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2021, vol. 150: 519. IF: 3,573, Q1

Uplatnenie vysledkov projektu

Projekt sazameral na vyskum uc€inkov stresovych faktorov na pofnohospodarske plodiny, so
Specifickym zameranim na fenotypovanie genetickych zdrojov vyuzitim neinvaznych
technik, ktoré s vyznamnymitémami vyskumu v globalnom meradle. Projekt svojimi
vysledkami a publikovanymi pracami prispel k arovni poznania v danej oblasti, o com svedcCi
aj impakt dany po¢tom ohlasov, kedZe publikované prace s odkazom na projekt boli uz
pocas doby trvania projektu citované viac nez 300 krat. Z hladiska konkrétnych vysledkov,
projekt priniesol nové poznatky o ucinkoch nepriaznivych faktorov prostredia na urovni
fotosyntetického aparatu a bioindikacii stresov z vysokej teploty, sucha, zasolenia a inych
stresov, pricom bol Specificky zamerany na dynamické zmeny faktorov prostredia. Z
praktického pohladu su vysledky vyuzitelné pre tvorbu novych kritérii a metodik vyuZitia
neninvaznych metdd vyuzitelnych tak pri hodnoteni genetickych zdrojov, ich detailnej
funk&nej charakterizacii a pasportizacii, ako aj pre skrining genotypov a krizencov v procese
Slachtenia plodin. Okrem toho, vysledky predstavuju posun v poznani mechanizmov
ucinkov hodnotenych stresovych faktorov, ako aj regulacnych mechanizmov na urovni
fotosyntetickych procesov a fotoprotek&nych funkcii. Vysledky prac priniesli aj nové otazky a
hypotézy, ktoré tvoria dobré vychodisko dalSieho zakladného a aplikovaného vyskumu.
Okrem publikovanych prac, vysledkom projektu su aj rozsiahle databazy dat, ktoré su
spracované a pripravené pre ich dalSie vyuZzitie, €i uz pre tvorbu novych prac z dosial
nepublikovanych vysledkov, alebo pre vyuzitie dat v naslednych analyzach a meta-
analyzach. Projekt tak prispeje jednak k lepSiemu vyuZzitiu potencialu diverzity
uchovavanych genetickych zdrojov rastlin, ako aj k tvorbe nového biologického materialu —
Formular ZK, strana 2/5



odréd plodin lepSie prispésobenych pre podmienky meniacej sa klimy. Vzhladom na
vyznam pSenice ako strategickej plodiny, vysledky projektu mézu, v dlhodobom meradle,
prispiet’ aj k ekonomickym a environmentalnym benefitom presahujucim lokalnu alebo
narodnu uroven.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt zakladného vyskumu bol zamerany na $tudium mechanizmov tolerancie plodin na
environmentalne stresy, predovSetkym na sucho, vysoku teplotu, ale aj dalSie stresové
faktory. RieSenie projektu pozostavalo zo série experimentov, v ktorych boli genetické
zdroje pSenice (a dalSich modelovych rastlin), hodnotené v podmienkach stresu v polnych,
vegetacnych nadobovych pokusoch, ako aj laboratérnych experimentoch v kontrolovanych
podmienkach. V zavislosti od parcialnych cielov experimentov boli hodnotené
fotosyntetické, fyziologické a fenotypové prejavy na réznej urovni, od primarnych
fotosyntetickych a fotoprotek&nych mechanizmov az po analyzy urodotvornych prvkov a
produkénych ukazovatefov. Vysledky projektu potvrdili, Ze gonofond pSenice sa vyznacuje
znacnou diverzitou regulacnych a adaptacnych mechanizmov vo fotosyntetickom aparate, a
to tak v kolekciach genotypov pSenice liSiacich sa geografickym pévodom, ploidiou (2n, 4n,
6n genotypy pSenice) alebo morfotypom (krajové odrody, moderné odrody). Cast
experimentov bola realizovana na Specifickych liniach pSenice nesucich fotosyntetické
mutacie, ktoré umoznili lepSie pochopenie regulaénych mechanizmov ochrarujucich
fotosynteticky aparat v podmienkach stresu. Okrem samotnej pritomnosti nepriaznivych
faktorov a ich interakcii, sme sa zamerali aj na $tudium dynamiky ucinku stresu (ciel 1),
pricom boli aplikované rézne stresové scenare, obzvlast v pripade stresuzo sucha
(kratkodoby prehlbujuci sa stres, udrziavany dlhodoby mierny vodny deficit) a vysokej
teploty (simulacia nahlych vin horGi¢av a postupnej aklimécie na vysoku teplotu). Déraz bol
kladeny aj na procesy prebiehajuce po€as regeneracie po odzneni stresu, ktoré sa ukazali
byt velmi podstatnymi, vo vztahu k rezistencii k stresom. Citlivost fotosyntetickych reakcii
bola Studovana na urovni procesov asimilacie uhlika (gazometrickymianalyzami), ako aj
rozsiahlymi analyzami zaloZzenymina merani funk&ného stavu fotosyntetickych Struktar
metddami fluorescencie chlorofylu a spektrometrie in vivo. Boli identifikované genotypové
rozdiely v realizacii fotoprotekEnych mechanizmov na urovni regulacie fotosystému I,
fotosystému | aj proténového toku v chloroplastoch (ciel 2). Boli tiez pozorované priame
vztahy medzirealizaciou fotoprotekEnych mechanizmov a schopnost'ou obnovit
fototosynteticku kapacitu a fotochemicku efektivnost’ primarnych fotosyntetickych procesov
po odzneni stresu. V projekte sme sa Specificky zamerali aj na fenotypovanie genetickych
zdrojov pSenice a to tak vyuzitim automatickej fenotypovacej linky s analyzou RGB,
fluorescencéného a hyperspektralneho zobrazovania, ako aj manualnych metod
umoznujucich rychle hodnotenie Specifickych fenotypovych znakov suvisiacich s
fyziologickym stavom alebo reakciami na stres. Boli tak vytvorené cenné databazy
fenotypovych udajov genotypov v réznych fenologickych fazach a v podmienkach
definovanych pritomnostou stresov, dalej analyzované v ramci projektu (ciel 3), ktoré su
pristupné spolu s prislusnymi metadatami pre dalSie vyuZitie. V projekte boli hodnotené aj
biochemické ukazovatele, ako je akumulacia osmoprotektantov (napr. prolin) a ich ulohy v
osmotickom prispdsobeni a ochrane vnutornych Struktur, ale aj dalSich antioxidacne
pbsobiacich latok zo skupiny polyfenolov (antokyany, flavonoidy). Bola sledovana dynamika
tychto latok vo vztahu k hodnotenym genotypom, intenzite stresovych faktorov,
fenologickym a ¢asovym datam, pri rbznych typoch a scenaroch posobenia stresu (ciel 4).
Databazy znakov a jednotlivych parametrov boli Statisticky vyhodnocované vo vztahu k
zakladnym ukazovatefom rastu, produktivity a fotosyntetickej vykonnosti, €o umoznilo
identifikovat' rychle neinvazne metddy a Specifické parametre vhodné ako potencialne
skriningové ukazovatele vyuzitelné ako fyziologické kritéria pre hodnotenie a popis
genetickych zdrojov vo vztahu k ich odolnosti k stresovym faktorom, ako aj pre prakticku
aplikaciu v skriningovom procese v Sfachtitelskych a biotechnologikych programoch
zameranych na tvorbu novych odréd a hybridov plodin (ciel 5). Ziskané informacie boli
spracované a interpretované v kontexte su¢asnych poznatkov a boli aplikované Specifické
modely pre komplexné hodnotenie limitov fotosyntetickych procesov na réznych
organizac¢nych urovniach, vo vztahu k dynamike faktorov prostredia, pricom boli
identifikované prejavy, ktoré mézeme povazovat pre dané stresoveé scenare za optimalne
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(ciel 6). Pre doplnenie multidiscilpinarneho programu projektu boli realizované aj dalSie
experimenty vyuzivajuce obdobné metodické postupy a nastroje pri inych typoch stresov
(zasolenie, UV-B, polutanty) aj inych modelovych plodinach. Sumarne, experimenty
realizované v ramci projektu priniesli nové poznatky o fyziologickych mechanizmoch,
vyuzitelnych fyziologickych znakoch a fenomickych ukazovateloch potencialne vyuzitelnych
pre zlepSenie produkénej stability plodin prostrednictvom vysokej efektivnosti fotosyntetickej
konverzie energie v podmienkach stresu, ¢im boli naplnené ciele projektu. Vysledky boli
prezentované na vedeckych forach doma a v zahranici, a velka €ast ziskanych dat bola
publikovana formou vedeckych €lankov v kvalitnych vedeckych ¢asopisoch s dobrym
impaktom vo vedeckej komunite. Vzhfadom na Sirku vyskumného programu a rozsah
ziskanych dat, Cast vysledkov je stale v §tadiu spracovania a je predpoklad ich publikovania
v nasledujucom obdobi.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The fundamental research project aimed to study the mechanisms of crop tolerance to
environmental stresses, especially drought, high temperature, and other stress factors. The
project implementation consisted of a series of experiments in which the genetic resources
of wheat (and other model plants) were evaluated in stress conditions in the field, vegetation
pot trials, and laboratory experiments under controlled conditions. Depending on the partial
objectives of the experiments, photosynthetic, physiological and phenotypic responses were
evaluated at different levels, starting from primary photosynthetic and photoprotective
mechanisms up to analyzes of yield elements and indicators of crop productivity. The results
of the project demonstrated that the wheat germplasm is characterized by considerable
diversity of regulatory and adaptive photosynthetic mechanisms, which was confirmed in
collections of wheat genotypes differing in geographical origin, ploidy (2n, 4n, 6n wheat
genotypes) or morphotype (regional varieties, modern varieties). Part of the experiments
were carried out on specific wheat lines carrying photosynthetic mutations, which enabled a
better understanding of the regulatory mechanisms protecting the photosynthetic apparatus
under stress conditions. In addition to the presence of adverse factors and their interactions,
research was also focused on studying the dynamics of the effect of stress (objective 1).
Various stress scenarios were applied, especially in drought stress (progressing short-term
water shortage vs. sustained long-term moderate water deficit) and high temperature
(simulation of sudden heat waves vs. gradual acclimation to high temperature). Emphasis
was also placed on the processes during the regeneration after the cessation of stress,
which was very important concerning stress resistance. The sensitivity of photosynthetic
reactions was studied at the level of carbon assimilation processes (by gasometric
analyses), as well as extensive analyses based on measuring the functional state of
photosynthetic structures by chlorophyll fluorescence and spectrometry in vivo. Genotypic
differences in the implementation of photoprotection mechanisms at the level of regulation of
photosystem Il, photosystem | and proton flow in chloroplasts were identified (objective 2).
Direct relationships were also observed between the implementation of photoprotective
mechanisms and the ability to restore photosynthetic capacity and photochemical efficiency
of primary photosynthetic processes after stress relief. The project also specifically focused
on the phenotyping of wheat genetic resources, using an automatic phenotyping line with
RGB analysis, fluorescence and hyperspectral imaging, and manual methods enabling the
rapid assessment of specific phenotypic traits related to physiological status or reactions to
stress. Valuable databases of phenotypic data of genotypes in different phenological phases
and conditions defined by the presence of stresses were created and analyzed within the
project (objective 3), which are accessible with the relevant metadata for further use.
Biochemical indicators were also evaluated, such as the accumulation of osmoprotectants
(e.g., proline) and their role in osmotic adaptation and protection of internal structures, as
well as other antioxidant substances from the group of polyphenols (anthocyanins,
flavonoids). The dynamics of these substances were monitored concerning the evaluated
genotypes, intensity of stress factors, and phenological and time data, with different types
and scenarios of stress action (objective 4). Databases of traits and individual parameters
were statistically evaluated in relation to the basic indicators of growth, productivity and
photosynthetic performance, which made it possible to identify fast, non-invasive methods
and specific parameters suitable as potential screening indicators usable as physiological
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criteria for the evaluation and description of resistance of genetic resources to stress factors.
Obtained knowledge can be useful for practical application in the screening process in
breeding and biotechnological programs aimed at creating new varieties and crop hybrids
(objective 5). The information obtained was processed and interpreted in the context of
current knowledge, and specific models were applied for a comprehensive assessment of
the limits of photosynthetic processes at different organizational levels related to the
dynamics of environmental factors. At the same time, the responses that can be considered
optimal for the given stress scenarios were identified (objective 6). To contribute to the
multidisciplinary program of the project, other experiments were also carried out using
similar methodological procedures and tools for other types of stress (salinity, UV-B,
pollutants) and alternative model plant species. The experiments carried out within the
project brought new knowledge about physiological mechanisms, physiological traits and
phenomic indicators potentially useful for improving the production stability of crops through
high efficiency of photosynthetic energy conversion under stress conditions, which met the
project objectives. The results were presented at scientific fora at home and abroad, and a
large part of the obtained data was published as original research papers in high-quality
scientific journals with a good impact related scientific community. Due to the width of the
research program and the size of the obtained data, some of the results are still being
processed and are expected to be published in the next period.
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