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STUDIES ON CYTOLOGY
OF USTILAGO CRAMERI”®

C. S. WANG
(Accepted for publication May 22, 1943)

INTRODUCTION

Ustilago crameri (smut of millet) is one of the few smuts known
to complete its life cycle on artificial substratal®®!; therefore, it af-
fords an exceptional opportunity to study the nuclear behavior in sa-
prophytic as well as in parasitic stages.

It has been shown frequently that new physiologic races of cer-
tain smut fungi may arise through hybridization or mutationt®*-231,
Nevertheless, many of the investigations have not dealt with the actu-
al mechanism concerned in the behavior of the nuclei, that is, the cy-
tological basis for the possible origin of new races. It is well known
that meiosis in most smuts occurs during chlamydospore germination,
but it is not known at what stages during germination the reduction of

[10.12.231 =~ Moreover the nuclear behavior of

chromosomes takes place
the hyphal cells in either parasitic or saprophytic stages varies in dif-
ferent species, and in the same species at different stages of develop-
ment'*?*) Therefore, the writer investigated these phases of the
problem as thoroughly as possible.

Practically, the resistance or susceptibility of the host to smut

fungi is determined by the presence or absence of smutted kernels,

@ A portion of a thesis presented to the Graduate School, University. of
Minnesota, July, 1937, in partial fulfillment of the requirements for the degree of
Doctor of Philosophy. Published as Paper 2086 of the Journal Series of the Minne-

sota Agricultural Experiment Station,



but actually this is not proof that the fungus can or cannot penetrate
into the host. In fact Brefeld™® and others!’®?} thought that the
hyphae of certain smuts grew so slowly that they were unable to
reach the meristem before the surrounding stelar tissue hardened. Re-

101 concluded that there are

cently, from a histological study, Western
three different bases for resistance in oats smut: a reaction of the epi-
dermal cell wall which prevents penetration, necrosis of the host
cells, and a retarding effect on the growth of mycelium within the
host. Since there is virtually no information on the relationship of
Ustilago crameri to the host plant the writer also investigated this
problem.

The literature on the cytology and host parasite relations in the
smuts has recently been adequately reviewed'?:13:15:22:29:30) 54 there-
fore will not be repeated here, but literature which is pertinent to

particular phases of this study will be referred to whenever necessary.

EXPERIMENTAL RESULTS
Cytology of Ustilago crameri

Nature and Type of Chlamydospore Germination. The chla-
mydospores of Ustilago crameri Kcke. are ovoid to subspherical and
8 to 11y long. Under ordinary conditions the spores are capable of
germination without dormancy and have been shown to remain viable
for at least 62 years®. On germination, a promycelium emerges
through a gap in the spore wall. It may branch considerably, but no
sporidia have been observed. Sometimes 2 or more promycelia may a-
rise from a single chlamydospore. v

Meiosis. In order to study the nuclear behavior during germina-
tion, spores were dusted with a camel-hair brush, on a thin film of 1
per cent malt agar or 1. 5 per cent potato-dextrose agar, spread upon
slides, then put in a sterilized moist chamber until the desired stage of
germination had been reached. The material was then killed in
Flemming’s weak solution, washed, and stained in iron-alum haema-
toxylin,

The mature chlamydospore of Ustilago crameri contains a single

.« 2



PLATE 1. Fig. 1. A mature chlamydospore with a diploid nucleus. Figs. 2~4.
Different stages of the first division in the chlamydospores, In figure 4, a is a papilla.
Figs. 5~6. Showing the migration of a nucleus from the chlamydospore to the promyceli-
um. Figs. 7~11. Various stages of first division in the promycelium, showing the divi-
sion figure. Figs. 12~14. Various stages of second division, showing reduction in chro-
mosome number in first division. Fig. 15. A normal promycelium with four haploid nucle-
i, after two divisions. Figs. 16~18. Reductions in chromosome number in second divi-
sion. Figs. 19 ~ 24, Abnormal reduction division, Figs. 25 ~ 32. Initiation of
dikaryophase by “knee joint” between two adjacent cells, showing migration of nucleus.
Figs. 33~34. Nuclear migration and association, slightly different from figures 25~32.

Drawn free-hand; approximately X 1000.



nucleus (Pl. 1, Fig, 1), which is diploid. This also is generally true

L9:17.18.24.29)  Tny U, crameri at germination, the

for other smut fungi
first division of the diploid nucleus takes place either in the chlamydo-
spore or in the promycelium (Pl 1, Figs. 1 to 10). Unfortunately,
the early stages of the prophase were not observed. Later, 4 small
deeply staining units, which are probably the chromosomes, can be
seen in the nuclear membrane, but the chromosomes are too small to
allow one to see the actual split. Subsequently, the chromatin masses
move apart and contract into 2 daughter nuclei (Pl. 1, Figs. 1 to 4).
In the meantime a papilla appears with dense cytoplasm (Pl. 1, Fig.
4), The papilla, which has grown gradually toward the wall, then
breaks through it and finally passes outward, forming the promyceli-
um. At the same time the diploid nucleus migrates into the young
promycelium and divides (Pl. 1, Fig. 7). The nuclear division in the
promycelium is more clearly visible than that in the spore, but it still
has not been possible to observe the early prophase of the division.
The stages from late prophase to the end of the telophase are shown
in plate 1, figures 7 to 11. A typical telophase figure with a single
strand of fibers between the two daughter nuclei and the newly form-
ing septum is shown in plate 1, figure 10.

The second division quickly follows the first; in fact, a resting
stage is rarely found. In plate 1, figure 12, is shown a 2-celled pro-
mycelium with 2 nuclei, each nucleus containing 2 chromosomes
(haploid number for Ustilago crameri) with a more or less indistinct
nuclear membrane. The subsequent stages are shown in plate 1, fig-
ures 13 to 15. It is evident that in the prophase of the second division
(Pl. 1, Fig. 12) only 2 chromosomes are shown, and at the end of
this division there are 2 chromosomes in each daughter nucleus (Pl
1, Fig. 14). It appears, therefore, that reduction in number of chro-
mosomes has taken place at the first division. In contrast to this, the
reduction occurs at the second division in the promycelia shown in
plate 1, figures 16 to 18, as there are 4 chromosomes at the beginning
of the second division (PL 1, Fig. 16). Variations in the chromo-
some conditions are shown in plate 1, figures 19 to 22, and 23 to 24.
In figures 19 to 22, there apparently is no reduction in chromosome

e 4



numbers either at first division or second division. Particular atten-
tion is called to figure 21, because the nucleus is now in the third di-
vision, with 4 chromosomes still distinctly visible, and the spindle fi-
bers are clearer than any others so far observed. In plate 1, figure 23,
it will be seen that there are 2 nuclei with 4 chromosomes each and 2
with 2 each ; consequently, there are 2 large nuclei alternating with 2
small nuclei in the same promycelium (See also pl. 1, Fig. 24),

The frequency of fusion between the 2 middle cells and the 2 end
cells of the promycelium support cytological evidence that reduction
in chromosome number may occur in either the first or second divi-
sion. Therefore, in order to obtain more definite information on the
frequency of segregation in either division, observations were made
on promycelial cell fusions. Chlamydospores were germinated in pota-
to— dextrose agar at 25°C; after 72 hours, 300 counts were made on
the frequency of cell fusion. The actual ratio of the middle to adjacent
end cell fusion was 38. 7 : 61. 3 as compared with the theoretical ratio
37.5 to 62.5 (3 ¢ 5) if the frequency of segregation in the first divi-
sion and in the second division were equal., @

Bauch'™ and Hiittig''*! have shown that temperature has consid-
erable influence on the time of chromosome reduction in certain
smuts. Four different temperatures were tested for their effect on the
time of chromosome segregation. The results are given in table 1
from which it can be seen that the ratio of middle cell fusions to adja-
cent end cell fusions is approximately 3 : 5 at all temperatures. This
also indicates that the ratio of segregation of sex factors in the first
division is about equal to that in the second division and that the ratio

was not modified materially by temperature.

@ 1 segregation for sex factors occurs at random in either the first or second
division, then the frequency of segregation of sex factors in the first and second di-
vision should be equal, unless crossing over occurs, However, 25 per cent of the
cell fusions of the second division should resemble those that occur when segrega-
tion takes place in the first division, that is, the fusion of the two middle cells and

two end cells of the promycelium, hence the 3 ¢ 5 ratio,



TABLE 1. Effect of temperature on segregation of factors for sex in Ustilago
crameri , as indicated by the fusion of promycelial cells

Fusion
Temperature, C Middle cells Distal cells
Actual number| Per cent | Actual number| Per cent
15 115 37.8 189 62.2
20 118 41.0 170 59.0
25 130 38.7 206 61.3
30 121 38.9 190 61.1

Origin of Haploid Colonies

It is difficult to isolate haplonts in Ustilago crameri because no
sporidia are produced. The writer attempted to obtain haploid lines
by the method described by Christensent” for Ustilago tritici (Pers.)
Rostr. To isolate haploid lines of Ustilago crameri , single chlamydo-
spore cultures were made on hanging drops. As soon as the cultures
could be seen with the naked eye, the resulting small colonies were
immediately transferred to agar tubes and finally to 2 per cent malt
agar in 250cc. flasks to which enough water had been added to cover
the surface in a thin film. After 2 to 3 days the flasks were shaken
vigorously to bring about fragmentation of the hyphae, in the expec-
tation that single haploid cells might become isolated in the film of
water on the agar, When colonies developed, further isolations were
made in the usual manner. By this method a number of haploid colo-
nies were obtained.

It is known that a dicaryotic hypha of smut may dissociate and

give rise to haploidst*1%14

. It seems possible that sectors. in culture,
which are not uncommon in Ustilago crameri, may in some instances
originate by means of nuclear dissociation. In one case 4 different sec-
tors were obtained from a single chlamydospore culture and these, in
subsequent tests, proved to be haploid (Fig. 1). Altogether, 47 hap-
loid lines from 8 chlamydospores were isolated from sectors.

In testing the compatibility or sexual reaction of these haploid
lines on a susceptible host, no infection resulted when inoculations
were made with single lines. Some of the paired combinations, how-
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