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Abstract

Cuctmber green mottle mosaic virns (CGMMV) and Kyuri green mottle mosaic virus (KGMMV) are seed borne
viruses and they are also transmitted mechanically during agricultural practice and through water. Hence,
these viruses have potential diseases widely distributed throughout the world. To detect different strains of
CGMMYV and KGMMYV, several specific primers for each virus were designed for single and multiplex RT-
PCR. The results of single and multiplex RT-PCR showed that CGMMYV was detected in zucchini isolated in
Bali-Indonesia, while KGMMV was detected both in zucchini isolated in Bali-Indonesia and Cucumnis metuliferus
isolated in Thailand. Furthermore, artificial co-infection of these two viruses was prepared and carried out
using two different ways of viral RNAs extraction. Based on the results, it could be reported that viral RNAs
for cONA amplification by multiplex RT-PCR could be extracted from a mixture of infected leaves or separate
extraction of each viruses infected leaves. In addition, results presented in this study demonstrated the
application of multiplex RT-PCR to simultaneously detect CGMMV and KGMMV from cucurbit leaves using
a mixture of four primers and its feasibility as a sensitive and rapid laboratory assay. Since, no multiplex RT-
PCR technique has been described for the detection of CGMMV and KGMMYV, this technique can be a good
option for sensitive and reliable tool for detection of two major cucurbit infecting Tobamoviruses.
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Introduction

In plant diagnostic work, the use mosaic virus (CGMMV) and Kyuri green mottle

of molecular techniques has increased in
recent years. Molecular techniques such
as reverse transcription and polymerase
chain reaction (RT-PCR) detection enable
a sensitive detection of plant RNA viruses
and are necessary for certification programs.
However, most of these techniques can
detect only one pathogen for one test, while
different plant pathogens may occur at the
same time. The two of important cucurbit-
infecting Tobamovirus, Cucumber green mottle
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mosaic virus (KGMMYV) cause economical
losses in some countries (Ugaki ef al., 1991;
Tan et al., 2000). Strains of CGMMYV were
first reported from the United Kingdom and
Europe by Ainworth in 1935, while KGMMV
was first found in cucumber cultivated in
Tokushima prefecture, Japan in 1966 (Inoue,
1967). Furthermore, KGMMYV was presently
reported also in Korea (Lee et al., 2000)
and Indonesia (Daryono, et al., 2005; 2006).
CGMMV and KGMMYV are soil and seed
borne virus, transmitted mechanically, and
through water (Blancard et al., 1994; Tan et
al,, 2000). As they have similar host range
and symptom, the development of sensitive
methods for their detection is pivotal for
diagnosis of viruses in cucurbit plants. Up to
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now, the presence of CGMMYV and KGMMV
in cucurbit plants has been tested mainly
by enzyme-linked immunosorbent assay
(ELISA).

During recent years, molecular based
techniques such as RT-PCR have been
developed enabling the direct detection of
cucurbit viruses such as Cucuniber mosaic
virus (CMV) (De Blas ¢f al., 1994), and
Zucchini yellow mosaic virus (ZYMV) (Barbara
et al.,, 1995; Thompson et al., 1995). Some
members of Tobamovirus such as Pepper
mild mottle virus (PMMoV; Tenllado ef al.,
1994) and Tobacco mosaic virus (TMV; Drygin
et al., 1992) can be detected by RT-PCR for
reducing the time duration of experiments.
However, there is no report or procedures
to detect CGMMV and KGMMYV in one step
reaction.

The objective of this study was to
compare the single and multiplex RT-PCR
for the simultaneous detection of CGMMYV
and KGMMYV in melon and other cucurbit
plants.

Materials and Methods
Virus sources

Two isolates of Indonesian KGMMV
(KGMMV-YM and KGMMV-YL) were
isolated from leaves showing mottle mosaic
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symptom of zucchini plants in Bali-Indonesia
(BIZ) and Vietnam (VT), and from samples
of Cucumis metuliferus collected in Thailand
(TH). The samples were stored at -80°C before
used for RNA extraction. Watermelon strain
of CGMMV (CGMMV-W) and a cucumber
strain of KGMMV (KGMMV-C) samples
were provided by the Japan Plant Protection
Association, Tsukuba- Japan to be used as
positive control.

RNA extraction

Viral RN As were extracted from samples
according to the method described by Rosner
etal. (1983). To study co-infection of CGMMV
and KGMMYV, mRT-PCR was employed
using two different RNA extractions (Figure
1). In the first experiment (I), viral RNAs
were extracted from a mixture of infected leaf
samples of CGMMV-W and KGMMV-C. The
obtained RNAs were used synthetic cDNA.
In the second experiment (II), viral RNAs
were extracted separately from each infected
leaf samples of CGMMYV and KGMMYV and
these RN As were used to obtain cDNA.

Design of primers

Inorder to detect CGMMYV and KGMMV
in one step reaction, primarily two pairs of
primers were designed (Table 1). The first set
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v
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Figure 1. Flow chart of two RNA extractions method. I: RNAs were obtained by mixed CGMMV and KGMMV
infected leaves; II: RNAs were obtained by mixed each of RNAs CGMMV and KGMMYV
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Table 1. List of primers used for single and multiplex RT-PCR detection of CGMMYV and KGMMV

Primers Sequence 5 3’ GCI"I.L.)'HIC oLag Detection
position (bp)
CG-F ACGTACCGGAATCCTGTAGGGGT 5238-5260 | 697 CGMMV
CG-R TCTACGACAGASGAGGGTAACGC 5913-5935
KG-F GGGTTGTTAACYTCTGTTGCGTC 6016-6038 335 KGMMV
KG-R TCADTTWGAGGAAGWNGKGCTTG 6329-6351

of primers (CG-F and CG-R) were designed
to detect CGMMYV strains specifically and
constructed based on the partial sequences
of coat and movement protein genes of eight
CGMMV strains (CGMMV-Y: AJ245440;
CGMMV-W: AB015146; CGMMV-SH:
D12505; CGMMV-NS: AJ243831; CGMMV-
KW: AF417242; CGMMV-KOM: AF417243;
CGMMV-India: AY309021;, CGMMV-
GR?7: AJ459423). The second set of primers
(KG-F and KG-R) were designed to detect
KGMMV strains specifically and constructed
based on the coat protein gene sequences
of four KGMMYV strains (KGMMV-YM:
AB162006; KGMMV-Y:AB015145; KGMMV-
C: AB015144; KGMMV-C1: AJ295948).

Reverse transcription and polymerase chain
reaction (RT-PCR)

An RT-PCR reaction using First-Strand
c¢DNA Synthesis Kit (Amersham Biosciences,
UK) and PCR using Takara Ex Taq"' PCR buffer
(Takara Biomedicals, Japan) was performed as
recommended by the manufacturers. Primers
were used at final concentrations of 25 pmol/pl
and used for RT-PCR reactions. The RT-PCR
products were separated on 1.5% ethidium

bromide agarose gel in 1xXTAE buffer. The
selected primers were expected to produce a
697-bp for CGMMYV, and 335-bp for KGMMV
fragments as the results of RT-PCR (Table 1).

Multiplex reverse transcription and
polymerase chain reaction inRT-PCR)
Two pairs of primers were combined in
the mRT-PCR. In first method, 25 pmol of each
of tworeverse primers was mixed with each 40
ng of RNA CGMMYV and KGMMYV and used
for RT reaction. In the second method, 25 pmol
of each of two reverse primers was mixed with
each 40ng of RNA CGMMYV and KGMMYV and
used for RT reaction. These solution were then
diluted in diethyl pyrocarbonate (DEPEC)-
treated water and followed by adding 1 ul
DTT, 5 pl bulk first strand (First-Strand cDNA
Synthesis Kit, Amersham Biosciences, UK),
incubated at37°C for 1 h. For the PCR, 25 pmol
of each of the forward and reverse primers were
added to 35 ul of DEPEC-treated water, 5 pul of
Taq polymerase 10x buffer (Takara Biomedicals,
Japan), 4 ul of ANTPs, 0.5 ul of Tag polymerase
(Takara Biomedicals, Japan), and 3.5 pul of
cDNA. Amplification cycles were as follows:
the first denaturation for 2 min at 95°C and

Table 2. Detection of CGMMYV and KGMMYV by single and multiplex RT-PCR

Source plant Sample Virus Single RT-PCR Multiplex RT-PCR

origin CGMMV  |[KGMMV |CGMMV |KGMMYV
Zucchini Japan CGMMV-W + - + -
Zucchini Japan KGMMV-C - + - +
Zucchini Vietnam Unknown - - - -
Zucchini Indonesia Unknown + + + +
Melon Indonesia KGMMV-YM - + - +
Angled loofah Indonesia KGMMV-YL - + - +
Cucumis Thailand Unknown - + - +

metuliferus
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then 30 cycles of denaturation for 1 min at 95°C,
annealing for 1 min at 52°C, and elongation for
1.5 min at 72°C. A final elongation for 5 min at
72°C was added. The amplified products were
fractionated on 1.5 % agarose gel in IXTAE
buffer and ethidium bromide stained bands of
interest were observed and electro-eluted using
standard procedures (Sambrook ¢f al., 1989).

Results
Detection of different strains by RT-PCR

A forward primer (CG-F) and the reverse
primer (CG-R) were used for the detection of
CGMMYV strains and the PCR products were
obtained in 697 bp. These PCR products were
constantly shown only in CGMMV-W and
BIZ (Figure 2). This result indicates that isolate
from BIZ was infected by CGMMV. On the
other hand, the expected amplification bands

M H W

C YM YL BIZ TH VT

Figure 2. Gel electrophoresis of single RT-PCR products
amplified by CGMMYV primer from total RN A extracted
from zucchini leaves showing mottle mosaic symptoms
and from zucchini leaves individually infected by
CGMMV and KGMMV. M: 100 bp DNA step ladder
(Promega); H: healthy zucchini; W: CGMMV-W; C:
KGMMV-C; YM: KCMMV- YM; YL: KGMMV-YL;
BIZ: zucchini from Indonesia; TH: C. metuliferus from
Thailand; VT: zucchini from Vietnam. A single arrow
shows position of the amplified products at 697 bp.

in 697 bp were not observed for KGMMC-
C, KGMMV-YM, KGMMV-YL, TH, and
VT samples as well as for healthy zucchini
(Figure 2), indicating they are not infected with
CGMMV.

Using KG-F and KG-R primers, the
PRC products were obtained in 335 bp. These

L]. Biotech.

products were constantly shown in KGMMV-
C, KGMMV-YM, KGMMV-YL, BIZ, and TH
samples (Figure 3). This resultindicates that BIZ
isolate was not only infected by CGMMYV but
also infected by KGMMV. However, expected
amplification bands were not observed for VT
(Figure 3). These results indicated that mottle
mosaic symptoms showed on VT was not
CGMMV or KGMMV.

M H W

C YM YL BIZ TH VT

335 bp

Figure 3. Gel electrophoresis of single RT-PCR products
amplified by KG-F and KG-R primers from total RNA
extracted from zucchini leaves showing mottle mosaic
symptoms and from zucchini leaves individually
infected with CGMMYV and KGMNMV. M: 100 bp DNA
marker (Promega); H: healthy zucchini; W: CGMMV-
W; C: KGMMV-C; YM: KGMMV- YM; YL: KGMMV-
YL; BIZ: zucchini from Indonesia; TH: C. metuliferus
from Thailand; VT: zucchini from Vietnam. A single
arrow shows position of the amplified products at
335 bp.

Application of two RNA extraction
methods

To determine whether CGMMV and
KGMMV could be distinguished efficiently
from each other by multiplex assay, artificial
mixture of CGMMV and KGMMYV samples
were prepared. Using both RNA extracted
from mixed leaves sample (S) and mixed
RNAs (R), RT-PCR analysis was conducted
with two specific primers for CGMMV
(CG-F and CG-R) and KGMMV (KG-F and
KG-R). As shown in Figure 4, both RNAs
extracted from infected leaves and mixed
RNAs could be amplified clearly by RT-PCR
with CGMMYV or KGMMV specific primers
respectively. A coat protein gene of CGMMYV
showed in 697 bp (Figure 4A), whilst coat
protein gene of KGMMYV showed in 335 bp
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showed a single specific DNA band for
KGMMV (Figure 5B).

Discussion

Single and multiplex RT-PCR
(mRT-PCR) analysis was applied for the
simultaneous detection of CGMMV and
KGMMYV. Comparison of a single and mRT-
PCR for detection of CGMMYV and KGMMV
in this study revealed that the two methods
exhibit similar sensitivity. However, mRT-
PCR is more feasible for the detection and
identification of CGMMYV and KGMMV in a
single step reaction. The advantage of mRT-
PCR is the convenience to amplify multiple
sequences and identify CGMMYV and/or
KGMMYV simultaneously. The simultaneous
sensitive detection of CGMMV and KGMMV
by mRT-PCR should reduce the cost and
time required compared to single RT-PCR. In
addition, mRT-PCR is less time consuming
and has advantages of speed, suitability
for large number of samples and visual
examination.

Another important feature of the mRT-
PCR procedure described here is that it
works well with all the isolates tested in this
study including two isolates of CGMMV
(CGMMV-W and CGMMV-U), and four
isolates of KGMMV (KGMMV-C, KGMMV-
YM, KGMMV-YL, and KGMMV-TH). It is
always desirable to have an internal positive
control (CGMMV-W and KGMMV-C) and
healthy control in both methods.

Moreover, in this study, artificial co-
infection of these two viruses was prepared
and carried out using two different way of
viral RN As extraction. Based on the results, it
could be reported that viral RN As for cDNA
amplification by multiplex RT-PCR could be
extracted from a mixture of infected leaves or
separate extraction of each viruses infected
leaves. This result allows the possibility
of the detection of natural co-infection by
multiplex RT-PCR. In the case of zucchini
sample from Bali-Indonesia (BIZ), multiplex
RT-PCR could detect a natural co-infection of
CGMMYV and KGMMYV on this sample.

1.]. Biotech.

Results presented in this study
demonstrated the application of multiplex
RT-PCR to simultaneously detect CGMMYV and
KGMMYV from cucurbit leaves using a mixture
of four primers and its feasibility as a sensitive
and rapid ]abm'atory assay. Since, no multiplex
RT-PCR technique has been described for the
detection of CGMMYV as well as KGMMYV, this
technique can be a good option for sensitive
and reliable tool for detection of the major
cucurbit infecting Tobamoviruses.

The application of multiplex RT-PCR
has been reported for simultaneous detection
of five seed borne viruses from legume seeds
such as Alfalfa mosaic virus (AMV), Bean yellow
mosaic virus (BYMV), Clover yellow vein virus
(CYVV), CMV, and Subterranean clover nottle
virus (SCMoV), using a mixture of nine primers
and all five viruses could be detected efficiently
without apparent cross-interference (Bariana
et al., 1994). Furthermore, multiplex RT-PCR
for the simultaneous detection of different
viral targets has already been proposed for
three plant viruses affecting stone fruit trees
such as Prunus necrotic ringspot virus (PNRSV),
Prune dwarfoirus (PDV), and Apple mosaic virus
(ApMV) (Saadeetal., 2000). It has already been
applied with success to the detection of three
Polerovirus infecting sugar beet such as Beet
mild yellowing virus (BMYV), Brassica yellows
virus (BrYV) and Beet chilorosis virus (BChV)
(Hauser et al., 2000), three soil borne viruses
infecting sugar beet such as Beet necrotic yellow
veimn virus (BNYVYV), Beet soil borne virus (BSBV),
and Beet virus Q (BVQ) (Meunier et al., 2003),
soil borne viruses of potato such as Tobacco rattle
virus (TRV) and Potato mop top virus (PMTV)
(Mumford et al., 2000) and cereal viruses such
as Sotlborne wheat mosaic virus, and Wheat spindle
streak mosaic virus (Gittonet al.,, 1999). Moreover,
six RNA viruses in olive trees : CMV, Clerry
leaf roll virus (CLRV), Strawberry Iatent ringspot
virus (SLRV), Arabis mosaic virus (AMV), Olive
latent-1 virus (OL1V), and Olive latent-2 virus
(OL2V) have been simultaneously detected by
single-step mRT-PCR (Bertolini et al., 2001).

In summary, the multiplex RT-PCR
procedure developed in this study could be a
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very useful method for saving time and costs
during detecting CGMMYV and KGMMV. The
use of anassay of this kind in routine diagnosis
helps to speed up and streamline the diagnostic
laboratory. In addition, this assay could be also
applied for preliminary virus identification
combined with sequence analysis.

Acknowledgement

The authors would like to thank Mr.
Toshirou Kawano, Japan Plant Protection
Association, Tsukuba, Japan and Dr. Petcharat
Siriwong, Department of Plant Pathology,
Faculty of Agriculture, Khon Khaen University,
Thailand, for providing samples of KGMMV
and CGMMV.

References

Ainsworth, G.C. 1935. Mosaic disease of
cucumber. Ann.Appl. Biol. 22, 55-67.

Barbara, D.]., Morton, A., Spence, N.]., and
Miller, A. 1995. Rapid differentiation
of closely related isolates of two
plants viruses by polymerase chain
reaction and restriction fragment length
polymorphism. . Virol. Methods. 55, 121-
131,

Bariana, H.S., Shannon, A.L., Chu, PW.G..,
and Waterhouse, P.M. 1994. Detection
of five seedborne legume viruses in
one sensitive multiplex polymerase
chain reaction test. Phytopathol., 84,
1201-1205.

Bertolini, E., Olmos A., Martinez, M.C., Gorris,
M.T., and Cambra, M. 2001. Single-step
multiplex RT-PCR for simultaneous
and colourimetric detection of six RN A
viruses in olive trees. |. Virol. Methods
96, 33-41.

Blancard, D., Lecoq, H., and Pitrat, M.
1994. A color atlas of cucurbil diseases:
observation, J'rfeuf{ff'mﬁnu and control.
Manson Publishing Ltd. Limoges,
France.

Daryono, B.S., Somowiyarjo, S., and
Natsuaki, K.T. 2005. Biological and
molecular characterization of melon-
infecting Kyuri green mottle mosaic virus

1.]. Biotech.

in Indonesia. |. Phytopathol., 153 (10),
588-595.

Daryono, B.S., Somowiyarjo, S., and Natsuaki,
K.T. 2006. Biological characterization
and complete nucleotide sequence of
coat protein of Kyuri green mottle mosaic
virus isolated from Angled Loofah in
Indonesia. |. Agri. Sci., Tokyo University
of Agriculture, 51 (1), 45-52.

De Blas, C., Borja, M.]., Saiz, M., and Romero,
J. 1994. Broad spectrum detection
of cucumber mosaic virus (CMV)
using the polymerase chain reaction. |.
Phytopathol ., 141, 323-329.

Drygin, Y.F., Korotaeva, S.G., and Dorokhov,
Y.L. 1992. Direct RNA polymerase chain
reaction for TMV detection in crude cell
extracts. FEBS Lett., 309, 350-352.

Gitton, F., Diao, A., Ducrot, O., Antoniw,
J.E., Adams, M.]., and Maraite, H. 1999.
A two-step multiplex RT-PCR method
for simultaneous detection of soil-borne
wheat mosaic virus and wheat spindle
streak mosaic virus from France. Plant
Pathol., 48, 635-641.

Hauser, S., Weber, C., Vetter, G., Stevens,
M., Beuve, M., and Lemaire, O. 2000.
Improved detection and differentiation
of poleroviruses infecting beet or rape
by multiplex RT-PCR.]. Virol. Methods
89, 11-21.

Inoue, T., Inoue, N., Asatani, M., and
Mitsuhata, K. 1967, Studies on Cucumber
green mottle mosaic virus in Japan (in
Japanese). Nogaku Kenkyu,51, 175-186

Lee, S.H., Lee, Y.G., Park, J].W., Cheon,
J.U., Lee, K.W.,, and Choi, Y.C. 2000.
Nucleotide of coat protein gene of Kyuri
green mottle mosaic virus (KGMMV)
isolated from zucchini (Cucurbita pepo)
in Korea. Plant Pathol. ]. 16 (2), 118-
124.

Meunier, A., Schmit, ].F., Stas A., Kutluk N.,
and Bragard, C. 2003. Multiplex Reverse
Transcription-PCR for simultaneous
Detection of Beet Necrotic Yellow Vein
Virus, Beet Soilborne Virus, and Beet
Virus Q and Their Vector Polymyxa betae



SoP1-L8F1 TL
JosLA 1y [y Ny drwoudd (urens Hs)
STLITA DTRSOW 9[}]OW UdAIF IaquIndnd jo
aouanbas apnoapnu ajadwod ay | 1661
‘N ‘TYonBIysIN pue “J ‘TYSOAOI0N L
‘0jeg 7y “eredeN |, MPNSY G eyepIH

“ 1 ‘uenyey “N ‘ewednwo] N ‘1edn

ooy ']

"96-€8 ‘SS ‘SpoifjaN oAt/ [ ~Aiiqeriea
aduanbas jo sisfeue pue YO -1V £q
snuiafjod dresowr moqped unpony jo
LIOHEDU!.}LIJPI ChHLH ']pLIEJL]ﬁ)iDU]S pue
“S'd APIedL “M “Yesar] D A ‘Bue]

“[v ’sqqIo) o7y “uadar oy ‘vosdwoy

FLI-COL ‘LB ‘Spoyion joa1A [ 'sisA[eue
uornpLnsar pue YD J-1L¥ 4q roddad
jo sadfjouad jueysisar-1 Gunoojur
$ISNIIAOWERJO] JO UONENUAIdJJIP pue
uondaap prdey Fepl [ ‘ZIny-zeiq
pue | ]\ ‘erag “] ‘onbn-eien) “ y ‘opefpua .

6201
=£901 ‘SPL "]041A Yoy “snIiAOwWRgO)
IESOW D[]0 UIAIZ JAqUININD JO ey
iim uostedwod sj1 pue snIAoweqo)
JIRSOW J[OLW WAI3 LINAY JO 2InjoNnns
awoudd Y[ 000Z “d ‘TYSOAOJON pue
“IN ‘ereany I ‘Iyon3rysiN “H'S ‘ue]

AN “1oqrep] Sundg pjo) ‘Aiojeroqe]
1oqiep] duridg proD "pa g junuvi
flj.fl?}!l.l'tl.‘.f”! "f' .'31!'3'”{};3 .IU!"”JJIUI;V ()86 [ V_L
‘STIRIURIA] pue “.I'q Ydsiia,] [ “yoorquieg

9eeT-0¢C106
“toyjudoghig g “uonsear ureyd aserawdjod
uondronsuen-asioaar xodnnuw pue
uoneziprqAy remndajow drdojostuou
Aq $99.1) JINIJ 2U0}S FUNDIJJe SASNIIAIL]I
22IY) 9] JO UOIII}AP Snoaur}nuiig
‘000 A ‘seljed pue g 1ZZI1[I9],
IV ‘BMAIN DN ‘Zuellap v
‘orreARN-zZaydueg . ‘opuedy | ‘opeeg
959-€69 “£9T “[otjjudojhif]
aqoad yNY papuens-ajqnop ‘pajoqe]
-dze ‘pPAIRIpOW-aseury apnjoapnuijod
e )IM UOneZIpLIqIy Aq spenxo juerd
ut saouanbas yARY [ed1a d1j0ads jo
stsoudel(] ‘€861 ‘N "Yoolrvaay pue
“IN “ZIAOYSOIN “TA ‘Ydaso[-1eg “y ‘1ausoy|
€Sy
-8FF ‘06 joyivdopfiyg tAesse uornoeal
ureyp aserowdod uondrosuen-asioaal
Juadsadatonyy awn-feal xapdnmuu e Juisn
St ajua 020vgo | pue sio doy dow
0jUj0 ] JO UONIAA(] 000 "N ‘Weyuoog
pue [ “aayreq “y Ys[epm "V ‘projunpy
'09€2-95€T “(¥) 69 "Jo1onN
uoatony ddy 99g re8ng uo NISIN

‘v 10 ouoAre(]



