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ABSTRACT 

Soybean mosaic virus (SMV) which belongs to the virus family Potyviridae, causes a 

disease in soybean that is present in soybean-growing areas of the world, and is widely 

distributed in northern Iran. Detection of SMV is very important for disease 

management. In the present study several serological and molecular (nucleic acid- based) 

methods of rapid virus detection were compared. Serological studies including DAS- 

ELISA, DAC-ELISA, TPIA and DIBA were optimized and compared to identify the virus 

by using a polyclonal antibody. Among the serological methods, TPIA and DIBA are 

simple and TPIA is rapidly and easily applicable in the field. However, TPIA was found to 

be preferable. TPIA is time-saving, not requiring conventional sap extraction and also 

nitrocellulose membranes used for printing can be used in the field and stored for a long 

time or transported to other laboratory to be processed. RT-PCR and Immunocapture 

RT-PCR (IC-RT-PCR) were performed as molecular methods for detecting SMV using a 

pair of primers designed to amplify a fragment in the coding region of the SMV coat 

protein. To extract total RNA for RT-PCR, two methods including RNAWIZ and phenol-

chloroform were used. A part of the coat protein genome of SMV was converted to cDNA 

using a reverse transcription (RT) reaction. For IC-RT-PCR method, virus partial 

purification was carried out by solid-phase (0.2 ml microfuge tube) adsorbed polyclonal 

antibody, and then the RT reaction was carried out in the tube. In both methods cDNAs 

were amplified by PCR. Both methods amplified the expected fragment in virus-infected 

plants. Whereas RT-PCR requires total RNA extraction, ICRT- PCR do not have total 

RNA extraction problems. Our findings suggest that TPIA and IC- RT- PCR can be 

routinely used for SMV detection, with high efficiency.  
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INTRODUCTION 

Soybean mosaic virus (SMV) is one of the 

common viral diseases of soybean and is 

found throughout most soybean production 

areas in the world. SMV is a member of the 

large and economically important plant virus 

family, the Potyviridae [3, 12, 18]. Plants 

grown from SMV-infected soybean seeds 

provide the primary inoculum source. 

Secondary virus spread within and between 

fields is mediated by several aphid species, 

with transmission accruing in a non- 

persistent manner. SMV can significantly 

reduce soybean yields, and yield losses as 

high as 50% have been reported [1, 2, 6, 12]. 

The first report of this virus from Iran was in 

1978 [7]. Then several studies were 

conducted on it, and reported throughout 

most soybean production areas in Iran [8, 

10]. Detection of SMV is very important for 

disease management [13]. Serological 

methods are sensitive techniques and have 

been widely used in the detection of plant 

viruses [4, 11, 14]. The polymerase chain 

reaction (PCR) is an extremely sensitive and 
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specific technique, and reverse transcription-

PCR (RT-PCR) has been used for the 

detection of RNA plant viruses [5, 19, 20, 

23)] RT-PCR has also been used for the 

differentiation of different strains of the 

same virus [9, 16, 17]. IC-RT-PCR, a 

method combining immunocapture and PCR 
amplification, was performed for the 

detection of plant viruses and subviral 

pathogens [15].  
In this study several serological and 

molecular (nucleic acid-based) methods 

including DAS-ELISA, DAC-ELISA, TPIA, 

DIBA, RT-PCR, and IC-RT-PCR were 

optimized and compared with each other for 

the rapid detection of SMV.  

MATERIALS AND METHODS 

Collection of SMV-infected Samples  

Leaf samples were collected from field-

grown soybeans in the North of Iran during 

June and July 2004, at the trifoliate stage. 

Leaf samples were kept in plastic bags in the 

refrigerator for further investigation.  

DAS-ELISA 

Double antibody sandwich-ELISA (DAS- 

ELISA) is used routinely to detect and 

diagnose viral diseases [4, 14]. This test was 

carried out using a polyclonal antibody 

(DSMZ, Germany). ELISA microplates 

were coated by incubating for 3 hours at 

37ºC with the polyclonal antibody diluted 

(1:1000) in coating buffer (1.59 g Na2CO3 , 

2.93 g NaHCO3, 0.2 g NaN3 in 1 L water pH 

9.6). The plates were washed and incubated 

with extracts from healthy and infected 

plants, overnight at 4ºC. Extracts were 

prepared by grinding the leaf samples at a 

ratio of 1:10 (w/v) in extraction buffer 

(phosphate buffer saline, pH 7.4, 0.05% 

Tween 20, 2% PVP). The plates were 

washed and incubated for 3 hours at 37ºC 

with conjugate antibody diluted (1:1000) in 

conjugate buffer (PBST, 2% PVP, 0.2% egg 

albumin). After washing, the plates were 

incubated for 10 minutes at room 

temperature with 1µl ml
-1 

of p-nitrophenyl 

phosphate (pNPP) in substrate buffer (97 ml 

diethanolamine in 1 L water pH 9.8). Results 

were measured by an ELISA-reader 

(Statefax-2100) at 405 nm.  

DAC-ELISA (direct antigen coating- 

ELISA) 

In this test, microplates were coated and 

incubated overnight at 4ºC with extracts 

from leaf samples in coating buffer and then 

the plates were washed and incubated for 30 

minutes at 37ºC with a blocking solution 

(2% skimmed milk in PBST). After 

washing, the plates were incubated for 3 

hours at 37ºC with conjugate antibody, then 

washed and incubated for 10 minutes with 

substrate (pNPP) in substrate buffer. Results 

were measured by ELISA-reader (Statefax- 

2100) at 405 nm.  

DIBA and TPIA Tests 

Dot immunobinding assay (DIBA or Dot- 

Blot) and tissue print immunoassay (TPIA) 

were performed for SMV detection [11]. For 

both tests nitrocellulose membrane was 

used. These membranes were cut to an 

appropriate size and marked on a grid of 1×1 

cm squares with a soft pencil. For TPIA, 

samples were rolled and cut with a scalpel 

and fresh sections of healthy and infected 

plant materials were imprinted onto each 

square. For DIBA the nitrocellulose 

membranes were immersed in PBS buffer 

for 15 minutes and were dried on filter paper 

for 15 minutes and, then, 10 µl of extracts 

(from healthy and infected plants) were 

dotted onto each square of nitrocellulose 

membranes. In both tests the membranes 

were blocked by incubation in blocking 

solution (2% skimmed milk in PBST) for 1 

hour, and then incubated for 2 hours in a 

1:1000 dilution of IgG-conjugate. After 

incubation, the membranes were washed 

three times with PBST for 15 minutes. Then 

the membranes were incubated for 10 
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minutes in substrate solution. NBT/BCIP 

tablets in distilled water or Fast red solution 

(containing 0.2 M Tris-HCl buffer and 2 

mM MgCl2, pH 7.8) were used as substrate 

solution. The processed membranes were 

washed, dried, and examined under a 

binocular microscope.  

Total RNA Extraction from Plants  

Two methods were used to extract total 

RNA from healthy and SMV-infected 

leaves. The first method was performed 

using a RNAWIZ solution (DSMZ, 

Germany). In this method 100 mg of leaf 

material was ground in liquid nitrogen and 

then mixed with 1 ml RNAwiz solution 

including 200 µl chloroform, and incubated 

for 5 minutes at room temperature. The 

homogenate was transferred to a 1.5 ml 

microfuge tube and centrifuged for 15 

minutes at 13000g. The supernatant was 

collected and the total RNA was precipitated 

with isopropanol. In the second method total 

RNA was isolated by phenol/chloroform 

extraction [21, 22]. 50 mg samples of tissue 

were ground to a fine powder in liquid 

nitrogen with a small mortar and pestle. The 

samples were transferred to 1.5 ml 

microfuge tubes, and 300 µl of extraction 

buffer (containing 0.1 M Glycine, 0.1 M 

NaCl, 0,01 M EDTA, 1% sodium dodecyl 

sulfate(SDS), 1% mercaptoethanol, pH 9.0) 

was added and the samples were vortexed 

for 15 seconds. Then 250 µl of phenol and 

250 µl of chloroform were added, the 

samples were vortexed for 15 seconds and 

centrifuged for 5 minutes in an Eppendorf 

microfuge, and water phase was transferred 

to a new tube. Total RNA was precipitated 

with ethanol. In both methods, total RNA 

was suspended in 50 µl of sterile H2O.  

RT-PCR (reverse transcription- 

polymerase chain reaction) 

A pair of primers, -a forward (SMV-cpf: 

5´-CAA GCA GCA AAG ATG TAA ATG-

3´) and a reverse (SMV-cpr: 5´-GTC CAT 

ATC TAG GCA TAT ACG-3´)- was 

designed for amplification of a conserved 

region (a fragment of 469-bp) in the coding 

region of SMV coat protein. For the RT 

reaction, 3 µl of total RNA was denatured 

for 2 minutes at 72ºC and immediately 

chilled on ice. The samples were added to 17 

µl of reaction mixture (4 µl of 5x RT 

reaction buffer, 1 µl of 0.1 M dithiothreitol 

[DTT], 0.5µl of RNasin [40 u µl
-1

], 1 µl of 

dNTPs [10 mM each], 1 µl of reverse primer 

[100 pmols µl
-1

], 0.5µl of MMLV reverse 

transcriptase [200 u µl
-1

], and 9 µl of H2O) 

and incubated for 1 hour at 42ºC. Five 

microliters of cDNA were added to 45 µl of 

PCR reaction mixture (5 µl of 10x PCR 

buffer, 2 µl of MgCl2 [50 mM], 1 µl of 

dNTPs [10 mM each], 1 µl of forward 

primer [100 pmols µl
-1

], 1 µl of reverse 

primer [100 pmols µl
-1

], 0.5 µl of Taq DNA 

polymerase [5 u µl
-1

] and 34.5 µl H2O). The 

thermal cycling conditions were: 94ºC for 2 

minutes, 35 cycle of 94ºC for 1 minutes, 

55ºC for 1 minute, 72ºC for 2 minutes and a 

final extension at 72ºC for 10 minutes.  

Seven micro liters of PCR products were 

analyzed by electrophoresis through 1% 

agarose gel followed by staining in ethidium 

bromide and the visualization of DNA bands 

using gel documentation.  

IC- RT- PCR (Immunocapture- RT- PCR) 

In this method, virus partial purification 

was carried out by solid-phase (0.2 ml tube) 

adsorbed polyclonal antibody, in such a 

manner that the PCR tube was coated by 

incubating for 3 hours at 37°C with 

polyclonal antibody diluted in coating 

buffer. The tubes were washed and 

incubated overnight at 4°C with extracts 

from healthy and infected plants. The tubes 

were washed and the RT reaction was then 

carried out in the tubes in the same way that 

was described previously. Then cDNAs 

were amplified by PCR. Amplification 

products were analyzed by electrophoresis in 

1% agarose gel as previously mentioned.  
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RESULTS AND DISCUSSION 

Results of DAS-ELISA and DAC-ELISA 

after incubation for 10 minutes with 

substrate (pNPP) solution were a change of 

yellow color in the wells that contained 

SMV or the positive control, which were not 

observed in the wells containing healthy 

samples or the negative control. The results 

were measured by ELISA-reader (Statefax- 

2100) at 405 nm.  

In the DIBA and TPIA methods, after 

incubation of the membranes for 10 minutes 

in substrate solution NBT/BCIP, prints or 

blots of infected tissues turned into dark 

violet (Figures 1 and 2). In the substrate 

solution Fast red, prints or blots of infected 

tissues turned into red, whereas prints or 

blots of healthy ones did not show any color 

changes in either staining. Under a binocular 

microscope color changes were more clearly 

observed (Figure 3).  

DIBA, as did ELISA, detected virus in 

infected plants and little equipment is 

needed. It is based on the use of membranes 

instead of plates, and an ELISA-reader is not 

needed. TPIA may not always achieve the 

same sensitivity as ELISA and DIBA but, as 

with DIBA it can be preformed with little 

equipments. In addition, tissue imprinting 

can provide data on virus localization within 

plant organs.  

DIBA and TPIA are rapid and simple, and 

of course, the TPIA method is rapidly and 

easily applicable in the field. However, 

TPIA and DIBA have some advantages over 

the other methods. DIBA is time-saving in 

comparison to ELISA, while TPIA is very 

time-saving since there is no need for 

conventional sap extraction. In TPIA, 

nitrocellulose membranes used for printing 

can be used in the field and stored for a long 

time or transported to an other laboratory for 

processing.  

 

Figure 1. Results of DIBA with substrate solution NBT/BCIP, F5: Positive control, and F3: 

Negative control.  

 

  

Figure 2. Results of TPIA with substrate solution NBT/BCIP, A1 and B1: Positive 

controls, and H4: Negative control. 
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Both RNAWIZ and phenol/chloroform 

extraction methods yielded total RNA of 

appropriate quality for RT-PCR.  

Both RT-PCR and IC-RT-PCR amplified a 

469-bp fragment in virus-infected plants, 

while this band was not present in similarly 

treated healthy plants (Figure 4). Whereas 

RT-PCR required total RNA extraction or 

virus purification, the IC-RT-PCR method 

close not have any total RNA extraction 

problems.  

In an other study we detected four strains 

(G1, G3, G4, and G5) of soybean mosaic 

virus in North Iran. All serological methods 

(using polyclonal antibody) and molecular 

methods (using universal primer) detected 

SMV strains in infected plants as mentioned.  

Our findings suggest that TPIA and IC- 

RT-PCR can be used routinely and with high 

efficiency for SMV detection.  

 

  

Figure 3. Results of TPIA under a binocular microscope (magnification 10X), Left: Print 

of SMV- infected sample, and Right: Print of healthy sample.  

 

 

 

 
Figure 4. Results of RT-PCR and IC-RT-PCR using of SMV specific primers (cpf and cpr). 

L: Gene Ruler TM 1 kb DNA ladder; Lanes 1, 2, 4, 7: Results of RT-PCR, Lanes 3, 5, 6, 8: 

Results of IC- RT- PCR that both amplified a 469-bp fragment in virus-infected plants and 

Lane 9: result of IC- RT- PCR from healthy plant. 
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 ويروس موزائيك ي شناسايي براي و مولكولي سرولوژيكياستفاده از سريعترين روشها

 (SMV)سويا 

  شهرآيين. خضري و ن. بيبي، صكوهي ح.  محمدي، مصاحبيم. آهنگران، غ. ا

 چكيده

ايـن  . در تمام مناطق كشت سويا در دنيـا وجـود دارد           Potyviridae از خانواده  (SMV)ويروس موزائيك سويا    

شناسـايي ايـن ويـروس در مـديريت     . ويروس به طور وسيعي در مناطق سويا كاري شمال ايران گـسترده شـده اسـت            

در اين تحقيق چندين روش شناسايي سرولوژيكي و مولكـولي در جهـت             . اي برخوردار است  بيماري از اهميت ويژه   

، DAS-ELISAروشـهاي سـرولوژيكي شـامل    . تعيين سريعترين روش شناسايي اين ويـروس بـا هـم مقايـسه شـدند       

DAC-ELISA  ،TPIA   و DIBA             با كاربرد آنتي بادي چندهمسانه، جهت شناسايي ويروس استفاده و باهم مقايسه 

سـريعتر اسـت و بـه     TPIAساده و سريع بـوده ولـي روش    DIBA و TPIA روشهاي فوق، دو روش   در ميان . شدند

مي توان صرفه جويي در زمان را نام بـرد چـون    TPIAاز مزاياي ديگر .  كرد توان آن را در مزرعه استفاده     آساني مي 

در ايـن روش اسـتفاده مـي شـود      كه  رانيازي به انجام عصاره گيري از نمونه ها نيست و همچنين كاغذ نيتروسلولزي          

كرده و براي مدت زمان طوالني تـا انجـام بقيـه پروسـه              ) پرينت(هاي مورد نظر اثرگذاري     توان در مزرعه با نمونه    مي

  بهRT- PCR ،(IC- RT- PCR)  ايميونوكپچر وRT-PCR. د و يا به آزمايشگاه ديگري ارسال نمودكرنگهداري 

در هر دو روش از يك جفت آغازگري اسـتفاده شـد كـه موجـب     . تفاده شدند عنوان روشهاي شناسايي مولكولي اس    

 يكـي  وسيلهبهكل RNAابتدا  RT- PCRبراي انجام . شوند  ميSMV يپوششپروتئين اي در ناحيه ژنوم  تكثير قطعه

 ي پـروتئين پوشـش  سـپس بخـشي از ژنـوم   . شـد  كلروفـرم اسـتخراج     - فنل يا RNAWIZ روش، استفاده از بافر      دواز  

SMV برداري معكوس  با استفاده از آزمون نسخه(RT)  بهDNA  مكمل(cDNA) در مورد روش . تبديل شدIC- 

RT-PCR  0.2اي كـه درون تيـوپ    بـادي چندهمـسانه     سازي نسبي ويروس بـا اسـتفاده از آنتـي           ، خالصml   پوشـش

 هـا  cDNAدر هر دو روش فـوق  . درون تيوپ صورت گرفت RT واكنش به دنبال آن. گذاري شده بود، انجام شد   

 قطعه مورد نظر را در گياهـان آلـوده بـه ويـروس تكثيـر            دو روش  هر. اي پليمراز تكثير شدند     واكنش زنجيره  وسيلهبه

 RNAمشكالت مربوط به اسـتخراج       IC-RT-PCRكل دارد ولي    RNA نياز به استخراج     RT-PCR روش   .كردند

 بـراي مي تواننـد بـه طـور معمـول بـا كـارايي بـااليي             IC-RT-PCRو   TPIA داد كه دو روش      نتايج نشان . را ندارد 

  .  استفاده شوندSMVشناسايي 
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