
Introduction

Apple chlorotic leaf spot virus (ACLSV) is the type
member of family Flexiviridae of the genus Trichovirus
(Martelli et al., 1994) and is known to infect most fruit
tree species including apple, pear, peach, plum, cherry
and apricot (Nemeth, 1986; Desvignes and Boye, 1989).

The economic importance of ACLSV is largely due to its
worldwide distribution and its capacity to induce severe
graft incompatibilities in some Prunus combinations,
causing major problems in nurseries. Although most
strains are latent in fruit trees, others can be responsible
for russetting, topworking disease and lethal decline of
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Abstract: The prevalence of apple chlorotic leaf spot virus (ACLSV) was investigated in all the main stone fruit growing areas of
Turkey except for East Anatolia. Three hundred and sixty-nine plant samples showing virus related symptoms were collected from
sweet and sour cherry, peach, nectarine, apricot and plum trees. All samples were tested using DAS-ELISA and reverse transcription-
polymerase chain reaction (RT-PCR). Thirteen samples were detected as infected with ACLSV using ELISA while RT-PCR revealed
51 positive samples. The highest ACLSV incidence was in Bursa (64%), followed by Yalova (20.51%), Burdur (18.18%), Amasya
(13.43%), Afyon (12.07%), Isparta (6.25%), Çanakkale (4.76%) and ‹zmir (2.72%). Among the collected stone fruit species,
nectarine was the most infected species, followed by apricot, peach, sour cherry, plum and sweet cherry. Some ACLSV isolates were
used for the adoption of an immuno capture (IC) RT-PCR system. ACLSV infected plant sap diluted up to 1:10 was detected by IC-
RT-PCR. The successful application of RT-PCR and IC-RT-PCR for the accurate and sensitive detection of ACLSV was reported in
stone fruit trees in Turkey.

Key Words: Apple chlorotic leaf spot virus, Reverse transcription-polymerase chain reaction, Turkey

Elma Klorotik Leke Virüsü (ACLSV)’nün Türkiye’deki Durumu
ve ‹leri Tekniklerle Hassas Teflhisi

Özet: Sert çekirdekli meyve yetifltiricili¤inin Türkiye’de, Do¤u Anadolu Bölgesi d›fl›nda, yo¤un oldu¤u bölgelerde Elma klorotik yaprak
lekesi virüsü (ACLSV)’nün yayg›nl›¤› araflt›r›lm›flt›r. Toplanan tüm virüs simptomu gösteren kiraz, fleftali, nektarin, kay›s› ve erik
örnekleri DAS-ELISA ve revers transkripsiyon polimeraz zincir reaksiyonu (RT-PCR) tekni¤i ile test edilmifltir. 369 bitki örne¤inin
aras›ndan 13 a¤ac›n ACLSV ile enfekteli oldu¤u ELISA ile tespit edilmifltir. Di¤er taraftan, RT-PCR 51 pozitif ortaya koymufltur. En
yüksek ACLSV infeksiyon oran› Bursa’dan temin edilen örneklerde (% 64) tespit edilmifl, bunu Yalova (% 20.51), Burdur (% 18.18),
Amasya (% 13.43), Afyon (% 12.07), Isparta (% 6.25), Çanakkale (% 4.76) ve ‹zmir (% 2.72)’den toplanan örnekler izlemifltir.
Araflt›rmada kullan›lan sert çekirdekli meyve türleri aras›nda, nektarin en çok enfektelenen tür olarak tespit edilmifltir, bunu kay›s›,
fleftali, viflne, erik ve kiraz takip etmifltir. Baz› ACLSV izolatlar› immun olarak yakalanm›fl (IC) RT-PCR sisteminin uygulanmas›nda
kullan›lm›flt›r. Bitki ekstrakt›n›n 1:10 oran›na kadar suland›r›lmas›nda IC-RT-PCR ile teflhis yap›lm›flt›r. Bu çal›flmada, ülkemizdeki
sert çekirdekli meyve a¤açlar›ndaki ACLSV’nün do¤ru ve h›zl› teflhisinde RT-PCR ve IC-RT-PCR’›n baflar›l› bir flekilde uygulamas›
ortaya konmufltur.
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apple on some rootstock varieties (Desvignes and Boye,
1989). The virus causes serious disease in stone fruits
including plum bark split, plum pseudopox or false plum
pox, peach dark green sunken mottle, severe leaf and
fruit deformation known as butteratura in peach and
viruela in apricot, and graft incompatibility in some
apricot combinations (Nemeth, 1986; Desvignes and
Boye, 1989; Sutic et al., 1999). Although a natural
spread in the field has been detected, the natural mode of
spread is unknown (Brunt et al., 1996).

The virions of ACLSV are usually flexuous and have
filamentous particles of 720 x 12 nm (Brunt et al.,
1996). The ACLSV genome consists of a single strand
polyadenylated RNA molecule of 7555 kb nucleotides
excluding the poly-A tail, with the open reading frames
(ORFs 1, 2 and 3) encoding protein with molecular
masses of 216.5, 50.4 and 21.4 kDa, respectively
(German et al., 1990). The 216.5 kDa ORF encodes a
protein suspected to be involved in viral replication and
the 50.4 kDa protein is suggested to be the movement
protein, while the 21.4 kDa product is the viral coat
protein (German et al., 1992).

In Turkey, ACLSV was detected in fruit trees using
GF-305 peach seedlings for biological indexing in Yalova
(Yürektürk, 1984). It was also detected using ELISA in
Yalova and ‹zmir (Dunez, 1986), in Malatya, Elaz›¤ and
I¤d›r provinces (Elibüyük, 1998; Sipahio¤lu et al., 1999),
and in the East Mediterranean (Ça¤layan Y›ld›zgördü and
Çal›, 1994; Ça¤layan and Gazel, 1998). Cherry nurseries
in E¤irdir and Yalova were tested using ELISA for viral
diseases in the EPPO certification table, and infection by
ACLSV was detected at levels of 23.2% and 45.1%,
respectively (Fidan and Özdemir, 1998).

Since trees are infected latently, the detection of the
virus in nurseries is a matter of great importance. There
are currently a number of methods which can be used to
detect ACLSV including biological indexing on either GF-
305 peach seedlings or Malus platycarpa,
immunoelectron microscopy and serological indexing by
ELISA using polyclonal or monoclonal antibodies.
Although quite efficient, these techniques still have
several limitations, either in terms of length of time
required for indexing or in terms of sensitivity. The major
limitations of biological indexing comes from their
application length and cost in terms of glasshouse space
and labour intensity. In particular ELISA becomes
unreliable for the indexing of most host plants during the

summer because of the low virus concentration during
this period. In some hosts, this assay is considered reliable
only during a short window of about 3 months following
budbreak in the spring. RT-PCR, as an extremely
sensitive detection tool to overcome these obstacles, has
been used for testing plants for ACLSV infections
(Candresse et al., 1995; Malinowski et al., 1998; Salmon
et al., 2002). Using this technique for the diagnosis of
plant viruses could be aided by rapid, simple, sensitive and
reliable methods for viral nucleic acid determination. The
usual approach is to apply the IC-RT-PCR system which
has been proved to be more sensitive and suitable for low
virus titres (Nemchinov et al., 1995; Moury et al., 2000;
Helguera et al., 2001, 2002). This system eliminates the
RNA extraction step in RT-PCR by capturing viruses via
antisera, and avoids the inhibitor effect. 

Accurate disease diagnosis combined with sensitive,
rapid and early detection of plant viruses is critical for the
effective management of most crop systems. By this point
the aims of this paper, were to survey ACLSV in
important stone fruit growing areas in Turkey except for
East Anatolia and to conduct RT-PCR and IC-RT-PCR for
Turkish ACLSV isolates and thus prove the reliability of
the assay.

Materials and Methods

Plant material

The samples were taken from orchards or rootstock
and scion nurseries during May 2001 to May 2002, from
fully developed leaves of shoots of cherry, peach, apricot,
plum and nectarine showing virus symptoms. Samples
were collected from the provinces of Afyon, Amasya,
Burdur, Bursa, Çanakkale, Isparta, ‹zmir and Yalova
(Table 1). The provinces were selected on the basis of
their extensive stone fruit production determined from
statistical data from 1999. Shoots were selected
randomly around the trees and placed in plastic sample
bags labelled with the location. The samples were stored
at 4 °C until DAS-ELISA tests and nucleic acid extractions
were performed.

ELISA

All plant materials were subjected to DAS-ELISA using
the ACLSV detection kit of Loewe Biochemica (GmbH,
Germany). Coating for the IC (immunocapture) step was
performed by additional antisera provided by Bioreba
(Switzerland) following recommendations of the supplier. 
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Immunocapture (IC)

Two protocols with modifications were followed for
coating and capturing the virus from the plant extracts.
The first protocol (Wetzel et al., 1992) was to coat thin
walled PCR tubes with antisera (100 µl) diluted (1:200
Loewe, 1:1000 Bioreba) in carbonate buffer (pH 9.6) at
37 °C for 4 h and then wash them with PBS-tween. Leaf
pieces (100 mg) were ground in 1 ml of PBS containing
2% PVP-40. After a quick spin, they were added (100 µl)
to precoated tubes and maintained at room temperature
overnight. After washing, the tubes were used
immediately by filling them with RT-PCR mixture
(without RNA), or else stored at –20 °C. The second
protocol (Rosner et al., 1998) followed the same
procedure but the antisera were diluted in 0.1 M borate
buffer (pH 8.5) and plant materials were extracted in TBS
(10 mM Tris-HCl, pH 7.4, 8 g l-1 of NaCl and 20 g l-1 of
PVP-40) buffer. The tubes were washed with TBS-tween
solution.

RNA extraction

A lithium chloride-based method was used for the
isolation of total RNA’s (Spiegel et al., 1996): 100 mg of
leaf pieces was homogenised using a pestle and mortar
with 5 volumes of buffer (200 mM Tris-HCl pH 8.5,
1.5% SDS, 300 mM lithium chloride, 10 mM EDTA, 1%
sodium deoxycholate, 1% Igepal). The extract was
collected and heated for 15 min to 65 °C, and then 6 M
potassium acetate (pH 6.5) was added. After 15 min
incubation in ice, the tubes were centrifuged. Nucleic
acids were precipitated with isopropanol and collected by
centrifugation. The pellet was resuspended after drying in
50 µl of sterile water and extracted RNA’s were
maintained at -80 °C.

Primers and RT-PCR protocol 

The PCR primers designed for ACLSV were A52 and
A53 (Candresse et al., 1995). The reverse transcription
(RT) primer (A52) has the sequence 5’– CAG ACC CTT
ATT GAA GTC GAA-3’ (position 7213-7233 nt on ACLSV
GenBank no: M58152). The sense primer (A53) has the
sequence 5’-GGC AAC CCT GGA ACA GA - 3’ (position
6875-6891 nt). The amplified fragment has a size of 358
bp. 

The RT and PCR were performed following a single
noninterrupted thermal cycling program (Spiegel et al.,
1996). The total volume of reaction was 25 µl for RT-
PCR and 50 µl for IC-RT-PCR and each reaction
contained the RNA template (about 1 µg), virus specific
primers (0.8 µM each), 400 µM dNTPs, 1.5 mM MgCl2,
10x reaction buffer (final concentration of 10 mM Tris-
HCl pH 8.8, 50 mM KCl and 0.08% Igepal), 1 U of Taq
DNA polymerase (Promega, Madison, USA), 0.8 U of M-
MLV reverse transcriptase (MBI Fermentas, GmBH
Germany) and 0.8 U RNase inhibitor (MBI Fermentas,
GmBH, Germany). The amplification protocol was as
follows: 1 h at 42 °C for reverse transcription, 35 cycles
30 s at 94 °C, 45 s at 55 °C, 1 min at 72 °C and finally
10 min at 72 °C. PCR products were analysed using
electrophoresis in 1% agarose gel stained with ethidium
bromide (EtBr) and viewed under UV. 

Results and Discussion

Sample collection areas were selected from the most
extensive stone fruit growing provinces and scion and/or
rootstock stations in Turkey, except for East Anatolia.
Thus, 369 samples from stone fruits including sweet and
sour cherry, peach, nectarine, apricot and plum trees
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Table 1. Numbers of stone fruit tree samples collected from different provinces in Turkey in 2001-2002.

Sample Collection Provinces

Stone Fruit Species Afyon Amasya Burdur Bursa Çanakkale Isparta ‹zmir Yalova TOTAL

Sweet cherry 49 47 15 1 6 2 76 2 198
Sour cherry 1 0 2 0 0 2 5 8 18
Peach 0 12 9 16 5 4 11 6 63
Nectarine 0 0 3 7 9 0 0 4 23
Apricot 6 3 2 0 0 0 1 3 15
Plum 2 5 2 1 1 8 17 16 52

TOTAL 58 67 33 25 21 16 110 39 369



were collected from Afyon (58 samples), Amasya (67
samples), Burdur (33 samples), Bursa (25 samples),
Çanakkale (21 samples), Isparta (16 samples), ‹zmir
(110 samples) and Yalova (39 samples). All samples were
subjected to DAS-ELISA and RT-PCR assays. Thirteen out
of the 369 fruit trees tested using DAS-ELISA were found
to be naturally infected with ACLSV. RT-PCR analysis of
the samples revealed that 51 plants were infected by
ACLSV. This number detected using RT-PCR was much
higher than that detected using DAS-ELISA. Virus
concentration fluctuates during individual growing
seasons and between seasons, and becomes undetectable
by ELISA (Torrence and Dolby, 1984; Scott et al., 1989).
It was reported that testing cherry leaves from infected
trees in April or at the beginning of May using ELISA gave
negative results, whereas the same trees tested in June or
July reacted positively in ELISA (Cieslinska et al., 1995).
This suggests that the reason for ELISA detecting low
numbers of ACLSV infected trees may be low virus
concentration at the sampling time or uneven distribution
throughout the buds and limbs of infected trees. Other
hand, there have been several RT-PCR is superior to DAS-
ELISA. The threshold of plum pox virus (PPV) detection
was 5000-fold lower per assay compared with the ELISA
test (Wetzel et al., 1991). The detection limit of purified
Prunus necrotic ring spot virus was 4 ng ml-1 using DAS-
ELISA, whereas RT-PCR assay revealed greater sensitivity
by detecting a limit of 1.28 pg ml-1 (Sanchez-Navarro et
al., 1998). PCR was used successfully for the detection of
various plant viral RNA’s extracted from bark samples
collected from dormant peach trees in winter (Spiegel et
al., 1996), and from ligneous tissue of fruit trees
(Korschinek et al., 1991). These reports suggested that
PCR could be used at all times of the year and that all
parts of the plants can be tested for viral diseases.

Most of the sweet cherry, peach and apricot trees
detected to be ACLSV infected were generally
symptomless and collected randomly. These results were
confirmed by reports on the natural infections of stone
fruit trees by ACLSV as a latent virus (Nemeth, 1986;
Sutic et al., 1999). On the other hand, wavy lines and
light coloured rings on leaves caused by ACLSV were
observed on some naturally infected peaches like those
induced by PPV. 

Among the fruit tree species tested in this research,
nectarine was found to have the highest infection rate
(34.78%) followed by apricot, peach, sour cherry, plum
and sweet cherry, respectively (Figure 1a). The samples
collected from Bursa exhibited the highest ACLSV
infection 64% (Figure 1b) and the incidence of the virus
in nectarines and peaches was much higher than that in
the other provinces. Bursa is the most productive stone
fruit growing area after Malatya, especially in peach and
nectarine (SIS, 2000). The ACLSV in Bursa is therefore a
major threat to peach and nectarine growing. The
samples provided from Yalova were determined as
showing the second highest ACLSV incidence. All plant
materials from this province were collected from the
Atatürk Central Horticultural Research Institute, in
Yalova, which collects and maintains the cultivars and
works on new variety adaptations. Our results confirmed
the investigation by Fidan and Özdemir (1998) into
cherry rootstock/scion nurseries at the same institute.
These researchers determined that ACLSV was the most
prevalent virus among the tested stone fruit viruses. The
virus contamination in this institute is a serious concern in
terms of providing rootstock and scion materials for new
stone fruit plantations.

IC-RT-PCR was applied to ACLSV infected sweet
cherries and peaches. Viral particles immunocaptured
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Figure 1. Infection rates of ACLSV in stone fruit species (a) and provinces (b).



from infected plant material sap were efficiently amplified
by PCR. Amplified products showed clear bands of the
expected size (Figure 2a). All selected isolates were
amplified, thus confirming the polyvalence of the assay.
No amplification was observed in uninfected tissue. These
results are comparable with those obtained by Nemchinov
et al. (1995) and further validate the method’s use under
various conditions. No differences were determined
between Bioreba and Loewe antisera or between the 2
protocols followed for immunocapture. Both antisera and
IC-RT-PCR are recommended for detection of ACLSV in
stone fruit trees as a result of our investigation.

Inhibitors as a limiting factor in PCR amplification
may be present in certain plant tissues (Vunsh et al.,
1991). Diluting plant sap for IC is one means of
overcoming this difficulty (Rosner et al., 1998). Samples
from serial dilutions of sap prepared from an ACLSV
infected sweet cherry were used in IC and RT-PCR.
Greater than 1:10 sap dilutions was reduced the PCR
amplifications (Figure 2b), probably due to the lower
amounts of virus RNA template available. It was recorded

that PCR products amplified from PNRSV infected plant
sap were increased by dilution up to 1:250 (Rosner et al.,
1998).

IC-RT-PCR obviates the need for the time consuming
RNA purification step, and thus, simplifies RT-PCR assay.
Technically, RT-PCR amplification of ACLSV from crude
sap is a much simpler procedure than IC-RT-PCR and it
can be easily applied in large scale testing. However, it
should be noted that IC-RT-PCR testing was proved to be
a more sensitive procedure (Wetzel et al., 1992; Rosner
et al., 1998; Helguera et al., 2001), and therefore this
should be applied in cases of lower virus content.

Conclusions

In this paper we demonstrate the potential of RT-PCR
for the detection of ACLSV and the prevalence of the virus
in Turkey. The highest potential in developing sensitive
detection for routine purposes can be expected by the
application of already existing PCR methods. RT-PCR and
IC-RT-PCR provide possible alternatives to ELISA, which
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M   1     2    3     4      5     6     7 M    1    2     3     4      5     6

(a) (b)

358 bp

Figure 2. a) IC-RT-PCR tests of some ACLSV isolates. M DNA ladder, low range (MBI
Fermentas), 1-ACLSV plasmid DNA as a positive control, 2-negative control without
RNA, 3-healthy plant control, 4,5- sweet cherries, 6,7-peaches. b) IC-RT-PCR with
diluted sap of ACLSV infected leaf sample. 1-1:10, 2-1:1000, 3-1:2000, 4-1:3000,
5-1:4000, 6- negative control.



often fails because of low virus titre and inhibitory effects
of compounds in the sap of woody plants. The amount of
ACLSV infected plants detected using RT-PCR is almost 4-
fold more than that detected using ELISA, meaning that
PCR needs to be used as a detection tool in accurate
testing of nurseries. In addition, testing of imported
dormant budwood, commonly used for international
movement, and other woody plant materials in
certification schemes need not be delayed for months
these techniques are used. Additionally, these tools

provide an efficient and rapid tool for large scale early
screening of plant material, especially in virus sanitation
programmes. 

The absence of any symptoms in most of the ACLSV
infected plant samples exemplifies the need to test more
samples to determine the infection rate of the virus in
Turkey. The high infection rate in nectarine among the
tested samples reveals that ACLSV may originate from
abroad. This possibility increases the importance of
healthy budwood importation.
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