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Abstract

Kuan, C. P., Y. T. Liu, S. Y. Lin, M. J. Lin, S. Chen, and Y. H. Cheng. 2025. Evaluation of 
the use of quantitative RT-PCR for the detection of potato virus X. J. Taiwan Agric. Res. 
74(2):177–187.

This study developed a real-time reverse transcription-polymerase chain reaction (RT-PCR) de-
tection method for potato virus X (PVX) by designing a specific primer pair based on the coat protein 
(CP) gene. The assay demonstrated a sensitivity approximately 10–100 times higher than convention-
al RT-PCR for PVX detection. Furthermore, it exhibited high specificity, accurately detecting PVX 
without cross-reacting with other solanaceous viruses or uninfected healthy plants. The reliability of 
this method was further confirmed through field testing on PVX-infected potato samples. Due to its 
high sensitivity and specificity, the real-time RT-PCR assay developed in this study has significant po-
tential for the early detection of PVX infections in potatoes and tomatoes.
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INTRODUCTION
Potatoes (Solanum tuberosum L.) are sus-

ceptible to more than 40 virus species (Martelli 
et al. 2008; Kreuze et al. 2020). The principal 
viruses in potato crops causing significant 
economic damage in the world are potato virus 
X (PVX), potato virus Y (PVY), potato virus 
S (PVS), potato virus A (PVA), potato virus 
M (PVM), and potato leaf roll virus (PLRV) 
(Kumar et al. 2019). Potatoes are propagated 
vegetatively using seed tubers, facilitating the 
rapid and extensive spread of viruses. There-

fore, the primary strategy for managing these 
viral diseases is to use healthy, virus-free seed 
potatoes and to test mother tubers and tissue 
culture planting materials to ensure free of vi-
rus infection (Kumar et al. 2019).

PVX is a member of the Potexvirus genus. 
Virus part icles are f i lamentous with a sin-
gle-stranded RNA genome, measuring approx-
imately 515 × 13 nm (Jeevalatha et al. 2016). 
Symptoms caused by PVX infection include 
mild mottling or necrotic streaks, with highly 
susceptible potato varieties displaying pale or 
dark green spots on the leaves and irregular 
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small spots between the veins (Bendahmane 
et al. 1997; Tommiska et al. 1998). PVX can 
cause yield reductions ranging from 10% to 
30% (Jeevalatha et al. 2016), and even 40% 
to 50% when it is in coinfection with PVA or 
PVY. PVX spreads primarily through agri-
cultural tools or mechanical contact between 
healthy and infected plants (Jeevalatha et al. 
2016; Kumar et al. 2019; Rashid et al. 2021). 
The main control measure for PVX is using 
virus-free seed potatoes (Kumar et al. 2019). 
Developing a straightforward and accurate di-
agnostic method is thus essential for the early 
detection of PVX infection.

Various diagnostic methods have been em-
ployed to identify PVX in potatoes, including 
visual inspection, mechanical inoculation onto 
indicator plants, electron microscopy, and en-
zyme-linked immunosorbent assay (ELISA) (Ku-
mar et al. 2021). However, these techniques are 
often time-consuming, have low sensitivity, are 
non-specific, and are unsuitable for use on dormant 
tubers (Raigond et al. 2019). Recent advances have 
led to the use of more sensitive methods such as re-
verse transcription-polymerase chain reaction (RT-
PCR) (Soliman et al. 2000; Yu et al. 2008; Jamal et 
al. 2012; Mandal et al. 2012), multiplex RT-PCR 
(Singh et al. 2004; Peiman & Xie 2006; Bostan & 
Peker 2009; Kumar et al. 2017). Although some 
methods can simultaneously detect multiple po-
tato viruses (Agindotan et al. 2007; Jeevalatha et 
al. 2016), their sensitivity remains limited. In this 
study, the improved real-time RT-PCR method us-
ing a one-step approach is expected to detect PVX 
in potato leaves and tuber samples and compared to 
the RT-PCR method.

MATERIALS AND METHODS
Virus sources

Virus isolates, such as PVX, tobacco mosaic 
virus (TMV), tomato mosaic virus (ToMV), cu-
cumber mosaic virus (CMV), pepper mild mot-
tle virus (PMMoV), PVY, pepper mosaic virus 
(PMV), chili vein mosaic virus (CVMV), and 
pepper vein mottle virus (PVMV), were obtained 

by Dr. Ting-Ching Deng (former virus specialist 
in Plant Pathology Division, Taiwan Agricultur-
al Research Institute), and were maintained in 
tobacco (Nicotiana benthamiana) in the green-
house (Cheng et al. 2013). Potatoes suspected of 
PVX infection were collected in a field in central 
Taiwan. PVX was inoculated and propagated in 
tobacco plants (N. benthamiana), tomato (S. ly-
copersicum), and potato (S. tuberosum). 

RNA extraction 
The purification method was mainly based 

on Agindotan (Agindotan et al.  2007), with 
slight modifications. 0.1 gram of tissue, collect-
ed from potato leaf/tuber, either PVX-infected 
or virus-free was ground using liquid nitrogen. 
The powdered tissue was then extracted with 
0.5 mL of extraction buffer (diethyl pyrocar-
bonate (DEPC)-treated phosphate buffered sa-
line (PBS) buffer (pH 7.4) containing 2% (w/
v) polyvinylpyrrolidone-40 (PVP-40), 0.2% (w/
v) egg albumin, and 1% (w/v) Na2SO3). To 36 
µL of crude sap, 4 µL of RNA-secure reagent 
(20×) (Ambion) was added, mixed thoroughly,  
and incubated at 60℃ for 10 min. Throughout  
the experiment, crude sap was diluted using the 
extraction buffer.

Construction of the PVX-specific gene
The RNA from PVX-infected strains under-

went a PCR reaction using the PVX-cp-751-F/R 
primer (as listed in Table 1). The amplified frag-
ments were cloned into the pGEM-T Easy vector 
(Promega, Madison, WI, USA) and transformed 
into Escherichia coli (Protech, Taipei, Taiwan). 
Recombinant vector DNA was purified using the 
GeneSpin DNA extraction kit (Protech, Taipei, 
Taiwan). The plasmid containing the full-length 
PVX cp sequences was amplified by PCR with 
T7 + PVX-cp-112-F and PVX-cp-751-R primers. 
The resulting fragment was purified and used 
as a template for in vitro transcription with T7 
RNA polymerase, following the MEGAscript® 
Kit protocol (Ambion™, Austin, TX, USA). The 
reaction products were dissolved in nuclease-free 
water, and the RNA concentration was calculated 
and serially diluted for sensitivity testing.

臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   178臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   178 2025/6/13   下午 03:05:072025/6/13   下午 03:05:07



179Detection of Potato Virus X

Design of PVX primers and probes
Primers and probes were designed using 

Primer Express™ software (Applied Biosyste-
ms, Foster City, CA, USA). The primers (PVX-
cp-112-F/R) were specifically targeted to the 
cp gene sequence of PVX, with an expected 
product size of 112 bp. The RT-PCR amplified 
sequence included a binding site for the spe-
cific fluorescent probe PVX-probe (Table 1) to 
ensure that during nucleic acid amplification, 
the specific fluorescent probe generates fluo-
rescence upon polymerase degradation, allow-
ing the real-time RT-PCR machine to detect 
the fluorescent signal. The 5′ and 3′ ends were 
labeled with the fluorescent dyes FAM (6-car-
boxyfluorescein, excitation wavelength = 494 
nm) and minor groove binder (MGB) (exci-
tation wavelength = 520 nm), respectively.

RT-PCR and real-time RT-PCR methods
The RT-PCR reaction conditions were set to 

50℃ for 15 min, and 95℃ for 3 min, followed 
by 40 cycles of 95℃ for 15 s, 60℃ for 30 s, and 
72℃ for 30 s, with a final extension at 72℃ for 
5 min and holding at 16℃. The PCR reagents 
included SuperScript™ III RT/Platinum™ Taq 
Mix (Invitrogen, San Diego, CA, USA) 0.5 
μL, 2× Reaction Mix 12.5 μL, each 0.2 μM of 
PVX-cp-112 F/R primer 1 μL, probe 50 nM, 
Rox 50 nM, and plant RNA in a total reaction 
volume of 25 μL. The real-time RT-PCR condi-
tions were 50℃ for 5 min, and 95℃ for 2 min, 
followed by 40 cycles of 95℃ for 3 s and 60℃ 

for 30 s. The real-time RT-PCR machine used was 
the ABI PRISM® 7500 Sequence Detection Sys-
tem (Applied Biosystems, Foster City, CA, USA).

ELISA
This experiment followed the method out-

lined by Clark & Adams (1977). A 0.2 g sample 
of diseased leaf tissue (tomato or potato) was 
ground in 2 mL of 15 mM sodium carbonate 
buffer (pH 9.6) and added to an ELISA plate 
(100 μL well-1). Each sample was tested in du-
plicate, and the plates were incubated at 37℃ 
for 4 h. The plates were washed three times  
with 1× PBST (137 mM NaCl, 1.5 mM KH2PO4,  
1 mM Na2HPO4, 0.05% Tween 20, pH 7.4), 
followed by the addition of PVX antibodies 
(DSMZ; Mikroorganismen und Zellkulturen 
GmbH, Braunschweig, Germany) and a 2-hour 
incubation at 37℃. After washing three times 
with 1× PBST, goat anti-rabbit immunoglob-
ulin secondary antibodies (Invitrogen,  San 
Diego, CA, USA, 100 μL well -1) ,  dissolved 
in phosphate buffer (137 mM NaCl, 1.5 mM 
KH2PO4, 1 mM Na2HPO4, 0.05% Tween 20, pH 
7.4), were added. The plates were incubated 
at 37℃ for 2 h. After washing four times with 
1× PBST, a 150 μL well-1 solution of 1 mg mL-1 
alkaline phosphatase enzyme substrate (ρ-NPP, 
Amresco, Solon Ind., OH, USA) was added for 
color development. After 20 to 30 min of reac-
tion, the absorbance at 405 nm was measured us-
ing an ELISA reader (PTI max microplate reader, 
Molecular Devices, Sunnyvale, CA, USA).

Table 1.　The primers and probes used in this experiment.
Primers and probe Sequence (5′–3′)z Amplicon size (bp)

PVX-cp-751-F TACTCGAAAGATGTCAGCACCAGCT 751

PVX-cp-751-R GGGGTAGGCGTCGGTTATGTAGA

PVX-cp-112-F CCTATTCCAACGGCATCAG 112

PVX-cp-112-R GTCAGCATCCAGTTCCATAC

PVX-cp-112-Probe TCGCTGCTGCCAGTCTGGC

T7 + PVX-cp-112-F FAMy-TAATACGACTCACTATAGGCCTATTC
CAACGGCATCAG-BHQ1y

z GeneBand Accession no. AF272736
y FAM: 6-carboxyfluorescein; BHQ1: black hole x quencher1
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RESULTS
Specificity of RT-PCR and real-time 
RT-PCR for PVX detection

To develop primers and probes specific to 
PVX, this study utilized sequence alignment of 
the highly conserved region of the PVX coat 
protein (cp) gene. The designed primers, PVX-
cp-112-F and PVX-cp-112-R, along with the 
probe PVX-cp-112-probe (listed in Table 1), 
were tested for specificity against a variety of 
other Solanaceae viruses, including PMMoV, 
PVX, TMV, ToMV, PVMV, CVMV, and PMV 
from tomato or pepper and PVY from potato. 

PMMoV, TMV, ToMV, PVY, PVMV, CVMV, 
and PMV were used by RT-PCR and real-time 
RT-PCR assays, respectively. The healthy plants 
of tomato were as healthy controls. A no-tem-
plate control (NTC) using ddH2O was also in-
cluded to ensure no contamination. The agarose 
gel electrophoresis analysis revealed that the 
PVX-positive controls, which included cloned 
PVX plasmids and PVX-infected plants, pro-
duced a specific 112 bp nucleic acid fragment. 
No amplification was detected in the samples 
from other Solanaceae viruses or the healthy 
plants (Fig. 1). This result confirms the high 
specificity of the primers and probe for PVX.
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Fig. 1.　Specificity evaluation of potato virus X (PVX) detection based on the reverse transcription-polymerase chain 
reaction (RT-PCR) (upper) and real-time RT-PCR (lower) assays. Amplification of PVX, pepper mild mottle virus 
(PMMV), tobacco mosaic virus (TMV), tomato mosaic virus (ToMV), potato virus Y (PVY), pepper mosaic virus 
(PMV), chili vein mosaic virus (CVMV), and pepper vein mottle virus (PVMV)-infected plants by RNA extracts. 
Health tomato samples as negative control (H-T). In RT-PCR, a 112-bp amplicon was generate only from positive 
control (PC) and PVX. Lane NTC: No Template Control and Lane M: 100 bp ladder.
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Additionally,  real-time RT-PCR results 
were consistent with those of RT-PCR, show-
ing positive signals only for the PVX-positive 
controls, with Ct values of 12.89 and 15.1 for 
the PVX plasmid and PVX-infected plants, 
respectively. No reactions were observed for 
other viruses, healthy plants, or the negative 
controls. These findings indicate that the prim-
ers and probes are highly specific for PVX 
detection, without cross-reactivity with other 
Solanaceae viruses.

Sensitivity test of PVX
To understand the relationship between 

the detected viral load and the detection limit 
of PVX in tomatoes and potatoes after artifi-
cial infection, RT-PCR and ELISA were used 
for Evaluation. The detection limit of ELISA 
in tomatoes reached 106 dilution factor, while 
in potatoes, it reached 103. The results indicate 
that the detection limit in tomatoes is approx-
imately 1,000 times greater than in potatoes. 
The detection limit of RT-PCR in tomatoes 
reached 108 dilution factor, while in potatoes, 
it  reached 105. The results indicate that the 
detection limit in tomatoes is approximately 
1,000 times greater than in potatoes (Table 2). 

For the same material (tomato/potato), the sen-
sitivity of RT-PCR is approximately 100 times 
higher than that of ELISA.

The sensitivities of the RT-PCR and re-
al-time RT-PCR methods for detecting PVX 
were evaluated using whole RNA extracted from 
PVX-infected plants and in vitro transcribed 
PVX coat protein RNA. The PVX coat protein 
(CP) RNA was detected at a concentration of 103 
copies using RT-PCR and 10 copies using re-
al-time RT-PCR (Fig. 2 and Fig. 3). These results 
indicate that the real-time RT-PCR method is 
approximately 100 times more sensitive than tra-
ditional RT-PCR in detecting low levels of PVX.

Detection of PVX in potato from field 
samples

The de tec t ion  of  PVX in  po ta to  sam-
ples was conducted by extracting total RNAs 
from the leaf/tuber tissue of suspected infect-
ed plants. Healthy potato leaves and a NTC 
were negative controls. The presence of PVX 
was assessed using RT-PCR, real- t ime RT-
PCR, and ELISA. According to the results, 
both RT-PCR and real- t ime RT-PCR could 
success fu l ly  de tec t  PVX f rom f i e ld  sam-
ples (Table 3). Seven out of 20 field samples 

Table 2.　Comparison of reverse transcription-polymerase chain reaction (RT-PCR) and enzyme-linked immunosor-
bent assay (ELISA) for detecting potato virus X (PVX) using the detection limit of extracted infected leaf samples.

Dilution factor

Tomatoz Potatoz

RT-PCR ELISA A405 nm RT-PCR ELISA A405 nm

1 + 3.484+ + 3.064+

1 × 10 + 3.545+ + 2.116+

1 × 102 + 3.490+ + 1.134+

1 × 103 + 2.482+ + 0.266+

1 × 104 + 0.702+ + 0.087–

1 × 105 + 0.483+ + 0.076–

1 × 106 + 0.295+ – 0.070–

1 × 107 + 0.161– – 0.090–

1 × 108 + 0.102– – 0.085–

1 × 109 – 0.070– – 0.084–

1 × 1010 – 0.105– – 0.101–

H-CK – 0.105– – 0.101–
z Plant tissue testing starting quantity: 0.1 g (RT-PCR); 0.2 g (ELISA). 

臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   181臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   181 2025/6/13   下午 03:05:112025/6/13   下午 03:05:11



182 台灣農業研究　第 74卷　第 2期

(B)

(A)

y = -3.7592x + 41.748
R2 = 0.9955

Cycle number

Log starting quantity, copy number

Fig. 3.　Sensitivity detection of potato virus X (PVX) using real-time reverse transcription-polymerase chain reac-
tion (RT-PCR) assay: (A) The results of real-time RT-PCR; and (B) The real-time RT-PCR was plotted as a standard 
curve. PVX copy number: 1: 107; 2: 106; 3: 105; 4: 104; 5: 103; 6: 102; 7: 101 copies uL-1.
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Fig. 2.　The detection limit of reverse transcription-polymerase chain reaction (RT-PCR) assay based on cRNA copy 
number of potato virus X (PVX). PVX copy number: 1: NTC 2. Positive control, 3: 107; 4: 106; 5: 105; 6: 104; 7: 103; 8: 
102 copies uL-1.

臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   182臺灣農業研究74(2)-07 Cheng-Ping Kuan(超連結)1.5版.indd   182 2025/6/13   下午 03:05:122025/6/13   下午 03:05:12



183Detection of Potato Virus X

(leaves or tubers) were positive for PVX us-
ing RT-PCR. In contrast,  only five samples  
were positively tested using ELISA. 

DISCUSSION
PVX is a highly destructive virus that causes 

a significant threat to potato crops due to its ease 
of transmission through mechanical contact. It has 
also been found in potato fields in Taiwan (Deng 
et al. 1992). Effective management of PVX re-
quires early detection or using of virus-resistant 
cultivars. PVX is primarily transmitted through 
potato tubers, the application of this real-time 
RT-PCR assay for large-scale testing of potato 

tubers will add substantial value to the research. 
Currently, RT-PCR and ELISA are widely used 
as PVX detection methods. Internationally, 
multiplex detection methods for potato viruses 
have been developed, allowing the detection of 
multiple viruses (PVX, PVY, PVA, and PLRV). 
However, real-time RT-PCR thermocycler have 
limitations (limited by the number of instrument 
fluorescence channels). As a result, it is not possi-
ble to simultaneously detect all four viruses while 
incorporating an additional internal control for 
validation (Agindotain et al. 2007). The real-time 
RT-PCR method developed in this study amplifies 
a 112 bp fragment of the PVX viral gene. One key 
advantage of this method is its ability to prepare 

Table 3.　Comparison of different methods for detecting potato virus X (PVX) infection in field-grown potatoes. 

Tissuesz RT-PCR
Real-time RT-PCR

Ct
Enzyme-linked immuno-
sorbent assay (ELISA) A405 nm

S1 +y + 30.41 + 0.452

S2 + + 29.82 + 0.771

S3 –y – ND – 0.109

S4 – – ND – 0.142

S5 – – ND – 0.195

S6 + + 24.16 + 0.539

S7 – – ND – 0.072

S8 – – ND – 0.020

S9 – – ND – 0.084

S10 + + 29.92 + 0.761

S11 – – ND – 0.122

S12 – – ND – 0.141

S13 – – ND – 0.084

S14 + + 31.17 – 0.057

S15 + + 21.87 + 0.947

S16 – – ND – 0.139

S17 – – ND – 0.172

S18 + + 30.09 – 0.160

S19 – – ND – 0.184

S20 – – ND – 0.161

Positive controlx + + 12.51 + 2.939

Negative controlx – – – – 0.212

NTCx – – – – 0.162
z	S1–S15: leave tissues; S16–S20: tuber tissues.
y	“+” indicates positive reaction, whereas “–” indicates a negative reaction.
x	Negative control: healthy tomato; Positive control: PVX-infected tomato; NTC: no template control.
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samples in a single reaction tube, which elimi-
nates the need for a separate cDNA synthesis step 
and enables one-step nucleic acid amplification. 
This simplifies the detection process by reducing 
the number of operational steps and enhances the 
efficiency of virus detection.

Detec t ion  f rom d i lu ted  PVX-infec ted 
leaf tissue showed that, regardless of wheth-
er RT-PCR or ELISA was used, the detect-
able dilution factor in infected tomato tissue 
could detect lower than that in potato tissue. 
This suggests that the PVX concentration in 
tomatoes is higher than in potatoes. This phe-
nomenon requires more sampling and repeat-
ed experiments for validation, as the current 
results are only from a preliminary test. There 
is no related research mentioned, but PVX can 
infect both tomato and potato plants, causing 
varying symptoms. In tomatoes, PVX infection 
leads to mosaic patterns and slight stunting, 
while in potatoes, it typically results in mild 
mosaic symptoms or remains latent. The se-
verity of PVX symptoms can be influenced 
by factors such as mixed infections with PVY 
(Verchot 2021). Sensitivity tests indicated that 
the real-time RT-PCR method developed in 
this study is comparable to previous findings 
by Agindotan et al. (2007), demonstrating at 
least a 10-fold increase in sensitivity. Notably, 
while Agindotan et al. (2007) utilized a two-
step real-time RT-PCR method, this study's 
one-step approach streamlines the process, fur-
ther improving detection efficiency. In other 
words, the sensitivity results showed that the 
real-time RT-PCR in this study is 100 times 
more  sens i t ive  than convent ional  RT-PCR 
and 10 times superior to the two-step method. 
Field tests on 20 potato samples (leaves or tu-
bers) revealed that the real-time RT-PCR meth-
od was consistent with traditional RT-PCR in 
terms of positive virus detection. However, the 
real-time RT-PCR assay detected more positive 
samples than double-antibody sandwich ELI-
SA (DAS-ELISA), RT-PCR identified 7 posi-
tive samples, whereas ELISA detected only 5 
samples. In addition, the use of potato tubers 

showed that  only one sample was detected 
positively by RT-PCR and real-time RT-PCR; 
however, ELISA could not detect the target 
virus. The inability of DAS-ELISA to detect 
PVX in some potato tuber samples might be 
due to the viral concentration being below the 
detection threshold or the uneven distribution 
of the virus in dormant tubers l ike PVY in 
potato (Whitworth et al. 2012). PVX tends to 
multiply during the sprouting process (Betti 
et al. 2012), leading to a higher viral load in 
sprouts, which makes it easier to be detected. 
Consequently,  sprouting tuber samples are 
more suitable for DAS-ELISA detection. The 
one-step real-time RT-PCR assay demonstrated 
a 10-fold higher sensitivity compared to RT-
PCR, confirming its superiority in detecting 
PVX, particularly in cases of low viral load. 
Moreover, the consistency between RT-PCR 
and real-time RT-PCR in detecting positive 
samples reinforces the reliability of the devel-
oped assay. Some samples that tested negative 
by ELISA were detected as positive by RT-
PCR, highlighting the limitations of ELISA in 
detecting low-concentration or unevenly dis-
tributed viruses.

Previous studies have demonstrated that 
real-time RT-PCR is more sensitive than con-
ventional RT-PCR for detecting plant RNA 
viruses (Babu et al. 2017; Kapoor et al. 2017; 
DeShields et al. 2019; Mohandas & Bhat 2020; 
Naveen & Bhat 2020; Wang et al. 2020). In 
addition, since RNA extraction in this study 
does not require the use of commercial kits 
and only ut i l izes  s imple  isola t ion without 
complex procedures, it can reduce detection 
costs for large-scale sample screening. With 
minimal sample preparation requirements, the 
one-step real-time RT-PCR assay exhibits high 
resistance to inhibitors found in plant tissues, 
thereby improving specificity and sensitivity.  
The developed one-step real-time RT-PCR assay  
represents a significant advancement in PVX 
detection technology. Its rapid, sensitive, and 
specific detection capabilities, make it an ideal 
alternative to conventional RT-PCR for use in 
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tissue culture plants, virus-free certification 
programs,  and screening of  PVX-resis tant 
cultivars. By facilitating early detection and  
reducing the spread of PVX, this assay contributes  
to more effective management of potato crops, 
ultimately supporting agricultural productivity 
and sustainability.
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使用單步驟定量 RT-PCR法於馬鈴薯 X病毒檢測之評估
關政平 1,*　劉雅婷 2　林思妤 3　林玫珠 4　陳述 5　鄭櫻慧 6 

摘要

關政平、劉雅婷、林思妤、林玫珠、陳述、鄭櫻慧。2025。使用單步驟定量 RT-PCR 法於

馬鈴薯 X 病毒檢測之評估。台灣農業研究 74(2):177–187。

本研究依據馬鈴薯 X 病毒 (potato virus X; PVX) 之鞘蛋白 (coat protein) 基因設計專一性引子對，利用即

時反轉錄聚合酶連鎖反應 (real-time reverse transcription-polymerase chain reaction; real-time RT-PCR) 與 TaqMan
螢光探針，建立馬鈴薯 X 病毒的檢測技術。本研究所開發之 real-time RT-PCR 法的靈敏度，在檢測 PVX 上

相較於 RT-PCR 法，提高約 10–100 倍，此外，此檢測具有高度特異性，可成功檢測 PVX，且不會與其他茄

科病毒或未感染的健康植物發生交叉反應。透過檢測田間感染 PVX 的馬鈴薯，進一步確認此檢測方法的穩

定性。有鑑於 real-time RT-PCR 的高特異性和敏感性，本研究所開發的 real-time RT-PCR 檢測在評估馬鈴薯

或番茄受 PVX 感染的早期檢測具有高度應用效益。

關鍵詞：馬鈴薯 X 病毒、即時定量 RT-PCR、偵測。
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