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ABSTRACT

The offects of a series of mutator mutants on UV induced mutatién
and W-induced intra- and intergenic recombination, purnmctcrs‘Js§ovintvd
with the DNA repair system of,ycust, were assayed to establish a clearer
understanding of the rv!dtion§hip between the mutator loct ﬁnd NNA repair.

No marked offeet of mueil-1, muti-1, mutd-1, mutd-1, met6-1 or mitd-1
‘on any of these parameters was apparent. Homozy ous metd-1 diploid

straips were found to ve deficient in UV-induced intragenic recombination

at his)i. Mutation is sufficient to account for all.the UV-induced

histifdine prototrophs in iutS-1/mut5-1, hetevoallelic his 1 diptoids.

While no offect of muti-1 on the frequency of UV-induced homozygosis
. , . \
of ad:f-1 was apparent, homozygous and hctorofygous mith-1 diploids pro-

-

duce, at higher frequency than the wild type, spontancous or UV-inducéd
segroganfs.in which heterozycous recessive markers on both arms of iink—
age group V were uncoverod simUltaneousiy. The viabilitz#pf 3 or 4
sporcs/?etrad for most asci dissected from aberrant segregants of a

" heterozygote is not consistent with these segregants being the result of
a single non-disjunction event. Two such events; 0T twO Crossovers, one
on each side of the centromere involving the same two chromatids, are
required.

The frequencies of intragehic recombination at hZs I and intergenic
recombinatigﬁ between kom 3 and arg 6'in the iﬁfrequent viable meiotic
products obtained from muté-1 homozygous diploids were found to be no

. o . .
different from wild type or heterozygous strains. The failure of muté-1/
mutd-1 diplq%dwstrains to exhibit wild't&pe fféquencies of iﬁtfégqnic Te-

combinants-on removal from sporulation medium to selective nutrient medium

indicates an inability to establish and/or resolve a meiotic precondition.

v



N o
Allelism of muté-1 and rad §1-1 is indicated by their failure to

complement to restore radioresistance and efficient sporulation, the
close linkage of both to frp 2 and their very similar phenotyvpes.

The cffect of mating-type genotype on expression of the mutator
phenotype was also iﬁvcstignted. Homozygous mut3-1 or mutd~1, a/a di-
ploids exhibit reduced mututor-afrivity. Restoration of the mutator
phenotype 1s obscrved whgn mnting—typc‘is rendered homozygous. In di-
ploids homozvgous for mut10-1 this relationship is.reversed. It is sug-

mutd-1, a/a diploid strains, spontan-

gested that in homozygous muets-1
!

cous lesions, which may be processed mutagenically in hapleid or homory-

gous4mnting;typo diploids, are resglved preferentially and non-mutageni-
cally by an .a/a-dependent process; and further, that MUT 10 encodes a
component of this system. A block at the MUT 10 step results in redirec-
tion of the lesions from the non-mutagenic process to a mutagenic one
Thaf the «/n-effect on spontaneous mutation is of the same origin
as that described by Lnsko&gki (1962) for X-ray inactivation is suggested
by the failure of mytS-J/hutS—], a/a aiploids to exhibit reduced %utator
aétivity or increased y-ray resistance relative to their a/@/counterparts.
-~
"No a/a-effect on spontancous mutation was seen in strains homozygous
for mutl-1, rmut8-1, mut6-1 or mut9-I1. The absence of proncunced X-ray
sensitivity of strains carrying these mutations makes it unlikely that
they are componehts of the a/a-dependent system. The extent of their

-~

iﬁ;éraction with the DNA repair system of yeast remains unclear,

N r
y
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INTRODUCTTON

That ch;nnibs In spontancous mutation rates can be effected by
genetic manipulation has been clearty demonstrated in bacteriophage T4
(reviewed by Drake, 1973), in the bacteria Esoiersond e, Sadmione lla
typhirnoelwn and Boell e suﬂfﬂ/fx {(reviewed by Cox, 1970), in the fungi
Saccharornieos corenla e, Seilnocaceiavongecs pombe and Aepersi Dl
nidulans (von Borstel et al, 1973; Lopricno, 1973; and Jansen, 1072),
and in Hrosophil;‘(rovivwod by Green, 1973). lowever, with few exceptions,
notably the gene 45 mutants of T which will be discussed at Tength later,
the mechanisms of spontancous mutation arc not undcrstood.

The purpose of the work lb‘hc described here was to expand the
characterization of some mutator mutants of S. cercvieiae in the hope
that this would bring us closer to understanding the naturce of rhoir‘
normal functions. The review of spontancous mnfnrjon in T4 and #. coli
which follows is designed to.dcscribc the context in which the wgfk Was
done,.und to justify to sdmo extent the approach ‘that was taken.

Several hypotheses have been proposed to explain how spontancous
mutation and the mutator phenotype may arise. Tautomeric basc chanécs
resulting in incorporation errors at replication were Suggesgod as the
basis for spontancous mutation by WatSQn and Crick (1953). More recént-
ly, Topdl and Fresco (1976), extended the-scope of such'changcs by .
invoking the occurrence of nucleotide configurations not previoué]y
considered.,

Kirchner (1960) offered the possibility of endogenous production

and incorrporation infe DNA of a base analcgue as an explanation of the

mode of action of a mutator in S. typhimuriwn. A deficiency of a DNA <

_precursor, as a consequence of mutation in a gene encoding an enzyme
\\.// .



involved in 1ts biosynthesis, could result in an increasced spontancous
mutation rate by misincorporation of other nuclﬁotidcs in its stead
(Liberfarb and Bryson, 1970, The observation that mutants of T4 de-
ficient in hydroxyvmethy1-dCTP, and TTP biosynthesis are A180 mutaiors
(Drake, 1973) scems to support this hypothesis.

The propesal that reduced DNA vepatr capabilities could result in -
an incredase In ospontancons nutation rate due to the inability of repair
mutants o process acctdentally misincorporated bases after replication,
was prescented hy'Hannwu]r and Haynes (1965).  Such defects would also be
ﬁunifcstcd in the sensitivity of the mutants to agents Known to inter-
act with DNA.

The hypojhcsis that the rate of spontancous mutation was governed
by thC'”proof—reuding/cairing”, 3'-5' exonuclease moiety of the T4 and
E. .COZI', DNA polymerases during ]‘L:})liCZit'.j()ﬂ was proposcd by Goulian et al,

~

1968.
Spontancous Mutation in T4

The view that spontancous mutations arc the result of misincorpor-
ation of nuclcotides in the course of DNA replication gained considerable

strength from the work of Muzyczka et al, (1972) on DNA polymerases pur-

ified from gene 43 #s mutants of T4. Gene 43 encodes a single polypep-
tide having two enzymatic functions, 5'+3' DNA polymerase and 3'»5'

exonucleasc (Goulian ct al, 1968). Temperature sensitive (ts) mutations
. . Q «
of gene 43 have been isolated which confer mutator, antimutator or

neutral (like wild type)~phcnotypc§'at the permissive temperature on

straids carrying them (Sﬁeyer et al, 1966; Drake and Allen, 1968; Drake

\

93_213\1969). In vitro assays of polymeric and exonucleolytic activities

of DNA polymerases purified from such strains showed that mutators have



Tower ratios of exonucleolvtic to polymeric activities than wild type,
- \ ,

and that in antimutators the exonucleolytic to polvmeric ratios are
higher. In the neutral mutants the ratios were like t"hc wild type. In
antimutators increased nucleotide pool turnover was also observed,
consistant with the increascd cditing prediction.  Spontancous mutation
rates, 1t was proposcd, are determined by the relative rates of insertion
':md removal of nucleotides by the polvmerase/exonuclease during replica-
tion. It has since been confirmed that, Zn oifro, mutator polyvmerases

incorporate incorrect nucleotides more often, and antimutator polymerases

less often, than the wild type (Hershficld and Nossal, 4973; Schnaar

et al, 1973).

Spontuncous Mutation and the DNA Polymerasecs of k. coli

All three of the DNA polymerases identificed in E. coli, pol I, pol
IT and pol TII have.been shown to possess 3'+5' cxonuclcolytic capability
(see Kornberg, 1974) and to remove mismatched terminal nucleotides in
in vitro systems--that is, they have editing capacity (Brutlag and
Kofnborg, 1972; Smith et al, 1976). As yet, however, deficiencies in
this activity have not been correlated with mutator activity for any of
them. |

/

In addition to its 3'-5! exonuclease activity, pol I'exhibits 5'>31
polymerase and 5'+3' exonuclecase functions (Komnberg, 1974). Mutator.
activity has becen obsérved in-mutants deficient in either of these
functions. A knowledge of some additional properties of pol A mutants,
makes it possible to provide a rationa{ization, albeit hypothetical, for

their mutator phenotypes that does not rely on misincorporation during

scheduled DNA replication.



Pol 1 is involved in the joining of Okazaki frngﬁcnts dﬁring Tre-
plication (Okazaki ct al, 1971)--the polymerase filling the gap created
by the §'»3' exonuclease gs it”dogrndos the RNA primer (Kornberg, 1974).
In pol A7 mutants, the gaps ﬁctwvcn the 3'-cnds @f newly synthesized
fragments and the S'—pnds of the RNA primers are relatively long-lived.
That the processing of these gaps in pol A7 strains is taken over, at
least in part, by the functions encoded by ree 4, rec H and PDU:CJ
can be inferred from the observations that the combination of pol A~
with ree A7, ree B” or ree ¢ is lethal (Gross ct al, 1971; Monk anl

Kinross, 1972; Smirncv et al, 1973). The involvement of these three

loci ift recombination (Ogawa et al, 1968) and the increascd frequencies

of recombination scen in pol AT mutants (Konrad and Lehman, 1974) tends
4

to support this.
Fee A, however, is also essential for the function of ‘the inducible

SOS repair system of E. coli (sec the review by Witkin, 1976). This

system, which is mutagenic, appears to be activated by, among other

things, the persistepce of gaps in DNA (Witkin, 1976), It is clearly

a -

possible that the increascd spontancous mutatlon rates scen inpol A
mutants which are slow to’join Oka;dki~fragmonts could result from the
intermittent activation of the SOS rcpair system by the slowly resolved
gaps that occur in such strains at replication.

Mutation of the dnaE gene of E. coli, which encodes DNA polymerase

\
]

TII, can also result in mutator activity. -Seventeen of twenty mutants,

identificd initially on the basis of temperature-sensitive DNA synthesis

("~ i~ and Gross, 1971; Sevastopoulos and Glaser, 1977), have becen

=k e mutators (Hall and Brammer, 1973; Sevastopoulos 93_31941977).

s . “hing is known of their mode of action.
>



No mutant alleles of pol B, the polyvmerase 11 pene, have been

shown to produce the mutator phenotype.

Other Mutator lLoci of X0 colf

. 12
Mutation ofsthe met U (Gord) gene of B, coli results in UV-sensiti-
vity and mutator activity (Smimmov et al, 1972; Horiuchi and Napata,

1973; Siecgel, 1973). Three independently isolated alleles arve lethal

in combigation with temperaturc-sensitive o/ 0 mutations (Horiuchi and

Nagata, 1973; Sicgel, 19735 Smirnov ci al, 1973), suppesting that, like
ree A,'B or ¢, the mut U encoded function may replace a pol 1 function
during replication. In the absence 'of any information on the pro#isc role
of mut U, further speculation is inu&visuhle.

E. coli K12 strains carrying mutations in the dwn gene were identi-
fied on the basis of undormothylurion of their DNA (Marinus and Morris,
1973). They are also UV- and mitomycin C-sensitive, and exhibit’increased
spontancous mutnb}lity (Marinus and Morris, 1974). The deca presented
in the latter paper lead to the conclusion that the undermethylation of
the dam 3 strains DNA léads to nucleolytic restriction, the rcsulting
gaps being Shbjcct to icpalr processing involving polymerase I, ligase
and/or the rec A, ree B and rec C gene products. As for the pol A~
strains, the mutitor'activity observed in dwn~ strains is c&plicablc as

a consequence of the processing of the restriction nuclease lesions by

'SOS.fcpaif.

. Five loci in E. colil have becn -identified as mutator genes strictly

on the basis that mutations at them result in mutator phenotype, mut T

'(Treffers et al, 1954), mut S (Sicgel and Bryson, 1964), mut L (Liberfarb



and Bryson, 1970), ruef 1D (Depnen and Cox, 1974), and rae & (Hoess and
Herman, 19757,

Mutant alleles of mud T have been shown to result in an increase
of spontancous AT > €6 transversions (.Y;nml‘r‘-}\,\' et Ji 1906 ; Cox, 1973,

N
Conrad ¢t al, 1974}, other mutation types occurring apparently at wild

type rates.  That the expression of the mutator phenotype m:l_\'. be depend-
X

ent on DNA synthesis has been shown in oxpcrinwnts involving density-
labelled phage v (Cox, 1970). Um‘cplic:ltvd_plm;{b retricved {rom npuct 7
cells exhibit Tittle mutation. Phage.containing once or i coe replicated
DNA show marhedly increasced mutation frequencies. A further indication
that mut T2 may be involved in replication is that it interacts with
‘(bmls'i?.‘?.? (pol 11T defective) to relieve partially the temperature-sensitive
DNA synthesis associated with daknos (Cox, 1973).

mui S mutations are recessive and active i frans on F'lace (Cox
et al, 1972). The spontaneous mutations which occur in mut 8 strains are
belicved to be of the transition (Cox et al, 1972) and fromeshift (Siegel
and Kamel, 1974) typcs.‘

mut L is located on the E. coli gcnctiﬁ map (Siegel and Ivers, 1975)
in a homologou§ position to the mutator genc in strain LT7 of S. typhi-
murtwn (Kirchner, 1960), whose corranslducibiliry with pur A led Kirchner
to propose l;i.s endogenous’ mutagen hypothesis. éiegc} and Ivers (1975)
have argued fhat the failure of exogenous adenine to suppress the mutator
phenotype, and the retention of .mutator activity in mut L25 pur AdS
double mutants (in E. coli) indicates that mut IS5 is not an allele of
pur A. Several other mutator mutations have been mapped to this region,
their cotransducibilities with pwr 4 ranging from 80 to 100% (Liberfarb

and Bryson, 1970). rut L25 is active in trans on an F-cpisome, and 1is

believed to induce A:T = G:C and G:C » A:T transitions (Sicgel and Ivers,



1975). That it does not induce trinsversions was not establish@l.  This
mutator had been shown previously to induce frameshift reversions (Siegel
and Kamel, 1074).

Two alleles of mut D have been isolated (Degnen and Cox, 1974,
Strains carrying either exhibit mutant frequencies 10-100 times that
of the wild type aflter overnight growth in minimal medium, and 1()3~1()“
times the witd .ti)'po frequency after overnight growtl; in broth (Depnen
and Cox, 197.4). Three "effectors' have hovn. 1dentificd, thyvmidine
(Degnen and Cox, 1971), deoxyuridine and deoxyeytidine (Ehrlich and Cox,
1974).  That they must be phosphorylated to become potent is indicated
by the failure of thymidiné Kinase mutants to respond (Cox, 1976). Cox
favours the view that the mut ) product functions during replication per
se, rather than in recombination or repair, because mut D5 related

?
nutator activity is not observed in the absence of DNA synthesis, and
is scen in a ree 4”7 background (Degnen, cited by Cox, 1976). The
spontancous mutations préducod are belicved to be of all typos;—rransi—
tions, transversions and frameshifts - (Fowler ct al, 1974).

The mutator mut R has been shown to increase the rate of frameshift
reversions and base substitutions, to be recessive, to act on F'lae in
trans, to be viable in combination with pol A7, pol B™ lig™{v ' wwr 4~
markers and to inc¥ease fecombination (Hogss and Herman, 1975).

It is apparent that the editing efficiency mechanism which hus
been so clearly defined with T4 DNA polymcrasés in vitro is not a suf-
ficient explanation for the E..cali system. With the exception of pol 4
and dam, the data that has been accumulated on the effect.of the mutators
does little to explain how they give rise to the mutator phenotype. It

is significant, I think, that the most useful data obtained were either

biochemi\,;“ or based on the interaction of the mutator loci with mutants



in repair processes whose functions, hypothetically at least, are

understood.
Understanding Matators in Yeast

The argument has been made (Hastings ¢t al, 1976) that the editing

efficiency hypothesis is inadequate as an explanation of mutator mutants

in S.

o, insofar as more loct (8 :lcﬁnilo and 4 probable in an

unsaturated system) have been identified than would appear to he nec-

essary. Their observations, which will be discussed later, led them

to conclude thng spontancous ﬁutution may also result from the processing

of spontancous lesions by mutagenic repair pathways (ef. Hanawalt and

Haynes, 1965 and Witkin, 1976), independent of the replication schedule.
In this context, and in view of fhc K. co?f results, it i1s\clear

N
that some insights into the normal function of mutators i;\;zht may be
derived from an understanding of where mutators fit in the overall

¢

scheme of repair systems in yeast as they are currently defined.
DNA Repair in Yeast

Radiation repair path&ays in S. cercvisiae hdve been defined pfim—
arily on the basis of the interaction of mutant gcﬁcs apparent . in the
survival of double mutants following UV exposurc (see Cox and Gfme, \
1974). Three infcractions have been described, epistatic, additive ‘and
syncrgisﬁic. Epistasis describes the observation that the double mu-
tant is no more sensitive than the more sensitive of the single mutants
from which it is derived, and is taken to mean that the gene products
identified by the mutants function in the ;ﬁmc;fepginggthQay. When

the surviving fraction of the double mutant over a range of doses

approximates the product of the surviving fractions of the single



mutants over the same range, udditiviry holds. In the casce of nqn—]cnkyr
mutants, this interaction is used to place the genes on independent
pathways at points from which no further processing of their substrates
is possible.  The third interaction, fynorgism, describes situations
in which the double mutant is more sensitive than is predicted for an
additive interaction. Such interactions arce the oxpoftntion if the
mu}utions affect two different repair routes and one of them causes a
block at rhe-first step of its pathway.

On the basis of these interactions three pathways ﬁuvc bccn‘doscribcd:
the first inyvolves FAD 1, RAD 2, RAD &, RAD 4 and RAD 22 (Nakai and ' .

Matsumoto 1967; Game and Cox,1972; Brendel and Haynes, 1973: Lawrence

and Christensen, 1976); the second, RAD 6, FAD 18, RV 1, REV & and REV S
(Lemontt, 197la; Lawrence ct al, 1974; Lawrence, cited by Haynes, 1975)
and the third RAD 50 and FAD 51 (Cox .and Game, 1974). For convenicnce,- in
the following discussion, the three pathways will be referred to as

the RAD-3, and RAD 18 and the RAD 51 pathways, for the first step in

-

each as defined by synergistic interactions -(Nakai and Matsumoto, 1967;

Game and Cox, 1972; Cox and Game, 1974).

R

The RAD 3 Pathway

This pathway has beeﬁ identificd as the excision repair puthway of
S. cerévisiae. Unrau et al (1971), Rggnick and Setlow (1972) and
Prakash (1975) have shown that yad 1 and rad 2 mutants are unable to
excise UV-induced pyrimidine dimers from Ehcir DNA. Prakash (1977a,b)
has extended this wor! to show that rad 3, rad 4, rad 10 and rad 16 ove
also lacking this ability. This biochemical work éonfirmed the earlier

predictions of Kilbey and Smith (1969), based on the similarity of the

responses of rad 1, rad 2 and rad 3 strains of yeast and her  (host cell



1o

reactivationless) strains of &, coll to both UV-lipht post-treatments
(photoreactivation and dark-holding in non-growth conditions) and tlo
dicpoxybutane and nitrosopuanidine. Thv her” strains had previously been
shown to be deficient in the excision of pyrimidine dimers (Howard-
Flanders ct al, 1966).

Various pleiotropic effects, in addition to their common UV-sonS;ti~
vity, have been ascribed to mutants in this pathway. Siruins cu}rying

aa

rad 1, rad 5, rad 3, rad -, rad 10 or rad 22 exhibit increased UV-induced

mutation frequencics (Moustacchi, 1969; Resnick, 19695 Averbeck ot al,

1974; Cox and Gam 1974; Eckardt et al, 1975; Lawrence and Christensen,

1976); Of these 6, all but'rad oo also exhibit increased mutation when
exposed to nitroquinoline oxide (Prnkash, 1976). Homozyvpous rad 2 struins
show grczltl)" (;nh:mcod UV-induced intragenic recombination (Snow, 1968;
Hunnable and Cox, 1971; Kowalski and Laskowski, 1975).. Strains homozygous
for rad 1, rad 3 or rad 4 also exhibit increases (Snow, 1968; Hunnable and
Cox, 1971) but to-a lesser cxtent.  Snow (1968) has also reported increas-

ed UV-induced homozygosis for rad 1, rad 2, rad & and rad 4 homozygotes.

Ae

The RAD 18 Pathway

In addition to their common UV- and X-ray sensitivities (Snow, 1967;
Cox and Parry, 1968; Resnick, .9'6Y: Lemontt, 1971a), mutants of the genes
in this epistasis group (84D i.. D6, REV 1, REV 2 (%D 5) and REV §) are
characterized by a reduction in UV-mutability (Lemontt, 197la; Lawrence
93_31; 1974). Two other genes have been implicated in UV-mutagenesis by
this criterion, RAD 8 and 4D 9 (Lawrence et al, 1974; Eckardt et al, 1975;

Lawrence and Chris;ensen, 1976) and are considered part of the R4 18

system.



\

The data of Lawvrence and Christensen (1970) andicate that BV
mutapgenesis is essentially dependent on the function of the W00 and
REV & gene products, and that those ot the other pones are only reguired

for particular mutational cvents.  The finding of Prakash (1970, 1970

s

that very 1ow frequencies of reversion mutations are induced o et o

vl

and »ad 9 strains by several chemical mutagens, amony them ethylne thane -

A
sulphonate, supports the contention that at least some of the genes in
I i ) .
this pathwmv are invelved in induced mutagenesis,
The #4278 system may not however by the only system that resolves
chemical-induced lesions mutagenically,  Prakash (1971) showed that
nitrous acid and nitrosoimidazolidone are mutapenic in »od 0 and pol P

L
¢

strains.,
> . <
It should be noted that the extensive induced-mutapenesis studien of

Lawrence ot al (1974), Lawrence and Christensen (1976) and Prakash (1974,

L 4
1976) were all carricd out on heterozyveous mating-tyvpe diploids.  The

significance of this will be discussed later. |

Mutations at some of these loci have also been shown to affect re-
combination. lHomozygous radé-I1 diploids are blocked in sporulation and do
not exhibit X-ray induced:ﬁitotic cgossing»ovcf (Cox- and Game, 1974).
Diploid strains homozygous for rad®-J show no spontancous or UV-induced
inter- or intragenic recombination (Kowalski and Laskowski, 19%5).

Lemontt (1971¢) has reported that strains homozvgous for rev 7, rev o or

rev 3 exhibit increased UV-dmduced homo:zvgosis.

The RAD 51 Pathway

On the basis of interactions following UV-cexposure RAD &0 and 34D 53

were assigned to this pathway {(Cox and Game, 1974). Mutation of cither



results in only slight UV-sensitivity suggesting that Ihcy’lwluf\;llninor
role in the handling of H\\"--imlucml damage.  In contrast to this is the
major involvement of ?A? &0 and WA O in the processing 0;’ ionizing
radiation inducced damage, as jndicnrod by the sensitivity of rad 60 uhd
rad &1 strains to X-rvays(sce Game and Mortimer, 107.4) .

X-Ray Sensitivity in Yeast

-
The assigning of the radiation-sensitive mutants of youér to repair
pathways is complicuated by the fact that many of the mutants are sensi-
tive to both UV- and X-irradiation (séc'Gumc and Mortimer, 1974). So it
is that rad ¢ and rad 18, whose cpistatic inpprncrion for UV-cxposure
places thcﬁ in the same repair sequence, are assigned to differcnrﬂx-rny
rccovcry"proccsscs on the basis of their intgrnction on X—ruy'cxposuro
(Game and Mortimer, 1974). These authors also showed that the presence
. of rad50-1, radsl-1, rad5i-1, rads3-1 and radod-I1 with rad6-1 and radl8-I
in the same strain did not render this strain aﬁy more sensitive to X-rays
than the radf-1 radl8-1 QQuble mutant, indicating that no further recovery
processes were blocked by any of the additional 5 mutants. The syncrgiétic
interactioﬁ of rad 6 or rad 18 with rad 51 seen on UV—exbosurc (Game and
Cox, 1973) is not secn here.
The observation of Mortimer (cited in &ame and Mortimer, 1974) that
a radl8-2 rads2-1 double mutant is no more sensitive than the septuple
mutant or the rad 6 rad 18 double mutant, mentioned earlier, in conjunction
with that of Game (cited in Haymes, i975) that rgj 52 and rad 54 are /
‘epistatic to rad $1, leads to the following scheme for X-ray interactlons.
if one uses the criteria gstablished for UV-interactions: * rad 6, rad &1,
rad 52 and rad 54 are part of one repair system; rad 18 is part of another,
/

-~

and rad 53 is .in one of these.
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As yet the other § X-ray sensitivity penes (rade &, 8, 11, 10, 18
P Y oy El R B 3 3

17, 686, 66 and &7) huvg not been tested for interactions following X—rgy
exposure.

vP]oioIropic effects of some of the loci concerned primarily with
X-ray sensitivity have been reported.  Strains carrving rad gﬂ, rad &1,
rad &8 or rad b&7are slightly sensitive to UV-light (Game and Mortimer,
1974; Resnick, 1975). In homi;ygous condition raJdn $0-57 result in a
reduction of sporu]ution‘froquoncics and/or spore viability (Game and
Mortimer, 1974). Homozygous r»addl-1  strains arve deficient in‘rudinrion—
induced intra- and iﬁtcrgcnit recombination (Sacki et al, 1974).‘

) \

Homozygous rad 62 strains are deficient in UV- and X-ray-induced
intragenic recombination (Resnick, 1975) and arc unable to repair DNA
double-strand breaks induced by X-irradiation (Ho »nd Mortimer, 1975;
Resnick, 1975). Prakash (1976) has shown that rad 52 homozygotes exhibit
very ]ow.frcquogcicé of EMS-induced mutations, implicating this gene, with
r&d 6 and rad 9, in mutﬁgenic repair.  rad o2 and rad 50 strains, like

rad 6, rad @ and rad 18, also exhibit sensitivity to methylmethanesul-

phonate (Zimmermann, 1968; Brendel and Haynes, 1973).
The Role of Mating-Type in Repair in Diploids

Mortimer &1958) and Laskowski (1962) showed thatldiploid yeast
heterozygous. (a/a) at the ﬁar@ng—typc locus were more resistant to X-ray
inactivation than homozygous (a/a.or a/a) mating-type diploids. Further-
more, the frequency of UV—light induced intrageniv recombiﬁation in a/a
and a/a diploids is reduced compared to a/a diplc b (Friis and Roman,

1968). The inference can be drawn from these observations that the presence

of both a and a alleles in a diploid may producc effects over and above



those expected on the basis of incron5&Qﬁ>loidy atone. This is sceen in
the data of Mortimer (1958). The homozypous mating-tyvpe diploids, while
more sensitive to X-ray inactivation than the /0 Strains, were never-
1h0]oss'morc resistant than the hnploidg.

The observation that @/« diploids homozygous for rad &2 (among

whose cffects are X-ray sensitivity, reduced induced intragenic recombin-

ation and reduced sporulation cfficiency) do not have increased resistance

to X-rays when compared with their a/a or a/a counterparts (lo and
Mortimer, 1973) and arc unable to repair induced-double strand breaks,
lénds to the conclusion that the "@/a qffcct” is a manifestation of a
recombinational process which is @/a dependent and requires the function
of the RAD 52 gene product (Ho and Mortimer, 1975; Resnick, 1975).
Strains bearing rad 52 exhibit  mutator phenotype (von Borstel ct al,
1968), suggestinﬁ a relationship between this repair process and spontan-

eous mutability.
Mutator Activity and DNA Repair in Ycast

The assumption that DNA lesions, induced in a-strain in which a
repalr bathway is blocked, may be processed via the unblocked routes, is
implicit in the scheme used to define the pathways of repair of UV-induced
damage (Gamc and Cox, 1973; Brendel and Haynes, 1973). Such escape will
apply primarily when the biock is in the first step of a recovery process
since incoﬁpletcly resolved lesions, arriving at a block. further down a.
pathway, may not be a fit substrate for further processing by any system,

and result in cell death. If one, or more hpaoocesses which handle

induced lesions do so mutagenically, then a block at the first step of
a non-mutagenic route can result in channelling of lesions intc the muta-

genic repair pathways. This was a major part of the argument of Hastings

’



et al (1976). Taking it further, they suggested that spontancous lesions

may also be subject to such channelling. They offered this as an ecxplan-

ation of the mutator activity (increased spontancous mutation rates)

obgcrvcd for some radiation-sensitive mutants of 'veast (von Borstel et al,
1968; Suslova and Zakharov, 1971; Brychey, 1974).

The work of Brychcy lends support to this argument. She showed that
rad 5, the first step (hypothetically at lecast) in the excision repair \
pathway was n‘mutntgr, but rad 1, rad £ and rad 4, three later steps,
were not.

The first step requirement is not absolute insofar as any block
which results in an incompletely processed 1csi§n that is a fit substrate
for:continued processing by another pathway, may still result in mutation.
This provides a not unrcasonable rntionalj;atiog‘of the mutator activity
seen in strains carrying rad 60, rad 51,vrﬁd 52 or rad 54 (von Borstel et
al, 1968; Suslova and Zakharov, 1971), only onc of which (rad 61) has
been identified as a first step.

Further support for the hypothesis of Hastings gﬁ_gl_(1976) comcs*‘;
from their observation that of thé eight mutator loci identified all but
_two also exhibit sensitivity to agents whose effccts on DNA arc subject
to.repair; Strains carrying mut 1 or MUT 6 are resistant to the 3 agents
tested, X-rays, UV-light and mcthylmcthancsuiphbnate fMMS). Mutants at
the remaining 6 loci are all sensitive to MMS, but differ-in their re-
sponses to insult by X-rays or UV-light: mut 3 strains are resistant to
‘bptﬁ’ﬁ;iéys‘and UV-light; nmut 3 and mut ¢ strains are resistant to X-rays

R ‘
aﬁ@ weakly sensitive to UV; mut 5 strains show marked sensitivity to
X-f;§s, but'only weak sensitivity to UV; mut 9 strains exhibit slight

sensitivity to both, and mut 10-bearing strains are sensitive to X-Tays’
. & '

but not to UV-light. While the pleiotropic sensitivities of some of



the mutators provide evidence, that there is dn'intcrnction between the
mutator loci and the DNA repair systems of yeast, they do'not in them-
selves provide evidence that the mutators gre part of thosc‘systdms (cf.
the dawm mutants of X, cal% discussed earlier).

/

.

The Problem -

When this investigation was initiated, it was clear that if further
progress-was to be made on the way to understanding the mechanisms of
sponranoods mutability in yeast, extensive additional characterization
of the mutator mutants would be essential. 1t scemed clear too that the
relationship which appeared to exist between the mutator loci and the DNA
repair systems had to be exploited, if for no other recason than that it
was then the only reasonable and available context in which to consider
them.

The approach taken was to expand the characterization with respect

to paramcfcrs that would confirm and clarify the relationship of .the muta-
$ with the repair systcm;. The paramcters used were UV-mutability,
nduced recombination and the effect of mating-type constitution on
spontaneous mutability. The last was included in the hope that it would
in. ' .ate whether any channelling relationship exist54b¢tweén the a/a-
dependent repair process and -the mutator loci. The other parameters were
used because each of the epistasis-groups deécribed carlier is character-

ized by the particular effect mutation at its constituent loci has on them.



MATERTALS AND METHODS
Strains

The genotypes of the strains used in the construction of stocks for
use in this study are contained in Table 1. a and o.identify the mating-
type alleles: ery I identifies strains which arc enpropleurine-resistant;

-

ura 3, hom 3, his 1, arg 4 and arg 6, lys 1, ade 2 and trp & idonﬁify
recessive alleles whose presence in -haploids results in nutririongi re-
quirement for urncil, homoserine, histidine, argininc, lysine, adenine

and tryptophﬁn respectively; mut identifies an allele at a”mutator locus--
‘the.pnrtilear locus and allcle is identified by the numbers which follow
the 3 letter designation.

Each of the mut-bearing hapléids'was crossed to KF164-61. A méiotic
product from each of these diploids of the following genotype, u'hi$1L015
arg 6 lysl-1 trp5-48 mut, was selected and crossed to a cryptopleurine-
resistant isolate of KF164-98. The hapleid parents of the dip]bids used
in-the characterization studies of mut;bearing strains were derived from
dissection of this last set of diploids. The genotypes of these haploid

strains are contained in Table 2. The diploids used and their haploid

parents are listed in Table 3.

17
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TABLE

3

The origin of the diploid strains used in the characterization studies

.

Diploid

Haploid parents
Xl

KF186
KF187
KFISS
KF189

KI'190
K¥F191
KF192
K¥1903

KF194
KF195
KF196
KF197

KF198
KF199
KF200
KF201

KE172- 6B x
KF172- 6B x
KF172-13D x
KF172-15D

KF174- 4A x

KF174- 4A
KF174- 7A

KF174- 7A x

KF176- 7C

KF176- 7C >
KF176-11D x

KF176-11D

KF177- 6D
KF177- 6D

KF177- 7A

KF177- 7A

v

KFF172-14D
KF172- 1D
KF172-14D

KF172- 1D
KF174- 4C
x KF174- 2D
« KF174- 4C

KF174- 2D

« KF176- 1B

KF176-11C
KF176- 1B
KF176-11C

< KF177- 5D

KF177- 2A
KF177- 5D
KF177- 2A

(cont'd)
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Diploid

Haploid parents

KFgu2
KF£Q3
K120
K205
KF217
KF218
K219

K¥220 .

KF221
KI222
KF223
KF224
KF225
KE226
KF227
KF229
KF231

KF206
KF207
KF208
KF209

KF210
KF211
KF212
KF213

KF214
KF215
KF216

KF179- 1A x
KF179- 1A >
KE179- 4A
KF179- 1A x
KF179- 1A x
KF179- 2B x
KF179- 2B

CKF179- 27 x
KF179- 1B >
KF179- 2A
KF179- 3B
KF179- 4C
KF179- 1A
KF179- 3B
KF179- 4A
KF179- 1D

" KF179- 2D
KF181-25C
KF181-25C
KF181-13A
KF181-13A
KF183-10B
KF183-10B
KF183- 9C
KF183- 9C
KF185- 8A

KF185- 8A
KF185- 1B

KF179-10C
KF179- 1D
KF179-10C
KFF179- 1D
KF179- 1C
KF179-11D
KF179- 2C
KF179- 4n
KF179- 1D

< KF179- 2D

KF179- 4D

KF179- 4D

KF179- 4D

« KF179-10C
X KF179- 3
2

i

KF179-
KF179- 4A

&=

KF181-18D
KF181-11D
KF181-18D

< KF181-11D

KF183- 2B
KF183- 2A
KF183- 2B
KF183- 2A

KF185- 1.
KF176-11C
KF176-11D




Media

" YD:

&

MC:

1% Bacto-ycast extract, 2% Bacto;pcptone; 2% dextrose and 2%
Bacto-agar in distilled water.

1% Bacto-yeast extract, 2% Bacto-peptone, 3% plycerol and

2% Bacto-agar in distilled water.

1% Bacto-ycast extract, 2% Bacto-peptone and 1% p&tussium
acetate in distilled water.

.67% Bacto-ycast nitrdgen base without amino acids, 2% dextrose

and 2% Bacto-agar in distililed water, to which is added 20 mg

of cach of adenine, uracil, arginine, histidine, lysine and:

methionine, 30 mg of leucine, and 350 mg of threconine in a

total of 100.5 ml of stock solutions/litre of medium.

Omission media: MC without one or more of the amino acid or base

can

cry:

supplements--in the text referred to as "~ (abbreviation for
supplement)'.

-arg ngium containing approximately 60 um/ml canavanine sul-
phate: 6 ml of filter-sterilized stock solution (1 mg/ml1)
added to each 1 litre batch of autoclaved medium.

2 uM cryptopleurine (Chemsea Pty) in YD: 2 ml of filter-
sterilized cryptopleurine stock (1 mM) added to 1 litre of

autoclaved YD.

Sporulation media;

+ . [) [

F': 1% potassium acetate, .l%s dextrose, .25% yeast extract,
2% Bacto-agar, and amino acids and bases as in MC, in
distilled water.

1% KAc: 1% potassium acetate in distilled water.
\\

Y
1



Mating, Sporulation and Ascus Disscction

For the production of diploids, small amounts of the parental hap:

/ ;
loid strains were grown for 8-24 hours on YD plates and Aubseqdently
7
v
mixed topether. After 2-4 hours individual zypotes werdyolated by

micromanipulation using a de Fonbrune micromanipulator and the plate

-
e

incubated dt 26°C for three davs, When larger numbers of cells were
required the 3 - day zygotic clones were streaked on fresh YD plates.

To obtain asci, actively growing cells were transferred from YD

. ‘+ - . . - .
medium to I sporulation medium by streaking or by replica-plating, and
. o o+ . .
incubated at 26°C. F medium allows limited growth of the cells before
sporulation. Asci are discernible as carly as 21 hours after transfer,
but ascus disscction was not usually begun until at lcast 48 hours.

Asci were prepared for disscction by suspension in 0.5 ml of a 1:10
“dilution of glusulase (Endo) in distilled water and incubation at room
temperature for 1-2 hours. After this time, the digestion mixture was
diluted with 5 ml of sterile distilled water and a small amount of the
ascal preparation streaked directly on YD plates. Tetrads were dissect-
ed by micromanipulation. After 3 days incubation (5 days if growth was

slow) the spore clones were replica-plated to the appropriate media to

score phenotypes. Scoring was usually carried out 18-24 hours later.
Plate Test for Detection of the Mutator Phemotype: the "Lassie" Test

Strains to be checked for the mutator phénotype (increased spontan-
eous mutation) were incubated overnight on YD plates. The cells were
then suspended in steriie distilled water, the concentration adjusted
to 5 x 106-1 X 107 cells/ml and 0.5 ml plated on each of an MC and a

-1ys plate. Following incubation for 10 days at 267C the number oﬁf

v

y,//“\ Vi
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colonies on cach determined. The difference between the two figures
1s the number of lysine-independent cells that arose by spontancous
mutation during the lysine-limited  «th on MC medium. For the mutator
strains involved in this work the difference was ordinarily in excess

~of 150, and for non-mutators under 50.

Ultraviolet light (UV) Irradiation

Cells of the strains to be tested were grown on YD at 26°C for 3
days. (ell suspensions were then prepared, their concentration adjusted
to 1 x ]OS cells/ml and a series of dilutions made. For cach of the
doscs uséd 0.25 or O.Slml of a suitably diluted suspension was spread
on cach of 2 or 4 YD plates to doterminq.furvival‘and intergenic recom-
bination frequencies! The latter was determined by the frequency of
rédéﬁplonies or sectors, which were indicative of homozfgosis of a&c?—],
for which all .diploids tested were heterozygous.

The kinctics.of UV-induced intragenic rece  “nation was determined
by scoring the frequency of histidine prototrophs produced in diploid
célls, heteroallelic at his 1, by cxﬁosure at various doses. Mutation
induction was measured by sgéring the production of lysinc independent
cells in theéé same diploids, all of which were homozygous lysI-1.
Platings of 0.25 or 0.5 ml of suitably diluted suspensions were .made
on —ﬁis‘and -iys media.

The ultraviblet light source used was a single low pressure mercury
vapour lamp (Sylvaﬁia GSOT85. The incidenf eﬁergy at the éurface of
the medium, as determined w1th a Latarjet Dosimetre, was approx1mate1y
1.4 Joﬁ%es/m /sec' The cells were exposed to UV in the dark, 4 plates
at a time, and the plates incubated, also in the dark, for 5 days at 26°

before scoring.

~



Gamma Ray Trradiation

!
I

The procedures used were essentially the same as those for UV-1rrad-
Co . . 60, . . . .
iation. The X-ray source was Co in a Gammace:!l .00 (Atomic Energy of

Canada Ltd.). The dose rate was 2 krad/min.
Randor "pore Analysis

Diploids were prepared and sporulated as described in "Mating,
Sporulation and Disscction". After 4 days incubation on ' mediwn the
sporulated mixture was suspended in .5M sodium thicglycolate in .3M Tris
(pHl 8.8) and incubated at room temperature (about 21°) for 2 hours. The
cells were collected by centrifugation, washed once with distilled water,
resuspended in 0.2 ml undiluted "Glusulasc" (Endo Laboratories), and
incubated at 30° for 2 hours. Following dilution in 5 ml distilled
water, the cells were pelleted by centrifugation, the supernatant dis-
carded and the pellet resusyended in 5 ml distilled water. The concen-
tration at this point was usually around 107 cells/ml.

The separation of spores and the rupturé of the remaining diploid
cells was accomplished usingta continuous flow, French pressure cell
(American Instrﬁment Co.). Very effective spore separation was usually
obtained when the suspension was expelled from the cell at a pressure of
12000 psi. Whgn greater than 1% unseparatgd spores and/or unruptured
diploids were found when spore counts were made using a hemocytomcter,
the suspension was passed through the cell again. The pressure cell was
sterilized with 1% Roccal (1 hour exposure). Before iodding the digested
mixture, residual Roccal was diluted by flushing the cell 3-5 times with

40 ml sterile distilled water.



-

Parameciosis

Singlc, 3-day zypotic clones of cach of the Straing to be processed
were transferred from YD medium to S ml YA (pre-sporulation medium) in
IS5 x 150 mm tubes and incubated at 26°, with vigorous acration, for 24
hours. Following dilution in fresh YA ﬁcdium, to approximately 10S cells/
ml, 7 ml samples of each were reincubated under the same conditions untii
the concentration of cells in the cultures reached approximately 107
cells/ml. The cells were co]loctcd'by centrifugation, washed twice
with 1% KAc mcdiﬁn, and finally suspended in 7 ml1 of 1% KAc. Samples
of cach culture were taken before incubation at 26°, with vigorous aera-
tion, was coﬁtinucd.

Sampling consisted of removing 0.7 mi of suspension; 0.1 ml of this
was ad@od to 4% formaldehyde for use in scoring the frequency of asci;
0.1 ml was diluted serially to 1074 and aliquots plated on YD medipm to
determine relative viabil: - :JO.ZS ml was plated on cach of 2 -his plates
to score prototroph frequency. At 24 and 44 hours di]utéd samples were

plated on -his medium. 11 plates were scored after 3-4 days inciuty

at 26°.
Preparation of Homozygous Mating-type Diploids

To assess the effect of mating type on spéhtaneous mutability in
diploids it was necessary to render the mating-type locus homozygous. It
was in anticipation of this necessity that cryptopleurine resistance was

introduced during stock building. Sut¢h resistance can be obtained by

mutation at only one locus in S. cerevisiae. This gene, designated CRY 1,

\\"s approximately 2 cM proximal to the mating-type locus on-linkage group
1§ app p Yp

Ii}\éGrant et al., 1974).
\ T
N

N,
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The mutant allele used in this study was of spontancous origin. It
_ . 8 S .
was sclected by plating 10 cells of strain KF164-98 on ery medium and
incubating the plates at 26° for 5 days. The cryptopleurine resistant
(cry R) clones which developed were recloned on YD and retested on c¢ry

medium. A sample of those which were clegrly resistant were crosscd to

a sensitive strain and the resultant diplpids checggd\for sensitivity to o
cryptopleurine. A single mutation whichjwas unambiguously recessive was
used in stock building. \ .

Homozygous mating type diploids were sclected from among ery R
“isolates of a ery 1/w + diploids. These are expected to arise primarily
as a result of spontancous mitotic’ crossing-over proximal to ery I,
giving simultaneous homozygosis of cry I and a mating type. Cryptopleurine
resistant clones which were still heterozygous for mating- type were also
ssolated. Whether these were the result of rccombination.or mutation s
not known. They did however provide a very useful control in the spon-
tancous mutation study. To rule out the possibility that the cry R clones
were the result of rare sporulation events, these strains were replica-

P

plated to omission media to ensurc that none of the other heterozygous
recessive markers in the diploids had been uncovered. All such strains

were discarded. The mating-type genotypes of all strains used were inferred

from mating and sporulation abilities. v//
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RESULTS

The Effects of Mutator Alleles on UV-inactivation, andiUV-induction of

Mutation and Recombination

mt1-1

The data obtained when thcmMNt I-bearing diploids were tested for
UV-inactivation and the induction 5?'mutation and. intragenic recombina-.
tion are contained in Table¢ 4, and plotted in Figures 1,'2\bng\3 rcspec—‘
tively. The results on induction of homozygosis are presented Xn Table

. . 1

5. ,‘

For the sake of clarity, only the homozygous mut I diploid's surviv-
al curve has been included in Figure 1. .It is clear that mut I has no

appreciable effect on UV-sensitivity. The mutation induction curves

(Figure 2) would seem to indicate that the mut 1 homozygote exhibits

-

slightly higher UV—murability at ]Qw doses than the wild type or hetero-
zygous strains. A comparison of these results with thosc that follow
for the other sets of diplbids willhshow that the mut 1/mut 1 curve is
well within the range that can be obtained from wi]d'typo diploids.
The presence of mut 1 does not appear to affect the frequencies of induced
intra- or intergenic récombinants (Figure 3 fnd Table 5). |
It should be noted thgt‘the slopes of the final phases of all the
UV-induction curves are different from the initial slopes. This was
found in all cases where data}vae obtained for very hig'{uoses. Tﬁe
transition betweeﬁ the two took many forms: In some cases if appeared

as a simple inflection in the curve. In others a plateau, or a decline,

intervened. The possible significance of these will be- discussed later.

30



TABLE 4
The Effect of mutZ-1 on UV inactivation and Prototroph Induction!

A. KF186  (muti-1/mutl-1 ; hisl~315/his1-1)2

‘ Frequency of , Frequency of
histidine lysine
Dose Survival (%) prototrophs revertants .
(J/m2) . —— ( /104 survivors)3 ( /105 survivors)3
N )

0o . 100 (749)” .091 (143)" .196 (1545)*"
21 102 (801) 2.96 (244) 2.91 (241)
42 87.7 (692) 6.82 (478) 4,66 (336)
63 52.0 (410) 9.99 (411) 6.19 (262)
84 20.0 (316) 9.66, f154) 5.88 (96)

105 5.3 (83) 13 (55) 8.0 ©(34)
126 . 1.0 (79) 32 .+ (50) 6.1 (10)
147 .274 (216) 13 (27) 2 (1
168 ‘ .027 (43) 61 (13) .42 (9)
189 . .0024 (19) 160 - (6) 630 (12)
210 .0011 (17) 140 - (2) 240 (2)

1 Strains construgted from meiotic products of KF172
2 Al1 strains homozygous lysl-1
3 Induction frequencies corrected for spontaneous level

% Colony counts on which frequencies based



TABL

E 4 (cont'd)

B. KF187 (mutl-1/ + ; his1-315/hisl1-1)

?‘

Frequency of
histidine

Frequency of

lysine

Dose Survival (%) ’ prototrophs revertants
(J/m?) s (/104 survivors) ( /10% survivors)
0 100 (813) .12 (195) .11 (93)
21 96.9 (788) .92 (82) 1.21 (104)
42 94.6 (769) 2.84 (227) 2.69 . (215)
63 63.2 (514) 4.39 (232) 4.09 (216)
84 30.0 (488) 4.96 (124) 4.03 (101)
105 10.6 (172) 6.4 (56) 2.8. (25)
126 1.55 (126) 15 (37) 9.8 (25)
147 .282 (229) 15 (35) 13 (6)
168 .045 (73) 30 (11) 100 (38)
189 .0043 (35) (0) 140 (5)
210 .0019 (31) 320 (49) 190 (3)
C. KF188 (mutl-1/ + ; hisl-1/his1-315) ‘
Frequency of Frequency of
‘ . histidine - lysine
Dose Survival (%) protoﬁrophs. revertants
(J/m2) ( /107 survivors) ( /10° Survivors)
0 100 (1068) .046 (98) 017 (37)
21 96.2 (1027) 2.40  (252) 1.31 (137)
42 90.0 [(961) 6.37 (617) 3.18 (308)
63 51.9 (554) 10.9 (603) 5.67 (315)
84 20.1 (429) 13.0 "(279) 8.74 (188)
105 6.37 (136) 19.6 (133) 4.8 (33)
126 1.12 (120) 16 (39) 8.7 (21)
147 .175 (187) 78:6 (147) - 20 (7
168 014 . (29) 260 (37) 260" (37)
189 .0025 | (27) 280 (15) 410 (11
210 .0016 . (34) 1050 (178) 200 - (4)

2
to



TABLE 4 (cont'd)

D. KF18 ( + / + 5 hisl1-315/hisl-1)

Frequency of
histidine
Dos Survival (%) prototrophs

Frequency of
lysine
revertants

(J/m.) ( /104 survivors) ( /lO5 survivors)
0 100 (833) .019 (31) .005 (1)
21 97.5 (812) .93 (77) 1.27 (103)
42 102 (846) 2,31 (197) 2.61 (221)
63 63.3 (527) 4.82° © (255) 4.19 ©o221)
84 29.6 (493) 6.07 (150) 3.7 (92)
105 8.64 (144) 8.9 (64) 4.4 (32)
126 2,10 (175) 14 (48) 7.4 (26)
147 .389. (324) 25 (82) 6 (4)
168 .0900  (150) 13 ©(10) 29 - (22)
189 .0187 (156) 32 . (10) 64 (10)
210 .0030 (50) - 280 (70) 160 (4)

2]
2!



TABLE 5

The Effect of mutl-1 on UV-induced Homozygosis of ade 2

Frequency of ade 2 homozygotes! (%)

Mutator

. 2 ; :
Strain . genotype 21 J/m” 42 J/m2 ) 63 J/m2
KF186  mutl-1/mutI-1 2.2 (18)2102% 3.6 (25) 87.7 9.0 (37) 52.0
KF187  muti-1/ * 2.0 (16) 96.9 2.9 (22) 94.6 7.8 (40) 63.2
K%188 +  /mutl-1 1.6 (16) 96.2 5.5 (54) 90.0 7.4 (41) 51.9
KF189. + / + 1.7 (14) 97.5 3.7 (31) 102 7.0 (37) 63i3

! As ipdicated by red |
. 2 Number of sectors on which frequency based

3 Percent survival
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Figure 1 Survival after UV-irradiation of mutl-1 bearing diploid

. strains
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Figure 2 1lysl-1 reversion dose-response curves for mutl-I-bearing

diploid strains’



FREQUENCY OF HISTIDINE PROTOTROPHS ( /10% survivors)
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Figure 3 Dose-response curves for intragenic recombination in hetero-

allelic his 1 diploid strains carrying mutl-I



mutd-1
The results collected for KE190,-a muti-1 homozygote, and 2 related

strains are presented in Tables 6 and 7 and Figures 4-6. A very s1ight

UV-sensitivity is scen for the mut 2 homozygote (Figure 4). The frequen-

cies of lysine revertants for the mut 2 homo:ygote;nxwplbttod in Figure 5.

Little difference is scen between this curve and thosc of the hctorb:y~
gotes and the wild type from the mut I set. Intragcﬁic recombination
induction tor the muet 2 strains do not differ appreciably over the range
21-84 J/m2 (Figure 6). Their responses at doses in excess of this are
quite variable. Intergenic recombination frequencies (Table 7) are also
unaffcctcd by mut 2. |
mu£3—1

Tables 8 and 9 and Figures 7-9 contain the data collected on the
mut 3 strains. The weak sensitivity reported for mut 3 strains (Hastings

et al, 1976) is not discemnible in Figure 7. Apart from the variability

in the transition phdse, both the mutation and the fecombindtion induc-
tion curves (Figures| 8 and 9 respéctively) indicate no cffect of mut 3.
No obvious influence\of mut 3 on induced homozygosis is seen in Table 9.
mutd-1 |
'Homozygous mut 4 diploids exhibit an increased sénsitivity to UV;,
1 t (Table 10 and Figure 10). The inflection in the mut 4/mut 4 curve

at 63‘5/m2 indicates the presence of a resistant sub-population of cells.

Mutation induction is essentially unaffected by the presence of mut 4

0

‘(Table 10 and Figure 11).

The wide range of frequencies of induced histidine prototropﬁs, and
the slight.elevation of the mut 4/mut 4 curves (Table 10 and Figuré 12)

prompted a second look. The additional data, contained in Table 11 failed

i



TABLE o
The Effect of muwtl~1 on UV inactivation and Prototroph hiction!
A, RE100  (med8~1/metD=1 ; hicl-G1b/Ric1-1)7
Frequenc, tr Frequon (;)' ot
histidine lysine
Dosec v Survival (%) prototrophs revertants
(J/md) { /107 survivprs)q ( /10% survivors)?
0 100 (642)" .08 (105)" 61 (105"
21 95.0 (610) 1.69 (108) 1.58 (135)
42 91.6 (588) 4.17 (250) 3.67 (253)
63 70.7 (454) 5.43 (250) 5.98 (300)
84 39.3 (505) 6.93 (177) 6.89 (1909
105 14.8 (190) 4.7 (45) 1.5 (49}
126 4.58 (294) 3.5 (21) 7.1 (45)
147 .510 (655) 4.7 (31) 7.0 (10)
168 .179 ©(230) 8.7 (10) 48 (56)
189 .0364 (234) 13 (6) 67 (16)
210 .00283 -« (182) 30 T2 44 (4)

1 Strains constructed from meiotic products of KF174
2 All strains .homozygous lysl-I
3 Induction frequencies corrected .for spontaneous level

% Colony counts on which frequencies based

-
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TABLE ¢ (cont'd)

B,  KE190  (mutl-1/mtd-1 5 hicl-316/hisl-1)

’

Frequency of 4 Frequency of
_ histidine lysine
Dose © Survival (%) prototrophs revertants
(J/m2) ( /104 survivors) ( /10° survivors)
0 100 (945) .04 (69)
21 93.3 (882) 1.86 (1675)
42 92.2 (871) 4.87 (855)
63 . 65.9 (623) 8.27 (1036) Not scored
84 17.8 (1683) 12.7 (2144)
105 6.95 (657) 6.43  (425)
126 1.17  (2219) 13.7 (304)
C. KF192 (mut2-1/ + ; hisl-1/hisl-315) ‘ K
I8 - a4 \_-
Frequency. of Frequency of
K histidine lysine
bosc . Survival (%) prototrophs revertants
(J/m?) ( /104 survivors) ( /10° survivors)
0 100 -~ (1016) .09 (179)
21 94.2 (957) 2.04 (2258)
42 96.2 (977) 5.68 (1128) Not scored
63 . 80.2 - (815) 9.20 (1514)
84 33.6 (3410) 11.9 . (4052) '
105 13.7

(1389) 17.7 (2465)




TABLE 6 (cont'd)

D. KF193 (+ / + ; his1-315/hisl-1)

Frequency of - Frequency of
histidine lysine
Dose Survival (%) prototrophs revertiants
(J/mz) N ( /104 survivors) (-/105 survivors)
0 100 (588) .03 (38)
21 104 (614) 1.70 (102)
42 105 (618) 4.56 (270) .
84 71.8 (844) 6.68 (283) Not scored
105 38.8 (456) 6.42 (147)
126 10.5 (617) - 25.0 (309)
147 2.39 (2808) ~ 310 (435)
168 1.00 (1180) 19.7 (116)
189 .124 (729) 39 (57)
210 . .0315  (1854) 238 (442)
\X

——



TABLE 7\.
\
N

The Lffect of nmui2-71 on UV-induced Homo:ygos}k\?f ade &

-——.

N
\
\\\\ )

Frequencey of ade & homozvgotes! (%)

Mutator 5 5 5
Strain genotype 21 J/m” 42 J/m” 63 J/m”
KF190 muti-1/mutl-1 2.3 (11)° 93.3% 7.0 (29) 92.2 8.6 (27) 65.9
KF190 mut2-1/mut2-1 1.6 (11) 95.0 3.5 (22) 91.6 8.6 (40) 70.7
KF191 mutl-1/  + 1.3 (6) 94.2 4.3 (19) 56.2 5.2 (20) 80.2
KF193 + o+ 1.3 (i3) 91.3 2.7 (18) 94.9 4.5 (23) 80.0
(F193" + / + 1.1 (7) 104 1.8 (11) 105 8.3 (70) 71.8

1 As indicated by red

2 Number of sectors on which frequency based

3

“srcent survival
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TABLE 8
The Effcct of mut§¢2\on UV inactivation and Prototroph Induction!
v : '

A, KF194  (mutd/mut3 ; his1-315/his1~-1)7

Frequency of Frequency of . \\\(
: , histidine lysinc "
Dose Survival (%) prototrophs . revertants
(J/m2) ‘ - ( /104 survivors)3 ( /10° survivors)3
0 100 (486)" .15 (74)" .91 (aa)"
21 91.4 (444) 1.15 (575) 2.04 (131)
42 84.6 (411) . 4.25 (1809) °  5.88 (279)
63 47.1 (229) 7.05 (1649) 9.09 (230)
84 2i.6 (105) 12.9 (1369) 13.2 (148)
126 5.5 (17) 8.38 (145} 8.50. (16)
168 .074 (36) 79.7 (29)
210 .002 (1) 200 (20) 300 (3

¢

1 Strains constructed from meiotic products of KF176
2 A11 strains homozygous lysl-1
3 Induction frequencies corrected for spontaneous level

4 Colony counts on which frequencies based



TABLE.8  (cont'd)

B. KF194 (mut3/mutd ; his1-318/hisl-1)

-

Frequency of

Frequency of

histidine 1,sine

Dose Survival (%) prototrophs revertants
(J[mz) ( /104 survivors) ( /105 survivors)
0 100 (483) .06 (29) .31 (15)
21 86.7 (419) 1.19 (525) 1.7 (84)
42 187.0 . (420) 3.30 (1410) 4.67 (209)
63 53.6 (259) 6.55  (1711) 7.10 (192)
84 27.3 (132) 8.77 (1166) 6.6 “(91)
126 3.7 (18) 7.90 (153) 4.1 (8)
168 l.0269' (131) 34.1 (447) 18 (24)
210 .0025 (125 25.8 (31) 70 (8)

C. KF195 (mut3/ +

B

his1-3156/his1-1)

Frequency of

Frequency of

‘ histidine lysine -
Dose Survival (%) prototrophs revertants
(J/m2) ( /104 survivors) ( /10° survivors)
0 100 (405) 1.77 (718) .37 (15)
21 99.2 (402) .26 (816) 1.25 (65)
42 106 (428) 3.27 (2158) 4.85 (223)
63 65.7 (266) 6.67 (2246) 9.25 (256)
84 29.9 (121) . 10.3 (1470) 13.6 (169)
126 2.2 (9) 17.9 (163), 20 (18)
168 .09 (38) 60 (23)
210 (5) 140 (70) 80 - (4)




TABLE 8

|

/

i

i

{cont'd)

b. KF196 -(mut3/ + ; hisl-1/his1-315)

Frequency of

Frequency of

histidine lysine
Dose Survival (%) prototrophs revertants
(J/m2) ( /104 survivors) ( /105 survivors)
0 100 (382) .15 (59) .08 (3)
21 99.7 (381) 1.51 (638) 1.4 (58)
42 '89.3 " (341) 5.04 (1771) 5.73 (198)
63 74.9 (286) 7.91 (2305) 8.70 (251)
84 40.3 (154) 11.7 (1826) 13.3 (206)
126 3.9 - (15) 17.9 (271) 11 (17)
168 .15 (57) 79.8 (456) 32 (18)
210 .008 (3): 60 (18) 67 (2)
‘ ~
S

E. KF197 ( + / + ; his1-315/his1-1)

Frequency of

Frequency of

histidine lysine

Dose Survival (%) prototrophs revertants
(J/m2) : ( /104 survivors) ( /105 survivors)
0 100 (358) .23 (80) .08 (3)
21 98.9 (354) 4.34 (1615) 1.6 (58)
42 96.9 (347) 8.88 (3159) 3.72 (132)
63 41.9 (150) %}7;3 (2620) 6.1 ©(93)
84 22.3 (80) {7.1 (1382) 7.3 (59)
126 2.8 (10) 15.4 (154) 0)
168 084 - (30) 7538 (228) 23 )
210 008 (3) 100 * ¢ (30) (0)




TABLE 9 ’-\\\

The Effect of mut3-1 on UV-induced Homozygosis of ade 2

Frequency of ade 2 homozyvgotes! (%)

Mutator .
Strain genotype 21 J/m2 42 J/m2 63 J/m2
KF194 . mut3-1/mut3-1 .7' (4)%2 91.4% 3.6 (15) 84.6 8.7 (20) 47.1
KF194 mut3-1/mut3-1 2.6 (11) 86.7 4.0 (17) 87.0 5.0 (13) 53.6
KF195  mut3-1/ + .5 (2) 99.2 4.0 (17) 106 5.6 (15) 65.7
KF196 + /mut3-1 1.8 (7) 99.7 3.5 (12) 9.3 5.9 (17) 74.9
KF197 + / - + 1.4 (5) 98.9 4.0 (14) 96.9 9.3 (14) 41.9

b

! As indicated by red
2 Number of scctors on which frequency based

3 Percent survival
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TABLE 10

The Effcct of mutd-1 on UV inactivation and Prototroph Induction'

A. KF19§ (mutd /mutd hisJ—SJS/hisJ~I)7‘ P
‘ ‘Frequcncy of Frequency of
e ' , histidine lysine
Dose Survival (%) prototrophs . rovertants
(J/m?) ( /1()”1 survivors) ™ ( /10° survivors) 3
0 100 (530)" 013 (n" . .094 (5)"
21 89.4 (474) 6.26 £297) 77 (41)
42 60.9 (323) 14.7 (475) 2.4 (81)
63 17.4 > (92) 44.1 (406) 8.3 (77)
84 7.7 (41) 51.7 (212) 8.4 (35)
126 76 (@) 30 (12) 30 a2

“ -t

et (
1 Strains,Construcfcﬁ’from mciotiJ products of KF177
2 A11 strains homozygous lysl-I \\\\\

—————

3 Induction frequencies corrected for spontimeous level

4 Colony counts on which frequencies based



TARLE 10

(cont'd)

B. KF198  (rned - muet fal-d15hisl-1)
: | Frequency of Frequency of
) histidine lvsine ‘
: Dosg Survival (%) prototrophs revertants
(J/m=) ( X0 survivors) ( /10° survivors)
Lal — = -
0 100 . (561) 2 (60) 02 (1)
21 83.1 (466) “4.72 (225] 1.4 (64)
42 59.2 (332) 12.0 (401) 3.96 (132)
63 17.8 (100) 22.9 (230) 9.3 (93)
84 7.3 (41) i6 (66) 4.6 (19)
126 ' 0) (5)

C. ¥F199

(mutd/ + ; hisl1-315/his1-1)

el

. Dose Survival (%)
? (J/m?)
0 100 (/0.
21 92.5 (533)
42 85.2 (291"
63 44 .6 £57) -
84 18.8 (108)
126

.5 (3)

Frequency of

—E; .
-equency of

histidine . Jysine
prototrophs revertants
( /104 survivors) ( /10S survivors)
076 (44)
3.35 (183)
8.05 y (399) |
11.4 (296) Not scored -
9.37  (102) !
20 6)

@
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TABLE 10 (cont'd)

(et 2/ + ; hisl-1/hicl1-318)

D.  KF200
Frequency of EFrequency of
histidine lysine
Dose Survival (%) prototrophs revertants
(J/m2) ( /104’survivors) ( /100 SUTVIVOTS)
0 100 (565) .032 (18) (0)
21 105 (593) 1.3 (76) .79 (47)
42 99.3 (561) 3.71 (210) 2.41 (135)
63 70.4 (398) . (261) 5.15 (205)
84 39.5 (223) / (163) 5.92 (132)
126 6.4 (36) 3.3 (12) 5.83 (21)
568 18 (1 10 (1) (0)

«

E. KF201a ( + / + ; hisl-515/his1-1)

Frequency of

Frequency of

histidine lysine

Dose Survival (%) prototrophs revertants
(J/mz) o ( /104 survivors) ( /10° survivors)
0 10( (917) .016 (15) .01 1)
21 00 (917) 1.60 (149) - .76 (71)
42 / 83.8  (768) 3.37 (260) ™ 2.11 (163)
63 60.5 (555) . 6.68 (372) 3.05 (170)
84 31.4 (288) 755 {218) 3.98 (115)
12: 3.1 (28) - 8.19 (23) 2.85 (8)
168 1 (1) 30 (3) ' 0)

2]
Bl



TABLE 1:

The Effect of mut -7 on UW-inactivation and UV-induced Intragenic

Recombination!

A, KF198  (muetd-1/muti-1 ; hisl1-315/hicl-1)

Dose Survival (%) Frequency of histidine
(J/m2) prototrophs ( /10} survivors)?
0 100 (527)3 . .075 (79) 3
21 wL20 (512) 3.23  (1643)
4; - 67.6  (356) 10.1 (1520)"
6. 22.8  (240) 15.7 > Whtos)
84 2.6 (27) Ssﬁdﬁ%ah.(395)

\

B. K¥F201 (+ / + ; hisl-315/hisl-1)

B - I
\  Dose Survival (%) Frequency of histidine. - z-‘?
,(//:} (J/m?) prototrophs ( /107 survivers?; ‘T?:?‘
< - BESETIE
- T 100 (197) A1 aa) S
27 ' 100 (199) 4.76  (1940)
42 78.2 (154) 11.6 .~ (1795)
63 47.0 (185) : 15.2 5 (1416)
% 84 1004 (41) ' 43.7 (898)

4
14

C. KF199 (mutd-1/ + ; hisl-315/hisi-1)

Dose Survival (%) Frequency of histidine
(J/m2) prototrophs ( /104 Survivors)‘
0 100 (g;ﬁj - .060 . (26)
21 95.9  (209) . 2.75 (588)
42 - 94.0 (205) T 416.09  (1260)
63 62.8 (273) -~ 12.1 (1662) }

84 30.7  (134) 28.6 - (1920)

I\Strains constructed from meiotic products of KF177
2 Induction frequencies corrected for spontaneous level

3 Colony counts: on which frequencies based

+



TABLE 12

The Effect of mutd-1 on UV-induced Homozygosis of ade

fa

o

&

Frequency of ade 2 homozygotes! (%)
Mutator > 5 5
Strain genotype '\21 J/m 42 J/m 63 J/m”
KF198 ~ mutd-1/mutd-1 3.6 (17)% 89.43 6.2 (20) 60.9 5.4 (5) 17.4
KF198  mutd-1/mutd-1 2.1 (10} 83.1 4.2 (14) 59.2 2.0 (2) 17.8
KF200 °  + /mutd-1 1.4 (8) 105 4.1 (23) 99.3 3.3 (13) 70.4
KF201 + / + 1.6 (15) 100 4.4 (34) "83.8 5.6 (31) 60.5
»
1 As indicated by red
2 Number of sectors on which frequency based
3 Percent survival ' o
e
A
.G
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to show the samec result. No major effect of mut 4 on UV-induced homozy-
gosis is apparent (Tuble 1J).
mut6-1

The results obtained from the testing of the strains carrying mut 6
are contained in Tables 13 and 11, and Figures 13-15. Homozygous mut 6
Aiploids do not exhibit any marked sensitivity to UV-light (Figure 13).
The mutation and recombination induction curves (Figures 14 and }5
réspectivcly) show no effect of mut 6 at low doses. The variability in
the transition region of éhe curve is again pronounced. The presence of

mut 7 as no consistent, effect on induced intergenic recombination (Table

S ; N n
N o

14).

mutd-1
‘ i
Homozygous mut9-1 strains exhibit slight, and somewhat variable,

sensitivity to UV-inactivation (Table 15 and Figure 16). No effect of
- . : o

mut 9 on UV-induced mutation (Table 15 and Figure 17) or UV-induced
homozygosis (Table 16) was observed. The induced intragenic recombina-&v
tion frequencies are lower for mut 9 homozygotes than the heterozygotes

or wild type (Tablei15 and Figure 18). Comparison of these curves with

those in Figure 24, which were obtained from wild type «.ploids from

mut & background, indicates that the mut 9ﬁ7ut 9 frequencies are neverthe-
RN i

less within the range that can be obtained from wild types.

o1



" TABLE 13

The Effegt of mut6é-~1 on UV inactivation and Prototroph Induction

A. KF206 (muté/mut6 ; his1-315/hisl-1)?

02

Frequency of

Frequency of

histidine lysine o
Dose Survival (%) -prototrophs TeveTtants« '@y -
(J/m?) v ( /104 survivors)? ( /10° survivors) 3
.0 100 (696)" .059 (41)" .17 (12)"
21 101 (700) 2.73 ' (195) .72 (62)
42 99.3 (691) 6.82 (477 2.06 (154)
63 71.5  (497) 12.9 (648) 3.87 (201)
84 42.9 (298) 16.9 (508) 5.80 (178)
126 9.10 63) 7 15 - (94) 3.32 (22)
168 1.4 (10) ( 3.0 (3) (0)

1 Strains constructed from meiotic products of KF18l
2 A1l strains homozygous ZysI-1
3 Induction frequencies corrected for sponta: s level

“ Colony counts on which frequencies based



TABLE 13 (cont'd)

B. KF206 (mut6/mut6 ; hisl-315/his1-1)

Frequency of

Frequency of

histidine lysine
Dosg¢ Survival (%) prototrophs revertants
(J/m*) ( /104 survivors) ( /10° survivors)
0 100 (571) .075 (43) .18 (10)
21 99.5 (568) 2.84 (166) 1.07 (71)
42 . 96.3 (550) 7.32 (407) 1.89 (114)
63 77.8 (444) 12.1 (540) 3.58 (167)
84 38.5 (220) 18.8 (415) 5.23 (120)
126 8.4 (48) 13 (63) 5.7 (28)
168 1.6 ) 2.2 2) 3.1 (3)

C. KF207 (mut6/ + :

his]~315/his]—])

Frequency of .

Frequency of

histidine lysine

Dose Survival (%) prototrophs revertants
(J/mz) ( /104 survivors) ( /105 sSurvivows)
0 100 (462) .14 (63). .15 (7
21 106 (488) 2.26 (117) 1.0 (58)
42 96.3 (445) 6.29 (286) 3.11 (145)
63 97.2 (449) 8.37 (382) 4.48 (208)
84 46.5 (215) 13.1 (283) 6.68 (147)
126 9.1 (42) 13 (55) 3.4 (15)
168 - B (6) 8.2 (5) 1.5 (1)




.
TABLE 13 AToert ' d)

N

£«

ol

\\
D. KF208 {lnuté,/ + ; hisl-1/his1-315)
Frdquency of Frequency of
histidine lysine
Dose Survival (%) prototrophs revertants
(J/m<) ( /104 survivors) ( /10> survivors)
0 100 (669) .11 (70) .22 (15)
21 93.7 (627) 1.72 (115) .86 (68)
42 77.7 (520) 6.01 (318) 2.49 (141)
63 1 50.2 (336) 13.4 (452) 5.47 (191)
84 39.0 (261) 15.3 (401) 6.68 (180)
126 9.6 - (64) 12.6 (81) 4.8 (32)
168 .75 (5) 15.9 (8) 3.8 (2)
CE. KF209 ( + / + ; hisl-315/hisl-1)
Frequency 'o - Frequency of
histidine W lysine
Dose Survival (%) prototrophs f revertants.
(J/mz)' ( /104 survivors) ( /105 survivors)
0 100 (716) .10 (72) .28 (2)
21. 104 (748) 1.49 (119) 1.1 (81)
42 198.5 (705) 4.13 (298) 2.48 (177)
~63 86.5 « ' (619) 6.75 (424) 5.38 (335)
. : 4 - .
84 51.7 (370) 9.68 (362) 8§.13 (302)
126 8.5 (61) 9.9 (61) 13 (82)
168 1.7 (12) 9.9 (12) 8.3 (10)



The Effect of mut6-1 on UV-induced Homozygosis of ade 2

TABLE 14

, Frequency of ade 2 homozygotcs1 (%)

o Mutator 5 5 N 5%
Strain genotype 21 J/m 42 J/m 63 J/m
KF206  mut6-1/mut6-1 2.3 (15)11062 5.2 (30) 94.0 7.0 (61) 70.1
KF206  mut6-1/mut6-1 1.4 (8) 99 % . (13) 96.3 6.3 (28) 77.8
KF206  mutb-1/mut6-1 2.3 (320 01 5 o(4c0 99.3 4.1 (41) 71.5
KF207 muté6-1/ + S N6 T8 5) 97.2 4.2 (19) 97.2
KF208 + /mut6yl 3.0 (19, 17 .5 (A7) 77.7 7.7 (26) 0.2
KF208 +  Jmut6-1 .3 (7)) 107 3.5 (25) 101 L2 (22) 75.0
KF209 + /  + 1.1 (8) 104 3.3 (23) 98.5 3.0 (18) 86.5
KF209 + /  + .74 (8) 93.4 2.1 6 5.5 (37 75.6

(19) 93.

1 As indicated by red

2 Number of sectors on which frequency based

3 percent survival

6S
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The Effect

Ao KFZ2I10

QO

Ut O~ td-1 s T-810, hin1-1)"

TABLE 15

£t 921 on UV inactj vi@don and i‘mtot roph I¥duction!

!

09

Frequency of Frequengy of
) histidine Ivsine
Do%gﬁ.}» Survival (%) pmtot rophs ' revertunts
(J/m=) ( /710 sur vivors)d ( /10° survi vors) 9
KT T T T T .
S 3 ' Tl 8 AQYH 5T, - PO
& O wlO( (559) .0 (149) ._.71“. (153)
R\ 21 " 80.7 (450) .63 (32 2.34 (229)
. A 68.9 (385) 1.6 (63 6.12 (341)
©63 40,6 (226) 4.2 (98) 9.26 (272)
84 18.4 (103) 4.9 (61) 10.1 (131)
126 503 -, (2e) 7.0 (2) 15 (5)
168 029 T '16) ) - 28 (1)
/ . - ‘“?2&* ."~ | \1‘ - -
r Strains conqﬂrmrod frop: mﬁ*omc“pmtiucrx of }\TISs B A
" -: 'r) . -
o 2 All 911aln< homoz zygous //"J— .
3 Inductwn ﬁcqucnum corr ectod f.o Lfvontnncou% level
y Co lony couhrs an \\w]%h frcquonu,c% baqod 3
ot : - ”: €
.\' G ‘) e L2
I ‘

T
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CTABLE 1S (cont'd)

ABL 0 KE210 (uude=t @1

Mose Survival (%)

(J/m)

Frequency of
histidine
prototrophs

! /104 survivors)

S S N

Frequency of
lysine

revertants

( /109 survivors)

.51 (283) 1.7 (s0)

97 (57) 1.953 S
3.3 (90) 5.93 (180)
3.6 sl42) 7.87 (08)
4.5 (I 6.0 (17)

(0)
(0)

(0)
(0)

0 100 (498)
21 77.3 (385)
42 47.2 (235)
63 20.5 (102)
84 . 4.4 (22
1200 070 (35)
168 Voooa . (2)
e Tk A

C. *ng11
S

g SRR |

e .

. -1 L ./ b 4 . - )
(i J’—]z/'\,.;f-“ o hial1-85/hie ~1)
Lok ‘ g WD € . .
T 1 t},

Frequency of

b

Frequency of

o 0 histidine ~lysinc.
. Dose, Survival %) ‘ffrototrophs, revertants
(J/mz) ‘ HAY \,.; ( /104 Slle\'i\f()l's) ( /10° survivors)
0 7100 (4e8) .57 g 51 . (D)
21 01.7 (411) 4108 191y 4 .95 (39}
g ‘ ’ : L., E R O
42 96.7 4 (433)  ¥7'5.73 (273) - 2.68 M116)
s se3 (2s2) 11.3 L (299) ., -5.20 (151)
843 28.3 (127) 7.8, (101 6.0 - CI6)
. . ;A_ e . -
126 2.5 1), 4.9 (6) 3.6, C4)
. " " ) |

Y

<

‘
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TABLE 15 (cont ') _. -t
I NI et =1+ ¢ hivi-1i al-510)
T T I —‘*&‘f T LT ‘L»“:"h_‘-’“"“ T T
’ Fregqueney 't Frequency of
his idine lysine
Drse Survival (%) prototrophs revertants
(J/ml) ( /1()‘]\51:1‘\%\'01'3) ( /10° .\'m‘\'i\'m‘:f,)
0o 100 S (453) 10 (179) | (0)
21 92.5 n (412) 0z 0y (144) 1.0 (o1)
42 a2 B(120) 77 (303) 3.60 (151)
63 76.8 D (348) 10.2 (368) 6.58 (20dy .
84 a4.2 (200) 9.70 (202) 7.55 (151 -
126 5.7 (26)  "3.45 (10) 5.8 C(1s)
E. KF213 (+ / + 5 hisl-315/hisl1-1) : v,
- Frequency of I\’rcqucnc.\" of
° : histidine Iysine
Dosg Survival (%)= - LJprototrophs . rever tirab¥
(J/m*) } ( /1‘04 survivors) . ( /_lO5 survivors)
0 100 0 --r"'dZS! .33 Nerr - 0
¢ Cands. (1473, N
©o21 91.3 (407) 3.18 (1433 115 (47)
42 91.‘.“7 (409) . © 6,91 £296) 3.96 (162)
s 63 69,3 - (309) 15,1 (414) 5.70 (376)
84 - 50.0 (223) 15.1 (343) 4.71 . (1es)
126 4.22 193y 8.7 a7 15.4 7" (2a)
l6s .39 (7)1 ) 11.6 (2)



TABLE 16

The LEffect of wuetd—1 on UV-induced Homozyposis of ade 2
Vi

Frequency of

A
(et s

homo:ygorosl ()

Mutator
Strain ¢ ggnotypo

2
21 J/m”

; 3
42 J/m”

2
63 J/m”

¢

1 As indicated by red”
2 Number of scctors on which

3 Percent survival

frequency based

»

N
KF210 et -1 /mutd-1 6.3 (8)72 56.13 7.5 (8) 23.5
KE210  mecl@-#muto-1 .5 (8) 80.7 1.5 (15) 68.0 4.2 (11) 40.6
KE210  muet9-1/met0-1 2.1 (8) 77.3 3.4 (8) 47.2 0.8 (7) 20.5
K\211  mut9-1/  + 1.4 (10) 92.0 2.8 (18) 86.7 6.0 (63)  65.8
CKF211 mutf-1/ 4+ 1.5 (6) 91.7 3.5 (15) 96.7 6.4 §16)  56.3
Ke212 4 /met9-1 1.4 (6) 92.5 2.9 (12) 92.7 5.2 (18) 70.8
e ,
KF213 P A 19 (6) 91.3 3.4 (14) 91.7 4.9 (I15) 69.3
kr213 T8+ 4 2.0 (9) 95.0 3.8 (17) 97.8 6.5 (42) 69.3
‘%‘" N w ' A i U ) &
b - m =

~1
ro

™
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The initial observation that mut O-bearing diptoids exhibited UV-

induced histidine prototro]
type led to the collection
in Tables 17-20

The UV-inactivation ct

"

70

i frequencies that were di fferent {rom the wild._,

of rather extensive data. These are contined

rves of 2 strains of cach genotype (muf S/mut 5,

mut 5/ + and '+ / + ) arc plotted in Ficure 19. These are typical. 1t will

be noted that the homqaygouS wit 5 strains are more sensitive to U

light than the‘wild ripos.

‘\0"\ e

The curves obtained for the heterozyfd

3 . g . . . e . . 2 . .
are intermediate. The inflection 1n the KF202 curve at 63 J/m” indicates

v

the presence of a resistant sub-population of cclk&dgySuch inflections

- werc scen more often for the homozygous mut 6 Ystrains.

The mutation induction dose response curves of the mut & homozygous,

heterozygous 1nd related wild type strains arc plotted secparately in

Figures 20, 21 and 22 respectively (the data are contalncd in Tables 17,

18 and 19 respcctively). Tlo make their comparison casier, the ranges

of frequencics at all doses for the 3 sets are presented in Figu(;w;;T

g

At all doses the heterozygote ranges arce clearly not different from’ the

wild type. The mut o/mut 5 range at 21 J/m2 encompasses that of the wild

type. With incrcasiné dose, the ranges appear tp be diverging. The

inflection in the wild type and heterozygote Yecurves" at 84-105 J/rﬁ2

§u§gests ‘that a convergence of all 3 sets is imminent-

The data on UV-induction of histidine ;. ‘otrophs iﬁ{his I-hateroall-

e

elic, homozygous mut/5, heterozygous and wild type stféins (from Table

!

-17A Table 18A-F gnd Table 9A-L res ectively) are plotted separately
P

in Flgures 24, 25 and 26.

1

The ranges of frequcnc1es for all genotypes

at all doses'are shown in(FiguFe 27. While wide ranges of frequencies

werc obtained for all 3, i1t is clear that ghe mut 5 homozygotes exhibit



much lower frequencies than the wild type diploids and that the heterozy-
gotes arc intermediate. Although it may misrepresent the data by obscur-
ing the fluctuations in indssddual curves, in the transition region part-

.

. . . A . . =
iculari , this means of presgdtration makes the biphasic nature of the
X ;

o -

wild type data qﬁitp clear:
The extent to which mutation was contributing to the {requencies of
histidine prototrophs was investigated using strains which were homozygous
for hisl-1 ov hiie1-315. In such strains all prototrophs obtained should
be of mutagenic origin. The.rosults (extracted from Table 171-L, Table
18G dnd I and Table 19F-1) are summarized in Table 21. They indicate
that over the dose range checked, the frequencies of prototd§p1b in
homozygous mut &, heterozygous and wild type strains do not differ

appreciably, and that they are in the same range as thosc obtained for

.

his 1 hetcroallelic, met 5 homozygous strains.

. LN . Lo
No cffect of mut 5 on UV-induced homozygosis of ade 2 1s dpparent

b, 4
in Table 20.?33_\ ; ; oo . : .

o g, x»,‘- .
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 TABLE 17

Honmozygous mil o= dip]ojdsr: UV inactivation and prototroph induction
b ‘ :

A, KF202  (Ricl-315/hic1-1%7

-
Frequency of Frequeney of
histidine lysine
Nosc Survival (%) prototrophs revertants
(J/m2) ‘ ( /104 survjvors)3' ( /109 survivors)g_
0 100 (683)" 0118 (805)" 1.11 (757)"
21 94,4 (645) .0192 (200 .77 (1197)
42 58.1° (397)" L0972 (133) 4.18 C(210)
63 11.3 (771 .461 (364) 15.0 (109)
84 4.93 (537) .570 (1965 ~  20.3 - (722)
105 1.60 (1096) - .910 (101) 22.2 (255) .
126 , .266  (1814) "
147 L0572 (391 K
168 .00630  (430) . =
189 L00098  (669) . @ 5
210 .00021  (141), ' o
o CEeT —®- ;

rom meiotrc produgti e KF179 .-

) . I & ‘?3 '{}‘_:\,‘rf,‘.'m /w Ay

2 Al11 strains IysI-1 homozygous ‘““qﬁé;g by
I

! Constructed

3 Induction frequencics corrected- for spontancous levels

Y Colony counts on which frequencies based

.T .ﬁégﬁg CAe

> s

TS et ame,
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TABLE 17 (cont'd)

B. KF2o2

(lheel-8510ic1-1)

Dose Survival (%)
(J/m?)
0 100 (772)

21 78.5 (606)
42 . 18.6 (751) -
63 11.5 (889)
84 2,30 (1775)
105

126

147 !

C. K¥223 (his1-315/hicl-1)

Frequency of
histidine
prototrophs
( /10" survivors)

Frequency of
lysine

revertants

( /105 survivors)

L0013 (10)
L0210 (135)
112 (424)
439 (391)
1.12 (198)
(49)

(8)

L3607 (283)
1.07 (874)
3.68 ‘4 {d595)

15.3 4 400)
54.5
(181)
(19)

. 4)

+

Frequency of.

Frequency of’

. - Histidine iysine
Dose¢ Survival (%) prototrophs revertants
(J/m?) { /104 survivors) ( /10° survivors). .
: : l T ) . T
0 100 © (862) © L0036 (31) .819: (706)
21 gs.9 (680) 0246 Fooxy  Vo1mr 0 asis)
42, 53.6 . (924) .122 0 (580) . 3.91 (2185
63 1 9.97 (859) .831 - (717) 23.2 (2065)
84 . 2.41 (2074) - 1.90 - (394) Y 47.5 " (1001)
105 (127) (297)
.126 (27) . (81)
[y . CL ( )
147 » (2 .
X ) ,
‘:) Y g ) .
\ ’

(620) :
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TABLE 1.+ (cont'd)

Dose

(J/mz)‘

(hiel-a

-

16/hisl-1)

?urvi*n] (%)

Frequency of

histidine

prototrophs
( /101 survivors)

Frequency of
lysine

revertints

( /105 survivors)

0 100 (1140) 00304 (316) .701 (799)
2] -~ 83.5 (952) L0187 (207) 620 (1262)
42 50.1 674) L0759 (532) 3.59 289)
63 15.2 - (1501) 317 (181) 9.40 (152)
84 4.66 '(531). .338 (181) 13.0 (727
105 725 (827) 674 (56) 21.9 (187)
126 <108 (2254) ' ‘
147 ~ 0147  (168)
1068 Y L00i17 (133
189 .00048  (547)
£ 210 . 00023  (259) )
v N i
. ~/ » e
E. KF223 (hiis1-315/lis1-1) v &
oo .

o

Frequency of

- Frequency of

S0

e
W 4
.

)
-

: : histidine lysine
. Dosc Survival (%) prot-  ouphs , revertants
- (g/mz) .-'é'. ( /104 survivors) (/100 su¥vivors) i
’ o ;108 S (667) o048 (32) | L
7 . 100 . (670) 0049 (65) .
14 96.7- (645) 0142 (124) .
21 ‘94.9 - {(633) .0355 (255)
28 80.7 (538) ° .0669 (356)
357 81.6 - (544) .093¢  (534)
a2 65,8 + ~ (439) 47 (666) P
56 27.9 (1858) - .320 (603)
70 11.3 (1510) 521 (397) P
84. 2.70 (1798) 785 (142)
105 280 (3852) _5 e
126 2023

(3042)




TABLE 17 (cont'd) \

Fooowi22q " (ds 1-806/nl00-1)

A

]
Survival: (%)

Frequency of
histidine

N

- e e —— .

\

Frequency of

lys

inge

s ose prototrophs revertants
(J/m2) . (- /1(,)'1 esurvivors) ¢/ 105 survivors ]
-0 . 100 (604) 0075 (-1S)M 709 (128
, 21 76.3 (161) L0311 (178) 1.84 (1%:\
a2 64.9 (784) 161 (057) 1,02 (msss)
.63 20. 4 (1230) 3800 (177) 1500 (oan)
84 6.26 (3780) .773 1 (295) 26.1 (104°1)
105 | (102) ' (201)
126 (16) 1)’
“;4’7 2) S O}
J f% o v -
&fﬁ% " KF225 (hEo7-315/hic1s1) i
4 -Fchu.C‘nC)’ of "Frequency of
histi dine ly<ine ¥
Dose Survival (%) protctrophs revertants e
‘ (J/nxz) . - { 7104 survivors) ( /105 survivors) & ¢
gh , G - ———
3 0 100 (1314) L00256 (3363 - 674 (%ssj
21 78.0 (1025) _.0097 (J26) - .576 (1179) -
. a2 46.7 (613) " L0555 . (356) - 2.43 / (190)
63 5.65 [(743) T 363 (272) 16.1 (2s)
84 ‘ n o
- 105 .845 7 (1110) .384 ) (43) 19.8 . (228)
126 .0963  (1266) ~~
S~ 147 L0284s - (373), o ~'
" 168 }10023 (300) . o
189 - \00055 - " (725) A ,
“210 Q" 00010 "'j‘mo‘)' ‘
R NS T ,
A
i ,

- -



TABLE 17 (cont'd)

KE217  (Wis1-518/hic1-315)

H.  KE22S  (Bielodlo hici i)
Frequeneyws of Fregqueney of
histidine lysine
Dosge Survival (%) prototrophs revertants
(J/m7) ( /10 SUrVivors) ( /105 survivors)
0 100 (562) L0030 (17) L850 (+81)
2] 81.3 (157) L0305 (19) 1.30 (984)
42 441 (490) 164 (115) 5.91 (1679)
63 SR (1185) L3307 (171) 15.6 (1718)
84 a7 (2678) ’ L9499 {255) 30.1 (831)
105 (99) (276)
126 (20) (37)
147 (1) (0)
168 (1)
|
I.

Frequency of
histidine

Frequency of
lysince

Dose Survival (%) prototrophs revertants
(J/m2) : ( /104 survivors) ( /105 survivors)
0 100 (485) .0045 (22) .788 (382)
21 74.6 (362) .0372 (151) 1.91 (976)
42 40.9 (397) .195 (395) 7.70 (1685)
63 12.0 (580) .541 (516) 19.2 (1161)
84 3.83 (1856) .718 (134) 22,2 (427)
105 (14) (65)
126 (6]




“*

TABLE L7, Yeont ')

( .

i

N - \‘*',\ P - ‘
J.OKENY (ufB/fsxnfu;s/~oxh)
- Y\‘

< Frequencey off Frequeney of . .
] N . : histidine lysine ‘ \
Dose Survival (%) prototrophs revertants
(.I/m‘?) . ( /10 ! survivors) C/ 107 su rvivors)
0 100 (1170) L0161 (1880) 420 (191)
21 84.06 (990) . L0164 (322) U510 (921)
12 55.4 (618) L0620 {(500) 2.9 (218)
63 10. 4 (1211) . 305 (389) 7.92 (1071)
84 4.47 (523) .345 (18, 5.93“ (332)
105 1.32 (15" 521 (83) 13.5 (215)
K. KF226  (hici=1/hini- kS
I’rcqucnc‘y of Frc'qucnéy of ’
» : histidine lysine
l)osg; Survival (%) ‘prototrophs s revertants
(J/m=) : ( /le1 SUrvivors) ( /105 survivors)’
0 100 (1722 .00203 (350) fr (753)
21 81.5 (1403) .00752 (134) ot (985)
42 54.3 (935) .0315 (313) 5. 85 (197)
63 4.92 (847) .408 (347) 8.65 % (77)
84 1.78 (307) .490 (151) 13.3 '(422)
105 . 305 (526) o 1.18 (62) 17.1 (82)
126 L0169 (291)
147 .00134 (23) -
168 .000197  (34)
189 .000083 (142)

210 .000069  (119) .




TABLE 17 (cont"d)

Lo RE2200 (iol-1 hisi-1)

(%)

Survival

(851)

21 0.5 (598}
42 - 45.2 (770)
63 9.09 (825)

84 1.32
105 ‘
126

(1122)

Frequency of
histid: .o
prototrophe

¢ /10" survivors)

L0001 (1)
.010 (94)

LO87T (219)
.240 (198)
51 (s7)

(16)
(5)

S

Froquency of
lysine

revertants

( /10% cirvivors)

L1567

0735

(170)
(07)
3.70 (1480)
18.4 (1534)
58.2 (655)
(134)
(a8




TABLLE 18

Heteroryrous mgros) diploids! UV inactivation
Ao RS04 (e d=dlh b -
~
Frequency of
histidine
Dose Survival (%) prototronhs
.(}/mz) ( /10! survivors)
0 100 (031" 016 (30)"
21 87.0 {816) .574 (18)
42 ' 8.2 (756) 1.96 (150)
65 SO0 S 1109) 3.64 (203)
84 16,2 (1510° 8.32 (126)
100 6.04 (1124) 9.4 (53)
126 1.56 (1450 8.3 (24)
147 .537 (1000) 5.0 (25)
168 L0821 (1529) 10 (8)
189 0144 (1338) 81.4~ (109)
210 .0060 (557) 65 (36)

and prototroph induction

Frequency of
lvsine

revertants

( /100 survivors)?

L0241 (22)"
1.52. (251)
4.56 (346)
7.41 (824)

18.4 (2780)
28.3° (1589)
54.4 (789)
44.0 (220)
80 (1)
130 (18)
130 (7)

1 Constructed from meiotic nroducts of KF179

2 A11 strains lysi-1 homozygous -

2 4 . -
Induction frequencies corrected for spontancous lecvels

! § . .
" Colony counts on which frequencies based



TACIR 18 (oo

B. KF204  (Wiel-870,70001-1)
Frequency of Fruqucncy.of
. histidine lysine
Dose Surviwgl (%) prototrophs revertants
(J/m<) / ( /10 survivors) ( /10° survivors)
0 100 “QJzﬁ737) 226 (5960) * L0090 (237)
21 97.1 (1280) . 195 (1079)
42 85.9 (1133) J743 (2196) 1.65 (376)
63 59.2 (780) 1.28 (23000 3.02 (472)
84 17.3 (457) 2.12 (1073) 5.00 (229)
105 2.27 (599) 10.4 (634) 15.2 (1)
126 .990 (261) 14.8 (3920) * 23.1 (603)
147 .0974 (257) 49.3 (1266) 94 .2 (242)
168 L0316 (834)
189 .0033 (869)
C. KF203 (his1-316/hisi-1) T
N
Frequency of Frequency of
‘ histidine lysine
Dose Survival (%) prototrophs revertants
(J/m2) ( /104 survivors) ( /10° survivors)
0 100 (1708) .0650 (1110) .0218 (373)
21 101 (1719) .140 (352)
42 88.3 (1508) 412 (719) 2.78 (422)
63 57.0 (974) .782 (825) 4.12 (403)
84 15.5 (265) 1.64 (454) 8.85 (235)
105 2.58 (440) 3.13 (141) 11.6 (51)
126 . 855 (146) 6.70 (9883 28.6 (418)
4147y .0872 (149) 34.9 (520) 91.3 (136)

* Estimate



TABLE 18 (cont'd)

D. . KP203 " (hicl-3158/hisl-1)

Frequencey of

histidine

Frequency of
l)’Sinc

Dose Survival (%) prototrophs revert nts
'(J/mZ} ( /104 survivors) ( /10 survivors)

0 100 (466) .183 (1705)

21 90.1 (420) 786 (407)

42 91.4 (426) 2,23 (1027)

63 43.6 (406) 6.42 (1340)

84 11.0 (511) 16.5 (1710)

105 2.41 (1123) 22.6 (5118)

126 .418 (1949) 68.1 (2664)

E. KF203 (hisI-315/hisl-1)

hl

Frequency of

. histidine

Frcqucncy of
lysine

Dosc Survival (%) prototrophs revertants i
(J/mz) ( /104 Sunyéyors) ( /105 survivors)
0 100 (844) .020° (33) .024 (20)
21 106 (893) .44 (41) 1.91 (344)
42 96.7 (816) .78 (65) 4.89 (401)
63 61.2 (1034) 1.4 (73) 8.31 (861)
84 18.4 (1554) 1.8 (28) 17.1 (2658)
105 4.67 (788) 7.3 (29) 34.2 (1346)
126 .944 (797) 5 1 (8) 83.3 (664)
147 . 304 (513) 2 (5) 44.1 (113)
168 .0404 (682) 3 (1) 79 (27)
189 .00805 (679) ~ 37 (25) 130 9)
210 .00351  (296) 30

(8)




TABLE I8 (cont'd)

F.  KF203

Dosye

(J/m‘z)

84

(Ble =81a hic =1 N

Survival (

100
93.2
8§8.3
58.4.
17.8

o
b )

(1165)
(15:12)

KA698)

(1320)
(1250)

Frequeney of
histidine
prototrophs

( /104 survivors)

L0380 (510)
220 (330)
.394 (101)
.265 (47)
463 (118)

Frequenty of
lysine

1‘0\701‘(;1111 s

( /7102 survivors)
L0033

l.42

-— 2
> 2]
(2] o3}

~
o
2
al

G. K21

(Mal=3168/hic1-318)

Frequency of

Frequency of

histidine lysin

Dose Survival (%) prototrophs - , TV dnts
(J/m?) ( /104 survivors) ( 1o° survivors)
0 100 (1727) .00014 (1) .0072 (25)
21 89.0 (1537) L0097 (3) .50 (312)
42 83.4 (1441) .024 (7) 1.27 (370)
65 40.6 (1404) .057 (8) 3.10 //k872)
105 3.56 (1229) 10.7 (1310)
126 .325 (1122 50.4 (5665
147 112 (775) 35.1 (136)
168 0219 (1510) T 15 (11)
189 .00511  (1764) 30 ®

»



TABLE 1o

(vont'd)

Survival (%)

100 (821)
84.0 (690)
80.8 (6063)
55,4 (900)
o501 (1030)

6.29 (1032)
2.01 (1073)
.584 (959)

134 (1101)
.0332  (1361)

.03
.15

[¥a}

Frequency of
histidine
prototrophs

¢ /107 survivors)

057

(o)
()
(10)
(11)
(8

(2)

Frequency of
lysine

revertants

( /107 survivors)

.84
Qo

(17)
(262)
(273)
(128)

(1970) -
(1485)
(025)
(202)
(73)
(30)




Wild tyvpe diploids

A.

KIE205

117
168
189
210

(el

*

—

w

estimate

TABLE 1O

UV tnactivation and prototroph indoction

‘.“'.‘) '

)
(250000
(2472
(2246)
(1790
(1063)
(1976)

(605)

(880)
(2794)
(5000 *

Freguen o

histid

i‘l"ﬂ'uuf Loy

VAR

-y —_

L0
.54

1.08

i
N

P ‘
survivors)

VS ((\f;”)’.

.' (110.4)

(151)
(615)
(in7)
(1742)
(653)
{180.1)

(1881)

Constructed from meiotic products of KIF179

All strains 7pro1-7 homozvgous

Induction frequencies corrected for spontancous levels

Colony counts on which frequencies based

Frequency of
lvsine
revertant s

T . !
(710 survivors )

(S2a0) "

(LO71)
(11.20)
(95.1)
(587
(310.0)
(1d01)

N



1

ABLE

B. Kb og

(o

Y (cone )

T PR

Freguoney of
histid e

Freguoney of
Ivsine

Dose Survival (%) pretotraphs roevertant s
(J/m-) : (/7108 survivors S0 o)
0 100 (311} ST {8
21 , 110 (619)
42 981 (11201
0.4 75,8 (295)
84 SRR (15.1)
105 f§@1 (325)
120 705 (195
147 A5 (108)
168 TL02d (15) 75.3 (113)
189 L0032 (10) 155 (27
210 B L0010 (51 77 (11)
C. KI2si .‘\(11.:',"]—. b, Tol-1)
Frequency of Frequency of
histidien lysine
Dose Survival (%) prototrop. . revertants
(.1/11}2) ( /104 survivors) ( /105 SUrvivors)
————— -
0 100 (1908) 372 (7100} .0052 (10)
21 93.5 (1781) 1.07 (2548) . 780 (140)
42 95.2 (1816) 5.90 (1139) 1.92 (349.)
63 §6.0 (1640) 5.25 (922 2.29 (376)
84 43.2 (824) 9.83 (843) 2.31 (190)
105 A 7.74 (148) 13.2 (2014) 9.62 (1422
126 2.74 (523)° 15.5 (831) 13.9 (726)
147 1.27 (243) 16.6 (4132)*
168 .0508 (970) . 157 (1522
189 .0245 (468)
210 L0056 (106)

*

estimate



TARLL
D N
Pose

8
105
1206
117
166
189

210

19

Sy e

(vt "d)

{r. )
,"/
survival (W)

10 (G4
96,7 (o1
96,5 (1)
78.3 (197
15.5 (28
15.8 (201
J.19 (2006)
L0G7 (1.23)
184 (231)
L0200 (128)

00

(flel=d

<
Dose Surv_val ()
(J/m2)
0 100 (1853)
21 94.0 (1741)
42 93.6 (1735)
63 74.7 (1384)
" 48.4 (897)
16 20.6 (382)
' 4.53 - (840)
147 2.35 (436)

28 (oM

7 l"l/j.' ."..7 /—_])

Froquency ot

histidine
prototropic.
1 RTINS
/i

LUy

Frequency of

histidine
prototrophs

VoI

( /107 survivors)

N,
\
)

. 4 .
Froguenoy of

Clveine

revertant

[ RS AR St U A AR
0o BRE

RN (D
SRRER (et
S0 AR
1.9 (Jr1oss
N (1.098
6l.3 (817
130 (2057
152 (89)
156 (ro)

348

lvsine

Frequency of

revertants’
( /102 survivors)

L0132

516
1.11
2.92

5.80

(249)
(v2n
(197)
(406)
(521)
(382
(309)

L0098

. 367
1.14

2.37.
3.86
5.48
21.5

(181)
(81)
(2151
(329)
(347)
(209)
(1808)
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G. KF>Is

168
180
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Sy
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(1
(o)

(15700
(1282)
(1170)
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The Eftfect of »uwera-7 on UV indie Homorveosis of o
___,,*\ ,,,,, R . S - - -

i Frequency ot e honosveotes! ()

v Mutator . TTT e e e e
Strain \\\Q‘LWl(‘I)'PL‘ B N AT A2 J/m" 63 Jd/m”
e e — e
N EATEON \- Lo (ih ota? 5.6 (17) 581 5.5 (46) 11.3
INERRR (fo oo (o) 835 6.0 (48) 5901 5.4 (81) 13.0
KIS e LN OIS T80 4US (32) 0.7 11 (911 5.6
KI'226 el el i e LLO(22) 815 3.0 (39) 51.3 6.2 (58) .92
KE207 milio i 2.6 (2) 101 7.0 (5) 94,7 5.0 () 65.3
KE207 mito-i, 4 SO (2) 0001 1.6 (7)) 91.4 5.7 (29) 3.5

N \; .
KE205 r o/ 6 (1) 102 1.8 (8) 103 5.4 (7) 79.6
KE205 + /4 1.1 (1) 112 2.9 (9) 98.1 5.3 (25) 75.8
KE205 + /4 .2 (30) 98.8 5.2 (72) 89.8 5.5 (99) 7i.g
KEE227 + 1.0 (18) 93,5 2.3 (43) 94.5 4.1 (73) 89.0-
Kiioo7 + /4 8 (5) 96.2 1.8 (11) 96.5 6.2 (31) 78.3
KIF23] + / 2.5 (24) 99.1 4.4 (42) 101 9.6 (64) . 69.9
Kii231 + /4 1.1 (20) 93.5 3.7 (67) 95.2 4.3 (35) 86.0

— e ("
1

As indicated Ly red
2 Number of sectors on which

3 Percent survival

TARLE 20

frequency based

o



TABLE 21

—
|

—

-

UV-induction of histidine prototrophs in homosveous o000 -8f0 or 7of

rut d-bearing diploid strains
o,
Ao iel-d18 homozoveous strains
Dose Frequency of histidine prototrophs /10 survivonts)
<
(J/m) S
Mt /et s +

[NEE VA N T KIS 7RIS

21 L0872 L0lo0 .01 L0135 .02
42 L1905 062 .02 : L0508 07
63 .54 . 305 00 L0880 L2
84 - JT1S - L35 .197 .29
105 L8521 .446 .2
126 .5
N
B. Jliiel-1 homozygous strains
Dosc Frequency of histidine protorrophs ( /104 survivors)
(J/mz)
muts/mts metd) 4 + / +
KIF226 KE220 KE222 KF221 KF221

21 .0075  .016 .03 .012
42 .0315  .0%87 .15 .0157
63 .408 .240 .24 .0980
84 .490 .51 .4 L2253

105 1.18 : ' .451 2

126 ‘ .5

o
No RN SIS

L o

I

”n




) vy -
104 F -5 T~
~ ~X S
o \ N
C
10 |— '
- °
- o\\
A
;\\\\\fqtii:j
ak P
T -
S[ | —
&
o -
vy
.0} —
B A KF202  muts,muts
¥ KF223  mutd/muts
O KF204  +  /muts
. 001 + O KF203  muts/ +
- ) .
- ® KF205 + / +
- O KF227 + / +
.0001 | ! | | | -1 1 ! 1 1
0 20 40 60 80 100 120 140 160 180 g0
ULTRAVIOLET EXPOSURE ( J/m2 )
Figure 19 Survival after UV-irradiation of muts-1 bearing diploid
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Figure 20 lysl-1 reversion dose response data for homozygous mut5-1
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diploids. In the interests of clarity only a single curve
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is plotted.
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Figure 21 stl 1 reversion dose response data for heterozygous

mutq 1 diploids. A single reference curve is plotted.
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Figure 22 1ys1-1 reversion dose-response curves for wild type diploids.
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Figure 24 Dose-response curves for histidine prototroph production

in muts-1 homozygous diploids
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Further Characterication ot »ofo=

b I, ancallele of v 40

The phenotvpe ot muco=0 mutants, UV- and , rav sensitivioy and de-
fi clency in UV- induced intracenic recombination, is Pike that of - ome
of the nutants of genes in 2470 78 and W40 o epistasis proups.. The
ob:‘vr'\'nti:wn of S.-K0 Quah (unpublished results) that =nef b was linked to
Ads 1 immediately ruled out all the X-ray sensitivity Joct which had

“

already been mapped.  Thus, ree 2 (Lemontt, 1971a),

Yoo |
o Pl oo

(Mortimer and Hawthorne, 1973), »od o, »ad 1 Ioo and rod A7 (Game
and Mortimer, 1974) were eliminated.  Only & remained [(mede o, Jyh0, 0T,
S8 and S and reve 7 oand J), reducing the wagnitude of allelism testing
of mutd-7 considerably.

Fortuitously, only rad S/-bearing strains were readi ly available.
The results of u complementation test of mdd-7 and radol-1 with regard

. . - . - . ¢ e
to y-ray sensitivity are contained in Table 22 and Figure 28. Homozyeous
mutd-1 and radS1-1, heterozypeous and wild type diploids are included for
comparison. There is no Eyprociublo complementation observed in the
- .
muto-1/radbl-1 diploid.
/

/

i
\

\
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oy appreciable weipht (o the view that st h-] and pad Sl-1 are
allelic was the subsequent observation that diptoids carrying both Jdo
not o sporulate at all well.,  The Droquency of sporulation Wi estimated
to be about 0%, most aaei containing only 2 rather ill-defined spores,

The viability of randor raes obtained from 2 clones of K163 were

5.6 x 10 a0 Viable spores/spore plated (Table 23y 1t
must o be noted that these are at best overy erude estimates. . bnormal
X

dppearance of the .r‘.pm‘(\:. made 10 difficult to tdentify them with any
certainty in the post-plusulase digestion suspensions.  None of 199
spore c]Anm'f: tested was y-ray resistant.

Mapping mut 5 (rad 1)

Data obtained «during the construction of 517‘(11'1]:: carrving mth-1
and the markers. to be lkiv}l to cheek recombination confirmed the. observa-
tion of .-k, Quah (unpub lished results) th(ll. pielb-10s linked to hio .
The other markers made it possible to place mut & distal to his I (Table
240) . The linkape of »ad &7 to i 7 was shown in the analysis of the

data of M. Mowat (unpublished results) which are presented with his

permission in Table 24B. Subsequent analysis of crosses involving trp
anq muto-1 or raddil=l and various other murﬁgrs, indicated that both
mits-1 and radsl-1 are very tightly linked to ¢»p 2 on the distal siao
(Table 24C and D).

The data of Game (1971) indicated that rad 3 and rad 4 are linked
to his 1. The possib&lity tha; these loci were closely linked to mut §
(rad 51) was investigated. The results (Table .24E) indicd%é that while
they are linked, mut & (rad $1) and rad 4 are not close. The detection of

linkage of rad 51 with rad 4, but not with rad 3, and the linkage of rad 3

with rad ¢ (Table 24F; Game, 1971), places rad 3 distal to rad 4.

e ‘
-
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TABLE 24

Mapping waet & (e £7)0 0 terrad analysis data

Tetrad type

Pertinent

Diploid penotype epion PD NPD T
A, KF178* Iiied arvgo + hisl - argt 40 0. 11
argl - mutd 31 I 19
+ +  mutd hisd - mith 23 0 28

~
)
Y

( KEF179% wrads homd o+ + uras - homd 4 1 20

- ‘ ) 7umﬁ - argh o0 4

+ + argb mutd argt - nutd \ 0 10

hom3 - mid 11 0 14

B. LAl hisl + hisl -radbl 45 2 62
+ racddl

LA2 hisl + hiel -raddl 36 1 57

+  radsdl

*mut 5-bearing isolates were identif: bhose crosscs on the basis of
mutator activity and y-ray sensitiv. separation of the phenotypes
was observed in 76 ‘tetrads. In all further crosses mut S-bearing strains
were identified on the basis of their.y-ray sensitivities.

v



TABLE 20 (cont'd)

Tetrad t vpe

Diploid

Pertinent
senotype

Region

Y

NPD

C. KF2i40  fiomd 4 trpl o+ homa — arge 63 0 17
— - — arga ~ 7 0 31

Foooargt o mth trpl - nuth 75 0 3

metd — qrod 44 0 55

KF253 homd  +  muts hom3 - trp? 28 1 33
—_— trpl o~ mmeth 60 0 4

1+ trpld o+ homd — et 28 2 32

KE254 sl +ros . + hisl - trp2 43 0 45
_— rpl - muth 52 0 7

+ +  mutd hiel - uneth 41 1 46

KI255 liel trps + higl - trp2 23 0 15
trpl - muth 34 0 4

+ + muts hisl - muts 20 17

D. KF247 homs trpd o+ hom3 - trp2 36 .3 33
- trps ~radsl 720 1

+ +  radsl hom3 -radsl 363 34

KF250  hisl trp2 radsi hisl - trp2 11 0 6
—_— trp2 ~radbl 15 0 2

+ + + hisl -radsil 9 0 8

E. KF232 hisl radsi + hisl -radsi 110 1 136
- v radbl- radd 61 .18 190

+ +  rad4 hisl - radd 41 29 188

KF234  wrad hom3 hisl muts + urad - hom3 23 8 60
hom3 - hisl 81 0 8

+ + + +  radd hisl - muts 37 2 2

mets - radd 28 10 54

hisl - radd 18 18 55

KF240 hisl rads1 + hisl -radsl 2 0 37

- rad5l- rad3 9 6 47

+ +  rad3 hisl - rad3 S 7 42



TABLE 2.0 (cont'd)

———————

» Tetrad type

Diploid / ~ Region P NPD T
Foo KF2449 homé argt o padd o+ homs ~ arag 43 0 10
e ——— — argt - radd § 9 36

+ + +  rads radd - pods 38 0 15

arg6 - »ads 712 34

KE252 wrad hisl arge yads rads . wrald - hisl 5 5 31
— hisl - arg6 38. 0 4

+ + + + + radsd argt ~ radd 8 8§ 27

rad4d - rads 33 0 10

arqgb - rads 8§ 7 28

radss- urasd § 4 3

radbi- rads 18 24

radsi- hisl 5 11 26

G. KF248 hom3 hiel trpl + hom3 - hisl 57 0 5
: hisl - trp8 3601 25

+ + + radbd trp2 -radsd 12 14 37

\ - : hom3 -radsd 1210 42
KIF238 \ura3d hom3 hisl arg6 ruts + wurad - homg 19 20 5

- - - hom3 - hisl 67 0 6

+ + + + rads4 hisl - argC 60 0 13

L oargé - mut5 - 29 4 1xg

mutd -radsd 12 11 48

hisl -rads4 14 11 47

urad -radbd 10 9 52




Game and Mortimer (1976) somewhat tentatively supgested that rad o1,
rad 53 and ned 64 are loosely linked. No inkage of »ad 64 with mut 5
or any of the other marlers was detected in this study (Tub]o 2406).
Crosses involving rad & and »oad ody rad 81-1 or mutS-1 were made and
finally abandoned A8 @ source of linkage data for rad 503, when it
proved impossible to unambiguous 1y identify i 63 spore clones by com-
blementation testing.,  The one cross in which rad 83 could be scored did
not require this testing, and gave no indication of Iinkape of rad 53 with
#wra & or rad & on the extremes of the marked region, or with arg 6, in
the middle (Tabile 24F) .

The Fffect of ryut5-1 on Spontancous Mitotic Recombination

The initinl observation that muis-2 reduced the frequency of UV-
induced iﬁtragonjc récomhindtion, but had no apparent cffect on induced
homozygosis, led to the testing of the unselected clones on the YD sur-
viyal plates for homozygosis products, to confim the ade 2 results.
Clones of homozygous mut 5, heterozygous and wi1ld type strains (see

7

Figgrc 29 for génotypos) Wero picked to YD medium, incubated for Z4-48
hours and subsequently repijca plated to omission media. After 3 or 4
days-—prolongpd incubation was necessary because many of the clones

were very slow growing--the rcplicarés were scored. The results fre
presented in Table 25.

| The segregation of Trecessive markers in the wild type strain con-
formed to ékpectations (cf. Nakai and Mortimer, 1969): arg 6 is' distal

to hom 3 and is cxpected to be rendered homozygous more frequently: wrq 3
is relatively close to the centromere on the deft arm and should be un-
covered leés often: the'frequency of segregants incrééSes with dose.

One of the heterozygotes, somewhat unexpectedly, produced segregants in

which a recessive marker on each side of the centromere was expressed. In

N



\ Figure 29

Configuration of pertinent markers on linkage group Vrof strains uscd to

check the segregation of recessive markers in unsclected clones

KF205 wad homd o+ 4
+ + argf +
KF203 uras hom3 + +
-+ o+ arg6 mutd
KF204 urald homd + mutd
+ + arg6 +
KF202 ura3 hom3 +  mutd

+ + argb mutd

KF223 urad + arg6 mutd

+ hom3 +  muts

* Mortimer and Hawthorne, 1973



TABLE 25

Segrepation of recessive auxotrophic markers in unselected clones of

homozygous mutd-1, heterozypous and wild type strains

Number. of

MUTS UV dose clones

Noaber of auxotrophic sepresants®

Strain genotype  (J/m?)  checked e omthT o arg” e mehT wraarg”
KF205  + / + 0 200
63 200 1 1
126 200 1 8 10
KF203  muts/ + 0 200
63 200 2 1 1
126 186 1 8 6 3 1
KF204 muts/ + 0 200
' 63 200 1
KF202  netd/muts 0 528 3 1.
63 398, 1 ' 4 4
. 126 398 3 7 10 9
KF223 mutd/muts 0 426 3 ‘ 2
63 400 1 10 8
126 400 3 11 6 ' 15
* ura” indicates failure %o grow on -ura medium (urad uncovered)
arg indicates failure to grow on -arg medium (argé uncovered)
mth™ indicates failure to grow on medium lacking ﬁethionine and

threonine (hom3 uncovered)
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the ruet & homozvgotes this tendency was enhanced. - Not only were they

produced at increasing frequency with inercasing dose, some had in fact
occurred spontancously.  That such segregants were produced spontancous v
I strains carrving md & was of greater interest, their appearance
supggesting increased frequency gwf mrltiple homozyveosis events or of mito-
tic non-disjunction.

Confirmation that the results were reoal and reproducible was sought
using strains KIF256, KF257, KP258, RFZSQ, KF260 and KF261. The Iinkage

roup V warker confipurations were as follows:
4 8

KF256 cand wrald homd inlsl el
) and KF259 Foor ot v s
.KF257. canl TS nomd el maglh
. + +
KF260 eanl wr. sl o+
+ i:_ mu;;
KF258 - Ccanl wrad hom . +

Ty
and KF261 + " 4 "

The usc of can 1 precluded the use of ary 6. (AN 1 encodes arginine
permcase (Grenson et al, 1966), mutants of which fail to take up the
arginine analogue, canavanine? making the cells resistant to its killing
effects. can 1 is ordinarily only used in arginine-independent strains.

can 1 arg 6 strains can be maintained with ornithine supplementation

(ornithine uptake is by another permease) but in my hands the growth tended

to be very slow. Coupled with the slow growth of some of the unselected
clones referred to earlier it made such a scheme impracticable. The
very close linkage of mut 5 to trp 2 thwarted the ready preparation of a

/-

suitable set of strains carrying trp 2. : -
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Zygotic clones were isolated for cach diploid.  After 2, 3 or
days growth the clones were picked, suspended and diluted in distilled
water, and samples plntgd anocan medium to select for canavanine resistant

an R) clones and on YD to establish the number of viable cells, Follow-
1 5 days incubation the number of calonies on each plate type was

scored, and samples of can R clones picked to YD medium.  After a furthe:
3-4 days incubation, these were replica plated to can, -ura, -his and -mth
media. iho replicates were scored after 3 days. The results are presented
in Table 26.

It is difficult to say much about the frequencies of can R ¢ lones
obtained, beyond the fact that for homorygous mué & strains they appear
to be higher than those for the heterozygous and wild type sﬁruiﬁs.
. Interesting comparisons, however, can be &ude concerning the nnturov
of the chrcganés ébrainod. As with thc.initinl experiment using unselect--
ed clones, the wild type strains again conform to expectation. CIN 1,
being distal to U1 3, is subject to homozyposis more often, and this
was ol erved for cach of the samplings of 4-day ol clones. The numbers -
of clones uanalyzed for the 2- and 3-day old clones were smaller and may M
have shown "jackpot" effects--the occurrence of a more or less rare
event carly in the zygotic clone growthkresulting in inordinately high -~
frequencies later when samples were plated. The low numbers of can R
ura mth” his™ clones obscrved are consistent with such segregants being
the result of 2 events, one proximal to wra 3 on tﬂé left arm, the other
proximal to %om 3 on the right.

Among the can R isolates from the mut § homozygotes the order of
the_ffequcnices of the 3 types is reversed. The class that would ordinf

arily be described as being the result of double events is in all 4 cases

very large. Moreover, the number of can R ura segregants exceeds the
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her of can R-only clones.  In classical terms this order of frequencies

Ol expected. T vtocol used did not eliminate the possibility
that the abervant sepregants for any one clone were the result of a4 overy
carly cevent.  That all 4 myé & homozyeous clones showed tncreased tres

Al

quencies ()Fl1u10x[n*ctawi seeropants areues convincingly, but not conclusive-
Iy, against such "ijackpott F[fccrs. Furthermore, the heterozyeotes give
relative {requencies that are between the wild type upd_muf 5/ﬁuf OeX-
tremes.

Having established that the dstorted senregation pattern of rogt bH-
bearing strains was real, an attempt was made to determine the nature of
the mechanism causing it.

The two obvious possibilitics are elevated frequencies of particular

mitotic intergenic recombination cvents or mitotic non-disjunction.
]

<

yr 4 o

Sporulating the can R, multiply auxotrophic strains derived from the vt 6
homozygotes and checking the viability of the meiotic products could not
be done. Although mut 5/mut & diploid§ do sporulate to same extent,
tetrads with 4 viable products have never been isolated. Ancuploidy of
presumptive (2n-1) strains should be readily identified by the iﬁviahiliry
of 2 products from cach tetrad. Inherently good spore viability is how-
ever esscntial, and homozygous mut 5 diploids s%mply do not have it.

If the intermediate frequency of can R ura  mth™ his~ segregants
seen in heterozygous mut 5 strains is really a result of the incomplete
dominance of mut 5, the cxpectation that their linkage group V constitu-
tion is the same as that for the mut 5/mut & isolates of the same pheno-
type is not unfeasonable. Figure 30 shows the pr-licted chromosome V
configurations of such scgregants from both heterozygotes for both hypo-
theses. It is readily seen that if either of these processes was.

involved, the segregants from KF257 will be phenotypically mut 5, and as

e,



Figure 30

Chromosone configurations predicted for aberrant Sepregints ocourring as

a result of g (lm}h]v recombination event, or non-disjunction, in hetero-

zygous et S diploids

Strain KF257 cand wurald  homd ol et s

+ + + + +

double recombination even: non-disjunction

eand wurad homd Lial wmots cand a3 rewms il mubs
e )
cand wrad homd HiaT s
Strain KF260 canl wurad homd hisl +
+ + + + mutd
double recombination event non-disjunction \
.canJ urad  homs hisl + canl wuras Tlomd hisl +

’ canl wrad3 homd hisl +



TARLE 27

Viabalroy of cpores obtained from ocan Boura omth hin doo]atee of

. A
heterosyoous e oo dipioids RE2LT and K200 and wi L Cope hipltonds,

KE2SES and Kol

A KEIST - 2 dav clone

Number of

Number ot et rads

complete

Isolate tetrads ! I 2 . 1
dissceted viable spares
1 10 7 3
2 10 8 2
3 10 8 2
q 10 8 1 !
5 20 3 15 2
6 10 3 6 1
7 10 7 2 1
. 8 10 8 2
9 10 8 1 )
10 1o ) 5
11 10 7 3




TARLE 27 (co

1

B.  KEF200 - 3 day clone

Number of fember ot tetrads with:
otate retrage 0125
dissected viable spores
1 10 1 ] 2 2 4
2 10 2 5 3
3 10 ] 2 2 3 2
4 10 2 2 8
5 10 1 9
6 10 ] 9
7 10 . 2 8
8 10 4 6
9 10 3 7
10 10 1 2 7
11 10 2 ] 7
12 10 1 ] 2 6
13 10 1 3 6
1.4 10 1 : ,2 2 5
15 11 6 5
™\



TABLE 27

C. KF258

{cont'd)

3

Number of
complete

and KF20l - 20 3 and 4 dav clones

Number of tetrads

Isolate? tetrads 0
dissected viab o
1 10 ]
2 10 1
3 10
4 10
5 10
6 10
7 10
8 10
9 10
10 10
11 10
12 10

with:

> 3 4
SPU res
EE
5 3 ]
2 3 5
] 4 5
2 4 4
4 4 2
2 8
1 5 4
1 2 7
3 3 4
1 9
5

%2

* Isolates
Isolates
Isolates
Isolates

1 and 2 KF258 (2 day)
3-6 KF258 (4 day)

7-10 KF261 (3 day)

11 and 12 KF261 (4 day)



such are not cxpected to produce many viable products on sporulation.
The KF260 scgregants are expected to be phenotypically wild type and as

such should give pood viability of meiotic products. If non-disjunction

were the cause, good viability would mean 2 viable products only per

tetrad.

Disscction of can R ura” mth™ his™ isolates from KF257 confirmed the
predicrion that the viability of meiotic products would ho‘poor (Table 27A).
No tetrad gave 3 or 4 viable products, and only 6 of 120 asci prodﬁc»d
two viable spores.  The overall viability was just over 115.

The data for strain KF260 and control wild type isolates are shown
in Tahle 278 and ¢ respectively.  The viability of the meiotic products
of the aberrant segregants derived f;om KF260 is as good as that for the
wild type isolates. That tetrads containing 3 or 4 viable products are
obtained from every isolate indicates that not cvery cell, if any, of

these isolates was a hypodiploid.

mut 5 and Mciotic Recombination

This analysis was -arried out invan cffort to ascertain whether any
mut 6 cffect on meiotic recombination was evident in the relaiivcly infre-
quent' viable produ .- of sporulation. As with the mutd-1/rad . . Toids
it was very difficult to obtain precise frequencies of viagl; sApores ror
mutS—i homozygotes. The estimated range was 5 X 10—4 -5 x 10 ‘ viable

spores/spore plated. This viability estimate for mutS-1/mut5-1 random

meiotic prodgg}s is not consistent with that reported earlier for spores

dissected from complete tetrads from diploids which were predicted to be

homozygous or hemizygous mut5-7. The latter may however be a very select

subpopulation. Viability of random spores from heterozygotes and wild

types was S0-80%.

\,
: \
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Table 28 shows the frequencies of selected histidine prototrophs
obtained from 3 different muto-1 homozygpotes, 2 heterozyeotes and 2 wild
type strains, all of which were heteroallelic at Lis 1. Thg poor spor-
ulation nnd‘viubilily of meiotic products of myts-1 homozygotes is reflect -
ed in the low numbers of histidine prototrophs observed for strains KF223,
KF224 and KF225. The frequenciey of prototrophs per viable spore, however,
are not unlike rhosé obtained foy¥ the heterozygous and wild type strains.

Estimates of intergenic rccgmbinutiun frequencies in the hiom d—arg ¥

! A )
interval were obtainced by streaking unsclected clones on YD mcdﬁhm, incu-
bating them overnight and then replica plating them on -mth and -arg media

to score for the presence of hom 3 and anyg 6 respectively. The results

(Table 29) again fail to show any effect of rnets5-1.

Another Approach to Meiotic Recombination
Synchroﬁous sporulation of yeast is induced by transferring hetero-
zyéous mating-type diploids to sporulation medium consisting of 1% pot-
assium acctate in distilled water (Roth and Halvorson, 1$¢9). This
initiates the differentiation process louding to meiosis. Shcrmanvand
Roman (1963) showed that such diploids, when removed from sporulation
medium and'plated on nutrient medium, were éapablc of return to vegeta-
tive growth, and, further, that the frequen;y of intragénic recombinants
among cells which had reverted increased with the lcngth/gf'exposure to
sporulation medium. It is now general 1y acccpged that tﬁe recombination
observed on return to vegetative growth is in essence meiotic recombina-
tion (Roth and Fogel, 1971; Silva-Lopez Eﬁ.ﬁl} 1975; Esposito and Esposito,
1974; Hopper and Hall, 1975). On this basis it is expected that diploid
strains defective in meiotic recombination processes might also prove

—

deficient in this "parameiotic' recombination. The results of an experi-



TABLE 28

Intragenic recombinarion in random meiotic products of homozygous rut -1,
heterozygous met5-7 and wild tvpe diploids

’

—_— -
Frequency of
Genotype Strdin histidine prototrophs

( /10” viable spores)

his1-518 mots-1 KF223 1.8 (19)*
hisl-1 metb-1 KF224 1.5 \(]8)

KF225 2.4 (14)
his1-315 muté-1 e

: 2.9
Y R KF203 2.22 (1906) .
hisl-315  + .

F2 2
higl-1  muté~1 KF204 2.47 (2801)
hisl1-315  +  KF205 3.39 (1388)
hiel-1 * KF229 1.87 (3361)

* Colony count on which frequency based

s



Intergenic recombination in unsclecte

Zygous mtd-1, heterozypous mtb-]

TABLE 29

and wild type diploids

Genotypo

+ arglmets-1
Ml o-

homés +

1

Strain

Number of
unsclected

clones
scored

Number of
recombinants

hom3 argo

d random meiotic products of homo-

Recombination
frequency (%)

208

208

‘18 -

14

*+ arqorntd-1.
+ .

homs +

+ arcl
homd + “muto-1

+

+ arql
hom3 +

+
+
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ment to assess the effect of mut5-7 in such a system are presented in
Table 30 and Figurc 31.
The parameter ”rclarivé}vinbi]ity” provides a rather crude measure
. / "
of the ability of acetate-cexposed Ccllg to continue vegetative growth.
Nevertheless, two péinrs can be made: for all strains there appeared
to be a slight incrcnsc‘in the number of plating units following exposure
to sporulation medium, and a marked decline in golonyéformjng ability was
obscrved at 44 hours.
At 3 hours the froquoncios:of prototrophs induced hy exposure to
/§p6}u]ntion medium ih the 2 clones of KF202 and KF205 were essentially
the same. In the 8h and succecding samples however, the wild type fre-
quency was clearly greater. The maximuwn frequencies obtained for thc'
mutd—-1 homozygotes (at 24h) werc an order of magnitude less than that of
the wild type control. (at 44h). Both homozygous rut5-1 clones exhibited
a very largc‘decroase in prototroph frequency at 44h.

muto-1, Mating-tyvpe and y-ray Inactivation

The epistatic interaction on X-irradiation of rad 57 and rad 52
(Game, cited by Haynes, 1975) and the failure of rad 52/rad 52 diploids
to show thé "a/a effect" (Ho and Mortimer, 1973), leags to the prediction
that mut &/mut 5; a/a st?ains may also fail to show an; decrease in y-ray
sehsitivity compared to mut 5/mut 5; a/a strains. The results of an
experiment to %est‘this prediction are presented in TabTe 31 and Figure 32.
The increased resistance to y-ray inacfivation of the Qild type isolate
KF205-R17 (&/a) relative to KF205—R28'(a)&).is very clear, as is the fail-
ure of a/a to idzrease the radipresistance of the mut § homozygote KF202-

R17 relative to KF202-R28 (a/a).



TABLE 30

The effect of mutéi-1 on parameciotic recombination

A. KF202 - clone | (hisI-315 et S-1/hicl-1 mutb-1)

.
Time in Frequency of
sporulation Relative " Frequency histidine
medium  (h) viability! of asci (%) prototrophs ‘
( /107 cells plated)~
0 1 (275)3 : (0)
3 1.3 (362) . _ (0)
8 1.1 (302) : .094 (541)
13 1.0 (280) ' 1.02  (589)
16 1.0 (285) 1.93 (1107)b
19 -84 (231) - <.1  (0:1059)% 3.00 (1728)
24 1.2 (316) 2.4 (27:1109) 3.30 {380)
44 .58 (160) 10.4 (71:680) .45 (52)
X/
g e

2 As determincd by hemocytometer count
3 Colony counts on which frequencies based

4 (Number of asci obscrved:number of cells scored)



TABLE 30 (cont'd)

(BTe1=-318 mut&=1/i i 1-1 mictS-1)

B, KE202 - clone 2
v

———
Frequency of
hi%fidino
prototrophs
( /107 celfs plated)

Time in
sporulation
mediwm (h)

Relative
viability

Frequency
of aseci (%)

0 1 as7)

3 1.0 (196)

8 .89 (166) 031 (11)
13 1 (o9 700 (243)
16 .97 (182) , o 1.35 0 (474)
19% 1.0 (192) E 1.79  (627)
24 .88 (164) 2,14 (150)
44 .51 (96) 6.9 (42:606) 33 (23)

C. KF203 (his1-315 muto-1/hisl-1 + )

Time in

sporulation
medium (h)

Relative
viability

Frequency
of asci (%)

Frequency of

13
16
19
24
44

1 (166)
1.3 (220)
1.1 (190)
1.4 (237)
1.3 (211)
1.0 (168)
1.7 (280)

.95 (158)

<.1 (0:1021)
1.0 . (3:301)
30.7 (189:616)

“istidine
‘ototrophs

/104 cells plated)

.003 (1)
.006 (2)
.009 (3)
23 (73)
1.30  (416)
3.65 (1163)
11.1 (709)
20.4 (692)




TABLE 30 (cont 'd)

Do KF2040  (hici-315 + Shiel-1 mutS-1)

—_—
Time in
sporulation
medium (h)

Retative
viability

Frequency
of asci (%)

Frequency of
histidine
prototrophs

( /1071 cells plated)
0 1 **z;ﬁ)
3 1.1 (80)
8 1.3 (97) _
13 1.1 (84) .10- (13)
16 1.2 (94) 2.§S;> (296)
19 1.3 (100) <.2 (0:590) C7.41 (941)
24 1.1 (82) 12.2 (41:336) 19.1 (484)
44 83 (63) 48.0  (200:417) 27.2 (346)
4
E. KF205  (his1-315+ /hisi-1 + )
Time in Frequency of
sporulation Relative Frequency histidine
medium (h) viability of asci (%) protoﬁrophs
(/10 cells plated)
-
0 1 (431) 147 (113)
3 1.12 (482) 152 (117)
8 1.05 (452) <.1 (0:1061) £222 (171)
13 1.05 (452) .4 (4:1006) 2.71 (2090)
16 1.15 (497) 1.6 (16:1016)' 6.44 (1239)
19 1.02 (439) 1.9 (12:639) 9.10 (875)
24 1.54 (664) 11.1 (111:1004) 24.7 (950)
44 .53 (228) 51.0 (274:537) 39.5 (380)




FREQUENCY OF HISTIDINE PROTOTROPHS ( 710% celis plated)

100

.
(=)
[

rﬁ___»n_ﬁ%_,-~.¥;m_w_\.m_.,~v»__n‘_~_‘ﬂmmg__a___i__h___~W‘-.~_;W.‘Q‘w

o —

A KF202-clone 1 mutS/muts
W KF202-clone 2 mut5/mutd
) ) ® KF205 + / +

Figure

S N TR
0 4 g’ 12 16 20 24 .

TIML IN SPORULATION MEDIUM (h) "

31 Intragenic recombination at hig 1 following exposure to

sporulation medium of homozygous mit5-1 and wild type diploids

105y
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SURVIVAL

Y-ray Exposuré‘(krad)

Figure 32 Survival after y-irradiation of mutS/mut5 and wild type

diploids heterozygous or homozygous for mating- type

100 R—o“o;:o_\w()
—~ A
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[ O KF205-R17 a/a; + / +
. @ KF205-R28 a/a; + / +
& KF202-R15 a/a;muts/muts
(0L = L KF202-R25 a/a;mut/mets
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Mating Type and Mutators

The observation off §,-N0 Quab (unpublished results) that the CApPYe
Ssion of mutator activity, as measurc: both the Lassie test and the

1000 -compartment {luctuation test (von borstel ot al, 1), was reduced

In homozyvpous wt o or met & diploids, relarive to the haploid parent -,

)

promptoed speculation that spontancous mmiabi Lity micht be subject to an

"a/a cffect™ unalogous to that described {or N-ray inactivation of diploids

Mortimer, 1958; Laskowski, 1962) . The results of an investication fo
atrempt to clarify this situation follows.

Homozygous mutator, heterozypous and wi ld tvpe diplotds which were

a cril a eral- a el , . C
TS Siom and ———esowere preparead as deseriboed in "Materials and
o o OV woery :

Methods", and subjected to Lassic vesting. The data are presented in
Tables 32-39.
No effect of homozygosity of mating-type is scersin the mut 1 data
(Table 32). There arc clearly no major difforences between the crypto-
a oyl ‘

pleurinec-resistant (cry R) isolates and the a-¥f-stlains from which

they were derived)

| A6

i

The data for the mut 2 ser (Table 33) are incomplete. When the g er.?/
] :

@ + isolates of one of the heterozygotes and the wild type strain were

spread on ery medium to select cfy R recombinants, kawns rather than the
N .
~

expected few discrete coléhizswgrcw up. It was inferred:that the clone of

the common wild type haploid usad in the mating was derived from a cell
that had mutated to cryptopleurinc resistance. When the results fror o
other 2 st;ains were obtained, thefe was no point to repeating the
ment. Thé Lassie test results fof the homozygous mutator and - the second

heterozygote show a general increase in all the cry R clones that appears

to be attributable to ery 1, and not mating-type, homozygosity.
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TABLLE: 33

The effect of mating-type £enotype on spontancous mutability in diploids
carrying muti-]

\

The nunber of Iysine-independent revertants which arose during 1vsine

limited growth of derivatives of:

KE190 (77114'1:3—]1//71:4;2—]) KFIOT  (mue2-1/ + )

a cryl a eryl o erul Ca eryl a eyl a eyl
o+ o eryl a eryl . a o+ a cryl  aoeryl
156 392 4

178 682 5

182 744 -6 69
183 7

185 817 g 10 44

203 408 10 55,
204 360 10 N
204 434 : 11 63
210 496 .11

226 649 12 : . 52

138
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The incrcase in mutator a \Tivity associated with ery 1 homozygosity

Is seen again in the mut 3 data Table 34). However, a further marked

increase beyond the « eryl/a ery] Xeores, was observed for the mut 3 oa
eryl/mit 3 q eryd o isolates.  This appirs to be re dto mating-type
4'\‘. :

homozyposity.
Each of the isolates homozygous for mut 4 dnd a mating-type produced

more revertants during -limited growth than the a erN/a + strain from

hoa eryl/a eryl
-4

which it was derived (Table 35). With only one excepti
N \
strains exhibited more spontancous mutation than any of theNg_¢¥y1/a eryl

isolates. The exceptional isolate did however score higher than an a eryi/

o eryl sister clone. .
: f

L B
Comparison of the Lassic results of the g cryl/a + and a eryl/a eryl

isolates of struips KF203, KF204 and KF205 (Table 36), shows again the
mutation incrcase associated Wi th cr& I-homozygosity. Whether all of the
incrca;c that is scen in the mut § heterozygotes (KF203 and KF204) can be
also attributed to this is unclear. The data for the mut 5 homozygous
strains show né effect of mating-type constitution.

The results for mut 6 and mut 9 strains (Tables 37iand 38 respective-
ly), while they do show the ery I homozygosity effect, do not reveal any
mating-type influence of these rutator mutants on spontaneous mutability. .

Of the mutators used in this study mut Zb is the weakest as far as
Lassie tests are concerned. Haploid strains carrying rut ZO’TOQtinely
gave Lassie scores ‘around 100, but were nevertheless identifiable among
the meiotic products of mut 10 heterozygores. The re5u1t§}presented for
mut 10 homozygotes in Table 39 are therefore somewhat unexﬁécted. In
the a éry]/a + isoiatés the mutator ﬁﬁenotype is very clearly.expressed.

‘The a eryl/a cryl clones, on the other hand, exhibit a general decline to

a level not unlike that of mut 10 haploids. No changes in revertant
: : "
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frequencies attributable to muet 10 is scen in the heterozypotes. . The

21/eryl effect is scen in the wild type and one of the heteérozygotes.

Summary of Results

Diploid strains carvying mutl-1, nuti-1, mut6-1 or mutd-1 ail failed

to exhibit any effect on UV-induced mutation or UV-induced .intra- or
intergenic recombination, and showed no change in spontaneous mutation
frequencics as a consequence of altered mating-type constitution.

No influence of mut3-1 or mutd-1 on UV-induced mutation or recombina-

detected.  Homeozygous mut 3 or mui 4-strains showed reduced mu-

ity when they were heterozygous at the mating-type locus. In-
7 .

b = .
#551c test scores were recorded when mating-type was rendered
J

[
.g?US. . E&
&Jihe'rpsponse to changes in mating—type genotype of muti0-1 homo:z
diploids was unéxpected. Homozygous mnut I0 a/a strains cxhibited ve
cleariy the mutator phe ﬁyﬁe. Isolates of ghesé strains which werc homo-
zygods a gave Lassic scores lower than those of their a/a progenitors.

muts-1 hoﬁbzygous, heteroallelic his I diploids were shown to be de-

ficient in.the production of histidine prototrophs following UV-irradia-

tion. Heterozygous mut & strains appear to be intermediate. That induced

mutation can account for most of the prototrophs seen in mut 5/mut 5 di-

ploids wa§ shown using homézygous‘hisl—l or his1-315 strains. Essentially

normal UV-induced reversion of iys]-] was seen in mut S-bearing diploids.
While no effect of mut 5 on induced homozygosis of ade 2 was observed,

unselected clones of heterozygous and homozygous mut 6 strains indicated

: s*ve markers,

that spontaneous segr: yants were occurring in which two rece.

one on each arm of linkage group V, were being uncovered. Tn® observa-
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tion was confirmed using selected can R clones from canl wrald homd his1/
+ + + + diploids. A check of the viability of apparent non-disjunction
[

segregants from heterozygous met & strains failed to confirm non-disjunc-
4

tion as the cause.

Allelism of mutd-1 with radsl-1 was ap;-ivent in complementation and

mapping studies. Linkage of muet & (rad o1) to trp &8 and rad~"was found.
No Jinkage of rad 53 or rad 54 to other markers on the right arm of link-
age group V was dctccrod;

Intra- and intergenic recombinant frequencies in the viable products
of meiosis in wut S/mut 5 strains appcaf to be normal. An investigation

of sporulation parameters using parameiosis (return of cells to nutrient
medium after exposure to sporulation medium) showed a failure of mut &

. " &
‘homozygotes to achieve wild type frequencies of intragenic recombifation

\

or ascus produdtion. A aocline in prototroph frequencies for mut 5/mut 5
strains was Seeq at 44h, when the frequency in the Qild type was still
increasing. B

No interaction of mut & and mating-type was detected when Lassie
‘tests were run on a/u and a/a isoia}es of diploids carrying mut5-1. The

Ya/0 effect" on ionizing-radiation inactivation was—+0t seen for homozy-

gous mut § diploids.



DISCUSSION
»

The characterization of yeast mutator mutants with regard to UV-
induced mutﬂtion, UV-induced intra- and intergenic recombination and the
effect of mating-type homozygosity on the expression of the mutator phen-
otype was carriod.out in an nttcﬁpt to clarify the relationship of these
mutahts with the DNA repair systems.

In the case of mut 1 and mut 6, neither of which is Scnsitjvo to
UV-light, y-irradiation or methy lmethanesulphonate, an effect on any one
of these parameters would have provided the first evidence (beyond the

, faco that they are mutators) that they might indeed be associated, howov;
€r remotely, with the repair systems of yecast as they are currently
understood. No clearly defined effect on these parameters was secn.

The absence of any'effect cannot in itself support the conclusion that
thesc loci do'hot interact with the DNA repair systems.

The mutants that have been assigned to pathways werc, with fhe
exception of rev 1, rev 2 oyd rev 3, originally isolated on the basis
of sensitivity to UV-light or lonizing radiation. It is most unlikely
that the lesions ofeated by these agents are repfesentative of all poss-
ible lesions. The functions encoded by MUT 1 and/or MUT 6 may be
involved with the non-mutagenic processing of other specific lesions,
which occur spontancously, and which, if not resolved properly, may
result in mutation. The domlnance exhibited by MUT 6 in some genetic
baokgrounds (Hastings et al, 1976) could reflect the extent to which -
such lesions occur in particular strains and the capacity of %he hetero-
zygote to deél with them.

An indication that MUT 7 mutations may 1nteract with ‘a repair- sys-

. tem in yeast comes from .the observatlon of S.-K. Quah, R. C. von Borstel

2

119
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and . J. Hastings, wnpublished vesults, that some antimutator mutants,
which all but climinate the mutatos phenotype of muwt I oin double muatants.,

are UV-sensitive.,

Another possibility which is currently being apvestigated, (C. K.

Tan and . J. Hastings, personal communication), is that mutation of

.
"

MUT 1 or MUT & may result in nucleotide pool imbalances, mutation rate
increases occurring us a result of misincorporation and/or the subsequent
misrepair of the lesions. Excessive incorporation of JUUP into DNA in:

v

mutants of E. colz lgcking dUTPase, removal of the uracil by uracil-N-
glycosidasc and subsequent repair of the apyrimidinic sites, has recently

been demonstrated by Tye ev al, 1977, Such strains exhibit increaced re-

e

)

combination and spontanecous mutition (cf. polfA” strains discussed-carlicr).
Clearly any mutation which incrédsed the extefit of misincorporation at

replication could result in the mutator phcno??ﬁ@»NhA“

Temiel

Much of what has just been said Hout mut I and muet 6, could

-

'éasily apply to mwt 2. While mut 2 strains do exhibit MuE-sensitivity,

the absence of UV~ or X-ray-sensitivity, or any effect on UV-induced

1

mutation or rccombination suggests that it may belong in a pathway yet
to be identified. In a rccent study, (Prakash and Prakash, 1977) mutants

isolated on the basis of their MMS-sensitivity and which complemented

the existing rad mutants were shown to belong in 22 new complementation

groups. Mutants in 5 of these complementation groups exhibit no sensi-

tivigy to UV- or X-irradiation. Until further characterization of mu-

tants in these 5 groups is carried out one can only speculate as to

their normal function. ' The existence of another repair pathway in which

MUT 2 has a pcif 1is not, however, an uareasonable conje re.

The sensitivirty Mf mutd-J-bearing strains to UV- and t;}rradiation

P i SV



and to MMS Jnade MUTC 9 a prime candidate for inclusion in the #4D 18 or
the W47 61 system.  Here again, however, no effect was observed on the
sccondary phenotypes examined.  On the hypothesis that the mutator pheno-
type is the result of redirection of spontanecus lesions from a blocked
non-mutagenic repai stem to a functional but mutagenic process, one
N . .

would conclude that the spontancous defect normally handled by HUT g,
whose involvement in radiation repair is minor, is not subject to repair
by any of the defined svstems. .That additional SVStems may exist was
indicated by, the observations of Prakash (1974) that nitrous ;u‘ikl and
nitrosoimidazolidone are mutagenic in otherwise immutable rad 6 and
rad @ strains, and of Brychcy (1974) that 1’¢1<’Z(7;7—11{*111*i.11g strains exhibit
the mutator phenotype.

A cleax indication that mutator loci may be invelved with DNA re-
pair processes i veast is scen in the interactions ;of muts-1 and mutd-1

R ,
with mating-type. The failure of o/a strains homozygous for rut 3 or
mut 4 to cxpréss the mutator phenotypé, and the restoration of this
phenotype in a/a diploids indicates thaf an interagygi >xists. The
simplest a'nd most com];cllim: explanation, based on the observations of
Mortimer (1958) anc . 1 (1962) is that spontaneous lesions, which v
result 1in mu.t:ation “honaploils, are processed, preferentiallyv.;’z‘ﬁd -,.nc'm—‘v
mutagehli.cally, by an /«- '~pendent *cpair‘ yﬁjstcm in heterozygous mating-
4 . , )

type diploids. This system, it appears, is not used to.any‘ great ex-
tent or is not available in haploids or homozygousk"ryh&afiﬁ:g‘-type diploids.
The latter is unlikely to be the case. The data of Game apd Cox (1973)
indicate an interactic‘m'.of rad 51 with other Tepalr gene mutations in

‘double mutant haploids exposed to UV-light. This implies that R4D 51

function is available in haploids. That.RAD 51 is a component of the




a/a-dependent pathway is indicated by the failure of heterozygous. mating-
type to Increase the radioresistance of rut S/mut &5 strains relative to
a/a;met S/mut b diploids (sce Figure 32).

The absence of any coffect of mutd-7 or mut ! on UV-induced re-
combination sugpests that ihcy do not result it nelling of apprec-
iable numbers of UV-induced lesions to the a/a-dependent system, whose
involvement with UV-induced recombination was indicated by Friis and
Roman (1968). This is consistent with the obscrvation that haploid
strains carrying mﬁtS—J or metd-1 are only wecakly ScnsitiYo to UV-light.

The possibilityvcnnnot yet be ruled out that the absénco or defect-

;

ivencss of an enzymatic function i: m. - or mut 4 mutant: causes the

production of NNA Iesions which are subject to mutagenic repair in the

absence, of the ¢/a dcpcndont$wrocess.

The few data that were o%taingd on mutlO-I-bearing diploids indicate
that this* locus too interacts with the a/a repair process, but in a
tgtally unexpected manner.  Spontaneous mutability is decreased in a/a;

mut. 10/mut 10 diploids relative to a/as;mut 10/t 10 strains. Assuming

that mutation of MUT 10 does not of itsclf increase: the number of lesions,
but rather, thit fUT 10 is involved in tie processing of spontaneously—
occurring lesions, it is possible that in a/a mut 10/mut 10 strains these

s ]
lesions, which give rise to some mutation in haploids and in a/a diploids,

~have an increased probability of being resolved mutagenically. If MUT 10

is > iponent of the a/a-dependent system [a not unlikely supposition in
view of the y-ray sensitivity of.mut 10 strains (Hastings et al, 1976)
and the poor sporulation exhibited by mﬁt 10 homozyéous diploids (S.-K.
Quah, peréonal communication}], then the preferential handling of lesions

by this pathway in a/a;strains, as indicated by the mut 3 and mut 4 results,

‘would effectively increase the number of lesions prone to mutagenic re-

S
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pair. How then might me 10 homozyposis result in increased shontnnoous
mutability in «/a diploids?

Two possibilities are suggested:  a defective MUT, 10 gene product
might act to resolve the lesion mutugonicully,'or, if the MUT 10 gene
product is absent, the sccondary lesion may be redirected into a muta-
genic process.  No choice between these is possible on the basis of the
data that has been collected.

N . .
If nut 10-bear ng strains exhibit the mutator phenotype as a result

of the pro” ion o: lesions by a defective MUT 10 gene product or by
virtue o it: o ence, then it must be argued that *‘€E§ lesions are
resolved p ntially and mutaqcnlgally by th%@ﬁ?“ 1epalr process.

This would meaﬁ%that the nature of the processing Calrlud out by the «/a
dependent proc.s$,mutagenic (as for mut 10) or non-mutagenic (as FOE’

mut 3 and nm?7y§§vwas depcendent on the lesion that it was called%huulrp;
AN

Y

to handle. I do not think that we arc as yet in-a position to disc“”ﬁégg =
categorically this possibility. | |

Strains carrying mut5-1 exhibit, in addition Lo the mutator pheno-
&Ype, sensitivity to UV-1light, X-rays‘and MMS (Hastilgs et al, d076)
Eamozygous muto-1 diploids do not sporulate partlcularI) "well Qnd
poor viability of the few meiotic products that arec produccd. This de-
scription applies as well to mutants of most of the RAD 50 series genes
(Game and Mortimer, 1974). It‘was not unduly surprising to find tﬂat
muto-1 homozygous diploids a;;’apparéntly totally devoid of any UV-
induced intragenic recombination. Mutation.bfAR4D $1 or R4D 52 ESaeki
et al, 1974; Resnick, 1975) had aise been shown to result in reduced
frequencies of induced intragenic recombinants.

. The failure of mut5-1 and rad51-1 to complement to restore y-ray
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resistance and cfficient sporulation, and the mapping.of both markers

0

distal, but closély linked, to ¢rp & on the right arm of linkage group
V, leaves little doubt ghar they are allelic. '
The observation that the frequency of UV-induced homozygosis of
A\
ade 2 was unchanged in mut S-bearing strains .(Table 20) was not consistf

ent with the observation of Sacki ct al (1974) that radiation-induced
intcrgcniclrccomhination was reduced in rad5i-1 homozygotes. When un-
sclected clones from homozygous mut &, hetcrozygous and wild type diploids
were examined for the segrepation of TCCC;SiVC markers it’was found that
the frequency of clones in which redessive markers were uncovered was
not affected to any great extent by the presence of wmut 6. The spontan-
eous occurrence of apparent non-disjunction products in the mut S—Bear—
ing diploids was of considefable interest (Table 25). The. investigation
which followed was designed to test the reality and the reproducibility
of this observation and to attempt to define the cause.

The markedly increased frequency of caan:u%a_mth_his— clones among
the can R isolates of the homozygous mut & diploids compared with the

. :

wild types (Table 26) confirmed the initial observation. Incomplete
dominance of mut 5 with regard to this phenotype was apparent in the
heterozygotes. ’ &

On the basis of the QSSumption;aggfn (that the aberrant segregants
from heterozygotes and mut &/mut 5 diploids héve identical linkage R
group V complements), the Oécurrence of 3 or 4 viable me%otic products
in ascf obtained by sporulation of aberrant segregants from mut o
heterozygotes (Table 27) indicates that, if non—disjunction‘is‘the cause,

,ia
then two such events are necessary. The first is required to eliminate

: CHE)
the chromosome bearing the dominant alleles, reducing the chromogg%e 2

un



: “
number to 2n-1, and the scfond to restore the nonosomi ¢ chromosome,
which carrics the rcccssivo:nllclos, to disomy. A alternative is that
in muet & strains coincident spontancous mitotic exchanges, one on cach
side of thulconrromoro, invoI\dluz Ulo_snmo two chromatids, are favoured.
Both hypotheses. dre consistent with the Viability data obtained.
Strémnacs (1968) found that growth of diploids in the presence of p-fluoro-
phenylalanine 1esulted in the production of similar aberrant scgregants.,
He, too, was unablie to choose hetween these hypotheses,

Confirmation of the restitution .f the monosomi ¢ chromosome by a

second cvent may he obtuinable by scoring the viability of mcioric pro-

ducts of aberrant segregants shortly after their O0ccurrence, andyat intor-

t
vals thercafter. Early samplings should show high frequencies of 2:2

|

Ay g
first divis Tbids E cgations for viability, which should give way to 4

v1ab]e 0 inviable spores with continned growth (Mortimer, personal com.
municationj. .

While it might be difficult to reconcile it with the incomplete
dominance of mutd~-1, the pPossibility that the aberrant segregation pat-
tern seen in mut § homozygotes was a manifestatinn of a chromosomal re-
arrangement was considered . No hypothetical configuration was found
whi;h would account for both the abcrfant/segregations seen in the di-
ploids and the production of 4 v1able spores frqm me1051s in the aberrant
Segregants, or for that matter, in any Ségregant which resulted. from
an exchange within a rearranged segment. No indicatlon of the presence
of a rearrangement 1nvolv1ng linkage group V was seen in the crosses
analyzed in the mapping study.

Parameiosis, the ‘resolution of pre-meiosis I .tonditions in cells
Foadt

returned to vegetative growth (Simchen et al, 1972), allows meiotic

DAt e R ta

bt
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A
levels of recombination to occur without the completion of the sporula-

tion process (Sherman nnd.Romnn, 1963; Esposito et al, 1974)...Thc TC-
sults presented in Table 30 and Figufo 31 indicate that mut 5/mut 5 cells
shifted back to nutrient medium at Sh after exXposure to sporulation me-
dium revert to vegetative growth and exhibit rccombination frequencies

. '
like the wild type cells._  In the'ziﬂd type, and-presumably in -the-mut 5
homozygous strains, cight hours exposure to sporulﬁtion medium should
have brought the cells into the period of pre-meiotic DNA synthesis
(Simchen et al, 1972, 1976; Hopper et al, 1974). It is clear from the
data that beyond this time the frequency of histidine prototrophs is .
lower in mut 5 homozygotes than in the wild type. Whether this reflects
a deficiency in the mut 5 strains in pre—ﬁciotic DNA synthesis or an in-
abilify to resolve as efficiently as the wild type, a pre-meiotic con -
dition, even on rotu1mvto vegetative growth, is not clear.

The decline in relative viability at 44h scen in the wild type and
the continued incrcase in the frequency of histidine prototrophs suggests
that cells which have failed to complete meiotic events by this time are
losing viability.

~

The decline in viability of the mut 5/must § strains afﬁ%his time is
accompanied by a decS?%§e in the frequcncy of Urototrophs It must, I
think, be assumed that most of the histidine proiotrophs seen for the
mut S/mut & strains in this experiment are of parameiotic origin. Takén
toé%ther, the low V1ab111ty of melOth products from mut 5/mut § d1p101ds
and the depressed frequenc1es of asci seen here, would predict that the
histidine prototrophs derived from completion of meiosis in the mut 5
homozygotes constitute as little as 10% of those that are observed; On

this basis, the decline in the frequency of prototrophs at 44h can be



interpreted to mean that commitment to meiosis in mut S/mut 5 cells is
to a large extent a lethal event. Whether this is a result of\failurc
to complete DNA synthesis properly or an inability to rcsélvé recombina-~
tion events, remains to be Soén.: )

The late appearance of asci in the heterozygous strains relative to
the wild type may represent another dominant rptd-1 effect. However,
the concentyr (ions of cells in the heteroz ygote cultures were suboptlmal
(0.64 and 0.25 x 10 ccl]s/mD for the heterozygotes when harvested from
pre—sporulatidn medium. The concentrations of the mut 5ﬁnut o clones
1 and 2, and the wild type cultures. were 1.2, 0.72 and 1.5 x 107 cells/
ml respectively. A concentration of 1 - 1.5 x 107 cells/ml is gehcra]iy

considered optimal. The low titre of the heterozygote suspensions

could account for the sporuiation delay.

In the description of the results of the UV-induction experiments
for mut bearing strains, passing'refercnce was made to the variability

which is”

géﬁ“in=the transition from the lower initial slope to the
higher %inai slope éf the'mutation and intragenic recombination dose
response curves. The ddta obtained on the induction of histidine pro-
totrophs in homozygous mut 5 diploids suggests“a péssibility which ‘may
be worth further investigation.

Comparison of Figures 24 and 26 indicates that the initial slope
of the‘mut‘5/mut 5 curve (which is in reality a mutation'indUCtion curve)

is greater than that of the wild type. Extrapolation of the mut § curves

(ignoring for the moment the 3 curves which deviate above 63 J/mzj bfings

them relatively close to the wild type: curves at the latter's transition

region. The possibility that the final phase of the recombinant

157
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induction curve is in reality a mutation innhlct'id;; curve appears to be
reasonable,

The 3 mect /pact & histidine prototroph induction curves which de-

"9

viate from the others above 63 J/m™ provide a partial explanation for
rho.v;n‘iub]o trinsition behaviour of many of ’thcr curves obtained in
this wori. The survival data for the three strains iﬁvo]ved indicate, |,
by an inflection in the survival curve, the presence of a resistant sub-
population in all three (sce Table 17A, D and G). This could account

for a plateau, but it is not entirely clear to me that it can explain

a decline.

. = L

That ‘the presciice of a resistant subpopulation may be but a partial
explanation becomes clear when one attempts to correlate the plateaux
in induction curves with inflections in survival curves. fn Figures ]

and 2, for example, the transition phases of thevmutation'¢qrvcs do not

correspond in any fixed way to the inflections-in the survival curves.

=

As with the induction of recombinants, the possibility that there arc N

T

two systems involved may be worth further study.
: ~N

v

Of the mutators studied, only mut5-1 cén be place ' vwith certainty in
an already identified epistasis group. The data indicate however that
_mut 10 may also be a component of this samé recovery process. While the
failure of mut3-1 and muté—] tq show any effect on UV-induced mutation or
Tecombination may be attridbutable to any one of a number of causes, for
. example léakiness, the possibility must be -considered that they are SR
:témponents of a recovery process that has not been, or cannot be, defined %

- S
~ <3
%4

on the basis of interactions of mutations on UV-exposure. This is also

true of muti-1, mité-1, mut6-1 and muet9-1.

~



The existence of other rOCOVUry*roufos besides the 3 defined on the

basis of the interactions described carlier is suggested by several ob-

servations.

The nature of the interactions of mutation in rad 6 or rad 18

with one another, and with mutations at other repair loci, that is seen

following X-irradiation is not the same as that scen after UV-exposure

(discussed in the introduction). Accepting for the moment that the rad

loci encode repair enzymes, one is led to the conclusion that thé{ﬁ%?»

cessing of different specific DNA lesions may require the function of

different combinations of these enzymes.

Y
R

This conclusion is also suggested by the work of Prakash (1976) on

chemical mutagencsis in radiation sensitive mutants. Ethy]methanesulphon—

ate mutagenesis, whlle it does requ1le function of the ?4D 18 pathway

loci, RAD 6 and 74D 9, also requires RAD 52 function. Mutation of RAD" 22,

aRAD 3 epistasis group member, results in decreased mutability of nitro-

uinoline oxide, implicating this ene's function, with those of the
q .imy g g

RAD 18 epistasis group loci, in yet another 1-~sion-handling process.

Not only the lesion itself, but alse the nuc otide sequence in the vic-

inity of a lesion may determine the "pathway' used (Lawrence and

Christensen,

1976).

The identification of many "new" presumptive repalr 10ci using MMS-

sensitive mutaﬁ/ (Prakash and Prakash, 1977), which may make confirm-

ation of MUT 2 and MUT 9 as DNA repair loci p0551b1e supports the view

(

that there are Tepair systems whlch remain to be defined.

159
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This characterization of the mutator loci with regard to parameters
that‘idcntjfy components of the DNA repair system in ycast was carried
out in the expectation that an undcrsﬁnnding of the rclatiohship between
them would bring uS closer to an understanding of spontancous mutation.
While the precise relationship of most of the mutator loci with repair
processes 1s still not understood, and despite the confusion that surrounds
some aspects of these processes, it is stil] apparent .that the only reca-

sonable context in which to consider spontanecous mutation is with regard

to the DNA repair system.
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APPENDIX

Location of Wit Al S0 and L) ¢ on Linkave Group V

1

The data contained in Table 24 make it possible to locate W7 (

')
] ] N . . . . » ’ d“‘( .
and e faiely precisely on the risht amm of linkape group V. 7
Table

stas the poolad Jata from Table 23 for recombination hcr\gv'ru '
,{)‘ ) , ) |
adjac e sece Re Ky Mortimer and D, C. Iawthorne, 1973, Genetics,
R
R S hetween other markers used to defline the position of 2,0 5,7 \
B The distances computed™for the intervials between adjacent mavkers
. B - . . . . -
are congrsdent witth those indicated by the map of Martimer and Hawthorne,
. / Mo . 1"
1975.7 740 51, whvich is pluced,distal to 7372 on the basis of crosscs
S v
involving these and other Linked markers (sce text), is just under 3
v. " S . ¢ g . ‘ KIREN . . )
centimorpans {rom 7D & on the busis of" the pooled data, from crosses in-
o B . . . o Gy . ' .
Soovolving trp - pmed-T oand e 2'- pad§l-I. ﬁ
- . . X R
T Bhile linkage of rad 4 with Pad 57 (wiet 5) and of rad 4 with rad 3
S AL T - : o ' . ‘ .
), - wads doltgcs}g.ed, no linkage of »ol & with rod 51 was apparent.  On this,
s, S -, ‘ ' v, o . v '
' T, 5 \?. t . ‘ & : "
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(T + 6NPD) x 100 / 2 x Total (D. D. Perkins, 1949,



