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Abstract
Apple chlorotic leaf spot virus (ACLSV) is one of the most common viruses infecting apple and pear trees, and Iran is
among the top ten apple-producing countries in the world. In the present study, incidence and genetic diversity of
ACLSV were investigated in the main apple-growing regions of Iran. To achieve this purpose, a total of 1053 leaf
samples were collected from orchards located in nine Iranian provinces. ACLSV infection was detected by DAS-
ELISA in 48 samples (4.55%) from seven provinces and was confirmed by RT-PCR. Based on the geographical origin,
19 representative isolates were selected for phylogenetic analysis. Nineteen amplicons, with a size of 677 base pairs
(bp), containing the 3′ end of the movement protein (MP), the coat protein (CP) gene, and 3′-UTR sequence, were
sequenced. Sequence analysis, using data of 45 isolates from 12 different countries, including the 19 Iranian isolates,
showed that CP gene among the Iranian isolates were 80–99% identical at both nucleotide and amino acid levels, and
these isolates were placed in the B6 (AB326224) and P-205 (D14996) ACLSV groups. This is the first genetic
analysis of ACLSV in Iran.
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Introduction

Apple chlorotic leaf spot virus (ACLSV) is the type spe-
c i e s o f t h e g enu s Tr i c ho v i r u s i n t h e f am i l y
Betaflexiviridae, order Tymovirales (Adams et al. 2004).
Although ACLSV infection is typically latent, in some
cases, it causes severe symptoms. The virus is recognized
as economically important due to its worldwide occur-
rence and to the effects in some infected fruit tree species.
ACLSV naturally infects many Prunus species, apples
(Malus domestica Borkh.) and pears (Pyrus communis
L.), and other Rosaceae species (Paduch-Cichal et al.

2005; Salem et al. 2005; Keshavarz et al. 2009,
Keshavarz and Shams-Bakhsh 2014; Mahfoudhi et al.
2013). The severity of symptoms caused by ACLSV is
dependent on plant species and virus strains (Németh
1986). ACLSV could be responsible for symptomatic dis-
eases in stone fruits, such as plum bark split and cherry
fruit necrosis (Desvignes and Boyé 1989; Desvignes et al.
1999). It may also induce top-working disease in apple
trees and graft incompatibility in apricot (Desvignes and
Boyé 1989).

ACLSV virions are flexuous filaments, 640–760 ×
12 nm in size. The genome of ACLSV contains three
open reading frames (ORFs) encoding respectively, a
216.5-kDa protein (ORF1) involved in genome replica-
tion, a 50.4-kDa movement protein (MP) (ORF2), and a
21.4-kDa coat protein (CP) (ORF3). The genome of
ACLSV consists of 7474–7561 nt with a 3′ poly adenine
tail (Guo et al. 2016). The genomic organization of
ACLSV shows gene overlapping of 82 nt between
ORF1 and ORF2 and 316 nt between ORF2 and ORF3
(Sato et al. 1993). The complete genome sequences of
some ACLSV isolates have been determined from, e.g.,
apple (P-205, A4, B6, and MO-5) (Sato et al. 1993;
Yaegashi et al. 2007), plum (P863 and PBM1) (German
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et al. 1990; Jelkmann and Kunze 1995), peach (Ta Tao 5,
Z1, and Z3) (Marini et al. 2008; Niu et al. 2012), and
cherry (ball) (German et al. 1997), and their molecular
characteristics, such as genetic diversity and phylogenetic
relationship, have been investigated.

Sequence analysis of the genomes revealed that there
is significant molecular diversity among ACLSV isolates,
especially at the 5′ end of the CP gene which is partially
overlapped by the 3′ end of the MP gene (Al Rwahnih
et al. 2004; Rana et al. 2010; Song et al. 2011). In ad-
dition, based on amino acid sequences of CP, ACLSV
isolates are clustered into P205, B6, and Ta Tao 5 groups
(Yaegashi et al. 2007; Chen et al. 2014; Liu et al. 2014).

In Iran, a previous survey using DAS-ELISA indicat-
ed that 18.55% of pome fruit trees are infected with
ACLSV (Keshavarz and Shams-Bakhsh 2014). No infor-
mation is currently available regarding gene sequences
and molecular variation among Iranian ACLSV isolates.
The aim of the present study was therefore to determine
the current status of ACLSV distribution in the most
important apple-growing regions of Iran and also to in-
vestigate the genetic diversity of the virus, based on a
fragment of 677 nt including the 3′ end of the MP, the
CP gene, and 3′-UTR sequence.

Materials and methods

Survey for ACLSV

A survey was carried out during 2012 and 2013, in 110
commercial orchards located in nine geographical dis-
tricts of Iran, from which a total of 1053 samples were
randomly collected from apple trees (Table 1, Fig. 1).
Many of the surveyed orchards were 5- to 10-year-old,
and generally included more than one variety. The most
frequent varieties were ‘Golden Delicious’, ‘Red
Delicious’ and ‘Granny Smith’ grafted on Malling (m-
7, m-9, and m26), Malling-Merton 111 (MM111), and
MM106 rootstocks. Some local varieties, i.e., ‘Golab-e
Isfahan’, ‘Shafi Abadi’ and ‘Golab-e Kohanz’, were also
present which are propagated by grafting on to wild local
apple. Leaf sampling was performed randomly from dif-
ferent parts of the canopy to minimize effects of uneven
virus distribution. Symptoms of chlorosis along the veins
of the leaves were observed in the orchards surveyed.
Composite leaf samples (0.2 g) were subjected to
double-antibody sandwich enzyme-linked immunosorbent
assays (DAS-ELISA) with ACLSV-specific antibodies
(Bioreba, Switzerland) according to the manufacturer’s
instructions. Absorbance values at a wavelength of
405 nm were measured in an AD340 Beckman ELISA
plate reader (USA).

RNA isolation, RT-PCR, cloning, and sequencing

Total RNA was extracted from leaf tissue of the ELISA-
positive samples, according to Chang et al. (1993) with
some modifications. A 1 μl aliquot of total RNA was sub-
jected to complementary DNA (cDNA) synthesis and the
rest was kept at − 70 °C for future use. Specific primers
amplifying a 677 nt fragment, between nucleotide 6860
(primer ACLSV-s 5′-TTCATGGAAAGACGGGGCAA-
3 ′ ) a n d 7 5 3 6 ( p r i m e r A C L SV- a s 5 ′ - A AGT
CTACAGGCTATTTATTATAAGTCTAA-3′) (P-250 iso-
late, GenBank accession No. D14996), were used for detec-
tion purposes (Menzel et al. 2002). Synthesis of cDNAwas
performed using 0.4 pmol reverse primer and the MMLV
reverse transcriptase (Promega, USA) according to the man-
ufacturer’s instructions. Total RNAs obtained from Italian
ACLSV-infected and healthy apple leaves were used as pos-
itive and negative controls, respectively. The cDNA product
was subjected to PCR using 0.4 pmol of ACLSV primers
and the GoTaq®Green Master Mix (Promega, USA) ac-
cording to the manufacturer’s instructions. Amplification
cycles were as follows: denaturation step for 5 min at
94 °C, then 30 cycles for 1 min at 94 °C, 1 min at 60 °C
and 1 min at 72 °C, and a final extension step at 72 °C for
10 min. A total of 19 ACLSV isolates were selected for
sequencing and downstream analysis. The fragments ampli-
fied by RT-PCR were ligated into the pGEM-T Easy Vector
(Promega, USA) following the manufacturer’s instructions
and transformed into Escherichia coli strain M1022
electrocompetent cells using a 2510 Electroporator
(Eppendorf, Germany) as recommended by the manufactur-
er. Eight white colonies resulting from transformation with
each isolate were selected randomly and used as the tem-
plates in the colony PCR screening (Sambrook and Russell
2001) using the M13 universal primers. At least two inde-
pendent clones for each amplicon were sequenced in both
directions by a commercial company (Eurofins MWG
Operon, Germany).

Phylogenetic and genetic analysis

Sequence data were edited using Vector NTI Advance
11.5 software (Invitrogen Corp., USA). The Blast-n al-
gorithm, available through the NCBI web server (http://
www.ncbi.nlm.nih.gov), was used to identify the closest
matches (relatives) to putative ACLSV sequences from
samples collected in the present study. Based on the
Blast-n results, 45 full-length/partial ACLSV isolates/
strains were identified that collectively had matches to
isolates previously described from three continents:
Asia (India, China, Japan, Taiwan, Turkey), Europe
(Czech Republic, Italy, Lithuania, Albania), and North
America (USA, Canada). Nucleotide and amino acid
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partial sequences were aligned using CLUSTAL W, im-
plemented in MEGA6 software (Tamura et al. 2011),
with the default parameters. The sequences were subject-
ed to identity matrix estimation and recombination anal-
ysis, phylogenetic reconstruction, and genetic variability
analysis. BioEdit version 7.1.3.0 (Hall 1999) was used to
determine identities based on deduced amino acid.

Pairwise distances were calculated using the PASC algo-
rithm available at the GenBank database (http://www.
ncbi.nlm.nih.gov/sutils/pasc/) (Bao et al. 2012). Using
MEGA6, a neighbor-joining (NJ) tree was reconstructed,
with the evolutionary model Kimura 2-parameter +G and
1000 bootstrap iterations (Kimura 1980) at the nucleotide
level.

Table 1 Incidence of apple chlorotic leaf spot virus in different areas and apple cultivars in Iran

Province No. of samples collected Malus domestica cvs ACLSV Acronym

Alborza (13.8%) 65 Gala ND RnTnAl
b

Granny Smith ND
Red Delicious ND
Shafi Abadi 5
Golab-e Kohanz 4
Golden Delicious ND

Western Azerbaijan (0%) 95 Starking ND RnTnAz
Sheikh Ahmad ND
Red Delicious ND
Gala ND
Shishehei-e Tabriz ND
Granny Smith ND
Golden Delicious ND

Qazvin (4.6%) 107 Golden Delicious ND RnTnNa
Golab-e Isfahan 1
Shafi Abadi 4
Gala ND
Starking ND

Hamedan (7.1%) 84 Shafi Abadi 6 RnTnGa
Golden Delicious ND

Isfahan (0%) 266 Golab-e Isfahan ND RnTnIs
Sib Torsh-e Paeizeh ND
Red Delicious ND
Golden Delicious ND
Starking ND
Granny Smith ND

Lorestan (7%) 85 Shafi Abadi 4 TnKh
c

Golden Delicious ND
Glab-e Kohanz 2

Markazi (7.2%) 110 Shafi Abadi 8 TnMa

Golden Delicious ND
Red Delicious ND
Shafi Abadi 4

Mazandaran (2.7%) Golden Delicious ND
145 TnJa

Gala ND
Granny Smith ND
Starking ND
Shafi Abadi 5
Glab-e Kohanz 5

Tehran (10%) 96 Golden Delicious ND TnTe
Red Delicious ND
Granny Smith ND
Starking ND

Total number 1053 48
Total percentage 4.55%

ND, not detected
a Percentage of ACLSV infections in each province
b RnTnXx means the number of rows (R), the number of trees (T), and the final letters indicate the province. Al, Alborz; Az, Azerbaijan;Na, NazarAbad-
Qazvin; Ga, Gahavand-Hamedan; Is, Isfahan
c TnXx means the number of trees (T) and the final letters indicate the province. Kh, KhoramAbad- Lorestan;Ma, Markazi; Ja, Jaban-Mazandaran; Te,
Tehran
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Results and discussion

ACLSV detection and distribution

All of the 1053 tested apple trees were individually inspected.
Out of the 1053 collected leaf samples tested by DAS-ELISA,
ACLSV was detected in 48 samples (4.55%) of Malus
domestica cv. BShafi Abadi,^ cv. ‘Shafi Abadi’, cv. ‘Golab-e
Kohanz’, and cv. ‘Gholab-e Isfahan’ from seven provinces,
i.e., Alborz, Hamedan, Lorestan, Qazvin, Markazi,
Mazandaran, and Tehran (Fig. 1, Table 1). The infection rate
of ACLSV was particularly significant in the local varieties
‘Shafi Abadi’, ‘Golab-e Kohanz’, and ‘Gholab-e Isfahan’
(100%). Among the apple trees infected with ACLSV, cv.
‘Shafi Abadi’ showed symptoms of chlorosis along the veins
of the leaves, while other apple cultivars were symptomless

(Table 1). Our results showed that ACLSV is distributed in the
northern and the central regions of Iran (Fig. 1). Rates of
infected trees varied from no infection in West Azarbaijan
and Isfahan provinces to 13.8% in Alborz province.

Genetic diversity and selection pressure analysis

All sequences obtained in the present work, after deletion
of primer regions, were deposited in the GenBank under
the accession Nos. KM586358 to KM586376. Sequence
analysis data revealed that the identities of the partial CP
gene among all 19 Iranian ACLSV isolates were 79.8–
99.2% and 79.8–98.8% at the nucleotide and amino acid
levels, respectively. The 180T5Te (KM586369), T4Te
(KM586368), T1Ma (KM586366), and R1T7Ga
(KM586362) isolates were the most distantly related of

¤11
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Fig. 1 Map of Iran showing the distribution of ACLSV in 11 provinces.
Provinces where ACLSV was not detected are indicated by a caret
symbol in this research and by a currency sign in (Keshavarz et al.
2009). Provinces on which ACLSV was identified in this research are
shown with an asterisk while a black triangle is used to identify provinces

in which Keshavarz and Shams-bakhsh (2014) reported ACLSV.
Provinces are (1) Alborz, (2) West Azarbaijan, (3) Qazvin, (4)
Hamedan, (5) Isfahan, (6) Lorestan, (7) Markazi, (8) Mazandaran, (9)
Tehran, (10) East Azarbaijan, and (11) Khorasan

516 J Plant Pathol (2019) 101:513–519



the Iranian isolates (Fig. 2). When nucleotide sequences
were considered, the ACLSV isolates were divided into
three major groups (Fig. 2). A total of 45 ACLSV iso-
lates, including 19 from Iran (determined in this study)
and 26 from GenBank, were separated into B6, P205,
and Ta Tao 5 groups (Fig. 2). Group I, the equivalent
of B6 group, contained 20 isolates, including 15 of the
19 apple isolates under study, three apple isolates

published in GenBank, one pear isolate, and one peach
isolate. Twenty isolates clustered into group II equivalent
to P-205 group, containing four of the 19 apple isolates
under study, 13 apple isolates published in GenBank, one
plum isolate, and one pear isolate. These isolates came
from different continents of Asia (China, Japan, and
Ta iwan) and Europe (Alban i a , I t a ly, and the
Czech Republic). The remaining five peach isolates

Fig. 2 Phylogenetic tree based on
partial CP gene nucleotide
sequence of 19 ACLSV isolates
under study and 26 isolates
retrieved from the NCBI
database. Isolates are indicated in
the tree by accession number/
host/country. The tree was
constructed by MEGA 6.0 using
the neighbor-joining method and
Kimura two-parameter model
with 1000 bootstrap replicates.
Bootstrap values above 60% are
shown. The pink, blue, and
yellow bars denote the three
groups of ACLSV, respectively.
ACLSV isolates determined in
this study are marked with pink
circles
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which were classified into group III, equivalent to Ta Tao
5 group, from China and USA. Comparisons of the
Iranian isolates with the available ACLSV sequences in
GenBank based on amino acid sequence showed that the
T4Te, T1Ma, and R1T7Ga isolates were most closely
related to the Lch isolate from China (KF134397) with
92.2%, 89.4%, and 89.5% identity, respectively. The iso-
lates T5Te and T4R4Ma were the closest to the Albanian
isolate M62 (AJ596639) with 92.2% and 91.2% identity,
respectively. The isolate T9Ja was the closest to the
Turkish isolate (AM409323) (> 95.1% identity) while
other isolates were closest to Lithuanian isolate
(HQ398250) with 85.7–87.5% identity (Supplementary
Fig. S1). In all cases, the identities among the isolates
based on amino acid sequences were in accordance with
those of nt sequences. Collectively, these results serve as
indicators of high genetic variability among the Iranian
ACLSV isolates when compared to the ACLSV isolates
from the GenBank from different countries resulting
from a high rate of synonymous mutations.

Results of the present study showed that the incidence
of ACLSV in major apple production areas of Iran was
4.55%. This incidence could be considered as low when
compared to those of other countries such as Greece,
where the incidence of ACLSV in apple orchards has
been found to be 65.7% (Mathioudakis et al. 2010), or
China with 51.5% infection (Liu et al. 2014). In the
present study, we detected ACLSV infection just in local
cultivars such as ‘Gholab-e Isfahan’, ‘Shafi Abadi’, and
‘Golab-e Kohanz’, but not in imported apple cultivars
(Table 1). This might be due to propagation method
and/or the use of virus-infected scions or stock compared
to certified imported stocks. In Iran, local cultivars are
grafted on wild local apple rootstock without any certi-
fication schemes for the production of virus-free propa-
gating material, so the orchards with local cultivars are
not established with virus-indexed material propagated
on virus-indexed rootstocks. On the other hand, interna-
tional apple cultivars with virus-free certification have
been imported. Moreover, imported apple trees are first
kept in a special greenhouse for a period of time to
check if they show disease symptoms, before introducing
these cultivars to the nursery for apple trees. In the nurs-
ery for apple trees, apple scions are grafted on virus-
indexed Malling rootstocks (m-7, m-9, and m26),
Malling-Merton 111 (MM111), and MM106, so it is sup-
posed that the international/imported cultivars in Iran are
virus-free. Moreover, the extraordinary outbreak of
ACLSV in Greece could be due to the low sanitary status
of apple and pear orchards in that country (Mathioudakis
et al. 2010). In this research, ACLSV was not detected in
West Azarbaijan and Isfahan provinces; however,
Keshavarz and Shams-Bakhsh (2014) have reported the

infection from these provinces and they reported a higher
incidence of ACLSV in Isfahan than other regions
(30.9%). In a previous study (Keshavarz and Shams-
Bakhsh 2014), only symptomatic plant leaves were test-
ed, while in the present study, the symptomatic and
asymptomatic plants were tested. Present evidence sug-
gests that origin and spread are at least primarily due to
vegetative propagation of infected germplasm.

High variability was evident in the N-terminal part of
the CP, consistent with the C terminus. Sequence diver-
sity has been reported in amino acids towards the central
(37–100) and C-terminal domains of the CP in Indian
isolates (Rana et al. 2010) suggesting that co-variation
has occurred which may be due to host-correlated posi-
tive selection or genetic drift (Yaegashi et al. 2007). The
high level of sequence homology observed among
Iranian isolates could be explained by considering the
source of trees used in propagation and the same host
of isolates. All Iranian isolates came from local varieties
grafted on wild local apple rootstock, and apple scions
were produced in commercial orchards of the main pome
fruits production area of such as Alborz and Tehran
provinces and sent out to other provinces.

Based on analysis of the CP gene region, the studied
Iranian isolates were categorized into B6 and P205 groups.
The phylogenetic analysis did not discriminate ACLSV
isolates according to geographic origin nor did it allow us to
draw conclusions on their origin and dispersion, which is
consistent with the report from Rana et al. (2010) who studied
genetic diversity of 26 ACLSV isolates by sequencing of the
CP gene.

Future studies are needed to evaluate the genetic di-
versity of Iranian ACLSV isolates based on the full-
length sequences of the viral genome. For this reason,
the first report of the level of incidence of infections
emphasizes the need for certification schemes for the
production of virus-free propagating material for local
cultivars and warrants a comprehensive study on its
sources, means of spread, and survival in Iran.
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