VILNIUS UNIVERSITY
NATURE RESEARCH CENTRE

Rasa Cepulyté-Rakauskiené

POTATO CYST NEMATODES GLOBODERA ROSTOCHIENSIS AND GLOBODERA
PALLIDA, AND THEIR CHEMOECOLOGICAL INTERACTIONS WITH THE HOST
PLANT

Summary of Doctoral Dissertation
Biomedical sciences, Ecology and Environmental science (03 B)

Vilnius, 2012



The research was carried out at Vilnius University in 2007-2011
Research supervisor:

Prof. Dr Habil. Vincas Buda (Vilnius University, Biomedical sciences,
Ecology and Environmental science — 03 B)

The defense of the doctoral dissertation is held at the Council of scientific filed of
Ecology and Environmental science at Vilnius University:

Chairman:

Prof. Dr Sigitas Podénas (Vilnius University, Biomedical sciences,
Ecology and Environmental science — 03 B)

Members:

Prof. Dr Habil. Izolda Pasakinskiené (Vilnius University, Biomedical
sciences, Ecology and Environmental science — 03 B)

Prof. Dr Habil. Jonas Rimantas Stonis (Lithuanian University of
Educational Sciences, Biomedical sciences, Zoology — 05 B)

Dr Raimondas Moziiraitis (Royal Institute of Technology, Sweden,
Biomedical sciences, Ecology and Environmental science — 03 B)

Dr Rita Butkiené (National Research Institute for Physical Science and
Technology Center, Physical sciences, Chemistry — 03 P)

Opponents:

Prof. Dr Habil. Eugenija Kupcinskiené (Vytautas Magnus University,
Biomedical sciences, Ecology and Environmental science — 03 B)

Dr Laima Blazyté-Cereskiené (Institute of Ecology Nature Research
Centre, Biomedical sciences, Ecology and Environmental science — 03 B)

The defense of the doctoral dissertation will be held during an open session of the
Council in Didzioji auditorium of the Faculty of Natural Sciences of Vilnius University
at 2 p. m. on 24" of April, 2012.

Address: M. K. Ciurlionio Str. 21/27, LT-03101 Vilnius-115, Lithuania.

The abstract of the doctoral dissertation was distributed on __ of March, 2012.
The dissertation is available at the libraries of Vilnius University and Nature Research
Centre.



VILNIAUS UNIVERSITETAS
GAMTOS TYRIMU CENTRAS

Rasa Cepulyté-Rakauskiené

BULVINIAI CISTINIAI NEMATODAI GLOBODERA ROSTOCHIENSIS IR
GLOBODERA PALLIDA, JU CHEMOEKOLOGINIU SAVEIKU SU AUGALU
SEIMININKU TYRIMAS

Daktaro disertacijos santrauka
Biomedicinos mokslai, Ekologija ir aplinkotyra (03 B)

Vilnius, 2012



Disertacija rengta 2007-2011 metais Vilniaus universitete
Mokslinis vadovas:

prof. habil. dr. Vincas Buda (Vilniaus universitetas, biomedicinos
mokslai, ekologija ir aplinkotyra — 03 B)

Disertacija ginama Vilniaus universiteto Ekologijos ir aplinkotyros moksly krypties
taryboje:

Pirmininkas:

prof. dr. Sigitas Podénas (Vilniaus universitetas, biomedicinos mokslai,
ekologija ir aplinkotyra — 03 B)

Nariai:

prof. habil. dr. I1zolda Pasakinskiené (Vilniaus universitetas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03 B)

prof. habil. dr. Jonas Rimantas Stonis (Lietuvos Edukologijos
universitetas, biomedicinos mokslai, zoologija — 05 B)

dr. Raimondas Moziiraitis (Karaliskasis technologijy institutas, Svedija,
biomedicinos mokslai, ekologija ir aplinkotyra — 03 B)

dr. Rita Butkiené (Valstybinis moksliniy tyrimy institutas Fiziniy ir
technologijos moksly centras, fiziniai mokslai, chemija — 03 P)

Oponentai:

prof. habil. dr. Eugenija Kupcinskiené (Vytauto DidZiojo universitetas,
biomedicinos mokslai, ekologija ir aplinkotyra — 03 B)

dr. Laima Blaiyté-éere§kiené (Gamtos tyrimy centro Ekologijos
institutas, biomedicinos mokslai, ekologija ir aplinkotyra — 03 B)

Disertacija bus ginama vieSame tarybos posédyje, kuris jvyks 2012 m. balandzio 24 d.
14 val. Vilniaus universiteto Gamtos moksly fakulteto Didziojoje auditorijoje.
Adresas: M. K. Ciurlionio g. 21/27, LT-03101, Vilnius-115, Lietuva.

Disertacijos santrauka iSplatinta 2012 m. kovo __ d.
Disertacija galima perzitiréti Vilniaus universiteto ir Gamtos tyrimy centro bibliotekose.



INTRODUCTION

Relevance of the research. Potato (Solanum tuberosum) is one of the most
economically important plant species in the world. The production of it is the fourth after
wheat, maize and rice (Hawkes, 1999). In 2007, over 19 million hectares of cultivable
land was planted with potatoes and the harvest of potato tubers estimated 325 million
tonnes (FAQO, 2008). In addition to human consumption, over 200 different products are
produced from potato tubers: ethyl alcohol, adhesives, plastics, acetone, starch, glucose
and others.

Golden Globodera rostochiensis and pale Globodera pallida potato cyst
nematodes are one of the most important solanaceous plant (Solanaceae) pests.
Considerable yield loss is caused by the following: nematode extreme specialization,
close relationship to the host plant, ability to spread and unique adaptation to remain in
the soil for a long time without the host plant. It has been estimated that approximately
2t/ha of potatoes are lost for every 20 eggs/g soil (Brown, 1969). Up to 80 % of the crop
can be lost when nematode populations are raised to very high levels by repeated potato
cultivation. Currently, both species of potato cyst nematodes are included in the Worlds,
European and Lithuanian quarantine pes‘[1 lists (CD, 2000). In Lithuania, State Plant
Service under the Ministry of Agriculture is responsible for the import and export as well
as observation and liquidation of local hotspots of quarantine pests including
G. rostochiensis and G. pallida.

Identification of potato cyst nematode species by morphological features is time
consuming and requires precise work skills as well as special equipment. Moreover,
identification of G. rostochiensis and G. pallida is exposed to morphological similarities
and overlapping morphometric measurements between species (Baldwin, Mundo-
Ocampo, 1991; Brzeski, 1998; Manduric, Anderson, 2004; Dobosz et al., 2006). In fact,
many types of molecular methods are used for more accurate identification of potato cyst
nematodes. One of the most commonly used method is polymerase chain reaction with
species-specific DNA primers (Fullaondo et al., 1999; Zouhar et al., 2000; Pylypenko et
al., 2005). Hence, it is important to apply modern molecular techniques in order to allow
reliable identification of potato cyst nematode species in Lithuania.

In favorable environmental conditions, potato cyst nematode second-stage
juveniles (J2) hatch from eggs (first—stage juveniles are developing within the eggs) and
migrate towards host plant roots (Weischer, 1959). The most important nematode
chemoreceptors are paired chemoreceptors — amphids located in the cephalic region of
nematodes. Amphids are responsible for sensing chemical stimuli and orienting
nematodes in the soil environment (Jones et al., 1994). Potato roots release chemical
compounds into the soil which attract nematodes (Weischer, 1959; Clarke, Hennessy,
1984; Devine, Jones, 2003). Unfortunately, none of the potato released active compound
(or compounds) is identified yet. For this reason, detailed examination of nematode
behavior as well as analysis of bioactive chemical compounds released by potato roots is
essential. Identifying the chemical compounds released by potato roots may lead to the

" A pest of potential economic importance to the area endangered thereby and not yet present there, or
present but not widely distributed and being officially controlled (FAO, 2007).
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ability of disturbing normal nematode behavior. In addition, inhibition of nematode
amphid activities may also disrupt normal nematode behavior. Accordingly, this
knowledge could be applied for biological control of potato cyst nematodes, i. e.
controlling the spread and reducing damage to potato crops. Hence, deeper knowledge of
nematode chemoecological interactions is not only important economically but also
fundamentally.

The aim of the research was to establish composition and prevalence of potato

cyst nematode species in Lithuania, as well as characteristics of potato cyst nematode
chemoecological interactions with the host plant.

1)

2)
3)
4)
S)

6)

)

2)

4)

5)

The following tasks were set to achieve this aim:

to isolate and identify potato cyst nematode G. rostochiensis and G. pallida
species from soil samples collected from all 10 counties of Lithuania using
morphological and molecular methods, and to determine potato cyst nematode
prevalence in Lithuania;

to determine the toxicity of potato root released non specific metabolite linalool to
potato cyst nematodes;

to determine the impact of potato root released non specific metabolite linalool
and specific metabolite a—solanine on the behavior of potato cyst nematodes;

to carry out comparative analysis of behavioral reactions of G. rostochiensis and
G. pallida associated with responses to host plant;

to determine if aqueous solution of zinc sulphate inhibits potato cyst nematode
behavioral reactions associated with the host plant released chemical compounds;
to assess if potato roots in the growth phase that is most attractive to potato cyst
nematodes release characteristic chemical compounds.

The novelty of the research:

for the first time in Lithuania, using precise modern molecular technique, it was
confirmed that the quarantine nematode G. pallida is not present, and the
prevalence of G. rostochiensis was evaluated;

the original test was designed to study behavior of potato cyst nematodes;

for the first time, host plant released chemical compounds attractive to potato cyst
nematodes were identified;

for the first time, it was evaluated that aqueous solution of zinc sulphate inhibit
G. pallida behavioral reactions to attractive chemical compound;

for the first time, it was evaluated that in the attractive to nematodes growth phase
potato roots release specific chemical compounds.

Scientific and practical significance. The results of the research extend the

scarce knowledge about potato cyst nematodes in the field of chemical ecology and
behavior. They are important and can be applied:

to prevent the proliferation of potato cyst nematodes;

to search for kairomones affecting potato cyst nematodes;

to search for bioactive chemical compounds in potato root diffusate;

to select biologically active stimuli for the analysis of potato cyst nematode
chemosensory responses using electrophysiological or other techniques;

to develop environmentally friendly control tools against potato cyst nematodes.



Defended statements:

1) only one species of quarantine potato cyst nematode — G. rostochiensis is
prevalent in Lithuania, G. pallida is absent;

2) chemical stimuli, both non specific (characteristic to many plant species) and
specific (characteristic to a host plant), are important in potato cyst nematode and
host plant interactions;

3) the responses of morphologically and ecologically closely related potato cyst
nematode species to chemical compounds are different.

Approbation of the results. Dissertation results were presented at the 6
scientific conference of Vilnius University "Science in Faculty of Natural Sciences
(Vilnius University Botanical Garden, Kairénai, 2010); at the “26™ and 27" Annual
Meetings of International Society of Chemical Ecology* (Tours, France, 2010; British
Columbia, Canada, 2011). Research results were published in five publications: three
scientific articles (one of which is included in the Institute for Scientific Information (ISI
WOS) databases with the impact factor) and two conference thesis.

Structure of dissertation. The dissertation is presented in the following chapters:
Introduction, Literature Review, Material and Methods, Results and Discussion (three
subchapters), Conclusions, References (286 sources), List of Publications Where
Dissertational Results Were Published and Appendices. The dissertation covers
104 pages; it contains 8 tables and 15 figures. The text of the dissertation is written in
Lithuanian with the summary in English.

Acknowledgements. | am sincerely grateful to my scientific supervisor, Professor
Dr Habil. Vincas Biuda and to all colleagues from Nature Research Centre Institute of
Ecology Laboratory of Chemical Ecology and Behavior for the guidance and support
showed me throughout my dissertation studies. I am truly thankful to Dr Loreta
Taluntyté¢ for the opportunity to carry out the research in Phytosanitary Research
Laboratory (State Plant Service under the Ministry of Agriculture). I would also like to
thank all my colleagues from this laboratory for the support, comprehension and help,
especially to Dr Vaida Jogaité (former co—worker) for assistance in the application of
molecular biology techniques to potato cyst nematodes. I am also thankful to Julius
Kiihn Institute (Germany) and National Plant Protection Service (France) for the
access to the research articles as well as to Joseph R. Laroza (University of California)
for linguistic improvements on dissertation summary. Lastly, I would like to thank
Lithuanian State Science and Studies Foundation for the provided scholarships as well as
to Vilnius University for the opportunity to pursue doctoral studies.

LITERATURE REVIEW

This chapter reviews the biology, main morphological features of potato cyst
nematodes Globodera rostochiensis (Wollenweber, 1923) Behrens, 1975 and Globodera
pallida (Stone, 1973) Behrens, 1975 as well as chemoreception of plant parasitic
nematodes. Damage potato cyst nematodes induce to potato plants and control tools
against these pests is reviewed as well. In addition, potato released chemical compounds,
plant parasitic nematode chemoecological interactions (main methods to investigate
these interactions, as well as chemical compounds influencing behavior of the
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nematodes) and known compounds inhibiting activities of nematode chemoreceptors are
discussed.

MATERIAL AND METHODS

Material

a) Potato cyst nematodes for identification of the species. Potato cyst nematode
cysts for identification of the species were collected from 2815 soil samples collected
from 556 ha field area of all 10 counties of Lithuania — Alytus, Kaunas, Klaipéda,
Marijampolé, Panevézys, Siauliai, Taurage, TelSiai, Utena, and Vilnius. Soil samples
were collected according to standard procedure and brought to Phytosanitary Research
Laboratory (division) (PRL) of State Plant Service (former State Plant Protection
Service) under the Ministry of Agriculture for the nematological research. Information
about the soil type and the preceding crop was not collected and nether analyzed.

Cysts from soil samples at PRL were washed on filter paper by flotation method
(using Schuiling centrifuge, Walker & Zonen, The Netherlands) and identified to the
species level using morphological features. Due to morphological similarities and
overlapping morphometric measurements between G. rostochiensis and G. pallida, DNA
polymerase chain reaction (PCR) with species-specific primers was carried out for more
accurate identification.

b) Potato cyst nematodes for behavioral research. Globodera rostochiensis Rol
(Ecosse population) and G. pallida Pa2 (Kalle population) cysts (supplied by Julius
Kihn Institute, Germany) were kept moist at 21 °C for one week. After cysts were
crushed and hatched J2s/unhatched eggs were washed by a small amount of distilled
water (~50 pL) to Petri dishes (separate for each species) with its bottoms covered by a
1-2 mm thick layer of 1.5 % agar (Carl Roth, Karlsruhe, Germany). In a few hours,
water was absorbed and actively moving J2s were used for testing.

Only a small amount of cysts for potato cyst nematode behavioral tests were
supplied by Julius Kiihn Institute. For this reason, nematodes were reproduced in pots
with potatoes (Solanum tuberosum) of a variety Désirée (France), which is susceptible to
potato cyst nematodes in PRL greenhouse chamber used for growing quarantine pests.

Methods

Identification of potato cyst nematode species

a) Identification of nematode species by morphological features. Temporal slides
of Globodera spp. cyst anal-vulvar cuts, eggs and J2s (if applicable) were made and
analyzed under light microscope (magnification 40 % to 1000 x, BX51, Olympus, Japan)
connected to a video documentation system consisting of a digital camera (Nikon
Coolpix 4500, Japan) connected to a computer. Images and measures of nematodes were
made (Image Pro Plus 3, Media Cybernetics, USA) and species were identified by
morphological features.

b) Identification of nematode species by PCR. DNA extraction. Before DNA
extraction, cysts from one sample were immersed in distilled water for 24 hours.
Following immersion, cysts were transferred to 1.5 mL tubes with 180 pL of lysis
solution and crushed with a pestle. Extracted DNA was kept at — 20 °C. DNA
amplification. At the beginning of the investigation, DNA primers and PCR conditions
according to Fullaondo ef al. (1999) were used: SSGCAAGCCCAGCGTCAGCAAC3',
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5"GAACATCAACCTCCTATCGG3' - for G. rostochiensis;
S'TGTCCATTCCTCTCCACCAG3', 5'CCGCTTCCCCATTGCTTTCG3' -  for
G. pallida. Preparation of DNA amplification mixtures using these primers is a time
consuming process which requires many materials. For this reason, DNA primers and
PCR conditions according to Pylypenko efr al. (2005) were used: PITS 13
5S'AGCGCAGACATGCCGCAA3' and the forward 5'CGTAACAAGGTAGCTGTA3Z'
primer for G. rostochiensis; sPITS p4 5SACAACAGCAATCGTCGAG3' and the forward
S'CGTAACAAGGTAGCTGTAS3' — for G. pallida. A mixture for DNA amplification
consisting of 25 pL was prepared, containing: 1 x Tag buffer with KCl (Thermo
Scientific, Lithuania); 1.5 mM MgCl, (Thermo Scientific, Lithuania); 0.2 mM mix of
dNTP (Thermo Scientific, Lithuania); 1 unit of recombinant 7ag DNA polymerase
(Thermo Scientific, Lithuania); 1.5 uM PITS primer r3 (Biomass, Germany); 1.5 uM
sPITS primer p4 (Biomass, Germany); 1.5 uM forward primer (Biomass, Germany);
5 uL (approximately 20 ng) of cyst DNA; DEPC H,0 (Roth, Germany) was added to the
mixture to obtain final volume of 25 uL; DEPC H,0 was used as a negative control,
G. rostochiensis and G. pallida (National Plant Protection Service Nematology
Laboratory, France) — as a positive. Amplification was carried out in thermocycler
(Mastercycler Personal 5332, Eppendorf, Germany). Electrophoresis. DNA amplification
products by adding bromophenol blue (0.3 pg/uL) were analyzed in the horizontal
electrophoresis in 1.5 % agarose gel with ethidium bromide (0.5 pg/puL) 1 x TAE buffer,
in 72 V (6 V/cm). DNA amplification products were analyzed under the UV light, the
length of DNA fragment was determined by the length of DNA marker — GeneRuler™
100 bp DNA Ladder (Thermo Scientific, Lithuania). Gel images were documentation by
gel documentation system (EASY Win 32, Herolab, Germany).

Preparation of host (potato) and non host (sugar beet) root diffusate

In the initial stage of potato cyst nematode behavior analysis, it was important to
determine and evaluate differences between potato cyst nematode responses to aqueous
potato root diffusate, which attracts potato cyst nematodes (Weischer, 1959; Clarke,
Hennessy, 1984; Devine, Jones, 2003) and water (control), which is neutral (neither
attracts nor repulses) using statistical methods. Additionally, an aqueous non host plant
belonging to Chenopodiaceae family — sugar beet root diffusate (which does not attract
potato cyst nematodes) (Rolfe et al.,, 2000) was chosen to evaluate statistical differences
between nematode responses in this test. Three potato tubers of variety Désirée
(separately) and 15 sprouted seedlings (all together) of sugar beet (Beta vulgaris) of
variety Belmonte (Denmark) were planted in 400 mL pots filled with autoclaved sand
and maintained under 60 % relative humidity, 14:10 hours light: dark and 22 °C in the
PRL greenhouse. After three weeks, potato tubers were pulled out and intact roots were
rinsed with distilled water to remove sand particles. The same process was repeated after
seven weeks with the removal of sand from intact roots of sugar beets. Potato tuber roots
(separately) and sugar beet roots (together) were immersed in 100 mL distilled water for
24 hours in greenhouse. Obtained aqueous diffusates were kept at +4 °C.

Extraction of potato root diffusate

Before chromatographic analysis, potato root released chemical compounds had
to be microextracted from substrate (sand). For this reason, it was important to test if #—
hexane (purity 99 %, Fluka, Germany) (an often used solvent for the extraction of
chemical compounds) is suitable to extract these (potato released) chemical compounds
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from the substrate. Fifty microliters of aqueous potato root diffusate were extracted with
50 mL of n—hexane once for five minutes. n—Hexane extract was concentrated to dryness
at room temperature and 3 mL of distilled water than were added. The extract than was
used in nematode behavioral tests which revealed the suitability of »—hexane to extract
potato root released chemical compounds.

Quantification of linalool content in potato root diffusate

In the initial stage of searching for which chemical compounds attract potato cyst
nematodes, low molecular weight chemical compound — linalool (3.7—-dimethyl-1.6—
octadien—3—ol; molecular weight 154.25), released by potato roots, was chosen. Light
chemical compounds move faster in soil environment, thus, soil organisms in this case —
nematodes can sense it from further distances. Linalool content in potato root diffusate
used in nematode behavioral tests was evaluated by headspace solid—phase
microextraction and gas chromatography. One microliter of aqueous potato root diffusate
and 0.3 g of NaCl were added to 10 mL flask. Flask was tightly covered with three layers
of aluminum foil and placed in water thermostat at 40 °C. After 15 minutes
microextraction thread was inserted in to headspace of flask (65 mm, PDMS-DVB,
Supelco, USA). The extraction was performed for 60 minutes at 40 °C. Sorbed
compounds were analyzed by gas chromatography (Clarus 500, Perkin Elmer, USA)
with FID, column — DB—Wax (30 m X% 0.25 mm, sorbent layer thickness — 0.25 pk,
Restek, USA). Temperature of evaporator and detector was 240 °C. Temperature of
column thermostat was programmed as follows: maintained for two minutes to 40 °C,
raised up to 200 °C by 5 °C/min., raised up to 240 °C by 10 °C/min., and maintained for
two minutes. The amount of linalool was calculated using external standard method.

Potato cyst nematode behavioral tests

a) Behavioral test to host (potato) and non host (sugar beet) plant root diffusate.
A filter paper disk 5 mm in diameter (Schleicher & Schuell MicroScience,
Niedersachsen, Germany), was placed on a centre of a Petri dish (32 mm in diameter)
with its bottom covered by 1-2 mm thick film of 1.5 % agar (Carl Roth, Karlsruhe,
Germany) (Fig. 1). Fourteen microliters of aqueous potato root diffusate or controls —
water or aqueous sugar beet root diffusate were spread on a filter paper (Fig. 1). After
two hours, paper was removed and four J2s were placed at equal distances from each
other and 1.1 cm from Petri dish centre. After 30 and 60 minutes nematode position was
recorded under binocular microscope (magnification 7.5 x to 112.5 x, Nikon SMZ 1500,
Japan). Nematode movement towards chemical stimulus source was counted as a
positive response to a chemical compound, and movement in the opposite direction — as
a negative response. Four nematodes in five replicates were tested; test was repeated six
times to evaluate the effect of potato root diffusate and controls. Attraction to a chemical
compound was calculated by comparing relative attractiveness of nematodes moving
toward chemical stimulus and the total number of nematodes used in the test; the number
was expressed as a percentage.

b) Behavioral test to n—hexane extracted potato root diffusate. The test was
carried out as indicated in the behavioral test to host and non host root diffusate (Fig. 1).
Aqueous potato root diffusate and distilled water were used as controls. After 30 and
60 minutes, nematode position was recorded. Four nematodes in five replicates were
tested; test was repeated six times to evaluate the effect of n—hexane extracted potato
root diffusate and controls.
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Fig. 1. Scheme of potato cyst nematode behavioral tests to aqueous and n—hexane extracted host (potato)
and aqueous non host (sugar beet) root diffusate as well as to synthetic chemical compounds (linalool
and o—solanine) (Images of Petri dishes — authors).

1 pav. Bulviniy cistiniy nematody elgseniniy reakciju i vandenines ir »—heksanu ekstrahuotas augalo
Seimininko (bulviy) ir vandenines ne Seimininko (cukriniy runkeliy) Sakny nuolpovas bei sintetinius
cheminius junginius (linalolj ir o—solaning) schema (Petri léksteliy nuotraukos — autorés).

¢) Linalool toxicity test. Linalool is known as either attractive compound to few
species of plant parasitic nematodes (Hong, Sommer, 2006; Hong et al., 2008; Kollner et
al., 2008), or toxic to other nematode species (Chatterjee et al., 1982; Malik et al., 1987,
Sangwan et al, 1990; Leela ef al., 1992; Walker, Melin, 1996; Ibrahim et al., 2006; Kong
et al., 2007) living in the soil. For this reason linalool toxicity test was carried out first.

Fifty G. rostochiensis and G. pallida J2s were placed in a separate watch glass
containing 2 pL of distilled water. Than 2 mL of linalool (a racemic mixture, purity —
97 %, Sigma—Aldrich, Germany) of 1 x 10~ M concentration or distilled water (control)
were added to watch glasses. Mortality of J2s was recorded daily for 12 days under
binocular microscope (magnification 7.5 x to 112.5 X%, Nikon SMZ 1500, Japan).
Mortality percentages were counted from four replicates for each nematode species.

d) Behavioral test to linalool. Tests with some modifications that are listed below
were carried out as indicated in the behavioral test to host and non host plant root
diffusate. Linalool solutions in distilled water of 1 x 10° M to 1 x 10° M concentrations
were prepared. One microliter of either known linalool concentration or control (distilled
water) was spread on the filter paper disk (Fig. 1). Aqueous potato root diffusate was
chosen as another control. This test was carried out as indicated in the behavioral test to
host and non host root diffusate (Fig. 1). After two hours, filter paper disk was removed
and four J2s were placed on a Petri dish. After 30 and 60 minutes, nematode position
was recorded. Four nematodes in five replicates were tested; test was repeated six times
to evaluate the effect of different linalool concentrations and controls. Behavioral
responses of potato cyst nematode J2s to distilled water was considered and counted as
neutral and equaled to 50 %.

e) Behavioral test to a—solanine. Tests with some modifications that are listed
below were carried out as indicated in the behavioral test to host and non host plant root
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diffusate. o—Solanine (purity about 95 %, Sigma—Aldrich, Germany) - specific potato
secondary metabolite (review: Eich, 2008) solutions in absolute ethanol (purity 99 %) of
1 x 10" Mtolx10"M concentrations were prepared. One microliter known a—
solanine concentration or control (absolute ethanol) was spread on the Petri dish center
(no filter paper was used in this test) and right after this four J2s were placed (Fig. 1). As
another control, aqueous potato root diffusate was chosen. This test was carried out as
indicated in the behavioral test to host and non host root diffusate (Fig. 1). After 15; 30
and 60 minute intervals, nematode position was recorded. Four nematodes in five
replicates were tested; test was repeated 12 times to evaluate the effect of different a—
solanine concentrations and controls. Behavioral responses of potato cyst nematode J2s
to ethanol was considered and counted as neutral and equaled to 50 %.

f) Nematode chemoreceptor activity inhibition test. It is known that zinc sulphate
inhibits receptor activities of either: mammalian olfaction (Alberts, 1974) as well as
insect olfaction and taste (Bakakrishnan, Pollack, 1997; Groh et al., 2002; Bauziené,
Bida, 2010). For this reason zinc sulphate was tested with potato cyst nematodes.
Similar with chemical properties to zinc sulphate, divalent metal salt magnesium
sulphate and distilled water were selected as test controls. Due to anatomical,
physiological and ecological similarities of G. rostochiensis and G. pallida, only one
species — G. pallida, was selected for this study.

Watch glass was filled up with 50 pL. of ZnSO,4-7H,0 aqueous solution of 3 mM
concentration. Twenty G. pallida J2 nematodes were immersed in the solution and stored
for intervals of 2; 5; 15 or 30 minutes. MgSO, 7H,0 aqueous solution of 3 mM
concentration or distilled water were used as controls. After nematodes were transferred
to Petri dishes with a—solanine where behavioral test was carried out as described in the
biotest to a—solanine; results were recorded after 15 minutes. Four nematodes in five
replicates were tested; the test was repeated six times.

g) Statistical analysis of behavioral test data. Data was analyzed by y’—test using
software Statistica 6.0 (StatSoft, Tulsa, USA).

Microextraction and chromatographical analysis of potato root released
chemical compounds

a) Microextraction of potato root released chemical compounds. Four pairs of
silicone tubes (0.31 mm (outer) x 0.64 mm (inner) diameter, Helix Medical Europe KG,
Germany) of 1 m long were prepared. Syringe (5 mL, Momina Krepsot, Bulgaria) needle
was inserted in one end of the tube. Three potato tubers of a variety Désirée were planted
in autoclaved sand in 1 L glass pots with drainage at the bottom. Silicone tubes were
placed in sand as follows: one tube was placed 5 cm above a bottom of a pot, the other —
next to potato tuber. Both ends of each tube were left outside the pot. Pots were wrapped
with aluminum foil to avoid sunlight. Plants were grown at PRL greenhouse under 60 %
relative humidity, 14:10 hours light: dark and at 19 °C. A sand-filled pot lacking potato
plant was used as a control.

There is no data when potato roots release attractive to potato cyst nematodes
chemical compounds. It is known that the highest percentage of potato cyst nematodes
hatch three weeks after potato emergence (Farrer, Phillips, 1983; Rawsthorne, Brodie,
1986). After hatching J2s in 6-11 days reach potato plant roots (Robinson et al., 1987).
Hence, it is assumed that three weeks after potato emergence potatoes release chemical
compounds that attract potato cyst nematode J2s. For this reason, every week for six
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weeks (starting from potato emergence), 500 pL of n—hexane were syringed through
each of the tube. Collected extracts were stored at — 20 °C until further analysis.

b) Analysis of potato root released chemical compounds by gas
chromatography. Potato root released chemical compounds were analyzed by gas
chromatography (Clarus 500, Perkin Elmer, USA) with flame ionization detector (FID),
column — DB-Wax (30 m x 0.25 mm, sorbent layer thickness — 0.25 pk, Restek, USA).
Temperature of detector and injector was 250 °C. Temperature of thermostat column was
programmed as follows: initial — 60 °C was kept for two minutes, after 7 °C/min. raised
up to 160 °C, kept for two minutes and raised up 10 °C/min. to 250 °C and than kept for
seven minutes. Velocity of the carrying gas (H,) — 1.5 mL/min.; injection volume — 3 pL.

RESULTS AND DISCUSSION

Identification of potato cvst nematode species of Lithuanian population by

PCR

Globodera rostochiensis was identified based on morphological features of 2419
cysts from 2815 soil samples collected from all 10 counties of Lithuania (Alytus,
Kaunas, Klaipéda, Marijampolé, Panevezys, Siauliai, Tarage, TelSiai, Utena and
Vilnius). No G. pallida cysts were identified. From 187 cysts described as
G. rostochiensis (from all counties of Lithuania) DNA was extracted and analyzed by
PCR. PCR analysis, according to Pylypenko et al. (2005) recommended PCR primers
and conditions, showed that DNA amplification products were specific to
G. rostochiensis — 423 bp, while no G. pallida species-specific DNA amplification
products — 254 bp were obtained (Fig. 2).

Fig. 2. DNA polymerase chain reaction (PCR) products of Globodera rostochiensis cysts. Cysts were
collected from 10 counties of Lithuania: 1 — Alytus; 2 — Kaunas; 3 — Klaipéda; 4 — Marijampolé; 5 —
Panevézys; 6 — Siauliai; 7 — Tauragé; 8 — Telsiai; 9 — Utena; 10 — Vilnius. K1 + — positive control —
G. rostochiensis; K2 + — positive control — Globodera pallida; K— — negative control — DEPC H,O; M —
DNA marker length. Arrows indicate DNA amplification product mark. PCR primers and conditions
were according to Pylypenko et al. (2005).

2 pav. Globodera rostochiensis cisty DNR polimerazinés grandininés reakcijos (PGR) produktai. Cistos
surinktos i§ 10 Lietuvos apskri¢iy: 1 — Alytaus; 2 — Kauno; 3 — Klaipédos; 4 — Marijampolés; 5 —
Panevézio; 6 — Siauliy; 7 — Tauragés; 8 — Telsiy; 9 — Utenos; 10 — Vilniaus. K1+ — teigiama
G. rostochiensis kontrol¢; K2+ — teigiama Globodera pallida kontrolé; K— — neigiama kontrolé — DEPC
H,O. M — atitinkamas DNR ilgio zZymuo. Rodyklés rodo DNR amplifikacijos produkty zymg¢. PGR
pradmenys ir salygos pagal Pylypenko et al. (2005).
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At the beginning of this investigation, potato cyst nematode DNA PCR was carried out
according to Fullaondo et al. (1999) recommended PCR primers and conditions. DNA
amplification products were also specific to G. rostochiensis — 315 bp (Fig. 3) and no
G. pallida species-specific DNA amplification products — 798 bp (data is not shown in
Fig. 3) were obtained.

Fig. 3. DNA polymerase chain reaction (PCR) products of Globodera rostochiensis cysts. Cysts were
collected from five counties of Lithuania: 1 — Kaunas; 2 — Panevézys; 3 — TelSiai; 4 — Utena; 5 — Vilnius;
6 — positive control — G. rostochiensis; 7 — negative control — DEPC H,O; M — DNA marker length.
Arrow indicates DNA amplification product mark. PCR primers and conditions were according to
Fullaondo et al. (1999).

3 pav. Globodera rostochiensis cisty DNR polimerazinés grandininés reakcijos (PGR) produktai. Cistos
surinktos i§ penkiy Lietuvos apskri¢iy: 1 — Kauno; 2 — Panevézio; 3 — Telsiy; 4 — Utenos; 5 — Vilniaus; 6
— teigiama G. rostochiensis kontrole; 7 — neigiama kontrolé — DEPC H,0; M — atitinkamas DNR ilgio
zymuo. Rodyklé rodo DNR amplifikacijos produkty zyme. PGR pradmenys ir salygos pagal Fullaondo et
al. (1999).

DNA amplification was successful only for 80 cysts (42.8%) out of 187 cysts
examined (Table 1).

Table 1. Results of polymerase chain reaction (PCR) analysis of potato cyst nematodes collected from
all 10 counties of Lithuania.

1 lentelé. Bulviniy cistiniy nematody, surinkty i$ visy 10 Lietuvos apskri¢iy, polimerazinés grandininés
reakcijos (PCR) analizés rezultatai.

Cysts analyzed by PCR, n (%)

E?tlll:l;yn?: Total Positive results
G. rostochiensis G. pallida
Alytus 12 8 (66.7) 0
Kaunas 12 1(8.3) 0
Klaipéda 15 7 (46.7) 0
Marijampolé 26 10 (38.5) 0
Panevézys 5 3 (60) 0
Siauliai 10 5(50) 0
Tauragé 32 16 (50) 0
Telsiai 19 421 0
Utena 18 13 (72.2) 0
Vilnius 38 13 (34.2) 0
Total 187 80 (42.8) 0
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Reasoning for this is as follows: DNA levels in the examined samples could be too low
(Fleming et al., 1998); or examined cysts could be morphologically very similar to other
often together with potato cyst nematodes in potato fields dwelling cyst nematode
species. These are Globodera achilleae, which is parasitizing common yarrow (Achillea
millefolium) and Globodera artemisiae, which is parasitizing common wormwood
(Artemisia vulgaris). In Lithuania, it is possible that G. pallida was not detected due to
well selected crop rotation and well implemented phytosanitary measures (Mastauskis,
1955; KupswsnoBa, 1963; Bapmanosuya, 1972; Klimakova et al., 1983; VAAT, 1999—
2007). In most European countries G. pallida is less common than G. rostochiensis
(Smith et al., 1997; Pylypenko et al., 2005). Hence, this could be another reason why
G. pallida was not detected in Lithuania. Currently many potato tubers and other plant
production are imported to Lithuania from Germany, Holland and Sweden (Lukosiiite,
2005) where G. pallida is already detected (Smith et al., 1997). Recently this quarantine
nematode species was detected in Ukraine (Pylypenko et al., 2005). Thus, there is a
strong probability of G. pallida may enter the Lithuanian territory and proliferate.
Chemoecological interactions of potato cyst nematodes

a) Response of nematodes to host (potato) and non host (sugar beet) plant root
diffusate. Aqueous host plant — potato root diffusate was significantly more attractive to
G. rostochiensis and G. pallida J2 nematodes than control — distilled water (P < 0.05)
both after 30 and 60 minutes of nematode transfer to media with a chemical stimulus

(Fig. 4).

80 G. rostochiensis G. pallida

? 30 min. 30 min.

60

—
—— %

40

Attractivity, %

60 min. 60 min.

—— |

——*

—r—

PRD. SBRD dH,0 PRD  SBRD dH,0
Stimuli
Fig. 4. Reaction of potato cyst nematodes to potato (PRD) and sugar beet (SBRD) root diffusate, and to

distilled water (dH,0O) after 30 and 60 minutes of nematode transfer to media with a chemical stimulus.

Asterisks above bars indicate statistically significant differences in responses comparing with reaction to
distilled water (y’—test, P < 0.05).

4 pav. Bulviniy cistiniy nematody reakcija i bulviy (PRD) ir cukriniy runkeliy (SBRD) Sakny nuoplovas
bei 1 distiliuota vandeni (dH,O) po 30 min. ir po 60 min. nuo nematody uznesimo ant terpés su cheminiu
stimulu. Zvaigzdutés vir§ stulpeliu rodo statistiskai patikimus reakcijy { stimulus skirtumus lyginant su
reakcija i distiliuota vandenij (y*—testas, P < 0,05).
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Potato root released chemical compounds were also significantly more attractive than
non host — sugar beet root released ones (P < 0.05) after both result recording times
(Fig. 4). This study confirms suitability of this behavioral test which is planned for a
further search of chemical compounds attractive to potato cyst nematodes because
testing of two known stimulus (which both attract and do not attract nematodes) in
advance showed that the results were fully consistent with the expected.

b) The effect of linalool to potato cyst nematodes.

Toxicity test. In water, G. rostochiensis and G. pallida J2s survived for 12 days,
i. e. during the period of observation with survival up to 99 %. In saturated linalool
solution (1 x 107 M) during the same period survival of G. rostochiensis J2s was
95+2.1 %, and that of G. pallida J2s was 97 + 1.7 %. No statistically significant
difference in J2 survival in linalool compared with water control was recorded. The
highest concentration of linalool solution (saturated) had no toxic effect to J2 nematodes,
therefore, lower concentrations were not tested. The results of this study suggest that
linalool is not toxic to potato cyst nematode J2s.

Behavior. Linalool attracted J2s of both species of potato cyst nematodes —
G. rostochiensis and G. pallida (Fig. 5). However, some interspecific behavioral
differences were noted in response to linalool. Sensitivity to linalool by G. rostochiensis
J2s was higher compared with that of G. pallida J2s (Fig. 5). The lowest concentration of
linalool attractive to G. rostochiensis 12s was 1 x 10 M after 30 and 60 minutes of
nematode transfer to media with a chemical stimulus; J2s exhibited similar response as
to potato root diffusate (P > 0.05) (Fig. 5). However, a higher concentration of linalool,
1 x 10 M, was needed to evoke a positive response to G. pallida J2s after 30 minutes
and 1 x 10° M after 60 minutes, and no significant statistical differences obtained
compare to potato root diffusate (P > 0,05) (Fig. 5).

The range of linalool concentrations eliciting a positive response of potato cyst
nematodes differed as well. Globodera rostochiensis J2s responded to linalool
concentrations ranging from 1 x 10> M to 1 x 10* M after 30 and 60 minutes of
nematode transfer to media with a chemical stimulus (Fig. 5). While G. pallida J2s
responded to concentrations ranging from 1 x 10" M and 1 x 10> M after 30 minutes
and 1 x 10°M to 1 x 10~ M after 60 minutes. In addition, high concentrations of linalool
(1 x 10° M; 1 x 107" M) did not elicit a positive response to G. rostochiensis J2s, as no
statistically significant difference was found compared with water control (P > 0.05)
after both result recording times (after 30 and 60 minutes). The reduced response at very
high concentrations of an allelochemical has been reported previously (Diez, Dusenbery,
1989; Stamps, Linit, 1998). In G. pallida the same effect (loss of attractivity at higher
concentrations) was absent.

16



G. rostochiensis G. pallida

60: {' I & {» 5 T | {»
S W N W qlnLTLqL __________

40 -

20

Attractivity, %
o

i | | stzmin.* {_ * % * G(imin. _I_
i e BMHh e L B

10° 10" 10% 10° 10* 10° 10° PRD 10° 10" 102 10° 10* 10° 10° PRD
Stimuli

Fig. 5. Reaction of Globodera rostochiensis and Globodera pallida to different concentrations (M) of
linalool after 30 and 60 minutes of nematode transfer to media with a chemical stimulus. White columns
indicate reaction to linalool, gray — to potato root diffusate (PRD). The dotted line indicates reaction to
distilled water, asterisks above columns — statistically significant differences in responses compare with
reaction to distilled water (y'—test, P < 0.05).

5 pav. Globodera rostochiensis ir Globodera pallida reakcija | skirtingas linalolio koncentracijas (M) po
30 min. ir po 60 min. nuo nematody uznesimo ant terpés su testuojama medziaga. Balti stulpeliai Zymi
reakcija 1 linalolj, pilki — i bulviy Saknu nuoplovas (PRD). Punktyriné linija Zymi reakcijg i distiliuota
vandenj, zvaigzdutés vir§ stulpeliy — statistiSkai patikimus reakcijy i stimulus skirtumus lyginant su
reakcija | distiliuota vandeni ()(Z—testas, P <0,05).

Quantification of a content of linalool in potato root diffusate. Linalool
concentration in potato root diffusate used in the behavioral test was 9.7 x 10° M
(Fig. 6); three times lower than that attractive in the test. However, under natural
conditions, roots could emit higher linalool concentrations compared with those obtained
in potato root diffusate. Potato root diffusate making procedure included removal of sand
by washing, thus leading to some loss of all chemicals on a root surface including
linalool.

17



Chromatographic responce, mV

L
b
|
e e A e - ~a N AN rnd e ____~4— K
e e T T e e M e, o e e e e
0 85 9.0 95 10.0 10.5 11.0 1.5 12.0 125 13.0 135 14.0

Retention time, min.

Fig. 6. Fragment of chromatogram of linalool from potato root diffusate. Linalool retention time
~13.2 min. (arrow). K — control — standard of linalool (8.7 ng/uL); 1 — sample [; 2 — sample II. Horizontal
line between chromatograms shows position of chromatograms before the outspread of them using
computer software (Total Crome Navigator—Clarus 500, Perkin Elmer, USA).

6 pav. Linalolio i§ bulviy Saknuy nuoplovy chromatogramos fragmentas. Linalolio sulaikymo laikas
~13,2 min. (rodykl¢). K — kontrolé — linalolio standartas (8,7 ng/uL); 1 — I méginys; 2 — II méginys.
Horizontali linija prie chromatogramy rodo chromatogramy padéti iki ju iSskleidimo kompiuterinés
programos (Total Crome Navigator—Clarus 500, Perkin Elmer, JAV) pagalba.

After linalool toxicity test it was evaluated that linalool, unlike to other plant
parasitic nematodes, was not toxic to potato cyst nematodes. Linalool was attractive
both: to G. rostochiensis and G. pallida J2s. Despite the known chemical compounds
that attract potato cyst nematode J2s (Rode, 1965; Evans, 1969), none of the plant origin
compounds attractive to this nematode stage has been identified yet. Thus, linalool is the
first compound of plant origin to elicit positive response in both potato cyst nematode
species. Linalool is released by many plant species (Knudsen ef al, 1993). Hence, it
could help nematodes to distinguish plants from non plants in the soil environment and
may serve as a non specific attractant.

It is known that several fractions of potato root diffusate are attractive to potato
cyst nematode J2s (Devine, Jones, 2003). Although no statistically significant
differences were obtained between responses to potato root diffusate and linalool
(Fig. 5), it may be that a mixture of chemicals released by potato roots is more attractive
to potato cyst nematodes than a single compound - linalool. Hence, many other
compounds in potato root diffusate could be involved in nematode attraction, thus,
increasing response to host specifity.

¢) Response of potato cyst nematodes to o—solanine. a—Solanine was attractive to
G. rostochiensis and G. pallida J2s. Both potato cyst nematode species responded to the
same a—solanine concentrations: 1 x 10* M and 1 x 10~ M; the reaction significantly
differed from that to the solvent — ethanol (P < 0.05) (Fig. 7). Besides, some interspecific
differences were noted in nematode response to this chemical compound. Globodera
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pallida responded quickly to o—solanine — after 15 minutes of nematode transfer to
media with a chemical stimulus (Fig. 7). However, reaction to o—solanine was short; i. e.
was absent after 30 and 60 minutes. Globodera rostochiensis responded slowly to the
compound — after 30 and 60 minutes and the response lasted longer.

G. rostochiensis G. pallida
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Fig 7. Reaction of Globodera rostochiensis and Globodera pallida to different concentrations (M) of a—
solanine after 15; 30 and 60 minutes of nematode transfer to media with a chemical stimulus. White
columns indicate reaction to a—solanine, gray — to potato root diffusate (PRD). Dotted line indicates
reaction to the solvent — ethanol, asterisks above the columns — statistically significant differences in
responses compare with reaction to ethanol (y*—test, P <0.05).

7 pav. Globodera rostochiensis ir Globodera pallida reakcija 1 skirtingas a—solanino koncentracijas (M)
po 15; 30 ir 60 min. nuo nematody uzne$imo ant terpés su tiriama chemine medziaga. Balti stulpeliai
zymi reakcijg i o—solanina, pilki — | bulviy Sakny nuoplovas (PRD). Punktyriné linija Zymi reakcijg i
tirpikli — etanolj, zvaigzdutés vir§ stulpeliy — statistiSskai patikimus reakcijy i stimulus skirtumus lyginant
su reakcija { etanolj (y"—testas, P < 0,05).

For the first time within this research, it was discovered, that ao—solanine host
plant — potato released in to soil environment specific secondary metabolite is attractive
to both species of potato cyst nematodes. It is known that some fractions of potato root
diffusate are attractive to G. rostochiensis and G. pallida J2s (Devine, Jones, 2003).
Thus, many more compounds in potato root diffusate other than linalool (it’s attractivity
to potato cyst nematodes was revealed in our earlier research, Fig. 5) and a—solanine
could be involved in nematode attraction.

d) Inhibition of potato cyst nematode chemoreceptor activity. Exposure of
G. pallida J2 nematodes to 3 mM zinc sulphate aqueous solution inhibited nematode
response to an attractive chemical compound — a—solanine. This zinc sulphate solution
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effect endured the entire range of exposition interval — from two up to 30 minutes and
statistically significantly differed from that of distilled water (P < 0.05) (Fig. 8). Short —
two minute exposure to magnesium sulphate aqueous solution of 3 mM concentration
inhibited G. pallida response to a—solanine as well (Fig. 8). This nematode response was
significantly different (P < 0.05) from that to distilled water as well. After increased
exposure to magnesium sulphate solution, an increase from five to 30 minutes, the
inhibition effect of G. pallida disappeared, i. e. nematodes adapted to this salt solution
effect. Such result could be explained by the effect of stress induced by environmental
changes but not by a chemical compound. Nematodes accustomed to magnesium
sulphate solution in longer exposure time and no residual effect was observed in

nematode response to an attractive chemical compound (a—solanine).
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Fig. 8. Reaction of Globodera pallida to o—solanine under exposure of zinc sulphate (gray columns) and
magnesium sulphate (streaked columns) aqueous solutions, and distilled water (white columns)
depending on duration time; statistically significant differences in responses are denoted with different
letters (a; b; ¢) (y'—test, P < 0.05).

8 pav. Globodera pallida reakcija 1 o—solaning po poveikio cinko sulfato (pilki stulpeliai) ir magnio
sulfato (dryzuoti stulpeliai) vandeniniais tirpalais bei distiliuotu vandeniu (balti stulpeliai) priklausomai
nuo poveikio trukmés. StatistiSkai patikimai besiskiriancios atrakyvumo reik§més paZymétos
skirtingomis raidémis (a, b, ¢) (y'—testas, P < 0,05).

For the first time, it was determined that zinc sulphate aqueous solution inhibits
G. pallida response to attractive chemical compound — o—solanine. Compare to
magnesium sulphate aqueous solution, zinc sulphate aqueous solution effectively
disrupts normal nematode behavior to a—solanine. The inhibition effect is induced both:
after short (2 minutes) and longer (from 5 up to 30 minutes) exposure to the salt solution.
Due to the fact that potato cyst nematodes species are very close, it is assumed that zinc
sulphate aqueous solution could also inhibit activities of G. rostochiensis
chemoreceptors. Thus, we found that this inhibition effect of zinc sulphate aqueous
solution is new and could be used in investigations of electrophysiology and behavior in
field trials.
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Analysis of potato root released chemical compounds

a) Verification of suitability of a solvent to extract potato root released chemical
compounds from the substrate by nematode behavioral test. The results of
G. rostochiensis and G. pallida behavioral test recorded after 30 and 60 minutes of
nematode transfer to media with a chemical stimulus showed that n—hexane extracted
potato root diffusate was attractive to both species of potato cyst nematode J2s (Fig. 9).
This reaction was statistically significant from that to control — distilled water (P < 0.05).
Non n-hexane extracted, i. e. aqueous potato root diffusate was also attractive to
G. rostochiensis and G. pallida J2s (Fig. 9). Statistically significant differences were
noted between reactions to aqueous potato root diffusate and distilled water in both
response recording times (Fig. 9). No statistical differences between reactions to aqueous
and n—hexane extracted potato root diffusate were recorded (P > 0.05) (Fig. 9), i. e. both
aqueous and n—hexane extracted potato root diffusates were attractive to both species of
potato cyst nematodes. Thus, behavioral tests proved that potato root released attractive
to G. rostochiensis and G. pallida J2s chemical compounds can be extracted by n—
hexane.

% |
Eeo ;‘ I 6 I
) B B

Stimuli

Fig. 9. Reaction of Globodera rostochiensis and Globodera pallida to n—hexane extracted (PRD*) and
aqueous (PRD) potato root diffusate, and to distilled water (dH,O) after 30 and 60 minutes of nematode
transfer to media with a chemical stimulus. Asterisks above the bars indicate statistically significant
differences in responses compared with distilled water (y'—test, P <0.05).

9 pav. Globodera rostochiensis ir Globodera pallida reakcija { n—heksanu ekstrahuotas (PRD*) ir
vandenines (PRD) bulviy $akny nuoplovas bei i distiliuota vandeni (dH,O) po 30 min. ir po 60 min. nuo
nematody uZnesimo ant terpés su cheminiu stimulu. Zvaigzdutés vir§ stulpeliy rodo statistiskai patikimus
reakcijy i stimulus skirtumus lyginant su reakcija i distiliuota vandeni (y’—testas, P < 0,05).

b) Analysis of potato root released chemical compounds by gas
chromatography. Comparative analysis of six week extracts of potato root released in
to the substrate chemical compounds showed that among many same chemical
compounds observed in 1-6 week chromatograms, extracts of 3—6 week revealed three
compounds with the retention time of 28.4; 29.8 and 31.2 minutes (Fig. 10). During this

21



investigation potatoes emerged in the first week after planting. Therefore we assume that
these three compounds already available three weeks after potato emergence could be
assessed as potentially bioactive compounds influencing behavior of potato cyst
nematode G. rostochiensis and G. pallida J2s.

Chromatographic responce, mV
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Fig. 10. Fragments of chromatograms of potato root released chemical compound (extracted with n—
hexane) in to the substrate. Arrows under the chromatograms indicate potentially active compounds with
the retention time 28.4; 29.8 and 31.2 minutes. K— control (n—hexane); 1-6 denotes week when potato
root released chemical compounds were collected. Horizontal line in the chromatograms shows the
position of chromatograms before the outspread of them using computer software (Total Crome
Navigator—Clarus 500, Perkin Elmer, USA).

10 pav. n—Heksanu ekstrahuoty bulviy Sakny i substrata iSskiriamy medziagy chromatogramos dalis,
rodyklés vir§ chromatogramy Zymi potencialiai aktyviy cheminiy medziagy sulaikymo laikus ties 28,4;
29,8 ir 31,2 min. K — kontrolé (rn—heksanas); 1-6 Zymi bulviy Sakny iSskiriamy medziagy surinkimo
savaitg. Horizontali linija prie chromatogramy rodo chromatogramy padéti iki ju iSskleidimo
kompiuterinés programos (Total Crome Navigator—Clarus 500, Perkin Elmer, JAV) pagalba.

Previous studies of this work showed that linalool and o—solanine attracts
G. rostochiensis and G. pallida J2s (Fig. 5; 7). Study of linalool content in potato root
diffusate showed that linalool retention time in chromatography column is 13.2 minutes
(Fig. 6). a—Solanine cannot be determined by gas chromatography, however, due to its
physical properties: the compound melting point is 271-273 °C, and it is higher than that
of thermostat column — 250 °C (according to the manufacturer's recommendations).
Thus, due to chromatographic profile of the chemicals released by potato roots, three
potentially bioactive compounds are other than linalool or a—solanine.

For the first time in our research, silicone tubing for microextraction of potentially
bioactive chemical compounds released by potato roots was applied. In order to identify
the chemical composition of these chemicals, further tests are need and our research
results could contribute to these studies.
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CONCLUSIONS

1.

Morphological and molecular (PCR) analysis of potato cyst nematodes collected
from soil samples from all 10 counties of Lithuania showed that only one species
of potato cyst nematodes — G. rostochiensis is detected in Lithuania (common in
all counties), and G. pallida is not detected.

Linalool is not toxic to G. rostochiensis and G. pallida, unlike to other species of
plant parasitic nematodes.

Potato released non specific metabolite linalool and specific metabolite a—
solanine is attractive to G. rostochiensis and G. pallida J2s.

Sensitivity of G. rostochiensis to linalool is higher than that of G. pallida
(threshold concentration 1 x 10* M and 1 x 10~ M accordingly). According to
sensitivity threshold to a—solanine no interspecific differences are recorded,
however, nematode response in time differs: G. pallida responds to a—solanine
quickly (after 15 minutes of nematode transfer to media with a chemical
stimulus), although, the response is short (is absent after 30 and 60 minutes);
G. rostochiensis responds to the compound slowly (after 30 and 60 minutes) and
the response lasts longer.

Exposure time of greater than two minutes of zinc sulphate aqueous solution of
3 mM concentration to G. pallida inhibits chemoattraction to a—solanine.
Behavioral test showed that potato released chemical compounds responsible for
attraction of G. rostochiensis and G. pallida can be extracted by n—hexane.
Comparative analysis of gas chromatography of n—hexane extracted potato root
released chemical compounds showed that at least three chemical compounds in
potato emissions occurring in attractive to nematodes growth phase are present.
These compounds are other than attractants revealed in this research — linalool
and o—solanine, because the retention times of gas chromatography column are
different — 28.4; 29.8 and 31.2 minutes.
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IVADAS

Darbo aktualumas. Bulvés (Solanum tuberosum) — viena ekonomiskai svarbiausiy
augaly risiy pasaulyje, ju produkcija yra ketvirta po kvieciuy, kukuriizy ir ryziy (Hawkes,
1999). 2007 metais bulvémis buvo apsodinta vir§ 19 min. ha dirbamy zemés ploty, i§
kuriy prikasta daugiau nei 325 min. tony bulviy (FAO, 2008). Be vartojimo maistui, 1§
bulviy gumby iSgaunamy medziagy pagaminama vir§ 200 ivairiy produkty: etilo spirito,
klijy, plastmasiy, acetono, krakmolo, gliukozés ir kt.

Vieni 1§ pavojingiausiy bulviniy (Solanaceae) Seimos kenkéjy yra cistas ant bulviniy
augaly Sakny sudarantys auksinis Globodera rostochiensis ir blyskusis Globodera pallida
bulviniai nematodai. D¢l bulviniy cistiniy nematody ypatingos specializacijos, glaudaus
rySio su augalais Seimininkais, geb&jimo plisti, unikalios adaptacijos ilga laika iSbiiti
dirvoje be augalo Seimininko patiriami dideli derliaus nuostoliai. Nustatyta, kad
prarandama apytikriai 2t/ha bulviy kiekvienam 20 nematody kiausinéliy/g dirvozemio
(Brown, 1969), ir net apie 80 % derliaus gali buti prarandama, kai nesiimama jokiu
prevencijos priemoniy. Siuo metu abi bulviniy cistiniy nematody G. rostochiensis ir
G. pallida rusys itrauktos | pasaulio, Europos ir Lietuvos karantininiy® organizmy sarasa
(CD, 2000). Lietuvoje uz karantininiy organizmy, tame tarpe G. rostochiensis ir
G. pallida importa, eksporta ir vietiniy karantininiy Zzidiniy paieska atsakinga, bei
likvidavima atlicka Valstybiné augalininkystés tarnyba prie Zemés tikio ministerijos.

Bulviniy cistiniy nematody identifikacija pagal morfologinius pozymius reikalauja
daug kruopstaus darbo, igtidziy, specialiy darbo priemoniy, dideliy laiko sagnaudy. Be to,
identifikuojant G. rostochiensis ir G. pallida susiduriama su morfologiniais rasiy
panasumais ir morfometriniy matavimy persidengimais (Baldwin, Mundo-Ocampo, 1991;
Brzeski, 1998; Manduric, Anderson, 2004; Dobosz et al., 2006). D¢l Sios priezasties
tikslesniam rasiy identifikavimui taikomi molekuliniai metodai, vienas daZniausiai
naudojamy — polimerazinés grandininés reakcijos metodas, panaudojant rtsiai specifinius
DNR pradmenis (Fullaondo et al,, 1999; Zouhar et al.,, 2000; Pylypenko et al., 2005).
Kadangi tik tokie Siuolaikiniai metodai leidzia tiksliai identifikuoti bulviniy cistiniy
nematody rusis, juos biitina taikyti norint patikimai nustatyti, kokios riiSys aptinkamos
Lietuvoje.

Prasidéjus Siltajam mety laikui i§ bulviniy nematody cistose esanciy kiauSinéliy
ritasi antros juvenilinés stadijos nematodai (pirmos juvenilinés stadijos nematodai vystosi
kiauSinéliuvose) ir migruoja link augalo Seimininko Sakny (Weischer, 1959). Poriniai
chemoreceptoriai — amfidés, iSsidésciusios nematody galvinéje dalyje, yra svarbiausi
chemoreceptoriniai organai, kuriy déka nematodai jaucia cheminius stimulus ir taip
orientuojasi dirvozemio aplinkoje (Jones et al., 1994). Bulviuy Saknys iSskiria | dirvozemi
nematodams patrauklius cheminius junginius (Weischer, 1959; Clarke, Hennessy, 1984;
Devine, Jones, 2003), taciau kol kas neidentifikuotas nei vienas junginys (ar jy misinys),
patrauklus bulviniams cistiniams nematodams. Tam reikalingi ne tik detallis nematoduy
elgsenos, bet ir bulviy Sakny i$skiriamy bioaktyviy cheminiy medziagy tyrimai. Nustacius
Sias medziagas, atsirasty galimybé sutrikdyti jprasta nematoduy elgsena — augalo

* Karantininiais organizmais vadinamos tos riiSys, kurios neaptiktos 3alyje, tatiau gali biti jveZtos ar
savarankiskai patekti i ja, arba ribotai paplitusios Salies teritorijoje, taciau oficialiai kontroliuojamos, ir
kurios gali zenkliai kenkti augalams ar gadinti augaling produkcija, t. y. - ekonomiskai svarbios (FAO,
2007).
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Seimininko Sakny aptikima. Sia elgseng sutrikdyti biity imanoma ir slopinant nematody
amfidziy veikla. Visa tai galéty buti pritaikyta biologinei kovai su bulviniais cistiniais
nematodais, t. y. atsirasty galimybé¢ itakoti ju elgseng ir taip kontroliuoti ju paplitima bei
sumazinti daroma zala bulviy derliui. Tad gilesnis nematody chemoekologiniy saveiky
pazinimas svarbus ne tik fundamentiniy Ziniy, bet ir taikomaja prasme.

Darbo tikslas — nustatyti bulviniy cistiniy nematody rasing sudéti ir paplitima

Lietuvoje bei ju chemoekologiniy saveiky su augalu Seimininku ypatumus.

1))

2)
3)
4)

5)

6)

1)

2)

4)

5)

Darbo uzdaviniai:

1§ dirvoZzemio méginiy, surinkty visose 10 Lietuvos apskriciy, iSskirti nematody
cistas ir morfologiniais bei molekuliniais metodais identifikuoti G. rostochiensis
ir G. pallida risis, nustatyti jy paplitima Lietuvoje;

nustatyti bulviy Sakny iSskiriamo nespecifinio metabolito linalolio toksiSkuma
bulviniams cistiniams nematodams;

nustatyti bulviy Sakny iSskiriamo nespecifinio metabolito linalolio ir specifinio
metabolito o—solanino poveiki bulviniy cistiniy nematody elgsenai;

atlikti bulviniy cistiniy nematody G. rostochiensis ir G. pallida chemoekologiniy
ypatumy, susijusiy su reakcijomis { augalg Seimininka, lyginamaja analizg;
nustatyti, ar cinko sulfatas slopina bulviniy cistiniy nematody elgsenines
reakcijas, susijusias su Siy nematody priviliojimu prie augalo Seimininko
i§skiriamy cheminiy junginiy;

ivertinti, ar bulviy Saknys toje augimo fazéje, kuri nematodams atraktyviausia,
iSskiria minétai fazei bidingy cheminiy junginiy.

Darbo naujumas:

pirma karta tiksliu Siuolaikiniu molekuliniu metodu patvirtinta, jog karantininés
rusies G. pallida Lietuvoje néra bei ivertintas G. rostochiensis paplitimas;
sukurtas originalus testas bulviniy cistiniy nematody elgsenos tyrimams;

pirma karta nustatytos augalo Seimininko iSskiriamos cheminés medziagos,
atraktyvios bulviniams cistiniams nematodams;

pirma karta nustatyta, jog cinko sulfato vandeninis tirpalas slopina nematody
elgsenines reakcijas, susijusias su priviliojimu prie cheminio stimulo;

pirma karta nustatyta, kad bulviy Saknys atraktyviausioje nematodams augimo
fazéje iSskiria budingy cheminiy junginiy.

Moksliné ir praktiné darbo reikSmé. Darbo rezultatai papildo kol kas labai

negausias bulviniy cistiniy nematody cheminés ekologijos bei elgsenos Zinias. Jie yra
svarbiis ir gali biiti taikomi:

1)
2)
3)
4)

S)

bulviniy cistiniy nematody rasiy plitimo stabdymui;

bulviniy cistiniy nematody kairomony paieskai;

bioaktyviy medziagy bulviy Sakny nuoplovose tyrimams;

biologiskai  aktyviy stimuly parinkimui  bulviniy cistiniy nematody
chemosensorikos elektrofiziologiniams ar kitiems tyrimams;

kuriant ekologiSkai nepavojingas kovos priemones su bulviniais cistiniais
nematodais.
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Ginamieji darbo teiginiai:

1) Lietuvoje paplitusi tik viena karantininé bulviniy cistiniy nematody riisis —
G. rostochiensis, G. pallida Lietuvoje néra;

2) bulviniy cistiniy nematody ir augalo Seimininko saveikai svarbiis cheminiai
stimulai: tiek nespecifiniai (biidingi daugeliui augaly), tiek specifiniai (biidingi tik
augalui Seimininkui);

3) abieju morfologiskai ir ekologiSkai labai artimy riisiy bulviniy cistiniy nematody
reakcijos i cheminius stimulus yra skirtingos.

Darbo aprobavimas ir publikacijos. Disertacijos medziaga buvo pristatyta VU
SeStojoje mokslinéje konferencijoje ,,Mokslas gamtos moksly fakultete* (VU botanikos
sodas, Kairénai, 2010), 26 bei 27 tarptautinése Cheminés ekologijos draugijos
konferencijose (Tours, Pranciizija, 2010; Brity Kolumbija, Kanada, 2011). Tyrimy
rezultatai paskelbti penkiose publikacijose: trijuose moksliniuose straipsniuose (vienas i§
ju itrauktas i Mokslinés Informacijos Instituto (ISI WOS) duomeny bazes su impact
faktoriumi) bei dviejose konferencijy tezése.

Darbo struktiira. Disertacija sudaro Sie skyriai: [vadas, Literatiiros apzvalga,
MedZiaga ir metodai, Rezultatai ir juy aptarimas (skyrius susideda i§ trijy poskyriy),
ISvados, 286 Literaturos Saltiniy sarasas, autorés Moksliniy publikacijy disertacijos tema
saraSas, Priedai. Disertacijos apimtis — 104 puslapiai, 8 lentelés ir 15 paveiksly.
Disertacija paraSyta lietuviy kalba, o disertacijos santrauka — angly kalba.

Padékos. Nuosirdziai dékoju uz visokeriopa pagalba ir patarimus darbo vadovui
prof. habil. dr. Vincui Biudai bei visiems Gamtos tyrimy centro Ekologijos instituto
Cheminés ekologijos ir elgsenos laboratorijos darbuotojams. UZ galimybeg atlikti tyrimus
Fitosanitariniy tyrimy laboratorijoje (Valstybinés augalininkystés tarnybos prie ZUM)
esu labai dékinga buvusiai laboratorijos vedéjai dr. Loretai Taluntytei. Taip pat visiems
Sios laboratorijos darbuotojams uz palaikyma, supratinguma ir pagalba, ypa¢ dr. Vaidai
Jogaitei (buvusiai bendradarbei) taikant molekulinés biologijos metodus bulviniams
cistiniams nematodams tirti. Dékoju Julius Kithn institutui (Vokietija) bei Augaly
apsaugos tarnybai (Pranciizija) uZ medziaga tyrimams. Taip pat labai dékoju Silvijai
Budaviciiitei (Helsinkio universitetas) uz prieigq prie moksliniy publikacijy bei Joseph
R. Laroza (Kalifornijos universitetas) uz redakcinius angly kalbos pataisymus. Uz
suteikta stipendija dékoju Lietuvos valstybiniam mokslo ir studijy fondui bei Vilniaus
universitetui — uz suteikta galimybe studijuoti doktorantiiroje.

LITERATUROS APZVALGA

Siame skyriuje apzvelgiama bulviniy cistiniy nematody Globodera rostochiensis
(Wollenweber, 1923) Behrens, 1975 ir Globodera pallida (Stone, 1973) Behrens, 1975
biologija, pagrindiniai morfologiniai bruozai, chemorecepcija (tame tarpe ir kity augaly
parazitiniy nematody), sukeliama zala bulvéms ir kovos biuidai su Siais kenkéjais.
Literatiiros apZvalgoje taip pat aptariamos cheminés medziagos, kurias iSskiria bulvés,
augaly parazitiniy nematody chemoekologinés sgveikos (pagrindiniai metodai Sioms
saveikoms tirti ir cheminés medziagos, itakojan¢ios nematody elgsena) bei Zinomos
medziagos, slopinancios augaly parazitiniy nematody chemoreceptoriy veikla.
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MEDZIAGA IR METODIKA

Medziaga

a) Bulviniai cistiniai nematodai rusSiy atskyrimui. RaSiy atskyrimui bulviniy
cistiniy nematody cistos buvo iSrinktos 1§ 2815 dirvozemio méginiy, paimty i§ 556 ha
ploto Zemeés ukio paskirties lauky 1§ visy 10 Lietuvos apskri¢iy — Alytaus, Kauno,
Klaipédos, Marijampolés, Panevézio, éiauliuo Tauragés, TelSiy, Utenos bei Vilniaus.
DirvoZzemio méginiai buvo paimti vadovaujantis standartine procediira ir pristatyti {
Valstybinés augalininkystés tarnybos (buvusios Augaly apsaugos tarnybos) prie Zemés
tikio ministerijos Fitosanitariniy tyrimy laboratorija (skyriy) (FTL) nematologiniams
tyrimams. Informacija apie prieSs¢lio tipa ir dirvoZzemi nebuvo renkama, todél
neanalizuota.

Flotacijos metodu (naudojant Schuiling‘o centrifuga, Volkers & Zonen, Olandija)
cistos 1§ dirvozemio méginiy FTL buvo iSplautos ant filtrinio popieriaus ir apibiidintos
iki rusies pagal morfologinius pozymius. D¢l bulviniy cistiniy nematody rusiy
morfologiniy panasumy ir morfometriniy matavimy persidengimy tikslesnis riisiy
identifikavimas atliktas cisty DNR polimerazinés grandininés reakcijos (PGR) metodu
panaudojant rasims specifinius pradmenis.

b) Nematodai elgsenos tyrimams. Globodera rostochiensis Rol (Ecosse
populiacija) ir G. pallida Pa2 (Kalle populiacija) cistos (gautos i§ Julius Kiihn instituto,
Vokietija) savaite laikytos drégnai 21°C (MIR 253, Sanyo, Japonija). Po to cistos
perpjautos vandens lase ant objektinio stiklelio ir visas cisty turinys su issiritusiais J2 ir
neissiritusiais kiauSinéliais nedideliu vandens kiekiu (~50 pL) nuplautas { 60 mm
skersmens Petri 1éksteles (atskiras kiekvienai rusiai) su 1,5 % 1-2 mm storio agaro
sluoksniu (Carl Roth, Vokietija). Vandeniui susigérus i agara (po keliy valandy),
aktyviai judantys J2 stadijos nematodai panaudoti elgsenos tyrimuose.

IS Julius Kiihn instituto elgseniniams testams buvo gautas nedidelis nematody
cisty kiekis, todél nematodai buvo dauginti laboratorinémis salygomis, juos auginant
vazonuose su Désirée veislés (Pranctizija) bulvémis (Solanum tuberosum), kurios yra
neatsparios bulviniams cistiniams nematodams. Nematodai dauginti FTL karantininio
Siltnamio kameroje, pritaikytoje karantininiy organizmy dauginimui.

Metodai

Bulviniy cistiniy nematody rasiy identifikavimas

a) Nematody raSiy identifikavimas pagal morfologinius poZymius. IS
Globodera spp. cisty ir i$ cistose esanciy kiauSinéliy iSsiritusiy J2 nematody (jei ju buvo)
paruosti laikini preparatai. Jie analizuoti Sviesiniu mikroskopu (didinimas 40 x — 1000 x,
BX51, Olympus, Japonija), sujungtu su video dokumentavimo sistema, susidedancia i$
skaitmeninés kameros (Nikon Coolpix 4500, Japonija), prijungtos prie kompiuterio.
Nematodai nufotografuoti, iSmatuoti kompiuterine programa (Image Pro Plus 3, Media
Cybernetics, JAV) ir, remiantis morfologiniais pozymiais, apibiidinti iki rasies.

b) Nematody riSiy identifikavimas PGR metodu. DNR iSskyrimas i cisty. Vieno
méginio cistos buvo pamerktos { distiliuota vandeni 24 val., po to perkeltos 1 1,5 mL
meégintuvélius su 180 pL lizés tirpalu ir sutrintos mikrogriustuvéliu. ISskirta DNR laikyta
— 20 °C. DNR amplifikacija. Darbo pradzioje G. rostochiensis ir G. pallida cisty DNR
amplifikacijai buvo naudoti Fullaondo et al. (1999) nustatyti pradmenys bei PGR
salygos: 5’GCAAGCCCAGCGTCAGCAAC3’, SSGAACATCAACCTCCTATCGG3’
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- G. rostochiensis atveju; 5‘TGTCCATTCCTCTCCACCAG3’,
5’CCGCTTCCCCATTGCTTTCG3’ — G. pallida atveju. RuoSiant misini DNR
amplifikacijai su Siais pradmenimis sunaudota daugiau medziagy bei laiko, todél
tolimesniems §io darbo tyrimams pasirinktos Pylypenko et al. (2005) nustatytos DNR
pradmeny sekos bei PGR salygos: PITSr3 5’AGCGCAGACATGCCGCAA3’ ir
tiesioginis 5S‘CGTAACAAGGTAGCTGTA3’ pradmuo G. rostochiensis genomo daliai;
sPITSp4 5’ACAACAGCAATCGTCGAG3’ ir tiesioginis
5‘CGTAACAAGGTAGCTGTA3’ — G. pallida genomo daliai. DNR amplifikacijai
paruostas 25 puL miSinys, sudarytas i$: 1 % Tag buferio su KCI (Thermo Scientific,
Lietuva); 1,5 mM MgCl, (Thermo Scientific, Lietuva); 0,2 mM dNTP misinio (Thermo
Scientific, Lietuva); 1 vieneto rekombinantinés 7aqg DNR polimerazés (Thermo
Scientific, Lietuva); 1,5 uM pradmens PITS r3 (Biomers, Vokietija); 1,5 uM pradmens
sPITS p4 (Biomers, Vokietija); 1,5 uM tiesioginio pradmens (Biomers, Vokietija); 5 pL
(apie 20 ng) cistos DNR; DEPC H,O (Roth, Vokietija) pridéta tiek, kad miSinio galutinis
tiris buty 25 pL; neigiama kontrolé — DEPC H,O0; teigiamos kontrolés: G. rostochiensis
bei G. pallida DNR (Valstybinés Augaly apsaugos tarnybos nematologijos laboratorija,
Pranciizija). Amplifikacija vykdyta termocikleryje (Mastercycler personal 5332,
Eppendorf, Vokietija). Elektroforezé. DNR amplifikacijos produktai, pridéjus
bromfenolio mélio (0,3 pg/pL), analizuoti horizontaliosios elektroforezés metu 1,5 %
agarozés gelyje su etidzio bromidu (0,5 pg/uL) 1 x TAE buferyje, 72 V (6 V/cm)
itampoje. DNR amplifikacijos produktai stebéti ultravioletinéje Sviesoje, DNR
fragmenty ilgis nustatytas pagal DNR ilgio Zymenj — GeneRuler™ 100bp DNA Ladder
(Thermo Scientific, Lietuva). Gelio vaizdas dokumentuotas geliy dokumentavimo
sistema (Easy Win 32, Herolab, Vokietija).

Augalo Seimininko (bulviy) ir ne Seimininko (cukriniy runkeliy) Saknuy
nuoplovy paruoSimas

Pradiniame bulviniy cistiniy nematody elgsenos tyrimy etape buvo svarbu aptikti
ir statistiniais metodais ivertinti skirtumus tarp reakcijos i vandenines bulviy Sakny
nuoplovas, kurios bulviniams cistiniams nematodams yra atraktyvios, ir vandens
(kontrol¢), kuris nematodus veikia neutraliai (nei vilioja, nei atstumia). Rezultaty
tvertinimui statistiniais metodais pasirinktos ir kitos, ne augaly Seimininky — cukriniy
runkeliy, priklausanéiy balandiniy (Chenopodiaceae) Seimai, vandeninés Sakny
nuoplovos, apie kurias zinoma, kad jos néra atraktyvios bulviniams cistiniams
nematodams (Rolfe et al, 2000). Trys Désirée bulviy veislés gumbai (kiekvienas
atskirai) ir 15 cukriniy runkeliy (Beta vulgaris) Belmonte veislés (Danija) daigy (visi
kartu) buvo pasodinti { 400 mL vazonélius su autoklavuotu sméliu FTL S§iltnamyje, kur
nustatyta 60 % drégme, Sviesos ir tamsos ciklai (14:10 val.), palaikyta 22 °C. Po triju
savaiciy bulvés, o po septyniy — cukriniai runkeliai iSrauti. Kiekvienos bulvés Saknys
atskirai, o cukriniy runkeliy Saknys kartu pamerkti { 100 mL distiliuoto vandens 24 val.
Siltnamyje. Paruostos vandeninés nuoplovos iki naudojimo laikytos +4 °C.

Bulviy Sakny nuoplovy ekstrahavimas
Prie§ atliekant bulviy Sakny i substrata (Siuo atveju smelj) iSskiriamy medziagy

analiz¢ duju chromatografijos metodu, S§ias medziagas reikéjo 1S substrato
mikroekstrahuoti. Siuo tikslu buvo svarbu patikrinti, ar n—heksanas (grynumas 99 %,
Fluka, Vokietija) (daznai naudojamas tirpiklis cheminiy medziagy ekstrakcijai) yra
tinkamas ekstrahuoti S§ias (bulviy Sakny iSskiriamas) medziagas. PenkiasdeSimt
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mikrolitry vandeniniy bulviy Sakny nuoplovy buvo ekstrahuota 50 mL #—heksanu viena
karta 5 min. Heksaninis ekstraktas buvo sukoncentruotas kambario temperatiiroje iki
sausumo, po to i ji ipilti 3 mL distiliuoto vandens. Gautas ekstraktas naudotas nematody
elgsenos tyrimuose, tokiu biidu nustatytas tirpiklio tinkamumas bulviy $akny nuoplovose
esanciy medziagy ekstrahavimui.

Linalolio kiekio nustatymas bulviy Sakny nuoplovose

Bulviniy cistiniy nematody elgseng veikianciy, bulviy Sakny i aplinka iSskiriamuy,
medziagy paieskai i§ daugelio Sio augalo i aplinka i§skiriamy medZziagy pasirinkta mazos
molekulinés masés cheminé medziaga — linalolis (3,7—dimetil-1,6—oktadien—3—olis;
molekuliné masé — 154,25). Dirvozemyje lengvos cheminés medziagos juda greiciau ir
jas iS$ tolesnio atstumo gali pajusti aplinkoje esantys organizmai, §iuo atveju — nematodai.
Linalolio kiekis bulviy Sakny nuoplovose, kurios buvo naudojamos nematody elgsenos
tyrimuose, buvo nustatytas kietafazés mikroekstrakcijos — dujy chromatografijos
metodu. [ 10 mL talpos kolbute ipilta 1 mL vandeniniy bulviy Sakny nuoplovy ir pridéta
0,3 g NaCl. Kolbuté sandariai uzdengta trimis sluoksniais aliuminio folijos ir patalpinta |
40 °C vandens termostata. Po 15 min. | kolbutés virSerdvi ileistas kictafazés
mikroekstrakcijos siiilas (65 pm, PDMS-DVB, Supelco, JAV). Ekstrahuota 60 min.
40 °C. Sorbuoti junginiai tuojau pat buvo desorbuojami chromatografo garintuve 1 min.
esant 240 °C. Sorbuoty junginiy analiz¢ atlikta dujy chromatografu (Clarus 500, Perkin
Elmer, JAV) su liepsnos jonizacijos detekcija (FID), kolon¢lée — DB—Wax (30 m X
0,25 mm, sorbento sluoksnio storis 0,25 pk, Restek, JAV). Garintuvo ir detektoriaus
temperatiira — 240 °C. Kolonéliy termostato temperatiira programuota tokiu biidu: 2 min.
laikyta 40 °C, po to 5 °C/min. kelta iki 200 °C, toliau 10 °C/min. kelta iki 240 °C ir tokia
palaikyta 2 min. Linalolio kiekis apskaiciuotas iSorinio standarto metodu.

Bulviniy cistiniy nematody elgsenos tyrimai

a) Elgseniniy reakcijy j augalo Seimininko (bulviy) ir ne Seimininko (cukriniy
runkeliy) Sakny nuoplovas testas. Ant Petri 1¢kstelés (32 mm skersmens), uzpildytos
1,5 % 1-2 mm storio agaro sluoksniu (Carl Roth, Vokietija), centro uzdétas 5 mm
skersmens filtrinio popieriaus gabalélis (Schleicher & Shuell Microscience, Vokietija).
Ant jo uzlasinta 14 pL vandeniniy bulviy Sakny nuoplovy arba kontroliy: vandens ar
vandeniniy cukriniy runkeliy Sakny nuoplovuy (1 pav.). Po 2 val. filtrinis popierélis buvo
nuimamas ir uzneSami keturi G. rostochiensis arba G. pallida J2 nematodai vienodais
atstumais vieni nuo kity ir 1,1 cm atstumu nuo centro. Po 30 min. ir po 60 min. nuo
nematody uzneSimo ant terpés su tiriama chemine medziaga binokuliariniu mikroskopu
(didinimas 7,5 x — 112,5 %, Nikon SMZ 1500, Japonija) buvo registruojama nematodo
padétis. Nematody judéjimas link cheminio stimulo $altinio traktuotas kaip teigimas
atsakas i cheming¢ medziaga, o judé¢jimas prieSinga kryptimi — kaip neigiamas. Testuota
po keturis nematodus penkiose 1¢kstelése, eksperimentai pakartoti Sesis kartus su bulviy
Sakny nuoplovomis ir kontrolémis. Cheminés medziagos atraktyvumas jvertintas
kiekybiskai lyginant judéjusiy link cheminio stimulo nematody skai¢iy su visu teste tirty
nematody skaic¢iumi ji iSreiSkus procentais.

b) Elgseniniy reakcijy j n—heksanu ekstrahuotas bulviy Sakny nuoplovas testas.
Bulviniy cistiniy nematody elgseniniai testai { n—heksanu ekstrahuotas bulviy Saknuy
nuoplovas atliktas lygiai taip pat, kaip ir elgseniniame teste | augalo Seimininko ir ne
Seimininko $akny nuoplovas (1 pav.). Kontrolei pasirinktos vandeninés bulviy Saknuy
nuoplovos ir distiliuotas vanduo. Testo rezultatai fiksuoti po 30 min. ir po 60 min. nuo
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nematody uzneSimo ant terpés su tiriama chemine medziaga. Testuota po keturis
nematodus penkiose lékstelése, eksperimentai pakartoti SeSis kartus su »n—heksanu
ekstrahuotomis bulviy Sakny nuoplovomis ir kontrolémis.

¢) Linalolio toksi¥kumo biotestas. Zinoma, kad linalolis dvejopai veikia
dirvoZzemyje gyvenanciy nematody elgsena, vienoms rusims jis yra atraktyvus (Hong,
Sommer, 2006; Hong et al., 2008; Kollner et al., 2008), kitoms — toksiskas (Chatterjee et
al., 1982; Malik et al., 1987; Sangwan et al, 1990; Leela et al., 1992; Walker, Melin,
1996; Ibrahim et al., 2006; Kong et al., 2007), tod¢l pirmiausia buvo tiriamas $ios
medziagos toksiSkumas bulviniams cistiniams nematodams.

I viena laikrodini stikleli su 2 pL distiliuoto vandens buvo sudéta
50 G. rostochiensis, 1 kita — 50 G. pallida J2 nematody. Po to i Siuos stiklelius su
nematodais buvo ipilti 2 mL sotaus 1 x 10 M linalolio (raceminis, grynumas — 97 %,
Sigma—Aldrich, Vokietija) tirpalo. Kontrol¢ atlikta su distiliuotu vandeniu. Nematody
mirtingumas stebétas 12 dieny i$ eilés pro binokuliarini mikroskopa (didinimas 7,5 x —
112,5 %, Nikon SMZ 1500, Japonija). Viso atlikti keturi biotesto pakartojimai kiekvienai
nematody riisiai. Nematody mirtingumas skai¢iuotas procentais.

d) Elgseniniy reakcijy j linalolj testas. Linalolio poveikio bulviniy cistiniy
nematody elgsenai tyrimas su tam tikrais pakeitimais, kurie iSvardyti Zemiau, atliktas
taip, kaip ir elgseniniame teste i augalo Seimininko ir ne Seimininko Sakny nuoplovas
(1 pav.). Ant filtrinio popierélio uzlagintas 1 pL Zinomos linalolio nuo 1 x 10° M iki
1 x 10°° M koncentracijos vandeninio tirpalo arba kontrolés — distiliuoto vandens. Kaip
dar viena kontrolé pasirinktos vandeninés bulviy Sakny nuoplovos, ant agaro terpés jos
buvo uznestos taip, kaip nurodyta nematody elgseniniy reakcijy teste 1 augalo Seimininko
ir ne Seimininko Sakny nuoplovas (1 pav.). Po 2 val. filtrinis popierélis buvo nuimamas ir
ant terpés buvo uzneSami nematodai. Testo rezultatai fiksuoti po 30 min. ir po 60 min.
nuo nematody uzneSimo ant terpés su tiriama chemine medZiaga. Testuota po keturis
nematodus penkiose 1¢kStelése, eksperimentai pakartoti SeSis kartus su bulviy Sakny
nuoplovomis ir kontrolémis. Bulviniy cistiniy nematody elgseniniy reakcijy 1 linaloli
tyrime reakcija i distiliuotq vandeni laikyta neutralia ir prilyginta 50 %.

e) Elgseniniy reakcijy j a—solaning testas. a—Solanino — specifinio bulviy antrinio
metabolito (apzvalga: Eich, 2008) poveikio bulviniy cistiniy nematody elgsenai tyrimas
su tam tikrais pakeitimais, kurie iSvardyti zemiau, atliktas taip, kaip ir elgseniniame teste
1 augalo Seimininko ir ne Seimininko Sakny nuoplovas (1 pav.). Vienas mikrolitras
zinomos a—solanino (grynumas ~95 %, Sigma—Aldrich, Vokietija) absoliutaus etanolio
(grynumas 99 %) nuo 1 x 10* M iki 1 x 10”7 M koncentracijos arba kontrolés —
absoliutaus etanolio uZlainta Petri lékstelés centre. Siame teste filtrinis popierélis
nenaudotas. I§ karto po medziagy uzneSimo ant terpés buvo perkeliami ir testuojami
nematodai. Kaip dar viena kontrolé pasirinktos vandeninés bulviy Sakny nuoplovos, ant
agaro terpés jos buvo uznestos taip, kaip nurodyta nematody elgseniniy reakcijy teste |
augalo Seimininko ir ne Seimininko Sakny nuoplovas (1 pav.).Testo rezultatai fiksuoti po
15; 30 ir 60 min. nuo nematody uzneSimo ant terpés su tiriama chemine medziaga.
Testuota buvo po keturis nematodus penkiose 1ékstelése, eksperimentai kartoti 12 karty
su skirtingomis o—solanino koncentracijomis ir kontrolémis. Bulviniy cistiniy nematody
elgseniniy reakciju { o—solaning teste reakcija i tirpikli — absoliuty etanoli laikyta
neutralia ir prilyginta 50 %.
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f) Bulviniy cistiniy nematody chemoreceptoriy slopinimo testas. Zinoma, kad
cinko sulfatas slopina zinduoliy uoslés (Alberts, 1974) ir vabzdziy uoslés bei skonio
(Bakakrishnan, Pollack, 1997; Groh et al, 2002; Bauzien¢, Buda, 2010) receptoriy
veikla, todél Sios druskos tirpalas testuotas su bulviniais cistiniais nematodais. Kontrolei
pasirinkta kita cheminémis savybémis i cinko sulfata panasi dvivalencio metalo sulfato
druska — magnio sulfatas bei distiliuotas vanduo. Abieju cistiniy nematody rasiy
G. rostochiensis ir G. pallida anatomija, fiziologija ir ekologija labai panasios, dél Sios
priezasties chemoreceptoriy slopinimo tyrimams buvo pasirinkta tik viena rusis —
G. pallida.

I laikrodinj stikleli ipilta 50 pL 3 mM koncentracijos ZnSO4 7H,O vandeninio
tirpalo. [ ji buvo perkelta 20 G. pallida J2 nematody. Tirpale nematodai buvo laikomi 2;
5; 15 arba 30 min. Kontrolés atliktos su 3mM koncentracijos ZnSO,4 7H,O vandeniniu
tirpalu ir distilivotu vandeniu. Po to nematodai 1§ tirpaly lenkta entomologine adatéele
buvo perkeliami | Petri I¢ksteles, kur registruota ju reakcija i a—solaning taip, kaip
nurodyta elgseniniy reakcijy 1 o—solaning teste (1 pav.). Nematody elgsena fiksuota po
15 min., testuota po keturis nematodus penkiose I¢kstelése, eksperimentai pakartoti Sesis
kartus.

g) Statistinis bulviniy cistiniy nematody elgseniniu testy rezultaty vertinimas.
Nematody elgseniniy reakciju skirtumy i cheminius stimulus statistinis patikimumas
buvo jvertintas y° kriterijumi, rezultatai buvo apdoroti kompiuterine statistikos programa
Statistica 6.0 (SatSoft, JAV).

Bulviy Sakny iSskiriamy medZiagy mikroekstrakcija ir chromatografiné
analizé

a) Bulviy Sakny j substrata iSskiriamy medziagy mikroekstrakcija. Paruostos
keturios 1 m ilgio silikono vamzdeliy (skersmuo — 0,31 mm (iSorinis) % 0,64 mm
(vidinis), Helix Medical Europe KG, Vokietija) poros. | viena vamzdelio gala iverta
Svirksto (5 mL, Momina Krepsot, Bulgarija) adata. Trys Désirée veislés bulviy gumbai
atskirai pasodinti 1 L talpos stikliniuose vazonuose su drenazu dugne i autoklavuota
smélj. Sodinant | kiekvieno vazono smélj jdéti du silikono vamzdeliai: vienas vamzdelis
idétas 5 cm aukStyje nuo vazono dugno, kitas — Salia bulvés gumbo. Abiejy vamzdeliy
galai iStraukti ir palikti vazono iSor¢je. Vazonai buvo apsukti aliuminio folija. Augalai
auginti FTL Siltnamyje, kur nustatyta 60 % drégmé, Sviesos ir tamsos ciklai (14:10 val.),
palaikyta 19 °C. Kontrolei pasirinktas vazonas su autoklavuotu smeliu be bulvés.

Iki Siol néra duomeny kada bulvés iSskiria bulviniams cistiniams nematodams
atraktyvias medziagas. Yra Zinoma, kad treCia savait¢ po bulviy sudygimo ritasi
didziausi $iy nematody kiekiai (Farrer, Phillips, 1983; Rawsthorne, Brodie, 1986), o
iSsirit¢ nematodai per 6-11 dieny pasiekia augalo Saknis (Robinson et al., 1987). Tuo
remdamiesi daréme prielaida, kad trecia savait¢ po bulviy sudygimo bulvés iSskiria ir J2
stadijos nematodus viliojan¢ias medziagas. Dél Sios priezasties kas savaitg SeSias
savaites i$ eilés po bulviy pasodinimo i§ kiekvieno vazono vamzdeliy imti méginiai. Pro
vamzdelius prasvirksta po 500 pL n—heksano. Surinkti ekstraktai laikyti — 20 °C iki
tolimesnés analizés.

b) Bulviy Sakny iSskiriamy medZziagy analizé dujy chromatografijos metodu.
Bulviy Sakny isskiriamos medziagos analizuotos dujy chromatografu (Clarus 500, Perkin
Elmer, JAV) su liepsnos jonizacijos detektoriumi (FID), kolonélé — DB—Wax (30 m x
0,25 mm, sorbento sluoksnio storis 0,25 pk, Restek, JAV). Detektoriaus ir injektoriaus
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temperatira — 250 °C. Kolon¢lés termostato temperatira programuota tokiu biudu:
pradiné — 60 °C palaikyta 2 min., po to 7 °C/min. kelta iki 160 °C, tokia palaikyta 2 min.
ir toliau kelta 10 °C/min. iki 250 °C ir dar palaikyta 7 min. NeSanc¢iy dujy (H,) greitis —
1,5 mL/min. Injekcijos tiiris — 3 pL.

TYRIMU REZULTATAI IR JU APTARIMAS

Lietuvos populiacijos bulviniy cistiniy nematody rasiy identifikavimas PGR
metodu

IS visy 10 Lietuvos apskri¢iy surinkty 2815 dirvozemio méginiy rastos ir,
remiantis morfologiniais pozymiais, identifikuotos 2419 cistos. Visos jos apibtdintos
kaip G. rostochiensis, G. pallida cisty nenustatyta. IS apibidinty 187 G. rostochiensis
cisty (i§ visy Lietuvos apskric¢iy) iSskirta DNR ir istirta PGR metodu. PGR tyrimas,
atliktas naudojant Pylypenko et al. (2005) rekomenduojamus PGR pradmenis ir salygas,
parodé, kad tirty cisty DNR amplifikacijos produktai buvo specifiniai G. rostochiensis
rusiai — 423 bp, tuo tarpu G. pallida risiai biidingy DNR amplifikacijos produkty —
254 bp — negauta (2 pav.). Pradiniame $io tyrimo etape bulviniy cistiniy nematody DNR
PGR tyrimas atliktas naudojant Fullaondo er al. (1999) rekomenduojamus PGR
pradmenis ir salygas. Siuo atveju tirty cisty DNR amplifikacijos produktai taip pat buvo
specifiniai G. rostochiensis rasiai — 315 bp (3 pav.), G. pallida rusiai bidingy DNR
amplifikacijos produkty — 798 bp — negauta (3 pav. Sie produktai nepateikiami).

Is 187 tirty cisty tik 80 cisty (42,8 %) DNR amplifikacija buvo sé¢kminga
(1 lentelé). Tai galéjo lemti Sios priezastys: tirlamuose méginiuose galéjo biti per mazos
nematody DNR koncentracijos (Fleming et al., 1998); tirtos cistos galéjo priklausyti
morfologiSkai labai panasioms, kartu su bulviniais cistiniais nematodais daznai dirvoje
tarpstanc¢ioms nematody raSims. Tai — Globodera achilleae, kuri parazituoja paprastasias
kraujazoles (Achillea millefolium), ir Globodera artemisiae, kuri parazituoja
paprastuosius kiecius (Artemisia vulgaris). Gali biiti, kad G. pallida Lietuvoje neaptikta
del teisingai parinktos s€¢jomainos ir pakankamai gerai vykdomos fitosanitarijos Salyje
(Mastauskis, 1955; KupbsHoBa, 1963; Bapmanosuua, 1972; Klimakova et al., 1983;
VAAT, 1999-2007). Daugumoje Europos valstybiy G. pallida paplitusi maziau nei
G. rostochiensis (Smith et al, 1997; Pylypenko et al, 2005). Tai galéty biti kita
priezastis, kodé¢l G. pallida Lietuvoje aptikta nebuvo. Siuo metu i Lietuva importuojama
daug bulviy bei kitos augalinés produkcijos i§ Vokietijos, Olandijos, Svedijos, Lenkijos
(Lukosiute, 2005), kur jau yra rasta karantininé G. pallida nematody riisis (Smith et al.,
1997). Neseniai $is cistinis nematodas aptiktas ir Ukrainoje (Pylypenko et al., 2005), tad
yra didelé tikimybé G. pallida patekti 1 Lietuvos teritorija ir ¢ia paplisti.

Bulviniy cistiniy nematody chemoekologinés saveikos

a) Nematody reakcija | augalo Seimininko (bulviy) ir ne Seimininko (cukriniy

runkeliy) $akny nuoplovas. Atlikus bulviniy cistiniy nematody G. rostochiensis ir
G. pallida J2 elgseninius testus | augalo Seimininko — bulviy vandenines Sakny
nuoplovas ir 1 tirpikli — distiliuota vandeni pastebéta, kad bulviy Sakny nuoplovos
bulviniams cistiniams nematodams buvo zZymiai patrauklesnés nei distiliuotas vanduo
(P <0,05) (4 pav.). Tokie rezultatai i§liko abiem nematody elgsenos fiksavimo laikais —
po 30 min. ir po 60 min. nuo nematody uzneSimo ant terpés su cheminiu stimulu.
Tirtiems nematodams bulviy Sakny iSskiriamos medziagos taip pat buvo Zymiai
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patrauklesnés nei ne augalo Seimininko — cukriniy runkeliy Sakny i§skiriamos medziagos
(P <0,05) abiem nematody elgsenos registravimo laikais (4 pav.). Taigi tyrimo rezultatai
liudija, jog Sio darbo tolimesniems bulviniy cistiniy nematody elgsenos tyrimams
numatomas taikyti testas yra visiSkai tinkamas, nes testuojant i§ anksto zinomus du
skirtingus stimulus (patrauklius ir nepatrauklius nematodams) gauti rezultatai visiskai
atitiko laukiamus.

b) Linalolio poveikis bulviniams cistiniams nematodams.

Linalolio toksiSkumo bulviniams cistiniams nematodams tyrimas. Distiliuotame
vandenyje abiejy bulviniy cistiniy nematody rasiy G. rostochiensis iv G. pallida 12
iSgyveno visg stebéjimo laika, t. y. 12 dieny. ISgyvenamumas sieké¢ 99 %. Sociame
linalolio tirpale (1 x 107> M) per ta patj laikotarpj i§gyveno 95 + 2,1 % G. rostochiensis
ir 97 £ 1,7 % G. pallida nematody. Lyginant linalolio ir kontrolés (distiliuoto vandens)
poveiki nematodams nenustatyta jokiy statistiSkai patikimy skirtumy. Tirta linalolio
1 x 10 M koncentracija (sotus tirpalas) yra didZiausia galima vandeniné $ios medziagos
koncentracija ir ji nematodams nebuvo toksiSka. D¢l Sios priezasties kity linalolio
koncentracijy toksiSkumas nematodams tirtas nebuvo. Apibendrinus Sio tyrimo rezultata
galima teigti, kad linalolis néra toksiskas bulviniy cistiniy nematody J2 stadijai.

Bulviniy cistiniy nematody elgseninés reakcijos i linalolj. Atlikus bulviniy cistiniy
nematody elgseninius testus i linaloli, nustatyta, kad linalolis buvo atraktyvus tiek
G. rostochiensis, tiek G. pallida J2. Taciau skyrési abieju nematody riisiy reakcijos 1 $i
jungini. Pirmiausia nustatyta, kad G. rostochiensis buvo jautresné linaloliui lyginant su
G. pallida (5 pav.). Tiek po 30 min., tiek po 60 min. nuo nematody uznesimo ant terpés
su tirlama chemine medZiaga G. rostochiensis maziausia atraktyvi linalolio koncentracija
buvo 1 x 10* M, o jos atraktyvumas statistiskai patikimai nesiskyré nuo bulviy Sakny
nuoplovy atraktyvumo (P > 0,05) (5 pav.). Tuo tarpu G. pallida po 30 min. nuo
nematody uzneSimo su testuojama chemine medziaga maziausia atraktyvi linalolio
koncentracija buvo 1 x 10 M, 0 po 60 min. — 1 x 10~ M ir taip pat statistiskai nesiskyré
nuo bulviy Sakny nuoplovy atraktyvumo (P > 0,05).

Taip pat skyrési ir bulviniams cistiniams nematodams atraktyviy linalolio
koncentracijy diapazonas. Po 30 min. ir po 60 min. nuo nematody uZnesimo ant terpés su
testuojama medziaga G. rostochiensis buvo atraktyvios tos patios — 1 x 107 M —
1 x 10~ M linalolio koncentracijos (5 pav.). Tadiau G. pallida po 30 min. — 1 x 10" M ir
1 x 10% M, o po 60 min. §is koncentracijy intervalas prasiplété tiek | maZesnés, tiek |
didesnés koncentracijos srit{ ir apémé koncentracijas nuo 1 x 10° M iki 1 x 10° M
(5 pav.). Didziausios koncentracijos linalolio miginiai (1 x 10° M ir 1 x 107" M),
atvirk§¢iai negu G. pallida J2 nematodams, G. rostochiensis J2 nebuvo atraktyviis
lyginant su kontrole (distiliuvotu vandeniu) (P > 0,05) abiem rezultaty registravimo
laikais (po 30 min. ir po 60 min.). Tai paaiskintina tuo, jog yra Zinoma, kad pernelyg
didelés cheminés medziagos dozés slopina {vairiy organizmy reakcijas (Diez,
Dusenbery, 1989; Stamps, Linit, 1998).

Linalolio kiekio bulviy Sakny nuoplovose nustatymas. Linalolio koncentracija
bulviy Sanky nuoplovose, naudotose elgseniniams tyrimams, jvertinta dujy
chromatografijos metodu ir nustatyta, kad ji buvo vidutiniskai lygi 9,7 x 10°°M (6 pav.).
Si koncentracija yra 3 kartus maZesné nei linalolio koncentracijos i kurias bulviniy
cistiniy nematody J2 stadija reagavo teigiamai (slenkstinés koncentracijos 1 x 10 M ir
1 x 10° M). Natiraliomis salygomis 3aknyse turéty bati didesnés linalolio
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koncentracijos nei bioteste naudoty Sakny nuoplovose, nes bulviy Saknys pries
paruosiant nuoplovas buvo perplaunamos vandeniu smélio dalelém pasalinti, dél to kartu
buvo pasalinama ir dalis cheminiy medziagy, tame tarpe ir linalolio.

Po linalolio toksiskumo bulviniams cistiniams nematodams tyrimo paaiskéjo, kad,
prieSingai nei kai kurioms kitoms augaly parazitiniy nematody rtsims, linalolis néra
toksiskas bulviniams cistiniams nematodams. Atvirks¢iai, po elgseninio testo i S$ig
medziaga nustatyta, kad linalolis yra atraktyvus tiek G. rostochiensis, tiek G. pallida J2
stadijos nematodams. Nepaisant Zinomy medziagy, atraktyviy J2 (Rode, 1965; Evans,
1969), iki Siol nebuvo nustatyta jokia augalinés kilmés cheminé medziaga, atraktyvi Sios
stadijos nematodams. Tad misy atlikto tyrimo metu pirma karta nustatytas
G. rostochiensis it G. pallida J2 nematodams patrauklus augalinés kilmés cheminis
junginys — linalolis. Linalolj i dirvozemio aplinkg iSskiria ne tik bulviy Saknys, bet ir
daugelis kity augaly rusSiy (Knudsen ef al, 1993). Taigi linalolis galéty atlikti
nespecifinio atraktanto vaidmeni atskiriant aplinkoje augalus nuo ne augaly.

Yra duomeny apie tai, jog keletas bulviy Sakny nuoplovy frakeijy vilioja bulvinius
cistinius nematodus (Devine, Jones, 2003). Be to, atsizvelgiant { miisy atlikto tyrimo
rezultatus, nors statistiSkai nepatikima, taciau gali buti, jog bulviy Sakny iSskiriamy
cheminiy medziagy misinys yra patrauklesnis abiem bulviniy cistiniy nematody riisims
nei atskirai paimta medziaga — linalolis (5 pav.). Tai rodo, kad be linalolio bulviy Sakny
nuoplovose turi biiti daugiau junginiy ar jy miSiniy, veikian¢iy bulviniy cistiniy
nematody J2 elgsena ir besiskirianciy specifisSkumu.

¢) Bulviniy cistiniy nematody elgseninés reakcijos j a—solaning. Atlikus bulviniy
cistiniy nematody elgseninius testus 1 o—solaning nustatyta, kad jis buvo atraktyvus tiek
G. rostochiensis, tieck G. pallida J2 stadijai. Abi bulviniy cistiniy nematody rasys
reagavo | tas patias a—solanino koncentracijas 1 x 10 M ir 1 x 10~ M, reakcija i jas
statistiSkai patikimai skyrési nuo reakcijos 1 tirpikli — etanoli (P < 0,05) (7 pav.). Be to,
buvo nustatyti tarpriiS§iniai nematody reakcijy skirtumai i §i chemini jungini. Globodera
pallida 1 o—solaning reagavo greiciau — po 15 min. nuo nematody uzne§imo ant terpés su
chemine medziaga, ta¢iau trumpai — vélesniais rezultaty registravimo laikais — po
30 min. ir po 60 min. G. pallida reakcija 1 o—solaning iSnyko (7 pav.). Globodera
rostochiensis 1 jungini reagavo léciau — po 30 min. ir po 60 min. ir reakcija i$liko ilgiau.

Sio tyrimo metu pirma karta nustatyta, kad o—solaninas, augalo Seimininko —
bulviy i dirvoZzemio aplinkq iSskiriamas specifinis antrinis metabolitas, yra atraktyvus
abiem bulviniy cistiniy nematody ragims. Zinoma, kad keletas bulviy $akny nuoplovy
frakcijy vilioja bulvinius cistinius nematodus (Devine, Jones, 2003), todél gali bti, kad
be linalolio (kurio atraktyvumas nematodams nustatytas miisy ankstesniuose tyrimuose,
5 pav.) ir a—solanino bulviy Sakny nuoplovose gali biiti daugiau ir specifiSkesniy
medziagy ar jy misiniy, viliojanc¢iy abi bulviniy cistiniy nematody rasis.

d) Bulviniy cistiniy nematody chemoreceptoriy slopinimas. Paveikus G. pallida
J2 stadijos nematodus 3 mM koncentracijos cinko sulfato vandeniniu tirpalu reakcija i
atraktyvy jungini — a—solanina buvo slopinama. Sis cinko sulfato poveikis nematodams
iSliko visame poveikio druskos tirpalu trukmiy intervale — nuo 2 min. iki 30 min. bei
statistiSkai patikimai skyrési nuo distiliuoto vandens poveikio (P < 0,05) (8 pav.).
Pastebéta, kad trumpai — 2 min. paveikus nematodus tokios pat koncentracijos kaip cinko
sulfatas vandeniniu magnio sulfato tirpalu taip pat buvo slopinama G. pallida J2 stadijos
nematody reakcija i o—solanina (8 pav.). Si nematody reakcija taip pat statistiikai
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patikimai skyrési (P < 0,05) nuo nematody reakcijos i a—solaning veikiant distiliuotu
vandeniu. Po ilgesnés ekspozicijos — 5-30 min. magnio sulfato tirpalu nematody
reakcijos | o—solaning slopinimas iSnyko — nematodai adaptavosi Sios druskos poveikiui
(8 pav.). Toks rezultatas galéty buti aiSkinamas ne pacios cheminés medziagos, bet
aplinkos pasikeitimo, t. y. streso sukeltu poveikiu. Per ilgesni ekspozicijos laikg
nematodai prie magnio sulfato tirpalo priprato ir lickamojo poveikio reakcijoms i
atraktyviag medziagg (a—solaning) neliko.

Sio tyrimo metu pirma karta nustatyta, jog cinko sulfatas vandeninis tirpalas
slopina G. pallida reakcija i atraktyvy cheminj stimula — o—solaning. Lyginant su magnio
sulfato tirpalu, cinko sulfato tirpalas efektyviai sutrikdo normalia nematody elgseng i
atraktyvy stimula. Trikdymo efektas sukeliamas tiek po trumpalaikés (2 min.), tiek ir po
ilgesnes ekspozicijos (5-30 min.) tirpale. RySium su tuo, kad bulviniy cistiniy nematody
rusys labai artimos, manytina, kad cinko sulfatas turéty slopinti ir G. rostochiensis
chemoreceptoriy veikla. Musy aptiktas slopinamas cinko sulfato tirpalo poveikis yra
naujas ir gali biiti panaudotas tiek elektrofiziologijos, tiek elgsenos lauko salygomis
tyrimuose.

Bulviy Sakny iSskiriamy medZiagy tyrimas

a) Bulviy Sakny j substrata iSskiriamy medziagy tirpiklio tinkamumo patikra
elgseniniu testu. Atlikus bulviniy cistiniy nematody G. rostochiensis it G. pallida J2
elgseninius testus 1 n—heksanu ekstrahuotas bulviy Sakny nuoplovas ir nematoduy elgseng
fiksuojant po 30 min. ir po 60 min. nuo nematody uznesimo ant terpés su chemine
medziaga, nustatyta, kad n—heksanu ekstrahuotos bulviy nuoplovos buvo atraktyvios
abiem bulviniy cistiniy nematody raSims (9 pav.). Reakcija 1 jas statistiSkai patikimai
skyrési nuo reakcijos { kontrolg — distiliuota vandeni (P < 0,05). n—Heksanu
neekstrahuotos, t. y. vandeninés bulviy Sakny nuoplovos, taip pat buvo atraktyvios
G. rostochiensis ir G. pallida J2 stadijos nematodams (9 pav.). Nustatyti statistiskai
patikimi nematody reakcijos | vandenines bulviy Sakny nuoplovas ir { distiliuota vandeni
skirtumai (P < 0,05) abiem nematody reakcijos i Sias medziagas fiksavimo laikais.
Statistiniy skirtumy tarp reakcijos i n—heksanu ekstrahuotas ir i vandenines bulviy Sakny
nuoplovas nenustatyta (P > 0,05) (9 pav.), t. y. tiek n—heksanu ekstrahuotos, tiek
vandeninés bulviy Sakny nuoplovos abiejy risiy nematodams buvo atraktyvios. Taigi Sio
elgseninio testo metu nustatyta, kad n—heksanas yra tinkamas tirpiklis ekstrahuoti bulviy
Sakny 1 aplinka iSskiriamas ir nematodams atraktyvias chemines medziagas.

b) Bulviy Sakny j substratg iSskiriamy medZziagy analizé dujy chromatografijos
metodu. Sefiy savaiiy bulviy Sakny { substrata iSskiriamy medZiagy ekstrakty
lyginamoji analizé¢ parodé¢, jog be daugelio ty paciy junginiy, stebimy 1-6 savaités
ekstrakty chromatogramose, 3—6 savaités ekstraktuose iSryskéja trys junginiai, kuriy
sulaikymo trukmes yra 28,4; 29,8 ir 31,2 min. (10 pav.). Sio, bulviy $akny i substrata
i§skiriamy medziagy tyrimo metu, bulvés sudygo per pirmaja savait¢ po pasodinimo.
Manytina, jog Sie trys junginiai, aptinkami bulviy i§skyrose jau nuo trecios savaités, gali
buti vertintini kaip potencialiai bioaktyvis junginiai, veikiantys bulviniy cistiniy
nematody G. rostochiensis ir G. pallida J2 stadijos elgsena.

Ankstesniuose $io darbo tyrimuose nustatyta, kad linalolis ir o—solaninas yra
atraktyvus tiek G. rostochiensis, tiek ir G. pallida J2 stadijai (5; 7 pav.). Linalolio kiekio
bulviy Sakny nuoplovose chromatografinio tyrimo metu nustatyta, kad linalolio
sulaikymo trukmé chromatografo kolonéléje yra 13,2 min. (6 pav.), o o—solanino
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neimanoma nustatyti dujy chromatografijos metodu dél jo fiziniy savybiy. Sio junginio
lydymosi temperatiira yra 271-273 °C — aukS$tesné nei kolon¢lés termostato temperatiira
(pagal gamintojo rekomendacijas) — 250 °C. Sprendziant pagal bulviy Sakny iSskiriamy
medziagy chromatografini profilj, { substrata i$ bulviy Sakny i$siskiriami trys potencialiai
bioaktyvis junginiai (10 pav.) yra kiti nei linalolis ar a—solaninas.

Pirmg karta miisy darbe silikono vamzdeliai buvo pritaikyti ekstrahuoti bulviy
Sakny iSskiriamas potencialiai bioaktyvias chemines medziagas. Norint identifikuoti ju
cheming sudéti, reikalingi tolimesni tyrimai, kuriems galéty pasitarnauti misy gauti
rezultatai.

ISVADOS

1. Atlikus morfologing ir molekuling (PGR) bulviniy cistiniy nematody cisty, surinkty
dirvozemio meéginiuose i$ visy 10 Lietuvos apskri¢iy, analiz¢ nustatyta, kad Lietuvoje
aptinkama tik G. rostochiensis risis (paplitusi visose apskrityse), o G. pallida —
neaptinkama.

2. Skirtingai nei kity augaly parazitiniy ruSiy nematodams, linalolis néra toksiskas
G. rostochiensis ir G. pallida J2 stadijos nematodams.

3. Bulviy Sakny iSskiriamas nespecifinis metabolitas linalolis ir specifinis metabolitas a—
solaninas yra atraktyviis bulviniy cistiniy nematodu G. rostochiensis ir G. pallida J2
stadijai.

4. G. rostochiensis jautrumas linaloliui didesnis yra nei G. pallida (slenkstinés
koncentracijos 1 x 10 M ir 1 x 107 M). Pagal jautrumo slenkstj o—solaninui
tarprisSiniy skirtumy neuZzregistruota, taciau skiriasi reakcijos greitis: G. pallida 1 o—
solaning reaguoja greiciau (po 15 min. nuo nematody uzneSimo ant terpés su cheminiu
stimulu), tac¢iau trumpai, véliau (po 30 min. ir po 60 min.) reakcija i ji iSnyksta;
G. rostochiensis | o—solaning reaguoja lé¢iau (po 30 min. ir po 60 min.) ir reakcija
iSlieka ilgiau.

5. Cinko sulfato 3 mM koncentracijos vandeninio tirpalo dviejy minuciy ir ilgesné
ekspozicija slopina G. pallida J2 stadijos chemoatraktyvuma veikiant a—solaninu.

6. Elgseniniu testu nustatyta, jog bulviniuy cistiniy nematody G. rostochiensis ir
G. pallida priviliojima prie augalo Seimininko lemiancias chemines medziagas galima
ekstrahuoti n—heksanu.

7. Atlikus bulviy Sakny iSskiriamy medziagy, ekstrahuoty n—heksanu, lyginamajq analize
dujy chromatografijos metodu, nustatyta, jog emisijose yra ne maziau nei trys
cheminiai junginiai, kurie atsiranda tuo laikotarpiu, kai bulviy Saknys nematodams yra
atraktyviausios. Sie junginiai yra kiti, nei miisy nustatyti atraktantai — linalolis ir a—
solaninas, nes sulaikymo laikai dujy chromatografijos kolon¢l¢je yra skirtingi 28,4;
29,8 ir 31,2 min.
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