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ADC - Vedecké prace v zahraniénych karentovanych ¢asopisoch:

1. Al Ramadan, R., Karas, M., RanusSova, P., Morav¢ikova, J. 2021. Effect of silver on in
vitro regeneration and antioxidant responses of oilseed rape cultivars (Brassica napus L.).
Journal of microbiology, Biotechnology and Food Sciences 10 (6) e4494.
https://doi.org/10.15414/jmbfs.4494

2. Blehova, A., Murin, M., Nemecek, P., Gajdos, P., Certik, M., Kraic, J., Matusikova, |.
2021. Alterations in allocation and composition of lipid classes in Euonymus fruits and
seeds. Protoplasma. 258(1):169-178 DOI. 10.1007/s00709-020-01562-5

3. Mihalik, D., Lancéarinova, A., Mrkvova, M., Kaniukova, S., MoravCikova, J., Glasa. M.,
Predajia, L., HanCinsky, R., GreSikova, S., Havrlentova, M., Huptvogel. P., Kraic, J. 2020.
Diacylglycerol Acetyltransferase Gene Isolated from Euonymus europaeus L. Altered Lipid
Metabolism in Transgenic Plant towards the Production of Acetylated Triacylglycerols. Life
10(9) 205; https://doi.org/10.3390/life10090205

4. Kariukova, S., Mrkvova, M., Mihalik, D., Kraic, J. 2020. Procedures for DNA Extraction
from Opium Poppy (Papaver somniferum L.) and Poppy Seed-Containing Products. Foods;
9(10):1429. [online]. https://doi.org/10.3390/foods9101429

5. Bujnovsky R., Holickova M., Ondrejickova P. 2020. Spring Camelina sativa — Perspective
cultivation as biofuel feedstock in Slovakia. Industrial Crops and Products 154: 112634
https://doi.org/10.1016/j.indcrop.2020.112634
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6. Hozlar, P., Matuskova, K., Ondrejickova, P., Hajekova, E., Jorikova, L. 2020. Comparison
of different fertilization variants of Camelina sativa yield, plant height and oil content.
International Journal of Innovative Approaches in Agricultural Research. 4(1): 78-88.
https://doi.org/10.29329/jjiaar.2020.238.9

7. Martin€ova, M., Kastier, P., Krasylenko, Y.A., Gajdos, P., Certik, M., Matusikova, |.,
Blehova, A. 2019. Species-specific differences in dodder seed architecture and chemical
composition. Flora-Morphology Distribution Functional Ecology of Plants 256: 61-68
http://agris.fao.org/agris-search/search.do?recordID=US201900267795

8. Boszoradova, E., MatuSikova, |., Libantova, J., Zimova, M., Moravc¢ikova, J. 2019. Cre-
mediated marker gene removal for production of biosafe commercial oilseed rape. Acta
Physiologie Plantarum 41:73 https://doi.org/10.1007/s11738-019-2865-2

9. Blehova, A., Skorikova, M., Samajové, 0., Kastier, P., Matusikova, |. 2018. Maize
miniendosperm proliferation in vitro is characterized by tracheary element formation. Plant
Cell Tissue and Organ Culture135:455-462

ADD - Vedecké prace v karentovanych ¢asopisochv SR:

1. Al Ramadan, R., Karas, M., RanuSova, P., Morav€ikova, J. 2021. Effect of silver on in
vitro regeneration and antioxidant responses of oilseed rape cultivars (Brassica napus L.).
Journal of microbiology, Biotechnology and Food Sciences 10 (6) e4494.
https://doi.org/10.15414/jmbfs.4494

ADN - Vedecké prace v nekarentovanych ¢asopisochv SR:

1. Suta, D., Matusikova, |, Blehova, A. 2019(b).Targeting transgene to seed resulted in high
rate of morphological abnormalities of Camelina transformants. Nova Biotechnologia et
Chimica 18(2): 94-101 DOI:10.2478nbec-219-0012.
https://content.sciendo.com/view/journals/nbec/18/2/article-p94.xml

Vysokoskolské ucebnice:

1. Mihalik, D. 2018. Laboratérne cvicenia z molekularnej bioldgie a biotechnoldgii. ISBN
978-80-8105-940-7, vydavatelstvo UCM v Trnave, s. 124.

Odborné prednasky:

1. Blehova, A. 2018. VV\yznam vybranych druhov rastlin pre rastlinné biotechnolégie.
Pozvana prednaska na Mendelovej univerzite v Brné, Ustav biologie rostlin, Agronomicka
fakulta.

Uplatnenie vysledkov projektu

V predkladanom projekte sme Studovali lokalizaciu a ulohu olejov v bunkach semien
réznych druhov rastlin (jednokli€nolistovych, parazitickych a oleje produkujucich rastlinach
napr. v semenach brslena a lani¢nika). V pripade brslena eurépskeho sme potvrdili, Ze
biosyntéza olejov zacina v skorych fazach vyvinu semien a pokracuje az do $tadia ich
zrelosti, pricom ich distribucia je pletivovo Specificka. V bunkach arilusu (Struktura typicka
pre Celad Celastraceae) sa bezne vyskytuju triacylglyceroly (TAG), v bunkach endospermu
ale aj embrya su okrem TAG deponované aj acetyl-diacylglyceroly (acDAG). Preto mézu byt
semena brslena donorom génu (EeDACcT) pre enzym acetyltransferazu, ktory reguluje
biosyntézu acDAG aj v transgénnych rastlinach lani¢nika siateho. Potvrdili sme, Ze lani¢nik
siaty je mozné Uspedne transformovat in planta technikou transformécie. Uprava zloZenia
oleja extrahovaného zo semien lani¢nika otvara nové moznostijeho diverzifikacie smerom k
akumulacii bioaktivnych zlu€enin (napr. terpénov), roznych pridavnych latok vyuzivanych v
potravinarskom, a chemickom priemysle. Napriklad zvySenie obsahu kyseliny linolovej a
linolénovej ale aj znizenie obsahu kardiotoxickej kyseliny erukovej v oleji izolovanom z
transgénnych semien lani¢nika, otvara moznosti jeho SirSieho vyuzitia v potravinarskom
priemysle. Pritomnost acDAG s vysokym obsahom polynenasytenych mastnych kyselin
determinuje, Ze geneticky modifikovany olej lani€nika méze byt vyhodny pre aplikacie, kde
je dolezita jeho oxidacna stabilita. Na druhej strane nizka efektivita transformacie v pripade
lani¢nika indikuje, Ze do buducnosti budu potrebné dalSie optimalizacie tak transformacnych
ako aj regeneracnych protokolov.

Projekt tiez generoval udaje, o moznostiach modifikovat' fyzikalno-chemické vlastnosti oleja
izolovaného zo semien lani¢nika chemickymi postupmi ako napr. parcialnou hydrogenaciou
alebo transesterifikaciou, kedy sa odstrariuju jeho negativne vlastnosti napriklad zniZuje sa
jodové &islo pod normovani hodnotu tak, aby sa v maximéalnej miere zachovali jeho ostatné
pozitivne uzitkové viastnosti. Potom takto modifikovany olej, izolovany zo semien fani¢nika,
je vhodny na pripravu biologicky odburatelnych maziv, emulgatorov, zmak&ovadiel a
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biopaliv druhej generacie s cielom zniZzovat emisie sklenikovych plynov.

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

Lani¢nik siaty (Camelina sativa L.) patri do Celade Brassicaceae a ma z agronomického a
environmentalneho hladiska niekolko vyhod v porovnani s inymi rastlinami patriacimi do
tejto Celade. Aj ked pdvodné slovenské odrody nie su zname, rastliny lani¢nika pritahuiju
zaujem agrondmov a vyrobcov biopaliv druhej generacie. Jednym z ciefov projektu bolo
vyvinut' ekonomicky efektivny spdsob pestovania rastlin fani¢nika a modifikacie jeho oleja.
Lani¢nikovy olej, kedZe nekonkuruje olejom ziskavanym z potravinarskych plodin,
predstavuje sfubny a lacny zdroj pre udrzatelnu vyrobu alternativnych biopaliv. Vysledna
bionafta méze pomaoct znizit emisie uhlika, rozSirit domace zdroje energie a stimulovat
hospodarsky rozvoj vo vidieckych komunitach.

Tento projekt tiez sumarizuje vysledky v oblasti chemickej a biologickej transformacie
olejov/tukov (napr. triacylglycerolov) izolovanych z nepotravinarskych plodin. Popisali sme
dva typy chemickej transformacie lani¢nikového oleja: i) transesterifikaciu a ii) parcialnu
hydrogenaciu dvojitych vazieb v metylesteroch polynenasytenych mastnych kyselin, ktoré
su nevyhnutné na ziskanie produktov s viastnostamizodpovedajucim palivam
syntetizovanym z ropy. Molekularne a in vitro metddy, v kontexte s kvalitativnymi a
kvantitativnymi analyzami obsahu oleja v semenach lani¢nika, predstavuju zaklad pre i)
generovanie procesov genetickej modifikacie plodin relevantnych pre Slovensko a ii) Upravu
biosyntézy a vlastnosti lipidov pre komercné aplikacie. Na transformaciu sme pouZili dva
jarné kultivary lani¢nika, konkrétne Zuzana a Smilowska. Kvety v réznych stadiach kvitnutia
sme ponarali do suspenznej kultury baktérie (floral dip technika transformacie). Transgénny
charakter rastlin sme identifikovali na zaklade expresie rfp génu. Fluorescencia
markerového RFP proteinu potvrdila urcité abnormality vo vyvine embryi, napriklad vyvin
troch klicnych listov, tvorbu deformovanych, vyrazne pretiahnutych kotyledonov, €ospolu s
faktom, ze CRUC promotor bol aktivny aj v pravych listoch, indikuje, ze tato technika
transformacie vyZaduje dalSie optimalizacné postupy. Napriek tomu, ostava geneticka
transformacia zaujimavym nastrojom na priamu modulaciu syntézy oleja v olejnatych
plodinach.

Plody brslena eurdpskeho obsahuju semena s pomerne vysokym obsahom oleja, ktory je
zaujimavy pre chemicky priemysel, pretoze okrem TAG obsahuje aj acDAG. Analyzovali
sme zlozZenie brdlenového oleja a rozSirili sme znalosti o jeho distribucii v jednotlivych
pletivach semena v priebehu jednotlivych faz ich dozrievania. Dalej sme $tudovali zloZenie
mastnych kyselin vo vybranych lipidovych triedach a diskutovali sme ich alokaciu v plodoch
brslena. Nukleotidovu sekvenciu EeDAcT génu sme po modifikacii, naklonovali do
bakterialneho vektora a vlozZili do gendmu hostitel'skych rastlin lani¢nika. Rastliny fani¢nika
po transformaciis génom EaDAcT z Euonymus europaeus produkovali oleje s
modifikovanym zlozenim mastnych kyselin. GC-MS a GC-FID analyzy potvrdili zvySeny
obsah niektorych esencialnych polynenasytenych mastnych kyselin v oleji izolovanom z
transgénnych semien lani¢nika. V sulade s naSimi predpokladmi expresia EaDAcT
transgénu vedie k produkcii oleja so zaujimavymi fyzikalno-chemickymi viastnostami (napr.
znizeny bod tuhnutia), vdaka ¢omu bude tento olej vhodny na pripravu biologicky
odburatefnych maziv, emulgatorov, zmakcovadiel a na vyrobu bionafty.

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

Camelina sativa, a member of Brassicaceae family, is re-emerging low input oilseed energy
crop with sustainable agronomic characteristics and environmental attractiveness. Although
original Slovak varieties are not known, this plants attracts interest of agronomists and
biofuel producers as potential feedstock for the production of bio-components to fuels.
Therefore, one of the aim of this project was to examine and develope the most profitable
and cost-effective way to produce Camelina oil. This oil represents a promising inexpensive
source for sustainable, alternative biofuels production that does not compete with food
crops. The resulting biodiesel can help to reduce carbon emissions, expand domestic
energy sources and stimulate economic development in rural communities.

This project also summarizes our results in the field of chemical and biological
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transformation of oils / fats (i.e. triacylglycerols) isolated from non-food crops. We have
described two types of chemical transformation: i) transesterification of Camelina oil and ii)
partial hydrogenation of double bonds in methyl esters of polyunsaturated fatty acids, which
are necessary to obtain products with properties corresponding to petroleum-synthesized
fuels.

Molecular and in vitro methods in the context of qualitative and quantitative analyses of the
oil content and composition in the crops of interest represent the basis for i) generating
processes for the genetic modification of non-fodd crops relevant to Slovakia and ii) to
modify lipid biosynthesis for commercial applications. Two cultivars of Camelina, namely
Zuzana and Smilowska, were used for transformation at early flowering stage using the
floral dip method. The flowers were inoculated with Agrobacterium bearing a construct for
expression of red fluorescent protein (RFP) under the control of the seed specific cruciferin
promoter from Arabidopsis. However, many of regenerants exerted developmental
deformations such as lack of shoot apical meristem, deformed or absent cotyledons.
Furthermore, the activity of the CRUC promoter was still active also in true leaves rendering
this promoter as inappropriate for seed targeting of the transgene. Nevertheless, genetic
transformation remains a tool for direct modulation of pathways for oil synthesis in oilseed
crops.

The fruit capsules of Euonymus tree contain seeds with remarkably high content of oil
interesting for industry, especially the 3-acetyl-1,2-diacyl-sn-glycerols (acDAG) synthesized
by an specific acetyl-CoA diacylglycerol acetyltransferase. We analysed the Euonymus oil
composition, extending the available knowledge on their distribution in individual tissue
structures during different stages of maturation. Further, we studied the FA compositionin
the selected lipid classes and discussed their allocation in fruits of different maturity.
Nucleotide sequence of EeDAcT gene was modified, cloned into bacterial vector, and
introduced into host Camelina plants. The increased content of some essential
polyunsaturated fatty acids was confirmed by GC-MS and GC-FID analyzes in oil isolated
from transgenic Camelina seeds. Expression of the EeDAcT transgene, resulted in
production of the oil with interesting physicochemical properties (e.g. reduced freezing
point), which makes this Camelina oil suitable for the preparation of biodegradable
lubricants, emulsifiers, plasticizers, and for biodiesel production.
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