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Fischerova L, Gemperlova L, Cvikrova M, Matusikova I, Moravcikova J, Gersi Z, Malbeck J, Kuderna
J, Pavlickovad J, Motyka V, ElidSova K, Vondrakova Z (2022) The humidity level matters during the
desiccation of Norway spruce somatic embryos. Frontiers in Plant Science. 13: e68982. DOI
10.3389/fpls.2022.968982.




OCA12. Typ vystupu (ak nie je
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https://www.frontiersin.org/articles/10.3389/fpls.2022.968982/full

OCA14. Charakteristika
autorského vkladu /
Characteristics of the author's
contribution

[8,333 %] Spolurieditelka bilaterdlneho projektu na zéklade vyskumnej spoluprace s AV CR.
Spoluriesitelka experimentov - extrakcia proteinov, detekcia chitindz a glukanaz pomocou SDS-
PAGE, osvojenie metodik - izolacia polyaminov a degradaénych enzymov. Vyhodnotenie
experimentov a priprava grafov pre pripravu rukopisu.

[8.333 %] Co-investigator of a bilateral project based on research cooperation with the Academy
of Sciences of the Czech Republic. Co-author of the experimental methodology, protein
extraction, detection of chitinases and glucanases using SDS-PAGE, acquisition of methodologies
- isolation of polyamines and degradation enzymes. Evaluation of experiments and preparation of
graphs for the manuscript preparation.

OCA15. Anotacia vystupu s
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jazyku / Annotation of the output in
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In Norway spruce, as in many other conifers, the germination capacity of somatic embryos is
strongly influenced by the desiccation phase inserted after maturation. The intensity of drying
during desiccation eminently affected the formation of emblings (i.e., seedlings developed from
somatic embryos). Compared to non-desiccated embryos, the germination capacity of embryos
desiccated at 100% relative humidity was about three times higher, but the reduction of relative
humidity to 95 and 90% had a negative effect on the subsequent embryo development. The water
loss observed in these embryos did not lead to an increase in lipid peroxidation, as shown by
malondialdehyde levels. Another metabolic pathway in plants that mediates a response to abiotic
stresses is directed toward the biosynthesis of polyamines (PAs). The activities of PA biosynthetic
enzymes increased steadily in embryos during desiccation at 100% relative humidity, whereas
they decreased at lower humidity. The total content of free PAs in the embryos gradually
decreased throughout desiccation. The increase in free putrescine (Put) and perchloric acid-
insoluble Put conjugates was observed in embryos desiccated at lower humidity. These changes
were accompanied to some extent by the transcription of the genes for the PA biosynthesis
enzymes. Desiccation at 100% relative humidity increased the activity of the cell wall-modifying
enzymes B-1,3-glucanases and chitinases; the activities of these enzymes were also significantly
suppressed at reduced humidity. The same pattern was observed in the transcription of some B-
1,3-glucanase and chitinase genes.
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citations corresponding to the output
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words
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OCA18. Charakteristika dopadu
vystupu na spoloc¢ensko-hospodarsku
prax / Characteristics of the output's
impact on socio-economic practice
Rozsah do 200 slov v slovenskom
jazyku / Range up to 200 words in
Slovak

Rozsah do 200 slov v anglickom jazyku
/ Range up to 200 words in English

Dehydratacia vyvolana vysychanim je spojena s produkciou reaktivnych foriem kyslika (ROS), ktoré
su potencialne skodlivé pre vSetky bunkové zlozky a negativne ovplyviiuju metabolické procesy v
bunke. Zaujimalo nas skimanie moznych indikatorov osmotického stresu pri vysychani embryi pri
znizenej vlhkosti, ako je rychlost membrénovej peroxidacie a akumulacia kyseliny abscisovej
(ABA), ale najma metabolizmus PA a aktivity B-1,3-glukanaz a chitinaz modifikujdcich bunkovud
stenu. TieZ nas zaujimalo, akej Grovni je regulovana predpokladana stresova reakcia, a preto sme
sledovali expresiu relevantnych génov. Vystavenie zrelych somatickych embryi znizenym hladindm
vlhkosti viedlo k zmendm v homeostdaze PA vyvolanym stresom, ako aj obsahu ABA a jej
metabolitov. Vysusenie pri nizkej vihkosti tieZ vyrazne potlacilo aktivity enzymov B-1,3-glukanaz a
chitinaz modifikujucich bunkovu stenu, ako aj expresiu génov B-1,3-glukanazy a chitinazy triedy
IV. V&ésina sledovanych enzymovych aktivit bola do¢asne utimend nizkou relativnou vlhkostou,
ale po odzneni podmienok nedostatku vody sa obnovila. Zd4 sa, Ze vysychanie pri niz3ej relativnej
vlhkosti bréni procesom veducim k fyziologickej zrelosti a naslednej schopnosti vyvinu embrya.
Ziskané znalosti vedu klepSiemu pochopeniu fyziologickych a molekularnych procesov
v embryach v podmienkach dehydraticie a m6éZu predstavovat odrazovy mostik pre hlbsie
analyzy.

Dehydration induced by desiccation is associated with the production of reactive oxygen species
(ROS), which are potentially harmful to all cellular components and negatively affect cellular
metabolic processes. We were interested in investigating possible indicators of osmotic stress
during desiccation of embryos at reduced humidity, such as membrane peroxidation rate and
accumulation of abscisic acid (ABA), but especially metabolism of PAs and activities of cell wall-
modifying B-1,3-glucanases and chitinases. We were also interested in uncovering the level at
which the presumed stress response is regulated and therefore we monitored the expression of
relevant genes. Exposure of matured somatic embryos to decreased humidity levels resulted in
stress-induced changes in PA homeostasis as well as the content of ABA and its metabolites.
Low-humidity desiccation also markedly suppressed the activities of cell wall-modifying enzymes
B-1,3-glucanases and chitinases, as well as the expression of B-1,3-glucanase and class IV chitinase
genes. Most of the monitored enzyme activities were temporarily attenuated by low relative
humidity, but were restored after the water deficit conditions passed away. Desiccation at lower
relative humidity appears to impede the processes leading to physiological maturity and
subsequent ability of the embryo development. The acquired knowledge leads to a better
understanding of the physiological and molecular processes in embryos under dehydration
conditions and can represent a springboard for deeper analyses.

OCA19. Charakteristika dopadu
vystupu a suvisiacich aktivit na
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the output and related activities'
impact on the educational process
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Vystup je orientovany na molekularnu bioldgiu rastlin a je viazany na vyucbu biologickych
predmetov v ramci Studijného programu Aplikovana bioldgia. Do vzdelavacieho procesu budu z
tohto vystupu implementované pouzité metodické postupy, poznatky ako aj laboratdérne
skdsenosti s cielom podporit vyuébu predmetov s biologickym a molekularno-biotechnologickym
obsahom.

The output is oriented towards the molecular biology of plants and is linked to the teaching of
biological subjects within the study program Applied Biology. The methodological procedures,
knowledge and laboratory experience will be implemented from this output into the educational
process with the aim of supporting the teaching of subjects with biological and molecular-
biotechnological content.
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Charakteristika vystupu, ktory nie je registrovany v CREPC alebo

CRPA or CRAA

Zielinski K, Dubas E, Gersi Z, Krzewska M, Janas A, Nowicka A, Matusikova |, Zur I, Sakuda S,
Moravéikova J (2021) beta-1,3-Glucanases and chitinases participate in the stress-related defence
mechanisms that are possibly connected with modulation of arabinogalactan proteins (AGP)
required for the androgenesis initiation in rye (Secale cereale L.). Plant Science. 302: €10700. DOI
10.1016/j.plantsci.2020.110700.

CREUC / Characteristics of the output that is not registered in




OCA12. Typ vystupu (ak nie je
vystup registrovany v CREPC
alebo CREUC) / Type of the
output (if the output is not
registered in CRPA or CRAA)
Vyber zo 67 moZnosti (pozri
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Cldnok/article

OCA13. Hyperlink na stranku,
na ktorej je vystup
spristupneny (Uplny text, ina
dokumentdcia a podobne) /
Hyperlink to the webpage
where the output is available
(full text, other
documentation, etc.)

https://www.sciencedirect.com/science/article/pii/S016894522030306X

OCA14. Charakteristika
autorského vkladu /
Characteristics of the author's
contribution

[20 %] Spoluriesitelka bilateralneho projektu na zaklade vyskumnej spoluprace s IFR-PAN v Pol'sku.
Spoluautorka, riesitelka experimentov - extrakcia proteinov z rastlinného materialu, kvantifikacia
aktivity (spektrofotometricky/fluorimetricky) a SDS-PAGE detekcia obrannych enzymov (chitinazy
a beta-1,3-glucandzy), RNA izoldcia, reverzna transkripcia RNA do cDNA, kvantitativna analyza
expresie génov pre gény vybranych chitindz a glukandz. Vyhodnotenie experimentov, priprava
grafov a konceptu k vysledkom préce do rukopisu.

[20 %] Co-investigator of a bilateral project based on research cooperation with IPP-PAS in Poland.
Co-author, researcher of experiments - extraction of proteins from plant material, quantification
of activity (spectrophotometrically/fluorimetrically) and SDS-PAGE detection of defense enzymes
(chitinases and beta-1,3-glucanases), RNA isolation, reverse transcription of RNA into cDNA,
quantitative analysis of gene expression of selected chitinase and glucanase genes. Evaluation of
experiments, preparation of graphs and concept of the manuscript.

OCA15. Anotacia vystupu s
kontextovymi informdciami
tykajucimi sa opisu tvorivého
procesu a obsahu tvorivej
¢innosti a pod. / Annotation
of the output with contextual
information concerning the
description of creative
process and the content of
the research/artistic/other
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slov v slovenskom jazyku /
Range up to 200 words in
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anglickom jazyku / Range up
to 200 words in English

OCA16. Anotacia vystupu v anglickom
jazyku / Annotation of the output in English
9Rozsah do 200 slov / Range up to 200
words

This work presents the biochemical, cytochemical and molecular studies on two groups of PR
proteins, B-1,3-glucanases and chitinases, and the arabinogalactan proteins (AGP) during the early
stages of androgenesis induction in two breeding lines of rye (Secale cereale L.) with different
androgenic potential. The process of androgenesis was initiated by tillers pre-treatments with low
temperature, mannitol and/or reduced glutathione and resulted in microspores reprogramming
and formation of androgenic structures what was associated with high activity of B-1,3-glucanases
and chitinases. Some isoforms of B-1,3-glucanases, namely several acidic isoforms of about 26
kDa; appeared to be anther specific. Chitinases were well represented but were less variable. RT-
gPCR revealed that the cold-responsive chitinase genes Chitl and Chit2 were expressed at a lower
level in the microspores and whole anthers while the cold-responsive Glu2 and Glu3 were not
active. The stress pre-treatments modifications promoted the AGP accumulation. An apparent
dominance of some AGP epitopes (LM2, JIM4 and JIM14) was detected in the androgenesis-
responsive rye line. An abundant JIM13 epitopes in the vesicles and inner cell walls of the
microspores and in the cell walls of the anther cell layers appeared to be the most specific for
embryogenesis.

OCA17. Zoznam najviac 5 najvyznamnejsich
ohlasov na vystup / List of maximum 5
most significant citations corresponding to
the output

Rozsah do 200 slov / Range up to 200 words

Record 1 of 5

Hromadova D, Soukup a, Tylova E (2021) Arabinogalactan Proteins in Plant Roots - An Update on
Possible Functions. Frontiers in Plant Science. 12: €674010. DOI 10.3389/fpls.2021.674010.
Times Cited in Web of Science Core Collection: 17

Total Times Cited: 29

Accession Number: W0S:000656126700001

Record 2 of 5

Perrot T, Pauly M, Ramirez V (2022) Emerging Roles of beta-Glucanases in Plant Development and
Adaptative Responses. Plant-Basel. 11(9): e1119. DOI 10.3390/plants11091119.

Times Cited in Web of Science Core Collection: 13




Total Times Cited: 20
Accession W0S:000794650900001

Record 3 of 5

Hale B, Ferrie AMR, Chellamma S, Samuel JP, Phillips GC (2022) Androgenesis-Based Doubled
Haploidy: Past, Present, and Future Perspectives. Frontiers in Plant Science. 12: e751230. DOI
10.3389/fpls.2021.751230.

Times Cited in Web of Science Core Collection: 8

Total Times Cited: 9

Accession Number: W0S:000319358000008

Record 4 of 5

Bednarek PT, Orlowska R, Mankovski DR, Zimny J, Kowalczyk K, Nowak M, Zebrowski J (2022)
Glutathione and copper ions as critical factors of green plant regeneration efficiency of triticale in
vitro anther culture. Frontiers in Plant Science. 13: €926305. DOI 10.3389/fpls.2022.926305.
Times Cited in Web of Science Core Collection: 3

Total Times Cited: 3

Accession Number: W0S:000841026700001

Record 5 of 5

Orlowska R (2022) Triticale doubled haploid plant regeneration factors linked by structural
equation modelling. Journal of Applied Genetics. 63 (4): 677-690. DOI 10.1007/s13353-022-00719-
7.

Times Cited in Web of Science Core Collection: 2

Total Times Cited: 2

Accession Number: W0S:000844917100001

OCA18. Charakteristika dopadu vystupu na
spoloéensko-hospodérsku prax /
Characteristics of the output's impact on
socio-economic practice

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Raz (Secale cereale L.) je vyznamnou obilninou v severnych ¢astiach strednej a vychodnej Eurdpy.
Produkcia DH (double haploid) v raZi ukézala, Ze mali nizku U¢innost v porovnani s jaémeriom a
pSenicou a napriek niektorym sfubnym dspechom sa raz vo vseobecnosti povaZuje za
rekalcitrantny druh. Studie plodin odolnych voéi androgenéze vzbudzuju velky zdujem z
vedeckého aj komeréného hladiska. Akykolvek pokrok v nasom chapani mechanizmu indukcie
androgenézy je velmi déleZity a mohol by rozsirit moznost zadlenenia technolégie DH do
zakladného vyskumu a programov slachtenia plodin. V praci sme sledovali zmeny v aktivite B-1,3-
glukanadz, chitinaz a arabibogalaktanu v skorom s$tadiu indukcie androgenézy v dvoch liniach raze.

Rye (Secale cereale L.) is an important cereal in the northern parts of Central and Eastern Europe.
The production of the DHs in rye showed they had a low efficiency compared to barley and wheat,
and despite some promising achievements, rye is generally considered to be a recalcitrant species.
Studies on androgenesis-recalcitrant crops raise big interest both from scientific and commercial
point of view. Any progress in our understanding of the mechanism of androgenesis induction is
of great importance and could widen the possibility of DH technology incorporation into basic
research and crop breeding programmes. In this work, we monitored changes in the activity of B-
1,3-glucanases, chitinases and arabibogalactan in the early stage of androgenesis induction in two
rye lines.

OCA19. Charakteristika dopadu vystupu a
sUvisiacich aktivit na vzdelavaci proces /
Characteristics of the output and related
activities' impact on the educational
process

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Tento vystup je zamerany na biochemicku a molekularnu $tadiu doleZitych obrannych proteinov
v rastlindch. Vzhladom na pouZité metodické postupy je mozné efektivne naviazat na vyuébu
biologicky orientovanych predmetov v studijnom programu Aplikovana bioldgia. Do vzdelavacieho
procesu mézu byt zavedené metodiky experimentov, poznatky aj skusenosti in vitro postupov ako
aj detekcie vyznamnych proteinov aexpresie génov pre tieto obranné proteiny. Dopady
spominanych aktivit na vyuovaci proces je mozné implementovat do vyucby predmetov
s molekularno-biologickym, proteomickym a transkriptomickym obsahom.

This output is focused on the biochemical and molecular study of important defense proteins in
plants. Due to the used methodological procedures, it is possible to effectively connect to the
teaching of biologically oriented subjects in the study program Applied Biology. The experiment
methodologies, knowledge and experience of in vitro procedures as well as detection of important
proteins and gene expression of these defense proteins can be introduced into the educational
process. The impact of the mentioned activities on the teaching process can be implemented in
the teaching of subjects with molecular-biological, proteomic and transcriptomic content.
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Characteristics of the submitted research/ artistic/other output
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vyhodnocovanie Standardov) / The form is used to submit the research/artistic/other outputs according to the evaluation methodology of
research/artistic/other activities (part V. The Methodology for Standards Evaluation).

1

Kéd VTC/Code of the
research/artistic/other output
(RAOO):2

ID konania/ID of the procedure:

OCAL. Priezvisko hodnotenej osoby /

Surname awarded to the assessed person
2
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Zuzana
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awarded to the assessed person 2

RNDr., PhD.
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https://www.portalvs.sk/regzam/detail /29480
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assessment *
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OCAG. Kategoria vystupu tvorivej ¢innosti
/ Category of the research/ artistic/other
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output is not available in a
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Charakteristika vystupu, ktory nie je registrovany v CREPC

Gregorova Z, Kovacik J, Klejdus B, Maglovski M, Kuna R, Hauptvogel P, Matusikova | (2015)
Drought-induced responses of physiology, metabolites, and PR proteins in Triticum aestivum.
Journal of Agricultural and Food Chemistry. 63(37): 8125-8133. DO 110.1021/acs.jafc.5b02951.




OCA12. Typ vystupu (ak nie je
vystup registrovany v CREPC
alebo CREUC) / Type of the
output (if the output is not
registered in CRPA or CRAA)
Vyber zo 67 moZnosti (pozri
Vysvetlivky k polozke OCA12) /
Choice from 67 options (see
Explanations for OCA12).

Cldnok/article

OCA13. Hyperlink na stranku,
na ktorej je vystup
spristupneny (Uplny text, ina
dokumentdcia a podobne) /
Hyperlink to the webpage
where the output is available
(full text, other
documentation, etc.)

https://pubs.acs.org/doi/abs/10.1021/acs.jafc.5b02951

OCA14. Charakteristika
autorského vkladu /
Characteristics of the author's
contribution

[16 %] Prva autorka, komplexnd experimentélna ¢innost — priprava a spracovanie rastlinného
materidlu, meranie fyziologickych a biochemickych parametrov, izolacia proteinov a nukleovych
kyselin, SDS-PAGE detekcia izoforiem chitindz a glukanaz pri strese suchom a stanovenie relativnej
expresie génov pre chitinazy, glukandzy a akvaporiny pomocou qRT-PCR.

[16 %] First author, complex experimental activity — preparation and processing of plant material,
measurement of physiological and biochemical parameters, isolation of proteins and nucleic
acids, SDS-PAGE detection of chitinase and glucanase isoforms under drought stress and
determination of the relative expression of chitinase, glucanase and aquaporin genes using qRT-
PCR.

OCA15. Anotacia vystupu s
kontextovymi informdciami
tykajucimi sa opisu tvorivého
procesu a obsahu tvorivej
¢innosti a pod. / Annotation of
the output with contextual
information concerning the
description of creative process
and the content of the
research/artistic/other
activity, etc. 8Rozsah do 200
slov v slovenskom jazyku /
Range up to 200 words in
SlovakRozsah do 200 slov v
anglickom jazyku / Range up
to 200 words in English

OCA16. Anotacia vystupu v anglickom
jazyku / Annotation of the output in
English °Rozsah do 200 slov / Range up to
200 words

The impact of severe drought stress (13% soil moisture) on the physiological responses, metabolic
profile, and pathogenesis-related (PR) proteins in wheat above- and below-ground biomass after
20 days of treatment was studied. Drought depleted growth, assimilation pigments, and majority
of free amino acids in the shoots (but proline increased considerably, +160%). On the contrary,
root growth parameters were elevated, and free amino acids did not decrease, indicating
investment of metabolites into the growth of roots under water deficiency. Mineral nutrients
were only slightly influenced. Profiling of pathogenesis-related (PR) proteins revealed that
chitinases (EC 3.2.1.14) and glucanases (EC 3.2.1.39) were activated in wheat by drought.
Individual isoforms and their activity were rather stimulated under drought, especially in shoots.
The expression of selected genes is in agreement with enzymatic data and suggests an organ
(tissue) specific- and opposing behavior of these two types of defense components in drought-
stressed wheat. Metabolic analyses at the level of phenolics showed an increase in the free and
bound fraction of phenolic acids almost exclusively in the shoots and flavonoid isoorientin
increased considerably: protective action against oxidative stress and dehydration of the leaves
seems to be the main reason for this finding. The role of PR proteins and phenolics in drought-
stressed tissue is discussed.

OCA17. Zoznam najviac 5
najvyznamnejsich ohlasov na vystup / List
of maximum 5 most significant citations
corresponding to the output

Rozsah do 200 slov / Range up to 200
words

Record 1 of 5

Gargallo-Garriga A, Preece C, Sandras J, Oravec M, Urban O, Penuelas J (2018) Root exudate
metabolomes change under drought and show limited capacity for recovery. Scientific Reports. 8:
€12696. DOI 10.1038/s41598-018-30150-0.

Times Cited in Web of Science Core Collection: 149

Total Times Cited: 156

Accession Number: W0S:000442530600002

Record 2 of 5

Guo Q, Wang Y, Zhang HR, Qu G, Wang TC, Sun QH, Liang DL (2017) Alleviation of adverse effects
of drought stress on wheat seed germination using atmospheric dielectric barrier discharge
plasma treatment. Scientific Reports. 7: €16680. DOI 10.1038/s41598-017-16944-8.

Times Cited in Web of Science Core Collection: 86




Total Times Cited: 89
Accession Number: W0S:000416891400082

Record 3 of 5

Zalila-Kolsi I, Ben Mahmoud A, Ali H, Sellami S, Nasfi Z, Tounsi S, Jamoussi K (2016) Antagonist
effects of Bacillus spp. strains against Fusarium graminearum for protection of durum wheat
(Triticum turgidum L. subsp durum). Microbiological Research. 192: 148-158. DOI
10.1016/j.micres.2016.06.012.

Times Cited in Web of Science Core Collection: 59

Total Times Cited: 64

Accession Number: W0S:000392563200016

Record 4 of 5

Kim J, Liu YM, Zhang XZ, Zhao BY, Childs KL (2016) Analysis of salt-induced physiological and proline
changes in 46 switchgrass (Panicum virgatum) lines indicates multiple response modes. Plant
Physiology and Biochemistry. 105: 203-212. DOI 10.1016/j.plaphy.2016.04.020.

Times Cited in Web of Science Core Collection: 38

Total Times Cited: 41

Accession Number: W0S:000380415900021

Record 5 of 5

Prinsi B, Negri AS, Failla O, Scienza A, Espen L (2018) Root proteomic and metabolic analyses reveal
specific responses to drought stress in differently tolerant grapevine rootstocks. BMC Plant
Biology. 18: €126. DOI 10.1186/s12870-018-1343-0.

Times Cited in Web of Science Core Collection: 38

Total Times Cited: 39

Accession Number: W0S:000436118600002

OCA18. Charakteristika dopadu vystupu
na spoloc¢ensko-hospodarsku prax /
Characteristics of the output's impact on
socio-economic practice

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Sucho je hlavnym abiotickym stresovym faktorom obmedzujicim produktivitu plodin. PSenica je
délezitym zdrojom potravy pre [udi na celom svete a v poslednych rokoch je vynosnost vplyvom
nedostatku vody vyrazne limitovana. Napriek intenzivnemu vyskumu si Studium sucha stéle
vyzaduje pozornost. Preto sme v praci analyzovali rast a fyziologické reakcie (tvorba biomasy,
fotosyntetické pigmenty, minerdlne Ziviny), profil metabolitov (aminokyseliny, fenoly) ako aj
aktivitu a expresiu génov pre glukandzy a chitindzy v novej slovenskej odrode psenice po
dlhotrvajicom strese zo sucha. V praci sme zistili, Ze chitindzy a glukanazy boli aktivované v psenici
vplyvom sucha. Priamo ako sucasti obrannych mechanizmov alebo v morfofyziologickych
upravach buniek podas nedostatku vody prispievaju k schopnosti rastlin prezit. Presné
kvantifikovanie fenolovych metabolitov odhalilo ich zvySenie vo volnych a viazanych frakciach
takmer vylu¢ne vo vyhonkoch, ¢o naznacuje ochranny ucinok pri nedostatku vody.

Drought is the major abiotic stress factor limiting crop productivity worldwide. Wheat is an
important source of food for people worldwide, and in recent years the yield has been significantly
limited due to the water deficiency. Despite the intensive research, the study focused on the
drought still needs attention. Therefore, we analysed growth and physiological responses
(biomass, photosynthetic pigments, mineral nutrients), metabolite profile (aminoacids,
phenolics), as well as the activity and gene expression of glucanases and chitinases in a new Slovak
wheat line after long-term drought stress. In this work, we found that chitinases and glucanases
were activated in wheat under drought. Directly as components of defense mechanisms or in
morpho-physiological adjustments of cells during water shortage they contribute to plant
capability to survive. Detailed quantification of phenolic metabolites revealed their increase in
the free and bound fraction almost exclusively in the shoots, indicating protective action under
water deficiency.

OCA19. Charakteristika dopadu vystupu a
sUvisiacich aktivit na vzdelavaci proces /
Characteristics of the output and related
activities' impact on the educational
process

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Vystup je orientovany na fyzioldgiu, biochémiu a molekularnu biolégiu rastlin a je viazany na
vyucbu biologicky zameranych predmetov v rdmci Studijného programu Aplikovana bioldgia. Do
vzdeldvacieho procesu budu z tohto vystupu implementované metodické postupy, poznatky ako
aj laboratdrne skisenosti s ciefom podporit vyuébu predmetov s biologickym a molekularno-
biotechnologickym obsahom s presahom do proteomiky.

The output is oriented towards the physiology, biochemistry and molecular biology of plants and
is linked to the teaching of biological subjects within the study program Applied Biology. The
methodological procedures, knowledge and laboratory experience will be implemented from this
output into the educational process with the aim of supporting the teaching of subjects with
biological and molecular-biotechnological content with an overlap into proteomics.




Charakteristika predkladaného vystupu tvorivej ¢innosti /

Characteristics of the submitted research/ artistic/other output

Tlacivo VTC sluZi na predkladanie vystupov tvorivej ¢innosti podla metodiky hodnotenia tvorivych cinnosti (Cast V. Metodiky na vyhodnocovanie
Standardov) / The form is used to submit the research/artistic/other outputs according to the evaluation methodology of research/artistic/other
activities (part V. The Methodology for Standards Evaluation).

ID konania/ID of the
procedure: *

Kéd VTC/Code of the
research/artistic/other
output (RAOO):!

OCAL. Priezvisko hodnotenej osoby /

Surname awarded to the assessed person
2

Gersi (rod. Gregorovad)

OCA2. Meno hodnotenej osoby / Name
awarded to the assessed person 2

Zuzana

OCA3. Tituly hodnotenej osoby / Degrees
awarded to the assessed person 2

RNDr., PhD.

OCA4. Hyperlink na zdznam osoby v
Registri zamestnancov vysokych $kél /
Hyperlink to the entry of the person in the
Register of university staff 3

https://www.portalvs.sk/regzam/detail /29480

OCAS5. Oblast posudzovania / Area of
assessment *

3. Bioldgia/ 3. Biology

OCAG. Kategoria vystupu tvorivej ¢innosti
/ Category of the research/ artistic/other
output

Vyber zo 6 mozZnosti (pozri Vysvetlivky k
polozke OCA6) / Choice from 6 options
(see Explanations for OCA6).

Vedecky vystup/ scientific output

OCA7. Rok vydania vystupu tvorivej

¢innosti / Year of publication of the 2017
research/artistic/other output

OCA8. ID zdznamu v CREPC alebo CREUC

(ak je) / ID of the record in the Central

Registry of Publication Activity (CRPA) or 683264

the Central Registry of Artistic Activity
(CRAA) 5

OCA9. Hyperlink na zéznam v CREPC alebo
CREUC / Hyperlink to the record in CRPA
or CRAA ¢

https://app.crepc.sk/?fn=detailBiblioForm&sid=C86326FDAOF2CD5B355347CDFB

OCA10. Hyperlink na zaznam
v inom verejne pristupnom
registri, katalégu vystupov
tvorivych éinnosti / Hyperlink
to the record in another
publicly accessible register,
catalogue of research/
artistic/other outputs 7

OCA11. Charakteristika
vystupu vo formate
bibliografického zaznamu
CREPC alebo CREUC, ak
vystup nie je vo verejne
pristupnom registri alebo
katal6gu vystupov /
Characteristics of the output
in the format of the CRPA or
the CRAA bibliographic
record, if the output is not
available in a publicly
accessible register or
catalogue of outputs

CRPA or CRAA

CREUC / Characteristics of the output that is not registered in

Charakteristika vystupu, ktory nie je registrovany v CREPC alebo

Maglovski M, Gregorova Z, Rybansky L', Mészaros P, Moravcikova J, Hauptvogel P, Adamec L, Matusikova
1 (2017) Nutrition supply affects the activity of pathogenesis-related B-1,3-glucanases and chitinases in
wheat. Plant Growth Regulation. 81(3): 443-453. DOI 10.1007/s10725-016-0222-7.




OCA12. Typ vystupu (ak nie
je vystup registrovany v
CREPC alebo CREUC) / Type
of the output (if the output is
not registered in CRPA or
CRAA)

Vyber zo 67 moZnosti (pozri
Vysvetlivky k poloZke OCA12)
/ Choice from 67 options (see
Explanations for OCA12).

Clanok/article

OCA13. Hyperlink na stranku,
na ktorej je vystup
spristupneny (Uplny text, ina
dokumentdcia a podobne) /
Hyperlink to the webpage
where the output is available
(full text, other
documentation, etc.)

https://link.springer.com/article/10.1007/s10725-016-0222-7

OCA14. Charakteristika
autorského vkladu /
Characteristics of the
author's contribution

[10 %] Spoluautor. Spolupraca pri experimentoch — spracovanie rastlinného materidlu, meranie
forosyntetickych a biochemickych (obsah prolinu a MDA) parametrov, extrakcia proteinov.

[10 %] Co-author. Cooperation in experiments — processing of a plant material, measurement of a
phorosynthetic and biochemical (proline and MDA content) parameters and protein extraction process.

OCA15. Anotacia vystupu s
kontextovymi informaciami
tykajucimi sa opisu tvorivého
procesu a obsahu tvorivej
¢innosti a pod. / Annotation
of the output with
contextual information
concerning the description of
creative process and the
content of the
research/artistic/other
activity, etc. 8Rozsah do 200
slov v slovenskom jazyku /
Range up to 200 words in
SlovakRozsah do 200 slov v
anglickom jazyku / Range up
to 200 words in English

OCA16. Anotacia vystupu v anglickom
jazyku / Annotation of the output in
English °Rozsah do 200 slov / Range up to
200 words

Nitrogen (N) is an essential mineral for plants and both its deficiency and excess causes serious problems
in agriculture. As stress-inducible defense is costly, N conditions likely affect the trade-off between the
growth and defense. Previous studies identified a few defense-related enzymes dependent on N
nutrition. Chitinases (EC 3.2.1.14) and glucanases (EC 3.2.1.39) are typical plant defense enzymes
belonging to the group of pathogenesis-related (PR) proteins with multiple functions in plants. Since a
comprehensive study on the impact of N nutrition on their activity is missing, we studied their profiles
and activities at isoforms level in wheat plants grown hydroponically at N doses corresponding to limited
(0, 0.75 and 5.25 mM N), optimal N (7.5 mM N) as well as excess (15, 30 and 35 mM N) N supply in the
form of nitrate. Our results show that several isoforms of both enzymes in wheat leaves and/or shoots
clearly depended on N supply, while their activities rather depended on organ type. Furthermore,
glucanases and chitinases appeared to be regulated in an opposite way. The activities of particular
chitinases and glucanases correlated with a proline content that has multiple functions in plants. Proline
typically accumulated with increasing the N supply when certain excessive N doses induced the gene for
proline synthase (P5CS) in shoots and that for ornithine aminotransferase (OAT) in roots. This work
points to a N-dependent activity of several defense-related compounds suggesting the possibly of
altered plant defense potential under various N regimes.

OCA17. Zoznam najviac 5
najvyznamnejsich ohlasov na vystup / List
of maximum 5 most significant citations
corresponding to the output

Rozsah do 200 slov / Range up to 200
words

Record 1 of 5

Yostova E, Dobrikova A, Stefanov M, Misheva S, Bardacova M, Matusikova | (2020) Effects of cadmium
on two wheat cultivars depending on different nitrogen supply. Plant Physiology and Biochemistry. 155:
789-799. DOI 10.1016/j.plaphy.2020.06.042.

Times Cited in Web of Science Core Collection: 19

Total Times Cited: 19

Accession Number: WOS: W0S:000581918000077

Record 2 of 5

Chen YE, Mao HT, Wu N, Ma J, Yuan M, Zhang Z, Yuan S, Zhang HY (2020) Effects of Stripe Rust Infection
on the Levels of Redox Balance and Photosynthetic Capacities in Wheat. International Journal of
Molecular Sciences. 21(1): €268. DOI 10.3390/ijms21010268.

Times Cited in Web of Science Core Collection: 7

Total Times Cited: 8

Accession Number: WOS:000515378000268




Record 3 of 5

Rajninec M, Fratrikovd M, Boszoradové E, JopCik M, Bauer M, Libantovd J (2021) Basic beta-1,3-
Glucanase from Drosera binata Exhibits Antifungal Potential in Transgenic Tobacco Plants. Plants-Basel.
10(8): e1747. DOI 10.3390/plants10081747.

Times Cited in Web of Science Core Collection: 2

Total Times Cited: 2

Accession Number: W0OS:000690115200001

Record 4 of 5

Li L, Liu QL, Yue HL, Bi Y, Raza H, Zhang R, Carelle JK, Peng H, Long HT, Prusky D (2022) Acetylsalicylic acid
(ASA) suppressed Fusarium rot development and neosolaniol (NEO) accumulation by activating
phenylpropane metabolism in muskmelon fruit. European Journal of Plant Pathology. 163(3): 625-639.
DO 110.1007/s10658-022-02502-0.

Times Cited in Web of Science Core Collection: 1

Total Times Cited: 1

Accession Number: WOS:000778077600001

OCA18. Charakteristika dopadu vystupu
na spoloc¢ensko-hospodarsku prax /
Characteristics of the output's impact on
socio-economic practice

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Tato praca je zamerand na stanovenie Urovne nutricného stresu v psenici na zéklade sledovanych
fyziologickych (obsah chlorofylu) a biochemickych parametrov (obsah malondialdehydu a prolinu ako
dokazy oxidaéného stresu v rastlinnych bunkdach) ako aj na detekcii Specifickych obrannych enzymov.
Rastliny psSenice boli pestované hydroponicky pri optimalnych nutriénych podmienkach, pri nedostatku
aj nadbytku dusika v médiu. Udaje o fyziologickych a rastovych parametroch naznacuju, 7e reakcie rastlin
nie su linedrne zavislé od ddvok dusika v rastovom médiu. Navy3e dostupnost vyzivy ovplyvnila aktivitu
niektorych izoforiem chitinaz a glukanaz, ¢o znamen3, Ze tieto obranné enzymy reagovali na extrémne
davky dusika orgdnovo Specifickym spésobom. Mozné Ulohy tychto enzymov pri adaptacii na dodavku
dusika su do znacnej miery nezndme a ich uloha ako obrannych zloZiek zostava este objasnena.
Komplexnejsia stadia o ucinkoch réznych rezimov hnojenia na aktivitu tychto obrannych enzymov pri
dodatoénych stresoch by mohla priniest cenné poznatky pre efektivne hnojenie a stratégie ochrany
rastlin.

This work is focused on the determination of the of nutritional stress level in wheat based on monitored
physiological (chlorophyll content) and biochemical parameters (malondialdehyde and proline content
as evidence of oxidative stress in plant cells) as well as the detection of specific defense enzymes. Wheat
plants were grown hydroponically under optimal nutritional conditions, a deficiency and uptake of
nitrogen in medium. Data on physiological and growth parameters indicate that plant responses are not
linearly dependent on nitrogen doses in the growth media. Moreover, this nutrition availability affected
the activities of several chitinase and glucanase isoforms responded to extreme nitrogen regimes in an
organ-specific manner. The possible roles of these enzymes in the adaptation to nitrogen supply are
largely unknown, and their role as defense components remains to be elucidated. A more complex study
on the effects of different fertilization regimes on activity of these defense enzymes under additional
stresses might bring valuable knowledge for efficient fertilization and plant protection strategies.

OCA19. Charakteristika dopadu vystupu a
sUvisiacich aktivit na vzdelavaci proces /
Characteristics of the output and related
activities' impact on the educational
process

Rozsah do 200 slov v slovenskom jazyku /
Range up to 200 words in Slovak

Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

Vystup je orientovany na detekciu fyziologickych a biochemickych parametrov v rastlinach ovplyvnenych
stresovym faktorov pocas rastu v médiu, ¢im je viazany na vyucbu biologickych predmetov v ramci
Studijného programu Aplikovana bioldgia. Metodické pristupy z experimentalnej Casti tohto vystupu
budu implementované do laboratérnych cviceni. Jednd sa o nenaroc¢né a cenovo dostupné metodiky. Na
zaklade tohto si Studenti mdzu rozsirit experimentélne zruénosti v rdmci predmetu Laboratérne cvi¢enia
z aplikovanej bioldgie I1.

The output is oriented to the detection of physiological and biochemical parameters in plants affected
by stress factors during growth in the medium, thus it is tied to the teaching of biological subjects within
the Applied Biology study program. Methodological approaches from the experimental part of this
output will be implemented in laboratory exercises. Base of this, students can expand their experimental
skills within the subject Laboratory Exercises in Applied Biology Il.




Charakteristika predkladaného vystupu tvorivej ¢innosti /

Characteristics of the submitted research/ artistic/other output

Tlacivo VTC sluZi na predkladanie vystupov tvorivej ¢innosti podla metodiky hodnotenia tvorivych cinnosti (Cast V. Metodiky na
vyhodnocovanie Standardov) / The form is used to submit the research/artistic/other outputs according to the evaluation methodology of
research/artistic/other activities (part V. The Methodology for Standards Evaluation).

1

Kéd VTC/Code of the
research/artistic/other output
(RAOO):2

ID konania/ID of the procedure:

OCAL. Priezvisko hodnotenej osoby /

Surname awarded to the assessed person
2

Gersi (rod. Gregorovad)

OCA2. Meno hodnotenej osoby / Name
awarded to the assessed person 2

Zuzana

OCA3. Tituly hodnotenej osoby / Degrees
awarded to the assessed person 2

RNDr., PhD.

OCA4. Hyperlink na zdznam osoby v
Registri zamestnancov vysokych $kél /
Hyperlink to the entry of the person in
the Register of university staff 3

https://www.portalvs.sk/regzam/detail /29480

OCAS5. Oblast posudzovania / Area of
assessment *

3. Bioldgia/ 3. Biology

OCAG. Kategoria vystupu tvorivej ¢innosti
/ Category of the research/ artistic/other
output

Vyber zo 6 mozZnosti (pozri Vysvetlivky k
polozke OCA6) / Choice from 6 options
(see Explanations for OCA6).

Vedecky vystup/ scientific output

OCA7. Rok vydania vystupu tvorivej

¢innosti / Year of publication of the 2021
research/artistic/other output

OCA8. ID zdznamu v CREPC alebo CREUC

(ak je) / ID of the record in the Central

Registry of Publication Activity (CRPA) or 435976

the Central Registry of Artistic Activity
(CRAA) 5

OCA9. Hyperlink na zéznam v CREPC
alebo CREUC / Hyperlink to the record in
CRPA or CRAA ©

https://app.crepc.sk/?fn=detailBiblioForm&sid=EA86E0589BCC28B194CAOFA9BF

OCA10. Hyperlink na zaznam v
inom verejne pristupnom
registri, katalégu vystupov
tvorivych éinnosti / Hyperlink
to the record in another
publicly accessible register,
catalogue of research/
artistic/other outputs 7

OCAL11. Charakteristika
vystupu vo formate
bibliografického zaznamu
CREPC alebo CREUC, ak vystup
nie je vo verejne pristupnom
registri alebo katalégu
vystupov / Characteristics of
the output in the format of the
CRPA or the CRAA
bibliographic record, if the
output is not available in a
publicly accessible register or
catalogue of outputs

registered in CRPA or CRAA

alebo CREUC / Characteristics of the output that is not

Charakteristika vystupu, ktory nie je registrovany v CREPC

Dubas E, Zur I, Moravcikova J, Fodor J, Krzewska M, Surowa E, Nowicka A, Gersi Z (2021) Proteins,
Small Peptides and Other Signaling Molecules Identified as Inconspicuous but Possibly Important
Players in Microspores Reprogramming Toward Embryogenesis. Frontiers in Sustainable Food
Systems. 5: e745865. DOI 10.3389/fsufs.2021.745865.




OCA12. Typ vystupu (ak nie je
vystup registrovany v CREPC
alebo CREUC) / Type of the
output (if the output is not
registered in CRPA or CRAA)
Vyber zo 67 moZnosti (pozri
Vysvetlivky k polozke OCA12) /
Choice from 67 options (see
Explanations for OCA12).

Cldnok/article

OCA13. Hyperlink na stranku,
na ktorej je vystup
spristupneny (Uplny text, ina
dokumentdcia a podobne) /
Hyperlink to the webpage
where the output is available
(full text, other
documentation, etc.)

https://www.frontiersin.org/articles/10.3389/fsufs.2021.745865/full

OCA14. Charakteristika
autorského vkladu /
Characteristics of the author's
contribution

[10 %] Spoluautorka. Priprava konceptu review rukopisu zaoberajiceho sa problematikou
proteinov stvisiacich so stresom v rastlinach.

[10 %] Co-author. Preparation of a draft for review manuscript dealing with the stress-related
proteins in plants.

OCA15. Anotacia vystupu s
kontextovymi informdciami
tykajucimi sa opisu tvorivého
procesu a obsahu tvorivej
¢innosti a pod. / Annotation of
the output with contextual
information concerning the
description of creative process
and the content of the
research/artistic/other
activity, etc. 8Rozsah do 200
slov v slovenskom jazyku /
Range up to 200 words in
SlovakRozsah do 200 slov v
anglickom jazyku / Range up
to 200 words in English

OCA16. Anotacia vystupu v anglickom
jazyku / Annotation of the output in
English °Rozsah do 200 slov / Range up to
200 words

In this review, are described and integrated the latest knowledge on the signaling role of proteins
and peptides in the stress-induced microspore embryogenesis (ME) in some crop plants with
agricultural importance (i.e., oilseed rape, tobacco, barley, wheat, rice, triticale, rye). Based on the
results received from the most advanced omix analyses, we have selected some inconspicuous
but possibly important players in microspores reprogramming toward embryogenic development.
We provide an overview of the roles and downstream effect of stress-related proteins (e.g., B-1,3-
glucanases, chitinases) and small signaling peptides, especially cysteine—(e.g., glutathione, y-
thionins, rapid alkalinization factor, lipid transfer, phytosulfokine) and glycine-rich peptides and
other proteins (e.g., fasciclin-like arabinogalactan protein) on acclimation ability of microspores
and the cell wall reconstruction in a context of ME induction and haploids/doubled haploids (DHs)
production. Application of these molecules, stimulating the induction and proper development of
embryo-like structures and green plant regeneration, brings significant improvement of the
effectiveness of DHs procedures and could result in its wider incorporation on a commercial scale.
Recent advances in the design and construction of synthetic peptides—mainly cysteine-rich
peptides and their derivatives—have accelerated the development of new DNA-free genome-
editing techniques. These new systems are evolving incredibly fast and soon will find application
in many areas of plant science and breeding.
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Bednarek PT, Orlowska R, Mankovski DR, Zimny J, Kowalczyk K, Nowak M, Zebrowski J (2022)
Glutathione and copper ions as critical factors of green plant regeneration efficiency of triticale
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Rozsah do 200 slov v anglickom jazyku /
Range up to 200 words in English

V su¢asnosti mnoho faktorov zvysuje dopyt po potravinach na celom svete. Konvencné slachtenie
je pracovne a €asovo narocny proces, ktory je potrebné doplnit modernymi biotechnologickymi
pristupmi, aby sa zvysila jeho efektivita. Tieto problémy poukazuju na potrebu dodat nové odrody
rastlin so zvy$enou produktivitou a zlepsenou adaptédciou na abiotické a biotické stresy. Na tento
ucel sa zda byt mikrospdrova embryogenéza (ME), znama aj ako androgenéza, bezkonkurenénym
biotechnologickym nastrojom na urychlenie postupu Slachtenia rastlin.V tomto prehladovom
¢lanku prindsame nové poznatky o signalizacnej Ulohe proteinov a peptidov v embryogenéze
mikrospér (ME) indukovanej stresom v niektorych plodindch s polnohospodarskym vyznamom.
Pre Slachtitelov a pestovatelov su tiez doleZité informacie o Uéinkoch potencidlnych moduldcii




(vratane Upravy gendmu) syntetickych drah, ktoré su zakladom reakcii na abioticky stres v
plodinach. Na tieto Ufely moZzno syntetizovat a testovat na rastlindch najsfubnejsie z
identifikovanych peptidov poOsobiacich ako reguldtory rastu zmierniujice stresy. Toto nové
rieSenie pomocou nativnych malych syntetickych peptidov aplikovanych ako povlaky mikrospor
nam pomdze zvysit novu zérodoénd plazmu stibezne s Usporou ¢asu a nakladov.

Nowadays, many factors increases the demand for food supply worldwide. Conventional breeding
is labor intensive and time-consuming process, which needs to be complemented with modern
biotechnological approaches to improve its efficiency. These problems point to the necessity to
deliver new plant varieties with enhanced productivity and improved adaptation toward abiotic
and biotic stresses. For this purpose, microspore embryogenesis (ME), known also as
androgenises, seems to be an unrivaled biotechnological tool to speed up the progress of plant
breeding. In this review, we bring new knowledges about signalling role of proteins and peptides
in the stress-induced microspore embryogenesis (ME) in some crop plants with agricultural
importance. Information about the effects of potential modulations (including genome-editing)
of synthetic pathways that underlies abiotic stress responses in crops is also important for
breeders and farmers. For these purposes, the most promising among identified peptides acting
as growth regulators alleviating stresses and altering plant development, can be synthesized and
tested on plants, with goals of extending and strengthening responsiveness to ME in DH
technology. This novel solution, by using native small synthetic peptides applied as microspore
coatings, will help us to increase new germplasm in parallel with saving time and costs.
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Prehladovy ¢lanok je orientovany na aktudlne molekuldrne a biotechnologické mozZnosti zlepsenia
kvality Urody a jej ochrany pred abiotickymi faktormi. Tento rukopis predstavuje vhodnu vedeckd
literatiru pre Studentov S$tudijného programu Aplikovand bioldgia s ciefom prepojit ziskané
informacie s vedomostami z predmetov Vybrané kapitoly z molekuldrnej bioldgie alebo
Laboratérne cvi¢enia z aplikovanej biolégie 1, ktoré si zamerané na detekciu proteinov
a enzymov. Publikované informacie mézu mat uplatnenie aj vo vyuéovacom procese dalsich
predmetov ako napriklad In vitro systémy rastlin, Pokrocila proteomika, Vplyv stresovych faktorov
na biotu.

This review article is oriented towards the current molecular and biotechnological possibilities of
improving the quality of the crop and its protection against abiotic factors. This manuscript
represents relevant scientific literature for students of the study program Applied Biology in order
to connect the acquired information with knowledgies from the subjects Selected Chapters in
Molecular Biology or Laboratory Exercises in Applied Biology Il, which are focused on the detection
of proteins and enzymes. The published information can be also used in the teaching process of
other subjects such as In vitro plant systems, Advanced proteomics, The influence of stress factors
on biota.




