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Abstract—ACLSV is one of the major fruit viruses and can cause severe diseases in species of family Rosaceae. Previous
RT-PCR methods are available to detect ACLSV in hawthorn samples, but not to evaluate the infected level of ACLSV. In this
study, a TagMan-based quantitative RT-PCR detection method targeting CP gene of ACLSV was first established and the
sensitivity and reproducibility were investigated. The results indicated that this standard curve between log of plasmid DNA
concentration versus the cycle threshold (Ct) value generated a linear fit with a linear correlation (R?) of 0.99 and the PCR
efficiency was more than 90%. The quantitative RT-PCR method was high sensitive and able to detect 6.9 x 10° copies-uL™
of ACLSV RNA. Compared with the conventional RT-PCR method, it was 100-fold sensitive in detection of ACLSV. In
addition, different organs of hawthorn samples were examined using the quantitative RT-PCR repeatedly and the result
revealed that the quantitative RT-PCR is not only an effective detection method, and can obtain an absolute quantitation for
ACLSV.
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l. INTRODUCTION

ACLSV is the type species of genus Trichovirus in family Betaflexiviridae [1]. ACLSV causes a severe decline in trees and
the quality of fruits, is transmitted by the grafting, pruning, or propagation of materials and nematodes, and has an extensive
host range of most fruit tree species of family Rosaceae, including apple, pear, peach, plum, almond, apricot, cherry and
hawthorn [2]. The virus genome is composed of 7474—-7561 nucleotides, excluding poly-adenylated tails. It contains three
overlapping open reading frames (ORFs) that encode a 216-kDa replication-associated protein (Rep), a 50-kDa movement
protein (MP), and a 22-kDa coat protein (CP) [3-4].

The coat protein is the only constitutive protein, although this region is the most conserved part of the genome, sequence
diversity has been reported among many isolates [5-6]. Different isolates have great genetic diversity and molecular variation
of ACLSV in China and the world. A recent study showed that ACLSV variants in the world clustered separately were
unrelated to host species or geographic origin, while natural recombinant events among isolates/genotypes play a role in
ACLSV evolution [7]. Recently, mixed infections by ACLSV and Apple stem grooving virus (ASGV) and/or Apple stem
pitting virus (ASPV) in the same tree have been reported [8]. These viruses are transmitted with infected propagating
materials. Planting virus-free propagating materials is a main method to prevent and cure virus disease, while, it first
demands an accurate, rapid and reliable virus detection method.

Conventional virus detection methods of ACLSV are based on virus isolation and serological tests, both of which are time
consuming and laborious [9]. Nucleic acid based RT-PCR has been recommended for detection ACLSV because of its
sensitivity, specificity and less time consuming, however the sensitive of this method remains a question when virus titer is
low in plant samples and it is prone to sample contamination occurring in gel electrophoresis, which increases incidence of
false-positive results [10-12]. More recently, a TagMan-based quantitative RT-PCR method is established that allows
accurate and reproducible quantitation for the detection of fruit trees viruses. The quantitative RT-PCR improves diagnosis
sensitivity (10-1000 fold more sensitive than PCR/RT-PCR), practicality, reduces risk of carry-over contaminations and can
quantitate estimation of viral load [13].

In this study, we proved the quantitative RT-PCR method developed here is a highly efficient and practical method for the
detection of ACLSV in hawthorn. Since viral genomes have a relatively high mutation rate and even few nucleotide
mismatches between the target sequences and the primers or the probe may lead to false negative results, therefore, the
TagMan primers and probe used in in our research were designed to fit the most conservative CP genome sequence. Standard
curve from a plasmid that contained a CP gene sequence of ACLSV were used to obtain an absolute quantitation of ACLSV.
The sensitivity and reproducibility of this method were investigated. In addition, this is first report on the quantitative RT-
PCR method that applied to detect ACLSV and to evaluate the virus present in hawthorn samples.
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1. MATERIAL AND METHOD

2.1 Plant material

Hawthorn (Crataegus pinnatifida) accession used in this study, which was infected with ACLSV isolate SYQ1[6], was kept
in the National Hawthorn Germplasm Repository in Shenyang.

2.2 RNA extraction and cDNA synthesis

Total RNA of hawthorn was extracted from leaves by magnetic bead RNA extraction machine produced by Thermo Fisher
Scientific. The sample was 100 mg, and the amount of buffer was 30 pL. Agarose gel electrophoresis was applied to analyze
RNA quality and integrity, and NanoDrop 2000 ultraviolet spectrophotometer was used to test the concentration and purity
of RNA. Reverse transcription reactions were performed at 37 °C for 30 min, then 85 °C for 5 s with PrimeScript® RT
reagent kit (TaKaRa, Japan) according to the manufacturer’s instructions.

2.3 TagMan primers and probe design

TagMan primer pairs and probe for ACLSV were designed based on the partial conserved CP gene nucleotide sequence of
ACLSV hawthorn isolates published in the GenBank database (accession no. KM207212). The sequence of the forward
primer F2 is 5'- AGACACTGGAGTCCATCTTCGC -3’ and of the reserve primer R2 is 5'- CAGGCATGGTTGTGAAGAG
GT-3'. The fluorescent dye-labeled TagMan probe sequence P: 5'- FAM-TAGCGATCCAGGGAACTTCGGAGCAG-
TAMRA -3'. A 294 bp product was amplified when the primers were used. The primers and probe used for TagMan
quantitative RT-PCR were designed by the Primer 5.0 software and synthesized and labeled by TaKaRa.

2.4 Preparation of the standard plasmid DNA

The CP gene fragment of ACLSV was amplified by PCR using the following pair of primers: forward primer F1, 5'-
CCCGGG-AATGGCAGCAGTTTTAAATCTT-3', reserve primer R1, 5-GCGGCCGC-TTAAATGCAAAGATCAGTCGT-
3’, which added the enzyme digestion sites Smal and Notl, respectively. PCR was performed in 20 pL total volumes with
reaction mixtures that contained 1 pL cDNA, 1.6 pL of each dNTP (2.5 mM), 2.0 uL 10x PCR buffer, 1.0 uL MgCl, (25
mM), 0.5 pL of each primer (10 uM), 1 U Tag DNA polymerase (Promega, USA) and ddH,O to yield a 20 pL final volume.
After the RT-PCR reaction, agarose gel electrophoresis was used to test the reaction product. PCR products were gel-
extracted and ligated into a pMD18-T vector (TaKaRa, Japan). Positive clones for each product were sequenced at Beijing
Genomics Institute, China. The recombination plasmid, named pMD18-ACLSV-CP, was purified using a commercial test kit
(OMEGA, China). The concentration of pMD18-ACLSV-CP plasmid was tested by the NanoDrop 2000 ultraviolet
spectrophotometer, and the number of copies of pMD18-ACLSV-CP was calculated using the following formula: copy
number (copies-uL™) = (6.02 x 10% copies) x (plasmid concentration ng-pL™) / (numbers of base) x (660 daltons-base™).The
plasmid was maintained at -20°C for use as standard DNA in subsequent experiments.

2.5 Conditions optimization for quantitative RT-PCR method

The quantitative RT-PCR method was established using the Applied Biosystems® 7500 Real Time PCR System and
TIANGEN RealMasterMix (Probe). This detection method was optimized by varying concentrations of the primers and
probe to obtain the lowest Ct value with higher fluorescence intensity. Keeping other factors unchanged, eight concentrations
of primers were used, the initial concentration was 100 nM, rising 100 nM until 800 nM, with three replicates in each group.
The most optimal concentration was selected based on the results of the method, and using that concentration, eight
concentrations of probe were tested, the initial concentration was 100 nM, rising 50 nM until 450 nM, with three replicates in
each group.

2.6 Establishing a standard curve for quantitative RT-PCR

The standard curve for quantitative RT-PCR was performed with seven serial dilutions of the standard plasmid DNA
(concentrations ranged from 10% copies-uL™ to 10% copies-uL™). The quantitative RT-PCR reaction contained 2.5 x
realMasterMix 8.0 uL, 400 nM of each primer, 300 nM TagMan probe and 1 pL template plasmid DNA in a total volume of
20 pL by using the following cycling condition: 95 °C for 10 min, 40 cycles at 95 °C for 30 s, and 60 °C 1 min. The method
was repeated at least 3 times with each template and the negative control.
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2.7 Evaluation of the method

The sensitivity of the real-time quantitative RT-PCR and conventional RT-PCR method for the detection of ACLSV was
tested using the pMD18-ACLSV-CP plasmid DNA diluted serially 10-fold from 10 copies-uL™ to 10° copies-uL™ with
sterile water. The quantitative and conventional RT-PCR was performed as described in the front sections. The method was
repeated at least 3 times with each template and the negative control. The reproducibility of the ACLSV TagMan quantitative
RT-PCR method was assessed by calculating the CV values of the Ct values obtained after amplification of 10-fold serial
dilutions of the pMD18-ACLSV-CP plasmid ranging from 10" to 10° copies per reaction in triplicate during the same
experiment. Different organs of hawthorn samples, including young leaves, mature leaves, flower, shoot, young fruit (15
DAB), from infected ACLSV were tested to determine the practicability and feasibility of the TagMan RT-PCR method. At
the same time, these samples were subjected to conventional RT-PCR repeatedly.

1. RESULTS
3.1 Identified of the recombinant plasmid

The recombinant plasmid was identified by enzyme digestion. After the digestion reaction, agarose gel electrophoresis was
used to test the digestion product. As showed in (Fig. 1A), a fragment of the expected size (597 bp) was observed, with the
sequencing data, which indicated the recombinant plasmid contained the target CP gene sequences. In (Fig. 1B), with
quantitative primers F2/R2, the virus’ specific fragments of the expected size (294 bp) were amplified.
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FIG. 1. IDENTIFIED OF THE RECOMBINANT PLASMID. (A)LEFT. AGAROSE GEL ELECTROPHORESIS OF
THE RECOMBINANT PLASMID DIGESTED WITH RESTRICTION ENZYME. M REPRESENTS THE DL5000
MARKER, 1-3 REPRESENT THE DOUBLE ENZYMATIC DIGESTION PRODUCT OF pMD18-ACLSV-CP, 4
REPRESENT THE RECOMBINANT PLASMID OF pMD18-ACLSV-CP. (B)RIGHT. PCR-IDETIFIED RESULT
OF THE RECOMBINANT PLASMID. M REPRESENTS THE DL5000 MARKER, 1-2 REPRESENT PCR RESULT
OF POSITIVE RECOMBINANT PLASMID USING PRIMER F1/R1 AND F2/R2, RESPECTIVELY.

3.2 Optimization of quantitative RT-PCR method parameters

The strongest fluorescence was observed when the concentrations of primer and probe were 400 nM and 450 nM,
respectively (Fig. 2). However, the fluorescence is enough for detection when the concentration of probe was 300 nM (Fig.
2B). So, the optimized quantitative RT-PCR reaction volume was 20uL contained 2.5 x realMasterMix 8.0 uL, 400 nM of
each primer, 300 nM TagMan probe and 1 pL template plasmid DNA. The optimized cycling conditions were 95 °C for 10
min, 40 cycles at 95 °C for 30 s, and 60 °C 1 min.

3.3 Establishing a standard curve for quantitative RT-PCR

The standard curve was generated using different template concentrations ranging from 6.9 x 10° to 6.9 x 10® copies-pL™
obtained by 10-fold serial dilutions. This curve between log of DNA concentration versus Ct value generated a linear fit with
a slope of -3.18 and linear regression coefficient (R%) of 0.99 and the PCR efficiency was more than 90% (Fig. 3)
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FIG. 2. (A) OPTIMIZATION OF THE PRIMER CONCENTRATION. THE PRIMER CONCENTRATION IS
RANGING FROM 100-800 NM. (B) OPTIMIZATION OF THE PROBE CONCENTRATION. THE PROBE
CONCENTRATION IS RANGING FROM 100-450 NM.
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FIG. 3. THE STANDARD CURVE OF QUANTITATIVE RT-PCR TO DETECT THE ACLSV RECOMBINANT
PLASMID. NOTE, STANDARD CURVE WAS OBTAINED WITH SERIAL DILUTION OF THE RECOMBINANT
PLASMID FROM 10?TO 10° COPIES.
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3.4 The quantitative RT-PCR sensitivity and reproducibility

The quantitative RT-PCR for detection of ACLSV showed high sensitivity, the detection limit was 6.9 x 10% copies-uL™”
(Fig. 4), while the conventional RT-PCR method showed positive results only when more than 6.9 x 10* copies-uL™*
template were used (Fig. 5). Therefore, the sensitivity of the quantitative RT-PCR is 100 times higher than that of
conventional RT-PCR. According to the coefficients of variation (CV) between intra- and inter- Ct value, we evaluated the
repeatability of the quantitative RT-PCR method. When the 3 different concentrations of plasmids (ranging from 10’ to 10°
copies per reaction) were examined using the real-time RT-PCR repeatedly, the coefficients of variation (CV) values of both
intra- and inter- method were less than 0.91 % (Table S1), indicating that quantitative method for the detection of ACLSV is
stable and reliable.

3.5 Detection of ACLSV in different organs of hawthorn

In different organs and tissues of infected ACLSV plants, the content of virions is not same. In this study, total RNA was
extracted from the different organs of hawthorn, including young leaves, mature leaves, flower, shoot, young fruit (15 DAB),
respectively, for detecting ACLSV by semi-quantitative and real time quantitative RT-PCR methods. The detection results
were compared with each other using the same quantitative primers sequences. As showed in (Fig. 6) and (Fig. 7), both the
semi-quantitative and real time quantitative RT-PCR can be used to detect ACLSV in different organs of hawthorn. The
sensitive of quantitative RT-PCR is higher than that of the semi-quantitative RT-PCR and the absolute quantity of virus copy
number in different organs can be calculated.
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FIG. 4. THE SENSIBILITY OF REAL-TIME QUANTITATIVE RT-PCR FOR DETECTING THE
RECOMBINANT PLASMID. 1-7 REPRESENT THE RECOMBINANT PLASMID OF 10°~10%copies-pL™, 8
REPRESENT THE RECOMBINANT PLASMID OF 10'~10° copies-pL™* AND NEGATIVE CONTROL.
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FIG. 5. THE SENSIBILITY OF CONVENTIONAL RT-PCR FOR DETECTING THE RECOMBINANT PLASMID.
M REPRESENTS THE DL2000 MARKER, 1-10 REPRESENT THE RECOMBINANT PLASMID OF 10°~10°
copies-uL, 11 REPRESENT THE NEGATIVE CONTROL.
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FIG. 6. DETECTION OF ACLSV IN DIFFERENT ORGANS OF HAWTHORN BY CONVENTIONAL RT-PCR. M
REPRESENTS THE DL2000 MARKER, 1 REPRESENT YOUNG LEAVES, 2 REPRESENT MATURE LEAVES, 3
REPRESENT FLOWER, 4 REPRESENT SHOOT, 5 REPRESENT YOUNG FRUIT, CK REPRESENT
NEGATIVE CONTROL WITH WATER AS TEMPLATE. LEFT REPRESENT ACTIN GENE, RIGHT
REPRESENT ACLSV.
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FIG. 7. DETECTION OF ACLSV IN DIFFERENT ORGANS OF HAWTHORN BY TAQMAN QUANTITATIVE
RT-PCR. S REPRESENTS THE POSITIVE RECOMBINANT PLASMID, 1 REPRESENT YOUNG LEAVES, 2
REPRESENT MATURE LEAVES, 3 REPRESENT FLOWER, 4 REPRESENT SHOOT, 5 REPRESENT YOUNG
FRUIT, CK REPRESENT NEGATIVE CONTROL WITH WATER AS TEMPLATE.

V. DISCUSSION

ACLSV as one of economically important latent viruses can cause acute disasters in fruit quality and reduce the yields of
fruit crop [14]. Also, it can produce different symptoms in sensitive fruit tree cultivars. Detection of viruses may contribute
to control the globe spread of viruses through infected plants, propagation materials and postharvest products [15]. Moreover,
the quantitative estimation of virus populations prevailing is essential, not only to predict disease outbreaks, but also for plant
quarantine measures [16-17]. In addition, virus detection is best carried out as early as possible. So, an effective and available
method for the rapid detection of ACLSV is essential.

Besides producing rapid results, quantitative RT-PCR has the advantage of simpleness and highly sensitivity for screening
and virus quantification of large-scale samples compared to conventional RT-PCR. Our newly established quantitative RT-
PCR method had an ACLSV detection limit of 100 copies, which is 100 times more sensitive than conventional RT-PCR.
Ferriol et al. used RT-gPCR for detection and quantitation Broad bean wilt virus 1(BBWV-1) and BBWV-2, showing it also
had a detection limit of 100 copies [18]. Diego et al. found that, the TagMan real time RT-PCR for the rapid detection of
Raspberry leaf mottle virus (RLMV) was 100 times more sensitive than conventional RT-PCR [19]. In experiments to detect
four potato viruses by TagMan real-time RT-PCR, Agindotan et al. found that the linear dynamic range of detection was 10?
to 10° or 10 [20], which were consistent with the results obtained in this study.
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In this study, a highly sensitive and practical method for the detection of ACLSV was developed. Since CP gene of ACLSV
is among the most conserved regions and has been chosen as a preferred target region for the detection of ACLSV, the
primers and probe were designed to amplify target sequences at the CP gene region of the ACLSV genome for the
quantitative RT-PCR method. The method was high sensitive and able to detect 6.9 x 10 copies per reaction of ACLSV
RNA. Compared with the conventional RT-PCR method, it was 100-fold sensitive in detection of ACLSV. In addition, the
quantitative RT-PCR method, including RNA extraction, took approximately 3.5 h [21], which is faster than the conventional
RT-PCR and other virus isolation method. In conclusion, this study is the first report on a TagMan-based quantitative RT-
PCR method that is able to detect ACLSV from Chinese hawthorn. This technique should be a quantitative, rapid,
convenient, easy to finished and has the advantage for detecting large numbers of samples.

TABLE. S1
THE REPRODUCIBILITY OF THE POSITIVE RECOMBINANT PLASMID.

6.9x10’ 16.08+0.06 16.78+0.06 0.37
6.9x10° 19.03+0.16 19.86+0.18 0.84
6.9x10° 22.00+0.04 22.86+0.16 0.18

V. CONCLUSION

A TagMan-based quantitative RT-PCR method was established as an effective method for the rapid detection of ACLSV
with sensitivity and practicability. This is the first report to illustrate the application of an absolute quantitative RT-PCR
detection method for ACLSV in China.

ACKNOWLEDGEMENTS
This work was supported by the National Natural Science Foundation, P. R. China (31470678).

REFERENCES

[1] G.P. Martelli, T. Candresse, and S. Namba, “Trichovirus, a new genus of plant viruses,” Arch. Virol, vol. 134, pp. 451-455, 1994.
[2] A.T. Katsiani, V.l. Maliogka, T. Candresse, and N.I. Katis, “Host-range studies, genetic diversity and evolutionary relationships of
ACLSV isolates from ornamental, wild and cultivated Rosaceous species,” Plant. Pathology, vol. 63, pp. 63-71, 2014.

[3] K. Sato, N. Yoshikawa, and T. Takahashi, “Complete nucleotide sequence of the genome of an apple isolate of apple chlorotic leaf
spot virus short communication,” J. Gen. Virol, vol. 74, pp. 1927-1931, 1993.

[4] F.Q. Niu, S. Pan, Z.J. Wu, D.M. Jiang, and S.F. Li, “Complete nucleotide sequences of the genomes of two isolates of apple chlorotic
leaf spot virus from peach (Prunus persica) in China,” Arch. Virol, vol. 157, pp. 783-786, 2012.

[5]1 M. Al Rwahnih, C. Turturo, A. Minafra, P. Saldarelli, A. Myrta, and V. Pallas, “Molecular variability of apple chlorotic leaf spot
virus in different hosts and geographical regions,” J. Plant. Pathol, vol. 86, pp. 117-122, 2004.

[6] W. Guo, W.Y. Zheng, M. Wang, X.H. Li, Y. Ma, and H.Y. Dai, “Genome sequences of three apple chlorotic leaf spot virus isolates
from hawthorn in China,” PL0S. One, vol. 11, pp. 1-10, 2016.

[7] S.Y.Chen, Y. Zhou, T. Ye, L. Hao, L.Y. Guo, Z.F. Fan, S.F. Li, and T. Zhou, “Genetic variation analysis of apple chlorotic leaf spot
virus coat protein reveals a new phylogenetic type and two recombinants in China,” Arch. Virol, vol. 159, pp. 1431-1438, 2014.

[8] H. Yanase, A. Yamaguchi, GI. Mink, and K. Sawamura, “Back transmission of apple chlorotic leaf spot virus (type strain) to apple
and production of apple topworking disease symptoms in Maruba Kaido (Malus prunifolia Borkh. var. ringo Asami),”Jpn. J.
Phytopathol, vol. 45, pp. 369-374, 1979.

[9] LS. Cho, D. Igori, S. Lim, G.S. Choi, J. Hammond, H.S. Lim, and J.S. Moon, “Deep sequencing analysis of apple infecting viruses in
Korea,” Plant. Pathol. J, vol. 32, pp. 441-451, 2016.

[10] B. Babu, A. Jeyaprakash, D. Jones, T.S. Schubert, C. Baker, B.K. Washburn, S.H. Miller, K. Poduch, G.W. Knox, F.M. Ochoa-
Corona, and M.L. Paret, “Development of a rapid, sensitive, TagMan real-time RT-PCR assay for the detection of rose rosette virus
using multiple gene targets,” J. Virol. Method, vol. 235, pp. 41-50, 2016.

[11] B. Balaji, D.B. Bucholtz, and J.M. Anderson, “Barley yellow dwarf virus and Cereal yellow dwarf virus quantitation by real-time
polymerase chain reaction in resistant and susceptible plants,” Phytopathology, vol. 93, pp. 1386-1392, 2003.

Page | 50




International Journal of Environmental & Agriculture Research (IJOEAR) ISSN:[2454-1850] [Vol-2, Issue-12, December- 2016]

[12] P.W. Tooley, M.M. Carras, A. Sechler, and A.H. Rajasab, “Real-time PCR detection of sorghum ergot pathogens Claviceps africana,
Claviceps sorghi and Claviceps sorghicola,” J. Phytopathol, vol. 158, pp. 698-704, 2010.

[13] I. Mackay, K. Arden, and A. Nitsche, “Real-time PCR in virology,” Nucleic. Acids. Res, vol. 30, pp. 1292-1305, 2002.

[14] D.C. Hu, L. Wang, X.M. Jiang, N. Wang, and L. Gu, “The RT-PCR identification and sequence analysis of apple chlorotic leaf spot
virus from apple cultivars in Jiaodong Peninsula, China,” Biotechnology & Biotechnological Equipment, vol. 28, pp. 238-241, 2014.

[15] L.P. Wang, N. Hong, S. Matic, A. Myrta, Y.S. Song, R. Michelutti, and G.P. Wang, “Pome fruit viruses at the Canadian Clonal
Genebank and molecular characterization of Apple chlorotic leaf spot virus isolates,” Scientia. Horticulturae, vol. 130, pp. 665-671,
2011.

[16] B.K. Babu, and R.Sharma, “TagMan real-time PCR assay for the detection and quantification of Sclerospora graminicola, the causal
agent of pearl millet downy mildew,” Eur. J. Plant. Pathol, vol. 142, pp. 149-158, 2015.

[17] P.W. Tooley, F.N. Martin, M.M. Carras, and R.D. Frederick, “Real-time fluorescent polymerase chain reaction detection of
Phytophthora ramorum and Phytophthora pseudosyringae using mitochondrial gene regions,” Phytopathology, vol. 96, pp. 336-345,
2006.

[18] I. Ferriol, S. Ruiz-ruiz, and L. Rubio, “Detection and absolute quantitation of broad bean wilt virus 1 (BBWV-1) and BBWV-2 by
real time RT-PCR,” J. Virol. Methods, vol. 177, pp. 202-205, 2011.

[19] D.F. Quito-Avila, and R.B. Martin, “Real-time RT-PCR for detection of Raspberry bushy dwarf virus, Raspberry leaf mottle virus and
characterizing synergistic interactions in mixed infection,” J. Virol. Method, vol. 179, pp. 38-44, 2012.

[20] B.O. Agindotan, P.J. Shiel and P.H. Berger, “Simultaneous detection of potato viruses, PLRV, PVA, PVX and PVY from dormant
potato tubers by TagMan® real-time RT-PCR,” J. Virol. Method, vol. 142, pp. 1-9, 2007.

[21] L.P. Yan, P.X. Yan, J.W. Zhou, Q.Y. Teng, and Z.J. Li, “Establishing a TagMan-based real-time PCR assay for the rapid detection
and quantification of the newly emerged duck tembusu virus,” Virology. Journal, vol. 8, pp. 1-7, 2011.

Page | 51



