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In homothallic cells of Saccharomyces cerevisiae, a or a mating type infor-
mation at the mating type locus (MAT) is replaced by the transposition of the
opposite mating type allele from HMLa or HMRa. The rad52-1 mutation, which
reduces mitotic and abolishes meiotic recombination, also affects homothallic
switching (Malone and Esposito, Proc. Natl. Acad. Sci. U.S.A. 77:503-507, 1980).
We have found that both HO rad52 MATa and HO rad52 MATa cells die. This
lethality is suppressed by mutations that substantially reduce but do not eliminate
homothallic conversions. These mutations map at or near the MAT locus
(MATainc, MATa-inc, MATa stkl) or are unlinked to MAT (HO-1 and swil).
These results suggest that the switching event itself is involved in the lethality.
With the exception of swil, HO rad52 strains carrying one of the above mutations
cannot convert mating type at all. MATa rad52 HO swil strains apparently can
switch MATa to MATa. However, when we analyzed these a maters, we found
that few, if any, of them were bona fide MATa cells. These a-like cells were
instead either deleted for part of chromosome III distal to and including MAT or
had lost the entire third chromosome. Approximately 30% of the time, an a-like
cell could be repaired to a normal MATa genotype if the cell was mated to a
RADS52 MATa-inc strain. The effects of rad52 were also studied in mata*/MATa-
inc rad52/rad52 ho/HO diploids. When this diploid attempted to switch mata*
to MATa, an unstable broken chromosome was generated in nearly every cell.
These studies suggest that homothallic switching involves the formation of a
double-stranded deoxyribonucleic acid break or a structure which is labile in
rad52 cells and results in a broken chromosome. We propose that the production
of a double-stranded deoxyribonucleic acid break is the lethal event in rad52 HO

cells.

In the yeast Saccharomyces cerevisiae, mat-
ing type is determined by the expression of one
of two alternate alleles of the mating type locus,
MATa or MATa, located on chromosome III.
MATa cells conjugate readily with MAT« cells
to form nonmating sporogenous MATa/MATa
diploids. Heterothallic strains have a stable mat-
ing type that changes from MATa to MATa or
MATa to MATa only at a frequency of 1076 (13).
On the other hand, homothallic strains are able
to convert mating type as frequently as every
cell division (33). The difference between hom-
othallic and heterothallic strains depends on a
single gene, designated HO. The recessive ho
allele is found in heterothallic strains. Haploid
cells carrying the dominant HO allele will switch
MAT alleles until a nonmating MATa/MATa
diploid cell results from the conjugation of cells

of opposite mating type. There is no switching
in MATa/MATa HO/HO diploids.
Homothallic conversion of MAT alleles re-
quires the HML and HMR genes on chromo-
some III (9, 24). HML and HMR each contain
unexpressed a or a mating type information
which can be copied and transposed to the MAT
locus, where they replace sequences of the op-
posite mating type and are expressed (11) (Fig.
1). Thus, HMLa or HMRa is necessary for
MATa cells to switch to MATa, and either
HMLa or HMRa is necessary for MATa cells to
be converted to MATa. Several types of genetic
experiments have substantiated this model. Mu-
tations that lie within MAT can be “healed” or
lost upon mating type switching (13, 16). For
example, a matal mutant can be converted to
MATa, which in turn is converted to a normal
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F16. 1. Map of relevant genetic markers on chromosome III (not drawn to scale). Mating type conversions
occur by the replacement of an a or a allele at MAT by transposition of a copy of the opposite mating-type

allele from the unexpressed HML or HMR genes (11).

MATa allele by transposition of new MAT al-
leles from HMLa. On the other hand, mutations
at either HML or HMR can be repeatedly intro-
duced into MAT by the transposition of defec-
tive alleles of HMLa (15) or HMRa (6). These
genetic studies have been corroborated by the
isolation and characterization of recombinant
deoxyribonucleic acid molecules containing
MAT, HML, and HMR (12, 23, 29).

A number of components necessary for proper
and efficient switching have been described. Se-
quences both within and immediately adjacent
to MAT have been identified by cis-acting mu-
tations that slow down homothallic switching.
MATa-inc (32, 31) and MATa-inc (21) lie within
the MAT locus and are healed after infrequent
conversions to the opposite mating type. There
are also sequences adjacent to MAT that are
important. The “stuck” mutations, stkl and
stk2, are very closely linked to MAT and reduce
a to a switching (8). These two mutants are not
healed and therefore lie outside of the transpos-
able mating type sequences. A “switch” muta-
tion (swil) unlinked to MAT also decreases the
efficiency of switching both MATa and MAT«
4).

Another function required for homothallic
switching is the RADS52 gene product. Strains
carrying the rad52 mutation are defective in the
repair of y-irradiation-induced deoxyribonucleic
acid damage (2) and show altered frequencies of
both mitotic and meiotic recombination (3, 20,
26). Recently, Malone and Esposito (20) showed
that the rad52-1 mutation prevents homothallic
MAT conversions. MATa HO rad52 strains did
not appear to be able to switch mating type. In
the case of MATa HO cells, the presence of
rad52 rendered the strain inviable. The rad52
mutation had no apparent lethal effect on ho
strains.

We were interested to see whether mutations
that reduced homothallic switching altered the
survival of HO rad52-1 cells. In the process of
this investigation we found that, in contrast to
the results reported by Malone and Esposito
(20), MATa HO rad52 strains are inviable. In
addition, all of the mutations that decrease the
frequency of homothallic switching allowed sur-
vival of HO rad52 strains. Moreover, MATa HO
swil rad52 cells can apparently switch to pro-
duce a mating cells; however, most of these

contain a chromosome deletion including MAT.
Evidence presented here suggests that the lethal
event in HO rad52 strains is the formation of a
chromosome break during attempted homothal-
lic switching.

MATERIALS AND METHODS

Strains. Strains used in this report are listed in
Table 1. Strains carrying the rad52-1 mutation were
obtained from the Yeast Stock Center, Berkeley,
Calif., or from R. E. Malone.

Genetic analysis. Cells were grown at 30°C on
YEPD medium (1% yeast extract, 2% peptone [Difco
Laboratories], 2% dextrose, and 2% agar for plates) or
minimal medium (0.67% yeast nitrogen base, 2% dex-
trose, and 2% agar for plates). Diploids were sporulated

TABLE 1. List of strains

Strain® Genotype Source®
J164 HO ade2-1 lys2-1 trp5-20 Esposito
ural
E8C HO cryl hisl his4 ade2
Y 55-4 HO lys5 trp3 canl
A108 MATa ho rad52-1 adel ade5 Yeast Stock
arg4 his5 lys7 trp3 Center
M297 MATa ho rad52-1 ade2-1 Malone
lys2-1 ura3 tyr1-2 his7-1
M298 MATa ho rad52-1 ade2-1 Malone
LR203-10A MATa ho cryl ade2 his4
leu2 lys2 thrd
U60 mata* ho HMLa HMRa cmt
leul ura3 ade2
U0 mata* ho leul ura3 ade2 Simchen
BW277-15C  mata* ho rad52 ura3 ade2
Us4 MATa-inc HO his4 leu2 thr4
lys5 leul trp3 gal
BWI193-43A  MATa-inc HO his4 thr4 lys2
ura3 rad52
BWI193-22A  MATa-inc ho his4 thr4 leul
ura3 lys5 trpx rad52
DW39-2A HO-1 hisl
BW247-18B MATa-inc HO cryl arg4
lys2 tp3
JPG159-9D MATa HO swil ura3 lys5
his5 leu2
BW330-15B MATa HO swil rad52 lys5
his5 ade2 mal2
BW330-24B MATa HO swil rad52 lys5
metl3 ade2 mal2
WTS91-4B MATa stkl HO cryl leu2
tyrX

“ All strains are HMLa and HMRa unless noted otherwise.
Homothallic (HO) diploids are heterozygous for MATa/
MATa.

b Strains without a listed source were constructed in this
lab.
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by pregrowing on YEPD plates for 2 days and then
replica plating onto KAc plates (2% potassium acetate,
0.05% dextrose, 0.22% yeast extract, 2% agar, and re-
quired amino acids). Asci were digested with 10%
Glusulase, and tetrads were dissected. The presence of
the rad52 mutation was detected by the inability of
cells to grow on YEPD plates after exposure to 50
krad of y-irradiation using a ®Co Atomic Energy of
Canada Gamma Cell 200 irradiator.

Mating type tests were performed as follows. Strains
carrying at least one auxotrophic marker were replica
plated to YEPD plates and cross-stamped with MATa
or MATa tester cells carrying complementary auxo-
trophic markers. This plate was incubated overnight
at 30°C, and prototrophic diploids were selected by
replica plating to minimal medium. By this method,
homothallic cells were nonmating. Strains carrying the
switching mutation swil showed unequal bisexual
mating (4).

The presence of HO in Rad™ segregants was as-
sessed in the following manner. Haploid cells contain-
ing the mata* mutation are a maters, but mata*/
MATa ho diploids are a mating and asporogenous
(14). mata*/MATa HO diploids are capable of spor-
ulation because they are able to switch the defective
mata* allele to a normal MATa (5, 28). Thus, MAT«
rad52 colonies were tested for the presence of HO by
mating to the mata* ko strain, U90, and then observed
for the ability of this diploid to sporulate. MATa rad52
segregants were mated to a mata®* HMLa HMRa cmt
ho strain, U60. The recessive cmt mutation permits
expression of mating type information at HML and
HMR (5), making U60 an a mater. This a mating
strain can mate with a MA Ta strain, forming a mata*/
MATa cmt/+ diploid which is a-mating. MATa/
mata* diploids are asporogenous if they contain ho. If
HO is present, mata* can be switched to a normal
MATa, allowing this diploid to sporulate. Thus,
MATa/mata* diploids were tested for the presence of
HO by their ability to sporulate.

The mata* rad52 ho strain, BW277-15C, was con-
structed by mating the mata* strain, U90, with a
MATa rad52 ho strain, M297. One zygotic diploid was
sporulated by the method of Klar (17) and dissected
to obtain an a mating rad52 segregant, BW277-15C.

RESULTS

MATa and MATa rad52 HO spores are
inviable. In normal diploids constructed by
crossing a heterothallaic MATa or MATa hap-
loid with spores of a homothallic diploid, one
expects to find an equal number of homothallic
(HO) and heterothallic (ho) meiotic segregants.
Because both HO MATa and HO MATa spores
will grow into nonmating colonies, we would
expect 50% of all segregants to be homothallic
and therefore nonmating. The remaining segre-
gants should be 25% heterothallic a maters and
25% heterothallic « maters. These expectations
were borne out in data collected from tetrads
dissected from several control crosses (Table
2A).

The effect of rad52 on the viability of HO
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strains is evident among the meiotic segregants
of several diploids constructed by mating ho
rad52 strains with spores of several different
homothallic strains (Table 2B). Among the Rad™*
segregants, the ratio of a maters, a maters, and
nonmaters was approximately 1:1:2, as expected.
In contrast, there was only one nonmating Rad™
segregant. All of the Rad™ segregants were tested
for the presence of HO, using tests described
above. Of 90 rad52 segregants, only 5 carried
HO, and further analysis of one such segregant
chosen at random (data not shown) revealed
that it carried a new HO mutation which low-
ered homothallic conversions. The low fre-
quency of viable HO rad52 colonies indicated
that MATa HO rad52 spores, as well as MAT«
HO rad52 spores, were inviable.

There also seemed to be a general lethal effect
of rad52 on both ho and HO segregants in some
of these crosses, because the number of ho rad52
colonies was less than half that of ho RAD52
segregants. However, it is clear that the lethality
is much more pronounced in HO segregants. To
eliminate the lethality of rad52 in ho cells we
back-crossed ko rad52 segregants of strains BW-
209 with spores of the HO parent J164. (Because
diploids homozygous for rad52 yield only invia-
ble spores [2, 25] we could not construct hom-
ozygotes for this analysis.) When these diploids
were sporulated and dissected, essentially the
same results as before were obtained, except
that the number of ho rad52 segregants more
nearly approached the number of ho RADS52
segregants in two of the three cases (Table 2C).
Here again, it was clear that virtually all HO
rad52 segregants were dead. There were 2 HO
rad52 nonmaters, as compared to 99 HO RAD52
nonmaters.

These results are clearly different from those
of Malone and Esposito (20), who found that
MATa HO rad52 strains survived as a maters.
Since we were using the same rad52 allele, we
thought that the difference between our results
and those of Malone and Esposito might be due
to a difference in strain background. Two rad52
strains sent by Malone, M297 (MAT« ho rad52-
1) and M298 (MATa ho rad52-1), were mated
to spores of the homothallic strain J164 (diploids
BW208 and BW221, respectively; Table 2D).
Dissection of asci from BW208 gave no viable
MATa HO rad52 segregants, in agreement with
our previous results. In contrast, about half of
the viable MATa rad52 segregants from BW221
carried HO.

Because strains M297 and M298 are closely
related, it appeared likely that the viability of
MATa HO rad52 segregants from BW221 was
due to a variant closely linked to MATa in the
strain M298. This was confirmed by finding that
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rad52 segregants® RADS52 segregants
with mating Bisexual maters®
Diploid® Genotype a Maters a Maters phenotype
HO® ho HO ho N a a N rad52 RAD52
A
BW187-28A MATa ho
BW2 —Ties MATa HO % 43 %0
BW187-32B MATa ho
BW280 Jiea MATa HO 40 37 75
B
BW187-4B MATa ho rad52 .
BW203 EsC MATa HO + 1 9 0 11 0 24 25 45
BW187-6C MATa ho rad52
BW204 Y554 MATa HO + 1 15 0 17 0 16 16 27
BW187-6C MATa ho rad52
BW205 —EsC MATa HO + 2 10 0 12 1 16 10 20 1
BW187-4B MATa ho rad52
BW209 W— m m - 0 6 0 5 0 15 17 15 2
C
BW209-26B MAT« ho rad52
BW215 Jiea MATa HO + 0o 27 0o 22 2 20 33 53
BW209-15C MATa ho rad52
BW216 Ji64 MATa HO + 0 2 0 3 0 13 11 27 1
BW209-7A MATa ho rad52
BW217—JH— MATa HO T 0 7 0 11 0 14 11 19
D
M297 MATa ho rad52
M298 MATa ho rad52
BW208-20A MATa ho rad52
BW218 Ji64 MATa HO + 0 7 0 9 1 9 7 22 1

% The diploid number as well as the parental strains are noted.

® Nonmating segregants are designated by N. These presumably carry HO.

¢ Homothallic colonies with reduced efficiency of switching are designated as bisexual maters.
4 The presence of HO was detected as described in the text.
¢ This one MATa rad52 strain (BW203-43B) carries a mutation at HO.

four heterothallic or homothallic MATa rad52
segregants from diploid B221 yielded viable
MATa HO rad52 segregants when back-crossed
to J164, whereas three MATa ho rad52 segre-
gants from the same cross did not yield viable

HO rad52 segregants (Table 3).

Healing of the MATa allele from M298
which renders viable HO rad52 strains. To
see whether the variant that protected MATa
segregants lay within the MAT locus, we carried
out a healing experiment to determine whether

a new MATa allele, transposed from HMRa,
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TABLE 3. Back-crosses of BW221 rad52 segregants

rad52 segregants RADS52 segre-
gants with Bisexual
s ant Diploid® Genotype a Maters a Maters - matil:gy:eheno- maters®
HO ho HO ho a o« N ‘M RAD
A- MATa rad52 meB——vf,% m—g#% 4 7 0 6 0 3 10 9 5
BW232 % % ""%2 '1:% 11 10 0 9 1 9 12 14 6
BW234 %ﬁ -m—;: g g—g 4 0 0 0 0 1 0 2 -2
BW235 Elvﬁ;‘;” ;"IZ—;: # % 6 0 0 0 0 0 o0 25 1 3
B. MATarad52  pyoss ——B‘Y,?; 68 %;: ﬁ % 0 15 0 10 0 9 10 29
oy BYRLEE MATerdsmhe oo g
BW238 —-—Bwjf;;m %%# '1% 0 13 0 3 0 6 6 9

“ Diploid number and their parent haploids are noted.
® Homothallic nonmaters are designated N.
¢ Homothallic colonies with reduced effici

y of

was still resistant to the lethal effect of HO and
rad52 (Fig. 2). A nonmating colony derived from
a MATa HO RAD52 spore consists of MATa/
MATa diploids, where the MATa is the result
of switching MATa to MATa. These MATa
spores were mated with LR203-10A (MATa cryl
ho). The cryl mutation maps very close to MAT,
and allows one to follow the segregation of the
adjacent MAT locus. When the diploid was spor-
ulated and dissected, approximately 25% of these
segregants were nonmating and CRYI; these
must have come from MATa HO spores which
had switched to MATa and conjugated. We then
tested these newly converted MATa alleles for
their viability in association with HO and rad52
by mating spores of the CRY! nonmater to
M297 (MATa ho rad52).

The newly converted MATa allele is different
from the MATa allele of M298. Only 6 of 103 a
mating rad52 meiotic segregants contain HO in
those diploids carrying the new healed MATa
allele (Table 4). In contrast, we previously have
shown that half of the MATa rad52 segregants
from diploids in which one parent contained the
MATa allele from M298 are homothallic (Table
2D and 3A). Clearly, this variant in M298 which
renders MATa HO rad52 cells viable lies within
the transposable mating type sequences, since it
can be healed.

itching are designated as bisexual maters.

Mutations that lie within MAT suppress
the lethality of HO rad52. We investigated
known mutations that decrease the efficiency of
homothallic mating type conversions to see
whether they would make HO rad52 spores
viable. One such mutation, MA Ta-inc, is located
within MAT and slows down switching about
1,000-fold, so that a MATa-inc HO colony is a
mating (31, 32). A diploid heterozygous for
MATa-inc, HO, and rad52 was therefore con-
structed for tetrad analysis (BW193, Table 5A).
When the rad52 segregants were tested for the
presence of HO (see above), 8 of the 23 MATa-
inc rad52 segregants were HO, whereas none of
the 16 MATa rad52 segregants were HO. Fur-
thermore, when one MATa-inc HO rad52 segre-
gant (BW193-23C) was mated to spores of the
homothallic strain J164 (diploid BW278, Table
5A), MATa-inc HO rad52 segregants were again
obtained.

MATa-inc, like MATa-inc, lies within MAT
and slows down homothallic switching but to a
lesser degree than MATa-inc. Thus, a MATa-
inc HO colony has an a>a phenotype (21). A
diploid heterozygous for MATa-inc, HO, and
rad52 was constructed (BW247). When BW247
was sporulated and dissected, spore viability was
very low, even among Rad™ segregants. To im-
prove general viability, an a>a RAD52 segre-
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A MATa™* HO spore
homothallic conversion of MATa to MATa’ and self diploidization

MATS*™ HO
MAT« HO °P°

X MATa cryl ho (LR203-10A)

B v

MATa cryl ﬁ

MATo’ CRY1 HO

sporulate and dissect
v

MATa’ CRY1 HO segregant

homothallic conversion of MATa’ to MATa’ and
self-diploidization

v
MATa' CRY1 HO

l

MATa rad52 ﬂ
MATa’ RAD52 HO
sporulate and dissect

look for
MATa’ rad52 HO
segregants

F16. 2. Healing the MATa allele of M298. (A) A CRY1 MATa HO rad52 segregant from an outcross of
M298 (BW221-10A) was mated to a cryl MATa HO RADS52 strain to obtain colonies that arose from a CRY1
MATa HO RADS2 meiotic spore. Such segregants are nonmating, having converted the MATa allele from
M298 to MATa. This newly introduced MATa is designated MATo'. MATa' spores were mated to a MATa
strain (LR203-10A) which contains the cryl allele which is closely linked to the MAT locus and was used to
follow MAT. (B) The cryl MATa/CRY1 MAT« diploid was sporulated and dissected to obtain nonmating
CRY1 segregants. These should have arisen from MAToa HO spores which converted MATa' to MATa
followed by conjugation. The newly introduced MATa allele is designated MATa'. These nonmating diploid
segregants were sporulated and MATa’ spores were mated to a MATa rad52 ho strain (M297). (C) MATa/
MATa' rad52/rad52 diploids were sporulated, dissected and analyzed for the presence of MATa’' rad52 HO

segregants (Table 4).
TABLE 4. Healing the MATa-specific defect in M298 that renders viable MATa HO rad52 cells
rad52 segregants RADS52 segregants with mating phenotype
Diploid® a Maters a Maters Bue::l a (ho) atho) N (HO) Bisexual
HO  ho HO  ho N e maters
BW290 2 19 33 22 20 51
BW291 12 13 22 15 32
BWwW292 18 16 3 24 18 37
BW293 1 10 27 25 24 54 4
BW29%4 1 14 20 27 23 38 4
BW295 2 24 1 32 2 3 26 24 48 5

? These diploids are described in Fig. 2C.
® Homothallic nonmaters are designated N.

gant was back-crossed to M297. When tetrads inc allows HO rad52 spores to live, but they
from this diploid (BW250b) were analyzed (Ta- apparently cannot switch to MATa.

ble 5B), no a>a rad52 segregants were seen, yet Switching mutations that lie close to
about half of the MATa rad52 segregants were MAT render HO rad52 cells viable. The stkl
HO and a-mating. This indicates that MATa- mutation lies very close to MAT but outside the
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TABLE 5. Mutations that decrease the efficiency of switching suppress the lethality of rad52 HO

Mating phenotype
rad52 segregants
Diploid Genotype RADS52 segregants
a Maters a Maters -
HO ho a>a HO ho o>a a a N’ a>a a>a
A. MATa-inc
BW187-4B MATa rad52 ho
BW193-23C MATa-inc rad52 HO
BW278 EaC MATa + HO 1 18 20 15
B. MATa-inc
BW247-18B MATa-inc + HO
BW250b MZ97 MATa  Tads 2% 7 12 1 12 14 9 6 23 4
C. stkl
WTS91-4B stkl MATa + HO
BW306 §Wios43A  + MATaincradi2 HO ) % 14 3 2
WTS91-4B stkl MATa + HO
BW1S BW204D  + MATainc rads2 HO v ron B
D. HO-1
DW39-2a MATa + HO-1
BW262 M9 MATa radss o 5 10 6 5 1 6 8 0 7 11

° Diploid numbers as well as parental strains are noted.
® Homothallic nonmaters are designated N.

mating type sequences excised upon switching.
It reduces switching in MATa cells such that
stkl MATa HO cells are a>a (8). To determine
what effect rad52 has on stkl MATa HO cells,
a diploid was constructed that was heterozygous
for stkl and rad52 and homozygous for HO
(BW306, Table 5C). In the presence of stkl,
MATa HO rad52 segregants were obtained and
all were a mating. Thus, like MATa-inc, stkl
allows MATa HO rad52 spores to live, but they
do not switch to MATa.

Unlike MATa, stkl has very little effect on
the ability of MATa strains to switch to MATa,
so that stkl MATa HO colonies are weakly
a>a or nonmating (8). The effect of rad52 on
stkl MATa HO was determined by mating an
a>a stkl HO strain with a MATa-inc HO rad52
strain (BW319, Table 5C). Sporulation and dis-
section of BW319 revealed that only 4 of 134
viable segregants were derived from stkl MATa
HO rad52 spores. The differential survival of
stkl MATa HO rad52 and stkl MATa HO
rad52 strains correlates well with their switching
efficiency. stk1 MATa HO strains, which switch
slowly, are viable in the presence of rad52 and
HO. In contrast, stk MATa HO strains, which
switch almost as efficiently as STK1 MATa HO
strains, die in the presence of rad52 and HO.

rad52 cells survive in the presence of a
defective allele of HO. The HO mutation, HO-
1, reduces the efficiency of homothallic conver-
sions in MATa and MATa cells (21). Thus,
MATa HO-1 cells are a>a mating, and MATa
HO-1 cells are o>a mating. To determine
whether HO-1 rad52 cells are viable, a diploid
was constructed that was HO-1/ho and rad52/
RAD52 (BW262, Table 5D). Out of 27 rad52
segregants, 12 were homothallic, and 11 of the
12 homothallic segregants were a or a maters
and thus appeared unable to convert mating
type. HO-1 suppressed the lethality of rad52,
but there was no switching when both mutations
were present.

swil suppresses the lethality of HO rad52
spores. The swil mutation partially blocks the
switching of both MATa and MATa HO strains.
When these cells grow into colonies, they have
a distinctive unequal bisexual mating type, re-
flecting the fact that most cells in the colony are
of one haploid mating type, but a few cells of
opposite mating type are continually produced
(4). Thus, a MATa HO swil colony has an a>a
phenotype, and a MATa HO swil strain is a>a.
To determine whether swil would alter the le-
thality of rad52 segregants, a diploid was con-
structed which was heterozygous for HO, swil,
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and rad52 (BW199, Table 6). Ten a>a HO
rad52 segregants were obtained when spores
from BW199 were dissected, suggesting that
swil prevented the lethality of rad52. There
were no a>a rad52 colonies.

To facilitate a more detailed analysis, a diploid
homozygous for both HO and swil and hetero-
zygous for rad52 was constructed (BW222).
Among the segregants of this diploid, there were
essentially equal numbers of four types of segre-
gants: (a>a) RADS52, (a>a) RAD52, a rad52,
and (o>a) rad52 (Table 6). We concluded that
swil did indeed prevent the lethality of MAT«
HO rad52 strains, resulting in colonies that
could apparently switch mating type as effi-
ciently as a MATa HO swil RADS52 strain. Fur-
thermore, it seemed that MATa HO swil rad52
strains were all viable but did not switch at all
to MATa, as do RAD52 MATa swil HO cells.

It seemed paradoxical that the swil mutation
that slows down MAT conversion should not
only rescue MATa HO rad52 spores, but should
allow them to switch mating type. It was possible
that the a mating cells were not bona fide con-
versions of MATa to MATa. Several recent
studies have shown that haploids deleted or
defective for MATa become a maters even
though they do not express the MATa functions
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ent MATa HO swil rad52 colonies (Table 7).
The results were significantly different from
those found when HO swil RADS52 colonies are
subcloned (4), where about 30% of the colonies
are nonmaters. With these subclones from a>a
HO swil rad52 colonies only 4 of the 12 segre-
gants gave rise to any nonmaters. Because the
relative strengths of a- and a mating in the a>a
HO swil rad52 colonies are identical by visual
comparison to those in a>a HO swil RAD52
colonies, we would have expected about 30%
nonmaters. The low proportion of nonmating
subclones (1.3%) suggested that not all a maters
were in fact MATa. Among the subclones sum-
marized in Table 7, there were also only 3 a
mating colonies, all coming from 1 of the 12
a>a original segregants. Again, we would have
expected an average of 1 to 2% of the colonies to
be a mating, based on subclonings of RAD52
a>a HO swil colonies (4).

The nonmating subclones we obtained could
not be sporulated and subjected to tetrad anal-
ysis because diploids homozygous for rad52 pro-
duce inviable spores (2, 25). Therefore, we could
not show directly that the nonmating colonies

TABLE 7. Subclones of a>a swil HO rad52

necessary for sporulation (J. Strathern, Ph.D. segrega’nts
thesis, University of Oregon, Eugene, 1977; J. H. Mating phenotype
McCusker and J. E. Haber, submitted for pub- ~ Sereeant  — . . N
lication). Diploids resulting from conjugation of
these a-like cells with MATa are a mating be- gﬁ 1:7“2) ;24, lg
cause no actual MATa functions are expressed. 7A 136
We therefore asked whether the a maters in
. 8B 4 2
an a>a HO swil rad52 colony were actually 10A 185 3
MATa or only a-like, by examining subclones. 11C 123 1
If MATa cells had been produced, we would 15B 81 55
expect to find both nonmaters (arising from 17A 128
conjugation of MATa and MATa cells within 18A 123 4 1
the colony) and a mating colonies (as we have 19C 120
shown above; MATa HO swil rad52 spores grow g?g 1423 68
into a mating colonies).
We examined 1,470 subclones from 12 differ- 2 Homothallic nonmaters are designated N.
TABLE 6. swil suppresses the lethality of HO rad52
Mating phenotype
Diploid® Genotype rad52 segregants RADS52 segregants
a a>a a a>a a a N® a>a a>a
— BWI97-6C MATarad52 ho +
BW199 JPG-159.9D MATa +  HO swil 18 0 20 10 21 23 23 4 7
BW222 BW199-8B MATa + HO swil 0 0 48 0 0 1 42 39

BW199-17C MAT« rad52 HO swil

¢ Diploid number as well as parental strains are noted.

® Homothallic nonmaters are designated N.
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were indeed MATa/MATa diploids. From the
data presented below and from subsequent ex-
periments (Weiffenbach and Haber, manuscript
in preparation), we have concluded that a>a
HO swil rad52 colonies contain few, if any, bona
fide MATa cells. Recently, we have found that
at least some of the nonmaters were in fact
haploids carrying a deletion of part of the
MATal cistron (matal mutants have a “sterile”
nonmating phenotype [19; Strathern, Ph.D. the-
sis]).

Recovery of a-like cells by mating with
MATa-inc strains. Apparently only a very
small proportion of the a maters in a>a HO
swil rad52 colonies could be actual conversions
of MATa to MATa. We have used a second
approach to demonstrate that most of the a
maters were only a-like, rather than MATa. We
could “rescue” the a maters by mating cells of
an o>a colony with an a mating MATa-inc HO
his4 leu2 thr4 strain, U84. Even if an a mater
contained a large deletion of MAT and other
portions of chromosome III, the resulting diploid
would be at least hemizygous and therefore vi-
able. The parental strains were allowed to mate
on YEPD plates for 5 h, and diploids were then
selected by spreading for single colonies on min-
imal media supplemented with threonine, histi-
dine, and leucine. If the a mater was deleted for
markers on chromosome III, some of the reces-
sive markers on that chromosome (thr4, leu2,
and/or his4) would become hemizygous, and

TABLE 8. Classes of diploids obtained from mating
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thus the colony would require these amino acids
for growth. For this analysis, we compared the
a maters in a>a HO swil RAD52 colonies with
those from a>a HO swil rad52 colonies.

When three a>a HO swil RAD52 segregants
were mated to U84, 766 of 767 diploids analyzed
were normal MATa/MATa nonmating colonies.
The one exception was an a mating Thr™ Leu*
His* colony which, upon subcloning, yielded
only @ Thr- Leu* His* colonies. This diploid
could have arisen by either a mitotic crossover
event between the centromere and MAT or loss
of the entire right arm of chromosome III distal
to MAT. The stability of this diploid suggests
that it arose by a mitotic crossover event.

In contrast, the diploids formed by mating 12
a>a HO swil rad52 segregants with U84 were
strikingly different from those generated by
Rad"* strains (Table 8). Only 32% of the 811
diploids were nonmating and able to sporulate.
Nearly all of the rest were a mating, asporogen-
ous, and either hemizygous or homozygous for
recessive markers on one or both arms of chro-
mosome III.

The nonmating diploids we recovered ap-
peared to be normal MATa/MATa-inc diploids,
just as we had found when a>a HO swil RAD52
cells were tested. When asci were dissected, we
recovered some tetrads with four viable spores.
There were also some tetrads with fewer viable
spores, but these could be inferred to carry
MATa HO swil rad52 and therefore to be invi-

a>a swil rad52 HO segregants of BW222R with strain

U84 (HO MATa-inc his4 thr4 RAD52)

No. of diploids in class

BW222R segre-
gant A (HIS¢N® B° (HIS¢a C® (hisd a D (HIS4 a E° (his4 a F (HIS4 N G (his¢ N
THR4) thrd) thrd) THR4) THR4) thrd) THR#

7A 15 8 17 2 1 1
8A 15 15 46 3
8B 14 23 35 6 1

10A 118 2 1 1

11C 12 14 25 3

15B 6 20 6 6 1

18A 3 7 26 3 1

18B 15 6 20 4 2 1

19C 8 18 36 2 1

25B 15 18 30 2 1

27B 26 16 36 7 1 1

27D 15 21 49 2 1

Percent 32 21 40 5 1 0.6 0.1

® Segregants 8A, 8B, 15B, and 18B could also be tested for leu2, and all diploids were found to be LEU2

except one diploid each from 8A and 8B.

% Segregants 8A, 8B, 15B, and 18B could also be tested for leu2, and all diploids were leu2 except three

colonies each from 8A and 18B.

© Segregants 8A, 8B, 15B, and 18B could also be tested for leu2, and one diploid each from 8B and 18B were

leu2. All other diploids were LEU2.
¢ Nonmaters are designated N.
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able (data not shown). Thus, we could recover
actual conversions of MATa to MATa from an
oa>a HO swil rad52 colony.

However, most of the diploid colonies we re-
covered by mating an a>a HO swil rad52 col-
ony with a MATa-inc HO RAD52 strain were
not MATa/MATa-inc. Some diploids appeared
to have lost all of chromosome III from the
rad52 parent (Table 8, class C). Other diploid
colonies were heterozygous for markers on the
left arm of chromosome III but either homozy-
gous or hemizygous for MATa-inc and thr4 on
the right arm (Table 8, class B). Similar types of
diploids have been found among the products of
rare matings between two ho MATa strains
(McCusker and Haber, submitted for publica-
tion). In that study, they found that diploids
with the phenotype of class B were in fact un-
stable partial aneuploids for the right arm of
chromosome III. These unstable diploids fre-
quently lost the remaining portion of that chro-
mosome to become 2n-1 monosomic diploids,
similar to class C. We therefore wished to know
if the class B diploids in this study were indeed
unstable. Five a mating Thr™ colonies were sub-
cloned (Table 9). Each was apparently unstable,
as more than 10% of the subclones had become
homozygous or hemizygous for markers on the
left arm of chromosome III. Thus, a significant
fraction of the a mating cells in an a>a MATa
HO swil rad52 colony must not have been bona
fidle MATa haploids. Rather, they appear to
have been partial aneuploids lacking some or all
of chromosome III distal to and including MAT.
These a-like cells can be rescued by mating with
a MATa haploid.

The same kind of partial aneuploids might
also arise in MATa HO swil rad52 cells, except
that the a-like cells would be masked by normal
MATa cells. Several MATa HO swil rad52
colonies were mated with the MATa-inc HO
thrd his4 leu2 strain, U84, to see whether any of
the diploids exposed any of the three nutritional
markers on chromosome III. Of 323 zygotic dip-
loids formed, 321 were normal MATa/MAT«

TABLE 9. Subclones of HIS4 a thr4 diploids

HOMOTHALLIC MATING TYPE SWITCHING

No. of diploids in class

csl‘;:; A(HISY B (his¢ C (his4 D (HIS{ E (hisd
LEU2a leu?a leu2N* LEU2 LEU2a
thrd)  thré)  thré) N°thrd) thrd)
2 74 10 1 1
7 7 59 1
16 53 10
28 19 60 1
43 1 91

¢ Homothallic nonmaters are designated N.
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colonies. There were two exceptional colonies.
One diploid was a mating Thr~ Leu* His* and
could have arisen by a mitotic crossover event
or loss of part of the right arm of chromosome
III. When this colony was subcloned, it was
unstable, generating « mating Thr™ Leu™ His™
colonies. This colony was most likely generated
by the loss of part of the right arm of chromo-
some III. The other diploid was a mating Thr~
Leu™ His™, which was more likely to have been
generated by a loss of an entire chromosome ITI
than by mitotic crossovers involving both the
right and left chromosome arms. In conclusion,
it appears as if MATa HO swil rad52 strains,
like MATa HO swil rad52 strains, generate a-
like cells. The frequency of a-like cells generated
by both strains is similar. In MATa HO swil
rad52 colonies, 1 to 10% of the cells were a
maters, and two-thirds of the a maters were a-
like cells. Likewise, the occurrence of a-like cells
in MATa HO swil rad52 colonies was approxi-
mately 1%.

Repair of a-like cells to MATa requires
the RAD52 gene product. The two methods
used to analyze the a maters in an a>a HO swil
rad52 colony gave conflicting results. Subclon-
ing showed that there are few if any viable
MATa cells in an a>a colony. On the other
hand, the percentage of nonmating MATa/
MATa-inc diploids (32%) obtained when a>a
segregants were mated to a MATa-inc RAD52
strain suggested that there are a large number
of MATa cells in the a>a colonies. One possible
explanation is that, in the mating experiment,
the diploid was initially a-like/MATa-inc
rad52/+ swil/+ HO/HO. Since the wild-type
RADS52 gene product is present in the zygote,
this diploid could be converted to MATa/
MATa-inc. This healing, if it occurs, should not
be seen if the MATa-inc parent is rad52. Thus,
we mated two a>a HO swil rad52 segregants
(BW330-15B and BW330-24B) with a MATa-
inc ho rad52 his4 thr4 strain (BW193-22A). The
classes of zygotic colonies obtained are listed in
Table 10. Unlike the previous experiment, there
were no MATa/MATa-inc diploids. All diploids
were hemizygous or homozygous for that portion
of the right arm of chromosome III including
MAT and thr4. Some lost the entire chromo-
some. Others seemed to be unstable His* Thr~
diploids that gave rise to many His™ Thr™ mi-
totic segregants. These unstable diploids also
occur frequently with the mating of two MAT«

- cells (8a). Thus, all of the a maters in an a>a

HO swil rad52 colony are a-like, but can be
repaired to MATa if mated to a MATa-inc
RADS52 parent (Table 8).

Chromosome III breaks and losses also
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TABLE 10. Repair of a-like cells in rad52/rad52 diploids®

Diploid Genotype

No. of diploids in class

. B® (His* « C (His* a D (His* a
Alhist athrd) = g ) thrd) Thr*)
BW330-24B o>a  rad52 swil HO 144 17 5
" BW193-22A MATa-inc rad52 + ho
BW330-15B oa>a  rad52 swil HO 150 19
BW193-22A MATa-inc rad52 + ho
Percent 87 11
BW227-15C mata* rad52 ho 979 "
" BW193-43A MATa-inc rad52 HO

2 The diploids in part A were constructed by mating the a-like cells from an a>a HO rad52 swil colony with
an a mating MATa-inc HO rad52 strain. The diploids in part B were isolated as zygotes formed between a
mata* ho rad52 strain and a MATa-i{le HO rad52 strain.

H +
® Class B diploids were not truly—I-{%; but contained many papillae.

occur in mata*/MATa-inc rad52/rad52
diploids. If chromosome III deletions and losses
are the lethal events in rad52 HO strains, they
should not only be seen in swil strains but also
in SWII1 rad52 strains. To test this, we took
advantage of the ability of a mata*/MATa-inc
ho/HO diploid to convert mata* to MATa at a
high frequency (5). Thus, we mated a mata*
HIS4 THR4 ho rad52 strain (BW277-15C) with
a MATa-inc his4 thr4 HO rad52 strain (BW193-
43A) on YEPD and selected zygotic clones on
minimal media supplemented with threonine,
histidine, and uracil. If the mata* was converted
to MATa, then one would expect to find non-
mating MATa/MATa-inc His* Thr* diploids. If
chromosome III deletions or losses accompany
an attempt to convert mata* to MATa, then
diploids should be found which are either a
mating His* Thr™ (if part of the right arm of
chromosome III is lost) or a mating His™ Thr™
(if the entire homolog is lost). Of 274 independ-
ent zygotic colonies examined (Table 10B), 272
were a mating His™ Thr™, one was a mating His*
Thr™, and one was a mating His* Thr*. The a
mating His* Thr™ colony was unstable; subclon-
ing on nonselective media resulted in 17/81 His™
subclones. This colony appeared to have lost
part of the right arm of chromosome III. Thus,
no simple conversions of mata* to MATa were
seen. When switching was attempted, it led to
the deletion or loss of the mata* chromosome
III.

DISCUSSION

We have shown that both MATa and MAT«a
HO rad52 spores are inviable due to a lethal
event which probably occurs during the homo-
thallic conversion process. This lethality can be
suppressed by the presence of mutations that
reduce the efficiency of MAT conversions. These
include mutations within or near the MAT locus

itself (MATa-inc, MATa-inc, and stkl MATa)
as well as the unlinked HO-1 and swil muta-
tions. These results suggest that the wild-type
RAD52 gene product is necessary at the same
time or later than the steps identified by these
switching mutations.

Although all of the switching mutations al-
lowed rad52 HO colonies to survive, the MATa
HO swil rad52 cells were unique in apparently
allowing switching to occur. However, the data
presented here demonstrate that most of the a
mating cells in an a>a mating colony of these
MATa HO rad52 swil cells were not bona fide
MATa cells, but rather were a-like cells. These
a-like cells appear to lack all of chromosome III
or at least that part of the right arm extending
from MAT to THR4. We have also shown that
chromosome III losses occur in every mata*/
MATa-inc ho/HO rad52/rad52 zygotic clone
(where mata* switches readily to MATa).

The formation of a-like cells from MAT«a
strains can occur in several possible ways. In
addition to bona fide conversions of MATa to
MATa by transposition, an intrachromosomal
recombination event between MATa and the
silent copy at HMRa will also create an a-mating
cell (7, 10, 30). Such “Hawthorne deletions” are
haploid lethal because of the deletion of all of
the part of chromosome III between MAT and
HMR; however, the a maters can be rescued by
mating with a MATa strain. These MAT/
HMRa fusions express functional a information
and are therefore different from the a-like cells
generated by MATa HO rad52 swil cells de-
scribed in this paper. The generation of a-like
strains that are both deleted for markers to the
right of MAT and do not express normal a
functions have previously been found in studies
of rare matings between heterothallic MATa
strains (8a); McCusker and Haber, submitted for
publication). In fact, more than 60% of the mat-
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ings between two ho MATa strains occurred
after one parent had become a-like by a chro-
mosome break that removed MATa and the
more distal part of chromosome III. In that
study, we showed that such chromosome breaks
occurred at or very close to the MATa locus. A
very similar picture has also emerged from the
study of a-like cells that are produced by hom-
othallic HMLa MATa HMRa strains that have
no copies of a information but suffer chromo-
some breaks at MATa to produce transiently
viable a-like cells (Haber, unpublished data).
Thus, it seems most likely that the a-like cells
arising in HO rad52 swil MATa strains are also
produced by such chromosome breaks. As ex-
pected, when these cells are rescued by mating
with a MATa-inc strain, the resulting diploid
contains an unstable, broken chromosome that
is frequently lost.

We believe that the lethal event in HO rad52
cells is the formation of a double-stranded de-
oxyribonucleic acid break near MAT. This must
occur in virtually every cell that attempts to
switch MAT alleles. Thus, those cells that es-
cape the inhibition of the swil mutation and
attempt to switch from MATa to MATa become
instead transiently viable, a-like cells by virtue
of a chromosome break in which the distal part
of chromosome III, including the MAT locus, is
lost. If the a-like cells are mated to a RAD52
MATa-inc strain they can be repaired (or
switched) to MATa. No such repair was found
when the a-like cells were crossed with a rad52
MATa-inc strain. This suggests that the initial
event in the formation of an a-like cell may be
a single-stranded lesion or a double stranded
break where the two broken ends are held in
close proximity.

Role of rad52 in homothallic mating type
conversions. The rad52 mutation reduces mi
totic and abolishes meiotic recombination (3, 20,
26) as well as eliminating homothallic switching
(20). This suggests that the mechanism by which
the rad52 mutation affects recombination is sim-
ilar to that operating in homothallic switching
(20). A body of evidence has been accumulating
which supports a gene conversion mechanism
for homothallic conversion.

(i) Intrachromosomal rearrangements occur
in approximately 1% of homothallic MAT con-
versions. These fusions of MAT with HML or
HMR can be understood as a recombinational
event with exchange of flanking markers that
occurs during MAT switching (7). Such recom-
binations are frequently found accompanying
both mitotic and meiotic gene conversion events
(1).

(i) Normal MATa recombinants can be ob-
tained from homothallic strains carrying a de-

HOMOTHALLIC MATING TYPE SWITCHING
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fective a allele at MAT and a different defective
a allele at HMR (18). A high proportion of these
conversions are accompanied by a recombina-
tion even joining the left part of MAT with the
right part of HMR (Haber, manuscript in prep-
aration).

These data favor a model involving a pairing
between homologous sequences at MAT and
HML or HMR followed by an asymmetric gene
conversion which results in the replacement of
sequences at MAT with those at HML or HMR
(7). A vareity of molecular models for the se-
quence of events in such gene conversions have
been proposed by Meselson and Radding (22)
and Stahl (27).

These studies demonstrate that the RAD52
gene product is necessary for maintaining chro-
mosome integrity in homothallic switching. The
production of a chromosome with double-
stranded breaks may be a part of the switching
process. Alternatively, a structure might be gen-
erated during MAT conversions which is labile
in rad52 strains and results in a double-stranded
DNA lesion. We are investigating the possibility
that the absence of meiotic recombination in
strains containing the rad52 mutation is due to
a lethal event similar to that in homothallic
switching.
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