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ABSTRACT

Attempts were made to evaluate the efficacy of three fluorochromes, i.e., DAPI (4’-6-diamidino-2-phenylin-
dole-2HC)), aniline blue and quinacrine (quinacrine mustard dihydrochloride) for the detection of mycoplasma
infections in jujube (Zizyphus jujuba), mulberry (Morus alba) trees and periwinckle (Catharanthus roseus)
plant by fluorescence microscopy. Stem sections from these plants infected with mycoplasma-like organisms
(MLO) produced distinct fluorescence in the phloem when stained with DAPI, aniline blue or quinacrine, while
fluorescence was absent in the healthy plants. The use of these fluorochromes provided simple and efficient
techniques for the diagnosis of MLO infections. 1 Of the three fluorochromes tested, DAPI was found to be

most efficient.
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INTRODUCTION

Electron microscopy is one of the most import-
ant diagonistic tools in diagnosis of plant diseases
caused by mycoplasmalike organisms (MLO). Its
disadvantages, however, are the use of small amount
of plant tissue from ultrathin sections and the
laborious techniques required for preparation of
test material. Due to these disadvantages of electron
microscopy, simple histochemical techniques using
fluorescence microscope for the detection of MLO
infections in plants have been attempted by several
researchers. Hiruki et al. (2) reported the usefulness
of aniline blue stain for the diagnosis of MLO
infections in sandal tree. Recently, Seemiiller (6)
demonstrated that DAPI (4'-6-diamidino-2-pheny-
lindole-2HCI) was very effective for demonstrating
MLO presence in pear and apple trees, thereby the
efficiency of DAPI stimulating the study in this
field subsequently (1,3,5). The objective of our
researches was to evaluate the efficacy of three
fluorochromes, i.e., DAPI, aniline blue and quinac-
rine (quinacrine mustard dihydrochloride) for the
detection of MLO infections in jujube (Zizyphus
jujuba), mulberry (Morus alba) and periwinckle

(Catharanthus roseus) plants.
MATERIALS AND METHODS

Plants: Jujube tree samples diseased with witches’
broom were collected in Boeun, Korea. Dwarf
diseased-mulberry tree samples were provided from
the Sericultural Experimental Station in Suweon,

Korea. Periwinckle plants artificially inoculated

with mulberry dwarf using insect vector, Hishi-
monus sellatus, were also used in this study, Heaithy
seedlings of jujube, mulberry and periwinckle plants
were used as controls.

Staining procedures: DAPI staining procedure
used in this experiment was performed by the
method of Seemiiller (6). Young stem samples
were fixed in 5% glutaraldehyde in 0.1M phosphate
buffer(pH7.0) or in 4% formalin at 4°C for 2 hours.
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After washing in the phosphate buffer, longitudinal
or transverse sections of ca. 30 um thick were made
by free-hand and then stained in the phosphate
buffer containing DAPI at a concentration of
1 upg/ml for 20 minutes. After rinsing with the
phosphate buffer, they were mounted in the buffer
and examined with a fluorescence microscope.

Aniline blue staining procedure was performed
by using the modified method of Hiruki and Dijk-
stra (2). Free-hand sections were made soon after
excising the stem or after fixing it in 5% glutaral-
dehyde or 4% formalin. The sections were fixed
immediately by boiling in tap water for 3 minutes
and then stained in 0.01% aniline blue in 1/15M
K,HPO,4, pH8.0 for 20 minutes. The preparations
were examined under a fluorescence microscope.

After fixing stem samples in 5% glutaraldehyde
or in 4% formalin for 2 hours, sections of ca.
30 um thick were made and stained in quinacrine
solution at the concentration of 0.0001% in distilled
water for 20 minutes. Then, they were examined
under a fluorescence microscope.

Fluorescence microscopy: The stained sections
were examined using Olympus VANOX fluoresc-
ence microscope equipped with a super pressure
mercury burner USH-200MB200W and set up with
exciter filter UGl or UGS and barrier filter L420,
L435 or L450.

RESULTS AND DISCUSSIONS

Efficacy of DAPI: When examined under the
fluorescence microscope, DAPI-stained stem sec-
tions of diseased jujube and mulberry trees showed
strong bluish fluorescence distributed only to the
phloem (Fig. 1, 2). The similar strong fluorescence
reaction was observed in the inner and outer phloem
of periwinckle plant infected with mulberry dwarf
mycoplasmas (Fig. 3-left). However, such fluoresc-
ence was absent in the phloem of stem sections
from healthy jujube, mulberry and periwinckle
1, 2).

DAPI has been known to possess specific binding

plants (Fig.

properties with DNA of mycoplasmas and viruses



Fig. I.

The fluorescent spots are visible in the phloem of diseased plant. P=phloem, X=xylem.

Fig. 2. Longitudinal sections of stems of Zizyphus jujuba stained with DAPI (Left: diseased, Right: healthy)
The fluorescences are seen in the phloem of the diseased plant. P=phloem, X=xylem.

(4). In applying DAPI to jujube, mulberry and
periwinckle plants affected with MLO diseases, the
use of DAPI proved to be a considerably efficient
method for detecting MLO in the diseased plants
(Table 1). The fluorescence observed in the phloem
of stem sections diseased was consistent with that
described by other researchers (1,3,5,6). Because of
the absolute absence of fluorescence in the phloem
of healthy jujube. Mulberry and periwinckle plants,

the specific fluorescence visible in the phioem of
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diseased plants is regarded as an evidence of MLO
infections.

E1.°sacy of aniline blue: Specific fluorescent
spots were also observed in the phloem of aniline
blue—s\tained stem samples from diseased jujube,
mulberry and periwinckle plants (Fig. 3-right),
whereas such fluorescence was not detected in the
phloem of healthy plant samples.

As aniline blue has been known to demonstrate

not only MLO infections but also callose in the



Fig. 3.

Left: inner and outer phloems of diseased stem of Catharanthus roseus show the fluorescent spots

after staining with DAPI. Right: aniline bluestained section of diseased stem of Zizyphus jujuba
demonstrates the fluorescent spots in the phloem. P=phloem, X=xylem.

Fig. 4.

The fluorescent spots are present in the phloem of diseased stems stained with quinacrine. Left: Morus

alba, Right : Catharanthus roseus. P=phloem, X=xylem,

phloem (1,2), the possible presence of callose in
healthy plant sections must be carefully interpreted
when using aniline blue staining method for the
diagnosis of MLO infection.

Efficacy of quinacrine: With quinacrine staining,
specific fluorescence was observed in the phloem of
the stem sections from discased jujube, mulberry

and periwinckle plants (Fig. 4), whereas it was not
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detected in that of the healthy plant stems. How-
ever, the fluorescence was less distinct comnpared
with staining methods of DAPI or aniline blue.
Quinacrine is generally used for detecting bacterial
infections in the animal tissues. When applied to
plant tissues, quinacrine was useful for demonstra-
MO in the discased

of infections

Clable V).

tion plants



Table 1. Efficacy of three fluorochromes for the fluorescence microscopic detection of MLO in plant

stems
Fluorochrome Jujube Mulberry Periwinckle
uor X o x 2 < I
DAPI ot - +~++ - 4~ tt -
Aniline blue + — + - + -
Quinacrine + - + - + —

aD: diseased, H: healthy.

b~—: no fluorescence, +: distinct fluorescence, ++:

In conclusion, al] the fluorochromes used in this
study proved to be useful for detecting mycoplasma
infections in jujube, mulberry and periwinckle
plant‘s. Among the three fluorochromes examined,
DAPI was most effective. Thus, the use of DAPI
in fluorescence microscopy may provide an efficient
histochemical technique for rapid and accurate

detection of MLO infections in these plants.
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