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ABSTRACT

Apple stem grooving virus (ASGV) frequently occurs in apple (Malus) trees and shows high sequence variability. A
sensitive detection is essential for effective forecast and control of this virus. The reverse transcription-duplex
polymerase chain reaction (RT-dPCR) was developed after screening of primer combinations, adjustment of annealing
temperature, and optimization of dosage of primer pair combination and cDNA. Then, RT-dPCR and RT-regular PCR
(RT-rPCR) were used to detect ASGV in regenerated apple plants after thermotherapy and in nature growing apple trees.
The results showed that the detection efficiency of RT-dPCR was the same as the total of two RT-rPCRs. Moreover,
RT-dPCR was found a sensitive, rapid and simple method to detect ASGV from various apple plants. These findings
might be useful in the prediction of viral disease in host plants and can also be helpful to construct the same detection
assays for other viruses.
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INTRODUCTION (1,583-1,868 aa) (Jia et al., 2022). Then, the screen of the

suitable detection method was very important, which has

Apple stem grooving virus, the type member of close relationship with the detection effiencies and
Capillovirus genus Betaflexiviridae family, is commonly ~ identification of virus-free plants. In some cases, to
distributed in apple and pear trees worldwide. The natural certify the virus infection status of apple, two primer

hosts of ASGV originally include apple, pear, citrus, lily pairs have been used to detect ASGV by PCR (Hu et al.,
and kiwifruit (Xuan et al., 2022). In last decade, the virus ~ 2015; Hueral., 2017; Hu ez al., 2018).

has also been reported in heavenly bamboo Although the use of more than one primer pair
(Bambusoideae), rose (Rosa chinensis Jacq.), himalayan can increase the specificity of detection, it is more costly
wild cherry (Prunuscerasoides D. Don), fig (Ficus and time-consuming than using a single detection method.
palmata), lotus (Nelumbo nucifera), perennial weed In.order to reduge the cost and .time gonsumption when
(Rubus ellipticus), Cnidium Rhizom (Cnidium officinale), using multiple primers for detection, this study developed
huang jing (Polygonatum kingianum), and loquat a RT-duplex PCR (RT-dPCR) method to detect ASGV

(Eriobotrya japonica) (Canales et al., 2021; Lee et al., and compared the detection efficiencies of RT-dPCR
2021). ASGV is symptomless in most commercial with two RT-regular PCRs (RT-rPCRs).

rootstocks and varieties, but it generally causes stem

grooving, graft union abnormalities, vigor of the canopy MATERIALS AND METHODS
reducing and an overall decline in susceptible Malus

species. Moreover, ASGV coupled with apple chlorotic Plant material: Nine ASGV-positive apple plants were

leave spot virus and apple stem pitting virus can produce kept in the Research Institute of Pomology, Chinese
top-working diseases of apple and pear on susceptible Academy of Agricultural Sciences. Among them, four
rootstocks (Kim et al., 2022). ASGV is mainly varieties (Yanfu no.1, Huahong, Gala, and Wanglin) were
transmitted by grafting and no insect vectors are known, used to construct the detection system. Five varieties
so the use of healthy or virus-free propagation material is (Longga, Longwei, Liquanduanzhi, Jin no.18, and YD)
important to control this virus. were treated by thermotherapy as blow. Moreover, 123

The genomes of ASGV shows high sequence apple samples were randomly collected from Shandong,
variability and contains two highly variable regions, Henan, Shanxi and Liaoning provinces.

variable region [ (532-570 amino acids, aa) and II
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Virus elimination: Five ASGV-positive apple varieties
were treated at 38°C for 30 days. After thermotherapy,
the 0.8-1.0 cm shoot tips were cut from treated apple
plants and grafted onto the virus-free rootstocks M.
baccata (L.) Borkh referencing Hu et al. (2017).

RNA isolation and cDNA synthesis: Total RNA was
extracted from different materials (phloem or new leaves)
of apple according to the method described previously
(Hu et al., 2018). The cDNA was synthesized from above
RNA using moloney murine leukemia virus (M-MLV)
reverse transcriptase (Promega, Madison, WI, USA).

RT-rPCR amplification: The reaction volume: 10%
PCR buffer (Mg?" plus) 2.5 pl, dNTP Mixture (2.5
mmol/l each) 0.5 pl, primer 1 (P1) and P2 0.5 pl (10
pmol/l, each), r7Tag® 0.125 pl (5 U/ul, Takara, Dalin,
China), cDNA 2.0 pl, adding ddH>O to 25 pl. Five primer
pairs, ASG-F1/R1, ASG-F2/R2, ASG-F3, ASG-F4/R4
and ASG-F5/RS5, were used to detect ASGV (Table 1).
The thermocycling conditions was 3 min at 94 °C,
followed by 35 cycles of denaturation (94 °C, 30 s),
annealing (52-57 °C, 30-45 s) and extension (72 °C,
30-45 s), and final extension for 7 min at 72 °C.
Amplification was conducted in a 96-well PCR Thermal
Cycler (Bio-Rad, S1000™, Hercules, CA, USA). The
PCR products were separated by electrophoresis on a
1.2 % agarose gel (Sangon BiotechCo., Ltd., Shanghai,
China), stained with GeneFinder™ (Biov Bio, Xiamen,
China) and visualized under ultraviolet light.

Optimization of reaction conditions of RT-dPCR: Our
previous results showed that the detection efficiencies of

the above five primer pairs was similar (data not showed).

Therefore, two of these primer pairs were usually
selected for routine ASGV detection, which was more
costly and time-consuming than using a single detection
method. To reduce the consumption, nine prime pair
combinations (ASG-F1/R1-F2/R2, ASG-F1/R1-F3/R3,
ASG-F2/R2-F3/R3, ASG-F1/R1-F4/R4
ASG-F2/R2-F4/R4, ASG-F3/R3-F4/R4,
ASG-F1/R1-F5/RS, ASG-F2/R2-F5/RS, and
ASG-F3/R3-F5/R5) were set and the reaction volume
referencing system 1 (Table 2). The thermocycling
conditions was 3 min at 94 °C, followed by 35 cycles of
denaturation (94 °C, 30 s), annealing (51 °C, 45 s) and
extension (72 °C, 45 s), and final extension for 7 min at
72 °C. The dosage of each primer (system 2 and system
3), dosage of cDNA (system 4 and system 5), and
annealing temperature (51 °C and 60 °C) were optimized
during PCR amplification, respectively (Table 2).
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RESULTS

RT-dPCR amplification: The amplification results
showed that three primer pair combinations
ASG-F1/R1-F4/R4, ASG-F2/R2-F4/R4 and
ASG-F3/R3-F4/R4 could produce two clear target band
for one sample, respectively, but the products of other six
combinations were easily confused with the primer dimer
or had some weak nonspecific bands on the gels (Fig. 1).
Among the three primer pair combinations,
ASG-F3/R3-F4/R4 were better in the consistency of
amplification. The intensities of the two amplified targets
were uneven under the 51 °C annealing temperature,
which was improved after increased to 60 °C (Fig. 2). In
the optimization of dosage of the two primer pairs, the
consistency and intensities of system 2 were better than
system 1 and 3 (Fig. 3). In this primer pairs dosage
(system 2), two clear targets could still be amplified when
the dosage of cDNA was decreased to 3 pl (system 5).
Therefore, the optimized reaction system for dPCR with
primer pair combination ASG-F3/R3-F4/R4 was system
5 and thermal profile was 3 min at 94 °C, followed by 35
cycles of 30 s at 94 °C, 45 s at 60 °C, 45 s at 72 °C, and
final incubation at 72 °C for 7 min.

ASGYV detection of regenerated apple plants after
thermotherapy by RT-dPCR: The average survival rate
of all grafted shoot tips after thermotherapy was 42.6%.
The elimination efficiencies of ASGV in forty-three
regenerated apple plants were analyzed by both RT-rPCR
and RT-dPCR, respectively. The detection rate using the
two primer ASG-F1/R1 and ASG-F2/R2 for regenerated
plants of Longga, Jin 18, Meile, and Liquanduanzhi were
the same, but the one more plants was detected
ASGV-positive by primer ASG-F1/R1 than ASG-F2/R2
for regenerated plants of YD. Then, the total elimination
rate of this variety was 36.4%, which was the same with
the result of RT-dPCR. The average detection rates of
ASGV using RT-rPCR primer pair ASG-F1/R1 and
ASG-F2/R2 were 65.1% and 67.4%, respectively. The
elimination rate of ASGV detected by RT-dPCR was
65.1% (28/43), which was the same with that detected by
two RT-rPCRs (Table 3).

ASGYV detection of apple plants in filed by RT-dPCR:
The RT-rPCR and RT-dPCR were also used to analyze
the ASGV prevalence in 123 apple samples of four
regions of China. The detection rates of ASGV using
RT-rPCR primer pair ASG-F1/R1 and ASG-F2/R2 were
75.0% and 73.3%, respectively, and the total rate of the
two primer pairs was 75.8%. The infection rate of ASGV
tested by RT-dPCR  with pair combination
ASG-F3/R3-F4/R4 was  75.8%. These results
demonstrated that the new RT-dPCR method met the
requirements of accurate detection and low cost.
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Table 1. Primers used to detect ASGV.
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ASG-FI CCCGCTGTTGGATTTGATACACCTC 5872-5896 CP 525 55 Clover et al. (2003)
ASG-R1 CTGCAAGACCGCGACCAAGTTT 6373-6396
ASG-F2 CCCGCTGTTGGATTTGATACACCTC 5872-5896 CP 500 53 James (1999)
ASG-R2 GGAATTTCACACGACTCCTAACCCTCC 6345-6371
ASG-F3 ATGAGTTTGGAAGACGTGCTTCA 5641-5663 CP 449 57 Lietal (2018)
ASG-R3 CAAAGCTTYCKGAACGTACATTC 6067-6089
ASG-F4 TCCACATCATCAAGCTTCAGA 3589-3609 Rep 274 57 This study
ASG-R4 TTCCAGTCAATGTCAGACCTTTC 3840-3862
ASG-F5 GCAGAACTCTTTGAACGAATG 6051-6071 CP 124 52 This study
ASG-R5 GGGCCATTTCTTGTAAATGTTGGTG 6150-6174
2 Positions refer to nucleotides relative to ASGV genomic sequences in GenBank.
b CP: coat protein; Rep: replication protein
Table 2. Different reaction systems designed for RT-dPCR analysis.
System (ul)
PCR Reagents 1 ) 3 4 5
10x PCR buffer (Mg?" plus) 2.50 2.50 2.50 2.50 2.50
dNTP Mixture (2.5 mmol/l each) 1.00 1.00 1.00 1.00 1.00
Primer pair 1 F (10 pmol/l) 0.50 0.60 0.40 0.60 0.60
Primer pair 1 R (10 umol/l) 0.50 0.60 0.40 0.60 0.60
Primer pair 2 F (10 pmol/1) 0.50 0.40 0.60 0.40 0.40
Primer pair 2 R (10 pmol/l) 0.50 0.40 0.60 0.40 0.40
rTaq® (5 U/ul) 0.25 0.25 0.25 0.25 0.25
cDNA 4.00 4.00 4.00 2.00 3.00
ddH,O 15.25 15.25 15.25 17.25 16.25
Total 25.00 25.00 25.00 25.00 25.00
Table 3. Survival and elimination rate of apple plants after thermotherapy.
No. of No. of No. of Elimination rate (%)
. ) grafted survival rPCR dPCR
Cultivars treated
shoot plants ASG-F1/R1  ASG-F2/R2 Total ASG-F3/R3-F4/R4
plants .
tips (%)#
Longga 8 18 5(27.8) 80.0(4/5) 80.0 (4/5) 80.0 (4/5) 80.0 (4/5)
Jin 18 11 21 6 (28.6) 100.0 (6/6) 100.0 (6/6) 100.0 (6/6) 100.0 (6/6)
YD 16 35 11(31.4) 36.4(4/11) 45.5 (5/11) 36.4 (4/11) 36.4 (4/11)
Meile 2 15 11(73.3) 100.0(11/11) 100.0 (11/11)  100.0 11/11)  100.0 (11/11)
Liquanduanzhi 12 12 10 (83.3) 30.0(3/10) 30.0 (3/10) 30.0 (3/10) 30.0 (3/10)
Total 49 101 43 (42.6) 65.1(28/43)  67.4(29/43) 65.1(28/43)  65.1(28/43)

# The numbers outside the parentheses represent the number of survival plants, and the numbers inside represent the percentage of
survival plants / cut shoot tips; “The numbers outside the parentheses represent the percentage of virus-free plants, and the numbers
inside represent the number of virus-free plants / detected plants.

543



Hu et al., J. Anim. Plant Sci., 34 (2) 2024

Figures
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300bp

Figure 1. Gel electrophoresis of duplex PCR (dPCR) products of apple stem grooving virus (ASGV) amplified by
different primer pair combination. M: DNA marker II (TianGen, China); Lane 1: negative control;
Lanes 2-5: ASGV-positive apple samples (Yanfu no.1, Huahong, Gala, and Wanglin).

(@) S(b)M12345

500bp — —— — —
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Figure 2. Gel electrophoresis of RT-dPCR products of ASGV amplified under annealing temperature 51 °C (a)
and 60 °C (b) . M: DNA marker II; Lane 1: negative control; Lane 2-5: ASGV-positive apple samples as
above.
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M 1 2 3 4 5 5 2 3 4 5
500bp
300bp
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M 1 2 3 4 5

500bp
300bp

Figure 3. Gel electrophoresis of RT-dPCR products of ASGV amplified under different reaction system. See
Table 3 for details of systems 1, 2, 3, 4 and 5. M: DNA marker II; Lane 1: negative control; Lane 2-5:
ASGV-positive apple samples as above.

DISCUSSION pear trees throughout China (Hu et al., 2017). The

establishment of sensitive, reliable, fast, and inexpensive

In this study, the RT-dPCR method was methods to detect this virus is very important for
successfully used to detect one apple virus, ASGV and certification and quarantine programs for apple and pear
the detection efficiencies of the RT-dPCR was the total of plants and germplasm (Huang er al., 2023). Different
two RT-rPCRs. ASGV is widely distributed in apple and ~ RNA viruses may infect a single host, so sensitive
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detection is needed to ensure the exclusive propagation of
virus-free plant materials (Nabi et al., 2022; Reddy et al.,
2022). The RT multiplex PCR and RT-dPCR methods are
very useful in plant virology. Using these methods, the
cost and number of samples might be further decreased
(Miljani¢ et al., 2022). Similar assays have been
developed and widely used to detect and identify viruses
in pear, apple and other fruit trees (Huang et al., 2014;
Miljani¢ et al., 2022; Nongsiang et al., 2022).

The key factors affecting the virus detection
efficiency include the sensitivity of the primer pair, the
concentration of the virus in the materials and the
sampling period (Hu et al., 2015). The genetic diversity
of the virus contributes to the complexity of the virus
population, which can affect virus detection and reduce
the effectiveness of virus control measures. The relatively
high divergence of viral genomes can result in the failure
of PCR and lead to false negative results (Kwon et al.,
2022; Xu and Ming, 2022). To address this problem, we
developed the RT-dPCR assay to simultaneously detect
two genomic regions of ASGV. In virus detection,
selection of the two primer pairs for RT-dPCR was
important.

In this study, six of the primer pair combinations
did not produce reliable results. Analysis of the position
of these primer pairs, we found that the amplified
fragments of primer pair ASG-F1/R1, ASG-F2/R2,
ASG-F3/R3 and ASG-F5/R5 were all in coat protein gene
and ASG-F3/R3 was in replication protein. The
amplicons of ASG-FI/R1 and ASG-F3/R3 had an
overlapping sequence (5872—6089 nt) and ASG-F2/R2
and ASG-F5/R5 was inside of ASG-F1/R1. The best
results were obtained from primer pair combination
ASG-F3/R3-F4/R4, whose amplified fragments were in
different positions of the virus genome and did not
contain overlapping sequences. That is, the primers
should amplify regions of different genes. Moreover, our
results also showed that the RT-dPCR method was not
material-specific, so it should be effective for detecting
ASGYV from different hosts.

The RT-dPCR method was as good as the sum
of the two conventional methods, whether it was to detect
field samples or regenerated plants after elimination
treatment. In addition, its application effect was
consistent with that of other apple viruses (Hu et al.,
2019a; 2019b). The quality of RNA is very important in
the detection of apple viruses. RT-dPCR performed two
amplification during one reaction, so it need more high
quality RNA. Apple had high levels of polyphenols and
polysaccharides in plant tissues. To meet requirement of
viral detection, it is important to use more reliable RNA
extraction method suitable for vast woody plant types. In
addition, in order to further improve the efficiency of
detection, RT-dPCR detection of multiple viruses can be
attempted in the future.
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