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Abstract: Maize chlorotic mottle virus (MCMV) infects maize plants and causes
significant losses in corn production worldwide. In this study, a real-time TaqMan RTPCR assay for efficient detection of MCMV was described. A pair of primers amplifying a 131-bp DNA fragment and a TaqMan probe was designed targeting the novel
molecular marker based on MCMV genome analysis sequences. The assay designed
was highly specific, producing no signal from other viruses, and the sensitivity of the
assay was 0.16 fg/reaction of total RNA, which was approximately 252-fold higher
than conventional RT-PCR gel electrophoresis method. Compared with the real-time
TaqMan reverse transcription PCR targeting coat protein gene, the novel assay has
more specificity and sensitivity to detect MCMV in maize. Therefore, the assay is
a useful tool for large or middle-scale corporations and entry-exit inspection and
quarantine bureau to detect MCMV in maize seeds or plant tissues.
Subjects: Food Analysis; Food Microbiology; Fruit & Vegetables
Keywords: maize chlorotic mottle virus; real-time RT-PCR; novel molecular marker
1. Introduction
Maize chlorotic mottle virus (MCMV) is only species in the genus Machlomovirus (family Tombusviridae),
and it is the sense single strand RNA virus. MCMV was an important plant pathogenic virus, infected
Zea mays in Peru (Castillo & Hebert, 1974) and lead to losses of 10–15% in floury and sweet corn
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Maize chlorotic mottle virus (MCMV) infects maize
plants and causes significant losses in corn
production worldwide, and it has been a quarantine
pest by the Chinese government in 2007. Many
kinds of assays have been reported for detection of
MCMV, such as biological indexing, enzyme-linked
immunosorbent assay (ELISA), electron microscopy,
surface plasmon resonanceand biosensor based
on a quartz crystal microbalance. However, these
assays have some disadvantages. Simultaneously,
coat protein gene is not specific to MCMV enough.
Therefore, there is an urgent need for mining a
novel molecular marker specific to MCMV and
developing a real-time RT-PCR for detection of
MCMV. In our study, a real-time TaqMan RTPCR assay for efficient detection of MCMV was
developed with a novel molecular marker according
to microbial genome analysis. The novel assay is a
real good performance than ever.
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cultivars. Furthermore, once MCMV the combines with the Maize dwarf mosaic virus, Sugarcane mosaic virus, or Wheat streak mosaic virus, it may induce the severe disease known as maize lethal necrosis (Wu et al., 2013). In addition, this virus can be carried readily into other countries or regions by
seeds or vectors (Cabanas & Bressan, 2011; Cabanas, Watanabe, Higashi, & Bressan, 2013). It had
the potential threat to the production of maize crops, so it became a quarantine pest by the Chinese
government in 2007 (Wen, Zhang, Cui, & Zhang, 2011), and was identified in maize seeds imported
from the United States (Niblett & Claflin, 1978), Congo (Lukanda et al., 2014), and Kenya (Kusia et al.,
2015). A high risk of MCMV has been introduced with the increasing international exchange of maize
seeds. In recent year, severe chlorotic mottle symptoms in sweet corns or sugarcanes were observed in leaves infected with MCMV in many countries and regions (Deng, Chou, Chen, Tsai, & Lin,
2014; Lukanda et al., 2014; Wang, Zhou, & Wu, 2014). In order to prevent introduction of MCMV
through international exchange of maize seeds and MCMV transmission, there is an urgent need for
a reliable and sensitive assay for detection of MCMV. Many kinds of assays have been reported for
detection of MCMV, such as biological indexing (Uyemoto, 1983), ELISA (Wu et al., 2013), electron
microscopy (Morales, Arroyave, Castillo, & De Leon, 1999), surface plasmon resonance (Zeng et al.,
2013) and biosensor based on a quartz crystal microbalance (Huang, Xu, Ji, Li, & Chen, 2014).
However, these assays have many disadvantages. Biological indexing is time-consuming, labor-intensive and requires greenhouse space; The results of ELISA are dependent on the quality and availability of expensive antibodies; Electron microscopy is laborious and time-consuming, simultaneously
it also requires expensive instruments and virology knowledge (Zhang, Hung, Song, & He, 2013);
Surface plasmon resonances require very expensive equipment.
Real-time reverse transcription PCR (RT-PCR) is an innovative evolution of conventional reverse
transcript PCR, which has been used as a major analytical platform in molecular biology. The incorporation of fluorescence-based detection systems into real-time PCR instruments deal with the kinetic detection of the accumulation of PCR products over the cycling period and greater sensitivity
to amplicon detection than conventional gel-based detection. Because of its improved rapidity, sensitivity, reproducibility, reduced risk of carry-over contamination, and ability to quantify viral nucleic
acid directly from samples, real-time PCR assays have utilized widely than conventional PCR assays
in the diagnosis of viral diseases (Callison et al., 2007).
To date, nine complete genome sequences representing the isolates of MCMV have been made
available in NCBI website. In this study, a real-time TaqMan RT-PCR assay by targeting a novel detection marker based on complete genome sequences analysis was currently developed. The specificity
and sensitivity of real-time PCR protocol were determined and this assay was applied for detection
of artificial samples. This research served as a foundation for further application of MCMV detection
in the wide fields.

2. Material and methods
2.1. Materials and reagents
Six MCMV and seven other virus isolates were employed in this study. MCMV-ZJ and MCMV-YP were
supplied from Beijing Entry-Exit Inspection and Quarantine Bureau, Beijing, China; MCMV-BJ was
obtained from China Agricultural University; MCMV-agdia2094 was purchased from Agdia, USA;
MCMV-ATCC-PV262 were purchased from American Type Culture Collection (Manassas, USA); MCMV1087 isolate was obtained from Braunschweig, Germany; Maize dwarf mosaic virus (MDMV), Arabis
mosaic virus (ArMV), Carnation ringspot virus (CRSV), Odontoglossum ringspot virus (ORSV), Cucumber
green mottle mosaic virus (CGMMV), Lily symptomless virus (LSV), Tobacco rattle virus(TRV) isolates
were kept in Shanghai Entry-Exit Inspection and Quarantine Bureau, Shanghai, China. MCMV and
MDMV viruses were inoculated in Zea mays, and the infected tissues were harvested after 15 days.
ArMV, CRSV and TRV were inoculated in Chenopodium quino, CGMMV were inoculated in
Cucumissativus, and the infected tissues were harvested after 14 days. The leaf of Phalaenopsis aphrodite with ORSV, and the lily bulbs with LSV were intercepted in entry plants in Shanghai Entry-Exit
Inspection and Quarantine Bureau.
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Table 1. Primes and probe used in the study
Primer
FP
RP
Probe

Sequence

Location

Accession

5′-GAGTCCTGCCAATCCAAAGTG-3′

4150–4171

EU358605.1

5′-TGGGTGGGTCAAGGCTTACTA-3′

4260–4280

JQ982470.1

5′-FMA-AGCCGCCGCCCACTCTCCAG-BHQ-3′

4217–4236

JQ982470.1

Note: The size of amplicon was the 131-bp fragment.

2.2. Viral RNA extraction
Viral genomic RNA was extracted from 100 mg of leaves infected with the viruses using TIANamp
Virus RNA Kit (Tiangen Biotechnology, Beijing, China) according to the manufacturer’s protocols. The
RNA was eluted with 80 μl of elution buffer and stored at −20°C.

2.3. Primers and probe design
A sequence alignment of all of nine MCMV genomes (GenBank accession No. KP851970.1,
NC_003627.1, KJ782300.1, KF010583.1, JQ982470.1, JQ982469.1, GU138674.1, EU358605.1 and
X14736.2) was used to identify conserved sequence to design primers and a probe for the real-time
RT-PCR assay. A forward primer (FP), a reverse primer RP, and a Taqman® dual-labeled probe were
listed in Table 1. The specificity of the designed primers was examined using the Primer BLAST online
alignments at the website (http://www.ncbi.nlm.nih.gov/tools/primer-blast/). The primers and
probes were synthesized by Shanghai Gencore Biotechnologies, Co, Ltd (Shanghai, China).

2.4. RT-PCR and real-time TaqMan RT-PCR
RT-PCR assays were performed on Applied Biosystems® 2720 Thermal Cycler (Life Technologies, MA,
USA) using One-Step PrimeScriptTM RT-PCR Kit (Takara, China). All sets of reactions were carried out
in a final volume of 25 μl, which consisted of 0.50 μl of RNA (MCMV), 12.50 μl of 2 × OneStep RT-PCR
Buffer, 1 μl of PrimeScript enzyme (5U/μl), 0.50 μl of MCMV FP (20 μM), 0.50 μl of MCMV RP (20 μM),
and 10 μl of RNase-free ddH2O. Amplification reactions were made up of a reverse transcription at
50°C for 30 min, an initial denaturing step at 94°C for 3 min followed by 35 cycles at 94°C for 30s,
58°C for 30s and 72°C for 30s followed by a final extension at 72°C for 10 min. The amplicons were
analyzed by electrophoresis through a 1.50% agarose gel and stained with ethidium bromide.
Twenty-five μl of real-time TaqMan RT-PCR reactions were prepared with 2 μl of RNA, 12.50 μl of
2 × buffer, 0.20 μl of Ex Taq HS (5 μM), 0.20 μl of PrimeScript RT enzyme MIXⅡ (Takara, China), 0.20 μl
of MCMV FP (20 μM), 0.20 μl of MCMV RP (20 μM), 0.40 μl of probe (20 μM), 0.20 μl of ROX Reference
DyeⅡ (50 × ) and 9.10 μl of RNase-free ddH2O. Amplification reactions were carried out with the following program: incubation for 30 min at 50°C and then predenature at 95°C for 5 min, followed by
40 cycles of 95°C for 10s and 60°C for 1 min. Real-time TaqMan RT-PCR were carried out on ViiA™ 7
Real-Time PCR apparatuses (Life Technologies, MA, USA) using One-Step PrimeScriptTM RT-PCR Kit.

2.5. Specificity and sensitivity of real-time TaqMan PCR
The specificity of this TaqMan assay was evaluated by comparing MCMV with ATCC-PV262, MDMV,
ArMV, CRSV, ORSV, CGMMV, LSV, and TRV. In addition, fluorescent signals were recorded
simultaneously.
The sensitivities of the real-time TaqMan assay and conventional PCR were determined using a
10-fold serial dilution of RNA between 80.70 pg/μl and 0.81 fg/μl of MCMV-ATCC-PV262. Sensitivity
was the lowest concentration of real-time RT-PCR.

2.6. Validation of real-time TaqMan RT-PCR assay with artificial infected leaves
The performance of this assay was studied using the total RNA of sole maize leaves infected with
MCMV or other leaves infected with non-MCMV. Total RNA extract and real-time TaqMan PCR were
carried out according to previous protocols.
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Figure 1. Alignment of the
TaqMan real-time RT-PCR
amplified region. All of nine
MCMV isolates with complete
genome were included. Forward
and reverse primers and the
probe target site are indicated.

3. Results
3.1. Primers and probe
After nine complete genomes of MCMV were aligned, alignment report showed that the region from
nucleotides 4,150 to 4,280 had only three different nucleotides, which indicated a very high speciesconserved to MCMV (Figure 1). Furthermore, the conserved sequence was aligned with other genomes data using BLAST, the conserved sequence had the over 98% identity to other uncompleted
genomes of MCMV with E values less than 7e−59; therefore, it could be regarded as a molecular
marker. Based on the conserved sequence, the specific primers and probe were designed and synthesized, the products of conventional RT-PCR with primers (FP and RP), using One-Step PrimeScript
TM RT-PCR Kit (Takara, China) were verified by electrophoresing on a 1.50% agarose gel (Figure 2(A)).
The result showed that the RT-PCR produced an intense band with the expected 131 bp for MCMV.

3.2. Specificity of real-time TaqMan PCR
Based on the TaqMan probe, strong fluorescent signals were detected only from reactions with
MCMV, while no signals were detected for non-MCMV viruses along with the water control were determined (Figure 2(B)), which clearly described that MCMV could be clearly differentiated from other
viruses by comparing the signals. The PCR products were analyzed further by agarose gel electrophoresis. The assay with MCMV sample displayed the expected band of 131 bp (Figure 2(A), lane 1),
whereas those negative did not happen. These results suggested that this probe and the primers
had specificity for the MCMV.

Figure 2. RT-PCR for MCMV
detection by agarose gel
electrophoresis. (A) The
specificity of RT-PCR. Lane
M: DL2000 DNA marker; lane
1: MCMV-ATCC-PV262; lane
2: MDMV, lane 3: ArMV, lane
4: CRSV, lane 5: ORSV, lane 6:
CGMMV, lane 7: LSV, lane 8:
TRV and lane 9: distilled water.
(B) The sensitivity of RT-PCR
for detection of MCMV-ATCCPV262. Marker: DL2000 DNA
marker(Takara, China); lane
1: 40.35 pg/reaction; lane 2:
4.04 pg/reaction; lane 3: 404 fg/
reaction; lane 4: 40.40 fg/
reaction; lane 5: 4.04 fg/
reaction; lane 6: 0.404 fg/
reaction; lane 7: 0.04 fg/
reaction; lane 8: negative
control with no template RNA.
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Figure 3. Results of real-time
RT-PCR using the MCMVspecific probe. Only ATCCPV262 showed strong signals
with a Ct value of 12.007. Lane
1: MCMV; lane 2: MDMV, lane
3: ArMV, lane 4: CRSV, lane 5:
ORSV, lane 6: CGMMV, lane 7:
LSV, lane 8: TRV and lane 9:
distilled water.

3.3. Sensitivity comparison of real-time RT-PCR and conventional RT-PCR
There were apparent specific amplification products with MCMV RNA as templates from 40.35 pg/
reaction to 4.04 fg/reaction, and there also existed faint specific band in lane 5 with the 4.04 fg/reaction of RNA (Figure 3). However, it could not be regarded as the lowest determination limit because
of a faint band, the lowest detection limit of the conventional RT-PCR was 40.35 fg/reaction of RNA.
In real-time TaqMan RT-PCR assay, Figure 5 indicated that all of specific amplifications were carried
out with RNA templates from 161.40 pg/reaction to 0.16 fg/reaction with Ct less than 36, and the
lowest detection limit was 0.16 fg/reaction of RNA. Therefore, real-time TaqMan RT-PCR was about
252 (40.35/0.16) times more sensitive than conventional RT-PCR.

3.4. The performance of the real-time TaqMan PCR
The validation tests indicated that all six maize leaves infected MCMV showed positive results, and
their Ct values were 9.53, 12.00, 12.30, 12.35, 12.76, 17.97, respectively, whereas no Ct values were
detected with other leaves infected with non-MCMV viruses and negative controls by this assay
(Figures 4 and 5). This result confirmed further the reliability of this TaqMan RT-PCR assay for routine
testing.

Figure 4. Standard curves of the
developed TaqMan real-time
RT-PCR assay using the specific
probe. The linear dynamic
range was established among
160.14 pg/reaction, 16.01 pg/
reaction, 1.60 pg/reaction,
160 fg/reaction, 16.0 fg/
reaction, 1.60 fg/reaction
0.16 fg/reaction and 0.02 fg/
reaction RNA of MCMV. Each
point represents the mean Ct
(eight independent reactions,
three replicates each). The
coefficient of determination
(R2) and the efficiency (E) of
each linear regression curve is
indicated.
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Figure 5. Detection of MCMV
from infected leaves. 1: MCMV1087, 2: MCMV-ATCC-PV262,
3: MCMV-BJ, 4: MCMV-ZJ, 5:
MCMV-agdia2094, 6: MCMV-YP;
7: ArMV, 8: MDMV, 9: TRV; 10:
uninfected leaves; 11: distilled
water.

4. Discussion
Since MCMV is a mandatory quarantine pathogen in China, accurate identification and detection of
this virus play a crucial role in successful containment of its introduction or further spread. A rapid,
sensitive, real-time RT-PCR assay based on TaqMan chemistry was set up for efficient detection of
MCMV in tubes, in addition to the conventional RT-PCR protocol in our study. Although real-time RTPCR technique was more sensitive (252-folds) compared with conventional RT-PCR assay, the latter
method may be preferred as an alternative to the real-time technique in some laboratories owing to
nonavailabilty of sophisticated equipment. These two methods may assist in enforcing quarantine
regulation by reliable detection of MCMV and in routine indexing of MCMV for production of virus-free
maize areas.
Molecular detection markers play an important role in any microorganism for species discrimination, and promote developments of molecular detection assays. Despite the fact that coat protein
genes are popular to be used as detection markers for various viruses (Barthe, Ceccardi, Manjunath,
& Derrick, 1998; Bennani, Mendes, Zemzami, Azeddoug, & Nolasco, 2002; Bhat, Bhadramurthy, Siju,
& Hareesh, 2006; Good & Monis, 2001), there are different fragments to be used as makers for virus
detection (Callison et al., 2006; Sane et al., 2012; Yue et al., 2008). Recently, with increasing development of genome sequencing, 81106 microbial species have been completely sequenced (Ncbi 2015),
therefore, mining the species-specific detection marker has been available in our previous study
using large-scale genome data (Hang, Liu, Gao, & Yin, 2009; Liu, Shi, & Pan, 2007; Liu et al., 2015).
Based on the similar strategy, candidate molecular detection marker had been investigated and located at the position of 4,000–4,437 of MCMV isolate Nebraska genome. The novel molecular detection marker has high identity over 98% of MCMV than others throughout blast analysis, simultaneously;
there exists three 100% identity, fifteen 99% identity, and four 98% identity. However, coat protein
gene (711 bp) has the identity of over 96% to MCMV than others throughout blast analysis, and only
one 100% identity appears, twice 96% identity happens. Therefore, the novel molecular detection
marker is more species-specific to MCMV than coat protein according to our bioinformatics analysis.
In addition, RT-PCR can amplify the specific products of 131 bp with MCMV samples, and non-MCMV
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samples do not show the specific band in all of samples, which indicate that the novel molecular
detection marker has the good specificity in biological experiments.
In a real-time PCR assay a positive reaction is detected by accumulation of a fluorescent signal.
The Ct (cycle threshold) is described as the number of cycles required for the fluorescent signal to
cross the threshold. Ct values are inversely proportional to the amount of target nucleic acid in the
sample, the lower the Ct value, the greater the amount of target nucleic acid in the samples. In
general, Ct values less than 29 are strong positive reactions indicative of abundant target nucleic
acid in the sample, and Ct values of 30–37 are positive reactions indicative of moderate amounts of
target nucleic acid. Zhang et al. developed real-time TaqMan RT-PCR detection methods targeting
coat protein gene, and the result showed low sensitivity for detection of MCMV in maize seeds is 4 fg/
reaction of RNA with a Ct value of 36.20 (Zhang et al., 2011), However, in our study the sensitivity of
real-time TaqMan RT-PCR for detection of MCMV in maize leaves based on the novel detection marker is 0.16 fg/reaction of total RNA with a Ct value of 35.546, it demonstrates that the novel real-time
TaqMan RT-PCR in our experiment has higher (25 folds) sensitivity than other detection markers.
From the biological experiment and bioinformatics analysis, the present study developed a rapid,
species-specific real-time TaqMan RT-PCR assay for MCMV detection. Our study indicates that it is
available for researchers to mine species-specific markers for detection of microbial containing bacteria and viruses with large-scale microbial genomes bioinformatics analysis. It is beneficial for increasing novel molecular markers for detection of pathogen.
China has strengthened the prevention and control of introduction of maize seed through international exchange of maize seeds, there is seldom report MCMV transitions, therefore, it is very difficult
to gain field isolates. In order to evaluate the novel assay for MCMV detection, MCMV transmission in
the corn field was simulated in our lab, and artificially infected samples were prepared. The results
showed that the positive results of infected samples were the same, which was due to the specificity
and reliability of the real-time RT-PCR. This assay only required simple sample preparation and the
results were obtained in a few hours, which make it a promising assay. Since we did not have access
to field isolates, the current method has only been tested on the limited number of known MCMV
isolate. Therefore, we hope to be able to obtain more trials with field isolated viruses to tamp fundamentals for assay applications.
Sugarcane and corn in field were also found to be infected with MCMV in Yunnan Province, China
in 2013. The method for RNA extracting from plant tissues is a conventional protocol, therefore the
novel assay for detection of MCMV is very suitable for the detection of field leaves samples without
than other assays according to only our sample preparation and RT-PCR protocol.
In this work, we developed a specific real-time Taq-Man RT-PCR assay. The assay described is high
specificity, sensitivity, and can be used for the rapid detection of MCMV.
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