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S weet potato (Ipomoea batatas L.), is
one of the most important tuber
crops worldwide. It has a diverse range of
positive characteristics including high
yield per unit area, nutritional value, and
resistance to several production stresses
(Kays, 2005). However, yield of sweet
potato is affected by a number of factors
including infection by several pathogens
(Clark and Moyer, 1988; Moyer and
Salazar, 1989). One of these is the sweet
potato feathery mottle virus (SPFMV), a
major component of the sweet potato
virus disease (SPVD; Gibson et al., 1998;
Gibson and Aritua, 2000) combined with
the sweet potato chlorotic stunt virus
(SPCSV; Brunt et al., 1996). SPFMV has
long been recognized to occur wherever
sweet potatoes are grown. Although
SPFMV may not represent a serious prob-
lem individually, it is devastating in
SPVD due to the synergistic effect of the
viruses, causing significant yield reduc-
tion in susceptible varieties (Hanh, 1979).

SPFMV is a type member of the
potyviruses. It is transmitted by several
genera of aphids including the cotton
aphid (Aphis gossypii) and the green
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peach aphid (Myzus persicae) in a non-
persistent manner (Brunt et al., 1996).
Symptoms vary according to the
cultivated variety and environmental
factors that often makes identification of
infected plants difficult (Brunt et al.,
1990). To control spread of virus infec-
tion in fields, it is necessary to use
sensitive and reliable diagnosis methods
for virus detection. Assays should be able
to detect viral presence and concentration
in different plant organs (Lepoivre et al.,
1994). Consequently, serological methods
are widely used in the diagnosis of viral
diseases (Portsmann and Kiessig, 1992).
Several other methods have also been
applied to detect SPFMV in infected plant
materials. These included membrane
immunoblotting (Dje and Diallo, 2005),
reverse transcription polymerase chain
reaction, (RT-PCR; Fenby et al., 1998)
and nucleic acid spot hybridisation
(NASH; Junko et al., 2000).

Here, four methods were compared
and evaluated for their capacity and
reliability to detect SPFMV in infected
sweet potato plants. These included

immunological and  nucleic  acid
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procedures such as the double antibody
sandwich enzyme-linked immunosorbent
assay (DAS-ELISA), direct ELISA, dot-
ELISA on positively charged Nylon
membranes, and RT-PCR.

MATERIALS AND METHODS

An Egyptian isolate of sweet
potato feathery mottle virus (SPFMV)
was isolated from sweet potato (Ipomoea
batatas var. Abees) at El Noubaria,
Egypt. The virus was identified by
mechanical inoculation on the indicator
plants Ipomoea setosa and Ipomoea nil
(El Far, unpublished data). Sweet potato
plants positive for virus infection were
kept under insect free conditions as the
source of viral infected plant material for
this study.

Double Sandwich Antibody ELISA
(DAS-ELISA)

DAS-ELISA was performed as
described by Clark and Adams (1977)
using a rabbit polyclonal antibody raised
against SPFMV (kindly provided by the
International Potato Centre, CIP, Peru)
and a polyclonal alkaline phosphatase-
labelled goat anti rabbit as secondary
antibodies (Sigma, USA). Results were
documented using Bio-Rad microplate
reader 3550 at 405 nm.

Direct ELISA

Healthy and SPFMV-Infected
sweet potato leaf tissues were extracted in
10 volumes phosphate buffer saline, PBS,
(173 mM NaCl, 2.7 mM KCI, 4.3 mM

Na,HPO,-7H,0, 1.4 mM KH,PO,, pH
7.4) supplemented with 0.01% Tween-20
or in 15 mM sodium carbonate-
bicarbonate buffer pH 9.6. Aliquots of
200 pl tissue extracts were loaded into
each well of the ELISA plate. Plates were
placed in plastic bags and incubated at
37°C for 2 hours. After washing three
times, 3 minutes each, with PBS supple-
mented with 0.05% Tween 20, 200 pl of
5% bovine serum albumin in PBS was
added to each well and incubated at 37°C
for 1 hour. After washing as above, 200 pl
SPFMV antibodies diluted in PBS-T
according to the recommended dilution by
CIP were added and plates incubated
overnight at 4°C. After washing as above,
200 pl of the polyclonal alkaline phos-
phatase-labelled goat anti rabbit antibody
(Sigma, USA) diluted in PBS buffer
supplemented with 0.01% Tween-20 as
recommended by the manufacturer were
added. Plates were incubated at 37°C for
4 hours. After washing as above, 200 pl
of substrate (3mM p-nitrophenyl phos-
phate, Sigma, USA, in 1 M diethanola-
mine substrate buffer pH 9.8, Sigma
USA,) was added. Results were docu-
mented using Bio-Rad microplate reader
3550 at 405 nm 15 minutes post incuba-
tion with substrate.

Dot ELISA

The method described by
Gultierrez et al. (2003) was used for the
dot ELISA with a modification of replac-
ing the nitrocellulose membrane by the
positively charged membrane as a sup-
porting material for the samples as
follows:
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Healthy and SPFMV-Infected
sweet potato leaf tissues were ground in a
mortar in 10 volumes of Tris buffer
saline, TBS, (20 mM Tris-Cl pH 8.0, 150
mM NaCl) supplemented with 0.01%
Tween 20. After grinding, samples were
clarified by centrifugation at 14,000 rpm
in microfuge tubes at 4°C for 10 minutes.
An aliquot of 10 pl was spotted on
positively charged Nylon membranes
(Roche, USA). Membranes were blocked
for 1 hour at room temperature in TBS-T
(TBS and 0.05% Tween 20) supple-
mented with 5% non-fat dry milk. After
blocking, SPFMV antibodies were added
to the blocking buffer according to the
recommended dilution by CIP. Mem-
branes were further incubated overnight at
4°C. Membranes were washed 3 times 10
minutes each at room temperature in an
elevated volume of TBS-T. Membranes
were incubated for one hour at room
tempreture with the alkaline phosphatase-
labelled goat anti rabbit antibodies
(Sigma, USA) diluted in blocking buffer
following the manufacturer’s instructions.
Filters were washed as described above.
A final wash for 10 minutes was carried
out using the NIP/BCIP substrate buffer
(100 mM Tris-HCI pH 9.5; 100 mM NaCl
and 5 mM MgCl2). Signals were
visualised by incubating the filter in 10 ml
substrate buffer containing 66pl of 100
mg/ml stock solution p-nitro blue
trizolium, NBT, in dimethylformamide
and 35 ul of 100 mg/ml stock solution 5-
bromo-4-chloro-3-indolyl phosphate-
toluidine, BCIP, in dimethylformamide
for 15-60 minutes in the dark. The filters
were washed with distilled water and
photographed.

RT-PCR

Total RNA was extracted from
healthy and SPFMV-infected sweet potato
plants using Tri-Pure kit (Roche, USA)
according to the manufacturer’s standard
protocol. One pg of RNA was denatured
at 70°C for 5 minutes in the presence of
100 pmol of primer P-SPFMV-R (5'-
AAGAGGTTATGTATATTTCTAGTAA
-3"). Samples were chilled on ice for 2
minutes. RNA was reverse-transcribed for
1 hour at 42°C in the presence of 1 x
reverse transcriptase buffer, 20 mM
dNTPS, and 200 U of M-MuLV reverse
transcriptase  (Promega, USA). After
incubation, PCR was carried out using 5
pl of cDNA in 1 x PCR buffer, 10 pmol
of primer P-SPFMV-R, 10 pmol of primer
P-SPFMV-F (5-
CTTCAGTGACGTTGCTGAAGC-3"),
1.5 mM MgCl,, 10 mM dNTPs, and 2
units of Tag DNA polymerase (Fermen-
tas, USA). Samples were subjected to 30
cycles of PCR with 15 seconds of dena-
turing at 94°C, 15 seconds of annealing at
60°C, and 30 seconds of extension at
72°C. The series of cycles was preceded
by 3 minutes initial denaturing at 94°C.
Five pl of the PCR products were
analysed on a 1% agarose gel in TAE
buffer, visualized by ethidium bromide
staining, and photographed (Ausubel et
al., 1995).

RESULTS AND DISCUSSION

SPFMV is one of the common
viruses affecting the production of sweet
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potatoes worldwide. Symptoms of virus
infection in cultivated varieties of sweet
potato are phenotypically difficult to
observe, reflecting the problem to diag-
nose the viral-infected plants in cultivated
sweet potato fields. The availability of a
reliable system to detect the virus in the
field is therefore mandatory to improve
the productivity of sweet potato crop. To
accomplish this task, different methods
were implemented and their efficacy to
distinguish between healthy and infected
plant material were compared to find the
most suitable method for this objective.
These assays included the standard DAS-
ELISA, direct ELISA, dot-ELISA as
serological methods and RT-PCR as
molecular based method. When the
standard DAS-ELISA (Clark and Adams,
1977) technique was used to distinguish
between healthy and SPFMV-infected
sweet potato plants, results indicated that
differences between values of healthy
samples readings (0.411) and infected
samples readings (0.473) were not
sufficient to distinguish between healthy
and infected samples (Table 1). Whereas,
modifications by applying the samples
directly to the plates as in direct ELISA
followed by washing steps improved the
efficiency of the method and resulted in
clear cut distinguishing between healthy
and infected samples (Table 2). Infected
sample readings (1.399) were approxi-
mately 3 times higher than the healthy
sample readings (0.468) when sodium
carbonate-bicarbonate buffer pH 9.6 was
used as sample extraction buffer and
infected samples readings (1.015) were
about 2.5 times as high as the healthy

sample readings (0.410) when PBS pH
7.4 was used as sample extraction buffer.
Results obtained from the dot-ELISA also
indicated a desirable level of efficiency to
distinguish between healthy and SPFMV-
infected sweet potato plants (Fig. 1).
Since the viral protein is attached directly
to the supporting material during the
washing and blocking steps, removal of
inhibitory factors present in the sweet
potato extracts is improved, resulting in
better specific binding of the virus to the
antibodies against SPFMV. In this study,
nitrocellulose membranes were replaced
by positively charged membranes because
they are relatively easy to handle.

With regard to the results obtained
from DAS-ELISA, direct ELISA and dot-
ELISA carried out on the same healthy
and SPFMV-infected samples for viral
detection with a serological back ground,
Cadena-Hinjosa and Campbell (1981)
described the loss of sensitivity of
SPFMV detection by DAS-ELISA to the
low concentration of virus and its irregu-
lar distribution in the sweet potato plants.
However, by comparing DAS-ELISA and
direct ELISA results obtained from this
study, we could exclude that the low
concentration of the virus in infected
tissues is responsible for loss of sensitiv-
ity of DAS-ELISA to detect the virus, in
addition to the presence of several
inhibitory factors such as phenols, latex,
and other inhibitors present in the sweet
potato extracts which are responsible for
interfering with specific binding between
the virus and its specific antiserum thus
resulting in not being able to distinguish
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between healthy and viral infected plant
material (Aritua et al., 2005). Meanwhile,
with direct ELISA and dot ELISA, the
interaction between antibodies and virus
present in the infected samples is carried
out post to the removal of sweet potato
inhibitors by washing processes and prior
to the addition of antibodies, resulting in
efficient binding between viral particles
and their specific antibodies and
improving the efficiency to detect the
virus in the infected samples. The dot
ELISA procedure is preferred for the
routine detection of the virus in the fields
of sweet potato because it is simple and
low cost (Salazar and Fuentes, 2000).
However, the implementation of direct
ELISA for viral detection has an advan-
tage in possible estimation of viral con-
centration since it is a method for
quantitative evaluation while dot-ELISA
results are only qualitatively evaluated
and can not estimate viral concentration in

values.

RT-PCR was very efficient in
distinguishing  between healthy and
SPFMV-infected plants. Primers used in
this study were specifically designed
based on the conserved regions present in
all viral strains obtained from the NCBI
database. Table (3) shows the accession
number and the geographical allocations
of the viral isolates compared in this
study. The advantage of utilizing these
specific primers lies in that they are
universal primers that can detect any
SPFMV-infected sweet potato material
regardless of the wviral isolate. The
resulting amplification product is 300

nucleotides (Fig. 3) and present only in
infected plants. There were no additional
dominant bands detected in either the
healthy or infected plant materials (Fig.
2). The Try Pure kit resulted in extracting
sufficient quantities and satisfactory
qualities of total RNA when used as an
extraction method. Several RNA extrac-
tion kits were also applied to remove
inhibitors from RNA preparations of
sweet potato plants (Fenby et al., 1998).
On the other hand, the Try Pure extraction
kit is less sensitive to amounts of the
starting material since it is a solution
based method which makes it easier to
handle more than the column based
methods to extract RNA. Unfortunately,
RT-PCR is an expensive process and
considered laborious since it includes an
RNA extraction step, which does not
make it the method of choice in the
routine detection of the virus in sweet
potato fields. However, because of its
high sensitivity, RT-PCR is recommended
to be used as a method for detection of the
viral infection in the parental mother
plants that will be used to distribute
healthy cuttings to farmers for the further
cultivation of sweet potato or to detect
viruses in plant materials following

thermotherapy treatments.

SUMMARY

Sensitive  analytic  techniques
including double antibody sandwich
enzyme linked immunosorbent assay
(DAS-ELISA), direct ELISA, dot ELISA

and reverse transcription polymerase
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chain reaction (RT-PCR) were compared
and evaluated for their capability to
reliably distinguish between healthy and
sweet potato feathery mottle virus
(SPFMV) infected sweet potato plants.
Here we show that DAS-ELISA is not
adequate for the detection of SPFMV
since almost identical ELISA values were
obtained for healthy and infected plants.
In contrast, an accurate and reliable
detection of SPFMV could be performed
by either direct or dot ELISA with
quantitatively and qualitatively clearly
distinguishable values (direct ELISA) or
signals (dot ELISA) for infected and non-
infected material. Similar results were
observed with RT-PCR as a non-
immunological method. However, this
method is quite laborious and expensive
and therefore, not recommendable for the
routine detection of SPFMV in cultivated
sweet potato fields.
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Table (1): DAS-ELISA values of healthy and SPFMV-infected sweet potato samples
obtained after 15 minutes of incubation with the substrate. The average of all
individual values is indicated by an asterisk.

Healthy | 0.420 | 0.406 | 0.424 | 0.439 | 0.424 | 0.377 | 0.403 | 0.395 | 0.411*
Infected | 0.473 | 0.492 | 0.468 | 0.451 | 0.451 | 0.480 | 0.481 | 0.488 | 0.473*
*  Significant at 5%

Table (2): Direct-ELISA values of healthy and SPFMV-infected sweet potato
samples obtained 30 after minutes of incubation with the substrate.
The average of all individual values is indicated by an asterisk.

Healthy in Na- Infected in Na- Healthy in Infected in

Carbonate- Carbonate- PBS+0.1% PBS+0.1%

Bicarbonate buffer | Bicarbonate buffer Tween-20 Tween-20
0.417 1.397 0.403 0.978
0.498 1.390 0.420 1.000
0.497 1.372 0.411 1.085
0.474 1.382 0.410 1.022
0.482 1.404 0.436 1.094
0.444 1.403 0.428 1.014
0.469 1.405 0.392 1.004
0.468 1.444 0.381 0.928
0.468* 1.399* 0.410* 1.015*

* Significant at 5%
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Table (3): Accession numbers of SPFMV strains in the NCBI database.
Alignment of all sequences was performed for optimal RT-

PCR primer design.

Accession Number SPFMV Isolates and Strains
AF015540 Korean strain 1
AF015541 Korean strain 2
AF016366 Zimbabwe
AF439637 United States
AF439638 United States
AY459591 Kenya: Kakamega strain C
AY459592 Kenya: Kakamega strain EA
AY459593 Kenya: Kisii strain EA
AY459594 Kenya: Kisumu strain C
AY459595 Uganda: Arua strain O
AY459596 Uganda: Namulonge strain C
AY459597 Madagascar strain EA
AY459598 Tanzania strain RC
AY459599 Portugal strain EA
AY459600 Spain, Canary Islands strain EA
AY459601 South Africa strain C
AY459602 China strain RC
D16664 ordinary strain, SPFMV-O
D38543 Strain Severe
S43450 Strain RC
S43451 Strain C
S69825 China isolate CH

Fig. (1): Dot-ELISA of healthy and
SPFMV-infected sweet
potato plants.

Healthy

Infected

Fig. (2): Detection of SPFMV by RT-PCR.
Healthy (1) and SPFMV-infected (2)

sweet potato plants. (M) Molecular 1650
weight marker. PCR product is  ['§58
indicated by an arrow (MW 300 nt). £

300 nt
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