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FACTORS INFLUENCING DETECTION OF POTATO LEAFROLL VIRUS
AND POTATO VIRUS Y IN POTATO TUBER EXTRACTS

ABSTRACT

Detection of Potato leafroll virus (PLRV) and Potato virus Y (PVY) directly in potato tubers has been influ-
enced by several factors. The most important were: the place of tuber sampling, preincubation of tuber sap before
loading into wells of microplate and duration of tubers storage after collecting from field. The concentration of
both viruses was highest in the heel part of tubers, whenever tested. Preincubation of tuber sap for several hours
improved true/false signal ratio for dormant tubers and enabled reliable detection of both viruses. However after
natural dormancy breaking it was necessary to change Cocktail-ELISA procedure to obtain reliable results, consis-
tent with DAS-ELISA on leaves. The sap was not preincubated but loaded into wells directly after sample collect-
ing and immuno-enzymatic reaction was developed overnight in refrigerator.
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INTRODUCTION

Potato (Solanum tuberosum) is one of the most important food crop in the
world amongst wheat, rice and maize. It is a host of over 50 viruses and vir-
oids (Brunt et al. 1996) and is propagated vegetatively, allowing viral parti-
cles to accumulate (Singh 1999). The highest economical loses are caused
by Potato virus Y (PVY) and to less extent by Potato leafroll virus (PLRV).
Disease control management involves in vitro propagation of healthy
plants, followed by production of virus-free seed tubers, thus determination
of the plant’s health status is critical during this process.

The most widely utilized method for diagnosis of viral infection is the
post-harvest growing-on test. This involves removing eye-plugs from the
rose part of the tuber, breaking dormancy by gibberellic acid, growing them
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in greenhouses during autumn/winter, visual inspection of disease symp-
toms followed by sampling leaves and testing by DAS-ELISA
(leaf-ELISA). This method is efficient but time and cost consuming. Thus
the method capable to detect viral particles directly in tuber extracts is
strongly needed. Many authors tryied to use DAS-ELISA for detection of
PVY and PLRYV in primary and secondary infected tubers (Gugerli 1980,
Gugerli and Gehringer 1980, Tamada and Harrison 1980). Application of
mechanical tuber sampling device combined with chemical stimulation of
dormancy breaking was reported to result in reliable detection of PVY
(Gugerli 1980). This method was also suitable for PLRV detection, but
chemical treatment was not necessary (Gugerli and Gehringer 1980). Con-
tradictory to these results, Hill and Jackson (1984) reported that
DAS-ELISA is not reliable for PLRV and PVY detection directly in tuber
sap.

The development of nucleic acids analysis such as hybridization (Robin-
son and Romero 1991, Weknicki and Zekanowski 1994, Loebenstein ef al.
1997), NASBA (Leone ef al. 1997, 1998),, RT-PCR (Spiegel and Martin
1993, Nie and Singh 2001, Singh and Singh 1996, Singh et al. 2004) and
microarrays (Boonham et al. 2003, Bystricka et al. 2005) gave possibility
for direct virus detection in extracts from harvested tubers. However adap-
tation of molecular methods into routine tests is unpractical due to the level
of labour and cost involved. Moreover it was reported that RT-PCR and
Real-time PCR were less reliable for PVY detection in tuber extracts than
leaf-ELISA (Fox et al. 2005). Thus there is still demand for sensitive, effi-
cient and cheap methods for virus detection.

The Cocktail-ELISA, in which sample and conjugate are incubated si-
multaneously in the wells of the microplate was reported to be more sensi-
tive than DAS-ELISA (Flegg and Clark 1977, van den Heuvel and Peters
1989). After optimization of the procedure we have successfully applied
Cocktail-ELISA for PLRV detection in tuber extracts (Treder and Lewosz
2000). This paper presents preliminary results of optimization of the test for
simultaneous detection of PLRV and PVY in tuber extracts.

MATERIALS AND METHODS
Reagents

The following reagents were obtained from Sigma-Aldrich:
di-thiotreitol, polyvinyl pirolydone K-20 (PVP) and Tween 20. ELISA
microplates were obtained from Nunc (Biokom, Poland). ELISA kit for
PLRV and PVY detection were prepared by authors. The remaining re-
agents were purchased in POCH Gliwice, Poland.
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Potato tubers

Potato tubers were kept in the dark at about 10°C. Tubers with secondary
infection and comparable virus-free tubers were from plants grown at the
Department of Seed Science and Potato Protection in Bonin of Plant Breed-
ing and Acclimatization Institute in Radzikéw. Secondary infected tubers
were choosen as a model for investigation because of lower concentration
of PLRYV in heel tissue of the tuber than in relevant part of primary infected
tubers (Tamada and Harrison 1980).

Tuber extracts

Heel and rose ends of ten virus-free or virus-infected tubers were grated
and the pulp was pressed by muslin. Obtained sap was diluted directly in
sample buffer (0.02 M sodium phosphate pH 7.4, 0.15 M sodium chloride,
2% PVP, 0.05% Tween 20 and 0.005% di-thiotreitol). The samples were
tested simultaneously by DAS-ELISA and Cocktail-ELISA for compara-
tive purposes.

DAS-ELISA

The procedure of Clark and Adams (1977) was used for DAS-ELISA. Wells
of microplates were sensitized by adding 250 ml of 1 mg/ml y-globulin in coat-
ing buffer (0,05 M sodium carbonate, pH 9.6). After a 3-hr incubation at 37°C,
wells were vigorously rinsed with wash buffer (0.02 M sodium phosphate pH
7.4, 0.05% Tween 20, pH 7.6) and filled with tuber extracts diluted in sample
buffer (200 ml per well). The samples were incubated overnight at 4°C. The
wells were then flushed with wash buffer, filled with alkaline phosphatase con-
jugated a-globulins diluted 1000-fold in the conjugate buffer (0.02 M sodium
phosphate, pH 7.4, 0.15 M sodium chloride, 2% PVP, 0,05% Tween 20 and 1%
gelatin) and incubated for 3-hr at 37°C. The microplates were then washed and
200 ml of substrate (0.1% p-nitrophenyl phosphate disodium salt (p-NPP) in 1
M diethanolamine, pH 9.8), was added to each well. Microplates were incu-
bated in darkness at room temperature for 4 hrs and absorbance (A405) was
measured at 405 nm on the Dynatech MR5000 colorimeter.

Cocktail-ELISA

Everything remained the same as in DAS-ELISA except the sample ex-
tracts and conjugate were added together (200 ml total volume) and incu-
bated overnight at 4°C.

Threshold: samples were termed positive when the mean absorbance
reading (from four replicates) exceeded two times the average of the sap
samples from virus-free tubers prepared in the same conditions.

Post-harvest testing of tubers by Cocktail-ELISA

Forty five tubers of potato cultivars Van Gogh and Ina were tested by
Cocktail-ELISA one month (Table 3) and four months (Table 4) after har-
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vesting. The tubers were secondary infected by PVY (Van Gogh) and
PLRYV (Ina). To simplify sample collection procedure and adjust it for rou-
tine diagnostic samples were taken by slicing heel or rose part of tuber and
squeezing out the sap on the roller press. Two drops of sap from one slice
were collected into tube containing 450 puL of sample buffer. Tuber extracts
were transferred into microplate wells (100 pl) directly or after pre-incuba-
tion in room temperature for 3 h or 24 h, followed by addition of 100 pl of
conjugate (1/1000 in dilution buffer) into wells. Next microplates were in-
cubated for 24 h in 4°C. Freshly prepared substrate (0.1% p-nitrophenyl
phosphate in 1 M diethanolamine buffer (pH 9.6) was added, followed by
incubation in the dark for 1 — 6 hrs at room temperature or for 24 hrs at 4°C
prior reading A405.

Post-harvest growing-on test (leaf ELISA)

Eye-plugs from the rose end of tubers tested by Cocktail-ELISA were re-
moved, followed by breaking the dormancy by gibberellic before planting it
in the glasshouse.

Plantlets were tested by DAS-ELISA (leaf-ELISA) 2 months later for vi-
rus infection. Modified procedure of Clark and Adams (1977) was used for
leaf ELISA. Microplates were coated by shaking for 1 h in room tempera-
ture with 100 uL of a-globulins (1 pg/ml in coating buffer). Plates were
rinsed 4 times with wash buffer. Tissue extracts were obtained on roller
press by collecting one drop into tubes filled with 475 pL of sample buffer
(without di-thiotreitol). Wells of microplates were filled with 100 ml of di-
luted extracts and shaken for 1 hr at room temperature and washed. This is
followed by adding 100 uL of conjugate and shaken for 2 hrs at room tem-
perature. Freshly prepared substrate (p-NPP) was added. Plates were incu-
bated in the dark for 4 hrs at room temperature. A405 readings were
recorded several times during this period at 405 nm on Dynatech MR5000
colorimeter.

RESULTS

Comparison of DAS-ELISA with cocktail-ELISA for detection of PLRV and PVY
in dilution of tuber sup

Cocktail-ELISA was compared to DAS-ELISA in sensitivity using
PLRV and PVY-infected potato tubers (cultivars Sokot for PVY and Osa
for PLRV). Virus-free tubers were used as negative control. Absorbance
obtained after 2 hrs of signal development was shown to be optimal (Table 1
and 2).

All dilutions of extract prepared from PLRV-infected tubers had higher
absorbance values in the Cocktail-ELISA than in DAS-ELISA, while most
dilutions had A405 readings three to four times higher in Cocktail-ELISA.
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Dilutions of control extract, prepared from virus-free tuber gave signifi-
cantly lower A405 values than virus-containing samples. The level of back-
ground reaction for five and ten fold diluted control extract was similar in
DAS- and Cocktail-ELISA. However, background tended to increase
slightly with increase of virus dilution in Cocktail-ELISA. Finally Cock-
tail-ELISA allowed detection of PLRV in all tested dilutions whereas in
DAS-ELISA, detection was limited to extracts diluted fivefold (Table 1).

Table 1
Comparison of DAS-ELISA and Cocktail-ELISA sensitivity of PLRV
detection in serial tuber extract dilutions

DAS-ELISA Cocktail-ELISA

Dilu-
tions

Dilu-

. PLRV SD Control SD  Threshold
tions

PLRV SD Control SD Threshold

5 0.991 0.046 0.244 0.055 0.488 5 1.741 0.248 0.284 0.004 0.568
10 0.515 0.080 0.255 0.048 0.510 10 1.735 0.109 0.233  0.083 0.466
15 0.452 0.063 0.250 0.050 0.500 15 1.688 0.044 0.221 0.024 0.442
20 0.400 0.015 0.236 0.047 0472 20 1.255 0.054 0.194 0.014 0.388

PLRV — extracted from PLRV-infected tubers. Control — extract from healthy tubers. SD — value of standard devi-
ation. Threshold — value above which samples were considered “infected” (double value of controls averages).

Comparison of PVY detectability by DAS- and Cocktail-ELISA in several tuber sap dilution;rable ?
DAS-ELISA Cocktail-ELISA
Dilu- PVY SD Control SD  Threshold Dilu- PVY SD  Control SD Threshold
tions tions
5 k 0.044 1.382 0.198 2.764 5 1.671 0.045  0.460  0.050 0.921
10 1.645 0.098 1356 0.173 2712 10 1915 0.018 0.538  0.042 1.076
25 0.755 0.058 0.922 0.142 1.844 25 1413 0.052 0496  0.045 0.992
50 0.617 0.072 0.665 0.167 1.330 50 0.673 0.031 0.284  0.009 0.568
100 0.456 0.027 0.538 0.103 1.076 100 0.375 0.048 0.225  0.019 0.450

PVY —extract from PVY-infected tubers. Control — extract from healthy tubers. (+/-) — value of standard deviation.
Threshold — value above which samples were considered “infected” (double value of controls averages).

For PVY-infected tubers, the differences in A405 readings between
Cocktail- and DAS-ELISA were considerably lower than for PLRV and has
been observed only for ten — twenty five fold diluted extracts while for all
other dilutions the values were similar for both ELISA variants (Table 2).
However in DAS-ELISA the A405 readings were unacceptably high for all
dilutions prepared from control extract and for twenty five and fifty fold di-
lutions values were higher than obtained for correspondingly diluted ex-
tract prepared from PVY-infected tubers. Conversely, for the
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Cocktail-ELISA method, the background values were significantly lower
in most extract dilutions, resulting in the threshold values three to four fold
lower than in DAS-ELISA. Diluting virus-containing extract resulted in
background reduction what strongly influenced threshold of DAS-ELISA
and to lower extent - of Cocktail-ELISA.

Finally, it was shown that PVY binding was inhibited by more concen-
trated tuber extract in Cocktail-ELISA (Table 2, fivefold diluted extract)
but had no or little influence for PLRV (Table 1). In more diluted samples
inhibitory activity of sap was not observed.

Post-harvest virus testing by Cocktail-ELISA

For field experiment two cultivars were chosen: PVY-infected Van Gogh
and PLRV-infected Ina. Forty five tubers of each cultivar were tested by
Cocktail-ELISA one month (Table 3) and four months (Table 4) post-har-
vesting.

Table 3
Detection of PLRV and PVY by Cocktail-ELISA in dormant tubers
Pre-incubation Virus Sampling area Threshold Infected (%)
Rose 0.544 0.0
PLRV
Heel 0.544 0.0
None
Rose 0.362 17.8
PVY
Heel 0.362 49.9
Rose 0.340 26.7
24h PLRV
Heel 0.340 84.4
PLRV Heel 0.090 93.0
3h
PVY Heel 0.102 100.0
PLRV Leaf 0.030 93.0
Leaf-ELISA
PVY Leaf 0.040 100.0

Pre-incubation — duration of tuber extract incubation before pipetting into microplate wells. Sampling area — tuber
area where tissue samples were cut from. Infected — plants for which the average absorbance values exceeded two
times the average of A405 of the samples from virus-free tubers

Eye-plugs were removed from all tested tubers and growing-on test was
performed as a reference (rows entitled “leaf-ELISA” in table 3 and 4). The
heel end of the tuber was found to be optimal location for sampling. How-
ever, tubers stored four months started to sprout and difference of virus con-
centration in heel and rose ends tissues was lower than for tubers tested one
month after harvest.

Results shown in table 3 revealed that in extracts from tubers tested one
month after harvest background was lowered approximately six times for
PLRYV and three times for PVY by pre-incubation in room temperature. Af-
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ter this treatment, PVY was detected in all tested tubers and PLRV in 98%
of tubers, what corresponds well to results obtained by reference
leaf-ELISA.

Table 4
Detection of PLRV and PVY by Cocktail-ELISA in tubers after natural dormancy breaking
Pre - incubation Virus Sampling area Infected (%)
Rose 93.0
PLRV
Heel 93.0
3h
Rose 35.6
PVY
Heel 46.7
Rose 76.7
PLRV
Heel 88.4
None
Rose 44.4
PVY
Heel 55.5
Rose 93.0
PLRV
None, overnight signal Heel 930
development Rose 98.0
PVY
Heel 100.0
PLRV Leaf 93.0
Leaf-ELISA
PVY Leaf 100.0

Pre-incubation — duration of tuber extract incubation before pipetting into microplate wells. Sampling area — tuber
area where tissue samples were cut from. Infected — plants for which the average absorbance values exceeded two
times the average of A405 of the samples from virus-free tubers

However after four months storage, pre-incubation was beneficial for
PLRV but not for PVY (Table 4). For PVY, results consistent with
leaf-ELISA were obtained by testing extracts without pre-incubation and
by developing enzyme activity overnight in 4°C degree. This also resulted
in higher A405 readings for PLRV-infected tubers. Absorbance values ob-
tained for tubers stored one month were higher than for tubers tested four
months post-harvesting. Thus longer storage lowered test sensitivity.
Nonetheless, detectability was the same as for reference leaf-ELISA.

DISCUSSION

In this study we compared the efficacy of Cocktail-ELISA with
DAS-ELISA for detection of PLRV and PVY in potato tuber extracts. In
summary, we have shown that Cocktail-ELISA was more sensitive than
DAS-ELISA allowing detection of both PVY and PLRYV in all tested dilu-
tions of virus-containing extracts (Tables 1 and 2). This effect was also ob-
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served for detection of PLRV in potato leaves (van den Heuvel and Peters
1989), and for ACLSV in various apple cultivars (Flegg and Clark 1979).
The background was higher than in DAS-ELISA but differences were insig-
nificant. Van den Heuvel and Peters (1989) proposed that improvement in
antigen detection caused by Cocktail-ELISA could be a result of immobili-
zation of a larger antigen-conjugate complexes to PLRV antigen, binding of
more conjugate molecules to viral antigen or decreased leakage of anti-
gen-antibody complexes from solid phase due to omission of one washing
step. All above explanation fit well for improvement of PLRV detection in
tuber sap because our results are similar to these described for PLRV detec-
tion in leaves (van den Heuvel and Peters 1989). However results obtained
for PVY can not be explained this way. Even though there also absorbance
values were higher for most dilutions prepared from PVY containing ex-
tracts, difference was not as strong as for PLRV. Moreover there was no dif-
ference for fifty times diluted extract. Furthermore for all tested dilutions
the background values were two-three times lower in Cocktail-ELISA.
Thus it seems that this high background reduction is responsible for im-
proved detection of PVY. In view of results obtained in our work it seems
that application of Cocktail-ELISA improves each virus detection but the
way in which this improvement is achieved depends on virus properties.

The results of our investigation showed that reliable detection of PLRV
and PVY has been influenced by such parameters as: place of tissue sam-
pling, period of extracts pre-incubation and period of tuber storage before
cocktail-ELISA. The heel area of the tuber was optimal place of sampling
for both viruses. However during several months lasting storage, difference
in concentrations of viral particles between heel and rose end has de-
creased, probably because of virus movement into eyes after dormancy
breaking. According to Gugerli and Gehringer (1980) in sprouted tubers
PVY was more concentrated at the rose end. We have found the largest con-
centration of PVY in the heel end of dormant tubers (one month after har-
vesting from the field) as well as after physiological dormancy breaking
(four months after harvest). This difference in results could be explained by
accelerated accumulation of PVY in the rose end after rindite-treatment
used by Gugerli and Gehringer (1980). PLRV has occurred in higher con-
centration at the heel end regardless of tubers age. This result is consistent
with literature data (Gugerli 1980, Gugerli and Gehringer 1980, Tamada
and Harrison 1980). Possible explanation of the large concentration of both
viruses in heel end tissue is that much of viral particles have been trans-
ported to the tuber via stolon from others parts of the plant (Tamada and
Harrison 1980).

Tamada and Harrison (1980) observed that background reduction could
be obtained by pre-incubating the extracts at room temperature. Thus we
tested this factor and our result shows that pre-incubation of extracts in
room temperature before Cocktail-ELISA, is essential for both viruses
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when tubers are tested one month after harvesting. The non-specific reac-
tions of extracts of virus-free tubers were very high if Cocktail-ELISA was
performed directly after sampling and this background was significantly
minimized by pre-incubating extracts for 3 h at room temperature. This is
consistent with observation of Tamada and Harrison (1980). Due to this
treatment we have obtained for both viruses the same results as by reference
leaf-ELISA. This was beneficial for PLRV also when tubers have been
tested four months after harvesting. However after storage, pre-incubation
of extracts from tuber infected by PVY lowered detectability of this virus in
spite of minimizing non-specific reactions. In this cause we have obtained
result consistent with leaf-ELISA by pouring fresh extracts into microplate
wells and incubating microplate with p-nitrophenyl phosphate overnight in
4°C. Similarly, after this procedure, mean absorbance values for PLRV
were also higher than after pre-incubation despite of increased non-specific
reactions level. It is possible that in extracts from sprouted tubers reactions
deleterious for viral particles occurs, probably proteolytic in nature. In the
same conditions of cocktail-ELISA procedure we have observed higher
absorbance values one month than four months after harvesting. This dif-
ference could be explained similarly by increased proteolytic activity in ex-
tracts from sprouted tubers. However experimental work is necessary to
prove or reject this presumption.

Our results show that detection of viruses directly in extracts from tubers
is possible, regardless of longitude of tuber storage. Careful selection of the
procedure of cocktail-ELISA eliminates the reasons for which ELISA is not
reliable in estimation of tuber infection. However work on method optimi-
zation, adaptation for other viruses (PVA, X, M, S) and estimation of its re-
liability and usefulness in routine tests, is necessary. Our results (Treder
and Lewosz 2000) have shown that amplification of the alkaline
phosphatase reaction by enzymatic system (diaphorase and alcohol
dehydrogenaze) improves cocktail-ELISA sensitivity forty times. Thus ad-
ditional work is necessary for developing optimized test for sensitive tuber
indexation.
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