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INTRODUCTION

About one fourth of all known viruses attack and cause diseases in
plants. One virus may infect one or dozens of different species of plants
and each species of plant is usually attacked by many different kinds of
viruses. A plant may also be infected by more than one kind of virus at
the same time (Agrios, 1997),

In Libya certain viruses on some host plants had been identified,
Bean yellow mosaic virus was reported on Broad bean (Younes, 1984),
Potato virus Y and Tomato mosaic virus were reported on pepper (EI-
Sanousi et al., 1991a; El-sanousi et af., 1991b), Zidan (1996} identified
Broad bean stain virus, Pea seed-borne mosaic virus, Beet western
yellows virus, Bean yellow mosaic virus and Alfalfa mosaic virus on Pea.
Also Bean yellow mosaic virus, Alfalfa mosaic virus, Pea seed-borne
mosaic virus, Fababean necrotic yellows virus, had been reported on
Broad bean by Fadel (2001},

Tree tobacco Nicotiana glauca Graham is a solanaceous plant,
naturalized in areas with a Mediterranean climate, it is an evergreen wild
plant may reach 3 meter high, leaves are thick and light green colour,

flowers tubular with yellow colour, All plant parts are poiscnous



containing 2% of rutin, 1.16% of anabasine, and a little amount of
nicotine. Its habitat rocks, walls, and road sides {www.pfaf.org).

N. glauca was first introduced into Tripoli in 1850 probably via Egypt
and reported in Mallaha in 19086, it spreads along the coast of 1800 km
long and its public names are: Accus Mussa, Asa Mussa (Keith, 1965).

N. glauca like many other evergreen plants has a very important
value when it carries viruses that able to infect any ecenomic crop. In
several pans of the world N. glauca was reported to be infected by
Artichoke yellow ringspot virus (Rana ef al, 1983}, Cucumber mosaic
virus (Vovlas and Di Franco, 2004), Tobacco mosaic virus (Fraile et af,
1997), and Tobacco mild green mosaic virus {(Mckinney, 1929},

In several regions of Libya mosaic symptoms were clearly observed
on M. glauca and on the basis of symptomaclogy and mechanical
transmissibility it was suspected that the causal agent could be one or
more viruses. The objective of this study is to identify and characterize
the suspected virus or viruses that induce mosaic symptoms on naturally

infected N. glauca plants.



LITERATURE REVIEW

There are some viruses reported to infect Nicotiana glauca naturally
and cause mosaic in different regions of the world, these viruses are
described with some characteristics in Table (1},

In 1927, McKinney collected a strain of tobacco mosaic virus (TMV)
from Nicotiana glauca Graham in Gran Canaria, Canary Islands and
named it mild dark-green mosaic strain of TMV (MDGTMV) because of
the symptoms caused in Havana tobacco (McKinney, 1929). An isolate
of this virus naturally infecting Micotiana glauca was reported in India
(Nariani & Singh, 1952) and in the Middle East (Faccioli, 1964).

An isolate of tobacco mosaic virus named strain U5 (TMV-U5) was
originally isolated from N. glauca from southern California and
diagnosed by its ability to induce necrotic local lesions on N. sylvestrs
Speg & Comes and by its failure to infect most cultivars of Lycopersicon
esculfentum Mill (Siege! and Wildman., 1854).

An Australian isolate of TMV (TMV-Y} was found commonly
associated with N. gfauca in nature and characteristically inducing a
bright yellow mosaic symptom and causing necrotic local lesions on N,

tabacum cvs White Burley and Xanthi-ne, M. giutinosa, Datura
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stramonium, and Chenopodium amaranticolor, and a yellow mosaic on
Lycopersicon esculentum cv. Rutgers and on N. glauca (Randles et al.,
1981). Other isclate of the virus was found naturally in N. glauca in
Spain (Moya et af., 1993).

In another study of an isolate of strain U5 (TMV-US) obtained from
naturally infected N. glauca plants found near Riverside, California,
similar systemic symptoms of mosaic were produced on N. tabacum cv.
Turkish, M. benthamiana Domin., N. clevelandii A Gray, M. glauca, Vinca
rosea L. and Physalis floridana Rydb. Plants that developed localized
infection only were: Chenopodium quinoa Willd, C. amaranticolor Coste
& Reyn., Gomphrena globosa L., N. tabacum cv.Xanthi-nc, N, syivestrs,
N. rustica L., Capsicum annuum L., cv. Yolo Wonder, Cucurbita pepo L.,
cv. Early prolific and M. glutinosa L. (Valverde & Dodds, 1986).

An isolate of the virus was obtained from plants of N. glauca in
southern California named tobacco mild green mosaic virus, which
induced mild mosaic on N. tabacum cv. Xanthi, systemic mosaic on N.
clevelandii, systemic mild chlorosis on Eryngium planum, mosaic-like
patterns on Chenopodium quinoa, leaf cupping, wilting and death at last
on N. benthamiana near symptomless systemic infection, older leaves

may show teeth on there margins on N. glauca: symptomless systemic



infection on Gomphrena globosa and induces necrotic local lesions on
N. tabacum cv. Xanthi-nc, N. sylvestris, N. giutinosa, N. rustica, Datura
stramonium, Capsicum annuum and Chenopodium amaranticolor, but
no infecticn was induced on Lycopersicon esculentum cv. Rutgers and
Vigna unguiculata (Bodaghi ef af,. 2000),

All the above reported isolates are considered as synonyms to
tobacco mild green mosaic virus TMGMVY (Brunt et al., 1996¢; Wetter,
1989). TMGMV is a virus with RNA-containing tubular red-shaped
particles (308 x 18 nm), distributed throughout the world, no natural
vector was known for the virus but it is easily transmitted by mechanical
inoculation and by handling during cultivation, The virus has economic
importance for tobacco crops (Wetter, 1989). Bright yellow mosaic
symptoms occur in M. glauca plants naturally infected by the US type
virus (McKinney, 1929; Bald & Goodchild, 1980). Mild green mosaic
symptoms with oak leaf patterns occur in naturally infected Turkish
tobacco cv. Samsun and cultivars of Burley tobacco grown in West
Germany, most cultivars of pepper react with severe mosaic symptoms
and necrosis followed by leaf drop with TMGMV synonyms. TMGMV
occurs probably in ail regions where Nicotiana glauca is distributed:

North America, Australia and many European and African countries



including Madeira, the Mediterranean and Canary Island. The virus
occurs much more frequently than type tobacco mosaic virus in field
tobacco in West Germany and was found in fieid tobacco also in
Wisconsin, USA. Cigarettes with light tobacco may contain both of these
tobamoviruses and may play a role in their infection cycle. The virus was
isolated from Brazilian cigarettes but not from Chinese cigareties;
Widespread in many species of cultivated gesneriads in USA' Found
also in plants of the monocotyledonous plant Rhoec spathacea in
Florida, USA (Wetter, 1988).

No extensive host range studies have been made. The virus infects
many sofanaceous species and also infects species of the families
Chenopodiaceae, Commelinaceae, Gesneriaceae and Umbelliferae;
also causes mild mosaic or mottle symptoms in many cultivars of
tobacco. In later stages of infection leaves show weak or no symptoms.
Late systemic infection of Eryngium planum is symptomless. Rhoeo
Spathacea shows conspicuous mosaic symptoms: the virus is less stable
than type tobacco mosaic virus. In tobacco sap it lost infectivity after 10
min at 85°C or after dilution beyond 107 with distilled water. In herbarium
specimens of N. glauca it was still infective after 45 years, Absorbance

at 260 nm (1 mg/ml, 1 em light path): 1.16, and A260/A280; 1.22, A260



(max)/A248 (min). 1.1 (Wetter, 1989). It was also reported to remain
stable more than 35000 days {more than S0 years), and having a
thermal inactivation point of 85-90°C (Brunt et al; 1996¢). No vector is
known, but spread of the virus in stands of N glauca by an unknown
vector is assumed; spread along the roadsides where N. glauca is
planted may result from mechanical transmission; the virus is not
transmissible through seed of N. glauca (Randles et af, 198%). Gene
sequences from TMGMYV isolates collected from N. glauca populations
from Australia, California, Spain, and the east Mediterranean Basin were
analyzed and very little variation was found (Fraile et al,, 1996).

Mixed infections of tobacco mild green mosaic virus and type
tobacco mosaic virus occur frequently in Nicotiana glauca (Wetter,
1889). And in a study over a period of a century in Australia, isolates
obtained from both living wild M. glauca plants and herbarium specimens
that had been collected in New South Wales (NSW), Australia, it was
found that most of the earliest samples of N, glauca were infected with
both Tobacco mild green mosaic virus (TMGMVY) and TMV the type
member of tobamaviryses, and the later subsequently disappeared from

the N. glauca population (Fraile et af., 1997).



Tobacco mosaic virus type member of Tobamoviruses is a rod-
shaped virus, containing a single-stranded RNA molecule of sense
polarity. The virus causes diseases in a broad variety of plant species. It
has no known true vectors, but on rare occasions it is transmitiad
inefficiently by chewing insects. It is normally transmitted mechanically.
Soil-borne virus particles or fragments of infected tissue can serve as
sources of infection via roots. Virus is very persistent on clothing and on
glasshouse structures. Not transmissible via seed or pollen. The virus is
distributed world wide; it infects at least 199 species from 30 plant
families. Symptoms in Nicotiana tabacum cvs. Turkish, Turkish Samsun,
Samsun (Samsoun), White Burley, Burley and Xanthi, are vein clearing
appears Iin young systemically-invaded leaves, 3-4 days post
inoculation, followed by a light green-dark green mosaic, often
accompanied by distortion and blistering. Local lesion assays are most
frequently performed with N. glutinosa, N. tabacum cvs. Xanthi nc,
Xanthi NN, Samsun NN, Phaseolus vuigaris cv Pinto, Chenopodium
amaranticolor or C. quinca. Virus is very stable; preparations of
“unpreserved plant juice” retained infectivity after 50 years. Very heat
stable; some infectivity is retained after 10 minute exposures at over

90°C. Dilutions of 10 of expressed tobacco sap can be infectious.



Absorbance at 260 nm (1 mg/ml, 1 c¢m fight path): uncorrected for light
scattering, ranges between 2.7 and 3.5, a value of 3.0 is commonly used
(Zaitlin and Israel, 1975; Zaitlin, 2000).

A comparison of symptoms induced by mild dark green tobacco
mosaic virus (MDGTMV} and tobacco mosaic virus type in some tested
plants showed that MDGTMV induced systemic mosaic or mottie in
Eryngium planum L., Nicotiana tabacum cv. Samsun, Nicotiana glauca,
and Capsicum annuum L. and local lesions in Datura stramonium L.,
Nicottana glutinosa, Nicotiana sylvestris Speg & Gomes, Nicotiana
tabacum cv. White Burley; and no symptoms induced in Lycopersicon
esculenfum L. Whereas TMV induced systemic mosaic or mottle in N,
glauca, Nicotiana tabacum cv. White Burley, Nicoliana tabacum cv.
Samsun, Lycopersicon esculentumn, and Nicotiana sylvestris, and
induced local lesions in Capsicum annuum, Datura stramonium,
Nicotiana glutinosa, and induced no infection in Eryngium planum
(Wetter., 1984).

Artichoke yellow ringspot virus {(AYRSV) was reported as natural
infection on N. glauca (Harris et al, 2002; Rana ef al., 1883). This virus
was identified as a member of subgroup C of the genus Nepovirus, A

virus with isometric paricles 30 nm in diameter, containing two

¥



functional RNA species. Readily transmitted by inoculation of sap fo
many herbaceous hosts and frequently transmitted through seed and
pollen. No vector known; occurs in a range of cultivated and wild plants
in Greece and ltaly. The virus induces chlorotic to yellow rings, mottling
and occasionally, malformation of the leaves in naturally infected N
glauca, and reddish local lesions followed by systemic yellow ringspots
and line patterns in Gomphrena globosa, and Chloratic or necrotic local
lesions, systemic mottling and tip necrosis in Chenopodium quinoa, and
reddish necrotic local lesions, systemic mosaic and leaf deformation in
Phaseolus vuigarnis, chlorotic lesions on cotyledons followed by mosaic,
malformation and enations in non inoculated leaves in Cucumis sativus,
and local and systemic chlorotic rings, lines and oak leaf patterns in
Nicotiana tabacum, No vector known to transmit the virus, transmitted
through seed at rates ranging from 15 to 100% in artificially infected
plants. In expressed sap of Phaseolus vulgaris the virus was still
infective after dilution to 10 or 10™. Infectivity was lost after heating for
10 min at 60°C or storing at 22-24°C for 48-72 h (Rana et al., 1883}
Cucumber mosaic virus is the type member of the genus
Cucumovirus of the family Bromoviridae {Murphy et al, 1995), was

reported to cause severe mosaic symptoms on naturally infected N

H



glauca in Egypt by Eid ef al,(1984), inducing reddish local lesions with
yellow halos on Chenopodium amaranticolor, and Ch. quinoa; few faint
spots on ingculated leaves followed by yellowish diffused mottling on
new leaves of Cucumis sativus cv. Long Gelferos: new leaves
developed systemic mottling, leaf blades became smaller and yellowish
on Nicofiana glutinosa; dark veins developed on incculated leaves and
large brown or white necrotic lesions, with or with not faint mottling in
Petunia hybrida; yeliowish local lesions on Datura stramonium; Brown
local lesions on Vicia faba; and no infection was induced on Phaseolus
vulgaris cvs. Giza 3, Giza 4, Bountiful, Black Turle Soup and Pinto: the
thermal inactivation point (TIP} was between 60°C and 85°C, dilution
end-paint (DEP) was between 10™ and 10°°, and longevity in vitro (LIV)
between 5-6 days. CMV was also reported on N. glauca by Valverde
and Dodds (1986) and by Moll ef af., {1887). in another study CMV from
N. glauca was found in Israel (Gafhy et af., 1996). Cucumber mosaic
virus isolate belonged to subgroup Il was repofted to cause severe
mosaic and malformation of the leaves of MNicotiana glauca plants in
Greece (Vovlas and Di Franco, 2004).

CMV was first reported as the causal of cucumber mosaic disease

in the United States (Jagger, 1916). A virus with a three-component



genome of ssRNA of messenger sense. RNA is packaged in three
different paricles, 30.5 nm {maximum) in diameter, which sediment at
the same rate, Particles are isometric. In nature it is transmitted by
aphids in a non-persistent manner, and through the seed in some plant
hosts. Experimentally, it is easily transmitted by mechanical inoculation
of plant sap. it is distributed world-wide, causes economically important
diseases in a large variety of crop plants, and has the widest host range
of any known plant virus, including more than 1200 species in over 100
families of dicotyledonous and menocotyledonous. It causes mosaic of
cucumber, melon and other cucurbits, blight of spinach; mosaic, fern leaf
and systemic necrosis in tomato, mosaic and ringspot in pepper; mosaic
and stunting in clover; lupins and tucerne stunting in soybean; mosaic,
infectious chlorosis and heart rot in banana; and mosaic and dwarfing in
many other species of dicotyledonous and monocotyledonous plants:
mosaic of celery, woodiness of passion fruit. Diagnostically causes
large chlorotic local lesions on Bsta vulgaris: chlorotic or necrotic local
lesions rarely systemic on Chenopodium amaranticoior and C. quinoa;
systemic mosaic and stunting varying in severity with the virus strain in
Cucumis sativus, systemic mosaic and stunting of varying severity in

Cucurbita spp. mosaic and stunting with filiform leaves tg different



extents, often extreme in Lycopersicon esculentum; mild to severe
maosaic and stunting, depending on the virus strain, Some strains induce
severe yellow chlorosis in Nicotiana tabacum, Small purple necrotic
lesions in inoculated leaves in Phaseolus vulgaris cv. Pinto; Severe
stunting, leaf curling and leaf deformation, some strains also produce
necrosis along veins in Nicotiana benthamiana; Transmissible in a non-
persistent manner by more than 80 species of aphids in 33 genera,
Myzus persicae and Aphis gossypii are two important vectors. Seed
transmission has been reported in more than twenty plant species with
varying efficiencies from a fraction of 1% up to 50%. It is relatively
unstable in plant sap. Thermal inactivation point (10 min} is 55-70 °C.
Infectivity can be lost in a few hours or in a few (less than 10) days
{Palukaitis and Garcia-Arenal, 2003). Extinction coefficient E (0.1%,
Tem) at 260 nm: 5.0, A260/A280; about 1.7 {corrected for light-
scattering) (Gibbs & Harrison 1970). It is also reported to have a thermal
inactivation point between 55-70°C, longevity in vitro between 1-10 days,

and dilution end point between 10~ 10 (Brunt et a/., 1996a).



MATERIALS AND METHODS

Field collection:

Leaves of naturally infected Nicotiana glauca plants showing mosaic
symptoms (Fig. 1) were cellected from five regions Sirte, Misurata, EI-
Khomus, Tripoli, and El-Zawia of Libya five samples from each region.
Samples were tested for virus or viruses present by Indirect Enzyme-
Linked Immunosorbent Assay (indirect ELISA), and then the samples
were served as a source of virus or viruses for prefiminary mechanical

transmission tests,
Detection of viruses present using indirect ELISA:

Sampies collected were tested to be infected with virus or viruses
using tobacco mosaic virus (TMV) and cucumber mosaic virus (CMV)
Antisera obtained from Bio-Rad) using indirect ELISA and an isolate of
each virus detected was taken for each different region for further work.
Indirect ELISA was conducted at the laboratory of plant virolegy, Omar
AL-Mokhtar University according to the method described by Lommel ef

al., (1982) and Voller et al., (1977).
100 pI of the sample sap extracted 1 g/10 ml in coating buffer (0.05

M carbonate buffer, pH 9.6) were added to the determined wells (3 wells
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Fig. 1: Symptoms observed on Nicotiana glauca Graham in nature.



for each sample as a replication) of a microtitre plate for each virus to be
detected, plate was incubated at 37°C for 3 h, then washed three times
with Phosphate buffered saline, pH 7.4 containing 0.05% Tween-20
(PBS-T). 100 il of purified IgG of specific virus either TMV or CMV
diluted in serum buffer (PBS-T containing 2% Polyvinylpyrrolidone
(PVP); 0.2% Bovin Serum Albumin (BSA}) was added to each well of the
micratitre plate. The plate was incubated overnight at 4 °C and washed
three times. 100 pl of goat anti-rabbit conjugate to alkaline phosphate
(Sigma # A 3937} diluted 1:20,000 in conjugate buffer (PBST containing
0.2% BSA) were added to each well, and incubated at 37 °C for 3 hours,
the plate washed three times, and 100 pl of enzyme substrate
(paranitrophenyl phosphate dissolved in substrate buffer {0.1M
diethanolamine buffer, pH 9.8 {(mg/ml)} were added to each well of the
plate, which then left at room temperature for about 15 min er as long as
necessary to obtain clear reactions. Results assessed by
Spectrophotometric measurement of absorbance at 405 nm by Bio-Rad
ELISA reader and sample considered positive only when its reading
reached two times the negative control, the reaction was stopped by
adding 50 pl of NaOH 3 M solution, positive and negative controls were

used for both CMV and TMV.



|- Tobamovirus isofates

Using of indicator hosts for tobamoviruses:

Each sample collected and gave a positive reaction with tobaceo
mosaic virus antiserum were used alone as a separate source of the
virus. All samples were indexed on Nicotiana glutinosa 10 detect
tobamoviruses in general {local lesions), each of which was cloned from
single local lesion passage through N. glutinosa then inoculated to few
plants of six indicator hosts including Capsicum annuum L. cv. Cayenna,
Lycopersicon esculentum Mill cvs. Call J, Heinz 1370 F, Midi A and
Riogrande, Nicotiana tabacum L. cvs. Burley gold, Burley 21 & White
Burley and Phaseclus vulgaris L. and used to differentiate between
tobamovirus members. Indicator plants were put in insect proof cages in
a greenhouse, an alternative insecticide spray with (Actelic® & Cyperkil®)
was performed at 2 weeks intervals as well, observed symptoms were
recorded and back inoculations were made from inoculated plants not
showing any symptoms after about 5 weeks on Nicotiana glutinosa for
reproduction of local lesions and Nicotiana tabacum cv. Turkish, for

reproduction of mosaic symptoms.



Source of virus isolates:

Each of the five virus isclates was cloned from single local lesion
passage through N. fabacum cv. White Burley and maintained in N.
tabacum cv. Turkish plants and used as a source of each isolate (Sirte
1, Misurata 2, E)-Khomus 1, Tripoli 2, and El-Zawia 3) for further work in

a greenhouse,

Miechanical transmission:

Inocula of each of the five virus isclates were prepared by grinding
approximately 1g of fresh and young infected leaves of Nicotiana
tabacum cv. Turkish in 1 ml of inoculation buffer (-1 M potassium
phosphate buffer, pH 7), with a mortar and pestle. Inoculations were
made by rubbing celite-dusted leaves with the expressed sap using the

fore-finger followed by tap water rinsing.
Host range and symptomology:

At least five plants of each test species for each isclate were sap
inoculated and three plants of each species were rubbed with distilled
water and served as control. Inoculated plants were put in insect proof
cages in a greenhouse, an alternative insecticide spray with (Actelic® &
%)

Cyperkil®) was performed at 2 weeks intervals as well, observed
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symptoms were recorded and back inoculations were made from
inocufated plants not showing any symptoms after about 5 weeks on
Nicotiana glutinosa for reproduction of local lesions and Nicotiana
tabacum cv. Turkish, for reproduction of mosaic symptoms.
The following different plant species or cultivars from different

families were inoculated for host range studies:
Amaranthaceae:

Gomphrena globosa L. (Globe amaranth).
Apocynaceae:

Vinca rosea L. (Vinca).
Brassicaceae:

Matthiofa incana L. (Common stock).
Chenopodiaceae:

Chenopodium amaranticolor Coste & Regn.

Chenopodium quinoa Willd

Chenopodium sp.
Cucurbitaceae:

Cucurmis melo L. cv. Melon Pineapple (Cantaloupe).

Cucumis sativus L cv. Beit Alpha (Cucumber).

Cucurbita pepo L. cv. White Birginian 3. {(Squach).



Cucurbita maxima cv. Etampes Bright Red (Pumpkin}.
Citrulius vulgaris cv. Klondike (Water melon).
Leguminosae:
Phaseolus vulgaris L. (Bean).
Vicia faba L. (Broad bean).
Malvaceae:
Alcea rosea L. (hollyhock)
Solanaceae:
Capsicum annuum L. cv. Cayenna {pepper).
Datura metef L.
Datura stramonium L (Jimson weed).
Lycopersicon escuientum Mill cvs. Call J, Heinz 1370 F, Midi A
and Ricgrande (Tomato).
Nicotiana benthamiana Domin.
Nicotiana gtauca Graham
Nicofiana glutinosa L.,
Nicotiana repanda L.
Nicotiana tabacum L. cvs. Burley 21, Burley gold, Local Variety,
Turkish, White Burley, Xanthi, & Xanthi-nc.

Petunia hybrida Vilm.



Physalis floridana Rydb.(Ground-cherry).
Solanum melongena L. cv. Black Beauty (Eggplant).

Solanum nigrum L.
Properties in the crude extract:

Fresh sap was extracted from infected N. tabacum cv. Turkish
leaves by homogenizing 60 g in distiled water (1:1 whv) using a mortar
and a pestle. This extract was used in studies of thermal inactivation

point, dilution end-point and fongevity in vitro.
a- Thermal inactivation point (TIP):

One ml of the sap was drawn into thin-walled test tubes. These
tubes were heated in a water bath at constant temperature for 10 min. at
the indicated temperatures (80, 81, 82, 83, 84, 85, 86, 87, 88, 88, 90,
91), then quickly immersed in ice water for rapid cooling. Datura

stramonium as a local lesions host was inoculated for bioassay.
b- Difution end-point {DIP):

The extracted sap was diluted with distilled water on a logarithmic
scale (1:1, 107, 102 10%, 10% 10%, 10%, 107, 10®, 10°®, and 107 and
rubbed on celite-dusted leaves of Datura stramonium as a local lesions

host.
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C- Longevity in vitro (LIV):
The remaining sap extracted from infected N, tabacum cv. Turkish
was stored in plugged flask kept at room temperature and was used to

inaculate Datura stramonium as a local lesions host at weekly intervals.

Purification:

Virus was propagated in Nicotiana glauca plants. Systemically
infected leaves showing clear symptoms were harvested three to four
weeks after inoculation. The virus was purified by using the method
described by Gooding and Hebert (1967). The purification procedure
was carried out at rcom temperature. One hundred grams of frozen
systemically infected Nicotiana glauca leaves were hemogenized for 5
minutes in 100 ml of 0.5 M NaHPQ4 ~KH,PQ, buffer, pH 7.2 containing
1% 2-mercaptoethanol. Sap was passed through double fayered of
cheesecioth and the homogenate was clarified by adding 6 ml of n-
butanol/100 of the extract under continuous stirring. After the
chloroplasts were coagulated, the extract was stirred for additional 15
min and then was centrifuged at 10,000 g for 30 min under continuous
stirring; 4.0 g of palyethylene glycol (PEG) (M.WV. 6000) per 100 ml were
added to the supernatant and centrifuged at 10,000 g for 45 min. The

pellet was resuspended in 20 ml of 0.01 M KH,PQ, buffer, pH 7 for each
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100 ml of the initial extract. The mixture was centrifuged at 10,000 g for
1& min. Further purification was obtained by a second precipitation with
PEG. Sodium chloride (NaCl) 0.4 g and PEG 0.4 g were added for each
10 ml of virus suspension under continuous stirring. After dissolving
NaCl and PEG, the mixture was centrifuged at 10,000 g for 15 min. The
pellet was resuspended in 2 ml of 0.01 M KH,POQ, buffer, pH 7 for each
100 ml of initial extract and centrifuged at 10,000 g for 5 min. The
supernatant containing the virus was tested by ELISA for the presence
of the virus and saved for further studies after testing its infectivity in
Datura stramonium plants.

Ultraviolet absorption spectrum of the purified virus:

The absorption spectrum of tobamovirus purified suspension was
determined using PU 8620 UV/VIS/NIR Philips spectrophotometer by
measure absorbance at a range of wave length 220-300 nm with 5 nm
intervals. The concentration was calculated using the absorbance value
at 260 nm and extinction coefficient of 3.16 (Wetter, 1989). The values
of @ minimum and maximum absorbance for the purified virus was
determined as well as the ratio of A260/A280 and A{max)/A(min) were
calculated. The yield of the purified virus per 100 g fresh weight of M.

glauca was calculated as well,

24



Serology:

1- Antiserum production:

A New Zealand white rabbit was injected with purified virus
preparation. First intravenously with a purified virus diluted with normal
saline solution {0.85% NaCl) to give the concentration of 3 mg/ml of
purified virus (Younes, 1995). Cne week later the rabbit was injected
intramuscularly with purified virus solution which was emulsified with an
equal volume of Freund's complete adjuvant (Difco Lab. USA). The
same intramuscular injection was given for another two times with an
interval of one week. Two weeks after the last injection, the rabbit was
bled and the blood was left for 2 hr at room temperature to clot, then
stored in refrigerator overnight. The separated antiserum was clarified by
centrifugation at 2,000 g for 10 min and kept frozen until needed for

different serological tests.
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2- Serological tests:

2.1- Preparation of Gel plates:

Gel mixture was prepared as described by Ball {(1974) containing of
0.8 g agarose, 0.2 g sodium azide {NaN,), and 0.05 g sodium dodecyl
sulfate (SDS) per 100 ml distilled water. It was prepared by putting
agarose and water in an Erlenmeyer flask stopped with cotton. Mixture
was heated in a water bath until the agarose dissolved. Then mixture
was cooled to about 40°C, sodium azide and SDS was added, mixed
carefully, and then 15 ml of the solution was dispensed on each Petri
dish, partially covered until gel solidified, condensed water was removed
from lids.

2.2- Determination of Antisera titre using Ouchterlony test:

Three rows of seven wells with 3 mm spacing between rows were
cut in four plates. Seven 2 fold dilutions of each week antiserum were
made using narmal saline 0.85% (dilutions at 1/2, 174, 1/8, 1116, 1432,
1/64, 1/128), the same dilutions were made from the normal serum that
was taken before the rabbit was injected with the virus. Purified virus
was placed in the wells of the middle row, and the normal serum
dilutions we‘re placed in one side row and the antiserum were placed in
the wells of the other different side. Plates were kept in a maoist container

at room temperature. Results of the reaction were taken 2 days later,



2.3- Determination of antiserum titre using indirect ELISA:

Leaf sap extracts from healthy and infected N. tabacum cv. Turkish
plant were separately diluted at 110 (WA) with coating buffer.
Antiserum (against Sirte isolate) was diluted with antiserum buffer to the
following ditutions: 1: 5x10% 1: 10% 1:2 x 10%, 1: 4 x 10% 1: 8 x 10, 1:
1.6x 10, and 1: 3.2 x 10,

2.4- Detection of virus jsolates using Quchterlony test:

One central well and six peripheral wells were cut in agar plate. 10
yl of prepared antiserum was placed in the central well, and 10 pl
infected sap of each isclate was placed in a specific peripheral well,
negative contrel sap was placed in one specific peripheral weil. The test
was repeated three times, and the plates were kept in a moist container
at room temperature and results of the reaction were taken 2 days later.
2.5- Detection of virus isolates using indirect ELISA:

All five virus isolates were dstected by indirect ELISA with the use of

antiserum to Sirte isolate, and antibodies to TMV (Bio-Rad kit).
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lI- Cucumovirus isolates
Source of virus isolates:

Five samples of those gave positive reaction with cucumber mosaic
virus antiserum were chosen to represent different regions (Sirte 2,
Misurata 1, El-Khomus 4, Tripoli 1, El-Zawia 1) as a source of virus.
Each extraction of sample was inoculated to Aicotiana tabacum cv.
White Burley and N. tabacum cv. Local Variety (systemic hosts) until
clear mosaic appeared, then inoculated on M. glutinosa (local lesions) to
make sure no tobamovirus was present and then few plants of N
tabacum cv. Burley Gold and N. fabacum cv. Local Variety were
reinoculated and used as a source for the five virus isolates for further

work in a greenhouse.
Test of virus isolates using DAS-ELISA:

All virus isolates were tested by direct double antibody sandwich
enzyme linked immunosorbent assay (DAS-ELISA) using an antiserum

to CMV from Bio-Rad. The test was conducted in accordance {o the

method described by Clark and Adams (1977) with some modifications.

Each well of the microtitre plate was coated with 100 Ml of virus

antibodies diluted in coating buffer (0.05M carbonate buffer, pH 9.6) and
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incubated at 37°C for 3 hrs. After washing 3 times with PBS-T, 100 il of
the sample sap extracted in PBS-T (containing 2% soluble
polyvinylpyrrolidone (PVP)} was added tc each well and incubated at
4°C overnight, The plate was washed thoroughly and 100 Kl of enzyme
conjugate Y-globulin prepared in conjugate buffer (PBS-T containing 2%
PVP. 0.2% BSA) was added and incubated at 37°C for 3 hrs. At last
unreacted conjugates were washed and specific antibody-antigen
reactions were detected by adding 100 ul of paranitrophenyl phosphate
{mg/ml) prepared in substrate buffer (0.1 M diethanolamine buffer, pH
9.8} and left at room temperature for 15 min or as long as necessary to
obtain clear reaction. The absorbance was measured at 405 nm in a
Bio-Rad ELISA reader and sample considered positive when its value of
at least double the negative control. The reaction was stopped by adding

90 pl of 3 M NaQH.
Mechanical transmission:

Inoculum from each of the five virus isolates was prepared by
grinding approximately 1 g of fresh and young infected leaves of N,
tabacum cv. Burley Gold or N. {abacum cv. Local Variety in 1 m|
inoculation buffer (0:1 M potassium phosphate buffer, pH 7} with a
mortar and pestle. Inoculations were conducted by rubbing celite-dusted
leaves with the expressed sap using the fore-finger followed by tap

water rinsing.
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Host range and symptomology:

At least five plants of each test species for each isolate were sap
inoculated and three plants of each species were rubbed with distilled
water and served as contrel. Inoculated plants were put in insect proof
cages in a greenhouse, 2 weeks interval alternative insecticide spray
{Actelic® & Cyperkif”’) was performed as well. Symptoms induced were
observed, recorded and back inocuiations on Chenopodium
amaranticofor and Nicotiana tabacum cvs. Burley Gold & Local Variety
were made from symptomless inoculated plants after about 6 weeks for
reproduction of local lesions and mosaic symptoms respectively.

The foliowing different plant species or cultivars from different
families were inoculated for host range studies:

Amaranthaceae:

Gomphirena giobosa L. (Globe amaranth).
Apocynaceae:

Vinca rosea L. (Vinca).
Brassicaceae:

Matthiola incana L.. (Common stock).
Chenopodiaceae:

Chenopodium amaranticolor Coste & Regn,
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Chenopodium quinoa Willd
Chenopodium sp.
Cucurhitaceae:
Cucumis melo L. cv. Melon Pineapple (Cantaloupe).
Cucumis salivus L cv. Beit Alpha (Cucumber),
Cucurbita pepo L. cv. White Birginian 3, (Squach).
Cucurbita maxima cv. Etampes Bright Red {Pumpkin).
Citrullus vulgans cv. Klondike (Water melon),
Leguminosae:
Phaseolus vuigaris L. (Bean).
Vicia faba L. (Broad bean).
Malvaceae:
Alcea rosea L. {hollyhock)
Solanaceae:
Capsicum annuum L. cv. Cayenna {pepper).
Datura metef L.
Datura stramonium L. (Jimson weed).

Lycopersicon escufentum Mill. cv. Heinz 1370 F (Tomato).

Nicotiana benthamiana Domin.

Nicotiana glauca Graham.



Nicotiana giutinosa L.

Nicotiana repanda L.

Nicotiana tabacum L. cvs. Burley 21, Burley gold, Local variety,
Turkish, White Burley, Xantht, and Xanthi-nc.

Petunia hybrida Vilm.

Physafis floridana Rydb. {Ground-cherry).

Solanum melongena L. cv. Black Beauty (Eggplant).

Solanum nigruni L.

Properties in the crude extract:

Fresh sap was extracted from infected N. tabacum cv. Local Variety
leaves by homogenizing 80 g in distilled water (1:1 w/v) using a morntar
and a pestle. This extract was used in studies of thermal inactivation

point, dilution end-point, and longevity in vitro.

a- Thermal inactivation point (TIP}:

Two ml of the sap were drawn into thin-walled test tubes. These
tubes were heated in a water bath at constant temperature for 10 min. at
the indicated temperatures (40, 45, 50, 51, 52, 53, 54, 55 60, 65, 70,
75), then quickly immersed in ice water for rapid cooling. Chenopodium

amarantico/or as local lesion host was inoculated for bioassay.



b- Dilution end-paoint (DIP):

The extracted sap was diluted with distilled water on a logarithmic
scale (1:1, 107, 107,107, 10, 10, 10, and 107} and rubbed on celite-

dusted leaves of Chenopodium amaranticolor as local lesion host.
c- Longevity in vitro (LIV):

The remaining sap extracted from infected N. tabacum cv. Local
Variety was stored in plugged flask kept at room temperature and was
used to inoculate Chenopodium amaranticolor as local lesion host at half

day intervals.
Purification:

Cucumovirus (Misurata isolate) was propagated in M. fabacum cv.
Local Variety, and was purified by the method described by Walkey
(1991); 100 g of infected leaves were placed in a glass jar of a kitchen
liquidizer, 200 m! of 0.5 M sodium citrate buffer at pH 6.5, containing 0.2
ml thioglycollic acid, and 200 mi of chloroform were added to the
infected tissue (all additives were precooled to 3°C, and all operations
were carried out at 3°C and in a refrigerated centrifuge), the mixture was

homogenized for several minutes until a fine homogenate produced. The
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homogenate was then centrifuged at iow speed (500 g) for 15 min., the
aguecus supernatant was pipette off and retained, the pellet and
chloroform were discarded. Polyethylene glycol (mol. wt. 6000) 10%
{(wiv) was added to the supernatant and shaked until dissclved and left
to stand for 30 min., then centrifuged at 8000 g for 20 min. The pellet
was resuspended in 0.05 M citrate buffer, pH 7.0, containing 2% Triton
X-100 using 3.5 ml of buffer to each 35 ml capacity centrifuge tube, and
left overnight. Insoluble material was removed by low centrifugation at
15000 g for 20 min. The clarified suspension was centrifuged at 75000 g
far 150 min. in an ultracentrifuge (BECKMAN COULTER optima LE-
80K). Pellet was resuspended in 1 mi of 0.05 M citrate buffer, pH 7.0
and left for several hours. Then centrifuged at 5000 g for 10 min to
obtain virus suspension. The supernatant contains the partially purified
virus was examined by ELISA for virus presence and also checked

biotogically by inoculation on Chenopodium amaranticolor.



Ultraviolet absorption spectrum of the purified virus:

The absorption spectrum of Cucumovirus purified suspension was
determined (using PU 8620 UV/VIS/NIR Philips spectrophotometer) by
measuring absorbance at a range of wave length 220-300 nm with 10
nm intervals. The concentration was calculated using the absorbance
value at 260 nm and extinction coefficient of 5 (Gibbs and Harrison,
1970). The values of @ minimum and maximum absorbance for the
purified virus was determined, also the ratio of A260 /A280 and
A{max)yA(min) were calculated. The yield of the purified virus per 100 g

fresh weight of V. tabacum cv. Local Variety was calculated as well,

Serology:
1- Serological techniques:
1.1- Fixation of the virus with Formaldehyde:

In order to enhance immunogenicity, purified virus was fixed by
adding formaldehyde (40% W/V Soiution) to a final concentration of
0.2% (Francki and Habili, 1972}, the mixture was left at 4°C for 1 hr, then
dialyzed against 0.2% formaldehyde in three changes of 0.005 M borate

buffer, pH 9, for 24 hrs and virus preparation was stored at 4°C.
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1.2- Production of Antisera to the virus:

A New Zealand white rabbit was immunized using three
subcutaneous and one booster injections, approximately 1 mg of fixed
virus emulsified with an equal volume of Freund's complete adjuvant
was injected subcutaneously at weekly intervals for three weeks
{(Wahyuni et al., 1992). Booster injection was given subcutanecusly with
1 mg of fixed virus emulsified in equal volume of Freund's complete
adjuvant six weeks later. The rabbit was bled from the marginal ear
veins at weekly intervals, starting four weeks after the priming injection.
The serum was recovered after clotting and removal of red blood cells
by centrifugation at 2000 g for 10 min.

2- Serological tests:

2.1- Preparation of Gel plates:

Gel mixture was prepared as described by Ball (1974) containing of
0.8 gagarose, and 0.2 g sodium azide (NaN3) per 100 mti distilled water.
It was prepared by putting agarose and water in an Erlenmeyer flask
stopped with cofton, mixture was heated in a water bath until the
agarose dissolved. Then mixture was cooled to about 40°C and sodium

azide was added, mixed carefully, 15 ml of the solution was dispensed
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on each Petri dish, partially covered until gel solidified, condensed water
was removed from lids.

2.2- Determination of Antisera titre using Ouchterlony test:

Three rows of six wells with 3 mm spacing between rows were cut in
four plates. Six dilutions of twofold of each week antiserum and normal
serum were made using normal saline 0.85% (dilutions at 0, /2, 1/4,
1/8, 1116, 1/32). Infected sap from N. tabacum cv. Local Variety was
placed in the wells of the middle row and the normal serum dilutions
were placed in one side row and the antiserum were placed in the wells
of the other different side. Plates were kept in a moist container at room
temperature. Results of the reaction were taken 2 days later.

2.3- Determination of antiserum titre using indirect ELISA:

Leaf sap extracts from healthy and infected N. tabacum cv. Local
variety plant were separately diluted at 1/10 (W/) with coating buffer.
Antiserum (against Misurata isolate) was diluted with antiserum buffer to
the following dilutions: 1:5x10% 1:10% 1:2x 10°, 1:4x10% 1:8x 10°
1:16x10%1:32x10% 1:64x10° 1:1.28 x 105 1 2.56 x 10° 1 :

5.12x10°% 1:10.24 x 10° and 1 : 20.48 x 10°
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2.4- Detection of virus isolates using indirect ELISA:

All five virus isolates were detected by indirect ELISA with the use of
antiserum to Misurata isolate and antibodies to CMV (Bio-Rad kit).
2.5- Detection of virus isolates using DAS-ELISA:

All five virus isolates were detected by DAS-ELISA with the use of

antiserum to Misurata isolate.



RESULTS

Detection of viruses present using indirect ELISA:
Viruses present in each of the 25 samples collected were detected

using indirect ELISA (Table 2).

Table 2: Viruses of the 25 samples detected by indirect ELISA
using antisera to CMV and TMV,

Sample Virus present
Sinte {1} TMV
Sirte (2) CMVETMY
Sirte (3} CMV&TMY
Sirte (4) CMVATMY
Sitte (5) CMV&TMV
Misurata (1) CMV
Misurata (2) CMVETMV
Misurata (3) CMVETMY
Misurata {4) CMVETMY
Misurata (5) CMVE&TMY
El-Khomus (1)| CMV&TMV
El-Khomus {1)] CMVE&TMV
El-Khomus (2){ CMV&TMV
El-Khomus {3}| CMV&TMV
El-Khomus (4)| CMV&TMV
El-Khomus (5) | CMV&TMV
Tripeli (1) CMV
Tripoli (2) CMVETMV
Tripoli {3} CMY
Tripoli {4) CMVE&TMV
Tripoli (5) CMVE&TMV
Ei-Zawia (1) CMV
El-Zawia (2) CMVETMV
El-Zawia (3) CMV&TMV
El-Zawia (4) CMVE&TMV
El-Zawia {5) CMVETMV
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| - Tobacco mild green mosaic virus isolates

Using of indicator hosts for tobamoviruses:

The results of indicatar host plants response to virus isolates are
summarized in Table (3). All five isolates induced necrotic local lesions
followed by severe necrotic mosaic (Fig. 2.A) and leaf drop (Fig. 2.B) in
Capsicum annuum cv. Cayenna plants. Plants of Aicotiana glutinosa
and Nicoltiana tabacum cvs. Burley Gold (Fig. 3), Burley 21 (Fig. 4) &
White Burley (Fig. 5) produced necrotic local lesions with all five isolates.
But no infection was induced by any of the isolates on Lycopersicon
esculentum cvs. Call J, Heinz 1370 F, Midi A & Riogrande and
FPhaseolus vulgaris.

Host range and symptomology:

Each one of the five virus isolates was mechanically inoculated to
36 piant species or cultivars representing several families. Results of

symptoms and host range studies are summarized in Table (4).
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Fig. 2.A: Necrotic local lesion followed by severe necrotic mosaic in
Capsicum annuum cv. Cayenna, induced by TMGMV isolates,

Flg. 2.B: Leaf drop following severe necrotic mosaic induced by
TMGMY isolates on Capsicurn annuum cv. Cayenna.
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Fig. 3: Necrotic local lesions on N. tabacum cv. Burley Gold, induced
by TMGMYV isclates.

Fig. 4: Necrotic local lesion on Nicotiuna tabacum cv. Burley 21, induced
by TMGMYV isolates.
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Fig. 5: Necrotic local lesions on N. tabacum cv. White Burley, induced
by TMGMV isolates.
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Chenopodium amaranticolor produced chloretic local lesions with all
five isolates, whereas Chenopodium quinoa, Chenopodium sp., Datura
stramonium (Fig. 3), Nicotiana repanda, Nicotiana tabacum cv. Xanthi
preduced necrotic local lesions.

Datura mete! plant showed necrotic local lesions followed by
systemic necrosis with El-Khomus & El-Zawia isolates, whereas it
produced only necrotic local lesions with the other isolates.

Gomphrena globosa, plant differed in its reaction with the different
isolates from no infection induced (Sirte & El-Khomus isolates) to
symptomless systemic infection (Misurata & El-Zawia isolates) and
necrotic local lesions with vein necrosis (Tripoli isolate).

Nicotiana benthamiana, respense was symptomless systemic
infection with Sinte and Tripoli isolates, wilting with El-Zawia isolate,

lethal wilting with El-Khomus isolate and leaf cupping followed by mosaic
'with Misurata isolate.

Nicotiana tabacum cv. Local Variety, gave only necrotic local lesions
with Sirte, Misurata and El-Zawia isolates but produced necrotic local
lesions followed by systemic necrotic lesions and leaf malformation with

both El-Khomus and Tripoli isclates.
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Fig. 6: Necrotic local lesions on Datura sframonium induced by
TMGMYV isolates.
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Nicotiana glauca, and Nicoliana tabacum ov. Turkish, produced
mosaic symptoms with the whole five isolates,

Nicoliana tabacum cv. Xanthi-nc, produced mosaic symptoms with
the whole five isolates except with Tripoli isolate it produced systemic
necrotic lesions with mosaic.

Petunia hybrida plant reacted in different response with the different
isolates when it showed only necrotic local lesions with El-Zawia isolate;
necrotic local lesions followed by systemic necrotic lesions and mosaic
with El-Khomus & Tripoli isolates; necratic local lesions followed by
mosaic & leaf malformation with Misurata isolate and necrotic local
lesions followed by systemic necrotic lesions & leaf malformation with
Sirte isolate,

Physalis floridana plant produced mosaic with systemic necrosis
and defoliation with all virus isolates.

Sofanum melongena cv. Black Beauty, produced necrotic local
lesions with all isolates except El-Zawia isolate which induced no
infection.

Solanum nigrum plant produced mild mosaic with Misurata & Ei-
Zawia isolates and produced symptomless, systemic infection with the

ather three isolates.



Vinca rosea plant preduced symptomless systemic infection with
Misurata and Tripoli isolates while no infection occurred with other
isolates.

No infection was induced by any of the isolates on Alcea rosea,
Cucumis melo cv. Melon Pineappie, Cucumis sativus cv. Beit Alpha,
Cucurbita pepo cv. White Birginian 3, Cucurbita maxima cv. Etampes
Bright Red, Citrutius vulgaris cv. Klondike, Matthiola incana and Vicia
faba,

Properties in the crude extract:

Results showed that all five TMGMV isolates have thermal
inactivation point (TIP) between 84-88°C (Table 9), dilution end point
(DEP) between 10°°-10® (Table 6) and Longevity in vitro (LIV) more than

13 months.
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Table 5: Thermal inactivation point of TMGMYV isolates:

TMGMYV isolates

Sirte  Misurata El-Khomus Tripoli El-Zawia
Temperature ;.jate  isolate isolate isolate  isolate
{°C) No.LL  No. LL No. LL No.LL  No.LL
80 >100 >100 90.6 796 67.3
81 92 83.3 7.6 72 56.3
82 42.6 67 58 35.3 16
83 13.6 48.3 23.3 11.3 5.6
84 3.3 39.6 7.6 3 1.3
85 0 14 2.3 0 0
86 0 6.3 0 0 0
B7 0 1.6 ¥ 0 0
88 0 4 0 0 0
89 0 0 0 0 0
30 0 0 0 0 0
91 0 0 0 4 0

No. LL'= Average of local iesions Number / three leaves of 0. stramonium plant.
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Table 6: Dilution end point of TMGMYV isolates:

TMGMV isolates

Sirte Misurata El-Khomus  Tripoli El-Zawia
Dilution  jgq|ate isclate isolate isolate  isolate
No, LL No. LL No. LL No.LL No.LL

1:1 >100 >100 >100 >100 >100
10 >100 >100 >100 91 >100
102 91 81.6 87.3 42.6 85.6
102 426 32.3 33 17 36
10 11.3 9.3 13.3 6.3 10.6
10°® 4 2.6 5.3 1.6 3.3
10 0 0 0 0 0
107 0 0 0 0 0
108 0 0 0 0 0
10°® 0 0 0 0 0
10710 0 0 0 0 0

No. LL'= Average of local lesions Number / three leaves of D, stramonium plant,
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Purification:

The purified TMGMV preparation induced numerous necratic local
lesions when inoculated to Datura stramonium. Ultraviolet absorbance of
the purified TMGMV suspension was typical for nucleoproteins with a
minimum at 240 and a maximum at 260 nm {Fig. 7). The ratio of
A260/A280 and A (max¥A (min) {uncorrected for light scattering) were
1.56 and 1.28 respectively. The yield of the purified TMGMV was 52 9

mg/100 g infected N. gfauca leaves.
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Fig. 7: Ultraviolet absorption Spectrum of the purified TMGMV
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Serology:

1- Determination of Antisera titre using Quchterlony test:

The bands were formed between the purified virus (Sirte isolate)
and its homologous Antisera at the dilutions of 112, 114, 1/8, 1118, 1/32,
1/64 for the first and second week Antisera {Fig. 8.A}). But the bands
were only formed at dilutions of 1/2, 1/4, 1/8, 1/16 for the third and fourth
week Antisera (Fig. 8.B).

2- Determination of Antiserum titre using indirect ELISA:

The second harvesting week antiserum gave the highest reactive
dilution in Agar double diffusion test, and so it was chosen to be tested
by indirect ELISA. Results showed positive reaction of the antiserum
with sap from infected N, tabacum cv. Turkish at dilutions up to 1: 8 x
103 (Table 7).

3- Detection of TMGMV isolates using Ouchterlony test:

The precipitin lines were formed between the antiserum to Sirte
isolate and infected plant sap of all isolates (Fig. 8).

4- Detection of TMGMV isolates using indirect ELISA:

The whole five isclates reacted positively with the use of antiserum
to Sirte isolate and also positively with antibodies to TMV {Kit from Bio-

Rad).
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Fig. 8.A: Second week Antiserum titre using Quchterlony test,
As = Antiserum, Ns = Normal serum.

Fig. 8.B: Third week Antiserum titre using Quchteriony test.
As = Antiserum, Ns = Normal serum.
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Table 7: TMGMV antiserum titre determined by indirect ELISA as
absorbance value at 405 nm.

Indirect ELISA absorbance value
at 405 nm for TMGMV

Antiserum dilutions Healthy Infected
control

1: 5x10° 0.891 2.182
1:10° 0.535 1.310

1: 2x10° 0.292 0.670

1: 4x10° 0.184 0.387

1: 8x10° 0.114 0.228

1: 1.6x10* 0.800 0.148
1:3.2x10° 063 0.101

-ELISA absorbance values at 405 nm are average of two replicates each.
- Absorbance value of at least double that of the healthy control considered positive.
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IHH

Fig. 9: Detection of TMGMYV isolates in crude sap using Quchterlony
test: As = Antiserum to Sirte isolate.
HC = Healthy control; Kh = El-Khomus isclate.
M = Misurata isolate; S = Sirte isolate.
T = Tripoli isolate; and Z = El-Zawia isolate.
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Il - Cucumber mosaic virus isolates

Test of virus isolates using DAS-ELISA:

All virus isolates reacted positively in DAS-ELISA using an

antiserum to CMV ( Bio-Rad kit).
Host range and symptomology:

Each one of the five virus isolates was mechanically inoculated to
33 plant species or cultivars representing several families. Resulls of
symptoms and host range studies are summarized in Table (8}.
Capsicumn annuum cv. Cayenna plant reacted in different ways with
the CMV isolates, it produced mosaic with Sirte isolate. mosaic followed
by leaf cupping with Khpmus and Tripoli isolates, necrotic local lesions
followed by vein necrosis, systemic necrosis, and mosaic with Misurata
isolate, but no infection was produced with El-Zawia isolates.
Chenopodium amaranticolor plants gave a response of chlorotic
local lesions converted later into necrotic local lesions (Fig. 10},
Chenopodium quinoa, Chenopodium sp. Plants produced necrotic

local lesions with all five isolates.

39



(m

0 0 0 0 0 € uebng snyas “A2 odsd epqunangy

0 0 0 0 0 BYd)Y Neg "AD SRAJES Siunan:

0 0 O 0 0 a|ddesulg voap ‘A ojows SILLNING

1IN 1IN TN 1IN 1IN 'ds wnipodouay)

TIN TN TIN TIN 1IN gowunb wnipodouayn

TINATD  TINATD TINAS TINATTO  TINATD H0[03uIRLLE Winipodousys

0 D/ 2/ NS'NATIN N BUUSABD A wnnuue wnasdes

o 0 0 0 0 25504 POy

aje|os] 3je|os) 3JB|OSI 3)e|os| 3)e|0S| jueid 3sa)

BIMEZ-13  [lodu)l  snwoyy-|3  ejmunsiy aUIg

SIIEI0S) AND 01 sjueld 159) jo asuodsoy

-SSIBIOSI AWD Yim uoneINdoU! [edIUBYDSW O} Sjue|d }59) JO asuodsay g ajqel



epuedal BURIOOIN

0 0 0 0 Q
STW SYYIATW 0 0 0 esoulnb euioo
W W SAS I SAS eaneil eueooin
SAS N/OS N/OS SAS SAS Bugillieyiusg euenoon
0 0 SAS 0 0 BURDUI BICHIRIN
0 't 0 0 0 J0LEL ZUIBH “AD winjueinase UooISiadosA
W 0 WATH Al i 250qOif euaiydiiog
0 0 0 0 0 wnuoens emed
g 0 0 0 0 jsiouw Bimeq
0 1N 0 0 0 MIPUOIY "AD sLRBINA SIjnD
0 0 O 0 0 pay Wbug sadwery ‘Ad eunxew BHEININD
aje|osi 2Je|0S5| a1e|0s] ajejos)  ajerosi jueid 189
BiMEZ-3  Nodu)  snwoyy-|g BjeInsiy oIS

§3]1B|0S1 AND 03 sjue|d 159} o asuodsay

"pPanuuoD :g sjqe]



9

0 0 0 WINS/TIN 0 EpUQAY Biunjed
N SAS W (Al W QU-ILILEYX "AD LnoBqe] BUBHOIIN
W N IS 2 SW I SAS IHIUBX "AD Whoeqe} euenoaiy
N W 0 W N Aaling S3IUA "AD winoeqe; euBiONN
0 W W N 0 USDUNL "AD wnaeqe] euencony
Wros W S BHJOT'IN I N AJBLBA (BD07 "AS WNSEGE] BUBHOOIN
Al W g4d1 8 W 0 1 LZ Asiing 'Ad wnoeqe; euepooy
N i H4ATT 9 W W N PIOS) ASUng "AS wnoeqe) eueioin
3)e|OS] Jje|jos! aje|osl alejosi 3)elos| Jued 383
eImEZ-3  Nodul  snwoyy-3  ejesnsiy aug

s21e|081 AND 0} sjue|d 159) jo asuodsay

‘PaNURUOD ig 3|qe)



£9

LONDa1UI ON = 'SIS0IIIU U1aA =NA ‘HoNDaUl JIWB)SAS
SSAUNDWAG =G AS ‘'SUDISA| J130ID8U waisAg =NS 'sISosaU MWLISAg =NS 'SISOIOIYD DRUBSAS =08 'Bunung
=8 'SUOIS3| |B2O| YSIPPAY =TT 'SUCIS3] (E20) DROIIBN =TN 'SISOI23N =N ‘MBSO =IN ‘UOLBWIOISP JEST =H 47
‘Buiddno jesn =07 'vonelojeg =4Q 'sUCISS) 220 MOND =TTD 'sisoIoy) =9 swoydwhs Jo uoneiAaIgqY

3 0 1IN -0 0 eqes erdiA

0 0 0 0 g BOS0L ROLIA

0 0 0 0 0 Wb wnuejog

0 0 W 0 0 Aineeg yoe|g ‘A euabuopew wnueiog

0 48 ND W JaeW dJavw BUBPLIOY SifesAyd

0 0 0 0 0 suebina snjoasey
3je{0s) aje|josi BE|OSI ajejosi Jje|osi jueid }sa)

BIMEZ- 13 nodul  snwoyy-|g eeinsiy g

S3Jej0s) AWD 0} siue|d 1$9) Jo asuodsoy

‘PaNuUjuod g ajqe]



Fig. 10: Chlorotic local jesions on Ch. amaranticolor induced by
CMV isolates; later become necroftic.



Citrulfus vulgaris cv. Klondike, plants produced necrotic local lesion
only with Tripoli isolate and no infection was developed by any of the
other four isolates.

Gomphrena globosa plants reacted in symptomless systemic
infection with Misurata, Sirte, and El-Zawia isclates, necrotic local
lesions followed by mosaic with E-Khomus isolate, and no infection was
produced with Tripoli isotate,

Matthiola incana plant produced symptomless systemic infection
with El-Khomus isolate and no infection was induced by any other
Isolate,

Nicotiana benthamiana plants produced systemic chlorosis followed
by necrosis with E-Khomus, and Tripoli isolates, symptomless systemic
infection with Misurata, Sirte, and El-Zawia isolates.

Nicotiana glauca plants produced mosaic with Misurata, Tripoli and
El-Zawia isolates and symptomless systemic infection with El-Khomus
and Sinte rsolates.

Nicotiana glutinosa plants response was mosaic, leaf malformation,
and stunting with Tripoli isolate: mosaic and stunting with E!-Zawia
isolate, but no infection was developed by any of the ather three

Isolates.

65



Nicotiana tabacum cv. Burley Gold plants produced mosaic with all
five isolates except El-Khomus isolate which induced leaf deformation
with mosaic.

Nicotiana fabacum cv. Burley 21 plants produced mosaic with Sirte,
Tripoli, and El-Zawia isolates; mosaic, and leaf deformation with El-
Khomus isolate, and no infection with Misurata isolate.

Nicotiana tabacum cv. Local Variety plants praduced mosaic with
Misurata, Sirte, Tripoli isclates: mosaic, leaf deformation, andg stunting
with El-Khomus isolate; systemic chlorosis followed by mosaic with El-
Zawia isolate.

Nicotiana tabacum cv. Turkish plants showed mosaic with El-
Khomus, Misurata, and Tripoli isolates: but no infection with Sirte and El-
Zawia isolates.

Nicotiana tabacum cv. White Burley plants gave mosaic with
Misurata, Sirte, Tripoli, and El-Zawia isolates; but no infection was given
with EI-Khomus isolate.

Nicotiana tabacum cv. Xanthi plants induced mosaic with Misurata,
Tripoli and El-Zawia isolates; mosaic, stunting and systemic chlorosis

with Komus isolate; Symptomless systemic infection with Sirte isolate.
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Nicottana tabacum cv. Xanthi-nc plants developed mosaic with El-
Khomus, Misurata, Sirte, and El-Zawia isolates; but symptomless
systemic infection was produced with Tripoli isolate.

Petunia hybrida plants reacted positively only with Misurata isolate
by producing necrotic local lesions, followed by systemic necrotic
lesions, systemic necrosis, and mosaic later; but none of the other
isolates gave an infection,

Physalis floridana produced mosaic with El-Khomus isolate; mosaic
and leaf deformation with Misurata and Sirte isclates; chlorosis,
necrosis, and leaf deformation with Tripoli isolate: and no infection was
preduced by Ei-Zawia isolate.

Sofanum mefongena cv. Black Beauty plants produced mosaic ohly
with El-Khomus isolate; and no infection was produced by the other four
isclates.

Vicia faba produced necrotic local lesions with El-Khomus isolate;
mosaic symptoms with El-Zawia isolate; no infection was induced by
other three isclates.

No infection was produced by any of the isclates in Cucumis melo
¢v. Melon Pineapple, Cucumis sativus cv. Beit Alpha, Cucurbita pepo cv.
White Birginian, Cucurbita maxima cv. Etampes Bright Red, Datura
metel, Datura stramonium, Lycopersicon esculentum cv. Heinz 1370 F,

Nicoliana repanda, Phaseolus vulgaris, Solanum nigrum, Vinca rosea.
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Properties in the crude extract;

Results presented in Table (9) showed that the thermal inactivation
point (TIP) between 50°C-53°C; dilution end paint (DEP) was between
10%- 10 (Table 10) and Longevity in vitro (LIV) was between % — 1 day
(Table 11).

Table 9: Thermal inactivation point of CMV isolates:

CMV isolates
Sirte  Misurata El-Khomus Tripoli El-Zawia
Temperature jsolate isolate isolate isolate  isolate
(°C) No.LL" No. LL No. LL’ No.LL™  No. LL
40 216 24.3 22 223 23
45 14 156.3 14.3 17 18.3
o0 9.3 1.6 2.3 4.6 6.6
51 2.6 0 0 1.3 .
52 1.6 0 0 0 0
53 0 0 0 4] 0
54 4] 0 0 0 Q0
95 0 0 0 0 0
60 0 0 0 0 0
65 0 0 0 0 0
70 0 0 0 0 0
75 0 0 4] 0 0

No. LL = Average of local lesions Number / three leaves of Ch. amaranticolor plant.
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Table 10: Dilution end point of CMV isolates:

CMV isclates

Sirte Misurata El-Khomus  Tripoli El-Zawia

Dilution isolate isolate iIsolate isolate isolate
No. LL No. LL’ No. LL No.LL"  No LL
1:1 33.6 68.3 41.6 46.6 52.3

10" 6.3 11.6 10.3 13.3 14
102 1.6 3 2.3 1.3 3
10° 0 0 0 0 0
10 ¥ 0 0 g 0
107 0 0 0 0 0
10° 0 0 0 0 0
107 0 0 0 0 0
10 0 0 0 0 0
10° 0 0 0 0 0
10°10 ) 0 0 0 0

No. LL'= Average of local lesions Number / three leaves of Ch. amaranticolor plant,

i



Table 11: Longevity in vitro of CMV isclates:

CMV isolates
Longevity  gite  Misurata El-Khomus Tripoli  El-Zawia
in vitro isolate __isolate isolate isolate _isolate
{day) No. |LL No. LL No. LL No. LL No. LL
0 27.6 42 36.3 44 43.3
Vs 1 G 13 11,6 14.3
1 0 0 0 0
1% 0 0 0 0 ¥
2 0 Q i 0 0

No. LL = Average of local lesions Number / three leaves of Ch. amaranticolor plant.
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Purification:

The purified CMV preparation induced numerous chlorotic local
lesions on Chenopodium amaranticolor. Ultraviolet absorbance of the
purified CMV suspension was typical for nucleoproteins with a minimum
at 240 and a maximum at 260 nm (Fig. 11). The ratio of A260/A28C and
A{max)/A(min) (uncorrected for light scattering) were 1.53 and 1.67
respectively. The yield of the purified CMV was 12.5 mg/100 g infected

N. tabacum cv. Local Variety leaves.
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Fig. 11: Ultraviolet absorption Spectrum of the purified CMV
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Serology:
1- Determination of Antisera titre using Quchterlony test:

The bands were formed between sap of infected N. tabacum cv.
Locai Variety {(Misurata isolate) and its homologous Antisera at the
dilutions of 0, ¥4, and ¥ (Fig. 12).

2- Determination of Antiserum titre using indirect ELISA:

Antisera against CMV were produced. Antiserum titres were
determined by indirect ELISA. Results showed that Antiserum reacted
positively with sap from infected N. tabacum cv. Local Variety leaves
when diluted up to 1: 10.24 x 10° Table (12).

3- Detection of virus isolates using indirect ELISA:

Indirect ELISA results showed that ail five isolates reacted positively
with the produced antiserum against Misurata isolate and with antibodies
against CMV (Kit from Bio-Rad).

4- Detection of virus isolates using DAS-ELISA:
All the five isolates reacted positively with antiserum to Misurata

isolate; when enzyme conjugate Y-globulin (Bio-Rad kit) was used.



Fig. 12: Determination of CMV Antiserum titre using Quchterlony test:
As = Antiserum; Ns = Normal serum.
Sap = Sap of Misurata isolate.
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Table 12: CMV antiserum titre determined by indirect ELISA as
absorbance value at 405 nm.

Indirect ELISA absorbance value
at 405 nm for CMV

Antiserum dilutions Healthy Infected
control

1: 5x10? 0.189 2.877
1:10° 0.135 2,262
1: 2x10° 0.092 1.473
1: 4x10° 0.215 2.735
1: 8x10° 0.161 1.634
1: 1.6x10* 0.135 0.807
1:3.2x10* 0.114 1.185
1:6.4x10* 0.074 0.844
1:1.28x10° 0.063 0.447
1:2.56x10° 0.053 0.189
1:5.12x10° 0.045 0.123
1:10.24x10° 0.037 0.084
1:20.48x10° 0.029 0.043

-ELISA absorbance values at 405 nm are average of two replicates each.
- Absorbance value of at least double that of the healthy control were considered positive.
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DISCUSSION

Wild tobacco Nicotiana glauca commonly shows mosaic symptoms
in the coastal belt region of Libya and near the cultivated fields. No
previous study has been done to determine the causal virus or viruses of
this disease; therefore the objectives of this study are to characterize
several isolates of each virus found from different regions in West of
Libya. The presence of tobamovirus was confirmed by ELISA test using
tobacco mosaic virus antiserum. Host range experiments of virus
isolates showed that the whale five isolates induced necrotic local
lesions on Nicotiana glutinosa, this result agree with that reported for
tochamoviruses (Bodaghi et al, 2000).

Also alt isolates induced necrotic local lesions in Nicotiana tabacum
cv. White Burley, the same symploms was cited before to be induced by
tobacco miid green mosaic virus {TMGMYV) and not by tobacco mosaic
virus {(Randles et af,, 1981) this fact supports the probability that these
isolates belonging to TMGMY and not to TMV.

The induction of local lesions obtained on N. tabacum cvs. Burley 21
& Burly Gold is not a characteristic for TMV (type strain) which reported
to cause vein clearing on young systematically invaded leaves of Burley

tobaccos (Zaitlin and Israel, 1975; and Zaitlin, 2000).
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The failure of the five isolates of the virus to infect Phaseolus
vidgaris is another evidence that the virus found associated with N
glauca in this study is TMGMV and not the type TMV because the latter
was reported to induce necrotic local lesions on Phaseolus vufgaris
(Zaitiin, 2000), while the former fails to infect it (Valverde ang Dedds,
1986).

The failure of tobamoviruses to infect most cultivars of Lycopersicon
esculentum was reported to be diagnostic for tobacco mild green mesaic
virus (TMGMV) but not for the ordinary TMV which induced systemic
mosaic or mottle on this host (Valverde and Dodds, 1986; Siegel and
Wildman, 1854; Wetter, 1984; and Wetter, 1989). Similar result also had
been reported with MDGMY (synonym of TMGMV} when the inoculation
had failed to transmit the virus of N glauca to tomate plants grown from
Canary Isiand seed as well as from American seed (McKinney, 1928),
The same failure of TMGMV to infect Lycopersicon escufentum cv.
Rutgers was reported by Bodaghi et af, (2000).

Several authors working with U2 and U5 strains {synonyms of
TMGMV) reported Lycopersicon esculentum as a systemic host. This is
quite unlikely because all cultivars of tomato tested so far have proved to
be immune. it is more probable that tomato became infected because of
contamination of the inoculums with type tobacco mosaic virus or tomato

mosaic virus (Wetter, 1989},
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The whole five isolates induced severe necrotic mosaic followed by
leaf drop in Capsicum annuum, this result was reported to be induced by
Tobacco mild green mosaig virus (Wetter, 1989; Brunt ef ai,, 1996¢; & Li
and Chang, 2004). And not induced by TMV which was reported to
induce necrotic local lesions on this host (Wetter, 1984).

The thermal inactivation point were between 84°C-88°C for the five
virus isolates which is almost the same range reported for TMGMYV (85-
90°C) by Brunt et af; (1986¢) and Wetter (1989) and it is less stable than
the type TMV which is very heat stable with some infectivity retaining
after 10 minute exposures at over 90°C (Zaitlin, 2000).

The absence of type TMV in the whole 25 samples in the present
study may confirm te an extent the fact that AV gfaiica has been reported
to be a better host for TMGMV than for TMV {Bald and Goaodchild,
1960). And also supports the fact that New South Wales N. glauca
popuiation was infected with tobacco mosaic virus (TMV) and tobacco
mild green mosaic virus (TMGMV) before 1950 but only with TMGMY
after that date and the accumulation level in N. glauca for all TMV
Isolates is much depressed in co-infections with TMGMVY. Thus, the
presence of TMGMV in N. glauca results in a decrease of its carrying
capacity for TMV and in a reduction as large as 10-fold of TMV

concentration in the population (Fraile et al., 1997).
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Depending on the above information, and results obtained it is
propased that this tobamovirus isolated from naturally infected N. glauca
plants is TMGMV., However, further work involving the reaction of
additional host plants, serology and amino acid analysis of the coat
protein is needed to ascertain in a definite manner the identity of this
virus isolates.

The Cucumovirus that reported to cause mosaic in naturally M.
glauca plants is Cucumber mosaic virus which host range had not been
studied enough vet: it was reported to infect N. glauca frequently
(Valverde and Dodds, 1586; Mol of af. 1987 Wetter, 1989; Gafny et al.,
1996 & Vovlas and Di France, 2004), but stil no enough host range
study done.

DAS-ELISA results confirmed that all the Cucumovirus isolates are
belonging to Cucumber mosaic virus and not lo any of the other
Cucumovirus members since they reacted positively with known CMV
antibodies (Bio-Rad kit) (Devergne et al., 1981).

The experimental plants that used in the present study differed in
their reaction with the five virus isolates, Although, Chenopodium
amaranficolor, Ch, quinca Nicotiana glutinosa; Vicia faba; Phaseolus
vulgaris were reacted with one or more isolates similar to that previously

reported by Eid et af, (1984), Cucumis salivus, Datura stramoniurn,
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Petunia hybrida were reacted differently. The thermal inactivation point
(TIP), dilution end-point (DEP) and lengevity in vitro (LIV) differed from
that reported by Eid ef af, (1984), but still in agree with the range
 reported by Brunt et al., (1996a); & Palukaitis and Garcia-Arenal (2003).

Virus isolates produced mosaic symptoms on different inoculated
tobacco hosts including N. glutinosa, N. tabacum cv. White Burley and
Xanthi when it was in a greenhouse of about 28°C. These results
indicated that they probably belong to CMV subgroup {, since it had
been reported that subgroup | and not Il can produce such symptoms on
tobacco at over 26°C (Palukaities et af., 1992). However, further
investigations involving the reaction of additional host plants, serology,
and amino acid analysis of the coat protein is needed to ascertain ina

definite manner the identity of this virus isolates.

)



SUMMARY

Mosaic symptoms on ieaves of Nicotiana glauca plants were
observed repeatedly along the costal region of Libya. Five samples from
each region of different five regions (Sirte, Misurata, El-Khemus, Tripoli,
and El-Zawia) were collected, tested for viruses present by indirect
ELISA. Five isolates of each virus found (Cucumavirus & Tobamovirus)
were mechanically inoculated to more than 30 plant species or cultivars
representing eight plant families.

Tobamovirus isolates were successfully infected 23 out of the 38
plant tested in different respanses, Thermal inactivation point of the
tobamovirus isolates was between 84-88°C, dilution end point was
between 10°-10° and longevity in vitro was more than 13 months.

Antiserum against Sirte isolate was produced and used to determine
relationship between isolates which were related using Ouchterlony test
and indirect ELISA. On the basis of serology these virus isolates belong
to tobamovirus group and based on some diagnostic differential hosts,

they could be isolates of tobacco mild green mosaic virus.

80



Cucumovirus isclates were successfully infected 20 out of the 33
plant tested in different responses. Thermal inactivation peint of
Cucumovirus isolates was between 50-53°C, dilution end point was
between 102-10" and longevity in vitro was between % - 1 day.

Antiserum against Misurata isolate was produced and used to
determine relationship between isolates which all were positively reacted
using indirect ELISA and DAS-ELISA (using enzyme conjugate Y-
globulin kit from Bio-Rad). Indirect ELISA showed positive reaction
between isolates and CMV antibodies (kit from Bio-Rad). DAS-ELISA
revealed a close relationship between all isolates and CMV (Bio-Rad
kit). On the basis of serology these virus isolates belong to Cucumber

mosaic virus.
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