of P. atrosepticum and P. parmentieri, was observed after application
of 25% and 50% PALs containing 0.1% NaCl, 0.1% KNO3, 0.1% MgSO4 or 0.1% NH4NO3. D. solani strain
turned out to be more resistant to this treatment as only 50% concentration of the above-mentioned PALs
was able eradicate bacteria from this species. Concerning the effects of PALs on plants, application of
0.1% MgSO4, 0.1% NH4NO3 or 0.1% NaCl-based PALs turned out to promote early growth of the shoots of
lettuce, cress, cabbage, tomato and carrot. The application of PALs on plant tissue resulted in reduction in
the intensity of the SRP-triggered disease symptoms on both potato tubers and chicory leaves. The tested
PALs  of 0.3% MgSO4, 0.1%, 0.3% NH4NO3 and 0.1%, 0.3% KNO3 salts reduced the length of the rotting
surface on chicory leaves. In the case of disease symptoms on potato slices, a reduction in the rotten
tissue diameter could be observed in the case of 0.1% K3PO4, 0.1% MgSO4, 0.1% NaCl, 0.1% NH4NO3.
Notably, the tested PALs retained antibacterial properties for at least 3 months. We presume that dc-
APGD-generated PALs might find application as antibacterial agents for eradication of pectinolytic
bacteria from the infected plant material.
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Abstract:
Acyl-CoA:lysophosphatidylethanolamine acyltransferases, in brief LPEAT enzymes, are an enzymes
commonly occurring in wide range of organisms, also in plants, where they are involved in the production
second most abundant phospholipid – phosphatidylethanolamine (PE). They take part in transferring of
acyl group from cytosolic acyl-CoA pool to lysophosphatidylethanolamine, what leads to PE production.
Moreover they can operate in reverse direction being responsible for fatty acids remodelling of PE. The
fatty acids composition of this lipid play essential role in maintenance the proper structure and fluidity of
the cell membrane, especially during adaptation to adverse temperature conditions. Recent studies also
revelled its inestimable role in formation of autophagosome during autophagy process. Study conducted
on Arabidopsis thaliana plant with disrupted PE production via knocking out of LPEAT genes, by T-DNA
insertion, exhibited impaired growth, reduced lipid content, disable LPEAT activity and also impaired
autophagy process.

In our study we try to answer the question whether LPEAT gene modification introduced to genetically
complex, hexaploid oily crop – C.  sativa will exhibited similar effect on LPEAT enzymes activity, lipid
composition and plant development to observed previously in Arabidopsis. To modify genomic regions of
interest the CRISPR/Cas9 system was used. The plant vector systems were designed for targeted Cas9-
dependent mutagenesis of lpeat1 and lpeat2 genes in up to two different target sites. Plants transformation
was done by vacuum floral-dip method and the efficacy was confirmed at T4 generation by PCR for genes
encoding antibiotic resistance and in few cases by detection of entire DNA fragments excision between
two target sites. In this study, successfully obtained, transformed lines were examined toward its LPEAT
activity, which turned out to be significantly reduced in assays with 16:0-CoA as fatty acid donor.
Additionally, the lipid composition of leaves and seeds were conducted to investigate discrepancies
compare to wild-type line.

The research was supported by the National Science Centre (NCN), Poland. Project No. 2017/25/B/
NZ3/00721.
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Abstract:
Plants, as practically immobile organisms, have limited ability to avoid environmental stress. Adaptation to
environmental changes, usually requires quick activation of their genetic machinery. This is possible due to
a precise perception of the stimulus, an efficient reading system and transduction to the effector site.
Signal transduction pathway involves a number of different proteins and signal molecules among which
calcium ions (Ca2+) and cyclic nucleotides (cNMPs) play an important role.

Cyclic nucleotides, especially cAMP and cGMP, are universal signal messengers in all known organisms.
The regulation of their level requires the coordinated action of cyclases responsible for the synthesis of
cNMPs from NTPs and cyclic nucleotide phosphodiesterases (PDEs), enzymes degrading cNMPs to
inactive 5ʹ- and 3ʹ-NMPs. Despite the knowledge of the genomes of many plants, for a long time the
enzymes involved in cNMPa metababolism remained undiscovered. Only recently, using specially
designed sequence search motifs their identification and characterization were possible. It was revealed
that plant genomes encode numerous cyclases and phosphodiesterases, which may exist as single
proteins or functional domains of multidomain complex proteins.

Here, we present a new enzyme candidate involved in cNMPs metabolism, selected by AC/GC/PDE
search motifs. We have discovered that  Arabidopsis thaliana gamma-1 protein (KING1), one of the
regulatory subunit of SnRK kinases (SNF1-related serine/threonine - protein kinase), in contrast to
previously known proteins, has all three analyzed domains responsible for cNMP regulation level in one
molecule. Structural and molecular docking analysis revealed that the AC and GC domains are located at
the N-terminal and PDE domain at the C-terminal protein tail. Both AC, GC and PDE activity were
confirmed by the sensitive liquid chromatography tandem mass spectrometry (LC-MS/MS). Our results
together with bioinformatic analyses indicate that the cAMP/cGMP regulatory mechanism is required to
SnRKs  phosphorylation activity.

This research was performed in a frame of the Interdisciplinary Doctoral School „Academia Copernicana”,
supported by a project No. POWR.03.05.00-00-Z302/17 Universitas Copernicana Thoruniensis In Futuro,
which is carried out as a part of the programme Knowledge Education Development.
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Abstract:
Plant regeneration from in vitro cultured cells provides a powerful method in plant biotechnology. Besides
genetic factors, epigenetic processes, including chemical modifications of histones that regulate
transcriptomic cell reprogramming, determine the in the vitro-induced regenerative capacity of plants. In
Arabidopsis, treatment of the explants with an inhibitor of histone deacetylases - trichostatin A (TSA)
promotes somatic embryogenesis (SE), suggesting a critical role of histone acetylation in the
determination of plant regeneration potential. Hence, we hypothesized that via modifying histone
acetylation, the capacity for plant regeneration might be improved in the culture of in vitro recalcitrant
barley genotypes. To verify this postulate, we analyzed the Golden Promise of high plant regeneration
potential and four varieties (Scarlett, Dema, Krona, Morex) of a low plant regeneration capacity. The study
showed that TSA treatment affected plant regeneration efficiency of barley in a genotype-dependent
manner. Accordingly, TSA increased the regenerative potential of Scarlet and Krona varieties, while the
positive effect of TSA on plant regeneration of Dema and Morex was not indicated.

To get insights into the molecular mechanism involved in the different plant regeneration efficiency of
barley varieties and the role of TSA in this process, we analyzed the expression profiles of selected genes
in different genotypes and culture conditions. The results indicated the distinct differences in gene
expression level and profile between Golden Promise and other cultivars in control and TSA-treated
culture. The candidate genes of the regulatory role in the in  vitro plant regeneration of barley were
identified, including genes encoding transcription factors (FUS3,  PHB/PHV,  SERK2,  ERF022) and
enzymes involved in auxin metabolism (NIT4). The candidate genes showed significantly different patterns
and levels of expression in a control genotype (Golden Promise) of high plant regeneration potential and
the poorly regenerating varieties (Scarlett, Krona, Dema, Morex). The results implied the gene expression-
related mechanism involved in the TSA-mediated improvement of the plant regeneration capacity.
Accordingly, the TSA-induced expression pattern of the candidate genes in Scarlett, the genotype of
positive response to TSA in terms of plant regeneration efficiency, resembled that charcterisic of the
Golden Promise variety that efficiently regenerates plants.

In conclusion, the studies showed that the acetylation of histones through the control of gene expression
determines the potential for in vitro plant regeneration in barley. Relevantly to this finding, we indicated that
modifying histone acetylation via TSA-treatment might improve plant regeneration efficiency in the selected
in vitro recalcitrant barley genotypes.

This work was supported by a research grant from the National Science Centre in Poland (OPUS13
2017/25/B/NZ1/01615).
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Abstract:
Marine microalga Nannochloropsis  oceanica CCMP1779 is an emerging reference organism for
biotechnological research on oleaginous microalgae. Its exceptional ability to synthesize and accumulate
high amounts of neutral lipids, mainly in the form of energy-rich triacylglycerol (TAG), together with
available genome sequence and optimized genetic tools, makes it potentially useful for direct use in food,
feed and industrial applications. The genome of N. oceanica CCMP1779 encodes exceptionally rich set of
genes encoding machinery directly involved in oil synthesis. Among these genes, acyl-CoA:diacylglycerol
acyltransferases of type 1 (DGAT1s) and of type 2 (DGAT2s or DGTTs) hold a special place as they
catalyze the last and committed step of TAG biosynthesis. Most of plants and animals usually posses
single copies of DGAT genes. In contrast, N. oceanica is a remarkable exception among all living
organisms, since its genome encodes as many as 13 DGAT-encoding genes (NoDGATs). The biological
rationale of such exceptionally high dose of DGAT-encoding genes is not clear. However, we hypothesize
that it mostly reflects a complex evolution of this genus and contributes to the extraordinary capability of
this organism to accumulate oil to high amounts and perhaps advanced mechanism to regulate this
process. To preliminarily verify this hypothesis, we analyzed the expression profiles of all the NoDGATs
under diverse N. oceanica culture conditions using transcriptomics data. Additionally, we used diverse in
silico tools to explore the putative structure, localization and modifications of all the NoDGAT proteins. Our
data not only provide first hints on functional specialization of NoDGATs, but also reflect their complex
evolution and diverse origins in N. oceanica genome.
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Abstract:
The monocot Brachypodium distachyon has emerged as a convenient model for grasses and has also
been studied as a model for biofuel crops. Plants accumulate oil mostly in seeds, mainly in the form of
triacylglycerols (TAGs). TAGs are packed into specialized organelles called lipid droplets (LDs).
Enhancement of TAGs synthesis and accumulation in plant tissues is an important step to increase the
energy density of crops. Thus, the knowledge on lipid metabolism, including TAGs synthesis, LDs
formation and degradation as well as molecular control of lipid homeostasis in plant cells is necessary to
design new experimental strategies oriented towards boosting oil accumulation in plant tissues. To gain
first insights into TAGs metabolism of B.  distachyon, in this study we followed the formation and
degradation of LDs during its growth and development in diverse tissues and organs. Furthermore, we
performed the total lipid and TAGs profiling and analysed the expression profiles of the genes encoding the
key enzymes catalyzing the committed step of TAG synthesis – acyl-CoA:diacylglycerol acyltransferases
(DGATs). The genome of B.  distachyon encodes four DGATs belonging to three different types -
BdDGAT1a, BdDGAT1b, BdDGAT2 and BdDGAT3. For functional analysis of BdDGATs their encoding
cDNAs were expressed in a TAG-deficient yeast mutant and accumulation of TAGs was determined. Our
results showed that selected DGATs-encoding genes from B. distaychon are able to restore the TAG-less
yeast phenotype. Consequently, they have potential to serve as a promising tool for boosting oil synthesis
in other hots, including monocot crops.
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Abstract:
Single cell photosynthetic microalgae are considered as promising, sustainable biofuel feedstock because
they can produce more biomass on a few percent of arable land when compared to land plants. This
biomass can be directly used as fuel or converted into different kinds of energy, mainly due to rich content
of oil. Under stress (like nitrogen deprivation), microalgae are able to produce massive amounts of oil
(from 20% to 50% of their mass). This oil is produced mainly in the form of triacylglycerol (TAG), which is a
valuable precursor of biodiesel. Our study aimed at deciphering the role of extremely abundant enzymes
directly involved in the final steps of TAG synthesis – diacylglycerol acyltransferases of type 2 (DGAT 2s)
encoded by N. oceanica genome. This green oleaginous microalga produces very high amounts of oil
under stress and its genome contains extremely high number of DGAT-encoding genes, reaching 13
copies, meanwhile most of living organisms contains only few of them (from 1 to 5). To address the
potential specialization of these enzymes, we analyzed the expression profiles of 11 of them under diverse
stress conditions, like nitrogen and phosphate deprivation, high temperature and osmotic (salt) stress
conditions. Our results stay in good agreement with previous studies and point out the nitrogen deprivation
as the most potent trigger of DGAT expression. However, other stresses also seem to specifically induce
the expression of selected genes from this family in N. oceanica. Our data, as first, indicate the stress-
specific pattern of NoDGAT expression in response to salt stress and high temperature and thus may help
us to better understand the functional nature of diverse DGAT isoforms encoded by N. oceanica genome.
This knowledge in turn is of high importance for developing novel strategies of boosting the production of
oil from microalgal biomass.
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Abstract:
Antioxidant properties of plants are of great interest for pharmaceutical biotechnology, as the increased
oxidative stress is one of the causes of neurodegenerative and cardiovascular diseases. Artemisia tilesii
and Cichorium  intybus are used as anti-inflammatory and tonic medicine due to high content of
antioxidants, such as flavonoid compounds. To boost the production of secondary metabolites,
cocultivation with Agrobacterium rhizogenes bacteria is used. This leads to the formation of “hairy” roots
with higher antioxidant potential.

In the presented work, we investigated the total flavonoids content, antioxidant and reducing activity of two
“hairy” roots lines of each species according to the standard methodology. Then we examined the growth
of the lines with higher antioxidant potential in liquid Murashige and Skoog medium with different content of
sucrose.

The present study showed the difference among the lines of the same species and between the two
species as well. The highest content of flavonoids was in the lines No.1 of A.tilesii and No. 1 of C. intybus:
9,47 ± 1,97 and 7,14 ± 0,16 mg RE/ g FW respectively. Ability to scavenge DPPH radical (antioxidant
activity) was expressed as EC50 and equaled to 4, 95 mg FW and 3,61 mg FW respectively. Reducing
power was expressed as EC0,5 and equaled to 1,42 mg FW and 2,34 mg FW. The higher amount of
flavonoids in culture lines correlated to the higher reducing power. Biochemically, A. tilesii lines had slightly
higher antioxidant potential comparing to the C. intibus. However, the mass increase in case of cultivation
in liquid nutrient medium with sucrose was 10 times more in C. intibus, both in 20 and 40 g/l of sucrose
(20,40 g and 24,34 g respectively) comparing to 3,05 g and 1,42 g for A. tilesii. After the cultivation,
biochemical parameters were investigated again. For the line No.1 of A. tilesii total flavonoids content was
7,92 ± 1,26 mg RE/ g FW, EC50 = 4,08 mg FW. For the line No.1 of C. intibus total flavonoids content was
0,65 ± 0,14 mg RE/ g FW, EC50 = 11,47 mg FW. As it is seen, even though the mass gain was higher in C.
intibus, the total content of flavonoids for the absolute mass increase was higher for A. tilesii  (24,15 mg
RE/Δm) comparing to C. intibus (13,18 mg RE/Δm).

Thus, “hairy” root lines of both species showed high antioxidant potential and ability to quickly grow and
retain this potential while cultivating in liquid medium.

This research was financially supported by the National Research Foundation of Ukraine (project No.
2020.01/0301) and The National Academy of Sciences of Ukraine (grant No. II-2-21).
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Abstract:
Protoplast-based technology has been widely applied in many economically important plants, including
food crops, ornamentals, forest trees, and medicinal species. In Apiaceae, which is one of the most
economically important families that includes a number of vegetable crops, herbs and spices, studies on
protoplast-to-plant regeneration systems have been described to date mainly for carrot and few other crop
species.

Considering the above, the aim of the presented study was to compare the regeneration ability in
protoplast cultures of the cultivated Apiaceae based on the efficient regeneration protocol described for
carrot [1].

Thirteen accessions of the cultivated Apiaceae were used, including carrot, celery, coriander, cumin, and
parsley. Protoplasts were isolated from leaves with petioles of 3-week-old donor plants, germinated from
seeds in vitro, using the procedure described by Grzebelus et al. [1] with minor modifications in terms of
duration of enzyme digestion, i.e., 3 h (short digestion – SD) and overnight (long digestion – LD). Before
culture in liquid CPP medium [1], the protoplasts were embedded in thin alginate layers, as described by
Maćkowska et al. [2]. To stimulate protoplast development, supplementation of CPP medium with
phytosulfokine, putrescine and with both supplements was evaluated. To characterize the digestion
conditions, the quality of released protoplasts and the progress of protoplast development, the following
parameters were evaluated: the protoplast yield, protoplast viability and plating efficiency, respectively.

The protoplast yield was on average almost twice as high in the case of LD as compared to SD. Among
the species, coriander reached the highest protoplast yield in both SD and LD variants. The lowest yield
was noticed for cumin and carrot in SD treatment as well as cumin and parsley in LD treatment. Slightly
more cells appeared as viable after SD treatment (73.3 ± 2.1%) in comparison to LD variant (68.0 ± 1.6%),
however, these differences were not statistically significant. For most species, LD of leaf tissue in enzyme
mixture did not decrease cell viability in comparison to SD treatment. In 20-day-old cultures on CPP
medium, protoplasts from both types of digestion treatments showed similar values of plating efficiency.
Carrot and cumin achieved a plating efficiency of over 40%, while in other species, this parameter did not
exceed 25%, of which in celery, cell aggregates were not observed. Within both species and accessions,
there were no significant differences between plating efficiency in relation to medium supplementation.
Finally, out of five species tested, in celery and coriander, plant regeneration was not observed.

[1] Grzebelus, E., et al., 2012. PCTOC 109, 101–109; [2] Maćkowska, K., et al., 2014. PCTOC 117,
241–252.
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Abstract:
Plant sterols (phytosterols) are bioactive compounds belonging to the isoprenoids family. Sterols are
essential components of the cell membranes but also control the metabolic processes by affecting the
activity of integral membrane proteins and components of signal transduction pathways. Phytosterols have
a remarkably beneficial effect on human health due to their anti-inflammatory, antibacterial and antitumor
properties.

Kale (Brassica oleracea L. var. acephala) is a cruciferous vegetable term as a ‘superfood’ due to its wide
range of nutrients. The nutritional and health benefits of those plants were known since antiquity but they
are currently not popular vegetables in the mass diet. Kale has an unstable composition after picking, and
moreover, very often due to its taste, it is subjected to a thermal treatment which affects its pro-health
properties.

The aim of this work was to compare sterols composition between in vivo and in vitro grown kale.
Furthermore, two types of in vitro culture systems (shoot culture and cell suspension culture) have been
developed for comparison.

Sterilized seeds of kale were placed on a solid MS medium (3% sucrose + 0.8% agar). After 14 days
shoot tips were isolated from seedlings and transferred onto (1) solid MS medium with 11.1µM
benzylaminopurine for shoot multiplication and (2) liquid 1/2 MS medium with an increased concentration
of potassium nitrate and edamine for establishment of cell suspension culture. Germination and shoots
cultures were maintained at 22 ± 1°C under 14/10 photoperiod. The cell suspensions were grown in flasks
with shaking (110 rpm) at 22 ± 1°C in the dark. Seeds were also planted into the soil (control) and grown
under similar conditions as the shoots culture.

Leaves collected from kale cultivated under in vitro and in vivo conditions were air-dried. Samples were
extracted with diethyl ether for at least 8h in a Soxhlet apparatus. The obtained extracts were concentrated
and fractionated using preparative thin layer chromatography (TLC) with silica gel and solvent system of
CHCl3/MeOH (97:3, v/v). The sterols fraction was localized on TLC plates by comparison with cholesterol
and eluted from the silica gel in diethyl ether. The analysis of sterols was performed using Agilent
Technologies 7890A gas chromatograph coupled to 5975C mass spectrometric detector and equipped
with a flame ionization detector.

The general profile of sterols was similar in all analyzed samples, it consisted of the most common
phytosterols occurring in higher plants: campesterol, stigmasterol and the most abundant sitosterol. The
saturated precursor of sterols, cycloartanol, as well as two steroid ketones, i.e. stigmasta-3,5-dien-7-one
(tremulone) and sitostenone, were also detected. The total content of sterols differ slightly between plants
grown in vivo and in vitro, whereas more significant differences were observed between plants and in vitro
culture systems.
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Abstract:
Phytoremediation is a promising technology to restore soil functionality. Some metallophytes (plants which
tolerate high concentration of heavy metals in the soil) have an innate ability to accumulate heavy metals,
thus they could serve for removing contaminants from the soil. Arabidopsis arenosa (2n = 2x = 16 or 2n =
4x = 32), though not treated as metallophyte, frequently occurs on calamine (Zn/Pb/Cd) soil. Recent
studies have revealed the ability of tetraploid specimens to accumulate Zn and Cd in high amounts in
aboveground parts [1], however because of their small size and low biomass they have not been
considered as useful plants for phytoremediation. The aim of these studies was to improve the functional
properties of A.  arenosa by multiplication of its genome to obtain plants with higher biomass and
hyperaccumulating capacity. 

Seeds of plants from the Polish metallicolous population were germinated under in vitro conditions. Callus
was obtained from the seedling fragments on ½ MS medium supplemented with synthetic cytokinin and
auxin-mimicking compound (2 mg/L 2.4D + 2 mg/L BAP, respectively). Around 2-months-old callus was
transferred to ½ MS medium supplemented with cytokinin-like compound (1 mg/L TDZ) to obtain
adventitious shoots. Rooting of adventitious shoots was achieved on ½ MS without growth regulators.
Rooted plants have been cultivated at hydroponic deep-water system with Hoagland (modified)
medium. 2C DNA content of the initial seedlings, callus and regenerants was determined by flow cytometry
and ploidy level by stomata length. The initial plants and the callus were tetraploid (2C≈0.8 pg), some
regenerants had doubled (octaploid; 2C≈1.6 pg) genome.  

Presented pathway of regeneration in in vitro culture is appropriate for obtaining specimens of A. arenosa
of doubled genome. These plants will be tested for biomass production and heavy metal
tolerance/accumulation and then could be used for phytoremediation purposes.

[1] Gieroń, Ż., et al., 2021. J. Hazard. Mat. 412, 125052. 
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Abstract:
Calcium ion (Ca2+) is an important messenger involved in many signal transduction pathways in plants.
The cytosolic concentration of free Ca2+ increases in response to many physiological stimuli (light, touch,
pathogenic elicitor, plant hormones) and abiotic stresses (high salinity, cold, drought). The rapid increase
in cytosolic Ca2+ concentration is possible due to the presence of membrane calcium channels, including
plant glutamate receptor-like (GLR) channels. GLR channels are homologues of animal ionotropic
glutamate receptors (iGluRs) which are divided into four subtypes according to their ligand binding
properties: AMPA receptors, kainate receptors, NMDA receptors and delta receptors. CNQX (competitive
AMPA receptor antagonist) and MK-801 (non-competitive antagonist of NMDA receptor) are commonly
used in the studies of both iGluR and GLR channels. This research was aimed to establish the effect of
CNQX and MK-801 on elicitor-induced transient increase in the cytoplasmic Ca 2+ concentration in
Arabidopsis thaliana leaves. The measurements were performed on plants with cytoplasmic aequorin
expression. Aequorin is a calcium-activated photoprotein used in luminescence-based measurements of
free intracellular Ca2+ concentration. While MK-801 was found to reduce the transient calcium wave in the
cytoplasm compared to the control, CNQX did not show any effect on cytoplasmic Ca2+ concentration.
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Abstract:
Genetic transformation of various Brassica species is awkward. Many commercial cultivars of Brassicas
are generally considered to be recalcitrant to transformation and regeneration. Kale (Brassica oleraceae
var. sabellica) is one of the varieties of cabbage. It is a cold-tolerant plant widely used as green vegetable
in Europe. Kale has been gaining popularity also in the United States and Japan among health
enthusiasts. Kale is a rich source of vitamin C, vitamin K, carotenoids and flavonoids providing high
antioxidant activity and a great nutritive value. High biomass yield both with flavonoid and carotenoid
biosynthesis active in wild-type kale makes it a perfect bioreactor for producing higher quantities of
flavonoids, carotenoids or their derivatives [1]. Kale is cultivated also as a forage culture that increases
animal productivity [2].

Enterohemorrhagic Escherichia coli causes a significant amount of bacterial enteric infections worldwide.
The illness has been linked to consumption of contaminated products. Only thermal inactivation can be
effective in elimination of pathogenic bacteria in food. Colicins which are nonantibiotic antimicrobial
proteins, produced by some nonpathogenic E. coli strains, inhibit the growth of other E. coli strains.
Several colicins are highly effective against key enterohemorrhagic E. coli strains. Plant-produced colicins
could be used to control the growth of pathogenic E. coli in both plant- and animal-based food products
[3].

For genetic transformation were used hypocotyl and root explants of kale seedlings cv. Grunkohl. The
genetic vector with colicin and bar genes was kindly provided by Dr. Anatoli Giritch, Nomad Bioscience
GmbH, Halle (Saale), Germany. PCR analysis of DNA from transgenic plants with primers to colicin and
bar genes revealed the presence of amplification product with the expected size, while it was absent in
samples of DNA from wild-type plants. To determine the putative colicin activity in plant tissues, 1000×
diluted fresh night culture of E.coli was sown on LB solidified medium and the young kale leaves were
placed immediately and incubated at 37ºC.

We have observed the suppression of bacterial growth around transgenic leaves in contrast to the wild
type one. Thus we have successfully conducted the genetic transformation of kale with colicin and bar
genes. Colicin test approved the activity of the product of the colicin gene. The obtained transgenic plants
are potentially BASTA-resistant due to bar gene used for the selection of the transgenic plants.

This work was financially supported by the National Research Foundation of Ukraine (Project №
2020.01/0301).

[1] Lännenpää, M., 2014. Plant Cell Rep. 2014, 33 (8), 1377-1388;  [2] Barry, T.N., 2013. Animal Feed
Sci. Tech. 181, 15-25;  [3] Schulz, S., et al., 2015. PNAS E5454-5460.
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Abstract:
The occurrence of the many biologically active components in the sweet basil (Ocimum basilicum L.) is an
object of intensive research. In the present study, an attempt was made to obtain callus cultures from three
different cultivars of sweet basil – Greek (O.  basilicum  var.  minimum), red (O.  basilicum  var.
purpurascens) and lemon (O. basilicum var. citrodora), because of the possibility of controlling the
synthesis processes of these compounds under in vitro culture conditions. The content, composition and
antioxidant activities of phenolics from plants and calli culture were compared.

The composition of phenolics in methanol extracts was determined by HPLC, whereas content was
measured spectrophotometrically. Antioxidant activities were examined by applying DPPH radical-
scavenging assay.

The phenolic content was 2 – 5 times higher in callus than in leaves of corresponding plants. In all extracts
mainly rosmarinic and caffeic acids, compounds with known pharmacological properties, were identified.
Regardless of genotype, the concentration of rosmarinic acid in basil callus exceeded the levels reported
for plants. Surprisingly, the antioxidant activities of plant extracts were higher than observed in callus
extracts.

These findings suggest the possibility to scale-up rosmarinic acid production by means of in vitro culture of
sweet basil.
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Abstract:
Liparis  loeselii (Orchidaceae) and Saxifraga  hirculus (Saxifragaceae) are endangered species from
alkaline fens with circumpolar distributions. Despite their strict protection, there is observed the
disappearance of these species. The main causes of extinction of these species are habitat destruction
through turf extraction, drainage, and deposition of airborne nitrogen from agricultural source [1, 2].

The objective of this study was to develop a protocol for asymbiotic mature seed germination. Liparis
loeselii and Saxifraga hirculus seeds were taken in early autumn 2020 from Northern Poland populations:
fens at Krąg lake (Pomeranian Voivodeship) and fens at Marycha river at Aleksiejówka village together
with fens at Rospuda river near Augustów city (Podlaskie Voivodeship) .

Seeds were treated with 400 mg/l gibberellic acid for 48 hours. Using 70% v/v ethanol with 0,5% v/v
Tween 20 for 30 seconds and 1% v/v sodium hypochlorite with 0,5% v/v Tween 20 for 5 minutes Saxifraga
hirculus seeds surface sterilization were obtained. Later seeds were transferred on Murashige & Skoog
(MS) medium, including vitamins (Duchefa), pH 5,8. The cultures were incubated at 21℃ temperature
under the photoperiod of 16 hours. After 10-14 days seeds started to germinate. Seeds from Podlaskie
Voivodeship germinated with an efficiency of 50%, while seeds from Pomeranian Voivodeship did not
germinate. Non-germinating seeds were then tested with tetrazolium chloride (TTC), which confirmed the
non-viability of the seeds.

Seeds of Liparis loeselii were sterilized in 1 ml syringes with a nylon mesh [3], treated at first with 70% v/v
ethanol with 0,5% v/v Tween 20 for 30 seconds, later with 1,5% v/v calcium hypochlorite with 0,5% v/v
Tween 20 for 10 minutes, and transferred on five modified media (BM medium, Mead & Bulard medium,
MS medium, Tsuchiya medium) for germination. The best results were noted using a modified BM medium
(efficiency 25% of germinating seeds). The cultures were incubated at 25℃ temperature under the dark.
After two months of culture, seeds were germinated and began to form protocorms. After 14 days
protocorms changed colour to green when transferred to the photoperiod (16 hours day/8 hours night) and
after six months they were fully developed.

This study forms the basis for further research to protect Liparis loeselli and Saxifraga hirculus better.

The study was done with permissions No. Rdoś-Gd-WZG.6400.249.2019.AO.5, WPN.6400.32.2020.MK,
RDOŚ-Gd-WZG.6400.95.2020.AŚ.1, RDOŚ-Gd-WZG.6400.95.2020.AŚ.2, DZP-WG.6400.10.2020.EP.

[1] Vittoz, P., et al., 2006. Biolog. Conservat. 131, 594-608; [2] Žalneravičius, E., et al., 2016. Bot.
Lithuanica 22, 3-15;  [3] Ponert, J., et al., 2011. European J. Environ. Sci. 1, 95-107.
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Abstract:
Light is an energy source for photosynthesis and affects growth and development of plants. Fluorescent
lamps, conventionally used as a light source in plant tissue culture laboratories, emit redundant wide range
of wavelengths. In turn, light-emitting diodes (LEDs) are characterized by controlled narrow-spectrum
illumination, longer lifespan and lower heat emission in comparison to fluorescent lamps. The effect of
LEDs on many plants has been already well-documented; however, the knowledge about their influence on
tree ferns is still lacking. Tree ferns represent an important component of tropical forests. This relic group
is heading towards rarity in their natural habitat. Thus, alternative methods of tree ferns propagation
should be adopted. We examine the effects of different LED light spectra, darkness and fluorescent lamps
on the sporophyte and gametophyte production, development of sporophytes and secondary metabolite
profiles of tree fern Cyathea delgadii during in vitro cultures. For this species, somatic embryogenesis was
previously described as effective method of multiplication.

In our research, two types of plant material were used: etiolated stipe explants and whole sporophytes.
Stipe explants were cultured on Petri dishes with ½ MS medium supplemented with 1% sucrose for 8
weeks under 16/8 h photoperiod at different light qualities or cultured for the first 3 weeks under 24 h dark
and then for the next 5 weeks under 16/8 h light/dark. Whole sporophytes were cultured on ½ MS with 2%
sucrose in jars for 6 months. The LEDs used in our experiments emitted light spectra: red, blue, far-red,
yellow, green, white and UV. The level of photosynthetic pigments was measured with a
spectrophotometric method, while phenolic acids and flavonoid compounds were analysed with the use of
high-performance liquid chromatography (HPLC) coupled with electrospray ionization mass spectrometry
(LC-ESI-MS/MS).

Our studies indicated that constant darkness applied at the beginning of the culture results in high
production of new sporophytes and low production of gametophytes. The influence of light quality on the
plant development depends on the type of plant material used for the culture induction. The combination of
red, blue and green light was the most effective for sporophyte production, while red and blue together
were the best for production of gametophytes. The combination of red, blue and yellow wavelengths was
the most efficient for root production, while the most sporophytes with developed leaves were gained under
combination of red, blue and far-red light. Blue LEDs were the best light sources for accumulation of
photosynthetic pigments and secondary metabolites (i.a. 10387.50 µg/mg of DW of trans-5-O-
caffeoylqunic acid) by plant tissues.

The results are helpful for the improvement of micropropagation conditions of ferns and show that
metabolite accumulation can be control by different light spectra.
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Abstract:
Plant cell suspensions are convenient culture systems for the study of cellular and molecular processes,
production of valuable secondary metabolites, and the large-scale plant micropropagation via somatic
embryogenesis. Our many years of experience with cell suspensions of Gentiana species revealed that
this type of culture has a great potential as an efficient source of somatic embryos, protoplasts and cell
aggregates for genetic manipulations. What is more, it can be easily and safely preserved for a long time in
liquid nitrogen (LN), which enables reduction of time, costs, and labour intensity associated with weekly
subculturing, and helps to avoid the risk of accidental contamination. However, application of the
encapsulation-dehydration protocol for gentian cell suspensions imposes the increase of sucrose
concentration in the culture medium from 0.09 M to 0.18 M at least 4 weeks before cryopreservation.
Moreover, the first step of the protocol is the osmotic dehydration of encapsulated cell aggregates in
medium with sucrose concentration growing from 0.3 M to 1.0 M. Therefore, the aim of the study was to
evaluate the effect of sucrose concentration and cryopreservation via encapsulation-dehydration on growth
kinetics, embryogenic potential and secondary metabolite production of two new cell suspensions:
Gentiana capitata Buch.-Ham. ex D.Don and G. decumbens L.f. All suspensions were cultured in liquid
proliferation medium (MS + 0.5 mg/l 2,4-D + 1.0 mg/l kinetin; PM) supplemented with 0.09 M or 0.18 M
sucrose. Before experiments they were encapsulated in 3% calcium alginate. Obtained beads were put on
agar PM with 0.09 M or 0.18 M sucrose for 2 weeks and then transferred to liquid PM for cell suspension
recovery. Before freezing in LN, beads were additionally osmotically dehydrated, surface-dried in a
laminar flow cabinet and enclosed in 2-ml cryovials. After thawing they were also put on agar PM medium
for 2 weeks and then transferred to liquid medium. The growth kinetics was determined for cell
suspensions of both species from PM with two different sucrose concentrations either only encapsulated
or encapsulated and cryopreserved. The increase in fresh weight was measured after the 1st, 2nd, 3rd,
and 4th week of agar or liquid culture. The embryogenic potential of cell suspensions was compared
before and after encapsulation as well as after cryopreservation by counting somatic embryos which
regenerated after 4 and 6 weeks of culture on agar regeneration medium (MS + 0.5 mg/L GA3 + 1.0 mg/L
kinetin + 80.0 mg/L adenine sulfate; RM). The production of secondary metabolites was determined for
cell suspensions recovered from non-cryopreserved and cryopreserved beads.

The results indicate that the increase in sucrose concentration in culture medium slowed down the
increase in biomass of cell aggregates but enhanced their embryogenic potential. Significant differences
were also observed in the production of selected secondary metabolites.
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Abstract:
In the growing part of the root, within the meristem cells divide and within the elongation zone they
elongate rapidly. Despite this plentiful proliferation and expansion, the meristem and elongation zone each
retain a more less constant length, even for days. How do stable zones emerge from dynamic cells? Here,
I characterize fluctuations in the position of the boundary between meristem and elongation zone. Roots of
the ever popular Arabidopsis thaliana are imaged through a horizontal microscope. With measurement
every 5 min, the position the position of the boundary jumped, sometimes rootward, other times
shootward, with an average step size of 17 µm in 5 min. Nevertheless, over the 3-hour imaging window,
the boundary position remained constant. Saltation (i.e., jumping) was apparently driven by material
elements growing faster and then slower, while moving through the growth zone. When the shoot was
excised, growth zone dynamics soon resembled those of intact roots, except that the boundary, though still
saltating, moved rootward, by several hundred microns in 24 h. Evidently, the position of the boundary is
determined in part by input from the shoot, suggesting that stable boundaries require more than cell
autonomous programming.
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Abstract:
The contributions of Zygmunt Hejnowicz to botany are distinguished by his use of geometry to understand
plant development and function. Here I will review mechanics of the climbing habit.  This subject includes
some of Hejnowicz’ favorite topics: natural coordinate systems, the geometer’s definition of curvature, and
the wonderful diversity of plant form.  First I will review the mechanics of twining. Twining plants form
helical tubes of twisted tissue as they grow around a cylindrical support.  The helical form allows the
twining plant to climb great heights with a minimum investment in biomass. The mature stem twining on a
support of uniform diameter has uniform curvature and torsion, with the handedness of the helix mostly
genetically determined.  A synergistic coupling of approaches from mechanics and botany explains the
stability and success of the twining habit.  A natural coordinate system is useful, based on the Frenet
vectors attached to the helix through the center of the twining stem.  A force balance in the natural
coordinate system shows that normal and torsional loads are balanced by axial tensile forces.  Force-
detecting devices have quantified large normal loads as the stem puts itself into tension during growth
around the support.  Moreover, plants have evolved special structures related to twining and climbing.
Gelatinous contractile fibers are commonly found in the coiled regions of tendrils and twining stems.
 Although the placement of these fibers within stem cross-sections and tendrils is suggestive of a role in
twining and coiling, in twining plants the fibers appear to develop after primary growth has ceased so they
probably contribute to the augmentation rather than the establishment of the twining force.  Other adaptive
structures include thick petiole bases and stipules that greatly increase the normal loads on the support,
and stem trichomes that function like ratchets to facilitate climbing upward.  These structures make the
helical stem extremely strong in tension and weak in compression.  Climbing plants have inspired recent
work in biomimetics-- 3-D laser lithography to make fabrics with directional microhooks that facilitate
climbing robotic cars.

[1] Silk, W.K., et al., 1991. J. Biomech. 24, 599-606; [2] Isnard, S., et al., 2009. Proc. Royal Soc. B-Biol.
Sci. 276, 2643-2650; [3] Isnard, S., et al., 2009. Am. J. Bot. 96, 1205-1221; [4] Fiorello, I., et al., 2020. 
Adv. Funct. Mater. 30.
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Abstract:
Plants generate organs during their entire lifetime through the activity of shoot meristems. Lateral organs,
such as leaves or flowers, are initiated at the shoot apical meristem by the establishment of local maxima
of auxin. Auxin triggers organogenesis via the activation of transcriptional response mediated by a
signalling pathway.

In contrast to flowers, leaves are organs of dorsiventral symmetry which means that adaxial and abaxial
sites of a leaf are anatomically and functionally distinct, and their juxtaposition is believed to be essential in
the generation of a flatten shape of a leaf blade. Genetic interactions underlying the maintenance of leaf
dorsiventrality are well recognized in advanced leaf primordia in Arabidopsis, however, there is a
controversy on the origin of dorsiventrality. In particular, it is unclear how auxin is distributed during leaf
initiation, and whether auxin is involved in the establishment of leaf dorsiventrality. The main difficulty in the
study of the origin dorsiventrality is in the identification of future (incipient) leaf primordia at the meristem.

To address this problem, we track cell lineages during leaf primordium development by using time-lapse
imaging. We identify founder cells that give rise to adaxial and abaxial tissues, and correlate adaxial and
abaxial cell fates with auxin-related gene expression patterns. This approach enables us to recognize the
timing of cell fate specification and dynamics of auxin action during leaf primordium development.
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Abstract:
Among the most useful and appreciated practices for improving the vigour of horticultural plants are pre-
sowing treatments of seeds, especially those which aim to accelerate germination and growth processes.
Some of the most studied treatments are physical methods which include those based on exposure to
electromagnetic fields (EMFs) or magnetic fields (MFs). The molecular mechanisms influenced by EMFs in
plant cells are still not fully understood and definite explanations for these mechanisms are yet to be
discovered. The physical methods are being developed with the objectives of broadening the knowledge
of EMFs’ effect on plants and also finding their possible applications in agricultural crop production. One of
the goals of agriculture in this millennia is finding alternative methods to improve seed vigour and plant
yield. These methods involve new sustainable practices that aim to reduce the cost of agrotechnical works
of farmers while limiting their negative environmental impact.

Poland is the biggest producer of winter wheat seeds and the number of different varieties selected in
Poland makes it of high importance to the Polish economy in particular and the European region in
general. For these reasons, this experiment was focused on investigating the effects of EMF on the
biochemical processes during germination of a winter variety of wheat (Triticum aestivum) cultivated in
Poland.

In the experiment, the seeds were divided into two size groups - small (diameter < 2,6 mm) and large
(diameter > 2,6 mm) - and treated with EMF dose of 7 mT (50 Hz). The study focused on the effect of EMF
on amylase activity and hydroperoxide concentration in plant cells. After 24 hours of EMF exposure, seeds
were germinated in continuous darkness and monitored for 3 days.

The EMF treatment had an effect on all biochemical processes investigated, but at different time points for
seeds of different sizes. Under EMF treatment, the biggest increments in amylase activity was observed in
large seeds. In contrast, after EMF treatment the hydroperoxide level was higher in small seeds. These
results, in addition to those obtained in previous experiments, where the EMF treatment had the strongest
effect on embryo emergence, seed germination, and physiological parameters of large seeds kept in
darkness, point to the conclusion that EMF has significant influence on seeds with a high mass. This can
be of particular importance to promoting the germination of large seeds in situations of abiotic stress or
other unfavourable environmental conditions.

This research was supported by funds provided by the Interdisciplinary Doctoral School “Academia
Copernicana” and by Nicolaus Copernicus University (Torun, Poland) for the Research Program of the
Chair of Plant Physiology and Biotechnology.
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Abstract:
Under constantly fluctuating environmental conditions, the thylakoid membrane protein network evolved
the ability to dynamically respond to changing biotic and abiotic factors. In a temperate climate, low
temperature is one of the abiotic stresses that heavily affect plant growth and productivity. One of the most
important protective mechanisms is the rearrangement of the chlorophyll-protein (CP) complexes, induced
by protein phosphorylation. The mechanism of this process under dark-chilling conditions is still unknown.
That is why this study aimed to determine the role of light-harvesting complex II (LHCII) phosphorylation in
the dark-chilling response. The study included an experimental model based on dark-chilling at 4 °C of
detached chilling sensitive (CS) runner bean (Phaseolus coccineus L.) and chilling tolerant (CT) garden
pea (Pisum sativum L.) leaves. This model is well described in the literature as used for the analysis of
chilling impact without any additional effects caused by light. We examined changes in thylakoid
membrane protein phosphorylation, interactions between phosphorylated LHCII and CP complexes, and
their impact on the dynamics of photosystem II (PSII) under dark-chilling conditions. Our results showed
that the dark-chilling treatment of CS bean leaves induced a substantial increase of phosphorylation of
LHCII proteins, as well as changes in CP complexes composition and their interaction with phosphorylated
LHCII. On the contrary, no significant changes in phosphorylation pattern, CP complexes interactions, and
PSII photochemical efficiency were observed in CT pea. We  propose  that  role  of  dark-chilling  induced
LHCII phosphorylation is not a protection of photosynthetic machinery from damage, but rather a side
effect  of  the  redox  signaling  cascade  triggered  by  chilling  stress, and this unnecessary activation of
metabolic processes might be the foundation of chilling sensitivity.

Presented work was financed by the National Science Centre, Poland grant No.: 2016/23/D/NZ3/01276.
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Abstract:
The shoot apical meristem generates most of aboveground organs of a plant, including leaves and flowers,
and plays a key role in plant development and reproduction. The general shape of the apical meristem is
maintained during its growth, however locally the meristem shape undergoes dynamic changes and
bulging takes place during organ initiation. Mechanisms of the very early stages of organogenesis at the
apical meristems are still not enough explained.

It is known that biochemical processes including loosening or reinforcement of the cell wall and
biomechanical factors like mechanical stress [1] are involved in primordia formation. Besides, there is a
certain kind of homeostasis of the shoot apical meristem through the dynamic balance of gene expression
in a particular position at the shoot apex, which is directly connected with intercellular communication [2].
As the apical meristem cannot be treated merely as the sum of separated cells, but as a whole organ and
cell interactions cannot be neglected, the growth is analyzed using growth tensor theory [3,4]. Here the
growth rate in all directions in space and the growth rate anisotropy can be calculated based only on the
fragmentary data from experimental observations.

The present research, based on the growth tensor theory, includes consideration of primordia formation
assuming suitable velocity functions. Based on the empirical data, velocity functions were postulated. To
simplify calculation the isotropic growth rate in the surface of the apex was assumed. Next step is to
implement a variation of velocity functions which cause anisotropic growth rate on the surface, but at the
beginning of the research the assumption of isotropic surface growth rate is sufficient.

Then, the location of primordium formation was set and the velocity function was modified locally. In such a
system the simulation of growth was conducted and the growth rate anisotropy was calculated.

Moreover, to keep a proper dome shape, during growth, the presented method needs also an assumption
of the curvilinear coordinate system (based on empirical observations). The choice of both velocity and the
shape are such that further tensor calculus is as simple as possible.

Concluding, the presented research allows us to build a basic model of growing meristem where new
organs are initiated.

[1] Landrein, B., et al., 2013. Plant J. 75 (2), 324-338; [2] Perales, M., et al., 2012. Curr. Opin. Plant Biol.
15, 10–16; [3] Hejnowicz, Z., et al., 1984. J. Theor. Bot. 110, 93-114; [4] Kucypera, K., et al., 2017. Plant
Meth. 13, 110.
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Abstract:
Individual plants of holly (Ilex aquifolium) produce a variety of leaf shapes. The variation is even higher
when different cultivars are compared. Leaf laminas are flat or undulated while margins are smooth or
spiny aculeate. It is known from literature that the spinescence is under epigenetic regulation, and occurs
in response to mechanical damage by herbivores. In consequence, leaves with spiny and with smooth
margins can often be found on the same twig. Such leaf variation together with the availability of holly
cultivars with variously shaped leaves, make the holly leaf a unique object to study an interplay between
the structure, mechanical reinforcement, and geometry of the leaf lamina.

We postulate that (i) lamina undulation is strongly correlated with spine formation, and (ii) reinforcement of
lamina margins is the major structural trait that affects the lamina shape via mechanical interactions with
the weaker lamina interior. The postulates are verified by measurements of lamina, midrib, and margin
stiffness complemented by microscopic examination of growing and mature leaves of various shapes.

The holly leaf comprises a sandwich-like lamina and two types of beam-shaped elements: midrib and leaf
margin. The lamina is strengthened by cuticle that is thick already in growing leaves. Growing leaf
margins, both spiny and smooth, as well as the midrib are strengthened by even thicker cuticle and high
density of cell walls of inner tissues. After growth cessation, the midrib and margins are additionally
strengthened by a strand of tightly packed sclerenchyma fibers with weakly lignified but very thick
secondary cell walls. Surprisingly, in leaves originating from the same plant, the stiffness (Young’s
modulus x second area moment) of leaf margins is similar despite different leaf margin types. This points
to the major role of the in-plane curvature of leaf margins in leaf undulation. On the other hand, comparison
of distribution and amount of reinforcing tissues in different holly cultivars shows the significance of
reinforcement of lamina and its margin in defining the leaf shape.
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Abstract:
Plant diseases cause huge losses in the agricultural sector every year. Fighting phytopathogens with the
use of pesticides is not ideal due to limited number of targeted microorganisms and toxicity. Application of
cold atmospheric pressure plasmas (CAPPs) might be a solution to this need. Antibacterial and plant
growth stimulating action of CAPPs results from the generated UV radiation in addition to reactive oxygen
and nitrogen species. The aim of this study was to show antibacterial properties of a direct action of
dielectric barrier discharge (DBD) plasma against Dickeya and Pectobacterium spp. inoculated on glass
spheres or mung bean seeds. Besides, the influence of DBD plasma action on the germination and growth
of mung bean seeds was investigated. 5 glass spheres or 5 mung beans have been artificially inoculated
with D. solani IFB0099, P. atrosepticum IFB5103, P. carotovorum IFB5118 bacterial suspensions of the
following concentrations: 0.5 McF, 0.05 McF, 0.005 McF. Then they were subjected to DBD treatment for
1 min or 2 min regarding glass spheres or mung bean seeds, respectively. Non-plasma treated controls
were included. Next, spheres or seeds were flooded with ½ Ringer buffer, shaken for 10 min, and serially
diluted. 100 μl of each dilution was plated on TSA and incubated (48h, 28°C). On the basis of the grown
colony forming units (CFUs), logarithmic and percentage reduction rates in CFU per mL were estimated.
Concerning germination assays, 5 sterile mung bean seeds were treated with DBD for 2 min or 4 min. The
seeds were germinated on 5 ml watered filter paper in plant-grown chambers. The number of germinated
seeds was evaluated after 24 h, 48 h, 96 h, while the lengths of the seedlings were measured post 48 h
and 96 h. In terms of eradication of phytopathogens from glass spheres, the noted reductions in CFU ml -1

exceeded 99.93% (3.16 log). Concerning the elimination of bacterial cells from mung bean seeds,
reductions over 99.91% (3.07 log) were observed. Regarding microscopic visualizations, denaturation and
aggregation of bacterial DNA fragments, proteins and ribosomes occurred. Also rupturing of the cellular
membrane leading to an outflow of the cytoplasm was shown. 2 min DBD plasma treatment stimulated by
3-4% seed germination rate and by up to 13.4% subsequent early growth of seedlings. Negative effects of
4 min DBD action were noted shortly after the treatment, however these effects were no longer observable
or reduced to 9.7% after extended incubation periods. It was proven that direct DBD plasma treatment can
be an efficient tool to fight bacterial phytopathogens without impeding plant growth. Broad application of
this technology into agriculture can be foreseen due to its eco-friendliness and antimicrobial potency. As
artificial plasmas can be generated with the use of various types of electric discharges, further
modifications and optimization of this method would allow for scaling up this technology.

Keywords:
cold atmospheric pressure plasma; CAPP; dielectric barrier discharge plasma; DBD; non-thermal plasma;
Pectobacteriaceae; soft rot erwinias; plant protection; agriculture; Vigna radiate; mung beans
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Abstract:
Cells within plant organs grow in coordinated manner [1, 2]. Such type of growth is manifested in cellular
pattern. There are two families of mutually orthogonal lines describing the cell wall pattern in shoot apices;
periclines and anticlines which are steady during the apex growth. At the organ, level there exists a field of
the displacement velocity V of points described mathematically by a continuous and differentiable function
of position [3]. If V is known, the growth tensor (GT) field can be determined [4]. Locally three mutually
orthogonal principal directions of growth (PDG) can be recognized unless growth is isotropic. These
PDGs, determined for many points, arrange themselves into three types of PDG trajectories [5, 6] that
form a pattern of PDG trajectories corresponding to the pattern of anti- and periclines.

Coordinated cell proliferation during time is revealed in topology of cells. Consistent with Euler’s theorem
the average number of neighbors of a cell was found to be approximately six due to the prevalent three-cell
junctions [7]. This trend describes linear correlation between average size and shapes of cells (Lewis law).

Numerous intercellular processes are engaged in regulation of cell division [8], however the orientation of
new cell wall can be regulated on the supracellular level. There are many hypotheses about orientation of
new cell wall [5, 6, 9, 10, 11, 12]. In most hypotheses, the new cell wall orientation is dependent on the
whole organ, not only on geometry of the dividing cell, but the Errera and Sachs hypotheses focus on cell
geometry only and they do not take into consideration the whole organ.

In the present investigations, we verify that a cell division algorithm based on Errera hypothesis supports
the existing cell wall pattern in different variants of the GT field (including isotropic and anisotropic growth).
Moreover, the relationship between the number of neighboring cells and the cell area is calculated and
thus the Lewis law is checked for each of the cases analyzed. This research will allow us to choose the
best parameters of considered cell division algorithm in the plant organ growth simulation model we
create.

[1] Priestley, J.H., 1930. New Phytol. 29, 96-140; [2] Erickson, R.O., 1986. Plant Physiol. 82, 1153; [3]
Silk, W.K., 2006. J. Plant Res. 119, 23-29; [4] Hejnowicz, Z., et al., 1984. J. Theor. Bot. 110, 93-114; [5]
Hejnowicz, Z., 1984. Acta Soc .Bot. Pol. 53, 29-42; [6] Hejnowicz, Z., 1989. Environ. Exp. Bot. 29, 85-93;
[7] Gibson, M.C., et al., 2006. Nature 442, 1038–1041; [8] Lloyd, C.W., 1991. Development. Suppl. 1,
55-65; [9] Hofmeister, W., 1863. Jahrbucher für Wissenschaft und Botanik 3, 259-293; [10] Sachs, J.,
1887. Clarendon Press, Oxford, 431-459; [11] Errera, L., 1888. Botanisches Centralblatt 34, 395-399; [12]
Lynch, T.M., et al., 1997. Dev. Biol. 181, 246-256.
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Abstract:
Coordination of morphogenetic processes is essential to give rise to functional plant organs. For instance,
the formation of a new leaf requires not only proper positioning at the shoot apical meristem and growth,
but also coordinated development of vascular tissues that have to be continuous with vasculature of the
stem. It is commonly accepted that local auxin maxima at the meristem are necessary to initiate leaves
according to phyllotactic pattern, whereas auxin flow through inner tissues triggers vascularization.
However, the mechanism assuring that newly formed and pre-existing parts of vascular system are
continuous, remains unexplored. Therefore, our aim is to analyze in 3D relations between the initiation of
vascular system in developing leaf primordium and the pre-existing vasculature of the stem in tomato.

To identify sites of leaf initiation and subsequent developmental stages at the meristem surface, the
expression of auxin-related reporters (auxin transcriptional response DR5:YFP and auxin polar transport
AtPIN1:GFP)  is visualized by confocal microscopy. Confocal images enable also to analyze phyllotaxis
and describe it in terms of contact parasiches (lines that connect adjacent leaves). For the visualization of
cells and auxin-related reporters in the inner tissues, the apices are treated with clearing agents. Based on
obtained images, we identify in 3D newly formed vascular strands, their connections with existing
vasculature, and determine PIN1 polarity within the strands. This enables us to show the architecture of
developing vascular system in tomato and test how it can be modified by experimental disruption of typical
spiral phyllotaxis.
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Abstract:
The vascular system of plants is composed of veins arranged in repeatable pattern mostly composed of
phloem and xylem tissues which main role is the transport of water and nutrients. In leaves vascular cells
differentiate from procambium. Procambial cells become apparent as narrow elongated cells emerging
from the inner tissue. In vascular system development several main stages can be highlighted. Midvein is
formed first and is present from the earliest stages of primordium development. In the next stage
secondary strands extend from midvein. First loop formed in apical part of primordium, next loops formed
below. Formation of the venation system in Arabidopsis leaves is a process that is regulated by auxin and
its transport throughout leaf tissues. Moreover auxin transport occur in the direction from the source (is a
place where auxin signal is elevated) to the sink. There are few places where auxin signal is increased
which are named auxin maxima. Two of these are in part of leaves where serrations will appear and it is
called convergence point. Another place of leaves where auxin maxima occur is apical part of leaves. The
pathways from source to sink form auxin canals which determine the formation of veins in the leaf
primodium.
However described model do not explain how localized auxin source and sink affect the vein pattern in
Arabidopsis leaf primordium? In other words how vascular system is branching and are there any signals
from existing veins that guide the formation of the next-order veins ? To try to answer these questions
chemical disturbance of potential signal and existing veins experiments were carried out.
To examine the formation process of the vascular system we present imaging of leaf primordia at different
developmental stages by laser confocal microscopy and clearing method. Afterwards we show results of
chemical disturbance of potential signals from existing vasculature and localization of auxin source or sink
by NPA, NAA and IAA treatment.
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Abstract:
The vascular system of plants is composed of interconnected veins arranged in hierarchical order. In
leaves, vascular cells differentiate from procambium which becomes apparent as a strand of narrow
elongated cells emerging from the inner tissue [1]. The primary vein (midvein) is formed first and extends
along the central region of leaf primordium, while secondary veins form loops which are connected to the
midvein and other higher-order veins. The formation of the vascular system in Arabidopsis leaves is a
process that is regulated by auxin and its transport throughout leaf tissues [2]. Auxin transport occurs in
the direction from the auxin source (e.g. a site of elevated auxin levels, signaling, or biosynthesis) to the
auxin sink (existing veins). The pathways from source to sink form ‘auxin canals’ which determine the
formation of veins.

Although there is a progress in our understanding of molecular mechanisms controlling the vein formation
[3], still it is not clear how the position and strength of auxin sources and sinks affect the vein pattern in
Arabidopsis leaves. To answer this question, we used live imaging by laser confocal microscopy to
visualize the expression of auxin-related genes and clearing method to analyze the initiation of veins after
chemical disturbance of auxin levels. In particular, global and localized auxin applications were carried out
to reinforce the strength of auxin sources or/and change their position. Also, NPA treatment was used to
suppress polar auxin transport and to induce local auxin accumulation.

[1] Kang, J., et al., 2004. Int. J. Plant. Sci. 165 (2), 231-242; [2] Scarpella, E., 2017. Curr. Opin. Genet.
Dev. 45, 34-43; [3] Biedroń, M., et al., 2018.  Plant Cell Rep. 37, 1215–1229.
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Abstract:
Composition and structure of plant cell walls are crucial factors regulating plant development and growth.
Therefore, the composition and structure change in both space and time modulating mechanical
properties of the walls.  Raman microspectroscopy is a technique based on measurements of inelastic
photon scattering. Such obtained Raman spectra are used to identify various cell wall components.
Chemical bonds that are associated with specific wall components allow one to quantify their relative
content at the subcellular scale. Moreover, the microscope polarizer enables detection of cell wall
components that are sensitive to orientation of the polarization plane, like cellulose fibrils. With this tool the
main orientation of fibrils in all of the cell wall layers can be identified. This orientation is fundamental for
growth regulation because it strongly affects mechanical anisotropy of the wall. Another important trait that
can be quantified by analysis of Raman spectra is the relative contribution of crystalline and amorphous
cellulose in the sample.

In the presented investigations, we analyze primary cell walls of sepal epidermis in Arabidopsis thaliana,
in order to quantify the effect of impaired interplay between cortical microtubules and cellulose synthase on
the arrangement of cellulose fibrils. We compare the wild type (Col-0)  and the csi1 mutant (cellulose
synthase interactive protein 1), in which the linkage between cortical microtubules and cellulose syntase is
damaged, and mad5 mutant (microRNA action deficient) where the organization of microtubules is
disturbed.

Our results show double effects of these mutations: not only the cellulose crystallinity is affected but also
the composition of the cell wall (i.e. content of other components, like hemicelluloses, pectin) in the csi1
and mad5 is changed. We postulate that this is a compensation effect related to a cell response to defects
in cellulose, that would ensure a proper development.
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Abstract:
Wheat storage proteins, gliadins, and glutenins are the main components of the gluten matrix and play a
crucial role in the food industry and human nutrition. Their chemical properties are of essential importance
for gluten rheological properties like elasticity and extensibility, and in a consequence determine the
unique baking quality of wheat flour. However, both groups of proteins are also responsible for celiac
disease and the wide range of allergic reactions in children and adults.

Glutenins – polymeric proteins composed of polypeptides linked by disulphide bonds - can be divided into
HMW and LMW subunits, based on SDS-PAGE separation. In turn, monomeric gliadins are usually
divided into α, β, γ, ω-5 and ω-1.2 fractions based on separation in A-PAGE conditions, where α are the
fastest and ω-1.2 the slowest moving fractions during the run. It is well known that ω-5 gliadins are the
main allergens causing Wheat Dependent Exercise Induced Anaphylaxis, WDEIA – the most dangerous
form of wheat allergy.

Using plant breeding methods (cross combinations and selection aided by electrophoretic markers) we
developed a number of wheat genotypes devoid of all ω-gliadin fractions (wasko.gl-). We also evidenced
by ELISA that the allergenic potential of gliadin complex in these ω-gliadin-free wheat was decreased by
about 30% to reference genotype containing the full set of ω-gliadins (wasko.gl+) [1].

In order to verify the hypothesis that the elimination of ω-gliadins influence the secondary structures of
gliadin complex, and in a consequence also the allergenic properties, the isolation of gliadins were carried
out from the reference  (wasko.gl+ line, containing ω-gliadins) and modified material (wasko.gl- line, with
reduced ω-gliadins content). Fourier Transformed Raman spectroscopy measurements were carried out
on both the endosperm of kernels and the gliadin fractions isolated from flour obtained from tested wheat
lines. In order to determine the percentage of individual gliadin secondary structures, the amide I bands
were selected from the spectra and their decomposition was performed. The use of the FT-Raman
spectroscopy method in combination with gel electrophoresis allowed for a detailed analysis of the
discussed group of proteins both in terms of their identification and the percentage share of the individual
secondary structures.

The study was supported by The National Centre for Research and Development; grant no.
POIR.04.01.04-00-0051/18-00.

[1] Waga, J., et al., 2014. Euphytica, 195 (1), 105-116.
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Abstract:
Growth and condition of plant strongly depend on the character of medium in which it grows. Being in
direct contact with the medium, the root is most exposed to variable, often stressful growth conditions that
may result in modifications in the root morphology. Unfortunately, there is little work reporting the possible
response of root anatomy to growth conditions. The aim of this work is to see what effect physical
properties of the growth medium can have on the maize root cell pattern.

In the study, maize (Zea mays) seedlings were grown in cylindrical containers in four types of media
(reference soil, vermiculite, glass beads of 3 and 4 mm diameter) for 2 weeks. Next, root systems were
carefully removed from the media, rinsed and transverse sections of the primary roots were made in the
maturation zone (30-40 mm from the root tip). Root fragments 10 mm long were embedded in 6% agarose
and cross sections were made. The sections were observed unstained using UV light and stained with
Sudan Red 7B (suberin detection) and Phloroglucinol (lignin detection).

Cross-sections of roots growing in the 3 mm beads were irregularly shaped, with local indentations and
flattenings on the surface at bead contact sites. Rhizodermis cells differed in size and shape between
variants. In roots that grew in soil and vermiculite, crushed cells were observed, while in roots growing in
beads, rhizodermis cells were less affected preserving their typical shape. In all variants significant
changes were visible in the cell pattern of the cortex. The most important were disruption of the radial
arrangement of cells, deformed cells in the outer and/or inner layers of the cortex, differences in cell size
between variants.

Sudan Red 7B staining showed the presence of suberin in the exodermis and endodermis in roots grown
in soil, vermiculite and 4 mm glass beads, which indicates that the suberin lamellae developed earlier (i.e.
closer to the root tip) in these tissues in comparison to roots grown in 3 mm beads. In all variants the xylem
elements were well developed and properly arranged. Phloroglucinol staining revealed lignin deposition in
protoxylem and early metaxylem elements. Differences in the number of early and late metaxylem elements
between variants were observed. In roots growing in soil the number of pith cells surrounding the late
metaxylem was reduced.

The results of the experiment indicate that the physical conditions of the medium significantly affect the
maize root cell arrangement. Roots grown in heavy medium with smaller and larger pores (3 and 4 mm
beads) lost a regular circular shape of their circumference, but their rhizodermis cells did not undergo
significant deformation, whereas some rhizodermis cells of roots grown in natural medium, although
compact and without pores (soil) and in light medium (vermiculite) were defective. The cortex proved to be
the most sensitive, as in all variants modifications were observed in this tissue.

Keywords:
maize root; growth medium; physical properties of growth medium; root anatomy; Sudan Red 7B;
Phloroglucinol
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