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Abstract. Restrictedfield surveyswere conducted todetermine thepresence and incidenceof virus infections in almonds.
Representative asymptomatic samples from six locations were tested by enzyme linked immunosorbent assay and reverse
transcription and polymerase chain reaction for known stone fruit viruses. Only Apple chlorotic leaf spot virus (ACLSV)
infection was detected in one of the six almond samples from the state of Himachal Pradesh. Comparison of sequenced
amplicons with two available sequences of ACLSV-almond isolates revealed 92% and 94% amino acid identity. However,
the Indian ACLSV-almond isolate shared maximum (98%) homology at the amino acid level to ACLSV-peach
(AM498050) and wild apricot (AM498048) isolates from India. The C-terminus is highly conserved within the Indian
ACLSV isolates with the exception of a few residues which in the case of the Indian almond isolates are more typical of
peach and wild apricot isolate sequences.
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Almond (Prunus amygdalus) is known as the king of nuts and is
highly nutritious. It is closely related to peach and other stone
fruits and is grown widely in temperate areas of the world for its
edible seeds.Disease-causingagents suchasbacteria, fungus and
viruses result in great losses to the production of almonds. Some
of the serious diseases causing heavy losses are known to be
causedbyviral andviroid infections (Nemeth1986).Viruses like
Apple mosaic virus (ApMV), Prune dwarf virus (PDV), Prunus
necrotic ring spot virus (PNRSV) (Digiaro et al. 1992) andPlum
pox virus (PPV) (Pribek et al. 2001) have been reported on
almond. In one study, Apple chlorotic leaf spot virus (ACLSV)
was found to be the least frequent virus infecting almonds (Barba
et al. 1985).

In Himachal Pradesh (HP), India, almonds are grown in
mixed plantations with pome and other stone fruits and,
therefore, may be exposed to the viruses that more commonly
infect these plants. An initial survey was undertaken in the states
ofHPandPunjab to identify themajor viruses infecting almonds.
Almond leaf samples from Kullu, Solan, Palampur, Salooni and
Tissa areas within HP and Attari within Punjab were collected.
There were no visible symptoms observed and plants looked
healthy.

Preliminary detection for viral infectionwas done by enzyme
linked immunosorbent assay (ELISA) using commercially
available reagents for ApMV, ACLSV, PPV (Agdia Inc.,
USA), PNRSV and Apple stem grooving virus (Loewe,
Germany) as per the manufacturers’ instructions. ELISA
readings were mostly negative except for one almond sample
from HP which gave approximately twice the ELISA reading
when compared with the negative control for ACLSV
(Table 1). No amplification from any sample was obtained for

PDV using a virus-specific primer pair (Mekuria et al. 2003) in
the polymerase chain reaction (PCR).

Host range studies onto Chenopodium amaranticolor,
C. quinoa, Phaseolus vulgaris, Nicotiana glutinosa, Cucumis
sativus, N. benthamiana, and N. tabacum were conducted by
mechanical inoculation using carborundum and phosphate
buffer (pH 7) with 2% polyvinyl pyrrolidone (PVP) as an
additive. Three replicates were conducted in which five plants
of each species were inoculated for each experiment. Symptoms
were observed over 12 days. C. amaranticolor and C. quinoa
plants, which had been inoculated with the positive almond
sample, showed small chlorotic spots in inoculated leaves and
the presence of ACLSV in these plants was reconfirmed by
ELISA. A single lesion from C. amaranticolor was inoculated
onto the hostC. quinoa, which gave chlorotic and necrotic spots
on inoculated leaves, followedby chlorotic spots in upper leaves.

To further elucidate the identity of the infecting virus, total
RNA was extracted using RNeasy Plant mini kit (QIAGEN,
Germany) from almond leaf tissue that had tested positive in the
ELISA. The primer pair (forward primer 50-GAT CAG AAG
RMGRAGGAT-30 and reverse primer 50-GTAGTAAAATAT
TTAAAAG-30, accession numbersAM490253 andAM490254
respectively) was designed to amplify the complete coat protein
(CP) gene and untranslated (UTR) region from the 30 end of the
ACLSV genome. Complementary DNA was synthesised by
reverse transcription from 7mL (2--4mg), total RNA in a
25mL reaction mixture using 200 units of Moloney Murine
Leukemia Virus reverse transcriptase (M-MuLV RT) enzyme
to extend from the reverse primer. PCR amplification was
performed using a GeneAmp PCR 9700machine (Applied
Biosystems, USA) in a 50mL reaction mixture with 1.5 units
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of Taq DNA polymerase (Invitrogen, USA) and 7mL of the first
strand cDNA reaction. The thermal cycling schemewas 2min at
94�C, 30 cycles of 40 s at 94�C, 1min at 49�C, 2min at 72�C for
2min, followed by a final incubation of 10min at 72�C
(Sambrook et al. 1989). The 800 bp amplicon was eluted
using an Au-Prep gel extraction kit (Life Technologies, USA)

and cloned into a pGEM-T easy vector (Promega USA). Three
positive clones were sequenced in an automated sequencer (ABI
Prism 310) using the Sanger dideoxy chain termination method.
Three clones of the CP amplicon were sequenced twice in both
directions using universal T7 and SP6 primers. The clones were
identical and included582bpof theCPgene and196nt of 30UTR

Table 1. Summary of the ELISA and RT-PCR results for the viruses tested in almond

Location No. of
plants tested

ELISA RT-PCR
ApMV ASGV ACLSV PPV PNRSV ACLSV PDV

Kullu (HP) 10 -- -- -- -- -- -- --

Solan (HP) 12 -- -- -- -- -- -- --

Tissa (HP) 8 -- -- -- -- -- -- --

Palampur (HP) 10 -- -- +(1) -- -- +(1) --

Salooni (HP) 11 -- -- -- -- -- -- --

Attari (Punjab) 10 -- -- -- -- -- -- --

 

Fig. 1. Amino acid sequence alignment of the CP genes of nine ACLSV isolates. The Indian almond isolated is in bold.
Ap, Apple; Ald, Almond; Apr, apricot; Chu, Chuli (wild Apricot); Pe, Peach. CAE52472 and CAE52465 are ACLSV-
almond isolates from Italy, whereas the others are IndianACLSV isolates. Identical residues are denoted as a dot. The non-
conserved aspartic acid residue at position 151 is highlighted in bold. Serine (S) and tyrosine (Y) at positions 40 and 75,
respectively, are in italics.
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of ACLSV (GenBank accession AM498046). The sequence was
also compared with partial CP sequences of ACLSV-almond
isolates available from public databases (Fig. 1).

Al-Rwahnih et al. (2004) observed that most ACLSV-CP
isolates vary only slightly in the N-terminal portion and that the
C-terminal is maximally conserved. The ACLSV-CP sequence
in the present studywas therefore alignedwith 64 otherACLSV-
CP sequences (data not shown). Throughout the CP, the Indian
almond isolate showed amino acid differences from all
64 ACLSV-CP sequences. The ACLSV-almond sequence
from HP was most similar (98%) at the amino acid level to
ACLSV-peach (AM498050) and wild apricot (AM498048)
isolates from India. The two ACLSV-apple isolates
(AM408891 and AM409322) and another peach isolate from
HP (AM498047) had 91% sequence homology with the Indian
ACLSV-almond at the amino acid level, while cultivated apricot
showed 93% identity. The two Italian ACLSV-almond isolates
(GenBank accessions CAE52465 and CAE52472) shared 92%
and 94% identity with the Indian almond ACLSV isolate. The
almond ACLSV-CP sequence was unique as it had an aspartic
acid residue at position 151 instead of an asparagine residue,
which was conserved in all other sequences (Fig. 1). Other
important differences in the Indian almond-ACLSV isolate
are serine and tyrosine at positions 40 and 75 whereas most of
the other 64 isolates have alanine and phenylalanine,
respectively. However, peach, wild apricot and the Italian
isolates also have serine and tyrosine at positions 40 and 75.
This change of alanine to serine at the 40th position and
phenylalanine to tyrosine at the 75th position has been
reported to result in an extreme reduction in the accumulation
of viral genomicRNA, double-strandedRNAs and viral proteins
(movement protein and CP) in infiltrated tissues, suggesting that
alanine at position 40 and phenylalanine at position 75 are
important for effective replication in host-plant cells
(Yaegashi et al. 2007). This could also be responsible for
reduced incidence of ACLSV in almonds in this study and
reason for ACLSV being least frequent virus infecting
almond (Barba et al. 1985).

This is the first molecular proof of ACLSV infection on
almond in India. Wild peach (Prunus persica) and wild
apricot (Prunus armeniaca), commonly called ‘Chuli’ in HP,
are the twomost commonlyused rootstocks for almond inHPand
ACLSV infection has previously been detected at the molecular
level in apricot (Rana et al. 2007) and peach (AM498047 and
AM498050) in HP orchards. However, the rootstock variety

which might have been used for the ACLSV infected almond
could not be ascertained. As ACLSV has no known vector and is
transmitted through grafting, mechanical inoculation or unclean
horticultural practices, the possible cause for this single infection
could be graft transmission or pruning with contaminated
equipment. The frequency of conserved residues shared
among the Indian peach, apricot and almond isolates could be
a result of grafting or mixed cropping of stone fruits.
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