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Summary

The using of freeze-dried purified prepamtions is suitable
for conservation of the members of the Tobamovirms
group. The effect of different vaninnts of eryopratection
was examined after lyophilization, accelerated storage test
at VOO'C andd 12 vears of storage. The infectivity of eleven
tobamovirug sirains in purified preparabions with equal
conceniraton and determined spectrophotometricaly were
compared. Tobaceo mosaic viras (TMV) sraing showed
higher real infectivity than representatives of tomalo
mosaic vinig (TobY) which differed alse o each other.
The differences could not be definitely bind with the
mosale kind or pathotype of the strains but possbly are
duc to the presence of defective particles. TMV strains
survived after frecze-drying m  protecied purifiad

ions B6-100% while ToMV ones kept between
53%, and §5%. Afer sccelerated storage test ut 37°C the
ptudied strains were divided in three groupe by their
stobility ns TMV exhibited the highest survival. Strin
TV Hdiilirrg’uimndﬁumuﬂnrvhwl with iz gresi
resistance after trentment at 45°C for 120 days while some
ToMV straing were not detected by the used lest, After
storaps in hvophilic form for a period of 12 years, TMV
strains exhibited 1.3-5 fimes higher nfectivity than
ToeMV. The frecze-drying and long-term preservation
intensaficd the differences between ToMV struins as the
green straing from pathotypes O and | were more viable
than the tested vellow straing afier storage as hyophilized
purified preparations.
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STRUCTURE AND FUNCTION OF THE CUCUMBER MOSAIC VIRUS GENOME

E. Stoimenova
Acad. Doncho Kostoff Institute of Genetics, Sofia 1113

Summary

Contemporary knowledge about the struc-
ture and functions of cucumber mosaic vi-
rus- (CMV) and its satellite RNAs/cRNA is
presented. The possibility for protecting cul-

tivated plants by use of vaccine strains of CMV
(with or without cRNA) or transgenic plants,
expressing RNA or capside protein, is discus-
sed.
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ELECTROPHORETIC MOBILITY OF DIFFERENT IN
PATHOGENICITY STRAINS OF TOBAMOVIRUS GROUP

E. Stoimenova' ', A. Yordanova’, Z. Sholeva®, T. Licl:amsky1

! Institute of Genetics, 1113 Sofia, Bulgaria.
2 National Bank for Industrial Microorganisms and Cell Cultures, 1113 Sofia, Bulgaria.

- Summary
Twenty four Tobamovirus strains divided according to their ability to overcome the
resistance genes in tobacco and tomato as well as in their severity of systemic symptoms were
tested. Significant differences between means of particle mobility of the virus groups were found
especially about yellow mosaic strains which were distinguishable enough by the electrophoretic
analysis.
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Antiphytoviral activity of 1-morpholinomethyl-tetrahydro-2(1H)-
pyrimidinone (DD13)

A. YORDANOVA?, A. KARPAROV®, E. STOIMENOVA® and M. STARCHEVAY
®National Bank for Industrial Microorganisms and Cell Cultures, 1113 Sofia; °Department of Virology
and Immunochemistry, University Hospital Queen Giovanna’, 1004 Sofia; Institute of Genetics,
Bulgarian Academy of Sciences, 1113 Sofia; and “Department of Microbiology, Faculty of Biology,
University of Sofia, 1421 Sofia, Bulgaria

The antiphytoviral activity of 1-morpholinomethyl-tetrahydro-2(1H)-pyrimidinone (DD13) in a test
system including protoplast cultures, surviving tissues and greenhouse plants was examined. The
inhibitory effect was quantitatively investigated by immunofluorescence and enzyme linked
immunosorbent assay. The antiviral action in vitro was 96%. The first 6 h after inoculation was the
most sensitive period of the tomato mosaic virus (ToMV) reproduction cycle. DD13 possessed a
protective effect in 97-100% plants infected with ToMV and cucumber mosaic virus (CMV).
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DETERMINATION OF PARAMETERS
FOR TOBACCO MOSAIC VIRUS CRYOGENIC
TREATMENT AND FREEZE-DRYING

Todor Donev'*, Angela Yordanova', Elisaveta Stoimenova’ and Sonja Damjanova'

'"National Bank for Industrial Microorganisms and Cell Cultures, 1113 Sofia, P.O.Box 239,
Bulgaria: ‘Institute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

SUMMARY

Studics on dcetermination of appropriate conditions for cryogenic trcatment and
Iyophilization of tobacco mosaic virus (TMV) in infected lcat tissue, plant sap and purified
preparation were carried out. The found parameters were: freezing to minus 22°C (for 1.5 hours);
twelve-hours-sublimation at 50 Pa vacuum until 20°C temperature of the sample and sccondary
drying at 1-2 Pa for 5-6 hours. Fifteen variants of cryoprotection were applied. TMV showed a
survival higher than §9% after freeze-drying in glucose, fructose, maltose, lactose, sorbitol and
the combinations with dextran. A technological scheme for automatic processing and standard

work was developed.
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APPLICATION OF ACCELERATED STORAGE TEST TO
LYOPHILIZED PLANT VIRUSES

Angela Yordanova'®, Elisaveia Stoimenova’ and Todor Doy’
Matienal Bank lor Indusirial Microorganisms and Cell Cublures, 1113 Sofia, PO Box 239,
Bulgaris; *Institule of Genctics, Bulgarian Academy of Sciences, 11173 Safia, Bulgaria

SUMMARY

The proservation of nine plant virus sieains of obamoviras and cucamovires groups afler
frecre-drying in dillerent lyophilic lorms was examined. Chantitative studics on survival ware
purformed, In lobacco mosaie virus (TMY) and cocember masaic viaus {CMV), aceelerated
storape lesd al 70 - 100°C was applied lor screening 20 prolecting media. A perspective medium,
5% sorbitol, 3.6% dextran, Tor pland viruses byophilization will high cryo- and seroprotective
elfects was found
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Prediction of the preservation of freeze-dried cucumber mosaic virus
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Abstrmct

A mibemanieal miodel o |'|n.-.|in:_:l TR eole o ol l'!-l'l,!'\i-t'T'n'in_l_l |'|Iar'|l virnses has been |,I-|;"|.'4;-]|1p-|:1c|_ The surveval of fwin
cucimber passine virus sdrans Bvophilceed i bewves and on protected plint sap was evalwated weing an aecelerate
sloragee bt 2K, A and 4570 Thie cormbrmtions ol 5% (v b sorhited amed 75 |1.l.-."|.'bgll.||:-:'|l.c with 3L6% {wivdex-
tran AIMEN] were u|:|1|iu|! s profecting rivilin, Thie |1n.-|:|||.'1t.:|,:| wilues o o great extent correspomd o the expen il
itata. achieved afier 1, £ and 7 vears of storage.



Tomato lines segregation for resistance to cucumber mosaic virus

Elizaneta Stoimenova, Violera Sotirave
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Abstract

15 lines were hred by inverspecific hybridisston asd 11 w 06
peaeralzon of thneo af them werne 1e$icd lor resistamoe to ChY.
In spite af 1ke szlection by CMY resistance in the progenies the
numher of ke resistant planis did neg always increase. The
progemies hoving L 5 sympiombess plants for twe or moee
COfsECulIve years were nal selected in the siudhied lines. A large
speciram afl vamahins in the percentape of sympénmless plants
ir. the propenies per year and the peesence of disease aml symp-
toniless pards in oo plant were cstablished. Thess resulis are
possibly due 1o the comiplex mechanism of inheritance of ChyY
resistance &5 well a8 sothe influence of environmsntal Teelors
on the cxpesssion of the resislznce abservead



Differential expression of i-glucosidase in tomato - stress stimuli systems

Aglifa Edreva, Violeta Safirova, fordanka D). (Geargieva, Elisaveta Stoimanova, Rosirza Rodeva

and Nevena Hogatzevska®
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Keywords: abiotic and pathogendc stress, B-glucos-
udase. fungal pathogenesis, tomato

Abstract

In the present work the responses of [i-glucosidase in leaves of
tamnate plapts subiected b vanows stess factors of bath patho-
penis [fungd, bactera, vinases) and shiotic ongm (heal shock)

X4

were siudied. Binchensical and cytochemical metbods wene ape
plied, Tt was established ihnuan increase of §-glucosdaze acnv-
Loy b Idoeed wniguely by fungal pathegens. The cytochenieal
tests confinm the finding. Hence, the conclusion can be dmam
that [-glucosklase response 15 a specific characier of fungal
pathopenssie in tomeio; probably. e enzyios is mvolved
plant - Tunigt recogaitian. The dala are in sooordance with our
previous resules on iohacca and wheat - stress stimili sysiems



Metabolic changes in tomato fruits and seeds after viral, bacterial

and fungal infections

fordanka Geargieva, Aplika Edveva, Rossliza Rodeva, Floleta Sotfrava ond Elisaveta Stoimenova

D KosiofT [nstiute of Genetics, Bulgarian Academy of Schences. 1113 Sofia, Bulgana

Kev words: Borryis cingrea, cucumber mosaic vi-
tus, Lyveopersicon escelenium, metabolic changes,
FPaeudomonas syringae pv, fomalo, t0mato

Abstract

Tl aestabsalic changes is voemato fudns and sesds separarely in-
fected with cwcumber mosaic virus, Preadamonns griRgee py.
tovmaier o7 Baprnde elneven wers investipabed eytochemically

The changes of peronidese [E.C. 111171 ind {-glucosidass
fE.C. 3.2.1.20) wene investigated biochemically as well. To-
mate freits were mvolved in the stady becanse of their high
eoonomie value, Tomake sceds were investigate:d singe they
have been psed mesl extensively as x munle] system [or stedy-
ing the physiology and hiochemisiry of seed develppment. The
diseases cansad by the pmhngtri ureler seuchy nre of 5.|:r.:'.i:|.'l im-
portance For yeeld redoceion in omaio. The three paibizgens
provoked local changes in the acliviles of enzymes ander
srudy that affiect che infected pericam tissues and neighboring
seeds. I was established non-speciiec and specilic resporses.
The nap-specific responses of invaded Hssses werne expnessasd
iE & |local enhancement of perosidnse activity in both pericam
tissues and seeds as well as & decrease in activities of: i, en-
zymes [aking parl in aerohic and maerobac resparation, i by-
drolas=s esterase and acid i'.h.:u-.phalrls..: ivalved in ghe basic
metabolism & woll a3 an enhancement of thear activities in
nedghbanng tissues, Furthenmane. o was observed an enhiance-
men of a-galacinsidass actpviry in infected area was abserved,
The specilic responsss depending on the types of the patlogen
comsasted i an enhancemenl of glucose-Gphosphate debrydnoe

ganase potivity by vinis infection and an increase of f-plucas
bass actvity by fungal Invasion

List of abbreviations: CMV - cucumber mozaic vi-
rus; Fgr - Pseudomonas syringae pyv. tomato; Be -
Botrytis cinerea; [DH - isocitrate dehvdrogensse,
GDH - glutumate dehydrogenase; ADH - aleohol
dehydrogenase; LDH - lactate dehydrogenase:
GoPDH - glucose-6-phosphate dehydrogenase;
CytD - evtochrome oxidase; Est - esterase; AP
acid phosphatase, o-gal - o- galaclosidase; f-gl -
glucosidase: PO - peroxidase

Introduction

The increasing pressure of different infections in-
tensified research on the mechanisms of plant sur-
vival, It was revealed that during the hosi-parasite
relationship the host defense reactions are ex-
pressed as non-specific responses 1o the biotic
stress (Mawch er ol 1938) and specific responses
depending on the churacter of the pathegens
(Edreva eral, 1999), Usually, this kind of investiga-
tions was carried out on vegelative organs. The
metabolic responses of fruits and seeds o the
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A model for longevity prediction of freeze-dried tobamoviruses
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Ahstract

An accelersted stomge test was carried oul on frecze-dried samples of five variants of tomato mosaic virs —
froan keal’ mutesial, plunt sap and purified preparation with and without prectant, at 28, 37 and 45°C, A model
for longevity prediction of lyophilized tobamoyvirmses was developed, The preservation of omato mosai virus
decreased o 1% after 0.7-1.8 years in unpestected variants and afier 7.5-11 years in protected samples under real
stomge conditions. Experimentnl data have confirmed the predicied values.
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Accelerated leal senescence takes part in enhanced resistance
in cucumber mosaic virus inoculated pepper leaves
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Abstrocet  Allered photosynthelic meactions i cucumber
mospic virns (CMY) ineculnted leaves of vires resistan
i LAY amd LS7 amd 'i.tm_'épii.hlu pepper (Caprsicam
enpmiigiy L) plants ov. Albena grown in controllsd envi-
romiment aind w the feld were :n\-uﬂig:ﬂmﬂ. The CMY
inocilated leaves of vins resistant lines developed differ-
enl sy mplogng wepecroie local kesions on LT3 amd chio-
rolig spaods on L5T while the sume leaves of susceptible ¢v,
Albeng were symplemless, The changes in Photosysten [
(PSIT amd P51 electron fransport were evalumed by chlo-
rophyll Auorescence, and far-red (FR) Light induced leal
absorbance Agjoupe CMVY infection consed o decrease in
maximal PEI quamum yield, F0F,. in susceptible leaves.
Incremsed non-photochemical Muorescence quenching in
CMV-inoculabed leaves of both resistant lines  were
ishErvil, In CM V- inoculated leaves of all tested |'||ur|l::q. FE
light induced PAO0 oxidation was decreased. I the present
study, the viral-infected pepper plants grown in controlled
environment e avoedd the effects of abiotic factors were
msed as mode] system that allow us o investigate the dif-

terepces in lenl senescence in CMY-noculated leaves of

suscepiible and resistant pepper lines expressing different
symptoms, Eorlier leal falls of ineculnted leaves ps o resull
aof accelerated leal sengscence is important for boilding

suceessfnl secondary vires Tesistonce strategy  following
fnst respomses such as hypersensitive reaction.

Keywords  Chlorephyll fivorescence - Cucumber mosaic
l.rinm- . Him:u..: I.'I.:':-Gi.'l'l:lr!ll.'l.' - Lunf P AEROEn o ¢

Photosynihesis

Introduction

Virmses invade rapudly growing tissses and cause charse-
tenstic changes in plunt phenotype, Le, disease symploms.
Wiral pathogenesis is accompanied by a variery of changes
in plant gene expression that likely reflect the ways that
viruses generically and specifcully imleract with host cells
iMiaube @ oal, Wy 1'|":|r|hl_' ol al, 071 The virus-infiected
planls possessing resistance, Le. ubilities o overcome vires
qlla.l:;:. 1!1.'1.'|.-|ﬂp michd mnul:dm-lil: r_'hu.np..-\. ||..-.'u.‘|i.r1¥ 14]
variety of defense reactions {Hommond-Kosack and Jones
20000 Y idhyasekaran 300,

Vims-infecied plunts display vanety of morphological
and physiological changes in plant organs and tissues that
15 mnnifested ns disease symplems, owever soma infec-
tions  are symplomiess. Leaf-expressed  discases  with
aymploims, such as chlorosis and necrosis ane assoctted
ranis i - ol k- il m Bk » A, N T L SR T T Ll . Rl -GN i
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SOURCES OF RESISTANCE TO THE CUCUMBER MOSAIC
VIRUS IN THE GENUS LYCOPERSICON

E. Stoimenova, V. Sotirova, Z. Vulkova
(Submitted by Corresponding Member D. Shabanov on March 23, 1992)

The cucumber mosaic virus (CMV) caused one of the most important tomato diseas-
es, particularly in regions where the climate favours development of leaf aphids, the
vector of this virus. Investigations connected with the search of CMV resistance in wild
species of the genus Lycopersicon were conducted, discovering resistance in L. peruvia-
num and L. pimpinellifolium [> * ®] and tolerance in the Japanese variety [°]. St a-
mov a et al. [7] found individual resistant plants in lines developed with the par-
ticipation of L. chilense. Testing of tomato lines (F¢) from the three-genome hybrid
(L. esculentum — L. chilense — L. peruvianum var. humifusum) revealed a considerable
number of CMV resistant plants [®].

The aim of the present investigation was to look out for sources of resistance in
various accessions of the sub-genus Eulycopersicon and Eriopersicon of genus Lycoper-
sicon. '

Material and methods. Various accessions from wild species of the genus Lycoper-
sicon were tested for resistance to CMV. The plants were inoculated mechanically with
separate glass spatula in the phase of cotyledons — first true leaf after being previously
sprayed with carborundum. The inoculum was prepared from lyophilized CMV infect-
ed tobacco leaves by homogenization in 0.06M, K-Na phosphate buffer pH 7.0 diluted 1:50
w/v. The CMV strain was isolated from tomatoes and caused mosaic and fern leaves.
The cucumber of mosaic plants was assessed twenty days after inoculation. The mosaic
plants destroyed while all symptomless plants were reinoculated in the described way.
After another period of 20 days the number of mosaic symptomless plants was again
recorded and upto4 of the latter from each accession were pricked. Each plant was tested
for presence of CMV by indirect ELISA. Theleaf samples were collected during fruit
production and were homogenized in a carbonate buffer pH 9.6 diluted 1:10 w/v.

Results and discussion. All plants of L. humboldti, L. pimpinellifolium P1 305216,
L. cheesmanii var. minor and L. chilense La 460 proved symptomless. The same results
were found also in L. esculentum var. cerasiforme 1567/80 and L. pimpinellifolium LA
1633, but the number of tested plants was very small to allow reaching a conclusion about
the degree of the population’s homogeneity for the character tested. All the symptom-
less plants of the chosen accessions tested did not contain the virus, i. e. they were re-
sistant. No symptomless plants were found in the accessions L. esculentum var. suc-
centariatum, L. pimpinellifolium LA 1594, L. peruvianum var. humifusum LA 2151 and
L. parviflorum LA 1326 (Table 1). In the remaining accessions tested were found both
mosaic (susceptible) and symptomless plants. Part of the latter were tested for presen-
ce of the virus and among them were found both plants with the virus (tolerant) and with-
out virus (resistant). The number of symptomless plants tested for presence of the vi-
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ANTIPHYTOVIRAL EFFECT OF TETRAHYDRO-2(1H)-PYRIMIDINONE
DERIVATIVES ON TMV, ToMV AND CMV IN TOBACCO

E. Stoimenova, A. Yordanova*, A.Karparov¥** G. Yonchev*¥#*
(Submitted by Corresponding Member D. Shabanov on October 6, 1992)

Numerous studies on the antiviral effect of various plant extracts and substances
of known chemical composition have been carried out. The effectiveness of the latter
is tested predominantly by means of spraying of whole plants which is a slow, la-
bour-consuming and expensive method. In our previous studies [ *] on large-scale
screening of antiviral substances protoplast cultures were successfully used. Of
23 tetrahydro-2(1H)-pyrimidinone derivatives tested, only DD12 and DD13 showed:
good activity. The same compounds have a selective effect, as they are not toxic
for the plant cell in concentrations 10 times higher than ED,-

The present paper is aimed at comparative study in vivo and in vitro of the anti-
phytoviral effect of DD12 and DD13 on TMV, ToMV and CMV in tebacco.

Materials and methods. The antiviral substances 1-morpholinomethyl-tetrahydro
2(1H)-pyrimidinone (DDI13) and 1-morpholinomethyl-tetrahydro-2(1H)-pyrimidin-
thione (DD12) [*] were studied. Typical tobacco mosaic virus (TMV), tomato mosaic
virus (ToMV) and cucumber mosaic virus (CMV) strains which induce green mosaic
disease in tobacco were used. TMV and ToMV were applied on Nicotiana tabacum cv.
Samsun and CMV was applied on cv. Samsun NN. ToMV was purified with polyethy-
lene glycol [*]. In experiments with plants, inoculums were prepared immediately
prior to infection by homogenizing mosaic tobacco leaves infected with a correspond-
ing virus in 0.01M phosphate buffer, pH7 diluted to 1:10 (W/v) .
~. Mesophyll protoplasts from tobacco cv. Samsun were obtained and infected
with a purified ToMV preparation [*]. The substances were added to the nutrient me-
dium following infection of the protoplasts to study the antiviral activity in a dose-
response experimental set-up. The infection was determined by indirect immunofluo-
rescence[?].

The greenhouse plants of tobacco cv.Samsun at a five-six leaf stage were treated
by spraying with the substances tested at a concentration of 1 mg/ml. One leaf of each
plant was mechanically infected by a corresponding virus following 24 hours. In the
experiment presented in Fig. 2b the plants are additionally infected with TMV 24
hours prior to treatment with an inhibitor. The first estimation was carried out after
appearance of mosaic symptoms in all control (not treated with antiviral substances
but infected with a corresponding virus) plants. The following estimations were per-
formed after 15, 30 and 60 days (when over 50% of the plants were in blossom).

Results and discussion. The results from the comparative study of the antiviral
activity of DD12 and DD13 in protoplasts cultures are presented in Table 1. The low-
est DDI2 concentration studied has no effect, while DDI13 shows 15.6% inhibi-
tion of the virus. ED;, for DD13 is reached after a double increase of the initial concen-
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INFLUENCE OF CUCUMBER MOSAIC VIRUS ON SOME
PHYSIOLOGICAL AND BIOCHEMICAL INDICES OF RESISTANT
AND SUSCEPTIBLE TO VIRUS PEPPER
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M FEALD

Py Times (1013 and Okal) of Coapaicaime emeine with diflerent susceplibiliny 1o
cocumber mosaie virus (CMY) and inflluence of puthogenesis on some indices wene
stisdivd, OBV infection of Cupsivin wimeer leaves provokes i sirong inercise in
peresddise activity and low MDA level of resistant line 113 in compirison with sis-
ceptible fine Okal, CMY elicitation of the peroxidmse in L1713 rough it imvolvement
ot hification process mght be condidered as a pant ol the defense meciunism
ol Cagwicener i against viead inlecteon, The mercnscd production of hisdesogen
peronide i pathogen-infected tesues of L 13 fatle 3nd day post inoculation (dpi)
wits e plained with the appearance of by persensitive response which is o mpid-dofons
rispustise 11 plants against pathogens. On the other had, low peroxidase activ iy and
Wigh level of Lipid perosidation in ineculated and sy stemic leaves of susceptible lng
Oikal are resulls of the svsteime spreding of virus,
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LOCAL AND SYSTEMIC RESPONSES OF ANTIOXIDANTS TO CUCUMBER
MOSAIC VIRUS INFECTION IN PEPPER PLANTS

D. Petrova', G. Marinova®, G. Chaneva', V. Kapchina-Toteva' and E. Stoimenova®

! Department of Plant Physiology, Faculty of Biology, University of Sofia, 1164 Sofia, Bulgaria,
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ABSTRACT

Two lines (Okal and L57) of Capsicum annuum with different susceptibility to Cucumber mosaic virus (CMV) and influence of
pathogenesis on peroxidase and catalase activities, carotenoid content and symptom appearance were investigated. Visible
chlorotic spots on inoculated leaves of resistant line 57 appeared approximately 17d after CMV infection. The inoculated
leaves of susceptible line Okal were symptomless. The increase of carotenoid content in Okal was observed. A relationship
between changes of peroxidase and catalase activity in infected plants and their degree of susceptibility to CMV is evidence.

Keyword: Capsicum annuum, CMV, catalase, carotenoid,
resistance, peroxidase

Introduction

Infection of plants by necrogenic pathogens often results in
enhanced protection against a challenge infection not only in
the inoculated leaves but also systemically, in the healthy
leaves located above in the inoculated site.

An increased production of reactive oxygen derivatives
has been observed in various pathogen-infected tissues (3).
However, little information is available about the role of
protective antioxidative systems in plant response to
pathogen attacks. Plants use enzymatic and non-enzymatic
antioxidant defence mechanisms to scavenge reactive oxygen
species (ROS) (5, 12)). Peroxidase (POX) and catalase
(CAT) belong to the importance antioxidative enzymes
removing reactive oxygen species in plants. Plant peroxidases
(EC 1.11.1.7) are enzymes related to physiological changes in
plant-pathogen interaction. They play an important role in
lignification and suberization, catalyzing the formation of an
impermeable barrier by deposing aliphatic and aromatic
polymers (10). The catalases (EC 1.11.1.6) play the role in
the protection of cell from the toxic effect of hydrogen
peroxide (11). Carotenoids are considered as one of the most
effective non-enzymatic quenchers of ROS in the cells.

To investigated the possible role of antioxidants in the
pepper-CMYV interaction we examined the changes in activi-
ties of guaiacol peroxidase and catalase, as well as changes in
carotenoid content in the both the upper and lower leaves of

Capsicum annuum plants after CMV inoculation of the lower
leaves.

Materials and methods

Plants and pathogen inoculation

The plants material used in this experiment was two lines
Capsicum annuum - a resistant (L57) line and a susceptible
(Okal) line to Cucumber mosaic virus (CMV). L57 was
developed through continuous selection in resistance to
CMV. Seeds of pepper were planted and grown under normal
greenhouse condition at 25-35°/12-18°C (day/night) and 16/8
h (light/dark). The third and fourth leaves of plants were
inoculated with a suspension of CMV-PB. The virus was
maintains in N. tabacum plants and then inoculated as crude
sap extract with 0,01M phosphate buffer. Healthy plants,
mock-inoculated with phosphate buffer and carborund only
were used as control. For each experiment 30-d old plants
were used. Inoculated (local) leaves on 1%, 3 7% and 17
and uninoculated (systemic) leaves on 7", 17" and 30™ day
post inoculation (dpi) were analyzed. The readings of
symptoms on local and systemic leaves of pepper plants were
performed on the 7™, 17" and 30" dpi.

Pigment analysis
Total carotenoids were extracted from the leaves with 80%

acetone and determined according to Arnon (2).

Enzymatic analysis
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PEROXIDASE AND B-GLUCOSIDASE RESPONSES OF TOMATO FRUITS TO
VIRAL, BACTERIAL AND FUNGAL INFECTIONS

[ D. GEORGIEVA, A. EDREVA. R. RODEVA, V. SOTIROVA and E. STOIMENOVA
D.KostofT Institute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgana

Abstract ' N
The changes of peroxidase and J-

glucosidase activities were investigated in

tomato frusts (cv. Ideal) infected with

cocumber mosaic  virus,  Pseudomonas

syringae pv. tomato or Bolrylis cinerea,

respectively, by applying biochemical and

cytochemical approaches. A similanty was

found in the response of peroxidase to the '

invasion of the three types of pathogens.

The non-specific response of peroxidase

was expressed as a local enhancement of

the activity in both invaded pericarp tissues

and sceds. Contrariwise, a specific response

of fruits depending on the type of the i

pathogen was observed consisting in

increase of P-glucosidase activity only in

cells penetrated by or near the hyphae of the -y

fungal pathogen. The implication of the

metabolic shifis in plants as a response to

the invasion by different types of pathogens = .

was discussed. ; =T

29
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HARACTERIZATION OF CUCUMBER MOSAIC
VIRUS RESISTANCE IN TWO PEPPER LINES
RESISTANT TO THIS VIRUS

E. Stoimenova, G. Marinova, B. Mihailova *

SUMMARY

Q_jwo pepper lines - L57 and L113 resistant to Cucumber mosaic cucumo-
irus (CMV) were developed through continuous selection. CMV repro-
,dflced only in the inoculated leaf and its stem. The resistance was deter-
E;_mned as a result of the restriction of virus movement and the absence of
IEMV spread in the non-inoculated plant parts. The data suggested that
MV resistance exceeded more oftenly when the plants were inoculated:
the early stage; with a high virus concentration in the inoculum for
any times. The higher growing temperature influenced the rapid pheno-
type expression of CMV resistance and faster fall down of the inoculated
‘leaves The CMV caused the hypersensmve reaction (HR) on the L113
moculated leaves. HR resulted in the appearance of necrotic local lesion
‘on the inoculated leaves. The L113 was suitable source to the CMV resis-
t‘ytance in the breeding pepper programs. There was no HR and no chloro-
:th spots developed on the L57 inoculated leaves. The CMV resistant L57
had dark green tree and lobbed “kapla” fruits. This line possesses very
.good agronomic characteristics and is suitable for middle early and late
field pepper production.

‘Key words: CMV; resistance, DAS-ELISA, inoculation, plant diseases,
HR

¥ Ellsaveta Stoimenova, Galina Marinova, Bistra Mihailova, Institute of Genetics, Bulgarian
Academy of Sciences, 1113 Sofia, Bulgaria
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RESISTANCE OF PEPPER ACCESSIONS AND LINES
TO ECONOMICALLY IMPORTANT DISEASES

E. Stoimenova, N. Bogatzevska, S. Mitrev, S. Daskalov *

SUMMARY

Macedonian and Bulgarian pepper accessions and lines were tested for
fesistance to cucumber mosaic virus (CMV), tobacco mosaic virus
(TMV), tomato mosaic virus (ToMV), paprika mild mottle virus
(PMMoV) - (P1 pathotype), pepper mild mottle virus PMMoV - (P1.2
and P1.2.3 pathotypes) and Xanthomonas vesicatoria pepper-tomato pat-
‘hotype (XVPT). The L57 was resistant to CMV and L15, L16 and L113
possessed complex resistance to CMV, TMV, ToMV and P capsici and
L64 were resistant to CMV, TMV, ToMV, PaMMV, PMMoV (pathotype
P1.2) and P. capsici. The lines L16, L64 and L113 were additionally
moderately resistant to XvPT. The Macedonian line MK6 showed strong-
ly expressed high antocyanine having the lowest infection index and lac-
king defoliation.

Sources of resistance to XvPT (MK6) and sources of complex resistance
to tobamoviruses, CMV, P. capsici and tolerant to XvPT have been esta-
blished. The lines L16 and L64 possess complex resistance to CMV, toba-
moviruses and P.capsici, tolerant to XvPT and with desired fruit form.
These lines own valuable agronomic characteristics, e.g. potential yield,
high vitamin C and dry matter content and may be used by the plant bre-
eders in pepper improvement programs.

Key words: cucumber mosaic virus, tobacco mosaic virus, paprika mild
mottle virus, pepper mild mottle virus, Xanthomonas vesicatoria pepper-
tomato pathotype, resistance, disease, pepper

* Assoc Prof. Elisaveta Stoimenova, Ph.D., Institute of Genetics, Bulgarian Academy of
Sciences, Sofia, Bulgaria
Prof. Nevena Bogatzevska, D.Sc., Ph.D., Plant Protection Institute, National Service for Plant
Protection, Bulgarian Ministry of Agriculture, Kostinbrod, Bulgaria
Prof. Stefan Daskalov, D.Sc., Ph.D., Corr. Member of BAS, Institute of Genetics, Bulgarian
Academy of Sciences, Sofia, Bulgaria
Prof. Sasa Mitrev, Ph.D., Institute for Southern Crops, Strumica, Macedonia
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VIRUSES INDUCED SYSTEMIC RESISTANCE AGAINST
BACTERIAL SPOT IN PEPPER

CUCTEMCKA BUPYCHA MHAYLUWUPAHA OTINOPHOCT HA
BAKTEPUCKATA JAMKABOCT HA NMUINEPKATA

E. Stoimenova', N. Bogatzevska?
E. Ctoumerosa', H. Borauescka?

1 Institute of Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria;
2 Nevena Bogatzevska, Plant Protection Institute, National Service for Plant Protection,
Bulgarian Ministry of Agriculture, Kostinbrod, Bulgaria.

T MHCTUTYT 3a reHeTuka, Byrapcka Akaaemuja Ha HaykuTe, Coduja, Byrapuja;
2 MIHCTWTYT 3a 3aliTUTa Ha pacTeHujaTta, HaynoHaneH cepsuc 3a 3awTurta Ha pacTeHuvjara,
Byrapcko MuucTepcTBo 3a 3emjoaencTso, Koctui6pog, Byrapuja.

Summary

L113 pepper plants with the L1 gene-mediated resistance to
tobacco mosaic virus (TMV) were inoculated primary with
TMV B strain and PAMMYV P101 overcomes L1 gene. After
10 days mock and virus inoculated plants were subjected to
secondary (challenge) inoculation with X. vesicatoria pepper-
tomato pathotype. The tobamoviruses inhibit the develop-
ment of X. vesicatoria infection in virus inoculated pepper. The
systemically spread virus strain suppressed bacterial disease
more effectively than the strain who caused HR in pepper. The
part of the virus inoculated plants developed HR after X.
vesicatoria infection. Hence, it was assumed that the virus ac-
tivates the plant unspecific defence mechanisms which restrict
the development and propagation of the bacteria t. i. SAR has
developed in the pepper plants.
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BACTERIAL AND VIRUS DISEASES SPREAD IN BULGARIA
AND MACEDONIA ON FIELD AND GREENHOUSE PEPPER

PACMPOCTPAHETOCT HA BAKTEPUCKU U BUPYCHU BOJIECTU
HA MUNEPKATA OArNEAYBAHA HA OTBOPEHO U BO
3ALUTUTEH MPOCTOP BO BYIT'APUJA 1 BO MAKEAOHUJA

N. Bogatzevska', E. Stoimenova?, S. Mitrev3
H. Borauescka', E. CtoumeHosa?, C. Mutpes?

1 Plant Protection Institute, National Service for Plant Protection, Bulgarian Ministry of Agriculture, Kostinbrod, Bulgaria;
2 |nstitute of Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria
3 3. Mitrev, Institute for Southern Crops, Strumica, Republic of Macedonia

" MHeTuTyT 3a 3aWwTuTa Ha pacteHujaTa, HauvoHaneH cepsuc 3a 3alutura Ha pacreHwujara,
Byrapcko MUHUCTEPCTBO 3a 3emjoaencTso, KocTuHopoga, Byrapwvja;

2 IHeTUTYT 3a reHeTvka, Byrapcka Akaaemuja Ha Haykute, Cocvja, Byrapvja

3 HCTUTYT 3a jyxHu 3emjogencku kyntypu, Ctpymuua, Peny6nmnka MakepoHuja

Summary

In Macedonia three viruses of tobamovirus groups were dis-
tributed. Tobacco mosaic virus (TMV) and tomato mosaic virus
(ToMV) isolates, causing green mosaic, were found in the field
pepper where ToOMV isolates predominated. Paprika mild
mottle virus (PaMMYV) isolates, causing mild green mosaic,
were isolated from glasshouse pepper only. All CMV isolates
had typical biological properties for this virus.

Bacterial spot of pepper was caused by Xanthomonas ve-
sicatoria in Bulgaria and by Xanthomonas euvesicatoria in
Macedonia. The natural Bulgarian population of X. vesicato-
ria belonged to pepper-tomato pathotypes, whereas
Macedonian population of X. euvesicatoria referred to pep-
per pathotypes. The strains of X. vesicatoria were strongly ami-
lolytic and weakly pectolitic, with a metabolitic profile typi-
cal for 14 DNA homologous group, containing beta band of
molecular weight 27 kDa. The strain of X. euvesicatoria were
non-amylolytic and non-pectolitic, utilize cis-aconitate and had
32 kDa protein.
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ToMV INDUCED SYSTEMIC RESISTANCE AGAINST SINGLE AND;MIXED
BACTERIAL INFECTION OF PSEUDOMONAS SYRINGAE PV. TOMATO
AND XANTHOMONAS VESICATORIA ON TOMATO

ToMV UHOYUUPAH CUCTEM HA OTMNOPHOCT HA NOEANHEHHU U
MELWAHU BAKTEPUCKMU UHOEKLIMN O PSEUDOMONAS SYRINGAE
PV. TOMATO U XANTHOMONAS VESICATORIA KAJ AOMATOT

E. Stoimenova', N. Bogatzevska?
E. Croumerosa', H. Borayescka?

'Institute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

*Plant Protection Institute, National Service for Plant Protection, Bulgarian Ministry of Agriculture, Kostinbrod,
Bulgaria

"MHeTUTYT 32 reneTuka, byrapcka akagemvja Ha HaykuTe, Codhwmja, Byrapuja

*MHCTUTYT 3a 3aWTUTa Ha pacTeHujaTa, HauvioHaneH cepsuc 3a 3aWTTa Ha pacTeHuja, MiHMUCTEpCTBO 3a
3emMjoaencTso, Koctunbpog, Byrapuja

Summary

Tomato plants primarily inoculated with an
attenuated B-5 strain of tomato mosaic virus (ToMV) and
virus free tomato plants were challenge inoculated with
individual and mixed infections of Pseudomonas
syringae pv. tomato (Pst) and Xanthomonas vesicatoria
(Xv). Systemic acquired resistance (SAR) was developed
in the B-5 infected tomato plants and SAR suppressed the
development of Pst (R0, R1) and (T1, T2, T3). In mixed-
bacteria infected tomato plants concurrences by varieties
and strains were observed. The virus induced SAR did not
suppress the concurrence between the two bacteria and
their varieties when they developed on the vaccinated
plants.

Pst was more pathogenic and aggressive than Xv.
XvT2 was the most virulent compared to T1 and T3 of Xv
and SAR which were not as effective in these cases.

xr
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INFLUENCES OF ALTERED LEAF ANATOMY ON PS1 ACTIVITY IN CMV
INOCULATED LEAVES OF RESISTANT PEPPER LINES

BJIMJAHUE HA WU3MEHETATA AHATOMMUJA HA JINCTOT HA PS1
AKMBHOCT BO WMHOKYJINPAHU NUCTOBU KAJ MUNEPKATA Of
OTNOPHATA NIUHUJA

D. Stefanov', E. Stoimenova?, E. Stoinova-Bakalova'
- [. CtedbaHoB', E. CToumeHosa?, E. CTomHoBa-Bakanosa'

'Institute of Plant Physiology, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

?Institute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

"MHCTUTYT 3a 3awTuTa Ha pacTeHnjaTa, byrapcka Akagemuja Ha HaykuTe, Cochmja, Byrapuja
2MHCTUTYT 3a reHeTuka, Byrapcka Akagemuja Ha Haykute, Codmja, Byrapuja

Summary

Necrotic local lesions and chlorotic spots were
developed on CMV inoculated leaves of resistant lines
L113 and L57. CMV inoculated yellow-green leaves of
L57 showed a rise in AA830 leaf absorbance that
expressed changes in PSI activity, in comparison to the
L113 line. It was found that the changes in AA830 were a
result of altered leaf anatomy and not due to enhanced
PS1 activity in chlorotic leaves. The presence of the virus
in leaf tissues of CMV inoculated leaves resulted in some
similar changes in the leaf structure of both resistance
lines studied by light microscopy. A noticeable increase
in the volume of the intercellular spaces in the L57 line
was observed by light microscopy. Enhanced mean
volume of intercellular spaces per unit leaf area decreased
light scattering properties of leaf tissues and higher values
for AA830 leaf absorbance were established in chlorotic
leaves of the L57 pepper line. L
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DISTRIBUTION OF (AAT)n MICROSATELLITE DNA REPEAT SEQUENCE
IN PEFPER LINES RESISTANT TO ECONOMICALLY IMPORTANT
DISEASES COMPARED TO OTHER PLANT FAMILIES

OUCTPUEYLIMJA HA (AAT)n MWKPOCATENWUT AOHA TNMOBTOPEHA
CEKBEHUA KAJ OTNOPHWTE NMWHWUKM NUNEPKA HA EKOHOMCKW
3HAYAJHW BONECTH W KOMNAPAUWJA CO HEKOW [JPYIW
PACTUTENHW @ AMUITHA

Zlating Gospadinova, Elisaveta Stoimenova, lliva Mikoloy, Maria Krastava, Elena Georgleve
Anatvma MNocnoduHoea, Enncasara Crowsesosa, Wanja Hukonos, Mapuja Kpacteea, Enesa Meopriesa

Institute of Geratlics, Bulgaran Acadamy of Sclancas, Sofia, Bulgaria
MHCTATYT 38 reHarnnea, Dyrapesa akagemuja Ka Haywara, Codusa. Byrapw|a

Summary

Microsateilites, also  called  gequence  (ogged
microsalellite sites (STM5s), have bocome imporanl o
markers for genome wnalysis but are cumently ool
sufficiently understood in plants. Characterization of the
bype of (AATIn distribution is of substantial importance
due 1o ity use ay a genetic marker in 8 broad gpecirum of
gene  screening appronches. By the opplicotion of
melezular genetic appronches, we shudied the disiribuban 7
of (AATIn simple repeatl sequence in several pepper lines
regigtant  to  economically  important  diseases and
compared the resulis o other plant families. We found
thal {AATH repeal is well distnbuiéd in some plan
penomes, includimg the genws Coapslenr, in big clusters in
DM A regions lncking sites for restnction endonucleases.

Key wordss DMA  mnrkers, sequence  Iagged
microsatellite  site, Solowacess, complex discase
resibtuncs | g
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CHARACTERISATION OF RESISTANCE AND VALUABLE
AGRICULTURAL QUALITIES OF PEFPER LINES

KAPAKTEPUCTHUKW HA OTNOPHHW W CTAHOAPOQHW 3EMJOOENCKH
AUHWUKA NTUNEPKA

E. 3émanova, T, Kerizava, E. Georgieva
E, Crovwsenoea, T, Hapyesa, E. MNecpresa

Irestilute of Genatics, Bulgaian scagamy of Sdencas, Sofla, Bulgara
MHETHTYT 82 rénsTixa, ByrapoHa Axodsuwis Ha HaywuTe, Codwja, Byrepvja

Summary

Mewly created gwee| pepper linen were pyramced
with digesse resistan genes &nd grnes for faste, gUaty
of ferarclene (provimmin A), vilamin ©, redusing
sugars, beoapess, dry matter conteni  and  the
anfecyaninless treil conrtributing fo improved nuisiticeal i
quaficy of the pepper

Tarce sweet pepper linss regis@nl jo MY, TV,
ToliV end PR copsici, anthocyaninless and two lobed
kapiya cype [nais were developed. The fuits were of
diffecent cofowr ad technical mabaritys L4 - dark gresn,
LG and OEall- light green. Al bodanical maturity the
frusty of OEalR were grange while those of LL2 and L1
werg red. The quantity of vitamin © end hyeopena in LI
aod teducing sugais and bycopeoe m L4 wes higher than
that of the glandord culiivars, The values of remsining
braits were found e be approsimatsly equal The egateal
of f-carotens in the eringe (naits of Gl and OKal was
nearly threg times higher than in the red fruits of the
grandand cuftivars.

All lines were fooad to be suitabls for early and
roidelle early field production and mey be afficiently used
for pepper breeding programs



Development and Characteristics of the First Bulgarian F; Transgenic
Tomato Hybrids

Z. Danailov', A. Atanasov?, P. Stoevaz, P. Bumov' and E. Stoimenova"

'Institute of Genetics “Akad. D. Kostoff”, Bulgarian Academy of Sciences, Sofia 1113
Bulgaria

*AgroBiolnstitute, Bulv. Dragan Tsankov N. 8, 1164 Sofia, Bulgaria

Keywords: Lycopersicon esculentum, Tomato spotted wilt virus (TSWYV), heterosis

Abstract

Data on the development of the first Bulgarian F; transgenic tomato hybrids
are presented. The hybrids analyzed were developed by crossing the tomato line
R480, obtained at Agrobioinstitute and possessing a transgene (virus gene coding the
nucleoprotein of the virus of Tomato spotted wild virus - TSWV) with tomato lines,
developed at the Institute of Genetics and possessing a complex of valuable economic
traits. Complete immunity to TSWV of the tomato hybrids was established by
double testing because of the dominant inheritance of the resistance to TSWYV. The
transgenic hybrids along with their high resistance to TSWV showed high vigorous
habitus, photosynthetic activity, earliness and yield. The inheritance of earliness and
total productivity is overdominant with a high coefficient of inheritance and of mean
fruit weight, from intermediate to slight overdominant. The first promising
Bulgarian transgenic tomato hybrids were evaluated on the basis of their main
economic traits. F; hybrids (R480 x L.751) and (R480 x L.753) performed best, and
showed resistance to TSWYV, earliness, high productivity, large fruits and good
quality. These hybrids are suitable for middle-early production in the open field.
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AOCNIrOTPAJHA NPE3EPBALIMJA HA BUPYCOT HA MO3AMKOT HA
TYTYH CO METOAOT CMP3HYBAHE-CYLUEHRE

LONG-TERM PRESERVATION OF CUCUMBER MOSAIC VIRUS
BY FREEZE-DRYING

A_Joppanosa’, E. Crowmenosa®
A Yordanova', E. Stoimenova®

'HaLpOHaNHA GaHKA 33 VHAYCTRACKW MHKDOODTaMAIMA W KyTYPA Ha KkneTis, Cotbiga, Eyrapsja
*MucTiTyT 38 rewaTuka, EYTAPCKA AXAAAMM|E Ha HayKHTE, Cocja, Byrapaja

'Mational Bank for Industrial Microorganisms and Call Gultures, Safla, Bulgaria

“Institute of Genetics, Bulgarian Academy of Sclences, Sofig, Bulgaria

Summary

Frecze-drying is the most suilwble method for long term
preservation of plant vinuses. The longevily of lyophilized
cucumber mosaic virms CMVY-0 was cxamined for s
period of 12 years. The stmin swrvived better in
cryoprotecied purified prepuration than i plant sap but
this variant is nol convenient for wide use becouse of
expengive procedure of CMV  purification.  An
investigation of the swrvival of six CMV straing from the
collection of NBIMCC after [0-13 years was performed,
Two lyophilic forms for CMV preservation were used —
freeze-died leaves snd protected with sorbito/dextig
plant sap. The leaf age before the virus conservation was
of grest importamce. The CMV infectivity was better
preserved whan the lcaves [yophilized immediately afier
the symptom appeacance {10-14 days) than after waiting
20 days for greater biomass formatbon, Part of the stedied
Strimns was kept similarly i frecze-dried |eaves and
protected plant sap. The weak preservation m byophilized
sap expressed the two strins causing mild green mosae,
The application of bath lyophilic forms s appropriate for
loig-lerm conservation of CMV depending on the nims of
the next investigations.
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E. CTOjMeHOBa E. CtojaHosa- BaKanoaa M, MNeTpos?
E. Stoimenova', E. Stoynova-Bakalova®, P. Petrov

"MreTutyT 3a reHeTuka, Byrapcka aKa,quM'a Ha HaykuTe, Codhuja, byrapuja

2I/IHCTmyT 33 3alWTuTa Ha pacTteHwja, byrapcka akafemuja Ha Haykute, Cochuja, byrapuja
Inshtu te of Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria

“Institute of Plant Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Summary

The virus presence in the blades and petioles of CMV
moculated leaves of two resistant pepper lines was
followed in parallel with the provoked changes in the
leaves and petioles morphology. The results emphatically
proved the virus presence in CMV inoculated leaves
(blades and petioles) of L57 and Li13 while the other
plant parts were virus free. CMV spreading through the
petiole 15 slow and its quantity there reached a small
value. This supports the thesis that CMV moves from
cell-to-cell but not vig the petiole phloem flow. The
process of virus accumulation 1s restricted mainly into the
leaf blades of both virus resistant lines which lead (o
visible and histology symptoms of faster lcaf and petiole-
induced senescence.  The resulting  premature  leaf
abscission in furn prevents the virus systemic spread.
Some of the leaf histology changes testify to a
development of compensatory mechanisms enabling a
higher photosynthetic activity of the mesophyll cells
located in proxumty to the v 1rus dama%d le af areas.
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CTEKHATA CAICTEMWYHA OTNOPHOCT MHOYUWPAHA Of
CANMUMNHA KUCENWMHA W BUPYCOT HA MO3AWMKOT HA JOMATOT
NPOTWUB BAKTEPUCKATA EOJIECT HA JOMATOT

SYSTEMIC ACQUIRED RESISTANCE INDUCED BY SALICYLIC ACID
AND TOMATO MOSAIC VIRUS AGAINST BACTERIAL SPOT AND SPECK
DISEASES IN TOMATO

E. Cvomesoen', H. BoraTweacka’
E. Stoimenava’, N. Bogatzaveka®

TMHETITYT 33 reseTvica, Byrapoxa Axanemwa Ha Haykwte, Codwja, Byrapwa )

? MUCTHTYT 33 3alUTWTa Ma PAcTeHW aTa. HBWMOHANEH CEPBKC 38 JaWTWTE Ha pacTeHw|a, byrapcko
MuHUCTERCTED 28 3emjngencTeo, Kocrasbpog, Byrapwja _

! Instilute of Genetics, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

2 Plant Protection Institute, National Service for Plant Protection, Bulgarian Mirdstry of Agriculture,
Kostinkbred, Bulgaria

Summary

The twmals plants ¢, Moperou possess in the gene Tmed
for resistance against fomailo mosaic vins (TebY) were
two fold treated with salicylic acid (SA), pre-inpculnted
with ToMY T and B-5 strains and challenge infected with
trid Prandoranes syedageae py. fomato (RO and R1) and
Xmrthomonar vesicetoria (T1, T2 and T3). ToMV ] stain
infected systemically tomate plants and yellow moswic
was developed on the young leaves biat B-5 did not cause
iy symgtoms aid it can ool infect systemic fomato with
gene Tm-2, The percemlage of protection of TobV
pathulype M) strsn was between 93 4-98.6% and this of
TaMV pathotype P2 strain - £2.5-91 7% SAR mvduced by
8A was no effective against bacterial spod and speck
diseases, Both types of vims sirmins - vimlent and
avirulend - induce SAR which protects plants from
clalbenge pathogen tnfection.
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