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vABSTRAcT .‘ | o g“

In order to corre]ate DNA repa1r mechanismy ;with those of spon-

taneous mutation in the yeast Saccharomyces cerevisiae, - the spontane-

- ous reversion rates to- 1ys1ne and h1st1d1ne 1ndepgndence of several--
UV-sens1t]ve strains were measured by means of thq 10004compartment"‘

fluctuation test. The 1 x51~T a]]e]efis;a nonsense-suppre§§1b]e mutant

and is revert1h1e ‘either by a reversion at the _xgl 1ocus rtself or
by a forward mutat10n.at one of e1ght supersuppressor loc1 The
.thl_z allele is, be]1eved teo be a missense mutaht and can, be reverted
»by 1nterna1 m1ssense suppress1on. S ’.‘
~ of the 22 gene ]oc1 contro]]1ng sens1t1v1ty to ultrav10]et V{ i

tTight in Saccharomyces cerev151ae nlne radlosens1t1v1ty alleles were

"”~stud1ed for their effects on spoﬁtaneous mutab111ty The EXCISIOH-A ;¢5

defect1ve aT]e]e rad3-12 and the a]]e]es rad5- ] and rad18 2 were

found to s1gn1f1cant1y increase the spontaneous rate of reverSIOn to
1ys1ne 1ndependence in stra1ns bear1ng them. The a]le]es rad3-]2 and
rad5-] a]so 1ncreased the h1st1d1ne reversion rate. Stralns bearIng

~the other exc1s1on -defective a]]e]es tested, radl-1, rad2-2, and

radi- rad4-3, and the radl0-1 allele, however, failed to show any s1gnifi-
: cant-1ncrease 1n spontaneous mutab111ty, a]though the radl-1 allele
3d1sp1ayed a certain amount of var1ab111ty in different genet1c back- -

grounds.‘ The effects of rad8-1 and rad18 l could not be detenmlned

:and were attrlbuted to mod1f1ers present in the genetic background
wh1ch exert the1r effects on: the spontaneous mutab111ty of these
‘ stra1ns. The resu]ts obtapned both by qua]1tat1ve as we]] as quanti-

tatlve measurements arééln good agreement. o
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On this basis, 1t is suggested that the 1ncreased spontaneous
~ mutation rate and UV- sens1t1v1ty in strains bearing the rads-1 allele
—-are likely to be due elther to the same mutat1on or»e]se, to 1nde~ :
Q pendent mutations in two very c]ose]y 11nked genes S1m11ar con-7

: .clus1ons m1ght be app11cab1e to rad3- 12 and rad18 2, though the data o

" for these alleles are.sparser. Thus, it is concluded that at least
some' genes controlling sensitivity tb u1travio]et Tight may affect
.spontaneous mutab111ty in yeast An 1nterest1ng feature of the

three UV sens1t1ve mutators descrlbed here1n is that the1r wild type

*if”gene products _are believed to med1ate the f1rst step in each of three

| “pathways 1ead1ng to repa1r of uv- 1nduced DNA damage (Game and Cox,
- 1973 Cox and Game, 1974)
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“INTRODUCTION

The prob]em of how spontaneous mutat1ons arise remains a per-

_ plex1ng one to this day. Many and varied theor1es have been sug-
gested to eéxplain spontaneous mutab111ty (see Magni, 1969 for. rev1ew)
Among these errors in DNA replication, errors in the repawr of

»‘damaqed DNA and m1stakes in genet]c recomb1nat1on haveobeen cited
»as the principal sources of spontaneous mutat1ons (von Borstel,
1968, 1969a).

'It is now known that radiation—induced DNA damage can be re-
paired'througu several different mechanisms. "Also, mistakes in the
repa1r of such damaoe have been postu]ated to lead to an 1ncrease
in the frequency of radiation- 1nduced mutations. An 1mp0rtant '
-quest1on wh1ch ar1ses is whether spontaneous]y ar1s1ng premutat1ona]
defécts in theuDNA can actua]]v be removed by the ‘Same ‘mechanisms’
which repalr rad1at1on induc 4 1amage In other words, do errors 1n

- the repa1r of radiation- indu ced DNA ]e51ons have any effect on’

S

spontaneous mutat1on rates? w1th the hope of f1nd1ng a so]ut1on to"

L8

the prob]em of the. relat1on, if any, between repair and spontaneous
', mutab111ty, stud1es of spontaneous mutat1on rates in mutants sensi-

t1ve to rad1at1on have been undertaken in recent years.

Causes of RaHiation-Sensitivity

.

The isolation in 1958'by Hill of a mutant of the:bactefium

-Escherichia coli B Which.nas sensitive to?ujtraviolet light and

1



X- rays 1n1t1ated the study of rad1at1on sens1t1V1ty in prokaryotes
and eukaryotes. .Since then, rad1at1on sen51t1ve Strains have been ‘
" discovered in a var1ety of organ1sms, and it has become apparent that’
sensitivity to both ionizing and non-ionizing radiation is ynd r
-genetic control. | ' : |
Radiation—sensitive)strains are presumed to lack completely or
-at 1east have a cecreased ability to repa]r rad1at1on induced DNA ;
damage (Nltk1n 1966), which, in®“the case of u]trav1o et light, con-
sists mainly of pyr1m1d1ne3d1mers, the most frequent Yy produced be1ng‘
those of thymine (Setlow et al., 1963; Set]ow, ]966 Strauss, 1968).
Formed by the d1mer1zat1on of two adJacent pyr1m1d1nes on the same
DNA chain . by linkage of the 5,6 unsaturated bonds to'form a cyc]obu—
tane r1ng pyrimidine d1mers d1stort the phosphod1ester backbone of
the doub]e helix (see Strauss, 1968 for rev1ew) The major overa1]
effect on the cell of unrepaIred pyrimidine d1mers is to reduce the
rate of DNA synthes1s (Set]ow et al. 1963, Bollum. and Set]ow 1963),‘
wh1ch in turn is lethal (Hacker~et'a] , 1962) A glven dose of
u]trav1o]eﬁ>rad1at1on produces an equa] number of . d1mers in both
~sens1t1ve and insensitive strains of E c011 (Set]ow et a] 1963)
whether or not a stra1n survives after Irrad1at;on depends on whet :
her or not the radiation- induced defects are repaired (Haynes, ]9o;§}
‘Brende] and Haynes, 1973). Thus mutZtlons yhich 1ncrease sens1-
t1v1ty to UV may do so either by decrea51ng the ab111ty of a stra1n

'to repair pyrlmldlne dlmers or by decreas1ng s ab111ty to to]erate

- unrepa1red d1mers and cousequent]y form colonies (W1tk1n 1969a)

2



Repair Mechanisms in E%coli

There exist three different types of mechanfsms to repalr ultra-
' v1o]et ]1ght-1nduced DNA damage in rad1at10n 1nsen51t1ve straIns of

bacter1a, name]y photoreact1vat1on excision repair, and post-

3

replication repair. =
' & -
1. Photoreactivation; If an 1rrad1ated strain of bacterla ls

"exposed to visible ]ight, its photoreact1vat1ng enzyme 1s re]eased from
the 1rrad1ated DNA to whlch it binds in the dark, and splits or mono—\t |
merizes the pyrimidine d1mers in sity (Wulff and Rupert 1962; Cook
1967), thus restorIng normal DNA structure. Photoreactivation is spe;
"c1f1c for pyr1m1d1ne d1mers on]y (Set]ow 1966) and both uv- k]]]lng

and UV-1nduced mutat1on can be photoreactlvated (see H]tkln ]969a for
rev1ew) Surv1va] 1n some rad1at1on sens1t1ve bacteria can be 'in-
creased by post ~-UV exposure to photoreactlvatﬁng light (Set]ow and Car-
rler, ]964) Thus the presepce or absence of pyr1m1d1ne dimers can be
': quantltated by detenn1nat1on of the amount of - photoreact1vab1e damage.

2. Exc1s1on Repair. Because photoreact!vab]e damage (pyr1m1—

"vd1ne d1mers) can be reduced by dark storage in non-nutrIent medlum
(11qu1d ho]d1ng recovery) ln bacteria (Roberts And Aldous, 1949),

B _thls 1nd1cates the exlstence of a dark repair process. The mechanism
for such dark repa1r 1nvo]ves an enzyme or enzyme system whlch recog-‘
nizes the double helix dlstort1on caused by the d1mer and 1ntroduces
-a single-stranded n1ck into the DNA Strand near the dimer site. The_'
damaged bases and a few adJacent nucleotides are then removed as
ollgonucleotIdes by the's' exonuclease of the DNA po]ymerase I (Kelly
et al., 1969). The gaps ]eft in the DNA after exc1$lon are then



ref111ed by repair synthesis, carried out by a poLymerase enzyme uSIng
the undamaged DNA strand-as template. Ev1dence for dimer excision in
- E.coli comes mainly from obseryations of the dtsappearance of dihers
from the acid ‘insoluble fraction of UV-1rrad1atej w1]d type ce]]s,
.‘wh1ch ‘have been dark 1ncubated and their appearance in the soluble
fractions (Set10w and Carr1er 1964 Boyce and Howard F]anders 1964).
" No comparab]e dimer loss is however observed in UV-sens1t1ve cel]s
The existence of non- conservat1ve rep]1cat10n at . random positions in
the genome has been shown by den51ty ]abe]]1ng exper1ments (Pett1John
‘and Hanawalt, 1964) The f1na1 step in excision repa1r involves the
rejoining of the free end of the newly synthe51zed’DNA to the old
po]ynucleotide chain (McGrath and mmam's; 1966) by means of a ligase
enzyme (Mead, 1964; Olivera and Lehman, ]967) '

3. Post-Replication Repair. A third, ]ess well characterlzed

mechan1sm for 1ncreas1ng SUrv1va1 after u]trav1o]et 1rrad1at10n is-
be11eved to operate after DNA rep]1cat10n (Hltkln 1969a), as opposedA |
to excision repair wh1ch funct1ons pr10r to replication. Dlmers not _
’ exc1sed from the DNA before repl;catlon pass through the replicat1on
| fork and are no longer subJect to exc1510n Since they cannot~be
vrep11cated dimers give rlse after the first post- UV DNA repllcation
to gaps in the daughter DNA strands at pos1t10ns 0pp0$]te each dlner
--1n the temp]ate (Howard Flanders et a]., ]968) These daughter
strand gaps, however, gradua]]y d1sappear dur]ng the hour fo]]owlng
- the first post 1rrad1at10n DNA rep]1cat1on as is 1mp]1ed by - the

'fact that Tow mo]ecular we1ght 1rrad1ated DNA is eventually converted

_1nto h1gh molecular welght DNA upon- subsequent lncubatlon (Rupp and



Howard- F1anders, 1968) in both wild type and exc1s1on defect1ve
strains ’ o | .

This repair mechanism is;be1ieved'to 1nvo1ve'recombination and
'may possib1y be under the control of the recA gene in E. co]i (Rupp
et al. 1971) Recomb1nat1on defective mutants show 11qu1d hold1ng
recowerybwhereas double mutants defective in both recombination and
exc1s1on repair show no liquid holding recovery (Howard F]anders '
.et .al., 1969). A]so, recA mutant DNA sediments as ‘short mo1ecu1es
after post -UvV 1ncubat1on The detection of molecules of 1ntermed1ate
; density formed 1n UV 1rrad1ated but not control ba:ter1a in dens1ty
1abe111ng exper1ments 1nd1cates that recomb1nat1ona] repair may
depend on sister dup]ex exchanges (Howard- F]anders et al., 1971;
Rupp al. 197]) The s1mp1est mechan1sm env1sua11zed for such
repair is s1ngle-stranded exchange of a 11m1ted length at each d1mer, _
such.thatmdaughter strand fragments are assemb]ed into. a comp]ete '
. genome and dimers remain in their or1g1na1 strands. fReg1ons contain-
ing a dimer and a gap in one dup]ex will usually - be 1ntact in the

s1ster dup]ex and- thus w111 permit such exchanges (Howard F]anders,

1968). :

Error-Free Versus Error-Prone Repair Mechanisms
The conjepts of error-free and error- -prone repa1r have been put

forward by (N1tk1n 1969a) for Uv- 1nduced mutat1ons in bacteria. ‘Of -

the three DNA repair mechanisms, the least ]1ke1y -to 1ntroduce errors

during repair is photoreactivat1on because 1t cons1sts of a sing]e

enzymatic step The process of d1mer excws1on in bacter1a is 1tse1f 7



also believed to be error—free . Rather, the unexcised dlmers which
pass through the rep]1cat10n fork seem to be responswb]e for mutation _
1nduct1on as excision- defectlve strains of E. coli have a higher UV-
induced mutat10n frequency than wild type stralns and these induced
. mutations are photoreactivable- (Witkin, 1966; H111 ]965 Br1dges et
]. 1967). Thus, in contrast to photoreact1vatwon and excision re-
pair, the process of post-rep11cat1on recomb1nat1ona1 repair of
daughter strand DNA gaps has been cons1dered to be error-prone.
Wh11e excision- defect1ve bacter1a d1sp1ay an increased mutab1]1ty,
recA mutant stra1ns show no change in mutability, as expected if there
is no error-prone reconb1nat1ona1 repa1r (HItk1n ]969b) The pres-
" ence of both the recA gene product (be]leved to be. required for post-
rep11catron repa1r) and the exrA gene product (thought to decrease
“ the accuracy of repa1r [w1tk1n 1967]) seems to be necessary for this
' error—prone repair (Howard F]anders 1968). Based on studies wlth
excision-defective, recomb1nat1on def1c1ent and po]ymerase deficient
stra]ns, Kondo et a] (1970) have a]so conc]uded that, in addition to
rep11cat1on errors, reconb1nat1on errors ar151ng from spontaneous or'j

mutagen induced premutat1ona1 DNA damage are respons1b1e for base

'subst1tut1on mutatlons in E. coli.

~

Genes’Contro]Iing'UV-Sensitivity in E.coii and Other‘Organisms ,

In Escher1ch1a co]1 severa] loci are now. known to have -an

effect on rad1at1on sens1t1v1ty (Howard F]anders and Boyce 1966
'Strauss, ]968) . The; uvr genes contro] sen51t1v1ty to u]traviolet

‘1rrad1at1on. The three genes uvrA, uvrB and uvrC each determine a
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‘ UV-Sen51t1v1ty and Repa1r Mechanlsms in Yeast

step in pyrimidine diner excision (Howard-Fianders.et al 1966)

The rec loci when mutant decrease the efficiency of genet1c recomblna-‘
tlon as well as affect1ng UV- and 1on1z1ng radiation- sen51t1v1ty i
(Clark and Margulies, ]965 Howard- F]anders and Ther1ot 1966), but
are normal in exc1s1on repair (Clark et a] > 1966). A mutat]on at/’

the lex locus (exr in E. co]1 B) affects UV and X- ray sensitivity but

»'shows no apprecwab]e recomb1nat1on def1c1ency (Howard Flanders and

: Boyce, ]966) Other loci wh1ch affect rad1at10n sens1t1v1ty 1nc1ude:

lon mutants whi ch have a decreased ab111ty to divide after UV (w1tk1n, ’
]967), ras mutants wh1ch predomlnantIy increase UV-sensitivity but
can excise dimers and show norma] genet1c recombination (wa]ker,

1969), and E__.nutants (De Luc1a and Ca1rns ]969) wh1ch have reduced

levels of DNA po]ymerase 1 and show an 1ncreased uv- sensitivity, per-

haps because they repair excision gaps at a very slow rate (Boyle et

_l., 1970 Witkin ‘and George ]973)

Genes affect1ng sen51t1v1ty to u]trav1o]et ]1ght have a]so been

cited in Proteus m kjrab111s (Bohme 1967), M1crococcus rad1odurans

—(Harlharan and Cerutt1 1971), Ch]amydomonas re1nhard1 (Dav1es 1967)

’Asperg11]us nldu]ans (Lanler and Tuveson, ]966 Fortu1n, ]97])

.Neurospora crassa (Chang and Tuveson, ]967 chroeder, 1970), Ust11ago~
‘ma xd\s (Ho]11day, 1965) Ustl]ago v10]acaea (Day and Day, ]970)

’SchIZOSaccharomyces ppnbe (Schupbach 1971; Fabre, 197]),'and Sacchf,

aromyces cerev151ae (see be]ow)

;e
o }
Mutants of the yeast Saccharomyces cerevisiae wh1ch are sens1t1ve’

J
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to radiation‘have been isolated in recent years (hakai and Matsumoto,
" 1967; Snow, 1967} Cox and Parry, 1968; Resfick, 1969; Zakharov et al.,
1970; Averbeck et al., 1970; Lemontt, 1971a; Moustacchi, 1969). By
means of comp]ementat1on and recombination tests,ithese mutants have
been ass1gned eo 22 genetic loci which control sens1t1v1ty toUv -
(Game and Cox3; 1971). Mutation at any one of these 22 rad loci con-
fers a greater 1ncrease in sens1t1v1ty to ultraviolet Tight compared
to the wild type In addition, there are a]so e1ght known 1oci
which affect sensitivity to X -rays (Game and Mort1mer 1974). .
Similar repair mechanisms to those in bacteria are functional

in wild type yeast. That a process of dark repair'exists an yeast
- is evident from the 1ncrease in survival (11qu1d holding. recovery)
obtained by dark holding UV 1rrad1ated wx]d type yeast in non- nutrient
medium, such as d15t111ed water or buffer, before p]at1ng (Patrick
et a] » 1964; Parry and Parry, 1972). That photoreact1vat1on has no
further effect on surv1va] indicates that the pyr1m1d1ne d1mers are -
removed by this process » |

_ Exdision repa1r cannot be d1rect1y demonstrated in yeast, as
has been done in bacteria, because of the inability to 1ntroduce a:
L spec1f1c label due partly to the absence of thym1d1ne kinase (Cox
" and Parry, 1968 “Grivell and Jackson, ]968) . However, the effects of
‘dark T1qu1d ho]d1ng are 1nd1cat1ve of. the occurrence of excision
repa1r For example, if dark hold1ng causes no change or a decrease
in surv1va1 and subsequent photoreact1yat1on is ab]e to increase the

. survival, ‘then dimers (the photoreact1vab1e damaqe) are not being

proper]y exc1sed and’ the stra1n 1s def1c1ent in exc1s1on repair The



effects of such post-treatments on certain UV-sensitive'nmtants

indicated that radl, rad2, rad3,‘and rad4 mutants cannot excise

. dimers or only poorly so (Parry and Parry, 1969). Simiiar,éffects

leading to the same conclusion have been observed for all of the radl
~ and rad3 alleles (Parry‘gt;gl., 1972). Recently, by means of

labelling yeast DNA with’]4c urac11, it has been’ shown that rad] 1-.

bearing strains do not remove thymIne d1mers from the1r DNA after
dark 1ncubat10n whereas 2 w1ld type straln loses them (Unrau et al.
1971). Thus the RAD1 w11d type gene product is required for excision

_of UV-Induced pyrimidine dlmers | It has also been shown that UV—

'¢3'

‘1rrad1ated rad2 17 DNA extracts wh1ch have been he]d 1n the dark can

o

compete with UV-irradiated Haemoph11us influenzae DNA for photore--‘4

act1vat1ng enzyme wh1]e w11d type extracts lose this ab111ty (Re$h1ck
.and Setlow 1972) Th1s may a]so be taken as ev1dence that the RADZ

defectlve (uvr) bacteria (K11bey and Smlth 1969). F1na1]y, if two
gene loci control steps 1n the.sane repair pathway, the UV- sens1t1v1ty

of the doub]e mutant 1s no greater than that of one or the other of

: the .Single mutants (Game 1971), an 1nteract1on defined as ep1sta515

‘ A]]e]es of rad], rad2, rad3 and rad4 have been shown to 1nteract
eplstat1ca]ly in double tr1p1e, and quadrup]e mutants (Game 1971

Game and Cox, 1972 ‘Nakai and Matsumoto 1967) This indicates-that -

RAD1, RAD2, RAD3, and RAD4 genes control steps in‘the_samg‘repair-
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,pathway; assumed,kon the basis of the above evidence, to be that of
excision repair. |

A synergistic‘interaction on the other ha:d?‘in which the
.sen51t1v1ty of the double mutant is greater than that expected from ———

an additive 1nteract1on, 1nd1cates that the two- 1oc1 involved jate

steps in d1fferent,repa1r pathways (Game, 1971). As a r u]t‘of a

study of'radiationFsensftive mutants disp]aying'synerg'stic and

epistatic interactions in different combinations, two (more pathways,
besides excision'repafr have been. devised for the dakk recovery'of )
- yeast cells from pyr1m1d1ne d1mer damage (Game and COA ]973 Cox and
Game, 1974; Game, 197]). The first step in one of the e jsithought |
to be controlled by the RAD18 gene product wh1 h may bJ capable of
:‘repa1r1ng both UV- and X -ray- 1nduced DNA damage, poss:;iy through ‘\ ‘
post- rep11cat1on repa1r (Brende] and Haynes, 1973). Another pathway._
under the control of the X-ray sens1t1ve genes -RAD51 and RADS0 may .

also repair UV- 1nduced damage. Stud1es of the effects of dark hold1ng

and photoreact1vat1on on uv- 1nduced intragenic recomb1nat1on support _

the possibility that RADSQ and RAD18 may be involved in dark recom-
bination pathways (Hunnab]e and Cox, ]971) | ‘

The REV genes, wh]ch decrease UY- 1nduced mutability, have a]so
been suggested to perhaps be 1nvo]ved in post- rep11cat1on repa1r _
(Lemontt, 1971b). Ondabf rev mutants, rev2-1, is an allele of rads.

.S1nce all photoreact1vab]e d1mer damage in rad5 mutants is removed by
dark ho]d1ng, th1s 1mp11es that the RADS gene is not 1nvo]ved in

| exc1s1on repa1r (Parry and Parry, 1969). Synerglst1c double mutant

¢:1nteract1ons (Lemontt 197]a) indicate that the rev genes do not,
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block the same pathway as the rad2 and rad4 mutants' : e

.

In Saccharomyces cerevisiae. post rep]1cat1on repa1r may also be
Aerror-prone The rev mutants, for examp]e, since they decrease UV-
induced revert1b111ty, are thought to b]ock a mutation- prone pathway
bl(Lemontt 1971b Game 1971) Some @j\Jhe excision- defect1ve rad
alleles have an 1ncreased UV-induced mutability (Hunnab]e 1972
Resn’ck, ]968) Th1S 1mp11es that b]ocks to exc1s1on repair cause
lesions to be repa1red via an error prone "escape" pathway, possibly ®
~ the one contro]]ed by tﬁecpey,genég In wild type yeast a decrease
T1n error -prone recomb1nat1ona1 repa1r with exc]us1ve1y exc1s1on |
repair being functional, has been proposed as an exp]anat1on for the
decrease in'UV-1nduced mutat1ons after 11qu1d ho1d1ng (Parry and

Parry, 1972).

vv§pontaneous.Mutabi1fty and UV-Sensitivity

o If‘naturaT1y occurrinq DNA defects.which lead to spontanebusT
mutat1ons are repaired by the same gene- controlled enzyme mechanlsms _
‘ .wh1ch decrease radiation- 1nduced DNA damage then one m19ht expect
an 1ncreased spontaneous mutab111ty in radlosens1t1ve mutants. in.
which repa1r is b]ocked (Hanawa]t and Haynes, ]965) 0r at ]east‘

“ome of the rad1at1on sens1t1ve mutants, whose norma] repair routes
are b]ocked in such a way as to leave open on]y an error- prone
vpathway for repa1r wou]d show an 1ncrease in spontaneous mutab111ty,
~ that 1s would be mutators - -F | |
Among the‘mutator stra1ns of bacter1a severa] are. known to be

assoc1ated with- Uv- sens1t1v1ty ngh mutabL11ty and UVesensitivity :
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were, found to be inseparable by recomb1nat1on in an E.coli KIZ

mutator stra1n (Mohn, ]968) A]so in'E. c011, the uvr502 mutant

showed 1ncreased spontaneous mutability (Sm1rnov and Skavronskaya
1971). The ‘double mutant-behav10r of-mutU4,Aa11e11c to uvr502

(Siege]vand Kamel, 1974) 1nd1cates a possible function for the MUT

fﬁk gene product in excision repa1r (Sleqel 1973), such that mutU4 may

repair such damaoe 1naccurate1y or not at all. 1In Nelsser1a mening-

1t1d1s, mutR] was also found to confer 1ncreased UV—sen51t1v1ty and

1oss of UV—sens1t1v1ty led ‘to loss of the mutator property (Jyssum,

1968) - In Bac1]1us subt1]1s a Uv- sens1t1ve recomb1nat1on def1c1ent'

-strain showed an 1ncreased spontaneous rever510n rate (Prozorov and
Barabanc1kov ]967) -An_increase in spontaneous mutab111ty assoctated

with 1ncreased UV sens1t1v1ty was also found in Proteus m1rabllls '

(Bohme 1967) The observation that DNA po]ymerase mutants of E

co]1 show an 1ncreased frequency of spontaneous de]etlons (Couke]l

o and Yanofsky, 1970) and are also+UV- sens1t1ve, 1mp11es that a com-

ﬁt ponent of the DNA repa1r system 15 affected That excxs1on repa1r

d recombxnatlon repa1r are. somehow 1nvo]ved in the repair of
2 . Sk J .

) taneous DNA lesions in E'col1 was concluded by Haefner (1968)
A,

.pcause a def1c1ency of e1ther type of repa1r enhances the frequency

of spontaneous Tetha] sectorlng _ o o
, Although ev1dence for the assoc1at1on of spontaneous mutab111ty B

and uv- sens1t1v1ty ex1sts, there also ex15ts ev1dence showing that in

" some cases two d1fferent mutat1ons can be respons1b]e fbr these

effects (H]]], 1968 tlberfarb and Bryson 1970). A]so excision

deféctlve E co11 show norma] spontaneous mutatlon rates to vallne

v
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,/) resistance and_argintne_independence (Howard-Flanders and Boyce,
1966). . . .

In Saccharomyces cerevisiae, a poss1b1e agsociation of radio-

sens:t1v1ty with spontaneous mutab1]1ty is a]so 1nd1cated Increased

spontaneous mutat1on rates to adenine 1ndependence in two UV -sensitive >

o stm (one of which 1s rad2- 18) have been found (Zakharov et a]
1968; Zakharov ey al. ]970) Increased spontaneous|(reversion rates

"to hlst1d1ne aden1ne and Teucine 1ndependence and to canavaxine -

,sens1t1v1ty were found in the uvs, (radl- radl-3) mutant’

'One of the rev genes, rev2 1 (rad5 5) also showed a high average -
,,‘spontaneous mutat1on frequency to aden]ne 1ndep ndence (Lemontt

‘ ]972) The rad]8 2 mutant wh1ch is both UV— and X- ray séns1t1ve
~'showed an 1ncreased spontaneous revers1on to lysine 1ndependence

‘(von Borstel et a] > 1971). The assoc1at10n of X-ray sens1t1v1ty :

_w1th mutator act1v1ty (rad50 and - rad52) has also been found (von

Borste] et a] 197], von Borste] et al. ]968)

Purpose.of Study S c..' S v "

o/

Because - some of the uv- sens1t1ve mutants of Saccharomyces

cerevisiae possess an 1ncreased spontaneous mutability, 1t would be
- of 1nterest to. determ1ne accurate]y if any of the other UV sens1t1\<§w
xirad mutants of this yeast have a similar effect Such a f1nd1ng
wou]d pethaps aid. in e]uc1dat1ng how radlatgon sens1t1ve mutants
lnwolved ln dlfferent repalr pathways m1ght affect the. rates of

spo taneous mutation. The‘rad a]]e]es stud1ed’were rad] 1, rad2 2

-rad3 12, radd-3, rad5-1' rad8 1, rad]O ], radl8- ], and rad18 2. 'The

I
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first four are a]]e]es of each o~ the four rad loci 1nv01ved 1n

exc1s1on repalr The RADS and RAD]8 loci may be 1nvo]ved 1n some

other dark repalr pathways possibly a post-rep]Icatlon reconb1(i;
t1ona1‘pathw . .The functlons of the RADS and RAD10 loci in repa%r

are at the nnnent ‘unknown, but t?ey are probably not 1nv0]ved in

exc1s1on as they show an increase in surv1va1 after dark ho]dlng and

no change after photoreact1vat1on (Parry and Parry, 1969)

D



MATERIALS AND METHODS

G

MATERIALS

Strains of Yeast Y Sy ,

Rad1at1on -sensitive strains of the yeast Saccharomyces cere-

!lElEQ were obtalned from J.C. Game. Table 1 lists the haploid
- . strains bearlng the rad a]]e]es used 1n this study, their genotypes,
and the researchers who orwglnally 1so]ated them The rad1osens1t1v1ty
.alle]es are des1gnated both by their new 1nter1ab 1ocus numbers (Game
' and Cox, 197]) as we]] asjhy thedar or1gwna1 des1gnat1ons In Table
2 are given the hap]o1d strains which do not carry a mutant rad1o-
sens1t1v1ty gene and therefore are 1nsens1t1ve to rad1at1on s The |
,dstralns X1687-12B, KC372, and KC376 were used as controls: for u]tra—
v101et 11ght survival curve exper1ments XV]69 12A, XV169- ]5A XV]85-
6A, and XV]85 14C were used in crosses w;th\the rad1at1on sens1t1ve
stralns _ The two latter and X464-1A, X464-20C, XV]85 4A and XV]85-r
- 6D were used in comp]ementatlon tests,‘ The d1p]o1d stra1ns obta1ned_
,from crosses 1nvo]v1ng the rad]at1on sens1t1ve stra1ns are 11sted in
Table 3. The genotypes of hap101d stra1ns obtained from these d1p- o
't101ds and used in. -mutation rate stud1es are given in Tab]es 4 and 5.
~In all tab]es, the symbo]s a and a represent comp]ementary
h matlng type a]]e]es trp, arq, his, dx_ ade hom *and Teu 1mp1y the
» inablllty to- grow ‘in the absence of -tryptophan, arg1n1ne h1st1d1ne;

/ lysine, adenlne homoserlne and 1euc1ne respect1ve1y, ma] and g

15
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TABLE 3. Origin of diploid strains
Diploid Origin
. XV185 X1687-128
a XV169-15A
XV361: §226-7C rad2-2
XV169-15A
XV362 'JCG133/3A radl8-1
XV169-15A —
XV363 XS774-5D radl- 1
' XV169-12A
" XV365 "~ $962-3C vadl0-]
XVI9-15E
XV366  XV365-3A |
| XV169-15A
Xva1s 'S960-1A rada-3
: XV185-14C
XV419 5228-68 rads-1
e XVi85-14C
XV420 197/2D0 radg-1
xvigs-1ac
Cxva2) . XS774-5D radl- 1
= L, XVIg5-6A
Xv422 S226-7C rad?-2
| XV185-14C
Xva23 - 197/2D rad3-12
XV185-14¢
XV362-5A

XVi85-14C .

18



"TABLE 4.
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Genbtypés of ayxotrophic haploid strains bearing a rad or its
wild type allele involved in the excision,repair pathway

~ Strain _ L% Genotype o
© XV363<1A  a radl-] argd-17 hisl-7 lysi-1 :ade2-1r'hom3—]0
XV363-2A 2 radl-1 Cargd-17 hisl-7 lysl-1 ade2-1 hom3-10
XV363-10A a radi-1 argd-17 hisl-7 lys1-1 ade2-1 h6m3—10
XV363-11A & argd-17 hisl-7 1ysl-1 adez-1 hom3-10-
XV421-50 a trp5-48 argd-17 his1<7 Ilysl-] “ade2-1 hom3-10
Cxvaiaiea o radl-1 trp5-48 argd-17 hisi-7 lysi-1 ade2-1 hom3-10
xV421£§53<{g ~ trp5-48 ".‘ his1-7 1ysi-1 adeZ-Lﬁ Hom3-1o .
KVA21-17A o radl-l trps-48 his1-7 lysi-1 ade2-1 hom3-10
xang36141A a 'rad2-2'z.irp5;43 argd-17 hisl-7 lysl-1 ‘aQéZfT Hom3410 
XV361-2A  a trp5-48 hisl1-7 1ysl-1 ade2-1 hom3-10
Xva22-1A o rad2-2 ) ";arg4-17  his1-7 i]y§1-f} ade2-1 ham3-10
XV822-2A a rad2-2  trp5-48  his1ez jysi-l ade2-1 hom3-10
XVA22-3A & . trp5-48 argd-17 hisl.7 1ys1-1  ade2-1  hom3-10
XV422-0A  a ) | argd-17 his1-7 1ysi-1 ade2-1 hom3-10
XV423-1A o rad3-12 his1-7 lysl-] ade2-1 hom3-19
XVA23-2A o rad3-12 trps-48 © his1-7 lysi-l adez-] hom3-10
Va3 o argd=17 his197 lys1-1 ade2-1 hom3-10
| XV423-4 a © argd=17 - his1-7 lysl-] fédeé-1 hom3-10
AVAIB-1A 2 radd-3  trps-48 _argA-]7' hjs]-7v‘1ys1—1 ade2-1 h6m3510
XV418-2A o rad4-3 o argdl7 hisT-7 lysie] \adéif?A\hem3;1o‘.
XV418-38 o | trp5-48““ar94417 hisl-7 115ii1' ade2-1 homé-jo 
XV418-8A g tt95-48 _arg4—17,'his]§7 lysf¥1 'adé2-1"hom3-101
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TABLE 5. Genotypes of auxotrophic haploid strains bearing a rad or
its wild type allele involved in unknown repair pathways

r
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Strain Genotype
XV419-2A a rad5-1  trp5-48 argd-17 hisl1-7- lysl-1 ade2-1 hom3-10
XV419-5A o rad5-1 | his1-7 1ysl-1 ade2-1 hom3-10
XVA19-11A o argd-17 his1-7 Aysi-1 ade2-1 hom3-10
XVA19-12A o | hisl-7 1ysi-1 ade2-1 hom3-10
XV419-13A a radS-1 argd-17 his1-7 lysl-1 ade2-1 hom3-10 -
g-XV420-]A a rad8-1 trp5548 arg4:17 hisl-7 ‘lysl-] aQeZ-l hom3-10
 XV420-2A o r_adg-_l_ o ‘ar'g'4-17"his]—7‘;'lysl—] ade2-1 hom3-10 -
XV420-3A a rads-1 Cargdel7 . 1ysi-l ade2-l
XV420-8A o trpS-48 argd-17 hisl-7 1ysi-I ade2-1 hom3-10
XV420-6A trpS-48 argd-17 hisl-7 lysi-1 ade2-1 hom3fio
© XV365-2A" " a radl0-1 trp5-48- " histz 1ys1-1 . ade2-1 hom3-10
XV365-3A o radl0-1 ‘trp5-48 argd-17 hisl-7 . ade2-1 hom3-10
XV365-4A o -rédlofl- | afga-‘n hmjs]-'? 115111: ade2-1 hom'3-‘]0‘ "
XV366-2A o trp5-48 argd-17 hisi-7 lysl-1 ade2-1 hom3-10
XV366-3A ‘a radi0-1 trp5-48 argd-17 hisl-7 1,_51;1 ~ade2-1 hom3-10
f 'va366-4A gv | ! t_rp5—48 arga;17- hisl-7 ysm adez;l hom3-10
 XV366-5A o 'trp5-48, argd-17 hisl-7 1ysi-1 a”dez-i hom3-10
| XV366-6A a radlo-1 '_ tfp5f48'< arga-17 ,hisl-\r Tysl-1 ade2-1 ’ho‘m_3;-‘10
XV362-3A a | © argd-17 hisl-7 lysi-1 ade2-1 hom3-10
| XV362-5A o radis-] argd-17 hisl-7 lysi-1 ade2-1 hom3-10.
XV362-6A  a radig-1  argd17 hisl-7 lysi-l adez-1 homi-lp
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represent the inability to ferment maltose and galactose. In all
cases, the Tocus is defIned by three letters fo]]owed by a number,'
and the part]cular a]]ele referred to, when aSSIQHEd, 1sﬁ1nd1cated
by the second number. L
Media

YEPD, comp]ete medlum, consists of 1% Bacto Yeast Extract 2%
Bacto-Peptone, 2% dextrose and 2% BactoAAgar. It is used for main-
. tenance of stock cultures, v1ab1]1ty assays in mutat1on rate exper1—
ments and for survival plating after exposure to ultraviolet rad1a-
“tion.

YEPG used to e]1m1nate “pet1te" co]on1es, cons1sts of 1%
Bacto-Yeast Extract 2% Bacto- Peptone 2% g]ycero], and 2” Bacto—Agar

- M1n1ma] Med1um p]us v1tam1ns (MV) is composed of 2% dextrose,

2% Bacto-Agar, and 0.67¢ Bacto Yeast N1trogen Base without Am]no Acids.
| Mortlmer Comp]ete Medium (MC), (von Borste] et a] 1971), is
‘mlnlma] medium p]us v1tam1ns, supp]emented with the f0110w1ng -argin-
ine, lysine, adenine, meth10n1ne tryptophan urac11, and hlst1d1ne,
‘leach at a concentrat1on of 20 mg/]Iter, serine at 375 mg/11ter,

lleuc1ne at 30 mg/]1ter and threonine at 350 mg/l1ter.“ MC is used as o
h the plat1ng med1um 1n "lassie" tests (to be described below).

OmISSIOn medla consist of MC m1nus one of the supplements The -

| klnds of om1ss1on medla used were: ‘—TRP -ARG, -LYS, -HIS, -ADE, ‘and’
,f{-THR which represenniMC lacking tryptophan MC 1ack1ng arg1n1ne MC
.Iacklng lysine, MC lacking h]StldIHe MC Tacking adenlne and MC

'Iack1ng threonine, respect1ve]y. 0m1ss1on media are used in screenlng“‘

‘for nutritional genetic'markers by the‘methOd ofvrep]ica'p1ating and

- &
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in complementation tests, o ‘ L 9~f“fb
“Sporulation Medium, FSM, is used for sporu}atgng dip]o1d strainstjx
It contains 0.98% potassium acetate 0. 1% dextﬁ%sg

.,Q '25% Bacto Yeast
Extract and 1.5% Bacto-Agar, supplemented w1th"LiJ '

o

for MC. | . . : | figw S
Growth limiting liquid media‘(vonhﬁorStel_gt_gl,, 197i),ﬂused
for the mutation ‘aie experiments, consists of MC minus agar uith.
either lysine or histidine (denending upon which.reversion rate is beﬁ'"
ing measured) present in'limitingvconcentration' 1.0 _g/m] fon lysine§
0.2 ug/ml for nistidine The 1im1t1ng amino ac1d is inoculated into
the autoc]aved ]1qu1d mef1um/1mmed1ate1y precedlng an exper1ment Lim- o
1t1ng 1ys1ne med jum a]so contains an adJusted concentrat1on of adenine
(5.0 ug/ml). Limitihg hlsttdine med1um conta1ns 60 _g/ml of 1ysine
- The fo]low1ng media were used on]y for the cross of XV362 .5A
with XV]85-14C _
Presporu]at1on Medium 11 (Roth and Halvorson 1969) centains
0 67% Bacto-Yeast N1trogen Base w1thout Amino Ac1ds 0 1% Bacto- Yeast
Extract and 1% potassium acetate in a liter of. pthalate buffer (pH 5. 0)
| : B - The Sporu]at10n Medium consists, of 1% potass1um acetate and 7. 8%
\%mannltol plus aden1ne, arg1nine, hlst1d1ne, ]y51ne, threonine. | '

methIOnY%e, and tryptophan at the same concentrat1ons as for MC.

. o ~ METHODS

Repllca Platlng

The: techn1que of transferrxng el]s from a "maséﬁ?“ ‘YEPD plate

by means of sterile velvet onto_the var1ous-types of omission media was}



Ultraviolet Light Survival Curve Experiments

used in screening for nutritional genetic markers.

Ultrav10let radlat10n was admlnwstered at an 1nc1dent energy of

'_approxlmately 300 ergs/mm /m1n The source was a low pressure mercury

vagpr lamp, General Electric No G30T8. The lamp was at a distance of
52 cm and was shielded by a wooden board, except for an aperture, 10
cm in diameter below which the irradiations were carried out.

Cells from a s1ngle colony isolate of a particular strain were

.suspended in 5 mls of standard lab buffer (l/lSM solut1on of mono-

“basic potassium phosphate, pH= 4 7) and adJusted to. 5 x lO6 cells/ml

-2 -3

Dllutlons of lO -1 » 10 lO , and 10 -4 were made, and 0 5 ml of the

approprlate d1lutlon was plated onto YEP% The plates of media were

1rrad1ated four at a tlme with l]ds removed w1th1n approxlmately

one hour of plat1ng Plates were irradiated for 0 1,3, 0r5 m1nutes;

AN 1rrad1at1on was performed in a darkened room. and plates were 1n-.

.cubated ln the dark at 26°C After f1ve days, colony counts were made'

and the surv1va] fractlon at each. dose for each straln calculated as

the number of colonies obtained at a particular dose . For each

the. number of colon1es on the unlrradlated control plate

experlment carrled -out, three control strawns were also irradiated:

X1687-128B, a UV 1nsens1t1ve stra1n whose surv1val cur, e rep esents the

}.w1ld type, KC372 a hlghly uv- sens1t1ve strain bear1ng\thgjradl8 2
~radiosensitivity allele; and KC376 radSZ 1, an X- -ray sensxtlve stra1n v

which.is only weakly sens1t1ve to UV The dilutions used in these '

won,
experlments were as follous; .

%%E§§§ B

.:«-l ‘G‘
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L Time of Irradiation (min)
, _

Strain . 0 1 3 5
L S [ DT
k37?2 0wt w0 @me?
KC376, R T T T T
tested strains  10°% 107! -0 1070

10

UV _"Spot" Tests

For quick screen1ng of stra1ns for sen51t1v1ty to u]travio]et
' ]1ght a qua11tat1ve UV test was used. Suspens1ons of ce]]s to.be .

| tested were made up and adjusted to S%X 10 cells/ml. ‘Small drops‘

‘of these suspens1ons dlspensed by means of sterile pasteur pipets,

' were 1nocu]ated onto so]1d YEPD media. Control strains were treated
s1m1]ar1y.‘ These plates were then exposed to ultrav1olet Tight for. ,~;
nO 1 3 or 5 m1nutes fo]]ow1ng the same proéedure as’ described above J
for surv1va1 curve. experIments After two days 1ncubat10n it ls h
poss1b1e to determ1ne whether or not a strain is Uursens1t1ve by

scor1ng the presence or absence of growth at the d1fferent doses.. If-~

’ a strain is 1nsens1t1ve to UV, it w111 grow we11 on both unlrradiated

h _and 1rrad1ated p]ates If it is senswt1ve to UV, there wil] be no

'.growth except possibly for a few surv1v1ng colon]es on the jrradi-
',ated plates. Most UV-sens1t1ve stra1ns are nearly “wwped out" after
a one m1nute dose and .are c]ear]y negatIve as regards growth after

b three m1nutes " For ]e@s Uv- sensit1ve strains, it may take a dose of

o



”-five'minutes to Inhibit growth. | |
For some of theystrains, actuaf]y uv surviya].curves were also
done. | |
Matings _ 3
' Cells of stra1ns of opposite: mat1ng type were grown overn1ght
on ‘resh YEPD and crossed early the next md%n1ng by manual m1x1ng of
cells with a sterile wooden app]1cator Mat1ng was a]lowed to pro- -
ceed for approx1mate1y four to 51x hours after whlth t]ne ce]ls were
examined under a m1croscope for the presence of dumbbe]] shaped
zygotes. Suspens1ons of the mating mixtures were made in 5 mls buffer,
adjusted to 5 x 10 ce]]s/m] concentration, -and p]ated op‘YEPD at '
dilutions to give s1ng]e co]onles The p]ates were incubated for
~ three days. at 26°C. ' | | '
Sporu]at1on B R | ’hif ' '1'J
Suspected drﬁ101d co]on1es were p1cked and restreaked on a new:
'YEPD p]ate After one day's growth, the colonies were rep11cated onto
FSM and 1ncubated for two or three days Ce]]s from FSM were then |
exam1ned microscop1ca11y If spore conta1n1ng asci were _present in
fairly. large proportions, ce]]s were scooped up from FSM by meansoof
a ster1]e wooden spllnt and p]aced in 0.03 ml of a 1 in 20 d11ut1on o
of g]usulase enzymg to water. After ten minutes, the digestibn of
‘the ascus wall was stopped by the add1t1on of 3 m]s sterile water.,
. This suspens1on was then son1cated one m1nute at a time fo]]owed by
coollng, for a total of three minutes at 50 watts, using an U]tra- N
son1c Dev1ces (Heat Systems Company, Melvi]le N.Y.) son1cator, model

5]6 692 9590. The purpose of the son1cat1on treatment was to separate



- Johnston and Mort1mer (1959). - | 5§>‘

. : n \
the_spores from eachvother Following son1cat1on suspen51ons were

once aga1n m1croscop1ca]1y examlned to ensure the presence of, free o

spores Ce]l counts were then‘made and appropruate d1]utlons of the
NS 3

, sonwcated nnxture p]ated out on YEPD and 1ncubated for three to four

days at 26° o ’
'
Spores from the .Cross of XS774 SD rad] ] ‘with XV]85 6A were

obtalned from tetrads through ascus d]SSECt]On by the technique of

Y

r

_pherop)ast Format1on

To qurulate Xva24, a s]1ght1y mod1f1ed techn1que from the one

~Ndescr1bed above was used Two SIngle co]ony d1p101d 1so]ates with

the h1ghest sporu]atlon frequency on FSM (approx1mately 26% and 20%)

Rf

were- se]ected Cel]§“fromrﬁhese 1so]ates, growing on YEPD were sus-‘

, pended in 25 mls PrespégulatIOn Med1um II and shaken at 259 RPM on a

New’ Brunsw1ck Sc1ent1f1c Company Rotary 1ncubator—shaker model R27

.at 24° C for approx1mate1y 24" hours ' After this time, ce]]s were

counted ‘and found to be of the. order of 1 X ]07 ce]ls/m] that is
‘a

at the end of log ‘phase. The suspens1ons were then centrlfuged for

f]ve m1nutes at 2727. RPM in an Internat1ona] Clinical Centr1fuge.

The supernatant Presporu]atlon Medium was poured off, and the. pe]]ets,

washed inb m]s d1st11]ed water, vortexed recentr]fuged for five

‘.

B..

m1nuteS\and resuspended ins mls¥%0d1um thlog]ycolate (0. 5M) contain-‘f'

1ng 0.1M Tris buffer (pH 8. 8) These suspen51ons were then shaken

- for 35 m1nutes, centr1fuged and washed twlce Two mls 0.7M mannitol.

and 0. 5 ml g]usu]ase were then- added and the suspen510ns shaken for

. 1%

oL
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\ T
"]7 hours | The spherop]asts were co]Tected by centr1fugat1on washed

in 5 mls cold mann1toT (0.7Mm), and recentr1fuged ‘The pe]]ets were

each suspended in the sporuTat1on medium conta1n1ng mannitol and

aT]owed to shake for four days in'a ]25 ml flask. The sporulat10n ; v

frequency was then checked ‘the sporu]atlon medlum-removed by centri- ‘

fugation for 10 m1nutes and the peTTets washed 1n 10 mls water to

Tyse the vegetatwe d1p101d cells. - Each peHet was %en resuspended

~~in 3'mls of water and son1cated. "’/, | )

*

Complementation Tests

‘The six tester strains, whose genotypes are o1ven 1n TabTe 2,

were: X464 20C, - X464- 1A, XV]85 6A :XV185-14C, xv185- 4A, and XV1

Tester stra1ns and the strawns of unknown matlng type were
streaked out from one end of the p]ate to the other six to a pTate v
ion separate YEPD pTates grown overnwght and then repT1cated at nﬁ"
rlght ang]es to each other\onto —LYS -ADE, and -HIS ned1a DIeTOIds
form at the 1ntersect10ns where ceT]s -of opposite matlng type meet,

A stra1n for- examp]e of matlng type a and hav1ng the markers

ade2-1, hisl- 7 and lysl_g will not grow on -ADE ~HIS, and -Lys
vmedla unTess it mates wWith axtester stra1n of opp051te matlng ‘type. and', o
wlld type at the partlcuTar locus mutant in the unknown spore. Such

a stra1n u]d on]y mate with a strawns, and- on -ADE wou]d show growth
'(or compTementatlon) only w1th -X464- TA on -HIS would comp]ement with
'X464 Ls and XV185- GD on -LYS would comp]ement with X464- ]A Thus

1t is poss1b]e to determlne the mating type and the mutant a]Te]es

carrled by an unknown straln Culture.

,’-S . . LS - . A . -
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'Heasurement of Reversion Frequency

Spontaneous reversion from auxotrophy to prototrophy is studied
v‘by means of the- 1000-compartment f1uctuat10n test (von Borstel et al.
- 1971).
' Suspensions used'in these “box“ experlments were genera]ly the
same as the ones wh1ch had been UV tested. Suspens1ons of 5 x 106
cells/ml were made up from ce]]s grown three days on YEPD and 0.5 m]
is 1nocu]ated into 1330 m]s of ]1m1t1ng 11qu1d medlum.. The medium,
st1rred cont1nuous]y with a magnet1c st1rrer, 1s delivered in 1 m]
a]1quots into ten 100- compartmented culture boxes by means of a Brewer
Automatlc P1pett1ng Mach1ne mode] No 60453 (Ba]t1nnre B1olog1ca]
Laboratory) The ca11brat1on of the syr1nge is checked before and -
after each exper1ment by de11ver1ng 20 squlrts 1nto a 25 ml graduated‘
-cy]tnder. A]so 1 ml of the medium ls squ1rted into 4 mls buffer and
| 0.5 ml of‘th1s suspension plated on each of two YEPD p]ates to deter-

mine ce]l v1ab1]1ty. After belng filled, each box 1s sealed with o

X
»

masklng tape and 1ncubated at 26°C S _ _v‘gw;J v
Revertant co]on1es beg1n to appear at about the th1rd day, after

growth of the 1nocu]ated cells has reached a p]atggu /Revertants to

]ySIne (or h1st1d1ne) lndependence grow and multiply 3ven after the b.

supp]y of ]ySIne (or h1st1d1ne) is depieted. The date of appearance




‘a few days hefore the start}of an experiment At the end of an
exper1ment the number of ce]] divisions wh1ch occurred before the
limiting requ1rement was dep]eted is determined by countlng micro-
scop1ca]]y the number of cells in two compartments w1thout reverSTons"
- chosen in each box accord1ng to a prearranged pattern The total
number of revertant conta1n1ng compartments for each day is recorded

.-

_ per box

ReVertant'Ana]ysis | . | ' R

The revertants (one per compartment) were a]so p1cked forffur-
‘ther ana]ySIS' ]yS]ﬂE revertants onto -LYS histidine revertants onto
-HIS. For most exper1ments and def1n1te]y for contro]s, all ]ySIne
revertants were picked: For all histidine experlments two p]ates
(approxlmate]y 72 revertants) were plcked for analysis. The rever-
tants were plcked from the box compartment and transferred onto -LYS.

or -HIS p]ates by means of sterile pasteur p1pets The p]ates were

: 1ncubated for’ flve days, to a]]ow for cell .growth, and then rep11ca

"dplated onto YEPD, MV MC and the(var1ous omission medla

Computation of Mutation Ratest

' The nunber of revertant co]on1es in 1ndependent compartments 1s
"assumed to fb]]ow a Poisson d1str1but10n To calculate the reversion
'r rates by thlS nethod -the nunber of compartments contalnlng no rever-
tant colonies (the Po term) is used. The method of computation is as
:p follows (von Borste] et a]., ]971) | | - o

Let N be the number of compartments in an exper1ment
and No the number of compartments w1thout revertants. From



the zeroth term of a Poisson distribution we have

L
where'm equals the average number of mutational ewents (not
mutants® per compartment. Most of these mutational events
are due o new mutations arising during the growth of the
cells in the limiting medium, but some are due to mutants,
present in the inoculum. We correct for this "background" by

mg = m"nb

where m, is the ‘average number of mutants per compartment
in the inoculum-(as determined by direct plating), and mg
. is the corrected average number, i.e., the mutational
- events occurring during the growth in the compartments.
This can be converted to the mutational events per cell
per generation, M, by = o -

\ M= mg/2c

where C is the number of cells per compartment after
growth has ceased in the limiting medium. The factor of
two in the denominator is necessary because the number.of .
- cell generations in the history of a culture is approxi-
mately twice the final number of cells. ‘Actually, the
proper value for this numerical factor depends upon the -
~point(s) in the cell cycle at: which growth is terminated -
in the 1imiting medium and also upon the distribution of -~
mutation production over the cell cycle. Since it enters
only as a scale factor in all mutation rate calculations,
- felative mutation-rates are unaffected by the value used.
j This method for determining mutation rates is due to -
- Luria and Delbruck (1943). The principal advantage of the
- method is that the:.results are noteaffected by many types
of selection.  Since we only score the presence or absence
of a mutational event in-a culture, it is clearly irrele-
vant whether the mutants grow faster or slower .than non-
mutants. - i ha L ,
In those experiments where the mutants are further
 analyzed into categories the mutation rate may be parti-
- tioned by , ' N : ' . '
3 - M= i, |
~where M; is the mutation rate (per cell per generation) for
the ith category and fj is the fgaction of the mutants
tested which were found to be in the ith category.

A compﬁter progrém was used to Obtainfvaluesffor the

Fates.

mutation
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The "Lassie” Test

. e .

"Lass1e" tests were carrﬁed out on severa] UV—sens1t1ve and -
UV-1nsens1t1ve stra1ns from each cross Suspens1ons of se]ected
stra1ns are plated at a concentrat10n of 5 x. 106 ceTls/m] 0.5 m} k
| per plate, on two p]ates of each of -LYS and MC med1a. The burpose

—~—

‘of the LYS med1a is to determlne whether any background revertants

_ to ]ys1ne 1ndependence are aTready present in the suspens1on Plat-
ing on MC prov1des a quaTItat1ve estlmate of the mutator act1v1ty of
_va stra1n. Wlthln one to two days of p]at1ng, a th1n conf]uent back-
around of mutant. ce]]s form on - the surface of the MC med]a _ However
-_exhaust1on of the TySIne in. MC eventua]]y w1]1 T1m1t the growth - of .

"~ the mutant ce]ls p]ated whereas revertants to Tys1ne 1ndep~ndence

cont1nue to grow N1th1n three to four days therefore SIngTe L
e
revertant colonies beg1n to appearu v1s1b1e aga1nst the background
)» "

- growth. The p]ates are 1ncubated for 10 days at 26°C after wh1ch
time coTony counts are made. The number of co]onles on . an MC p]ate

' _1nd1cates whether or not a stra1n is a mutator.
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Genotypes of Stradns'Bearingfthe,radwﬁIIe]es

bNutritiona] Markers. Rep]lca p]atlng SIng]e co]ony isolates of

_the radiation- sens1t1ve stralns (Table 1) conf1rmed their expected
genotypes " all were w1]d type w1th respect to nutrltlona] genetic.

‘ markers w1th the except1on of the rad3-12, rad8-1, rad]B 2, and rad52-

: .]_a]le]e bearlng strains. The stra1n bearlng the rad3-]2 a11e1e was |
found to be auxotrophlc for h1st1d1ne in addition to ade2-1. - Com—‘

p]ementat1on tests revealed that the histidine marker was neither
hh1s] nor h]S5 Consequent]y the marker has been des19nated SImp]y as
_ h1s in Tab]e 1 | |

Sen51t1v1ty to U]trav1o]et nght. A UV-surv1va] curve was

drawn for each of the UV-sensitive stra1ns " In the Appendix Table.
Al, are g1ven the d1]ut10ns used and the co]ony counts and survwving '
fract]ons obta1ned at d1fferent doses for the stralns bearlng the

rad alleles 1nvo]ved in the excision repa1r pathway (radl-1, rad2-2

rad3 12, rad4 3) and a re]ated pathway (radS ]) Figure 1 shows the

—~

sury1va1 curves obta1ned 4§t can be seen that radl-1, rad2-2, “and

'-rad4 3 show essent1a]]y the same hlgh sensxt1v1ty to UV, whereas rad3-
12-and rad5 1 are much ]ess sensitive. :Table A2 Appendlx, gives
| s1m11ar 1nformat1on/g§out the UV surv1val of rad, al]e]es lnvo]ved in

. '(r }
‘other, less well-known repalr path

s.’ From F;gure 2, it is obvious}
: that the rad]8 1 %\: rad18-2 alleles fe(quIte senSItlve to the

'k1111ng effect of U IIght ‘whereas: rad]O 1 is sl1ghtly ]ess sensitlve

32
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Y

@ “and rad8-1 is on]y weakly UV-Sensitive The surv1vaf curves for the

“strains bear]ng the rad3-12, ~rad5-1, and rad8-1 a]le]es were obta1ned

by plat1ng at the dilutions used for the stra1n KC3ZG rad52—] which
| is only slightly UV-sensitive. PTating them at . the most dilute con-
~ centrations, genera]]y:used for UV-sensitive strains, gave cdhf]uentv

Cell‘]ayers which uere impossib]e to count Thus, it seems that

. rad3- 12 rad5 1, and rad8-1, in that order of decreasing sens1t1v1ty,,

are on]y slightly more sen51t1ve to uv than KC376 It w1]1 also be
noted that the coIony counts upon which these UV surv1va] curves are
based (Appendlx Tables Al and AZ), were often qu1te Tow, espec1a]]y
on the five minute dose plates, thus making the ‘curves subJect to ‘
some error. However, all the curves shown here correspond favorably
to those obta1ned by the or1gIna] 1nvest19ators (Naka1 and Matsumoto,
1967; Snow, 1967 Cox and Parry, ]968 Resn1ck ]969 Parry et a]
1972) | |

" Introduction of Genetic Markers into the UVeSensitive'Strains |

" Random Spore ‘Analysis. In order to measure the spontaneous ‘

'revers1on rates from auxotrophy to prototrophy, nutr1t10na1 genetlc o
'markers had to be 1ntroduced lnto most of the uv- sens1t1ve stra1ns._'
This was ach1eved by outcrossing: the single colony 1so]ate on wh1ch

the uv survrva] curve had been done, with a standard laboratory :

~ control strain of 0pp0$1te mat1ng type. In the earller_crosses perf ’h.
formed XV169-]2A or XV]69-15A were usedj However, as cells from |
these stralns tend ‘to clump - together maklng it dlff]cu]t to obtain an

,accugate cell count,.the'stra1nS-XV185-6A or XV185-]4C;‘1n‘wh1ch |
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this undesirab]eitrait has been eliminated, were used.in later

crosses. The standard strains a]] carry the markers t trp5-48, ade2-1,

argd-17, lysl-1, h1$1 7, and hom3- hom3-10.

‘ Tab]e 3 lists all the crosses which were-made. It will be ob—

served that the strains bearwng the rad] 1 and rad2-2 a]]e]es were

each mbted on two separate occasions. - The reason for this was that

too few UV-sens1t1ve and/or Uv- 1nsens1t1ve strawns were obta1ned . from
-vthe ftrst cross in each case and, therefore another single co]ony
'“'1solaté of the original rad bear1ng strain had to be outcrossed It
will a]so be noted that one of gzgfsbores der1ved from the d1p101d
XV365\hnd carry1ng the rad]O radl0-1 a11e1e namely XV365- 3A was’ also out-
crossed &ﬁaﬂn and second generat1on spores obtalned |

After sporulat1on of the diploids, red spore co]on1es were

- se]ected These were a]ready known to be mutant for aden1ne .as. a

D

mutatlon 1n the ade2 gene causes the formation of a red p1gment

rep11

'These co on1eskwere then restreaked onto YE“D grown for one day and
plated onto YEPD MV -TRP,. —ARG, -HIS, -LYs, fADE~ -THR,

‘_‘YEPG rand MC media. On]y those colonies which carrled the. approprlate

markers (hlst1d1ne and lysine be1ng mandatory) were se]ected and tested ‘:
' for sens1t1v1ty to UV llght by means of the "spot“ test ThlS selec-
:‘tfon method thus yielded strains from each d1p101d wh1ch had all or :
:;nnst of the six nutr1t1ona1 requlrements and were e]ther uv- sen51t1ve

'k'or UV—lnsen51t1ve. | B S

av-Sens1t1v1ty. UV “spot“ tests glve a fa1r]y accurate. repre-

sentation of UV-sen51t1v1ty Stralns bear1ng the a]leles radl-1,

' rad2 2 rad4 3 “radl0- 1, rad]8 1, and rad18-2 a]] showed senSItivity

Y 1y
- R
P
L
N
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after a one ‘minute UV dose, ln qgreement w1th the1r ‘high UV- sens1t1v1ty
as shown by their surv1va] curves. . A three m1nute radiation dose was
required for strains bearing rad3f12 and rag§:1_to show UV—sensitivity,
and three to five minutes for rad8-1 strains. This is in accord with
the fact that these three rad a]]e]es confer less UV- sen51t1v1ty
For some of the stra1ns, actual UV Surv1va] curves were a]so
done and -these are shown in Flgures 3 to 7. The surv1v1ng fract1ons
and actua] co]ony counts are given in the Appende Tab]es A3 to A7.
| A comparison of the curves obta1ned with these auxotrophlc UV-sensi-
tive stra1ns aga1nst those of their radiation- sens1t1ve parents showst
almost comp]ete super1mp051b111ty, with s]1ght errors’ attr1butab]e to
low co]ony counts on three ‘and five m1nute 1rrad1ated plates.- The o
.varlatlon of XV365- 4A radi10-1 is probab]y due to the effects of

genetic background..

-

Comolementation Tests. Complementation tests were - a]so done in

order to detenn1ne the matlng type of each stra1n and to ensure the
.stralns se]ected were actually hap101d and not d1p]o1ds hav1ng ar1sen

from the mating of two hap]o1d spores not properly separated by ‘means

of son1cat10n.j ‘Where a UV—lnsens1t1ve stra1n carrled the same markers
as its Uv-lnsenSItlve parent, it was e]1m1nated and on]y strains .of
~PeoppOSIte mat1ng type from the parent were chosen for use as controls.
The comp]ementatlon patterns revea]ed that all stralns se]ected

~carried the lys1-1, ade2 and h]S] 7 markers SInce no comp]ementat1on :

occurred with tester stralns carrylng these markers Any strains

~

: whlch would not mate were e]lmInated.

qEY,
M .
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Determ1nat1on of Spontaneous Mutatlon Rates . ‘

VAR

K1net1cs The spontaneous reversion rates to ]ySine and histi-

“dine 1ndependence ln several of the auxotroph1c rad a]]e]e bear1ng
daughter strains were then measured. A mutant lysine (or hlst1d1ne)—
requ1r1ng strain is 1nocu1ated 1nto ]1qu1d medium conta1n1ng a limit-
ing amount of lysine (or histidine). For each stra1n tested small
1 ml cultures are started in each of 1000 box compartments. The mutant
.cells in a compartment grow and divide only,until the 1ys1ne (or
h1st1d1ne) supply is exhausted whereas revertants to lySIne (or |
h1st1d1ne) 1ndependence which occUr during the growth of the mutant
culture cont1nue to grow. Because the growth of mutant ce]]s to
.Saturation 1s not permitted to take p]ace, the revertants can read11y
be seen fbrmlng v151ble colonies in the compartments _ "
| The first revertant colonies appear after three to four days of »
1ncubat10n that is, after the time requ1red for a s1ng]e ce]] to make :
a colony under .anaerobic . cond1t1ons at room temperature (von Borste]
'et al. ]971) A]thOught a slloht ‘amount” of var1at1on can ex15t
- between dlfferent strains, most of the lysine revertants have appeared
- by 51x to eight days. After this time sl1ght increases observed in :“
the number of - revertants are probably due to a smal] amount of cell

o

l-d1v1$10n resulting from cell death and reut1112at1on of nutr1ents

. (von Borstel et a]., ]971) In contrast however, the number of h1s- .
t1d1ne revertants often keeps 1ncreas1ng even up to the twe]fth day,
: »as wil] be d1scussed below. | |

_zpes of Revertants. ReverSIOn to lysine 1ndependence can occur
s

either by a revers1on at the 1 zsl Tocus - 1tse]f or by a forward mutatlon

g
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at aysupersuppressorf10cus (von Borstel et al., ]9?1). The first
- situation results only in*iysine independenCe Awmutation at a
supersuppreSsor ]ocus however, w1]1 also result 1n suppression of
the other nonsense mutant a]]e]es carried by the strain: trpS -48,
. arg4- 17 and ade2 1. Locus reversions can easily. be d1st1ngu15hed _
..from suppressor mutat10ns by the color of the revertant (Schu]]er and
“von Borste] 1972) Locus revertants, since they rema1n auxotrophic
for aden1ne‘and ade2 mutants accumulate red p1gment w111 turn red
once ‘the adjusted adenlne concentratlon in the medium is dep]eted
ASupersuppressor mutat10ns, since they suppress gggg_l_ will be white.
Most supersuppressors are of thls C]ass I type (G1]more 1967; Haw-
thorne and Mort1mer ]968) but a few may . be C]ass ITI Set 1 (suppressor
11). The latter var1ety do not suppress ade2 ade2-1. P1ck1ng the rever-
.dtants onto —LYS and then repllca p]at1ng them onto the various omis-
-sion ned1a a]so dlst1ngu1$hes 1ocus and supersuppressor mutat;ons and
"permlts c]ass1f1cat1on of supersuppressors Locus revertants often
".represent 1ess ‘than ]0” of the total number of revertants in control
 (non- mutator) stra1ns, and, a§~they are based ‘on Tow numbers locus
' gsrever51on rates are subJect to some degree of error. ;ost_reverslons
l\are of the supersuppressor Qype ,. |
. Reverstons to, hlstldlne 1ndependence -on the other hand ’are a
‘,fbe11eved to occur’ through 1nterna] m1ssense suppress1on (Korch and
'?TtSnow, 1973) A]] h1st1d1ne revertants are white phenotyp1cally as
ﬁ'7on1y hisl- 7 is suppressed and that by another base substitution 1n

;”prthe h151 gene 1tse1f.



Effects of Rad1osens1t1v1\y‘ATTeTes Invo]ved in_the Exc1s1on

«©

Repa1r Pathway on Rever510n Ragézjto _ys1ne Independence The rates i:‘

of reversion to 1ys1ne and histidine 1ndependence were detern1ned for ‘
several hap101d stra1ns each carryIng a’ mutant aT}e]e of one of the |
four rad Toc1 lnvolved in exc1$1on repalr. The genotypes of these
4 strains are g1ven 1n Tab]e 4 The rever51on rates to 1y51ne inde-
pendence, caTcu]ated from the number of compartments w1thout rever-‘
tants present on day 10 of 1ncubat1on (von Borstel et a]., 1971), are_"
‘shown in ‘Tabte 6.. The total nunber of’ compartments or 1 ml cu]tures '
upon vhich these rates are based and the. f1na] ce]] 11ter are a]so
g1ven. The “number of compartments w1th one or .more revertants (glven
1n the table as the number of revertants) as well as the Tocus and -
supersuppressor (SS) revers1on rates are. shown and the two Tatter are' '

“summed to g1ve the overall total mutation rate.u

The reverSIOn rates of UV- -insensitive stralns derlved from

each cross of a rad1at1on sens1t1ve stra1n were a]so measured and
served as controls. Before exam1n1no the mutat1on rates of the
radlatlon sens1t1ve strains, it is worththTe to examine the range of}"
values observed in the UV—1nsens1tlve stra1ns The average tota] o
.1y51ne mutat1on rate, for aTT UV-1nsen51t1ve stra1ns der1ved from )

crosses involving the radl to rad4 a]]e]es, ‘is 2 9 x 10 mutat1ona1

events per cell per generatlon (average locus mutat1on rate is O. 5 X
10 -8 mutational ‘events per cell® per . generatlon average supersuppressor
v mutat1on rate is 2 4 x 10° -8 mutatlonal events per ce]] per generatlon)

The range of va]ues of tota] mutation ratesﬁto lySIne 1ndependence
i

obta1ned far all the UV-Insen51t1ve stra1ns tested ln th1s study

i

. ¥
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TABLE 6. Spontaneous fevers?on rates to lysine independence
in haploid strains bearing a rad or its wild type
allele involved in the excision rep?ir pathway

o o A No. of Mutation Rate
Expt. o rad - Cells/ml Total Revertants . (x 108)
No. Strain  Allele (x 10-0) Compts. Locus SS Total Locus SS
T 43.16 XV363-11A, 1.8 997 . 15 88 2.9 0.4 25
- 50.27 Xva2i-5D° 1.6 997 14 . 19 3.2 0.5 2.7
50.29 XVv421-158B 1.6 1000 - 15 80 3.1 0.5 2.6
Average? ST . 31 0.5 2.6
- 43.12 XV363-1A radl-1 1.3 98 21 109 5.1 0.8 4.3
47.01 XV363-1A  radl-1 1.5 997 21 128 4.5 0.7 3.8
- 43.74 XV363-2A radl-1 1.4 995 25 124 5.4 0.9 4.5
47.02 XV363-2A Tradl-T 1.5 1000 - 22 84 3.9 0.8 3.
- 43.17 XV363-10A ‘radl-1 1.5 999 18 80 3.4 0.6 2.8 .
" 50.15 XV421-12A. radl-1 1.6 1000 13 115 4.3 0.4 3.9
50.17 XV421-17A radi-1 1.3 i 801 - 6 44 2.0 0.3 1.7
.Average: . - .~ 4.0 0.6 3.4
50.02 'XV361-2A . 1.7 996 - - 30 67 3.0 0.9 2.1
50.25 Xv422-3A 1.8 999 10 58 1.9 0.3 1.6 .
50.21 XVv422-4A 1.9 999 21 84 2.9 0.6 2.3
" . Average:. o 2.6 0.6 2.0
- 43.29 XV361-1A rad2-2 1.3 - 1000 6 50 2.2 0.2 2.0
- 50.19 XV422-1A vad2-2 1.9 1001 27 - 82 3.0 0.7 2.3
-50.23 XV422-2A vad?-2 ‘ 2.0° 1000 26 72 2.6 0.7 19
- Average: L : ﬂ 2.6 0.5 2.1
50.33 XV423-3A . 1.8 995 28 134 4.9 0.8 4.1
- 50.35 XV423-4A . 2.2 998 - 22 103 3.1 0.5 2.6
, Average: S . : 4.1 0.7 3.4
150.31 XV423-1A° rad3-12 1.6 - 998 142 280 15.5 4.9 10.6
50.37 XV423-2A Trad3-12 1.2 999 47 213 121 2.0 10.1
: Average: ' S . L - 13.9 3.5 .10.4
47.14 Xv418-3B . 1.8 999 14 5. 2.0 0.4 1.6
‘47.13 . XV418-8A ' 1.8 - 999 4 68 2.1 0.1 2.0
.~ Average: - S - I 2.1 0.3 1.8
47.11 XV418-1A  rad4-3 1.8 999 15 .75 25 0.4 2.1
- 47.¥2. XV418-2A  radd-3 2.0 998 19 58 2.0 0.5 1.5
- - Average: N ' ‘ : 2.3 0.5 1.8

J
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varies frdﬁ about 1.0 x 10;§§&0 4.0 x 10'8 mutational events per cell f
per generatnon, aS'shown tn Figure 8. These values agree with those
obta1ned in other experiments for UV-insensitive non- -mutator control
“8trains, which’ differ by as much as 2.0 x 10 8'mutational events per
_ce1] per generat1on (von Borstel et al. 197]; von Borstel et al.,
1973). | |
Table 6 111ustrates that wh11e both locus. and supersuppressor
mutat1on rates in the three uv- 1nsens1t1ve stra1ns (der1ved from two
separate crosses of the original ‘strain bearing the rad]-1. allele) do-
not vary great]y, a certaln amount of var1at10n is observed among the.
UV-senS1t1ve stra1ns However some var1ab1]1ty is also seen to exlst“
within the same stra1n, as demonstrated by measurements of the rever-
s1on rates of two dlfferent s1ng]e co]ony 1so]ates of each of the
stra1ns XV363-1A and XVG§3;2A Consequent1y, some var1at10n in muta-
t@on rate w1th1n each cross and between the two_ crosses is to be
,expected -Since all the revers1on rate va]ues (both locus and super—

suppressor) fa]] within the _range of va]ues observed for UV 1nsen51t7ve

B strawns 0bta1ned from other crosses 1in thls study or used in other
exper1ments (von Borstel et a] 197]), it seems as if the radi-1
a]]e]e does not 51gn1f1cant]y 1ncrease the revers1on rate to 1y51ne
1ndependence ’ |

It can\read11y be seen from Tab]e 6 that the ‘radz2- 2 a]]e]e has
R no effect on spontaneous revers1on rate to 1ys1ne 1ndependence - The
extent of var1at1on observed tn each cross between UV sens1t1ve and

UV-insens1tive stralns is ;ith1n the range observed for RAD2-2 stra1ns,_v'

and there 1s no great dlfference between the two crosses The rather
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high ]ocus reversion rate for the UV-insensitive straln XV361-2A may
be due to scor1ng some sypersuppressor mutat1ons as locus reversi
(see explanation undev/rad3 12 beTow) The rad1osens1UNV1ty a]Te]e
»rggg_g_also does not 1ncrease the’ spontaneous reverSIOn rate to TySIne
independence, as Uv-sen51t1ve strains do not dwffer much fr0m the ‘UV-
~insensitive strains. | | _

. The rad3-12 a]]e]e, on the other hand, increases both the Tocus
"and supersuppressor mutatlon rates to Tys1ne 1d§§aendence by a factor
of about four times above that observed for the.UV;insensitive strains,
which in the system used, is definitely significant In: both sens1t1ve
strains the supersuppressor rates are approx1mate]y equaT but the

Tlocus rate is apparently two and a half times greater in XV423-1A.

This large 1ncrease however, can probab]y be expTalned by thesfact~;~;-——
‘that SInce XV423 1A has only _xsl___and ade2- ] as supersuppresstb]e

- markers (Tab]e 4), some supersuppressor (suppressor 11) mutat1ons

whlch do not suppress gggg_l_and consequent]y ‘may turn red, m1ght have
been scored as Tocus revertants. This would not be true with the
strain XV423-2A because it carr1es'the supersuppressible trpS- 48

' marker and suppressor TT mutations thCh do suppress trp5-48, woqu
thus eaSITy'be detected. This exp]anatlon seems reasonabTe in. v1ew

‘of the observatlon that many of the supersuppressor revertants p1cked ‘
: onto -LYS and replica plated turned out. to grow verv weahTy on. -ADE
untl] about the flfth day of lncubatlon Thus the locus revers1on |

| rate in rad3- 12 a]Tele-bearlng stra1ns¢15 probab]y|more of the order

of Zéf§:0 to 3 X 10 -8 mutational events per ceTT per generat1on.-

e klnetlcs for lys1ne revertant appearance for all the stralns

fa
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d1scussed above are glven in F Jures

taneous rever31on rates to h]Stld]ne 1ndependence in strains carrylng '
a mutant allele of one of the rad loci 1d¥d1ved in the excision re-
palr pathway are indicated in Table 7. Exam1nat1on of h15t1d1ne
reversion rates for UV- 1nsens1t1ve strawns shows that these are
hlgh]y variable. Flgure 13 111ustrates that the reversion rates to.
histidinefindependence vary from about 6 x 10 -8 to as much as 1T x-

10;8 mutat10na1 events per cell per generat1on for the UV- 1nsens1t1ve
vstralns used in these exper1ments Histidine reverSIOn rates of up

to 14 x:]O -8 ' mutational events per cell per’ generation have been ob-
served in non-mutator control strains in other exper1ments (von Borste]
unpub11shed data) Severa] factors/éan ccount for the wide fTﬁctua- ‘
'tlon observed in hlstldwne rever510n rates A comparlson of F1gures |
9 through 12 w1th Flgures 14 throuqh ]7 1]1ustrates that the nunber
'of 1ys1ne revertants in all the stralns tested has reached a deflnite
p]ateau ]eve] by the tenth day of 1ncubat1on, 1f not earl1er wh11e
the number of histidine revertants rare]y shows such a p]ateau even
_A1n UV-insensitive stra1ns Rather, there seems to be a cont1nuous
fs]1ght 1ncrease in the nunber of h1st1d7ne revertants the amount .
varying w1th each strain. Because of this effect, scorlng h1st1dine
v‘revers1on experIments at ]2 days is an arb1trary cho1ce and some varia-

tion between stra1ns is poss1b1e Another factor affectwng histidine |
'experIments 1no]udes the presence of several pale revertants which

*'hwhen picked onto -HIS do not general]y grow. It is d1fficult to say
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" TABLE 7. s to histidine independence
r in hapJoid strains bearing a rad or its wild type
allele/ involved in the excision repair pathway
, S _ No. of  Mutation
Expt.- ) rad Cells/ml Total Rever-  .Rate
-~ No. Strain Allele - (x 10-6) Compts tants (x 108)
- XV363-11A - - -
- 50.28 - " Xv421-5D 999 " 265 9.1
50.30 = - XV421-158B 1002 314 . -11.0
‘ ' Average: 10.1
47.05 - XV363-1A radl-1 990 339 -21.1
47.06 XV363-2A . radizl’ 999 - 331 -15.7
- XV363-10A = vadl'T - - -
50.16 ~ Xv421-12A radl-1 1001 242 .. 8.4
50,18 . Xv421-17A° radi-T 997 - 370 - 13.4
' Average: ' : 14.7
50.09 XV361-2A 1010 - 280 9.8
47.09 - XV361-2A 1000 289 7.0
50.26 XV422-3A 1000, 235 - 1.3
50.22 XV422-4A 998 259 10.4
- N . . Average: o R 8.6.
43734 XV361-1A - padz-2 999 286" 13.7
150.20 - . Xv422-1A ~rad2-2 894 272 '10.0
''50.24 - XV422-2A . rad2-? - 1003 .. 308 ~10.4
' ‘ Average: o 11.4
50.34 - XV423:3A 1000 274 10.8
- 50.36 " . XV423-4A .99 - 208 6.7
v Average: o _ . 8.8
50.32 - XV423-TA rad3-12 1005 1000 - 166.5
50.38 XV423-2A rad3-12 999 649 47.8
iy : Average: ' : S 107.2
47.19 Xv418-38 1000 194 6.9,
47.18 XV418-8A . 898 . 168 6.1 -
co Average: S v ' : 6.5
47.16 - XV418-1A ‘rad4-3 - . 997 - 345 . 13.5
47.17 ©  XV418-2A radd-3 1001 352  12.8
. ~Average: . 13.2
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if these are rea]ly h1st1d1ne revertants. In\ganeral histidine
4revertants picked onto -HIS do not grow as well as 1ys1ne revertants
and consequent]y rep11ca p]at1ng resu]ts are more d1ff1cu]t to score.
: Thus, this method for measur1ng the spontaneous mutation rate is 1ess 7
" accurate for h1st1d1ne than for 1ys1ne exper1ments ‘
Iab]e 7 1nd1cates that the UV sens1t1ve Iggl_l_stra1ns obta1ned
,'from the two separate crosses glve seemwng]y contrad1ctory results.
The strains der1ved from the XV363 d1p]o1d show an apparent increase
- in revers1on rate to h1st1d1ne 1ndependence whr]e strains der1ved ‘
from the XV421 d1plo1d d1sp]ay a revers1on rate within the nonhal
frange observed for UV 1nsen51t1ve stra1ns The 1ncreased revers1on
rate found in XV363- ]A and XV363 2A strains may be due partly to the

'great var1at1on observed for h1st1d1ne revers1on rates in genera] and

R ,part]y to the var1ab111ty to. wh1ch mutat1on rates in these partlcular

stralns seem to be subject. Therefore the radl- ] a]]e]e most ]1ke1y

L. does not confer a s1gn1f1cant 1ncrease in h1st1d1ne revers1on rate

e1ther Average rates for uv- 1nsens1t1ve and uv- sens1t1ve stra1ns
'should probably be cons1dered as the true va]ues and these do not
differ greatly.’ '. _ gi - | ‘

- Because . of the var1at10n observed in d1fferent s1ng1e colony
1so]ates of one- UV 1nsens1t1ve stra1n (XV36] -2A) with respect to his-
t1d1ne reversion rate ‘the var1at1on between gggg_g and UV- 1nsens1t1ve‘
strains. within each cross and between rggg_g strains from d1fferent
”.crosses is not cons1dered 51gn1f1cant For rgg§_§_ der1ved strains,

however, there is an apparent doub11ng of the spontaneous h1st1d1na

_reversion rate in the UV-sens1t1ve as compared to the UV- 1nsens1t1ve .
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stra1ns. Neverthe]ess due to the h1gh varlatlon observed ln histi—,ﬂw=1

\3
' d1ne reversion rates, the possibility exlsts that, if more UV—~-

;;C. ":l '%: i
1nsens1t1ve stra1ns had been stud1ed hlgher va]ues m1ght;have been
found This, since values for the UV-1nsensxt1ve stra1ns represent
the Iowest part of the observed range and the Uv\senSItlvertra1n :

va]ues fall within the range observed 1n other stralns and are not

much greater than the rates found in Uv-sens1t1ve stralns, it seems '_‘

'6“3‘,

very-l%k@]y that rad4 3 a]so does not confer any 519n1f1cant lncrease
R , o

in h1st1d1ne;f#.f si

The. UV—]nsen51t1ve strains derlved from the rad3 ]2 cross agaln o

demonstrate that a fair]y h19h var1at1on can exISt even among . UV- f
’ 1nsens1t1ve strains. Neverthe]ess the rad1osen51t1v1ty a]]ele rad3 12

~

unmistakab]y confers an average th1rteenfo1d 1ncrease in h1st1dine
reversion rate However, he value for XV423 -1A, it should be noted
is subJect to error betau§2 almost a]] the .compartments pOSSessed

several revertants in them and ce]] counts had to be based so]ely on
QEthree conpartments without revertants.\'

The k1net1cs for hJst1d1nerrevertant.appearance'for‘theset _
strains’are shown in Figures 14 to 17. " As stated above the reversion
rate to hist1d1ne 1ndependence does not always reach a defrnlte p]ateau
by twe]ve days however, the increase in the number of revertants

after about ten days is on]y sl1ght

Effects of Rad1osens1t1v1ty Alleles Invo]ved in Other. Repair '

Pathways on Revers1on Rates to Lys1ne Independence. The loci RADS

fRADB RAD10, and RAD18 do not contro] steps in exc131onrrepair. For

L the ’most part the repair pathways in wh1ch they are lnvo'lved are o

/v

>
. . ,:J’ R I . .
T ., 0 ) !
Ay o . . - N
YA . .

N
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unknown or only speculated upon. The 1ys1ne reversion rates for

. stralns carrywng a mutant a]]e]e of oné’of_tﬁese Toci are given in
‘5a‘Table 8 The ge/ptypes of the strains used are given in Table 5.

The average tof/] reverSIOn rate of all the UV-insensitive stralns

derlved from crosses 1nvolv1ng these a]]e]es is 2.5 x 107 -8 muta-
- "tional: events per ce]1 per generatijon (average ]ocus reverSIOn rate

is 0.3 x ]0 -8 nutatIonal events per cell per generation; average
2 ‘;supersuppressor reverSIOn rate is 2.2 x 10° -8 mutational events per
A ‘cell per generainon) |

‘ - From Table 8, the [gg§_l_a11e]e ]s seen to increase the spon-
‘taneous reverSIOn rate to ]ySIne 1ndependence by an average factor
aof elght t1mes above that observed in RADS ] stra1ns and there is
‘kobv10us]y a falrly ]arge range of var1ab1]1ty in its effect There 3
':15 a deflnlte lncrease 1n*hutat1on rate for the supersuppressor muta-t
- ¥ tlons but the lncrease ln ]ocus rate 15 more questlonab]e Once
| agaln the r1gher ]ocus rate observed in XV4]9 5A may be. due to. C]aSSI-.
f1cat10n of suppressor ]1 mutatlons as 1ocus revertants because th1s
: ;//stra1n ]acks the supersuppress1ble tryptophan and arg1n1ne markers
(Tab]e 5). A A ’f

The s1tuat1on presented by/the rad8 ] a]le]e 1s d1rect]y oppo-

Csite to that of radS ].: The rates of 1ys1ne reverswon 1n ‘the UV-~"
1nsens1t1ve stra1ns are average and w1th1n the expected ranqe whereas
those of ‘the rggg_l a]]el -bearlng stra1ns are. decreased be]ow the
usual]y—observed range~~ Some error due to the low ce]l count may be’
1nvolved but the apparent effect of rad8 1 seems to be that of de-’
creas1ng the mutatlon rate. Because of the ]ow numbers of locus



TABLE 8. Spontanebus reversion rates
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haploid strains bearing a

involved in unknown
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o

e

o

repair pathwqys
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-to lysine indépendenée'in”
rad.or its wild type allele"

© . 43.04%

- 1'43,02%

_ o ,  No. of = Mutation Rate
Expt. - rad  Cells/ml Total = Revertants = (x 108)"
No. Strain AlTele (x 10 8) Compts. Locus SS . Total Locus  SS
47.22  "XV419-11A 1.7 998 6 .5 1.9 0.2 1.7
47.23  XV419-12A 1.9 . 1001 9 79 2.4 0.2 2.2 .
o Average: o ‘ S 2.2-°.0.2 ,2.0
47.15 XV419-2A -  rad5-1 1.8 999 157378 .13.6 0.4 13.2
a7.21 XV419-5A" - ‘rad5-1 1.7 1002 40°.-495 21.2 1.2 20.0
50.04 © XV419-13A° vrad5-1 1.7 1001 27° 400 15.8 0.8 15.0-
' __Average: ' L ___16.7 0.6 16.1
47.26 XV420-3A 1.1 988 - .9 .73 3.7 0.4 - 3.3
50.01 XvV420-6A 2.1 998. . 8..108 3.0 0.2 - 2.8
S Average: g o 3.4 0.3 3.1
47.24 . XV420-1A  rad8-1 1.1 995 3. 14 0.8 0.1 0.7
47.25 - XV420-2A  rad8- 0.8 999 - - 2717 Y1 0.1 1.0
50.03," © XV420-3A  vad8-1 2.3 992 4 25 26 1.2 0.6 0.6
: ___Average: . R i} 1.1 0.3 - 0.8
43.22 © XV366-2A 1.8 988 15 64 2.3 0.4 1.9
43.27 - 'XV366-4A 1.6.. 9% . 2 33.1.2° 0. 1.1
-43.20  XV366-5A. 1.6 997 ' ' 1N 86 ‘#.1 0.3 1.8
Average: o ' . -1.9 0.3 ..1.6
©43.21 XV366-3A  radi0-1 “1.5 =~ 997 3 52 1.8 0.1 1.7
- 43.26  XV366-6A radl0-1-1.7 995 .5 39 1.4 0.2 1.2
43.30 ' XV365-2A  radl0O-1 1.5 999 40 92" 4.6 1.4 3.2
43.28  XV365-4A - radlO-L 1.2 999 15 42 2.6 0.7 1.9
L ‘Average:: o ‘ . ‘ 2.6 0.6 2.0
XV362-3A - 2.0 = 995 28 1 1.0 0.7 0.3 -
43.03* XV362-5A oradl8-1 1.2 990 .10 112 5.5 /0.4 5
43.05*  XV362-5A ““radl8-1 1.3 1000 '8 154 6.8 0.3 6.5
XV362-6A  radi8-T- 1.7 - 998 5 20 - 0.8 0.2 0.6
43.06*  XV362-6A radi8-T 1.7 996 5 24 0.2 0.1.. 0.7
43.07* KC372 - vadl8=? 1.1, 998 11 . 265 13.8 0.3 13.5

* Mutation rates for radi8-1 weré'ca
revertants present on day 4.

it

%

TR

lculated from the number-ofn
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revertants it is difficu]t% iconclude definjtely regarding its
effect on locus reversions, but in these strains bearing the rads-1
| allele there is at least a decrease in the supersuppressor reverSIOn.
rate. | v : - o ' |

The UV-Insen51t1ve RAD10-1 strains have reversion rates w1th1n
the ]ower part of the range observed for UV—1nsens1t1ve stra1ns in
general, this being true especially for XV366- 4A There is not much’
difference between the two radl0-1- -carrying strains derived from the ‘
‘XV366 d1p101d both of which fa]] w15?1n the uv- 1nsen51t1ve strain
range. The reversion rates of two other strawns, sisters of the . -
radlatlon sens1t1ve parent of the XV366 d1p101d were also measured.
XV365-4A demonstrates a normal reversion rate to ]ys1ne lndependence
while XV365- 2A seems to show a s]1ght increase, though it is st1]1
vw1th1n the UV-]nsenSItlve strain range. The latter straln was also
- observed- to behave pecullar]y when the box revertants picked for
fana]ysis were repiica plated. The locus revertants were all found to
rema1n red on YEPD even though they were overgrown w1th secondary
supersuppressor mutatlons on -ADE and ~ARG p]ates and consequently
.shou]d have shown the thte overgrowth characterlst1c of such muta-
tions on YEPD. Thus, the poss1b1]1ty of two adenine mutants, one
suppressible and the other not, cannot be eliminated. Th]S could
theoretically serve to 1ncrease the ]ocus rate to the high value
"observed. L L ‘ ‘ .A |

- The behav10ur of the radi8 locus represents a complwcated s1tua- |
tion.  The first a]le]e of thlS ]ocus to be stud1ed was radl8-2. Its

average rever510n rate to lysine 1ndependence was found to be 24.3 x-

—~
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10f8 mutational events. per cell per generat1on (von Borste] e al.,’
1971) Another cu]ture of the same strain was here retested <« i the
‘mutation rate was found to be lower (Tab]e 8), though st1]1 approxI-v'
mately four to five tlmei)greater than the UV-insensitive strain
"values An at§empt was then made to measure the reversion rate of
its allele rad18-1 to determine if it too conferred an increased
reversion rate to lysine'independence' The resu]ts shown in Table 8
€¥.1]1ustrate that the two rad18-1 allele- -bearing stralns tested gave

ATy

il contrad1ctory resu]ts XV362 SA apparent]y causes perhaps a sllght

!

s increase in mutation rate, ovér and above the UV-insensitive straln
3;;range though it seems not to be as _powerful a mutator as rad18- 2.
ugﬁhanwh1]e XV362-6A seems to decrease the supersuppressor mutatlon
~rate drast1ca]]y *Repet1t1on of the fluctuatlon test on a d1fferent
s1ng1e co]ony isolate of the same stra1n in each case reconfirmed
the or1g1na] f1nd1ng The RAD18- ] stra1n der1ved from the XV362
: d1p]o1d was also found to behave strange]y by strong]y depress1ng
the supersuppressor reversion rate. It should be noted that for
radi8-1 allele- bear1ng stra1ns, the mutation rates and numbers of
revertants gjven in Table 8 represent those obta1ned at 14 days' in-
cubat1on as the numbers of revertants were st1]1 found to increase
‘cons1derab1y after ‘day 10. |
F1gures 18 to 21 show. the k1net1cs of lysine revertant appear-
ance for these’ stra1ns. | o

i Effects of Rad1osen51t1v1ty Alleles Involved 1n Other Rebalr '

'Pathways on Rever510n Rates to Histidine Independence Spontanﬁous

reversion. rates to h1$t1d1ne 1ndependence are presented in Tabl§%9

-,3?;,-
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TABLE 9. Spontaneous reversion rates to histidine independence in
haploid strains bearing a rad or its wild type allele
invo]ved in unknown repair pathways N ‘ '
c - ol Cells/id - Total No. of Mutation
xpt. : ra - Cells/m otal - Rever- -Rate
No. Strain ATTele (x 10-6) Compts. tants (x 108)
5012 XV419-11A "16 999 251 . g2
50.13 xv419-12A : 1.4 . 999 190 7.5
~~ Average: : . -\ - 8.4
47.20. . XV419-2A ™ rad5- 1.8° 1000 | 625 27.1
50110 :XV419-5A rad5-1 - 1.4 1000 663"  .36.6
--50.710. , XV419-13A rad5-1 1.6 - 999 . 480 20.3
' 'g}gfgaAyerage: ' R 26.0
50.07  XV420-4A R 1000. 141 6.8
50.08 - XV420-6A ' R B/ 1000 97 2.9
Average: - : S 4.9
50.14°  XV420-1A°  rad8-1 1.0 999 . 78 4.2
- 50.06 - XV420-2A- radg- 0.7 1000 - 24 1.8
- XV420-3A rad8-1- - - - -
____Average: . C - L - 3.0
43.25 '-XV366-2A N 1.7° 997 - 240 8.2, .
- 43.32 XV366-4A . - 1.3 -"'998 199 *.8.3
43.23 ./V366-5A 1.4 997 246 9.6 -
o Average: o K L o 8.7 ‘
. 43.24 - .XV366-3A ' radl0-1 - 1.5 1001 . 257 9T,
43.3] XV366-6A radlo-T .. 1.4 997 . 297  12.7
50.05 . . XV365-2A- - radl0-] 1.8 . 999 . 466 ,.gﬁ17.1 .
- 47.10° " XV365-2A-- ‘~fFEEIﬁ-+Vz,~.I;Z o997 521 ¢ 21.4-
"-43.33 . . XV365-4A ._ragio-i'_ ].21.,7} 999 -~ -248 - 11.7
. % - Average: L - - - 14.8
- Xy362-3A = s . - tn - - T -
- . XN362-5A - rad18-1 - - - ‘- -
- XV362-6A- radi8-1] - - - -
- 4 ke3rz o rad18-2 - - - -
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" The radiation-sensitive stra1ns bearlng the rad5 1 al]e]e show an

g1néreased rate of reversion to histidine prototrophy As with 1ys1ne,

there H some var1at1on observed but the 1ncrease seems to be by an

" average factor of three. The effect is real as it is shown by all

" three UV-sensitive strajns tested and cannot be ascribed to chance

" variation. ) . : ¢

{

b T

The decrease in rever51on rate observed for, 1ys1ne in rggg_l*
stra1ns seems to ho]d a]so for histidine. However, it is unusual |
~that the UV—1nsens1t1ve stra1n XV420 6A shou]d show A decreased re-
version rate even lower than one of the UV- sens1t1ve ragg_l strains.

g Both of the two UV- sens1t1ve rad]O 1 stra1ns, der1ved from the

XV366 d1plo1d show rever510n rates w1th1n the Uv- 1nsen51t1ve stra1n ' ”t"',

o range. Of the two stra1ns derived from the XV365 d1p]o1d the one

: whlch showed the 1ncrease in 1ys1ne revers1on rate a]so shows an

0

i

1ncreased h15t1d1ne reversion rate However because none -of the
other rale 1 stra1ns showed a s1m1]ar effect, 1t can probably be

Q
concluded that th1s 1ncrease is not due to any effect of the rale 1

-

aﬂ]e]e ‘but. rather 1s the resu]t of a weak background nutator or

-

x

s1mp1y duetto the f]uctuat1on and error observed 1n h1st1d1ne experva \A

A

radl8-2 were not performed

Y £ et a

K1net1cs of h1st1drne revertant appearance are g1ven 1n Flgures

22 23 and 24 for. stra1ns bearlng rads- 1, radg- 1, and rad10-1 radio-

sens1t1v1ty a]]e]es. Hlst1d1ne rever510n stud1es ‘on rag18 and
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A Qua11tat1ve Estimation of Mutator Act1v1ty

The "LaSSIE" Test. Because the accurate measurenzﬁt of spon- |
;taneous mutation rates by means of the 1000 -compartment f]uctuation
exper1ment is a long and tedious process and cou]d only be done on a
few strains from each cross, a "lassie" test was carried out by
-plating as many sister strains as poSsib]e on MC‘media After 10
,days 1ncubat1on a low colony copunt on MC, genera]]y ]ess than 50
revertants per plate, indicates a norma] spontaneous mutat1on rate
“to lysine independence; a high count'represents a nutator.b'The'
average co]onx count” on MC for a non—mutator stra1n}such as XV185- 14C

is between 10 to 25 co]on1es per p]ate (von Borste], unpub]IShed data).( “
vh'On the average non- mutator stra1ns der1ved from crosses of each of -
the rad strains - gave between 20 to 30 revertant co]on1es per p]ate,‘ -
'though occas1ona1]y more than 30 were found¥v H]gh mutators on the~
‘fother hand, genera]]y g1ve more than 100 co]onIes “per plate though

‘sometimes less than 100 were counted

“Lass1e“'tests can be qu1te accurate WIth non—mutator stralns, :

':.prov1ded the ce11 concentratlon is within certa1n 11m1t§»(] x 10 to

"9 X 106 ce]]s/m]) and the th1ckness of the: med1a does not vary great]y |

~(von Borste], unpub]TShed data) A]though 1t 1s poss1b1e ‘that some B
L'of ‘the var1at10n obse ved between p]ates cou]d be due to unequal '1’
| ;th1ckness»of the cu]t#re medla enam;nat1on of UV-1nsens1t1ve stralns
- indicates tha".enetwt background var]at1on must a]so play an. lmpor-

tant role

Although it s bas1ca1]y a qua]1tat1ve rather than a quantlta-

tlve est1 tation rate -an attempt was made to standardize

'f.‘a,
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the “la551e test that 15 to corre]ate the number of co]on1es per

R MC p]ate wlth the nutat10n rate ca]cu]ated on the basis of the fluc- o

1,dtuat10n test. From data based mostly on the radl0- 1- cross where1n

'hkgseveral p]ates of each strain were scored, it is poss1b1e to roughly o

_equate 10 co]onles on an MC p]ate with a mutation rate of 1 x 10 8
Jnutationa] events per ce]l per generatlon Thus 20 colonies repre-
sents approximate]y a nutat1on rate of 2 x ]0 -8 mutational events per
ce]] per generat10n, 30 co]o?1es a mutation rate of 3 x 10 -8 muta-'

- t1onal events per cell per generatIOn etc. This correlatlon has been
'»!found to predlct w1th1n 11m1ts most ofathe Bverage reversion rates to
]ySIne lndependence qu1te sat1sfactor11y, except for mutators wh1ch
show Tess than ]00 co]onles per MC p]ate It should be noted how-

- ever, that the."]aSSIG" test,ran be used on1y to pred1ct mutator
f,Vact1v1ty w1th respect to 1ys1ne rever510n No s1m1]ar sat1sfactory

'; test for pred1ct1ng h1st1d1ne reversion rates has yet been dEVISBd. S

‘ The Effects of Radiosens1t1v1ty Aileles .on the Number of Rever-c

ﬂtant Colonles per MC Plate. The average number of co]on1es _per- MC

vp]ate and the observed range in co]ony counts are given in Tab]es 10
_through 20 for a]l the straIns tested Actua] co]ony counts on. each';
MC plate may be found in the Appendlx Tab]es A8 to A18. In calcu- o
:»‘]atlng averages and p]ottIng h1stograms below correct1on for a h1gh'i
v,taverage nunber of background revertants was made by subtractIng this -
.number from the average MC co]ony count. P

| Tab]e 10 glves the average nunber-of co]onIes per MC p]ate for;-’
'}stra1ns derlved from the two crosses 1nvolv1ng the 5291_1.317919

. The frequenty dlstrlbutlons of the average numbers of colonies per MC



TABLE 10. ‘Number of colonies on MC plates shown by the
. - UV-sensitive and UV-insensitive haploid strains

- . derived from“the crosses. of XS774-5D radl-1 x
_ XV169-12A and- XS774-5D @ig]ll x XV185-6A o
o g3 v .

cehue.

Average }@%‘ 4
No. of o Average No.
uv - Background, No. of of Colonies

_Strain Sensitivity Revertants: Plates Per MC Plate . Range

*XV363-11A . Insensitive
T XV421-2B : o
xva21-3¢ -
*XV421-5D
Xvaz21-70
XvV421-9D
Xva21-13D
*XV421-158
- XV421=16C
XV421-188

QO ad cd e OO et

*XV363-1A . Sensitive
HXVI63-IA

*
P
[~
¥
N
>
—

1
8
0
* 3
+*X\363-28 B
+XV363-2A 1
*XV363-10A S0
X214 . - < g
Xva21-4cC . 0
-'Xva21-5A 1
. XV421-6A 1
. XVa21-8¢ 2
- *XV421-12A , 5

---------_--_-_-------_---__----_.-__..__--_---_-_---'..--.-_..-..----..-.;

-+ Average: 38 . 30-65

-

* The mutation rates of these Strainé'were'also measured using -the .

1000-compartment fluctuation test.

~+ Another single colony isolate of thetsame”straina.
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_ L C
, pTate for the UV—Sensitive and UV-insensitive strains are given 1n

Figure 25. The predominant values fa]] in the range of-20 to’ 50
| colonies per p]ate but lower and higher averages are found in both
UV-insensitive and UV sens1t1ve strains. . The colony counts for the .
: UV-sens1t1ve strains tend to be s]]ght]y h1gher than for UV-1nsens1-
tive stra1ns though the average counts are equa] for both. It can
be seen from Table ]0 that the average number of. co]on1es in .two UV—

sens1t1ve stralns from the same tetrad (XV421 4A and XV421 4C) can.

d1ffer by more’than 10 co]onles while one UVﬁsen51t1ve and one UV-

.; 1nsen51t1ve strain’ from the same tetrad (XV421 5A and XV421 SD) differ

by less than 10 colonies. Slmwlarly, repeat1ng the "lassie" test on
bdlfferent s1ng]e colony lsolates of the same straln as was done for
XV363 1A and XV363 2A, shd:s that there may be a dlfference of 10 in
ﬁ:the average number of co]onles per MC p]ate, in agreement with the

variations observed in actua] mutatlon rates. In effect “the var1a-’

tion observed in MC co]ony counts here\ref]ects the observed var1at1bn

of mutat1on rates in stralns derlved from the ‘radl- ] crosses On the _ -

. P ‘
3 bas1s of the average number of co]onres on NC one can-predlct an

ffaverage mutation rate of 2 X 10 -8 to 4 X ]0 mutat1ona] events per
fgicell per generatwon for uv- 1nsen51t1ve stra1ns and between 3 X 10° -8 ..
} to 5 x 10 mutat1ona1 events per cell per generatlon for UV sens1t1ve
f strains w1th some var1at10n in elther d1rect1on and th1$ is actua]]y"
' -observed "Lass1e" and mutatlon rate data therefore both 1mp1y no
_s1gn1f1cant change but a good dea] of varlat1on, 1n the spontaneous

lys1ne véversion rate for rad] 1 a]]ele bearlng strains.

Table mn presen\\"}ass1e" test data obta)ned for RADZ—Z and
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TABLE 11. ~Number of. colonies on MC plates shown by the

UV-sensitive and UV-insenslitive haploid strains
derived from the crosses of S226-7C rad2-2 x

\ XV169-15A and S226-7C rad2-2 x XV185-14C
U‘}'/ - ‘ . Y
Rt Average ‘ :
. No. of ‘ Average No.
UV -Background  No. of - of Colonies

Strain Senfitivity Revertants Plates Per MC Plate ° Range
*XV361-2A. Insensitive 1 10 e 25 - 15-35
*XV422-3A : " 0 2. v 19 15-20
*XV422-4A 1 3 , 37 ~ 30-45
Xv422-6A 0 o B, 25 20-30
- XV422-9A° ’ 8 "3 37 35-40
XV422-10A 1 3 19 15-25

XV422-11A 0 2" 16 15
XV422-15A 0 2 19 - 15-20
- Average: 24 - 15-35
*XV361-1A, Sensitive 0 2 19 . 7 15-20
*XV422-1A - o 0 2 23 - 20-25
*XV422-2A - 7 2 38 _—"30-45
XV422-5A - -0 3 37 30-50
- XV422-8A . . -0 3 19 7 15-20
- XV422-12A - % < 0 2 ~ 33 30-35
XV422-13A 2 2 48 30-65
XV422-14A ! 0 2. 40 35-45

Average: 31 20-50

* The mutation rates of these stréins were also measured using the
1000-compartment f]uctuation test. :
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rad2-2 strains. F1gure 26 gives ‘the frequency d]StrlbutIOHS of the
average numbers of co]on1es per MC p]ate for strains derived from

<&

both crosses of the or1g1na] rad2-2 strain. As w1th radl-1, there is .

\\\\\-——i’s]1ght tendency tdward h1gher colony counts for rad2 2 stra1ns as.

cor ar. o the UV-insénsitive strains, but average va]ues for both
XET] w1th1n \e average uv- 1nsens1t1ve strain range of 20 to 30 _
colonies.. From fab]e 11, one can once again pred1ct an average muta-
‘t1on rate of about 2 X 10 -8 to 3 X 10 f mutat1ona] events per cell
per generat1on for both RADZ RAD2-2 and rad2-2 strains and th1s is what.
.1s found. _ | ‘ . v,-
Tab]e 12 and F1gure 27 show that wh11e the RAD3 12 straln MC .
‘colony count values are in the normal non- mutator range, the UV-"
sensitive rad3-12 stra1n values c]ear]y tend to be much hlgher l
: -(approx1mate1y tr]p]e on the average) Th1s is 1nd1cat1ve of an
» 1ncreased revers1on rate ‘to ]ys1ne 1ndependence conferred by the
-rad3-12 allele, though an exact corre]atlon between’ co]ony numbers
and mutat1on rate cannot nere be made

\d

From Tab]e 13 and F1gure 28, 1t can be seen that in rad4- 3

strains, as in rggl_l and ragg_g_stralns the average numbers of
colonies per MC plate are s]1ght]y h1gher than 1n ‘the UV—lnsenSItlve
stra1ns but both are w1th1n the norma] Uv- 1nsens1t1ve stra1n range.
One can pred1ct a nutatlon rate of approx1mate]y 2 x 10 8 mutatlona]
events per ce]] per generat1on for RAD4 RAD4-3. stralns which is actually
the case. The actua] mutat1on ‘rate found in the rad4-3 stralns is /
1OWer than the predlcted average of 3 x 10 -8 mutat1ona1 events per

cell per.generat1on, 1mp1y1ng that some var1at1on can be expected
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TABLE 12. aﬁumbér of colonies-on MC plates shown by“thé'UV-
: sensitive and UV-insensitive haploid strains derived ™/

v . from the cross of 197/2D rad3-12 x XV185-14cC
T Average . _
~_ e . No. of ' Average No.
| h o . Background - No..of of Coi nies
* Strain- Sensttivity Revertants Plates - Per MC Plate - Range
*XV423-3A Insensitive. -0 -2 T80 L 3b-50,
*XV423-4A : ' 0 2 : 17 ST 1520
XY423-9A I 1 2 37 35-40
XV423-10A L - .0 2 20 15-20
XV423-11A N 1 2 20 15-25
XV423-12A - - . 0 2 36 ' 35-40
XV423-13A -0 2 12 10-15
- XV423-14A 0 9. 21 10-30
- XV423-18A 2 2. 52 45-55
- XVA23-20A / 1 2 1 A5-60
XV423-21A . 0 2 36 30-45
© XV423-22A 6 . 2 33 30-35
" XV423-25A 0 e - 18 15-20
XV423-26A 5 .2 38 -35-40
‘Average:’ 31 ~10-50
*XVA23-1R  Sensitive 1 2 m 90
*XVA23-2A . - 0 2 69 55-85
T 1XV423-5A° . L 1 2 - - 162 . . 160-165
-XV423-6A L 0 .2 82 70-95
XV423-7A 2 5 66 45-80

* The mutation rates of.these.strains ~ere ‘also measured using the B
1000;compartment’fluctuation test, N '
~+ petite strain. - fx\ : S L ~
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TABLE 13.° Number of colpnies on MC plates shown by the UV-
oL sensitive and UV-insensitive haploid strains derived
-~ from the cross of 5960-1A ‘rad4-3,x XV185-14C

} . ~ -

Avéragé -

e J No. of = ' Average No.
: R uw. ~ Background No. of - of Colonies .
- Strain Sensitivity _Revertants . Plates - Per MC Plate Range
(j *XV418-8A Insensitive 1 3 12 ~ . 10-15
~ XV418-9A R 0 ~ 3 11 10-15
*Xv418-3B | 3 ‘ 29 25-30
- XV418-5B 0 3 17 15-20
- XvV418-68 . S 3 27 - 20-30
XV418-7B ' 8 3 - 29 20-35
] | v Average: 21 10-35
*XV418-TA Sensitive 3 3 28 320-35
*XV418-2A ‘ ‘ .0 3 32 25-35
oXvai1g-3a o o 18 3 55 45-70
XV418-4A - S S 1 . . 3 36 . 25-45
' XV418-5A o 83 £ 3 91 80-105
Xv418-6A = . 1 ' 3 25 20-30
XV4i8-7A 2 3 46 40-55
Xv418-28 0 3 22 10-30 ~
o \ . Average: 33 - 20-45

* The mutation,ratés of these strains_weke also measuréd_using'the‘
- 1000-compartment flu€tuation test. A

N
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| Tables 14 and 15 give the “1ass1e” test: datd for the RADS-1

and rad5-1- stra1ns respect1ve]y The frequency d1str1but1ons of the

averaqe numbers of colonles per MC p]ate are shown in Figure 29. The

radS 1 a]]e]e bear1ng stra1ns show an obv1ous]y 1ncreased MC co]ony -

count of approx1mate1y six to seven t1mes Averages for both UV-
sens1t1ve and uv- 1nsens1t1ve stra1ns corre]ate well with observed
revers1on rates. There is a good dea] of var1at1oh ln the average

co]ony count observed in rad5 1 strains. Some strains give.]ess than

u]OO,revertant-co]on1es per MC plate whereas others show more than 300,;

A s1m11ar varwat1on, though not as great, fns observed in the -actual

_ mutation rates..

The unusual'situation presented-by the‘réd§:l_a]1e1e is i1lus-
trated tn Table 16 and Figure s UV sens1t1ve stra1ns g1ve an aver-
aqqégf 10 co]onIes per MC p]ate, in agreement with the1r average re-
vers1on rate of ] 1 x 10 -8 mutat1ona] events per ce]] per generation.
Of the uv- insen51t1ve stra1ns derived from the ragg_l cross, most -

1nd1cate by the number of revertants grow1no on MC p]ates the1r

"average revers1on rajé'of 3.4 x ]0 mutat1ona1 ‘events E;r cell per

generat1on However the UV- 1nsens1t1ve straln XV420-7A tends to
show a susp1c1ous]y ]ower than usua] co]ony count on MC

Table 17 shows no s1gn1f1cant dlfference between radl0-1 and :
the RAD10-1 stra1ns on the .basis of co]ony counts on MC. Both the
reversion. rates of uv- sens;%1ve and UV-insensitive stra1ns observed
agree\zltg.those pred1cted on the -basis of the "1ass1e" data. Once
again the higher revers1on rate observed for XV365-2A is man1fested

1n>a h1gher "1ass1e" coJ\U The frequency d1str1but10n is found in

5
B
[



TABLE 14. Number of .colopies on MC plates shown by the -
: . UV-insensitive haploid strains derived from
. the cross of S228-6B rad5-1 x XVi85-14cC .
. _“, - L . . ) /
— ——
Average . o
, No. of o - Average No. "

v Uy - . Background No. of of Colonies: '
Strain Sensitivity - Revertants Plates - “Per 'MC. Plate - Rangé -
*XV419-11A  Insensitive 0 . -3 22 20-25
*XV419-12A , ‘ 1 -3 29 -20~-40
- XV419-14A . * 1 5 . 30 20-40

XV419-15A. ' ' 0 . 3 Y 20-40

XV419-16A " 1 3 28 25-35

XV419-21A 2 2 35 25-45
- XV419-22A° 0 1 19 20/ ¢

Xv4a19-23A -0 2 42 40-45

XV419-29A . 1 2 47 40-55
XV419-30A ... 12 2 53 45-60

Xva19-32a - S0 027 2630 -

XV 9-33A 2 2 22 15-25

XV419-36A. o 0 "2 27 25-30

XV419-37A 0 2 27 20-30

XV419-40A 27 2 . 74 70-80
. XV419-42A - 6 2. 36 » 35
- XV419-46A - 0 SR 38 .+ 35-40

XV419-47A -0 r2 16 15-20

XV419-48A -1 R 28 *20-35

-~ -XV419-53A 0 25 19 15-20
- XV419-54A° 44 2 62 60-65
.. 'XV419-56A 0 2. 18 15-20

XV419-57A 0 2 27 20-30

XV419-58A 0 -2 21 - 15-25

XV419-59A 85 2 112 80-140
- XV419-60A" - 0 © 1 33 35

—419-61A 0 2 18 .0 15-20

XV419-62A 0 2 28 25-35
‘XV419-63A 0. o2 14 -, 15

XV419-66A 0 2 ° 37 '30-40

Average: 28 15-45

x The mutation rates of these strains were also measured using the
']000—compartment fluctuation test. o ' '



rNumber of colon1es on MC plates §ﬁown by the
rUVQSE"S]t]Vé ‘haploid strains derived from . .
- vthe cross of $228-6B radS rad5-1 x- XV]85 ]4C

Average - g SR %
. No. of Average No.. ’
~ Background ' No. of- .of Colonies . - C
‘Revertants ' -Plates. Per MC Plate Range
-'*xmaazA , 2 5 65 . 55-85"
XN4]9-3A - 5 3 157 135-175
" XV419-4K L o 4 78 - 65-90 .
A *XV4]9-SA S * -4 3 250 © - v 225-285
| L34 3 254 205-315 . L
L5 - 5 S 72 - 50-120 B
Ty 2. 5 147 125-175
~ 67 2 316 275-355 -
X 3 2 - 338 295-385 T
o 16 1 287 285 :
HX ‘,t, i --29 - 2 116 . 110-120

4' o .39 2 321" . 290-355:

q\e’ o xméa“z H'* . e 200 2 ¢+ 348 345-350

qes X&4l9«§8g 228 2 489 . '455-525

‘V°~XV4ﬁ9 34 c. 5 2 156 .-130-180
XV419- 35A-L - : 20 2 ¢ 283  265-300 .
. XV419-38A - 2 2 T 386 365-410 ‘
XV419-39A -~ -~ . | 5 2 112 - 110-115 (. -
L XV419-414 T SR 2 139° - 135-140
. Xva19-44A- - . 32 1 245y 245 .
Xv419-454 & - 103 2 ' 384< 370-395 -

E xV419-49AQ oo 2 160 - 160 .
XV419-50A RGN 11 2 161 - 155-165
_XV419-51A . [ " . W 2 189 175-205

V419-52A° e, - s 2 - 221 185-255"
XV419 64 . . 0 2w 132 120-145 -
XV419-65A z 1 L2 7 174 170-180 A
XV419 68A - 2 - 116 790-140 e

- I THREE Average 191 65-390

i The mutatlon rates of these st
~1000- compartment fluctuat1on t

raxns were. a]so measured u51ng the
est. v .
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Figure 29 Frequency d1str1but1ons of the average number of co]onies -
' per MC plate in the UV-sensitive and UV-insensitive strains
derived from the cross of S$228-6B rad5-1 x XV185-14C. :
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TABLE 16. Number of colonies on MC p]ates shown by the uv-
. sensitive anc UV- insensitive haploid strains der1ved
from the cross of 197/2D rad8- rad8-1 x XV]85 14C
& VTAVerage : :
, No.. of ~ Average No.
_ -V ‘ Background No. of of Colonies 7
Strain - Sensitivity _Revertants. Plates Per MC Plate Range
*WW820-4A  Insensitive 5 3 X 45-50
XV420-5A 0 3 36 30-50
- *XV420-6A o 3 25 20-30
XV420-7A 1 5 10 10-15
XV420-8A" 4 3 38 35-40
| Average 31 10-50
*XV420-1A  Sensitive ~>}é 0 T3 13 5-20
- *XV420-2A 2 3 15 . 10-20
*XV420-3A 0 3 '3 0-5
Average: 10 5-15

* The mutation rates of these

- 1000-compartment flpctuatlon test.

straIns were also neasured us1nq the )
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Figure 30. Frequency distributions of the average number of colonies
: . per MC plate in the UV-sensitive_and UV-insensitive strains
- derived from the cross of 197/2D rad8-1 x XV185-14C.



" 'TABLE 17. Number of colonies on MC plates shown by the
’ UV-sensitive and UV-insensitive haploid strains
derived from the crosses of-5296-3C radi0-1 x .
XV169-15A" and XV365-3A radl10-1 x"XV169-15A

/
L T = n
o . -Average ’
' . No. of«
o £\2¥V“ s Background
Strain R ensitivity _Revertants 7
xv3eglia. Insenéitivg o . 2. .0 17 ﬁ 1025
'_*xv362f2A R ; 8 3 . 20-40
*Xv366£§A}: | "0 ..' o 11‘,j;f‘ 16 10-20,
*XV366-5A o -7“. T T 2 10-25
XV366-8A % 1 0. 23 2028
B 22 15.30
*XV365-20 Sensitive 0 1 a9 3505
*ijéé-qA» o o0 . 12 ’ 3 o 20-45
*XV366-3A L 27 7.0 8 2040
XV366-6A S0 7 1030
XV366-7A R 5 24 ‘” 15-35 .
B "'-'"""fxf,é;;;;f"'"56'_-'"7"'35156'*'
oY :

¥ T ﬁﬁﬁﬁtation rates of-thesé'stfajns_were also measured dsﬁhg the
- 1000~-compartment fluctuation test. '



Figure 31. > G A
- oL 7 ’ ' ™ :

. The strain.bearing. the radi8-2 allele gave 68 and lOI colonles
on each of tuo MC plates,iu1th a negl]gible nunber of background |
revertants.. Th1s again qualItat1vely 1nd1cates a mutator though the
actual rate cannot be predicted accurately from the 'laSSIe test.

A most peculiar SItuatlon exists in the strains bearing the
radl8-l allele as is ev1dent by the- var1at1on observed in the spon-
taneouS'mutat1on rates. “LasSie* test data'(Table-lB and Figure 32)
indicate that most of the Uv-lnsens1t1ve stra1ns shou a very low
revertant count qn HC and the revertant .colony Slze is uSually very

small or t1ny. Only one UV-1nsenS1t1ve straln (Xv362- ZA) shows a -

; normal colony size and count and thus 1f 1ts~lys1ne reversion rate .

0

' - were accurately measured, 1t would probably be at normal UV-1nsen51;

t1ve strain values. Of the” UVLsen51t1ve strains only two shou normal
' |

colony size while the tuo others tested gIve poor 'las51es Hlth de-.e
‘creased colony size. It is thus apparent that: some other segregat-
1ng factor(s) 1s(are) responSIble for these effects. The pOSSlbl]ltyr f
also ex1sts that many of ‘these strains are slow grow1nq because the .
i number of revertants 1n bofaexperlments with XV362 5A had not yet
reached a true plateau Tevel after l4 days and was stlll lncreasing.
i In order to exam]ne th1s SItuatlon further, the stréﬂn XV362 5A,
%;rrylng the. radlB-l allele and shoulng a slIghtly hlgher than normal
mutation rate was crossed with XV185- l4C the standa[d control strain..
Daughter stra1ns obtalned from th1s cross\k~4) examined by means of
the "lass1e test.. MC plates uere scored ‘as uSual after lO days

b
1ncubat1on and colony counts reco but the platcs were returned

A
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TABLE 18¢ Number of colonies'on MC plates shown by the.UV-sensitiVe
and UV-insensitive haploid strains derived from the cross
w of JCG133/3A rad18-1 x XV169-15A - ' :

J
| Average - { , n
- No. of Average No. =
o uv Background No. of of Colonies . Colony .
Straﬁn. Sensitivity Revertants Plates Per MC Plate Range Size
XV362-1A ' Insensitive 0 6 365 S
. XV362-2A 0 9 25  20-35'. N
| *XV362-3A .0 8 4 05 s
" XV362-4A 0 9 7 50 s
XV362-10A° . 0 7 2 05 T
XV362-11A 0 7 M 55 s
 XV362-12A 0o 7 3 010 T
XV362-13A o 6 2 0-5 s
XV362-16A .0 6 n 020 T
| XV362-22A . 0 3 30 c00 s
| *XV362-5A  Semsitive. - 1. 2 49 50 N
| *XV362-6A - : 0 6 .1 7 s
XV362-8A" 0 6 9 2035 N,
- XV362-20A 0 2 12 10-15 s
<*>The;mutation fafés'bf_thése’stfains were also measured using the 1
- 1000-compartment fluctuation test. . . S .
= Normal colony size. : )
$ = Smaller than normal colony size. . , |
T<=.Tiny”c01bnies.' ' f o o S T . \k
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: %
to the “incubator in p]ast1c bags and Teft to incubate for approximately
two and a hatlf more weeks. A f1na1 co]ony count after one month' s,

incubation was then mada‘ The resu]ts are shown 1n Tables 19 and 20

The RAD1891 stra1ns can be c1ass1f1ed into three groups.
gives a normal non-mutator control co10ny courit on MC w1th n

sized co10n1es The)second and Iargest group cons1sts of s]ow-growing'

- stra1ns ‘even after one month of 1ncubat1on on]y an average of ]0

*colon1es,per plate are counf%d A th1rd gr0up c mpr1seS very tiny

‘colonies wh1ch do notl increase in s1ze or Chang in number after one

month The UV- sens1t1ve stra1ns a]so fall Into three c]asses those
w1th norma] colony s1ze and an average MC co}ony count of 43 w1th
11tt]e or no change in 10 to 30 days' 1ncubat1on, those which give a-
.poor "1ass1e" with sma11 s1zed colonies at 10 days but which show an
-~ approx1mate1y average (but not mutator) revertant cdﬁnt of normal |
co]ony size after one m0nth and a few which give a poor "1ass1e“

. even after one month' s 1nCUbat1on | It seemS as if the first group
L 7represents stra1ns wh1Ch grow at a norma] rate are\(apparently) un-
.affec?ed by any segregat1ng faCtor(S) and Show an average or hvgher: v
_ (approx1mate1y 50) co]ony count on MC. The second group seems to be"
Aos]ow-grow1ng in that it g1ves a normal "]asSIe" if. given suf 1‘Jent -
time’ to grow yet thé\50]ony count is on]y at uv- 1nsens1t1ve stva1n-é
values. The th]rd group seems to remain the same Jven after. one :
month 's growth The correspond1ng frequency d1strubut1ons are g1ven?

‘in Flgures 33 and 34 o b \$,‘ =



10C

mmpaufncf $3I2%0RAQ U} 43QUNU BY3 Su0}IRgNOU}

- 'YIuow 9uo Ja3se 8z}Ss AUOL0D (BUMOU

o

-/

.:acos auo Jase UdAD S3LU0L0D Au}3
umx@n.cﬁ 19340 $a{u0(0d paz

o

o .
Addp = ¢
§S-eWJAOU puUR |{eWS = 7
*AUOL0D 9Z|S [BUUON = | -

.coﬁgmnau:,.m_:“:os.mco 43340 3unod Auo(0d

vnc*.gmnszc,uwgwm 9yl «

» SAep 0} 43332 3Un0d Auo|od sajed

a8 mmmmgm>< .
0l=g L b -0 Vi2-pepAX Mo,vm-o (6)€ 2 0 - YOb-tZpAX .
0lL-8 - T L Y02-v2HAX 0L)s-0 LL)2 2 0 V6€ -h2pAX
gz-oL ozt v 0 VeL-v2ZvAX | (GL1)0L=(0L)S vPWm 2. 0 V8E-Y2hAX
0L-0 L b, 0 - ¥8l-bavAX Mom oL-(oL)o mﬁvm b 0 VLE-H2HAX -
: _ v , LL)ot-{ot)o vl)p b 0 YSE-p2hAX
....-.-.---.---.m_mvw.,..mwmwuwwm.--------------.---1- | o_wm- §)0 _mem b0 YEE-bIpAX
: <§=0 NNWP 2 0 ¥09-v2pAX 01)s-(5)0 L)€ b 0. VEE-papAX
Am_vo_-ao_wm (LL)¢ g 0 VBS-2vAX m_wm- 6)0 (8)e— 4 0 YIE-p2pAX
(0L)s=(s)o (8)¢- 2 0 ¥8G-y2HAX L)s-(s)0 (8)¢. b .0 - YOE-p2pAX
S (LL)s=0  (LL)e 4 Wl ViS-pevAX | (02)ol-(s)o  (2l)§ . b 0 Y62-v2hAX -
- (otl)s (8)¢ Z 0 V9S-v2vAX | . (sL)-(0L)g ._Mm_vm b -0 V82-2AX
(st)oL- o” g 2L)8 2 0 ves-veyAX | (si)ot-(s)o  (oL)s ¢ .0 ¥92-t2hAX
oL)s 0L)s 2 0 VEG-pZhAX ~— -
0z-(0L)s  (s1)LL* 2 ™ veg-peyAX Lo \E2l6l  jabedeAy
(st)st-s -~ (s1)8 -~ 2 0 YO0S-bZyAX 02-51 M@,Mm, T 0 ¥pS-bebAx
(s1)s  (pl)9. 2 L Y6b-pepAX 62-sl  (22)6l 2 0 Y1G-p2PAX
(st)ol-(oL)s  (pL)9 2 0 V8= 2pAX 02-01 o_wm_ z 0. Y9E-bZPAX
_ .Mm_wm m_wm 2 0 Yib-v2oAX | mmyMoFWm - (s2)cL b L YZE-y2bAX
(st)-(ot)oL (wL)ot  zZ - 0 vay-vevAx | (06)sv-(0€)02 ~ (s€)oe. € L VLZ-p2bAX
“o(sL)st=ot  (sl)eat 2 0 TTRTAIN S _~—52*0L - (9l)9l £ 2 Y¥52-b2hAX
O (8)s-0 (L) 2 0 VEP-v2pAX “oe-(oL)s - (e2)sL b 0.  Vp2-pabAX -
(st)-(ot)ot .M_onp 2 L Ver-h2vAX oe-(sz)ot Momvpm b = L YEZ-YavAX
(oL)s-0 oLt 2 L Ylb-vewAx 02-0L  (l2)te ¥ L vee-vzwAX
xobuey #838|d JW S3IP|d SIURIUBAdY  ujedls xobuey x91B|d O} S3IB|d SIURIUAASY . UujeJ3s
43d S3LUO0|0) 40 °ON - punoubyoeg : : _ J8d S9fuolo) 340 ‘ON punoubyoeg -
40 'ON 'bAy 40 ‘oN ‘bay , 40 "ON ‘bAy 40 "ON *BAy
IPL-GBLAX X 1-8|PB4 YG=Z9EAX SSOD By} WOLS PaALAdP SuLBA}S
- prodey aa 6L 378v1

t3suasup-pn Aq umoys saje|d JW uo S3LUOL0D 4O uaquny



101

*yjuoW Juo mewm vam acopou

v

. mcopou $93RI|PW} S33YJe4q U} gmnszcvuco?pmnauc*

\

np:oe 3U0 43340 uana mumfm;oa azys xcopou LLoWS = €
PmExo: Inq :o*umaauc+ ,SAep 0| 49348 S3LUOLOD [[RWS = 2
“3Z}$ »co—ou._megoz =1

*UOF3BQNIUL §,YJuUou BUO U3FSE JUNOD
.skep oL 4934e a:aou xcoFou mmumUFUCw ;mnszc Isd L4 mch ¥

- va+ mmmmgm>< ~N¢Vm¢ _mmm;m><

- oy - - o o o o 0 i o e e | c—= .o ——————————— - . =
{s1)- NO_M, (i Z 6" TviehzhAR | (65)05-16 M (z€781 2 ST
Aop -(9)L (L)1 - Z 0 ¥99-v2HAX . (05)0S 2 N VE9-H2PAX
-0 (2)1 z 0 Yr9-v2vAX 62 ON §2)62 2 Sl Y29-h2hAX
-0 (0L ¥ 0 VLL-verAX : voN 59 @mwom 2 0 VL9-y2bAX
- : ‘ - ov)se-sl ~ (£2)02 b L VE L-pZHAX
o lsz)ol  gERMSAY ge-0l  (82)h2 b 1 Yzl-bauAX
(55)0%-0 M N b)L2 b 01~ ¥9l-b2bAX” 09-(Sv)sE  (25)9% . b L YLL-b2uAX
Am_vm Mo_ L)L b 0~ YSL-tetAX ©09-05  (£§)SS € L V6-v2HAX |
~(0s)oe-(sL)o Aomvmﬁ 17 0 ViL-v2bAX §.-09 .(69)89 € 0 V8-vZUAX -
©(0€)s-0  (og)z. ¢ 0 YOL-y2bAX (0£)s6-G2  (9b)ee = ¢ ¥ VL-y2PAX.
(sv)sL-(02)s ~ (s82)Ll ¢ L S—Yb-pevAX §5-0v".  (9v)Sb ¥ 0 Y9-p2vAX
Movvmﬁ-m. Mmmvo_ ) oL vESbZEAX Sy=02  (LE)LE ¥ 0 . vYS-y2bAX
02)st-0 - (tL)s b 0 YL-p2oAX 08-59  (9£)9L £ _ AR TALY
xobuey  x338|d OW S9IBld -SIURIUAY  UuleJ3S #3DURY - «33IB|d QW S9IBld SIUBIUIAJY  UjeSIS.

434 S9LU0L0) 40 'ON punousbyoeg Jd9d SOLU0|0) 40 *ON punoubyoeg

30 *ON ‘bry 40 *ON 'BAy 40 *ON ‘BAy 40 "ON . 'BAy

_ . _ : .

) IWL-G8LAX X T-BLPEJ YG-Z9EAX SSOUD BY3 WO PIALABP SULBJIS _
*oﬁam: mi.u_.m:mm AN mzp >,n umoys mmuw_.a JW4 uo mm*co_.ou mo LmnE:z ‘0¢ 3718YL

~-



102

{
D 28"'T _ o R '
- il . | D ofter 10 days ~
A 24_ . D C |
— P] after ' month
ool P
2 (AN
T
i B
B 16 |
v
" P
o I N
35i12'— A - ’éé
Zorlm |
> . B
8"' . »
| )
e
- <
il B
_ il B gg | ' | |

0

0- 10-19° . 20-29  30-39- . 40-49 50-59  60-69 70-79

AVERAGE _N.UMBER OF COLOMES PER MC PLATE

_ Figure 33. Frequency distributions of the average number of colonies
per MC plate in the UV-insensitive strains derived from :
the cross of XV362 5A radJ)B radl8-1 x XV185 14C.
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after 10 days’ incubation

[

after’. ] month'’s incubation
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'vFigure 34,



DISCUSSION

A summary of‘the most important results obtained in these
_ eXperiments; as well as other pertinent information, is'presented in
Table 21, EE | e
In this study, the spontaneous revers1on rates to lysine and

Zh1st1d1ne 1ndependence were 1nvest1gated in several stra1ns bear1ng
rad1osen51t1v1ty a]]e]es The _xsl__ a]]e]e is supersuppressible
(Hawthorne and Mort1mer 1963) and is an ochre nonsense nutant (Haw-
thorne 1969), show1ng the characterlst1c propert1es of no intragenic
comp]ementat1on no osmot1c remed1ab1]1ty, and no temperature sensi-
t1v1ty (Manney, 1964; Hawthorne and Fr11s, 1964 F1nk 1966) It
‘can be reverted e1ther by a revers1on at the Ax__ locus 1tse]f pos-
' _Slb]y through a transverswon (UAA»UAC) (von Borste] et a] 1973) or'

by a. forward mutation at a supersuppressor gene locus. The former
) situation resu]ts only iin 1ys1ne 1ndependence whlle the latter s1mu1-
v taneously abo]%s%es several other nonsense mutants included in the |

: genotype of the straln (Hawthorne and Nort1mer 1963) Twenty two
-_.supersuppressors are known to map throuqyout the yeast’ genome (G]]more f
et al., ]97]) and are. c]a551f1ed as to the nonsense alleles they
‘suppress and the1r eff1c1enéy of suppress1on (Hawthorne and Mortimer,
1963 Gllmore ]967) The seven C]ass I supersuppressors suppress

the alle]es trp5-48, argd-17, his5-2, lysi-1, and -ade2-1 (Gilmore,

1966 Gllmore 1967, Hawthorne and Mortlmer IQBB) and are-believed

A’ to be genes encod1ng tyros1ne tRNAs (Gl]more 1967; Gilmore et al.,

S e
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1968; Gi]more'gt_gl,; 1971). Suppression‘is be]ieued‘tovoccur through
a forward mutation (transition, ‘transvérsion ‘or addition)'in“the'
anticodon. of the tyrosine tRNA or poss1b]y by a mod1f1cat1on outs1de
the anticodon (Gl]more et al., ]971 von Borstel ]969b), which con-
‘sequently allows the tyros1ne tRNA to recogn1ze a nonsense codon and
insert tyrostne at that position 1n the prote1n (G11more 1967 Gil-
‘more et a] 1968) In the exper1ments reported here the _xsl__
SUpersuppressor revertants were mostly Class I suppressors, as \
verified by the pattern of suppression of the nonsense‘alleles carried- L
‘hy the strains. Howeuer; a few suppressors show thevpattern.of sup-
pression classified asusuppressor ll {Class II’Set']) These are'ﬁ
df§§1nguishable from Class I suppressors because they do not suppress
ade2-1 1 (Gilmore, ]966) Suppressor n also is believed to 1n§§rt |
tyrosine in response to a nonsense codon (Gllmore et a]., 1§$1) .
The hisl-7 a]lele, on the other hand, is thought tg:ibe a mis-
sense mutant because lt 1s not suppresswb]e by an ocgﬁg'suppressor;

Mf“

shows allelic complementatlon, is osmotxca]]y'i“Q iﬁﬁmﬂ and reverts to
-‘,_ %&!,:@ : tg e s
feedback re51stance (Hawthorne and Fr115, ]964' '-'} and Snow 1973) [

s
“A

Because of the above propert1es and because of iﬁé tgh spontaneous

reversion rate and the heterogenelty of the revertant c010n1es it 1s
-believed to revert most commonly through lnternal mlsSense suppreﬁslon.h
f The possibi]ity of the occurrence of some external suppressors at ]ow‘ o
’frequency, however. has not‘been ellmlnated A reversypn to. hwst1d1ne
' indebendence does not result in the loss of other nutr1t10nal require-
ments 50 any external SuppreSSIOD would have to be somethlng other .

than ochre-nonsense SuppreSSIOH.-b
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’with reference to Table 2],'it is apparent that only those

‘strains bearing the radiosensjtivity alleles rad3-12, rads-l, o
rad18-2 show a significant intrease in spontaneous mutation rate to
]ysine or histidine independence. The rad3- 12 and. rad5-1 "alleles

both 1ncrease the lySIne reversion rate through supersuppressor muta-»
tion as we]] as the histidine reversion rate and rad3-12 apparently 1
}’affects an increase in ]ysxne Tocus reverSIOns a]so. In ‘agreement
with the f1nd1ng of mutator act1V1ty in the rad5-1 al]e]e-bearlng

- strains, rev2-1 (rad5 5), a]]el1c to rad5 -1, is also a spontaneous

‘.mutator (Lemontt, ]972 1973). The rad18-2 mutant was here only:
tested for 1ys1ne revers1on but earlier work (von Borstel et a]

1971) showed that it increased the mutatlon rate to both lysine and
hurac11 1ndependence _ The spec1f1c1ty of these mutators though can-
_not be accunate]y pred1cted because of the various mechan1sms by ‘
_,wh1ch supersuppressor mutat1ons can occur (von Borstel et al., ]973)
However, it has been suggested that rad]8 2 1s ‘an addltwon deletion
mutator (von Borstel et al., 1971), because the.ura4—1] mutant shows
“a mejotic effect (Magni; 1963; 1969). | ’

Thetinerease'in mutation rate observed in strains carryfng
these a]]e]es is supported by ‘the "lassie" test data. As all the UV-.
: sens1t1ve straans tested carry1ng the Igg§_1_a]1ele conSIStently ‘
showed a very hlgh co]ony count on MC, 1nd1cat1ve of mutator activity,
wh11e al] the UV 1nsens1t;ve stra1ns showed average non-mutator values,
it seems very ]1ke]y that the\mutator act1v1ty and UV-sensrtlvity

found 1n the rad5 1. allele- bear1ng strains is due to a mutation in

the same gene or else, 1f these effects are caused by mutat1ons in .

1]
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two<j1fferent genes, these two genes must be very c]ose]y ]1nkgd ‘
,(w1th1n 2 cent1morgans) A s1m11ar conc1u510n might be app]1cab1e to
)adB and radl8, on the basis of the avaﬂab]e data but it, should .be
noted that the numberyof strains’ tested, by means of thev"]aSSIE"
tests nasfnot'as7great as for rad5<1. The contradlctory data ob-

" Served for rad18 1 need not necessarily. conf11ct w1th that observed

for r‘ad18 2, as will be dlscussed be]ow

An interesting po1nt to note w1th respect to these three 10c1
is that they each mediate ¢h§ first step in one of the pathways lead- ~
Tng to repa1r of UV- 1nduced pyr1m1d1ne d1mer damage, accord1ng to the -
Scheme of Cox. presented be]ow (Game and Cox, 1973; Cox and Game, 1974)

Dasped: lines 1nd1cate an unknown number of steps in the react10n se-
’ F ..

Quente. ' .
| - radi,
‘rad2 . -
- ‘radq - ¢ -
rad3  _ A--}-->
Corde radig |- Pyrimidine = [
6-1L-- - Q <—_—_F-_—_ Dimer Damage
rads1 Y- -4 -—> R
o ~ rad50

] The géneﬁprogdct of Béggsis be]ieved?to mediate the first step in the
:IEXCisionFrepaihbpathWay (Game, 1971; Game and Cox, 1972) wh11e RADI8
My Ontrol the f1rst step in a damage -non- spec1f1c pathway ]eadlng
:perhaps to a recomb1nat1ona1 type of repa1r poss1bly poﬁt replicat1on ‘

- repair (Brende] and Haynes, 1973) though experlments to show its

. ; \
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?h' 1nvo]vement 1n post- rep11cat10n repair are 1pconc]us1ve (Cox and
) Game 1974) The RAD51 gene product is requ1red for the f1rst step
of a third repalr pathway not involved ‘in post rep]]catlon repalr
(Cox Game 1974). )

The p051t1on of radS on th1s scheme of pathways for repair of
pyrimidine d1mer damage can only be specu]ated upon. One of the rev
genes (Lemontt 1971a), name]y revZ rev2-1, is an allele of this Tocus
(rad5- rad5-5). The fol]ow1ng pathway has been env1sua]1zed for REV-
contro]Ted repa1r (Lemontt 1970 ]971b)~»

v

N

‘revl . " rev3

AT l;¢——1—77—e> S I ’>!Repaired DNA
with . . 2 L : ' '
lethal N R o _ -
UV damage ——}— R : ‘ : @

‘Because recmmutations.(teVI»and ;;v3) decnease the Uv-induced nut-

: ab1]1ty of the stra1ns carryrnd them, 1t might -be that the wlld type .
_g__genes control error- -prone pathways wh1ch repalr secondary DNA
leslons such as daughter strand gaps, and, consequently, generate -

ﬁ;UV”qnduced mutations (Lemontt 197]a and b; Lemontt, ]972) The

mirerat1on of the pathway contro]]ed by RADS to that of exc1$10n repair

_J1s unc]ear. As double mutant 1nteractlon studles have not been done

1

with radS\and rad3 mutants, ore cannot defin!tely‘conclude whether ’
the RADS- contrgi%ed reaction sequence branches off from the lnter- |

) medlate produced by the\gggghggntrolled step of exciSIOn repair |
(Game 1971) or whether RADS Js involved in another pathway comp]etely

separated from that of excision repalr N
T (—\" .

e

! <
R N . . o
\ ~ ' :
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Ag’the exact nature of spontaneous premutat1ona1 ]es1ons in
| ~—/)the DNA 1s unknown, it is: not;ﬂear 1f they can actua]]y be repaIred :
by some or a]] of the same: mechanisms wh1ch effect dark repa1r of
UV-induced DNA damage "~ The poss1b111ty that some premutational spon-

“ taneous damage may be s1m1]ar to dimer type damage still exists. 3

rom the data presented above,- it seems that the RADS qene product
m1ght be nequ1red for the norma] repair of spo taneous premutat10na1

1es1ons In other words, a pathway (in which one ste

.perhaps the -

1n1t1a1 one, is contro]]ed by the RADS gene) ‘may such ]es1ons,
~or, at ]east one. step of this pathway (that med1ated by RAD5) might
be requ1red to channe] the 1es1ons to repair. If rad1at1on sens1t1v1ty,
and mutator act1v1ty in rad18 and rad3 mutants are a]so due to a | |
swngle mutat10n in “the RAD]8 gene ‘and the RAD3 gene, respectlvely,k

' then the1r wild type products m1ght a]so be requ1red to convert pre-‘h

f mutat10na1 damage into a form wh1ch can be acted upon by other repa1r

) enzymes - - _

‘ If for the moment one . assumes that each of the above three L
10c1 do 1ndeed medlate the flrst steps 1n three d1fferent repa1r .
pathways and also that spontaneous 1es1ons are at least part1a1]y re-
paired by the same mechanlsms.as UV‘1nduced 1e51ons, then it would ,
seem that when the f1rst 1ntermed1ate in a pathway is not made due
to a mutat1on 1n the gene encoding the enzyme responSIble for the ‘r Nl

f1rst step, the damaged DNA cannot be adequate]y repa1red v1a that

v

pathway If the d1fferent repa1r pathways repa1r different types of
spontaneous 1es1ons, and a mutat1on at the flrst step of a pathway

: ylelds accumu]atlon of uhrepaired damage wh1ch 1s mutagen1c then e’

©

1
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mutation at‘any of these rad 1oc1 would increase spontaneous muta- _
bi]ity. An exp]anat1on more 1n keep1ng with that postu]ated for uv-
induced damage repa1r may’ be that a mutat1on blocking the first step
in a- repa1r pathway Teads to the damage be1ng repa1red via another
pathway For example, 1n the case of the rad3 mutant the premuta- -
tlona] lesion cannot be repalred by exc151on (1f it can be repa1red by
. exc1510n at all) and a]so wou]d not be repa1rab1e thrdhgh an escape
p thway contro11ed by RADS and branch]ng from the exc151on repa1r path—
- way. If it s to be repa1red the damage may be channe]]ed to repalr
v1a an 1ndependent RADS pathway (that 1s one. not form1nq a branch of -
. the exc1510n pathwvay) if the damage is access1b]e to the act]on of
.that enzyme : L1kew1se the. RAD]B medwated pathway may be a llke]y
'.candldate for alternative repair, as it seems to repair. both X-ray- and
: UV—]nduced damage (Resn1ck 1969 Brende] and Haynes, ]973)“P?f RADIS )
'repa1rs through a post-replication repair pro“%ss which is error-.
prone, it would lead to an 1ncrease in spontaneous mutab111ty A sim-
ilar exp]anat1on for the rad18 mutant wou]d 1nvo]ve'po u]at1ng repalr

, through an 1ndependent RADS-med1ated pathway, if such a pathway ex1sts

:or through the RAD3 and then RADS branch pa%hway. In e her case re-;
- pair m1ght produce mutat10ns 1f these pathways Jre error prone .1f‘f
the damage is repavrab]e by exc1510n this m1ght 1nd1cate that exci—"
:s1on repa1r is not error-free 1n yeast prov1ded that most of the At

damage Toad, b]ocked to repair through RAD18, goes through the excx-
“Slon repair pathway and not another error-prone pathway A mutatlon
at radS once aga1n wou]d leave open the error-prone RAD18 pathway,

'_else exens1on repa1r 1f 1t is capab]e of repa1r1ng the damage.

»
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Within the context of repair pathways one may also specu]ate

_ Aabout the existence of§ as yet und1scovered pathway(s) not 1nvo]ied
in repair of UV damage but which can repa1r spontaneous lesions and

if blocked, ]ead to 1ncreased mutab1]1ty Perhaps some of the rad
mutations are 1nvo]ved 1n such pathwdys also. Still another explana-
tlon assuming 51m1]ar repair mechamisms for UV— and spontaneous]y—-
lnduced ]ESIOHS may be that, .since the mutators rgg§_l and rad3 12
are relat1ve1y less UV- senSItlve than other rad alleles tested per-
haps they possess some res1dua]»repa1r, as has been suggested for the
mos t res1stant rad]l and rad3 (1nc1ud1ng rad3 12) mutants (Parry et

] > 1972; Haters andﬁParry, ]973) Perhaps -the slow error- -prone re-

-~ pair of some: ]es1ons by means of a part]y defect1ve enzyme may occur -

to 1ncrease not on]y the surv1va1 of stralns bearing these a]]eles
but also to increase their mutab1]1ty. . |

' The hlgh spontaneous mutability observed in rad3 stra1ns may
also be exp]alned if rad3 is postu]atgd\to encode a nuc]ease wh1ch
. cannot recogn1ze the nutatIonai lesions norma]]y removed in w11d type
RAD3 strains. POSSlb]y rad3 may encode a def t1ve endoncu]ease a
plausible specu]atlon as RAD3 is thought to control the Ffirst step in
' exc1s1on repalr.. It has been suggested that spontaneous mutatlon
rates may reflect the relat1ve rates of nuc]eotlde 1nsert1on and re-
mova] dur1ng DNA syntheSIS and: mutatlons which: decrease the .amount of -
' nuc]ease in re]atlon to- po]ymerase may p:oduce mutators (Vuzycka et

all, 1972). '

In contrast to the rad3 mutant d1scussed above mutat1ons at

the other. three ]oc1 lnvo]ved 1n exc1510n repa1r, name]y rad1, rad2,'



and rad4, do not ;;;g any appreciab]e 1ncrease in spontaneous mutability

" to lysine histidine independence The variation observed in the

rggl_l strain is evident also in “]assie“ test data and part of . it may )
reflect differences in the genetic background of the strains. Because
both UV-sensitive and uv- insensitive strains show this variation, be-
cause the increase (for lysine reversion rates at least) 1s not outside
the norma]iy observeo non—mutator control. strain vaiues and because

the increase is not uniformiy observed (for histidine reverSion rates), -

tt is conc]ud%d that rad] 1 has no Significant effect on spontaneous

: mutability to inine and histidine independence The increase in

histidine reversion rate observed for Egdg_g_aiiele bearing strains 1s
probably not signifi ant. A]though kinetic curves for revertant
appearance show no distinct p]ateau “the increase in revertants after
10 days is not very great. . |

It 1s,, however, interesting to compare the spontaneous mutabi]ity
found for these loci by other 1nvestigators Moustacchi (1969) found
an increased spontaneous reverSIOn rate for many auxotrophic markers inli

strains bearing the radi 3 alTele. Zakharov et al., (]970) aiso found

' .increased spontaneous reversion to adenine 1ndependence in rad2 18-

" bearing strains, while von Borstel g_ al., (1971) showed rad2 16 and

--.

Arad2 ~17 to have no enhanCing effect on ]ySine reversion rate - 1In

attempting to interpret the variability of results ~one shou]d remember |

first of all that the reverSion rates in each case were measured using

_different systems,_ For examp]e, oniy zsi -1 and hisi 7 reversion ratesv

were examined in this study, as compared to rever51on for different

mutant a]]e]es-studied by other researchers.' The r%yersion rate to
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adenine independence, using Zakharov‘s adenine-requiring mutant for
instance, was not measured for rad2-2 strains. Thus, one cannot, on

the basis of work here with radl-1 and rad2-2,.conclude infa1]ib1y that

_these radiosensitive mutants do not increase the spontaneous mutatjon :

- rate tn general, because possibly they may increase rever51on rates in

different systems which may represent d1fferent types of lesions. Also,:
different rag_alleles'at.one locus represent mutations at d1fferent
points within that gene and perhaps a mutation at/dniy a certain
pdint(s) increases mutabiiity; As was mentloned ear]1er, the 5391_1
.alleTe displayed a variable mutation rate ranging frqm low to high
non-mutator va]ues, w1th1n the normal range observed for UV- 1nsens1t1ve
strains If [ggl_l_is a.mutator, thdﬂgh, it 1s at best a very weak

one.’ Therefore, the observed varlatlon with radl- 1 was not conSIdered

'significant Lastly, it can be stated that, although the method used

for measuring mutation rate in th]S study is .quite accurate, many

N variab]eg\are known which exert weak effects on spontaneous mutatlon

nates. '

The rad10-1 mutant may also, w1th1n limits, be concluded to -

_have no effect on rever510n rate to hlst1d1ne and lys1ne 1ndependence.

As RAD]O-] has not been p051t10ned in any pathway to date,<gts role

in repair must remain a mystery f%r the present

At .rst glance the [ggg_lﬂmutant seems to be an ant1mutator,
especial]y as it dr -eases the lysine supersuppressor mutatton rate -
7as compared to the #v-wnsen51t1ve stralns. However one of these

1nsensit1ve strains also dlsplays a very ]ow rate of revers10n to ™

H 7-
. 1‘ B

htstidine 1ndependence Thus, it cannot be cohc]uded that the UV- o

ﬁ: '
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sensitivity and antimutator'effects are associated It appears more
Tikely that an antlmutator 1in the genetic background may be segre-
gat1ng Further investigation is necessary in order to understand -
the role in controllinolspontaneous mutation rates for thfs rad

a]]e]e whose role in repair is also as yet undeflnedj\ B
- In the above d1scuss1on 1t was conc]uded that the rad18-2 muta-
tion increases reversion rates to 1y51ne and urac1T 1ndependence.

> The results obta1ned w1th rad18 1 may at first seem contrad1ctory to .
this hypothESIS. However lassie test data obtained from a second

¢ oss, involving a radl8 stra1n w1th s]lqht]y greater than wild type
mutation rate, indicated vary1ng degrees of a depress1ng effect on
the spontaneous mutability of - some strains, both UV- sen51t1ve and UV-
insensitive. Meanwhile, some UV-sens1t1ve straIns seemed to 1nd1cate
‘a'S]ight increase in mUtabiiity.' Euidently, rad18—1 is not associated
with ant1mutator act1v1ty but rather an un11nked mod1f1er or mod1f1ers
is(are) affect1ng the results obtained and seem to confer an anti-

. mutator effect on supersuppressor mutat1ons These mod1f1ers seem
also to affect growth rate co]ony size, and mutat1on rate it Seems
'11ke]y that rad18 1 “has wgak mutator act1v1ty but th1s mutator property
_ 1s overshadowed by the mod1f1er(s) and s not expressed in some UV-
hsens1t1ve %tralns. .Thus,_rad]8-] 1tse]f also merits-fUrther investi-:
gatlon but on]y after it has been incorporated into a mod1f1er free
j'background | | |

In conc1u51on, it has been shown that rad3 ]2 rad5- ], and

rad18-2- 1ncrease the spontaneous revers1on rate to 1y51ne 1ndependence

and rad3 12 and rad5 1 1ncrease it to’ h1st1d1ne 1ndependence The
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ofher rad alleles tested ‘showed eithe(.no effect or require‘further‘
inveétigétdon;' A]though the question of the assobiation of uv-
sen;itivityuﬁnd spontaneous mutability must still remain unanswered, -
tﬁe.possibi1fty remains open‘that at least some genes contro]fing

' radiafion—;epsitivity may'affect'spontanéouS mutability and control

the repair of sponténeous as well as UV-ihduced damage.
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TABLE Al. ‘Survival after ultraviolet irradiation of haploid
: strains bearing the rad alleles.inyolved in the
' -excision repair and related pathway

Time of ~
4 Irradiation Dilution Colony Surviving
Strain (min) Plated Count Fraction - -
X1687-128B 0 -4 105
. 1 -4 92 0.88
3 - -3 . kY - 0.14
5 -2 w264 0.025
- XS774-5D radl-1 0 -4 213 .
: ' ‘ 1 =1 -3 0.000014
3 -0 3 0.0000014
5 -0 4 0.0000018
*¥5226-7C rad2-2 0 -4 192
1 -1 307 0.0016
" « 3 -0 13 0.0000067
5 -0 - 14 0.0000072
. 197/2D rad3-12 . 0 -4 234 - "
' .- : 1. -4 42 0.18-
3 -2 19 0.00081.
© 5 -1 . 6 - 0.000026
'$960-1A rad4-3 o - -4 ' 149 . ,
ST 1 ] 218 - 0.0015
3 -0 : 43 0.000029
5 =0 S 13 - 0.0000087
$228-6B rad5-1 . 0 -4 177 ,
. . 1 -4 - 83 0.47
3 -2 64 0.0036
5 -1 1. -0.000062
KC376 rad52-1 0 -4 210 I
L v 1 -4 129 0.61
3 -2 * - 560 0.027
5 0

A1 . 185 .00088
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TABLE A2.  Survival after ultraviolet. irradiation of hap]oid
- - strains bearing the rad alleles- involved in other
unknown;rep'ai r pathways : : :
Time of L IR
o " Irradiation . Dilution . Colony - Surviving
Strain ~ (min) Plated - Count Fraction
X1687-128 R R
S 1 - -4 92 '0.88
3 =3 151 0.14
- =2 , 264 0.025 -
197/2D rad8-1 -0 7 -4 153 . T
A 1 -4 38 0.8
3 . 2 - 233 .0.015
5 -1 135 -~ 0.00088
$962-3C rad]0-1 0 -4 156 s
e T 1 N 1548 0.0099'
3 -0. - . 328 ..0.00021
5 ~v -0 ‘ . 22 0,009914
JCGI33/3A rad8l 0 4 g7
o S T -1 16 '~ 0.000096
3 -0 14 7 0.0000083
5 S0 5 . 0.0000029
KC372 radi8-2 0 -4 72
| ' S - 94 - .0.0012
3 -0 42 .. 0.000055
5 -0 - 6 . 0.0000077.
KC376 rad52-1 ~ - 0 4 S0
P 1 -4 2129 0.6
-3 -2 560 ©0,027 .
5 -1 185 . 0.00088
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TABLE A3. Survival after’ u]travm]et irradiation of hap’lmd
- strains bearmg the rad'l 1 allele
“Fime: of A : - . A
S o Irradiation Dilution Colony Surviving
Strain (min) Plated ~ Count Fraction
X1687-128B 0o -4 6 L
1 . -4 121 0.7
e 3 -3 119 10.074
" .5 2 . 159 0.0099
KC376 rad52-1 0 N -8 85
v - 1 -4 42 . 0.49
3 o 120 1 0.014
5 -1 13 0.00015 .
XV363-1A radl-1 0 -4 139 - |
T T 1 -] 15 © 0.00011
. 3 -0 5 0.0000035
.5 -0 n 0.0000079
XV363-2A radl-1 0 =y 109 : o
g - 1 -1 7 0.000064
3 -0 12 0.000011
5 -0 6 0.0000055 - -
XS774-5D radl-1° 0 4 213 |
- 1 -1 3 0.000014
3 -0 3 " 0.0000014
5.

0.0000018
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. | |
TABLE A4. Survival after ultraviolet irradiation of haploid
‘ strains bearing/the rad2-2 allele -

v/

N\
Timof S :
. Irradiation Dijlutijon - Colony Surviving -
Strain (min) Ptated  Count Fraction
- X1687-12B. 0 Co-4 194 o
B R . 166 - 0.086
5 =2 177 - 0.0091
KC376 rad52-1 0 zf -4 139 : .
o o 1 . -4 © 70 ~0.50
3 . -2 232 0.017
5 -1 72 - 0.00052
XV361-1A rad2-2 -0 -4 116
: 1 =] -416 - 0.0036
3 -0 - 53 0.000046
5 -0 - 18 - 0.000016
522?-7C rad2-2 0 -4 ‘ 192 '
o 1 -1 ~ 307 - 0.0016 °
3 -0. - 13 0.0000067 -
5 ¢

-0 14 ~0.0000072
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TABLE AS. Survival after ultraviolet irradiation of haploid
P strains bearing the rad10-1 allele and derived
from the diploid XV365

. Time of R | :
_ Irradiation Dilution Colony Surviving
 Strain (min) Plated Count Fraction
X1687-128 0 -4 78
| 1 4 66 0.85
3 -3 210 0.27
~ & -2 @\; 402 0.05 -
N | »
KC376 rad52-1 0" -4 47
| — 1 -4 27 0.57
3 =2 180 0.038
5 s 92 0.002
_XV365-2A rad10-1 0 \ -4 194
- . 1 S 2080 0.011 -
3 -0 410 0.00021
5 . -0 49 © 0.000025
XV365-3A rad10-1 - 0 -4 126 o
T T/ -1 1280 0.0
'3 -0 317 0.00025
5 0. 24 0.000019-
XV365-4A radl0-1 0 4 109 -
— -1 3200 0.029
03 -0 1920 ~ 0.0018
5 -0 809 - 0.00074
$962-3C rad10-1. . 0 oy 156 S //)
— 1. -1 1548 0.0099 g
3. -0 328 0.00021 |
5 -0 22,

' 0.000014
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- TABLE A6. Survival after ultraviolet irradiation .of haploid
o - strains bearing the radl10-1 or its wild type allele
and der1ved from the diploid XV366

o

Time of Co v :
- Irradiation Dilution Colony - ™ Surviving
- Strain : (min) Plated - Count Fraction
X1687-128 - 0 -4 ' 73
' ' 1 -4 ‘ 68 0.93
3 3 179 . 0.25
5 =2 : 192. - 0.026
XV366-2A 0 .~ -4 . 173 :
. ' 1 -4 120 0.69 -
3 -3 265 0.15
-5 -2 E 353 0.02
XV366-3A radl0-1 . 0 -4 219 IR
R 1 -1 - 7940 - 0.0089
=3 -0 545 - 0.00025
5 - -0 8 0.0000037 -
XV366-4A -~ 0 -4 . 201 ‘ o
- : 1 -4 150 0.75
3 -3 . . 380 . 0.19
5 -2 399 - 0.02 -
.~ XV366-5A 0 -4 130 o
' : 1 -4 114 0.88 -
3 -3 300 0,23 .
-5 -2 658 - 0.05Y
XV366-6A radl0-1 0 -4 166 . L
: - 1 -1 - 1980 - . 0.012
3 . =0 710 " 0.00043
5 -0 54 - . 0.000033 .
$962-3C radi0-1 0 -4 156
- ' 1 -1 1548 - 0.0099
z 3 -0 - 328 0.00021
5

-0 22 . . 0.000014
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‘TABLE A7. Survival after ultraviolet irradiation of
_ haploid strains bearing the rad18-1 or its
wild type allele B :

- Time of . I ‘ '
- ) Irradiation Dilution Colony . Surviving
j - Strain : (min) Plated  Count - Fraction
| X1687-12B 0 -4 194
- , _ 1 A S 162 - 0.84
v 3. -3 166 0.086
4 5 =2 © 0.00971 -
-~ KC376 rad52-1 Oswroncs -4 139 '
j - 17 -4 - 70 -~ 0.50
S 3 =2 232 0.017 .
v o 5 -1 72 0.00052.
- XV362-3A 0 -4. 18 .
o 1. -4 o8 0.83 -
i ® 3 -3 . - 426 0.36 -
o 5 =2 - 673 0.057
XV362-5K radi8-1 0 -4 114 K
S ) 1 -1 - 57 0.0005 .
' 3 -C 76 0.000067
5 -0 29 0.000025
-0 -4 - 150 o .
a1, -1 8 ~ 0.00035
3 -0 - 18 - 0.000012
5 -0 7 . 0.0000046
JCG133/3A rad18-1 0 -4 167 |
ST T T e =] .16 0.000096
3 " -0 14 0.0000083
5 -0 5 0

.0000029
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TABLE A8. Colony counts on, MC+in UV-sensitive and UV-insensitive
: haploid strains derived from the crosses of XS774-5D
- radl-1 x XV169-12A and XS774-5p radl-1 x XVi85-6A

*  No. of Background

AN
. Revertants (per : .
- Strain -LYS plate) - No. of Colonies per MC plate
XV363-11A 0 . T 27 34
XV421-2B. 0 1 68 .
- Xv421-3¢ 0 1) 78 —~
XV421-5D 0 0 24 35 46
XvV421-7p 0 .0 33 4
- XV421-9D 0 1 17 17 26
~ XV421-13D 0 . 1 24 31 40
Xv421-18 0 - 1 16 28
XV421-16C - 0 -0 27 29 °
Xv421-188 0 0 22 24
XV363-1A o 2. 29 53 -
XV363-1A - 5 11 43 44 44 51 53 _
XV363-1A 0 0 28 34 34 35 38 39 45 56
XV363-2A 12 14 47 51 -~ .
XV363-2A 0o 0 36 38 40 43 46" 49 52
XV363-2A 0 1 35 37 40 41 a8
XV363-10A 0 0 34 43
XV421-4A 0 0. 32 39
- Xv421-4C 0o o0 37 62 i}
XV421-5A 0 T 26 29
XV421-6A . 0 -2 40 55
Xv421-8C 1 2 57 76
. Xva21-12a 0 1 © 30 55 63
XV421-17A 18 22 " 31 35 52
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Colony counts .on MC in UV-sensitive and UV-insensitive
' haploid strains derived from the crosses of $226-7C
= rad2-2 x XV169-15A and 5226-7C. rad2-2 x XV185-14C

‘No. of Background

Revertants (per

-4

~ Strain '-LYS plate) . No. of Colonies per MC plate
XV361-2A 0 1 15 19 21 22 23 Q% 26 ¢8 32 35
XV422-3A 0 0 . . 19- 20 5 T o ‘
Xv4az22-4A 0 -1 31 36 43
XV422-6A 0 L0 ¢ 20 26 30
Xv422-9A 7 - 8 35 38 39
XV422-10A 0 1. .15 18 24
XV422-11A 0 0 14 17
XV422-15A 0 0 17 22 ’
XV361-1A 0 0 17 21 & ‘
XV422-1A .0 0 21 25 W

XV422-2A 3 1N 32 43 . B /

© XV422=5A 0 0 28 34 49 ’
XVa22-88° - 0 0 14 21 22

- Xv422-12A 0 -0 32 38 -
XV422-13A 1 3 32 64
XV422-14A. 0 0 34 45
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S

=

()

Co]ony counts on MC in UV-sensitive’ and uy-
-insensitive haploid strains derived from the
cross of 197/20 rad3-12 x XV185-14C

.

“\V/

No. of\Background/

Revertants (per

XV423-7A

Strain -LYS pkate) -No. of Colonies per MC plate
XV423-3A 0 0 31 49 N
XV423-4A 0 0 17. 18
XV423-9A . 1 -1 35 39

© XV423-10A 0 0 18 21 -
XV423-11A 0 ] i 17 23
Xv423-12A 0 0 36 37
XV423-134 0 o © 23
-XV423-14A = 0 0 11 16 19 20 20 728\ 24 27 32
XV423-184 1 3 47 57. - T
XV423-20A - 0 1 i45fK58
Xv423-21A 0o 0 . © 30 43
XV423-22A 5. 7 29 - 35
XV423-25A . 0 0 15 21 °
XV423-26A° 3 6" 33 42
XV423-1A 0 2 89. 92
- XV423-2A 0 0 54 83 )
. XV423-5A .0 1 159 165
'XV423-6A 0 0 71 93
2 2 44

64. 67 76 81




R}

TABLEIA]]. Colony counts on MC in UV-sensitive and UV-
: . insensitive haploid strains derived from
the cross of S960-1A rad4-3°x XV185-14C _

No. of Background - ~
Revertants (per No. of Colonies-

Strain -LYS plate) ' per MC plate\ :
XV418-8A 0 1 10 1T 15
. XV418-9A . 0 0 9 . 12 13
- XV418-38 1 1 25 31 32
Xv418-58 0 0 14 18 . 20
 XV418-68B 0 1 200 30 31
XV418-78 7 9 - 21 30 -~ 37
XV418-1A 0 5" 20 29 . 35
_'XV418-2A 0 0 27 34 35
"~ XV418-3A. 16 . 206 45 - 52 68
- XV418-4A 0. 2 26 39 44
XV418-5A 43 62 78 92 103
XV418-6A 0 1 23 25 27
XV418-7A 1. 2 40 43 55
0 -0

XvV418-2B"~ 12 .26 . 28

-



TABLE Al2.

Y

Colony counts on MC in
"hap1qid strains decived
- of S

»

‘ 4
UV-insensitive
from the cross

~68 rad5-1 x XV185-14c

) 5>
No. of Background |

Revertants (ger\

I3

Nb(,of‘COIOnies~

Strain -LYS plate per MC plate

 XV419-11A 0 -0 19 22 27

. XV419-12A 0 1 19 28 40 o

T XV419-14A 0 1 19 30 32 35 38
XV419-15A 0 0 19 26 38
XV419-16A 0 1 23 29 33
XV419-21A 1 2 - 26 44
XV419-22A 0 0 19
' XV419-23A 0 y 38 . 45
XV419399A 0 1 38 56
xV419-308 10 13 46 60 .

. XV419-32A 0 26 29 .
XV419-33A, " 1 3 6 27
X¥419-36A . 0 0 25 29

. XVA19-37A Fx 0 0 22 32

O XV819-40A By . 27 . 69 78
Xygi334»%%%ﬂ 110 35 36
4154 0 0 37 39
XV419-47%; .0 0 13 19
Xv419-484 ‘ 0 1 - 21 .35

© XV419-53A 0 04 15 22
XV419-54A N 28 61" 58 65

. XV419-56A 0 0 17y

~ XV419-57A 0 0 S21 32

- XV419-58A 0 0. 17 24
XV419-594 75 . °.95 81 142
XV419-60A 0 .0 33 -

'XV419-61A 0 . 14 - 22

XV419-62A 0o 23 23 -

XV419-63A 0 o 14 14 =
. XV419-66A 0 0 L322 4

138

2
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TABLE A13. Colony counts on MC in UV-sensitive haploid strains
' “derived from the cross of 'S228-68 rad5-1 x XV185-14C

3

No. of Backgfouﬁd
Revertants (per

XV419-68A

Strain -LYS plate) No. of Colonies per MC plate
" XV419-2A | 3 54 60 64 68 83
XV419-3A 1~ 8 137 162 174
XV419-4A 0 1 66 73 84 9
- XV419-5A. 3 5 223 - 244 283
- XV419-8A 32 35 204 244 314
XV419-10A 3 7 49 54 68 70 119
. XV419-13A 1 2 124 . 136 151 153 174
XV419-17A 67 276 356 S |
.XV419-18A - 1 6 294+ 383
XV419-20A - 13 18 287
' XV419-24A 28 29 110 122
- XV419-26A° 39 39 288 355
XV419-27A 18 22 345 352
- XV419-28A 185 280 454 524 -
- XV419-34A 4 7 - 131 181 ~
XV419-35A 20 267 299 v .
XV419-38A 1 2 . 363 408 .
- XV419-39A . 5 6 108 116
Xv419-41n . - /M 12 136, 142
XV419-44A 32 s 245 e
XV419-45A ‘9% M 372 . 395
- XV419-49A 0 1 158 161 - -
XV419-50A 54 57 156" 167
XV419-51A 0 1 173 . 203
XV419-52A 4 6 186 . 2%
XV419-64A 0 A20 145
XV419-65A 0 1 170 178
15 23 92 140




+

TABLE A]4. oCo]ony counts on MC in UV-sens1t1ve and UV—

rains derived from
rad8-] x XVi85-14C

insensitive haploid st
the Cross 197/20 radg8-

No. of Background
Revertants (

Srer

No. of Colonies

XV420-3A

Strain -LYS plate per MC plate

XV420-4A 3 6 45 48 5]
XV420-5A -0 -0 29 31 48
XV420-6A 0 0 20 25 32 ‘
XV420-7A 1. 2 - 6 7 -8 15 15
XV420-8A 3. 5 35 36 2 - -
XV420-1A 0o 0 . 7 m 2
XV420-2A ¥ 2 h 12 14 20

o -0 3 3 4

140
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