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Abstract: Broad bean stain comovirus (BBSV) and cowpea aphid-borne mosaic potyvirus (CABMV) were

isolated from naturally infected faba bean and cowpea plants, respectively collected from Kafr El-Sheikh

Governorate. Observed symptoms of BBSV included severe and mild mosaic on Vicia faba L. cultivars,

whereas CABMV showed yellowing and vein banding on all Vigna unguiculata L. Both viruses were easily

transmitted mechanically, by insects and through seeds.   BBSV was transmitted by Sitona lineatus L. but

not transmitted by Myzus persicae Sulz whereas CABMV was transmitted by Myzus persicae and not by

Sitona lineatus L. Both virions isolated from Vicia faba and Vigna unguiculata showed isometric virus

particles (28 nm) in diameter similar to BBSV and filamentous flexuous virus particles (750 nm) length

in negatively stained preparations of CABMV. Sodium dodecyl sulphate- polyacrylamide gel electrophoresis

showed that both viruses contained one major polypeptide with an approximate molecular weight (Mr)

of 35 kda and one extra polypeptide (~20 kda) in BBSV only. Total RNA extracted from infected tissues,

using CTAB method was used for reverse transcription and subsequent amplification of viral sequences.

Alignments of Comovirus coat protein gene sequences allowed the selection of PCR primers in conserved

coat protein region and selection of group-specific oligonucleotides to be used as a capture probe in dot

blot hybridization assay. Partial sequences of BBSV and CABMV coat protein genes were successfully

amplified by reverse transcription-polymerase chain reaction (RT-PCR) using two different sets of primers.

The amplified genome fragments, about 225 & 345 base pairs in size, amplified from the coat protein

gene of both viruses, were analyzed by gel electrophoresis and visualized by Ethidium bromide staining.

A sensitive nonisotopic molecular hybridization method was applied to detect the low virus titres in

infected faba bean and cowpea plants.
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INTRODUCTION

Faba bean (Vica faba L.) and cowpea (Vigna

unguiculata L.) are important food legumes in Egypt

and other countries of the world. They contain high

percentage of proteins, carbohydrates, vitamins and

mineral salts which are essential for human nutrition .[22]

In 2004 about 240854 feddans were cultivated with

faba bean which produced about 330451.6 tons

whereas; the area cultivated with cowpea was about

18000 feddans which produced about 36000 tons .[40]

The production of either faba bean or cowpea is

greatly reduced by virus diseases. The losses of yield

were varied from season to another depending on kind

of viruses, host cultivar, location and environmental

factors . BBSV and  CABMV cause severe diseases[15 ,14 ,6]

wherever susceptible crops are grown, because both

viruses are transmitted through seeds . The virus[5 ,27]

transmitted by seed provides the initial inoculums and

insects are responsible for the secondary spread of the

diseases under field conditions .[52 ,6]

Huguenot et al. ; and Sousa et al.  used SDS-[24] [43]

PAGE to determine the molecular weight of the coat

protein of CABMV which estimated as 32K and 35K,

respectively.  As well as Subr et al.  showed that the[44]

relative molecular weight of the coat proteins of BBSV

as determined by SDS-PAGE, were 36.5 and 22 kDa.

RT-PCR method is becoming increasingly popular

for rapid analysis of gene transcripts, primarily because

of its high sensitivity and specificity.  The Brazilian

and Thailand isolates of cowpea aphid-borne mosaic

virus (CABMV) was detected by using primers designed

in the coat protein region and evaluated by reverse

transcription-polymerase  chain reaction (RT-PCR) to
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generate 221-bp product . However, to our[1 9 ]

knowledge, there is no published reports studied the
BBSV on molecular basis until this study has begun.

Tests based on nucleic acid hybridization can be
used for diagnosing plant viruses . Until now,[25]

radioactive labeled probes have been commonly used
for nucleic acid hybridization. However, such

techniques have some disadvantages, in concern about
the environmental impact, safety, and short lifetime and

cost of using radioactive labels.  Therefore, alternative
hybridization methods that employ non-radioactive

labeled probes have been developed and are proving to
be much more practical .[30 ,32 ,13]

The objective of this study is to identify the virus
isolates causing disease symptoms observed on faba

bean and cowpea plant by using molecular detection
techniques.

MATERIALS AND METHODS

Biological Study:

Isolation and Identification of the Studied Viruses:
Source of Virus Isolate: Naturally infected faba bean

and cowpea plant samples showing virus-like symptoms
suspected to be due to BBSV and CABMV were

collected from Kafr EL-Sheikh Governorate were used
for mechanical inoculations as described by

Noordam . Indirect ELISA technique was conducted[42]

to test the collected samples using an authentic and

specific antiserum for each virus as described by
Converse and Martin . Antiserum against broad bean[10]

stain comovirus was kindly provided by Dr. Michael J.
Adams, P lant Pathogen International Division,

Rothamsted Research, Harpenden, Herts Al5 2JQ, UK
and Dr. Safaa Kumari, Virology Lab., Germplasm

Program, ICARDA, Aleppo, Syria., while the antiserum
against cowpea aphid borne mosaic potyvirus was

kindly provided by Dr. Max Schnfelder, Sammlung
P f l a n z e n v i r e n ,  D e u t s c h e  S a m m l u n g  v o n

Mikroorganismen und Zellkulturen GmbH (DSMZ),
Germany.  

Host Range and Symptomatology: 100 plant species

and  cultivars  belonging  to  21 different families
were mechanical  inoculated by each of faba bean

isolate  and cowpea isolate to study the host range.
The classification, identification and nomenclature of

the  wild host plants were according to Täkholm .[45]

Ten plants of each species and cultivar were inoculated

with infected sap; in addition ten plants were
inoculated with the sap prepared from healthy plants to

serve as controls. 

Modes of Transmission: 
M echanical Transmission: Healthy faba bean

seedlings  were inoculated with faba bean isolate and

healthy cowpea seedlings were inoculated with cowpea

isolate. Healthy and inoculated seedlings were kept in

insect-proof cage and examined for external symptoms.

 Subsequent mechanical transfer was done using the

local lesion technique  using Chenopodium murale L.[29]

for faba bean isolate and Chenopodium quinoa L. for

cowpea isolate. Healthy and inoculated seedlings were

kept in insect-proof greenhouse and examined for

external symptoms.

Insect Transmission: Colonies of Myzus persicae Sulz

were reared on cabbage and faba bean or cowpea

seedlings, respectively and Sitona lineatus L. was

reared on faba bean seedlings. The insects were

identified and classified by Department of Economic

Entomolgy, Faculty of Agriculture, Kafr El-Sheikh,

Tanta University. Aphid cultures were started with a

single aphid in an insect-proof cage. New borne aphids

and insect adult from Sitona lineatus L. starved for 1-3

hrs were transferred to infected plants with a Camel-

hair brush, and were allowed to feed for acquisition

feeding period of 5-10 min. before being transferred to

healthy seedlings for inoculation feeding period of 24

hrs. To remove the insect from plants when needed,

the insect was irritated by a gentle touch to its back

with the brush until it started moving, and then carried

on the brush. Twenty plants were used for each

experiment and five insects were used for each plant.

The same procedure was applied for the control, except

that virus-free insects were used. Insects were killed by

0.2 % Malathion spray. The inoculated seedlings were

kept in an insect–proof cage till symptoms appearance.

Seed Transmission: Virus free seeds of faba bean cv.

Giza3, cowpea cv. Cream no.7 were sown in 20 cm

diameter pots and kept in an insect-proof green house.

Two weeks after sowing, half of the resultant faba

bean seedlings were mechanically inoculated with faba

bean isolate as mentioned before whereas half of the

resultant cowpea seedlings were mechanically

inoculated by cowpea isolate. The remainder of the

seedlings was kept without inoculation as a control.

Developing plants were sprayed at biweekly intervals

with 0.2 % Malathion to avoid insect attack. Seeds of

infected plants were collected from dried pods and

stored in paper bags for 8 months at room temperature

(22-25 C). Four hundred seeds from each cultivar were o

sown in seedling trays (260 cells) and sprayed weekly

with 0.2 % Malathion and kept under observation till

symptoms appearance. Number of seedlings showing

disease symptoms were recorded and percentage of

virus transmission in seeds were estimated. Seeds from

healthy plants were used as control and received

similar treatments.
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Electron Microscopy: BBSV was purified from

infected faba bean cv. Improved Giza 3 leaves showing

distinct symptoms, 4 weeks post inoculation while

CABMV was purified from infected cowpea cv.

Fetriaat leaves showing typical mosaic symptoms, 18

days post inoculation according to the method

described by Azzam and Makkouk ; Lima et al.[3] [33]

with  some  modifications as described by El-Sidaros

et al. . A drop of purified virus preparation was[12]

placed on Formavar-coated grids (300 mesh), then air

dried and stained with 2% Unranyl acetate for 2 min.

The grids were examined with Ajoal 100Sx11 electron

microscope, in the Electron Microscope Unit, Faculty

of Science, Zagazig University, Zagazig. 

Molecular Study:

SDS-PAGE: The purified virus preparations were

analyzed by denaturing sodium dodecyle sulphate-

polyacrylamide gel electrophoresis (12 % SDS-PAGE)

according to Laemmli  using Biometra vertical[31]

electrophoresis unit.  The black cathode lead (-) was

inserted  into  the  cathode plate jack and the red

anode lead (+) was inserted into the anode plate jack.

The anode lead and cathode lead was connected to

their corresponding power supply outputs. The current

was set at current density time limit of 0.8 mA/cm2 for

1 to 2 hours. The protein gel stained for 1 hour in a

solution of 50% (v/v) ethanol, 10% (v/v) acetic acid

and 0.25% (w/v) coomassie brilliant blue R-250 (BDH,

Merck Biochemicals) at room temperature with

shaking. Thereafter, the gel was destined as

recommended by Harlow and Lane  using a solution[20]

of 5% (v/v) ethanol and 7.5% (v/v) acetic acid for 6

hours.

RT-PCR Amplification: Oligonucleotide primers used

in this study are listed in Table (2). BBSVF and

BBSVR primers were designed in the coat protein

region for BBSV according to published nucleotide

sequences of bean pod mottle virus, cowpea, red clover

and squash mosaic virus. Nucleic acid sequence

alignment was performed using DNAMAN software

version 5.2.9 (Lynnon Biosoft) and the consensus

sequences were selected. CABF and CABR

oligonucleotide primers were selected according to

Barker et al. ; Hayata et al. ; and El-Said et al. .[4] [23] [11]

The oligonucleotide primers were bought from

Metabion GmbH (Lena-Christ-Strasse 44, D-82125

Martinsried/ Deutscland). 

Total nucleic acids were isolated from the infected

leaves by using the CTAB method described by

Thomson and Henry  and Gibbs and Mackenize .[46] [17]

10 µl of total RNAs of BBSV and/or CABMV were

added to primer annealing reaction mixtures contains 6

µl of 5X first strand buffer (250 mM Tris-HCL. pH

28.3, 375 mM KC1, and 15 mM MgCl ), 3 µl of 0.1 M

dithiothreitol (DTT), 1 µg of complementary primers

2(BBSVR) and (CABR) and sterile H O to a final

volume of 30 µl. The reaction mixtures were denatured

by heating at 100 °C for 5 min and placed on ice to°

prevent renaturation of the RNA and primer. 20 µl of

a cDNA reaction mixtures containing: 4 µl of 5X first

strand buffer, 2 µl of 0.1 M DTT, 1 µl of RNAsin (40

units, Promega Corp., Madison, US), 5 µl of 0.3 M B-

mercaptoethanol, 2.5 µl of 10 mM dNTPs (2.5 mM

each dGTP, dATP, dTTP, and dCTP), and 1 µl of

Moloney murine leukemia virus (200 U/ul) reverse

transcriptase (Promega, Corp) were added to each tube.

Reactions were mixed briefly, and incubated for 1-1.5

hour at 42°C. Amplification were performed in thin-

walled PCR tubes and contained the following reaction

mixture: 2.5 µl of 10X PCR buffer (IX is 10 mM Tris-

HCl, pH 8.3, 50 mM KC1, and 0.001% gelatin), 1.5 µl

2of 25 mM MgCl  (1.5 mM final concentration), 0.5 µl

of 10 mM dNTPs, 0.5 µl each of 50 pm/ë of BBSVF

and BBSVR primers in BBSV reaction mixture and 0.5

µl each of 50 pm/ë of CABF and CABR primers in

CABMV reaction mixture.  2.5 units of Taq DNA

2polymerase (Promega) and sterile H O was added to a

final total volume of 25 µl.  2.5 µl of the cDNA

mixtures were added to the PCR reactions and

amplified in a DNA thermocycler (Biometra) with the

following cycling parameters: denaturation at 94°C for

30 sec, primer annealing at 55°C for 30 sec, and

extension at 72°C for 45 sec for 35 cycles with a final

extension at 72°C for 7 min. 

Dot-blot Hybridization Technique:

G enerating cD N A  probe w ith D ig- labeled

nucleotides: Digoxigenin -11- dUTP–labeled cDNA

probe, corresponding to BBSV and CABMV/CPs were

prepared by using 10X DNA labeling nucleotide mix

(Roche, B oehringer  M annheim, Indianapo lis).

Digogxigenin-11-dUTP nucleotide mix was incorporated

into the PCR cocktail instead of the normal nucleotide

mix using the protocol described under the technical

bulletin (Roche, Boehringer Mannheim, Indianapolis).

The PCR reaction was performed in 25 µl total volume

reaction containing 25 pmole of each amplification

primer flanking the BBSV and CABMV/CP coding

sequence (Table 5), 2.5 µl cDNA, 3.5 mM Dig-11-

dUTP and 2.5 U/ µl of the High Expand Fidelity DNA

polymerase (Roche) were used in a buffer containing

20 mM Tris-HCl, pH 8.2, 10 mM KCl, 6 mM

4 2 4 2(NH ) SO , 0.2 mM MgCl , 0.1 % triton x-100 and 10

µg/ml of nuclease- free BSA. The amplification was

carried out using the UNOII system from Biometra

using 0.2 ml micro Amp PCR tubes. Hard denaturation
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of the DNA was performed at 95°C for 3 min followed

by 35 cycles of amplification with denaturation at 94ºC

for 45 sec, annealing at 55ºC for 1 min, and extension

at 72ºC for 90 min. A single tailing cycle of long

extension at 72ºC for 7 min was carried out in order to

ensure flush ends on the DNA molecules. 

Dot-blotting: The preparation of tissue extracts for dot

blots was carried out according to Loebenstein and

Akad   with  some  modifications. The leaf tissue[34]

(0.5 g) was ground in 2.5 ml of denatured solution

containing {8X standard saline citrate (SSC containing

150 mM NaCl, 15 mM Na acetate, pH 7.0) with 10 %

formaldehyde}. The mixture was heated to 70°C for 15

min. and was kept on ice. The extracted nucleic acid

was serially diluted in 6XSSC buffer, heated to 95ºC

for 10 min and chilled on ice.  5µl of each dilution

was spotted onto the membrane using the protocol

described by Koreschineck et al. . The membrane was[28]

denatured by using 0.5M NaOH for 5 min followed by

neutralization in neutralization buffer (1M Tris-HCl pH

7.4, 2X SSC) and finally precipitated by ethanol 95%

for 5 min. and air dried.  The nucleic acids were cross

linked at 2.500 µJoules/cm for 2 min before going to2 

the hybridization procedure.  

Pre-hybridization and Hybridization: The membrane

was subjected to hybridization according to Boehringer

Mannheim protocol. The nitrocellulose membrane was

pre-hybridized  with  25 ml hybridization solution

(25ml of pre-hybridization solution (6.25ml of 20X

SSC, 0.25ml of 10% N-laurysacrosine, and 0.025ml of

20% SDS, 1.25g blocking reagent) overnight at 65ºC

in  hybridization  oven (Techne Hybridizer HB-ID).

The hybridization solution was replaced with 25 ml,

per 100 cm  membrane, hybridization solution2

containing 10 - 50 õg of heat denatured Dig-labeled

cDNA  probe   per   ml   hybridization   solution.

The membrane was incubated overnight at 65 °C and

then washed twice for 5 min at room temperature with

50 ml of 2X SSC, 0.1 % SDS (w/v) and twice for 15

min at  68 °C with 0.1 X SSC, 0.1 % SDS (w/v).

Nitrocellulose membrane was washed briefly for 1 min

in buffer I (0.1M maleic acid, 0.15 M NaCl, pH 7.5)

and  incubated  for 30 min at 25 °C with 100 ml

buffer 2 (100ml buffer (I) and 1 gm blocking reagent).

The membrane was incubated for 30 min at 25 °C with

anti-dig-alkaline phosphatase conjugate diluted 1-5000

in buffer II (100ml buffer (I) and 1 gm blocking

reagent). The unbound antibodies were removed and

the membrane was equilibrated by washing 2 times for

15 min with 100ml of buffer I (0.1M maleic acid,

0.15M NaCl, pH 7.5), then washed for 2 min with 20

ml of buffer 3 containing 100mM Tris-HCl, 100mM

2NaCl, and 50 mM MgCl  pH 9.5) at 25 °C.

Colorimetric Detection: T h e  c o lo r  r e a c t io n  w a s

initiated at alkaline pH by the incubating the membrane

using colorimetric detection reagents {nitro blue

tetrazolium (NBT) and 5-bromo -4- chloro-3-indoyle

phosphate (X-phosphate)} in the dark without shaking

until the appropriate purple color developed. The

reaction was stopped when desired spots were detected

by  washing  the  membrane with Genius buffer IV

(10 mM Tris-HCl, 1 mM EDTA, pH 8.0) for 5 min

and then was air dried.

RESULTS AND DISCUSSIONS

Isolation of the Studied Viruses:

Source of the Virus Isolate and Observed

Symptoms: The two virus isolates under investigation

were isolated from faba bean plants (Vicia faba L.)

showing severe mosaic and cowpea plants (Vigna

unguiculata L.) showing yellowing. The two virus

isolates were collected from different locations in Kafr

EL-Sheikh Governorate. Faba bean isolate was

propagated in Improved Giza3 whereas cowpea isolate

was propagated in cv. Fetriaat.  The virus isolates were

identified as BBSV and CABMV on the basis

symptomatology, modes of transmission, morphology of

virus particles, serology, and molecular testing. All data

obtained confirmed that the viruses under study were

BBSV and CABMV.

Identification of the Studied Viruses:

Host Range and Symptomatology: Broad bean stain

comovirus have a narrow host range. 30 plant species

out of 100 plant species and varieties were found to be

susceptible to the studied BBSV isolate (Table 1).

Chenopodium murale L. and Chenopodium quinoa L.

were found to be local lesion hosts for BBSV. Similar

results were obtained by Gibbs et al. ; Allam et al. ;[18] [1]

Makkouk et al.  and Khatab, . On the other hand[35] [27]

cowpea aphid borne mosaic potyvirus reactive

positively with 19 plant species out of 100 plant

species  and  varieties.  Chenopodium  quinoa  L.,

was  found  to  be  local  lesion host. These results

are similar to those obtained Bock, ; Chang and[7]

Kuo,  and Guo et al.[9]

BBSV induced severe and mild mosaic on Vicia

faba L. cultivars, Vigna unguiculata (L.) Wlap. cvs.

Cream No.7, Fetriaat and Metrawy, and induced

chlorotic local lesions on inoculated leaves of

Chenopodium murale L.. Whereas CABMV induced

yellowing and vein banding on all Vigna unguiculata

(L.) cultivars and induced chlorotic local lesions on

inoculated leaves of Chenopodium quinoa L. Similar

results were obtained by Gibbs et al. ; Allam et al. ;[18 ] [1]

Makkouk et al.  and Khatab . [35] [27]
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Table 1: A list of tested hosts, symptoms induced by Broad bean stain (BBSV) and cowpea aphid-borne mosaic virus (CABMV) and the time

taken until symptoms appear (Inoculating days).  (M.M ): M ild M osaic, (SM ): Severe M osaic, (Mo): M ottling, (CLL): Chlorotic Local

Lesion, (St): Stunting, (Y): Yellowing, (CK): Crinkle, (O): No symptoms, (V.B): Vein Banding

Host plants Symptoms induced by

----------------------------------------------------------------------------------------------------------------------------------------------------

BBSV Inoc. days CABM V Inoc. days

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             Fabaceae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Vicia  faba  L. cvs. 10-14

Sakha 1 M .M 0

Nubaria      M.M 0

Egypt 1 S.M  +CK 0

Sakha 2 M .M 0

Improved Giza 3 S.M +CK 0

Sakha 3 M.M 0

Sakha 716 M o 0

Giza blanca M.M 0

Giza 843 M.M 0

Giza 461 M.M 0

Vigna unguiculata (L.)Wlap. cvs. 8-10

Azmerly 0 Y

Cream 7 M.M 16-18 Y

Fetriaat M.M 16-18 Y+V.B

Kafr El Sheikh 1 0 Y

Black eye 0 Y+V.B

M etrawy S.M 16-18 Y

Glycine  max L. cvs. 14-18 12-14

Giza 22 S.M+V.B M .M

Giza 21 M.M+V.B M .M

Giza 11 M.M+V.B M .M

Vicia  narbonensis L. S.M+St 14-16 0

Vicia  sativa L. 0 0

Lens  culinaris  M edic. cvs. 0 0

Sina 1 0 0

Giza 370 0 0

Giza 51 0 0

Lupinus  termis Fark. cvs. 10-14 8-10 

Giza 1 S.M  +St Y+V.B

Giza 2 S.M  +St Y+V.B

sPhaseolus  Vulgaris L. cvs. 10-12

Nebrasca M .M 14-16 Y+V.B

Calypos M .M 14-16 M .M

M y 309 0 Y+V.B

Polysta 0 Y+V.B

Pisum sativum   L. cvs.

Sugar sweet M .M 12-14 0

Sugar lace 0 0

Deliket 0 0

Snow wind 0 0

M aster pea 0 0

Cicer arietinum  L. cv.   Giza 4         0 0

Trigonella foenum-graecum  L. cvs. 14-16 10-12

Giza 30 S.M +CK Y+V.B

Giza 1 S.M +CK Y+V.B

Trifolium alexandrinum  L. 0 0

Medicago sativa   L. M .M 18-20 0

Dolichos lablab L. 0 0

Arachis hypogea L. 0 0

Medicago hispida Gaertn. S.M+V.B 16-18 0

Melilotus indicus All. S.M+V.B 16-18 0

Lotus corniculatus L. 0 0

Lathyrus odoratus M .M 14-18 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

             M alvaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1: Continued

Gossypium barbdence  L. 0 0

Malva sylvestris L. 0 0

Althaea rosea  Cav. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

              Compositae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lactuca sativa L. 0 0

Calendurla officinalis L. 0 0

Helianthus annus L. 0 0

Sonchus oleraceus L. 0 0

Senecio vulgaris L. 0 0

Silybium marianum  L. 0 0

Bellis perennis L. 0 0

Cichorium pumilum  Jacq. 0 0

Arcototis aurantiaca 0 0

Ageratum houstonianum 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Linaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Linum grandiflorum  Desf. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        Tiliaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Corchorus olitorus  L. 0 0

Chenopodiaceae

Beta vulgaris L. cvs.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dmapoly 0 0

FD 9992 0 0

Nema 0 0

Pepita 0 0

Beta maritima L. 0 0

Chenopodium amaranticolor

Coste. & Ryne. 0 0

Chenopodium quinoa  L. CLL 8-12 CLL 8-12

Chenopodium album   L. 0 0

Chenopodium murale  L. CLL 8-12 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        cruciferaceae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mathiola incana R.Br. 0 0

Sisymbrium  irio L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

         Solanceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Datura stramonium   L. 0 0

Datura metel L. 0 0

Lycopesicon esculentum   L. 0 0

Solanum tuberosum   L. 0 0

Capsicum annum  L. 0 0

Nicotiana rustica   L. 0 0

Nicotiana tabacum  L. cv. White burley 0 0

Nicotiana glutinosa L. 0 0

Solanum nigrum  L. 0 0

Petunia hybrida Hort. 0 M .M +V.B 12-14

Plantaginaceae 

Plantago major L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Cucurbitaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cucurbita pepo L. 0 0

Cucumis sativus L. cv. Striped American 0 0

Cucumis melo Var. cantaloupensis Naud. 0 0

Cucumis melo Var. aegyptiancus 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

     Graminaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1: Continued

Zea Mays L. 0 0

Triticum aestivum  L. cv. Giza 160 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

     Schrophulariaceae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Antirrhinum majus L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Onagraceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Clarkia elegans Douglas. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Caryophllaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gypsophila elegans Bich. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Dipsacaceae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Scabiosa atropupurea L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Tropaeolaceae

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Tropaeolum majus L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

       Verbenaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Verbena hybrida Hor. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        Geraniaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pelargonum  zonal  0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

        Convolvulaceae 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Convolvulus orvensis L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

               Primulaaceae  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Anagallis orvensis L. 0 0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Polygonaceae 

Rumex dentatus L. 0 0

Emex spinosus L. Campd.

Table 2: Transm ission efficiency of Broad bean stain (BBSV) and cowpea aphid-borne mosaic virus by Sitona lineatus and Muzus persica.

Insect Virus isolates

---------------------------------------------------------------------------------------------------------------------------------------------------------------

BBSV CABM V

---------------------------------------------------------------------------------- ---------------------------------------------------------------------

No. of inf. Plants / No of inoc. Plants Infection % No. of inf. Plants / No of inoc. Plants Infection %

Sitona lineatus 4/20 20 0/20 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Muzus persica 0/20 0 12/20 60

Modes of Transmission:

Mechanical Transmission: Faba bean isolate which

gave positive reaction with BBSV antiserum using

indirect ELISA technique, as well as cowpea isolate

which gave positive reaction with CABMV antiserum

using the same technique were readily transmitted by

mechanical inoculation of sap extracted from infected

faba bean leaves and cowpea leaves, respectively. The

results revealed that BBSV was transmitted by

mechanical inoculation to 8 of 10 faba bean seedlings

(80%) whereas; CABMV was transmitted to 9 of 10

cowpea seedlings (90%). Infection was confirmed by

back inoculation to Chenopodium murale for BBSV

and Chenopodium quinoa for CABMV.

Insect Transmission: Myzus persicae Sulz. and Sitona

lineatus L. were used to transmit BBSV and CABMV.

Results presented in Table (2) show that  Sitona

lineatus could transmit BBSV to 20% of inoculated

faba bean plants but it could not transmit CABMV to

inoculated cowpea plants, whereas Myzus persicae

could transmit CABMV to 60% of inoculated cowpea
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Fig. 1: Electron micrograph of purified BBSV (A) and CABMV (B) negatively stained with Uranyle acetate.

Magnification X= 60.000. 

Fig. 2: 12% SDS-PAGE showing electrophoretic mobility of coat protein polypeptide subunits of BBSV and

CABMV purified virions.   M: molecular weight Markers (Sigma) in kDa including lactalbumin (14),

Trypsin inhibitor (20), carbonic anhydrase (29), glyceraldhyde-3-phosphate dehydrogenase (36) Ovalbumin

chiken egg (45), Albumin bovine serum (66).

Fig. 3: (A).  1%  agarose  gel  electrophoresis showing the RT-PCR amplified products of BBSV/CP using

BBSVF  and  BBSVR  specific  degenerate  primers for BBSV. The expected PCR product was about

225  bp  as  indicated  by  arrow.  Lanes  1,  2  and  3,  showing  the  correct size of the amplified

part of BBSV /CP gene fragment (~225bp). Lane. M: Molecular weight DNA Markers. (B). RT-PCR

amplified products of CABMV/CP using CABF and CABR specific primers for CABMV. The expected

PCR product was ~345 bp as indicated by arrow.  Lane 1 shows the correct size of the amplified part

of CABMV /CP gene fragment (~345 bp).  Lanes 2, 3, and 4: cowpea tissues showing No amplified

products in the gel electrophoresis.  Lane 5 (No cDNA template, negative control).  M: Molecular weight

DNA Marker.
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Fig. 4: Nucleotide sequence alignment of the coat protein genes of comoviridea.; (BPMV): Bean pod mottle virus

(strain G-7) accession number M62738, (CPMV): Cowpea mosaic virus / coat protein gene accession

number X00729, (RCMV): Red clover mottle virus (RCMV)/ coat protein gene, accession number M14913,

(SQMV): Squash mosaic virus RNA2, accession number AB054689. The group specific primers BBSVF

and BBSVR were designed for RT-PCR amplification of BBSV as a member of comoviridea. The arrows

indicate the direction (polarity) of each primer.

Fig. 5: Dot-blot  hybridization  assay  showing  the  colored  spots  of hybridized nucleic acid extracted from

five  samples  of  faba bean plants infected with BBSV and hybridized with BBSV-CP DNA-probe

labeled with dig-11-dUTP (spots from 1 To 5). 6: Healthy faba bean tissues showing no signal.  Spots

from 7 to 11 are cowpea plants infected with CABMV and hybridized with CABMV-CP DNA-probe

labeled with dig-11-dUTP.  The extracted nucleic acids were diluted 10 fold in 8 X SSC containing 10%

Formaldehyde and 5 ìl of diluted extract was spotted on nitrocellulose membrane.  12: Healthy cowpea

tissues showing no signal.  

plants but it could not transmit BBSV to inoculated

cowpea plants.  These results are agreed with those

obtained by Morsy, ; Mazyad et al. ; Guo et al. ;[41] [39] [36]

Mali et al.  and Awad, ; and Khatab, . On the[27] [2] [27]

other hand Sitona lineatus L. was able to transmit

BBSV as the percentage of transmission was 20%

whereas Sitona lineatus L. failed to transmit CABMV.

These results were in harmony with those obtained by

Gibbs et al. ; Mather ; Wodicka ; Xu et al. ;[8] [38] [50] [51]

Makkouk and Kumari  and Yossef .[35] [52]



J. Appl. Sci. Res., 3(12): 2013-2025, 2007

2022

Table 3: Transmission efficiency of Broad bean stain virus (BBSV) by stained and unstained seeds in different faba bean cultivars referring

to Pod position with calculated general mean.

Stained Unstained

Faba bean cultivars Pods position ------------------------------------ ------------------------------------------ General mean

Ratio % Ratio %

Nubaria 1 lower pods 10/104 9.62 9/105 8.57

------------------------------------------------------------------------------------------------------------------------------------------------------

medium pods 12/102 11.76 10/100 10.00

------------------------------------------------------------------------------------------------------------------------------------------------------

upper pods 15/97 15.46 12/102 11.76

------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 12.48 10.11 11.20

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sakha 2 lower pods 7/103 6.79 6/101 5.94

------------------------------------------------------------------------------------------------------------------------------------------------------

medium pods 10/99 10.1 7/104 6.73

------------------------------------------------------------------------------------------------------------------------------------------------------

upper pods 15/100 15 13/99 13.13

------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 10.63 8.60 9.62

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Giza 461 lower pods 7/102 6.86 5/104 4.80

------------------------------------------------------------------------------------------------------------------------------------------------------

medium pods 8/105 7.61 7/103 6.79

------------------------------------------------------------------------------------------------------------------------------------------------------

upper pods 13/101 12.87 11/103 10.67

------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 9.11 7.42 8.27

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Egypt 1 lower pods 8/104 7.69 6/103 5.82

------------------------------------------------------------------------------------------------------------------------------------------------------

medium pods 9/98 9.18 7/100 7.00

------------------------------------------------------------------------------------------------------------------------------------------------------

upper pods 15/102 14.7 11/110 10.00

------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 10.52 7.61 9.07

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Improved Giza 3 lower pods 9/102 8.82 6/99 6.06

------------------------------------------------------------------------------------------------------------------------------------------------------

medium pods 12/104 11.53 7/98 7.14

------------------------------------------------------------------------------------------------------------------------------------------------------

upper pods 18/101 17.82 11/103 10.67

------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 12.72 7.96 10.34

Seed Transmission: The two isolated viruses were

seed transmitted.  BBSV was able to transmit through

seeds of different faba bean cultivars. The percentage

of seed transmission was varied between faba bean

cultivars, position of pods on faba bean stem and

stained and unstained seeds (Table 3). The highest

percentage was recorded in the stained seeds in upper

pods of Improved Giza 3 faba bean cultivar (17.82 %)

and the lowest percentage was recorded in the

unstained seeds in lower pods of Giza 461 faba bean

cultivar (4.80 %). The percentage of seed transmission

for broad bean stain comovirus varied from 1-12 % in

different faba bean cultivars . CABMV  was[1 8 ,2 7 ]

transmitted through cowpea seeds. The highest

percentage was recorded in Fetriaat cowpea cultivar

(5.4 %) whereas the lowest percentage was recorded in

Kafr  El-Sheikh  1 and Black eye cowpea cultivars

(3.8 %) as shown in Table (4). Cowpea aphid borne

mosaic potyvirus was transmitted through cowpea seeds

with a percentage of 1-10 % as reported by Morsy, ;[41]

Guo et al.; Aawad,  and Mali et al. .[2] [37]

Electron Microscopy: BBSV and CABMV were

purified as described by Sidaros et al. Examination of

purified BBSV preparations revealed isometric virus

particles 28 nm in diameter (Fig. 1A).  The obtained

results  were  similar  in respect to those reported by

Brunt et al.  and Khatab . On the other hand, the[8] [27]

purified CABMV  preparations revealed flexuous

filamentous particles of 750 nm in length (Fig. 1B).

Similar results obtained by Tolba ; Chang and Kuo ;[47] [9]

and Awad .[2]

Molecular Study:

Detection of BBSV and CABMV by SDS-PAGE:

Purified viral proteins prepared from either faba bean

plants infected with BBSV or cowpea plants infected

with CABMV were performed on 12% SDS-PAGE as
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Table 4: Transm ission efficiency of cowpea aphid-borne mosaic virus (CABMV) by the seeds of different cowpea cultivars

Cowpea cultivars Ratio % Transm ission

Kafr El Sheikh 1 15/385 3.9

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fertiaat 21/389 5.4

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cream No. 7 21/393 5.3

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Black eye 15/390 3.8

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Azm erley 21/395 5.3

Table 5: A list of the primers used in RT-PCR amplification.  Showing the primer name, nucleotide sequences and the size of the amplified

products.  

Primer Name Primer sequence Size of PCR

5' ÿ  3'

BBSVF (CT)TI(AC)I(AT)I(CT)(GT)GCTGC(CT)TGGAA 225 bp

BBSVR TTCIAA(AT)CCI(CT)TITT(GT)GG(AT)CC

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CABF AATGCAAAGCCAACATTC 345 bp

CABR CTAATACGAACACCAAGCAT

shown in Fig. (2). Large protein bands of molecular

weight ca.35 k Da were observed with both BBSV and
CABMV purified virus preparation and 22 kDa for

BBSV only. Similar results obtained by Jones and
Barker  and Subr et al.  for BBSV and Sousa et[26] [44]

al.  for CABMV.[43]

Detection of BBSV and CABMV / RNAs by RT-
PCR: Reverse transcription-polymerase chain reaction

(RT-PCR) was performed successfully on total RNAs
extracted from 0.2 gm leaf tissues by using CTAB

method to isolate a high yield of total RNAs from
infected faba bean and cowpea tissues. Total RNA was

reverse transcribed using MMLV reverse transcriptase
enzyme. The reverse transcription reaction was primed

with  BBSVR and/or CABR minus-sense primers
(Table 5). The resulting cDNAs were amplified

successfully by PCR after adding both BBSVF for
BBSV and CABF for CABMV as plus-sense primers

(Table 5).  Fig. (4 A and B) shows the PCR products
obtained from BBSV-infected faba bean tissues by using

t h e  C o m o v i r i d a e  g r o u p  s p e c i f i c  p r i m e r s
BBSVF/BBSVR (Fig 4) and for CABMV-infected

cowpea tissues by using primers CABF/CABR
potyviridae specific primers. The expected product size

of the coat protein gene of BBSV was about 225 bp
and for CABMV was about 345 bp as expected. 

Similar data obtained by Gillaspie et al.  who[19]

reported that, RT-PCR was extremely sensitive in the

detection of CABMV in infected tissues

Sensitivity of dot-blot hybridization assay: BBSV and

CABMV infected and non-infected leaf extracts were

used for dot blot hybridization experiments in order to

test  the  sensitivity of dot-blot hybridization assay

(Fig. 5). 5 µl of sap extracts were spotted directly onto

nitrocellulose membrane after 10 fold dilution in 8 X

SSC.  Our results showed that the DNA probe prepared

during this study enabled the detection of both BBSV

and CABMV up to 1: 2000 and 1:1000 dilutions

respectively. On the other hand, the DNA probe gave

no signal with extracts of healthy faba bean and

cowpea tissues.  These results were in agreement with

that obtained by  who reported that the detection limit[21]

of PLRV was equivalent to 30 pg of total nucleic acid

extract and Wetzel et al.  who reported that the[4 9 ]

detection limit for PPV by RT-PCR was about 10 fg of

purified viral RNA. Similar results were also reported

by El-Said et al.  who detected BYMV at dilution up[11]

to 10 in infected faba bean tissues using PCR-blot-4  

hybridization assay.  
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