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. THE ISOLATION OF MONOSOMICS IN YEAST
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* ABSTRACT

-

i 'Ietréplqid cultures of Saccharomyces céfeviéiae triplex (A/A/A/a)

~at- several loci were sporulated. All the diplqid spores are expected

to be homozygous (A/A) or heterozygous (a/a) and hence to have the domi -
nant;phenbtype. Cells lacking one of the chromosomes (monosémiés) may

show the -recessive phenotype (a/F). So spores that gréw on comple;é

- medium but failed to grbw on the relevant synthetic single omission
, . ‘ ‘ T :

.

media were presumed to be monosomic. These isolates were further charac-

‘terized by sporulation and several_s;able'monOSOmiCS'established.



Monosomlcs are cells diploid for all chromosomes but one, which .
is present in the haploxd condition. They have been ldentlrled as
_Occas10na1 products of meiosis in tetraplold strains - of yeast (5)

-~

The-four'ascospores resulting from a single meiosis in a tetraploid are

expected to be diploid, but a nondisjunctional event may result in the (.

production of an ascus that contains one trisomic, ome monosomic, and

two diploid spores (5). In a tetraploid of the genotype A/A/A/a at a

#r
i

given locus, 'a normal meiosis would result in two spores of the genotype ‘

o
G

A/A én&,two of the genotypelA/e.h hll spores would have the phenotype
‘.confefred by the oominsﬁt allele. The appearance of sporesEWith.the
recessive (a) phehotype can occur by mutation, gene conversioh, or
nondisjunCtion;‘ Hence’the recovery of phenotypically recessive spores
from triplex (A/A/A/a) tetrap101ds constitutes a procedure for the iso-
lation of SpelelC monosomics. The monosomic condxtlon may be conflrmed

by Sporulation or further‘crosses{

Extensive genetic'mapping has been done on Saccharomyces cerevisiae
usihg tetrad analeis (5); This approach however, is laborious when
the genes to be located are not centromere llnked Part of the motiva-

'tlon_for designing a method of obtalnlng‘monosomlcs was the hope that

f

the resulting spores are nullisomic:,they are haploid cells that lack the
: . : o S : R
chromosome that was monosomic in the parent. The other spores are normal

they might be useful for mappxng. When a monosomic is sporulated, half ‘

haploxds If the-nullisomic spores can be induced to mate with haploids,
_theh the resulting monosomics will have the same phenotype as the haploids
for any markers located on the monosomic chromosome. To map a recessive

gene, a haploid carrying that recessive‘gene would be mated with the spores



hyhrid55WOuld be selected. ‘Only‘if the unloceted marker is on the mono-
somic chromosome would any of the hybrlds have the recessive phenotype.
In, Ehat case, half the zygote clones, or all the hybrlds resultlng from

the mating of the haplold with nulllsomlc (N-1) spores, would have the

<

recessxve phenotype.

Monosomlcs are quite interesting for other ‘reasons.  Since the .

missing chromosome will sggregate as a centromere linked lethal, cen-
L] B

tromere linked genes present in heterozygous condition (B/b) in an a/a

monosomic will éegregate mostly 2B or 2b io the two viable spores. Con-

sequently, a monosomic for any chromosome may be used to determine in

one cross whether any segregating gene is centromere linked. Entire

chromosomes may be mapped by the “isolation of mutants ;ﬁ_monosomic,

- strains. Most mutations are recessive and if isolated in the monosomic

must be on the monosomic chromosome. Recessive genes affecting meiotig
: s ' ) .

. ) . y 3 : ‘e . ) .
recombination are best isolated in monosomics, where their effects can -

be esséyed directly by sporulation.
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MATERIALS AND METHODS - 3 o,

- Media and techniques. Media and techniques are as described in

Hawthorne and Mortimer (2).

- . . . Lo . - '
. . -

Yeast Strains. Two tetraploid strains of Saccharomyces cerevisiae

were used. The flrst (XBlO5) was constructed from two d1p101dsJ X299

and Y02587-1C, by a forced mating (4). X2939 has the following genotype:

_a . adel-l gall _trpl-1 _uraj _ his2-1 jleul-l _ argh
Ta -+ T+ T4 ura3 =+ T+ T+

R

-

_metll _ asp5 gal2 .lys7. YO2587 has the genotype , a trpl-1_ ural.
Uy T % + -+ : : R T a trpll ural

The resulting tecraploxd was trlpleK\A/A /A/a) at the loci adel {chromo-

some I), gall (chromosome II), his2 (chromosome'VI), leul (chromosome VII),

. .@ . ,
argh (chromosome VIII), metlk (chromosome XI) asp> and galZ (chromosome

XII), and lys7 (chromosome XIIL). The mating mixture was fncubated for
2;5~hoors on glucose nutrient agar (Gya) and then strezked onto complete-~
uracil‘fof the selective growth of tetraploid zygotes. One of the tetra-
ploidé:from tiis cross was spofulatéd and disseccted.

The second tetraploid culture used '"13 Zla) has the following geno-

=

type: . a_  _.adel .gall _ trpl wura3 . thrz . his2 leul. adéd
Ta T+ T+ + + + “hisz  + +

_argh thrl Cu  _.gal2 . lys7 adeZ adel hisC mel ma X . & metl.

T+ + cu =+ T+ + + his8 Mel ma o netl

X122la is triplex at the loci,adel {chromoscme I}, gall {chromosome II;,
trpl (chromosome IV}, ura3 and thr: {chromosome V), .leul and ade 5 ‘chramcsome

VII), argh and thrl (chromosome VIII), gal2 (chromosome X11), 1vs7 (chromosome

.

XIII), and ade> and aded (fragmeacl). This tetraploid was sporulaced

and the asci were treated with snail enzyme. The asci were disrupted’



. LT e,

'parent cells plated out to a densxty of about 120 per PeLrL plate on yeast-

..

extract + peptone + dextose (YEPD) _ Conom.es that falled to grow f..er
replica-platlng on mlnlma1+methlonlne+hlst1d1ne or on yeast extracts+
galactose medlum wvere presumed to be monosomics. They were checked for

their ablllty to use galactose as a- carbon source and for growth on a

series of synthetlc single-omission medla lacklng uracil, leuc1ne, arglnlne,

threonine, tryptophan, or lysine.
e . =3 .
) -y .



 viable to viable spores that indica-ed that the isolate was a mixture

of diploid and monosomic cells. It was possible to isolate clones from

R - RESU'LTS. | o .

Slxteen asci from a sporulated culture of the tetraplord XBli3.
were dissected and their spores scored on omrssron medla (Table 1).

The results are. con51stent w1th the genotype above, and one of the Spores
(XBIOB -16C) appears to be monosomic for chromosome VI,'51nce it has the *
recessrve phenotype conferred by his2- 1 Wthh is 1ocated on that chromo- Cf
some. B1u5 16C was found to sporulate, and it in turn was dlssected

The results ‘are. shown lgﬂTable 2. . The monosomic segregates ‘as a,recessive
letnal.* As'expected, centromere linkage is a£50pdemonstrated, since

both viable Sporesfin each ascus have the same genotype for gall (as

determined by complementation) in 10 of ‘11 two-spored asci. This is

" consistent with the previously reported 15.3% second division segregaion

of gali (3)

‘A‘total of &k suspected monosomics were then isolated from 1322

colonles of the sporulated X1zZZla tetraploid as described zbove. Only

.

29 of the &h cultures sporulated the remainder presumadly wera homo-
zygous for onme or the other of the ~ating troe zlleles. Suspaciad

monosomics for chromosomes I, II, V, VII, VIII and for fragment 1 were
sporuléted and dissected. One of these ésrried thr: and 3552 together
on the (presunabl), monosomic chronosone Vv, and all the viable spores

from the sporulated lsolate carr"ed botn thr> and uraZ as expected.

.

Many of the 2% isolates that sporulated‘gsvé segregations of non-

O

.

these-isolates which ;97e four viable sporas frenm ezch ascus and were




ISOme'h:Q segregations for viable:'non—viable spores. -The diploid revertants
- were always homozygous for the marker that was used to indicate monosomy
in the original isolate. For example, when the presumed monosomic for

-y

« _ chromosome V car;yingAbOthAtth and ura3 diploidized, the diploid was

-homozngus'for both thr3 and ura3. The number of asci with three or four
viable spores may not aécuratély represent the pfOportion of diploids.

' ina population .of diploid and monosomic cells, since the monosomic /cells

vma§tspoiu1ate with 10§¢r gfficieﬁc&y Iﬁ‘generai, iéola;es presumed ro
bé_ﬁonpébmicvfor-the larger chromosomes or ffagmentS'grew pobrly,'spéru-
1ated poor1y, and revértéd more rapidly tb'the‘diploid condition. ' The
moét ;15w1y growing_isolaté carried leul and éggé in homo- or HemiZygous

condition.  Both these markers are located.on chromosome VII, the longest
: ' C ° .
e 4

i

au

chromosome.

Two stable monosomics were isolated from among the 22 of

rh
O

e
e

e
R
T

crossed to adel testers of both mating types, zs indicated in.
Again, the missing chromosome segregates as a centromere linked lethal:

the centromere markers leul, argk. trpl, ura3, and 3 give nearly the

expected second division segregation frequencies (Table &). These two

iy

s o . 3
A O h] ¥ -
Wil C

i

-

)
O

-

strains are cherafore monosomic for chromosome

.

‘marker. They remainh monosomic after several transfers.
The stable monosomics so far isolated from tetraploid meiotic pro-
ducts in the manner deScribed are monosomic for chromosomes I and VI.

‘Stromnaes has obtained similar results using'DL—parafluoroPhenylalénine



to induce chromosomal aberratxons in- d1p101ds (6). The‘pnly.probablg

monosomics.he ob

-
°

taLned were for chromosomes I ‘and VI.

v



Discussion

: The recovery of spores show1ng the rece551ve phenotype at loci tri-

wa
. h ‘

plex in'the parent tetraploxd is a convenient ard relatlvely unawblauous
- method bf isolatiné ﬁonosomicé. Those isolates Which show a.2:2 segre=-
gatlon of v1ab1e to 1nv1ab1e spores must either be monosomic oOr hetero-
4zygous for a centromere linked lethal and hOmozyoous'for the recessive

marker'used to identify them. Since the latter possibility, reculres
two coincidental events whose individual spontaneous probabilities are

low, it is a much less likely explanation. When chromosomes are multiply
marked (as in the case of the monosomic for chromosome V cited above!

any explanatlon other than that of monosomy involves pbs;ulaelna three

or more lndependent 5pontaneous events. The para- rluorOpnenylalanlne

‘treatment of diploids results in a constellatlon of effects at high

frequency wnose inter retation'is difficult, so that it is a less use-
I ncy . P | )

’

ful method for the isolation of monosomics {Z).

A
‘Work is now in progress on the isolation of recombdbinztionless mu-

tants in monosomics and on the mapping of unlocated genes by mating hap-

loids to monosomic spores.



Table I. Tetrad analysis of the tetraploid XBl3D

. deﬁs - " Number of:asci segregatiﬁg
| b:0* 3l 2:2  1:3 o:h
leul-1 7 0 o o 0
adel-1 7 0 '. 0 o’ 0
asp5 =y o 0 0 0
£_r_g_]:_:l ‘ ‘c o 7 0 0
ura’ 2 1 ¥ 0 0
his2-1 6 1© o . 0’ 0

a . : i L . ' : .
Spore colonies were scored for growth on synthetic complete media

lacking the growth factors indicated. The ratio of prototrophic to,

auxotrophic spores per ascus is given.

t

b .
Both ura3 and ural

o '
"The onz spore tnat

are in duplex condition in XBl 2.

- a ‘ . . . K3 P,
failed to grow on complaie-ni zidina was

designated XB133-14C. Only the seven complete asci are showrn.
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. Table 2; Tetrad analysis of the ﬁonosomiC'X3195—16Cv '
Locus e '>Number of asci ségfegating

I T 2:Oa 1:1 O:é e _ .',ui
adel-l SRS § W 0 | .
et om0 o
Qra | 1, | 6 b |
his§-1~3 0 0 11
au® T 1 L3

.
Prototrophs: auxotrophs

b, . e L -
“Spores were not tested by complementation for ural and uraZ.

‘c ’ o ‘ o ) .' :

"Spores were tested for complementation with haploid ctesters carry-

ing gall in both mating types. Since galz was also segregating, some

actosa madium,

' of the spores scored "positive' above did not grow on g2
- S , < ;
‘None of the five one-spored asci gave exceptional spores. The spore

viability was LZ.13



o

adel

F; -F:
I L.
-

uraj

-

<
w
~

e

Table 3. Tetrad analysis of the monosomics Lrom X1l2zla

. - x1221a-7C - . - x1221a-3C
' Nﬁmbe; ofvagpi segregatihg -  Number of asci ségfegating
25t | '1?1. o2 o 0?11 02 e
6 0 6 | 9 o o, | .
0 0 12 0 o g -
6 2 Ve b 3 2
rom _
T 0 5 . 6 0 3
g 0 wtr O i 1 T
12 o 9 o 5
3 S by i L 1
aprétqtrOPhst auxotrophs
bAliuspores were adel: ndnevcarried thé gggg'ﬁarker. _
cMaging tvpe 1ocqs. a:ci.
. .
: v
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" Table ‘4.

Centromere linkage

4Second divisjon

Centromere .  Monosomic
marker segregation
leul X1221la-Tc 0.0
argh " 16.7
argh . ;x1221a;3c 33.3
trpl .X12213-7C° 0.0
eepl x1221a-3C 0.0
F e v 4
wras X1221a-3C 1.1
a x1221a-7¢ 41.7
o X1221a-3C = bk
. gall XB105-15C 9.1

13

~ ' s e o€
%Second division P

e
12.9' s
16.8 T
16.8 RN i
o.94 ,.j5
0.94 ? .76
me
0.2 .97
41.0 .99
T .95
“1333 . e

a P .. : .
The percent second division segregation 1S calculated on tne

assumption that the monosomic segregates as & centromere linked lethal,

so that any l:1 ascus represents & second division segregation ©

centromere linked marker.

\

b . : =
PFrom Mortimer and Hawthorne (3).

(a1}

2

c, . . : a1 , . . s ,
P is the chi-square probability that the observed variation 1s

.

‘due. to chance:
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