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Abstract. Twelve lettuce cultivars including 2 local (Balady and Eskandrany) and 10 imported were
evaluated for resistance to lettuce mosaic virus (LMV). All tested cultivars, except Vanguard-75 were sus-
ceptible, with different degrees. Cultivars Balady, Empire, Sea Cream, and Signal showed the least per-
centage of infected plants (40-30%) as compared to Eskandrany, Great Lakes 659 and Thomnson (60-
70%). The most susceptible were Dark Green, Royal, Salinas, and Valmine with a percentage of infection
ranging from 80-100%.

symptoms in Balady and Eskandrany appeared in 8 to 10 days after inoculation with LMV or LMV-
RNA and virus replicated well in these cultivars. Extract of Vanguard-75 when tested in vitro inhibited the
infectivity of LMV-infected Eskandrany inocula. The mechansim of resistance in Vangaurd-75 may prob-
ably be due to failure of accomplishment of some early events of infection or replication.

Introduction

Lettuce (Lactuca sativa L.) is susceptible to several viruses in nature among which
lettuce mosaic virus (LMV) is the most destructive [1]. Since the disease was first
reported [2] a volumenous work has been going on studying the disease and finding
a suitable way of controlling it. Selection and/or breeding for resistance to LMV
seems to be the most effective method so far in controlling the disease. Germplasms
resistant to LMV were found in wild lettuce [3] as well as in commercial cultivars
[4,5]. Efforts to incorporate genes for resistance from these sources into commercial
cultivars has been successful [6]. However, the mechanism of resistance to LMV has
always been a matter of speculation.

The fact that lettuce mosaic virus is a widespread disease affecting lettuce plants
in Egypt [7] has tempted us to evaluate some local as well as foreign lettuce cultivars
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for resistance to LMV and to investigate the host-virus interaction to elucidate the
probable mechanism of resistance operating in LMV resistant cultivars.

Materials and Methods

Virus and inoculation technigue

The lettuce mosaic virus isolate (LMV-Alex.) previously identified by Fegla et
al. [7] was used. Inocula were prepared from systemically infected lettuce cv. Eskan-
drany leaves showing mosaic symptoms. Infected tissue was homogenized in 0.05 M
phosphate buffer, pH 7.7 (1:4, m/v) containing 0.1% 2-metoaptoethanol using an ice
cold mortar and pestle.

Plants were inoculated with either the whole virus or its RNA using a pad of
cheesecloth with carborundum (600 mesh) as an abbrasive. Control plants were
mock-inoculated with phosphate buffer. All tests plants were kept in insect-proof
greenhouses at 22 + 2°C,

Preparation of viral-RNA

Lettuce mosaic virus ribonucleic acid (LMV-RNA ) was extracted from infected
Eskandrany lettuce leaves following the method adopted by Jackson et al. [8] with
slight modification. Frozen tissue (0.2 g) was homogenized in a mortar and pestle at
4°C with 1 ml TNE buffer (0.1 M Tris-HCI, 0.1 M NaCl, 0.01 M Na, EDTA, pH 8.5,
2% SDS) added together with an equal volume of a mixture of water saturated
phenol (8.5 vol.), m-cresol (1.5 vol.) containing 0.1% P-hydrox quinoline and 0,025
ml diethylpyrocarbonate. The mixture was shaken at 4°C for 10 min. The aqueous
phase, recovered by centrifugation at 3000 g for 10 min., was re-extted with phenol
and reseparated. The remanant phenol was removed by several washings with dieth-
ylether and the residual ether evaporated with an air stream.

Evaluation of lettuce cultivars for resistance to LMV

Ten plants from each cultivar at 5 leaf stage were mechanically inoculated with
LMV as described above. The same number of plants at the same age were inocu-
lated with the buffer to serve as control. Virus and buffer inoculated plants were kept
in insect-proof cages. Disease incidence and severity of symptoms were recorded 3
weeks after inoculation. The experiment were repeated twice.,

Studying the mechanism of resistance in Vanguard-75

Twenty plants from each of the two cultivars Eskandrany and Vanguard-75 were
inoculated with either the whole virus, nucleoprotein (LMV), or its nucleic acid
(LMV-RNA). Inoculated plants were kept in an insect-proof cage and observed for
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the development of symptoms. Leaf samples were collected at 0, 5, 10, 15 and 30 days
after inoculation and ground in phosphate buffer (1 g/l ml). The homogenate
obtained from each sample was inoculated onto three plants of C. amaranticolor
Costa and Ryen, each with 4 leaves. Two weeks after inoculation, the average
number of local lesions per leaf was calculated. Data were first transformed with
V'x + 1 before statistical analysis.

Testing the possible inhibitory effect of lettuce sap on LMYV infectivity

To determine the possible inhibitory effect of resistant lettuce cultivar (Van-
guard-75) on virus multiplication, inocula from infected Eskandrany, healthy Eskan-
drany and health Vanguard-75 were prepared in the phosphate buffer (1:4, m/v).
Infective sap was diluted with healthy Vanguard-75 leat extracts in various ratios
(4:0,3:1,2:2,1:3,0:4). Similar preparations of infective Eskandrany sap diluted with
healthy Eskandrany sap were used as control. All preparations were incubated for 1
h at room temperature (25 + 2°C). Each preparation was then separately inoculated
onto the leaves of three C. amaranticolor plants with 4-lcaves each. Two weeks after
inoculation the average number of local lesions per leaf was calculated and data were
statistically analyzed.

Results and Discussion

Evaluation of lettuce cultivars for resistance to LMV

Twelve lettuce cultivars including 2 local and 10 imported cultivars representing
three types, Crisphead, Cos, and Romaine were evaluated for their resistance to
LMYV and found to differ in their reaction. The results presented in Table 1 show that
all the cultivars except Vanguard-75 were more or less susceptible to LMV. Balady,
Empire, Sea cream, and Signal cultivars showed the least percentage of infected
plants (40-50%) as compared to Eskandrany, Great Lack 659, and Thompson which
exhibited relatively higher values (60-70%). The most susceptible cultivars were
Dark Green, Royal, Salinas and Valmine with a percentage of infection ranging from
80-100%.

In Vanguard-75, resistance was demonstrated by the lack of mosaic symptoms
and the inability to recover the virus from inoculated plants, Although the results
presented here disagree with those reported by Ryder [6,9], the finding that the
escape ability of the genetically resistant plants is a function of either the environ-
ment or the plants themselves at the time of inoculation and afterwards [6] may
account for this discrepancy. In spite of the fact that the same single recessive gene
(mo) confers resistance in all LMV resistant cultivars [4,6], the results obtained by
Walkey et al. [5] indicated that the protection given by the (mo) gene is affected by
environment conditions.
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Table 1. Evaluation of lettuce cultivars for resistance to lettuce mosaic virus

. % infected tom
Cultivar* Type plants Ss’;thrity
Balady Romine 40 V+mM
Dark Green Cos 80 V+mM
Empire Crisphead 40 v+ mM
Eskandrany Romine 70 V+ M
Great Lakes 659 Crisphead 60 V+mM
Royal Romine 90 V+ M
Salinas Crisphead 100 V4 SM
Seacream Crisphead 50 V+mM
Signal Cos 50 V+mM
Thompson Crisphead 70 V+ mM
Valmine Cos 90 V+mM
Vanguard-75 Crisphead 0 -

V = Vein clearing; mM = Mild mosaic symptoms, M = Moderate mosaic symptoms; SM = Sever
mosaic symptoms; - = No symptoms were observed; + = Ten plants from each cultivar were inoculated
at the 5 leaf stage and the test was repeated twice.

Studying the mechanism of resistance in Vanguard-75

Lettuce mosaic virus (whole virus) and its nucleic acid (LMV-RNA) prepara-
tions were tested for their infectivity on Vanguard-75 (Resistant), Eskandrany and
Balady (susceptible) cultivars. It was observed that both preparations could not
infect Vanguard-75. However, Eskandrany as well as Balady could be infected with
either LMV-whole particle or LMV-RNA. In both susceptible cultivars, symptoms
appeared 8 days after inoculation with LMV-RNA but took 10 days when LMV-
whole particles were used as an inoculum.

The inoculum from Eskandrany samples, 0, 5, 10, 15 and 30 days after inocula-
tion with the whole virus produced an average number of local lesions of 1.58, 0.41,
2.61, 1.83/leaf on C. amaranticolor. No infectivity was recovered from any of the
inoculated Vanguard-75 samples. This demonstrates that virus did multiply in sus-
ceptible plants but in resistant cultivar no multiplication occured. With LMV-RNA,
virus replication increased with time after inoculation of plants and reached to max-
ima (2.5 local lesion/leaf) in 15 days.

The ability of LMV-RNA to infect Eskandrany and Balady cultivars but not
Vanguard-75 may suggest that the mechanism of resistance is not due to a failure in
the process of virus coat protein-host cell interaction but due probably to a cytoplas-
mic factor that is present in the resistant but not in the susceptible cultivars. This



Lettuce Varictal Response and ... 109

hypothesis is shown to be highly likely by the ability of healthy Vanguard-75 leaf
extracts to reduce the infectivity of LMV-infected Eskandrany leaf extracts in a con-
centration dependent manner.

Inhibitory effect of healthy Vanguard-75 extracts on LMY infectivity

Buffered extracts from healthy Vanguard-75 caused significant reduction in the
infectivity of LMV in Eskandrany extracts when mixed with it at ratios of 1:1 or 3:1
but not at lower ratios (i.e. 1:3 or 0:4). Comparisons were always made with LMV-
infected Eskandrany extracts mixed with corresponding amounts of healthy Eskan-
drany extracts to those used from the healthy Vanguard-75 extracts (Table 2).

Table 2. The inhibitory effect of healthy Vanguard-75 extracts on the infectivity of LM V-infected Eskan-

drany leaf extracts.
Treatment No. of local lesions per leaf*
r H.Vg-75 H.Ek.
4mlInf. Esk. + 0mlH. Vg-750r H. Esk 2.00 2.00
3mlInf. Esk. + ImlH. Vg-750r H. Esk 1.75 1.50
2mlInf. Esk. + 2mIH. Vg-75or H. Esk 1.58 2.25
1mlInf. Esk. + 3mlH. Vg-730r H. Esk 0.75 2.58
O mi Inf. Esk. + 4ml H. Vg-750r H. Esk 0.00 0.00

L.8.D, o between mixtures = 0.4

* Average number of local lesions per leaf, calculated from lesions developed on 12 leaves on 3C
amaranticolor plants each with 4 leaves.

H = Health, Inf. = Infected, Esk. = Eskandrany, Vg-75 = Vanguard-75.

The inhibitory effect of the healthy Vanguard-75 extract on the infectivity of
LMV-infected Eskandrany cultivar may have been due to the presence of an inhibit-
ory chemical substance(s) in the Vanguard-75 extracts. This suspected chemical sub-
stance(s) may have acted by altering host cell metabolism so that cells are no longer
susceptible to the virus [10-14]. Alternatively, this substance(s) could have directly
interferred with virus replication at the cytoplasmic level.

Once this substance is chemically identified, it could be synthesized in the labo-
ratory and used for controlling the disease in the field. Another approach is to intro-
duce the gene(s) coding for this chemical substance into susceptible lettuce cultivars
using the modern techniques of Genetic Engineering, but this depends totally on the
mechanism involved.
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