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Aspergillus nidulans is a homothallie fungus with both

8 Vegetative and a sexual cyecle,

Genetienl analysis of Asperrillus nidulans had previously

been earried out using a technique of recombinant séleetion,

This method gives no information about the position of the
cent romeres, the ineidence and types of unusual asei, if any,
or cevtain modalities of erossing-over,

The firet objeet of the work reported in this thesis was
to investigate some of these problems, To this end a teche
nique of asous disseotion suitable for A nidulans was developed,
Among 136 asci of evossed origin isolated from crosses of
various strains of 4,.pidulans, eleven abnormal aseci weré found,
fhe three main probable causes of abnormality were:

a) mutetion during the first meiotie division (3 asei);

b) supernumerary divisions in the ascus (2 asei);

e) inelusion of two nuelei, instead of one, in the
ascospore (6 asei),

'The ineidence of inelusion of two nuoioi in one asecospore
was found to be about 2%,

That A‘n;gnlggg is homothallic, was rigorously established

in four original strains by means of dissection of all the
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tporen_or one ascus through two successive complete sexual
eycles,

To loocate some of the centromevres in A nidulans, A cross
in whiech four loei were segregating (w/VW, lys/LYS, y/Y and
pi/Bl) was studied, <The choice of strains proved unfortunate -
as low viability of the ascospores from "srogssd”assi oeccurred,
Backeronses to the wild type were carried out, but little
improvement was shown sfter two backerosses,

From these &nd other wresults of ascus enalysis, it
appeared that genetiec and/or eytoplasmic differentiation had
taken place betweea the criginnftf%ratn (and its derivatives)
and the wild type stvain (and its derivatives), The former
had been isclated in 1936 from wild type Aand kept genetieally
separated since,

Some of the details of karyogamy in helerokaryons weve
investirated, and the interesting faect was discovered that the
seci of one peritheeium tend to be all of one type (either all
gselfed or all erossed), Thie made it possible to develop &
new method of genetical analysis, appliecable to A nidulans
and presumably also to other homothallic speecies, which did
not necessitate the selection of particular classes of
reacombinants, Perithecia containing only (o almest only)
"erossed"” asel were picked, and classification as to 2ll genes

segregating was earried out without selection of ascospovres,

from those perithecia which showed correct genetic ratios



for certain "merkers"™,

inmis technique ("Perithecium anmalysis™) is used to
most advantage in crosses where the proportion of peritheecia
centaining "erossed” 2sei is high and the loci, between whieh

recombinetion has to be estimated, ave not too closely

linked,
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CIEMBRAL, EETRUBUGL L0,

v evereinorenasing vwee 1s belng wmpde of wmiavoeovenniome
in genebionl skadles, due te the lnbtweduantion, in rocend
yeava, of spulbable teshuigues waking powsible penchical

poalysis in %hgmﬁ mlewom@ AN eme whiesh shew o sesxunl gysle

L=}

and dn vhioh delibevnbe m~¥1np fan h@ aonbvolled , nn Bacohoroe

wyoes, (Winge and fowstsen 195Y and Lindepren 194 19} Weuwroupora

{(Wileox 1028, Lindeg¥en 1952 n nnd Be and BDedge L0279} and

&3
Boowameaalim (&@ﬁneb@?n 1080 ) and in those whish show 4 gexua

sysle but ia wvhich woabing connot be eemuwaiiedo Y Aspevrgiling

nidulnng (Foubecowve 19630 ).

in vhich sexunl veproduction 1s nod known bo cacur, bubt in

Wnaﬁha ngverbheless} veaowbinstion and o a”epﬁh on i hevedibowry

footovrs onn be dononshvabad, Yhe l1abh @Wanﬂ insinde
bagberin, wsueh as B.eell shudied by Lﬂéﬁwhuﬂﬁ 1ﬂ &%y ok el w

phapes (h@wuhwv 1946, Delbriol and Sailey 1246, Hmsnet 21061)

and the lwpevrfesh Tungi (Ropev 1068, Ponbesowrvo end Reper 1052)

3

Thus the wonge of ovganions suitable Fov genediesl wovlk

an

has been grenbly ineveased, N exvends fvowm the multicellulay

.

diploid ovganigms of alagsionl poneh

maive and the mouse, to inclide fungil « homothallie (Ponmbecowwvo

1082) es well oo hetevobhallie (Kniep La29, Lindegren 1032,
1049, Dodge LOBY, Vinge 18356) = and singleesalisd o¥Eani sns,

&8 ﬁawaggeiin { Sonneborn L94%, 3050}, The sbudy of cell

Suiteble technigues have nlso been developed Fov ovenni sme

i, sunoh as wan, Uresophilis

+
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hewredity in bissuss i even possible now (Medswar 1947),

Thevre ave enovnons possibilitiesn of widesprend
appligabion of the geneties of mievosovganisns in applisd
fields such zs industvisl fevmenbabtlons, also in homas,
pload and animal patholesy. Hexr aopz nehes have been made
be hhe sbudy of the velationship hebween penes and othew
cell congblbuents as in %&m@h&?@my@@ﬁ {Vphrussl eb alii
1949) ;g in Pavameelun {Sonuebowrn 19479, lenle 1062}

Some of bhe advaentages of using Miavoe-ovginisns ave
that a single oell ov the offepving from & single esll may
be sbudied, wmovphologionl muumﬂbﬁ of ovpanlamg ean be
debeoted diveebly by inspestion and the elfeat ol envivoruneund
on single sells wmoy be studied divestly and conditiouns
changed as vrequived, The generation oyele iy shovrber in
mi@?emé%gﬂnismﬁ than in hipher ovganisis,

Genetienl annlysis in miefo-ovganlsns wies exbended Lo
inelude homothnllic wmonids by bhe developmend of a sulbsible
wechnigue (Ponteconve 1940},  In 1034 Henwvawd had atteupibed
o work with the homobhallic Aseomycete #mi@mlﬁnwe nus wag
gomplebely at a loss when faged with bhe difficulby of dise
tinguishing bebween asel of selfed and ovossed ovipin. Iin
1946, Pontecorve showed bhah genetienl analysls of a howoe

shellic Tungus was not enly possible bub, in cerisln Pespent s,

eagie® bhan in o heterobhnlllic ovrganism,
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DUSORIPLION OF ASPEROLLIUS NIDULAKS.,

AR TR

Agpevpillus nidvlang (Hidam) Wink,, & howmebhallic
hocomyeehe, (Order El@@&&ﬁri nese, - Hanily dAspevellinceae)
wgﬁ used in bhe work desevibed. - It exhibits both &

ﬁf@%ﬁhm%@ and sesunl eyele {see Plate 1),

Hapleid uninuslonbe deepegvesn vegebaltive spores,
the sonidis, ave fovmed and mpbtanbs fo» gpove aplovy bnve
baen preducaed by obher workews and sive nuseful ss ‘maviers?,
the hyphae ave mudbienuelente and may anastowose, wibh
subseguent migration of nuelel, bhus waking studies on
haeterolkavyosis possible,

Honidulang will grow on @ slmple medive conbpinlag
a gouwves ol ovgenis oavbon, nibwabe and owvginle shlba,

The feaiting bodies oY perithesin « move toouvidely
aniled zlelistobhenin » ave spheriand, Urom 100 to 200 um
in dinmet ey and enelose from 10 Go IWO,000 neei,

The asel whigh av 0 e lﬁﬂ in ddametew, condain elghd
hrowneded gssespoves whiosh are the produats of & sing 1@
aeij whioh bos pndergone melosis, The aggospores ave bDle

nualeate (Adaw,; unpublished) snd discoldal {(dismetey 3,5 m

5ﬁL§ with bwo ehavaghberistiie vidges snd oan be handled

easlly using o wisrce-manipulsbor, Bipe osel Livevate
aacpspoves quibe easlily bub LHhe perithecis do uot bursh

+

vnless eroshed, when asel and {vee assospo¥es ave libevabed,

fhe sacosporves ave noebt aveanced in a definite lineaw ovdev
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in the sgous, as in Neuwrospora and thereféﬁe the gendromeres
samet be loedted one by one, bub only hhvee ab o tine
{5mibehovse 1050 ), |

fp Agnidulsns 1o homobhallie, wh@ﬁ bwo gbhraing ave
grown in mizaed aultuweﬂ protunts of both selied and avossed
kavyopany are fovmed. Hoe genchionld am@iyﬁis OnNe KNEHH
dlsbinguish bebween the btwo and this ean be done elther by
hhe teahnigue of Pecobinsnd gelection ovr (this bthesio) by
Cdissecting sgel and using only bhose of evossed ovipin,
An produnts of selfed snd avossed lav eyoramy sve indistingal 9he
able wnbhil dissceobed and germinnted, Hheve is AR ANOTONS

waghe of labouy in disseshiag asel.



conidium./y'

ascospore®

— MCIiOSi S ascus
zygote

Flate 1, The life eyele of Aspergillus nidulans,
Fultinuelente hyphse originate from haploid uninucleate
veretative spores « the conidia « or from haploid binucleate
asnpspores, The sexual cycle- takes plase in the {ruiting
bodies (peritﬁecia) and lends to the formation of asei eagh
with eipght ascospores,

Lelows Formation from the zygote of an Bespored ascus

containing vinucleate ascospores,
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Uvosses of A,nldulans ave wade in bwo ways {Ponbecowve
26 ) o

Tovned from bwo styaing and anong bhea ssoi nYn dqunsen there
ave 2 proporbioun whiech ovigl : Lrom karyegemy botween

two hapleid nmuelel, one of ench kind,

fa

Ro "Hized-ingoulum orouss’s A very thick swspension of
conldiz, of the two kinds bto bé esroasad, is inoeulnted In
apht medium snd a prepovhion of assi produaed is ol ovonped
orlgin,

in ovder to study the Lowmal genegbies of A.nidulans
a supply of wabnnt s wos needed and bhey wewe produced maluly
by iveadintion, by othev workews in this labovatory,  Bowe
of the ool (18 In 2ll) have heen debevmined wibh & grenber
or lesnew preeision and seven, aud pevhaps cight, ave in one

linkoge evoup {Pontesowve 1958n),



THE BI CHROMOSOME OF A.NIDULANS

Flate 2, lap of chromosome rerion of Aspergillus
nidulans ineluding the three bi loei, y, adp and paba,
w is situated on the opposite side of pabe to adg,

(For details see Fontecorvo 1062a, Roper 1950),



STRALNG AND Finla Ui,

SLRALNG

LAt e T Y

. .

WAL, W BILOLYB Bgd  Cwgen conidin, protobroph, Hefdrred

wild Sype to g Y in the ﬁexﬁ@ Suppliled by
Fo X 2lll,  Refovwved bo sg 4,00 by
He ¥nild 61@39)@

Wt whibe alboe A sponbaneous ywbant , iseolsted by
We Yuild {1089) fvew A,.60, Referved
bo ap u? in bthe Sawnd,

v yellow Aevay mubant, wibth yellow conidis,
Trom H.69,194%,

BiY bBiohin ﬁi@%inmwe@ai%%mg mubant steain
produced by Kevay of wild type.i04v,

y il yellow bilobin Yellow eonidia, biobilneveauiving,
Hesombinant obbeined from avosg
¥y oady x hi. 1948,

V~&ﬁ15 yellow adeninesl Iatans of yellow prodused by Hevays,
1044, |

Wy lyas white albs Futant gbeain, white sonidia, lysinge

Lysing
vagquiring, produned by Zevry fvom
white albs, 1048, Refeveed o in
bext as Yw lysY,

Bge # delba Salghitejﬁhisgalphaﬁewwa@uiwgmg

stwrain produced by Hemustard Tron

wild type, Received fuom np,

Hoekenhull 1048,
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%

Note what green vonidia {as in the wild bypn) 8Q
produned by genobype W ¥, yellow sonildia by genobype WV y
and white by goenobype w Yo | Ihe lntbew, howevewr, iu
epistatic and thevefovre genotype w y alsg gives while
sonidia, Hvevy one of the obher diffavences from wild

bype hos been shown to he nmonogenie {(fonbecewve LP52E2).

Beguirements of abraing Fow preowbh in Mindmel HMeddog,

LT,

Congenbvabion mpful,

Growbh facbaov. tor ont im el prewih,
Biobinecequiring Biokin or deshhiobloeblin U UGULGE
Lysinaeregui ring Lie iy;ine monohydeeshicride O &
Adanlnse-veguivring  Adenine hydvoahloridoe U8

EARRLA Uisiail,
: i

g

a3}

fuidn

Hindmsl wediva {ligu
e cr &

NNy 0 60

KHoPO, 3018
Me80, 0,05

£

I on} 0,058
Dexbrose 1,00

Lenges WeBO, and Znd 504

-

%3
fnae
Ee3
Js

Fov sol

medivin odd 1,84 sear,
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Cqmﬁi@ua medivme (Details Ponbesorvo 195634},
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As minloal mediwm, with the addibion of 0,8
gems. pepbons, 0.1 g, Yeasbrel, 0.3 mis.
nydeslysad yeash uelele acid and 0.5 mie
aagein hydrolysabe pev 100 mls,
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oy I, INVESLECALION oF INDIVEDIAL ABCY

TQ%VQduwt%nn.

P

Tetrad analysis e bhe dirvect isoletion and aligsle
Tionbion of 81l four haploid pvoduots of a single melosis,

k)

Uging thie bealmigue it o possible te!

1., Loeate the ecenditomeres,

allelan

i

E.h

2e Peteat abunovinl sepvegnbion o

o Investigabe cevbain modalitics of erossiipeover,

-

Yo loaate gowme of the cenbromeves in A, pidulang, &
avous {(Yable A Groms YII) in whioh foue leoei wewve sep@egabing
{w/ M, Lys/LY wg v/Y and bi/BL, the last two elosely linked)
WS sﬁudiédﬂ The choloe of styainp proved wnlertunobe, &g
difffeventiad viablility oeccurred and insuflicient numbers of
sgail of evosged owipgln with five ov move spoves gewminabing,
were prepduead, Invkevosses Ho the wild type were cavried
ouk to imp?av&fﬁhe sbening and wmake it wowvbthwhile bo wvepeat
the aunlysise. Unfowbunabely bthe iunprovement in the booke
agvosses was nepliglble and acaordingly, abbenbilon whae burned.
to the ohhoer bwo pfﬁhléM%s

As » start, 1% wag necessivy to evolve a beshnidgue of

sfaous digsechion sultable fow A, nkdulsna (Bee Section 1.
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&) Gomparison of bebead snadyegis and Pondem ssmopling
of. pamegbop.

Uping tebwvad snalysis; all fouy produchs of a spingle
melosip ave obbained tepebher and Bhelw velationghip ean be
sbudied, bub this is nod possible ln a randowm sampling of
cowetes g bthe produchs of many meloses ave mixed up, By
both mebhodg, the loestilon of genes in vespeod Lo each
obhee ig anveied oud by esbiwmnbting vesowbination Ivachlons,
buh bebrad analysis offevs the further possibiliviep
ment ioned helore,

Papazian (19B2) poinbs oub dhat when estimabing linkege
Peom veoowmbinntlon fregquenslies, Pandom stmpling is nmove

fficient than spowes in betwads, Two vandon produets of
meiaﬂia give about as much informetion as all Lfovr of e
%a@?méﬂ To offset thie, when wovking wibh bebvads, 1f the
genobype of three produckbs i known, bhat of the Tourbth ean
e deduced:. and with two o¥ more loui ssprepabing, i¥ only
twe produets nee known, bub bthey have bthe sawe allele Tov all
but one of the 1@éi5 then ﬁha obher twoe products osn be

deduoedsy . In &, nidolans, an ogous coutning fouy palvg of

asigher apoves, so bhe sume aweunt of Infevmabion ean be

obtained fvowm four as fvom eighlt spoves, 1T one ol eaeh palv

ig pieked,

in wmost highey ovganisms genebienld aaslysis la pevfovee

sesheiched o 8 Pandowm gowple of the produets of &8 lavge
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number of meioses, bubt ¥ecovery of all Lour pvodusts of

4 g
meiosis is possible in Ascomysobes (Lindegren 1940) and
dagidiomysebes (Fevkine 1048) in wmosses and probably iw
%&ggéﬁ Yebead analysis is possible For Chlamydomonss
{(Hoewun 1941) but not for Pavamesivm, ag in %h@'iaﬁﬁ@m only
ene of the fouw products of welosls vemsin in bhe one oRERnd sm
(Bounehorn 1049,

The spores in o bebwad way be arennged in o definite
Linegny ovder » owdered tebveds o oz in Neuvesporn {Dodpe
102%, Wilsex 1928) ov they may be unowdeved, (Lindepven 1920,
Pevking 1920), ﬁﬂ evdevred bebveds, in bthe onse of ovganisws
where bhe spindles ave pviembnted pavalliel to bthe sidey of
the asouy, ag in N,sitophilie (Vileox 1988), produshs of the
Tivst meloble division go bo opposibe poles and vemain bhere
withous evevlapping., Yhe two spindles of bthe sesond division
are well aparb, 5o bhe btwo conbve nuelei do not wsvally exe
shenge posiblons, By observing bhe avvangement of the spores

36 is poasible to find whether segresablon of any one paiv of

n
e
Pt
—
WU

d s

eles ococurred ab the Tivst ov seoond melotic division,

4 8

{fivsb ov senond divislon sepregabion), snd from the pvder of

sepevation, infowmation lp ovbained ps bo map distanee bebween
eny lovus and its eenbvomers {Lindegren 1P58L, Whibehouse 1042),

in Saecharomycodes Luduwiegii (wing@ and Lnustoenlod0) and
W.tobvanpeema (Lodpe 1987), the second division spindles ave

plaeed nlose bogebhey and overlap, so this has to be btalen
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lnbo aceount when examining ssal,

A‘ .

inssificebion by innpeation of aseospores in the asons

i‘:’i-

e

s possible in Bowbawdia lunabty, in evogses bebwesn styvains
with dovk and Light aseospores (Uatoheside 1944) and hense
imnedlste deduction from the spove arvangenents as to whethew
fivet oY second division sepgrerablion has ceourred.

In wnovdered Lehvads, wheve theve is no definite arronpee
ment of spoves, obher mebhods ave necessavy (Lindegven 1949,
Forking 1240},

Using teterads, iafovrmebion ow ehvomatid inbtevlevense can
be estimated using only twe loni, When mowe than twoe loal
are wged, 1t iz peseible to distinpuish bebween chvomabid and

*

chingma inkevdevente (Idndegren and Lindegren 194 12, Yhibehouse

1

1042}, From a vondom sample of sporvas, chromabld inbewrference

(‘
o

1 only e debesbed in a few ewsepblional asses where Pee
sonbinatlon values ave in excess of BOF,

Artnormal asal ave debectable by tebwad annlysis using
adegunts "mavhkevs? bub. from o vandew sawpling of ww{vhesﬂ only

in spacial eages san lrregulayr sogrepabions be debented, og in

non=disjunction in Irosophila,




) - dpoug @nwlvs g of ordaved and wnePdered Lhobrada,

b

» Apous analysls of evdewed bebradsy,

Asacsopores arising from bebwvads in which the n¥oducts of
aglosis ave pwrvanped in lineav owdewr, as in ﬁ@mﬁ@aga%ﬁg Fowm
one of iy asods pabberng, depsnding on whebher segregabion
@@éﬁ@mﬁ Bt Lhe Fiveh o saecond meiobie division,

With a paiv of sllelomorphs &féﬁ twe ailbevnablive svdangee

menbs Pesuli from- Tivseh dlvision gagvepablion?

g};'ﬁ? #

R

Thase Bwo @i fer only in re lﬁtaﬁﬂ o proximal snd distal
ends of Lhe ageus, as & nirrver image, ss do bhe Tivst Lwo
avepngenents £rom second division aﬁg?egaﬁi@ma wh&&a one of
bhe Lfollowing fous arvangemenss avipent

A 2 A £

o A R B o A
& & & A
& A EiY L2

Phe numbosr of spoves wepvesenblng enoh pvodust of melosis
will depend on the ovgonlsgn studied, in Bombagdia, and
Neuvpsoorvs sitophils o furbher miteble division Tollows nelonis,
before the f@@mmﬁiaﬁ of the ascospoves, vesnlhing iu the dupe
Yienbion of erch nvodunet of weloslst in Cheowmoevenr, twoe sush

divisions Follsw welogia so hhab eagh pyodust isp vopraseubed

=,.z).

by ~four spovres.

The freguensy of @?ﬁﬁmmﬂ retVer dopends on bhe distanse
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of B lotus {rom the centvemere, thus by assessing the velobive
freguency of firsh snd second division segregotion ab o loeus,
the position of the cenbromeve wmay be plotbed on & erosgover
Mmap of She chrounsons, Hals the pevesutage of second

divigion sogregacion ToP 2 gene is the unaovresbed map dise

Hansg of bhe gpene {vom the oenbromere,

iie Aguuie analysls of wnorvdered bebrads.

Lhe siveabtlon dp guite differendt with unovdered teb wada,
The fregquenscies of Livet sand seoend division segvegation
sannet be dehovmined using one losush  bub only by beshing
twoe by bwo arn the sepvegation of bthreo loel be ushudled
{(Whitehouse 19507,

in a evess A B wa b, when two uwnlinked lonl seprepnbe,
three seprerabion bypes of sssi ave distlugulishnble, fesovding

to the gsepgrembion of bthe alleloy inte the Four predusty of

Typa I 248 08, 2ab. = all pavenbal aompinabions,
Type L 2 A DB, 2a B, « =8BLL vecombinsnt 9thlﬁu%iﬂm

Lype IZE A By, a2 by & By & B, o pavensial ond Pecombinsnd
combinations,

LYhase bypes of asel may be formed in ﬁhﬁ Tollowing ways, ©0Re

&

gldeving siugle and double avossovers ouly
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PTable 1. @p veuabion & v%:mg of unordered asaid "‘“G&Sﬁl‘f}li_ﬂf&: L¥om
% aned e and double evossifoenve® with two wnlinked
Aoai qgg%epﬁh“ﬁﬁ in a_oross,

Lype _of srogsove? Seogsine-over  Conbinsbious Pype of
Labioeni égfimﬁd HE8UE,
1. Nene ALY pavental )3
ALY wecomblnant £X
2. Binel One lnous & the (2 pavernbal AEE
BENG ToNares {2 recombhDinais
‘Bekh losl & ALL prrentol X
Sant rome rans
ALL Pesombinans Lx
{2 p:wm'ri;éal TEX
{2 wenompina
%, Double a) Z-shrand One loous & the ALl paventsl x
genb vomerss
ALL wacowmbining £x
b)) Begboand o 0 e e (3 paventnld TR
{2 wesombinanh
6) d-shvand & e e e ALL vasombinand (9

ALL parentnl L

4, Bouble a} B-shrand Both loel

& the ALY pavenbal
cenb romares

ALl wogombinanid i3

H) Gesbvangd e e e ow All parental I

ALl vogombinand X
g pavenbal TiL
2 racombinant

[
romi®
flacs
]

7 3
fard
o
]
.
¥
t
&
4

ALl Pesowbinant i1
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L,

Yalle 1 shows bhob the btypes of meel Tovmed when ne

avogoingeovey btakes place ave similay and indigbingulshable
Peom those fowvmed fvom the Tollowing Bhypas of ereasing-usver)

=) wﬁnﬂlﬁ zﬁﬁgsin?mmve@ batwacn bobth loel and thel? vegpe
eobive genbPoneres

H) 2 and d-ghrvand double grossinge-over bebween one looun
and Hhe cenbromera,

$3) Be.gbhrand double svosgslingeove® bebweaen hoth loal snd thelw
pagprehlve Qeniivimeres,

sSouble avopsovers bebwean both losl and their Peaspeotive

aaent vomeres peowy ondy infrequently,

Wypes I and LI may be eslled diebypo Lebvads and Yype IXIX
8 hetPaehype bebwrd (Wnibohonase 194D), Taad nuwmbess of

Lype & snd LI show theve is ne linkape hebweon the two losl o
that they owve more than 5O bBAlto ApPRTE, Vihen Type L 1ls woee
Ffeenuent than Type LI, 1inkage.isAin&iﬁated§ 18 ennh of dwo
{vniinked) loel ig BO oy move unibs Svowm ibn cenbromeire, bthe

voahio of Wypes L$E3S4EIK ia 11034,

-

Ag bhe propoviion of die Lo hobraetype bebrads depends
on hhe frequenny of erossingeove® bebween the losi and thelw

pegpentive nentvemeres, Whitohouse {19507} shows the fellowing

valsbionships

FRG = pyoporbion ol 4e=bype tebtvady

x and y & ¥ " sesond division segregation
2% A and B lowdg

then p P = vy e 2u

Cut Soeth 2
p=e

&3
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ihe presise frenuencien of fivet snd second division
gegresablon sannob be daebevnined from Hhig arpraesslon, bay
by introducing a thivd independend loous O, showing no
linkspe with elbther & ov B loei, the veguived propoviions
of Fiwst and sesowd di:i Lon sepgregation san he dotevained
for nall thres loel,

¥ g snd ¢ ave the propovbions of Lebvesbype betvads

from loagl B and ¢ and loel A and € veapeobively and 2 is bhe

propartlion of pesond divigien gsagvegalklion at the O losup

thens ' -
2 . oy . .\‘ .
8w ¥4 2o dyn end P oa® a2 e Aus
& %

inthe aese of btwo linked genes, -eithev lessbed on the
same aRromesome A¥m 0¥ on Qpp&ﬁ*&@ a%msp the fewvmalse may be
moditied, thovgh on agceownh of double urossovers, the vesulbs
awve less welinble and Teasonnbly acouvabe vesulbs ain ﬁmly be
grpeeted when bthe dwo loed nve bobth conpavabively naaw mhe

aenl romeve,

‘V'ﬁ
Fasle
ks

In ovdew to map the aohvompsomed with acouvney i

easentisl to heve 3 independent loci,

The following formine {Whibehounse, Frivate conmpuniesntion, )

&

ahow bhe mabhenmabicsl btvestment in bhe epse of btwo linked

genest
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Unprdeved hat v

T A

1inked menas,

Urie pmane on edoh avm,

2 genes on one Ay

sl hensa 3 albawma

genersal muast

Let Ay B end € be 3 logl.
Gi “ @y Dy g d - 2 } by .
g Y oo B oB@ GRGLY ¥
« e B hhe voou DY S 4
;.3 i 5:% i B }{; [ ‘iv‘:f.t w;f o iv{iinﬁﬂ{\:},{&ﬁ fj:.
WOOR he bhe

i

e

Live sebs

ags with 2 1

m,whm?%

55

iﬁnﬁ f@w the gene

{fk'

mgé -

43
Ih
R

{l’
]

D

of fovam

A and B 1

I3

Pacombinat lon feequenny of

B B

vl

Tind whiah pives

seeond di

4ot ypa
& O and

A

dn i.’-a

””‘"’z”

e s *u;f!‘c{r‘—nl = ;..—J

F
Rl

.
1

magnhromere

rasd soluwbi LY,

U independent,

vidlion segvepablon
fragnensioes,

2 .
Hhahean

de

OE

’l.
Ee

and i,

¢ & A vo gpachively,

4 A £y o ¥ 2s B f
Then 8 e ¥ ¢ 8 » Gy = w = » o = e o (1)
et
Al T ,,,&, A é‘%ﬁ,‘f&‘_} € e & o & w3 & s (2},}
P2
and BF o N4 ¥ 00 K e ¥ 0F §F e Hew o (§)
Bolvigy Ter xy y and » glves:
3 apa
ak o ¥ ¥ ey Y e X
5 = §3 f“’ij i ff .{,J.‘. '}:F‘:ﬁ;u} 3 A}‘{Q’A g%* \x) ‘}‘1 wﬂ 'y GE J“ -w'f§;ﬁ :9 ;3*', f:;; 3‘:‘%” mﬁj‘} & [} .f,g, T oen 2?}3}
L e S0 e OGP y Pe o) 5 ‘ o @
y =2 224 6 . “{éf“u:-e SE0 | 8 S.F0 e 8d Be 88 1828 8 Paa e ©.e 9D
i T B = L on s R R e b = T
P B « &v & m}: 3 N =
2w BP 38 S
YE FSFEY L Fhony o PR : Y3 g " & > - = L
HULBY  Owing Lo deuble nvonsovavrs sgunbion {8) is ondy true if
A oand B ave neay the sentvomere, Uhitg, 2 penes in bhs some

ghipmosome 3o nay be B

g 30 unita

#pavh

and yab

i

\?G}

almnoet
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>

on sepregabion frequenalasg,

1Y bhey
23

from the cembromere,  Usnne, if

appYon,, the Pasulis are wnvelishle,




Sephion L. . Leshpious of dgous dlsseobion.
In owvder Lo Investlignbe the sonshitution of individual

aand ol Lapevpillye nidulans, o teshnlque of asous disceotion
was developed,

With asgouas anelyegls of yessb, ong soverslip ls used Tow

g
ol
)
cda

isolation and pewminstion of sscospores {rom » nowbhe of

noei (Yingre and Lousbhsen 1937, Lindepven 1040). In Aspere
gillug, pywowbh of hyphae over bhe covewslip venders thig
teohnigue impracticnble, so & wedificnbion was devlged whereo

by the eiphd individual sseespoves of & single Boous wave
by ﬂnsiﬁw@ea Lo sepavabe covewrslips fow gewminatlon,

A Be Fonboune mi@?ammﬂmiﬁulﬂﬁ@? was usad In acnjuneblon
with & hinoveunia miﬁW$8%u@e {eyepleas x 12, objeutive x 20,
waenificabion x 360) and microe-ingt ruments weve wnade on o
Lo Fonbrune wmiovoeiorga, Using soda glags tubing §9 iwnhewnal
dimmetew, drswn oub bwise, a wiorosloop of 16 « B0 inbevnsl
Glmmeat ea%r* and 3 p in bhickness was mada, Phe ghath of the
Yoop wae bend uwp at an angle of 40 degvees to enable the loop
o enber hhe suspenslion ﬁﬁﬂilyg. The loop wers the wost gabige
Faotery inshvument to employ, 2o it conld e used Tov all

wanioulsh iony Peould vadl

sl

1Y to sspavate individwal agel from sounshedepaviithesiuvm
praps rations,

2Y to beeasfeyr agal snd ascospores fvom oue aoversiip to
anothew,

S} be break unvipe asal by wmeans of the shafls,
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’7}

The voush covewving of the asaospovey aided the »manipeiation,

Tha loop was aleabed of af theving ascooporss oY agny by lobgrbe

Ang L wmonenbavily ln @ dvoplet of shevile apar mediuvwm, e

EA

sdhering mabbto? wes ot Pemoved by this mebhod Hhe loop was
left in ohveorio acid oversnight and vashed vevy thovoungh by in
pharils wabep befove usa, Aleohold and ebhor were omployed

Tor sbevilisation of bthe loep.

Ehe woist ifsolabing ehambey

aternal diameber glass bubiog o 8 2 Luuwu& was

taken, & slot, &V wide was bhen evb down the enblve lenghh
T owhe Hubing, thuy produsing & hevseshoceshaped Fovm, Qe

ond of thils epened buking was then Tivaly abtoohed to o

89 m 19 plass slide, with the slot facing acvess the widbh of

bhe slide, Ipouph waber was inbroduced teo covaer hhe bobhom

gf hhe ahambav,

3

Ereparpblon of ssoung suapension,

Uging ¢ dlpseniing needle, 2 suitable perithenivm wad

F]

Cpiakad From o mi}b@mzm9Wﬂlam pw@qg { see p, 3B) n ging & low
suwer hinoculay mievgsnope, ond bwansferied Ho a droplet of
sborile waber on o sbevile iﬂﬁﬁ@e 2 eovewrslip., The

periinesium was lighily puncbuved, to Llibevate ihe sonbents

i th

dx
Pt

soverslip was bhen placed In an inverbed position en
bhe prepaved wmolgh shomber, with Lhe droplet of suspersion iy
2 ocentbral position, The molsh chewber was ploced on Lhe

mi2vroncole ahage oo thet the miovoelocp sould bhe indvoduced




feom bhe fronk,

Ao o - ksolating chambew,
. Blovesloop . {noh to
sokle)

Hoisb ahowmber and _loverslip,
Loop ag ssen fyom

BRDOVE,

Aspus disneation,

Uswing fogused on bthe preparstion with the low powewr
objientive {x 10), the preparation wasg vemoved, to ollow bhe

-

mleroeloop to be inbrodueed safely into the wmeist ohemberp,
The wmioroelcop was adjushed in 2 conbeal position and ab she
game Toeus pe Bhe preparvation, bhen loweved slipbbly whilst
Lhe npverealip was Petuvrned be position, The w 20 objeabive

W ue for digssotion, A Geepepreen and an ovanpe Filhew

-

Z, £y

vaeve usad bogebher on thellight souras,

A assus wes Pemeved Tvom Bhe sugpension awnd Feeed of
sonidia and sny adheving fYes ascospoves, b was bhen venoved
dn the loop fronm the coversiip, and Sranefevred to mn AR
drop on bthe undevside of # pesond eovevslip, substibubed foe

the Tivst Fhe ageus was brolken up, the number of pncosperes

cheaked and epeh sepavate apoospove placed on an individeal

N

appvudron on a8 aovevrslin, The numberad aravedvrop pYe 3(?g,1nn§
g - -

weve inverbed on spesisally prepaved povrspex ﬂﬁeww sient? plides,
v gesipned by Dr, Berlae (private communisation). Yhe slides

wers Y8 x B.5 ems, and 0,6 onms, in depbh, Three vounded
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i 3

depressions 1.8 ows. in disweber and 0,5 ons, deep were
spaned oub along bhe slide {see dispramal and weve doop
anoupsh Lo held & few drops of wabewr, £ Jitkle vaseline-

wity applied Ko keep bthe ncovere-slips in posibion,

} N
P {
(- «— I r&"-‘d——% 5 e
L'

”_.

T &ims )

a) fvom above
b} beapngverse seabion

Higroeloop viewed
Tveom dhe side snd
i Freom abova,

«? (Granbly mognified),
e
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Tho slides were placed on o wire ok, over waber, in o

2

lavge covered digh and lusubabted ab 39 depvees 4, Afber 24

o

hWeg, the prepavetions were emamined fov gerwminabion, undey the

oWepowey Dinesular, then rebuvned bho the insubator for snobher
sWwoe dioys befove elassificatlon fov colouy and vubribionsl
rogulvenenha,

Ondy one ageus was lsolebed from each peritheaiuwm, fov

ale

agouns analysls,  Thus the nmumbew of asel dissestad was equal
Lo the numbo? of pevlbtheein fvom whieh aseospoves were ohbalned,
but not to the fHotadl vunbew of pevibhenin sampled, as pevie
Hhesinl suspenslons which did nobt szontisin whele agael wewe
discarded,

{

Bimablion of the REopovhion of asal of avpsged orisin £Pom 8
“@Lﬁ&ﬁ 34 mpia oL ﬁﬂ@gﬂmnw@%,

in owdey Lo avold srosses in whieh a vevy low propertion
of asel of erossed ovipin ave fowmed, Lhe proporbion of asel
I evsgged origin aan e echimabed on bhoe bisis of vPecombinands
fovmad, Iin avosses involving btyo ov méwe penen, ITom A PPSw
tininary plating of ageospores aavvied oud befove commensing
agaun disseetion (see Flate 3),

in asel feom avesses in which twe genes ave segrepnbing

Eas Wy and WYY & of dho ascospores ave resombinanis,

Tl
!
o
=
i

»

Swe lool ave nob linked,
Heow o vandom sample of ascospores {Pom o 6Yoss YV R W,
the proportlon of assouspoves giving gveen solonies {(Yesowmbine

anbs} can be nesensed and by mulbliplying this Tiguve by four,
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1 'S P 0
the proportion of R8cospores arising from asei of erossed
Lad W oy =
origin and hence the Proportion of asci of crossed origin can

be calculated,

3l

Flating of a wandom eample of rscospores fvom a

*r
-
o
(4]
(&
.

eross w Y x Wy (2 genes seprepating) showing
green recombinants, W'Y (davk ecolonies) and

parental types (light and medium colonies),
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In Ovoss L33 v bi m w (Fable C) fvom a vandom sample of

L3

agapappyes the following resulis were obhalneds

White solonies e B53
Yellow enlonies s B
Green colonics PR 4 ¢

i
%
&

Iotal ocolonies
Propoviion of preen veconbinants = 0,043 & 0,009

Assoapoves avising frow asgl eof
evossed ovigin = 2V x 4

Fropovbion of asel ol ovossed
. Y oo b fl\}; 1
& EAKA E,'», 4 gl iﬁ’»zﬁf;%g 'M%i
B3l

& gimilay procedure onn be applied to evoswes invelving
o wphbhribhionsl ohnvaahker and a solony ‘marker? ov two nute
ritional charaotovs, It 49 obviecusly meve laborious however,
ne olossifieation Tor nuwheitionnl charaeberistles vegulres
Hesbing, whevesns ingpestion is sulfiblent when colouy narkevrs?
ava meed,

Ihe following vesulbs weve whtaiﬁéﬁ fvom b o¥osg invoiving
n aoleony "maeker and 2 unbvitlonal ghavaabev, Crosa y bi xg.
The v and bi losl are linked snd show Q.GHL B 0,004 vesombine
abioh, (Fonbesowvo 19688,

CMpom bhis ovoss the followiung types of ASCOIPOPEs RPE
expectadt green probotvophs, green bi@ﬁinm?aqui@éﬁgg yvellow
prototreophs and yellow blobinevegniversg, AS the resombinanbe

{yellow probotrophs and gveen biobinevequivers) sannot be
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digtingmishaed by inspeation fvom the pgv@nnal'typeag S PPk
imptely & hundved sreen and s hundved yollow cclonies weve

testod for biotin vequivements, on winiwal npsv and winimal
aear + blotin, ]

The rosuplds weve ng follovws:

cresn probotvophs = 330) b onnat
& » 5 .. b ooy g \'Jﬁ:{ i’?.'y;.*t ‘ 5 3 {;“38

vallow blolinevegquivers = LUB) eRual Lypes.
yallow prebobvophs =  2)
e . . erombinaoh o,

grean bloblueveguiveras = Q) Reno i

Peopovhilon of ovossovews= 8
2
AN

= G000 T 0,006
But O,Q8L evosvevers ezpecbed

Fhevelvva, proporblon of asei of eropsed ovigin = 9,000

L lp e AR A o

@g&j

0,18
Ulearly, dn this case, the estiwnbe is affesdad try an
enoRmous ¢¥vre? due Lo the serveiby of svossovevs,

Compavison of the pwonﬁfbimn of Sﬁﬁi of arogsed gwagjn Lron
E“hﬂﬂm vwmpﬁe of anﬂho“aﬂ “u& i*um 0 a0 dzﬁmwﬁ

h0H§>~¢ap Hhe pevgentapge of avossed ssni obbained From

¥y

ngaun dlsseckion with Lhe erpoeted Tiguve seleulabed Tvow

ranpubinenh s, in erosses in whish preen Pecombinends oecurred,
it ie shown in Table 2 $hat wore than the expevted numbew

vreve obltnined in all ovosses g No, VIE, Howevev, »s the
persentiage ol erosged asel fvom Asous diageatlon way enloulated
oyt bhe mamber of classlfiable sneel, 1% ig olear that a hiph

proporhion of waldenbificd asel, ns in Urosses L

foun?

1, ¥ oand VI
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“

world wendev the vesuldh ins aenrateg
In evosses 11L and VI, whilsh similanw vesilbn avre
ohbained Tvom assus digseation, a highew propevhlon of green

reaombinent s vom plating ol ascospores ave otbrined in eross

VEL. Flabing ol REGOspoves wos shveied oub in whe inttor arogg

apprerimsbely two monhls afbew prepavation of bthe nixede
imaﬁmlam‘ owoss, whilsh Q?V n month elapsed belfove pisting
ascvapores fveom Urose 111, £t was nobieed that the nldew
Eh@jmax@dminthiuﬁ eross, the Tewe? the eonidia adheving to
the parithaeain, On countivg the ascospoves in she a/ROHPOYE
Bugpension, accound wao baken of eonidia pregent - aboub 207
in the ease of Gross 111 and o neglipible nowber in Crogs VIL,
I8 the visbility of bhe conidis differed from thok of the
punoapores, whilst the number of preene.vecombinaend s obbained

from colonlal oowbs wenld wob bhe alffested,bhe proporiion of

green vecombinanbsg So tobal Resospores might be upsebt, It

does not sppes® thad differenbial vipenlng of gyreon veaombi
ook plase in Cvogs I1I and Crogs VIl &9 propovtions of BELABT

and 1L8/41% roaspe 25ively were found on asens dissestion (ses

Seation IIL Tabie 10).

0y
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Soction IX. dmprovementy in bthe Lechunigue of Ageug
| analysig

Unly'the produsts of crosmged kavyogemy oye of wse for
fgcug analyeis and in A.ndduwlang 1€ koryogomy weve ab vendom
betwoon nuclei A and B in a hetervccavyon, the upper limit é?h
crossod A x b asei viould bo BOZ vhen nuelei A and B wero in
aqual proporvtionss.

Ve kunow now hovever, though it wag nobt hknown whon tho
work wag commenced, that certain combinations of stroins moy
give move than 50%, up o 100¥ cvosged astl, 1.0, velativo
heterothallism (Hommons, Pontocorvo and Bufton L95B), showing
that karyogamy is not abt rondom, ot loespt in coxtain
combinobions. It wag unfortunabe thet nono of the vombinow=
vlonguged at the gtard showed relative haeborobthollisme

one preblamltharafor@ wag bhat o Linding conditions
which would favour the formebion of ag high a proportion as
posaible {(then believed to be up to 50%) of crossed omci.
his wes tackled Pivstly by atteompting to improve the techniguo

of "mixed@inocalum"_cygss, uith regard to

1. optimal initial density of conidiay

ile optimal proportions off conidia of the two sbrains, and
Iii. pre-incubation of the conidial suspension of one sbrain
beiflore wixing: also

lve by the developuont of o gultable gporulation mediwim.

The aocond problem of obtaining a high proporsion of

gormlnable ascogpores was tockled genevically, by backerosasing
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The thipd problom was that of

ta pogsibla $rom incomplobd apoei

W 0l the ascospores hod g

Y

1innbed,

»

pkky
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Lo Tmprovements in the technigue of "mixed-inoculum erogas”,
The genewal mevhod (Pontecorvo 1952a) of prepaving
"mixed~inoculum” crosses is as Tollows: A layer of complote
wedivwm 1g pouread in & Pehyl dish'and when gat, 0:1 mlg. of a
mixed sugpéngion of the conidia of the two ghrains to be
cvogsed, ig sproad on this surfacc. A top layer ig then

pourad

This mothod makes wse of the fect that hyphal
anagtomoses odeur voadily, soon after gormination of the
conidia and thereiove the paclking togeth@r; in oqual
prepoertions, of conidin of two gtyaing in non<golecbiveo agar
modiuwm, cnsures & hilgh number of inteve-strain anagbomoges .

If the inoculabtion is of such B high densgity that very libtble
growth can tale place before the fowmation of the porithecia,
g2 high proporition ol the hebtervokoryotic hyphae formod will
remain heterokaryotic up to the time of the formabion of the
poyithecia. A proportion of perithecia will thus sbtert with
nuclei of both kindg, (Poﬁtecsrvo 19588n).

Bgual inivial anumbers of conidia in a suspension will
not necegsarily proiuce canditioné favouring the production
off the highost percentage of agel of ovossad ovigin, due to
cauges such as diffevenitial viabiliby and gorminabtion bime and
variousg facvors affecting karyogewy in the myceliwm. he
optimal proportions of conidia of the two gbraing used must
thorefore be found foy onch crogs.

Simalbaneocus gormination of the conidie of the two
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abroing is lmportonts bo onsure o Righ numbor of inbopssbrain
anesbomoses and AVOid overgrovth of one gtrein by the others
Thug it may be necosaary Ho presincubate the cenidial
gﬁapaﬁaian of a strain that germinatoes s&&wly; before m&king
the mixed conildial suspengion.

in cerbtain crosses betwoen y or ¥y bi and w; {?&bl@ B
vogn 1D and Table € Cross i@l} a blag wag ound ig fQme§
of agelfed vhibe aacis Thug, dn investigatling optlimal
proportions of tho two. sbreing, ocqual numberas of yellow and
white 6%&&&1@ oy an oxcoss of yellow conidis wore ugedg
an invﬁsﬁigati@ﬁ off the optimal propovkions of the two ‘
gbraing and the opbtimal densiby of conidin was cabried oub in

the pamd experiment:..

o

E3
&
*®

1i)  Opitimal densiby of conidia and optimel proporbtions

of the two straine.

Suspengion of conidis from 5 dey old oulbuves of y bi

and w sbraine wore premeved in calsolene, by sucking up
and down & Arowneout Pagbour pipetite unbil ell conidial
chaina were broken up. . Counbg uping & haemocytometer cell,
Cwore made on the conidial sugpensions and the nuaborg

@ﬁj&si@d o approximetely 6 million per wls
| Ualng verying proportions of the two Suspensioﬁs§
mixbures weve moede to obtaln proporbions of whibe/ yellow
éf. i, i, and 1 and btobal numbers of Q;E, 10 and

160 70 T
GO x loﬁ eonidlia pev mie i ml. of oach mixbure was
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added to 1 wml. of werm complote m@dium; giving a final
concontration of Gil, 045 and 5.0 x 109 conidia pey ml.
Two 1 wl. porbionsg of each miwbure were ran over the surface
of complete mediwm slopesg, in lavge teab Lubes (6" % 1M).
The  glopes had been proparad from approximaobely 7.5 cos. -,
of agay ond warmed in ﬁh@ H79¢, incubator for a éwuplﬁ off
;hmuﬁg before uvaing, Lo facilitate Lhe even gpr@éﬁing'af the
conldial layers | |
"Smedl aligquobs of the mixed conidial suspenslon were
plated on complebte medium, bo determine the am“bmial r&tiaé
of viable vhibe and yollow conidie (Column 3@<Tah1@ 35;
After incubating the slopes for a poriod of S%;EV-dayg
at 37°C., agcogpore counba wers made on sampleos of égcsspcw@a
Lrom lavrge numbers of pervithecia,  The perithesia wers filpst
freed of conldia, by wolling op the surface of w&llsﬂrimé
agar, thea trensferred to a tube conbaining a few mlg. of
calpolene or galine, and squasheds The agcosgpors
stgponsion, smitably\éilﬁﬁe@, wag plated on complote medium
anpd the colaniasiasunh@d and clagsificd for colour. The
porcentape of ngci of erosged ovigin was caloulabed from
the proportion of green recombinants (W ¥).
Table 3 shows rasulis obbained for a éress w X ¥ bi,
Iﬁ:ap@eaﬁs thot a high proportion of yellow conidia favours
a highev proportion of erossed ascl when the tobtal yellow
conidia avo less than 49.5 x 10% per slope. With equal

. praparti@ﬂé7ef*yﬁ&1aw and white conidis, an incroase of denpity



Table & Cross w % v bi.

Showing the effect of the initial conidial density

end the proportion of white and vellow conidia in 2 mixed-inoculum

1

erosz” on the % ssci of crossed orizin formed.

Initial ratioc of Aze | Conidia plated per sliope x 10% Type and nuvber of colonies
white and yellow of from agcospores.
eonidia eross Whibte Yellow Total % Groen Z asei
A in Yellow | Thite |Green | Tobal M of
Aimed Viable deys M erosged
at: counts : origin
obtained :
1:99 Piates 40 0.1 2 5.9 % 10 o1 176 | B4 301111 L ,018| 44.0
OVEYw™ H
erowded A3, 0.5 21 £9.5 2 50 1,363 | 420 3¢ 11,8171 1.2 T .003 7.5
4y 5 2 1207.0 2 500 271 | 182 1 224 | 0.2 % .002 1.0
115 1:4 Y 2 8.0 16 49 202 | 1% 250 | 6.6 = 015 | 26.2
(179:1029) 38 | 10 £0,0 50 82 115 | 24 201 | 12.0 2,028 | 48.0
39 | 60 240.0 300 856 | 1,529 | 30 12,225 1.5 & .002 5.2
1:l 11:0.8 % | 5 5.0 10 25 {1,979 | 20 2,022 1.0 £ .002| 4.0
(261:352) 35 | 25 25,0 50 87 | 1,771 | 88 |1,98¢]| 4.4 T .00a| 17.8

Figures in breckets chow actual number of white and WmHHOﬁTowomwmm counted.

in 21l ratios, the figure for white is printed first

6'

A

Green asecosperes represent recowbinants and represent & of the ascospores £rom erossed ascCi.

9 yellow eic.)

Ezact figvre not known, 2s ne viable count obtained.
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incpeages %he‘propcr%imn of eréssad 23C1e

Flotting the total vwhite and yellow conidia per slope
apainat the porcontage of asel of croaged origin obltained,
{see Graph I, p.40) an increage in tho percontage of erogsed
agel ig shown as the btobal number of white conidia is
decreaged (and btobal yellow increased) to 10 x 104 pey slope.
The higher the proporbtion of yellow conidia, the fever the
bobol number roquirod to obtain @ cerbain number of crosgged

ascie
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111) Bffecl of prew-incubation of the conidial suapenglon

‘xo§ on®(str&in baforo miglag.

— %n cevbain crouses, on oxcess of selfed asei of ono
type was féund. ~ In Crosges II y x w (Table B) and
111 v bl ﬁ wA(wahle ¢) an oxcegs of yellow bo white salfed
agol nﬁ@&rﬁ@@ép& in Grogses V (Table B) and VI (Pable @)
woth ¥ bi x w, the few selfed asci that ocoubved wewre all
selfed white. Cross VII y bi x w lys (Table H} shovs the
opposite reoult, of en excess of gelfed yellow, but whon the
fﬂliowingvaxperiment wag planned, agoug dispection of Cross
Vil had not bheen carried oub.

Whon conidin of two shroins are mixed, if conidia of
one sbrain germinebo even slightly fasbter than those of the
other, they will overgrow the gecond gtrain. Congequently
a prepénderanae of pelfed asel of one type will be Lound
and a deficit of aseci of crogsed origine To invegbigate
whethar tho excess of golifed white agel in ovogses involving
v or ¥y bl and w, wag due to fagiey gefminatiun of the whilte
gbrain, bthe yollow strain wag "pro-germinated" for B hrs. ab
room temparaﬁnre bafore the mixed conidial guspension was
prébareda

Tho experiment wag carried oub en follows: "Mixed-
inocwlum” cvosges were propared using conidial mizbures of
y bi and v sbraine, with ratios of white/yellow as L:l, 1:4

and 1:0 and a tobal of 5§ willion conidia per plate. In one
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gsovley of experiments tho conidial susgpengions were propered
ab bho pame tima:&nd mixed, in the other seriew, +the yollow
conildial gsuspenasion wag prepaved firsts  The labbar was
diluted with' saline to the wequired concentration and
allowed to stand for‘é hrgs at room temperaiure, Lo gtawtd
germinating, bofore mixing with a froghly prepared chnidial -
sugpension of the w stwrains Conidial counts on the tqu
conidial mixtures wore made.

| Agoogpore countg, ag caryied out in the previous
exparinent (pe 97) were made on the plates after 26 doyp.
Toble 4 ghows that exeeph with an initial vatlo of white
to yollow of 1:14, thore was no difference botweon tho
percantage .of agel forvwed: o) whon tho mixed aonidiél
sugpension wag preparod from two freshly prepared
guspenglonyg of the two straing or b) using & pro-incubated
sugpenaion of the v bl strain. Also changing the patio of
WHits/yellow from L:9 bo 111 did nobt alfect the vosulbs.
It might well be that preﬁincuhaﬁicn of the yellow strain
for o different length of Hime, or abt 3790., would prove
sdvanbogeoun.  Howover, under the conditionsg of the
experiment carried out, pro-incubation of the yollow sbtrain
made no diff'ervence to the vesulbs obbained, with an initial
white/yollow ratio of 139 and 1l:l. A rociprocal tost of
pre=incubation of the w strain was not carvied oub.

With what we know now sbout relative-heoborothalllem

(ps38) 1v is not suprising bhat exporiments based, ag thiga



43,

one wag, on a gtrictly kinetic approseh to karyogemy shouldd

give often inconclusive oy unoxpected romuliod



Table £4 Crosg y bi % 9.
The effect of "mrs-incubation” of the v bi sitrein before vpreparing the miwed conidial
; L3 w
sugpension with the w sbrain in & mized-inoculum Sross.
Immediate mizing Yellow "pre-inenbzied® for 2 hrs.
Initisl vatioc of TVisble counis % aseci initial rabio of Visble counbs .
white %o yellow from 2scCospores of white to yellow from ascogpores % asel
copidia. crogsed conidia, of
Green/tobal origin Green/tobal erossed
Aimedy  Viable - Aimed Viable origin
at: |  eount Ho. : 7 abs: count Hoe 2
obtained ) obbained
1:9 | overcrowded 24 /505 | 240 & .008 15 1:9 1: 9. Ozmg | e 1 .011 14
{30:356)
o \ «
i:4 1t 444 @\qu 1.7 = 006 7 124 i : 5.0 5
(79 : 3583 (22:295) mm\mm@ L4 w J0LE i
1:1 | 3¢ 1ol 8 on 5.1 L 012 12 1:1 | L: 0.8 25 | 2.7 1 .019 11
(115 : 137) /193 : {179:140)

Figures in brackets show actual numbers of white apd yellow coloniss counied,

Green ascospores ryspresent rscombinants and represent & of the ascospores from crossed asci.
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iv) Qavel@pmém%@f,a sui%abl@ﬁépemulaﬁi0nm@dium§

Txamination of the literature velabting o nubpiblonal
fagtors and goorulabion, vovealod bobh the diveoraity of
Qpransh of bhe 1nva%bmgatmrﬁ ﬂﬂﬁ vhe variation in ﬂﬂq&ﬁ?ﬂw
montsy of Gifferont urgnnlgmaﬁ It wag glear thad m&my
facbora influenco gporulation and each ovganism roquired
individual ﬁréaﬁm@nﬁ; JOpﬁiﬁ&iQQ&twitional factovy Low
ﬁpérulatién are  ofben quite different from nho 3@ ?Oﬁ
veg&hueiva growth. (Thom and Repor 1945, Hawkor 1950, bljjy
and ﬁ%fﬂk Bt 198L) .

Sgsociation with other ovganismsa or thc;r producty
wag shown to stimulate spovulation in Melanocspora destiuons
(Agthans and Hawker 1938) and in Evgamaaehaw@myg@s (Eiek@raon
and‘ﬂhimann 1941),  Hawker (1050) idonbilied sneurin as &
necosaa Ty grawth factor concerned with the quiblmg of
M@lamaagara degbraeng and Nlﬁkﬁreon and Thimamm (19& )
found ribaflavim and glutamic acid to bhe necegsary in
Ay Eosaccharomyeos «

Tha\ca@ban source and the proportion used ls lwporitand
(Hawkar 1930), and Woestorgacrd and Mitehelld (194%)
demonsbrabed the importance of the carpon/nibtrate rabio in
Neurogpora, showing thru & lower concentration cgﬁibrat@
than bhat used in ovdinavyy laboyatory media wag benoficial
to perithecium produchbions

Some abttention hag been pald to the significance of
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Caloiuvm in increasing sporvulebtlon in Chactomium species
(3asuw 1951)« Gypsum slopes are widely used for yoasb
sporulation (Stolling-Deller 1951);

Asnidulang ¢an be grown succossiuwlly on & simple
medium conbaining & Corbon and Nitrogen source anﬁ
inovgonic salba. A the work of Wesbergaard and Mitchell
{(194%) was carvied out on an Ascomycete, it wad decided to
lavestigave the importance of the carbon/nitrate wrabio in
Agpergillus, by vearying the amounts of sodiuwm nitrate and
dextyroge used in solid minimal medium. .

Thvee gbroing of Asnidulans were used: +, v bi, and w.
ag the y bi sbrain rvoguired biobin for growbh in winimal
madivm, 0,08y /ml. of ﬂ@gtbioﬁiﬁtig wag addod to the medium
used . O;DS%, 017 and 0.5% concentyations of N&Né& Wore
used  in combination with LeB%, 2.0% and 2,5% of doxnbroso.
three L0.mls amounta of the varlous combinations were
praepared in bolling tu@@&“(l" x 6Y) and tosts agﬁ up in
triplicate. 1 wl. amounts of:conddial swepension,
Cecontaining B milliﬁﬁ’éoﬁiﬁié per ml. woro added bo the
warm;melt@n mediun helore gloping e Afber eoleven daysg ab
&00., the tubogy were axamined for pevithoscium famm&ﬁimma

Controls were geb up uging complehe mediiute
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Toble 5, PFormablon of Ye¥itheoid by sbraing + axnd v bi,

using verying concontrablons of Nall0. ond

gdoxtrogo in gollid minimal modium.

7% doxbrons

% Qﬂﬁﬁg LB 20 2.5
045 e +++ it
Oal +4+ ++ 4
005 +++ A+t ++4

tHt Good porithecium formabion,

With 511 éambinationa a good "erop" of perithecin wag
obtained from sitraing y bl apd ++ Perithecia were largeat
for the ¥ bi sbtrain with the combination of L.5% deoxbvose
and 0.05% Nali0z and for the + styain with 2.57 dexbrose eud

055% N&NG@Q



A8,

Table 6. Formation of pevitheciso by stealn w,using

varying concapvrations of Walldw apd dextrogo

in_solid minimal mediun.

% dextrose

% Nﬁﬂﬂﬁ. L5 2.0 | 2.5
0;;51 : e Ry | ‘.;.
‘Oai o ot ++
005" e |

w0 perithecia foymod
+ A fow porithecia Formed

+t Moderate number of pevitheslis fovamed.

It is ovident bhal p@riﬁheaimm production by gtrain w
is affected by the % Nelidg, To find whether obhow
.éameﬁmtwatigngvof dexbtroge weve mowva gultable, 0.1%, 2.5%,
5% and 107 concenbrations wevrs tried in conjuncition with
Oel% NoliBgs  Porithocie were not Fformed wibth 57 and 107
doxbroga. The addibion of 0.7 peptone,; 0.1% yeast oxtract
o Gﬁés'/mlq anewrin to minimal wmedium conbaining 2% dextrose
and 0.1% Nall0g canged no dnceaags in peribhecium formmations
Pox a sporuisbtlon wedlum, a modlfied minimal medium

gontainling Os1% NalNOy and 2% dextbrosd wag adopted.
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5. > Packervosalng bo the wild type.

When working with gtrain w, ov depivative ghraing, in
serbain ¢rogsey, Crogs Il ¥y x w k@gbl@ B), Cross III y bi = w
{(Pable ¢) and Crosg VIL v bi x w lys (Table #), 4ifficuliy
wag expevienced in obtaining ascopporeg of high goevminability.
strain w wag isolated by ¥uill i@&@, ag a naturally otcurring
mutent ond since then it has been genetically isolabed from
the present stralng. By backerousing to wild type 1t wag
hopaed. bo oliminate ag many gene and cytoplasmic Gifferenceos
ag possible. -

Lindegren, hBeanfield and Barber (19%9) found mutant
gbraing of N. eragea ofbern extremely infortile, bub monaged
to increage the Fferbility from 5.9 to 52.0% in the Louridh
gonevabion by seletbion and inbreeding.  Flhcham (1950)
found that aftew bhe third heckeross, an intevspecific
croas of N.sibophila and N.oragsa vhich wag oviginally
highly sberile, became fuily fertile. 4As in Croma VIX
w iys x ¥ bi (Table H), mavked dilfferential germinetion wag

~ghown between gelfed end ocrogssed osCi. By wepeated
b&ukcro&aiﬁg of the two abrains bo wild bype and reowisolabion
from asdi containing eipght spores if posslble, it was hoped
bo iﬁsrease the germinability of the gpores from crogged agscl.
- The sﬁraims wo be backeyogsed were both lgolated from the game
Corosged sgous, No. 158, vwhich contained six viable agcogpores

- of the Ffollowing phenobypes:



Agaug 158, Spove L. White BI lys
23N Groen BT LYS

B faite bl Lys

4, fhite RBL Lys

5.  Yellow bi LYS

6.  Green BI LYS

ﬁ@p?@g 1. and &'ﬁaréiais%@r gpoves, bud on accounl of

opistasis thelyr ganat&p@ mighm bo w ¥ BI Lys or wy BL Lys.
Ag no yollow wecowbinenbs among 1,860 agcoupore colonloy
examined wore found on bickcrossing Sporve 1 to wild type,
1ts monotype wes propumed bo be w ¥ B lys. Ag bthe
percentage g@rminaﬁiém of pgaospores from thisg ovosus was low
{sao Groms IX Table J), £G5$aV@ unnecessary labour in &scug
dissection whole asel igolabed fyom the Fivsd backeross
wewve simply erushed on oellophone squares dipped in nubrient

R

. Agoi showing green end white sectors were prosumed

Lo Lo of ervogsed orvigin and white secbows in those agel wore
togbed for lygine vequlremenb. OF BO aged oxamined, only
onc showed & whibte secbor vhich proved to be Lysind.
roaquirings From & plating of ascospovey from & wvepest of
tho beckevoss, peritheclae bordlering the white colonies wore
piekéd and agol isolabed and squoghed as befoye. (13 aged
dore dissected CGross VIIX Table I). Oix crogmed agel from
a total of 42 asel igolabed sh@wéd green and wWhite goctors.
Prom & whiteo seolor of one of %heme‘agaig Humber &, a white

lysine=~voquiring sbrain was ianlatod and backerogsed again

sin
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[N

bo wild bype. 50 ased were igelated from this gecond
baskevoss ond foup showed gieen and white sethorss 4 whibe

lysinee-voquiring strain wag isolated from an aseus Nowd,
waieh showed sottors: white lysine~roquiring, whibe lysine-
non-rom iring and groon lysinewrequiring, o8 shown in tho
aiagw&my |

tibhle geloction waaipé§sia1@ using thily method of

picking & sector and further backerossing Was NECOUSANY.

fable ¥. Rackorossing of the w lys stroin igolated
‘ Iyom orogs VII - W iy X ¥ obde '

| W lya f v bi
Agous 158 (Spore 1) w ¥ BI ldys ﬁ + (ls? backoross)
Ascug G
White lysineevequiring strain
igolated ivem & sguashed-agous
pregayabion ghowing white aml
Eroen soshorse
finite lysine~rogulys
ing sbrain S T (2 backeross)
Assu; 24
White lysine-veguliring stroin
isolated from a sguashed-asous
prepavation showing whive and

green gecboras
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The row-igolation of the y bi stvain aftow bocke-Grossing
nroved to be wuch easier than that of the W lys strein. Frowm
vhe firet backeross, bhe ninth ascus isolabed by ascus

digaectlon was an 2ight-sporod ascus of the following

compositions
Agous 9. 2W v bi
ew ¥ ni
2Y vy BI
QW ¥ B

From the gecond hackeéross (Cross X Tabile K}, Aseug ©
proved to be of croassed origing with geven viable ascospores.
A "ixed-inooulun® slant was vseds Spore B of Ascus O vas
eultured and a singla-sscospore gbrain egtablished.

Tapble 8. Backewvosslng of the y bi stroins igelated from

‘Oyoss VII w lys x ¥ bis

wlys =z oy bi
t

Aseus 158 (Spove 5) W y bi lys x +  (lst backeross)
Ageun ©

Wybli Wybt W¥bi UH¥bd WyBI WynI ©YBL WY BI

x * (Cross X) . {2nd backeross)
-

_Agcus B
{

Wyl Wybd Wybl WYBI WYBI WYBI WY¥Bbi

. g
8ingle agoospore straine.

Conclusions

No noticable improvement rvesulibed afteor two backerospes
of the w lys sbraln. - This wag not unexpecbed ag litbtle

selecbion wag possiblo when reeigolebing from o colony



53,

ghowing groen and whito aostors.

flowioolobion of the y bi pbyoin gﬁ:ﬂwm math eoslor aud
Dackeroaning proved dors suecopafule A ningle ageosporo
sbroin veg dooletod from an odghb opd o gevonwsporod érosaed

‘vl

ageun dn the fivet and oecond bechovops vosm obivelys
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e tables ﬁf ﬂiﬁ%@ﬁ%é@.ﬂﬁﬁi in the appendix chow theb
vayious nuuberg of aﬁ&aﬁpa&asvg@wﬁiﬁ&ﬁ@ﬁ‘im the digaoched
BEGLe | ﬁéﬁ& with laéa ﬁhéﬁ @igﬁt porpinated &gﬂﬂﬁﬁﬁgaﬁ WEH T
calied Mincomplote" agedl. Thedy elassificabion dependod
o %h@‘%%&%@@ and tyne of a@a@spa@é@ w@@é&mt¢ infopnatlon
wag reauired aglﬁﬁ ghether an osous was selfed oy orosged and
18 orogsed,of vhieh Lype .

1o fdenbifioation of agel of selfed snd ewogeed oplgin.

&

p =

n) Ope gone segvegation. In crogses with one gone

vegregating, es Gross ¥XE ( y = + ), agel with § or weve

viable asgogpoeres ave fnlly clossifieble and bhoso with 2, & ow &

ascogpoves ave olessiflable if ab lesst one astogpope diffors
from the othey op obhoerg, In the gegregating allele. An agousg
conbajining £,  or 4 agoospoyes all of one %ﬁ?a may eithey ve
of solfed oy crosged origin. An osous containing only ovae
viakle ascogpors igpob olagnifiablo.

bl Tuo oP move goned segrogebing.  Ag wibh one gone
gagropabing, 8sel with 8§ op ﬁag@ viable ascosporos are fully

plagsifiable end with 1 to ¢ gevminated aporog, Lhe astus can

bo fdenbified ss crossed £ 1 conbains ab lewst one

vec ombinany ageoapbrgliarass-VIi, Agous

are voprepenbed (@.g., Crossil. Agscus 91. why wh, yell, end

Gyoss VITE Amous L. wh INS, &n lys, gn Lys)e

g 2256} or ﬁgaﬁﬁéﬁﬁhenotypes
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2, Tdentificetblon of ULypoes of orossed 880l
this is necegsary when losabding the centromére in order
to find the proportion of Type III (tebtrawtype) tetyads (see plo.
Agol in which seven oy elght agcosgpores germinate can be
fully clagsified ag to bLype, bub i¥ feweyr germinate ithore may
pe A4ifficulty. To overcoms thig, Cavalli (privabte gommunictw
tion 1950) worked oult an apalysis of incomplete bvetradg, usling
thoge with five or slz geyminabed gpores. An insufficient
number of trossed agel were cbbtalned from Cwoss VII ¥ bi x w lys
$0 make application of the formuls pogsiblo. It had beon hopod

ol

o obbaln. sufficient information from this oromsp bo locaie
three centromeres .

Gavalll expresses the losa of information due to the fallure
of gsome of the spores Lo germinate in tovms of the additional
number of agel requlved to compensate for it {(Table 9).

1f p reprosents the sum of the Lroquenclies of
croggd anci 5? types T end ¥I, and thus bthe frequency ol
type TIT is lep, then Lor ingtance, al p o 0.5, 100 agel with
5 vieble gpores glve the gsme informmtion ag Y0 agel with full
viRhLLILY e
Table Q. Amount, of information from 8 or B-gpored

agel rvelatlive Lo thau from Y or Y-gpored
aged fop yarious values of np..

The efficiency vatios are given in %.

D : =B OPA0 £ u a6}
029 9% 5 ggsrma
06@‘ 92} ) r‘?cj
Q¥ , o1 ¥4,

0.8 00 8]
0.5 89.6 : : 0

(p » the froquency of Type I end Type II agei.)
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whon four or lods A eogpoves pevminebs b is pomsible bo

dlebingnish the types of vapug vhen serbain &ﬁl@kﬁ‘QHME?ﬁm“

el
e

¥}

ons avh prosent. _ )

'ggg;;j low apd proon agcospores anly coounr Logabher in

Type ITX asti, so B, & ad 4 gominated agcogpoisy 12 REoUg

ahowing B Goubd aation sf yollow ﬂﬂﬁ groan aroe clogeifiablo.
IE thwee phenobdypes axe coppesenbed, bthis ﬂ&sm indieabon &

Tgpe LY ascuss
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gection TILa Reliability of the techuique of Asgcus

analysidge

The reliabilivy of the bechanlgue of amcus analysis was
1nve3tigaﬁéd from bwo angles:

Lo | eficlency of the.ﬁeghniqua_for vecovering all products
of one meiogis. |

e eflficiency of bthe bechnique in giving oxpected resulbs
of gogragabion.

An examination of ‘the ascl dlgsected from various
cronaes (Tebles A to Q) showed that in cerboin crosges, a9
Cross IV v bi =+ (Table D) and Crosg AT ¥ bi x + (Table L)
in & high proportion of disgsected asci, of bobh gelfed and
srossed erigin, ¥ o 8 spo@@sAwoul@ germinate s In othewn.
ovosses, on the other hand; (Cvoss VII v bl x w lys Table H.
and Cross I y x w Table B) o high proportion of ascospores
gorminated in ascl of gelfed owvigin but this was not the cage
for thoso of erégaed orlging

In crossges vhere reaults of samples of ascosporves fyom
dilggectad agei and random samples of plated agcospores wove
not homogoenesous, the offfect was apparently due to the
following causes:

a) the bechnigque leads to selection of one type of aseuy,
k) difforvential viability between pelfed and ovogsed asci.

Prom variocus Crossey, Hthe tobal number of ascosporves
of differvent types obtained from ascus digsechlion, woera
compared in each c¢age with a random sample of agcospores
obtained from plating end prior to asoug disgection,(Table 10)
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Tt appears that in Crosses IV, V and VII the wvesulbs
from a yandom gample of aseogpores and from ascus digsectlon
are né& nomegenaons « The pesults of Cross I1I are Just on
the borderline.

in wrmsgzv, the daba from dissected asel ave too few
to place any ﬁéight’mn ﬁhemAaﬁd homogeneity in Cross VI is
baged on very few dissected ascogpores.

In Cwosai IV, ﬁ&@?e ig a deflcit ol green agcogpores
on ascus dissection. Anélyaié of the resulis of agous
dissection in Crogs IV, to £ind the number of selfed groon,
gelfed yollow and evossed agscl and the average number of
agcogpores por asowns gave whe following resulbg:
fabl@ Ll. Crogg IV.y bi x +  lumberg and types of digsecbed

agol and mean porminable
agcogpores Lrom aach Lyne.

Selled Solfed
yellow greon Cropged Toval
Bo. of agei, 3% 20 2Y 79

Agcopporeg from
thege agel. 2486 145 99 yollow)
: 9% gresan } 196 586

Moan germinoble

ageogpores pew
2JOUS » T 7o Tt 7 ol

tgalfed" or "erogsged"

Na.B. In thilg crvosgs, clasxificatlion ag
lg practically correct as 77 oul of 99 ageld pave more than

four germinated ascogpores. (Teble D. Appendin)
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1t appoars thet there im no differentinl gevmination
botween bhe ﬁw? types of selfed asci, ow b@twéen gelied
and orossed ascli.  Marthermore, clearly the yellow and
green agcoapoyves Lrom orogsed agei do not differ in
geyminablliby. |

The propoytions of yellow and green nuclei in Crosg IV,
as ghown by the vandom sewple of ascospores (Table 10), ave
0,405 and 04837 vespectivelys On the assumption of pandom
mebsting betweon nuclai, the proportion of crossed asei should
De £ ® 0,405 x 0:557 w 0,497, that of selfed yollow should
bo 0.465° = 0,2145, thas of solfed groen 0.537% = 0.2080,

The acbual numbers of gelfed yellow, selfed green and
cropaed agel, among the digsected asel were as follows:

Toble 12

Grosg IV. v bi x +  Ohsérved and axpocted numbers of
o selied and crogged agel among
dingeocted 8aci.

Selfed Selfod

fedlov ~Breen  Grossod fotal
Found S8 20 2% 79
Expected & 21 29 50 100

(¥ On the assumption of random karyogauy and sbimating
the proportion of yellow to groen nuclel from the wrandom

sample of ascospores.)

L I e T o e PR
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Teble 13

Crogs IV {y bi x + )

Ageli dissected st the Wmmemmwm and end of a period of six weeks, from a nlabe

" one month old at the ghard.

Disgected in the first fortnight Disgected in the last fovbnishi

: Selifed Selfsd Selfed Selfed
Types of Asei: Yellow  Green Crossed Total Yellew Green Crossed Total
Hoe. of azsel 20 g 8 4% ii 3 & 25
Asecospores from 185 63 65 yell.)isy 349 a3 50 20 yelle)ay 184
&W@@@ asci ’ : mm MB-Q u mw u.mﬁw,;. v
Hean germinable ‘
ascospores per 748 740 Ted 7ol Te5 T8 8e8 Tal

agcus

Test for homogeneity of the distribubticns of the ithrse types of dissected asci in the first and lash
fortnight. X 2 = 2.12 for twe degress of freedom.

2] » O.Nw .m.-sO Qnm
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Against this hypobthesis ade the wosulis obtained Ly the

g -

agoug-aquash mobhod. {(Pable 27, Part 1la).

Grogs VIl. Dote from Cross VII (y i x w lys)
Table 0, showed an excops of y&l&ow»asawﬂpéyss on ageus
digsechion and A deficit Qf Whii@ aﬁd gw@en, The lattey
bypea Wero in théAgam@ proportioﬁ as thaiﬁed in the wandom
gample of asc@&?ﬁreSQ" |

The yesults of asous disgection, analysed to Lind the
numher of gelfod whiieg salfod yallow and cyrosgoed asgel and

bhe avorsgo number of ascogpores per ageuns, axe as follows:

Toblo 14,

Crose VIie v Bl X W lyas

Humberes and types of diggected agel ond
moan govminable dscosporss Xrom each bype.

gelfed  Selfed . Orogsed Folald
Yo liow Greon
Noe of asci 46 0 19 65
Agooaporvey "Erom 325 0 18 yell.) 52X
these ascl 82 white) 66

L8 gn.-
lean geryninable
agcosporas por
Qa8cus Tl L Dol Ge0
The mean numbor of gominatling agcoppores per agous 1s
mech lower in owrogsed aseld than in selfed yellow. In tho
grogood asci, bthe allele ratlios are not glgnificontly

difforent from l:l as ghown in the following table:



Table 15, Cross VII (v bi = w lys)
Sesyeseition of w/W, v/¥, bi/BI and lys/L¥S in crosced asci dissected.
Ny Wy+ w ¥ W
is 32 18
- ~ - =~ ” ~
BI [ex BI bi BI bi
1 g i3 1 18 2
—P e P A P P, L™ S
Y3 lys I¥s  iys ¥s lys I¥S  iIys ¥s lys I¥s  lys
1 o 10 5] 1o & & 13 ic 3 2 G
Allele raitios.
w/E. s 32/35 »i/BI ¢ 38/%0
v/ ¢ 18/18 lye/I¥YS @ 2%9/39

ey

Total



3 gt . B i,
vie binkope {(resupivn O

rys | L¥s Potal
16 18 &8
i 825 o
It &€ Wi

Letreen

BA/BY end Lys/L¥R.

Lye LY S Total

47 3 [+
18 18 HE

& N o0

oy i G

o,

yj\‘g \‘}}EB nay‘“ ‘/fﬁ i.‘} #

Er- Y 7T e
L1 el pal

Jebraon

v/ ndbi/ Bl

bl i3 Total

<

& 8 18

it

KA L &4

om Table 15).

Parental 4 }f}i‘%ﬂ

focombinant types

Pavental ‘iyp"%a
Bocombl nant B

arental Lyp

T2
44
Pocombrinant ‘i;‘;’r;j

Pawvanbal b,‘f"“ﬂ‘&*
fi‘;(" :*t“' nranh Lynes

it

41

i./
b
4

- et

»

o

3

g u
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Tankage is evident only betwoen y/¥ a@%jbgfﬁig wheye it

15 alrveady kmown beo occur {Ponltecorvo 19§2é§§ - Ryen though
the praseat dats do not make the shorboge of lysiaﬁ@@ LS
sipnificant, the lys allele ia kanown Lfrom other data (p.142)
to weduse viabiliby to 0460,

¢ thisg readgon, in crossed anel wherve halfl the pores
are lysine-requlving, smong bthege, 8 deeyeage in the number of
gevminated agcospores wmighd b@ axpected and ﬁhé wedaatipn

gbimatad, ag in Table 16, agguming no othay sowmplleaiting

B

Fa0L00H »

Table 16 Docreage in number of germinable escosnoreg

por crosged aseus expectod as a ConseuuonNee

off the 0,6 viablility of the lyg allele,

Spowes pep ﬁwerS% per ageug obtained due o
agcus. 0.6 viapiiity of the lys allele.

5 § o (04 % E8)Y g 4.0

6 6 w {048 %X 56) m 4.8

7 7 w (04 = 7)Y = 5.0

8 8 w (0.4 x 58) & B4

Ag selfed yellow asel areo nob alfected by the viability
effect of lys, orossed asgel of the vange 4.0 Lo 6.4 gevninable
apores corvegpond to gelfed yellow asci of the range 5.0 to
aaﬁ germinable agcoapores. It ia alear that thig doas nob
fully account fop the diffevence in distributicn bebween the

gselfed yollow and crossed ssci. (gee sumuary of Gross VIX

v bl x w Lys Table H)



67.

Whilst v bi x+ (Cross IV Table D) gives a high
proportion of bobth gelfed and crossed agcl with ¥ and O
gpoven germinatling, in COvogses VIIT (Table I) and IX (Table J)
both.of w lys s , poor germination was ghown. Ag w lys
wag devived from white alba, ¢rosses involving white slba were
algo examined bo find whether there wag aﬂj eviﬁenﬁé of’
differvential pgermination due to this gene or Lo other coussg.

A compaxison of types and nuwbers ol agcompores nper
agous was made -belwean Live crosses involving white alba oe
lis derivatives, ag ashown in Table 1%,

When oexamining the teble for evidence of differential
garmination, the unid@ntifi@é agel must be taken inbo aecount,
ag they may»ba eithey ol selfed or crosged origline

In Qross I, 94/53 agel were unldentifiod and with such
& high proporticon, no conclugion can be drawn. Bimilarly in
Crogsges V and VI, data wepre teo‘maa@ra to place any welght on them.

However, in Cross II, thewe is evidence in favour of
differvential germinations Byven if the uﬁi&ahtiﬂi@d agel vers
all of gelled origin, the méjority of white aélf@a agel would
gbill ghow é or more Sporés germinabing, in conbragt to bthe
crogaed ascli, in whieh in all but one agcus, legg than b6 spores)

e
gorminated, Similarly in Crogsg II1 the majowityﬁggigagfgé
viiite asel would show five ox more spores germinated,even I
all unclagsified white anci were consideved as of gelfed

origin.
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It would thus appear that in Oross VII ly bl % w lys),

allowing for the visbility effect of lys, aifferentlal

gomination operaves between gelfed yollow and cvrossed agel .
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Digeussion.

In ovosses lavolving white albe op its dewrivatives, the
crogsged agtl Gonbain fewepr germinablie aggopporos bthoen ih@
gelfed agel (including the polfed vhite). However, the alleole
vatvios within the cvossed agel ave nob significantly different
o l,z‘lu

Henoe, the differential viability is nodt due itgany of the
alleles known to segregate. It could be duo:

0} eithor to & ehromogowne voorvangement op Lo complementayry
genes, unlinked Lo any of the "markewrs", for which white alba
hag become aiffewemﬁkﬁbﬁsimeg»its igolation andfov

b) to cyboplesmic differonces which veoduco the viability of the
agcogpoyes in cvosped agscl.

Ghromogonme roayrangomond 9.3. & btranslocbbion involving
chrvonmodgomes or chromosome parbag, othier thain the oney wihnye
the "markers" are sitnabed, would awbtomatically caunse a
proportion of apokes fyom crossod agel Lo be mnbalgmesé, due
vo duplications ov deliciencies, and thevelove they would
S Fail bo govminate.  The pesulb would be similor 1f genebic
ﬁiff@menﬁiatien had taken plage, an éamplamamta@y gygooms
in the white slba gbtrain apnd itg dexivabives, would be
dilfforent Lrom thaaa off the wild btype gbrain and iits deviveiblves.

Gytoplagmic diffevenblation might alse account For the
vepuliy, provided a nouvcleuss eytaplagmic balance wasg involved
which was differsnt in bthe Wwwo groups of ghyaings faythow

work will be necegsayy to declide between the alternatives.
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Saction IV. - Abnoxmal Asci

Intreoduction.

From genetical work wibth micro-ovgonisms, using asdus
analysis, 1% hag-been ghown that in sortain capes abhormal
agei ocour, as in yoast (Lindogronl949) and Bomberdie
(Zickleor 19%)s Somo abnowmal ageil mey have a normol
complemont of spoves whith profuce coloniens of phenotypes
not according with Vendelian segregation end whieh cannot bo
readily accounted for by suppresgorg, wodifying factors or
polyploidy; other abnoymel asel moy hob coutein the expected
number of spores. (Winge and Roberbty 1950a).

It is dmportent to digbinguish between aetuallirregulam
gogregations and survival of the products of melosis in
abnormael proporiions due to gocondary caupos. Astual
irvvegular segregations have been shown in Drosophila in the
aage of preferential gogregation in Chromosome IV trisomics
(Spurtevant 1938).

Considering firstly asei in which abnormal numbers of
spores wore Found, Winge and Roberbs (1950&)‘rayort yeagt asci
containing B and 6 ascogporyas. Hatios for maltcﬁé
fermentation (M:m) of 2:5 and &:1 were FTound vespeclbively.

The abnormel ascl were explained by asgsuming bthat an additional
mitobic division took place in the aseus, with subsequent
degeneration of ceytaln spoross. That 8wapored amcei ocour
normally in certein yoasts is shawn-by‘ﬁﬁépmr@ﬁ schizogaccharomy -

ee¢s octogporus, (Winge and Roberts 1950b).  The isolation of
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5 and ?Qé@area agel has been reported by Fowell (1951) 4in
agger@visia@avar.Gllipsoidaug. In A.nldulang, Loe-sporod
aéei haﬁe héén izolated Lrom heterozygous diplolds (Roper 1952).
| The expected nuwnmbay of gpores may nob be obitained in an

aseué‘if anomalies in spora Lopmebion occur and lfower oy nove
nu§191 than normal are encloged in a glngle ascogpore. In
these cases howaver, the overall allele ratiog are as
expected {(Shoar & Dodge 198%, Dowding 1951). )

Ziekler (1934) working with the agcomycete Bombaydia
kiunataa_het@razyggus faw)rmbiginoéa (r*/r),‘r@ﬁorted aséi in
which segreg&iianm»af pt (wild bype) amﬂlr oceurrad ag 4:0,
%:llané L:Bs  Miss Mathieson (unpublishéd) working also on
Bombardia lunata confirmed these resulis. Segregations wore
mainly of tﬁa B11 type and abpnormal asci ol thege types were
found with relative frequencies of B7 snd 11 by Zickler

BE0L  OBE0

and Misa Mathieson regpectively. From further work, Miss
linthleson showed thot two of the ol ght spores in each
abnornel sgcus ropresenbed a wmulation from one allele to
the other. Yhe B:1L and 1l:5 gegregation ratios obtained by
Migs Mothieson indicate that mutablon slways cccurrved ab the
samo stage of meiosls, L1.9., during the fivrst divieion; a
matation during the second welotic division or the Linal
wiltotic division would give a 5:5 ratilo.

Obher cagos of 3:1 and 4:0 ratios have been veported in
Bytilago levis by Dickinson (1928 and 1951) and in vwork on

maltose fermentation iun yeast (Winge and Roboris 1948, 1950b).
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wﬁlkar’(19$5} fouiic, 818, 014 and 1:9 a&gragaﬁimn;"@aﬁiéé'
1n-ﬁ;siﬁaphi$a, bah as»@§ uaé@feniy‘qﬁe»paiw of maﬁkeré;'aauld
not decide in favour of any specific theory. Dickinson was
an faveur'cf”“bgﬂyenﬁiémai‘mendéiian‘explanatiéns“.for lid g
findings. - Winge and Roberig explained thoir resulbs b& a
systom of three polymeric genes andl 33'1959~Wiﬁg@ demonatrahed
a foamth¢ '

Tnlike Winge, &im@egr@ﬁ'139&9} a@ugh§ Lo explain allelo
Potion, within one ascus, which diffeved from the novmal by
pow suppositions, As eyboplosmic trensfer apd gene 0OnVaTEions
Conclusive evidence of the labbter theories is difficult to
obhain nowever and it is safer bo explore all ﬁhefpassibilitiea
befora discording interpretations based oir pregent gehatiealy'
knowledges

- Supposedly ebnormel ssei may be found as a result of
faulby bechnique, as overlapping of generatilons (Winge and
Roberts 1850b), or in meving mixbtures containing rogidusl
heploid or gelf-diploidized cells (Fowell 1951)s  The use of
a gufficient number of "mavkorg" is necegsary to guard againgt
the ;att@r.

Among 156 Groasé&'aaﬁi'whieh‘WQ nave isolated from 0rosson
of various straing of Asnidulens, L1 sbnormal were faﬁnﬁx The
three main couses of abnovmality wera'&pﬁarantly due tos

1) mutetion during the first meiotie division ( 8},
186

2) supernumerary divisions in the agous (_2), (plus & posnible

three moye),
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Ny :}’;*3%3 Lgion of & m&%“%(‘s&p TRPROSN Sing two differond produod

off m@lﬁﬁidy in the gsme &ﬁﬁﬁﬁﬁﬁﬁ@ { 8 )«
i""&"
*»W
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Dat@étiﬁﬁ dﬁ Aﬁnm&mal»&soi,

Qn‘éultﬁring, asﬂba§ares fram a éresé betﬁaanltwa
gtvaing differing in colour "markers®, give wise to aclémi@s
of diffovent colourss For ghort, we shall call "yellow” an
ascospore glving vise bo a yellow colony, "green" an agcospore
piving rise wo o green colony and "white" an aseoppove glving
riée to & white colonys

Classifying by colour, any crogped ascus is abnormel
which haaé |
n) move than 4 spores of eny one colour;

b) more than £ yellow or 2 graen gpores in a bricolour ageus,.

Glagssifying by the nulritional characbers used in the
praaént:ﬁerk, apy cvosged ascus is abpnormel in which each
aubritional "merker" is represented in more, or leas, than

4 ageconporog.

Abnoxmal agei isolabeds

In the course of work on agéug avalysis’ in Asnidulong,

of a botal of B3P agei dissected, 401 were ¢lassiflable and of

these, 186 werc orossed escls Of these croased asci, 55 wore
fully olassifiable ay to type hocsuse they gave 7 ov &
germinable sporas. ’

ﬁmOﬁ% the 156G evossed asol, abnormal digbribution of the
sogrogabing charadters among the ascospores wag found in

various crosseg (Table 18).




Table 18
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Abnormal cvossed agei igolated

from

A.nidutans.

Details of cross

Agous

HNoe

Tobal germinabe
ing ascogpores
per agous

Segregation in
the ascus

Ho«lI yxw

OTIT oy bl x w

oIy oy bix ¥

" yII y bi x W lye

"OXIT oy (light) x

+ (light)

" OXITT y bi (medium)
x + (light)

1st backeross of
vbi o x T

¢ 70
88
av

and
30

44

164

4

Y

7

O e

[e ]

yoll:i gn
4 pn BT ¢ 1 wh BI

5 yell bi

1 gn bi

1§gn BI % two types of
yel bi) nyeelium

3 yell bl
3 gn BI

gn BI
1iy@11 big U

2 yell bi
1 yell BX
2 gn bi
1 ogn BI
1(gn BI )
(yell BI) "

1 wh BI LS
(wh BI T¥8 )

l(yell BI L¥S) 0

2 yell: O gn

1 yell bi light
2 yell bi mediun
&yell bi lightg
gn BY light
cn BI light

gn Bl dark

P

yoll bl medium
yell BI light
gn BL light
gn BY medium

yoll BI light
yell bi medium
gn hivdark
asn BI light
gn BY davk

B put 2O D0 B2

Notabion as uged in tables of Crosses, see Appendix Parbt L.

Light, medium end dark rvefer to background colour of colony

from germinated ascospoved.

See Background colouy varisbions
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SPRNSET A

Cropg 1. Ascus 70. iIn Croms XL (ﬁ,gen@s segregating

y/v and w/y), £3om the combinebion of yellow and green
agcogpores in Ascus Y0 it appeared thet the asous wasg bypo

K A normal btype III ascus should have 8 groeon, 8 yoellow
and 4 white agcospores and a type II ascug should have 4 white
and 4 groen agtospores. Ag no nopmel bype of agcus in which
there ig 8 green ascospore gshould carvy move than 2 yellow, we
may asgume that this is 2 type 11T ascus.

Crogs IV. Apous 9Y and Cromg Xil. Ascus 48e. In crogses IV

and Xlﬁy%nly one colour gene (y/y) is segrogetving, crossed
agcel wonld be expected to ghow a 1:1 »atio for yellow/greoi.
Tn hoth agei a 3:1 rabio was found, though in Agseus 3% it was
Por yellow/green and in Ascous 48¢ for green/yollow.

Cyoas IIT. Ascus 8. Five spoves only gorminated in Apoun 85

(Cross I11) but they weve all BI (blotin non-vequiring) whorveas
at least one bilotlneraquiring gpove wag oxpected. Ag only
five apcogpores were presoudb, it wag impossible to tell whether
the segregation of groen and vhite was nowmal or nob. Ag

four green agdogpores were prosent, it appesred bthat tho

ageus was bype IX.

Cposg XIIT. Ascus 20c. An excess of blotin-non-reqiring

&saaséom@s wag algo found in sscus 200. Ascogpoves ave Found

in paiis in the ascus, so bthe nonwgovminated spore wag

pregumebly BI, making the watio 6 BL 3 2 bi.

The underside of colonies Lrom Lour gpores of Apcug 20c
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showed Lx@ht b&afgvaﬂﬂd dolour {see p 86.) and thrae (Wos 1,

2 and 7) showed wediwn, whereas in no other aseus had more than
two spores with mediun backgrouvnd colour beon found.  Spores
1Land 2, 5 and 4, and 5 and 6 wore pistor spoves, bub the
corregponding sisbeor apore to Namber ¥ was misging. | Tala wog
unforbunate ag it would have been a checks Miselaﬁgifi@aticﬁ
of spore ¥ ag showing medium instead of dark baskground colouy
would explain tho anomelys |
Crogg IVs - Agol &7, 4, 30, 44.

era Viia Ag @%b 164,
@rasa Riil* Astus 1he

Thege gix ascd all exhibited an intevogbing gﬁﬁngm@non of
one ascogpore producing myceliuvm of two typesi yellow and |
BTeon . Seven spores gorminated in all apel from Cross IV,
whilot only gix goweinoted in Astus lh.Orogs XIIT and two in
Agcus 164. Gross VII.

1ot bafkava;a of v bl = +.l Agevs 9 Deteils of this ascus are

4

glven in the sectlon on background variation (p86. ).

Pogsible causes of sbnovmal asel,

A s@gw@gatimn vatlo of S*i weg found in ascus 37 {Cross IV)
for ysllow preen, in asoug 480 (Cross XIL) Lo groen: iyellow ond
in ageus 208 (V?Qas'ﬁilij faw‘ﬁxabigkam the assumption bhat in
,ﬁh@ 1a&t@r cage the milgslng asca%pare of the fourbth palr was
biotin non“wequzwjng3 Thego ratiow ore similar bto the S:1l
vatios obitained by Missg Methieson (unpublished) on Bowberdia,

ludicating the otourvence of mubation during the firatb molobie
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divigions e mutation of ¥ to y is known to otcuy and
probably that of y to ¥ takes placs, bub the back mibabion

of bl to BI has nover been obbtained, fyom extensive work by
.hepav {vnpublished) nop hy any obther worker in bthe labowratory.
ln thus goems ualikely amnt beck mibtabtion lg the cauvse of
abmarmal ageua 200,

Groggy IXX. Ascus 83+  As only five oub of the oight spores of

this ascus wers viable, & full analysis for blotin vequiveomont
wag not posaibles. In crogsed asei from this cross (y bi X W),
groen end white non-biotin y@quiwing gporoy would omlv'oa@ur
together in typ@ TI1 asel of “the LTollowing congbitublon:

t

Orvogg v bl X we

Type TIT agousgs 2 w ¥ BL  vhite - parental  Ltyme ) Types
8 WY BL green - recombinant ) isolobod.
8 Wy bi yellowe- povenbal typs
2wy bi white - pecombinant.

Hormedly, only two greer vecowbinants oceur in type LTI
agel but if an extra mitotic division cvcurved, four groon
recombinanty would be loemed. Subgoyuent degenerabtion of all
but the five spoves isolated may have taken ploce, similae o
bthe situation deacribed in yoest by Winge and Robewrts (1950a),
Gromg L1 Ascus ¥0. A simllar situation may have spyisen in
Aseug 70, thus explaining the comblnation of move than two
yeiiow agoospores with a green one, bhut the naq@*b&a vy of
muatation ¥ to y eannot be excluded. With only four viable
agoogpore 1t ls diffioult to draw any definite conclusions

(Croas IV, VIT ond XXIY, From the occurrence of agcospores .
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producing mycelium o two bypes (fov ﬂﬁorﬁ; biﬁawlaur
ageosporag) It would appear vthat ean ivvegulayi bty in the
@iatfibﬁtiém of auﬁi@i‘taek plage; two of the elght, which
resulted from & wmelotiec followad by a mitotic division of the
diploid nucleus in the apcus primordium, being inoluded in
one ageogpore, md none in anothor. The fact that mn T
coBpores germinated iﬁ'ﬁha abnormel agei of thls kind
(Noép £y SQ, &7 end 44 in Gross IV) gupoovits this %hé@r“.
Ageoaporss oenlt oulb in such & way as bo caryvy twoe out of
the ¢ight muclei conld only bo deodocted in cases whove the
Lwo nueleld wors of unlilke btype, 1a.0. in g certaln proporvlon
ol crossed asci bubk nﬁvar»in salied agol. In this work, fow
obvious %édhmiaal roagons, 1t wes ounly pogsible bo dotect
thoge cases in which two nuelei, unlike in colour "werkerg”
Were in@lm&eﬁ i one spores Thely incidence mugt thorsfore
p@@bably be higher than ig appareant Crom the numbey of

"biecolour! gpovos faum&, ie0s debectable di-karygobic sporos.
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Inoidesse of "di<bovvotde® amcosnores,

3

Bilettavyotde spores aye those Whiich conhaln two Linda
mtx v bRt ean

0f nuelied.

The chanoe of pucldeld of wpddbo dyve golog bospthor indo

oug ppore, apd thihe Towalng 8 8@&@3‘35}* eorbalning two detectably
i CPevent kinds of wyoellum, vordog scoording Lo by uumbon of

Lpeg of nuelel progent in one agoUds .8 LD 84 Qsousg,
gegregating fop “i‘ei;f’-y s Waieh counbaing foue y and four ¥ products
ef the thind ddviadons
It n o« the Lobal pumber of nuelsl produoed ab bho thivd
dlvigion

and » g Ghe pumber of nuoleld gf;f;ima bogethiopr into one opoie

vhen coubinablous of N0 s« iy
,ﬁw‘?;‘} Lx*

leve with 8 wocoversd nuelei,
k3

wir e Bl
| i)
- an

mach g nusious cen fowm o deboebobla di-hayyotlie o

VRTINS 2T nmzm

ity

bi=colour” apope wWith any one of four ¥ puoled.
« o Hos of possible yallowsgrsen disbarvyotde apores oub of

28 combinadlonn » 36

i (] L4

Inoidenyo of gpores in an

pocus where 01l 8 nualed ave vacovared w 3\

M’,‘\

.nv_,
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. . - . R B T

similarly, in a botva-type ogcus, the proporiion of. devectable

di-karyons = 8
. . e X

The probabl ity of ﬂeﬁ@@timg¢the ﬂapkaﬁyaﬁic séax@a differs
according o the nunber of -reco vered ﬁmqiai (io. numbow @fg@@ﬁﬂﬂﬂs
agscogpores ¥ 1) in en ascug, ag well ag to the p@ﬁﬁﬁﬁ%iémé of
the two typeas of puclei pregent, ag shown in Table 19.

Tablo 19, .

»

Combinations - of ¥.ayd y nueled in crogned bi-type asci with

£ Lo 8 recgvored nuclei, showling proporhion of detectablo

diskarrobid spores in-adéh Copo.

- Hos off germin- | Nos of vecover- Poseible com- |Pyoporbion
ating ascospores. | el nuelsi. cvinations of jof detectable
. yollow and diekapyoiic

green auoled. ' eporeg.

T L8 | 4 yollt & gn v

6 | 7 £ yell ™ 3 gue
S yollt 4 gn.

s

7]
L
o dede d

yell + T
: 18
o , 2 yell ¥ 4 gn. 8
1o

€L

4 yeld ¥ 2 gn. 8
T

ey,

Caleulations on the assumpbion that only one di-karyotic gpore
DR T ASCUS QCOUYSE.
As varying total nuwbers of puolei from H, 6, ¥ and 8

sporved asci wevs found {(see Pable 184} the wean propovtion of
2 ,
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dobochabple Al Lavgetzc Bporen wag 5607 and thus ABe4% . of . bhe -

" di-kavyotla S@Q?GS were undebectod.
F@ﬁm bhe rv 1%3 Qf aqeaf disa @Gtimn oy broa éhawﬁ in

ﬂ@@@ﬁaix 1 and Gone i@@?ﬂﬂ@ aniy thama awas @m aﬁct wgnh @, 6,
v and 8 spmwﬁa P@zmﬁmauiag, ﬂi«?%ﬁymtle BPOLSL vése ?mun& in
Crosses IV (y bi = + ) e ﬁiii {v vi = * ) soe W&bL 104,

Among: bhoge awessna in M3mdh fo wag segragabing, aﬁ a. bosal of

. 80% ﬂ?ﬁ@n nucled and 214 yollow, one greon and ophe yallaw went

bogether in ﬁva eaaesg ;.@. in five daaaabuble EERER

'ﬂséumiﬁé tha& sgmy@ cmaaagﬁmng PO 1ik® produsts. af bhe third
diviqimn awa f&amaﬁ in a dimmﬁae fAﬁhRGR, a favbn%ﬁ DR 4O xR
w 4.8 mﬁaébaﬂt&ble saaao(wﬁiiww/ycilnw and rﬂeafbﬂ on ). wourld,
have arisen. The inafﬁéna@ of inclusgion af-ﬁwm,thiﬁd &iyiaiém

nueled in one .spove ip thus 9,8 n 100 w 2,89

On the whole, thig kind of abnowmality is not {requent
enough o eaupe brouble eithey in ascus amalyéia oy in random
gampling of agcospores, and this even withoud aonéid@ring that
PFour oub of the nine abihormal asei obteined were found among
the fivst twonbty dissected in Cress IV: this suggosts thab
gome special condibtions were operabing in the nﬁflv port of the
vork in CGross IV,_whia& favouyed the occurvencs i thig type
off abunormality.

Ag vegavds the incidonce of two di-karyotic gpores in an
agens, it is ﬁh?iﬁhw thet o

1) they would onily oceuyr in asel with 6, 5, 4, 5 ov 2 gnoves

rarasinating,
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2) only dages in uixah ng yellow»greon spoves ovaurved would
have beor detected (if one yollowe-green spore occurrsd tho

chances of anothey dno eaeu°rimg in fhe BomE 880U & 2 )

K ,
3) agei in s b %’ﬂg@ yellow - grw&u't ong yellmmwyal low oy - - !

Eroen-graon gpoyre oocury ca would not beo digting wJJhahia fvom asel ié
in u%ieh a ging 10 yaltawwa&ﬂn BROVO eaou?yad;

Agn thsﬁinai@@mem o Qﬁtectabla gingle di.kapyobic spovos

ag Re&%,1% is unlikely that any ‘cages of twWo @ ¥ ascus would

have beon found if the process were abt vendoin.
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Dackeround colour variation,

Then viéwiﬂg an invorbed plate, it was obsorved bhot colonies
formed rom plﬁtiﬁgs (3} aaeosperéa or copidie of cerbala erogsses,
differed in colour of the backgyround, Coloniles fowmad £rom
dispected agcospores of crogsed agei from ¢ertein evosses alaso
shoved "packground colour” variation. Three bypas of baclke
ground coloupr were dlsbtinguishable and they woeve roferved to ag
"iight!, "modium" and "devk", c.g. Orogs RITT Table M.
vy bl (medivw background colour) x {1ight bockground colour).

From the firsﬁ baclkerogs of ¥ bi =+ , a crozged agens wag
igolatoed in which the sagregatiaﬁigimtin roquirvements and
conidial colour was ag oxpected, {(Plabe £), and four pairs of
alsbor spo&as_mera apparont , bub they wors in 3:5:2 ratiog fop
davk, light and medium background colour (Plate 5),  In this
ageus, spores & and 4, which woro sister apores showed Light

and dayk colour background, rospselbively.

W The conghtitution of this sbnormal asoeus, Number 9, was og
N
fgglowa:*
{ ,
Crpes v bi (deyk beokpronnd) x -+ (light backgrouad)
i o ' '
/ Sporo SpoTa Biobtin pockground
. Hoambors colony. requirenent . colour.
figond 9. (1 Groon : bi Dark
| {g Groen bi Darit
EB Green BI Tight
& Groen RYA Daxk
{5 Yollow bi Hediwn
{6 Yollow bi Hodiun
(%7 Yeollow B Light
(8 Yellow BI Light

(Brackets indicate sister gsporeas).




Plate 4. Segregation for y/y and bi/g; in Ascus 9, (a tetra-
type ascus), isolated from the first backeross of y bi x + .

plate 5. Pairs of monoascosporic cultures from Asous 9,
isolated from the first backeross of y bi x + : dark background

from £ colonies, pair Y/BI shows one dark and one light.
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As segregation of background cclcuv'wég Found in Agcus ¢
an@ in othey craaaéﬁ,agai ahmwiﬁg b&akgyounélga;mur v&riatgam,
experiments were made;
a)  to invasilgate the genetle bagis of background colonr in
Ageug © amd.varioug agrosges made from its agoosporag,
b) o discover whethar background colouw variaﬁiaﬁ Wé%ﬁéﬁsily‘
clagsifiable and relishle snd could bo used as a.?mﬂrké@"1
Henvard (1934) had vepowvted a dgeparsd baakgﬁa&n&,ceimuv(
produced. wheve cortain colonieg of Asnidulans wmet, whepn plated
on Rawlin geleatine, A certain minimum depbh of medivm was .
naecessary before the ph@nnm@nam‘wag apparent and using Reaulin
agor the eoffoct weas lesg noblceable. A preliminavy study was
made on the effect and depth of wmediam on ba@kéﬁmmma colony
varistion.

Comparative effect of Complete wmedium snd Minimad medium +biobin

Suocultures from the 2scospore colonies of Agcus 9 were
made onto plates containing complete medium and winimel mediwm
with 0.006Y per mls of bietin. Differentiation of bhackground
solour was increased using the minimel medium. Tt was noticed
that the background colaaw.mf gporves § and € was not as dark ag thai
of gpores 1, 2 and 4, and could be claggilied as medlum dark oy )
fmedium" as 1t was more convenlent to call it

Effect of concentration of bigtiﬁ apnd denth of medivm.

10 end 20 mi. amounds of minimal medinm, containlng & itobtal
of 3y and B0y of biotin in eash cage, wars poured into potri

dighes and inocculated Lrom bthe ¢olonles of Ascus 9,‘ The
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baokgrwz‘sﬁ golour of the vognlbtant colonles was examined aftep
R, & and 4 days at 37°0. Difforentintion was nob vory cloay ’

after 2 dayg but wap fully developed aftor & days.

*f-"a.b’m‘?@f "Cv::q:?mm Wy bl {(iaflt baekg?mmd} %+ (1 gr’hu b%lm:r*euna)

Bffecth on gackquund 0016&9 of media of amff&rbnb &@ ,h Cand
dontaiiing ditierenty conconbrations of biotin,

Totel addits Thick medium done, of Thin mediwn - [once of

ion of biobim. {20 mli)e | biotin |- (30 ml%) biotin
‘ _ pey mde | , e m,!,.;.\% 3
B0 X 4 durlk.d 1ight | LDy | 2 dapk.R madiun 5.0 Y |,
' {deep) 4 Light. c
By 2 aark.R mediule 0.15Y | 2 dark.? med ump 0.5y
_ 4 Ylight. 4 light :

These resulbs show that wiith increasge mi‘ ’&33 oi‘;m ConconLIate
lon o depth of pgar, bhere ig‘& ﬁhifting of background coloune
bowards dark. With a tobal concentration of LeB Yy biotin ger mi,
and thick medium,no. colonjos with mcxﬁi,um background @a?our are
d.ﬁ.f{é‘az*an‘éiamd, ~ To obtain éii‘f@r@nﬁi&%ian of the three backe
ground colours, concentrations of O.L5 'z‘,,és Qe X/mi of hi@i}im ox
legg, should he ww&d in éalm“mimimal mt‘aciii:t,m; |

¥ ih@'ap%&mKW eaneamhr&bisn of blotin, for growvth of biotine,
voguiring stralns, is 04008 ¥ per ml. in wminimal medium, it 14
anezpected that these conconbrations well abcva the optimal chould
hav@ a&?@ete&_bﬁg formation of bactkground colour ag they did.

Gaxmﬁ;ﬁuiiﬁgg he ’invcag;i;,if;gémﬂ.mz on background ctc:sfi..om%ﬂg wminimal

medivm conbaining 0.15 to 0.35Y /ml. of biotin was used.
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8) Gonotic invostigelions on -background colour variation.

Grosses were mede belween varioug ascospoves of Ageus 9, bo
bey -and discovor whal gengtic differences exlsted between %hémw_
Both ascus analysis and plating of & random sample of agcogpores
was gavried oub on two crosses bul ds the Tomer wethod wog
léngﬁhy~and bedioud, In gubgequent crosges, only plabting of
ageospores was @mplay@&; | |

Table gl'éhowa t&aﬁ ighb % light gives bnly iight vilst
mediuwn X light and dovk ® light gives lightg medi, wn and dark
baskground COLORY. from Table W. Cross XITT {mediwn x light
background colour) we see thalt a single ageus way conhbain
ageogpores ghowling .

8) dark and Light background, in the ratio of 4:4 (Asews 1d) ow
b)) dark:light:medivwm ag 1:8:1 (Ascus le)

Wot mowo. than four Light and. /oy Four davk apoves were Fownd
in any ascus showing dayk or light spores, and oxcept in Ascus
20c - which was probably sbnopvmal (Table 18) « not more than @wa
spores showed medivwm in any asovs in wnlich this type appear(d
at alle _

A Table, men Appendix. Table P, of the sogregetion of y/y,
bi/ﬁx and background colour was made Lrom the vesults of ascug
analysis of Cross ZTIL. Table W,

fhe allele rabios of bl/py snd y/y weve not significantly
aiftervent from 1l and veconbination bebween the lovi fow

v/ an&‘bi/ﬁl woas about 0.08.,  There was no avidence that



P vrmes Try
GoTUn

Ty
A

&
L

1o

<

6 v
B @

N
=h

BeGEE L

BOT

%

ol 2%

gt
i
S

£a
v
Gy 8
5 IP)
*

foi

fred feud
i
1y e
B8
L
{2
*

N\

{0

07

€,

LI

o
ﬁﬁ%

s 6
B
Ty ol
3@
® fed
pa=
@

§ %

% e{)
Pt &j
=3 0
iy
G
@ o
&

=8

t 8

a4
%4

£
)

g

&

W

o A e g o
LR DT

e A x sws
Bialuln? §

-

gy
o

-

D700

s,
Wl

P
45
57

GEGoBE 20

H

e e
e

oo

ke

SGTOQ




92,

either type of background colour was linked to yiﬁ or bi/gzg
Segregation ratiog of 13:54:B4 wewre obbtalned Lor wedium

' #
Light and dark background colour regpectlvoly. )("’3 for the

nypothesls of a 1:2:1 vobio was 445 (p = Ol to 0.8),

5

lenetic counatitubion of Ascus 9.

Ascus U was obbailned from & baekoross of_y'biiiﬁﬁrk hacl
gﬁmunﬂ} x  {light haékgmmﬁﬁ@) and this y bi sirain had
origimaﬁéd from a cwvosged agens fvom Crosg VEII v bl x w 1yss
Agous 158 - gpove . a8 the y bl sbovk strain ghowed light
background colour, crossing with the w lys strain hed
evidently caused change 1ln background coloui. |

Ag lipght, medium and dark background colour ig found on
crossing light x medium, it appearg that this varliation in
background colour may be due to two genes, which can be called
Ly end Dge As light x light background colour gives only
Light (Crogs XIT Table M) we coen classily épar@ 3 (light) as
Ly L and ppores 5 and 6 (medium) as 1y Ig. ‘Ey doeduction, the
dayk spores Nogs L and 2, will be 11 iy and the vemaining light
gpores, Nos 7 and 8, as Ly lg, with Ly epistatic to lo/lge

The genetile conagtitubion of Ascus®from this reasoning

would be th@r@fcr@:
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Grosss v bl (ferk beckewound) = 4+ {iieht baskevouod

_Bpoye Gonobype Fhenobype
onoey

3 & &= e ¥ ) - .
sgpgun © {1 ¥ ¥ bl de da daple . BPOOR
T {8 8% by 4y e gark groen

T <5 % 3 g e £ o Y
£ W0 BL iy Ip -~ light Byeen
fa ¥ Y B % dapis ETHOR

§ Wy bi 1y Sn meddun yollow
& W v hi Ay, Ly mediam yellow

yailov

{
{
7 ¥y By
{

2
£
P
=
Bus
l‘“
W
Tt
Lo
o, r:g
Lavad
’“"w-
P

e o N PR ) S :
B Wy BL I g idght yellan

{Brackets indicote pilgber spopen)

Prowm pegults of anoug analysin, 2 vabtlo of 1:2:1 fop
madiun: Ilghs: dark bachground eolouy hes bsen found ond dhe
pame Tabio wonld hold For fsous @, eneept fovr Spows 4. e
gporg 3 end 4 wors pistey agcogpores oo pogards ooloun and
blobtin reguivemsnna, 1t world sppeay bhat o mwitation from
dight to davk bad ocgcorved in apove 4. IF bhis wers dhe oase,
8 matatlon ab both locl wenld bo needed Lo changs Iy Ly o
Iy dpe  However, If spowves ¥ end 8 wewe of genobyps iy Ly end
spoves § and 4 of genobyrpe Ty g, w wnbetion, in gpows 4, fpom
Ly $o 1y would pilvo davk (33 1) lustond of 1dght baohmpannd

eolonsts

Tho Coliowing comsbitubion of dsews 8 thovefove apneary

wors prebable
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Groges y bi (davk backewound x + (light backaround )

N

Agous e Spowe Genotype Phenobype .

T Hunmben.
{1 W ¥ bl ly 1p dawlk groen
(2 WY bl oy dp dark green
S WY BI Ing lo light  groen
{4 ¥ BL Iy la(e) dark greon
(& Wy bidy Lg mediwm  yollow
(6 Wy bi Iy Y mediun  yellow
%W" Wy B Ly T Light  yellow

8 Wy BI &y g Tight  yellow

(Brackets indicmte silsber spoves)
(m) » mutation From In ig

Conjdia from coloniles & and 4 of Agons © were plated oubt to
Lind whoether there was eny evidence of a high mutabion rate of
dark to light, or visa verga. No mutationg were found when at
loagt 45000 conidia from each colony weve tesbad,

The wild type strain (light background colour), from which
Ascug 9 wag derived, showed no mubents for dark background
colour in 300 colonies end no chenge in background colour had
previously been veported,

It ls unlikely bthat spore 4 was o conbaminant, ag 4ho

greon parent culiuve had o Llight background.
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Backewround colour variablion - Summaery

From sxpevinents carried out on background colonr it
apveared that variation {(light, medinm, dark) might be due to
two gones, Lo Lg; with Iy eplatatic to 13/$8, The diffeyantial
effecty of the vavious alleles and combinabions of them on the
phenotype, waere very seazibtive bo environomendal conditions
(0ages amemnivand type of medium) as well ag vo the vesidual
genotype.  Thevo oppesrod to be né vaiﬁuﬂ-g@ﬁétiﬁ linkage ow
physiclogleal corralation between beckground colour and y/v or
bi/pre

Iight background solour could be debocted eagily but
differcntistion between davk and mediuwm was often difficult. The
typing of background colour off ascosporss Lrom o plabing wes
of'ten extromely difficult and in the Cross ¥ BI (lLight)x
Yol {dark), Toble 21, classificotbion was nearly imposlblo. #For
this raésmns background colour wag useloss az a "vieéﬁla“
Marrar.

It appeared to be uuproliteble to continue with further
analysisg of the produchbs of crossing of various combinetions
ol gpores of @xseptiomai Aseug 9, in which the two members of
one pair of sister spores diffored fvom one anctheb in

background eolouy,
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Saction V. fodalily of crogping-over invegligabted

by means of ascus aualysis.

in Crosges with 2 or More gonoes segregdblig, ascodpores
fwom erosaed agei can be analysed Loy parental and recombluant
type 8. (goo Table B Cross IV v bl x + ). Hecombinant types
only ave produced fyom 4egbrand double CrOBsSOVOrse Tofle,
Gross IV Apcus 8.

Chromatid. interfeveonce con be more weadlly detected usging
ageus analysls than from analysis of a random gemple of spoyed.
Negative chiasma interfevence hag been inferved Irom
resulbs of tebrad snalysis on Heoragse (Lindegreen and Lindegron

1987 and 19482, Whitshouse 1848}, Using recombinabtion
freguencies, only in the house mouse ig there gome evidence
for chyomebild interference {Carter and Robingon 1958).

Tn Aeniduleng the y and bi loci ave linked and ghow 0.081
+ .004 - recombinabtion. Tn a cross invelving these lool,
apn roximately 107 of the cvosged agel found are expected Lo
rive 4 out of 8 spoves showing recombluabtlon between y{z and
bi/ﬁl and about 1% of crvogsed ageil showing only recombinant
LYy pes .

in Table D. Crogs IV v bl x + , of a botal of 2% cwrosgfd
aaci, 9 asci.weve found in which all the aaémapar@s showet.
crogsing~over bebtween bl and y. These ascl congtituio 11% of
the tobal. I they weve genuine cages of 4-ubrand double

crossoverg bhey would be expected to constitute about 1%
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barring negative chromabid intevference.,

thogo
a) to
b) to
e) to
d) to

These

the abnovmally high nuwnbor of agei showing ascospores ag

produced by &wstyamd double crogsovers may have been due:
8 rayrsg ovent, .

a fault in techniquo,

abnormalitios in the developmonb of these agei,

an extremely high nogalbive chromatid interferences

agol were not distributed ab vondom among the agei

igolated but were found among bhe fivst 20 apol, of a botel

off 80

Thig favours supposition (b) rather than (a) or (4),

and no further ovidence of a high proportion of 4e-sbrand

double~croggovers was found again in a similar erogs (Table O.

Crops

RLIT y bi x + ).

A third posaible explanation ig thal these asci were

abnormal aasci in which crossover nuclel only had gurvivod and

undergone on oxitra mitotie division,
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‘Bection VI, Homothallism.

Homothalliem may be defined ag "the ability of e gbrain,
vihoge nuclel axe devived from & single haploid nueleus, bo go
through a complete sexual cycele'.

sehwarbtz {1988) alfirmed that four gbreins of Aynidulang
wirdeh he studied were homobthallic but it wag not till 1934, that
Henrard gave proof of what he termed “sexual bomoﬁnall;gm?g Ly
growing gingle-~gpore isolateg of the fifteen culitures of
Asnidulang that he uvged and,finding that they alliproduc@d
perlthaecla,

The three original sbrains used in the Dept. of Geneticy,
Glaggow, from which all obthers wer@Perivedﬁ (+, w, 8g) together
wlith a yellow gpore mubtant (y) were tested for homothalllsm, by
diggecting elight ascogporaes Lrom a gingle asous of each gitrain,
{(derived from & single-agcospore culvure) examining the single-
agcogpore straina thus egtablished Loy produciion of porithecia,
and again diggeeting elght ascogpoves from an ageus of one of
_thepe smingle-agcogpore gtraing.

Hothod of amocug~disgection employed for each sbraln,

ABCTS

Azcognore l number
i 2 R 4 B & 7B
+ + + + + + + +

A50US 2

4gcogpory numbor
2 g 4 5 6 ¥ &
+ + + +

i

o+
111

fervile girain established from gingle-opcospore culiure.
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In the cage of the wgld type atraln, only ¥ out of 8
agcogpores germtlnated from bthe firat isolatlion, but the other
ghrajns gave 8 out of 8 singlewasgcoapore cultures from éaqh
ABCULE

the majority of mubant and recombinant gitraing derived
from the four strains tesbed were still seli-fertile after
singla-agcogpore oy gingle-conidium isolation.

Hombthallism wags theveilore established in the four gﬁr&ins
dested, from which all the obhers in this laborstory hove boan
dervived, as singlee-sscteapore cunlbures wenbt Lhrough two
guccesslive complete gexual cyceleps and the majoyity of
derivabives of the gtraing remsined gelf-fertile, esven after

gingle~conldivm or singleo~-ageogpora igsolallon.
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SUMMARY

From investigetions of individual asel, using o special
technigue of digsettion developsd for Aspewrgillus nidulang,
information was gathered vhab was not obtainabile Fyom
examining o random sample of 48Co gPOTES .

-ﬁirstly, it wag possible o detect abnormal agedl and
the couges of abnowmalidy were apparently due tos o
(1) mutation duvring the Pfirst meiobic division,

(2) supernumoerawvy divisions in the asscug,
(8) inclusion of two nuclei in oue L9COLPOPE. .

It was only possible o detect caseg of the latber in
ascogpoves in which two nuelei uniike in colouw markore” wero
included, ag those gmva‘yis@ to colonies wlth two dotectably
different kindg mi‘)’myaelimn .

Among those crosses in which y/V was segregating apd
gcongidoring Qaci with B, G, 7 and & spoves govminading, five
- agel showing one bi=tolour agcogpore wers found.

The incidexnce of two third division nuclel in one

‘agcospore wag 2%,  lo cages of two detoobable di-kavyons

per agcus ware found.

_in Cvosa IV {y bi =+ ), four of the 22 orossed asei
showed inclugion of two geneticelly differvent nuclel in one
ageongpore and these fgmv were among vhe first twenty agel
diggeoted, Thin suggests gome gpeocial conditions wore
operating in the early parb of the work vhich favovwred the

oceuirence of thls type of sbnowmality.
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An in uxﬂiai@ut mambher of ascogpores germiﬂa%ing and the
uge of Loo -@w mark@@‘“ repdered exact 1nﬁerpv@uauxén af
Pﬁduéﬁs in (1} apd (B) dirficult.

Aihhnugh no actuel ca,eﬁ ﬂn aaal can@ainzng mnove than
aight agco pav&a were ound &aring worlt on aseug ﬂissnst?mn
of A.niaulamq, ﬁh@z r otcurpence nag been roporbed by Ropev
(lﬁaﬁ} in damiaiﬁ sﬁwa%nqe

feom an lﬁﬁﬁdh¢gaw§0n Ox bﬁ&kgveuma cslgv? vaviabion
it wag found Lhau variation (light, maazmmg daylk) was probably
fdue to Wwo gones, bia,&gﬁ with Ll\epggtaﬁis éa 13{&3»
ﬂnxarumm&tvlv background colour was useless as a "Visible®
ma@ker, due to difflenlty of unequivecal elessification,

From wosults of ascus disgection on four sbtraing of
Aenidulang, homothalligm wéa flemly @s?abli ghed: singloe
290 0BPOYE valtuvoa went through two succoessive aamplana
sexuai cyeles and the m&gmr&ty of the gtraing devived from
thege foup wﬂmaanéu geli-fortile on culturing, even though
derived fvom a gingle eaniaium OF BHCOJPOTE &

Data from as cus aga&v le showed that gowninability wes
poor in 8ll crossos of white alba {ov o dorivotive) with wild
bype {or o dovivativoe). Ag'whit@ albashad_hﬁﬁn imolated from
wild type in 1986 and kept genetically isolated ever gince,
gepetic and/or eyboplasmic dirferentiation could have
eecuwréﬂ, C Tha poor govminability of sporesfmmorossed asel

wag not differentinl.
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By verying the density of plabing and the prdpwrﬁians
of the conidis of two sbtraing uged, it ﬁég fmuné‘tﬁaﬁ %h@ré
wag o pelationship betwaém'the proportion of the two kinds
of nmueledi and the payoentage of c?@seéd'aﬁei Tormed .

Wabhin limite, departure from the theowetically opbimal
proportions of H0:80 copunld be compouseted for by an increasc

in the dengity of a plabing.
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ABBREVIATIONS USED LN TABLES

gell e selied agcug.
ar. = crossed ascug.
g = btyp2 of ascus not identifisble., Digcusaed

in texb p. B4,
» . = abnowmal egei. Digoussed in text. (Pard 1.

section IV),

vell =  yellow
W = white
£ ) green

White sgtraing mey be of gonobtype v w or ¥ w.

A e light background colour of colony
i} = medium i H u u
1) - (1 a '5’%5 i ¢ H it

Tableg A = & found in the apperdix of Part L.

Pables B and 8 found in bthe sprnendix of Parb 1.
et




SUMMARY OF CROSSES

Tsble Cross
A Ie T EW
B I1. T EE
¢ I1i. g i = w
D ¥, vy bi x *+
7 Ve ¥ bl x @
G vi. ¥y i % W
0 VIi. v bi = w lys
I Vili. w lys = *
J I¥, wlys =x T
E X, ybi m *
L ¥I. ybovi =z +
i XIi. y {ight) =+ {light)
N XIITI. v bi (medium) = *(light)
143 XI¥. v bi x w lys

y Agel dissected

FTotal Clasagifiable Hon=clagsifiable oigrossed e%mmmw

No. Mu
53 _ 19 34 5] 26
B4 49 15 " iB8 33
85 A0 25 17 28
79 T8 G 29 B4
18 2 2 3 38
11 4 7 1 25
a2 64 18 i8 2
13 & o i 25

8 3 153 O ]

o 7 2 1 i4
26 23 3 2 9
29 29 O 21 } Several

} asgei
32 23 9 i5 3 sampled
) per
50 20 10 ¢ } perithe
w ciums
539 393 146 188

v and bi are linked, 5.1 units apart. (Ponisecorvo 1952a)

Ascospores fyom crossed agcil tesied for all characters sezgvegating: those from selfed aseil

scored only for w/y and y/y, except

in Cross VIl.



Crosses withs

1 gene segregeating & gensg segregabing 3 genes segrsgeting 4 genes segregating

{1I. " v VS~ra T 3 v /. 3 T L ny e

.MY.IH MN.\.M. H %«.\M.b nﬁ\ﬁr\..—ﬂ HHH [ Mﬂ\.wm.u ﬂw\__&‘u ._Uu» .mH .MM.H.P » %.\\.Mvh ru\,.mﬂu Gw\m s HQG\M‘%MW
ITs .%‘\Mu a\ﬁ Ve wﬂ\%u d.\ﬁu WM\@H XXV, .Mw\.wuw ﬁ\ﬁu WM\..MWH y wm.m\w.u.mm
IVe y/ys vifyg VI. /gs 9/y. 5i/gp ,

Viil. w/y, H%m\wmm.w
IL. w/ps 2s/uys
. %\M& ww\\WH
Re Vg bi/gg
RIITe §/ys 01/

Abnormal Asecl.

Humber of Cross Humber of abnormal agcus.
i1 70
Iiz 85
IV 4, 36, 37, &4
¥iI 154
X111 488
a1l 1h, 20c¢

ist backerogs of y bi =x *+ 9



"Mixed - tnocdum ™ Cross prpared  toficfuq | ascus~ discockon Commencd  Hficfug | h).c»@ﬁ ioftif4q.

Qﬁahu I

Y

b,m.o.r adl Tm..?nwr *9)/ one Gﬁnhsr.

=

w”

(4 and “fw seqregating)

ASCOoOsP OR E S

ASCUS N umaegr o TNPE of
No. | Type 3 4 5 ¢
EoSely qeld | el qeld el fhae qeld qeld qelt
2 .m.m‘ﬂ‘ 4& .;T\\m\ﬁ 4& ...«N\Q. imﬁ: &&ﬁ i;ﬁ_\...

3 Crossesd toh wibe yelk g~ G -
b Self yeld yell well 4@@ el yeld -
5l slf el | oqetd el et el el yeut

(2 ? yad _ — — — —
T |seif yell | yett yeld (el e yeld -
1 ? yeli et 4% yeld - -
q ? yeid ek et el - -
e 7 wh wh _ _ _ _
7] ? yolt yeld yed - - —
2 ? YR el et el - ~
13 4 — - — - _
i £ — - — - _
15 ? - - _— — -
A 2 el wyeld yeld - _ -
7 ? yeld — _ — - —
Iy ! qeld - - - - _
i9 ? yeld yeld ekl yeld — -
20 ? - — - — _
2 ? - . - _ -
0 ? wh _ _ _ _ _
23 self J& yed L&ﬁ. yell 4% £& yell
A4 ? yeld el —_ — —_ _
2b | self qdl | qelt ek el qeld el yeld el
2] ? _ _ . . .
25 ? _ _ _ _ _
24 ? yelt el yeld weld - -
3c ? weld _ . _ _ _




ASCUS N u M a E R imdl. TYPE ASCOS PORES.
Ne. Type / 2 4 g
3| sdlf el | yell yeld yetl g yelh yeld el et
32 ? . Yt yeld _ -
33 ? yeld . —- —_
3% erosced oh Ok Wh J&g Y el gn .
35 ? qak qeld yeld yld - -
3% | 7 yelt yell el qeld _ —
T sl gl |l ek et el el Y qeu -~
55 |sell qell | el & el qeld el T Ty _
39 | evossed qn - — —
4o | sedf el | gelt el yeld ., el edd yeld yeld —
41 ? - - - -
42 ? ale wh _— —_—
45 | self wed | g el yelt el ek el el e
44 | evoszad h wh ek - —
945 ? J& &@ﬁ {@Q A& — —
._..P Crossed th && Cm& _ —
47 | 2 yelt qell - etk - -
45 ? LPQ 4& A& _ _—
49 ? tsh _ _ - _
S0 | self qel |- el qed qH el et M -
SIo sl el | el e g et U =i v
52 ? el et et - -
3 ? - — _ -
SUMMARY
“Tuypss of eascl: “Tokel Asci w spures  Qermimabong .
G i 2 3 5 6 7 “Tolal
ﬁ—n&umT&u_&“ .nﬂ_Tk spelioss _ . . 2 4 5 i4
Seljpd  ealids 14 _ _ _ _ _ _ _
erassed | I - 2 | ! - $
fwon.« Qpﬁm*_rrs C gellew _ 5 3 5 _ _ _ 9
iohaz . w 34 2 2 _ — _ _ %-
Tobad bested 53 7 g




Cyoss I

N}

p 3

W

(% et Pfw segregabng)

"Miced « tnotwdumn * Cross preparal wr:.ohx‘ow , asear - dissection

Commencad —iifuluq | filstad  30fu[4q

Aisec all  Fohan fom oz dish.
ASCUs Numa g R and = of ASCCSPORES,

iYz. sﬂ?r 2 4

3 sdf wh wh U3 wh, ioh wh wh.

55 | sely ok toh i wh wh. wh wiv wh

56 self  wh b wabe wh Wh b twh

5 Crassed Wk whe g~ gn

58 ? ok b —_

59 | self wh wh h ok ok wohe b

to 0_\8.5& wh g~ g —

&! self wh oh ih wh toh wie wh b

62 self wh toh. wh wh wh. b whe

G| s wh | wh e ok ok ok e

et ? sh b wie i

E5 | self  wh o b oho whe Lk Wi wh wh
éb ? ok wh. —_

Y ? ih wwh -

6% Croscad Wh g -

&9 self wh X ok ok s, wh Wi wohe ol
Te Cvossad ¥ yeld 4& yell g

Tt | crossed wh yeld g -

7> jself ish ich wh wh ish Lok b toh wha
3 ? h — —

4 ? r_mﬁ. — _

75 | seld ok kb wh whe whe wh N wih

76 Crossed Loh wh gin g

171 Crossed toh KT yed —

7% sef ok toh Lok wh Wb, ok whe

79 | sdf  wh toh ish ioh ih. ioh. Lh wh

S |sdb wh wh wh wh wh. wh wh. wh.

% | sl wh wh wh. ih Wk ih wh ich
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Apous No. Pypes of ascosporag.
Parental Recombinent
y bi ¥ BI T BI ¥ bi
2. D 0 0 4 4
4 4 4 0 0
8 b 0 0 4 &
14 1 2 0 0
15 & 4 "] 0
18 4 4 0 0
18 8 2 2 X i
R0, D 0 0 5 &
22 4 4 0 0
30 4 4 0 0
54 3 4 0 0
29 6] 2 0 0
&9 3 & 0 0
41 4 4 ¢ O
42 4 & 0 0
A3 & 3 0 0
44 8 & 2 2 2
45 & 4 0 0
B8 4 4 0 0
55 4. 4 0 O
B5 4 4 0 0
59 4 4 0 0
69 8 @ 0 ¢}
G0 4 4 0 0
51 3 3 0 QO
&% k) 4 0 0
72 4 4 O o
Total 85 86 14 15
Total ascogpores of parvental btypas 167 2 vecombinents % 29 x 100 = 14.8
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Yotal ascogpores of recombinant 29 - T8
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BARY 1IA, ORLGIN OF IH# NUCINL OF A PERITHECIUM.
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PARL 114, ORIGIN QF LHE NUGLEL OF 3 HE ?ﬁﬁR;i‘H}EQiUM o

L, NEDULANS,

The peritheeia of A, nidulons conbain in the ordaw of
10,000 Bwgpored moei (p. 127 ), In the aseus, two melotie
divisions iake place, Tollowed by & mitetia'division, reculting
in the fowmation of fonur paivs of haploid ascospores, Ao dome
ongbratod by sseus dissection, (Tahles A » Q).

The anief problems were:

{n) whether all bthe asai in one perithesium originate from

two or move Lhan bwo nueleij
(b) how theése nuelei mulbiply in the npeogenous hyphae;

{e) where the nueled fuﬁ§;

The investigobion of (&) was nob pursued bub the solution
of the prablem;diﬁ not affent the isﬁue; eybologieal work by
Fonteeorvoe (1953a) suggests bhat this fusion ocours in the
psous primordiun, Genehionl methods were used ho invesbigabe

the Tirst two problems,
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Plate 6, A young perithecium of Aspergillus nidulans,

Plate 7., 8espored asei from a ecrushed perithecium of

Aspergillus nidulans,
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The general g@?pbglagy of A, nidulans was degeribed by
Hidam (1&38:53) hut the ovrigin and development of the perithecium
has never baeon Tully investigated, There in no informmadtion
either nbout the behaviouw of numlai of penebienlly d;ffeventﬂ
kinds, when present simulhan@aaaly in the hyphae G? a hamothallie
organism, Gleavly;.this problem sould not be invesbipgnted
before the. &evelopmanh af a beehnique fovr genebieal anslysis
{Pontecorvo 1@4“}

Work has Been corried out on N, erassa, o hetewothallic
Aaénmy&aﬁe; nging heﬁex§garyans to debevmine the origin of the
Da00senEoUs nuglei {Sangome 194%7). In Nanvospora, het grow
aa?yonw avre pvcdmﬁed Prom a ﬁrasg of st%amn fof the sume mabting
bype (ﬁanaeme 19&&, ﬁeadle aud Coonradd 1944). Using twé
muﬁanﬁ«gﬁxains A and B, the resultant hetercecaryon can. be
grosaed with the wila typé strain of opposite wabing type and
parithecia praﬁné;ﬁ éxaminéa for the type or bypés of agsejl |
they conbaine ‘if tha apeogendous hyphae of one peritheaium
originabted from more than one pair of nuelei, in eevbain peri.
theein ab least, é mixbure of erospsed ased A x fand B x +
would be ?e@qveéed; if, ém'tha obhear haﬁd@ bhey originnted
from only one pair of nueclel, gach perithesium should enrry
asel either all of type A x  4or all ol type B x te

Sanseme (1947) found that 4 oub of 8 annlysed peritheaia
conbained asel of both btypes and she concluded that probably

nore than two nueclel were inv?lved. . However some or all of
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Gl peritheeln giving two bypes of nuelei woy hove been “wine¥,
log, ohe garitheaiﬁm enalosed or fused with » aemémﬁ aﬁai

Bandegren (1934) worling with erosses invelving newmal (n)
o ﬁﬁ@lmwﬁmhlﬂ Bens tan (U ) found only 240 pevitheein
ménﬁ@inimg aned of more thon one Hype, He assumed thot these
weve exmepbions pnd sonsluded thob the assogendons yphae
nowmedly oviginabé from one pair of nuelei. IHowevew bhe.
p?@@é@%i@ﬁ of "mixed" pe@iﬁhg@iﬁ in, obviounly, dependent on
bhe preporiicns of mueled ef the two kinds in the heberelaryon,

) Whegéag in Neurospora, 8ll the products of kovyopgany are

of oropsed eniging in Aynidulang, from o mysslimm conbpining
p wixbure of Lwo hypes of nuelel, pxa@égta‘ef‘ha%h‘saifsd and
geroased Kgﬁy@g&w§ arp formneds

Avnstonosis ond migration of nuelei coesurs between hyphae
of wwo Gifievent btypesy when dwe siraine ave growi in aloss
prominity, oo in bthe hﬂlanﬁedaﬁetg@@ka?yaﬁ on in Lthe "mixelw
inosulun® ovoss (see p. 7&38), enabling o niming of mialeal bo
%gk@ plane, ibs goonrvence has heen deponsbvabed by the
finding of heads bearing conidial chains of twe colours, in
a aresp using eoleuy “markers® B0 differentiate bevween Hho
swe svening (Pontosorve 1047 and 1952a),

in A.nidulanp, in a eross y x ¥, the products of horyoe
gy witl be selfed y x y, selfed ¥ 2 ¥ and crossed y X %,
Phe tyne or bypes of ascus found in o perithesiunm widd

therefore, in the Iivst plase, vavy aggovding to thoe owiglin
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Q:t‘ ‘?3 }}a nﬁﬂ’ilﬁ"}i’ i ‘e~ gﬁ}g’ggﬁgﬁ;i g‘l «‘,; 's‘:, e 'b he {}i Gm’i;}iﬂﬁft iﬁ‘ﬂ Q r ﬁ?@gﬁ:{}in:{'{'ﬁ igﬁs
of nueled, In the sesond place it will vawy seccrding to vhere

the nvelel fuse,

The varioun possible origing of the nuelel of o peritheoiun

will now be counsidered,
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f t’&g ﬂﬁam » (}f ;:a. _paréth&@iln’ﬁ.

A1l the naelei in » peritheciuvm nay @ﬁi@ié&%a from one,
two o weove than tue nugléi;'ﬁhuugh alenrly perithecia cannob
originote aninly f?am one ﬁugleus,élaa-ﬁe@i%h@@ia sonbaining
oropaed asel would not be found ag ohown in Table 26, Vhate
ever the indtial number ol nmelei,'iﬁ is ab&ioaa that furbher
mmlﬁiéli@@tiea bakes plase as bthe pﬁﬁi%ﬁé@iﬁﬁ stborbs o8 a shall
'baay (@igﬂvé G) ond ends up by conbaining wove then 10,000 asel
(P 12ﬁ)§ hig mmltipli@ﬁtien may coour conedivably before
or ofter fusion of tvo nuolei, and if bafere*:i% nAYy o nay
not be followed by o pystem of Qﬁﬁﬁmgﬁﬁﬁ divisions, Whilsh
from bthe axperinments reporbed here 1L is nét ponsihle 40 dise
tinguioh between initial fﬁsimn, Tollowed by mulbipliesbion in
the diploid éaﬁﬁition. and esonjupste divisions Tollowved by
fusion in bhe npsous, some Yight is thrown on the problem of
the nuwber of nuelel whieh indbiste & peribthecium,

I7 a peritheciuvm were formed Lrom mony original nuclei,
the neritheois amﬁained fPom B er0as; eo8, Xy, would be
palnly of & unifown kind and would sonbein three bypes of asel
(¥/%y v/y end ¥y)e Uhe proportion of these three types of
ased wounld appw@a@h.pﬁ; Bpgt qg, vhere p and g represent the
proporbion of yellow and green nuslel in bthe nyeeliwm, The
Cpome would hold whebher or nobt fuslong in the azcus were
preceded by conjugnte divislons or fusiono took place ob the

ghart of the perithecive,
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it pe?ithe&ia were Tormed from few, bub move bhan tvo
ariginal nuelei, again, peritheois wounld conbain woshly %hree
%yg@é o nsei, bub bthere wonld be & large varinnoce in the
properiiong of the three kinds of nusled bobwenn peritheols
carerying ovossed aselj mosh peribhecis would gonhain naciel
only of the provalent btype, some wonld aconbain bobh types ond
n few, bthe warver bype only,  HBach of thone eontaining both
bypes of ﬁm@lﬁi would hava the three hypes of ga@i in Einémial-"

proporbions, buk p and q wonld be gressly diffaventd babweon

peribhooio, Similer vesulbo would bhe obtnined ab vhatever
ghage Tasion of nualel boolk place,

Anobher possibility is thab o pevitheniwn couldd originate
fvom aﬁly‘tﬁ@ nuolel which mulbiplied ob rondom before it redoh.

in this ensg, from a srops y u ¥, the hwe owviginal nuelal wonld

.ha eithew bobh y, o® both ¥, or one y and one Y, Peritheecia
orisinating from maelel y + y or ¥ 4+ ¥ wonldd conboin only selfed
aocl, bub in the lInthew cape {y + %), selfed asei of both tynen
and eropsed asel would bs Lovmed, ianh pevithecivm ef this
kimﬂ_(y + %) wonld eonkain Lhree hypes of nesi (¥ y/y end
Y/y) in propevbions pgﬁggth@ repponbively, whare the wean
values of p and g & 8,50, |

The bwo original nuclei wighbd, axﬁ@wnati?@iyi_multiﬁly
by vondupate divisions hefore @mﬁiny*ﬁw@ by bwo in the asous
oP fupe immedisbely at the begimming af the perithesiuvm and

walbiply subseguenitly as Aiplodd, In zithaey case, ench
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perithooiom would contain only one type of ascust bhe noel
in eaeh pe@i&h&éimm wowld be eibher nll pelfed of one type, o
n1) orossed, oF¥ zll selfed of the obther type. FPeribheein
which eonbained srossed asel would thus conbadn gnly evotsed
eoei, Peritheein of these thwee bypes should be in propovtions
of p? + 2pg + g° respeabively, and if the menn nuwber of ascl
per perlthecivm were the gome in 811 three kinds, the asel £rom
n vendewm oample of perithecin should aleoe be in p? + Bpy + Qg
@w@pawhi@ma; | ‘

From ﬁh@ repnlhe b wase shown hhat dhe mojority of pevie
Lhesie sonbained one bype of nseus omly and bhese peribhesie
whiah oonteined orossed osed ot all, contsined wostly orossed

nsei, in a few capep, bwo bypes of ascus weve Tound in &

Nt d

neritheeivn bal gavey mnore than ﬁwa. Thug bhhe sape ig
fovoured of a peribhooiwn originebing prevelenbly from tvo
miekei, whioh cibher multiply by conjugabe divisions before
fusing, or Tupe immedistely nb bhe begluning of the perithescivil.
Prom an examinabion of the aseus content of & peribheciwm, bhese

byo cases ave indistingulshable.



Seetion I,

Ag shown in the previouns
6t asel in perithecis
nurber of nvelel and how they multiply,
Lyping o suibable number of asel fron o perithecium,
nbion wmay be obbuined

Gnly perithesis contoining
the present investigabion,
per porithecivn were piloked fyom &

y ¥, (leos y 2 +) 8nd if e

ae bo it
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Ag

> perithecisiby aseus gontenb,

pageny bhe types snd propovbiions
will va¥y oaserding to the original

‘ By a&ﬁgling and
informe

grosged apel are oritionl for

& pralinineyy sanple dwoe asol

"mixed-inogulia® ¢rogs

ithey v both these anei proved

wo be of grossed origin, furtMer noei were pisked nnd disseoted

from the original erushed peritheciunm prepzvation keps in the

gafrigevabor,

The Tiveb Gwo nsel piekod wers not dissecbed

buh @@@ahed.aﬁ'@ellapham@ gaores dlvped in nubripot mediun

{see Vhole-nseus sguesh beehnique p, 116).

of the asous, & eolony with eechors of yellow and gpreen
indicabod thabt ¢

Two veel vere picked from 18 pe@i&hemiw and in

an edeus was of orossed a?igiﬂﬁ

Afber porminabion

gome eapos

wore of like bype and in obhey cnses diffovent, as shown in

the follewing teblel

3 ey Ty -
Combinatlong of asa

Yoritho

YEIAD

gi97>

i gonboining B poel of by

ol Tound frowm o pﬂﬁllmin w2y besbing of

pegt
| , 1 egroapad | 1 erosoed § 1 yellow
Both | Toth | Bobth + + + Pobald
yellow lg2gen jorvonsed | 1 yellow | 1 greon 1 gYeen
5] 3 3 2 & 0 18
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Furbher, analysis éf 6 perithesie which &émt&imﬁ& vk
lenst one srossed ns@us, shawad that from 3 pevithemxaﬂ LE o3
of only one type were isolubed, hut the obher 2 sonbained

& mﬁﬁhuwa of sgel {solfed vellow @na @ﬂsss@a), Toble B3,

_ :hhgiﬁa% from B ﬁﬁ?ith6313 Lrom & g&giiﬂiﬂarx
hy erushine and megrlmﬁw““ﬁPg sebion,

As§$;
Praliminngy Pisaeat ad - dotal
= - | 'beas ‘ - . .
Veribheeliwn | selied pelied o selled]
Nunh e yellow |t #xqssea yellod| orossed | yellow|arosved
B4 - 2 - 8 - - 7
48 - & - P " 9
01 1 *1 8 i 9 2
03 ;) - 4 i 5
63, - “ - 3] - 7

. Qne pocud gave o ratle of 6 Gn, ¥ 8 Yell, assospores,
See abaormal asol wgsle 18, Asouns Aﬁng

ﬁa ﬁelﬁéﬁ green 8g6l were obbtained frowm the nbove perithesia,

i Pooling the resulbs fwom a&gms'analysis Tound in Yeble I,
ol nunbars and types of &a@mspa?eg from msal d&%ﬁ&ﬁ&éﬁ fron
the § perithecia in Tsble 84, it was shown, Table a@, that no
gvasé dilferentind vi&hiiity exisbed bebyaen y&llaﬁ and green
pasvgpeves of arossed origin, o» bebusen eropged and séifeﬂ
yellow, = Albheugh neo selfed preen asel weve obbained in bhe
sample there is evidence from similar eroases that o high
proporvtion of selﬁm& grgen aacospores ner oseus dﬂ‘geémina%e.

(See Yable D, OCross IV y b x +),
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fahle 24. Ozoss v = X,

Haubex

g types of &%ﬁQ&EQ??Q af selfed ond ovodaed oripdy
7S " an

Eygamﬁgﬁkﬁaﬁa.

e it .

Selfed  Helfed Groosed Pohel
yollow graon
Vo, asel sanpled S ¢ 21 88
y@lla By
K¢) 2 a8
AQ&Q%QQ?Q Lrom . o S——
thepe pdel Bo - S N1 194
Meon gorninable
aaggsporen poey S )
8 HORS etk Bad GO

Vontinuing bhe inveshigbbtion, to sove unnecsssery labouw
in agoun disseebion, o mebhod of loolebion of whole une
disoacted nonl wos used, This Wﬁé possible, o when wsing
eolonr Mrmavkers® in order to cleosify on asens as selfed or
aressed, 1t wiae unngcessary 6 isolabte ibo osposperes, A
sruvhed whole agens would plve ovigin o a colony of one
golour ondy if 1% was of selfeld oxipin, ov n aolony showing

seabora ol bobh eclours, 1 it resulhbed Trom evossed kavyogsny.
Appi of ovossed ovigin fwom o evess y lyellow) ® ¥ {preenewild
Hypa) with one gene ?/Y seprepating for colour, would show
goctons of yallow and grasn, @héye ig lLithie e§r¢§ of mlte
glassificntion due o non-germinability of aa@aspéreg. firen
with S0 gemminability, bhe chense of wiselaseifying sa agous

of ovossed orvigin is 0, 5% = 0,068, i,e. only 6% of bthe crossed
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Flate 8, Croos y x Y (one gene segregating).

Whole ascus-squash preparations of asei, 1 plate per
perithecium,

Top,. Nine asci of eroesed origin,

Dottom left, Nine selfed yellow asci,

Bottom right, Ten selfed green aseci,
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aath woudd hé migelassified s colfed, pesuning no differential
vi&bili&yg Thad gévmiﬁahiiiﬁy wags well shove HOP and that

ne appw@ai&bia(differanﬁial vinbility exisbed was shown
previonsly in Pable 24.

To ems&ré o high proporbion of mabure asti, the perithecio
mush be fally}@ipa? Hipe ﬁsgiﬁhégia do nobt bursy vnless
broken by ev@sﬂimg,~h&$'iﬁ.ﬁ@'éﬁiﬂéj‘ﬁ?@ﬁ a8 ﬁenﬁlyEaé possible,
the majority of ripe asel liberstic thei® ascospores. Hence,
vavely enn more than 10 unbroken mobure aool be exbracted {ron
gne pevibhecium, The mebhoil of isolatien of whole Uhe |

digsesbed asel was 88 followe ond was called:

‘ Eﬁa.wha;a‘&gg@gfﬁguggh‘méﬁhqﬁa

Favibheoin were ﬁi@kg& from 8 "mined-inoculun® eross,
sach one pleced in » arop of sterile water and gently teased
open wikh two nesdle. Qaven or mores whole asel weve
vemoved individually from eanh porithesium susponsion, uwaing
Hhe wigremnonipulabor and & Disroeloop 16 = E@)u in diometer,

ek Renus was placed on o oellophane SquaTe Goated
wibh somplete nediwm and sdharing ﬁa the underside of &
@gvaéslige The aseus Was sonashed, in orde® to chealt the
presense of elghb mﬁ@aqurés &ﬁ&~$ﬂ$ﬁ§ﬁ thnt no eontominabing
conidie ob obhar aseuspoves were present, Although nost
nooi broke easily, it wos somebines necessary bo une the
s&aiﬁ_ef the mi@ranléep for shubhorn nasas,

o

ALL stooi imolated fvom the sane peribheciim wore trande
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ferved to o pabrl dich of eouplebs ﬁa@ium and afher B days
ad %@”Q, typed gs selfed ox evossed (Fig. &).

Befowe bhe shavh of bhe experiment, on initisl random
pample of mseospores from 70100 peritheeia Lrow the BROSS VAN
#ﬁkeﬁg to Lind the initial »utio of the nuelel of the two
ghraing, as follows!

Toble 86, Oross 3 x X

TR S YR TOR

Broporbion of yollow Qﬁd seaen nuoled obbtnined fvom o voy dgm
nloting of ngopopores,

Tobal mvm%e? uf yellow assospores = o8
W " groen " * =, bk
Totol = 1,703
Proporbion of yollow mieled Ep; = 0,54
# #  araen q = G, 46

G?xaq:{iq&ﬁ;an‘@f“pﬁxgﬁha@ig,

Gn emowining ssel Trom 62 pevitheein, three main types
of perithenin were Tound, all eonbaining asai of only one
typei either selfed y or selfed ¥ or erossed y £ ¥ (fable
26},

A smallew, Toushh Lype of peribhenlum oceurred in which
o wisbure of bypes of asoi wers found, These peritheais
vere eblled "hwing®, and weve bhought bo be due to o fusion
of bwo perithesia pr the development of one inslde the obher,
From oybologieal work in the Joboratory, evidense was Touwnd
in suppork of the hypothesis, Yhe oaeasionnl fusion of bwo

peritheals hao been veporboed in AJherbariorunm by Froser .o
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and Chombers, (1907),  ¥he othew pevithesln were dyped
pogording to the hype of mseus Shey conbnined, l.¢, selfed
yallow, selfed green nand erooped, Lhe follovwing table

shovs bhe nimbers of peritheais ngﬁiffemanﬁ typasy

ing).

&Q&ggL:LQQQQQ E ;ewmtheaim Lrom _f vendow somple of felQ
agnd per seritheoipm,

Agouns conbent
A11 ALl All
selfed yellow | aelfed myeen| crossed| *lwineg®| Yobtal
perie
hheais
No. of
paeibhenia 18 34 13 ¥ 58

Pavitheaia conbaining a mixﬁuré of types of sseng, 1.2
Mwing”, wers further analysed, In none of bhe ¥ %huin®
perithecin were more than tﬁa types of msceus found, Peribheeia
containing theee hypes of asei, hovever, wmieht he azpeeted

B0 He TaTa,
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danlysis of btypeés of ssous in @ Rwin® pevithesln,

Types of Asel

(self yellow | {szlf yellow §$$1f green |self yellow,
i and { aud s gselld green
{sglf gresn { wwossed  |{ wroassed and erossed,

Ho, of

Parie 4 4 2 )
B heola
8 pelf yellow (8 arossed sﬁ aroaged
+ + +
1 self green | {7 sedd yellow| (¥ nelf gvrach
{7 erpased (6 areysed
+ +
{

R
&

self yellow scll groen

[

6 self yellow

ok

ﬁ%ﬂgﬁad

{
i
{
%
x 3y@§§&d
E
{
(
(

¥ polf yollow

gald = ngeil of selfed origlo.

# There ig a slight biag in favouy of Lhyping crosasd perie
theoin as "bwins® due to nisslageification in eases where oae'
selied and & mudber of crossed asei are found., The somenlled
Taelfed? asous moy be o erossed psous in which asaospores of

oply one bype have pgerninabod,
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Becbion L3, Helinbidity of bhe #%ﬂt;?im%@ﬁuaﬁ&:ﬂmﬁﬁ}.«

(a) The vesulhs of the sscuswsounsh methad ﬁﬁrQ~téﬁtG& 0
find whether they were sonpprable with the vesvlbs obbnined
Yrom 2 plating of & wvandom sample of assospores, fh had
heen shown that ne Aifferentinl gevalnabiliby exisbed bebween
yelleow and gwoeen sosospo¥es, and 89 the propoviion of yellow
and gregm apeosporss wae Found ko ba 0,06 and Q.44 regpentively
{(Lable 208}, not gignificenbly different from ¢, 54 and 0,46,
obboined from the indtial plative of & ramﬁam $&m§1@ of
ascospores (Table 25),

From Fahle 88 1t iz spperent thab ao biss opersbed
hetwesn selfped yellow and green and evosged peritihénis and
the mean numbey of &psel sawpled pe® pervikheciion was similar,

Jurbhar besbs were navried cut Lo asoorbknin the 2500w
spere senbent of paritheclsguning a difforent wmebhod, i.e,

by plabting aseoppoves [som difforent parithesin,

(v) Glaseificnbion of pevithesls By o plabing Heehnique,

With the asouse-oguash technigque menbloned in the previous
pention, nob wore bhan ?mlé whole ssol nre banpled pow
@é@iﬁﬁ@@i@m@ a hype of naone preaend in suall proportion
might bhus pasgs wndebacthaed.

A furbher lavesbigabion o cheok hhe &sgaﬁyéfea cont ent
of indlvidual perithecis whs corrisd oud ueing o pleting
mebhod, sampling 200 o¢ move necoepores From individual

perithoria and alogsifying the resulisnt colenies for colour,
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fioe of
perithecia

Hoe oF
2gci fronm
these
perithecis

Proporbion

of

gelfed yellow

to gelied
green asci

Mean pumber

of agei

sampled per
porithecium

Selfed
Yellow

i8

160

.56

2.0

L
L

-]
{=d
!--A

Bs8

.
"
orn)
<l
[ X3
=

L

=
]
7]

29 yell
2 Eie
22 crossed

9]
*
[

)
) &
)

Total

52

8.8
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200 solonies per dish wos o convenient nuwnber to sovnb, though
it wes sbill possible o count btwice Bhis nuwber,  The

ghandard arvors ave Ziven on §,125°

.&H one of dhe ablests of the plating teohnigue wes the
dobesbion of o small proportion of one type of nuoleus
pocurring in o pevibthecivn, 1t was ;mgérﬁmnﬁ to ensure thab
povithecin were freed of conidie, as for as possible, hefore
gwegaving pausshed pe@iﬁﬁegium smspengicna for plating, b0
olwinbe conbenminabion with sonidis thet wight sontnin nuelel
different from bhoge in bhe perithenium. Wo f2ree perithecin
of conidin, the lfoTmer wore rolled on the surface of & dried -
apar plate beiore srughing ond preparing the ascospore suse
pension. Thot this method proved sdequste is denonstrabed
by the low average figure for conidisl contamination in the
apeospore suspension op debecbable under the misrosnoped 1.7
and 1.05% sonidial contaminstion was obbunined from @rops ¥ x F
{Uable B}, and trons y bi x w lys {Table 8) wﬁsﬁa@tively. On
the assvumphion thnt egtal nambers of conidis from the bwo
gheaing in a2 arpss, ave pregsenby bhe sontaninstion due b0
gibher type of conidis would he helf the povoentops found
unde?r bhe niavosnope,

CWhe plating technique used was as follows: perithecin
ware ploked ob random, cleaned of conldls, each parithecivm

tosnpierrald to 8 snall aentrifuse bube conbpining 0.1 wls,
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waing & Woasdinyd el *‘*:** Sdtablo dilondicns of S A80Le

ppore suepension ves nede beoobbadn 200 ov move wolotiies on

‘glh ‘Q 23 -y %

shab iy 0.4 mt. of the fimed dlletion on obpiobe wodivm,
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2

mf woous ondly and soeseldl propeehian, PhuinkY, sounbnined
B bynpas ol gn0ug,

Mo gueal ion wrs whalhen!

VY by mdng Bha oleding beohndoue wdmdley Lowdn opudd B

{2} whethey perithnein suppooed ol orotped asel oouid b
pandily alobinpminbhad snd Glflaventintad D bhose eontiaining
A wixbure of ssed {lev. "heina®l

g,

{4} From tha tavle @zi* vovmadbe {Fasis B} A was obvious Hhad

&

pintings Sroap sopg pevitihenis gave & L wollow SolnEReTRc,

feam phheovs 8Ll pveen Booaahoden wave oblaived and fvem 8
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Lhivd anmpg varying ﬁvﬁﬁﬁwy&ﬁﬂ% ﬂf ;@Klmw and graen sasodeporas,

& fremicney distribation hable was made of the pevroentage
yellow BoaospoRes, grouping “raulbe inke olassen of L0he 08
ﬁh;m eave @ sbopdard errow of 5,0 on the mean velue of the
plogs H0LBO%, with o winiwal ascospove sount i 200,  ihe
ghanderd errer of other plnezon was lous ﬁh$n~ﬁ.ﬁ. With
nindinl eonbs of 200, 160 and 300 the corresponding shandard
arvors would have been 5,0, 41 and 2,8 rﬁﬁﬁﬁﬁﬁlVﬁlykl“ A
mindiaal count of 200 “%g ponsidered to bo rénstnably soourale

The f%e@ueﬁay.@ngyimuti@m 1515 &an;a 20 shows hhat bhe
perithesia fall into three wmoin grovps; those giving ald
yollow asepspores; bthose giving all groen {ls. 1+07%  yeliow)
and bhose glving yvellow and gresn;  bhe majoriby of Bhe labber
bype yield 40-60% yellow Bovospores | |

Having found thab approwximat ‘eiy equal numbevs of
pavithonin of thres types were vibained {Tﬁﬁie 20}, bhose
perithesiy ylelding yellow and gfeen fscogpoves weve furhher
Bk alyaed,

A crossed mgoug conbains egual numbers of yellow #nd
prech fososporaes, thus 2 perithosivnm eontaining avossed asol
anly would bhe aypéasaé to yield yellow snd g@ﬁ@ﬂ.&ﬁ@@@ﬁﬁ?@ﬁ‘
in g ratio neb §1gnif1ﬁwutlv aiffevent from 14l ausweing no
differentinl germinabion, The 22 p@?iﬁhéﬁi& gombaining 8
wmizture of asgosporasn were sesbed o Tind whebher bthe wabio

wig signifisantly ditffevent frow 11l and tha following resulbs
R3S ¥
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ware ohbainedl

£ o rondon sowple of move bh
- B woh of BO perithee

Lypay of

only vellow only green vellow and green Pobal
in *abios(x) in rabios(x)
of 1:1 different
Prom kil
Ho. of A
peritheais 14 14 g 13 50

() sienificont level taken ap 0,008,

Those perithecis showing & rabio of yellow/green
aopospores significantly different from 1:1 weve probably
“hyins®, ond those in raties of 111, probably crossed,
Althongh peritheain conbaining equal nuwwbers of selfed yellow
and preen ppei would be indisbtinguichable Irom erossed, it is
uniikely that in a "hwin® frow selied yellow ond green, gousl
nugbers of selfed and green aeel vould be presont.

A proporbion of 138 "bwineg” was found by the plabting

50
mebhod compared with 7 by the asouoesqguosh fochnique,
B

in oo far as ehecking the ropulbs of dhe oscuseggunoh
bachuique, the plating wmebhod proved sabisfactery ag it
sonTirmed bhad aboud BO% perivthecio conbain only one bype

oF Dacug,
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An esbimebion of the tobal numbew of asei in o peritheeivn,

A byeproduct of the plating mebhod, wos the eshtimabion
of tohal noel per peritheciun for the eross y = Y {Pnble R),
A kmouwn volune of ench fgovshore suspension was sounbed and
ag whole pevrithesis were crushed in a ﬁneﬁ& rolume of
puopending Tluid, the éet@i assoapores and hencee bhe Hobal

noed, sould he ealoulebad,

foble 31, Creoss y x ¥,

eribhenium,

Haan nvuber of 88008007

No. of peritheeis  lean number ‘ lean number
analysed, -0 asoospores o of asci pew
' per peritheciuvn, peritheniun,

Gie) : D0, 600 a7 12,4560

bats were okbnined fropm Vable R &ﬁﬁeﬂﬁi& Pars 11,
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Senelusion.

it was found, using twe webhods (ascusesouarh mebhod
g%116.:and.the plading method p. 1203?@&@& the majg@iﬁy @ﬁ
perithecis contrin une type of mscus only, selfed of either
ﬁ&;ﬁe o? srossed, ~

‘ Thi gy ond the faoh that woab ,.Qé??i‘bixe,@in eonshining

@@aﬁée@ Beol ﬁémtaiﬂ only evressed asei, is cowpevible with
thé ngoumpbion that pevithesia originate prevalently from
: ﬁwa-auglei; - The rogulbe nlso make 1t inescopable to deduse
that the bwo nuslel @:ﬁahgyg |

{a) ;i;*‘eiéica ah %ﬂm bepinning of ﬁha permheéimﬁ sm} multiply
ng diploid, or | |

(b) enbar inte conjugate divisiona at the bepinning of the

perithoeivm and then fuse in each ppovs primowdium,
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CIRTEAN ¥ § PURTTHEGIUN AFAYYEEG,

Yope
Inteoduehion, LE0
ﬁg@ﬁiﬁﬁ -
Sole vhxgu of perithosia Tox nnalysis. 15k,
ii {3’5‘3{4 I: e ‘\f“'nr*"m\t L
Gonebiasl anslysis of welsebsd pevithesia, 137,
() Glasoifiention of mnrospore solonles
for nuhritional regulveneniis, L3Y .

(1) Teasts for Linkage. | . 141,

Sachion Lil.

¢
Feribheaimn snalysis snd Reoowbinand
paleation, 143,

Gonelusiona. 1 ‘ o XA
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PART TI8.  PERITHRCIUM ANATYSIS

;nﬁrgﬂﬂé%iﬁn,

The finding that a high proporbtion of perithecia which
conbain croased asai,_aanﬁain only ovr aimost ouly, asci of
thig kind, oponed the w&y w0 a new method of genetical
analysis Yop aehamaih&ilie organian like A.nidulang.

I3 ono could ldentify pewithecla with only (or prectically
go} crossad pseci, vaadom sampling of agcospores from peritheocia
" this king wovld yield ganobic wrablos eampavmbia Lo those

obharined f?mm a crosg in a hotevothallic erpﬂmi e  These
ratlos wnulé‘tharefew@ be mﬁilgsabl& for mandelion analysisg
iﬁ o homothallle organiam wiﬁhﬁuﬁ need of recombinant
golactbion. |

& vechnique wog developed by means of which pexithecia
containing only (or pragtically go) orossed ascl were idontifiled
and gamples of agcogpores fyom these pewrithecia eloggiffied for
gogrogabing characters.  The bechnigque was called "Pevithocium

analysis."?
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section & Selection of pepribhecia for analyslg.
It wag luaporvant to:

a} find e-way bo identiiy pevithesia conbtaining c¢rogged. agel
(for showt: "orossed! perivhocia)s.

b) idontify, ﬁmbﬁgu%haga, thoge which conbained only, or
pracbically only, crosgsed aszei. ‘

Fow the preliminery identification of "orossed" perithecis
the: plaving bechuique previousgly degcyibed wag employed. bub bo -
avoid waneceysary 1a$g@wa8a1@Aplatimgg of gelfed perithecia,
stigpensions ol &ségapowﬁﬁ fron individual ﬁ@fithgcia vere Dloest
aagayed, by plating & small aliquot on a nonsgelective medium
“and keeping the vemainder of the suspension in the reirigovetop.
Afver lnoubating the agsay plating for 48 heg. those porithecia
whleh gave colonies of more than one btype could be ildoenbified
ag "erossed". Purther platings frow the rvemalunder of the
&usp@né&&n.ﬁmulﬁ be cayriad oub If thowe wewe an inguiiiiciont
numbey of colonies for fupther claggificatlion on the agsey .
platoda

This identification of "ewvomged" pevithocis is wmosh
‘pagily done iP genesg for colour of conidia are used as "markors”,
obherwise & lsborioug clagsification of many colonliog Yoy
nabpitional requirvements has to be capyried oul, belorve Pinding,
in a high propoyibion of cages, that the pepitheclum analyged ia
not of the »ight type. _

in a Cross v x ¥, with one gene for colour gegrogating,

solonioy of twopolours are expected from "evossed" pevithecia.



WY x Wy x wX

green and yellow Green, white and
colonies yellow colonies.
(one gene segregating) (two genes segregating)

Plate 9. Types of colonies formed from Crosses with

one and two genes segregating.
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in a‘Gr0ﬁ§fwuy ﬁ:w ¥;‘wi§h %wé'g&ﬁéé ségrﬂ M&iﬁgg ‘aolonies of
fouy @ééetvﬁas ‘@a ewPeet@ﬁ w;th th@O pﬂ@ﬁ@bypaﬁu yaillow,
vhl,@ and &pa@n. Pldhﬁ 9 qhewq th@ Yo Lype g ol colony
abtaﬂnad fr@m é @?deﬂd“ p@rithe&;&m of Cvogg y = E and the
uhvao byp@a thﬂzneﬁ £eon o a?@sqed“ p@rlbhﬁ@ium Lrom
Croag W K % w Xe

Fyom & pl&hxn? cf QSPﬁﬁﬂQ@ﬂS mn a ﬁﬁnmdﬂli 'va'mﬁ@ium
””am pamuum@eia eant&ining Gmlg eraqse@ asea, a ra%ma of A1l
ye lGW and gvnan am?cﬂi@g ﬁa prngt@a vom bthe Gwasq y x ¥ and
a waﬁae of 1:8:31 f@@ whmte y@ii&ﬁ* £rean ualoniog From the
Cyiosas W‘y xow Y.

TP ” perithecin would ueually g ive vatios difforont
iémn thege although ﬁn@n'@nly oRe gone (y/y) iy ms@qﬁg a
marker', tﬁﬁ‘pégaibiii%y of a uwln“‘p@wibheeiun giving a
121 ratio eahmot bo exciunded, Uging both 9010&@ genos theve
aype furth@r gafegﬁ&yﬂg. In the latter case, groon colaniag"
'can never congbitube mwwé than 85% of ﬁh@ botal (ag ithey are
y@c@mbﬁganag) but the watio of whito to greon, ov yellow bo
aPBON , willibevleaé than 234 or l:l ﬁﬁﬁp@&tivély, 18 the
pe@ﬁthecium.aanﬁained 2} miwtur& of &eff@d of pne parenbtal typo

5

and cvrossod agoi. (”Lrip?ﬁbg", contamﬂmmg selfod ngel of bobh

kindg and eyogged, will be %ufPiQLOntlv rare to bhe dmgﬂwgaéaed)n

Tn addivion, the sum of Hhe proporbtion of yellow and groon

agoogporos shouwld approximete that of the whito.



. 134‘0

For paritheciuwn analysis o "mixed-incculun' orvess was
made of ¥ bl ® W lys, involving four loci; y/¥ and bi/BI werye
closoly linked and the obher WWo, w/W and lys/L¥s, shoved
independent gogregation from each obher and ﬁh@ firgt two locl.
The two "colour" loci (wAW end y/¥) wowe uged fivst to identily
®orogpod” perithecla and thon to idenbify among thesa,
porithecisa which aantain@a5§§§l crossed apcld .

Agsay plabings of a vandom somple of ascogpores Lrom 5O
porithecisa (soe Appondix II Teble $) showed that in ton cages,
coloniey of thyoe celourg werd producod. As a gufficient
number of colonies were obbained, further plabting wasg obviaved,
An analysis of thege ten was made to Lind in which of these
porithecia the ratlio of yellow: white: green was 1:8:1, indicabing
that the perithecium was composed of pragtically all cvoused

ngol and could he used For parvithecimm ansiyats (see Table 529 e

The vesulbe show that in six perithecia (Hos. 8, 9, 84, 83,
41 and %é)“gh@ ratio ol ygllmw; Whiﬁe: green way not algnilics
anbly diffaren% Lfrom L:Bsde There wag, howeveyp, an excesy oL
yellow in two parithecia and & shorbage of white in two others.

Povitheciom 12 ghowed 104 yellow, 5 green and 1B white
BECOEPOLOH « The ratio of greon/white Agcogpores Agroes with
the expected 1:2 mabio, bub the yollow ascoppores far exceed
thé axpocted number apd the gum of bthe yellow and groen
agoogpores g Far in excess of the white ascogpores. Slmllarly,
in Pervithecium 44, the graam/whit@ rabio ié ag expected but an

axceoss of yellow ascospores ls found, though not go mavked ag
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vogs ¥ bi x w lvg

fAnalysis for colour of colony from 2 plating of a pvondom sample of ascosnores
from individval nerithecia.
un 1 TET o o1 1 m o -2 - a - e -
Colonies Fohal X Pevithecis with Yellow:Whibe:
. ) . L Creen ratic significantly
Perithecivm Yellow Tnite d&reen Geolonies for hypothesis Te different from Ll:2:1
numbher. How Ho. Ho. of 1:2:1 watic {(Significance level 0.05)
3 64 =k 83 228 Be£80 0416
9 49 115 47 211 1a74 -0.21,
11 iz¢e i85 121 445 7085 Ce03 Shortage of white
12 104 i5 5 124 T4l . 0001 Broesgs of yellow
24 92 189 108 584 O.724 070
53 59 139 53 261 1.828 0.53
41 25 47 35 107 34440 0.18
44 180 208 14% 630 Be340 0.01 Bxcess of yellow
4 342 240 140 522 FeTO4 0,18

6
L8 98 il io2 341 10.85 0s0085 Shertage of white



136,

in Perithecium 12, Thus we conclude that Porithecio 12 and
44 ave "twins', composed of gelfod yollow and drossed asel .
Paritheoia 11 ampd 48 Qhéwed a ghorbage of whiﬁe\although
the rabio ol yellow: greeon wag lil as expacibod. Thoe shortage
of white cannobt bo accounted for by "twinning”; it might
perhapy be due Lo a mubation, clogely linked with white and

veducing viabiliby, that had oc¢curred in thogo Huo cages.
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MINIMAL MEDIUM MINIMAL . MEUIUM
+

*
LYSINE BIOTIN

Plate 10. Cross w lys x Yy bi.

Classification of colonies for lysine and biotin requirements

on minimal medium + lysine and minimal medium + biotine



,

Table B3, Crogs v bi = w lvs

ting op complete medivm o sample of

agcospores from £ peribhecis known te carry only, opr clmest ounly, erossed asci.

Yellow ) Thite Gresn Total
Ho. of BI BI bi bi BI BI Ll bl BT BI Bi Bbi
Peritheciue lys IL¥8 lys L¥S  Total iys I¥S 1ys L¥S Total 1lys LIS 1lys I¥S Total
5 i1 s 15 22 4 15 11 38 4% 5 15 © 1 21 88
o o o 3 & g ) P G 3 20 2 4 i 1 8 34
il o 0 7 14 21 9 15 6 12 42 i1 1 2 o .87 90
24 & 1 7 9 i 4 7 3 12 28 e T 6 1 10 85
i 2 22 41 86 8 38 28 40 133 260 40 & K] &8 268
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colovny vabios {Table B8}, fuvther andlysls fow upubyitiohal ,

poquivenants (blotin opd lysine) wussg goryind out on o bobal

i

oft 865 solonies Prom Sfeuy Soyogsed” peritheeia (Hom. 5,9, 11
end 24) which bhed ggvua.a@vw%at ﬁEiﬁ%v vatios of Hhe colouw

" ﬁ( Toble 33)
moxktars s The ensdlysiz wey cavried oul on colonies fvom

glnuﬁg of the ﬁ?@@wﬁ dilublion of the fgsay plabing, encood in
bhe caso of popitheciuln B4 whers 2 propoviion of the colonien
freom the Mlvet dllublon weg used, tesbing all colonles Lyon
one mechor of the plabe. {wee Table 5. Appondin Pavt II).

The 4 pavitheolis ueys homogeneous {p ¢ .8 to 0%}

rh

1 the resulbs could be pooled, ag ghown in Teble S

doble 3. Ceo 088y By xw Iyy (Pour gone wgro gatlon, y aml bl A
3:‘,& e 3 obher loci free, rocombination)
Pevivhociun Analyslds
?lavg 1 obtadined feom plating on gouplete medivm o -
BoreLo AP an auﬁsarmU_ﬁ»am 4 warithenis onch knewn
L0 0APYY g00fpod 848l . ‘ '

Yallow B tys BY XFS bi lyes bi I¥s Polok
(1 y) 3 2 22 . 4l 66
Groan

& ) 20 40 & @ G6

e
fw ¥ and 26 B8 28 46 188

o
sy
L
€3k
s

" . $ & v B
Panad HA 2y 58

183/158 BI/BY ¢ AB7/188

w?
H""'n_
=
Ll

v 3 08/68 ys/INE @ 100/L68

r&1

Bocombination froction p-bi @ 0,068 oL
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On the peooled resulia of the foup

| 3« e perithecia (Tablo &4} teats
foy linkeage wove caveied oub: C a S

b) Teghy for iinkaso

Lo ¥/¥ and bi/Bi

¥

¥ fobal

—— S Payental bypos o 183
bi | 68 G B4 2 B
— ‘ Recombinant Lypos = o
BI & G0 83 ‘ : . |
‘ . - Hecombinatlon Lfyactlons 9
66 GO LE8 _ S TB8
. AR ‘ 6 0,068 T 0,08
e W/W andl bi/BL - o S
W W TPobal,
bi | 68 G9 L3Y Parensal types w484
BY 65 65 128 Recomb inant types & 1481
185& | 188 268
S, lys/L¥S and bl/BI
C lys L¥YsS Tobal
bl 53 | . 84 189 Parontal bypes w350
BI | 4% 83 128 Recombinant btypos - 154
LOO | 1656 265
4. lys/I¥S avd wAT
W W Pobal
lys | B4 46 100 Pavental Lypes e 140
LS | e 86 a6s Bocombloant tyme & 185

6. Lys/L¥s

lys
Y5

133 | 182 368"

and v/

SR b4 Total
2% 2% 46
45 43 86
66 66 182

¥ s 085 pow 0.5 b0

Pavental bypes =
Recowbinant types &

0.8

GG
606
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#ith & losl segbepebing iﬁﬁ@ﬁ@uﬂwmt ¥o vhichover two are
goleatad, the other twoe ghould plve e L:irlil voatloe aﬁﬁ.iﬁ
the geso of eplpbosis, & wedifl @i.%ggﬁg vasios  Shon vadiog
aignificantly diffevont from lslsled {ow 11851) ave ocbtadned,
?ig%agn and/ov dilforential viﬁﬁiiﬁ%?‘w&w he the conpo.

Theve was no algnificoant depnviuva from 50Y vecombinotion
in the sagsa ol wf@ ey bif§{q Lyedeq ﬁﬁ@‘@ﬁ{é& o Eysfiﬁg
ond w/ys o Ghe case of yfy end bify thews wau o dafest of
vogonbinant bypegs Allele sebtles for blfuy fnd  v/y wers not
pignifionntly diffopont from 13l, go theve was ne evidence of
Lowoved viability of olbher palr of elioles ond linkegs wag
ovident betvoon m&f%$ fnd y£§§ Phe peoombination fx&aﬁimﬁ belng
0,068 § 002, This figuve is nobt slgniflcantly diffepent from
0,08 T 004 f“ﬁﬁtwav?va 108263 .

RRE:

&3
5‘3

f:..‘«

Gonaidering th log et the lyeline loous, wo find o
vabio of Iye1l¥s of 100116, That the defect of bhe lysing
allole isg due bo ﬁ@&?@%ﬁéﬁ viabnildity and nob to linksge wikh
w}ﬁ ig shown by the checkayboasrd diagram Hos 46 Taking the

W allele, ¥ LS is the paypntal oype and tho defiedd of ¥ lya,
the vecomblnant, could bo due olvher to linkapgo ox bo
viability effecta. In the w clags we Tind an excess of the
vegombinanh bype {w LY¥8): obvicunly linkege camnet be the
gange of the ghopbeags.  The visbllity of the lyg allele can bhae

proviglonelly eatimeted from $he data an 0.60,
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Sechion IIT. Perithecium enalysis and racopbinant geloction,

Tﬂ ﬁ§Fiﬁh@ﬁimm énalvsisg a-waﬁégm aample af ageosporaes
fypom o gaieeted pavﬁtmaeimm (“cwommcd‘) ia umod fov gana%ical
qﬁdly@lbg uh&lsa 1n vocombinant se Lact¢oas ecw&ain clanges Gf
aeaaqneram @nLy &ro SGA@BtGﬂ, & d h@gﬁﬁﬁﬁbjﬁm 9? whe ﬁﬁhﬁ?
allei@ﬁ atudasﬂ in nh@ge cL&ma@a, Though 1t wmight appﬂaw that
by using ﬁh@ f@rm@r m@ h@d, much labour of w}ahinw amd gelection
Js sav&ﬂ on 6loger eaamina&&oa ia ig apparvent thod the advante-

g@aianﬂ dlaadvanpag@s ox uh@ wwo bechniques ﬁépémﬁ on the
Qirdamsﬁame@ﬁ o each gpeoilie Qg&@; The cholce of bechaique
depends, as f@l&@%g; e}l th@‘ﬁwoss uﬁd@r axamination, thé
felaﬁi@mship oﬁ'th@ loci sﬁwé%é& and on cortain other details:
Te Su bllzty of crogs undewr ex&nxmaniﬂﬂ.

Uge can only h@ made in perithoeelum analysis of perithecia
con%giming‘anly {or practically onkty) crogsed asels It le thug -
a waste of bime to apply the technigue to o cross in which only
a vory mmell proportion of "erogsed" perithecia arisc.
Recombinant solechion from o plabing of a large vandom samplo
of asmospéygg will then be much more oxpedibions. Mr.dJi.d.
Buft bon, in this lebowretory, found that in cerbain crosses a
proportion of "ovos saedV perithecia in excesa of 5607 and oven
up bo 100% mey occur. Undewr LI’&GHE} Qt):ls:mtzl.mn& cbviously, the
ﬁeabniqu& of p@ri%ﬁ@ﬂiﬁm analysig may be preferable, providing
the genes ave-nob closely linked. In evosses where a suibably

£

high propertion of ferosged” pewithecia occura, and only loose
¥

Linkages have to be estimated, a most economical use of data iy



144,

made by peritheciwn analysis, as all ascospores can he

clagsgified for wubritional wequirements from only one plading

and onbo & single bty of medium {non-selectived. As ghown

in Teble 84 all three colour ¢lagses con be nged, whilsh with

recombinent gelection, based on colour "markerg' only the green
éaaambin&nt clagg could be further tostod. |

In the cage of a pepithecium proving to be a "twin', a
cemﬁé&n amount, of lunformotion mey sbill ho obhained, ag ca?ﬁain
clagaes may be picked and the gegregation of other alleleg
gitudled in these clasges, ag In recombinent selections  Tho
propowtion of “ﬁﬁing“ ig,then another factor when deciding on
choice of bedhniquo. '

BTLM@%@{

With very close linkage, recombinant selootion should be
used, as with perithecium analysis 1t wmay be imposgsible o
clasgily the high numbor of Qolaniea vequived to obbtain a
~gufficiont nuwber of vesombinants among bhoem. With low vecomw
binant fpractions, of the oxdex qufimm or legs, ag in the cage

LOOC
of pgeuwdo-allelss, there is no alﬁ@gg;%ivaw Ingulficilency of data
phon working with iink@d genes 18 shown in Teble &4, Cross
w Lys Xy bi: only @ vecombinsnbs botween y/¥ and bi/BI were
Tound from & botel of 182 colonies tosbaed.
He Bffect of media.
Ag a nopn~gelective medium lg uvged in porithecium analysigs,

the complication that bhe viability of cerbtaln types of segrag-

gnt differy on diffevent modia ig avolded; also the suppression
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of prototyrophs by auxotrvophs,when very high densities of plat.
ings ave uged, ag found by Ropew (19&91_Grigg {1961) and ﬁisauga+.'
ad by 51@&3 (19658) .
4s The digﬁiﬂgaiahiag of linkage from. viabillity effectg.
ﬁsing.r@éombinant-g@i@ction,nin eerﬁain cages it lg diffic-
ulﬁit@ @igtingmiﬁh beﬁwe&nxlimk&g@_and viabilibty offoects unless
more than one selection lg eapried oul on crosges in coupling
and r@@mlsion;

,,Fyém.ﬁh@ very seme data of peritheclum analysis (Table 84)
we con see how thig can be done. If we take only bthe W Y clags
(ag we might have done in the ease of vocombinvnt gelectlon),
the ﬁ@ﬁa_ﬁr@ as follows

Cwogg W tyn X ¢ bl

. 7 sagregebion ab othor loed: _
Recombinant gelected: WY [BY Lys | BY I¥S | bl Iya | bi LVS] Total
, : 2O 40 el ¢ 66

s

We find an excasg of LY¥S oﬁer.lyé (24& bo 35}; Since in this
cross, W apd L¥S come from one p&fént and w and lys £rom bthe
obher, wo might deduce that selection fov %’hfinga abeu% 85 oxcaess
of' L¥S, and thot therefore the 1aéi avae linked. This is nob aé,
ag shown before (p14l ), and lysine hag GO% viability: tho |
resulbs of recombinant gelection are thus enbively accounbed for
by viability and not by linKege in thip eaé@, This shows bhats
a) viebililby may simulate linkege
b) viability may also mask linkags.
with additional séléa%iaﬁs, even wibhout addi tionel crogees in

coupling and repulaion bthe trouble is avolded. Exbracting deta
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from the some Tabla &4 apd picking another wvecombinanb, bi lyg,

no linkege effects bebween the lys/1yg and w/y looi ave shown,

Crogs oy bl w W lys
- _ » Segregation ot obther locii
fiscombinent selectedibl iye Wy w¥ wy WY Tobhal

28 =8 3 53
In this Crogg, selectiou for lys does not byring about a defodt
of bthe wrcombinant bype, ¥ and lys, in wvogard to the pavental

olass, w ond lys, e the vatle of the two rewm chively ia 25/28.
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A “The beohnlone of “P@&i%h@@;nm &ﬂﬂl?diﬁ“ wag Gn Qmpl fied
»&n one Orose with 4 gencs sagv&gﬁﬁin@. it wap shown how
genehical snalysis ¢sn be onreied Qaﬁ on 0 r&ndam sample of

5000 ¢ p@ﬁvw if ga*i&ﬁ@w;e sonbaiving nmxv, QT pr ﬂﬁﬁiﬁ&l&& 8Q,
srosoed npeol ove peloched, The bechnigus is wost sonveniend
iﬁ\@?amaaﬂ in wﬂi@h tihe fall@wiay conditiony are fuliilled:

i) the proporbion of “@%aasa@* perithesin i night

2Y bus loel, bebtween whioh recombinstion has to bo esbimpbad,
wre rot linked oy only Z@aselv liﬂkad,

il work was bhe sharh Qav & fmruhev shudy ond e, A .Jd.

Bufbon on eontinuing the invesbigabion discovered Yvalabive

Cheberobhallisn®™ in A,nidulans,
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