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—  ABSTRACT |

Apricot is an cconomically important tree in Iigypt and worldwide. A survey of stonc fruits in
different locations was carried out from 2005 to 2007 to identifv viruses that infect apricot trees
(Prunus armeniaca) in Il-Iavium and Giza Governorates (middle Egypt). Samples from three
apricot plantations were collected and tested for different viruses i.e. Apple mosaic virus (ApMV),
Arabis mosaic virus (ArMV) . Prunus necrotic ring spot virus (PNRSV), Prune dwarf virus (PDV)
and plum pox virus (PPV) were tested using double antibody sandwich enzyme-linked
immunosorbent assay(DAS-IZLISA). The infected trees showed reduced yield, lower fruit quality.,
chlorotic and vellowish symptoms on leaves similar to those of virus infection. Preliminary results
revealed the presence of ArMV in the tested apricot trees. The isolated virus was biologically
purified from single local lesions formed on Chenopodium amaranticolor. Identification of this
virus was based on host range. transmissibility (mechanical. seed. graft and nematode). ArMV was
able to infect only 25 plant species and varieties from 30 tested plants by mechanical or grafting:
however nematode inoculation (Xiphinema americanum) was able (o transmit ArMV from infected
apricot and healthy apricot, peach, plum and grapes nursery (100 %). A high reliable sensitive RT-
PCR assay was developed for the detection of ArMV. Primers were used to amplify the coat protein
gene (419bp) RNA extracted from infected apricot leaves. The amplificd fragment was cloned,
sequenced and the nucleotide sequence was compared with other isolates available in GenBank.
Sequence comparisons showed similarity ranging from 85 % to 89% of Austria isolates and Japan
Kochi isolate, respectively.

Keywords: Apricot. peach. DAS-ILISA-Nepoviruses, RNA isolation, RT1-PCR. cloning  and
nucleotide sequencing.
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E INTRODUCTION | like roses. ArMV is the most widespread virus
disease of stone fruit trees. Stone fruits are
rabis mosaic virus (AtMV) belongs to important crops in most parts of the world

the genus Nepovirus . family (Gumus er al.. 2007).

Comoviridae. ArMV  occurs  in  all Svmptoms vary according to species
temperate regions. the disease aflects most infected and strain of the virus. ArMV is
stone fruits including sour cherrnv. almond. transmitted by grafting: it is also mechanicallv
peach. apricot. plum. their wild and flowering transmitted 1o several herbaceous plants. Seed
counterparts and also some ornamental species transmussion rates vary between 5-7 Y% and
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pollen transmission is reported to seeds and to
the mother plants. No insect vectors arc
reported. ArMV is  readilv  transnmitted
mechanicallv: t infects 93 species in 28
dicotvledonous families (Murant. 1970).

In nature. the virus is transmitted bv
nematodes belonging to the genera Longidoriis
and Xiphinema. through seed and pollen
(Dijkstra and Khan. 2006). The virus occurs
naturally in many species of wild and
cultivated mono and dicotyledonous plants.
ArMV has been reported from numerous
vegetable crops infecting. sugar  beet.
strawberrv. hostas (Hosta spp.). grapevine.
rose. lilv. olive. hop, cherry. orange blossom
(Choisva ternata) and black currant. This virus
causees 1mportant economic loss in vield.
lower fruit quality and shortening tie
longevity of vines produced due to chlorotic
and necrotic svmptoms on inoculated and
svstemic leaves (Imura er a/., 2008 and Nolke
el al.. 2009).

AT™MV is a member of the genus
Nepovirus in the Comoviridae family which
has RNA genome and isometric particles about
30 nm in diameter (Brunt ¢ al., 1996). The
genome consists of two single-stranded
positive-sense RNAs. called RNA1 and RNA2
(Andret-Link e¢r a/.. 2004).

Due to widespread occurrence of latent
viral infection. visual inspection is virtually
useless. Field observations should be
complemented by quick, sensitive and reliable
laboratorv  testes. Reverse transcriptase—
polymerase chain reaction (RT-PCR) using
spectfic coat protein primers has been reportied
as one of the most sensitive methods for
detection and identification of ArMV virus
that infects hosts; olive and grapevine
(Lockhart. 2006 and Nolke et al.. 2009).

One of the clones seems to be specific for
an isolate of ArMV-H from a Belgian
'nettlehead'-diseased hop plant. Another clone
detected all 11 ArMV-isolates from different

plant species tesled so far. The German
ArMV-H or at least some of 1ts 1solates cannot
be detected with the monoclonal antibodv
specific 1o ArMV-H: but strain differences
may also be detected using the F(ab')2-based
ELISA-procedure of (Adams ¢/ al.. 1987).

In this studv. the occurrence of ArMV
on Apricot trees was detected. based on data
obtained by nematode inoculation and seed
transmission. In addition. different diagnostic
methods using RT-PCR for the detection of
the Arabis mosaic virus infecting Apricot trees
was applied. Also. partial nucleotide sequence
ol the coat protein gene of an Egyptian isolate
ol ArMYV is reported.

r MATERIALS AND METHODS

Source of virus isolates

A survey of stone fruits in different
locations was carried out from 2005 to 2007 to
identifv viruses infecting apricot trees (Prunus
armeniaca) growing in El-Fayium and Giza
Governorates. Samples from three apricot
plantations were collected.

For biological purification, single local
lesion technique was carried out (Kahn, 1964)
using Chenopodium amaranticolor Cost &
Reyn as a local lesion host. Whereas N
tabacum L. var. White Burley and Cucumis
sativas L. were used as propagative hosts for
the present experiments.

Modes of transmission
Mechanical transmission (Host rang and
symptomatology)

In preliminary  transmussion  tests:
mechanical transmission of PNRSV from
infected rose to herbaceous hosts was found to
be unsatisfactory. Therefore. the following
buffers were used for  mechanical
transmission: 0.01 M phosphate buffer, pH
7.2, containing 2.5% nicotine. 0.01 M
phosphate buffer. pH 7.2. containing 0.001 M
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Na-DIECA. 0.01 M phosphate buffer, pH 7.8,
containing 0.001 M Na-DIECA and 2.5%
nicotine mixed with activated charcoal (100
mg ml-1. w/v). and 0.05 M phosphate buffer,
pH 7.2, containing 2% sodium sulfite.

Graft transmission

Ten seedlings of each apricot (Prunus
armeniaca L. c¢vs. Amar, Canino and
Hammawy). peach (Prunus persica cvs.
Florida prince. GF305. Nemagarde and
Soltany) and plum (Prunus domistica cvs.
Clymax and Mariana) were graft-inoculated
from the ArMV source obtained during May
and June 2006. The inoculum consisted of 2: 3
buds per each seedling.

Seed transmission

Seeds were separately harvested from
healthy and ArMV-infected apricot trees.
Approximately one hundred seeds were sown
in sterilized soil under insect-proof cages after
germination of apricot (cv. El-Amar). Seeds
were treated bv elimination of the shell in of
case urgent necessity of material (1-3 weeks).
The resuliant seedlings were observed for
symptoms appearance. Symptomless plants
were checked for virus infection bv back
inoculation onto Ch  amaranticolor and
ELISA test to detect the percentage of seed
transmitted.

Nematode transmission

The procedures used were those
described bv Gibbs and Gower (1960) and
Brown and Trudgill (1983). Experiments were
done with 25 cm 3 plastic pots maintained in
temperature controlled cabinets with three-
week-old seedlings of Chenopodium quinoa
used as mechanically infected sources of
ArMV. Virus-free nematode groups, mainly
adults and fourth-stage juveniles, were given
access to these virus-source plants for four
weeks. They were then extracted, counted and
in groups of two or five placed in clean 25 cm®

pots in which Chenopodium quinoa virus free
bait plants were planted three. The excised
portion of root was tested by ELISA (or the
presence of virus and those bait plants which
had virus detected in the excised portion of
their roots were used as virus-source plants in
the subsequent test.

Serological test

Apricot and peach leaf samples were
tested for Apple mosaic virus (ApMV). Arabis
mosaic virus (ArMV) | Prunus necrotic ring
sopt virus (PNRSV), Prune dwarf virus (PDV)
and plum pox virus (PPV), All viruses tested in
triplicate using conventional double antibody
sandwich  enzyme-linked immunosorbent
assay (DAS-ELISA) according to the
manufacturer’s 1nstructions (Sanofi - Santi
animal. France). Optical density was measured
at 2= 405 nm in an ELISA micro well reader
(Dynatech Immunoassay MR 7000). Samples
with an absorbency of at least twice the
healthy controls were considered as a positive
for the presence of the virus. Also, the
methods were used to confirm identification of
ArMV  on host range and mode of
transmission.

Total RNA extraction and RT-PCR

For RNA extraction, the EZ-10 Spin
Column Total TNA Minipreps Super Kit (BIO
BASIC INC) was used. The total RNA from
infected and uninfected apricot tissues
according to the kit procedure, 10 pl of total
extracted RNA were mixed with 25 pmol of
the specific reverse primer (AP2: 5°-
CATTAACTTAAGATCAAGGATTC-3")
designed by Pantaleo et a/., (2001). then 3. 5
ul free nuclease water was added to final
volume of 15 ul. The mixture was heated to
70°C for 5 min and then cooled on ice for 2
min. This mixture was used for reverse
transcription at 37°C for one hr with 200 units
of M-MLV reverse transcription (Promega.
USA) in 1X RT buffer. 25 units of rRNasin
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ribonuclease inhibitor (Promega. USA) and 10
mmol of each of dATP. dTTP, dCTP and
dGTP. PCR was used to amplify 419
nucleotides of ArMV using the specific
primers forward (API: 5-
AATACCCCGGGTGTTACATCG-3")  and
reverse AP2 primer designed to amplify partial
coat protein found in RNA 2 (Pantaleo ¢r a/..
2001). PCR was performed in 50 ul total
volume mixture containing 5 ul of RT mixture
(cDNA). 20 pmol of each APl and AP2
primers. 10 mmol of each of four dNTPs, 25
uM of MgClp. 2.5 wunits Tag polymerase

(Promega. USA), and 5 ul of 10X PCR buftfer.
PCR was carrnied out in the Biometra T-
Gradient thermocycler  with  one initial
denaturation cvcle at 94°C for 2 min followed
bv 35 cvcles of amplification with temperature
profiles of 30 s at 94°C. 30 s at 50°C and |
min at 72°C. Thirtv five cvcles were applied
followed by one final extension cyvcle at 72°C
for 7 nun and the PCR amplified products
were analvzed in 1.5% agarose gel. stained
with ethidium bromide. then scanned with UV
illuminator.

DNA cloning and sequencing

The amplified CP fragment was ligated
directly into PCR® 11 - TOPOR veclor
(Imvitrogen, Carlsbad. CA, USA). The
recombinant plasmids were introduced into /2.
coli stram DH5a as  described by
manufacturer’s  instructions. DNA  was
prepared from selected white colonies,
digested with ZcoRI and f{ractionated on
agarose gel wusing IKb DNA Jadder
(Stratagene. Germanv). Clones having 419 bp
insert were selected for dideoxy sequencing
using ABI PRISMTM Dve Terminal Cycle
Sequencing Ready Reaction Kit  with
AmpliTag DNA Polvinerase. FS (University
of Wisconsin-Madison. Biotechnology Dept..
USA) and performed on 377 XL automated
DNA Sequencer (Applied Biosvstem Co.).

The nucleotide sequence was compared and
analyzed using DNAMAN Sequence Analysis
Software (Lyvnnon BioSoft. Quebec. Canada)
with those of ArMV isolates available in
GenBank.

| RESULTS AND DISCUSSION

Biological characterization

Several samples of naturally infected
apricot fruits and leaves exhibiting svmptoms
that suspected to be due to virus infection
(Fig.1. A, B. C and D) were collected from ElI-
Fayium and Giza Governorales. Out of theses
samples, the isolated +irus gave positive
reaction with ArMV using DAS-ELISA
whereas these samples gayve negative reactions
with other Prunus viruses. i1e. ApMV.
PNRSV. PDV and PPV. The virus was
biologically isolated using single local lesion
technique from local lesion produced on
Chenopodium Album. Ch. amaraniicolor and
Ch quinoa (Fig.1 E. F and G). N. tabacum cv.
White Burlev reacted with svstemic symptoms
(Fig.1 H) was used as a maintain host (or
further studies. The virus isolate was identified
as ArMV according to the svmptomology . hosl(
range. stability in sap. and modes of

transmission.  serological  reaction  and
molecular  biology. The most common

svmptoms induced by ArMV are malformation
and brownish spots on [ruit and leaves
associaled with several Torms ol deformation
including stunting. The svmptoms yarv
depending on the host plant and cultivar.
season and vear. Many infections with ArMV
are latent and the plants do not show
svmptoms. ELISA test showed that ArMV
virus was detecled in grapeyine and stone [Tuits
(apricot and almond) in Lebanon. Albania. and
Turkev respectively (Giimis ef al.. 2007)

In earlier work on plant viruses. host
range was used as an important criterion in
diagnosis. Such information may be stll
important. or even crucial In  certain
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circumstances (Farzadlar er al.. 2004 and
Navalinskiené c¢r «al.. 2006). Serological
methods  (enszyme-linked  immunosorbent
assay) are routinelv emploved for these
purposes because thev allow sensitive.
specilic. and simultaneous analvsis of many
samples in a single microplate or membrane
{Garnsev and Cambra, 1991).

This result agrees with the results
obtained in ArMV-Lv from privet (Ligustrum
vilgare. 1.v) and ArMV from ltaly propagated
on Chenopodium quinoa. and Chenopodium
amaranticolor rtespectivelv (Gerola et al.
2008). The virus was easily sap transmissible
to several plant species belonging to 9
families. The results are reported in Table (1)
and Fig (1) showing sympioms of different
hosts. The [oliowing hosts did not become
infected upon inoculation: Datura metal L.,
Darura  stramonium.  Vigna unguiculata.
Prunus armeniaca l.cv. Canino and Zinnia
elegans L. These results were confirmed using
back assay. The obtained results of inoculated
plants are in agreement with those reported for
ATMV belore Brown and Trudgill (1983) and
Samuitiené et al. (2008). Also the results agree
with  ArMV-Lv  {rom privet (Ligustrum
vilgare. Lv) and ArMV [rom [taly was
propagated on Chenopodium quinoa. and
Chenopodium — amaranticolor — respectively
(Gerola et al.. 2008). Xiphinema americanuin
was able to transmit ArMV {rom infected
apricot and Ch. amaranticolor 10 apricot.
peach. plum and grapes nurseryv (100%). These
results also agree with those of Derek and
Brown (1986) and Lockhart (2006). For seed
transmission. data indicated that the virus

could be transmitted through seeds. Seedlings
resulted from seeds previousiv collected from
infected plants showed external symptoms and
positive ELISA results in rates between 5% to
6% 1n apricot seeds.

Seed transmission 1s a common [eature
and was found in at least 15 species out of 12
plant families with up to nearly 100% of the
progeny being infected (Murant. 1970). But
this tvpe of spread is of little importance in
crops that are propagated vegetatively like
hops. grapes, etc. Spread of ArMV by plant
contact in the field seems 1o be rare il it occurs
at all. Some evidence exists for pollen
transmission of ArMV in hops (Eppler. [983).
but no proof has vet been furnished that
healthy mother plants can be infected by virus-
carrving pollen. In non-cultivated vegetation.
spread occurs initially by seed and
secondarily, over shorter distances by
nematode transmission (McNamara. 1980).
Svmptomatic host plants and inoculated test-
plants were tested for ArMV infection by
DAS-ELISA. The reaction was considered
positive when absorbance at 405 nm was more
than twice the mean of healthy (negative)
controls by (Samuitiené et a/. 2008).

The above results confirm that ArMV is
widespread on perennial, apricot causes
harmful  diseases. retards plant growth.
damages some or all parts of a plant. distorts
its standard properties. reduces the aesthetic
quality and marketability.  Virus-infected
plants are more susceptible to fungal and
bacterial pathogens which lead to premature
death.
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Table (1): Reaction of host plants inoculated mechanically, grafting and nematode transmitted by

ArMY.
Infected host Mode of Symptoms ELISA
transmission test
Family: Amranthaceae
Gompherena globosa L. Mech. SM +
Family: Apiacaeae
Apitim graveolens var. dulce Mech. & Nema. C.L.L. +
Family: Caryophyllaceae
Dianthus carvophvilus L. Mech. & Nema. C. L.L. +
Family: Chenopodiaceae
Chenopodium Album Mech. & Nema. 1.1 +
Chenopodinm amaranticolor Coste & Revn. Mech. & Nema. 1.1, +
Chenopodium quinoa Wild Mech. & Nema. C.LL +
Family: Compositeae
Zinnia elegans L. Mech. 0 -
Family: Cucurbitaceae
Cucumis sativas 1.. cv. Beta Alfa Mech. M +
Family: Fabaceae
Pisum sativum 1.. ev. Linkolin Mech. M +
Phaseolus vulgaris Mech. M +
Vigna unguiculata Mech. O -
Family: Rasacae
Prunus armeniaca L. cvs. Amar Graf., Mec & M +
Canino Nema. 0 +
Hammawy Graf., Mec & mM +
Prunus domestica L. cvs. Clymax Nema. M +
Mariana Graf,, Mec & M +
Prunus persica 1. cvs: Florida prince Nema. M +
GF303 Graf, Mec & M +
Nemagarde Nema. M +
Soltany Graf.. Mec & mM +
Family: Vitidaceae
Uitis vinifera L.cvs: Superior Nema. M
Tomson seedless Graf.,, Mec & M +
Flam seedless Nema. 0 -
Family: Solaunnceae
Datura metal 1.. Graf.. Mec & 0 -
Datnra stramonium 1.. Nema. V.C. +
Nicotiana glutinosa .. Grat.. Mec & SM +
Nicotiana rustica Nema. M +
Nicotiana tabacuml.. var. White Burlv Graf. & Nema. V.C, +
Petunia hvbrida Vilm ev. Rosa of Heaven Graf. & Nema. SM +
Phvsalis floridana 1. Graf. & Nema. SM +

Mech. = Mechanical transmission. Nema. = Transmitted by nematode, Graf. = Transmitted by grafting, L L. = Local lesion,
C.L L. = Chlorotic Local Lesion, M= Mosaic, mM = mild Mosaic. V.C. = Systemic vein clearing. S M = Sever mosaic, 0= no
symptoms and + = Positive, - + Negative (in ELISA test)
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Fig. (1): Symptoms of ArMV on apricot and different host range.

A. Natural infestation of ArMV on apricot fruit (Prunus armeniaca cv. ELLAmar) showed malformation and
brownish spots.

B. Artificial infection by grafting transmission on (Prunus armeniaca cv. El-Amar) showed typical
symptoms (yellows, malformation and rosetting).

C. Artificial infection by nematode transmitted on (Prunus armeniaca cv. Local) showed systemic mosaic
and chlorotic veins.

D. Severe mosaic symptoms appeared on apricot leaves Prunus armeniaca cv. Canino produced by ArMV
grafting transmitted.

E. Local lesion on Chenopodium quinoa infected with ArMV.,

F. Local lesion on Chienopodium Album infected with ArM V.

G. Local lesion and then systemic chlorotic mottle appeared on Chenopodium amranticolor infected with
ArMV.

H. Nicotiana tabacum White Burley produced systemic mosaic and blisters.

1. Sever mosaic appeared in Nicotiana rustica mechanical infected with ArMV.

J.  Nematode transmission on (Vitis vinifera cv: Superior) showed mosaic and malformation on leaves.

K. Chlorotic blotches on (Vitis vinifera.cv: Tomson seedless) grafting transmitted with ArMV.

L. Petunia hybrida Vilm cv. Rosa of Heaven showed systemic vein clearing.

M. Sever mosaic and systemic chlorosis showed on Physalis floridana.

N. Gompherena globosa showed severe mosaic and leaf twisting by mechanical transmitting with ArMV.
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PCR amplification

RNA extracled from apricol plants
infected with ArMV were reverse (ranscribed
using  AP2  specific primer followed by
polvmerase chain reaction (PCR) to produce
ArMV ¢cDNA. No PCR product was obtained
when ¢cDNA generated from uninfected plant
using same procedures (Fig. 2. L2). Specific
bands in agarose gel of the analvzed products
Were obtained after electrophoresis
corresponding to the expected size of
amplification product of 419 bp. confirming
ArMV identity (Fig. 2).

On this subject. the pathogen was
identified by using specific primers for
amplifying the cDNA segment by RT-PCR.
Amplifications and detection of coat prolein
region using these primers (AP1/ AP2) resulted
in a cDNA size of approximately 419 bp. This

Fig. (2): 1% Agarose gel in TBE buffer stained with ethidium
bromide showed RT-PCR amplification of the ArMV-
CP using APl and AP2 primers and enzyme digestion
of the cloned ArMV-CP fragment. M: 100 bp marker,
LI1: RT-PCR for RNA extracted from Healthy plants,
L2: RT-PCR for RNA extracted from infected plants,
L3: undigested clone of ArMV-cp fragment and L4:
digested clone of ArMV-CP fragment using EcoRI

restriction Enzyme.

Partial sequence of ArMV-CP

In order to partially sequence the ArMV-
CP gene, the PCR product was cloned into
PCR" 11 - TOPO" vector (Invitrogen,
Carlsbad. CA ). The recombinant plasmid was
then introduced into £ coli strain DHS5a and
the white colonies were subcultured in LB
media with ampicillin. The plasmid was
isolated and purified using Wizard plus SV

result agrees with those obtained by (Pantaleo
et al. 2001 and Samuitiené ¢/ al.. 2008) as
thev reported that specilic bands in
polyacrylamide gel of the analvzed products
after  electrophoresis at a  posilion
corresponding to the expected size of
amplification product of 420 bp and 421 were
obtained. confirming ArMV identity of
ornamental plants and olive in crude extracts
from Italy and Lithuania. DAS-ELISA and RT-
PCR. together with classical biological
methods. increased the reliability of virus
identification in complex infections. Recently.
the ArMV virus has been described as an agent
of wviral disease in Hyacinthus and
Lycopersicon  esculertum  1in Lithuania
(Navalinskieng, er a/.. 2006 and Zitikaite er al..
2006) by using RT-PCR analysis.

M L1 L2 L3 L4

Purification System (Promega). The
recombinant plasmuid was purified and
digested with FcoRI restriction enszyvme and
two bands were obtained as shown in (Fig. 2,
L4). one for the insert (with extra about 30
nucleotides as a part from the poly linker site
of the vector) which is about 450 bp and the
other for the plasmtd which about 4 kb.

Arab J. Biotech., Vol 12, No. (2) July (2009): 237-250.



Characterization of Arabis Mosaic Virus 245

Nucleotide sequencing ol the RT-PCR
amphlied [ragment in the recombmant plasmid
for the partial coat protetn of ArMV (Fig. 3)
was done to determine 1f this PCR fragment
was from Nepovirus group or not and (o
compare the sequence [rom this isolate with
those of other ArMV isolates available in the
GenBank. The sequenced Iragment of AtMV-
Eg was submitted to the GenBank under
accession No EU289226.

The RNA 2 of the Arahbis mosaic
nepovirus (ArMV) encodes a polyprotein (coat
protein region) {rom which protein 2A is
refeased bv proteolvtic cleavage at the N-
terminus in Grapevine plant. Nepoviruses have
been divided into three subgroups(A-C) based
on the length of RNA 2. serological properties
of the virions and cleavage site specificity of
the viral proteinase (Mavo and Robinson.
1996) The complete genome of the grapevine
1isolate NW of ArMV (subgroup A) has been
determined by Wetrel er al. (2004).

A multiple alignment was done along
with previously obtained sequences by Imura
et al. (2008) and from the GenBank sequence
data. The following sequences were used in
the comparisons of [ive different ArMV
1solates available in GenBank with the
obtained Egyptian isolate. Germany grapevine
cultivar  Pinot  gris.  (NC_006056).  Japan:
Niigata naturally infected narcissus plant
(AB279740). Japan: Kochi "naturally infected
lilv ¢v. Casablanca" (AB279741). Austria
(X55460). and Japan: Hiroshima naturally
infected butterbur plant (AB279739) were
analyzed using DNAMAN sofiware.

The phvlogenetic tree of partial
nucleotide sequence alignment (Fig. 4)
comparisons showed that the percentage of
similaritv s ranging from 85-89% of the five

reported isolates of ArMV with the Egvptian
1solate (ArMV-Eg). The results indicated that
the highest sequence similarty was [(ound
between the Egvptian isolate of ArMV and
isolates from Japan which is 89%. while the
lowest was found with ArMV 1solates [tom
Austria isolate which 1s 85%.The similarity of
the nucleotide sequences suggested that the
ArMV-Eg isolate may be a dilferent strain due
to the low similarity (85-89 %) with other
isolates in the Gene Bane.

The phyilogenetic homology tree based
on multiple sequence alignments (Fig. 4) of
the ArMV- Eg isolate. revealed that the (C'F)
ol the ArMV -NW isolate is closelv related to
the naturally infected grapevine cultivar Pinot
gris of Germany and naturally infected lilv cv.
Casablanca (Imura er al.. 2008) revealed that
the ArMV isolate appeared lowest ArMV
Austria isolate  (Bertioh er al.  1991)
Therefore, the ArMV-Eg i1s  probabiv
considered a nesw strain of ArMV.

ATMV. which causes a significant
disease in apricot trees (Prunus armeniaca)
species. the most commonly used methods of
diagnosis still relv on biological indexing
using etther woody or herbaceous indicator
plants. While serological reagents are available
for these viruses. the use of ELISA for routine
screening is limited to their detection in
herbaceous indicator plants. or to specilic
times of the vear from voung leal tissue or
{lower blossoms obtained [rom their woody
hosts. It 1s anticipated that the methods
described in this research will facilitate the
development of rapid and sensitive diagnostic
techniques that can be used the vear-round for
the specific detection of these and other
important viral pathogens directlv in their
woodv hosts.
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Fig. (3): Nucleotide sequences and its deduced amino acids of 419 nt fragment amplified from

ArMV-CP gene.
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Fig. (4): The phylogenetic homology tree based on multiple sequence alignments of the ArMV
Egyptian isolate compared to previously sequenced isolates.

Mosaic. systemic vein clearing and
severe mosaic symptoms were noticed in
Egypt two vears ago on apricot trees in El-
Fayium and Giza Govemorates. The disease is
still under recognition and investigation but
needs more attention as a serious problem that
could become uncontrollable and may be fast

spreading via nematode vector or by seed
fransmission.

On the basis of DN A sequences, it can be
concluded that the ArMV was an organism as
ssRNA viruses; Picornavirales: Comoviridae:
Nepovirus, Subgroup A. This is the first
report of an ArMV in Apricot trees in Egypt.
Also it may be a new strain of ArMV due to
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the low similarity (85-89 %) with other
1solates available in the Gene Bane.

| ACKNOWLEDGEMENTS

We are grateful to Dr. Wafaa M. A. El -
Nagdi . Nematology Laboratorv. Plant
Pathologv Department. National Research
Centre. Dokki. Giza- Egypt for her assistance
in detecting nematode in the cultivated soil
under natural infected apricot, also for
technical assistance and supplied cultures of (
X spp.) the source ol nematode used in
transmitting the virus.

B REFERENCES |

Adams, A. N.; Barbara, D. J. and Davies, D.
L. (1987). The etiology of hop chlorotic
disease. Annals of Applied Biology 111,
365-371.

Andret-Link, P. ; Laporte, C. ; Valat, L.,
Ritzenthaler, C. ; Demangeat, G. ; Vigne,
E. ; Laval, V. ; Pfeiffer, P.; Stussi-Garaud,
C. and Fuchs, M., (2004). Grapevine
fanleaf” virus: still a major threat to the
grapevine industry. J. Plant Path. 86, 183-
1952.

Bertioli, D.J.; Harris, R. D.; Edwards, M.
L.; Cooper, J. 1. and, W. S
(1991).Transgenic plants and insect cells
expressing the coat Hawes protein of Arabis
mosaic virus produce empty virus-like
particles. J. Gen. Virol., 72 T (8): 1801-1809

Brown, D.J. F. and D.L. Trudgill (1983).
Differential transmissibility of arabis mosaic
and strains of strawberry latent ring spot
viruses by three populations of Xiphinema
diversicaudarum (Nematoda : Dorylaimida)
from Scotland. Ttaly and France. Revue
Nénzatol., 6, 229-238.

Brunt, A. A.;Crabtree, K. and Dalwitz, M.
J. (1996). Viruses of Plants. Descriptions

and Lists from the VIDE Database.
Cambridge University Press.

Derek, J. and Brown, F. (1986).The
transmission of two strains of arabis mosaic
virus from England by populations of
Xiphinema  diversieaudatum  (Nematoda:
Dorvlaimoidea) from ten countries Revue
Nématol. 9 (1), 83-87.

Dijkstra, J. and Khan, J. A. (2006).
Handbook of Plant Virology. New York:
The Haworth Press, 253-388.

Eppler, A. (1983). Transmission of hop
viruses and the role of wild and escaped
hops as sources of virus spread.
Mededelingen van de Faculteit Landbouw-
wetenschappen Rijksuniversiteit Gent, 48:
883-892.

Farzadfar, S Pourrahim, A
Ahoonmanesh, R.; Rakhshandehro, F.
and Golnaraghi A. R. (2004). Occurrence
of Arabis mosaic virus and grapevine leaf
roll associated virus-3 on grapevines in [ran.
Plant Disease, 88: (4), 424-432.

Garnsey, S. M. and Cambra, M. (1991).
Enzyme-linked  immunosorbent assay
(ELISA) for citrus pathogens. in: Graft-
Transmissible, Pages 193-216.

Gerola, F. M., Bassi , M. and Betto, E.
(2008). Shape and Localization of Arabis
mosaic virus in Experimentally Infected
Mesophyll Cells of  Chenopodium
amaranticolor . J. Phytopathol., 51: (2), 192-
194,

Gibbs, A. J. and J. C, Gower (1960). The use
of a multiple transfer method in plant virus
transmission studies—some statistical points
arising in the analysis of results. Ann. Appl.
Biol., 48, 75-83.

Giimiis, M. ; Paylan, 1. C.; Matic, S., Myrta,
A.; Sipahioglu, H. M. and Erkan, S.
(2007). Occurrence and distribution of stone
fruit viruses and viroids in commercial
plantings of prunus species in Westemn

Arab J. Biotech., 1ol 12, No. (2) July (2009): 237-250.



248 A. A. Rezk et al.

Anatolia, Turkey. J. Plant Pathol 89 (2): 265-
268.

Imura, Y.; Oka, H.; Kimata, K.; Nasu, M.;
Nakahama, K. and Maeda, T. (2008).
Comparisons of complete RNA-2 sequences,
pathological and serological features among
three Japanese isolates of Arabis mosaic
virus. Virus Genes 37 (3): 333-41.

Kahn, G. W, (1964). Separation of cowpea
virus mixture. Phytopathology, 54, 739-740.
Lockhart, B. E. L. (2006). Occurrence of
Arabis mosaic virus in Hostas in the United

States. Plant Disease, 90 (6), 834-842.

Mayo, M. A. and Robinson, D. J. (1996).
Nepoviruses:  molecular  biology and
replication. In: Harrison BD, Murant AF
(eds) The plant viruses, vol 5: polyhedral
virions and bipartite RNA genomes. Plenum
Press. New York.

McNamara, D. G. (1980). The spread of
arabis mosaic virus through non-cultivated
vegetation. Plant Pathol.. 29: 173-176.

Murant, A.F. (1970). Arabis mosaic virus.
CMI/AAB Descriptions of Plant Viruses No.
16. Association of Applied Biologists,
Wellesbourne, UK.

Navalinskiené, M.; Samuitiené, M. and
Zitikaité, 1. (2006). Nepovirus and
phyvtoplasma detected in sneezeweed
(Helenium L.) ornamental species, Botanica
Lithuanica, 12 (4), 253-257.

Nolke ,G. ; Cobanov, P.. Uhde-Holzem, K,
Reustle, G.. Fischer, R. and Schillberg, S.
(2009). Grapevine fanleaf virus (GFLV)-
specific antibodies confer GFLV and Arabis
mosaic virus (ArMV) resistance in Nicotiana
benthamiana. Mol. Plant Pathol.. 10 (1), 41-
49 .

Pantaleo, V.; Saponari, M. and Gallitelli,
D., (2001). Development of nested PCR
protocol for detection of olive-infecting
viruses in crude extracts. J. Plant Pathol.. 83
(2): 143-146.

Samuitiené , M.; Navalinskiené , M. and
Jackevic¢iené, E. (2008). Arabis mosaic
virus on ornamental plants. Biologya, 54 (4):
264-268.

Trudgill, D. L.; Brown, D. J. F. and
McNamara, D. G. (1983). Methods and
criteria for assessing the transmission of
plant viruses by Longidorus nematodes.
Revue de Nématologie, 6: 133-141.

Wetzel, T.; Beck, A.; Wegener, U. and
Krezal.,, G. (2004). Complete nucleotide
sequence of the RNA lof a grapevine isolate

of Arabis mosaic virus. Arch. Virol., 149:
989-995.

Zitikaite, 1.; Surviliené, E. and Jandys, Z.
(2006). Detection and characterization of a
new nepovirus isolated from ZLycopersicon
esculentum Mill. crop in Lithuania. Biologija
(Vilnius), 2: 63-67.

Arab J. Biotech., Vol. 12, No. (2) July (2009): 237-250.



Characterization of Arabis Mosaic Virus 249

Jual Ul i yti gug 518 o Jliodioll dl3al giajall o g2 ol gl ity saill

Glasles 2aaa 30l = 7 b Dla 08 = 2aal Nal g Jual = (35, gmal 20 Jike
e -l e ) Ggaall S pe -l Gaal el igas agas

posll (phdlaa o8 5 ya Jg¥ Gl peViclia gl a8 g allally a8 LB SV o (Badall jladf yhad
@ﬁiuﬂ,a@(@iay,)wﬁsaﬁ, P@MMIJMI&%)L@AHQA‘}S“JQEJBJMU
oy sl Al gy Jib 5 aanksi g e g il 13g) Aaiiall it sall e Apmaia pall Aniall Adaas) 35 iy el g dae ol gl
i g il e 32l deaadiall saliadl Juas¥l e 2 alasiuly ol e CadSU a gly ) LA addi0l 36
ot Al Al Il wa L ge Nelis @ ekl (o il Aladl Jlad¥! o daill culS 5 Apdall Yl Cwad
5ol Jail gl gilandy Jaill 5 apmdaill y SolSaall Jasll Adad g3 AT 55 uinn T 5 Sl g 98 YO (8 ladall iy 5 5a
o> sdaall anil a3 aaly (o LAY Aaddal Jil gl I cladl (hadiall e %)+ ¢ Assiy Gu_pill Jai 13 silanill o elag
o a5l Gaaall alaaiul e aaias Al Dpaall 3l caaadiud 8 5 Gyl 13 Aeasdiall i gall aal (e aaly e
Gradadll 3 paldl Jolds alasiudy | 1) skt 3SY G5l atlasial (3 o alll 23 Allaly Al jall coad & jeaall A 2l e S
a5 el et Gacaaiall ool Aty g i 50t €39 g Leana (o g poill 1gd Amiadiall (g 4 41l
Lele Jseantan g yal ¥ jay milll &5 jlaa &5 5 oIS 53 (£19) it g pall Ml (pa (e adaial (52lS gall aslalf Ay
O 7ol bl iy Aaliall (o AW Y Sall g A jall caad Ay jeaall A all (e Aol A f a9 Slsadl iy e
Lol YTl 5 e el San A1 alal Ll JlaiaY Basia 138 5 % Ad-Ae

Arab J. Biotech., Vol. 12, No. (2) July (2009): 237-250.






