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   Mating  typc  cenvcrsion  by  the homothallic genes in the  diploid cells occurred

subsequent  to the spontaneous  or  ultraviolet-Iight induced app ¢ arance  of homozygosity
of  the mating-type  alleles, afa  and  a/a,  from  the  ala  configuratien.  When  homothallic,
serni-homothallic  or  heterothallic ata  diploid cells  were  incubated with  an  excess  popu-
lation of  a  or  a  haploid cells  having complementary  nutritional  markers  in nutrient

medium,  protetrophic colonies  appeared  with a  frcquency of  approximately  10-5 of  thc
dipleid cells  on  subsequent  plating of  the  mating  mixture  on  minimum  medium.  How-
ever,  when  ala  celis  (irradiated with  low dosc of  ultraviolet-light  to accelerate  the

m{totic  recombination)  were  directly plated on  nutrient  agar,  and  each  colony  appeadng

on  the  platc was  testcd for its mating  response  with  the  standard  haploSd cells,  stri]cing

diflerences were  observed  depending on  the  genotypes for homothallism  of  thc diploid
cells.  None  of  the 1,OOO colonies  so  far tested of  a  perfect homothallic strain  (the Ho
typc)  showed  mating  reaction,  while  somc  isolated colonies  of  a  heterothallic strain

showed  either  a  or  a  mating  type  activity.  In the iselates showing  mating  potency
from  an  Hp  type  serni-homothallic  strain,  solely  a  mating-type  was  observed,  whereas

in those  from  an  Hq  type  semi-homothallic  diploid showed  selely  a  mating-type.  1[ hese
findings suggost  that switching  of  the ata  heterozygous configuratien  to ala  and  ata

occurs  in both heterothallic and  homothallic cells.  And  the  conversion  of  the  ala

alleles  to ata  or  vice versa,  or  from  ata  and  a/a  to  a/a  depends on  the genotype  for
homothallism  of  the cell.  The  former conversion  is fo11owed by cell  fUsion between  the

converted  and  the unconverted  cells  to produce tetraploid  cells.  This inference was

supported  by tetrad  analyses  and  determination of  cell  size  and  deo)ryribonucleic acid
contents  of  the cells  of  supposed  tetraploid  clones,  Photomicrographic traces of  cell

fusion to produce tetraploid  cells  by  the cultivation  of  a  diploid ascospore  derivcd from
the  supposed  tetraploid  clones  also  supported  the above  view.

   Fertile Sceccharon!yces yeasts are  classified  into heterethalIic and  homothallic strains･

In a  heterothallic strain,  cultivation  of  an  ascospore  gives rise  to a  haploid clone  having
either  a  or  a  mating-type,  and  diploidization occurs  by  fusien of  two  haploid cells  of  op-

posite mating  types. In a  homothallic strain,  conversion  ofone  mating-type  alleie  to the

other  occurs  eMciently  by the  mutagenic  action  of  the  homothallic genes,i,2) and  diploi-
dization occurs  by the fusion of  the  converted  and  unconverted  cells  in a  single  haploid
ascospore-culture.S)  Conversion of  one  mating-type  allele  to the  other  is centrolled  by
three kinds of  homothallic genes, each  consisting  of  a  single  pair of  alleles,  HOIho, HMaX
hma, or  HMafhma.4)  Depending  on  the  genotype  of  the  three  loci and  the  mating-type

alleles  in an  ascospore,  three  diflErent types  of  diploid homothallic strain  arise  on  the
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cultivation  of  the ascospore.  One  shows  a  perfectly homothallic life cycle  with  the  a  (or
a)  HO  hma  hma  or  a  (or a)  HO  HMa  HMa  genotype  (the Ho  type);  the  other  two  are

semi-homothallic  in the  a  HO  hma HMa  spore  culture  (the Hp  type)  and  the  a  HO  HMa
hma  spore  culture  (the Hq  type).  Any  spore  having a  genotype  other  than  those  described
above  gives rise  to stable  heterothallic haploid clones.4)  From  the  relationships  between
the  genotypes and  the  phenotypes  in homothallism, it was  indicated that  the combination
ofthe  HMa  andlor  hma  alleles  with  the HO  allele  is essential  for the  a  to a  conversion  while

for the  a  to a  conversien,  the  HMa  and/or  hma alleles  should  be combined  with  the  HO
allele. CbnveTsion  of  one  mating-type  alrele  to the  other  occurs  within  a  few generations
ofspore  germination and  the  activity  of  the homotha]ric genes is blocked  as  soon  as  hetero-
zygosity  of  the  mating-type  alleles  is established  by zygote  formatien between ce]ls  with

complementary  mating  types.S}

    On  the  other  hand, it has been reported  that  industrial yeasts are  commonly  polypleid:
most  brewer's yeasts are  tetraploid,  some  are  triploid,5-?) and  tetraploid  strains  of  baker's

yeasts have also  been reported.S}  These observations  suggest  polyploid cells  may  have
advantages  in industrial uses.  rn fact, we  previously tried  to brecd a  yeast strain  suitable

for alcoholic  fermentation of  a  mash  prepared  by hydrolysis ofstaTch,  but resultant  diploid
strains  never  gave  more  potent fermentation than  the authentic  polyploid strains  (un-
published data).

    This paper  describes evidences  which  support  the  view  that  the  activities  of  the  horno-

thallic genes are  also  eflbctive  during  vegetative  growth of  diploid cells  homozygous for

the rnating-type  alleles.  Conversions occurred  in the  ala  and  afa  cells  derived from  an

afa  cell  by  mitotic  recembination  and  ala!a!a  tetraploid  cells  were  prDduced  through  cell

fusien between the  converted  and  unconverted  cells. It was  also  suggested  that  single

allele  conversion  occurs  in ala  and  afa  diploid cells  and  produces ala  cells.

･s-:.

Materials  and  Methods

   Strains The  strains used  aTe  listed in Table  1. All strains  were  selected  from  our  stock  cultures  for

Yeast Gcnetios, and  were  purified by  slnglc  cell  isolation with  the  aid  ef  a  micromanlpulator.  Two  hetero-

thallic  haploid strains,  A-22-16B (a) and  A-23-5B (a), wcrc  used  as  standards  fo[ the determinatton of  mating

typc.

   Media  The  nutrient  mcdium  contained  10g  of  yeast extract  (Daigo Eiyo Chemicals and  Ce. Ltd.),

20g ofpolypeptone  (Daigo Eiyo Chemicals and  Ce. Ltd.) and  20g  ofglucose  pcr  liter. For testing auxotro-

phic rnarkers,  minimum  medium  (O.67% of  Difeo Yeast Nitrogen Base without  amino  acids  and  2%  of  gtucose
in disti11ed water,  pH  5.0) with  appropriate  supplement  of  nutrients  was  uscd.  Sporulation was  performed
by  smearing  cells  on  an  agar  medium  containing  O.5% anhydrous  potassium acetate  and  incubation for 2
days at 30ea. All solid  media  were  prepar¢ d by  addition  of  20 g of  agar  per liter of  the media.

   Genetic  methods  Mating  types  were  determined by the mass  mating  methodiO)  or  by the appearance
ef  pretotrophs from the  combination  with  standard  strains  marked  with  the complementary  auxotrophic

markers  on  minimum  medium.  Tetrad  disscctien was  carried  out  by  the method  ofJohnston  and  MDrtimer.ii)

Occurrence  of  cells  showing  a  or  a  mating  type  from ala  diploid cells  was  detected by  the  proccdure Qf  syn-

chronized  zygete  formationi2,iS) with  slight  rnodification.  Diploid ala  cells  to be tested  were  cultivated  in

nutrient  medium  with  shaking  for 24  hr at  30℃ . The  cells  were  harvested and  resuspended  in sterilc  di-

stiIIecl water  te give cell  density of  approxirnatcly  2 × !07 cells  per ml. A  portion (O.5 ml)  of  the cel1  suspension

was  mixed  with  the same  volume  of  cell  suspension  of strain  A-22-16B (a) oT  A-2S-5B  (a) in nutrient  medium

at  approximately  l × 10S cells  per  inl.  The  suspension  was  shaken  (40 mrri  amplitudc  at  120 rpm)  at  30eC
for 2 hr after  addition  of  5 ml  of  fresh nutrient  medium,  lrlie mixed  culture  was  centrifuged  at  3,OOOrpm
for 5 min  and  the  cell  pellet was  a!lowed  to stand  for 1 hr  at  30eC  without  decantation of  the supernatant.

Thc  pellet was  then  resuspended  in the same  supernatant  andshaken  for1hr  at  300C. Finally, the  cel!s  were

plated on  min{mum  medium  afterappropriate  dilution with  sterile  water  and  the  plates were  incubated at

300C for 2-3 days. The colonios  appearing  en  the plate were  scored  assuming  thcy  werc  dcrivcd frem  the
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Tablc  1.List  ofstrains  used.

Genotype*

Strain matang

 tyPehomothallic  gene
genetic markeTs

Remarks

T-1068

T-1071-8

T-1269-38C

S-14-9C

[[LI023-23B

T-891-13B

A-22-16B

A-23-5B

aaaa ho HMa  hma
he H2vaz hma

fio HMa  hn:a
ho HMii  hma

HO  HMIi  Hth

HO  H?LId Hth

HO  hma HMa

HO  hma Hth

ade1  +

 +  arg4

ade1  +

 +  arg4

lys2 met4

lys2 rnet4

his4 Leu2

his4 leu2

 ++his
 4 teu 2

aaaaaaaa

hma  ade1

hma  ade1

aa

 ++his
 4  leu 2

lys2 +  +  +

lys 2 thr4 tip1  ura3

lv.s..2. +  + +

lys 2 thr4 tip 
'i
 ura3

Heterothallism

     lys2
     lys2

.eLgS. his 4 leu 2 lys 2 tip 1
arg4  his4 leu2 lys2 tip1

his4 Us2
his4 lys2'

arol  hom2  leul lys7

Heterothallism

Homothallism (Ho)

HO  Hth

Homothallism  (Hp)

HO  HMa

HO  HIvaz hma
HOjHim  hmaede-/ade1ade5hem2

 leul

Homothallism  (Hq)

Homothallisrn (Hq)

Heterotihallism

Hcterothallism

*  The  terminology  of  genetic symbols  follows that proposed  by Plischke et  al.9)

zygotes  betwcen a  cell  having mating  ability  and  a  ce!1  of  the standard  haploid.

   Determination  of  cell  volumes  and  deoxyribonu ¢ leic acid  (DNA) contents  Cells to be tested

were  shaken  in nutricnt  medium  for 36 hr at  30"C. To  determine cell  volumc,  photomicrographs  of  cells  were

taken  at  a  fixed magnification  approximately  9oo, and  more  than  50 cells weTe  measured  along  their short

and  long axes.  Each  cell  volume  was  calculated  assuming  that it was  ellipsoidal.  DNA  was  extracted  by

the methocl  of  S{fhneideri4) from approxirnately  10D cells.  DNA  contents  of  the  extTact  were  determincd
by  measurlng  absorbance  at  600  nm  using  a  diphenylamine  rcagent.i5)  Calfthymus  DNA  (Seravac Laberatory

Ltd,) was  employed  as  standard.  For cstimation  of  cellular  DNA  contents,  cell  numbers  in each  sample  were

counted  by Coulter Counter (Model ZBI, Coulter EIectronics, Inc,) after  slight  sonication  (Sonic 300, ATtex
System  Corporation; 20k cyclelsec,  60  w,  for 15 sec).

Results

   Appearance  of  mating  types  among  ala  diploid  cells  Cells showing  a  or

a  mating  type  appear  spontaneously  among  ala  diploid cells  during  the  vegetative  growth
by  mitotic  crossing  over  between the mating-type  locus and  the  centromere  on  chromosome

III, by mltotic  gene  conversion  er  by mutation.  These events  are  enhanced  by treatment

with  various  recombinogens  o'r mutagens.iS,i7}  Cells showing  mating  potency can  be
detected by  scqring  thc  appearance  ofprototrophiczygotes  with  the  standard  haploid cells
having  appropriate  comp}ementary  genetic markers.  Here  their  occurrence  was  detectecl
by  the  technique  of  synchronized  zygote  formation. Results clearly  indicated that  eon-

versions  in both  directions, i.e., from  the  a/a  non-mater  cells  to the cells  showing  a  or  a

mating  type, occurred  with  the frequency of  approximately  10-5 in all the  strains  tested,
although  characteristic  biases in the  frequencies were  suggested  in some  strains,  particularly
in the  Hp  and  Hq  homothallic strains  (Tablc 2).

   Isolation of  clones  showing  mating  response  from  a/a  diploids  To  see
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Table  2. Spontaneous eccurrcnce  ofcells  showing  mating  potency in heterothallic

   and  homothallic ala  diploids.

 Occurrerice of  eells showing  mating  potency
(prototrophic colonies  per 105 aia  diploid cells)

Strain Thallism
Exp. 1 Exp.  2

a*  a**  a  a

 Exp. 3 Exp. 4

a a a a

T-1068  Heterothallism

T-I071-8 Heterothallism
T-l269-38C  Homothallism(Ho)

S-14-9a Homothallism  (Hp)
T-1023-23B  Homothallism<Hq)

T-891-13B  Homothallism(Hq)

 *
 Number  of  switches  from  a/a

o. so

O. 35O.
 17

O. 98

O. 282.37

O. 67 O. 35

O. 46O.

 74O.
 14O.97

O.42O.

 30O.55O.15

O. 48l.06O.171.22O.MO.

 35O.

 89O.

 24

O.43O.

 35O.

 15O.

 68

O.22O.

 24o.

 su.O.

 05

                         to a  occurrence  of  prototrophic colonies  with  the  a  haploid

  cells  having  complementary  auxotrophic  markers.

**
 Number  of  switches  from  afa  to a  scorcd  with  the  a  haploid ccl]s  as  described above..

whether  the  homothallic genes are  effective  in diploid celis  showing  inating type  during
their vegetative  growth, cells  ofaia  diploids were  irradiated with  a  low dose (approximately
20 percent survival)  ofultraviolet  light to  accelerate  mitotic  recombination.  The  irradiated
cells  were  plated on  nutrient  agar  and  the  plates were  incubated at  300C  for 3 days. Several

colonies  appearing  on  the plates were  picked  up  and  the  isolates were  tested for their mating

reactionwiththestandardhaploidstrainhavingaoramatingtype.  Inheterothallicstrains,

T-1068  and  T-I071-8, both a  and  a  mating-type  clones  were  obtained  with  frequencies
of  O.3%  to  3.8%, while  in the  Ho  type  homothallic strain,  T-1269-38C,  neither  of  a  and

a  clones  could  beisolated from 1,OOO colonies  exarnined.  In the  Hp  and  Hq  type  homothal-
iic strains,  on  the  other  hand, clones  shewing  solely  a  or  a  mating  type  were  obtained

(Table 3).

    The  observations  listed in Tables  2 and  3 might  be interpreted as  indicating that
homozygosity at  the mating-type  locus, i.e., a/a  and  a/a,  occurred  in the  original  ala  diploid
cells  irrespective ofthe  thallism. Ifan  excess  popu}ation ofhaploid  a  or  acells  was  present
in the  culture,  as in the  experiments  listed in Table 2, the ala  and  ala  cells  could  immediately
mate  with  the  haploid cells  and  the  zygotes  would  give rise  to prototrophic colonies  by the

complementary  combination  of  the  auxotrophic  markers.  Even  if homozygosity at  the

mating-type  locus occurred  in a  pure culture,  the probability of  cell  fusion with  the  opposite

Table 3, Occurrence of  colonies  showing  mating  potency  from  ala  diploids

   after  irradiation of  low dose ef  ultraviolet-light.

Strain Thal1ism
Number  of

coloniesexamined

  Number  of  colonies

showing  mating  potency

a a

T-1068T-1071-8

TLt1269-38C
S-l4--9CT-1023-2SB

tlL891-I3B

Heterothaltism

Heterothaliism

Homothallism  (Ho)
Hemothallism  (Hp)
Hemothallism (Hq)
Homothallism  (Hq)

 4251,

 OOO1,

 OOO1,550

 7801,Ieo

16 5

 3 4

 o o

 O 25

l5 O

27 O



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  and  Bioengineering,  Japan

Vel. 55, 1977] Tctraploid Breeding in Saccharen!yces 5.t

mating-type  cells  in the  culture  before vegetative  growth  begins would  be low because of
the rare  occurrence  of  homozygosity. Thus  the conversion  of  a mating-type  allelc  must

eccur  during vegetative  multiplication  in the homothallic a/a  or  a/a  cells.  It is possible
to speculate  two  alternative  types  of  conversion  of  a  mating-type  allele  in a/a  and  a/a

diploid cells.  One  is firom the ala  and  a/a  hDmDzygous  alleles  to the  a/a  configuration

and  the  other  frern ala  to ala  or  vice  versa.  The  former  conversion  will  give rise  to  a  non-

mater  afa  diploid frem both  a/a  and  ala  cells. In the  latter conversion,  cell  fusion will
occur  between the  converted  and  unconverted  cells  and  give rise  to afatala  tetraploid

cclls. Since both  directions of  the  mating-type  conversion,  a  to a  and  a  to a,  are  possible
in the  Ho  type  homothallic cells,  transiently  appearing  ala  and  ala  cells  would  bc quickly
converted  te  the  afa  or  afa/a/a  cells  as  described above  Thus, it wi11 be expected  that

all the  colonies  in the  Ho  strain  show  no  mating  reaction  with  the  standard  as  observed  in
Table  3. In the  Hp  strain,  however,a to  a  conversion  is blocked, whereas  in the  Hq

strain  a  to  a  conversion  is not  possible. Hence  the  afa  cells  in the  Hp  strain  and  the  a/a

cells  in the  Hg  strain  could  maintain  the  homozygosity at  the  mating-type  locus through
their  vegetative  growth.
    Occurrence  of  tetraploid  clones  frem  various  a/a  diploid strains  To
confirm  the  above  possibilities, colenial  clones  which  did not  show  mating  reactlon  with

either  of  the  standard  haploid cells  in Table 3 were  inspected under  a  microscope.  Since

cells  of  higher ploidy are  expected  to have larger size,7,iS-2e)  clones  showing  larger cell

size  than  the  original  diploid cells  were  selected  and  purified by the  single  cell  isolation with

the  aid  ofa  micromanipulator.  Cell volumes  and  DNA  contents  per cell  were  determined.
From  the  plates ineculated with  the  ultraviolet-light  irradiated ala  cells  of  the  Ho, Hp,

or  Hq  type  homothallic strains,  we  were  able  to isolate several  colonial  c}ones  showing

larger cell  size  more  easily  than  from those  ofa  heterothallic strain,  although  their frequencies

of  occurrence  were  not  scored.  The  supposed  tetraploid  clones  (larger cell  clon ¢ s)  were

tested  for their ability  to sporulate  and  compared  in cell  size  and  DNA  content  with  their

parental diploid strains  (Table 4). The  strains  showing  larger ce]1  size, T-1071-8-U33,

T-1269-38C-Ul,  S-1`l-9C-U37, and  T-1023-23B-U16, were  thought  to  be tetraploid,

since  their cell  volumes  and  DNA  contents  per cell  were  almost  twice  those  of  their  parental
dip!oid strains.  The  result  ofsimilar  determination oftwoheterothallic  a  (T-1071-8-Ul)
and  a  (T-1071-g-U2) clones  derived from  the  heterothallic strain  T-1071-8  and  the

hybrid between  them  supports  that  those  two  clones  showing  mating  types  are  diploid.

However, a  tetraploid  strain,  T-1071-B-U33, obtained  from  the  same  strain,  T-1071-8,

might  be caused  by an  event  other  than  the  process speculated  above,  because this strain
does not  carry  the  HO  allele  which  is indispensable for the  mating-type  conversion.  A

possible mechanism  for the  tetraploid  formatien in the  heterothallic strain  will  be that  50

percent of  cases  of  mitotic  crossing  over  between the  mating-type  Iocus and  the centromere

wi11 produce the  reciprocal  products, ala  and  ala,  from an  ala  diploid cell. Then  these

 a/a  and  a/a  cells  will  form a  zygote,  being adjacent  sister  cells.

     It is po$sible to  expect  three  types  of  segregation  with  respect  to  the  mating  types  in

 asci  from  an  afa/a/a  tetraploid  (Table 5) as  described by  Roman  et al.2i)  In  a  heterothallic

 strain,  4 non-mater  (afa): O mater,  2 non-mater  (afa): 1 a(afa):  la(afa), and  2 a(afa):

 2 a(afa)  segregations  will  be expected  in asci.  If the  HO  hma hma  and  HO  HMa  HMa

 genotypes (the Ho  strains)  were  efl;:ctive  formating-type  conversion  in both  directions in

 the  ala  and  ala  diploid cells  as  well  as  in the a  and  a  haploid cells, all  asci  from  the Ho  type

 homothallic tetraploid  should  shew  a  4 non-mater:  O mater  segregation,  while  three  types

 of  segregation,  4:O,  2:2,  andO:4,  would  be expected  with  respect  to the  diploid:

 tetraploid  ratios  in each  tetrad eulture  assuming  that  the  afa  and  ala  cells  were  converted
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Table  4. Cell volume  and  DNA  content  of  the  clones  showing  mating  potency or  shDwing

   largcr cell  size  obtained  from  various  ala  diploids.

Strain  Type  of

homothallism

T-1071-8

TmiO71"ELUl

T-I071-8-U2

T-1071-8-U33

UlxU2**

T-1269-38C

TL1269-38aUl

S-･l4-9CS-IV9C-U6

S-1"9aTU37

T-1023-23B

rl023"23B-U6

Heterothallism

Heterotha11ism
Heterothallism

Heterothallism

Heterothallism

           Homothallism  (Ho)
            Homothallism  (Ho)
           Homothallism  (Hp)
           Homothallism (Hp)
           Homothallism  (Hp)
            Homothaliism  (Hq)
            Homothallism  (Hq)
T-1023-23B-U16  Homothallism  (Hq)

Mating  Spore Cellvolume  DNA

 type  formation C"mS) contents

                      (mgllOii cells)

Expected

     genotype  of

ploidy  mating-type

       alleles

non'*

 a

 anonnonnonnonnon

 anonnonanon

+

+++++

++

+

1I5.I116.9l26.12oo.6214.1102.6218.793.3

 92.4170.0120.5132.4･25L9

6.266.

 827.65l3.68l4.

 564.987.

 984.315.218.726.125.0412.28

 Diploid ala

 Diploid ata

 Diploid ala

Tetraploid aialala

Tetraploid atafala

 Diploid ala

Tetraploid alaiata

 Diploid ala

 Dipleid aia

Tetraploid alaiala

 Diploid ala

 Dipleid a/a

Tetraplold ata/a/a

*  Non-rnater.
*S  Obtained frDm the  cross  between T-1071-8-U1and  T-1071-8-U2 strainsd

to afa/ala  tetraploid.  Since a  to a  conversion  in the  Hp  strain  and  a  to a  conversion  in the
Hq  strain  are  not  expected,  a  tetraploid  originating  frpm  an  Hp  type homothallic strain
wi}1  show  the 4 non-mater:  O mater,  3 non-mater:  l a(a!a)  and  2 non-mater:  2 a(a/a)

segregations  in asci,  and  that  from an  Hq  type  will  give the  4 non-mater:  O mater,  3 non-
mater:  1 a(ala),  and  2 non-mater:  2 a(ala)  segregations.  All non-mater  clones  in the
asci  showing  a  4non-mater:  Omater  segregation  should  be diploids and  two  clones  ef

three  non-maters  in the  asci  showing  a  3 nen-mater:  l mater  segregation  should  be diploids

and  the  remaining  one  should  be tetraploid.  All the  nen-maters  in the asci  showing  a2

non-mater:  2 mater  segregation  should  be tetraploids.

   To  confirm  the above  possibilities, tetrad  analysis  of  the  supposed  tetraploid  strains

was  perfbrmed  (Table 6). The  clones  showing  large cell  size,  i.e., supposed  tetraploids,

sporulated  well  and  the ascospores  showed  geod  viability  by tetrad  dissection. The  original

Table  5.Three  principal types  of  asci  expected  from  three  types  of  homothallic alalala  tetrap!oid.

Type  ofsegregation

 Types of

hornothallism

HoHpHq

I u III

ABCDABC D  A B c D

afa  afa  ala  ala  afaala  ala

alaaiaaia

aia  ala  afaaiaa/a

ata*  afa  ata  ara

ata  ala  ata  ala

ala  afa  ala  ala

ataataala alatata*  alala/a  aia/ala  afaiaia  atala/a  atalata

a;alala  aia**  aiala/a  ataiala  aia  aia

 afa**  atalata  aia  ala  alalafa  atafala

*  ata  and  alalaia  have no  mating  response.

**  afa  and  aia  have  rnating  response  of  a  and  a  respectively.
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Table 6. 'Tetrad
 segregation  in asci  frorn supposed  tetraploids.

Strain Thallism
Segrcgation of  mating  type  (non* : a  : a)

4:O:O 3:1:O 3:O:1 2:1:1 2:2:O 2:O:2O:2:2

  Expccted genotype-
of

  mating-type  al!elas

'ILI07'1-8

T-!071-8-U33

Ul  xU2**

T-1269-38C

T-1269-38C-Ul

s-lggaS-l-9orU37

T-1023-23B
TLI023-23B-U16

 Heterothallism

 Heterothallism

 Heterothal1ism

Homotha11ismCHo):

  original  diproid

   tetraploid

Homothallism(Hp):

  original  diploid

   tetraploid

Homothallism(Hq):

  original  diploid

   tetraploid

o910

1428

o17

ooo

oo

oo

oo

14 11

ooo

oo

o8

ot4

oo

oo

oooo

ooo

oo

oo

204

ooo

oo

63

oo

1344

oo

oo

oo

 a/aala/alaa/afala

 a/aata/ata

 ala･aJalala

 alaa/atala

'

 *  Non-rnater
**  Obtained from  the  cross  bctween T-1071-8-U1  and  T-1071-8-U2 strains.

hetetothallic diploid strain,  T-1071-8,  showed  a  2a: 2a segregation  in all asci  so  far tested.
Strain T-1071T8-U33, which  is a  colonial  isolate of  strain  T-1071-8  having larger ce}1
size,  showed  the segregation  pattern in asci  expected  from  a  heterothallic tetraploid  strain

with  respect  to  the  mating  types. A  hybrid clone  prepared by the cross  between two

derivatives from T-1071-8  showing  a  (T-I071-8-Ul) and  a  mating  types  (T-1071-8-U2)
showed  the  same  segregation  pattern as  that  of  strain  T-le71:-8-U33'by  tetrad  analysis.

In tetrads  of  the supposed  tetraploids  obtained  from the  homothallic afa  strains,  the pheno-
typic  segregations  in asci  agree  with  those  expectations,  as  described in Table  5. All the

tetrad  segregants  from the  supposed  tetraploid  of  the  ffo type, [ILI269-38C-U1, were  non-

mater,  and  rnost  of  the  asci  were  classified  into three  types  of  segregation,  i.e., 4 diploid:

O tetraploid,  2 diploid :2  tetraploid,  and  O diploid:4 tetraploid.  Segregants from any

type  Qf  asci  again  showed  a  4 non-mater:  O mater  segregation  in each  ascus  on  further

tetrad  dissection.

    The  three  typical  types  of  asci  from'strain T-1269-38C-Ul  are  shown  in Table 7.

Further tetrad  analysis  of  the  segregants  and  the cell  volume  deterrnination accord  well

with  the  expectation  that  strain  T-1269-3Sa-Ul  is tetrapleid,  while  the  DNA  contents

of  the supposed  tetraploids  in the  segregants  showed  lower levels than  those  of  the  other

supposed  tetraploids  CTables 4, 7, 8 and  9). In the  tetrads  from  the  tetraploid  having the
Hp  (Tables 6 and  8) and  Hq  (Tables 6 and  9) genotypes for homothallism, we  observed

the  three  types  of  asci  with  respect  to the diploid: tetraploid  ratio.  The  diploid non-mater

segregants  from  them  always  showed  2 non-mater  : 2 a  (the Hp  clones)  or  2 non-mater  :

2a  (the Hq  clones)  and  the supposed  tetraploid  segregants  showed  the  characteristic  segre-

gation pattern depending on  the  genotype  for homothallism. All these  results  accord  with

those  expected,  as  described in Table  5, and  strongly  suggest  that  the  clones  shewing  large
cells  are  tetraploid  having the  alala/a  genotype, and  that  the  homothallic genes are  efftctive

in the  afa  and  ala  diploid cells  with  the  same  specificity  for the  mating-type  alleles  as  ob-

served  in the  haploid eells.

    During  the  course  of  the  above  experiment,  however, some  asci  of  the  supposed  tetra-

ploid clones  showed  the  1 diploid:3 tetraploid  and  3 diploid:1.tetraploid segregations
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Table  7. Further analysis  of  three asci  showing  typical  types  ef  segregation  from the  supposed

   homothallic (Ho) tetrapleid  strain,  T-1269-38a-Ul.

MatingtyPc Spore Cel! volumc
forrnation ("mS)DNA

 contents

{mgtlOii celis)Tetrad

 analysis Expected

Ascus N2tsOtf,dasCi
 
4.':?.:,O

 ploidygenetypeofmating-
   type  alleles

  A

  B1
  c

  D

  A3B

  C

  D

  A

  Bl4

  c
  D

non*nonnonnonnonnonnonnonnonnonnonnon++++++++++++93.4107.9I03.

 797.6219.820I.5I07.

 6101.5209.21oo.1192.

 3196.2

4.554.925.485.088.167.

 435.095.417.

 827.

 207.

 998.

 23

2e12!B2016121515l7l4i7152012182e161215l5!7141715 Diploid

 Dipleid

 Diploid

 Dipleid

Tetrap!oid

Tetraploid

 Diploid

 DipleidTetraploid

Tetraploid

Tetrapleid

Tetrap!oid

 ala

 afa

 aia

 afaalafafaaiatala

 ala

 ataatafafaatalalaalalalaalala/a

* Non-mater.

according  to the  estimation  of  ploidy by cell  size.  For  example,  one  ascus  showed  1 di-

ploid : 3 tetraploid  and  4 asci  gave  3 diploid: 1 tetraploid  segregations  out  of  28 asci  so  far
tested  in T-1269-3BC-Ul.  If the mating-type  alleles  of  the  a/a  or  aXa  diploids were

converted  to ala  or  ala,  respectively,  in a  homothallic $train,  the above  segregations  would'

not  be  expected  (Table 5). This  fact suggcsts  that  another  possibility, i.e., the  a/a  or  a/a

to ala  conversion,  might  be occurred  in some  spore-cultures  of  those  asci,  Occurrence

Tablc  8, Further analysis  of  three asci  shpwing  typical types  ofsegregation  from  the supposed

   homothallic (Hp) tctraploid  strain,  S-14-9CU37.

dscus

Tetrad  analysis Expectcd

Mating
 type

 Spore Cellvelume
formation ("m3)

   DNA
  centents

<rngllpti cells)No.

 of  asci  4non:O
 tested mater3non:ra2non:2a

     genotype of
ploidy mating-type

      allcles
"'A'

 IB
  c

  D

  A
  B7

  C
  D

  A
  B6

  c
  D

non*nonnennennonnennonaanonanon+++++++

+

+

B7.592.799.288.787.216!,586.193.794.7IB2.29L3168.64.304.674.364.784.298.334.274.915.108.sa4.958.17!2!2l21920I517

16

l4

eoooo4o

7

5

ooooo6o

3

7

1212121920517

6

2

Dip!oidDiploidDiploidDiploidDipioidataalaataataata

Tetraploid alaiata

Diploid afa

Diploid a/a

Diploid aia

Tetraploid alaiala

 Dlpleid ata

Tetraploid afalala

*  Non-mater.
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 kbic  9. , Pwther snalpt  tittec ui  thowing typical. types of tcgregsim  frem de mrpposed

. bomDthallic (Hq) tcntploid  swt  "laes-2SB4U!6.Tctratianalvsii

 . Eirpetrted

AscttsMatlng
 Spm

type  formation,Cel1
 whume

 CpaiS)
 IiNA
 oottbents

(mgtlpm ec-s)NbthofedaSCI'
 ::tdvsnon:la 2oon:h   genotype  of

ploidy 
ms

 
trt,e

A  non*

sB  
non

C  non

D  non

'A
 a

2B  
non

･C mon

D  non

A  mon

B･' non
8ctDa

++++

+++

1co.7ll8.2122.3110.1llO.92so.e1os.6tee.e

+  ,188.6

+  296.6
.  1ea.7
-  1so.5

6.os5.S76.9+･6.

 196.2111.-26.-26.0210.6210.ll5.S65.97

lg o e

:s o  o

ee o  o

19 O  O･

ll 6 5
18 O O

,19'･  O O

10 .7 1

IS 5 6

m - -

19 DiPlcid .la

le･-- utploid ofa
ee  Mploid  .ia･

19 DfpEeid nla

  Dil,foid sli

O  Tctzaplold .laiala  
''

18 orpteid .Ia

19 
'
 Mpleid ofa .

2 Ttitzaploid alalala

2 
'
 Tetraplcid ofaiala

  Mplcid sla

-'
 Mpleid ala

"  ･ Non.matcr, 
'

IB

e:lmat"

tt

  IC.t . bjtvepm  Ntt

l

IE

Fig. 1. Twin zygote  formation during tlic incubation of  diplold (IArlE) and  haploid (2A-2E) ascaspores

 from  the  Ho  type  homothallic tetraploid  and  diploid strains,  respectivcly.  Asci were  dissected and

 several  single  ascospore  cultures  were  made  on  thin  agar  film of  nutrient  medium.  Photomicrographs

 were  taken  at1(A),  4,5 (B},6(C),7(D) and  8(E) hr after  incubation a't SOOC. The  bar denotes IOptM･
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of  this type  ef  Converslen in the tetrad segrcgants  tif the supposed  tetraploids  having the
Hp  or  Hq  genotype  was  alsb  saggested  by tmi'  data (mot shown}.
   

'Tetrsptoidisstion
 by cdiI  fiisian dinrkig outgrowtli  of  dipteid spores  It

was  strongiy  suggested  by th¢  above  genetic studies  that diploid cells  or  diplord ascospores

.beving the als  or  ofa rnating-typg  alleles are  ehangod  to either sperQgenouS'  non-mater

tetraploid or  diploid celts by the efffects efbornothall{c  gtnes duing thcir vegetative  growth.
In a  hapfoid hemothallic ascospore,  it has been ebser"ved  that the diploidizatien occurs

mostly  at the four¢ di stage  after  thc  second  divisiOn of  cells  immediataly following sporc

germinatidn.S,tO Tb  detemiinc the manner  oftetraploidization  in a  culture  of  a  hom"
tlrallic diploid aScospore, several  ascospores  ftom strai!i  EILI269-3SC-U1 carrying  a  homozy-

geus gt notype  for HOs HMa;  and  HMa  aUeles  were  placed on  " pieee of  nunierrt  agar  film

separatety.  The  aga  r films were  scaled  and  incuhated at  300C. It was  observed  that ap-

prc?ximately so%  ef  the ascospores  ffom 15 asci  so  far tested  could  fmmi twin  zygotes  (Fig,
1, IA  to IE),. 

'This

 observation  was  quite similar  to that dbsecved during tbe  outgrowth

ofa  homothaMic haploid spore  (fig. !, 2A  to 2E), and  suggests  that both the matiRgrtsrpe
alleles  in thc ata  and  a/a  genot)rpes were  effi ctively  Qonverted to the opposite  alleles within
a  few genpmtions ofspore  germination as  well  as  in a' haploid cel1.  Tlien tetraploidizatian
occiitfed  through the zygote  foTmation between the converted  and  uncoirverted  cells,

although it is unce!tain  which  cglls  at  the  four-( cll stage are  converted.  Gerrnination sites            '
of  the large cells  ffomazngote  wetc  variable  in eaitih case.  

'
 

'
 

'

    ( hl1 fiision between twe cells  in a  sporc  edture could  doublc the pleidy. However,

some  spore  cultures  <2 of  60  ascospores)  sbowed  only  one  zygote  formtion during the

mitotic growth  of  the cells. Tliese cultures  produced a  rnixed  pqpulatipn of  largg and
small  cens,  both of  which  are  non-mater  and  sperogenous.'  The large cells  werx:  derived

B

Fig. 2. Single zygete  formation by  the  Ho  type  homothallic diploid ascospore  during incubation en

   nutrient  agar  film at  30eC. Photomicrographs were  taken  at  1 (A), 4 (B), 6 (C), 7 (D), 8 (E)
   and  9 (F) hr after  incubation  at  30"C. Only  one  zygote  was  forrned at  thc four-cell stage  and

   the fni'ther cultivation  gave rise  to a  culturc  with  mixed  population of  large aRd  small  cells.

   The smallest  unit  ofscale  is approximately  1 "m.
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from the  zygote,  and  small  ones  might  have  originated  from  unfused  cells  (Fig. 2). These
observations,  along  with  the  exceptional  asci  observed  in the  foregoing tetrad  analysis,

further strengthen  the possibility that  some  of  the  ala  or  ala  genotype would  be converted

to a/a.

orscussion

    The  process fbr breeding of  tetraploid  clones  most  probably occufs  in two  main  steps.

1) First, there  is a  genetical event  to produce the  a!a  and  a!a  cenfiguration  at  the  mating-

type  loeus from the  a/a  diploid cells. This might be either  mitotic  recombination  or

mutation  at  the  mating-type  locus, though  we  have  not  determined  which  events  occurred

in the  present cases.  Hewever, it has been proposed  that  mitotic recombination,  most  pos-
sibly  by mitotic crossing  over  between the mating-type  locus and  the  centromere  on

chromosome  rll, plays a  major  role  in the  occurrence  of  homozygosity of  the  rnating-type

alleles.ie)  We  detected this event  with  a  frequency of  one  in 105 cells  spontaneously  by
the  modified  synchronized  mating  method  (Table 2). Frequency of  the a/a  to ala  or

ala  switches  was  significantly  increased to  approximately  O.3-3.8% of  ceil  population by
low  dose Qf  ultravio!et-light  irradiation (20 percent surviva!)  (Table 3). Furthermore,

it might be expected  that  the  frequencies of  occurrence  of  ala  cel]s  and  afa  cells  in the
a/a  diploid culture  are  the  same  in any  a/a  diploid culture,  irrespective of  the  thallism

ofthecells  (Tables2 and  3). 2) Then, mating-type  conversion  occurs  efll]ctively  in some

fraction of  the  afa  and  a/a  diploid cells  by  the  action  of  homothallic genes as  well  as  in
haploid cells.  This is fbllowed by cell  fusion between  the  converted  and  unconverted  cells.

The  resu!tant  zygote  produces  a  new  tetraploid bud, as  observed  in a  diploid a$cospore
which  presumably  has the a/a  or  ala  configuration  (Fig. 1). These facts suggest  that  it
is pessible to se!ect  a/a/a/a  tetraploid  clones  by microscopic  inspection ofindividual  colonies

as  tetraploid  colonies,  consisting  of  cells  showing  larger cell  size  than  diploid cells,  will be
expected  with  the  frequency of  1O-ZNIe-S (Table 3). Furthermore, genetic and  cytological

observations  (Fig. 2) strongly  suggested  that  there  wiH  also  occur  another  possibility, i.e.,
conversion  of  the  a/a  and  ala  configuration  to  ala.

    There  is also  a  possible mechanism  to produce tetraploid ceils in heterothallic strains

by direct fuslon of  the  afa  and  ala  cells  which  might  be derived from an  aXa  diploid cell
as  the  reciplocal  products ofa  mitotic  crossing  over.  We  were  able  to isolate such  a  strain,

T-1071-8-U33  (Tables 4 and  6), although  its frequency of  oceurrence  is thought  very

low  in comparison  with  that  in a  homothallic strain.

    Theugh  several  rnodels  have been proposed  to explain  the  interconversion of  mating

types2,4,28) (J.B. Hicks and  I. Herskowitz, personal communication),  the  exact  mechanism

of  the  homothallie genes has not  bee4 established,  nor  is the  dominance-recessiveness
between each  pair ofalleles  of  the HMa  and  HMa  genes understoed  yet, while  the  evidence

fbr the  dominance Df  the  HO  allele  over  the ho allele  has been presented by  Hopper  and

Hall.24} The  observations  described in the present communication  demonstrate a  new

method  for breeding tetraplold  $trains,  though  several  questions remain  to  be solved  for
fu11 understanding  of  the  phenomena  as  described above.  The  procedure  dees not  require

auxotrophic  markers  necessary  for selection  due to the  low frequency of  zygote  formation
in a  forced mating  mixture  by the  conventional  polyploid breeding techniques,i9,25) Most
of  the  tetraploid strains  obtained  by  this procedure sporulate  well  and  segregate  afa/ala

tetraploids,  a!a  and  afa  diploids along  with  a/a  diploids depending  on  the  genotype  for
homothallism. Those segregants  will  be usefu11  for further construction  of  polyploid cells･

    On  the  other  hand, it has been reported  thata  number  of  the yeast strains  used  in

'
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the  brewing industry and  bakery are  polyploid.5'"8) In previous papers,20,te} we  described
a  novel  type  ofsemi-homothallicstrain,  the das (diploid a  sporogenous)  strain,  which  is of
special  interest in its application  to the  breeding of  triploid  cells. The  procedure  described
in the  present communication  is more  widely applicablc  to breeding polyploid strains  than
that  for the  dcLs strain,  because it does not  require  such  a  special  genetic trait.

   Though  alL the  test strains  used  in the  present study  were  homozygous fbr the  homo-
thallic genes, our  resurts  clearly  demonstrate that  the  homothallic  genes are  effbctive  in
the  diploid cells. This  finding suggests  a  possible approach  to the  dominance-recessiveness
ofthe  alleles  at  HMa  and  H2V(a loci, although  there  remains  the difficulty due  to the  direct
linkage between  these  two  loci and  the  mating-type  gene  on  chromosome  III.27)
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