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i. Introdaction

By hybridizing ribosomal RNA with DNA extracted
lrom different disomic strains of Saccharamyces
cerevisine, Goldberg et al. f1] have shown that the
146 rRNA cistrons in yeast are non randomly distrib-
eteé on the genome. None of their strains seemed {0
carry disomic ehromosomes enriched for TRNA genes.
However, one mutant that showed a significantly lower
hybridizztion plateau than a wild type haploid, turned
vut to have at least seven chromosomes in double
portion. Besides indicating the presence of only a few,
if anr-, rRNA genes on these extra chromosomes, this
iltustrated some of the problems in identifying the
meuploids genetically. As also stated by Parry and
Cox [2], it may be difficult to obtain stable yeast
strains with disciny for onc chromosome only.

Another approach to the mapping of rRNA cistrons
in yeast would be to study fRNA-DNA hybridization
for monosomics, tF.: t is diploid cells lzcking one
chremosome. A reduced hybridization tevel could
then be attributed to the less of one specific chromo-
some. In the present work, such studies have been
carricd out with two st-ains that were monosaomic for
chromosome 1, onz chwomosome V1 monasomic, and
one strain possibly monosomic for chromosome V.

The results indicate that chromosome | may carry
abour 705 of the rRNA genes.

1 Materizls and methods
2.l. Srrains
The pacent and the monosomic strains of S. cerevi-

size were obtained from dr. . Strgmnaes:

Nareh-Halland Publishing Comparny — Amsterdamnt

X951: a diploid with several heteroallelic markers.
X951-13: ad, monasomic for chromosome b
X951-17: thry, suppaosed 16 be monousamic for chramo-
soine V.

X951-20: ad |- another chromasome 1 monosomic.
X951-22: hiy. monosomic for chiromaosome V1.

2.2. Radioactive COHIpUHHd.;‘

[3H}Adenine (27 CifmMole) was supplied by the
Rudiochemicual Centre, Amersham,and 3?P inorganic
phosphate (carrier free) by Institutt for Atomenergi,
Kjeller.

2.3, [FHIDNA isolation

Cells were grown in YEP medium { L% yeast extract,
2% peptone, 4% glucose) added t mCi{3H]adenine/2.
At harvesting, samples were plated and tested for
requiremients and the abiiity to sporulate on acetate
medium. The ceils were broken in an Eaton press and
the PNA isolated as described by Goldbera et al. [!].
The DNA preparations were purified by centrifugation
on preparative CsCl gradients two times. The amount
of mitochondrial DN A in cach preparilion was estim-
ated by analytical CsCl centrifugation | []. Alternative-
ly, the cells were labeled in YEP medimn containing
10 ug ethidium bromide/mi. DNA extracted from
these cells showed no mitochondrial band in analytical
CsCl pradients {3].

2.4, [32PIrRNA .
{32P|Ribosomal RNA was prepared from X951
essentially as described by Schweizer et ab. {4]. Ribo-
somes were isolated and washed in 0.05 M Tris buffer
ptt 7.3 containing 0.5 M NH,Cland 0.1 M MgCl,. The

RNA -was deproteinized by phenol and purified on
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sucrose gradlents. Less than CI.Z% of the radmactive
material was stable in-alkali. -

2.5, Hybrid.rzarmn

Low temperature hybndlzat:onwas camcd out -
'30% formamide, 2 X SSC and 0.4% SDS for 20 hr at:
37° with shakirg [5] using the membrane filter -
technique of Gillespie and Spiegelman [6). Selectron--

filters, BA 85, 27 mm (Schleicher and Schiill, Dassel)
were loaded with 10 ug of denatured [3H]DNA each,

and cut into quarters. The filters were preincubated
in the formamide system for [ hr und then incubated
with different concentrations of 26 S + 17 S {32p] -
rRNA in a volume large enough that the filters could
move fieejy. Further treatmeni of the filters was that
of Goldberg et al. [1]. Each filter was finally dissolved
in 1 ml of ethyl acetate after removal of salis by 1 ml
of distilled water and drying. {0 ml of toluene—PPO—
POPOP were added, and the samples counted ina
Packard Tri-Cart scintillation counter, The values were
corrected for radioactivity bound to blank filters, -
Maximum hybridization values were determined from
double reciprocal plots of % hybridization against
RNA conceatration by extrapolating to infinite RNA
nuctear DNA, the values were corrected for the amount
of mitochondrial DNA in the DNA preparations.
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Fig. 1. Hybridization of TRNA with total NA isclated from
the diploid X951 and the monosamic segregants X951-13
(chrom, 1), X951-17 (chrom. V) and X951-22 {chrom, VD). -
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Tl'w expenmmts iepoued here. were undertaken tg
sée whether rRNA hybndmﬁnn wrlh DNA t'rom )

' ; monosomic mutants could give [urthur mfonnatmn
-« .ghout the d:str[butlcrn of tRNA clstmns on the lﬁ= 18

dlmmommes in S, cerevisiae.
- The application of hybridization da.ta in mappicg

-stlld]mhbasedonﬂwamnnptionthat there is no

preferential loss of any nuctcar DNA fraction during
purification of the DNA samples to be compared. To

- make this assurmption vahd ‘all the DNA sampies were

treated in the same manner. Care was  taken to prevent
loss of DNA fractions on both the  Hight and the heavy

- side of the mmnpeakmth:CsClgmdlcnts and

repeated precipitations were avoided. . -

The hybridization c¢urves for total DNA extracted
from strain X951 and the segrégants 13, 17, and 22, .
are shown in fig. 1. A significantly lower hybridizaticn
plateau was obtained for X951-13 and for X951-17
than-for the parent diploid, X951. Segregant 22
hybridized to the same extent as the diploid.

The reduced % hybridization for the two strains
.was not due to an abnormal high content of mito-
chondrial DNA in these preparations-In table | are .
shown the corrected hybridization values after extrz-
polating to infipite RNA concentratien. It is seen that
the monosomics 13 and 17 might contain considerably
less rIRNA cistrons per cell than the djplmd und the
chromosomes VI monosomic. .
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Fig. 2. Hybridization of TRNA with nuclear DNA isolated

from ethidium bromide treated culrures Af the diploid X951,

the chromasome | monaromics X951-13 and X951-20, and
1he chromosome v mono:omlc x951—17- . . .
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The maximum % of nuciear DNA In hyhbrid with tRNA ostim-
sied by eXtrapolating to infinite RNA concentration in double
wiiprocal plots of the curves in figs. | and 2.

s Uoai DNA - DNA
extracted " fro
v v % of
e T .~ . ethidium Awerage %
R * N
sain B RS bromie hybridized T
chomd- DNA  oned
cdat o in o DNA
_DNA) hybrdy P
hybzid)
X517~ 8 24 2.6 25 100
¥951-13 13 16 1.6 16 64
X951-17  §2 1.4 1.8 L& 64
x951-20  — ~ i.7 1.7 68
95122 . 10 26 - 2.6 104

The values oblained with the total DNA preparations were
carrected for the presence of mitochondrial DNA.

_Chromosome I monosomics seem to be of the more
stzble among such aneuploids and are relatively easy
io obtain [9). Another strain with monosomy for
ciromosome | {X251-20) was therefore included in
this study to see whether the rRNA hybridization level
had thanged. Essentially the same hybridization value
at for strain 13 was obtained. This indicates that both
strains might have lost the same rRNA gene containing
dement, most likely chromosome L.

When the hyhridizations were repeated with DNA
extracted from cells treated with ethidium bromide,
‘Lhe results shown in fig. 2 were obtained. At the growth
conditions used, ethidium bromide blacks the synthesis
of, and causes the degradation of preformed, mito-
chondrial DNA, but has no effect on the nuclear genes
[3]. At harvesting, the cells were all petites, but showed
0 altered growth requirements as compared to the
untreated cells. The extrapolated hybridization values
for these nuclear DNA preparations are also summarized
in table 1. [t is seen that the values were essentially
the same as those abtained for the preparations of
totai ONA after corrections for the contents of mito-
¢hou. ;.11 DNA. Strains 13, 17, and 20, thus, seem to
:;y significantiy less rRNA cistrons than the parent
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From a nomogram similar to that of Goldberg et al.
[1] it can be concluded that the strains 13, 17, and
20 have lost {tom 1 to 9 chromosomes carrying from
about 70 to 100% of the haploid number of rRNA
cistrons, Strain 22, oo the other hand, might have lost
I or 2 chromosomes that carried no rRNA genes.

In his study of the p-fluorophenylalanine induced
chromosome aberrations in strain X951, Strémnaes
[I0] found that none of the segregants used here gave
tetrads with more than 2 viable spores. Segrcgant 22
showed also a large portion of 1:3 and 0:4 viabiljty
and was interpreted as a chromosome VI monosomic
with some additional lethal. This is also consistent
with the hybridization data, which then indicate that
chromosome VI carries no rRNA genes. Both
segregant 13 and 20 satisfied the criteria of being
monosomic for chromoseme L. Hence, no more than
one chromosome could be lost, and the reduction in
the number of rRNA genes per cell, about 35%, might
therefore be a result of the loss of one chromosome I
homolog. 7

Segregant 17 was more difficult to interpret
geneticaily. It could possibly be a chromosome V
monosomic, oF it could be homozygous for one
chromosom~ V homolog and a lethal. The hybridiza-
tion tevel found for this mutant was about the same
as for strain 13 and strain 20. If, therefore, 70% of the
genes are locared on chromosome 1, the lov level
obtained with X951-17 could not be due to the loss
of one chromusome V only. One possible explanation
would be that X951-17 has a deletion on rRNA genes.
It is known fmm other organisrus that unequal crossing:
over may occur within the nucleolar organizer [11}.
As there is now evidence for a nucleolus also in yeast
[12], an organizer region could possibly be linked to
chromosome L. In the genctic map presented by
Hawthorne and Martimer [ 3], chromosome |
represents less than 1% of the genome., Extension of
this chromosome with about 2/3 of the fRMA cistrons
would then not give a chromosome of abnomal size.

From their studies of the ¥-band of high-molecular
weight DNA prepared from yeast nuclei, Crumer et al.
{14] calculated that no more than 10 to 30 rRNA
genes could be clustered together, The finding that
70%, or about 100 cistrons, may be located on
chromosome I, would then mean that several such
clusters appear on that chromosome. 1f each chromo-
some is represented by only one DNA molecule [15],
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the clusters of rRNA genes may be interspaced by
other DNA regions.
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