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ABSTRACT : Deep blue fluorescence of resorcin blue-stained callose was observed only in
the potato leafroll virus (PLRV)-infected potato plants, but not in other potato viruses in-
vestigated. The plant sections stained with aniline blue showed non-specific fluorescence re-
gardless of PLRYV infection, which means that aniline blue is not suitable for the staining of
callose induced by PLRYV infection. The fluorescence of resorcin blue-stained callose was
more easily detectable than autofluorescence by a direct fluorescence detection method be-
cause of its deep blue color. The lateral branch of lower leaves was turned out to be the
best material for fluorescence observation of all plant parts tested. In comparison of di-
agnostic efficacy of this technique to enzyme-linked immunosorbent assay (ELISA), PLRV-
infected potato plants showed corresponding increment of the fluorescence of resorcin blue-
stained callose as absorption values in ELISA increased. In the future, the criteria measur-
ing the fluorescence objectively are thought to be determined for the practical application to
the diagnosis of potato leafroll disease.
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Potato leafroll is one of the most important viral
diseases of potato in many countries and yields of in-
fected plants may be reduced by as much as 50% (5,
15). Control of the disease has depended primarily on
the use of virus-free seed potaio and elimination of
aphid vectors (5, 15, 18). Despite the recent de-
velopment of accurate and highly sensitive diagnostic
methods such as enzyme-linked immunosorbent assay
(ELISA) (2, 10, 23, 25), dot-ELISA (20) and immu-
nosorbent electron microscopy (ISEM) (14), lack of
more rapid and convenient one greatly hampers such
seed potato certification schemes as well as to some ex-
tent breeding programs for the production of virus-free
or resistant cultivars (16, 21).

Since the first study of de Bokx (4) on callose test,
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many researchers reported that the excessive ac-
cumulation of callose substance could be used as an in-
dicator of PLRYV infection (8, 11, 12, 22, 24). However,
this technique is not fully reliable and is less sensitive
than the above mentioned diagnostic techniques. In this
point of view, Namba et al. (17) developed the direct
fluorescence detection (DFD) method as the advanced
technique of callose test and stated that the DFD
method is much more sensitive than the light mi-
croscopic detection of callose. However, we found that
the DFD method needs more technical improvement
for the practical application such as technique for the
discrimination between callose-specific fluorescence

- and non-specific one.

The present study was carried out to determine the
optimum conditions for diagnosis of potato leafroll
disease by the fluorescence microscopic detection of
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callose stained with resorcin blue. Its diagnostic ef-
ficacy was also compared to that of enzyme-linked im-
munosorbent assay.

MATERIALS AND METHODS

Potato plants, potato viruses and ELISA Kits.
Plant materials were obtained from the Alpiné Ex-
periment Station and the Horticultural Experiment Sta-
tion and stored at —20°C in polyethylene bags or
grown in the greenhouse for further work. PLRV-in-
fected potato plants were kindly provided by Dr.
Young Il Hahm in the Alpine Expefiment Station, Dae-
kwallyeong, Korea. Characteristics and varieties of the
plants used in this study were summarized in Table 1.

Pure cultures of potato virus X, Y, S and M, and EL-
ISA kits were obtained from the Alpine Experiment
Station and the International Potato Center, Lima, Peru,
respectively.

Preparation of plant materials for fluorescence
microscopy. The pure cultures of potato virus X, Y,
S and M were mechanically inoculated onto the upper
leaves of the meristem-cultured healthy potato plants.
Fourteen days after inoculation, upper, middle and low-
er leaves were harvested, of which three plant parts, mi-
drib, petiole and lateral branch, were excised and fixed
in each of the following: 5% glutaraldehyde (Sigma
Chemical Co., St. Louis, Missouri) for 1hr, form-
aldehyde acetic acid (FAA) (5 ml of formalin and gla-
cial acetic acid dissolved in 90 ml of 80% ethanol) for
30 min or boiling tap water for 8 min. These were
cross-sectioned 0.5~0.8 mm in thickness with a razor
blade and applied to staining procedures as follows:
Place the sections in 1% aqueous solution of resorcin
blue (Sigma) for 15 min or 0.1% aniline blue (Sigma)
for 5 min, wash in 3 changes of distilled water and

Table 1. Plant status and varieties of potato plants used

No. of potato plants used

Plant status - - —
Summi Namjak Daeji Daewon Total

Healthy-looking® 8 10 5 2 25

PLRV-diseased” 12 12 20 5 49

PLRV-infected” 4 4 - - 8

Meristem-cultured 4 4 12 - 20
healthy

* Indexed through visual inspection.
® Meristem-cultured healthy potato plants inoculated with
PLRV.
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blot the sections on the filter paper. The samples for
the DFD method were prepared by the method of Nam-
ba et al. (17). The PLRV-infected and meristem-cul-
tured healthy potato plants were also treated in the
same manner as above.

Fluorescence microscopy. Stained sections were
observed under a Vicker M17 fluorescence microscope
with reflected light and filter combination of exciter filt-
er MUG2 and barrier filter GG400+GG420. Kodak
films (ASA 400) were used for photography.

Enzyme-linked immunosorbent assay. Potato
leaves were macerated with mortar and pestle in 0.1 M
phosphate-buffered saline (pH 7.4) containing 0.05%
Tween-20 and polyvinyl pyrrolidone (40 kD, Sigma).
After centrifugation at 3,000 rpm for 5 min, proper
volume of resultants was applied to ELISA procedures.
ELISA was carried out according to the recommended
protocols of the International Potato Center.

RESULTS

The fluorescence specific to callose stained with
resorcin blue was observed only in the PLRV-
infected potato plants. The PLRV-infected potato
plants, regardless of detection methods, showed a
strong positive fluorescence reaction (Table 2). However,
potato plants inoculated with potato virus X, Y, S or M
showed no fluorescence reaction by resorcin blue stain-
ing or direct method. As shown in Table 2, both virus-
infected and healthy potato plants showed positive flu-
orescence reaction when stained with aniline blue, al-
though the intensity of fluorescence in the PLRV-in-
fected potato plants was stronger than that in the other
virus-infected and healthy potato plants.

Optimum conditions for observation of specific
fluorescence of callose were determined. To define
the best conditions for observation of specific flu-
orescence of callose caused by PLRV, the effects of
plant parts, fixation and staining methods on the flu-
orescence reaction were examined. When the flu-
orescence reaction in different parts of the PLRV-in-
fected potato plants was compared, the lateral branch of
lower leaves gave the best results, as shown in Table 3.

All the PLRV-infected potato plants showed the
strong fluorescence reaction regardless of the fixation
methods tested (Table 4). However, the fluorescence
reaction of PLRV-infected potato plants was stronger
in the tissues fixed with FAA or boiling tap water than
in those with 5% glutaraldehyde or no fixation. The
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Table 2. Fluorescence reaction in phloem tissues of po-
tato plants infected with different potato viruses

Degreee of fluorescence®

Potato virus

Auto- - RBSF  ABSF'
fluorescence
Potato virus X - - +
Potato virus Y - - +
Potato virus S - - +
Potato virus M - - +
Potato leafroll virus ++ ++ +4++
Control’ - - +

* Observed 14 days after inoculation, without fixation; —
:no fluorescence, + : weak fluorescence, ++ : moderate
fluorescence, +++ : strong fluorescence.

® Observed by the method of Namba ef al.

¢ Observed after resorcin blue staining.

¢ Observed after aniline blue staining.

¢ Meristem-cultured healthy potato plants.

Table 3. Fluorescence reaction in phloem tissues of dif-
ferent plant parts of the PLRV-infected potato plant

Degree of fluorescence®

Auto-

Plant parts

fluorescence® RBSF
Upper leaves Midrib + +
Petiole + +

Lateral branch + ++
Middle leaves Midrib + +
Petiole + +

Lateral branch + ++

Lower leaves Midrib + ++
Petiole + +

Lateral branch ++ 4+

“ Fresh tissues were observed without fixation; + : weak
fluorescence, ++ : moderate fluorescence, +++ : strong
fluorescence.

® Observed by the method of Namba et al.

¢ Observed after resorcin blue staining.

meristem-cultured healthy potato plants fixed with
FAA or boiling tap water showed weak fluorescence
reaction, while there was no fluoresence in those im-
mediately observed without fixation or fixed with 5%
glutaraldehyde. Considering these results, glutaralde-
hyde is thought to be the best of all fixation method
used in this study.

The PLRV-infected potato plants showed strong flu-
orescence regardiess of the staining methods tested.
The meristem-cultured healthy potato plants stained

Table 4. Effects of fixation methods on the fluorescence
in the phloem tissues of PLRV-infected or meristem-cul-
tured healthy potato plants

Degree of fluorescence®

Plant status and variety

NF* GA° FAA' BTW
PLRV-infected
Summi ++ o+
Namjak A S S
Meristem-cultured healthy
Summi - - + +
Namjak - - + +
Daeji - - + +

* Lateral branch of lower leaves was observed after resor-
cin blue staining; — :no fluorescence, +:weak flu-
orescence, ++ : moderate fluorescence, +++ : strong flu-
orescence.

® Non-fixed.

¢ Fixed in 5% glutaraldehyde for 1 hr.

¢ Fixed in formaldehyde acetic acid for 30 min.

¢ Fixed in boiling tap water for 8 min.

Table 5. Comparison of several diagnostic techniques
dependent on callose specific fluorescence

No. of No- of plants sho:v-
ing fluorescence

Plant status plant

tested DFD° RBSF° ABSF
Healthy-looking”® 25 1 7 23
PLRV-diseased® 49 29 36 48
PLR V-infected’ 8 8 8 8

Meristem-cultured healthy 20 0 0 14

* The plants with moderate fluorescence were counted po-
sitively.

® Observed by the method of Namba et al.

¢ Observed after resorcin blue staining.

¢ Observed after aniline blue staining.

° Indexed through visual inspection.

f Meristem-cultured healthy potato plants inoculated with
PLRV were observed before the appearance of potato
leafroll symptoms.

with resorcin or observed by the DFD method of Nam-
ba et al. (17) showed no fluorescence. However, re-
markable yellowish green-glistening fluorescence,
resulting from aniline blue staining, was observed in
all the tested plants, regardiess of disease severity. Par-
ticularly, in the case of healthy-looking potato plants,
most of the plants tested showed positive fluorescence
reaction by aniline blue staining; very few of them
showed slight fluorescence reaction by resorcin blue
staining or by the DFD method (Table 5). Furthermore,
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Fig. 1. Specific fluorescence of potato plants. A), C), E) PLRV-infected potato plant stained with resorcin blue,
observed by DFD method (Namba et al, 1982) and stained with aniline blue, respectively. B), D), F) Meristem-
cultured healthy one treated as before. X : xylem, OP : outer phloem, IP : inner phloem, F : fluorescence.

Table 6. Comparison of diagnostic efficacy of resorcin
blue stained callose-specific fluorescence to ELISA

Diagnosis®
Plant status
RBSF ELISA
Healthy-looking® 7125 2/6
PLRV-diseased” 36/49 24/32
PLRV-infected® 78 8/8
Meristem-cultured healthy 0/20 0/6

® No. of plants detected positively/no. of plants tested.

® Indexted through visual inspection.

€ Meristem-cultured healthy potato plants inoculated with
PLRV were observed before the appearance of potato
leafroll symptoms.

deep blue fluorescence, resulting from resorcin blue
staining, was more easily detectable than au-
tofluorescence by the DFD method, as shown in Fig. 1.

Diagnosis of potato leafroll disease by flu-
orescence specific to resorcin blue-stained callose
seemed to be correspondent to ELISA. To examine
diagnostic efficacy for potato leafroll disease by the de-
tection of the fluorescence specific to resorcin blue-
stained callose, its reliability was compared to ELISA.

The fluorescence in the phloem tissues of the PLRV-in-
fected potato plant increased with the disease severity
of potato leafroll (Table 6). Furthermore, most of the
PLRV-infected potato plants with no definite leafroll
symptoms showed fluorescence specific to resorcin
blue-stained callose, which were turned out to be
PLRV-infected by ELISA.

DISCUSSION

Since Igel and Lange (12) reported the diagnosis of

_potato viral diseases by callose test in 1955, callose

substance has been generally thought to be a valuable
indicator for rough separation of healthy and diseased '
potato tuber in seed potato production (4,5). Par-
ticularly, abnormal formation of callose in the sieve
area was accepted to be a direct result of potato
leafroll virus infection (22, 24). We revealed that deep
blue fluorescence was observed only in the PLRV-in-
fected potato plants, which was consistent with the re-
port of de Bokx (4) that only PLRV induced the ab-
normal quantities of callose in sieve area, but not con-
sistent with the reports of Weichelt (24) and Igel and
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Lange (12) that potato virus A induces abnormal cal-
lose and the callose test may be also used for the de-
tection of other potato viruses. Hecht and Arenz (11)
also revealed that potato virus A, X, and S do not in-
duced abnormal callose.

Many works to improve the diagnostic reliability of
potato leafroll disease by callose test have been ex-
tensively carried out. One of the representatives is
searching for callose-specific staining reagents. Faulkn-
er et al. (9), through the screening of fluorochromes
for identification of several types of glucans, revealed
that only B (1-3) glucan was autofluorescent and an-
iline blue staining lacked specificity for linkage con-
figuration (o and PB) or for linkage group, although the
fluorescence of B (1-3) glucan was more intense than
any other types of glucans. Shimomura and Dijkstra
(19) reported that a bright yellow fluorescene by an-
iline blue staining could not be detected in the pre-
paration of B (1-3) glucan treated with B (1-3) glucan
hydrolase. The present study revealed that the resorcin
blue staining is specific to callose in the PLRV-in-
fected potato plants. However, as shown in Table 3, an-
iline blue staining showed positive fluorescence reac-
tion in all the plant tissues tested, which means that an-
iline blue does not have the specificity to callose in-
duced by PLRYV infection and seems to be due to the
structural varieties of callose. Consequently, it is
thought that resorcin blue-stained callose specific flu-
orescence is more easily detectable than auto-
fluorescence of the DFD method because of its deep
blue color (Fig. 1).

Namba et al. (17) reported that the best material for
the observation of the autofluorescence of callose was
the fresh tissues of the petiole. In our study, the con-
ditions for detection of PLRV-induced callose have
been optimized to obtain the best results: The best

source material and the best fixing method for the de-

tection of callose were found to be the lateral branch
of lower leaves and 5% glutaraldehyde for 1 hr. This
disagreement may be due to the differences in the po-
tato cultivars used.

In order to investigate the reliability of the flu-
orescence resorcin blue-stained callose for the di-
agnosis of potato leafroll disease, its efficacy was com-
pared to ELISA. Our work revealed that PLRV-in-
fected potato plants showed corresponding increment
of the fluorescence intensity as absorption value in EL-
ISA increased (Table 6). Considering the report of
Wu and Dimitman (26) that the accumulation of cal-

lose is related to the viral translocation and distribution
in plant tissues, this technique may be used for the di-
agnosis of potato leafroll disease with high reliability.
Resorcin blue-stained callose specific fluorescence is
thought to be able to overcome problems such as
disease-masking or non-virus leafroll in visual in-
spection of potato leafroll disease and cut down the
high cost in ELISA. However, a disadvantage of this
method is that small quantities of callose may be
present in healthy tubers (4) and for that reason it may
be difficult to decide in every case whether the plant is
infected or not. In the future, more reliable criteria for
measuring the fluorescence objectively, for example
the quantification of callose by fluorimeter for the ex-
clusion of personal judgement of an operator, should
be determined.
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