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ETEROKARYOSIS has been extensively used as a major tool in formal 
genetic analysis of both Mendelian and non-Mendelian genes and in estab- 

lishing gene-enzyme relationships. So far it is the only way to perform genetic 
anslysis of somatic cells in tissue culture (EPHRUSSI 1965; MINTZ and BAKER 
1967). These aspects of heterokaryosis have been reviewed elsewhere ( JINKS 
1965; FINCHAM 1966; DAVIS 1966). Heterokaryosis was first described in Neuro- 
spora by DODGE (1935) and later its genetic control was reported by GARNJOBST 
(1953). In Neurospora crassa stable heterokaryons are formed between two 
strains only when they are isogenic with respect to C, D, E ,  and the mating-type 
loci (WILSON and GARNJOBST 1966). 

During the present investigation the different strains of N .  sitophila were found 
to form stable heterokaryons provided these strains had similar genetic back- 
grounds. However when strains of different genetic backgrounds (such as WHITE- 
HOUSE and DODGE) were tested, they failed to form heterokaryons. Genetic evi- 
dence is presented for the presence of a gene controlling heterokaryon formation 
in N .  sitophila. It  was also found that in N .  sitophila strains of opposite mating 
type form stable heterokaryons. Thus unlike N .  crassa, the mating-type locus of 
N .  sitophila was found to have no control over heterokaryon formation. This paper 
describes these aspects of heterokaryosis in Neurospora. 

MATERIALS A N D  METHODS 

During this study, morphological mutants were used for the following reasons. The hetero- 
karyon between two morphological mutants can easily be scored visually as one with wild-type 
growth pattern. Further, unlike auxotrophs, no stringent selective conditions are required to 
maintain the heterokaryon formed between two morphological mutants. Besides, the gene-enzyme 
relations of some of these morphological mutants has been established (BRODY and TATUM 1967; 
MISHRA and TATUM 1968,1970). 

The strains of N .  dophila used were wild-type strains (WA, W a )  ragged strains (rg-2 
(SFT-I) and rg-2 (SFT-2)) and a double mutant strain carrying the marker genes crisp (cr)  
and yellow (y lo)  . The crisp yellow mutant strain was used as a tester strain to determine whether 
or not a particular strain could form a heterokaryon when tested in pairwise combination. These 
strains have been previously described (MISHRA and THRELEELD 1967). 

The other strains used in  the present studies were DODGE wild types (no. 412, 346, 414, 415 
obtained from the Fungal Genetic Stock Center, Dartmouth College, Hanover, N.H., U.S.A.) and 
rg-2 (346-7 and 412-9). The strains 34&7 and 412-9 were isolated as ragged progeny from the 
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crosses SFT-1 x 346 and SFT-1 x 412. Thus these strains have genetic backgrounds different 
from that of the WHITEHOUSE strains. The cultures were grown on minimal medium (WESTER- 
GAARD and MrrcHELL 1947) ; the crosses were made on malt peptone medium (THRELKELD 1962). 
Conidial analyses were performed by standard procedures. Conidia were harvested in sterile dis- 
tilled water, stirred on a vortex mixer to break the clumps of conidia, and then were filtered 
through glass wool to obtain a suspension of conidia. The conidial suspension was plated on mini- 
mal agar containing sucrose (2 mg/ml) and sorbose (4 mg/ml), in Petri plates. Prior to plating, 
the conidial suspension was diluted to give about 30 colonies per plate. 

RESULTS 

Heterokaryon formation between two ragged strains was evidenced by the 
wild-type growth pattern of the mixed cultures. The ability to form a hetero- 
karyon was also shown by the wild-type growth pattern and pink color of the 
conidia of the culture when a particular mutant strain was tested in pairwise 
combination with the tester strain (50-2) having crisp and yellow phenotype. 
The heterokaryon was obtained as a single conidial isolate from the wild-type 
culture formed by two mutant strains or by mutant and wild-type strains in- 
oculated in painvise combination. Heterokaryon formation between two strains 
was confirmed by the recovery of the isolates with mutant phenotype following 
the conidial analysis of the phenotypically wild-type isolates. 

The two complementing ragged strains ( rg - l  and rg-2) and also the progeny 
from the crosses SFT-1 x SFT-2 and SFT-1 x W a  and SFT-2 x W a  showed 
successful heterokaryon formation when tested in painvise combination with the 
tester strain (crisp; yellow). However when the SFT-1 or SFT-2 was crossed with 
other wild-type strains (DODGE genetic background), some of the ragged progeny 
from such crosses failed to form heterokaryons with the tester strain. The data 
presented in Table 1 show that strains with the WHITEHOUSE genetic background 
differ from the other strain by at least one gene for heterokaryon incompatibility. 
The gene which controls heterokaryon formation in Neurospora sitophila is desig- 
nated het. 

TABLE 1 

Inheritance of heterokaryon incompatibility among progeny of crosses involving strains 
derived from the same or different wild-type backgrounds 

Cross. 

Numher of progeny 
in each class 

Parental phenotypest het+ het- Total 

SFT-I x SFT-2 Both het+ 50 0 50 

SFT-2 x 412-9 het+ (SFT-2) and h e t  (412-9) 21 25 46 
SFT-I x 346-7 het+ (SFT-I) and h e t  (3%-7) 19 16 35 

* Strains SFT-1 and SFT-2 were derived from WHITEHOUSE wild-type background, whereas 
strains 346-7 and 412-9 were obtained from a cross between FGSC wild type with mutant 
(ragged) strains of WHITEHOUSE genetic background. 
t het+ = ability to form heterokaryon. 

h e t  = inability to form heterokaryon. 
Heterokaryon formation was evidenced by the wild-type growth and pink color of conidia in 
pairwise combination of the individual isolate with the tester strain having crisp and yellow 
phenotype. 
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When rg-l and rg-2 strains of either the same or opposite mating types were 
tested in painvise combinations, there was always wild-type growth indicating 
successful heterokaryon formation. The mutant strains (rg-I,  rg-2, and cr) were 
tested in over 1,000 pairwise combinations of opposite mating types; all of these 
were found to yield wild-type growth. Heterokaryon formation between rg-l +- 
wild type or rg-2 + wild type was always found to occur whether or  not these 
strains were of the same mating type. 

The heterokaryon between rg-l a + rg-2 a and rg-l a + rg-2 A (and also be- 
tween rg-l A + cr; ylo a or rg-2 a + cr; ylo A )  showed similar wild-type growth 
on agar plates when scored for growth 48 hr after inoculation. 

The existence of the nuclei carrying opposite mating-type genes ( A  and a )  in 
the comllion cytoplasm of a heterokaryon formed between various strains (such 
as rg-l + rg-2 or  rg-1 + wild type or rg-1 -+ cr; ylo) was established in the follow- 
ing way. The heterokaryon-compatible (het+) strains (rg-1 + rg-2 or SFT-lA 4- 
W a )  of Gpposite mating types were inoculated together on an agar slope. After 
4-5 days of growth conidia were harvested and plated on agar medium. The in- 
dividual colonies were transferred separately to the crossing medium. On such 
conidial isolation. the colonies having wild-type phenotype always formed peri- 
thecia, and tetrad analysis of these asci showed l : l segregation for the A / a  loci. 
Perithecial formation was never seen in the isolates having the mutant phenotype. 

DISCUSSION 

The data presented in Table 1 suggest that heterokaryon formation in Neuro- 
scora sitophila is genetically controlled. The strains of Neurospora sitophila were 
found to differ by at least one gene (het+) for heterokaryon compatibility. More- 
over, the function of the mating-type locus of N .  sitophila seems to be different 
from that of N.  crassa at least in its relation to heterokaryon formation. In N .  
sitophila all pairwise combinations of rg-1 and rg-2 (or rg and cr strains) of op- 
posite mating types were found to have wild-type growth without any impair- 
ment in general growth or perithecial formation provided the-e strains had the 
same genetic background (WHITEHOUSE), i.e., these strains were het+. In  N .  
crassa BEADLE and COONRADT (1944) found that the heterokaryons between two 
strains of opposite mating types showed very poor growth. The authors attributed 
the slow growth of these heterokaryons to the increased production of perithecia 
and the direction of metabolic processes towards this end. GROSS (1952) explained 
these results on the basis of the alteraticns of the rates of synthesis of identical 
growth factors, due to changes in the nuclear ratios brought about by the pres- 
ence of the A and a loci in a common cytoplasm. Apparently in N .  crassa, A and 
a loci show an interaction similar to C and c loci (the genes controlling hetero- 
karyon incompatibility) (WILSON, GARNJOBST and TATUM 1961). 

Presumably in Neurospora, the mating-type locus has a function to restrict the 
existence of nuclei of the opposite mating types in close cytoplasmic vicinity. 
The role of such a function has been discussed by DAVIS (1966) in relation to the 
origin of secondary homothallism in N .  tetrasperma. It is of interest to consider 
the evolutionary significance of such a function of the mating-type locus in the 
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three related species of Neurospora. In  N .  tetrasperma, the mating-type locus 
seems to have no control over the existence of nuclei of opposite mating types in 
any phase of the life cycle. In N .  tetrasperma, no restriction to heterokaryosis is 
known to date. In N .  Titophila, the mating-type locus does seems to restrict the 
existence of nuclei of opposite mating type in a common cytoplasm during 
ascus development, but nuclei of opposite mating type are allowed to exist in 
coimon cytoplasm of the vegetative mycelium. In N .  crassa such restrictions on 
the existence of nuclei of opposite mating type prevail in all phases of the life 
cycle. In N .  crassa, a heterokaryon Iormed between strains of opposite mating 
type is not only unstable but also leads to sterility of the heterokaryotic culture. 

The mating-type locus of N .  crassa seems to be a complex locus controlling sev- 
eral functions including heterokaryon incompatibility. However, the possibility 
that heterokaryon incompatibility may be controlled by another gene very closely 
linked to the mating-type locus of N .  crassa has not been excluded. The nature of 
the mating-type locus of N .  sitophila is different from that of N .  crassa. The pres- 
ent studies lead to the conclusion that in N .  sitophila the heterokaryon incompati- 
bility function of the mating-type locus is either absent or is relegated to another 
unlinked gene. Possibilities regarding the nature of the mating-type locus in 
Neurospora could be resolved by experiments with strains carrying a sitophila 
mating-type locus in a crana genetic background, or Dice versa. 

The author wishes to thank Dr. S. F. H. THRELKELD for his encouragement during this work 
which was supported by a grant from the National Research Council of Canada. 

SUMMARY 

Genetic control of heterokaryon formation in Neurospora sitophila has been de- 
scribed. A gene controlling heterokaryon formation among different strains of 
N .  sitophila is designated het. Strains of unlike mating types (carrying het+) 
were found to form stable heterokaryons in N .  sitophila. Thus the mating-type 
locus of N .  sitophila seems to be different from that of N .  crassa in that it does 
not show any heterokaryon incompatibility effect. 

LITERATURE CITED 

BEADLE, G. W. and V. L. COONRADT, 1944 

BRODY, S. and E. L. TATUM, 1967 

DAVIS, R. H., 1966 

DODGE, B. O., 1935 

EPHRUSSI, B., 1965 

FINCHAM, J. R. S., 1966 

Heterocaryosis in Neurospora crassa. Genetics 29: 

Phosphoglucomutase mutants and morphological changes in 

Mechanisms of inheritance. 2: Heterokaryosis. pp. 567-588. In: The Fungi, 

The mechanics of sexual reproduction in Neurospora. Mycologia 27: 418- 

Hybridization of somatic cells and phenotypic expression. Symp. Funda- 

291-308. 

Neurospora crassa. Proc. Natl. Acad. Sci. US. 58: 923-930. 

vol. 11. Edited by G. C. AINSWORTH and A. S. SUSSMAN. Academic Press, New York. 

438. 

mental Cancer Res. (Houston) 19: 486-501. 
Genetic Complementation. W. A. Benjamin, New York. 



HETEROKARYOSIS IN NEUROSPORA 59 
GARNJOBST, L., 1953 

GROSS, S. R., 1952 

JINKS, J. L., 1965 
MINTZ, B. and W. W. BAKER, 1967 

MISHRA, N. C. and E. L. TATUM, 1968 

Genetic control of heterokaryosis in Neurospora crassa. Am. J. Botany 4@: 

Heterokaryosis between opposite mating types in Neurospora crassa. Am. J. 

Extrachromosomal Inheritance. Prentice-Hall. Englewood Cliffs, New Jersey. 
Normal mammalian muscle differentiation and gene control 

of isocitrate dehydrogenase synthesis. Proc. Natl. Acad. Sci. U.S. 58: 592-598. 
Altered phosphoglucomutase and ragged morphology in 

Neurospora sitophila (Abstr.). Genetics 60: 204-205. - , 1970 Phosphoglucomutase 
mutants of Neurospora sitophila and their relation to morphology. Proc. Natl. Acad. Sci. U.S. 
66: 638-645. 

Variation in the expression of the ragged mutant 

Some asci with non-identical sister spores from a cross in Neurospora 

Neurospora. V: A synthetic medium favoring 

A new heterokaryon incompatibility locus in Neurospora 

Heterokaryon incompatibility in Neuro- 

60 7-6 14. 

Botany 39: 574-577. 

MISHRA, N. C. and S. F. H. THRELKELD, 1967 
in Neurospora. Genetics 55: 113-121. 

THRELKELD, S. F. H., 1962 
crassa. Genetics 47: 1187-1198. 

WESTERGAARD, M. and H. K. MITCHELL, 1947 
sexual reproduction. Am. J. Botany 34: 573-577. 

WILSON, J. F. and L. GARNJOBST, 1966 
crassa. Genetics 53: 621-631. 

WILSON, J. F., L. GARNJOBST and E. L. TATUM, 1961 
spora crassa. Am. J. Botany 48: 299-305. 


