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ABS'I'RACI‘

Thirty-two auxotrophic (or putative awcotrophxc) mutations
‘\ of. Drosopmla melcmogaster have been isolated The nm‘tatlons x‘esult
L 'tn, Tow Viabillt)" or slow development rate on a chemically defined
medium but not on the more camplete, yeast-sucrose medlurﬁ’ A1l
Tutants were tested for supplementation by RNA or ribomqucleosides.
On the basis of this test the mutations are of three tybes

Eight mutants (at seven loci) do not respond to RNA and the
nutritional requirement of each of these strains remains undefined.

_ | Fonr of the 24 ‘mutations which do respond to RNA a
supplemented by a purine nucleoside; One of these (ade l—,ISd) is °
adenosine suppleneneable and maps to a poeitioii distincf from the other
three. Of these other three, one (qua 1- 1t %) responds to guanosme
‘and the others (pur 1- 1 and pur 1(2‘) are supplemented by e1ther >
7 nucleos1de These mutations map 1n the same region and it has been
suggestea that pur 1 and gua 1 are dlstinct but closely 11nked genes v
involved in purme%l,ogynthesis. .

Twenty of t.he mutauons are supplemented by a pyrimidine
nuoleoside All map close to rudimentary (r, 1-54.5), a site
previously 1dentif1ed by w1ng s,bnormahtles, and more recently
established as a s1te of pyrimidine mﬁ«)trophy About half of the
newly isolated mutations have nonnal wings and yet, by a variety of
cntena, do appear to be affectmg the rudunentary locus 'Ihe data

,presented herein mdicates that amcotrophy is a phenotype more ‘ '
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~ sensitive to reduced enodegenous pyrimidine synthesis than previpus e
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morpholdgical criteria. This senéitivity'hgs permitted?thé‘isolati;n o
\
of a series’'of mutations with a Spectrum of phenotypic%abnorm;—;;ifs

which apparently reflects the degree to which pyrhnidine blosynth651s P
is q10cked. )
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! INTRODUCTION
1. THE'PROBLEM " . . .

" The Aor\gamzatlon of the genome and the regulatlon of genetlc ”
act1v1ty has been the subJect of very actlve research for many years.; '
T | 'I'he exploswe success of these stud1es ‘over the past flfteen years has"
" resulted 1n ‘the elumdatmn of the bas1c blochemlcal and genetlcal |
| ) : mechanlsms associated w1th gene expressmn in prokaryotes. HoweVer AN
durmg most of thls t1me -eukaryotes have remalned in the background
and, as' a result the unlversallty of prokaryote f1nd1ngs is as yet

unknown The,re is a number of 1nd1cat10ns that genes may "be organlzed "

and regulated quz\te dlfferently in hlgher orgamsms. For example

i 4 .

~ their DNA usually contams some sequences Wh.lCh are repeated many

-

. t1mes (Brltten and“Kohne 1968) Such sequences are speC1f1c to

hlgher organlsms and 1t has been suggested (Brltten and Dav1dson, 1969)

“ ‘ » L
Ghat they play an J.mportant but as yet undeflned role 1n gene » f
, regulatlon.» The assoc1at10n of hlgher orgamsm DNA’mth h1stones

S represents a second dlStlnCtIOI'l. L1ke some bactenal regulatory

"v‘

prote1ns hlstones are capable of gene repressmn (Huang and Bonner

ﬁ

1962) However, the 11m1ted varletv of hlstones suggests that unhke

thelr bactenal counterparts they cannot of themselves d1ctate much

?

s ec:.f1c1 to gene re re!smn (Fambrough et al 1968) Moreover
SP ty P

eukaryotes are dlstmgulshed from prokaryotes by the presence of a;

nuclear membrane. fI'}ns allows for a processmg of RNA and thus a

«
A

e
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| |

s approach It was based on the assumptlon that the undenstand:mg of the

. ) : h . . .
e ! B ' ' R 3 o o )

regulatlon of gene express.mn at the translatlonal level td a degree o \ -

* A ]
not p0551ble m the more open, less compartmentallzed prokaryotu: cells

L

' where transcrlptlon .and translitlon appear to be coupled reactlons

b

.' analysrs of the gene and 1ts regulat1on 1n h1gher eukaryotes.‘ Studies _

. this yay, 1

" in prokag‘yotes at Teast, as great a challertge 11es ahead. The

oo 2

(Morse et al 1969) Multlcellular orgamsms are further dlstmgu1shed o

by t1ssue dlverslty and many tlSSUES perform a SpeCIallZed funcwn

throughout thelr whole 11fe span. Therefore such cells are often |
rather restrlcted in. the1r metabollc capabllltles On the other hand o
umcellular organlsms must be capable of rapld alteratlons in metabolrc

act1v1ty 1f they are to survive in the w1de varlety of envlronmental

*

,‘ CODdlthnS to which they are subjected.’ Thus regulatlon of gene | o

act1V1ty of these cells may" tfe qu1te d1fferent than in’ multlcellular
orgamsms where fle)(lblllty is not requlred tQ the same - degree. :
All of these pomts suggest that even though tremendous S

1n51ght has been ga1ned reganhng the nature and regulatlon of genes

':‘ﬁrallenge 1s to apply the knqvledge and technlques wh1ch have ; T \}

M accumulated from the very successful prokaryote studles to the deta11ed et
9 . ;‘ ", N

on the repllcatmn and molecular compos1tlon of chromosomes as well as

' transcrlptlon and the molecular h1ology of RNA are begmnmg to prov1de

& Co - :

ms1g"ht m thls area. But the real SuCCeSS m e1uc1dat1ng gene
ey .jt.

e "i

\

';;‘normaz role of a part1cu1ar ge e can be mferred from observatlon and

! “a -J,.,

o _ana1y51s of the abnormaltttes resultmg from mutauon of that gene. I ',.jf

"the nature and role of partl‘cular genes has been eluc1dated L



L}

in a romag&nbly rullnod mnnnor

ho SUCCOSSs ol this approach has often come through the
analysis of mutants which are lethal under onc sct of nutritional
conditions, but not another, Since the biochemical deficiency of such
strainsscan be deduced from the nature of the nutrit;pnﬁl alteration
pecessary to promote growth, these mutants are-not ugually difficult
to characterize, ?hcir uscfulness in rcgulntory studies has depended

upon: '
a, the identification of a number of genes affecting

. the same biochemical pathway, and

b.  the conditional lethality of mutations of these’
: 23

s genes so that rapid éenetic analysis is feasible.

In view of these advantages and their successful exploitation
in prokaryotes, it would seem that;the'applicatiod of nutritional
mutations to higher eukaryotes shouldxphve received enthusiastic
consideration, Howevef; the céq{rary has been the case and uptil
recently even the quest?on gs to their existence had hardly.bceh
exami;ed. %here is a namher of reasons for this. In bacteria most'

» :
nutritional mutations involve a metabolic block in the de novo
‘synthésis-of a reéquired end product. In multi-cellular animals.
howeve}, the nuﬁbqr of, such de novo,pgthways is extremely Teduced énd
furthermore, the QOSsibility exists that de movo pathways which do

gxist, may not have been eliminated through selection’ because

they’ are unconditionally requited. . . Mitants in SUCh genes would be

lethgl ard Rot analyzable by this technique. A further problem is that

- therérganization of the gename may be such that no nﬁtritional mutants

. A . - -

+
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could occur due to genetic redundancy, multiple pathways, or mito-
«chondrjal supplementation. Lven if hutritional mutations could be
) :

. ‘induced, their isolation and analysis demands the use of a chemically

gefined medium  so that the concentration -of nutritional canponents

. , Tt e . L
be regulated precisely or component&, eliminated completely if '

Ty. All of this‘work must be done uﬁder axenic conditions if
ium is to remain chemically defined and this is often a.
frlghtenlng~task when deallng w1th large numbers'of multj- cellular
organisms, A- fhrthsr limxtatlon is the neccsSity for an organlsm
which can be easily’ manlpulated genqt1Cally 'hhxlti~cellular'organisms
are generally d1p101d and therefore extcnsxve breeding is necessary
for the 1solat1on of strains homozygous for such mutations.

»

In llght of these many obstacles, it is no surprise that

o wBrk’in ihis*érea has uktil very recently,,been almost non-existent.

But recent results of Vyse (1969) and Vyse and Nash (1969) suggest
that many of these apprehensions may be unfounded. Their results
suggest that 'Drosophila melanogaster may be suitable for nutritional ‘
mutation studies. This is probably the only multi- cellular animal
which can preséntly be analyzed and mgﬁlpulated at the level necessary

for the isolation and thorough study of nutritional mitants. A

. chemically deflned-medxum has been devised and it is possible to' §
culture the'Organism axenically without great difficulty.
This thesis is addressed to the question of the degree to .
which such mutations exist 1n D meZanogaster. The results of this. ,‘Q
study 1nd1cate that there is probably a great nutber of genes l e

susceg}ible to nutritional analysis in this organism. Furthermore, it
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is now apparent that these mutations are not particularly Mifficult to

isolate, and that abnormalitics in at least some strains can'roadily

o

be ascribed to purtlcular biochemcal pathwayb Initial studies on

- scveral of thése 1oc1 suggest that this type of analy31s will be

part;cularly fruytful in studics on*the naturc of gene organization

and reguiation in multi-cellular organisms.
L]
2. NUTRITIONAL CHARACTERISTICS OF WILD TYPE DROSOPHILA MELANOGASTER

From the outset it is apparent that heritable nutritional

abnormalities in Drosophila will present a different spectrum fram

:EESe of bacteria and fungi. Animals lack a great many of the bio-

thetic capacities which are available for analysis m lower
orgamsms Many lower organisms synthesize all the orgamc camponents
Zhat they need from a snnple sugar. On the other hdnd, Drosophila,
like other animals is incapable of synthe51zmg a great many components
and these rpust be nutritionally supplied. The deterflination of such
nutrigional requirements is important to nutritional mutation studies
so that non-essehtial components can be exclfided from ;he diet and ‘
later used as pot'entifll supplements of nutritional lethal mutations.
The ntx‘ti‘itional réqﬁirements‘ of D. melanogastzr are well

known. The first chem1cally defined culture mednnn was reported by

Schultz St. Lawrence and Newmeyer in 1946. Thls medium and a modified

"verslon (Hinton, Elhs and Noyes 1951a) gave extremely slow larval

L]

development compared with the conventional, undefined media comnonly
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used for laboratory rearing of Drosophila. lowever, thorough analysis

of nutrient optima (Sang, 1956) subsequently resulted in an improved

- chemically defined medium on which there is 1itt1e‘differenoc in larval

growth rate or survival c mpared with the same testor strain on a
killed yeast medium. |

" The mcdlum designed by Sang contalns the milk protein,
caseln ,as a source of amino acids, and hence is not strictly speaklng
a m1n1ma1 medlum since a numbér of amino acids are not essentlal
Prevxous;med1a (Schultz et-a;, 1946; Hinton et al, 1951a)and a more
tecent medium devised by Geet (1965) contain a more reét:icted amino
acid mixtnre, but Sang.found a veryAmarked improvement in growth rate
by using casein. Itlhas been suggested that‘this might implicatekthe
existence of 'a stimulatorx~polypeptide (Schultz et al, 1946; Sang,
1956) but Dadd (1970) has sdggeSted the possibility of imbalanoe in

the amino acid mixtures. Alt’ﬁgat1ve1y, high concentrations of amlno

‘ acids may adversely affect ingestion, either by 1nh1b1t1ng food 1ntake

or by affect1ng osmotic relatlonshlps of the gut (Dadd, 1970)

Since insects cannot synthe51ze steroids de novo, cholesterol
or one of several alternative steroids (Cooke and Sang, 1970) must be.
dieteticaliy supplied. Steroids serve as a structural camponent of
cells and ‘tissues and also. as precursors for essential metabolites ;
and regulators such as ecdysone (Robbins et al 1971) e

Choline, which is an important constituent of lipids is

" another essential nutrltlent for whlch Drosophzla has little or no.-

synthetxc ab111ty Cholxne is a component of lecithin and it is often



added in this fonn since lecithin, although not esqcnt;%l for growth,
_does have a stlmulatory cffect upon growth rate (Sang, 1956)

Drosophzla,,llke other insects (review by Dadd, 1970),
Tequires the B vitamins: thlamlne rlboflaV1n, n1cot1n1c ac1d
byr1dox1ne pantothenic ag;d folic aC1d and b10t1n Thiamine, which
is necessary fqr larval survival, is converted 1ntrace11ulariy‘to
‘ﬁhiamine perphOSphate,la co-enzyme for certain caibohydrate heeabolic
* reactions in#olving_the trensfer of an aldehyde groué.i Riboflavin is
a precursor to the co-enzyme FAD,'which is an essent1a1 camponent. of
the electron tranSpQrt chain and is also important in the oxidation '
of certain amino ac1ds and the purine, xanthlne N1cot1n1c acid,
‘another required B vitamin, is hecessary for the synthesis ef NAD.
And, subsequent to 1ts conver51on to pyrxdoxal phOSphate, pyridoxine
is important to the 1nterconver51on ofhmnlno acids.

A Dependence upon partlcular v1tam1ns is not always manifest
similarly. Aﬁsbnce of any of the four v1tam1ns discussed in the
preceding paragraph results.in lethality early in larval'develoﬁmeht,
- but this is not alwaye the case. The omission of pantothenic acid,
an acetyl CoA precursor, results in cessation of deve10pment but not
in immediate death. Larvae can continue to 11ve in: 1ts abserice fbr
up to 29 days (Hlnton et al, 1951a),before® defith flnally ensues.
Dietary folxc acid, on the other hand, is necessary for eclosion, but

.

not for pupat1on Since this vitam1;\1s converted to tetrahydrofolate
1

an 1mportant methyl donor in purlne thymldylate‘End certaln amino acid

syntheses thls result is somewhat surprising. However Sang (1956)
-
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has demonstrated that larvae have a higher internal concentration of

folic acid than the yeast upon which they feed and he has Euggested

- that this may be indicative of some'foiic acid synthesis during the |

'larvel stage. Reccnt b10chem1ca1 data on Aedes angptL and’ Drosophtla ,
RS
meZanOgaster suggest that thls is 1e§ced the ldse (Venters 1971)

Biotin, a co-factor of some carboxylntlon react10ns, 1ncreaees the
V

survival and growth rate of larvae but is not an absolute requirement

Hfor‘larval survival. Since a few ind1v1duals can complete development
thhout its dxetary 1nc1us1on Sang suggests (1956) that thls v1tam1n
is ﬁrobably present in trace amounts-wlth some of the other | :
ingredients. (For a detailed diecussion og the B vitamins‘and their -
‘Tole in metabolism, see Robertson, 1966) . i
Several other non- -essential componeﬁis of Sang S (1956)x
med1um stlmUIate the growth rate and increase the surv1va1 One such
component is a source of carbehydrate, fructose being‘the most .

satisfactory. The lack of requirement for carbohydrates is a rather

- striking result, especially when compared to the nutrition of most

other species of insect larvae, which have rather high requirements

(Dadd, 1970). Indeed adult females of D. maZanogaster have a very .

. stringent carbohydrate requ1rement for the productlon of V1ab1e eggs,

which further emphasises the unlqueness ‘of the metabollsm of developlng
Drosophzla larvae in thlS respect

Sang (1956) shows that a 'source of rlbonucleotldes 15 not
requ1red although the presence of RNA does decrease larval development

time by 3,S days In a later study (1957) he demonstrates ‘that this
increased growth rate cannot be completely attributed to any one

SN

!



';;///' . b. a sterol source (cholesterol) o .

-

7 1nc1uded in the restrlctlve medlum

Q.\.w

, . ‘ v . ' : : ,
ribonucleoside or base, rather both a purine and pyrimidine source are .
Tequired. 1 \ \ , \\

©
A Y 0 -
' 1

To summarize, Sanéﬂs medium gives a development 'Tate and

!

survival comparable to conventional undefined media. ’L this reason,

.even though it is not, strictly speaklng, a m1n1ma1 medium, it is the

A )

medium used as a restrlctxve medium in the present experlments. The

\

required components (wlth Sang*s constituents in brackets) are:

P l T :
. L o !
a. a source of required amino acids (casein)

c.* a choline source (1ec1th1n)

WY
.

d. 'mosth1tamins R "a .

The non—ESsential components which have a significant effect upon

‘ survival and growth rate are: ' o

e. the B vitamin, biotin
f. a carbohydrate source (fructose or sucrose)
g. a nucleotide source (RNA) ’ N

- For the Specific reason that it is llkely that many steps in nucleotlde

Ly
r,,- '

synthe51s may’ yield auxotrophlc mutants component (g) was not nonnally

-

The development of a deflned medlum on Whlch growth rate and

o surV1val are essentlally equlvalent to that of the ‘conventional |

“ undefined medla is a maJor accompllshment However Geer's (1963) gﬁ_"

Y

ana1y51s of v1ab111ty and development rate for several strains on

Sang's “medium suggests that there 1s varlatlon in what is an opt1ma1
E 8"



* medium for‘different strains of flies. ~”CantonAS" for example

t

,‘ ! ’ ' T

"\

survives poorly unless RNA or, alternatlvely a purine . -and pyr1m1d1ne

are present as addltlves The demonstration that changes in the amino

ac1d balance or the use of hydrolyzed casein partlally obviate the

| need for nucleotide supplementat1on suggests that this strain is not

necessarlly deflctent in nucleotide productlon Geer (1963) suggests
_that "Canton-S" is subJect to a developmental stress on Sang's RNA-.
free medium whlch is remedlable by a varlety of ' nutrltlonal manipu-
lgtlons Thls partlcular "developmental stress” 11ke 1nterstraln 4
varlatlon 1n general, mlght be explalned by nutrient 1mbalance.- "The
sen51t1v1ty of larvae to ‘nutriert balance is 1llustrated by the
demonstration that a change in the proteIn concentratlon shlfts ‘the
‘optimal concentrat:on of a number of v1tam1ns (Sang 1959, 1962) For
example fOllC acxd a\precursor to tetrahydrofolate wh1ch is a
co-factor in the methylation of glyc1ne is requlred in a hlgher
concentration: 1n a hlgh protein medlum The ‘increased folic acid ’
requlrement may be accounted fOr solely by 1ncreased glyc1ne concen-
tratlon in the hlgh protein med1um since the addltlon of glyc1ne to
‘the low proteln medium . 51mulates the high prote1n effect Mbst other
Shlfts 1n optimal v1tam1n concentratlons can"11keW1se be demonstrated

»'_.

to reSult from spec1f1c 1nteract10n§ (Sang, 1962).

From these studles, 1t becomeS\apparent that the quantltatlve

nutr1tiona1 requ1rements are not r1g1d éeef (1963) has shown them to

be very sen51t1ve to genotyplc varlatlons.x Sang (1959 1962) has shown .

them to be extremély sen51t1ve to varlation 1n nutrlent balance. And

‘”tly, it seems lrkely (althngh o ev1dence ex1sts for Drosophzlao.

PR

e
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'that,such_requirements are allo"senéitite to envirohmental variations
such as temperature. The onl “organism for which I am aware of
,studies on the effect of temée ature yariation, the: protozoan,
"Ochromonas malhamensis, has mu i different nutritiona1~requirements
when reared at hlgh temperatures (Hutner eg al, 1957). |

Even ‘though the quantltatdve angcts of Drosophzla nutrltlon

" fluctuate mthe bas1c requlrements are probably quite unlfonn and thus

[y

. serve as a foundation for the study of nutr1t1onal abnormalities. i

. - + » - .
) ' C. g Tt .
. o s '
al

s

Tl . ‘ !

3. M}IRITIONAL MJTANI‘S IN MULTICELLULAR ANIMALS’

* . h * "

Mutants whlch respond abnonhally to a partlcular nutrltlonal
envlronment haVe recelved very little attentlon 1n hlgher organlsms
Same mutant strains have been 1solated 1n h1gher plan&;(Carlson, 1969;
! Li et al, 1967) but most. of the results have come from several ‘

vertebrate cell lines or in the case of complete organisms, t::;
. meZanogaster.. The remalnder of this dlscuss1on w111 cqﬂcentrate on

»

nutritional mutants as they have been studled in anlmals."

a. Mutants with Nutritionally Modifiable Merphologicai Qefects ‘.”’,‘ e

. One approaeh to defining the biOchemicalldefieiency of a
mutatlon is. to check pre- ex1st1ng morphologlcally abnormal stralns for
'sen51t1V1ty to alteratlon of the nutr1t10nal env1ronment. The essence

of thlS approach is that the nature of" the nutrlsaonal mod1f1cat1an to

-

‘1 whlch the mutant responds mlght provlde 1n51ght 1nto the abnormalzty ,

L t
* 1



e,

‘at the metaholic‘level. To the present; this method has not been ~ \

‘part’icular_l'y illuminating.

.medmm, ot alternatively it can be SUpQressed by r1bof1av1n (Gordon

been perfomed.

to the normal phenotype -/

} . . } - . , { h\,ﬁl"

o

The mutant antennaeless of D. melanogaster is a nutri-
tlonally responsive strain (Gordon and Sang, 1941) ‘The mutant effect

can be enhanced by addition of peptone to d sterlllzed brewer s yeast . .

and Sang, 1941) or glucose (Begg and Sémg, 1945) Gordon (1959) Jifk

proposed that these data mdlcate a defect in amino acid %tabollsm. .

- He suggests that thls defect is remedlable by a hlgher 1eve1 of . /

ox1dat10n of amlno ac1ds (the rlboflavm effect) or by a decrease 1ny-’ oy
the utlllzatlon of amino acids for energy- producmg ox;xdat}ons (the -

glucose effect) Hdwever the cr1t1ca1 blochemlcal tests have never'

RO &

ne

-

Several melanotic tumour producing strains of b melanogaster

are also sensitive to nutritional env1ronment The. twnours.ﬂeresult fram \
| Yo )

an aggregat1on of’ certam blood cells and are generally @ilte 1nfrequent PRV

4

in thes anmtant stralns on Sang's deflned medium. Howevéi‘ wh‘en

‘ argg,,, tured on medla with reduced concentratlons of adenoéxné

"’ l b,

cholesterol or b1ot1n (Sang and Bumet 1963) or on a medlum mthi
A tq.

/. ‘ i .
high level of tryptOphan (Plamer and GI?SS 1955) “the tumour™ . e

‘frequency 15 1ncreased Sang and Burnet (1963) suggest that the gene-

controlled defect is near the limit /Jf a developmental buffermg, and

o under condltlons of stress such as/those descrlbed above the bufferlng

: system can no longer mamtam tyét developmental pathway whlch leads

. Ca
KE
.

e
3



o The eye- reduc1ng nutant, Bar, 1s nutrltlonally modlflable

F3

A number of amides, cyt051ne uracil and adenine increase the number iR

of eye facets,‘ln some cases to a level approachlng that of wild type
-(Kaji 1954, ‘1955' De Marinis 1966 a ,b): Fristrom (1969) has ghihn
that the Bar phenotype results from cellular degeneratlon Acetamide
i'reduces such degeneration drastically, whereas cytosine delays the
ldegeneratlon beyond the stage where a mutanf:ijfect on facet number
is produced (Frlstrom 1969). .
The study ‘of the eye colour mutant verwnlton ,is one case‘ "
ﬁwhen nutrltlonal studles have been successful in eluc1dat1ng the “
y‘blochemlcal basis of a morpholog1ca1 abnormallty Dletary kynuren1n
‘.changes the br1ght red eye colour of vermtlzon mutants to the normal
dull red CTatum and Haagen Smlth 1941) ThlS flndlng led to the
prop051tlon that mutants are unable to synthe51ze kynurenlne from
‘ tryptophan a theory subsequently verlfled through blochemlcal ‘

!-'stud1es (Bagllonl 1960)

v

‘The 11m1tat10ns of this approach to the metabollc de11neat10n B

="_of mutant effects probably has several explanatlons Certalnly, the
‘:fact that only a few mutatlons have been nutr1t1ona11y analyzed is a-

fblfactor but probably more important 1s that morphologlcal mutants have
, been 1solated on the conventlonal undeflned med1a where many nutrlents

ff.are present in abundant supply It seems 11ke1y that if thlS method 1s

|
!

‘ ‘fto succeed morphologlcal mutatlons w111 need to be 1solated whlch are

-1eabnonma] solely On a m1n1ma1 med1um. ;;'ni

,‘.‘ - . S

. 13.
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. confer res{ntance to normally toxrc chem1ca1 analogues S;ane the

.

ing the chemlcal spec1f1c1ty of a mutant effect \

e S
requlres tha he potentlal explanatlons be 11m1ted in number and
. / w
ea511y narrowed down In hlgher eukaryotes the technlque wluch has
' f,’ P
best fulfllled these requlrements is the ~analysis of nmtatlons whlch

‘cause of éhalogue susceptlblllty is generally qu1te spec1f1c the

’>mechan15m of re51stance to this toxicity is also spec1f1c and thus

o

P normally tox1c radloactlve level of H3 thymldme. - Such, strams are

,“.

‘readlly characterlzable Re51stance mutatlons are usually of three

”l-‘ ! ! ’ . x

I

)
i i
.

'

\ v : .
1 i. \p}ose whlch prevent the acczmrulatmn of the actJ.ve, .

o_ “'t\a
4

‘/\1 H

- ibltory form of the analogue.

ThOSe\iWhiCh alter the spec1f1c1ty of the sen51t1ve

LV
;, enzyme in such a way that 1t is .not 1nh1b1ted by

J»& ‘ S ' '
;,"'.theénalogﬁe. AR

‘\\L o ’[ Mutaqlons of a11 three types'have been found in studjes with. ..

('I

t sue culture and tumour lmes. ‘ Breslow and Goldsby (1969) 1solated
¥ -(7 . \\\ )

seVeral lmes {)f Ch:mese hﬁster cells wh1 -are re51stant to a o »'_,;‘L

ik
B ,,”,

def1c1ent m‘thé uptake of thymld:me from the medium. _, A number of cell '

‘culture straé.n_s,‘ aVe been 1solated whlch are re51stant due to an
R u4 R
mabllity td a‘tc[m;ulate the 1nh:.b1tory form of the analogue. zFOI‘

N .
! T i . . i THe . J.( i e ‘ .B.‘.‘“ s . \"_fg ¢



example a. low act1v1ty of- the enzgpe hypoxanthrne guanlne phosphor~
1bosyl transferase (whlch converts base to nucleotlde) is commonly
| assoc1ated w1th stralns r051stant to 8- azahypoxanthlne or 8- azaé!anlne
(Szybalskl,and Szybalska, 1962 Chu et al 1969) . Str: hns re51stant
to the g1UCose analogue, 2- deoxyglucose have an eleva:Ld actlvlty of
alkallne phosphatases(Morrow and DeCarll, 1967) ‘ e deo&yglucose is
| ) belleved to exert 1ts effect after phosphorylatlon (Barban and B
Schulze 1961) The 1ncreased alkallne phOSphatase is supposed to de
cxeasethls tox1e fonm Other examples of this type 1nclude the, absence
of thym1d1ne klnase act1V1ty in a bromodeoxyur1d1ne (BUdR) - re31stant

strain of mouse L cells (Klt et al 1963) and Tow ur1d1ne klnase in.

Erllch Asc1tes tumour celgs re51stant to fluorourac1l (FU) "“' o ..y'

(Relchard et al 1962)

A mutatlon of the th1rd type referred to above has been ’
l' N
demonstrated for the enzyme, thym1dy1ate synthetase ThlS enzyme
converts deoxyurldlne monophosphate (dUMP) into thymldlne monophosphate !

(TMP) Fluorodeoxyur1d1ne monophosphate (FdUMP) 1nh1b1t thls reactlon k

15.

‘ 3 o
(Cohen et al, 11958) . }An FU- res1stant straln of Brllch Asc1tes tumour SRR

cells is re51stant through an alteratlon of the thymldylate synthetase
. molecule, such that it no 1onger 15 1nh1b1ted by FdUMP‘(Heldelbefher '

g; , ’ , , N L,
. Lt . . N B E . ',' "
,

et al 1960) ST ' y ;, ; ,_< )
Although the b10chem1ca1 characterlzatlon of ese mutants

has been very successful studles w1th tlssue culture lack the tools

cod -

for the genetlc reflnement p0531b1e W1th Drosophzla Several

§re

experlments of thls type have recently been reported for Drosaghzla.,,-‘”‘

\\ One experlment applles the fact ‘ ;}pentenol 1s selectlvely tox1c to



flles exhlbrtlng ADH actxvity Mutants deflclent for thls enzyme are

able to live, presumably because they are unable to convert pentenol R o

to' the p01sonous ketone form (Sofer and Hatcoff 1972) El Koun;r

" | (1972) has demonstrated that the tox1c effect of fluorodeoxyurldme ‘

(F!ldR) on Sang s medlum is overcome by thymlldlne ThlS suggests that

| as in tlssue culture the effect of this analogue 15 on the enzyme
thymldylate synthetase ' Recently an FUdR re51stant stra1n has been 150- .

l'lated and re51stance apparently results from a/n autosomal domlnant |

' f:\ \,--' A

mutatlon (M el Koun1 personaL cormmmlcatlo\n) Sherald and erght

(1972) have reported the 1solat10n of three strains re51stant to the
‘toxlc 3,4- dlhydroxyphenylalanme (dopa) analogue, —methyl dqpa.. At.‘
.1east two of the stralns have an elevated act1v1ty of dop‘a.‘ ‘ |
decar“hoxylase and it has ‘been suggested that it is thls elevated, T b".‘:“l ;‘4\ -
. | éwlty whlch allows. the f11es to survlve in the presence .of the ' ‘, -

‘“anhlbltor. R N EE T L LI

c.. "Mi,ltants‘ Which are Lethal'on a Nor'maIlyﬂ Permissive_-Mediwn

A

Nutrltlonally remedlable lethal mutatlons have recelvedwvery | R

11tt1e attentlon 1n h1gher eukaryotes. Theoretlcally, as with * SR

\ ‘, analogue re51stance mutatlons chem1ca1 spec1f1c1ty should not be

d1ff1cu1t tp determlne smce the nature of the nutr1t10na1 alteratlon
wiuch promotes growth should d15c105e the deflcient pathway Because ' o -‘Li 5 o
e a number of dlffez‘ent mutant enzymes affectlng the same pathway can be

1den 1f1ed thls approach prov:.des a broader Spectﬁhm of mutatlons than

‘f-l'} th Tnemlcal analogue techmque. In bacterla thlS has proven to be a




{

fl i

Ll f

i \ . " )
Qynnqpr udvnnungo for tho inves tigntion of co-ordlnate regulation of

.functionnlly rclntcd cnzymcs. Recent results 1ndlc¢tc that it may be

»°~umulnrly applicd to higher organisms, 7’

Kao and Puck (1968) havc applicd a rather ingenjous approach

-

Yato the iqolation of 1uxotr0phs in Chxncso hnm§§§* cells, Cells

n
' ')

(N
v treated withe a mitagen: are grown ;n tho prc’&nqd of BUdR, rhosc cells

1

which are motﬁboliunlly active 1ncorporuto BUdR into their DNA and are

——

subscquently killed upon exposure to ncar- v1sxblc light. Nutrltlonal

mitants, on the othcr hand aro mQtabolLCally 1nactive and thus are
N .

not killed bccauae of a 1aok Gﬁu anbrpoggtlon Sdch mutants
: & ‘

'
AL i -
‘

begln to grow whcn‘sh1ftcd‘to a BUdR free, cqmplcte medium, By this

tCChnlquo ‘an inositol auxotrophic straln sevcral glycine-requiring

\ 4
strains and a nimber of strains with a multiple’ requirement for

" glycine, hypgxnnthine, and thymidine were isolated. The latter strains

were thought to be mutant in folic acid reductase since the- product of .

this enzyme (tetrahydrafolate) is necessary for the production of all

. three of the required supplements or their derivatives.

1
o 1

v A simklar technique has been used for thgfisolation of
glutamine auidtrophs in Chinese hamster cells (Chﬁfand Malling, 1968;
Chu et al 1969). In these experiments aminOpEEBin was used to create

a l¢thal thymine def1c1ency in activ ly grow1ng cells on a medium

Nk ‘ ', s,

cgntaining ho glutamine: When suqh tultﬁres were transferred to a

medium free of aminopterin, but conta;nlng glutamlne clones were

produced, some of which proved glutamine dependent.@. i
174,

In Drosophila, several aqpempts at therisdlation of

17..
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nufritionnlly supplementable lethal mutations have been made. One
such attempt resulted in the demonstration that a pre-btxisting strain
carrying the inversion, In }ZLR) 40d was lcthal in the absence of
nd;nine (Hinton ct al, }951h). Later studies' indicate however, that
“this strain is probably not deficient in the production of adenine
since replacing free amino acids of the ea{ly medium by casein as the
nmin&'ncid source, also promotes growth (Ellis, 1959). MNutritional
requircments of several other pre-cxisting straing were similarly
difficult to analyzo,si;ce théy were not éﬁe result of a single ‘
‘genetic defect (Hinton, 1959; Ellis, 1959).

Unfortunately these negatije results discouraged further
analysis and it was not uﬂtil recently that specific metabq%ic
deficiencies have been demonstrated to.result in nutritional
conditional legﬁality. The first’'to demonstrate such an effect were
Grell, Jacobsen and Murphy (1968), who showed that adults with no
alcohol dehydrogcnasé are lethal on a medium containing a normally
tolerable, 15% ethanol. Later, several strains (ﬁbsy, maroonlike) with
low activity of the P e degradatlveifnzyme xanthlne dehydrogenase

[
were shown to‘be lethal as larvae, 0"19 hlgh\;hrlne medium (F1nnerty,

e%_‘A -

Baillie, and Chovnick, 1970). In amother example, the pyr1m1d1ne
y ) : _

dependency of the pre-existing wing mutant, rudimentary (Norby, 1970)

is beg1nn1ng to 1ead to the understandlng of the nomal metabolic role

of this locus (Norby, 1973) Generally mutants mapplng throughout one

half of this locus are deficient for the second enzyme of the

pyrimidine biosynthetlc pathway, aSpartate transcarbamylase whereas

. L]

18.
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4

those in the other half $5¢, ngt (Norby, per‘%onﬂl Lonnmuucation)

Activity of the fikﬁa fov
phosphate eynth%faéé?@@#
| (Lacroute 1968)'{ défe} ‘

‘ cnzymes arc closely ;in;eu..“Norby (1973) 5uggests that in DrosoPhtZa,
‘rudLmantary utants with normal aspartate transcarbamylase will prOVe
to be deficient in the first enzyme, carbamy] phosphate synthétase;
but this is a qpéstion currently under investigation.

It is now obvious that nutritional conditional lethal

mutations exist in Drosophila and that they probably will prove

extremely useful in analyzing the normal metabolxc rx}e)of partlcular |

genes in detail. However the work dlscussed above is the result of
screening only a small mmber of pre-existing strains for nutritional
abnormalities. If this approach to metabolic analysis of gene actfon
is to reach its potential; mutggenesis, followed by screening for
nutritional lethalszwill be a necessity. ‘Vyse and Nash (1969)
demonstrated the feasibility of this appréach. They report that after

chemical mutagenesis, three out of 377 X chromosames carried a mutation

resulting in a‘supﬁlémentable iethal}ty on Sang's medium without RNA.
In ﬁhe preSeht in&estigation, over 5500 mutageﬂized‘

X cbromosanes have been screened for one class of ﬁutfitional

conditioﬁal.Iethal mutations, auxptrOphs. The .subsequent analysié o£

' the 32 mutants re;overéd,'re?eals a number'of'prOperties of probable -

interest to the understanding of gene action at the metabolic level.

19.



MATERIALS AND METHODS L,
1. STOCKS '

R All genetic manipulations were carried out with an inbred:
'.étSEk, or with stocks|which had been repeatedly backcfossed to it,
‘This precaution was taken to reduce the probability that genetic
modifiers might accumilate and ‘interfere with the expression of a
mutation. The parental strain used was an Oregon derlvatlve frmn
Amherst College (see Drosophlla Infomatlon Serv1ce 1968, stock 1.

Table 1 provides a summary of the various stocks which were used.

2. MAINTENANCE OF AXENIC CULTURES

t

. Isolation and characterization of nutritional mutants was
carried out on media free from microbial eontammants In most
previous nutritional studies, stocks have been maintained under non-
axenic conditions and newly steriliszed for each required test.
Because . of .the scale o'f the present' experiments repeated steril-
ization of every strain for every test has been 1mpract1ca1
'I'herefore techmques were devised for the long term maintenance of

axemc cultures.

>

§trams are m1t1a11y sterilized in the followmg manner.
: Eggs laid over a 12 hour period are scraped from a 1.5% agar medmm

and placed for 20 minutes in Kimax\ ﬁxlture tubes containing a freshly
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' Yeast extract

. TABLE 2

Mmm usui IN scnu:NING AND TESTING |
NUTRITIONAL CONDITIONAL MUI‘ANTS .

B}

a. Defined medium‘(mgdified slightlylkrom Bryant and Sang, 1969)‘

Agar (Oxoid N01=3)

, 3.00 g.

Casein (Vitamin Free)  'S.50 g.

Sucrose . 750 mg.

Cholesterol 30 mg.

‘Lecithin ~ 400 mg.
“Thidnine -2 mg.
‘Riboflavin .1.mg.
* Nicotinic acid 1.2 mg.
Ca pantothenate o 1.6 mg.

Pyridoxine

.25 mg.

Biotin ; . 0.16 mg.
‘Folic acid .3 mg.
NaHCO, (anhydrous) 140 mg.
K PO4 (anhydrous) 183 'mg.
K HPO ‘(anhydrous) 189 mg.,
Mgso4 (a‘:mydrms) ; 62 ng.
Streptomycin 17 mg.
Penicillin® ' 25,000 I.U.
Water to 100 ml.
RNA (when added)

b. Dead yeasf—sucrose‘medium (modified from Nash and Bell, 1958) -

o

400 mg.

. Brewers yeast . 12.5 g.  Penicillin* ‘25,000 I.U.
Sucrose 10.0 g. Propionic. acid* . 1.0ml.
Granulated Agar 2.0 g. Water 90 ml.

. "Streptamycin’ 25 mg.
c. Microbial Culture Medium |
Agar - 27.7'g.. Casein \ N  slog..
5.0 g. Water to 1000 ml.

-

P

* ‘added after autoclaving

&



FIGURE. 1

~

PROTOCOL FOR THE ‘PRODUCTION AND ISOLATION OF

SEX-LINKED AUXOTROPHS
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males with uniform X* chromosomes

} .

L
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nulrmonol mutohons

"L A

mducotes a chromosome to be’ rested for

1
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X*/Y - dies or
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c

. of thlS SCreen réﬁresent the results of.several years of trlals and

filtered solution of 3% calcium hypochlorite which dechorionates and
sterlllzes the embryos The'suspension of embryos is filtered and

the embryos are glven three successrve rlnses wlth sterile Rlnger

solution. They are then scraped from the fllter paper and placed in

| '
CUlture vials. Routlne microbiological sterlle technique is followed

'Up to 12 dlfferent stocks cah be sterilized s1mu1taneously in about
- two hours After at least five days m1crob1al contamlnatlon is

" checked by platlng a small amount of medium from newly sterilized

cultures on a mlcroblal culture medium (Table 2¢). Generally 80 -~ 90%
of the cultures are axenic. | |

Initially stocks were'maintained on antibiotic-free medium,

| but due to a high frequency of fungal contamlnatlon this became

‘1mpract1ca1 Ant1b10t1cs (see Table Zb) are now added routlnely

Axenlc cultures are best malntalned in vials, because they can be.

effect1vely~capped wlthyKaputs (Bellco Glass Inc.). Cultures are

RN

‘ perlodlcally checked for microbial contaminants by plating samples of

media, but this is generally unnecessary slnce infected cultures can

" be recognized visually. Normally, contamination occurs in less than
. ! ‘ on ocours .

- 1% of ‘cultures.

[

3. MJTANT'SELECI'ION" .

+

The protocol for the 1solat10n of nutr1t10na1 mutants is

shown in Flgure 1. Slnce the technical rather than genetlc aspects L

LN

25.



- modifications, the method is described in“detail below, on a generation

basis. Following this procedure, it is,pessible for ene person'to
‘screenéapproXimately.1000 X chromosomes per month.

-
EAY ' o

a. Mutagenic Treatment and the First Generation Cross ,,

Adult males (less than 48 hours old) are fed the'mutagen,‘

ethyl methane—sulfonate (EMS) as described by Lewis and Bacher (1968) .

The standard concentration (25mM) of EMS essentially sterilizes_

Amherst males, therefore several lower concentrations have been used | -

(see Tabley3). The concentrétions usedlyield' in this stock, 30 - 50%
sex-1linked recessive ‘lethal mutants in a Muller-S test (Nash personal
communlcat1on) -

o Mutagenized males were mated.to virgiu XX/Y females which were
collected from steck 6, using the Virgiuatien technique originally |
‘devised‘by Wright (1968). Since in an XX/Y stock, the X chtomosome
o of the male is 1nher1ted patroclinously (Figure 1), an X- llnked '

temperature sen51t1ve mutation can be passed exc1u51vely through males.

. When such cultures are kept at 29°, only females survlve and will thus'

~-.,

" be virgin.

'The first generatlon was grown in Vlals conta1n1ng sterile _
i yeast~ sucrose medlum (Table Zb) Generally each culture conta1ned

‘ flve mutagenized males and f1fteen XX/Y~females ’ Parents were

dlscarded after seven days Cultures were ma1nta1ned at e1ther 20

(screens 5 and 6 Table 3) or 25 (screens 1- 4 Table 3)

2. .



b. The Second Generation
! To reduce handlmg and sortmg of flles F1 cultures were ‘
" checked twlce per day for the emergence of males In this way, most
|
cultures had no more than one male and ‘they could 51mply be trans- .

ferred with females from the same ‘vial to new yeast-sucrose vials.

‘Because of the induction of sex-linked recessive lethals in Fl males,

there were generally several females for every surviving F) male. In.

cases wnere more than .one male was pfesent they were separated (with-
out etherlzmg or dlrect handlmg) and each male was given several
females from the same tube After one week of checking vials tw1ce
per. day in this manner, parental cultures were dlscarded Care was
taken to keep record of those Fl males comlng from the same parental
culture so as to detect brothers carrymg 1dent1cal mutat10ns due to-

a pre melotlc mutat10na1 event. (No such mutat1ons were detected) .

n

c. The Third Generation, ‘ -

“About flve days after the 1n1t1a1 emergence of F, adults,
15 - 20 f11es were transferred (W1thout d1rect handlmg) to vials
| contammg Sang's defmed medlum (Table Za) w1thout RNA These fllies
were allowed to ov1p051t for 24 -. 48 hours after which they were
':d1scarded L S S . |

The yeast- sucrose cultures‘ from the prevmus generatlon
were mamtamed for a second generatlon w1thout retransferrmg The
vcompos1tlon of the medlum 15 cr1t1ca1 to the elmunatlon o;E th1s

| re‘?transfer‘“stepx._ A’medium w1_th lowervagar and ,yeastr_concentrat,lons" ‘

L oNed

27.
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' d. Temperature Sensitive Screen =

(screens 5 and 6) Cultures were left at thlS temperatu
“‘<\they were trahsferred to 29°C As larvae began to pupate the |

| [behlnd Such a screen is. two fold

. Lo : . . .
| ‘ ' . . . S ! . L
[ B . i . : , "¢

B . \

" . .
1 * ]

\frequently produces only one generatlon of f11es.

N Several days after the beglnnlng of. emergence the deflned

- I

\medlum cultures were scored for the absence of males The adults

from the: correspondlng complete medlum culture of a prospectlve

|

mutant 11ne were - then rechecked for nutrltlonal condltlonal lethallty

or a nutrltlonal condltlonal developmental delay of at least four

‘7) .
' - \

da&s. _ ] w.

In one, ‘screen (screen 1 Table 3{ strains wh1ch had a

b o ) ! v

supplementable,;seml lethallty or oné - two: day developmental delay
were saved and-rechecked. Such stralns were subsequently checked at

290C for temperature sen51t1ve auxotrophy - , \i N

[ S o o N

In some of the later’experiments ~a more specific scheme for

the isolation of temperature sens1t1ve auxotrophs was desrgneg

<such experlments (screens4 5 and 6 Table 3), F, females were allowed -

.to ov1p051t on deflned medlum for{48 hours at 25°C (screen 4) or 200C

for an

'addltlonal 24 hours to allow time forgmost embryos to hat and then

cultures were returned to the or1g1na1 temperature. The rationale L

~

\

,“‘3' " Tt ‘ ' ' ' ‘\\“

,..

To 1ncrease the Spectrum of mutatlons through

the detectlon of ts auxotrophs

A

[
P

)

““' .

o
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A ' ‘ TN
ii. do 1solate nutr1t1onal mutatlons m genes Wthh

fare othermse not. analyzable 1n thls maqner, due
| to an absolute requlrement for gene actlvlty 1n|
‘the unsupplementable embryo and/or. pupal stages. {“
‘Te mutatlons, of such genes mlght be detectable

if larva¢ are kept at 290 but. the unsupplementable |
.stages (embryo and pupae) are kept at permlsswe |

temperatures .o v P

4. CHARACTIRIZATION OF MUTANTS . = '

‘

<* a. Confirmation of Mutant Effects,

)
’

rMutant X chromosomes are ma1nta1ned patroclmously in stocks

w1th 55(/Y females ~'In testmg such strams approxmately 10- - 15 l .
f11es from such stocks were allowed to ov1p051t .on vials contammg | o
the defmed medlum for appr}oxnnately 24 hours (In some’ tests where _'
synchronlzatlon of. a culture is- not mportar}‘t they were allowed to |
L ‘Tﬁ‘ 0V1p0$lt for about 48 hours) Such cultures have an mternal control
s since th’e survnral of female offsprmg, but not males,: or. the delayed

o eclos1on of males relat1ve to females is md1cat1ve of an X 11nked

mutatlon. , To conf1rm supplementab111ty of such effects 1dent1ca1

i
1

L *tests were performed on yeast sucrose medlum. o f o !'
: A mutant effect was generally retested on at least three o

dlfferent batches of def:med medlum and a total of at least 20 smgle

~

SR e B e ) R IE S



vial cultures. = ... | B
) Cb;f'SupplementatiOn Tests S , ' %:";*}*

‘ o y . Y i N

So n’after the conflrmatlon of a mutant effect, stralns were ‘
ﬂtested for su plementat1on w1th RNA (0. 49) or a mixture of: the four
rlbonucle051des adenosine guanosrne cytldlne and ur1d1ne (0 l%

' each) Those mutants whlch d1d not respond have not been’ further
. " \
f tested w1th respect to supplementatlon and aré referred to aS putatlve

.

“auxotrophs Those stra1ns whlch do reSpond were tested w1th Co

+

l1nd1v1dual nucle051des (0 1%) and were categorlzed on- the basis of
"thls test as purlne or pyrlmldlne auxotrophs Tests were performed
l1n YYYY cultures in the manner’ descrlbed above (10 - 15 adults per
‘Vlal for 24 - 48 hours) Experlmental results generally represent

the sum of at least 10 51ngle v1a1 cultures from at least two L f~ L

‘dlfferent batches of med1um

] . .\ S .
R d . o . - s . \ ey
; ' . , . N )

'c. Mutant Noméndlatured ‘

o : . .
. R : " ) v ! g P |

~ .

The 1oc1 of putatlve auxotrophs are de31gnated yea 1,
Jea 2 etc s on the ba51s of the1r yeast sucrose supplementatlonAA
“hyphenated alIele number follows this locus de51gnat1on and it 13

¢ "o

L followed by the superscrlpt "ts" ‘or ”sd" in the case of temperature

30.

IR o S

Y N
. ;‘
)

'7sens1t1ve -or slow developlng auxotrophs respectlvely, e. g yea 2 2Sd
: Other mutatlons are 51m11arly 1dent1f1ed by the1r

;,\

"l“tisupplement ile. pur, gua, ade or. pyr..,xid}*;,?f_djlt ;g'.;f'-‘ |

Q

In some cases an auxotrophlc mutatien is, assocrated w1th




details).

ﬂ‘previougiy identificd morphological locus. In such a case the .
mutant is given the symbod nscfibcd to it in Lindsley and Grell

(1968), togdthcr with a superscript with jts auxotrophic dcsignation,
Lpyr -1 | '

)

Cg{'

d. Mutant Localization \

Mutations were localized using pnv mwy f (stock 4, Table 1).
Mutant males were crossed to virgin pnv mwy f hotozygous females on
yeast-sucrose medium, The F, offspring of this cross weie allowed to

mature for scvcral days and then 10 - 15 adults per tubc were placed

' on 1nd1v1dual vials conta1n1np unsupplcmcnted deflncd mcdxum Parents

were transferrcd to fresh v1als at 24 - 48 hour 1ntervals The

'gcnotype of the surviving male progeny wére scored and from this data

the approximate map positionpwas determined (see Appéndix, for .

' , . —
Several of the mutanig were lo¢alized‘between forked and
the centromere. The map position of these mutants was rechecked in
thp same manner as above, but using stock S.° The advantafe éﬁﬁthis
stocK for this purpose, together with the methodolpgy of mutant

localization, is described infthe Appendix.

£ -

e. Complementation Tests ' : -

i{’ . Mutations which had similar map positions were tested for
COmplementatxon. The crosses which were ised for. thls purpose are

described together w1th the results in the appropriate tables.
’ .o . »
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f. Analysis of Pleiotropic Effects
‘ a . !
)

.. All mutants were made homozygous and tested for fertility of

homozygous femalesby the following serios of crosses (* indicates the

mutation-bearing chromosome) :

t

‘ N v

M7 s o
. P (stock 3) X — i\
FNC 4 ' 7
FM 7b ' '
. Fl —_— « X , T
'S e ‘
P 2
F, X — d
A A ’ Rmmns— 4

ii. Mutarits were tested for viability on the complete medium at’

. 29° and at 18°, This was performed by placing 10 ~ 15 adults of the

XX/Y culgure of each mutant on ghe yeast-sucrose cultures and scoring

male offspring relative to their XX/Y sisters.

iii. - Dominance - Most mutations Jere,tested for dominant effects

in conjunction with the pnv mwy f mapping experiments in the following -

-

manner:

‘pn v muwy f“ |
P —_— X —ee—— ~
- prvmuy f — —

promuwy f 4 prvmwyf
— e — .

32.



The mmber of prn v mwy f females relative

to + #+ + + were scored. A reduction
‘ !

of + + ++ + females is indicative of

dominance.

iv. Ning Abﬁormélity of Pyrimidine Auxotrophs -~ The degree of
‘the rudimentary wing expression was quantificd in the manner described
by Green (1963).' Ten females and ten hales homozygous for the |
pyrimidine auxotrophy are scored.as either 1, 2, 3; or 4 dépénding on

the extremity of the mutant wings. This is shown in Figure 2.

ot



\
RIGURE 2
\

Categoriiatién of wing phenotype of mutations at the
rudimentary 10cu§.‘ (a) Amherst maie; Scare: 4.
(b)““-_(r)pyr 1-4 male; Score: 4. (c¢) rP'F 1-12 male;
Score: 3. (d) rPT 1-15 maie; Score; = 2.

(e)rp\)\’r 1"19; Score: 1. The method of scoringlwas‘
derivedkfrom Green (1963). The rationale fér the

parentheSgs i.e. (r), in (b) above, is described at a

later poi@t (See p. 69).

\

3
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. RESULTS

1. THE SGARCH FOR MUTANTS - ‘ !

In the coufse‘of the'mutant search, two basically diffetent
selection procedures héve beén utilized. The‘fifst is a coﬁstant
températuré (25°) screen (screens 1 ~ 3, Table 3). The second
includes a tempera;ure shift (scrééns‘4 ~ 6, Table 3) designed to
" recover larval tempefatdre sensit@ve mutations.. | |
Six of the 1694 X chromosomes (0.35%) ahalyzed in the'

- coﬁstant temperaturé scrégns carried nutritional mutations comﬁfying
-;ith the established criterih (less than 5% viability or a three day
.developmental delay). In the femperature shift screens, 3961
- X chromosames were analyzed, of which 24 (0.60%) carried nutritional
" mutations. Eight of these (0.20%) showed temperature sehsitivityl,
&ﬁilst the remainiﬁg 16 (0.40%) showéd characteristics whiéh would
| have been evident at 250C. ’

. ' Scrgeﬁ 1 was 1éss stringerit in nature than the‘other five.
In addition to the three mutations listea‘in Table 3,.eight other
strains were selected wﬁiéh have less extreme nutritionally

Two of these becaiié extreme upon culture at

1supp1émentab1e’defectSL :

1A temperature sensiiive~auxotroph is hereby defined as one which

does not comply with the mutant criteria (5% viability or, greater
_than three day developmental delay) at 250, but does at 299, :

L3
>
g

i
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W

‘299, whereas the rcmaindqr do not. The,latter six will not be’
“discussed in détail here since they are described elscwhere (Falk and

Nash,, 1972) . | |

2. 'PRELIMINARY CHARACTERTZATION

'After isolation~and confirmation, .the fitst step in
characterlzatlon was the RNA supplementablllty of a mutant effect:
Those Wthh did not respond to RNA were not further characterlzed with
re5pect to- supplementatlon and have been de51gnated ”putatlve
auxotrophs"t Elght putatlve auxotrophs were 1solat;d and the auxo-
trophy of five of these is sen51t1ve to temperature (Table 8).

| Those which responded . to RNA were further tested with
individual purine and pyrimidine'nuoleosides.” These. mutants fit into,
'.two classes,'those which reepond to at least one pnrine nucleoside
(purine auxotrophs) and those which respond to:both pyrimidine
nucle051des (pyrlmldlne auxotrophs) There are four-purine auxotrophs,
one of wh1ch is temperature §en51t1ve Of the 20 pyrimidine '
auxotrophs, four are tenperature sensitive (Table 2). Three of the
32 mutanés éte Charecterized by a deveiopmental delay ofhat'least"
v;three days‘on the restrlctlve medium. One is purlne nuc1e051de

N I

supplementable, the supplementatlon of the other two 1s as yet
‘ » SEL
Jundeflned.

- 40,



5.” TR PUTATIVE AUXOTROPHS
The eight putative auxo‘trOphs weTe mapped (Figure 3, eiso
see Appendlx) , and those with sunllar map p031t10ns tested for
' complementatlon (Table 5): Seven loci have beeh 1dent1f1ed all
‘except one of which are represented by one allele (Flgure 3) The
kifmutants are of three types " those whlch aré@?ethal on Sang\s at 25°

\(yea) those whlch are lethal on Sang's at 290 (yea ), and those/

whlch deve10p slowly on Sang's (yea )

a. ‘The yea Mutants °

—.3 |
. mf

Three mutant stralns require yeast for survival at 25°C but
show little or no response to RNA (Table 6). These putatlve auxo-
trophic mutations map at quite dlstlnct loci, yea 3-1, 0.7; yea 1- 1
- 36.63 yea 5- 1, 66. 'Ihelr biochemical defect has not, been character-

ized. | | |

All three of these mutant strar[ns are unsupplementeble at ,
a temperature extreme. yea 1-1'is a cold sensitive lethal, the-"other
two, yea 3-1 and yea 5- 1 are heat sen51t1ve (Table 6) . - Since the
\temperature sen51t1v1t1es yp as mutat1ons close to or at the sa}i\e
site as the prlmary nutrltlonal loci (Table 7); it is assumed there
" f,-being no ev1dence tb the contrary, that in ‘each case the temperature
sen51t1v1ty is a plelotrOplc effect of the nutr1t10na1 mutatlon

’I'he yea 1- 1 X chromosome bears a "genetlcally rescuable

female ster11rty mutatlon Pemales homozygous for t}us X chromosome

" ,’produce no v1ab1e offsprmg unless fert1hzed by a, non-mutant X-bearmg" :

e



o
TABLE 5 COMPLEMINTATION ANALYSIS OF PUTATIVE AUXOTROPHS® .
1 . ) o ‘ ' ‘ | . N . ARS N
* yea 4~2F;S~ o 'yea 4~15d‘ .~ yea 3-1
1. yea 341 +(37-53) ok (34-44) - (0-9)

yea 4-15 - (0-55) "~ (1-40),

o .» .
yea 4-2'° . - (0-17)
| [}
! yea 7-154 .
2. yea 6-1%° 4 (6-8) ‘
yea 7-15% 7 (2-40) |
. ;9
“»“ ) . ' "‘ » ‘v " ) ‘:

a R . . : SR
Only those mutations with similar map positions were tested for -
complementation. b e o o
Female progeny of crosses: yea 'x' .(or 'y') "X yea 'y' (or 'x')/
FM7b were scored. The numbers in brackets represent the number. of
yea 'x'/yea 'y' 'and the number, of yea 'x' (or 'y')/MM7b female
progeny. résgectively;. Larvae were cultured at 299, embryos and - .-
pupag at 25°C. Progeny of crosses involving yea 4-159 were scored
orily’ overithe first three days of ‘emergence. All mutations had -« ‘
- earlier been’ confirmed as recessive. . The dafa from-the reciprocal - . . "
jgrosses are cambined. (T LR A

I P
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S A
“TABLE 7 COMPARATIVE MAPPING OF THE AUXOTROPH AND TEMPERATURE - o
o ' SENSITIVE LETHAL PHENOTYPES OF THE yea MUTANTS |

v s

\“ "‘ ‘ V - )

44,

[y
s

PHENOTYPE AMHERST | éea ;l;l yé‘a“'}—'l"‘ 1 yea 5-1
o ||SANG'S [ISANG'S [ YLAST | SANG'S'| YEAST || SANG'S | YEAST
L [@see) s | (800 | (25°0) | (290C) | (25%) | (295¢)

PN

fenvmuy gl 324 |- 66.8 | ss.60 || s8.1 | aacs | 7.3 | 507, .jas\\

e, ———

[+ +++ +f 33)5 I 0.2 ] o9 -0 ‘0;4_ ;7.8 | 10.8

pid++ 4 5.0 -f 0 o | 2r.2 | 28.5 « 2.0 | 50

12.9 | 9.2

— _—

{vmwfqi6[1&9 19.8: 0o | o0
0

oo E b BRI (R o | n2 sz
1+ +muy sl 2.8 | 1.9 | 27 0 | o 1z | 08 |

pnom+ 4 1.1 3.5 | 4.5 | ‘4.6 | 4

0
1
. .

+ o+ ruy f :LQ_H»pg,"mg 0 .0
12.1 | a2.6 | 12.4 | 1300

Jpnvmuy ]| 74 '
+ +++ A 56 | oo 0 0 o
. , Lo . - .,'ﬁ . ) . { K

pntr+ Alo09 oo o L 08| 3.0

'+;A‘v\mgwy\%‘v_ o ; 41_.‘1,&
Nentroy gl 01| 0

{# vme 0| 13] 0

241 |20 | ass | iz | e

| Total ~ | 822 1158“"f:I11_1

- - ™ T
e TR ] F oL -
- e . . . . . A
\

-7 .-Values are expressed as percentags 'of -the total, " Females heterozygous & /' .

. for the nutritional mutation a’ng the pn v _m wy f chtomosome were - sy

. crossed to'pn'v mwy f males. Ahe male offspring were classified ' - .
, - according to ‘phenotype. . Crosses.were performed on Sang's medium with-" . :
~.out RNA and.on yeast medium at-a ‘temperature previously shown to.be
:» lethal for the strdin being mapped. . The critical data,’ showing the . * ..~
. interval containing'the mutation dreunderlined. .Note that;bo’t%e\-ts- S e
~and ‘the auxotrophic’ effects of yed 5-1, map to the right of forkek—' .- .
T e T T g e e e e
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TABLE 8 GENETIC RESCUE OF THE FIMALE STERILITY OF yea 1-1
p # ' ‘
CROSS NO. OF FIMALE NO. OF
MALE PARENE X FIMALL. PARENT PARENTS PROGENY
Amor+® X AmOrat 14 465 .
yea 1-1 X yea 1-1 200 0
AnOr+® X yga 1-1 12 137
(A11 female)
a \ N

Wild type (Amherst-Oregon, see Materials +and Methods)

Two males ‘and two virgin females less than one day old,

" “were placed in shell vials.

*  the eighth day.

AT

Parents were discarded on

45.
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TABLE 9 MAPPING OF THE AUXOTROPH AND FEMALE
. STERILITY PHENOTYPES OF yea 1-1

|
v

" PERCENTAGE EXPECTED®  NO. CUROMOSOMES ~ NO. BEARING ?

PHENOTYPE TO CARRY THE AUXO- TESTED FOR STERILE MUTATION \
TROPHIC MUTATION STERILITY
pn v+t 4 100 ! 5 S
pnovm++ 7 e <7 , 0
a
Sce Table 6

4
Females %etérozygous for yea 1-1 and pn v m wy f were crossed
topn v mwy fmales. pn v + + + and pn v m_+ + males were
individually crossed to FM7b/yea 1-1 females. The non-FM7b-
bearing females from each'culture were checked for fertility
by crossing to yea 1-1 males.

.
”»
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spemm (Table 8). All resulting offépring are fcmale. This mutation,
like the auxotrophic and cold sensitive lothallmutation(s)l maps very
near mintature (Table 9) and thus it seems likely that the female

sterility is a third pleiotropic effect of the same mutation.

b, Thegyeats Mutants

Three ﬁutants'require yeast for survival at 290C,‘but not at
. lower temperatures (Table 10). They are yea 4~2ts; yea Zaits, and
yea 6-1"3 at 'map positions 5, 16, and 4S re;pectively,(Figura Sland'
Appendix) . - Two of the strains, yea 4-2%5 and yea Z—its are épproxi~
mately 75% viable on defined medium at ZOOC% the othef yea'6—1Fs is
20% viable. The Viability of the three strains 'at 29° is not |
influenced by nucleosides (Table 10).

 yea 4~2ts and yea 6-1°S weré isolated in the femperature
shift screéns designed for the isolation of larval ts auxotrophs. As
mentioned in the Materials and Methods, one of the goals of such a
vscfeen was the isolation of ts auxgtrophic mutations in genes
unconditionally required during thé:ﬁhsupplementéble embryo or pupall
sfage; and thus not normally amenable to auxotrophic analysis. Such
mutations would se;lethal if the pupal and embryo stages weré kept at
299, Neither of these mutants is ts lethal and they do not,thereféfe,
fit into-this‘category. |

yea 2-1%° was isolated in a constant temperature screen

(screenkl, Taﬁle 3)7as a semi—lethal,;slow developing mutant at 256.

A S ‘ : L0
- The temperature sensitive periodvof this mutant has not been:detemmined.

A

48.
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‘c. The yean Mutants

Several mutants have been 1solated which show rcduced
devolopment rate on defined mcdium but dcvclop at a normal rate on

' yeast-sucrose medium, One of these is adenosine supplementable and
, ‘ S

| oY .
will be dealt with later. Two others, yea 4~lSd and yea 7~1Sd are

unresponsive to RNA and will be described here., These mutants map at

3 and 53 respectively (Figure 3 and Appendix). At 290, yea 4~1Sd

i . ,
males do not eclose until five or more days after cclosion of their

XX/Y sisters but they are campletely viable (Téble 11). yea 7~1Sd has

S | .
even greater delay as well as'a yeast supplementable decreased

© viability (20%) (Table 12). Both mutations are temperature sensitive.
- The delay and, in the case of yea 7-15d, the semi~1etha1ity are less
~extreme at lower temperatures (Table 11, Table 12).

sd

yea 4- 1°¢ is an allele of yea 4- 2%s. Although both are

temperature sensitive, yea~4~2 is distinguishable from its allele by .

lethality on the defined medium-at high temperafures (Table 10).

N In g@umary, the putative auxotrophs'fepresent seven

apparently distinct loci. The expression of all mutations is

i

influenced by temperature and one of the mutations is also associated

.

with a genetically rescuable, female sterility effect.

-

* 49,



50.

© “STB101 QATIETIUND 3IE SIOTBA TV

.mhnuasu‘m ur sdwedIswd ITOpe JO Aep ISITF Sy sjussaxdax

T xw@. ‘POIBDTPUT 9STMIAYIO axayM 31dsoxse «00N e oednd pue solIque ‘467 1B PaINITNd 1am seATET

.Ps

siz | xxx([ sz scz 1z §57 122 90T 88 axx
~ 98 |xxx| 95 978 0zs Y4 LT Y4 N3 .
XXX .
s | . ] s 0 8¢ s v | o 50 o +)
86 | | S 0z ¢ 0 0 L o S19NVS
XXX
. - (0eS2)
8Tz | XX X | g1z 8TZ $1Z 2T CPTT A% 6 Saxx | (“ddnsup)
0£7.| ¥ X X| 18T 60T 65 6 0 0 Cgp | -sows
l ¥ X X v .
82z | xx x| 927 tzZ 9TZ 902 9T 98 &8 x (*ddnsup)
e {xxx| (9 T T .0 0o 0 op S.ONVS
r XXX =
TTANVT| | 9AVT | SAVT | $AVD | € AVQA | Z &vd | T Ava : WOIQIW
3 -7 P24 d0 NOLIVINAWATAANS |

1T F1avL -

. ¥

%
S



51.

.,.mﬂmpopmﬁvmﬁasumﬁmmmzﬂm\f :< .mh:pﬁamﬁ ou:ow.wosm %:@& mo.xmvumhw%mﬁ .mu@mm@.ﬂm&
T L@ *pa1BOTPUT 9STMISYIO axsym 1dedxa ‘40z 12 oednd pue sodflqus 06Z- 1B ‘paIMI[ND a1am deAIR]

XXX — : :
82T x| 82T 82T 521 gzt | T | w 5 wb.m =
- \yh.wfn , ) F\.‘u\.\ll\‘.
L N 6TT 80T | 00T | 78 .
‘ X X X I e _ R
89 99 £9 - 19 8S IS . XX | (v + )f
0 e T ..o 0 0 0 ' S.ONvS
Z . : - . ) [ :
X X X : ‘ . - - - ,m 3 ’ 5
T [ xxx > | o .
. ) N x (0002)
6 Jxxx!| 96 9% | 16 8L 69 0z | ©8xxy | (-ddnsup)
81T | xxx| 86 UL 69 T oyT z 0 | oo | sows
XXX ‘ , e
Ut | xxx| ot .| ot IsT 2T | 8ot o B8xx | (-ddnsup) |
1s xxx| § - 0 0o | o o | o e .| siows
: _— , PN
Tt || 9T | SAVT | vAVD | SAVT | ZAQ | TAVE |- WNIQEW

AL - T pslrL PR 40 NOLIVINDETAS - 7T J18V1



Sy

4. THG PURING AUXOTROVIS

\

. [

PiAt'least twdvpnriqe loci, have been' identified. One of
these‘is represented by enly one allele (ade l~1$d) and it is located
just proximal'to‘fbrked at about 57 (Figure 3, see-also Appendix).
~The other iocus is complex im pature and‘maps at about 31 (Figure 3,
see also‘Appenéix).' Three mutatiehe maﬁ in the,letter region,
gua 1-1%°, pur 1-1, and pur 1-2. pur 1-1 and pur 1-2 do not
complement (Teble 13a). gua 1~lts and pur 1~liheter02yg0tes‘ar§
delayed in eclosion, Eithough they have high viability, and heter-
ozygotes between‘gun 1-1%S and pur 1-2 ‘show almest complete cample-
mentation, even with respect to development time (Table 13b).

Each of the purine auxotrophs has unlque characterlstlcs

and these w111 be described separately

a. ade 1-154

\

~ade 1~ 1° males eclose about three days later than thelr

o

XX/Y sisters on the unsupplemented medium. Pyrnnldlnes have no effect

- o thls delay (Table 14) Guan051ne does not affect the development

t1me but it does lower the V1ab111ty (Table 14) 1nd1cat1ng an
enhancement of the mutant effect. In contrast, adenosine suppresses

the mutant phene, .ade<1-l,d males have normal viability and develop ‘

-

at close to a normal rate in the presence of this purine.

J . Although only one allele has been iselated at this.iﬁcus; }
. . this is'probabiy’net a true‘indicationVof its mutation rate. ade 1- ISd _
was isolated'in,the,1ese-stfingent "screen 1 (Table 3). In later



Y . . .‘ ;:\m A
JABLE 15 COMPLIMINTATION ANALYSIS OF gua 1 and pur- 1 AUXGIROPHS

h)

N
PALEEN

a. On the basis of survival.

“ pur 1-2 "pur 1-1 : igua 1-1%
gua 1-1°° + (19-19) | 4 (55-74) s
| ' ¢
pur 1-1 - (0-28) - (0-24)

O

Female prdéeny of crosses, strain 'x' (or 'y'") males‘ X
strain 'y' (or ' x') / FM7b females were scored, The numbers
:in brackets represent the number of strain 'x' / strain y
and the number of strain ' /(or ty') / FM7b female progeny,
respectively. Larvae were . cultured at 29°C. All mutations

had earlierqbeen‘conflrmed as recessive. The data from the
reciprocal crosses are combined. .

v continued on next page

53.
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TABLE 16 ~ COMPARATIVE LINKAGE STUDIES ON THE NUTRITIONAL |
: : AND FEMALE STERILITY MUTATIONS OF THE gua-1- 1“-s
COVTAINING X GIRMOSOME

PERCENTAGE EXPECI’ED . 'NO: CHROMOSOMES ' NO..BEARING

'PHENUINPE a 10 BEAR gua 1-1tS  TESTED FOR . = FEMALE STERILE .
R /\;‘ B | FEMALE ‘STERILITY . MUTATION = -

pn + + 4+ 83 ‘ 7, O 7

pnovrtt | 0 6 6

'
H

2 Calculated from mapping data sh‘bwn .in Appendix.
‘ . .
., Females heterozygous for gua 1-1 ts. ‘and pn v mwy f were
crossed to pn'v mty f males. pd-++++andpnv+++
males were. individually crossed to M7b/gua 1-1 ts. females.
- *. The non-FM7b-bearing females from each culture were checked
for fertlhty by crossing .to their brothers T

LS

.‘_*‘ )
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TABLE 17  ECLOSION PATTERN OF pur 1- 1 and piie 1-2 O ADENOSINE
B+ GUANOSINh SUPPLEM[NTED MEDIUM

1
|

Al
N \

v \ .
1
. ‘ K '

a. + Adenosine

" |STRAIN |

. DAY l

DAY 2

DAY 3

‘DAY 4

DAY 5

DAY 6

DAY 7

v

o | pur 140

1

‘s 10

. ot
] ] .

D

16 .

[

51

y

66

- 90"

94

XX g| .

75 138

162

162

163

163

163

o

i

22 - 48

53

'+« 55

55

pur:iFZ-‘ ~1-

24

- 251

s.és\‘

25

- 25

| Amherst-

T

28 130

186

" 202

. 204

204

T

XYe

87 185

222

229

231

231

: 231,

. b. -+ Guanosine’

e
-

[y g

E pur 1-1

136"

175:

"iss

188,

188

38, . 136

A

269

283

283

283

46 99

134

142

142

1142

. 142

purel—Z..

B8

147

163

© 163

'y

v Amhéfst

18 g8

130

" 149

187,

157

as7

29 108

171

1203

fl~214e,_

214

18|

S

. guanosine.
~.are expressed.as, cumulative totals..
.. since’ 1t was the last day of emergence.

30

.r., L

'Tests were carrled out at 25°C on Sang s medwm w1th 0 1% adenosme or
Day 1 represents the first day of 'adult emergence.

‘Values '
Day 7 }repr.esen_t‘sr the final total, :
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screens, cultures wore not saved for retesting unless the delay was

greater than four days, thus a putant with;ho propertics of ada 1-1°

A

would -not have been detected.,

sd | s
cade 1-177 is not sensitive to temperatura, It has been

P [

checkad on the defined medium, to sce if the. uuxotxoph phene would be

R,
s

nore oxtrcmc at high tcmpornturoa and. nlao on yeast-sucrose at 290

and 20° as a check for ta lethality. Both tcxt?gwore negative,

-
-

b. gra 1~lts

Ry '

-

gu?z 1—lt' was oriunﬁ 9C (screen 1, Tablo 3),
at which temperature it has a doi?@lt-)pmcntal delay of one day and
approximately 50% viabi‘lit)'.‘ Subscquent testing showed it to be .
almost lethal on defined medium at 299C (Table 15). The mutant is ’
supplementable by guanosine but noti by adenosine.

L]

The gua‘l*lts X chromosome carriesa{cmgxle sterile mutation,
Mapping data, however \show that this phenotype is trhe result of a
mutation elsewhere on the chromosome (Table 16). In contrast to the
nutritional mutation, the female stcrillit)' maps proxir;ial to vermilion.
In addition, ;.he gua l;lts chramosome has a mutation resulting in .

orange eyes, but this also is distinct from the purine auxotrop%y.

This mutation maps near the distal ‘tip of the chrqrnosome and is an

-

allele of the white locus., *
f ‘ . v , '\.-
c. pur 1-1 | oo K

Like gua l-lts, the lethal effect of the pur 1-1 mutation is ‘



S ‘ . o 60,

\

4 the foimer

. The adenosine-

- guanosine supplementable’ (Table 15).  However, unli

mutant, pupr l-1 is partially remediable by adenosii
, | . X
rescucd males are delayed by several days (Table l7fi

pﬁr I-1 is a relatively "leaky" mutation. Viability, at

259C is about 73. FPRlies which are-successful in completing devel- Co

opment appear to be approximately half the nonnal body* S ze.

d, pur 1-2 ‘ i :
pur 1-2 is thé,most extreme of the three mutations in this

region. It has about 3% v1ab111ty at 250( in tho ab%enLe of purlncs

'

,
- (Table 15). Unlike pur 1-1, the escapors arc not noticeably small

in siz¢. Furthemmore, the lcthallty Of pur 1-2 is fully supplemented
! /
by cither adenosinc or guanosine. NQ developmental delay is found
j A

with adenosine (Table 17). ' f

-~

To summarize the latter'fprec mutations: they are all
guanos ine remcdl&ble orre (gua 1- 1 ) is'not affected by adenosine,

another is fully supplemented by 1; (pur 1-2), and the thxrd is
/
intemmediate 'in this respect the /two whxch show sane adenosine

supplcmcntqgnon dol not complcment/(pur 1-1 and pur 1 2), but both do

Ea

complement (at ledst to some extcnt) with gua 1-1%*

\

-
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5. THE PYRIMIDING AUXOTROPHS ~ S

~

.

Twenty pyfimidino dcppnanE strains were isolated. Of
these, 16 arc nuxotropﬁic at 25°C and their, response to nucleoside
supplcmcntu;ion is shown inhTablc 18.“ The four otyfr mitations do
not fit the pré—cstnblishcd criteria for auxotrophy‘(ks% viability)
at ZSOC, but do (or, in onc case, almost do) at 29°%C, These mutations
arg described in Table 19. All twenty map in the same region (52~56)
of the X chromosome (Figure 3, see Appendlx for detailed data)
suggcﬁtlng allelism, but, complementation testing is dlfflcult since , \
ALA Trtatxons show some degree of dominance with respect to pyrimidine \
requirements (Table 23, col 2). Since a number of the hutants have
abnormél wings, an effcct’which is not domlnant, complementation analysis
has been possible at this level. None of the eleven mutations resulting
in mutant wings complements (Table 20) with the "on-complementing" (see
below) rudimentary allgle, r45 (Carlson, 1971). Therefore, these eleven (/(
arc all part of the rudtmentary locus (r; 1, 54.5), recently establlshed
as a site for pyrlmxdxne auxotrophs (Norby, 1970)

Carlson (1971) has shown that there is an excellent
- correlation between complementation pattcrn‘ d intnrlocus map
position of rudimentary'allcles A sample f four mutatlons was taken
from the collectlon he St9~ﬁ§d rl does not complement with a. number
of alleles mapping near 1t/at the distal end of the locus; rll and'rzo : ih
will :ot complement Qith ahleléé in the central region of the iocus; )

finally, r 29 is a reprcse tative of a third group and will not

N

* -

complement with most alle}es mapp1ng in the prox1mal part of the locus.
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TABLE 20 COMPLIMENTATION ANALYSIS OF PYRIMIDINE

AUXOTROPIY »5 HIETLROZYGOTES A =
MUTATION IIMIZYGOTE  © _WING, SCORE, WING SO
CVIILITY (1) R Ryt
Lorr 1-19 0 .0 not checke
YT A8 0 1.1 1.3
PYr 1-13 0 . 11 1.8
Py 114 0 1.3 . 1.6
-9 - 2.1
Prrl 0 13 :
Hrr 1-18 0 1.3 2.2
YT 1-1 0 2.2 2.0
YT 1-13 0 3.0° 2.7,
Py 1-17 0 ’ 3.0 3.0
Ayr 1-10 0 3.1 24
Ayr 1-11 "o 3.4 3.0
()T 120 0 4.0 A0
(m)PYT 14 <1 4.0 | 3.2
(r)PrT 1-1 3 4.0 4.0
)Py 12 4 0 4o
(rPYT 1-20 5 4.0 4.0
(n)PYT 1-3% 8 4.0 - 4.0 /
(P)P)'T 1“6ts ‘8 | 4-6. ‘ 4.0
(rjpyr 1-5ts ‘ 18 o a0 ° 4.0
@ 17 23 . 4.0 4.0
Amherst -100 - ' ' 4.0 ‘ 4.9
s , hy

2 Data taken from Table 18 or 19’ (unsupplemented medium) . -

A1l data’ are from experiments carried out at 25°C.

10 (r)PYT X / 45 and 10 (r)PYT X / (»)PYT X fomales

were scored -for the degree of rudimentary wing effect as

described in Materials and Methods. A score of 1 represe
. extreme rudiméntary wings, a score of 4 represents wild t
. wings. : . ' ’



TABLE 21

T
.

COMPLEMLNTATION OF RUDIMENTARY+-WING PYRIMIDINE AUXOTROPHS
WITH FOUR PR1VIOUSLY LOCALIZED RUDIMENIMPY MUTATIONS
WING SCORE® COMPLEMENTATION WITH::
. MUTATION |  OF HOMOZYGOUS . . 5

FEMALE r r e v
JULRRE 1.0 I . i
|8 1.1 - - - -
Pyr 1-15 1.1 | Lﬁ-t . - e A
PYT 1-14 1.3 - - - +
\rpyr 1-9 1.3 . ] ) )
YT 1-18 1.3 N - - +
YT 1-12 2.2 L+ : - *
PYT 1-13 3.0 + '“ - +
pyr 1-17 3.0 N - - .
fpyr 1-10 3.1 O - - +
e 1-11 3.4 + j - +

a Data taken from Table 20.

<
/ pyrix 'female progeny of the 'cross pb?

X

X

‘ for the presence or absence of rudtmentany w1ngs
carried out at 25°C.

ClB/;y' were scored
- All tests were

66,
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‘ ‘TABLE 22 EFFECT OF PYRIMIDINE NUCLEOSIDES AND 'IHEIR PRECURSORS
‘ ON THE SURVIVAL OF (r)PYT 1~1

el a !

@ S .
SUPPLEMENT g4 XYoo

. ‘ ‘. ‘ V
) ,Y'Nong ; - ©6 . 240
+ Carbamy1” 6 ' o 116

Phosphate : o

. . \

.+ Carbamyl L 88 191
: Asffartate = o o
+ Dihydro-orotate IV O 227
+ Orotate - - 118 187 .

+ Uridine . 3s 278

+ Cytidine 154 155

All supplements were added at a concentration of 4;Olﬁd
to Sang's medium without RNA. Cultures were maintained
‘at 259C. | o

a Iﬁ is ' unlikely that carbamyl phosphate would enter céils

+ without modification,_due‘to the phosphate pért of the
@hmh.f : o~ SRR
L Y

1
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T PATTERY OF MITANT R{ENOTYPES OF PYRIMIDING AIXGTROTHS

v

CTABLE 23
1
" HETEROZYGOTR HIMIZYGOTE < SUTPLAENTATION
. MUTANT VIABILITY (%) - VIABILITY (3) WING SCORE  (0.1% pyt nucleoside)  FERTILITY
Jr 14 5 (4.7,5.7) 0 L3 Fartial’ 0
AT 119 6(5.4,5.8) " 0 1.0 ' . Partial 0
APyr 1-8 6 (1.8,7.8) 0 1.5 Partial 0
[T 1018 6 (3.2,9.4) 0 1.8 Partial 0,
ST 1-9 . 11.(9.7,18.0) 0 1.5 partial 0
P 1)8 12 (5.6,20.5) 0 1.7 Partial o
T 112 ' 13 (10.7,14.8) 0 2.8 Camplete 0
SPYT =17 18 (14.0,28.0) 0 3.1 Camplete 0
yr1-10 24 (19.4,33.2) 0 3.0 Camplete 0 -
AT 1-13 . 24 (22.5,25.9) 0 3.2 Caiplete <18
() P7T 1-16 . 30 (35.0,20.3) 0 40 Complete Fertile
A 1-11 a (42.6,39.3) 0 3.7 Camplete g ay
(,.)W’ 1-20 41 (53.4,34.4) 5 4.0 " Complete Fertile
GoPrT -2 47 (47,9,45.8) ‘ 4.0 " Gonplets Fertile
(nP* 1-3ts 47 (70.0,25.1) - 8 4.0 .Canplete © Fertile
(PyT 1-6%2 48 (49.8,51.6) - 8 4.0 Complete. Fertile
(PrF 11 53 (60.8,43.3), 3 4.0 Camplete . Fertile
(P 2-4 59 (55.7,64.2) <1 4.0, Camplete " Fertile
(T 15t 62 (64.9,60.1) 18 4.0 Partial Fertile:
(Prr 17t 63 (65.6,57.6) ‘23 4.0 Camplete * Fertile

Incubation temperature was 25° C for.all experiments except the supplementation testing of
In the letter case the larvae were cultured lt

.29 C, pupae ‘and embryos at 20°C Heterozygote viability was determlned as described in’'

(,P)'T17

()pyrls

()pyrl6

Materials ‘and Methods. The value reported is the average from two e:xperiments and the

values of each of these:two experiments are shown in parentheses.
’data is taken from Tables 46 and 19.
the Materials and Methods.
Supplencritation data is taken ‘from Tables 18 and 19.°

method descriibed in' the Materials nnd Methods.

A

°

Fertility was determined by the

Hendzygote viability
Wing score was determined by the method described in
It is based on the analysis of ten males and ten femsles.

\
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' w1th the mutatlons at the two ends of the 1ocus but not with »

,locallzed around r

Some alleles will not complement with any rudzmentarj mutatlons

M

(Fahmy and Fahmy, 1959 Green, 1963) Complementation ana1y51s of

‘these gives no locallzatlon 1nformat10n. Three of ‘the present eleven

i alleles £it into this last category. 1he other elght all complement~

11

(Table 21). This suggests.that these eight mutations are all?'

1landr20. S :

Nine of, the pyrlmldlne auxothophs have normal wings. This
) . '
might be 1ndlcat1ve of such mutatlons not being a part of the o

| rudtmentary locus, but seVeral lines of evidence syggest that thls is -

not the case. Two of the normal wing auxotrophs have essentlally ZeTo
Vlablllty in the absence of pyrlmldlnes (r)pyr 1-4 and ( )PYT 1- 16

When one of these (r)pyr 1-4 is heterozygous with r . most of the '

. result}dr’females have rudtmentary w1ngs (Table 20). 1In the case of

(r )pyr 1-16 most heterozygotes wlth r have wild type wing$, but a
few (less.than one 1n,ten) have a slight rudimentary effect. The

remaining seven, all of which are "leaky'* auxotrophs have normal wings

as heterozygotes with 2P

Onepof the normal w1ng mutants (P)pyr 1 was tested for

supplementatlon\w1th pyrlmldlne precursors. The results were the same

vas for prev1ously publlshed studles with rudtmentary mutations

L

u‘nesultlng in abnormal wings (Norby, 1970) The secohd precursor,'

\?

-

and ’

Those mitations wh1Ch are probablx,rudtmentary alleles even though
they have normal wings (see text for ‘evidence), are given the

- designation (r), folloWed by thelr auxotroph de51gnat10n as a

: sgﬁ;rscr1pt

{

t
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carbamyl aspartate ‘and- precursors f0110w1ng it in the pathway ‘are
capable of supplementlng the mutant effect (Table 22).

' Like the abnommal-wing mutants, the mutants wlth noﬁmal
w1ngs are’ partlally dominant with reSpect to auxotrophy The degree.
of dom;nance is not.the same forvall mptat1ons. ‘Table 23 lists the
mutants in erder of dominance. th'varies from a ﬁeterozygéte
d v1ab111ty of 5% in the absence of a pyrlmldlne source to almost 70%
(Table 23) The ordexr must not be taken as exact since there is
fluctuatlon between the two experlments Howeveralrefls apparent’
‘that the degree of expre551on of the various muitant phenes.qf ‘l
rudimentary Correlafes‘very closely. The mutations which resuit‘ih '
very low heterozygote vlabllfiy also have the most extreme rudtmentar;
? w1ng effect Such mutetlons are only partially supplementable wlth

_O 1% pyr1m1d1ne nuc1e051des and argrsterlle as homozygous females.
Those mutants wlih an 1ntenned1ate degree of dominance (10 - 40%)
also have an intermediate wing effec they are complete

: supplemented by 0. 19 yr1m1d1ne nucle?51des and some are at least
partlally fertile as females Lastly, those mutations Wthh are the |

least domlnant ﬂ‘g often’ leaky auxotrOphs ‘have normal wings and are

fertlle as females
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' DISCUSSION

1. 'ﬂvnsAstAmrrAGEN ST
Chemlcally , ethyl methane ,sulfonate (EMS) alkyl‘ates guanine.
to 7- ethylguanlne and wlth lesser efficiency, adenlne to 3-ethyl-"
~ adenine or 1ﬂethyladen1ne (Brooks and Lawley ’ 1961 Lawley and Brooks
1963) Genetlcally, EMS induces many GC to AT transltlons as well A

-

: . as lesser numbers of AT to GC tran51t10ns base msertlons and
fieletions, and non- revenlble mutatlons m Neurospora cz‘assa (Mallmg
and de ‘.Serres, 1968) . ‘ipllar results with bacter:ophage T4 led to:

~ the suggee'tion”that EMS 1nduces palrlng errors, 7~ethy1guan1ne w1th

thymine aJ\d 3- ethylademne w:Lth cytosme as well as repllcatlon ’

: Ierrors at the site of gaps produced by the hydroly51s of 7- ethylguamne

(Krleg, 1963) .« - o ," :

The greater complexlty of hlgher eukaryote chromOsomes as

compared to those of lower organisms mlght result in some ba51g

dlfferences 1n the chemical nature of EMS- mduced mutatlons ‘ However

1t is clear that the majority of EMS mduced mu}atlons in Drosophtla

- ot assoc1ated w1th chromosome aberratlon{ (L1m and Synder 1968). './7

:mos‘t appear to be smgle gene mutatl\on§ (Llfschytz a;nd Falk, 1969

Judd Shen and Kaufman 1972). Exceptlons do ex15t and small

l“:.'; deletlons larger def1C1enc;.es (Lifschytz and Falk 1969), an mversmn"
:, \(Vyse\ 1969) and a translocatlon QGrigllat:tl et al 1973) have been 5
1solated m H\iS-Tmta’clon studies. | - - G L '

-

! . ¥ : . . i Lo
- - : T . ' - .
- Lo . e N P . .

B . : , - . s , L
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CoL ) .
t '\ : ' -0

‘2., THE PUTATIVE Almo.iRoPHs | IR ® .

: Wthh becomes non- functlonal at hlgher temperatures (Jockusch 1966)

“' - " i “.‘. o ‘ 72

l‘n the present expemments the mapp;mg data (Appendix)

demonstrate that none of the nutr;ttlonal mutants ate assoclated thh
\ i ‘\
large chromosmnal aberrations and lS consistent w*):th the1r having o e

\

arlsen as single point mutattonal events
ot P ; . o

\ ' ! '
[ v . :
: ‘ ) A '

»
(I

~ .
Elght mutants with low Viablllty or slow development rate on

1

Sang's med1um are supplemented by yeast, but not RNA. Additlves other

: than RNA have not been checked for - supple;ﬂéntatlon and expressmn of

. the mutant phenotypes is therefore cond1t10na1 upon nutrltlonal b

factors whlch dre as yet undeflned ' « L o ' -

A

R In addltlon mutant expressmn‘&\s condltional “upon envir-

' onmental temperature Three of the putative auxotrOphs are lethal at

a temperature extreme whereas the auxotroph%)f the other f1ve 1s

temperature sens&we. In bacterla mutatlons ‘which are temperature )

sen51t1ve can result in the productlon of a thermolablle proteln\
‘ i

-
N

. Scme ev1dence ex1sts suggestmg that th:Ls may also be the case in

Drosophzla (Suzukl 1})70' Camfleld a.nd Suzukl, 1972) A ba51c ,
\

predlctlon of this model is that some non- temperature sensitive '

( + ! : _
. ¥ :

alleles will emst whlch w111 mactlvate the proteln regardless of
temperature. Informatlon on the frequency at which such aJ,leles exist

relatlve to thelr t,emperature sen51t1ve counterparts 1s not_ available
'ﬁ‘

the 11teratur5m But 1n Drosophv,la temperature sensu:lve 1ethals sl

I
S



[
ovor the wholo X, chxamoseme ‘occur 6,3% as fxcquc\tl> o respofise to

,A

ll}ﬁu as lothnl. which are not sepsitive to tcmpo rature (Suzuki et nl

1967), On the basis of these results and the prediction of the

-~

current interpretation of temperature sensitivity, the expectation was

that non-temperature sensitive yea mitations would exist- and.probably
. \° \

be in the majority. Instead, nonc were found, ~ NN

» Although it is quite 1ikely that further' screening would

’ .
result in theedetection of such mitations, at thig point it scems that

yea mutations which are-not scensitive to temperature are relatively

4

rarc, Since this-Yinding may coOntradict a rather basic prediction of

the thermalabile protein hypothesis, the possibility that the
" :' ! R .
.temperature sensitivity of these mutants has a different basis

warrants: consideration. It scems possible for cxample that an

organisn\héth heritable motabolic incfficicncics mny be inviable at . e

v

temperatures which approach the llmxt for viability of 'wild ty?c
. !

tlies. This nced not nacessarily bc ‘the rcsui& of 5 decrcase in the
acifvity of an enzyme at high tcmpcraturcs} Rather ,» it may be the

result af an increascd demand for a pérticular metabolitchat high

temperatures. If such a metabolite is present. in short <Upp1y cven -

*

a

at lower: tcmpcratures due to a mutation the 1ncrcased demand at

higher tcmpcrnturcs could result in leThalit) Whethér or not this -

\

cxplanatlon is appllcablc to the putatxve auxotrophs will became more

N\

clear after the bxochcmical basis of tﬁbse mutations is known. "

. .

Biochcmxcal 1nformntxon on at lcnst some of these strains

‘rwiliAbe>11kely tp come. throqgh an analysiS'of the effect of,dietar}'

N . a . .
L . . . : -
N *
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manipulations on yiability, Some of the strajns for example, hmy
ba blocked in tho‘synthosls of cortain vitgmins. ‘lkamplos include
cyancobalamine, inositol, or para-aminobenzoic acid and such strains
might  respond to their additiont The low viability of other strains
on dofined medium, may bo duc to defects in aspects of metabolism
such as the processing of carbohylrates, or the production of éertaln
steroids or fatty acids, The higher viability of strains such as
these on yeast may be a response to a higher_conccntrntion of a
panlicular camponent (fgr example, sucrosc in the case of carbohydrate
§mutations), Altornﬂtlvcly it might rcsult {rom the grcator variety of
components present in )cast, cither through the provision of a
‘requifcd end product, or .the provision of additional substrates
allowjng for moré leeway in the use of alternative pathways.. Attempts
to mimic the ycast supplementation of these mutations with specific
dietary_alterntions shnuld pro&ide in%ight into the nature of the
metabolic dcficiency of a strnin, nntltherc is a second approach nhigh.
may prove just as useful. This appanch is the analygis of'cffécts
‘which enhance the expression of a mjutation. For example, a mutant

in carbohydrate metabolism may bécome lethal on yéast in the presence

of a carbohydrate- spéclflc mctabolxc Anhibitor, at a dose whlch normally

k ‘;‘*\‘k L “‘:
‘docs not affect v1ablllty, 407, mnv

;»4 ’.z-ﬂ f =

at a normally permissive tcmpcratnrc‘

fw

_& might became lcthal.on Sang s
N '

ci ér%ulxbsponsc to an

1nh1b1tor or in reSponse to a low conccntratlon of a mormal constituent

é

(e g. cholcstcrol in the case of stcr01d mutants)
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bomo of tho yea mutunt\ will prohnbly not yiold to
bJOLhcmiLnl nnalysxs Matations which affect feeding behayiour or
digestlon, for cﬁamplé,‘may prove pnrticularly'dlfficult to ﬂnalyze.
However, probléms such as these are associated with almosx any
collection of mutants and tho significnnt point is that the metabollc
de{iciency of at least some of these can probably be determined
througﬁ nutritlonal alterat1on cxpcrlmcnts as describcd above.

One of the yputative auxotrophs yea 1-1 is a genetlcally
rescuable female sterilo mutatlon. Many allcles ofiéPe'pyrimidine
auxotroph, rudimentary have the same characteéistic, and Notrby (19701
has intefprotcd this result as being indicative of a lethal RNA
deficienof in the eggs of females ﬁomozygous for this mutation. He‘ \
suggests that if such eggs are fertilized by an X chromosome oearing‘
a wild' type allele, the resulting pyrimidine synthesiéooccurs in
time to rcblénish the oyrimidine pool before embryonic lethality
occurs. It seems llkely that an analogouq explanation is, the,most
,llkely xntq{pretatlon of the yea, l 1 mutant as well, \Probably, the
same mutatlon which causes the nutrltlonal defect 1n larvae results
in a deflClchy 1n the eggs of homozygous mitant females whlch is
not nutritionally supplementable but can be replen1shed through

!
fertilization by a sperm bearlng a wild type allele

Some other mutants are fertlle as hamozygous females but,
generally ‘at a much lower leyel than wild type.» The level of fertility-
of these mutants ls extremely var1abie and prelhninary results suggest

that this is due to Varlation in the availability of nutrients. Soch

L3
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strains might prove conslstently sterile if placed on the adult
.dofjpcd medium of Sang and King (1962). Recent résults show that
tho'f?mﬂle sterilityldf tudimentary s compensated by feeding high
conccnt}utions of pyrimldinesf{Bahn, 1970) . Future cxperiments may
, dcmonstrato that these mdtﬂtlon:,like rudimentary, belong to a class

of mutants ‘'which are conditionally female sterile.

3. THE PURINR AUXOTROPIS

Purine biosynthetic mutations in bacteria are generally of
three types with regpect to adenine and gbaniné-ﬁupplementation. , Same
resDond to éifher purine, These are u$ﬂ;lly blocked at a‘step~ﬁrior
to the producn1on of inosine monophosphate (IMP) (Flgure 4). Others
respond to adenine but not guanine. They are blocked in one of the
o steps >b‘etween: IMP and adenine monophosphate (AMP). Finally, there-
is a group which is gUdnine‘SUpplemen£ed aﬁd these are blocked in one
of the two steps in the conversion of IMP to QWP OWagasanlk 1957) -y

In this light, it is interesting that the four purine '
‘mutations isolated m these experiments fit into three analogous |

categories w1th x\egpect}to nucleoside supp’leﬁnexitaj‘:ion. "de, p@ 1—1
and pur'I-Z are remediable by adenosine or guanosine. The other two,
ade 1- 1° d ‘and gua l—lﬁs‘a}; SUpplemented;by only one of tﬁesé'
rm;leosldes. §in(:e t.hé purine biosynthetic pathway in animals is
quy"siimilar tc; that Gf' bacteria (B&oat and Friecirﬁa‘n, v1960) , it is

possible ihatJihese mutations have tﬁe-same basis as their bacterial



N
FIGURE 4 PURINE IVDNONUCLEUI“IDE BIOSYNTHESIS

Glutamine )
3 * ) . L]
» ’ p -;*,'
: B S PRPP . E
. : J/ (10 steps)

)
»- Ab,brevxanons used: « , ‘ :
. " QP - Guanosine. monOphosphate | e
N 7O IMP - Inosine monophosphate
< PRPP. - 5-Phosphoribosyl’ perphOSphate _
XMP° - Xanthosine. monophOSphate R B
AP - Adenosine monophosphate : t-.
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v

dounterparts, Conclusive cvidenco. on this pqint,.is\clcarly '
dependent upon a hiochemicai-nnalysis ofitﬁeso strains.
The proximity of the gua 1 sitee to the'pur 1'site is a o
striking result, particularly ip Iight of" thé complementation data,
On a perinq-ffce medium gua l?lts/pur 1-1 or Zheterozygotes survive at
close to a nobumal frequeney (Table 13a). If. however, development
- time of such:fsmeles is exemincd, it becomes cvideg} that gua l~1ts/
pur 1-1 flies are slow (Table 13b). This implies a functjonal rela-

+

tionship between these two mutants and evidence for this is

1

strengthcned by re-examination of the SUpplcmentatlon data (Table 17).
Coed
Wlth respect to aden051ne bupplementat1on pur 1-1 dif fcrs from 1t§}

allele, pur l~2 pur 1- 1 mutants;ﬂre nét able to ‘develop at the

-

~ normal rate on aden051ne, Thus, like gua 1-1%8 , pur 1-1 is inefficient

1

AN

‘at utilizing adenosine as a supplement. ', - S .

- I believe it would be worthwhile at this point to propose

a working hypothesis based on this data.. There are three elements to

_this hypothesis: .
hY
. - .

“a. pur 1-1 and pur l 2 are mitant at é step prior to
- IMP synthe51s.
| b. gua 1-1%S 15 mutant for one of the enzymes convertlng | ;tAu
IMPtoGMP SR ,‘ .

C."pur 1-1 has a sllght polar effect such that 1t also ;

. -
" 1

. ' affects the gua 1 locus : ' , Co

’.The COmRee@entation,anquugplehentggibn’datd-are consistent with all.



+  three eleﬁents of'this~hypothesis'x Unfortunatoly,;nOst of the
analysis of these mutants has been carricd out yexy late in the
.present study. Some of tho tests involving supplmhentatlon testing
with inosine and xanthosine are now in progress, as is a more ‘
thorough analysls Of'complementatlon However even the results. of
these tests will only become conclusive after an analysis of these
Stralns at the blochcmical 1evel

L | The close linkage of gua 1~ l 'to the pur ) locus is of

‘. partlcular 1nterest from the Standp01nt of genetlc regulatron In
'bacterla several of the purine blosynthetlc enzymes are closely
linked. For example, the two genes gua A and gua B, whlch tode for

the enzymes catalyzlng the two steps 1n the synthe51s of QP fran

IMP are linked and co- ordlnately controlled in Escherichza coZz

(Nijkamp and DeHaan 1967) « “éiose 11nkage and co-ordinate regulatlon ‘

‘ {
' of genes controlling the synthe51s of metabollcally related enzymes

‘is common in bacteria. In higher organlsms however, the 51tuat1on is,

, , ' (.
not clear due to the small number of loci that. have been identified

D
' d
-

at the enzyme.level. In Drosophila, the loei of about 20 €nzymes
| have been 1dent1f1ed and there is no cl&se llnkage between the
‘metabollcally related genes (see O‘Brlen and Bbclntyre 1972)
However recently Ncrby (1973) has presented pre11m1nary evxdence O‘
" which suggests that the first two enzymeg of pyr1m1d1ne biosynthesis
~ may be coded for by the rudimentary Togus '(see Introduct1on)
; ‘the ba51s of the data reported above it is concelvable that several

'of the 'purine biosynthetlc enzymes may be closely 11nked as well

79.
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Although the twentr pyrimidlne auxotrophs all map in the

/

same region, they haye scveral dlstingui\hablo phenotyplc differences

. -Some have wings thCh are rudumentarj, some aro sterile as homozygous

fcmales and others are phenotypically normal in both of these

N\

~respects There are Several poss1ble explanations of this result

1

~a. the phenotypic differences may reflect mutations at

two or more distinct 1oci
» . n

b. the normal wings and female fertility of some muta ions

‘may be a result of same tlssue specific mutations at the

; rudtmentary locus.
" c. the phenotypic‘d1£!Erences may result-from mutations

‘which affect the same locus in ba51ca11y the same .

-t

manner The‘dlfferences may be a manlfestatlon of the
degree to which pyrimidine biosynthesis is blocked.
" 'The data is most consistent with the third suggestion

.,

Table 23 shows that .the mutatlons form a phenotyplc gradlent The

severlty of the pyr1m1d1ne auxotrOphy appears closely correlated w1th

‘the severlty of the w1ng defect and the female ster111ty Purthermore, ‘

the data 1mp1y the existence o£ a serles of phenotyplc thresh, ds
For example rpyr 12 probably prov1des a level of pyr1m1d1ne =

synthes1s sllghtly above that necessary for éomplete supplementatlon B

w1th 0 1% pyrlmldlne nnc1e051des rpyr 1 13 seems to have a level

of synth

hich Corresponds Closely ta that-neceSsary:foriff‘;

o
P . . . :
9 y T ey, | Y L
T e we L RAEY N Cl
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produCtion of some vizﬂble eggs and (r)p)'r 1-16 is ‘close. to’ ‘theﬂ

.

1cvel ncgebsary for the produetion of normal w1ngs

- Further, evldence for these mutations all belng part of

)

* the rudtmentary 1ocus, comes from the finding‘that several of"the

|
more extreme (on the basis of hcmLZYgote v1ab111ty in the absence
yr 1-4

a slight rudzmentarj w1ng effect when hetcrozygous with r45.

of pyrlmldgres) normal wing stralns ( ()P'* 1- 16 (r )P ) have

Unfortunately, eVGn ‘though the data strongly suggest that the other

‘normal wing mutations are part of the rudimentary locus as well,

%this has not yet been pfoven (by cbmplementation analysis), ,becausé'

~

of the partlal domipance of the auxotrophlc phenotype

ey

The partlai domlnance of auxotrophy at the rudimgntary
locus contradicts the . results of an earl;er study (Bahn Norby and

Sick, 1971) Some pyrlmldlne donxamlnants are known to ‘be present

1n the EledonR medlum which wasﬂﬂsed in the earller experiments

\

(Norby, personal communlcatlon), end this is the }1kely reason for

thls dlscrepanty ‘ , \

This part1a1 domlnance has at least three p0551b1e

\

éiplenaplons. The size of the pyrlmldlne pool of .larvae cultured

Ve

" on‘a pyfimidineless medium mayvbe very near to a threshold such that -

. even a-minon decrease in endogenous synthesis affects'viability;

* )

Alternatlvely, it is p0551ble that dominance may result from a- {
tat%on in a multlmerlc enzyme (Blrnételn“and Flsher, 1968) 1f the

- sub-unlts of such an enzyme assoc1ate at rahdom, and'fhe e r

*

presence of only one mutant~sub unlf is §gff1c1ent to drastlcally

-,«s

A .

3 affect enzyme act1v1ty, deg;nance could result In bacterla
. ) ‘ e {_ ) . UECEI
Py " . Lo T, "“ L :

R . R * :
- . 5 : g ; ' A
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dominance is tommon%y associated w1th mutatlonb in a regulatory

+ gene, and it 1s posglble that rudzmentary may represent a locus of

3 .
'

thls,nature.

Tl

There is no data at present to dlstlnguxbh betwecn these‘
pos>1b111t1esa The first hypOthesxs prodlcts that high . levelb ?f
enzyme ﬂct1V1ty wlll be assoc1ated w1th heterozygotes
even though thex have a Ylablllty as ;ow as 5 to IQ%'in‘pyrémidineiess
mediom;‘ The Second hypothesie predicts that the levei of cross~
reactlng materlal (CRM) in the heterozygotes will be high, whereas i

enzyme act1v1ty will be low. Flnally,rthe third hypothesls
» , o

predicts a low concentratlon of CRM as well as low enzyme activity - ks

in heterozygstes.

L4
4

From the p01nt of view of mutatlon rate, the most strxklng

' \4;‘ I‘

feature of the results is the high recovery of pyr1m1d1ne au§otr0phs.,w
P g

Us1ng a variety of ‘mutagens, Fahmy and Fahmy (1959a) demopstrated.n

.

h‘l“" \
\M/

; ‘?

that- rudzmentary mutations are more than tw1ce as frequent as

'mutatlons at any other sex-linked morphological 1locus. Probably only

51x or ‘seven’ bf the 20 pyr1m1d1ne a{ otrqphs have wing defects severe~ .

~k§ éal screen of the nature ‘f

v. G ﬁ ;
vléw %Evthe egtra 13 or 14 mutatlons

2 / .
- 1solated at thlS locus the mutatlon*rate 15 :emarkably hlgh The ,

‘rate of productlon of mutatlons at thls locus is about flve to six: "f'l ?? -

V'tlmes that of morpholog1ca1 mutat1ons at any otherﬂlocms on the
. C ( f‘ . Tt aes
X chromosome. e . A et
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A high nutation rate of a particular gene may have a

variety of causes:
. "\ .

. \\a .
a., Size,, Lh€m1Cdl tomp051t10n, or acc0551b111tY‘to

o

Al

- mutagen of the gene
|

b, Peculxar sen51t1v1ty of a protexn to structural

alteratlonA
. . €. Peculiar sensitivity of the organ1sm to a Sllght S ‘ -

Cha“gﬁxln proteln functlon. \‘ ) ]

The cause of the hlgh rate of recovery of pyrlmldlne
. S ‘ \
-auxotrophs is not ‘at all clear. The fact that a screen for auxotrophy

-

\detected mutatlons whlch by prevlous morphologtcal crlterla would " o
have gone undetected dndlcates the euxotrophlc phizotype is mo;e - |

K sen31t1ve to loss of proteln function than normal rpholog1ca1
criteria (pOSSlblllty c.), Thls however, 1s probably .not the only |
cause of the high mutat1on rtate. The data’ in Table 21 lndlcate that.
all elght of theﬁmutatlons susceptlble to ‘the type of complementation

. analysis descrlbed in the, Results seo‘ion, aré in the same region of -
A

the locus and thls reglon only’ represents about half of the rudzmentary

s

locus (Carlson, 1971) The flndlng o£ many mutatlons 1n this reglon is’ ..

con51stent w1th the results of the Fahmys (1959b) . Slnce the o

A

»

rudtmentary locus may Code for more. than one enzyme (Norby, 1973), th?i .

~.region may correspond to an enzyme part1culag1y susceptlble to .. f L
v o

struetural alteratlon (p0551b111ty b. ) Furthermore these results
[ ]

could also be con51stent w1th several of the aspects of p0531b111ty a.t‘ ‘f"

JIn llght of these results, 1t seems 11ke1y that the hlgh mutatlon rate

. P Lol L - ) ; L . Lo
o LN . % ) L R o A . N . . ; . . S

f" '_feﬁi‘
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of,, thrb locus may not have any slngle basis, but ‘is probably thd .

ms.-lt of a number of. factors

5. . CONCLUSIONS ‘ o L

i
'

a

i
- )
‘ *lde an estimate of the number of potent1a1 auxotrophlc locr ‘One

h n @ t
approach to- this problem hds been to analyze the dlstrlbutlon of repeat: |

4

mutatlons by means of a P01sson dlstrlbutlon (e g. Hochman 1971)
ThlS method 1s not rellable for thls data for several reasons Flrst‘
-about three quarters of the 1oci are represented b& only one allele and

1

thlS 1nd1cates that we have not yet come close enough to' saturatlng ‘the

Y ‘\"'
X chromosome to perform thls type of analysls Secondly, there appears o

- .

‘It would be useful 1f an analysls of the mutatlon rate could |

3
i
\

AT

"to be a dlversrty in mutatlon rate. for the auxotrophic 1oc1 1dent1f1ed L 1'\
A {

X Just as one locus has been 1dent1f1ed which has a very hlgh mutat1on

g

rate, it is: p0551b1e that' a number of locr Wlll have a very low

. . ., R : - ““\ |
mutatlon rate . : I e ‘(‘

Fahmy and Fahmy (1959a) demOnstrate that many morphologlcal

B e Y i

(

tee

tary mutatlons wopld have been detected by t elJ cr1ter1a, thls furthen~
[

suggests that 10c1 are yet to be detected on the X chromosome. 1,)l'] Looe

"f;:;f biry B The X. chromosome represents about one f1fth of the - genome

‘-Mg of D ﬁ@lanogaster. In the present study, eleven auxotrophlc or

<

u¢at1ve auxotrophlc loc1 were detected If eleven is taken as belng

¢+ » ,§'

{\

,\;.1.‘

P

loglcal mutatlons Slnce i the present st dy, 51x or seven rudtmen— S

10c1 have a mutatlon rate of less than 1/10 that of rudvmentary mbrpho— N
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the m1n1mal number of auxotrophlc loc1 on tho X chromosome andwlf

the assumptlon is made that such 'loci are cvenly d1>tr1buted through~

»  out the genome a mlnlmal estlmate of the number of such loc1 in the

! o
» R

, ‘genpme is 55 v . EE N : N
‘ ‘Even 1f the estlmate ‘of the number of 10c1 potentlally ! o

deteCtable by thls teChnlque Were reasonable thlS Stlll rePresents et

' '

only a fractlon of the total number,ff possible nutrltlonally o R
Asens:tt:we loc; The reason for thls is- that the estimate clearly . ;!
depends upon tbe screen used for example use of high temperatures v

I‘

durlng larval development 1ncreased the number of'mutants recovered A
by about .50%. Manlpulat of the medlum by, reducing the coneen- ‘ b, ‘Atd |
tratlon of partlcular coﬂgfltuents to Sub- opt1ma1 levels mlght llke—_

E wise 1ncrease the, reCOVery of mutants. Indeed it'is pbssible that o
1V-psome ofikhe condltlonally seml lethal - mutants dlscussed by Falk and Lo dﬁﬁw
égfdﬁ Nash (1972) mlght be lethal 1f a partlcular nutrlent were 1n shqrt .‘ﬂ'

| supply | Furthe ore, 31nce Sang s medlum contalns amlno ac1ds not, .* . t““ _4;
W obllgately requlred by Drosophtla, addltlonal loci- mlght also be""“., L
';1dent1f1ed u51ng Geer s (1965) mdnlmal amlno ac1d medlum Flnally, |

%f} add1t10na1 nutr1t1onally respon51ve 1oc1 may be 1dentmf1ab1e 1n - "” ;':-“;

A

RN stra1ns already carrylng one mutatspn. For example the use of a
o straln blocked in glucose 6- phogfhate dehydrogenase (zw, 1, 63) e AN
‘:, | whlch\ls not letha ‘on Sang S medlum (Falk unpubllshed), mlght e

[

,, i .}

reveal ‘“tants in-o ’er steps of carbohydrate metabollsm, whlch j R S

o .would n,t otherw1se b\ detected as~nutr1t10na1 mutants (J Sparrow : o .-Qﬁ
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s

} number of blochemlcally deflnable mutatlonﬂ an& the nuthtlonal

’ ‘ 1."’ | , g . . : ,“\‘ \‘1" ‘ : .\‘ ’
: Lo ‘ .
Wlth regard to the characterlstlcs of the auxdtrophs

\
'

’ , A
wh1ch have‘been lsolated the repults 1nd1cate that as w1th bacterla

) L )
s
the analysls of nutrrtronal mutatlons 1n Drosoph@Ja can answer some
ba51c genetlcal quest1ons There 1s prellmlnary evldence that both
' A
a purlne and a pyrlmldlne (Norby, 1973) locus code for more than

one enzyme -in tﬁelr respectlve pathways -1E b10chem1cal anayy51s

’ . '

i cqnflrms thls, nutritional. loc1 w111 already have answered a rather ~

ba51c questlon w1th regard to the organlzatlon of genes in, hlgher

' organlsms However the generailty of such a f1nd1ng wlil l;kely

| only become apparent by the. 1dent1€;cat10n and analysls of a 1arge'

[}

. N
aPProach may’ be the best E?y to get such mutatlons ‘ ] o
N . . f" P % .

.

\
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TABLE A-1 - CONTI&UED 'RECOMBINATION DATA OF THE MUTANTS

M

4

Progeny were - scored over the first two days of
cmergence only. e \

-
b Larvac were culturcd at 25°C, cmbryos and pupae
at 29°%C.
€ * Cultures maintained at 29°C for the full llfe |
cycle. o .
: A IR C by T
d Prégeny were scored on the flrst day of emergence
\ ‘Onl)’ ’ ) e LAY
® Flies.with small body size were consldered escapers

and were not counted.

»

. Male progeny dé;:;; cross pn v mwy f / mutant females
X pn v muwy f Males were scored as shown. All values
are expressed as percentage of the total. Culture
tenperature was 250C, unless otherwise indicated. Map
positions were calculated as shown in Table A-2.



. PO S,
y ' P -

W :” ’Q'ﬁn : ‘ v 102.

' . * r . .
CALCULATION OF TiE MAP posptpons? .7

-,

TABLE A~2

’ rd ' X R W
With respect to recombinants in the interval containing the mutation,
"a'" represents' the mumber of males carrying the mutant allele of the

proximal marker of the interval, and "b" represents the number of
males carrying the wild type allgle of the proximal marker.

£ = the frequency of escapers as determined by the mumber of
+ + + + + males refqtive to pn v m wy f males.

R = theoretical map distance of the interval containing the mutation

M = Map position of the distal marker of the interval containing the .
mutation .

-

M' = Map.position of the'mutationﬂ. Map position (M') was determined

by the following formila: ,_ a-2a R 4y '
, L (a~* -~ £ (a+
MUTANT DESIGNATION  MUTANT INTERVAL a . b pM
> yea 3.1 m - v 57 0 0.8
yea 4.1%4 pn - v 15 " 3
"/ yea 454 pn - v 60 . .01 5
. yea 21%S pn - v 44 S0 T .1 16
pur 1.2 pn - v 55 6 - .06 30
v, gua1-1%s - v 38 -3 0 3
pur 1-1 pn - v 9% o+ 1 0 33
yea 1-1 m - wy 4 44 - 0 36.6
yea 6-1tS wy - f 15 49 .08 45
(r)PYT 1-5t wy - £ 25 12 0 s
yea7‘1t§ wy - £ 10 4 " 53
rPyT 1-15 wy - £ 20 6 . " 53
T lde 23 9 "o 53
PPyT L 37 12 "3 "
)Py 1-7%8 wy - f 7 1 n ' os3
(r)PYT 1-6% vy - £ % 6 " 3
(PyT 1-20 wy - f 7 4 s
.rpyr 1-10 ‘ wy - £ 25 6 BRI '

o . continued on next page

*
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TABLE A-2 -~ CONTINURD  CALCULATION OF THE MAP POSITIONS'

MUTANT DESIGNATION  MUTANT INTERVAL. a b L M!

\(z')p)rrlzl’s wy - £+ 81 15 0 54

(r)PYT 1-2 wy - £ T I .02 55

)P 1-4 wy - f 36 5 0 S5
PYT 1-8 wy - f 28 3 0 ss-
AT 1-3 wy - f s0 7 0. 55
LPrT 1-14 b -t 20 3 ‘0 55 .
(n)PYT 1-16 wy - f 25 4 0 55
LPyr 1-18 wy - £ 16 2 0 S5

(r)PYT 1-1 wy - £ "2 s 01 56
APT 1-17 wy - £ 25 2 0 . 56
T 1-19 wy - £ 43 2 56

* Escapers were identified by small body size (number not
recorded). Data_ya< taken fram crosses of the type '
described in Table A-1. ,

# Data has been' taken ‘from Table A-l.

Y Control Data (<ee Table A- 1) showed a 51g111f1cant difference
between the pn'+ ++.+ and + v m wy"f &lasses. The values
shown have been corrected for this dlfference



CENTROMERE INTERVAL ‘ \

!

TABLE A-3 MAP POSITION OF MUTANTS IN THE FORKED -~ .\\

. For mutations located between forked and the centromere the

‘pnom wy f stock is not relia:'ble Recombmants of the "a" type
(see Table A-2) carry pn v muwy f and cannot be distinguished fran

: non-recomblnants For mutants of this type y sc v f' y (stock S,

Table 1) was used Females heterozygous for y sc vf y Me

}

mutant chromosome were crossed to y scv f ' y males Male pi‘ogeny

of the "a" type (y se v f) and "b" type (+ t++ oy ) were counted '

The resultmg .map position is only rehable if the mutation is
"non-leaky!', since + + + + flies cannot be chstingulshed from
R y . Both mutations are "non- leaky" (in Xy expernnents)

» under the condltlons used m these experlments ~Map posg,tmns}we,re

t

detemuned by the foxf'xmzla in Table A-2. . - .

MUTANT DESIGMATION &~ b
a : ' ’ ‘
tade 150 33 57
yea 5-1 B P (N 66
" o . 'scored on the first day of emergence only

3 . : Cy .
A N o “. .

104.



. \ | -M“I‘ ' - 105,
* TABLE A;4 . ‘ PREVIOUS DESIGNATIONS OF MUTANTS o ol

1 ‘'
’

Throughout the course.of these experiments a system of‘nomen’cléture‘
different from that presented in this thesis has been used. In order
to alleviate any possible confusion from tlus change, the old and new,
~designations are shown below:

' Kl

L ' o

MUTANT . DESIGNATION MITANT DESTGNATION
yeal-l - . BNC 8 " (p)PT 1fsz " ENC 38
yea 2-1%8 Cmcw | @PTTOC FNC 39
yea 3-1, e B3| @PTTT o o
yea 4-15¢. mcas | T8 mean
yea 42" 0 mcss | AT 0 FNC 42
yjeais-'l' . ENC 49 - ‘_.I-P"T‘-l‘m‘ | "FNC 43
yea 6-1"S FNC 53 e o TR R
yea 7-15¢ 7 mcsr | QAT mogy
gz 1-1® - mc 7 | ATVB o meas
pur 1-1 R34 | QPTIM O gegg
pur 1-2 CRmCas | TS - mcs | ©
ade 1-15¢ ~FNC 5 P mes:
(m)PT 11 RC2 AR - o I A
()T 172 . ENC 33 Pyr 118 . INC 58 A
@PT13% pess T 119, RNCS9 |
TP 14 me3r | PR mce |




