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EnNGSuLﬂaLTORM Q. Lh@ Genetics of Yeaut (Sa nhmemvceu core yvisd

General Swmmary

e

The main object of the work reported was Lo inves tlgato th
POYS sibilitics of (a) carrying oub in yeast o bype of genelic

analysls of the same ki ag thet ol random sampling of gamotes
nAm? cher orgenlamg, ond (b) uging inﬁact\iﬂdomﬁieta ascl for-
this purpose, L.e. conbtaining only ome, two, or three instead o
th@ normel four apored.

The incomplote asci ubilized wore derdived from thd@ Beno-
typleally diffqrent diploid s%mainég ‘ One=sﬁraiﬁ,wms.hetefazyg

for sdenine roquirement (AD/ad), snother fov trjp%éphﬂné 00 qui ¥

mont (PRY B/trvp) and the third fov hoth these roqulrements,
Baoch gbrain was hetevozygous for the mating type'gena.ﬁz_gfﬁ
A gbudy of individual ﬁpdfagvdiﬂsect@d from tuom end threo
gpore agel showed thab eaghfSpor@ v os hﬁploido
| Intact ono-gpore ascl g@réinatad ﬁof@i%e h&glaid colonies
Gach'of‘whése call wWore alj of ono mabing gad mated A onal pher
(gl I8 Inbact tuo gpore ascl gave GthGT dinloxé colonies whors
cells were all of one nutritional Jh@nOL?pﬁ. or haplold colonic
whoso colla wero elther of oue or twa.nutvitlona1~@h@notypas,
The haplold colonies AT 50 whén-th@ LWO 8DOTRS Were of'ﬁﬂo & omC
mating type,. and the diploid coloniocs when théy1Wérgtof~éompla»
. monbe Yy et lag %yp@'gnd fuged ab gexminetlon.
Approximetely one halfl thé intaet threééépora agcl gove

colonios made up of hoth haplold end diplold eells,  The latbe
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akgetalc fcllewinﬁlfuaion of ayar@s ol cqmﬁlamenﬁary'matimg Lype,
and the former from the odd spore which wag Invarlably of g mab!
typoe. - Prosumebly the odd gpoves of g mebing type. falled to
g@rminaﬁé, © This conclugion is-su@pomt@d'by evidence from bthe
enolysis of inbact one- and two-spore ascl where approximately
80% of duch spores falled to germinels,

The rosults show thab bqthvan@w399$e agel and heaploid cell
ﬁrigimg from Hwo- amd.ﬁhraamﬂpora agsei awe analagous Qﬂ randoﬁ
Smeles’af goametos in'highmg orgaenloms and can, therofore, be
genetlcally analysed in the seme meuner,  Such an analysls

showed bhat the three genes AD/ad, TRYP/tryp, and o/n freely

recoubined wlth one enother.

The possibility of using the diploid cells arising from
Intact two- and thrae»spar@ asgi for genetic anslysisg was also
gtudied. This bype of analyslg, however, rvegqulred the working
out of an appropriabe theory and the fires sbeps in the da&aleg
ment of this are pregeonted. |

Informatignlqb%aineé frgm,this ﬁ&i@loiﬂ’ snalysis conflime
the gonetle resulis obtalned from the smalysls of one-9pors s
andt ﬁhﬁ heplold Gellé derived §?0m=tWDﬁ and three-apore asel.
In addlition, 1t ylelded informabion of Linkage ﬁeﬁwe&n‘th& gone
loei and thelr cenbtromeres, |
| When taken joiﬁtlﬁ, ﬁhﬁ\tWo ﬁyﬁes of genotic snelysis of
yaasﬁ; dononstrabed for the first'ﬁimg in the presend work,y

achiove all the advenbages of random sampling end tetrad anely:
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with the excepiions of directly detooting any abmormalibles of
meloslis and providing Qvi&anc& of chromabtlid Interlfersnce.

’ Baﬁhfthe"tatal isalaﬁionf.a@d_tha tdelayed enrichment aft
shervation' btechnlques were employed to provide geneticelly
marked (auxotrophle) shralns necessary for the above investlgab
‘In roporting the results omphasis is lald on & comparison of th
apoctrum of aﬁr&ima_sbtaim@d,with.ﬂh@se obbained by varlous
workers Lfrom obther specleg of fungl.

“This comparison rovealed the following pointg of interest:
) YAl &

the parellellem of yeast, Hourospora, Asporsilius, Ophlostoma e

Penlclllivm in the high proportlons of suxaebrophs requlring

arginine, Tysine, and adenine; Tthe high proporiion of methloni

vequiring auxobrophs common in yeast and Neurospows but not in

Agporelllug and Ophilogboma whewre & correspondinhgly high proport

of parathlobtrophlic types have been isolated:; and the ocowrronc
! : ¥ ¥ & 4

in yeast of a greaster varlsty of amino acid rogqulring types the

oceur in elther &swergillus~br Onphioatona,

Types of auﬁatraphs lsolabed which have not hitherbto been
recorded asg having arisen In aome‘§r3a1l of the other four gpec
inelude those requiring ﬁyrosinegﬁhiaﬁidine, garine or glyeine,
arginine o Qfﬂiﬁhiﬁ@ (nnt’éitﬁullina)j and trypbophane (only,
i.0. nok rasponding bto any_kﬂown’pyecﬁrsor)a

Typos of suxotrophs isolated which may be of parbicular
inberest to biach@mis%ﬁ are those requiring tyrosine end that

requlring erginine or ornithine. The former do not regpond b




;mmwhﬁmmmammkmthWmhmaMNM%@%Msbhmm@@ofa
siﬁilﬁr bilochemical veacktion as;ia'éﬁpgdga&'ﬁd.ba blocked Iin
hwmen phenylkobomirdes.  The lattdr does nol wregpund bo
eitrulline which g an Intermediate b@tW@eﬁ arginine snd ornith
in the Xveobs cyela. Algo of Interest may be the auxobrophs:
voquiring erginine and ademine which ave campétiﬁivaly Inhiblie:
by Lysine and guonine rvegpecbively. |

»‘I‘hf:-) Tdelayed envichmient afbor starvablion' technigue did no
\pwgve sny moro efficlent then the 'total igolabion' technique
for the isolablon of yoaut authreyhé; iy wag pertly due to
vhe vast amount of lahaué nocoggary to weed oub the disuxotroph
From the slow growing straing which, premumably, wore selected
by this btecimique. The regults of the present work do not
exclude the pogsibllity that this technique would be successiul

should a different wmoncauxotrophic strain be used.




PREPFACTE

This thesls s divided into three paprbs

S,
Part

T deals with the pgenetle analysis of inbtact
Incomplete ascl of yesst, togethor with & report on
the £lwvst stepg in the development of a theory for this

‘ - gpecial type of analysls.

The work reported in Part II was undertaken pylor
to, and as & wy prevequigibe fov the investipa-
* doele with the production of

genetleally ‘wmarked’ mubtant (euxotrophle) strains of

veast, ond includes & comparison of the gpectrum of
mubants obtained with those obbteained by

varloug workers
from othoer fungl.

Part ILIT vecords the rosults of an unsuccessiul
whowpt to develop an efficiont veclmlicoue for the lso-
labion of mubtant strains of veast.




TP

PEEMENTS

s
<2
o]
L.
s
i
£
;::

The author wishes to thank Dr. ¢. Ponbecorvo
of the CGenetlcs bcparﬁ*anu, Glasgow Universiby, for

and vugervj ng this work,

. .2
suggesting

Part of this work wag carried out whileo under

nure of a Pogis f&dusua Hailnbenance Allowance from

the Asriculiunrel Research Council herewith ackxoWlodﬁed
witlhh thanks,




Py TRV TR T : - -
COMTREITNS Para
R AR AT A B AR TR PTShudv W

St&ﬁﬂ)ﬂl@fﬂ.ﬁ C}f Nblqo'ij:lkﬁl‘ll T % 0 R/ 20 ¢ R R # A O QUG H T R ND 8IS C D 1
Coneral Inbroduction and Historical Accound ceveeooo 4
Gonoral Veaterlal and Hobtholds v eeieavenvesoscavsasnses 10

PART T: The Genetlic dnalysis of Intact, Incom-
nlete Ascl of Yeagih,

F Inbroductlon T E L TR T RARE VARSI AR TR TR 20
Material end Lebhods covevosscersovesennsss ©1

Theoreblically Bapected Results:

Oﬂ@mspﬁfﬁ asci 22 PSR BRSO TOR Y S ESTRED R R ‘26
Mhes v wry e 4 ¥
iWO”SpOf@ QACL ovssoovvesprsanssneenuooves gv

T}'il*@{%"'SpOl"Q Rgﬁi NN RN N EEEEE R R EE R . F?Q

Bxperiwental Nesulbs:

One-spore a8C1 oiviseovensonsasssoacsne 70
g B : '\ |~
TWDNS@Q}“S &.1‘:)’03.. e R P Q00 R0 YD D RS E R VSRS 1/2

TEZ&?@GNSPOI‘G 8,80'.1. ¥ N D e QY G e R Y0 NGO YR 8{}
Analysls of pooled vosulle cvevenovsanes 33

Sumnary end ConelusSions toiveocrinccanssas 8O
DI8CUSSIOoN ceconecrvssorsvoosnsvoaassenees D0

A Comparison of Dipleoid Geametic Ratlos Hxpected ITrom
fobototreoplold Urganisms with the Phehotyple Reblos
Zxpected smong Diplold Colonles derived from Incom-

plet@ ﬂﬂei 90 0 % e N OB AN EE U KRR A NN E AL RE ST PP ER N B &R 94

PART T1: The Productlon, Isolation and Charactoriza-

' tlon of Auxotrophlic 8trains of JSaccharomyeos
covevialae.,

111@?0().110'{‘2_101’1 B 00 % & & K F P WG NS RPN d IR RE S e 9*}'
EEQ"G}').DCLS LI N R R R I A N A Y A N R R R g‘?
Sxpoerimental Results and Observabions .... 103

Summery and Conoluslon t.iveistasesasaceses  LLY




PART  TT7: The Determination of tho Diiferences beltwesn
she Survival Rates of a ﬂQﬂQﬂHka?ODﬁLO arxd
a Disuxotrophic Straln of Baccharomycos
covevisiae under 3ia quU?oﬂ (ondiﬁicns,

TteodUuehlon seesonceaavoscsosasessasnses LEO
Cholce and Origin of St7alnl .ceseevossee L21L

"Reconstruection't sxpefimeubﬂ@

[}
R
[xe

\EAG)G‘{'J‘QC{S 2 % % 9 0@ B 2D HEO RSP LS ED RSO NN RO QS

,,,
(3]
621
o
o]
o
[t
s

o

-

=

o

[

=

"

L3

°

2

9

-

o

o

o

(-]

£
i
[
(o

Bxporimental I

‘D“ -G'
n()¢631135$0£1 4 9 & 0 0 U 8 H & RV O @R W DO DS S D 0RO

)
o LR
>

PART ITTA: The Starvablon Habtes Iin Ml nxaai Hedium of
Ultra Violset indy cﬁd DI, e rotrophic Cells
and thelr paront ¥o nmﬂumouw@?iic Colls,

:flltx’@dllc'hi()ﬂ na'a%Q&uﬂ‘yhn.ﬁg.‘an¢u¢99ey|q 13}6
I#[Qi‘;}l{?d.s 40 200 P e G W F GO RNAED PR BEEONTOROE G SR 157
Experimental Rogults sud Obsorvabtions ... 139

H

I)j,fﬁfjllg&i@ll 4*#!!0;!0'09'0'0inn-e@nonwﬁ!ivuu 14-'8

160
C 3 58 8 2 B8 d DG PP T A DO O EED SO e D P RO AN ON A0 E RN G N e




nes '@ PR
oL

Statenont of Prcblem

Gonobic amalygia of Saccharomyces cerevigiso® ig usual

bagsed on tetrad qﬂald 1w, thet ig, on the analysls of all t
four prq@ucts.o; melosig of each diplold cell which has

undorgone meiosls, In yeasgt the fLeour produets eve include
into a spoecielised cell (sscespore) and kept btogether in an

ggcus. The isolatlon of the four sscospores from one ascy

g

and subseqguent snalysls of the hepleld cells which arise

-

mitotically from each of these four ascospores has coerbaln

distinet amwunlaweﬂ*‘ 1t permite to locate the cenbtromeroes,

-

Lo &etaet any ebnormalities of meiosis, end to study cortal

y

details of crogsing over (e.g. chromabid interference).

In the clasgical orgenisms of gonstic study, such as

S

malze and Drosonblla, Stobrad snalysis has nobt yob boex

pogsible:; genetic analysis is based on vooled random
samplas of the haplold producte of many dipleld cells which
hove gone through melosls. Tn other orgenlsms, such as

Heurovspers, Aspergsillus, Coprianve, Chlauydomonas, sowme

mosges, olc.,, both typeg of enalysis are possible.
In yeast the slituation ig dlfforent:; rendom saaples ¢
agcospores cennot be obbtained sinco the ascus weall is very

Ohle sueh

i.——'a

tough end not easslly broken withoub wmicrodissect

j%s

digedvantage has probably accounted fox the fect that. ab

prosent, Voery few workers use yeast ps an orgeniem lop

L)

¥ por ghort in the present work the term "yeast' is used
for Ssocharomyces corevigies.
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-

gonotic study comparsd with the muber using other micro-

=

orgeani sme, Thig, in gpite of the fact That yoast hasg wony

distinet advanbages from the bilochemical point of viow

(Lindegren, 1952); 1t ig in faect the organism tho bio-

cheﬁistry of which 18 bost koown.

The development of a method Whi@h‘WOmld digpense with
the labowxlous process of tetrad analysis in yeast and thus
facilitave speoodier gﬂn@tic&l‘analysié'Qoﬁétituﬁe& the maian
ohject of the work veporbed in this thosis.

An sbundence of ascl conbaining the full compleoment of

Tour gpores is necessary for btetred analysis. Howover, in

pracbically ell strains of yeast spove formabion wresulés in
many one-, two-, and threo-spore asei wibth sn abundance of
nwo~$poré agei and very few complete agel., Tven alter
pfulangeﬂ~sa1@ctien to increaso the froguency of complete
ageld, incomplete onos ave still fovmed. Sueh incouplebe
agel in facﬁ oonstituted a lavge proportion of the asci
produced by the diploeld strains avallaeble to the aubhor.
Tho occurvence of Glis high proportion prompbed the ebtemph

By

to make uee of them in fullilling the meln object of the

- work reported.

Thug, the present work almed ab elucidebing (a) the
nabure of the ascospores present In incomplete asci, and (b)
whether or nobt these ascl could be ubllised, without
{.

diggection, for genetlical analysis.

foie
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The regsulbs indlicabte that, within liwits, such ascli cex
be succosgfully uwtilized without dissection. This require:
howover, the development of & theowry foy this special type ¢
analysia, and a first ste§ in this divectlon la reported hwe:

in order to pursue bthe investigatilons outlined ehove,
geneblcally marked heaplold stralns had to be proeduced. The
rogults obbtalned in isolating these ave of sulficlent
Inborest Lo jJustify roporting heve (Parts IT and ITII4A of
this thosig), In-pafticularﬁ it ls of some Intevest to
compare tha.Spthrum<éf mitants obtalned in yeast with thoa¢

of Heurospora, Aspergillus, Ophlostomg and Penicilliuum, Tx

thaese four fungl various workers have accumleatod a larre
body of data.
A atbompt o develop an efficlont tochnicue (hased on

2]

S differentlal survival under gpecific gsbarvetion) for the
iselation of auxotrophle mubants wss unsuccessiful. Thoe

rosults and the posslble reascng for feilure sre dilscussed.
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Goenerel Introductlion and Hlstsrical Account

Kl

Tho genetlcs of yoeasts, quavlally gtraing of Saccharo-

A ST BT 4

A

mycos corovisloe, have been the subject QF many Investlgabd
since ﬁh@ discovery of thelr sexual cyele and 1ts use for
gxporimental ‘breeding by Winge and Lausbsen (10938, 1839).
The snalybical procedure has followed the seame lines ac
that filrst employed Ly these workers, namely, thot of tebrad
aolvels., This bype of snalysis hos ghovn cloavly thet
inheritancﬁ in yeasts PQLLOW“ the c¢lassglcal Mendelian rulew,
Genes debermlaing mebting type speciliclby (Lindesren,

1943a, 19450, 1W&QC)’ alfecting fermontetive and vitamin
synbhoglising abgl.iy (Tdindegren, 1945, 1949a; Tindegren,
Splegleman and Lindegren, 1944; ILindegren end Lindogren, 16
Winge, 1949 Winge and Roberts, 1048, 19503 GLllllend, 194

growth requirenents (Dlndegron, 1949a, 1840b: Pompsr and

e

Burkholder, 1949; Pompoer, L85BC; Loeupold and Hobttinguer,
1954), worphology of tho colls and colonies (Winge and
Leustaen, 12393 Diltlevseon, 1944), have all beon ubtilized an
shown Lo be inherit in a wmore oy lesg slmple Mendellian
manner. Further the genetics of a resplratory deficlency
(Chen, Ephrussi end Hobbinguer, 1950), of flocculence (Thoun
1081), and of the abllity of hapleld cells to diploidizoe
snonteneously (Winge snd Rcberﬁs, 19490), have boen worked cou
A cage Qf‘eowplementary gone actlon in yeasts haes also been

voporbed (Hapgni, 1940).



Several cases of linkape belweo on genes end between them
end thelr centromeres have been reported by Lindegren (194%9a,

1949h, 19528) in Sscchavomyces cervavisiae, end maps of ab

leash Ffour chromosomes have bheon congbruched., The atebisti-

e Y,

cal treatments for caleulating linkapge relationships from

W data obtalned by telrad snelysis of unorderad ascl have heen
devoloped by Lindegren (1949a, 1849b), Perkins (1940, 1953),
Nhit@housa (1950, 1954}, Papasien {(1952sa, 1952b), and

Spisgelman (195R8). By weans of thosge treatmente map disg-

tances bebween gones and bhetwoen genos and cenbromereg con

be caoleoulaved.

Obviously the production of la arge numbors of four-spore

agcl lg necessary Tor tetrad analysis ol yeoash. That 1t is

"

not eagy to oblain them ig shown by the many investigetions

y.

on ths effeecht o

£
KA

environmental facbors on gpore Formetlo
{fiees, 1869; Ingel, 18%¥2; IHansen, 10883: Beljerinclk, 1894,

Garodowks, 1008; Welbon, 1914y Daltabu, 1989: Creham and

I"'-'-

ot

Tasblngs, 1941: NWickerson ond Thimenn, 1041, 1043,

Jl.l.a-;

Phalff and Dougles, 1942: Lindegren end Lindegren, 1944

a4

e

Fowell, 1952). The technique of Lindegren snd Lindegron (sec
page 13) has bheon nsed with considerable success in the pros
VoK. But even thisg technique leads to the production of a
hlgh pereentage of ineomplets asci and in gsome sireins

almogt exeluaslvely so,

studies on the nabure of agcospores within these incom-




Eschﬁricn&a coli (Anderson, 1044y Gray and Tobum, 1944

- -

ronoticel analysls have

Nﬂ!

plete ascl end their posgible uge in
heen exdtreanoly limlted. Th view of thls the present smathowv
hag Inveostlgebed the nature of the as sp res wlthlan incom-

plete agcl of Saceharvomyvess ceveviglae, and the pogaible

ubilizatlon of these ascl fopr gonebtiesl aunalysis; the
findings ave reported hewe. The Lfirst steps In the
dovelopment of a theory for thils speclal type of analysis
aro also reporbed.

For the studles on Incomplete ascel 1t was necessary to
cross avralns differing in genetic markers The cholce
foll on autrivlonally mubant gt wﬁﬁn (auzobrophs) produced
by ultra violev irradlablon. Th@se\mmt¢ mite woeve lsolatod
by the 'tobal 1goletion! technique first evolved by Beadle
and T&tum (1941, 1945), using sp@cias of Hourosnora. This
kachnique:has ginece baeen used with success to produce

suxotrophs of n? CHN noulas such as Onhlosgboma muilbisnoulatun

(Friea, 1047), Agperpillus berreus (Reper ot al., 194B),

_Fanlexi]lum.nQLauquQhrv gonum (Ronney, 1946; Poatecovvo,

194%), Aspersillug niduleng (Ponbocorvo, 1940a: Hockenihmll,

3

1948), bilago mavai (Pevkins, 1949), =nd bacterlia such sg

..

Tobum, 1945, 1946; Roople et ol., 1944; Demeroc, 1946

Redcﬂbcfﬂ and Tabum, 1946), Acetobacter melanopemu (Gray and

Tatum, 1944), eriwn goresenes (Devi, Ponbtecorve and

Migginbottom, 1947, 1951), Bacteriunm subtilis (Purkholder




[ ¢ ;) et

and Giles, 1947), Azobobacter amilisg (Karlsson ond Barkor,

Ll

1948) and Saiaon@ija Syphisnrium (Plough, 185¢).

L]

Phis tochnigue was chosen to produce mutants in the

"l

sresent work because it vras of Interest Lo coupare the

e ?

3

gpaectrum of voast auxotrophs obtained with those of

Heurogpora, Aspersililug, Ophilostoma end Penicillin lsolated

by various othey workeovs. Since most of these auxobrophs

woera isolabtod by the ttobtal leoletion! techniaue. thoe
o ) 2

selection of different kinds of yeast sumobrophs owing o
dAiffevont technigues waﬂAexclnéeﬁ (8ee Prlies, 1B47; ILeoin

Hitchell and Houlahan, 1948; and Pontecorve, 1000G).

For the game reason bhoe spectre of yeast euwobreophs
Lesolated by Reume and Tabum (1849), and Pomper and
Buriholidoer {l@égﬁ 1880) woere nobt. Incliuded in tho comparison,
They used the ‘double plebing technigue' (lederbory, 1948)
which, as con be geen by comparing thoelr resulis, involves

y highly selective personal factor. out of a btobal ol 14

2

auxX Ouemphs oharaﬁterix@d by the Tommer workors, only 3 woroe
monoaurotrophs; of 19 cha?matcr.“eé by bho lettoer, all
excopt one were monocauxobrophs. These differonces ave
probably in peart due to the eonormous gcabtler in the germina-

ﬁlﬂﬂ timos of the irradiabed cells., .“uch a scabbter was
shown to occuy by Devi, Ponbocorve and Hizginbobtom (1951)
who uged bthis technigue for isolabing suxobrophs of

Aerobactor serogsenes.
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During this worl on the productlon ol auxotrophs the

*

employmnent of a more officlent techniqne than vhat of fhoval

ko

igolation' wasg investigatoed. Peadle and Tatumis 'total

lgolaobiont techmique han bhHeen maﬁi fied and lwproved upon 1

»

geveral ways by laber workers using micyeorgenisms othep

f:’%

than yORQUn Such modificatlong have resulited both Iin
increasing the nuubor of auxobtrophs recovered per muwber of
togted igolates, and in am‘ogyorﬁunity to select those
suxotrophs reguicing o gpecifle nutexlillite for growih
(Loderhorg and Tabam, 1946 -Friés; 1947, 1948a
Lein Mitcholl and Houlahan, 1948; Davig, 1948, 1948s, 1940%
Lederberg ond E;nd@fﬁ 1948: Ponbtecorve, 1946: Nocdonald
ond Ponbecorve, 1950y Adelboerg and Myreg, 1852; Woadward,
Do Yeoww and 5vb, 10562; Torbes, 1952: Tederbevy end

Ledorh @g, 1852 Hargallth, Somponti, snd Silvestrl, 1855 |

4

o

A&onﬂ the more efficlent of these mothods ave those of

feles (1949} and Davis “(1 48, 1940a), But neithor of thesc
mathods can res Sily. Be applied to the isolablon of yoest
¥

suxotrophs, Pries's mothod deponds on the differentiel
filtratlon of prebobrophic mowld spoves, which produce hyphe
on goraninetlon In minimal medium, and suxotrophic gpores

unable Ho do go. Yoasb 8611$ give neo suech hyphoe on

gormination, Davis’as method which hss Doon applised to
specilog of bacteria suscoptible Lo penicillin depends on the

; that this sntiblotic will only ill proliferating cells
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and not affect the non-proliferating cells. ¥o substanco !

h

knovny which kills dividing yeast cellg hub not non-dividin

i-a

onag in the same menner ag poniclllin kills bacteriea.
& technigue which was thoughl mey be spplicable to
incrsase the elfllclency in lsolating yessht aus xobrophs was

B

that evolved by Macdonald and Poatocorve (1050, 1953) in

>

“Asnersiliue nidulens. This work was prompbed by the work
2

of Fries (19483a, 1948bh) who demonstirated thal polyauxotrophi

conidia ol Qnhilostona mmltiannnlaﬁum survivo longor than

"

OGOQHXQtWG 1ie (having one growtﬁ requiremont) in minimal
medium. Nacdonald and Ponteccorve bhoeaving thig lfact in mind
eombiﬁaa a ﬁaléya& enricﬁmﬁntvtechniqua with thet of
differentlal starvatlen and obtelned a yield of almost Y0¥
polyauzobrophs emong the Tobal colonles isolabed.

in viaw of these wosulbs 1t wes declded'to Investigabo

the possibillity of using this techmigquo forx the isolation of

poelyauxotrephs of yoast.
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Gonoral ﬁa‘ orials end Hethods

L. HMedia and other substrabe used

The principal medlsa used in tho lsolabion, mainbtenence
and comparleon of all strains ig given bhelow. The ocoumpletbe
modiuvm was first used by Pontecorvo snd Ropex (unjuallsho ).
It contained mogt of the lnown growith Factors end was usaed
Lxrough out the studises for the isolsbion sud maintenonce of
strains whose gonotypes were unknown.

The minimal medium ceontaining o mixture of mineral
saltg, glucbsa and three accessowy growih fscbovrs, was a
modification of the minimel medlum evolved by Ephruasi
{porsenal communicatlon). The mediwm was modifled after
some preliminary studles on the growith requiromenbs of the
stralng em@ivyed in the progsent work,

Both han1$1d and Alplold aumotrophs were mainbtained on
minimel wmediwn supplemented with the growbh facbors which
they required. Thig wag done to decrease solecilon of
‘gtrains of diverse genotypos, requiving additional growth
feclhors, wﬁidh could arise from the malnbained stralns by
matation.,

Compesition of compleho mediwm:

“Glucese ' 10 gme.
Peptone D ENS . ‘
ﬂifao yoast exbract 5 pwms.
Hydrolyged yaqah ‘nuclele acld S ml.
ﬂydrely ied Bhymas nuelele acid 2 wml.
Qydrolysed caselin 5 ml.
Vitamin solution 2.5 wl.
Cagolin digest 2 m1§
Tap water 1 litro

alfored at pil 6



) o
e d _L e

Concentratlon of varlous constituenbs of complete mediwa:

Constituent of Concentration of solution use

complote modium

ITydvrolysod yeast nuclele acld Egulvalent to 100 mgms. of yeat
: nuweleic acid per ml.

Hydvolysed thymme nuclele acld Iiquivalent to 100 mgms. of

Tydrolysed caselin

Cageln digost

thymus nueleice acld por wml,

20% with vospect bo casein

Bquivelent to 1286 mgma.

cagein por ml.

of

Constituents of mixoed vitaaln solublon:

D-Blobin 23 gayma  Nicotinle aecid 10 mg.
I-inositol ) ‘ a0 mg, Hibeflevin 10 wmg.
Calelum Depantothenabe 10 mg. p-amine bengoic geid 5 mg.
Aneurin ' 10 mg. Diegbilled woatoer 10 wml.

CGompositlon of minimal medium:

Glucose
Ammsonlium chlorlde

{'\

,
iE
g
2w
¢ o

23 03
Pt

Pobessivm dihydrogen phosphate
Hagnogivm sulphate

alcium chloride |

Solubion of trece elomenbts
Bpeclal vitemin sclubion
Dintllled waber

Composition of trace elemont solutlon:

L3

L]

&
s R Rt 63l i

o
;.’:»'

HNOOOHN0
s Jed

o

z

5

£rg,
18,
0ag ,
ml .

f~»
civ -
[0t
o

FPoryrous sulphate ¥ Hol
Povagalum poymenganats
Zine sulphdte 7 U0
Cobalt nltrate & Hoo
Poteagaiuvm lodide
Diatllled webter

S0 mgms .
S mpms .,
48 moms .
S mepms,
1o mgma,
25 ml.
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Compogitlon of gpeclal vibemin solution:

D-hlotin 20 goaamg
i-inositol _ 30 mmme .
Caleium De-pantothenate 10 mems .
Distllled water 10 ml.

When solidified medium wag nesded 20 gms. of agar wore
added per 1itre of liguld medium,

sporulation media
Two kinds of presporuletlion media wers wsed Lo Induce

“~

sporulation of the diplold strains. The uee of modified

Garodkawa’s medium (1908) vesulted Iin a vory high percendag

of incowplete ascl gnd Vary'faw complete ones, Indegron ®
tindegrents (1944) pregporulation medium was used when a hi
nercontage of complote four-spore asel were needed.

Engelts (1872) gyggum>bieck mothod as modified by

Greham end Hesbings (1941) wes used to roduce the time ro-

guired to cobbaln melure gpoves and to deerease Lthe danger o

g

Ll A

contamination. Thazgﬂaitiaﬁ of & wl. of a dilute solutlion
of acetlic acld (pH 4) Lo the gypsum blocks was made after
inoculatlon of the yeast, thus followlng the rocommendation
of Balvatu (1339).

T -

HModified CGarcdkawa's presporulatlon medivm: ‘ '

Peptone 10 2ug.
Glucose 2.9 gme.
Saodiwm chlorldo O gms.
Difco yeast oxbtrach 20 gme.,
Agar 20 oms.
Distilled watoyw 1 litre
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Lindegren and Lindegren's presporulabion modlum:

Beat leal oxbrach 10 sl
Beot root extract C20 ml.
Grape juice 16.5 ml,
Apricot jJulce SO wml.
Dried yoast fogme .
Glycerin 2.5 ml,
Caleiuwm carbonaso S gmg.,
Agar 2omms,

Distilled wabor added to give a Pinal
valmie of 100 ml.
Tho beet leofl extract was prepared by grinding epproxi-
matoly 200 gms. of beot leaves In a mest grinder and squee -
ing the Jjuice out of the ground mass thyreough a cheesse cloth,

The beet voob extract was prépared In a slmiler fashion,
Both tho a@ricoﬁ and grape julce wore comwercial products,
Proparation ol gypsum glopos:

Baual weights of disbilled waber and plaster of Paris

were wepldly mixed in a 250 ml. fMask and the mixture poured

x +

into tastwtﬁbgﬂ where 1t was allowed to golidifly in a slent-
ing positlon. Beforoe gterillzing the glopes wore dried for
Sé‘ﬂéuws at 500 @,

Saline solutlon:

Susponsions and dilubions of vaast cells were made in
normel (0.854) saline solubion. To faclllitatse dilubion of
coells the saline scolublon wag prepared in ¢ ml. amounts,
pipotted into and sterillszed lu standard conbainers.
CDilutlon by a factor of ten could thon be done easily by

trangferring 1 ml. of the sclubtlon to be dllubed inbto the

prepaved 9 ml., of saline soélutlion.



Steriillzation:
ALl medla, gypswn slopes and gallns worse stsrilizoed by

csuboelaving at 10 pounds por gsqueare Inch preossurse for a

pericd of 15 minutes. A11 glassware was sterilized by dyy
hoat in an oven mainboined abt 160° C., Tor 1.885 hours.

&, Method of Tsolabion of Ascl and Ascogpores

3ingle ascospore culturds were glways used in order to
guaranbee as far ag possible the purity of cach sbrain. T
isolabion and &i gactlon of all ascl, togot har with Ghe
"w

laolatlon of &scasporms wag carvled out with the ald of a

de Fenbrune mlcromandpy

,...4

lator, usling wildro-noedles and micro-
loopy prepapved with the gid of Tho do Fonbruno mlcroforge.
(Go Fonbrune, 1934, L987: Comandon end de Ponbrune, 1058)

"

Using asepblc techuniques ascl were vemoved from tho

gypsum slepe o presporulation mwdivwn and sugpended in sali:
vogether with the accompenyling diploid vegobtabtlve cells whic
had not sporuleted. A Groplet of such g susponslon was

brensferved to a 574 inel square coverslin ond liverboed ove:

a8 modilfied van Tleghan chamber. Such o chawber was con-

r.b
¢

“x

sbructed by placing a 1/4 inch longth of tubing, 5/ inch L

12

Glameter, in the middle of a glasg slide. Before placing

2 L.

the tuhing in position, about 1L/4 inch of its clrcunfereuncs

wag cubt outl. This wasg done o allow the inserbion of

L]

micro-toeols Into the chanber, Before Inverdgion of the
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coverslip over tho chamber, a drop of sterile water was
placed in the base; this prevented the droplet containing

the yeast asci drying out.

— with
Kiwyly drof ynd&my «dU
QM &okw

OlAM blui«

Mcro 'tool
to MFtvwnquldar

HICRQDISSECTION CHAMBER*.

With the aid of the low power lens of a cor¢>cund micro-
scope both droplet and micro-tool were centred in the field
of vision, and by means of the coarse adjustment screw on
the nose of the micromanipulator, the micro-tool was brought
into approximately the same plane as the cells in the droplet
of saline before changing to the liigh power lens. Dissec-
tion of an ascus was performed by transferring it very
quickly from the fringe of the droplet to a dry part of the
coverslip. The rapidity of this transfer is essential
since surface tension forces operate to prevent the separa-
tion of the ascus from the fringe of the droplet.

To rupture the wall of the ascus, it was gently rolled



abowut on the dry part of Lh@ coverslip by a siicro~loop wnbil

the wall collaopsad. Divect presgure on the ascus resulied

in a lowoyr percentesd germinetion of the ascospores, probobly
due o injury., -~ The liberated spores were 1Lifted away
Individually from the coverslip within the micro-loop which
wag thon lowered from the surfece of the covorglass. The

coverglass convalning the droplet wag thon roplaced by
snothor covergless cerrying on the underside Tour geparated

apobs of melbed sterile comwled ) medivm agar. The micro-

locp was then gently ralsed towanrd the suvface of one of

those asar droplebs and Lhe ascospors devoslted on ibs gup-
faco. This oporatlon was repeated wnmtil all the sscospores
cf en amcus hed been transferred esch to g dlilfferent agar

droplet. Tho coverglass wes then rewmoved from the chombor

and plaeced, agar downward, over plastic concaviiy slide

EZI

inte ﬁhe.cavities of which had boecn placad a drop of sbarile
waber to prevent drying cut of the agar dreplets. The
coneavity slides wore incubebed until microccloniea of yeast
vigible Bo tho nelied eye eppoared. Suell microcolonios
could usually he seen aflber 24 hours incubatlon.

The isolatlon of whole intact asel weas carried cubt as

icribed above ex¢geont that the whole escus was transferroed

o
ﬁ}
E’i’.

to the apar droplets instead of the individuel ascospores
To facilitate ths later trangfer of the vegetative cells

arising from the ascogpores to snother medivwm Tor propagebion.



- 7 -

the agar d?ﬁplets ﬁepaéiﬁad on the uwnder side of the cover-
glags wore ?r@pafed.aocorﬁing bo o method of Hommong (unpubm.
lshed -~ personal commuaication). Thig mebhod consilsbed of
using thin permesble cellophane stiripe spproximetely 1/8 inch
aquare, which after sterllization were dipped inlo molten
conplete agar mediwa and imuediately transforred to the

under side of a coverglass where, the ager solldifled around
the cellophene aond atuck to the coverpgless, This collophene.

sor gllip was trensferred effter the deposition of the asco-
ay 2 S

gpore or ascus, or after the vegebabive cells had arisen, by
Lifting The glip from the coverglass using a sterile Towvceps.

S.  Method of Producing Heberogymous Dipnlold Straing

The procedure adopbed for bhe crossing of. two meneticalls
different heplold streaing, In ovder to produce a diploid
‘hﬁberazygeué sbraln, was. that ugsed by Chen (1§?G). This
eambinea the methods adopted by Lindégran and Lindegrsen {1043t
Winge and Lavabgen (1938) and Pomper and Durkholder (1049},

Slngle haplold vegebtatlve cells dexived Ifrom singlo
aéemspo?@ culbures of egch of the stralns bo bo crossed werc
placed gide by side on o collophona-ggar slip by a micro-loop
attached to the de Founbrune micro-menipulator. The cover-
glasg conbaining the cellophens-agar sliﬁ was theon trang-
forred to a van Teolgham coll and the cells vrelocaboed and

centred in the low power field of vision of a compound nicro-
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8EOPE . The cells were ozxamined under the high pover lens

POy
L O

CJ
(

gvery 10 minutos ‘vJC®1é@ of Tusion. Stiould ono o
oth of the haplold cells ropreduce vegotabtlvoly before
fuglon, the cells woro discarded and anobthery glimilar attemy
mede ab crosging the lslna Call fusion took place
usvally from 4 o 8 hours affter placing vhe cells sglde Dy
gide, the avorage btime Ffor fuglon belng 4.25 hours.

'Mwst naploid stwrains ueged in the oxperimonts Lo bo
degcribaed were auxotrophd, laclking the abllity to synthesisze
aifferont growith factors. The diplold gtraln resuliing
from the fusion of two such aurotrophlec hapleld straing,
gach with different roquirements, should therefore be a
probotronh, 1.0, sble Go grow on minimal medium which lacks

ey S

the growih i ae org requirod by cach of the haplceld suxobropt

from whiah 1t wes derived, To ons sure thabt the

tod
‘_..:

diplold

faryl

gypote had ectually avisen from the fuslon of bthe two auxo-

K]

trophic haplold cells, a sample of colls arising Ly vegsta-

-

vivo propagetion from the dipleld fusgion cell was tested fox
growbly on minlmel medium, Thelr growth showed thet thoe
crops had bogn susceasful

gueh & methed of hybridizetlion, ag well as ensuring as

Far as pegelble that the heterozygous diploeold ig forwed, has

ki ¥

thae dlaotined edvantage ovewr

AHE4

Yinge and Laustgents methed (198

i

of crogsing ascospores in that the only cell of the strain

not consumed in the wmabting process; cells of each haplold
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strain ave theorefore avalleble Topr other crosses. Parther,

there ls no gamble with wrogerd %o the mabtlng type of the

colls to be crossed bocowse a sawplo of each haploid strain
ean he tested for mating btype before the crogs is undertalon.
The waethod also overcomes Winge end Robertg! objections
(1948) to Lindegren's (1948h) mass méﬁin@ procedure of
.V@g@tativa colls.

The diplolid colls used in the sxperimenis weve provenbed
from forming ascl by transfer to o now minimal medium agar

glope every 7 dayvs,

4, Origin of Stralns Used

ALL the stwraing of yeast used in the Lollowing ezpeni-
ments ordigineted from four single ascospore culburves of

Sacohavomyees covevisiae kindly supplled by Professor B.

Dphrugal. Two of thesge culbtures, nawmely B15 and CB3-838, were
of Tal! mabting type, the othor twe, BRG and C24-13bh, of Tg!
mating type. A1l four gtrainsg orlgineted from two siralns,
namely, "Boulangerle II' which was mede avallable to Professor
Dphrusgsd from the yeast collecblon of the Leboratolire de
Fermentatlons of LiInstivtulb Pasbeur do Paris, and "Yeost Foam®
a atraln of Awerlcen bakers yeast supplied by Professor .
Winge of the Cavlsberg Laboiatories, Copenhagen, ALYl auxo-
trophs used wore lgoloted and identified in & sowriles of

oxperinmenty described later (Pert IT of this thesls).
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The Genetlc esnalysis of Tubtact, Incomplote Asci of Yoest

Ny

introduction

The formetion by different yeest specles of ascl con-
balning less than four ascoegpores, i.e. incouplete ascl, has
been monbtloned casually by a numbor of workers, Cerbain

gpecics of Saccharvomyces end Nadsonia ncrmally pro&uce only

AR AR A S 0 o i

one spore por ascus (Hostka, 1986: Stelling-Doliker, 1031},
but gonetical investigationg on the nabure of the ascogporos
of -these apscles have boon fow end Incomplete.

Winpe {1944) showed that the ascogpores of Sgccharomyce

AN

LAl

unlgporus mave colonles wihdeh differ in form from the wnobtho:

type, prosumably owing to segregation, These one-apore
cultures diploldized eerly in development and the cells were

capable of @ro@ucizg asel. Simllarly, Nadson ond Konokotine

(1826) working with Hadgonls sclovngata end ., fluvesecens, ond

Skovsted (1943) working with ¥. Richeotrl considersd thet

melogls and segrogation tool place ab spore forwmatlon which
vas followed by the degencration of thyee nueloel.
Tovostigations of ascospores wlbhin incomplete agel of
spoacies capable of producing completeo ascl hnve beon even
fowor, Lindogron and Lindegreon (1044) and Tindegren (19401
studied the sscogporss within two- and one-spore asci of o

diploid strein of &, ceravisloe which they regoarded ag

1llegitimate, l.e. fommed by fusion of haplold colls of the

L=~



gane maeting type. The two-~apore escl were inviable. The
ONO-gROYe sl @rw@ueed diplcld ceolonles which regembled tlu
mobher dlploid; the gpore was thoeroifore not o product of
moiocglis,

Three-gpore agcl have occasionally beon utilized Tor

gonotleal analysis of 8. cerovigise (Lindovrcn} 1048, 1949

Pompor and Burkholder, 19409}, Thage workers assumed thab

the missing spere, iF it hod been present, would have

corragpended to the fourth goenobtypo.

I

The prosent sbtudy Is concornsd with finding out tho

»

nabure of the apores wilthin incomplete asel of §. cereovisies

and whether ox not these ssci can be used, wilthout

. ,
digsection, for g@n@tical analyalg, Thia type of analysis
required the dovelopment of o speclal type of theory and
thls is prosonted.

in view of oow rbain mlstakes of provicus workers, it waos
necesaary to he asure that the diploid cells, from whiceh the
agel wore derived, were legltimaste sygotes. Yhe nse of

suitable maerkers btool care of thig.

Hatorlals end Methods

The diplold c¢olls usged in the experiments were producel
by crossing haplold stralns of opposite maving Hype which

weye complotely heltercthellic, practically never preducing

asel In cultures dexlved Trom gingle

P
'c.)*'

3
?_‘;;l

ABCOERCTes. Tho

genobic merkors utllized, besldes mabing btype, were eithewr
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or both of the Tollewing monogenic diffeoronces in nubaiition
regquivements.  AD/ed, independenca of versus requirement I

adeonine; TRYP/tiyn, independence of versus requlrement for

trypbopiaane. The actual haploid stralans used, bogether

with tholr dewivabion, are shown in the followins tabls.

laplold Derivation Mating  Nubriilonal
straln Type requirement:
G84-130 Recalved from Prof. B. o none

Ephrusgl

B1S Received from Prof. B. a 110N
‘ Fphrussl

10/80, 1b L osingle asscoespore culture o adenine
Teom & crose A7 x DIS
(atrein A7 wialch yoquiros
adenine for growbl was
obtainoed by u.v. troatment
of (24-13b) ‘

19/20.8 A singlo ascospore culturs g tryobophane

from a erogs DIL/18 x 084
185b {strain DI4/18 which
requires tryptophane fop
growth was cwvlrined by

w. V. broeatment of RBLH)

Orogses were made wilith the de Fenbrune micromanipulatox
ag dogeribed on pege 17 of this thosla, Ir both haploid
gtraineg used in & cross wero guxobrophs of dilfferent types,
the resulting diploid was tested for prototrophy by plate-
begting on mindlwmal modiuvm; this nrovided sn oxbra check
that tho crose was legitiumsbo. IL only one of the gﬁﬁaims

crosisod wae an suxovioph, ths regsuliing diploid cells wero
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induced to form four-gpore asci. K Fow 60 these ssci wero

disgsgeted and the cells rosuluvling from each of the fouw

" 7

ascogpores btegted for mubtritlonel reguirement. A rogulbiny

"
._.l

ravlo of 1 equirer to 1 non-requircy per ascus indlcabed

that the cross was leglitlinato.
The method of Induecing the forvwmebtlion of one-, two~ snd
three-anore asel frow dlpleid ralng ig described under

=

"Genoral HMab evial and Mevhods". Incomplete ascl were
lgoletod individually on te cellophane-conmplete agar medi
slips and allowed to gomslnete inbaecht abt 28%C. The cells
of the colonies obtalned alfter 24 vo 48 hours incubsbion
voers enalysed for ploidy wsad genotyne. The method of
analysls of cells avising from onew-gpore asel differed lfrom

that of caLis sriging Trom two~ and Shree-gpore ascl. ¥ach

mothod of snalysls 1ls described boelow.

Nothed of enalysis of ¢8lls srising frowm gevminablon of
intact one-spore ascl.
Hebtwitional requlromente:

Bach cellophano-agar slip containing the colony which
had arigen from & one-spore ascus . wag removed Trom the
coverglass and placed, calaay upward, on & potri-dish of
awli@iﬁiaé completo agar modium. Twenty such strips wowve
pleced on each dish end the dish Incubated lor two davs bo

allov Euyunar prowth of the colonies, A smell incculuwm of

colls Trom ¢achh colony was thon pnlate-tegted for nubritional

-
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re quirenont.

A small inocculum of celle from sach colony was alse
trangferrad to eachh of two tubeg of compleve mediwa, ono
contalning a suspensicn of haplold vegetative colls of

!

sbrain CR4E-15b, mabling type ¢, the other o sugpension of

BLY, mabing Gypo a. Sueh tubes were oxamined after 18
hours incubebion. If the tested cells wore haplold, mabing
would heve veken place in one of the tubes. If mabling 414
not occur in elivher, the colony was aggsuwned to he diploid.

a )

Two critoria were pdopted Lo dlstinguish whether or notb

mabing hed cecurrved. Hating wos ososwmned o have taken
place if theve could bhe seen (4) a charvacteristic flocealas-
tion of cells on sheking the Luba and (b} chavacteristic
fortilligabion bridges b@ﬁween colls of opposite mobing type
on wmileroescople examination of a drop of susponsioan, The
morphiolosy of colonles and cells wes algo characteristlie of
ploidy. |

I any doubt arvose as Lo the ploldy of the colls altowr
suech toats, an inacalﬁm of the cells wes given en opporbunii
of' forming four-aspore ascl by tranaferying them to Lindegron
and Lindegren's pregporulation medlium and then to gypsum

glante. ¥ormation of any four-gporse ascl conflrmed thet th

cells were diplold.

Meothod of analysis of cells arising {from germinetion of

intact btwo~ and bthree-gpore asci:
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The colony of colle resuliing Trom goraination of en
individual two- oy (hree-gpore agcus {on bthe cellophane-aga
8lip) was transferyod o 0.1 wl. of complote liquid medium
doposited in tho foxm of & drop on the surface of conpnle

egar nedlws in a pobtri-dish, The cellophano-sgar sllp was

gitebed in this drop snd tho drep, now conbaining the

Eaed

£2

goparoted colls of the colony, apread over the surfaco of b
conplete-agar medivm, The dish was Incubataed for throe
days oftey whigh a gauple of the colonies which had grown

the Plaﬁ@ wag firsﬁ,testeﬁ Tor pleldy end then nubrlision
reguiremont in the sane mannor as described for the analysi
of colonles arlsing frem éne~sp0re aacl.

A moéified mothod 6f analysls of celonles arising from
tweuspéra secl wag adopted alter Lthe flret two experiments.
The cellophane-agar slin on which the colony had grown was
branaferred to the surface of completg-agar mediwa containe:
in o petri-dlshg tﬁirﬁy such transfeors were made per dish
and each dlsh ineubated for threo deys to ellow the colonie:
to become l&fgar; Tach colony was thon tegted oy ploldy
oand nubrlitional roguirement. These found Lo he haploid
fnon-reguirerst by theso tests could bo composed either of
both ‘requlring! ond "nen-reguiring! cells or of 'none-
roguiving' cells only, A further analysls of gueh haplold
colonies wag not underteken and therafore no dlgtinetion wa

l

made bebtween those cont aining both ‘reguliring’ and !'non-

roquiring' cells and these containing only 'non-roquizring'
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colls.
The diploid colonies were sssumed bo be of one Type of
cell only, an sssumpbion baged on the fact thabt no diploid
colonles of tntzed cells’ (Gifforent nubritional phenotype)

wore debecbed in tho first two experimonts,

Theoretlcally Bxpected Regulbs

The fellowing calculations of the resulig oxpected from

[

the snalysis of intact ineompleto ascl ave based on the fach

that each agcospore within thom 18 & haplold product of
meloale, end on the assuwupllon that there is no differential
viability of muclel of cerbaln g@neﬁypes altor meiocsis.

Thet the agecogpores within two- end three-gopore ascl ar
heplold was shoun by a proliminary éepias of' experiments in

which twonby-five asci of cath type wore dissechod. sach

[ ¢

of the dissoccted ascogpores gavoe lge o & hapleoid culbure

(gee expevimenbal resulbs, page 72).

g, One-gpore Ascl

Comaider a slngle genc B/b and the mating type zene g/

L. Independent assortment of thesse btwo genss would be

expoctod to yield a gonobtypic (and thovofore

m

phenctypic)
ratlo of asel of 1 a2l ¢ 1o B ¢ 1L ab ¢ 1o b Irom Doth the

s rae W

crogs 8 D g b and bthe reclpwrocel eross:

Ha

b xa B suech @

ratio would also be expectod 1f beth these genes wero

natod on the same chromogome and showed frec recombinatic

4
[y

R
S



with one another.

2.

L

oxiplede linkdge netween the two genes‘WDuld ne
indicated when the combination of aolleles enterling tho cross
ig slweys similar o those recoversd from the asels; only tw
bypes of ascl would thoerefore be szpected per cross.

3. Pavtial linkage oatwaon the two genes ig indicated when
the phenotypes of cells arvising from & seriss of one-spore

E3

agel devietes from l:l:l:1, the rabtio expected in the case

o

of fraeo TG@ﬂﬂﬁlﬂxLLQf The caleunletion of the anount of

- )

linkage ls similar o thet omployed in the analysig of

L....!

randon $pores,
These consideratlons also epply to the analysis of the

haplold celly of colonies exlasing from the gormin

o
=
pJ
O
Lo

three~anore ascl (sec pape 70).

. Two~gpore Asgci
It is expocted bliat inbaect two-gnore ascl would mive on
it )2 &8

gormination (a) colonles of dipleoid colls =211 of one kind or

(b) ecclonles of heploid cells which could be all of one type
{¢c) of twe types. Diploid cells {(case o) arisd whon the

two gpores are of oppesite mating type and fuse ab germina.

o

tion, and haplold cells (cases b and e} when the swo époyes
are of the smame mabing type. The oxpectod ralbic of
diffevent bypes of asci with vegard to the mating type of
bhe two gporves Is 1 o and g @ 40 and'g ¢ L g and g.

Thie heploid colonies may congist of cells all of the



goame genotype or of two diffovent genobypes (other than for

mating Lype). The rabtlio of guch difforent kinde of haploid

]

iy

colonles depends on the nuuber and linkege relobionshins o
the menes segrogating frow a heterozygous dipleid, e.g. In
the casoe of a ong gone segresgeitlon a penotypic ratlo of 1 ¢

4 2L would he expocbed among the colonios, viz.,

3
,

Gene B/h segregating:

“ ((B)) ((3)) (b))

Asel ( ( ) (
((B)) ((b)) ({b))

Ixpscted ratlo 1 : 4 3 1

Heplold cells of

colony , B only B oand b b oonly

Linlkege relatlonships between two or more peneg can he

caleulated il each of vhe haploi@ celonies l¢ congldered to
consist of cells derlved from two sporos of the sane mabing
LYo . Colonies having two types of haplold cells ("ai-type
colonles™) derive from sgel with two spores of differvent

ronotypes, apart from mabling Lype, The gonotype of each
k4 2 & [rINZ A 1‘

‘

1

spore 1l deduced by lasolabing and classifying bthe two kind
of cells. Colondes of haplold cells all of the one type
only ("mono-type colonies™) arve assumed to derive Lrom ascl
having two genotyplceelly ldenticel spoves. In the calculo-
.tions to foll the mono-type colonless must be counted wwice

Oon the basisg of this gpore classilflcation Linkages are

caloulated by breatment guch ad isg nsod for random ssunling
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of gamebtes in higher organisme (Mebher, 1956). The greatey
the nmusbor of goenes segregabing the higher the expecied
proportlon of colonies with the btwo Lypos. The use of more
than one gene segregating makes 1t possible to delect and
eabimate the migelasgificatlion dus to vthe Fauet that scwmebime
oenly one apore germlinebes, In our celeoulatlong a mono-type

3 -

cclony ig talkewn ss derived from two identilcal snores. Ho
Information with vegard to the linkege relatlonships of genc
vhelr uenbiomuxaa can be obbalned by enelyszing date from
hapleold colenies In this way.

The phencbypic ratlos of diploid colonise erising from

.Y

I

Cintact fwe-spore sscl give Informatlon on the linkage

[ N w2 " . L DU . . T oy PN N PR e SN ¥ A .
relatlonahips hoth betweon genos and betweon genes and thelw
CONLIOMOTas

The phenotyple ratios of the diplold cells of colonies

1

from lntact thvee-spord ascl cen alsc give this informatlon.

Sich dnfcrmation, howovey, depends upen the asswawption bthal

in the threo-gpore ascus the Ltwe gpores which fuse and give
diplold colonles do nob first give rlse to heploid vegebobtlv
cells which Tuse later o glve two possible combinabions
Tnig souree of misclassilicablon could be aveided by
isol&tiug a single diploid cell taken abt random after
govmination of a threc-spore asgousg, Howevey, the possibili
of dailffeventlial survival or multiplication ¢f cells of

Yot

different genotypes witikdin the colony arising from the
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gorpdnation of the asel would have to be conglidered,
CPinelly, four-gpore ascl could also be used by isolading a
single dinlold coll frowm tho colony derived Irom sach ascus.
In the following calcéulations of thoe results expected
Trom anelyaels of the dinlold colonles arising from Intaét
two-gpore ascl under differont genotyple conditiong, the

»

folloving @oinﬁs should Do borne in mind:

L. Toch gegregating gene, oxcopt thebt for mabing type, is
reproaented by g fully doeminant and fully recessive allelo.
2. In all csleulau-ons ¥ roprogents the relative Lrecquency
off second dlvision segregalion betwéeen the mabing typo gene
8/c and ibs conbromere, y the velebive Ifrequency botweon
gena B/bH and it Gentromere snd z the wolabive Trs quency
betwesn gene §/c end ibg contromere; l-x, 1~y and l-z
represent the relablve froquencles of firgh division

segreopetlon.

Caleulation 1

Rosult expectod wien a. fone H/h freely recombines with
centromere and Ls indenondent of Tho maeting Ltyoe sene, ala,
Or 3. VRGN £O1Ne /D 170oLlY 160 ounine g w"*n its contromers an
ig on uh@ SonG CHrOMOBONe &8 (f0ne  a/a . DUL on Lho ophosite
aide of the centromero

ke 3

Thege two sibuablong caunot be disgstingulshed from one

ancbhor without the uee of further 'markers?.,

o

From Teble 1 (page 31) the expected proporéicn of
phenctype b coleoniss isg oqual to (Bx + Ry - Bxy)/8.

Whon geno B/b showg froe recombination with 1ts centro-



TABLE 1

Th® Type# and Ppaquonoloa of Four-spor® atoi. Together with the Proportions
of Diploid Phenotypes, Expected When the Mating Type Gene, a/a, and Gene B/b
are On Different Chromosomes*

Cross: & B X a b

Ist. Division 2nd. Division Types of Frequency Proportion of
Segregation Segrogatlon . Asci APhenotypes
For Gene(s) For Gene(s) I— }1— m
B a Ba
a/a, B/b Ba Ba (I-x)d-y) All
ba b a
ba b a
B a B"a
B/b ala Ba Ba X(l—y) 3/4 1/4
ba ba
ba ba
C
Ba B*a
a/a B/b ba ba Ii-X)y 3/4 1/4
Ba b’
ba Ba
Ba B"a Ba
a/a, B/b ba ba ba Xy 7/8 1/8
Ba ba ba
ba 1la B a



S

mere then v =2 (Hather, 1058). Thorefore, the proportlon of
different phonobypes expected undep thoe above condltions is
aqual Gog-

1w Jlex+ 4 « 2x)/8 b and (8x +4 - 2x)/8 D
3 == 3 i2)

Fa

Caoleulation 2

Fogult expected when neues B/h and el freoly rocoubine
witlh one another bul sre each completelw linked to thelw
conb oo re g

In this situeation only asci of types TA and IIA of
Teble 1 are expocted. Tbuap no diplold phenobynes of
constitution b arve expocted.

The result would bo the same if the two genes were on
the same chromosone, elther on the same side or on opposite

Cal

gides of the controuere.

r

Caleulablon S

Regult expocted when gene B/DH 1s commletely linked to
ite centromere and bthe Iyvoguency of second division

£

gsosresation of gene a/c(x) isg known

LT

¥,

Ta this sltuvation only ascl of btypes IA, ITA, I end
IR of Teble 1 are oxpsctod. The expected propertion of
phencbype b diploids ig thovefors eqnal-to‘ﬁx(l~y),

Complete linkege of gone B/D to its centvomere (i.e,

¥ = 0) is therefore indlicated when the proportion of b
]

A . 2.
phenctypes ia equal to L.
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H

Caleulatlion 4

Calculation of the linkase veth1on shin botwoaen mong}ﬁ/?
and its cenbrTomere whon Lho 1 roouoncy of Socont Givision
segremation (x) of the maving Lype pene, o/c, ls lmown, end
botih gonos ireely recembine with one anctioewy.

IJ;

n thisg situatlion all types of edgel in Table 1 ave
oxpectod. The expected proportion of p}i‘@z‘lo{?;‘g‘;{)e b dipleids
ig, thersfore, equel Lo (Bx + 8y - 3xy)/8.

I both x and the propeowvbtion, p, of diplold b phenobypeo:

are known, thon y, the frequoncy of sccond division segrssa-

blon of gene B/h, may bhe uucu} ated wsing thls equabion.

L

“:5

nis le wost simply done using the alternstivoe

gquantitios X = 1 - Zx, amd ¥ = 1 - wyp which ave wolated to

the proporbion, p, thus:

I will he agoen thev this relabtionshlp lg Lfunds an L
in work of this kind and willl cceur agaln, it is \fsomh
noting that the quantitiecs X and ¥ take the minlmus velues
of’ zore for free rocoubinablon of the gones g/¢ and B/bH
with Htheir centromores, end mexlmun valuss of 1 for complotoe

Linkage to thelr cenbromeres.

Calculation &

Geleoulabion of the linkese rolationship between sene
B/b _snd The smating typd fone, o/u, b S Y are .on tho
SOme  CHranosome PuL  on opnesito sides of LIIG CONL romero .

Table 2 {page 34) shows the bypes and frequencles of
ascl, bLogether with the preportion of phonotype b diploids

expacted wder the above condiblons.




TABLE 2
Tho Typos and Proquonoloa of Pour-sporo Asol, Togothor with tho Proportions
of Diploid Phonotypoa. Expooted When the Two Linked Genoa a/oc and B/b are
On Opposite Sides of the Centromere.

Cross: a B

1st, Division 2nd. Division Types of Frequency Proportion of
SogrogHtion Segregation Asci “henotypog
For Qene(s) For Oene(s) I n mxni
A
B a n'"oc
a/a, E/b Ba Ba (1-x)d-y) All
ba b a
ba b a
B
B/b / Ba 3/4
ala Ba i-
Ba x(i-y) 1/4
b a
0
B a
a/oc B/b b a y(1.x) 3/4 V4
Ba
b a
D
It
B 3 4
Ba Ba ba
a/oc, E/b ba ba b a Xy 7/8 1/8
Ba Ba Ba
bw ba ba
I 12 t1
St. A

‘- denotes usci resulting after two, three and four strand oroaaing

over.



Phis proportion, p, is equal to t{x + y - Zxy), or,

iIPX=1«%2x, and ¥ =1 - %yj it may bhe derived f:w:.»zr_;g
1L~ 6p =X
It ig convenlent at thig stage to intreduce o measure,
u, the relatvive frequency of tetratype and ditype ascl

).

with regard to tho geones gfp and B/,  Thus of the three

a o a b a B
a B ann o b
g b » o B 5 o B 5
i b o B o b

the first two ave taken bto comprise o proporbion, l-u, and

the latter s proportlon, u.

O Pable 2, the guantity u ig derived dlrectly from:

o

, 2 . 2 o - . .
w= %+ ¥ ~2xy, o, 8 U =1 - Fu, from U = XV. PThus 4t

may bho d.:‘i.};"ea_c%; ly esbimated frouws
U= 1 - &p,

The eppendix shows (page 67) that v (o U) is rolated
bo the mean nuabey of chismeba batueun the locl of the two
genes, :-iﬂe:’i, nrough this, to the recombination frequency,
betwoon thewm, The fundament a."f, relaticnshlp herve 1

= (1 - U )
Congequently, the rocomblnation Ifreguency bhebtweoen the
two locl may be directly derlved from: |

b
C.l:p " 213 7“33‘2;{:)3 e @ p o0 @

i
.

The Llxst two terms of thls oxpansioa will uvsually give
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£ Lo a sulficlient degroe of accuracy. Foy Instance, 1P »p =
0.1, the sccurabe formula gives:
: ‘ 2
f = {'} b C}o lz)

l'“} 286

it

The gerlee expansion to two terms glves:

£

i

Q,e
Oo

2 0.08

It

{“J o

J

Caleulatl on, 8-

Caleulabion of the linkage relabiong

hip between gene B/

end the matlng tyne pene, s/a, when | they arve on the same sid

oL the centromnerd . '
Tablog & and 4 (pagoes 37 and 38) ghow the bypes and

£ roqueucm" of asel expacted from lmtm?cz‘;n*oco dordved Trom

e Greuses .. B ax . ba (gone:ovdor:
and ._a B x . g b (gene order: contromero-o/o-

In both instmnces,
setrabype ssci. In the [ivst insbance,
and y by the relationship:

v

X=F
¥ =

4o m—%uy
or

XU
and, in the second instance,

ax “}=

u - Sux
on
UX
In woth instances,
diploids oxpected lsg equal

u = 4dp

by the wvelabil

the proportlon, p,

centromere-B/h-a/v )

2/h) .

v 1s uged to doenobe the frequency

1s wvelated to

g
wh

SEE

A

onship

off phenotype b

] .
T W and hence



TAPLIS 3

Tt™ Typmm mnd Prmqumnolem of Fonr-mporm Amo 1, Topobhor wifch tho Prof>ortlom
of Diploid Mionotypmw, Expooted When tho Two Llnkod Oenom a/ot and B/b are

On tho Same 31do oT tho Centromoro.

Oroom "~ BA X . bg (gone B/b nonroot tho oontromoro)
lot * DWiolon 2nd, Division Types or Prequonoy
Soprofotlon Soprogotlon
r
Ba "a
a/«, f/b - Ba Bo (lI-y)d-u)
baba
baba
B a 13
Vb a/a Ba (I-y)u
b a
b a
0
B a B"a
- (a/a), i/b baba y(l-u)
Ba Ba
baba
- a/a. IVA> BaBa Ba yu
babaBa
ba ba ba
1:2:1

(a/oc) donotoo Mint oecoond division ooproptition of pono a/a results

Proportion of

nionotypOB

3/4

Ail

3/4

from

1/4

1/4

oroosinp ovor botwoon pono B/b and the oontromoro and not from orossinp ovor

botvtfoon ponoa B/b and a/oc.

fy St. donotos asoi obtiilnod nftor two, f.hroa and four shr uid oronalnp ov"
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TABLE 4

Tb# Types and Prequenoias of foor-aporo Aaol. Together with the Proportions
of Diploid Phenotypes. Expected When the Tso Linked Genes B/b and a/a are On

the Sas» Side of the OontrosMre.

Grosst . a B x .g b (gene a/« nearest the oentromore)
1st. Division 2nd. Division Types of Prequenoy
Ségrégation Segregation
Per QeneCa) tor o«n>(«)
aB4 .
*/*» Vb aBab (1-x)(1-u)
« bg B
a ba B
a B sfb
(Vb) gbg B x(1-n)
aBab
g bg B
a B
°/a Vb # b (1-x)u
g B
« b
? '
®@hab
BAX. B/b g BgBg b XU
a baBn B
bgb B
gl :g2 :gl

(E/b) denotes that second division segroputlon of gonme B/h roaults
over between gene a/g and tho centromere, not from crossing ovor hotwoon

genes a/g and B/b.

Proi>ortlon of

Phonotypog,.
All
All
3/4 1/4
3/4 1/4

from oronnlng

St .
T1 denotes asci obtained after two. throe and four strand oromslng ovor.
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The same relatlonghip for tho reconbinatlon fraction,

£, as wes obtained in Caleulation 5 thus holds, nemely:
‘ 2 .

£= - 0¥
- 2 ..
=%~ (1~ 6p)7)
= Bp b 2n* +%§p3 beoes

>

nobe on Caleulatlionsg b and 6

. Nelthoy Gal lation & nor & allow the derivation of
Helthor Caloul ot & nor 1laow tl jorivati of

olther x or y (the freguencies of second division segregatior

i‘t

for genes oy, end B/b), end, even when cliher x ox y is
known, btwe possible values always exist for thoe othor.

The following cages need to ho consldered. Suppose

)

that x iskknéWn1in each instance and v is required Lo be
found. A precigoly simllar sitvebion exists in the éevars
case .,
a. :4p

Here, X< 1L - 6p = U, and hence the possible solublons
are ¥ = UX, end ¥ = X/U, 1.0. glthov

s
Y=+ X wFux

and the gene B/b lles on the same side of the cenbromere bub

" ey

further aeway than gene gfo,  on

X o= ouw ok y - 2uy

and the gene B/b 1ios on the same side of the cenbromewve bul

x

warer than gone a/o.

Here X > 1 - Gp =¥, and hencae either ¥ = XU, or ¥ = U/3




v B

Y= ou b ¥ o Sux
and tho gene B/h lies on the same gside of the conbtromers hulb
further eway then gone o/,
- 3
2L w= X y¥ ~Zx

end the pgene B/b lies on the opposlits ¢lde of the cenbromnere
=] Rl it Lot 3

Lo gone g/u.

The Detectlion and Measurement of Linkase between Two Cenes,
B/b end C/e, end bobween these Genes and thelr Conbronoras.

-

The proportions of diploid phenchtypes arising Trom twoe

spore agcel, formed Trom a diploid heterorymous for the two

Linked genes B/b snd ¢/, Alffer scoording to how bhe initial
w3 ol e aaid <o

LY

crcss is made, l.e. whethor the alleles of theso gencs enier

the heterogygote in the coupling or in the repulsion phase.
gueh ig not the casa‘if the genes are assorting ilndependently

Raxe colonies of phwenotype b ¢ are expecied from the
ascl of a heborozygobe in which the alleles are in the

ropulaion phase, wheveas whon they aro in the coupling phase

)

guch colonles ave comuon.  This siltuation ls Indopendent of

s SN} 3

the relationship of tho genes to thelr centromeves, viz.,

a, o B Uxaob ¢

| or  we-ww Dipleid b ¢ phonotypes
o B OCxab o O OIEROL

-~ WAl MM e

P, ab CUxg B ¢

L P S L T

o wwwws DIpLloid b ¢ phenotypes
g b G ad ¢ rere

Information with rogard to the awount of linkeze beitween

two genes and bebweon bthese genes and thelr conbtromores ig
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-

therefore more officliently obteined from the ascl avising

from a hesterosygobe in which tho elleles are in the coupling

Caloulablon 7

Hosulbs expected whon genes B/D, (3/0 and the wmabing typo
fono, a/a, underso free pocoubinab ion wich one gnothor bu*c.
NOL NeCOSaarL Ly wluw Gholr CONIL ¥ oMo 16 &

*

Tebhle § (page 43) 1llustvates the types and freqguencles
of complete puaci whioch arve oxpocted from o IAG}LO].‘L;Z ‘gote in
which the gones B/b, /¢ end the wmating bype gene g/u, ave
aach linked to thelr contramweres bub undergo free recombina-
tlon with one another. :

R Results expected when mm throe rcoanes veconbine freely
both with one snother end w.;.zﬁ.l thelr Controneyros

When the three genes ogmﬂa‘be independently of thelr
contromoros andl of one snother then v, z, and x are each
egual o B8, The proporblong of diploid eoloniss oxpeched

uader these cenditiong syre:

ey . . i3 [
Sl oo 2R Se T G Leb o
ar DG s B S gy b L 4 s b e

e Regulls cmpcmwcs when the three ,r:mmc* vnderso f1ee re-
\‘}zublu.&'{ fioh witn ent onobheor DUl ere oLohor comniete iy linked

or show Ireo mcombin ablon withh thaely cenbromeres.

Thoge results,’ caleu}.&te& in o simllar manner to

Y

thoese above, are ghown in thoe following table:




Fa)
== ‘Q:t(.} o’

Genes compnlotely Genes undergoing Ratlos of pheno-
Linked to thelr froe recombination btypes expocted
centromeras {no with btheir centio-
2nd division meres
segregation) BC ¢ Be : BC : be
1. g/a, B/b and C/c . 1 0 0 o
2. 8o and B/b ¢/c 5 1 0 0
5. 8/a and Gfc B/b - 5 0 1 G
4.-B/b end C/c a/c 9 1 1 1
| 5. afu B/b end ¢/c 35 5 5 1
. B/b s/a and C/c - 25 5 5 1.
7. C/c a/c and B/b 25 5 5 1
5 1

8., - a/a, B/b and C/c 25 5

It cen be seon frow thls Lable that the rabtic of 25 BO
§ Be ¢+ 6 bC ¢ 1 be will o expocted In every cage whore any
one. of the genes (including that for mating type) 1z com-
plevoly linked to ils ceuntrusmere and the othor two ghow [reo
recombination with their centromeres (cases 5,‘6 and 7}

thig roble will elaoc be expected when all thiee genes show

free recoublnablion with thelr cenbromores (case 8).
“As for the two goune cago (Caloulabion 4, pege 33), the
aquationg derived In Table 5 may bo most slmply expressed in

terma of the alternabtive quantitles:

i

=1 =
1 -
1 -

X

Jus hojta

b
i

A

m']:* P

IL pyy and p, then represent the proporblons of pheno-




iaBli-1
fh* #md Pr«qtwBol«a ef Four-#por# A#ol, Togathar «ith tha Pro&ortlortef Dlplald Fhewtypee, W aatall
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types b and ¢ vespoectively (i.0. BC + be, and Be + be), and
Ppg rvepresents the proportlion of phonotypos b e, the squa-

tionsg mey be wrliten:

1 « Opp = XY
1 ~ Bpg = X%

|1

36(9}30 - _pbp’c) .E\E'Z(:L w }{)(ﬁ + :}t)
These nmay be solved dlrectly for X, ¥, and 4%, and honce
for x, ¥, ond 2z,

If g = 36(phe ~ Phve)
(1-Gpp i (1-6pe) ’

shonn the selutlons are glven byl

1 -3x = X = /Berd] -1,
S(a+l)

3 — — £
L -2 =4 1-Gpg
nmw“:%i:-ﬁ*“ﬂ

Those equations glve wnlque values for x:, vy, and & (the
froquencies of second divislon sogregation of sach of the -
three genes, afo, B/b, and G/¢).

Nocesgery and suificient conditiona thet these solubtlons

should have a roal meaning aro thabt

. z )
Ph = T
)
2 1-6py, * 7T FC ks
“ Y=, L 3 1 e thiy “f‘) )
CL Phe = Be Eh4pb “Peo s 1 P> e
z RGN pore

Ag an illusgtration of the epplicebicn of these formmlee,




w & e

consider the case where the Tollowing proportiong of pheno-

. ) . .
types ocour: BE =75, bC =44, and be = 5.

G e A s
1 = B0 (5% - o) %{é = 8,56
(5/8)F

X = /@23.56'5‘9] -, = 0,629

2x6 .90

Y=%=_%
4 Fi B . —_ o £
LS rai g —_— U w\}(}
o688 .

Neither pjp nor pe may thoorebleally exceed a value of
-+, but as the table on pagé 42 shows, the value of e may be
atbained when one or more genes freely reconbine with their
Qanﬁrﬁm&res, The Tollewing spoclal cases may he
distinguished:
g. IF py = and }§G<—L—, then y = 2, L.e. gene B/b freely
recombines with iteg centromere. Hore, Iurther informabtion
18 required before unlque values can be obhtalned for x and
%, which satlsfly:

1~ Gpg = (1 = %:xg)(:l. - %z),

b. If pe =‘ﬁ and pb<&ﬁ3 then & =.§ s L.o. gone G/c freoly
recombings with 1lte contromere. Tuprthey informetion ig
requlred before unique values cen he obbteined for x end W
~which gasiefy:

1o~ Gop = (L =-3x)(L -y).
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- 4‘;\:{‘) e

c. I Py = Po =4 then either x =

mlro

ory =z =2, n
bobth these instances further infowmabtion is noeded to obbaln
a complete golution.

In all three of these iunsbtances, a hknowledgo of one of

the velues %, v or 5 (other than ) is noeded before all

racombination values cen bhe estimabed,

The modified eguationg, dorived from those of Table 6
3

aro woybh rveo-oexaminetion:

I

1~ Gpp = XY
1~ Opg = X7
B36(ppe - Ppoe) = YE(L-K)(2#X)

The fivst two of those are wrepetliicns of the equation
obtained in Caleulabion 4 (where only bthe mabting type gone,
&/v, end gone 1B/b were doald with), end mey have been written
dowmn divectly. The thind equabtlon represents something new:
1t gives the extent Lo which the proporbion, Phes OF double
racosglive phenolbypes differs from what would be expecteod
from e consldowvation of the proportlons, pp and pe, of pheno-
types b (be + wl) and ¢ (be + Be),

This equation shows, foxr instance, thet, 1if elther gene
B/b or /¢ frecly rocombines with its contromere (i.e, 1f ¥
or %4 ig zero), the proporltlon of double recessive phenotypes,
he, -1a the product of the proportions of phencbtypes b and ¢
(L.0. Dhe = Dphbe) - This is also truo i gene g/u is com-

pletely linked to its centromere (L.0. if ¥ = 1) irrvespective




i
i
>
3

a

of the relatlonship of genes B/b and ¢/¢ end tholr cenbro-
nerod.

In other lnstances the proportion, npe, of double

receaslive. phonotypos wlll always oexeoed thoe proportion

‘expected from a consideration of tho proportions Dy, -ang. Deo

2

Table Sa may be used vo sluplily the calewnlation of x,

v, and & from any selt of data glving py, pe and Phe The
main steops in the calculations are as followa:
L. Caleulabe g = ﬁé(pbc - PuPea)
{1=6pp ) (1=Cpg )

£. Inter this value of g in Table Be to obbtailn
values for 1/X and x.

5. Cealeulate ¥ and % using the formmulao:

¥ =1 x (1«6pp)
A

4 =1 x (1-6pg)
A

4, QCaleulate y and z from the formulas:

¥y = 3(1~Y)
2(

Y o=
For example, bteltlng the data analysed on page s
o= 2.56, and hence Ifrom Taeble 5a, 1/X¥ = 1.60 and x = 0.25.
Since (l-Gpc)= (1-Gpbh)= 8/8, Y= 2 =£x 1.60 = (.60, end
hence y = 5 = 0.87,

Caleulation involving three or more Independent genes in
aeddition to thev Lor matlng type

-The above equationg (page 44) elso show how it ls

pogsible to deal wilth thyee or wore freely vocouwbining genes
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Tablo to almelifly celeounlatlons of second divis!
Glon frequencles

m
o
9
-
D’J
L*s
B
C‘"
F’J

1/X %

0
.G lpﬁﬁO G. 000
G.8 1.064 G . 040
0.4 1.188 0. UVu
0.6 L1709 0.101%
0.8 1.231 0.125
1.0 1.8281 0.148
1.5 1,306 0.189
2.0 1.500 0228
2.5 1.5696 : G .8249
3.0 1,686 0.271
4.0 1,831 0.506
5.0 2. 000 0.3583
6.0 2,13 0.385
.?40 na.\('-'.o66 003’?2
8.0 2.3806 0. o8%
9.0 2,500 0,400
10.0 ' 2.608 0,411
12.0 2,856 : 0,438
14,0 3.00Q0 0,444
16.¢ S,1%06 0,457
20.0 5.500 0. 476
30.0 4,195 0.508
40.0 4,784 ' 0.527
50.0 5,300 0.541
100.0 7 .52 : 0,876
200.0 - 10.088 0.0600

o ' oo | 0.66%
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(in addition to thaet Lfor mebing type). For example, with

genes B/b, ¢/c, and D/4, the froguencies of second division

segrogation may be ropresonbed as y, z, and &, with

o

corvosponding paranetors s

ﬂm

¥=1w

1

L
i

13

ple N

il
:-5—

i 1 -
I the values of Pp, Pe, Pds Dbes Dha, &nd peg are then

moasured, the above ecuabtlong may be repesbed, giving:

1 - Gpp = XV

X

1« Gpg = XU

B

=

36{Phe = Phde) = YA(1-X){(8+X)
36{pha ~ Phrg) = YT(L-X)(8+X)

36(pga ~ pepy) = LY(1-X)(2+X)
A seventh oquation may be added involving the proportlon,
Pheds oFf trlple wecesslives.

Any four of theso equations may be wsed to solve for =,
¥, %, and G. Probably, the simplest procedure would be Lo
caleculate 'g' for each of the phencbypes, be, bd, and cd,
and to use the aversage of thesa three g's in caleulebing X.

then follow fron the firvst three

=

Tho velues of' ¥V, %, and °
oquations,

Hoye, the frequencies of secend divislon segregation

for all genes (l.e., %, ¥, %, and t) may be estimabed
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w G5 -
provided that nobt wmoro than one of the geones freely rocon-
binpg with 1ts cenbromore: 1f only one gone freely recom-
binos with its conbromere a complete golubtlon may 9till bo

obtalnad.

Caleulation 8

Caleulation of tho linkare relablonsglhiin bhetween two
gones, B/ end C/e, whon they ave independont of the mating
trpe sone, afo, aud are on the soame glde oi the centromere

Table 6 (page 50) shows the types and freguencies of
completeo asci yrpected from a hwbherozygous dipleold in which
the gencs ﬁ/@ and G/¢ sre linked 1n the coupling phase, and
19 indepenaént of the natlng type gane‘a G. .

For simplicity, the gone ovder hes been talken ag
“conbtromere-B/h-C/¢. The alternative case where the gene
order is contromere-G/e~-5/h can be glmilarly derived by
interchanging the appropriece symbols,

Ag previougly, v and 3 rvepresent the frequencilies of
second divislon segregation of the genss B/b end C/c
regpectlively, and w is Ualken to represent the Lrequency of

totratype combinations with regard Lo theme two genes,

The three guantlibles vy, z, snd v are then related by the
fommila:
3
2= 7+ 0 - Juy ce s o800 eppendix (page 67)

" . 3 . E e
or, I8 ¥ = 1L -3y, %=1 ~ %E, and U = 1 ~ﬂ%u, by e
& = YU

1% 1s therofore sulficliont to work in terms of any two of
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bthase values: Table G- cmploye v and v. . The quantity, £
in thig table roprssents tho froaquency of recombinabion
botween the genes B/b and ¢/c, whileh may be derlved fvom u

g

using, a9 previocusly, bthe Tormla:

£= 31 - (1-3uPl= 31 - 0T

If 16 wore possible o solve for x, y, and u, bhen z
could bhe derived. Howevér; in this inaﬁaﬁcej ontly u‘may
be completely derived (and hence ). T qaaﬁtity 1 GORES
from the foliﬁwing formulas

uw = Hpg ~ pp)
1 =~ Opp

» where of necessiity »n, > dp.

If Dy > Pe» thon the gene B/b lies further from the
contromors than C/c, and w ig given by:

w- Lpy - pg)
1 - 6}:}@

This formmmla could have bsen directly derived by noting
that, as previously,

1 -~ Gpy = XY
1 -~ Opg X

i

2 [yl
2.2 80c =% = U =1 -3%u, or u=4(pc = 0b)
L~ Gpp

An additional faect, howover, comes from the full
onalysis. Prom the sguations derived from Table ¢ it may
be shown thet:

phe = pp L7 B0b = fPe o L - wu - F
1L« 0pp L -mn

s provided pe> h,
i.e, 2> 9.



or,

317 % ™ ':?"" “a ‘:‘
Phox L - St 5 provided pp > e,
1.0, y> 2.

Phe = Pe &

o

since both w and £ may be derived from pjp and pg using the
above formileae, bthis gives o bagls fopr the prediction of
the propertion of double receggive phenotypes, b ¢, on the .

sgsunpiion of no interferonce of cne chiasme by anothow.

nterlferencs.

e

It can thms Do used sg o measure of chlasma !

i

£

A ccaperigon of the above formule with the conditilong
in Calevlatlon 7 shows that the csses where the genes 3/b
and C/c are on different ehromoscowes, and on tho same
chromoegong on the same side of the cenbromeore mey he
readily distinguilshed.

16 sust flest be noted thatb:

L %w = £ - ;:--«m&~~iﬂ is always preater then &
Y 2 B{I-ay T R ©
It then follows that, if pg > pp, tho rebtio:
D 1 - Gm .
Phe 2p) ite always loss than % whon the genes

pp{l - ©pc ~ %pe)
avre on different chromoscmes, and gresber than & whon they
are on the same‘ehyomosomﬂ, cn the same side of tho centro-
mers. The corregponding ratlo:

Pholl - Gpe)
Dol = 4oy =~ Pog).

% ot k! - L .
mugt be used if 9b4>_90'

Should a further independent genc D/d be introduced
(cn o third chromosome), whose froguency of second division

A L) A : 2' o “ L - -
segregation, %, is less than ¥, couplovte golubtions for x, vy,



2, snd ¥ are posgsiblo.
In this ingtance the approprliabe formulae are:

1« Opp = X¥

il
b4
3

1 - Bpg

1 - Bpg = X
36(ppa - popa) = ¥YI(1 - X)(8 + X)
58(pea ~ pbpé) = 40(3 - X)(R + X)

with bhe solutions:

ple

1T w3 =X=8z+ 9)) - 1

={g + 1)

3 R My
Lwgy= ¥=1 » Opy
o
1 -25=9=1 - Ope
] 3:— M = AL
L -3 =10=1 -~ bpg .
4

Here, g wmey bo calculated Lroms

36(ppg = Dby )
L= Ol - Gpy)

86(0pg = Ppdal
(1L = 6pp) (L~ Gpg)

R from( s Op ?rom any

averanoe (e.g. erithmebtic, weighted, or geometric) of those
two values. One of the gimplest and most sccuraete is:

g=18(0pg *+ Peg = PPy = Deby)
(L~ Spyy =~ Sp )L = Bpy)

The value g cen be useéd in caleulating X, end hence Y, %,
and T, Thug, %, ¥, %, saud &, the Ifrequencies of sacond
divislon segregahion for each off the gones g/o, I/D, /¢,

and D/¢ may be derived.
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Galceulatlon ©

Colculation of the linkame wvelationship bhetweon two
gones B/H and C/e when i thay ahow frec vocombinabion Wiin the
mating type geno, a/o, and greo. on opposite %300% ol the
contbromers

Table 7 (page 57 shows the types end froquencleg of
complete ascl expectad Trom a heverosygous diploid in which

the sbove condiblons prevell end the two genes I/b end (/¢

The situation hers appears to be tho most complicatod

of bthoge so fay encountered in that 1t hias characteristics

o

in common bobth with the situabion existing wheon Lthe ganes

-

B/b end C/¢ are on diffes chyomosomes, end with the

;d:

HGEW

%.l
‘-'.“o

] (3

gituatblon existing whon thess genes are on the same chromo-

g of the centromere.

!'1‘

some on the seme gid
Por Ingtance, when x 0, i.e. when the mating type
gone a/c is complotely linked to its cenbromere, the
situation ig exaetly the some ag for genes on Alfforent
CHFrCOgomo s, On tﬁe cthew hand, when y and z are bobh

small, the situatlicn appesrs slmilay Lo thaet when the genos

are on the some chromogome on thoe samoe gide of the centro-

In general 1t is theowretlcally posuible to go've for

%, ¥ end z under the present assswmpbtions (B/b and ¢/¢ on

\.4"

opposite sldes of the cenbromere), although this is pather

involved computationally. It would appesr thabt sny set of

laba which might he subjected elther to Caleulation 7 (B/b
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*ohan road oartlaally rapraaont tha allalaa althln aaoh of tha four aporaa of an aaoua.

my : aoart>Inaklona of allalaa roanlklmg fro# koo, khraa, and four akrand oroaalnp oaar.



and /¢ on dlfferent chromosowes), oy Lo Caleulation & (B/b
ot /¢ on the same side of the centromere), mey also be
explalned undsy the hypothosls of linked geneslsituat@d on
cppoaite pides of the conbwomere: this, unless furbhow
indepoendent infermation was availeble,

The eguetions which may be devrived Tfrom Teble 7 mey he
sinplified Into the two familliar eguations:

1 - 6pp = XY
1 -~ Ope = X%

vogether with one other eqvab?on glving the proportion, Phas
of dcubl@ recegalve ph@nouypes, This may be put in tho

alteornative formo:

) oo :
— o o~ :L -.‘ .a oy — T ; 'L -
pb@_’ % 1 :uu : (L« v)(1L ~ 2) +76 (1 - X)yz +3: %72
O,

C30(ppe » PpPe) = VAL -~ X)(B + X + h),

whero

h= (1 + 2yv)(L + 27)
2v%)

Yigs (1 +
Congsequently, threo equatliong are avallaeble which may 1
golved foy X, ¥, and Z.

The scltual solublon lg most eesily carryied oub by using

e vough valuve for h, golving for X, ¥V, and 7 Lo gobt & wmore

;exacﬁ value for h, vesolving te &Kot o stlll more exacht value

and 80 on. The hasls of Gthie solublion is the equelions:

X = /(3 + n)y + %(2 + h)e] - (1 h)
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¥ L - Gpp

A TG K vt e RTAS

o

Z = 1 - Opg

a;-«.uw e qu

\‘L

whore, as previcusly, £ ._088{0he - Phihe)
(1 « Bpp){1l - GBpeg)

Ag an jilust”nﬁiénq we may calculase x, ¥, and & from
the same dabte used in demonstrabing Galeﬁlaﬁian 7 (e poge
45), but now upon the assumptlon that the genes B/ and §/c
are on dlfferent sldes of the cenbroamove.

A Tirst approx lh“ on, ?Qw h mey be obbalned usiﬁg the

values for ¥ and % calculaﬁe? in tqaL example., Talking

V=% =0.06, a fLirst rough estimete of h is:

and. g = 2,56,

lmation to the solutlong ave given by

A
LY o B o
X =20 L:"Qk}‘fi% 2 = Q.7
Y= 8- _F = 0.49

Snadran

O )‘,:; e

A botter value for Ihh 1s consequently:

n=_1.99 x 1.98 .
({}abc}),‘y ‘ -f"k:) -

which g:wes ag a second approximabion:

X = L16.3) - B8 .
_}& ’/(1.-}.6'5‘:;"18 < 6 — Qat{‘?g

. 3
Y= 4= “,&E = 0,481,
W)

Thig lg neary the [fivet approximabtion snd therefore may
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he taken to give Ghe finel solubiong:

- 0.778) = 0.14Y7

x = 3(1

2 L g
Thug, on the agsumptlon that pgones E/E and Q/g are on the

S e cuwemoscme cn opposive sides of the csnbromere, the
sbove valuwes suffice Lo explain the observed propophions
Pls Pes 802G Dhe.

To determine what the situatlon may bo, i,0. whelher
the genes are linked or on different chromosomes, it is
nocessery to have a furthor gene D/d, preferably kunown Lo be
on an independent chromoseno. With four genes it is

pessilble to caleulabe three valussg for g

Ene = S6(Phe = Phie)
(1 = GppJ {1 ~ Cpe)

&hd =_96(pha -~ pyvg)
(1~ Gpp (L ~ Gpg)

Ged= 56{peca ~ Deda)
(1~ 6pg) (L -~ 6pa)

the three genes B/b, C/c¢, and /4 ave all on difforent
chromosome s, then these velues of g will be tho samo,

If, on the other hond, two genes are linked and the
third is on a dalffervent chrowoscme, then one value for g
will be greater than tho auh?r LW Thle value will show
which two genes are linked.  For example, if 9bcﬁ> Ind = ged
thon gen@@,ﬁ/& and G/¢ ave Linked.

Pinally, 1f all of the values of g are different the



three genes are on the

For exampls, suppose, as

Ph = Pe= 7? ad Ppo = 7er ond thatb
gene /A& gives pg =%,
e = 22 = B.56
q
and Bpa =

hafovo,

and Pha = Ped a5

.- 2 L
Bod = {.)é)E’ -
3

8OMe Chronosome,

that
the introductlion of tho

Then

=)l = 1.00

ki

Wa ghouwld

ere linked and that gene D/4

Algo, since the ratio:

Ppell = 6pp)

s = L
il - Boyp ~ 4pe)

Lo
R

gmwmﬁﬂ)mw§/chMmfm1Mm
can be pmaea¥aieiy raled oug

It ie posegible to solve

therefore conclude

on o different

8 ame

for ¥ usging

T
X i
thet genes B/D and /¢

£

chirormosome .

the pessibllity of the

aide of the cenbromere
(Ses papge 54)

the proportlons o

diplolid receogsive ﬁumnabymas for my two the penog k/m
C/e, and D/d. In the shove exammple Tthe solubtlons fov
are 0,779, 0,781, and 0.781 reapectlvely. The difference

between the first s@lmﬁian and the lagst two

88 g nweasure of chig

the oversll golubion for

mlght: be usod

waba interforence.

the above

480 and ﬁh@fvtﬂf@ Y o= 5 =

Taking X = 0.781,
axemple la: 2
no= '3-(1“}{.) = 0&14?6
Y= 2 =1« 6pp=0,
S

3

The value t

pone D/4)

{the

i1s derlved thus:

froquency of gvcond division

gegregation

kil

of



- B

T=1+~0pg = 0.520, and thorvefore bt = ¢.455.

k}

Map Disvance and Interferanco

The mean nuﬁbey of chiasme, m, bebween aqy two locl
ig related, by thg formula givon in the appendix, to the
- frequoney of tebrabype agel, or, when ono locus is the
canbromera, bto the froquency of second divislon segrogation,
soy x, ag follows:

@«%m = X
or, "= uélew
This gives btwice the magp digtence betweoen the two loci on
the @ﬁSHW@ﬁiQH‘Of no interfovence and, on the saﬁe»assumptia
map distances caleulabted in this apener are diveeily
addibive (since XY = U).

If, however, Interference occurs, bLthls relationship no
longer holds end 1t s necegsary to consider how this will
alfect the previous calculationsg and the concluslons drawn
frowm theom.

Wivsy, if the caleulations deal with genes situabed on
diffevent chromescmes, there will be no change in the esti-
nates of x, ¥y, &, sbec, The relatlon Laitwoen these esti~
motes ond the mep distances will, however, have changed.

To davive the wmap disvances, fuprbher infomation of the
typo consldered by Haldens (1918) and Mabhor (19358) will

noed to be employed, thoe trre value m being condiitioned in

1&{-, 3.



all instances by the inoqualities:
hr £ g & 29 oy X
o m "‘3.!,0&9.: N

2, in fact, the additive relabion

may be shown to hnld, then

m= -3logy (1 - frx).

Secondly, 1T two or mors genes ars linked then the

vesults given in the btables will g6ill hold, but they need
to be simplifled uglng different substibubtions for u owx L.
Por exauple, in Table 2 the proportion of phenotype b
diploids expeocted fs still %(x Ty o~ Zxy) but this is no
longey equal te Hu, In fackt, 4@h now provides o lowor
1imit Tor the wvalue ol u. In practice, however, unlegs m

1
P

is greater then i, bthe differeace is unlikely to be greab.

Poxp

1

lastence, 4f x =y =4 and u = = + y - xy, bhe mep
dlgtance bhetwoen the genea_ﬁﬁg and B/b calenlatod on the

. s 2 "
agsguapbion of me Interfersnce would be 3logy2=0.46, compared

with the true distence of logez = 0.40, while 1f x =y =2,

Bl

Lo}

covresponding values are 3loged = 0.19 and loges = 0.1€

CD

Similar sivuetions exist in respool of the obther tables

b,

o

and no goiublon can hoe obbained unless ¢ither the meamner in
which tho quantities =, ¥, and 1 ave velabed ig known ov, ab
loast, gones gibuabted on throe different chrowogomes avo
invelved in the coleoulstlon, In the fommer instonce, direch
(ﬁ r vopresents the exbont of Intevrference: it tekes a

value of O when interfercnes ls complelte @@ﬂu 1 when there
ig no interference)
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~ Gl

gubatitutlon providos

the fommlze dexrived ©

solution for =, y end

=3

SN

Pl

N

2

Lon segrogatlion o

2

¥

with vegpoct bto genes
whilch by compavison wi

proporilon would glve

Swmnary end Digscussion

a
E)

4

a golution.

]

ron Teable 5 mey be used to provide

z obe. (the frequencies of second

) 1

Y

sltuated on the seme chromosomes,
th the experimentally observed

-

a meagure of chissmse iatevierencs.

af Caleouwlabiona 1L - 9

It appeargs from bhede caleulabiona that 18 the frew

auencies of second div

In the latter instance

a
2

a

gach gena). These may then ha used

o estimate the proportions of double rocoéssive phenotypes

ision gegregation for gones o/v., B/b,

¢fc ..... eve denoted bY X, ¥, Z ..... , the fundementsl

relationships ave most

X
¥

A
P

These valuos can

he direetly rolated to the proportions of tebratype ascl,

ginply exprogsged in bterms of:

1. z
= 1 w =
RS ;}

r .
=1 -~ 38 .00

teke auy value between O snd 1 and

a3l

(and nence to the mrocomblneblion frequencies), with respect

o linked genos.

¥

The Tlirxat sebt of

' tiﬁfﬂsﬂ S_Jb) I‘}Gg 'i}d ¢ a0 @

single recosslve charectors ©, ¢, d ...

A
1
1

ES

fundemental forsules glves the propor-

. of diploid phenolbypes exhibiting the

Theoss aroe:

- epp, =

-~ 8P, = RE

{(Formulae YAY)

Thoe second set of formulee glves the proportions Phes
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Dhls v o oo 0f dlplold phenobypes exhibibting the double recog-

slve characters b and ¢, D and d ... Por gones on

different chicomosomes, those aro:
56(phe = Phve) = YE(L-X)(2+X) o
56(pna - Dpod) = YI(1-X)(2+x) ., (Fommlao B1)

Whon the gones B/h and g/ ¢ are linked, then formulse B
nsed. o be modiiied and diffevent resulis are cbbalned
according to whether the two gones ere on the geme slde of
the ;entramera or nob. Caleculationg 8 and 9 gshow how the
analydgis may be csrried ont on the assumpbtion of non-intomp-
ference,

Correspondingly more canplicated rosulbs may bhe
obtoined whea interferonce is assuued Lo ccecur, However,
in this instance, further parameters need to be lnbroduced

ag maasures of thls Interference, and gones on abt least

K

IR A W

threo different chromosomes are nesded in orvder Lto obvaln
completo solublon,

Sueh a solublion is mosd sasily cbibeined using fommilae
A and B Lo estlmate x, v, and 3 ete, Turther anelysls
then yields estlmatos of quantibles such as u and [, used
to indicabe the froquencles of tetratype and ditype asci,
which in bturn may e used to invesbigabte bhe exbent of
chiesme inveirivrence.

When neo inberforance occecurs, the measuvementsg X, ¥, 2
or s n s WMEY bo dlrectly tronslated into na@ping Gilstences, I,

using the Tormmlae:



N

A

= z:‘)vu-

M= wglogeX,
With complete ilnberference. the covregponding formula ls:
and with partial interforence the mappliug distance lies
betwoen those two valuesg:
dx £ N £ - logeX

The formlae A awve iluporbtant in thebt if the valve of x

lg Imown, the corvesponding values of y, =z, ebe. can always
ba directly calculatad. Forammles B ave lwmportant in theb
they provide a wethod of &OPIVAL“ guech a valuoe for .

Algo, if three chromosomes (Including that on which the
mating type geng ls sgltuated) ere Included, thoy provide a

meang by which eny further linkages can be detoched and

A

me asuraed, With only threc genos (inecluding that for meting

3

typa) there appears howaveor to be no peneral method Lo

determine the exliestonce of linkage. In this instenco, only

e Poe > Pp L = Bpp - dpg (pe > vp)
PR L e pr

can 1t definibely be stated thal the zencs B/b and ¢/c are
L‘ drgbath R Lt Aemray

1inked.

n o

‘heoreticelly it 1s also possible to calculate tho
formulas to prediet the LHriple and higher order recessive
phenotypes. Thege formulee might be used to further incress

tho accuracy of estimabion. Howevor, since the proporiions

of such nhenotypos will usually be very small, the gain of

informatlion by thls method ls also likely To be vory small,



Appendix

Let m, £, and b 0 be the wean mubers of chiasm

5‘3

ta

X

betwoon gene B/b and ite cenbromere, between gene Q/Q
gene C/c¢, and betweon geno Q/g and dtg ecentromere respoc-

e

tively

rl

'Cr"

The actual numbers of chlasmate then follow Polsson

dilstributions and, for oexemple., the probab!

[.-:n
;-..!
c—b
o
o]
!
b

chlagmate occurring bobtween gone B/H end ive cenbromere ig

given by

Wow, lot Ap end 1 « An ropresent the frequencies of
fivet ond second divislon segregatlon of the gene B/b whon
» ehilasmata oceur bobween this gone and the oenﬁromare,

It is not ditficult te show by employing these values
that 4f p Turthor chlasma ogceurs, one hall of the sececond
division segvegants become Flrvet division segregants, while
all the flrst divislion segrogenits bocowe second division

segrogontyg,

Henece,
. — g
Axa +1 = “f“(.;. - AI‘!)«
This equatlon has to e solved with the condition that Ay, = 1

The solublon of this glves:
= A g 23T
by =%+ 5(-%)

. . N - !
so that, as 1 beoomes Lar¢35 A, Gends ©o 3.

It is now posgible to wrl e down the overall freguency



i‘l"\
el e L
n»

off Fipyst 43

1ivision sogvogeblon uglng the pyrobabillitics of
aiffo: c,m: m Mibéi‘ﬁ of chiasmata occuryring. This 1g
froguoney of first division segregation of zene B/b = L~y :

o0
= Ap{x)

2@
G O T

Hence,

11l
LV
Pann N

5_:

R
Y= 1~y =" ",
By precleely slimlilar reasoning, 1t follows thatb:

. 3
%=1l ~Zz =0
and,

it
H
O\
<
i
&
1
IS
)

U {vooveneseFormula A)

ad hence thab

2y Y
(L~ %5) = (1 - 29)(1 ~ %u)
oY

= ¥+ u -~ yu,

Hlather (1935) gives the formmla covrospending to A4
{ebove) for the recomblnation mequmm'\g\ £, between two
genes in terms of the meoan number of chlasmate, n, This
fovmula 193

HL -0
which in our came is equivolent to:
o 1 e
= 'Qw(l nd U 5) B

The quantlby, v, above is not ¢xpressible in terms of



vigion segreogaitlon gince it involwvewg the

fmeln

Tirat and geecond &

[ns

linkage rolabtlonship of the genes B/h end C/¢. It zives

4

ingstead tho relabtive frequenciecs of the ditvpe ascl ag

2

compered with the tetvebtype asel., Thus the asecl of
congbitublon: B C 1
B o ot D
'}:} Is) anc I.')

b e B

Q Qoo

occur with o total

<

froquency of 1 « u, while the ascl of tonstitubion:

oo oI
D <

oceuy with freguency . The frequenciss of the two Lypes

(28]
RS NN

o

C
B C . b ¢
b e B e aro not however specliled, Theoge may

2

he eagily derived 1f 1t nobted thal, for one or more
chlasmate, these two types oceny with egual freguency.

The only difference in frequency bthue arises from thoso

+

Ainstancos in which no chiasme ccours. These represent

L3

g proportlon o~ of the total.
Conmoquentily the frequencles of the btwo types

ancl

are H{1 « v+ ™). and 1L - u ~ @

[eaknak ey R vs!
Q0
oo
DL GO

...1‘\_)

recapectively. The quentlty o~ ia, of course, relabed Lo

o

u by the Ffommila A gbove, 1l.e. by:
. 3 e
G = l b .E.u = Q 1:5.1“
& simple form for the above two froguancles la:

2

(1 = = £) and (£ - %u).
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¢. Threo-gpore Ascl

Individual colonies from Inbact three-spore asel ave
axpected to contain twoe kinds of c¢olls: diploid fron fuslon
of two asscospores of complomentary wabing btype, and haploild
vosulbing from the odd asccspore,

Tho axyactéd phonotyple ratios among the diploid cells
eriging from thoge ascel are gimllar to those expectsd among
the dipleld eells arising from intact two-gpore ascl, under

similer conditions (Caleculations 1 -« 9)., The haplcld cells
mey be analysed in the some memmer as those arising Trom

intact one-spore asci.

Brxpnerimental Regsulbg
The following wrosulie show how the theovy of the
previouy gectlons may'bé a@pliaﬂ in praciice. Ag such
they are not Intended to derive highly accurate estimabes
of map distances (for which many more observabtlong would
he n&eded) go ruch as to illustrate the practical spplicatio:

of theso gpeeclal types of genetlcal analyeos.

1. Ono-gpore Ascl

The dipleld straln used in bhis experiment was heterc-
zygous for mabting type and adonline roguirement, It was
obbained by crossing straln 18/20 1b with strain €24-13b

and designabed ¢ ad // 5 AD.
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)

Tzporimental analysos

Number of adcl isolated = 40
Number of asel which germinated = 82
Porcoentage mortaliby of agcl = 48
a. Ploldy and matlng type -

Tumher of asel predueing bhaplold coloniog = &

A

Fi

it
o

Muaber of ascl producing diplold colonieg

Mumbor of escl giving Number of asel giving
colonles of g mabting  coloniles of ¢ meting
type bype

Chtained: 18 &

Bapected
(L:1 watioc): 11 11

Deviation highly signiflcent due Go shortaege of ascl pro-

duclng colonles of g mating type.

b. Hutritlonel phenotype

x3

1. Independent of wating type
Phenobype of colonies
AD 80.

Lt [

Tumber of colonleg

Ohtained 13 0
Dxpected (L:l): 1l 11
X8 = 0.75
P o= 0.4

A Jolonies of g mating type only

g



T

. ‘ts

- TP

Phonotype «f coloniey

- AD ad
Number of colonies
Obtained s 2 2
Ixpected {Lil): e 2

3., Coleonlos of g mating type only

Phenobype of colonlos

4D &d
Hunmber of colonles 4
Ohtained: 1L i

Brpected (1:1): 9 %

%2 = .89
P o= 0.35

¢c. Morballby of ¢ mating Lypo spores

*

I it is assumed thab sach of the one~gpore agci which
did not produce colonioes contained ascogpores of g mabting
type, it con be ealeulated, as follows, Sthat aboubt 80% of
such asel avre Inviablo.

Te. of asci not producing coleonies = 18
k i " which gave colonles of ¢ mebing type = 4
Thereforve, totel number of agel conbaining ¢ matlng typo

L)

gpores on the above aggsumptilon = 22,

EY
g
]

rorcentape morbellly of such asel = 18 x 100/22 = 81.9

2. Two-spore Ascl
A Disgsctlon of ascl to show ploidy of the ascogpores.

Ho mavrked strains were avalleble whon bthis experliment

waga carried oub. congequently, the 'wild typet dlploid
I



w PR
strain chhalned by crossing strainsg BiS end
to produce the ascl
h“eoviman al manealysls
Ho. of agel dissected = 238
woon o eiving no viable ascospores = 1
i 57 th it oneG i1 tH = 3§
1t 1 it 1 tWG it ir — 81
Mating type of ascospores
All sscogpores gave haploid colonles.
the escospores deoyived fwyom the ascl whiech
viable sgpors were of of g mabing type. The
weag obbtained among those agel which produced
RECOBDOTOS .
Two a Gype One o and one
APUTO S . Hypa SPOTe
Ho. of ascl:
Observed ) 18
apocted
(L:d2l) 3.5 14
Overall watlo of ascospores of a2 mating type
¢ mabing type = R4 a 2 18 g
B Mmeolysis of inbtact ascl
gtralng
Four experlmants were undortalen. Tho

ALl three of

gave only one

a

following ratio

7ATY,

two viagble

Tvo ¢ Gy
_8pores

Do

€A

2]

]
i-J‘
-

ploid
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ubllized in the fivst end aecond experiments wasg hetoro-

P

sygous Loy adenine reguiremont as woll as nating btype; 1t
weas obbeined by crossing straln BLS wlth strain 19/2¢ ib

and designated ¢ ad // a AD.  The diploid strain utllized

e

T

in the thixd experiment was heterosygous for Lrypbophone

LI}

requirement and mating type; it wag obtelned by crossing

strain hlmww-b with gbrein 19/20.8 and designated

ey

o TRYP // & Lryp. In the fourth experiment & dipleld

heteyrosygous foir both adenine end tryptophane requiroments
bogideg mating type was used; 1t was obtalned by croseg

nem
i O

sbrain 19/20.8 with straln 18/20 1h and designated

e AD tLyyp // o ed TRYP.

A S

Bxperimontal snalysos

Bxrporiment 1 and 2 (results combined).

Crogs: g ad s a AD.

v wpie et

i
i~
&

Nueboer of asel isolated

Wumber of ascil nyo&ucing colonieg = 100

Porcentage mortallby of asel = 20

&. Ploldy and mabting Uype
Fumber of agel producing diplold colonieas = 7Y

Humber of agcl producing heplold colonles = 23

Mating typo of haploid coloniles:



..
g
5

i

umber of nsci piving Humber of asel giving
colonies of g meting  colonies of g meblng

Bypo | bypo
Ghtained : 19 4
Bapecbed
(1:l~ratio): 11.5 11.5

oo Bigndlicant shortage of asci glving colonies of ¢ matling
type.

The rabtio of qsu: plv~nm haplold colonles to those gliving
diplold colonles .

a. Overall retico

Two a type one o type and wo g btype
SPOTe g one a type spore sporen
{haplold (dxploxd colonies) {(haploid
colonieg) colonies)
Muwber of ascl:
Obtained: R ' i& 4
Expacted
(1141 ratio): 16.,6% 66,67 16.6%
X* = 11.6
P = G (1(3:535

|

Doeviation highly significant.

b. Ratio of ascl giving diplelid colonles to those giving
haplold colonles of a mating type only.

Two a type One ¢ btype and
SpOYres one o typoe gpore
(haploid (dipTloid colonies)

colonles)
Thamber ol asel:
Ohtained: 10 vy

Bxpecbod (Ll:4) 19.8 76 .€



Therefore, deviabtion in ovorall ratlo ls due

of ascl contalning

C.
Lype ﬂgoreﬂ

The
all
mating type

Munbhoer

Nuaber

Tobal wmber of g, meb

Parcontase

a N A

. Hubprit

Cells of ai

Nunbher of colonles:
Obtalned:

Expected (5:1)":

Colls of haplold colonles:

Percentage morbaliby

following calculatlen

morbality of

1on91 Quenetym%

n:n‘ ‘?"6 e

SPOTOS

Cof

agel not producing colonles conbalned

am bype sasel

guch ascl

Lrom QSGM

0lold colonles

Phenotypos
AD

W

66
64,8

iz based

of

to

of . mabting typs.

onn the

B
byo

of asel not producing cclonles

of asecl producing g mating type colonles

cellin

of colls
ad

11

- .

12.8

(only g mating btype

Phenotypes in sawle of cells

all AD

TWnboer of coloniog:
Obt@iued:

A
bnﬂ@ﬂb@d (L:id )™
-

cenbroneres,

] iy
3.2 12,7

P
wp@ctcu ralilos are based on the assu
binatlion bebtween all

the markers

AD ond gd

all gd

4
S
v = 1.8
= 0.4
318

apores of

6 ghortage

agscl contalning two ¢ mabing

asgumptlon that

€L
b

= 25
= 4
= &4+25 = 29

i

I

deprlved

cells anelysod
Tobal

19

iont of freo recoi
and bhetween bthem and thoeilr



Bxperiment &
Cross: g IRYP x a Lryp
Humber of agel lsolatoed = 03

fharber of ascl producing colonles = BO

1

Porcentage morbaliby of asel 03-50) x 100/95
] o

46,3

8., Ploidy and mebting btype
Mughew of agel producing diplold cclonlios = 42

Tunber of aseld producing haplold colonies = 8

Mabing type of haploid colonies:

Yumber of ascl gilving Mumber of asci giving

colonies of mabimu colonies of ¢ mating
type type

Ohbtained: & 0

Dxpectod (131): 4 4

Doviatlon highly significant due to shorbage of ascl cone

talning ¢ wmating btype spores.

Retio of asecl glving dipleld eoloalos to thogse giving
heplold colonles of o mating type

Two o type sporves One g type and one ¢
(hapTlold colonies) byps spove {diploid
golonies)
Wumber of ascl:

thaina@: & 42
Bxpected (L:4): 10 4G
e
7= 0.0

o
i
@
‘4
oF
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b. Nubritional Phenolype

Asel giving diplold colonles:

Phenotypes
TIEE bryp

TAMTEPARLN

Tuaber of aseil:

Obtained: 306 6

Txpocted (531)%: 35 7

Ascei glving haplold colonios:

i
Tmdd

1

Blthor gﬁxy‘cnlzw
or LRYP and bryp™®

&

Huwber of asel:

g
ot
i

Total

Total

Obtained: 5 3 8
Gxpected (5:1)%: 6.67 1,55
P2 -

K= B.5

P = 0.1
Dzpepriment 4
Cross: a AD Lryp x ¢ ad TRYD
Number of asel isolated = B0
Mamber of asecl producing colonles = 44

i

Pevcentage mortality of ascl

|

8. Ploidy and maeting ©

Tumber of ascl producing diplold colonies

-
hetee
sbadel

,
X

pectod ratleg sre based on the assuwmp
binatlon betwesn the markers snd betweon
CONLIOMOrey.

HE 08 diffeventiated.

(80~44) = 100/80
12

ype

= 5%

tlon of free reconm-

them snd thelr
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Tunber of asei producing heploid colonles .- 7

Mating btype of haploid colonles:
Mumber of asel glving Wumber of ascl glving
colonles of o mabing colonies of ¢ mating
TYPo typo

Obtainod: 5 2

Bxpected (1:1)™: 3.5 , 3,5

Hatio of agsci giving dliplold colonies to bthose giving haploi
colonleha

Two a type One a bype and Two g type
gpoves one ¢ type spore aPOPE S
{(haplold (Aiplold colonies)  (heploid
colonies) colonies)
Numbeyr of asel:
Obtained s 5 57 2
Brpected (L:d:1)®: 7,35 29,55 V.55
)

aphd Y
X = 6.6

}? - () 4 O:S'S

b. Habtritlional phenotypos

Asel giving diploid colonios™H

Yomd
)

wnotypes
. AD TRYR  AD Lxyp ad IRYP  ad bLryp
Humber of agcel:

Obtained: 50 3 3 1
Hupscted =
{(25:5:5:0) ¢ 25,7 5.1 5.1 1
[}
wrbs .
A= 2.1
P o= 0.48

5

Bxpected rablos ave based on Lthoe as
combinablion botweon all the markory e
and theilr centromares,

guaption of free ve~
ad and bebwoon them

Ui 2’.’.9

2 psed glving haploid colonles not enalysed for autritlonel
requlrenent .
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5. Taroe-sporo Ascl

L 4]

A, Diaseetlion of asel Lo ghow ploldy of ascosporea.
Btraln

Ag for the two-gpore asci, the 'wild type' diploid
pirain obtained by crossing straing B1S and C24-13bh wag
nged because no 'marked' straing were avallable when this
exporiment was undertaken,

IBrrerlmental analvels

Ng. of asel dlessocted = 25
e glvAnw no vieble sporog = O
weew only one = 5
it it i " Tt i = 4
it it n Tt three it i = 18

Nating bype of sscosporaes

ALl sgpoves gave heplold colonied. The three spores

o

which were the only viable producty of the ascl from which

15

they were derlived wore all o a wating type. 0f the fouwr
agcel whieh producesd only two vieble ascospores, bthroo
vielded one g and one o type gpore, and the othewr, two a
uvpa sporas, The following rablo was obtained awong those
ascl giving three viabhle spoves:

| Two g type and Two ¢ btype and Tobtel

one ¢ bLyps spore ornie g type snore

Mumber of ascl
Obsenved: 11 7 18
Bzpected (1:1) 9 9

The overall ratio of g maebing type ascospores to those

of o mebing type = 28 ¢ ¢ &7 a.
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B. Mnalyeis of inbtact asel.
Btraln
The diplold stwain ubiliged in this oxperiment was

X

heterogygouns for mebing type and pdenine regulrement, It
was obbained by crossing strain 19/20 1b with sbrain CR24-13b,
‘end designated ¢ od // o AD.

Exporlmontal snalysis

Mumbaer of ascl isolated = 10

Vumber of escl producing colonlieg = 18

a. Ploldy end nutritlonal phenotype

Phanotypes

Haploid cells . Dipleld cells Thapber of asgcl
(AR 5
(2d 0
(AD 4
a ad (
(28 0 (n.e.)

(4D Q

L oad _
ad . O {(n.o.)

Not present

Py T o Woaa W N
.
AAf
o

od 2
Total: 16

(n.e.) denotes that guch ascl are not expecbted.



b, Subtiitional phenobype only

Phonovypes

AD ad  Totel
Hunber of asel:
With diploid eclles: Obbelned: 14 2 16
Lzpocted (H5:1): 138.8 2.7
With haploid cells: Obtained: 5 4 o
Bxpected (1L:1): 4.5 4.5

4, dnalyeesn of Pooled hesulbe from Intact One-, Two- and
Three-gpore Ascl

A, The poclsad ghonstywes of haploiﬁ cslls protucoed by
omgm, two- and throe-spore ascl which arosge from the hetoro-
gygous diploid o 8d // 2 AD.

Type of ascus Phonotyposg
produelng coells aAd asad o AD ¢ ad Tobal
One-apere - 1L i = 2 22
Pwo-apore™ 20 18 {na) (na) 38
Three~gpore 5 4 0 0 o
Totals: 56 29 2 e 69
Bxpooted (1L:1/1:)¥: 32,5 32,5 2 2

X~ Q.76
P .38

1

e

both gpores of all two-gporo ascl are asswmed to havo
germinated; 1 tho cells of a colony aflaiug from guch an
agcug are all of oneo phOHOL“GO the two spores aro ssasumed
to have nossessod that phonotype.

&3
o
]

the 1:1:1:1 rabtio 1s not wealised bocause of the high
mar%aliﬁy of g mabting type spores. Lapocted rabtios are
based on free reconbinablon bobween gene AD/ad snd the
mating typo gone.

21
"
£

(na) denoios not fully anglysed.
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The pooled phenotypes of diploid celle arising Trom

3. 3
Gwo- and three-gpore ascl.

1. Only pene Az/nm gegregating besldes mabing type.

Type of ascus Cross from which  Phenobypes
oroducling colls aucl taken AD ad Total
Two-gpore ¢ ad ¥ a AD 66 11 7
Throo-spore - owoad koa AD 14 2 16

Totalag: 115 1w 130

Bxpected (5:1)%: 108.3 RL.Y
2 .
at Y - l. |::2
P = 0,28
AN tnly gene TRYP/trvp segregebing begldes matlng bype.
Typo of ascusg Crogs Lrom which  Phenotypes Total
produclng cells - ascl taken TRYP Lryn
Two-gpore o T ox oo Lry 36 & 42
Two-spore o ad URY x g AD tyy 39 % 37
Totals: o - 16 7o
Bxpected {Hil): 65,8 15.8
2
o= (.95
P o= 0,35

uHMthV and Conclusiong

a. One-gpore ascl
I Lorty ong-gpore asel lsolebted fyom the diploid
6. ad // & AD, bwenby-two germinsted all producing heplold.

[AER-Y

colonies, elghnbeen of which were of g mabing btype. I i

is agsumed thav bthose ascil not producing colonles contained

® axnocted ratlo 1ls hased on froo recombinetlon aeuweah u@ne
Ag/ad and the mabing type gene and hetween sach of bthese
sones ana theilr camﬁr'ﬂ@feu.



mwmmmmaafgamﬁmgtmm,itcmx%amﬂmﬁﬁmdtmmz&mw
80¥ gueh &séi are ilnviable. It 49 not yet known whethor
thils low viability ls due to the mabing type allele lbgell
or to somo closely linked locus,

Of the 22 heplold colonies, 13 wore AD and 9 gd, that
i, the two alleles segregated in a rablo not signiflcantly
dirfferent from 1 ¢ 1. Theve ls no evidence of linkage
between thls gene and the mating type gene: devietlioan {rom
the 1 g AD + 1 o 4D 1 o ad :+ 1 g ad rabtlo is clearly due
5o the lmﬁ viﬁbiliﬁy of the agcl conbeining sporves of ¢
wmating type.

These vesulbs domonstrete that a gonetlic enalysis
slullar to that of rendom sempling of gametés in higher

i

organlsms 18 pogsible in yeast,

-

b, Ywo-spore agcl
All colonles produced by ascospores dissected fron two-
spore ascl were haploid. Tarther, théd overell reblo of

¢ mating type ascospores Lo those of g mabtling type did noi

-
[roe

o

differ significantly from the expected 1 : 1 (18 ¢ 24 a).
Intact two-spore asci preduced either colonles wmadse up
of only diploid cells all of one mubritional phenotype, or
colonlies of haploid cells which were all of one Lype or of
two Lyves. Presumably diplold colonics aroge when tho two
gpores were of complementary matling btype, and haploid

-3

colonies whon the gpores were of the game mabing type. The

<
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normal foxmation of diploid coleniss from two-gpore ascl
ghows that the low viabiliby of o mebting type spores,
detected upén analygis Qf‘On@wSpmre agel and confllrwmed by
the present resulbs, 1s nob manlfest in the hebtervogygote or
in the haplold ascogpore 1L the latter fusos with a gpore of
complementary mating type.

Phenotypes in ssmplos of cells Gakon From hapleld

(]

colonies of a mabing type originating from btwo-spore ascl
of the cross in which only gone AD/ad was segrogabting (in
addition to mabling typo), ga?a a rablo among the colonies of
5 all AD : 10 Both AD and ad : ¢ all ad: thils does notb
differ sisnificantly fram the expected 1 : 4 : 1 ratio.
Mnalysis of the dlplold e¢olonles obbtalned from two-
)

spore ascl in the btwo crosses in which only gene AD/ed end

only mene TRYP/trvp wore segregabting hosides mabting bypo

gave rospective rebloa of 66 AD ¢ 11 gd, and 36 IRYP : 6 txyp
Theso rablos do nolb differ elignificantly from the b : 1 ratio
expected when cach of the nuitritionel menes and the mebing
type gene show freo recowbination with one snother end when

at loast onoe gene in each cross shows free vocowbinatlon with

f ]
o

its contromsre, i.0. 1g 33,3 or move wmep unibs eway {from
1ts cantromere {Calculationl, page 30).
Analyels of the diploldd colonles obtained from two-spore

asci in which both the AD/ad and TRHP/ﬁryp genss were

segroenabing gave a vatlo of 50 AD PRYP @ 3 ad IBYP : 3 AD



[

Lryn ¢ 1 ad trwn, which doeg nob differ signiiicantly fronm
the 85 ¢ 85 ¢ & 3 1 ratlo expeched when there ig froe recom-
hination of the two genes, of oach of these and the mabing
type gene, and of ob least two end possibly threo of the

1

genes and their centromeres (Calculebion ¥, page 41, Jae,

towever, the conclusions on the analyels of pooled results).

¢. Three~spore ascl

el

2

A11 the ascogpores dlsgsected Lrom three-spore a
wore simlilar Vo those of one- and two-gpore ascl in thab
bhoey gave haplodid colonios. A slighﬁ but not sizgnificent
snortasge of Q ﬁaﬁing-typ& gpores rasulbed (overall rabtlo:

S 8 28 o). This deproe of shorlage, however, wag nob
anywhere near as great ag vhat evident in the experimonts
on intect escl where 'mevykoed' streins were used. Tolting
into congideration the overall yasﬁlts of these exverimentsa,
it would appear Lthat both the gd ellele and, Lo a lesssr
dogree, the Lryp allele enhancod the mortallty of the ¢
webting type spowes;

Hall the Indlvidual cclonies sriaging from invact throe~
gpore ascl conbelned two kindg of cells: dlploid cells
rosulting from the fusion of twe agcospores of complementary
matlng vype, and haplold cells resulting from the odd asco-
apere . The obther half of the colonleg conbtained only
@iploi& célls, presunmably hecause the odd agcospore which

ghould have glvon haplold cells was of o meting type end
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falled to gorminaeto. The diploid cells from each ascus

WO re iﬁvariably of cne type, showing thet btwo ascospores of
complomentary mabting typs fuse on germinatlon wlthout First
dividing.

Anglysis of the haploid colls of the colonies vielded
a phenotypic rabio of & AD : 4 ad, a roeuld nob signiflcantls
different Lfrom that expected.

Mnalysls of the diploid colonles ylelded a phenotypic
ratlio of 14 AD @ 2 ad. The small nmumber of ascel enalysed
i1g not enough to drew any definite conclusions. The most
which can be sald of theso resulvs, vaken alone, ig thab
they do not provide any evidence of linkare either hebtween
the mabing type mene and the AD/ad mene, or botwoon those

senes axd thelr centromeros

d. Pooled results of one-, bwo-, and three-

spore ascl,

The pocled phenotypes of haplold ecells produced by one-,
two~, and threo-spore asel from the dipleld g o8 // 2 AD
clearly Indicabte that the two gones freely vecomblne wlth
ona sother. The obgerved rablic of phencltypes, 36 : 29 1
2 : 2, deviated from the expected 1 ¢ 1 1 1 : 1 rablo for
two reasong: the haploid colls of ¢ mabting type arising
from two-spoere ascl were not analysed, and wmost of the o
meting typo spores did nob geiminate.

2

The analysis of pooled diplolid phenotypes arising from
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two- and three-gpore asel of bobh ¢rosses in whilel

-

the gene

b

o

AD/ed was segregebling do nol wefute the hypothesis thebt this
gene and that for meving bype froely recowbine with one
anothor, and thet at least one of theom freely recombines with
ite cembromore (LL3AD : 17ad).

Similarly, the ratlo of diploild phenotypes frowm two- and

three-spore ascl of both crogges in which gense TRYP /Ly was

segrogabing do not rofute thebt this gene Tfreely recombines

ol

with the mabing type gene, and that abt least one of them

(e

Trealy recombines with its contromere (G69TRYR : 10tivp).
It will Liave beon reallsed, howevor, that these vesulbs
misght equally well be oxplained on the basis of tho model used

in Table 5 (page 43): the genes pfu, MV ad, and TRYP/tryp

Loy

gshow Tree pecombinatlon wlth one mother bub not with their

furharti-si

cantremeres,
Prom the pooled rosulite the best estimabos which can be

obtained Loy pepag =17 = 0,131, OO0 Diwgn = 12 = $.127, and for
$ < }.{;_J:.. 130 ¢ b lur‘yp ]

. =1 2000  Manee
}:) 9;{19 t:‘(’t“\’ri} 3-:" K-) a i\) b - .}-}‘e ﬂGC} 3

e 56(0.087 -~ [0,131 x0.1271) _
& (1 -9 = 0184 (1L -[6 = 0.187]) —

V.08

31
0o
“a

Prom Table /X = 2,506, and x = 0.377, and hence

Y o= 2,306(1 <[6 x 0,131) = ¢,4935
Z o= 2.806(L ~[6 x 0.129)) = 0.5496
and, 2
v = {1~ 0.,4935) = 0,338
%= %(1 ~ 0.5496) = 0,300
Congeguently, thisg data might be explained on the assump-
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tlon of free wecombination of each of the thrae genes with

one anothor, ond linkase with thelr cenbromeres (frequencies

>

of seocond 4iv

O
p.i
%.,.a

slon segregetion of 0.377, 0.838, and 0.500).
On the asgsomptlion of complete Iaterferxences wep

dlstances ol the thren pones [rom *hclw conbrondres ore:

a/o = 19, AD/ad =17, and TRYP/tryp = 15 units. On the

agownptlon of no Interference these valueg ave 28, 24 and
20 unite respectively.

Of conrge, wilithout a very large nuwmber of dipleld

phenobypes {(about 1000), it is lwmpossibleo cither to
debermine aceura oly which oxplanation il best (that of

Proo vecombinablon with thelr contromeres or the above),
or to chbain good estimatos of : wp distences, The ahove
analysés‘ara”th@wafeva more of a domongbrative nabure
than of a coneluglve one.

The resulbts on intact asel confirm thoge of dlasected
ascl in showing that the ascogpores within oach of the
typos of incémplate.asei sach contain one of the fouwr
naploid prcduats of m@iogisu‘

It should also be noted that (&) none of the intact
two~gpore agscl gave boﬁh.haploid end diplold cells, and
(0) none of the inbact threc-spore ascl gave colonles

ontaining haploid and diploid cells both of which were of
frecessive’ nubritional phenotype. Dotk types of sueh gacl

would have Dbeen expected should two ascogpores of complenon-
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tary mating type within the game ascus divide wmitotlcally

hefowo 1133‘!3’100

Digeuassion

Genetlc anelysis of yoast, of tho type reported in the
prosent worl, Ls lntermediate in technical diffiedlby
between tetrad analysis and the anaiy&is of rondom gamotes.
The lagt typo of analysis, not hithoerto cerrisd out in
yoast, nhas beon shown to bo possible by the ulilizatlon of
elther one-spore asci or haplold cells arising from intact
two~ oy three-spore ascl. .Thi& wobhed. gives more Inflorma-
tion than Laqud enalysls bub f&ﬁlﬂ so provide dlrect
evidence of 1rr@gu1ar segragaﬁioms does nobt locate thoe
centromeres and does nob give,inf@wﬁation about chromabld
interferonce. Thus, the ’echn&caW il eultv of dissection
of spores from an agoeus, thﬂmsnt in tetrad analysls, cen he

overcome without serious loss excent for spocial purnores,
pury

=

Should the object of the present work heve hsen to carvy

out formal gonetlc analysis, i.¢. locabing genes, work would
have contimied on onoe-¥poro ascl, Glearly, thia.is 8 more
efficiont wey of wmappling vhen tebrad enalysis, How@vsr,
having shown thet an analysis of rendom agcospores is
possible by ubllizing one-spore asgscel, the mubhor was morve
interegted in findlung whether tho diplold colonles ariging

from inbect btwo- and three-gpore asci could also he

ubilized In gonetic analysls. It haos been ghown that such



colonies can be ubilized and that thelr analvsis brovides
'Tmfoxmqt on as to the locablon of centromeres.

Tho present results. sugrest theb anelysls of inbaet
fwo-gpore ascl mey be sulbed to sbraing of howmobthallie
veagbs, wheve it would bhe expocted that every such sscus
vould on germination produce diplold cells all of one ﬁiﬁd

1£, ag in the present work, the ascospores fused lwmediately
on germinaticn without flrst dividing.

Although analysis of Inbact four-spore ascl hes nob
boesn wndertalkon in the present work, there is no obvious
raaaﬁn.why it could nol be done, If progonies from dlploid
cells 13o§9bau at random from each of a gerles of colonies
ariging from.the germinatlon of individual four-gpore ascl
were smelysed, tho same results would be expected as those
from the enelysls of dipleld cells arising from intach two-
and three-spors asci of the same hebterczygole. A simplified
tecimique for such an andlysis, which would avoild thoe Lrouble
of disgectblon, may be viSvelﬁred, Such a technigue would

3aclud@ stroaling the colony proﬁuceﬁ by each ascus on

mibrient agar and later lgolating and testing a single
colony avising as a vesult of fthe strealk. -

The geneatic analysis of two-gpore agci frowm o cross
involving the inheritence of & single 'aubtritionsl'! gene
could bhe si 311 led by isnoring the ploidy of the colonies
ariqivg from such asci. In the cagse of complets dominance,

o

phenotyplc c?a' iificabion could then be carrled oub divectly.
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Considey a colony awiéimg from an ascug containing two asco-
spoves of the same mabing type, ono ceryying the dominent
allele, the other the wrecosslve allelo.  In plabte-tesbting
(growth of cells on minimel medium), such a colony, oven
though conbaining héploid cells of elther one c¢r twe tvpes,

would give the same response as a colony containing only

diploid cellg, such ag would have resulted 1L the ascosporos

5'

hed been of complewmontary mabtlng type. A gimilar sibustion

would exist 1 the two ascospores cach carried the retsssive
allele. A ex gmple llustfating thia type of analysis 1s

shown In the following table. It should be borme in mind,

+ . e

an analysis lgnering the ploidy of the calls

-~

however, that 1f
wag underbaken, the theorebleally expecled resulits would be
different Lfrom those workod oult for diploid cells alone:
the effect of the mebting type gene would he excluded,

mmﬁu tratlon of the type of moneblc anslvals of luntact two-

gnore peel in which the nloldy of the cells arisins st mer-
wination of such sgel 1g ignoved

The mabing type gene, /v, snd the 'nubritional! gens B/b
segrogating from the dlploid o B // o b:

Sample of different ((a B)) ((a B)) ({&a B)) ((ah)) ((a 1))
types of asel ox- ( ) | ) | ) ( ) )
pached® ({a 8)) (g n)) (o B)) ({a b)) ((d b))
Ploldy of cells

produced by ascus: 11 n 2n n 2n

Growth of cells on

minimal m@dxum' + * + - -

Gonotyvwes of colls

which grow on minl.

mal mediun a B al aBfod - -

® for slmpliclty not all types of agsel aro shown, ¢.g., those
conbaining two g btype spores ave omlttoed.



If a gemi-~lethal allele clogsely linked to the a mating

typo allole was dlscovered end ubllized in crosses wil

.
Ex )

’:«"

strains carrying tho ¢ mating type allele, used in the
pragent croeses, the enalyelg of intact two- and three-spore
agcel would yileld mowve Informablon per tesbed colony: ILTwo-
spore ascl Irom guch crosseg. would yleld o higher percentage
of' diploid colonies per nuwber of asel germinating, end
threc-gpore ascl would yileld a highor percentape of colonies
contalning only dipleid cells. It ahould bhe remerbered,
howevoy, that very fav of the more sasily analysed one-gpore

Y

paci fiom such Cfo sog would garmiﬂaﬁe&
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A Comparvison of Dipleld Gometic ond Teobraenlold Zyveotlce HRablos
gxpecbed Trom Aubobtebranlold Orgmenlams with the Phenotvplc
Retlog exneclod amons Dinlold Colonles derlved fvaowm Inbact
Incomplete Agcl of Yeast.

In a proporbtlion of cases varylng from specles to species,

the Tour alleles ol & gene present in aubotetraploids segre-

. N

gate randomly Into thoe gamebtes in palrs during melosis; in

) 2 1]

yeeas tetred, one allele is present in each of the four

£

gpores which later fuso in peiry in four oub of the aix

pogsgible ways. Diploi& products result in.both-cases: in
the former diploid gamebes, in the labter dlploid mypotes.
The diplold gemetle watlos of autoﬁatrapleiﬁs end those
of diplold colbmiea arising from Intact two- and three-spore
yoast asel are the same when (a) a gingle gene ig segregating,
and {b) two genes which are slbuated on different chromosomes

are sogregebing; bthis, provided at leanst one pene 1n the

cage of yeast, shows free recombinabtlon with itz conbromere
and both show free recomblnatiion with the wmating btype mone.

Compeare the [following btwo cases:

futotetreplold menobtype: 2 B bbb, CCcece

ey e

(Gupleox and heterosypgous for the two genes whieh show free
recombination with each obther)

Diploid gametlce rabtlos from thls subobtebraplold are derived

In the following btable:
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1 BB 4 b 1 bbb

1 GO 1 BB0C 4 BbCe 1 bbee

4 Ceo A BBle 168 Rhie 4 bHhle

1 cc 1 BBce 4 Bhee 1 bhee

Diploid gametic 'phenobypict rabio (with full dominence):
25 BC + 5§ Be ¢+ 610 ¢ 1 he |

The btetraploid gzygotic phenobypie ratio will be the ceane

whon this aubtobotraplold ls orogsed with a nmulliplex aubo-

tetraploid {diplold gametes of constitubion amhb),

ﬂﬂanétypa of diploid yaeagt pro@uciﬁg_é&ci: o8, Bb, C g,
(all ponos indepondent of thelr é%m%rgmew@s)n
Phenotyple ratios among ﬂipioi@ cells @xpecﬁaé from two- and
Lhroeg~agpore agel: 28 BC ¢ 5 fc-: 8 DC 1 1 be (Calculatlon Ya,
page 41).
‘ If only one gene lg segregabing o rabtlo of H:1 would he
expected in each case,

The above rablos would differ nsg hetween tebtraplold and
yeast when, in the latier, the mabtlug bype mene ig Llinked to
elther or hoth of the pgenes g/g gnd C/c. They will also
differ wheon theso two goney are iink@d to one anothery thig
lg due to the speclal feabures of tebraplold weilosls,

In an subobetraplolid elipght chromabids ere present during

diplobene of melosls and each chromabid can cross over with




0y chiromatlide, vis:

\ AR
VAN I D R+
3 o C camete s

(The diagrem doss not meen bto luply that all chiasme shown
can oceur in the seme 'ocbtad', or theb cebeds regularly occur)

h3

n yeasu'ojly four chromatida are pregent during diplo-

i)

tone of melosls: oach con crogs over with two non-gleteor
chromatbids, viez:
ki _ G Haploid

V... \Z N o gemetes

mow e e L CL) Ghoen

b | [ Tuse to givo
0 A : diploid gmygotes

£

In the cage of linkapge, therofore, the theory of the Tformabion

Kad

of diplolid gemetes in polysomic ilnheritance as developed by

ol

Kather (1938) and Figher (194%) cannot be applied as it sbands

to the formation of diplold zmygotes from Individual woast ascl,
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PART IX

ISR EIPETTE Y

The Produ Lion, Tsolabion snd Charactorizeticn of Auxolrophic

Stralns of Seccharomyces cerevisiae

Introduesion

o

Genctlcally marked straing were necessary Fov the studiec
onn Incomplete agcl alreedy dosgeribed; +the im_lhwiﬂwn % i~
monts weve undertakon to obtaln thewm. The wmubagenic agend
uged was ultra violet light.

TH was also of inbewest Vo compare the data obbalned

vh gimilar dete obbained by other workors in Heurosporse,

Lo

Asperglllus, Ophiocgboma and Peniciiliuva. sueh a comparison

has been nede and the mors inter@sting poinbe of similaerity
and dissimllerity betwoen the sets of daba have boen

o

itgeussed.,

Mothodg
5. Proparation of cell suspension

An incoculwn from a slngle ascospore culbure of hepleid
cells melnbained in minimel mediuvm {(or minimal medium.plus
the growth factor(s) uwveded 1f an auxobroph was used ag

2

sbarting mbr ain), wag tranaforred to a slopo of completeo

e

S days. Two o

b oS

mediuvm and incubated for shiwrae plablaunm
wire loopfuls of tho resulting culture were added to 1.5 ml.
of saline and the clumpod cells of thig suspension broken

*

up by drewing 1v into end Lorcing it oub o

f"e‘:!

a Pasteur pipetbe
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Very little further separation of cells was accomplished
after approximately fifty such *in and out*movements* The
number of cells per ml, of this suspension was determined by
a haemocytometer count. Each cluster of cells was recorded
as a single cell* The presence of clusters probably
decreases the efficiency of the teclinique since mixed
colonies resulting from clusters of auxotrophic and proto-
trophic cells are classified as prototrophs. However, at
the doses of irradiation used (survival of the order of 10
the chances of survival of two cells in a cluster is low.
From an original density of 10** cells per ml., serial
dilutions were made to a working density of not more than2
X 10”, and not less than 7 x 10" cells were ml. For an
estimate of the percentage viability, a further dilution to
between 7 x 10" and 10" cells per ml. was made. One tenth
ml. of this last suspension was spread on each of five
petri-dishes of complete medium. Percentage viability was

estimated from a colony count after three days incubation.

b. Irradiation of cell suspension

Nine ml. of the suspension, containing not more than
2 X 105 and not leas than 7 x 10" cells per ml., were poured
into a petri-dish (inside diameter of base . 3.5 inches) and
the suspension irradiated with ultra violet for 3 minutes 30
seconds at a distance of 40 centimetres from the tube.

During exposure the dish was agitated for three seconds every



fiftecen soconds, This dose gave &ODﬁOklm& ely 0.25% survi-
val. he gource of the ultre viclet was & Hanovie XTI low

progsure jackebtted mercury lomp with 90% oubtput ot 2537 4.

e, The recovory and isclation of auxotrophs

After ifrradlatlion the suspénsion was thoroughily mixed
with a 1 wml. pipette. 0.1 wl, of this susponsion was spresc
on eachh of 6 to 12 potri-dishes of complete mediunm. Alter
¢ days incubation there were beltwoen 25 end 100 colonies per
disli,
AT firsﬁ} colonies wesuliing from cells surviving the
irradiation wero tested Indlvidually as Tollows very small

dnocula from oacm colony wore uzanmfyr ed in duplicate bo

corrospondingly marked pegitions on one dleh of complote
modivm and one of minimal medina.  Thirbty colonios could
ho tested in evach paly of dishos. The inocula were sluays
vory smell (stralght plabtinum wire) and were bLaken from the
upper part of Lhe coleny in ordeyr to aveld o far ag
possible the carrving over of omny complete medium to the
minimal medium pletes

As in the Tivst experiments (Experiments B; G, and D)
{Teble 10, pasge 105) no vitamin requiring auxobrophs were
obtalned, there wes the posaibility that this fallure wounld

-~

be the result of caryying over vitaming with the Ilnoculum.
[0 JE—_—

A very swmall quantity of vitemin carried over in Gtlis wey

might be ample To support anough prowith on minimal medium as
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to lead to misclassifllcablon, Accordingly. in a second

-

gerieg of ezperimeonts (Bxperimenbts DL and I, Table 9 ),

I

e

natead of direct transfer of eells, inocula from saline
suspengiong were used. Thése guspensions were made by
tremsferving a small inoculum of the colony Lo be bested to
approeximatoly 0,15 ml. of éaline in a concavity slide. sver,
with these 'semi-weshed! inoccula, coutaining logs conbtamina-
ting mutrionts, no vivamin reguixing suxobrophs were lsolabed
noy were more suxobtrophs of other Utypes recoveved; Ghis Qore

laborlous procedure was thoerefore disconbtinued.

_dp‘ Characbterisatilon of suxotrophs

Two methaeds were euployed to ldentily tho growth
requivemonts of the auxobrophs. VWhen o small number were to
be identlfied the auxanographlc method (Beljerinclk, 1889;
Panﬁ@cwr&o,‘lﬁéﬁb) was adopted Lo dafeﬁmin@ thely broad and
speaifié growth roquiremnonts. When the number of auzotyophs
gxcosndod {ive, ﬁh@lf broad requirements were determined by

0

the plate-tesgt metlhwed (Fries, 1948a), ond their spocif;

=

¢}

vequlirements by the suxsnographilc method.

A, Auxanographic method
Dishes were prepsred, oach having some 107 cells
sugpended in 20 ml. of wminimal agar medium. At marked polnt
on cach dilgh one loopful of each of the following subshbances

vore added: 1) casein hydrolysats plus tryplophone, 2) veas
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nucleic acid hydrolysate, J) a dilute solubion of yoast

L)

“oxbtract "yeasbrel!, and 4) complete medium as conbtirol.

EY

O

ffhe petri-dishes vere thvn incubsted for 16 to 24 hours.

The appearance of a ﬁurbid‘ﬁone of cell pgrowth svound any of
the added substances indicated the broad nabure of the prowbl
factor(s) required by the suvxobroph. The Lellowing table

shows the Droad chavacterizabion of auxcbrophs by this test.

Growth response Lo Indicated growth Lactory
Casoln hydrolysate plus An amino acid

Lryphophane

Hydrolysed yveash nucleic A nueleoside or nucleotide
aeld

tYoagstrel! ' A vivemin of the I group
CComplote medlum - Conbrol »esponse

Fayther aharacﬁé@izatinn off an auxobroph was carvied
out by the use of single substances belonging to the group
indlcabted by the first test. For axample, 1L g prowsh
response wag obtalned from casein hydrolysate plus Ltrypbo-
phane, individual smino acids (a fow eryabtals of each) wero
tested by the suxenogrephic technigue. A turbid sono of
growth around the inocculum of auy one of theso amino acilds
indicated a reguirement for e partleuler amino scid.
Sdmilar additionel teste were then underboken to detormine

eg far ag possiible the alternative growth factor requirements
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- Alternabive growtlh facbors which wore tosted are shown in
Tabhle 8.

Farbhor. testes which wore carvied oub to find the
albternative growbth Tactor roquirvements of euxobrophs

IE auxobtroph responded to: Also Tegbed Tor growbl
TOSPONSe Wore:

Arginine Ornithine, citrulline, proline

Tryptophans Indole, serine, anthranilic
acld, kynureaine, nicotinic
acld

Hethlonline Sodivm sulphite, polagsium

thiosulphate

Tyroaine ‘ © Phenylalanine, pava-hydroxy-
phenylpyruvie neid, phonyl-
pyruvie acld, dibydroxyohony-
lalanine

Tsolaueine plug lsucine Igoleuwcing, leuvcino, veline
(natural mixiure)

Serine ‘ Glycine

B. Plabe-test method
‘ The broad requirements of a group of suxcbrophs were
determined by thoe plate-test mathgd (Fries, 1948a).
Heguirementa were determined simulianeously by inoculating
cach suxobtroph on to o gerlies of potriwdishas containing
(2) minlmal mediuwm, () winimal medium plug cageln hydpo-
lysato, plus tryptaph&ne (¢.L ml. of a standard smluﬁion per

plate), (o) minimal medium conbaining yeast nucleic acid
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hydrolysate (0.1 ml. of a standard golutlon por plate),
() minimal mndivm plug vitaming (0.056 wl, of a standerd
golution por plate), and (e) cocmpleto modium. Aftow % 1700
days incubation the growsth of an auxotroph on any <ue or
more of the supplomeonted minimel medium plates indlcabed
“thet such plabtss centalned the growbh Lactor(s) required,
Further cheyractevization of the suxotroph with regard bo its
gpecific growih roquirewents was dobermined by the auxeno-

graphic mothod,

Exporimentel Regults and Chgervabions

Hable 9 (paggiuﬂa gives the viable counta beforo and
caftor drrediabion in ¥ outb of & expayiments.

Although lomown caaﬂliwons of lrradlebion wore the game
fow &aeh experiment, the viable counbts varied vastly bstweon
axpérimenﬁs, gilving survival vates hebtween 0.017% and ©.525,
The varlablon wa$'@rcbabl$ due to (a) changes in the maing
voltage and {b) variation of c¢ell densities in difforent
GXperiments; Verintions due to photoreactivarion could be
exclwded bhecause in every case exposure to strohg light was
avolded,

Table 10 (page 105 summarises resvlts of the isolabion
and broad testing of colonies for auxotraéhyv Pable 11
*(page 107) summarises results of Finow charesctorlization. The

pocled results gave 48 auxobtrophs out of a tobal of 2,117

"L‘\

38% of the lsolates tested wers auxobrophic.

-»o.

igolates, l.0. 2.
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TABLE 9

. Oe%lsgiving origin to colonies before and after irradiatio
with U.V.

Bxpt. Culture No. of cells No. of colonies  Viable coun
irradiated per ml, irra- after irradia- ag percent
diated (viable tion of initial
count) vigble coun

per plate total

" » L2

hvRoslsy)

G C53-8d 1.0 x 10°
prototroph

* ¥ & ¢ 4
v = 0 OWD ~J

L

(oA No-LATotE; Rt SAR VY ol
] = OV e

fit

1.27
2.35
3. 30
5 l1. 29
b ¢53-8a 2,05 x 10 5.27 0,31
prototroph 6.28
7.18

-

\O O
=
o\

2l

- a

[ £ L

Dl C53-8a 7.7 x 10%
prototroph

0.26

\S CEN CwWn e o
e et g ) e e
=i o O o

219

o

B B7/20 1 x 100
adeninceless

4 1]

N O A N
N i

%mpqmww




9.25
10.16
| 11.15
! 12.17
|

; 1.21
i 2,18
| %.18
I.,.19
| 5.23
, 5 6.20 '
. H DL/2 - 2,15 x 10 7.20 0.12
| tryptophane- 8.24L
| less 9.25
¥ 10.26
| 11,27
| 12,20
% 13, 31

7 319
| 1.11
| 2.13
; . 3.16
| oL, 12
5 534
g D1/2 2.33 x 10
: tryptophane— 7.1
Z less 8.
; 9.
! 10.
' 11.12
12.11

9
1
7
7
9

, 1.76
| 2.82
| 3.5
? L. 6L
- 5.71

K D1/2 2.88 x 107 6.10L 0.27
tryptophane- 7.82
less 85.78
C.67
; 10,91
; 11.94
. 12.97

! 957

B ¢2L-13b not recorded not recorded -
prototrooh

Meansz 0. 22

P

* for seven of the eight experiments.
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of the 40 auxobrophs, 43 were fully tested.  Iach of the 43
roguived a single gpoclific growbh PSLbOW In tho cage of O

"

ﬁuxoﬁruphs me'@ncees$ was obbtained in determining a &11“ia

spoclile roquivement by meang of the vestg used Lor all the

Cothewrs., If 8ll five were cases of maltiple requivonents,
bhis WOuld Gsmstitgte 105 of the total.

The nmogat frequent requlremenbts ove Tor amino acids end
of these welthionine (9), teypbtophane (7), loucine and
igoleucing (B), srginine (£} ond lysine (3) are in uhe
majorivy., However, these quaﬂbltatlve deke are not homo-
genaons bacégsa in half of the éxyorimantﬂ (i, ¥, J and X)
the sbrain irvadie ed'waﬁ aithor ﬁrypiéphaﬁo» oy adening.
regqulring. 'iny two types of auxobrophs rogquiving nuclelc
gelid cemponeﬁta woTe i ated, nemely adeninod-requiring (5)
and uracll-reguiring (8).

:ﬁ vitami 1w~@q31r¢mu e sobrophs were isclated in eplie
of the modifiled bochoique (pag@ 100) adopted in experlmonts
DL and B which sﬁmpoaedly would have made posglible the
‘isolation of such AQROB“OQﬁJ should the rosgon for thelr
proviocus non-discovery have been due Lo covtalgna ion by
growth factors from complete medlum. It ghould be borne -in
wind, hm'mm v, thait the minimel grow 5}1 e qm romentas of yeast
ineclude pentothensbe, bHilotin snd inositol. T cther wmicro-

orgenisms such as Nourospors, hAspersillus nidulans,

-

;oue muls 3_(111-'1111 atun and Bacherichia coll, auxobrophic




Substences 0 which auxoirophs gove a growih xvea-ponse.

TABLE 11

Bxperiment Total nunber Substance(s) to which _ Number of Designatimn of
of auxotrophs auxobroph responds auxotrophs auxotroph(s)
recovered responding
adenine monohydrochloride 1 AT :
_ L lysine menchydrochloride 1 BY s
B & DL wmethionine . 1 Blla , G
DL - tryptophane 1 B3 _ -
DL tyresine 1 B?/ 28 {
unknown L
adenine monomrdmch:}.orme 1 g
T arginine monohydrochloride 2 05 & G6
. potassium thiosulphate 2 €L & Gl
G 8 DL serine/glycine 1 ¢3
DL trypiophenefanthreanilic
acid/indole 1 er/27
unknown
leucine and isoleucine 1 e ;I
D L {natural mixtupe) -
DL tryptophane 2 DIL/18 & DL
DL tr&ptmphanm/ indole - 1 pli/9
B adenine monohydrochloride 1 DL/T
DL 5 L lysine monohydrochloride 1 D1/6
DL methionine 2 1)3./8 BL/3
DL trybtczphanu 1
o i - sdenine monolwdx'echlomde ﬁlusz;' e -
” B . DI methionine. . 2 (;*cE/Ll & C}E’/p)
B L g, tryptophane S 1 G2/R3
L &K‘glﬂll’l@ monohydrachlom.de
© DL ornithine monohydrochlomd& 1 /8l
(not citrullina) IR '
DL try@tcghane plus' : .
Cupacil 2 DI/H & DL/E6
5} 7 Dl m:::‘tlxicmne 1 DI/HS
I histidine : 2 . DL/HL & DL/HT
. leueine and isoleugi: 2 D1/H3 & DL/HLL
{(natural mixturs)
' DL tryptophene plugs
J 3 adenine menohydrochloride 1 n/z, g2
leueine and isoleucine 1 nife,.d9
{natural mixture) :
unknown X Di/2, I
D, tryptuphane pluss i
1. arginine monohydrechloride 1 DL, Xy :
PG methionineg . 3 L, ¥2; D1,X6 & DL,KS
I lysine nonohydroehlaride . 1 DL, X5
K 11 L histidine 1 DL, K10
: adenine monohydroehloride 1 DL, K11
loucing and isoleuaine 2 D1, Ki2 & D1, X15
(natural mixture) :
unknown 2 D1, X8 & D1, Ki




o OG-

g

ﬂutqntg.requiring one or other of these vibemins arise fre-
quently,

ﬁ-dir@@ﬁ comparison of the qualivative yields of auxo-

£y

Lronhs obbained in‘yeﬁst with those obt

RN

aiaed by the 'total

igelatlon ﬁ@@hnique* 1n other micreorpaniamg reveals som

-

15 diffeorences and similaritles Tebles 12 and 13

’.l

!..!:

el

l’.‘.‘e
f..’a

(pages 109 and 111) show liets of suxobrophs which heve be

isolav ed in AsouﬂyﬁJLu niduleans (Ponbecorve et al,, 1983)

Cphiogbome muliia 13u1&tum'(Ffle, 1947), Neurospora crassg-

Tatum, Berrelt, Frles and Bouner, 1950), and Penic 112 1um.

notabum=chrysosonum (B BNe Y, Tgﬂ'}, Sogather with those

lgsolated in yeoast. Un cwtunabeiv there is no genersl surve;

-

published of all tho suxotrophs of Neuvospora. The 1os!

comprehensive llat ah'ﬂeuwosomﬁ& euxetrophs ls that

~published by Tabtum, 3arratt3 Frieg end Bononer (1850).  The

.

Anvestigators studied the mutagenic effect of Gifferent

agents, ineluding 11 i) ﬂlOlOT, K"uﬂy mothyl-big-(~chloro

‘ethyl) amin&; m@th?m-hoianthrenﬁ and bv~ﬂ«(wchloraathgl}'

8¢

auine, on 110?OCQQ3QL& of Weurcspors end found no siyni1¢cant

RN

aoive

C'Z‘

dlfference among either the quelitabtive or guanti

spoctra of auxctrophs isolabed after treatment with these

different agenivs. A couparigon of the wreaults of Tebum
et al. (1950) with those of other workors indlcabes Hhat

Cthelr Llst is fairly typleal of the spectrum of aux b*@ﬁh&

generelly obbalned in Meurospora. except in the parcent age
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TABLE 12 {continued)

. , . : : : : Organism . R
Type of suxetroph - 8. cerevrisiae A, nidulans | O, multisnnulatum @ P. noliatum-echrysogenum
Vitamins , T O Lo 20 ! 32 A . 55
Biotin , (x) b{x) | ; - 5
p~amincbenzoic acid 0 2 K o G
Pantothenic acid {x=) 1 & o
Wieotinic/anthrenilie acid 0 i 5 s
Nicotinie/ mﬁw.mﬁ.mmwwwn\ tryptophane '} -3 .
Riboflavin : 0 i e O
Pyridoxin o 1 ,“ {x} 6
Choline o 1 0. 9
Aneurin o . o B(x) | {x} 18
Inogitol {x) © i 158 6
Multiple 5! 2 5 0
Totals 48 . - 93 25 L 25 398

Prom Isolates 2117 5408 O IBOS . 85595

i

(x) mmmowmm either ﬁwm& the ma.oésp factor was normally .@wmmm? pﬁ Ewﬁwﬁmw medium ep ﬁWmd in aoﬁw experiments a
starting strain reguiring such a factor was used; the data for n?.oﬂﬁowwm of the kind so indiested are there-
fore not comparsble between =1l organisms. ; ,

! ‘ :
® mmﬁeamm that suxotrophs hmosﬁim such & faector have been isclated by special selective technigues @0&.@@;
corvo et =l., 1953; Fries, HmL..E _

h. mmwownm that tesis wm distinguish between these a%umm of mc oﬂwo@wpm gqm not been fw@mm..wmmmw or waﬁm bac
been published.

]
i
1
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TABLE 13
Types -of suxobrophs ilsolabad from Nouvospors crassg by
Tatwa, Barratt, Fries and Bomner (1980) by means of bthe 'botal
lgolation' tesechnigue. Thoge typss not isolebed by these
vorkers bubt which have been lsolated by obther workevrs gre also
indlecated,. ’

Type of auxobroph Hunher Whether lgolabed by
isolated workers other than

Tabum ok al. (1950)

ot fully teoshed 18
Parethlotrophic Q
Sulphite 0
fhiloguliphate O
Peranltrolirephlc 9
Witrite ’ 0 +
Ammonitg ’ 0 +
fnpinoe Acids 81
Apginine . 2
Arginine/ornithine 0 &
Avgining/citrulline 0 +
Aeg in:l:m:r/ ornlthine/proline 0 e
Lygine : 19 :
Proline 0 +
Cystaine 0 *
Kethlonive 23
1ionine/cysbeine 19
Hethdonine/homocysteine Q +
Hethionine/cystathionine 0 +
Tyrosine/phenylalenine  soo multilple ‘
Phenylalanide . 1
Isolevecing 0
Tsoléucine,/valine 2
Valine 0 +
Threonine 0 4
Leuoine G
Tt ophian ok .
Treypbophbne : Q +
Tryptophone/nicotinie/indola 0 E2
Tryphophane/nicobinie acid 3
Berine/slyveine » X
Homogorine 0 4
Hilstidine . o0 +
Agpartic/gluteamlc soid L
Huelelce acld components 25
Adenlne 81
Cytidine/uridine S0
Uregeild 4
Vicaming . o we .
Biobtia (x)
peominobenzoic ncid &
Pontothenlic neld 1
Wicobinic acld 3
Hicobinie/enthrenilic acid 1
Wicotinio/ tryptophane/mbhranilic O 3
Riboflavin s 1
Pyrldomin 5
Choline - &
Ansurlin 1
Taositol O R
Hultiple® and Otheye™E 4

B sy

Totals 1485
From isplates 19,218

v

{x) denoctes presence of' growth feebor In winimal mediwm.
£ gwo mulbiples, ong requlring pera-aminobenzoic selid and
urecil, the. other para-ammincbenzole aeild, anthranilic acid,
pheunylalanine and tyroslne.

EE wo others, one regulring acetate snd the obther asperasgine.
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argining« réquiriﬂg ouxouﬂ.nhé which, Por some uvaknown reason.
18 lower thom that abtaelned by other aubhors (Hovowits,
Bé&L@“; Hiteholl, Tabum end Boedls, 19043).

P

To complete the 1&1 tative spectrum of suxobrophs

already obtalined in.Neurospcra} Table 13 indicates those

5:{.

ypos of auzobrophs not lsoleted by Tabum et al. (1950).

o those types of guxobrophs nobt

gl

Phis tahl@ also r@fars

j=de
e

laolated by the ttotbal olation' technique in Asvergillug

o

¥

Jond

or Onhiostoma; such suxctrophs were isolabted in both

organigme by selective technlgueg and include in Asoereillusg

OObh a CQQﬂLﬁG and a2 tryn%mnhamem?aquiﬁinﬁ suxotroph and in
Oovhlosboma & gavamqminumamaoLe acld and guanlne-rogulring

Exeaminabion of Uables 12 and 13 r&V@&lﬁ that the hiph

U‘I

Cauxobroph (Fyles, 1947 Ponbocorve ob al., 195

'yrp@qrtiom$ of arginine-, Lysine- aod ad@n;nemraanrLﬁm

5

: zxotwo phs ere comuen to all five spociosd. Tho bigh pro-

"

portlon af parathi ophic suxotrophs isclabted from

Agpergllivg and Ophicstomg 18 not pavalleled by yeast or

Neupvogpera. In the case of Penlcllliwm it ls not clear

fron the published eccounts whether or not tho high propor-

i

Hlon of auxebrophs which respond to methionine. were testoed

for wosponse.te simpler compounds such asg thicsulpohete op

3

Sulphitﬁn Should vhey not regpond to such conpounds,

;-..t
i.-..a

11lium would resomble yeast in the high ylop0ﬂt;0ﬁ of

metbicnincmy@qmiring suxotrophs vocoversad, 1t should he



-

noted that the couplete med lum weed in the isoletion of

asuxoclrophs in };s 2gh am'i Aspergiliug war identlical. The

4

differences in the gualitablve ylelds of suxotrophs hetwoen

A

those two snecles cannot bthorefore he due vto any selectlve

affoct of the wmediuvm usoed.

TADLE 14

A A LA T4 VL

Types of puxobtrophs lsclabtod in yeast bul not in
aome or all of the other four gpecloes

Pype of A, ndid. 0. mulitl. T, crassa., P, nob,-chyy.
auxctroph

faolated

in yeast

Tyrosing - - - -
Serine/glyclne - - 4
Parathlotrophic + . . _ - -
Prrphophone +3 - + -+
ffigtidine - - 4 4

Ap ;3, 1-.‘1.110/03’;11 Yine + ? - -

citrulline)

) is’ Tated only by delective Tachniques

lMention of Llaosa types ol aux e'isré&sphs not found in veost
but found fzmupm'ai; :‘Lve Ly freghently in somé or all of the
obther four specles docs not sesm to be justlfied at this
tilme in view oif the number of suxobrophs lsolated in yoeast
éozzz};am(?}, with the mubers lsolated in the other sspeaéieae

However, the reverse ¢ocs not hold, thebt ig, menbion isg



jusi“led_afﬂﬁhoee vypoes of emxwotrophs found in yeast and
not in somo ar all of thoe other apecles. anﬂLiH&LlOﬂ of
Table 14 (pasge 113) veveals thab HIMOTLE thﬁae typ@s are
tyrosine, serine/glycine, hilstidine, and tryptophene {(only,
1.8., nﬁﬁ regponding to other known ralabed growth factors,
for example indole or anthranllic gcid).

Yhather the differances shown in Table W aro real or
a1re sigﬁly due Ho the range of mubrients used to charascterisze

2

auxotrophs 18 not covtain from the publilished sccouvnbsa

One uypo of auxotroph, bhat rvequiring L-tyrosine for
growth, shows novel properiieg. Two euxobrophs of this btype
have been lgolabed, one by the YHebal isolation' e cﬁpLave,

the obher In the experiments on the 'gbarvablon' technigue

1out

{-—8
;-_4

(Part TITA). Bot ih thoge gbtrains wore besbted, w
guecegn, Lo gp@wﬁh vegponged to oach of the following
substences: Lephe nyialﬂuiﬁe para-hydroxyphenylalanine,
paravhydrﬁﬁyphenylperuvic aaié vhenylporuvic aeid.amﬁ

ki

di-ilodotyrogine. Thudo muﬁnﬁ g could he biochemlcally

L4

enalogons Go phenylkovonurlis in men, in which the synthesis
of Pyrogine from phonylalanine ig suppoged to he partially
blockad (Pdlling, 1954: Ponvose and Quastel, 19837; Jewvvis,
f‘!“?}

The oceurrence of suxotrophs reguiring tyrosine as well

ag other aromstlc compounds in Neuvospora hasg uoen yaported

-

by Tatum ot al, (1850). - Tho blochemlcal silitustion hag been
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eleoaved hy Davis (1950) for Eschoriehla coli thoe demon-

gstration that shilimle acld ig e precuresor of all the aﬂazmti
campounds roquired by those mutants. Qlearly these typos

of suxobrophs are not similer to the tyresine reguiring ones
" - . A év,‘

&

lsolated in voast. Ho blochemlcal investigetlons werc
cerried out on thesc mutants bacause the lnvestlgation of
sequences of blochemicel roschbions wes ocuteldé the scope of
the present work. For the geamo reasocon, none of the obher
mabents wes invaa*fg&ted beyond the miniisun n@ﬁeasary for
using thom ag markers in genevic analysla

It is intevesting to note thabt the srginine requiring
suxotroph which responds elso to ornithine does nob respond
to eltmlline which 19 an inbermadlabe he%wa@n crnithine
and arginine in the Krebs cycle. In thig, 3 aash rescmbles

Asperplilus nidulans (Ponbecorvo et al., 1953) but differs

from Neuwvospora eand Fscheplichia coll.

Host of the suxobrophs reguiring avginine / oranlthine,
“er'xyglﬂine alone were oxemined auxaﬁwgwaphically‘far inter-
actiong withh lysine. Tn nearly all caeses (Tehle 15) lysine
competibively inhkiblie growth on exogenocus avginine (Doermerm
19443 Ponbteccrvo ot al., 1083). Only one sbreln, BY/20,
vogulring arginine or ornibhine, which wag usdd in the
Tabarvablon’ oxperiments of Parts ITT and TITA, wes fully
ﬁéﬁﬁ@d for the ratlo of molar coneentraebions ot which this

compebitive Inhibibion takes place. Tt was found that a
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glight inhibltion cccurred at molar rabios of 2 lysine : 1
areinine snd that complote inhibitlon cceurred at molar

“rablos of B lysine : 1 arvginine, retlos slightly hiszhor than

€

those found in erginine rveguiring suxobrophs of Agpersillusg

by PORﬁ@GQrVQ at al. (1953). o preclse toste wewre under.-

takan bo dlscover whether or not thoe lysine requiring

1.2

auxotrophs were conpebliively luhibited by ergini:

paz
p‘)

GG
However, bhere was noe Indlcebion of such inhlbition on

suxanographic plates,.

TABLE 15

Compatitive inhibitlon of arginine requiring suxobrophs
by lysine ~

Straln Regquirement(g) Competitively inhl-
. hited by Llysine

B/ 20% | prginine/ornithine +

Ch - arginine A

&3] arginine +

nl/2, %4 arginine ; ?(not noted)
# g gingle ascospora culbure from & c?ouw 3/?4 (evginine/
ornithine plug sdenine requiring) x 024.-13h (protobrophic).

Of the Live sumotrophs veguiring adenine for growth,

three wereo compobtitively inhihlted by’guaﬂine‘cn SUXRBNO-

[y

geaphilc plates; the other two were nob. o tegts were
undertaken bto discover the ratlic of molar concentrations

ab which these ccompotltive Inhibitlons bteales plece,
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Competitive lonhlbition of eﬁ nine-requiring suxcbrophs by

v

Straln Foguiroments Comp@",lV@1” inkibited by
Cguanine

L

A‘”i adening | ' +
02 - adenina 4
n1/%7 adenine ‘ &
NL/2,F8 - adenine and tryptophane -
NL/B,ES odenine and bLrypbophene -

uuwm“”v and COﬁGlUJLOH

- Haplold vegetatlve cells of Saccheromyces cerevisise

oda
~E
2

oabed with ultra vialmt end gereened by ttotal isolabion?
yieldod 48 suzobtrophs. This number was asufficiont %o
provido Yna*kersf Ffor fuvithor genetle work, The types and
vields of theso suxotrophs are desoribed ond n comparlaocn
nade with those isolated by & simllar techinlque by othor

verkers in Asperplliug nidulens, Ophios 6 oma, mu?ciznnul G,

Heurogpora craesss and Penicllllium nobabum-chrysomenum, This

comparigson has vovesled glmilaribies ond dlfferences hebween

the types and ylelds of auzobrophs recoverod in Sscchavonyces

and those recovered in t*u obhor four apocles. In pavtleu-

g o
lar:

a

a. he warlety in the typos of amino-acld-.oquiring

L7



puxcurophs pecovered 1n faccharonyecs ig proater then thab

Sy

rocovered in Ashopsillus and Ophiostoma bubs less then that

rocoveraed in Hourospore and Ponieillium.

. -

N W0V

oS

ot

sapln-requiving euxobrophs hovo Deen recovereac

in Sacenaromnyces im.spite of bthe adontion in some experimeni:
of a wmodiiied bochmligue; a high propor gusll anmo-
trophs are coummon Lo all four obher spocles,

(4 mmlﬁﬁzpmmmﬁkmsofamﬁLﬂm% lysineg-, and
¢ auxobrophs are camorn in all five speciles,

4. the high proporbion of surotrophs responding to

mobthlonine recovered in Saccharomyces i comon in bobh

-

but not in Aspergliliug and

Heuregpera end Penlcillivm

Oohiocstoma wheve g corraspondingly high proportlon of maraw
Yl ety 3 s ks

thiotrophile suxolrophs hos been recoverad. In Penlcliilium,

" -

however, the published accounts to nob permit to decide
whether thig high proportlon denotes a requirement for
methionine or for simplor substancos such as thiosulphate,

2o

Q. vhe high pwroportion of auxobrophs in Saccharomyecy

ragnonding to tryobonhane hub nob bt obher internedisteog in
1 I L k5

It
ey
h] .

soyptophane or nleobinle scid synthesls ig nob pavelleled

by ey of the obher four spoclog,
3 3 _ p

L. only Penlcelilliva ls almller to yoast in the high

proporcion of auzolvephs requliring histldiae.

Phie typoes of auxobrophs isclated Trom Saeccharomveos

but nob from some or all of the obher four speclios have heen



histidine,

Lt 33

lgted: those Include those requiring byrosine,
ine/ornlthine (not

srypbophane only, serine/glyeine end arginin

2
ol

citrulline ).

A nauber of polnbs are of lanterash: theoso Include the
opcurronce of a tyresine-réquiring suxoetroph which doeg not
rospond teo the mowmn procurgors of tyrosinoe and which up 4o
the present has not boen lsolated in any ono of the above

‘ gy the comwetitive inhibition by

mentioned othey specleg:

lyeino of exoegencus argining. supplled to arginline-vequiying

ve inhibition by suanine of

auxobrophe; and the cowmpetlt
Grogencus adonine suppliod to sdonine-progquiring suxobzonhs,



46D
. J f()i:) =

Tho Determination of the Differencés betweon the

suvvival Retes of a hQMﬂ&HLGbPODﬁLC and o Disuxotvonhic

i

.

traln of Saccharomyees cercvlelse under Btarvation Condibicng

Introducetion

fries (1948a, 1948H) and Macdonald and Pontecorve (1950,

53), working with Ophlostome mualblanny latum end Agpevpillus

niduleng respectively, féund thet conldia with two edditional
nutritional requirements (diauxotrophic), arlsing as a conso
quence of‘indueed wabation among lrradisted conidla wi only
one yéquireﬁ@nt‘(mwnoauxatrophie), survived longer under
stervation condivlons then the parent monoasuxotrophic
conidila. By appropfiéﬁe poeriods ol gtarvation in minimal
medium the labtbter workers oblained vields of up to 6%
diau3¢traghs amoug colonles arising frow irredisted mono-
auxobrophic conidia

It was hoped Ghat this bechnique could bhe applied to

uﬂOCQﬁPDﬂ?GGS ceravigiae il monocauxotrophic cells were Lfound

to die off quicker than dleuxocbrophic cells under storvetlon

conditions (8. cerevisise has no conldial stage). o deteor-

wine this, 'roconstruchion' experiments, similar to those of

Asperglilliug and Ophiostong, wore carrled oub. Colla of bhoth

-

a monoauxotrophie stralin, and of a dlaux otfagkg gtraln
doerived from i, worpe subjected Ho starvabtion over different

poriods to debermine whether thore wes a differontlal suprvive)
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with the same trend ag iIn the obther two species.

In A, niduleng. the colour of the conidis of the mono-

auxotrophle atrain differed from bhel of the dlauxolrophic
sbraing the nunberes of cells of esach strain surviving
starvabtion e¢ould, thorefore, he scowed visually. o

coloured cells of 3. corevialae wore svailableo to sorve the

S oMo purpose; To avpld the laborloung process of scoring
Sﬁrviving‘caloni@s by-heaﬁing their g?éwth regquirenents, a
wodilfied techniogue was evolved; this is'deseribed below.
Following the c¢holce of auxctraphic straing, thiee
exparim@nts:weﬁé undertalten: the first tio debermine the
survival rave of the monosuxotrophic sbrain; tho second and
third, uwtllizing the knowledge geined fwom the firebt, to

determine the perlod of abarvabtilon ab which the mreatest

~

difference existed between the survivel percentases of the

monoauxobrophlic and dlausotrophic streln.

Cholee and origin of stralns:

A pergsongl conpmnicablon from Professor B, Ephrugsi

-t

lndicabed thab the "wild type' straln BL5 required three

vitaming for normal growih, It was roasoned that if one
of these rogquiremonts wag sheolute, a 'rondy mede' monosuxo-
troph would be avallable. To determine this, washed cells_
of a slngle spowae culbure of thig strain, hervesboed after

throe doys Incubation on complete mediwn, were plated on a

gorles of modified winimal agar medila, Laech medlum was



similayr bto that usually used except thab 1% lacked eithor
one, two or all three of the falléwimg normal consblinents
of minimal m@éiumi D-biotin, I-inositel, calelum Depanto~
thenato. Approzimately L = 108 colls were spread on oach
of four dishes of each wodium. The 1lshos were incubated
for four days alter which tiwme sny visible colonies weroe
counted,

Table 17 (page 183) gilves the resulbs of the Losts. It
shows Thab, In splie of each of the Lactors Deing necessary
for normal growth, o small emount of growth will cceuw
wilthout tholr pregence. Straln B15 could not, therefore, he
used ag elther the monoeuxobrophic or disuxotrophic strain in
the 'vecongbruction' experiments.

It had bheen noted previcusly thal, in order o survive,
strain BY/20, r@qpirimg argininé or ornithine for growth;
néedad sibculﬁurihg ﬁaré df%an than any other sbrain
roubinely subeultured in the laboratory. For thils voason
it was used as the monocsuxotrophle strain in the 'recon-
s*i::mu::‘i;:’s,cn‘fS oxperimonts, The dieuxotrophic strain, C12/29,
arvose ag an induced mutant'among ultra‘ﬁioleﬁ irradliated
colls of BY/20; it rgquived edenine ian additilon bo arginine

or ornithine.

"Recongtruetion' Bxperiments

Inown mubers of washod auxotrophle cells, harvegted



TADLE 17

&<
oo P B AL B

Tho number and comparebivo sige of colonies avising affer
incubation of shrain B15 on minimel spar media from which were
omltied cnoe oy more of the uduel vitamin supplements.

Sevies Growth factors o, of ecolonies Anproximabo alze of
omibted from . after 4 days colonies ralalive
- miniwal medivw’ Incubation to those of seriesg.

{por plate) (tobtal) .

ar
. 6
1 none 89 5SS normal
86
2 D-blotin - not eounted g fow pin-point
' 1-inoaltol : colonles vigible
Ca. De-pontothenate _ to the nsked eye
20
: 70
3 Ca. D-pantothencte 97 308 colonies two-thirds
85 - normal elze
_ Q2 :
4 i~-Inoglsol 78 583 colonies bwo-thirds
23 noymal size
5 D-hiotin not counbed pin-point colonies

on the averagse
twice Lthe sire of
Shodge on dishaes
of gseyies 2

* ghe amount of each of the growbth factors per plete when added
was ag Lfollows: -

Dobilobing, Q.08 ml. of a solutlon of 25 gamme per 10 ml. dis-
$11led wabter; l1-inositol, 0.06 ml. of a solubtion of 50 mumas,
por 10 ml. dlstilled waber; calclum D-pantothennte, 0.05 ml.
of & solution of 10 mgms. por 10 ml., of distilled watewr.



from three-day old culbures on complete agar mediuvm, were
sproead on the surface of 15 ml. amounts of minimai agar
medium in petri dighog; this medium 1aqked agrginine,
ornithine and adenine, the growth factors required by bthe
auxotrophs. Four ml, of molben minimel agar medium, cooled
to 4090, , wovre poured over the gpread cells bto prevent thelwr
death by deslccation and to ensure that any prowotrophic
colonies ardsing by back matation would not be spreaed over
the plate when the onvichment was added. |

Inrichment in the form of elght discs of modified
complete agar wodium®, & inch in dlamober and & inch thick
wore placed ab squidigtant points on the surface of the
minimal agar nedium. These enrlchment dlscg, uged instesd
of a layer of complete agar medium, prevented cracking of
the egar when colonleg avose aftey enpichmont. A top layerw
of complete amar wmedlwn would, 1% wag bthought, encourage

rather than prevent such cracking. farther, the use of

2

discs made 1t casler bo isolabe samples of the eolonles
winleh arosoe afiar onrichunent.
Golony counbs wore mads five to soven days after enricli

ment depending on the period of gtarvabion. Survivel vatoesg

% gboecl complebe modilum modified by the addition of each of
the Tollowing per 100 ml, : & ml, Learginine monchydrochlo-
ride (ecduivalent to 24 mg. per ml.), 0.1 gm. of yeasbrel, 4
ml. of casein hydrolysate (equivalent to 125 mgms. of caselin
per wl.), and 2 wml. of hydvolysed wyoeast nuclelc acid (equive-
lent Lo 100 mgms. of yoast nueleic acld per ml.),
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were caleulated from the differences betwoen the numbors of
colonles appearing after enrichment and the mugber of cells

o 3

plated. The numbers of viable cella plated were lmown Lrom

Il

the numbers of colonies gppoaring on the lumediately onriched
geries of dishes.

In Bxperiments 2 and 3, monoaus totrophic and diouxo-
trophic cells were nlated on diffeorent dishes and counbts of

colonies made direclhly. Ihis avelded testing the growith

requiroments of each colony arising after eanCHAOﬂ“ guch
tesbing would have to be done 1 only wmlxed suspensions weve

plabed. Tt was not known, howevar, whether thig proceduro
would gilve the game results ag those obtalnsd from plating
ilxed susp@nsians, It was posaiblo thab une strain
influenced the dying off of the other when both were plated
togethewr, TQ find whether this was 80, additional servles
of dighes were plated wilth mixed suspensions and starved fow
periods similer to those plabed with single strains. The
nuphers of colonleg which appoared on the mixed suspension
dighes wore then compared with thoge on the single strain
dishes starved foy a dimilar perlod. If one gtrain
Influenced the survival rabo of the obher when both were
plated togesher, elther more or fewer colonies would have
regulted on the mixed susponsion dishes then expected by
ealeulation Trom the results of single strsln dlshesd,

A brief swansyy of the three éxperiments ig as follows:
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Experiment = Suspenslons{s) of Poriods of Mumbor of dishes
cells stavved starvabion (per suspension
(Gays) ner poriod)
1 Honoauxotrophic B3, 6 and 7 4
2 Honoauxotrophlc, S and 6 5
Diauvxotrophic,
and Mixed
3 Monoaumobtrophic, L, B and 3 5

M auxotrophic,

and Milxed

Bxporimental Nesulis
The resvltsg ave shown In Tablog 18 -~ 21 (pages 127, 128,
129 Tand 131) and Plgures 1 - 3 (pages 132 and 133). They

may bho summarised as follows:

1. The majorlty of wmonocauxotrophlce cells died off within
tho flrst thred days of starvetlion in astinimal medium.

. . N T Lo : o . g o
(Survivals of 4.8% in the l1st, 6.1% in the 2nd, and 26% in

the Srd experiment.) The factors accocunblng for the

[T
differences in the resullts ol the three experiments remain

unlnown.,

2. The dliauxobtrophle cells died off at a slower rabe Lthan

the monosuxotrophlc onosw. survivels after three days

#

F

sbarvation of 25% vorsus 6% in the 2nd, and 55Y vorsus 16%

“in the 3rd experiment.) The regults are therefore in full

agrosment with those of Fries, end Macdonald and Pontecorvo.
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TABTE 18
ke b P ARV

A W A

Tho perconbage survivel of moncauxobrophic cells of sbtraln
B7/20 (arginine requiring) efter perilods in minimel mediwm of
S, 6 and 7 dayy.

Poriod of Wo. of cells Wo. of colonles counted % survivael
gbarvetlon® plated 5 days after eonviclment of cellgh
: (hasnmocytou- : ‘
(days) ater count) (per plate) (total)
o 150

e

fond
»
A

! 1.7 = 154 BO2 100
(control) 139 -
| 179

Eod

L. = 10 8 - a8 4.8

Ca

1 0,17

3

i.-—l

~3

5

=

p

Z_

e A S B R N OO O

1 £

< L~
o -«

Cr ]

i >

period of starvation wmeans the lengbth of tine elmpsing hefove
enrichment was added.

HE baged on 100% survivel of cells afber lmmedlobte onyichment.
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The percentage survival of monoauxotrophic cells of strain U7/20 (arginine requiring3i
of strain Cl?/29 {arginine and adenine requiring: ad arg) after, 3 and 6 days in minimal me

Strain or Days of Colonies expected Cplonies counted
mixture starvation with no starvation after enrichment
(based on control
viable cell counts)

(no. per plate) (no. per plate) (mean)
arg 218
(control)
arg ad 0
(control) 145
arg - arg ad 156
arg 4,360 265
arg ad 2,900 582
arg - arg ad 3.630 468
arg 65,380 752
arg ad 48,450 1156
75
1,079
- 46,490 677 936
arg arg ad 788
1423

* Calculated from the number of colonies obtained from each of #ie simultaneously enriche<
dishes. i

c* denotes that the plate became contaminated.



The meomﬁwmmmm survival of monosuxotrophic ecells of sira

of strain 012/25 {arginine and adenine requiring: arg ad) afbe

- 129 -

Strain or mixture. Days of

stapvation

TABLE 20 |

Colenies expecied Colonies counted =
with no starvation - affber. sarichment
(based on ceonbeol :
vigble cell eounts)

{no. per plate} . (no. Per plate) (mean)

B7/20 (erginine reguiring: arg) and disuxzcircphic cells
1, 2 and 3 . daeys in minimel medium.

% survival Nurber of colonies
of ¢cells expecied on mixed
suspensicn {arg -~

arg 2d) plates®

(per plate)

" arg

arg - arg ad

arg ad

arg - arg ad

g
{control)

[y
{control}

133

257

293

275 (214 186

100 -

100 k0

mmtm -

ol & -

67.6 217

{(continued overleaf)



Strain or
Mixture

- 130 -

Days of sharvation

- Golonies expected

with no starvation
(bzsed on conirol
vieble cell counts)

{no., per plate)

Coloni

mwﬁmw

es counted
enrichment

- per plate] (mezn)

% survival
of eells

Tumber of ¢olonies
expected on mixed
suspension (arg -

avg ad) plates®

(per plate)

erg

arg ad

arg — arg ad

arg

arg ad

arg - arg ad

AN

257
293

275

567

s

a0

mmm_
91

1¢
Bl

249
166
L3
220 -

t

82

21k

291

186

72.8

59.6

15.6

mm. .N

33.7

,A.MNQ

x

'e' denctes plate became contaminated.

ealculated from the number of cowobmmm..cdﬁmmﬁw@, ﬁdﬁ each of

EE
o
1

W”,ﬂwm simultanecusly enriched single -sirain series of plates.
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A comparison of the survival percentages of monosuxobrophic snd diav
after various periods in minimal medium.

Strain’ Period of % suryival .ﬁ SuerVdB aﬁm ad The ng
stavvatilon - . ﬁ survzv&l obsery
‘ SRS " that ¢
' w ‘ - , - gusper
(days) g : \ (obs.)

Bxperiment a:

o ° om0 e s

| | §§§: a&. 5 | gégi | - N 4ok | | Les |
Expé?imept 3 . - | |
;iﬁgi-aa.”'A;i o 3R a3z
2?2 ad. T | @2‘32 | 1. 186

* arg. denotes monoauxgtraghiﬁ strain aafao reqmgring arwinlne, arg. &
“trophie silrain 612/?9 requ;rin@?arginlng an& adenine. ‘

S

dishes platea with ‘both “the ﬁgnoau&otrcphic ond. disuxotrophic strains

-ecelonies-expected on these dishag 1& caleculated from the resulis of Mingﬂ
sharved for a s&mildr pepricd. ’
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Figure 2. The rates of dying
off in minimal medium of the
monoauxotrophic strain BV/20
(arginine requiring) and those
of the diauxotrophic strain
C12/29 (arginine and adenine
requiring). For comparison
the rate of dying off of a
mixture of the two strains is
also shown.

Figure 1. Rate of dying
off in minimal medium of

monoauxotrophic cells of

strain B7/20 which require
arginine for growth.
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Figure 3. The relative rates of dying off in minimal
medium of cells of the monoauxotrophic
strain B7/20 (requiring arginine) and
those of the diauxotrophic strain 012/29
(requiring arginine and adenine).



-3 IR A
Wi

S Thug, four tlnes as nany éiau rotrophlic as monoauno-
brophle cells survived nh wo deys In minimal mediuvm in
ks ] 1.

experimont 2, and three and ono-hall times as many in

exporinont 3. Hoither afbtor one, btwo nor gix days starve-

2
+

he Ai:

'{-.l-
f“ ’1
o
=3
&
2
H

tion (Himes 1.4, 2.3, and 1.5 regpectively) did
tial survival rate oxceed that maniifesht at three days

{(Table 21).

4, Wben both types of cells were plated together as a

&

nixed susponslon, upn to at least threo davg starvabion each

type of cell died off ab a similer rate as when plated on
its own. - It was therefowe to be o zpected that in the
exporimonts o follmw (fz? ITTA) the disuxotrophic cells,

arising as & QOﬂSGQﬁGﬂC@ off indueed mutablon among mMoNOALHO-~

“trophie cells, also would dle off ab a slower rate under

n the moncauxohﬁgphie collsg: this in splte ol

&

gbharvatlion th

joe)

" bholh types beling necessarily plated together.

Pigscussion

The Imowledge thet a differontial survival rabe digd
exist DLebtween the two gbraing end thet it was highesth
SQmﬁtjwm botweon three and six deys starvabion was considered

\rs

sl xc?ent for the purpose of wndertaking the next serlies ol
investigatlong in which the cells would he irradiasted hefore
starvation (Part ITIIA)., A further exporiment fo debermine

whoether or not a hig ey differential survival rate exlsted

E




gometime b@ twoen three and siz days starvablon would, it waes
thought, contribute very little additional informabions Hhis
in view of the delay in the gormination of ulbtra violet

lrredisted cells, - I thie delay ig causged by factor(s)

Cindependent of the gbavvabtion factor{s), then, for tho samo

diffeventlal survival rate a longer perliod of starvation
would bhe necesgary Loy lrraedlieted Lhan for non-irradiated

cells



PART IITA

The Sterveblon Rebes In Hindmal Medlum of Ultyran Violetd

Andueed Diauxobrophic Cells end thelr parent Honosuzobrophic

Colls.

e sy

Introduction

Two oxperinents were underbalzon to deteimine whether
or'not disuxotrophie colls, erising by mubablon from ulira
violet ilrradiasted monceuxctrophlce ¢ells, behave in the gane
manner ag those used in the 'veconstructlion' experimonts
(Part TIT), 1.0, dlo off more slowly than their perent mono-
euxotrophle éalis under starvevlon conditions. Thig would
be shown by 2 progroggaive rise in the percentage & indueced

(al

disuxotrophg recoveyed after successlive vorleds of starva-
Llion,

It had boeon noled iﬁ pravioué‘exporimeﬁﬁﬁ (Part TL) that
the growbh of ulbra violet irradisbod colls is delayed;
colonles arising from such cells appear on the sverage 48
hours after those Lfrom non~lrradlabted cells. If thie ﬂ@lay
lg caused by a decysase in the general mebabolle rete of tho
calls, it is probeble that thoelyr rate of dying off under
starvation is also slowed down. Bearing thisg in mind, stap-
vation in th@lfollawing expepriments wag not limited to a
three~day perlod (when tho maxlmum diff@yaﬁtial survlival rato
was rocorded hetwoen moncguxobrvophlc end dieuxobtrophic cells

in the 'wveconstruection' experiments of Part LIT), but was
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also exbtonded to 4, 5 and 6 days vespochlively.

~The moncauxobrophic strein used was the game as thob

uged In the 'reconstructlon' experiments, nemely, B7/20

2]

requiring arginine or ormithine for growih. Tho methods of
sharvatlon and onrichment of colls wero also the BOMe ,

Prior to starvatlon 9 ml. suspenslons in saline ol
epproximately 2 10% colls por ml. were ilrradlated for 3.5
minutes at 40 cmg. from the ulbre vwiolet tube.

In tho fireb experiment, tho percentoge of visble cellg

w3

surviving irradlation wasg determined from pre-irradistlion
platings on complebo agar medium and post-irradiabion
plabings {ewbedded) in lmmediately enrlched minimal medium.

It became hnown befove thoe gecond experiment thab
iyrediated cells ewmbedded in iﬁm@diataly enriched minimel
medivm gave lower vieble counts than cells plated on complote
modilun. Thae, in the gooond experiment, bthe percentsge of
Ccells surviving irradistlon was determined from pre- and
poat-irradlation embedding in lmmediately enriched minimal
modiu. Tho mortallty offoet due Ho ombedding wag thus
oxcluded.

&% tho wsame bilwe, known dilubtlong of pre- and post-
lrradiation cells wewo embedded in complete agor medinm.
This Involved very little exbtra labour end served to doboiw

wine whothey mortallty due Lo erbedding in minimal medium



N ROTE N

followed by eniiclment was indepondent of btheb due to

ivradiaetion. IP it was not, the parcentage morbality of
cellsg due to ipw atlon as GMTOHTQ 1 from miniual medlium

'pl abings would be diffowvent From that calculated from
complebe modivm platings.

Tn both emperiments cells wore starved for 5,-4, 5, and
6 days, samples of colonies arlsing 6 te @ deaye xfber
enrichment were transferred. to complete medlum end laber
tegted for thelr growth voquirowments. The uvnchanged mono-
suxotrophs wore ldentifisd by thelr obilibty to grow on
$imima1 modiwn plus . Ledrginine wonchydrochloride (0.8 ml. of
a 0.2 M. solutioafﬁﬂ nl.. m@éiﬂm),‘ The isolates which did
S nol grow on. such medlum wore, prosumably, dlsuxobrophs
Thege were ylas@~ﬁestau for thelr additional requivement by
vhe game btechnique as that wsed in Part IT of this theslsg,
except thas for MLﬂLwﬁl mo divm roa& here minlmal medium plusg
arginine. |

In addi%ion,vylat@wteats were cayrled out on the
following two media: (a) minimal medium plus evginine plus
DI~mothionine (0.1 ml. of & 0.85 M. solubion), and (b) mini-
mal medivm plus erginine vlug Di~brypbophane (0,2 wl., of a
G.025 M, solutlon}. These medla served to 'scereen' methio-
nine and tryptophane-regqulring auxobrophs, whiech consbltuted
the largest proportlon of all the auxotrophs in the 'tobal

Lesolation' oxperimonts.



.y -

o wal;}

&

In the flrxet experimont, dlouxotrophs other ithen thoso
requiring those iLwo subsbances woro ¢dwnu:€ied suranogrephi- -
cally. In the sgocond experiment dlauxobrophs, other than

those voqulring methionine, were not charachberined furbher

Experimental Hegulbts end Obserxvatlons

The reasulba of these exporiments are shovm in Tables
22 . 26(aa.@g 140, 141, 142, 145 and 147) ond figures 4 end

(page 143). They moy be summardsed as follows:

1. The wmortaliby of cells due Lo ewhbedding in minimal
modivm {(ay eompared with ewbedding in complete medivm)
independent of their mor%aliﬁy due to lrradistion. Thie was
shown in the second experiment by a comparisgon of the results
of pra- and nmqimlrfade'lon Pplacings in minimol medium
{onriched) with thoso In complete medium. 0.7% of the cells
guvyived irradiation as caleculated from minimael medium
platings and 0.8% as caloulated from complete medivm plebtings

(Table 23, page 141). 76% mortality ensued owing to embedding

t.,é'

~the cells in minimel medlum (Table 22, page 140).

2. - Burvival percentages of celld following periods in
minimel mediwm of 4, 5, and 8 dave i1n the Firab oxperimont
(25.5, 14.8, and 4.7 vespoctively) closoly resembled those

L4 n

after 3, 4, and 6 days in the socond experiment (22, 16.7,

X

and 11 respectively), Survivel percentages after bthres

days, howevey, differsed greatly: 65 In the flrst end 28 in



TARLE 22

LN R A L

‘ The percentage mortality of non-irrediated cells of
sbrain B7/20 (arginine roquiring) when eubedded in

imnediately envichod minlmal sgar medium (Bzperiment £)F.
Serioy of Haemocytometer No. of cclonles % mortality
. plaves ond count of no. of Tollewing 4 days of colly
moediwn in colls plated Incubation
Swhilch cells

onbodded {per dish) {(pey dish) (wmoan)

: ‘ 41
Cil-03 - 39 ' - B 50
Complese 58

100~ (121x100/
5¢ x 10)
112 = 78

N1-30 391 128 121
Inriched 1238

minimal

NS ol

agsuming 100% viahillty of cells whon swbedded in completo
agar mediun,
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TABLE 25

i S e bl e b

The percentage survivel of moncauxobrophic cells of
strain BY/20 (Elf senine vogquiring) following w.v. {(Bxporl-
monts 1 and 2).

- Beries of Colonies Colonies ecountod Perecontage

pletes and gxpocted after Incubation survival of
medium in with no calls following
whiech cells  lrredisbion (per (pew eV

emhedded (por mories) plate) serles)

Bxperiment 1

- 12
ATl - ATD 5 9
nriched 1.06 x 10 15 635 .06
minimal 12
17
Baxporiment £:
4s
40
OTL - CI6 2 53 236 0.8
Complete .0 x 107 - BO
56
Sk
99
ML - WI6 e 92
Inriehoed 7.5 w107 e 510 0.7
minimal S 112
6&
61

* calculnbed from pre-irrvediatlon platings in minimel ager
mediun.
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‘The pereentege survivel of irrsdisbed moncauxobtrophi
cells of strain BY/20 (arvginine requiring) after perdeds in
minlual maédivm of 3, 4, 5 abd 6 deays (Zzperiment 1), end 3,
4, 5, 6 and 7 days (Bxperiment ).

4 gurvival.
of cells

Colonies counbed
afber gnrichment

Serles of plates Wo. of viabls
and pexrlod of ivrediated
starvation® golls plabed

{days) (per series)

{per
plate

{por
serieg)

Bxperiment 1
B 12

AT1 - ATIB . Q 6. 10 13 85 100

~ (control) 12 '

. e

56

62

51 209
88

42

e
M

faes
o
{;3'4
<

Al ~ AB 2 3.2 =% 10

57
Bl - BS 4 6.5 x 10° 24 163
" 38
52

25.5

24
17

? 11 04
20 .

0L - €8

o
o
]
¥
(—J
=)

13

. s 10 ‘

D1 - DB B 1 & l0™ 10 47 4.7
S (4 dtghes) - 1k
c

- Expeviment 23 .
5 2 75

MIL - ¥I6 0 - 5.1 x 10 78 510 100
{conbrol) 112 ‘

13/1 - 1HB/6

&)
et
1
L
[w]
ezl
[
o
20
Sk
&
Q
Av]
.
]

71 -
48
53
50

B
an
fe:]

!
&

M4/1 - H4/6 16.7

s
b

_B;K];C)

46

B9
1 x 10% 36
dlehes) 68
41

i5/1 - us/6

&
&4 80
oo

€A

[&]

-

ot

<

M6/1 - NE/6 6 1.1 x 10°

N7/L - W/6

no eolonles 0

6.8 x 10° . 0.04

* period of starvalion means the length of ime elepsing béfore

enrichment is added.

‘_a‘ meens that plabte became contaminabed.
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Figure 5. The decrease in
the percentages of methionine-
arginine requiring auxotrophs
among the total diauxotrophs
isolated after successive
periods of starvation in
minimal medium.

Figure 4. The rates of
dying off in minimal medium
of u.v. irradiated cells of
the monoauxotrophic strain
B7/20 (requiring arginine or
ornithine for growth).

OB wr SAMKR
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the second oxperiment (Table 2%, page 148).

3.  Out of a tobal of R163 isolatos tegbod, 60 proved to be
diau?uhvapnu° The number of isolates tested per sharveblon
perlod are gliven in Vable 25 (page 145),. Hany of those
isolates wore glow growing strains.(pwasﬁmably golected by
this techmliquo): they wore screensd from Hrue d;auﬁotrophﬁ

Ty oa ;_uo‘i,}lm* Q'i.m,e«h BT »

4. The first oxperiment gove a totally unezpected result,
namely, the ilsolatlon of 9.57 dlauxotrvophs from control
(immmdigtel? enwrichod) plaiﬁnms‘ e drop to 1.35 from plates
starved for 5 days, =nd a progressive rige to 5.8%, 7.5

and G, Qﬁ‘q@ﬁ@v 4, B, a6 days shbarvetion respectively.

Whﬁﬂe results wore not confivmed by those of the gocond

o exp zimmnb Hero the poveentagos of dlsuxobrophs racoverad
aftor differont LMTVQﬁlOﬂ pav lods did not diffew signifiw

cantly from ong another or from the conbtrol plabtings. They
were within epproximately the same range (1.34 - 3.81%) as
those obtalned by the 'tobal isoletion’ toechmique (Pawxt II

of this thesls).

. TIn the firvst experiment 5 out of the slx diauxobrophs
¢sola et from the control (lmmediately enpilched) ﬁthos
regqulred DL-methlonine. Euxther; 2 out of 3 of thoso
isolated after three days starvablon, and 2 out of 6 after

L] .

four days sbarvetlon wequlved this growith factor (Teble 26,
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A

lrrediated cells after gtavvabtion periods of 0, 3, 4, 5 and &
g (Bxperiment L), and 0, 3, 4, B, 6 and ¥ days (Bzporiment 2

Beries of plates Colonles ilso- Diauxotrophs  Percentege of

ond period of latod and isolated dieauxotrophs
starvation plate~tegted aftor rebteatl

(Qays) (xio.) (no.)
Bxperiment 1@

AT1 - AT5 O 63 6 9.5

Al - AB 3 - B59 " & 1.8

Bl - BS 4 159 6 5.8
CL - C5 5 04 Y 7.5
DL« DB 6 ay : 6.4

0o
an

Lxporiment

CI1 - CT6E ¢ 157

95‘{3

&

GTY - CT1LO¥EX g 210

&
P

o
=3
td
H
iy
!
Cr
>
5
fry

ML/1 - MA/6

e
-l

(]
&
HEN
-3
faw)

O
o
&
o

Me/1 - NB/6
m/1 - w6 v

6y
[
o

Totels: 2163 60

¥ cells plated on the surface of complete agar medium.

¥ colls ewbeddod in compleoto agar wedium,

<



page]&V), Preogumably, therelfore, a mubabtlon alfecbing the
ebiliby to gynbthesize Dh-methionine had occuwrred within the

c¢lone. of monosuzotrophic c¢ells orior Lo tholr irrediabion.

T

=in

otheg

i~»

g hy g could have boon tested by lgolating

b

\

and beabing colonles fwvom pro~irrvadiabtion control platings.
n view of tho low gponbtaneous gene muteblon roate of wmosk
organisme, however, colonles froaw such plates were nob
tested for disuxobrophy, and by the time tho above result

'!

way discovered such plabos hed heoen d&sctrucd,

)

"

Showld the otcurryeonco of ¢ nqummﬂm”nbeLM3ﬁmw

2 ) o

azxnlenstion of Hthis result, 1t ?s gsurprising to nobte thab

AN
L.

a

guch disumotrophle cells dled ofl a% o fa ter rate than the
mmnﬁauxoﬁrogh&c~ca11@ from-which they avosge. Thisg ila. shown

graphically ip Pigtre B (pag 143) ,

Out of a totel of luQ colonies lsolabsd frow NLQ -

frradlal tlon plebings in the second exmarimﬁnt no diauxotrophs
were racovered, This does not refube the muvatlon hypobhe-

gilig of the first experimenﬁ; the mubatlion could heave arigen

%t ls not eppavont that thilse technligue selects at all

and 1f 1t doas selocts specific types of cuxotrophs (Table 26
pamel&?), The spoctyum of types wag simllar to those
isolated by the ’qual Llegolation’ teclhnique with the exceptio

of those whieh whon £ivst lsolabed were stimulated by a



TABLE 26
Suabstences to which diauxoiz*cjihs gave a growth responseg

Series of plates  Total number  of Smbstan%e-s to whieh diauxotrophs  Désignation of

and period oft diauxotrophs respond™, and number résponding diauxatx‘aph(s)
starvation recovered < ;
’ (days)  (per series) ‘ (no.)

Experiment 1:

i
L AIL - AIB 0 6 . Lelysine monohydrochloride 1 XAL =
' : Ol~methlonine 5 XA2, 3, 6, 8, 9 1
Al ~ AH 3 3 Adenine menohydvechlopide 1 P ANE
. Di-methionine 2 KAl1, 13
Bl - BS 13 6 o Adenine monohydrochloride 1 - XBly
: Aneurin ' . X xXB7
Leueine & isoleucine (N.IL) 1 XB9
Unknown. (G.H.) : 1 X85
DL-methionine 2 XBL, 2
ClL - Ch 5 T Di~tyrogine 1 a2
’ L-lysine monohydrochloride 2 Xl, 5
Upacil 1 XC7
Dimmethionine 1 X083
Adenine monohydrochloride 1 AGl1o
A , Unknown (.M. 1 X9
Dl -~ b§y 6. 3 Hragil . 1 - D3
' . Leueine & isoleucine (N.M.) 2 XDL, XD6
. Exper iment Ex;:; SRS RS ST~ i T , b e e
GIL - GI6 0 ‘ 3 Casein hydrolysabte 2 XEL, 3
. Yeast nuclele aecid hyd. 1 L2
617 - ¢112 . 0 8 DL-methionine 2 XFL, 5
Casein hydrolysabe 3  Xre, 6, 8
Yeast nucleic acid hyd. L AR5
Complete medium 1 XP7
- Hixture of vitaming {(stim.) 1 XL
MIL - MI6 0 6 DI-methionine 2 X2, 5
» . Casein hydrolyzate 2 X635, L
Yeast nueleic acld hyd. k2 XL
Complete medium L. 66
M3/l - M3/6 3 5 ' Casein hydrolysate. 3 XH1, 4, 5
Yeast nueleic acid hyd. 1 ¥H2
Mixture of vitaming (stim.) 1 XH3
ML - M4/E L 7 Di~methionine L XI3
Gagelin hydrolysate 2 X1k, 2
Yeast nucleic acid hyd, 2 XI5, 6
Conplete medium , 1 XIh
. ‘Mdxture of wvitamins (etim.)} 1 X17
us/1 - M5/6 5 & Di~methionine 1 KI3
iagein hydrelysate 3 X31, 2, 6
Gomplete medium 2

-
#
o

* in addition to arginine/ornithine

*E disuxotrophs, other th_an thoge reguiring Dlh-methioning, were not fully characterised.

(W, }:  matural miztuce. (C.H. g: responds to casein hydrolysate. (C.M.): responds
only to compleie mediuwn: {stim. }): slow grower stimulated to normsl geowth by a
mixture of vitamins. )




vitemin wizture.  One such suxotroph was isoleted in the
Tirat exneinent énd three 1n the second. When furtherp
Bested for thelr specific rogulvoments, throe showod growith
égﬁer sach iﬂdividual test plate and the otﬁer regponded to
;ﬁnauﬁin. ?w@suﬁably the three had adapted belween tests to
Ssrow withouﬁ the vitawin Initielly requlred. Such adapta-
tlon may accouwnt for the fact that no such murxotrophs were
isolated by the 'tobal idolation' teclmlque in which geymi-
:hatian takes place on complete meédiws on which they could
adapt before they worve btested, .
The tyrosine r@quiging_auxotroyh was simllor to thoe one
lsolated by the 'tobal tgolation? technique (Pert TI) in thab

1t did not respondbo any lmown precursocr of tyrosgine.

A

Pigcugalon

No inérbase in the afficieney'af Lactating ocuxobrophs
‘was shown‘eVQﬁvin the first of those experiments. The
Lebour involved in sereenlng the slow growing stroins from
the trma*diamxoﬁraphs groably decreases the eificiency.

| - Cleorly, the diffevences in suvvival patos shown in the

Zgﬂf@eanstvaﬁﬁiau‘ exporinents of Pert III bebween non-
lrradicted monoauxotrophle and disuxotrophic cells wore nolb
manifest to the some oxbent in thoge experiments. The
differences could have heon maéked by the onormous scabter
in the germination tlmwes of the cells after irrvadiation

(Devi, Ponbocorve, and Higginbobtom, 1951).

R



The regulbs of the presgent work o nobt exclude the
possibility that in furbther experiments using Ailffevent
moneauxotrophic straing, Ineroased officiency in the

isolation of auxobtrophs by this btochnique may he roalisod.



w 150 -

4]

Reforences

Molbory, B,A., aud Mywvee, J.W., 19562, Selection of
suxotrophle colonles ln Lachorichia eoli@ Hicrob,
(lenot., Eullalgs 2426,

Mderson, I.H,, 194%, Incidence of metabolie changes
among virus~reglatant mubtonts of a hectorial shrain.
Pyoc, nat. Aced. Sci., Wash, 30, 397-403.

Baltebtu, B.,, 1959, Mycoderma alg echbo Saoch&ﬁomvﬁes.
Yentyr, Balkb. Parasitenlk, Infel, IT 101, 196825,

e ‘M..uu

Geadle, G.W., and Tabum, B.L., 1941, CGenetic control
of biocechemlical resebtiong in }{i@ulqospol«:aa Proc. natb.
Afcad, Scil., Wash., 87, 499-5086.

Baadle, G, end Tatum, BJL., 1945, Neureognora LT,
Hothods of producing and dOUGCuln& mutablons con-
eeyned with mabritional requivemenbs. Amer, 4. Bot.
82, 678606, |

wa

Beljerinck, %.w.; 888, Lleauxenograplhle ou la méthodo
Al hydrodiffusion dens La gélatine appligude aux ro-
cherche microaiologmqueq,' Arch¢v0 Néoriend. des
Sc. Execteg ot Nab. 25, SbunYun

oljerinck, ¥M.,W,, 1884, Schisosaccharomyces octosporous,
gine aGhESDDPinG AlkohﬁlelQ. dentr,. Bakt. Para-
sitonk. Infek, T 18, 49-58.

Boyner, D., 1948, Productlon of blochomical mutablons
in Poplelllivam.  Amewy, . Bot. 33, 788-791,

Burkbolder, P.R., and Glles, N.H., Jr., 1947, Induced
> o T 2 3' . ?
blochemlcal mybetions in Baeillus subtilis. Anep,

[ASPETRRE Bt

t}. 3 %)O‘b Uﬂ' ::3{%5,_5!%6 ]

- Chen, u,Y., 1950, Sur une nouvelle Lochuique de crolse
wment des 1evuresﬂ G.B, dog séances de 1! Acad, des
Selences 280, 1897-1899.

Chen, 8.Y., Bphrussl, B., and Hottinguer, ., 1950,
evure gonetiaua des mubants & déficience regpiratoire
de la souche BIX de la levure de houlangerie.
Horedity 4, 337-351.

L4

Comendon, J., aud de Fonbyune, P., 1038, La chaubre &
s s : : :




huwile, seg aquihw@ pour Ll'étude des mlcroorgeniamss
viveanbts, la culturo des tissus ob la mleronanlpy.
latlon. Aan, Inst, Pagteur 60, 1135-141,

preme]

Davis, B.D., 1948, Tsolabion of blochemically deficlent
mutants of bactorias by penicillin. Jd, fmor. chen.
D0OC . VQ 4267, '

Artrmet ot

Davlsg, B.ﬂ., 1949a; Tsolation of blochemically deficlent
nutants of bactevlia by meang of peniecillin., Proe.
nat. Acad, Sed,. Wash. 35, 1-10,

Davis, B,D,, 1949b, Tgolation of bhiochemicelly deficlent
vaap g of aa0uerla by limited enr%chmcnb,, Arch,
Blochem. 20, 166-167.. :

Davis, B.D,, 19‘“, Studles on mutvitionally deficient
bacteriel mutente ¢sslaied by means ofl peujc 1lin,
Experlontla 6, 41~-50.

Demeroc, M., 1046, Thduced mmbations end possible
mechanigms of the transmission of he?edm%y in
gehosvichia 8011, Proc. nau, Acqgn Sc¢i.. Wash., 82,

H6=46
Dovi; P., Ponbecorvo, ., snd Wigginbobtbtom,.C., 1047,
hmf“J ¢naucad matations in dyied beclevia, Nature

lUO 505~504,

Devi, P., Ponbecorve, G., and Higginbottom, €., 1051,
Tatatlons alfecting the nubritional roquirements of
doerobactar serogenes induced by lrrediatlon of dried
colle. J. gen. Hicrcbiol. §, 781-%8Y,

Ditleveen, %.,, 1044, A casge of gimple sogregation in
Saccharomyess ivelicug. C.R, Tgb, Carlshberm, Sor.
Phivgilol. 24, 31-38, ' '

WOGluqxn, AL, 1944, A Lysineless mubent of Hourogpora

o &5

end 1t9 inhibition by srginine.  Apvch. Bicchem. 5,
573-3584 .,

tngel, L., 1892, lLes Feymentes Alcooliques, University
of Paris. 1-59.

Fisher, R.4A,, 1947, The theory of linksoge in polysomic

inheritance. Pyoc, ﬁov. 306, , Sories B, 293, 55-87,

Pﬁiiimws Ao, 10584, Utskillele av fenylpyrodreusyne i
urinen som stofgskiftosnometi 1 forbindeolse med




- 158 -

s 1

Lmb@cnii set, Hoxd, med. tidgsky. 8, 1054,

o

E@ﬂbrvne, P. de, 1934, Démonastvation d'un mleromenipu-
1au@ur pneumabique et d'un’ apparell pour : e Fabrl-
atlon des micro-ingtruments sovns le microgcope.
&mﬂa Physiol. et Physiochlm, Biol. 10 (4) 859-86L.

Poxnbrune, P. de, 1937, Mleromaaipulabour-punoumatlque
o microforme ¢, pour la Tabrication des mlcre-ingtia-
ments, 8001.066 induut'aelja d'Imprimerie, 10 rue
Valller, Levallols-Perret.

Forbeg, E.C,, 1252, The use of 50g forv ﬂ@T@c ing suxo
trophs of Cilamentous fungl. Microb. Gonot, Dull.
&, 26-28, o : . -

frvind

Fowall, ﬂ R., 19%3, Sodium ceth&e agar as o snOﬁulaw
tion for yeaal, ﬁaLure 70, 878,

RIS

N., 1949, Exporiments with Aifferent methods

Fries,
of lsolating ohvglajogicwl rmabatlons in fllamentous
o N

Tungi. Hmamiwﬂ 199.

[ea-er )

3943&, Spontaneots'pbwsloloaicml mub ationg

IPries, M.,
ostoma. Heredltas )ﬂ B38.5350,

2
in Ophil

Pries, M., 1948b, Viability and rosietance of sponba~
neous mubabtions in Omhiu%bcmq ropre sonbing Ail “forent
degrecs of heterobroply. Phyagiol, Plgnue¢,1_ 550341,

Garodhowe, A,8,, 1808, Usber das Verfahren rageh die
Sporen von ﬁ@iwilﬁ@ﬁ zu gewinnen.  Dull, Jard, Tup.

‘QJ}

Bobe Bt Petersg 8, 1065~170,

Gillilend, R.B., 1949, A yeast Lybrid hebero: vgotlc
in four formﬂvhabrow charactors C.HB, Lobh, Carls-—
hors, 8ér, Physiol. 24, 347- Sob,

Grah an, V.R., and Wamtﬂngs, B,G,, 1941, 3tudies on film
Lmrnxng yaastd, Uanad, J. Amr, R@“. A8, B51.256,

Gray, C. h., and Tatum, B,L,, 1944, X-ray induced growith
requivoments In bacteria, Prog¢, nat, Acad. Sei.,
HWagh., 30, 404-410, '

‘h“-«ﬁd

Heldene, J.B.5,, 1918, The combinabion of linkage
rvalues snd the ealoulation of disbances botwﬁen tho
locl of linked factors. J, Geonet. 8, B99-~309.




ey

L3 15{:} Y

Heomgon, &.Chr., 1888, Heecherches sur la physiologle ot
la morphologie des fermonts alcocoliques.  O.R, Lab,
Carlabors 2, 20-85.

flockenhull, D., 1048, Mustard Gas mubebionsg in Asper-
giling niduleons. Nature 161, 100.

Horowitsn, W.H,., Bonner, D., Miteholl, H.K., Tabum, B.L,,
and Deadle, G.W,, 1945, Genotic control of biochemical
rerctlong in Neurogpors, mer, Hat, Y9, 304317,

pmactry

3

Jorvig, G,A., 1947, Studies on phenylperuvic ollgo-
phronie.  The position of the wmevabolic orror., J,
Biol. Chem. 169, 651-656. -

Kerlesson, J.0L., aad Bavker, H,A,, 1048, Induced hlo-
chemical mubents In Azgtobacter asmllils. J. Bact,
BG, 671678,

Rostka, G,, 1088, Usber Nadsonla Richbteri nov. spec,,
oine Interossente Schlelmilusshele aung Mahven.
Vovhandlb, d. natuvelorsch. Verelns in Bruon 59.
(Review in Wochenschrlift filr Breuereil 44, 18T, 1927.)

ol w
s arrrr
‘‘‘‘‘ pried

Lederbory, J., and Ledevberpg, H.M., 1952, Heplica
plating and Indivect selectlon of bacterlal mubonbe.
Jq ﬁgﬁ;@ln _@ég 599""5%06 v

LaESnE TS

Lodevbeory, J., and Tatwm, 1946, Dotocblon of blochemical
mubents in wlcroorganisnsg. J. biok. Chem. 165, 381-

Ciale]
: &)’E}l’-’ °

Lederyberg, J., and Zindow, V., 1948, Concentration of
bicchomical mubantes of bacterle with peniclllin. de
Amer, chom. Soe. ¥Q, 4287,

Tein, J,, Hivchell, .K., and Houlehen, ¥.01,., 10483, A
mothod for selection of blochemlcal mubante in Neuvrg.
gnoTa. Proc. nat, Aead. Seci., Wosh, 34, 455-442,

fredrarid

Leuwpold, U., and Hottlanguewr, H., 19564, Some dabe on
segregetion In fgecheromyees. leyodity 8, 243-258,
Lindegren, C.C,, 1945, ¥endellan and eyboplasmic inhewri-
tanece in yeasts. Ann, Higsourl Bob, Gard. 38, 107-

123, , , o

Lindegren, U.C., 1949a, Chromosome maps of Saccharomvees.
Proc, Obth int. Congr, Genel., 333-355,




w 154

Tindegron, C.C., 1940b, The yeast cell, its genetlcs
R *

and eybology. Ldueatlonal Publishews, Inc., Saint
Lioule. 150 po. ‘

Lindegren, C,C., 1952, Genelics and cybolopy of
Sagcharomyees, in "Heterosis™, pp. 256281, . Towe
Btate College Press, Awes, Towa.

Lindegren, C.C., and Lindegron, G., 1943s, Selochbing,
inbreoding, recombining and hybridizing commercial

'},"G! Gx@'t ﬂ s _g;t_“;{é_élm";ti o _g'.gig 4‘05"4‘519 [

Tindepgren, C.C., and DLindogron, ., 1943b, A new metld
of hybridlaing yeasts.  Pro¢., nabt, Aced, Sci., Wagh.
.’8‘9‘, 506'{13(‘36} o l *

Lindegren, C.C.,, and Lindegron, G., 1948c, Segregaebtlon,
mitation end copulation in Ssccharomyces corovigisae.
Ao, Fissouwd Bob. Gard. 30, 455-458,

Iindegren, C.0., and Lindegren, G., 1944, Sporulation
in Saccherowyees covevisige. Dobt. Gas. 105, 30431

181

\
s &

priavtogenray

Lindegren, C.0., and Lindegren, CG., 1947, Meondeliam.
Inheritance of genoes affecting vitamin-synithesgiaing

o]

In Saccharomyees.  Amn. Missourd Bob. Gard. 84, 95-100.

Lindegren, C.C., Spiegelmen, 5., and Lindegren, G,, 1944,
Mendellan inheritance of adoptive enzymes in yoast.
Proc, nob, fecad, Sci,, Wash., 30, 346.358,

Hlerob. Genet, Bull. 2, 10-11.

Meagnd, G.H,, 1949, A new genctlc character in yoasts
affected by complomweniary genes. C.R., Lab. Carlshoye,
Sey, Physlol. 24, 307-380,

Margalith, P., Sermonti, G,, ond Silvestri, L.G., 1953,
The uge of heat in the solechlon of auxobtrophlic mubmnbg
of fileomentovs fungi.  Micreb. Genet, Bull., 7, 33-34,

ey

tlather, XK., 1935, Roeductlonsl end equablenal separaebion
of ehromeosomes In bivalents and mulbtivalents. PR
Gonet. o0, 55-78.

Habher, K., 10236, Segregatlion and linkape in aubobeira-

olds, J, Geneb., 32, 2BY-314. ' :

L e e




155

dather, H., 1938, Crossing ovoewr. Bilol, hev, 1o, 262-202,

RAGT=1 N E.ﬁ., 'Hﬂ?:, .., ond Douglas, ¥.C., 1042, A

sporulebtlon stoelk mediuvm for yaaats and-otney Eun@i,
Sclonco 96, 452,

ﬁd&Oﬂ, G., and Kaﬁuiatxnh A, 1@@6, dhuac eybologlque
gur les levures & CuuuTaLion hétérogemique du ganve

Hadsonla Syad, Aan, Selen. Nabupr, Bot, Paris 8, 165-
188 B

Wickerson, W.J., snd Thimenn, K,V., 1041, The chemical
conbrol of conjugation In ﬂjﬂoaqccﬁgramvcoa, Awmer,
J.. Bobt. 28, 617-621,

torn e ahs

Wickerson, W.J., and Thimamn, K.V., 1943, The chemical
conbrol of conjugation in uvwosnuchaﬁomyceu L.
Mwey, J. Bob. 80, 94101,

DA , i1.P., 1952a, Unordered btelrads. Amer, Mab,
86, 1iY-118,

Preueray

Papazlon, Il.7., 1958D, The analysis of tetred data.
é;gﬂe ics 05 175188

., 1949, Biochemical mutentg in the spub

ilago ndvci*. Cenenicm 32, Gﬂ?wﬁﬁﬁ.

ST SR T

Porkins, DD
fungus Ust

Porking, D.D., MQ'“ The detection of 1¢nha¢u in betrad

analysis., ggggﬁxco 88, 18%.19%,

Ponrose, L., and Guastel, J.H,, 1037, Metabolle shudies
on 010njlketonur1a~ Blochow. 51, 266-874.

Plough, H.II.,, 1960, Radlation induced aubationsg in
chewlcal quﬂJ”@mﬁﬂtﬂ in Salwmonelle typhinmurium.
Je.cell., comp. Physiol, 35, 141-15G,

Pomper, H,, 1950, CGenetlc studies In yeast. Conetlcs
35, 130, v
Ro, 1949, Studies on the

Powiper, 5., ond Burkhcider, P.
ast. 3 ec, nat, Acad.

bilochemleal geonevics of veo
Sol.. Wagh., 35, 456-4064,

Pontecorvo, G., 1248, The genetiecsl control of nubritional
requireoments in microorganisms and its application %o
wicroblal assays. FProe, MNubr, Soc., 5, 182-1086,




)

Reuvme, $.8., and Tatum, B.L., 1949,

‘Pontacefvo, G,, 1947, Genetilc gsystoms besed on hotero-

karyosls.  Cold Snr. Havb., Symp. ouant, Blol. XI,
193"‘20{) a . -

Pontoecorve, G., 1840a, Gonetical ﬁounnique for self-
fortile {(homothallic) microorsemisns Proc. 8th
int, Congr, Gonebt. G48-045,

P ont ovvo, G., 1949b, fux qnoﬁr gphic techmiques in bLlo-
c mxc L genatics, g Uen, Microblol. &, 1228-126,

Ponsotoxvo, G., 1950, iew fields in the blochemical
gonetice of microorgenlsme, Biochem. Soc¢, Symn. 4,
4}()"500 - 0

HY

=4

Pontecoyvo, G,, Roper, J.A., Hemmoneg, L.¥., Hacdonald,
¥.D.y, and Bufton, A. W.da., 1953, The genetlcs of
Asnorsilius nidulsns. AdA vange., G@u@%,_gn 147288,

lapar K.B., Cogbili R.D., and. Hullaanﬁer, A, 1945,

> The ﬁfvuuculou axxl characteorization of ultra vio et
induced mutations in Agpersillus terreus. II. Culbu
el and morphological chearscterlebics of the

‘mutablong., - fwmer, J. Bot. 32, 165-176.

hees, 1., 1869, Zur Naturgeschichte der Dierhefe,
Saccharomyces corevigiae Neyon., Bob, Zelt. 27, 106-118,

nsanoous and
eflcloncios in
1 (ll..ie ,g’?.f;,.ﬂ 5:51 “388 .

Bpo
nlbfugonmmuSLaf& Induced Fuﬁr¢3‘019
H

Saccharomyees cereviglias., Arch,

1 a
Loc

Roopke, R.E., Libby, R.L., and Smell, .H., 1044, Iuta-
tlon and verlation of Hgcherlchia 001“ with reaspect
bo growth requirvements. J. Tach. %gg 401-412,

w48 a s

Slovebed, A., 1943, Successive mubablons in Hadsonla
{ioh“gyg ¥ostka. G, R, Leb, Carisberm, Sow, TPhwvaiol.

55, 400-454,

S
e et

¥

%ulewvll“ﬂ, S., 19588, Mapping functions in tebrad and

rocombinant analysis. 3$¢oacq 116, 510-512.

S¥e 17lﬂﬂ~Deﬁkbr' M,M., 1831, Die Hefes amrlung des
"Co nzrpalbur@au voor -sehlumeleultures” T, ieww. Die
sporegenen Heflfen. VGfJﬂmﬁl der Xon. Akad, van

Wabtenseh. te Amstordsm 2 88, L.

Tabun, ¥,L., 1945, X-rey lnduced mubtations in Igcherl-

ehila coll. Proc, nas. fced. Sel,. Wash, Sl 215-819.

2




Tatum, E.0L,, 1946, Induced biochemical mutabions in
~bactoria, Cold Spr. iHarb, Sym. quent, Biol. XI
R79-205, T

Tatumn, EQL.,‘BawnabL, R. J., Fries, W,, and Boimer, D.,
19560, Blochemlcal mubant strains of Néeurospora
produced by physical and ch@mical treabment. Amer,
PP LOUo-éz, 50-46,

Thorne, H,Snﬁn, 1951, Thoe penetics of flocculenee In
Saccharomyeos cerevigine.  C.R. Lah., Cavlsbers, S6r.
Phr &01 25, 101-140. '

reeraiey

le t dle-Hefe Sporen?  Mikro-

!eLnon, H., 191%, $md i
kogmos 8, 3-6 and 41-43,
Whitehouse, . Buﬁ.) 195G, Mapping chrowmosome centromoros

by the an Iysls. of uﬂordored tetrads.  Iagbure 165, 893,

Neeaane

wh"“ehan 3G, ﬁﬁg:ko, 1954, Mnalysle of unordered tetrads
&cwv@ﬁ¢ting for a lethal or othey epistatic facltowr.
Nature 174, 4063, '

i ea Vet P

Wingo, 0., 1944, O segropabtion and auugtxon in veast,
C.R, Lab: Carisbers, BSer, Physiol. 24, 79-95.

Winge, C., 1949, Inherlitence of enzymabic charscbers in
yoast, Proc. 8th int., Conmr. lenet. B5R0-58¢.

Winge, 0., and Lmuﬁtﬂmng 0., 1938, Artificiel specles
hybridization in yoagt. C.R, Lab. Cavls hcfmﬁ Sér.
CPhysiol. 28, 235-24%,

fteassd

Winge, 0., and Laustsen, 0., 1959, On 14 unew veast tynﬂu,
produced by I"ﬂFAdL sablon, C.,R, Lab, birlnbay&. S,
CPhysiol. B2, 357-8YL,

.....

Winge, 0., ond Roberts, €., 1948, Inheribtence of enzymatic
characters in veasts, and the DdOJOﬁGHOR of long tern

adeptabion. L}hé Lab, Carlsbherm, Sév, Pnymiul. 24, 263-315.

Yar

Winge, 0., and Roberts, C,, 1949, A gene for dig’Oidlauiioﬂ
In yeasts.  C,H, Lab, Gaqubequ 86r. Physiol. 84, 341-346,

l-\uno.l-vu

Winge, 0., end Roberte, €., 1060, The polymeric genss for
maltose feruentoeblion Lﬂ vonsta, and tholr mubabllity.
C, H Leb., Carlsm D mez. Phyg iO? 25, ab-83,

waodwafd, V.W,., De zeeuw, J.R,, and Srh, A. L,,‘lgﬁﬁj
Belection of parbticular mubants of WOUFGSOOW" Erom
difforentially gomalnated conidisl fiLltrates. OQEGULCS

o, 887,




