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I. Introduction

Among the diseases of rice plant, the damage due to
rice blast is most severe and it is Important to cultivate the
kind of rice which Is resistant to rice blast. The cultivation
of rice resistant to rice blast was first conducted by combina-
tion between the Japanese rices. Thus, the Awriculture and
Forestry No. 22, 23 and many other kinds are cultivated and
spread to the entire country (Ito, 1955). However, since the
successful crossing of Japanese rice with imported Chinese rice
bv Iwakl (1942) which resulted in the cultivation of highly
resistant Jinzvu and Hutaba rice, the attempts to cultivate
highly resistant rice by crossing Japanese rice with foreign
rice have overcome many difficulties. (Kovama 1952, Hamura,
Kitamura 1954, Shihara 1955, Shihara, Danabe 1959, Ito et al
191;, Kitamura 1962). Recently, the phenomena of suddenly losing
these resistant properties and becoming suceptible to diseases
appeared at various places. In 1952, the resistant properties
of the hybrid between Northern Chinese rice and Jinzvn rice
decreased to the extent of Alchigyoku rice according to the
experiment at Aiohiken Agricultural Experimental Station. And
also Kanto No. 51-55 have similarly decreased the resistant
properties. (Shihara and Nakanishi 1959). Kanto No. 54 which
was cultivated at Agricultural Station of Shitaima, Naganoken
in 1953 had many rice blasts.(Chiku 1954). One of the causes
for these is considered to be the biological differentiation of
Firinularia orvzae. Since 1955, a joint research on race of
Piricularlia oryzae was conducted and an idiosyncratic reaction
between the type of rice and fungus race was clarified. Thus,
the method of 1udming race is established and the anual rise and
fall of race distribution is clarified (Goto et al 1941).
However, the cause and mechanism of the race differentiation
Is not widely Investigated and the adequate explanations are



lacking. The authors attempted to analyze from the karyologlcal
and genetical standpoint in order to obtain basic views on
variation of rice blast fungus. The researches are just begin-
Ing and many Droblems remain to be solved. Here, the results
obtained thus far are reported.

Authors wish to thank following persons for making
experimental materials available during the course of this
work. Dr. Kazuoh Goto, Agriculture, Forestry and Fishery Tech-
nological Council, AgrIcultureand Forestry Department. Dr. Tatsu
Yamanaka Tohoku University, Profesqor Hashloh Suzuki Tokyo
Agricultural Engineering College, Prof. Svozo Suda Kobe Univer-
sity Prof. Susuml Sankvo, Kunba University, Dr. Konh Ehan
Kanazawa University.

Also thanks-are due to following persons for helpful
discussions. Dr. Tvokuchl Suzuki and Dr. Chvochiro Huzawa,
Agricultural Technical Research Laboratory, Prof. Chyoku Ishimo-
to, Tokyo University. The cooperations of laboratory colleagues
Sigeru Toya (Hokuriku Agriculture Experimental Station), Shinoh
Murada, Shigehisa Kvozawa, Susumi Hasaguchl (Naganoken Agricultu-
rul Experimental Station) Hiro Kovamada, Myoko Kitamura are
acknowledged.

II Past Research

In our country, Sasaki (1922, 1923, 1925) has first
reported the biological differentiation of rice blast fungus.
The causeq of diseases are classified Into three classes of
A, B and C from the Droperties of rice gel culture at Aichiken,
and A and C are similar whereas B Is remarkabley strong. Later,
Nozu (1928) reported that another classification of disease In
addition to the above classifications was found at Shimaneken.
Since 1931, a systematic research has begun at Agriculture and
Forestry Department to eliminate and prevent the rice blast
d isease. The researches In this field were also actively conduc-
ted at Kvoto and Hokkaido Universities and the biological
differentiation phenomena of rice blast disease were investi-
gated from various angles.

For attempts on classification based on culture Droper-
ties, the following researches were conducted. Tochinal and
Shimamura (1932), Shimamura (1932) have cultured 341 stocks of
bacilli from infected tlants collected at various areas of Japan
on four different culture media and classified Into 9 types
based on their culture properties. Itsuml et al (1934) compared
the growth type in four different culture media using 33 systems
and classified into 9 groups from the status of mycelial growth
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or color, formation of condium and color adsorption on culture
media. Aoki (1935) classified into 14 types according to mvce-
lial formation In air on 1 % sucrose added notato gel, conidium
formation, the color adsorption of mycelia and mvcelial growth
in svnthetic culture media with different amount of sugar using
23 systems. Ohtsuka (1941) has bred rice blast fungi In 12 kinds
of culture media using 45 systems and observed the growth status,
the state of mvcelia, adhesion of con~dium and pigment produc-
tion. He has made clear that no relationship exists between the
difference in the various culture characteristics and strength
in the causes of diseases same as the previous researches.

As classifications according to culture temnerature,
Tochinal and Shimamura (1932) and Shimamura (1932) classified
5 types which grow better at 290C than at 250C and 4 type which
contrasts above. Konishl (1932, 1933) showed that all systems
grow better at 290C and clascified into 3 growth tvnes at 32 0 C.
Sumimoto and Kano (194i) have cultured the flat ground fungi and
high ground fungi on 2 % sugar added gel culture media for 3
years from 1955 to 125R and classified into three groups, one
growing better at 31 C than 140C, one growing better at low tempep.-
ature and one indistinguishable between the two.

As the classification according to the properties, the
following researches were conducted. Tochinai and Shimamura
(1932) measured the length of conidium on rice plant and classi-
fied into four systems of a large spore forming type with an
acute tip and a small spore forming type with an obtuse head.
Tomilkata (19A1) reported that the conversion into single spore
from three spores by NH4 salt treatment of a durable spore is
different depending on the system. Suzuki (1953) has classified
12 types of rice blast fungi according to the Permination type
of conidium, adhesion forming type, the shape of adhesion appa-
ratus and the existence of adhesion apraratus formation.
Huchikawa et al (1954) confirmed that the temperature range for
the formation of adhesion apparatus is different depending on
the system. The classifications according to biochemical pro-
perties have been done earlier. Itsumi et al (1934) and Ikeya
(1934) have cultured 29 systems at 24-25oC for 4-4 weeks on
1 % sugar added potato liquid culture media and classified into
three groups according to the pH changes of filtered liquid.
The relationship between poisonous nropertles and strength of
disease was not confirmed. Ito (193P, 1939) and Itsuml et al
(1941) cultured 21 systems on synthetic culture media made by
adding regenerated cellulose precioitate from filter paper and
compared the separation by cellulose. The separation by cellulose
was clear out and three groups of strong, medium and weak could
be classified. These separations are parallel to disease separa-
tion and system with a large degree of separation had a strong



d isease.

Ohtani (1958 a) examined a few systems with different
diseases and made the following facts clear. The maximum length
of fungi attained in three weeks of culture on svsnthetic media
is not much different but the growth speed is faster for fungi
of strong disease. The strength of breath is stronger for strong
disease and the maximum values appear at an early Period of
culture. The activity of amino acid oxidvzing enzyme is higher
for strong fungi and apnears at an early stage of culture.
There was no relationship between the activity of enzyme and
the strength of disease. No difference exists between the system
in producing poison.

Emnloving 47 systems, Ohtsuka (1941) clas-ified into
three types according to the demands of diamine, nicotinic
acid, biotin, NaNO2, Inurin, Solvose and trvDtophan and reduc-
tion of mitric acid as a result of experiment Derformed on
culture and biochemical provertles, vitamin and amino acid for-
mation, engvme activity and infrared abosorption spectrum, and
Indicated that no relationship exists between classifications
according to the biochemical differences and strength of diseases,
Yamagaki and Tova (1954) and Yamazaki (1941) investigated the
differences in CuSO4 resistant properties of various rice blast
fungi from all over the country and the growth limit concentra-
tion by culturing on CaSO4 added Potato gel culture media at
various concentrations and clarified the variations from 12 m
mol to 28 m mol. Chiba et al (1959) confirmed that no difference
in reagent resistance between 22 bacilli stocks separated at
Aomoriken exists.

Itsumil (1934, 1949) has limited the biological differen-
tiation phenomenon of rice blast fungi to the parasite and
disease and classified the biolosical type bqsed solely on the
relationship of parasite and dise se bacilli.. When the other
biological classifications coinciding with the disease differ-
entiation were discovered, he proposed that It is safe to judge
on the biological type and made an effort to clarify the disease
differentiation. Itsumi et al (1934, 1941), abe (1934) and Izyo
(1934) have classified into 11 groups based on the strength of
disease and inoculation experiment on sapling and neck of rice.
The disease against sapling was weak and against neck was strong.
And there was a system whose nroperties are contrast with above.
Since 1955, the agricultural exnerimental station of Hokkaido,
Nagano, Alchi, Kihu and Department of Pathology, Agricultural
Technical Research Laboratory have launched a cooperative
research efforts and established the method of judging the race
of rice blast fungi (Goto 1954, 1963, Goto et al, 1941, Goto
and Yamanaka 1956, Iwata and Narita 1954, Kuribayashi 1959,



D:akanishi and Imamura 1954, Nahanishl and Uzihara 1954, Yamanaka
1957). For example,the selected twelve kinds, Te-tep, Tadukan,
Karasusaki, Chyokonae, Notoriben, KAnto No. 51, Ishikarihakumo,
Homarehishiki, Ginga, Normn No. 22, Aichirvoku and Norin No. 20
are largely clasrified into T group renetrating the foreign rice,
C group penetrating Chinese rice excluding other foreign rice
and F group penetrating only Japanese rice, and each group is
further claselfled into 14 races. From the results of differen-
tiating about 900 bacilli stocks in 1940 and 1941, it was made
clear that Ishikarlhakumo P, two races of other Japanese kind
N-2 of S and N-i of S are abundant in entire cointry. Its dis-
tribution has a regional property and C-1, C-2 were large
whereas T group race was small. The similar results are Indenen-
dentlv obtained by Ohva (195P, 1959) and Chiba et al (195q) at
the same time. Employing Piricularia orvzae from India, Ohya
(195R, 1959) showed from inoculation exneriment that it is
entirely different from Japanese race. Further, the research
on the race is extended to the race of foreign nroduct. Takasaka
et al (1944) inoculated 12 bacilli stocks to Jananese kinds and
showed that Japanese type race and Southern type race both have
started to distribute in Formosa. Also the research on race is
conducted in the United States (Latterell et al 1954, 1940) and
Formosa (Hung et al, 1941).

Although it was established that differentiation in the
properties of each kind is taking place, the causes for the
differentiation i.e. the mechanism of variation were rarely
investigated. Konishl (1933) reported the appearance of sector
when No. 18 bacillium from single conidium was cultured on 1 %
sugar added potato gel culture media at 35 0 C. This has the enti-
rely different properties from mother bacilli and their proper-
ties are maintained by transplantation of single spore. Shima-
mura (1932) also reported the appearance of sector when gingko
gel and synthetic gel culture media are used. Kuribavashi (1953)
observed two cases of variations in disease. One is due to
sectoring and 19 % of 210 strains from Naganoken produce brown
or arey sector in black homogeneous colony of disease were
different from parantal mycelium. The other case is due to mixed
inoculation of two strains of spore. Three groups among five were
stronger than parantal mvcelium and two groups were weak. From
these results, Kuribavashi thought that Piricula- q oryzae forms
a sector in a single spore culture and it is the esult of
hybrid, not a sudden variation from freouencv of their apnearan-
ces. And it is considered the variation can occur as a result
of hybrid due to adhesion of mvcella. Goto and Yamanaka (1958)
and Yamanaka (1963) observed the sorting out of bacilli strain
which Indicates a strong disease in Chinese rice or its hybrid
or highly resistant Tadukan hybrid. Nakanishi and Imamura (1960)
stated that there are sometimes diseases in conidium formed by



single disease spot and the different bacilli strains from the
narental strains might be sorted out. Goto and Yamsnaka (1940)
obtained bacilli different from parental system as a result
of mixed inoculation on two receptive qvstims and Investigation
of 74 bacilli from a single spnre and concluded that these
variants were formed by the mixture of parental system and
combination of bacilli or a sudden variation. Suzuki (1940,
1942) found following three types as the cause of bacillie loss
by culturing. 1) Snore and mvcelium are not formed. 2) Only
mvcelium Is formed. 3) Mvoelia and spore are formed but the
adhesion apparatus Is not formed and bacilli are lost. They
have discussed that these bacilli form wild tvne and hetero-
karvon and play an important role i4 maintaining the race and
strength of disease. Shitavama et al (1944) found three kinds,
sudden loss of bacilli during culture, sortinx out from narti-
cular bacilli strain and gradual bacilli loss during culture,
and showed the type which does not form adhesion apparatus and
a neculiar shape with bad bud and short and fat budding tube
having branches as a result of Investigating the spore germina-
tion of two previous bacilli strains and adhesion apparatus
formation. Goto and Tamada (1944) discussed on the ramble
variation of bacilli and conidium formation employing Piricula-
rna oryzae of single spore separation system. Kosagahara (1959)
obtained the variant strains (maximum 20 %) having normal growth
and spore formation but low germination rate and found that lactic
acid contents are low in spore and when a small amount of lactic
acid is given, the germination rate is recovered almost 100 %.

Experiments on inducing the variation artificially are
very few. Yamazaki and Tova (1951, 1957) renorted that many
sectors appear and CuSO4 resistant bacilli are obtained when
bacilli are cultured In CuSO4 potato gel media. Yamazaki and
Tobo (1953) obtained the bioohemicsl sudden variant concerning
the carbon metabolism in similarlv obtained sector. Tomizawa
(1953, 1954) obtained the adenine requiring system by ultra
violet light. Kuribavashi et al (1955) obtained the shape vari-
ant by ultra violet light, and inoculation experiment and inve-
stigation of various culture nropertles are conducted. Yamazaki
and Murada (1943) and Yamazaki et al (1944) obtained many bio-
chemical and shape sudden variants and investigated the changes
of bacilli in detail. They have also discussed the relationship
between nutritional requirement and bacilli.

III Karvological Studies on the Living Environment

A. Introduction

Piricularia orytae is susceptible to variation In
natural state and during the culture. Also, the biological and

-7-



shape variations take nlace easllv in single-spore isolates.
Condium of rice blast fungus zenerallv consists of three cells,
and each cell germinates. Therefore, it is an important Problem
in oursuing the variation of the qingle-spore isolates to clarl-
fV whether the nucleus in each cell is hereditarv or not. As a
first step, it is very important to study not only nuclear
division In the orocess of conidium formation but also nuclear
activity through living environment in addition to the clarifi-
cation on the number of nuclei in each part.

Karyological studies on rice blast fungus were already
conducted bv Yamazaki (19S3a, 1953b) and Suzuki (1953a, 1953b,
19530, 1955, 1943). Suzuki has ase'erted the following,1Mvcellum,
spore, conidophore, and each cell of adhesion apparatus contain
ranv nuclei and the phenomenon of heterokarvosis can be seen.
Also in the single snore Isolates, almost all of them are
heterokaryon, In contrast to the above, Yamazaki stated that one
cell principally contain one nucleus through the living environ-
ment. Mizuzawa (1Q59) observed conidium of rice blast fungus
through electron microscope and showed clearly an existance of
one nuclei in one cell through the pictures.

It is, therefore, necessary to make clear whether these
contradict ihg results ire due to the Zlifference in bacilli emploved
in experiment or the difference in nuclei staining technlque.
Employing many different systems and several types nuclei
stuinina method, we have observed the nuclear activity in
detail and nuclear division through the living environment.
Our results are in agreement with one cell-one nucleus principle
and the details are reported here.

B. Materials and Method;

Bascillli

We have employed 22 single spore isolates of wild
type (include bacilli other than rice blast fungi) which was
preserved by raraphin flow preservation method, 9 systems of
F-I, P-2, P-2b, Ken 53-33, Ine 72, Kita 1, Ken 54-20, Ken 54-04
and Ine 168 obtained from Pathology Department, Agricultural
Technology Research Laboratory and three systems of No. 5,
No. ii and No. ii1 obtained from Prof. Suzuki of Tokyo Agricul-
tural Engineering School. Total 34 system. Urtles3 otherwise
noted, P-2 bacilli which have a good oonidium formation are
used In each experiment.

Method of cytological observation

Method of making preparato (transliteration); In order
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to make preparato(transliteration) for observing nuclei during
condium formation Process and in stationarv state of conidium,
7-10 days culture sre done on potato gel or agar media at 2R°C.
The cover glass is lightly pressed on the colony and taken off
after 2-3 minutes. Then, spore and mvcelia adhere to the cover
glass. If albumin Is lightly pasted on cover glass and dried
under alcohol lamp, the adhesion is better. The appropriate
materials for observing the nuclei activitv at each period
during conidium formation process from coidonhore are thus
obtained.

In order to make nreparato (transliteration) for obser-
ving nuclei of germinated snore or mvcelium, the culture is
carried out at 28 0 C by floating the spore over -potato gel liquid
or rice plant gel liquid on slide glass. At appropriate period,
albumin pasted cover glass and a few filter naper placed over
glass are lightly pressed. At this time, It is desirable to
have culture liquid spread on the entire area of cover glass.
When these slide glass and coir glass are Placed in fixed
liquid, the spore and mvcelli'm adhere to cover glass.
In making the materials for adhesion apparatus, water is used
instead of culture liquid according to the above method. The
adhesion apparatus sticks well on slide glass and can be used
as preparato (transliteration) after discarding the water.

Nuclear staining method; The nuclei were stained by the
following several method using cover glass (in case of the
adhesion apparatus, slide glass) nrepared by the above method.

HCI-Giemsa Method; A simplified method of Ribinow (1944)
and Hrushovetz(1954) was employed. After three parts of alcohol
and one part of glacial acetic acid are settled for 10-15 minutes,
95 % alcohol was passed through for 5-10 minutes and 70 % alcohol
for more than 30 minutes. Water is changed two to three times
and washed for abcut 5 minutes. Then It Is hvdrolyzcd by IN HC1
(400 C) for 7-8 minutes. After washing with water (5 minutes)
It Is stained with Glemsa color solution for 30 minutes to two
hours. Glemsa color solution was made by diluting the commercial
Giemsa liquid with S~rensen buffer solution (pH A.9-7.0).
After the staining, the excess dyes were removed by washing with
water for 1-2 minutes and 10 % glycerine was placed. The cover
glass and slide glass overnight for a good adhesion. These can
be preserved for long period of time.

Staining by basic fuchsin

Although Feulgen's nuclear dyeing method gives good
results, DeLamater (1949) method Is simple and gives better
results. This method Is improved and dwed for shorter time by
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the following simDlified method. The hydrolysis by IN HCI is same
as HCI-Glemsa method. After treating with 2 ' formalin water for
2-4 minutes and washine with water, the dveina is carried out
for 15-30 minutes with 0.5 % basic fuchsin solution. After dyeing,
it is washed with water and pas-ed through alcohol and kishroll.
Then it is sealed with balsam.

Carmine acetate and Orsein acetate dveing

After three parts of pure alcohol and one part of
glacial acetic acid Is settled for 1-3 hours, it is washed
with 95 c- alcohol for 5-10 minutes. It is treated with IN HCI
(room temperature) for 5 minutes and then hydrolyzed with
IN HC1 for 7-R minutes at AOoC. After washing with water, it is
dyed with orsein acetate or carmine acetate. In the case of
carmine acetate, it is dyed with mordant using 4 % iron-alum
water after washing. Good results are obtained if the dyeing
solution is heated to temperature below its boiling point by
alcohol lamp.

Observation of nuclei In living body (Microscopic
observation method of phase difference) ; Three percent

of agaragar or 10 % gelatine culture media are dissolved and
cover glass (2 4 x24 mm) is dipped into these and dried to form
a thin agaragar or qelatin film. Agaragar or gelatin are remo-
ved from one side of the cover glass and only the part of edges
on the other side. Then, this film is lihtly Dressed on the
colony of rice blast fungi from a separate culture to adhere
spore or mvcelia. A separate cover glass is closely adhered on
the above film and agaragar film sandwich is made with two
cover glasses. If the edges of the surrounding part between two
cover glasses where there is no agaragar film are sealed with
fluid paraffin, the agar film is prevented from drying and
convenient to observe longer period of time. These cover glasses
are placed over slide glass with a hole in the center and
observed microscopically. In microscopic observation, Japanese
optical apparatus for phase difference was emnloyed. The obser-
vation is done in dark medium 100 x and also the pictures were
taken.

C. Results

1. Comparison of nuclear dveinR method

According to Bobinow (1944), Hrushvetz (1950),
Krox-Davies and Dilckson (1960), Ward and Clurysek (19'0, 194i),
the good results were obtained in nuclear dyeing of bacteria
and mould by HCl-Glemsa method. This method also gives very
good results in dyeing rice blast ftungiOrsein acetate and
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carmine acetate are suitable for observation since the dyeing
oblects aprear to expand their shapes. However, orsein acetate
does not seem to dye nuclei in stationary state. Giemsa method
Is very effective in nuclear dyeing, but the particles other
than nuclei in the cell are also dyed by the lonqer time of
dveinw. The basic fuchsin method 7ives also a very good result.
Hematoxsvrin dyeing is effective in selective nuclear dyeing
of conidium in stationary states but It often dyes particles
other than nuclei In mvcelia or germinated srore. Therefore,
this method is not considered to be a suitable method for nucl-
ear dyeing. Dveing by Azur A has been attempted but failed to
dye nuclei of conidium and mycelia.

2. Number of nuclei In conidium and nuclear division.

Conidium formed on rice plant or culture medium
consists of three cells (Figure plate I-A, 1) and rarely of 2
or 4 cells (Figure plate 1-A, 2). Each cell contains one nucleus
(Table 1, Figure Dlate i-A, 1, 2). Microscopic observation of
living body confirms that one cell contains only one nucleus
(Figure Dlate i-A, 3). Piricularia sDecies Denetrating plants
other than rice such as millet (s-154-1), barn yard millet
(H-80), mloga (2-197), mehishiba (G-235) and broom-corn (D-168 )
had one nucleus In one cell. In table 1, there are few cells
with two nuclei but the rate is extremely low. It is noticed
that CuS(4 resistant bacilli Cu-433 derived from P-2 had 10 %
of cells with 2-3 nuclei.

Table I. Number of nuclei in conalal cell

Number of nuclei to each of conidial tell, Percentage of conid
'Strain - 0 - -- Total each cell of which

1+1+ 2+1+. 1+21 1+1+2 2+3+21+1+1+1 ains otwnuleus

"P-2b 30 I .4 0 0 0 0 306 , 99.6
Ken 53-33 229 0 0 , 0 0 0 229 100.0
Iun7 2 -69 0 0 10 0 0 69 I00.0

Hoh I 252 0 I 0 0" 0 253 99.6'
Ken 54-20 S22 I 01.'1-0 0. 0 323 , 99.7
Ken 54414 271 0 0', 0 0 •0 271 100.0

la 168 226 0 0 I 0 0 227 99.6
.?-I 317 4 I 0 0 0 332 96.4,
7-2 20 2 0 0 0 2 324 96.7,
"Cu,-33e 321 21 5 I 1 354 90.7

9, C.-433a OmSOmereslaant sn derived from P-4
*a- The namerali Indicate is di order the number or nuclei contained Ima'apicak emuvi

and beambil ef aeldid..
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'.hen the conidium formed on rice nIant or culture medium is

'laced in water or culture solution, it starts to germinate
after few hours. The base germination tube is mainly formed in

front or base Dart of the cell and raelv in center of cell.

Nucleus in conidial cell is directly migrated to germination

tube (figure plate i-A, 4a, 4b) for one case. For the other

case, the nucleus in conidial cell is divided Into two and only

one nucleus is migrated into germination tube leaving the

other nucleus in conidial cell (figure Dlate i-A, 5a, 5b).

The frequency of the above occurance is as shown in Table 2,

and the frequency of occurance on the latter is larger.

During the migration of nucleus from conidium to germination
tube, the nucleus takes the elongated form (figure plate i-A,

4a,5a).The remaining nucleus In canidium does not divide
Table 2. Number of nme in comjdlal Cel at one cegl sage of germ tube (P-2)

TyM *be o d S) Remarks >1

"0One %ucleIs moved into

10 77 _erm tube after nuclear
., 'Wivimflo.

One nucleus moved Into
5 2�g23 erm tube without

nuc'ear division

TOWl 65 IO

Oha•dIe was made 5 hours after il tmul ee ian the rce straw decoction medivits.

Table 8. Number of so"el in coaldial cell after germimntion (P-2)

fN. MOMld I ach of kludia cell No. of conldia Lequpency
AP.w, sam.e obs M

N. 0 2, . 2 2
0 • , ' ' 2 ' 2 4j

0' " 0_ 1 .I .

2 0
0 1 I

0 ., 2  
0 

3
j

'' I' fe~' I i 0 9!

00

.2 -. ' 2 0 I

I''," ':" '" .. ..' " IS -22.

S''' 2 1"'""2 I "' 0.3
2 1 I 19.
S' 2 . 2 43 16.1

22 1, 2
22 2 2

...* " I,' ' Ii ... I,+' l " b4 -2,

I 3 2 4
; , . 2 3I ... 3 .. 2 "

Tol "al .

ft Ws made fS beon after ,ieubaida is tM dee ae stw decotlon
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further but In some cases, divide 1-3 times Into 2-8 nuclei
(figure niate 1-A, 4,7). In case of two germination tubes from
one cell, one of the divided nuclei first goes Into germination
tube and the other nucleus remain In conidium or zoes Into the
other germination tube. Also the remqining nucleus In conidium
can be further divided and one nucleus migrates into germination
tube. In case of forming 3 germination tubes from one cell,
the nrooess Is the same as above. Table 3 shows an example of
nuclei distribution In germination snore after 24J hours of
culture. The direct migration of nucleus In conidial cell with
nuclear division was 53 among 247 and amounts to 20 %. This
result Is almost similar to the result of table 2. The number
of nuclei In front, center and base part of the cell Is 1-2.1
(30.3 %) which Is the most abundant and next 1-1.1(22.8 %),-
1-2-2(14.1 %). In case of 1.2.1, each cell is divided once
and front and base part of the cell Is germinated with a nucleus
migration.

Table 4. 3.tatlemhlp betweea germination of conidia and their nuclear
division (1-2)

Type N..14Oco Idess Frequemey Remarki

33 .. ... Nucleus 'moves into germ tube wishA. 5 1. out division.

32 67.6 One nucleus moves into germ tube
-~ '' after one nuclear division.

* 0- a.. Two nuclei move into germ tubes
after one nuclear division.

One nucleus moves into germ tube

ID ISZZ>1.6 after on, nuclea.r division, and the
remaining one divides again into
two nuclei.

One Pucleus moves into one of germ
41 tubes after one nuclear division, end

!2 C.1 the remaining one divides again and
then one nucleus moves into the

incnerm cell.
Trenuclei produced by two nu-

F 1 *2 ceardivision move seperately luto
eaho three germ tubes.

Oenucleus moves into germ tube
1 0.2 after two nuclear division, and the

ohrtrenuclei remain in cooldial

Two nuclei move separately into
H 9 19' each of two germ tubes after tav

nuclear division, and the oither tw
remain In conidlal cell.

Three ntuclei meo" separately las
4 0.6 each of three germ tubes a(Wfter u

nuclear division and the la SM
reman. in ""nlla cell.

TOeW 46 MI0.0

Ohservoaee wo mde 96 lit. afte Incubation is rice 90wt decoction medium~



In case of i1*'i, the front and base part of cell is divided
once and a nucleus is migrated into germination tube. The
center cell is considered not to produce germination tube nor
nuclear division. When the relationships of nuclear division
and germination concerning the cell produced germination cell
are considered from the data of table 3, they are as shown in
table 4. When one germination tube is produced, the nucleus
migrates into germination tube without nuclear division (type A).
The nucleus divides once into two and one nucleus migrates into
germination tube leaving the other one in conidial oell.(type B).
The nucleus remaining in conidial cell is divided into two
(type D). The nucleus remaining In conidial cell is divided
into tVree and one of the four nuclei formed by two divisions
and a germination migrates into a germination tube and the
remaining three are in conidial cell (tvre G). When germination
tubes are more than two, the nuclei become 2-4 by 1-2 divisions
and each nucleus migrates into germination tube without remain-
Ing in conidial cell, (type C,F) or 102 nuclei remain In
conidial cell (type E,H,I). From the above observation, it is
clear that nuclei in conidial cell do not distribute but one
nucleus divides 1-3 times and only one nucleus among them
migrates into the germination tube.

3. Number of nuclei and nuclear division in mycellum
and conidophore.

Although the nuclei in mycelia show various shapes,
one cell generally contains one nucleus (figure plate 1-B,8,9).
There are cases of two nuclei in one cell rarely but these are
considered to occur right after division. The results of Inves-
tigating the number of nuclei in mvcelial cell are shown in
table 5. Most of the cells contains one nucleus but some contain
2-6 nuclei. The proportion of cells containing more than two
nuclei is different depending on the system and 1.1 %-1A.8 %
variations are shown. However, the average number of nuclei
per cell Is 1.01-1.20, thus confirming the one cell-one nucleus
nrincinle. Saka-1, Saka-2 and Saka-3 which have relatively
high ratio of multinuclel cell are peculiar systems with
tendency of nroducing sectors and variations in potato agar
culture. Piricularia species isolated from nlflnts other than
rice have one nuclei in one cell as shown in table 5. Suzuki
(1943) reported on three systems of No. 5, No. 11 and No. 116
indicating that the number of nuclei in a mvcerial cell is 4
in No. 5 with distribution of 1-11. Similarly No. 11 is 5 (1-10)
and No. i11A 5(1-13). As shown in table 5, we have observed
only one nucleus in one cell and 2 or 3 nuclei in a cell were
very rare.

In mycelius of coridoDhore, one cell contains one nuclei
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(figure plate 1-B, 10). In case of conidium formation, the
nucleus formed by division at front cell of conidophore
migrates into newly formed conidium.

4. Nuclear division during the orocess of conidium

format ion.

When the tip of conidonhore bevirs to swell, one
nucleus migrates into it. %onidium is initially spherical in
shane (figure plate I-B, 11) but chan~es to fusiform gradually.
(figure plate 1-B, 12a, 12b). As is clear from the diagram,
one cell of conidium contains one nucleus, but by nuclear
division, it becomes two (figure plate 1-B, 13a). When the
nuclei migrate to both end (figure Dlate i-B, 13b), a membrane
is formed at the middle and separation into two cells takes
place. (figure plate i-B, 14). One of these nuclei is again
divided (figure plate i-C, 15) and third conidial cell with one
nucleus is formed. From the above observation, the nuclei in
three cells were originated from a single nucleus and consider-
ed genetically the same. During transformation of two cells
into three cells, it is not often observed which nuclei are
easier to be divided, but apical cells divide in many cases.
There are cases where both nuclei divide, but these are consi-
dered to be spore (figure plate i-A, 2) having 4 cells.
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- Table 5. Number of nuclei in mycelial cell

No. of muacte in No. of No. of Frequency Average.
swain "Myceral cell els multi- of multi- 0(r aei pw

nucleate nucleate
1 . I 2 S 4 S 0 obeerved cells ceCls (9) ae

,loki O.u C @W 515 6 521 6 1.1 1.01

No.1 II 1. 533 7 • 540 7 1.3 1.01
P- . ' , ,994 18 1012 18 1.7 . 1.02
.No. 1ll,6 , ,.(;)S 23 10 533 10 1.8 •1.02

15-I . 519 10, 529 10 1.9 1.02

It lie ' 281 6 267 6 2.1 1.02

4-2,*""'1 497 It 506 II 2.1 1.02
?-I •: ' . 1043 25 If" 25 ".3 ;.02

56 'l.':'" 52013 .533 Is 2.4 '' 1.02

164-1 5.' 523 14 537 14 2.6 1.03
42-1 50e II S ,22 14 2.6 1.03

7-1 510 15 i 526 16 3.0 1.03
6 500 16 I 517 17 3.2 1.03

Pie., 520 23 I 544 24 4.A4 1.05
s0 ,. 501 20 2 1 525 24 4,5 1.06

19 516 24'. I 541 25 4.6 I,05
ki 1827 30 25 9 2 2,, 2072 245 11.6 1.is

Sakl*-2 507 61 IS 4 587 76 13.2 1.17
GaiLS$ '429 75 5 7 516 87 16.8 1.2•

H-8 . ,:,,sawv 5iS 8 521 a 1.5 10
0-56- D.adaIeod-a 566 10 576 10 1.7 1.02

Z4" .1. Wag z 66 16 584 16 2.7 1.03
'*I.-,•9\ kIaica SI1 22 534 22 4.1 1.03

Nis, .I\ ve.m eum 'v M 56S 26 4.6 1.6

Table 6. Nuclear dvisuc at two cell Mae of conidia

No. of conains FreqencTyp -obeeed)

Nuclar dl . Is api~al-ell 21 80.8

Nucler divisoI bmkpadu,- , - 2 7.7

Nuclear division I. boa nt 3 11.3

Teed . " 36 100.0



5. Nuclei in appressoria

Number of nuclei in aDoressoria formed on slide glass
was observed at 24 and 45 hours after incubation. As shown in
table 7, the cell having one nucleus is the I.rgest and few
cells having two nucleus anpear: after 24 hours of incubation.
After 45 hours of incubation, cells having maximum f nuclei
anpeared. Since the mvcerial formation on slide glass can not
be done, nuclear division is continued in arnressoria and the
number of nuclei are increased with the time. The number of
nuclei in appressoria formed on rice plant is not clear but in
case of mvcerial formation, one nucleus among two nuclei formed
by the division in appressoria is considered to be mitrated.

$o Mode of nuclear division

The mode of nuclear division seems to be different in
conidium and ,mvcelium. In condium, germination starts after few
hours in water or culture solution, but the nuclear division
starts after the germination in one case and hefnre co'-jencement
of germination in the other case. The conidial nucleus in
statlonary state is considered to be dveable clot but the comm-
encement of nuclear division loosens the clot and forms the
different size of dyed object (figure Dlate I-C, 17,18).
The dyeing object forms a typical equatorial nlate in the
middle period (figure plate 1-C, 19) and through the latter
period (figure Dlate I-C, 20, 211, it goes into the final period
(figure plate 1-C, 22, 23). The number of dveinz objects are
easier to observe at the beginning of latter period, and three
are observed in one case and 5-4 are observed in another. (figure
plate I-D, 24, 25). This may be due to the difference between
single nucleus and double nuclei. At any rate, the number of
stained object should be further investigated.

The nuclear division of mvocelial cell (specially signifi-
cant in atmospheric mycelia) is different from conidium and a
typical fibrillar division was not observed. Initially, the dye
clot in stationary state melts and forms in belt or spherical
types (figure plate I-D, 2A). These are vertically divided from
one end to the other end (figure vlate I-D, 27, 2%). At this
time, the division is always PerDendicular to the direction
of mycelial growth. The dyed objects connected to belt or
spherical shape form two vertical rows and one row migrates into
the direction of mvcelial xrowth. (figure ulate I-D, 29,30,31).
Thus the nucleus divides into two.

It is considered from the above observations that the
nuclear division of conidium is fibrillar division similar to
high organisms. The nuclear division of mvcelium is considerably
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different from these. Thus, the detailed future investigation
would provide many informations on the sublect.

Table 7. Number of nudlei In appreamm
formed on didel Sims

No. of nudd4 Hburs. neflteubaulaa I

Im Apprev-,rla 24 45

0 U 18
I 69' 128

d 3Sl 24
2 $1 37

I+d ,
" IS

2+d 2
4 12,

. '+d I
5- 2'
6 I

"Trual 19 246

Obs•eCtimn was made 24 and* 4S bimts
after incubation in the rice straw decoction-
medium.

d: Dividing nucleus

D. Discussion

Piricularia species are Very susceptible to variations.
In order to understand the mechanism of variations, it is impor-
tant to know the nuclear activity through the living environment.
In bacilli, there are generally single spore isolates and
single cell isolates (by the division of mvcelial cell). Many
types in addition to the above were used in experiments. For
the case of a single spore isolates, it is not certain whether
they can be considered to be genetically pure. A single nucleus
in a single cell can be considered as Penticallv pure but for
multicellular conidium, the single spore isolates can not be
used as the genetical research materials unless the nucleus in
each cell has been established as genetically pure. There are
many conidia and mvcelial cells containing rultinuclei. If these
were mixtures of geneticallv different species, the variations
can occur easily in the single spore isolates.

Nuclear activity during the Process of conidium formation
is Investigated from these view Points. The apical conidophore
Is expanded and conidium formation begins to take place. One
nucleus Is migrated first and divided into two nuclei. Two
conidial cells are thus formed by the membrane separation
between the two. One of these nuclei is again divided into two
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and the third conidial cell with a sinj4le nucleus is formed.
Therefore, three nuclei in these conidia were originated from
the same nucleus and considered genetically the same. These
can be considered the genetically nure single snore isolates.
From these view points, the rice disease (Goto, 1954) which
contains multinuclear mycelial cells, multicellular conidium,
and multinuclei is an entirely different kind of single spore
isolates.

Suz,,ki(1953a, b, c, 19"3) and Suzuki et al (1955)
reported multinuclear cell in conidium, germination tube, appre-
ssoria, mv•cluim and conidonhore. They have made karvological
studies and analysis of appressoria and reported that heteroka-
rvosis plays an important role as the causes of variations.
These results do not agree with those of Yama-aki (1953a, b).
Mizuzawa (1959) and ours. In order to explain these discrepancies,
we have investigated the number of nuclei in myclial cell which
was reported as hetero type by Suzuki and obtained the result
of one nucleus in one cell similar to other systems. These
results are shown in table 5. Therefore, these discrepancies
seemed to be the technique involved in nuclear dyeing by Suzuki
and not due to the difference in the systems employed in exueri-
ments. As will be separately discussed in detail, the multinucl-
ear cells such as Saka-i, Saka-2 and Saka-3 of table 5 have the
maximum rate of 17 % and there is no change in the principle of
one nucleus in one cell. Suzuki (1943) argued against the
researches of Yamazaki and Shinkan (1954, 1959 and 19AO) and
asserted that'If each cell contains single nucleus, the single
spore isolates must be homokaryon, and the variation of biolo-
gical characteristics would not occur except the confusion of
sexual process". Even thouph variation due to confusion through
parasexual generation is not considered, the nhenomenon of sudden
variation and parasexual recombination was observed as will be
described later. This is another support against Suzuki's
assertion.

Olive (1953) conducted a thorough literature search and
concluded that the nuclear division in cell is via fibrillar
division. El-Ani (195A), Knox-Davi~s and Dickson (1940), Somers
et al (1940) and Ward and Ciurvsek (19Ai) indicated a typical
fibrillar division in bacilli. Robinow (1954, 1957a,b) and
Bakersnigel (195R. 1959a,b,c, 194Oa,b, 1941) asserted a separate
nuclear division in mvcelial cell. Our opinion on these is that
fibrillar division iE carried out for conidium and separate
mode of division is carried out for jvcelial cell.

Yamazaxi (1953a)
reported on the number of dyeing objects temporarily as 3(2-4).
Suzuki (1903) reported that the number of dyed objects in
homokaryon is 3 or 4 and in heterokaryon Is 2,3,4 and 5 and
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varies depending on the bacilli. It is very difficult to deter-
mine the number of dyed objects in mvcelial division but
ShInkan observed six in P-2 species. Sometimes 5 nuclei are
observed and this subject should be further studied. Also the
existence of single and double nuclei can not he ignored.

IV Appearance of Variants on Culture Medium

* Introduction

The nuclei in three cells of sinole svore isolates
are considered to be qenetically the same according to karvolo-
gical studies through the living environment of bacilli. Even
when the single spore isolates are cultured, the variation
anpears as the sectors and the variants contain entirely differ-
ent bacilli from parental bacilli, (Konish 1933, Kuribavashl
1953, Shitayema et al 1944). We have clarified the status of
variants appearance in potato gel culture media, employing
many single spore isolates systems, and investigated the
relationship between the appearance of variation and the
number of nuclei.

B. Materials and methods

295 systems of single spore isolates from the various
experimental stations in Japan between 1951-1953 are examined
according to Kurozawa method (1955). Among these, 41 systems of
mloga 13 systems, Hie 1 system, Kibi 1 system, Awa 7 system
and Mehishiba 19 systems are the bacilli of plants other than
rice.

The potato gel culture medium is placed in the container
of diameter R.5 cm and one bacilli clot from the single spore
isolates are inoculated and incubated at 2q°C in the dark.
FiVe containers for one system are tested.

When sectors or island shape variants are appeared, an
Isolpted culture is carried out on the inclined plane of
potato gel medium and their characteristics are examined by
three consecutive cultures in the same culture medium. These
are clas-ified into definite and temnorary variants, and
variants preserving the characteristics were treated as sectors.
Also, the sectors which appeared in the process of three con-
secutive cultures were similarly cultured separately. The
karyological studies are conducted in the same manner as
previous experiments.

C. Results
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1. Appearance of variants on notato qpl culture medium
and their characteristics.

295 svstems of sinvle snore isolates were investiga-
ted and the results on the freauencv of sector annearance are
shown in table 1. 245 systems among them (03.0 %) did not
produce sectors and formed ,nlv homogeneous co)lonles. Average
37 4 sectors for one contalner were the nmaximum. Saka-2, Saka-
4, Saka-5, Saka-4 and Saka-7 were isolated from the same village
(Hukushimaken Itatsukun) and considered to hpve a close rela-
tionship. The sectors apDeared during the Investigation as shown
in table 8 were transplanted and their chactkristlcs were
examined, in addition to the appearance of sectors. The results
are shown in table 9. In most cases, the sectors do not appear
after two times but in few cases, the sectors kept appearing
even after two or three times transplantations.

STable B. Appearance of sectors in single spore cultures on potato

WSOep agar medium ".

NO. of peemu No: of sector No. or Remarks• , . l S I* 1 b . . VA O S•P u t r w a l ~

0 -,."; , . 0 245 (8S3 )
• i • ., ;1" 0.2 20.

0.4 16
$ 0.6 6 7(S

4 0.8 3 7•) . 89-I-I. Slmk4
3 1.0 ' Ska-4

7 1.4 I Saka-5

.. 10 1.0 2 56, Ska-7
17.. 1; .. Sa ,a-2

TOW 2-95
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Table 9. Appearance of DcCe.,, in the course of subculture of, sector
forming strains on potato sucrose agar medium

No. of. of strains Resu rar. 4

I 0 0 13
1 • 0 4

I I I I
'- I 'I 3 I

.I 4 1
2 0 0 16
3 0 0 6
4 0 0 $ 75, 89-1-1. Sakai4
5 \ 2 0 i Skak-4

7 \ S I Saks-S
10 2 0 I Saks-7
10 4 I I 56
I? 19 25 I Saka-2

I): No. of sectors per 5 plates.
2)- No. of sectors appeared on slant cultures isolated from sectors formed

on the first plate culture.

Figure 1 shows the Drocess of consecutive culture of Saka-2
which shows the best sector appearance, and the culture Droner-
ties are also noted. In some system,9 consecutive cult~ures still
produced sectors and the variation of this system was very large.
The variation of colony color was black, broflm, yellow and grey.

2. Variation In the number of nuclei of the system

As shown in table q and 9, Saka wrouns such as Saka-2
showed many sectors and were very susceptible to variation.
The ratio of multinuclel mvcelial cells was low compared with
other systems. Since some relationship may PxIst between these,
number of nuclei in mvcelial cells were examined on seventh
culture of Saka-2, Saka-5 and 54. The results are shown in table
10. No significant difference is observed between 54 and system
with 2.4 % multinuclel cell and sector appearance. Saka-2 and
Saka-5 were clearly different from the originnl system. Particu-
larly In Saka-2, the ratio of multinuclel cells varied from 1.3 %
to 23.9 %, whereas the original system had 13.2%. Emnloving
Saka-?, a similar investigations are conducted on q th and 9th
culture and the results on the stability of their characteristics
are shown in table 11 and Figure 1. There were species stabilized
at high ratio of multinuclei cells (Saka-2-3`J,)Saka-2-Z, Saka-2-
57, Saka-2-34) and stabilized at low ratio of multinuolear cells
Saka-2-60- Saka-2-37, Sakla-2-86) and unsltable species.
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"Table 10. Variation in the number of nuclei in myrelmal cells of variants
appeared at sectors from Saka-2, Saka-5 and 56.

N. OF n i i No. of tells % of cells AverageN - i containing containing number
Surain - 1 2 3 4 : 111 s 6 *b, d more than more than of nuclei

two nuclei t*o nuclei per cell

fi5 613 4 587 78 13.2 1.17
..................... ... . ......

.x 401 105 9 10 .. 1 1 527 126 23.9 1.31

.-5 409 106 12 .10 538 129. 23.9 1.31

.9 404 94 , 6 5 1 510 106 20.7 1.25
-73 426 99 7. .1 1 534 108 20.2 1.24
-72 441 91 4 2 1 539 98 18.2 1.20
-4-2.! 480 80 12 :4 576 96 16.6 1.20
-8 441 70 S '5 - 519 78 15.0 1.19
.2-3-2, 450 51 12 ,5 . 85l 68 11.1 1.17

-. Y 450 65 7 ,. .. 522 72 13.0' 1.15
-SO 463 59 5 ,,' . 530 67 . 12.6 1.15
.39 501 64 6 "1 572 71 12.4 1.14
-57..,' 469 63 2 'i 531 j 66 12.3 1.13"-70 O 332 39 51 : 376 44 .11.7 1.13
-4 501 47 5'IS , 556 55 9.9' 1.12
-Z 485 53 5 ,l1 542 57 10.5 1.11
.36 495 52 4 551 56 10.1 1.11
-1-7 477 49 4 530 53 10.0 • 1.11
-4-1 477 48 3 A,'1 529 52 , 9.8 1. 11
-37 530 2 'i 5. 28 5.0 1.05
-60 500 25 I" 526 26 4.9 1,05
-78 552 27 1 579 27 4.6 1.05 I
-86 . 500 19 I ; 521 21 4.0 ,.05,
-25 '1 339. 14 , .. 353 14 3.9 1.04
-59 507 \17 524 17 3.2 1.03
-40 .; 502 '16 518 16 3.0 1.03
-52 S77 -8 385 8 2.0 1.02
-41 522 ,10 , 2 532 10 1.8 1.02
-66 ".517 7 526 7 1.3 1.01

11113-S 527, 14 . 541 14 2.5 1.05.. ................... ........-I 5 " '4 $ "" 1 .. .. . '!.......... ......... ......... .. .................1 8 "...... . ...... I..... 1 . •.. ......... -........ 1 2

.1 50 .4 S I . 571 68 11.9 1.24
-5 512 54 6 5 i ' 577 65 11.2 1.23
-17 503 46 ,2 * 551 48 8.7 1.18
-22 505 43 2 d 551 46 8.3 1.17
-11 50W 29 " 534 29 5.4 1. 11
-2 524 21 1' I 547 23 4.2 1.0(
4-2 50 11 519 19 3.6 1.07
-0-2 521 II 532 II 2.0 1.04
-0 53410 544 10 1.8 1.04

1 , 520 15 " 533 13 2.4 1.02
. .... .... ... . ..... .................... ......~......-...... -....

-10 518 20 538 20 3.7 1.07
-0 " 534 19 553. 19 3.5 1.06
-19 519 17 536 17 3.1 1.06
-14 519 17 536 17 3.1 1.06
-IS 551 16 567 16 2.8 1.06
-8 506 13 521 3 7.4 1.04
-9 497 10 507 10 1.9 1.04
-16 5112 a 1 520 9 1.7 1.0O

ObuaMaI-1 was WAde afw k w. mbouleuam on potato sucrmse apt, medium.
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Table II. Number of nuclei in mycelial cell at 7th-9th subculture of

variants isolated from sectors of Saka-2

i No. of No. of nuclei in No. of No. of cells % or cells Average S.gnificaomt
i le'min 4bcul, mycelial cells conain containing number

,. 2 more than more than of nuclei of
.1 2 4 5, 6 observed two nuclei two nuclei per cell difference

Uhka-2

-so 7 463 59 5 3 530 67 12.6 1.15
8 501 56 2 2 561 60 10.6 1.12

I 9 508 53 3 I 565 57 10.0. 1.11

n72 7 .441 91 4 2 1 539 98 18.2 .
1 8. 535 54 589 54 9.1 1.091
9 525 81 4 1 611 86 14.0 1.15

59 7 -507 17 524 17 3.2
9' 553 58 5 I 617 64 10.4 1.12

-73 7 426 9971 1 534 10- 20.2" .22----0 513 55, 5o 2,: 2 0 7 12 )"sI .
9 496 47I I 545 49 9.0 1.10

-X' 7 401 105 9 10 1 1 527 126 23-.9 - .31-
1. I I".

9 478 77 1 556 78 14.0 1.14

-60 7 500 25 I 526 26 4.9 . 1.05
o 520 27 1 548 28 5. 1 1.05

-. 7 o01 64 6 I 572 .71 12.4 - " .14
8" 516 61 6 I 584 68 11.6 1.13 "a"
9 530 31 1 1 563 33 5.8 1.06. ).

.Y 7 450 65 7 11 522 72 13.0 1.15 ;.

_8 _168 21 , 189 21 11.1 1.11 "
"9 437 86 7 2 1 533 96 18.0 '

0 7 '502 16 518 16 3.0 1.03,.-\
9 524 39 3 566 42 7.4 1.07 )

-41,, 7 522 10 532 10 1.8 1.02 \•.
9 574 34 2 610 36 5.9 1.13 .)

"4 7 485 53 3 i 542 57 10.5 1.11
8 479 50 5 2 536 57 10.6 1.12

. 9 509 55 3 1, .68 59 10.3 .1.09
•.$Y' 7 469 632 I 535-- 66 1 12.3 1.13

8 8 494 79 4 578 84 14.5 1.16

9 510 63 8 1 581 71 12.2 1.14

-'6 7 495 52 4 551 56 10.1 . 1.11
8., 509 48 6 I 564 55 9.7 I.II
9 517 55 2 2 576 59 10.2 [.1[

437 7 ' 530 28 558 28 5.0 1.05
9 515 31 2 548 33 6.0 1.06

-70 7 332--39--5- . 7Y 44 - 11.7-1.13
8 461 10913 7 590 129 21.8 1.26
9 524 122 9 4 4 661 137 20.7 1. 26

-1 7 409 106 12 10 1 -538 129 23.9- ' 31
S502 100 10 7 619 117 18.9 1:-
9 452126 13 2 593 141 23.9 1.27. __

-• 75 " 19-1 1 521 21 4.0 1.0o
9 513 24 538 25 - 4.6. 1.05

: -, 3 531 69 '3 s " -" 7 12.6 " 1.14

-4-1 7 4774 ,. 59 42:. -1. 9..8 1.11.....,..
9 511 64 575 04 11.1 1.11

: Os leve orignmicane

, * k w O • Id of 4wricfla,•* • : ,



Table 12. Relationship between cultural conditions and number of
nuclei ia mycelial cell

No. of nuclei in No. of No. of cells % of cells Average Siin€fittes
Aul .Medias mycelial Can cells containing containing number

more than more than of nuclei o1 2 4 3 observed two nuclei bwo nuclei per cell dilrerem
VI.4sa., , PAM 50528 I , , 534 : 29 5.4 1.06

S- . RAM ---- -, - - am
SSAM 50640 5 549 43 7.8 1.06

.140 PAM 53626 561 •"•26 4.6 1.05
R, . PAM 501 20 .21 20. .3.8 1.04 sto
SAM 506 19 525 19 3.6 1.03

411.,%, PAM 519 26 .45 26 4.7 1.05
RAM 501 22 523 22. 4,2 1.04 too
SAM 530 15 545 Is 2.7 1.03

s-41 PAM 500 30 7 I .538 38 7.0 1.09
RAM 51340 I, 554., 41 7.4 1.068 no
SAM 04 36 I 541 37 6.8 \1.07

-40 PAM 495 27 522 27 5.1 1.05
RAM - -- - i - - - - / I

SAM 520 15 1 536 16 2.9 1.035

4-1 PAM 54022 563 23 4.1 1.04
RAM 64 16 5W0 16 2.? 1.03
SAM S 11 I 564 12 2.1 1.02

-PAM: Potao stscrme aga. medium
RAM: Rim ar-w decoctmin aW medium
SAMa Symtbetic ar medium
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96 6 fo
" 12.6- 10.6----10.0 Black 38

18.2 - 9.1 -414.0 Black 72
3.2 ....- 10.3 Black 39

I - 20.2 10.7- 9.0 Brown 73

23.9 11.3- 14.0 Black X
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Fig, I. Occurence of variants having diflerent number of nuclei in mrycelial
cells of Sisk-2.

* J' leranll show percentares of mycelal cells 'containing more than fto nudel.

.'w.-- Diffrence Is not sigutlfleant • .

-. , . IDifferenme Is gn•f'cah, .;

In order to investigate environmental effect on the number of
nuclei in mycelial cells, the number of nuclei cultured In
different composition of media such as potato gel, agaragar
and synthetic gel were examined. The results are shown in table
12. No significant differenoe between them was observed. Thus,
the number of nuclei per cell is not affected by environmental
changes and considered to be fixed.

D. Discussion

A sudden variation in culture properties occurs in
bacilli and Its frequency of occurrence depends on Its kind
and biototype (Stakman and Harrar 1957). The appearance of
different shapes of sectors In colony is due to either nuclear
Isolation in hoterokaryon or sudden variation in homokaryon
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(Buxton 1941). The variations In Piriculnrii snecies appear
occasionally on culture media and as is clear from the above
experiment, the annearance of sectors and its freauancv are
considerablv different dependi- on the systems. It is noticed
that there was no relation between the number of nuclei in a
cell and the frequency of sector qnneararce. In most systems,
multinuclear cells are very low and the sector anpearances are
almost not noticed. In system where the sector aDoearances are
many, there are species with relatively high ratio of multi-
nuclear cells such as Saka-1 and Saka-2 and soecies with
relatively small ratio of multinuclear cells such as Saka-5
and 54.

Since the nuclei in conidial cells are genetically the
same, the single spore isolates can be considered as nure.
Therefore, the frequent sector apoearances were considered to
be due to the following.i) A sudden variation appears in
growth process. 2) Heterokaryon is isolated due to anastomosis
between the variants which apreared in the same culture evstem.
3) It may be due to Darasexual recombination of already exis-
ting or newly created hetero double nuclei. de can not conclude
on the causes of sector appearance from these experimental
results but an inferrence can be made that the possibility of
1) and 2) is large for Saka-2 which has the high frequency multi-
nuclei cell aDDearance and the posqibilitv of i) and 3) is large
for Saka-5 and 5A which have low frequehcy of multinuclei cell
apoearance. Further Investigations are necessary on this subject
for satisfactory answer.

When the sector is isolated and cultured consecutively,
the systems different from multinuclei cells are isolated.
In Saka-2 with high freouencv of multinuclei cells, systems
from maximum 23.9 % multinuclel cells of Saka-2-X to minimum
1.3 % of Saka-2-44 are isolated by seven consecutive culture.
In Saka-5 with low frequency of multinuclei cells appearance,
the variation is seen from I.3 :, to 1i.9 i. In 54, the varia-
tion is only 1.8 % to 11.9 %. In54, the variation is only
1.7 % to 3.7 %. These differences between the systems change
sometimes but 9 consecutive cultures seem to stabilize them.
Thus, the cell with different average number of nuclei can be
obtained by isolating the variants, but the reasons for these
have to be clarified by future investigation. As shown in
table 12, the change in the number of nuclei due to environ-
ment is very difficult. Therefore, the multinuclei cells
(average number of nuclei per cell) are considered to be gene-
tically stable against environmental changes.

V. Anastomosis and Parasexual Recombination
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A. Introduction

Since sexual generation is not rpt discovered in
incomnlete bacilli, the caises for variations are considered
to be due to 1) sudden variatInr nnd 2) rpcombination of
nuclei with different wpnetic tvrne by Iheterc2'<nrvos. In 1952,
Ponteconvo and Roper indicated the Pxistence of rnrasexual
cycle in Aspergilius ridulors nnd the v~riation due to somatic
recombination of c-enetic elements !i alditinn to the possibility
of genetic analvsis. The re-earch in these nreas has remarkably
progressed ever since. Todv,, the existence nf rarasexual cycles
Is established for the follo::.In. Aspergillu, nii,-er (1-ontecorvo
et al, 1953), Penicillium chrvsoqenum (Pontecorvo and Sermonti,
1954), Fusarlum f. pisi (Buxton 1954), Asrerzillus orvzae and
Aspergillus soyvae Oshitani et al, 195,), Gerhalospcriuw myco-
philum (Tuveson and Coy 1941), Cochliobolus sativus (T'nline
1942), Verticillium albo-atrum (Hastie, 19(2), Fusarium oxys-
porum f. Cubense (Buxton, 1942) and Penicillium expansum
(Barron, 1942)

It is very important to determine the existance of
parasexual cycle in bacilli and establish the causes of vari-
ations in somatic recombination. The followinv are the pre-
limenarv results of our experiments and reported here since
we thought that somatic recombination can be obtained in rice
blast fungi.

B. Materials and methods

Observation of nuclear activitv in nnastmosis;

Emnloving system 5P-4 suscentible to anastomosis,
the culture is carried out on slide glass in straw gel liquid
media for 30 hours at 210C. Phenomenon of anastmosis is
observed with microscope and the dveing of nuclei is conducted
by HCl-Glemsa method.

Method of inducinp anastmo!-is:

Variants such as P-2b-XN42-X1*, P-2b-XN98*,
P-2b-XNi00br*, Ken 53-33-Cu9 and S225 obtained from three
different system i,e, P-2b, Ken 53-33 and S225 by X-ray, ultra-
violet light treatment and CuS04 potato gel culture were
employed. The nutritional requirements and morphological pro-
perties are shown in table 13.

(* Obtained by Yamazaki and Murada (1963)).
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Table 13. Strains used for the experiments of anastoniosis and parasexual

recombination

uti tr ur tSO. Character of colony
Nutrient requirement Gene- CuSO on potato sucrose

n - ration agar medium R
Strain e- Cystine no -IPhenyl" of rest. _ r _ Ro- marks

Ad* r tt- " ysnePhny I'S tneClrAerial Gro-

n or tut s-tol alninence Color hyphae wth

n2. ine l~itnineyha s
P-2b +4 + " + +4 + -- - • bl-z.k *F normal

Ken 53-33 + + + + 4- - + black "*" normal
isolated

S.25 + + - + + - + black 4-r normal from wild
strain

P 42b-XN - + + - + - - black = normal X-ray
42X1 treatment

P-2b.XN 98 - i- + + + - - black t normal I

P.2b-X + + + + - brown * dwarf I
106 br + - + +e-

Ken 53933 + ++ + - + + black =t normal CuSOt
Cu 9 

treaorma t

5225-107 + - - + + + - black + " normal ,

+: No requirement of nutrient, generation of l12S and resistance to CuSO4 .

-: Requirement of nutrient, no generation of 112S and no resistance to CuSO4 .

The followinw three methods were emn] o0vd in ind,icing an,- sMo-
,is. 1) Conidium and m'rcelium from notato -!l culture were
)l-ced in sterilized water and the solutions were rrenared by
:'ixlnjr various amounts of two svste'-,s. These ,.ere centrifuged
:o make a mass of conidium ýnd mvcelium. The,e were cultured
in a small amount of aqar medium fro 2-3 weeks nt 2',C.
Thon, the active part aprears as sector. This rart is again
transnlanted to awar culture medium. 2) The systems for exper-
Imental use were separatelv cultured fro three weeks at 280C
on notato liouid culture medium in which few pieces of cotten
cut in about 5 cm length were rnlced. The bacilli adhered cotten
was transferred to a small amount of a-ar culture medium and
two s,,stems were cultured side by side. Then, the active growth
rart appears from the mixed colony on agar culture medium.
Thni is awain transolanted to a small amount of agar culture
medium. 3) A mixture of two systems was cultured on rotato
liouid medium. After two weeks, the colonies were washed four
times with sterilized distilled water and cut with platinum
wire. The piece is inoculated on a small agar culture medium.

After 7 days of culture, if the colonies appear, these are
transplanted to small culture medium. The transplantation of
these colonies on small agar culture medium was repeated 2-3
times and the characteristics of growth and colony were
karvolovically investigated.
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C. Results

1. Nuclear activities in anastmasis.

The number of nuclei in anastozosis of rinclia
and the looetions were observed on 423 cells, and the results
are shown in table 14 and figure Plate II. A nucleus exists
separately in anastomosis of both m':celial cells. (table 14A,
figure plate II-A, 1) and this is most abundant (77 A). Also
the following are observed. One nucleus in •n.•stomosis of
nycelia is about to migrate into the othner cell through anasto-
nosing part- (table 14 B, figure plate II-A, 2). No nucleus
exists in one cell and two nuclei nre included in the other
cell (table 14 C, figure Plate II-A, 3). The nuclei in both
cells exist very close together at anastoirosing location of
mvcelia, or two nuclei are nartlv anastomosed. (table 14 D,
figure plate II-A, 4a, fizure plate II-B, 4b). Only one nucleus
is observed through both anastomosing part or anastomsis of
mvcelia (table 14 E, figure plate II-B, 5a, 5b, 5c). And
table 14, F, G are observed.

Table 14. Behaviour of nuclei in an&-
stomosis of mycelia of strain 58-4

Type No. of cellsobserved 9

AN 326 77.0

B 21 4.9

C 5 1.2

D '•-3orL 15 3.6

E orrrlL• . 48 11.4

F2 I 0.2

G 7 1.7

Total 423 100.0

Observation was made by stainmng nuclei
with HCI.Gicmia method after 30 hours
culture in the rice straw decoction liquid
medium.
* /: The point at which anastomMOls

occured.
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From the above observation, it is certain t a•; a nucleus of
one cell is migrated into the other cell through anastomosing
uart of mvcelia. The mivrated nucleus crn nc'ribly be anastomosed
with the nucleus in the other cell and for:rF -ý n•ucleus of

twice the size. However, this should be corfir,'ed by measure-
ment of L[A, determination of the -umber of chrorosome and
other method. At any rate tilw bacilli from nnastomsis of mice-
lia are considered to be e=z:',.r heterocarvo,. .,;hich is used
together with nucleus of bioc-mical varianrt, or heterozvgous
dii~loid from anastomosis of both nuclei. Si-ce karvolowical
observations Indicate thst nne cell contains one nucleus mostly,
the Dossibilitv of latter is hish. In this Tnaper, we combine
both and desi.nate as heterodiolold.

2. Properties of heterodirloid

Before the mixtures of biocherical sudden variants
are cultured, the high concentrations of co-idium and mvcelia
were inoculated on small azrar culture rzedium in order to
investigate whether the- grow by reversion of sudden variation.
When occurrance of cross feedin- is examined v'h culture of two
sudden variants on aiar culture medium the variants emDloved
In these experiments did not gro:u on culture media and n6
cross feeding nor the rev rse sudden vnriati-,n occurred.

Employing six biochemical variants, attempt was made
to form diploid bv various combination between them. The
combinations showing active growth similar to wild bacilli are
shown in Table 15. These maintained their characteristics in
culture bvr transplantation of ,ycelial =mass. Among these culture
mixtures, for the case of one system oroducing H 2 S as (IIII,
IV), or even for both systems nrodicing H2S -as (V), no H2S
gas production is observed.

Table 15. Character of newly formed heterodiploid

Nurien requirementCharacter of colony
Hrrete r- - Gene- CuSO4  potato sucroie agar

Combination Cy tine Ino- Phenyl. ration resis- medium.
diploid Ade.- or Me- Lysine n Aerial

nine thionine titol alanine of H1S b C yphaa G,,

net I" P-2b.XN 98+S-225 -+- + + + + - + black 4jH none,

'Ret II P-2b.XN 98+S 225- 107 .- .- -- - - -- - bl k , o l

S225-107 + + -+ + + - + black ft norne

IletlII P-225-1098+- + + + + + - + black: '+1 none,!
Het IV $225-107+P2b-XN 42X I' + +4 + + + - ,-- black 4 + nonvw

et VKenS53-33-Cu9 + + + + + - + black + ROMm

Het VI P.2b.XN 98++ +P-2b.XN106br + + + - - black + .

\ Syabolh are the amne with Table I1.
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When the resistant bacilli are emnioyýd for •hc combination
of culture (I,IV,V), rhev showed SC• reýýL-' er,. ýhen colony
on Potato a:-ar medium is brown (VI), heterodtriold was Ilack
and normal.

3. Recombination ohtqined hv' slz~le ',• o iooton
of heterodirloid.

Conidium formed on hete"-ndinloid c., -:ail clture
'ndiu was inoculated on notato azar Trteium n 'mtrlent re-
ouirement and the pronerties of colonr- were •viXed by taking
the colony formed from single snore. The rer:Tts ire ,zhown in
table 14.

Het-I is heterodinloid .",§-mf. by P-2h-.&93 (Ad'nine
reouired, no. H9S weneration and sensitive lo auSCtj .nd
3225 (insitol r~quired, h2S is !eneritsd, Cu>, re::istant),
does not possess nutrient reouirement, is Cu6j resist'r~t and
does not generate 112S. I40 sinzle srore ISol1rý were investi-
vated and found the followinw. 31 -"stems were investigated
and found the followinp. 31 svsteTs ha,2 the >me troperties as
S225 except the lizhter color of colony. 15 vster had the
same oroDerties as Het-I. One system had :;rev color of colony
and one system had qrev color of coinnv but zije adenine recuir•-
ment and CuSG4 sensitivity are the sr'me as r-?h-•CIP. Two systems
had Inositol reauirement, CuSC4 .• nsitIvizv -)rd brown colony
color. It is particularlv siznificant that i11, 'vstems (49<)
with cvstine or methionine requirement and brown• colonv color
entirely different from parental svstem anpr-ared.

Het-II is heterodirlold forred by both system of P-?b-
kV9R and $225-10? (Cvstine or methionine and inositol reouire-
ment, H 2 S generation and CuSC4 resistant), which does not show
nutrient reouirement, ;enerates H>S vas nird is suceptible to
CuSC4. When 120 sinzle snore isolntes were investiwated, the
following s rstems were obtained. Two systems had the seme
properties as Het-II. Svstems having cvstine or methionine
reauirement, H2 S veneration and CuSO4 sucentibilitv are 14 for
black colony color, 72 for brotm colony color and q for white
colony color resnectivelv. 22 systems hsd ndenine, cvstine or
methionine, inositol and other materials renuirements, no Hi2 S
generation and CuSO4 suceptibility.

Het-Ill is heterodiploid formed bv both systems of
42b-)NCql and Ken 53-33-Cu9 (Cvstine or inethionlne required,
H 2S generated, CuS04 resistant), which does not show nutrient
requirementsis resistant to CuS04 and does rot renerated H2S.
Among 119 single snore isolates, 15 systems had exactly the
same propepties as Ken 53-33-Cu9 and 9 systems had the same
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rronertles as KFn P3 3 -C'1 0 •xce(rt less ' -. rý,tion. Cther
Vtems show recombination •ct>en both r.v. .7l •v~tems con-

cerrinn nutri-nt reuiren'erts, L.?3 Fenerat'I--, Cu3C4 resis-
tance ari the color of colonies was entIrei ' if."ferent.
,t is ,i:iiflcant that system havin, adi-nin,• reou',rement did
not aprear.

Hot-IV 1P heterc11nil, forretd b- h-- -. s- of
-Tb-X"J4?-XI(adnirne and 1,r.Ine rmiri.;1, no , -.- -,.ration,

s':ceptibel to CuSC4) ond $225-a0?, r"h d-s r-, yv .ve ntrient
remuirement, does not zeneratq H• ' -s n:cer,t',le to Ou'-GC4 .
A mona 1h9 sinzle snore isolate.s, L 't..:,.. .
rronerties as 2"--2b-XW2-.[, .0 systems hi tke t ent
reouire'ent and H2S generati-n as S275-107 L:c hr-d
color of colony and growth from both oarant.,. -vrc-ems.
other svstems showed -he recombiL..tion tvPo on thi ruti eno
requirements.

In summarizing above resi;lts. hetercSi',],d shows the
following oroperties. 1) No nutr~eyt recuZ, i) 7.o h 2 a
generation 3) Apnearance of resistance ,hen both. narantal
s,'stems are different in CuS0C resistant. I- the case of s'ngle
snore isolation, 1) some systems show thp 2< e :)rooerties as
narantal systems (het-III and IV) but most s•ate;s show differ-
ent properties from narantol s•,ste-rs. 2) >t-I, -I 1nd III

recuire cystine or methiorire Pnd mmnv tes show;ed brown color
of colony. It is siwnificart that the different ;properties from
parantal svstems auneared in Het-I. 3) Aonearonce of the systems
having the same properties as heterodimloiCi ore very rare.
These ohenomena do not apnear due to isolation of nuclei in
heterocarvon.

D. Discussions

When two kinds of bioch-mical ni:den variants with
different nutient reouirements were culturerd, the anoearance
of bacilli on small culture medium is consliored to bp due to
one of the followinp.. 1) For'-ation of hetcrocaryon. 2) 6imole
-'Axed bacilli. 3) Cross feeding or 4) Reverse sudden variation.
Since the separate exneriment showed that re-.-rse sudden varia-
tion and cross fe-din.? do not occur in the blast fungi, the
appearance of bacilli on small culture medlum is considered
to be due to former two. As is clear from this exoeriment, the
nucleus in one cell mizrates into the othcr qccording to anasto-
mosis of mwcelia. The formation of heterocarvon might be the
main cause for this phenomenon. However, one nucleus in one
cell is a rule in bacilli and the mi-rated nucleus combine
with the other nucleus in the cell to form one nucleus accord-
ing to this experimental observations. Therefore, it is
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conculded that the systems rrcrawin on small culture medium
contain one nucleus of heteroc inlold in one cjli.

Thus, the bacilli arp self-nutrient, -or-al H>S -erer-
ation In any combination ard shows sunerlor C•CiL resistant.
In sinFle conidial isolates, very few had the same properties
as narantal strain or heterodioloid3 colcernX• the shape and
color of colonv and most of themi ltem'e considered ;o have recom-
bination of various characteristics. It is si-nlf.cant that
strains reouiring cvstine or methionlre hk, th.-ir narantal
strain as in the case of Het-I were isolated. In other cases,
the strains whose color of colony is different of narantal
strain were isolated.

Pantecorvo and Roper (19S?) proved thŽ existence of
recombination cycle in Asucrpillus nidulans ond desirnated
this as Darasexual cycle (Pontecorvo 1954). 1hese cycles have
the following 5 steps, a) Two different nuclei in heterocarvon
fuse into one. b) As a result, heterodiploid nucl'-us is formed
and multiolv. c) Dinloid bacilli like homocarvon are formed as
a strain. d) Cell transfer is occurrinx durinr multiplication
of diploid nuclei. e) Diploid nuclei generate a sinwle phase
nutrient cell.

In order to prove the existence of rarasexual cycle in
bacilli, it is necessary to establish each steos described above.
As mentioned previously, mi-mration and fusion of nuclei occur
along with anastomosis of mvcelia and 11.4 7 contain only one
nucleus in two cells between which anastomosis occurred. These
strongly support the step a). A direct proof on step b) and c)
was not obtained but the apnearances of many recombinations in
single-conidial isolates strains formed by self-nutrient and two
different biochemical variants supnort the rhenomena of step
d) and e).

Mechanism on appearances of nutrient requirements and
colony color which were not nossessed by narantal strains is
not clear but can be speculated to be due to transfer between
structure and adjustment hereditary elements.

At any rate, the above facts suggest the existence of
parasexual cycle and recombination and transfer of cells may
be a cause for apoearance of variation.

It will be necessary in the future to establish
1) existence of nucleus and dioloid nucleus by determining
amount of nucleic acid and number of chromosome and 2) existence
of strain having dioloid nuclei like homocarvon. It is also
necessary to establish these rhennmena by 3) analyzing the
recombination and transfer in detail.
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The oart of the results on single spore isolates strains
above do not disprove the possibility of nuclei isolation in
simple heterocaryon.

VI Sunmary

i. iZryological studiec of Piricularla oryzae, the patho-
gen of rice blast, aid other spriculoria specicz infcctious to
plants other thAn rice iwere conducted f:-om the poiLt of vie-w to
clarify make clear the genetic mechlanisms of vazialility in these
organisms.

(1) Results of investigcations carrieC. out on 28 strains
of Piricularia oryzae are as follo'.s:

(a) Among nuclear straining procedures tried, those with
Giemsa's solution, basic fuchsin, acoto-orcein, or aceto-carmine
proved to be suitable for the purpose, whereas those with azure
A or haematow~lin were not suitable.

(b) 1ajJority of cells in conidia, ge-?m tubes, mycelia,
and conidiophores were found to be uninuclear. Cells containing
two or more nuclei were rarely observed.

(c) In germinating con-idium, the nucleus n:grates into
germ tubes in either of the follow:ing two w1ays. . one, the
nucleus of conidial cell divides, and one of the divided halves
migrates into the germ tube. In the other, the nucleus migrates
into the germ tube trithout division.

(d) In the process of conldium formatIon, th. nucleus of
the apical cell of conidiophore divides and one of the divided
nuclei migrates into the ne'.;ly formed uniccllular conildium, and
the nucleus of the conidium divides again and biccllular conidium
is produced by forming septum betwecn the t".o divided nuclei.
The nucleus of either cell of the bicellular conidium divides
and the tricellular conidium each cell of which contains one
nucleus is finally formed. It was deduced from the above obser-
vation that the nuclei contained in the three cells of a conidium
are uniform in their genetic constitution, and accordingly, a
strain derived from a single spore iL; genetically homogeneous.

(e) The nuclear division observed In the cell of conidium
during its germination is typical mitosis, the chromosome number
counted at metaphase and anaphase being 5-6 or about 3. Detail
of the nuclear division in the mycelium is still obscure. It is
not considered to be a typical mitosis.
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(2) Piricularia species isolatcd fro.- z:ct•.ria ,talica,
Panicum Crus-galli, Panicum miliace-u, D.t•a - csccndcns and

Zingiber !:ioga were karyoloically investigatCe. . nAnuclear
cells predominated also in rycelia of thcsc orgeniLS.

I1. Comparison was :ade of frequenciez of sccto:ing of
295 strains derived from single-zpoe isolates of ?Pricujaria
oryzae, on potato sucrose aar nedlum. :Li so:c of the strains,
relationship beti-een the frequcncy of scctoring -aicI the number
of nuclei in a cell, and the shift of the nuclear numbcr with
sectoring were investigated.

(a) Sectors appeared in 17 Pc:r cent of the straiins tested.
Some strains which produced sectors at ext::aorcdincry high fre-
quencies were found, and among them Sn a-2, &aha-5, and 56 wore
e-amined for nuclear number in mycelial cclls. SaOa-5 and 56
were found to consist almost entirely of nuclev. cell. in
Sala-2. on the contrary, considerable proportion (ca. 13.2,) of
the cells contained 2-4 nuclei. The variants app:ared as sectors
were diverse in their nuclear numbers. S--ome Included more than
20 per cent of the multinuclear (2-6 nuclei per cell), the per-
centage being stable. Some, on the other harnd, slowed the fre-
quency of multinuclear cells being ca. 1.3 per cent. There was
a tendency in Saka-2 and Saka-5 to produce variants- in which the
percentage of multinuelear cells was relatively high, whereas
all the variants derived from 56 were predominantly tuinuclear.

(b) The frequency of the multinuclear cells in any strain
was hardly affected by environmental conditions (composition of
the culture media).

(c) Findings described above strongly sugtgest that the
number of nuclei in a cell is the trait to be determined geneti-
cally.

III. Nuclear behavior in anastomosis in Piricularia oryzae
was investigated. Bly allowing two diffcrcnt aum:otrophic strains
marked also differently with 112S generation and CuS04 resistance
anastomosis, variants were obtained which can grow in the synthetic
minimal medium. The characteristics of these variants and single-
spore isolates from them were also investigated.

(a) In the course of anastomosis, the nucleus of a strain
migrates into cell of another strain to produce a heterodicaryotic
cell. In a number of the dicaryotic cells, t*.o nuclei were ob-
served to be closely located, and occasionally there were cases
in which the two nuclei were thoughtto have eventually fused to
become diploid.
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(b) In diploids betwcen t-;o different a- -otrophs, which
are phenotypically prototronhic, CtZO4 -rcsistance appeared to
be a donminant character wfhile 72 S-gcneration .as recessaive in
any strain tested.

(c) :%ong sIngle-conidial isolates of hetcrodiploids,
many showing reco:.binant characteristlcs in rcscpct of aurzotrophy,
H;S-gcneration, and CuSOL.-rcsistancc -,.re dctcctcd besides those
o. entirely parental cha_-acteristics and of the characteristics
of hcterodiiloids.

(d) Single-sporc isolates from hctarodiplolids frequently
showed une_-ected characteristics which -.ere not posessed by
any of parental strains.

(a) The above observations suggest that the parasemual

recombination is possible in this organism.
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P~htc :-.a -z

-. "CICUS In conic-_al cc-,.
2 1!ucleuo in conic.2.z:l cc_ (:'ouz' coc22e. con~cidiai, aecto-carmine

3 ":ucieuc in coniclial cc- I r >c onta ::Icro-
scope.

- 5b:~i;ra~ono~ ~clez t se-::tt'e4n anc, 4-b, mmirr-t ion
o7-! nu1cicu0 Wit.ItOUt zoCC:7ý L. on; 5a c ,b, zai13ration
of one nucleus af'tc= nuclo- d~ i~vlcon.

6 rard 7 Thqccracc off the :,117. er of nu-nzzci in C~o cliz by ncle~iar
c~ivsion aftcr- sermination; 6, Za-cl nuc-lol, central-
cell 4 nuclei, basal-cell 2 nu:clIc; 7, central-ccil S nuclei.

Plate Z-3
aand. 9 ::-ucicus in mycellial cell.

10 ::'Uclci In conidio-,horc0: LdqcL: ClId~ium atone ce!! statge.
12. - 12 b .'nucleus In coniciiall cell ctonc cell zsýa~e; 12b, viewed

=.de,- Phase Contrast 1:iczosco-,e.
13a and 13b N~uclei in conictial cell, after: thex ffirzt nuclear

division in co*nmidiu.
14 1.ucluou in conldic-l cell at tw;o cell ota.:ec.

Pla-te 7-C

15 :ue cxl'-s on. In anical-cell off co-M.CLu: L-."..o cell stage.
16 :';ucleus in -v0-0=csorij=.
17 - 23 -:ucler d~ivision -in conldCia; 17, 1-` pc'he (aceto-

orce-In otal.nlnn7); 13, late prophase (viecw. mu~cer P1hase Con-
tract _:Iicoocopc) ; 19, =etcp~haso; 120 and. 21, anapohase; 22
and 23, telophasez.

Plate -
24 and 25 ChromosomeS in ~oanazen offcn.iinula divicion

(aceto-orecin sta,)'C Aout 6 c!h'omocomes are obserived.
26 - 31. 17uCclc diviolon In =yoclial cell; Chro;:a'tin nascse

connected. In irre gu-lar rosary f'o= Opilt, lon~itudi~na-Ily
(27) mnd, sepazate Into tw',o gr.oups (2a). _'hcoe twý,o Grouns
move to the opposite dircetion alonG the length off mycelial
call.

Pla-te I-
1 One nucleus is observed In each off the cells bctween which

anactomosis occu~rred.
2 i.'ucleu-s in one off thc cells betw.een *whic'h -arastomosIs occurred

is mzovinC; to the other.
3 Two nuclei are observed in one off thei cello between which

aziastonosis occurred, but In t~ho other., none.
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4a and 4b ::uclic of both cells bet:ccn :ohnc:: rmato.osls oc-
curred are closely located to each othc- oi- fuse at the
point of anastomosis.

Plate I - 2
5a- 5c Only one nucleus is observed in both cclls betwVecn

which anastomosis occurred.
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