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Abstract

Light and electron microscopy of two modes of sporangium direct germination
in Peronophythora litchii, with normal germ tube on V-8 juice agar and with thin
germ tube on 22 water agar, were described, The flagella and cleavage system
degenerated prior to normal germ tube formation., Subsequently, numerous dictyosome-
derived vesicles moved toward the sporangial wall at the site where the nascent germ
tube was deposited between the dissolved sporangial wall and the plasma membrane.
As soon as perforating through the sporangial wall, the emerging normal germ tube
started to extend and branch, and ultimately, it entered into the mycelial stage.
Concurrently, in the sporangium part of the germling, the cytoplasmic changes
inclined to those at the hyphal tip. However, some variances existed between these
two modes of germination. Directly germinating sporangium from 227 water agar
mostly had a single germ tube, thinner than the normal one, emerging frequently
from the papilla. After the thin germ tube emergence, its growing rate was slower
and no branching was observed, Further, the number of dictyosome was not as
many as in the normal germling and its activity was lower,

Introduection

Direct germination of sporangia of Peronophythora litchii was reported to take
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place at higher temperature (28°C) on V-8 juice agar, while sporangia can differen-
tiate and release zoospores by cold shock (12-16°C) in the presence of free water
(Kao and Leu, 1980). Similar ways of germination were found in the genus Phyfo-
phthora (Hemmes and Hohl, 1969; Ribeiro, 1983). However, in Peronophythora, two
modes of directly germinating sporangia, by normal germ tube on V-8 juice agar
and by thin germ tube on 225 water agar, were found (Kao and Leu, 1980). The
present study was aimed at the electron microscopy of these two modes of direct
germination, in order to investigate their cytoplasmic events and to compare with
those previously described in Phytophthom species (Hemmes and Hohl, 1969).
According to Smith ef al. (1976), the germination of nonmotile fungal spore was
divided into three phases: 1. the ultrastructural changes within the spore before
germ tube emergence; 2. the protrusion of the germ tube from the spore wall;
3. the elongation of the germ tube and the establishment of the hyphal tip. This
provides a basis for comparative studies and description in direct germination of
Peronophythora sporangia,

Materials and Methods

An isolate of Peronophythora litchii, PPCT P 120, originally isolated in 1977 at
Plant Protection Center, Taiwan, was used. Cultures of the fungus were grown in
light at 26°C on V-8 juice agar (10% V-8 juice agar, Campbell Corp., 0.29% CaCO,,
2% agar) in 9cm petri dishes. After 7-8 days of incubation the cultures were
inversely printed on fresh V.8 juice agar plates. These re-inoculated plates were then
placed in light at 26°C for 32h. The cultures, now bearing abundant sporangia
(Figs.1,2), were used to induce direct germination of sporangia. These cultures were
inversely printed on V-8 juice agar or on 2% water agar,then all incubated in light
at 28°C for 80 min and for 150 min, respectively. They were then fixed by adding 3%
glutaraldehyde in 0.05 M sodium-cacodylate buffer at pH 7 for 0.5h and were brushed
lightly with a brush to obtain sporangia suspension. The suspension was centri-
fuged at 590 g for 10 min and the pellets were mixed with an equal volume of 3%
molten agar. The resultant agar pellets were cut into small blocks and resuspended
in fresh fixative for 1.5h at room temperature, After being washed for 30 min in
three changes of buffer at pH 7 for 1.5h at room temperature, then rinsed for 30
min in three changes of distilled water and stained for 3h in 0.5% aqueous uranyl
acetate, the blocks were dehydrated in graded series of ethanol and embedded in
Spurr’s resin, Thin sections were poststained in lead citrate and examined under
a Hitachi H-300 electron microscope using 75 Kv accelerating voltage.

For scanning electron microscopy, specimens of directly germinating sporangia
were vapor-fixed for 6h at room temperature with several drops of 22 phosphate-
buffered osmic acid. The specimens were dehydrated in a graded series of ethanol,
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and then immersed in absolute amyl acetate overnight. After being critical-point-
dried, samples were gold-coated in an Akashi evaporator and photographed with a
Hitachi S-410 scanning electron microscope.

For light microscopy, mature sporangia and directly germinating sporangia
were observed and photographed with Zeiss photomicroscope. ‘

Results

Ultrastructural Changes within the Sporangium before Germ Tube Ewmergenence

Cytoplasmic events in the mature sporangium of Peronophythora liichii had
been described previously (Lin, 1980). When the mature sporangia were induced to
germinate directly, the morphology of subcellular organelles gave rise to some
changes. The large flagellar vacuole (Fig. 10) had been cleaved into several smaller
vesicles which always contained multi-layered vesicular membranes (Fig. 12).
These vesicular membranes were the traces of flagellar degeneration. The dictyo-
somes were often distributed in the periphery of the nucleus (Figs. 11, 12). These
organelles did not produce cleavage vesicles as in the mature sporangium (Fig. 10),
but secreted cell wall vesicles which often isotropically underlied the plasma
membrane (Fig. 11), and similar. to those described in indirectly germinating
sporangium (Lin, 1980). Although no newly formed vesicular elements just below
the sporangial wall completely around the protoplast was evidently observed as
described in Phytophthora parasitica (Hemmes and Hohl, 1969), there was a thin
wall-like layer that might be newly formed around the whole sporangial protoplast
in the directly germinating sporangium with thin germ tube (Figs. 24, 25). The
fingerprint vacuoles had not yet lost their structure, but appeared less clear (Figs.
11, 13). The osmophilic lipid body revealed electron-denser in staining, but more
electron-transparent 'in the periphery (Fig. 11). The nucleus yet maintained its
pyriform. shape (Fig. 11). In contrast with the mature sporangia, the narrow
portion of the nucleus in the induced sporangia was not always toward the sporan-
gial wall (Fig. 11) and several layers of endoplasmic reticulum were not observed
around the nucleus (Figs. 11, 12). In addition, the outer membrane of nuclear
envelope was sometimes attached by aggregated ribosomes, concurrently, the inner
membrane was not edged by the elctron-dense nucleoplasm (Figs. 11, 12). . The
number of nuclear pore was not as many as in the mature sporangium (Fig. 10).
The morphology of the nucleus was very similar to that found at the hyphal tip.
The plasma membrane of Athe induced sporangium was acutely angled, forming
a rugose, folding appearance (Figs. 11, 12).

Protrusion of the Germ Tube from the Sporangial Wall

Just prior to the germ tube formation, numerous cell wall vesicles appeared to
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be aggregated near the #rams side of the cytoplasm (Fig. 15) as those found in
germ tube tip (Figs. 18, 19) and in the hyphal tip (Fig. 30). Obviously, a spacious
accumulation of these vesicles occurred in the periphery of the sporangial cyto-
plasm (Fig. 15) near the site where the nascent germ tube was later initiated.
These vesicles were gradually transported to a restricted area of the surface of
the round cell where germ tube would be formed and emerge (Fig. 16). The inner
side of the original sporangial wall over this restricted area was transformed from
electron-translucent into electron-dense granular structure (Fig., 16) which developed
upward along the nascent germ tube perforating through the original sporangial
wall. Subsequently, in this area, gathering more cell wall vesicles, the nascent
germ tube wall was newly formed between the dissolved sporangial wall and the
plasma membrane (Fig. 17). In the same time, this newly formed germ tube was
slightly tapering and, shortly afterward, broke through the sporangial wall (Fig.
18). This incipient germ tube was filled with numerous cell wall vesicles as in the
hyphal tip (Fig. 30). As soon as perforation through the sporangial wall was done,
the emerging germ tube was enlarged and, the mitochondria and endoplasmic
reticulum were seen in the germ tube (Fig. 19). In the sporangium part of the
germling, the shape of mitochondria changed from stumpy to elongated and narrow.
The cleavage vesicles, the fingerprint vacuoles, the lipid bodies and the central
vacuole were aggregated together and inclined to fuse one another (Figs. 20, 21).

In general, there were often several germ tubes emerging from random posi-
tions of the sporangium exposed to V-8 juice agar (Figs. 3, 4, 8, 9). However, a
sporangium exposed to 2% water agar, a single germ tube was frequently protrud-
ing at the papilla region (Figs. 6, 7, 23). Although its germination process was
similar to that in the normal germination, the cytoplasmic phases of sporangia
revealed a little difference. There were nine sets of dictyosomes found in the nor-
mal germinating sporangium (Fig. 20), but only one set of dictyosome, which
lacked the characteristic secretory vesicles and appeared reduced (Fig. 14), was
observed in a germinating sporangium with thin germ tube (Fig. 21). The sporan-
gial protoplast was separated from the sporangial wall (Figs. 22, 24, 25). Further-
more, the formerly formed thin layer wall, which was continuous with the newly
formed germ tube wall at present, was slightly departed from the sporangial wall
(Fig. 25). However, the germ tube was yet in close association with the germ tube
cyvtoplasm (Figs, 22, 27).

Elongation of the Germ Tube and the Establishment of the Hyphal Tip

After emergence and enlargement, the germ tube started to elongate (Fig. 3),
then branched (Fig. 4). Subsequently, it entered into the mycelial phase (Fig. 5).
However, in 29%-water-agar induced sporangium, germ tube (Figs, 6, 7) did not
branch and was narrow in width than that in normal induced sporangium (Fig. 4).
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The cytoplasm of these germinating sporangia in mycelial phase increased in
vacuolation (Fig. 28). The fingerprint vacuoles had completely lost their fingerprint
structure and contacted with each other (Fig. 28), Later, the electron-transparent
vacuoles appeared in the cytoplasm and gradually occupied the bulk of the cyto-
plasm (Fig. 29). In 2%-water-agar induced sporangium, its darker materials were
seen transported to the germ tube area along the thin germ tube development
(Figs. 6, 7). In normal induced sporangium, some darker materials were yet
remained in the sporangium of the germling (Fig. 5).

While the thin germ tube was elongating, the sporangial wall near the germ
tube was also extended and thinner than the original sporangial wall. Furthermore,
a thin papilla layer was seen over the extended sporangial wall (Figs. 26, 27).

The cytoplasm of the hyphal tip developed from the germ tube was filled with
abundant cell wall vesicles and a few ribosomes (Fig. 30). Behind this vesicular
zone, elongated mitochondria, dictyosomes and segments of endoplasmic reticulum
were found (Figs. 30, 31). The mitochondria were often seen near the haphal wall
(Fig. 32). The hyphal wall was consisted of two layers, the amorphous outer layer
and the electron-translucent fibrillar inner layer (Figs. 30, 32).

Discussion

Generally, the ultrastructural changes in directly germinating sporangium of
Peronophythora litchii are similar to those described in Phytophihora parasitica
(Hemmes and Hohl, 1969). The mature sporangium of Peronophythora litchii has
directly developed to be able to process immediately the indirect germination in
free water (Lin, 1680), therefore, the cytoplasm of the mature sporangium is not
in resting phase resembling to that in the dormant spore. Thus, the flagellar
degeneration and the cease of the cleavage vesicles secretion are the major cyto-
plasmic events during the period prior to the germ tube formation, On the other
hand, this initially induced sporangium is in the absence of cell expansion or wall
thickening before forming the germ tube, which is generally occurred in the
germination of the nonmotile épore (Smith et al., 1976). Nevertheless, there is a
thin layer structure formed around the sporangial protoplast before the germ tube
formation, After the germ tube emergence, the induced sporangium inclines to
changing its cytoplasm into that of the hypha and its dictyosomes. proliferate
numerous cell wall vesicles for the establishment of the initial germ tube wall and
subsequent germ tube formation. In Phylophthora parasitica, Hemmes and Hohl
(1969) stated that direct germination might be regarded as an intrasporangial
encystation of partially formed zoospore. We agree to that and further indicate
that cytoplasmic changes in direct germination of sporangium are very similar to

those in the cyst germination,



32 Botanical Bulletin of Academia Sinica Vol, 25

Hegnauer and Hohl (1973) described that the cyst germ tube wall was not a
simple extension of the cyst wall but a new structural entity separated from the
cyst wall by thin line of demarcation. However, Tokunaga and Bartnicki-Garcia
(1971) and Grove and Bracker (1978) observed that the wall of the germ tube was
continuous with the cyst wall. From our observations in direct germination of
sporangia, we agree with Hegnauer and Hohl (1973). Figs. 18, 19 and 22 show that
the region between the germ tube wall and the sporangial wall is the electron-
dense granular structure, which is the dissolved sporangial wall. The thicker germ
tube wall is evidently continuously with the thin layer wall (Fig. 22), and is not
possible to be an extension of the original sporangial wall.

Two modes of sporangial direct germination, with normal germ tube on V-8
juice agar and with thin germ tube on 2% water agar, were reported (Kao and
Leu, 1980). In light microscopy, the former mode is with several germ tubes in a
sporangium, its germ tube is wider and able to branch, and the growth rate of the
germ tube is faster, However, the later has only a germ tube which is always

emerged from the papilla region, its germ tube is narrower and not able to branch,
and its growth rate is slower. In electron-microscopy, no difference is observed in
the cytoplasmic aspects of the both induced sporangia prior to the germ tube
emergence. After that, some variances between these two modes of direct germina-
tion are conspicuous, especially for the number and the activity of the dictyosomes
and the sporangial wall extension along the germ tube development. Concisely, the
external and internal morphological differences between these two modes of direct
germination all occur after the germ tube emergence, Significantly, the different
medium results in these two kinds of germination, by normal germ tube and by
thin germ tube. In other words, the external nutrient supply perhaps is the limit-
ing factor.
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Fig. 13. Same as in Fig. 11. A dictyosome view, illustrating the presence of the cell wall vesicles
associated with its frans side, vesicles which bud (arrow) from the transitional element
of the rough endoplasmic reticulum on the c¢is side. TEM. Bar scale=0.25 um,

Fig. 14, The reduced dictyosome in an induced sporangium (from 225 water agar) after germ
tube emergence. TEM, Bar scale=0.25 pm,

Fig. 15. An accumulation of numerous cell wall vesicles near a dictyosome just prior to the
germ tube formation. TEM. Bar scale=0.5b pm,
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Fig. 16. Gathering of cell wall vesicles underlying the plasma membrane at the site where the
original sporangial wall is dissolved into electron-dense granular structure (dW) and
the germ tube is to be formed, TEM. Bar scale=0.25 um.

Fig. 17. Part of the periphery of an induced sporangium at the earliest recognizable stage of
germ tube protrusion, The incipient germ tube is recognized as a slight outward
bulge in the sporangial wall beside the cluster of cell wall vesicles (comparable to
the stage shown in Fig. 16). The newly deposited germ tube wall (arrows) is found
between the plasma membrane and the dissolved sporangial wall. TEM. Bar scale=
0.25 pm,
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18. The just emerging of the incipient germ tube from the sporangial wall before the
swelling of the germ tube, TEM. Bar scale=0.25um.

19. A more developed germ tube than that shown in Fig. 18. Segments of endoplasmic
reticulum (arrows) and mitochondria have been found in the swelled cylindrical germ
tube. Note the dissolved sporangial wall (arrowheads). TEM. Bar scale=0.5 um.
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Fig. 20,

Fig. 21.

A directly germinating sporangium with a germ tube (from V-8 juice agar) illustrating
typical cytoplasmic organization of a germling. Nine sets of dictyosomes, elongated
mitochondria and the aggregation of the cleavage vesicles and the central vacuole are
observed, TEM. Bar scale=2 um,

Same as in Fig, 20, but from 225 water agar. Obviously, only one set of dictyosome
is seen, TEM, Bar scale=2um.
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Figs, 22-29. The TEM of the directly germination sporangia on 22; water agar,

Fig. 22. A young germ tube which is filled with cell wall vesicles, including lemasomes. In
addition, the sporangial wall with the dissolved sporangial wall is separated from the
germ tube wall, Bar scale=1um,

Fig. 23. The protrusion of an incipient germ tube through the papilla. Bar scale=1pm.

Figs. 24 and 25. The connecting of the germ tube wall with the thin layer (arrows) which
surrounds the sporangial protoplast, Bar scales=1pm, 0.5 um, respectively.



Jan, 1984  Leu et al.—Sporangium Direct Germination of Peronophythora 41

Figs. 26 .and 27,

The emergence of a germ tube from the papilla, simultaneously,

the papilla,
and thesporangial wall extending along the development of the germ tube, Bar scale=
2 pm,

Fig. 28. Vacuolated cytoplasm in the sporangium portion of a germling after the establishment
of hyphal tip. Bar scale=2um,

Fig. 29. A germling at the later stage than shown in Fig. 28. Large electron-transparent vacuole
appears in the area back toward the germ tube. Bar scale=2pum.
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Fig. 30. Accumulation of cell wall vesicles at the hyphal tip (from V-8 juice agar), TEM. Bar
scale =0.5 pm.

Fig. 31. The cytoplasm just behind the vesicular zone at the hyphal tip (from V-8 juice agar).
TEM. Bar scale=0.5 um.

Fig. 32, A near median thin section of a hyphal tip derived from a thin germ tube (from 22
water agar). TEM. Bar scale=0.5um.



Jan, 1984 Leu et al—Sporangium Direct Germination of Peronophythora 43

Smith, J.E., K. Gull, J.G. Anderson, and S.G. Deans, 1976. Organelle changes during fungal
spore germination. Iz D.J. Weber and W.M, Hess (eds.), The Fungal Spore, Form and
Function, John Wiley and Sons, New York, pp, 301-352.

Tokunaga, J. and S. Bartnicki-Garcia. 1971, Structure and differentiation of the cell wall of
Phytophthora palmivora: cysts, hyphae and sporangia. Arch. Mikrobiol. 79: 293-310.

R
'f’%i?fﬂ i%_i%;; E’ré %4{;,2

LRE KB SFEE
ZEW T Y AR v O R B

HERER R IR TE 0 /£ V-8 juice agar PHEITIER AYEHEEE » KBS
s fe » SeRIEBRMEA » IR TTRESRIER » BE S WA, iR » HioZEH
g B A TR BERE (2 SE— R » R ETREREE A T AR 0 RN B B A IR S R B A
B TaBEREIITAR » WIFISM ISR » SERRTREREE > WRHEERE » HEF T — Ml R AN K R E
R o M » ZMBOTT AT IRV ERHES o BRSF B Rrh » TRERPSHEIE B (L » IR EMIIR
FIREIRRS o IR A R R E TR S N AR 0 R B ) IRENTRRRE
AEEL R N EAE BN R R R MR RS » IS BT R B AR 0 DU E R E Y o

A MRETREET 2 % water agar PR b SMTEERES  HREFNWEERFAETE
Bl o SHRTRRTHS 0 SBTRIERE -FE ) B4 RRFEENSLZRIAM H  RERRBIEE » EA%
ke 1 TE S BEGRESE o PORDIBIRE TS » SR gl DU AT Ao T B POl B B SRIE F I HERE3F AR > |
ARG 2R 12 > ORI B B R EL /5 1 RO E R B ARRE 2 R o

SRR PR
A e A AT BT LR, — 8000
© SRR P LT - FBI e





