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Serological Characterization of Alfalfa Mosaic Virus in 
 Alfalfa (Medicago sativa) in Some Regions of Iran 

H. Massumi∗1 and A. Hosseini Pour1
 

ABSTRACT 

A survey was carried out in five provinces of Iran (Kerman, Sistan and Baluchestan, 
Hormozgan, Khorasan and Yazd) for the presence of Alfalfa mosaic virus (AMV) sero-
types in alfalfa during 2002 to 2003. The number of samples collected was 250, represent-
ing the diversity and geographical distribution of AMV in these areas. Diagnosis was car-
ried out using polyclonal (PAbs) and monoclonal (MAbs) antibodies. A total of 110 symp-
tomatic leaf samples gave a positive reaction in ELISA with polyclonal antibodies. Twelve 
out of 20 MAbs reacted with all samples tested and were considered as non-differentiating 
MAbs. Only the MAbs-12, 13, 15, 21, 22 and 24 gave a clear differential reaction and were 
used for identifying AMV serotypes. Two MAbs (1 and 2) did not react with AMV posi-
tive samples. Serological relatedness among AMV samples was studied by indicating the 
existence of six serotypes of AMV strains in the surveyed areas.  
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INTRODUCTION 

Alfalfa mosaic virus (AMV) is present in 
most alfalfa (Medicago sativa L.) fields. As 
the age of the stands increases, the incidence 
of infected plants increases; up to 80% in-
fection has been found in four year-old 
fields (Gibbs, 1962; Muller, 1965). AMV is 
one of the most biologically variable plant 
viruses and numerous natural variants with 
different pathogen city have been reported 
(Paliwal, 1982; Walter et al., 1987; Hiruki 
and Miczynski, 1987; Hajimorad and 
Francki, 1988). 

There are different factors which distin-
guish virus strains or isolates of AMV. Krall 
(1975) reported differences between 11 
strains on the basis of the chemical proper-
ties of the coat protein. Some of these strains 
were AMV-S (Gibbs and Tinsley, 1961), 
AMV 425 (Hagedorn and Hanson, 1963), 
15/64 and VRU (Hull, 1970), the alfalfa yel-
low spot mosaic strain (YSMV) (Zaumeyer, 

1963), AA-1 (Lizuka and Lida, 1969) and A 
and P (Tremaine and Stace-Smith, 1969). 
An investigation has showed that, while the 
last strains (A and P) produced different 
symptoms on tobacco (Nicotiana tabacum 
L. Haranova), bean (Phaseolus vulgaris L.) 
and cucumber (Cucumis sativus L.) plants, 
there were no differences between their 
amino acids (Tremaine and Stace-Smith, 
1969). 

The effects of AMV on yields of different 
crops were reported. In white clover, AMV 
has reduced the leaf and stolon dry weight, 
primary and secondary stolon length, nodes 
in primary and secondary stolons, nodula-
tion, and leaves per plant (Gibson et al., 
1980). Reduction in yield, protein and the 
degree of nodulation and winter survival of 
alfalfa infected with AMV was also reported 
(Edwardson and Christie, 1997). The yield 
of potatoes infected with AMV showing cal-
ico symptoms is reduced by about 20%. In-
fection with the Alberta (Canada) isolates (A-
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515, severe strain) of AMV reduced the yield 
of forage and the regeneration potential of 
several alfalfa cultivars commonly grown 
there (Miczynski and Hiruki, 1987). Mono-
clonal antibodies (MAbs) have been shown 
to be useful tools for analysing the serologi-
cal properties of plant viruses and virus 
strains differing in host range, symptomatol-
ogy, vector transmission or geographical 
origin (D,Arcy et al., 1989; Swanson et al., 
1992). Moreover, antigenic variability 
among different isolates of a virus which 
could not be differentiated with polyclonal 
antibodies was revealed by MAbs (Adam et 
al., 1991; Cancino et al., 1995). 

Differentiation and antigenic characterisa-
tion of five AMV strains (H4, N20, S30, S40 
and W1) were determined using monoclonal 
antibodies (Hajimorad et al., 1990).  Capsid 
proteins of two strains of AMV (T6 and 
425) were compared using SDS-
polyacrylamide gel electrophoresis (SDS-
PAGE) (Kudela and Gallo, 1996). The dif-
ferences between length and number of nu-
cleotides of RNA3 of AMV strains S, A and 
Y (van der Vossen, et al., 1993) and S, L 
and M (Langereis et al., 1986) were deter-
mined after sequencing. The objectives of 
this research were to identify serotypes of 
AMV and to determine the occurrence of 
these serotypes in southeastern and central 
parts of Iran. A preliminary report has been 
published (Massumi, 2004). 

MATERIALS AND METHODS 

Collection of AMV Samples 

Alfalfa samples were collected during 
2002 to 2003 in 18 regions of the southeast-
ern and central parts of Iran (Kerman, Sistan 
and Baluchestan, Hormozgan, Khorasan and 
Yazd) and tested for the presence of AMV 
serotypes. In each field, five to six plants 
were inspected and samples from those 
plants showing virus-like symptoms were 
collected. Each sample consisted of the 
youngest fully developed leaf from plants 
exhibiting leaf symptoms such as mosaic, 

mottle, vein banding and yellowing. Of a 
total of 250 AMV symptomatic leaf sam-
ples, 70 samples were from 15 fields in Ke-
man Province (Shahrbabak, Zarand, Bam 
and Jiroft), 45 samples from seven fields in 
Yazd Province (Mehriz and Yazd), 40 sam-
ples from five fields in Khorasan Province 
(Tabas and Ferdows), 60 sample from nine 
fields in Sistan and Bluchestan Province 
(Kash, Zable and Zahedan) and 35 samples 
from five fields in Hormozgan Province 
(Rodan and Hajiabad) were collected. Leaf 
samples of AMV were collected for the se-
rological tests. Young leaves from some 
symptomatic plants were placed in plastic 
bags and examined for the presence of AMV 
serotypes. 

Source of Antibodies 

Twenty (MAb-1, 2, 6, 7, 10, 11, 12, 13, 14, 
15, 18, 19, 20, 21, 22, 24, 25, 26, 29 and 33) 
of the 33 monoclonal antibodies raised to 
particles of AMV described previously 
(Massumi et al., 2005) were selected for this 
study. Also the polyclonal antisera 137-2A 
and 137-5B raised against intact AMV 
(kindly provided from the IACR-
Rothamsted antiserum collection) were used. 

Identification of the Serotypes by ELISA 

For mono and polyclonal antibodies, the 
trapped antibody sandwich enzyme-linked 
immunosorbent assay (TAS-ELISA) and 
plate-trapped antigen (PTA)-ELISA was 
used respectively. For the PTA-ELISA tests, 
samples were ground in coating buffer (0.06 
M Na2CO3 and 0.14 M NaHCO3, pH 9.6) at 
a ratio of 1:10 (w/v), added to ELISA plate 
wells (Nunc polysorb). The AMV antiserum 
was diluted 1:1,000 (v/v) in 0.2 M Tris-HCl 
buffer and pH 7.2, was added to the wells. 
For TAS-ELISA, the plates were first coated 
with 100 µl of polyclonal antibodies (PAb), 
diluted 1:1000 in carbonate buffer (0.06 M 
Na2CO3 and 0.14 M NaHCO3, pH 9.6). 
Wells were washed three times with phos-
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phate buffered saline (PBS)-Tween (0.05% 
Tween 20 in 3 mM KCl, 3 mM NaN3, 8 mM 
Na2HPO4, 1 mM NaH2PO4, and 0.13 M 
NaCl) and then 200 µl of PBS-Tween con-
taining %2 skimmed milk added to ELISA 
plate wells. After washing, 100 µl of antigen 
consisted of tissue ground 1:10 (w/v) in ex-
traction buffer (1:10 wt/vol) (PBS-Tween 
and 2% polyvinylpyrrolidone [PVP] pH 7.4) 
and stained through a cheesecloth. After 
washing, the antigen step was followed by 
100 µl of each monoclonal antibodies di-
luted in 0.2 M Tris-HCL and 0.15 M NaCl 
(pH 7.2). Bound antibodies were detected by 
goat-anti-mouse IgG or IgM, or goat-anti-
rabbit IgG antibodies conjugated to alkaline 
phosphatase (Sigma Chemical Co., St. 
Louis, MO) diluted 1:2000 in Tris-HCl 
buffer. For each step, the plates were incu-
bated at 37oC for two hours. Enzyme reac-
tions were developed 30-60 minutes after 
the addition of 100 µl of substrate (P-nitro 
phenyl phosphate, disodium [Sigma] at 1 
mg/ml in 9.7% diethanolamine buffer, pH 
9.8). Absorbance values were determined 
(A405nm) on a Biotek automated microplate 
reader, model EL 800 (Bio-Tek Instruments 
Inc., Winooski, VT). 

RESULTS 

Surveys were conducted in 41 alfalfa fields 
distributed over 18 regions in Iran where 
alfalfa is grown. Of the 250 samples col-
lected from three different cultivars of al-
falfa (Medicago sativa cvs. Yazdi, Bami and 
Nikshahri), 110 were positive for AMV in 
PTA-ELISA. When all the MAbs were used 
in TAS-ELISA for identification of sero-
types, the vast majority (70) of the samples 
reacted with all MAbs. Even when low 
AMV concentrations were present in field 
samples (e.g. ZAH1 in Table 1) as indicated 
by the low PTA-ELISA readings, reaction 
with different MAbs revealed the presence 
or absence of epitopes following substrate 
incubation periods of only 30 minutes. 

Twelve of the 20 MAbs reacted with all 
110 positive samples and were considered as 

non-differentiation MAbs. Only six MAb-
12, 13, 15, 21, 22 and 24 were useful for 
discrimination of AMV serotypes (Table 1). 
Two of the MAbs (MAb-1 and 2) failed to 
react with any sample (data not shown).  
These six MAbs gave clear differentiation 
reaction with a total of 40 AMV samples. 
Eleven samples from Tabas, Jifrot, Hajiabad 
and Zahedan 1, three samples from Rudan 
and Zabole 2 and nine samples from Mehriz 
and Yazd failed to react with one, two and 
three of MAbs, respectively (Table 1). Ac-
cording to these results the AMV samples 
can be subdivided into six serotypes and 
designated as A1 to A6. 

DISCUSSION 

Monoclonal antibodies were able to differ-
entiate serotypes of AMV on the basis of the 
presence or absence of one or two antigenic 
determinants. These minor serological dif-
ferences were not always apparent or were 
difficult to interpret by testing with poly-
clonal antisera. The results demonstrate the 
utility of using monoclonal antibodies to 
define serotypes in alfalfa between different 
isolates of AMV. 

A high variability in coat protein was 
found among AMV field samples when 
checked against monoclonal antibodies.  
When a total of 110 AMV samples were 
tested by TAS-ELISA using 20 AMV-
specific MAbs to analyse coat protein varia-
tion in AMV, we succeeded in revealing 
different epitope profiles among positive 
samples and the AMV was classified into six 
serotypes.  The majority of the field samples 
reacted with 12 MAbs. This indicates that 
there is a serological similarity of at least 
one epitope in the capsid proteins of these 
field samples. However, about 21% (23/110) 
of the samples did not react with one and/or 
the other of the six differentiating MAbs. 
This difference is in view of the fact that 
there are at least six or seven epitopes in the 
capsid protein of these AMV samples.  
These results also demonstrate the utility of 
using monoclonal antibodies to define anti-
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genic relationships between strains of the 
same virus. A significant percentage of sam-
ples (56%) from among symptomatic alfalfa 
samples did not react with AMV antisera. It 
seems that other alfalfa viruses may be pre-
sent in the field-grown alfalfa of Iran, which 

could be confirmed using antibodies of other 
alfalfa viruses and molecular characteriza-
tion. Other factors may be abiotic agents 
causing virus like symptoms, as reported by 
Brown and Graham, 1978. 

AMV has one of the widest host ranges 

Table1. Reaction of selected field samples of AMV from southeast and central parts of Iran with 
polyclonal and monoclonal antibodies. 
Origina (Virus 
samples) 

Cultivars PAbs MAbi 
10 

MAb
12 

MAb
13 

MAb
15 

MAb
21 

MAb 
22 

MAb 
24 

Serotypes 

SHc (1)b 
 

Medicago sativa 
cv. Bami 

3h 3 3 3 3 3 3 2 

ZR1c (2) 
 

Medicago sativa 
cv. Bami 

3 3 3 3 3 3 3 3 

 
A1 

ZR2c (4) 
 

Medicago sativa 
cv. Bami 

3 3 2 3 3 3 3 1 

BAMc (2) 
 

Medicago sativa 
cv. Bami 

3 3 3 3 2 3 3 1 

 
A2 

TABd  (1) Medicago sativa 
cv. Bami 

3 3 3 3 3 3 2 0 

JIRc (4) 
 

Medicago sativa 
cv. Nikshari 

2 3 2 3 3 3 2 0 

HAJI1e (3) 
 

Medicago sativa 
cv. Nikshahri 

3 3 3 3 3 3 2 0 

 
A3 

HAJI2e (2) 
 

Medicago sativa 
cv. Nikshahri 

2 2 2 3 0 1 1 2 

FERDd (3) Medicago sativa 
cv. Bami 

2 3 2 2 1 1 1 2 

ZAH1f (1) 
 

Medicago sativa 
cv. Bami 

1 2 2 2 0 1 1 2 
 

 
 

A4 

ZAH2f (1) 
 

Medicago sativa 
cv. Yazdi 

3 3 2 1 3 3 3 1 

KHAS1f (1) 
 

Medicago sativa 
cv. Bami 

2 2 2 1 1 1 1 1 

KHAS2f (2) 
 

Medicago sativa 
cv. Yazdi 

3 3 3 2 3 1 2 1 

ZABL1f (1) 
 

Medicago sativa 
cv. Bami 

2 3 2 2 2 1 1 1 

 
A5 

ZABL2f (1) 
 

Medicago sativa 
cv. Yazdi 

3 3 3 1 2 1 0 0 

MEHR1g (5) 
 

Medicago sativa 
cv. Yazdi 

3 3 3 2 3 0 0 0 

YAZDg (4) 
 

Medicago sativa 
cv. Yazdi 

3 3 3 1 3 0 0 0 

RUDAe (2) Medicago sativa 
cv. Nikshahri 

3 3 3 1 1 0 1 0 

 
 

 
A6 

a SH= Saharbabk; ZR= Zarand; BAM= Bam; TAB= Tabas; JIR= Jiroft; HAJI= Hajiabad; ZAH= Zahedan; 
KHAS= Khash; ZABL= Zabol; RUDA= Rudan; YAZ= Yazd, and   MNA= Minab. 
b Number of samples in each region. 
c: Kerman Province; d: South Khorasan Province; e: Hormozgan Province;  f: Sistan and Baluchestan Prov-
ince, and g: Yazd Province. 
h Strength of ELISA reaction, measured as A405nm after a substrate incubation period of 1h, was classed as 3 
(>0.8), 2(0.2-0.7), 1(>three times mean value for uninfected control to 0.2) or 0 (<three times mean value for 
uninfected controls). 
i All other MAbs not mentioned in this table but gave a reaction pattern similar to that of MAb-10.  
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among all plant viruses (Edwardson and 
Christie, 1997), and also reported to be 
transmitted by seeds (Hemmati and McLean, 
1977), pollen (Frosheiser, 1974) as well as 
29 aphids species (Edwardson and Christie 
(1997)). A1, A2 and A5 serotypes were 
identified in the alfalfa infected samples col-
lected in Kerman and Sistan and Balu-
chestan Provinces, respectively. However, 
A3, A4, and A6 serotypes were found in 
more than one province. The wide variation 
in climatic conditions is not found in the 
alfalfa-producing areas of the five provinces 
surveyed. Therefore, we can speculate that 
the wide host range of the virus including 
weeds, that can harbor different species of 
aphid vectors and the different method of 
transmission provide an increased opportu-
nity for natural selection of wide genetic 
variability within this virus. This may ex-
plain why we were able to define six sero-
types in only one main host (Alfalfa) of the 
virus. Superimposed on the variation in host 
plants and aphid vectors pressures is the 
long–distance movement of alfalfa seeds and 
the resulting redistribution of new strains 
and serotypes. 

The benefit of this study is that we have 
identified the distribution of AMV serotypes 
in different parts of Iran in advance of the 
commercial release of AMV-resistant trans-
genic alfalfa cultivars. Some transgenic lines 
show resistance, whereas others accumulate 
fewer viruses than no transformed lines (Hill 
et al., 1991). Since most transgenic lines 
have only one gene for resistance, usually 
the virus coat protein gene (Wilson, 1993), 
they will undoubtedly exert new selection 
pressures on the naturally occurring popula-
tions of AMV when they are released into 
commercial production. The panels of MAbs 
which we have described here may be used 
in the future to study the possibility of 
changes in AMV serotypes that occur in al-
falfa after the release of AMV-resistant 
transgenic alfalfa cultivars. It is possible that 
some of the serotypes that are common now 
will become less prevalent or disappear and 
that new ones will arise.  Halk et al. (1984) 
made parallel tests for production of MAbs 

against AMV to differentiate AMV sero-
types. Based on this result, only Two AMV 
specific hybridomas which had similar prop-
erties were produced. Hajimorade et al. 
(1990) by analysis of a panel of 15 MAbs 
against AMV, revealed the presence of at least 
three different types of neotopes, three meta-
topes and one cryptotope. 

It is doubtful whether these specific AMV 
monoclonal antibodies represent the total 
antigenic repertoire of this virus, but it is 
interesting that these antibodies have been 
able to delineate six serotypes of AMV in 
the alfalfa samples examined in Iran.  Pro-
duction of a further group of monoclonal 
antibodies to a few selected AMV strains 
from other AMV hosts should provide anti-
bodies specific to a border range of antigenic 
determinants among the virus and allow 
even greater precision in serological analy-
sis. 
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در گياه ) Alfalfa mosaic virus(ونجه يك يروس موزائي ويپ هاي از سروتي تعداديشناسائ
  راني از اييونجه در مناطق

  پورينيحس. ع  و يمعصوم. ح

  چكيده

روس از مـزارع    ي ـن و ي ـ مـشكوك بـه ا     يها ونجه نمونه يك  يروس موزائ ي و يها پي سروت يبه منظور شناسائ  
-1381 ي سـالها ي در ط ـيزد و خراسـان جنـوب   ي  بلوچستان، هرمزگان،  ستان و ي كرمان، س  يونجه در استانها  ي

  ،يك، تـاول  ي ـ بـا علائـم موزائ     يبوته هـا    از يشي در طول فصل رو    ي نمونه بردار  .دندي گرد يآور جمع 1382
 سرم چند همسانه    ي نمونه با استفاده از آنت     250 تعداد .ديانجام گرد  ها  برگ و ساقه   ي و بدشكل  يخوردگ نيچ

 سـرم  ياز نمونـه هـا بـه آنت ـ   ) 110( درصـد  44 . قرار گرفتنديزا مورد بررسيبا آزمون الاAMV   ياختصاص
 تـك   ي بـاد  ي آنت ـ 20 مثبت بـا     يها نمونه روس،ين و ي ا يپ ها ين سروت ييجهت تع  .واكنش مثبت نشان دادند   

چ يدون ه ـ  ب ـ ي بـاد  ي آنت ـ 12 ها، تعداد    ي باد ين آنت ين ا يازب . قرار گرفتند  يابي مورد ارز  ي اختصاص يا همسانه
روس ي ـ نمونـه آلـوده بـه و       40امـا واكـنش      . نمودند يزا شناسائ يه نمونه ها را در واكنش الا      ي كل يزيگونه تما 

) 24 و22 ،21 ، 15، 13، 12 ي بـه شـماره هـا     ي هـائ  ي بـاد  يآنت ـ (ي بـاد  ي نوع آنت  6ونجه در برابر    يك  يموزائ
)  A6 تـا  A1(پ مختلـف  يسـروت  6روس بـه  ي ـن وي ـ شـده ا ي بررس ـين هـا ين اساس اسـتر يبر ا. متفاوت بود

  .ران استي در اAMV مختلف يپ هاين گزارش از تنوع سروتين اوليا .ك شدنديتفك
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