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Vliv eytoplasmatiek~eh faktord na varlabflitu kmenfi rodu Jlsp~rgillus 

Kmeny Aspergillus ar,~telodami No. 5, A.  chevalisri A 24 a A.  tuber No. 71 
byly pasA~ovAny po 21 generacl pomoci monokonidiov6 isolace na sladinov~ 
pfid~ a n a  Czapkov~ phd~ s 20% sacharosou. Bylo pozorovhno postupn6 zvy~o- 
~ov~ni tvorby konidii, rfizn~ na obou pfidAch. Nedo~lo ke sni~enl tvorby perithecil 
nebo jejich vymizenl. U kmenh A.  amstelodami No. 5 na sladinov6 pfid~ a A.  ruber 
No. 71 na Czapkov~ pfid~ se sacharosou vznikly celkem t~i morfologick6 zm~ny, 
charaktcrisovan6 p~edev~im zpomalen~m rlkstem a zpo~d~nou diferenciacl v prv- 
nlch dnech inkubace a reversibilitou k pfivodnlmtl fenotypu u n~kter~ch kolonil 
v dal~ich generacich. 1/ krnene A.  vhevalieri A 24 se na sladinov~ pfid6 objevily 
dv~ rozdiln6 fenotypov6 zm~ny, je~ jsou charakteristick6 a stA16. VyznaSuji se, 
mimo jin6 morfologick~ znaky, t ~  zpomalens~m rfistem a zpo~.d~nou diferenciacl 
v prvnlch dnech inkubaee. 

Tyto v~'sledky jsou srovnAvAny s pokusy JI~KSE (1954, 1956) a diskutovAn 
pfivod pozorovan2ch zm~n a vliv pf*d. IY reversibilnlch zm~n lze usuzovat, ~e 
jsou mimojadern6ho pfivodu, nebo~ je mo~.no s velkou pravd~podobnostl vylouSit 
zm~ny podmln~n~ mutacemi genomu a segregaci jader n~%sledkem heterokaryose. 
IY zm~n, u nich~ k reversi nedoehhzl, neni jejich phvod jasn~. Zv:~enA sporulace 
je p~ipisovAn~ zm~nAm v cytoplasmS. 

Summary 

S t r a i n s  A s p e r g i l l u s  a m s t e l o d a m i  No.  5, A .  cheval ier i  A 24 a n d  A .  t uber  
No.  71 w e r e  m a i n t a i n e d  fo r  21 g e n e r a t i o n s  on  w o r t  a n d  on  C z a p e k ' s  m e d i u m  
w i t h  2 0 %  suc rose  b y  m e a n s  o f  m o n o c o n i d i a l  i so la t ion .  A g r a d u a l  i n c r e a s e  in 
c o n i d i u m  f o r m a t i o n  was  o b s e r v e d  w h i c h  was  d i f f e ren t  on  t h e  t w o  m e d i a .  
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Ho decrease in the formation of perithecia or their disappearance could be 
observed. In strains A. amstelodami No. 5 on wort and A. tuber Ho. 71 on 
Czapek's medium with sucrose, three morphological changes could be de- 
tected, characterized first of all by retarded growth and delayed differentia- 
tion during the first days of incubation and by reversibility to the original 
phenotype in some colonies during subsequent generations. A. chevalieri A 21 
displayed two different phenotypic changes on wort medium, the changes 
appearing to be characteristic and permanent. They are accompanied, in 
addition to other morphological features, by retarded growth and delayed 
differentiation during the first days of incubation. 

The present results are compared with those of JINKS (1954, 1956) and the 
origin of the changes observed and the effect of media is discussed. As con- 
cerns the reversible changes it can be assumed that they are of extranuclear 
origin since it appears to be justified to rule out changes caused by the muta- 
tion of the genome and by segregation of nuclei due to heterokaryosis, With 
changes where no reversion can be observed the origin is not clear. Increased 
sporulation is ascribed to changes in the cytoplasm. 

Introduetion 

The problem of cytoplasmic heredity has recently become the centre of 
attention of investigators. It  is especially to microbial genetics and some new 
inherent properties of microorganisms that our thanks are due for new in- 
formation about the mutual relationship between the nucleus and the cyto- 
plasm and their role in heredity. The problems and the present state of 
knowledge about cytoplasmic heredity have  been discussed by EPH~vssI 
(1953), RHOA])ES (1955), HA~NE:((1957) and others. 

The variability of colonies of monosporic origin in Aspergillus/ischeri was 
taken up by GREENE (1933). His results, however, do not permit any con- 
clusions to be drawn as to the variability of colonies formed by monosporic 
transfers. 

JI~Ks (1954, 1956, 1957, 1958) investigated the changes occurring in colonies 
of strains of the genera Aspergillus and Penicillium during monosporic trans- 
fers through sexual and asexual spores and during propagation with the aid 
of hyphal fragments. His work has produced the following results: In Asper- 
gillus nidulan8 (JINKS 1954, 1956) there is a pronounced decrease in the form- 
ation of conidia in the sexual line but the decrease does not last. In the 
asexual line there is a decrease in perithecia which disappear completely in 
the 14th generation. As long as some perithecia persist the situation is not 
irreversible and through transfers via sexual spores the original state can be 
restituted. With Penicillium cyclopium which forms no sexual spores, asexual 
spores and hyphal fragments were used during transfers (JINKS 1954, 1956). 
In.the asexual line the formation of conidia increased. In the line propagated 
only by vegetative hyphae the formation of conidia decreased and after 
10 generations spores disappeared completely. J ~ s  arrives at the conclusion 
that "the normal nucleus is capable of determining and responding to the 
full range of differentiating cytoplasm so that a full range of organs is produced. 
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The failure of differentiation must reside in the cytoplasm". The Very prob- 
able theory can be deduced from this, viz. that  the variability of eoIonies of 
the asexual line is due to the irregular distribution of  cytoplasmic particles 
while the uniformity of the sexual line colonies is caused by a reorganization 
of cytoplasm during the formation of ascospores. 

MATHER and JI~KS ('1958) are of the opinion that  in Aspergillus the cyto- 
plasm during sexual reproduction is stabilized and standardized so that  each 
new individual is equipped with balanced cytoplasm. Without it the smooth 
development and differentiation of the new individual could never take "place. 
"Sexual reproduction is the ~ time of nuclear variation, springing from re- 
combination of the genes. Somatic development, on the other hand, is re- 
latively a period of nuclear stability, for although nuclei may show changes 
during development, these are secondary and not the prime Cause of differentia- 
tion. With the cytoplasm the situation is reversed. Somatic development and 
differentiation depends characteristically On cytoplasmic change, while sexual 
reproduction is the time of cytoplasmic stabilization and standardization" 
(M~THER, J I~ r s  1958). 

I t  was the aim of the present work to verify whether the results obtained 
by Jinks during propagation through asexual spores are also valid for other 
species of Aspergillus and whether the result can be affected by the cultivation 
medium. 

Material and Methods 

Three s t ra ins  of  the  Aspergillus glaucus group were used:  .4. am~telodami 1~o. 5, .4. cheva- 
lieri A 24 an d  A. tuber No. 71 which were obtained f rom the collection of the  Microbiological 
I n s t i t u t e  of  the  Czechoslovak Academy of Sciences in Prague.  The s t ra ins  conform to the  
descript ion given by THo~ and  R ~  (1945). Czapek's agar  me d ium with 20% sucrose 
(THo~ and  R~PE~ 1945) and  a 5% wef t  m e d i u m  wi th  2"5% agar  were used. Czapek's me d ium 
wi th  20% sucrose was also used for the  isolation of conidia and  for the evaluat ion of the  ntmaber 
of  conidia in all series. The cul tures  were grown in a t he rmos t a t  a t  30 ~ C. 

Conidia for isolation were t aken  from each colony af ter  a s ix-day incubat ion  when  the asco- 
spores were not  ye t  developed. For isolating, the  monosporic isolator Meopta (N ~ iSEK ,  PA- 
L~.~Eov/~ and  TESA~ 1954) was used. Ge rmina t ed  spores were isolated. 

The isolation of  ascospores was not  carried out  as no criterion was known according to which 
t h e  differentiation between ascospores and  eonidia could be performed. 

For  examin ing  the  changes in the  number  of  conidia Czapek's agar  m e d i u m  wi th  sucrose 
w a s  inoculated in a Pe t r i  dish wi th  a suspension of spores us ing a single tes t - tube  every t ime,  
containing a 21--28-day-old culture.  The dishes were then  incubated for 72 hrs.  a t  30 ~ C. After  
th is  period a cork-borer was used to punch  out  12 ram. disks f rom the heavi ly  overgrown agar,  
al l  spores were washed down with lactophenol and  the  spore suspension di luted as required. 
Count ing was carried out  in a Biichner chamber .  The values obtained were expressed as the  
n~maber of  spores per m m  3 if 1 ml. lactophenol was used for washing. 

Results 

The morphology of colonies and the number of conidia produced per unit 
area over 21 generations were examined using A. amstelodami No. 5, A. che- 
valieri A 24 and A. ruber No. 71 on wort medium and on Czapek's agar with 
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20~0 sucrose, i.e. in a total of six series. All the strains formed a large amount  
of conidia and perithecia. From each series a total of 10 germinating spores 
were isolated from the original culture inoculated by injection and from each 
colony thus formed further generations were independently isolated, using 
one colony every time. The isolation was carried out after 6 days. Beginning 
with the 9th generation less lines were left for technical reasons but from each 
line a greater number of colonies was isolated so tha t  the number of colonies 
(10) in the individual generations was maintained. When any change took 
place the number of colonies isolated was increased so tha t  the change ob- 
served could be examined. 

T a b l e  1. A l t e r e d  a n d  o r i g i n a l  p h e n o t y p e s  i n  s u b s e q u e n t  g e n e r a t i o n s  o f  a n  a l t e r e d  c o l o n y  o f  
Aspergillus amstslodaml n o .  5. T h e  c h a n g e s  o c c u r r e d  o n c e  d u r i n g  t h e  1 0 t h  (I) ,  o n c e  d u r i n g  

t h e  1 7 t h  ( I I ) g e n e r a t i o n  

To ta l  n u m b e r  N u m b e r  of  a l t e r ed  N u m b e r  o f  
G e n e r a t i o n  of  colonies colonies co lon ies  o f  

u n c h a n g e d  p h e n o t y p e  

I I1 
12 
13 
14 
15 
16 
17 
18 

7 
24 
10 
15 
15 
20 
15 
20 

4 
20 

3 
12 

9 
1 

11 
2 

3 
3 
7 
3 
6 

19 
4 

18 

I I  18 15 4 11 
19 15 4 11 
20 19 1 18 

In the series of A. amstelodami No. 5 and A. chevalieri A 24 on Czapek's 
medium with 20% sucrose and in A. ruber No 71 on wort medium no morpho- 
logical changes of colonies could be observed during the experiment. 

In the series of A. amstelodami No. 5 on wort two morphological changes 
appeared during the experiment, in the 10th and in the 17th generations. 
Both changes were of the same type and were reversible. The altered colonies 
were characterized by retarded growth and delayed differentiation (retarded 
formation of perithecia) during the first phases of colony growth but later 
the differences were compensated and after 16 days of incubation the altered 
colonies differed from the normal ones only in the formation of isolated white 
sterile hyphae in the colony but the colour and size of the colonies were the 
same as in normal colonies. After 28 days of incubation the centre of the 
unaltered colonies falls through to form a "crater" while in the altered ones 
this phenomenon does not appear and the centre displays a larger number 
of sterile white hyphae. A greater number of colonies was always isolated 
from colonies of altered character. Part  of these preserved the changed pheno- 
type while a part  reverted to the original unchanged character. The same 
conditions existed in the colony where the change occurred during the 17th 
generation. The frequencies are shown in Table 1. which shows tha t  the 
frequency of the two phenotypes (changed and unchanged) in the individual 
generations are very varied and no regularity can be detected. 
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A change of a very similar character was observed in one case during the 
5th generation in the A. ruber No. 71 series in Czapek's medium with 20% 
sucrose. The altered colonies differed from normal ones in retarded growth 
and delayed differentiation during the initial phase of growth of the colony, 
later on, however, the colonies did not differ from normal ones. This change, 
too, was reversible and occurred with the following frequency: during the 
6th generation the character persisted in all 3 isolated colonies, during the 
7th generation 4 out of 10 colonies reverted to the original unchanged char- 
acter of the colony. During the 8th generation none of the 10 colonies dis- 
played the altered character, just as during the 9th and 10th generations. 

In the series of A. chevalieri A 24 on wort agar two types of change were 
observed. Both these types differed very strikingly in their morphology from 
the original type of the colony and no reversion was observed here. The type A 
change appeared once during the 12th and once during the 16th generation. 
Colonies of this type differed from the original unchanged colonies in their 
irregular shape and in the fact that in their centre there was a white bulge 
formed by sterile mycelium with a dark middle in which rich conidiophores 
were formed. The type B change occurred during the 16th generation from 
the type A colony. Colonies of this type are somewhat smaller than the original 
unchanged ones, are regular in shape and have a definite greenish colour. 
Both these types of changes are permanent, no reversion having been observed. 
The changes are characterized by retarded growth and a delay in differentia- 
tion in young colonies just as with colonies of changed character in strains 
A. amstelodami No. 5 and A. tuber No. 71. Colonies of type A and B trans- 
ferred by inoculation to Czapek's medium with 20% sucrose differ from normal 
colonies in retarded growth but no delay in the differentiation of perithecia 
takes place. No other morphological differences were observed. On inoculation 
back to the wort medium they again yielded colonies of type A and B. 

The formation of perithecia was investigated only macroscopically without 
numerical evaluation. No great decrease in their number was observed. This 
is of importance in view of the fact that JI~KS (1954, 1956) found that their 
formation gradually decreased to disappear completely during the 14th gen- 
eration. 

The method of evaluation of conidia formation is rough and inaccurate and 
allows the assessing of only the general trend in intensity of conidia forma- 
tion. It  shows, however, that on grouping the results from 4 generations there 
appears an increasing tendency in all the series (Fig. 1, 2, 3). In all three 
strains incubated on wort agar the formation of conidia increases substantially 
between the 4th and 10th generation while in the series propagated on Czapek's 
medium with sucrose the formation of conidia rises especially between the 
12th and 16th generation, the absolute values being less. The increased forma- 
tion of conidia persisted over 5 subsequent generations propagated by loop 
inoculation. 

Discussion 

The results obtained by Jn~KS (1954, 1956) for Aspergillus nidulans do not 
appear to be valid for all strains of this genus. It  should be noted here that  
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J r~xs  does not mention the cultivation medium with which he worked ' so  
that  the results are not strictly comparable. I t  cannot be ~ssumed, however ,  
that  the results would be so much affected by  the cultivation medium. I t  
appears that,  in contrast to As- 
l~ergillus nidulans, in the three 
strains u sed  here (of the Asper- 
gillus glaucus group), when mono- 
sporie propagation through coni- 
dia over 21 generations is used 
no visible decrease in the number 
of peritheeia or their complete 
disappearance takes place. In  
JII~KS' paper (1954) no observa- 
tion of individual morphological 
changes, either reversible or ir- 
reversible, are mentioned that  
would differ from the other colon- 
ies; similarly, no case of growth 
retardation and of differentiation 
delay in young colonies is men- 
tioned. JII~KS does not state the 
amount of material used in his 
work so that  it is hard to assess 
the probability with which the 
contingent tendency toward simi- 
lar changes would be displayed 
in his set. 

Fig. 1, 2, 3. Increase in the formation 
of  conidia during monosporic propaga- 
t ion over 21 genera tons  in strains of 
Aspsrgillus amsteloda~nl 17o. 5, Aspergil- 
lus chevali~ri A 24 and Aspcrgillu8 ru- 
bet 1~o. 71. 
�9 values for individual generations on 
wort  medium; o values for individual 
generations on Czapck's medium with 
20% sucrose; o values for loop inoc- 
ulation afte~r terminated monosporic 
propagation on wort medium during the  
1st, 3rd and 5th generations; 
curve of increase of conidia formation 
on wort  medium, the class interval 
being represented by an average value 
from 4 generations; . . . . . .  curve of 
increase of conidia formation on Cza- 
pek's medium with 20% sucrose, the 
class interval being represented by the 
average value from 4 generations. 
The figures indicate the number of spores 
per mm ~. if 1 ml. lactophenol was used 
for washing off the spores from unit  area. 
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The present results are also at variance with those of GREE~E (1933) 
working with Aspergillus/ischeri. 

The question is whether the individual changes observed in the three strains 
are of cytoplasmic or nuclear origin and whether these changes are caused 
b y  the monosporic propagation or by  random mutations. 

Especially in those cases where the reversion to the original phenotype 
appeared it cannot be assumed that  the change is due to mutation. Back 
mutations occur at a frequency of 10-5--10 -1~ In the strain A. amstelodami, 
however, 104 out of 175 colonies reverted to the original character, in A. tu- 
ber 14 cases out  of 23. In no case did the colonies of the altered phenotype 
exhibit morphologically different sectors which must be assumed to exist 
during back mutations of traits localized in the nucleus. 

I t  is known about the Fungi imper/ecti that  sporulation is affected by  hetero- 
karyosis and by segregation of nuclei during heterokaryosis (HA~sE~ 1938). 
I t  is impossible with Aspergillus, however, that  during monoconidial propaga- 
tion heterokaryosis would occur since the nuclei of all conidia in one conidial 
chain are formed by  the division of a single original nucleus in the sterigma 
(THOlg, RAPER 1945). I f  thus any of the conidia should be polynucleate the 
nuclei must be identical genetically. Since no heterokaryosis is possible here 
the changes cannot be due to recombination processes, such as mitotic re- 
combination. 

In those cases when reversions toward the original phenotype were ob- 
served the only remaining explanation lies in the conditioning of the cor- 
responding changes by  the cytoplasm. In the way  of a model it can be en- 
visaged that  a certain component of the cytoplasm becomes diluted during 
repeated conidial isolation and that  the decrease in its concentration brought 
about  the observed change. The reversion was then caused by  restitution of 
this cytoplasmic component to its normal state. 

Changes in A. chevalieri A 24 which were not generally reversible can be 
considered as selection of nuclear mutants. Since, however, these changes 
have the property in common with the reversible changes in that  their young 
colonies exhibit a retardation of growth and delayed differentiation and since, 
on transfer to Czapck's medium with 20 O/o sucrose, the type A and B colonies 
differ only in the intensity of growth rather than in any morphological feature, 
it cannot be ruled out that  the changes might be caused by  a cytoplasmic 
factor. 

In spite of objections that  can be levelled against the technique of counting 
the cenidia the results obtained clearly show that  we are dealing here with 
a gradual increase in the formation of conidia. The most likely and simple 
explanation of this lies in cytoplasmic changes caused by  monosporic pro- 
pagation. 

The effect of the medium was interestingly reflected in A. chevalieri A 24. 
Colonies of type A and B formed on the wort medium and displaying, in addi- 
tion to morphological changes, a retarded growth and delayed differentiation, 
were monosporically propagated to Czapek's medium with 20% sucrose. 
Here a retardation of growth takes place in young colonies but  differentiation 
is not delayed. No other morphological changes were observed. These colonies, 
re-inoculated to the wort medium again gave rise to colonies of type A 
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and B. I t  is somewhat surprising that  the retarded differentiation takes place 
on the wort medium which is rich in nutrients and growth factors and tha t  
no delay of differentiation can be observed in Czapek's medium with 20% 
sucrose, which, with the exception of the high sugar content, is poor in nutri- 
ents and growth factors. THOM and RA~E~ (1945) state that  in species of the  
Aspergillus glaucus group typical perithecia and conidiophores are formed 
only on media with a high osmotic pressure. Since the osmotic pressure of 
the substrate apparently plays an important role in the differentiation of  
perithecia and conidiophores it can be concluded that  the differences between 
the two media might be due to the big difference between their osmotic 
pressures. 

I t  can thus be generally said that  differentiation is delayed on a wort  
medium more easily than on Czapek's sucrose medium. The same holds for 
the rate of increase in the number of conidia. On Czapek's medium there is 
either something preventing the ready cytoplasmic changes (this could ex- 
plain the greater stability during conidia formation in series propagated on 
Czapek's medium with 20% sucrose) or else the altered type  is seen to 
a much smaller degree (is masked). In this sense it would also be possible to 
interpret the greater stability during conidia formation in series propagated 
on Czapek's medium with 20% sucrose and perhaps even the complete lack 
of manifestation of morphological changes of type A and B in A. chevalieri A 24 
when incubated on Czapek's medium. We do not know, however, whether 
the changes of type  A and B are of cytoplasmic or of nuclear origin. This 
case shows, however, tha t  such a masking effect could be due to the greater 
osmotic pressure of the substrate which apparently contributes to a ready 
differentiation of perithecia. 

The frequency of phenotype changes in the experiment, five cases on wort 
and a single one on Czapek's medium with 20% sucrose, suggests that  on the 
wort medium the strains are less stable and more liable to morphological 
changes than on Czapek's medium with 20% sucrose. 

Acknowledgement: The author wishes to thank Dr. J .  NeSAsek for many helpful discus- 
ions and suggestions. 
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Aspergillus 
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mTa~M~ Aspergillus amstelodami N,. 5, A .  chevalieri A 24 ~ A. ruber  N.o 7 naccam~poBa~n 
B weqeHr[e 21 no~o~e~n~ npi~ noMom~ MOHOgOHffRffesofi H30.rifflI~ff ~a cpeRe c cycJiOM 

Ha dpe~e q a n e n a  c 20% caxapoaofi.  HaS~Io~a~oc~, nOCTeimHHOe n o B s l m e ~ e  oSpa3o- 
Ba~rm gOHrr;lnfi, no-paa1~oMy Ha O6OrlX cpe~ax. CHHmeItHf/ o6paaoBaHrln nepr~Te~nen naK 
r~x Hcqear~OBeHi~ He ~a6nm~a~ocs.  u mTaM~os A.  amstelodami ~ 5 ~a cpe;xe c cycaou  

A. ruber J% 7 Ha cpe~e qa~IeKa c caxapo3ofi BoannK~Iri B O6UmM Tp~ MopqSo~orI~ecm~x HaMe- 
HeHr~a, xapaI~Tepnay~om~xcn npem~e ~cero 3ane~aeHHU~ pOCTOM II 3a~epm~ofi ~r~qSqSepen- 

n ~ n a u ~  ~ n e p s ~ e  ~n~ ~ n ~ y 6 a u ~  i~ o6paT~OCTbIO I~ HCXO~HO~y ~e~oT~ny y HeI~OTOpUX 
~O~OHnfi ~ noc~e~ylom~x no~o~eH~aX. Y mTaMMa A .  chevalieri A 24 ua  cpe~e c cyc~o~ 
nonurI~rtc~ ~ua pau~hIx ~eHOTrHlrlqec~rlX rIaY~eHe~a, KOTOpUO xapa~veprlCT~'~nhl rl nO- 
CTOnH~L O r ~  o6~a~a~oT, r~po~e 3pyrr~x Mopqbo:Iorr~uecrmx npr~aHarcon, TaKme a a M e ~ e n -  
HBIM pOCTOM tI 8a~epm~ofi ~ q ~ q ~ e p e H ~ a n ~  B n e p s u e  ~n~ ~ H ~ y S a ~ m  

~ a n ~ i e  peay~,TaT~ conocTaa~eH~ c OnUTaM~ ~m~H~CA (1954, t956) ~ ~ C r y T n p O B a n o  
npo~cxom;~e~e  HaSnm;~ae~ux ~3MeHeHn~ ~ B n H a ~ e  cpe~Iu, n c~yqae o6paT~iM~X ~3- 
Menel~l~fi ~OaMO~I~O cy2IHTt, O HX BHea~ep~oM Npo~cxon~ne~*~, waK l~aK c 6osIhtuof i  ~epo~T- 
HOCTBIO BO3MOH~HO HCK~IIO*IHTh HaMeHeH~g o 6 y c a o n a e a ~ m  MyTaIII~IM~I reHoMa n ce rpe ra -  
unefi naep ncze~cvm*e reweponapnoaa.  B cayqae H3MeHeHnfi, y I~OWOpblX o6paT~iMOCT~ He 
Ha6~m~aeTcu, ux npoI~cxom~eu~e He ache.  IIom, tmeHHaa c n o p y ~ a ~ a  o6~sac~aeTca ~a- 
MeHeHHfIMH B IIHTOIITIa3Me. 


