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I GENERAL INTRODUCTION

In endeavouring to understand genetic material, its nature,
and behaviour in function, recombination and mutation, geneticists
have made extensive use of selective techniques. These techniques
permit the selective recovery of the results of rare events
(Pontecorvo, 1958). They are particularly suitable for work with
micro~organisms wﬁere such techniques have found extensive usej for
example, Benzer's (1961) mapping of the rlI region of bacteriophage T4.

Most of the existiﬁg gelective techniques have one limitation in
comuon. This is the selection of one type only, e.g. selection of a
few organisms with a wild type phenotype from a large population with
a mutant phenotype (prototrophs from auxotrophs) or selection of a
few organisms with a mutant phenotype from a 1a¥ge population of
organisms with a wild type phenotype (resistants from sensitives).

Thus while systems which select in one direction only have 5een
very useful in mapping (Benzer, 1961) and have sufficed to establish
certain characteristics of recombina%ion (Pritchard, 1955, 1960a,
1960b; Siddigqi, 1962a; Siddiqi and Putrament, 1963), mutation
(Luria and Delbruck, 1943) and mutagenesis (Freese, i959a, 1959b) ,
they have not assisted gréatly in elucidating the role of the genetic

material in function.

Por most critical studies of the phenomenon of recombination the
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analysis of all the producte involved lun o single reconbinational ovent
is neasesary. At present this can only essily be done by 'selective
teotrad analysist. One way of selechting mpeclf led totrads for analysls
has been glven by Lissouba and Rizet (196&)a Those suthora oromsed
hetercallelic colourless ascespore mutands of the fungus Assobolus
Jmporsys and selected for further snalysle ascl (tetrade) im which
wild type coloured ascospores appoered.

While 'molective tetral analysis! ls osmential for ﬁhé sbudy of
the phenomenon of recombipnabtion 1% seems wnlikely that it will become
a major tool for the sbudy of the natuv@ of geneotic material in
mabation and fuaetlon. For this puwpmaa_amy technlaue wonld be of
groad velueo which onablez selection of mubtablons dn the same cistron
in both divections, i,9. mubent from wild type snd vice-versa.  Such
2 Loahniqu@ will be referred to as Ytwo-way selection®. | B

A Yhwo-way selection' technique would be perticulavly nseiul for
the study of mutation as suchy as it would allow the anelysis in paralliel
of the patterns (bmn Induocd and a:manmmous) c:sf "Porward® and "baok!
mtation within the same gene {Anerbach, ‘3962) a

Furdhermore, for studies of the mechanism of mubagenesis guch a
technique mlght also prove rowarding. | Fhis epplies to both the *base
analogue type® of mitation (base Qhamgaé in {he éadimg DA, Froase,
1950, 1959b, or ve-srrangements in the genetlo matorial, Tossmon, 1962),

and the ‘acridine-type of mutation (believed due to deletion or ingeriion




of a single nucleotide Crick et al., 1961 Lerman, 1963).

A 'two-way selection' system hag been the major tool used by
Crick et al. (1961) in mapping intra cistron suppressors in the rII
region of bacterioﬁhage T4. In this system the 'forward'- mutants
are selected on inspection because r mutants differ morphologically

fromlgf when plated on BEscherichia coli B, while 'back'-mutants (or

wild type recombinants) are selected from a large excess of rIl

'forward'-mutants because they form plagues on Ischerichia coli K12

(Benzer, 1961) on which rIl 'forward'-mutants cannot develop plaques.
Using thé rII 'two-way selection' system Crick et al. (1961)
showed that true 'back'-mutants hardly ever occur. .Similar findings

were made by Jinks (1961) by mapping of intra-cistron suppressors in
the h region of bacterioﬁhage T4 where a restricted 'two-way selection'
based on host range is possible. Furthermore, the work of Crick et al.
(1961) has made possible the study of the nature of the genetic code
by pu?ely genetic analysis.

It is essential to have suitable 'two-way selection' systems
availlable if one wishes to extend the investigation of intra-cistron
suppression to organisms other than phage.

In pursuing the aims discussed above an attempt was first made to

obtain in the ascomycete Aspergillus nidulans mutants amenable to

'selective tetrad analysis'.  As described in Part IIT of this thesis,

colonies were screened for ascospore colour mutants and strains with
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colourless (gl) aseospores, and strains with blue {(bl) ascospores wero
igolated, Unfortunately, all the mutents isolated proved to be mone
sutonomous® (Bturtevant, 19203 Fphrussi, 1938). However, from the

rosults obisined 2 model to explain the origin of peritheois ia

Agpergillue nidulans could be constructed,

When Lt wos evident thot ‘selective tetrad anelysia’® was nob
facilitabed by bthese ascospore colour mubanbs, a geurch for & Yhwo-
wey selectlon' systom was begun fmd was successful (Pert IV). The
principle of the system s the corellation of resilsbtance and suxotrophy.
In she present vork 'forward'-mutonts uwnable to grow on acetate as the
gole corbon source wore selected by plating conidia on a medium con-
taining fluorcacetate and glucose vhile "baeklemutants were seleoted
by plating oconidia on medium contalning acetate as the sole curbon source.
In addition, information on the genetices and behavicoue of these mutants
wan gathered. They were Tourd 40 behave portioularly interestingly in
somplomentation, as all tested combinstions between any two *forward®
mbants (in ggggg,axrangem@nﬁ) vhich complemented in heterozygous di@l@i&é
failed to complement in heterokaryons. Reverbsnts of the "forward?-
mubants and an enhancer matant were also astudied.

(Mroughout the present work 'vevertent' and baclk'emutant ave

nged synonymously).




Ix MATERIALG AND METHODY

1) Life ovele of Aspergillus nidulons

Agvergillug niduleng (Bidem) Winter, is en ascomycete belonglng o
the family Aspergillacess of the order Plectsscineaes The details of its
1ife bistory have been docoribed elsewhers (Thom and Raper, 19453

Pontocorvo o ale.s 1953). The oytolegy of Aspergilius nidulans has

been re-investigated by Blliott (1960) and some findings reiavamﬁ to itas
sexnal reproduction have been reoently described (Apivien, 1963b, Part IIL).
only the salient festures of Lts life oyele (Fig. 1) will be briefly
redesoribed hore.

The mycelium consists of branched septate hyphoe, cuch Ycell’ in the
hyphae boing mltimcleate. Anasbomosis followed by mucleoy migration
tetween hyphoe ocours veadily. The fungue propagalios vegetotively by
memns of asexual spores or conidias which sre prodused in columaar heads
horne on serial hyphas oalled conidiophores. The head of the
gonidiophore boears primary snd secondary sterignata, eoach of which hag
& single mueleus from which all the covnldias in one chaln derive thely
mwlei. Difforont chains in one head produced by a heterokeryotic
myoeelium howover, may ocerry genebticelly different nuclei.

The fungus reprodvces sexuvwally bﬁ moens of aseospores. The ascl
are found in olosed fruiting bodles or cleistothecis. It has been the

praotice in this laboratory to refer to those as perithecis and this




Figure 1

Life oyole of Aspergillua nidulans

Conidium® /
Ascospore Q

Perithecium

o Ascus
Meiosis-----------

aSsO

Taken from Fonteoorvo et al., 1953



ustage will be adhered to. & peritheciun moy conbain up to about 10,000
asol, each containing eight bilnuclealte amcospores which are unordered.
Perithecis and asel may easily be ruptured to liberate the ascospores.
Genetic analysis has showan thot the ascl in one perithecium,

produced by a haterokaryobie myceliums tend Ho be of euwclusively crossed
op exolusively selfed origln (Pontecorvo gb sl., 1953). It now seems
Likely that all tho ssel in a siosgle perithocium originste from a paly
of muolei which enter into conjusated divisions to give riss to

dikaryotlc ascogenous hyphae fwvom which the ascl originate (Pontecorvo

ah @199 ‘3953‘9‘ andl Part :i:-j:}:)n

2) Modia

All chemicals used are of snelytical grade unless otherwise sitated.

8) Minimal modium (M.i.)

Ingredients per litres  {Pontecorve &b ales 1953)

Dglucose 10 &
sl 6 ]
1) i@@z &
a1 052 g
Hgs0 4 0:,52 ge
Eﬂigm)l} @eﬁ!g fe
Peld a?ﬁ Q)
4 e Vraces

%080, o TH,0)

Aopw 10 g

(5




adjusted to pH 6.5 by NalH or HOL.

b) Basal medivm (B.M.)

Asg M.Ho but withoul glusose.

¢) Somplets mediua (C.i,)

The medivm in use at present is similar to that given in
Pontecorvo g al.. (1953 with some medifications. It consists of

MM supplemented with the follewing lngredients per litres-

Bifeo hagto peplone _ 2 8o

Yeastrel (Brewsrs! Food Bupply (I
Gompony Lid., Bdinburgh )

DMfeo bacto casaminoe scids technical 15 &

Tusleio woid hydrolyzate; secld and
alkoline hydrolized Qed g

(for details see Pontesorve gt al., 1953).

Vitamings

Riboflavin 1 mgo
Wicotinamide 1 mge
)Pamz.wmm:lmbenmoia aeid 0.5 mego
Pyrodorin.HEl 0:5 mge
Aneurin.HG1 ' 0.5 mgo

Biobin ‘ 0.02 mg.



4) hoebate medium (A.M)

‘E3222%3

Ingredients per litves

3 1 X
CH 30002\31 4

M@ﬁ@4m7ﬁgﬁ

4
Walil
ﬁ6394gfﬂeﬁg

Zns0 A° TH,0 )

agu

adjusted to pH 6.1 by NH OH or HC1,

Fluoroasetate medivm (Fehlio)

Ingredients per litres

Bmglmmaé

Halld 3

K03
W80, o TH,0

XH QI’D 4

FoB0,, 4 TH,0)
20550 1 THA0)

CH.FCO0H (technloal)

2
agar

12 8o
05 g
3 ‘S_'“

?ré'_-fa
Traces

12 &o

5 8o
4 8o
1 &
05 &o

3 &

traces
30 g

1% g
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ad justed to pil 6o by concenbrated ﬁH4OH¢

In later work 40 g. flvoroscetic aoid were used instead of 30 g@

£) Sueccinsie medium (8.M.)

.
Bolle plus 1% succinic soid.

g) Sucoinate fluoroscetste mediwm (SI'eAdM.)

Selfl plus Fahay Finsl concontration of Fohe Q5% pH 4-4.5 adjusbed

by Ni,0H.

h) Liquid medis

Any of the various mediz in a liquid form (Ll.e. withoul agawx).
Unless liguid medivm is specifically mentlonsd in this thesis,

agar medium was used.

3) Growth factor supplemente and sugee ubilizabion tesls

Tor the concentrations of the varlious nubtrients added bo MM,
to enable growth of the various mubants, see Pontecorvo gt al. (1953);
Kafer (1958). TFor slassificebion of sugar mutants (mutants wnable 6o
wtilize a parbicular sugar as a cavbon source), B.M. plus ﬁhé.sug&r
concerned was used, the sugar uswually in concentrations of 1%

(R@b@x‘"hﬂ 9 ?961 ) o

B
Peroentoges will always be expressed as weight/volume
unless otherwise stabed.



4)  Stook culiburas

The cultures were incubsted at 37°C. This incubstion femperaturc
was used throughout the work, The svrains were maintsined on alopes
of Galfis or MoMo supplemented with the required nubrlents, sud wore
submouliured approgimately every siz months.

Purified cultures were obtained by plating suspensions of well
broken cheins of conidis (single conidis plating) and sub-culiuring
from well isolated colonles, ALl eultures, from which conidis were
harvested Tor selection work, were melubained on alopes of CG.M. Fo
obtain oultures of indepandent origing slopes wers inooculaled with

conidia from Aifferent colonles which avose from *single conldia plating’.

Aurxanographie technigquos

ot
~—

The general principlzs were described by Pontecorve (1949).

a) Pesbine for ability to grow on different carbon sourgeg -

see Hoberts (1961).

b) Testing for optimum pH for erowbh on earbon sources

Since the pH 6.5 of M.M. was found to be unsuiteble for growbh

of Aspereilius nidulens on a medivm containing sucolnate as the sole




garben source, a sultable pH was sought aw follows: CGonidia of a
sultable strain were embedded ln B.l. and incuvbated overnights
blocks of mediwn ob each end of one dismeter of the Petri dish
wors removed. At one of these points was placed suecinle réid
plus smmonium hydrozide at a high pH (about 9) and at the other
codnt was placed suceinic acld plus ammonivm hydroxide at o low
pH (about 3). The plate was then inoubated for 2-3 doys.
Credients of pH fyom the low to the high were orented on the dish
and when a certain gone of growbh appearaed, the pH of this zone
was meassured by Indlostor paper. Thls method, which is
@ép@eimlly suitable for selds was alse applied to citric and

mallic aclds.

B rashs f cmrn Ml A e st awenvad sanes ctdaned ween b om0 semeadend e ﬂaxnﬂmwﬁ‘b

@) Taabzmw the vegponse of various sivalns iq 8, gortain ahemmaa&**£
in one petri dish

A Potri dish with suilteble medimn minus the chemical in
question was preparad. The chemlceal, in a solutlon, was plpetted
inbo a trough out out in the ager mediuvm on one side of the dish.
The strains were inocculabted along perallel lines (4«6 poind
jinocule. per lins) ab righl angles to the trough. In this way
varying degrees of response of straing to a perticular chemieal

ean be debected.
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6) Flating

suspensions of mp@ram wore mode in sterile saline or distilled
wator. Cholns of conldis were broken by wdding the wettivng ament
Tweon 80 snd sucking wp and down through o Pasteur pipette. Donsity
of spore suspenslomg was estimated by hasmocytometsr counts, and
viable eounts were obtained by plating sultable dilutions of a

suspension on G.Me.

52
St
E51)

ading

ey
P ety O

A measured amount of suliable diluted suspensions of spoves

were dispersed with a glnse spreader on the suvrface of sger medium.

b) Hmbedding

A suspension of spoves was added to melited, cooled agar mediuvm

and poured into dishes.

8) Top layer

A volume of 4«5 ml. of agar medium plus spores wus poured
into dishes conbaining a bottom layer (20-25 ml.) of the same
agar medivm and was spre«d rapidly to form a thin top layer.

The last btwo methoads were wsed for handling large quanbities
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of sporen. The plating techniques are in common use in the

genetlic study of Aspergllius nidulong.

7) Nitrous asld tresbment

The method is desoribed by Siddigi (1962b). In the present work
the method was alighily modilied.

1 nl. of a suspension,in distlilled water of conldiz, of the strain
0 be bested was added to 8 ml. of 0.14 acotate buffer pH 4.4 and keph
in o water beth or im an inoubator for 10 mimubes at 37°C. 1 ml, of
Qw12§m06250ﬁﬁ N3N92 wan sdded snd the incubation mizture was stirved
every 2«3 minutess The troatment was sbopped after 10-20 minunbtes by
transferring 1 ml. of the incubation mimture into 9 ml. of 0.0606M
phosphate buffer pH Tel1 abt room temperature. Mor visbility counts

suitable dilutiona, in distilled water, were plated on Q.W,.

8) Selective technicues

8) Selective technicues

One of the purposes of this work was o establish a sultable

sochnique for estimation of the proporhtion of mutant nuclei, of a

"
H&NO? is oxidized slowly in solution to Naﬂva with consequent

deorease in mutagenle activiity of the preparation.
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partloular kind in o given population of sporess sslection of 'forward!.
matants ag pawt of a Ytwo-way selection! system (sece Part L). As

gome of the matonts realgtant to F.A. ware found to be suitsble for a

feMe (Part YV B), and as these mutants (designated £) were found to
grow much more rapidly on 8., than the wild type etraine (see Part IV,
B 2o i), vavions combinations of glucose, suosinate, and fluoroacetate
in media wewe tried, in ordey bto discover the 'spectrum® of the

pogsible mbonts, and 4o establish the best technigue for the estimation
of the ratio of mubtant to momwmnﬁémﬁ mwslel in a given population.

The various technlgues are described below (for furither details ses

Part IV, B and ).

3]
eatw;wtmmmwg&

a) Sedtorin

Gonidia from o sbrain sensitive to I.A. were inooculated
(26 points per dish) into F,A.M.; resistaiit seotors appoared

after 35 Qays.

b) Incubation in Jiquid B.M. plus Fohe

Spores of a strain sensitive to F.d. were inoubated for 16
days in 1iquid Bl plus 2.5% Fodo at pH 6.5 plus the reguirementis

necessary for the pavticular strain.
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Sandwiching in fluoroasobalbe meddvn

See Apivieon {(1962)

Sandwichine in pugcinate medium

Spores of a straln sensitive to I'«Ae wove plated on dishes

containing 20-8% ml. 8.0, and covered by a top layer of 4«6 mle 8ol

Sendwiching botween oAl and 8.1, 8.0,

On a basal lesyer of 20-25 ml. FoAldl, (Foh. 4%, glucose 19%)
in a Potrl dishy spores of o strain sonsitive to F.d. were plated

and coveored with a top layer of 45 ml. of S.F.AJ0.

Sandwiching botween 3.M. and S.Ped oM,

On a basul layer of S.M. (a&25nﬂj)9 spores of a gbtroln
sengitive o F.Ae wore plated in a top layer of 4=5 ml. of S.H.

and covered with 5«6 ml. of S.'.A.M,
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9) Yrossing

Crosses were made on MM, o0y in cuses of orosses betwasn two
non-gomplementacy mabants, on M.M. sapplemented by the relevant growih
fagbor. Dishes eonbaining specially bthick layers of M.M. were
stresked with a dense wixture of cenidia from the two strains, which
in 21l cases carried at least one pair of complementary nutriiional
roquirenents. The stresked surface was broken up by memms of a
sterile wire loop to form o roughly oblong sroes of 1 % 3 ome, and a
fow drops of liguid C.M. were adced to allew some initial growbh.

The dishes were sesled with sellotape after the Tirst day of Incubalbion
and were lncubated for a further 9-19 days. This method is now in

comnon use for crossing strains of Asperglilus nidulans, and resulted

from the accumulated experience of verlour workers in this deparitmont.

10) Analysis of orosses -

Two methods are available (Pontecorvo ef al.s; 1953).

DR AT

») Recowbinant seleafion

Assospores Trom several peritheoia were ¢ollected and plated



h)

T

on o seleotive medlum on which only recombinant ascospores could
grow. This method requives that the two purental shrains cavey
complementary genes detormining nutritional requirements, and are
unlinked to the merkers whose segregabion is belung studied,
Segregation analysis was performed by transfereing recombinont
solonies ... bo master plates of C.l., 26 to a plate; TIrom there,
the eolonies were replicaied, using & muliiple wire replicator, o

various media bo reveal thelr genotypes.

Porithealum snalysis

Analysis of o poritheciunm is based on the fact that the
10,000 or so esei of an individual perithecium are almost
invariebly of either exclusively selfed or exclusively erossed
ovrigin. The three types of perithecia In a oross bebtween two
giralns cun be distinguished eamily 1f the two strains involved
have different conidial colour.

A small senmple of an ascospore suspension preperod from a
singlo perithesium 18 slreaked on GM. and incubated until conidial
colour develops. The conidia of ench streak may be purely of a
parental colour or a mixture of two or three solours (depending on
whether the parental straines differ in one or in two genes affecting

gonidisl colour), Stresks of the Tirst type indlcate a selfed
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perithecium and ebreaks of the second type indicate a hybrid
pevithecivm. Asmcospores of the bybrld perlthecivm, stored at

4°0,, ave plated on G.M. snd their further mmelysis carvied oub

ag above (Part II, 10a).

Synthesis of hoserokervons snd diploids

Heberckaryons

Tor synthesis of heterokaryons, strains were so chosen thatb
each had ot leost one growth factor requivement not possesmsed by
the other. A mixmture of conlidiza from the twe strains was
inooulated into tuboes with llauid .M. (6 nl.) plus a few drops
of 1iquid Col. and these tubes weore lncubated Tor 24-48 hours to
allow growth of heterckaryoile mycelivm, This myeslium was boased
out on dishes of M.M, On farther incubation & balanced
heborckeryon geew out of the teased mycelium., To confirm that
growbh was due $0 estueblishment of & bhalenced heterokaryon
further btransfers of vigourously growiog hyphel tips were made. -
When the two strains cgarried non-somplementing regquirements,
gultable natrients wore sdded. Cerbaln eombinations which failed
to form heterokayyons wnder these conditions were grown on liguid
G.Ha overnight (Pontecorvo gt al., 1953) and the mycelium was

hervested and trested as above $ill growith of a balsnced
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heteorckaryon was achioved.

Po obbain diplolds (Reopery 1952), comidia from a balanced
heterokaryon were embedded in M.M, at a demsity of approximately

6 o 107 conidla per dish. Diploid solonies which srose were

10
isolated and purified by single conidla ploting (Part II, 4).
The dipleids were identified by resson of btheir belng prototrophic
while the parental et—zlns wore asuxobrophic, and by resson of

thelr having o lurger conidial dismeter then haplold straine.

(For Turther dotails see Roper, 19523 Ponsecorve @b k., 1993).

12) Heploidization of diploid stroing

Haploid straeins were iselated after spontansous haploidiszetion
or aftor broatment with Dl-pare-fluorophenylalanine (Morpurgo, 19613
Lhoas, 19613 Forbes, 1963). Dishes of G.lM. with Q.,0061% PeF.Pel,
were inoculated with conidiz by o sterile needle at 30 points, and the
dirhes were then incubasited for 3«4 daya. While the growth of the
golonies as a vhole was reduced and non sporulating, conidiating

soctors appeared. When gonlidis from these sectors were mtresksd on



Colie and eolonies from there wers re-isolated, they were found 4o be
mainly haploid. When the diplold was green but hoterosgygous for
gonidial cclour mutants a proportion of the sectors had the mutant
oolour. These hapleoids, after purificetlion, were analysed as befors

(so0 Part IT, 10a).

13) Allecstion of & merker to ite linkese srouwn (Forbes, 1959, 1963)

A diploid between MSD (master strain D) and o haploid strain
oprrying the desired marker was synbthesized. ‘I,'hlizs diplodd was
haploldized end the genotypes of the haploid segreganis wers examined
(soe Part LI, 10a). MBD ls a straln cavrying markers in easch of

ite linkage groupss

Linlkagoe sgeoun Harker Linkoso group  Mavker
L supad20 s, 9320 ¥ 1ysh
Ix Agrd, VY 83
TIL phe? VIix nicl
w pyrod VILx ribo?

Since in hoploidization there is recombinetion belbwecn murkers
in different linkese eroups but not within linkage groups (Pombecorvo

@t nle, 1953; Pontecorvo ot sle, 1954; Pontecorvo and Kafew, 19%8),



- P2

the marker in question will regombine with the mevkers of seven

Linkeage graupa,n@ﬁ with the marker of lts owa linkage group,

14) Streing

ALl strains used in this work belong to the Glasgow University

gollection, with the exception of the strain blijsorn9 cha, which

was obbained from Dr. B. Kafer (MeGill University).

Table I 1ists 2ll mutenis used ap genetle markers. The new
mibants obbained during the course of thils work sve described in the
appropriate seobions. The known linkege relationships of the loci

vafeorved to in this thesis are shown in Flg. 2.



Table T

Mutants vsed a8 gonetic markers.

dymbol of mubant

and locua® Phonotype determined by mubant

Aoy agpiflavine resistand

61 adenine requiring

ad3 sdenine requlyring

add adenine requiring

adl, ad20 aﬁanine reguiring

ad23 adenine requirving

anl aneurine regulring

arE3 arginine reguiring

bit biotin requiring

c¢ha ghartreuse conidia

Ll unable to wtilize fruotoss
gald, gall unable o ubilize galactose

laeld, laoh

wnablo to nwillize lactose

Lyah lysine requiving

methi methionine requiring

ni3 unable to utilize anitrate
nic? nicotinic acid requiring -



=

Table T continued

niad nictotinic acld requiring

ornf, ornd ornithine requiring

pabal para aminobenzole acld requirling
pabal? paprs anlnobenzole acld veauiring
palii alkaline phosphataseless

palBT allkaline phosphataseleus

phe? phonylalanine requirving

proi proline requiring

P pubrescine requiving

pyrod pyridoxine requiring

riboi eiboflavin vequivring

wiboR rivoflavin requiring

7ibol riboflavin voguiving

riboh riboflevin requiring

eihob riboflavin requiring

81 unable to ulilige sulphate

3 unable to nbilize sulphate

612 unable to utilize sulphate

oM snall colony

gu-ad20 suppressor of ad20

thil, thid thiazole vequirzing



Pable ¥ continued

y yellow conidia

w2, w3 white conidis

2 ‘ '
Allelic mmbants arve placed after the locus symbol.
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IXT FORMAL AND PHYSTOLOGIGAL GEREITCS OF ASCOSPORE
GOLOUR IN ASPERGILLU3 NIDULANE

This Port is preseanted in theo form of the mamuseript of a
pepey accepbed for publication in "Geneblcal Research, Cambridze”

with the addition of Tables 8-12.
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Table 9o Losabion of bli inm linkoce evonp TE by haololdization,
pfber tresinent with P eP.Ao,of diplodd MED/pabals wa bl

ol

Linkege group Pogtor marien h1” bl
peba’ 7 6

.
paba 2 1
fow™ 3} 1

iX
Aor 9 0

vdt-

Vi g 0

Ix
W Q T
phe™ 9 T

IIx .

phe O 0
pyro’ 3 5

Iy
pyTo 6 2
Lye" 6 6

i
lys 3 1
5" 4 5

VI
5 5 2
nie” T 5

Vil




Table 9 vonitlnued

Linkogo group

- 4G -

TNester marker

ribo®

ribo

b 1 L

R

bl
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Table 10. Location of ol4 in linksse group IV by spontancous
haploidization of diploid MSD/bils w2s old

Linkege group Testor movker a1’ el
vi” 7 8
* b 4 4
Aor™ ' 8 9
I Agx 3 3
phe” 6 4
111 phe 5 8
pywe” 9 12
v PYTO 11 9
Tya® 8 10
v Lys 3 2
at 6 6
v & 5 6
| nic” 9 8
Vil nio 2 4
ribo’ T 9

VIix
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Table 11. Insabion of ol in linksge sroup f by sponbaneous

haploidization of diploid MSD/c1G bils w2

Linkage group Testor marker a1’ cl
bi® 22 Q

I bl 0 13
Acr’ 11 11
il hor 11 a
3_;)11(9*}' 1% 9

L phe T 4
pyro+ 10 10
w PyFo 12 3
1ys¢ 11 4

i

lys i1 9

gt 12 7
VI 8 10 6
nio® 14 4

Vil ale 8 G
ribo” 9 5

VIIX ~

ribo 13 8
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Table 12, Location of 616 by melotic analysis

Cross - 916 biis w2 x ribol mnl 2414 ys methl pyrod

The data are tabulated only lu respect of the markers ¢lb

ribol anl as in a thres polab crosse.

II

+ ribol ani
vt " N
Crossover regions Gonotypos
+ »ibo an 27)
none ) 60
el + 4 33)
el »ibo an 0)
I ) 2
o 2)
+ »ibo 5)
= ) 11
Gl an 6)
¢l vibo + 0)
I & IT K
+ an 1)
A dg; ‘g, . . [ I, .13 £
Idnkage map 16 “*1 . Flﬁﬂﬂ-16°a & 846 g




IV MUTARTS UNABLE TO UTLLEZE ACEEATE

(A) Introduction

depergilius aldulong grows on agetate as the sole carbon sourcs
and ig sensitive to fluoroscetete. Blivains resisbtant to F.i4. were
selected us described in chupber Be Some of the resistant stralns
wore unable to grow on o medium contalning acetate as the mole carbon
gource (g;_ gtraing). This was exactly as predicted by the theory of
Y wo~way sel@@*ﬁiaﬁf discussad in chapter B,

In chopter € various methods for the selsction of ‘forwerd’-
mabents are desoribed, compared and ais;c:aums;edo

The ability of £ straing to "back’~muitate iz described snd
digoussed in chapber De

Chopter ¥ contains a descriptlon of the growth and characteristics
of wild type and £ straine on various media.

The formal geneotics of some L mubants, vevertants, and an
enhancer mutant are described in chapber T, vhere it ig shown thab
the { mutants ocour at ﬂwee unlinked loci.

Chapter G desls with complementation. The results of

complomentation tests between §f mutants at different loci in the
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irung configuration in helerolaryons and in hoteroszygous diploids
aro desoeribed. The implicetions of thoe observatlon that all pairs
tosted complement in the diploid and none in the hobterckuaryon are
discussed and some possible explanations put Lforward.

WMinally, in chapter H, ceritain possibllities of the system

ond the findings are discussed.




B) A general system for bthe aubomatic selection of suxobrophs

from probtotrophs and viece versa in micro-organisms

The principles of o Ytwo-way selecotion' are outlined, and
techniques for selecting fluoreacetate resistant mutants are described.
Some of the mutants were found to be unable to ubtlilizo scetate.
dtudies on the abillty of some of the mmtents to revert sre menbtioned.

This sectlon is im the fomm of a paper published in "Hature®.




(Reprinted from Nature, Vol. 195, No. 4845, pp. 959-961,
September 8, 1962)

A GENERAL SYSTEM FOR THE
AUTOMATIC SELECTION OF
AUXOTROPHS FROM PROTOTROPHS
AND VICE VERSA IN MICRO-

- ORGANISMS

By D. APIRION

Department of Genetics, University of Glasgow

N microbial genetics there have long been availablo

techniques of high resolving power for the auto-
matic selection of ‘forward’-mutants, for example, in
respect of resistance to drugs' and parasites?, and of
‘back’-mutants, for example, from auxotrophy to
prototrophy?4. The automation is based on estab-
lishing conditions such that cells of the parent strain
—sensitive in the case of ‘forward’-mutation to drug
resistance, and auxotrophic in the case of ‘back’-
mutation to prototrophy-—cannot grow while the
‘forward’-mutants, or the ‘back’-mutants, respec-
tively, do grow.

It has been obvious for a long time that it would be
very useful to be able to apply some such automation
to seleetion in both directions in one and the same
system. Most of the systems in which selection in
both directions is possible have, so far, been only
partially successful, mainly because of inadequate
resolving power in either or both directions. To give
a fow examples: (1) Methods based on visual selection
(for example, colour or morphology of the colony,
enzymatic or other colour reaction, type of plaque,
etc.) do select in both directions, but with low resolv-
ing power in both. (2) Methods based on drug
resistance! or on host—parasite relations’® or on
reversion from auxotrophy?®* have a high resolving
power but only in one direction. (3) Methods based
on gradual enrichment’?® are not suitable for precise
quantitative work. (4) Methods based on the fact
that reversion from auxotrophy in respect of one
growth factor sometimes involves mutation to
auxotrophy in respect of another®-** are not suffici-
ently general.

The lack of a technique with high resolving power
for the selection of mutants or recombinents in both
directions in ono system has been one of the main
bottlenecks in genetic analysis at the intragenic level.



Fitl. I. «, X 10* cdoiiliu of a Htrain nf Aspcrgilluis uidulang, Bcnsitive to lliioroacctatc,

plaivd oil Huoroacetat” medium (3 per ceut, see text): six resistant colonies have developed.

About 20 per cent of the résistants so obtained are auxotrophic, that is, unable to utilize

acetate as sole source of carbon, b. A x 10* conidia of a strain resistant to fliloroacetate

and unable to utilize acetlite, plated on medium with acetate as sole source of carbon:
eight prototrophic colonies have developed

Yet, the principles on which some such technique
could have been baaed have been well known for a
long time, and it is surprising that they have not been
applied deliberately. There are examples in which
those principles have been accidentally or incidentally
used'*, and others'® '* in which the results are likely
to be interpretable on the basis of these principles.
The principles are the following: consider a toxic
analogue .4' of a growth factor or metabolite A.
Kesistance to ~4' may—and often will—be based on
failure to take up or further metabolize 4’y and
then'fore 4. Resistant mutants of either type,
that is, unable to take up or to utilize 4, will be
auxotrophic for one or more metabolites—for short,
/f —which the normal strain synthesizes from A.
Thus, on a medium containing 4’ and B (or a sub-
stance which can replace R), ‘forward'-mutants can
be selected because they are resistant to 4’ (and by
hypothesis, auxotrophic for B). ‘Back-mutants,
capable of utilizing 4 and sensitive to 4’ can then
bo selected in the usual way, that is, by inoculating
the auxotrophs in the absence of B but in the presence
nfA.

These very obvious considerations show how wide
lhe field of search can be for systems in which selection
in both directions at high resolving power may be
possible. There is no need to stress how useful this
possibility is for a variety of purposes: fine recom-
bination analysis, specific mutagenesis at the intra-



cistron level, ote. The search for suitable systems can
start either from sensitive wild-type strains, selecting
from them auxotrophs by virtue of their resistance
to an analogue, or from auxotrophic strains, selecting
those which are resistant to an analogue of a
metabolite coming before the block which causes
the auxotrophy. Clearly, as resistance can be
achieved in a number of ways—of which the inability
to take up or metabolize the toxic substance is only
one—we should expect neither every resistant to a
toxic substance to be auxotrophic in respect of a
metabolite related to that toxic substance, nor every
auxotroph to be resistant to a toxic substance related
to the growth factor required by it.

The following is an example of a system of tho
first kind. It was based on selection of ‘“forward’-
mutants by means of their resistance to an analogue
(Aluoroacetic acid). Some of these resistant mutants
are auxotrophic, and more proecisely unable to utilize
acetate as the only source of carbon. ‘Back’-mutants
of these auxotrophie resistant mutants can bo selectod
by plating them on a medium with acotate as the only
source of carbon.

Most Aspergillus nidulans strains can grow on
acetate as the only source of carbon. IFor the purpose
of the present work a medium of the following con-
stitution (per 1,000 ml.) was used : ammonium acetate,
12 gm.; sodium chloride, 2 gm.; magnosium sulphato
(7 H,0), 0-5 gmn.; potassium dihydrogen phosphate,
3 gm.; ferrous and zinc sulphate, traces; agar,
12 gm.; pH adjusted to 6:1 by ammonium hydroxido
or hydrochloric acid.

Fluoroacetate at high concentration prevents the
growth of most A. nidulans strains. The fluoroacetate
medium used for obtaining resistant mutants was as
follows (per 1,000 ml.): glucose, 5 gm.; sodium
nitrato, 4 gm.; potassium chloride, 1 gm.; magnesium
sulphate (7 H,0), 05 gm.; potassium dihydrogon-
phosphate, 3 gm.; fervrous and zine sulphate, traces;
{luoroacetic acid (technical), 30 gm.; agar, 15 gm.;
pH adjusted to 6-1 by concentrated ammonium
hydroxide. On this medium sensitive straing do
not grow, while resistant strains grow well (Fig. 1).

To select resistant mutants, suspensions of up to
about 10® conidia/ml. from fluoroacetate-sensitive
strains capable of utilizing acetate as the only source of
carbon were spread in volumes of 0-1-0-2 ml. on the
surface of the fluoroacetate agar medium (25 ml./
dish). When mutagenic treatment was used, for
example, nitrous acid!?, part of the suspension was
treated before plating. After a few hours incubation
a further thin layer of the same fluoroacetate medium
(3—5 ml./dish) was poured on top. Resistant colonies

3



Table 1. SELECTION OF ‘FORWARD'-MUTANTS RESISTANT TO FLUORO-
ACETIC ACID

Total Resistant mutants:
Conidia conidia per 10°
¥xp., ‘Treatment per dish plated No. plated
(% 109) (x 109) conidia
T None 30 30 0 0
300 300 0 0
3,000 G,000 16 2:6
17,000 85,000 105 1-2
Total untreated 01,830 121 1-3
Nitrous
acld * 30 30 4 133
160 300 26 87
Total nitrous neid treated 330 30 91
Tt None 5 5 0 0
80 50 0 4]
500 500 2 4
5,000 5,000 6 1-2
10,000 10,000 11 1-1
15,666 19 12

* 7 min, in: NaNO, (3} 0-02) in buffer acetate pH 4-4: survival
about 456 per cent.

began to appear 3-4 days later, and by the sixth or
sovonth day thoy were isolated on a complex medium
with glucose as the main carbon source. These resis-
tant mutants were then tested for their ability to grow
on acetate medium. Of the 30 resistant mutants
obtained after nitrous acid treatment (Table 1) 6
were also auxotrophie, that is, not able to grow on
acotate as only source of carbon (Fig. 1), and required
an alternative source, for example, succinate or
glucoso.

Back-mutants from these resistant auxotrophs
wore solectoed by plating the conidia on medium with
acetate as the only carbon source. Table 2 shows, as an
example, the results of plating on such medium threc
different suspensions of untreated conidia from one
resistant auxotrophic strain (f.10). Of the 168
back-mutants from this strain obtained in this way,
24 wero tested on fluoroacetic acid medium ; all were
sensitivo.

T'able 2. SRELEOTION OF SPONTANEOUS ‘BACK’-MUTANTS ABLE T0

UTILIZE AOETATE AS SOLE CARBOKN SOURCE FROM OKE ‘FORWARD'-

MUTANT (f.10) RESISTANT T0 FLUOROAOETIC ACID AND UNABLE TO
UTILIZE ACETATE

Total Back mutants:
Conidia conidia per 10°
lixp. per dish plated No. plated
(x 10%) (x 10%) conidin
I 45 185 19 014
II 120 240 112 047
HI 60 180 37 0-20
1068




As expected, not all resistant auxotrophs back-
mutate, and those which do so may back-mutate
both in respect of the auxotrophy and of the resist-
ance, or only in respect of the auxotrophy. So far,
29 rosistant auxotrophs of independent origin
have been tosted for back-mutation (minimum per
strain: 2 x 10% conidia). Of these, six did back-
mutate, and one of them back-mutated in respect
of the auxotrophy but remained resistant to fluoro-
acetic acid.

This attempt in one specific case shows that tho
general principles mentioned at the beginning are
valid and that forward and back selection, based on
resistance determined by auxotrophy, is possible with
high resolving power in both directions.

I thank Prof. G. Pontecorvo for guidance, Mr.
. Forbes for advice and Dr. O. H. Siddiqi for a
discussion which led to this work.

This work was supported by a grant from the
Hebrew University of Jerusalem out of the Sir
Maurice Bloch Fund.
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(C) Solection and iselation of ‘forward'wmubants

A metabolite and its analogue; nomely agetate and
Tluoroasetate, wovre used in the search lor a.‘%wo»way selection’
system. First, an atltempt was made to work out the system
gualitatively, and for this purpose conldia of a abtrain sensitive
B0 Foho wore inoculated with o needle into PeA.M, Resisbant
sectors were isolated and some of them were found to be auxotrophic
{unable to grow on AJdl. « Pigs3). This mothod of selectlon was
posaible becouse stralvs sensltive o F.h. grow t0 a very limited
cxtont on F.A.Msp, thus allowing the emergence of resistant Seciors.

One of the objects of these lnvestigations was to estzblish
a techuique for the estimate of the proportion of mubtont nuclsl
in a glven population of conidlia. As a 'sectoring' technigue is
not sulteble for this purpose, various other methods were tried.
Another interest was to determine vhat kinds of mubants ave
igolated under different scloctive sonditliong.

As £ straing were found 0 grow bebtter on succlinate medium
than £7 ﬂ%ﬁ&im&y(Pﬂ?ﬁ IV, E261), an attempt wos made to seloct £
matants on various medlis oonbtalming combinations of glugose, suecinate
and fluoroacetate.

Five different mothods were tested. In one method spores were
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ineubated in liquid BM. containing Fsl.y while in the other four,
ppores were plated on warlous combinations of F.A. glucose, and
suceinate. The results obbtained by cach techniqueo, and its
suitebllity for estimating the proportion of mubant nuclel, ave

dircussed in the following five sectlons.

1) Inoubabion of conidia in liquid Bl plus F.5.

Ag fluoroacetate was found to be polsonous for Asporgillug
aldulons (Pavt IV, Bla) it wes assumed thet incubabion of ﬁéorem
in mediuwm contalning F.A. 28 the seole darbon source would result in
the wild typo conidie wtilising it and dying, while mubant conidio
(unable to utilize sootate) would survive. Henece, 107 conidig
from the stxaim‘g;&gxggg,wér@ incubated in this medium (106/m10)
in a anivaraai container. Samples were withdrawn at inbervals and
plated on G.M. for viability counts (Teble 13). After 16 days
of incubation the contents were added to melted cooled C.M. and
poured into Petrd dishes. Thirby colonies were pecovercd, of
which twonty-alght grow on A.M. while two did not. These two
wore found to be more resistant to F.d. than the parental strain

wispyrods and were deslgnated wispyroeds£101 end wispyrods£102.
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Table 13, Viebility test of conidla of the straln wlsoyred alter
incubation in liauid Buls 4 2.59 Fohe ab pi 6.5

No. of No. of Pevcentage
Incubation gonidia colonies of viable
time in days plated conidia
0 350 384 10971
2 2,000 332 16460
3 4,000 129 12.90
4 1,000 97 .70
5 15000 63 6430
6 14000 40 4,00
7 10,000 60 0.60
8 10,000 18 0.18
10 T00,000 115 0.015
12 100,000 11 0,011

A

" Fatimate from hasmooybtometor counts.
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Bacouse of the lengbth of btime required for the seleotive eliminstion

of the sensitlve conidia, this technluuve was not further used.

2) Bandwiching conidla in fluorosgetate medium

As vesistant sectors were obbailned from point incoulation of
conidia of strains sensitive to Feldes inbo FeA.dle, conidia of
sensitive strains were plated on the same medium to discover whether
or not iselated mutant conidie would develop into colonics undew
these conditions. (The mediwm, tecbnique, and results are described
in Part IV, B.) In further work the porcentage of Meh. was incroeased
from 3% to 4%. The resulis obitained are presented in Table 14.

Mot of the resistant mubants could uwtilize acetate which is in
sgroement with results previously obitained (Fart IV, B)e This
sechnique was not completely satlsfactory for estimating the
frequenay of mutant (£) to nonmmutant (g?) nuclei in a given
population of spoves, as shown by & raconétruo%ien experiment

{Table 15),




Mable 14. Selection of sponbanoous 'Torward'-mutants resistant to F.A.

by plating conidla of the strain bii on F.A.M,

Fohs 4% glucuse 0.5%.

. Vo. of To@a& Rosistant mutonts No. of resigte Ho. of
Brzpori ) conidia ant mutants N
ment™ ggglgigﬁ plated Now per 106 tosted for ﬁsggg;%%
x10%)  (x10%) plated rumotmoRhy
, , aonldla
1 18 36 8 0,22 4 3
2 40 120 38 0.32 25 0
3 15 30 3 0410 3 2
4 21 42 21 0,50 T 1
5 19.5 39 19 0.49 5 2
6 20 A0 1 027 5 1
7 16 32 17 053 5 0
8 17 34 2 0.06 2 0
9 20 A0 12 0.30 8 2
10 175 35 10 0.29 T 1
11 20 40 9 0.22 4 2
12 18 36 8 0.22 7 0
13 16 32 10 0.31 8 2
14 17 34 12 0635 5 1
15 14 42 6 014 5 2




Table 14 continned

16
17
18
19
20

21

=
-

Hid

25 50 6 0412 5
25 50 27 0454 10
22 4 5 0 5
24 RV EEET 0423 9
21 42 39 0493 10
23 46 9 0420 ]
25 50 28 0456 . 10

The experiment denotes batches of conidia of different origin

(Paxrt IX; 4).

In this table ap well as in other tables of this chapter this
number is a minimum level for auxotrophlc mutants, as the
resistant mutonts were transferred to C.M. and tested for
suxtrophy without any further purification. The Tact that the
vast majority of the resistont mubants wore probtotrophic cannotb
be abtributed o contemination with wild type conldis; since
the prototroph resistant mutants obbtained dAiffer in appearance

from wild type on acetate medlum and grow less well.

s~ 0 o QO

L]




Table 15. Regonstruction experiment for 'forward' selection of f

mbants by sandwiching conidia in Fed.M.

No. of conidla
per dish

yspyrod wizpyrod;f£3
(3106)

0401 i
05 1
1 7

10 7

Fole 3% glucose 0.5%

Total conidia plated

yspyrod wispyrod;f3
(x106)

0.04 28
2 28
4 28
40 28

Ho. of
resistant colonies

yspyrod w3zpyrodsf3
%
fé& fa

0 23
3 21
4 12
9 2

¥ f = resistant to fluoroacetate wable to ubtilize acetate

fa = regigtant to fluoroacetate able to utilize acetate
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Sandwichine gonldia in succinabe medium

3) SBandwichline conidia in sucoinate medlum

Gonidia of the strains il and pabal were plated on dishes
sontaining S.M.) after 3-% houvs, & top layer of 4-0 ml. of S.Mo.
was added. The dishes were examined after four duys. In this way
papidly growing colonies on S.M. were selected (Table 16). (Strains

of Agpergillus nidulang grow very slowly on 3.M. Part IV, EB2oio)

Two morphologleally different types of colonies were distinguished
smong those selecteds one type of colony grew compactly while the
other grew in a spidery fashion on S.M. Colonies of both types
were isolated and tosted for resisbtance to F.A. and for ability to
utilize acetate. ALl the 35 compaoct type colonies tested were
sensitive to F.A. and utllised scetate, while all the spidery type
colonios were vesistant %o FMole Among 17 colonies of the latter
Bype, two utilized acetate and 15 did not.

Ag this method ylelded predominaently mutents sensitive to Fo.h.

it was not further investigated.

4) Sandwiching of conidia between fluoreacetate medium and suceinate

fluoroacetate modiun

Conidia from the strain pahal were spreed on FeddMe (Feh. 4%,




Table 16+ Selection of wrapldly srowing colonies by pluting

gonddla on succinate medium

Nos of Potal Noo of Vo« of

ponidia conidis No. of No. of sompact spidery

Btrain  per dish  plated compact gpidery cﬂloni?s eolaniga
6 6 colonien  colonies  per 100 per 10
(x107) (x10 ) plated plated

conidia gonidia

bl 15 60 27 14 045 0,23

paba‘i 398 308 8 3 2,10 (}079
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glucone 1%) and covered with S.F.,A0M. After siz duys of incubabion,
roslotant colonies arose (Pable 17). Of 36 resistont colonies
tosted, two utilized acetate, while 34 did not. This technlque wan
not further investigated bocause the mutants obbtained were found to
differ conniderably from the £ mutanis isolated by other methods

(see Paxt IV, T26).

5) Ssndwiching conidis between suecinate mediwm and succinate

fluoronsoiate medium

As £ strains grow better then £ strains on S.M. (see Part IV,
B2ci), atbtompts were mede to oombine the two charactoristics of £
matants, ~resisbange 10 F.A. and rapld growth on suceinate-, for
geleotlon of 'forwardt-mutanis. However, when conidia were plated
onn 5.0, containing F.A. no vesistant colonles arose even vhen very
low concentrations of F.8, were used. Also, slralan inoculated
into such a medium falled to grow. However, young f colonies on
3.M. in contact with F.h. continued o grow while young(gf colonies
wvere inhibited, (this was found by using the technique desoribed in
Pavt II, 56)s. Therefore, conldia of a strain sensitive to F.d.

wore plated in a top layer on top of S.M.y Incubated overnight, and

then covered with S.F.A.k, Resistent colonies avose after 4«6 days
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Table 17. Selection of Lluoroncebabe resigtant mubtands by plotine conidia

of the strain pabal on FeAll, plus Sofs/A.Me

Noo. of conidia Total conlidis Rogslistant matants
por dgah glaﬁe% Yoo par m6
(x107) (z107) plated conidia

245 20 T7 3685




(Teble 18). Tho majority of resistant mutents tewted (86 oub of
89) failed to wtilize acetate and wers resistant on F.A.M. The
three colonies that utilized acetube may have been leaky mubants.

The efficiengy of this technique was tested by moans of a
reconstruction experiment (Table 19) and was found satisfactory as
the ‘Crige offect! (Grigg, 1992) was almost negligible up o 107g
conldia per dish.

Conldia of the strain bil wore treated with nitrous seid
(0,02 Mo for fifteeon minutes, survival about 2.3%). The conidia
were plated in dighes contalning G.M. t0 glve 30m50 colonles per
digh, and replicated on A.M. (Robertu, 1959). OFf about two thousand
golonies tested in this way two asetate non uitlilizing mubtanty were
found (Dolezilova, wnpublished resulis). One of these two was
found to be resisbtont to M.A. while the other was sensitive.

Thue there asre stwains with all the four possible comblnations
of phenotypes wilith regearpd to ability to grow on acobate and

registance to fluoroacetabos

a) Wild type, i.0. @ble to grow on acetate (A.M.) as the sole
carbon source but sensitlve to F.h.

b) steains which cun grow on A.M. and are resistant o Foh.
designated fa

6) a strein which cannot grow on Alle and i sensitive to Mol

deslgnated hge
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Table 18, Selection of fluorocacebate resistant mutants by sandwiching

gonldiz of the sbtrain bil botween S.M. and S, el

Voo of T@taibconidia Resistont mutants
Exp@rimant% gggliz;h %1&0:& Noo 3??%;26
(10"} {x107) conidia
1 10 30 18 0.6
2 Te5 15 21 1.4
3 263 10 9 0.9
4 20 60 31 0.52
5 6 12 17 142
6 12 24 93 3.87
T 365 7 13 1.86
8 8 24 46 1092

%
gea flrvst foot note in Table 14,




Table 19. Recongtrustion experiment for the 'forward’ solection of

mubants by sendwichine conldls between UeMs and S.FeAll,

No. of conidia Total conldin ploted Noo of
per dish -rosistent colonlies
yspyrod wizpyrodsfd yipyrod wispyrodst3 yipyrod;€ wispyrodsT3

(3106) (x106)

0.01 g 0,05 25 o . 22

O.d 5 2 25 2 28

1 5 5 25 4 29
10 5 50 25 37 21
30 5 155 ) 84 15

160 5 500 25 78 6
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d) strains which cannot grow on A.Me, and are vesistant to Fe.l.

designated Lo

It is to be noted that all the fg mutants which were tested
grew loss well om AJdi. than the strains from which they were derived.
The origin, method of isolation and designation of sll the
matent strains which have been isolated during the course of this

work, by means of the verlous teohnigques are given in Tagble 20,

Of all the various m@thﬁds used for isolation of mutants, only
three appeared sultable (or the development of a "two-way seloction®
system. As one of theogemethods (swndwiching botween Fo.i.M. and
Sel'elielle) soeomed to select mutants differing im phenotype from the
mitants selected by the other tochniques (Part IV, F2e), there
remained only two btechnigues to be anslysed thoroughly.

The first of these, selection of mubtants by sendwiching conldia
in Felholley appoaved at Tirst quite sultable, but further examination
revealed o 'Grigg effect’ at plating densities of 106 o¥ move conidia
per dish (Table 15). The seocond technlque, on the other hand,
showed a 'Origg effest® only at or above 107 conidia per Aish (Table 19),
Considering that resistans mubtants selected by the first technigue
are mainly prototrophic (£a), while resistant mutants selected by
the second technique are mainly sumotrophic, the diffeorence in these

two technlques for selecotion of £ mubonds beoomes substantial.
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Table 20. Orizin and desimnotlon of £ and fa mubtants

£ resistant to F.h. unable to utilize accotate

fa resistant to F.l. able to utllize acotate

Paront straln

Symbol, treated Mutagen Meothod of isolation
£1 bt none sandwiching in F.AM.
2 w3gpyrod w gectoring on M.A.M.
£3 wispytrod " "

T4 bilsw3 " "

£6 bl Hodo gandwiching in Fe.4.H.
£7 biigwa nono gsectoring on Feh.di,
18 bifgw? i "

£9 bi1 Fobo sandwiching in F.A.dl.
10 bl " "

£ biigw2 n "

12 bid w2 Nela "

£13 y bif none n

£14 bl gwl Nolo "

£15 bt gw2 " @

£16 bhitsw2 none "

£17 biigwe u «

£18 bid . w




Table 20. continued

£19
£20

21

34
35
£36
£38
£39
£40
£41

bil
bil
big
b1
bl
bi1
bi1
bil
bil
b
bit
b
bit
bit
hit
bt
bl
bl
bii
bl
b

o PO -

nona

W
1
"
«®
#
L
3]
"
1] .
t
e
o
]
[}
i
1
I‘EM ¢
0
1"

i)

sandwiching in F.A.M.

1]
3]
Hi
9
1]
i
Lt
L
L
1]
"
1]
1]
i
it
W
Lh}
H
{3

3]




Table 20 continued

£45

£51

£101
£102
£201
£301
£302
£303
£305
£306
£307
£308
£309
401
402
£403
£404,
fal

b1

bt

w3 pyrod
w3gpyrod
pabal
bt

b1

b1

bit

bil

bid

bl

b1

b1

hi1

il

bil

vy bit

y bl

y bi1

b9

L}

2

1]

W

4]

1]

3]

1]

t

Lt

0"

#

"

&

11}

0

1

Nobe

none

pandwiching in F.AM,
veplica plabing
incubation in liquid B.lMo+lPsb.
it
gandwiching betweon IPsiecle & Bal'odola

gandwiching between Sell. & Dol oAld,

14

3]

57
£
"
gandwiching in S.M.
i
11
L]
sendwiching in F.A.M.
11}

1]

sectoring on f.A.Mo




Table 20 continued

bt
bii
bt
i
bi1
bid
b1
b1
bl
bid
bid
bil
bl

b1

m{?gm

none

1
"
L
L]
1
w
L]
]

1]

sectoring on FasA.M.

gandwiching in Fl.h.H.

H

L]

3]

L]

11}

1]

i

i)

"

1]

]



Turthermore the .M. plus S AH.* btechnique is cheaper and less
dangerous to use ag the quantities ol F.d. used are much less thon
in the Med.M. btechnique., Thus the 'S.M. plus J.F.AM." technique
seems the obvious cholca for further work.

It is of note that the £ mutants very considerably in their
degroe of resistonce to F.i. Mutents isolated by incubabtion in
1iquid B.Me + Fehs (Part IV, C1) and by use of the W.M. plus
S Faholl,? tochnlque are among the lezst resisbont.

Fautants requiving acetate and mutouts unable o grow on
asotate as the sole oarbon source arve not very common in the

literature., Those wequiring acetate zve known to ccecur in

Agporgilius nidulons (Rafer, wnpublished) and Nourospora crassa
(Loin ot ale, 1951), whilst mubtants probebly unsble to grow on

acebate as the sole carbon source have bheon studied in Eecherichis

goli by Gilvarg and Davis (1956) end by Reeves and AjL (1962),




Summory,

1) The combination of resistance and suxotrophy was achieved by

uaing the metobollic anslogue fluoroacetato.
2) Various techniques for the ilsolation of mutents resistent o
I'eAo and unable 4o utilize ncedate were itried.

3) Sandwichlng eonidia betweon a basal layer of S0, and an upper
layer of S.F.dsMe proved to be the best btechnique for a 'two-

way selection',using fluoroacetate,among those tricd.




(D) SHelection and imolubion of 'back'emubante

For the deﬁécﬁion of '"back'mutonts, conidia from f strains
vere embedded in AJM. plus the necessary growth factor requirements,
and the dishes were scored after 3-9 days. Rosults are presented
in Table 21,  Ag @xpactedg not all reslstant auxotrophs 'hack'e
mutated, and those which did so might have 'back'~mubtated in
respact of the auxotbtrophy and the resistance, or only in respect
of the auxotropﬁy. From forty-four £ mutonts tested for 'hack'-
mitatlon only thirteen 'Ybaok'-mutated 3ponﬁanoouély (Table 21).
'Back'-mubants of .eight of these thiritecn mutants were also bested
for rosistance 10 Fehsy and while all of the '"back'-mutantse of seven
of these strains were foun@ to be sensitive to Fehe, all the
"acl'~mutants of one sirain (£3) remeined resimtant to F.A. (Table 21),
On the basis of growth on A.l., two types of '"baok'-mubants
are observed: ‘baclk’-mutants forming large colonies, and 'baock'—mutants
forming small colonies (even the larger type of colony is 3lightly
smaller than, =and different in its growbth pattern from, the wild
type strains on AJi.). The 'back'-mutants of sach mutant fell
into one of these ﬁwo.aategoriem, with the exception of the 'back'-

matants of the strains bil £307 and bil €309 which fell into both

gategories.

There seems to be an inverse corrveluation between the fregquency




Table 21.

- b
£ muatant
toated

£8
9
£10

f£12
£13
£14

- 76

selection of spontensous ‘bhack'wmutants able to utilisze

acebate as sols carbon souree from Lforwverd £ mulants

vegigtant bo Felds and uvneble to wtillize acetate

No. of Total Back mutants Back mutants
conidia- e?n%dia Noo por 106 ?egta& f?r
per d%sh p&atgd pluted rosistance to Fe.i.
(z107)  (x107) conidia No. tested No. resistant

40 320 0 0

15 15 8 0533 3 0

21 84 12 014 i2 12

15 60 - 19 0432 19 19

20 80 0 0

50 1,000 0 0

60 600 0 0

80 1,200 0 0

60 240 0 0

35 280 0 0

25 200 17 058 52 0

50 300 0 0

40 320 164 0.51 52 0

35 320 0 0

45 225 0 0

50 300 0 0

45 340 0 0



Pable 21 continued

£15
T16
17
£18
£19
20
21
fa2
£23
£24
£26
£27
£28

35
50
5
48
70
64

280
500
315
288
350
448
270
250
360
275
350
260

280

320
300
200
320
210
300

- ] -
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N
oo

Lo R 1 v T o S N o N o o T -

oI » e B« e e e e e B e s o N




Toble 21 continied

£101
£101
£101
£102
£102
£102
£301
£302
£303
£309
£306
fBUTﬁ%
£307
£307
£308
£309"
£309

£309

100
100

100
240
250
240
300
225
270
300

40

30
220
240
400

400

- T8

51
18

0.014
0013
0,029
0.8
043
0.39
0.94
0

0
001
0
1.49
2212
170
0
0,03
0613

0.04

1 0
3 0
2 0
0 0
0 0
3 0
0 0
15 0
6 0
0 0
4 0
8 0
12 0

‘i":‘ ]
Where the some mutant is given morve than once, the conildla

for each exporiment were of independent origin (Part II, 4).

¥a)

Two very distinct btypes among the revertantas

colonles on acetato mediume.

Large and small
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of "back'-mutants and thelr size. Mutants which revert with a low
froquency give ‘back'-mutants which produce lavge oolonies (£33,

£35, £101 and £305), while mutants which rovert with a high frequency
produce small colonies (£2, £3, £8, £10, £28, £102, and £301).
Again, among the revertents of £307 end £309, where two clusses of
slze of colonles ave found, the smull outnumber the large by about
five to one.

This might be explalned by assuming two different mechanisms
for the origin of small and large 'back'-mutemtss tho small might
apise by oxbra-gistron suppressors while the large might arise
by inbtra~cistron suppressors, or be genulne bagk'-mubants.
Tntra~cistron suppressed mubtants ave expected to resemble the
oviginal state more than extra-cisivon suppressed mutenis, since
only in the first casse is the ovriginal functlon of the affected
cistron supposed to be repalred. As such s repalyr 1ls possible
only by mutations in certain sites of the affected olsbtron, while
in the obther case mubation of any site in a cistron will probably
repalr the original metabollic effect, it is expecited that *forward'-
mutants vhich can revert by exbra~cistron suppressors do So more
frequently than those which revert by luntra~clstron suppressors.

As previously menbioned, most of the £ mubtants failed %o
Phackt-mutate spontansously. That this is o gemuine failuvre of

Yhaokt=mutation and not merely a faillure of detection of 'back'-




mibants under the conditions of the test ls indicated by the fact
that nitrous acld iz an effective mubtagen for reversion in this
system (Table 22).

Vhereas mutagens applied to spores Jjust before plating may be
offective in inducing ‘forward'-mutation (which probably entails
a loss of funotlon), the same mubagens may appear to be ineffective in
inducing "baock-mutatlon (which probably entails recovery of a lost
funotion or gain of a new function) because of the lag between
mutation inductlon and expression, which moy require a number of
divisiors of the mutated nuclews (Auerbach, 1951). In the case
of the £ mutants, which ave capable of growing slightly on Al
(Part IV, B2a) a mutation induced in a conidium mighlt go through
the nuclear divisions necesgary for mutablon expresslon.

Tt ig inbteresting o note thalt the vast majority of mubanbs
whioh were selected by sandwiching of conidia in F.AM., did notb
rovert,; while among the mutants isolated by secbtoring of sensitive
solonies on F.AsMey or by incubating conddia sensitive to F.d. in
liquid B, plus Fe.h.y or by sandwiching conldia in S.M. plus S.F.Adie,
8 good proporiion dié rovert. The mutants lsolated arve designeted
by b together with the number of the £ allele from which they
originuted (Table 23).

As in the case of the 'forwerd'wsclections, an experiment

was designed to test for the "Grige effect'! (Table 24). From this




Table 22. Selection of ‘back'emutonts able to utilize acetabe

ag sole curbon gource from 'Torvard! £ mubants altor

srostment of conldis with nltrous acid

- Noe of _ Baclk mutants
£ mtant Trontment Gonidis Total N - 106
tostod per dish conidia Qe D?“& a
6 plated p-.aee
(x10) conidia
NONG 70 280 3 0,01
£101 "
nlirvous acid 4 32 24 075
none 30 300 - e
4 ¥
nitrous acid 5 40 - -

" Fohe 0,045, 10 minutos, survival 584

b

™ Wohe 0,0145M, 10 minutes, survival 515




Pable 23,

Origin and desisnation of reverse mutants able to utilize

Symbol

of suppressor

bi=f3

bl=£d

H2ef8

bi=f10
be=-110
bi=-£1019
b2=-£101
b31101
bl-1101
b5=L101
bi-102
h2£102
b3~£102
b1-£301
b 11305
bI=-£307
b= 307

Hl£309
he-F 309

acetate as sole carbon source

eAl

P
=y

wispyrodsLl
bidgue;£8
bilgw2; 48

Wi €10
bits£10
w3spyrod;£101
w3 pyrod s £101
w3spyrods£101
w3spyrods£101
w3spyrods 101
w3spyrods£102
W3z pyrod;£102
w3spyrod s £102
bi13£301

BT £305

ity 307
Wit g£307
bi15£309
bidgf309

T mubant strain used

All revertants were isolated after embedding oconldia in acetate medium

Mutagen

none
PO

nons

4]
i
"
11
o
i
1]
3}

144

I\ToAé

none



- 83 -

i, : L. . it
Table 24, Rogonstruction experiment for ‘back'-mutabion

- Noe of conidia

per dish Total conidia plated Prototrophlie colonioes
yypyrod wi; P;Yrg% £3 yipyrod wis pyx'gé{é £3 yipyrod w3spyrodsf3pbe£3
(z10") (x107) '
10 0.005 60 0603 71 0
10 0.05 60 03 58 0O
10 0.5 60 3 63 0
10 5 GO 30 52 8
10 50 60 300 69 65
10 100 60 600 48 82

a5

" Oonidia of a strain (yspyrod) able to grow on asetate
medium and conidia of a straln (w3spyzods;£3) unable o

grow on acetate medium were mixed in different proportions

and ombedded in agetate mediuvm.



wgt{,‘;m

table, in which the embedding technique was used, it can he seen thatb
few wild type spoves grew oul of 108 mabant: spores and that this
selootion method is efficient up to a plating denslby of about

5® 107 conildia per dish.




1) Revertents able %o utilize acetute were solected from various

£ nmtants.

2) lNost of the £ mubaents tesied did not rovert, and this failure is

thought to be gomine.

3) The ability of 'Fforward' £ mutants to rovert depended on the
method of their isclotion. Therse was an laverse correlabion
botween the frequency of reversion of £ forward wmubtants and

the sige of the revertant colonloes,
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(B) Chavagterigbics of wild type and of mubants

1) WLld fype

a) CGempotitive inhibition between fluorcscetote and various carbon
gources in the growth of the wild tvoe

An anxzanographlc test for carbon sources was made with eonidis
of the strain wispyrod (aboutb 10 conidia per dish were embedded in
BoMe)o Twe holes were made in the B.M. ap roximately one inch
aport. One was Tilled with a solubtion of Foh. (54) adjusted to
pH 6.5 with NH,OH, and the other with a solubion of the carbon
gource (104)s Tho carbon sources tested were acvbate, glucose,
fructosey sucrose and lactose, all of which support the growth of

Asporeillus nidulans (Roberts, 1961). The growth of the strain

w3spyrod on these carbon sources was found to be inhibited by F.i.
and the inhibitlon seemed o be compebitive since the boundary
between the wone of growth and the zone of inhibition appeared as
2 straight lino (Pontecorvo, 1949).

Competitive inhlbltion hetween fluoroasetate and the sources
tosted might be accounted for in two ways. ALl the carbon sources
tesbed are known to be degraded to acetate vlia glycolysis and the

gompetition may arise hetween acetate and fluoroacetate; alternatively,
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they moy all be converted to some other ocommon derdvatlve such as
¢lirate, where again the fluoroanalogue might act competitively.
It was shown that when mammnals are fed with FFsld. they synthosizo
from it fluorocitrate and this melabolite was shown 0 impair

the functioning of the enzyme aconitase (Morrison and Peters, 1954).

b) Growth of Aspergillus nidulans on scebate as the pole curbon sourcq

Suiltable growih conditlons were found by using asuxanographlc
techniquen. A viability test of conidia of the straln wispyrod
on O.Me and on AJdM. did not vevesl differences. In most orgonising
studied (Kornberg and Lleden, 1961) growbth on acetate neoessitatos
the operation of the 'glyoxalic cycle!' and involves the induction
of at Jeast one enzyme, isocitritgae, which is inhibited and
reprossod by various carbon sources including succlnete, The
compounds citrate and suceinalie are poor varbon sourcoes for

Agpergillus nilduluins and inhibit itg growth on Alll. Avtempts were
it

mado ﬁh@ré%oreg to seleot mubante which overcame this inhibition
by adding t0 A.M. citrate (0.4%) or succinate (0.274), concentrations
whioh inhibli growth on A.l. completely. In cach case aboub 109
conldla of the strain bil were tested bui no mutant colony which
overcame this inhibition was recovered.

The growth of fa strains (fluoroacetate resistent, utilizing




acetate) on acetabte medium is more severely affected by clirate or
suceinate than that of wild type strains. Concentrations of 0.2%
ocitrate or 0.1% sucoinate allow growbth of wild type strains on
Asile but not of fa strains. This informatlion could widen the
application of the *two=way selection' technlque, uwsing Fol., to
more looi.

Growth on acetate was nolt only sensitive to various carbon
source inhibitions but also to coritain genotyple interactions.

The growth of strains carrying the mutants lysh,odl.ad23.ornd and

arsd was reduced to varying degrees. None of the vitamine
roquiring or sugar mubtant sbrains which wore tested were found to
bo afiected in this wayp; nor werse all of the émino aclid and adenine
mabant gtraing affected.

Mycelium of gf strains grown on Cel. or M.l. when transferved
W0 AWM. falled to grow. This was also the case when mycelium of
resisbont strains (f£g) was transforred from Fos.ife t0 Ald.
Therefore, all transfers werc made as far as possible vig conidiz,
or from one medium through C.M. to another medium. Bspocially
interesting in this context is the phenomenon that many colonies
resistunt to P.A.,which arose after plating conldia on ['ei.dl.,when
transferred to C.lM. developad conidia which falled to grow on Al
However, aftey one more itransfer through C,.M., their conidiz did
grow on agetabte. This is akin to adaptation vhich lsg 'memorigzed?
for one vegetative géneration during which fa strains mimic £ strains

conpletely.
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2) £ mbants

iy

A1l £ mutants isolabed show some degree of growth on Al
and vary from one another in this respect. This rosidual growbh
is due to uﬁilization of aceﬁa%e'and not to utilization of
impuritles in the agar ovr of the agar itself as a cavbon source,
ginoe sparse resldual growbth of f mutants 1s also obsorved in
liquid A.M., This residual growth could be due 1o 'leakinesa’ of
the mutants, ors if they are non-'leaky’, to the exlstence of a
different and inefficient pathway for the utillzation of aseetate
other than thut which is blocked by the £ mutants. The fact that
all of the £ mutanbs obtalned are 'leaky' can be taken as weak
ovidence supporting the second possibllity, end, if this is the caoso,
theon the varisbillty of growth on asetate of the £ mutants, above
the basic level atitributable to the alternative pathway, could bo
dus to varying degrees of 'lealiness'.

Some of the more ‘lesky’ mutants ore less reslstant 1o Pelsy
a correlotlion which is expected from the hypothesis for the mechanism

of resisgtance to M.A. desoribed in Part TV, B.
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b) The 'proline offect!

An attempt wag made to discover whether or nobt the inability

of the £ mutants to grow on acotato oz the sole carbon source could

be eircumvented. or this purpose varlous growth factors were
tested auxanographically on AJ. using conidia of the straln

v3ispyrodsf£101. The strain rosponded to oasein hydrolysate and,

when tested with individual smino aclds, responded to proline and
glutemate (glutamate and prolinoe are interchangesble in the
metobolic pathways of various ovgenlems). The vespounse of f
strains to proline seemed to be gquantitatively related to the
anount of proline added. However, it is not merely ubtilization
of proline as a carbon source for a clear 'sparing offeot! was
seen when proline and acetute were tested auxanogrophiocully on
the sume dish. Tt is more lilely that proline activates the
alternative Inefflicient pathway for acetatbe utilizabian,menﬁioned
in the previous seotlion,rabther then repalrs the motabolic lesion
lopaired by an  mutations This phenomenon can, howevor, be
succesafully used in analysis of crosses. By plabing spores of
an £ strain on AJM. pluskproline. 0.024, colonies are obbuined which
can easlly be distinguished fronm ﬁ? colonles (Fige4d).

The viability of conidia of £ stralns on A.M, plus proline




Figure 4

Growth of f and oolonie? on aoetate medium & nroline

Note I the three larger colonies are

The medium oontains 0.02” L-proline.



F4 b
wils ?c“; e

S0 pomparablo bo thelw viabllity on Gelle  ALL tho £ atening denbed,
exoops 201 erd obrsing solected in o simdlar mennor (Fellie pluw
Solo tallsg Farh IV, 04), showed tho *proline offect?s

On thoe assumpdion that proline somchow cnoblad asotots moloonled
0o ontor tho ez:a?;l. ov allows thom bo paeticlpato in the metebolion
of the L mubanta, It wan p@eﬂi{atfmé what 1% wisht heve the oomo
effoot on £ m;:r&; anhe whon thoy ave grovn on Pelllley thoveoby rondering
thoem oonsitive. Honco proline wes added B0 Fedells mnd $ho abvains
ooprying ono of the mubuate L1,06,010,£20 renpoctively, tosteds
ALL of thon remained rosistont jJust as in 4ho absonge of prolinc.
Phis, hovevor, does not pulo oul tho wcle of proline os suggooted
shovo o wsnally ondy agobato and proline wore piosond in the
madinm, while ln this eane Fehop prolino snd glucono woro prooont,
and glucosc wight dncelivate the poethway through vhich proling
oxertn Ads sobione

Y

£ mubunte booono senslilivo $o Pl by inboraotions of othow

genos. £ stralno sarpying the mutente pral,oppd,aeals or lyaf

wvors found bo bo oonglbtive to Fede

6) £ mtants ond Antermedisten of tho Bweho! avale

Ao metebolism of z200tate is Indlustely rolated to tho Kyobn®



gyele, en abttompt wag made to compare growih of £ strains and wild

s

type stralns on metabolites of this oyales

1) Succinuio

Wild type stirains of Agpergillus nldulans grow very poorly

on suecinate (S.M.) as the sole carbon mource and on other
metabollites of the Krebs® oycle such as fumsrate or malale.
However, £ mutants uiilize suocinate, fumarate and mazlats as sole
garbon sources mach bebter than the wild type strains (suecinato
was used extensively during thils work). The difference in
ubilization of succlnate is so great that 1t can be used an a
routine for scoring progeny of orvosses ln which f mutants are
involved (FMige5). AlL £ gtrains tosted showed this phenomenon
while none of the fg strains did.

Among the £ mutants two groups can be distinguished on the
basis of intenslity of geowbth on .0, alfter incubation for 4-5 days.
This grouvping might prove o be gigniificant, and might identify
alleles of one olstron, as i seen in Pori IV, Pla). As yet, £

mubants cannot be grouped on any other phenotyple coriterlon.







11) VMalate-malonabe

£ mubant atralns were found t0 be more inhibited by malonate than
an £ strain. On BJl. conteining 74 nelonie seid and 1% Dl-mslic acid
pll 4 adjusted by IH 401-19 the atrains pabal srow well while the stralns
nebal y3 £3, nabals wds £301 and pobals £102 were completely inhibited

(these three strains were chosen to vepresent three locl {Part IV, Ma).

1id) Gisescondtilc acid
On cla—aconitic acid (B.M., clg~scounitic acid 19, pH 5, adjustod

by Wi 4(’JH) phralos pabal, psbal ys £3. pebals wds £101 and pabals £102

wll grew very poorly but to approximately the same extent.

d) TPatby selds ag the sole carbon source for £ and gt strains

As conversion of agetute and fabty asolds to sn anhydride with Cold
(coenzyme A) might involve the same engymes, strains w3s pyrod end
w35 pyeods £2 were tested auxanographlically on Bele for abilisy %o
atllize propionate and bulyrate (pH 6.5, adjusted by N 40}} ). While both
gtrains falled to wespond Lo proplonate, wls pyrod wesponded slightly to

butyrate but the strain wis pyrods £Z feiled to do so.

¢) The nature of the f mubons

Yhat is the actusl bloock in the £ mubanits, or vhal ls the

difference between £ aund ;L;}' stralne? None of bthe growth tesis
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on various medlis suoceeded in reveallng qualitative differences
amowg the £ mutants although they map st three distinct loel (Poxt IV, Ma).
Thue thelr simllar behaviour suvggeste that they all may be defective in
the samo primavy Tunctilon (ln the sense that only one protein is involved).
Por instonce, they could be defective in the uptake of wscotate and the
Poot bhat they can ubtilize acetate under certain conditions (the 'proline
offect!) does not argue either in favour or againet this.

The fact that the I mutants grow much botter on melaboliten
of the Krebs® cycle probably implies thal all the Krobs' aycle
enzymes are ective in the £ mutants. If, as ln memmals, F.h.
exeris its toxic offect by interfering with aconitase, the £
mubants might lack this enmyme. Iowever, thelr growth on cis-asonitate
which is a specific substrate for aconitase (Anfinsen, 1955), suggesis
that aconitase is present.

That the steain wis pyrods £2 falled o respond to butyrate
while the strain w3s; pyrod did, might indicate that £ steains
lack an engyme for the activatlon of acetyl molties, l.e. they
cannot achtivate asetate to acelyl Col, and this enzyme mlght
well bve ocetyl-thiokinase. OMn ovganism lacking such an engymo
should not bo affected in its growth on moetabolites containing
moro then twoe cavbons, as it should still possess all the enzymos
nooessary for formatlon of acobyl Col from pyruvete. LIn the caso

of the £ mubonts there is no deteotable dAlfference between £ and £
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gtrains growing ou glucose or glyeerol except thel £ strains
tend to Torm more peritheela than gﬁ Btrains.

The £ muibants ilsolated on the basis of resistence to F.A.
roevenled, on closer exeamination, various pleiotroplo effects,
some of which, such as rapld growth on succeinste, proved useful
in the geonetic snalysis of f mutanism. Rapld growth on suceclnate
ie also interesting in the sense that the £ mubants heore demonsirvate
loss of one function (fallure to grow on acetate) and gain of
another function (rapld growth on suscinate) both due to tho
mu%a%ion‘gf to £

The £ mutants colleoted by various technigues had the same
properties in all tested conditions with the exseption of the stwalin
£201 =nd strains isolated by the same method (FoisMe plus S.PP.lll,
Paxt IV, G4)s These diffeved from all other £ strains in throe wayss
1) by the sbmence of the !proline effect®
2) by having a different type of residual growith on A.M.
3) by being eesily 'breast-fed' (Pontecorvo, ot ales 1953) on

bota by'ﬁ% golonles growing on the same plabe.

Why the partloulor tecshnique by which these mubants weore
isolated seleats £ mubants which differ from all other £ mutants
collected is not very alear. Tt ils, however, the only technlque

in which glucose, succinate, and fluoroacebate are used btogebther.

Thic adds to the common knowledge that change of selestion conditions

affects the kinds of mubtants lsolated.




1)

2)

3)

4)

1)

-m98m

Sumnary.

Pluoroacoetate geems to inhibit competitively the growth of
Aspergillug nldulang on various cacbon sources.

Growth of Aspereillus nidulung on acetate as the sole carbon

source 1s senslitive to other carbon sources.

Residual growth of I mubtants on acebate is not consldered to
be due to 'leskiness' of the I mutants bubt to a different
pathway which the £ mutants do not affect.

Proline and glutamate have a 'gpoaring effect' on strains
carrying an f mutont and probably enable them to utilize
acetate to o certaln oxtont.

£ mutonts utllize succeinate malato and fumerate more rapldly
than wild type strains.

£ mutant stralns tested are more sensitive than a wild type
strain to malonate.

L mutant straing and a wild type straln utilize cis-aconitate

equally but pd orly .
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8) An £ mubant strain cannot utillze butyrate whereas a willd
type strain can.

9) The three £ loci are considered to be recponsible for the
game primary fvnetion which affocets thoe upbake or the

Further utilization of acetate.
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()  Pormal gonetios of mubants

Por further genotlc studies ouly coertain of the £ mutands were
chosen, Mubents which 'back’-matate were considerad, as one of the
main interests in seavching for o YSwommay selection' was the study
of intra~cistron suppressors. Also studlied were the mubants solected
by using B3.M. plug Sel'.A.Me ~ the technique which proved most suitable
for 'two-way seloction! using F.A. -~ ond one mubtant: which did not

vovers (£4).

1) '"Porward'-mutonts (£)

a) Genic origin, mumber of loocl, recessivily

The following heteorockaryons were synthesigeds

1) w3s pyeods £3 / pabaly (£3 /£
2) w3; pyrods £101 / pabal y (£101 / £f)
3)

wls pyrods £102 / pabal y  (£102 / £7) |

From each of these heterokaryons conldls were havvested and plated on



Galo, and 104 colonies (52 white =nd 52 yollow) from each heterokaryon
wore tested. The genotypes of the colonies were determined by
replication to verious medla; in sach case only the two corresponding

§

parental types were found.

In crosses of the type £ = ;_;’" a 131 ratio of £ to _f progeny
{(Table 25), o8 expected in erosses involving s single Mendelian factor,

was always obtalned.

In all cases bested (about 800 progeny) the correlation pebweon
cesistance to F.h. (rapid growth on 8.M.) and auxtrophy on A.i. was
complete. In no case were progeny of such a cross found to be slther
gensitive . 40 F.As (not rapid growers on succinate) and awxobrouhis
on AJJfey oF Y0 have the regliprocal phenotype, L.e. rosistent to F.l.
(rapld growers on succinato) and prototrephic on AJM. It would seem,
therefore, that all the charzcteristics by which f strains are dise
tinguished from corresponding gj- gtrains are due t0 a single NMendellan

faotor.

All £ mutants chosen ~ on the basls of the criteria given before -
for linkage studies (14 out of 55) were crossed in certain pairs.
The results show olearly that these mubenbs map al three different
walinked loei (Table 26). These looi ave designated £3, £101 and £102

and the lnown mubtants mapping at those locd (Table 26) ave as followss
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Table 25. (rogses between £ mutant stralns and wild type sbraing

Analysed by Yperithecivm analyais?

o. of
" Type colonies
Crogs of with Total Test for 1:1 ratio
crogs phenotype
T £7 xf p

w3; pyrod; £2 x pabal y; ad23 {2 x £7 108 87 195 2,26 0.13
w3; pyrods £3 x y; nie2 vibod £3 x £ 148 152 300 0.05 0.92
w33 pyrod; £101 x y; adl; sl #1101 = £ 91 119 210 3.73 0.05
w3; pyrod; £102 x pebal yj ad23 £102 x £ 72 83 155 0.78 0437
bify F301 x y3 adl; e12  £301 x £5 43 61 104 2.09 0.15
vily £302 x y3 adl; 812 £302 % £5 42 55 97 1.74 0.19
bity £303 x yj nie2 vibe5 £303 x £° 47 54 101 0.48 0450
bils £307 x y3 adly 812 £307 x £ 94 79 173 1430 0425

¥
In crosses involving a strain carrying an ad mutant only

+
ad’ progeny were scored.
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locus .2;?3, f’%g _f;ﬁ-’g £303g fBOrip f30é
loous £101 £302, £308, £309
Loovs £102 £8, £301, £307

Since ocach of the three loci cowntalns mutants seleoted hy different
techniques, it iz unlikely that further loci determining the same
phenotyple differoncesoxisbe.

A1l the mubants located in ome of the locl (designated £3) are
of the btype which grows well on S.M., while all the mubants located

in the other two loci (designated £101 and £102 are of the type

which grows less well on S.i. (mee Part IV, B20i). It should be
noted that the mutants £101 and £102, the only mutants which were
imolated in the seme eoxperiment (incubation in liquid B.M. plus FoA.
Part IV, C1), recombine freely wiith each other.

In scoring progeny of orosses of the type £y = £z only two types
of progeny could be disglbinguished - whether the two mutents were in the
gsame locus or in “m»*:fo difforent loci — one having an £ and the other
having an f phenotype. Hence, if the double recombinant Ly fz arose
it was probably indlstinguishable from the parental £ type. A4s
golonies having the I phenotype were not ilsolated from such crosses

and back crossed to both parents, it is impossible to decide this point.
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To find out whether or not the system is suliable for fine

gonetic analysis, the cross pabal ys 20235 £3 x bils w3s £4 (£3 = £4)

was analysed by pleting o heavy susponsion of ascospores on A.M.
plus pora-aminobengoic acid, and proper dilutions on M.M. plus porge
aminobenszole acid. The frequency of gjf progeny among the Hotal
recombinant progeny of this orose wes 0.1% which is much higher then the
roversion frequency of £33 f4 does not wevert at all (Table 21).
Thus the system shows itself to be sulbsble for flne genetlc analysis,.
The recessivity of the £ mutante to their wild typo allele was
ostablished by synthesiming diploids (Roper, 1952) heoterozygous fov
£ mutents (Table 27). In all cases tested m@aséiviﬁy was confirmed
for all the exemined characteristios of the £ mutents. By synthesizing
diploids between various pairs of £ mutents (Table 27) it was found thab
when the £ mubsnts are at btwo different locl they do complement, bub
vhen they are at the same locus thoy do not complement. This confirms
thelr recessivity and might suggest that the three lool correspond to

thiee clstrons.

b)  Dooation

i) Mitotlc analysis

By haploidizaition of diploids between £ mutant strains and tester

strain MSD all the £ mutants tested were located in linkage groups
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Table 27.

pabals

o 107 -

CGrowbth of diploids heterozveous ond homozyeous for ff mutants

-Growth of diploids heterozyeous and homozyeous for f mutants

on threo medis

Typoe
Combination . of-
dlploid

ad23s £33 che pabalsy w3 £3 / gt

bils w2s £8 MSD £8 /[ £F

w3s £101 vibo?2 '8d23; cha £101 /[ £"

B e N

pabal; £102 MSD g102 /¢
bits £301 MSD f3§1 / gt
bil; £302 / usD r32 /¢
bily £303 /  uSD £303 /£
bils £305 / usb £305 / ¢t
bils £306 / MWD £306 /£
bits £307 /  MSD £307 /¢
bif; £308 / usD £308 / *
bily £309 / MSD £309 / £F

Ao

ale
)

-
s

Modia

ToAols

Lt

L]

Selle

Bel oA,



Table 27 continued

pabal ys ad23s
pabal y3 ad23;
pabal yg ad23;
pabal y; ad23;
pabalis yy £3
a2d233

pyrods nic?2 £3

s pyrods nic2 3

s pyrods nic? £3

81y £101

2
2
£2
{2

£3
rihob
rihoh

»iboh

pabals w3 £101 2ibo2

pabal; w3; £101 ribo2

pabalsy w3s; £101 ribo2

pabal g

w3y pyrods £102

w3s pyrods £102

bily £301

w3s £101 »ivo2
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/ w3s pyrods T3

/ bils w3 £4

/ w33 pyrods £101
/ w33 pyred; £102
/ w3; pyrods £101
/ w3y pyrods £102

/  bils £303
/  bity £305
/  bily £306

2 [/ £3

2/ £4

2/ 101
2/ fio2
3/ £101
£3 /102
3/ £303
£3 / £30%
€3 / £306

/ w33 pyrods £102 £101 / 7102

/  bily £301
/- bl £302
/  bitls £308
/  bils P30S
/  bily £301

/  bilg £307

£101 / £301
£101 / £302
£101 / £308
£107 / £309
£102 / £301

102 / £307

/ ys adty e12; £87 £301 / £307

3

aun

o



V or VIIL, (Tables 28-30), The following diploids wero synthesizeds

1) uSD / pabals ad2ds £3 6) MSD / bily £303
2) 18D / pehals wd; £101 T) ¥SD / biip £305
3) uSD [/ pabal; £102 8) usD / bils £306
4) ueb / pils £301 9) usd / bils £307
5) uSD / bils £302 10) MSD / bils £308

11) M3h / bils £309

Haploidization of diploid 1 (Table 28) falled to losate £3 %o
8 particular linkage gvroup as all the hapii.oicls obtained had the £
phenotype. However, as they were also 'L’B?, "g M+ location in the
third or the £ifth linkage group is suggested (phe? is seleocted againat
wvhen haploidization iz made with P.l'ePed. and lysh ls rarely recovered

under the conditlons of the test). Thevefore the diploid

w3 pyrods £3 / prels pabal ys pal Al was synthesized (pal Al being

locatod in the third linkage group, Dorn, 1963). The thirty-three

haplolds isolated sogregated in the following ways

£ pal

»}. = 3)
parental 18

- * 15

+ ; 11)
recombinant ) 15
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Table 284 Looation of £3 inm linkuso sroups LIL or V¥ by haploidizstion,
after trostment wilth PoFel.Aw of diploid
WD/ pabal s adads £3

+

Idnkage group Togter marker £ &
: p&'ﬁ)&'z‘ 0 T
i paba 0 15
Aor” 0 8
1 Acw 0 14
o 0 14
i ad 0 8
phe” 0 22
LI phe 0 o

_ *+
RYTro 0 6
L pyre 0 16
tys” 0 22
v lys 0 Q
| S o 17
VI 8 0 5
nio” 0 13
Vit nio 0 ]
ribo” 0 12

VILX
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Table 29. Losation of £101 in linkaso group VITE by haploidization,

aftor treatment with P.JlePele, of dinleid
MsD/pubats w3z £101

Linlkage group Tegter marier £ f

pa%)e:.+ T 11

+ peba A 4
Aoy 5 8

i1 Aap 6 T
wh G 7

i W 5 8
phe” 11 15

TITI oo o o
pyro’ 7

v pyro 5 8
iys 9 11

v "

Lys 2 4

gt 3 8

Vi & 3 1
nio” 4 11

Vil i 7 4
ribo® 9 15
VIXL »ibo 11 )

b
Bee neLt pPogoe
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These two haplolds did not grow on Al like a usual ‘f sbraln
because they carry the mutant lysh. However, due to the
morphology of these colonien on acotate, they couwld de distinguished
from £ colomies, and thelr pabtern of growith was completely

identical to the pabttern of growth of strainsg ocarrying the
y

mitant lysh on Al
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Table 30 XLocablon of £102 in linkace evoup VILT by haploidization,
aftor traatment with P.I'WPeA., of diploid
MSD/pabals £102

Linkage geoup Testor marker Tl T

paba’ 3 10
. paba 3 T
Ace” 4 8
H hoy 2 9
ph(a':’ 6 17

TT
e phe 0 0
_ oyro” 3 5
v pyro 3 12
7o 6 15
v 1ya 0 2
a¥ 2 11
Vi A g
nio” 2 11
Vil 7nio 4 6
» "" P
ribo 9 17
It ribo 6 Q
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1e00 £3 13 not lecated in linkage group ITL.

The diploid w3s pyrods £3 / ys nie2 ribvod (nio2 and xibob ave

in the fifth linkage group) was thon synthesized and fifty-four haploids

voro analysed. Thoy cegregated as followss

£ nlo xibo
- - ~ 14)
parental g 54
- > o 40
o+ +* i 0 g
recombinand 0
Bl = L 0)

which indicates locatlon of £3 in the Lifth linkage group. Also all
tho haploids isolated from diploids 6, 7 and 8 were £ and phe’ and
s ¥, whioh indicates locatlon in oither the third or the £ifth linkage
Eroups

Haploidization of diplodds 2 (Table 29) and 3 (Table 30) located
both £101 and £102 in linkege group VIIT and heploldization of diploids
4y 55 95 10 and 11 confirmed this location for the other mutants lnown
t0 map at these loci (Table 26).

ALl this evidence leads to the conclusion that loocus £3 is loocatbed

in the third linkage group, while locl £101 and £102 ave unlinked (Table 26)

and located in the elghth linkage group.
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By haploidization one can detect tranglocations by Tinding
eomplete linkage botween two markers which are novmally located in
two different liakage groups. During the couvse of thils work
translécatlons wore found in the strains pobal, botween liukage groups
VI & VII, bils w2, between linkage groups IIL & VIIL, and blils w3,
betwoon linkage groups IIT & VIIT and VI & Vil. Therofore for further
isolatlon of mutonts the siraln bil (which wes found Yo be without

translocations) was usede

1i) Meiotic enalyuisg

By analysing 300 progeny of the cross y; nic2s riboh = w3is nyrods £3

(Table 31), £3 was located betweon nie? aad ribob very loosely linked

P

%0 both of thome

Crosses botween sirains carrying the mubant £101 and strains carrying
other markers of the elghth llnkage group were analysed. Linkage was

detected only betweon £101, »iho?2 and afpj;?l ("fable 32), showing that
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Table 31. Looation of £3 by melotle analysis

Cross « ys3 nic2 ribob = wis pyrods £3

P )

The date are tabulated only in respect of the mazkers

nie?, riboh, £3 as in a three point cross.

nlo?2 I 4 1 rihoh
=il 2, : |
pranes et ». ; !
o+ f3 *
Grossover romlons Genotypos
nle + =wibo 54)
1ONe ) 114
SO 60)
nic ,{L - 41)
T ) 81
+ 4 ribo 40)
nic + 4 39)

+ £ ribo 28)

mie £ »ibo 19)
T and IX ) 38

- v = /
Y | nie? 4O s 556 f3 35 o 304
Lbinkage map. . o

»1bo%
-]
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Tableo 32, Location of £101 by nelotiec analysis

Oross - bils orn9 cha ® bils ared F101 ribo?
ln’bmax:a) [25 = T L«lﬂ »

Data ave tabulated only in respoct of the markers arg3d, £101,

ribo2 as In a three polnt cross.

argd 2 £101 Y gibo?
R crats s vy £
— N e 5 [} - [
@ 3 3
Grossover rogiong Genotypoes
A avg ¥ »ibo T1)
NONG ) 158
vk 87)
ang - 4 12)
i ) 35
+ 4+ ribo 23)
apg £+ 6)
NN ) 8
+ £ ®ibo 2)
arg + vibo 0)
T and IT g 1
S 1

ap
Linkage mapo m&@
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£101 ds closely linked fo pibod and suggesting that it lles bobween sxead
and vibo2. To confivm this order selectlve platings were made by
gandwiching betweon .M. ond S.F.AM. gscospores from hybrid perithecis

of the following crossess

1) bils orn9 cha x bils axgl £101 ribo?

2) pebal x bils arve3 £101 ribe2

3) bils awgd x bils £101 ribol.

_ ‘o
In each case selectlion was made for the ribo £ recombinants which were

analysed for the segregation of argd (Table 33). The data confirmed

the order (arg3 £101 ribo2).

The allele £307 represents locus £102 as this allele 1z more
easily distinguished on the various medif from l4g wild type allele
then £108. Thyee orosses involving markers of the elghth linkage
group were made, but no linkage between £307 and- any othor marker wos
detected, about 200 progery from each ¢rcss being onalysed. The

cropseg were as followss

1) x5 2dls 8125 £307 = bils axed zibo?

2) ys adls 8125 £307 % bils.uls crnl ribo? wal]

Tty

3) ys adls 8125 £307 x bils 2d23: gha pal Bl.
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2) 'Back'mutonis

Back'-mubants were subjected to furiher anslysis with o view Ho
Aeclding whether thoy were due to extra=clstron or intra~cistron
supprossors. lonce orosses betwoon the wovertant strains and stralinsg
carrying the wild type alleles were made. The analysis of those crosses
(Teble 34) showed that those suppressors of alleles £3, £8 and £102
which were lLested were extra-clastronic and unlinked to the allele
they suppressed, while the suppressors of the allele £101 might be
intro—-cistronic. These resulits arve in accord with a hypothesis put
forward in Pavrdt IV, D, as all the revertanis ahalysmd excopt for
revertants of the allele £101 are 'small® on AWM.

A thlck susponsion of ascospores from the eross wis pyrods £101.

ha=£101 x pabal ad2) was plated on I'.4.. plus pave-aminobenzole
A

acid. Irom an esbtimated 0.8 x 106 viable recombinant ascospores
plated, two £ colonies wore recovored. One of them recombined froely
with £101, which indicated a mubational orlging the other did not
recombine with £101 (no wecombinant was found among 2,500 viszble

progeny of a cross of this £ mutant to £101), which indicates that this
£ mutant was either £101 iteelf, or the suppressor, h2-£101 on its owm
heving & mutant phenotype (Crick et ale, 1961). This example
demonstrates the adequacy of the system for mapping of extremely closely

linked suppressors. Dominance of two suppressor mutants of £101 which
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is expected from intra-cistronic suppressors, was demonstrated by
pynthesizing diploids homozygous for £101 and heterozygous Tor the
guppressors. The diploids were as followse

£101  bi-£101

1) w3; pyrods £101 vi-£101 / y;5 si; £101

4 o

£101 +

£101  h2-£101

—— |
2) w33 pyrods £101 v2-£101 / ys s13 £101
£101 4

Both diploids were Tfound 1o have an :Q v phenotype ont A.M. and F.A.M,
3) Dabancers

O0f'teny when £ sitrains were inoculiated into Fo.l.M., super-resistant

sectors arose. Therefore, the strain psbals wls £101 »ibe2 was

inosulated into a petri dish containing I'.Adl. plus the necessary growth
factors. Super-vesistant sectors arose and were isolated. The new
straine were designated fol, fo2 etc. (;;g = fluorocacetate resistance

enhancer, Figs 6). The strains pabals w3y £101 ribo?2 fel, pabal; w3s

£101 zibo2 fo2, pabals wl; £101 xibo? fe3 have the L phonotype on aselate

and succlnate, By synthesizing the diploid.
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£101 +
e mfmxm
33 815 £101 / pabals w3s fels £101 #ibo?

TR

& .

£101 Tot

fol was found 40 be recessive as this diplold has the pheonotype of on
£101 strain on F.AM. As oxpected, this diploid strain failed %o

grow. on A.M. while the diploid

£101 Tel
U - S N
hils angld / pubads wids fels £101 zibo?
mwwgmm -r_-m“m!mnu
b +

grow on A.M. and waa sensitive to [.d,

The croms pebals wij fols £101 xibo2s = ys adls 812 (fols £101 % 453)

was analysed. Three typos of progony were dlstinguilsheds

1) Drogony which do not greow on AJ. and uve supsr-repisbant wo F.h.
(assumed gonotype fols £101),

2) progeny which grow on A0, and sre penslitive 16 Foh,
(assumed genotypes +3 43 and fels +),

3) Dprogeny which do not grow on A.M. and ave resistont to Fl.h.
(assumed gonotype £1015 +).

The number of progeny in class 2 was roughly equal 1o the number of

progeny in classes 1 and 3. These results suggest that the onhancer
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matation (_ﬁ_g_) is separable from the £101 loous, and thait the enhancer
mutant by itself (fo) ie indistinguichablo (by tho above criteria)
from an ‘;EL:;@f allele. To confimm this, sevoral rocombinants from this
oross (class 2) were isolated. One of them y; adl; 812, essumed

to carry in additlon the mutant £el, was orossed with three straing
representing the three £ locl. Analysis of these crosses (Table 35)

confirmed that the gencltyp2 of this straln ls ys; adls 812: fel and

that by itself fel is phenotyplcally indistingulshable from the wild
type allele fe' (on tho tested eritoria), that fol is unlinked to any
of the known £ loci, and that fel ie probably o general eonhancer for
any £ mubant lrrespective of 1lts location. This lends further support
to the idea that all the throe £ lool are engaged in the pame primavy

function (Part IV, B2e).
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1)

2)

3)

4)

6)

7)

Clyne .
2WIMALY

The mutonts isolated have been shown to behave like a single
Mendellian Tactor.

They have beon shown to bo rooegaive,

By genetical (orosses) and functional (complementation) tests,
all £ mutents examined Lall dnto three locl which correspond
to three cistronse.

One of the loci is located in linkage group 11I; the othor two are
located in linkage group VIII, and are wulinked.

Some rovertants of varlous f ‘forward'~mutaents were analysed and
have been found to result from unlinked suppressorsg.

One of the £ *forward'-mutants £101, roverts by extremely closely
linked or intra clatrouic suppressors.

An enhoncer mubatlion to Tluoroacetate reslestance has besen shown to
be indistinguishable by itself from the corvresponding wild type
allele, to be unlinked to any of the three £ loci and to enhance

any of three £ mutanbs, each representing one of the three £ loci.
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{G) Complomentzbion in hoterokaryons and diploids

Recousive mutants {rvom difforent locl usually complement when
tostad elther in the heberokaryon or in the hetervozygous dipleld. So
Tar, differcnces 1ln complementation bebtween diplolds and heterokarvyons,
each howving the same genobtype,have heon found in a few cases
(Pontocorvo, 19523 Roberts, 19613 for more detalls mseo Pontecorvo, 1963).
The most styilking of these la probably the case of mubtants in three |

methionine suppressor loci in Goprinus lagopus (Lewis, 1961, and

unpublished resulis) where most of the combinationz botween mutants
from difforent loel do not complement in the heterokaryon in the trans
conflguration.

The I mubants of Asporgillus nidulans represent a somewhab

gimilar gltuation with the difforence thal so fay none of the
comblnations tested (beltweon mubanis from diffovent loci) do complement
in the heterckaryon, which renders the possibility of oxceptions
unlikely. IHoreover, while complementation botween suppressors is
oxprossed as falluwe to grow, cvomplementation bebween sumotrophic
mubants is oxpressed by growth.  Complementatlon betweson £ mutants
was verified by testing growbth of the relevent heterokaryon and
diploid on A0l

Three of the £ mutants (£3, £101 and £102) were tested for
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rocossivity in the heterokavyon and in the heteromygous diploid and
found to be receasive; i.e. they grew on acetate medium. The

following combinations were trled:

1) w35 pyrods £3 / pubal (&, /2"
2) w3s pyrody 2101 / pabal y  (£108 /27
3} w33 pyeods £102 / puabal (£102 / £

(zee also Table 27).
To tost for complementation in hetorokeryonn, conidia of boith strains
wore mixed in liguid A.M. and after 4-5 days incubation the myceliun
was traasferred o Al

These three mutants, vepresonting three unlinked loci (£3, £101,
£102), vere tosted In all possible combinations in heterokaryons and in
hetorogygous diplolds.  All of the heterokaryons folled to grow on
Aoie while the diploids did grow (Tables 27 and 36, Fig. T)a The
pattern of vomplementation did not change when the complementing
nutritionsl markers of the combinatlon £3 /.£101 were chenged (Table 36).
Farthermore, as the £ mutants grew slightly on A.l, it was possible to
tronafer byphol tips from this slight growth to M.M. vhere, after a
day or two, a vigourvously growing hoterokgryon was obtalned. On two
occagions diploid sectors avose from the slight growth om AM. of
hetorokaryons between two unlinked £ mutents (Pig. 8). This indicabes
that although the heterokevyon is formed 1t cannot zrow il.e. a genuine

failure of growih and not of forming a helorokaryon.
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adaaa..?.

A dinloid ermhuj out of a hetorote.;gron

Note I tho diploid aootor is on the right-hand side of the plate.
Tho hotor<”aryon io between the straina nabal # and
w3{ r?yrod : 1”101 (f3 and flO0l are unlinked) .

The plate oontaine acetate nodium.
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Thoe otheor combinatlions between alleles from dlfferent loed which
were comparad in the heberokeryon and In the heterozygous diploid
(in tpens) vere the followings

£2/ £101, £102 3/ €8, £301 8/ £101  £192 / £303 .

All theso combinations fell into the same paliern l.e. heberokaryons
did not grow on acetate while hoterozygous diplolds did. Also, 45
heterokaryons wore synthosised botween fifteen £ mutoants end each of

the mutante £3, £101 end £102. ALl these 45 heterokaryons failed

to grow on fsif. albthough ab least 30 of these combinations were between
non~allalic matants. The following strains were used:

wis nyrods £3, wis pyrods £101, wis pyrods £102

ittt ezl iz

and strealng careying the following £ mubaniss

£1, £6y £9, £10, £13, £18; £20, £21, £22, £24, £26, £28, £30, £32, £34.

ALl these sitralns, in addition to the f mutant carried the mutunt bil.
To ezplain thls phonomenon ono can postulate several modelss

1) The protein lavolved in growth on acetate does not migrate

outeide the nuoleus, and thorefore thalmutanta fall to complement in the

heterokaryon (Pontecorvo, 1963).

2) Assumlng one protein mede up of two or three different polypeptide

chaing, local concentroiions of thom in the hoberoksryon are not

gufficient to allow assembly of the polypepitide chuins (FPontecorvo,

1963).  Assembly of polypeptide chains is known to occur for haemoglobin

(Ibano and Singer, 1958).
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3} The informabtion of each nucleus for synthesis of the enyyme op
engzynes concerned moves ©n magsg to particles of the cyloplasm where
these engymes are normally sliunated, in this case probably miitochondriag
ovy if the information does nod nmnmigggggyg&g each of the particles
vocolves information from one particular macleus only. This model
assumes Turther that there are no Interactiions among the particles,
and predicts the occurrence of one kind of particle in the gytoplasm
of the diploida, and of two kinds of paviloles in the heterokaryotio
oytoplasme. A model of this kind can be postulated for every cuve
in which the proteing ave wnol fresely soluble in the cytoplasm, but
are Localized |
4) Agsuming thatb of the three genes involved, one is structural ond
two are wegulatory, and that the product of the regulatory gene is
rostrioted to the nualg%ﬁsg olther because thore is no possibility
of migrating out, or béaau@e it exists in very few copless one would
oxpeat ln 8ll cases in which one regulatory gone and one structurel gene,
or two regulatory genes, sve involved, to find differences in the
complementablon patbern botwsen the heteroksyyon and the hetorozygous
diploid.

It would seem that in dezling with regulatory genes comparisons
botween heterokoryons and hetorogygous dlploids might declde whethop
or not the products of regulutory genes (repressors) are effectively

rostrietad to the nucleus 1l.e. whether or not they ave coytoplasmic



(Jacob and Monod, 1963). I'or an claborate model of interactions between
structural and regulatory genes which accounts for the difforences in

the complementotion pattorn of the sane combination in the heterokavyon
and the hoeteromycous diplold sce Pontecorvo (1963).

At loast one point may be drawn from thiss if in Aspersillus

nldulans the diplold condition &id not exlst and complomentatlon

vas tested only in the heterokaryon (as in Nourosporn crassa), mubants
which are in different linkuge groups may bave been tuken to bo allelis,

1.0 ooboplc allelism (Pontocorvo, 1958).
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Sunmary

1) A1l the combinations, in trang conflguration, of two
L mabants (paim consisting of mutants from differont

cigtrons) do 1k complement in tho heterozmygous diploids aﬂm\u"
WAY WA . L) Jas—h'vﬂ\n"v"q\ \\M’kﬁn—\lﬁm.rw}/ W
[ \

2) Cortain possibilities whilch could -explain this phenomenon

have been suggested.
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(H) Discussion

Systems of the type deseribed in this work ave primarily sulied
0 use in mioro=-ovrganisms but could be applied to cells in tissue
cultures and night be zdapied for use In other eovgonisms such as
Drosophlla, as selestion for resistance is relatively simple. A
Yewo-way selectlion® would also faclilitute proourement of auxotrophlo

mubants which in cortuin organlems are Aifficult to obtain (Chlomydomonas

roinhordd, Sager, personal commtnication).

The assumptlon thet subants of tho swmme cistron always hove a
similar phenotype presumably arises in most cases from the availsbllity
of only one phenotypic characteristic by which mutant strains may be
distinguished from corrvesponding wild type strailns. In the £ sysiem,
however, mubants are disbtingulshed from corresponding wild types on
at least threo coriteriz, and mubtante can be obtained which do not
exhiblt all of these charactoristics, for oxample, mubants which ave
rosigtant 40 FaAe. bul oan ubilize acetste. Buch mutants were isolated
and desisnated fa but were not furthor wnalysed.

A mechanism which could explain ocouprrence of fo mubants in one
of the f ocistrons is the followings oconsider that the protein coded

(or regulated) by the £ oistron(s) does not distinguish bebween the
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mobabolito (acetate or a derivative of it) and its analoguo
(fluoroacetate or a derivative of 1%), but distinguishes between them
after a change arising from a mubation. The protein will then
rejoct the onologue thoreby causing resistonce, but sitilll deal with
the metabolite, theoreby causing prototropby. Thus, mabtants resishant
to fluoroacetate which still utilize acetate mlght map in an £ olistron,
osoupying only a minov fraction of its mutable sites, and mapping
ab partlouvlar places in 1, as presumsbly oniy very dofinito and
reglirlcted chenges in the protein would ensble it to distinguish
betwoen & mebabolite and ite snalogue.

1% o not known if the various ﬁeahﬁiquem used for selection of
'Forward -mubtants select mutents mainly of a partlouler loocuvs, as
only mutants selectad by the SMe + S.F.iMs technigue were mapped
in numbers sufficiont for consideration (those are the eight mutanta,
£301, = £303, £30%5 - £309). Those mubants do not represent a random
sample, having been selected by reason of tholr showing slight variations
in growth on suoeinate medivn, and in residual growih on acetate medlwn;
they camnot, therefore, provide any satisfactory answer. If,
however, the difference in growth of f mubants on sucoeinate medium
(Part IV, B2ci) is acoeptod as o basis for distingulshing mutante of

the £3 loous from mubants of the £101 and £102 looi, it 1z possible

to ascersaliv which technique will select preferontially mubtants of



the £3 loocus. This being so would emphaslze the sultability of the
£ system for the purpose of 'two-way selection' within one locus.

With the above consideraiions in mind, the problem of which
mubants rovert snd which do not (Table 21) may slso be re-etamined.
The vast majorlty of mabants which do not rovert are of the type
vhich grows more rapidly on suceinate medium. If it ia éeaepﬁed
that these mubants map ab loous £3, then ualese they ore gross
aborrations in the genelle material this phenomenon is difficult to
waderstand.

Relovant to the offect of solection conditions on mubtanits seloshed
1ls the frequency of occurrence of onhsncer mutants when £ eolonles
are grown on F.AJ, containing 4% fluoveacetate and 0.5% glucose, as
compared to the rarlity of their ocourrence when the medium contalns
only 2% Tluoroasetate and 0.5% glucose. This is probably due 1o
the incroase in size of £ colonles grown on mediuvm contuining the
latter concentrations in comparison to colonies grown on medium
sontaining the firal concentrations.

Tt was sugsested previouwsly (Part IV, Eza)'that the alight
bagic growth of £ mubtants on AJl. mlght bo due to an aliernabtive
and inefficient pathwoy for scetate wbtilization which is nob blocked
by the £ mtants. I Wéé aleso considered that the 'proline eifect’

might be due Lo activation of ¥his pathway (Pexrs IV, F2b). Mubabions
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blocking this pathway may in fach be the enhancor mubants (£e,

Pawt IV, F3), which by thomselves cannot be distlnguished from the
corresponding wild types. This is supporbed by tho fact that cerbain
gtralns carrying an £ mutont together with an Lo mubant aro complebely
inort on acetate medlum and do not demonstrate the ¥Yproline offoct'.
Alternatively, fo mutants moy result from a block in a permeabllity
system, bub this explenation is wealtened by the fact thet sitraine
carvying an fo mutant (but not an £ mubant) grow on acetate medium

as wall as the corresponding wild type strsins,.
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v GENIRAT: — SUIRIARY

The importance of selective techniques in genetilieal studies has
been discussed and two typos of selective systems have heen emphasizged

'gelective totrad analysis'® and Ytwo-way solection' systems.

Materials and methods used in this work were desoribed, those

which are in common use in the study of Aspereillus nidulons and those

which were particularly designed in the course of thigs work.

in order to obtain a system for 'selective tetrad analysist,
hlue and colourless ascospore mutonts have been isolabed, 'ouy
Plue mutante have been locuted in one locus (Linkage group IT), aud,
of five colourless mubtante, Tour have been located in one locus
(Linkege group 1), and one in Linkage group IV. These mutants were
Tound 0 be "non-~avbonomous, but analysis of crosses between thom led

to the conclusion that in Aspergillus nidulans the phenotype of the

porithecium and its azcospores - in respect of the chavacters examined -
is detormined by the nuclear constitution of the protoperithecium

which gave origin {0 it
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A)

B)

The intonded work with acetale now~utilizing mutants ond a brief
account of £indings concerning them is gilven.

The principles for esteblishing 'two-way selection'® systoms

. based on corrvelating resistence and auxotrophy ave oublined, and

¢)

D)

L)

gome resultsy - conflrming these prineiples - obtained by using a
metabolite (acetate) and its analogue (fluovoacetate) - are
ropresented. Mutants cbbained (rosistunt $o fluoroacetate and

unable to utlilize acetate) have heen designated f.

Varions technignes for the selectlon of mutants reslstont to
fluoroncetate have been used, and the most sultable for a Ytwo-way
peleotion’ system has beon shown to hHe the sendwiching of spores

beotween sucoinate medivm and succinate flonoroacotate medium.

Rovertants able to utilize acebate have been selegted from £

ey

»

"Porwardtemutants. Most of the £ mubtants do not revert and this
failure is thought to be genuine. There is an lnverse covrslalbion
between the frequency of reversion of £ mubonts and the size of

tho roveortant colonies on acetate mediwa.

It has been shown that fluoroacetate inhibits competitively

growth of Aspergillus nidulang on various carbon sources.

A residual growth of f mutants on acetate medium has been

obmorved and attributed to a second pathway for acetate utilization
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unaffected by an £ mubation. Proline has heen shown to have a
'sporing effeot® in £ mutant stralns grown on acetate medium, and
this hos been attributed to the activation of the second pathway.
£ mutent strains have been shown bto grow more wapidly on
intormediates of the Krebs' cycle (succinete, fumerate and malate)
and to be more sensitive to malonste than corresponding wild type stralns.
It wos concluded that all f mutants are impalred in the sume

primary function, (in the sense that only one protein is involved).

™) £ mutants have been showsn to be recessive, to map in threo
meiotiocally unlinked 1061 corresponding to three olstrons, and the
loci to map in two linkage groups, (V and VIIL).

Revertents, protolvophic on A.M., have been shown 4o vesult from
extra~cistronic suppressors. One mutant, £101, roverts by extremely
closely liuked oxr intra-clugitronic suppressors.

An enhancer mutation to fluofoasetaﬁe resistaneé hag been shown
to be recessive, to be indistingulshable by iiselfl frem the corresponding
wild type allele, to be unlinked o any of the three I loci, and to

enhance f mutants of all three looci.

@) It has boen shown that wwa f mubtanits, in w9 different loci, in
the itrang configuration do not complement in heterokaryons but do
complement in the corresponding heterozygous diploids when tested on

agetote mediute
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