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SUMMARY

The aims of the present study were to survey, isolate 
and identify Tobacco rattle virus (TRV) affecting potato 
plants under the Egyptian conditions. TRV was isolated 
from naturally infected potato during two successive sea-
sons (2012-2013 and 2013-2014) in five Egyptian governor-
ates. Symptomatic plants were tested by indirect enzyme 
linked immune sorbent assay (ELISA). The identity of the 
virus as TRV was confirmed by host range, modes of trans-
mission, serological diagnosis and morphology of virus 
particles. RT-PCR was used for the molecular detection 
of TRV using specific primers. Cytopathological effects of 
TRV on potato plants were studied.The percentages of tu-
ber transmission ranged from 35 to 55% and transmission 
by the nematode (Paratrichodorus spp.) reached 17.83%. 
The obtained results indicated that dot-blotting immune 
binding assay (DBIA) and tissue-blotting immune binding 
assay (TBIA) tests were useful to confirm the identification 
of the virus. Examination of dip preparation by electron 
microscopy (EM) revealed rod-shaped particles with aver-
age length 48-114 nm and 180-197 nm, and 22 nm width. 
EM analysis showed changes in nucleus, phloem tissue, 
mitochondria, cell wall, and chloroplast. According to the 
available data, this is the first isolation of TRV from potato 
plants in Egypt.

Key words: TRV, transmission, serology, electron mi-
croscopy, PCR

INTRODUCTION

Potato (Solanum tuberosum L.) is a starchy, peren-
nial tuberous crop. It is the fourth-largest food crop in 
the world, following rice, wheat and maize. Potatoes are 
used for several purposes including starch production and 

alcohol fermentation, and in biomedical and pharmaceuti-
cal fields. The potato cultivated area reached 17,800,000 
hectares and the production was 4,800,000 tons (FAO, 
2013). Tobacco rattle virus (TRV) was named after the rat-
tle-like sound produced by the dried-out tobacco leaves, 
when the wind blows through an infected field. TRV has 
been found throughout Europe, New Zealand, in North 
America and in Japan (Visser et al., 1999). TRV infects 
potato, tomato, tobacco, spinach, artichoke, celery, pepper 
and lettuce (Sudarshana and Berger, 1998). TRV causes 
economic losses in bulbs production, such as tulip, nar-
cissus, crocus and gladiolus. Also, in Egypt TRV infected 
kaki tree (Zein, 2004) and onion (Hamed et al., 2012).

TRV is transmitted through tubers of potato at a high 
percentage, suggesting early infection in the field (Har-
rison, 1968). TRV could be transmitted by the nematode 
vectors Paratrichodorus allius, P. anemones, P. christiei, P. 
nanus, P. pachydermus, P. teres, Trichodorus minor and T. 
primitivus (Mojtahedi et al., 2003). By transmission elec-
tron microscopy, Tomitaka (2011) confirmed two types of 
rod shaped viral particles with a clear central canal of the 
genus Tobravirus. Sutic et al. (1999) mentioned that the 
length of particles was biomodal, which are long ranging 
from 180-200 and short 80-110 nm. Lockhart and Mason 
(2010) used RT-PCR for the molecular detection of TRV 
using specific primers yielding the expected size (462 bp) 
amplicon from TRV RNA 1. Katarzyna et al. (2012) stud-
ied the ultrastructural effects of infection caused by TRV 
transmitted by T. primitivus in potato and tobacco tissues. 
They concluded that TRV systemic movement occurred 
not only in the phloem, but especially in the xylem, be-
cause virus particles were more frequently observed in 
xylem parenchyma and xylem tracheary elements. Most 
economic losses due to TRV occur when high incidences 
of primary ‘spraing’ make tubers unmarketable for human 
consumption. An average loss of tuber yield of 35% has 
been reported in individual secondarily infected plants 
with stem mottle (Harrison, 1968). Dale et al. (2000) 
demonstrated that infection with the ‘multiplying type’ 
of TRV, which has complete virus particles, can severely 
affect yield and yield components as well as quality traits 
in cv. Wilja. Because of wide specialization, TRV infects 
many cultural plants (potato, tomato, lettuce, tobacco, 
and others). Severity during the epiphytotics (widespread, 
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destructive outbreaks of TRV) on potato tubers can reach 
20-40% (Aleksandrova and Trofimets, 1981). The aim of 
the present study was to isolate and identify TRV from 
naturally infected potato plants in Egypt, the susceptibility 
of different potato cultivars to TRV and cytopathological 
effects of TRV on potato plants. 

MATERIALS AND METHODS

Survey of Tobacco rattle virus. Survey of TRV in potato. 
A survey was carried out during February of 2013 and 2014 
on potato cultivars to determine TRV occurrence using 
indirect-ELISA technique. Samples were collected ran-
domly from potato grown in five governorates (El-Gharbia, 
El-Monufia, El-Beheira, El-Sharkia and Ismaalia). Potato 
plants exhibited malformation, yellowing, necrosis, leaf 
chlorosis, yellow rings, dried-out potato leaves, distorted 
stems and stunting on different cultivars i.e. Kara, Dimont, 
Esponta, Herms, Bern, Santana and Lady Rosetta.

Survey of nematodes. Sixty eight samples of soil associat-
ed with roots of symptomatic potato plants were collected 
from the same five governorates mentioned above. Samples 
from each governorate were mixed together as one sample 
and placed in labeled plastic bags, and examined by the 
nematode laboratory of the Plant Pathology Institute, Ag-
riculture Research Center, Giza, Egypt.

Host range and symptomatology. Twenty seven dif-
ferent potential host plants belonging to 7 families Sola-
naceae, Cucurbitaceae, Chenopodiaceae, Compositae, Allia-
ceae, Fabaceae and Brassicaceae were tested (Table 2). Ten 
seedlings of each type were inoculated and observed daily 
for symptoms development. The same number of healthy 
seedlings of the same species and age were left without 
inoculation to serve as a control. Three to four weeks post 
inoculation; plants were visually examined for symptoms 
appearance and assayed by DAS-ELISA using the poly-
clonal antibodies against TRV.

Serology. Several serological techniques i.e., indirect 
ELISA, DAS-ELISA, TBIA and DBIA were applied to 
test leaf samples randomly selected from different potato 
cultivars (Esponta, Santana, Lady Balfour, Herms, Kara, 
Princess, Dimont, Toscana, Maris Peer, Nicola, and Lady 
Rosetta) naturally infected with TRV. Direct ELISA kit 
for the detection of TRV was supplied by SANOFI, Santé 
Animale, Paris, France; indirect ELISA was performed us-
ing a polyclonal antiserum produced by Zein (2004) from 
kaki plants against TRV. The method of Clark and Adams 
(1977) was applied.

TRV was detected and identified in potato cultivars 
Nicola and Toscana by TBIA and DBIA test respectively, 
using polyclonal antiserum producing by Zein (2004) from 
kaki (Diospyros kaki), according to Lin et al. (1990).

Virus isolation and propagation. The virus isolate of 
TRV from El-Monufia governorate was biologically pu-
rified through a single local lesion technique on Cheno-
podium amaranticolor plants (Kuhn, 1964). The virus was 
then transmitted mechanically to potato (S. tuberosum cv. 
Santana) which was used as a propagation host.

Electron microscopy. Virus dip preparations from Ni-
cotiana tabacum cv. White Burley leaves were negatively 
stained with 2% phosphotungstic acid (PTA) (Noordam, 
1973), mounted on carbon coated copper grids (400 mesh), 
and examined by transmission electron microscope (TEM 
Jeol-1400) in the Electron Microscope Unit, Faculty of Ag-
riculture Research Park (FARP). Images were captured by 
CCD camera (AMT) at 50000×.

Potato leaf tissue infected with TRV, 45 days after 
planting were cut into small pieces about 1-2 mm contain-
ing the midrib and small parts from the leaf blade from 
the 2 sides, fixed in 2% gluteraldehyde in 0.1 M Na-caco-
dylate buffer, pH 7.2, and subjected to vacuum for 1-4 min 
every 15 min for 2 h on ice. Samples were then rinsed in 
the Na-cacodylate buffer and all the subsequent steps for 
block preparation were followed according to Osmont and 
Freeling (2001). Ultra-thin sections were cut using ultra-
microtome Leica model EM-UC6 at thickness 90-100 nm, 
mounted on copper grids (400 mesh), double-stained with 
uranyl acetate 2% for 10 min followed by lead citrate for 
5 min, and examined by transmission electron microscope. 
Images were captured by CCD camera model AMT, op-
tronics camera with 1632 × 1632 pixel format as side mount 
configuration.

Total RNA extraction. Total RNA was isolated from 
symptomatic potato plants cv. Santana from El-Monufia 
governorate which were either naturally or artificially in-
fected with TRV, showing typical viral symptoms. The 
RNA extraction and purification was performed through 
the column method using Gene JET™ RNA purifica-
tion kit (Fermentas, USA) according to manufacturer’s 
instructions.

Reverse transcription-polymerase chain reaction (one 
step RT-PCR). Total RNA extracted from the infected po-
tato plants was used as a template for the one step RT-PCR 
amplification reactions using Verso™ one step RT-PCR kit 
(Thermo Scientific, USA). A pair of oligodeoxy nucleotide 
primers (TRV f: 5’ CAGTCTATACACAGAAACAGA 3’,  
and TRV r: 5’ GACGTGTGTACTCAAGGGTT 3’) spe-
cific for TRV (Riga et al., 2009) was used to amplify a 
463 bp fragment. 

The RT-PCR was performed in 25 µl total volume con-
taining 4.75 µl of nuclease-free water, 3 ng/µl of total RNA, 
12.5 µl of one step PCR master mix (2×), 3 µl of 10 µM 
of each primer, 0.5 µl Verso enzyme mix and 1.25 µl RT-
Enhancer. Reverse transcription reaction started with in-
cubation at 50ºC for 15 min, followed by denaturation at 
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95ºC for 2 min. The amplification reaction was performed 
by 35 cycles starting with denaturation at 94ºC for 30 s, 
primer annealing at 58ºC for 2 min and extension at 72ºC 
for 1 min. An additional extension step at 72°C for 7 min 
was added. The RNA extracted from healthy potato plants 
was used as negative control for the RT-PCR. The am-
plification reaction was carried out in 0.2 ml micro Amp 
PCR tubes using T-Gradient thermal cycler (Biometra, 
Germany). The RT-PCR products were stained with Gel 
Star (Lonza, USA) and analyzed on 1% agarose gels in 
0.5× TBE buffer, then visualized by UV illumination using 
Gel Documentation System (Gel Doc 2000, BioRad, USA). 
The forward and reverse primers specific for TRV were 
used for DNA sequencing. Blast search was performed at 
NCBI using the Standard Nucleotide BLAST to search 
for sequence identity. The phylogenetic analysis was per-
formed using DNAMAN Sequence Analysis Software 
(LynnonBioSoft. Quebec, Canada) and compared with 
TRV isolate sequences available in GenBank.

Transmission. Mechanical transmission. Mechanical 
transmission test was made using homogenized samples 
of TRV infected plants. The sap was used to inoculate po-
tato (S. tuberosum cv. Santana) leaves dusted with carbo-
rundum. Plants were kept under greenhouse conditions, 
observed for symptom expression, and assayed by ELISA 
and DBIA techniques.

Tubers transmission. An experiment was conducted 
under field conditions at Tanan–El-Qalubia governor-
ate carried out on S. tuberosum cv. Santana from Farm 
Frets Company, S. tuberosum cv. Nicola and S. tuberosum 
cv. Toscana from Daltex Company. One hundred tubers 
from each cultivar were sown. The emerged seedlings 
were mechanically inoculated with TRV. Virus symptoms 
were observed at regular intervals. Six weeks after plant-
ing, disease symptoms were evaluated according to yel-
lowing, malformation necrotic and stunting. Tubers of 
infected plants (positive by ELISA tests) were collected 
from soil and stored at 4ºC in paper bags for 8 months. 
One hundred tubers from each cultivar were sown in the 
same farm. Emerged plants were observed for symptoms 
appearance. Number of seedlings showing disease symp-
toms incidences were recorded and percentage of virus 
transmission through tubers was estimated, and the ef-
fects of virus infection on some morphological characters 
of potato tuber weight and malformation were recorded.

Nematode transmission. The transmissibility of TRV 
by Paratrichodorus spp. was examined in the greenhouse 
using viruliferous nematodes according to Belin et al. 
(2001). The absence of virus was verified (by testing the 
suspension containing nematodes) by indirect-ELISA 
in the non-viruliferous nematodes grown in soil planted 
with Zea mays plants from Agriculture Research Center 
farm as a host of Paratrichodorus spp. The non-viruliferous 

nematodes were allowed to feed on infected potato roots 
seedlings cv. Esponta. The seedlings were kept under 
greenhouse conditions. About 500 adult nematodes were 
used for inoculation of each seedling which was potted in 
25 cm pots; three replicates were used. To prevent nema-
tode contamination or escape, pots were kept on plastic 
supports. Twenty five days after the beginning of transmis-
sion experiments, TRV was detected by indirect-ELISA. 
Roots and midribs of the inoculated potato seedlings were 
checked for virus presence in suspected samples. The 
ELISA reaction was measured photometrically at 405 nm. 
Healthy potato seedlings cv. Esponta were used as control. 
For ELISA detection, nematodes were extracted from soil 
following the method of Staudt (1997), i.e. the soil was 
soaked and washed with 250 ml water, the root system 
was carefully washed with a hand shower. After 25 s of 
settling the supernatant was decanted over a bank of 4 
sieves (1 mm up to 150 µm mesh). The remaining soil was 
stirred again and after 25 min of settling the supernatant 
decanted through the sieves. The procedure was repeated 
three times. Extraction was carried out without using a 
Bermann funnel to count active nematodes as well. The 
nematodes and drips which remained on the 150 µm sieves 
were rinsed with water and collected. Aliquots of 10×1 
ml were gathered from the suspension under continuous 
stirring with a magnetic stirrer. Counting was carried out 
in a Hawksley counting chamber and the number of nema-
todes per ml/250 g soil was calculated.

RESULTS

Survey of Tobacco rattle virus in potato. Visual exami-
nation. Results of visual examination during the survey 
carried out during 2012 to 2014 to determine TRV occur-
rence in potato plants in different five governorates El-
Gharbia, El-Monufia, El-Beheira, El-Sharkia and Ismailia 
are illustrated in Table 1.

Serological detection of TRV using indirect ELISA. The 
collected samples were tested in the serology lab using 
indirect-ELISA method. Results indicated that the pro-
portion of plants infected with TRV varied from field to 
field and from season to season. Data concerning the first 
season (2012-2013) revealed that the percentages of TRV 
infection ranged from 10.3 to 28%, while in the second 
season (2013-2014), data indicated that the percentage of 
TRV infection ranged from 9.16 to 24.5%. The results 
showed that the mean percentage of TRV in the first and 
second seasons were 15.04 and 12.79% respectively for the 
five Governorates. Generally, TRV survey was lower in 
the second season compared with the first one, except for 
El-Monufia which showed higher TRV infection in either 
the first season or the second one.
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Survey of nematodes. Sixty eight soil samples associ-
ated with roots of potato plants were collected from the 
five Governorates mentioned before. The stunt nematode: 
Tylenchorhynchus spp.; root-knot nematode: Meloidgyne 
spp.; root-lesion nematodes: Pratylechus spp.; Heterodera 
spp., Aphlenchus spp. and kidney nematodes: Rotylenchu-
lus spp. were detected in the collected soil samples. The 
population densities of Heterodera spp.were 120, 80 and 
300 per ml/250 g soil in El-Gharbia, El-Sharqia and El-
Ismaalia, respectively, whereas they were not recorded 
in El-Monufia and El-Beheira. The densities of Tylen-
chorhynchus spp. were 1300, 830, 4600, 1800 and 2150 
in El-Gharbia, El-Monufia, El-Beheira, El-Sharqia and 
El-Ismaalia, respectively. Population densities of Prat-
ylenchus spp. were 300, 120, 280 and 700 in El-Gharbia, 
El-Sharqia and El-Ismaalia, respectively, while they were 
not isolated from El-Monufia and El-Beheira. The densi-
ties of Rotylenchulus spp. were 340 and 200 in El-Monufia 
and El-Beheira, respectively, but were not recorded from 
El-Gharbia, El-Sharqia and El-Ismaalia. The population 
densities of Aphlenchus spp. were 400, 200 and 250 in El-
Monufia, El-Beheira and El-Sharqia, respectively, but were 
not found in Gharbia and Ismaalia. The population densi-
ties of Meloidogyne spp. were 220, 500, 280, 380 and 1400 
in El-Gharbia, El-Monufia, El-Beheira, El-Sharqia and 
El-Ismaalia, respectively. The genera Trichodorus spp. and 

Table 1. Percentage of natural infection with TRV in potato plants growing during two successive seasons 2012-2013 and 2013-
2014 by visual examination.

Governorate Location No. I/T 2012-2013 Average of virus 
infection (%) 

2012-2013

No. I/T 
 

2013-2014

Average of virus 
infection (%) 

2013-2014

Gharbia Kafr El Zayat 200/2000 10 200/2000 10
Tanta 300/1500 20 371/1600 23.18
El Santa 395/4420 8.9 50/4020 10.68

Mean 12.9 11.74

Monufia Shibin Al Kawm 800/2000 40 600/1800 33
Quesna 442/2100 21.04 450/2500 18
Menouf 1200/3700 32.43 1400/4500 31.11

Ashmoun 700/3003 23.31 700/3003 23.31
El-Shohdaa 800/3200 25 200/4000 10
Berket Elsabae 256/2000 13.25 150/1350 11.11

Mean 25.83 21.08

Beheira Bader center 500/5000 10 200/1500 13.33
Kom Hamadah 360/2000 18 420/3400 12.35

Mean 14 12.8

Sharqia Bilbeis 559/6000 9.3 208/4000 5.2
Mashtool 300/5000 6 350/5000 7
Elsalhia El gdeda 300/5000 6 720/6000 12

Mean 7.1 8.06

Ismaalia Qusaseen research station 600/4000 15 400/300 13.3

Mean 15 13.3

Overall mean 14.96 13.39

No. I/T= Number of infected plants/ Number of total plants

Fig. 1. Reaction of some hosts to TRV infection: (A) chlorosis 
on S. tuberosum malformation and necrotic local lesions; (B) 
dark rings on the potato tuber surface; (C) internal brown ne-
crotic arcs in the tubers; (D) mottling on Nicotiana tabacum; 
(E) chlorotic local lesions on C. amaranticolor; (F) necrotic 
symptoms on the stem of S. tuberosum L; (G) white necrotic 
stripe and malformation on onion (Allium cepa cv. Beheri, va-
riety in Egypt); (H) chlorotic local lesion on Datura stramo-
nium, (I) local ring spots on the leaves on Capsicum annum cv. 
California Wonder.
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Paratrichodorus spp. were not detected from the nematode 
collected samples during this survey.

Virus identification. TRV was identified according to 
host range, symptomatology, modes of transmission, sero-
logical reactions and morphology of virus particles. The 
symptoms and host reaction are illustrated in Table 2 and 
Fig. 1.

Several serological techniques i.e., indirect ELISA, 
DAS-ELISA, TBIA and DBIA were applied to test leaf 
samples randomly selected from different potato cultivars 
(Esponta, Santana, Lady Balfour, Herms, Kara, Princess, 
Dimont, Toscana, Maris Peer, Nicola and Lady Rosetta). 
In ELISA the sample was considered positive when the 
ELISA readings were double that of the negative controls. 

TRV was readily detected immunologically using TBIA 
and DBIA techniques (Fig. 2) from Nicola and Toscana 
potato plants, respectively. Samples were detected when 
nitrocellulose membrane were probed with polyclonal 
antiserum diluted 1/1000 in serum buffer, and anti-rabbit 
alkaline phosphatase conjugate diluted (1:58000) was used 
as secondary antibody. Positive reaction was indicated by 
a purplish-blue color whereas negative reactions remained 
green.

The virus was isolated from naturally infected potato 
(S. tuberosum L.) plants collected from potato fields dur-
ing the survey carried out during the successive 2012-2013 
and 2013-2014 seasons in five Egyptian Governorates. 
After passing through single local lesion transfers on C. 
amaranticolor, the virus was propagated on S. tuberosum 

Table 2. Symptoms on different plant species inoculated with TRV.

Host plant tested Reaction to inoculation with TRV

symptoms ELISA reading

1. Family: Solanaceae

Solanum tuberosum cv. Kara ST.CHS.NB.ML,NA +
S. tuberosum cv. Dimont ST.CHS.NB.ML,NA +
S. tuberosum cv. Esponta ST.CHS.NB.ML,NA +
S. tuberosum cv. Herms ST.CHS.NB.ML,NA +
S. tuberosum cv. Santana ST.CHS.NB.ML,NA +
S. tuberosum cv. Lady Rosetta ST.CHS.NB.ML,NA +
D. stramonium L. CLL +
Nicotiana glutinosa L. NLL +
N. tabacum cv. White Burley Mott-CLL +
Solanum lycopersicum YB +
Petunia hybrida Villm 0 −
Capsicum annuum cv. California Wonder LRS +

2. Family: Cucurbitaceae

Cucumis sativus cv. Beta alpha NLL- M +
Cucurbita pepo CLL +

3.Family: Chenopodiaceae

Chenopodium quinoa L. CLL +
C. amaranticolor NLL +
C. album CLL +

4. Family: Compositae

Zinnia elegans 0 −

5. Family: Alliaceae

Allium cepa red “Beheri” Ch-WNS +

6. Family: Brassicaceae

Brassica oleracea var. Capitata cv. Baladi VC +

7. Family: Fabaceae

Lupinus termis’ forsk’ 0 −
Phaseolus vulgaris cv. Ogzera ML-PP +
Lens esculenta 0 −
Pisum sativum cv. Master pea 0 −
Vicia faba cv. Giza843 0 −
Vicia faba cv. Giza716 0 −
Vicia faba cv. Miser3 0 −

St = Stunting Chs = Chlorosis WNS =White necrotic stripes
CLL = Chlorotic local lesion YS = Yellow striping LRS =Local ring spot
NLL = Necrotic local lesions PP = Pin point − =No reaction
NB = Necrotic blot NA = Necrotic arcs 0 =No symptoms
YB = Yellow banding Mott = Mottling
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cv. Santana. Infection was confirmed by back inocula-
tion and/or by ELISA. Electron microscope analysis of 
negatively stained dip preparation of potato leaves infected 
with TRV revealed the presence of few particles of two 
sizes (short 48-114 nm and long 180-197 nm, and 22 nm 
width) (Fig. 3).

Molecular detection of TRV. Both naturally and artifi-
cially infected potato plants were tested for the TRV infec-
tion. RT-PCR amplification of the viral RNA was carried 
out on the total RNA isolated from infected potato plants 
using TRV specific primers. Electrophoresis analysis of 
RT-PCR product showed a single amplified fragment of 
463 bp corresponding to the 3’ terminus of the 16 kDa 
gene, while no fragments were amplified from the RNA 
extracted from control symptomless or healthy plants 
(Fig. 4). The nucleotide sequence for the TRV-16 kDa gene, 
complete cds, was deposited in the GenBank (National 

Center for Biotechnology Information, NCBI, Bethesda, 
USA) as the Egyptian isolate of the TRV with accession 
No. KT363681. Phylogenetic analysis of the Egyptian iso-
late was performed using multiple sequence alignment 
with the corresponding sequences for different isolates of 
TRV-16 kDa gene available in GenBank such as: Alaska- 
3AKBH- (JX915804); Canada- XPR- (AY838822); isolate 
Deb57 (KF758791); Germany (KJ826365); isolate MN-
APPL2- (EU569292); isolate MN-PROAG2 (EU569291); 
Poland- 11r21 (KF758790), isolate PSG (X03685), iso-
late TCM (X03955.1), USA (FJ591156.1), isolate WA 
(JX315458.1), USA (FJ357572.1) and United Kingdom-
PRN (AY838823).

The nucleotide sequence of the Egyptian isolate showed 
ca. 97% identity with the German isolate. Other isolates of 
the TRV showed identities ranging between 88 and 89% 
with the Egyptian one (Fig. 5).

Cytopathology. Chloroplasts were of abnormal ap-
pearance, deformed and in many cases completely lysed 
(Fig. 6A and B) compared with healthy chloroplasts (Fig. 
6C). Necrosis of phloem parenchyma was also obvious 
(Fig. 6D) and abnormal vacuoles, which are not normally 
formed in healthy tissues, were present. The nucleus was 
elongated and more or less degenerated (Fig. 6E). Abnor-
mal structures which might be type of large inclusion bod-
ies were observed attached with the chloroplast (Fig. 6F). 
Another abnormal structure similar to laminated inclusion 
bodies was observed inside the phloem parenchyma cell 
which contained several vacuoles (Fig. 6G). Also, lami-
nated inclusion bodies were observed inside phloem pa-
renchyma cell formed inside membrane bound structure, 
with short virus particles attached and adjacent to cell 
membrane (Fig. 6H).

Transmission. The virus was transmitted by mechani-
cal inoculation from infected source plants to the indicator 
test plants. Infection was confirmed by back inoculation 
and/or by ELISA. TRV was transmitted through potato 
tubers of the three tested potato cultivars with different 
transmission percentages. The percentages of transmis-
sion ranged from 35, 50 and 55% in cvs Nicola, Toscana 
and Santana, respectively and results were confirmed by 
indirect ELISA test. TRV infection resulted in reduction 
in weight of potato tubers (Table 3) and malformation and 
Corky Ring spot (CRS) or spraing in tubers of potato cv. 
Santana.

Viruliferous nematodes Paratrichodorus spp. were able 
to transmit TRV to healthy potato seedlings. After 25 days 
the symptoms appeared in the inoculated potato seedling 
of cv. Esponta. Data in Table 4 illustrate that Paratrichodor-
us nematode was able to transmit TRV to healthy potato 
plants cultivar “Esponta” reaching an average of 17.83% 
in three repeated experiments. The results were confirmed 
serologically by indirect-ELISA.

Fig. 2. Detection of TRV by TBIA (A) and DBIA (B) test us-
ing polyclonal antibodies for (Nicola and Toscana) potato cul-
tivars.

Fig. 3. Electron micrograph of TRV particles showing rod 
shaped particles negatively stained with 2% phosphotunges-
tic acid. 50000×.

Fig. 4. Agarose gel electrophoresis analysis of RT-PCR am-
plified products. M: 100 bp DNA ladder (Fermentas); L1, L2 
and L3: different potato samples infected with TRV (A), pio-
neer band L1 only and HPC = healthy plant control (B).
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DISCUSSION

Potato is one of the most important food crops world-
wide and yields of potato can be affected by TRV, which 
is transmitted by ectoparasitic nematodes (Garbaczewska 
et al., 2012).

In the present study, TRV was isolated from natural-
ly infected potato plants in a survey carried out during 
2012-2013 and 2013-2014 in Nili season on potato cultivars 
in five different governorates in Egypt. The results indi-
cated that the percentage of potato plants infected with 
TRV as assessed by visual inspection or serological test 
(indirect-ELISA) differed from field to field and season 
to season. In some regions infection was higher than oth-
ers. For example, visual examination in the first season 
2012-2013 revealed that TRV incidence among the five 

governorates was highest at 25.83% in El-Monufia com-
pared with other Governorates. Also in the second season 
2013–2014 the highest incidence of TRV was 21.8%. Nev-
ertheless, the incidence of TRV was lower in the second 
season as compared with first one. This result might be 
due to the cultivars and climate conditions at time of infec-
tion and plant growth. The results were confirmed using 
indirect- ELISA.

All tested plant species and cultivars belonging to So-
lanaceae, Cucurbitaceae, Chenopodiaceae, Compositae, Al-
liaceae, Fabaceae and Brassicaceae reacted positively with 
TRV, but Vicia faba (cvs Miser 3, Giza 843, Giza 716 and 
Giza 4), Pisum sativum cv. Master pea and Zinnia elegans 
reacted negatively with TRV inoculation. The results are 
in agreement with those obtained by Hamed et al. (2012). 
Brunt et al. (1996) and Zein (2004), however, recorded 

Fig. 5. The homology tree for the Egyptian isolate of the TRV-16 kDa gene aligned with different isolates available from Gen-
Bank.

Table 3. Effect of TRV on tuber weights of S. tuberosum cv. Nicola, Toscana and Santana.

Characters Potato cultivars

Weight of ten tubers (gm.) Nicola Toscana Santana

Infected Healthy Infected Healthy Infected Healthy

1 68.16 97.50 76.74 99.10 54.0 120.10
2 66.6 78.18 55.72 77.18 50.0 90.16
3 45.0 128.98 34.88 82.83 38.0 92.88
4 56.9 61.18 20.41 71.14 40.60 55.4
5 30.43 51.90 39.28 51.00 56.60 105.19
6 44.58 77.18 54.36 66.18 52.0 60.19
7 115.21 129.38 40.08 125.18 43.83 86.14
8 40.18 50.12 57.11 50.21 26.06 63.26
9 32.65 44.8 20.9 60.8 33.62 56.8
10 44.5 50.9 29.23 75.35 24.39 60.6

Total 544.21 770.12 428.71 758.52 419.1 790.72
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several differences in host range studies, which could be 
attributed to virus strain, tested plant species and physi-
ological stage of host plants. On the other hand some plant 
species reacted with systemic symptoms of mild and severe 
necrosis symptoms on the blade of the leaves, S. tuberosum 
cvs. Kara, Dimont, Esponta, Herms, Santana and Lady 
Rosetta.

Concerning serological detection, TRV was readily de-
tected immunologically using TBIA and DBIA techniques 
from different plants of potato cultivars Nicola and To-
scana, respectively. TRV was detected in samples when 
nitrocellulose membrane was probed with polyclonal an-
tiserum. Detection by DBIA and TBIA techniques was 
more sensitive than standard ELISA.

Transmission electron microscopy showed tubular 
particles with two lengths of 48-114 nm and 180-197 nm 
and 22 nm width as observed by Harrison and Robinson 
(1978). 

RT-PCR amplification of the viral RNA was carried out 
on the total RNA isolated from infected potato plants us-
ing TRV specific primers to amplify the 16 kDa open read-
ing frame on genomic RNA-1, yielding a single amplified 
fragment of 463 bp. Similar results had been reported by 
Kirk et al. (2008), Gudmestad et al. (2008) and David and 
Gudmestad (2010). The amplified fragment was success-
fully cloned and sequenced. To our knowledge, this is the 
first Egyptian isolate of TRV to be submitted into Gen-
Bank. The nucleotide sequence of the Egyptian isolate was 

Fig. 6. Transmission electron micrograph of potato leaf tissues infected with TRV showing: (A) partially deformed chloroplast 
(Ch), (Lg) = lipid granules, (SG) = starch granules, compared with chloroplast in healthy leaf tissue (B); (C) different degrees of 
chloroplast (ch) lysis and mitochondria (M) degeneration; (D) phloem unit in leaf of infected plant characterized with unusual 
different sized vacuoles (V); (E) phloem parenchyma cell characterized with large vacuole (V), enlarged deformed and degener-
ated nucleus (N) and misshapen chloroplast (ch), (CW) cell wall; (F) abnormal structures (Abs) attached to the chloroplast (ch) 
in TRV infected cell; (G) laminated inclusion bodies (arrow) inside the cytoplasm of parenchyma cell with several vacuoles (V), 
(CW) = cell wall; (H) laminated inclusion bodies (LIB) inside phloem parenchyma cell formed inside membrane bound struc-
ture, and short virus particles (VP) attached and adjacent to the cell membrane (Cm).



Journal of Plant Pathology (2016), 98 (1), 15-24 El-Kammar et al. 23

aligned and compared with 13 different isolates available 
in GenBank. The data obtained from phylogenetic analy-
sis indicated that the nucleotide sequence of the Egyptian 
isolate was closely related to the German isolate with ca. 
97% identity. Other isolates of TRV from multiple loca-
tions showed lower identities ranged between 88 and 89% 
with the Egyptian isolate.

Analysis of ultrastructural changes reflected the exter-
nal symptoms observed on infected tobacco leaves. The 
chlorotic spots on the leaves were a result of effects on the 
chloroplasts which were completely or partially degener-
ated. Necrotic spots on the epidermis of the leaves were 
due to necrosis of parenchyma cells and partial necrosis of 
sieve elements similar to that described by Garbaczewska 
et al. (2012). The nucleus was also enlarged and contained 
segmented chromatine. TRV is found in two shapes, short 
and long rods (Hamed et al., 2011). Long and short virus 
particles were observed in the cytoplasm and attached to 
the plasmodesmata. The same observation was made by 
Garbaczewska et al. (2012). Ultrastructural analysis also 
revealed the formation of different sized and shaped ab-
normal structures which might be virus aggregates form-
ing inclusion bodies. The formation of inclusion bodies 
by Tobraviruses (including TRV) is well known and was 
previously described by Hamed et al. (2012).

In summary, TRV was isolated and identified for the 
first time in Egypt from potato plants. We recommend not 
using tubers infected with TRV to be used as seed pota-
toes. TRV was transmitted through tubers of potato with 
high percentage of 35-55%. This high percentage of tu-
ber transmission results in an infection in the field (Alek-
sandrova and Trofimets, 1981). Also, Dale et al. (2000) 
demonstrated that infection with the ‘multiplying type’ of 
TRV, which has complete virus particles, can severely af-
fect yield and quality in cv. Wilja. Concerning nematode 
transmission, Paratrichodorus nematode was able to trans-
mit TRV to healthy potato plants cultivar “Esponta” with 
mean percentages 17.83% from two separate experiments. 
The results of nematode transmission were confirmed se-
rologically using indirect-ELISA test. These results agree 
with Zein et al. (2012) where Paratrichodorus nematode was 
able to transmit TRV to healthy flax plants cultivar “Sakha 
3” with mean percentages of 16.7%.
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