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Abstract

The sclerotium of Sclerotinia sclerotiorum produces its primary inoculum ascospore through the
sexual cycle, enhancing pathogenicity via meiotic genetic variation. The formation of the sclerotium
plays a pivotal role in developing genetic variation for adaptation. This study specifically examines the
transfer of energy-conserving agents to the resting body. The approach involves establishing a 2-D
position on the medium's surface, elucidating the transition from a floating state to a defined position
through the manipulation of allowable stress. Direct monitoring under the abiotic impinge stress model
indicates that strengthened sites experiencing maximum stress modulate the process. As gametes were
indistinguishable, the differentiation of vegetative hyphae was observed to be swollen, parallel-aligned,
and eventually wound and aggregated. Notably, development exhibits tolerance to lower temperatures.
As suggested, the experiment delves into cell differentiation from vegetative to storage bodies, with
biochemical mechanisms playing a crucial role. To glean insights into structures based on
morphogenesis time series, the model provides a platform for the direct examination of metabolic
activity in the initial stages. Apart from structural morphology, cytochemical staining immediately
after tissue fixation indicates the dominance of bio-energetic activity, provided by reducing sugars and
succinate dehydrogenase (SUDH) activity, with increases in the differential apex and parallel alliances
for cellular development. The distribution of glucose-6PDH activity fluctuates over time, intermittently
aligning with SUDH through all stages. Polyphenol oxidase activity is sparse in developing cells and
increases after the cushion aggregation (CA) stage. The effects of metabolic inhibitors highlight the
role of respiration and RNA synthesis inhibition at effective doses, underscoring their significance in
sclerotia development. Control amino acid (AA) doses reveal enhanced profiles, including aromatic,
branched, and long-chain structures stimulated in the fusion of parallel mycelium clumps. Finally, the
nuclei of ascospores in the sexual stage possess two nuclei, a characteristic feature of S. sclerotiorum.
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Introduction

Sclerotium is a resilient tissue capable of remaining dormant in a low-temperature soil matrix
even for up to six years and is still responsible for epidemics when it meets suitable conditions by
germinating through vegetative hyphae or sexual organs and entities. Meiotic division in Sclerotinia
spp. results in the release of numerous ascospores for dissemination and inoculation, leading to serious
agricultural epidemics affecting more than 350 plant species globally (Xu et al. 2018). The virulence of
S. sclerotiorum is associated with the secretion of hydrolytic enzymes (Chen et al. 2020). The
physiological condition conducive to sclerotium formation is important, as it can lead to economic
losses in the next season, especially when humid and mild conditions facilitate ascocarp formation and
spore dissemination (Willbur et al. 2018). While the sclerotium could remain dormant in the soil for up
to six years, its formation and vital requirements are uncertain, and there is uncertainty regarding its
metabolic requirements for continuing and completing its life cycle (Valencia et al. 2007). Also, there
is evidence for sexual organs and the meiotic process leading to the morphogenesis of ascocarp
(Wilson et al. 2021). Agricultural field plantations may result in host plants being destroyed within a
few days. Infections are characterized by the formation of cushion-like structures, ease of penetration,
and invasion, leading to disease progression, necrosis symptoms, wilting, and browning of the host
plant, which prevent sclerotium formation (Seifbarghi et al. 2017). Given that this white mold can
infect major vegetable species, including potato tubers, it presents a significant concern. Similar soft
rot disasters, such as the one in 1840 that led to the Irish famine underscore the potential severity of
epidemics caused by this pathogen. Especially in the present era of climate change, where
environmental conditions may favor the proliferation of such pathogens, monitoring and surveying for
this potential epidemic agent are crucial (Goss et al. 2014). Resting bodies like sclerotia play a crucial
role in disease progression and subsequent inoculum in the next few years (Jagger 1920, Prova et al.
2018, Rothmann & McLaren 2018). There is a link between life cycle changes driven by specific
environmental conditions to complete its life cycle. This situation presents an opportunity to study
entities with genetic variation, which may contribute to varying disease severity as well as acclimation
to environmental factors. The presence of dimorphic cell tissues with sexual reproduction embedded in
a resting sclerotium provides a perfect model for studying morphological differentiation within the
higher fungi. However, specific evidence suggests that the cell divergence from the clamp formation in
Basidiomycota is linked to the meiotic phase. While S. sclerotiorum has limited reports on the
dikaryon stage, it should show complete meiotic behavior, following a crosier structure (Moore 1998).
Additionally, some filamentous fungi, such as the Physarum, produce sclerotia throughout their life
cycle (Willetts & Bullock 1992).

Some fungal species show no typical sexual cycle, such as the peanut leaf spot pathogen
Cercospora arachidicola, which survives over winter via thick-walled conidia as a monotonous
inoculum (Hemingway 1955); this lack of sexual reproduction contributes to limited accumulated
knowledge of disease severity demonstrated through cell physiology and metabolism data. Also, the
presence of asexual sclerotium bodies further complicates the understanding of fungal biology in such
species. However, most recently, the integration of biotechnological approaches has elucidated
metabolic divergence in white mold. The molecular mechanisms underlying sclerotial development
have been elucidated through genetic approaches, with the genomic sequence of S. sclerotiorum
providing valuable insights into sclerotium formation, particularly related to cAMP regulation (Fig. 1).
A comprehensive review by Jurick & Rollins (2007) presents the current understanding of molecular
components involved in signaling during its development, focusing on phosphorylation regulation and
nucleotide metabolism. However, factors and metabolic pathways involved in sclerotium production
require further verification. The amendment of culture filtrate in liquid culture has effectively initiated
sclerotium formation at the periphery of the petri dish. Sclerotium formation in agar culture is
stimulated by various abiotic stresses and other existing stresses. Data concerning bioenergy inhibitors
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and organic nitrogen were examined in cultures, revealing the relationship between initiation and
development processes. Additionally, cytochemical approaches have been employed to visualize the
possible biochemical processes involved in this research.

Materials & Methods

Source collection, isolation of experimental strains

In northern areas of Taiwan, 12 native strains were isolated from various infected hosts, including
tobacco plants (WS-1, WS-3, WS-6-9), as well as cabbage, radish, sunflower, and geranium (WS10-
15), all displaying typical symptoms of Sclerotinia infection. The isolation process involved
disinfecting young, infected tissue by cutting the edge of the lesion or slicing the sclerotia. The
disinfected or live tissue was then cultured in a medium containing 2% glucose, 0.5% yeast, potato
decoction, or wheat flour agar. Optimal incubation conditions were maintained at 22 °C for mycelium
growth and 4 °C for sclerotia maturation in a controlled incubator. The sclerotia from each culture
were subcultured in potato dextrose agar (PDA) and further subcultured three times to accelerate
physiological growth conditions for experimental analysis. Mycelium blocks with a pore diameter of 5
mm were selected from the edge of the 3-day-old colony, and strain selection was based on
characteristics such as mycelium density, number of sclerotia formed, and maturity. Among the strains,
the normal strain WS-11 was chosen. Additionally, a mutant strain, ws-11 M, was derived from aged
mycelium subculturing, resulting in the degeneration of sclerotia production as a mutant (Humpherson-
Jones & Cooke 1977, Rubio et al. 2019).

Effect of amino acid and metabolic sclerotium induction on sclerotia formation

In the study, a modified Glucose, Amino Acid, and Yeast Extract (GAY) limited medium was
used to observe site formation. The nitrogen content of casein hydrolysate, which serves as the
nitrogen base, was adjusted to 2.5 g per liter. This nitrogen source contributed to the overall nitrogen
content, with a specific implementation of 450 mg/L of basic nitrogen per liter. Sclerotia were
harvested and subsequently dried at 80 °C for 24 hours. The dry weight data were analyzed using
Duncan's multiple analysis of variance, specifically Duncan's multiple range test. The experiment
involved treating the WS-11M strain alongside a control group cultivated in the GAY medium.
Additionally, a negative control was established by immersing the culture filtrate, adjusted to pH 5.5.
The treated colony underwent cross-treatment for a duration of eight to ten days (Hurmpherson-Jones
& Cooke 1977).

Effect of some abiotic physical factors on sclerotia formation

The investigation into the impact of physical stress on sclerotia formation involved examining
them under near-ultraviolet light. The experiment was commenced by subjecting 1-day-old PDA
cultures to continuous illumination. The primary source of illumination was the near-UV light emitted
by a Toshiba 20WBLB black lamp tube. The intensity of the light was carefully controlled within the
range of 19-38 joules/m?/sec by adjusting the distance between the lamp and the samples. This
intensity was measured using a YSI 65A radiometer. This setup allowed the analysis to evolve over
time as the cultures were continuously treated. Glutamine amino acid was amended to develop
sclerotia at the maximum hyphae impact point, considering chemical stimuli (Trevethick & Cooke
1971).
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Analysis of the enhanced factors for expression-specific sites for sclerotia formation

Sclerotium initiation site modulated with preset diffusion film

To examine the initiation site of sclerotia on the medium surface, agar medium in a Petri dish
was employed for observing an impinging line from the opposite inoculate or impregnated cellophane
paper upon a visual surface phenomenon. Incubation began by employing natural gradients, with
potato decoction and vegetable eight juice constantly used in isolation for the maintenance of culture
and examination of sclerotia production using the hyphal apex area. Diluted solutions, e.g., potato
decoction (1/3), were used to observe the sclerotia pattern. Amino acids' nitrogen protruding for
stimulating sclerotia formation in the nutrient was formulated. All cultivation was incubated at 22 + 1
°C in the dark (Hottpack no. 352620). Stimulants or controls were adopted, including two to five-day-
old WS-11 filtrates as a positive control and sterilized water as a negative control. The medium, glass
Petri dishes, and strip film were suspended in sterilized water, autoclaved, and laid out in the culture
for manipulation, evaluating impinge morphology under impinge stress for response to sclerogenesis
(Kritzman et al. 1972). Each experimental treatment was conducted for 14 days.

Environmental signals (Stress)

+  Cell sensor (G protein)
*  Switching limit (ssig series)

Messenger (CAMP e SACI) *  Nutrient to anabolism
/ \ +  TCA, succinic

RAS (ssg series) PKA Pka1,2 (ssig series) (ssg series)

*  Switching from primary to l
secondary metabolism

I

NADPH oxidase
NOX 1 (ssig, 05661)

*  Phosphorylation & regulation enzyme

Transcription activation or
repression of larger gene

Sclerotium inducing principle (acid staling compound)

Fig. 1 — Modulation of sclerotial initiation gene with physiological activation, developing principle.
The proposed sclerotial initiation gene cluster in Sclerotinia sclerotiorum and its physiological
function is exhibited using hierarchical positioning components and their interactions proposed (blue
stack) (Coppin et al. 2012, Erentala et al. 2007, Kronstad et al. 1998, Lara-Ortiz et al. 2003, Malik et
al. 2020, Russ & Hahn 2007, Stork & Schm 2002).

Modulation of formation with GAY-defined nutrients

After the effect of the amino acid amendment, selected glutamine was amended to develop
sclerotia at the maximum hyphae impact point, considering the GAY medium was adopted for growing
WS-11 and sensing chemical stress. It was further tested on 2-mercaptoethanol and chemical stimuli
(Trevethick & Cooke 1971), with dosages at final concentrations of 10, 100, and 1000 mg/L. The
effect of sclerotia formation was analyzed after incubation (Weete & Le Tourneau 1970, Trevethick &
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Cooke 1971). The control series blank and control WS-11M filtrate of GAY broth were inoculated
upon development over eight to ten days (Hurmpherson-Jones & Cooke 1977).

Setting up an impinge stress (mixed) model and preparing sampling initial tissue

In testing this cell interaction, 2-5 inocula at the opposite site were serially tried to test their
impinge stress effect. In odd-numbered inoculums, spacing was evenly distributed by employing a
GAY medium for maintaining beneficial nutrients for sclerotium development. Alongside the evenly
spaced inoculation with 4 points, one additional inoculum at the center acted as an anchor for
modulating the initiation effect at the impinge point. The initiation temperature was tested at 4-30 °C
to find the incubating condition favoring sclerotia development. Once the modulation showed effective
and responsive control of sites, initiation site examination was conducted through a layered cellophane
strip. The hyphae exhibited a dimorphism signal that maintained their growth upon the membrane,
receiving supporting nutrients through the membrane in a 3D direction. The cell mass impinged in 2D
could be sectioned as membrane pieces for live tissue analysis. Hyphae development at stress sites and
biological divergent scenes can be depicted from cellophane strips. Samples collected during the
developing period were subjected to cytochemical staining, near in-situ act, and transferred for
microscopy examination. In parallel experiments, an integrated sclerotium initiation examination
driven by complex mechanisms, including biological interaction, chemical stress, and physical stress at
the site, was demonstrated for reassessing conventional factors (Hennis et al. 1965, Krizman et al.
1976).

Survey of physiological transformation during sclerotia initiation by histochemical localization
technique

Localization of nuclei distribution

The distribution of nuclei in sclerotia initiation cells was surveyed through histochemical
observation using the Giemsa staining method. The live samples were fixed in Carnot's fixative
solution (6 parts 95% alcohol, 3 parts chloroform, and 1 part acetic acid) at 4 °C for 30 minutes. Then,
they were infiltrated with acetone for 20 minutes and treated with a series of alcohols ranging from
90% to 60%, with a change in procedure every 30 seconds. The samples were then hydrolyzed with 0.1
N hydrochloric acid at 28 °C for 30 minutes, followed by rinsing with distilled water and 50 mM, pH
6.9, phosphate buffer for 5 minutes. The nuclei were stained with 1 ml of fresh staining solution (BDH
I1) suspended in 9 ml of 50 mM phosphate buffer at pH 6.9 for 1 hour (Claudia et al. 2014). After
staining, the samples were rinsed with the same buffer, dried with filter paper, and fixed with Canada
glue for microscopic examination.

After infiltration with acetone for 20 minutes, the samples were treated with a series of alcohols
ranging from 90% to 60%, with the procedure changed every 30 seconds. Then, the samples were
hydrolyzed with 0.1 N hydrochloric acid at 28 °C for 30 minutes, followed by rinsing with distilled
water and 50 mM, pH 6.9, phosphate buffer for 5 minutes. The nuclei were then stained with 1 ml of
fresh staining solution (BDH I1) suspended in 9 ml of 50 mM phosphate buffer at pH 6.9 for 1 hour
(Claudia et al. 2014). After staining, the samples were rinsed with the same buffer, dried with filter
paper, and fixed with Canada glue for microscopic examination.

Polysaccharide localization distribution
Polysaccharides in the initiation site were revealed using the Periodic Acid-Schiff (PAS) staining
method. The samples were fixed in 10% formalin for 20 minutes, followed by washing with a gradient
of alcohol solutions for rehydration. Then, the samples were treated with 20 mM sodium acetate
containing 0.5% periodic acid and hydrolyzed for 10 minutes at 28 °C. The control group was
subjected to periodic acid treatments. After hydrolysis, the samples were stained with a mixture of
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West Fowler's reagent and sodium metabisulfite in 0.15 N hydrochloric acid (Hotchkiss 1948) and
examined.

Localization of lipid distribution & acid phosphatase (AP) distribution

Lipid distribution was visualized using the Sudan staining method. Live samples were first fixed
in a neutral formalin solution containing calcium sulfate for 30 minutes. Then, the samples were
subjected to pH adjustment to 7.0, followed by rinsing and treatment with 1,2-propanediol (propylene
glycol) for 5 minutes before being stained with saturated Sudan 3 dye solvent at 20 °C for 20 minutes.
After staining, the samples were transferred to pure 1,2-propanediol to fade and mounted on glass
slides using Canada glue for observation (Armentrout et al. 1976).

Localization of SH-protein distribution

The visual distribution of SH protein was achieved using the 2,2-dihydro-6,6-dinaphthalene
diphenyl disulfide (DDD) method. Live samples were first immersed in Borate buffer with a pH of 8.0,
containing 6.5% polythioglycol (Thioglycerol) and O-dianisidine as the mediator agents (Barnett &
Seligman 1902). The reaction was initiated at 50 °C for 2 hours, followed by rinsing with distilled
water. Subsequently, the samples were transferred to a solution containing 0.05% DDD and incubated
at 56 °C for 1 hour. After the DDD treatment, the samples were dehydrated using pure alcohol and
converted to a pH 8.5, 0.1M barbiturate buffer. A microbial examination was performed following
these steps.

Localization of peroxidase activity distribution

The visual localization was performed using the DAB (Diaminobenzidine) method. Live cells
were frozen in liquid nitrogen for approximately 20 seconds and then allowed to return to room
temperature using a wax plate. The enzyme reaction was initiated by adding 10 mL of DAB solution
containing 0.1 mL of 0.4% hydrogen peroxide and incubating for 1 hour at 37 °C. For optimal clarity,
observations were performed by dipping and rinsing the samples in glycerine. The DAB solution was
prepared by mixing 10 mL of 5 mM buffer (pH 8.5) containing 10 mg of 2-amino-2-methyl-1,3-
propanediol, 20 mg of DAB dye, 0.75 g of sucrose as a protectant, and 1 mg of potassium nitride
dimethyl ester arsenic acid as a catalyst. The mixture was allowed to react for 15 minutes and then
filtered through Whatman No. 1 filter paper before use. The control series was carried out without
adding hydrogen peroxide (Barnett & Seligman 1952, Todd & Vigil 1972).

Localization of succinate dehydrogenase activity

To prepare the Nitro-BT staining solution, a 10 mL matrix solution was created by combining
0.2 mM sodium succinate in a 50 mM pH 7.6 barbiturate buffer. Then, 10 mg of Nitro-BT and 5 mg of
coenzyme FAD were added to the reaction solution. The fixed live samples were immersed in the
substrate for 30 minutes at 30 °C and then directly observed by dipping in glycerol. A control series
was compared using fumarate as the substrate (Bullock et al. 1980).

Localization of G-6PDH activity

The Nitro-BT staining solution was prepared as follows: the substrate was added to a 10 mL
solution of 50 mM barbiturate buffer at a pH of 7.4. The solute included a gradient of 168 mg barium
chloride as a catalyst, 30 mg glucose hexaphosphate, 5 mg NADP, and 5 mg Nitro BT, all of which
were dissolved in a series. Prior to use, 1 mL of 100 mM magnesium chloride was added. Additionally,
30 pL of silver ammonium nitrate (ammoniacal silver nitrate) was added, and the solution was mixed
entirely for 30 minutes to become ready for use. When reacted with samples, the solution developed a
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blue color as the product. For the control, distilled water was substituted for G-6-P. Finally, all samples
were rinsed with distilled water and viewed by dipping in glycerine (Cohen & Way 1968).

Localization of redox activity

Intracellular live staining was performed using the neutral red method. The samples were treated
with a 100 uM phosphate buffer at pH 7, with one solution containing 50 ppm neutral red. After the
reaction, the samples were observed microscopically and mounted using Canadian glue.

Localization of polyphenol oxidase activity

The polyphenol oxidase staining method was followed (Martyn et al. 1979). Live samples were
fixed in liquid nitrogen and then treated at 40 °C for 12 hours or overnight in a 0.05 M phosphate
buffer with a pH of 7.2, containing 0.1% 3,4-dihydroxyphenylalanine. After extensive rinsing with
distilled water, the material was treated with gaseous silver nitrate at 30 °C for 30 minutes, followed by
further rinsing with distilled water. The specimens were then mounted in glycerol for observation. To
prepare the ammoniacal silver nitrate solution, 0.5 g of silver nitrate was dissolved in 5 mL of distilled
water. Concentrated ammonia is slowly added with magnetic stirring until a slightly turbid and milky
appearance is achieved, and then the solution is allowed to stand overnight. Before use, it was diluted
twofold with distilled water. The control series was performed without the addition of 3,4-
dihydroxyphenylalanine.

Results & Discussion
Traditional Insight approaches to reveal Sclerotinia white mold's sclerotium formation

Experimental strain selection, identification and nutrient utilization for sclerotium formation

This study conducted in Taiwan investigated the development of sclerotia in various host-
infected white molds, including Cruciferae, Leguminosae, Solanaceae, Compositae, Umbelliferae,
Chenopodiaceae, and others. The samples were collected during the humid winter season in the
northern and central regions of Taiwan. Infected plants, such as tobacco, cabbage, and dahlia,
exhibited necrotic symptoms, including soft rot and withered tissues. Interestingly, black sclerotia
were commonly observed at the edges of the lesions. Traditionally, the size of individual sclerotia has
served as a morphological criterion for species differentiation.

Traditionally, the size of individual sclerotia serves as a morphological criterion for species
differentiation. Sclerotia measured from 1 to 30 mm in diameter are attributed to S. sclerotiorum,
whereas intermediate-sized sclerotia ranging from 0.3 to 10 mm are typically found on legumes and
are associated with S. trifoliorum. However, there is some overlap in the size ranges, leading to
confusion in limited cultural analysis. To address this, further advancements in character analysis
were employed. Specifically, large individual sclerotia exceeding 12 mm in diameter, along with the
presence of two nuclei of the same size and acute terminal hyphal branching angles (45°-60°), serve
as precise indicators of S. sclerotiorum, as confirmed by experiments. These characteristics differ
from those of the other two species that have four or two nuclei of different sizes. These
differentiation criteria enabled the identification of S. trifoliorum and S. minor, along with differences
in evolutionary tracks.

An experimental sample was collected from heavily infected crops with tobacco lesions. The
lesions observed on the leaves and stems are caused by hydrolyzing enzymes, which result in water-
soaked soft rot spots. Additionally, the infected crops also displayed white aerial hyphae on their
stumps, which later developed into black sclerotia.
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To further investigate the infection, the sclerotia were surface-sterilized, and the inner tissue was
sliced and cultured on a Potato Dextrose Agar (PDA) medium to promote mycelium growth. An
isolated strain, designated WS-11, was obtained from this culture. WS-11 was initially isolated from
cabbage in a clogged, humid field and demonstrated high invasiveness in vegetables through mycelial
growth, making it a pathogenic threat.

The ability of isolates to form sclerotia was evaluated by comparing their average number and
size after maturation. As mycelial growth progressed, the colony diameter exhibited a sparse
distribution, with some isolates showing slower growth even on day four, resulting in small colonies.
However, other isolates spread extensively and initiated sclerotial formation. This was observed as a
visual enlargement of the hyphal mass, which gradually turned black as they matured. In the final
stage, the frequent appearance of exudate liquid on the surface was observed. The growth process
concluded with the development of hard tissue, which was then harvested for further analysis.

Table 1 presents the characteristics of the isolates collected, primarily based on sclerotial
characteristics. In addition to sclerotial size, ascospore nuclei and host pathogenicity were investigated
to aid identification. Among the isolates, WS 3, 6, 8, 10, 14, and 15 showed no visible sclerotia
formation, indicating incomplete characters. However, the remaining isolates produced sclerotia of
appropriate size, allowing their identification as either S. sclerotinia or S. trifoliorum. Isolates 1, 7, 9,
10, 11, and 12 exhibited the largest sclerotia. Ultimately, WS 11 was selected because of its distinctive
globular and multi-layered production pattern in culture.

Despite previous studies suggesting that cabbage, carrot, tobacco, and sunflower specimens are
predominantly associated with S. trifoliorum (Whetzel 1945), present isolates also originated from
various hosts such as cabbage, carrot, tobacco, and sunflower but belong to S. sclerotinia based on
sclerotium size and nucleus number of the ascospore.

Table 1 Characters of Sclerotinia isolates on PDA culture

Isolate code Sclerotial character® Number /petri Dry weight Maturation time  Secretion
dish ® /sclerotia® (day), Extent, 1~5
morphology®

WS-1 Fuse into ribbon-like with a 20 23.21 14 +,5
flattened shape 2

WS-3 ND ND ND AM ND

WS-6 ND ND ND AM ND

WS-7 Globular, ellipsoidal shape 22 18.92 11 +, 4

WS-8 ND ND ND BS ND

WS-9 Most Globular, few ellipsoidal 21 24.02 11 +,3

WS-10 NA NA NA 10 + 3

WS-11 Most Globular, forming two rings 21 28.83 15 +,5

WS-12 Forming  two  rings, Fuse 15 30.6 15 +,5
occasionally, amorphous

WS-13 Forming two rings, globular of 28 11.81 7 +,3
ellipsoidal

WS-14 ND ND ND S ND

WS-15 ND ND ND AM ND

* Culture under 22°C, dark for a period of 14 days.

b|f fuse, calculate according to its origin number.

¢ Dry weight of sclerotia, in milligrams.

4 Development morphology of sclerotial body: aerial mycelium (AM), brown substratum (BS), and
substratum (S).
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Characters of sclerotia formation site

Stress memory through physical and chemical perception origins

The sclerotia formation along the periphery of the petri dish appears to be a response to physical
barriers, such as horizontally originated and act contact stress. This behavior may be replicated as
biomass growth opposes and impinges at the hyphae contact line, promoting sclerotia formation in the
discrete boundary area. After subculturing for over ten generations, metabolic degeneration seems to
occur, leading to the attenuation of physical stress responses. Even the normal strain, WS-11, began to
exhibit reduced sclerotia formation. Finally, the mutant strain, WS-11M, exhibited only primary
mycelial growth. The benefit of constant monitoring lies in tracking the physiological status of the
forward or backward restart mechanism. Despite physiological triggers by impinged stimulation, as
evidenced through triple opposite inoculation, random protrusions still occurred (Fig. 2B), indicating
uncertainty or incomplete directionality of the stimulated inductive potential. This suggests that the
stimuli-induced physiological response may not consistently reach its maximum potential for
metabolic divergence (see Fig. 2A).

Microscopic examination revealed the appearance of acute angles in the apex of vegetative
mycelium, which began to transform into wider angles exceeding 45°, indicating the initiation of
morphogenesis toward swollen cells (See Fig. 2D). However, this phenomenon did not meet the sharp
criteria for the initiation of dimorphism, as pointed out by Mitsushita et al. (2004). Additionally, those
researchers reported that the application of chemical stress, such as SH compounds, was effective.
Similarly, our experiment specifically induced larger or more ring patterns of sclerotial formation
when a higher concentration, e.g., 2-mercaptoethanol, was applied at 100 pg/ml (see Fig. 2C).

A column B column

Fig. 2 — Sclerotium pattern of Sclerotinia sclerotiorum - WS 11 by mono, tri-point inoculation with
the reducing agent. A The appearance of peripheral hyphae between WS-11 (a,c) and mutant WS-
11IM (b, d). B Sclerotium pattern of experimental isolate with tri-point inoculation. C SH compound
effect at concentrations of 2-Mercaptoethanol; a = 1000 pg/ml, b = Without control, ¢ = 100 pg/ml, d
=10 pg/ml. D Mycelial dimorphism, a Vegetative hyphae, b Swollen initial. Scale bar: a,b = 105 x.
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In the testing of 3-dimensional stimulants, such as physical stress from UV irradiation at high
intensity at 38 joules/cm2/sec, an overly inhibitory effect was observed (see Fig. 3a, b), resulting in the
loss of sclerotial formation. Even after 14 days of half doses and continuous illumination (see Fig. 3c,
d), small-sized sclerotia were still observed, indicating specific inhibition while stimulation in initial
numbers might be elicited. Immature sclerotia-primordium protrudes as buds, indicating a balance
between stimulation and degeneration. These sclerotia are small in size and formed in multiple layers.
Generally, the sclerotia can also germinate from the outer membrane, typically forming vegetative
hyphae. During maturation, the tissue becomes more compacted, forming scripted droplets on the
surface of the sclerotia, which maximize melanization. The progress in developing these structures has
hinted at physiological induction by chemical nitrogen stimulants or even deprivation of lower nutrient
levels. Slower growth may also stimulate the development of sclerotium primitives, and all of these
structures possess a comb-like stalk structure, indicating their role as the origin of sclerotia
differentiation. Our present results suggest that no matter the number increases, physiological
wholesome still needs to continue for differentiation into a sexual cycle.

Fig. 3 — Physical stress influences the sclerotium formation of WS 11 through continuous UV
irradiation. (a) High — 38 joules/cm?/sec, 28 days; (b) Low — 19 joules/cm?/sec, 28 days; (c) High
treatment, 14 days; (d) Low treatment, 14 days.

Amino acid and organic nitrogen additives for sclerotium formation

Metabolic pathways play a crucial role in the production of sclerotia, and certain amino acids
have been found to enhance this process by stimulating enzyme activity or participating in specific
metabolic reactions. These amino acids can act as precursors or co-factors for the biosynthesis of
compounds involved in sclerotia formation (Paster & Chet 2011, Hossain et al. 2023). In this research,
we found that aromatic amino acids such as phenylalanine and tryptophan are involved in ring
compound biosynthesis as secondary metabolites, including pigments and defense-related compounds.
These compounds can promote the development and maturation of the sclerotia.
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In addition, amino acids such as glutamic acid and glutamine, which have long alkyl chains, have
been reported to serve as sources of carbon and nitrogen for energy metabolism and biosynthetic
processes (Ying et al. 1972). We found that they play a role in the overall metabolic support for
sclerotia formation. The specific mechanisms by which these amino acids enhance sclerotia production
may vary and require further investigation. However, their involvement in metabolic pathways and
potential roles as precursors or regulators of key biosynthetic reactions indicate their significance in
promoting sclerotia development.

Also, ring amino acids, such as phenylalanine, tryptophan, and C5 amino acids, effectively
stimulated sclerotia proliferation. These amino acids act as nutrient supplements and play a role in
stimulating the metabolic processes associated with sclerotia formation. The specific mechanisms by
which these amino acids influence nucleogenesis and metabolism have not been described in the
provided information. However, it has been suggested that the presence of carbonyl and amine groups
in these amino acids contributes to their ability to stimulate nucleogenesis. Additionally, alkyl
branched-chain amino acids, such as dimethyl C3 alanine and C5 valine, as well as long-chain C6 alkyl
amino acids such as glutamic acid and glutamine, are involved in physiological metabolism and may
have conversion activities relevant to sclerotia formation.

Based on the information provided (Table 2), the nitrogen-containing amino-based organics that
influence sclerotia formation are ranked as follows: phenylalanine, tryptophan, glutamic acid, and
alanine. These amino acids showed a significant impact on sclerotia formation, achieving a success
rate of 100% in producing more than ten sclerotia per Petri dish. It is important to note that the
information provided is specific to the given context and may vary depending on the experimental
conditions and physiological status of the experimental isolate.

Table 2 Effect of essential amino acids on the sclerotium formation of WS-11a,

Amino acids® Average number Average total weight/petri Dry weight/ Distribution pattern ¢
/petri dish® dish¢ sclerotium
Alanine 16.4 193 ab® 11.8 S/big
Arginine 17.3 80 cde 4.6 P/many
Asparagine 14.8 175 ab 11.8 P/few,big
Aspartic acid 20 155 abcd 7.8 P/many,small
Cysteine 0 NA NA NA
Cystine 0 NG NG NG
Glutamic acid 20.8 213 a 10.2 S/small
Glutamine 19 225 a 11.8 S/big
Glycine 10.5 48 e 4.6 P/few,big, mycelium
Isoleucine 3 11 f 3.3 P/few, small
Histidien 145 45 e 3.1 P/many,small
Leucine 16.3 75 de 4.6 P/few,big
Lysine 0 NA NA NA/mycelium
Methionine 0 NG NG NG
Phenylalanine 6.5 113 bcde 17.4 P/few,small
Proline 21.8 223 a 10.2 S/
Serine 6.5 30 e 4.6 S/big
Threonine 185 108 bcde 5.8 S/many,big
Tryptophan 14.3 220 a 154 P/big
Tyrosine 225 170 abc 7.6 S/many
Valine 15.8 180 ab 114 P/many
Casein hydrolysate 30.8 178 ab 5.8 P/many

agssential amino acids are added in the same nitrogen constituent as the sole carbon source, incubated
at 22 °C without light.

65



®Nitrogen composition was set at 450 mg/L as the N level in the amino acid amendment.

cSclerotia was examined for its size, and it was identified as a matured, black resting body in petri
dish culture.

dDry weight was measured by setting it to 80 °C and drying it for 24 hours before weighing.

°The variation in weight distribution of each petri dish was indicated by the Duncan method at a
significance level of a = 0.05. The evaluation was conducted in accordance with a special critical
value table indicating that each test body could be placed in repetitions, and alphabetical symbols
indicate their significance based on the four replicate values tested.

"The distribution pattern of sclerotia in Petri dishes could be distinguished as a primary symptom. S,
sparse distribution; P, peripheral; NA, not assessable; NG, no growth.

Mpycelial stress sensoring and memory through identifying the sclerotia initiation spot

Further investigation has focused on identifying effective elicitors that can induce metabolic
shifts towards the development of resting tissue. It has been discovered that applying maximum stress
during the formation process can be achieved using a solid barrier, such as a semipermeable cellophane
filter. When dual inoculation was performed, mycelial development was observed, and the formation
site moved perpendicular to the membrane position opposite to the barrier, as depicted in Fig. 4A. This
lateral movement stimulates the final development and maturation of the resting tissue.

Furthermore, alternative conditions utilizing an extra nutrient, glucose-asparagine yeast (GAY)
agar, were used to express the sensing results at the perpendicular position, as shown in Fig. 4B. To
optimize sclerotia formation, inoculation in quadrants with a central point serving as an anchor was
implemented. The appropriate pressure for sclerotial formation is predicted in Fig. 4C, focusing on the
formation center at the Qudra square points, as illustrated in Figure 4C-b. These findings are
consistently reported and noticed as stress effects (Trevethick & Cooke 1971).

0.8~1.2 &m

)

o

b

Fig. 4 — Odd inoculation model for localizing sclerotial formation site of WS-11 GAY medium. a)
Opposite site with odd inoculation intermittent area (in centimeter) with cellophane strip for
sclerotium initiation; (b) Effect of different medium composition on sclerotial formation; (c) Four
point symmetrical, opposite inoculation, a theoretical maximum contact with overlap stress. b
inoculation point indicates the spreading of mycelium mass.

Character of sclerotia localization site with quadra inoculation

The bi-inoculate model proposes that stress accumulates in the central contact zone with the
GAY medium and then disperses along the cellophane strip, diverting it to the perpendicular sides of
the peripheral wall. This model is supported and discussed in relation to the presence of effectors, such
as acid-staining chemicals and glucosinolate hydrolytic products. These compounds may be involved
in the release of nitrogen-containing elicitor molecules (Chen et al., 2020). Similar active products
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have been examined in relation to the secondary metabolites found in exudates or sac constituents of
sclerotia. These metabolites provide amino acids that stimulate the formation of sclerotia, including L-
threonine. Currently, the chemical requirements or stimulators of sclerotia formation are being
evaluated (Wang et al. 2019).

Localization pattern influenced by incubation condition

The influence of incubation conditions and age on sclerotia development was examined using a
quadrilateral inoculation method with four cover glasses and a cellophane film on the GA culture
medium. Various temperature treatments and the removal of the cover glass at different cultural ages
were tested. The results indicated that a low-temperature treatment of less than two days, even at 4 °C,
did not affect the formation of sclerotia in the designated spot after the removal of the cover glass one
to two days later. However, after three days of culture and removal of the cover glass, only some
hyphae were able to grow, and there was a failure in development. After five days of low-temperature
treatment and removal of the cover glass, no hyphae were observed to grow, suggesting a lack of
bioenergy to drive the metabolic sequence (Fig. 5).

Moreover, a one-day treatment at 4 °C was found to stimulate the proper physiological conditions
for expressing developmental potential, consistent with the previous studies (Fig. 5 A-b, B, C)
(Humpherson Jones & Cooke 1977). In this study, the initiation and development sites were sampled
and directly observed under a scanning electron microscope, enabling magnification and distinction of
different stages of development (Fig. 5D). These primary bodies developed through three stages based
on external shape, with a swollen bifurcation branch stage, a broom-like stage, and a folding fan stage.

A column B column

Fig. 5 — Temperature stress effect on Quad symmetrical inoculation. Investigation of the temperature
for localization and development on GAY medium. (A) After one day at 4 °C treatment, various time
domain over 0, 1, 2, and 3 days cultivation, and then removed cover glass for examining cell
differentiation; (B) Post cultivation temperature after one day at 4 °C treatment; (C) Final maturation
(a), late stage with exudate (b); (D) SEM observation by dipping in the GAY medium on sclerotial site
with developing 1, 3 days of physiological age, also with 2, 7 days of physiological age. SEM images
show various sclerotial initiation structures, swollen cells, cushion clusters, aggregation mass, and

globulus bodies.
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Localization pattern influenced by incubation condition

The influence of incubation conditions and age on sclerotia development was examined using a
quadrilateral inoculation method with four cover glasses and a cellophane film on the GA culture
medium. Various temperature treatments and the removal of the cover glass at different cultural ages
were tested. The results indicated that a low-temperature treatment of less than two days, even at 4 °C,
did not affect the formation of sclerotia in the designated spot after the removal of the cover glass one
to two days later. However, after three days of culture and removal of the cover glass, only some
hyphae were able to grow, and there was a failure in development. After five days of low-temperature
treatment and removal of the cover glass, no hyphae were observed to grow, suggesting a lack of
bioenergy to drive the metabolic sequence (Fig. 5).

Moreover, a one-day treatment at 4 °C was found to stimulate the proper physiological
conditions for expressing developmental potential, consistent with the previous studies (Fig. 5 A-, B,
C) (Humpherson Jones & Cooke 1977). In this study, the initiation and development sites were
sampled and directly observed under a scanning electron microscope, enabling magnification and the
distinction of different stages of development (Fig. 5D). These small primary bodies developed
through three stages based on external shape analysis: the swollen bifurcation branch stage, the broom-
like stage, and the folding fan stage.

When inhibitors were added during periods of strong growth, low-concentration inhibitors had
no effect. In treatments with high concentrations of inhibitors, cycloheximide had the greatest effect,
whereas the other inhibitors had a minimal impact. This indicates that the excess activation of
alternative routes can overcome the barrier to energy production. After treatment with highly specific
metabolic inhibitors, the required cultivation time for inhibition was increased to five days. When
using less specific inhibitors, such as K103, Naz EDTA, and sulfur-containing amino acids, such as
cysteine and methionine, only high doses (10~ M) of K103 and Na, EDTA showed a positive effect
(Fig. 6B).

A column B column

Actinomycan

- Potassium iodat:
Tetracveline -

Fig. 6 — Effect of chemical stress as metabolic inhibitors on sclerotium formation with Quad
symmetrical Inoculation on GAY medium. Comparison started after inoculation from one day at 22
°C, then undergoing 4 °C for another two days. After removing the cover film, then instantly proceed
to examine the results at the formation site. Interpretate the dose and incubation period proceeded. (A
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column) a = control blank; b = low concentration 10°M; ¢ = high concentration 10* M. (B column)
chemical dose concentration. a = contol blank; b = 10°M; ¢=10* M; d =103 M.

Metamorphosis within — Unveiling the physiology of sclerotial differentiation: The fueling
process, the metabolic stitches, the timing of progress, the structure imaging

The performance of secondary metabolism in the process of sclerotia formation, G6PDH, SH
protein, appearance patterns

To shed light on the metabolic role in sclerogenesis, the cytochemical localization of basic cell
components, enzymes, and proteins involved in oxi-redo activity, cell energy, and the terminal
product melanin were examined. These results were compared with the fundamental knowledge of
sclerogenesis, sclerotium formation.Understanding the underlying cellular processes of sclerotia
formation is made possible by the use of cytochemical studies. The nuclei aggressively split during
initiation, producing an enlarged structure. Enhanced energy resources and active synthetic potentials
are suggested by a rise in the number of expanded nuclei and the presence of thiol-based proteins.
TCA succinate dehydrogenase activity steadily increases with growth, suggesting a strong primary
metabolism. Simultaneously, secondary metabolism begins, as shown by the timely emergence of
catalase and polyphenol oxidase.

The glucose-hexaphosphate pentacarbon sugar pathway plays a crucial role in the formation of
the primary body of the sclerotium. The level of activity in this pathway indicates the activation of the
metabolic pathways. Acid phospholipase, associated with liquefaction fuel, shows increased
expression in regions with higher demand. The redox state of sclerotia reveals a high oxidative power
within the structure. Analysis by alkaline-soluble protein electrophoresis demonstrated significant
protein differences during sclerotial development. Notably, polyphenol oxidase activity showed
significant variation between the normal and mutant strains. The control group exhibited lower
expression compared to the dosed samples, suggesting that manipulating normal strains and restoring
ligamentous vegetative hyphae influences the developmental process. This study also explored the
potential value of formed messengers, which are perceived as indirect tools for investigating sclerotial
development (Williams et al. 2011).

The cell morphology and nuclei pattern in the sclerotial formation

Previous reports have indicated that high levels of carbohydrates and nucleic acids increase
during the sclerotium-forming stage (Valeria et al. 2021) and gradually increase for the lipids. They
play an integrated role in supporting sclerotia development. The direct indication by cytochemical
localization shows rigorous division from the single alignment in the vegetative hyphae into dual or
even multiple randomly aligned cells when cells gradually swell (Fig. 7A). Furthermore, with mature
sclerotia for monolayered cryosections, the inner cells of the medulla tissue degenerate into a slimy
matrix (Fig. 7B). The outer layer appeared porous, with a black melanin shield. After incubation in
autoclaved sand for one and a half months at a 16 °C environment, some ascocarp developed from
stromatic tissue and succeeded in protruding out; the asci stained by Giemsa stain revealed two nuclei
in one ascospore, which was the dominant characteristic of S. sclerotiorum (Fig. 7B-c).

Trehalose, a non-reducing oligosaccharide, has been found to regulate important cell functions
(van Laere 1989). It plays a role in response to hydrostatic pressure (lwahashi et al. 2000), nutrient
starvation, and various abiotic stresses such as osmotic, oxidative, and chemical stresses (Zahringer et
al. 2000). In this study, evidence shows that total reducing sugar accumulates at the vegetative hyphal
apex and is maintained through the fusion and CA periods (Fig. 7C). The linkage for this observation
was explained by transforming the sugar at a later developmental phase, which appeared at the mature
stage. Lipids are important in sclerotia for the preservation of organic matter during maturation
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(Papapostolou & Georgiou 2010). Precursors such as fatty acids are secreted into the exudate as well as
reserves in sclerotia (Weete & Le Tourneau, 1970). Lipid-containing vesicles were sparsely distributed
in the hyphae and densely disseminated in the CA.

There was no activity for lipid metabolism during the study from the time course until CA
formation, with stationary abundance having putative functions in degrading the polymeric
components of sclerotia and responding to environmental stress. Lipids have been detected in the
sclerotia of S. sclerotiorum. Ascocarp development and post-maturation may indicate the significance
of expression in phosphorylation and lipid breakdown. A compacting and twisting structure,
specifically inside the sclerotia, is how the CA abundantly advances further in morphogenetic
development as germination bodies (Fig. 7D). These results confirm the hypothesis that nucleic acid
metabolism is strongly related to the effects of metabolism with long-chain amino acids and
derivatives of ring amino acids and that it plays a critical role in commencing sclerotial development,
the necessary trigger of the pentose shunt route. Similar protrusion in immune T-cell differentiation
and metabolic processes have been documented (Ren et al. 2017).

The use of inhibitors of respiratory metabolism can help elucidate what occurs during sclerotium
formation. By rapidly altering the internal composition, including the aggregation of chromosomes and
the formation of swollen tissues, these inhibitors provide insight into the process of sclerotia formation
besides growth activity. The nutrient composition within cells might instantly feedback associated with
cellular constituents during differentiation. The overproduction and accumulation of polysaccharides,
as well as the state of the nucleus and the redox state of the cytosol at the tip of the hyphae, are critical
factors in the differentiation process. These principles of differentiation, along with the balance
between energy provision and utilization, contribute to sclerotial development.

A column B column

Fig. 7 — Cytochemical examing of sclerotium site from quadspot on glutamine yeast medium,

involving nuclei, Total sugar and Lipid. (A column) nucleic bahavior during sclerotial development, a

Vegetative hyphae, x 105; b Swallen hyphae at initiation, x 417; ¢ Cushion, x 250; d Cushion
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Aggregation (CA), x 240. (B column) Maturation of sclerotia cell and ascospore produced from
discocarp asci. a Maturing sclerotia shell cell (SSC); b Maturing SSC; ¢ Ascospore from apothecium
asci; d Matured sclerotia peripheral cell. (C column) Total sugar distribution during sclerotium
development. a Vegetative hyphae; b Swallen hyphae at initiation; ¢ Cushion initial; d CA. (D
column) Total lipid distribution, a Vegetative hyphae, x 900; b Hyphae tip, x 60; ¢ Cushion, x 80; d
CA, x 100; e CA, x 102.

The turning over of metabolic enzymes during the initiation of sclerotia formation

Most studies collect information by comparing consensus strains with mutant efficient strains,
and microscopic magnification by scanning electron microscopy successfully identifies the
developmental structure comparatively. Emphasis is placed on the physiological state based on
analytical data, which does not gather direct information for interpretation.

Active cell enzyme activity, as demonstrated by observing sulfur-reducing protein distribution,
was shown to accumulate at the apex of the developing hyphae at all stages. The activity of sulfhydryl-
containing enzymes increased as development progressed, while succinate dehydrogenase was
expressed in a ringed pattern (Fig. 8 C). In contrast, acid phosphorylase levels were slightly lower in
the vegetation, cushion, and CA, even in the late stages (Fig. 8B), indicating that phosphohydrolase
activity was not activated in the initiation period. The key enzyme involved in secondary metabolism is
regulated by glucose hexaphosphate dehydrogenase, and hydrogen peroxidase activity is involved in
melanin formation (Zhou et al. 2020, Panaccione 2005, Weld & Ridgway 2006). The interpretation of
present cytochemical studies was based on these principles and elaborated on the quadra impingement
stress model, which showed high fitness.

A column

Fig. 8 — Cytochemical examing Sclerotium site from Quadspot on GAY medium, primary and
secondary metabolic enzyme. (A column) Sulphur hydryl protein distribution during sclerotium
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development. a Vegetative hyphae, x 170; b Cushion, x 200; ¢ Cushion Aggregation (CA), x 200. (B
column) Acid phosphaesterase distribution during development. a Vegetative hyphae, x 300; hyphae,
x 123; b,c Swollen cell, x 90; d Cushion, x 188; e Hyphae, x 600; f CA, x 550; g Outer shell of CA, x
280. (C column) Succinic dehydrogenase distribution. a,b Vegetative Hyphae (VH), x 150; ¢ Swollen
hyphae cell, x 333; d Initiation Cluster, x 40; e Cushion, x150; f CA, x 80; g Peripheral of CA, x 416.
(D column) Glucose-6 Phosphate dehydrogenase distribution. a VH, x 627~700 X; b Swollen hyphae
cell, x 550; ¢ Cushion, x 360; CA, x 300.

Furthermore, the activation of enzymes and regulation of genes involved in sclerotia formation
have been hypothesized. Glycophosphokinase plays a key role in signaling (Rollins 2003), and
secondary metabolism is also driven by cAMP as a messenger, triggering the G6PDH metabolic
pathway, which uses GTP as a surface sensor (Rollins & Dickman 1998, Yu & Keller 2005). The
reported route is similar for sclerotia formation and plant defense reactions, which are now being
studied more intensively at the molecular interaction level for integration of the physiological route
involved (Melvin et al. 2006). On the molecular evidence, Zhou et al. (2020) reported and surveyed
sclerotia-specific proteins, and the expression of virulence was correlated to the hydrolyzate
mechanism involved. In addition, Russo et al. (1982) identified S. sclerotium as having a sclerotium-
specific protein from the development of sclerotium. This depicts the evidence that AA nutrients were
crucial in its development and pathogenic correlation. The cytochemical results provide judgment for
these key enzyme turnover times for metabolism towards its physiological proteomic stream to
triggering and initiation of the defensive structure and composition. These involve the generation of
rings or heterocyclic compounds and accumulation in the cortex of the resting body. The explode of
its physiological timing and role in triggering indicates that activity begins at the first two days, then
into the middle stage of differentiation, and continuously transfers various nutrients, carbohydrates,
lipids, and proteins to the hyphal tips for anabolism, while the redox state of the initiation cytosol
remains highly reduced and closely associated with cell differentiation (Fig. 8A, B). Succinic
dehydrogenase was more advanced than glucose-6-PDH, as shown by the sequence of fragmented
patterns in forming the CA structure. The expression of TCA cycle activity was moving forward
rather than glucose-6-PDH (Fig. 8C, D), indicating that secondary metabolism is triggered but
requires boundless bioenergy support through the sclerotial initiation process.

The distribution of polyphenol oxidase and hydrogen peroxidase activities during sclerotia
initiation

Localization of polyphenol oxidases at the initiation site

Polyphenol oxidase exists in sclerotial tissue as well as in exudate when maturation is reached.
The role of polyphenol oxidase (PPO) and horseradish peroxidase (HRP) in sclerotial development and
maturation has been discussed in previous studies as a function of forming the black outer layer. PPO
activity can be visualized as black, finer, or sparse granules in the vegetative and initial cushions (Fig.
9A). The PPO was observed at the onset of differentiation (Fig. 9A, a—), and its activity progressively
increased during the CA period (Fig. 9A, d). As the development progressed into fan aggregation, PPO
became heavily distributed in the core assembly (Fig. 9A, e—f).

Localization of peroxidases in the initiation site

It has been proposed that sclerotial metamorphosis is triggered by high oxidative stress,
including peroxidized lipids, and that sclerotial biogenesis inS. rolfsii is accompanied by the
accumulation of high levels of its constituents. A well-known indirect indicator was further supported
by (a) inhibition by hydroxyl radical scavengers, which inhibit sclerotial differentiation (Georgiou et
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al. 2006), such that hydrogen peroxide provides hydroxyl ion stress and thus promotes differentiation;
(b) relating the thiol redox state of these fungi to their sclerotial differentiation (Patsoukis and
Georgiou, 2008). The cytochemical localized enzyme activity was visualized as a yellow-orange color,
accompanied by scattered reddish granules that were unevenly distributed in various areas of the
hyphal body (Fig. 9B, a—c). The activity was turned over when vegetative hyphae became swollen and
more compact in the swollen cells. As the differentiation process begins, activity increases, notably in
the swollen bifurcated branches and their neighboring regions (Fig. 9B, d). During the slow broom and
fan periods, the enzyme activity reached even higher levels, closely associated with the hydroxyl
product providing oxidative stress (Fig. 9B, e—f).

Once biotic and abiotic stresses were methodically committed to memory, they were confirmed
as the driving force of sclerotial differentiation in the Queidra impingement model. The significant
additional results show that decreasing temperature stress — incubated between 16 and 22 °C — may
cause differentiation by parallel reactions, but pinged stress predominate its localization site. A non-
specific development pattern is thus observed, whereas similar cues, such as low-energy UV and
metabolic inhibitors, appear to have random eradicating effects. Although the creation of sclerotia
through hyphal mass was promoted by stimulant amino acids, these tolerated stresses direct the onset
of differentiation in the resting body, with the necessary vegetative nutritional support, especially in
the form of organic matter or stimulant amino acids. Hyphae swollen or parallel hymenium are the

initiators of morphogenesis, transforming vegetative cells into cushions.
A column B column
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Fig. 9 — Cytochemical examing of sclerotium site from Quadspot on GAY medium. Localization of
polyphenol oxidase and hydrogen peroxidase: (A column) Localization of polyphenol oxidase in
sclerotium development. a Vegetative hyphae x167; b x 200; ¢ x 150; d Swollen branching cell of
initiation, x 440; e Cushion aggregation (CA) of initiation x 167; f CA of initiatiion, x 190. (B
column) Localization of hydrogen peroxidase in sclerotium development. a, b Enzymes located in
vesicles under magnification, x 330 for vegetative hyphae; ¢ Swollen branch cell, x300; d Cushion
broom, x350; e CA, x150 and f shown bigger x300. Arrows indicate enzyme localization site.

Conclusion

Filamentous fungi evolve the sclerotium as an adaptive mechanism crucial for their survival and
propagation. Sclerotinia sclerotiorum emerges as an ideal model for comprehending the complete life
cycles of higher phylum forms, serving as a foundation for the exploration of developing tissues and
organs in biological studies. The loose tissue structure facilitates microscopic observations, and the
behavior of hyphae provides distinct avenues for discerning sclerotium development. Moreover,
cytochemical localization of metabolic enzyme distribution aids in investigating sclerotia development,
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offering visual evidence at the initiation site. In the differentiation process, directionless signals from
the initiation of vegetative growth are guided and anchored in response to stress. Cytochemical
localization of nutrients and enzyme analyzes outline the preliminary physiological divergence in
response to stress, with tricarboxylic acid (TCA) activation preceding the pentose shunt and succinate
dehydrogenase being vigorously activated at initiation. Sequentially, glucose-1-phosphate
dehydrogenase (G-1-P DH), indicating secondary metabolism, is activated, signifying that after
initiation, reducing sugars are redirected to generate NADPH, leading to other activities prominently
promoted in the later stages of development. Indirect stress, such as the reversible stress caused by
specific metabolic inhibitors with tolerated dosing, implies nutrient translocation for the differentiation
process. Polyphenol oxidase activity accumulates, while 2-mercaptoethanol plays an adverse role,
supporting the impact of oxidative stress. This intricate interplay of processes highlights the
multifaceted nature of sclerotium development and offers valuable insights into the underlying
physiological and biochemical dynamics.
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