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Summary 

When crossing the haploid cells of genetically 
marked yeast strains we observed the appear- 
ance of both normal diploid zygotes and haploid 
nuclear cytoplasmic hybrids. The latter had the 
nuclear markers of one and the cytoplasmic 
marker  (rho ÷) of the other parent. The au- 
tonomous cytoplasmic factor transfer was 
termed as cytoduction. Cytoduction is supposed 
to be the abortive form of yeast cell mating. 
Only about 1% of cytoductants is usually 
observed. 

Cytoduction can be used as a simple test on 
cytoplasmic determination of some characters. 
We observed the transfer into cytoductant cells 
of not only rho ÷ marker  but of resistance 
factors to antibiotics (erythromycin, neomycin) 
and killer factor as well. Cytoduction can be 
applied towards constructing strains having the 
identical nucleus genotype with mitochondria 
and other cytoplasmic factors of different origin. 

In crossing strains with doubly marked 
mitochondria recombination of mitochondrial 
markers in cytoductant haploid cells was ob- 
served, the pattern of which was similar to that 
of mitochondrial recombination in normal zy- 
gotes. 

Introduction 

It is usually supposed that when two yeast cells 
of opposite mating type mate, plasmogamy is 
just followed by karyogamy. But in 1957 
WRmHT and LEDERBERG 1 observed that young 
zygotes could form haploid buds obviously 
before karyogamy. In the progeny of such 
haploid buds they revealed nuclear cytoplasmic 

recombinants, i.e. cells with nuclear genotype 
from one parent and cytoplasmic (mitochon- 
drial) marker  from the other. Some years ago 
we 2 discovered a similar but not identical 
phenomenon,  namely the occurrence of nuclear 
cytoplasmic haploid hybrids without formation 
of diploid zygotic nuclei. We called this 
phenomenon "cytoduction".  In this paper we 
shall describe some peculiarities of cytoduction, 
as well as transfer, segregation and recombina- 
tion of cytoplasmic markers during cytoduction. 

Materials and Methods 

Strains The strains of our breeding stocks 
descend from Saccharomyces cerevisiae race XII 
and are highly homozygous as they have origi- 
nated from one haploid 15v-P4 after selecting a 
to a mutation 3 and marking by differ ffnt nuclear 
and mitochondrial mutations. All petites (rho-) 
used in this work are of spontaneous origin. 
Furthermore,  two strains from USA breeding 
stocks were obtained from Dr. R. MORTIMER 
and used with genotypes a ade2 and a leu2. 
The spontaneous rho-  mutant was selected from 
the first of these strains. In some of the 
experiments we used homothallic strain 437 
Sacch. cerevisiae that was a 'killer '4. 

Nomenclature As far as possible, we have 
followed the yeast genetic nomenclature recom- 
mendations 5. The symbols used for strains of 
our breeding stocks are the following: 

a/a - mating type; 
ade l ,  ade2 - adenine requirement,  red colony; 
his8, hisZ - histidine requirement;  
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rad2 

rgh4 
pet 

canR 
eryR 
neoR 
ery0, neo0 - 

rho 

k 
[] 

- U V  sensitivity (uvsl in our previ- 
ous publications2"6; 

- rough colonyT; 
- n u c l e a r  petite, respiration defi- 

ciency (alc4 in our previous publi- 
cations 2'8; 
canavanine resistance; 
erythromycin resistance; 
neomycin resistance; 
absence of resistance loci in 
genome of rho- strains; 
respiration deficiency, cytoplasmic 
petite; 

-cytoplasmic killer factor; 
-cytoplasmic genetic factors. 

Determination of phenotypes and genotypes 
The procedure for determination of auxotrophy, 
mating types and UV sensitivity was standard, 
and the details are described in our previous 
publications 6"9. Tests on respiration deficiency or 
competence were made on glucose-free, 2% 
ethanol medium [see Media,8]. The eryR and 
neoR phenotypes were determined on ethanol 
media containing antibiotics. The cells of each 
colony tested were suspended and plated by 
steel 5 x 5 point replicator 1° on selective and 
non-selective media. 

The persistence of eryR and neoR loci in the 
genomes of petite mutants isolated from proper 
resistant strains was proved by crossing these 
mutants with an antibiotic sensitive rho ÷ strain 
and testing hybrid diploids thus obtained. 

Media 
Our basal medium contained K2HPO4 2 g/l, 
MgSO4 1 g/l, (NH4)2SO4 1 g/l, agar 30 g/1. The 
complete medium included the basal one sup- 
plemented with 20 g/1 glucose and 10 ml/1 yeast 
autolysate. The selective medium for antibiotic 
resistance mutants was the complete ethanol 
medium supplemented with either 2 g/1 eryt- 
thromycin or 0.7 g/1 neomycin. The selective 
medium for respiration deficient mutants was 
the complete medium with glucose replaced by 
20 ml/1 ethanol. 

Cytoduction was followed on two media. One 
was for respiration deficient parents and con- 
sisted of the basal medium supplemented with 
glucose 1 g/l, ethanol 20 ml/1, yeast autolysate 
10 ml/l. The other medium was for one respira- 
tion deficient parent and respiration sufficient 
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but auxotrophic other. It consisted of basal 
media supplemented with thyamine 200/xg/l, 
ethanol 20 ml/1, biotine 2/xg/1, glucose 1 g/l, 
adenine 5 mg/1. 

Genetic crosses 
Crosses for studying cytoduction were made as 
follows: Two parents, one rho , and the other 
rho ÷ but nuclear petite or auxotroph were taken 
from 2-5 day agar cultures and suspended in 
sterile water and simultaneously plated on selec- 
tive agar media for cytoduction (see Media) 
where they mated. We plated 10 6 cells per 
petri dish of rho- parent and 1000 cells per dish 
of rho + parent. The plates were incubated at 
30 ° for about two weeks and the colonies 
analysed and retested when necessary. Usually 
about 500 zygotic colonies were obtained per 
each plate. 

Results and Discussion 

The phenomenon of cytoduction 
In the first of our experiments we made crosses 
of the type [rho-]a ade2 x [rho ÷] a pet and 
plated the parent cells on the selective medium 
where they mated. In these crosses we observed 
not only white respiration sufficient prototrophic 
colonies but mixed white/red colonies and com- 
pletely red respiration sufficient colonies as well. 

The results of several experiments are shown 
in Table 1. The mosaic white/red colonies may 
have been the result of the process described by 
WR1OI4T and LDERBEI~C 1, i.e. haploid bud for- 
mation by the transient dikaryon. As to the 
complete red rho ÷ colonies, tests on the mating 

Table I. Cytoduction frequency in progenies of [rho +] 
a pet crossed to different petites 

Expt. Genotype of petite 
No. 

Number of colonies scored 

white mosaic complete red 
white- 
red number % 

3 [rho-]~ade2 1573 II 9 0.56 

5 [rho-]~ade2 rad2 2513 12 6 0.24 

6 [rho-]~ade2 rad2 1275 lO 7 0.54 

9 [rho-]~adel rgh4 1665 39 18 1.05 

lO [rho-]~adel rgh4 1390 14 8 0.57 

II [rho-]~adel rgh4 583 21 7 1.15 



type of their cells have shown all to be of a 
type, which proves the autonomous (without 
transfer of nuclear material) transfer of rho + 
factor during yeast mating from the donor 
(rho +) strain to the recipient ( r h o )  one. This 
abortive form of sexual process was termed as 
cytoduction. The haploid nature of the cytoduc- 
tants was evident from the results of crossing 
[ rho-]a  adel  rgh4 × [rho +] a pet and 
[ rho-]a  ade2 tad2 z [rho +] a pet. In the first of 
these all (33 colonies) red cytoductants were 
rough, in the second all (7 colonies) red 
cytoductants were not only a mating type but 
also UV sensitive. 

The ability to form cytoductants was not the 
peculiarity of only our yeast strain. Crossing two 
strains from Dr. R. MORTIMER'S breeding stocks, 
[ rho- ]a  ade2 × [rho +] a leu2, gave similar results 
with a cytoduction frequency of 3.7%. 

Therefore,  it can be concluded that cytoduc- 
tion occurs during mating of different yeast 
strains, in the crosses of rho-  strains with 
nuclear petite strains, as well as with respiration 
sufficient auxotrophic strains, no matter  what 
mating type the donor and recipient parents 
have. 

In another publication we have described the 
rho + (donor) strain (named Hfcd-strain) as 
having a high frequency of cytoductants (up to 
45%) 2. Thus the frequency of cytoduction is 
under genetic control and a possibility exists for 
isolating mutants with a high frequency of 
cytoduction, which are the mutants that are 
partly deficient in karyogamy. 

Cytoduction of different cytoplasmic factors 
The experiments described above demonstrated 
the transfer of normal mitochondria (rho ÷ fac- 
tor) through cytoduction. If in such crosses two 
parents differed in other cytoplasmic factors we 
would obtain either the transfer of this cytoplas- 
mic markers or their segregation H. 

Table 2 summarizes the results of some of 
our experiments. We observed the transfer of 
the mitochondrial antibiotic-resistance markers 
eryR and neoR as well as non-mitochondrial 
killer factor to all of the cytoductants investi- 
gated. In a similar experiment AIGLE and 
LACROUT 12 found that the cytoplasmic U R E  3 
marker  could be transfered to all cytoductants 
in the absence of the nuclear ure2 mutation. 
The lack of segregation of eryR and neoR 

Table 2. Cytoductlon o f  d i f f e r e n t  cytoplasmic fac to rs  

Genotype of petite Genotype of donor ~ , Genotype of 
(recipient) ~ o cytoductants 

e~ 
~g o~ 
~ • 

o~ ° ~ z ~  

[rho-]o~ade2 [rho+eryR] a hisZ 0.3 66 a l l  [rho+eryR] 
ade2 

[ r h o ' ] ~ a d e 2  [rho+eryR] a hisZ 0.3 36 a l l  [rho+eryR] 
adel o~ade2 

[ r h o - ] ~  ade2 [rho+neoR] a hisZ 0.7 29 a l l  [rho+neoR] 
ogade2 

[ rho ' ]c~adel  canR [rho+K] ade + canS* 3 a l l  [rho+k] 
a/.adel canR 

* spores of homothallic prototrophlc strain killer - K 

characters in the crosses outlined shows that our 
rho-  strains were eryO and neoO respectively. 
Thus cytoduction is a unique way of construct- 
ing yeast strains having identical nuclear 
genotype but different cytoplasms. Such strains 
appear to be very useful in studying nuclear 
cytoplasmic interactions. 

In our laboratory, KALDMA investigated the 
genotypic effects on mitochondrial recombina- 
tion ~3. He prepared a series of yeast strains by 
cytoduction that were isogenic but 
anisomitochondrial and found that the 
mitochondrial origin essentially influences both 
the parent  and recombinant class distribution 
and the susceptibility of the transmission to the 
effect of the mating type locus. Mitochondria of 
different sexual types and those with different 
sensitivity to the mating type locus effect have 
been found to exist 13. 

Mitochondrial recombination during cytoduction 
It is known that the parental mating type x4 and 
the pattern of zygotic bud formation 15 have 
effects on mitochondrial marker transmission. 
Thus it was interesting to investigate the in- 
fluence of such abnormal zygot formation as 
cytoduction on mitochondrial marker transmis- 
sion and recombination. In our experiments we 
had mixed populations of clones, zygotic clones 
and cytoductants. For that reason we could not 
use the standard mass mating technique 16 that 
was employed in our laboratory 13'17. In this 
case, we studied mitochondrial transmission and 
recombination by subcloning individual primary 
colonies, the products of mating. 

For this purpose, the zygotic and cytoductant 
primary colonies grown on plates were har- 
vested, suspended and in portions plated on 
appropriate selective media to score the 
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Table 3. Analysis of diploid and haploid progeny of cross 
0~ad~l [rbo-eryS neoR] x [rho+eryR neoS] a his8 

Phenotype Zygotes Cytoductants 
of 

colonies Number of subclones Number of subclones 
and their phenotypes ~ and their phenotypes 

. . . .  ~ 
c 

o L eryS eryR eryR eryS o ~ eryS eryR eryR eryS 
o o u neoR neoS neoR neoS o o o neoR neoS neoR neoS zu~ zu~ 

eryS neoS IO 12 

er~S neoR 7 94 0 O 46 4 80 O O O 

¢ryR neoS 82 0 196 0 4 73 O 193 O 7 

cryR neoR 21 122 225 41 12 II 119 71 30 O 

phenotype of the primary colony. One part of 
each suspension was restreaked for single col- 
onies on a complete nonselective medium. The 
colonies arising after subcloning (about 20 per 1 
Primary colony) were individually suspended 
and retested. 

We performed three types of crosses: 
~ a d e l [ r h o -  eryR neoS] x [rho ÷ eryS neoR] a 
his8; a a d e l [ r h o -  eryS neoR]x  [rho + eryR neoS] 
a his8; o~adel [rho- eryR n e o R ] x [ r h o  + eryS 
neoS] a his8. The transmission and recombina- 
tion of our markers eryR and neoR in the 
normal (rho ÷ by rho ÷) crosses by standard 
techniques were studied by KALDMA 17. The 
frequency of recombination between eryR and 
neoR was found to be about 16%. 

The results of our experiments are shown in 
Tables 3, 4, 5. It can be seen that the patterns of 
marker segregations in the progenies of zygotes 
and cytoductants are very similar if not identi- 
cal. Thus we can conclude that the deficiencies 
in normal zygote formation leading to cytoduc- 
tion have no influence on mitochondrial trans- 
mission and that mitochondrial recombination 
takes place both in haploid and diploic cells. 

We can conclude that cytoduction is the 
abortive form of yeast mating process and is 
characterized by cell fusion and plasmogamy 
without karyogamy. We thus suggest the exis- 
tence of a real physiological (and sometimes 
genetical) block of karyogamy. As an abortive 
sexual process, cytoduction may be compared 
with some sexual phenomena in higher organ- 

Table 4. Analysis of diploid and haploid progeny of cross 
~adel [rho-eryR neoS] x [rho+eryS neoR] a his8 

Ph~notype Zygotes Cytoductant s 
of 

colonies Number of subclones Number of subclones 
and their phenotypes ~ and their phenotypes 

• o ~ eryS eryR eryR eryS . o ~ eryS eryR eryR eryS 
o o ~ neoR neoS neoR neoS o o ~ neoR neoS neoR neoS u 

eryS neoS 1 2 

eryS neoR 8 151 O O 9 7 I16 O O 2 

er~R neoS 17 O 151 2 45 25 2 224 1 26 

eryR neoR 74 254 188 84 66 58 162 253 93 70 
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Table 5. Analysis of diploid and haploid progeny of cross 
oZadel [rhoTeryR neoR] x [rho+eryS 'neoS] a hls8 

Phenotype Zygotes Cytoductants 
of 

colonies Number of subclones Number of subclones 
and their phenotypes ~ and their phenotypes 

"~-~ eryS eryR eryR eryS ~ ~ eryS eryR eryR eryS 
8 ~ neoR neoS neoR neoS ~ 8 ~ neoR neoS neoR neoS 

eryS neoS 33 26 

eryS neoR 6 46 0 21 43 1 14 0 O 6 

eryR neoS 35 I0 46 0 108 16 O 141 I 98 

eryR neoR 14 49 13 0 158 15 59 51 48 119 

isms, androgenesis and gynogenesis 18. It is espe- 
cially similar to cybrid formation'  that was 
recently described for mammalian cells 19. Since 
cytoduction is an easy and unique way of 
combining any nuclear genotype with cytoplas- 
mic hereditary factors, it is a very promising 
tool for studying yeast cytoplasmic inheritance. 
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