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ABSTRACT

Ul+trastructural changes that occurred In Rhjzoctonia solani
hyphae during anastomosls were subtle, and-occurred very quickly once
hyphal contact was made. An extracellular matrix was consistently
observed between approaching cells and surrounding contacting cells.
Approaching hyphae frequently developed a protrusion toward oncoming-
cells, and cells In contact showed an accumulation of organellies.
Veslcles and numerous ribosomes also aggregated In hyphae that were
approaching one another or had made contact. Varying degrees of cell
wall dissolution were observed In contacting hyphal cells. Vesicles
were sometimes observed In these cells. Translocation of tritiated
glucose occurred readily in compatible AG's, Tritium labelling was
also detected amonag incompatible AG's, but to a lesser degree.
Translocation of tritiated leucine occurred only in reglons of

anastomosls, and tritlated materials were not transferred long

distances In the hyphae,
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INTRODUCT ION

Rhlzoctonia solani Kuhn Is a cosmopolltan soll-borne fungus,
capable of causling many dlseases on an extremely wlde range of hosts
(Baker, 1970). Young plants are most susceptible to attack by thlis
fungus, but under the correct environmental conditlons, mature plants
can also be Infected. Seed decay, damping-off, stem cankers, root
rots, frult decay, and follage blights are all disease symptoms caused
by B. solani (Baker, 1970), Additlonally, R. solanl is a strong
competitive saprophyte, which makes it difficult to control In the
fleld., Because of its widespread distribution, diverse host range,
variety of pathogenic expression, and competitive saprophytic abllity,
R. solanl 1s a very Important pathogen economically.

R. solani Is a heterokaryon anamorph of a Baslidliomycete fungus,
Ihanatephorus cucumerls (Frank) Donk. The anamorphic state Is
characterized by hypha! anastomosls of some, but not all, isolates with
one another., This observation has led to the recognition of
anastomosing groups (AG). Isolates that will fuse with one another are
placed In the same AG. Currently six AG's have been described.
Parmeter, Sherwood and Platt (1969) have described four groups,
Kuninaga, Yokosawa and Ogosh! (1978) have included two more, while
Ogoshi (1972) has subdivided AG 1 and AG 2 Into two subgroups each.
Isolates from different AG's will not anastomose.

Parmeter et al. (1969), when evaluating anastomosing groups,

described three kinds of anastomosis reactions. The first reactlion



Involved hyphal contact, but no further anastomoslis. In the second
reaction cell walls fused, but there was no cytoplasmlic transfer,
Finally, the third, known as the killing reaction, Involved cell wall
fusion followed by the vacuollzatlon énd cytoplasmic collapse of
several cells on elther side of the anastomoslis.

The %killing reaction' occurs In other Basidiomycetes also, and
has been described by Esser (1964) as somatic or vegetative
Incompatibillty., For R. solanl this occurs between different
heterokaryotic genotypes. The signlficance of this Incompatibility Is
that outbreeding Is Iimited In favor of Inbreeding. As a result, the
race becomes the evolutionary unit rather than the species, Each AG Is
genetically Isolated and noninterbreeding (Anderson, 1982).

Caten (1972) has suggested that vegetative Incompatibility may
decrease the spread of genetic elements, while Anderson (1982) proposed
that this Incompatibility may also make the heterokaryon more stable.
Esser (1964) also reported that somatic Incompatibility did not always
block nuclear and cytoplasmic exchange completely.

Heterokaryons have been found to be Important for virulence In
AG 4 (Anderson, 1982)., They may be Important in other AG's also. In
AG 4 and AG 2 type 1 researchers have shown that Infection cushion
formatlon and Infection hyphae follow a serles of genetically
controlled steps (Anderson, 1982), Heterokaryons appear to be
responsible for such events.

There have been a few ultrastructural studlies on R, solanj

(Bracker and Butler, 1963; Bracker and Butler, 1964; Butler and



Bracker, 1970; Grove and Bracker, 1970; Lisker et al., 1976; Kenning
and Hanchey, 1980), but none have dealt with anastomosis excluslvely.

Other studles have focussed on transliocation In R. solanl
(Monson and Sudia, 1963; King and lsaac, 1964; Littlefield, WIlcoxson,
and Sudla, 1965; and Littlefleld, 1967), but agaln they have not dealt
exclusively with anastomosis.

The purpose of this study was to examine the ultrastructural
events that occur during anastomosis, and to observe the translocation

of radioactive particles relative to anastomoses.



MATERIALS AND METHODS

Culture and Maintenance

Isolates of R. solan] from four different anastomosing groups
were acquired and malntained on Difco Bacto-potato dextrose agar (PDA)
plates kept at room temperature. Isolates were obtalined from: DODr,
Ear! Ruppel, Crops Research Lab, Fort Collins, Colorado; Dr. Nell
Anderson, Department of Plant Pathology, Unlversity of Minnesota; and
Wallace Kronland, Department of Plant Pathology, University of Arlzona.
Isolates were used for transmisslion electron microscopy and

autoradlographic studles.

Breparation of Hyphae for Transmission Electron Microscopy

Anastomosing hyphae were cultured on a film of autoclaved
cellophane (type 215 PD-62, E. |, duPont de Nemours and Co.,
Wilmington, DE) which had been placed on the surface of 2% agar plates
(Dl fco Bacto~agar). Plugs of R. solani AG 4, taken from PDA cultures,
were placed on the cel lophane 2-3 cm apart and Incubafed.overnlghf at
28 C, In which time hyphae from the two plugs had grown together and
anastomoses In varlous stages of union had occurred. Areas containing
anastomosing hyphae were selected for cryofixation according to the
method of Hoch and Staples (1983).

One hour before freezing, 4-5 mm squares of cellophane,
containing the areas for processing, were cut with a sharp scalpel and

placed on a petr! dish of 2§ agar to equilibrate. Equilibrated squares



were rapldly frozen by plunging them Individually Into liquid propane
at -189 to =193 C, After transfer to liquld nitrogen, the squares were
rinsed in acetone at -70 C to remove residual! propane and then
transferred to prechilled acetone (-70 C) contalning 2% osmlum
tetroxlde and 0.05% uranyl acetate. Substitution took place at -70 C
over 36-48 hours, Fresh osmium tetroxlide was used for each flIxation.

Following substitution, the squares of cellophane were thawed
gradually over a 4-hour perlod: 2 hours at -20C, 1 hour at 4 C, and
1 hour at room temperature, and then rinsed three times in anhydrous
acetone. Membranes and anastomosing hyphae were Infiltrated with
Spurr's B resin In 10% increments for 1 hour each. 100% resin was
changed twice,

The embedding technique followed that of Reymond and Pickett-
Heaps (1983), Precleaned, frosted glass microscope slides were dlpped
In liquid mold release agent (Electron Microscopy Sclences, Fort
Washington, PA), drled at room temperature for 2 hours, and then dried
at 60 C overnight. Following drylng, 5-6 membranes were embedded In a
thin layer of 100% Spurr's resin between two of the glass slides. The
resln was polymerized overnight at 60 C.

After polymerization, the glass slldes were separated, and the
membranes were observed under the |Ight microscope. Areas to be
sectioned were photographed wlth Kodak Technical Pan black and white
f1lm, and were marked with a dlamond scribe (E, Leltz, Inc., Wetzlar,
Germany). The membranes were then cut away from the glass slide and

glued to resin stubs with Eilmer's 2-part epoxy glue. Specimens were



trimmed by hand and then sectioned with glass knives on a LKB Ultratome
111, Sections were collected on 200 mesh copper grids that had been
coated with fﬁln layers of formvar (0.3% in ethylene dichloride) and
evaporated carbon. Grids were stained for 30 mlnutes In saturated
urany| acetate and 30 minutes In Reynold's lead citrate. Sectlions were
observed and photographed on a Hitachli-500 transmislion electron

microscope at 75 kY,

Autoradiography Studies

Tritiated glucose and tritiated leucine were used to label Ra
solanl for autoradlography studies. Two 4-mm discs of R, solanl from
PDA plates of rapidly growing cultures were set up on glass microscope
slldes. Each agar disc was from a different Isolate. Both compatible
and Incompatible AG types were used for glucose treatments. Only AG 4
Isolates were used for leucine treatments, Ten slides were set up for
each comblnation of AG types, with two unlabelled slldes for controls.
One !solate was labelled with 5 Cl of tritium beneath the agar plug,
while the other Isolate had 5 | of unlabelled sugar beneath it. Slides
were Iécubafed on moistened fllter paper In plastic petri dishes at ca.
28 C for 24-48 hours.

When mycellum from the two agar plugs had grown together, the
slides were placed on top of a 1/2" aluminum plate at =20 C that fIt
Inside a large desslcator. WIth the slides frozen to the plate, the
dessicator was attached to a lyophilizer, and the slides were freeze~
dried overnight. After lyophilization, the agar plugs were cut away,

and the slldes were stored unti! coated with emulsion.



Ilford K.5 nuclear research emulsion was melted at 39 C In a
water bath, and the previously lyophilized slides were dipped In the
emulsion and allowed to dry while standing on end. The slides were
then kept in sealed microscope slide boxes for 3-5 days at 4 C.

Kodak D-19 developer diluted 1:2 with water was used to develop
the slides after the required exposure time. Followling dehydration In
50%, 70%, and 100% ethy! alcohol and 2 rinses In xylene, Permount
(Fisher Sclentific, Falr Lawn, NJ) was used to mount coversl|ips on the
sildes. The slides were observed under the light microscope, and were

photographed with Kodak Technical Pan flim.



RESULTS

Electron Microscopy

An extracellular matrix surrounded hyphal tips and reglons of
anastomosis where 1+ was most easily observed (Fig. 1). The matrix
appeared to be a fibrlllar reticulum which was condensed near the
region of hyphal contact. It remalned surrounding the cells throughout
the anastomosis process (Fig. 2). The matrix extended along the
hyphae (Flig. 2), but 1t was most easily observed In a small area
between approaching hyphae (Fig. 1).

Approaching cells often developed a protrusion toward the
oncomling cells (Flgs. 3=5). The size of the protuberance ranged from a
slight swellling (Figs . 3,4) to a more pronounced cellular extension
(Fig. 5). At this polint In the anastomoslis process no changes were
observed In the fungal cell walls (Fig. 3),

After the hyphal cells had made contact, an accumulatlion of
organelles near the polnt of contact often occurred (Figs. 1,5,9).
Potymorphic mitochondria were common In this region, and Individual
cells were frequently polynucieate. Endoplasmic reticula were observed
In this reglon as well.

An aggregation of vesicles could be seen In hyphae that were
approaching one another, and In hyphae that had already made contact
(Figs. 2,5,6,7,8). The vesicles varled In size, and number. Vesicles
appeared to be fringed by extremely small, dense granules. Cells

contalning numerous vesicles also contained a hlgh concentration of



Fig. 1. Two hyphae of anastomosis group 4 during Initial contact.

Fibrillar extracellular matrix (em) occurred between the
cells. Mitochondria (m) and endoplasmic reticulum (er) were
clustered In thls region.

(X 7000} .
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Fig. 2 Extracellular matrix (em) surrounding anastomosing hyphae.

Vesicles (v) were observed to accumulate near contacting
cell walls,

(X 4800).



Fig. 3. Transmission electron micrograph i1lustrating approach of

hyphal cells.

One cell protruded toward other.
(cw) were stil! intact.

(X 9000).

At this point cell walls

n



Fig. 4.

e

.

Transmission electron micrograph 1!lustrating slight
protuberance of anastomosing cells.

(X 3000).
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Fig. 5.

Hypha! cells protruded as they approached one another.,

Accumulation of organelles and vesicles (v) was observed.
Nucleus (n), mitochondria (m), and endoplasmic reticulum
(er) were in close assoclation.

(X 4800).
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Fig. 6.

Transmisslon electron micrograph 1llustrating aggregation
of vesicles (v) along contacting cells of anastomosis.

(X 10,000).
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