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

H. Massumi*! and A. Hosseini Pour'

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 MADs reacted with all samples tested and were considered as non-differentiating
MADbs. 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 (AMYV) 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),
AMYV 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 (MADbs) 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 AMYV 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 AMYV 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
AMYV 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,
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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 AMYV 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 Na,CO; and 0.14 M NaHCO;, 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-HCI
buffer and pH 7.2, was added to the wells.
For TAS-ELISA, the plates were first coated
with 100 pl of polyclonal antibodies (PAD),
diluted 1:1000 in carbonate buffer (0.06 M
Na,CO; and 0.14 M NaHCO;, 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 KCI, 3 mM NaN3, 8 mM
Na,HPO,;, 1 mM NaH,PO,, and 0.13 M
NaCl) and then 200 pl of PBS-Tween con-
taining %2 skimmed milk added to ELISA
plate wells. After washing, 100 pl 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 pl 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-HCI
buffer. For each step, the plates were incu-
bated at 37°C for two hours. Enzyme reac-
tions were developed 30-60 minutes after
the addition of 100 pl of substrate (P-nitro
phenyl phosphate, disodium [Sigma] at 1
mg/ml in 9.7% diethanolamine buffer, pH
9.8). Absorbance values were determined
(Agosnm) 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. ZAHI 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
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non-differentiation MAbs. Only six MAb-
12, 13, 15, 21, 22 and 24 were useful for
discrimination of AMYV serotypes (Table 1).
Two of the MAbs (MADb-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 A, to As.

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 MADbs 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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Tablel. Reaction of selected field samples of AMV from southeast and central parts of Iran with

polyclonal and monoclonal antibodies.

Origin® (Virus  Cultivars PAbs pMAL' MAb  MAb MAb MAb MAb  MAb  Serotypes
samples) 10 12 13 15 21 22 24
SHE (1)° Medicago sativa 3" 3 3 3 3 3 3 2
cv. Bami
Ay
ZR1°(2) Medicago sativa 3 3 3 3 3 3 3 3
cv. Bami
ZR2° (4) Medicago sativa 3 3 2 3 3 3 3 1
cv. Bami A
BAM® (2) Medicago sativa 3 3 3 3 2 3 3 1 ?
cv. Bami
TABY (1) Medicago sativa 3 3 3 3 3 3 2 0 3
cv. Bami
JIR® (4) Medicago sativa 2 3 2 3 3 3 2 0 > Az
cv. Nikshari
HAIII® (3) Medicago sativa 3 3 3 3 3 3 2 0
cv. Nikshahri
HAJI2® (2) Medicago sativa 2 2 2 3 0 1 1 2
cv. Nikshahri
FERD" (3) Medicago sativa 2 3 2 2 1 1 1 2 > Ay
cv. Bami
ZAHI' (1) Medicago sativa 1 2 2 2 0 1 1 2
cv. Bami -
ZAH2' (1) Medicago sativa 3 3 2 1 3 3 3 1 h
cv. Yazdi
KHASI' (1) Medicago sativa 2 2 2 1 1 1 1 1
cv. Bami > A
KHAS2' (2) Medicago sativa 3 3 3 2 3 1 2 1 °
cv. Yazdi
ZABL1' (1) Medicago sativa 2 3 2 2 2 1 1 1
cv. Bami J
ZABL2' (1) Medicago sativa 3 3 3 1 2 1 0 0 A
cv. Yazdi
MEHR1¢(5) Medicago sativa 3 3 3 2 3 0 0 0
cv. Yazdi >
YAZD® (4) Medicago sativa 3 3 3 1 3 0 0 0 As
cv. Yazdi
RUDA® (2) Medicago sativa 3 3 3 1 1 0 1 0
cv. Nikshahri )

% 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.

® Number of samples in each region.

¢: 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 Agysnm 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).

" All other MAbs not mentioned in this table but gave a reaction pattern similar to that of MAb-10.

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
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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.

AMYV has one of the widest host ranges
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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)). Al, A2 and AS5 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
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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.

REFERENCES

1. Adam, G., Lesemann, D. E. and Vetten, H. J.
1991. Monoclonal Antibodies against To-
mato Spotted Wilt Virus: Characterization
and Application. Ann. Appl. Biol., 118: 87-
104.

2. Brown, J. C. and Graham, J. H. 1978. Re-
quirements and Tolerance to Elements by
Alfalfa. Agron. J., 70: 367-373.

3. Cancino, M., Abouzid A. M., Morales, F. J.,
Purcifull, D. E., Polston, J. E. and Hiebert, E.
1995. Generation and Characterization of
Three Monoclonal Antibodies Useful in De-
tecting and Distinguishing Bean Golden Mo-
saic Virus Isolates. Phytopathology., 85: 484-
490.

4. D’arcy, C. J., Torrance, L. and Martin, R. R.
1989. Discrimination among Luteoviruses and
Their Strains by Monoclonal Antibodies and
Identification of Common Epitopes. Phytopa-
thology., 79: 869-873.

5. Edwardson, J. R. and Christie, R. G. 1997.
Virus Infecting Peppers and Other Solana-
ceous Crops (volume I). University of Florida.

6. Frosheiser, F. I. 1974. Alfalfa Mosaic Virus
Transmission to Seed through Alfalfa Gametes
and Longevity in Alfalfa Seed. Phytopathol-
ogy., 64: 102 — 105.

7. Gibbs, A. J. 1962. Lucerne Mosaic Virus in


https://dorl.net/dor/20.1001.1.16807073.2007.9.4.6.7
https://jast.modares.ac.ir/article-23-7667-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-14 ]

[ DOR: 20.1001.1.16807073.2007.9.4.6.7 ]

Massumi and Hosseini Pour

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

British Lucerne Crops. Plant Pathol., 11:
167-171.

Gibbs, A. J. and Tinsley, T. W. 1961. Lucerne
Mosaic Virus in Great Britain. Plant Pathol.,
10: 61-63.

Gibson, P. B., Barnett, O. W. and Skipper, H.
D. 1980. Effects of Alfalfa Mosaic, Clover
Yellow Vein, and Peanut Stunt Viruses on
Growth and Nodulation of White Clover.
(Abstr.) Phytopathology., 70: 567.

Hagedorn, D. J. and Hanson, E. W. 1963. A
Strain of Alfalfa Mosaic Virus Severe on Tri-
folium pratense and Melilotus alba. Phytopa-
thology, 53: 188 — 192.

Hajimorad, M. R. and Francki, R. 1. B.
1988. Alfalfa Mosaic Virus Isolates from
Lucerne in South Australia: Biological Vari-
ability and Antigenic Similarity. Ann. Appl.
Biol., 113: 45-54.

Hajimorad, M. R., Dictzen, R. G. and Francki,
R. I. B. 1990. Differentiation and Antigenic
Characterisation of Closely Related Alfalfa
Mosaic Virus Strains with Monoclonal Anti-
bodies. J. Gen. Virol., 71: 2809 - 2816.

Halk, E, L., Hsu, H. T., Aebig, J. and Franke,
J. 1984. Production of Monoclonal Antibod-
ies against Three Ilarviruses and Alfalfa Mo-
saic Virus and Their Use in Serotyping. Phy-
topathology., 74: 367-372.

Hemmati, K. and Mclean, D. L. 1977. Gam-
ete-seed Transmission of Alfalfa Mosaic Virus
and Its Effect of Seed Germination and Yield
in Alfalfa Plants. Phytopathology., 67: 576-
579.

Hill, K. K., Jarvis-Eagan, N., Halk, E. L., Kra-
han, K. J., Liao, L. W., Mathewson, R. S.,
Merlo, J., Nelson, S. E., Rashka, K. E. and
Loesch-Fries, L. 1991. The Development of
Virus-Resistant ALFALFA, Medicago sativa
L. Bio/Technology., 9: 373-377

Hiruki, C. and Miczynski, K. A. 1987. Se-
vere Isolate of Alfalfa Mosaic Virus and Its
Impact on Alfalfa Cultivars Grown in Al-
berta. Plant Dis., 71: 1014-1018.

Hull, R. 1970. Studies on Alfalfa Mosaic Vi-
rus. IV. An Unusual Strain. Virology., 42: 283
-292.

lizuka, N. and Iida, W. 1969. Studies on the
Disease of Forage Crops.Ill. A Mosaic on
Ladino White Clover Caused by Alfalfa Mo-
saic Virus. Bull. Tohoku Agric. Exp. Station.,
37:105-122.

Krall, B. 1975. Amino Acid Analysis of Al-
falfa Mosaic Virus Coat Proteins: An Aid for
Viral Strain Identification. Virology., 66: 336
- 340.

346

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

. Kudela, O. & Gallo, J., 1996. Alfalfa Mosaic

Virus Strains T6 and 425 Differ in their Cap-
sid. Acta Virol., 40: 147-149.

Langereis, K., Mugnier, M. A., Cornelissen,
B. J. C, Pinck, L. and Bol, J. F. 1986. Vari-
able Repeats and Poly (A)-stretches in the
Leader Sequence of Alfalfa Mosaic Virus
RNA 3. Virology., 154: 409-414.

Massumi, H. 2004. Serological Characteriza-
tion of Alfalfa Mosaic Virus Isolates from
Southeast of Iran. Proc. Plant Prot. Congr.
Beijing, China, at p.261.

Massumi, H., Jones, P. and Hague, N. 2005.
Antigenic Analysis of the Coat Protein of
Alfalfa Mosaic Virus and its Involvement in
Aphid Transmission. J. Agr. Sci. Tech., 7:
31-40.

Miczynski, K. A. and Hiruki, C. 1987. Effect
of Alfalfa Mosaic Virus Infection on the Yield
and Regeneration of Alfalfa at Different
Growth Temperatures. Can. J. Plant Pathol.,
9: 49-55.

Muller, W. C. 1965. Progressive Incidence
of Alfalfa Mosaic Virus in Alfalfa Fields.
Phytopathology., 55: (Abstr).

Paliwal, Y. C. 1982. Virus Disease of Alfalfa
and Biology of Alfalfa Mosaic Virus in On-
tario and Western Quebec. Can. J. Plant
Pathol., 4: 175-179.

Swanson, M. M., Brown, J. K., Poulos B. T.
and Harrison, B. D. 1992. Genome Affinities
and Epitope Profiles of Whitefly-transmitted
Genemiviruses from the American Ann. Appl.
Biol., 121: 285-296.

Tremaine, J. H. and Stace-Smite, R. 1969.
Amino Acid Analyses of Two Strains of Al-
falfa Mosaic Virus. Phytopathology., 59: 521-
522.

Van Der Vossen, E. A. G., Neeleman, L. and
Bol, J. F. 1993. Role of the 5° Leader Se-
quence of Alfalfa Mosaic Virus RNA3 in Rep-
lication and Translation of the Viral RNA.
Nucleic Acids Res., 21: 1361-1367.

Walter, Y., Morita, N., Nishiguchi, M. and
Okada, Y., 1987. Attenuated Strains of To-
bacco Mosaic Virus. Reduced Synthesis of a
Viral Protein with a Cell-to-cell Movement
Function. J. Mol. Biol., 194: 699-704.
Wilson, T. M. A. 1993. Strategies to Protect
Crop Plants against Viruses: Pathogen-
derived Resistance Blossoms. Proc. Natl.
Acad. Sci USA, 90: 3134-3141.

Zaumeyer, W. J. 1963. Two New Strains of
Alfalfa Mosaic Virus Systemically Infec-
tious to Bean. Phytopathology., 53: 444-
449.


https://dorl.net/dor/20.1001.1.16807073.2007.9.4.6.7
https://jast.modares.ac.ir/article-23-7667-en.html

[ Downloaded from jast.modares.ac.ir on 2025-08-14 ]

[ DOR: 20.1001.1.16807073.2007.9.4.6.7 ]

J. Agric. Sci. Technol. (2007) Vol. 9: 341-347

o™ 53 (Alfalfa mosaic virus) 4xigs <Cilige (w9 29 S cuig pw 3l (Ol Sl
Ol gl 31 Able 5o g

% e € 9 Py T

Eol e 3 s ol oS S (Sl sal i gy Sl g0 s s o s Slolis sk o
WA sl b s s OLal 5 535 08 50,8 (Ol s 5 Ol (Ol S (glgilanl 5 ami s
(I3 Sl am oMo L s 65 51 (B g) Joas Jsb 03 (651 p 4 e Adys S 23T o \YAY
Slaes dior o (ST 51 03kl b 5503 Y02 slda 3 S plonil a5 5y IS 5 (S5, 5
CJ_.ﬂu_:sTguuﬁj\(\h).x_.,pJ;W.mf)\}w”wﬁ\ﬁwofﬂp AMV olass]
S5 6oL (BT LCte ladisns s ps ol Gl g o el g 313 OIS e 1S T
o 05 6oL (STIY sl cla (634 (ST nl il s 8513 b5l 35 sn oobansl (lailoen
rares ool aiged Fr 28Ty Lol s gos Lol 11 5S35 15 s &5 5ad ST (5 30Las 687
(YF5YYVY N0 Y OY la osled 4y Jla 630 (5T) 3L (BT g 57 2l 53 aomiy &S5 5
(A6 U AL) Calibes (g w7 ay g g ol odd o sl o il il ol 550 Oglase

.¢M|Q|J.L\):AMVJ.1:5ML5LA;_¢§3JMtﬂj\&jf&;\g\ L oSS

347


https://dorl.net/dor/20.1001.1.16807073.2007.9.4.6.7
https://jast.modares.ac.ir/article-23-7667-en.html
http://www.tcpdf.org

