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ABSTRACT 

Mutation of the two homothallic genes, HMLa/HMLa and HMRa/HMRa, 
in homothallic strains of Saccharomyces cereuisiae was studied. Of 11 mutants 
of the HMLa gene, eight were due to a phenotypic mutation from HMLa to 
HMLa, i.e., a mutation causing a change in function of the original HML 
allele to that of the other HML allele (functional mutation), and three were 
due to a defective mutation at the HMLvr gene, i.e., a mutation causing a non- 
functional allele (nonfunctional mutation). All 14 mutants of the HMRa gene, 
on the other hand, were due to a phenotypic mutation from HMRa to HMRa 
i.e., a functional mutation. Phenotypic reverse mutations, i.e., HMLa to HMLa 
and HMRa to HMRa, were also observed in the cultivation of EMS (ethyl 
methanesulfonate) treated spores having the HO HMRrv HMLa genotype. 
Mutation from heterothallic cells to homothallism was observed in a nonfunc- 
tional mutant of the HMLn gene, by mutagenesis with EMS, but not in the 
functional mutants of the HMLa and HMRa genes or in the authentic strains 
having the a HO HMRa HMLa (a H p )  and a HO HMRa HMLa (a H q )  
genotypes. These observations suggest that the functional mutation is not 
caused by the direct mutation from a homothallic allele to the opposite, but by 
replacement of a transposable genic element produced from a homothallic 
locus with a region of a different homothallic locus. These observations also 
support the controlling-element model and the cassette model, which have been 
proposed to explain the mating-type differentiation by the homothallic genes. 

I N  a homothallic strain of Saccharomyces, the interconversion of mating-type 
alleles occurs at extremely high frequency during vegetative growth of spores 

or cells (TAKANO and OSHIMA 1967; HICKS and HERSKOWITZ 1976), while in a 
heterothallic strain the conversion of mating-type allele occurs rarely, with the 
frequency of normal mutation (HICKS and HERSKOWITZ 1977). It is well estab- 
lished that the mating-type interconversions are promoted by three homothallic 
loci, HO, HMR and H M L .  In combination with the HO allele, the HMRa and 
HMLa alleles specify the a: to a conversion, and the HMLa and HMRa alleles 
specify the a to a conversion. 

As for the molecular mechanism of the mating-type differentiation by the 

* Present address: Suntory Institute far Biomedical Research. 

Genetics 94: 859-870 April, 1980. 



860 T. OSHIMA A N D  I .  TAKANO 

homothallic genes, HARASHIMA, NOGI and OSHIMA (1974) have revised the con- 
trolling-element model that was previously proposed by OSHIMA and TAKANO 
(1971) and TAKANO, KUSUMI and OSHIMA (1973). Recently, HICKS and HER- 
SKOWITZ (1977) proposed the cassette model, which seems basically similar to 
the controlling-element model. According to these models, mating-type intercon- 
versions are caused by the association with or insertion into the mating-type 
locus of products from the H M R  and H M L  loci, mediated by the action of the 
HO allele. Since the a to a conversion is caused by the HMRa and HMLa alleles 
and the a to a conversion by the HMLa and HMRa alleles, these models also 
suggest that the HMRa and HMLa alleles produce transposable elements having 
a mating-type information. Similarly, the HMLa and HMRa alleles would pro- 
duce transposable elements having su information. In recent years, various trans- 
posable genic elements have been reported in prokaryotic and eukaryotic cells. 
In  prokaryotic cells, for example, the insertion of DNA fragments of R-factor 
into bacteriophage (BERG et al. 1975), of the mutator phage, Mu, into E. coli 
(HIRSH, STARLINGER and BRACHET 1972; HOWE and BADE 1975) are well known. 
In maize, transposable elements appear to be involved in the expression of spe- 
cific genetic information (FINCHAM and SASTRY 1974). In Drosophila melano- 
gaster, a controlling element at a location of one chromosome is spontaneously 
transposed to a new site on another chromosome (GREEN 1969). In Saccharo- 
myces cereuisiae, transposition of an ochre (UAA) suppressor gene to two differ- 
ent sites has been demonstrated (LATEN et al. 1976). Transposable controlling 
elements and their transposition from one site to another may occur widely in 
both eukaryotic and prokaryotic cells. 

In this study, genetic analyses were made of mutants of the HMLa and the 
HMRa genes, which were isolated in the previous work (OSHIMA and TAKANO 
1980), and of mutants of the HMLa and HMRa genes. The results suggested 
that a functional H M  ( H M L  or  H M R )  allele is mutated to the alternative func- 
tional allele by transposition of a genic element produced from an H M  locus 
into the other H M  locus. 

MATERIALS A N D  METHODS 

Strains: All the standard homothallic and heterothallic strains listed in Table 1 were se- 
lected from our genetic stock cultures. Mutant strains of the H M L a  and HMRa genes were se- 
lected from mutants isolated by ethyl methanesulfonate mutagenesis of ascospores of the HO 
HMRa H M L a  homothallic strain, T-1851-2D (OSHIMA and TAKANO 1980). Mutant strains of 
the H M L a  and H M R a  genes were isolated from single spore cultures of a perfect homothallic 
strain, C-18-16I3, by the procedures reported (OSHIMA and TAKANO 1980), except that colonies 
having mating potency were detected at 30" instead of 35". 

Media: Media for vegetative growth of strains, sporulation and auxotrophic-trait determina- 
tion are described in the foregoing paper (OSHIMA and TAKANO 1980). 

Detection of mutation f rom heterothallism to homothallism: Mutation from heterothallism 
to homothallism was detected by sporulation ability of cells. Cells of a or cy mating type were 
shaken in YPD medium at 30" for 16 to 18 hr and were treated with EMS by the procedures 
employed for isolation of mutants from homothallism to heterothallism (OSHIMA and TAKANO 
19.80). The treated cells were collected on a membrane filter of 0.45 pm pore-size and washed 
twice with 5% sodium thiosulfate. The washed cells were suspended in sterilized water to give 
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a concentration of approximately 108 cells per ml, and 0.2 ml portions of the suspension were 
spread on YPD agar plates. The plates were incubated at 30" for 16 hr  and were replicated on 
the sporulation agar plates. After 3 days of incubation at  30", the cells on the sporulation medium 
were collected and observed microscopically to confirm ascus formation. Frequency of hetero- 
thallic to homothallic mutation was scored by dividing the number of asci by that of non- 
sporulating cells. 

Geneiic methods: The procedures for mating-type determination, hybridization, sporulation 
and tetrad dissection were described in the previous paper (OSHIMA and TAKANO 1980). 

RESULTS A N D  DISCUSSION 

Genetic analysis on mutants of the HMLa and HMRa genes: In an earlier 
study (OSHIMA and TAKANO 1980), we isolated mutants of the HMLa and 
HMRa genes showing altered functions from the originals. Two alternative 
mechanisms were proposed for the mutations: (1) the functional H M  ( H M L  or 
H M R )  allele is mutated to the alternative functional allele, i.e., functional muta- 
tion from H M L a  to H M L a  or HMRa to HMRa, and (2) the functional allele 
is mutated to a nonfunctional allele, i.e., nonfunctional mutation from HMLa 
to hmla or HMRa to hmra, where hmla and hmra indicate mutation of the 
HMLa and HMRa to the respective nonfunctional alleles. If the former type of 
mutation occurred, the mutant from the HO HMRa HMLa spore would have a 
genotype equivalent to  a HO HMRa H M L a  or HO HMRa HMLa. If the latter 
possibility occurred, the mutant would have the a HO HMRa hmla or a HO 
hmra HMLa genotype. These two possible mutations could not be distinguished 
by tetrad analysis of diploid hybrids prepared by crossing the mutants with the 
HO HMRa HMLa and ho HMRa HMLa standard strains, as described in the 
preceding paper ( OSHIMA and TAKANO 1980) , since the HO HMRa HMLa and 
HO HMRa hmh genotypes and the HO HMRa HMLa and HO hmra HMLa 
genotypes, respectively, give rise to the same patterns of segregation for mating 
types and homothallism in asci of the hybrids. 

To  distinguish these two possibilities, we constructed diploid hybrids between 
the two mutants (one having the mutation at H M L  and the other at H M R a ) ,  
and the hybrids were subjected to tetrad analysis. Four different types of com- 
binations can be expected for the configuration of the homothallic genes in the 
hybrids. These four types of hybrids will show different segregation patterns for 
mating type and homothallism in asci (Table 2). Since the H M R  and H M L  loci 
are very loosely linked to each other and to the mating-type locus on chromosome 
I11 (HARASHIMA and OSHIMA 1976), and HO segregates independently, €re- 
quencies of each ascus type were calculated by assuming that the homothallic 
loci and the mating-type locus segregate independently. Fifteen diploid hybrids 
were constructed between the 11 mutants of the HMLa gene and 14 HMRa 
mutants, and these were dissected after sporulation. All the diploid hybrids 
showed high spore viability. The observed segregation patterns for mating type 
and homothallism (Table 3 )  were compared with the expected ones listed in 
Table 2. Although the distribution of ascus types differed slightly among the 
diploid strains, 12 of the 15 diploid hybrids showed segregation patterns similar 
to those of the type 1 hybrid listed in Table 2, with one ascus showing an unex- 
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TABLE 2 

Theoretical segregations of mating types and homothallism in asci of hybrids obtained b y  four 
possible combinations of crosses between the mutants of the H M h  and -a genes* 

Ascus-type 
I I1 I11 N v VI VII VIII Ix 
a a o a a a a a h o m t  

Hybrids a a a a 01 hom a hom hom 
Supposed 01 01 hom a hom hom hom hom hom 

Type genotype 01 hom hom hom hom hom hom hom hom 

a HO HMRa H M L a  
a HO HMRa H M L a  

a HO HMRa hmla 
a HO hmra H M L a  

a HO HMRa hmla 

1 - -- _- 1 0  0 0 1 2  4 0 4 1 5  

2 ---- 1 4  1 4 1 6  4 1 4  1 

3 - _ A _ _ _ I _ _  1 0  0 4 1 2  8 1 1 2  6 
HO HMRa H M L a  

a HO HMRa H M L a  
#a HO hmra H M L a  

4 1 4  1 0 1 2 1 2  0 0 6 

* Theoretical frequencies of each ascus type were calculated by assuming that the mating-type 

j- Indicates homothallism. 
locus and the homothallic loci segregated independently. 

TABLE 3 

Segregation data observed in various combinations of crosses between H M h  and HMRa mutants 

Hybrid 
no. 

J-Ill 
J-115 
J-116 
5-118 
5-119 
1-221 
5-222 
J-2% 
5-225 
J-226 
5-227 
5-228 
5-229 
J-230 
J-234 
J-43 

Cross 
HMLa HMRa Asci 
mutant mutant tested 

I-19x34 32 
1-11 X3-1 19 
3-3 X 3-12 42 
3-2 x 2-11 39 
2-8 X 1-8 24 
418X 5-28 37 
4-3 x 6-33 28 

5-19X 5-16 24 
5-9 x 5-12 26 
1-19 x 5-20 19 
1-19 X 6-9 32 
1-19X 6-28 U) 
1-19 x4-4 U) 
5-6 X 3 4  17 
, a H p X a H q  25 

5-9 X 5-20 30 

Ascus type 
I I1 I11 IV v VI VI1 VI11 IX 
a a  a a a a a a h o m '  
a a a a a hom Q hom hom 
a a hom a hom hom hom hom hom 
a hom hom hom hom hom hom hom hom 

1 0  0 0 1 0 1 0  0 5 6 
1 0 0 0 8 4 0 2 5  
1 0  0 4 1 5  0 2 1 7  3 
1 0  0 0 1 6  5 0 7 1 0  
1 0  0 0 1 0  2 0 3 8 
4 0 0 5 1 3  0 6 9 0. 
1 0  0 0 8 5 0 3 1 1  
1 0  0 0 1 2  4 0 2 1 1  
0 0 0 I f 1 4  0 0 2 7 
2 0 0 0 8 7 0 4 5  
0 0 0 0 8 2 0 1 8  
2 0 0 lt10lO 0 4 5 
0 0 0 0 9 1 0 1 9  
1 0 0 0 7 2 0 3 7  
0 I t 0  4 3 0 3 3 1 
2 I t 0  0 8 3 0 2 9 

Expected 
hybrid 
W e *  

1 
1 
3 
1 
1 
3 
1 
1 
I 
1 
1 
1 
1 
I 
3 
I 

* See Table 2. 
f These asci were considered to be aberrant. 
$Diploid hybrid between the standard a H p  (S-14-9C- IA) and a H q  (T-1023-23B-1A) 

strains. 
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pected 1 homothallic: la:2a segregation in two hybrids, J-225 and 5-228. The 
remaining three hybrids, J-ll6,J-221 and 5-234, showed segregations similar to 
each other, but different from those of the other 12 hybrids. These three showed 
the segregation of the type 3 hybrid (Table 2) with a slight difference and with an 
unexpected ascus (ascus type 11) from the type 3 hybrid, J-234. The most sig- 
nificant difference between these two classes of segregation was seen in ascus 
types IV. VI and VII. These results indicate that of the 11 mutants of the HMLa 
gene, three (3-3, 4-18 and 5-6) are due to a nonfunctional mutation at the 
H M L a  locus, while all other mutants of the HMLn and HMRa genes are caused 
by a mutation of the original allele to the alternative functional allele. Thus, 
eight of the 11 H M L  mutants tested were suspected to have an a HO HMRa 
HMLa genotype and three to have an a HO HMRa hmla genotype. All 14 HMRa 
mutants tested, on the other hand, were suspected to  have an 01 HO HMRa HMLa 
genotype. 

Evidence for the functional mutation of the HMLa and HMRa genes: To con- 
firm the mutation of HMLa and HMRa to the alternative functional alleles, 
meiotic segregants obtained from the diploid hybrids showing the segregation 
of the type 1 hybrid (Table 2) were subjected to further genetic analysis. If a 
mutation to the alternative functional allele, namely. HMLa to HMLa and 
HMRa to HMRa occurred, all but three of the hybrids (J-116,5-221 and 5-234) 
listed in Table 3 should have the genotype of the type 1 hybrid, HO/HO HMRa/ 
HMRa HMLa/HMLa.  It is known that both the a or a HO HMRa HMLa and 
a or  01 HO HMRa HMLa genotypes give rise to perfect homothallism of the Ho 
type, while the a HO HMRa HMLa or a HO HMRa HMLa genotype gives rise to 
a semi-homothallism of the Hp or H q  type (HARASHIMA, NOGI and OSHIMA 1974). 
Therefore, some of the asci showing ascus type IX in the type 1 hybrid (Table 2) 
should yield four perfect homothallic segregants ( H o  type of homothallism) in 
which two clones in each tetrad are derived from the HO HMRa HMLa genotype 
and the other two from the HO HMRa HMLa genotyps, while such asci should 
not be observed in the other three types of hybrid, types 2, 3 and 4, listed in 
Table 2. 

To test this inference, 10 asci showing ascus type 1X were selected from those 
hybrids that showed type 1 hybrid segregation, and the four homothallic segre- 
gants in each ascus were dissected after sporulation. All segregants from six of 
the selected ten asci showed the Ho type of homothallism, i.e., 4 homothal1ic:O 
heterothallic segregation in asci. Four segregants in each tetrad of the other four 
selected asci gave two of the Ho type, one the H p  and one the H q  type of homo- 
thallism. These results support the idea that the diploid hybrids in question have 
the genotype of the type 1 hybrid. 

As described above, the asci yielding four Ho type of homothallic segregants 
should contain two spores of the HO HMRa HMLa genotype and two of the 
HO HMRa HMLa genotype. To examine this possibility, one of the asci of ascus 
type IX obtained from hybrid 5-111 (Table 3) was analyzed further. Four dif- 
ferent combinations of crosses were made by spore-to-spore mating among the 
four Ho type of homothallic segregants from an ascus of hybrid J-111, and the 
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four resultant hybrids were dissected after sporulation (Table 4). Two of the 
four hybrids, J-111-4A x J-111-4D and J-111-4B x J-lll-4C7 yielded only an 
ascus type showing a 4 homothal1ic:O heterothallic segregation, and the other 
two hybrids, J-111-4A x J-111-4C and J-111-4B x J-111-4D7 gave rise to various 
ascus types. Then, diploid strains were constructed by crossing J-111-4A and 
J-111-4B with the standard homothallic strain, J-1171-5D, having the HO HMRa 
HMLa genotype, by spore-to-spore mating. The resultant diploid strains were 
studied with respect to their segregation, and it was found that J-111-4A has the 
HO HMRa H M L a  genotype and that J-111-4B has the HO HMRa H M L a  geno- 
type. It could also be concluded that J-111-4C has the HO HMRa H M L a  geno- 
type and that J-111-4D has the HO HMRa H M L a  genotype. These observations 
clearly indicate that hybrid J-111 (1-19 x 3-4; Table 3) had the HO/HO HMRa/ 
HMRa HMLa/HMLa genotype. In other words, mutant 1-19 was caused by a 
mutation from H M L a  to HMLa and mutant 3-4 by a mutation from HMRa to 
HMLa. Thus, we can conclude that a functional allele can mutate to the other 
functional allele in the homothallism gene system. 

Functional mutations of the H M L a  and HMRa loci: In the foregoing experi- 
ments, we demonstrated the possibility of the mutation of the H M L a  and HMRa 
genes to their respective opposite alleles. To  examine the possibility of the reverse 
mutation, i.e., H M L a  to HMLa and HMRa to HMRa, we attempted to isolate 
heterothallic clones from ascospores having the HO HMRa H M L a  genotype, 
basically by the same procedure as employed in the previous study (OSHIMA 
and TAICANO 1980). In this experiment, mutants were derived from the parental 
strain C-18-16B (Table 1). Colonies showing a or a mating potency were observed 
with almost the same frequency as in the previous experiment with the HO 
HMRa H M L a  parental strain; they were tested for their mutations by segrega- 
tion of mating types and homothallism in asci of diploid hybrids obtained by 
crossing with the standard strains having ho HMRa H M L a  and HO HMRa 
H M L a  genotypes. Although various types of mutations in the homothallism and 

TABLE 4 

Genetic analysis of four homothallic segregants in an ascus type IX from a hybrid J-111 

Cross' 

Segregation in asci _ _ _  
a a a a homS 
a OL ham ham hom' 
oi hom hom ham hom Asci 
oi hom ham ham ham tested 

J-Ill-4A x J-I 11-4C 1 4 3 0 8  16 
J-111-4A x J-1114D 0 0 0 0 2 1  21 
J-111-4B x J-111-4C 0 0 0 0 2 0  2.0 
J-l11-4B x J-111-4D 0 1 0  2 2 5 19 
J-111-4A X T-1171-5D 0 8 2 1 9  20 
J-111-4B x T-1171-5D 0 0 0 0 1 3  13 

* All crosses were made by spore-to-spore mating. J-I 11-4A, -4B, -4C and -4D are segregants 
in a n  ascus type IX from hybrid 5-111 (Table 3). T-1171-5D is a standard strain of type I1 Ho 
homothallism (Table 1). 

f Indicates homothallism. 
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mating systems were observed among the colonies showing mating potency, 
we selected only the mutants of the HMLa and HMRa genes in this experiment. 
Three of the 10 colonies showing a mating type were thought to be due to a 
mutation at the HMLa gene and two of the 10 colonies showing a mating type 
were thought to be a mutation at the HMRa gene. The results of genetic analysis 
on an HMLa mutant, 16B-1, and an HMRa mutant, 16B-20, are shown in Table 
5. A hybrid, J-602, obtained by mating a cell of 16B-1 and a spore of the HO 
HMRa HMLa (S-14-9C; Table 1) genotype, showed a 2 homothallic:2a segre- 
gation ( H p  type of segregation) in all asci. A nonfunctional mutation of the 
HMLa gene, i.e., an H M L a  to hmla mutation, would be unlikely, since no segre- 
gants showing a mating type were observed in asci of hybrid 5-542 (16B-1 X HO 
HMRa HMLa;  Table 5). If 16B-1 had carried a nonfunctional allele of HMLa, 
the hybrid (J-542) would have yielded segregants of a mating type with the 
HO HMRa hmla genotype. This suggested that 16B-1 has the HO HMRa HMLa 
genotype and carries a mutation from HMLa to HMLa. Segregation patterns 
from two other hybrids, J-521 (16B-1 x HO HMRa H M L a )  and J-601 (16B-1 X 
HO HMRa H M L a ) ,  are compatible with the idea of the functional mutation 
at the HMLa gene. Similarly, mutant 16B-20 was suspected of having the 
HO HMRa HMLa genotype, since hybrid J-606 (16B-20 X HO HMRa HMLa; 
Table 5) showed a 2 homothallic:2a ( H g  type) segregation and hybrid J-552 
(1 6B-20 X HO HMRa H M L a )  did not yield heterothallic segregants of CY mating 
type in asci tested so far. Thus, it can be concluded that a functional mutation 
of the HMRa gene, i.e., an HMRa to HMRa mutation, occurred in 16B-20. Re- 
sults suggesting a nonfunctional mutation at the HMLa and HMRa genes, i.e., 
HMLa to hmla and HMRa to hmra mutations, were not observed in the mutants 
isolated from the HO HMRa HMLa strain, C-18-16B. 

Proposed models for the functional mutation of the homothallic genes: To 
explain the molecular mechanism of mating-type interconversion by the homo- 
thallic genes, several models have been proposed (the controlling-element model: 
OSHIMA and TAKANO 1971, HARASHIMA, NOGI and OSHIMA 1974; the flip-flop 
model: HOLLIDAY and PUGH 1975, BROWN 1976; and the cassette model: HICKS 
and HERSKOWITZ 1977). In the controlling-element model and the cassette model, 
the mating-type differentiation is caused by association with or insertion into 
the mating-type locus of the products (controlling elements or cassettes) from 
the HWRa/HMRa and HMLa/HMLa loci, mediated by the function of the HO 
allele. This argument suggests that the two homothallic loci, HMRa/HMRa and 
HMLa/HMLa,  may have a common structure, since products of both loci can 
associate with the mating-type locus. This speculation leads to two alternative 
models, shown in Figure 1, that can explain the present observations of muta- 
tion to the opposite allele in the two homothallic loci. The first possibility is that 
the mutation from the HMLa to the HMLa allele, or from the HMRa to the 
HMRa allele, and vice versa, in both loci is caused by such mutational events 
as a base change o r  a flame shift in the DNA sequence at the mutant loci. The 
second possibility is that the controlling element or the cassette, for  example, 
from the HMRa locus is replaced by a segment of the HMLa locus. In other 
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mating-type 

locus 

genic element 

1 
olr3 

Model 2 

FIGURE 1.-Two possible models for  functional mutations of the H M L d H M L a  and HMRa/ 
H M R a  genes. Model 1 indicates the direct mutation of a homothallic gene to the opposite func- 
tional allele. Model 2 indicates transposition of a genic element produced by a homothallic locus 
t o  another homothallic locus. Transposition 1 causes a phenotypic change of H M L a  to HMLa 
and transposition 2 causes a phenotypic change to HMRa to HMLa.  

words, a specific transposable genic element is produced, for example, by the 
HMRa locus that can replace a DNA segment at the HMLa locus. It is not easy 
to determine which mechanism operates by mapping the mutant loci or by link- 
age analysis, since we have not identified any genetic trait carried by the H M  
( H M L  and H M R )  loci or closely linked to the loci. 

However, these models (Figure 1) were tested by the following protocol: In 
the first model, perfect homothallic diploid strains of two H o  types, HO/HO 
HMRa/HMRa HMLa/HMLa and HO/HO HMRa/HMRa HMLaiHMLa, 
would be expected from a heterothallic haploid cell of a H p  or a H q  ( a HO HMRa 
HMLa or a HO HMRa HMLa)  by the direct mutation of HMLa allele to HMLa, 
HMRa allele to HMRa, or uice uersa. In the second model, on the other hand, 
such homothallic diploid cells would not be expected if the controlling elements 
model or the cassette model is assumed since an a! H p  strain of the HO HMRa 
HMLa genotype would not have an element or cassette fo r  a mating type. Sim- 
ilarly, the a Hq strain has no element or  cassette for a: mating type. To test these 
possibilities, an !a: H p  and an a H q  strain, S-14-9C-1A and T-1023-23B-1A7 were 
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subjected to mutagenesis with EMS. In addition to these authentic H p  and H q  
strains, two mutants, 1-19 and 3-4, which were supposed to have the alterna- 
tive functional alleles from the original HMLa and HMRa alleles, respectively, 
and one mutant, 3-3, which was supposed to have a nonfunctional allele of 
HMLa, were subjected to the EMS mutagenesis. Frequencies of occurrence of 
homothallic cells were scored by counting asci among the heterothallic cells after 
cultivation or  sporulation medium (Table 6).  No asci were observed from the 
two functional mutants, 1-19 and 3 4 ,  or from the authentic (11 H p  and a H q  
strains, while a few asci were detected in the nonfunctional mutant, 3-3, at a 
frequency of approximately lo-*. These results indicate that the second model 
in Figure 1 is more likely, i.e., specific transposable genic elements participate 
in homothallism-controlling system of Saccharomyces yeasts. 

Since the HMLa and HMRa alleles cause the a to a conversion and the HMRa 
and HMLa alleles cause the a to a conversion in combination with the HO allele, 
it is possible to suppose that the mating-type locus has a specific site for all the 
products of these homothallic genes. This argument suggests that in the func- 
tional mutants, 1-19 and 3-4, the product from an H M  locus could be inserted 
into the other H M  locus instead of into the mating-type locus. The possibility 
of the second model (Figure 1) strongly suggests that some regions of the genic 
elements and the mating-type locus have genetic material of similar structure, 
possibly the DNA sequences. In the nonfunctional mutant, 3-3, some alteration 
of the base sequence would occur at the HMLa locus, and the normal transpos- 
able element might not be produced or an abnormal element might be produced. 
In fact, a diploid strain obtained by forced mating of the nonfunctional mutant, 
3-3, and the a ho HMRa HMLa standard strain gave sterile segregants of I(Y 

mating type in tetrads (data will be described elsewhere). This observation sug- 
gests that the mutant allele (hmla) in this mutant might produce a defective genic 
element that could associate with the mating-type locus but not give a normal 
function for {a mating type. Thus, our observations strongly suggest that specific 
transposable elements control the differentiation of mating-type alleles in Sacch- 
aromyces yeasts. The controlling elements may be DNA fragments. It is hard 

TABLE 6 

Frequency of mutation to homothallism in various heterothallic strains treated with EMS* 

Strain-t 
No. Genotype 

S- 14-9C-1A a HO HMRa HMLa 
T-1023-23B-lA a HO HMRa H M L a  
1-19 a HO HMRa H M L a  
3-4 cr HO HMRa H M L a  
3-3 a H 3  HMRa hmla 

No. of No. of asci 
cells tested observed Frequency 
- .~_________ - - ___ 
1.5 x 105 0 < 6.7 x 10-6 
1.0 x 105 0 < 1.0 x 10-5 
1.3 x IO5 0 < 7.7 x l ( r 6  

1.2 x 105 0 < 8.3 x 
3.6 x 104 44 1.4 x 10-3 

* The mutations were detected by sporulation ability of cells among the heterothallic strains. 
f S-14-9C-IA and T-1023-23B-1A are authentic strains. Strains 1-19 and 3-4 are functional 

mutants of the H M L a  and HMRa genes, respectively, and strain 3-3 is a nonfunctional mutant 
of the HMLa gene. Genotypes expected from the observed segregations listed in Table 3 were 
given to these three mutants. 
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to explain our observations by the flip-flop model proposed by HOLLIDAY and 
PUGH (1975) and B R ~ W N  (1976). 
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