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MAIN RESEARCH AREAMAIN RESEARCH AREA

DepartmentDepartment ofof PlantPlant PhysiologyPhysiology andand
BiotechnologyBiotechnology

PlantPlant--pathogen and plantpathogen and plant--pest interactionspest interactions

Development of Development of highhigh throughthrough--putput methodsmethods
(QPCR, (QPCR, microarraysmicroarrays), ), forfor diagnosisdiagnosis andand differentdifferent
gene gene expressionexpression studiesstudies



STUDIES OF BIOINTERACTIONSSTUDIES OF BIOINTERACTIONS
MainMain fieldsfields::
potato potato –– virus (PVYvirus (PVYNTNNTN))
potatopotato-- coloradocolorado beetlebeetle -- PVYPVY

grapegrape--vine vine -- phytoplasmaphytoplasma interactionsinteractions

in order to discover mechanisms of diseasein order to discover mechanisms of disease
development on one side and resistance mechanisms on development on one side and resistance mechanisms on 
the other. the other. 
Our longOur long--term aim is to identify the genes, proteins and term aim is to identify the genes, proteins and 
signalling molecules, which are involved in resistancesignalling molecules, which are involved in resistance
mechanismmechanismss of potatoof potato andand otherother plantsplants toto pathogenspathogens



Study of potato Study of potato –– PVYPVYntnntn

interactioninteraction
MMechanismechanism of of PTNRD PTNRD developmentdevelopment andand
resistanceresistance to PVYto PVYNTNNTN is not is not wellwell
understoodunderstood::
WeWe are are followingfollowing::

Time course of differential gene Time course of differential gene 
expression after PVYexpression after PVYNTN NTN infectioninfection
usingusing microarraysmicroarrays
UseUse ofof QPCR QPCR forfor confirmationconfirmation



ResistantResistant//sensitivesensitive

IgorIgor100%  100%  tubertuber
necrosisnecrosis

Severe LL Severe LL 
andand mosaicmosaic, , 
systemicsystemic

HighlyHighly
sensitivesensitive

DesireeDesiree1/3 1/3 tubertuber
necrosisnecrosis

LL LL andand
mosaicmosaic, , 
systemicsystemic

SensitiveSensitive

PentlandPentland
squiresquire

No No tubertuber
necrosisnecrosis

MildMild
symptomssymptoms, , 
systemicsystemic

TolerantTolerant

SanteSante
CarlingfordCarlingford

No No tubertuber
necrosisnecrosis

No No 
symptomssymptoms

ResistantResistant



Parallel studies of:  Parallel studies of:  
plant hormones / enzymes / plant hormones / enzymes / immunolocalisationimmunolocalisation

ofof proteinasesproteinases andand PIPI
OurOur firstfirst investigationsinvestigations showshoweded that virus infection is that virus infection is 
related to changes of related to changes of cytokininscytokinins. . AfterAfter infectioninfection in in 
sensitivesensitive cvcv. Igor . Igor cytokininscytokinins are are presentpresent in in thethe form form ofof
inactiveinactive glucosidesglucosides in in contrastcontrast to to resistantresistant cvcv. . SanteSante. . 
JJasmonicasmonic acidacid andand salicilicsalicilic acidacid, , 
photosynthetic pigmentsphotosynthetic pigments, , 
peroxidasesperoxidases and and proteinazeproteinaze inhibitorsinhibitors
changes in changes in morphologymorphology werewere observed also on observed also on 
cellular levelcellular level



Hybridization of Hybridization of cDNAcDNA microarraysmicroarrays enabled enabled 
observation of differences in gene expressionobservation of differences in gene expression

WeWe constructedconstructed librarylibrary ofof differentiallydifferentially expressedexpressed genesgenes
in in infectedinfected andand noninfectednoninfected potatopotato leavesleaves ofof cvcv. Igor. Igor
SequencedSequenced 400 400 clonesclones andand preparedprepared DNA DNA microarraysmicroarrays
175 175 genesgenes werewere identifiedidentified
ExpressionExpression waswas followedfollowed afterafter locallocal lesionslesions apperanceapperance (7 (7 
daysdays), ), in in systemicsystemic infectioninfection (14 (14 daysdays) ) andand in in plantsplants withwith
establishedestablished infectioninfection ((plantsplants growngrown fromfrom infectedinfected tuberstubers))



SensitiveSensitive cvcv. Igor. Igor
general metabolism (4%)

regulation of transcription and 
posttranscription (9%)

translation (10%)

posttranslation, transport and 
regulatory activity (4%)

protein degradation (4%)

photosynthesis and metabolism 
of pigments (10%)

metabolism of carbohydrates 
(3%)

metabolism of fats into sugars 
(1%)

cell wall structure (4%)

photorespiration (2%)

stress and defence (6%)

virus proteins (2%)

unclassified proteins (1%)

unknown function (33%)

intracellular signal transduction 
and transporters (4%)

metabolism and regulatory 
activity of plant hormones (3%)



SensitiveSensitive cvcv. Igor. Igor

TheThe most most pronouncedpronounced changeschanges in gene in gene expressionexpression
werewere detecteddetected in in systemicallysystemically infectedinfected leavesleaves 14 14 daysdays
afterafter infectioninfection (35)(35) andand in in plantsplants growngrown fromfrom infectedinfected
tuberstubers (26), (26), lessless 7 7 daysdays afterafter infectioninfection (18,7)(18,7)
DifferentDifferent setssets ofof genesgenes are are activatedactivated in in differentdifferent
stagesstages ofof diseasedisease developmentdevelopment (1/2 (1/2 ofof genesgenes
respondedresponded))
ExpressionExpression ofof severalseveral stressstress relatedrelated genesgenes waswas
observedobserved like like heatheat schockschock proteinsproteins (HSP 70(HSP 70↑↑))
catalasecatalase ↓↓, , ββ--1,31,3--glucanaseglucanase↑↑



microarraysmicroarrays proved to be very sensitiveproved to be very sensitive (more (more 
thanthan ELISA ELISA andand EM)EM) for for detection of PVYdetection of PVYNTNNTN

coatcoat protein protein in early stages after infection what in early stages after infection what 
was confirmed using was confirmed using qPCRqPCR. . WeWe cancan detectdetect
virusesviruses in in noninoculatednoninoculated leavesleaves 5 5 daysdays afterafter
inoculationinoculation
TheThe largestlargest amountamount ofof coatcoat protein gene protein gene waswas
foundfound in in plantsplants growngrown fromfrom infectedinfected tuberstubers



Study of potato Study of potato –– PVY PVY 
interactioninteraction

StudyStudy ofof gene gene expressionexpression
byby microarraysmicroarrays

CooperationCooperation withwith Jožef Jožef StefanStefan InstituteInstitute, Ljubljana(Borut Štrukelj) , Ljubljana(Borut Štrukelj) 
PRIPRI, , WageningenWageningen ((MaartinMaartin JongsmaJongsma))
LatelyLately::
RikiltRikilt Institute Institute ofof FoodFood SafetySafety, , WageningenWageningen (Ester (Ester KokKok))
CSLCSL, York (Neil Boonham , York (Neil Boonham andand Ian Barker) Ian Barker) andand
BristolBristol UniversityUniversity ((GaryGary D. D. FosterFoster))



PotatoPotato microarraysmicroarrays in in progressprogress

StudyStudy ofof gene gene expressionexpression ((cvscvs.Igor, .Igor, SanteSante) ) earlyearly afterafter
infectioninfection (30min, 1, 8, 12, 24h) (30min, 1, 8, 12, 24h) usingusing TIGR TIGR 
microarraysmicroarrays
A A librarylibrary ofof differentiallydifferentially expressedexpressed genesgenes in in infectedinfected
andand mockmock inoculatedinoculated plantsplants ofof resistantresistant cvcv. . SanteSante andand
furtherfurther gene gene expressionexpression studiesstudies
A A studystudy ofof differencesdifferences in gene in gene expressionexpression in in sensitivesensitive
cvscvs. Igor . Igor andand NandineNandine afterafter infectioninfection withwith PVYPVYNTNNTN

andand PVYPVYNN isolatesisolates



EExpressionxpression of of potatopotato genes involved in gene genes involved in gene 
silencing by silencing by microarraysmicroarrays and real time PCRand real time PCR

Searching for Searching for mechanism of mechanism of RNAiRNAi in in 
transgenic potato plants resistant to PVYtransgenic potato plants resistant to PVYNTNNTN is is 
in progress. in progress. 
TIGR TIGR microarraysmicroarrays in combination with in combination with qPCRqPCR
((RdRp,Dicer,RISCRdRp,Dicer,RISC genes)genes) are used in order to are used in order to 
evaluate resistance in plants with inserted viral evaluate resistance in plants with inserted viral 
coat protein. coat protein. 



Transgenic plants productionTransgenic plants production
PVY resistant potatoPVY resistant potato
Introduction of PVY coat proteinIntroduction of PVY coat protein in in cvcv. Igor. Igor

STANIČ RACMAN, Darja, MCGEACHY, Kara, REAVY, STANIČ RACMAN, Darja, MCGEACHY, Kara, REAVY, BrianBrian, ŠTRUKELJ, , ŠTRUKELJ, 
Borut, ŽEL, Jana, BARKER, Borut, ŽEL, Jana, BARKER, HughHugh. . StrongStrong resistanceresistance to to potatopotato tubertuber
necroticnecrotic ringspotringspot diseasedisease in in potatopotato inducedinduced byby tarnsformationtarnsformation withwith coatcoat
protein gene protein gene sequencessequences fromfrom anan NTN NTN isolateisolate ofof PotatoPotato virus Y. virus Y. AnnAnn. . ApplAppl. . 
BiolBiol., 2001., 2001, vol. 139, p. 269, vol. 139, p. 269--275 275 

CooperationCooperation withwith SCRISCRI, , DundeeDundee, , HughHugh BarkerBarker



Study of potato Study of potato –– Colorado beetle interactionColorado beetle interaction
usingusing microarraysmicroarrays andand QPCRQPCR

Colorado beetle's adaptation to Colorado beetle's adaptation to 
plant’s defense mechanismplant’s defense mechanism is is 
studiedstudied: : 

Time course of the adaptationTime course of the adaptation
TritrophicTritrophic interaction: interaction: 
PVY / potato / Colorado beetlePVY / potato / Colorado beetle

WeWe ccharacterisharacteriseded digestive digestive 
enzymesenzymes fromfrom gutsguts ofof larvaelarvae



Three structural different groups of Three structural different groups of cysteinecysteine
proteinasesproteinases were identified.were identified.
Intestatin3 Intestatin3 cancan cleavecleave potatopotato proteinaseproteinase
inhibitorsinhibitors

TThe complex analysis of the insect adaptation he complex analysis of the insect adaptation 
process was process was performeperformed.d.

GRUDEN, Kristina, KUIPERS, Anja G. J., GUNČAR, Gregor, SLAPAR, GRUDEN, Kristina, KUIPERS, Anja G. J., GUNČAR, Gregor, SLAPAR, 
Nina, ŠTRUKELJ, Borut, JONGSMA, Nina, ŠTRUKELJ, Borut, JONGSMA, MaartenMaarten A. A. MolecularMolecular basisbasis ofof
ColoradoColorado potatopotato beetlebeetle adaptationadaptation to to potatopotato plantplant defencedefence atat thethe levellevel ofof
digestivedigestive cysteinecysteine proteinasesproteinases. . InsectInsect biochembiochem. mol. . mol. biolbiol.., 2004, 2004, 34, p. 365, 34, p. 365--
375 375 



PlantPlant--phytoplasmaphytoplasma interactioninteraction –– in in 
progressprogress

PhytoplasmasPhytoplasmas are nare notot well well 
characterized  intracellular characterized  intracellular 
pathogenspathogens
DifferencesDifferences in gene in gene expressionexpression
are are studiedstudied usingusing
OligoOligo microarraysmicroarrays , , GenoplantGenoplant

CooperationCooperation::
SergeSerge DelrotDelrot, Univ. , Univ. PoitiersPoitiers
NancyNancy TerrierTerrier INRA, INRA, 
MontpellierMontpellier
Charles Charles RomieuRomieu INRA, INRA, 
MontpellierMontpellier
UniversityUniversity ofof UdineUdine ((RugeroRugero
Osler)Osler)



QPCR is used for QPCR is used for 
investigation of investigation of ::
ADH1, HSP 70, ADH1, HSP 70, 
SSH SSH 
and genes and genes 
specific specific ffor or 
grapevine grapevine 
phytoplasmasphytoplasmas

In In previosprevios studiesstudies wewe havehave shownshown thethe impactimpact ofof sucrosesucrose
synthasesynthase in in diseasedisease developmentdevelopment in in sweetsweet corncorn



DiagnosisDiagnosis ofof virusviruseses, bacteria, bacteria andand
phytoplasmasphytoplasmas

QPCR:
Port Check QPCR
Development of QPCR for Xylophylus ampelinus, 

CaMV, ToMV, CSNV

Mycroarrays
Ring testing



GMO detectionGMO detection
COCO--EXTRA EXTRA projectproject, 6th EU , 6th EU 

projectproject: : developmentdevelopment ofof
microarraysmicroarrays andand QPCR QPCR forfor
GMO GMO detectiondetection

NIB NIB departemntdepartemnt of Plant of Plant 
Physiology and Physiology and BitechnologyBitechnology
iis accredits accreditatated for ed for qualitative 
and quantitative detection of 
GMOs



European networking summer school 
Genomics and Bioinformatics: Exploiting Microarrays in Plant Physiology 
 

August 22nd - 31st, 2005 
Ljubljana, Slovenia 

2005 2005 EventEvent

PProgramrogram: : 
FocusFocus on on use of use of micrarraymicrarray hybridizations and data analysis hybridizations and data analysis 
in plant physiology and genomics. in plant physiology and genomics. 
a theoretical part (lectures)a theoretical part (lectures): : open to public open to public 
practical part (lab and computer sessions)practical part (lab and computer sessions):: open to the open to the 
selected participants only. selected participants only. 



The event is organized by: The event is organized by: 
Federal Ministry of Education and Research in Germany Federal Ministry of Education and Research in Germany 
(BMBF),(BMBF),
Slovenian Ministry of Higher Education, Science and Slovenian Ministry of Higher Education, Science and 
Technology,Technology,
German Plant Genomics Program GABI,German Plant Genomics Program GABI,
MaxMax--PlanckPlanck--Institute of Molecular Biology, PotsdamInstitute of Molecular Biology, Potsdam--GolmGolm, , 
Germany,Germany,
University of Potsdam, Germany, University of Potsdam, Germany, 
National Institute of Biology, Ljubljana, Slovenia,National Institute of Biology, Ljubljana, Slovenia,
National Centre for Functional Genomics and National Centre for Functional Genomics and MicroarrayMicroarray
Technology, Ljubljana, SloveniaTechnology, Ljubljana, Slovenia

EE--mail: mail: enss@nib.sienss@nib.si
Web: Web: www.euwww.eu--summersummer--
school.orgschool.org

mailto:enss@nib.si
http://www.eu-summer-school.org/
http://www.eu-summer-school.org/
http://www.eu-summer-school.org/
http://www.eu-summer-school.org/
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