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ABSTRACT

"Two mutatdr mutants of veast, mut7-1 and mut8-1 were found to

'

segregate from a mutator strain which had been isolated on the basis

of enhanced spontanecus mutation following EMS mutagenesis (von Borstel

and Quah, unpublished data). The double mutator mutant was shown to
confer a large enhancement of spontanegus mutation at many loci. This

enhancement was much, greater tha-n the sum of the mutator activities
“ N . ‘ .

>
>

of mut7-1 or of mut8-I alone; these latter confer low mutation fates

49

which are often comparable with non-mutator strains of yeast.

The mut7-1 illele was shown to confer a temperature-sensitive-

<

lethal pheqotyﬁg. This phenotype co-reverted and cb—segreg;ted with
the following phenbtype;: sensitivityv to MMS, enhanced spontaneous
intragenic recombination; and the original ;:tator activity.

The mutS—J-mediated ﬁutator activitv was found to be associated
with/increased numbers of (hisl-7) revertants which arcse in Cl,
stationary phase épltures, foliowing exponential cell growth. The
temperature-sensitivity of mut7 mutants causes cells to arrest in thé
Gl stage of the yeast cell.cycle at the festrictive temperature. The
large énhanceﬁeﬁt of spontaneous mutation‘seen in mut?muit8 strains at
the permissive temperature might be caused by the 1nteract10n in-G1,

~

of the phenotypes conferred by both mhtators

m

Crosses of mut?-1 or of mut8-1 to the mutators mutl-1, mut2- 1 v

mut3-1, mutd-1, muts-1, m%»G—Z mut9- 1 and rad52-1 has established

that mut? and mut8 are;not'allelic with these ﬁutator loci. Four
different phendtypes werébnofed in double mutator mutant spore‘clones
segregating from these crosses.. Mutator activity in many double
mutator mutants was additive in terms of the mutator'acti?itiés shown

(B

iv

®

K4



by the separate mutétors (as indicated bf revertant freqﬁencfes for
the auxotrophies caused by lysI-1 or hisl-7), which imaéies théf
those mutators did not interact. Inrother double mutétof mu-ant
Etrains, the mutator activity was synergistically enhanced over the
separate activities. In some combinations, the mutator activity of
one mutator could account for the nuﬁbefs of revertants obgerved in
avdouble mutator mutant (an epistatic interaétioﬁ).‘ The fourth

~

phenotype noted in segregating double mutator mutant spores was
»

spore lethality.
The interactions betweem mutators are discussed in-terms of the
channelling theory of spontaneous mutagenesis, and in terms of spon-

taneous lesions introduced into DNA during its repliction or repair.
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INTRODUCTION

The generation of spontaneous mutations in yeast has been exten-
sively examined by von Borstel et al. (1973), Hastings et al. (1976) =
and Quah (1979); These studies have correlated alterations in spontan-
eous mutafion rates with changes in the cell's ability to repair
spontaneously occurring lesions in DNA with high fidelity, in two ways.
Mutants defective in the repair of radiation damage were found to have
alterations in spontaneous mutagenesis (Hastings et al., 1976).

Mutator (mut) mutants (von Borstel et al., 1973) or antimutator (ant)
mutants (Quah, 1979) isolated on the basis of enharccd or reduced

spontaneous mutation, respectively, frequently had alterations in DNA

[
J

repailr parametefs, such as radiation sensitivity (Hastings et al.,

1976, Morrisbn, 1978). In at least th instances, the mutants isolated
for altered spontaneous mutator activity have been found to be allelic
with mutants isolated on the basis®f defects in the repair‘of radiation
damage. [For example, the rer3-I1 allele (isolated on the basis of
reduced levels of UV-induced mutation; Lemontt, 1971) was found to be
allelic with ant2-1, isolated by Quéh and Lynch (unpublished). Similarly,
mutS-1 was found to be allelic with the radi._ion sensitive (rad) ‘
mutant, rad5l1-1 (Morrison, 1978).]

In spite of these findings, the sources of spontaneous lesions in
yeast DNA (as the substrates for spontaneous mutagenesis) remain unknown,
as do the mechanisms by which these lesions are processed into mutations
in this organism. However, there are but four mechanisms known faqr
causingva.spontaneous mutation: . replication of basevmispairs in DNA,

™~
repair of base mispairs, and insertions and deletions of bases. The

1



latter two have been shown to be the major sources of-spontaneous
mutation in the lae I gené of E. colt (Farabaﬁgh et al., 1978).
However, since delétions and insertions of more than one base normally
occur infrequently in yeasf (but see Kiér et aZ.; 1979}, tﬁe;e will>not

be considered as major sources of spontaneous mutations in this thesis.

A. Replication of Base Mispairs in DNA

In the absencé of repair processeé, a replicable mispair in the double
stranded DNA, whatever its source, may be replicated to create two new
duplex DNA mdlecules,“each diffgring by one base péif. fhe categories
of base mispairs are numerous. C—A, T-G, Py-Py (opposing py;imidines)
and Pu-Pu (opposing purines) are mispairs (see Topal gnd‘Fresco, 1976,
for mechanisms By;which_these may arise) created by unaltered bases
misincorporated i;to DNA. Tautomeric\shifts were proposédvby Wafson
and Crick (1956) to cause Py-Pu mispairs. Fﬁrther_types Of-mispairs
can be caused by pyrimidine dimers (reviewed by Witkin, 1976), insertion
Qf base analogues with altered keto-enol ratios (Kirchner, 1960) ,
‘aikylation of bases in DNA (reviewed_by Cerutti, 1975), and delétions-or
additions of one base in one strand of ihe dublex Cframeshifts;;;;gni
1963; Magni and von Barstel, 1962; Streisinger et al., 1966) such as
might be induced b ut?rcalating agents (Ames and Whitfield, 1966)
or by A-T or G-Cruns (Streisinger et al., 1966). It is .generally
believed that semi-conservative replication will not occur opposite
pyrimidine dimers. However, (repair) polymerization of bases opposite

such non-replicating lesions could occur (see Witkin).
: (a8 P



Spontaneous mispairs may arise as a functidn of DNA synthesis, from
tautomeric ghifts jﬁst prior to replication (Watson and Crick, 1956),
from polymerase errors (Speyer, 1965), from poor editiné of replicated
base mispairs (Goulian, Lgcas and Kornberg, 1968; Hershfield and
Nossal, 1973), from alterations in the cell-mediated modification of DNA
tMarinus and Morris, 1974; Glickman, 1978) or from modified DNA per se

TN, i
_ Coulondre et al., 1978). <Cell-mediated mispairing‘bf'DNA might also arise
during generalized recombination (@eiotic, conjugative or mutagen
induced), by the briﬁging together of homologous DNA strands from
different chromosomes to create heteroduplex DNA (Holliday, 196, .

These strands might differ in at least one base pair due to Py-Pu, Pu-Pu,

Py-Py mispairs, or due to frameshift mut tions (Magni, 1963).

B. The Mutagenic Repair of Spontaneous Lesions in DNA

Since many of the induced mispairs noted above are excised by
cellular repair mechanism; (for an excellent review, see '"Molecular
Mechanisms for the Repair of DNA”C 1975, ed. Hanawalt and Setlow,
Plenum Press) it would seem natural for spontaneously occurring lesions
in DNA to be removed in the same way. Hastings et al. (1976) proposed
that such spontaneous lesions were not free to segregate into daughter
cells as mutations without having been first subjected to cellular
repair processes. The proposal was baéed on the observations mentioned
‘babdve, and upon the pathlWay hypothegis for UV-induced mutation first
proposed by Witkin (1969) . This hypothesis has been used to categorize

repair of UV-damage in yeast by Cox and Game (1974), who proposed that

primary lesions induced in yeast nuclear DNA by UV-irradiation may be



repaired in one of three ways: by excision repair, recoﬁbination repair ”
or mutagenic repair. The first two pathways have been more clearly
resolved thenvthe third, which has been defined mainly by mutants which
reduce UV-induced mufagenesis or by the increased UV- 1nduced mutation
frequen01es of excision-repair defective mutants (for reviews see Morrison,
1978; Lawrence and Christensen, 1976; Haynes 1975).

A large number of rad mutants have been isolated by different
eknerimenters (see Game, 1975). These have all beEH"EBn§)dered to be
b10eked in one of the three modes of repair described. Mutants of

L}

excision repair tend to be sensitive to ultraviolet (UV)-irradiation and
 not sensitive to y or x-irradiation compared to §A0+ strains, Mutants
of ‘recombination repair are usually more sensitive to y-irradiation _

) .
than to U.V. irradiation.

When one of tﬁree ﬁathways is bloeked in a rad mutant, UV;induced
lesions may be channelled into one or both of the other two. Thé muta-
tions derived from-ehe primary lesions (base mispairs caused by pyrimidine
dimer4, in the context described above) would be expected to increase or
to decrease dependlng on which pathway had been blocked ‘

Hastings et al. (1976) conterded that the ~same might be true of
spoﬁtaneous mutatign. Hence, if one non-mutagenic repair pathway for
spontaneously occurring mispairs in DNA were blocked by muta“ion in a
yeast strain, fhat mispair ‘would be cﬁannelled more frequently into the
mutagenic repair pathway, and so the strain would be a mutator stfain.

One prediction of this hypothesis, based on results from UV-induced

mutagenesis (Cox_and Game, 1974), was that two repair mutants, a and b,

which affect the same non-mutagenic repair pathway for a spontaneous
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mispair; would be epistatic for enhanced mutation rate in the double mutant

a,b. It was also implied that a second type of epistasis was, likely to
\ . .

~

appear, If a mutation in a repair gene resulted in the blocking of the

mutagenic repair pathway, that m.. -ion would be epistatic to another

o,
RGN

repair mutation that caused enhanced sponta =0 s mutagenesis by the
channeiling of mispairs into mutagenic repair. The original spontaneous

lesion might use another non—mdlageniC»pathway: If all pathways were

Lt

blocked, the mispair miéht segregate into a daughter cell as a mutation
in -any éasg, or it might kill the cell. .

Ahother prediction, also based QQ the éathway hypothesis, would Bé
that if the two non—mptagenic repair pathways competing for one spontan-
eous lesion were blélked, the number of lesions using the third,
mutagenic pathway would be synergistically enhanced.. The.spontaneOus
mutation rate should tﬁerefore increase drastically.

This implication of DNA repair in sponta-cous mutagenesis does not.
refute .the replication—mutégenesis hypotheses. It remains to be shown _
that spbntaneai; mutagenic repair is not a cell-mediated ability to
repliggté a mispair, or to igﬁore a mispgir c;eaggd by replication.’

» | | =T
C. - The Isolation of Mutators in Yeast .

It was in the context of examining all possible sources of spontan-
eous mutations that the mutator strains of yeast or of E. cali were .
originally isolated (von Borstel et al., 1971; for a review of E. coli

, N '
mutators, see Cox, 1976)2 In the case of the yeast mutators the afore-
mentioned correlation of mutator activity with defects in the repair of

N

induced lesions in DNA was soon noted. Since Thb'proposal of Hastings



et al. t1976), that spontaneous mutation may be mediated by mutagenic
repair’mechanisms,_Quah (1979) has identified at least one such pathway
in yeast. The rév3-1 allele is a spontaneous antimutator (Quah;
unpublished data). This allele is epistatic to rad3-1 and to radl§-1I

in doubie mutant combinations. Normally, rad3-1 and radl8-1 both confer

a mutator phenotype. Each is thought to block one of the aforementioned
repair pathways. Strains bearing rev3rad3,,or rev3radl8 have 1ow spontan-
eous mutation rates resembling those of rev3 strains.

From.these results, mutator loci of yeast may now be consiéfred
either as sdurces'bf spontaneous lesiods_to be handled by cellular
mutagenic‘;epair systemsv(whether or not their respective MyT* allelés
are involved in repéir m¢chanisms),‘or as possibiy @efectize repair loci.

By utilizing the lOOLcompartment‘fluctuation fest for Zysl—] locus
reversion and lysl-1 suppressor mutations (Zysl-1 is an ochre allelé),
and for hisl-7 reversion, von Borstel et al. (1971), Gottlieb and von
Borstel (1976) and Quah and von ?orgtel (unpublished results) have defined
ten mutator loci (mutl to mut]Q): that confer mutator acrivity at these
loci. The integratién of thesé mutator loci into the.general theory of
yeastmrepair has already been initiated by Hastings et al. (1976},
Morrison (1978), Nasiﬁ andlBrychcy (1979) and Quah (1979). This Study
reports the phenotypés of two mutator alleles, mut7-14and mut8-1,
énd novel intefactionsvof these alleles with other mutator mutants in
double mutator mutant strains.

b
D.”;ﬂ@gﬁ? and muté

‘.f o’ -
,A'OE?the original mutator alleles isolated by von Borstel et al. (1971),

L .
R &



mut?-1 and mut8-1 seemed to have exceptional properties. The two alleles
we;e isolated in one strain following treatment with ethylmethanesulfonate.
This strain had one of the highest mutation rates observed in any of the
mutator strains (Quah and von Borstei, unpublished). In addition, and
unlike many of the other mutator loci, the strain showed greatly enhanced
numbers of lysI-I locus revertants, as opposedlto suppressérs.(of this
ochre allele). |

It was not clear how this strongest of mutator strains could be
incorporated into any of the aforementioned .repair or replication schemes.
The fdact that neither mut? nor mut8 alone cdnferred the large enhancement
of spontaneous mutation seen in mut?7 mut8 strains seemed to conform to
one.aspect of the channelling hypothesis: the blocking.of two ﬁathways
Awhich normally compete for the same spontaneous lesion will synergistically
enhance the number of lqsions‘using a third (mutagenic) pathway.

An attempt to obtain an understanding of these mutators in terms
of fhe existing theoretical framework for spontaneous mutagenesis
evolved into three areas of study.

The first step was the independent examinatioﬁ of the two mutators
contributing to the mut7 mut8-mediated mutator activity, for pleiotropic

: ; =}
erffects of these loci on strains béaring them.

The second step was to examine the separate loci in haploid strains
also bearing other mutator alleles (e.g., mut8 mutl). This was to determine -
that mut? and mut8 were not allelic with other known mutators, and to
test whether such double mutator mutants would confer epistatic, additive

or synergistic enhancements in spontaneous mutation rate when compared

with either single mutator allele. Synergism will be defined as any



greater-than-additive enhancement of mutation rate. Additivity means /
that the sum of the rates conferred by the’separate mutators are equiT/;o
the rat? seen in the double mutant, while epistasis means that the
fate of the double mutant equals that of one of the single mutants.
Additivity of mutatioh rates (which implies that two processes contribute
independently to the spontaneous mutation rate observed) was considered

.

to be the null hypothesis of no interaction between different mutator
loc1.

The third line of investigation was derived from the second. We
wanted to ask whether additive, épistatic or synergistic interactions
~of mutator loci would be the same regarding alterations in épontaneous
mutation at different test loci. Revertants of the auxotrophieé hisl-7
and lysl-1 were compared since these have been well characterized in

previous'studzg;\TVEQ/Borstel et al., 1971; Flury et al., 1976; and

Gottlieb and von Borstel, 1976).



MATERIALS AND METHODS

A. Starains

All mutator mutants studied here were induced in strain
X1687-12B (obtained from R.K. Mortimer) by von Borstel et al. (1971),
with the exception of radiation sensitive (rad) strainé bearing
rad51-1 isolated by Nakai and Matsuméto (1967), or gadSZ—Z, isolated
by Resnick; 1969). All mutator stocks have been .2ssed at least twice
to\non-qytator strains prior to this study.

Table 1 shows the genotypes of‘strains used to éonstruct stocks.'f
a and o identify mating type alleles. The abbreviations ais, lys, ’
hom, ade, trp, arg, leu, and ura designate recessive alleles whose
presence (in haploids) results in auxotrophy for histidine, lysine,
homoserine, adenine, tryptophan, arginine, leucine and uracil, res:ective
Cryptopleurine resistance is designated by cry. Mutator loci are
identified by the abbreviation mut. The particular locus and allele
number are identified by the numbers following the three-letter 5
designation. AI”+” in italics following the latter indicates that
the allele or locus does not confer a mutant phenotype for the
trait concerned.

&

Genetic manipulations of mut7-1 strains and of revertant alleles
(é.g. mut7-1-11) are summarizéd in Table 2 (and in the Appendix,
Figgre Al .

Table 3 shows strains employed to elim;nate genetically ts

markers (other than mut?) from each mutator background genotype.

Table 4 indicates the mutator strains used to cross to the mut? strain



i
:

¢

RO428-6B, for allelism testing and subsequent tetrad analysis of each
double mutatdr heterozygote synthesized. Strain RO428-6Br carries a
revertant of mut7-1,allele mut7-1-11. Table 5 indicates the
mutator strains used to cross to the mut8-1 strain RO88-IC for the
same purposes.

The construction of stocks bearing only AisI-7 and combinations
of mut?7 and/or mut& for studies of forward mutatLoh to auxotrophy
is 1llustrated by Table 6. » -

Table 7 gives the genotypes of tester strains used to
determine genotypes for a or a alleles, for his™ auxotrophs, and for
the mutators. The LZ13 a;d RO122 strains were employed as tester
strains for hisl allele Y¥etermination.

The double mutant ﬁutator héploid strains shown in Table 8
are those which have been confirmed by outcfossing to the mut
testers shown in Table 7. The procedure employed is illustrated by
the following exannles: presumptive mut7 mutl double mutants were
crossed to mutl testers fér mutl allelism testing of the “ormer.
Presumptive mutl mut8 strains were crossed to mut8 testers to test
for the presence of mut8 in the former. The presence of‘mut8
homozygotes in the latter situation was confirmed for higl-1
homozygous strains by using 3 pg/ml (3y) limiting histidine Lassie
test plates, instead of the usual 1 ug/ml (ly) hispidine (see Média).

The results of these complementation tests are shown in the Appendix,

Table A2.

10
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TABLE 2: (continued)
. Diploid
Strains
R0O400
R0O401
RO402
RO403
R0O404
RO40S
RO406
R0O407
R0O408
RO409
RO410
RO411
R0O413
RO415
RO416
RC417

RO422
RO423
RO424
RO425
RO426
RO427
RO428
RO429
RO5'6
RO517

Source
RO1-90A/KF179-15A
RO400-8A/KF178-44D
RO400-8B/KF179-15A
RO400-8C/KF179-15A
RO400-8D/KF178-44D
RO400-8A/XV731-10A
RO400-8B/XV731-3D
R0O400-8C/XV731-3D
R0O400-8D/XV731-10A
RO400-8A/R0400-8D
R0O400-8C/R0400-8D
RO400-8A/R0O400-¢€3
R0O401-14B/R0401-15C
R0401-15C/R0400-10C
RO401-15C/R0405-2D
XV185-6A/KF179-15A

RO415-8C/XV731-3D
R0415-9C/XV731-10A
RO415-8C/R0O415-9C
RO402-6A/R0O403-4A
RO402-6A/R0415-8C
RO417-13A/R0O403-4A
RO417-13A/RQ415-8C
RO403-4A/R0415-9C
RO428-6B/R0428-6C
R0400-10C/R0107-5C*

* see Table_S.
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TABLE 57

¢

(continued)

Diploid
Strains

RO101
RO102
R0103
RO104
RO105
RO106
RO107
RO108
RO109
RO111
RO112
ROL13
RO118
ROS12

ROS514

Source . '
R0O81-2C/R088-1C .
R08g¢6D/ " :

. RO112-1B/R0255-3A & A \S

19°

RO83-6C/ "
RO84-4C/ "

RO85-17A/ ,

RO86-21C/ "

RO88-4C/ " ‘ .

RO88-1A/ "
RO89-2D/ " -~y .
RO94-2A/RO88- 1A f“"*\

RO88-9C/RO105~2A \

RB112-1B/R0O107-5C
RO106-4C/RO104-5A c s

RO89-6C/R0O108-1C
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TABLE 8: Genotypes of designated double mutator mutant strains
crossed to mut tester strains for confirmation of the
presence of particular mut loci by complementation tests

Haploid
Strain : Genotypes
RO81-2Aa mutl-1,mut7-1 hisl-7,1lysl-1,hom3-10,aded-1, trp5-48
3Ca r 1] " " no— " "
4C1 i 1 114 H4 n 1t 14
5Ca o 4 hisi-1,1lysl-I,ade2-1,trp5-48
6Aa " " 1" " " 144
7Ba L g his1-7,lysi-1,hom3-10,ade2-1,trps-48
10Ba " & his1-1,1lysl-1,ade2-1,trp5-48
11Aa " " hiel-7,1lys1-1,hom3-10,ade2-1,trp5-48
RO101-1Ba mutl-1,mut8-1 higl-1,1lysl-1,ade2-1,trp5-48
2Da " " hisl-1,1lysl-1,ade2-1,trp5-48,argd-17
7Ca " " hisl-7,1lys1-1,hom3-10.ade2-1,trp5-48,arg4-17
8Ba " 1"t ' r " ' n " 1 "
10Ba " " hisl-7,1lysl-1,hom3-10,ade2-1,trp5-48

RO82-1Ba  mut9-1,mut7?-1 hisl-1,1lysl-1,ade2-1, “rp5-48,arg4-17
2Ca " " nisl-1,lysl-1,ade8-1 :195-48

3Ca " " hisl-1,lysl-1,ade2-1,trpS-48,argd-17
5Aa " " his1-7,lys1-1,hom3-10,ade2-1, trp5-4&
6Ba " " his1-1,1lysl-1,ade” 7,trp5-48
8Ba " " hisl-7,lys1-1,hom3-"0,ade2-1,trp5-48
9Ca " " hisl-1,lyel-1,ade8-1,trp5-48,argd-17
10Ba " " hisl-7,lys1-1,hom3-10,ade2-1,trp5-48
RO102-1Ba mut8~1,mut8-1 hisl-1,lysl-1,ade2-1,trps-48,argd-17
ZBG 1 1 " n n " "
4Da " " hisl-7,lys1-1,hom3~10,ade2-1,trpo-48,arg4-17
6Aa " " hisl-1,1lysl-1,adeé-1,trp5-48 .
7Ba " " hisl-7,lysl-1,hom3-10,ade2-1,trp5-48,arg4-17
10Ba " " higi-1,1lysl-1,ade2-1,trp5-48
RO83-1Ba . mut3-1,mut?-1 hisl—?,Zysl—l,h0m3—10,ad62-l,trp5—48
4Co " o hisl-1,1lysl-1,ade2-1,trps5-48 :
6AQ " " hisl-7,1ys1-1,hom3-10,ade2-1,trp5-48
gBa " n 14 “on 1 " 1"
IOAG " ” 1" 11 n " "
RO103-1Aa mutd-1,mut8-1 hisl-1,1ysl-1,ade2-1,trp5-48
ZBa n " . n 114 1" n
SBa . 14 " " 14 " n
6Ca " " hisl-1,1lysl1-1,hom3-10,ade2-1,trp5-48,argd-17
8Ca " " hisl-1,1lysl-1,adel-1,trn5-48

10Aa " " higl-7,lysl-1,hom3-10,ade2-1,trp5-48

23



TABLE 8: (continued)

Haploid

Strain . Genotypes

RO84-1Agq  mutd-1,mut?-1 higl-1,1lysl-1,ade2-1,trp5-48, argd-17
ZAG " n 1 144 " 1 "
3Da " " higl-7,1lysl-1,hom3-10,ade2-1, trp5-48
5Ca " R hisl-1,1ysl-1,ade2-1,trp5-48,arg4-17
8Aa " " " " " " i
9Ca "o " o r " " "

10Ba ' A " ” d

RO104-1Da mutd-1,mut7-1 hisl-1,1lys1-1,ade2-1,trp5-48,arg4-17
" " " ] " "

4Aa "
6 Ba 1" " " n " r "
8Ba " " ’ " " 1" " "
RO105-1Ca  mut5-1,mut8-1 hisi-1,1lysl-1,ade2-1,trp5-48
2Aa " " hisl-7,1lysl-1,hom3-10,ade2-1,trp5-48,arg4-17
5Ca " " higl-1,lysl-1,ade2-1,trp5-48,argd-17
6Aa " " hisl-1,1lysl-1,adel~1,trp5-48
8Da " n " 144 " "
10Aa " " higl-7,1lysl-1,ade8-1,hom3-10,trp5-48
RO106-4Da  mut6-1,mut8-1 hiél—l,Zyslél,hom3—10,ad22-1,trp5—48,arg4—17
5Ca " ” " " " " " "
8Ax " .o higl-7,1lysl-1,hom3~10,adel-1,trp5-48
1 OAa " " 14 " 144 144 n
ROS12-1Ca  mut6-1,mut8-1 his]—?,Zys]—l,adeZ—l,trp5-48,arg4—17
zca " " . 144 " 114 4 " )
3Ca roo.on hisel-7,1lyel-1,hom3-10,ade2-1, trp5-48,argd4-17
5Ba " " hisl-1,1lysl-1,ade-1,trp5-48,argd-17
6 &x n " .on n 114 n "

1 OAa n ” " " " " "
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B. dia .

All recipes are for solid media. For liquid YD or MC medium

Bacto-agar was omitted. All liquid cultures were incubated with %
shaking.
¥D :1% Bacto-yeast extract, 2% Bacto-peptone, 2% Bacto-dextrose

-and 2% Bacto-agar in distilled water (600 ml of medium).

YG :identical to YD, except that 3% glycerol replaces
dextrose.

MC :0.67% Bacto-yeast nitrogen base without amino acids,
(Mortimer ~

Complete; 2% dextrose and 2% Bacto-agar; 24 mg of each of

See von

Borstel et adenine, uracil, argincine, histidine, lysine,

al., 1973)

tryptophan and methionine, 36 mg of Leucine and
420 mg of threonine in a total of 36 ml of stock

solution per 1.2 liters of medium.

Omission :MC without one or more of the amino acid or base
media
-supplements. These are referred to as ""-(abbreviation

-

D

for supplement)'; for example "-his'".

Minimal :MC without any amino acid or base supplements.
medium (min) ’

<

cry :2 um crytopleurine (Chemsea Pty) per liter of
medium .

< \ID.
FS :1% potassium acetate, 0.1% Bacto-dextrose,
(sporulation)
medium ' 0.25% Bacto-yeast extract, 2% Bacto-agar, with

amino acids and bases as in MC, in distilled water.



Tetrad
Dissection
medium

Lassie test
media

/24 mg lysine
("20y lys'")

6 mg lysine
(HSY lysﬂ)

1.2 mg
histidine
("ly his")

3.6 mg
histidine
("3y nis")
72 mg lysine

Buffer

:lysine limits growth.

:histidine limits growth.

thistidine limits growth.

:YD with 3% Bacto-agar.

:MC with reduced histidine or lysine to limit growth.

in histidine or lys > ctcqui: ng strains, respectively,

as follows

:identical to MC; lysine 'imits growil.

Unless otherwise noted

"limiting lysine'" refers to 5y lysine.
g 1y 3

Unless noted, "limiting

Histidineﬂ‘refers to ly histidine.

This was used to test
spontaneous reversion of the hA1gIl-1 allele in
presumptive mut8/mut8, higl-1/higl-1 strains

(see Appendix, Table A2).

:0.2 M K,PO, buffer (monobasic) was utilized for

all experiments and all handling of stocks, except

where noted.



C. Handling of Stocks

All strains were incubated at 26°C unless otherwise noted.

1. Haploids
Stocks were maintained as haploids, and were stored on YD
medium at 4°C. Strains to be used were streaked or pléked onto
YD medium for single colonies and incubated at 26°C for 3-4 days.

Three clones were generally picked per .trair und transferred in

part to two YD master plates. The remainde Hf —ach :olony was

then suspended in buffer at 1-5 x 10% cel ‘s to : sav for spontaneous
mutation frequencies (Lassie tests; seé belc « 17 v mtage:.
sensitivities (spot tests; see below). Following 1-2 davs incubation

at 26°C, one YD master plate was replica-pluted to omission media to
test strains for auxotrophic markers and mating type, to YG medium
for the detection of petite (o_) isolates, and to three YD plates.
One YD replicate was y irradiated (40 krad; see below) and incubated
at 26°C for 2-3 days, to allow the detection of y-sensitive isolates.
The second YD plate was incubated at 34°C (another YD replicate was
also incubated at 36°C‘in the latter part of the study) for the
detection of temperature-sensitive isolates The third YD replica
served as a control for the other two. The cther YD master plate was
refrigerated for future use, or was used as a second master plate

when testing for mating type (see below).
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2. Mating
Normally, to construct diploids; log-phase cells . 7

Opposite mating type were streaked from YD medium and mixed together
thoroughly on a fresh YD plate. After allewing 4-6 hours at 26°C
for conjugation, zygotes (with buds centrally located) were removed
to a new location on the plate by use of a de Fonbrune micromanipulator
The YD plate was incubated for 2-3 days at 26°C to allow the Zygotes
to form colonies.

Sélected or forced matings were performed several times in this
study. %wo types wil! be noted here.

Rapid method for mating-type determination: those strains
bearing hisl were tested for mating type alleles by replica-plating.
Two -his plates were seeded, each with one gf a fresh, '"a" or "a",
his5 tester strain (Table 7), shortly before conducting the replica-
rlating mentioned above. The seeding was most easily accomplished
by suspending the tester strains separately in buffer at ~107 cells/ml,
then spreading 0.5 ml of each suspension completely over separa;L -his
plates. After the seeded piates dried, each was imprinted with the
strains to be tested (using scparate velvets and different master plates
from the replica-plating series). Only strains complementing both
for mating-type and for his genes mated and grew on the seeded -his
plates. Plates weré scored after three days for growth. This
technique was also used to confirm a/a diploid phenotypes. Since
the latter won't mate with haploid testers, complementation of the
different hie loci could not occur. The test may be used as a rapid

screen for diploid mating type alterations (e.g. a/a versus a/a or a).



The second type of forced-mating was a procedure adapted from
that of Savage (1979). It was used to distinguish between az8l-7 and
higl-I1-bearing haploids, by force-mating the (Iysl,ade2) strain bearing the
unknown allele to 718  tester strains (see Tables 55 and 56). The
hisl-l tester strains bore lysl and adel, while the hisl-7 tester strains
bore lys2 and adeZ (Table 7. Forced-mating occurred on -ade Or on -lys
mediun. Presumptive diploids were restreaked to -ade or to -lyé medium,
tested for diploidy as described above, and tested for hisl allelism by
.assaying for U.V.-induced & ~13 joules/m?; see below) recombination at
hisl. Recombinants were observed as large numbers of HIS+ prototrophic
clones arising in small streaks of Atsl heteroallelic diploid cells
on -his medium, 2-3 days after U.V. irradiation. Homoallelic
hisl diploids produced few or no prototrophic clones per streak.
In some ¢1ses, the U.V. results were confirmed by testing for enhanced

; + .
2IS] prototrophy using histidine Lassie tests (see Results).

3, Diploids and Sporufﬁtion
Diploid strains isolated as described in the previoﬁs
section were tested in a manner identical to that aescribed for
haploids, with the following alteration. As part of the trea.me~t
of single clones, a small quantity of cells was streaked orto ko
medium, and allowed to sporulate at 26°C for 5-7 days. Grento thun
10% sporulation was observed in all strains. including rad

u

(hetero:ygous diploids, as determined by ascus formation.
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4. Tetrad Dissection and Germination of Spores
Sporulated diploids were streaked from FS medium and suspended

in 0.5 ml of giusqlase (Endo), previously diluted 1/10. Folléwing '
20 minutes incubation at 26°C the ascus walls were digested
sufficiently to allow tetrad dissection.‘ The suspension was then
dilutéd by the addition of 3 ml of buffer and refrigerated until used.
Tetfads were dissected by micromanipulation (de Fonbrune) of spores
onto an agar slab, normally within one week of the glusulase
treatmenf. These were incubated for 3~5“days at 26°C (20°C in tﬂe
latter part of_ the study) to allow germination and colony formafién to
occur. Each spore colony was then analysed as was described for

haploid strains.

D.  Measurements of "¢ i _rimeters
1. Spon%nncqus Mutzticn and Mutator Phenotype Assay:
The Lassie Test s

This test has been described and compared with the 1000
compartment fluctuation test by von Borstel (1978). It yields a
mutation frequency of "revertants per Lassie test plate'. For
this assay, yeast requiring histidine and/or lysine was -seeded onto
medium where either histidine or lysine limited growth. The same
number of cells from the same isolate was plated to -his or -lys ,
medium as Qas plated on limiting histidine or lysine medium,
respectively. ?re-existing and other spontaneous revertants to

prototrophy for the limiting amino acid conti .ue to dividc after

that supplement is.exhausted, and form colon es Jnreverted cells

/
’/



31

form a background lawn on the agar medium. Prototrbphic clones which
appeared on the omission plates were considered to be derived from
pre-existing revertants. These clones were subtracted from those
appearing on the respective limiting medium to obtain the Lassie
,score: A mutator yeast strain would be expécted to produce more
- prototrophic clones on limiting medium_ and therefore to have aﬁ
qugggéd Lassie ‘score.

The alleles used to test spontaneous reversion for histidine
and lysine auxotvophs were ndfmally nisl-7. and lysl~I1, respectively.
Revertant clones on each limiting medium were of two types. Crossfeeders
comprised roughly 40% of ntsl-7 revértants (and about 80% of ntsl-I
revertants, in agreement with Fogel et aZ., 1978), as detected by a
halo of increased growth around the revertant clone. These prototrophs
were usually included in the total histidine Lassie score.
Mutations which suppressed the ochre allele Zyél-l formed white
colonies oh limiting lysine medium, and comprised approximately 90%
of the total numbers of revertants. Locus revertants of Ilvsl-_
comprised the remaining revertant colonies focrmed, and were often
detectable as red prototrophic colonies (Schuller and von Borstel, 1973).

When describing revertants of these auxotrophs, numbers of
pre-existing prototrophs are generaliy shown in,paréntheses. Where
"jackpots' (relatively large numbers of pre-existing reVertanté)vexceeded
75% of the revertants observed on limiting medium, the total number
of  revertants on limiting medium was tabulated, insteaa of the

usual '"total revertants minus pre-existing revertants', Alternatively,

the abbreviation "JP'" was substituted for the Lassie score.



All strains were tested routinely for mutator activity using the
Lassie test. Cells were pre-grown ard then suspended in buffér as
described in section Cl. Equal amounts of cell suspension were then
pipetted to -his, limiting histidine, -lys and 1imitiné lysine .
medium (0.5 or 0.33 ml/plate)kand inqubated at 26°C for six days.

For 1y his, 3y his, and 5y lys plates, this incubation time was
normally sufficient to allow the expression of more than 90% of the
revertants seen after 14 days' incubation, except where noted.
Higher limiting concentrations of supplement necessitated longer

incubation time, and sometimes did not result in proportionately

~z

greater numbers of revertants (data not showniﬁ

Prototrophic colonies were counted with a Biotran II colgny
counter (New Brunswick Scientific Co., Inc.) or by hand if theré
were fewer than 36 esiimated colonies per plate. The colony
counter alloweaia constant area on each plate to be scanned for
clones. When the number of unrgverted cells -per area scanned was
estimated, the Lassie test could be copverted into an assay for
spontaneous mutation rate as follows: after revertant colopies Qere
Counted; an agar plug 39.6 mm? in surface area bearing unreverted
celis were removed from the limiﬁingvmedium plates into one ml of

buffer. The number of unreverted cells/ml (or/plug), N, was determined

by hemocytometer count.” The area screened by the colony counter was

4730 mm?; the ratio of plate area screened to plug area counted was

119.4. Hence the spontaneous mutation rate, M, can be calculated

from Lassie scores by
oM

2N x 119.4

M= = mutation rate per cel]l per division

r



where 'm' is the number of revertants observed on limiting medium,
”mb” is_the‘number of pré-existing revertants, and the factor of }wo
accounts for the presence of twice as many cells (in a stationdry
’phase cultuf;) as there were cell divisicns.

For one experiment a plugAOf a different size was used (Téble 99} ¢
in this case the ratio of plate area screéned/plug area counted was

v

60.2.

o 2. "Mini-fluctuation' Tests

Five-tube fluctuation tests were employed for the gtudies
of forward mutation; and for the isolation of mut? revertants. Five
log phase colonies were picked from*YD medium, guspended in 5 mls

of liquid YD and incubated with shaking at 26°C for four more days
(one clone was suspended per tube). The:growth of each clone was-
considered to be from one cell not ﬁutared for the trait(s) undef v
consideration. I- : the medjian number of mutants per plate could

be directly tfansformea (see Lea and Coulson,1949, or von Borstel,
1978) to mutation rates per cell per generation, without having to

consider initial cell or initial revertant numbers, by using the method

of the median.
L J

Revertants of‘the temperature sensitivity in "ut? strains were
isolated by plating O.S‘ml of the stationary phase mut7 cells from
each tube (washed twice in buffer) onto YD plates at ~107 cells/ml.
The plates were incubated for three days at 34°C for the RO1-%0A
strain, or at 36°C‘forgRO428-6B and 6C. Temperature~resistani clones
were restreaked onto fresh YD and retested at” 34°C or 36°C. Only a

few such mut7 revertantsawere isolated from tnese strains (but see

Table 17).

33
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Auxotrophic mutants were isolated as follows. Stationary phase

cells bearing only one auxotrophic marker, A4isl-7, and mut7 mut8,
; Ca ' :
+ . .
mut7, mut8 or MUT alleles were washed twice in buffer and adjusted

to ~2 x 107 cells/ml. Appropriate dilutions were made to 2 x 108

or to 2 x 102 cells/ml. Aliquots of the 10’ concentrations were

pléted to -his medium and to YD medium (two plates each per tubei to
screen for hisi;7 and mut? reversion. 1 ml of cells from the 10%
concentration were used for Lassie-testing the strains (two 1y his plates,
one -his pigtg per tube) to ascertain mutator phenotypes for each tube.

o

Aliquots from the 102 concentrations were plated to YD medium (five

plates per tube) to screen for viable cells from each strain. ..Thgse

YD plates were incubated for four déys at 26°C, then-replica p?&%%d

to minimal mediuﬁ which was supplemented only with histidine (min + his},
to an altered MC medium containing 20 y tyrosine (tyr) and isoleucine
(ileu) in addition to the usual supplements, to YG medium for thé'
detection of peéite colonies, and to YD platés, which were y -irradiated
to screen for rad clones. Clones which failgd to grow on the min + his

replica plates were then tested twice on media containing histidine

<y

plus one (or t. ' of the eleven supplements preéent in the altered
MC medium, to determine the nature of the auxotrophy.
The -his and YD plates were incubated at 26°C and 36°C for six

days, respectively, and then scored for revertants.
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3. Spontaneous Reversion o higl-7 During and After Log
Phase Growth

For these egperiménts, one YD culture (200 ml/flagk) was
used\per strain tested,?and only higl-7 was screened for reversion.
Aiiduois of cellg.were remoﬁéd at intervals during and after log
phase growth of the éulture; washed twice in buffer, éné adjusted to
be;weén 10.6 and 10? cells/ml. - Where viability was scored, further
dilutions were-made. 0.5 ml aliquots of the adjusted suspension
were then plated to jhis medium; the plates were incubated at 26°C and
scored after three days (and after six days in some cases).g

Rapid assay for stationary phase‘mutation.expression: this
assay required continuous subculturing of log phase (mut8) cells into
"téét tubés containing freshjliquid YD. Subculturing must be initiated
at less than 107 cells/ml. Thé old tube plus YD plus cells was theq,
aliowed to incubate for -three days. The original culture was sampled -
for- hzal 7 rever51on at time’ kero, while the log phase subculture and
the ' drlglnal cuiture were testea after three days' incubation at
26°C, for_d1fferences~;n revertant frequency pe% tube or per plate.
Residual growth of ;elis on omission medium was scored as

reported by Magni and von Borstel (1962).

5]

4. Assays for Sensitivities to Mutagens
Ultraviolet. (UV)_ light irradiation: for{induced hisl
recombination cells were §Ereaked %n YD plates, and exposed to UV

light for 30 seconds, in the dark. The plates were then incubated

35
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in the aark'at 26°C for three days. The UV source was a low pressure
mercury vapour lamp (Sylvania GO3T8); the‘dose rate was 42 ergs mm 2
sec 1, as determined by a Latarjet dosimeter.

Gamma ray (y) irradiation: Strains were routinely spot tested or
replica-plate tested for sensitivity to y irradiation. The radiation
source was 69Co in a Gammacell 200 (A.E.C., Ltd.,). Th~ dose rate was
two krad. /min. Twenty minutes of irradiation resulted in confluent
growth on spots or repli?ates (on YD plates) of RAb+ strains, but

24 .

resulted in nc growth in rad strains, except for occasional colonies

per spot.

Methyl methanesulfonate (MMS) treatment of Growing Cells:
Strains to be tested were spotted at ~10% cells/ml to YD plates
containing 0.035% or 0.07% (V/V) MMS (see Prakash and Prakash, 1977)-

Viability was scored after two and after three days.

E. Diphenylamine Determination of DNA Content
) Sﬁ Jhe=pIOCedure30f-Roth (1974) was adapted for haploid cells.
10 ml samples”were removed from liquid YD culture (initiated as

described in section DS) starting at ~107 cells/ml, washed fwice

~and adjusted to +10% cells/ml. 0.0l ml of cell suspension from

each sample was suspended into 140 ml of a 3% formalin solution #~r
cell counts. The remainder was used for the diphenylamine reac. ,
the yi eld of DNA per AOD unit (595 nm - 650 nm readings) was 122 ugm

«f .a_f-thymus DNA), over the range Of OD readings used in the
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&
experiments shown. All growth experiménts involving mut7 strains were
performea essentially as in section D3, except that cultures were split
into two subcultures after innoculation. One subculture was ncubated at

26°C, the other at 36°C. Reversion tests were not normally performed

in these studies.

F, ~ Isolation of p- Petite Strains

Haploid strains R0428-6C and RO400-10C were grown in liquid YD
cont;ining 10 ug/ml ethidium bromide for two subcultures (Goldring
et aZ., 1970). Survivors of this treatment failed to grow or produce
0" revertants when plated to YG medium. Mitochondrial DNA was not
detected in isolates ffom either strain when these were stgined with
41, é-diamidino, 2-phenylindole (DAPI, Serva), following the

procedurc described by Williamson and Fennel (1975).



RESULTS

A. Phenotypes of Strains bearing mut? and/or mut$§
1. Mutator Phenotype
a. Mutator Activity for Ilysl-I or hisl- Reversion

Previous studies in this laboratory of spontaneous
mutation in mut or rad'mutaﬂts of yeast have generally relied upon datah
from the 1000-compartment fluctuation (or box) *=st (von Borstel, 1978).
This study employed the Lassie test, which made it possible for large
numbers of strains to be screened for differences in hisl-7 and lysl-I
spontaneous reversion scores. With thi$5assay, it is possible to count
independently arisiné.revertants, unlike most fluctuation tests.
Furthermore, two types of revertants may often be screened for on one
lysine Lassie plate; lysl-1 suppressor revertant clones appear white,
whereas lysl-1 locus revertant clones are often red (note that in some

-

strains this redness is not expressed, and hence lysIl-I (red) locus

»

revertants are not noted).

Tabie §a gives mean Lassie test scores forﬂ;pore clones from
cross R088, which segregated for mut7, mutS8, mug;Amﬁt8 and MUT?* MUTET
{which will be éalled'MUT+). mut7 strains were dctermincd by thelir ts
phenotype (section AZ), mut8 strainS by their relaiively “.igh lassie
scores for higl-7 or for hisl-1 reversion (seé'Tables 58, 59, 66’and
61). Both Zysi-l locus and lysI-~] total reversion frequencies have

been noted, as well as higl-7 reversion frequencies. Unless otherwise

mentioned, all Lassie test scores in this‘study have been corrected for
. . "‘b -

o

pre-existing rewértants, by subtracting these (which appear on unsupple-

4

mented -his or -lys plates) from those counted on limiting medium.

38
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From Tables 58-61, IysI-I locus (réd) revertants are enhanced in mut?
strains (t=3.8, p<.01) relative to mut8 (or MUT+) strains, whereas higl-7
reversion is increased in mut8 strain; (t=29; p<.01) compared to mut?

{or MUT+) strains. Otherwise the two mutators are not particularly
powerful by themselves. However, the presence of both mut7 and mut8
results in greater than additive (synergistic) increases in reversion
frequency for both lysl-I and hisl-7, in strains bearing both test
alleles compared to fhose bearing either single mutator locus. Increases
in lysl-1 suppressor revertants (total Lassie test score minus locus
revertants) appear to be additive [21(mut8) + 22(mut7) ~ 31 (mut7mut8)].
The data shown in Table 9a are proportional to 1000-compartment
fluctuation ('box') test data for related stfains (Table éc).

To ascertain that differences in reversion frequencies (per plate)
were not dﬁe to different numbers’of cells on the plate, the following
protocol was used.‘ Plugs of agar-plus-cells were taken from limiting
‘ 'égcdium after limited growth had occurred (revertant clones were avoided),
-and the number of cells per plug was counted by haemocytometer. There

is no difference among strains for cells/plug (equals cells/plate
divided by 119.4), as may be seen from Table 9b. The mutation rates
are the mutation rates to histidine and lysine independ-

M and M

lys hig
ence, respectively) shown in this table compare well with those shown

in Table 9c. The allele higl-1, whose reversion phenotypes in various
strains are shown in Table 9b and Table 11, will be described in detail
in Section A3, where it will be seen that it is also synergistically

enhanced in mut? mut8 haploid or homozygous diploid strains.
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To test.for,the suppression of ade2-1, arg4-17 and trpsS-48,
prototrophic clones from lysine Lassie tests were picked and
replica-plated to -ade and to -arg or -trp plates. The most frequent
suppressors, Type I, suppress all three markers, as well as Ilysl-1I
(Gilmore and Mortimer, 1966). Table 10 gives the numbers of lysine
locus or suppressor revertants for two concentrations of limiting
lysine. Although none of the strains tested with 20y lysine produced
red revertant clones, fhe proportions of locus revertants was as
predicted from Table 9c. The failure to produce a red coloration is
pgobably due to one or more genetic factorS, since the strains
exhibiting red clones on Sy lysine Lassi; test plates were related to
those tested at 20y lysine. The difference is not due to the
concentration of lysine, since many strains do produce red revertant
clones on 20y lysine Lassie plates, but it is affected by adenine
conceqtration (see Schuller and von Borstel, 1972). What is evident
is that all red revertant clones arising on limiting lysine in the

+ .
mut?7, mut8 and MUT strains are locus revertants, and that the latter

are enchanced din the mut7 mut8 strain. Hence, red lysl-I revertants

-

A
are assumed to represent locus revertants on limiting lysine plates,

where observed.

Table 11 summarizes, the Lassie test scores for three homoiygous
test loci jn diploid strains also homozygous for either MUT+, mut7,
mut8 or mut7 mut8. The scores are similar to the haploid scores shown

in Table 9. The data summarized in Table 11 may be seen in full in

Tables 50 to 53.



TABLE 9a: Summary of haploid Lassie scores from cross R0O885§

t7 o+ + +  higl-1 Zyal-l)
+ mut8 hom3-10 higl-7 +  lysl-1

higl-7 N

reversion MUT mut? mut8 mut?mut8

Mean 11.6 26 136 . 659

Standard

Deviation 4.6 1.0 71 145

(§.D.)

“Number (of 7 4 7 7

strains tested

Standard 1.8 0.5 27 55

Error (S.E.) .

lysl-1

reversion* e

Mean ©12.8(1)  35(13)  25(4) 96 (55)
, . N

S.D. 4.1 12 5.2 23

Number tested 12 13 12 14

S.E. 1.2 3.5 1.6 6.3

§ see Table 58
* Numbers in parentheses are those of red (locus) revertants;
see Table 61.

41
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b: Mutation rates (M) of strains from cross RO8S in terms
of (unreverted) cells per Lassie plate

Lysine Cells/ M Histidine Cells/ Mhis
R0O88 higl Lassie plug'4 ! Lassie plug"4 3
Mutator Strain allele score* x 1074 x 108 scorer x 1007 x 10
Tut? 1D 1-7 26 138 7.9 39 162 10
3D 1-1 22 (10) 165 5.6 2 104 0.8
mut8 1C 1-7 25 165 6.3 164 142 48
3C 1-1 19 (9) 1229 3.5 ) 162 1.3
mut7, 3B 1-7 103 106 40 865 122 296
mut8 4B " 77 146 22 752 139 226
,  (Ro400) )
MUT -10C1 1-7 9 (1) 128 2.9 12 1235 4.1
4C 1-1 11 (1) 103 4.5 0 139 <0.3
Average of two determinations 3 Average of four determinations
T A M 'control' or 'tester' strain ) .
¢: 'Box test' mutation rates of strains carrying mut?, rut8
or the double mutant mut’?mut8 (5.K.Quah, unpublished data)
Reversion Rates x 108 at
XV lygl-1 N higl-7
Mutator Strain suppressor lo. -5  Total
mut? 732-28 2.4 2.5 4.9 18.9
rmut8 379-17C 3.9 3.4 6.3 43.2
731-3D 2.1 2.9 5.0 77.5
mut7, _ ‘
Mt 8 379-28D 5.6‘ 19.9 25.5 300.1
Mzt 731-14a 1.3 0.4 1.7 6.1
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TABLE 11:

RO88 haploids$§

higl-7/h1el-7

Summary of Lassie scores for diploids derived from cross

reversion MUT+/MUT+ mut?/mut?  muz8/mut8 mut?mutSﬂwut7muf8
Mean 37 48 173 968 |
S.D.* 7.9 4.9 22 10
Number tested 6 4 8 3
S.E. 3.3 2.5 7.5 6
hisl-1/hial-1

reversion

Mean < 0.4 < 1.0~ 5.3 34
S.D.* 0.6 1.0 2.3
Number tested 8 4 4 «d
S.E.. 0.2 0.5 1.2
Zysl—l(lysl—l

reversion

Mean 15.5 32 - 25 76
S.D.* 4.3 9.0 3.4 14
Number tested .25 18 21 18
S.E. 0.9 2.2 0.8 3.2
lysl-1/1ysl-1 locus

(red) revertants

Mean 1.4 11.9 3.5 44
S.D.* ) 0.6 2.6 1.5 6.3
Number tested 22 19 18 12
S.E. 0.2 0.6 0.4 1.8

§ See Tables 50,51,52 and 53.

* Only S.E.s are shown in subsequent summary Tables. Numbers of

strains tested may be obtained from the (tetrad) analyses 1ncluded

with such summary Tables.
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b. Forward mutation
Strains bearing mut7.and mut8 show synergistic
enhancement of all types of spontaneous nuclear mutation, except

lysi-1 suppressor mutations, which are additively increased (Table 9).

%o auxotrophy in mut? mut8 strains
.~ . %7 5 ’ s +

spontanéqes'forwa;y

greatly exceeds it MUT strains or strains bearing mut7 or

rutd individually. ngle mut@iLs*show some increase over the

- ,2; i
A . ,

MUT+ styain. , - -

A‘red ade” mut .t and a thr met clone failing to complement ‘fiom-
S were among auxotrophs isolated from stra.n RO§§5—SB, which contains
mut7, mut8 and h{sfn?j Two other auxotrophs grew if either
methionine or threonine was added to the medium. A red ade” mutant
was also isolated from the mut8 strain. . .

The RO255 strains were screened for rad mutants in the same
experiment., .One Y -radiation sensitive and one UV-sensitive mutant
werg“lsolated in the double mutator, and one y -radiation SGASitiVé
mutant was found in the mut7 strain.

Data for several types of spontaneous mutation are summarized in
Tables 14 and 15. Except where noted, the median number of'mufants
per ml. of cells plated was transformed appropriately (see Materials
and Methods) using the method of the‘median (Lea and Colson.'1949),
and divided by twice the mean viable cell count for all five tubes
tested, to outaiqia mutation rate per viable celi (observed colony)
per generation. For comparison,.@i81-7 anq presumptive mut7 (ts)

L .

reversion rates are included. .”

. .
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Estimates of plating efficiency (hemocytometer count versus viable
cells) were made in the .R0255 strains (Table 15). To minimize
differences, budded cells were counted as one expected colony. The

mut7 mut8 haploid had a reduced number of observed, compared to

‘expected colonies (means of 291/338; t=3.46, pv.025). None of the

other three strains had significant reductions in plating efficiency.
This result duplicated an earlier observation which had indicated that
a mut7 rut6 strain produced fewer total cells, fewerv”viable cclls and

' . . . 1+ .
lowered plating efficiency, compared with MUT , mut? or mutf strains,

vduring and after growth in liquid YD medium (data not shown). . It

seems likely that this phenotype is common in mut? mutf strains, since
clones from such strains generally take longer to grow, and form
smaller colonies on YD medium.
3

Reduced plating efficiency of a mutator mutant might be caused by
one or both of the following: either lethal forward‘mutations are .
occurring at a sufficient rate to be detected, or existing repair
systems are incapable of coping with lesions "spontaneous ly"
introduced into nuclear DNA, Tesulting in failure of the cell to
di%ide. The latter alone is unlikely becuase homozygougvmut7 mut8
@iploids showed a large increase in 2:2 cegregation for spore
lethality when held in the diploid state for several weeks, compared
with the same cross sporulated within a ‘week of mating. This
phenotype is lso séen in met? homoz}gotes. [spore viabilities for
crosses.are given in TableA3 in the Appendix]. Diploid y1s* clones

picked from Lassie plates (as gart of the experiment shown in

e}
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Iy

fables 55 and 56) were sporulated necessarily after two weeks as diploids,
Here too the muz’/ th?zygotg had large'ﬁumbers of 2:2 segregations for non-
germinating spores, compared to a MUT+ homozygous strain sporulated at. the
‘same time. This type of sp_re lethality is generallf considered to be
due to recessive lethal mutétions.’ Such mutations would result in |
lethal sectors and reduced plating efficiency in.haploids, as was
reported aboye.
Tables 14 and 15 also show spontaneous petite frequencies for the

RO255 hapioids. The large reduction seen in the mut7 strain was also
observed in other mut7 stocks, including RO428-6B. A similar
five-tube test sﬁowed tgat this sfrain had half the number of petftes
observed in thg mut7 revertant R0428—6Br11 (Ho@éver, the sister spore ‘

RO428—6C and its revertant had identical pefite freqﬁenc;esﬂ In

addition, the phenotype varies with growth conditions, sﬁch as phase

of 'growth when sampled? and time in buffer after growth). Since

nuclear petites contribute significantl;{to total petites isolated by
% various techniques (Sager 1972), and sinéé mut?7 m;;S ;Lrains enhance

nuclear mutation, it is possible that the larger numbers of petites

observed in the mut7 mut8 strain RO255-3B were due to nuclear

mutation, out this possibility was not tested.
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TABLE 14: Forward and reverse mutatlon rates in MUT'", mut8 mut7 and C
mut?mut8 strains
! K Type of Mutation - .
Strain- Inviable h181-7 mut7
ROZSS-~ .. Cells Petites revs. revs. A -otrophs -
Median Score, 3¢ -~ T ' -
of mutants */WT* Reo= 02236 32 - -
per ml. of ,',1 - S
cells Platfj/ wgei_;.@;""’-f/‘ 116 3648 - 1
,/ . 4A,‘= ) - ’
A, mut? o= 32 79 . 6 !
N .‘-‘L’" -’ :ﬂf? L Lo
- ! - " .._ ‘ ) W:X'J:“. . ”“MSB . . . .
I S R 7O ) B 62 356 228 < 6.
. 1 ,.f"A' 30 _;,.;'.-_._  - .mut8 . . /
J e §g" . e
‘ Mean No.”/ ‘ 3C+' IR .-
_, of-viable»  MUT 519 833 SSSs - . . 833
,’ clones 1c . x10
;oo ' s€reéned mut8 766 744 - 744 - 744
per ml, : . . 105
4A ‘ x10
mut? 418 804 402_ 402 804 p
s - x10°  x10° R
mut?, 358 582 2914, 291 582
omitg ~ x10® x10%, L
Mutauon ¢ . , .
rate per. mwTt - . .028 8.3 . - -
viable * - c ‘ x10~ ¥
celd, per mut8 -, .017 450, - .0006 **
generation : 10 -8
' 4A , X
_ — g . . *k
mut? s ,.0063:¥:ﬁ Zsig_s 3?%*3 0006 *
3B ) B C x :
- myb?, .024" 1013 1.13 77.68 .0026
mut8  (.20)+ x10 x10~ (.01)+ .
O (7.18 |
R o)

’ 1
* For cell 1nv1ab111ty; expcq;ed~clones (hemocytometer count with
- # budded cells counted as one cell) are used instead of viable clones-
1 calculation based on the rationale of Ogur et al. (1959)

. § " ~ """ total cells, rather than viable cells _

* wx " " the P, estimatiom of Lea and Colson (1949)
ﬁ,u '2“.‘ e BLPR 3 ¥
',g, k] . ¢ .’-
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TABLY 33t Forwerd and reverse wutation in MUT, mmc7, rut8, and nudt7-uitd strains:

five-tube Fluctuation tests e s . #
Ixisting hie’ clones 15
1otal Fraction lxmected Oh ! Pet.- s . arising ¢n -revertunt
cellz of cclls eolomies ¢ .o soloaics revegftants  limating - colonies

21077 buda et deTT 0 w1078 576k gt histidine® xi0-!

H H09 16 525 i 175 33

wtr gy Lt 511 136 32
570 .15 506 5. 145 36
617 13 516 - 5

)
35,

544
565 17 510 556 157

2
2
7
I, 26
5

Maans 524 .18 519 555 154 5

3

1

1.

139 .3
3

2

(rutl; a3, .n9 861 $05 9% - 406.9 269
7j/n .08 734 709 120 T 36.4 279

%8 X 730, (384 132 33.6 201 o
& iz 712 s 103 32.0 285 . o
o34 .15 72 . 872 116 45.4 254 .
Heans 8ol .12 766 744 113 38.9 258
aA. N - -
(7t7) 253 .27 456 469 Rt 7.9 114 .€ ’
524 .29 40% ~301 23 6.2 167 .6 b
553 L21 gk AT 379 21 6.5 145 .2 SR
51i. .23 @ Ali Wy e 5.1 146 1.0
) 48 200 R oy 349 15 10.3 133 N .
Mcans 524 418 40 1t 7.5 147 € v Bl
v s A -
LT :
G 437 .27 243 3l 27 3536 2486 18.2 |
wei?) ASn LG9 349 278 31 477 263y 37.3
Sou .21 334 229 52 340 Ryt PN
{84 . 3% 7349 274 31 293 2445 2758
&n L2200 a1 283 26 395 2473 R
SR 453 .28 338 291 29 ‘iﬁ 2533 2001
Neoboso ave ol per ml, of cuttwe. i - ' S vn
VI o ST A p"rc~'. xiseing revestenis Cin the previous coluw) ¢ v;g« 2

TOoNagess calevlated dasod oa Vi piaic counts and appropriate didntlia fazeocs B

]
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c¢. Expression of Revertants of hiél—? in mut8-1 Strains
. ~ Of the strains studied during the course of this work,
those Bearing mut8 consistently produced large numbers of higl-7 - EIS+
. prototrophs on -his plates as well as on plates with limiting
histidine, when the.strains were pregrown to stationary phase. When
jlate log phase mut8 cells were suspended in buffer and incub?fed¢at ﬁgﬂ
: . o ) . .

26°C overnight'before plating on,—hismedium,ihcreases in‘the”numbers;ﬁ\:J

of revertants ‘per cell were noted, compared to the same—suspen51on

;‘-,1{ E

plated w1thout prlor 1ncubat10n (data not shown). Further i qubag}on.fr>

in buffer resulted in no further increase in the number of rqwbrg&nts,

o,
; >f"

J per cell. When two-day-old statlonary phase mut8 cells were testeg‘

51m11ar1y, there was no such increase.
Table 16 indicates that net residual growth of mut8 strains was
not responsible for the 1ncreased réVer51on, whetheggghe cells were -

suspended in buffer or spread on -his plates. Cellsqéﬁgyvlate log

“

phase (two days..on YD plates) show no residual growth on -his if

previously washed and held in buffer or if ‘uspended cells were

3

direct{y'transferred to-minimal medium. The cells only doubled in
number when transferred directly fo -his plétes.

To detefmine whether the buffer,Aor celldarfest itself was
causing the enhanced spdntaneous mutability, cells were incubaied in
11qu1d YD in log phase and then held in statlonary phase for several

days. Aliquots of this culture were removed, at various times, washed
@ ‘-7.4
twice and 1mmed1ate1y plated on -his medium. The results for mut8

~
are shown in Table 18 and these for MUT? iR Table 17. “The mut8 strain
A} e

- e

-



showed a fifty-fold increase in expressed revertants per cell between

x . o +
early log and early stationary phases, while the MUT strain showed no

detectable increase. The largest increase in hisl prototrophs in the "’

rut8 strain occurred between one and fQo day; in cultu£e &héﬁ total
cells had stopped 1ncre351ng and budded cells had reached stationary
phase levels. Since time in buffer was constant and short'fOr all
sampies, sensitivity of mut8 cel}szgg:muggtions induced by the buffer
would have to beiconfined to the'be;ef time when cells are entering
stationary phase. It would appear, therefore, that the enhancement is
a function of.entry into stationary phase, and probably not due to the
buffer. The data in Tables 17 and 18 also show that increased

- revertants are not due to their preferential vidbility in a dying
culture, since viable cells (as measured by observed colonias) do not

decrease sygnlflcantly after statlonary phase is reached.

Preferential growth of mut8 histidine prototrophs might be

s ) @‘

responsible fer the mutator actiyity of mut8 when the cells enter '
stationary phase. Hdwever,_the‘foliowing three observations ‘do not
support this contention~(nopé that at least seven cell‘divisions would
ﬁ}ifl}O occur per prototroph in stationary phase culture, to éccount

(- ?’ 3
“fop the'increase).
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R R ' &

Cl) mut8 stralns are still mutators in the Lassie test, where il

oy ()‘
_most.pggﬁptrophs at“§e 1ndependently and therefore give r1se to single

,c010nres Prefére:;d§ﬁ HIS cell growth under these cond1t10ns may

lead¥to enhgnced prototgogh clone si#; but not to more clones .
R
e ) 3

IO L T w

-.ﬂgq »
R



(2).. When MUT* cells were taken from a YD culture, incubatéd on
';fihis medium for sinfdays instead of theﬂusual three, and counted after
‘bnfh'three and si® days, no large increases in y1s* revertants per
cell were observed between counts (Table 19). This is true both for
log and stationary phase MUT+ cells. The mut8 strain, however, showed
large increas%§ in HIS* revertants per cell between thrég and six days
incubation on -his medium, but orly in cells taken from log phase
(Table 20:cf.0,6 and 18 hours after innoculation). No snch increases
were observed in aliquots of statlonary}phase mut8 cells plated to
-his medium. The simplest interpretation is that log phase mut8 cellnﬂ
enter stationary phase on the -his plate, and then independently
ekpress iheir’revertants (as in the Lassie test).

(3) Preferential growth of mut8 HIS+ cells does not take place
in log phase Both Tébles. 19 and 20 ( tom Tow of data) show that
mut8 cells ma1ntalned in log phase by subcultur1ng actually show~a
) decrease in revertants per cell at 24 hours, compared to bo;h Eh; time
0 sample and to the 24 hour (early stationary phase) sample.

Hlstldlne feeder revertants: ‘did not cause large increases in
total prototrophs in these ekpefiments (due to crossfeeding). This
can be seen from Tables 19 and 20. Neither mut8 nor MUT" stationary : f%;
_phase"invgls‘of revertants increased between three and six days' B
‘;nCUbatlon on -his plates, as would be expected if significant
crossqud1ng w@y occurr%pg

. When mut8:cells aré ma;nta1ned in log phase for three days (by

e
subcultur1ng). there is no enhancement in revertants per cell over the



zero time sample, while three day, stationary phase mut8 culturés show
the usual increase (Table 21). Interestingly enough, certain MUT+
<~rains ma} show the "mut8 effect' of.enhénced spontaneouskmutabilify
upon entering stationary phase. Strain R0O400-10C in Table 21 shows
some stationary phase increase in revertants per cell, while
RO105-1A, and XV185-6A (Tables 17,18,19 and 20) do not.

It should be emphasized that the '"mut8 effect' has only been

noted for hisl-7 {and possibly trp5-48). Other loci, such has lysl-I1 .

orngbm3-10 do not revert at rates sufficientsto detect the effect on
Lassie tests or on replica plates. It is assumed that this effect
was responsible for the enhanted numbers of histidine revertants

observed (in mut8 strains) on-the -his medium used to detect

pre-existing histidine prototrophs in histidine Lassie tests.
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. 2.7 . Temperature - sensitivity of mut? ' ’a
Crosses involving mut7 have consistently co-segregated
o5 for mutator activity and inability to grow at 34° C when crossed vith

strains capable of growth at this temperature. 'In spite of the small

P

T . increase in mutator activity observed,in mut? versus MUT+ strains, the °
, i o

‘ ts phenotype was found to co-segregate with higher lysine Lassie E j’

..Q

;- scores more than 95Z of the time (see Appendix Table A4 and Figure 8,

.and also>Tables,34,36,37,44 and 48). While,hisgidine scores were
"lnore variable,'these also tended to be higher ié§§é strains (Appendix

-

Figure A2)' Thé-ta'phenotype was’found in mut7?mut8 strains and in

mut?/hut? diploids (data not' shown).

. To ascertain the viability of cells bearing mutator loci mutl to

mut9 or MUT4 loci at different teuperatures, approximately 106

stationary phase cella-were spot—tested at a time for each strain (or
: apont 162 cells from some atraina-were plated) on YD plates. These

were incubated at 5@0 -300, 23° or 18 C for 3 - 4 days (the normal .

-
oy

:rj' incubation temperature was 26 °c). Strains designated mut? did note
form colonies or otherwiae grov at 34° C, but grew as well as MUT

strains at other te-pertturen. ~All. of the other mutators segregated l

4

'away fro- ts narkera ptesent in the original attaina (see Appendix

.

S '!.‘able Al)
Throc ta 'ter-inal phenotypes uere observed.licroacopically

’Vu m stocks. nr.ma. scum bearing mit? asmumed & dumbdell

’ fton?lnlbcy In qthot tc -ttndns eell- baca-n latge ninglc:- (grcater



%,

g

- phenotype. These data are suularizeg.in Table ZS All the rever- -

7 i ' ey
. : L

Figure lAandvTables Zé, 23 and 24 show the cell arrest and loss
of Viabi%ity after 12 hours at 34°C seen in the mut? strain R0O1-90A,
compared with the MUT+ strain XVI85-6A. Both stra1ns were growing
logarlthmlcally in MC medium at the time df the Silft The number
of hisl-7 and Zysl 1 revertants per viable ce11 Qere noted, and B
appeared to 1ncrease in the mut7 cells held at 34°C after nzne hours

However, the numbetp ofvrevertants/plate were less than £fiygl and the

observation has not been re-tested.

Numbers of stationary phase cells did not exceed Sx107 cells/ml

becauge MC medium usually limits cell growth'at lower cell densities,

due to lysine stervetion.
a. Co-reversion of.mut? phenotypee with the s Ph: 10type

. The'cosegregation of the ts enéamutator phenotypes .+ not rule ' .
out the possibility that mut7'might be closely lihked Lo a sep e.
ts mutatldﬁ "To do so, $ pontaneous revertants of the ts phenot 'Qere
selecxed in the mut7 strains 401- 90? R0428 6B and R0428 6C, by plating ~
m107 cells to YD at 34° or 36Ak:§§3§PxiFtng colon1es growing at
these temperatures. Since five- tube*}luctuavlon tests ‘were ;sed
only one such colony per table was plcked; These colon1es were then

-

screened, using the Lass1e test for the mut7-mediated mutator activities

:/dlscussed in Results, part 1. Pll but one fTable 25) had MUT* mutator

\act1v1ty on hlstldine and 1y51ne In add1t1on, the MMS-sensitivity
‘(Nasxm and Brychcy, 1977) and enhanced spontaneous recbmbination

(this thesis) observed in mut7 strains also corevérted with the ts 2

. tants retained the same auxotrophies as were present in the ts parent,

‘h

,‘ehence 1t is unlikely that theSe tevertants ‘were due to contamination.

)



<4 v

Tables 26, 27 and 28 show segregants Y'from crosses of mut7-1, and
. ‘j . R " r .
~ of the ts reverta& mut7-1-1 and mut?-1-2 to a mutg strain. The

o

htyg&cal mut?.guta-medlated synergls,tlc enhancement of reversion in.
: ""»sine Lassfe tests was noted for several segregants
cross (Table 26). Nothlng of the sort wa¥ noted

1n any segregants from the cross of the revertan,t aflele mut?—l 11

-~

&
Jﬂ% All other markers pre,segt in these crosses segregated
g . e
- normally Slmllar results v(gre observed for a smj.lar cross 1nvo.1v1ng

L

the revertag; s{tnm R0428- 63 (nrmt?-]% ;, compare the data in Tahle
. .‘ ‘(
b g, 4 R --'h" -- '

. 58 wa.th é_hose in Appendlx Table AS) - :;g& g\ ;z

o

The cross 1nvolv1ng mut?-] 2 segregated ﬁgr::bxgﬁ' his’tidme

La.ssm test scores: bu’i not for lyﬂgf} Lass1e test‘ scores (Tabre 28)

v - 'k—‘ ‘3.‘ .
= 1nterpret this to be due elther to an mtmgenlc secerﬂl 51te

2

revertant or to some type of L&nked mod1f1er mutat‘i*o‘ﬁ ) “lass I
y Suppressorg do not affect mut?, sx%mﬁ SUPG strains renain
" temperatutre sens1t1ve (data not ?sho' 53 Some support for the

- <) o
¢ wﬁmt;erprefatmn of a 11nked mod1 € :,mutatlon was found in the obser-

,@ vation that white clones (ade , pf);'/freqt,‘renti‘y segtggate‘d'from mu@?

L 4
'

strains with the’abvility to grow maifginelly at 36°C. However, the .

mu‘t7,-1'-2 haploid strg was red in.colour.

Some co-reverti'” enotypes noted in 'l‘able 25 are dealt wiqﬂ\

els}where (see section 83 for lethahty with muts and s;ctwn A3c-
A

‘for mut? nediated rwonbination ehhancenent) 'I\vo other phenotypes

*

. - mot lentioned in Teble 23 eppeer to co-revert with the ta phenotype
o 'lbeu m the doubht phenotﬁ{eiﬁ erved in mt?*

v e



the latter p@notyﬂ 1tse1%‘1$ var1able in ,expressu'm in.certain

T

mut?” strains. L § T )
oy '3 - .
qu ' ' ' . : N ) .

e

b. Terminal Phenotype of mut7 Strams at 36°C - -

As prev1oust gxoted 90 98’5 of.mut? (or mut?/fﬂut?) log

o
phase cells became- large doublets (or occasmnally trlplets) w1th1rl
four hours of shifting thean,ncubatmn temperature from 26°C to 34 C.
(Once other. te mt&ﬁo;ls'héd f:éeén out, the h1gher temperature
= a g~‘.. .
was changed to 36°C) ,_‘,3 : ,' : )
. < :, - a );- v
Prel}.m.mary tests, usmg the e . . at&wody mlthramycm
. 'donated frby Dr. "Belchery Pfiser Co ‘ orwrhe dY{}DAPI .(Serva) suggested {z

that both %ems in a a.qublet cor&mned ru.rclear DNA &&Smce cyt@kmesm

e .
— was.’?gt occurrmg, it was: thought th% cell arrest odcurred before

thiv stage : However, mut? hapi“oz,ds were ca‘p”'ble of forced mé{mg

- en %eae even’ af%er “%en hours of h1gh temperature qn‘éubatlon (Table 29).
3 d P

Although mut? strain R0428 68a cemainly did (part b) A £

i Lc -
’I'hxs observatlon supports the ideas thg% mut? cphses cells to

stop at a ce141 cycle sta“ge resemblmg Mee Dutcher et al.; 1978,

“for f'urthe ),anatlon) and thaf cytok1nes1s is unnecessary for
. o
mut? cells. to obtam access to the matmg type step of the *

T "xv
cell-cycie. The possibility exists that i or a factor is’ epis__tag -

.over the mut7 arrest stage. . Hofvever, it was noted microscopically

that oooblets rellaihed dooblet's at 36°C durin~g mating, so that presumpti\)e
zvy’got'os'"appeared as the'v'ﬁsual :'peilnut"' -phehot j¢ with large cells
attached at one or both ends.. Fimuly, for mut?/mut? 36‘C matings

udo follovinz four hours pre-incubaticm at 36'C, substantlal proportions

of znotas wore obserud lfter four hours of uting. 'nurefore

thit of&ct probably wes not’ duo to ule{ction for vinble diploids;

(j'

PR

% ‘ 65

'*‘ .



e

Since another cell cycle mustant, cded cause§ sensitivity to

Y-irradiation 1f post- 1ncubated at 36 C (Johnston, 1979) it was

possib’ - that mut7 would also 'con ph-enotype'.. Houover, :yhethe:

,hut7 <--ains were irradiated ylth four hours pre or post-incubation

-2

at 36 C, no notable y -sensitivities were observed by spot-testing
on YD plates. " N ‘
s b . ; ' k « .
Since the mut? terminal phenotype resembiles that’of several- -

dds ‘(I:éduced'DNA‘synthesis..}‘(Johnson:f and Gane, 1978) it was ‘tho‘ught N . "
that the mutator locus might be a11e11c to one of the cdc and dds s
= %"

- genes.. However, mut? complements al)‘gs 11shed cde and dds mutants e

.f“' » PR

. for gmwth at ‘36 € (von Borgtel perk couln ) The te phenotype@

- »
) of mut? stralns coreverts with MMS sens;t1v1ty (Table 25) ang so it

- . N
v

U *

is possxble that mut? is allebm to one of the mms. mutatlon,s » '
&) . , t, -

isolated" by ﬁakash (1975). ' : , " .

o
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. Cells/ml qf ‘culture

10

18] : .
o c. Proportion budded cells
| /. e E
SN
d \
\
\ .
°. \
\ o \
1051 R
m"""‘ ) \.ox
. \ A
, VYo
o P
5 1,07 15 - s o 10 "‘1,;
. ’ Time in culture (hours)

Fig. 1. Cessation of ongoing cell djvision, and cellvd'eash in the
mut7 strain RO1-90A incubatd® at 36°C @) vs. 26°C @).. - .
. Bach point represents the average value of four samples.’
- The mut? cells were split into two subcultures; one of ' -
- - these, and a.culture of MT* ce’l,ls'.{ (XV185-6A;0) .wsre'. . .,
* . shifted to-36C after 2.5 hours' incubation at 26 C. ~ - -
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. The genotype

. &;V“
. , . RO1-90A
- * TABLE 26: Phenotypes of spores recovered from cross ROS8 : w731 1)
S (mz}t?—l higl-7 + )
e : +  hisl-7 mut8-1 a
° ‘Growth o
Strain Prototrophs arising** on limiting at Designated ***
ROS8- histidine . lysine 34°C mut(s) ,
1A 116  (22) - 33 0) . + , + muté
® B . 43 9) . 38 (7 - . mut? o+ [
c 70 0 (2) 30 (1) - mut?7 o+ A
D 203 (18) 18 (0) o+ R Y B
2A 19 ) 8 (0, . S
B 813 (166) 285 (2) - mut? muts
C 44 (12) - ~32 (0) - mut? 4+
D 174 (18) - © 32 (0) . + + mut8
3A 146 (49) oS () + + mut8.
. B 57 (2) - B, 27 (1) W . mut’ 4+
C 21 (0) - B4 T(0) 4 R A ,
D 939 ) (151) (16) y&,‘ - mut? mut8 -
w ’ ‘ ) g :I:fs_u . " ‘L . f-f"_
4A 151, (39) gl )(8) - e - + mtg
B . 29 (2) - IR (1) S T I
C 933 ° (166) 185 N » - mut? mut8
D 55 (5) 38 (1) - mut?  +
- 5A 912 ' (254) 200 (3) - mit7 mt8
B 124 (174) 18. (0) + -+ mut8 E
c 35 (0) 30 (0) . - mit7 -+ -
D 29 (2 26 (O) ‘ + HE AR TR
'.“_‘ .es uﬁ . : : ' - " @
** Numbers of prototrophs exlstmg prlor to ?towth on lmnmg medlum :

are parenthesized. _
Plates were scored after eight days.

"It should be noted that in tables indicating the 'henotypes of

- viable spore clones recovered ‘from sporulated diploids , ''spores recovered"
Unless otherwise meationed, each . :
table represents a separate experiment. - D - ,
mut? mut8 is assigned to strains. wrth very high i
1-1, see sections A3 or Bl) and lysl-1 reversion '} - | 3
(strains 2B 3Q, 4C, and ‘5A).: mut8 is assigned ‘to strains which. a
have high histi reversions but. low lysine reversion (strains CT ;
1A, 1D, 2D, 3A, 4A, and 5B). The presence of mut? is associated
with the segregating tenperature Sensitivity (see text)

higl1-? (or hp

™
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TABLE 27 : Phenptypes of spores recovgrgdAfrom.cross RO204:

+ hi81~7).
mut8-1 higl-7

»

PR

. t7-1-1
s
Strain
r0204- histidine
1A
B
C
- D.
© 2A
B
o
3A
B,.-
T C
4A
nB. ‘
C
D
8A
B:“.,
Cai?V .
D " %,
A 194 (179)
B 275 (130)
. C. 10 (4)
D 14 (4)
8A 78 (144) .,
B .29 (3) Q.
C 137 (119) ,
D 18 (1) '
9A 28 (4)
. B 25 (D)
o 146 .(155) .-
D. 181 (80)
10A 146 (120) -
B 29 (3) .
C 16 (2)°
) 175 (208) ~
11A 118 (191)
B 27 . (3)
C . 33 (1)
D 324 (95)

Prototrophs arising** on limiting

lzsine°
16 (0)
34 (0)
30 (0)
29 (0)
13 (0)
16 (0)
13 (0)
11 (0)
22 (0)
22 (0)
L21_(0)
175K (0)
«s;@ (0)
12 ()
19 (0) -
17 (0)
15 . (0)
19 (0)
25 (0)
40 (5)
9 (0)
7 (0)
32 (D)
10 (0)
33 (8)
9 ,(0)
9 . ()
127 (116)* .
36 (1)
23 (0)
12~ (1)
23 (0)
17 (0)
53
18 (0)
11 .5 (0)
17 (0)
16 - (3)

"
RO1-90ATT
- XV731-3D
Growth -
at Designated
34%" ot
o all
- ‘strains ‘g,
grew o

" mut8 e,

1.

7
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TABLE 27: (continued) .' Growth _
Strain - Prototrophs arising** on limiting at Designated
RO204- histidine lysine. 34°C mut ~
124 19 (1 7. (@) all + |
B 143 (137) 22 (0) strains mut8
C 151 (184) 15 (1) grew mut8 ¥
D 20 (0) 21 (0) ' *
13A 15 (3) 10 (0) o+
B 231 . (202)* 17 (0)
C 221 (159) 26 (1) mut8 ,
D 23 (2) 15 (0) + ¥
14A 11 (0) 29 (0) L4
B 95  (233) 26 (0) 5 mut8 .
C * 246 (137) 19 . (1) | ” . mut8
D 19 (5) 7o) +
15A 279 (213)* 40 4 (0)
B 31 (1) ~12 Q) 4+
.C 5 (5) 10 - (1) #
D 192 (37) 20 " (0) ~ mut 8
16A B (3) S100 (0) ‘ +
B 192 (158)* 26 (1) T .
C 31 (6) 11 (0) L4
D 208 (137) 15 (0) mut8
17A 30 (2) 8 (0) +
B . 247 (3) 8 (0) +
o 156 - (127) 16 (1) mut8
D 140 (119) 28 (0) . mut8 |
18A % (2) 14 (0) : S~ _(’
B 218 (16087 © 14 (0) _ mUt8 oo K
» C 7 128 (205) 12 (0) ‘ MULS i3y
DT 14 (3) . 14 (o) + -
19A L 30 (0) " $15 (0) +
B 25 (1) 22 (0). - o+
C 187 (73) 18 (o) - ’ mut8’ .
"D © 78 (187) 21 (1) - mut8 \
LA Plé;gs were -scored ‘after eight days incﬁbat’ion. Numbers-of proto-- -
trophs ekisting prior 6 growth on limiting medium are parenthe-
sized. ' R S ‘ '
. * «"Jackpot' '(In these cases unparenthesized numbers include pre- -
" existing prototrophs.) . i
t 'Tab.lg,s‘&é, 27- and 28 represént datd obtained in one experiment. .
v . R . - ) g‘.") ‘
4 \

&

R

5
‘.

-
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’ . . ) ’ ‘7‘- 4 ) ’ - T ' ’ - r
TABLE 23 : Phenotypes of spores recovered from cross R0208: g—g—i’—_%—g—g
o (mut7-1-2 +  hom3 hisgl-7 + -
¥ mité=1 + . +  hiss D
g . . BICEN
s Segregating Prototrophs arising**. Growth
Strain alleles at , on limiting ag Designated
RQ208-  hom3 hisl hig5 histidine ° lysine 34°C mut(s)
S A - o+ + . v ow? ' 27 (1) all
.. .B . *j‘ +° 5-2 - 9 (0Y- ©(0) - strains .
LG =7 1-7 5-2. ()] w15 (0) 'gl‘_e"’ a " ‘
oD - 1.7+ 6427(2) < 21 (OF C mut? mut8 ?
A e e s 3e0) 18 (0 4 o
f""i’%&“:: B: . + + -+ . J & ;";’ 26 (,0) _’ . o o . _ -0
. c - 1-7 o+ 12 (0) .5 (1) ® S +
‘ D - 17 5-2 .0 0 (0) () T s .
C3A + 4+ + “ 54 (1) 7 ) + k7
‘ § - 1-7 .+ 11 (0) 14 (0) - : + +
+ + 522 8 (0) -~ 21 (0) ’ .
- 1-7 5-2 7 0 (0) 25 (1)

A - 1-7 o+ 17 () 11 + +

B *ha vt ted 13 (0) -

C + + 5-2 15 (1) ~ 19 (0)

D - 1.7 52, . 0 (0) 31 (0)

6A - 1.7 o+ * 164 (9) . 26 (0) +  mut8

B - 1.7 520 0 (0) 19 (0) - L

C -, + + - 5-2 6 (0) 8 (0) B

D + v e ) ‘14 (0) '

A Y ¥ 17 52 . 0 (© ., 6 (0) S B

B - 1-7 Y | 553 .(42) - 29 (1) ,g mut? mut8§ ?

c v+ o .17 (0) ' . .

D . ..+ 5-2. 32 (0) 52 (0) T

8A - 1-7 & . 40 (1) 18y (0) ST S R
B + + . 522 11 (0) 2 F () . :
C : + 5-2. 20 (0) 33 (0) . L ,

D - 1-7.  + 6. (2). . 18 (0): : + +

9A .+ T TR Lo 31 (0 ’ '

B -1 1-7 5.2 .0 g0y 4 (3)

c L . - I (')

D~ - 1-7 5-2 ©~ 0 (0 - 8 (0) . ) .
XV379-20C + 4+, 5-2, 4, 7 . 136 (6) . | mut? mut8
XV185-6A - - 1-7 + - 27 (2) - 22 (0)‘*:«» D+
¥0300-2C ~ 1-7 ¢ - 27 (1)  17. (0) - - . o+
L Tm———— - - B 21 (5) B l’ ‘@) . o - } 5
- Strains were: scqrcd &fter aizht days’ jncubition Nunbdrs of proto-

- trophs oxistin; ptior to growth au lini’tin( lodi.ul are parenthesized.
\ . »,,"- ‘“g .‘ .“" j'-._ . ‘,"_‘..:' | :n ' ‘ -, .‘ o -7.  ! . ’._ ‘
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the change from two genomes per cell in rapidly dividing culture to one

genome per cell as -cellsislow their rates of division. ‘Note that

the DNA content per ceil calculated from these experimentS Closely

resembles other estimates of DNA content per (p+) yeast cell (0.8 X 1010

> .

to 1.3 x 1010; Hartwell, -1970), that the o' mut7 strain appears to

con;aiﬂlmore DNA per cell than the p derivative’(Figure 6), andlless-
DNA per cell than the mrt " strain (Figure 7).

\
\
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"Large numbers of cells are required for the diphenylamine assay,
and so it was necessary to grow thte strains to as close tg stationary
o : 4 . _
phase as possible before starting the experiment. Table 30 and Figure 2

indicate that 411 stocks grown at 26°C attain numbers of at least

hS
-

1.'5xi08 Sefore most cells enter stationary phgse. Preliminar} data
_indi;atéd that wheré‘cell counts were much ldwer than 107cells/mi~
the diphen}lamine regdings Qoﬁld not be reliable.. Thig isvin |
agreement with Roth'(i974).‘ | .
Table 31 and Figure 3 show the effect of 36°C incubatioﬁ’on mut 7
strain\R042856C (p+ and p ). In 6oth strains, total DMA abruptly
ceases to increase after the shift to 36°C? The mut? p straiﬁ‘was
also assayed after ten hours at -36°C, to ensure thét DNA s}nthesis héd'
not halted merely because of temperature shock.
Table 32 and Figure 4 compare’ the p mut7 straiﬁ RO428-6C with
the b- MUT+ sfrain RO400-10C. Again the mut? sfrain”ceas;; gr&wing.and

ceases increasing in DNA content quite abruptly, but here the

- P . s N .
MUT ‘strain does so as‘well, at least momentarily. - It is possible,

then, that the rapid halt in DNA increase is deéendent on some other
factor.  However, it is clear that, once‘hélted, iﬁcreases'ih DNA
contentfdo not occur in the mut? o strain.

\ Figures S'andl6 show the changes in’haplgid DNA content per cell
as éellé approach éhd enter either inyo stationéry phasef or into a

36°C mut7 --mediated cell arrest. .It is interesting to note that the

a 4

i

decline in daltons/cell of DNA seen in all late log phase cells cultured
~at 26°C mimics the decrease in DNA/cell of mut7 late log phase cells
incubated at 36?C. The decreases themselveS‘arévlikely to be due -to

L
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TABLE 29: Retention of ability of mut? strains to force-mate
foliowing ten hours pre-incubation at 36°C

a) Complementatlon of mut7,hisl hap101ds force- mated to MUT+ hsz
Haploids for four hours at 36 °C--growth on -his' plates at 36°C
after matlng

. 3
"‘\

. XV185-6D(a)’ XV185-4A(a)
Pre-incubated for ten hours, at-—1 26°c 36°c 26 36°C
Strain o ‘ ‘ : -
RO255-3A  a,MUT",higl-7 - " . +
-3C a ’ " . + PR S
RO255-1B aput?, hzsl 7 .- B N
-4A a " ‘ + + ¢ .
(RO255-3D  a,mut7,mut8,Kisl-7 | Yo £
-3B o M - \ + </

¢

b) Complementation of a mut7, HoM" haploid force-mated w1th/MUT+

(mut7 reverted) hom3 haploids for four hours——growth on -thr.
plates at 36°C after matlng . _ ' s

~ Precincubated for ten hours, at-- 26°C 269C  36°C  36°C,
' Mated for four hours, at--. 269C 360C 26°C  36°C"
Cross ' '
.
'RO428-6B g mut7-1 . HOM' e e e,
RO478-6CT 12 o mut7-1-12 hom3-10 S, -
‘ - Iy R o
RO428-68"11 a mut7-1-11 HOM' . ...
RO428-6CT12 o mut7-1-12 hom3-10 R

. . MUI”;hiSS—Z Strains

* Diploids from both strains mated under these ‘conditions were
' sporulated successfully (>10%). ‘

76
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'no residual DNA synthesis. However, it was considered that this may

77

’

c. Macromolecular Synthesis in .a mut7 haploid'at 36°C
Once it had been determined that mgt? confers a cde
phenotype on' cells incubated at 36°C, it was worghwhile asklng whether

the cessation of cell division was due to cessathon of protein, RNA

.or DNA synthe51s, or some combination of these Uptake of radloactlvely

labelled amino acids and bases suggested that proteln and RNA synthe51s
continue at thls temperature (Ord unpubllshed von Borstel and
Johnston,'unpubllshed). U51ng the procedure of Johnston and Game

(1978), Von Borstel and Johnston determlned that uptake of label into

DNA in the mut?7 strain R0428-6C, and the mut? mut8 strain RO88-4B

was curtailed, but’did not abruptly‘cease at 36°Cr(unpublished). L N
BrACox (personal comm.) had found that another mut7 mut8 strain had

have been due to the presence of other #s loci in the strain (see

section A3a). -Thevexperiments of von Borstél and Johnston weren't

L _
‘performed under 3H-uracil pool equilibrium conditions, and 50 one

might have expected continuous (if reduced) uptake of H3- urac1l 1f

reduced. DNA synthe51s or DNA repair was occurring. To resolve the
quest1on of whether total 'DNA was increasing in mut7 cells held at
36°C, the dlphenylamlne assay descr1bed by Roth’ (1974) was used, and
adapted for hap101d yeast . Since it was p0551ble that mltochondrlal

DNA synthe51s mlght also have been affectlng thg uptake experiments,

’ and that thlS would 51m11ar1y affect the dlphenylamlne assay,

presumptive p stra1ns were 1nduced (two subcultures in ICug/ml

ethidium bromlde) from the mut? stra1n R0428-6C, and the MUT stock "

g

RO400-10C.. - - - ©

*



TABLE 30 : Ongoing cell division in p* and p~ derivatives of mut?
and MUT* strains incubated at 26°C

Hours Total  Proportion 'Number
after cells/ml. of budded of cells
Strain innoculation of culture cells’ counted
RO400- . 0 . 4.7 x 109 0.74 ‘188
10C, 2 1.3 x 107 0.77 - 1262
MUT 4.7 4.7 " 0.77 466
et 7 9.5 " é 0.60 190
9 2.1 x 10 0.48 428
11 3.4 " 0.36 712
19 3.8 " 0.06 384
RO400- 0 2.4 x 108 0.78 ¥§5
10C -2 4.3 " . 0.76 425
muTt 4.7 8.6 " 0.74 431
0~ 7 1.9 x 10" 0.67 379
9 3.4 " 0.63 670, '
11 6,3 " o 0.58 625 R
\ 19 3.5 x 10 0.19 347
RO428- 0 2.3x10%  0.93 - 922
6C " 2 4.5 " 0.80 445
mit? 4.7 1.4 x 10 0.91 1392
pt 7 3.3 " 0.88 330
9 4.6 " 0.73 - 457
11 1.3 x 108 0.77 1318
19 1.8 0.95 1824
RO428- 0 2.5 x 10° 0.89 986
6C 2 4.5 " 0.89 447
mat? 4.7 8.4 ", 0.77 422
o 7 2.2 x.10 0.80 444
9 3.7 " 0.71 739
11 6.8 ™ 0.83 683
19 4.2 x 108 0.82 ° 419
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f'rFig_. 3. Cessatlon of net DNA 1ncrease as measured bv the dwhenyl—

amine reaction ( average of two samoles/pomt), and of cell
'duéls:.on in mtg p cells, compared with mut7? p~ cells,,
36 C (@ vs. 26°C {@). The cells fron
.Spllt into two subcultures, one subculture from each strain
was shifted to 36 C after twe hours iz Puba+1on at 26°¢ -

farrows)

each strain were
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 ’FIg..4. Cessation,of net DNA synthesis ésmeasurgd by the diphenyl- .
: . amine reaction (average of two samples/pointl, and of cell
. divis%on in mut?;po cells, compared with MUT", p cells,
at 36°C @) vs. 26°C (@. The mut? jp,e,lls.}lere split into
two subculturgs; one of these, and,the’MUT_ygultugé were
shifted to 36 °C after two hours' incubation at 26 C
(arrows). ' -
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) &
x - » .
3. Spontaneous Mitotic Recombination - .
. . ' . ) . o
~a., Introduction of higsl-1 into a mut? Strain

) d
Although the mut? strain ROl- 90A coreverted for

temperature sen51t1V1ty and mutator phenotype none of the revertants -

£l

isolated at\\4°9 would grow at 36°C, and attempts to isolate revertants
] - N : A : » A

at 36°C were unsuccessful. It was'assumedbthat the'strains‘earried at
least one other,(36°C)btemperature Seneitive factor, as did.all,>
other XV stocks tested. A MUT" stock KC179-15A (Tables 1 and 2)-
which grew at 36°C was crossed to ROl-QOA to attempt to eeparate’J
the;other temperature sensitive lociqfrom mut?l'

kC179a15A carried the mutantvallele hisl-1, which'rewerted,at a
low rate in the La551e test The.allele‘is believedftoihave been

4caused by a frameshlft mutation (Magn1, 1963) As canrbe seen in
< .

Table 33, the d1p101ds RO400 (KC179 lSA/ROl 90A; MUT /mut?, hzsl 7/ht81 1)
' RO417 (55179 1SA/R01 90A; MUT /MUT whisgl- 7/ht81 1) had hlgh La551e L

scores for histidine rever51on presumably due to 1ntragen1c
<3 . .
recomblnatlon between the two htsl alleles The spontaneous rever51on
&
rate for lysel-1 in the d1p401d stralns was approx1mately that of the

~

MUT haploid strains. -

Thisﬁenhancement of histidine prototroph”formation wa3~found -

t

to be cons1stent for all heteroallellc, non mutator d1p101ds tested
(see Sectlon A3c),,w1th h1st1d1ne La551e scores of between 60 200

prototrophs per plate, as compared w1th sizres of 10~ 20 for

hzsl-?/bt81-7'stra1ns and of 0-2 for htsl /hisl 1 non- mutator d1p101d

@

strains (see Tables 50 to'53) Thls result pq§atgd the way toward a’

useful assay for measurlng spontaneous recomblnatlon in mutators—-another
o A ~

. -
parameter of DNA Tepair. R :

Yo



89

Tetrad analysis of strain R0400-(Table 3;) indicated that two‘otﬁer
ts markets were segregating, besides mut7. Both had terminal phenotypes
whlcﬁ were recognlzable under the m1croscope The ""tex' straln
resembles the "cdcll” terminal phenotYpe (Hartwell, 1972), while "Esy "
epores become single cells two or‘three times the diameter of’cells
maintained at 26°C. CelIs bearing tsx b'r tsy wevre able to divide a few,
tlmes before growth ceased but the ts phenotype was clearly dlscernible
on_;epllca,plates incubated for two days at 36°C. These strains’ could
gtili grow at 34°C, while mut?ébearing strains could not. (

. To e11m1nate tsx and tsy from the mut7 background the follow1ng
protocols were employga//ﬂ;he first, summarized in Table 35 (and Tables .

36-48), determined whether any strain carried another'ts-locus. Then

the mut7 locus was outcrossed until no other ts markers segregated.

b. Properties of the hisI-I eliele

The procese of eliminating the ts ﬁutations'genetically
.permitted us to eﬁalyse reversioﬁ-of the htsl—l allele extensiveI; |
fThbles 36 to'48) | Table 36 shows the segregatlon of mut? and
hie1;7 Tables 37 and 44 show the lack" of effect of mut?7 on hzsl 1
: straihs (a mean of 1.3 rever51ons>per plate compared4w1th 0.9
_reversions per piate for MUT+'strains Can-be‘calculateg from the data
in Table 37). In Tables 38,39 and 45, the hisl-1 allele can be seen to
segregdte 212, as a low histidine Léseie seore,ffrom'the hiel—? ot the_ve
’HIS+ alleles in homozygoﬁs MUT+'stTains

The hzsl 1 allele was then analysed in a mut8 and mut? mut8

' background Table 40 shows the usual.effect of mut7? and/or mut8 on’
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) i e
higl-7 revertability. However, in Table 41, note that the hisl-I

Lassie scores in RO406-3A and 4B (which presumably are mut 7 mutS)'

v

appear to show greater than 20-fold erhancement over what would be
expected in MUT or mut7 homozygotes. It would seem that the double
mutator mutant .acts synergisticayly_on_his]—] (see also Table 58) .
Heteroiygotes for mut8/segregate‘for_high his1-7 mutafion
(Table 425. In crosses hetereallelic for hislvand heterozygous for ,l
mth alone (Table 43); the higher AZsI-1 reversion noted in Table 41
is seen again. Crosses 105 and 108 (centrol_orosses for.mutator
allelisms, Tables 59 apdv60)_confirm that mut8 does cause a five-
to six—foid enhancement of hisI-I Lassie reversion. Homozyg051ty for
mut?7 has no effect on the segregatlon of the his1-1 phenotype (Table 46).
Other loci segregating in these crosses have been included in
several tables. ecryl, in the,hdmozygous eondition hasvbeen found.to
enhance spontaneous reversion of lysi-1 (Morrlson, 1978). blThe.preSence.
of thlS marker appeared to have no effect. on any haplold stralns
tested here (Tables 38, 39, and 47) Slmllarly, adéZ, a marker
affecting DNA metabollsm doesn t seem to influence reversion scores

(Tables 38 and 47).

~ : ' e o ‘
The segregation of hisl-7, hisl-1 or KIS1 alleles doe; not

L ' . ' + L
~ appear to affect reversion of Zys&—l in mut?7, mut8 or MUT strains.

[The other auxotrophic loci .also have little effect on mutation., . When

stocks cohtaining,eply‘hi31-7 were constructed for auxotroph mutation

studies'(see section Alc), the absence of other markers appeared to

have no effect on higl-7 rever51on (data not shown) . ]



Tables 47 and 48 describe the. phenotypes of tetrads segregating
- N \ -

only for mut7, hom3, hisl, and arg4. These tables may be useful

for reference when comparing crosses of mut? to. other mutators.

a
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/ TABLE 34: Phenotypes of spores recovered from cross R0400
T (ut? hom3-10 hisl-7 y 7
+ L+ htgl-1
Segregating Prototrophs arising** - Survival
Strain allele at on limiting at Designated
RO400- ocryl* hom3 histidine lysine 36°C 34°C  mutator
24 + o+ 0 (0): 54 (1) - - mut?
B + + 2 (o) 64 (2) - - mut?
C - - 37 (3) 8 (0) '+ + + .
D - - 55 (0) 13 (1) + + F
3A + - 56 (0) 15 (0) - + +
B - + 1 (0) 12 - (2) ; + +
o - - 69 (0) 29 (0) - - mut?
D + + 0 (0) 60 (0) - - mut?
4a° + - 18 (1) ia (2) /- o+ +
B + - 30 (1) 8 (0) - /- +
cP - + 7 (0) 29 (1) - - mut?
p° - + 1. (1) 14 (© - - mut?
5A + + 2 (0) 12 (0) - + +
! ' + 3 (0) 61 (0) - - mut?
C - 11 (0) 11 (0) +
D - - 50 (4) 33 (0) - - mut?
. 6A + - 66 (4) 40 (1) - - mut?
B + + 1 (0) 45  (0) - - mut?
C - + 0 (0) 15  (0) +/- + +
D - - 21 (1) 12 (0) - + +
7A - - 135 (3) . 53 (3) - S - mut?
B - - 26 (0) 12 (1) + + .
- C + 0 (0 46 (48) - - mut?
‘D. + + 1 (0) 18 (0) + + +
8A + - 106 (5) - 69 (0) - - mit?
B - + 1 (0 54 (0) = - mut?7
C - 16 - (0) 11 (0) +/- o+ +
D + 1 (0 7 () .+~ o+ +
9A + + 0 (0) 35 (0) - - mut?
- B - + 1 (0) 69 (0) - - mut?
C + - 38 .(1) 10 (0): + +
D - - 22 0 - - + F

(9
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‘ -
TABLE 34: (cantinued) ’
o Segregatingu Protbtrpphs arising** Survival
Strain allelgs at on limiting , oat o Designated -
RO400- crylx h0m3 " histidine lysine + 36.C 34°C mutator
B .,) . . ’
104 . R 105 (8) 50 (3) - - mut? ~
B(hig') + + 10 (1) o+ +
C - - 13 (1) 10 - (0) + + +
D - T+ 2 (O 70 . (1) - - mut?
11A - + 0 (0) 14  (0) - + +
B + - 82 (1) 43 (1) - - Cmut? i
C + - 46 (1) . 13 (0) + + +
D ‘- + 2 (0). 69 (1) - - mut?
: . o o '
124+ . - - T30 . W (1) + + +
B - - - T9R(3) 38 (2 - - - mut?
ct + + . 38 (57 14 (0) +/- +° 4
D + + 1), 51 (1) - - mut?
13A B + 1 (0" 14 (0) P +
B o - 8 (4 43 (4) - - mut?
c . -+ 2 (0) 105 (1) - . - mit7
D. . .+ - 25 (0) . 7 (0) + 4+ ¢« F
14° T 75 (5) 23 (0) - - mut?
B + + 0 (0) 15 (0 - + - +
C - “+ 0 (0) - 52 (0) - - mut7
D 4 - 16 (0) 10 () - - o+ S+
154 . L0 6 (0. - = B
B - + 4 (0) 71 (0) - - mut7
c - - - 64 (1) ' 45 (0) - - mut?
- D + - 53 (1) 11 (0) +/- + +
A o+ -\ 27 a7n 15 (0)  c+ o+ +
"B + + 0 (0)y 14 (0 + + 4+
C e - 73 (5) - 35 (0) - mut?
D - o+ 2 oy 44 -4 @ - - Cmut? -
& A P

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
medium are parenthesized.

These strains failed to grow when plated on YG medium -

t - Recombination has probably occured between hom3-10 and hisl.

" * Note the failure of segregatlng CTYp liopleurlne resistance to

enhance spontaneaus reversion in MUL or mut? haploids.



TABLE 35: Temperatufe-sensitivities in tetrad R0400-8 -- a
Complementation Matrix and its interpretation

"A.  Strains crossed and dipfoid; created.

' RO400-8A R0400-8D  XV731-3D

mut? mut? mut8
 RO400-8B RO411 RO409 - RO406
mut7. v o
- RO400-8C ' RO412 ~ R0O410 - - R0407
mut+ . - ‘ . . -
XV731-10A RO405  .R0408
mut8 '

\

B. ‘Complementation at 36°C.

RO400-8A RO400-8D  XV731-3D

Ry , .
RC400-8B ‘ /b ~* - -
. . RO400-8C  +/- + s
XV731-10A + - -
C. Interpretdtion: let tsx and tsy be two temgerature—senSitivities’
: ' - which curtail growth at 36 C, but not at 34°C.
RO400-8A RO400-8D XV731-3D
mut?7 tsy tex tsx
. / .. 4 ’ b‘
RO400-8B Cmut? tsy +  _+ tsx  _+ tsx
mut? tex - - - mut? + tsx mut7 8T  myt7 tsx
RO400-8C  mut7 tey tex _+  tem - _+,
tey . .+ tsy +  tay +  tay
XV731-10A ‘mut? tey +  tsz . téx
tsx L + . + tsx tsx - tex

* Strain RO411 (mut?/mut?) also fai%ed to grow at- 34°C.



TABLE 36: Phenotypes of spores recovered from cross RO401
ﬁwut7 hom3-10 higl- 75
<+ > 4 .

B

Segregating‘b Prototrophs arising** * Survival

Strain alleles at on limiting _ at Designated
R0O401- homﬁ htgl histidine lysine 36°C 34°C mutator
: / : . - — _
1A - - 89 (2). 41 (1) - - S mut?
B + + - o 47 (0) - - mut7
C + + ST 18 (0) - o+ -+ s
D . - - 62 (7) 16 (2) = + . +. - +
20t - + T , 9 -(0) + o+ K +
Bt + - 12 (0) 33 (0) - - mut?
. C - - 29 (1) 6 (0) - + *

D + + v ©31L 0 v - - mut?
3A - - . 84 - (0) 446 (0) - - - mat 7
B + + . - 21 (2) o+ + +
C - - 47 (1) 9 - + +

D o+ A7 - (0) - - mut?
4A .- - 33 (0) 11 (0) - + *
B + + . 13 (0) . + + o+
C + + 55 (2) - - mut?
Du - - 135 (5) 45 (- -7 - mat?
5A - - 24 (0) 17 (0) v' + + +
B + + ' - 21 (D + + . + -
o} - - 94 (2) 59 (0) - - mut?
D * 56 (0) - - mut?
6A + + 44 (0) N - \ - mut?
‘B ] + + 21 (0} - L +
C - - 29 (1) 19 (0. +. . 0+ +
D - - 105 (2) 58 (1) - - mut7
7A + + ' 11 (0 + + +
B - - 54 (O 31 (0) - - mut?
c - - . .81 (0) 52 (0) - - mut?7
D + .+ o 14 (0) . - + +
8A - L 13 0y o+ T
B + + - .61 .(0) - - mut?. -
C - - 31 (0) 17 (1) + 4 +
D: - .- 69 (0) . 42 (0) - - T omut? .
9A - - C 37 (2) .13 (0) + + +
" B - - - 84 (8) 42 (0) - - mut?
C o 31 (0) s E
D + + 64 (1) - - S mut?



TABLE 36: (continued) . : o
. Segregating - Prototrophs arising**  Survival .
Strain alle‘les"at on limiting 0at o Designated
RO401- hom3 "higl histidine lysine =~ 36 C 34 °C mutator
10A e 80 (1) ' - - mut?
B + + ' , 23 (0, ¢ + +
C - - 102 (3) ° 33 (1) = - - mut?
D- - - 27 (D) 8 (0) - + +
11A - - 99 (1) 69 (0) S - 7
B + + 48 (0) - - mut?
C + + : 15 (0) -+ .+
D - - 30 (0) 10 - (1) + T+ T
12A - - 39 (1) 12 (0) + . +
B R ' - 52 (1) - T - mut?
C T+ + 76 . (2) . - - mut?7
D - - 15 (5) 9 (1 + o+ +
13A P o . - —va
B . + + 11 (o) - + .+
v - - 21 (0) 14 (0) - - mut?
D L. 28 (0) 0 23 (. @+ . *
- - . . ' J
14A . e 21 (0) - R o
B - - 108 (3) = 45 (0) - - mut? .
ct - - _ 14 (0) - L
Dt + - 93 (3 55 (1) -7 - mut?
ISA =T - 39000) 7 () - o+ 4
B + + - 73 (0) - - mut?
C - - 132 . (3) . 54 (1) . - - mut7
D + + S 170 (0) - + +
16A 4+ , 56 (0) - - mit?
. B. o4 _ 55 (2) - - o omut? -
.C - - 19 (3} . 14 (0) - I +
D - - 46 (0) 6 -(0) L
17A e 21 (0) P R .
B - = 47- (0) 4. (0) - s mut? '
C ¥ 00 ( 22 (0) - - * T
D o= 109 (0). y60 (1) - o - mt?
'18Aw' o+ ' 52 (0) - - mut?
BY - 57 (0)- 30 -(0) - - - mut?
c - - 15 0) 12 (0) - + + S 4
D A ‘ 27 (0) P * : +



¢ 16 .

TABL (éontinued) -
Segregating Prototréphsfarising** Survival .
- Strain alleles at on limiting L Designated
RO401-- hom3 higsl histidine lysine 36 C 34°C mutator -
19A + 29 (0) + + +
B - 149 (138) 65 (2) - - mut?
c - - (0) 13 (0) + oy
D + . 56 (1) - = mut?

208 - ) 25 (0) : - mt?
B - 0) 11 (0) + + o+
C + 19 (0) + s A
D + 39 (0 = - mut?

**  Numbers of prototrophs existing prior to growtﬁ on limiting

medium are parenthesized.
T:'hom3 -higl recombinants -
¢ slow-growing iyralns



TABLE 37: Phenotypes of spores, recovered from cross R0402

mut7? HOM' hisl-1
O WO hie1D
, Prototrophs arising** Survival
Strain = - ~on limiting. ' at’
RO402- histidine lysine 3% 34°C
1A 1 (0) 9 (0) | o+ +
B 0 (0) 41 (0) - -
- C, ~ 0 (0) 10 (0) + +
D 0 (0) 56 (0) - -
20 1 (0 ., 28 (1) - -
B 0 (0) 10 (1) + +
C 0 (0 - 15 (0) - +
D 300, 67 (1) - -
3A -0 (0) 57 (1) - -
B 1 (0) . .12 (1) | 4/- -+
C 0 .(0) 4 (0) + +
D -5 (0) 60 (0) - -
a4 1 (0) 60 (6) - -
. B 0o (0 39 @ - - -
c 2 (0 11 (@ ., o+ +
D 0 (0) 16 (0) + +
© 5A 2. (0) .56 (0) ‘
B 1 (0 - 19 (7D
C 2 (0} 68 (0)
D 1 (0 . 12 (0)
6A 0 (0) 20 (0)
B 2 (00 - 19 (0)
Cis 4 (0) - 41 ()
D 2 (0) 48 (0)
(A 0 (0) 40 (0) | - -
B "1 (0) 39 (1) - -
" C 0 (0) ‘14 . (0) . FREr
D o © 17 (© £
“8A° 2 (0 6 (0) £
B° 0-(0) - 40 (0) - -
C S0 (0) 11 (0) + +
D 1 (0. 23 (0) - -
TR S0 (0) 38 (8) - -
B 0. (0) 15 (0) - +
C 0 (0) .46 (7). - -
D 1) 20 @+ o+
B TV S () T () B
. - B 1 (0) - 14 (0) - o+ o+
C 1 {0) 44 (0) - - - -
D 1 ' o+

© . 8- -

Designated -

mutator

+
mut?

+
mut?7

mut7

+

+
cmut?
Comut’?
- + ‘

+
mut?

mut?

mit?

+ -
+
mut?
+
mut?
+
.
+

mut?
mut?

mut7
S mut7

ut?.

?mut7"

mut?

mut?

Mt 7

| mut?
+ .

i
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TABLE 37: (continued)

Protétrophs arising**

e

. R Pre-éxiéting protgtrophs are parenthesized.

* 'Jackpot!' -

p. Strains unable to grow on

YG medium. -

. Survival :
Strain" on limiting a Designated
R0402- histidine lysine 36°¢c 34°C mutator
11A 0 (0) 14 (0) + + +
B 0 (0) 55 (0) - - mut?
C 2 (0) 39 (0) - mut?
D .1 (0) 8 (0) - +
12A 2 (0) 58 (0) - - mut? -
B - 0- (0) 39 (0) - - mut?
c? .2 (0 21 (0) . -t
D 0. .(0) - 11 (0) .- + +
13A 4 (0) 70 (2) - - mit?
B "3 (0) 58 (0) ~ - mut?
- C 0 (0) 11 (0) - - + +
D 0 (0) - 4 Q)" + o+ +
14A 2 (0) 55 . (0) " - - mut?
- B 1 (0) ~ 5 (0) . + + +
C 2 (0) 68 (0) mut?
D 0 (0). 14 (0) +
15A 1 ¢(2)* 22 (1) - - mut?
B 0 (0) 23 (0) + + ¥4
c? - 12 (0). 9 (0) + o+ e
D -1 (0) 31 - (2) - - - mut?
16A 2 (0) 45 (1) - -  mut?
B 0 (0) 9. (0) + S+
o 3 (0) - 26 (0) - - mut?
D 0 (0) 7 (0) - o
17A 0 (0) 28 (0) - - mut?
B 0 (0) 11 (0) + +
C -1 (0) 39 (0) - - mut?
D 2. (0) 17 . (0) +/ +
18A 3 (0) 125 (0 + + +
B 0 (0) 18 (0) PO +
C 1 (0) - 28 (0) - - mut?
D 1 (0) 29 (0) - - mut?
19A .17 (0) 13 (0) + + +
C B 1 () 56 (1) - - mut?
C. 0 (0) 12 (0) - - Cmut?
D 0 (0) 14 (1) + #
20A 1 ()* - 15  (0) + + . +
B . 2 (0) 11 (0) + + .
C 1 (0)" 53 (0) - mut?7
D 0 (0) - " 15. (1) - - mut?

100



101

TABLE 38:: Phenotypes of spores recovered from cross R0403
| :%UT+ hom3-10 hisl-7  +

¥ F  Fisi-1)
o Segregating .Prototrophs arising**' Survival Segregating
‘' Strain alleles at on, limiting 03t o. . alleles at
RO403- hom3 hisl histidine lysine’ 36 C 34C cryl ade2®
1A 411 1 (0) 11 (3) o+« e
B - 1-7 18 (6) 14 (0 -« + -
C - 1-7 24 (19) 15 (0) -+ - -
D 1-1 -2 (0) 19 (1) + + +, +
24 + 141 2 (0) 15 (00 + o+ 4 +
B - 1-7 26 (0) 35”,(27)* - - -
- C - 1-7 31 (0) 10 (0) + + +
D v 1-1 1 (0) 17 (25) + -
A S 17 13 (0 - 6 (0) -+ - +
B + 1-1. 0 (0) - 14 (1) + + + -
Toc o + 1-1 0 (0) 20.. (0) - 4 + -
D - 1-7 6 (0) 11 (1) + % .
M o+ 141 1 (0) 9 (0) o+ o+ - -
B, - 1.7 21 (0) 7 (0) - o#/= 0+ + +
; CT" « = 1-1 0 (0 15 (1)  +/- + + -
b 1-7 14 (0) 11 (1) . + + -
~ 5A 11 0 (0) 17 (0) o " N
B - - 1-7 34 (0) 12 (0) -+ + -
C 1-1 1 (0) 14 (0) " + - -
D - 1-7 9 (0) " 4 (2) + -
* %

Numbers of prototrophs existing pr1or to growth on 11m1t1ng
medium are parenthesized. -

'Jackpot' (In these cases unparenthesized numbers 1nc1ude pre-
: ‘existing prototrophs.) :

t .hom3-h181 recombinants

D4
-



TABLE 39: Phenotypes of Sporés récoyered from cross R0404

(MUT+ HoM3T hisi-1 ) S
MUTT™ HOM3T + o - B . .

102

Segregating Prototrophs .arising** Survival ;
Strain alleles at - on limiting B o oqt o
R0O404- ~ cryl hisl ‘histidine lnghe 36°C 34°C.-
1A - - 22 (0) 13 (0) -+
B + 4 : . 27 (5) + +
C o ar + o+ - T10 (1) R+ -
D - - 1 (0) 17 (1) - - ¥ R
2A + - 2 @ .15 (0) o+
B + + 23 (1) + +
o - + .22 (0) B +
D - - 3 (0) 14 () | = +.
3A LR ) 17 0 +/- o+
B ST o ’ 10 (2) .. T+ +
C + -, ©2 (2% 19 (0) - +
D - - 0@ 11, o+
4A - o+ . , 15 (0) . .
B + - 1 (0) 96 (1) - - +
c- - - -0 (0) 14 0  + - +
D ' < 9 (0 R
5A o+ T T e (0) IR .
B LA 1 21 (0). - +
o - - 2 - (0) 14 (0 - + +
D - - 1 (- 11 0 =+ +
. 0 i : : . . ‘ ) v o :
** Numbers of prototrophs ex1st1ng prlor to growth o$~11m1t1ng R

medium are parenthesized.

'Jackpot'(In thes& cases unpafenthe51zed numbers include _pre-
ex1st1ng prototrophs ) '

-



TABLE 40;

Straini
RO405-

1

YU Ow B oan wfb‘

(38
Qw P>

4A

Ow

o0 w>

103

N

Phenotyﬁes of spores recovered from cross R0405

(mt? _+_hom3-10 hisl- =7y \
-+ mut8 hom3-10 hisl-7 _ y
Prototrophs arising** Survival S
on limiting , oat o De51gnated
- histidine lysine 36°C 34°C //mutator(s)
19 (0) 8 (0) , + + + 4+
841 (260) 75 (4) - - mut? mut8 -
947 (117) 96 (11) . - - mut7? mut8
32« (0) 7° (0) + + _ + o+ .
254 (18) . 24 (0) - s + mut8
67 (0) 38 (2) . - - mut? -+
870 (107) 103 (2) - - mut7 mut8
435 (445)* 10 ~(0) + 0+ ‘ + +
24 (0) 8 (0) P o+ 4
139 (13) 18 (0) -+ + mut8
78 (7) 32 (0) L= - mut? o+
24°(18) . 10 (0)° o+ o+ T
87 (13) 22 (0) R o+ mut8
989 (220) 98 (14) - = mut? mut8
S 31(0) .14 (0) T
340 (15) 94 (5) - - - mut? mut8
155 (10) 12 (0) e T mut8
T mut? -t

30 (5) 41 (0) - -

**  Numbers of prototrophs ex1st1ng prior to growth on limiting
‘ medium are parenthesized!
* 'Jackpot' (In these cases unparenthesized numbers include pre-
“ex1st1ng prototrophs ) ¢

[2]
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- TABLE 4L . Phenotypes of spores recovered from cross R0406

dnu s + hisl—l)
+ mutB hom3-10 hisl-7 +

Segregating Prototrophs arising** Survival

Strain alleles at on limiting at. - Designated
RO406- hom3 hisl -histidine . lysine = 36°C 34°C mutator(s)t
1A - 1-7 541 (423)* 5 (0) - + +
B +  1-1 8 (0) 18 (0) - ¥+
o - 1-7 33 (0) 10 (0) - - mit?  +
D 1-1 0 (0) 25 (0) @ - - mut?
2A + 1-1 0 (0) 17. (0) =+ +
B L 1.7 23 (0) 137 (0) - - mut?7. 4
C . - 1-7 1410(108) 71 (2) - - mut? mut8
D - 1-1 8 (0 - 25 (0), - + +
3A +  1-1 76 (2) - 102 (4) - - mut? mut8
B +  1-1 S .2 (0) 11 (0) -+ +
C - 1-7 142 (6) 24 (0) o+ + + mut8
D - 1-7 18 (1) ~ 12 (0) . - - - mut? +
“4A - 1-7 126 (13) 7 (0) - + + mut8
B o+ 1-1 67 (0) . 105 (37) - - mut? mut8
C +1-1 0 (0) 6 (0) + .+ +
D - 1.7 - 50 £4) 43 (1) - - mut? o+
. 5A +  1-1 6 (0) 21 (0) + + +
B + 1-1 . 4 (0) 3 (2) - + +
C - 1-7 64 (2) - 28 -(1) - - mut? o+
B\ - 1-7 15 (0) 6 (0) ~ - - mit?  +

>
*

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng

medium are parenthesized.

'Jackpot'! (Inthese cases. unparenthe51zed numbers include pre-
" existing prototrophs.) ) ,
t mut? mut8 strains are determlned by Zysl l reversion and
~temperature sensitivity. . , :
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TABLE 42: Phenotypes of spores recovered from cross R0407

+ hom3-10 hi31-7)
gﬂut8 hom3~10 his1-7

. . Prototrophs arising** Survival
Strain on limiting 03t - Designated
R0O407- histidine -lysine 36°C 34°C _mutator. .
1A 49 (3) 10 (0) . +
B 28 (0) 12 (15) - + +°
c 214 (16) 11 (0) + mut8
D - 269 (12) 13 (0) - + mut8
2A 279 (68) - 12 (0) 7= C* mut8
B 226 (1) 14 (0) . + + - mut8
C 14 (0) 7 (0) - + N
. D 24 (0) 6 (0} - + +
A 178 - (12y 18 (0) o+« mut8
B 19 (0) 13 (0) - + +
c 17 (0) 18- (0) P +
D 443 (67) 118 (98)~* - + mut8
- 4A 205 (25)  «18 (0) + + mut8
B 22 (0) 15 (0) - -
C 13. (0) 11 - (0) - + +
D 337 (17) 19 (1 + + - mut8
4 . '
- SA 397 (36) . 17 (1) . - + © mut8
B 7 (1) 15 - (0) - R +
C: 266 (30) 14 (0) - - + mut8
D 26 (0) 8 (0) - + 4 + .
X%

Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. o

'Jackpot' (In these cases unparenthesized numbers include pre-
existing prototrophs.) : '
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TABLE 43: Phenotypes of Spores Tecovered from cross R0408

+ o+ hwll)
gnutB hom3-10 higl-7 +

Segregating Prototrophs anlslng** Survival

Strain alleles at . on limiting _ oat o Designated
RO408- hom3 hisl histidine lysine 36 C 34°C mutator
W = 17 28 (0) 17 (0) - +
B + 1-1 1 .(0) 6 (0) - + -

C + 1-1 17. (0) .16 (0) +
D - 1-7 178 (8) - 15 .(0) + mut8
2A + 1-1 11 --(0) | - 36 (4) + +
B + 011 2 (0) 8 (0) - o+ |
C - 1-7 30 (1 7 (1) - + +
D - 17 194 (7))~ 15 (0) -+ - mut8
3A £ 11 1 (0) 10 (0 -+ + o
B - 1-7 - 236 (3) 9 (0). + + ! mut8
C - 1-7 249 - (61) 16 (0) - + mut8
D + o 1-1 0 (0) 8 (1) = - o+ -
- aA - 1.7 57 (@ 7 (W) - s
B £ 1-1 2 (0) 7 (0) -+
C S+ 1-1 7 (0 260 (0) + 4
D ) - 1-7 199 (2) 12 (0) + + mut8
SA +1-1 5 (0) 15 (0) TS
B - 1-7 . 337 (74) 13 (1) - + mut8
C £ 1.1 4, 0 (0). - 2 (0) v :
D - 1-7 18 (0) . 13 - (0) - + +
* *

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
medium are parenthesized. :

. 'Jackpot' (In these cases unparenthe51zed numbers 1nclude pre-
existing prototrophs )
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TABLE 44 Phenotypes of spores recovered from cross R0409 .

(ut? hisl-1,
. . +  hisl-1
 Segregating  Prototrophs arising** Survival

Strain - alleles at on limiting =~ . o3t~ Designated
RO409 .  hom3 hisl histidine lysine 36 C 34 C _mutator
1A All are . 0 (0) 51 (4) - - mut?

B HOMt,hig1-1 0 (0) 12 (0) + + +

C 1 (0) 43 (0) - - | mut?

D 0 (0) 12 (0) - + 0 4
2A S0 (0) 13 (0) + + +

B 1 (. 8 (0 +  + +
C 4 (0 - 32 (© -. - mut?

D 1. (0) 44 ((0))] - - mut7
3A 1 (0) 11 (o) + + f *

B. 2 (0 47 (1) -. - mut?
- C 1 (0) 8 (0@ - + +

D o 41 (@ - - mut?
4A 1 (0) 13 0 + o+ -+

B 1 (0 3 @©. - - mut?
. C 0 (0) 16 (1) + + A
D 0 (0) 73 (1) - - mut?
SA 0 (0) 54 (15) - - mut?

B 2 () 42 (0. - - mut?

C 6 0) 32 (0) +/- + o2

D 0 (0) 8 @ + + +

**  Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. ‘
X :
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TABLE 45: Phenotypes of spores récovered'from cross R0O410
MUTY hom3-10 higl-7 +
T

+ - + hisl- 7 i
Segregating Prototrophs arlslng*' Survival
Strain alleles at on limiting : at’ ‘Designated >
RO410- hom3 higl histidine lysine 36°C 34°C  mutator
R 5 ry . . ¥
1A + 1-1 1 (0 9 (0) - + All are
B + 1-1 0 (0) ~ 9 (0) =+ +. MUT *
C 1-7 . 11 - (0) 8 (0) - + '
) .- 1-7 10 (0) 12 (0) + +
2A + 1-1 0 () 10 (0} -- +
B o4 : : 12 ) + o+ .
C - 1-7 7 1) 6 (1), - o+
3A - 1-7 5 (2) 9 (0) + +
B + 1-1 0 (0) 8 (0) + o+ -
C + 1-1 0  (0)- 3 (0) + +
D - 1-7 14 . (0) 8 (1) + +
4A - 1-7 11 (1) 11 0 - o+
B - 1-7 6 (2 7 (0). -+ 4
C + 1-1 0 (0) 10 (0) +  +
D + 1-1 1 - (0) 7 (0 + o+
A - 17 15 (6) - 11 (0) -  «
B - 1-7 137 (0) - 5 (0) + +
C S 1-1 0 - (03 12 (1) -+ +
D 11 0 (0 10 (0 + 4

** Numbers of prototrophs arising prlor to growth on limiting

medium are parenthe51zed
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TABLE 46 Phenotypes of Spores recovered from cross R0411

t7 hom3-10 higl-7 +

t7 + + higl- 1)
5 .. -Segregating Prototrophs arising**
Strain = alleles at on limiting - Designated
- ¥ RO411- hom3 hisl h15t1d1ne lysine mutatort .
1A S+ 11 3. (0)  s8 (1) All are
" B + 1-1 Q (0) 4  (2) mut?
C - 1-7 29 (12) 44 (1)
D - 1-7 28 (16) 42 (1)
2A - " 1-7- 59 (32) 52. (0)
B + 1.1 0 (0) 54 (2)
o + 1-1 3 (0) 41 (0)
. D - 1-7 36 (20) .56 (0)
A + 1.1 1 (0) 43, (0)
‘B - 1-7 49  (23) 34 (1)
c . - 1-7 67 (13) 40 . (0)
D 1-1 1 @) 57 (0)
4a " ¢ 1-10 . 2 (0) 63 (0)
B - 1-7 9 . (9) 24 (0)
c . S 1-1 1 (@ 56 (0) -
D - 1-7 45 (11) 35' (o) .
SA - 1-7 23 (12)  * (1)
B + 1-1 0 (0) 60 (0)
C + 1-1 2 (0) 68 (2)
D - 1-7 145 (18) 52 (1)

%* %

* -+

Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. ° . : )

“All strains failed to grow at 34°C or 36°C.
Plate contamlnated



TABLE 47 Phenotypes of spores recovered from cross R0417d%%qﬂ

PrototrophsAarising** Growth_vSeg?egating -

Segregating
Strain alleles at. on limiting at
RO417- hom3 hisl histidine 1lysine .  36°C+
14 + 1-1 1 (0) 14 () +
B 1-7 25 (0) 10 (0) -
o - 1-7 35 . (0) 8 (0) -
D +. o 1-1 = (0). 10 (0)  +
27 - 1-7 300 (0) 12 (0) +
B + 1-1 0 (0) S (0 -+
o + 1-1 0 (0) 8 (1) -
- D - 1-7. 20 (2) 17 (0) +
3A + 1-1. 2 (0) - 14 (0) +
B + 1-1 1 (0) 13 (0)- -
- c - 17 26 (2) 9 (2
D~ - 1-7 26 (0) 11 (0) -
4A + 1-1 0 (0) 14 (0) +
B r 1-7 28 (0 7. (0) -
C - 1-7 63  (0) 11 (0)°
D + 1-1 - 3 (0) 13 (0) -
5A + 1-1 . 0 (0) 70 (0) - -
B - . 1-7 56 - (2) 18 (0) +
C - 17 17 (0) 16 (1) +
D - 1-1 0 (0) 11 (0) +
6A ~ 1-7 45  (0) 13 (2) +
B - 1-7 14 (0) 12 (3) -+
C 1-1 0 (0 4 (0) -
D - 1-7 46  (0) 1 (@, -
TA + 1-1 0 (1* 9 (0) +
B - 1-7 45 (1) 12 (0) +
ol - 1-7 30 (0) 13 (0)  +/-
D + 1-1 1 (0) 9  (0) -
8A - 1-7 ‘34 (24) 5 (0) +
I + 1-1 1 (0) 21 (0) -
o - 1-7 10, (0) 13 (0) +
D + 1-1 1 (0) 8 (0) -
9A - 1-7 14 (0) 8 (1) +
B + 0141 1 (0) 7 (0)  +/-
o + 1-1 - 1 (0) 9 . (0) -
D - 1-7 17 (1) 7 (0) .+

alleles at

eryl

b+

+ |

ade?

+ o+

1+

+4 1

+ 1
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- medium are parenthesized.
'Jackpot' (In these cases unparenthe51zed numbers 1nc1ude

ghs )

pre-existing prototro

AA11 spores grew at 34°C

’

TABLE 47: (continued)

"~ Segregating "Prototrophs arising** Growth Segregating
Strain alleles at on limiting , ag alleles at
RO417- hom3 hisl histidine lysine 36’ Ct ecryl ade2
11A - 17 34 (0 9 (0) + N +

B + 7 1-1 1 (0 13 (0) + - -
- C +7 0 1-1 1 (0) 15 (0 + + R
D S 17 27 (0) 7 () - - *
124 #0110 (0 12 (0) - .-
B - 1-7 47 (0 . . 8 (0) + + +
c + 1-1 0 (1)* 10 (0): +. - -
D - 1.7 20 (0) 13 (0) @+ - +
13A b 141 300 11 (0) o+ .-
B - 1-7 16  (0) 23 (0)  +/- - -
Cc + 1-1 1 (0). 12 (0) + +
D - 1.7 20 () . 8 (0) +/- - +
14A + 0 1-1 2. (0) 7 (0)  +/- + +
B - + 1-1 2 () . 13 0) - - -
C - 1-7 18 -~ (0) 6. (0) + -
D - 1-7 ¢ 26 (0) .21 (0) + + -
**  Numbers of prototrophs ex1st1ng prlor to growth on limiting

111
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TABLE 48 : Phenotypes of spores recovered from cross R0428@E%?§" v

~ Segregating "VPrototrophs érising** Growth

Strain - alleles at on limiting at . Designated,
RO428- " hom3 hisl histidine lysine - 36°Ct  mutator
1A - 1-7 58 (8) 46 (2) - mut?7
B + 1-1 0 (0) .10 (0) + +
C - 1-7 19  (0) 1 (7)) + o+
D + _1-1 2 (0) 41 (0) - mit7
2A - 1.7 31 (4 40 (0) - - mut?
B + 1-1 1 (0 43 (0) - mut?
- C. + 1-1 1 (0) 8 (0) + +
D - - 1.7 12 (3) .9 (0) + B
3A . 1-7 29 (13) 50 (2) - mut?
B + 1-1 3 (0) 16 . (0) + +
C - 1-7. 13 (9) 53 (0) - mut?
D + 1-1 2 (0 12 @ + ot
*6A - . 1-7 15 (0) 4 (3 o+ + -
B + 1-1 0 (0) 28 -(0) - mut?
C - 1-7 47 (26) 66 (0) - mut?
D + 1-1 1 (0) 13 (0) + +
_7A o+ 1-1 0 (0 11 (0 o+ +
B - . 1-7 48 (7)) 31 O - - mut 7
o - 1-7 15 (2 10 (0) + , +
D 1-1 2 (O 66 (0) - mut?
15A v 141 2 (0 6 (0 - - mut7
B - 1-7 31 (43) 43 (0) - mut?
Cc e+ s 0. (0) 14 (0) + + -
D - 1-7. 215 (0). 14 (0) + X + <
* Numbers of" prototfophs exiéting prior toAgrbwth on limiting
_ medium are parenthesized. .
+ The pattern shown here was identical to that observed at : o
34°%.

*  Recombination between &a § cryr/cry resulted in the mut?
~ strains 6B and 6C having 2 and © mating types while both being
cry8. These strains have been used as mut? 'testers' and are
further descrlbed in table 2.
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c. Spontaneoos Prototrophs in
‘hom3  hisl-Z + -, hisl-7 and htsl—l Strains
hig1-1 -

¥ F hisl-1 ° hisl-7

As noted in Table 33, heteroallelism at hisl appeared ’

to cause a five to ten-fold enhancement in Lassie scores. Since

. t- .
hisl-1 came to be present in MUT , mut7, and mut8 backgrounds in.

the R0O400 series of crosses (Table 2), the diploid configurations shown

- above could be tested ertensively.. Table 49 sho&s the results of
the first analysist In all cases ZQSJ-Z was homozygous end.its'
reversion may be used for comparlson of the effects of the mut?
or mut8 10c1 between strarns : Prev1ous unpobllshed work (Quah) as
well as that shown here indicates thet the two mut alleles are
recessive for mutdtor'activityf—they cause little ehhancement of hoﬁoA
zygdus Zysl-l or higl-7 reversion even if both mutatoaﬁ are present
in the heterozygous state.ln the same straln

Stralns RO402 and R0409 reverted m1n1ma11y on limiting
hlStldlne as expected of homozygous htsl 1 strains (Fogel et a?.,
1978). ‘The, htsl 7/higl-7 d1p101ds RO405, 407 and 412 all had
histidine La551e scores of between fifteen and thlrty revertants per
plete; The heteroallellc hisl strains RO403 408 and 410 showed
h the same high reversion on 11m1t1ng hIStldlne as was noted in
Table 33. Strain Ro411, the mut? homozygote heteroallelic at hisl,
showed a large 1ncrease in h15t1d1ne prototrophs compared to
RO403, 408 and 410. Straran0406; heterozygous for mut7 and mﬁt8,

and heteroallelic at hisl had an enhanced histidine’Lassie L

-
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score, compared to the<MUT+ sffains.’ A ﬁutg/mutB dipléid (bottom

row) was included in the experiment to compare.mut8-mediated' 
htgl-7/his1-7 reversion. .

In order to test the effect of mut? mut8 double mutant mutators

6n recoﬁbination at hiel, strains derived from cross RO88 (Tables 62 /
~and 65) were crossea appropriatelf and tested @éing,the La;sie
protocol. MUT+J mﬁt?_and mutf hohbzygotes were als§ tested. Tablg‘SO
- shows the_nﬁmbefs of prototrophs observed dn 1im1ting histidine and
lysine, as wellﬁé§ red lysine locus revertants,Afor MUT+ hombzygotes;
" For ﬁutf;hpmpzfé9§;s< the ipcregsed‘hisi recohbinati@n noted in

{ - X 1 :
Table 49 was again observed (Table 51).. Table 52 gives the Lassie

scores Qﬁ mut8vhpmbzygoté;.‘ Recombiﬂgtion-éppeafs to be reduced |

in mut8/mut8, hiél—hét;rbéllelic crosses, if contributions from
higl1-7/his1-7 revertants are deducted. HOwever,'if‘éne notes that

the heteroallelic stréins have only one hiél-7 allele,.the appareﬁt '
reduction is eliminated. Fpr exémple; if the MUT+ homozygote‘median o
,recombination4scofe, 164, is added to'one;ha;f of the mut8 homozygotes'
‘median hisl—?/kisl-? reversion score, 86, the value.of 250'attaihéq

is close to the,medién number of.prototroth,-230;'observed for the .
hisl-7/hisl-1, mu£8 homozygotes;ﬁ

" The apparent "additiﬁity"vof recombination and'mutation

nsuggestsfthat mu£8—médiated mutation occﬁrs'independently of
intragenic recombination. This could nét be demonstratéd‘cgncluSively,’
beé&useifhe~neéés§afy higl<7 higl-1 cOn;rdl wés néVer isolated:

Most histidine protdtrdphs.w¢r§veithéf hiéi"7 :-of : his;;if-

» (Tables 55 and‘SG),'rather than the cléssiéa{ly predicted

i
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hzsi—? htsi-l. This is in agreement with recent observations of

mitotic, intragenic gene.conueréion occurring in the Gl stage of the
‘cell cycle (Esposito, 1978). _ﬁurthermore, the speoificity for‘
conversion of only the hisl-lkallele shown by a MUT+ homozygote
(Table 57) casts doubt ‘on the validity of the aforementloned

algebralc method for estlmatlng recomblnatlon at the hesl 10cus

Table 53 summarizes the data from La551e te%t/.of three dlfferent

mut?/mut? mut8/mut8; higl- 7/htsl 1 d1p101ds, plus controls Again, the

il

apparent loss of recomblnants may be an art t“ The numbers observed
f1t the éxpected results if one-half- of the homozygous

mut? mut8—med1ated htsl~]/htsl—7 median number of revertants are.added -

-

- to the medlan value obtalned for mut?/mut? medlated recomblnatlon.

Note that Aisl- J/hzsl 1 revertant frequency is greatly enhanced over’

.Mthat seen'for MUT homozygotes, as expected.»' .

From Table 54 it can be seen that the mut? revertants
mut7-1-11 and mut7-1- 12 confer normal 1evels of recomblnatlon to

-

diploids bearing them Thls‘;s‘true both when the revertants were
crossed w1th mut?—l, and'in:the'homoa;gous-revertant diploid
(mut7-1-11/mut7-1-12) . -

hiStidine prototrophs which arose>on limitiné histidine were‘
pleed retested on -his medium and sporulated, in the cases of
R0516 and R0517 (Table 54). Three tetrads were plcked from all
sporulants (all 1solates sporulated) . All tetrads gave ‘viable spores,'
although the mut?/mut? strain had.many.tetradsiwith two dead spores

(Table 56) .
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The tetrads were then analfsed to determine which hisl allele -

*had been converted to HISI . 1Two spores from each set of tetrads
, - . v

which were not protottdphic for hfstidine were force-mated with
hisl-7 dr higl-1 tester strains. The resulthg diploids were

-Itested for heteroallelzsm by UV-1nduct10n of hzsl prototrophs (see
Savage 1979 and Mater1als and Methods) ] Tables 55 and 56

Gdescrlbe the phenotypes of each hlstldlne prototrqph plcked from the
Lassie platesg’before and after sporuIatlon "Four - cross- feeding
protobrophs were also picked from the Lassie plates per diploid,>
osten51b1y as true mutation controls.

From Table 55 (columns 6 and 7) it dan be seen that most

£ "v

2 HOM HIS , wthh suggests “that the hisl-1 allele was the one more

- . . . . M -

spores from MUT hlstldlne prototrophs segregated 2 hom~ hzs : - "*“\\\

freqUently‘converted tOJHIS+. This is supported by the data shown
~in columns 9- and 10 of the same Table, . that shows wh1ch his™ spores

had (1nduced) 1ntrag3n1c recomblnatlon when fOrce mated to h13177 _
B .

or to hisl-1 tester strains. Those d1p101ds which®were homoallelld
rarely Rroduced revertant clones follow1ng UV treatment of 1solates

spotted to -His plates ("- ") Heteroallellc,d1p10Lds showed.many

Tevertants per streak ('"+'). N ,‘ . o

Table 56 suggests that the mut7 homozygote produced(a smaller pro--

©- o : PR

portion of AZsl-1 - "+" convertants and more of the hisI-7 to HIS' than
) o . - . o : ]

the MUT" strain. This may be seen more clearly in Table 57. Relative
.numbers of hisl-1 and hisl-7 cdnvertanté (first four rows) differed
. . o ‘ . » - ' @ . o . a.
significantly between the mut? and the MQT+'hoquygotes -

€

(x2= 3.97, P < 0.05; corrected for continuity),: . , R
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The'origin of the ctoss-feeding revertants observed has been
attrlbuted to second slte mutatlons in the hisl gene by Fogel et al.
(1978) and Lax and Fogel (1978) The cross~feeding prototroph #15
in Table 56 is reportedly due to a auxotrophlc allele which
complements the or1g1na1 htsl -7 mutatlon However, oEE‘novel
.non—feedlng revertant segregated 2'2 for a‘his_ allele which complemented
both higl-1 and htsl—? tester alleles for growth (Table 56,
pﬁototroph #11) . - .V‘ : - : ’

"Thevputatively_frameshift nature of hisl-1 may account‘for
-the specifity‘of hisl'conversion."lhe allele.was crossed into all
mut strains (section B) and ‘may be con51dered the equ1va1ent of the
'putatlve frameshift allele normally used to detect frameshlft
mutators in this laboratory, "hom3-10 (note that,only mut7 mut8 has
.been’shownAto confer greatly enhanced reversion'of the hom3-10
allele,‘of a11 the mutators tested (Quah unpubllshed data)).

How does mut? affect melotlc, or m1tot1c 1ntragen1c
vrecomblnat10n9 The mut? homozygote RO413 (Table 2) wh1ch was
heterozygous at adéZ had 5/2793 red clones by d1rect platlng, whlle
~ the mut? heterozygotes R0415 and RO416, also ade2-1/+ had no red
'segregants ‘in a combined total of 5427 clones screened It is unclear
' that mut? a;ses an enhancement in homozyg051s because of the
vsmall numbers of red clones observed ) Moreover, 1t was p0551b1e
chat the adéZ-l allele may have been segregatlng melotlcally,
thlS poss1b111ty was not tested S

Me10t1c 1ntragen1c recomb1nat10n at hisl appears to be -
.

' unaltered in the Mut7ﬂwut7 straln R0430 54/29200 HISA prototrophs
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J

were observed in sporulated diploids plated to -his medium, compared
with 78/43700'for a MUT+ homozygote, RO434. |

It should be noted'that the altered hisl conversion seen in
mut7/mut? strains was not corrected for'the increased prototrophs
‘observed in this strain. When this 3.8-fold increase in mediap
Lassie score over tbeAMUT+ hbmbzygote.is considered, the
proportionate numbers.of hisl-?_aﬁdbhisl-] convertants'for each
strein chadée\fFob those shown-in-Table 57 (first four rows) to

\ .

: ~—
the values seen belpw.

' Number of prototrophs/class in

mut7 , myrt :
homozygotes homozygotes
57 24
30.4 ' 2

_While’the'numbers still differ sighificently, it is bowsevident
b-thatvthe mut? homorygote does'not have reduced hisl-1 conrersibh
relarive ro the control. Furthermore, the proportlon of hisl-7 +~ .
HIS prototrophs in mut? homozygotes (8/28) would give a frequency of
h 0. 29, or 79/270 higl-7 ~ HIS prototrophs per plate (Tables 51 54
and 74 give a value of v 270 for HIs*t prototrophs in the mutZﬁnut?
heteroallellc hisl crosses). _Seventy-nlne h131;7 prototrophs are
con51derab1y more than the numbers observed for mut?7- medlated

hzsl 7/hz81 7 reversion (Tables 51 and 74). o o

Ve
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TABLE 49: Phenotypes of diploid strains constructed to study
temperature sensitivities observed in mut? haploids, and
heteroallelism at hisl (experiment #2) : :

‘ Prototrophs arising*

Pertinant "~ Growth at - on limiting
‘Diploid Parents . genotype - 36°C.34°C histidine 1lysine

RO401 RO400-8A mut? hisl-7 B 12 (0)

KF178-44D + =+ e+ 18 (0)

E + + 12 (0)

RO402 RO400-8B mut? hisI-1 v 1 (0) 18 (0)

KF179-15A .+  hisi-1 + o+ 3 (0) 14 (0)

: y ‘ - ’ ' + + 2 (0 23 (0)

RO403 RO400-8C +  hisl-7 + + o+ 165 (8) 5 (0)

KFI79-15A ~+ =+ hiel-1 + o+ 194 (25) 10 (0)

_ : - 185 (8) 11 (0)

RO404 RO400-8D * +  hisl-1 o+ e : 14 (0)

KF178-44D + + + . 4+ 18 (0)

: L _ . e + O - 27  (0)

- RO405 RO400-8A mut? + hisl-7 £ 19 (2) 29 (0)

- XV731-10A T+ mut8 hisi-7 @+ + 23 (0) 12 (0)

] ¢ : v + + 18 (2) 14 (0)

RO406 = RO400-8B mut? + hisl-7 + -+ 397 (23) 10 (0)

XV731-3D + mut8 + hisi-1 -  + 348 (29) 11 (0)

, , , B -+ 346 (21) 23 (0)

- RO407 "RO400-8C +  hisl-7 B - 22 (0) 23 (0)

XV731-3D rmut8 hisl-7 + o+ 28 (0) 24 - (0)

o o ‘ ' L + * 20 (0) 17 ()
RO408 RO400-8D + + Wisl-1 .~ - + 243 (15) 9 (0).
XV731-10A mut8 hisi-7 + -+ 1990 (43) 13 (0)

\ . , - ¥ 215 (6) 13 (1)

RO409  RO400-8B mut7 higl-1 -+ 0 (0) -8 (6)

RO400-8D ~+  hisi-1 . - 0 (. 2 (0

| : L -+ 0 (0) - 17 (0)

'RO410.  RO400-8C + . hisl-7 + o+ 203 (29) 9 (1)

RO400-8D + + higl-1 -~ +  + 180 (40) 16 (0)

S : S S 1203 (9) 11 (0)

RO411 RO400-8A mut7 hisl-7 + e - 520 (155) 52 (4)

o 'RO400-8B mut? + hisi-1 - - -+ 541 (105) 41 (4)
T , o - - - 577 (153) 52 (2)

 RO412  RO400-8A mut? higl-7 ~  +/- + 17 (1), 12 (@2
' RO400-8C ~+  hisl-7. VAT 21 (1) 19 (0)
o Ty 17 (0) 11 (1).

XV731-3D  mut8 higl-7 = x -+ . 261 (55) 15 (2)
XV731-10A mut8 hisl-7 =~ -+ 291 (48) 17 (0)

' ‘ - ~ s+ .25 (56) . 27 (1)

* (See previous tablé)

)
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TABLE ‘50: Spontaneous appearance of histidine or 1y$ine‘prototrophs
o in Myr’/MUT" diploid strains derived from cross RO88

Prototrophs arising** Red
_hisl ~ on limiting - lysine
Diploid Parents genotype histidine lysine revertants
RO441  RO88-4C '+ 1.7 . 183 (5) 10 (0) 1
RO88-4D T-7 + 169 (5) 10 (0) 1
X 164 (6) 10 - (0) 1
140 (3) 13 (1) 1
RO446  RO88-14B 4+ 1-1 135 (17) 13 (2) 1
ROBB-14A T-7 + 167 (3) 16 (0) 2
ST : 165 (20) 14 (0) 2
RO447  RO88-2D 1-7 + 156 (78) 24 (0) 2
ROB8-9D .+ 1-1 170 (72) "22 " (0) 1
162 (58). 21 (0) 1
129 '(68) 24 (0) 2
RO442  RO88-5B° + 1-1 0 (0) 18 (0) 2
_ RO88-9D £ 1-1 <1 (0) - 15 (0)" 2
- 0 (0) 9 (0) 1
0 (0) 17 (0) 1
RO443  R088-4C + 1-1 * <1 (0) 13 (0) 2"
RO88-9D £  1-1 0 (0 16 (0) 0
0 (0) 14 (0) 1
<1 (0 16 (0) 2 )
RO444  RO88-2D 1-7 + 20 (1) 15 (4) 1
RO88-4D 1-7 # 27 (0) 13 (0)- 1
34 (1) 21 (0) 2
RO445  RO88-2D 1-7 4+ - 44 (0) 13 (0)
RO88-8D 1-7 +- 42 (1) 17 (0)
45 (1) 14 (0)

**  Numbers were averaged from three lassie piates. Prototrophs

existing prior to growth on limiting medium are in parentheses.
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TABLE 51: Spontaneous appearance of histidine or lysine prototrophs
in mut7?/mut? diploids derived from c¢ross RO8S '

Prototrophs ar151ng** Red
on limiting - - lysine -
Diploid Parents histidine lysine revertants
RO448  RO88-1D 334 (42) 27 (0) 12
. RO88-1B 281 (35) ~ 30 (5) 16
229 (42) 26 (1) 11
278 (34) 26  (18) C 12
280 (17) 20 (34) 9
1278 . (28) 28 (0) 10
229 (19) 27- - (0) 11
247 (27) 26 '(O) 13
RO449t+ RO88-7C 226 (18) 25 (6) 8
RO88-8B
R0O453 R0428-6C 270 (42)4 37 (0) 16
‘ RO88-7C . 308 (81) 49 (0) 15
RO452  RO88-8B <1 (0) 40 (12) 11
RO88-1B <1 (0) . 49 (0). 13
s <1 (0) 47 (0) “12.
<1 .(0) 37 (0 15-
. RO450 ° RO88~1D 54 (0) 29t (1) - 7F
' RO88-7C 45 (0) 23 (O) 11
43 (0) .33 (1 10
49 - (2) - 73 (60)* 14
**  Numbers were averaged from three 1a551e plates. Prototrophs

existing prior to growth on limiting medium are in parentheses,

*Jackpot' (In these cases unparentheSLZed numbers 1nc1ude pre- )
existing prototrophs.)
t Numbers were averaged from two plates

tt . Slow growing diploid strain;_one isolate was counted after 14
days to ensure that mut?/mut? phenotyplc levels of recombination

occured.
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[ABLE 52: Spontaneous appearance of histidine or lysine prototrophs
in mut8/mut8 diploids derived from cross RO88

Prototrophs arising** Red
hisl ~ on limiting , lysine
Jiploid Parents genotype histidine lysine Tevertants
0454  RO88-1A 4+ I1-1 219 (14) 24 (0) 5
RO88-IC I1-7 + 196 (10) 19 (0) 6
211 (12) 26 (0) 5
214 (16) 24 (1) 3
248 (6) 29 (0) 5
RO455 RO88-2A ~ 1-7 + 203 (69) 29- (0) - 4
’ ~ RO88-7A " "+ I-1 240 (46) 26 (0) 1
. 258 (22) 32 (0). 3
250 (40) 20 (0) 5
264 (27) 27 (0) 4
. ) : N ) - . (
0457  RO88-2A  1-7 + 210 (43) 21 (0)
RO88-IC 7-7 + 177 (82) 28 (0)
L 151 (92) . 21 (0)
1164 (93) - 25 (0)
0458 RO88-2A  1-7 + 190 (120) 27 ' (0) 2
RO88-6A I1-7 + 144 (155) 30 (0) 3 o
Cot 177 (138) 23 (6) 1
167 (136) 27 - (0) 2
RO459 RO88-1A ~  + I-1 6 (0) 51 (42)* 3.
- RO88-7A + 1-1 4 (0) 25 (0) 4
' 5 (0) 24 (0) 3
e 6 (0 ~ 24 (0) 4

4 Numbers were averaged from three lassie plates. Prototrophs
existing prier to growth.on limiting medium are in parentheses.
* 'Jackpot' (In these cases numbers not in parentheses 1nc1ude pre-:

existing,pnetq&sgz:? ) -
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TABLE 53 Spontaneous appearance of histidine or lysine prototrophs
- in mut?, mut8/mut?, mut8 diploids derived from cross RO88

Prototrophs arising** "Red
his, on limiting ~lysine -
Diploid Parents ‘genogfe histidine- lysine revertants
RO461  RO88-4B  1-7 + 804 (121) &N 80 (0) 43
RO88-4A. + 1-1 807 (140) ~ 86 (0) 46
' - 639 (182)° 79 (2) - "~ 45
820 (161) 91 (2) 48

RO462 RO88-8C.  + 1-1 279 (557) . 99 (6)
~ RO88-10D 1-7 + 664 (142) 68 (5)

834 (201) 78 (202)
744 . (121) 101 (0)

RO463  RO88-6B  + 1-1 834 (180) 69 (2) - 49

RO88-9C 1-7 # = 923 (96) 54 (0) 28
: © 798 (255) 65 (1) 45
| 863 (244) 62 (0) . 44
_ IR . . .
RO464  RO88-4B 1-7 £ . 958 (182) 85 (0) .
RO88-10D 1-7 + 970 (191) 61 (0) . '
. N 976 (93) 51 (18)
RO466 . RO88-6B  + 1-1 35 (0) 78 (0) = 50 L
‘ ROB8-4A + 1-1 32 (0). 84 (0) 49 .
33 (5) 81 (1) 48 :
RO467  R088-8C 37 (0) . 74 (11) 37

+ 1-1
RO88-2B  + 1-1

** Numbers were averaged from three lassie plates. Prototrophs
existing prior to growth on limiting medium are in parentheses.
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B. Complementatibnﬁ Allelism‘and Tetrad‘AnaIYSes of Mutators Crossed
} to mut7 or mut8 Strains
1.  Control Crosses of mut?{ mut8 and other single mntator strains
Ifn order to test mut?7 and mut8 for eomplementation and for
segregation with respect to.other mutatorlloci; it was necessary to
. determine: : . " . .
(1) that other.temperature sensitdve mutations Qere not-present%

’

(2) that only one mutator locus was'segregating,:’

: tS):that hzsl 7 and Zysl 1 were the only histidine and 1y51ne
requlrements present and

€y t{e\characteristic’histid}ne and lysine Lassie”scoresnfor

haploids,and homozygous diploids of_single‘mutator mutants
in the mutators.to be tested. (Tetrad analyses of crosses 6f
q_v'g‘ mut1/+ through rad52/+ may be found in the appendlx)

" These crlteﬁla were also applled to the mut? and mut8 tester
stra1ns employed The genetlcs which produced the mut? tester strain
R0428 6B were descrlbed 1n section 3. A sultable mut8 strain was con--(
fstructed 1n ‘a manner 51m11ar to that employed for -otHer mntator
stocks (see-Tables,o,_S, and Appendlx,‘Table Al). |

The,following'diagram;summarizes crosses of mit? to mut8 and of

these loci to a given mutator locus, mufl_in this»cese.

-
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mel o ogurt S -
o — RO61 — A
. *. XV800-6C | - xviss-ea )
. S~ .
- orutl - k mrt o muzg
o ~ RO71 ———— . ———RrO78 -~ @
B ' R061-3C | - Ros00-t0c | WS
mutl . mut 2. mut8
| _ —RO81— - —RO88 —
ROTL-TC [ RO428-68 | -RO7B-3D
mutl- mut8 ‘
, —RO10L — s ‘
RO81-2C RO88-1C |

Segregat1ng mut? or mut8 spore clones prov1ded 1nterna1 controls>':

in tetratype tetrads segregatlng for double mutator mutants from
1m4t7/+ +/mut1 or mut8/+ +/Mut1 heterozygotes ’ In addltlon tetrad
analyses of crosses 1nvolv1ng the mut? tester strain R0428 6B and
RO88-1C have been included here for reference (Tables 58 59 60 and _’ -
‘§l)% A summary of Lassie scores from RO88 spore clones was - presentedvﬁli
‘vln Table 9 Numbers of red ly51ne (locus) la551e revertantf found in

'_'R088 ROlOB and R0428 spores are shown in Table 61. = ¢

%)
Q

Heterozygous mutator d1p101ds of the RO61 and R071 type shown in

the abo»e d;agram were-tested ‘for mutator act1v1ty (Tables 62 and 63).

'ralns appeared to have enhanced (Zysl 1) rever51on (Stfains.

:Appendlx, Table Hence' care,was taken to select for-p mut6 :

Stralns, often by preg

L AN

th on YG med1um, prlor to La551e tests

) 1nvolv1ng such-stralns.
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TABLE 58: Phengtypesmof spores recovered from c’ross RO88\ . mut8) .
. Segregating  “Prototrophs ari'sving** Growth .
Strain alleles at o on limiting ag -+ Desigriated
RO88- - hom3  hisl histidine lysine 36 C .~ mutator(s) -
\ ™ " X A B i -
1A + 1-1 2 (0 19 (0) - + + mut8
B + 1.1 .2 (0) 29 (2 - mut? o+
C - 127 199 (58) - 22 (2) . + + mut8
D - 1-7 25 (R1) - 44 (0) - mit?  +
2A - Y1-7 - 210 (86k 18 (0) o+ . + myt8
"B k4 -1 43 (0) - 85 (1) .. - mut? mut8
. C + -1 0 (0) 24 (0) - mt? 4+
D - 1-7 13 (0) 12 (0) + o+ F
. : , - - : . , 4
3A * 1-7 L 11 (4) 14 (0) + o+ F
B 1-7 \437 (938) 131 (4) : mut? mut8
C 1-1 110 (2) 26 (0) E + mut8
‘D - 1-1 1) T31(0) o - mut? 4
4A + 1-1 47 (0) 134 (2) - - mut? mut8
<{B - 1-7 807 (376) 83 (1) . - mut? ut8 .
.C + -1 1 (0) 21 (26)" o+ + oo+
D - "1-7 14 (0) 6 (0 * + + B
SA - 1-7 559 (208) 92 (1) . - mut? mut8
B + 1-1 0. ()7 11 (0) + B T
C #0141 ~29 (0) 80 (2) Lo mut? mut8
D - 1-7 62 (165) ;,§4_ 0) 4 o+ mut8
6 4 - 1-7.+ 78 (243) ¢ 24 (0) .+ + rut8
B * “1-1 30 (6) 109 - (0): - - mut? mut8
C + 1-1 0 (0) 48 (0 - - . mut? #
D - 1-7 9 (0) 15 (0) - o+
N RS S | 3 (1) 30 (0 o+ o+ rut8
B + 1-7 650 (253) 112 (0) - mut? mut8
C - °1-7 27 (3) 30 (0) Co- L mut7 o+
8A - 1.7 218 (65) 20 (1) o+ .+ muté
B + 1-1 - 0 (0) 27 (0) . - . mut? ¥
C £ 141 26 (0) 123 (1) - mut? mut8
A 1-7 20 (3) . 10 (0) + R
9A - 17 72 (160) ° 29 (0) R + mut8
B + 1.1 2 (0) 22 (0) = mut? 4+
" C - 1.7 %797 (241) 61 (0) 1 - mut7 muté
D 11 L. 1 (0) 16 (0 o+ o+ 4+
08 - 1-7 7 (@) 10 (0) . + o #
"B 4 1-1 1 (0) 725 (8) - mut? o+
- C + 11 S8 (0) 237 .(0) Yo+ mut8
D - 1.7 o 1163(1F72)* 80 of14) . - mut7 mut8 ‘

—

- - RN
. . - . .
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TABLE 58: (continued) .
. - Segregating Prototrophs arising** Growth :
Strain alleles at on 11m1t1ng as Designated
RO88- - hom3  hisl histidine . 1lysine 36°C mutator (s) "
‘11A + 07 1-17 + +
B - 1-7 ) L + +
C - 1-7 27 (5) 42 (0) - mut7
124 - 1-7 572 (375) 105 (8) - mut? mut8
B + 1-1 * (0) 40 (0) - mut? .+
13A + 1-1 -2 (0) 32 (0) + + mut8
B - 1-7 25 (5). 64 (0) - mut? o+
C - 1-7 22 (5)- 31 (1) - mut?  +
14A - 1-7 7 (1) . 17 (0) + + 4
B + 1-1 1,(0) ‘12 (6) + £ 4
[ + 1-1 ) 21 (0) 85" (0) - mut? mut8
15A - 1-7 ¢ 791 (233) 65 (0) - mut? mut8
. B - 1-7 - 111 (191) o 23 (0) + + mut8
C 1-1 1 0 - 9 (0) + + 4

* Numbers of prototrophs ex1st1ng prlor to growth on limiting

medium are parenthesized.

* 'Jackpot' (In these cases unparenthe51zed numbers include

pre existing prototrophs

© 131
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TABLE 59: Phehotypes\of spores recovered from cross R0107@ZE§§)

%
Segregating Prototroﬁhs arising**
Strain alleles at on limiting ' Designated
RQ107-  hom3 "hisl histidine lysine mutator
1A 1-7 4. (1) 11 (3) +.
Bj 1-1 1 (1) 16 (1) 8 .
C + 1-1 3 (0 16 . (0) 8
2A + 1-1 1 (0) 22 (0) 8 : .
B - 1-7 - 149 (106) 15 (1) 8
C 1-1 0 (0 10 (0) +
- D - 1-7 12 (2) 16 (0) +
3A + 1-1 4 (0) - 23 (1) 8 -
B - 1-7 17 (0). 10 (0) + g
- C - 1-7 . 168 (31) 11 (0) 8
D + 1-1 0 (0) 16 (0) +
4A - 1-7 148 (39) 22 (0) 8.
B - 1-7 12 (1) 10 - (0) +
C 1-1 0 (0) 11 (0)- +
D + 1-1 2 .(0) 21 (2) 8
SA - 1-7 165  (41) 20 {0) 8
B . + 1-1 - 0 (0) 12 (0) _F
c- + 1-1 0 (0 12 (0) S
D" - 1-7 184 (118) 30 (0) 8
6A - + -1 - 0 (0) 15 (0) +
"~ B - 1-7 173 (41) ‘16 (0) -8
C -1 0 (0) 13 0y +
D - 1-7 158 (72) 97 (123)* 8
7A + 1-1 0 (0) 10 (0) » + .
" B - 1-7 13 (0) 9 (0) +
C + 1-1 4 (0) C19 (0) -8
D - 1-7 139 (174) 19 (0) 8
8A - + 1-1 0 (0 12 (6) +
B. o+ , 73 (58)* 19 (0) - '
c - 1-7 14 (1) 13- (0) +
D - 1-7° , 147 (68) -~ 21 (0) 8
- 9A + 1-1 5. (0) 13 (0) 8 . 4
B + 1-1- 5 (0) 157 (1) 8§
c - 1-7 14 " (0) - 21 (0) + -
D - 1-7 15 (2) 17 (0) +
10A - 1-7 16 (4) 7 (0} l.
B + . 1:1 0 (0) 9. (0) - o+
o] - 1-7 184 - (97) = 25 -(0) . -8
D + 1-1 3. (0) ‘ 23 (0)— S 8

Numbers of prototrophs ex15t1ng prlor to growth on 11m1t1ng
medium are parenthesized. * 'Jackpot'(In these cases unparen-
thesized numbers 1nc1ude pre existing prototrophs.
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FTABLE 60: Phenotypes of Spores recovered from cross. R0108C:Z

» Segregating .,Prototrophs arlslng**

Strain alleles at .on limiting Designated--
RO108- hom3 hisl histidine lysine mutator
1A+ 1-1 5 (0) 19 (0). All are mut8-1
B + 0 1-1 2 (0) 19 (1)
C - 1-7 114 (155) 20 (0)
D - 1-7 178 . (43) 21 (0)
- 2A + 1-1 4 (0) - 20 (0) -
B - 1-7 170 (61) 17 (0)-
o +  1-1 5 (1) 29 (2)
D - 1-7 164 (43) 12_(0)
3A- + 121 7 ) 19 (0)
B - 1-7 161 (107). .16 (0)
C + 1-1 . 3 (0) 19. (1)
D - 1-7 167 (28) 22 (0)
4A + 1-1 2 (0). 11 (2)
B - 1-7. - 159 (57) 20 (0)
o + -1 4 (0) = 14 (0)
D - 17 187 (109) 27 (0) ,
- 5A + . - 1-1 5 () 23 (0 . R
B - 1-7 201 - (28) 14 (3) '
C = 1-7 197 (45) 11 (1)
D 1-1 6 (0) 24~ (0)
6A - 1-7 175 (12) 23 (0)
B - - 1-7.. 135 (43)  25. (0)
o + 11 7 (0) 23 (0)
D + 0 1:1 -6 (0) 24 (0) .
A C1-1 3 (0) 32 '(0)
"B - 1-7 . 144 (30) 17 - (0) -
c - 1-7 174 '(78) = 18 (0)
gﬁ + 0 1-1 2 (0). 15 _(0)
) + 1-1 7 (0) 20 (0)
B . = 1-7 - 168 (14) .21 (0)
o + 1-1.° -5 (0) . -2t (0)
D C- 1127 136 -(65) . 21 (0)
9A - 1-7 185 (30) 18 (0) °
B +. 1-1 73 (0)° .13  (0)
S - 1.7 141 1(71). 23 (1)
D S+ 1-1 5 (0)7 21 (0)
10A - 1.7 162 ‘@an) 28" (o
B - 1-7 ° 160 {(60) . 25 (0) ,
- C o+ 1.1 3-¢)y - 18 -
D~ + 1-1. . 6 (0) 30 (1) L S |

* **  Numbers of protctrophs exlstlng prlor to growth on 11m1t1ng
medlum are parenthes1zed o
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TABLE 61: Presumptive lysI-1 locus (red) revertants érising on .
limiting lysine in haploid strains bearing mut7
: and/or mut8 :

Strain Designated - Red ‘ Strain Desiénated . Red

R0O428- mutator Revertants ’ RO88- _mutator - Revertants
1A mut? 15 7 : 1A + mut8 5
C 4 0 2B mut7 mut8 - 56
D mut? 18 - . C - mut7 + 9
2A mut? 15 3C 4+ mut8 3
. B mut? - .10 ' - D mut?  + 7 .
C o+ 0 - 4A mut? mut8 - 87
D + 0 5C mut? mut§- 51
3A mut? 19 . - : D+ mut8 3
B + 0 o 6A .+ mut8 3
c mut? 22 T 8B .. mut?7 + 7
D + 0 \ ' 9C mut? mut8 24
6A + 0 D = + .+ 1
B mut? . 9 10A + + 1
C mut? 31 C +  mut8 4
D + 0 - ; 13B mit? + 21
"7A + 1 14 .+ 1
B mut? 7 . - 15B . S+ mut8 6
C + 1. - o R
D mit? 20 RO108- :
15A mut? .22 E 1A mut8 4
B mut? 19 , C ". 4
C + . 2 - - 2A " 5
D + 0o . P b - " 3
. : 3 " 4
_ - 4
4B .o 3
D n 3
SA ’ . {4 L 7
C - 3
: . _ 6C n 9
s, . ‘ ' D " 4
. : —_— ) oy - A ” ’ 7
- B . " 2
8B " =7
- C [/ .4
9A . " 1
C N n 2
10B . " .5
. . n
e s
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2. .Complementation Tests
. - Table.64 summarizes complementation,tests'ofimut7 nith other
mutator loci. »Crosses RQ430-R0436 (Table 65).were'tested simultanQ
eously’to provide comparable mut?/mut?, mut?/+ and mur* syt Lassie
scores. ‘The diploids all complemented for temperature sensiti?ity
and for Lassie scores, with the eXCeption of the mut?/+, +/muts
heterozygothROSS, wh1ch appeared to have reduced numbers of HIS
recomblnants (all other scores overlapped those of the MUT /”UT controls.

lysl-1 was used to assay for mutator activity, while hisl recombination

was assayed-on limiting histidine;

Part of the complementatlon testlng results for mut8/+ +/mut
'heterozygotes are presented in Table 66. Whlle numbers of histidine -

prototrophs are enhanced, in some cases, over the results shown in

Tables 64 and 65, this effect may be due e1ther to heterozyg051tv for'

-~

L 4

mut8 CR0107, or see Table 75) or to fluctuatlons 1n Lass1e scores
'between experlments Agaln, the mutS heterozygote seems to have
.reduced h15t1d1ne Lassae scores., v The d1p101ds had low levels of
‘Zysl-l reversion. However, it was impossible to ascertaln whether
any mutator complemented mut8 for this phenotype because mut8/mut8
;medlated 1y51ne La551e .scores are character15t1cally low.

Table 67 descrlbes complementatlon tests ?br radSl rad52 mut6
and mut9 w1th mut? and for mut6 mut9 and rad52 with mut8 All -
stralns grew at 36°C, were ‘not Y- radlatlon sen51t1ve and had low
levels of 1y51ne rever51on The rad51 and rad52 heterozygotes had
reduced spontaneous hlStldlne prototrophy, ‘but the Ppresence of Jackpots
in the mut2/+ +/rad52 straln prevented thls conclu51on from be1ng .

drawn in the case of R094 . .
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examine recombination more extensively in mutator strains, to complete

complementatlon testlng of m«t8 with other mutators and to pr0V1de :
an 1ndex of La551e scores in mutator. d1p101ds These results are
summarized in Table 78. |

- Homozygous higl-1 strains were not tested, because it was assumed
~ that reversion at this iocus would be minimai and hence would.not
contrihute to Lassie scores %p/hisl heteroallelic strains other than:
those homozygous for met8 (but see Table 53 Ebr hisl-1 conversion).

Only mut5 and mut7 appear'to confer altered Tecombination as

detected by Lassie tests. muts/mutSVand mut5/¥ diploids produced the
lowest median La551e scores of the hisl heteroallellc strains.
Interestlngly enough the mut9 homozygotes appeared to be enhanced
- for recomblnatlon,, Unfortunately, no homozygous h131e7 mut9 stralns
were available that were not contamanated.bya.second mut8 allele.
Thls allele was f1rst detected segregatlng in spore clones from cross[
R089 Table 76 shows that the enhancement of(mutatlon in crosses
of mut8- 2 to mut8-1 appears to occur w1thout the presence of mut9

i . ">
'Table 79 conflrms ‘that the mut8—2 allele does not complement w1th
'mut8—1 and that mut8 2 appears to be the dominant .allele as shown
by the reduced htsl 7 reversion frequenc1es. This discovery explalned

the segregatlon of a mutator act1V1ty for hisl-7 from vy- rad1at10n

;sen51t1ve mut9 spore clones (Appendlx, Table Al)

- MUT /MUT d1p101ds were - found to be con51stent for htel recomblna-~

‘tion, even ;f the contributing strains were nqt closelyvrelated
'_(Table 7). The[slight*reductionghSeen in R0468 and R0469_may.have3

A
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been due to thejfailure of'these strains to express crosefeeder revert-
ants on limiting histidine. This result was unexpeeted.j,Further
collection of datelconcerning the expression of' feeders in diploids

on Lassie tests is summarized in the following chert Note that all

v hap101ds shown below expressed crossfeeders when tested (only two

 of the haploid stralns studled Tla and Tla (donated by \L. Savage),

have fa11ed t0‘do so). "+" indicates that feeders were obServed.
Strains ‘R0400-10C R0122-1C LZ13-1A
higl-7 . hisl1-7 - hisl-1
' RO105-1A"  hisl-7 e - .
~ - RO122-2C hisl—7v - + -
Lz13-2C higl-1 - -2

KF179-15A  hisl-1
R0428-6BT11 higl-1
* R0105-2B. hisl-1

+ 4+ + U
]
+

‘Absence of feeders in homozygous hlSl 1 crosses may be due to the
small numbers of prototrophs screened. A questlon mark is bes1de
both of the cas€s 115ted Otherw1se, 1t would seem that certaln

_ d1p101ds are domplementlng for a non-feeder phenotype it would be
2

'1nterest1ng to know whether or not th1s tralt is a function of repalr

Two»other observations from this experiment should be noted

" here. Strains.heterOZygous.for mutS.appearvto be dominant for MMS

sensitivity All mut6 heterozygotes were rece551ve for hzel 7
,rever51on even when also heterozygous for mut8 (approx1mate1y one-
v =

half of the,mut6/hut6 and mut6/¥ zygotes formed petlte colon1es, these

7were dlscarded)
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TABLE 62: Phenotypes of'dip16ids heterozygous for mutl~-mut9,
compared to homozygous mut?7/mut? or mut8/mut8 strains

Prototrophs arising on limiting

- Diploid Parents 'Pertlnent Genotype hlstldlne** 1y51ne**

RO60 -  RO1-90A mut? hisl-7 =~ 17 (2) 34 0)
o XV732-2B mut? hisl-7 23 4) 22 (0)
: ‘ - 13 (4) 33 (0)

RO47 XV731-3D -mut8 hisgl-7 . " 144 (11) 217 (0)
XV731-10A mut8 hisl-7 167 (12) 8 . (1)
: | - 134 - (13) 25 | . (48)

ROS8  RO1-90A mut?  + hisl-7 7 (0) Co12 0

- XV731-3D  + mut8 hisl-7 = 12 (1) 9 (@

| . . 11 (0) 15 (1)

RO71  RO51-4D  pmt? qut8 hisl=7 27 . 18  (0)
 XV185-6A - W XF) hisl-7 8, \ 9 (0)

RO61  XVB00-6C mutl hisl-7 - 19  (0) 64 (1)
. XVi85-6A +  Thiel-7 | . 21 (0)

| R _ o2 oo 66 (0)
RO62  XV354-2C mut2 hisl-7 4 (0 - 25 0) -
o XVI85-6A ~ + hisl-7 8 (1 19 . (0)
' RO63  XV195-24C' mut3 hisl-7 5 © 16 (0)
s XVI85-6A  + hisi-7 4 - 5 (0)
o 5 (1) 100 (1)

- RO64 'XV357-12D mutd _ + hiss - ' 39 (0)
- TXVIS5-6A ~ + Hhtal-7 + R 41 (0)
RO65  XV407-19D muts  + hiss R 27 (1)
XV185-6A  + Misl-7 + - : 22 (0)
S o 22 (0)

| | S \ C 17 (0)

RO66 ~ XV374-28C mut6 hisl-7 s @ .2 (0)

-  XVi85-6A  + . hisl-7 8 () - 55 (0)
S T S () 26 (0)
'RO67  XV731-2B mit? higl-7 12 (0) . 5  (0)
: XVi85-6A  + Hisl-7 12 (0) 9 (0)

_ S 7 0 21 (0)

_ RO68  XV731-3D mut8 higl-7 13 0 19 (0)
= XVI85-6A ~ +  hisl-7 14 (1) 16 (0)
o S A 7)) Y10 (0)
RO69 - XV396-1A mut9 hisl-7 - 14 ) 14 - (0)
o XVISS-BA T RieI-7 . 12 (0): 10 (0)
. 14 - @) 11 (1)

*x Numbers of prototrophs exlstlng prior to growth on. 11m1t1ng medium
are parenthe51zed Stralns were incubated on limiting medium for
eight days o : . | T :
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TABLE‘63: Phenotypes of diploids heterozygous for mutl--mth
excepting mut7, crossed to RO4OO 10C

: Pertinent ~ Prototrophs arising** on limiting
Diploid Parents Genotype histidine ‘ lysine )
RO71 RO61-3C  mutl hisl-7 11 (1) 9 " (5)

' RO400-10C ~ + hisi-7 -~ 3 (3) ° 25 - (1)

» S 16  (15)* 33 (0)
- RO72 - RO62-2A mut2 14 (0) . 11 (6)
" RO400-10C ~_ * - 7 () , 25 (0)
| I : 8 1 (0) . : 22 (0)
RO73 RO63-5C  mut3 4 (1) : 15 - (11)
_ RO400-10C. ~ + - 9 (1) L 13- (0) -
RO74 RO64-3D mutd 9  (0) o 25 (0)
RO400-10C -~ # = 12 (). 11 (0)
R : , S @ R (3
RO75  'RO65-5A mut5 , . 15 (7) : - 28 (0)
RO400-10C. ~ + te 39 (3) 17 (0)
RO76  RO66-6B ' mut6 n 13 W . 64 (1)
RO400-10C. — # 10 (1) 4 61 (7)
o o | ~20. (0) ., .30 (4
RO78  XV731-3D mut8 28 (@ 100 (0)
- RO400-10C =~ + ‘ 30 (1) 12 (1)
S ' . 20 (&) 19 ()
RO79  RO69-2D wmt9 , . 24 (11 8 (0
RO40 -T0C ¥ 19 (o 15 (5)

**  Numbers of prototrophs ex1st1ng prlor to growth on limiting medlum
.are parenthesized. Strains were incubated for 51x days after

pre-growing zygotes on YG medium.

tJackpot' (In these cases unparenth651zed numbers include pre-
exlstlng prototrophs ) :
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'TABLE064: Phenotypes of diploids heterozygoﬁs for mut7 and one
» other mut locus, and heteroallelic at hisgl
dnu + + hisl—l)‘qz
+ mut hom3-10 higl-7 +
_ Growth Prototrophs arlslng** Red
Diploid mut at on limiting lysine
Strain  Parents genotype 36 C histidine lysine -revertants
ROS81 RO71-7C + mutl + 90 (12) 20 (3) 0
. RO428-6B mut? - F + 90 (10) 20 (0) - 0
‘ ' : + 106 (18): 27 . (0) 0
| + 80 (23) 26 (1) 3
RO82 " RO72-1C _+ mut2 -+ 70 (25) 12 (0) 1,
‘ RO428-6B. mut7 + + 80 (12) . 13 (0)
+ 62 (19) 15 (0) )
g e 95  (18) 13 (0) 0
RO83  RO73-5D + mutd3 + 297 (279)* 11 -(0) 2
RO428-6B mut7 + + 218 (210)* 14  (0) 0
L + 314 (335)* 9 (0) 0o .
o -+ 101" (85) 9 (0~ 0° -
RO - RO74-3A _+ mutd  + 80 (6) 9 (0) 0
: R0428-6B mut? + + 57 {19) - 15 (0) 0
' » + 68 (15) 30 (30)* 1
o - + 49 (35) 15 (0) 0
RO8S RO75-4B  + mut5 . -+ 55 (8) 9 ' (15) 1
o RO428-6B mut7 + + 41 .(9). 14  (0) 0
| o _ + 39 (9) 210 (0) 0
_RO86 - RO76-6D _+ muté +/= 106 (47). 188 - (149 1
RO428-6B mut7 + +/- 131 (19) 12 (0) 0+
RO78-3D _+ mut8 =+ 84 (39) 12 (1) 0
- RO428-6B mut7 +. + 90 (49) 10 = (0). 1-
. ' + 89 (40) 8 (0) 1
, 3 o .+, 114 (41) 0 15 °(1) - 0
RO89 - RO79-8A _# mut9- + 80 (121) - 11 (0) 1
. - RO428-6B" mut7 + + 92 (91) 12 (0)° 2
o T C+ 103 (58) 13 . (0). 1
+ 75 (103) 16 (0) o1

wx Numbers of prototrophs ex1st1ng prior to growth on limiting,

medium are. parenthe51zed
determinations.-
* 'Jackpot' (In these cases unparenthe51zed numbers include pre=
~existing prototrophs.) - -
t+ This strain failed to grow when repllca—plated to YG medium.’

All numbers are the average of two - -

“For mut?/mut? and mut /hut controls, see Table 65 .

140
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TABLE 65 Phenotypes of d1p101ds constructed for studying
heteroallelism at hisl in mut7/mut? and mut+/hut+

Strains {experlment #3) Prototrophs arising** Red

: ‘Pertinant ' ‘on limiting " lysine
Diploid Parents genotypet histidine 1lysine .revertants
RO430  RO428-6C mut? hisl-7.+ 193 (207) 39 (2) 17

 RO428-€5 |mit7 + WieioT 187 (198) 45 (1)° 19

\ . © 710 (693)* 34 (0) 16
! , . .233 (151) 43 (1)~ - 1S
. , ~ 230 (140) 42 (3) 17
- S .
RO431 - R0428-6B. mut? hisl-I 1 (0) 40 (14) 20
'~ RO428-7D  mut7 hisi-1 - 1 (0) 46 (0) 15
: - 0 (0) 45 (1) . 18
, 1 (0) 35 (1) - 20
RO432  RO428-6C ~mut7 higl-7 17 (1) 51 (0) 19
' RO428-1A ~ mut? hisl-7 30 (5 34 (0) 14
: - | 23 (1) 47 (10) 22
‘ o | 15 '(6) 41 (21) - 21,
| R0433  RO428-7D . mup? hisl-7 + 242 (175) 36 (3) - 18 .
- . RO428-3C  mut7 + misi-1 187 (173) 35 (1) = 14 -
o o 227 (78) 42 (2) . 14
RO434  RO428-1C * mut* hisl-7 + -~ 108 (71) 61 (54)* 2
- RO428-1B -mutT ~# miel-1 114 (33) 130 (156)* O
- . ~ 133 (17) . 8 (1) 0
97 (26) .° 14 (0) 0 .
RO435  RO428-1B . mut’ + hisl-1 79 (28)° 9 (0)° 1.
RO428-2D rmut” hisl-7 + 87 (52) = 9 (0) 1
. o , 85 (27) 14 (0) 1
- RO436  'RO428-15D gmut’ . his1-7 © 5 (1) 17 (0)
o RO428-1C  mut™ hisl-7 3 () 19- (0)
- - - 7@ 14 (1)

**  Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng‘

" . medium are parenthesized.

'Jackpot' (In these cases pre- ex1st1ng prototrophs are 1nc1uded
in the unparenthesized numbers.)

t mut7/mut? strains are first tested for falluxe to grow at 36 °c.
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TABLE 66: Phenotypes of diploids heterozygous for mut8 and one Other
mut locus, and heteroallelic at Ahigl. -
t8 _+ hom3-10 hisl-7 _+ | .
C+  mut T4+ . .+ hisl-1 _
1 Prototrophs arising** Red
, mit » on limiting lysine
- Diploid Parents genotype - histidine  1lysine revertants
RO108, = RO88-1A  mut8 T 190 (27) 16 (0) . 4
' ROBB-IC  mutd 189 (14) 17 (0) 3
| C - ’ 245 (10) . 25- (0) . 5 .
RO107  RO#8-4Cc -+ 126 (17) 18- (0) a
‘ RO88-1C  mut8 - © 140 (8) 8 (0)
, S 121 (13) 18 (0)
RO101  .RO81-2C ~  + mutl 176 (47) 32f»(0)6p
b RO88-1C mut8 + : 120 (70) 26 (0)
RO102° RO82-6D  + mut2 156 (10) 18 (0) 1
: ~ RO88-1C  mut8. + . 178 (8) 16 (0): 1
v ‘ ‘ - 143 (28) 17 (0) 1
RO103  RO83-6C + mut3 107 (24) 22 - (0) 2
R088—1C mut8  + - v 120 [29).‘_17 (o) 1 .
'RO104 . 'RO84-4C  + mutd . 160 (6) 147 (1) 1
RO88-1C mut8 + o163 (12) 12 (O - S ‘.
- o 153 (9) 20 . (0) |
RO105 = RO85-17A  + mut5® . 95 (20) 17 . (0) 2 -
- RO88-IC mmE8 - £ . 91-(4) 14 (0) 2
RO106 . R086-21C + muté _ 135 (18) 27 (0) sy
' RO88-1C mut8 + ' 199 (35) 61 - (0) 1
‘ o . S 164 (43) 56_ (0) 2 .
RO109  RO89-2D0  + mut9 197 ((23) 16 (0) 0
RO88-1C ~ mut8 = + ; 174 (20) 27 (0) 2
' ' ‘ N 160 (lSj .26 (0) 0

~**  Numbers were averaged from two 'lassie' plates. Prototrophs °
existing prior to growth on limiting medium are parenthesized.

%

o

LI
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TABLE 67 : Phenotypes of diploids heterozygous for mut? or mut8
: and one other mut locus, and heteroallelic at hisl -

L Prototrophs arising** Red
“mut hisl . on limiting lysine

- Diploid Parents loci genotype histidine lysine revertants
RO99 . R0400-10C  + hisl-7 + 85 (2) 11 - (0) - 0
RO428-6B mt7 + hisi-1 105 (19) 11 (0) 1
o S o 103 (5) 17 () 1
7 RO100  RO88-2D - .+ hisl-7 + 160 (54) - 19 (0) - 1
. " RO428-6B ° mut7 + hisl-1 143 (67) 20 (0) 1
. | S 116 (57) 22 (1) 1
RO93  RO91-1C "+ 51 hisl-7 + 99 (12) 13 (0)
RO428-6B 7+ + hisl-1 99 (4) 10 (0)
o o 85 (4) 19 (0)
- RO94 RO92-6B - + 52 hisl-7 + 265 (261)* 12 (1)- - 1 °
- RO428%6B - 7 ¥ f hisl-1. 197 (154)* 10 (0) - 1.
| , R 478 (482)*. 9 (0) 1 .
RO506" RO106-4C + 6 hisl=7.+ _ 109 (9) 37 - (0) 0
. RO428-68 - 7+ ~+ hisi-1- 103.(0) 42 (0) 1
| o ST e (6) 147 (151) - 0
ROS07  RO89-20  + 9 + hisl-1 130 (2) . 15 (0) 1
"ROB8-13C 7 # hisl-7 + - 159 (5) 20 (0) % - 2
| 128 (1) 22 (11) 1
ROS12 RO106-4C  + 6 hial-7 +.- 99 (4) 24 (0) .
 ROI04-5K 8+ ~# hisi-1 90 (6) 28 (0) . ,
ST s 0 (® 26 (0 ‘
RO109... RO89-2D +9 +hiel-1 118 (5) 20 (0) -2 |
ROBB-IC "3 # Fisl-7 + 133 (12) 23 (0) ' 10
o j | 120 (4) - 25 (0) © 0
‘ . R R . ‘ - T ) .
ROJ11  RO94-2A  + 52 higl-7 + . 61 (2) 14 (0) 2
" ROBBTIA  §¥ + hisl-1 -~ 75 (10) 16 (0) - 2
e T8 8) 10 »(0). 1

** . Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng medlum

are parenthesized. Numbers were averaged from two lassie plates.
"Jackpot (In these cases unparenthe51z¢d numbers include pre-
N existing prototrophs.) :

-+ RO506-RO111 is’ a separate experiment. . The control in this case 1s.>"
~-R0109 whlch has been lassied prev1ously (seexTable 66) .

i .
H
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- TABLE 77: Spontaneous appearance of histidine or lysine prototrophs
' in MUTf/MUT* diploids derived from various strains, and
‘serving as control strains for results shown in Tables
- © 68-76. ‘
S Prototrophs arising** - Red
o ) hisl. on limiting lysine ,
Diploid Parents ~ genotype histidihe" lysine revertants
' ' . - . o
RO129 ° RO400-10C 1-7 + 85,86 (6) 13,10 (0) 1,0"
RO105-2B + 1-1 64,68 (10) 16,9 (0) - 0,0
. ' - 88,76 (5) 15,8 (0) 1,1
RO150 . RO428-6CT  1-7 4 95,82 (10)" ' 9,16 (0) 1,0 -
o : R0428-6B" + 1-1 111,95 (11) 11,14 (0) 1,0
RO468  RO122-2C°  1-7 + 56,62 (4). “
. LZ13-1A + 1-1 ‘ 58,49 (7)
RO469  RO122-1C  1-7 + - 68,83 (14)
R LZlS-ZC + 1-1 88,76 (4)
CROI30 - RO400-10C 1-7 + . 7,9 (1) 14,11 (0) 1,1
: R0O105-1A 1-7 + 2,4 (3) ‘9,13 (0) 3,0
B | 14,5 (0) ©10,10°(0) . - 0,0
RO140 . RO428-6C" 17+ ' 6,11 (0) 12,13 (0) | 1,1
‘ -~ “RO105-1A"  71-7 + 7,9 (0) - 12,9 (0) - 0,0
N 5 7, 4 :(0)" 14 8 (0) 0,0

'ﬂ‘** Numbers of prototrophs ex1st1ng prlor to growth on limiting

e medlum are parenthe51zed
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A summary of the phenotyﬁes of homozygous and heterozygous

TABLE 78: :
. mutators (all\tested in one experiment; Tables 68 to 77)
| ~ Median Lassié score - : | o
acor AL Mel7 yel-y/iyel1 - RRCRRRL-
"genotype : Total Locus 36 C MMs - _y
mutl/mutl 113 39 138 e+
mut2/mit? . 133 64 . 108 + -+ .
mict 3/ mit 3 87 4 27 + -+
mutd/mitd 119 41 22 + =
muts/mits 29 30 7 + -
| mut6/mit6 111 28 46 v+ o+
m’ﬁﬂ/mut?j 263 22 41 13 - - +g
mut8/muitd 189 18 vy ¥
mut9/mit9* 200 | 76" 2 ¥ooon -
mutl/ + 72 7 23 1. 4+ .+
s/ + 58 7 14 1 + + +
 mut3/ + 65 8 8 of o+ x4
-mut4/.+ ’ 64 6 - 15 0.+ L+ +
muts/ + 57 %16 1 +oe
mut6/ + 170%% 8 . 32 . 0O o+ o+
mat7) + 83 7018 0w+ 4
cmut8/ + 94 11 22 .0, &+t - F
mat9/ #4112 8. 1 S K\;ﬁ' I
wrtwrt s 7 120+ o+ e

*‘.hétefOZygods for mut8-2.
*% only one isolate tested

a1 as opposed to a blank 1nd1cates that at least one locus

/

Ly

w

o

-

t revertant was noted in the straln tested but that the medlan
e score was 1ess than 0.5 - : :
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TABLE 79: Conflrmatlon of the presence of an .allele of mut8 (mut8—2)1n mut9

strains by comnlimentation testing with mut8-1 testers, using
homozygous higl-7/hig1-7 d1p101ds

Experiment #1 ' - Prototrophs arising** Red
: mut8 : “on limiting ‘ lysine
Diploid Parents genotype h15t1d1ne lysine revertants
RO199 + RO79-8A * 4+ 8.2 . 94 98v-(105)* |
RO78-8D 8-1 + 38,26 (87) .
RO156 + RO79-8A + 8-2 49,8 (74) 10,13 (1) 0,1
RO514-2A " 8-1 + 3 50,36 (46) 9,17 (0) 1,5

RO157 +  RO514-2A .:8—1»+ ? 62 42 (99) . S
RO78-8D = '+ 8-2 29,49 (58)
B 143,125 _(125)

 Experiment #2. o ‘ : .

XV731-3D  g-1+4° 162,212 (15) A
XV731-10A 8-1 # 196,190 (30) o
e 201,192 (13) -
" RO69-1B + 8-2 H'S6,4Sv (3)
RO69-3A ¥ 8-2 ‘
_RO69-1B "~ + 8-2 - 59,44 (13)
XV731-3D . 3-1+ 87,63 (21)
. RO69-<3A - + 8-2 . 84,83 (11)
" XV731-10A 57 63,72. (23)

RO400-10C + + - . 13,19 (4)

XV731-3D - 8-1 + 3,10 (3)
A 20,17 () ,,
RO428-15D .+ + 13,15 (2)

XV731-10A -1 + 14,15 (1)

| RO69-1B 4 g-2  .9,3 (2) -
ROG28-TSD & #1211 (0) R

. _ 10,17 (2)
'RO69-3A +8-2 17,21 (3)

. RO400-10c "+ # T

- RO400-10C°  + 4+ 5,9 (0) B e R

- 'RO4Z8-15D°  # + L4 @ . e
RO400-10C " “#+ + ° 10,6 (1) . | | -
R'o‘l'o's-'m", ¥+ 5,11 (0) <

11,13 (0) s

Numbers of prototrophs ‘existing pr1or to growth on 11m1t1ng medlud L
. are parenthe51zed * "Jackpot'(In these cadgs unparenthesized = == <~
. numbers include pre- existing prototrophs.) These d1p101ds are
-*alsa heterozygous for mut9 (for controls see- Table 77)
) Voo e N . .

Cee
R

* %
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3. Tetrad Analyses of Mutators Crossed to the mut7 and mut8 Strains

’

At least ten tetfads from each cross of mut7 or'huthto mut1
: thrdugh mut9 (and rad52) were disSected}: These were screened by

replica-plating or spot test for aﬁxotrophies,-mating.type,

uv, ? and MMS sen51t1v1t1es where applicaple, as well as for mutator

ect1v1ty. Tetrads from crosses heterozygous onZy for. mutl through

”,mufg'and rad52 were analysed prior tO’maklng the abovevcrosses (the
RO60;‘_and-RO70-series) and the’resuits“are shown in the appendix'

(Tables Ala to J) for comparlson Where® double mutator mutants

'vhave segregated (i.e. mut? mutl),'most have been conflrmed by

*

outcrossing to mut tester stralnsn‘?LThesefdata are found in Appendix
Tables A2a-g). TWO tetratype [++, mut+, +mut, mut mut] tetrads from -
each cross wefe'fhrtherﬁtested,_WherewposSible, to‘determine;whether

differences in Lassie scores between spores might be due to different
_final cell numbers per lassie plate in the doubie'mutator.: This was
not the case except for crosses involving mut2..

The mutétors mutl mut2 mut3. and mut4 have been chafhcterized byw

- Gottlleb and von Borstel (1976), and von Borstel and Quah (unpub11shed

e

'_'data) for Zysl-l mutatlon. I 1nc1ude.referenceslto thelr.data when

.comparlng these loci. 3 _
a.  mutl (-Table's 80, ‘81. and 82).‘

The mutl stralns are character1zed by a. twenty— to :

3
LY

-"thlrty fold 1ncrease in Zysl 1 suppressor revers:on rates, Zysl 1 locus

- reversion . rates appear to be reduced (Gottlleb and von Borstel 1976),
o

wh11e h13157.reyers;on rates,1nerease three- tq’four-fold,over MUT

_ .- strains, L L o



',‘scores and ratlos that were more than add1t1ve w1th respect to mutl R

e/
foged
o

\ o
When mutl and mut? are present in the same straln mutl should

“be detectable because the, straln should be hlghly revertable for"
3

5 . Zysl 1 (or other suppre551b1e markers) The mut?7 locus can[be scored ,

by its temperature senslt1V1ty, whlle mut8 Should be ascertalnable

- °
El

by 1ts enhancement of htSl—? or hzsl-l rever51on, and by the "muté8

@

" effect" of statlonary phase mutator act1V1ty for hzsl—? reversion.

¥

}
Mutator lo¢i appear to assort 1ndependenb1y, from both of . the

‘mut7  + mits  + | o
"_77'EZ?T (Table 80) and —— —F ikl (Table -81). heterozygotes.,.p_

157

Ne

(1P:7T:2N in RO81; OP: 4T IN in RO101). The nutz strains do not have '

"enhanced htsl 1 reversion (for example, see tetrad #8, Table 80)

Table 82a glves the mean revertants per plate for the mutator

stralns from R081 and ROlOl There was no 51gn1f1cant-d1fference;,

<

p between means, e1ther for MUT or. for mutl spores from these two '

crosses, and so both experlments have been grouped together S In

thlS case, and for some of the other crosses, htsl 1 rever51on
N

data were omltted because only spores segregatlng for mut8 had. S

i51gn1f1cant numbers of revertants at thlS test locus The mut8
mut1 htsl -1 and mutg hzel I spores shown in Table 85 had 51m11ar
‘_hlstrdrne 1a551e scores‘; Table 826 g1ves the spontaneous,mutatlon '
:rate, M,. 1n terms of: background cell growth for h1st1d1ne and

;1y51ne rever iop/ in. some stra1ns from Tables 80 and 81 (The second

| u.page of Table 80 1s a repetltlon 1n order to’ obtaln enough data to

*ﬂ,calculate standard errors ) As can be seen from both Tables 82a and

82b the matl mut? stralns produced respectlvely, 1y51ne Lass1e

4.

»

and mut? stralns, whlle h1st1d1ne reVer51on approached add1V1t1ty

o
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TABLE 80:; Phenotypes of spores recovered from cross R081(mu+ mﬁ: )‘
- Segfegatlng Prototrophs arising** Growth ' ’
Strain alleles at on limiting W\ o3 Designated:
RO81-  hom3 hisl hlstldlne lysine °36C mutator (s)
2A - 1-7 74 (0) 391 (18) - mut? metl .

B - 1-7 50 (10) . 26 (0) - mit?  +

C +  1-1 . 0 (@ 254 (4) + . mutl -

D + 1-1 0 (0) 9 (0) LD ¢
iA - 17010 (2) T 194(0) o+ - o+ 4 T
B +e.1-1 0 (0) 34 7(0) - mut? T o+ L
c - 1-7 96 (9) -331 (213) - - mut? mutl @ -

"D + 11 1 (0) 248 (1200 .+ o+ mutl .
A - 17 7 )y 12 (0). T o
B + 1-1, 0 (0) 12 (0) -~ o+ T4

T 1-7% 136 (11) ©1591 (1223)* - °  mut? mctl
5A - 17777 (10) - 40 (0). - mitZ_ L+
B - 1-7 12 (0) 11 (1) o+ 4 4
G 4 1-1 - 0:(0) 623 (471)* - b7 wutl -

D + 0 1-1 0 (0) 373 (13) - .+ - # mutl N

6A + 111 (0 416 T - mutd mutl-' e

B - 1.7, 71 (1) -39 (1) . - mut? <+

C - 1.7 75 (6) 378 (9) . 4+ - & mutl

D s 101 0 (0 10 (0 4 & o+ -
A +001-1 0.0 .. .12 (0 - o+ "% g on

B. - 17 115 (7) ¢ 264 (6) T - o mut? metl
*C T1-7 39 (3) 24 (0) - mut? . #

5 D 14 0 (0) * 346 (7) o+ 4 miE1
8A - 1.7 23 .(12) U118 (0) -0 mut? 4+ .
B 4+ 1-1 .0 (0). 264 (32) =+ o+ mugl

c - 1-70 0 36:(3) - 39 (1) - mut?

D %121 1 (0) 458 1 (87) LA
9A s+ 11 T 00y 7 (0 -+ PR

BT .- 1.7 0 106 (3) Y 314 (454) < mut? mutl
c - 17 T (@), 9 (0) o+ E .

D w141 0 (0) 444 (16) - mut? mutl
10A - 1-7° 56 (4) ¢ 53 ..¢0) - 7 o+

B ' o+ 1.1 0 (0) 414 (28) <. mut? mitl - -

T - 1.7 63 (3) 234 (4) + + mutl
D ol 0 () 15 (0 e
1A - 17 0134 (6) - 44y {6) . - . b7 -mutl

B =17 16 (0). 7 -(4) e SR
c v 110 1 (0) w254 . (3) - + b omutl

D + 11 2.(0) 7 (). - Cmit? 4 .

o % Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
. medium are. parenthesized. o
* 'Jackpot' (In these- cases unparenthesued numbers mclude pre- o
exlstlng prototrophs ) , :

v

O e o 4 8 g s e S e 81t 4
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5 K TABLE 80
v Experlment #2

(contlnued) ' S ‘ - B L o

Prototrophs arising** ,
on limiting _ £
- histidine lysine g

88 (2) 391 (43) °
55~ (2) 43 (1) |
0 (0) . 298 (104) -
1 (0). 14 (0)

13 (1) - 11 (0)
.0 (0) - 45 1 (0)
117 (7) 487/ (2)*

0 (0 255 .(67)

31 (1) 15 (0)
0 (0).° 15 (0)
122 (4) ss5 (1) -

90 “(32) -47 (0)- .

Designated

mutator!s!

':,St?éin»'
RO81-

P

~B

-
-

-

v o (%
> r&u:gi Unw>» OO0

PR

A0 30 (6). 14 (1) .
1.q0) 495 (32
y Do) 250 (ss) . L - -

342 (5) °,

40 . (0)
‘387 L0)
78 (74)*

R (03
123 (10)

105 ferl :
L0 (0)

0 @ .15 (0 -

147 (5) 725 (658)*'
65 (1) - . -40° (0)

SLTom o 0y 27 (28
T C 23 .

- (25) K ;
0. (0) 1315 -(1220)*

e
Nw>» ©aow
[y

r

O0w> -0
9
4

P

—T

L

,éé §5;;§{g?

Ay
2\(0):f
. (83) ¢
@y
v:%,;=(9)} ,

) 10) 3

- 388 y
105 (0)
443

46 (1)

(98)

-18 (0)
601

(96) ;‘
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TABLE 81: Phenotypes of spores recovered from cross ROlOl(mu+ mu:I
Segregatlng Prototrophs arlslng**‘v | : . : '
Strain alleles at on limiting =~ - Designated
RO101- hom3 hisl histidine_ lysine mutator(s)
1A o+ 141 . 0,0 (0) 402,347 (1) + mutl
B + 141 3,6 - (0) 439,339 (6)  mut8 mutl
C - 1-7 16,17 (0) 9,5 (0). + o+
24 - 1-7 10,12 - (0) 13,12 (0) -+ 4
B - 1-7 65,69 () = 315,289 (428)  + mutl
C + v 1-1 4,3 (0) ' 29,16 (0) mut8 . +
D’ -+ 11 7,4 . (0) 454,437 (19)  mut8 mutl
A Y - 1.7 11,6 - (0) 21317 (0) ++
B + 141 5,3  (0) 434,330 (3) - - mut8 mutl
o ¥ 1-1 4,3 ,(0)6 399,419 (10)  mut8 mutl
D - - 1.7 10,13 (1)% 9,20 (0) o+ 8
M+ 11 2,0 . (0). 295,281 (3).  + mutl k
B + -1 4,6 (0). 28,26 (0) ut8 4 *
SA " 1-1 0,1 -.(0) 367,262 (7) . 4+ mutl
- B “1-7 - 120,94 (17) - 14,27 (0):  mut8 4+
6A + 141 0,1 (0) 246,202 (14) .+ mutl - T
B + 1.1 1,3 (0). 25,14(0) - . 4+ e
- C - 1=7. 204 (26) 16,23 (0) - mut8 4+ -
D - 17 103 (2) 232,299 (8) . metl |
7A - 1.7 79 (3} 284 . (7). £ mutl )
BT + 141 ©3,8 . (0) - 17,3k, (0) T mut8 -+ e
C. . .- T 1-7. 318,360 (72) . -° 357 (8)  mut8 mutl ‘
D+ 11 - .0,0 (0. 814 (0  +  +
“8A - 1°7 59,50 (22) 366,338 (7) .+ mutl
B - 1-7 209,263 (103) 431,485 (3) - mut8 mutl
- Ct 1-1 1‘7,5‘ S 22,160 (0) mut8  +
Dt + . 1-1 7,2 (0) ' 20,14 (0) . mmt8. ¥ - e
16At 1.1 2,0 - (0) 324,251 (1) 4+ mutl
LBt 4 T. 1.7 315,202 (229) 486,455 (1), . -mut8 mgtl .. .o -
SCct - 127 10,11 (0) 17,8 (0) +, :
; Dt .+ 116,12 -(0) 27,19 (0) "'mut8;

,'1.§:?\ Numbers of prototrophs ex1st1ng pr1or to" growth on 11m1t1ng

. medium* are parenthesized. . SR
- 't _Histidine lassie.data:is from a separate equr1ment (controls L
R —v';were 1dent1ca1 1n the two experlments) . ‘ :

B P
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TABLE 82a: Suimary of Lassie scores for crosses RO81 and RO101

"higi—f

reversion
—=retson

~ Mean
' S.E.
lysi-1

‘reversion -

Meaﬁ
S.E.

MUT

a

mutl

Mﬁtator(s)
mut7

mut8

mutlmut?

mutImit8

14.1

1.8

12.4:
0.7

70

59 139

5.5

308
u

A‘ 7

42
3.5

33

22

1.5

© 115

6.5

413
22

278

26

'4201

15

b: Mutatlon rates (M) in terms of (unreverted) cells per
L3551e plate of stralns from crosses RO81 and R0O101

Lysine Cells/ MZ Histidine - Cells/ Mh
“Lassie plug_,4 ‘8 Lass;e plug * -3
$core*"x 100~ x 10°% score* x 107% x 10

354 2415 62 . 79 1435 23
101-7A ! _ 278 = 2065_ 57 87 165§ - 22 K
. 81:3A 252 (1) 2025 52 1 115 0.4
101-6A - M A T f 1435 0.3

. RO hisl ~
Mutator straln allele

mutl ‘81- -6C . 1-7
. S ]

3’ 

130 TN

Cmitr 2
IR 131’ ; 0.2

81%B 1.7 38 - 177 - _
=3B 1-1 47 (21) 196 10 1 -
o rut8  101-6C
U LTB
mutl, '
omat7

-7'f »,14;(4) 181 3. - '142. >f_48 '
1. 20 (10) 4 N Y4 AR

2017 ~4.

1885 94 Co113s 45

81-3C  1-7 422 (1) 1888 121 1
1 1495 B0 1. 1315 o

S 22 (
S e 11 286 (1)
met1, R L Ve
mut8.“ 2565 ¢

, 272 160§f7"71

"101-7c?"f5=75"'351) "
. 1 V; 1565,

1 e
a -383‘;}1g"»j'323'c1)

‘ 3 Y
Murﬂi 14 - *154”' T &éf-=f 12,; g7 s,
2 6

81 3Af'ffif7 . . 348, -
MO 19 1188 42 2°f..' 123-~. 78

10138 N

'7;ftAverage of two determlnatxons e ‘ o
§ . Average of four determinations .. Sl s B
Nulbers,xn parent ses are the number Qf redﬁ(locus).revertants/plate
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-Additivity cannot be rnleﬁ ontyfor mutl_nutq reversion'for either
hisla? or lysl-1. ' ‘

v ‘ The-numbers of cells on lyaine Lassienplates are higher?in
haploids derived from RO81 and'R0101“than‘for,haploide,fron.other»
.Qroeses. This_may-aceonnt_for the elevated iyeine Laésiefseores for
. nnt?; mutB_and‘MUT+:in these etrains.(see‘data for mutd crosées for-

~ comparison) . .

. a .

b. '.mutz (Tables -83, 84 and 85)

Mostnutz stralns show a flve to ten fold enhancement
over MUT stralns for both Zysl 1 and hvsl 7 revers1ons The Zysl 1
.locus revertants may be sllghtly enhanced (Table 85). The mut2
stralns may be detected by a” non -te MMS sen51t1ve phenotype (Na51m and‘
.Brychcy, 1979) The mut? and mut8 phenotypes were scored accordlng to

- the characterlstlcs mentloned 1n the sectlon descr1b1ng the mutl 1ocus

' f:The mut2 allele assorts 1ndependent1y from mut? (1P 6T 3N) and from

"’;‘:experxment) suggest th’

'mut8 (lP 8T ON) The mutz mutat1on.:§es not s1gn1f1cant1y enhance '

-hzsl 1 rever51on, whether alone*nor [ mutz mut? (Table 83) or mut2 mut&

. - . .‘/ .
"f’(Table 84), over scores seen for MUT stralns
. )

In Table 89a the mean L3551e scores for htsl 7 suggest that both
7lbmut7 andvmut8 1nteract less than add1t1ve1y w1th mutz for revers1on of
"i*th1s allele The Mut7 mutz and mut& mutz stralns were add1t1ve over
’efthe respect1ve 51ng1e mutators Tbr Zysl-l The s1tuat10n appears

’i_rto be - totally reversed 1n Table 9b These data (from a separate fffy'Vu' o

; both double mutators are add1t1ve fbr hzsl—

¥ -

';}lrever51on, whlle mut? mutz §t:e1ns qey be additxvely enhanced fbr ; j;h7
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TABLE 83 Phenotypes of Spores recovered from cross R082 (muf7 mﬁ;é).

e ESegregatlng ’Prototrophs arlslng : Surv1val o ,
Strain alleles at =~ on limiting . at on Designated -
RO82- . - hom3 higl  histidine 1y51ne o 36°C MMS © Mutator(s)

)

9) 93 (1)
(0) . 121-(203)
(0) 40 (0)
L - 7.0 ‘
(0) .7 (1) , + .+ \ + 4
(1) 31 (13) ‘ - Tmut7. .+
(0) - 133 (19) : mut? omut2 -

(0) - 12 (0).~ ot o -t
(0) 11 (0) + 4 + £
-(0) - 96 (65) - - = Tmut?. mutd
_ 4A + \\L—l (0 .42
B - o \1-7 - 82(9) - 78 (35)
' \1-7 67 (8) ‘73 (18)

1 0(0) . 69 (0) -

SAT . = . 1-7. 85 (6) 83‘(0) mut? muts.

. 5 1 L 4-0) 0 122(0) . o+ - mut2
65 (5) . 32.(0) . - < mut? -+

(2 - 4100 - = mmut? +

(0) 103 (2) - e mut?. omutZ
(3)*  .,15'(1)  Lo S+ f,‘<"'f R
- 81y, -+ - + . omut2

7. - o+ mut2

mut? mut2

- mut? +
’ + B

O
o
| o
]
[y
+ 0.0+
]

> -]

{

Pt

'
S N R SRR B I N Bl N |
©O WO OO HOPW

+
+
+
+

- mut? +f v f'f

B N

- mut7

oo
+

fon
1

+
]
+

(@]
|
[

1
~
[,
(7))

Do e o
(]
1
+

A4 1- C1(0) 93 (f8) S mut? muts
SR - 1 _(120)*'-205.(186)* S mut? mut2

(4) .15 (0)
~(Q)’. _ 15:(0)_
) 130y o e w0
(5) "~ 151.(2) - - e mut? . mutd .
() 46 (2) - Cmut7 e
(@ a6 e utz
0)- 14 (1) S e

H{0), . 17 (0) . B O

o 161?(110)* T ".mut?t.my#2~

(0) 15 (0) L
767(1060)*‘ 7 (1) i3”mut? 7 R

2:0) 97-(2) ™ e mutz*kaf'f'“'
45, as). s (141)* |

+
+
+

o e

+
+ .+
+

Fres
+

SR

+

+

o
wr O
]

+
o~

!"‘
i

{

T e L o .
Yanltl S K ,‘NM'SO_HHQNH omm:ﬂ

‘+ | +'-@. Ry ‘_
'

S e
OwE O

e o

[N R T SO |

‘g,;;f.;,gmut7

©

'in, e Numbers of prdtotrophs exzstlng prxor to growth 8n limxtxng mediun

vexisting-prototrophs
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1,
mutZ

TABLE 84 Phenotype§ of spores recovered from cross ROlOZC"u:B

Protaﬁrophs arlslng** Ggowth
on limiting Cooon’
h15t1d1ne © lysine o MMS#4

- Segregatlng
~ Strain  alleles at

, Deéignated
RO102-  .hom3 hisl

muta;br(sl

| ﬁ“u’é?\f,/ |

+ mut2

4,6 (0) - +
80,80 (39) -
22,18. (1) =+
. 102,88 (24)

0,0 (0)
© 2,3 (0).
144,162(140).
198,83 (8)

+ 1 ¥ 1
L

-

]

2 vow ooed cawk

S
> 00w

g;;ncxuiifﬁu:g w

-

-

dnp><onw>fnw

+
"N*"&ﬂ

R

. ' ,
A N B N N N

107,96 )
©5,8 (0.

|

124,72 - (95)

1,0 (0)

67,85 (12) -

118,82 (1)
“lir,e (0)
25,21 (0)

+ mutz .

,mut8;mut2v .

S+
mut& +

3,5 (0) 72,52 (2) - \ mut2
- -7 259,346(108) '52,113(162) - mt2.

[ 4

+
s R
1

+

b I

—
1

1

1

1
s
1

’
=

el
| I DS PR S |

1142,186(65)
230 (0)

0,1 (0)

,-17,16 (0)

12,13 (0)
7,13 (0)

146,181(1060)

24,17 (0)
4,1 (0)°
72,98 (1)

'806,765(685)% . .

! .
\l'\!h‘\thﬁlhlh‘ NN N ke

140,155(373)
102,99, (80)
¥5,12 (1)

- 4,5 (0)
1,2 (0)

- 0,0 (0)

+175,188(59)

5,47 (0)
,116,100(7)

157 167(59)
0)

Q:.(O)}Qe?
- 111 120(70) .

27,23 (0)

"717Q10J(Q):"‘
104,109(2)
56,81 (0).
S 7,9 (0)
106,125(1) .
22,18 (0)
107,71 (14)

13,15 (0)
73,92 (0)
13, 14¢(°)

20,19 (0):
259,234(202)* -

.

'mzzé T+
+ +

- qut8v +

U4 mut?

mut& mutZ ,

muta ot
+F

:'f my 8 mutZ o
Jé Skl

PR

. mata'mutz"”

mut8 :
“F mutz '

s+
+ mute -

\+

mutB e
o mutz

-1 60“73‘(0)‘.<,;vq-4, b mutd
< 1-7 . 97,160(143) 37,19 (0) {f.eg,»,utg;.;+ |

TN
b :
| A |

+
b h‘k‘T‘T‘ e
Nhéuﬁp“#wup

6790Tﬂ
10 s )
0)"

83 79 1y

372, 367(282)* | '-.-" L

...“ -~'.~ L

13,12:(0)

:f» 273 298(117) 13,22/ (03

4+ mutz
t8 mut2

..=eNumben§ of prototrophs existing pr1or to grOWth on,limitlng
. ‘medium- are parenthesized.

'i*§“j'Jackpot’ (Inthese cases,}unparenthesizﬁg nuﬁberﬁqinclude pre—:'jéﬁi*m‘”

R ‘+}‘e_
muta
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TABLE;SSa; Summary of hap101d Lass1e scoreSrfrom crosses RO82 and
. Row02 o
- hisl-7 .- _+. - ’Mutator(s) . o
reversion - MUT"  mut2 mut? mut8 mutdmut?. " mut2muts
93 45 157 .06t - ° 165t

7
.5 5.0 6.0 15 . 11 11

.+ Mean - 9,
o ysl-r - o V‘ AT .
« - Teversion - - o e | o

" Mean T 11.4 82 43 20 - 15 |97 R

" S.E.. 1.8 4 - 48 1.3 .9.3 . 5.7

b: Mutatlon rates (M) in terms of (unreverted) cells per La551e
Plate of Stralns from crosses R082 and R0102 .

- “Lysine Cells/ Mz . Histidine Cells/ Mhiahi
R RO hisl ~Lassie plug * e Y 8- ~ Lassie plug g
- . Mutator ’straln allele  score* x 107  x 107 . . score* X 1074 . x 108
O e 82 1A 1.7 *993g4);, 178_{. 23.3 -,-~97.;‘f‘149§ -’27.3,'
C g2-8D »’1;1. 85 (1) 164 21.7 .1 119 - 0.3
"102 6B ’" ' 192 C8)t 1415: '27,3/“   20 ”1055@;:g0.8u"

"O U mut? . 82-8C ,1 7 46 865 22,3 . 38 107 14.9
e 1 44 (17)- 147 1257 0 127 - <0.3
,my£87a §1o2—sA~ 17 s o1
Co 5

| 1 ‘720 120 28,
e 11 18 147 051 !

5. 136 .-
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lysine reversiOn. p?beilysl-l mutatiOn rates appear to'be'less'p
than additive in mut2 m;ta straithv It would be upnisé to reject
the nuli hypothesis of additivity priorvto‘the testing-of‘several
: mutZ mut& and mutZ mut? stralns w1th the 1000 compartment fluctuatlon

test, for elther htsl 7 or. Zyal 1 rever51on

4 el mut3 (Tables 86, 87?and 88)
| 'v4 o Most mut3 stra1ns confer roughly f1ve—fold enhancements of .
Zysl 1 and htsl ? revers1on rates Suppressor revertants.account "
’»_for most of the 1ncrease Na51m and Brychcy (1979) determlned
,that thlS locus was also sens1t1ve to MMS Hence mut3 rs 1dent1fiea~

S

fow1th segrégatlng non ts, MMS sen51t1ve spore clones‘; Note that

3

-, .

' mut2 mutS mut4 and mut? confer MMS- sen51t1v1ty 'Therefore;ftheA
»,vﬁ presence of the non—mut? mutator in double mutator mutant stralns
"(from tetratype tetrads) had to be conf1rmed by complementatlon

tests %Appendlx, Table A2) This was'aISO'true of crosses-where~

» I

"no markers sen51t1ve to MMS, Y -1rrad1at10n or 36°C 1ncubat10n were

ﬁsegregatlng o o ; . . 3;:) ; g -> ff?u7~ -
‘ , SR . Ean "
' The mutS locus may be 11nked to mut? ( P 6T ON) ‘but the numbers

- J

jof tetrads scored was too low t4 be certa1n.' It is ungakely that

1.close 11nkage exlsts between muts and mut8 (39 ST INY. Again
J [
:_hzal-l rever51on is not unexpectly al;ered in muts-bearlng stralns

lAdd1t1ve enhancement df mutatlon rate cannot be ekcluded for
IR & LR, ‘_‘_v T
”=eelther mut? muts or for~mut8 muis based on dlffereﬁces an¢
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TABLE® 86: Phenotypes of spores recovered from cross R083 (EEI—

Segregating

Strain - alleles-‘at

e e - A R e Ly L T R 1 Wt vm 1 s ccnr e

" 167
+ ) )
mut3d’
Prbtotrophs arising** Survivali o
‘on limiting ©at - Designated

RO83-  hom3  hisl
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_ histidine -lysime - 36°% MMS  Mutator(s)

30 82 (0) B R 3

137 (16)° 95 (123) dm - mit? mutd *

71 (0). - 54 (0) . mut? +

@ ey s e s

N

t' 59°(41)  76.(5)  , +.

L 12
20y eLi(e)
797} - 8L (o)
- .55.(6) - 48 (5)

'ffi’Oaiﬁji} Q’287I0)
‘*65?(8) 35(29)

10 109 (1)

+
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+
g
oF .
(V3]

1.(0) 76 (3)° o«

177 (191)* 86 (24) - =+ muts

50-.(5) 35 (0) S = mut? o+
1@ o 357 ,‘ - T mat7 o+

72.(8) 7L (1) a0+ - a mukd
33 (12) 5370} 7 - .- mut? o+ o
0.(0) 39 (0) - o -
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:TABLE,87 Phenotypes of spores recovered from cross ROlOS@EQEg-muts)
: B _ Segregatlng Prototrophs arlslng** | 'Growth 2
Strain . alleles at =~ - on limiting - . onmn : De51gnated

s

RO103- hom3 JAisl  histidine .lysine MMS ”mutator(s)

1A 5,5 (0y - 72,64 (1) = mut8 mut3
B . 307,256(95). 48 44'(23) o= mut8 mut3
0,0 (0) © .9,11 (0) + +
15,20°(0) © '8,16 (0) .+ - # . %

: 222;193(66)_ 12,21 (0) 4 mit8 "+
5.00) 80,67 (2) - - " mut8 mut3

- 10 11 (12). 12,10 (0) +. PR
(0)° 68,91 (0) . - + mut3’

""0,1, 0 15,14 (0) - v 4. x4
78,65 (60) 66,80 (1) - s

181,181(141) 154, 118(138)* mut8 S
118.97 (0) . 68,82 (0) U+ mutd A
0,2 (1), 55,60 (0) .,' = 7+ mutd
(0) . ‘15,11 (0). mut8 4+

(0) - 9,12 (1) BN

(0) 85,64 (3) mit8 mut3.~ S
“(0)  14;19 (0) mut8. - +. o
(2) © 58,70 (0) oot vymt3 o
C(0)” - 7,9 (0). RN + ",'+ - ?

(44) 45,85 (0) . - -+ ‘mut3

(0) 95,52 (4) o omut8 mutd
_(57)-, 20,16 (0)° -+ ymt8 ¥

70,54 (4) 67,72 (0) . -+ mutd .
. 95,1J1(13). 6965 (0) . - el A mutd -
- 2,1 (0) ©15,12.(0). - ¥ . mut8 +¢v‘ R
2,4--(0) 24,18 (0) -+ . ;8 -k

5,5 (0) 9,9 (0) L mut8 4\*.>. ;1 o
" . .34,47 (9)° 57,79 (1) e g mutSM,t{*”ﬁ"; S
T 7,57 (0) ¢ 069,91 (3) . ios o nwtd mutd. ]
12,9 (0) .14, 11:(0)»'u-#ﬁf o +r;».+-j,:.,~:jf~jv@j
) 101 90 (104) 10,20 .(0).- e e a8 e
,P ss41cna 8342(MD IR mw3ﬂf.g“3tﬂﬂ~?
1 7 - (0) 7 12,13:(0) ;+_.r',mut8 Mg e T e
(0) 7 60,97.:(0) 5-';hja', e muts'.ﬂ,:»,A L
.’~-z7s 227(67) _73 ss 0)" :--;» mut8 mut&ff;&;
0507 (0). 13,110 (0) IRt O
121 184(41) ‘24 24 (Q)
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' Wis1-7
Mean_
SE.

. Zy§1-1'
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qummary ofliap101d Lassie scores from crosses RO83 and
'R0103 ' : A

P

Mutator(s)v
i‘mu@f .. mut8

557 145
#5.3 17

wrt
"12.7

1.2

mut3mit8
266t
17

et 3mat?
127

mut3
73
6 N

11,5
0.2

4

77
2.7

16
3.8 i

2.3

122
- 12
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Cbi
"7 RO103 in
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vsPoreS '

| N

B ‘ . . '\:r., ) : .' LT .

Rates'(M) of Strains from Crosses RO83 and

-TermS‘of (unreverted) Cells per’Lassie Plate

Histidine. Cells/ Mh
Lassie, plug *
scores*, X 19 4

. \ -
Mutation
Ly51ne Cells/ MZ s

Lassie plug 2
scqre*v x 10~

hzel

strain allele X;IO. x 10

oa

L mutd.

S .\s.
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mat?
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mut3
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| ~TﬁBL§ 89:" Phenotypes ofksporeé reéqvered from cross R084.(mggznﬁagza_ o
N ,S.égre}gatingb‘” ' Prototrophs-arising** ‘ASuvrvival’ | - :
[Straln .alleles at on limiting . - gat . on De51gnated
- RO84- - hom3 hisl  histidine lysine 36°C MMS = Mutator(s)
PO, 4. (0 73.68)* - - ot mute
B - 40 (4) 7 154 (182)* - - +°  mutd
Cc s 0 (0) 14 (0) | - mut? 4
b - ) 18, -

ICOE
2A 3(0). 86 (26) _ : mutd,
B - 13.(0) 7 1540).. . o+ o+ a4
T - 79 (8- 69°(3) am -+ o mutd
D~ “1(0) 36 (4) == mut? o+
2 . 69 (0)
32 (11) 53.(3)

0 (0) 10 (0)
199 (13) 69 (1)
©20 (1). - 526 (0)

.01 (0) 0 82 (4)

. o2.(0) 0059 (12)

. 70-(4) 42 (0)

1(0) 56 (0) - e mutd

1 (8) ;9;(60)* = - mut? o+

100 77 (1) o= 2 mut? mutd

33~ 19y o :
S0 (0) = 33 (0)

- ONMO0) - .53 (0) -
27 (0}, - 40 (0) -

‘.61‘(6) . 104 (0) -

| 1.@0) Sa6T(0) - | mit?
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TABLE 90 7 mut4

Phenotypes of 5pbfe5“reéovéred from cross R0104ﬁ"u
_ Prototropﬁs arising** Growth -
Strain . alleles at  on llmltlng ©ooon .
RO104- hom3 hisl histidine .  lysine . ~MMS

. 1- 1 1,2 (0) - 71,59 (0)

: : 138,130(109) 27,16 (0) -
7,12 (1)~ 9,12 (0) o+ -+
1,5 (1) . 75,86.(6)" . hut8 mutd

10 (0) 14,16 (1) + o+ 4
(1) 20,24 (1) o+ mut8  +
8 (11)° 55,59 (2) . o

4
,9
1-(0) 56,77 (4) -
5 (0) . 110,107(0) - +
168(165) 22,16 (0)- -

. 9,6 (O) .91, 80 (3)
& 0,0 (0) . 1039 (0)

167, (85), 20,22 (0) -
76,88 (6% 84,70 (0)

'. '3,2 (0). . 31,12 (19) +
1182,165(94) . 20,20 (0) .+

” Segregating i 3
esignated -
mutator(s)

+

e mutd
mut8

1
H'a

Cod o+

[ I RS S |
-
]

+
[
i
]
S
Dy
[N

+
[y
t

»
>
’

+
3
<t
@
+

-7
7
1
7 8,
1 2
1-7 . 76
1 1;
1 4
7 86
1
1

I S

o+ +

. 5 -v" .
<t
©
+

~5§;;=cd:u1g:,c1c)tn€g :ertnfg E:u:ngCj;nfg t:r>a:5:x
+
[
1 4

1 97,103(2) . ¢
12,5 - (0).
= 7f6,4 ;(0).
5,11 (0)
16,22 ()

80,87 (0)°
2,5 (0)

.74, 42(52).', LI

59,94 -(0)

122,20 (0)
65110 (8)

7,12 (0)

- 759,100(0)
81,95 (0) -

mitd
+  mutd

mut8 4.
mut8 mutd.

+o

- mut8 mutd

+. Tea o
B - -7 201 174(96).';74 73 ) - mut8 mutd
S C - 1- 3,10 (6) 9,5 (0) o+ Ay
. D s 11 00 (0) ,,'4.4 ) L e e
CBA L eee i1-7 ”184;s1f(3)g. 39,73 (1) .. .- o+ mutd
B Y141 S(0) . 93, 119(2) - - mut8 mutd
B R S U S ©(0); 29,15 (0) . AT R
D, ERERE oY A 140 166(55)-7* 8,22 (0) .- mut8 -
A e .7;1;1;" 2,3.5(0) » 79,71 °(0) 1. - ¥ mut4»,;"
B e J157, 158 161(41) - 8,28 (0) .. C mit8 S
SO A T e 0,1 () 79 107(0);:¢_r.;~v.”8 + mut4”‘“_vv'
D :f;-j‘1ﬁ7; 171 1845?7) ©13,27:(0) -+l mut8 o
: A e ;ifi 6 4 %o) 6,22 (0) " mut8 SRR
B T ‘0 Tssler 3y e mut4»A;,h,,_~.
B I T oy A 184 (93) 19, 21 (0)=- mutB
LD ¢>;¢»h.h.:~ ' - . .
*;:2_4
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;TABLE 9la: Summa;y of haplo1d La551e scores from crosses R084 and
.7 Roo4 W e
‘hisi—? . " : RO Mutatqr(s) , _ s
~reversion - . MUT mutd mut?  mut8 mutémut? mutdmit8
Mean ° .- 10,6 76 38 157 LT - 188F
‘S.E. ., 1.4 2.8 ‘6.4 T & R
lysl-1 S o | L
reversion . /. ‘ - . ’ g . 5
S . ' o ' S _
. Mean. 112 71 3t - 20 58 . g7
SE. .10 39 a4 12 78 | 5.0

‘T Fewer than four’spores tested

“bi Mutatlon rates (M) of strains from cr ses. RO84 and
R0104 in terms of'(unreverted) cellszper La551e_p1ate :

: E - Lysine: Cells/ Tug- HlStldlne Cells/ " Mhzs

- RO hiel  Lassie’ plug * Lassie - plug*4 g
Mutator .Strain- allele score* 'x 10“ 10" score* «x 1077 - x 10».
mut4r . 84~ 1B | 1- 7. .5 168‘:' 14 91 131 - 29.

8-3A  1-1 66 (1) 121 |23 - 142 0.3
104-1A- © " JP (1) 265 . - 1 129 503

-

w7 8438 1.7 42 128 14 ‘64° 159 17
o SI6 11 42t 1420 12 1 128 . 0.3
© mut8 104-1B  1=7 .18 - 160

1 .70 168 113 62
=SA - 1s% 7 -

4
©731.117) 169, - 7.7 s 108 2.0
mutd, LT 3 g T e e
-fmut7 84 3 Stz o118 14434 MFer . i3z s =
} o s 1 3@ 1700 0 s <0.5 "
5\mut8j"‘104-73 f: -7 - 93 232, ‘17 102, 72 859 .

'sMbefff~,s4ssc | 1-117?‘” ?sci) 1% 21 1 w9 oz

4. —Average of two determlnatlons‘,ﬂe7j'eéf o
5 ‘Average of four determinations. S e :
Numbers 1n parentheses are numbers of red (locus) reyertants/plate
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the change from two genomes per cell in rapidly dividing culture fo'One
geﬁomevper cell as ‘cellsislow their rateg Of‘division. ‘Note that

the' DNA content per ceil calculated from these experimentS Cloéely
resembles other estimates of DNA content per (p+) yeast cell (0.8 x 1010
‘to 1.3 x 1010; Hart;é11,~1970), that the o' mut?_stréin appears to
con;aiﬂlmére DNA per cell than.fhe o~ derivative’(Figuré 6), andlless-
DNA per cell’phan the MUT+ o_lstpaiﬁ (Figure 7).

\
\
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"Large numbers of cells are required for the diphenylamine assay,
and so it was necessary to grow thte strains to as close tg stationary
o : a . _
phase as possible before starting the experiment. Table 30 and Figure 2

indicate that 411 stocks grown at 26°C attain numbers of at least

hS

-

1.'5xi08 Sefore most cells enter stationary phgse. Preliminary data
_indi;atéd that wheré‘cell counts were much ldwer than 107cells/mi~
the diphen}lamine regdings Qoﬁld not be reliable.. Thig isvin |
agreement with Roth'(i974).‘ | .
Table 31 and Figure 3 show the effect of 36°C incubatioﬁ’on mut 7
strain\R042856C (p+ and p ). In 6oth strains, total DMA abruptly
ceases to increase after the shift to 36°C? The mut? p straiﬁ‘was
also assayed after ten hours at -36°C, to ensure thét DNA s}nthesis héd'
not halted merely because of temperature shock.
Table 32 and Figure 4 compare’ the p mut7 straiﬁ RO428-6C with
the b- MUT+ sfrain RO400-10C. Again the mut? sfrain”ceas;; gr&wing.and

ceases increasing in DNA content quite abruptly, but here the

- P . s N .
MUT ‘strain does so as‘well, at least momentarily. - It is possible,

then, that the rapid halt in DNA increase is deéendent on some othef
factor.  However, it is clear that, once‘hélted, iﬁcreases'ih DNA
contentfdo not occur in the mut? o strain.

Figures S'andl6 show the changes in’haplgid DNA content per cell
as éellé approach éhd enter either inyo stationéry phasef or into a

36°C mut7 --mediated cell arrest. .It is interesting to note that the

a 4

decline in daltons/cell of DNA seen in all late log phase cells cultured
~at 26°C mimics the decrease in DNA/cell of mut7 late log phase cells
incubated at 36?C. The decreases themselveS‘arévlikely to be due -to

L
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-~ TABLE 29: Retention of ability of mut? strains to force-mate
foliowing ten hours pre-incubation at 36°C

a) Complementatlon of mut7,hisl hap101ds force- mated to MUT+ hsz
Haploids for four hours at 36 °C--growth on -his' plates at 36°C

after matlng .
X

.- T MUI”;hiSS—Z Strains

. XV185-6D(a)’ XV185-4A(a)
Pre-incubated for ten hours, at-—1 26°c 36°c 26 36°C
Strain o ‘ ‘ : -
RO255-3A  a,MUT",higl-7 - " . +
-3C a ’ " . + PR S
RO255-1B aput?, hzsl 7 .- B N
-4A a " ‘ + + ¢ .
(RO255-3D  a,mut7,mut8,Kisl-7 | Yo £
-3B o M - \ + </

b) Complementation of a mut7, HoM" haploid force-mated w1th/MUT+
(mut7 reverted) hom3 haploids for four hours——growth on -thr.
plates at 36°C after matlng . _ ' s

~ Precincubated for ten hours, at-- 26°C 269C  36°C  36°C,
' Mated for four hours, at--. 269C 360C 26°C  36°C"
Cross ' '
.
'RO428-6B g mut7-1 . HOM' e e e,
RO478-6CT 12 o mut7-1-12 hom3-10 S, -
‘ - Iy R o
RO428-68"11 a mut7-1-11 HOM' . ...
RO428-6CT12 o mut7-1-12 hom3-10 R

* Diploids from both strains mated under these ‘conditions were
' sporulated successfully (>10%).. :
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’

c. Macfomolecular Synthesis in .a mut7 haploid'at 36°C
Once it had been determined that mgt? confers a cdb“

phenotype on cells incubated at 36° C, it was worghwhile asklng whether
the cessation of cell division was due to cessathon of protein, RNA
.or DNA synthe51s, or some combination of these _ Uptake of radloactlvely
labelled amino acids and bases suggested that proteln and RNA synthe51s
continue at thls temperature (Ord unpubllshed von Borstel and
Johnston,'unpubllshed). Using the procedure of}Johnston and Game
(1978), Von Borstel and Johnston deternined that‘uptake\ef label into
DNA in the mut7 strain R0428-6C, and the mut? mut8 strain RO88-4B
was curta11ed but did not abruptly cease at 36°C- (unpublished). | *
B. Cox (personal comm.) had found that another mut7 mut8 strain had
‘no residual DNA synthesis; Hdweyer, it was considered that this may
have been due to the presence of other ¢ts loci in the strain (see

section A3a). - The. experlments of von Borstel and Johnston weren't
performed under 3H-uracil pool.equilibrlun eenditions,.and 50 one
‘might have expectéd continuous (if reduced) uptake of H3—uracil if
reduced,DNA synthesis or DNA repair‘was occurring. To resolve the
question of whether tetal 'DNA was increasing in mut7 cells held at
36°C, the dlphenylamlne assay descr1bed by Roth’ (1974) was used, and
adapted for hap101d yeast Since it was p0551ble that mltochondrlal
DNA synthe51s mlght also have been affectlng thg uptake experiments,
’ and that thlS would 51m11ar1y affect the dlphenylamlne assay,
‘presumptlve p- stra1ns_were ;nduCed_(two‘subcultures in 1Cug/ml
ethidium bromide):ftom the.mut7'strain R0428-6C, and the MUT+ steckf

RO400-10C.. - - - ©

*



TABLE 30 : Ongoing cell division in p* and p derivatives of mut?
and MUT* strains incubated at 26°C

Hours Total Proportlon *Number
after cells/ml. of budded of cells
Strain innoculation of culture cells’ counted
RO400- . 0 . 4.7 x 108 0.74 ‘188
10C, 2 1.3 x 107 0.77 - 1262
MUT 4.7 4.7 " 0.77 466
ot 7 9.5 " é 0.60 190
9 2.1 x 10 0.48 428
11 3.4 " 0.36 712
19 3.8 " 0.06 384
RO400- 0 2.4 x 108 0.78 ¥§5
10C -2 4.3 " . 0.76 425
muTt 4.7 8.6 " 0.74 431
0~ 7 1.9 x 10" 0.67 379
9 3.4 " 0.63 670, '
11 6,3 " o 0.58 625 R
\ 19 3.5 x 10 0.19 347
RO428- 0 2.3x10%  0.93 - 922
6C 2 4.5 " 0.80 445
mit? 4.7 1.4 x 10 0.91 1392
ot 7 3.3 " 0.88 330
9 4.6 " 0.73 - 457
11 1.3 x 108 0.77 1318
19 1.8 " 0.95 1824
RO428- 0 2.5 x 10° 0.89 986
6C 2 4.5 " 1 0.89 447
mat? 4.7 8.4 ", 0.77 422
o 7 2.2 x.10 © 0.80 444
9 3.7 " 0.71 739
11 6.8 ™ 0.83 683
19 4.2 x 108 0.82 = 419
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a. R0428-6C p" mit7 /° 8. Ro428-6Cc p"muzz - . O
107 ¥ 1
1 o | ©
-/ ‘. o’
o ] ®_
o~ S -~
E o/ | AU - °
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FV).‘ L 0. /""< ) p . . . :
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(&) —— T 12 ///
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- P 4
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10 p- '/D
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o CJD 1 0—/’4’//’
[ ) .
’ { T
© : .
[
101 r + —+ 4 - + e e + + ~t <
0 2 4 6 -8 10 12 0 2 4 6 & 10 12
Pours in culture
f'rFig_. 3. Cessatlon of net DNA 1ncrease as measured bv the dwhenyl—

amine reaction ( average of two samoles/pomt), and of cell
'duéls:.on in mtg p cells, compared with mut7? p~ cells,,
36 C (@ vs. 26°C {@). The cells fron
.Spllt into two subcultures, one subculture from each strain
was shifted to 36 C after twe hours iz Puba+1on at 26°¢ -

farrows)

each strain were



W b. R0428-6C p~ mut7
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_ ' /0 >
"1 1 | / ) il | Réo/“" /(
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| R4 B

@ RO400-10C o T

A

Y

¢

Total Cells/ml

1018]

Daltons of DNA/ml
00
3
@
o

- & 'y > P
v 3 v L 4

. " N :
+ > - 'd

0 22 44 6. °8 10 12 0 2 . 4 6 8 10 12
- - ' Hours in’ culture ‘ '
 ’FIg..4. Cessation,of net DNA synthesis ésmeasurgd by the diphenyl- .
: . amine reaction (average of two samples/pointl, and of cell
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x - » .
3. Spontaneous Mitotic Recombination - .
. . ' . ) . o
~a., Introduction of higsl-1 into a mut? Strain

) d
Although the mut? strain ROl- 90A coreverted for

temperature sen51t1V1ty and mutator phenotype none of the revertants -

£l

isolated at\\4°9 would grow at 36°C, and attempts to isolate revertants
) - NG _ 3 : » )

at 36°C were unsuccessful. It was'assumedbthat the'strains‘earried at
least one other,(36°C)btemperature Seneitive factor, as did.all,>
other XV stocks tested. A MUT" stock KC179-15A (Tables 1 and 2)-
which grew at 36°C was crossed to ROl-QOA to attempt to eeparate’J
the;other temperature sensitive lociqfrom mut?l'

kC179a15A carried the mutantvallele hisl-1, which'rewerted,at a
low rate in the La551e test The.allele‘is believedftoihave been

4caused by a frameshlft mutation (Magn1, 1963) As canrbe seen in
< .

Table 33, the d1p101ds RO400 (KC179 lSA/ROl 90A; MUT /mut?, hzsl 7/h181 1) and
' RO417 (55179 1SA/R01 90A; MUT /MUT whisgl- 7/ht81 1) had hlgh La551e /2;

scores for histidine rever51on presumably due to 1ntragen1c o ey
<3 : T

recomblnatlon between the two htsl alleles The spontaneous rever51on
&
rate for lysel-1 in the d1p401d stralns was approx1mately that of the

~

MUT haploid strains. -

Thisﬁenhancement of histidine prototroph”formation wa3~found -

t

to be cons1stent for all heteroallellc, non mutator d1p101ds tested »
(see Sectlon A3c),,w1th h1st1d1ne La551e scores of between 60 200
prototrophs per plate, as compared w1th sizres of 10~ 20 for

hzsl-?/bt81-7'stra1ns and of 0-2 for htsl /hisl 1 non- mutator d1p101d

@

strains (see Tables 50 to'53) Thls result pq§atgd the way toward a’

useful assay for measurlng spontaneous recomblnatlon in mutators—-another
o A ~

. -
parameter of DNA Tepair. R :

Yo
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Tetrad analysis of strain R0400-(Table 3;) indicated that two‘otﬁer
ts markets were segregating, besides mut7. Both had terminal phenotypes
whlcﬁ were recognlzable under the m1croscope The ""tex' straln
resembles the "cdcll” terminal phenotYpe (Hartwell, 1972), while "Esy "
epores become single cells two or‘three times the diameter of’cells
maintained at 26°C. CelIs bearing tsx b'r tsy wevre able to divide a few,
tlmes before growth ceased but the ts phenotype was clearly dlscernible
on_;epllca,plates incubated for two days at 36°C. These strains’ could
gtili grow at 34°C, while mut?ébearing strains could not. (

. To e11m1nate tsx and tsy from the mut7 background the follow1ng
protocols were employga//ﬂ;he first, summarized in Table 35 (and Tables .

36-48), determined whether any strain carried another'ts-locus. Then

the mut7 locus was outcrossed until no other ts markers segregated.

b. Properties of the hisI-I eliele

The procese of eliminating the ts ﬁutations'genetically
.permitted us to eﬁalyse reversioﬁ-of the htsl—l allele extensiveI; |
fThbles 36 to'48) | Table 36 shows the segregatlon of mut? and
hie1;7 Tables 37 and 44 show the lack" of effect of mut?7 on hzsl 1
: straihs (a mean of 1.3 rever51ons>per plate compared4w1th 0.9
_reversions per piate for MUT+'strains Can-be‘calculateg from the data
in Table 37). In Tables 38,39 and 45, the hisl-1 allele can be seen to
segregdte 212, as a low histidine Léseie seore,ffrom'the hiel—? ot the_ve
’HIS+ alleles in homozygoﬁs MUT+'stTains

The hzsl 1 allele was then analysed in a mut8 and mut? mut8

' background Table 40 shows the usual.effect of mut7? and/or mut8 on’
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‘ i e
his1-7 revertability. However, in Table 41, note that the hisI-I

Lassie scores in RO406- 3A and 4B (whlch presumably are mut? mut8)

. appear to show greater than 20-fold eﬁﬁhncement over what would be

expected in MUT or mut7 homozygotes. It would seem that the double
mutator mutant .acts synergisticayly_on_his]—] (see also Table 58) .
Heteroiygotes for mut8/segregate‘for_high his1-7 mutafion
(Table 425. In crosses hetereallelic for hislvand heterozygous for ,l
mth alone (Table 43); the higher AZsI-1 reversion noted in Table 41
is seen again. Crosses 105 and 108 (centrol_orosses for.mutator
allelisms, Tables 59 amdv60)_confirm that mut8 does cause a five-
to six—foid enhancement of hisI-I Lassie reversion. Homozyg051ty for
mut?7 has no effect on the segregatlon of the his1-1 phenotype (Table 46).
Other loci segregating in these crosses have been included in
several tables. ecryl, in the,hdmozygous eondition hasvbeen found.to
enhance spontaneous reversion of lysi-1 (Morrlson, 1978). blThe.presence.
of thlS marker appeared to have no effect. on any haplold stralns
tested here (Tables 38, 39, amd 47). Similarly, ade2, a marker
affecting DNA metabolism doesn't seem to influence‘reversion scores

(Tables 38 and 47).

~ : ' e o ‘
The segregation of hisl-7, hisl-1 or HISI alleles does not

~ appear to affect reversion of Zys] 7 in mut? mut8 or MUT® straims.

[The other auxotrophlc loc1 also have 11tt1e effect on mutatlon - When

stocks contalnlng,eply‘h131-7 were constructed for auxotroph mutation

studies'(see section Alc), the absence of other markers appeared to

have no effect on higl-7 rever51on (data not shown) . ]



Tables 47 and 48 describe the. phenotypes of tetrads segregating
- N \ -

only for mut7, hom3, hisl, and arg4. These tables may be useful

for reference when comparing crosses of mut? to. other mutators.

91.
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-

J/ TABLE 34: Phenotypes of spores recovered from cross R0400
: C’rmt? hom3-10 hisl-7 _ + ) -
+- + L+ higl-l

Segregating Prototrophs arising** - Survival

Strain allele at on limiting oat o Designated
R0O400- eryl* hom3 histidine lysine 36°C 34C mutator
24 + 4 0 (0): 54 (1) -l mut?
B + + 2 (o) 64 (2) - - mut?

C - - 37 (3) 8 (0) -+ + + .
D - L 55 (0) 13 (1) o+ + . F
3A + - 56 (0) 15 (0) - + +
B - + 1 (0) - 12 -(2) + + o+
c - - 69 (0) - 29 (0) - - mut7
D + + 0 (0) = 60 (0) - - © mut7
W+ 18 (1) ia (2)  +/- o+ +
B° + - 30 (1) 8 (0) - +/- +
cP - + 7 (0) 29 (1) - - mut?
o° - + 1 (1) - 14 @© . - - - mut?
s B 2 (0) 12 (0 - o+ s
B ¥ + 3 (0) 61 (0) - - mut?
C - - 11 (0) 11 (0) - o+ o+ +
D - - 50 (4) - 33 (0) . - - mut?
6A .- 66 (4) 0 1) - - mut? .
B + + 1 (0) 45  (0) - - mut?
C - + 0 (0) 15 (0) +/- o+ +
D - - 21 (1) 12 (0) - + +
7A - - 135 (3). 53 (3) - = mut?
B - - 24 (0) 12 (1) + + * .
e + 0 (0) 46 (48) - - mut?
‘D. + + 1 (0) 18 (0) + + +
8A + - 106 (5) - 69 (0) -
B - + 1 (0 54 (0) = - ~mut?7
c - 16 (0) ~ 11 (0)  +/- + +
D + 1°-(0) 7 (0 +/- + 4+
A o+ o+ 0 (0 35 (0 - .- mut?
B - + 1 () 69 (0) - L mut?
C + - 38 .(1) 10 (0) +: + +
D

- - 32 (0 22 (0 -+ L+
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TABLE 34: (cantinued) ’
o Segregatingu Protbtrpphs arising** Survival
Strain allelgs at on limiting , oat o Designated -
RO400- crylx h0m3 " histidine lysine + 36.C 34°C mutator
B .,) . . ’
104 . R 105 (8) 50 (3) - - mut? ~
B(hig') + + 10 (1) o+ +
C - - 13 (1) 10 - (0) + + +
D - T+ 2 (O 70 . (1) - - mut?
11A - + 0 (0) 14  (0) - + +
B + - 82 (1) 43 (1) - - Cmut? i
C + - 46 (1) . 13 (0) + + +
D ‘- + 2 (0). 69 (1) - - mut?
: . o o '
124+ . - - T30 . W (1) + + +
B - - - T9R(3) 38 (2 - - - mut?
ct + + . 38 (57 14 (0) +/- +° 4
D + + 1), 51 (1) - - mut?
13A B + 1 (0" 14 (0) P +
B o - 8 (4 43 (4) - - mut?
c . -+ 2 (0) 105 (1) - . - mit7
D. . .+ - 25 (0) . 7 (0) + 4+ ¢« F
14° T 75 (5) 23 (0) - - mut?
B + + 0 (0) 15 (0 - + - +
C - “+ 0 (0) - 52 (0) - - mut7
D 4 - 16 (0) 10 () - - o+ S+
154 . L0 6 (0. - = B
B - + 4 (0) 71 (0) - - mut7
c - - - 64 (1) ' 45 (0) - - mut?
- D + - 53 (1) 11 (0) +/- + +
A o+ -\ 27 a7n 15 (0)  c+ o+ +
"B + + 0 (0)y 14 (0 + + 4+
C e - 73 (5) - 35 (0) - mut?
D - o+ 2 oy 44 -4 @ - - Cmut? -
& A P

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
medium are parenthesized.

These strains failed to grow when plated on YG medium -

t - Recombination has probably occured between hom3-10 and hisl.

" * Note the failure of segregatlng CTYp liopleurlne resistance to

enhance spontaneaus reversion in MUL or mut? haploids.



TABLE 35: Temperatufe-sensitivities in tetrad R0400-8 -- a
Complementation Matrix and its interpretation

"A.  Strains crossed and dipfoid; created.

' RO400-8A R0400-8D  XV731-3D

mut? mut? mut8
 RO400-8B RO411 RO409 - RO406
mut7. v o
- RO400-8C ' RO412 ~ R0O410 - - R0407
mut+ . - ‘ . . -
XV731-10A RO405  .R0408
mut8 '

\

B. ‘Complementation at 36°C.

RO400-8A RO400-8D  XV731-3D

Ry , .
RC400-8B ‘ /b ~* - -
. . RO400-8C  +/- + -
XV731-10A + - -
C. Interpretdtion: let tsx and tsy be two temgerature—senSitivities’
: ' - which curtail growth at 36 C, but not at 34°C.
RO400-8A RO400-8D XV731-3D
mut?7 tsy tex tsx
. / .. 4 ’ ‘ b‘
RO400-8B Cmut? tey + . _+ tex = _ + tsx
mut? tex - - - mut? + tsx mut7 8T  myt7 tsx
RO400-8C  mut7 tey tex _+  tem - _+,
tey . .+ tsy +  tay +  tay
XV731-10A ‘mut? tey +  tsz . téx
tsx L + . + tsx tsx - tex

* Strain RO411 (mut?/mut?) also fai%ed to grow at- 34°C.



TABLE 36: Phenotypes of spores recovered from cross RO401
ﬁwut7 hom3-10 higl- 75
<+ > 4 .

B

Segregating‘b Prototrophs arising** * Survival

Strain alleles at on limiting _ at Designated
R0O401- homﬁ htgl histidine lysine 36°C 34°C mutator
: / : . - — _
1A - - 89 (2). 41 (1) - - S mut?
B + + - o 47 (0) - - mut7
C + + ST 18 (0) - o+ -+ s
b - - 62 (7) 16 (2) = + . 4. +
20t - + T , 9 -(0) + o+ K +
Bt + - 12 (0) 33 (0) - - mut?
. C - - 29 (1) 6 (0 - + +
D + + v ©31L 0 v - - mut?
3A - - . 84 (0) 446 (0) - - . - mat 7
B + + . - 21 (2) o+ + +
C - - 47 (1) 9 (0) - L+ +
D o+ A7 - (0) - - mut?
4A .- - 33 (0) 11 (0) - + *
B + + : 13 (0) . + + s
C + + 55 (2) - - mut?
Du - - 135 (5) 45 (- -7 - mit 7
S5A - - 24 (0) 17 (0) v' + + +
B + + R 21 (1) + + +
o} - - 94 (2) 59 (0) . - mut?
D * 56 (0) - - mut?
6A + + 44 (0) N - \ - mut?
"B + + 21 (0) - +
C Co- - 29 (1) 19 (0. +. . 0+ +
D - - 105 (2) 58 (1) - - mut7
7A + + 11 (0 + + +
B - - 54 (0) 31 (0) - - mut?
c - - - 81 (0) 52 (0 - Ce mut?7
D + ' 14 O o - + +
8A - L 13 0y o+ T
B + + - .61 .(0) - - mut?. -
C - - 31 (0) 17 (1) + 4 +
D .- 69 (0) . 42 (0) - - T omut? .
9A - - 37 (2) .13 (0) + + +
" B - - 84 (8) 42 (0) - - mut?
C o 31 (0) + A
D + + 64 (1) - - S mut?



TABLE 36: (continued) = : o

Segregating - Prototrophs érising?*. Survival

Strain alle‘les"at on limiting at : Desi‘gnated
RO401- hom3 hisl histidine lysine  36°C 34°C  mutator
10A * + - ' 80 (1) -+ - - mut7
"B + + ' 23 (0) o+ + +
C - - 102 (3) ° 33 (1) = - - mut?
D- - - 27 (D) 8 (0) - + +
11A - - 99 (1) 69 (0) - - mut7
B o+ 48 (0) - - mat?
C + + ’ 15 (0) - T+ B
D - - 30 (0) 10 (1) o+ o+ o+
12A - - 39 (1) 12 - (0) + + +
B R ' - 52 (1) - - mut?
C T+ + 76 . (2) . - - mut?7
D - - 15 (5) 9 (1) . + -+ +
13A + + , 3500 o+ - mut?
B . + + 11 (o) - + .+
v - L 21 (0) 14 (0) - - mut?
D R 28 (0) 23 (1) + L+ +
14A . + ' 21 (0) - + : '/. +
B - - 108 (3) . 45 (0) - - mut? .
of _ 14 (0) - + +
Dt + - 93 (3) 55 (1) -7 - mut?
15A - . 39.:(0) 7 (0) -+ +
B + + - 73 () - - mut?
C - - 132 (3) 54 (1) - - mut7
D + + S 117 (0) - + +
16A "+ o+ : 56 (0) . - - mut?
B + o+ : 55 (2) - - o omut? -
.C - .- 19 (3} . 14 (0) - I +
D - - .46 (0) .6 .(0) + + o F
174 + o+ ' 21 (0) + + ot
B - e 47- (0) 4. (0) = s omut?
C. g, o+ - . ( 22 (0) - + +
D - 109 (0) 160 (1) - - - mut7
18A o+ 52 (0) - - mut?
B - . 57 (0) 30 -(0) - - mut?
C - - 15 - @© 12 (0)- +- + L
D BRI R 27 (0) e * o+



TABLE 36: (éontinued) : : . .

Segregating Prototréphsfarising** Survival

- Strain alleles at on limiting . at Designated
RO401-- hom3 higl histidine lysine 36°C 34°C _mutator _
19A + + 29 (0) + + K +°

B - - 149 (138) 65 (2) - - mut?

C - - - (0) 13 (0) + + +

D £+ \ 56 (1) — mut?
200 - - ) 25 (0) : - mt?

B . - €0) 11 (0) + * o+

C + + 19 (6) + E +

D + + 39 (0) - - mut?

** Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. :

‘hom3-~his1 recombinants

¢ slow-growing §;rains

r



TABLE 37: Phenotypes of spores, recovered from cross R0402

(0) .

b7 HOM' hisi-1
€Wu+ HOMT hisl-1
Prototrophs arising** Survival

Strain ~on limiting. at’
RO402- histidine lysine 36°c 34°C
1A 1 (0) 9 (0) + N

B 0 (0) 41 (0) - -
c 0 (0) 10 (0)

D 0 (0) 56 (0) -

2A 1 (0) 28 (1) - -

B 0 (0) 10 (1) + +

C 0 (D) 15 (0) - - +

D 30 67 (1) - -
3A S0 (0) 57 (1) - -

B 1 (0) 12 (1) +/- +

C 0 .(0) 4 (0) + +

D 5 °(0) 60 (0) g -
4 1 (0) 60 (6) - -
. B 0 (0 39 (4) - -

C 2 (0) 11 (0) + +
© D 0 (0) 16 (0) + +
© 5A 2. (0) .56 (0)

B 1 (0 - 19 (7)

C 2 (0} 68 (0)

D 1 (0) . 12 (0)

6A "0 (0) 20 (0)

B . 2 (0) 19 (0)

C /3 4 (0) 41 " (0)

D 2 (0) 48 (0)

A 0 (0) 40 (0) - -
B “1 (0) 39 (1) - -

C 0 (0) ‘14 .. (0) . + -

D 0 (© 17 (0) SR
“8A° 2 (0) 6 (0) £

B° 0 (0) - 40 (0) - -

c S0 (0) 11 (0) + +

D 1 (0). 23 (0) - -
T S0 (0 38 (8) - -

B 0. (0) 15 (0) + +

C -0 (0) 46 (7). - -
D 1.0 20 (0)

104 1 (0 25 (0) - gy
- B 1 (0) - 14 (0) s

C 1 40) 44 (0) - -
D 1 8 () - +

Designated -

mutator

+
mut?

+
mut?7

mut7
+
+
cmut?
Comut’?
- + ‘
+
mut?

mut?

mit?

+ -
+
mut?
+
mut?
+
.
+

mut?
mut?

mut7
S mut7

ut?.

?mut7"

‘mut7

mut?

Mt 7

| mut?

¥

i
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TABLE 37: (continued)

Protétrophs arising**

e

. Survival :
Strain- on limiting a Designated
R0402- histidine lysine 36°C 34°C mutator

11A 0 (0) 14 (0) + + +
B 0 (0 55 (0) - - mut?

C 2 (0) 39 (0) - mut?
D 1 (0 8 (0) - +

12A 2 (0) 58 (0) - - mut? -
B - 0- (0) 39 (0) - - mut7
c® 20y 21 (0) 4+ S

D 0 .(0) - 11 (0) .- + -
13A 4 (0) 70 (2) - - mit?
B "3 (0) 58 (0) ~ - mut?

- C 0 (0) 11 (0) - - + +
D 0 (0) - 4 Q)" + o+ +

i4A 2 (0) 55 . (0) " - - mut?

- B i ©° - 5 (0, + + +
o 2 (0) 68 (0) mut?
D 0 (0). 14 (0) +

15A 1 2)* 22 (1) - = mut?
B 0 (0) 23 (0) + + ¥+
c? 12 (0) 9 (0) o+ o
D - 1..(0) 31 - (2) - - - mut?7

16A 2 (0 - 45 (1) - - Cmut?
B 0 (0) 9. (0) . + o+
o 3 (0) - 26 (0) ro- - mut?

D 0 (0) 7 (0) - o

17A 0 O 28 (0) - - mut?

B .0 (0) 11 (0) + +
C 1 (0) 39 (0) - - mt7
D 2 (0) 17 (0) +/ +

18A 3 (0) 25 . (0) + + +
B 0 (0) 18 (0) + + #
C 1 (0) - 28 (0) - - mut?
D 1 (0) 29 (0) - - mut?

19A. 17 (0) 13 (0) + + +

C B 10 56 (1) - - mut?7
C. 0 (0) 12 (0) - - C mut?
D 0 (0) 14 (1) + ,F

20A 1 ()* - 15  (0) + + . +
B . 2 (o) 11 (0) + +
C 1 (0)" 53 (0) - mut?

D 0 (0) " 15 (1) - - mut?

. R Pre-éxiéting protgtrophs are parenthesized.
p. Strains unable to grow on

* 'Jackpot!' -

100
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.hom3-h181 recomblnants

TABLE 38:: Phenotypes of spores recovered from cross R0403
| :%UT+ hom3-10 hisl-7  + )
. + +  hisl-1
Segregating .Prototrophs arising**' Survival Segregating
Strain alleles at on, limiting 03t o. . alleles at
RO403- hom3 hisl histidine Llysine’ 36 C 34C  cryl ade2®
1A 4+ 1m1 1 (0) 11 (3) P - +
B - 17 18  (6) 14 (0) -+ * -
C - 1-7 24 (19) 15 (0) - + - -
D 1-1 -2 (0) 19 (1) + + +, +
24 o 1-1 2 (0) 15 (00 + o+ 4 .
B - 1-7 26 (0} 350 (2nyx - 4 - -
- C - 1-7 31 (0) 10 (0) + + +
D +  1-1 1 (0) 17 (25) + -
A - 1.7 13 (0) - 6 (0) - - +
B o 1-1. 0 (0) 14 (1) . + + + -
C + 1-1 0 (0) 20.. (0) - + + -
D - 1-7 6 (0) 11 (1) + - +
4A + 1-1 1 (0) 9 (0) + & -
B, - 1-7 21 (0) 7 (0) - +/= o+ s
CT" « = 1-1 -0 (0) 1s (1)  +/-  +. + -
;D 1-7 14 (0) 11 (1) . =+ + -
5A + 1-1- .0 (0) 17 (0) P + +
B - - 1-7 34 (0) 12 (0 - o+ + -
C 1-1 1 (0) 14 (0) "~ + - -
D - 1-7 S (0) -~ 4 (2) + -
**  Numbers of prototrophs existing pr1or to growth on 11m1t1ng
medium are parenthesized. -
*  'Jackpot! (In these cases unparenthesized numbers 1nc1ude pre-
‘existing prototrophs.) :

101



102

TABLE 39: Phenotypes of Sporés récoyered from cross R0404
| ( MUT HOu8” hisi-1 ) R N
MUF HOM3+ + . .; B . -

Segregating Prototrophs .arising** Survival ;
Strain alleles at - on limiting B o oqt o
R0O404- ~ cryl hisl ‘histidine lj§$he 36°C 34°C.-
1A - - 22 (0) 13 (0) -+
B + 4 : . 27 (5) + +
€ wr + 4 o100 (1) + *. " :
D - - 1 (0) 17 (1)~ - o
2A o 2 W .15 (0) .
B + + §0 23 (1) + +
o - + .22 (0) B +
D - - 3 (0) 14 () | = +.
3A LR ) 17 0 +/- o+
B AR o 10 (2) . -+ +7
C -, ©2 (2% 19 (0) - +
D 0 (0) 11,00 .+ o+
4A - o+ . , 15 (0) . .
B + - 1 (0) 96 (1) - - +
c- - - -0 (0) 14 0  + - +
D ' < 9 (0 R
5A o+ T T e (0) IR .
B LA 1 21 (0). - +
o - - 2 - (0) 14 (0 - + +
D - - - i 1 (0 11 (0) oo+ +
] [ il ' - : . ‘ i v - .
** Numbers of prototrophs ex1st1ng prlor to growth o$~11m1t1ng R

medium are parenthesized.

'Jackpot'(In thes& cases unparenthe51zed numbers include _pre-
ex1st1ng prototrophs ) '

-
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Straini
RO405-

Tt
OO0 W

"Unwg‘

(38
Qw P>

4A

Ow

o0 w>
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Phenotyﬁes of spores recovered from cross RC40§

(mt? _+_hom3-10 hisl- =7y \
-+ mut8 hom3-10 hisl-7 _ y
Prototrophs arising** Survival S
on limiting , oat o De51gnated
- histidine lysine 36°C 34°C //mutator(s)
19 (0) 8 (0) , + + + 4+
841 (260) 75 (4) - - mut? mut8 -
947 (117) 96 (11) . - - mut7? mut8
©32 (0) 70 (0) + + _ +  + .
254 (18) . 24 (0) - s + mut8
67 (0) 38 (2) . IR mut? o+
870 (107) " 103 (2) - - mut7 mut8
435 (445)* 10 ~(0) + o+ ‘ + +
24 (0) 8 (0) P N
139 (13) 18 (0) -+ + mut8
78 (7) 32 (0) L= - mut?  +
24°(18) . 10 (0)° o+ o+ T
87 (13) 22 (0) , -+ o+ mut8
989 (220) 98 (14) - = mut? mut8
310 .14 (0) T
340 (15) 94 (5) - - - mut? mut8
155 (10) 12 (0) e T mut8
- mut? -t

30 (5) 41 (0) - -

**  Numbers of prototrophs ex1st1ng prior to growth on limiting
‘ medium are parenthesized!
* 'Jackpot' (In these cases unparenthesized numbers include pre-
“ex1st1ng prototrophs ) ¢

[2]
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- TABLE 4L . Phenotypes of spores recovered from cross R0406

dnu s + hisl—l)
+ mutB hom3-10 hisl-7 +

Segregating Prototrophs arising** Survival

Strain alleles at on limiting at. - Designated
RO406- hom3 hisl -histidine . lysine = 36°C 34°C mutator(s)t
1A - 1-7 541 (423)* 5 (0) - + +
B +  1-1 8 (0) 18 (0) - ¥+
o - 1-7 33 (0) 10 (0) - - mit?  +
D 1-1 0 (0) 25 (0) @ - - mut?
2A + 1-1 0 (0) 17. (0) =+ +
B L 1.7 23 (0) 137 (0) - - mut?7. 4
C . - 1-7 1410(108) 71 (2) - - mut? mut8
D - 1-1 8 (0 - 25 (0), - + +
3A +  1-1 76 (2) - 102 (4) - - mut? mut8
B +  1-1 S .2 (0) 11 (0) -+ +
C - 1-7 142 (6) 24 (0) o+ + + mut8
D - 1-7 18 (1) ~ 12 (0) . - - - mut? +
“4A - 1-7 126 (13) 7 (0) - + + mut8
B o+ 1-1 67 (0) . 105 (37) - - mut? mut8
C +1-1 0 (0) 6 (0) + .+ +
D - 1.7 - 50 £4) 43 (1) - - mut? o+
. 5A +  1-1 6 (0) 21 (0) + + +
B + 1-1 . 4 (0) 3 (2) - + +
C - 1-7 64 (2) - 28 -(1) - - mut? o+
B\ - 1-7 15 (0) 6 (0) ~ - - mit?  +

>
*

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng

medium are parenthesized.

'Jackpot'! (Inthese cases. unparenthe51zed numbers include pre-
" existing prototrophs.) ) ,
t mut? mut8 strains are determlned by Zysl l reversion and
~temperature sensitivity. . , :
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TABLE 42: Phenotypes of spores recovered from cross R0407

+ hom3-10 hi31-7)
gﬂut8 hom3~10 his1-7

. . Prototrophs arising** Survival
Strain on limiting 03t - Designated
RO407- histidine -lysine 36°C 34°C _mutator. _
1A 49 (3) 10 (0) A +
B 28 (0) 12 (15) - + +°
c 214 (16) 11 (0) . mut8
D 269 (12) 13 (0) - + mut8
2A 279 (68) - 12 (0) 7= C* mut8
B 226 (1) 14 (0) . + + - mut8
C 14 (0) 7 (0) - + N
- D 24 (0) 6 (0} - + +
A 178 - (12y 18 (0) o+« mut8
B 19 (0) 13 (0) - + +
c 17 (0) 18- (0) P +
D 443 (67) 118 (98)~* - + mut8
- 4A 205 (25)  «18 (0) + + mut8
B 22 (0) 15 (0) - -
C 13. (0) 11 - (0) - + +
D 337 (17) 19 (1 + + - mut8
4 . '
- SA 397 (36) . 17 (1) . - + - muté
B 7 (1) 15 - (0) - R +
C: 266 (30) 14 (0) - - + mut8
D 26 (0) 8 (0) - + 4 + .
X%

Numbers of prototrophs existing prior to growth on limiting

medium are parenthesized. o

* 1Jackpot' (In these cases unparenthesized numbers include pre-
existing prototrophs.) : '
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TABLE 43: Phenotypes of Spores Tecovered from cross R0408

+ o+ hzsll)
gnutB hom3-10 higl-7 +

Segregating Prototrophs anlslng** Survival

Strain alleles at . on limiting _ at Designated
RO408- hom3 hisl histidine lysine 36°C 34°C mutator _
1A = 1-7 28 (0). 17 (0) - + +
B + 1-1 1 .(0) 6 (0) - + ~
C + 1-1 17, (0) 16 (0) - +
D - 1-7 178 (8) 15 (0) o+ o+ mut8
2A + 1-1 11 (0) .36 (4 + +
B + 1 1-1 2 (0) '8 (0) - +
C - 1-7 30 (1) 7 (1) @ - + +
D - 1-7 194 (7))~ 15 (0) - + - mut8
3A +  1-1 -1 .(0) 10- (0) + +
B - 1-7 236 (3) 9 (0). + + ' mut8
C - 1-7 249 . (61) 16 (0) - + mut8
D + 1-1 0 (0) 8 1y - - + +
C4A - 1-7 " 57. (2) . 7 (0) - +
B +  1-1 -2 (0) 7 (0) - +
c +  1-1 7 (0) © 260 (0) +
D ' - 1-7 199 (2) 12 (0) + + mut8
SA + 1-1 5 (0) 15 (0) + +.
B - 1-7 . 337 (74) 13 (1) - + mut8
e -1y 0 (0. - 2 (0) + + :
D -~ 1-7 + +

18 (0) . 13v.(0) -

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
medium are parenthesized.

. 'Jackpot' (In these cases unparenthe51zed numbers 1nclude pre-
existing prototrophs )
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TABLE 44 Phenotypes of spores recovered from cross R0409 .

(ut? hisl-1,
. ‘ + . higl-1
 Segregating  Prototrophs arising** Survival

Strain . alleles at on limiting = o2t 6 -Designated
RO409 .  hom3 hisl histidine lysine 36 C 34 C _mutator
1A All are . 0 (0) 51 (4) - - mut?7

B HOMt,hig1-1 0 (0) 12 (0) + + +

C 1 (0) 43 (0) - - | mut?

D 0 (0) 12 (0) - + 0 4
2A S0 (0) 13 (0) + + +

B 1 (. 8 (0 +  + +
C 4 (0 - 32 (© -. - mut?

D 1. (0) 44 (0) - - mut?
3A 1 (0) 11 (o) + + f *

B. 2 (0. 47 (1) -. - mut?
- C 1 (0) 8 (0@ - + +

D o 41 (@ - - mut?
4A 1 (0) 13 0 + o+ -+

B 1 (0) 34 . - - mut?.
. C 0 (0) 160 (1) + + S
D 0 (0) 73 (1) - - mut?
SA 0 (0) 54 (15) - - mut?

B 2 (0 42 (©. - - mit7

C 6 (0) 32 (0)  +/- + 2

D 0 (0) 8 @ + + +

**  Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. ‘
X :
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TABLE 45: Phenotypes of spores recovered from cross R0410
MUTY hom3-10 higl-7 +
T

+ - + hisl- 7 .
Segregating Prototrophs arlslng*' Survival
Strain alleles at on limiting : at’ ‘Designated >
RO410- hom3 higl histidine lysine 36°C 34°C  mutator
R 5 ) . . ¥
1A + 1-1 1 (0 9 (0) - + All are
B + 1-1 0 (0) 9 (0) =+ +. MUuT *
C 1-7 11 - (0) 8 (0) - + '
"D - 1-7 10 (0) 12 (0) + o+
2A + 1-1 0 () 10 (0} -- +
B + : 12 ) + o+ .
C 1-7 7 6 (1, - o+
3 - 17 5 (2) 9 (0) + .+
B + 1-1 0 (0) 8 (0) + o+ -
C + 1-1 0  (0)- 3 (0) .+ +
D - 1-7 14 () 8 (1) + +
4A - 1-7 11 (1) 11 0 - o+
B - 1-7 6 (2 7 (0). -+ 4
C + 1-1 0 (0) 10 (0) + +
D 11 1 - (0) 7 (0) + o+
5A. - 1.7 15 (6) - 11 (0) - '+
B - 1-7 13 (0) - 5 - (0) + +
C S 1-1 =0 - (0) 12 1)  + +
D + 0 1-1 0 ~(0) 10 (0) + @+

** Numbers of prototrophs arlslng prlor to growth on limiting
medium are parenthe51zed
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TABLE 46 Phenotypes of Spores recovered from cross R0411

t7 hom3-10 higl-7

* -+

medium are parenthesized.
“All strains failed to grow at 34 °c or 36°C
Plate contamlnated

t7 + + higl- 1)
.. Segregating Prototrophs arising**
Strain = alleles at on limiting Designated
- ¥ RO411- hom3 hisl h15t1d1ne lysine mutatort .
1A .+ 1-1 3 (0) 58 (1) All are
"B + 1-1 o (0) 4  (2) mut?
C - 1-7 29 (12) 44 (1)
D - 1-7 28 (16) 42 (1)
2A - 1-7- 59 (32) 52. (0)
B + o 1-1 0 0y 54 (2) -
o + 1-1 3 (0) - 41  (0)
. D - 1-7 36 (20) .56 (0)
A +1-1 1 (0 43, (0)
‘B - 1-7 49  (23) 34 (1)
c - 1-7 67 (13) 40  (0)
D 1-1 1 (1) - 57 (0)
4a " ¢ 1-10 . 2 (0) 63 (0)
B - - 1-7 9 . (9) 24 (0)
c . C1-1 1 (@) 56 (0) -
D - 1-7 45 (11) 33 (0) .
SA - 1-7 23 (12)  * (1)
B +  1-1 0 (0) . 60 (0)
C + -1 2 (0) 68 (2)
D - 1-7 145  (18) 52 (1)
** Numbers of prototrophs ex1st1ng prior to growth on limiting .

M



TABLE 47 Phenotypes of spores recovered from cross R0417d%%qﬂ

PrototrophsAarising** Growth_vSegregating -

, Segregating
Strain alleles at. on limiting at
RO417- hom3 hisl histidine 1lysine .  36°C+
14 + 1-1 1 (0) 14 () +
B 1-7 25 (0) 10 (0) -
o - 1-7 35 . (0) 8 (0) -
D +. o 1-1 = (0). 10 (0)  +
27 - 1-7 300 (0) 12 (0) +
B + 1-1 0 (0) 5 (0) -+
o + 1-1 0 (0) 8 (1) -
- D - 1-7. 20 (2) 17 (0) +
3A + 1-1. 2 (0) - 14 (0) +
B + 1-1 1 (0) 13 (0): -
- c 1=7. 26 (2) 9 (2
D’ - 1-7 26 (0) 11  (0)
4A + 1-1 0 (0) 14 (0) +
"B 127 28 (0 7. (0) -
C - 1-7 63 (0) 11 (0)"
D + 1-1 - 3 (0) 13 (0) -
5A + 1-1 0 (0) 7000 - -
B = 1-7 56 - (2) 18 (0) +
C - 1-7 17 (0) 16~ (1) +
D o 1-1 o (0) 11 (0) +
6A - 1-7 45  (0) 13 (2) +
B - 1-7 14 (0) 12 (3) -+
C + 1-1 0 (0) 4 (0) -
D - 1-7 46  (0) 1 @, -
7A + 1-1 0 (1)* 9 (0) +
B - 1-7 45 (1) 12 (0) +
c - 1-7 30 (0) 13 (0)  +/-
D + 1-1 1 (0) 9  (0) -
8A - 1-7 ‘34 (24) 5 (0) +
I + 1-1- 1 (0) 21 (0) -
o - 1-7 10 (0) 13 (0) +
D + 1-1 1 (0) 8 (0) -
9A - 1-7 14 (0) 8 (1) +
B + 0 1-1 1 (0) 7 0 (0)  +/-
o + 1-1 - 1 (0) 9 . (0) -
D - 1-7 17 (1) 7 .(0) .+

alleles at

eryl

t

b+

+ |

ade?

+ o+

+

b+ o+ i

+ 1
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TABLE 47: (coﬁtinued) s
"~ Segregating "Prototrophs arising** Growth Segregating
Strain alleles at on limiting , ag alleles at
RO417- hom3 hisl histidine lysine 36’ Ct ecryl ade2
11A - 17 34 (0 9 (0) + N +
B s 11 1 0 13 (0) « -
- C +7 121 1 (0) 15 (0 + + -
D - 1-7 27 (0) 7 (0) - - .
124 +# 1.1 0 (0 12 (0) . - . _
B - 1-7 47 (0) . . 8 (0) + + +
C + 1-1 0 (I)* 10 (0) + - -
D - 1-7 20. (0) 13 ~(0) + - +
13A b 141 300 11 (0) o+ . -
B - 1-7 16  (0) 23 (0)  +/- - -
Cc + 1-1 1 (0). 12 () B +
D - 1.7 20 () . 8 (0) +/- - +
14A +  1-1 2. (0 7 (0) +/- + +
B+ 1.1 2 (0) 13 (0) - - -
c - 17 18 (0) 6 (0) ' - +
RY ' - 1-7 ¢ 26 (0) - 21 ) + + -
**  Numbers of prototrophs ex1st1ng prlor to growth on limiting

- medium are parenthesized. .

pre-existing prototroghs )
t AA11 spores grew at 34°C

'Jackpot' (In these cases unparenthe51zed numbers 1nc1ude

111
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TABLE 48 : Phenotypes of spores recovered from cross R0428@E%?§" v

~ Segregating "VPrototrophs érising** Growth

Strain - alleles at on limiting at . Designated,
RO428- " hom3 hisl histidine lysine - 36°Ct  mutator
1A - 1-7 58 (8) 46 (2) - mut?7
B + 1-1 0 (0) .10 (0) + +
C - 1-7 19  (0) 1 (7)) + o+
D + _1-1 2 (0) 41 (0) - mit7
2A - 1.7 31 (4 40 (0) - - mut?
B + 1-1 1 (0 43 (0) - mut?
- C. + 1-1 1 (0) 8 (0) + +
D - - 1.7 12 (3) .9 (0) + B
3A . 1-7 29 (13) 50 (2) - mut?
B + 1-1 3 (0) 16 . (0) + +
C - 1-7. 13 (9) 53 (0) - mut?
D + 1-1 2 (0 12 @ + ot
*6A - . 1-7 15 (0) 4 (3 o+ + -
B + 1-1 0 (0) 28 -(0) - mut?
C - 1-7 47 (26) 66 (0) - mut?
D + 1-1 1 (0) 13 (0) + +
_7A o+ 1-1 0 (0 11 (0 o+ +
B - . 1-7 48 (7)) 31 O - - mut 7
o - 1-7 15 (2 10 (0) + , +
D 1-1 2 (O 66 (0) - mut?
15A v 141 2 (0 6 (0 - - mut7
B - 1-7 31 (43) 43 (0) - mut?
Cc e+ s 0. (0) 14 (0) + + -
D - 1-7. 215 (0). 14 (0) + X + <
* Numbers of" prototfophs exiéting prior toAgrbwth on limiting
_ medium are parenthesized. .
+ The pattern shown here was identical to that observed at : o
34°%.

*  Recombination between &a § cryr/cry resulted in the mut?
~ strains 6B and 6C having 2 and © mating types while both being
cry8. These strains have been used as mut? 'testers' and are
further descrlbed in table 2.
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c. Spontaneods Prototrophs in
‘hom3  hisl-Z + -, hisl-7 and htsl—l Strains
higl-1 -

¥ F hisl-1 ° hisl-7

As noted in Table 33, heteroallelism at hisl appeared ’

to cause a five to ten-fold enhancement in Lassie scores. Since

. t- .
hisl-1 came to be present in MUT , mut7, and mut8 backgrounds in.

the R0O400 series of crosses (Table 2), the diploid configurations shown

- above could be tested extensively.. Table 49 shows the results of

the first analysist In all cases lysl-1 was homozygoué and.its

reversion may be used for comparlson of the effects of the mut?

or mut8 10c1 between stralns : Prev1ous unpgbllshed work (Quah) as

well as that shown here indicates thdt the two mut alleles are
recessive for mutdtor'activityf—they cause little eﬁhancement of hoﬁoA
zygdus Zysl-l or higl-7 reversion even if both mutatoaﬁ are present
in the heterozygous state.ln the same straln

Stralns RO402 and R0409 reverted m1n1ma11y on limiting
hlStldlne as expected of homozygous htsl 1 strains (Fogel et a?.,
1978). ‘The, htsl 7/higl-7 d1p101ds RO405, 407 and 412 all had
histidine La551e scores of between fifteen and thlrty revertante per

) s

plate; The heteroallellc hisl strains RO403 408 and 410 showed

the same high reversion on 11m1t1ng hIStldlne as was noted in

.Table 33. Strain R0411, the mut? homozygote heteroallelic at hisl,

showed a large 1ncrease in h15t1d1ne prototrophs compared to
RO403, 408 and 410.  Strain RO406, heterozygous for mut? and mut8,

and heteroallelic at hisl had an enhanced histidine’Laésie L

o

-
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score, compared to the<MUT+ sfrains.’ A ﬁutg/mutB dipleid (bottom

row) was included in the experiment to compare.mut8-mediated' 
hisl~-7/his1-7 reversion. .

In order to test the effect of mut? mut8 double mutant mutators

en recoﬁbination at hiel, strains derived from cross RO88 (Tables 62
~and 65) were crossea appropriatelf and tested eeing,the La;sie
protocol. MUT+, mﬁt?_and mutf hohbzygotes were alse tested. Tablg‘SO
- shows the_nﬁmbers of protdtrOphs observed en 1im1ting histidine and
lysine, as well as red 1y51ne locus revertants, for MUT+ homezygores;
- For mut? homongotes< the 1ncreased hisl recomblnatlon noted in

{ :
Table 49 was again obsefveq (Table 51). Table 52vgives the Lassie

scores Qr mut8vhpmezygote;.‘ Recombiﬂetion-éppears to be reduced |

in mut8/mut8, hiél—héterbéllelic crosses, if contributions from
higl1-7/his1-7 revertants are deducted. HOwever,'if‘ene notes that

the heteroallelic streins have only one hiél-f allele,.the appareﬁt '
reduction is eliminated. Fer exémple; if the MUT+ homozygote‘median o
,recombination4score 164, ie added to'one;half of the mut8 homozygotes"
‘medlan htsl 7/hzsl Z rever51on score, 86, the value of 250 attalned

is close to the. medlan number of prototrophs, 230, observed for the .
‘hisl-7/higl-1, mut8 homozygotes

" The apparent "additivity"vof recombination and'mutation

nsuggestsfthat mu£8—mediated mutation occﬁrs'independently of

intragenic recombination. This could net be demonstrated‘concluSively,’

because the. necessary higl-7 higl-1 control was never isolated:

higl-7 + of + + -
* + htsl-1

A (Tables 55 and‘SG),'rather than the classiea{Iy predicted

T

Most histidine prototrophs were e1ther
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hzsi—? htsi-l. This is in agreement with recent observations of

mitotic, intragenic gene.conberéion occurring in the Gl stage of the
‘cell cycle (Esposito, 1978). _ﬁurthermore, the speoificity for‘
conversion of only the hisl-lkallele shown by a MUT+ homozygote
(Table 57) casts doubt ‘on the validity of the aforementloned

algebralc method for estlmatlng recomblnatlon at the hesl 10cus

Table 53 summarizes the data from La551e te%t/.of three dlfferent

mut?/mut? mut8/mut8; higl- 7/hzsl 1 d1p101ds, plus controls Again, the

il

apparent loss of recomblnants may be an art' actf The numbers obeerved
fit the éxpected.results if one-half-of the homozygous
mut? mut8—mediatedIhislqi/hisl—7 median number ofxrevertants are.added -

-

- to the medlan value obtalned for mut?/mut? medlated recomblnatlon.

Note that Aisl- J/hzsl 1 revertant frequency is greatly enhanced over’

.Mthat seen'for MUT homozygotes, as expected.»' .

From Table 54 it can be seen that the mut? revertants
mut7-1-11 and mut7-1- 12 confer normal 1evels of recomblnatlon to

-

diploids bearing them Thls‘;s‘true both when the revertants were
crossed w1th mut?—l, and'in:the'homor;gous-revertent diploid
(nmﬁ-z_zz/fmt?-z-zz) -

Hlst1d1ne prototrophs wh1ch arose on 11m1t1né hletldlne were
plcked retested on ~his medium and sporulated, in the cases of
R0516 and R0517 (Table 54). Three tetrads were plcked from all
sporulants (all 1solates sporulated) . All tetrads gave ‘viable spores,'
.although the mut?/mut? strain had.many.tetradsiwith two dead spores

. (Table 56).



*had been converted to HISI . 1Two spores from each set of tetrads
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The tetrads were then analfsed to determine which hisl allele -

£ .
which were not prototrophic for histidine were force-mated with

hisl-7 or hisl-1 tester strains. The resulthg diploids were

-'tested for heteroallelzsm by UV-1nduct10n of hzsl prototrophs (see

Savage 1979 and Mater1als and Methods) Tables 55 and 56

Gdescrlbe the phenotypes of each hlstldlne prototrqph plcked from the

spores from mur* hlstldlne prototrophs segregated 2 hom. hLS : P ~

<

_numbers of higIl-I1 and hisl-?_cdnvertante (first four rowé).differed

Lassie platesg’before and after sporuIatlon Four-cross—feeding
protobrophs were also picked from the Lassie plates per'diploid,
osten51b1y as true mutation controls.

From Table 55 (columns 6 and 7) it dan be seen that most

2 HOM HIS , wthh suggests “that the higl-1 allele was ‘the one m0re

-
-

frequently converted to HIS This is supported by the data shown

~in columns 9- and 10 of the same Table, . that shows wh1ch his™ Spores

had (1nduced) 1ntrag3n1c recomblnatlon when fOrce mated to hisls7 _
) »

or to hisl-1 tester strains. Those d1p101ds whigh were'homOalleliC

rarely Rroduced revertant clones follow1ng UV treatment of 1solates

spotted to -His plates ("- ") Heteroallellc,d1p10Lds showed.many

revertants per streak ("+'). o N : SR

47

Table 56 suggests that the mut7 homozygote produced(a smaller pro--

portion of AZsl-1 - "+" convertants and more of the hisI-7 to HIS' than
. L . - . D ° .

the MUT" strain. This may be seen more clearly in Table 57. Relative

.

significantiy between the mut? ahd the MQT+'hoquygote$

(x2= 3.97, P < 0.05;_co:;ected_for continuity),: . , o

% B



s ' . ,'117'
The'origin of the ctoss-feeding revertants observed has been
attrlbuted to second slte mutatlons in the hisl gene by Fogel et al.
(1978) and Lax and Fogel (1978) The cross~feeding prototroph #15
in Table 56 is reportedly due to a auxotrophlc allele which
complements the or1g1na1 htsl -7 mutatlon However, oEE‘novel
.non—feedlng revertant segregated 2'2 for a‘his_ allele which complemented
both higl-1 and htsl—? tester alleles for growth (Table 56,
pﬁototroph #11) . ”

"Thevputatively_frameshift nature of hisl-1 may account‘for
-the specifity‘of hisl'conversion."lhe allele.was crossed into all
mut strains (section B) and ‘may be con51dered the equ1va1ent of the
'putatlve frameshift allele normally used to detect frameshlft
mutators in this laboratory, "hom3-10 (note that,only mut7 mut8 has
.been’shownAto confer greatly enhanced reversion'of the hom3-10
allele, of a11 the mutators tested (Quah unpubllshed data)).

How does mut? affect melotlc, or m1tot1c 1ntragen1c
vrecomblnat10n9 The mut? homozygote RO413 (Table 2) wh1ch was
heterozygous at adéZ had 5/2793 red clones by d1rect platlng, whlle
~ the mut? heterozygotes R0415 and RO416, also ade2-1/+ had no red
'segregants ‘in a combined total of 5427 clones screened It is unclear
' that mut? a;ses an enhancement in homozyg051s because of the
vsmall numbers of red clones observed ) Moreover, 1t was p0551b1e
chat the adéZ-l allele may have been segregatlng melotlcally,
thlS poss1b111ty was not tested " _ l‘d

Me10t1c 1ntragen1c recomb1nat10n at hisl appears to be -

<

' unaltered in the Mut7ﬂwut7 straln R0430 54/29200 HISA prototrophs
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were observed in sporulated diploids plated to -his medium, compared
with 78/43700'for a MUT+ homozygote, RO434. |

It should be noted'that the altered hisl conversion seen in
mut7/mut? strains was not corrected for'thé increased prototrophs
‘observed in this strain. When this 3.8-fold increase in median

Lassie score over the MUT homozygote is considered, the

proportionate numbers of higl-7 and hisl-1 convertants for each

strain chadé;\fFom those shown in Table 57 (first four rows) to
AN S .

the values seen belpw.

' Number of prototrophs/class in

mut7 , myrt :
homozygotes homozygotes
57 24
30.4 ' 2

_While’the'numbefs still differ sighificéntly, it is bow4évident
b-thatvthe mut? homobygote does'not have reduced hisl-1 conbefsibh
relafive fo the control. Furthermore,‘the proportlon of hisl-7 +~ .
HIS prototrophs in mut? homozygotes (8/28) would give a frequency of
V 0.29, gr '79/270 hisl-7 ~+ HIS prototrophs per plate (Tables 51, 54 |
And_74'give a value;of_w-270 fof HIs*t protofrophs'in-the mutZﬁnﬁt?Q
.heteroallelic hisl croséeé).V_Seventy-nine‘hi31t7 prdtotrophs‘are
con51derab1y more than the numbers observed for mut?7- medlated

hzsl 7/hz81 7 reversion (Tables 51 and 74). o o

Ve
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TABLE 49: Phenotypes of diploid strains constructed to study
temperature sensitivities observed in mut? haploids, and
heteroallelism at hisl (experiment #2) : :

‘ Prototrophs arising*

Pertinant " Growth at - on limiting
‘Diploid Parents | genotype - 36°C.34°C histidine 1lysine
RO401 RO400-8A mut? hisl-7 s i 12 (0)
KF178-44D +  + ' + + 18 (0)
E + + 12 (0)
RO402 RO400-8B mut? hisI-1 s + 1 (0) 18 (0)
KF179-15A . +  hisi-1i + + 3 (0) 14 (0)
: . ‘ . ’ ' + + 2 (0) 23 (0)
RO403° R0400-8C + hisl-7 + + o+ 165 (8) 5 (0)
KFI79-15A ~+ =+ hiel-1 + + 194 (25) 10 (0)
_ : - 185 (8) 11 (0)
RO404 RO400-8D ' +  higl-1 e s : 14 (0)
KF178-44D  + + + . 4+ 18 (0)
- S e 27 (0)
- RO405 RO400-8A mut? + hisl-7 £ 19 (2) 29 (0)
.. XV731-10A + mut8 hisl-7? =+ + 23 (0) 12 (0)
] ¢ : v + + 18 (2) 14 (0)
RO406 . RO400-8B mut? + hisl-7 + - -+ 397, (23) 10 (0)
XV731-3D + mut8 + hisi-1 - + 0 .348 (29) 11 (0)
, , , B - + 346 (21) 23 (0)
- RO407 “RO400-8C + = higl-7 B + 22 (0) 23 (0)
XV731-3D rmut8 hisl-7 + + 28 (0) 24 - (0)
o o ‘ ' L + * 20 (0) 17 ()
RO408 RO400-8D + + Wisl-1 .~ - + 243 (15) 9 (0).
- XV73I-10A mut8 hisi-7 + - + 199 (43) 13 (0)
o | - % 215 (6) 13 (1)
RO409  RO400-8B mut7 higl-1 -+ 0 (0) -8 (6)
RO400-8D0 ~+  hisi-1 . - + 0 (0. 2 (0)
: : L - + - 0 (0) - 17 (0)
'RO410.  RO400-8C + . hisl-7 + + + 203 (29) 9 (1)
RO400-8D + + hisl-1 © o+ o+ 180 (40) 16 (0)
T : S S 203 (9) 11 (0)
RO411 RO400-8A mut7 hisl-7 + e - 520 (155) 52 (4)
o 'RO400-8B mmut? + hisl-1 - - -+ 541 (105) 41 (4)
T , o - - - 577 (i53) 52 (2)
 RO412 RO400-8A mut? higl-7 ~  +/- + 17 (1). 12 (2)
' RO400-8C ¢ higl-7 /-« 21 (1) 19 (0)
R S /- o+ 17 (0) 11 (1)
XV731-3D  mut8 higl-7 = x -+ . 261 (55) 15 (2)
XV731-10A mut§ hisl-7 - =+ 291 (48) 17 (0)
, S - ~ s+ .25 (56) . 27 (1)

* (See previous tablé)

)
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TABLE ‘50: Spontaneous appearance of histidine or 1y$ine‘prototrophs
o in Myr’/MUT" diploid strains derived from cross RO88

Prototrophs arising** Red
_hisl ~ on limiting - lysine
Diploid Parents genotype histidine lysine revertants
RO441  RO88-4C '+ 1.7 . 183 (5) 10 (0) 1
RO88-4D -7 + 169 (5) 10 (0) 1
x 164 (6) 10 - (0) 1
140 (3) 13 (1) 1
RO446 RO88-14B + 71-1 135 (17) 13 (2) 1
ROBB-14A T-7 + 167 (3) 16 (0) .
S : 165 (20) 14 (0) 2
RO447  RO88-2D 1-7 + 156 (78) 24 (0) 2
ROB8-9D .+ 1-1 170 (72) "22 " (0) 1
162 (58). 21 (0) 1
129 '(68) 24 (0) 2
RO442  RO88-5B + 1-1 ‘0 (0) 18 (0) 2
RO88-9D ~# 1-1 <1 (0) - 15 (0): 2
0 (0) 9 (0) 1
0 (0) 17 (0) 1
RO443  RO88-4C + 1-1 © <1 (0) 13 (0) 2"
RO88-9D ~+  1-1 0 (0 16 (0) 0
0 (0) 14 (0) 1
<1 (@ ‘16 (0) 2 )
RO444  R088-2D 1-7 4 29 (1) 15 (4) 1
RO88-4D 7-7 * 27 (0) 13 (0)- 1
34 (1) 21 (0) 2
RO445  RO88-2D 1-7 + - 44 (0) 13 (0)
RO88-8D 1-7 +- 42 (1) 17 (0)
45 (1) 14 (0)

**  Numbers were averaged from three lassie piates. Prototrophs

existing prior to growth on limiting medium are in parentheses.
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TABLE 51: Spontaneous appearance of histidine or lysine prototrophs
in mut7?/mut? diploids derived from c¢ross RO8S '

Prototrophs ar151ng** Red
on limiting - - lysine -
Diploid Parents histidine lysine revertants
RO448  RO88-1D 334 (42) 27 (0) 12
. RO88-1B 281 (35) - 30 (5) 16
229 (42) 26 (1) 11
278 (34) 26 (18) T 12
280 (17) 20 (34) 9
1278 . (28) 28 (0) 10
229 (19) 27- - (0) 11
247  (27) 26 '(O) 13
RO449+ RO88-7C 226 (i8) 25 (6) 8
RO88-8B
RO453 R0O428-6C 270 (42)4 37 (0) 16
‘ RO88-7C . 308 (81) 49 (0) 15
RO452  RO88-8B <1 (0) 40 (12) 11
RO88-1B <1 (0) . 49 (0). 13
, : <1 (0) 47 (0) ©12.
<1 (0) 37 (0) 15-
. RO450 ° RO88~1D 54 (0) 29t (1) - 7F
' RO88-7C 45  (0) 23 (0) 11
43 (0 .33 (1) 10
49 - (2) - 73 (60)* 14
**  Numbers were averaged from three lassie plates. Prototrophs

existing prior to growth on limiting medium are in parentheses,

*Jackpot' (In these cases unparentheSLZed numbers 1nc1ude pre- )
existing prototrophs.)
t Numbers were averaged from two plates

tt . Slow growing diploid strain;_one isolate was counted after 14
days to ensure that mut?/mut? phenotyplc levels of recombination

occured.
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TABLE 52: Spontaneous appearance of histidine or lysine prototrophs
in mut8/mut8 diploids derived from cross RO88

Prototrophs arising** Red
hisl ~ on limiting , lysine
Diploid Parents genotype = histidine lysine Tevertants
.RO454  ROB8-1A 4 1-1° 219 (14) 24 (0) 5
RO88-IC I1-7 + 196 (10) 19 (0) 6
211 (12) 26 (0) 5
214 (16) 24 (1) 3
248 (6) 29 (0) 5
* RO455 RO88-2A ~ 1-7 + 203 (69) 29- (0) - 4
’ ~ RO88-7A " "+ I-1 240 (46) 26 (0) 1
. 258 (22) 32 (0). 3
250 (40) 20 (0) 5
264 (27) 27 (0) 4
. ) : N ) - . (
RO457  RO88-2A  1-7 + 210 (43) 21 (0)
RO88-IC 7-7 + 177 (82) 28 (0)
L 151 (92) . 21 (0)
1164 (93) - 25 (0)
‘RO458 RO88-2A  1-7 + 190 (120) 27 " (0) 2
i RO88-6A I1-7 + 144 (155) 30 (0) 3 o
Cot 177 (138) 23 (6) 1
167 (136) = 27  (0) 2
RO459 RO88-1A ~  + I-1 6 (0) 51 (42)* 3.
- RO88-7A + 1-1 4 (0) 25 (0) 4
' 5 (0) 24 (0) 3
e 6 (0 - 24 (0) 4

“§  Numbers were averaged from three lassie plates. Prototrophs
existing prier to growth.on limiting medium are in parentheses.
* 'Jackpot' (In these cases numbers not in parentheses 1nc1ude pre-:

existing,pnetq&sgz:? ) -
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TABLE 53 Spontaneous appearance of histidine or lysine prototrophs
- in mut?, mut8/mut?, mut8 diploids derived from cross RO88

Prototrophs arising** "Red
his, on limiting lysine - -
Diploid Parents genoiéfe histidine- lysine revertants
RO461 RO88-4B  1-7 + 804 (121) &~ 80 (0) 43
RO88-4A.  + I-1 807 (140) ~ ‘86 (0) 46
' - 639 (182)° 79 (2) - "~ 45
820 (161) 91 (2) 48

RO462 RO88-8C.  + 1-1 279 (557) . 99 (6)
~ RO88-10D 1-7 + 664 (142) 68 (5)

834 (201) 78 (202)
744 . (121) 101 (0)

RO463  RO88-6B  + 1-1 834 (180) 69 (2) - 49

RO88-9C 1-7 # = 923 (96) 54 (0) 28
: © 798 (255) 65 (1) 45
| 863 (244) 62 (0) . 44
| IR . . .
RO464  RO88-4B 1-7 £ . 958 (182) 85 (0) .
RO88-10D 1-7 + 970 (191) 61 (0) . '
. N 976 (93) 51 (18)
RO466 . RO88-6B  + 1-1 35 (0) 78 (0) = 50 L
‘ ROB8-4A + 1-1 32 (0) . 84 (0) 49 .
33 (5) 81 (1) 48 :
. . . . - ’ ) ‘ . . - :
RO467  R088-8C 4 1-1 37 (0) . 74 (11) 37
RO88-2B  + 1-1 S '

** Numbers were averaged from three lassie plates. Prototrophs
existing prior to growth on limiting medium are in parentheses.
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B. Complementatibnﬁ Allelism‘and Tetrad‘AnaIYSes of Mutators Crossed
} to mut7 or mut8 Strains
l.’. Control Crosses of mut?{ mut8 and other single motator strains
Ifn order to test mut?7 and mut8 for eomplementation and for

segregation with respect to other mutator loci, it was necessary to

. determine: : - “

(1) that other temperature sensitive mutations were not present,

(2) that only one mutator locus was'segregatihg,:’
(3) that hzsl 7 and Zysl 1 were the only histidine and 1y51ne
requlrements present and
€y t{e\characteristic’histid}ne and lyeine Lassienécoreenfor
haploide,and homozygous diploids of_single‘mutator mutahts
in the mutators.to be tested. (Tetrad analyses of crosées 6f
q_v'g‘ mut1/+ through rad52/+ may be found in the appendlx)
" These crlteﬁla were also applled to the mut? and mut8 tester
stra1ns employed The genetlcs which produced the mut? tester strain

(

R0428 6B were descrlbed 1n section 3. A sultable mut8 strain was con--

’structed 1n ‘a manner 51m11ar to that employed for -otHer mutator

stocks (see-Tables,o,_S, and Appendix, Table Al).

The,following'diagram;summarizes crosses of mit? to mut8 and of

these loci to a given mutator locus, mufl_in this»cese.

-
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mel o ogurt S -
o — RO61 — A
. *. XV800-6C | - xviss-ea )
. S~ .
- orutl - k mrt o muzg
o ~ RO71 ———— . ———RrO78 -~ @
B ' R061-3C | - Ros00-t0c | WS
mutl . mut 2. mut8
| _ —RO81— - —RO88 —
ROTL-TC [ RO428-68 | -RO7B-3D
mutl- mut8 ‘
, —RO10L — s ‘
RO81-2C RO88-1C |

Segregat1ng mut? or mut8 spore clones prov1ded 1nterna1 controls>':

in tetratype tetrads segregatlng for double mutator mutants from
1m4t7/+ +/mut1 or mut8/+ +/Mut1 heterozygotes ’ In addltlon tetrad
analyses of crosses 1nvolv1ng the mut? tester strain R0428 6B and
RO88-1C have been included here for reference (Tables 58 59 60 and _’ -
‘§l)% A summary of Lassie scores from RO88 spore clones was - presentedvﬁli
‘vln Table 9 Numbers of red ly51ne (locus) la551e revertantf found in

'_'R088 ROlOB and R0428 spores are shown in Table 61. = ¢

)

Heterozygous mutator d1p101ds of the RO61 and R071 type shown in

the abo»e d;agram were-tested ‘for mutator act1v1ty (Tables 62 and 63).

'ralns appeared to have enhanced (Zysl 1) rever51on (Stfains.

:Appendlx, Table Hence' care,was taken to select for-p mut6 '

. Stralns, often by pregrewth on YG med1um, prlor to La551e tests

) 1nvolv1ng such-stralns.
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TABLE 58: Phenotypes, of spores recovered from cross R088§(mui7 mu:8)

. -

Q

. | Segregating  “Prototrophs arf;ing** Growth .
Strain alleles at on limiting at Desigrated
RO88- - hom3  hisl histidine lysine 36 C .~ mutator(s) -
\ T " 7 . B i -
1A + 1-1 2 (0 19 (0) - + + ‘mut8
B 1.1 .2 () 29 () - mut? o+
c - 127 199 (58) - 22 (2) . + + mut8
D - 1-7 25 (R1) - 44 (0) - mt?  +
2A - Y1-7 - 210 (86k 18 (0) o+ . + myt8
© B % -1, 43 (0) - 8. (1) .. -~ mut? mut8
. C N -1 0 (0) 24 (0) - mut? o+
D - 1-7 13 (0) 12 (0) + o+
. , , - - : . , 3
3+ 1-7 L 11 4 14 (0) * o+ F
B 1-7 \437 (938) 131 (4) : mut? mut8
C + 1-1 L1000 (2 26 (0) + + mut8
‘D - 1-1 10 31°(0) 0 -+ g7 4
4A + 1-1 47 (0) 134 (2) - - mut? mut8
B - 127 807 (376)  83: (1) . - mut? ut8 -
:C + -1 1 (0) 21 (26)° o+ R
D - T1-7 14 (@) 6 (0 * + * B
SA - 1-7 559 (208) 92 (1) . - mut? mut8
B + 1-1 S0 (0) 11 (0) .+
c s 141 ~29 (0) 80 (2) S rut? mut8
D - 1-7 62 (165) ;_34_ (0) . o+ mut8
6AT s - 1-7.+ 78 (243) ¢ 24 (0) .+ +  mut8
B £ 1-1 30 (6) 109 - (0). .. - mut? mut8
C + 1-1 0 (0) 48 (0). - - . mut7 #
D 1-7 9 (0) 15 (0) o+ A
N RS S | 3 (1) 30 (0 o+ o+ rut8
B + 1-7 650 (253) 112 (0) - mut? mut8
C - °1-7 27 (3) 30 (0) Co- L mut7 o+
8A - 1.7 218 (65) 20 (1) o+ .+ muté
B + 1-1 " 0 (0) 27 (0 - mut?  #
C s 141 26 (0) 123 (1) - - nut? mut8
.D - 1-7 20 (3) . 10 (0) + o+
9A - 17 72 (160) ° 29 (0) R + mut8
B ¥ 1-1 2 (0) 22 (0) S 74
" C - 1.7 %797 (241) 61 (0) 1 - mut7 muté
D S1-1 .. 1 (0) 16 (00 o+ o+ O+
1A - 17 -7 (4) 10 (0) . + o #
"B _- 1-1 1 (0) ° 725 (8) lo- mut? o+
- C + 0 1-1 -8 (00 237.(0) Yo+ mut8
D - 1.7 1I63(1F2)* 80 f14) . - mut?7 muts ~
2 R ~
6, ~
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3 4
TABLE 58: (continued) .

Segregating Prototrophs arising** Growth

Strain  alleles at © on limiting . at Designated
RO88- - hom3  hisl histidine . 1lysine 36°C mutator (s) "
‘11A + 07 1012 £ s

B - 1-7 ) ' L + +

C - 1-7 27 (5) 42 (0) - mut?

124 - 1-7 572 (375) 105 (8) - mut? mut8
B 1-1 * (0) 40 (0) - mut? o+
13A + 1-1 2 (0) 32 (0 + + mut8
B - 1-7 25 (5). 64 (0 - mit? o+
C - 1-7 “2 (8) 31 () L mutr 4+
14A - 1-7 7 @) . 17 (0 . o+ + 4+
B + “1-1 1,(0) 12 (8 - o+ + +

C- + 1-1 21 (0) 85 (0) - mut? mut8
15A - 1-7 <« 791 (233) 65 (0) - mut7? mut8
B - 1-7 - 111 (191) . 23 (0) + .+ mut8
C + 1-1 10 0 9 (0) + + 4

* Numbers of prototrophs ex1st1ng prlor to growth on limiting
medium are parenthesized. .

* 'Jackpot' (In these cases unparenthe51zed numbers include
pre ex1st1ng prototrophs :
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TABLE 59: Phenotypes of spores recovered from cross R0107@25£§)

/
Segregating Prototroﬁhs arising**
Strain alleles at on limiting ' Designated
RQ107-  hom3 "hisl histidine lysine mutator
1A - 1-7 4. (1) 11 (3) +.
Bj + 1-1 1 (1) 16 (1) 8 .
C + 1-1 3 (0 16 (0) 8
2A + 1-1 1 (0) 22 (0) 8 : .
B - 1-7 - 149 (106) 15 (1) 8
C 1-1 0 (0) 10 (0) +
- D - 1-7 12 (2) 16 (0) +
3A + 1-1 4 (0) - 23 (1) 8
B - 1-7 17 (0). 10 (0) +
- C - 1-7 . 168 (31) 11 (0) 8
D 1-1 0 (0) 16 (0) +
4A - 1-7 148 (39) 22 (0) 8.
B - 1-7 12 (1) 10 - (0) +
C 4+ 1-1 0 (0) 11 (0)- +
D + 1-1 2 .(0) 21 (2) 8
SA - 1-7 165  (41) 20 {0) 8
B . + 1-1 0 (0) 12 (0) _F
c- o+ 1-1 0 (0 12 (0) S
D - 1-7 = 184 (118) 30 (0) 8
6A - + -1 - 0 (0) 15 (0) +
"~ B - 1-7 173 (41) ‘16 (0) -8
C - f1-1 0 (0) 13 0y +
D - 1-7 158 (72) 97 (123)* 8
7A + 1-1 0 (0) 10 (0) » + .
" B - 1-7 13 (0) -9 (0) +
C 1-1 4 (0) C19 (0) -8
D 1-7 139 (174) 19 (0) 8
8A - + 1-1 0 (0 12 (6) +
B. 4+ , 73 (58)* 19 (0) -
c - 1-7 14 (1) 13- (0) +
D - 1-7° , 147 (68) -~ 21 (0) 8
%A 4 .1-1 5. (0) 13 (0) 8 . 4
B + 1-1- 5 (0) 15 (1) 8
c - 1-7 14 " (0) - 21 (0) + -
D - 1-7 15 (2) 17 (0) +
10A - 1-7 16 (4) 7 (0} l.
- B + 1-1 0 (0 9. (0) - o+
o] - 1-7 184 - (97) = 25 -(0) . -8
D + 1-1 3. (0) : 23 (0)— S8

Numbers of prototrophs ex15t1ng prlor to growth on 11m1t1ng .
medium are parenthesized. * 'Jackpot'(In these cases unparen-
thesized numbers 1nc1ude pre existing prototrophs.
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FTABLE 60: Phenotypes ofvspores Tecovered from cross RO108 ——%gb

B.

. Segregating . Prototrophs arising** )
Strain alleles at .on limiting Designated:--
RO108- hom3 hisl histidine lysine mutator

1A 4 1-1 5 (0) 19 (0). All are mut8-1
B + 1-1 2 (0) 19 (1)
o - 1-7 114 (155) 20 (0)
D - 1-7 178 . (43) 21 (0)
2A + 1-1 4 (0) - 20 (0)
B - 1-7 170 (61) 17 (0)
c +  1-1 5 (1) 29 (2)
D" - 1-7 164 - (43) 12 (0)
3A - + 121 7)) 19 (0)
B - 1.7 161 (107). .16 (0)
c + 1-1 . 3 (0) 19. (1)
D - 1-7 167 (28) 22 (0)
4A + 1-1 2 (0). 11 (2)
B - 1-7, - 159 (57) 20 (0)
C + 1-1 4 (0) 14 (0)
D - 1-7 187 (109) 27 - (0) ,
- 5A + . - 1-1 5 () 23 (0 . R
B - 1-7 201 - (28) 14 (3) '
C - 1-7 197 (45) 11 (1)
D 1-1 6 (0) 24 . (0)
6A - 1-7 175 (12) 23 (0)
B - 1-7. 135 (43) 25 (0).
o + 11 7 (0) 23 (0)
D + 0 1-1 -6 (0) 24 (0) .
7A o 1-1 3 (0) 32 (0)
"B - 1-7 . 144 (30) 17 - (0) -
of - 1-7 174 (78) - 18 (0)
£2 + 0 1-1 2 (0) 15 - (0)
) + 1-1 - 7 (0 20 (0)
B .- 1-7 - 168 (14) 21 (0)
o + 1-1. -5 (0) . -21. (0)
D C. 127 136 (65) ' .21 (0)
9A - 1-7 185 (30) 18 (0) °
B +. 1-1 73 (0)° .13  (0)
o - 1.7 141 1(71). 23 (1)
D S+ 1.1 5 (0)" 21 (0)
10A - 1.7 162 ‘@an) 28" (o
B - 1-7 ° 160 (60) 25 (0) , .
- C o+ 1.1 3-¢)y - 18 -
D + 1-1. . 6 (0). 30 (1) L SRR ¢

* **  Numbers of protctrophs exlstlng prlor to growth on 11m1t1ng
medlum are parenthes1zed o
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TABLE 61: Presumptive lysI-1 locus (red) revertants érising on .
limiting lysine in haploid strains bearing mut7
: and/or mut8 :

Strain Designated - Red ‘ Strain Desiénated . Red

R0O428- mutator Revertants ’ RO88- _mutator - Revertants
1A mut? 15 7 : 1A + mut8 5
C 4 0 2B mut7 mut8 - 56
D mut? 18 - . C - mut7 + 9
2A mut? 15 3C 4+ mut8 3
. B mut? - .10 ' - D mut?  + 7 .
C o+ 0 - 4A mut? mut8 - 87
D + 0 5C mut? mut§- 51
3A mut? 19 . - : D+ mut8 3
B + 0 o 6A .+ mut8 3
c mut? 22 T 8B .. mut?7 + 7
D + 0 \ ' 9C mut? mut8 24
6A + 0 D = + .+ 1
B mut? . 9 10A + + 1
C mut? 31 C +  mut8 4
D + 0 - ; 13B mit? + 21
"7A + 1 14 .+ 1
B mut? 7 . - 15B . S+ mut8 6
C + 1. - o R
D mit? 20 RO108- :
15A mut? .22 E 1A mut8 4
B mut? 19 , C ". 4
C + . 2 - - 2A " 5
D + 0o . P b - " 3
. : 3 " 4
_ - 4
4B .o 3
D n 3
SA ’ . {4 L 7
C - 3
: . _ 6C n 9
s, . ‘ ' D " 4
. : —_— ) oy - A ” ’ 7
- B . " 2
8B " =7
- C [/ .4
9A . " 1
C N n 2
10B . " .5
. . n
e s
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\

2. .Complementation Tests
. - Table.64 summarizes complementation,tests'ofimut7 nith other
mutator loci. »Crosses RQ430-R0436 (Table 65).were'tested simultanQ
eously’to provide comparable mut?/mut?, mut?/+ and mur* syt Lassie
scores. ‘The diploids all complemented for temperature sensiti?ity
and for Lassie scores, with the eXCeption of the mut?/+, +/muts
heterozygothROSS, wh1ch appeared to have reduced numbers of HIS
recomblnants (all other scores overlapped those of the MUT /”UT controls.

lysl-1 was used to assay for mutator activity, while hisl recombination

was assayed-on limiting histidine;

Part of the complementatlon testlng results for mut8/+ +/mut
'heterozygotes are presented in Table 66. Whlle numbers of histidine -

prototrophs are enhanced, in some cases, over the results shown in

Tables 64 and 65, this effect may be due e1ther to heterozyg051tv for'

-~

-
mut8 CR0107, or see Table 75) or to fluctuatlons 1n Lass1e scores

'between experlments Agaln, the mutS heterozygote seems to have
.reduced h15t1d1ne Lassae scores., v The d1p101ds had low levels of
‘Zysl-l reversion. However, it was impossible to ascertaln whether
any mutator complemented mut8 for this phenotype because mut8/mut8
;medlated 1y51ne La551e .scores are character15t1cally low.

Table 67 descrlbes complementatlon tests ?br radSl rad52 mut6
and mut9 w1th mut? and for mut6 mut9 and rad52 with mut8 All -
stralns grew at 36°C, were ‘not Y- radlatlon sen51t1ve and had low
levels of 1y51ne rever51on The rad51 and rad52 heterozygotes had
reduced spontaneous hlStldlne prototrophy, ‘but the Ppresence of Jackpots
in the mut2/+ +/rad52 straln prevented thls conclu51on from be1ng .

drawn in the case of R094 . .



Tables 68 to 77vdeSCribe_portions of one experiment designed to
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examine recombination more extensively in mutator strains, to complete

complementatlon testlng of m«t8 with other mutators and to pr0V1de :
an 1ndex of La551e scores in mutator. d1p101ds These results are
summarized in Table 78. |

- Homozygous higl-1 strains were not tested, because it was assumed
~ that reversion at this iocus would be minimai and hence would.not
contrihute to Lassie scores %p/hisl heteroallelic strains other than:
those homozygous for met8 (but see Table 53 Ebr hisl-1 conversion).

Only mut5 and mut7 appear'to confer altered Tecombination as

detected by Lassie tests. muts/mutSVand mut5/¥ diploids produced the
lowest median La551e scores of the hisl heteroallellc strains.
Interestlngly enough the mut9 homozygotes appeared to be enhanced
- for recomblnatlon,, Unfortunately, no homozygous h131e7 mut9 stralns
were available that were not contamanated.bya.second mut8 allele.
Thls allele was f1rst detected segregatlng in spore clones from cross[
R089 Table 76 shows that the enhancement of(mutatlon in crosses
of mut8- 2 to mut8-1 appears to occur w1thout the presence of mut9

o ">
'Table 79 conflrms ‘that the mut8—2 allele does not complement w1th
'mut8—1 and that mut8 2 appears to be the dominant .allele as shown
by the reduced htsl 7 reversion frequenc1es. This discovery explalned

the segregatlon of a mutator act1V1ty for hisl-7 from vy- rad1at10n

;sen51t1ve mut9 spore clones (Appendlx,_Table Al)

- MUT /MUT d1p101ds were - found to be con51stent for htel recomblna-~

7t10n, even 1f the contrlbutlng strains were not closely related
'_(Table 77). The,sllght"reductions Seen in R0468 and R0469_may have .

A
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been due to thejfailure of'these strains to express crosefeeder revert-
ants on limiting histidine. This result was unexpeeted.j,Further
collection of datelconcerning the expression of' feeders in diploids

on Lassie tests is summarized in the following chert Note that all

v hap101ds shown below expressed crossfeeders when tested (only two

 of the haploid stralns studled Tla and Tla (donated by \L. Savage),

have fa11ed t0‘do so). "+" indicates that feeders were obServed.
Strains ‘R0400-10C R0122-1C LZ13-1A
higl-7 . hisl1-7 - hisl-1
' RO105-1A"  hisl-7 e - .
~ - RO122-2C hisl—7v - + -
Lz13-2C higl-1 - -2

KF179-15A  hisl-1
R0428-6BT11 higl-1
* R0105-2B. hisl-1

+ 4+ + U
]

‘Absence of feeders in homozygous hlSl 1 crosses may be due to the
small numbers of prototrophs screened. A questlon mark is bes1de
both of the cas€s 115ted Otherw1se, 1t would seem that certaln

_ d1p101ds are domplementlng for a non-feeder phenotype it would be
2

'1nterest1ng to know whether or not th1s tralt is a function of repalr

Two»other observations from this experiment should be noted

" here. Strains.heterOZygous.for mutS.appearvto be dominant for MMS

sensitivity All mut6 heterozygotes were rece551ve for hzel 7
,rever51on even when also heterozygous for mut8 (approx1mate1y one-
v =

half of the,mut6/hut6 and mut6/¥ zygotes formed petlte colon1es, these

7were dlscarded)
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TABLE 62: Phenotypes of'dip16ids heterozygous for mutl~-mut9,
compared to homozygous mut?7/mut? or mut8/mut8 strains

Prototrophs arising on limiting

- Diploid Parents 'PertinentnCenotype histidine** lysine**

RO60 ROL1-90A mut? higl-7 =~ 17 (2) 34 0)
- XV732-2B mut? hiel-7 23 4) 22 (0)
: ‘ - 13 (4) 33 (0)

RO47 XV731-3D mut8 hisl-7 . 144 (11) 217 (0)
XV731-10A mut8 hisl-7 167 (12) 8 . (1)
' | - 134~ (13) 25 | .(48)

ROS8  RO1-90A mut7 _+ hisl-7 7 (0) o120 (0)

- XV731-3D ~ +# mut8 hisl-7 = 12 (1) 9 (@

| | . 11 (0) 15 (1)

RO71  RO51-4D  pmt? qut8 hisl=7 27 . 18  (0)
 XV185-6A - W XF) hisl-7 8, \ 9 (0)

RO61  XVB00-6C mutl hisl-7 19  (0) 64 (1)

~ XVi85-6A + |THisl-7 | . C2L (0)

| R _ o2 oo 66 (0)
RO62  XV354-2C mut2 hisl-7 4 (0 - 25 0) -
o XVi85-6A ~ # hisl-7 8 (1) 19 . (0)
' RO63  XV195-24C' mut3 hisl-7 5 © 16 (0)
s XVI85-6A  + hisl-7 4 - 5  (0).
L 5 (1 1 Q)

- RO64 'XV357-12D mutd _ + hiss - ' 39 (0)
- TXVIS5-6A ~ + Hhtal-7 + c 41 (0)
RO65  XV407-19D muts  + hiss R 27 (1)
XVi85-6A  +. hisl-7 + - . , 22 (0)
S o 22 (0)

. ' _ v \ ' 17:° (0)

RO66 ~ XV374-28C mui6 hisl-7 5 @M .2 (0)

-  XVi85-6A  + . higl-7 8 (0 - "s5 (0
B o 4 (0 26 (0)
'RO67  XV731-2B mit? higl-7 12 (0) . 5  (0)
: XVi85-6A ~ +  THhisi-7 12 (0) 9 (0)

| C 7 0 21 (0)

_ RO68  XV731-3D mut8 higl-7 13 0 19 (0)
¢ - XVI8S-6A ~ ¥  hisl-7 14 1) 16 (0)
S S A 7)) 100 (0)
RO69 - XV396-1A mut9 hisl-7 - 14 ) 14 (0)
. XV185-6A  +  hzgl-7 - 12 - .- (0) 10 (0)

L L 14 - (1) 11 (1)

** Numbers of prototrophs existing prior to growth on limiting medium’
are'parenthesized. Strains were incubated on limiting medium for~
eight days. R : . | T :
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TABLE‘63: Phenotypes of diploids heterozygous for mutl--mth
excepting mut7, crossed to RO4OO 10C

: Pertinent v Prototrophs arising** on limiting
Diploid Parents Genotype histidine ‘ lysine )
RO71 RO61-3C  mutl hisl-7 11 (1) 9 (5)

' RO400-10C ~ + hisi-7 -~ 3 (3) ° 25 - (1)

» S 16  (15)* 33 (0)
- RO72 - RO62-2A mut2 14 (0) . 11 (6)
‘ - RO400-10C ~ + - 7 (0) , 25 (0)
_ T ' 8 1 (0) . : 22 (0)
RO73 R063-5C  mut3 4 (1) : 15 - (11)
_ RO400-10C. ~ + - 9 (1) L 13- (0) -
RO74 RO64-3D mutd 9  (0) o 25 - (0)
RO400-10C -~ + = 12 0 . 11 (0)
R - 1. @) 7 (3)
RO75  'RO65-5A mut5 , . 15 (7) : - 28 (0)
RO400-10C. ~ + te 39 (3) .17 (0)
RO76  RO66-6B ' mut6 n 13 W . 64 (1)
RO400-10C.. ~ + 10 (1) 4 61  (7)
o o | ~20. (0) ., .30 (4
RO78  XV731-3D mut8 28 (@ 100 (0)
- RO400-10C =~ + ‘ 30 (1) 12 (1)
S ‘ , » 20 (&) 19 ()
RO79 . RO69-2D mutd , . 24 (11) 8 (0)
RO40 -T0C ¥ 19 (o 15 (5)

**  Numbers of prototrophs ex1st1ng prlor to growth on limiting medlum
.are parenthesized. Strains were incubated for 51x days after

pre-growing zygotes on YG medium.

tJackpot' (In these cases unparenth651zed numbers include pre-
exlstlng prototrophs ) :



v

 ROSS

'TABLE064: Phenotypes of diploids heterozygoﬁs for mut7 and one
: other mut locus, ‘and heteroallelicvat hial
dnu + + hisl—l)‘qz
+ mut hom3-10 higl-7 +
_ Growth PrototrophS’arising** - Red
Diploid mut at on limiting lysine
Strain  Parents genotype 36 C histidine lysine -revertants
ROS81 RO71-7C + mutl o+ 90 (12) 20 (3) 0
. RO428-6B mut? - F + 90 (10) 20 (0) - 0
‘ ' : + 106 (18): - 27 (O0) 0
| + 80 (23) 26 (1) 3
RO82 " RO72-1C _+ mut2 -+ 70 (25) 12 (0) 1,
‘ RO428-6B. mut7 + + 80 (12) . 13 (0)
+ 62 (19) 15 - (0) )
g i + 95 (18) 13 (0} 0
RO83  RO73-5D + mutd3 + 297 (279)* 11 -(0) 2
RO428-6B mut7 + + 218 (210)* 14  (0) 0
L + 314 (335)* 9 (0) 0o .
o -+ 101" (85) 9 (0~ 0° -
RO - RO74-3A _+ mutd  + 80 (6) 9 (0) 0
: R0428-6B mut? + + 57 {19) - 15 (0) -0
| ' + 68 (15) 30 (30)* 1
R - * 49 (35) .~ 15 (0) 0
RO8S RO75-4B  + mut5 . -+ 55 (8) 9 ' (15) 1
o RO428-6B mut7 + + 41 .(9) 14  (0) 0
| . | + 39 (9) 100 (0) .0
“RO86 :_R076—6D _+ muté  +/- 106 (47). 188 - (149 1
RO428-6B rmut? + +/- 131 (19) 12 (0) 0+
RO78-3D _+ mut8 =+ 84 (39) 12 (1) 0
- RO428-6B mut7 +. + 90 (49) 10 = (0). 1
S ' + 89 (40) 8 (0) 1
, 3 o .+, 114 (41) 0 15 °(1) - 0
RO89 - RO79-8A _# mut9- + 80 (121) - 11 (0) 1
. - R0428-6B" mut? + R 92 (91) - 12 (0) 2
o T C+ 103 (58) 13 . (0). 1
+ 75 (103) 16 (0) 1

wx Numbers of prototrophs ex1st1ng prior to growth on limiting,

medium are. parenthe51zed
determinations.-
* 'Jackpot' (In these cases unparenthe51zed numbers include pre=
~existing prototrophs.) - -
t This strain failed to grow when repllca—plated to YG medium.’

All numbers are the average of two -

“For mut?/mut? and mut*}hut* controls, see Table 65 .

140
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TABLE 65 Phenotypes of d1p101ds constructed for studying
heteroallelism at hisl in mut7/mut? and mut+/hut+

stra1ns,{exper1ment #3) Prototrophs arising** Red

: ‘Pertinant ' ‘on limiting " lysine
Diploid Parents genotypet histidine 1lysine .revertants
RO430  RO428-6C mut? hisl-7.+ 193 (207) 39 (2) 17

 ROA25-6F |mit7 % Wieio-T 187 (198) 45 (1)° 19

\ . © 710 (693)* 34 (0) 16
! , . .233 (151) 43 (1)~ - 1S
. , ~ 230 (140) 42 (3) 17
- S .
RO431 - R0428-6B. mut? hisl-I 1 (0) 40 (14) 20
'~ RO428-7D  mut7 hisi-1 - 1 (0) 46 (0) 15
: - 0 (0) 45 (1) . 18
, 1 (0) 35 (1) - 20
RO432  RO428-6C ~mut7 higl-7 17 (1) 51 (0) 19
' RO428-1R  mut’ hisl-7 30 (5 34 (0) 14
_ . ' 23 (1) .47  (10) 22
‘ o | 15 '(6) 41 (21) - 21,
| R0433  RO428-7D . mup? hisl-7 + 242 (175) 36 (3) - 18 .
- . RO428-3C  mut7 + misi-1 187 (173) 35 (1) = 14 -
o R ©227 (78) 42 (2) . 14
RO434  RO428-1C * mut* hisl-7 + -~ 108 (71) 61 (54)* 2
- RO428-1B -mutT ~# miel-1 114 (33) 130 (156)* O
- . ~ C133 (17) . 8 (1) 0
97 (26) . 14 (0) 0 .
RO435  R0O428-1B mut’ + his1-1 79 (28) 9 (0)° 1
RO428-2D rmut” hisl-7 + 87 (52) = 9 (0) 1
. o , 85 (27) 14 (0) 1
- RO436  'RO428-15D gmut’ . his1-7 © 5 (1) 17 (0)
o RO428-1C  mut™ hisl-7 3 () 19- (0)
- 2 - 7@ 14 (1)

**  Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng‘

" . medium are parenthesized.

'Jackpot' (In these cases pre- ex1st1ng prototrophs are 1nc1uded
in the unparenthesized numbers.)

t mut7/mut? strains are first tested for falluxe to grow at 36 °c.
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TABLE 66: Phenotypes of diploids heterozygous for mut8 and one Other
mut locus, and heteroallelic at hisl. -
t8 _+ hom3-10 hisl-7 _+ | .
C+  mut T4+ . .+ hisl-1 _
1 Prototrophs arising** Red
, mit » on limiting lysine
- Diploid Parents genotype - histidine  1lysine revertants
RO108. . RO88-1A  mut8 T 190 (27) 16 (0) . 4
' RO8B-IC  mut8 189 (14) 17 (0) 3
| L - ’ 245 (10) . 25- (0) . 5 .
RO107  RO#8-4Cc -+ 126 (17) 18- (0) a
‘ RO88-1C  mut8 - © 140 (8) 8 (0)
, o 121 (13) 18 (0)
RO101  _RO81-2C  + mutl 176 (47) 32f»(0)6p
b RO88-1C mut8 + : 120 (70) 26 (0)
RO102° RO82-6D  + mut2 156 (10) 18 (0) 1
: RO88-1C  mut8 + . = 178 (8) 16 (0)- 1
, o - 143 (28) 17 (0) 1
RO103  RO83-6C + mut3 107 (24) 22 - (0) 2
ROB8-1C mutd _+ = 120 (29). - 17 (0) 1 )
'RO104 . 'RO84-4C  + mutd . 160 (6) 147 (1) 1
RO88-1C mut8 + o163 (12) 12 (O - S ‘.
- o 153 (9) ~ 20. (0) |
RO105 = RO85-17A  + muts‘ . 95 (20) 17 . (0) 2 -
~© RO88-IC mut8 - + . 91-(4) 14 (0) 2
RO106 . R086-21C + muté _ 135 (18) 27 (0) sy
' RO88-1C mut8 + ' 199 (35) 61 - (0) 1
_ . , S 164 (43) 56_ (0) 2 .
RO109  RO89-2D0  + mut9 1197 (23) 16 (0) N
RO88-1C  mut8 - +° ; ‘174 (20) 27 (0) o2
' ‘ ' N 160 (18) 26 . (0) 0.

~**  Numbers were averaged from two 'lassie' plates. Prototrophs °
existing prior to growth on limiting medium are parenthesized.

%

o

LI
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TABLE 67 : Phenotypes of diploids heterozygous for mut? or mut8
: and one other mut locus, and heteroallelic at hisl -

L Prototrophs arising** Red
“mut hisl . on limiting lysine

- Diploid Parents loci genotype histidine lysine revertants
RO99 . R0400-10C  + hisl-7 + 85 (2) 11 - (0) - 0
RO428-6B mt7 + hisi-1 105 (19) 11 (0) 1
o S o 103 (5) 17 () 1
7 RO100  RO88-2D - .+ hisl-7 + 160 (54) - 19 (0) - 1
. " RO428-6B ° mut7 + hisl-1 143 (67) 20 (0) 1
. | S 116 (57) 22 (1) 1
RO93  RO91-1C "+ 51 hisl-7 + 99 (12) 13 (0)
RO428-6B 7+ + hisl-1 99 (4) 10 (0)
o o 85 (4) 19 (0)
- RO94 RO92-6B - + 52 hisl-7 + 265 (261)* 12 (1)- - 1 °
- RO428%6B - 7 ¥ f hisl-1. 197 (154)* 10 (0) - 1.
| , R 478 (482)*. 9 (0) 1 .
RO506" RO106-4C + 6 hisl=7.+ _ 109 (9) 37 - (0) 0
. RO428-68 - 7+ ~+ hisi-1- 103.(0) 42 (0) 1
| o ST e (6) 147 (151) - 0
ROS07  RO89-20  + 9 + hisl-1 130 (2) . 15 (0) 1
"ROB8-13C 7 # hisl-7 + - 159 (5) 20 (0) % - 2
| 128 (1) 22 (11) 1
ROS12 RO106-4C  + 6 hial-7 +.- 99 (4) 24 (0) .
 ROI04-5K 8+ ~# hisi-1 90 (6) 28 (0) . ,
ST s 0 (® 26 (0 ‘
RO109... RO89-2D +9 +hiel-1 118 (5) 20 (0) -2 |
ROBB-IC "3 # Fisl-7 + 133 (12) 23 (0) ' 10
o j | 120 (4) - 25 (0) © 0
‘ . R R . ‘ - T ) .
ROJ11  RO94-2A  + 52 higl-7 + . 61 (2) 14 (0) 2
" ROBBTIA  §¥ + hisl-1 -~ 75 (10) 16 (0) - 2
e T8 8) 10 »(0). 1

** . Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng medlum

are parenthesized. Numbers were averaged from two lassie plates.
"Jackpot (In these cases unparenthe51z¢d numbers include pre-
N existing prototrophs.) :

-+ RO506-RO111 is’ a separate experiment. . The control in this case 1s.>"
~-R0109 whlch has been lassied prev1ously (seexTable 66) .

i .
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Numbers of prototrophs ex1st1ng prlor to growth on limiting
e medlum are parenthe51zed ' i

- TABLE 77: Spontaneous appearance of histidine or lysine prototrophs
' in MUTf/MUT* diploids derived from various strains, and
‘serving as control strains for results shown in Tables
- © 68-76. ‘
S Prototrophs arising** - Red -
o ) hisl. on limiting lysine ,
Diploid Parents ~ genotype histidihe" lysine revertants
' ' o - . o
RO129 ° RO400-10C 1-7 + 85,86 (6) 13,10 (0) 1,0"
RO105-2B + 1-1 64,68 (10) 16,9 (0) - 0,0
_ ' - 88,76 (5) 15,8 (0) 1,1
RO150 . RO428-6CT  1-7 4 95,82 (10)° ' 9,16 (0) - 1,0
o : R0428-6B" + 1-1 111,95 (11) 11,14 (0) 1,0
RO468  RO122-2C 17 + = 56,62 (4) - “
. LZ13-1A + 1-1 58,49_(7) o
RO469  RO122-1C  1-7 # 68,83 (14)
R L213-2C + 1-1 88,76 (4)
RO130 . 'RO400-10C 1-7 + 7,9 (1) 14,11 (0) 1,1
: RO105-1A 1-7 + 2,4 (3) 9,13 (0) 3,0
T | 14,5 (0) 10,10 (0) - 0.0
' RO140 . RO428-6CT 71-7 + 6,11 (0) 12,13 (0) | 1,1
‘ -~ “RO105-1A"  71-7 + 7,9 (0) - 12,9 (0) - 0,0
N 5 7,4 :(0)" 14 8 (0) 0,0
* ¥
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TABLE 78: A summary of the phenotypes of homozygous and heterozygous
. mutators (all tested in one experiment Tables 68 to 77)
| . Median Lassie score. "'
utavor ©  Hi8I7 hisl?  lyel-1/tyal-1 'f,iizai“oli?biiiir
"genotype . Totel Locus 36°C MMS . vy
mutl/mutl 113 39 138 B T
mute/mit? . 133 64 . 108 3 + -+ :
mit3/mut3 87 44 27 R +
mutd/mutd 119 4 2 + L e
muts/mits 29 30 7 + -
muté/muté 111 . 28 46 r 44
m’ﬁﬂ/mut?j 263 22 41 13 - - +g
mut8/muitd 189 18 vy ¥
| mut9/mit9* 200 | 76" 2 PoL -
mutl/ + 72 7 23 1 A
muts/ + 58 7 1% 1 + + o+
 mut3/ + 65 8 8 of o+ x4
-mut4/.+ ’ 64 6 - 15 0.+ L+ +
muts/ + 57 14 16 1 +oe
mut6/ + 170%% 8 . 32 . 0O o+ o+
mat7) + 83 7018 0w+ 4
L mut8/ + 94 1 22 - .0+ o+ F
mat9/ #4112 8. 1 S K\;ﬁ' R
f‘_'_'79i LT 120+, B

*‘.heﬁefOZygods for mut8-2.
*% only one isolate tested

a1 as opposed to a blank 1nd1cates that at least one locus

/

Ly

w

o

-

o revertant was noted in the straln tested but that the medlan
e score was 1ess than 0.5 - : .. ’
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TABLE 79: Conflrmatlon of the presence of an .allele of mut8 (mut8—2)1n mut9

strains by comnlimentation testing with mut8-1 testers, using
homozygous higl-7/hig1-7 d1p101ds

Experiment #1 Prototrophs arising** Red
: mut8 “on limiting ‘ lysine
Diploid Parents genotype h15t1d1ne lysine revertants
ROIS9 + RO79-8A * 4 -2 - 94,98  (105)*
RO78-8D 371 + 38,26 (87)
RO156 + RO79-8A + 8-2 49,8 (74) 10,13 (1) 0,1
B ROSI4-2A° 8- + 3 50,36 (46) 9,17 (0) 1,5
RO157 + ROS14-2A . 8-1 + ? 62,42 (99) . S
RO78-8D =+ 8-2 29,49 (58)
© . 143,125 (125)
 Experiment #2. y
XV731-3D g1+ 162,212 (15)
XV731-10A 8-1 + 196,190 (30)
S 201,192 (13)
RO69-1B + 8-2 H'S6,4Sv (3)
'RO69-3A + 8-2 - ‘
. R069-1B + 8-2 - 59,44 (13)
XV731-3D . 8-1 ¢ 87,63 (21)
. RO69-3A + 8-2 84,83 (11)
" XV731-10A 'B3-1 + 63,72. (23)
RO400-10C + + 13,19 (4) '
XV731-3D - §-1 + 3,10 (5)
' R : 20,17 (1) ,
RO428-15D  + + 13,15 (2)
XV731-10A  8-1 + 14,15 (1)
' “RO69-1B "; + 8-2 .. 9’3.('(2) _ ' ‘ ' : S
RO428-15D -~ + 12,11 "(0) : : T S
Lo . 110,17 (2) . o '
'RO69-3A +8-2 17,21 (3)
. RO400-10c "+ # B
- RO400-10C° '+ + . 5,9 (0) BT
- 'RO428-15D" "4 + 1,4 @ . s
RO400-10C " “#+ + ° 10,6 (1) . ' ‘ -
RblﬁS-lA, + + 5,11 (0 T
L 11,13 (0) 7

* %

Numbers of prototrophs ‘existing pr1or to growth on 11m1t1ng medluﬁ
. are parenthe51zed * "Jackpot'(In these cadgs unparenthesized -
. numbers include pre- existing prototrophs.) These d1p101ds are
-*alsa heterozygous for mut9 (for controls see- Table 77) :
‘ : : Sy : :
e \_: A
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3. Tetrad Analyses of Mutators Crossed to the mut7 and mut8 Strains

’

At least ten tetfads from each cross of mut7 or'huthto mut1
: thrdugh mut9 (and rad52) were disSected}: These were screened by

replica-plating or spot test for aﬁxotrophies,-mating.type,

uv, ? and MMS sen51t1v1t1es where applicaple, as well as for mutator

1%

ect1v1ty. Tetrads from crosses heterozygous onZy for. mutl through

”,mufg'and rad52 were analysed prior tO’maklng the abovevcrosses (the
RO60;‘_and-RO70-series) and the’resuits“are shown in the appendix'

(Tables Ala to J) for comparlson Where® double mutator mutants

'vhave segregated (i.e. mut? mutl),'most have been conflrmed by

*

outcrossing to mut tester stralnsn‘?LThesefdata are found in Appendix
Tables A2a-g). TWO tetratype [++, mut+, +mut, mut mut] tetrads from -
each cross wefe'fhrtherﬁtested,_WherewposSible, to‘determine;whether

differences in Lassie scores between spores might be due to different
_final_eell numbers per lassie plate in the doubie'mutator.: This was

not the case except for crosses involving mute.

The mutétors mutl mut2 mut3. and mut4 have been chafhcterized byw

Gottlleb and von Borstel (1976), and von Borstel and Quah (unpub11shed

" data) for Zysl-l mutatlon. I 1nc1ude.referenceslto thelr.data when

.comparlng these loci. 3 _
a.  mutl (-Table's 80, ‘81. and 82).‘

The mutl stralns are character1zed by a. twenty— to :

3
LY

-"thlrty fold 1ncrease in Zysl 1 suppressor revers:on rates, Zysl 1 locus

- reversion . rates appear to be reduced (Gottlleb and von Borstel 1976),
o

wh11e h13157.reyers;on rates,1nerease three- tq’four-fold,over MUT

_ .- strains, L L o
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',‘scores and ratlos that were more than add1t1ve w1th respect to mutl R

e/
foged
o

. o ‘ 1_ .
\ o
When mutl and mut? are present in the same straln mutl, should

“be detectable because the, straln should be hlghly revertable for"
3

5 . Zysl 1 (or other suppre551b1e markers) The mut?7 locus can[be scored ,

by its temperature senslt1V1ty, whlle mut8 Should be ascertalnable
by 1ts enhancement of htSl—? or hzsl-l rever51on, and by the "muté8

" effect" of statlonary phase mutator act1V1ty for hzsl—? reversion.

¥

Mutator lo¢i appear to assort 1ndependenb1y, from both of . the

‘mit7  + mit8  + o
~_77'EZ?T (Table 80) and —— R (Table -81) heterozygotes <

157

(1P 7T ZV 1n RO81 oP: 4T IN 1n ROlOl) ' The mutl stralns do not have

"enhanced htsl 1 reversion (for example, see tetrad #8, Table 80)

Table 82a glves the mean revertants per plate for the mutator

stralns from R081 and ROlOl There was no 51gn1f1cant-d1fference;,

<

p between means, e1ther for MUT or. for mutl spores from these two '

crosses, and so both experlments have been grouped together /In

thlS case, and for some of the other crosses, htsl 1 rever51on
N

data were omltted because only spores segregatlng for mut8 had. S

i51gn1f1cant numbers of revertants at thlS test locus The mut8
mut1 htsl -1 and mutg hzel I spores shown in Table 85 had 51m11ar
‘_hlstrdrne 1a551e scores‘; Table 826 g1ves the spontaneous,mutatlon '
:rate, M,. 1n terms of: background cell growth for h1st1d1ne and

;1y51ne rever iop/ in. some stra1ns from Tables 80 and 81 (The second

“ u.page of Table 80 1s a repetltlon 1n order to’ obtaln enough data to

*ﬂ,calculate standard errors ) As can be seen from both Tables 82a and

82b the matl mut? stralns produced respectlvely, 1y51ne Lass1e

4.

»

and mut? stralns, whlle h1st1d1ne reVer51on approached add1V1t1ty

o

Ne
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TABLE 80'; Phenotypes of spores recovered from Cross ROSl(mut? E;%fa‘;
,. Segfegatlng Prototrophs arising** Growth , T
Strain alleles at = on limiting Y , ag - Designated - S :
RO81- - hom3 hisl histidine lysine _ °36C mutator(s) - R
24 - 1-7 74 (0) 391 (18) -  ;mt? metl .
B - 1.7 50 (10) . 26 (0) - mut? + L
o +  1-1 0. (0) 254 (4) + + mutl ' R
D +  1-1. 0 (0) 9 (0) . + + O+ ¢ e
73 - 17010 (2) T 194(0) o+ o+ 4 FERE R
B +e . 1-1 0 (0) 34 7 (0) S mut? T o+ % - :
C - 1-7 96 (9) 331 (213) - - mt? mutl . ;
"D o 1-1 1 (0) 248 (120) .+ - 4 mutl o _ :
4A - 1-7 7 Q) 12 (0. o+ + 4 -
B +001-1; 0 (0) 12 (0) - + T
C 1-7% 136 (11) ©1591 (1223)* - °  mut7 mutl : ,
5A - 17777 (10) - 40 (0). - mdtz+
B - 17 12 (@ 11 @) o+ 4 T 3
" C S 1-1° 0 (0) 623 (471)* © - mut7wmtl - . e
D + 0 1-1 0 (0) 373 (13) - .+ - F bl -
6A + 1.1 71 (0 416 Q) - ot mutl-' e
B - 1-7. 71 (11) -39 (1) . - mut? <+ w &
o - 17075 (6) 378 (9) . 4 4 met 1 : 4
D £ 101 o (0 10 (0} - 4 + - A
A +001-1 0 0.(0) . .12 (0) - o« on . 3
B - 1-7 115 (7) © - 264 - (6) T = .
*C - 1-7 - 39 (3) 24 (0) - Lk
5 D +1-1 0 () 346“,(7) o+ ] 5
8A - 1.7 23 (12) U 18 (0) - 'r§
B 4+ 1-1 .0 (0). 264 (32) =+ ES
- C - 1-7¢ 36 0 (3) - 39 (1) - i
D %121 1 (0) 458 1 (87) * g
9A s+ 11 T 00y 7 (0 -+ IR 5
B Coa= 127 0106 (3) - 314 (454) - mut? mutl k
c - 17 07 (2). 9 (0 o+ k£ N
D w141 S0 (0) 444 (16) - mut? nutl :
10A - 1-7° 56 (4) ¢ 53 ..¢0) -7 o+
B~ .+ 1-1 0 .(0) 414 (28) ~ .. mut? ndtl -
C . .- 170063 (3) 234 (4) + + mutl
D T S O L O S
1A - 17 0134 (6) - 44y {6) . - . b7 -mutl
B =17 16 (0). 0 7 (4) e e o
c 4110 71 (0) 254 (3) + okometloo o L
D ¥ 1-1 2 (0) o 71,-{1) - "-mut? + ,( e

o % Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng
. medium are. parenthesized.
* 'Jackpot' (In these- cases unparenthesued numbers mclude pre- o
exlstlng prototrophs ) . :

v



S K TABLE 80
: ExPerlment #2

" Strain
RO81-

P

~B

ho

-

v B - o
> fﬁu;g tnNnwd oo

U

RPN
Ow>» BOow

r

.

R R
O0w>-9

Q

4

L

row®

(Contlnued)

Prototrophs arising**

on limiting
- histidine

js1ne

.88

(2)

55~ (2)

0
1
13
.0

S117

0

31
0

122
90

a2 (83
(0) .

(0)
(0)

@ -
)
(1)

0)

RO
©." 1
555

. 47

(4)

“(32)
(@)
«-€0).

(0

(03
(10)

@
L)
NORE
5)
(1 -

(0)- -

- (25)
(o)

ay-
() -

o)

- (83)

-1388
.‘10
% 443
18
601
'*r‘fSS

391

43

. 298

14
11

45
487

/

255

.15
15

495
250

(43)
1
(104) -
(0)

0y
(0)

( 2)(:
(67)

(0)
(0)
(1) -
-
(1)
(32)

(s81) .

342f(sj'w;

40 ;

387

78

- 15
725

-40°

274

23
1315

46

Yoy
96) ¢

(0)
{0)
(74)*-

(0

0
L (281)
(0) «

(1),
(98)

0y
an:

(o)

| (312)‘

(658)*-'

(1220)*

DeSignated

mutator(s)

3&;&3{;‘?4;*h55\°,§3+¢\l+.“*‘3;+_\J<*.*;\J* + ¥ NN +N+ N NF+ R NNt St F NN

T T N S R S e L LR S S N

159



TABLE 81:

ut8 matl

_+ .
+ mutl

Phenotypes of spores recovered from CTOSS ROlOldm‘
Segregatlng Prototrophs arlslng**‘v : . :
Strain alleles at on limiting - Designated
RO101- hom3 hisl  histidine. lysine mutator(s)"
1A 4+ 11 . 0,0 (0) 402,347 (1) + mutl
B 1-1 3,6 (0) 439,339 (6)  mut8 mutl
o 1-7 16,17 (0) 9,5 (0). + O+
24 - 1-7 10,12 - (0) 13,12 (0) -+ 4
B - 1-7 65,69 () = 315,289 (428)  + mutl
c + v 1-1 4,3 (0) ' 29,16 (0)  mut8 . +
D’ -+ 11 7,4 . (0) 454,437 (19)  mut8 mutl
3 Y - 1.7 11,6 0 (0) 21317 (0). o+ 4+
B + 141 5,3 (0). 434,330 (3) - - mut8 mutl
c . 1-1 4,3 ,(0)6 399,419 (10} mut8 mut]
D - - 1.7 10,13 (1)% 9,20 (0) T+
4A +1-1 2,0 . (0) 295,281 (3). + mutl
B + -1 4,6 (0). 28,26 (0) ut8 +
SA " 1-1 0,1 -.(0) 367,262 (7) . 4+ mutl
B “1-7 - 120,94 (17) - 14,27 (0):  mut8 4+
6A £ 11 0,1 (0) 246,202 (14) . + mutl
B + 1.1 1,3 (0). 25,147 (0) .t
- C - 1=7. 204 (26) 16,23 (0) - mut8 4+
D - 147 103 ' (2) 232,299 (8) - mutl
7A - 1-7 79 (3} C 284 . (7). # mutl
BT + 11 ©3,8 . (0) - 17,3k, (0) T mut8 -+
C. . .- T 1-7. 318,360 (72) . -° 357 (8)  mut8 mutl
‘D Lo+ o 1-1 .0,0 (0). 8,14 (0)_ ¥ +
“8A - 127 59,50 (22) 366,358 (7) .+ mutl
B¢ ~ . 1=7 209,263 (103) 431,485 (3) - mut8 mutl
- Ct + 1-1 ».1‘7,5‘ (0 22,160 (0) mut8  +
Dt + 1-1 7,2 (0) 20,14 (0) w8 # -
16A+ + 1-1° . 2,0 - (0) 324,251 (1) o+ mutl
. Bt - 1-7.. 315,202 (229) 486,455 (1), - .
ct' - 1-7 10,11 (0). 17,8  (0) - - ¥ +, .
Dt + 11 6,12 -(0) 27,19 (0) “"mut8;

J

“’+4

"jwere 1dent1ca1 in the two experlments)

«

,'1 {:?\ Numbers of prototrophs ex1st1ng pr1or to: growth on 11m1t1ng
‘ medium* are parenthesized. . SR
_Histidine lassie data:is from a separate equr1ment (controls L

160
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. . - k2 . ) 4
TABLE 82a: Summary of Lassie sgores for crosses RO81 and RO101
"higi—f ' N Mutator(s) - o
reéversion MUT_ mutl  mut? mut8 mutlmut? mutlmut8
~Mean .  14.1 70 59 139 115 278
‘S.E.. 1.8 55 7 33 6.5 26 |
lysl-1 S . : B
reversion - . o v s , L v
Mean 12.4: 308 42 22 413 4200 B
S.E. .07 11 35 15 22 15

b: Mutation rates (M) in terms of (unreverted) cells perj'
L3551e plate of stralns from crosses RO81 and R0O101

o Lysine Cells/ MZ g Histidine Cells/ Mhzs
RO~ hzsl " Lassie plug 4' y‘_ Lass;e “plug * 4 .8
Mutator 'strain allele score* x 100" x 10" score* x.1077 x 10°.

mt1  81-6C  1-7 354 2415 62 79 1438 23 o
. 1017A - " 278" - 2065 57 . 87 165§ - 22
- 81-3A 1.1 252 (1) .2028 52 1 115 0.4
101-6A - M e R f 1435 0.3

mut7 81%B 17 38 - 177 9.0 96 130 © 31
e e 11 a7 @D 1% 10 1 151 0.2

64 142 48

| rugs 101-6C - 1-7 - 14 (4) 181 3.2
- o 1-1 - 4.2. . T :‘,177:~3  1.7

, . -7B - - 200 (10) 2017
PR 'GA -1 286 (1) }1495'-'.80.,;"”~'1’.*~~131§.',_wo;sh*_.'
| 'm“teé“fﬁ1°1~7c*"" 272 1605

7. 351 2565 57
1g _'323'c1) 2155 - 63 . - ;_3;;j; 1565,

1 N

R T
w81 3Af'ffif 14 154 0 3.8 120 g2

1013 M0 19 g8 4 200 128,=,4

'\l .

"L\

;”ﬁ{ Average of two determlnatxons o . CoEL ST
'§ -;Average of four dé erminations . Do s T
“Nulbers,xn parent" es are the number Qf red (locus).revertants/plate
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Additivity cannot be rnleﬁ ontyfor mutl_nutq reversion'for either
hisla? or lysl-1. ' ‘

v ‘ The-numbers of cells on lyaine Lassienplates are higher?in
haploids derived from RO81 and'R0101“than‘for,haploide,fron.other»
.Qroeses. This_may-aceonnt_for the elevated iyeine Laésiefseores for
. nnt?; mutB_and‘MUT+:in these etrains.(see‘data for mutd crosées for-

~ comparison) . .
b.  mut2 (Tab1e5'83 84 and 85)

Mostnutz stralns show a flve to ten fold enhancement
over MUT stralns for both Zysl 1 and hvsl 7 revers1ons The Zysl 1
.locus revertants may be sllghtly enhanced (Table 85). The mut2
stralns may be detected by a” non -te MMS sen51t1ve phenotype (Na51m and‘
.Brychcy, 1979) The mut? and mut8 phenotypes were scored accordlng to

- the characterlstlcs mentloned 1n the sectlon descr1b1ng the mutl 1ocus

' f:The mut2 allele assorts 1ndependent1y from mut? (1P 6T 3N) and from

'mut8 (lP 8T ON) The mutz mutat1on.:§es not s1gn1f1cant1y enhance '

-hzsl 1 rever51on, whether alone*nor mutz mut? (Table 83) or mut2 mut&

'f'(Table 84), over scores seen for MUT stralns
o )

In Table 89a the mean L3551e scores for htsl 7 suggest that both
7ibmut7 andvmut8 1nteract less than add1t1ve1y w1th mutz for revers1on of
"i*th1s allele The Mut7 mutz and mut& mutz stralns were add1t1ve over
’efthe respect1ve 51ng1e mutators Tbr Zysl-l The s1tuat10n appears
‘i}:hto be totally reversed 1n Table 9b These data (from a separate f;iyéf;f_ﬁf

'*;‘:experxment) suggest that both double mutators are add1t1ve fbr hzsl—

"}lrever51on, whlle mut? mutz §t:e1ns qey be anl txvely enhanced fbr :_;;hVF' '
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TABLE 83 Phenotypes of Spores recovered from cross R082 (muf7 mﬁ;é).

e ESegregatmg ’Prototrophs arlsmg : Surv1val o ,
Strain alleles at =~ on limiting . at on Designated -
R082- . -hom3 hisl “histidine lysme o 36°C MMS ‘M\'xtator(s) ’

)

- L+ mut2

mut? mut2

- mut? +
’ + B

(9 93 (1) :
(0) . 121 (203)
(0)y 40 (0)
a 700

(0) 7 (1)‘ , + o+ \ + T
(1) 31 (13) ‘ - Tmut7. .+ .
(0) - 133 (19) omut7 mutz -

(0) - 12 (0). " Y - o+
(0y 11 (0) + 4 +
(0) - 96 (65) - = Tmut? mut?
(0) - .42(1)
82 (9) - 78 (35)
67 (4) 73 (18)
(0) . 69 (0) -

85 (6) 83‘(0)
4(0) 0 122(0) . -+ - 3

65 (5) 0 32.(0) - - < mut? 4

(2) -~ 410 -0 - muz 4

(0)  103(2) - - . ‘mut7 mut2 -

(3* 15y o T

o . 8@ o+ - + . mut2

7

[
1

N
>
+
— —
1 '
e e RS IO N RN B

o
Vo
[
t

[
.00+
!

—
]

[+<]

i ;
Pt

]

(73]
w> O
IR
b bt
Vo )

+

+

+

+

O
P

~
o >
./-/
[
"]

- mut? +,4

(@]
+1 1
—

1

LIS I |

- mut7e o+
mut?  mutl.

T
]
]

o | _
> )
!
—
)

oo
+

fon
1

=l
Lol .
'
NN N

[}

+

1

+

s

Do

&
1

P
1 1

+

Do e o
K
[

Voot

T

7A + 1- 10 93 (T8 S S mut? mut?
Yoo 1- 1 _(120)*'-205,(186)* < S mut? mut?
- - (4) .15 (0) + e w
1- () 15°(0)

+
+
o
+

5

0)  130(0) . e e e T
(5)- . 15L.(2) - = e mut? . mutl :
Q) - 46 (2) M7
€0) - _174‘(66)‘," w2
- .14 (1) [REE AR B
>(0);j;‘.517;(0) SRS SRR ST
(@ 161?(110)* . omut? mat2

. (0) - 15 (0) B S

767(1060)*‘ 7 (1) | ;;‘_at*mut? 2

2:0) 97-(2) e T mutza-., :
45 {15). 119 (141)*

[ RN
*
+

Al

BRI
nw> . o0
HD—H — e e ettt fd e
e

+
+

o
wmp» O
'

+

R
0w 0

R A

[N R T SO |

o

+
o

L Y
n—_‘-:Na\"_o ,‘NMSO“H'ONH oum:’g

vul“

i

! .
‘NHNH?%PJHNN“AH*Q

Q+ | 4-' L % ‘_
]

‘g,;;f.;,gmut7

** Numbers of prdtotrophs'*enstmg prmr to growth 8n limtmg meditm"i
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1,
mutZ

TABLE 84 Phenotype§ of spores recovered from cross ROlOZC"u:B

Protaﬁrophs arlslng**
on limiting
h15t1d1ne

- Segregatlng
 Strain  alleles at
RO102- -

Ggowth
on’

3 Deéignated S
© o MMS<4 .

1A

2 vow® voed ocow

S
> 00w

g;;ncxuiifﬁu:g w

-

-

I
dnp><onw>fnw

F

+ - ‘ - + mut2
- 107,96 (0) _67,85 (12) % - -+ mut2
- ©5,8 (0). 118,82 (1) - mut8 mut?

1+ + 1

P

=
i

-

NN N PN SN e

.hom3 hisl

0,0 (0)-.v

© 2,3 (0).

144,162(140).

-98,83 (8)

|

124,72 - (95)

1,0 (0)

© lysine

4,6 (0)
80,80 (39) -

4,6

22,18. (L)

. 102,88 (24)

“lir,e (0)
25,21 (0)

+
+

muta;br(sl

| ﬁ“u’é?\f,/ |

S+
mut& +

i o S L R AL S0 S i B

-1 3,5 (0) 72,52 (2) - \ mit2 i
- - 259,346(108) '52,113(162) - . .. mut2. - :
- J7 142,186(65) , 17,16 (0) + mt8  + ;

£+

-,

o

N i o

[ WP POy N

st i

el

=

\l'\_l,b-'\l')—‘j-b—'l-“ NNLN N R e

SR

1

1

12,0 (0)
0,1 (0)
146,181(100)
(0) -
140,155(373)
102,99, (80)
¥5,12 (1)

0,1

4,1

45 (0)
1,2 (0)

- 0,0 (0)

+175,188(59)

5,47 (0)

12,13 (0)

7,13 (0)
24,17 (0)

'806,765(685)% . .

72,98 (1)
27,23 (0)

“717;1o;cq3f'1‘
. 104,109(2)

TsesL (@)
9 (0).
106,125(1)
022,18 (0) -

a9

R

- qut8v +
4 omutl

mut& mutZ

muta ot ‘

¥ 4

'“fmgamwz

mut2 S

PR

. mata'mutz"”

mut8

= -7 ,116,100(7) ‘?107 71 (14) L mutz -
- - 157 167(59) 13,15 (0) L+_ it o

(0)

Q:.(O)}Qe?
;,:313e~(01f2y
. 0,4 (0)

73,92 (0)
13, 14:(0)

20,19 (0)
259,234(202)* -

+ mit?

\+

mutB e
o mutz

- 1.7 111,120(70) 60”73’(0)‘,ngvq-f o mutd
- - 97 160{143) 37,19 (0) {f.egéygu¢3;.;+ :

+

o N~

N

NlH-H'_\I, \l\lt—_‘;\l\-‘ T

=

s

6790Tﬂ
10 s )

(0)

83 79 1y

372, 367(282)* | '-.-" L

,..“ -~'.~ L

13,12:(0)

:f» 273 298(117) 13,22/ (03

4+ mutz
t8 mut2

R ‘+}‘e_
muta

‘.+eNumben§ of prototrophs existing pr1or to grawth on,limitlng
o ;;gmedzum-are parenthesized.
-;y“f'Jackpot' (Inthcse cases,

[y
»

;unparenthesizﬁg nuﬁberﬁqinclude pre-:'f;7**“‘”’"”‘

AR e ARl e Lt ket 4 o (Vs A

BENSIPE :




O mut2 o 82-1A° 1-7° 99 (4) . 178 23.3 - 97 . 1495 'f27f3‘t

T

" higl-? .- . _ "Mutator(s)

.+ Mean f 1 9,

Comut7 o 82-8C

muts . 102-5A 17 38 144 11
RS l 5

U TR TR A d vz P R R T T e S T B e R AT T Lo, S O SR

; | ,‘\& - '; . T | .‘. _ | B ’f >  | .A | .\ 165

. o - .t ) ‘ \

TABLE;SSa; Summary of hap101d Lass1e scoreSrfrom crosses RO82 and

"RO102

reversion ' MUTT  mut2 mut? mut8 < mutomut? - mut2mit ’
7 93 45 157 . .96t - - 165t
.5 50 6.0 15 11 11

ye1-1 . . Ly

. reversion . . S S Sy PR
“Mean - 11.4 82 43 20 . 115 [ 97 | .

* S.E. 1.8 4 - 48 1.3 . 9.3 5.7

4o
N
i

b: Mutatlon rates (M) in terms of (unreverted) cells per La551e
Plate of Stralns from crosses R082 and R0102 .

SRR _ 'Ly51ne Cells/ Mz . H1st1d1ne Cells/ Mhiahi
RO hisl ~Lassie plug * Y ~ Lassie plug e

< Mﬁtator ’straln allele score* x 10~ -4 jx.108 . score* . x 10 X 108"

L4

.102-70 "o 90 - 1267 29.9 G Jp % 117

. 82-8D " 1-1 - 85 Q) 164 217 .1 119 - 0.3
©102-6B - " g2 (s)t 1415~ 27.3, ' 2. ‘105§ . .0.8.

17 46 B6s' 223 . 38 107 14.9
-9C 1-1 44 (17)- 147 1257 0 127 - <0.3

1 72 7120 25,
1 .5 13 - 1

S 11 188 W7

7. 3027
';¢84-£§)f.w

*:' Average .of..,:two detemnations
verage Of fonr deterninations
; gré -
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lysine reversiOn. r?neilysl-l mutatiOn rates appear to'be'less'e

than additive in'mut2 m;ta strainsvv It would be unwise to reJect

the null hypothe51s of additivity prlor to the testing of several

' mutZ mut& and mutZ mut? stralns w1th the 1000 compartment fluctuatlon

test, for elther htsl 7 or. Zyal 1 rever51on

\v*//ﬁ-
$  c. mut3 (Tables 86, 87 and 88
o - “Most mut3 strainsicqnfer roughly‘fiVe?fpld enhancements of

Zysl 1 and htsl 7 revers1on rates Suppressdr-revertants account °

’»_for most of the 1ncrease Na51m and Brychcy (1979) determlned

,that thlS locus ‘was also sens1t1ve to MMS Hence mut3 is 1dent1fieq~
, - - &

’ffw1th segrégatlng non ts, MMS sen51t1ve spore clones‘t Note that

3
-, .

' mut2 mutS mut4 and mut? confer MMS- sen51t1v1ty 'Therefore;ftheA

- presence of the non—mut? mutator in double mutator mutant stralns

"(from tetratype tetrads) had to be conf1rmed by complementatlon

tests %Appendlx, Table A2) This was also true of crosses. where~

::no markers sen51t1ve to MMS, Y -1rrad1at10n or 36°C 1ncugat10n were
'<fsegregat1ng o o . ‘Qf?- ;:1. : ;f,,l, L
- The mutS locus may be 11nked to mut? ( P 6T: ON) ‘but the nu;ners
{of tetrads scored was too low t4‘be certa1n.' It 1s unéakely that .
1.close 11nkage exlsts between muts and mut8 (39 ST INY. ~Again’ "“
--_Zf;hzal-l rever51on is not unexpectly al;ered in muts-bearlng stralns ';))y;

lAdd1t1ve enhancement df mutatlon rate cannot be ekcluded for

ﬁyelther mut? muts or fbr~mut8 muis based on. dlffereﬁces an¢
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TABLE'86 Phenotypes of spores recovered from CYoss R083 (mu+ mut3).

- Segregating  Prototrophs arising**  Survival R A
Strain’~ alleles-at =~ . ‘on limiting | at - Designated
R0O83- “hom3 ~ hisl ~histidine -lysine = - 36°C MMS®  Mutator(s)

"

-

. 3(0) 82" (0) LI B T 2 B
137 (16)' 95 (123) - - b7 mutd ¢
71 (0) - 54 (0) = mut? 4+

L (00 - 14 (1) RS oo+
S 1(0) 76 (3) e+ - 4
177 (191)* 86 (24) ~ - - =+ mut3
" 50 (5) 35 (0) . -0 =T mut? .+
LT sm T mar
S72(8) .71 (1) 0+ -+ 3
33 (12) - 53°(0) 0 - - mut7 o+ o
0. (0) 39 (0) -t - g7 o+t
2300 . 86 (6) e - met3

@ LT e h .
3.(0) 228 (239)* =T+ mutd

e

]
Tk N e

N
Sy
+
!
+
S
st
(VS

+
Ry R i S
' 1.
R

1.

> DOowP cOwr UAw>
1

+

A [} ]
NN

L
L |

S100) 109 (1)
. 66.(0) 38 (0) = | ‘
64 (4) R R e N e A
0 0(0) 1l (0) T T

5941 76 (5): o k- 4

108 .‘_(89) 158 @) e - ‘-jmut?f mut3 ¢
- -33.(58) .- 46 (0) . cwtoo mut? ok
"_.'5 (0)ﬂF;“ 152.(2), S Te e e, it

2@ e e e e omes
CT9NT) e BL(O) e e e miggl e

S S5.(06) 27-~'48:(5)' A~:IS- s Mgk

L0 0) ;f’ZSfIO) e mar e

. 65:(8) © 35(29). - L Reol mut7oc e G

119 (6) 4';386'(0)_‘5,';;43. c=l L E D 3
T 13 @) L e - e ;amuts S

o LN
> awP v w
]
S TR T T I
NP

+
B 0 R e b e e e e et
T '
e

[
J
e}

S g L
P LOOWEignNw
+
N S R R AL
S B l'.l"l'g t
L~
‘4..‘_<

el I B ENEN FR RN

o &
F OO wE .
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"TABLE 87:

Strain
ROIOS—

Segregatlng

hom3 hzsl

- alleles at -

Phenotypes of spores recovered from

Prototrophs arlslng**

- histidine

-on limiting

;Az§1ne
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Y

cross ROloséﬂﬂfg-muts)

..on

'Growth )

s

MMS

-

"De51gnated
'mutator(s)

1A
B

‘i?r

vow® vows

& e

o o T a Tt s
:1r>u:g:~c:r>u:>- COwFP wr C!r)qssi o0

1

o+ 4+

1 }
NN N RN RN NRE RN

0+
1

+

+ +

L B

T A R

+ '
P R O S K hrh‘h‘T‘ i ot bahahaka'hth‘JAhi
1 ) } ] 1 1 ‘ -

S

]

[REE N B

3

1

2
N N

55 (0
C 334 47

7 P 59,41

5,5 (0)

. 307,256(95)
- 0,0 (0)
15,20 (0)

“ 222;193(66)_

5 .(0)
. 10 11 1.
~(0) -

- 'Vo,»l (0)

78,65 (60)

181,181(141) 154, 118(138)*

Ms. ,97
0,2

(0)
(1)
(0)

(0)
(0)
(0
@

..

oo

-

H .
-

-

£

(44)
(0) -
_(57)

70,54 (4)
L 95,111(13) "
S oy

2,4 (0)

v e

oo
SOV NAENN NG
-

QO U1 G g:cyospa n e

~~

-

.

e

9"
7,5
"12 9

101 90 -

(0)

12y -
1 7 - 0)
(0)

f:~-z7s 227(67)

20507 (0)....

: ;15 11

SO

57,79
(0) =

(104)1

. 72,64 (1)
48,44 -(23)
. 9,11°(0)
‘8 16 (0)

12,21 (0)
80,67 (2) -
12,10
68,91
15,14
66,80

(0)
(0)
(1)

. 68,82
55,60

(0)
(@

- 9,12
85,64 (3)
~14;19 (0)
'5-_8,70. (0)
'45;85 (0)'
. 95,52 (4)

(1)

‘20;16 (0) -

67,72 (0)
169765
15,12:

24,18
9,9

69,91
14,11
10,20 (0).-
83,42 (40)
©12,13(0)
©60,97.(0)

73 85 (0)
13,11 0)

0y

).
0)

@)
). -
;-

) -

1 -
3y -~ -
(0):..  2

+ o+

o+

+

+.

L+

o+ o+

+

. mut8 mut3 _
© mut8 mut3

o

mut8 o+

" mut8 mut3

+
o mut3

‘>;.‘ + . + '.'=

mutd -

mut8

L+ mut3 4
+ mut3

mut8 o+

R

. mut8 mut3.

mut8. - +.
'+ ymut 3

. \+ '+‘ ‘

+ mutd

o mut8 mutd

v mt8 o+

# ‘mufs,i»
+- mut3

,*<mu¢€_
f*muta'

PR
+ mutd

b metd mits

+ muts"“

f;”‘mut8 v

+ mutS' . '

R R
fow® vk

TR e P e ek ek ek Pl B ek ek b b
{j~u}d~ﬂ hrht\1~4j$43d N RN

121 184(41)

ﬂxlstingffrototrophs-yﬁ

24 24 (Q)

_ +r;n,+v:.:,;~-7*1 ’
1mut8 -
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Mean_
SE.
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. Mean |
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oy

qummary ofliap101d Lassie scores from crosses RO83 and
'R0103 ' : A

P

Mutator(s)v
i‘mu@f .. mut8

557 145
#5.3 17

wrt
"12.7

1.2

mut3mit8
266t
17

et 3mat?
127

mut3
73
6 N

11,5
0.2

4

77
2.7

16
3.8 i

2.3

122
- 12

’T“'Data'f:om‘bhly.tﬁo-

P

. Mutator

Cbi
"7 RO103 in

RO

vsPoreS '

| N

B ‘ . . '\:r., ) : .' LT .

Rates'(M) of Strains from Crosses RO83 and

-TermS‘of (unreverted) Cells per’Lassie Plate

Histidine. Cells/ Mh
Lassie, plug *
scores*, X 19 4

. \ -
Mutation
Ly51ne Cells/ MZ s

Lassie plug 2
scqre*v x 10~

hzel

strain allele X;IO. x 10

oa

L mutd.

S .\s.

1

mat?

 mu¥é. |
mut3
mut?

mut3
mute

1

 “}€f@U%+‘

. °83-10D

lﬂ 83»4D o
fv”'-JOB.

83 10Af?

s ;ﬁ 37 a2

1-7

"

69 128
_79 132
‘192
PIT LA

18 23

25iJ .
0:"4"- .

<0.3

49 (1) 1175
SoeJp T 202
70~ 105

82 (4) ‘175

03;631
 §3-4B
03 4C

1-1

".

110
111

93

- 37 e '
'.}1005'

. 24
33 oa

iy

40
1.6

©o132)
154 -

111
- 1608

i
19

03-6D
-4

',1247'

L _1255

90"

). 146
,._4c 1995
152

03- 13 52 .
i 121“ :

) 108
'“4L4§/1”‘
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TABLE 89 Phenotypes of . spores recovered from cross R084 ( " mut4): -

) Segregatlng 'Prototrophs arlslng*f" Surv1val :
SStrain alleles at on limiting . - oat - on De51gnated
- RO84- - hom3 hisl  histidine lysine 36°C MMS Mutator(s)
e 4-(0) 73(68)* > - etz mutd
B - 40 (4) 154 (182)* - -+ mutd
€c o+ -0 (0) 14 (0) - mit? +
- 9.0 18 (0), -

S,
3(0) - 86,(26) |  mut? mutd,
13.(0) - 1560)., . o+ e s
79 (8) - ~69(3) {am -+ mutd
100 36 (4) o= mut? o+
2 69 (0)
32 (11y 53.(3)
S 00 - 10 (0)
1 (13) 69 (1)

20 (1).  -26 (0)
-1 (0) 0 - 82 (4)
. 02.(0) 0059 (12)
- 70:(4) 42 (0)
1(0) 56 (0) - +  mutd
51 (8) - 591(60)* : met? e
100 77 (1) Co= S mut?. mutd
3 (3)~ 219 Q1) T
0 (0) = . 33 (0)
- ONMO0) - .53 (0) -
27 (0). - 40 (0) - mut7 e
‘.61‘(6) . 104 (0) - s mutd
o '1.003 v 46-(0) - o myer L
68 {8) . 35 .(0) B : Comut? . mutd
- .57+(4) .;:'f69 87)" ¥ mitd
Lo (0) 0 0 19 (0) R T S
0@ SO - L mer mad
D0 10, (3) e e
el ,'(5)'°' S 23.(0) . v Lo mut? o+
’a'38'{3) 40]II4);' , = s ﬁi+.._Mﬂt4 )
0y 2a () -
ffO) L ,‘31“(12) e
, 2:(0) . 43.(0)
'i>j9g(0) 14 (0) -
'34558.(0) 7;(0}
2000) 57 (0) .
L 0.00) L 0
S L6y ,:;-:-72 @y ke,
;E** Numbers‘Ef‘prototrophs ex1sting prior‘to grquth on 11m1t1n “medi
. 4re parenthesized. - 4 R L RO SR S
j)Jackpot'*»D ‘

)
N
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)
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+
O o S N
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g
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. e mut4 :
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TABLE 90 Phenotypes of 5pores recovered from cross R0104(mu+ mu:4) o
PR I o Segregating Prototrophs ar151ng** Growth T |
Lo Strain = allelés at . on 11m1t1ng ©ooon . Designated °
RO104- hom3 higl histidine . lysine . MMS mutator(s)
. 1A | +1-1- 1,2 (0) 71,59 (0) - .+ mutd
B - 1-7  138,130(109) 27,16 (0) + mut8
C L - 127 7,12 (1) 9,12 (0) + LoE L
D + 1-1 1,5 (1) .75.86. (6)" = rhut8 mutd
2 - 1-7 8,10 (0) 14,16 (1) + .+ +
B + 1-1 2,4 (1) 20,24 (7) - -+ . mut8  +
. (o -~ 1-7 76,98 (11)' 55,59 (2) - L mut4
3 e 141 1,1 (0) 56,77 (&) - . mutd
. B s 1-1 4,5 (0) . 110,107(0) - +  putd
e oC - 1-7 6,168(165) 22,16 (0)- . mut8 4+
4A 0 1-1 5,60 (0) T n91;80.(3) e mut8 mutd
B el 0,0 (0) 10,9 ‘(0)- S
C - 1-7 167, (85), 20,22 (0) - -+ = mut8  +.
D - 1-7 70 76,88 (6) 84,70 (0) - + mutd
© . BA, ”f 1.1 73,2 (0) . 31,12 (19) + mit8 + |
B, TarEe7.7 182,165(94) . 20,20 (0) o+ mut8 . 4+
c. - 1.7 97,103(2) - ¥ 74,42(52) - + mutd
D ;+' 1-1- 12 5-(0). 59,94(0) - + . mutd
6A 4+ 11 . 6,4 .(0) 22,20 (0)  +. . mut8 +.
B % T 1.170 5,11 (0) ¢ 65,110(0) - mut8 mutd.
C - 17 16,22°(0) . 7,12 (0) 5 . + + o+
. D - 1-7 80,87 (0)'>»‘59 10000) - 04 Tmatg
B/ +1-1 2,5.(0) 81,95 (0) . - - b8 mutd
B - . 1-7 201,174(96). ;74 73 €0) = mit8 mutd
o Co- - 170 . 3,10 (6) 9,5 (0) o+ IR
b P e @ s @ sk
CBA ﬁ;», 1-7 84;81[(3)g; 39,73 (1) .. - T+ mutd
B Va0 1s 1r S(0) . 93,119(2) + ¢ - ' mut8 mutd
R o ‘11 T (0). 9,15 (0) . R
D, :; 1-7 140 166(55)--* 8,22 (0) .o+ mut8 +
A ok w141 2,3.5(0) » 79,71 °(0) 1. - ¥ mut4»,4x"'
B e 127 158 161(41) 8,28 (0) .. 4 :’mut8 MR
e ;+~f B % 0,1 (0)- 79 107(0);1:.7-%~ ”; + mut4”‘*_vv'
D - 1 7 171 1845?7) *; LA mat8 3
10A - yf .1 1 6 4 10) mutB
R o ‘ ,* 1 7 184 (93)
’q;p.a : 1- 64 (4)
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;TABLE 9la: Summa;y of haplo1d La551e scores from crosses R084 and S
7 Roiod S s U |
‘hki? o "1_+”'§' » mmumrﬁj . o )
~reversion - . MUT mutd mut?  mut8 mut4mut7> - mutdmt8

Mean - 10:6 76 38 . 157 77t =188t
S.E. ., 1.4 48 ‘64 8 1, 14 | :
reversion . o . | o . SR ;
S . ' o ' S _
~ Mean. 112 71 3t - 20 58 . g7

SE- .10 39 44 12 7.8 | - 5o SR

‘f_ Fewer«than four;§bores tested

‘\ ' | ‘ , , | .
" b: Mutatlon rates (M) of strains from cr ses. RO84 and

R0104 in terms of'(unreverted) cellflper La551e_p1ate :

- E - Lysine: Cells/ 1yg- Histidine Cells/ " Mhzs

‘ RO hiel  Lassie’ plug * Lassie - plug*4 T

Mutator strain- allele score* 'x 10~ 10" score* x 10~ :x 10°
mut4r . 84~ 1B 17 56 168‘:' 14 . 91 131 - 29

843 1.1 66 (1) 121 | 23 o 142 . 0.3
104-1A © 0 JP (1) 265 . - .10 129 5. 0.3 .

-

omut7’ o 84<38 1.7 42" 128 14 64" 159 ;f' 17
A0 11 42 w2 12 1128 o3
| mut8 ©104-1B . 127 18 - 160 - 4.7 168 113}-- '62 -
s 11 - 31.(17) 169 . z 705 106 20
mtd, o it H_4*-~IL*g;f_
ma7 843" 1718 144t 3 ll*97 133 31
e AL @) a0 T 0 s oS
mtd 104-78 1793 252017 02 72 se e

* -Average of two determlnatlons ' ?' o =

5 ‘Average ‘of four determinations .. AR e
Numbers 1n parentheses are numbers of red (locus) reyertants/plate |

poc D
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_TABLE 93:  Phenotypes of spores recovered from c;oss'ROlOSdm%?igiiiﬁ

Segregating  Prototrophs arising** Growth .
Strain alleles at onllimiting . v‘ .after Designated
RO105- hom3 hisl histidine - lysine : y = mutator(s)
1A _ 1.7 10,14 (0) 13,14 (0) .+  #  +
/B - 1-7  154,153(53) 20,16 (0) + mut8 4+
C + 1-1 2,7 (0) 68,57 (0)- - mit8 muts .
/D + 1-1 3,1 (0) 72,68 (6) - + muts
oA - 1-7  178,137(42) 69,67 (0) - mut8 -mut5
B + 1-1 0,0 (0) 13,9 (0) + + o+
. C - 1-7 153,134(14) 21,16 (0) + mut8  +
D 1-1 3,3 (0) 48,65 (47) - +  muts
3A - 1-7  252,244(188)* 13,14 (0) v Trut8 4+ ,
B - 1-7 64,71 (1) 61,68 (03 - + muts
o + 1-1 0 (0) 66,60 (0 - +  muts
D + 1-1 2,6. (0) 17,15 (0) o+ mut8  +
4A - 1-7  167,160(13) 24,22 (0) + mut8  +
B 1-1 3,3 (0) 73,61 (0) - muts
S5A - 1-7 47,70 (1). 79,64 (1) -+ muts
B C+ 1-1 4,5 (0) 18,17 (1) + mut8  +
C + 1-1 4,3 (0) 61,69 (0) - mut8 muts
D - - 1-7 10,8 (0) 10,6 (0) '+ + o+
6A 1-1 2,4 -(0) 70,73 (0) - mit8 muts5
B + 1-1 - 2,2 (0) 71,56 (11) - o+ muts
C - 1-7 9,14 (0) 9,12 (0) o+ F
D - 1-7 i20,140(14) 18,11 (0) +—  mut8 +
7A Fo 11 0,1 (0) 68,91 (0) - + muts
B, + 0 1-1 ¢ 1,1 (0) 69,65 (0) - + ruts
c 1-7 103,91 (59) 17,15 (0) + mut8 - +
D - 1-7  186,189(4) 18,19 (0) o+ ut8 o+
8A - 1-7 11,7 (0) = 16,7 (0) T
B - 1-7 152,147(13) 14,11 (0) o uté  +
C 1-1 1,1 (0). 60,67 (19) - + muts
D + 1-1 3,4 (0) 77,63 (29): - mut8, muts
9A + U141 0,1 -(0y 56,72 (10) s +  muts
B + 1-1 1,1 (0) - 69,62 (3) - + muts
of 1-7 107,137(42) 15,16 (0) =  + mut8  +
10A + 1-1 2,1 (0) 67,66 (0) - - + muts
B + 1-1 3,3 (0) 13,16 (0) .- + mut8  +
C - 1-7 16,17 (0) 20,8 (0) - s 4
D - 1-7  180,155(48) 61,74 (0) - mut8 muts

*
»

Numbers of prototrophs -existing prior to growth on

limiting medium are parenthesized. :

tJackpot' (In these cases unparenthe51zed numbers- .’
_blnclude pre- ex1st1ng‘p:ototrophs <)

‘1
~
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(cont'd)

Segregating Prototrophs ariSing ' Survival

Strain/ alleles at - on limiting ~at after Designated
RO85- /| - hom3 hisl histidine. lysine . 36°C y  Mutator(s)
14A - 1-7 90 (1) ~ ° 51 (3) ~ R - +  muts
B/ .+ 1-1 2 (0) 39 (0) <+ mut? o+
C + 1-1 0 (0) .35 (0) - + mut? +
D - 1-7 57 (21) 85 (2) N + muts
15A - 1-7 169 (143)* 54 (2) o+ -+ muth
B - 1-7 .13 (0) 14 (0) . + + +
c T 1), . 3@ -+ omt? o+
16A + 1-1 2.0 1. o« o+ o+ s
17A + 1-1 0 (0) 78 (0) < -+ muts
B - 1-7 56 (56) v 72 (7) + - +  muts
C * 1-1 2 (0) - 47 (9) - + O omut7? o+
*D - 1-7

44 (3) 39 (0) -+ mut? o+

* Numbers of prototrophs existing prior to growth on limiting
' medium are parenthesized.

@ ** tJackpot' (In these cases unparenthesized numbers 1nc1ude pre-

existing prototrophs . = : A
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d. mutd (Tables 89, 90, and 91) °
The mut4 locus confers an approximate four-fold

increase in haploid reversion for both hisf-7 and lysl-1, and Nasim

and Brvchcy (1979) have shown that the locus’is MMS senéitive. The

MMS-sensitivity was again exploited to detect the mutd locus.

-

Both mut?7 and mut8 appear to assort independently of mutd
(2P:7T:iN and 3P:5T:IN, respectively).' The mut 4 locus does no%_'
confer enhanced hisl-I reversion. | |

The mutd myt7 and mutd muts strains appeér to be less®than

N
additively enhanced for hisl-7 reversion (Tables 91@/gnd 91b) .

These strains were additively enhanced for IysI-I1 reversion.

v

. e; mutd and radsl-1 (Tables 92 to 108) ' ‘
The mutd-1 alléle confers a five to ten—fo%d increase

"in spontaqébus mutation at both hisl-7 and lysI-I. It has been

. -

shown to confer U.V., y and MMS-sensitivities (Quah, unpublished,

. ‘ v :
Nasim and Brychcy 1979). It is also responsible for reduced UV-induced

-

intragenic recombination at hzsl,and is allelic with rad51” (Morrison,
1978) . For this study,the y -radiation sensitivity was uséd to detect

muts strains.

7

The muts allele is not closely linked to mut?7 (7P:9T:0P suggested
linkage from Table 92, .but these ratios indicating linkage were
not found in subsequent crosses, for example, Table 96) nor' to

mut8 ISE:GT:ON). The mut5 allele did not enhance hisl-I reversion

significantly (Tablesi92 and 93),
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’

_The lysl-1 and hisi—? reversion scores appeared to be
less than addltlvely enhanced for mut8 mutd strains accordlng to both
‘Tables 94a and 94b, compared to 'strains bearing elther single mutant.
Viable mut? mutdS strains were not detected in the R085 cross (Table 92).
No spore clones W1th both v -sensitive and ts phenotypes were found
in thirty-three more tetrads dissected from this cross. Two crosses,
of daughter strains ROBS-ZC (mut?)/R0O85-2B (mutsd), ano RO85-17D (mut?)/
R685—17B (mutd} failed to uncover any.viable mut 7 mut5 straiqs ina
total of 26 tetrads tested. It appeared that mﬁt? conferred
inviaoilityeto mut5 strains or vice-versa. A cross of the mut?
etrain (R0O428-6B) to the rad51-1 strain RO91-1C produced no -viable
mut7.rad51-1 segregants in 16 tetrads. Hence this phenotype.appeared to
be a characteristic trait conferred by'rad51’alle1es.

Table 95 indicates that the above premise was not always true.

\

Four four-spored tetrads dissected from cross ROl112 bore viable

mut? muts mut8 spofes; To ascertain that ;his viability of the

strains bearing mut7 muts was not due to the presence of mut8, a

mut? mut8 mutd strain (RO112-1B) was crossed to.the'MUT+ hisl-7 strain :
RO255-3A. As may be seen from Table 96 apprbximately half’of the
v1ab1e mut? mutS segregants did not contain mut8 (8/14) . Of\znviable
mut? muts spore clones (at 1east 11/25), roughly half (4/11) contalned
mut8. Hence, it is unllkely that‘the_presence of mut8 was responsible
for the' viability of the previously inviable combinefion. JIt is poseible
that mut? muts etrainS'may be reecued by the‘presence_of another
segregatidg locus, based!on the viabilify pf_about onechelf of the

o
presumed mut? mutd spores.
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¥ The RO113 cross als; suggested tha£ mut7 was linked ?o lysl-1
(9P:15T;0N). No other linkages were observed exéept that of muts
to hom3 (ll?:{gT:ON), which produced‘a map distance comparable to
thosevcalculéted by Mo%rison (1978) . 'The obServation was peculiar
because two other crosses, RO250 and R0252 had yielded completely
opposite results for mut7 - lys1 linkage (a total of OP:12T:6N, for
both crosSés). The only major difference begﬁeen th&se crosses was
that muté was not segregating in the latter two. One.explanation'
cogld therefore be that mut$ gaused a reduction in mut7-mediated
recombination between distant markers on the séme chromosome. A
‘second cross, of the haploid RO112-1B (mut7 mut§ mut5) to the MUT® .
strain R0O107-5C which bore the usual markers (strain RO118, Téble 97)
yielded a similar proportion of viable mut? muts spore clones (3/5).

Both crosses RO113 and RO118 had reduced numbers of revertants in

many spore clones,leven after 14 days' incubation, compared with
cross RO112 (Tables 98a,b and ¢) or RO105 (Tables 93 and 94). 1In
factgbthe only mut7 mut8 hisl-7 strain segregating in cross RO118
(2A) showed a halving of the Lassie scores (Tables 97 and-IQZd) seen
in the mut7 mut8 data shown in Tables 98a and b. The mut? mﬂt8 mutd
.st;ain RO118-3C had a reduced lysine locus'revert;ﬁt frequency when
compared'wiph the usual mut7 mut8-medid%qd locus scores (see, for -
example, Tablé 9). This-suggests that thé reduction in total
lassie sco;e may be due to the elimination of the lysl locus
category of enhanced reversion in mut? mut8 stfains.

In further attempt to'explore the possibility that an

antimutator gene was causing the reduced mutation frequencies seen in
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the above examples, the data shown in Table 99 were collected. The
diploid strains bearing; various doses af mué; and mut8 were included
for-cémparison. It is evident that the two mui? haploids RO4é8-6BV
and 6C have relatively enhanced mutation rates qpmparednto other
‘ mut7 strains (Tab1e19j. The reduction in mut; mut8-mediated reversion
rates in spore cloneés from ROliZ, even compared to the rates for
mut? mut8 mut5 strains is agéiﬁ apparent. Interestingly enough,
mut? mut8 mut5 strains also have a reduced 'mut8 effeét" C
(Tables 95,96 and 97).

e All spore germinations subsequent to those of diploid R094
. (the RO100 and ROSOO series) were performed‘atv20°C following the
>observatipn that viable mut? rqd52 spore clones wére recoverable at
15°C but not at 2§°C (T&gles 122 and 123). While spores from crosses
'of'ﬁut7 to‘mutS'were never repeated a£ this low temperafu?e, it was
considered necessary to fepeat, at 20°C, the specific érOSs-thap had
first shown the-lethal interaction of mut5 and mut7? (RO428-6B/R075-4D) .
fhe myt? revertant isolated from RO428-6B, mut7-1-11, was also érossed
to the same_mutS strain fo ensure that the.observed lethaiifvaas not
6ccurring because.of'other genetic factors present in the parents of
the original myt?/mutS,cross, Ten tetrads each were sporulated, and

TR

then germinated at the following respective temperatures;

A

20°C/20°C, 26°C/26°C, 20°C/26°C, and.26°C/20°C for each of the two

2
iy

crosses. The results may be seen in Tables 100 to 107. No viable
mut?.mutS_sporb clones were observed to segregate under any of the above
conditions. The cross of mut7-1-11 to mut5 showed no patterns of

spore lethality (9/80 invidble mutSs spores,:compared to 2/24'inviab1e <$
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TABLE 92 Phenotypes of spores rzcovered from cross "RO85 (ngz-ﬁaiga
. Segregating Prototrophs arising , Survival
Strain - alleles at _on limiting - at after Designated
RO85- hom3  hisl histidine 1lysine 36°C Y Mutator(s)
1A + 1-1 2 (0) 74 (13) Y- muts
B + o 1-1 1 (0) a8 (1) + + + +
C - 1-7 53 (12) 30 (0) - + mut? +
24 + -1 1 (0) 27 (0) o+ + *
B - 1-7 64 (40) 51 (3) + - -+ muts
C + o 1-1 -0 (0) 45 (0) .- + mut? o+
3A - 1-7 83 (10) 48 (9) + - + mutd
B - 1-7 44 (14) 61 (0) + - "+ muts
- 4A - 1-7 64 (1) 52 (3) R - +  muts
B + 1-1 0 (0) -39 (15) < - + mut? +
C - 1-7 41 (4) 66 (0) + - 4+ mutd
D 1-1 0 (0 . 31 (0) Co- + o, mut7 . +
5A - 1-7 42 (1) 22 (0) -+ mut? o+
B - 1-7 68 (6) - 61 (4) + - +  muts
C + 1-1 1 (0) 444 (522)* + - + mutd
D + 1-1 4 (0) 42 (0) - + mut? -+
6A + 1-1 2 (0) 52 (1) -+ mut? |+
B - 1-7 48 (23) . 56 (1) + - -+ muts |
C + 1-1 0 (1)~ 7 (0) + + o+ +
7A + 1-1 0 (0) . 17 (0) 4 o
B - 1-7 60 . (20) © 46 (15) + - + mutd
C + 1-1 0 (0) 33 (0) - +. mut? +
8A - 1-7 26 (1) .15 (0) - s mt? o+
B - 1-7 66 (4) 56 (9) + - + mutd
C 1-1 2 (0) . 52 (1) + - +  mutd
9A * 1-1 0 (0) 30 (0) -+ mut? o«
B - 1-7 52 (1) - 66 (0) + - +  mutd
C + 1-1- 1 (0) 39 (1) - + mut? +
10A - 1-7 32 (80) 66 (5) .- +  muts
B * 1-1 0 (0) 55 (0) . -+ mut? o+
C + 1-1 0 () 15 (0) - PR ' + +
11A * 1-1 0" (0) 8 (0) o+ o« ¥ +
B : 1-7 47 (6) 56 (24) - +  muts
12A + 1-1 1.(0) 40 (2) - + mut? +
B + 1-1. 1 (0) 12 (0) + + + +
C - 1-7 83~(4) v 77 (19) + - +  muts
13A + 1-1 0  8.(0 + + + 4+
B - 1-7 373 (340)* 188 (174)* . + - +__mutd
C 1-1

0 (0) 57 (1) -+ T

(conf'd)
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9

TABLE 94a: Summary of haploid Lassie scores from crosses R085 and RO10S

hisl-7 . o - Mutator(s)

-reversion M’z mutd 7 nait8 mutSnut8
Mean 11.9 60 41 143 163
S.E. - 1.0 3.4 5.7 7 1
lysi-1 ‘ ‘ ‘
reversion g
Mean _ 12.1 64 38 - 16.5 67

' 1.8 L.5 2.5 0.7 ‘1.8

1

b: Mutatlun«{i oS (“\ CF strains Eron ctross- RO10S. 1n terms Of
wreverted cells pec Lassic test plate

) Lysine Cells/ M, .. HMistidine Cells/ MP' :
. . L3 . * (]
. RO . hisl -~ Lassi2 plug * - 7~ Lassie Dlug 1 g
Mutator strain allele scor~' X 10"4 x 107 score* x 10 x 10
muts 105-3B  1-7 - 84 - 145 24 . 68 925 . 31
-1 - 1.1 54 93 24 .1 1315 - 0.3

mut8v'0” 105-1B  1-7 16 (1) 135 5.0. 180 154 49
-3 1-1 17 (8) 124 5.7 5 133 - 1.6
24 (2) 197 5.1 3 137 0.9

muts, o ' S s

- mut8 105-24  1-7 88 1595 23156 111 59
| -1C  1-1 48(10) 133§ 15 3 1265 1.0
mTt 105-1A  1-7 16 (1), 130 5.2 28 180 6.5
-28  1-1 . 9 (2) 144 2.6 1+ 155 9.3

~* Average of two determinations
Average of four determinations ,
Numbers in parentheses are numbers of red. (lysine locus) revertants
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o . ‘ 7 mit8 _ +
. TABFE 95: Phenotypes of spores from cross ROlkZﬁnu+ mut8 mutS)
Segregating  Prototrophs arising** Survival
Strain alleles at on limiting at after Designated
RO112- hom3 hisl histidine lysine 36°C Y mutator(s)
1A All are ~ 151,138(138) 82,103(4) + -+ 8 5
B hom3-10, - 345,347 (33) 14,22 (2) - - 7 8 &
C his1-7. 107,120(107) 14,20 (0) -+ + + 8 +
- D ‘ . 643,425(268) 58,66.(2) - + 7 8 +
S 2A . 140,140(115) 67,67 (72)  + ~ + 8 6
B ' 611,656(432) 93,83 (14) -+ 78 +
C- 197,178(214) 14,16 (0) + + + 8 +
D 730,779(31) 57,53 (1) - - 7 8 5
3A 389,414(41) - 58,51 (2) - - 78 5
B 1623,1501(1592)* 126,100(0) - + .7 8+
C 109,94.(207) 99,93 (0)> + - + 8 -6
D 68,99 (107) 25,24 (1) + 8 +
4A ' .- 160,182(199) 121,75 (31) + _ - + 8 5
B - 528,595 (641) 129,107(11) - « 7 8 ¥
c? 59,46 (7) 33,31 (6) .+ -+ 8 5
o 716,575(39) 71,56 (1) - 3+ 7 8 +
SA : 297,323(25) 59,38 (2) - /- 7 8 6
B 143,96 (231)' 78, 102(5)' + . - + 8 &

** Numbers of prototrophs existing prlor to gréwth on 11m1t1ng
medium are parenthe51zed

'Jackpot' (In these cases unparenthe51zed numbers_include pre-
existing prototrophs.)
p These spores failed to grow when repllca plated to YG medium.
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TRBLE 9& Phenotypes of sporesArecovered from cross RO113
(nut7 mut8 mutS,HBEB\hzsl 7 lysl adeZ trp5 arg4)
+ 151-7 % + +
Prototrophs ‘
. arising** Survival .
Strain Segregating alleles at: on limiting: ato after Designated
RO113- - Zysl hom3 ade2 arg4 trps histidine 36 Cy_v mutator(s)
1A - + o+ + o+ 15,12 (1) - - 7o+ 8
"B o+ - - - - 80,74 (112) + + + 8 +
c - - - 1362,1275(1315)* - + 7+
Dt v A
2A -+ - 4+ - -94,89 (97) "+ - + 8 5
B - - s oo S 22,11 (0) - - 7 o+ 5
C + - - - + 34,23 (8) . - + 7+ +
D + + 119,109 (29) + + + 8 +
3 S+ e o 535,583(140) -  + 7 8 +
. B - - + - + 32,19 " (9) + - + + O
o s + - - - 7,13 (0) - + 7 0+ o+
© Dbt : '
A - -+ s 551,532 (85) - + 7 8 + .
S -4 + - 18,29 (39) - + 7 o+ o+
5A - -7 - - 16,13 (03 = - - 7 5 -
B - + + + + 26,21 - (0) - - - 7 + 5
C + - + + + 68,84 (16) + 0+ + 8 +
D + R 32,45 (8) ~+ o+ 4+ 8 4
6A LI S 46,46 (12) + - + + 8
B, - - & % + - 537,539(120) +/- - - 7 8 +
c + + - - - 58,65 (8) . + + # 8 +
AL - e Lo 13,19 (6) .+ 4+ o+ 4+
B - - -y 31,49’ (60y + % * 8 +
8A - - + + + 68,79 (17)- + + + .8 + ¢
B . - + - + - 20,19 (22) - + AT
C - + - - 111,117 (32) + - + 8 5
9A + + + + + 131,84 (3)- o+ + + 8 +
B -t + - - 718,642 (69) - + 7 8 +
C - - -0 - 28160 (0) o+ - R
D [ 18,21 (1) - -7 +.5
'IOA’ - - - - + 12,15 (0) + + A 4
B - + - + - 112,16, (1) - + 7+ +
C + + N + - 85,116 (1) + -7 . + 8 5
D + - + - + 432,351 (200 - - 7 8 5
11AP - - - - & 11,16 (0) ¢ - - 7+ 5
B + + + +7 - 180,68 (2) .+ -+ + 8 +
C T+ + + -+ . 34,31 (0) - - 7+t
D . - 110,131 (9) - + - 4+ .8 5

8 L . U e
R RIS AR Sk e B




o

?
TABLE 96 (continued) Prototrophs
il arising** Survival
Strain Segregatlng allelzs///ﬁ\\ on limiting at after De51gnated
RO113- Iysl hom3 adel argé t h1stidine 36 °c Y mutator (s)
12A + . + _ §g,92-(1) v + + + 8 +
B+ - - - 472 (1) -+ 4+ 5
C - - + + 13,3 (2) - 7+ +
.D - + - - 290,296 (34) - - 7 8 &5
13A L+ - - - 45,69 (94) = F + 4 8 +
B - 4+ 4 53,44 (4) + .. - + + 5
C - - - - - 10,13 (2} - - 7 + 5
D -+ o+ + + 376,350 (39" - + 78+
14A -« oL 31,29 (2) + - + + 5
B + - - - ©76,116(105) + + + 8 +
C T T T 657,622(81) /-  + 7 8 +
158 - e - 93,109(11) + - + 8.5
B + - - + 18,13 (3) + .+ B R
16A - o+ T - 30,18 (1) -+ 7 o+
B + - + + - 227,226(13) - - 7 8 &
C + o+ - + +. 109,130(69) + + 4+ 8+
D - - - - + 38,27 (1) + - + + 8
17A o+ o+ .+ 661,593(238) - o+ 7 & +
18A - + - - - 337,319(149) - + L7 8 +
B + + + + 94,81 (13) + + + 8 +
194° T T 37,40 (34) . + - -+ + 8 +
B + + + - 3,4 -(0) + ¥ + + F
. ¢t _ | |
7 20A - - - 7,4 (0) R SR
- B - - + + 015,18 (3) - - 7 + &
vl € o+ + . e 96,102(47) + + 8 +
S 21A + + = + - 18 (2) - + 7 + +
- B - + o+ - + 170,153(33) + 4+ + 8 +
cP - - - + 241,177(8) - - 7 8 5
D - + .+ - - 35,53 (0) - S+ o+ 5
22A U 329,280(95) - - 7.8 -5
B + - - + - 15,6 (2) + + + + o+
o - + + - + 100,83 (4) + - + 8 &
D . - e e s 29,17 (0) -+ 7+ o+
23A e L e 24,32 (2) - - 7+ 5
B - + + + - 15,24 (0) +/- o+ B
C - = - s - 519,389(61) - - + 7 8 +
D S 114,121(86) + - ° + & 5
24 - X - - - ‘57,65 (98) -+ - + 8 5
"B R 133,151(17)  +  + + 8 +
c e 4+ - - 18,13 (0) - LIS
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p1np01nt' spore colonies were observed ,but were

Numbers of prototrophs arising prlor to ‘growth’ on 11m1t1ng medlum
are parenthesized.

'Jackpot' (In these cases unparenthe51zed numbers 1nc1ude pre-
existing prototrophs.) -
o These spores failed to grow when replica- plated to YG medium.
t Semi-lethal,

< untransferable
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" TABLE 96: (continued) Prototrophs
o : arising**  Survival _
Strain  Segregating alleles at: on limiting at_after De51gnated“
RO113- Zysl hom3 ade2 argd trps histidine 36°C Y mutator(s)
25A + -+ + 26,32 (28) .- + + 5
B +. + + - 590,763(71) - 7 8 +
o - 4 - 119,120(4) - + 8 5
26A * + + + 32,30 (0) . + - + + 5
B - + - - 693,562(180) - + 78
C * - + . 7,10 (19 + +oF

e
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% Phenotypes of sgores r.ecovered from CToss R0118
- (nut7 mut8 mutS) '
Y + + ‘ -
. Segregatlng‘ Prototqophs arising** Survival “

» Stpain . alleles at on limiting at after De51gnated
- RQ118~ ' hom3 hisl hlStldlne lysine }6 C v mutator (s}
1A - -7, 33,32 (2)-.- 26,33 (0) - - - 7+ 5
SB v+ 1-1 5 (0) 7,14 (0, - - 7 8 5
‘C. 3 1-1 0,0 (0) 9,23 (0) +. + + + +
D . - 1-7 . 219,245(13) 26,18 (0) .+  + + 8 +
241, - 1-7 294,256(6) | 16,18 (0). - .+ 7 8 +

B . + - 1-1 0,1 (0) 25,19 (0) =~ + 7+
- C 1-7..  151,179(10) 56,79 (2) - +. -  ~+ 8 5
D 1-1 0,0 (0) - 68,68 (2) + - + + 5
A e - 127 19,45 (0) 40,26 (0) + - .+ + &
B + 1-1 . 0,0 (0) 13,14 (0) - - 7+ 4
ct - 1-7  416,370(10) 6,11 (0)° - - 7 -85
D - + 1-1 4,3 (0) 16,13 (0) +. =+ + 8 +
4 - 127 123,13 (15) 14,19 (0) + .+ + 8 +
B . + -1 8,6 (1) 85,104(0)  + - + .8 5
C + 1-1 0,1 -0) 21,16 (0) -+ 7 £ 4+
SA - 1-7 151,115(28) 79,65 (5) + - + 8 5.
B° + 1-1. 0,0 (0) 3,11 (0) - -+ 7 o+
C - 1-7 .10,6 (22) 18,20 (0) - + 7 o+ o+
D- 1-1 5,5 (0) 77,316(1) v+ - o+ 8 5
6A * -1 9,1 (0) 26,23 (0) #+ . - + + 5
B . 1-1 - o (0) 23,18 (0) L -+ 7 4 4
A + 0 1-1 19,22 (0) 67,70 (2) - o+ 7 8 +
B - 1-7 7,4 (0) 14,12 (0) - + +° o+
" C - 1-7 55,54 (1) 37,48 (0) .- + - 4+ +-5
D 1-1 2,0 (0) 4,0 (0)- - - 78 5
. 8A - 1.7 31,29 (1) - 20,18 (23) -  # 7 o+ o+
9A o+ 11 1,0 (0) . 28,15 (0) -- + 7 + +
B o 1-1 24,13 (0) 92,106(1) - + 7 8 +
o - 1-7 116,66 .(3) 38,29 (5) + - + 85

- TABLE 97

2

Spores ire gds’

Numbers of prototrophs ex1st1ng prlor to growth on llmltlng medlum

are parenthe51zed

,Thls spore failed to grow when repllca—plated to YG medium.

v

or show h1gh adenlne reversion on repllca plates

185
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;7" “TABLE 98a: Summary of haploid Lassie-test scores from cross RO112
nigl-7 v _ Mutator(é) ‘
reversion mut8 mut 7mut8 mutSmuts mutSmut 7mut8
Mean - 128 594 122 453
S.E. ) 21 32 12 o 68
lysl-1
reversion
Mean 19 89 79 44
S.E. -2.1. 8.5 8 6.2
"b: Summary of haploid Lassie test scores from”cross RO113 .
. hitsl-7 Mutator (s) muts,
reversion MUT" mut? mut8 mutd mut8muts mutZmut mut7mut8 mut?mutB
~ Mean 11.6 19.8 8 37 102 17.8~ 567 285
S.E. 1.6 1.9 6 3 ) %/év 26 24
7
‘ Lo,
c¢: Summary of haploid Lassie test/scores from cross RO118
© hisl-7 ' Mutator(s) .. muts,
rever51on MUT mut? mut8 mutd mut8muts mut?mutS mut?mut8 mut7?muts
Mean 5.5 - 19 179 43 130 33 275 393 '
S.E. 1.5* 6.5 31 9 17 o 19~ 23* ’
lys1-1 ' '
reversion A .
Mean 14.5 16.2 .18 42 73 30 62 7
“S.E. 3.1 -1.6 2 6.4 8.6 - 4* 16 - 2.1
.* Only one spore clone (two determinations) tested.
T d: Mutat1on rates of stralns from crosses R0113 and RO118 in_
terms of (unreverted)
Lysine Cells/ M Hlstldlne Cells/ M
" RO Lassie plug* 3 hisl Lassie plug4 \\\~8
Mutator strain score* x 10°¢4 x10 allele score* x 10° x10
mut? 118-2B- 18 118%§ 6.4 . 1-1 0 98 0.4
mit7mut8 118-2A 31 1015§ 12.9  1-7 424 151 118
mut7muts 118-1A 32 101§ 13.2  1-7 35 64 23
. A 113-14 29 67§ 18 1-7 10 59§ 7.1
mut7mut8, 118-3C '48(5)* 1188 17 1-7 377 97 162
mitd -1B 25 77§ 14 1-1 7. 44 6.7
' -7 21 ‘ 84 11 1-1 1 45 . 0.9
oy Numbers of locus revertants are in parentheses. :
*/'Two determlnatlons per strain. § . Four determinatiéns per strain

-
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\Il:\v{’\
TABLE 99 : Mutation rates of various s?%ains (M) in terms of (unreverted)
cells per lassie plate B :
‘ Lysine Cells/ M, " Histidine Cells/ Mhis
RO ‘sl Lassie plug 4 4 8 Lassie- plug_4 8
Mutator strain allele score* x 107 x 10 score* x 10 x 10
mr?t -400-10C 1-7 9 (1)** 128* 2.9 12 123+ 4.1
. 17 695 + 2.0 10 90 4.7
© 428-6CF12 " 17 (2) 172 - 4.1 17 124* 5.7
107-5C 1-1 19 379 4.2 0 1685 < 0.3
428-6BT11 " 14 (1) 114* 5.1 0 86* < 0.5
mut? 428-6C 1-7 40 (12) 134* 12 46 112* 17
’ , 33 2944% 11 49 117* .18
-68  1-1 44 (13) 133* 14 1 92* 0.5
: 2 294*+ 12 . 0 95* < 0.4
muté8 108-1C 1-7 31 470*% 5.5 83 104* 33
mutdrmut9 89-6C " 72 403 T 15 75 90 37
net8muts 132-1A4  1-7 - 103 178 + 48 151 70 90
T8t Smut 7 B " 14 186 t 6.3 345 31 466
R C " 14 A+ 4.7 107 110 41
Mk LGl ? Iv; ' 3 SC 14 643 167 161
mut8rmits -2A 1-7 67 C299 % 19 140 100 59
muiBmn k7 B " 93 352 +4 22 011 165~ 155
mt 8 c " 14-. 424 + 2.7 178 Ji3 52
mutEmut Smut?7 b 57 254 + 19 730 34 364
mt? 1-7 " : .
TE? 516 F%] 39 216*t 15 212 . 59 150 .
vact8-2mrit 9 F_chg 1-7 19 + 251 % 6.3 - ,780 40 84
+ 4+ rul7 Q\ 1-1 ’
7L G Gt N ' ) :
mtboimid gy, T gy 242t 82 51 59 36 .
rutl. 1 + -7

* . Average of two or mose determinations
Different plug size results in a plate/plug ratio of 60.2 instead of
the usual ratio : [ 119.4 (sce also Matcrials and Methods) beini used
in the calculati 'n of M .

** Number of locus revertanis are given in parenthescs.
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- TABLE 100 : Phenotypes- of spores recovered from a cross of mutg to
: mut7-1, sporulated and germinated at 209C.

Segregating Growth .
Strain - ~alleles at at after Designated%
R0O519- - arg4  hom3 36°C v mutator(s)
1A L= + + - + mutd
B - - S+ + + +
2A - - + - + muts
B .* + o+ + +
3A + + : + + + +
B - + + + + +
4A + - - + mut?  +
B + + + +
C - - + - + mutd
S5A + + + mutd
B + . - - + mut?  +
6A + + + - +. mutd
s B - - + - + muts
7A + 0+ + + + +
B + + + - + mutd
C - - - + mut?  +
8A - - + - + mutd
B - - + mut? o+
9A - - + + + O+
B - Gk - + mut?  +
C + + - + mutd
10A - _ P P
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TABLE 101: Phenotypes. of spores recovered from a cross of muts to
.  mut7-1-11, a revertant of mut?-1, sporulated and
germinated at 20°C.

Segregating Growth

Strain alleles at at after .Designated:
RO520- argd  hom3 36°C vy mutator
1A - - + +
B + + + +
C + + + - mutd
D - - + - mutd
2A + - + - muts
B ’ - + muts
C: + + +
D - + . + + +
3A + + + + +
B - - + muts
(O + + + +
D - + - mutd
4A - - + - mut5

B + - + - mutd .
C - + + "
5A - + - + - mutd
B - + + +
C + + - mutd
D - + + +
HA + + + + +
B - + + + +
C - - + ~- mutsd
D - + - mutS

‘ A - + + + +
B - + + +
C - + + - mutd
8A J+ - + - mutsd
B + + + = mutd
C - - + % +
D - + + +
,J
9A . - + o+ + -

B . + +. - V muts
C + + + + +
10A + - + - muts
"B - + + + +
C - - * - muts

D + + + +

189



TABLE 102: Phenotypes of spores recovered from a cross of mutS to

" mut?7-1, sporulated and germinated at 26°C

l
v

Segregatiné_ Groﬁth_ o
Strain alleles at . ato after - Designated
R0OS521- ‘arg4  hom3 36C ¥y mutator
1A .k - + -+ muts
B + + - + mut?  F
C . - + + + + +
2A - - ‘ + L+ +  F
B + o * + +
SA ’ - - ‘+ ‘ +- +. +
B - + - + mut? +
C + B T + - + mutd
4A - o+ + - +  mutd
B - - - + mut?7 .+ i
C + + + + + +
SA - - - + - + muts
B . + + - + + *+ +
6A + + + - + mutd
B - + - + mut?  +
o + - + + o+
7A - + - + mut?  #
B - . + - + mut5
’ o
8A + + + + + +
B - - + + + +
\
SA - + B + + + o
B + + + + +

“10A ; ‘ + + - - v + mutd .
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‘ABLE 103: Phenotypes of spores recovered from a cross of muts to

mut7-1-11, a revertant of mut7-1, sporulated and
germinated at 26°C '

K

.'Segregﬁting Growth

»Strain . alleles at at after Designated
R0O522- arg4  hom3 36° Y mutator
1A + + + - muts
B + + + + +
C - - + muts
D - - + +
2A + - + - mutd
B + + + +
C - - + - muts
D - + + + +
3A + + + + +
B - - + - mutd
.C - - mutd
4A - - + - mutd
B + - + - mutd
C + + + +
D . - + + + +.
S5A - + + + +
B + + + - mutd
C + - + ) +
6A - * £ +
B - - + - mutd
C + + + +
D + - + - muts
7A .+ - * ;- mutd
B ¢ - + + + +
C - + + +

5 D + - muts
8AA - - + - muts
- B - + + - mutd
“C + + + + s
D + - + + +.
9A + + + + +
B + - .o+ mutd
C - + + o+
D - - + - muts
10A y + - muts
B - - + + + ‘
C \ + + .+
D - - + - - mut 5
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TABLE 104: Phenotypes of spores recovered from a cross of muts to
' mut7-1, sporulated at 20°C and germinated at 26°C

~ Segregating Growth

Strain alleles at ato after Designated
RO523- argd  homs3 36C v mutator
1A .+ - ' + - + - mutd
B - + + - + mut? T+
C T + + + + +
éA + + . + + + + B
B . - + - + mut? +
C - - ©+ - * muts
3A - + - + mut? + t
B - : + - * muts
C .+ o4 N + mut? ~ *
4A T+ + . 4 + + +
- B - + + + + +
N | | e
5A + - + - * muts
B ‘ T= A+ - - + mut7 = *
v 6A + + + mut? +
B + - + - "t muts
C - + + +
7A - - + + + +
B - + - * muts
8A + + - ¥ mit7?  *
B + - + - | *  muts
C - - + + St
9A / + + - + rut? + .
B - - + B +
C - - + - *  muth




193

" TABLE 105: Phenotypes of spores recovered from a cross of mut$§ to
mut7~1-11, a revertant of mut?-1, sporulated at 20°C and
‘germinated at 26°C ‘ .

» : ' Segregating " Growth
Strain alleles at at after Designated
ROS24-,  argd  homs 36°C | _mutator

- + + - muts
- + - mutd

+
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TABLE 106: Phenotypes of spores recovered from a cross of mutS
‘ mut7-1, sporulated at 26°C and germinated at 20° °c .

Segregating ‘ Growth’ ‘ .
Strain alleles at at after Designated
RO525- argd  hom3 3% C y , ~_mutator
1A | ; B 4 : + + + .+
B - - + 0+ L+ +
A?_A : + + + + + +
B + - + - + mutd
C + - - + mut? .+
3A + + + - + -mutd
B + - - + m‘t? +
o - + + + +
4A - - - o+ mut? .+
B Lo- + + + +
C + - + - ! + . muts
5A - * + + +
B + -+ + + +
6A - - + + + +
B + - + - + mutd
7A - + | . BEE R + +
8A + R + - 4+ muts
B e I S o+ muts
9A + + + - + mutd
B - - + R +
C - - - + “mut? o+
10A + e e B
B Co- - - + mut? o+
C %' - - + mutd




195

TABLE 107: Phenotypes of spbres recovered from a cross of mutSlfo
mut?7-1-11, a’'revertant of mut7-1, sporulated at 26°C and
germinated at 20°C. ' ‘

Segregating Growth
_Strain - alleles at at_ after Designated -
R0O526- argé4  hom3. §§3§ Y mutator ‘
1A + - + + + ' )
B - + - mutsd
-C ~ .+ + +
D S+ - muts
2A - - + + + .
B - + muts
C + + + +
3A - - + - muts
B + + + + +
C - - + L+ + +
D - + - muts
4A + - + - ‘muth
B - + + + +
- C - + + +
D - + .t - - muts
SA - + + + + . / N
B - - - . muts
o .
6A + + Vioo+ + : +
B + - + L muts
C - - + +
7A + - + - mutd
- B - + + + +
'C + + + + +
D - - + - muts
8A - - + - mutd
B + + + + +
C - + ¥ + - + :
D 4 - s + - o muts .
9A - + - + - .- muts
B - o + - muts .
. C +, + + +
D - + + + +
10A - - - 4+ + + . +
B - - + - - muts
C + - + - mutsd
D + + + +
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TABLE 108:

genotype

Strain

5/ +.

@]

+|on
~|

)

RO65
R0520
R0522
RO524
R0526

RO105

RO85
RO504
RO519

RO521 -

RO523
RO525

D

o u &~ o &~

30

10

lp - I N

27

11

21

|

25

31

19

18

24

W u - o W

{\Jb'ox\xmm
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A summary of meiotic recombination between hom3-10 and
mut5-1 in crosses heterozygous for mut5-1

Germinated
NPD at ‘Comments
0 26%¢
0 20°%¢c .
0 - 26°C contain the mut7-1-11
0 20°¢ revertant allele
0 26°¢
0 - 20% &
R = 0.23°
26°c .
1 26°¢
0 20°¢C
0" 26°C
0 20°¢C
1 26°c C
2 R = 0.36
0 26°C‘ Germinated two weeks
after sporulation was
. begun -
0 20°¢ 5
o 20% A
0 R = 0.30
0 contain the mut7-1-11
' revertant allele
R = 0.23
1 R = 0.44

o
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matd épores from %he.cross involving both mutators).

To examine further'the possibility -that mit 7 was conferring enhanced -
recombination in‘strains also heterozygous.f&r mut5,.récombination
between hom3 and mutS was monitored in the above c¢rosses. Whilé 

there were no differences noted in recombination for different

_ temperaturé within eitﬁgk\the mut741/mut5-; or the mut7-1-11/mut5-1%

category, the total recombination for the first cross was 0.23 .and for

the 'latter cross was -0.44. The'differenﬁe wasiéignificant ch = 5.34,
P < 0.05, cofrected fot continuity, for #pn-recombinant vs recombinant
, :

. tetrads; NPD = two recombination events)' between the two crosses. It
.wou;d appear that the presence of mut? h?é resulted 'in a doubling of

" the map distance between hom3 and mutS. This poses a quéstion with

respect to cross RO113 (Table 96): is mut? alone responsipie for a

&

=1

~generalized decrease in linkage between mut5 and hom3? The linkage

data from all crosses of mutS for homd - muts meiotic.recOmbinafion
are summarized in Table 108. Those crosses also heterozygous for
mut? are usually enhanced for recombination, except .in those cdses

where tetrads were dissected within four dayé of placihg,the diploids

" ‘on sporulation medium (crosses RO85 and 504; tetrads from cross.R085

dissected two weeks after the first dissections (Table 92) had

increased numbers of tetratype tetrads).

o

£f. mut6 (Tables 109-114) .. B Lo . .
- Strains bearihg mut6 have no sensitiviﬁies to any-mutagenic
agents tested to date. The alleleis considered to be variably

dominant for the expression of enhanced Zyél-l (suppressor) reversion.

!
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LocuS»reyertantsvof lysl-1 are not enhanced in-mutGlstrains. Lassie
scores are about four times higher than MUT+ in muf6 hapioids, fer |
both, Zysl-I1 suppreesor and hiél—?’revertants; |
In my hands, the presence of muté was correlated with enhanced
petite production (see Appenddx, Table Al). ‘Normally, pefite strains
have enhanced:hi31-7 reversion (Elury, von Bonstel'and Williemspn, 1976) ..
This was not the case for mut§ haploid petites (Table Al). Stringent
selection egainst‘p-'e£0nee or clones with-petite sectors fesulted
in a reduction in the Variahilitybof mut6-medieted dondnance. ThiS'
A\seleetion;was’accemplished berG—replica'plating of strains, or only
picking brighf red clones from YD medium{.prior.to‘akLassie test.
| - In crosses withrmut7~and ﬁutB the segregafien'of the muté N
locus was detected by the presence of nonfte sporehclones with
enhdnced.Suppresspr’mutations (uhere red locus revertants.could be
discefned){' In agreement wiﬁh Quah tunpublishededata), detectable
.Zysl-i locus reuertant ciones WerevnotuobserVed to be enhan&ed.in'
'frequency ouér that ebserved.for MUT+,Strains on Lassie tests
(Tables 1lo and 114) .

There appears to be no’ 11nkage between mut?7 and mut6 (2p: 19T IN;
.Tables 109 and 110) or between mutB and mut6 (4P: 12T 2N; Thbles 111 and
1112) The enhanced numbers of reve;tants seen on 11m1t1ng h15t1d1ne
,in_MUT strains on the f;ret gage of Table 112 are due to_fluctuat10n$
in the medium and not to‘mutator aefivity,’as may be,eeen_frem . "
the seeond page of the Table. ‘The muté allelerdees‘no% confer

henhanced reversion frequency afvthe allele hisl-1.
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'Segregating'mut7 mut6 strains were indistinguishableffrom
mut7 strains or mut6 stralns for both higi-7 and Zysl I reversion o
frequenc1es (Tables 109 and 110). It is likely that the double mutantl
may be distinguishedgby the reductionﬁin 1&2%71 locus revertants

'compared to’strains bearing only mut? (Table 113). , This phenotype;

7

.together w1th the mut?—conferred ts phenotype was observed in- the
mut? mut6 spore "clone RO86- 7A (Tables 113 and 114), whlch segregated

in a-non- parental dltype {NPD) tetréd (2. mut o Z/MUT w1th‘regard to

mutator act1v1ty) : . . N

PR . E TSN

This apparent epistasis of mut6 is seen again.in the data shown BT

P >
£ - R

in Table 114, for_lysine prototrophs. fRates were not caiculated‘for

hisl-7 reversion in the double mutant due to the failure to isolate

an easily confirmable mut? mut6 hisl-7 strain in an NPD tetrad.

domplementatlon tests were not performed for suspect double mutants
S

from crosses R085 and RO506 because of the amblgulty posed by mut6

domrnance.

Several segregants.from'mut8/+ +/mut6 heterozygotes had hlgh

hisl- 7 reversion - frequenc1es remlnlscent of mut? mut8 str@;ns

° ’/m
(Thbles 111 and 112). Subsequent complementatlon tests of these ‘

(hisl- 7) mutators with higl- 7, mut8 testers conflrmed that these

-

Were mut8 mut6 double mutants. Furthermore :the non-complementlng

o 7,
'fﬂlp101ds (see Appendlx,Table AZ) had extremely h1gh rever51on rates

- 4for hzsl 7/hzsl 7 relative to myt8/mut8 d1p101d controls tested .
51mu1taneously Henée, muté may be domlnant not for the spontaneous»

,mutatlons occurrlng in MUT stralns, but for those expressed 1n
mutB stralns - o o , -5 ' 0
/
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mut 7’ +

TABLE 109: Phenotypes 6f'spores recovered from crossz086m(

+ mut6)
_ Segregating - Prototrophs arising** ~Growth _ o
Strain alleles at " on limiting . at Designated
RO86- hom3  hisl histidine 1lysine 36 °C mutators
W - 1-7 41 (0) 55 (0) - - mat?
B - 1-7 66 _ (0) 60 (0) * + muté
2‘AS + 1-1 o v + +
B - 1-7 83 "(4) - 60 (0) + + mut6
4A - - 1-7 52 (4) 30 (1) - mut?
B + 141 0 (0) .52 (0) +- + mut6~
SA .+ 1-1 1 (0) 48 (0) - mut?
B_ - 1-7 37. (2) . 53 (0) - mut?
6A + 1-1 0 (0) 54 (0) - mut?.
B - 1-7 32 (1) 33 (0) - mut?
7A + 1-1, 0 (0) 33 (0) - mut? muté
B - 1-7 7 (1) 16 (0) + + .+
C - 1-7 8 (1) 15 (1) + + o+
D 1-1 0 (0) 27 (). . - . mut7 mut6
8a° + 121 0 (0) 59 (0) .+ + mut6
B + 1-1 1 (0) 6 (O) T+ + + .
C - 1-7 40 (3) 34 (0) - a7
9A . + 1-72° . 9 (0) 19 (0) + o
B - 1-7 44 (2) -~ 39 (0) - mut?
104" S . e
B - 1-7 5 () 12 (0) - + 4 !
1140 + +
1240 ; + -
B - 1-7 42 (4) 56 (0) < mut?
134 + 1-1 0 (0) 3% (00 - mut?
B - 1-7 33 (1) 45 (1) - mut?
4A - 1e7 34 (0) - 43 (0) 4 ruté
B o0 el 0 (0) 14 (0) + + o+
15A - . 147 45 (2) 42 (0) . - w7
B - 1-7 11 (0). 7 00 . o+ 4 4
16A - 1.7 40 (2) 727 (1) B
Bp + 1-1 0 (0), 84 (0) Tt mut6
C - 1-7 24 (2) 59 (0) - mit7 -+
D +.1-1 0 (0) 52 (0) - - mt? o+
17A 1 - 17 52 (1) 57 (0) - a7
B + 1-1 1 (0) 47 (0) . - mut?
19A + 1-1 2 (0) 47 (0) - ut?
B, + 1-1 0 (0 47 - (0) = - mut?
c - 1-7

30 (0 40 (1) o+ 4 nu

PR
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TABLE 109: (continued)

Segregating Prototrophs arising** Growth

Strain alleles at on limiting ag Designated
RO86- = hom3.  hisl histidine 1lysine » 36°C mutator
21A - 1-7 25 (21) 43 (0) - pmt? ,
B + 1-1 1 (0 13 (0) + + +
C + 1-1 N 0 (0) 66 (0) + .+ muté
22A * 1-1 0 (0) 13 (0) '+ + F
B - 1-7 38 (1) 29 (0) - mut?
23A 1-7 18 (0) 52 (0) o+ muté
B + 1-1 0 (0) 52 (0) e + muté
24A + 1-1 (L)* 40 (1) - mut7
B - 1-7 8 (0) 11 (0) + + %
cP - 1-7 20 (0) 31 (0) + +
26A° + 1-1 0 (0). 82 (0) B +  muté
‘B + 1-1 0 (0) 25 (0) + *
C - 1-7 21 (4) 30 (0) - mut7
D - 1-7 65 (2) 40" (0) - - mut?
27A + 1-1 0 (0) 11 (0) - + 4
BP - 1-7 27 (0) 21 (0) . 4
28A + 1-1 0 (0).. 42 (0) - mut?
B . - 1-7 37 (0) 54 (0) C- Tut?
31A . - 1-7 21 (1) 44 (0) - mut7
B - 1-7 54 (4) 47 (0) S mut?
320 - 1-7 8 - (0) 10 (0) o R
BP + 1-1 3 (0) 31 (0) -+ +
C + 1-1 - "0 (0) 29 (0) - mut7
D - 1-7 20 (1) 29  (0). - mut?

Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. o A :
Jackpot! (In these cases unparenthesized numbers include
pre-éxisting protot S .

p sSpores failed to gyow when replica-plated to YG medium.

*



TABLE 110: Phenotypes of spores recovered from cross ROSOG@E%?i

muté

a Segregatiﬁg Prototrophs arising**i Growth
Strain alleles at on limiting at Designated
RO506- ' hom3 hisl histidine -lysine 36°C mutator(s)
1A - 1-7 26,38 (1) 52,43 (0) - mut?
B + 1-7 0,1 (0) 18,40 (12) - mut?
C - 1-7 7,15 (2) 14,7 (0)- + o F
D + 1-1 0,1 (0) 42,33 (1) + + Jnuté
2A - 1-7 26,41 (0) 44,53 (1) + +  muté
B - 1-7 7,13 (0) 18,13 (0) + ot
C + 1-1 0,0 (0) 43,34 (D) - mut?
D + 1-1 0,1 (0) 28,32 (0) - mut?
3A £ 141 0,0 (0) 41,52 (1) - mut?
B + 1-1 0,1 (0) 29,39 (0) - mut?
C - + 41,39 () + +  mut6
D - 1-7 3,17 (1) 17,17 (0) + +
4A - 1-7 28,29 (1) 39,32 (0) - mut?
B + 1-1 0,0 (0) 31,42 (0) - mit7
C - 1-7 19,17 (0) 13,7 ~(0). + + o+
D + 1-1 0,1 (0) 68,61 (0) + +  muté
5A + 0 1-1 0,0 (0) 18,13 (0) + + 4
B - - 1-7 23,35 (5) 44,44 (0) - mut?-
C - 1-7 45,43 (2) 69,43 (0) +  muté
D 1-1 0,2 (0) 32,31 (0) - mut?
6A + 1-1 0,0 (0): 8,11 (0) + 4
B - 1-1 0,0 (0) 41,39 (0) -  mut?
C - 1-7 - 39,33 (2) 39,45 (0) - mit?
D + 1-1 17,37 (17) 47,47 (0) +  muté
“7A + 1-1 . 0,0 (0) 43,42 (1) + + g
B - 1-7 18,10 (1) ~ 17,21 (0) + + o+
C + 1-1 0,1 (0) 31,41 (0) - mut?
D - 1-7 38,34.(7) 40,30 (0) - mut?
8A + 1-1 1,0 (0) 55,31 (1) - mut?
B - 1-7 24,47 (8) 32,52 (0) - mut?7 -
C 1-7 28,41 (2). 44,34 (1) + +  muté
D. 1-1 1,1 (0)t 16,17 (1) + + 4
9A + 1-1 0,1 (0) 47,45 (0) - mut?
B - 1-7 24,46 (2) 42,32 (0) + +  muté
C - 1-7 - 92,108(1)t 42,34 (0) - mut? -
D + 1-1 0,0 (0)t 13,14 (0) + + o+
10A - 1-7 41,39 (0) 60,46 (0) + + muté
‘B St 11 0,0 (0) . 15,15 (0) + + 4+
C + 121 2,2 (0)t 46,53 (0) - mit? -
D - 1-7 16,31 (0)+ 28,46 (0) - mut?
** Numbers of prototrophs existing‘priof to growth on limiting

‘medium are parenthesized.

t data from another experiment.

/
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TABLE 111: Phenotypes of spores recovered from cross R0106(mu+ mu:6)
Segregating Prototrophs arlslng**
alleles at ‘on limiting Designated
hom3 hisl hlStldlne ~ lysine mutator(s)
+ 1-1 2,4 (0) . 67,56 (0) . muté
B - 1-7 107,129(85) 26,18 (1)  mut8 . +
C -7 60,55 (0) 60,65 (0) +  muté
D 1-1 1,1 (0) 34,23 (24) +
2A 1-1 1,4 (0) 46,35. (0) muté .
B 1-7 16,15 (1) 14,8 (0) + +
3A - 1-7 123,136(58) 26,17 (0) mut8  +
B + 1-1 S 1,00 (0) 41,52 (2) mut6
C - 1-7 14,11 (3) 14,10 (0) + +
4A + 141 0,0 "(0) . 11,12 (0) + +
‘B + 1-7 144,93 (73) 33,44 (0)  mut8  +
c - 1-7 21,33 (0) 46,47 (0) +  muté
D - 1-1 2,3 (0) - 38,33 (2)  mut8 mut6
5A + 1-1 2,6 (0) - 20,16 (0)- mut8  +
B - 1-7 28,37 (3) 39,48 (0) +  muté
C - 1-7 1052,1143(703) 22,22 (0)  mut8 muté
6A - o127 3,2 (2 9,5 (0 M4 "
B - 1-7 29,19 (0): 60,57 (0) +  muté
7A + 1-1 3,2 (0) 31,27 (0)  mut8 muté
B - 1-7 13,7. (0) 21,11 (0) + +
C - 1-7 6,9 (2) 14,14 (1) + +
Do + 1-1 3,1 (0) 16,39 (1)  mut8 muté
8aP - 1-7  632,595(96) 22,25 (0) mut8  mut6
B + 1-1 0,0 (0) 60,31 (0) +  muté
c - 1-7 21,25 (0) 11,8 (0) + +
D 1-1 3,5 (0) 20,10 (1) mut8  +
9A + 1-1 0,1 (0) 37,33 (3) +  muté
B - 1-7 25,34 (1) 16,16 (1) + +
10AP - 1-7 738,807(347) 19,18 (0) mut8 muté
B “ 1-7 58,53 (16) 53,39 (0) +  muté
C + 1-1 1,1 (0) 20,19 (0) mut8 -+
D + 1-1 0,0. (0) =~ 12,10 (0) + +
124 + 1-1 0,0 (0) . 23,20 (0) +
B + 1-1 1,1 (0) . 52,30 (0) mut6
C - 1-7 55,57 (1) 34,41 (0) +  muté
D - 1-7 70,48 (48) 21,17 (0) mut8  +
A + 141 2,0 (0) - 10,20 (0)  rut8  +
B - 1-7 27,20, (0) 46,48 (0) +  muté
C 1-1 2,3 (0) 21,23 (0)  mut8  +
D - 1-7 33,46 (0) 82,47 (0) 4+ muté

Nﬁmbers

of prototrophs existing prior to growth on limiting
medium are parenthesized. ‘ '
p Spores fail to grow when repllca -plated to YG medlum
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- TABLE 112: Phenotypes of spores recovered from cross RbSlZ(

+ mut6)
Segregating Prototrophs arising**

‘Strain alleles at on limiting Designated
ROS32-  hom3 "hisl histidine - lysine mutator(s)
1A + 1-1 2,0 (0 - 32,32 (1) + muté
B - 1-7 304,299 (61) 15,14 (0) mut8  +
C + 1-7 1190,1090(61) 30,21 (0) mut8 vuté
D - 1-1 1,0 (0) 17,12 (0) - + 4
2A + 1-1 0,0 (0) 22,13 (0) +  F
B 1-7 187,219(19) 21,8 (0) mut8  +
C 1-1 2,3 (0) 17,17 (0) mut8 muté
D - 1-7  123,135(1) - 39,46 (0) + muté
3A + 0 1-1 1,0 (0) 19,14 (0) - -+ ¢
B + 1-1 0,1 (0) - 29,46 (0)- +  muté
o - 1-7 1243,1126(205) 26,21 (0) . nut8 muté
D - 1-7 300,218(54) 12,23 (0)  mut8 +
4A o0 1-1 0,1 (0) - 43,41 (1) + muté
B - 1-7 80,71 (0) - 47,34 (0) + ‘muté
o 1-1 2,5 (0) 9,17 (1) mut8  +
D 1-7  357,299(66) 30,22 (2)  mut8 +
' 5A - 1-7  154,141(0) 41,46 (0) + muté
B + 1-1 1,0 (0) 19,9 (2). mut8 muté
. C + 1-1° 2,4 (0) 18,27 (0)  mut8d  +
D . - 1-7 67,45 (3) 7,12-(0) * +
6A + 0 1-1 0,1 (0) 16,14 .(0) ~  + +
B + 1-1 5,3 (0) 31,35 (1) mut8 muté
C - 1-7 293,312(60) 15,24 (0) mut8  +
D - 1-7 74,91 (0) . 32,41 (0) +  muté
A + 1-1 0,0 (0) 45,54 (0) + 6
B . - 1-7 97,73 (0) 43,44 (2) +  muté
C - 17 266,246 (54) 20,24 (0) mt8  +
D + T 1-1 2,4 (0) 22,15 (0)  mit8 +

8A +  1-1 1,0 (0) 33,39 (0) + muté
B - 1-7 82,71 (1) 43,53 (0), + muté
o 1-1 3,2 (0) 19,29 (0) = mut8 +
D - 1-7 . 247,190(22) 22,26 (0) mut8  +
oA - 1-7 73,47 (0) 12,8 (0) +
B - 1-7 905,923(107) 15,16 (0) mut8 muté
o + 1-1 1,1 (0) 27,32 (0)  mut8 muté
D + 1-1 1,0 (0) 4,11 (0) - + 4
10A + 1-1 3,0 (0) 32,25 (0) mut8 muté
B - 1-7 190,219 (70) 16,20. (0) mut8  +
C - 1-7 72,83 (0) 17,9 (0) +  F
D 1-1 0,0 (0) 46,33 (0) +  muté

4% Numbers of prototrophs existing prior to growth on limiting
medium are parenthesized. ‘ ‘
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TABLE 112: (continued--experiment #2)

Prototrophs- arising

Strain on limiting " Designated
RO512-. histidine mut(s)
1A 1,0 . (0 + 6
B 188,195 (58) 8 +
C 8 f
D 0,0 (0) + +
2A 0,1 ©(0) + +
B 99,110 (176) 8 .+
C ) . . 8 6
D 30,28 (1) + 6
3A 0,0 - (0) + +

B S1,10 0 (0) + 6 )
C 1066, 889 (153) - ¢ 8 6
D 209,253  (179) - 8+
4A 1,0 (0) .+ 6
B 37,19 (2 e+ 6
- C 5,5 . (0) 8 +
D 1226,1207 (1192)* 8 4
SA 41,28 (1) o 6
B 1,0 (0) 8 6
C . 6,1 (0) 8 . +
D 6,11 (0) + +
6A 1,0 (0) . F +
B - '8 - 6
C 251,265 (70) 8 .+
D 25,25 (0) + 6
7A 2,0 (0) + 6
B 35,34 (0) S+ 6
C 197,174 (55) 8 +
D - 4,2 (0) 8 +
8K 0,0 (0) + 6
B. 39,20 - (0) o )
C : 6,8 () 8 . +
D . 161,185 (33) 8 . +
9A . ‘13,18 . (35) . F
B 8 6
c 1,1 (0) 8?2 67
D 0,0 H(0) + -+
10A 2,2 (0) 8 6
B 165,173 (43) 8 +
C 15,9 0 (2) + +
D 1,0 (0) + 6

* !Jackpot'- (In these cases unparenthesized numbers
include pre-existing prototrophs.)
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TABLE 113: Presumptive Zysl -1 locus (red) revertants arising on
-1imiting lysine in haploid strains segregating for muté
“mut? or muté

14C

Strain Designated Red
RO86-  mut Revertants
1A 7 ? 28
S5A 7 ? 23
6A 7 2 30
B 7 ? . 8
7A 7 6 6
10B + + 1
15A 7 7 15
16A + 6 6
C 7 + 21
24A 7 ? 17
26D 7 ? 16
288 7 ? 17
32C 7 ? 1
RO106-
3A 8 + 1,1
C T 1,1
4A + o+ 3,1
" B 8§ + 4,5
SA 8 + - 5,3
‘9B + 4+ 1,3
- 10C 8 + 3,1
12A 8 o+ 2,0
8 4+ 1,2

Strain De51gnated

RO506-

mut

Red

"Revertants

1A
2B
- D
i3A
©D
©4C
SA
6C
7A
B
8D
10B

o F N F ot NN

=, T T S SR SR S R

7,7

-

[e<]

BN =N OON N
W W M N Y W N W v

ONNNOPROOWEFHOO




-1

207

TABLE 114: Mutation rates (M) of strains from crosses R086, ROS506,
RO106, and RO512 in terms of (unreverted) eells per Lassie

test plate
¢ ’ Lysine Cells/ MZ ‘Histidine Cells/ Mhis.
_ RO higl Lassie plug * _a 8 Lassie plug * 4 8
Mutator(s) strain allele score* x 10~ x 10 score¥* x 10 x 10
 muté . 506-9B  1-7 35 178 8.2 38 126 13
106-1C " 64(1) 96 . 28 28 104 11
-4c M 47 152 13 36 ' 116 13
-5A " 44 92 . 20 26 86 13
506-4D 1-1 59 137 18 0 117 < 0.4
106-10 "' 62 154 17 0 © 157 < 0.3
-88 " 44 160 12 1 107 0.4
mut? 86-16C 1-7 - 35(10) 91g 16 37 1035 - 15
mut8  106-1B  1-7. 25(1) 150 7.0 101 129 33
‘ 4B " 27(5) 172 6.6 94 146 . 27
,-5A- 1-1  20(9) 210 4.0 3 122 . 1.0
mutémit7  86-7A  1-1  38(1) 1025 16 . 0 685 < 0.6
mutémit8  106-5C  1-7 26 . 1905 5.7 740" 149 208
-4D  1-1 37 - - 1625 9.6 2 113 0.7
512-58 " 9 55§ = 6.8 0 72 < 0.6
© .6B .M 46 181 11 4 89 1.9
-10A " 45(3) 177 11 4 76 2.2
MmTt 86-78  1-7 - 9 114 3.3
o 106-8C° " 15 171 3.7 17 130 5.5
A 141 9 143 2.6 0 121 < 0.4

* Average of two determinationms. Numbers in parentheses are lysine locus
§ Average of four determinations _ . revertants

[
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This mut6 mut8-mediated mutator phenotype was confirmed by
‘data shown in Table 114. Oddly enough, the double mutant mut8 muté
has 1ow rates of reversion for kisl-I1 and Zysl-i, including ZlysI-1
locus revertants. | J ' °
8-~ mut9 (Tables 115-121)

An allele of mut8 (de51gnated mut8- 2) is present in the mut9
straln R079 8A (see section B2). Crosses RO89 and RO508 confirmed
that there was a mut8 allele segregating from mut9- medlated sen51t1v1ty
to vy -1rradlatlon (Tables 115 and 117), as ev1denced by the synerglstlc
enhancement of higl-7 rever51on (strains RO89-1A and R0508 1D}, of
hzsl 1 reversion (RO89- 2C and R0508 2A) and of Zysl 1 locus rever51on
(Table 120, stra1ns¢R0508 1D and ZA) observed in several myt7 spore
‘ clones

The mut9 -allele has been assumed to co seéregate with sensitivity
to Y -irradiation ih this study The mut9 presumptlve non- mut8-2
(based on low higl-l Lassie scores) straln 'RO89- 2D was crossed to a
U omut? strain; and the Tesulting. d1hlo1d ROSO7 segregated only for-
':mut7 and mut9 (Table 16). It may be concluded: from the data shown
- in Table 16, as weu as that from Tables 115 and 117, that mut? mutd
vstralns have drastlcally reduced v1ab111ty Six presumptive mut9 mut7 -
spores falled to form'colOnies Recoverable "double mutant" spore
clones were often reverted for e1ther mut?7 or for muty, or were contamlnants
‘.(see R0507-7A or 11C Table '116) . Lassie tests of V1ab1e mut 7 muts

stra1ns 1nd1cated that both nigl-7 and Zysl 1 reversion frequenc1esv

were reduced in ‘these stralns The third CTOSS of'mu£7 to_a mut9 myut8
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TABLE 115: Phenotypes of spores recovered from cross ROSQCnu+ Eﬂ??a' o
Segregating Prototrophs arising** Survival '
Strain. alleles. at © on limiting ato after. Designated
RO89- hom3 hisl histidine lysine 36°C y  mutators
1A - 1.7 495 (67) 92 (5) S« 7+ 8
B - 1-7 34 (25) 17 (0) + + + + 8
C .+ 1-1 -2 (0) 16 . (0) + + F + 4
Dt o+ 1-1 0,0 (0) 12,24 (43) - - 7 9 %
2A - 1-7 33 (2) 48 (0) - 7+ F
B - 1-7 70,66 (54) 80 (0) + -+ 9 8
C + 1-1 44 (34) 79 (0) - 7ot 8
D+ 1-1 0 (0) 92 (0),  + -+t 3 4
3A v o1-1 0 (0) 300 - 7 o+ 4
B +  1-1 2 (0) . 14 (0) . o+ + 0+ 4+ 4
C - 1-7 65. (29). 79 (2) + -+ 9 &8
Dt - 1:7  217,210(34) 58,28 (12) - - 7 9 8
A+ 11 1 (0) 33 (1) - e 7
B - 1-7 31 (1) 39 (2) - + 7+ o+
C 1-1 7°(0) . 80 (11) + - .+ 9 8
D - 1-7 92 (13) 95 (0) + -+ 9 8
5A o+ 1-1. 0 (0) 9 (0) - o+ -+ 44 #
B+ 1.1 0. (0 - 11. (0 + + + +  F
ct o+ ©79,112(109)* 19,20(0) + +
6A +  1-1 7. (0) 71 (0) + -+ 9 8
B+ 121 1 (0) 34 (0) B A
C - 127 . 53 (69) 70 (1) o+ - + 9 8
D. - 1-7 40 (2) - 4. ) - o7+ F
AT+ 1-1 - 4 (0) 89 (30) + - 4+ 9 8§
‘B - 1.7 T3 (2) 8 (0) . + ¥+ F F N
C +  1-1 1 (0 33 (0 - + 7T+ 4
Dt - 1-7  244,199(90) 53,33 (0). - - - 7.9 -8
8A - 1-7 55 (1) 42 Q) - o+ 7+ 4
B - 1-7 36 (4) 33 (0) - + 7+ +
C + 1-1 7 (0) 42 (1) + -+ 9 -8
D + 1-1 + 9 8

3000 67 (6) P



TABLE 115: (continued)

Stra

Segregating ' Prototrophs arising**  Survival

210

in. alleles at on limiting at after Designated
RO89- hom3 hisl histidine lysine 36°C vy mutators
9A - 1-7 . 52 (16) 40 (0) -+ 7+ F
B +  1-1 6 (0) 90 (7) + - + 9 8
C +  1-1 0 (0) 11 (0) + + + + O+
Dt + 66,91 (5) 75,32 (183) + - v
10A + 1-1 1 (O 33 (1) - 7+ 4
B - 1-7 33 (10) 24 (0) + + + + 8
o + 1-1 1 (0) 73 (0); + - .+ 9 o+
A%

Numbers of prototrophs ex1st1ng prlor to growth on 11m1t1ng

medium are parenthesized.

'Jackpot! (In these cases unparenthe51zed numbers .include pre-

existing prototrophs.)

Semi-lethal spores were recovered as p1np01nt' eolonles
Several of these show unexpected phenotypes (see text for

further dlSCUSSlOD)



211

TABLE 116: Phenotypes ofxépores recovered from cross R0507dnui7 aa%gj
v Segregating R}ototrophs arising** ~ Survival o
Strain alleles at i on limiting - ato after Designated
RO507-- hom3 hisl  histidine | lysine -36°C _y  mitator(s)
1A - 1-7° 58,64 (2)  97,163(0) + - h oty
B T+ 1-1 1,2 (0) 53,28 (0) - + mt? o+
C - 1-7 80,84 (3) 113,152(8) + - + mutd
D + 1-1 2,1 (0) 65,53 (0) - + o mut?  F
2A + 1-1 4,0 (0) 165,150(2) * - + mut9

B - 1-7 140,25 (1) 4,6 (0) - - mut? mut§
C - 1-7 112,12 (1) 9,12 (7) * ¥+ o+
D 1-1 . 1,1 (0) 56,46 (0) - - + omut7. o+
3A + 1-1 2,0 (0) 42,51 (1) - o owt? 4+
B - 1-7  .95,120(0) . 165,173(0) yoo £ mut9
c . -~ 1-7 66,48 (5) 71,58 (0) - *oomut? 4
D + 1-1 3,3 (0)¢ 161,181(0) + - +  mut9
aA - 17 77,64 (2) 172,120(6)  + - 4 mutd
B - 1:7 78,74 (4) 73,69 (0) o 7+
C 1-1 . 0,1 (0) 19,11 (0) T T
Dt L : : o B
5A . 1-7 52,59 (1) 48,44 (0) Sy g7+
B - 1-7 176,95 (2) 215,237(1) + - + mut9
C S 1-1 . 0,4 (0) 54,56 (0) - +  mut?
D - 1-1 . 1,2 (0) 148,166(52) = + - + mut9
6A + 11 0,0 (0) . 17,19 (0) + e
B - 1-7 14,23 (1) 20,19 (0) + + + F
ct T C
7At - 1.7 18,21 (0) - 14,20 (0)  + o+ o+
B - 17 16,18 (7) 8,19 (0) = + + +  F
ct + 141 1,0 (0)  217,213(193)* - - wut? mut$
D +  1-1 0,0 (0) 21,17 (0) I
8A £ 141 3,2 (0) 66,34 (0) - + omut?  #
B + 1-1. . 1,0 (0) 17,16 (0)° + + O+t
C - 1-7 78,82 (3)° 184,158(3) £ -+ mut$
9A - 1-7  96,105(1) 136,173(3) =+ -+ muts.
B - 1-7  51,50.(4) . 45,39 (0) - + omut? 4+
C + 141 1,0 (0) 8,18 (0) T R
10A v 1-1 1,2. (0) 166,169(0) * -+ mut9
B - 1-7 . 51,63 (3) - 57,54 (0) -+ nut?
C - 1-7 10,12 (0) 11,7 (0) - + F +
1A ° - 1-7 7,15 (0) 14,16 (0) N
B - 1-7 83,97 (8) 193,228(0) S+ -+ mutd
ct o+ 1-1 0,1 (0) 44,37 (0) . +  mut? o+
D - + -1 0,2 (0) - 59,57 (0) - v omut?  F
AR K 'see'previqﬁs table footnote. 4t semi—lethal,'pinpbint'

colony observed.
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TABLE 117: Phenotypes of spores recovered from ¢ ross RO508(——— t7 _+

T F mth)
Segregating Prototrophs arising** Survival
Strain alleles at - . on limiting' - at after Designated
R0O508-  hom3 hisl histidine ~lysine 36°C Y mutator(s)
IA +  1-1 1,0 (0) 13,15 (0} + N
B - 1-7 99,87 (48) " 164,166(1) -+ -+ 9 8
o + 1-1 0,0 (0) 42,61 (12) - - 7 9 +
D - 1-7 535,466(14) 100,110(0) = - + 7 + 8
2A + 1-1 57,64 (1) 91,100(5) - + 7 + 8
B + 1-1 5,3 (0. 109,104(0) + - S+ 9 8
o - 1-7 20,20 (0) 42,26 . (29)* - - 7 9 +
D - 1-7 9,12 (0) : 15,12 (O), + o+ + 4+ +
3A .- 1-7 42,50 (4) 57,56 (O) - + 7 + +
B o+ 1-1 1,0 (0) -’ 8,15 (0) + .+ L F
C + 1-1. 11,5 (0) 49,54 (7) - - 7 9 8
D - - 1-7 81,93 (28) 59,71 (0) + - + 9 8
A + 1-1 5,6 (0) 104,83 (1) + - .+ 9 8.
B - 1-7 17,11 (0) 13,15 (0)  + '+ + -
C - 1-7 74,55 (4) 12,10 (0) -7~ 7 9
D. + - 1-1 2,0 (0 40,53 (0) - <\+ 7.+ 4+
Q5A + 1-1 - 2,0 (0) 73,97 (9) .+ - - 9+
"B - 1-7 33,31 (1) 46,42 (0) - - - + 7+ +
o 1-1 . 14,7 (0) 58,54 (0) - .- 7 9 8
D - 1-7. 37,32 (54) 14,20 (0) + + 4+ 8
6A - 1-7 32,43 (1) 40,44 (0) - 7+ +
B. + 1-1" 0,1 (0) 7,13 (0) + + + o+ .
- C 1-7 112,98 (26) 127,78 .(16) +. - + 9 8
D 1-1 7,9 (0) 39,34 .(7) - - 7 9 8 -
7A - 1-7 . 25,31 (35) 17,22 (0) + - + + + 8
B - + 1-1 1,0 (0) 19,17 (0)y o+ .+ o+
C + 1-1 4,5 (0) 28,32 (1) - -~ 709 4+
D - 1-7 . 486,449(20) 1529,1520 + = - - 7 9 8
. (1s52)* ¢ o
8A (- 1.7 74,83 (25) 764,716(698)* + - "+ 9 8
"B R B | ‘ 85,116(2) + .- + 9 8
C + 0 1-1 39,33 (0) - - + 7 o+ o+
D - 1-7 . 47,60 (0) ' -+ 7 o+ 4
9A - 17 ), 15,13 (0): +  + T
B . - 1-7 ~ 276,181(339) 47,68 (6) . - - 7 9 8
o 1-1 0,2 (0) ‘11,12 1y o+ o+ o+ o+ F
D +  1-1 9,8 (0) -8,13 (0) - - 79 8.
-~ 10A - 1.7 31,33 (0) - 18,26 (0) - - - 79 +
. B - '1-7.° . 179,168(34). - 46,55 (0) - - ? 9 8
.C + 1-1 1,1 (0) 13,15 (0) + + + 4+
D + 1-1 4,11 (0) - 16,15 (0) +. + + .+ 8

** Pre-existing prototrophs are parenthe51zed
* 'Jackpot (unparenthe51zed numbers 1nc1ude pre-existing prototrophs)
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ABLE 118: Phenotypes of spores r ecovered from cross ROlOQ(mu mth)

“ Segregatlng Prototrophs arlslng Growth ‘ o
train.  alleles at on limiting . after Designated - - 0
0109- hom3° htsl histidine = 1lysine Y mutator(s) ‘
A - 1-7 95,115(2)  178,172(1) . - S+ mutd.

B . +1-1 1,4 (0) 99,98 (1) - +  mut9
C + 11 7,5 (0) - 21,19 (0) , ¥ wmut8 .+
D - 1-7 . 181,159(152) 30,26 (0) = '+ mut8
2A - 1-7 55,75 (5)  95,138(0) - + mutd
B - + 1-1 4,5 (0) . 20,21°0) * o mut8 4
C . + 1.1 2,2 (0) 107,132(11) . - % .+ omtd
D - 1-7 136,176(71) 24,24 (0) S+ ot o+
ko] . . :
3A o 1- '92,225(113) 17,21 (0) T mit8
B - + 1,1 (0) 166,99 (1) - T+ mutd
C - 136,84 (160) 26,32 (0) T+ mut8 4+
D . 0,0 (0) -108,97 (3} o= + mut$
47 0,2 (0)  135,118(7) ° - - £ mut9
B 68,91 (15). 116,129(5) - o+ mutd
C 112,171(176) 22,18 (0) - + mut8 4+
D. 3,4 . (0) 27428 (0) © o+ . 8 o+
sAt 107,60 (105) 15,14 (2) T .
B 126,94 (203) 24,24 (1) + mut8e +
C 79,72 (1)  194,134(0) - + mut9.
D 3,1 (0) 134,118(7) - o mutd
6A - 673 (0) 120,107(1) S a9
B + 1,0 (0) ' 10,13 .(0), .o -
C - 63,90 (7)  148,122(1) -+ mutd
D + 184,114(73) 23,23 (). +7 mut8 o+
7\ 60,73 (5) 146,95 (1) .- T
B. 108,128(238) 17,24 (0) B 712N S
C 0,0 (0) -~ 142,186(1) Fa ‘/ + mdt9
D + 3,1 (0 23,25 (1) "t +
gA - 1-7 124,85 (78) 18,23 (2)?' + o mut8 o+
B +o 1-1 . ° 2,00 (0) 131, 148(18) - + mutd
D - 1-7 83,83 (2) 174, 138(2) ‘4' S0 U+ Tmutd |
oA + 1.7, 83,71 (0) - 117,125(0) - . + mut9 . e
"B + o 1-1 05,5 (0) . 20,23 (0) + 7 mut8 o+ S
, f' B X ‘ - . : . : = T .
10A - 1-7  ~185,225(85) 109,94 (0) - mut8 mut9 ’
B 1-1 1,0 (0) 137,149(2) - - - C o+ mutd
e - 1-7

11,14 (0) 15,18 (@) /- # +
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" TABLE 118: (continued)

Segregating Prototrophs arising** Growth
Strain alleles at - on limiting after Designated:
RO10S9- hom3 - hisl ~histidine lysine Y mutator(s)
11A + - 1-1 4,6 (9) 14,21 (1) + mut8  +
B+ 1-1 1,1 (0) 17,18 (1) + T +
Cooo b = 1-7 85,78 (8)  81,150(1) - .+ mut$
S . ’ ‘ . ,
**

-Numbers of prototrophs existing prior to growth on limiting

- medium are parenthesized. ‘ .

t This strain failed, to mate. The phenotype is virtually identical
to a heteroallelit (at hisl) diploid's. ’ o '
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TABLE 119: Pheﬁotypes'of spores recovered from cross R0514(mut8 ;9)
Segregating Prototrophs arising**’ Growth
Strain alleles at on limiting after Designated
RO514- hom3 hisl histidine lysine Y mutator(s)
1A All are . 98,120¢(15) 71,82 (0) - mut8 mut9
B hom3 hisl-7 98,145(23) 18,33 (0) + mat8 -+
C 127,103(10) 107,99 (0) - mut8 mut9
"D 99,99 (8) 22,19 (0) + mut8 4+
2A . 95,91 (65) 27,19 (1) + mit8  +
B 94,68 (42) 67,73 (1) - mut8 mut8
C 81,56 (54) 21,16 (0) + mut8  +
D 88,109(32) 93,80 (5) + muté8
3A 140,144 (47) 21,25 (0) + mut8 | +.
B 43,47 (48) 12,16 (2) + mut8  +
C 59,57 (25) 90,82 (1) - mut8 mut9
D 145,80 (15) 107,92 (20) - mut8 mut8
4A 104,101(18) 80,107(1) - mut8 mut9
B 99,95 (23) 19,27 (0) + mit8  +
C 70,85 (39) 114,88 (18) - mut8 mut9
D 122,91 (20) = 15,33 (1) * mit8 o+
5A 110,155(53) 23,14 (0) + mut8  +
B 64,49 (21) 70,104(Q)‘ - mut8 mutd
C 21,19 (23) 13,17 (0) + i +
D 111,100(13) 64,83(1) - “mut8 mutd
6A 95,60 (57) 19,24 (0) + mut8  +
B 68,57 (16) 84,92 (2) - mut8 mut9
' C 89,94 (16) 104,91 (0) mut8. mut9
D 131,160(55) 19,33 (1) mut8  +
TA - 69,60 (14) 95,80 (2) - mut8 mut9 -
B 118,132(35) 21,30 (4) + mut8 + .
o 121,85 (28) 74,93 (0) - mut8 mut9
D 85,75 (32) 16,31 .(0) + mut8  +
8A 792,99 (13) 97,78 (0) - mit8 mutg
B 125,97 (14) 77,91 (1) - mut8 mut3:
C 91,75 (21) 28,25 (1) + mut8  +
D 93,103(17) 1155 1044 (1195)* + mut8  +
~9A 119,160(28) 87,112(5) - mut8 muts .
B 28,35 (30) 14,14 (1) + mut8 o+
" C _ 69,56 (25) 27,20 (0) + mut8  +
D 112,110(14) . 65,72 (1) - mut8 mut9
10A 78,57 (39) 91583 (1) - mut8’ mut9
- B 131,101(5)  108,107(0) - mut8 mutd
C 119,95 (43) 18,19 (0) + mut8  +

" **  Numbers of prototrophs existing prior to growth on limiting
- medium are parenthesized.
*  'Jackpot' (In these cases unparenthe51zed numbers 1nc1ude pre-

existing prototrophs. )
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TABLE 120:Presumptive lysI-1 locus (red) revertants arising on
limiting lysine in haploid strains segregating for mut9d
mut?7 or mut8

8

SfrainljDesignated ~ Red Strain Designated = Red

. RO507- mut Revertants RO508- mut Revertants

1D 7+ 14,18 o 1B + 8 9 2,2

2D 7. + 25,15 ‘ D 7 8 + 63,65

5C 7 + 17,18 © 2A 7 8 + 68,80
7D + + 2,0 B + 8 9 6,9

8A 7 + 16,10 _ 3A 7 + + 15,16
9A + 9 2,0 B + o+ 4+ 0,2
11C 7 + 13,10 - D + 8 9 4,2
D 7 + 17,19 4A + 8 9 3,2
‘ B L+ F 2,0

D 7 + + 14,14

SA + + 9 2,3

B 7 o+ o+ 7,14
v - _ - D + o+ o+ 0,2

RO109- ' 6A 7 + + - 5,13
. ‘ . B + o+ o+ 1,2
1B + 9 ’ 3,4 C + 8 .9 1,2
2A + 9 4,8 D 7 8 9 4,4
3D + 9 3,3 7A £ 8 + 1,3

4A. + 9 3,0 B + 4.+ 1,0

8C 8 + - 5,4 8B. + 8 9 2,3

10C 8 + 1,0 C 7 + + 11,11
11A 8 '+ 1,0 9C + o+ o+ 1,0
B 8+ 271 10C + 8 + 3,3
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§ Average of four determinations
T Counted after 14 days '
** mut8-1 is designated 'mut8', unless otherw1se 1nd1cated

TABLE 121a: Summary of haploid Lassie scores from crosses ROSO7 and
RO109
hisl-7 . Mutator(s)+ } ,
reversion MUT mutd  rut? mut8  mut?7mutd  mut8mut
Mean 14.5 81 59 . 135 33* 155*
S.E. 1.2 2.8 3.4 9.4 8 30
lysl-1
reversion v
Mean 15,2 145 52 23 5* 102*
0.9 4.3 2.3 0.7 .1 8
*"Oniy two determinations
t 'Only the allele mut8-1 was segregating in these crosses
b: Mutation rates (M) from crosses RO89, RO507, R0O508, ’
RO109 and RO514 in terms of (unreverted) cells per
La551e test plate
Lysine ‘Celis/' MZ o Histidine Cells/ Mo
: RO higl Lassie plug * 3 Y Lassie plug * i 8
Mutator strain allele score* x 10 x 10 score* x 100 x 10
muts | 109~1A - 1-7 54 122§ lb_ lOO 120 - 35
' -6C " 88 132 28 © - 76. 116 27
+507-2A 1-1 54(21) 132 17 1 97 .4
89-2D " 57(5) 1228 < 20 0 - 91 < 0.5
mut? 507-2D 1-1 41(16) 142 12 1 92 .5
mut8 109-6D  1-7  34(4) 174 8.2 133 163 34
' 1-1 19(5) 139 5.7 3 112 1.1
mut9mut? 507-2B  1-7 21+ 895 9.9 47 685 29
508-1C 1-1 58(8) 12058 20 51§
mit9mit8  109-6A 1-1 63 1335 20 4 103 .6
. mrt 507¥2C-_ 1-7 - 16 191 3.5 23 11258 .6
- 508-1A  1-1. 13(3) - 114 4.8 0 . 128 < 0.3
mutImut8-2 514-2A 1:7 20(3) 2545 3.3 109 155 29
** - 508-2B 1-1 72(5) . 139§ 22 3 945§ .3
* Average of two determinations ' S
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strain from the first cross produced mostly viable mut? mut9 spores.
it is therefore possible that background genotype wés affecting
viability in these crosses, as was the case for crosses of‘mut7

to mutS.b |

From the data shown iﬁ Tables 115, 116 and 117, mut7 appears .
to be unlinked to mut9 (1P:17T:6N). The mut9-1 allele does not appear
ﬁq confer an enhanced hisl-1 reversion frequency.‘

Table 18 shéws the tetrad analysis of a cross of the mut9 strain
R089-2D to a mut8-1 strain. The two loci are linked
(SOPflOT:lN,.when the mut8-2-mut9d recombinant tetradé from
Tables ilSyand 115vare included in ﬁhe egtimatg of 1inkagé),
separated by about 20 ﬁap units. Table 119 shows the failure of
mut8 to segregate in a cross of a known hutB—l strain to a suspect
mut8-2 mut9 strain.“ g

'
i

Tables 121a and b summarize the Lassie scores and_mutation rates

estimated for mut9 strains uncontaminated with mut8-2. As with the |

_ ‘ : !
mut?7 mutd strains, mut7 mut9 haploids appear to be less than:

addffively enhanced for the expression of revertants per cell. The
. 4 : \

same appéars”to be true of mut8_mut9 strains (which resemble mut8 muto

“haploids).

" h.  rad52 (Tables 122, 123 and 124) . .
A cross of mut7 to rad52 was made to determine whether the
. lethality observed in mut7 radsl 5trains‘Wou1d'be seen in mut7

rad52 strains.  The presence of rads2 in spofé'clones was detected

by their sensitivity to y -irradiation. Table 122 indicates that

218
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rad52 mut? was observed to be a 1etha1'combination at 26°C. Two
further crosses df‘mut7 tb rad52 (Table 4) produced no Viable'doublg
mutant spore clénes in a.total of 33 tetrads tested. However;
'tet;ads from the first.crqssvgerminated at 15°C yielded ts,
Y-sensitive spore ciones (Table 123). Unfortunately, the low
temperéture.inhibits growth in maﬁy strains. Successful.exploitation
* of this result would reéuire further outcrossing of the pertinent
mutators into bacﬁgrounds amenable to.growth at this temperature.
~Hence germination of stra;gitipterozygous for mutS5 and mut7 was not
attempted at 15 C. A

Neither mut7 nor mut8 appeats to be clésely linked to rads2
(2P§12T;3N aﬁd OPEQT:ON,‘respectively), from the data shown in °
Tabies‘122, 123 and 124. The radsg-1 allele do;synot appear to
enhance hisi-l reversion. It normally confers-a six-fold increase in |
Lassie scores (see also.Appendix Table A}), over MUT+ gtrains for
higl-7 and lysd-1 réveffant frequency. A mut7 r4d52 strain appearéd
to be reduced‘forabOth lysl-1 and higl-7 revertant frequencies when

c%%pared with those of either single mutant (Table 123). Additivity

could not be excluded for reversion scores at either lysl-1 or

higl-7 in mut8 radb2 strains, because rate studies were not performed.
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| . t7 4+
TABLE 122: Phenotypes of spores recovered from cross ROQ4@E%T-;523§O
Segregating %édtotrophs arising**  Survival |
~Strain - alleles at % on limiting vato after Designated
R0O94- hom3 hisl  histidine lysine 36°C vy mutator (s)
1A + 1-1 0,0 (0) 15,9 (0)<y + 4 +  F
B - 1-7 31,54 (2) 52,54(0) - + mut?  +
C - 1-7 32,27 (2) 59,48 (9) + - + rads2
27 - 1-7 41,31 (1) 45,46 (2) + -  + radS2?
B 1-1 2,1 (0) 35,28 (0) - o+  mut? o+ -
C - 1-7 12,15 (0) 15,20 (0) + 4 B +
3A - 1-7 - 63,50 (3) 57,52 (4) + - + radbs?
B + 1-1 1,0 (0) 25,18 (0) + + + +
C + 1-1 2,1 (0) 35,42 (0) - + mut7 .+
4A + o 1-1 0,0 (0) 11,11 (0) P + 4
B 1-7 17,17 (1) 16,9 (0) + s + +
SA - 1-7 28,30 (0) 37,61 (10) -+ - + . radb52
B - 1-7 . 38,41 (1) 35,21 (0) - + mut7
C 1-1 0,0 (0) 7,10 (0) + o+ +F
6A + 1-1 0,0 (0) 20,29 (0) -  + mut? 4
B - 1-1 3,2 (0) .45,54 (0) + - + rads2
o C + 1-7 11,20 (0) 11,14 (0) -+ + + +
7A +1-1 0,0 (0) 5,6 (0) + 4 R
B - 1-7 17,25 (1) 31,19 (0) - -+ 7 4
C - 1-7 25,55 (81) " 56,61 (0) + - .+ rads2.
8A -~ 1-7 29,40 (1) 27,30 (0) -  +  mut? i+
B 1-1 0,1 (0) 57,43 (1) + - + rads?
C - T7 9,14 (0) 17,14 (0)  +  + +
A - + o 1-1 0,0 (0) 33,35 (0) - - +  mut?  +
B - 1-7 - 31,35 (36) 30,44 (1) + .= + radb52
C - 1-7 40,27 (2) 22,29 (0) - s mut? o+
D + 1-1 3,1 (0) 51,44 (2) + - + rads2
10A - 1-7 ‘8,12 (0) 7,22 (0) + + ;l +
B +# 1.1 0,0 (0) 28,22 (0). -  + , mut? +
C -, 1-7 41,42 (0) 47,52 (7) + - + Pad52

**  Numbers of prototrophs ex1st1ng prlor to growth on llmltlng

medlum are parenthesized.
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" TABLE 123: Phenotypes of spores recovered from cross R094(mut7 i )
: at 159C. + rads2

Prototrophs arising**
Segregating " on limiting Survival
Strain . alleles at histidine at 1%51ne at at_ after Designated
'RQ94-  hom3 hisl 26°C 15°c*  26°c 15°C* 36°C y  mutator(s)

1A+ 1-1 0 ' 0(0) 35 18(0) -  + mut? +

- o+ 1-1 2 1(0) 11 3(0) o+ + + F
cP - 1-7 117 62(1) 83 69(0) + - + rad52

124 + 11 1 1(0) 17 3(0) +  + + o+
B - +1-7 122 26(0) 103 <16(2) + - + rads2
C £ 1-1 0 1(0) 45. 12(0) - v omut? o+

13A° + 1-1 2 0(0) 122 59(1) + - + rads2
BP - 1-7 94 '112(0) 15 5 (0) + o+ . 4+ ¢
cP - 1-7 80  6(0) 33  0(0) - +  mut? 4

14A° - 1.7 110 (0) 17 0 + o+ . o+ 4
BP .0 1(0)7 1 3(0) - - rut? rad52
C + 1-1 0 0(0) 11  2(0) +  + + O+

15A° no growth "~ no growth - - mut? radsl
B> - 1.7 95  9(0) 6 - 5(0) + o+ o+ #

C - 1-7 100 80(0) 13 11(0) + o+ 4 4
16A - 1-7 109  41(1) 94 18(0) + . -  + pad52
B - 1-7 70 ) 28 21(0) -  +  mut7? o+
- C + 1-1 -0 .0(0) 61 4) + - . # rads2

17A 1-1 0 1(0) 9 - 5(0) + -+ L
B° - 1-7 .68 36(0) 67 21(0) + - -+ rad52
c - 1-7 56 48(3) 30 24(0) -+  mut?  +
18A - 1-7 61 11(0) 21  11(1) - +  mut? o+
B + 11 4 2(0) 69 18(0) + - + rads?
c? + . 1a1 0 2(0) 44 16(0) +/- +/- o
D - - 1.7 95 26(0) 58 20€0) + + . 4+ 4+

** Numbers of prototrophs existing (at 15 C) prlor to growth on

"~ limiting medium are parenthesized. »

p These strains fail to grow when replica plated to YG medium. ~

* Lassie plates were incubated for ten days instead of the usual
six. - S ! -
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TABLE 124: Phenofypes of spores recovered from Cross ROllleEEg-——iL—ﬂ
: o + pads8 .
Segregating Prototrophs arising** "Growth _ -
Strain alleles at . on limiting after ‘Designated
RO111- hom3 hisl histidine lysine Y mutator(s)
1A + 1.1 2,2 (1) 10,21 (0) o+ mut8 4+
B - 1-7 16,17 (1) 7,11 (0) + -+ o+
C - 1-7 - 239,198(18)  91,103(1) - mut8 rads2
D 4 1-1 0° (0) * 68,88 (3) -+ rads?
2A + 1-1 3,1 (0) 18,21 (0) ©  +  mut8 +
B - 1-7 65,43 (0) . 81,79 (0) . ' - + rads?
C 1-1 - 0,0 (0) 8,17 (0). + o+ 4
D - 1-7 217,279(26) 87,85 (0) .- mut8 rad52
3A - 1-7 160,134(18). 72,78 (1) - ~ rad5e
- B . 1-1 4,6 (0) 15,22 (0). + . mut8 o+
- c +1-7 44,29 (3) 111,78 (1) - + rad52
D - 1-1 1,0 (0) 18,12 (0) Co+ T +
4A - 1-7  106,145(54) 20,16 (0) +. mut8 =+ -
B - 1-7  164,186(13) 110,81 (0) - mut8 rads2
C + 7 1-1 0,1 (0) 11,5 (0) + . +- +
D +  1-1 0,1 (0) 80,75 (7) -+ pad5?
SA + 11 0,0 _(0) " 16,15 (0) N
B +  1-1 0,2 (0) 56,81 (0) - + rads2
C - 1=7  132,175(50) 71,46 (0) - mut8 rad52
D - 1-7 - 129,159(35) 11,16 (0) ~  + - mut8 +
6A o 1-1 5,0 (0) 21,24 (0) Ce ot o+
"B + o 1-1 . 1,0  (0) 24 22 (3 . o+ + o F
o - 1.7 192,210(20) 66,65 (0) - mut8 rads5?
D - 1-7 40,63 (5) 82,82 (0). -+ prad52
7A +  1-1 0,0 (0) 9,21 (0) L+ +  F
B - 1-7 179,165(14) 72,70 (0) - rut8 rmad52
C 1-1 1,1 (0) 68,73 (0) = - + rads2
D. 1-7 143,119(31) 22,26 (0) - '+ - -mut8. +
8 + 1-7  176,168(18) . 69,99 (0) . -  mut8 rads5e
B + 0 1-1 2,0 (0) 46,86 (0) - + rads2
C - 1-1 2,1 (0) 11,11 (0) ~ . -+ mut8 o+
D - 1-7 16,14 (0) 6,13 (0) + 4
9A + 1-1 3,3 (0) 21,18 (0) + mut8  +
B 1-1. 1,0 (0) 14,18 (0) + + F
C - 1-7 40,42 (4) 65,57 (0) - + rad52
D - 1-7° 144,117(22) 22,15 (0) + mut8 o+
10A +. 1-1 1,0 (0) 69,60 (0) - " rad5?2
B - 1.7 53,38 (1) 58,5 (0) - @ + rads2
. C. - 1.7  104,129(36) 29,19 (0). + Y mut8 o+
D - 1-1 1,0 (0) 10,11 (0) + +

**  Numbers: of prototrophs existing prlor to growth_on limiting

3 medlum are parenthe51zed

P
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DISCUSSION

v

AL Phenotypés of the mut7-1 and mut8-1 Alieles.

| 'This study has shd@nvthat a funﬁtional MUT? gene is required for
cell viability. The partially functional allele mut?7-1 cénfers édb
and mutator phenotypes, enhanced recombination at hisl, and .
MMS sénsitivity, as wéll as congitional inviability whgn combined with
m¢t5. These phenotypés a11 corever£twith mut7-mediated temperature
‘s§nsitivity. This allele is probably also respénsigle for the
cessation bf.net DNA synthesis in a mut7 itrain incubated'at 36°C..
The data from one cross suggests that mut?ﬂmay ge loosely linked to
Zyal.f | . - |

"The mut8-1 mutation is as enigma'tic at®the ‘endr of this study as

it was’at phe beéinning. 'Aithoughiit confers no ‘known senéitivities
to muiagehé,‘it interacts Qith mut7, which does have élfered repéir
capacities. - The result of this interaction (in mut7 mut8 straiﬁs) is
én'appfoxiﬁate Ewenty-folé increase in mutat;on rate for new .-
aux@trophs, and for iyslfl, hom3-10 and hisl=1 revertant frequency,

X s . . : . ¢
over MUT" levels. Suppressor revertants of lysl-1 are only enhanced

four-fold, whereas hisl-7 revertants are enhance&_fifty—fold. ‘The

1
I

mut8 locus is linked to mutd.

Aﬁ?Upper Limit fovsﬁonténéous Mﬁtation?
There is some indiéatidn.that if mutation rates'were'in'excéss
ofjthose‘observed in mut? mﬁtB strains_the result might be‘aﬂ
inviable strain‘Of_yeaSt. 'Baged on a twenfy—fo1d in;rease'iﬁ mutétioﬁ‘

rate per base pair per cell from 1078, it ma} be calculated that a



significant proportion of yeast cells will die due to mutations
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occurring in essential genes. This expectation may have been observed

as a reduction of plating efficiency in'mnt7umut8 strains. The
highest levels of enduced mutation frequency rarely exceed 1071

per surviving cell (compared to 10 2 in mut? mut8 strains) for
auxotroph induction in yeast {Lindegren, 1965) or 1073 for reversion-
at‘a single locus in yeast (see for exampie; Morrison 1978); This
‘max:Pe'due te'the(occurtence of numbers of forware mntations similar
te those occurring_in mut? mut8 sttains,. P2 the;case of lysl-1
reversion there are mare than tenvloci affectiné)the metabolic
pathway to‘lysine which may be inactivatedvby nutation{ even as

a lysl-1 allele. is (UV ) reverted. As reversion rates ner {ocus

“approach ‘10”2, the forward mutation rate to lysine. auxotrophy at lysl

-

and

other loci may approach 1. " As this ‘state is-approached, the_number of‘

revertants per survivor should achieve a maximum and then rapidly
decrease.
B. The "mut8 Effect"

The presence of mut8 is correlated with a stationa}y—phase'
enhancement of reverSion for at least one test allele, Hisl;7 It

is not known whether this enhancement is due to cell arrest, or

'whether the mut8 gene product is expressed in the Gl stage of. the cell '

’cycle It was assumed that the "mut8 effect" was responsible fbr the

enhanced numbers of revertants appearlng in mut8 strains on the -hlS
plates used to detect. pre ex1st1ng histidine prototrophs in La551e )

. tests. But it is probable that, this phenotypécls not due to mut8 ,
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alone. The effect was often reduced in mut8 strains segregating from

-

crosses 1nVOIV1ng mut? mut8 and muts.  This was particularly evident

in viable mut? mut8 mutd haploids.

C. «-mut7 as a cde Mutation
The Gr, cdc phenotype seen in mut? cells suggests a tr1v1al
- 3
interpretation of the mut7 mut8—mediatedg synergistic enhancement

of spontaneous mutation. lf‘mut8 confers enhanced Gl mutability, and -

1f mut? causes. cells to spend more time.in Gl at 26°C, much more

,mut8 mediated Jmutation might occur in the double mutator mutant

The observation that net DNA synthesis was halted in a-mut7
strain held at 36°C seems to contradict the resolts‘of von Borstel
and Johﬁstonk(unpublished data),/whichfindicated_that'uptake of label.
¥nto DNA persisted at;a reduced rate for several hoUrs following the
shift to 36°C. The;e data are not ircompatible if it is assumed

that residual uptake'is due to mitochondrial DNA synthesis (in the uptake

experiment) or to turnover .of DNA without net synthesis.

D. The hisl-1 allele and Intragenlc Recombination at htsl

- The genetlc studles of mut? resulted in the exten51ve ana1y51s of

two . new Lassie test systems The allele htsl 1, con51dered to: be a' e

frameshift mutation by Magn1 (1963); was found to have very low -

s

spontaneous rever51on frequenc1es compared to hisl-7. Low hlstidine

-YL3551e scores were observed in- all htsl 1 strains, except those bearing v

- mut8. This phenotype, together with the close 11nkage of hom3 to

hisl‘(htsl~7_1n most crosses) permitted the positive identificationi

Y

et

—
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of a hislleilele without the need for further allelism testing. The

_dlfference in Lassie test scores between the two alleles was also

. |ﬁ .
seen in diploids. Infaddition, 1ntragen1c recomb1nat1on between the

_two alleles was’easily observed as a five to ten—fold increase in

hlStldlne La551e scores relatlve to the (htsl 7) reversion frequency.

Y

o2

‘ The recomblnatlon test system could,be 1mproved by the 1ntroduct10n

of argG as a flanklng markers and by the use of a hisl-7 hisl-1 . L

double mutantlcontrol. Note that the system would be adaptable to’ studles

e

‘of spontaneous recomblnat1on at arg4 hig5 or lysl, since all of

~these logi may be La551e-tested.

A studY*of HISJ mitotic recomblnants arising in the Lassie
test revealed that these probably arose by the preferent1a1 conversion

of hisl-l,in a MUT® homozygote. This specifitity was reduced in a

‘related mut7/mut7 diploid.

oS

The above interpretation.must be qualified by the following

information. Crossfeeding revertants did‘not show conversion at hial-I.

The apparent conversion of hisl-7 was noted in six crossfeeding

i

o

prototrophs tested. This,[together-with the observation that

, . +o : Sl - : -
~certain MUT- diploid strains produced no crossfeeders on Lassie test

- . ) . . )
plates leads to several speculations. Either these strains are

ttotaliy'specific for higl-1 conversion, or the conversiOn of higl-7

to * normally transfers an- auxotr0ph1c, second—51te, crossfeedlng

izallele to the converted strand ThlS allele may be m1551ng in the

Y

d1p101ds whlch did not have crossfeeder revertants. A third possiblev
explanat1on 1s that some crossfeeders were’ domlnant for hzsl brototrophy

but often recess1ve for crossfeed;ng ab111ty (Fogel et al., 1978)



" .. single "except1on" of mut8-2 )

Y

: *
However no crossfeeders were observed in any haplords derlved/from the -
»Sporulated HIS recomblnants other ‘than those from crossfeed;ng
_ =) ' /
prototrophs. (The suggestlon which predicts that some stralns carry e

\

ox, EEY

a pre-existing, crossfeedlng mutatlon in the htsl gene would exp1a1n B ;o
why roughly 80 of the htsl-l revertants observed in the study of -

Foéel et aZ{ (1978) and in thls study were crossfeeders. . However'
. * ) ’ ( t ’;a
this 1nterpretat10n requires that all non- feeder HISI 7 prototrOphs

\

~wh1ch arose in mut7 homozygotes were not converted but reverted or
\ )

else not-co—converted for the crossfeedlng allele. Whlke the above

p0551b111ty ex1sts it does not explaln ‘why. certaln MUT hisl-?

»homozygotes or MUT MUz htsl heteroallellc crosses had no feeder - b
L 54
Tevertants.) L'. B \ ' BN - Iﬂ" o
When other mut strains %ere examined for spontaneous intragehic -~

‘recombination at hisl, only.ﬁhose beariné mut5 were consistently
R e T ‘, ' ’ N
. - P 5
_observed to be different from| dUT conﬁrols A homozygous mutS
= i . .
diploid was reduced for recombination, and several heterozygous muts

strains also appearedgto be reduced. The other y _radition sensitive

locus tested, mth,fdid not appear to affect htsl reoombination, but
©

thls result remains to be conflrmed in a genetlc background ‘free of

mut8-2 The 1atter allele must have been present in the orlglnal
™

o

mutd ;strain used in thls study, XV396 1A. (It had been assumed that

mut? and mut8 were dlfferent from a11 other mut loc1, and the ev1dence

from d1p101d complementatlon tests conflrmed this bellef with the

(‘
o




TF muts

ebout one half of the expected mut7 mutS spores'werevviable, suggesting
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E. Dominance of muts and muté @

Two observations were made concerning the domlnance of mutd and
mut6 for dlfferent repair parameters. The mut$s (radSZ) mutation
appeared to be dom;nant with respect to MMS sensitivity. All mut6

heterozygotes studied were recessive for the spontaneous reversion of

]
’

- hisl-7/his1-7, except when mut8\was'homozygous in the same diploid.

The latter observation is discussed in the following section.

F. ~Interactions of Double'Mutator Mutants

Tetrad analysis of mut? i and of muts

stralns bearln
it F it &

mutl mutl2, mutd or mut4 has 1nd1cated that add1t1V1ty of separate
mutator act1v1t1es could not be ruled out when accountlng for double

mutaton.mutant mutator act1v1t1es (e.g. mut? mut3) The except1ons

were mutl mut7-conferred mutator act1v1ty for 1y51ne reversion, which !

was’ synerglstlcally enhanced and mut4 mut? and mut4 mut8-conferred
mutator act1v1ty at htsl 7, whlch were both less than add1t1ve1y
enhanced It should be mentloned that mut8 is the only mutator locus

tested not }Tfhave 1nteracted synerglstlcaliy w1th mutl for Lysl- 1 v

mutator acth1ty g ;

No v1ab1e muts mut? segregants were recovered from tetrads of

mut? * d1p101ds 1n one genetlc background In.another background,jf

el

that another genetic factor was responsible for the (ln)V1ab111ty,

in addltlon ta mut?: and mut5. Mutator act1v1ty was reduced 1n~v1ab1e

mut? mutS spore clones. The "muté effect" was also rehuced in mut7

_mut& mutS strains, as .evidenced by low numbers of pre-echtlng

-

' hzsl-? revertants observed in La551e tests of those strains.
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Strains bearing mut8 mutS'appegred to be less than édditively
enhanced for mutator activity at both #Aisl-7 and Zysl 1. Howevef
rather than one mutator belng‘égistatlc to the other, it seems that
therglls a mutual exclu51veness of‘expressed mutations. It would
;ppear that only Muté ;ffected mutation at htgl-7, while only .
muts effected lysI-1 (total) reversion.in'the double mutator
mutants.' If true, this may mean that the mut8 and mut5 mutations
cause these loci to mutate by mutuaily exclusive, but possibly |
competing ﬁechanisms. ’Suchuaﬁ interpretation of epiétasis may be
expanded to account for the more complex situation.obéerved iﬁ,
crosses involving mut6. . |

Double mutant mut? muté hap101ds express both hisl-7 and
Zysl I reversion as if the latter were mut6-med1ated In addition,
the numbers of lysl-1 locus revertants normally observed in mut?
strains were not observed in an NPD- derlved mut?7. mut6 strain. The
”pathway" interpretapion ofvmut6-epiétasis for mutability would
predict that;these two mutants block the same-repair pathway,'on'

the- basis of thelr eplstatlc relatlonshlp In add1t1on, they should

confer a 51m11ar synerglstlc effect upon a thlrd Tgiizgz/ﬁ:;atlon in a

dlfferent repair pathway competing for 51m11ar_1e5}ons. (Another
prediétion‘might be made, based on the mut; muta.epistafiC»r;%étidnshiﬁ.
If repair pathway relationships hold for lethal interactions, nuté
- may also be‘lethﬁl in combination with mu£5.)-

The firSt prediction is partly borne out, ihAthat muté rmut8
-confer§v;.5ynergi§tic enhancementvof,hisia7 reversiqn.° However, for -\

lysl-1 reversion epistasis appeared again.
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If mutoal exclusiveness were invoked teBaccount for this
dichotomy, one mightbprOpose that MUT6+ repair has no access to lesions
which could mutate the Ilysl- 1 allele, and that the same is true of
MUT? repair and the suppressoryloc1. Rever51on of hisl-7 might’
be-accomplished by either allele's gene»prdduct, but one should
exclude the other, to accohht for mut6 mut8 and mut7 mut8 synergistic
enhancement of mutator activity at hisI-7. Suchfineccessibility may
be due either tovcgll'cycle or epzyme specifities (for different
substrates in the-latter'suggestion).

The‘appearance of mut6/+ dominance for hiel-?/his]—? reversion
in a mut8/mut8 background may indicate that mut8 effects a type of
le51on whlch ‘Tepair processes resolve mutagenically. This might be true.

whether or not the uyrg* gene product normally contributes to repalr

If true, such mut8- medlated 1es1ons are- probably not respon51b1e for

‘most spontaneous mutation at htsl 7 in MUT" strains, because of the
normal rece551veness shown by mut6/+ Tre mutator act1v1ty at htsl 7
One further 1mp11cat10n of the proposal would be that mut§ does not
confer enhanced productlon of 1es1ons at suppressor 10c1
| Finally, tetrad analyses of crosses of the alleles mutd-1 (ﬁadSl),
- mth 1 and rad 52 1 to mut?-1 indicate that the y -radiation-sensitive
| phenotype is: generally associated with reduced viability 1n@stra1ns
~ also bearing mut?. - - - LTy
o .-I,,
/;\fhi' Possible Ree;ons for mut;.mutS Mediated CeiI Death.

From the perspective of repalr mechanlsms in yeast, it is p0551b1e

(

A . ' ‘to construct models which may explaln the mut? mutd interaction. A

trivial explanation would be that mut?vand mutskeach_block one of -
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,'tw0Jpathways for the repair offsome common spontaneous lesion, whose
presence would cause cell de;th if unresolved. Other pathways for the
repair of this 1esiqn would have to exist, however, or glée mut7 or
muts are leaky in some backgrounds. The presénce ofvviable mut?7 mutd
éegregants renders insufficient any simple explénation b%sed on known
Qr imp1ied repair pathways. This is mainly because the lattéf.cannot
:take cellbcycle-mediated spegificities, or ovérlapping enzyme
specificitiés for repair‘into account at this time.
- Anéther plausible explanation of the mut? mutSQmediated
'inviability is that‘the.presence'of mut7 results in neighboring
lesions being.induced on both strands of a DNA duplei. In muts
étrains such overlappiﬁg lesions may;not be}resélvéd. Mowat (1979)‘
and Resnick and Martin (1976) noted that two-strahd bteakstare not.
rgﬁaired in‘rad51 and r&d52 yeast strains, reépectively. Crosst
linking agents arevexcised in a rad$si strain but this is folldwed
by the inability to repair the double strand lesion induqed‘(Jachymczyk,
persoﬁal.communication). |
"The failure of mutS5 homozygotes to recembine at
‘hisl spontaneously (this thesis) or following Uv?irradiation
(Morrison, 1979) . suggests that époﬁtaneous double-strandllesions
vcaused ultlmately by base mlspalrs (at. least in the case of MMS) must
have funct10na1 recomblnatlon repair to be successfully resolved
Since mut? confers enhanced recombination in d1p101ds, it may also
' <provoke G2 chromatid excﬁange in haploids. fHaploxd muts stralns
are sensitive to v -1rrad1at1on (Quah, unpubllshed data) Hence,
the d1p101d phenotypes of both these loci may be acting in hap101d

spores to produce the lethal 1nteract10n
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Ig*bacteria, several inviable combinations of genes associated
~with repair orarepliCafion have been ﬁoted; feéA polA (Gross et al.,
1871), recB poZA (Ménk and Kinross, 1972) recA"damé (Marinus and Morris,
"1974), and pold 1ig4 (Gottesman et dl;, 1973) . These indicate the
interrelatedness of replication and repéir processes in cell funétion.
 The inability of recd cells to resolve nicks or gabs in DNA caused by
the presence of daﬁ3 or pold is ;he probable cause of the lethality
in recA polA or reéA daﬁS-sirains,°while.the poZA"Zig4fconferfed
lethality was thought to Be due to lesions t;eated ddring DNA replication.
A comparison of thgimut7 mutd interaction Qitﬂ the aboveiindicaﬁeé_
that mut7-1 is not a recA or recB type éllele because mut7-1 straiﬂs‘are n¢
sensitive to either UV 6r Y :ifradiation. Nor is mut7-1 likely to
" be a ligase mutant, since it complementg edcay, fhé only*knownlligh
mufant iﬁ yeast, for growth at.SéfC (yon Eorstel,'bers; comm. ). f'-
Louise Prakash (pers. éomm.) has‘qgt détéctéd a1tered polymerase
levels or aciivity, compafed to contrqls,‘in the mut? strain
'RO428-6C;f Hence_thé oniy remaiﬁihg ba;teriél locus . of ﬁhe several
noted above‘which may reSemblg ﬁut? ié dam3. However, one must beaf‘in'
mind thevpossible‘occufrence of lefhal combinations other than those
described here. | | . o |
The poStulated.inébiiity ofvmut7 strains tp.recogniée which
strand to repair is suppbfﬁed by thé mut?7 pheﬁotype, which is reﬁiniscent,
of both ethionine;mediated lethalityannd of the dam3 pheﬁotype, in
E. coli. Ethionine iﬁﬁibitionvof DNA methylation leads to arrested'céllyi
diQision Bécause of'the restriction of unmethylated dupleﬁ DNA. |

(Lark, 1968). ‘The resemblanqe.of~mu£7 to a dam mutation is noteworthy.
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Both enhance‘spontaneqps reéombination and mutation, are MMS sensitive,
and céuse lethality in a recbmbination'dgfective background (dam
.‘umutant pleiot;ophies Qere noted in Marinus aqd Morris, 1974).

JThe high-temperature induced lethality 6bserved in mut? strains
Qﬁight be explained as an absolute failure to mddify daughter DNAv
‘half-strands following replication. /The apparent failure'of a
‘ mut7“strain to increase net DNA wheh incuﬁgted at 36°C, while still

incorporating label, could then be rationalizéd as.due toldegradatipn
of unmodified DNA. Reduced modification of daughter strands in
ﬁut? strains .incubated at 26°C might prevent a mut7 cell from
reﬁogniging and’uging the parental template for tﬁe_correct
ekcision'of base mispairs. Such excision might be inducedﬂduring
replication,or exciéion.repair. 'Instead, lack of strand recognition
would lead to’pégsibly overlapping‘ 2xcision répéir on both strands, and
therefore to‘the mutagenic resolution of mispairs;‘to'dquplé strand
lésions,(if not breaksj‘and to recohbination.' B?sed upon these
speculations, one mighf predict that mu?7.would be sensitive to base
analoéues,_further>enhanced‘for ntsl recombinatibn{at sefc, and
alteréd for DNA mbdifi;a;ion,'pérticularly at 36°C. (Yéast'have‘
'rééentiy 5een shown to contain S5-methyl-cytosine: Hatfmén% 1978} .

. One interprétatibn of the altered sﬁecificity shown by'mut7
straihs during spontaneous hisz intragenié recbmbination is that this
mutator is ho'iongér ablé to reéognise‘a st:ahd45pe§ifi¢ marker effect

_Ain heterdduplex DNA. As.a Tesult, the spontaneous repair.of neighboring
mispairé‘might be oécurringVOﬁ opposite stfands'of‘DNA: ‘The' double
stranded leéigh;created wbﬁld mimic MMS damage’ in tha;ibotﬁ would

then require the myrst mediated repair mechanism. The repair of
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MMS-induced double.strand breaks has been shown.to require the presence
of a duplicate genome in'haploid yeast (Chlebowicz and'Jachymczyk,
-1979). | |
The total failure to repair base,mispairs in DNA could lead to

.the eventual segregatlon of mutated duplexes. )James and Kilbey_.
(1978) observed that only 2% ?f all viable colonles tested had
.recess1ve lethal mutations expressed in Gl when radl/radl excision
defective, d1p101d, statlonary phase yeast were U.V. irradiated to
90% survival. 24% of thersurvivors had these mutations expressed in
G2, while 25% did not arise untii‘after_the Gl of the following
generatron,‘or subsequent generations. It uould'seemvthat the
failure to ren0ve‘pyrimidine dimers in radl_homozygotes~(see Unrau, 1971;
" Reynolds, 1979) allows'that lesion to persist througn replicatron
(see Kilbeyiand James, 1979)_ and also seems to |

allow the enhaneed segregation of«mutations. ‘A preuious study

(James and’ K11bey,\1977) had shown that 17% of viable RAD+/RAD+
stralns had rece551ve 1ethal mutat1ons expressed in*Gl when 51m11ar1y
1rraddated Only 8% of the surv1vors had mutations expressed in G2,
and 7o mutatlons were observed to be expressed in subsequent

»generatlons

.

Lawrence'and Chrlstensen (1978) noted that at least one 51te of.
u.v. -1nduced mutatlon in the cyel locus was not a potent1a1 pyrlmldlne
dlmer site. Based on the 1mp11edq%x15tance of strand spec1f1c1ty in
" the repalr of some types. of damaged DNA, both of the above results
,may be explalned as follows - IR b isx}
| Mutatlons m1ght be occurrlng in UV 1rrad1ated radl homozygotes

uwhich recomblned to resolve daughter strand gaps (Resn1ekv1976),

»
.

1
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foIiowing DNA synthesis. Two potential results of this would be the
generation of a two strand lesion {amenable to raps1* repair); and

an unbroken, dimer containing strand,:as may be seen in the following

.diagram., ‘
H ‘\ .
lll 111[]11[41 | I pyrimidine dimer
c . 7 ].I ' 1
T o tlen)
3 . , |
Recombination : - -
¢ W 1 i
b “ R . L . s
c HLIRICID e e o
' | X mispair

The fotmer‘might'produce the enhanced>UV;inauced recombinetion observed
vin »adl strains, the 1attet wole result in the‘eontinuing segregation
of dimer-containihg DNAJ_“ff daughtet strand base mispairs ex;sted
in unmodified DNA,(duplex b;d) the cell would not be able to
recognlze which base pair to excxse and so would produce an 1ncreased
nuhber of mutatlons. Furthermore, it is p0551b1e that mlspalrs
arising near d1mers would not be resolved correctly even prlor to. -
‘recomblnatlon 51nce the parental (dlmer conta1n1ng) strand mlght
‘not be avallable for use as a template |

The mutatlons expressed in Gl 1n RAD homozygotes mlght be due

o to m1sna1rs created dur1ng tbe eXCISJOH -repair | of dimers on

>
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modified strands of DNA, and opposite unmodified strands. The cell
would have no modlfled template for comparison, and so would

frequently misrepair the mispair.-

-
»

If the inability to repair base'mispairs correctly is responsible'
for mut?7 ﬁﬁtS lethality, how can_the'viability of some mut? muts
strains be explaingd? A defect in the exCiSion repair of the types of
damage to DNA that normally ded to mut? mediated misrepair mlght be
-expected to reduce mut? mut5-med1ated 1nv1ab111ty It has recently been
observed (von Borstel, pers. comm. ) that a deficiency in the llquld
holdlng recovery of U.V. damage 1s segregating 1h strains related to
those used in thls study Interestlngly enough -Strike and -
~ Emmerson (1972) found that pold recB strains of E. coli Enormally
~ inviable)- could be 1solated in the presence of the ‘sheA” (exonuclease
def1C1ent Kushner et aZ.< 1972) mutation.

- Whether or not mut? is shown ;to confer reduced strand- spec1f1c1ty

of repalr, mispairs arising during DVA repllcat1on or repalr are a .
. s
p0551ble maJor source of spontanebus lesions. If it can be ascertalned
whether yeast possess a DNA noalflcatlon (or other strand recognlsant)
_apparatus for the purpose of ed1t1ng this type oﬁ danage, one w111

) .
- be closer to understandlng the orlglns of its spontaneous mutatlon
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TABLE Al:

(g) on YD medium

a

-~ 10A

'Lass1e phenotypes of spores from cross R076 pre-grown

Prototrophs -arising** Growth o
Strain on {gmlting on Designated
RO76- hlstldlne lysine YG mutator
1A 16,19(1) 18,23 .(0) +
. cC 30,27(5) 32,42 (1) -
2A 17,15 (2) 26,16 (3) -
B 15,8 (1) 13,22 (0) + + -
3. 5,5 (4) 11,14 () o+ +
4D 18,17 (1) 11,10 (0) + +
5C 22,23 (1) 40,27 (84) + muté -
D 12,9 (2). 9,9 (0 + o+
6A 30,36 (4) 32,33 (2) = +/- S
D 23,30 (2) 52,45 (0) /- mit6
7D 20,14°(2) 8,12 ©) + * :
- 8A £ 20,12.(1) 10,10 (0) + o+
9A 14,16 (1) 8,5 (0) '+ 4
D 45,52 (1) 28,43 (2) - mut6 .
13,15 (0) 10,10 (0) + +

AR

Numbers of . prototrophs ex1st1ng prlor to

medium are. parenthesized.

. -

kN

¢

-Only hzsl 7 is present in these spores.

groth on limiting
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‘ )
'TAB%E Al: Phbnotypés of spores recovefed,frqm cross R069(mu£9/+fv
i) s S o o o
Prdfétrophs afising** Gfowth
Strain ~ . on limiting - after Designated )
RO69- histidined 1lysine Y ~mutator(s)
1A 100 (9) 68 (5) -  mut$
B 71 (10) 21 (0) * +  mut
- C ‘ . ‘ ) ..: + ‘ -+ -~
D - 135 (4) 66 (4) = - mut 3
24 82 (16) 68 (0) =  mut9 mut
,B .9 (1) 10 (0) + + F
C -~ 10 (1) - 12 (0) + + L+ v
D 123 -(28) 33 (22) - mutd muts
. i ek . - o q‘ » :
3A 71 @15y 15 (@) o+ ms
B 19 (). 21 (0 o+ 4+ #
-~ C 112 (6) ~ 76 (2), - omtd
D 89 (4) 67 (2) -  mutd /
a 102 (16) 62 (58) - g9
B 14 (1) 8 (0) + o+ F
Cc 95 (12) . 69 (1) - mutd
- D 44 (4 . 33 (0) + o+ mut?

** Numbers of prototrophs existing prior_tolgrOWth
© . on limiting medium are parenthesized. - o
-8 Only higl-7 is present in these spores

o N



medlum are parenthes:.zed
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TABLIE;\I: Phenotypes of spores recovered from cross. ROQZ(EE%—?-—I-) ,
23 ,‘ o
: Segregaxlpg Prototrophs arlslngt* Growth , -
Strain alleles at on limiting § after Designated
R092-  hom3 'hisl lysine Y ., mutator
1A All are 19 0) T +
"B -hom3-10, 58 (0) - "~ rad52
. G © hisgl-7. 66 . (0) % - rads2
D : 15. - 0) & S+
J2A U 47 oy - _ - - rads2
B -~ . 40 )y - - “pads?
c : 7 O + +
D 10. 0). - Tt MR N
3A RS 14 )y o+ *
B 4 85 [ - - rad52
o " 17 ©o(0) + .
Dl\\\ 43 (1) radﬁz 3
4A 12 (0) T+ +
B . 37 . (3) S - rads2
c . 15 ()} . +
D .. .65 (1) - radsz
SA 45 (2 - rad5?
"B - .13 (0) + +
C 3 ()] + o+
v . D 87 - (25) - rad52
“6A 16 --(0) + R
B 47 - (61). - rads2 v R
« . Cuo 72 (1) - .rads2
A 12 ) B
7A. . 09 (0) 3 o + SRR
B c o6 (61) R ;rzjjf. ¥
C.. _ 16 (o) Y
D . : , 2T (3) - o ragb2 .
8A" - R 2 L V3 | +
B 43 (3) - rads2
- C - 58 o - md52
D BEEEE * SN () R +
A 1000y - o+ +
B . ’ <14 ) . PR
C - 56 ) o - rad52
“D. 43 ooy e - ‘Padd2.
- 10A- 89 - s (0) - - rad52
B TR () R AN
.c s @ radsz
‘D 210 - (0) R + 
: **Numbers of prototrophs ex1st1ng pr1or to growth° on*‘llmtmg
o ,
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| . , _
A TABLE - A2: Spontaneous appearance of histidine prototrophs in
-4 (a) , diploid control strains for mut8 complimentation
'~ tests with double mutator mutants conta1n1ng mut8
» Pertlnent genotypes Prototrophs,?rlslng** on
Parents mut v at htgl ' 1y histidine 3y Histidine -
. RO88-1A  mut8 1-1 6,4 19,13 (0) N
- RO88-7A mut8 -7 5,4 20,7 (0)
RO88-1A  mut8 1-1 f,’o,i 1,1 0 .
RO105-2B ~ + - - ¥ 31<1 0,1 0,0 o)
- v ‘ ' 0,0 - 250 (0)
'RO508-38  + o 1-1 0,0 . 1,1 ) -
ROB8-7A  mut8 1-1 0,1 2,2 - (0)
B . : _ 0,0 2,1 - 0)
LZ13-1A + . 1-1 0,0 1,2 (0)
4+ ROI05-2B -+ . I-1 0,0 0,1 0. °
_ e o 1,0 0,2 (0)
T RO508-3B o+ . 1.1 0,0 1,0 (0)
- = LZI3-2C + =1 1,0 2,1 0)
. T 0,0 0,0 0
O LZI13-1A 4 1-1 0,1 4,1 ¢0)
P 1Zi3-26 L T+ 11 0,0 2,2 (0)
s T 0,0 3,0 0y
o LZ13-1A- 4 - 1-1 0,0 1,2 o
o KF179-15A "+ 11 0,0 1,0 0) * -
S S 0,0 0,1 = (0)
. LzZ13=1A 4 1.1 . 0,0 0,0 COLE
. RO428-6B ¥ - 1-1 , 0,0 ¢ 1,1 )
o e T 0,0 0,2 - (0).
 RO78-3D mutg8 ~ © 17 . 149,210 - - .. (346)
. RO78-8D mut8 . .. 1-7 121;150 - - (202)
B PR CoLoAngeo s o (190)
- RO78:3D  puté . .1-7 22,31 (28)
. 'RO105-1A — + _ -7 . 26,25 . .« o (3)
- 'RO78-8D  mut8 . _7_;*221 , , 5,9 - @ny -
oo RO400-10C + 0 - D177 s, s S Sooo@asy

' Numbers of prototroPhs ‘existing’ prlo 0 growth on 11m1t1ng L
- . mediun are parenthesized. *. 'Jackpot' (In these cases unparen-
thesued numbers 1nc1ude pre-exlstmg pi'ototrophs ) :

i RS N - S IR

R I R ]
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TABLE A2 A. Ver1f1cat10n of'the presence of mutl in presumptlve '
‘ (b) " mut7mutl strains, by, testing for d1p101d complementatlon
with mutl testersff _

Haploid Parents .

Presumptive  mutl Prototfophs arising**
mut 7mutl tester in-diploids on
strain straln . limiting lysine
| RO81-2A ~ .RO71-7C 330,351 (124)
. Ca . 376,346 (1)
-3¢ - -1D. 1850 1850 (1654)* .
' _ 197,201 (207)
t-4C -1D° 386,383  (73)
N _ 306,329 (21) .
. <5C 7 -1D 859,804  (692)*
L o 757,783 (693)*% )
-6A -1D 398,325 = (4)
.  _7B. ~=7C 104,107 (56)
-10B © - -7C 214,196 (253)
e , " . .e 217,271 (41). S |
-~11A- -1 154,160 . .(21) . - : °

© 1439, 1361 (1362)*

B. Ver1f1cat10n of the presence of mut8 in presumptlve mut8mut1
strains, by testlng for d1p161d complementatlon with mit8 testerst

Hap101d Parents. _ o . . e
_Presumptlve_ muts . Diploid Prototrophs arising in diploids** -
mut8mutl ~  tester .  hisl . on limiting histidine
. Strain strain = Genotype 1y histidine 3y. histidine -
“RO101-1B°  RO88-1A -1 - C12,5° (0)  c.
. L -1 S 16,12 (0)
SR U TN 05 | 13,9 (0)
S 5 S 10,11 (0).
©-7C°  RO78-8D  1-7 497 -© (438)* .
e S v 432 (389)*
. -8B ~ .30 - 1-7 - 159 (436)
2 . ‘ 1.7 153 °(342) - ' _
. -10B -8 1-7 394 (608)* o T,
: ‘ c 17 L J : .

ek Numbers of prototrophs exlstlng prlor to growth on 11m1t1ng
- medium are. parenthesized. :
* 'Jackpot'(In these cases unparenthes1zedxnumbers 1nc1ude x.e'
pre-existing prototrophs.)
Tf See Table 78 fbr controls. ‘ f See Table A2(a) for controls.“?
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TABLE A2: A, Ver1f1cat10n of the presence of mut2 in Presumptive
- () mut7mut2 strains, by«testlng for diploid complementatlon
with mut2 testerstt ‘
Haploid Parents ; _ ,
Presumptive mite . Protetrophs arising**  Growth -
mut7mutd ©  tester.- in diploids on - on
strain . _Strain limiting lysine - MMS
'RO82-1B  RO72-6A. 85,97 v -
. . 87,106 - (181) -
-2 - -1C 120,115 - (6) .-
' - 811,769  (782)* -
-3C -1C 132,124 (2) -
- S 124,122 (2)x -
. C-5A° -1C 95,91  (2) -
« , ©97,115°  (3) . -
 -6B -1C 68,119 (17) -
: B - - 620,675 (647)* Co-
~ ¢+ -8B -6A 8,94  (11) -
- ' 116,102 (4) - -
-9C  -6A 40,59  (14) DR
S . 100,101 (6) _ .
--10B » -6A " 113,106 . (0) . .-

B. . Verlflcatlon of the presence of mut8 in Presumptlve mut8 mut2
strains, by testing for d1p101d complementatlon with mut8 testerst

Hap101d Parents. -

Presumptlve’- mut8 Diploid ?reiotrophs arising** in diploids

mut 8mut 2 ‘tester . hisl . on limiting histidine
strain . strain - .genotype = ly histidine » 3y hlst1d1ne
RO102-1B  RO88-7A .~ 1-1 o 17,11 (0)
T v - 15,11 (0)
2B 7Aoo 1-1 17,7 (0)
- o e | o 20,18 (0)
“ -4 RO78-30  1-7 102 (257 .
oo e Tt 230 @0s) -
-6A . RO88-7A . 1-1 . . - . .81 (0) .
-7B° . RO78-3D  1-7 - 161 (154)
cooe T e 177 23 aes) o
~-10B .ROBB-ZA R O R L 9,12°(0).
N L dST S s 12,19-00)
R - See. the preceedlng table. L e T e o
' ".--Tf See Table ‘78 for controls.,, 1 See Table A2(a) for controls. -
. )_"v:: : - . e ( ‘ SRR
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. TABLE'Agz A. Verification of the presence of mut4 in presumptive
(e) “mut?mut4 strains, by. testlng for diploid complementation -
, with mut4 testerstt .

;Hap101d.Parents

B,

N

:PrésumptiVe' mut4 Prototrophs arising** = Growth
mut7mutd = tester ‘in diploids on on T
Strain: strain limiting lysine MMS
RO84-1A = RO74-1B 47,33 (6) -

| 47,52 (0) - .
-2A . -1B 40,27 . (1) -
o o 25,28 . (0) . "=
- -3D -1B 37,32 (21) -
| o 43,38  (4) -
-5C -1B 14,25 T (4) -
- 40,39  -(0) . -
-7A -1B’ 13,5 (0) +
. o . 5,21 (0 +
-8A.  RO74-3A 53,74  (0) - -
: S 3553 (0) . v -
-9cC. -3 22,43 (0) . -
L 27,43 (2) -
10B 1B 20,34 (0) -
L : © 32,39 (0) -

Verlflcatlon of the presence of muté 1n presumpt1ve mut8mut4
stra1ns by testing for d1p101d complementatlon w1th muta testersf

Haploxd ParentS‘

1Dipioid~

Prototrophs arlslng** in diploids . .

o .T‘.*,.

17L‘axexxsting prototrophs )

i Presumptlve mut8. _
- mutBmutd ‘tester higl on limiting histidine
:strain" __.strain _genOtprf 1y hlstxdlne C 3y hlst1d1ne
. RO104-1D - RO88-1A -~ 1-1 12,9 . (0)
o 'j“... Ly ‘,171 . 07,19 (0} i
. =3B . -7A 0 1-1 0,0 (0)
] BEPET - I-1 B 0,1 (0)‘1:_f,

-8 LA 1el 6,11°(0)

[ IR L S = SRS ,-16 26 (0) .
6B . -IA 11 L1821 )
L 2 T ‘ ~ 720,10 (0)

-8B . TUaTAL 11 “.]M;-“zslscn

Con AT TTT' . _ RS 16,17 (1)
fNumbers of prototrophs exlsting prior to growth on limlting
".;'medium are parenthesized. . '+t See Table 78 for controls. — _1g“-"
* ‘'Jackpot!' (In these cases unparentheS1zed numbers include pre-

See Table AZ(:) for contrals.:_””%‘f_,;» :




TABLE A2: A, Verification of the presence of mit3 in preéumptive _

(d) mut7mut3 strains, by testing for di

with mut3 testers jf

Haploid Parents

v Growth

Presumptive = mut3 Prototrophs arising**
mut7mut3 tester  in diploids on on
strain strain limiting lysine MMS
R0O83-1B RO73-2A 30,21 {0) -
34,30 ° (1) -
-4C -2A 38,42 (82) -
co 45,32 (0) -
-6A -2A 140,36 (0) - -
Do e . 27,32 (0) -
-9B -2A 92,79 = (79)* -
| 20,16 (6). -
-10A -2A 35,31 . (2) -

_40,33 . (0)

ploid complementation

B. Verification of the presence of mut8 in presumptive mutbmut3

Strains, by testing for diploid complementation with mut8 testerst

Haploid Parents
T

“ Presumptive mut3 ~ Diploid
mut8mut3 - tester hisl

Prototrophs arising** in diploids

- on limiting histidine

-

strain - _strain- genotype - 1y histidine 3y histidine
RO103-1A - RO88-1A  1-1 L - 13,6 (0)
- S 1-1 o . 19715 (0)..
-2 -7a 11w T 13,15 (0)
_ . ' 1-1 8,20 (1)
-5B° . -1A 1-1 ) 17,11 (0)
L 1-1 . - 18,11 (0)
.6C. C-1A 1-1 " 13,7 (0)
' .13 8,8 (0)
- -8C.. . -7A . 1-1 21,17, (0)
: ‘ s L 1-d - . 23,14 (0).
~ -10A  RO78-3D 1-7 * 228  (61) |
: L 127 196 . (59)

~**_ Numbers' of prototrophs existing prio
medium, are parenthesized. =~ = . -

“* tJackpot' : (in these cases unparenthesized numbers include pre-

existing prototrophs)s =

" ft See Table 78 for controls.

b

Hiff  See TéblévAé(ajffor co@tféiéff

r to growth on”limitihg

o
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TABLE A2: - Verification of the presenéel of mut8 in presumptive
£y mut8mut5 Strains, by f%stlng for. dlplDld complementatlon
“with mut8 testerst . ; ‘ :
Haploid Parents - o S o 4 R
Presumptive  mut8 ‘Diploid Prototrophs arising** in diploids
. Mut8mutd © tester hisl . on limiting histidine d/
strain _strain* genotype - 1y hlStldlne 3y histidine
' RO105-1C~  RO88-7A -~ 1-1 21,21 (0)
s o -1 ) § 42,16 (0)
-2A" . RO78-8D 1-7 573 (463)* L
. 17 569  (528)* \\.';r;é51 ,
-5C. RO88-1A°  1-1- S 10,18 (0).
) t : 1-1 - . 14‘:14 (0)1 '
o f . R : i L
-6A C-1A . 1-1 e 12,13 (0T
IR 5 13,12 (0) ~
-8 " St 11 - | .-12 17 (0) -
. 3 1-1 ™ T v 10,16 (0
’g;f LS '().
;. -10D RO78-3D. 1-7 ., 97 (141)
' o 1-7 188 (83) .',*;

-

-fNumbers of prototr0phs exlstlng prlor to growth on 11m1t1ng )

" medium are parenthesized.

* 'Jackpot' (In these: cases unparenthe51zed numbers,lnclude pre- ¢
. existing prototriophs.) . . ‘

.t See Table A2(a) for_gpntrqls.~
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 TABLE AZ2: Verification of the presence of mufa in presumptive mut8muté
A P presump
,‘(g) . .Strains, by testing for d1p101d complementatlon with mut8

testersff
A¥p101d Parents - o
~ Presumptive ,mutB Diploid Prototrophs arising** in d1p101ds :
mut8mut6 tester hisl. : on limiting histidine | :
" .strain - strain genotype 1y histidine - 3y histidine
RO106-4D - RO88-7A  1-1. o 15,13/(0)
N T U 10,7 . (0)
-5  RO78-8D 1-7 262 (441)° | .
) . T 691 (610)* - o
-8A -8D 1-7 496  (321)°
- 17 365 (312)
-10A ' -8  1-7 1098 (79)
Lo 1-7 . 812 (943) ‘ | o
- RO512-1C -8D . 1-7 401 . (19%) - s
. 197 .. 4s5e . (228) , - L
~-2C.  RO88-1A  1-1 . . T 12,8 (0)
S o -1 . 1 9,6 (0)°
©23C ° RO78-8D  1-7 %141 llczosi | o
S e AR inczzof S |
. . -5B " RO88-1A - 1-1 o 8,5 0) L
. T v g 8, 14 W,
) I Y = | IR U /S T2 () R
Y 11 S 11,6 (0) - -
-l -7A . 11 Ll e 10,10 (0) 4
| R SR -5 o 1,10 (0)
 .**Numbers of prototrophs exlstlng prlor to growth on 11m1t1ngk '
" medium are parenthesized. : - .
* ’Jackpot' (In these cases unparenthesxzed numbers 1nc1ude pre- T
. .exisging’ prototrophs I R i
R o ¢ See Téble @2(3) for controls. , P“f"“-' - .
\ : f « R "
A e IO L
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'TABLE A3: Numbers of viable (transferable) spore clones per tetrad

in sporulated diploids used in this study

Né. of Number,of viable spores/tetrad‘
tetrads R S . .
Strain dissected -4 3¢ 2 1 0
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TABLE A3: (continued)
No. of -~ Number of viable s,p‘ores per. tetrad " .

. tetrads ' S
Strain’ dissected . 4 3 - -2 1 0

. RO101 13 10 1
RO112 15 . 7 . 6
RO113 26 ., 11 - 10

- RO117 10 7 0. 0
RO118 9 5 -2

00NN
.

- OO
OO O

~RO250 - 26 .. 22,
"V RO251° . 16 15
RO252° ‘15 .13
RO254 ., . -~ ' 6 4
RO255 . . 6 . . 5.,

1

/
7

c>c>F‘hn~
-0 o H
cooocoo -

&

MHUN WO OO0 O0O0OHOKHDOOHO

RO400 . 17 . 16
RO401 25 23
RO402 = | o 25 - 21
RO403 - .9 7

- RO404 8 .7

- RO405 8 -3
“RO4O6 8 .5
RrROGOY. 17 14
RO408 - . . -28 26

RO409 . T 6 -

~ RO410 5T 4
C.RO4IL. . 53 L T27

CRO412. . -7 "6
URO41ST T 31 . 26

- RO417. - 16, 14
;;30419:.‘21f ' 29‘,-:' 22::_:.

RO421 .. 8 3T
~RO422 0 70 L

 CRO423 . 9 - - 6
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TABLE A4: Phenotypes of viable sporé. clones recovered from .cross

RO415 N o _
‘ , (Jnut7 hom3-10 hi81—7)
+ - hom3-10 higl-7

Segregating .~'Pro_totf6phs arising** Survival-

’ Strain alleles at . o on limiting at’ o
RO415-  ade? arg4 cryl histidine lysine  36°C 34°C

.
-

A

l

1A 9% (17) 39 (0) | o w
| 25 (0) 11 (0) T
21 () 10 (0)

65 (9) 37 (0)
21 (1) 10 (0)
69 (1) 30 (0)
22 (2) - 10 (0)
19 (0) .- 33.(0) .
S 25(0) . 7.(0) .+
96 (4) 3200 -
- 2s(8) 27 (1) -, -

- 18 (0 10 (0) o+ o+ |
‘37 - el (7) 410 - - -
o= 41 (1) 33 (0). - :

7.0 7)) + )

L2t (0) 13 (0)

. 48°(5) ... 24 (6).
=210 - 9 (0)

S91 (7) ¢ 29 (2)
26 (3) 10 (0)
6 (1) .40 (0).
19 (2 10 (0)
C16 (0) .11 (0)
1@ )
394 5(5) o+
34.0), 19 (0) - -
670y - 320 - o=
4320 80+ e -
39 (1) 11 0) . o+ L

o378 240 - -
M5 (3) 183 - L
- 35 (5) S 5.,_(0')' e R ' .
SOra18 (8) 0 46 (0) ¢ = e .
R L € L (e
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S _ _
TABLE A4; (continued) -

: Segregating Prototrophs arising**  Survival
‘Strain alleles at . . on limiting . at
. RO415-  ade2 argd cryl histidine. ~ lysine 36°C 34°C -
o 12a e 52 () 14.0) ° + o+
B - 94 (1), 44 (0) - -h -
- 53 () 12 (0) - =
+ 23 (0) 8 (0)

L+ 52 (1) - 39 (0)
s 22¢0) - 10 (0)
- 24 (2) 22 (0)
- 28.(0) - 9 (0)

- 84 (2) 32 (0)
- 20(1) - 11 (0)

: JP 69 (1)
3 (0) . 5 (0)

51 (3) 47 (38)
10 (0) 8 (0)
27 (0) . 13 (0)
65 (1) 32 (0)

20 (0) 70
50 (2) 27 (1)
6 (0) -6 (0)
257 (1) 44 (0)
- 18 (2) - 16 +(0).
=T - 79 (2) . 41 (0)
o 14 (1) . 9.(0)
42-(0) . 20 (0)
- 13 (3). 10 (0) .
39 (2) . 22(1)
() 2(2
54 (1) 307(0).
CU12.(3) 20 (0)
o8 () o8y
.59 (0) .40 (0) e e
32.(1) - 18 (0)y - -
43 0) 16 (0) e e o
90y o 9.(0)
G e 0 507 (3) 25 (3)
e+ 45 (3) . 25.(5)"
o 14(1)\ LT
. :j_le‘IO) '.VC”ZZ:Cl)TS'~.
L1 70(0) 114 (0).
42 (4) i 20.00)
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TABLE A4: (continued) . ST .
Segregatingv _ Prototrophs arlslng** Suivival‘
Strain alleles at ~on limiting at .
- RO415- . adel arg4 cryl histidine lysine 36°C 34°C
22A - + - 87 (4) S 39 (0) . - -
B + -+ 11Q@) - 8.(0). 4w,
c .-+ 11D, 240 5 .-
, D - CF - 7 (0) 6 (“0),' o+ + L
230 - + a1 () 44 (0) -
- B + - - 12 (0) 11 (0) -+ +. (
C + - + 10 (0) 11 (0) ., - o+ T+ . '
Dp - R LN OB T O B o
24A . + ¥ooo- 17 (3 43 {0) - -
B - - + v 52 (6) 47 (20) - -
C .~ - - 15.01Y 14 (0) e
D ...+ 4+ +: 27 '(1) .10 0y 0 o+ +

s

*x Numbers of prototrophs’ ex1st1ng prior to growth on. llmiting y
 medium are parenthesized. S S
6 These Strains failed to grow when plated to YG medlum S '
-t Tetrad #S was a false tetrad L

s

Summar} of Lassie scores. from cross R0415 spore clones

... . M . . . \ ) B E . g - . . . . . . . .

lysl-1- : : Standard . - No. of strains Standard

rever51§n ; "Mean . -Deviation. Scored _ . Error

" ts strains. 330 0 111 o 46 1T

‘Non-#s stralns 9.4 - 35 48 0.6 .

higl-7 Lo Lk o ' N
wIeversion - - _ : , : _ o

ts strains . 58,3 312 . 45 . . 47

Non-ta stralns‘ 19.0. - 11.0 ':';A» 3 46 '*;"“
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Phenotypes of spore clones from a cross of RO428 68711 to"
RO78%3D. This cross is identical to cross RO88 (Table 58)-
except that R0428- 6B"11 1s reverted for the mut?7- 1

phenotype. - at?= -1-11 4 )
D - muté-1

Table- A5 ¢

Segregating ’
alleles at
hom3. hisl

-+

Prototr;phs arising** on limiting

}ysine

Suggested
"(locus) mutator

0 . o mut8
(0) - o ot

€0) ' - mut8
o - - R

N " Strafn
fhistidine

8,6 (0)
25,32 (0)
532,478 (0)

0,1 (0)

(0) 16,18
(210) .22,26.
. (0) - 478,487

(0) . 12,11 - (0)
(302) 25,16 (0) -
(3) 1611 () -3,
(0) 113,120 (95)* 4,

()
3y .
C(0) T 22,19

(0 11,18

lysine.
21,23
10,14
21,23
9,9

-
SHN-RS

_ 1-7
- 1-7
©o1-1

+

- mut8
0) .- mit8 3
(467)* v +

(0) _ o

o
I
(s <]
(o)}
=

(2 3,3

bowl
N

+

mut8
1+ :
0 f; mut8

0,1 .
183,201
35,35
8, 6

~ ‘ w
o ows
0+

vow>

11,13 (0) ot mut8
Je . R
(- C T mut8

(2) : St

FE o+

© . 5A . - 1-7 294,329-(179>, 87 94.a(77)* “mut8 -
B +  1-1 0,1. (0) -9,23" (4) B R
C - 1-7 132,195 (242) .28,24; 0) mut8
‘D . 4+ 1.1 0,00 (o) 212,50 (0) T

O
gowd
0+

~

gowe
CA

anuﬁfs~r-
o

Sowe
1

‘o

Bawp -

S

S vm o e e L.

9,2
127,161
6,7

0 0
16,22
3,7
227 232

5 5

13 10 -
25 26

“1; 2

.j. 550,583,

488 505

o

(0) y
(2)

(196)
,(0)
;:(o)
(1)

- (0Y

€0)-
(o)tf‘

(0)']
€0) -

13,13

10,10

23,6

27,33,

19,22

14 27

8,9
_e19 22
(154)

1(0) B :
(5) 6,18
~16,18

14 16;

;24 15
6,15

15, 153

116,18

©.19,21
0
S0y

(0)
(0).

(1)

(0)

0)
W
oy
o

RO
(0). .-
;(0)3‘
(3
(o)
“(0) .
;“(Olglf;.ﬁ

0,20 -

mai T

5.8

‘9;2 ; f{
(0" - T

vmut8 “ '
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TABLE A5 (continued)

C Segregatingb Prototrophs arising** on 1imiting : -
Strain  alleles at . : lysine Suggested”

hom3  hisl histidine ' lysine . (locus) :mutatort
© 10A - 17 25,26 (0) 10,7 o e
B 4+ 1-1 6,11 (1) . 18,16 (1) 4,0 .7  muts8
c + 11 7,9..7(0) 22,17 (0) 3,3 mut8.
D T- F1-7 043,310 (0)° 112,99 (8L)% - #
1A L - 1-7 472,522 (0) g24,25~'(0) ‘o,z' C L ats
B . - 1-7 ° 31,42 (0) . -13,12 (0) oO0,1 -~ 4+
c 4+ 1-1 1,0 (* gp e
DT+ 11y, 13- (0) - 21 28-‘50) N

Numbers of prototroohs existing prior to growth on. limiting’medium
are parenthesized. S Sy :

* 'Jéckpot‘\(In these cases unparenthesized numbers include pre—

o existing prototrophs Y :

t+ As determined- by relative Lassie scores on limiting histidine _';Fl".f:vf“
,Controls . o o ‘ _
; R0428—6B -1 0,0 (0) 29,42 (0) 10,11 put7-1.
© RO428- 6B 11 ’ 1-1. '0,1 (0) 13,11°- ¢(0) = 0,0 - mut7-1-11"
. RO78-3D C =7 814,598 (0) < 23,22 - R, 712 SN
- Y0300-1C - 1=7- 7,28 (8)_ - 12,9 (1) o+
- . . R . .‘ . PR B - Ny

v Note that no. histidine Lassie score exceeds those of the mut8
_parent strain and ‘control, RO78-3D.  No- lysine Lassie score approaches
those of the mut? 1 control strain, R0428—6B. If mut7- 1 were . .
~-segregating, the probability ‘that a mut?mut8 spore clone would not be .
©  present in eleven tetrads is less than 0. Obl presuming independent '
- assortment of mut? and mut8 as’ seen from Table Q'i :

R
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clones from a muti/+ divloid.  Lassie “scoveg

.Epore clones from cross K0415 (see Tabln Adj.
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Histidine Lassie ‘Scoreo
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