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Nazov pracoviska, na ktorom bol projekt rieSeny

- Vyskumny ustav vysokohorskej biolégie, Zilinské Univerzita v Ziline
- Biomedicinske centrum SAV, Virologicky Ustav SAV v Bratislave

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

- hoci projekt bol rieSeny v ramci SR, bola zaloZzend a rozvijana medzinarodna spolupracas
Dr. Thierrym Candressem, (INRA Bordeaux, Francuzsko), co mézeme deklarovat
spolo¢nou publikaciou

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

- patentové prihlaSky alebo uzitkové vzory neboli vystupmi projektu

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

A. Prace publikované v ramci WoS-pocet 9ks:

1. Molecular and biological characterisation of Turnip mosaic virus isolates infecting poppy
(Papaver somniferum and P-rhoeas) in Slovakia / M. Glasa, K. Soltys, L. Predajiia, N.
Sihelska, S. Novakova, Z. Subr, Jan Kraic, Daniel Mihalik. In: Viruses-Basel. - ISSN 1999-
4915. - Ro€.10, €.8 (2018)

2. High-throughput sequencing of Potato virus M from tomato in Slovakia reveals a
divergent variant of the virus Glasa Miroslav - Soltys Katarina - Predajfia Lukas - Sihelska
Nina - Budi$ Jaroslav - Mrkvova Michaela - Kraic Jan - Mihalik Daniel - Ruiz- Garcia Ana
Belén, 2019. In: Plant Protection Science = Ochrana rostlin = Ochrana rostlin. - ISSN 1212-
2580, Ro¢. 55, €. 3 (2019), s. 159-166

3. Higher Effectiveness of New Common Bean (Phaseolus vulgaris L.) Germplasm
Acquisition by Collecting Expeditions Associated with Molecular Analyses. Sajgalik, M;
Ondreickova, K; Hauptvogel, P; Mihalik, D; Glasa, M; Kraic, J. (2019). In: SUSTAINABILITY,
vol.11, €.8, 2019, elSSN:2071-1050

4. High-throughput sequencing reveals Bell Pepper Endornavirus infection in Pepper
(Capsicum annum) in Slovakia and enables its further molecular characterization.
Tomasechova Jana, HanCinsky Richard, Predajna Lukas, Kraic Jan, Mihalik Daniel, Soltys
Katarina, Vavrova Silvia, Bohmer Miroslav, Sabanadzovic sead, Glasa Miroslav, 2019. In
Plants, ISSN 2223-7747, €. 9,

Formular ZK, strana 1/5



5.Diacylglycerol Acetyltransferase Gene Isolated from Euonymus europaeus L. Altered Lipid
Metabolism in Transgenic Plant towards the Production of Acetylated Triacylglycerols
[electronic] / Daniel Mihalik, Andrea Lan&ariova, Michaela Mrkvova, Sarlota Kariukova,
Jana Moravéikova, Miroslav Glasa, Zdeno Subr, Luka$ Predajiia, Richard Hanginsky,
Simona GreSikova, Michaela Havrlentova, Pavol Hauptvogel, Jan Kraic, 2020. DOI DOI
10.3390/1ife10090205. In: Life. - ISSN 2075-1729 (online), Ro¢. 10, €. 9 (2020), s. [1-16]
[online].

6.Plant Viruses InfectingSolanaceaeFamily Members in the Cultivated and Wild
Environments: A Review / Richard HanCinsky, Daniel Mihalik, Michaela Mrkvova, Thierry
Candresse, Miroslav Glasa, 2020. DOI DOI 10.3390/plants9050667. In: Plants-Basel. -
ISSN 2223-7747 (online), Ro¢. 9, €. 5 (2020), s.[1-17] [online].

7. Procedures for DNA Extraction from Opium Poppy (Papaver somniferum L.) and Poppy
Seed-Containing Products / Sarlota Kariukova, Michaela Mrkvova, Daniel Mihalik, Jan Kraic,
2020. In: Foods. - ISSN 2304-8158 (online), Roc€. 9, €. 10 (2020), s. [1-15] [online]. 8. High-
throughput sequencing reveals bell pepper endornavirus infection in pepper (Capsicum
annum) in Slovakia and enables its further molecular characterization [electronic] / Jana
Tomasechova, Richard HanCinsky, Lukas Predajna, Jan Kraic, Daniel Mihalik, Katarina
Soltys, Silvia Vavrova, Miroslav Béhmer, Sead Sabanadzovic, Miroslav Glasa, 2020. DOI
DOI10.3390/plants9010041. In: Plants-Basel. - ISSN 2223-7747 (online), Ro¢. 9, €. 1
(2020), s.[1-9] [online].

9. Biotic and Abiotic Elicitors of Stilbenes Production in Vitis vinifera L. Cell Culture
[electronic] / Martin S&k, lvana Dokupilova, Sarlota Kariukova, Michaela Mrkvova, Daniel
Mihalik, Pavol Hauptvogel, Jan Kraic, 2021. DOI DOI 10.3390/plants 10030490. In: Plants-
Basel. - ISSN 2223-7747 (online), Ro¢. 10, €. 3 (2021), s. [1-14] [online].

B. Skripta ucebnice:

1.

Laboratorne cvi¢enia z molekularnej biologie a biotechnolégii/i D.Mihalik, ISBN 978-80-8105-
940-7, pocet str., vydavatelstvo UCM v Trnave,124 stran, (2018)

C. prispevky na konferenciach + popularizatné aktivity:

1.Sihelska N, Predajiia L, Subr Z, Mihalik D, SoltysK, Glasa M (2018): Molecular and
biological characterisation of Turnip mosaic virus isolates infecting poppy (Papaver sp.)in
Slovakia. XXI. Ceska a slovenska konference o ochrané rostlin. Sbornik abstraktu. Sefrova
H & Safrankova | (eds), MENDELU v Brnég, 5. — 6. 9. 2018, p. 27, ISBN 978-80-7509-562-6.
2. Glasa M, Predajiia L, Soltys K, Mihalik D (2019): High-throughput sequencing reveals
common poppy (Papaver rhoeas L.) as a natural host for Turnip yellows virus. Joint
Czechoslovak Virology Conference nad 1st SK-AT Structural Virology Meeting, Book of
Abstracts, p. 73, 13. — 15. 2. 2019, Bratislava, ISBN 978-80-86668-53-6

3. Glasa M, Tomasechova J, Predajiia L, Soltys K (2019): Characterisation of virome
identified in selected medical plants by next generation sequencing. International Scientific
Conference Applied Natural Sciences 2019, Book of Abstracts, p. 57, 25. - 27. 9. 2019,
Téle, ISBN 978-80-572-0011-6

4. Sihelska N, Subr Z, Toma$echova J, Predajfia L, Glasa M (2019): Potato virus Y diversity
in the non-potato hosts in Slovakia as revealed by next generation sequencing. The 17th
trennial meeting of the virology section of the European association of potato research
EAPR, Abstract book, p. 27, 18. — 21. 6. 2019, Laulasmalaa, Estonia.

5. Sihelska N, Predajiia L, Subr Z, Tomasechova J, Glasa M (2019): Stadium molekularne;
variability a charakterizacia fytovirusov |nf|ku1umch rastliny ¢elade Solanaceae a
Papaveraceae v ére sekvenovania novej generacie. Konferencia mladych mikrobiolégov Co
nového v mikrobioldgii, CSSM, Zbornik abstraktov, p. 41, 14. —17. 3. 2019, Strbské Pleso,
ISBN 978-80-971422-9-2.

6.. Virusy rastlin pod drobnohladom
https://vedanadosah.cvtisr.sk/virusy-rastlin-pod-drobnohladom

- populariza¢ny ¢lanok o aktivitach projektu na portali Veda na dosah (CVTI)

Uplatnenie vysledkov projektu

Vysledky projektu maju velky vyznam pre pestovatelsku prax, lebo boli molekularno -
biologicky identifikované nové patotypy virusov, ktoré neboli doposial na uzemi SR nikdy
popisané! O ich originalite svedci aj fakt, Ze boli deponované do databazy GenBank,
predmetom rieSenia projektu nebola lieCba postihnutych ochoreni rastlin, nami ziskané
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informacie su dolezité z hladiska diagnostiky, prevencie a aj naslednej eradikacie
(odstranenia) postihnutych jedincov (rastlin), ¢im sa zamedzi Sireniu infekcie, vyrazne
znizujucej rastlinnu produkcie rastlin patriacich do ¢eladi Papaveraceae a Solanaceae.
Vyznamnym milnikom ziskanym z rieSenia projektu je aj fakt, Ze divorastuce rastlinné druhy
Celadi Papaveraceae a Solanaceae suvyznamnym depozitom a teda tzv. prirodzenou
"génovou bankou virusov" napadajucich kulturne, hospodarsky vyznamné, rastlinné druhy
spominanych ¢efadi. Vyznamnym faktom zistenym nasim badanim je aj dékaz zvySenej
expresie génov zahrnutych v biosyntéze tropanovych alkaloidov pocas infekcie rastlin
durmanu obyC€ajného tobamovirusmi. Dany fakt ma obrovsky potencial z hladiska
priemyselnej produkcie tropanovych alkaloidov, av8ak tento fakt treba eSte verifikovat
metabolomickymi analyzami, ktoré vS§ak neboli predmetom Studia rieSeného projektu.
Celosvetova produkcia medicinsky vyuzivanych tropanovych alkaloidov (hlavne atropin,
skopolamin, hyoscyamin) je saturovana priblizne na urovni 50% a tak jestvuje obrovsky
dopyt po ich produkcii a naSe zistenie ma vefky potencial vyuzitia v priemyselnej praxi.

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

Ziskané vysledky projektu v nadvaznosti na stanovené ciele projektu mozno zhrnut do
nasledovnych bodov:

1. vyskum najvhodnejSej stratégie sekvenovania novej generacie (NGS) priamo z
hostitelskych rastlin s ciefom obohatenia podielu virusovych sekvencii na pozadi
hostitelskych sekvencii, vyber najvhodnejSich bioinformatickych nastrojov a algoritmov pre
efektivnu identifikaciu nizkoképiovych virusovych sekvencii v pripade absencie dat
hostitel[ského gendmu - vysledky: Optimalizacia stratégie pre NGS analyzu bola iniciovana
komparativnou analyzou viacerych metdd izolacie celkovej RNA. Celkova RNA bola
izolovana klasickou fenol/chloroform metddou, vyuzitim komercnych kolonkovych izolaCnych
kitov Macherey-Nagel a Sigma. Vzorky boli nasledne opracované deple¢nym kitom na
odstranenie, ¢o najva¢Sieho mnozstva molekul cytoplazmatickej, chloroplastovej, aj
mitochondrialnej, ribozomalnej RNA z hostitela. Tato jednoducha ,enrichment” stratégia
mala za ciel ¢o najmenej zasiahnut do kompozicie virusovej zlozky vyizolovaného templatu.
Z takto pripraveného templatu bola pripravena sekvenaéna cDNA kniznica, ktora bola
nasledne analyzovana sekvenaciou novej generacie na platforme llumina Miseq. Tento
algoritmus bol vyuzZivany na identifikaciu virusovych nukleovych kyselin po€as celej doby
rieSenia projektu.

2. NGS analyza cielovych rastlin Papaveraceae a Solanaceae s réznym stuprfiom prejavu
virusovej infekcie, vratane bezpriznakovych rastlin, charakterizacia ich ,viromu“ a pripadna
identifikacia novych virusov alebo vysokodivergentnych variant znamych virusovych
patogénov- vysledky: NGS analyza dokazala pritomnost virusu mozaiky kvaky (TuMV) z
rodu Potyvirus. Ide o prvy report o vyskyte tohto virusu na maku na Slovensku. Analyzou
NGS dat z rajCiaka (S. lycopersicum), papriky roénej, durmanu oby€ajného sa nam podarilo
urCit Uplnu sekvenciu virusu zakrpatenosti rajCiaka (Tomato bushy stunt virus, rod
Tobamovirus), virusu miernej zakrpatenosti papriky (Pepper mild mottle virus PMMoV, rod
Tobamovirus), virus mozaiky uhorky (CMV), virus zemiaka M (Potyvirus), virus mozaiky
vodného meldnu (watermelon mosaic virus, WMV), krypticky virus papriky -2 (pepper cryptic
virus-2, PCV-2) a endornavirus papriky (bell pepper endornavirus, BPEV). Uvedené
detekované virusy patria do réznych rodov (cucumovirus — CMV, potyvirus — WMV,
endornavirus — BPEV a deltapartitivirus - PCV-2) a ide pri kazdom o prvu genomicku
sekvenciu virusu na Slovensku!

3. uplna alebo parcialna molekularna charakterizacia gendmu najroz8irenejSich virusov,
analyza ich molekularnej variability a evoluénych faktorov vplyvajucich na ich Sirenie a
diverzifikaciu- vysledky: pri vSetkych spomenutych virusoch bola realizovana genémova
charakterizacia a boli ur¢ené otvorené Citacie ramce, €o je dokladované v publikovanych
pracach.

4. vyvoj molekularnych nastrojov pre Specificku a citliva detekciu vyznamnych virusov a
Studium ich epidemioldgie na prirodzenych hostitelskych druhoch rastlin v réznych
agroekologickych podmienkach Slovenska a etioldgie a biologickych viastnosti v
kontrolovanych podmienkach - vysledky: pri vSetkych virusoch boli sekvencie ziskané
prostrednictvom NGS sekvenovania verifikované pomocou Sanger sekvenovania PCR
produktov, €im sme ziskali sady primerov na detekcie prislusnych virusov. Takisto boli
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virusy detegované aj imunochemicky.

5. analyza vplyvu virusovej infekcie na produkciu alkaloidov v modelovych rastlinach na
urovni expresie génov kdédujucich vybrané enzymy metabolickej drahy alkaloidov -
vysledky:- v ramci rieSenia projektu sme zistili, Ze Tobamovirusy vyuZivaju divorastuce
rastlinné druhy ¢elade Solanaceae (durman obyCajny) ako depozita pre svoju existenciu a
Sirenie. Pri umelej infekcii durmanu oby€ajného tobamovirusmi sme zaznamenali zvySenu
expresiu génov zahrnutych v biosyntéze tropanovych alkaloidov a to konkrétne
putresceinmetyltransferazu (pmt) a hyoscyamin-6-hydroxylazu (H6H). TakZze tobamovirusy
mozeme povazovat za elicitory produkcie tropanovych alkaloidov.

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

The obtained results of the project in connection with the set goals of the project can be
summarized in the following points:

1. Research into the most appropriate next generation sequencing strategy (NGS) directly
from host plants to enrich the contribution of viral sequences to host sequences, selection of
the most appropriate bioinformatics tools and algorithms for efficient identification of low
copy viral sequences in the absence of host genome data - results: The optimization of the
strategy for NGS analysis was initiated by comparative analysis of several methods for
isolating total RNA. As plant material, we used fully developed poppy and poppy leaves, and
total RNA was isolated by the classical phenol / chloroform method, using commercial
Macherey-Nagel and Sigma column isolation kits. The samples were then treated with a
depletion kit to remove as many cytoplasmic, chloroplast, and mitochondrial, ribosomal RNA
molecules as possible from the host. This simple "enrichment" strategy aimed to interfere as
little as possible with the composition of the viral component of the isolated template. A
sequencing cDNA library was prepared from the template thus prepared, which was
subsequently analyzed by next generation sequencing on the lllumina Miseq platform. This
algorithm was used to identify viral nucleic acids throughout the project.

2. NGS analysis of Papaveraceae and Solanaceae target plants with varying degrees of
viral infection, including asymptomatic plants, characterization of their "virus" and possible
identification of new viruses or highly divergent variants of known viral pathogens - results:
NGS analysis showed the presence of turnip mosaic virus (TuMV) genus Potyvirus. This is
the first report on the occurrence of this virus in poppies in Slovakia. By analyzing NGS data
from tomato (S. lycopersicum), pepper, datura, we were able to determine the complete
sequence of Tomato bushy stunt virus, genus Tobamovirus, Pepper mild mottle virus
PMMoV, Cucumber mosaic virus (CMV), potato virus M (Potyvirus), watermelon mosaic
virus (WMV), pepper cryptic virus-2 (PCV-2) and bell pepper endornavirus, BPEV). These
detected viruses belong to different genera (cucumovirus - CMV, potyvirus - WMV,
endornavirus - BPEV and deltapartitivirus - PCV-2) and each of them are the first genomic
sequences of the virus in Slovakia!

3. complete or partial molecular characterization of the genome of the most widespread
viruses, analysis of their molecular variability and evolutionary factors influencing their
spread and diversification - results: genomic characterization was performed for all
mentioned viruses and open reading frames were determined, as documented in published
articles.

4. development of molecular tools for specific and sensitive detection of important viruses
and study of their epidemiology on natural host plant species in different agroecological
conditions of Slovakia and etiology and biological properties in controlled conditions -
results: for all viruses sequences obtained by NGS sequencing were verified by Sanger
sequencing PCR products, thus obtaining primer sets for the detection of the respective
viruses. Viruses have also been detected immunochemically.

5. Analysis of the effect of viral infection on alkaloid production in model plants at the level of
expression of genes encoding selected enzymes of the alkaloid metabolic pathway - results:
- in the project we found that Tobamoviruses use wild plant species of the family
Solanaceae (Datura stramonium) as deposits for their existence and dissemination. In
artificial infection of Datura stramonium with tobamoviruses, we observed increased
expression of genes involved in the biosynthesis of tropane alkaloids, namely putrescein
methyltransferase (pmt) and hyoscyamine-6-hydroxylase (H6H). Thus, tobamoviruses can
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be considered as elicitors of tropane alkaloid production.
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