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SUMMARY

In a survey of apple virus diseases in China, typical
symptoms of Apple dimple fruit viroid (ADFVd) infections
were observed. The presence of ADFVd in samples of
symptomatic fruits and symptomless leaves from different
apple trees was confirmed by RT-PCR, sequencing and dot
blot hybridization. Sequence alignment and RNA structure analysis showed that, compared with isolates and variants reported in Italy, there were two nucleotide variations
and an alteration of the secondary structure in the ADFVd variants we isolated. Phylogenetic analysis revealed
the four variants from China clustered in a group separate
from previously reported isolates and variants from Italy
and Japan. This is the first report of the identification and
molecular characterization of ADFVd in China.
Key words: Apscaviroid, RT-PCR, dot blot hybridization,
full sequence, cultivar.
Apple (Malus×domestica) is one of the most important
fruit crops worldwide, and China produces about 50%
of the world apples. Up to now, three viroids, Apple scar
skin viroid (ASSVd), Apple dimple fruit viroid (ADFVd)
and Apple fruit crinkle viroid (AFCVd) have been reported to infect apple trees and cause the typical scarred
skin or dimple symptoms on fruits. This results in yield
losses and dramatically reduces the market value of the
deformed fruits (Behl et al., 1998; Desvignes et al., 1999;
Diener et al., 1991; Hadidi et al., 2003). ADFVd, a member
of the genus Apscaviroid in the family Pospiviroidae (Flores
et al., 1998; Owens et al., 2012), was first reported in the
apple cv. Starking Delicious in Italy in 1996 (NC_003463)
(Di Serio et al., 1996) and was later identified in cvs Royal Gala, Golden Delicious, Annurca and Red Delicious
(EF088658-EF088666) (Di Serio et al., 1998, 2001, 2002).
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More recently, ADFVd was reported in Lebanon (Choueiri
et al., 2007) and a new ADFVd variant (AB561003) causing
yellow dimple on fruits was identified in cv. Fuji apple in
Japan (He et al., 2010). As reported in the present paper,
four ADFVd variants were identified in China and their
complete sequences were obtained.
In the course of a survey for apple virus diseases carried
out from 2008 to 2012 in the principal apple-producing
regions of China, three apple trees with dimpled or disordered skin on their fruits were found: two (cv. Fuji) located in Shandong province (eastern China) and one (cv,
Gala) in the Xinjiang Uyghur Autonomous Region (northwestern China). Fruits with significant dimple symptoms
were collected separately from the three trees. The two
fruit samples (cv. Fuji) from two apple trees in Shandong
province, named SDYT-fr-1 and SDYT-fr-3, were slightly
deformed and the skin significantly crinkled (Fig. 1a).
The fruit sample (cv. Gala) collected in Xinjiang, named
XJ-fr-1, showed discolored spots with varying amounts of
dimples (Fig. 1a), which were similar to the symptoms described on the cvs Pink Lady and Braeburn (Di Serio et
al., 2001, 2002). At the same time, two symptomless fruit
samples (cv. ‘Fuji’), SDYT-fr-2 and SDYT-fr-4 (Fig. 1a),
were separately collected from two trees in Shandong. In
addition to fruit samples, 50 leaf samples of different cultivars denoted SDYT-lf-11 to SDYT-lf-50 and SDQD-lf-1
to SDQD-lf-10 were collected from 50 young apple trees
(3- to 4-year-old) in five gardens in Shandong and one leaf
sample (cv. Fuji, 4-year-old), named KXY-lf, was collected
from the Science Park at the China Agricultural University
in Beijing. All the named fruit and leaf samples came from
different apple trees.
Total RNA was extracted from fruit and leaf samples
using an EASY spin plant RNA express extraction kit
following the manufacturer’s instructions (Biomed,
China). A two-step RT-PCR was done to detect and
obtain the full-length genome of ADFVd. First, cDNA
was synthesized using random hexamer primers and
M-MLV reverse transcriptase (Promega, USA) from
2 μg of total RNA. Using the primers, ADFVd32F (5’GAGGAAAACTCCGTGTGGTTC-3’) and ADFVd68R
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Fig. 2. Comparing the RNA secondary structure of Chinese variants with the Italian ADFVd isolate (NC_003463). Two nucleotides (nt) variations 291: G→A and 294: U→C (marked b arrows) in the terminal region of the genome of four Chinese variants
formed perfect nt pairings in a more stable state with lower free energy, and a U insertion at 227 (marked with an asterisk) in the
genome of variant SDQD-lf-2 changed the secondary structure between nt 70 to 80 and nt 226 to 236.

Fig. 3. Alignments of the genome sequences of all the ADFVd
isolates and variants worldwide. The two black boxes show
the main variations.
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and XJ-fr-1, weak signals from leaf samples SDQD-lf-2
and SDQD-lf-4, and no signal from samples SDYT-fr-2,
SDYT-fr-4, SDQD-lf-3 and KXY-lf (Fig. 1c). The results
were consistent with the detection and whole-genome amplification by RT-PCR.
Based on the confirmation of ADFVd in China, we
were interested in the molecular variation between the
four variants and to compare them with other isolates and
variants worldwide. Multiple sequences alignments using
Software MultAlin (Walia et al., 2009) showed that the
sequences of the three variants SDYT-fr-1, SDYT-fr-3 and
XJ-fr-1 were identical, while variant SDQD-lf-2 had an additional U insertion at position 227. A sequence alignment
also showed that, compared with the sequence of ADFVd
firstly reported from Italy (NC_003463), the four Chinese
variants had two variations, 291: G→A and 294: U→C , in
the terminal region of the genome, coinciding with those
previously reported in the genome of the ADFVd variant
in Japan (AB561003) (Fig. 2, Fig. 3). In addition, the U
insertion at position 227 in the genome of variant SDQDlf-2 was also found in four Italian variants (EF088660.1,
EF088662.1, EF088664.1 and EF088665) (Fig. 3).
As the RNA structure is an important viroid property, the software CLC RNA Workbench package [Version3.0.1, http://www.clcrnaworkbench.com/; Jiang et al.
(2009)] was used to check the possible effects of the identified nucleotide (nt) modifications in variants from China
on the secondary structure. The results indicated that two
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variations, 291: G→A and 294: U→C, had no effect on the
predicted secondary structure but led to a more stable
state with a lower free energy by perfect pairings (Fig. 2).
Meanwhile, the U insertion at position 227 in the genome
of variant SDQD-lf-2 changed the secondary structure
between nt 70 to 80 and nt 226 to 236 (Fig. 2).
To explore possible relationships between the four
Chinese variants and the others reported ADFVd isolates and variants worldwide, a phylogenetic tree was constructed using the neighbor-joining method in Clustal W
with MEGA software (Kumar et al., 2008; Larkin et al.,
2007) selecting the 2000 bootstrap replicates. Branches
with bootstrap support less than 50% were merged to
simplify the tree. The results showed that the isolates
and variants clustered into two clades, except the variant
from Japan (AB561003; Fig. 4). The ten isolates from Italy
(NC_003463, and EF088658 to EF088666) were in clade
I, while the four Chinese variants, SDYT-fr-1, SDYT-fr-3,
SDQD-lf-2, and XJ-fr-1, were in clade II (Fig. 4). The results supported the hypothesis that the ADFVd isolates
and variants sequenced so far clustered based on their
geographical origins.
In the present study, two types of ADFVd symptoms
from two cultivars in China were observed, but the genome sequences of three ADFVd variants from three different fruit samples (SDYT-fr-1, SDYT-fr-3 and XJ-fr-1)
were identical. This is consistent with previously reports
that the cultivar, not the ADFVd isolate, may determine

Fig. 4. Phylogenetic tree showing the four Chinese ADFVd variants (SDQD-lf-2, SDYT-fr-1, SDYT-fr-3 and XJ-fr-1) clustered separately from isolates and variants from Italy and Japan. X17696, an Apple scar skin viroid (ASSVd) isolate was used as an outgroup.
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the symptom types (Di Serio et al., 1996, 1998, 2000).
Alternatively, the modification of symptoms could be induced by a different agent or by a combination of ADFVd
with other pathogen(s) or abiotic stresses (Di Serio et al.,
2001). In line with this possibility, necrotic spots in the
flesh and fruit distortions noted in the original ADFVd
source from Italy were not reproduced by bioassays (Di
Serio et al., 2001), indicating the involvement of other factors in the elicitation of these alterations. Phylogenetic
analysis indicated that ADFVd isolates and variants in
Italy and China clustered geographically. However, as
limited sequences are available, additional variants of
ADFVd are needed to fully characterize the biological
properties and genetic diversity of this viroid.
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