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Chapber Lla ‘General Introduclbion

The Qomycetes have been studied for some
130 years, but we are still ignorent of many sspects
‘of their phySiglégy,;genetieﬁ and general biologys.
Thié*is particularly true of the genus Phytophthora,
many specles of which are,importaﬁﬁaplaﬁ% path@geﬁs,

e+« Polufestons, the cauvsal o:e,g;mmn of .La‘be blight

of potato. Tha‘genuﬁrinaludes:both hamﬂthallle and
heLer@uhqlllc 5veo¢e The hetera%h%llie gpecles-
have Lwa mablﬁg ty@eﬁ uhlch mv&h paly fow ﬁOTUal
veproduction 0 ocours P@A?lﬂg stravn of a «1ngle
maLLng bypo Qee not res ulu in OO&QD“G Tormation.
-wlthln each mﬁhln type there is o-variaition Iin sexusl
expression.. Some safainé‘pfaduce oagonia, otﬁers
amfharidi&, While oﬁﬁ@ra-b@have bhisexually, the type
of gametangia formed‘béiﬁg dependent upon the oppoesing
‘.mtﬁ&lﬁ (Gwl&ﬂ&ﬂ and Gselleg ly,1960)* This behavioﬁr is
swﬁ&wtcthzﬁmmmmwaafTMAMWz%ﬁmﬂlw

oba ervcﬁ 3n Aehlja blqeamalls and- ﬂ.ﬂmblmewua1¢m

(Bal&ﬁd&le 1960). Thﬁ d sbinction bmtweeﬂ homcuhail¢e
and he%broth@llle SECLL@Q Lm mot GlG;f cut ag soue

isolatves of b&bhfﬂtﬁwllLO speclies may_xcrm oospores in
unpaived eultures-(&allndo and Gallegly;lQéOﬁ

Brosier,1972).
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_gig%gggggé iz homothallic and ﬁherefofe only one
type of nating g posaible. Antheridia and ocogonis
are pr rodueced side by side on homokeryotic mycelium and
neiosis in the g;mebﬂnﬁma i followed by plesmogamy.
kapryogeny and the formation Qﬁ_a ﬁAnglG coEpOTe
(Blaekwe11,1944(a)3333qomm 1966 Gelindo and Zentmyew,
1967 Hugnemin and Boeeas,1970)s Alternatively the
Tungus may. Wepxaducc a%exually my means &f MHGT& gia
and wninueleate zoospores (Blaekwe11,1943(a) ), (Figel).

. P.e&cherwm has o vast hcba rang e and can cause

fets of ¢mU1u,1€df, shem - and roe% (iztefﬁouﬁe and
W@%urﬁtoﬂg.gﬁﬁ). b . dog truction. of timbey and frulb
cropg iu'ﬁem@er te regiong i of considerable oonnam&e
iﬁmrmmm.%ﬁﬁﬁdwm sal and short btewm suvrvival of
the pathogen is mchglveé by the wsoxuﬂl spores,whilsh
the OO»EQrﬁ,WhJGﬂ may ve ﬂaiu.dormanﬁ for nany years,
~is the agent of long tewrm survival. Also,the cospore
is the Qiﬁeigf'g@netie'récﬁmhimaﬁién (Galindo and-
'Zenbmyer?1967~ﬁomcro and Brwin,1967,196938a%0ur and
Bmﬁlar,1968;?01ach and Webster,1972) and therefore
-pﬁavi&es a m@éngrby which new atrains nay evolve. Buk

as P,cacborum is homothallic, new geanetic varisbility

nus s be Qoatlnuaﬁiy i waduced by process of mutation,
0%, presumably, hotovGvayo;lsa

_Al%hough,the genus is of sueh great ocomomae
iﬁp@fﬁanc@, progress in ﬁhe study of ite meaetﬁum
has been exbtremely slow in cqmpariacn with the higher
fungi: Yeast, Heufogpofa, Agpergillius, Schiﬁephyllum

end Coprinus, This hep undoubltably been due bo the



difficulties encovnmtered in obdalining nuclear mukants.
Also,the oospoves of wany isolates willl not germinste
well and as & consequence the intevpretation of
induged and natural vapriation has often been unveliable.
Therea nﬁéﬁ he no excuse Tor sitvdying variation in
Phyﬁoph%heéa for we wnderstand 1ittle of the genetie
mechanisms that determine pathogenie and cultural
‘varia%ibn in the genus (Gallegly,197o)¢ Ve Enew Trom
recent cybological evidence (Sansome , 1965 ,1966: Huguenin
aid‘chca5,197Q;Sanﬁ0m@ and B@;Sier,1973} that the

genua is probably diploid. This view is supported by

genetical evidence on the auclear eycle in P.drechsleri

(shew and Khell,l971) and P@e&etérum’(ﬁlliotﬁ'and

Maelntyre,1973)g However, the numerouvs reporis of
palthogenic variation (e.g«Black,19603Paxman,l963sCaten,
19703 Poloch ead Webster,1972) and cultural varistion
(gﬁquudéamhagen;1958;Glafka and Robertaon, 1966;Caten
aﬁé Jinlks,1968) in the genus are lorgely unexplained
ag the oospores of most species will not germinate
welle |

It is perhaps necesgary to juﬁﬁify the cholee of

Pecoctorvm for this work in preference to other speciles.

With vespeet to genetical studies it is probably the

capiest speeies to handle under lpboratory conditions.
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It can gomplete. ite life—cycle in culture in a period
of about five wecks and produces zoospores and 00snOTes,
both of which sre uninugleate and germinable {Blackwell,

1943(a), 19ﬂ3(b)'5haw,1967). Sexual progenies ave

' m

sntirely the vesult of selfing — there i 0o

wneertainty in interpreting resulls as is Tthe caﬁe with

o}

heterothollic species wheve it appears that s m@' selfing
occurs but its extent is uﬂknawn_{Sansmmﬁ,1970;Brasieﬁ
1972)« However, *o ‘work with a homothellic specles is

o dlsadvantegée in that hybrid progeuies cannot bhe

obtained easilys. To perform crosses with P.cachorum
would nGGGSﬂitaté~%h@ ineorpdfation of nuclear
auxotrophic mutations into the desired stralns, forcling
a heuerokarJOﬁ and m@l&@tlﬂ% hybrid o aﬁporés. As only
a Ecw aayatfephme straln are availablée between which
heterokaryons have nat been Tormed, obtaining croessed

progenies of Pleactsrum is net feasible ot present.

P 1aie sbans has often heen chosen for detailed

dtua¢eq of natm@al veriation in Phytophthora, but as
sexual pWO enies of thi aeelcu'cannaﬁ be easily
obtained; the work hag been linlted to observations

on asexval chl&blaﬂ (Jef;r&y,alnkq and Grindle 19623
Jinls ond Grlnale,1963 Paxman,-963;€atan and Jinks,
19683 Upsna,::.l, 1969(2.)(b)3Coten,1970,1971)« Furthermore,
meagianul enalpeis of asexual variants is imposaible
wiﬂh@uﬁ.heing able to observe their @aﬁternjof

rnnerltaace through the sexual eyeTg. Clearly,



P

P.O%Gi@”um‘ﬁﬁ mu@b moyre avxt@hle Tor this kind of

dmitations of the material, the aim

Jomid

Within. the

4

8 o delterminge the reuge end mechanism

z—.t

of this project

3

of veriavion in eulturel characters of Pegaovorum as

revealed by methods of asexual and sexual propogailon.
. It ds not yeb possible to i jngmi&hlayuéplasmie and
nuclear souvces of variation by a heterokanyon test
alﬁhpuqh inféﬁmaﬁiqm:sn this voint may be apperentd
ffam‘esmgawiggns of‘vﬁéﬁbérezqgﬂ-gsﬁye.. PT0G genies,
I8, however, 1l cytoplasmlc a¢ffafaﬁﬁe$5éu“u0%
contribute to the variation b@tweea.ﬁaapa; e then A6
Sgﬁﬁlﬁ‘bﬁ possible to ae ;graﬁo the components of the
cenetic vaféaacei‘hy'e;,-;gingva Aa;ze number of S1
and S yrﬁ senies (Mathor ‘ué J$Lku§i97mg .2?1),

»Eh@ work ﬁaﬁefib@@'lera-ﬁumpr¢ o selectlon
experinents degigned %o provide informe Liéu oA the
varistion withiﬁ progenies and the herdtability of the
ﬁhaﬁaﬁt@r aé ghéwn hy the regpoaﬁa 5O m&l etwan.
Sﬁl@ﬁﬁiaﬂ From both BOOBPOYE and cospore progenies
hes heen carried out to form & hesis for'the‘
eémpariéam of asexual and scxuel souvces of varistion.

Thc use 31 @QTQeﬁin aﬁyafimﬁﬂﬁﬁ o etudy -
Quﬁablbatxva Vﬂf“du&@ﬂ in fungi h&s‘b@en,sve qﬁfﬂli

applied to ﬁeureswﬁra'er ARISEE) (Pwi“méﬂ, 9§9;P¢heman and

Lee,1960; Fapa,sx” and Federer,1966) and



Schizophyllum commune (Simechen,l9663Connclly and

Ea)

Simchen,1968). However, P.cacborum dif

Pal

fers from these

and most other fungl in a number of chavecters which
distingnish the Qomycetes, 1.0y the possesion of '
characteristic zoospoves, the oospore, the composition
of the hyphel W@il and the nature afﬁthe.lifemcycla*
Therefore one might expect this work to reveal
m@ghmnigms*@fvvayiéﬁien not yet demonsitrated fox the

fungle. .
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. Chapter 24 lNaterdals and Methods
Part I ~ Strains

mhe msjority of the experiments on variabtion in

P‘cweﬁa*am have bheen perfarmea on strain P94,

mapplmeﬁ VY DreGa.WeFeSewell, Thlq mtraln Was

olahed from %9@1& rootatock (MMLO6) o+ Wisbeoh,
Gambrldbaahlre in Oetobcr 1970+ In mame exp@rlm@mts

strain P205 of P.caeborum (supplied by Dr.G‘WuF.

Sewoll) was ugeds

Part IT Media

MINTWMAT MEDIUM. (1m1)

Wl was prepared from a concentrated solutbion
containing sucrose,40g; Lessparegine,ig; KHQFQ4 23
MgS0,  THy0, 183 calcium glyceraphoaphate #H,0,1g; Macl,

0e4Tg; trace element solution, 4mli “thismine



8,.
o e,

hydroéhlériée,4mgg and disgtilled wa%er,ii (Blliobt
amﬂHMaointyr@,1973)g The trace element solution
contained Na2$4o?*10320? 88mg; GuSQ4*5ﬁ20,393mg;

Fo 450, ) 3+ 91,0, 910mg; MG, u08,0, T2mg5  Ne,l00,42H,0,

;5ng§ _anO@g?Haﬂa 4403mg; eﬁhylgn@ﬂiamina@eﬁra«aeewi@
acld disodiumm sall, 5g3 and distilled wator,lL(Lllioti,
1972); Tor use the conceuntreted I solubtion was
diluted 1iﬁ ﬂ-aﬁd solidified with QXGiéAagar NG«BQ
10 g/l

wmkwaa mseﬂ’in all growth rato debterminations

and morphological couparisonss

PLATN AGAR (P4)
PA consisted of 1% Oxoid agar No.3 in distilled.
water snd was used in the production of zoospores and

the germination of 00SPOTESe

STANDARD MEDIUM AGAR (SUA)

$MA? whiech supnorts gﬁa&'eclgnial growlth, has been
used in the pr@pafmtimn of innoenla. 14 coutalued
L pars coﬁéém%ﬁa#ea i, 2 pavis of an agueous extract
of péas and 1 part distilled water, solidilfled with
1% 0xoid ager Wo.3. The agqueous extracth ij@GéS‘W&S
prepared by bringing 3GQg of frozmen g&rdem“@o&s'in 14
distilled water o the boil and filbering through

musLin (Shaw and BIliott,1968)..



FEA MEAL AGAR { FIIA )

This medivm which Suppdrts luxuriant growth, was
used in the production of zooﬁgaras,, It congilsted of
300g of frozmen garden peas blended with 1L of distilled
 woter and solidified Withil% Gx&i&'agér-mo@3 (Shaw and

Blliott,1968)

STANDARD UEDIUN AGAR + OAT BXTRACT

To obtadin a .good erop of oospores the fungus wag
grown on SUA to which 1% of a light petroleum extract

of caté‘wag added. before auntoelavéng (Shaw,1l965 ).

Pory TIT Gulture methods

Innoculum, 4mm in dizmeter wes oblained using a
No.l cor& borer and the fungus waé normally grown on
so0lid nmedia in Ycm glass pebri ﬂishes-aﬁd incubated in
the doxk ob 2§°G¢L Stock cultures were maimtaiﬂeﬁ‘in
one. ounee hﬁﬁtles éoﬂﬁaimimg it} slﬂﬁes, To vrevent
dessicétioﬁ of the medium, 10ml of sterile parvafin oil

was added to each one ounce bottle and the rubber seal

removed.
Paprt IV . Obtaining Zoospore Progenies

To obtain a good cxop of spovangla, plates of
PUA were lmmoculated centrally sud incubated for four

deyss Mycelial strips, free of mediuvm, wdre cut from
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the ﬁeéultanﬁ‘cai&ﬁies and thareo strips transferred
to each of a number of plates of PA« After three days
incubation the strip cultures contaimyﬁumerouﬁ
sporangis that are capalple of zoaﬁpgre’rele&ﬁﬁﬁ

 260$@@?§:libBﬁaﬁiﬂn WaLs aehéiveﬁ«byl%raﬂﬁfefimgf
the strip euiﬁuréﬁ,%o l§a¢'and flooding -each @eﬁri
Qish with Swl of sterile distilled wator st 15°C.
Afte?A3q iinuteé éné é.further 15 minuvtbes, 2.5nl of
a 6% sucrose solution wos added to the cultures,
'>bringiag the conecentration of sucrose iﬁ the
suspending medivm 0 b At,ihis point the zoospore
suspention was hervested (Shaw,1965).

When iﬂalating individual zdoaparaa the

susﬁensign was plated on SMA and after 12 hours incu-
.bation, individual sporelings w@f@ reisolated onto
fresh plates of SMA, distiibuted four per platos

s

- Part ¥

Obbaining Qospore Progenies

To produce OORDOYEH, plaﬁeé of SMA + oatl extrach
were innotulated eentraiiy and incubated for at leost
21l days to allow the S@Gf@S‘tﬁ form end mature. Three
such cultures war@iblended with ebout 100ml sterile
distiiled water. in an Atomix (Veasuring and Sgientific
Equipment Ltds) for 10 ming ot holf speeds 10ml of
the suspension was transferred o a 12nl glass

cenliifuge tvbe and spun at about 2000g for 10 ning,
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Water, agar end hyphal fp a&menbs Torming the uppermost
layers were wemoved o leave a spore pellet which was

\{

‘ waﬁhéd-five timas;by-eeﬁtrifugaﬁioni@n@ roguspension
in sterile digtilled water. The weshed spoves . woro
gspread onto PA plates and individual 00 ﬁarem picked
up on the ip of a fime pletinum needle and transfered

b0 frozh ylateg=o£ Pl ¢‘Gaﬁ@ar@s'war@ placed on each

A platd anﬂ the plates oxposed Ho continunous Lj ghtb
Trom & benk of 'Gro~Iux* fluorescent tubes at & dis-
tance of 20ecm. After a period of 10 days, germinatlon

was scored and germinated 00%?6@&@ transferred o
petri dishes of SMA (Pour gporelings pew plate) o
allow establishnent to ceoty (BElliott end MacInbyre
1973) e | |

Qospores mogt commonly germinated Ho produce a
short spovangliophore bearing a gslngle spovanglium and
successivl. establishment uvsually resulted from
prolifervation of the sporenglophores However, death
of germinating ocospores ﬁas:quit@'ﬁcﬁmon-én& oggurred
“at oune of ﬁﬁréé steges of development : (1) prior to
gewm tube emergence, (2) at the germ sporangium stage

ond{3)igubsequent o develcplng a germ myceliume

Poxdt VI Growth rave determination

Selogtion for fast aad glow growth rate in

Heurospora oragssa (Paps,Syb and Pederer,1966) aud
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Schizophyllun commune (Simohen and Jinke,1964) has

demonstrated the suvitability of growth raie as a

character with which %o study gquantitative varistions

I+ was chosen foy the selection experiments on

Pieactorun as measurvements can be easily oblelined and

in comparison with sueh chavactors as growth vate in
liguid culture and fertility, theve is little
variabiliﬁy b@%ﬁ@@m weplicate &eteﬁminatienag

To reduce the varlatblon bebweon experiments as
Tor as possible, siendard practice was adopted in the
preporation of ocultures and the taking of weasurementss
Growth rate wes dlways delermlined on MM, which was
chosen in preference 1o an undefined medium9 the
contents of whieh could vary undetecteds Also, a
gomplete medivm such as SMA wollld comtein the chemical
requirem@nﬁm fox oospore Formation (Ellioti,Hendrie,
Kiights end ?ark@v?1964)x Therefore, if oomporves are
alloved to Torm aufiﬁg=ﬁhe growth r@%e"de%erminations,
it ié paﬁﬁihle tﬁat;$exu&l reproduction will ocour
hetwe&a gemer&tidn$ of selectione

in studies of quantitative variation, the growth

o

rate of P.infestons on a medium containing a rye grain

extract (Coten apnd Jinks,1968), of Neurosnora cresse

on & minimel medivm (Papa,Srb and Federer,l966) and of

Schizophyllum commune on 2% malt extract (Simchen and

Jinks,1964) were determined using growbth tubes (Ryem,

Beadle and Tetum,1943). But as P.cactorum is slower



i

growing than these gpecies; 1its growih ralte was
measured in 9cm glass pebtrl dishes (83 611): In
comparison wilth growth tubes,; poltri dishes have
several agventagess: They sve easily oblained, occupy
little space, and p&rmit observations of colony
'mar@halogyg particularly with respect to $e¢tor'ng;
Alao, growth in o single petri dish can be debermined
as the mesn of several measurements of colony eize,
whereas a sivgle growth tube can yield only one
meéaurement;'

Bach petri dish contained 16mil of MM poured with
& Zippetbte Aispensor (Jencons,Scientific Linited) and
all %he.plateé compriging one exXperiment were prepared
frow o single batch of medium. The innoculum was
saken from Five day old colonles on SMA, inverted and
placed in the ceatre of each petri dish. Afber &
suitable period of incubation, messuvemonds o the
neavest mm of gweateé% and least colony diameter
Cotlrough the innacmlﬁm were taken. From these
measurenents, linear growth réﬁas'were caleovlated by
dividing thagmaanﬁra&ial ingrease of each coloay by
“the number of days incubatieﬁ*,

When using petri @iﬁhﬁﬁg‘grewﬁh rate determina—
tlons Vary'somewhat dépenﬁant up@n the stage of
development df‘%hé.celoni@ﬁ Lfrom w&ichlmaaﬁur@memts
BYe taken. Therefore a number of experiments

invelving either zoospore, 0OSpPOTE or macs hyphol
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derivatives were verformed ta.@eteﬁmiﬂe the ﬁature
of growbth in petri dishes and the most suitable stage
at which to bake measurements of colony size. The
sults’sbtainearusing different methods. of EfOpD“%%iOﬂ
were siﬁilar and can bhe illustra%ea'by one experiment
in which ¢ sueces qdve meagL?emenﬁc were mado every two
days on 13 mess hyphal-iﬁmlstaﬂ of strain P94 (Pig2).
ﬂaﬂc%i dncresa Se oFf the colounles was ?Qurhiy Linear
with time up 10 & @Diﬂb abowt LOmn Trom the edge of
the peitri dish. Eeyeﬁé this point, further exiension
was restriched hv the size Qf %h@-peﬁri dishes. . In
Pigel3 the wrawhh rates have &Gen calenlated Lrom
maaguremmnﬁﬂ made every -twoe days and plotbed aghinst
colony diametor., Each point on the graph wrenresents
the mesn growth vate of the colonies up o the bine
they were mgasur@ﬂ, The dmpodtent feature of the
curve is that growih rate determinations do ok Vary
gyeatly if they are oblained from colondes of diameters
35«60mn. Lt follows that i€ th@‘beat :Qmpawi:QL
'batweén esxperinents is %o be acheived, then
. measurements must be taken from coloniles within this
wime renge.. As 8 resullt all mes urenents were taken
from colonies of. %ﬂﬂ”@ﬁiﬂﬂbﬁly S0mm diameter, or where
éL experiment congisted of isolatos of vﬁv;ﬁ;g growth
rate, ﬁh@y war@'all messured when the faster isolates

had vesched this size.



AGE OF MEAN COLOWY - NEAN Sala OF

- CULTURES DIAMETER GROWTH GROWTH RATE
IN DAYS I © RATE " MEASUREMERTS
1,94 10e3 163 0,038
3.98 1842 1.78 0,021
S5eTT 25,1 | 1.83 0,019
7487 3241 1479 0,014
9,681 38,8 177 0,015
11,92 45.8 1.75 . 0,008
13491 5246 175 0,011
15487 5943 174 | o.om
17,92 6547 | L.T2 0.010
19,98 T0.2 1.65 0,009
22,05 ' 73.0 1,56 | 04011
23,92 The3 2,47 0,006

‘Table l. Data derived from successive
measurements on 13 mass hyphal

isolates of strain P94.
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More information can be derived from the
experiment od mess hyphal isolates of P4 from the
staﬂ@ard’erfors of each set of ﬁetefmiﬁaticngﬂ(méble 1)
These va}ueﬁ,,althmugh laree for:célonieﬁ of small size,
Ao not vary Loy larger cplﬁﬁieﬁkﬁh@n colony gise incre-~
(ASTcIS ihar@fare_witﬁin the. size range frém.which
m@asuramants,will be taken, errors in\@rswth rate
détegm]naﬁioa'éa ﬁpt appear to be correlated with
ceiony size, The c@naiﬂefatién muét;be-@xtemded to
inglude iﬂnl@t@gfnf &ifﬂér@nt growth rates. This may
he d@nﬁ;hy;pmmpariﬁg‘thé éata-ef Tabl@ 6, whieh'ccntaim;
erroﬁ-values'obtaimed ITrom prageni@s differing in mean
growth rate., TFor vm@se progenies, no correlation
 between ﬁeén_grgwth'raﬁa ané. the differences between
 fep1iGa£e m@&guﬁemeﬂté can be detocteds
| Ono can conclude bhat error in growbh rate
determination does not appeawr to be correlated with
colony size for colonies larger than 20um in diameter,
or with.eolony grgwth rate,>and‘%hgref0re the use of '
untranstfM@ﬁ:grawth rote measurements will not result
rﬂin sefiéué”diﬁﬁortion of the émalyais 01 variance.

Payt Vil . Qesﬁore Gount$

o ddermine whether or not selection Ffor growih

ca, b6 Waavaecompani@d by changes in fertility, oospore
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counts were performed on wepresentitive leoclates
ohtained from the selectionsa.  The method of counting
was very similar to that used by Elliotts (1968). The
igolates were cultuved in Sem ‘Wouag‘pebﬁn dishes,each
of which Qantain@ﬁ’4m; W poured with a Lippetie
dispensor (Jencons,Scientific Timited)s Afler the
N had solldifdied, ebmle&t@rml in ether solubion wes
added to each petr; dish o give a finel conecenliation
- of 10mg/1 Mﬁ; The plates were left overnight to allow
the sthey bo eveoporvate and were subseguently innocul-
ated with 4mm dises of innoculum taken From 5 day old
colonios on SMA. Cullures comprising one experinent
‘were randomised Lawebh and’ ineubated for three weekse..
Por covating, the petri- dish base was inverted
on the microscope stage and viewed wnder the low vower
objective. A plone of focus Just inside the glass
wos selected and the pelri disb was traversed from
e&g@ bo edge, wpossing through the innoculum,
continually adjusting the fine foous kuob Through one
held of & fuin only Three transects were counted
Efcm»~aah'eultmﬁe and three culvures were counted: for

each isolatea

Popyt VIILT Asexual selection

e e e

Bach genevation of selection viae zmoospore
propogation congisted of seleebing the appropriate

extrene phenolype from a family of 20 individuals and



proceeding bto the next genevation using the:geieeﬁeﬁ
individual as parenta From‘%hé~firs% g@n@fation the
zoospore with the Tastest srowbh rate was selected bo
establish the fesh line, ond the one with the slowest
growth raite was ﬁélecteé o esitablish the slow line.
The growth rates of the twenty individuals of
each family Wer@j@@%ewmig@d in duplicate and the 40
patri dishes that this'm@cesaiﬁﬁateﬂ WéreArandamiﬁed
together duringiine@ﬁationm‘ In‘all,genéﬁatigns'
$uﬁseQU@nt o the fivst, the petrildiahes for determ-
inihg the growth vates of faét and slow Ffamllies were
propared and m@asurea_as Omeigxperimanﬁ and were

randomised together during incubation.

forle 1% Sexual selection
fary [X, .

In 21l but Gﬁe regpect, selection from cospore
progenies was by the soame procedure ag that used in
the asexusl selection experiment. Where the extreme
individual of & family was infewtile, the nexb. Tastest

( or slowest ) feritile oospore culiure was solecteds

Rt X | Statisticol analysis

The resulits weve analysed primarily by the use of
analysis of variance and regresgion bechniques

( Snedecor and Cochran,l967) in ovder to asses the
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varxmblaﬂ bctwe en and within progenies and also the
“OSyGnSO tu meleahdcn;

ﬁor oach pfOﬁOﬂy analys of v-r'%ne@ qu umed GO
detoct DnG to et} t&mat@ oh@ Varxmtlan beuwoen aﬂa
WAbhAﬂ sfiﬂp¢mnmw ”hg Grﬁwth fahe él'céah 1@6&V1dua3
:was meaqured in. two “Gpllﬁdﬁeﬁ, bO th“t t plcally there
were ¢O\m@asgr(ﬂeﬂt% far a&ch Prog eayf H e the |

expected mean squarss were @

1 R}

Iwmr | | EXPRCTED MEAN SQUARE

BETWEEN INDIVIDUALS ] 6% 4 26%
ERROR (::am VEEN m,xémcmns) 6%

”h@ GOfi&Qjeﬂt of 6 b was Hwo beeauae the m@s%urements ‘
P R A
on, oaen &ﬂﬁi?ldudl wcfe Qupl&eau &, ,iLA’J ﬁﬁﬁ»gmwﬂﬁuu

i

Tr@quon tly rcplleate were lo%t thrnugh GOQt8MP
Ay tlon wnd thv& e timatea varl&neeﬂ could net be
ﬁlb”lub@d a ahave. The coe fi i % o; /2b we

e%loul&bed as (buedecag and Cochr%a 1967 Dot °9~?91)

-Geeffieient.0f<62b % nv(ly(2§£)>

N
whore n m‘bhe nnmber of thervqblonm
Ny s,oh@ nuLb@v of m&ﬁﬁlﬂﬂ oh Qrvationq

N :'%he be tween 1n61v¢6u319 ﬁﬁgreos of
Froedom.



Chapier 3. Asexval verlation
Part & . - Introduciion

" Phe spontoneous variauts %ﬁa%f&cea&i&m&l}y appear
aﬁémg asexual progevies of wild type isolates mey
vesult from a change in either eytoplasmic or'muelear
Qaﬂetie meterials. Those due to nv01®9r~ﬂenes could
coﬂe@vvbly be the products of (1) the segregation

of the componendls of a heterakaryen, (2) spontancous
mutation ory (3) w&&a&exu&l racombinatign {Pontecorvo,
1958)s The role of mh@ pey ascxuai‘cyele in relation
to. asexual - pathogenic voria t101~ 1 Verticillivm hasg
heen discussed by ﬁastie.(i9?o) and is probably an
important mechanism of vaviation in other asexusl
heploid fungl too. In &iplaiﬁ’fungi, that part of
the pasrasexual eycle 1ﬂv01“;nm' itobic wecombinatlon

could ocour, When meospores of a strain of P.cactorum

heterozygous for a wcoessive methionine requivement
- ware exposed o nlitreviolet irrvadiation, BOme
methionine yequilring single goospore cglcgiea Waere
present among the Surﬁivars (B1liott and MeeIntyre,
unpubliShed observaetions). These coloniews wéve neEt

probihﬂy the p%odmetﬂ of mitotie wecombination. One

can imagine thet bthis process could be of considerable
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impoirtence to asexual vopulations of Phytophithora (e.ge

Cthe AY metbing type of Puinfestons in Britain). However

3

it must not he sssumed that single mating bype
populations cenunet reproduce sexually as Reeves and
Jackson (1972) have ﬁémﬁnstrateﬁ,that the-Ag mating

dype of Peolnnomond can form selfed oospoves in certain

goll conditionsa: |
Hany-asgxuai.variantﬁ-aghihi%‘n@n—ﬂenﬂ@lian
inheéitanee and Gan‘%heﬂafnﬁéib@-éansidereﬂ B0 bhe the
result of ecytoplasnic {exﬁraehgqﬁqgomal) variatian;
jinks (1963) Iiets smeven oriteria on which eytoplasmic
vavistion may be &istinguighaé-fram nucle&r.variation_
but not &lwéya ere all seven tests apﬁlicéhle e &

single species. In P.cactorum néither reeiprocal

erosLes ﬂdr a h@ﬁ@r@k&ryon fest are possible. Iincham
snd Doy (1971) in their review of the subject,
recognise dimcontinuous end continvous cytoplasmic
vari&tion ag distinet from @ach_mther and ci%é the
petito yeosta (Ephrusei,l953;linnene and Haglem,1970)
and the A varianﬁ 6f‘Aﬁpggg%}}qs~g;§pqug-(Sharpe,1958)‘
s exampleslaf @iaconﬁinﬁauﬁ variation. The petites
are gtable vardants having'a”ﬁeﬁpiraﬁeryudefect, while
in Aspergillus, A differs Trom thé%wild type in a |
numbher of cha aqtarﬁ inclﬁaing growth rate. . In
contrast to ﬁhﬂ‘ﬁeﬁités it coﬂtinually segregates for

wild type on ascospore and conidial propoguation,
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‘Discontinuous morphological veriation within

zoospore progenies, possibly cytoplasmic in origin,

wasiobSerﬁedvfor'?wéacﬁarum by Stamps (1953). Later,
Budéenhagen (1958) foun& %réatment with ultraviale%_
irradiaﬁiaﬂ-écéld‘g?eatly‘inﬁr@age the frequency with -
which the variants arose. _Sﬁaw end Blliott (1968) also

ohserved spontoncous snd induced morphological

variatioﬁ in Pwééaﬁoruma As asexﬁﬁl progenies of aeﬁe
sbreins persiafanﬁiy~s6gregatea ﬁh@y‘cdneluded that
moxphological Vaziation in %heif.stréin wa%'iargely
cytoplasmic inAorigin;

. Dxamples oiicdaﬁinuouﬁ gquplasmio'varia%iom are
vory interesting beeause of %hé bearing the resulis
“mey have on the interpretation of the process involved
in th@-differentiatienvof'tﬁe fungal thellus,y For
'instange, samples of conidial progenies eﬁ Aapergiiims

glaucus fovm a continuous range of phenotypes differing

in sué& eh&raét@rs as growth vate and fertﬁiityw When
aéleeﬁion is spplied, the response is graaﬁéi and
pesitives In the some sp&ci@s; sucaeﬁﬁiveﬁéOnidial
transfers are accampanie& by & gradual decline in fert-
iiityy~hut_$a_long ag the line vemains fertile,
fertility con be restored to normal by a fewigingle
escospore transfers (dinks,1954). Similarly, &epeatea

conidiel traensfers of Neurospors crassa resuli in a

srodusl decline in Ffertility (oh ond Wonshita,Ll971).

Two further examples of continuous cyboplasmic
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veriation (for gfowth rate) in (1) the Basidiomyecete

Collyhis velntimeﬁ (Gr0ft and.3imeh®n,l96§).an& in

(iﬂ'maﬁwwmmeﬁmmwmﬂmm mﬂmi&m.ﬂh&ﬁmm
th&t tﬁe mbcaameaan is possibly of Wiﬁexspfeaﬁ
ocaurJnee in the fungls Zoospore piroge nles of

P&lﬁfGQUanS show veriation for growth rate in culture

{Caten and Jinke,196083Upshall,1969(a) )iy and for grawth
rate on hoaﬁ txssve (Caﬁon,lQ?O)g- Furthenmore, the
Amel&ﬁEG&” whzch iﬂ contznvavs, h@rmtablo ﬁﬂ@ pwobably

t.

ByLQBl smlc ia erz 1n - hﬂu b@eﬂ equauﬂd wzth the
eh&nges bhaL Goﬂurvéﬁrang attcnndt Lon of sﬁoek cultures
(Caten, 1971), B o "'{ ij “

Thus the ain of uhe aeexns l selection experiments

An Pecpeborum is to aseertain the nature and ﬂpcbanvsm

of asoxvel variation in wild type streing, 1f any, and
eons sequently o detérmine whother the straies vsed in

the Qgspofé selection experiments ave heteroplesmic

- or nots
Part II Rogulto

 The results of eight generations of selection
for £ ;t and-slow growth\ra%e QMONE ZOOBPOYe. Progenies
of gtraln P4 are illuetrated in Fige4. Bach unil
areawr@pﬁesenﬁs the mean of two independent |
dwerminatians on each of the 20 individuals thet

comprised éaqh,fgmilyﬁ The dindividual growbh rate



PIG.4 Lrequ0ﬂey dlwhrﬂbubion of'%he“fosu1cm of
‘ 'seleoczon for A's% aﬂd 1&u vrewm e ée‘%ia'

2@0 p@r@ pfOpO@“L7bﬂo ‘$he Lﬂ&lVlﬁv 1
‘selected as paronbﬁ or aubseqvaau )

genervations are unblocked. SRR
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determinations may‘be fommﬁ in A?pendix Ie

Wild typé colonies occasionally sectored for
fast growbth rate and it wes from such a sector in
one of the reglieat;s of fanily ¥2 +that lanoculum was
takon tolinitiat@ %hé nexf genevation of the Last line.
In subsequent genepations the I Past line waintained a
growth rate approximately twice as Tast ag that of the
slow line. PFast colonies never sectored a8 did some
colonies of the slow line (e,g;'familieﬁ 53,54 and 58).
In only one femily (S6) was there obvious evidence of
sogregation. In this instance the segregants were like
the fast growing COlGRi@S of %he.faﬁt lihe. They could
: have resulted from the segregatwon o¢ determinants at
zoospore formation or may have been due o the
formation of a fast seclbor during preparation of the
| strip aulﬁurasg

The analyses of veriance m@rfarmed on the growlh
rabe determinationg ohbained from csch family are
pﬁéé@nﬁad igltable‘2¢r The between progenygiﬁem
éompm*c& with replicates was notb sigmifieanﬁ‘for mosd
families. However, for the firet generabion and

 Pamily 86, it was aignificant at the 0.1% level. For

P4 it was significant ot 1% amd for F6 and bﬂ-xat wag
(\

- o ~- Y \

- gignificant at ﬁﬁ . o o RS U

Due %o the qulte dlarge varmatlon between generatiens
(se& Piged) that vresultl ted fme measurdsig: the grdwth
rates of each genepration in o separate experiment,
comparisons between Ffamilies wiﬁhin selection

lines were not possible. . However, as the two



Growth rate (mm/day), expressed as the difference between fast and slow selections.

1.2
o
0.8 [
0.6
ot I°
0.2 [
0.0 7
=0.2 i 4 1 i i i 1 i

Generation of selection.
FIG.5, DIFFERENCE BETWEEN FAST AND SLOW ASEXUAL SELECTION LINES.
* For each generation the mean growth rate of the family from

the slow line has been subtracted from that of the corresponding
generation of the fast line.
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fomilies of each generation were measured simul bon-
eously, this source of varialtion cen be greatly
- -veduced by dé%ermining The differeﬁ&e between fapt
and sl(ﬁw family ﬁmans of each generation. These
differences havé ﬁeen plotted in Eigﬁﬁ, Generation
G differed. from the.others as 1t wag the generatbion
in which segregation fop f@st~g#owth Tate . 0eCUrTed.
Generations lpnd 2 prececded th@:estahlighmﬂnﬁ of the
fast growing seebor of the fapt line. For the
remaioing generetions,3,4,5,7 and &, th@k@iff@r@nce
between fast and slow family meansg doegiincreage
with generation and there is therefore no evidence for
& 1espoﬁs@ to selection.

The ﬁWQVHQIGGtGd'zﬂdﬁﬁﬂr@ pavents of each
generation, il.e. the fastest of the fest fomily and
the slowest of the slow family, wevre sitorved in one
ounce bobiles on MM wnbkil the end ol the seleciion
‘exp@rimenty ?rmm meszgurensnls of the growbth rates of
these isolates in one environment it would be noasible
40 determine the nature offaﬁy chenges in growth vete
that oceurred during the course oF solection.
Phevefore innoculum was laken fyrom the one ounce hotie
les and Five gééﬁth;rate'aeﬁerminationsrperformea on
each iﬁélgt@,(Fig;G}‘ As there had been no overall
response  Ho &@léetian apart Lrom The establishwent of
the fast isolate, 1t wes neeeﬂﬁavy aﬁiy‘to analyse the

growith rates obtained from isolates of the slow line.



Growth rate (mm/day).
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Generation from which isolate was selected,

GROWTH RATEB OF WILD TYPE P94 AND THE FAST AND SLOW SELECTIONS

OF THE ASEXUAL SELECTION LINES.
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rom - s8 @f ¥ VARIARCE RATIO
Between. Isolates A
Regression | 0.2 (906 11 0.24508 4413 . n0% sigs
Remainder | 0435600 | 6] 0405933 5415 sigsat Qa1
Replicates § 04306892 | 32 0201153,

-

- The regr@ssian'ms.of growth rate @ga;nst generstion

of ﬁeléetionzis not @Tnn ificant compared with the

ﬁ@m&inder M This would indicate bhat the slow. Line

retained a wild tyve growth ratbe l:n:au ghoud 'i:.ht-‘; COUTse

of selection and also that the fodt line remained

unifornly faet alfiter the sccond generations There

were however sigoificant diiferendes vetbween isolates

when compared with the replicates MB, This probebly
f‘ obs changes t&at‘oeeurfeé ﬂuring starage'of the

ﬁelacﬁians@

Pertility of the wild type and the parvenbts selected

from generations 2,4,;6 and 8 was determined by

pospore countss The counts obiveined are presented in

Table 3 end dllustrated in Fig.7. Do reduce the

variange )

exagy in darger caunts?-lm@QV1aual couan were

converted to (x + &)7 EGr e &Mmly is of variaunce

(Elllott,i968}g Alaa, for eomparmson, gounls were

BepPaL Lbd 1mLo thosé -der Lved“from isolateé with a
Teat QTOWuD rate ﬁﬁ those G@rvved from isolates with
a wild ﬁgpe.growth rates. The anal of varisnce

sis
of “tho counts is presented in Table 4., The mean




Pamily from which isolote was derived

P94 g2 S84 S6. 88 F2 P4 F6  TY

s a5 [ |32 55) 35 s1f 38| 40

27| 6| o{a|sa| 33| | 45| a0
26 | 13 | 13 | 89 | 54 | 47 |68 45 | 46
30 {23 [ 16|29} 34 a3 1] 52 | 2

10 | 25-118) 50 | 18| 81| 16| 50 | 66
46 a2 fexlesl 7| a6 25] 71 | 46

3 R NPT R Pl Y P TR Y
9 119 |49} 18| 68 |102 | 95 |1333{112
6 | 25| 36| 27| 49| 47 {113 {194 |274

Table 3@--00$ﬁ9?6 ééuﬂ%é faf nive lsolates
- derived from the asexnal aelea%ien
1iﬁ@§w Foxr éaeh isolaﬁe, ﬁhré@
tronsects on each of three petri .

dishes were counted..




180
°
2
i)
L)
@
b 160
o)
Q
2
o
o 140
2
ot
| 9]
43
Q
a9
° 120
@
g
4+~
¥
o
o 100
o
4]
=
[«]
[}
s 8o
Q
o
]
o]
Es g
b 60
2
ey
“
(o]
g
P 4o
£
2
o]
=]
[}
© 20
Q
1 )
Q
B2y
m
[o]
(@)
0

FIG,."., OOSPORE COUNTS

LA

+ -
+
+
+
+ o
o
+
o
o
+
o
o
o
o ° 3 o
o o
o
] 1 | i }
POl 2 n 6 8

Generation from which isolate was derived.**

FOR NINE ISOLATES DERIVED FROM THE ASEXUAL SELECTIONS,

Counts of the wild~-type (P94), and the fastest
isolates and the slowest isolates of generations

2, 4, 6 and 8 of the fast and slow lines respectively.
Isolates with wild-type growth rate.

Isolates with fast growth rate.



TPEM. 88 ax RS VARIANCE
RATIO
Tagt dsolates | 204.9847 | 1 | 204,987 | 7.74
v , : sigunificant
Silow 4901@%®% at 5%
Bciween
faﬁb Asolabes - .
Regﬁesaidn- L 646688 | 1 646688 | not -
- ﬁ : - : o significant
Remainder - | - 0.,2365 { 2 0.1163
B@%W@@ﬁ ‘ 211¢9556 -8 2644945
petri dishes o ‘ _
Bebweon 28,5648 | .24 1..1902
esants;~ : : ' - ‘
ﬂefweeﬁ -
slow isolates | .
Rogrossion . | 4645894 | 1 | 46.5894 | 6.59 |
L o . : signf.atbt 5%
Remaindey 38127 3 11709 '
Botween C70.6877 | 10 7.0688
petri dishes i '
Betwesa 37.49681 | 30 l¢3499
counts o

Table 4. Anoiyal of variance of the QOB POTre  coun s

nd ]

of ie olabos obtained from the agexual

selection oxperimenta
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comnt for fast Lﬂalateﬂ was higher than that of the

other ieol&ta°a($igLi£ cant at 5%)«  Also the counts
for both & ﬂnﬁa@eﬁ bs increase with g ﬂaneratién_althcngh
ﬁh«‘f@“f@ﬁml@ﬂ WS is significant (5%) only for isolates
withbadw11é Aype wrawth af@;-

As ouapgre prgg@ni@s of Pﬁcactarmm are easily

abtnlne&, it is pe ”15 ia perfgrm g qexunl wga?y%za
Dy malf cf the faat vmf?%nﬁ h@ Getermmme wheﬁhev
Cidm. 1nher1ﬁdnem is Memdelm&n a? not; stmsxe% wWera
derived from the fastest ZOOEPOTe &oiény sf family To
and,for comparison, the slowest zaaapare cclcmy of
f&miiy'36; ﬁrom the 51 fanily of the fast woosnore,
Tive single GOSDOTE gultmr§siwafé'selected and taken
to a further | anarat&en* The twmo S progenies and
%he*five 82 §rageni@s each consigted of 20 %iggle‘
008 POTE cu;turés, and on sach a single growthrrate
deborming blan was nadea. fbeqe measgurements are
: :ziiummtaa in Pig.8. . The SI offspring of the fost
'zaa%aore segregated. 16 fast 2 2 von~-fagst. Three of the
fast oospore cultures gave undformly fagt S2 families,
wheveas the 52 ”amiTi@q of the two non~fast ocospore
cu&%vfas eenﬁznﬂgg 0 senragmte in & similap fawhion
tg the\ﬁl family. The non-fast oospore colonies were
unlike the wild type in that they inwariahiy sectored
fox faqt@f growﬁh rate and siter several mess hyphal
ﬁrangfers haecane btypilcally faoh. |

Thus, the patt@rﬁ of‘inh@riﬁanae of the phenotype

of the fest varisnt over two generations of selfing
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differad ffém tﬁé Mendelian inh@riténce expected of a
single geﬁa m@ﬁ&ﬁiﬂn in @ diplold eorganism, If the fagt
phenatype waaidﬁaﬁtc a dcmiﬂanﬁ mutatiau, then the Bl
gensration would be cxpected to &egwegate 3 f@st

1 none- fa&tg Em@mhermeya, 82 prugamzaa«ef nggwf aft Sl
individuals should be pure breeding and S2 p%og@ﬁieﬁ

of 81 individuals hﬂwxmw *he &@mxnaat phenotywe should
fcamprié@nbaﬁhféure breeding and Segrogeting ¢¢m111eS¢
The iﬁh@riﬁanéﬁ-ﬁf the phenotype of the fosb Va*:aﬂt

| aid not it this expoctation,

Furbharmorc, it may be drgm&ﬂ that the fasb
var&an% r&sultmﬁ frow & Mlﬁﬂhiﬁ raaamb,uaﬁlang mgwavar
the variant was Phﬁﬁﬁ%?ﬁiﬁ%lly wnlike aﬂy of the
oospore cultures obitained fwom the wild tyne P94 (Pigsd
and Figgg)ﬁ It follows  thet the simplest eﬁplanaﬁien
of the fast varisnt iz one based an é§ﬁ0p1aﬁmic

deternlnantos

Pext 1IT - Discugsion of results

' From an ¢Xem &ﬂ&%lOﬂ of the data on the variation
heﬁween zaesgeres‘within families and the vesypouse to
geleeﬂmam it is evident that zeeaaara propogetion does
not "alease Gﬁﬁklﬁuﬂﬁm var1&t¢0n far growth rate. The
h&ghly qzrnlf;cant vnrxatlaﬁ.baaween Sarm* 5em&ratv0n
zcaspar@s (041%) and the los % of vaf¢ablmn in

gubsequent generations is a situati@m,campa?able b0



w2 Goen

That observed bg BULQ@& (197?) Gwer LWO generations

of ?aesnera prep&gamlan ox P.sv§¢nﬁ Boeoag

mnﬂﬁ sted that greater variation in the fﬁl%%-
g@n&r&ti@a egﬁ1d~haﬁe been @u@ to the segreg a%man of
%h@ cémpen@nﬁ@zgf a h@t@éokéryong,:Thiabexpl&ngtlon is
@qualiy &uiﬁa%léafar the ?@éultﬁ‘chtaiﬁeﬁ from Pg4u

It is pé saible that the mbﬂ“¢m was he,erakaryetie wheﬁ
isolated aﬁ beeﬂme a0 @mfnﬂg ths interval hehweeﬂ
lﬁ@lmtl@ﬂ %nd Lh@ wtort of qml@etlan as a f@ﬁuit Q£
mutatmcn of a pwmcesﬁ uf nmﬁ;@ar segregation. If P94
Was h@%araka?yﬁtici then 0@@“W0u16~@xp@ct Tomilies F2

and S2 to differ. In.fact thé difference between these

two femilies is significant at 1%. However 52 hed a
RN AL bS af NS VARIANCE RATIO
T2 v S2 e 04425 11 0,04426 | 7.43 sigeot 1% |

Bétweéﬂizao&gaxes 0.12155| 38 - 0.00320 |
Brrop | | 0,22040 37} 0.00596

fa tar mean 1?9Wth:§aﬁ@ thaﬂ P2« As the estimated
ST var 3 anee: haﬁwc@m zmoupareq in “the $Lr“L gGQE?atlen
“‘wﬁglq i e amﬁlT 669 0,6941) it is pomsible that

3 e{‘;m on wam 4.1165:{’ fac L,LVO -

The Qo8 para eaunt% 0; Lhe Tast iaaiaﬁaa~weraiv9

w&er hﬁn those . of 1sa7aﬁo% Wlnﬂ a

wild bype gfawth~raﬁe‘an& f@f'ﬁh@ slow selection line,
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counts izeziaééd with prégrgssive generations of
selection., The increase in Ffertility over generations
cannot be correlated Wiﬁh‘@@l@@ﬁiﬂn for growth yate
as %her@ was no rvesponse 0 selectlon apart from ﬁhé
eétéblishmeﬂ% of the Tast variémﬁ. Therefore if the
chamge waﬁ_iﬁAfactgréalrit must have been du@'toAsom@:
othérﬂeauség vﬁliiott (1972) found that oéépore counts
gradually decreased when Pl.cactorun (strain 1ML 21168)
was maintained by repeated suboulturing on WM over a
period of 16 months, while the same strain stored in
onefaunee boﬁﬁlaé‘ém a. eompleterrnedivm remaiaed Tertile.
An explanation eomnzﬁ&blp with both the results of
Elliott and tho%o>of 5eloubxon PYDGfiMﬁﬂbm *he?efofe
eaﬂnct be oune bnseﬂ merely on the state of @Powth of
the fungus (aetive growth during vepeated suboulturing
and quiescent growth during S%Orage§¢ Alternatively,
changes in fertllity could he dependant upon the natuve
Qf‘thﬁ mediuvm om,which the fungus is grown. In both
ingtonces o decline in fertility was sssociated with
maintenance on MM, v while the higher levels of fertility
were recorded for strain 1ML 21168 stored on a complete
medivm and strein P94 subcultured on a variety of media
(Puia , PA,SMA and M) auring the course of the Saiection
experimentse

The fast varient differed from the wild type in
growth rate and fertility, It wes phenotypically

n

stable on ZOOSPOTE @?omogatlcn and 1Ahev1teé Q NON~
o A
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Mendelian fashion through two geﬁar&tynna‘cf selfing"
Some Ges@arélﬁrmgenies were twniformly TLast, while
others segregated into fost, and uwnsitsble non-Ffast
single oaaparé cultures. In these respects 1t is
intevesting to compare the fast verdiant with some of
the =moogpore variants obtain@ﬂ'by.Shaw‘(l965)i Among
Qingle ﬁQGéPO?émelﬁmfeﬁvﬂf a ﬁtrepﬁamyggﬁ dependent

isolate of Pycagtorvm (straia 1M1 21168) Shaw observed

segregation for several distincet morphological types.
One class of phenotype, which Shaw tormed 'kt type,
resembled the fast variant of P94 in not sectoring and
having a growth rate approximately twice thet of the
wild types It.hﬁwevﬁ@ povsistently segregated for k
and wild type colonies on zoaﬁpafe and 0OsPOYe
propogation. This led Shaw t0 éoncluaa that k was
probably cytaylasmieally_ﬂet@rmiﬁé@. He also obtained
a gtrepbomyein ?aﬁistan% {(87) isolate, which in its
patbern of inharitaaea more closely resenbled the Ffost.
variant of P94, Serr@&»ﬁraa gn'zaeapare prépugationﬁ
Sa#ual pffepring of Sy werve 1arg@;y Bry bud a few grew
ét‘fifa% pémrly on all concentrations of sitreptonycin,
becoming typically Sy later. In the absence of known
nuclesr morkers, 1t was not possible Tor Shaw to
distingulish eyfuplaamie from nuelear determination in
this instance.

Io previous studies on variation in Phytophthors,

and particulerly in Peinfoslons (Jeffrey,dinks snd

Grindle,1963; Paxman,1963;Caten and Jinks,1963;Upshall,



. i 3G

1969(a), () ;Caten,1970,197L), it has not been possible
+

[w]

distinguish botween nuelear snd cytoplasmic
variation by performing s sexusl anelysis. In this

selfed progenies

&ﬁﬁﬁy on Peoaclorum, the analysis of
prgvi@edza~gaﬁi&f&eﬁﬂryAm@éns~§£&diﬁﬁimgﬁi$hing
cytoplasmia ffem nﬁglsav d@tarmiﬁaﬁian in the case of
thé‘fﬂﬁﬁ va@iaﬂﬁg’ An explenation based on o single
&omihanﬁ-muﬁaﬁiaﬁlwaﬁ*&isaamﬁtaéﬁhy aa&p&riﬂg the
observed patitern Gf“inaafiﬁaﬂcéiwith thath expacted for
o Aitoid Q?ganiSm,v Tarthar, ﬂn»explana%iﬁn’for the -
fast varient based on mitotlic recombination wag
éiﬁgauﬂteﬁ-hy‘@oﬁ@aring the fagt varisad with the
~phenotypes Gf{singl@.éasparé'aﬁltureg derived from the
wild~$y§g P94 . ‘Th&f@fﬁ?&‘a$ the inheritance of the
fast phenotype iﬁjnsﬁ\ﬁygidally M@nﬁalia.,-th@ simplest

1
explanation is one based on cyloplasmic debterminants.



Chapter 4« Sexual Verdation
Poxrt T Introduetion

Sexual progeﬂleﬂ of wi za type isnl&tes of haploid
'fmn#x @it&ﬂ,QXA bat variaﬁicﬂ fer ﬁrawﬁh rate in
culﬁurs; Tﬁe inézvaﬂual Gf a famxly aavally giffer
.ffam one wncth@r to a gr@ater cr~1@ sex'exﬁent and
eemhla@ Lo fo rm a eantlnusus, ﬂormal @1 trwbv%wan Toxr

‘ rawﬁh f&t@w SinW1e @scoapewe eulﬁures ef Veursapora

cruera (Eﬁpa,ﬁrb 1& Eedererflﬂéﬁ) and, Awﬁﬁrglllbﬂ
midulans (Jinks,caten,ﬁinehen end Croft,1966) and

single basgi ﬁlespara cultures of § ehmzaphvllum LONmUNe

-(Sanchcn,l@ﬁﬁ(a)) and Collybis ?@1&%1?98 (Grafﬁ and

Sinchen,1965) exhablt thisg kind of wvar ion Lo growth
‘.rate@ The sezxual progenies of thaec four apecles were
obtained from cvos GEOR between &1ffaxant wild type

‘ isola%@s,’and the varia%ism in growth rate was shown H0
reaait lnrae v from thc recombinetion of nuecleayr genes
for which the pavents differed. The continuous range
af,vériatiaﬂﬁwithin one faully resulted from the
combined effects of several of more segregating locis
Thevefore growth rate in these f@ngi ig &termined by a
vumber of genes of similar effect,i.c. growth rate is
mder palyg&nié canﬁr@lg _Gpntraaﬁing with crossed
progenies, the selfed @&@g@mieﬂvaf haalcid fungl ave

eampe*od ai und¢v1ﬂ.ml$ of uniform growth rata.
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Ascospore culisures derived Trom homalaryotic myeelium

of Aspersillug elouvcus (lMather and Jinks, 1956) or .

Aenidulang (Jlﬂkﬁ Catan,k inchen and CGroft,1966) by

selfing do mot exhibit variation foxr growth rate. The
zygote iﬁ?thege instances vesilis from the fusion of
wwo ddentical gesmetic nuclel., Zheyefore all the
ageospores of one familynd@rive@ by selfing will be
genetically same. Aldermatively, duv a diploid
fungus, selfing may resuld iﬁ genetic vaviation bubWOGﬂ
offepring if +the dip 'ia.lc‘i nueled of the parent ave
heterosygous h loci thet determine growth Tat0.
Genetic rocombination wilkl cceur af welosis eond the
selfed offspring. will conseguently @\hihl% variation.
Béﬁca&(l@?@) made use of these diffevent expectations
(1:0. .that selfed ﬁraronwea of a haploid ovganism will
be wiform and that selfed progenies of a divloid
oORg : lem way bo ariohle) 40 obtain evidence to SUPPOLG
a theory of dipleidy for the nomemamio» svecics,

Pegyvingac. From o single 5008pove isolate of +the

Gyeﬁieﬁihﬁ'ﬂhﬁﬁlﬁﬁﬂ thyee cospore progenies and three
HO08DOVEe p“Oﬁbﬂleq and 6etefm4n0& chelr growth rates.
In every inam%nv@ the 00gpore progenles were mare

variable than the ﬁGOQQOfC progenies. Presumably the.

igolate of Pesyring 728 was d:ploaﬁ and hetevosygous alb
loci conijrolling growih rate. Although the experiments

performed by Boceag were.rather limited, they were the

fivst of their kind on Fhytophthora asnd demonstrate



that it is u@ﬁﬁlbl@ o gareyy oul & sexual. anelysis éf
,qﬁan%iﬁative variaﬁiom in &he genud.
Pr@m Lh@ dﬁ%lXStE of sexual pﬁav@nies,af wild type
'Qlatcs ef a. aumber 0f higher fungl, evidence of
pnly’@nAe eonﬁral or a v&*acty of characters has

emergeds &q&e%p@r& Lengd £h in ﬂ@ara pore crasss 18 @

yapriable &hﬂ“’@??? warah is lawg eLy‘@Dt@Tuxnwﬂ by
nualear genes, whioh e&hm% A I i&&ﬂe TPl&%?ﬂﬂﬁlij
,(gmﬁ&m%n;1§?b9w 593 Pateman and L@egi@éﬂ*&@eleEQQLa@
and Pateman, 1959, 1961 Y 3&1@leﬁﬁ for fast and slow
growth rete and oromses between selected 1 ines has
ﬂamomm%raeeﬁ that growth rate in ﬁ,cﬂns JENR uder
polygenic QQ&@?&l.QP&p&gSKb and Eéé&r& »51966,1967; Papa,
1970,1971(a), (b)}@f Growth rate in Asvergillim nidulons

ig; §inilar y &etcrmlnmd (Jznsm,c t@n, imchon and Qrafﬁ,'
‘lgﬁﬁﬂﬁn%eho ,1969}. Palyg&mme POﬂbLGT of the. growth

T&ﬂ* of QOﬂDL&?yQth mJ?sL¢um hﬁm btéﬂ demonsbrated fov

.tﬁf Posidionycoten, ﬁllyﬁaa-Véluﬁ*@aﬁ*{Gr@ft and

\Ssmeh@ﬂgi9633 a@@ Schl?aﬂhylium commine {B8imchen, ] 1966

(a); Lcaally and 31ﬁﬁh&ﬁ§1968}g In Sieamm&ﬁég selection
Tor &;mﬁ and slow ¢ ?QW&R rate vesulbaé in & rapldd
weé@em&e in béth dlreetlons ond in the fast line this
wos accompanicd by a decline in Lha genetic varisncos
'ﬂQﬁQVGﬁg'iﬁ_$h@iﬁlgw line, after the response 10
ael@stiﬂn ha@,e@asmﬁ,vthera’ﬁtil;‘fe&aineﬁ considerable
variation bOuW@‘E cultiresy Thié n§h%&6ritahl@ ?ariaﬁiu

on was probably bfgaytaplmsmie origin (Genally and



Siméh@m,i968)m. The growth rete of dikaryetic mycelivm

and certain Lrulting choraeters in‘Schiﬁanhyggnm‘

cammun@’(Simchaﬂ and Jink3;1964;Simebeﬁ 1966(b) 1967)

nd in Collybis velutln@ﬂ {Grait and bimchoﬂ,196§) are

also vnder polygenic eom trole

7 In higher plants and the GX&M@i@SACiﬁ@ﬂ abﬁveL
-pon-nuclear effeets usuvally contribube very little o
the,?ariafiéﬁ«betweem seiually prgéucéé cffépringi ot
Aby férthe_gﬁeategt congequence are those effects due
'tn ﬁuele&r Y clciain Ey @@rformiﬂg th@ appropriate
cerogsses 1t is pOS3lble H0 qeﬁwTﬂte the genetic veriance
inbo eom@@ﬂentg‘ﬁuarte~nun~allelzc interactions and
dominance and addlitive effects. This has been done for

the growth vate of Aspergillus nidulens (Jinks,Caten,

Simﬁh@nfam& Gfafﬁf1966;ﬁat@her,1969).and th@ grewth rat:

of Neurogspors, cra i5g. (Pap2,1970)e In both instences the

gravuh rate Varisnce woes founﬁ 0o be due 1la r@ely $0
nenﬁallelie interactions although small additive effects
were detecteds Theve ave umfortuuns: telly no comparable
data for the growih rate of moanckaryotic mycelium im
e¢ither Schizophyllum 6r Collybia« Variation in the
gréWth rate of dikaryons and in fruiting in S.commune
(Simchen and Jinka,lQG&;Simchen,1966(b)Q and in

Csvelubipes (Simchen,lgéﬁ)'was found 0 be due almost

entively to dominance asnd additive effeets. In
S.eemmuna;-ﬁmall‘nsnwailelic interactions were dotectoed
fsr frultlng characters (Slmchgn,l966(b)) and 4ho

_:“fOW%h wﬂte of dlkaryOﬁs in ex msec bemwoen atwalns



obtained from diffevent populaiions (Simchen ;1967 }«
An vnderstanding of the. genetie mechaniems
involved in the ﬁ@terminatioﬁ'af Qmaﬁtitativg traits
is partieularly importent to the plant or animel breeder
who seeks bo ;m§§QV@ economically desivable chargelors.
However, animals and highey plents ere dechnically and
cenoticelly less suiteble for studies of quentitative
g@naﬁiés‘%haﬁ are micro~organisnss Fripp andVCaten‘
(;97;} gointea out that Sgeammnge may prove very useful
in. deriving ﬁ@om@ﬁriéal priniples apglieable to diploid
arganismg,.@Qrﬁié&larlykhighﬁr’plautﬁg 'In Sueqmmgggfﬁhe
apsocinted pair of haﬁloid nueled in each cell of +the
dikaryotic myceliuvm appear to determine the @hgnaﬁype
in a way similer tb that expeeted of diploid nﬂcleig
Althouzh the genetics of Phytophthors ave loss well
underatood then the geneties of Schimphyllum, the
vegetative mycelivm of Phytbophthors is digdmiid,
Therefore studies of guentitative genetics in Phytoph-
thora may yield biéma%rieal @rinﬁipi@s of more
general a@plieatian 0 diploid organisms than ebuld be
expectoed o result from studies on Schizophyllum,

Sexval variation in. atrein P94 of P.cactorum hag

been studied by selecting for fast and slow growth rate
over seven generations of oospore propogation, Limited
atudies of gexual variation in sﬁr&ih P205 of

Eacaciorum have 2180 b@emcqrriadjoﬁt¢ Ag the degree of

inbreeding in the sexusl selection experiments is high,



.

the variatiaﬁ between oospore culiures within fomilies
is éxPecﬁed Lo éeéraaﬁ@ with progressive gén@r&ﬁ@@ng
“of éelectionw If,(i) there are neicyﬁeplaamic effeots,
(ii) the gones controlling growith rate are unlinked and
(iii) all genotypes are egually viaeble, then the level
0f hetevomygosity will decrease by half for each
ganevation of selfinge. Consoeguently the genetic variguece
will decrease by hali for each generation and the.
Tesponse Lo seleetion will be gradual end will decline
towards an upper limit as completo hnmozygoaity is
approached (Bast and Jones,l91l9ilerner,1958). Tven if
the three conditions mentioned mbove are not fulfilled,
the levell of heterqzygaaity cannot reasonably bhe
expectod ﬁo incresse during inbre@&ingw Failure of any
of these conditions may influence the resulits obibained
from & selection experiments. Cytoplasmic offects moy
result in greater variation between individuvwals within
familiese During selection for slow growth rate in

Sehisophyllum commune & high genetic variance was

maintained wiﬁhout s response Ho Selee%ianq Hoxim
heritable variation in this instance was'thgught 0 be
due o cytoplasmic effects (Simchen,l966(a);iConolly and
Siuchen,1968) . Glose linkage hetween heterosygous loei
conbrolling grev{h‘réte may ecn&er&e gonetie variability
unﬁi; such linkages are.hfak@n; These linkoges will he
broken infrequently and during the course of selection
will wesult in sporadic incresses in the genstie

varisnce (Sismandis,l1942;lather and Harrison,1949;
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[l

Pape,Srh end Fe&erer,l%@é)g Differential vi&bi1 v
may vesult in, only thaﬁé‘indivi&aals pasessing}ce?tain
genotypes reaching matvrity and therefore being
aubjected o selecetions In §a5ticmlar, heterozygotes
way preferventially survive o m&turluy A Lermer, 95%}:
Homonysotes olien @xhib;h “a@t&reﬁ Ql lnhr@eémn ;
'ﬁéyr@%ﬁi@n'guchra& 6e%evlaxat.ﬁn of chﬁrsetcrs mnﬁﬂﬁl‘
ateﬁfwithrfiﬁnﬁﬂa; iﬁﬁﬁ 3h3§aG@@T$%§$$Qﬁi&ﬁ@§ with

»

?@?fg?ﬁ@tgge GRpECL yg Ehe ﬁﬁp@flﬂﬁ‘ﬁgﬁbl3xﬁy ef
» h@ﬁg@g@&g@ﬁ@siaauld r@&ult-1nw$he”canﬁervaﬁ&an 9¢
genetic X Mr¢sbilxty aur;qg mh& eauram Qf_lﬁbf@@ﬂlﬂ“
and seleclion, A further cons equsaae ﬁfslﬁbrO%dan
depression ney be aﬁm 1&@?@& 8 4in the phenotypic
“oF geveiopmeny

V&TL&R&@ wagulbﬁn@ frem poor eaaa1¢ &t&c%( However
such variation is of ﬁﬁ% irormental origin and mey be
dotectod as the ¢ differonce hotweon donal isolates
{Teroer, 1954 }e . |

The effect of inmbreeding deprsssion upon fertility
has EQ@E<inveéfigaﬁeﬂ[hy p@rf0ﬁming QOB POTE géumts‘
em‘reprssan%ﬁxiva iﬂ@l&ﬁﬁﬁ-ﬁf-the sexual selection
exporiment on strain P, - Fortility is & fitness
eharéct@r~and nay ba,axp&sﬁeu to deteriorate during

inbroeding and selevlbione .

Part IT R@sulﬁm af‘seleculmn for grcwth rnhe

in %trﬁln 994

Seven ge nerwtl@ns of sexual- ﬁbl@@blﬂn Tor fast

and slow g*owth rate of tfa;a P94 were cavried oute.




Freguency distribution o¥ the resultbs of

selection Tor fosh snd slow gvowth Tate vi
cospoTe propogabion. The individuals @
solected as porents for subsequedt =
gg@gg?p;§1§féfe“ﬁﬁﬁiddﬁe&; :

: i ! [
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Bach femily consisted of twenty single oospore cultures
on which duplicate growth rate determinations were made
(Appénaix If)e The graﬁth rate meaaurémem%s obtained
are illuﬁtré%eﬁ in‘Fig£9@ Each wnit area reprosents
%h@ mean value of the two repliceite debterminations for
gach individualy Trom all femilies except S5 and 506,
the fastest (or slowest) single oospore culture was
seleefed as the par@n% foxr the nexlt generation of the
lines Due o iﬂcreaﬁing infertility in-the slow line,
the second slowest oospore culture wes selected from
family S5 and the third slowest was saelected from
Tamlly S50, »
| Comparing Fig»4. for ZOOBPOTE progenies with
Iige9 for ocospore progenies, it is clear that cospore
propogation releases greateor variatibn than. s00spere
propogation. Frdm thé analysis of varisnce of each
family of the sexual selection experiment it was Found
that the V&Piatiﬂnvﬁ@tw@éﬂ‘OﬁﬁpOFGS was highly
signifieént (0.1%) in every instance (table 54) ~mhe
conmparable anaiysiﬁ of moospore families (lable 2.)
éét@cteé variatioﬁ between zoospores at this level of
&ignifiganee on only two occasions,

~ Duiing whe9inveatigafién of agexunl veridation in
gbrain P94 (Ch&pter 3.) evidence w&s obtained thait
indicated that the wild type isolate of strein P94 was
heterokeryotic for growbth rate. Significent
vaviation was detected bhetween Tired generation

zoospore culbures and second generation ZOOBPOTE



ERROR DETWEEN O0SPORES

vaminy  ae o owms ¢ tag o owms '
Pirst o ‘ ‘ .

generation | 19 0.0072. | 19 040336%%:
e 19 | 0,006 | 19 | 0.0008%#x
T3 | 14 | 0,0018 | 19 | 0.0211%#x
¥4 19 0,0107 | 18 | 0.4072%:#x

P5 - ‘ 19 040515 | 19| 0.3120%%%
6 |19 0.0L75 | 19 1;-:23@3%**‘
7 | 20 04,0075 | 19 | 0.1537%x#
. B2 | 19 00046  18 ’ L0¢0§81**%
83 | 18 | 0.0002 19 0.0286%%%
s4 | 26 | o.0004 | 19 | o0,0776%x%
S5 19 | 0.0009 | 19 | 0,2105%%
86 20 0.,0042 19 0 1T46% e
87 19 0,0124 | 19 04 29505 %%

Table 5, Analysis of veriance of the fenmilies

of the sexual selection experiments

x%%  (0,1% level of signifiBance



A

famili@s_diﬁfaraﬂ in mean grow%h.rat®§ If the wild
type of PY4 wag heberokaryotic then the varietion
between first generatlion o0spore cultures would result
from the éombined efﬁeéﬁs of recombinatlon between and
within the components pf the hﬂﬁerokaryanf The |
_eatimaﬁed varianea betwesn fivet genevation ovspore
cultures was 040135 and the estimated variance between
| fivel generation z00spore cultures was 0.0041y The
greater variaﬁion.hatwaen oospore culfures than between
zoospore culturgs indicates that at least some of the
nuclei of the wild éype iﬁélate of P94 were hetero=—
zysous Ffor growth rate, To fest whether or not nucled
of the wild type were heterozygovs ’ twenty single
oospore cuikitures were obltalined from a single zoospore
isolate of PY4 and thelr growth vates determined in
Guplicates The énalysis of variance of the growbh
rates detected significant variation belween oospore

cultuves at the 2% level,

ITEM | 88 |af| .mMS  |VARIANCE RATIO
Betweon '

Oospores | 0,2273 |19] 0,0120 11.61 significant at 29

Error | 0,1482 {20 0.0074

The estinated variance bebtween oospore culiures was
040023, . As expeched this value is smeller than the
eatimated. variance obtained £rom oospore cultures
derived &irectly~from the wild type imolate of setrain

P94, Therefore the wild type isolate of P94 wes prob-

ably heterokaryotic and atl least some of The component



1.6 -

1.“" -

1.2 -

0.8 -

Growth rate (mm/day).

0.“" -

0.2

X 0.0 u

; Generation of selection,

FIG.10g-DIFFERENCE IN MEAN GROWTH RATE OF FAST AND SLOW FAMILIES OF EACH
R

GENERATION OF THE SEXUAL SELECTION LINES.



nueclel were hetevoszygous at loci that determine
growbh rate. Hetsrkeryosis is unlikely t& be a
souvee of varistion in generations of edlection

subsequent to the first~generaﬁion;a$ the cospoves of

P.cagtorym are uninucleat@ (Biackwall,l943(a)j;'

, If for each g@ﬁ&ratlan of both selection lines
there exists significant variation between 008 POYE
cultures, then - the %sQQﬁm@e $o eelection should be
wra&val'snﬂ positive in bathkﬁlrestienQ. There waé
ﬂOW@Vﬁf considerable eavirommental variation between
generations and this obBacured the response 10 Sﬁlée%ian
in individusl liness As foet and slow families of
sach ganeration weve measured in one experiment, the
‘reapénse can be illustrated in terms of the difference
betweﬁn‘xa snd slow family wesns, The determination
of the toﬁal respﬂﬁs@ in this way greatly reduces the
environmental varifition between @@n@ra%ionﬁ of selééﬁian
,(Eaieﬂmﬁr,l§60,p198agaal» The bﬂﬁ 1 response when
~plotted against the generation of selection wss found

o 1ncrease(graﬁually (Fig410.)e The total response

was initially small but in later generations of seleGtm
Jdon it was 1argeg _

| To determine WhotL@r 01 . n0T a response had cceouryw
ed_iﬁ"bﬂfh selection lines the growth rates ol cullures
sei@eﬁéé‘frum each Tamily and uqe@‘as parents for the
next w@newabwaﬂ were dahormined in one QXDOE&&ER%.‘
Th@ par&n%s had been stored in one ounes bottles on MM

since the time of their isﬁlation$ Tnnocoulum was
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removed From bhe h@%ties and fivefre@licaﬁe.gfcwth
rate determinations ebﬁ&imed for each parent.  In
Tigell. Bhe mean growil rate Qf~éa¢h parent has been
plotited ageinst thé generation af”?@lec%ien~fr0m -
which it wes obtained. The response in terms of
parentel growbh rates was Qbﬁﬂﬁﬁ@& o be positive
for both the fast and slow seléetién liness This
wag particulerly evident if only Lhesa parenﬁﬂ
seleacted from eﬂeratlonﬁ 1,2 3,1&& 4 were dons 1ﬂ@§ed§
 Th@ mean growth rates of the padsuts selected fﬁgm
families F5 and FO were lawef'%hamAmight have Dbeen
expected énd those of the porents velected from
fomilies S5 and 56 weve higher then expecited. It is
possible that the ﬁf&wth-ﬁ&t@ﬁ of these four parents
had a1bmfeﬁ during storvege in one ounce bottles.
From & plot of the overall wosponse agoinst the
accunvlet eé gelection differedtial, the realised
heritablility of the seleebion experiment was calculated
(Folconer,1960, poaO?*203)¢ The selection &Li¢erent1a1
iﬁ‘th@ difference between the growth rate of the
individuel selected as the parent for tﬁ@ nexs.
generation and the mean growth wvate of the Lfamily of
which it was a member, The accumulated selection
,dlffcrﬁnti&l is the sum of selection differentiels
fowx all the - ganefqtlang. The rasponse is the increase
.(oﬁ d@erease) in ﬁh@ Ffamily mean with incressing

genervations of selectlion. The realised heritability
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is equal Lo the regression»eceffieient of the respouse
on the accumulsated selection diff@r@ntial‘ If +the

mean growth rate of cach family is identieal to its
parents growth rate then the chavecter is comoletlely
hevitable and the curve will be lineay with a slope of
one. To reduce the;anviranmeﬁtal variation belween
genérationav'fh@‘raspaﬁs@'and the'aeeumulaﬁed gelection
diffevential was summed For fast and slow femilies of
each generatiaﬁ (Simchen,1966 (a))§ The accumuleted
selection differential was plotted agzinst the response
for @achigeneratien and a realised heritabiliﬁy of
04206 % 0,050 obtained (Figil2). This value is “he
mean of the fast and slow seleetion lines and

indicates that overall, apoyroximately 27.0 psrcent of
the variation between oospore cultures was heritable,
while th§ remaihﬁ@r was non-heritable. -

As mentioned above, in every gencration of
selaction the variation between oospore culbuves wag.
algnificant compared with re@liea%es of +the same cultbuves
and thus there was genetic variation in the population.
It is obvious from Fig.9 and Table 5 that the variation
between de&pore culbures within families iner@aﬁéd'with
incrensing generations of selection. TFrom the growth
BHate data of each fémilyp »Stimatéﬁ of the vayiance
between oospore eultures 652%) and the error variance
662é) were obtainéﬂw ﬁh@me values are presented in
Pable 6 and Fig.1l3. Throughout. the course of selection

'gae-remaiﬂeﬁ small for both lines and did not alier.



MEAT , CAge
7 ’Eﬁe ’%gh

FANILY  GROWDH RATE
“TIIST :
generation 2+037 | 0?0072 .950135
T F2 | 1.606 0.0016 | 0.0042
r3 1.685 040018 0.0114
F4 1.478 | 0.0107 | -0.1962
5 - 2.002 0,0515 0.1337
16 20160 | 0,0175 | 0.6223
BT 2,961 | 0.0075 | 0.0731
sz 1,583 | 0.0046 | 0,0267
83 | 1.538 0 | 0.0002, | 0.0149"
54 1.292 | oﬁda44§ 6.0385
55 1.464 | G,0009° | 0,0562
56 1.502 . | 0.0042; | 0O.p0652
87 L.472 0,024 041450

Table 0.

Estimates of the varlence between

ceapére culﬁmraé~(g2b) and the

error variance ( ae)ifﬂr each Yamily

of the sextial selection experiments
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over generallons. <6 b Foy Tamilies of the sl w Lin
&nﬂwea ed graéually over the seven generations of -

@1eeﬁion. @@rxﬁhe fast lmﬂedg?b zncrev ad wapldly
DVGP‘bﬂS fivst six genew3t10ﬂ of aelaetlon but fwom the
s@vewth Pencwzt¢on (Pamily P7) a low value was
‘6btainadu This corresponds with the growth ﬁiatribn%i@n
of F7 illustrated in Fige9. Nost of tho individual

oospore culijures oF family F7 had a fest growbth rates

&

2

Cdn iact they had the charveciters. of the fast varian
encountered during the asexual selection exparimgﬁt

(Figed)s

=

t hes been avrgied in Chapter 3 that a2 change 1o
a uniiolm.faﬁt‘growth rate is under cytoplasmic control.
This view is boXrne out by & re-examination ol 0080070
familiea~ﬂ4,ﬁ5 and Fé. Like I'7 a propoxtion of the
ocompere cultures of the previous genevation,¥F6, also
had a growth rate similer bo thet of the gy toplasmic
fast variont (see Figed)e It is possibly that ian
famz_y 6 the offspring he é segregated inbo fast aﬂﬁ
non~fast types and the ﬁ@l@@%ion of a Ffast o 1itvf@§ as
thefparenﬁ 0% ‘the next g@ﬂaratacn,had rasulied in
family F7 being lavgely faostbs Shaw and Elliott (1968)
found that the pattern of s@gregaﬁion for a
cytoplesnically. determined mGthﬂiogiuﬁi character

in a strain of P‘cﬁcsarvm aibﬁred Gqunu mtnr@"o of

the strain. - At ser qtor 86 ab 3 ¢ mu”@ mnﬁohaloﬂwcal

S

segreganta appeared among zo0spore progenies than were



;

N

Wl
7

obitained hefove storagé. It segﬁegatiou For =
eyt@plcsmically de%ermin@d,faaﬁ‘grewﬁh rate had occurrved
in family F6 and possibly previous generations of the
Tagt line, tvhen when these oospore fawillies are obbained
from aroreck wleriod |
fpr a segond timekﬁheir pattern of segregation might
éiff@? Tyrom that of~ﬁhe«fifst?deca310na Consequently,
innaculumjaf the parentg*cf families F4,F5, and F6 wae
taken From the Oﬂe.ounée-baﬁﬁleﬁain\Which the isclates
had b@en,sﬁar@dcmwﬁacnumﬁef%of“gingla'oosﬁox@ cultures
obt&ineﬁlframfeachff,mwaogré&th rate determinetions
wero pevformed on the~indiviﬂuﬁ15;of each of Tthe thiee

> %

Ffamilies,  The mean grawth:rateé of the individuals of
the three families oblained on the firved and the
second ocecasion are illugitrated in Figeld, The
estinated variances bétw@en vpospore cultures within

families were i

| iéfggb

FAMILY | RIRST OCCASION | SECOND OGCASION

¥4 041982 ’ 045019
PS5 0.1337 044132
6 0.6223 . 040088

There was no marked difference in the growith rete
variance of fawmilies P4 and PS5 hetween the first and
second occasions However, Family 6 which had a high .

variance on the Tirst oceasion, had & low variance on



Prequency distribubion of oospore families
14,75,F6 and ocospore fomilies oblainsd

from the same pavents at o. later dates
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F4 measured 14:10-72
F4 measured 8-5-73

VS

F5, measured 111272
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F5, measured 8:5-73

F6, measured 27-1-73

F6, measured 8:5:73 .._‘
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the second occasions The single oospore culituves of
6 obbained on the second occasion all had growth ratbes .
similar to that of . the cyﬁpplasmic fé&t variant. I
the varlation betwsen 0osp0ve éulﬁureﬁ of family PO
was due solely to the segregation of nuclear genes then
all progenies obbained Lrom bthe . nar&a% of thie Tamily.
should be simdilars. Thet the two progenies. obbained
difTeread $O‘mar§@dly‘sug§esﬁs thab the fast growih vate
was eytoplasmionlly determineds

‘Segregation IQf a ?yLuolabmlemlly determined Tast
grqﬁth rate wihl account fow a greater part of the var-
iaﬁienilnlfamily FS and wiil explain the response o
selection in family'F', but will not @xplaiﬁ the
behaviour of othérgfaniiies of tHe mexual. selection
exporiments Iﬁ both Lines the variance hbiwacu O0RDOYTE
cultures within families increased with lucressing
genevatlions of inbreeding and selection. This differs
ffom the expecled rosulls of‘inbreadinb and selection
%ﬁat have been discussed in the introduction bo this
chaplers In the simplest situsition where variabion
r@su&tﬁ‘frsﬁ independant reopmbinaﬁi@n of uuclear genes
the variabiiity;af progenies is expeéted 1o decrcase by
half for each generation of inbreedings. A depariure
$rom‘this expectation is not unusual ag in many selegtbion
exp@riﬁ@ntm the gdenetic verisnce has remained consbant
{Cooper, LQ}9 imeh@n 1966(a); Gonﬂolly and Simechen,1968)
and in others uh@.gen@tle varlance haa‘actually increagsed

with selection and imbreeaing {Falconer,1955sRobertson



and], Fooe

and Resve,l9523Claylon snd Robertson,laB7;C0layton,

ﬂcfﬁiS\ﬁnd Robertson,k957)« - Thewe are several factor

that couwld r&ault in an increase in variability.

durding inbyreeding, Poor cznalisavion due o

in~brecding depression may result in greatey variability
of envivommental ovrigin (Levner,l9%4). However this is
an walikely cause.of the cbserved iunerease in verdation
as the >st1maueﬂ error variance vemained constant

Laravghaut ‘the eoarqe of selsciion. Increased varishility

Ay et u_t from. the breakage of bight Llinksges between

f's

1oai hetevozygous fov growth rates. However such evends
are ususlly infreouent (Sismenidis,l042sllather and
Harrison,1949; P 39,1966) pnd therefore could nob
satisfactorily agcount for th@.observe& incresse in
Wﬂf&ﬁhllJLy whiech was graduval and oecuryred in both
selection lines. If however, the heterosygous loci in
the wild type isolate. of strvain P94 differ in the

rmzummGoitvaeﬂhetwmngﬁmﬁwmmo?tmm

lJﬂka ge may account for the observed gra&u&l ineresse
in V&Glabill+ Bumpose that thewe are a small ﬁumber

of loci having major effects @aa a polectbive udvanEGWﬁ
as heterogygotbes and that these 7u04 are linked to g
large number of loeci with small but opposite efficet
upan growsh rate. I the alleles of small bul copvosing:
eifect sre graaually jeliminatbed énring the course of
selection, then the lodi of major effect {which have

remained hebterozygous) will become increasingly more



) e

expresgive,. As & oavqequ@qee the genetic vavriance
will appear to 1nt@&m@ during inbreeding aﬂé selection
A Turther enpla pion is that the incr@ased variability
resplied from cybaplasmle effectey Malntenance of

variability in ilﬂ@& of Sah¢g§w§yilum commune selected

for slow growth r“%a probably foqulaaa Trom
t ?yhﬁplﬁ%ﬂlﬁ varz%tlam (mimghen, QGG(Q) Gonolly and
\olﬁ&b&ﬁ,lQﬁS}g “Th@ poﬁmlbmlLf& *ha““hhe eyhanL ) was
f@SFQﬂwlbl@,@ﬁ laaqt 1ﬂ p@rt, for the 1ﬂcfaa* ad
Varlabmlzty duflﬁr the @e&val WQ3$@ﬁLUE expvr;meni

Was stuﬁieé 1n deﬁaml, | o

Gne maanﬁ by whlcﬁ the evtmplasm.vauld he

1mp11€dtgd a eauﬁg a* v&r¢a*ﬂaa heﬁween 008POYe
cuA%ure "au&dvba to compere the oospore progenies of
the & elea on experimenty with zoospore progenies
a@riVed from the samne parentss In insltances where the
patenty were heﬁar&plasﬂlc, GQSQOTG and zoospore
@fégegiea maey he‘%xp@ct@ﬂ 40 segregate similarly. .
Iﬁﬁ&éulum was btalken Trom the one ounce bhobtles in
: of Hre nmelechon expedment
which the thiytes ﬂ.p&rﬁﬂtﬂkh&ﬂ been g stored, and from
gaech a samyle“wﬁ Eé”w-,ale;zegépmre ouliures was
obtaiﬁéai The é@&sﬁﬁre‘pfeganiaa wore termed 52,12,83,
T3 eteo. %OkGOfrﬁﬁpﬁnd wiith the oospore familiag derived
from the same pﬁr@mtsf Duringatﬁ@ eourse‘af the
vxxparxmﬁub y BOOSDOYE progenies S2, b@, and I'5 -were logt

as o result of éﬁﬁﬁ&miﬂathﬂ@ Th@ vyewth ratés. of the

“4 individuale e£ ‘the rem&vnlng 10 pfeﬂeni

determincd in a single experiment (Appendix 3). The
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growth rate of the parvent of sach femily was also
determined in the sane experiment. Due to the large

sige of the experiment only & single growth rate

L=
V-

deternination was wperformed on each individual. The
growth rate ﬂistributiun of the laizaoéyara,prag@nies
i@ illustrated in FigelS« The positions of the arrvows
in Pig.l5 indicate the growbh rateé Qﬁt&imea Tor tﬁe
paxéﬂ$ ijéa@h Tamnily. 4 discontiuvous distribution was
d@%@&téé‘f@r two of the ten families. Tamily S7
aegragat@a 5:16 and fanily 4 ssegregated 19%5 for a
Cdifference in growith raltow FQf‘%eﬁh families there
Were no inﬁermediatéslbeﬁween %he fagt =nd the slow
grc@img single moospore cultures. Golonies of the fast
and slow ssgrégaﬂﬁa of family 57 were morvholegiceally
similer, but the segregants of fauily P4 differed.
Faﬁtsgrowing zoogpore cultures of family P4 produced
ccm@aet-my@éliﬂm,twﬁilé the slow growing zoospore
eulturesvQr@&ugaﬂ:&iffuse mycoeliuvmy ) '

S&gé@gaﬁién of the zoospoyre families S? and M4 was
m@@t pfobahlﬁ the result of segregation of cytoplasmic
&eferminants, butl it ig also pogsible that the parents
of these families bhad become heterokeryotic duvring
-storage ond therefore the disgontinuonsg &isﬁ?ibutiﬂn
Gf.ﬁhﬂ growth rates of the fonilies wag the result of
s@gr&gatiaﬁ of ﬁh& components of a h@térekafyan@
Second generatlion zoospove Progenies were vaised 1o

distinguish these two possibilities.

3
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Zoaoporc progenies were obitalned Trom six individuals
of. geepo famUy 87 amd five ndlviduais
of zoospore family. Fﬂ and classified according o the

fast and slow phenﬂnypeﬁ of the family fwom which they

were derived (Tabl@?). Among these 11 second generation

Z008pore progenles ﬁa new‘ph@ngtypeé were obsarv&d&

Some of the second gener Ltlon ZOUSPOTE pProgenies

segregated while Gther dld not,_» segregation of the

components of & heterokaryon would not be expected to

9ersist'thré§gh twe generaﬁions of zo0spOre Propogation.

ﬁh@éfore segregation in woospore families 87 and B4

wWas me&t 3r0bably ‘the result of cytuplasmlc vufmablen.

Discon uanOU ey toplasmic vax':iaolcn of u’h@ type

0bs erveﬂ in goospore families P4 and BT could resulit

in both non~heritable and h@f&b&bl& variation between
spores. & cyboplasmiclyly Q&EGTanC& nhanotyae

which segr Ggﬁtaw on ZOOSPOre mr@pmgatmon may also

”QéfeguLQ on oospore propogabion. Hlteranstively, an

agexvally %thla eytoplaﬁmically'éetefmiﬂed phenetype

may be stalble through ocospore pronothmea and

consequently contribuite to the feﬂfonﬁe 40 selection,

It has wot yot been establishaﬁ that segregation

£~

N

of cytoplasmic determinants occurred in oosvore Ffamilies

-..“_1’\‘

PA and 57. The growth rate distribution of ocospore ¢
families F4 and ST was contivova and therefore @anﬁ&$;~\
he egquated with mewr egation for growbth vatbe in zoospove

Faniliecs 'L snd ST Howaver, et the time of

.
e

meagurement it was ued hat1ﬁhe slower growing
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ooapore culibures of fanily 4 produced diffusec
mycelivm and the faster growing oospore culbures
produced dense myceliuvm slthough the distinetion wao
not ag cleayr cut as that between zmoospore culbures.
This suggests that there may have been cytoplasmic
entities segregating in oospore family F4,., Additional
information on this point emerged from the next
experiment.

This experiment wasg aesigﬂea o further inV@stigatek
the.ralé of the cytoplasm ag o cause of variation
between ocogpore cultures. The phenotypie stability of
a sample of gingle oospore varliants through a series
of mags hyphal tranefers was exemined. Persistant
9hen0ty§es mey be expected to be the result of stable
cytoplanmic or»stable nucleay ﬂeterﬁiaants whilst
those phenotypes which are unstable on mass hyphal btrae
nsfer are most likely to be cytoplesmicly determined.

As 8 sitarvting point for the mass hyphal transfers, the
second oospore family of T4 was chosen (see Figeld).

The two veplicate cui%ur@s of each of the 20 indi%iduals
of this‘family were‘tak@n>mnd arbltrarily labelled RL
énd'RE; Iﬁneculum was transferred directly from the
colonies from which the fivst set of growth rat@. ¢
meagurenents had been taken to fresh plates of Ml >~ ;o .
From the colonies that developed a second set of
BeasuUrenents were takegfand @0 on Ffor two more

_ ¢ :
suceespive nags hyphsl transfeirs. For the second and

-

e



subsequent selts of m@ﬂﬁureméﬁﬁéxﬁhmr@ were three
replicates for each of the 20 éingle goapore culiures
R1, R2 aund EBq Tonoculum for Rl was derived Trom R1
of the previous determination and the iunoculum for
veplicates R2 end B3 was derived from R2 of the

previous determination. From each set of

SET OF

MEASUREMENTS . REPLICATES
FIRST | RL R2
SEOOND gi’ ﬁé \\SRB
THIRD N %i ﬁé.\\“ﬁ3
POURTH A éi ﬁ% R3 -

‘m@aaurem@ntﬁ‘(ﬁppen&ix 4) it-wa$ possible to estimste
the variation betwoon cospore cultures, the error
variation (differences botween R2 snd R3) end the
variation betwsen 1in@sA(éifferénc@5 between R1 and ™ °
(B2 + R3))e The two lines were maintained
in&@penﬁ@nﬁl&f%hroughnﬁﬁ»the ness hyvhal transiers

and ﬁhﬁrefér@ aiﬁeﬁgeﬂee of the lines refleocts
<spontanauu$"chang®s in growth rate. The snalysis of
vavionce used to egtimate the three components of.
variation is selb éuﬁ'in teble 8. Whero one o mb;gq“
,replidates éf an ooépera cuitu:e Wore lost‘%ﬁrbﬁgh

“contamination, the ram%iﬁihgvr@ylieaﬁes Lfor that

i

' N oo ' L
oospowve culture were-omitted from the analysis. The
- ' e : : ’
.‘;":

~

oy



From the three veplicetes of each individual

oospore cnliure, Sy T and U were caleculated as @

-31-1:9. +'R3 + 2(R1)
T = R 4 33 - 2(31)
. R?WHB.._...

ii

-i!

- For emch sef Qf measummezz’txs K=t Lzma%aﬁ, arzemees
Tor. be"twc::eﬂ ampere cul'mra (6 b), between 3.:1.11(35

('621} emc‘l @m‘*or} (‘639) were oaloulotod as s

Between 00sDOTeS }Tﬂ' E (5-€)2 ﬁége + i"ﬁégl + '16962‘%3
. Between lines 'T? ESE | 6%3 + 8621 "
mrror - ¢ | Erj? 2o

Téi;bl@ ' 8.

- f—n\

g‘ f‘”%.r,‘.»\‘,,n_:?
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ariance eomnangnt obtained for each consecutive o

of measurements were $

| BETUEEN | BETWERN | ~
| 0OSPORES LINES ERROR
SET OF QSR A )
MEASUREMENTS %o %21 B2
FTIRSE 05019 00140 0.0140
SECOND 043631 0,0265 0.0316
THIED | 0.2653 | 0,1553 | 0,0215
TFOURTH 0.3151 | 03313 0.0070

Thfeughout the series of mess hyphal transfers the
diff@remoas between R2 and RS'Eage}_r@m&ined émall
and relatlvely uniform, ‘Variaﬁien'beﬁween QOSPOTE
cultures wag always lavge but tended +Ho heeome
reduced over successive mass hyphal transfers. The
vapriation botween dines was at fivet similawr to the
evvor variation but by the time the fourth sed of
neagur ommn%a h@d beon taken the varlstion between
lines wes od q1lar to uhe variation between 008pOre
euluursa.

The m&ghltude of ﬁhe divergence of the

zlndeu@naantly mwinmu1ngd Jdines indicates thatb

PO P
considerable $pontanecus varietion can be released on

masafhyphal'traaner'nf single oosoore culibures.

PR

This hﬁwever ig act GV1denee that Lho original

008 pPore phenoﬁype%ﬁwége largelylcytoplaem¢ely
gt e

<
A

P,
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éet@rminedg Ag the veriation @utw@en oadpcre culbures
tended to decline wilh successive ﬁran&f@rs’the
gpontaneous changes in growth vrate must have on
average been towards some common opitilme 21 growth vato
for the indlviduala'of family F4. Exonination of the
individual growth rates (Appendix 4) vevealed that
mogth of the spombaneous changes vesulited in slower
growing replicates gaining a faster growbh rate and
indeed many slow g row1n& colonies wc*a obsevrved H0
Torm distinet sectors hWV1ng a faster growth rato.
?r@ﬁumhbiy,'darihg colony development selection fow
increasned growth raté oceurred at the hyphal tip
lovel. If the mass hyphal transfers had been
continued H0 a point at which the variation between
cospore guliures ceased to decline then 1t would
have been possible fo eslbimete the extent 1o which
spontangous variation can alter the growth vates of
single oospore culiures of Fémﬁly f&u

lt haq alveady been noted,that the zoospores
derived from the,p@rent_of\eoapore family F4
segregated into two clear‘cut clasases which differed
in growsh rate and céiony morphology. Segregation
for the morphological dififevence olso occurved among
the cultures of ocospowe Family F4 but the growth fabe
differevee wz8 not detected ag the fowth rate
distribution of. fam:ly P4 Wa eontinagum. Duving the
sourse of the mase hm‘m “tronsfers the form of the

growth rate dlﬁtfabut¢on af oeqpor& Fanlly P4 altered

.e’-
s




Second measurement.

Third measurement.,

Fourth measurement,
Zoospore family Fk.
0.5 1.0 1.5 2.0 2.5 3,0

Growth rate (mm/day).

FIG.16, FOUR SUCCESSIVE GROWTH RATE DETERMINATIONS OF OOSPORE FAMILY Fh
AND FOR COMPARISON, THE GROWTH RATES OF ZOOSPORES DERIVED FROM

THEPARENT OF F&4,

3¢5



CDLJ.lb). The digstribution of the third and fourth
set of meosurements wos clearly bimodal. Furthermore,

the two growth rate clasees of Hhis distribublon

21
]

correspond clqsely to the growth wates of the two
types of segregar 't in ZO0SPOTe fanily Fd. Thia is
taken as ﬁtwang emraumst&nﬁial evidence that segregaw
tion £oxr a clear‘cmt‘cytaplasmicly deternined growth
rate difference occuried on cospovre formetion in
Foamily Fd.

Although the cosbove culbures of Ffamily P4
ap@areﬂtly segregated for a cytoplasmicly determined
difference in growth‘rate:the pattern of segregation
in youag 6ospore culitures was masked by a ba cL e OUNd

of continuvous growth yrate varistion. This background

variation, wes ® for the most paxrt,
F6 Aid not pergist through mesg hyphal tronsfer.
Here therve is an obvious analegy with the behaviouyw
of ocospore cultures derived from the fast varisut of
the asexunl sekoetion experiment (Fig;S}, " Qospores
of the fait varisnt were lergely fast but e few non~
fast cultures resulted. The non~Ffest cultures
inveriasbly sectored for Tast growlth vate and after

several mass hyphal tran&ferﬁ vecame typically fast.

Part TI1I ‘Corvelated responses 0 selaetion

n gbrain PY4

- A cosltive response To selectlon may be



~-56=,

accompanied b# a change in bthe m@&n‘ei@raﬁgion of
onnractcrq thet are not direetly sﬁhjeeted y1e)
seleet;on,‘ Such. correlated responses mey be &
‘DlOLO trophe expression of the seme determinents ox
mag Tcﬁult Trom .linloge ﬁsqocﬁafien% between the
setected d@tarmmnantﬁ aad the Gétﬂrmlnﬂnmﬁ respousible
For -the expressian.of the correlated response..
Alternativély,_a correlated yesponse may result from
atvral sflectlon pressures ﬂperaﬁing on ‘mselected
characters duving the course of a selection
experimnent. Saiee*ian by means-of an inbred line is
often accompanied by = deﬁerioration in echaracbers
assoclated w&th reproducehive Gapacity. Hormally such
changes ap thege are and expression of inbreeding
depression (Lerner,1954).

Three charecters in P,coctorum which ave easily

assesed for the purpose of detecting a eprreiated
veaponse Lo selection are pereenfage germination of
cospores, percentage est&blaahment of. aegporo
~eolonies and. E@rtmiaby

Ear aﬂeh generation of qelectlon it was necessary
o dsolate a sample of oospores from which to obbzin
single oospore culbures. Some Qospores'aia not
g@fminateﬁhotﬁars gérminate& andAsubsaquentlv died
and from the femﬂmnéer mlnﬁiﬁ oowoorc cultures were =

obﬁamnedw_Fram the counts obtained from each sample



NUMBER
NUMBER NUMBER - THAT
o THAT DIED NUHBER OF
. Q0SPORES |DID NOT - |AFTER COLONIES
CFAMILY ISOLATED |GERMINATE |GERMINATION | ESTABLISHLD
,FIR&Q': , A
GENERATION.| 7T 2 43 32
e 69 7 39 23
3 121 - 75 16 30
4 63 32 12 19
75 87 66 14 7
76 102 17 29 56
7 91 19 15 57
s2 71 19 . 23 29
53 104 7 42 55
S4 74 4 23 A7
S5. 69 13 21, 35
56 75 7 17 51,
S7 47 5 19 23

of ocospores the percentege germination and the

vercentage establishment was caleulsted and plotited

ngainst the genevation of selection (Figel7)s Tow

the analysis of variance the percentages were

‘converted to sngles, A corrvelated response For these

twoe charscters was ned debected in the line seleoted

for slow growth rate. A regression snalyeis of the

percentage germinetion and the percentaege establishment

egainst the geueration of selection for slow growth

vate was not significent at the 5% level., Pervcentage

germinetion in the fast selection line declined from




Percentage.

Percentage.

100

80 L
60 |-
o L
20 |-
0 A i | i | 1 |
1 2 3 4 5 6 7
Generation of selection for fast growth rate.
100 _
8o |
60 |-
ho |-

i i 1 1 i 1 ]

1 2 3 L 5 6 ?

Generation of selection for slow growth rate.

F1G.,17, PERCENTAGE GERMINATION (©) AND PERCENTAGE ESTABLISHMENT (@) OF
OOSPORES DURING THE COURSE OF SELECTION FOR FAST AND SLOW

GROWTH RATE,



the first bo the Fifth generabtion (significant at 5%).
Percentage .establishuent in the same line also declined
from the Ffiret to the Tifth generation but the
regression MS in this instance was not signilicant
at the 5% level., Both percentage germination and
percentage establishuent in the fast selection line
rose sharply after generation I'D to give relgatively
high values for generations TF6 and F7. Femilies T6
and F# were composed of individuals most of which had
a cytoplasmicky determined fast growih rates It is
possible that in fomilies T'6 and F7 high percentage
gernination and percentage establishment are plelotropic
effects of the cytoplasmic determinants which control
Tast growth fato. 7

Feprtility was determined by ocospore counts for
the wild type of strain P94 and the parenits seleected
from genevations 2,4 snd 6 of the fast and slow
seTQGtion lines. Iﬁﬂﬂ@ﬂl&m of these seven isolates
was boken ivogfgnc ounece botitles in whieh the isolates
had been stored. PFor each imolate the oospores frem
three transecets from three Petyri dishes were counted
(table 9). TFor plotiting (Fige.l8 =ndl9) and for the
analﬁsis10f variance the individual counts were
eonvewteé o (2 + %)%;‘Th@ Qospore-coun%S‘for the
‘faqt selection line (Flb- 18) declined with 1ncre sihg
generations of seleection for Lhe fivst Lhr@e isolates
from which counis ware Qbﬁminad,iqe, P9¢>aﬁdftheA

pavents selected from F2 and P4. The regression IS



Family from which dsolate was derived,

vos Ts2 sS4 86 B94 F2 ¥4 F6 |
e | 1T | 9o s ] 43] o] 165 |
207 | 24 |19 )olam3l 92| of e
202 { 21 | 3)o 10| 7| 8 185
210 9 ~;*14- 0] 1794 123] 0} 265
os57 | 11 | 9o 23] el o 209,
186 | 13 | 5| o|1e3| 135] 3| 2s2
99 | 19 13| o] 83] 96f 1] 235
02 1 3% ) 810 ws] 82 5| 269
105 | 13 | 4| o 139] 104] 2| 307

Teble 9« O00smpore counts ofF parents selected
during the sexual. selection

. experiments



18

16

14

12
.0
.
Ay

Ry 10
9
+2
5
Q

© 8
Q
g
3
Q

6

N

2

0

o
o
o
)
o
)
o
o
o
8
1 1 I |
Pk F2 F4 F6

Family from which isolate was derived.

FIG.18, OOSPORE COUNTS OF THE WILD TYPE AND THE PARENTS SELECTED FROM

FAMILIES F2, Fi4 AND:F6,
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TURM ) af 1S Varisnce Rabio

Between
igolatesn

Regrossion |522.2750| 1 [522.2750 191 55 31ler;canﬁ
. R at 1%
Remoinder | 43+857L] 1| 43.8571

Detween o
Petri dishes| 1643585 6 27266

Between ~ :
counts 2T«5T46| 16| 145319

cflﬁag éaspore counts for thuse thres perents was
aignificant at the 0,1% level When‘ccmpared with the
beﬁwaeﬁ Petri dishes MS. Oospore Qounts of the perent
selected from family F6 were highe& than the counts
for any other ilsolate of the fast geleetion lineo.

They were even higher than the cauntéaobtaineﬁ from
the wild type isolste of P34 (significan$ at the 10%

'l@vel)» This sgrees with the general cheracter of the

Imeym | ss ar U] Voriance ratio

P94 v £6 . | 384214 | 1| 38.4214| 6.91 significant
o Lo at 10%
Between - o
Petri dishes| 22,2401 | 4 5« 5600
Between |
A,caunts 18,2776 | 12] - 1,523 -
’ ,-——«ﬂ,r(' R W

' ' N
pﬂron& melceted From fawzly P6‘;“it ‘had @ eytoplgg cly

dctermiued iaat growth rubc q\m?ldf to that of the fagt
-vgrlanm obtained Lfcmf%bc ns\xual selection

, \ ‘

.experiment.j The 1aﬁtivar1ant was ‘move fertile than

Crnry

N S



T

th@ wild type of P94 (see ﬁable34); It is therefore
| ﬁot surpriaiﬂw that the pareﬁt S@lected from Ffawily
‘Fﬁ was also ﬂafe Pert¢1e than the wild Ty Dpe .

The OOSpDFbAOQunﬁu,G¢-th@:p&f@ntﬁ of the slow
selection line deellnad ran&dly wmuh prcwrossxv
,g@nerat;ons of eselection (Figwlg), *he regres$¢on

WS for the counts was significant ot the 0.1% lewmel

17w

£
e

af US . [Verience ratioc

.Between
“isolates

Regression | 576.6664 11 576.6664| 127.4 significant

. : at 0 1%
Remainder |101.76861 2] 5048930
Between s ‘
Petrd dishes| 3642113 8| 445264
Between o e o
- counta 21.7210| 241 04,9050

whem compared with the betwe@n Betri dl&hes MS. The
isal te derived from fumlly F6 did hot form any
~oospores-on the best pletes (1 plus cholestberol)
although when Zrown on SMA plu%rcét extract swiflcient
008POTES WeLe praévc@d to permilt seieetlon 10 proceed.,
The marked deeline in fertil;ty during selection for
slow wrbwth rate was emnhasmqmﬂ by ihe f@ct %hﬁt the

N ‘““\
qloweqt 0OBPOYe cultur@& o fqmgLacc 85 and S6 coiﬁd not

LJ
be selected ag parents anbé\%ﬂéy aid not nro&vce any
oomspores on SNMA pluafﬁat extract.

iS



3]

Part v - Results of selegtbion for srowth

rate in strain P20O5

The experiments on asexusl and sexuvsl variaition

in gtrain P20% Of_P;saetOrmm were perfermed"tg
provide resulits with which to compare the results

of the selection experiments on atrain P4 of -

P, coctorum,  Prom bho wild type isolate of ‘&train P205

oneié?méyoré fmmily'and~a"ﬁﬁmbe:“ofiebapere*families

were obtained. Selection for. fost and §low growth rate

frbm oospoTe progéniés”waé?@rﬁdti@@dfbuﬁithe lines

nad B0 be discontinued afler the Tourth generstion

of selection as st this.stage' the oospores produced

by both Lifes had an extremely %ow lovel of viability.
One first genevatién‘zoompore family coposed of

twenty single ééospoi’e ;311:[.'{;1.13,"@33 was J(l'éﬂ:‘ivetil from the

wild type of stredin P20%. TIor each individual of

the: family tWQ growth rate determinetione were obtained.

Prom the analysis of wvaviance of these growth rates

ﬁhe.vaﬁiation.betwe@n zoospore cujitures was found to

be ot significant.at the %% level when compared with

variation between replicate growth rate deteruinations

(table 10)« From the evidence of this siangle family

A . , LR
1t would.appear that the wild type of sitwrein P205 was

e .

“ e o
neither heterokaryotic nor hdteroplasmic for
' Y £
. . Oy L
determinants controlling groﬁ%h”rate.
- el

Twenty fivet gengfation oospore oculbures were
algo obiained fwem the wild type of strain P205 and

their growth, retes determined in duplicate. The
o
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PIG.20. Frequency distribution of a firvat
generation zoospore Ffamily and the resulits
of Tour generabtlons of seleciion for Fazmb
and slow growth vate via oospore.
propogation of atralin P205. The
in&ividuals seléeﬁed ag parents for the

subseqguent generations are unhlocked. .
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| BETWEEN

| ERROR | INDIVIDUALS
Cramtny jag | ows fae| ws' |
Firot ~ DOSPORES COLONIES
 generation ' A S [SOLATED ESTABLISHED
zmoospores {16 | 04,0597 119} 0.0434 | . |
Pirst j
geoneration ; , : ERAR
cogpores (20 | 0,0108 |19} 141534 { 93 73
: : : ETTR —
- re 16 | 0.0657 [16] 1.7459| 84 20
' r‘ - f : f} FRHR T '
F3 15 | 0.,0856 {14} 1,9347 73 15
F4 121 4
s2 18 { 0,1050 {19 0,3344 67 24,
' R
53 20 | 0.0423 {19] 1,0018 70 31
o4 &2 2

®ak¥  gignificant at 0.1%

B

s

significant at

Table 10,

1%

not significant at 5%




(3D

variation between oospore cultures was found Lo be
significant at Q. 1% whon compared with the verisltion
betw@éﬂ replicates (%able‘lﬁ), Erom & comp&rison of
the mean sgquares: 1n ‘bable 1@ dud the growish &abe
digbributions in Pig.20 it is clear that oospove
PrOL Gﬂ&@? of P205 are more varisble than zoospore
pf@ﬁﬁnleww 0eleetlan for fast amd slow gfewth rate
wag practiced for four generations of oospore
prqpagatioﬂ (Pige20)e Throushout the,caurse of
selection bhe Varjatlﬂn bebween Qospore cﬁlﬁures wWas
slgnificant at 1% ad the ma gz itude of va*zablon
remained relativaly constants Although conmiﬁer&blg
Evariation beﬁweeniooépore cultures was present o

eS8 nonse Lo ﬁelacfiaﬂ coudd not be delected.

The percentage embabllmhmemt cf colonies from
izolated cospores declined GVéP the four generations
of selection for fast and s slow growth rate (table 10),.
Thia loss of viability wese pwehably a consequence 0F

inbreeding depressiols e

Part v Discussion

. Yglection for Tast and slow growth rate by means

of cospore propogation of straiuns PY4 and P205 of

P.cactorum detected congiderable variation between
ogspore cultures within femilies. The growbth rate
variation betwoen oospore cultbures was conbinuous and

was greaber then the variation between zoospore cultures



of the same straing, In this respect the rvesults
ngree with those obiained by Bocess (1972) fov

another homothallic specles, Psgyringae, Boccas

found that QQ&QQ?@"QHl%ﬁF@ﬁ of this speeies were
morve variable fﬁ? growth rate %ham ZOOBpOTe culiures,
During the course of selechion fov Tast and slow
growth rate in ﬁtr&in P4 the veyiation b@tween
ooapore cultures gnaaually inereaseds The incresse in
vepriability Wﬁé more vepld in the f&éﬁ.limé than in the
slow %ine although for the savmnth generation of the
fost line (P7) a low variance was obitained. It hes
been argued that the low varience of +this faﬁily Was
due 0 the fzxablsn 0 & gytoplasmicly: ﬂet@gnﬂnaa
Tagt gfawtu rate havjng the chave etcrq of %h@ faat
V&rlan% encountered during the ssezusl ﬁ@lﬁ@tl@n
experiment with strein P94. Wsintainence of varlability
o an increage in variambility with seledtion and
inbreeding is & commen feature of selection
experiments. However it is 2. phenomenon that can noth
always be readily explained, im:ﬁha normally

autbresuwﬂg @l@uering pl&nﬁ, Tolivm erenne; selection

for car emergence aaeomomnleé by ¢nbw$®ﬁ1ﬂg rosulu@d
i 1&&%1@, if eny, decreasse in genetie vai vbion over
three genera tlﬁﬁu of ﬂ@lﬁ&tiaq (Geopmr,l§;9)* Phe
maintenance of senetic varigbhility wag atbbtribubed to
natural eelechion operating in favour af heterosygous
genaﬁy@aﬁe” maiﬁﬁ@nanc@'Qf-geneﬁia’variabiliﬁy hag

also been observed in inbred lines of Schizophyllum




Gl

commune selected for slow growth rate (Simchen,l366(a)).
- The genetic variance vemzined high in two lines )
selected for siow growth vate over 15 and léfgenerations
raspectiv&ly with&ut a corresponding response o
selectione. IEvidence wag pb%aiae&_frsm hyphal tip and
duplicate colony @xgaﬁimﬁnts Lo suggest that %h@ 
veriation within the two, Lines was lergely non~auclear
in origin (Connolly and Simehen,1968)s Selection for

high and low abdominel bristle number in Drosgphile

nelanogapter was adeempaﬂie@‘by an increase in |
voriability in hothflineﬁ,(Rgbérﬁaan'anﬁ Roeve,19523
Clayion,Morris and Robertson,l957)s 'Incréésed;
varisbility in the highkline/eould he expleined by

the presence of a ﬁingl@ locus whiech, in & heterozygous
cmnﬂiﬁinn, had & major effect upon increaﬁing'brigﬁle
number, The effect of this locus was thought o have
been enhanced duving selection by crops-overs separating
from it genes of opposite effect or the presence of
*maaifyizgf°genea* During selection for increased
aa&i&eerea&éd,weighﬁ in mic@.vaxiabiiity wag maintained
at & lovel squal #v ov gréaﬁer than that of the
original population (Falconﬁry1955)¢ Variability in
the low selection line ﬁQSe sharply after the eoighlh
generatlion. A ﬂndéeﬂ iner@éaa in varisbility during
selection is frequently encountered (Sismenidis,l942;
Nather and Horrison,l949;Paps,Srb end Fedever,l966) and
is often found to result from the breakage of tight

linkage relationships between loei heterozysous for



the character under selectlons

The -lnerease in variahllity thet res u?,eﬂ from
inbreeding and seleation in gtrain P94 was sccompanied
by & ﬁsrrespanding increase in the magniiude of the
réapénae to selection.  The response in late generations
of Seieetiﬂn wWaLs grea%@r'%haﬂ the response in early
generations of selectione. IPurther, the response wasg
groduel and occurred in hoth the frat erd the slow

xlection lln@ﬁl An dinerease in the magnitude of the

respouse L0 selecbion with prOﬁves vive generations
of inbreeding snd selection is uvnusuale more=cdﬁmonly
the response declines ﬁowayda an wpeer Limit beyood
which further scelection is umsucacsgful (eege Claylon,
Vorris and Hobertqon,l9a?,60ﬂno]1y 208 oxmchon,1968
Mother and Hevrrison,l19493 Pﬁp1,1971 Patenen, 19593
Sismenidis,1942). Praaum&biy,‘in the present selectiion
experiment with. strain o4,  the selection Limit hod
not been reached in seven wan@rntlon of selections

FPor the selection experiment with strain P94, the
relationship between the response and the accurulated
geleotion diffevential was 1inear ond gave o mean
realised heritabiiity Tfor the fast and slow selection
}lxnes of 0,276 0,050* Thus, & Gansid@rabla-prQPOKtiaa
(appr@&ima*ely ?2~4a) of the V”fl&tlﬂﬂ he tween OOHpOfG
cultures of strain ?9A wag nmn~hnr¢tﬁble.

Selection for fast and slow growth rate by means

of four generations of oospove propogation of strain



w3 Bems

P205 was unsuccessi vl in oblsining a ves s To
selec%iaa.al%haugm considerable veriation betwe@n
oospore eultures was deteeted. The nature of the
non-heristeble veriastion hétw¢am oospore oultures of
P205 was not 1nvest1gated and seleelion was not
continued beyond a Touvrth g@u@@abzaq as mhe OORBOYER
deriv red from isolates OF the 391ea§10n 31&& had,
by %ha fourth . wcnaﬁ@u&nn, an extremely Iaw level GF
riablility« |
A sovrelated vesponse o sele ction waa debected
far-a number of chavecters which Wére_ﬁoﬁ‘aifeetly
gm@j@cfeﬂAﬁo 3eiaetimny In the fast selection line. of
strain PY4 an ingreage in growth rate was asscciated w
wiﬁh & décline in ﬁhe‘pemcentaye“germinatiom ol
Gospores o & the percentase establishment of oospoTe
eultureagg Qaspore countes of prepresentative ilsolales
) Ohewrec!
Qi-the fast and slow selection lines of PO4 deatesbed
a gr&du@l decline in fertility éver increastng
gaﬂ@vuﬁiéﬁﬂ of selection. Az percentage germin&tiéng
pe?u@utng ostablishment and fertility are characters
e¥nsely d%&ﬂ §aﬁaﬁ'with reproductive c&pa@iﬁy~(fi%n@33
cheraoters), the observed changes in their mean values
ve p‘ehably a consequence of inbreeding depression
LL@rm@r,lQﬁ&); This view is %ﬂppﬁft@d by the Taet
: » decliv ek
that the mean value of these characters dederderstod
during inbreeding au@ &al@etacn lrvegspeetive of

whather ﬁﬁlectlom was for fast or for slow growbth rate.

e
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'Furthefméfe , sSelection in sitrain P205 wes sccompanied
by & weduetion in éospare:@iability eveﬁ:thqugh no
response to selection ocourred. A detevioraibion of
Fitness gharaetews as & Gamaequéﬁee of inbreeding
de@ressicﬁ is @ phenomenon oF wide&pread occurrencé.
It has heen demﬁmétmateé"for wmany highér organisms

e+« Drogophile subobseure (Hollingsworth end Smith,

1955) and nleo for some fungi,e.ge Neurospora crassa

(Pa@a,i97l;?ateman;1959)m _

The naturoe of growth vabe vaﬂigtian bebween
ouspoTe éulﬁur@a‘af atrain P94_wa$j$£udiea in detail.
Bvidence was @htain@d to suggest that (i) segregation
of the components of a h@terokarybm, (i) segregafiﬂn
of ﬂﬂGl@&f{g@ueS and.(iii)'cyt0pla$mia reariation, was
involved in deterﬁiaing the variatlon between ocospore
eulﬁureﬁ. ”

Evid@npe<of’segragaticm of. the components of a
h@tefokafﬁon'Waa'ahtained fbr the firet generation of
mdapér@ gwapog&ﬁian‘bﬁﬁ thip source of variation
need ncf be considered f@r subsequent generations

20 Fhe oospores of Pecactorum ave uninucleate (Blackwell

e

1943(a));:_200$§eres defivé& Fwoim tﬁe wild type of
5traiﬂ"P§4 exhibited significant veriation for growth
rate hus aeespoféasderivad from pingle zmoospore
isolates of the wild type genewslly aid né%.
Purthermore, scecond generatlon #00BPOLE familiea of

the wihd type differed in mean growth rate. Firsd
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g@ﬁ@r&%ién;ﬁﬁﬁgﬂfﬁ cultures derived from the @ilﬁ
type were move v&ri&bl&iﬁhén the fivetd g@n@@aﬁi@ﬁ
gospore cultures &erived-fram aAﬁingle“zcaspﬁw@ lsolate
aflthe wild ﬁypa; Thié @ViéeﬁGE $uggest$ that bthe
wild ﬁyp@-iﬁﬁiate of strain P94 was é@mposaé of
nucled differing in their complement of genes bthet
control srowkh rate . There 18 no assurence hat
these uﬂliké;ﬁuclai existed in a'éommam eytoplasm
a8 ths.arigiﬁal imolate of straii P94 was not a
single hyohal Lip iacl&ﬁa@"-lt ig h&wsvgr.mﬂﬁﬁflikely
that the wild type §f P94 was h@t@?&k&ryotie-h@c&uﬂag
prioy to obitsining fivet generation vospore aund
zeé&g@r& fawilies the strain was subeultured seversl
times teking innogulum frowm the colony margine
Signifieant'variaﬁion between fivest generstion
zoospore. eulfbures of strain P20% wase not detbected and
there ié therefore no evidence for hetervokaryosis iun
strain PROS,.

The evidence that the individual nuclei of strain
P94 were h@ﬁ@f@gyg&ug at loci determining growth rate
isjfather iimiﬁe@@ As 1t was nod possible o
digbinguish nucleay from non-nuclesy variatioﬂ by
menas of & heterokaryon test using suitable nualéar
maykers the evidence was linited o that which can
be éﬁﬁained'frum a gaﬁp&fisan szmﬂépaﬂe and zo0Spore
progenies. First gemervation Goapére;eult@resyﬁf«ﬁﬁé_
wild type isolate of sbrein PO4 were: move: variable

than first genevation moospore culfures of the same
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iaclaﬁek' Also first g@nération oospore cultures of

& ainglé‘zaasyﬁre isolate of PYL exhibited gignificant
vardation while zeospore cultures of single zoospore
isolates of P94 g@ﬂwr&lly did noti The evidence of
gréat@w variation between oocspore omltures’thaﬁ
batﬁeem zoespar@fcui%ures indieates that %h@,&ﬁclei
 éfftha<wi1@ type isolate of etrain POA weve hoteros
ZYSOUE at»iaei:euﬂtﬁélligg_grawth rates Boocas (1972)
éimilﬁrlyvﬁomsiﬁaréé heterozygesity to bé thé'sauraé
;af gr@atgé variation betw@an ﬁeﬁ@de culiures than -

~hetween zoospore eulbtures of Pesyringses - Recessive

mwbations affecting growth rate have been induced in

P;eaetarum (strain'lﬂi,allﬁﬁ) following treatment

wiﬁh Nwmé%hyl«ﬁ*ﬂnixxmﬁﬁﬁhiﬁroﬂﬂguani&im@ and ‘oospores
derived frsm—straiﬁé~carr§ing»th@ mutations in a
hedsromygous condition have be@n'chserGé TO megregate
imia Mendelian fashion Ffor ithe growth xaté éifferénce
(B1liots end i‘&aéim;ym i1973) e |

@hé gvidence implieﬁéingiﬁh@ cy%apiaﬁm as a
factor contributing o ﬁh@'vaﬁiéﬁidn e bween O0EDOTe
eultures of - P94 came frém three lines of investigation:
(i) én'iﬁvasﬁigaﬁiaﬂ'ﬁf the effect of storsge wpon the
pattern of segreg&%ién among cospors cultures, (ii) Hhe
eomparison of cospore and zéaspdre progenies and (iii)
“aﬂ'éﬁaminatiaﬁ af‘th@A@ffect Qf{fﬁp@atﬁﬂ mass hyphal
fransfer upon the~ph§ﬂatypic sﬁabiliﬁy of & S&mplékﬂf

oospore variantbae.
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The oospore cultuves of familiocs 6 and P7
segregnted into Ffast end non-fzet cultures. The fast
cultures vegembled, in growth rate, fertility and
cqlqny mowphai@gy, the cytoplasmialy‘ﬁet@rmine@ fTast
varieant encountered dvring the aeursé of the asexual
selection experiments HRvidence that the fast segregonts
of family ﬁﬁ;&nﬂ F? were eytoplasmicly determined came
from a comparison of the patiern af‘segregatien in
family FO with a gecond sample of_ossgare cultbures
derived from the sameipafent, but ot a later date, The
ocospove fawily cobiained on the second occasion had a
low variaﬁcé and was composed of 00&@0?@ cultures with
a;faﬁt growth rate, FPresumablg,the gbility of the
parenﬁ_af Tomily F6 to produce segregating progenies
was logst during storsgos If segregation in bthe fivet
Ffamlily of PO was due to nuclear geue segregation, then
all progenies obitained from the parent of this family
showld segrogate similerly.  As the second family
diff@rad markedly from the firet it is probable That
the Tfast growih rate of families 56 andST was
eytoplasmicly determineds

Zo0spores were oblained from emeh of the parents
selected during the course of the sexusl selection
experiment énd gompared with the oospore Ffamilies
obtained from the same parvenits. Unlike the oospore
prageni@s}af the selection experiment, most of thé
ZOOSPOTE ?rgg@ni@& were uniform. Howaver,'theAﬁ

zoospores derived from the parents of ocospore families



S7 and F4 segregated for o clear cub diffevence in
growth rate. The diffevences were considered o be
G&tbplasmialy determined on the evidence of pér%istanﬁ
segfegatien ﬁﬁrough é further generatioﬁ of zoospore
-prépog‘tian; The two eias$eﬂ of the segregoting
zoospore progenles could not initially be correlated
with-growth rate &is#ributians of ocospore families .
F4 and 87 as these were eantinﬁems* However, in the

case of oosvpore family P4, the growth rate distribution

vecamo elosrly bimodsl afber throe meme hyphal transfers,

The two clasges of this distribuﬁioﬁ resembled,in
growth rate, the two types of zoospore segregant
cbtained from the pavent of oospore family F4e. The
similayity in the growth vrate distribution of oospore
fomily P4 after thra@ mass hyphal transf@rs'and the
grgwth»raﬁe‘aisﬁributicm of the zooapores obLinlined
from the seme varent provides evidence that the
eytgglasmic_ﬁegragatian that occurred at zoospore
formafidn also occuryed &% oampo?e formation, . I this
wag the case then it may be inferred that cytoplaamic
$egregaﬁion also ocourred on 60$pore Tormation in
family 87. ¥Purtheramore, although uwndetected, cytoplesmic
‘ségregation may also have occurred on oospove Tormation
for otﬁer families of the selection experiment. iﬂe
loss Sf ability, during stovage, of a strain to

exhibit segregation Loy a cytoplasmicly determined
difference in growth rate has already been discussed

in relation 0 segregation in family Fo.

s
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The twenty aingié oospore cultures of family F4
xﬁéra'sﬂbjec*eﬂ to three succes ivé ﬁa%g hyphal transfers.
Indep@uaéﬁtly?maimﬁaiﬁeé lines o £ HMass hyphal tra&afof
diverg@d in&ica%ing &h%t apaﬂ%aneﬁus ehamges in
growth rate hed ﬂoﬁu“@d during calnﬂy @@vvlem?uent,
ﬂh&ﬁ& ch&nﬂps in g?ew&h satc W@rb ‘Sbsarved o %@V@f&l
QGQ&&lQﬂm in mnﬁivzﬁuzl eolnﬂazq. Such c@lanzem gave
Crise fo aastincﬁ qectors af fawt@r w*swth rcta. The
ayentaﬁesus ahanges iﬁ vw‘wth“rxte wara nat rﬁnﬁam-
they h@mﬁ@d to ﬂ@smlt in a clos er—grunylﬁg of the
";n&;vi@ualﬁ af_ﬁh@ family gbaut thm two mean values
carrésgcnﬁimg‘té the two classes: af oy aplanmic
segregant of lamily P4 whieh\m@va beecu diqﬂuﬁSué aboves
Thus, after three mass hyphal trensfers the grawsm rate
tistrivwbion of feaily P4 altered from & continuvous
G¢Mhr1huﬁian o a h&m&dﬂl ﬁzamfxbailan, The
LQQ%lnEQLz di vﬁflb&ﬁl&ﬂ of ysun scspsre cuilitures was
eanﬁléerné o havm yu%ul%@d ITGM 2 bimodal distribution
%vﬁarim@aqaﬁ upoen a can%&nnauﬁ @zstrxbﬁvAQﬂ, The
conbinuous growth vatle veriation of fﬂmlly T4 may have

mj'iﬁp)a.&\mu Sunahon
r&au&te& Trom nvul&ar ﬁegrew=tlag¢§? a eﬁmbln@hior of
bh@me two @ff@@tsw

The aviﬂence fﬁ? three QGHTGES of v TLqﬁLbn
hetwesn OQFpGF@ a&lvaea has been prwaeﬁt@a. It.appearﬁ
Lhat,( 1} segregation of the components of 2
het f&kafgo_,(¢1) segregation of nuclesr genes nad
(111) ﬁgbﬂpl?ﬁmle vafiabzoﬁ were iunvolved in determining

the vgflabxan b@%weaﬁ the ocospore aulbureq‘ Qn the -

R
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bagls of these three souvces of variation 1t is
possible 0 ex;ﬁ;ﬁn the vesults oblained from the
sexual seletion experiment Wiﬁﬁ strain PY4. TIn the
fives g@ﬁérﬁﬁiahiqﬁ_%ﬂa»aelectisn ex@%éiment,Variﬁ$ien
vetween omég@r@ cﬁlﬁura$ iS>vis§a1i$$@ as having
reauiﬁﬁa fr@mﬂau@laaf ragomhimati@nibﬂﬂweén.aﬁd
‘wiﬁhinsﬁhé Qbmﬁéﬂ@ntg of 2 heterokaryon. In suvbsequent
generations, segreg&@i?niﬁf‘ﬁuelgar penes prgbably-
éan%inuea*' ﬁhﬁ&iﬂﬁf@&ﬁ@ in variability with selection
and i@hféééing méy.ha?a;h@@n»ﬁu@'te~an increase in the
imﬁaéﬁanae'aﬁ cytoplasmic segregation as a cause of
vawiati@ﬁ betwgen Qaayare~dﬁlﬁure$*V Indeed, the
ingtances of Gy%aplagmic vapdation thet have besn
ﬁigéasﬁeé,wgr@ ﬂe$ea$aﬁ:an1y'fer laﬁie@~genaraﬁiqns

of selectlion. @@%hin'each"f&mily only. two elasses of
Qy%@plaﬁmig‘ﬁegﬁagal“ﬁ:wera gheerved, Prom an examination
of Pigs«9 snd lﬁ_it is pesgihlﬁ to visuslise two -
elassé& segréga%iﬁg‘in thé_f&mi&i&s of genevations
@,5y6and T+ The asntinu&ug“&iﬁﬁribm%ian of these
families {Fig@QJ‘iﬁ thought to‘h&vexreéulﬁ@ﬁ From &
maékiﬁg of a bimodal digtribution by contiuvcus
eytoplasmie @néjﬁﬁ‘nmcl@ar variations A model based

on %hﬁ iﬂt@fél&tiéﬂﬁhiﬁ of nuelear avd cytoplasmic
d@términaﬂt$ eon be constructed to explain the increase
iﬂ?vﬁriahi;iﬁy Wiﬁh selection and inbrecdings Agsume
thet the cytoplasm of styain P94 contains two types

of determinent,l.es wild type determinsente aand mutant

detorminants.. A cyteplaﬁmleam@ased §rédamiﬁantly-of
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wild type determinants will give o wild tyﬁ@'ph@notype
and a eytoplasm composed of preﬁominantly mnxam%
de%@rminanﬁs=ﬁill give o nutant ﬁhéﬂﬁtypﬁq o explain
%héA&iffersmeﬁﬁ between fanilies 1% msts be assumed
that the expression Qi the cytoplaosmie determinsunts

- alters with the nuclegr gonolbypes - Fresumebly the wild
type isolalbe of P94 contained predamiﬁantly wild bype
det%wmi&anﬁ%»an@-%ﬁ:% duping &ﬁ%ﬁﬂ&l*@f@ﬁtﬂ‘%ﬁ@ ratio
@f %iia(typa‘éa mu%antnﬂ@'ermiﬁénts remained f@agﬁnﬁ%iy
ganﬁ%@ntg"The_ggcasiénalifakméﬁiQn of & hyphal Hip
containing péé&amiﬁénﬁly mmtaﬁﬁtéetarminanﬁa could
';éxylaiﬁ the ogeurrance of fasﬁfgrmwing<ﬁaﬁﬁérs in wild
,typ@heoléniaag Ify during oospore éﬁﬁpcg$tiahwﬁhe
autant ééﬁerminamtﬁAmultiply at a faster réte,than the
wild type determiments, then the proportion of mubent
to widid type determinents in the eytoplmem will -
‘gxaﬁu$lly'incr@aﬁg éﬁrimg inbreeding aﬁd selection,
Gaﬁ%éQu@mﬁiy, as bh@;@?oparﬁian:Qf.mutanﬁvﬁ&tarminants
iﬁ@ééaaﬁs thé p?g@aftién‘af sagfegaﬁts amﬂng DOEPOYe
enmﬁureﬁ‘wiig also in@x@@é@; - Thng the variation belween
QQ%@@@& cultures will imarea&e’tu@aﬁ&a a maximum-a%- |
vhich the @r@@@ftian of mutant tc;wila ty@é-ﬂe%@rmiﬁants
is af an intermsdiat@,fr@qﬁenaﬁg Qospore cui%ureg
Qsﬂaasﬁing5éetermiﬁanﬁs:at an intﬁimediate frequency
}éy be phenotypically mnstabla and salﬁaﬁi&nfaﬁ the
hy@hél tip«i@yé&,may result in sectoring and the .
~~e$%$blishment~af‘a eyﬁaplasmxéﬁﬁﬁaiming pwedemiﬁaﬂﬁly

”ﬂna;typ@ af'ﬂetegminani‘qrgﬁhe other. Pregsumsbly the
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determinant eanférring the féﬁﬁer growth rate will be
Tavoureds This tbe@fy could explain the resultbs
obtained ;rom tb@ mass hyphal trana;&rszof 00%@@?@
cultures af xwully Fé. ﬂs*ﬁhé pﬁﬁburﬁion'oﬁ mutand
-eyuapl&smAa &a terminants incrcases beyond an intermediate
freqguency the variation h@ﬁ@@en.aaapmr@ cultures will
d&a&easé until no more wild $ype segregsnlts appear
‘aﬁpng 008POTe culbtures. Thia~may @Xplain ,thé
beh@V1aur of Femilies F6 and F?; Family'PS segregabed
forp a/sytaplagmmely determined fast growth rate and
the selection of & fast culture vesuhted in family FT
being composed largely of fast indiv l&v&lﬁ and having
a lower variance then Fbs Gﬁ@ﬁubtealy, @thsr
GTplwn&bWﬂnm can equglly account for the mature of ﬁhe
variation bebtween. saqpare cultmres¢» However, the
@mﬁ@ﬁtlﬁl feature of the above argument is that it is
theoretically possible do eéxplain the graduwal increoase
in variablliﬁy'%hat&&neam@amieﬂ%iﬁbree&ing'anﬂ‘saléatia&
in ebrain P@éfin(1éfgaly_eytapiﬁami¢ TETIME «

The imp@ﬁﬁanééibf thﬁ‘amggar@'aa a-gourge of
veriation in wild @apula@ienéfef~Pﬁytc§hﬁhﬁwa ig
vir%ualiy unkaown (Erwin,Zentmyer,Galindo and
Nié@erhéu&er,lQﬁBgGall&wﬂy,lQé% 19?@(&},19?0{@)), The

oosporves of strains P94 and P205 of Pygsctorum will

germingte o nearly 100% when isclated from the pavent
eunlbure and exposed to lighte The oospores of sitrain

P205 will even germinate in gitu if the culiures
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containing the spores are exposed Ho light (Blliott
and Maelnbyre,uwnpublished resulte)s The magnitude of

%he"variatidn*releaae& on onspore propogation of strains

P94 and P205 of P.oaéﬁorum has been shown Ey ‘the

progent study to be large in comparison with the
magnitude of the varintion released on zOOEPOVE

propogations The readiness with which the oospores of

- Pecoctorym will germinate in ewltuve, the short period
of time within which the 1iféécycie con be comploted
and the wide ronge of variation for growth rate that
is welemsad on oogpore propogation provides evidenee
that the sexusl eycle ie important as a mechenism

of verliation in wild populations of Pscachorum.

Dogonial germination hag been Obgerved in

Pwiuféﬁtaﬁg.ﬁﬂom@rc and Gallegly,1963) and in

Papolmivora (Boceas,l1970)s Also isolated oogonia of

étvains P94 end P205 of Byeactorum have been observed

to gevminate (Elliott and MacIntyre,uwnpublished r@éults),
Phe nuolesy state of the products of nogonial
germination are unknﬁwng However, if uwpon germination
the“@recegﬁaa oi meiosis and nuclear fuslon ave

Gampl@te; %héﬁ ooganial germination wmay provide a means
of genetic recombination withowt the intervention of
ooaspore formatione It would be interesting to discover

the signifiecance of oogonial germinatbions
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APPRNDIX. I

Duplicate growth rete measurements (mm/day) on twenby

zoospores of each family of the asexual selectlon lines.

Pivst
gonermulon m F3
O [L7E 163 | 1.74 1476 | 2.56 2,86
C2y | 381 L1.76 | 1488 1.80 | 2486 2.89
30l 2075 1720 180 1482 | 2,86 2,73
de | 1476 1.65 | 1.76° 1.86 | 2,98 2,89
S5e | L.87%1.92 1480 1.82 | 2.70 2,86
Gy | 1a84 1.84 | 1o74 1472 | 2473 2486
Te | Lo76 Lu78 o} 1472 1.82 | 2,92 2.79
8 | 1476 1,69 | Lo74 174 | 2.83 2,95
90 || 1.82 1.76 | 1.72 1.84 | 2,86 2.92
10, | 1.72 271 | 1.78 1.86 | 2,83 2,79
Aie | 1479 1,89 | 1.68 1.76 | 2.86 2492
12, | 1,78 1466 | 1.72 1.84 | 2.92% 3.01
130 | Le72 1,73 | 1.82 1476 | 2,92 2479
e | 1462 1,66 | 1.86 1.68 | 2.86 2.83
5. | i;§§q 1,69 | 1.78 172 | 2489 2,76
U164 | 1.62%0460 | 1.78 174 | 2470 2492
17, | .72 1473 ] 1482 1.72 | 2095 2,98
18, | 1466 1.66 | 1482 1,66 | 2,89 2,79 -
9. | 2468 ;iiéég | IN66%2,16 | 2,89 2,83 |
26@ _?‘1@68F 1;7§ “-y~;;?s§‘1*587 - 2473 2476

TEelected individuals TCONTA e w e
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8465
2485 * 2,70
5465

2,38
2460
272 |
242 2,70
2467 2457

2435 2438

{55 257 1
2,70 |
2,67 2460
2‘»4‘?

2477

2457
2457 2452
2482 262

1 5,65 2572
| 2&5?

2467

275
2462

2+.50

2,42
2,75

2456

I 2,58

2,58
2,73
2,67
2.65 | 2458
2456

2453
2,72 | 2.70% 2,67
Qiﬁﬁ.

2467

253 2458

2e44
2450

2@58

2,67
2464
2467 2461
2.53
2450
2464

2,76

246L 2,61
2,50
2453
2.56

2458 2%@1

2w44
2,56

2,56 |

2@58':
2444
2«47
2461 | 2.65
2458 2461

5,68

2,57

2,71

2i63

2465

266

2465

2463
2468

2468
2457

e

2,68

2.63
2471 %
2.63

2471

2465
2,54
2;?1
2,68
2471

2,68 -

¢ weplicate lost through contemination

*  gelected individuals
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c
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2v94
agﬁﬂ
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2497
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e
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agﬁ?
2:99
_{g»"
’ 3&57
3
3407
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lBilB
3418
3,01

3,13
3{18
3407
3@i§
3{01

3410
3§9?'
3404

307
2496
3+10
jiiB
2;?6

3:10
_3@&?
3500
3#i3 .

1404

- 180

1480

1:84
e 1;84

1.80 |
1,82
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1.80
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S 1,74 1474

1,62 1.74

179 1T
174 1,77 |
S 85 172 |
1L 1 |
1,74 La72

1,72 1,72
1497 1477

1,74 1,69

1a74 1474
1,74 1477

L7972
1479 1469

1474 1469
177 Lp72
1469 1379

1457 1460

53 ¢ |

35::.,-“55 - 155

1453 o
1,51 1,57
1458 1,53
1457 1,53

1553 1,55

1455 1,53

1,84 1,57
1460 1?33

1,55  1¥53

1,51 1,57

1,51% 1,53

& 1,58

1491 1,76
1468 1,51

1453 1453

1453 Ly5L

TaB4  La54
1448 1468
kﬁ%ﬁ lﬁ§9

) _1546 &
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Growth rates (mu/day) of zoospore wvrogenies of some

- igolates obtained from the sexusl selection experiment.
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Foupr consecutive growth rate determinations {(mu/day) on

dwenly cospoxe colonies of Family T4 of the sexual
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