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Abstract: Fusarium oxysporum f. sp. vanillae (Fov) is the main phytosanitary problem of Vanilla planifolia, invading the root
and causing the rotting of up to 80% of the plants. The histological process is used to study the morphological characteristics
of the tissues of interest and published a protocol to check Fov-V. planifolia interaction that was not reproducible under our
conditions, so the study aimed to adapt a procedure that allows differential analysis of the mechanism of Fov invasion in
V. planifolia by confocal microscopy. The bioassays consisted of analyzing Fov-infected roots. The experimental design
consisted of three replicates evaluated at 12, 24, 36, 48, 60 and 72 hours post-inoculation. Roots without inoculum were
used as controls. The samples were fixed in paraformaldehyde and 4% sucrose (PBS). Subsequently, the tissues were
dehydrated by a combination of alcohols at different concentrations. The cuts were made with a microtome. The sections
were observed under a Leica confocal microscope with a 63X objective with ap. No. 1.4, plus immersion oil; excitation
lines: 405, 488, 532. The FAA + kerosene method was the procedure that allowed complete tissue sections.
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|
Introduction

Vanilla planifolia Jacks. is one of the few orchids in
widespread commercial use. Its pods are essential for the
manufacture of vanilla flavoring. Because of its clonal pro-
pagation, V. planifolia has been reported to have low gene-
tic diversity, which makes it susceptible to diseases. In par-
ticular, root and stem rot caused by Fusarium oxysporum f.
sp. vanillae, is the result of the penetration of hyphae into
the root tissues, which in severe cases causes tissue death
and, consequently, the death of the plant'. Fusarium has
caused the loss of entire crops and represents a critical
point for current production systems.

Studies of the V. planifolia - F. oxysporum interaction are
still limited. Most of them focus on the evaluation of physiolo-
gical aspects of the stem, leaves and fruits, giving less impor-
tance to the interaction with the roots'*. Vascular symptoms,
such as colonization and dissemination of the causal agent in
root tissues, have been ambiguously described®.

Improving methods that help to understand the basis of
this interaction is of utmost relevance for developing disea-
se control strategies. The histological process is a series of
methods and techniques used to study the morphological
and molecular characteristics of the tissues of interest, de-
pending on what is to be observed and the type of micros-
copy to be used. Since the technical requirements of the
proposed methods for the study of this interaction were not
available, it was proposed to establish an alternative his-
tological procedure that allows differential analysis of the
mechanism of invasion of F. oxysporum f. sp. vanillae in
the cellular structures of the root tissue of V. planifolia using
confocal microscopy.

|
Materials and methods

Bioassays

The V. planifolia material was collected in an orchard
established in the town of Aparicio in the municipality of
Vega de Alatorre, Veracruz. According to Solano-de la Cruz
et al. (2019)5, root generation was induced in vanilla cut-
tings. To promote the invasion of Fusarium oxysporum f. sp.
vanillae (Fov) in V. planifolia tissues, aqueous suspensions
of spores of strain HG3C1 inoculated in the zone of absor-
bent root hairs were used. Previously, the fungus was acti-
vated on potato dextrose agar (PDA) medium for ten days.
After inoculation, the roots were incubated at 28 2 °C in a
humid chamber for 72 hours, with observations every 12
hours, until the appearance of the initial symptoms of the
disease was detected.

Prefixation of the samples

After detecting the initial symptoms of the disease, the
roots were cut and prefixed in paraformaldehyde and 4%
sucrose solution (PBS) in a 1:10 ratio (weight/volume)®.
Subsequently, three washes were performed by immersion
in sterile distilled water at one-hour intervals, changing the
water at each immersion. To ensure PBS removal, the sam-
ples were observed under a light microscope. Once the PBS
was removed, the samples were immersed in FAA fixative
solution (90 mL of 70% ethyl alcohol, 5 mL of formaldehyde
and 5 mL of acetic acid) for 24 h. The samples were then
immersed in the FAA fixative solution (90 mL of 70% ethyl
alcohol, 5 mL of formaldehyde and 5 mL of acetic acid) for
24 h. The fixative solution was then removed by immersing
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the samples in sterile distilled water, with changes every 30
min”®. The examples were dehydrated by immersion in al-
coholic solutions (ABT) (Table 1). In the first instance, solu-
tions ABT1 to ABT5 were used, with immersion times of 30
min. Subsequently, they were immersed in the ABT6 solu-
tion for at least 2 hours if the sample was used immediately
for mounting and cutting; otherwise, it was left engaged in
ABT®6 until it was used for climbing, not exceeding 24 hours.

Mounting of the samples

The following methods were tested for the mounting
stage: a) Mounting in kerosene. The samples were dried in
a heating oven at 60 °C. Histological kerosene was heated
to the liquid phase and poured into 1.5 cm?® cubic cardboard
molds. While filling the molds, the root was placed in a hori-
zontal orientation and kerosene was added until the tissue
was covered entirely. It was left to solidify at room tempe-
rature for one hour; b) Mounting in freezing with paraplast.
The roots were placed horizontally in a plastic mold, and
liquid paraplast was added. The mold was placed in a cr-
yostat for freezing; ¢) Mounting with paraplast. The sample
was placed horizontally in a plastic mold, and liquid para-
plast was added. It was left to solidify at room temperature
for one hour; d) Mounting with polyethylene glycol. Cubic
cardboard molds were filled with liquid polyethylene glycol.
Root samples were placed horizontally and allowed to stand
at room temperature for one hour; €) Mounting with FAA +
kerosene. The samples were placed horizontally in plastic
molds and dried in an oven at 60 °C until complete eva-
poration of the FAA, then, liquid kerosene was added and
allowed to stand at room temperature for 30 minutes until
solidification.

Cutting

Two techniques, microtome and cryostat, were used to
obtain root tissue sections. For this, a Leica slide microto-
me (Mod. SM2010 R) with thickness settings at 10, 20, 40
and 60 ym' was used; for cryostat cuts, a Leica Biosystems
(Mod. CM 1860 UV) with thickness settings at 10, 20, 40
and 60 ym, and temperature settings at -13, -15 and -21 °C
was used.

Sample recovery and staining

Tissue sections obtained with cryostat were placed di-
rectly on the slides for staining. For the separation of kero-
sene, PEG and paraplast from tissue sections obtained with
a microtome, these were immersed in an aqueous solution
of 1 g/L porcine skin gelatin type A at 60 °C. A Barnant flota-

tion bath (Mod. MH8517) was used to maintain a constant
temperature. After separation, the sections were placed on
slides. Tissue integrity was checked under a compound mi-
croscope at 40X.

In all cases, staining was carried out with fluoride tra-
cing white (5 min) and then propidium iodide (5 min)®. After
adding the dyes, the slides were placed at 60 °C, two to
three drops of ethanolic solutions from 96, 70, 50 and 30 %
were gradually administered, and finally, sterilized distilled
water for tissue rehydration’.

Microscopic observation

A Leica confocal microscope (SP8 STED) with 63X ob-
jective. ap. no. 1.4 + immersion oil and 405, 488, and 532
nm excitation lines were used.

|
Results

Cryostat slices

Samples 40 and 60 pym thick from all mounting methods
(kerosene, paraplast, paraplast freezing, PEG and FAA+pa-
raffin) were inadequate to differentiate Vanilla root and fun-
gal structures (Figure 1 A, a). Samples 10 and 20 ym thick
did not show tissue integrity (Figure 1 B, b and C, c).

Microtome slices

Only the 10 and 20 um thick samples from the FAA +
kerosene mounting method were intact and of good qua-
lity for microscopic observation (Figure 2a). The internal
tissues of vanilla root were differentially recognized by the
blue coloration, produced by the reaction of the white re-
agent fluorine chalcogenate with the plant cell walls, and
the red coloration produced by the interaction of propidium
iodide with the fungal hyphae (Figure 2b).

|
Discussion

The use of histological techniques makes it possible
to observe structures, in a general or detailed manner, of
the different components of a sample; therefore, they have
been useful for studying the behavior of pathogens at the
tissue and cellular level, which has made it possible to make
timely diagnoses'-'?. A complementary tool to histological
techniques is confocal scanning optical microscopy, where
the operation of such a microscope is similar to that of an
epifluorescence microscope since both are based on the

Serie Alcohol etilico Alcohol etilico Alcohol butilico Agua
al 96% absoluto terciario

ABT1 50 % - 10 % 40 %
ABT2 50 % - 20 % 30 %
ABT3 50 % - 35% 15%
ABTH4 50 % - 50 % -
ABTS - 25% 75 % -
ABT6 Alcohol absolute

Table 1. Concentration of alcohols used for dehydration of V. planifolia Jacks. root samples.
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Figure 1. Appearance of images from histological sections of F. oxysporum f. sp. vanillae-infected V. planifolia roots pro-

cessed by the different mounting and cutting techniques tested. A, thick aspect slice; B and C, fragmented slices obtained
with cryostat; D and E, fragmented slices obtained with a microtome. a, b, ¢, d and e, confocal microscopy images of the
pieces referred to in A, B, C, D and F, obtained with 63X objective. ap. no. 1.4, immersion oil and excitation lines 405, 488

and 532. Photos: Quirino, V. A., 2021.

Figure 2. Appearance of V. planifolia root sections with FAA+ paraffin mounting made with microtome at 10 uym thickness.
a) verification of tissue integrity with compound microscopy; b) root stained and visualized in confocal microscopy with
63X objective. ap. no. 1.4, immersion oil and excitation lines 405, 488 and 532. Plant cells are shown in blue, and F. oxys-
porum f. sp. vanillae colonization is in red. Photos: Quirino V.A., 2021

phenomenon of fluorescence; however, the latter provides
images of poorer quality. This is because epifluorescence
microscopes show information from all planes of the sam-
ple, focused or not, because they lack the confocal detec-
tion diaphragm and use a mercury lamp as an illumination
source, which has a very irregular power, with different in-
tensity peaks'.

Although, for the study of the pathosystem V. planifolia

- F. oxysporum, they reported an investigation where they
used epifluorescence microscopy and multiphoton micros-
copy with different techniques of mounting and staining of
the samples; however, some images are far from being
quick decipherable’. In addition, not all laboratories have
the technical and instrumental elements necessary to repro-
duce the method, hence the importance of adapting alterna-
tive ways that do not limit the research.
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In the case in question, the confocal microscopy and
the histological techniques used allowed for obtaining clear
images, which facilitated the differentiation of the cellular
structures corresponding to each organism; by staining the
cells of the vanilla root in blue color due to the affinity of the
white fluoride tracing reagent with the lignin and the fungus
cells in red color due to the affinity of the propidium iodide
reagent with the chitin®. Additionally, it was observed that
only mounting with FAA + kerosene maintained the integrity
of vanilla root tissue upon sectioning. FAA is a widely used
fixative for soft plant tissues, such as vanilla root, whose ad-
vantages include rapid and complete penetration of formal-
dehyde into the tissue, prolonged storage possibilities, and
a balance of alcohol and acid shrinkage/expansion. In addi-
tion, formaldehyde is a non-coagulation fixative that chemi-
cally binds cellular components to preserve the structure.
For its part, polyethylene glycol acts as a barrier by blocking
the entry of other substances into the tissue'®, which could
have caused the lack of rigidity of the vanilla root to remain
intact at the time of cutting.

|
Conclusions

A histological method based on FAA + kerosene for
sample mounting and confocal microscopy was adapted to
differentiate the cellular structures of Vanilla planifolia root
and those of Fusarium oxysporum f. sp. vanillae during their
interaction in the development of the disease known as Va-
nilla root and stem rot.
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