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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 1s resistant to rice blast. The cultivation
of rice resistant to rice blast was first conducted by combina-
tion between the Japanese rices. Thus, the Azriculture and
FPorestry No. 22, 23 and many other kinds are cultivated and
soread to the entire country (Ito, 1955). However, since the
successful crossing of Japanese rice with imported Chinese rice
by Iwakl (1942) whioch 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
1951, Kitamura 1962). Recently, the phenomena of suddenly losing
these resistant properties and becoming suceptible to diseases
appeared at various places. In 1952, the resistant oroperties
of the hvbrid between Northern Chinese rice and Jinzvn rice
decreased to the extent of Alchigvoku rice according to the
experiment at Alchiken Agricultural Experimental Station. And
also Kanto No. 51-55 have similarlv decreased the resistant
properties. (Shihara and Nakanishi 1959). Kanto No. 54 which
was cultivated at Agricultural Station of Shitalma, Naganoken
in 1953 had manv rice blasts.(Chiku 195A)., One of the causes
for these 18 consgidered to be the blologlcal differentlation of
Firicularia orvzae. Since 1955, a joint research on race of
Firicularia orvzae was conducted and an idiosyncratic reaction
between the tvpe of rice and fungus race was clarified. Thus,
the method of judeing race is established and the anual rise and
fall of race distribution 18 clarified (Goto et al 1941),
However, the cause and mechanism of the race differentiation
is nnt widely investigated and the adequate explanations are
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lacking. The authors attempted to analvze from the karyological
and genetlcal standpoint in order to obtain basic views on
variation of rice blast fungus. The researches are just begin-
ing and many oroblems remain to be solved. Here, the results
obtalned thus. far are reported.

Authors wish to thank following persons for making
experimental materials avallable during the course of this
work. Dr. Kazuoh Goto, Agriculture, Forestrv and Fishery Tech-
nological Council, Agricultareand Forestrv Department. Dr. Tatsu
Yamanaka Tohoku University, Professor Hashioh Suzuki Tokvo
Agricultural Engineering College, Prof. Svozo Suda Kobe Univer-
sity Prof. Susuml Sankvo, Kunba University, Dr. Konh Ehan
Kanazawa Universitv.

Also thanks are due to following persons for helpful
discussions. Dr. Tvokuchil Suzukl and Dr. Chvochiro Huzawa,
Agricultural Technical Research Laboratorv, Prof. Chyoku Ishimo-
to, Tokvo University. The cooperations of laboratory colleagues
Sigeru Toya (Hokuriku Agriculture Experimental Station), Shinoh
Murada, Shigehisa Kyvozawa, Susuml Hasaguchi (Naganoken Agricultu-
rul Experimental Station) Hiro Koyamada, Myoko Kitamura are
acknowledged.

I1 Past Research

In our country, Sasaki (1922, 1923, 1925) has first
reported the blologlcal differentlation of rice blast fungus.
The causes of diseases are classified into three classes of
A, Band C from the properties of rilce gel culture at Alchiken,
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 classificatlions 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 Hokkaldo Universities and the biological
differentiation phenomena of rice blast disease were investl-
gated from various angles.

For attempts on classification based on culture proper-
ties, the following researches were conducted. Tochinai and
Shimamura (1932), Shimamura {1932) have cultured 341 stocks of
bacilli frominfected pnlants collected at various areas of Japan
on four different culture media and classified into 9 tyvpes
based on thélr culture properties, Itsuml et al (1955) compared
the arowth type in four different oculture medla using 33 systems
and classified into 9 groups from the status of myocelial growth
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or color, formation of condium and color adsorption on culture
media. Aoki (1935) classified into 14 tvpes according to mvce-
lial formation in air on 1 % sucrose added votato gel, conidium
formation, the color adsorption of mycella and mvcellal growth
in synthetic 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 svstems and observed the growth status,
the state of mvcelia, adhesion of condidium 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 clasgifications according to culture temmerature,
Tochinal and Shimamura (1932) and Shimamura (1932) classified
5 tvpes which grow better at 29°C than at 25°C and 4 type which
contrasts above., Konishil (1932, 1933) showed that all systems
grow better at 28°C and clas<ified into 3 erowth tvnes at 32°C.
Sumimoto and Kano (19A1) have cultured the flat ground fungl and
high ground fungl on 2 € sugar added gel culture media for 3
vears from 1955 to 1gSq and classified into threé groups, one
growing better at 31 °C than 149C, one growing better at low tempen-
ature and one indistinguishable between the two. '

As the classification according to the properties, the
following researches were conducted. Tochinail and Shimamura
(1932) measured the length of conidium on rice plant and classi-
fied into four systems of a large spore forming tvope with an
acute tip and a small spore forming tvpe with an obtuse head.
Tomikata (1961) reported that the conversion into single spore
from three spores by NH;, salt treatment of a durable spore 1is
different depending on the system. Suzuki (1953) has classified
12 tvpes of rice blast fungl according to the sermination tyve
of conidium, adhesion forming tvpe, the shape of adhesion appa-
ratus and the existence of adheslon apraratus formation,
Huchikawa et al (1954) confirmed that the temperature range for
the formation of adhesimm avparatus 1s different depending on
the system. The classifications according to biochemical pro-
perties have been done earlier. Itsuml et al (193A) and Ikeya
(1934) have cultured 29 systems at 24-259C for 4-F weeks on
1 % sugar added votato 1iquid culture media and classified into
three groups according to the pH chanzes of filtered 1liquid.
The relationship between poisonous vroperties and strength of
disease was not confirmed. Ito (193R, 1939) and Itsuml et al
(1941) cultured 21 systems on synthetic culture media made by
adding regenerated cellulose precivitate from filter vaper and
compared the separation by cellulose. The separation by cellulose
was clear ocut 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
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d isease.

Ohtani (1958 a) examined a few systems with different
d iseases and made the following facts clear. The maximum length
of fungl attained in three weeks of culture on svsnthetic media
1s not much different but the growth speed is faster for fungl
of strong disease. The strength of breath 1s stronger for strong
d isease and the maximum values appear at an early vneriod of
culture. The activity of amino acid oxidvzing enzvme 1s higher
for strong funzl and aprears at an early stage of culture.
There was no relationship between the activity of enzvme and
the strenzth of disease. No difference exists between the system
in producing poison.

Emploving 47 systems, Ohtsuka (19A1) clas-ified into
three tvpes according to the demands of diamine, nicotinic
acid, blotin, NaNC2, Inurin, Solvose and trvyptophan and reduc-
tion of mitric acid as a result of experiment verformed on
culture and biochemical proverties, vitamin and amino acid for-
mation, enzyme activity and infrared abosorption spectrum, and
indicated that no relationship sxists between classiflcations
according to the blochemical differences and strength of diseases,
Yamagakl and Tova (195A) and Yamazaki (1941) investigated the
differences in CuSOy resistant properties of varlous rice blast
fungl from all over the countrvy and the growth limit concentra-
tion by culturing on CuSOy added votato gel culture medla at
various concentrations and clarified the varlations from 12 m
mol to 28 m mol. Chiba et al (1958) confirmed that no difference
in reagent resistance between 22 bacilli stocks separated at
Aomoriken exists.

Itsumi (1934, 1949) has limited the blological differen-
tiation phenomenon of rice blast fungl to the parasite and
d isease and classified the bilolos lcal tvype based solely on the
relationship of parasite and dise se bacillil,. When the other
blological classifications coinciuing with the disease differ-
entiation were discovered, he proposed that it 1s safe to judge
on the blological tvpe and made an effort to clarify the disease
differentiation. Itsumi et al (1934, 1941), abe (193A) and Izvo
(193A) have classified into 11 groups based on the strength of
d isease and inoculation exveriment on sapling and neck of rice,
The disease against saplinz was weak and agalnst neck was strong,
And there was a system whose oroperties are contrast with above,
Since 1955, the agricultural exverimental station of Hokkaido,
Nagano, Aichi, Kihm and Devartment of Pathologv, Agricultural
Technical Research Laboratory have launched a cooperative
research efforts and established the method of judging the race
of rice blast fungi (Goto 1955, 1943, Goto et al, 1941, Goto
and Yamanaka 1956, Iwata and Narita 1954, Kuribayashi 1959,
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hakanishi and Imamura 1955, Nahanieghl and Uzihara 1954, Yamanaka
1957). For example,the selected twelve kinds, Te-tep, Tadukan,
Karasusaki, Chyokonae, Notoriben, Kanto No., 51, Ishikarihakumo,
Homarehishiki, Ginga, Norin No. 22, Alchiesvoku and Norin No. 20
are largelv clas<ified into T group nenetrating the foreign rice,
C group venetrating Chinese rice excluding other foreign rice
and V group penetrating onlv Jaranese rice, and each group is
further clas<ified into 14 races. From the results of differen-
tiating about 900 bacilll stocks in 19A0 and 1941, it was made
clear that Ishikarihakumo R, two races of other Japanese kind
N=2 of S and N-1 of S are abundant in entire comtry. Its dis-
tribution has a regional nroperty and C-1, C-2 were large
whereas T group race was small, The simllar results are indeven-
dentlv obtained bv Ohva (1958, 1959) and Chiba et al (195%) at
the same time. Emploving Piricularia orvzae from India, Ohva
(1958, 1959) showed from inoculation experiment that it is
entirely different from Japanese race. Further, the research

on the race is extended to the race of forelen nroduct. Takasaka
et al (19A4) inoculated 12 bacilli stocks to Jarmanese kinds and
shnwed that Japanese type race and Southern tvpe race both have
started to distribute in Formosa. Also the research on race 1s
conducted in the United States (Latterell et al 1954, 1950) and
Formosa (Hung et al, 1941).

Although it was established that differentiation in the
properties of each kind 1s taking place, the causes for the
differentiation 1.e. the mechanism of variation were rarely
investigated. Konishi (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°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. Kuribavashl (1953)
observed two cases of varlationa in disease. One 1s 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 18 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- a oryzae forms
a sector in a single spore culture and it 1is the esult of
hvbrid, not a sudden variation from frequencv of thelr apoearan=-
ces, And it 1s considered the variation can occur as a result
of hvbrid dve to adhesion of mvcelia. Goto and Yamanaka (1958)
and Yamanaka (1953) observed the sorting out of bacilli strain
which indicates a strong disease in Chinese rice or its hybrid
or highly resistant Tadukan hvbrid. Nakanishi and Imamura (1940)
stated that there are sometimes diseases in conidium formed by
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sinzgle disease spot and the different bacllli strains from the
rarental strains might be sorted out. Goto and Yamanaka (19A0)
obtained bacilli different from parental system as a result

of mixed inoculation on two receptive svsteams and investigation
of 74 bacillli from a single sp-re and concluded that these
varlants were formed by the mixture of parental svstem and
combination of bacilli or a sudden variation. Suzuki (1940,
1942) found following three tvypes as the cause of baclllie loss
bv culturing. 1) Snore and mvcelium are not formed. 2) Only
mvcelium is formed. 3) Mvecella and spore are formed but the
adhesion apparatus 1s not formed and hacilli are lost. They
have discussed that these bacilll form wild tvre and hetero-
karvon and plav an important role in maintaining the race and
strength of disease. Shitayama et al (1944) found three kinds,
sudden loss of bacilll during culture, sortinec out from nartie-
cular bacill)l strain and gradual bacill}l loss during culture,
and showed the tvpe which does not form adhesion apparatus and
a peculiar shape with bad bud and short and fat budd.ng tube
having branches as a result of investigating the spore germina-
tion of two previous bacilll strains and adhesion apparatus
formation. Goto and Tamada (19€4) discussed on the ramble
variation of bhacilll and conidium formation emploving Piricula-
ria oryzae of single spore separation system, Kosagahara (1999)
obtained the variant strains (maximum 20 %) having normal srowth
and spore formatlion but low germination rate and found that lactio
acid contents are low in spore and when a small amount of lactie
acid 1s given, the germination rate is recovered almost 100 %.

Experiments on inducing the variation artificially are
very few., Yamazakl and Tova (1951, 1957) revorted that many
sectors appear and CuSOj resistant bacilli are obtained when
bacilll are cultured in CuSOy votato zel media. Yamazaki and
Tobo (1953) obtailned the biochemical sudden varlant concerning
the carbon metabolism in similarlv obtained sector. Tomizawa
(1953, 195A) obtained the adenine requiring svstem by ultra
violet 1ight. Kuribavashi et al (1955) obtained the shape vari-
ant by ultra violet light, and inoculation experiment and inve-
stigation of various culture nroperties are conducted., Yamazaki
and Murada {1943) and Yamazaki et al (1944) obtained manv bio-
chemical and shape sudden variants and investigated the changes
of bacilll in detall. They have also discussed the relationship
between nutritional requirement and bacilli,

III Karvological Studies on the Living Environment
A. Introduotion
Piricularia oryzae 1s susceptidble to variation in
natural state and during the culture. Also, the biological and

-7-




shape varlations take nlace easily in single-spore isolates.
Condium of rice blast fungus cenerallv consists of three cells,
and each cell germinates. Therefore, it 1is an important problem
in pursuing the variation of the single-srore isolates to clari-
fvy whether the nucleus in each cell is hereditarv or not. As a
first step, it is very imrortant to studv not onlv nuclear
division in the vrocess of conidium formation bHut also nuclear
activity throuszh living environment in addition to the clarifi-
cation on the number of nuclel in each part.

Karyological studies on rice blast funzus were already
conducted bv Yamazaki (1953a, 1953b) and Suzuki (1953a, 1953b,
1953¢, 1955, 1943). Suzukl has ascerted the following, Mvcelilum,
spore, conidophore, and each cell of adheslon apparatus contain
manv nuclel and the nhenomenon of heterokarvosis can be seen.
Also in the single srore isolates, almost all of them are
heterokarvon, In contrast to the above, Yamazakl stated that one
cell principally contain one nucleus through the living environ-
ment. Mizuzawa (1959) observed conidium of rice blast fungus
through electron microscove and showed clearly an existance of
one nuclel in one cell through the plctures.

It is, therefore, necessarv to make clear whether tnese
contradictihg results ire due to the difference in bacilll emploved
in experiment or the difference in nuclel staining technique.
Emvloying many dif ferent systems and several types nuclel .
stalning 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 detalls are reported here.

B. Materials and Method;
Bacilli

We have emploved 22 single spore isolates of wild
type (include bac1lli other than rice blast fungl) which was
preserved by raraphin flow preservation method, 9 systems of
P-1, P=-2, P-2b, Ken 53-33, Ine 72, Kita 1, Ken 54-20, Ken S54-04
and Ine 148 obtained from Fathology Departmenc Agricultural
Technology Research Laboratory and three systems of No. 5,

No. 11 and No. 114 obtained from Prof. Suzuki of Tokyo Agricul-
tural Engineering School. Total 34 system. Unles3 otherwise
noted, P-2 bacilll which have a good conidium formation are
used in each experiment.

Method of oytologloeal observation

Method of making preparato (transliteration); In order
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to make preparato(transliteration) for observing nuclel during
condium formatinn rrocess and In stationarv state of conidium,
7-10 days culture are done on potato gel or agar media at 23°C,
The cover glass 1s lightly pressed on the colonv and taken off
after 2-3 minutes. Then, spore and mvcella adhere to the cover
glass. If albumin is lightly pasted on cover glass and dried
under alcohol lamn, the adhesion is better. The appropriate
materials for observing the nucleil activitv at each period
during conidium formation nrocess from couldoohore are thus
obtained.

In order to make vnreparato (transliteration) for obser-
ving nuclel of germinated snore or mvcelium, the culture is
carried out at 28°C bv floatinz the spore over rotato gel liguid
or rice plant el 1liquid on sliide glass, At appropriate period,
albumin pasted cover zlass and a few fllter vaper placed over
zlass are lightly pressed. At thils time, it 1s desirable to
have culture 1liguld spread on the entire area of cover glass.
When these slide glass and cov«r glass are vplaced 1in fizxed
Iiquid, the spore and mvcellvm adhere to cover glass.

In making the materials for adhesion apparatus, water 1is used
ingtead of culture liquid according to the above method. The

adhesion apparatus sticks well on sllde glass and can be used
as preparato (transliteration) after discarding the water.

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

HCl-Giemsa Method: A simplified method of Ribinow (1944)
and Hrushovetz(1954) was emploved., After three parts of alcohol
and one part of glaclal 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 1s changed two to three times
and washed for abcut § minutes. Then it is hvdrolyzed by IN HC1
(50°C) for 7-8 minutes. After washing with water (5 minutes)
it 1s stained with Gilemsa color solution for 30 minutes to two
hours. Gilemsa color solution was made by diluting the commercilal
Giemsa ligquid with SBrensen buffer solutlon (pH A.9-7.0).

After the staining, the excess dves were removed by washing with
water for 1-2 minutes and 10 ¥ zlycerine was vlaced., The cover
glass and slide glass overnight for a good adhesion. These can
be preserved for long period of time, '

Staining by baslec fuchsin

Although Feulgen's nuclear dveing method zives good
results, DelLamater (1948) method is simple and gives better
results., This methnd is improved and dved for shorter time by
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the following simplified method. The hvdrolvsis by IN HC1l is same
as HCl-Ciemsa method. After treating with 2 % formalin water for
2-4 minutes and washine with water, the dveins 1s carried out

for 15-30 minutes with 0.5 % baslic fuchsin solution. After dveing,
it 1s washed with water and pas-ed through alcohol and kishroll.
Then it 1s sealed with balsam.

Carmine acetate and Crsein acetate dveing

After three parts of pure alecohol and one part of
glaclal acetic acid is settled for 1-3 hours, 1t is washed
with 95 © alcohol for 5-10 minutes. It is treated with IN HC1l
(room temperature) for 5 minutes and then hvdrolyzed with
IN HCl1 for 7-% minutes at A00C. After washing with water, it is
dved with orsein acetate or carmlne acetate. In the case of
carmine acetate, it 18 dved with mordant using 4 % iron-alum
water after washing. Good results are obtained if the dveing
solution 1s heated to temperature below its bolling point by
alocohol lamp.

Observation of nuclei in living body (Microscopic

observation method of phase difference) ; Three percent
of agarazar or 10 % gelatine culture media are dissolved and
cover glass (24x24 mm) is dipved into these and dried to form
a thin agaragar or celatin film. Azaragar or gelatin are remo-~
ved from one side of the cover glass and only the part of edges
on the other slde. Then, this film is liszhtlv vressed on the
colony of rice blast fungi from a separate culture to adhere
spore or mvcella. A separate cover zlass 1s 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 1s no agaragar film are sealed with
fluld paraffin, the azar film is prevented from dryving 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
optlcal apparatus for phase difference was emnloyed. The obser-
vation 1s done in dark medium 100 x and also the pictures were
taken,

C. Results
1. Comparison of nuclear dveing method

According to Hobinow (1944), Hrushvetz (1954),
Krox-Davies and Dickson (1960), Ward and Ciurysek (1940, 19A1),
the good results were obtained in nuclear dveing of bacteria
and mould by HCl-Giemsa method. This method also gives very
good results in dyeing rice blast fungi,Orsein acetate and




carmine acetate are suitable for observation since the dveing
objects aprear to exvand theilr shanes. However, orcein acetate
does not seem to dve nuclel in stationarv state, Glemsa method
is very effective in nuclear dveinz, but the particles other
than pucleil in the cell are 2lso dved by the lonzer time of
dveing. The basic fuchsin method zives also a very good result.
Hematoxsvrin dvelng 1s effective in selective nuclear dyeing
of conidium in stationarvy states but it often dyes particles
other than nuclei in mvcelia or rgerminated srore. Therefore,
this method is not considered to be a sultable method for nucl-
ear dyeing, Dveinz bv Azur A has been attemnted but falled to
dve nuclel of conidium and mycella.

2. Number of nucleil in conidium and nuclear division.

Conidium formed on rice plant or culture medium
consists of three cells (Figure plate 1-A, 1) and rarely of 2
or 4 cells (Figure plate 1-A, 2). Each cell contains one nucleus
(Table 1, Figure vlate 1-A, 1, 2). Microscopic observation of
living body confirms that one cell contains onlv one nucleus
(Figure vplate 1=-A, 3). Piricularia svecles penetrating plants
other than rice such as millet (s-154-1), barn vard millet
(H-80), mioga (2-187), mehishiba (G-235) and broom-corn (p-168)
had one nucleus in one cell. In table 1, there are few cells
With two nuclel but the rate is extremelv low. It 1is noticed
that CuSO4 resistant bacilli Cu-%33 derived from P-2 had 10 %
of cells with 2-3 nuclel.

Table 1. Number of nuclel in conidial cell

- - - r— e

Number of nuclei In each of conidial cells Percentage of conidis
*Strain Total each cell of which
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“hen the conidium formed on rice nlant or culture medium is
vlaced in water or culture solutlion, it starts to germinate
after few hours. The base germination tube 1s malnly formed in
front or base part of the cell and raely 1n center of cell.
Nucleus 1in conidial cell is directlyv migrated to germlination
tube (fizure plate 1-A, 4a, 4b) for one case. For the other
case, the nucleus in conidlal cell 1s divided into two and only
one nucleus is migrated into germination tube leaving the
other nucleus in conidial cell (figure vlate 1-A, 58, 5b).
The frequencv of the above occurance 1s as shown in Table 2,
and the frequencv of occurance on the latter 1is larger.
During the migration of nucleus from conidium to germination
tube, the nucleus takes the elongated form (figure plate 1-A,
La,5a).The remaining nucleus in conidium does not divide

Table 2. Number of muclel in conidial cell at one cell stage of germ tube (P-2)

T kr e s o raks mew  f

Type N‘m s ffe?“u;ncy . Remarks oy
7T v H
' o One aucle’s moved into
. 30 n erm tube after nuclear '
" to . I ivision
One nucleus moved into
@ 19 b germ tube without )
P ‘tuclear division Uy
v Total 65 100 «

-~

' _Muon was made 5 hours after incubation in the rice straw decoction medium.
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further but in some cases, divide 1~3 times into 2-8 nuclei
(firure nlate 1-A, X,7). In case of two germination tubes from
one cell, one of the divided nuclei first goes into germination
tube and the other nucleus remailn in conidium or goes into the
other germination tube, Also the remalning 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 prooess is the same as above. Table 3 shows an example of
nuclel distribution in germination snore after 24 hours of
culture. The direct migration of nucleus in conidial cell with
nuclear division was 53 among 2A7 and amounts to 20 %. This
result is almost simllar to the result of table 2. The number

of nuclel in front, center and bvase 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(16.1 €). In case of 1.2.1, each cell is divided once

and front and base part of the cell 1s germinated with a nucleus
migration,

Table 4. Relationship between germination of conidia and their nuclear ’
division (P-2)

T Rl

’ Type

“‘mw Fre?:‘e)acy Remarks

b e e e em e e ————

y ) AN
Nucleus moves into germ tube with.
A 3@ IR BRVENUI | N B out division.
b o g : | I - S ' One nucleus moves into germ tube
-B 827 . 67.6 ) after one nuciear division.
;w/h\ l | > ) " Two nuclei move into germ tubes
C . IR Fars 0.6 - after one nuclear division.

s AR ' "' One nucleus moves into germ tube
:@ : 19.6 - after one nuclear division, and the
D » 66 . remaining one divides again into

! . two nuclei. .

. ) One nucleus moves into one of germ
190 41 tubes after one nuclear division, and
' - * the remaining one divides again and
! then one nuclcus moves nto the
{ other germ tube leaving the last one
R in conidial cell.

L}

! "y 0.2 Three nuclei produced by two nu-
r " y clear division move scperately il
N i ‘ each of three germ tubes,

Ry " 77" " One nucleus moves into germ tube
G I 0.2 after two nuclear division, and the
K other three nuclei remain in conidial

/ . 3 . cell.
e Two nuclei move separately ino

) ! each of two germ tubes after two
H w ’ ; 9 1.9 nuclear divisi:n. and the other two

remain in conidial cell.

: Three nuclei move separately imo

’ 4 0.8 each of three germ tubes afier two

1 . nuclear division, and the last eat
- remains in conidial cell,

Tetal . 4 100.0 ) N
-—Wm-doﬂimohrlmhﬂmhm”wmm

et
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In case of 1°1°1, the front and base part of cell 1s 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 consldered from the data of table 3, thev are as shown in
table 4, When one germination tube 1s produced, the nucleus
migrates into germination tube without nuclear division (type A).
The nucleus divides once into two and one nucleus migrates 1into
germination tube leaving the other one in conidial cell.{(type B).
The nucleus remaining in conidial cell is divided into two
(tyve D). The nucleus remaining in conidial cell 1is divided
into three 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 (tvve 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, (tvpe C,F) or 102 nuclel remain in
conidial cell (type E,H,I). From the above observation, it is
clear that nuclel 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 nucleil 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
consldered to occur right after division. The results of inves-
tigating the number of nuclel in mycelial cell are shown in
table 5. Most of the cells contains one nucleus but some contain
2-6 nuclei, The proportion of cells contalning more than two
nuclei is different depending on the system and 1.1 %-1A.8 %
variations are shown., However, the average number of nuclei
ver cell 1s 1.01-1.20, thus confirming the one cell-one. nucleus
orincinle. Saka-1, Saka-2 and Saka-3 which have relatively
high ratio of multinuclel cell are veculiar systems with
tendency of nroducing sectors and variations in votato agar
culture, Piricularia species isolated from vlents other than
rice have one nuclei in one cell as shown in table 5. Suzuki
(19A3) reported on three svstems of No. 5, No. 11 and No, 116
indicating that the number of nuclel in a mvcerial cell is 4
in No. § with distridbution of 1-11, Similarly No. 11 18 5 (1-10)
and No. 11A 5(1-13),. As shown in table S, we have observed
only one nucleus in one cell and 2 or 3 nuclei in a cell were
vervy rare.

In mycelium of coriidoophore, one cell contains one nucleil




(figure plate 1-B, 10). In case of conidium formation, the
nucleus formed by division at front cell of conldophore
migrates into newly formed conidium.

4, Nuclear division during the orocess of conidiur
formation.

When the tip of conldophore besins to swell, one
nucleus migrates into it. “Yonidium is initiallv soherical in
shave (figure plate 1-B, 11) but chanses to fusiform gradually.
(figure plate 1-B, 12a, 12b). As is clear from the dlagranm,
one cell of conidium contains one nucleus, but bv nuclear
division, it becomes two (figure plate 1-B, 13a). When the
nucleil migrate to both end (figure plate 1-B, 13b), a membrane
is formed at the middle and separation into two cells takes
place. (figure plate 1-B, 14), One of these nuclel 1is again
divided (figure plate 1-C, 15) and third conidial cell with one
nucleus 1s formed. From the above observation, the nuclel in
three cells were originated from a single nucleus and consider-
ed genetically the same. During transformation 6f two cells
into three cells, it 1s not often observed which nuclel are
easier to be divided, but anical cells divide in many cases.
There are cases where both nuclel divide, but these are consi-
dered to be spore (figure plate 1-A, 2) having 4 ocells.
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‘l'lble S. Number of nuclei in mycelnnl cell
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5. Muclel in appressoria

Number of nuclel in aonressoria formed on slide zlass
was observed at 24 and 45 hnurs after incubation. As shown in
table 7, the cell havinz one nucleus 1s the largest and few
tells having two nucleus anpear: after 24 hours of incubation.
After 45 hours of incubation, cells havinz maximum % nuclei
avpeared. Since the mvcerial formation on slide glass can not
be done, nuclear divislion 1s continued in avnrressoria and the
number of nuclel are increased with the time. The number of
nuclel in appressoria formed on rice plant is not clear but in
case of mvcerial formation, one nucleus ammg two nuclei formed
by the division in appressoria 1s considered to he misrated.

6. 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 cermination in one case and hefore comuencement
of germination in the other case. The conidial nucleus in
stationary state 1s considered to be dveable clot but the comm-
encement of nuclear division loosens the clot and forms the
different size of dved object (figure vplate 1-C, 17,18).

The dveing object forms a tvypical equatorial wnlate in the
middle veriod (figure plate 1-C, 19) and through the latter
period (figure plate 1-C, 20, 21), it zoes into the final period
{(figure plate 1-C, 22, 23). The number of dveinz objects are
eagier to observe at the beginning of latter perlod, and three
are observed in one case and 5-% are observed in another. (figure
plate I-D, 24, 25). This mav be due to the difference between
single nucleus and double nuclei. At anv rate, the number of
stained object should be further investigated.

The nuclear division of mvcelial cell (speclally signifie-
cant in atmaospheric mvcelia) is different from conidium and 2
typlcal 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, 28). At this
tipe, the division is always nerpendlcular to the direction
of myvcelial growth. The dved objects connected to belt or
spherical shape form two vertical rows and one row migrates into
the direction of mvcelial growth. (figure olate I-D, 29,30,31).
Thus the nucleus divides into two,

It i1s oconsldered from the above observations that the

nuclear division of conidium is fibrillar division similar to
high organisms. The nuclear division of mvcelium is consideradly
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different from these. Thus, the detalled future investigation
would provide many informations on the subject.

Table 7. Number of nuclei in appremoria
formed on slide glass :

: - Ne. of nuclel  Hours' of incubation
. S bt s
ia appreworis % e

- D ——
0 .8 s
1 ® s
@ '} 7
] s 7]
144 ‘ 8
s R 1.
244 I
- ¢ ' 2/
¥4d I
s 2
6 1
Total 198 26

Observation was made 24 and’ 4% hours
after incubation in the rice straw. decoction:
medium. ’

d: Dividing nucleus

D. Discussion

Piricularia specles are very susceptible to variations.
In order to understand the mechanism of variations, it 1s impor-
tant to know the nuclear activity through the livine environment.
In bacilll, there are zenerally sinzle spore isolates and
single cell isolates (bv the division of mvcelial cell)., Many
tvypes in addition to the above were used 1in 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 genticallv 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 genetlcally pure. There are
many conidia and mvecelilal cells containing multinuclel. If these
were mixtures of geneticallv different specles, the variations
can occur easily in the single snore isolates,

Nuclear activity during the orocess of conidium formation
is investigated from these view voints. The arlecal conidophore
1s exvanded and conidium formation begins to take vlace, One
nucleus is migrated first and divided into two nuclel, Two
conidial cells are thus formed by the membrane separation
between the two. One of these nucleil is again divided into two




and the third conidial cell with a single nucleus 1s formed.
Therefore, three nuclel in these conldla were originated from
the same nucleus and considered genetically the same. These
can be considered the geneticallv oure single snore 1solates.
From these view points, the rice disease (Goto, 1954) which
contains multinuclear mycelial cells, multicellular conidium,
and multinuclel is an entirelv different kind of single spore
isolates.

Suzvk1(1953a, b, ¢, 1973) and Suzuki et al (1955)
reported multinuclear cell in conidium, sermination tube, appre=-
ssoria, mvcelulnm and conidovhore. Thev have made karvological
studies and analysls of appressorla and reported that heteroka-
rvosis plays an important role as the causes of variations.
These results do not agree with those of Yama~rakl (1953a, b).
Mizuzawa (1959) and ours. In order to exvlain these discrepancies,
we have investigated the number of nuclei in mycellial cell which
was reported as hetero tvpe by Suzukl and obtained the result
of one nucleus in one cell similar to other svstems. These
results are shown in table 5. Therefore, these discrevancles
cseemed to be the technique involved in nuclear dveing bv Suzuki
and not due to the difference in the svstems employed in exveri-
ments. As will be separately discussed in detaill, the multinucle
ear cells such as Saka-l, Saka~2 and Saka-3 of table 5 have the
maximum rate of 17 % and there 1s no change in the principle of
one nucleus in one cell. Suzukl (1943) argued against the
researches of Yamazaki and Shinkan (1954, 1959 and 19A0) and
asserted that '"Af each cell contains single nucleus, the single
spore isolates must be homokarvon, and the variation of biolo-
glcal characteristics would not occur except the confusion of
sexual process". Even thoush varlation 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 1s another supvort 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-Davias and Dickson (1940), Somers
et al (19A0) and Ward and Ciurvsek (19A1) indicated a typleal
fibrillar division in becilli. Robinow (1955, 1957a,b) and
Bakersnigel (1958, 1959a,b,e, 1940a,b, 1951) asserted a separate
nuclear division in mvcelial cell, Our opinion on these 1ls that
fibrillar division ic carried out for conidium and separate
mode of divislon is carried out for .mwcelial cell. i
. Yamazaki (1953a)
reported on the number of dyeing objects temporarily as 3(2-4).
Suzuki (19€3) 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 bacil!i, It is very difficult to deter-
mine the number of dved objects in mvcellal division but
Shinkan observed six in P-2 species. Sometimes 5 nuclei are
observed and thls subject should be further studied. Also the
existence of singzle and double nuclel can not hre ignored,

IV Appearance of Variants on Culture Medium
!+ Introduction

The nuclei in three cells of sincle svore isolates
are considered to be zenetically the same according to karvolo-
gical studies through the living environment of bacilli., Even
when the single spore isolates are cultured, the variation
aopears as the sectors and the variants contain entirelv differ-
ent bacillil from varental bacilli, (Konish 1633, Kuribavashi
1953, Shitavama et al 19A4). We have clarified the status of
variants appearance in potato gel culture media, emploving
many single spore isoclates svstems, and investigated the
relationshlp between the appearance of variation and the
number of nuclel.

B. Materials and methods

295 systems of single spore 1solates from the various
experimental stations in Japan between 1951-1953 are examined
according to Kurozawa method (1955). Among these, 41 svstems of
mlioga 13 systems, Hie 1 svatem, Kibl 1 svstem, Awa 7 system
and Mehishlba 19 svstems are the bacilli of plants other than
rice.

The potato gel culture medium 1s placed in the container
of dlameter 8.5 cm and one bacilli clot from the single spore
isolates are inoculated and incubated at 28%°C in the dark.

Five containers for one svstem are tested.

Vhen sectors or island shave varlants are apoeared, an
isoleted culture is carried out on the inclined plane of
potato cel medium and thelr characteristics are examined by
three consecutive cultures in the same culture medium. These
are clas<ifled into definite and temnorary varilants, and
varlants preserving the characteristics were treated as sectors.
Also, the sectors which appeared in the vrocess of three cone
secutive cultures were similarly cultured separately. The
karyological studies are conducted in the same manner as
previous experiments.

C. Results




1. sappearance of variants on notato #zel culture medium
and thelr characteristics.

295 svstems of sincle srore lsolates were investiga-
ted and the results on the freocuency of sector anvearance are
shown in table 7. 2435 svstems amonz them (°3.0 %) did not
produce sectors and formed 'rnlv homogeneous colonles. Average
3y 4 sectors for onecontainer were the maximum. Saka-2, Saka-

4, Saka-5, Saka-% and Saka-7 were isolated from the same villace
(Hukushimaken Itatsukun) and considered to have a close rela-
tionship. The sectors apveared during the investigation as shown
1n table 8 were transplanted and thelr chacteristics were
examined, in addition to the appearance of sectors. The results
are shown in table 9. In most cases, the sectors do 9ot appear
after two times but in few cases, the sectors kept appearing
even after two or three times transplantations.

I Table 8. Appearance of sectors in single spore cultures on potato .
,sucrose agas medium : -

v . -

. _ . " No. of
T o
I T T T 1)

. oo e 02 :
. 2 0.4 16
3 0.6 6
. 0.8 3 |y 7 89-1-1, Saka-8
3 ‘1.0 v Saka-4
y 1.4 1 Saka-d
10 *.0 2 56, Seka-7
a0 oA ! Seka-1
) Total 9
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Table 9. Appearance of seciurs in the course of subculture of sector
forming strains on pomo sucrose agar medium

e an AR - e

-—ETT WTT Sl w v ey - =

No. of subcultures oyt

. - No. of strains Remarks
T 1w 20D ' Sed® o
: 1 o o T '
NS T A 0 4
N | 1 1 1
\-‘:w | ST | 3 1
| b L4 1 } '
2 0 0 16
L] 0 0 6
H 4 0 0 s 75, 69-1-1, Saka-8
ot 5 2 0 1 Saka-4-
2N | 3 - 1 Saka-5
10 2 0 o Saka-7
10 ) 1 1 56
” 19 2 1 Saka-2

1): No. of sectors per 3 plates.
2): No. of sectors appeared on slant cultures isolated from sectors formed
on the first plate culture.

Figure 1 shows the process of consecutive culture of Saka-2
whlch shows the best sector appearance, and the culture nroner-
ties are also noted, In some system,9 consecutive cultures still
produced sectors and the variatlion of thls system was very large.
The variation of colony color was black, broun, vellow and grey.

2. Variatlion in the number of nuclel of the svstem

As shown in table % and 9, Saka <roups such as Saka-=2
showed many sectors and were very susceptible to variation.
The ratlo of multinucleil mvcelial cells was low compared with
other svstems. Since some relationship mav exist between these,
number of nuclel 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 1s observed hetween 54 and system
with 2.4 % multinuclel cell and sector appearance. Saka-2 and
Saka-5 were clearly different from the original svstem. Particu-
larly in Saka-z the ratio of multinuclel cells varied from 1.3 %
to 23.9 %, whereas the original syvstem had 13.2%. Emvloving
Saka-?2, a simllar investigations are conducted on 3 th and 9th
culture and the results on the stabllitvy of their characteristics
are shown 1in table 11 and Figure 1. There were species stabilized
at high ratio of multinuclel cells (Saka-2-33,) Saka-2-Z, Saka-2-
?7, Saka-2-3A) and stabilized at low ratio of multinuclear cells

-2-60, Saka=-2-37, Saka-2-86) and unstable species.




Table 10. Variation in the number of nuclei in myreliill cells of varianty

appeared ab sectors from Saka-2, Saka-3 and 56.

M  No. of celb 8 M Average
. . . , No. of celh 9 of cells Ave
sine l:lo. f nuf_kl .l:\_- mycelial cells T“" of cell contai?:‘ng contain'i‘ng n}‘m';rgre .
] S ., - . , more than. more than of nuclei
T R observed (o uclel  to nuclel per ::Ilu
Saka-2 509 61 13 . ¢ ' 587 78 13.2 17
x 7 et 105 910 1 1 527 126 T239 - 1.3l
.58 409 106 12 . JO ] 538 129 ., 23.9 1.3t
9 e % 6.5 1 . 510 106 20.7 1.25
) 42 .97 .1 1 . 534 108 , 20.2 . 1.2¢
n “41 9 4 2 1. 539 % ' 18.2 1.20
4-2.7 480 80 12 ‘4 ! 576 96 16.6 1.20
4 . 44l 0 3 -5 519 78 15.0 1.19
KAl I A I B 150 115
LY o . . ‘ .0 1.15
-38 463 5 5,.8 530 67 . T12.6 . LIS
39 50 o4 6 -l 572 7 T 124 1. 14
-87.. 469 63 2] ! 535 i 66 - 2.3 ; 1.13
a0 v 332 :39 8§ ] 376 4“4 LT e 113
-4 01 47 S8 : 556 55 9.9 » 1.12
- ; 485 53 3. |1 542 57 10.5 LN
% 495 52 4, : 551 5 10.1 IBY)
-1-7 477 49 4 530 53 10,0 1.1
'-;;l , ;;(7) ;;g LI | . 529 gg . 9.8 11
T o : 558 50 - 1.05
50 ' 50 25 |} : 526 2 - 49 1.05
.78 552 27 ., . 579 27 4.6 1,05 /
86 . 500,19 1, : 521 21 4.0, 1,05/
25 1 339, 14 o 353 T 3.9 1.04
58 07\ 17 524 17 3.2 1.03
40 -7 502 16 v $18 16 3.0 1.03
52 377 '8 . 385 8 2.0 1.02
‘R B A
. - .3 .0
Seka-$ 527 M, S 14 2.5 .05
aen X " 4 et
N 503 &4 3 | " 571 68 1.9 1.24
-3 512 4 6 3 ] i 577 65 1.2 - .23
-17 503 46 .2 » ' 551 48 8.7 .18
-2 05 43 3 i 551 46 8.3 1.1?7
-1 05 2 N , 534 29 5.4 L
-2 4 2 1) 547 23 4.2 1.08
-10 500 18 | - 819 19 3.6 1.07
-1-2 s21 "1l 532 1 2.0 1.0¢
-0 % 10 s 544 10 1.8 . 1.04
j , 520 13 ' $33 13 2.4 1o
-‘l)o " g;g ?g ggg ?o 3.7 KN
-19 9 J7 ¢ 5% ; 31 e
1 a1t 1.06
S B T R
. . 2.8 1.06
-8 508 3 B 21 3 2.4 1,04
-9 497 10 807 0 1.9 1.0¢
-i6 Stk 8 1} 520 9 1.7 1.0
L

Obeervation wae made after beven subcultures on potato tucrose agar medium.
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" Table 11, Number of nuclei in mycelial cell at 7th~9th subculture of
variants isolated from nclon of Saka-2

—— “
’ No of nuctei in  No. ol' No ofcelll 95 of celll Avera e Signifi
Scrmin - z%cﬁf mycehnl cell celly  SOMtaining - containing numbes gnt icance

e - -

. d more than more than of nuclei of
' _"“” I 2 3 4 5 6observed two nuclei two nuclei per cell diﬂ’«ence
—————— e e ———— — -
Saka-2
-8 7 463 59 5 3 530 67 12.6 1.15
8 501 % 2 2 561 60 10.6 12
! 9 58 53 81 565 7 . 100 Ll
-n 7441791 4 271 539 98 . 18.2 7 LIB . ...
.. 8 335 %4 : 589 5 1 9] 109 ;,, o
, 9 525 81 41 61 8 ' 4.0 |.|s_
-%9 70 524 17 3.2 103 ooe
\ 9553 888 | 617 64 10.4 1.1 )
-1 7426 9 7 1 1 534 108 20.2 122 vos
., 8.513 3552 575 62 10.7 1.12 ) oo
L9 4% 47 | | 545 49 9.0 l.ia "
X 7 4010065 910 § 1 527 126 23.9 1317 V\ene
. 64 564 64 1.3 L1 ) oor
©_ 9 478 77 1 556 78 14.0 114
-0 77 510 25 1 526 2% 49 L05
. °.. 50 27 1 548 28 5.1 1.05
-9 7 %0 64 6 1 52 .71 124 N4
" 8 516 61 6 I 564 68 11.6 LI13 . \eee "
‘9 s 3 1} 563 3 58 ¢ 1.06 . ) .
X 7 40 65 7, 522 72 13.0 115 7 -
o 8, 168 21 189 21 1.1 LI g e
L9 4% 86 7 21 533 9% 18.0 Lai! ) .
40 76 518 16 3.0 L0375 Voo
L9 54 393 %6 42 7.4 1.07 )
A7 270 522 10 1.8 1.02 o
\ 9 514 M 2 _6lo 3% 5.9 .13 )
S 7. 485 533 ) 542 57 10.5 LA T
N 8 479 50 5 2 536 57 10.6 1.12
a 9 509 55 3 1 58 59 10.3 1Lo9
31T 7 469 63 2 1| 535 66 | 12.3 11375
o 8 4% 79 4 - ) 578 84 14.5 1.16
9 510 63 8 1 58l 7 12.2 114
~3% 7 405 52 4 551 56 10.1 . LI
8., 509 48 6 | 564 55 9.7 LI
9. 517 55 2 2 576 59 10.2 L i
87 7 530 28 558 28 5.0 1.05
9 _5is 31 2 548 3 6.0 1.06
. =10 7932 39 8 376 4 11.7 113 )...
8 46110013 7 590 129 21.8 1.26 .
9 sl 9 44 66 1Y 20.7 1.26 - "
=38 77 409106127107 1 538 120 23,9 L3 . !
Y | 100 10 7 619 1 18.9 123 - ;,,
9 45212618 2 593 141 23,9 127
v 08 7 19 1 1 . 521 . 21 4.0 1.05
9 %3 N 5% 3 - 46 .08 *
1 9 %1 9 593 5 - 608 77 12,6 [AD ’
I""4l 7 M eSO -~-08 LI
9 51 64 575 64 11 1.11
& e: 396 level of significance 4 .
oo1 |9 level of 5
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Table 12. Relationship between cultural conditions and number of

nuclei in mycelial cell

No. of nuclel i No. of No.

of cells % of cells Avers

8¢ Significany

. . mycelial ecell | . g g numbe:
Burwin | Media® T L cels e thah more than of nuelel of
; i 1 2 3 ¢ 3 obeerved two nuclei two nuclei per cell difference
ISake-2-39 . PAM 30528 )| .~ . 5% Y 1.06 =
feg - _;,,”' RAM -"—";]\‘ 'f -— - -—t bt not
© 1. []» SAM 50640 3 . 59 4 7.8 1.08
- . ‘
#1800 .. PAM 5326 - . - %1 "2 © 4.6 1.05 '
\-veo -« RAM 501 20 A T 3.8 1.0t a0t
. SAM 506 19 ‘ 525 19 .6 1.03 ‘
o+ 8., PAM 51926 54 % 4.7 1.08 o
o r. o, RAM 3501 22 523 22 4.2 104 not
’ - SAM 53015 ' 545 15 2.7 t.o3 '
s 4 PAM 500% 7 1 -5 38 7.0 1.08
RAM 51340 1, 554 41 7.4 1.08 not
SAM 504 % | 541 37 6.8 o7
s 40 PAM 49527 . 1 2 % 5.1 1.05 e
RAM = — — i — - - -_ /' not
SAM 52015 | 536 16 2.9 1.0
e -81° PAM 4022 1| 563 2 4.1 1.04
RAM 364 16 380 16 2.7 1.08 ot
\ SAM 332 11 | 564 12 2.1 .02

® “PAM: Potato sucrose agar medium
RAM: Rice straw decoction agar medium
SAM), Syathetic agar medium
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S —————32 — 10,3 Black )
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e ——23.9  1..3—I14.0 Black ' X
M v r—'..q-»—-u- 49— - — 5] Black - 60 ' /
) " : . & p~"Brown o
oLl —I-"""‘“‘" —12.4—~—11.6 -8, B\Black r 9 -
o e i g3 18,0 Brown ' Y
ASRRAELE DAL 3.0 - - 7.5 Black 0
AN ' Yellow ,. 4 .t gt ®
- 18— - sl el
Y 10.5—10.6—10.3  Brown ., .2
“Sakset [V Tl 27— 14,5~—[2.2  Black s7
(“‘2.“.) Wi ' - —10.l— 9,7——10.2  Black %, ,
dibentvapy o v Richt B :
gy e 50— - — 5-°<m§ck oo
i 1.7=-21.8—20.7 Y 0 T
o l 23.9-—10.9—23.9  Brown s °!
(SRR A r—-4.0——-——4.6 Yellow - 88
g M b —— = —I126 Black 7.,
s | - 9.8mm = —1.1  Dlackish .
el v 1 2 ) 4 85 6 7 8 9 . . “ e
o Subculture on potato sucrose agar medium (itl»lor of Strain’ '
. . . coiony I
L., , : A e
“"l’_l(; 1. Occurence of variants having different number of nuclei in mycelial . . . .
YT celly of Seka-2. ' : :

' 13" Nimerals show percentages of mycelisl cells 'contiinlng more than two nm:lel.y
-l s Difference is not significant * : ‘ S e
t, ommp } Difference do significant™ - ) v vatad

In ordexr to investigate environmental effect on the number of
nucleli in mycelial cells, the number of nucleli cultured in
different composition of media such as potato gel, agaragar

and synthetic gel were examined. The results are showm in table
12. No significant difference between them was observed. Thus,
the number of nuclel 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 blototype (Stakman and Harrar 1957). The appearance of
different shapes of seotors in colony is due to either nuclear
1solation in heterokaryon or sudden variation in homokaryon
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(Buxton 1941). The variations in piricularia svecles apnear
occasionally on culture media and as 1is clear from the above
experiment, the annearance of sectors and its freaugncv are
considerablv different devendin~ on the svstems, It 18 noticed
that there was no relation between the number of nuclel in a
cell and the frequencv of sector anvearance. In most svstems,
multinuclear cells are verv low and the sector apvearances are
almost not noticed, In svstem where the sector avvearances are
manv, there are species with relatively hich ratio of multi-
nuclear cells such as Saka-1 and Saka-2 and svecies with
relatévelv small ratlo of multinuclear cells such as Saka-=5
and 5A,

Since the nuclel in conidial cells sre genetically the
same, the single spore isolates can be considered as vnure.
Therefore, the frequent sector apveararces were considered to
be due to the following.l) A sudden variation apvears in
growth process. 2) Heterokaryon 1s isolated due to anastomosis
between the variants which apreared in the same culture svstem.
3) It may be due to varasexual recombination of already exis-
ting or newlv created hetero double nuclei. Je can not conclude
on the causes of sector appearance from these experimentsl
results but an inferrence can be made that the possibllity of
1) and 2) is large for Saka-2 which has the high frequency multi-
nuclei cell appearance and the possibilitvy of 1) and 3) is large
for Saka-5 and 5A which have low frequehcy of multinuclei cell
apoearance, Further investigations are necessarv on this subjeot
for satisfactorv answer.

When the sector 1is i1soleted and cultured consecutively,
the svstems different from multinuclel cells are isolated.
In Saka-2 with high freauencv of multinucleil cells, systems
from maximum 23.9 % multinuclel cells of Saka-2-X to minimunm
1.3 & of Saka-2-%fA are 1solated bv seven consecutive culture.
In Saka-5 with low frequency of multinuclei cells appearance,
the variation is seen from 1.8 % to 1i.9 %. In 5%, the varia-
tion is only 1.8 Z to 11,9 . In 55, the variation is only
1.7 % to 3.7 #. These differences between the syvstems change
sometimes but 9 consecutive cuyltures seem to stabillize them.
Thus, the cell with dif ferent average number of nuclei can be
obtained by isolating the varlants, but the reasons for these
have to be clarified by future investigation. As shown in
tadble 12, the change in the number of nuclel due to environ-
ment 18 verv difficult. Therefore, the multinuclei cells
(average number of nuclei pver cell) are considered to be gene-
tically stable against environmental changes.

V. Anastomosis and Parasexual Recombination
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A, Introduction

Since sexual gereration is not vet discovered in
incomplete bacilli, the causes for variations are considered
to be due to 1) sudden variation and 2) recombination of
nucleil with different genetic tvpe hv heteroarvos., In 1952,
Ponteconvo and Roper indilcated the existence of narasexual
cvcle in Aspersilius nidulers and the viriation due to somatic
recombination of renetic elements in addition to the possibllity
of genetic analvsis. The re<earcn in these areas has remarkably
progressed ever since. Todv, the existence ~f varasexual cvcles
1= established for the followinz. Asperglillus vicver (fontecorveo
et al, 1953), Penicillium chrvsozenum (Pontecorvo and Sermonti,
195&), Pusarium f. pisi (Buxton 1954), asnergillus orvzae and
Asperglllus soyae Oshitani et al, 195%), Gerhalospcriua myco-
philum (Tuveson and Cov 1991), Cochliobolus sativus (T'nline
1942), Verticillium albo-atrum (Hastie, 19F2), Fusarium OxXys=
porum f. Cubense (Buxton, 1942) and Penicillium expansum
(Barron, 1942)

It is very important to determine the existance of
parasexual cvcle in bacilli and establish the causes of vari-
ations in somatic recombination. The followine are the pre~
liminary results of our experiments and revorted here since
we thouzht that somatic recombination can be obtained in rice
blast fungl.

B. Materials and methods

Observation of nuclear activitvy in snastmosis;

Emnloving svstem 58-4 suscentible to anastomosis,
the culture 1s carried out on slide glass in straw gel liquid
media for 30 hours at 23°C. Phenomenon of anastmosis is
observed with microscope and the dvelng of nuclel is conducted
bv HCl=-Giemsa method.

Method of inducing anastmosis:

Variants such as P-2b-XWN42-XI#, P=2h-XNQ8%,
P=-2b=-XN10Abr*, Ken 53-33-Cu9 and S225 obtained from three
different system i,e, F=-2b, Ken 53-33 and S225 bv X-rav, ultra-
violet light treatment and CuSO4 potato rel culture were
emploved. The nutritional requirements and morphological pro-
pertlies are shown in table 13,

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

P PR, —— i
L N ) Character of colony
Nutrient requirement Gene- CuSO, pomodgucrose )
- — e - — ~— ratiON . agar medium Remarks
Strain Cystine of resiv N — i
Ade. &Y _Ino- i ePheqyl- H,S Acrial Gro-
nine :ni':‘l:‘ sitol Lysin alunine ? tance Color hyphae  wth
;';h—w + + o+ A + o+ - — - black 4+ normal
. - black 4+ normal
Ken$333 + + + 4+ 4 + T Tsolated
§:25 + + - + + - + black 4+ normal from wid
b strain
P-2b-XN - - - - black =+ normal X-ray
.- 42X1 + + * treatment
PI-XNGE — + + + + - - black =x normal ”
P-?b-)ié b + + + + - - —  brown 4 dwarfl ”
r
CuSO,
Ken 8333 & = + 4+ 4 4+ 4+ black = normal ol
u ale ,
§225100 4+ - — 4+ 4+ 4+ = |jpex 1 normal

+: No requirement of nutrient, generation of 1,S and resistance to CuSO,.
—: Requirement of autrient, no generation of H,S and no resistance to CuSO‘.

“re following three methods were emnloved in indnecing an-sizo-
+is. 1) Conidium and mvcelium from potato vel culture were
luaced in sterllized water and the solutions were rrenared bv
mixine various amounts of two svsters. These were centrifuged
~o ma¥e a mass Of conidium and mvecelium. The.e were cultured
in a small amount of agar medium fro 2-=3 weeks st 270C,

Then, the active vart aprears as sector. This vart 1s again
sransnlanted to arar culture medium. 2) The svstems for exper=-
inental use were separatelv cultured fro three weeks at 28°C
on ootato llauld culture medium in whilch few vleces of cotten
cut in about 5 cm length were nrlaced. The bacilll adhered cotten
was transferred to a small amount of a-~ar culture medium and
two svstems were cultured side bv side. Tren, the actilve growth
rvart appears from the mixed colony on agar culture medium.
Tnis 1s arain transvlanted to a small amount of agar culture
nedium. 3) A mixture of two svstems was cultured on votato
lilould medlum. After two weeks, the colonles were washed four
tines with sterilized distilled water and cut with platinum
wire. The piece 1s 1lnoculated on a small agar culture medium.
After 7 davs of culture, if the colonies apnear, these are
transplanted to small culture medium. The transvlantation of
tnese colonies on small agar culture medium was repeated 2=3
times and the characteristics of growth and colonvy were
karvolosically investigated.
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C. Results
1. Nuclear activities in anastmasls.

The number of nuclel in anastomosis of uicerlia
and the locations were observed on 423 cells, and the results
are shown in table 14 and firure nlate II. . nucleus exists
separately in anastomosis of both mvcellal cells. (table 1ka,
figure plate II-A, 1) and this 1s most abundant (77 7). also
the following are observed. Cne nucleus in onastomosis of
cycelia 1s about to nigrate into the otrer cell through anasto-
nosing part: (tabls 14 B, figure plate II-i, 2). Yo nucleus
exists in one cell and two nuclel asre included in the other
cell (table 14 C, firure vlate II-i, 3). The nuclei in both
cells exist veryv close torether at anastorosing locatlion of
mvcelia, or two nuclei are vartlv anastomosed. (table 14 D,
figure plate II-A, 4a, fizure plate II-B, 4b). Onlvy one nucleus
is observed through both anastomosing part or anastomsis of
mvcelia (table 14 E, figcure plate II-B, 5a, Sb, 5¢). And
table 14, F, G are observed.

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

——— — —_—

Type N e %
A 826 . 7.0
' N
B 12{} 21 49
c 3&5 s L2
D —LﬂorD{{l 15 3.6
r{}{] Y
Jg
Total 423 100.0

Observation was made by staining nuclei

with HCl-Giemsa method after 30 hours

culture in the rice straw decoction liquid

medium.

- /: The point st which anastomosis
occured.
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From the above observation, it 1s certain tiat a nucleus of

one cell is micrated into the other cell throuvh anastomosing
vart of mvcelia. The misrated nucleus can nossihly be anastomosed
with the nucleus in the otrer cell and forms »n nucleus of

twice the size, However, this should be confirmed bv measure-
ment of LA, determination of tre number c¢f chromoscome and
other method, At any rate tine tacilli from snastomsis of myce-
lia are considered to be eitier heterocarvo'. which 1s used
together with nucleus of biochemlical variarts, or heterozvygous
divloid from anastomosis of both nuclel, Sirce karvolozical
observations indicate that one cell contsins one nucleus mostly,
the possibility of latter is hign. In this naver, we combine
both and desiznate as heterodinloid.

2. Properties of heterodinrloeld

Before the mixtures of bhlochemical sudden variants
are cultured, the high concentrations of co~iéium and mycelia
were inoculated on small agar culture mediun in order to
investigate whether therw srow bv reversicn of sucden variation.
When occurrance of cross feedinc 1s examined v culture of two
sudden variants on segar culture medium the variants emploved
in these experiments did not <row on culture media and ne
cross feeding nor the rev rse sudden variasti-n occurred.

Emplovying six blochemical variants, attemnrt was made
to form diploid byv various combination between them. The
combinations showing active growth similer to wild bacllll are
shown in Table 15. These maintained thelr cnaracteristics in
culture bv transvlantation of myvcelial mass. Among these culture
mixtures, for the case of one system producing K>S gas (II,III,
IV), or even for both svstems rrodicing f2S zas %V), no H2S
gas production 1s observed.

Table 15, Character of newly formed hetérodiploid

T T " "Character of colony og

\ﬁm — _N‘mnem ret-auirement 7 .. Gene- CuSO, potato Sucrose agar
diphaid Combination Ade S'yime Ino- LysinephmYl. l’;ﬁon resis- m'd'“m--A-e-'-i“'-—--- -
nine thionine sitol slanine Of HiS tance  Color 3 00y Growny
Het 1 'g-g&XN 8+ L 4 + +  + - +  black ‘-H'l nomnl
et 1 §-§%§$9B+ + + '+ + + - - \blltk 4 normmsl
v SRRGEL ¢ v e o e b e
mov, $BSEe + 4 v+ v - e b e
wov PRIEE ¢ ¢+ e 4 - - e s

A

i\}ymhoh are the same with Table 13.
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shen the reslstant bacliliil are emnloyed for ire combination

of culture (I,IV,V), They showed lu3(; resls'nce, <nen colony
on votato arar medium is brown (VI), heteroci-ioid was tlack
and normal.

3. Recombination obhtained hv sinzle ovore icolation
of heterodinloid.

Conidium formed on heterndinloid ¢ =5+1il enlture
medium was inoculated on rotato asar mediun ~r»d nutrient re-
cuirement and the promnerties of colonr were oy mivied by taking
the colonv formed from sincle svore, Thne recults are shown in
table 14X,

Het-I is heterodinloid f+v.2¢ by P-2b-i 93 (Adenine
reoulred, no. H-S generation and sensitive to Jusliy) and
3225 (insitol required, H2S 1is wenerated, CusL. reocistant),
does not vnossess nutrient reoulirement, is Cus . resistont and
does not generate %2S. 140 sincle srore 1so0l:iren were investi- )
rsated and found the following., 31 svstems were investicated
and found the following. 31 svsters ha the same rroverties as
3225 except the lizhter color of colonv. 15 =vatens had the
same vroperties as Het-I. One svstem had zrev coler of colonv
and one svstem had <rev color of coimmv but siie adenine reauire-
ment and CuSC4 sensitivity are the snme as r=2b=-L97., Two svstems
had inositol reaulrement, CuS(Cy sensitlivicv srd brown colonv
color. It is varticularly siznificant that 115 svstems (494%)
with cvstine or methionine renuirement and bhrown colonv color
entirelv different from varental svstem anpeared.

Het-II is heterodinloild formed by botn svstem of P=2b=
98 and S225~107 (Cvystine or methionine and ivo0sitol recuire- .
ment, HpS generatlon and CusS0y resistant), which does not show f
nutrient reouirement, senerates H»S ras and 1s suceptible to !
Cu3SCy. when 120 sincle spore isolntes were investirated, the
followlng svstems were obtained. Two svstems had the seme
properties as Het-II. 3vstems having cvstine or methionine
recuirement, H»S seneration and CusSOy suceotibility are 14 for !
black colonv color, 72 f»r brown colonv color and ? for white
colonv color resmectivelv. 22 svstems had ndenine, cvstine or
nethionine, inositol and other materials reaulrements, no HZS
generation and CuSO4 suceptibility.

Het~III is heterodiploid formed bv both svstems of
*2b-AN98 and Ken 53-33-Cu9 (Cvstine or methionine required,
H2S senerated, CuSUy resistant), which does not show nutrient
requirenents,is resistant to CuSCL and does nnt renerated E2S,
Among 119 sinegle svore isolates, 35 svstems had exactly the
same propeptles as Ken 53-33-Cu9 and 9 svstems had the same
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rroverties as Ken 93-33-Cu0 evcent lecs 5 - eration. Cther
~vretems snow recombination heilween bhotn rer vl svatemns con-
cerring nutrient resulrerments, K235 generati-» .l Cusls resis-
tance and the color of colonles was entirelw ~ilferent,

it is sisaificant that =svystem havins adenin~ requirement did
rot aprear.

Eet-IV 1s heterodinleid formed br he'n svsters of
r=2bh=-XVi2-XI(adenine and lvaine remilrel, nd 23 “eneration,

suceptibel to Cu3CL) and S225-a07, wi’ch éems not jove nitrient
reculrenent, does not menerate H~: ~d ts racentille to CutCy.
imong 149 sinzle snore isolates, 45 svaters o4 Lo T
rroverties as C-=2b=-X12-X{I. 10 svstems had the £am ‘ent
reaulrewent a2nd K23 generatli-n as S225-107 tw:it nnd e
color of colonv and growth from both varanta sveienms,

other svstems showed the recombliation tvre on the mutr eng
reculrements.

10

In surmarlzing above results, heterciinlcld shous
followinz oproperties. 1) No nutrient recuirvencrta, o) U
gener~tion 3) Apvearance of resistarce wnen ooth naranta

svstems are different In CuSCy resistant. I~ tne case of single
soore isolatlon, 1) socme svstems show the =~ e nronerties as
varantal svstems (Het-III =znd IV) but most s57stens show differ-
ent properties from narantal svstews. 2) iLet-I, II and III
reaulre cvstine or methionire and manv svstenms showed brown color
of colonv., It 1is sienificant that the different vropertlies from
varantal svstems apneared in Het-I. 3) Avvearance of the svstems
having the same propertles as heterodinlolc are verv rare.

Tnese vhenomena do not aprear due to isolatlon of nuclel in
heterocarvon.

s tn

U

D. Discussions

When two %inds of biochemical =udden variants with
different nutient recuirements were cultur~nd, tne apvearance
of tacilli on small culture medium is consldered to be due to
one of the following. 1) Formation of heterocaryon. 2) oSimple
wixed bacilli. 3) Cross feeding or 4) Reverse sudden varlation,
Since the separate exneriment showed that reverce sudden varla-
tion and cross fe~din= do not occur 1in the blast fungl, the
appearance of bacilll on small culture medium is considered
to be due to former two. aAs 1s clear from thls exveriment, the
nucleus in one cell mirsrates into the othcr according to anasto=-
mosls of mvcella. The formatlion of heterocarvon might be the
main cause for this phenomenon. However, one nucleus in one
cell 1s a rule in bhacillil and the mirrated nucleus combine
with the other nucleus in the cell to form one nucleus accord=-
ing to this experimental observations. Therefore, it 1is
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conculded that the svstems crowind on small culture medium
contain one nucleus of heterodiniold in one cell.

Thus, the bhacilll are self-nutrient, ~or-al HsS rener-
ation in anv combiration ard shows sunerior Ci<C; resistant.
In single conidial isolates, verv few had the same properties
as varantal strain or heterodionlold concermine the shave and
color of colonv and most of them vrere consideored ©0 hnave recom-
bination of various characteristics, It is =si-nificant that
strains reculring cvstine or methlionirne w like tneir narantal
strain as in the case of Het-I were isolated. In other cases,
the strains whose color of colonv is different of varantal
strain were isolated.

Pantecorvo and Roper (1952?) vproved trh> existence of
recombination cvcle in Asvcergillus nidulans and desiesnated
this as parasexual cycle (Pontecorvo 1954). inese cvcles have
the following 5 steps. a) Two different nuclel in heterocarvon
fuse into one. b) As a result, heterodiploid nucleus is formed
and multiolv. ¢) Dinloid bacilli like homocarvon are formed as
a strain. d) Cell transfer is occurring during muitiplicatlon
of diploid nuclei. e) Diploid nucleil generate a sinzle phase
nutrient cell.

In order to prove the exlstence of rarasexual cvcle in
bacilli, it 1s necessarv to establisn each stevs described above.
As mentioned previously, misration and fusion of nuclel occur
along with anastomosis of mvecella and 11.4 ° contain only one
nucleus in two cells between which anastomosis occurred. These
strongly support the step a). A direct proof on step b) and ¢)
was not obtalned but the apnearances of manv recombinations in
single-conidial 1solates stralns formed by self-nutrient and two
different blochemical variants supnort the vnenomena of step
d) and e).

Mechanism on appearances of nutrient reculirements and
colony color which were not vossessed by varantal strains is
not clear but can be sreculated to be due to transfer between
structure and adjustment hereditary elements.

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

It will be necessarv in the future to establish
1) existence of nucleus and dinloid nucleus by determining
amount of nuclelc acid and number of chromosome and 2) existence
of straln having divnloild nucleil like homocarvon. It is also
necessary to establish these rhennmena by 3) analvzing the
recombination and transfer in detail.
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The part of the results on single sporc icolates strains
2bove do not disprove the possibility of nuclel lcolation in
sizple heterocaryon.

VI Sunme oy

I. #Ioryologlcal studiec of Piricularic orycne, tne patho=
gen of rice blast, and other riricularia species irfecctlous to
nlants othex tian rice were conducted fron the »oint of wview to
clarify nake clear the genetic mechanisms ol variavblility in these
organisns,

(1) Results of investisations carried out on 28 strains
of Piricularia oryzae are as follous:

(a) 4Among nuclear straining procedurces tried, those with
Glensa's solution, basic fuchsin, accto-orcein, or aceto~-carmine
proved to be suitable for the purnose, whereas those with azure
A or haenatorylin were not sultable,

(b) llajority of cells in conidia, gerz tubes, nycelia,
and conidiophores were found to be uninuclea‘. Celils containing
two or more nuclel were rarely observed.

(¢) In germinatins conidiun, the nucleus n.grates into
gern tubes in elther of the following two warys. i one, the
nucleus of conidial cell divides, =2nd one o the Givided halves
nigrates into the germ tube. In the other, tihie nucleus migrates
into the germ tube without division,

(d) In the process of conidium formation, thg auecleus of
the apical cell of conldlovhore divides and one of the divided
nuclel nigrates into the newly formeé unicellulexr conidium. and
the nucleus of the conlidiun dlvides ogain and bicellular conidium
is produced by forming septun between the tiwo diviced nuclel.

The nucleus of either ccll of the bicellular conidiun divides

and the tricellular conidiun each cell of which contains one
nucleus 1s finally formed, It was deduccd {rom thc avove obser-
vation that the nuclel contained in the thrce cells of a conidium
are uniform in thelir genetic constitution, and accordingly, a
strain derived from a single spore ic 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. Detall
of the nuclear division in the mycelium 1s still obscure. It is
not considered to be a typical mitosis,
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(2) Piriculeoria species isolated fron flctoriaz italiea,
Panicun Crus-5allil, Panicun miliaceun, Disiinria adzcendens and
Zingliber illoga were iaryolozlcally investizoicocd. Uninuclear
cells predominated also in rycelia of these orgonisms,

II. Comparison was nade of frecuencizsc of sectoring of
295 strains derived fron single-coHore icolates of Pirlcuwlaria
oryzae, on potato sucrose azoxr nmediun, In sone oi tihie strains,

relationship between the frequency of scetoring and thie nukber
of nuclel in a cell, and the shift of tiie nuclear number with
sectoxring were investigated.

(a) Secetors appeared in 17 per cent of the sirains tested,
Sonme strains which produced sectors at extroordincry high fre=-
quencies were found, and anong thea Salke-2, Laia-=3, and 56 were
exanined for nuclear nunber in nmycelial cclls, Salia-5 and 56
were found to consist almost entirely of wninuclesr ceil. In
Salza-2, on the contrarz. considerable provorilon (eca. 13.2%) of
the cells containcd 2-4 nuclei. The variants apocared as sectors
vere diverse in thelr nuclear nunbters., Souce included more than
20 per cent of the multinuclear (2-6 nuclel per ccll), the per-
centage being stable, Some, on the other haud, si.owed the fre-
quency of nultinuclear cells beins ca. 1.3 per cent. Thnere was
a tendency in Caka-2 and Saplka-5 to produce varianis in which the
percentage of multinuclear cells was relatively high, whereas
all the variants derived from 56 were predominantly uninuclear.

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

(¢) PFindings described above strongly susgest that the
nunver of nuclel in a cell is the trait to ve detcrmined geneti-
cally.

III. Muclear behavior in anastormosis in Piricularia oryzae
was investigated. DIy allowing two diffcrent ausotrophlc strains
narized also differently with l»S gencration and CuSQy, resistance
anastonosis, variants were obtained which can grow in the synthetic
mininal nedium. The characterlstics of these variants and single-
spore 1solates from then twere also investigated.

(2) In the course of anastomosis, the nucleus of a strain
nisrates to cell of another strain to produce a heterodicaryotic
cell., In a nunmber of the dicaryotic cells, two nuclel were ob-
served to be closely located, and occasionalily there were cases
in wvhich the two nuclei were thought to have eventually fused to
become diploid.
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(b) In diploids betwcen two differciat aurotrophs, which
are pnenotypically prototronhic, CulQp-resictance appeared to
be a dominant character while st-gcncration was recescive in
any strain tested.

(¢} .Jnong single-conidial icolates of lheterodivloids,
rany shoiring reconbinant characteristics in »ecpeet of auxotrophy,
st-generation, and CusQy-resistance iere detceted besldes those
ol entirely parental characteristics and of tiie choracteristics
of hetverodiploids.

(d) Single-spore isolates from heterodiploids frequently
showed une:pected characteristics which werc not posessed by
any of parental strains.

(e) The above observations susgest that the parasezual
recombination is possible in this organisn.
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_..:”O anatlon ol L.aves

Zlate I-4

z aacleus In conidial cell,

2 Mucleus in conicicl ce.l {(four cellced conidiuz, accto-carzine
ctaininzg).

] mucleus in conidiol ec” i wicted wnicl riace Coantracst iilcro-
scope .

Ja - 5b  ligration of nuecleus Lo fera tulbe; 4o ane &b, misroation
o nuclcus without moclcor Cavisicn; 52 cuad Bo, uisra.ion
or onc nuclecus affter nucleor divicion,

6 and 7 Increace of the numver of nuclcl in conidiuwn by nuclear
aivision after "crzlnation 6, apic“ -cclil & huc cl, central-
cell & nuelei, oacal-cell 2 naclel; 7, ceatral~ccll 8 nuclel,

Plate I-3

38 and 9 luecleus in nyceliad cell.

10 lueclel in conidiooho“c ond co:id*um ot oac cecll stage.

11 = 12 © ucleus in conidial ccll av onc cell siage; 12b, viewed
wder Phase Contrast h_c*OFcone.

13a and 13b Muclel in conidial cecll alfter the fisst nuclear
division in conidiun.

1L lucleus in conidizl cell a5 two cell stase.

Plate I-C

15 Iuecleor civizion in onical-cell of conidiuz at tio cell stage,

16 luecleus in cppressoriud.

17 = 23 uclecr division in conidia; 17, late vronhase (cceto-
orcein ctoining); 18, late nrophasc (vicw wcer Phase Con-
tract licroscone); 19, zetaphase: 20 and 21, anaphase; 22
and 23, telonhase.

Plate =D

24k and 25 Chromosonmes in aiaopinsce of conidirli nuclear division
(acecto-orcein ctaining); Atout 6 cicromoconces are oboerved.

26 = 31 lluclear division in mycelicl cell; Chronotin nosses
connected in irregulor rocoxy Torn split longitudinelly
(27) and scparate into two grouns (28). Lhese two grouns
zove to the opposite direction along the length of nmycelial
cell.

Plate Ii-A

1 One nucleuc is observed in cach of the cells betrwicen which
cnacstorosis occurred,

2 1iucleus in one of the cells between “hich cnastomosls occurred
is roving to the other.

3 2Zwo nuclel are observed in onc of tiic cells between which
anastonosis occurred, but in tihc other none,
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La and 4b lluclel of both eclls betireen whicl: cnactorosis oc-
curred are clocely located to ecach other oxr fuse at the
roint of anastorosis.

Plate II - 2
52 - 5¢ Only onc¢ nucleus 1s observed in botn cclls between
which anastonmosis occurred.
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