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- o . ', : ' ‘-.“l'e -» nABSTRACT . . . ‘. . o a.

- ) o From two te11ospores of‘UAttzago hondet (Pers ) Lagerb (the
fungus caus1ng the covered smut disease of bar1ey) the - e1ght monokaryons
and'the s1xteen poss1b1e dikaryons . der1ved frOm the monokaryot1c mat1ngs,

.were used in a b1ometr1ca1 genet1c study Eva]uat1ons were made ‘of '
... the’ re1at1ve ro]es of the genotype, environment and ggnotype-env1ronment
" 1nteract1ons in detenn1n1ng growth rate of the monokaryons and aggressiveuess :
“of ‘the d1karyons kpara51tes) The genet1cs of host-paras1te relationships’
was- a]so exam1ned us1ngad1fferent bar1ey cu1t1vars as hosts '
The genotype, the enV1ronment and the 1nteract1on of the two were. . !, -
found to contr1bute s1gn1f1cant1y to the contro] of var1ab111t} in growth

. I -frate of the monokaryons Var1ab111ty 1n degree of 1nfect1on of the d1karyons

© was contro]]ed by the enV1ronment, the genotype of the paras1te (aggress1veness),

. -.'i'and the genotype 'oF thé host (to]erance) ¢ There were no s1gn1f1cant effects - o
- » from paras1te env1ronment 1nteract1ons or from host- paras1te 1nteract1ons ,

‘ The aggre551veness-of the d1kanyons (paras1tes) and the*ﬁ?BWth,rates of the

-parenta] monokaryons were pos1t1ve1y corre]ated suggest1ng.that both characters

may be . under the.contro1 of d common gene system t was also demonstrated .
that‘faster growth rate 1n the monokaryons was accompan1ed by an’ 1ncreased

» sens1t1v1ty to env1ronmenta1 change > C K ‘ v
A’ general biometrical- genet1ca1 mode1 was, developed to descr1be the

re1at1onsh1ps dnd 1nteract18ns within a host paras1te env1ronment system.

[ I
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. Two, of them will be of mating tyne (+) and the other two (-). Once

* the paras'ite is V1ru1ent and the host suscept1b1e, 11’« not, the para51te

A, .. " INTRODUCTION e

L T

e

The Causa] orgamsm in. the covered smut d1 sease of’ cultwated bar]ey

- Holtdeum vu!.ga}te L5 'the fungus uwzago hondest (Pers y Lagerh ,.a

omember of the Bas1d1omycetes U holtdu 1s we]] su1ted for\genet1'c
stud1es as its s1mp1e life cyc1e (F1g 1) perm1ts easy cu]turmg and
matmg of the haploid ceHs. ,M,eiosvs oceurs in vitrho dur1ng germmatwn '
~of. the diploid teh’os’pore Which forms’ an'ordered"{::rad a four- ceHed- '

promycelv'a'um. Each ceH, a hapTloid gamete, reproduces by buddmg to

~form sporidia (monokaryons). Us1ng m1croman1pu1at1on these monokaryons - | .

can be removed and established in four separate cu]tures &s vegetatwe

z .
clones. The mating. system 15 ‘di-polar and the mat1nq type -of each of

.. the four cu1tures can be deteriftined by the Bauch test (Bauch 1927).

this has’ been accomphshed controHed mat1ngs of 'the: compa\t1b1eJ

;,monokaryons wﬁ'l produce the obhgafe]y paras1t1c, d14<aryot1c phase of

the fungus to be used in the 1nocu1at1 on-of barTey seeds _ (

{
In' paras1t1c systems there arﬁe two ma1n aspects of hoSt paras1te

re1at1onsh1ps\b F1rst, whether or no’é 1nfect1on is. poss1b1e If it 15,

is av1ru1ent and the host resistant? In the case of covered smut, like

-

. Other funga1 d1seases, the poss1b1hty e‘-ﬁ’mfectwn, in @ partacu1ar ,' .

l

env1ronment depends on spec1f1c re]at1onsh1ps between the bar]ey
cu1t1var (host genotype) and the phys1o]og1ca1 race (paras1te genotype)

of u. 'h.O_/Ld(M. (Tapke, 1945) E\ndence 1ndgcates thws aspedt of the

b\ _ ‘. )

o=
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spec1f1c re]at1onsh1p 1s controlled by a small number of maJor genes

(Sidhu & Person, 1971) w1th the existence of gene for gene relat1onsh1ps
(Sidhu"& Person, 1972). The second aspect of host-paras1te relationships

s the degree of infection (When the parasite is v1ru1ent and the host
suscept1b1e) wh1ch depends on the aggre531veness of. the paras1te and

: to]erance of the host (Van der Plank, 1968; Emara, 1972) Emara (1972)

| shoWed that aggre531veness in u honded is a cont1nuous (quant1tat1ve)

' character contro]]ed by po1ygenes o “' o

Quant1tat1ve genet1c stud1es often become too anvo]ved for practica]
-
purposes when the, character under 1nvest1gat1on 1s assessed in more than

&

one env1ronment because “of a]terat1ons in genetic. express1on wh1ch

frequent1y occur, with chang1ng env1ronmenta1 cond1t1ons These a1terat1ons

L Y

are def1nab]e as genotype-env1ronment 1nteract1ons and- can be an important

" source of phenotyp1c var1at10n A S1m11ar type of re]at1onsh1p may

occur in host -parasite re]at1onsh1ps between two genet1c systems, that is .

host- -parasite: 1nteract1on : . : ' $-
N {

N In the present 1nvest1gat1on, the var1at1ons in monokaryot1c growth

" - rate and d1karyot1c 1nfect1v1ty (adgress1veness Bf the paras1te genotypes)

) were examined in terms of their genetic, eénvironmental, andsgenotype-- .

A

environment interaction components to determine the relative importance

o o? each and for comparative estimates of the stabdlity of expression of

4

the genotypes used in th1s study. Parasttic aggressivenessiwas also l.e .
exam1ned w1th respect to certa1n aspects of parasitism, spec1f1ca1]y

those aspects which dea] W1th variat1on in degree of 1nfect1on due to

-\

' J

d1fferences in aggress1veness among the para51tes, d1fferences in tolerance -



s - . ®

o

among the "hosts, and poss1b1e 1nteract1ons between paras1tes‘3ﬁdfhdst§ }
’ u hO&dQ&, be1ng an obligate paras1te, has the obv1ous d1sadvantage
of reqd1r1ng the tissue of the hpst p]ant to carry it through the infective ',
dikéryonﬂstage. The gisease is dndeteétab]e unti11the barley plant matures, -
' whichimay require a wa{ttng period of severel months -if environmenta]
conditions are not. totaldy favorable for'the-grdwth of the plant. Fdr,
this reason, var1ous monokaryon phenotyp1c characters were examined 1n
- :the hope that some 1n51ght into the re]at1ve aggress1veness of the
"1 parasites m1ght be obtained from study1ng phenotyp1c character1st1cs of

-

the parental monokaryons in culture. ,
Information gained from this-study on eggressivesskend growth'of:

q. hohdei could he1p a great deal. in/studyindiand understanding toiepence.

in bar]e} whiéh j turn would a1d in developing highly to]erant cultivars,

_1n other words cu1t1vars with long lasting hor120nta1 resistance (Van

der P]ank 1968). Moreover, this information may ind1cate methods of

"'study1ng other fungi with- the aim of developing highly aggress1ve stra1ns,

to be used 1n the, b1o1og1ca1 control of insect pests and vectors

€

-~

,(Huffaker, 1971).

, .
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LITERATURE 'nEVIEW -

gcﬁﬁ;/;d924).d1scusses the 1mportance of the env1ronment 1n plant
disease occurence, and demonstrates cases in wh1ch the amount of growth.
'of the pathogen, where this -is measured in response to env1ronmenta1
changes near]y parallels the amount of d1sease caused by the ‘same
‘ pathogen in response to'the same env1ronmenta1 changes. = . A
. Reed and Faris (1924) demonstrate the interdependence of certa1n
'environmental_faétors and the importance of thein interaction in i
determining the occurence of—plant disease.andithe:severityjof infeetion;
; .faris (1924) conc]Udes.that-variation in percentage of:fnfection

',hy'UAtiZago'hondeL was not due solely to environmental .factors Qut was

o/

also depehdent upon the'genetic eonstitution of the fungus itse1f
The re1at1onsh1p between the pathogen and the infected p1ant,1s

'exam1ned by Mode (1958) who makes particu]ar reference to cerea]s and
"the(rust fun91 Bfake (19699 descr1bes some genera] processes in plants
R which determ1ne suscept1b111ty or reS1stance to d1sease Person (1967l,1’

and Yan/ﬂér Plank (1968) consider the genetic involvemeént -in paras1tism .
land d1scuss the re]at1ve ro]es and 1nteract1ons of the genotypes in '
contro111ng virulence and res1stance in paras1te host systems .
Van der P]ank, (1968) also states that 1n the paras1te v1ru1ence seems
' often to be controlled by a smal] number of major.genes, while aggress1veness
is often contro]]ed Py polygenes Emara (1972) found that aggress1veness
xin 'U. “honded is under the control of po]ygenes, and that‘the env1ronment
a]so.is:of great importance “in the'controt_of this character.

-
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4 ) Mather and Jones (1958 a ) exp1a1n how interaction of genotypes. and

: env1ronments can pffect phenotypwc express1on andcmnst1tutean added

soarce pf var1at1on. The simplest case they offer for céﬁs1derat1on is

that of two genotypes in twonenv1ronments. The yar1at1on produc1ng

four phenotypes is determined by the genetic difference (d ) between

the two genotypes, the d1fference (e,) in, enV1ronmenta1 effect.

fbetween the two env1ronments, and the stat1st1ca1 1nteract1on (g,) of

the. genet1c and enV1ronment components (Table 1). '

J - - Tab1é 1

The four phenotypes of two genotypes in two env1r0nments expressed
in terms of paramet da, ¢1, & g1, representing genetic,

- environmental, #fd 1nteract1ve effects o : .
i__ ‘ : ' - >
. . Genotyp} , ‘, o
.. .- - MT . ‘aa- . ' Mean
. .X Lo da tey tg, ;da +_e7 -9 .Y
Environments . I _ @ o
4o . T _ : T R '_
Y 'da‘“ e, g, \ da_ e j 9 . e
' \ o . o
,\\. . N -
SR o N - o0
Mean” = S a\ | %

(From Mather & §Bnes 1958 a).’

The genotype -environment’ 1nteract1on parametergpp1s descrlbed as the

amount of-var1at1on ".i....added by the 1nteract1on to the henotypes

of AA in env1ronmént X and aa in enV1ronment Y, and deducted from the
phenotypes of AA 1n Y and 4a in X", ’ .'
Bycio Alanis (1966) and Buc1o Alan1s and HiTl (1966), examine

nvironmental and genotype-env1ronment interaction components of

~

-
«.,
IR g

{

J
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A

o T oo : . LN ) . s,y

phenotypic variation in a p%actica1'ana1ysis‘of data from an'experiment -

on two inbred lines of Nicotiana nustica grown in- s1xteen env1ronments

'and demonstrate a re]at1onsh1p between these components such Ahat

. —

lnteraction 1ncreased w1th env1ronmenta1 effect

Perk1ns & Jinks (1968) extend the ana]ys1s of Bucio Alan1s (1966),
and Bucio Alanis and Hi11 (1966) to cover any number of inbred lines
and.enyironments, and to include the case- of uhequa] gene frequencies.

. et : - 0 Q Co - ‘ iA,
" . Pederson (1%68) Westerman (1970 a,b c)~and Westerman and_Lawrence

.".,6—.
(1970), examine the relative roles of the genotype and enV1ronment, and ’ e_a_;% '
the1r 1nteract1ons in the se]f—fert11121ng plant Anab&dopbta thaﬂ&ana, Jff
and conclude that.genotype-enV1ronment interactions contrib 1gh1f1cant1y

I

to-yahaations'in vartous deve1opménta1 proces§es of the plant. .

57 C
W -

The s1gn1f1cance of- genotype env1ronment 1nteract1ons in gra;seé

1s discussed by Breese (1969) and Hr1ght (1971), in wheat by Baker

(1969) and Easton & Clements (1973), in bar]ey by- Paroda & Hayes (1971) PR
. ﬂ ..
-and in cu1t1vated’§ape by Whitcombe and wh1tt1ngton (1971) It is.

3 qU1te c]ear that for 1nvest1gat1ons of var1ab111ty, reliable est1mates of o

genotypeeenv1ronment interact1ons_shou1d be of primary_cons1derat1on.-.-
“Fripp (1922) and Fripol& Caterl (1971tn1973) emohasiieuthe importance

of'genotype-environment interactions;in growth rate of the fungus .

SChA.ZOPhyuLUH conmune.”” o - : o . T

. . . .

To date very few biometrical - genet1ca1 stud1es have been made on the '~

host to]erance or the parasite aggressiveness (Emara. 1972; Emara & S1dhu,]
; 1974), Moreover, no attempt has been made to” study the host, par sTte and '};.

~'environment together with the1r interactions. In the present inwest1gat1on'

o)
3

‘e "

- ‘ o~ .
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deve]oped techn1ques and models in b1ometr1ca1 genet1cs.
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sueh a study was carr1ed qyt on the u. hondQArbarley system us1ng new]y
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~ MATERIALS & METHODS

1. 'Biological Material- - L T)

prap

Q} 9F,_,.,,LThe eight monokanyons (Tdb]e 2) used in-this study were derived

M =

erF two te11ospores des1gnated E and. F, originaily co11ected from the

' “) . Canadian pra1r1es.- Al these monokaryons carry the re;ess1ve virulence
_allele Uh v-1 (Sidhu-and Person, 1971). The five highly inbred cu]tivars
o U of barley used as hosts are listed in Table 5. - ' S
2 Medim B T B

AN

Preced1ng each exper1ment cu]tures of the eight monokaryons were

grown "in Voge1 s (1956) canp]ete 11qu1é med1um prepared as follows:

Difco yeast extract 5, g. -
- salt-free. case1nﬁhydro1ysate (N. B Co,,) 5.¢g. ;-
. - +. dextrose , 10 g.
R tryptophane . : ;J—f e 50 mg.
Vogel's' salt solution "~ 20 ml.
vitamin solution (Ho111day, 1961) - 10 ml,
distilled water .y 1 Titre -

— i

For solid med1um, 2% Difco bacto agar u was’ added

!

The m1n;ma1 ed1um used, ‘contained 20 mi, Vogef's se1f solution
SRS ‘and 10"g. dextrose per litre of distilled water. - o -
- B £ Prdéaéefdon { _
' o ' An inocu]uh of each of the eight.mbnokaryon cultures was, p1aced'
in a 125 ml. DeLong cu1ture flask conta1n1ng,30nﬂ Vogel' s complete
11du1d med1um and fitted with stainfess steel c]osures The flasks
7 were p]aced on a New Brunsw1ck cu]ture shaker and the cu]tdregia1loNEd

s . to grow for four days at/ roqm temperature.- This procedure was carried_

-

.10
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L Table2 T ‘
The eight ifnnpkaryqn genotypes’ ' B )
‘. Monokaryons . (. ’ ,/Genotype‘Numbers- I
. E1 . . / 1 _ _ ) K /
.. E, -2 . : L
E, -3 ?
: _E4 .,~ N .4” | - -
o R | 3 ‘
X .F2 ! 6 '
. F3 . 7 ., ‘
o - 8 '
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ﬁt before the beginning of each,experiment.

4.

v
léc_‘

)

Experimental .

-

" (a). Growth Rate -~ .o o '\ L .’K

- . -

The growth rate exper1ments were conducted in a Shereracontrd11ed

- environment incubator. The, fifteen environments used were produced

by mod1fy1ng e1ther the 1ncubator temperature or the concentrat1ons ~

of 1ngred1ents in the med1um (Tab]e 3 )7 * Fourteen of the f1fteen i o ..',
environments were'grouped into sets accordIng to the proximity of |
phys1ca1 cond1t1éﬁs which const1tuted the d1fferences between them
(i. e the temperature env1ronments form set 1 the yeast env1ronments.
form set 2, and so on). §1h;e environment number 1"is'com9b§€dfof

complete medium at the optimum temperature of 22°C, it is’referred

. to as the standard environment and is included in each set for analysis . °

and tabﬂ]at1on of growth measurements The'reason for-the inc]usion

L4

of the standard environment is that it represents one more’]eve] 1n :
the mod1ficat1on of the particular env1ronmeﬁta1 cond1t1on of each

That 1s to say, s1nce it contains comp]ete medium it has dextrose,
casein and yeast extract concentrat1ons of 1.0%, 0.5% and 0 5%

respectively. For set 1 1t represents the additional temperature level"

J

‘of 22°C. Euyironment number 15 was used to effect conditions which

were highly adverse'to the growth of the monokaryons
For each environment the monokaryons were prepared by remov1ng 1 ml.

of each 11qu1d culture and d11ut1n%<;o 1:100,000 1n ster11e dwst111ed _r:"

water. 0.1 ml. aliduots of each dilutéd culture uere_spread—onathe—f—r-° -

o

.‘xapprobriate—’a?ar’mggium§;nf§‘andard Petri'plates and placed. in the .

Al

12




- ' » , N - ’. , .. ) . J ) .. ) . ' ° ) . . ' . .' .D‘
.,; . o Table- 3 - - A " s T U

\ ;’)—15""‘ . . .. : , ’ , . T ' -
g ',The'pqmposition‘of the fifteen environments for growth rate S .

-

e

Environments’ . Environment , o
N Number_s' . ;.(-.l.'..-n-\?\- :

) ' . “

Complete medium at 22°C o 1 ' Co :
Lt "~ Complete medium at 15°C : "2 e
Sét LN Complete medium at 20°C ' ' '/ ‘ -
i Complete medium at 25°C

o ) Complete med1um at 27.5°C I (;; Zg;:j ’
v . '\ L et £ \ o

1.0% dextrose at 22°C (gomp]ete med1um)
,0.1% dextrose at 22°C .

0.5% dextrose”at 22°C - .

1.5% dextrose at- 22°C

s
o

o 0. 50% casein at 22°C (complete med1um)
Set 3 . 0.05% casein at 22°C \
- . 0.25% casein at 22°C :

1.00% casein at 22°C T

’ : , : . ¢

o 0.50% yeast at 22° (comp]ete med1um) o 1 o
Set 4° ' 0.05% yeast at 22°C - 12
' 0.25% yeast at 22°C e 13
1.00% yedst at 22°C Lo m -
. . ! . ' \ . _‘ . \ ‘e

N ) - A\ T [
o - Minimal medium at 22°C - L \/

R A : S ' j \\v




.1ncubator for 96 hours.

£l

The plates were drranged dn.four randomtzed comp]ete b]ocks with

'each monokaryon rep11cated in two p]ates randomly d1str1buted w1th1n

3

_each block.

T At the end of 96 hours the p1ates were removed from the 1ncubator
@

--Using a mwcroscope f1tted w1th an ocular micrometer calibrated’ in

m1111meters, the d1ameters of thevco]on1es were measured as an 1ndex

LY

of growth rete. F1ve co1on1es per plate were chos#n at;random. The mear)

v

.

value'for each plate constituted the basiolobservation in, the aﬁ?]ysis'off
‘variance; - _

( -

) . e , L ‘". .*"-Q\
Approxjmagely 150 seeds of the ber]ey cultivar Hannchen were

(b). Degree of Jnfection
V4

o .

placed in each of sixteen seven-dram vials. The diharyonS’theferred to

-

throughout as paras1tes) were produced by combining 5 ml. of each of

L

- the two appropr1ate monokaryon 11qu1d cu]tures (Tab]e 4 ) 1n'the‘via1 .

1abe11ed ‘with the proper parasite number Infectlon was ach1eved by
i -

: a11ow1ng the seeds to remain in the rnocu1um for twenty m1nutes under

1 vacuum.” The excess inoculum was poyred off and the seeds placed 1nisma1T'

‘I

coin envelopes mhich were iegt open'for three days to allow the seed$ to
i air-dry. B L : T

_'l\ u . ~ ., . . . . )
The inoculated seeds were sown in the greenhouse in/;ix inch pots

_at atdeﬁth of abodt one-duarter inch. Three seeds- were p1aced in, each -

‘ pot since pre-testing of the stock seeds showed them to be %;f,fowD
- .- " . 5 - :
'genminabilityj After the seedlings appeared, the Blents were ‘thinned to-
. . . ’ £ . .
one. per pot. A

S TWO randomized complete blocks were used, with each d1karyon L

.
’ LN

™ | R W14
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T fablea ot
The sixteen dikaryons (parasite,s)\p.roduc‘ed by a11"_
possible combinations of the eight monokaryons. .

‘Parasite genotype numbers are shown in 'parentheses o

r ~
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) represented in two rows of five: p]antsﬂéacﬁjﬁrandomTy distributed

AN
course of the exper1ment Degree of 1nfect1on°was recorded

¢ within each b]ock A s1xteen hour daylength was used dur1ng the .

‘at matur1ty as percentage of 1nfected heads per row. The ean
of each two rdw: representing the same paras1te 1n each b ck;‘ Ty
. const1tuted the basic ohservat1ons in the\ana]yses. The data"
. were transformed to arcsin to accommodate analysis of varianceﬁ
) " This procedure was carried out twice: 'in November 1972 .
and in 0ctober 1973 A similar exper1ment was'conducted in the
' f1e1d in June 3973, us1ng the barley cu1t1vars Hannchen, Vantage,‘.
kjon, -Trebi, and Odessa, as d1fferent hosts (Tab]e 5 )ﬁ Inoculum,
preparat1on and seed 1nfect1on was performed as before with the |
except1on that two vials were used (one for eaCh b]ock for each
parasate on each cultivar). In add1t1on, each monokaryon was
L cu]tured'1n two f1asks, each having 60 ml. of 11qu1d med1um, to.” h—r4~.r
facilitate 1nfect1on on°the additional four varieties of
barley and increased number of seeds per cu1t1var. The,1nfected

¢

seeds were sown in two randomized complete blocks. * Each parasite 4

-Was représented in fiue,‘zoﬂfodf rows 6f p}ants:randomly distributed"

“within each block; each row consisting.of 150 seeds of one cf'the

‘\ five cu1tiuars. ‘Degree of infection was recorded at maturity in. T

© September 1973, as pergentage of infected.heads ‘per row and trans-
formed to ar¢sin to permit ana]ysts of variance.’ ?ased on 1ccation

>

and date ‘of sowing; three environments are represented in the
) prededing experiments and wi]l be referred to henceforth,as the -

n

~macro-envirorinents (Table 6 ).
- ' ) 16

ey



. Table 5

"The five barley cultivars ind their
numbers . as- host genotxpes

~ Host Genotypes -

éaf]ey Cultivars

- . . /
‘Hannchen (C.1I. 541) 1
- Vantage (C:I.,7324) 2
*"Lion {C.1. 923) 3
Trebi (C.I. 936) 4
0de§sdf(c.ll'182) 5
»
g~
) 14
.
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. Rz
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‘Table 6

T , ) _ _
The three macro-environments for degree of infection

Macro-environments - .. " Macro-environment
T numbers

Greenhoysé o S 1
November, 1972 '

4 _ ‘
Greenhouse ' \ 2

October, 1973 °~ - . . N

e
)

Field o 3 -

June, - 1973 e o

4
.
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Fixed model analyses of varjance for factorial design were used

to QeteK;;ne, primarily; the existence of differences among monokaryon

. .
- genotypes

.18+

L
1
A

’ - .

parasite genof&peé; environments and host genotypes, and to

pesl?

test fqr the presence of interactions, the most important of which are
e [ 4

. N—
those between the genotypes of the (+) and (-) monokaryons, between

the monokaryons ‘and environments, and parasites and environments and

... between parasites and hosts.

Since the.monokaryons are haploid cells

',they may be regarded as jnbred'lines. Thus, for estimates of the

genetic effects, environmental effects, and genotype-environmenth

interaction effects, the basic biometffca]-geneticd1:mode] forathe-’

e

general case of unequal ‘gene

used (Perkins & Jinks,j1968;

P

_ where:’

v o
1

if

P..
44

]

w

?requencies among the genotypes was

4

Perkins 1970).

mrdg et

performance of the <th genotype 1n the
jth env1ronment

grand mean over al] gengtypes and'envirOnMents'

\

add1t1ve genetic effect of the &th genotypep

-where 4 ::1 ...... Fa R

-
1

additive env1ronmenta1 effect .of the jth
enV1ronment where i=1...... 4

2

*”effect'of the interaction of the ith .

genotypé and the fth environment.
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“The term "performance" commonlylﬂsed in the” above model is
synonymous w1th "phenotype", Which in the present study w111 be referred
to as- e1ther growth rajg or -degree of |nfect1on "~ The genotype env1ronment

1nteract1ons (g»»'a) for each genotype were regressed on the env1ronmenta13

effects (e A) and the regress1on coeff1c1ents (b's) become a measure '

sensitivity to environmental change for each genotype(FripD, Y.Jd.o

l .
of the linear sens1t1v1ty to\enV1ronmentalfchange for each genotype, 3 .

! and the deviation mean. squares (DMS' A)-are measures of the non711near

& Caten, C.E. 1973). Corre]ation coeﬁficients (r's) were, computed

. amongst-the'various aspects of. the phenotype'and the coéffiCients'of'-"‘

determ1nat1on (n 's) gave a measure of the percentage of genes in-common

between any two characters.

(b
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RESULTS ~ -
'Grbnth Rate

(a). The genetit.and environmental effects,.and their interactions.

'The continuousty variable nature of the'rate of growth shbwn by
‘the e1ght monokaryon genotypes is 111ustrated 1n Fig. 2., Such d"ﬁ
cont1nuous character is 1nd1cat1ve of po]ygen1c contr01 and .
heritable variation, and hence readily Tends itself . to b1ometricéT

The‘mean’growth measurements for the eight’nonokaryon
- ’. \
genotypes in each of the f1ffeen env1ronmenﬁs are given in Table 7

.,,.'

- and represent a summary of the data obta1ned from the f1fteen

growth rate experiments. Ana1y51s of var1ance for these data is
presented in.Table 8. The hlghly significant Environments M. S.
conf1rms the effact1veness of\the medium’ and temperature

mode1cat1ons in producing vartability 1n_growth'rate. Ahso, the |

differences among'nonokaryon genotypes are shown to be highly '

signifieant. ‘0f the three significant interactions, the genotﬂpé1;

N _' - . . 4 . o o
environment interaction alone is of relevant -importance. Table 9

\

shows the.estimates of the genetic effect,'&i, fdr each of the 0

' {;pnokar&on genotypes, the envirbnmente1'effect éj, of eaeh

- env1ronment, and the 120- genotype env1ronment interaction effects,

~

i s, produced by the e1ght genotypes in the fifteen env1ronmenfs

The coefficients, b@ S, for the regression pf gij on ej for each

. .-
L 4

°

F)
L]

e\
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Continuoué variati’on in growth rate (per‘formance';
colony diameter in mmn. after 96 hours) of the eight -
monokaryon genotypes in the standard environment. -
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: Table 7
" Growth rates’ (mean colony d1ameters in mﬂhmeters) of the e1ght
a : monokaryon genotypes across all fifteen envi ronments .
Monokar'yon._ , _Environment Numbers p ¢ -
Genotype : — — — : — Me
Numbers 1 2 3 "4 5 6. 7 8 9 10 11 12 13 14 15

\ . - : . - - - . .

}1 .79 0.33  1.30 1.43 0.98 1.45- 1.33 0.98 ' 1.51- 1.60 0.69 0.53 0.70 0.72 0.26 N
2 1.52. 0.28 1.3 1.26 - 0.58 0.84 1.11 1.3 2.14 -1.04 1.43 - 1.27 1.66 0.98 0.55 1.
3 1.65 0.25 1.14 1.01 0.78  1.3¢ 1.38 1.06 1.03 1.02.0.90 0.77 . 0.87 1,16 0.38 0.

a 1.38 0.30 1.51. 1.28 0.90 1.25 1.15  0.99 1.43 0.77-° 0.94 ©$.09 1.28 0.97 0.27 1.,
5 1.16 0.27 0.66 0.79- 0.46 '_0,93 1.01 . 1.10 71,09 1,27 0.78 1.3 .27 ‘0.._8.8 0.32 0.:
16 : 1.88 0.38 1.72. 1.81 1.53 7.15  1.85 2.07 1.24 1.55 2.11 1.56. 2.23 1.73..0.24 .5
) . . ) ) v ’ €~ . _ < .. .
C 1 R 2._38 _ 0.29- 0.8 1.84 X 1.75 .1.08  1.76 1.21 2.27 1.76 .1.60 1.95 2.25 2.02 0.21 1.5
8 . 1.70 0.23 0.86° 0.77 .0.92  0.89 0.98 0.44 1.32 1.28 ~0.89 0.87.. 1.16 1.18 .0.22 .° 0.8
; .
-Mean .-~ 1.58 0,29 1.17. 1.27 0.99 1.2 1.32 1.15 1.56° -1.29 1.16 1.15 1.43- 1.21 0.30 - .m =1.]
. ‘ " | ’ : -
N : .
w ~
: < ~
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Table 8 a L

Analysis of variance of growty rates of the:eight monokaryon
gtnotypes across all fifteell environments.

f

7 ) ,' . M ' -

Source. of. . Degrees of - Sums of Mean -~ Varianee.
. Variation® - - . . Freedom ~ Squares Squares Ratios
Blocks . 3 0.1561°  0.0520 - 2.5233 (N.S.)
. Environments - 2 . 14 125.7571  8.9827 189.9001 ki
", - Genotypes (monokaryons) - R ,'_.59.30‘05 o B:ATI5 182.5754 kit
R Environments x Blocks . 420 1.9881  0.0473  '2.2058 %
Genotypes x Blocks . 21 . 0.9733 - 0.0464  2.2478 A% "
/Génotypes x Environments, . 98 © £9.9600 ° 0.7139  34.6208- ***.,
1 -7 Genotypes x Enyironments C - 294 g.i624  0.0210  1.0165 (N.S.)
e X Blocks. S L . ‘ '
:/;///( .. Between replicates (error) . . 480 - 9.8984  0.0206
Total '- o959 - o298 D
- Significance 1e9éls for the above and éubsequent analyseé: '
. . - ’ - \ ’ L.
N.S. . = P> 0.05 (non significant) @ ’
R 0.055P>0.01  ° ‘
wwk = p.0nP0.001 - L e
Ktk o= P<0.001 -
~ t- ' %%"_= tested against its block interaction
'l..
: .24,
s -



' : 1 : S . .
. . ) - K '- . :‘ ) ; - ) -
e o : - " Table 9

. Estimates of the genetic, envi ronmenta'l. and genotype-enwronmenta]
mtﬂracﬂon components of variability 1n growth rates of the eight monokaryon

’ o, ] o genotypes across aH fzfteen environments. oo ‘
(N | < - : © g S
Monokaryon . \ ' o _ . 7 . Environments | . ;/‘“”{ ‘g ' 1. b
Genotype. 5 < : = - — : : L £
Numbers 1 2V 3 4 5 -6 . 7 8. 9 0 M 2. 13 18 15
1 .. 0.30¢ 0.13 0.22, 0.25 0.08 0.42 0.10 -0.08 0.04 0.40 -0.37 -0.53 -0.64° -0,40 0.05 -0.09 -0.07 -
2., -0.08¥0._0/3\l_7‘.-1’§‘-'0.03 2043 -0.30 -0.23 018 0.56 -0.27 0.25 0.10 0.21 -0.25 -0.23 0.02 0.08
3 0.22 0.1 0:12 -0.11 _;o.bs 0.37 "0.21' 0.06 -0.37 -0.12 -0.11 -0.23 -0.41 0.10 0.19  -0.15 -0.51'
4 ~0.11 0.0 0.43 0.10. 0  0.22 -0.08.-0.07 0.01 -0.43 -0.13 0.03 -0.05 -0.15 0.06. ~0.09 +-0.13
-5 -0.19 0.21 -0.28° -0.25 0.30 -0.04 T0.08 0.18 0.16 -0.21 -0.19 0.21 -0.07 -0.10 -o.?é " -0.23 -0.13
6 -0.11 -0.32 0.14 . 0.13 0.3 -0.38 0.12 0.5] -0.73 015 0.54 0 033 0.11 ~0.47 0.41 0.23
7 0.20 -0.40 -0.72 0.17 0.36 -0.84 0.04 -0.33 0.31 0.07 0.04 0.40 0.42 0.41 -0.49 0.40 0.55
8  -0.2 0.20. 005 -0.24, 0.1 0.03 -0.08 -0.45 0.02 0.25 -0.01" -0.02 -0.01 0.23 0.18 . -0.26 -0.22
g 0.45°-0.84 0.04 014 -0;J4j -0.01 0.19 0.02 0:43.‘~9.16‘ 0.03 0,02 o.éq' 0.08 -0.83 =113 q
| ~ oo
n

h2:
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genotypea are also given. Growth rates across the env1ronments .
of set 1 are ~g1ven in Tab1e10 Tab]e 11 summarizes the
ana]ys1s of var1ance for the set 1 data. There are, as before‘,
\ .
highly s1gm’ﬁcant differences among the genotypes, and the five
temperatures- used in the set di ffer 1mmense1y in the1r effects

on performances of the genotypes, as 1nd1cated by the high Env1rqn- ’

ments M.S. Interactions between genotypes and temperatures are -

' aTso h1gh1y s1gn1 ficant. Estimates of the components of var1a\>khty

~and the Ve regress1 on coeff1cienqts are, g1ven in Table 12 . The
growth rates over the four dextrose envxronments of set 2 are
'hsted in Table 13 -and the. a.nalyms_ “(Table 14 ) shows that ,\
‘differen,ces in environmental effects caused -by the vari.ation"s' in
dext,ros_e concentration are highly si'gm‘ficant. D.if,ferences. emOng
genotype_s remain prominent, and there are interaction's between .
~the genotypes and the concentrations of"dextrose which constitute
.the four env1ron_ments. Tab1e15 gives the\d s ej 's, g“ 's, and
ub-‘:'s‘as i:omputed~0\l;er the set 2 environmepts. The data from the
set 3 environments and their ana]jsts are given ‘m 'F,ab]es]l6 and

'_17 respectivelyf Differences among genotypes are clearly indicated: -

o

and tt\e effective'ness of the casein éoncentrat'ions in _'producing'

environmental var1ab111t_y is unquest1onab1e The genotypes also

_ demonstrate -hagh”ly sigm f1cant 1nteract1ons with the var1at1ons in

g ﬁsein cor?centratmn. The -three components of var1ab1hty and
th

e regression coefficients for set 3 are 1tsted,in Table 18.

Tables 19 and 20 give the.set 4 date add corréSponding'analysis.‘
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" Growth. rates {(meaf colony diamétérs in millimeters) of the eight monok dryon
' . genoygpes’across “the five temperature environments (set 1).

n
- 4 .
J a
o Lo o .

‘Monokaryon - * : Environment Numbers - . \
Genotype - — . - Mean
~ Numbers | I 5 .

2 5

- . . N Ly
1. . 179 033 1k 143 0 0.98 L .o1.7
2 - 152 . 0.28 . 1.3 126 . 0.58 1.0
3; 1.65  0.25 1,14 1.01 0.78 . . .0.97 {
4 1.38 - 0.30 0.5  1.28 ¢ 0.90 ° . 1.07 -

5 - .11 ~ 0.27  0.66 0.79 .  0.46
6 -1.88  0.38 | 172 - 181 . 1.53 1.46

7 - 218  0.29 0.85 e 1.5 1.3
8 109 023 .Gk 077 0.92 0,78

. v \
Mean 88 - .2 - T 127 0.9 A= 1.06
]
P . .
i ﬂ .
- ' -27 t '
' ! Jia




Y

“* £ 3 ’ Ay
« o B
- s 1 i
2 L / #
, ! -' n 4 . )
C . e L
~ CTle L

P Ana]ys1s of vamance of growth rates of the e1ght monokaryon
- genotypes across th?e five temperature env1ronment§ (set 1)

: ' [y
‘ ' ) T ) /"5 e
. » . . : - - ) ’ R B

Source of \ - . Degrees of , Sums of .w~. - Mean* .Variance
*_ Variation . o " ., Freedom . Squares * Squares Ra.ti_os
- Blocks' 3 _0.0606 . - 0.0202 1. 0790(N S
O Envivonments . - 4 ' 5.8931. 147233 288. 69221
Genotypes, (honokaryons)s 7. 22527 . 3.0361 162,0982%%+
. }'Environments X ‘Blocks-.. . 12 . 0.6116 . i 0‘.0"510 o 2.7213%%*
. | Genotypes xBlocks 21+ .0.4414  0.0210, 1.1223(N.S.)

S\% Genotypes x Envwonments N 28 - l4:2270 " 0.5081. 27,1287 %4
Genotypes x Environments '+ - 84 135157  * 0.0161 0.8590(N.S.)

- . xB]ocks* v . ' s T . 2
v . ' [ : . v - . ) . ' . )
Between replicates (errbr) - 160 2.9975* - -0.0187 - . - Ay
\ . . . ‘A, :
Total - ., . CoLT - 319, - 99.83%¢ © - . -, . T,
\‘ , . 3 - " B . . ’ - 2. ‘oo A - * V4
: v - N ° ° R ' .
o '
ra t ‘u ,
. ) ° . g
@ s “ - * '
-~ : ! - ‘ N )
& -“ . 7 - , -.\.
e g ) ) t
L7 Y .' . . “ N
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Estimates of the genet1c envaronmenta]

fab1e 12

e

and genotype env1ronment ‘

—

interaction components of variability 4n growth rates of thé eight monokaryon
genotypes across the.five temperature env1ronments (set 1).

" Monokaryon Envi ronment Numbers A -
- Genotype. — d. b,
~ Nuribers ] 2 -3 4 5 4 ‘
S 0.01  -0.07 . - 0.02  0.05 -0.12, 0.11 0.14
‘20 o 005 0.23. 0,05 -0.35 0.06  0.02
§ 0.16  0.05 , 0.06  -0.17 -0.12 0.09°  0.03
.4 -0.21 0 0.3 0 =010 =™ 0.01, -0.07
.5 -0.03 . 0.37  -0.12  -0.09 -0.14 0739 -0.35.
L6 70707 049 0.95 0.4 | 0.94 0.40  0.24
7. 0.28 -0.32. -0.64  0.25° _ 0.04 0.32  0.37
8 . "-0.20- 0.22 0.03 -0.22  0.21 .  -0.28  -0.37
o ' L ' o
& 052 -0.77 0.3} 0.21 -0.07 b= 1.06
- RS
»~ .l‘ .
- g | ,
—\l i° ‘ l ...o' ) ' - .
‘? ) ° .. .. 4 N
o : ) .29, S



Growth -rates (mean coTony diameters in millimeters).of the'eighf_monokaryon .
genotypes across the four dextros

o

4 - ) :

2

e environments (set 2);

\

= Monokaryon -
Genotype -
Numbers

‘Environment Numbers

1 6 1 . -

Méaﬁ,

1

w ™

v
NS Sy | K~

_g’i:

=
00 — =

1.52

1.38

- 1,10

1.45 1.33
o084 T
1.65 1'.3f4“" "1.38
125 1.5
0.93 100
2105 1.85

1.08 [ 1.76

1.79

1.16 -
1.88
2.18

0.89, - 0.98

<

1.39
120
36

119
. 1.05%

s

RS

1.66 %

0.8

EER

9

7.

Y

| Mean 1.58 1.12 1.32° 70 1.5 mo= 1.29
° v, % o ,-'-l. -
b4 }:
: - ) - .30 .
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Ana]ys1s of variance of growth jrates of the e1ght monokaryon

genotypes across the four dextrose environments (set- 2)

en

LY L2
Source of “ " Degrees of Sums of  Mean Variance
© - Variation | Freedom Squares - Squares Ratios
. .. P ‘ ) : _
Blocks . * .. . 3 0.0954  0.0318  1.0315 (N.5,)
 Environrients < 3 8.7223  2.9074  33.0011 *¥kto
Genotypes (mono&gryons) Y A i 18.5151  2.6450  85.8491 Ak
_Environments x Blocks - 9 ©0.7931  0.0881  2.8601 %+
/" Genotypes x Blocks \\In' S .+ 0.9683 - 0.0861 " 1.4966 (N.S.)
. Genotypes x Environments\ = 21 101781 0.4847  15.7309 ¥+
% Genotypes x Environments -~ 63 ©2.2980 . 0.0365 1.1840 (N.S.)
X BJoqks:~ o . :
Between replicates (error). 128 | 3.9438  0.0308
Total [ S 25 45.5141 ~
v \
l\ i' ﬂ )
‘ ; 4
g - SN ‘
L N
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Tab]e-'15

Estimates of the genetic environmental s and genotype -environment :
interaction components.of variation in growth rates of the ewqht monokaryon genotypes
~across the four dextrose env; ronments (set 2). .

."l
Monokaryon - ‘Environment Numbers -~ . .

“ Genotype : : . Lo dy b,
Numbers-- 1 N .8 _ ' R X
1. 0 023 -0.09 0.7 og. 0.21
.2 % 0.03 =019 -0.12 025 - - - :0.09  0.02
3 0 0.15  -0.01 -0.16 0.07. ,-0.03
4 - -0.10 0023 '-0.07 0,06  : -0.10 -0.46
5 - -0.18 . 0.05 <007, .0.19° .. - -0:24 -0.67
6 005 -0.42  0.08 - 0.47 - . 0.5 -0,27
77 e 0033 -0, 07 Be2l - 0.27 - 1.3
8 0,04 0.21 . 00  -0.27 -0.44  -8.05

¢ ’ - - . ' ‘ °
;. 0.29 -0.17  0.03 ..0.14 C,mo= 129 .
o SR e . .
' : K
N . ‘iw . . . . Ty
. | Lo
‘ . g .32
_\4/' y R
3 N el- t " :T
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a4 * Ead
¢ v v -
y .. Table 16
L . Growth rates (mean colony diameters in millimeters) of the

eight monokaryqn genotypes across the four casein envirjonments,(set'B).

% : -

- Monqkaryon

. Environment Numbers :
~ Genotype . — : Mean
»  Numbers - o] 9 10 1
S 1,79 1:51. . 1.60 0.69 1.40
2 1.52 - 2.1 1.04 1.43 1.63
3 e 1,03 1.02° 0.90 1.5
5 1.38, 1.48 0.77.. 094 _ 118
5 1.16 1.89 - .27 08 17
6 1.88 1.24 1,55 - 201 1,70
7 2.18 2.27 .76, 1.60 | 195
5 8 1.0 - 1.32 1.28 %ﬁag 1.15°
Medn 1.58 1.66° ~ 1,29 . % m= 1.40
. . . . 9
. . kS
r -—‘“"ﬁ l/
%. - .33 3
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"Table 17

.33

‘ AnaTyﬁis of variance of g%owth rates 6f the eight monoekaryon

genotypes across the four cas

ein environments (set 3).

310_

. .
¢ [
éource of Degfees of Sums df Mean - " Variance -
~ Variation Freedom Squares Squares- Ratigs
Blocks 3" 0.0451 0.0150 0.8559(N.S )
Environments 3 8.2972 2.7658  157.5028%*
Genotypes (monokaryons) 7 21.1774 N, 3.0254 80.6773***+ -
_ Environments x Blocks : '.9' | ,5.1039 0.0115 0.657%}N.S)‘
Genotypes x Blocks - o, 2 07884 ° 0.0375 2.1378%%*
Genotypes x Envirenments f 21 17.2459 0.8212 ' 46.7671%**
. Genotypes x Environments  °© 63 1.1131 0.0177 1:0063(N.S.)
 x Blocks : T ;
Between replicates (error) 128 2.2481 0.0176 - Ny -
Total 255 . 51.0191
(e
RN . . N “
(\~“*H. " - 34 S
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Table 18 ki

. Estimates of the genetic,' nvironmental, and—'éenotype-envi ronment
interaction components of variability in growth rates of the eight monokaryon
: genotypes across the four casein enyironments (set 33. e

" Monokaryon ' _Environment Numbers : A S
Genotype . : — : d‘i“ . b,
‘Numbers o 9. 107, 10 - A 4
) 6.21 -0.05 0.31 6.7 ' 0 , 0.85
2 -0.19 045 -0.38  0.4- . 013 0.3
"3 T0.320 -0028 -0:02  -0.01 . 20,25 - 0.14
IS 0.06 0.18 -0.26 0.0 . -0.26  0.46 .
5 019 0,16 0.21  -0.19 23 Q.
6 - -0 -0.62 -0.04  0.65 0.30 . -1.96
7 0.05 0.6 -0.08 -0.11 © . 0.5  0.55
8 . . 023 0.01 . 0.24 0002 - - . 0.25 -0.48
) M Has . / .
_xe ) : .
oy 1018 - 0.16 .-0.11 . --0.28 mo= 1,40
. .A ‘ ..'35.
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SO CT | Table 19

Growth rates(mean co]ony diameters in m1111meters) of the :
_eight monokaryon genotypes acef§s the four
: yeast environments (s

Monokarybn , . ' Environment Numbers :
" Genotype e - ' — - Mean
"+ Numbers 1 1 123 14
1 R ©0.53 0,70 0.72 . 0.9
2 1.2 1.27 . -.1.66 098 - 1%
3 Cotes 077 0w a8 . L
e 1'.{38F_ 09 1,29 0,97 .0, 1.18
5 196 . a3 1.2 0.88 . 1.0
.6 .88  1.56 © 2.23°  1.73. 1,85
7 2,18 195 So2.2%5 - 202 2.10
'8 | 0T 087 w106 1.18 1.08

Mean 188 .- 1.15 .43 - 121 m- - 1.3

ey -
. - _\ :
- . §>> Ot o
o "_ ° .
-4
.36



.36

%‘ B ) ' . ! / o . el
’ 4 3 .

. 'Tab1e 20 K «

) v .
~ Anmalysis of variance of growth rates of’the'qight monokaryon.
B :> genotypes across the four yeast environments (set 4). -
SOURCE OF DEGREES Oﬁ’ SUMS oF MEAN VARIANCE
VARIATION . . tQ} ~ FREEDOM SQUARES SQUARES : RATIOS
Blocks - = = . "3 0.0626 0.0209 10.8054 (N.S.)
Environments - .3 7.8657 ©2.6219 ¢+ . 101,2317 %
Genpfypes(monokaryons) S A 38.4684 65.4955f' - 212.1807 ***
Ehvironments x Blocks . 9 0.3771 . 0.0419 ' 1.6178 (N.S.)"
Genotypes-x Blocks 21 .. 0.5506 0.02%62 . 1.0124 (N.S.)
Genotypes x Environments 21 - 10.4113 - 0.4958 19,1421 *x
Genotypes x Environments.,. 63 1.5941 0.0253 °  0.9768 (N.S.)
x -Blocks L : S - C . :
‘Between replicates (error) 128 ..3.3155 0.0259 : Qho
Total . 255 - .62.6451
!I)v - T ’ . .
[ . o |
| | e
g C L
— \‘
- .37
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. ‘ ’ o - Table 21

: Estimates of the genetig¢, environmental, and genotype env1ronwent
1nteraction components of variation in growth rate of the eight monokaryon genotypes
across the four yeast env1ronments (set 4. . .

[ ) ,0 -, o
.'Mbnokaryon a : -'Environment Numbers ) ‘ e
" Genotype ~ ' : d, -
"Numbers . 1 12 13 4 .

1o 0461 20,22 -0.33 -0:09  -0.40

2 -0.08, 0.0 0.21 '..-0.25 0.02

3 ..0.30 0.5 ' -0.33 - 0.8 . -0.23
4 0.04 0d0  0.02 . -0.08. ° 0.6 -

5 .09 o2t 0,07 T -0,10 -0.23  -0.56
6 -0.21 -0.10 0,297 0 0.01°  _ [0.51 -0.06 " -

i . .

7 - -0.16 0.40 0.06 . 0. 05 0.76"_-0.98"
8. -0.22 . -0.02 * . -0.0 0.23° L -0:26  -0.67
éj- 0.24 1. -0.19 - 0.09 . -0.13 - A= 1.34
. e

’“ ) . n'A‘.
‘ ".. s -H N
& : - ,
| A\ :
..‘ : ' ‘
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T . Table 22 . N B -
. Analysis of varianée-Of gV‘BW—th rates - of the eight monokaryon b .
genotypes across environments 5 and 15 (complete and minimal media).
. SOURCE OF . - DEGREES OF SUMS OF . MEAN . VARIANCE -
VARIATION. _FREEDOM . SQUARES © SQUARES RATIOS
Blocks . , © 3 - 0.0090 0.0030, .. 0.1991 (N.S.)
Envi ronments 1. 52,3000 - 52.3300 3476.4419 wxx
Genotypes (monokaryons) | 7. 3.729% - 0.6328 - 35,3557 *
Environments x Blocks = 3 0.0051 0,007 7 No.1121 (N.5.)
‘Genotypes x Blocks 21 - 0.3922 0.0187 . = . 1.2395 (N.S.)_
.‘Genotypes x Environments 7 ..  4.5771 .- 0.6539 . 43.3889 Hokk R
Genotypes x Environments 21 -+ 0.3012 . 0143 0.9516 (N.S.)
: x Blocks ‘ - : .
Bgtween_replicateé (error) 64 0.9643 T \;0.'0‘151
I | S |
Total ‘ 127 62,3685
[ 4 “
. .
6. ’
& : o
v v '_ )
“ -3 g
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" The d1fferences among genotypes are h1gh1y s1gn1f1cant and the
effect1veness of the different yeast extract concentrat1ons is
. apparent frqmvthe?h1gh Env1ronnents M.S. -rThere are, 1n add1t1on,-
'high]} signiffcant genotype-envtronnent 1nteract1ons between the
genotypes and the four concentrat1ons of yeast extract Tab1e 2i
summar1zes the estimates of the genet1c env1ronmenta1, and genotype--,

environment 1nteract1on effects, as well as the regression coeff1c1ents
‘ ; . ,

'as assessed across the envirbnments'of set_4. The'performances
of the genotypes in enr;ronments 5 and 15 (see Table 7 ) were

subjected to analys1s of variance. The results (Table 22 ) show

~ the ever-consistent significant.M.S.ofor.differenc S among genotypes;

as well as the hiéhly significant genotype-enriron ent interactions

¢ The unm1stakab1e 51gn1ficance of the d1fference between env1ronments
reflects the 1nherent différence, in effect on growth rate between

the broperties of comp]ete and'minimal medfa ‘

7

S1nce all the ana]yses show s1gn1f1cance for d1fferences

,among genet1c effects and. d1fferences among env1ronmenta1 effects

]

as well as the presence of s1gn1f1cant genotype-env1ronment,
interactions,. the biometrical-genetical model

Pi_j =__m + d'(." + ej.,+ gij

may be used to- describe the'growth rate of each mongkaryon genqtype
" 1in each environment.'aFor_example, if we are in}erested'in genotype=-- .

9 ftemberature relationships, thef@rowth rate of-genotype 1 in

environment 5 may be represented from the®Set 1 data as:

&

BN

40
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g where: 'P15
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Tt
915
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" From Tables10 and
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5 yil
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,be represented from the set 3 data as:

.env1ronment 5

:0.07 ° . ) ) ,;'_

, :
‘
t ' -
.
-

hoed, sy % gy,

growth rate of genotype 1 in '
environment.5.- !

. grand: mean growth rate of all genotypes

over all environments of set: 1.

additive genet1c effect of genotype 1as =

est1mated over al] env1ronments of ‘set 1

-

additive environm-

fect of the 5th
environment. /

/

interaction effect of genotype 1 w1th

-0.12 °
1,06 + 0.1 + (-0.07) + (-0.12)

0.98 o .

: Simi]ar]y if we-are interested n gerfotype- caSein concentratipn

re1at1onsh1ps the growth rate of genotype 2 in env1ronment 9 may °

__‘7;5=.L———-+\_

-
PN
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- ‘where: . qu - =" growth rate of genotybe-?rin environment 9
@ g "‘Jb ) " . . ‘ .
CN ) » -
_ - : m . = grand mean grqwth rate of all genotypes
Ll PO ' . and environments in set 3.
./ .-/ A_ B . o -
©d, .=  additive genetic effect of ge e 2 as
! ‘ : estimated.ove® all ehvi nts of set 3.
. o ' e; -, 2"~ additive environmen ' the 9th c s
g o i environméent LN
. : . gzq, "= 1interaction effect of genotype 2 w1th
- - - environment 9 '
v a e i : :
From Tables 16and: 18- . . RS . :
, o . : ¢ ' .. ‘:
firw = 1.40 )
K d2 = pf13 "
'I." ~ - ‘ "- .
e . = 0.6
. . K X L e s [
and Gg o045 . L
. Csothat P, o= 1.40 #°0.13 + 0,76+ 0.45 '
S A T I
| " The model may also be used with-those parameters estimated:.over 411
« . fifteen environments;' For.examb]e; the perfbrmange,of genotype 8 <
» in environment’ 6 may be represented as: .
..u . ) ) Pgé .. ‘:,‘-_' f‘n + dg + 26' + 986 . ' 1 ’
’ 'Péé = mean performance of genotype 8 inm enV1ronment 6
PR ~—
‘ m = grand mean growth, rate over al] genotypes and
. enV1ronments
St e . ' ’ v . ) . .' ¢
. . . S . | el E
} : , ' .42



- ) d% ' . © .additive genetic effect of genotype 8 as
b0 &+ - estimated over.all environments. .
. -&6. - add1t1ve environmental effect of the Gth
o ' : : env1ronment o # '
- 1nteract1oh effect of genotype 8 with the
. 6th environment. °
b . L o
, n R EN
" \ . '< i
. '™ dg / = '-0026, .. - . .,'. ‘ 4 . ' .'
: o .. 0.0 A -
. 2 =+ =Y, r N 3 - .
P é’: - . s A6 . ¢ ' o . A T .
NG S 7 00 e ,
» . \ . ¢ : i , _— ) . r : 3 '
- Pes = - 1.13+(-0.26) # (~0.01) + 0.03
X : So= 089 R
T The regression toeff1c1ents which appear in Tables' 9 12, 15 18, "
o (and 21 w111 be used in subsequent ana]yses .
. (b).= Differéential “response toenvironmenta] factors. .
‘ The usua] 1ncubat1on temperature for these ceHs is 22°C and
-
of’ the temperatures used -in this study, 22°C appears as optimum for
' seven of the e1ght genotypes Genotype 4,, however, grow’s faster at
’ 3 ’, 20° C (F1g 3) F1g 4, _shows that\‘whﬂe the standard 1. O%'dextrose
,J »-""'"concentratwn of env1ronment 1, appears as opt1mum for seven of ,the v,
T s e1ght genotypes, the h1ghesf concentractwn of 1 5% 1is preferred
. by ger;otype 6, whﬂe that same concentratwn LS the mést adverse
o~ : = 3 to several of the other 'gehotypes. The caseln'envmonments of set 3

-

. ’ A o .
. nooo (3 . 4
LI . . Ve

1.43.



2,

'qu1te ev1dent from the performances in env1ronments 2 and 15,

L

3

show:a great deal of diversityin résponse of the genotypes to'

the various casein‘concentrations Eig: 5). The standard 0.5%

' concentration is optimum for‘onlyftwo genotypds. Five of the'(“.
.genotypes prefer the Towest conceritration of 0. 05% and one genotype,

" number 6 grew best at the highest concentration of 1 0% €Genotype

_than at the standard level. For the yeast extract environments of

set 4, hhe standard concentrat1on of 0 5% proved to be the most

'su1tab1e for on]y three genotypes wh11e the h1ghest concentrat1on

of 1 0% was more su1table for genotype 8 on]y (F1g 6) _Genotype "
8 a1so preferred the Tower concentration of' 0 25% but to a ]esser

h'degree The 1ntermed1ate concentration of 0. 25% as opposed to the

L) T

standard was more suitable to five of the e1ght géﬁoixges. The '

"great reduct1on in growth rate due to the effects of minimal med1um

(env1ronment 15) is 111ustrated in Fig. 7. The m1n1m1z1ng

effect on phenotypic variability due to eanronmenta1 extremes is

111ustrated in Figs. 3 and.7 respect1ve1y—

Degree of Infection

. (a). The: paras1te genet1c effect the environmental - effect and

¢

the1r 1nteract1on

To test the effectS'of environmenta1'changes without the added

, comp]ications of having possible influences from differences among

°

- host varieties, the sixteen parasitedgenotypes were grown on the

'sing1e host cultivar Hannchén; with changes.in macro-environmental

- . o . ©

Q. v
» o : e 44

" 8 showed more growth at both the lowest and 1ntermed1ate concentrat1ons,\
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N .
cond1t1ons only (Tab]e 6 ). The a?gressiveness of each parasite .
. : genot_ype in each of the three macro‘-envwonments measunﬁ as- ..

e .
o " ormrts
. 1 percentage of infection, 1s,gt.ven in Table 23.  The _ana1y}s1‘s of

.. ° ..variance for the data-is shown in Table 24 . Highly significant
differences exist afnong the‘ three ma‘cro-envirdnments, and 'amo,n'g
the sixteen parasite genotypes However, the Ge-not_ypes X Environments"
- M.S. is non- s1gnif1cant, md1cat1ng absence of genotype env1ronment

' 1nteract1ons The genet1c effects on aggressweness ( p 's) and

env1ronmenta1 effects (e '5) as est1mated for the combmatwn of the

sixteen paras1 tes and the three envi ronments ar&g»w-en m Tab]e 23.

y 4 . ) . -

L

\Components;of Vamabﬂatx ' ) - . 2o

a

_ Tab]e 25, shows that there are h1gh1y s1gn1f1cant
' .";: d1fferences among macr‘oaenvwonments and the effects on’
‘ var1ab111ty 1n aggressweness of the (+) monokaryons and
- among the effects of the (-]-monokaryons. There are a]so
' high]y/s’{dnifieant genetic interactions between the’ (+) and

<+ - %) monokaryons and it would-'appear from the relative
° . R magmtudes of the variance§ that the (-) monokaryons contribute

Py

L

: more to the var1ab1hty in aggressweness “than do the (+)
monokaryons, but stat1st1ca11y this re]atwnshw does not
~ show s1gmf1cance L ¥ B L ' e
“The expectatmn of mean squares (Tab]e 26 ) provides

o est1mates, f1rst1_y, of the amount of tota] genet1c var1ab1hty

‘h”.'l 0 " o

in aggressweness, Vg, due to the (+) and (-) monokaryons

.50 -
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\ 5 7 "
 Table,23 . -
- Degree of infection of the'sixteen bar‘asite génotypes
on Hannchen across the threg macro-enviroriments.'
Parasite ' Macro-environment Nurrib'er';' N
e L
1 31.05 59,57 26.07 * 38.56,, .. -1.21
L 2 | 3345 T45.85 1 20.45 ¢ 33.25° :16.52 "
L 36528 52.78,"' 43.25 L 53.77 | '4.00
e N g 5165 65.91 . 46.02 " sa.53 476
" s 5 r'2.2.68. " 46.86 .69 374 118,03
i S‘lq 7 51.05 REWE 29.39 .29 T
7 j,,-"‘a;ﬁs,_sg, ‘,, 89.58 - 2.8 58.42,\"“" -.8.65
s g 7403 81.57° B.02 ' ~6'3.57 " 13.8Q0
S g 41.93  50.40 52. 31 ' a2 -1.56",
-l =0 29.83 62.57 - 25.89 . .43 -10.34
"1' S " 49.53 < 53.73 . 33.89 ~4§:72 | -4.05
Lo '_1:2 4;\ 38.20 . 49 84 ~29.27 39.10 | -10.67
o 13 .0 eeds. 7369 - C 61.08 66,31 16,54
14 osgas. . 6651 3838 54735 .58
T 57.00 © 76.39 58,58, - "~ 63.99 4.2
16 64.80 79.17 18.43 64.13 14.36
Mean 48.52 62.37  B.43.. .
‘3—1- ) S 12.60 - -11,38 s s
~ A .
PRRLI ) ) P
. ,., h * s
- ° . ‘q,',_- . ’



Table * 2%

Ana]ys1s of var1ance ‘of the degree of infection of the s1xteen

' S el . paras1te genotypes across the three macro env1ronments.
: .\.a v ' : e Q o = .
___ . ‘ -
. —SSE;EEIEET‘; o . . .Degrees of . Sums-of  Mean Variance
. Variation ~, - " - Freedom - Squares ' Squares " Ratios
: . Blocks N 406.2738 © 406.2738  6.3140 % -
_ Env1ronments (macro) B T2 ©.3887.7566 1§43.8782 30.2101  *K* ¢
\a' ' Gena,Q'pes paras1tes) v _ o157 '.5'l0().'|355u 340.0090 5.2481 *¥*+
B “Envi Fonments - x Qlocks T2 118:4948,' 595&375 0.9208  (N.S.)
" Genotypes x Blocks. . . 15, . 1309 7705 87.3180 173570 (N.S.).
- Genbtypeé «Enviromments © . 30 - 2402.4076  83.0803 1.2912  (N.S.)
- Res1dda1 terror) . . 30 19%0.3504 - 603853 - '
“( . n . . . . 3 . . _. . ) M A .' ' '. . l .
S o e N - . B
Total . ', . . . -9 1 152051982 - - , L
/" - . - _ ) { - . ‘ I
;N
] ) <4 v N
: . . . \
a ek \ . ‘ i . 2
"3 ,‘ N o L . . Nf\‘j . A
& - - ’ . .
. s ' ' " ‘.< . _..l ‘ '.‘- .
b ‘ .- .
. \ ° .5.2 .
. { . B ’
. L4 " ’ ! L3
. _ \



Ana1ys1s of variance: for further breakdown of the degree of, 1nfect1on of the paras1te genotype
+ across the three macro env1r0nments

L

Table 25 .

as

&L

[8)]
L=,

Source of | - " Degrees of . Sums of _"Mean Variance
“Variation Freedom -Squdres - "Squares Ratios
Blocks’ v \ 1 406.2738 406.,2738 6.953¢ *
Environments {macro) - ’ 2 3887;7566_ 1943 8782 33.2695 *kx -
{#) Monokaryons - 3 " 1505.9937 401.9978 Tpsor7 s
~{-). Monokaryons E) 3 2208.9932 736.3311  ° 12.6023 *** -
f(f) Monokaryamns x' (-) Monokaryons . 9 1385.1487 "153.9054 . 2.6341 * .
 Environments x blocks ¥ . | 2 © 118.4948 ' 59.2474; . 1.0140 - (N.5:)
(+) Monokaryons x Blocks o 3 223.6126 74.5375 1.2757 (N.S.). ..
- (-) Monokaryons. x Blocks™ 3  103.6060 34,5353 0.5911 (N.5.) 2
(+) Monokaryons x-Environments’ S 377.1513 63.8566 1.0758 '(N.S.)
(<) Monokaryons x Environments. | 6 . 287.6186 . 47.9364 0.8%04 (N.S.}- .
. (+) Monokaryons -x (-) Monokaryons X B1ocks . B . 9 982.5557 . 109.1728 1..8685 (N,S;)
(+) Monokaryons x (-) Monokaryons X Env1ronments 3 18 1 1827.6420 . 101.5357 1.7378 (N;S.)
(+) Monokaryons x Env1ronments x Blocks = 6 '241.4397J [ 40.2399 .0.6887 (th.)

.(~) Mongkaryons. x- Eniironments x Btocks 6 1637.2146 106.2024 18177 (N.S.)
Regidual (error) - - 18 1051,7070 . '58.4282 - .
Total: 95 ©15,245.2083 , :

. : e -
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l Tab1e 26 ‘ :.“ - - L
o ‘ . . Py e n

» N \ o - . o
Expectation of mean squaré% of Table, 25. % ' L.
. . . i R o LT .‘ oo
Item - ‘ : Expectation of . * Contribution. of. Item
o ' Mean Squares = . - - . . to variability
" Environments A+ rbe 2a2[(5-1) : T 58.9203 _
| (+) monokdryons - . ¥ rac 587/(b-1) ) ©. 18.4821 L

N

-(-) monokaryons ¢ o+ rab &;2/(541) o ' 28.2467 .
S : . : N

(+) monokaryons = o+ ra z(e) /(b-1)(c-T) = - = 15.9129
Lo - karyo N T , - e
;(Résgdhawoqu%.yeaior; ' {58i4283‘

.QN ~N

micro=environment) , !
— 3 . T PR ) . ' . . o
, . = \ o, g
z . < N X - ." ) R 3 W
Sums .of Squares for: . - , N N
. . - o . : . oa . . . . - . .
~Environments = e r .= Blocks =2
. g+) monokaryons - = - B . a .= Environments =3
-\ monokaryons = V- b =~ (+) monokaryons = 4
- \ €+ “= (-) monokaryons == 4
> /. : . N
/ . )
* ' ./ AN }.
] ‘- . ’
-3 .54
z ' :
S ..
-
s 6 ' .
T . 1 a
. , J ?‘ ‘- s
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a . 7, .-- i
- (the?additive genetic component ) and that due to

s,

-_their interéction (the non add1t1ve genet1c component,
“VI,due to dom{nance) and second]y, of,the amount 6f macro--

envfronmentq1lvariabi1ity, Ves and micro- environmenta1

.oariabiiity,v ﬁ The proport1ons of the tota) phenotyp1c:, ' ~(f'

_ var1ab111ty, then contributable to the genetic and .

znronmenta] c0mponents,are 35%, 33% and 32% respect%ve]yt.

o R S A D
179.9902" ' 62.6417  58.9203 58.4282
o) @) T (s (32)

,rhe add1;1ve and non- add1t1ve genet1c components account for

' 75% and 25% respectively of the.total genet1c;vqr1ab111tyc

v Lo = UA ' f VI

G.
62,6417 46.728%  15.9129 - .
-(100%) . - (75%).  (25%) . oL Ee e

\ . . . ) . . . - .»
' Of the additive genetic’component of variability, the (+)

and (-) monokarybné contribute 40%.and 60% resbective]y:'
.. M : N P . . _

’ "—’“\___ ) ' VA J:“f;':._"’"":.-"-’ g VA(+) '. + K UA(')
‘46.7284- . 18.4821  28.2867

(100%) * :< - (40%) - . E (60%)

(b). The parasite and host:geneticveffects, and their interactions®

To test'the effects of.diffenenceé in host reactions wtthoutf

. the added comb]ication of influences from envirgnmental changes the

»

sixteen parasite genotypes were grown on five host ‘cultivars (Table5)

. s \
R . ¢ )
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PO

.1n a common.macro environment (Tab]e 6 ). The performances (degree‘
~ of 1nfect1on) of the s1xteen parasites across the f1ve host genotypes
are.g1ven-qn Table 27 Ana]ys1s of variance (Tab]e-281’shows-h1gh]y
s1gn1f1cant d1fferences in aggressiveness among paras1tes, “and the
.h1gh Host‘h S. 1nd1cates that the hosts differ 1mmense1y in the1r .

‘effects on var1ab111ty, suggest1ng d1fferent 1eve1s of tolerance
among the host genotypes There are no. significant 1nteract1ons
between paras1tes and hosts. ,The-s1xteen parasite effects,on

Iaggressiyeness (pius)'and.the five host.genetieleffects,on tolerance
{hh;s).are given in Table 27t These parameters are merely the more

ffamiliar genetic and environmenta1 effects . asstgned more suitable

‘characters. The d1fference be1ng that the re]at1onsh1p 1n th1s .

~ : .
’ . . , .
. ’ e

) case is between two opposing genet1c systems
' Components of Var1ab|11ty .
" Tab]e 29 indicates high]y s1gn1f1cant d1fferences among

. the host genotypes (1. e d1fferences in to]erance) and among the
heffects on var1ab111ty in aggress1yeness of the,(+) monokaryonsﬂ
and -among the effects of the,(e) monokaryons. Genetic inter:
.actions between the {+). and" (- )‘monokaryons are still present,
and as before, a]though the variance for the (-) monekaryons

- is greater than that of the (+) monokaryons, the d1fferenCe between
them is stat1st1ca1]y insignificant. The expectat1on of mean - |
squares in Table 30pgov1des est1mates for the d1str1but1on _

of the genet1c components of var1ab111ty (the aggress1Veness
of the parasite and to]erance of the hosts) and that port1on

. of the total phenotyp1c var1ab111ty due to micro-- |

' env1ronmenta1 effects The'hosts and paras1tes respect1ve1y

. . . ) v
f .
) - .
3 ’ . .
| : " “
. . - .
" . e . - .
2t - A . .
' . ' . o



" accounf for 34% and 39% of the total variability:

' ' 121.3483 - . 46125 . . " 47.0637 32,6721

(100%) -7 (34%) (w%) - (21%)

‘The additiVe and non-addi%fve components of genetic Qariaﬁilfty'in

aggressiveness, contribute 60% and 40% respect1ve1y to the totaT genet1c'

davar1ab11t1y of the parasites: : oo N .
¥ ’ ' = v . \.:',
) f G{p] _ o A + . . UI e .
« . 47,0637 E 8,0541 . P 19, 0096& ',,_ )
’ (tooz) - éo% C ey L

' .

Of the add1t1ve genet1c component of var1ab1]1ty 1n aggress1ven§ss, the ‘5

(+) and ( ) monokaryons contr1bute 46% and 54% respectively?

oy

~

: (R (I IACH
\\~ © 28,0541} T 13.0436 . . " 15. 0105
C(reoz)* o c(aer) 0 (54%)

The, additive genetic. component of var{abi1ity in aggressivenes;
) {a ) for each of the eight onokaryon genotypes is est1mated from the .
performances of the d1karyons averaged over ali hosts and env1ronments, '

- measured as dev1at1ons from the grand mean, m (see Table 3] ).

W oo



-

WM

-,

Degree of mfectwn

T ble .27

the sixteen paras1te genotypes

57 -

.58

. acros’s the fwe host genotypes. -
I o | . )
Parasite Host genotype§ | ' - Mean . ;) |
- Genotypes 1: 2 3 ' 4 5 . 4
1 - 25.07 8.4  -13.73 9.86 ~  18.50 L 15.06  -7.56
2 20.45  4.30 " . 5.5 363 ¢ 8.41° g7 -4 15'
3 43.25 24.45  21.44 18.8i. T 23.99 2759 . 4.97
g ' 86.02  26.60 25,19 19.65 _  38.01 © 3109 3.45‘
.5 B5.60 7.58. . 13.93 © 3.3 23067 1485 - 7,77
6 29.39-  8.89 9.08 ‘678 - 13.95 13, 73 9.00
s 4218 .21.87 - 27.20 | ?0291' 26.74 .. 27.78 " 5.16.
8 .02 233 9.8 1652 32.46 23.44 ‘d.az
9. 52,97, 1560 13.60 - 15.62 . 2,65  20.98 . 2.3
0 - ';_25.89 1386 23.03 16.05 1574 - 18.85  -3.77
1 33.89 8.7 14.07°.  19:08.  15.89 18.25 ' -4:37
2 20.27° 1372 v 10.94 ¢ 341 T 1231 1385 -8.67
13, 61.08° 2401 2184 26.04 2521 31.64  9.02
gry 38238 1é.g4 15.15  *17.06 27,22 " 23.21 'cgﬁgsé
15 ° 58?337 '39.38 26.4i' 27.45  40.78 38.5é. ' 15.90
6. . 48.43° 1778 - 29.86 19.59 37.63 30.66.  8.08
Mean CLoagas 1,25 0 17.94 ‘. 15,24 2036 .. . _
‘Aé 15.51 5.37 . 468 "-?.349 1.4 .'& = 22.62
| ’ | ) |



Table 8. . - D

Analys1s of variance’ of the degree of 1nfect1on of the s1xteen ‘ '\_.
paras1te genotypes across the five host genotypes. - R %

doal T e | o SR
" Source of _ ] - Degrees:of . Sums of Mean ~ Variance
JVariation , - Freedom . Squares Squares ~ Ratios

, . _. ‘ » —
" Blocks : . 18.3051  18.3941 | 0.5395 (N.S:)
- 40.0192 /1** \
. Parasite-genotypes . 15, 5576.7351 - 371.1821.  10. 8878 e

‘\

Host genotypes S | L '4 . 5457.2976  1364.3242'

Hosts x Blocks . - 4 56,6800 - 141700 0. 4}55 (N,s.)
Parasites x Blocks . s 365.3480 - 24.3656 q/7144 (N.5.).
A ) N N N . R ; R . o

Parasites x Hosts -+ 60  1437.4319  24.6239 0.7223 (N.S.)

© Reidual (error ). " .. 60 . 2045.5039  © 34%.0917.. ' o,

Total 0159 14,988.3896 -
. -
t )
N ,I \. |
. s
s, . ?
b |
B, ; - ,
: . e
L q
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A\ ",,' - -
~ o > Table 29 )
. Ana1y51s of’ variance for further breakdown of degree of 1nfect’ﬁon of the paras1te genotypes
- . acrpss the five host varieties _ il
T T J
. Source .of ,‘r' S . . Degrees of ) Sums -of Mean - Variance
Variation _ . o . Freedom -v Squares Squares Ratios
— . — —— ' —- "
Blocks. . - 18,3731 18.3737 . 0.5624 <(N.S.) .
 Hosts . T a 5457.0921 - 1364.2730 51.7565 ***,
(+) Monokaryons s 1663.2465 554,4153 16.,969] ¥+
(-) Monokaryans o I 1899.2795  633.0930 ° 19.37727 %%
(+) Monokaryons x (-) Monokaryons ’ ST ' 9 2005.908. . . 222.7676 - 6.8183 .*"f* ‘

- Hosts x Blocks - . .,}/’—f\>\:\\\\ 4. 56.6871 141718~ ¢ 10,4338 *(N.S.)
(+) Monokaryons x Blocks’ . N 3. . 65.7153 21.90517 | 0.6705 (N.S.)
(-) Monokaryons x Blocks - ' R 6.2069 2.0690 *  0.0633 (N.S.) -

- (+) Monokaryons x Hosts 12 253.3578 21,1131 0.6462. (N.S.} ..
(-) Monokaryons ‘x Hosts _ 12 *203.1087. 16.9257 0.5180. (N.S.)’
{+) Monokaryons x (-) Monokaryons x Blocks 9 "L 293.4502 32.6056 ° 0.9980 (N.S.)

g (+) Monokaryons x (-) Monakaryons x'Hosfs 36 1020.8281 28.3563 394&}_679 ~(N.S.)
(#) Monokanyons x Hosts x Blocks .. - B} ' 564.4885 47.D407. 1.4398 : (N.S.)
(-) Monokaryons x Hosts x Blocks. - - - - 12 - 304.8918 25.4076 0.7777  (N.S.)

" Residual (error) B 36 1176.1953 32.6721 o

- A g e &
Total. 159 . 14,987.8296
4 ( \ Lo
. ; ™ .
- : - &
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i
" Table 30 ' _
’ Expectition of mean squares of Table 29. .
Ttem :Expectation of - Contribution of Item
o Mean ‘Squares ' to variability
" Hosts ¢ ¢ + rbc z6%/(a-1) 416125
(+) monokaryons AGZI + rac Z,Bz./(b-.l) :1.3.0436
(-)'mp'nokaryonslf £+ " rab n?/(c-1) 15,0105
_.(+) monokaryons ., A& £+ ra z(m)%/(b-1)(c-1) 19.0096
% (<) monokaryons . | . S o
Residual (experimental 02 32:6721
error; micro-environment) L
' Sums of Squares for: : E
. -Hosts™ = § r. = Blocks =2 ..
~ (+)monckaryons ‘= g a = 'Hosts =5
-(-) monokaryons - =. v ’ b o= '(f)monoka_nyons =
s c. = (-)monokaryons- =
. ‘ o - ~? .
2 i .
5 ‘ o
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i \ ,K. - "‘
) _ Table 31 - \ .
Mean performances (degree of infection) of thé sixteen parasite gjenoty_pes,
S _over all hosts and environments. . S

[N

£ ' S
Me;ml- aL._

- ‘ ¥ +
2 A L
o . g) . (4) (6) ~ (7).
: Ey (1) " 23,70 . 17,378 36.57 39.00°

L

2919 -2.84

Ej (3 2054 23.22 33.85 38.99° - 30.40 -1.60
FI(5) . . 3103 26.67 | 2.9 12254 T 2101 0 4.9,

F4 (8) . "~_ 42,29 . 34,39  46.57 42:47 41.43 9.43

/'\ 0 Mean - 29.39 " 2541 37.45°35.75

. -2.61 .0 -6.59 £-545 3.75 ©  m = 32.00

‘. ..

,. . , _"'

- - a . 4 M

S L ! N
. . N 5
"~—'———'.—"‘h_—;’1""_;}..
'. Co- . ' \‘) .
' S
- .62
1 | .
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\'_of the monokaryon genotypes

e, ery. . R

: o
Alanis,. Perklns, and Jkas, 1969 Jinks and Perk1ns, .1970; Paroda

"3.f Re1at1onsh1p between Growth Rate: and Aggress1veness _ _ ' T 'aii

“The regress1on coeff1c1ents (b 's) presented .in Tables 9,

=12 15, 18, and 21, represent the relat1ve 11near sensit1v1t1es of each -.

(to enV1ronmenta1 changes, and the deV1ation

r

mean squares (DMS's) of the 1nd1v1dua1 regre551on,ana1yses are measures
' -

4

‘of the non-11near sensitivities to env1ronmen€§d'changes (Table 32).

(Perk1ns and J1nks, 1968; Freeman and Perk1ns 1971 Frippand Caten; .

From the resufts ot'the preceedino~ana1yses it 1s obvious that '

four aspects of the phenotype of ‘the m0nokaryons have been dea]t

w1th ~They are the mean growth rate (m+d ); the mean aggress1veness s

'(m+a 1, the Jinear sens1t1v1t1es to enV1ronmenta1 changes (b s) and

the non- Tinear sens1t1u1t1es to env1ronmenta1 changes (DMS s) In .

"add1t10n to mean performances, the sens1t1v1ty aspects of the phenotype

have also been shown to B% under the contr01 of ‘gene systems (Buc1o

“and Hayes, 1971, westerman 1971 a, b, c) Correlat1ons among such |

genet1c parameters as these have been found in a number of stud1es
{Perkins. and J1nks, 1968' Westerman and LaWrence, 1970"Nesterman, 1971 a);
If’ any two phenotyp1c characters are under the contro] of a common gene ‘

system e1ther tokally -or part1a11y, there will. exist between them a

’ -r

'Ts1gn]f1cant'corre]atlon gpen_these characters_are measured over a

.range‘of genotypes differing'with respect to'the tmo characters. SIF

this correlation cannot be broken by—subJect1ng the genotypes to a

. series of comtrast1ng environmenta]conditions the two . characters in

PSS S
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quest1on can,be sa1d to share a common: gene system (see Fr1pp and
°Caten 1973) _
Est1mates of the four aspects of the phenotype are given :n .
«Taole,32. For eacﬁ pa1r of characters tested s1gn1f1cant p051t1ve '
correlations ‘Were found for seven of the e1ght'genotypes. Genotype 8 (F4)
‘was omitted from’the correiation test since'itr a]one{ showed a general(trend:
tgwards a negative re]ationship; Between/the (ﬁ+&£)'s and (hf&ijts.on1y,
did these correlations persist across a]i environmental éonditﬁons (see
_'fable 33 5. Regress1on lines for the relat1onsh1p between the (m+a )is
and (m+d 's are presented in Fig. 8 o o _ : ' .
From Table 31 the genetic 1nteract1on components of var1ab111ty

_ in aggressiveness -for the s1xteen parasite genotypes may be stjmated;,using:

. - IR _“(+)-‘-_*(-)n
@ gn ST Pn_ m ,(_ 4‘
- where:. 4, o= effect on var1ab111ty in aggre :
T Ty ‘dV : ‘._' "of. the genetic interaction between thé\two *
T " paréntal monokaryon genotypes of the nth\-
: parasite.

Y ‘m .= fgrand mean perfonnancex(agg
C e e S a11 parasites over all hosts and enyirpnments.
P ' = ' mean performance (aggress1veness) of the nth”
:ﬁrwfwfl““‘*”'“parasxte over a]l hosts and env1ronments
o 412£+] ' additive genetic effect on var1ab111ty in
e C aggress1veness of the Lth +) monokaryon genotype.
- ) . . .A .- ) 'I i . ‘ T N
: S ai ] o= add1t1ve genet1c effect on var1ab111ty in

e S aqqress1veness of the ith (-) -monokaryon genotype
Vv ‘The'genetic intéraction éomponents for thensixteen'dikaryons,areig1ven in
ifabTe 34 . The mean‘pe:§ormance (aggressiveness)of any parasite'measured L ome

“over all hosts and environments may.now bg represented as: o o
-lI K . ‘ér ’ ' ' . " . N -' : . ‘. . N l
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Tab]e 32 ' ‘
The four aspects of the phenotype for the e1ght monokaryons
~ Monokaryon ~ . ... Mean’ performance (growth rate, m é_di)_
" Genotype- : S = M — - MR
Numbers o AT . Set Set oL Sets Set
‘ ‘Environments 1 2. 3 4
1 - T1.04° 1.17 L 1.39 «  1.40 0.94
12 « 1,15 1.00 - 1.20 . 1.53 n ,1.36
o3 * +,0.98 0.97 1.36 1.15 ’ 1.11
"4 T2 1,04 1.07 1.19 - 1.14 '1.18
5 0.90 ' 0.67 1.05 - 1.17 . 1.1
.6 1.54 a 1.46 1.74 1.70 . 1.85
7 1.53 . .1.38 ~1.56 1.95 2.10
8 O 87 ’ 0.78 .70.85 1.15. 1.08
-Lin ar sens1t1v1t1es 'to env1ronmenta1°change (b ) - .
1 007 0.12 . 0.2 0,85 1.43
2 o - 0.04 - 0:02 0.02 - 01 0N
3 .. =021 - - 70.03 .-0.03 0. ., 0.40
4 -0.13 -0.07 - -0.46 0. ~-0.14
5 - . . =019 . -0.35 - -0.67 . 0. -0.56"
6 0.23 ‘0,24 - . . -0.27 =1 -0.06
7. - 0.55 . © 00370 . o137 0! -0.98
I -0.22 - . -0.37 -0.05 -0. y ~0.67
. Non-T1inear sen51t1v1t1es to env1ronmenta1 changes (DMS) ) e
\ i . .
-,1.' 0721 7 0.005 1 0.070 0.136 - 0.146
2 0.076 . 0.060 0.057 0.193. -+ .0.061
.3 0.048 . 0,025 ~0.024 0.089 . - 0.117
4. ~0.036 -7 0.053 . 0.021 0.039 0.008
5. . -0.039 - . 0.022 . . :0.008 0.070 0.029
6 L0.132 ., 0.038 0.208 -~ 0.158.. 0.069
7 “10.110 .0:240- 20.014 - 0.004 s -0.023
8 0. 034-3 o 0. 9]9 : 0.064 0.041 0.024
. Mean performance (aggress1veness, m+aL) estimated
, “over all hosts and ‘environments. o
T < 29.19 IR
2. _ _ o 29.39 .. . - oo _ ‘
3 S ~.°30.40" . oL K
4 pe R ’ _25.41 Y , i SRR A
PR . 5 . -. , 8 e : LT 27'0] . _. BT :“ .'~ 7 L ‘ . s
70 L 35.75 - . O
8q 41.43 R -

%o
-;9».
5
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. } : . -' ~ “ -
o « R } o ' Tab]é'33~ S I ._ . d: - . T
. Corre]atwn values between the aspects of the phenotype for’ the "f
- monokaryon genotypes across aH environments and setss - '
) . °© . __.__-h\-——-x, —
Aspects of Corre]at1on values for the Aip\cts of the Phenotype .
the '
: X A1l 15 Set . -Set ' . Set:> _ ~ Set
E’h.e"°.t,>’Pe~ Environments 1 L2 _ I el 4 R

mdand b, 0.936%  0.935%%  0.408(N.S.) . -0. T5B(N. 5.) 0. 512(N s.)

4 1

i

Umed, and OMS -0.787+  0.498(N.5.) 0.461(N.S.) ' 0. JZO(N, .——cra,z; (NZs7)
o : o o v
“ by and NS 0.7204 . 0.594(N.S.) -00T(N.S.) -0.263(N.S.) - 0.888%%

3

r?m} and b, 0.805% . 0.810% ©  0.563(N.S.) . -0.612(N.S.)  -0.267(N.S.)

U AR _ R
© mea, andmd;  0.908¢ . 0.80 0.923%% ©  0.840% . . . 0,844%*

[] . . P 4 ]

.n]l+.al and DMS - 0.778% o.qs{in;s,) ‘0.626(N.S.)  0.093(N.S.) . 0.084(N.S.)
2

", :
. N »
- ! ° N - 3
o v i
° ' - "\ SO v ¢ -
. LI . . R
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nteraction-components -for aggressive
(g, ) in-the sixteen-parasites.

I

® b / ) Y
.5.20 . 1.96 6.09 . °
0.8 3.007, 4.80 '
: 6.63 6.25 -4.67  -8.22
S 347 = 045 -0e31 . 22,71 ‘
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. - .r . - .
" P ! -
;]’ ' 0 0 / ' . N - . .
: - e ! 3
'.' [y . \ '; . ! . .. ‘
d K , .
' v C s B L
o .". . o~ .
, ‘ e - .68 -
‘ - ! ~ -



p.
. ’1 .

~

68
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AL

the fourth para51te (E1F3) may be subst1tuted

S . . ; ,‘;‘
J= o BZ00 '
. Coce) T,
- ': : aZ AN 3.75 o
SRR R ‘ \ ) -9.‘“
e o a; b -2.84 ..,
A, ‘l . - ~-
and ) g4 = 6-09‘v / ,;, . " \
0 .|l\ - a . SR
'so that Py i 32.00 -+ 3.75 + («2.84):+ 6.09,
= 39.00 .

.‘{g§

n""“
Foe

Ay ot y
was corre]ated w1th the P of tﬁe ootresp0nd1ng d1karyon

s -

o

monokaryon and aggress1veness

Assum1ng, from the results of the corre]at1on tests (Tab1e33 ) that
a common gene system is contro111ng var1ab111ty in both growth rate in the

&

in the d1karyon (paras1te), 1t is, not

parenta1 monokaryons

unreasonable to further assume that some 1dea of the relat1ve performances
of the d1kapyons can be 1nferred from mea ur1ng the growthgrates of the

“parasite.

5 .
e

That is to say, the mean growth rates of the parenta1
amonokaryons should, in some way, indicate the-mean aggresaneness of the

The mean growth rates (m+d ) s for the e1ght monokaryons over

’

all f1fteen env1ronments are Tisted in Tab]e 6, and the mean expre§s1on of

aggress1veness (P ) for the s1xteen para51tes are g1ven 1n Tab1e 31

’

Since the mean performance across env1ronméhts 1s a funct1on of the add1t1ve
genet1c effqot, the sum of" the (w+d ) s for each oa1r of parenta1 monokaryons
» ‘ . \ B .

A s1gn}f1cant
% o

;o }\\369:'.

For examp]e from Tables31 and 34 the var1ous parameter est1mates for

..
. -



R corre1at1on va]ue (n 0 703**) was found beﬁween twe]ve of the sixteen°.

2

d1karyons and the1r parenta] monokaryones (see Tab]e 35 ) No correlation

Was found when us1ng a]] s1xteen dlkanyons. Hoyever,-om1tt1ng those

T

- dikaryons ( 13, 14, 15 and 16) .containing- the monokahyonqu.(which' showed

a negative re]ationship between growth haté and aggressiveness) resu]ted-in.

.
~ .

o

a s1gn1f1cant bos1tive corre]at1on ‘The regress1on 11ne for th1s relation-

d sh1p is 111ustrated,1n f1g 9. The regress1on equat1on wh1ch describes

Es:re1at1onsh1p between monokaryot1c growt;ﬁand d1karyot1c 1nfect1on is:
[

| Prip) 22.84
Y D \

Pn(p)-

+J) (+)..,. ‘Wd,()] 2341

. where the - pred1cted aggress1veness of the
s o nth paras1te.

L

The performances observed and pred1cted for the twe]ve paras1tes are .

1

“given in Tab]e 36.

)

)

4., A Model for Paras1te Host Env1ronmen& Re]at1onsh4ps
k*tSough the d1kanyot1c paras1t1c phase of the f%ngus “used 1n this’
stud S

”

owed no 1nteract1on w1th e1ther the env1r0nment or host there <,

> et

a N
frequent]y does ex1st such a relat1onsh1p (Mode ,” 1958 Van der Plank, 1968),

: and 1n cases\Nhere 1nteract1ons contr1bute a s1gn1f1cant portion of
var1ab111ty to the overal] 1eve1 of: 1nfestat1on of a host by a paras1te _

. 1n a certa1n env1ronment, it wou]d undoubted]y'be of jmmense vaTue" to nake

,4

re11ab1e estimates of the various factors 1nvo1v cL1n th1S°var1aB’l1ty.‘

ey

forsa better understand1ng of the effects of poss1b1e b1o1og1ca1 and

/

1
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The sums.of the mean performance (growth rates, %ﬁ{é) :
~ . _of the compatible monokaryons, and the mean~ . - = .
B ’L;\, ' . o -+ * performances (aégressiyéness, A -

3 . . o©f the corresponding parasite genotypes. ' ‘

. _ Parasite . " oA [;)' oA A .(;) St
‘Genotype ©{m o+ di’ : (m + dLJ N P
~-Numbers SR _ ~ " S ‘

+

| I 1.15 -+ 1,04 .19 7 23.70

04 .+ .08 08 17:37 -
04 - . ¥

58, 36.57

W
—
11

O S

1.5 -+ . 104

g

gt
i

o

.53 S 1.04 - - .57~ :39.00

i,

© 213 20.54
02 23.22
52 38.85

05 L 0,98

1
N

ST e 08

1.5 7+ 098 -

H
[aS]

1.53 S+ . 0.98 51 . 13899 -

i
NN

e T e 0,90 .05 . 31.03

c. 1087 o+ 0.9 = 1.94 ' 26.67
. ' ' . . '
154+ 0,90 =, 2.4 27.19 .

153 .+ 090 . = 2,43 22.84

f
‘A . . * .
i a: . ~

: fL,.='0.703** itl)'etw?.en' (,;1 + &,é) (+] , {';]‘ . &j_) {ﬂ "'énd P'nﬂ_'

’/ . ) a . . Adr .



. Table

" The observed (P ) and pred1cted (P ( )) perfonnance

36

12

(aggress1veness) for twelve of the sixteen parasite genotypesr;:

j ' "
.~ Parasite -
Genotype . —

Pn(p)

23.
TS

) B 4 / .

~ Numbers

l 1

2.
3. 36.
I 39.

s .

.. 5 ’ - 20

23.
) 38.

. 26.

- 27,
22,

70
37

57
00

B

22
85

.99
03
67
79.
54.:

24.10 ..

of

.‘ .
S
Y
N ’
.73 . . 3
S Y .
F -
3
¢ ‘ ¢ -
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physical .contral measures and their relative efficiencies.

‘ An idée1'system'for such a Study'weu]d be composed of (1) a

: range of paras1tes vary1ng w1th respect to’ aggress1veness rhese

d1fferences could be due e1ther to mlnor genotyp1c d1st1nct1ons or

- to h1gher 1eve1s of var1at1on such as those symbo11c of spec1es,
,genera, or popu]at1ons, (2) a rgﬁge of env1ronments, being either

-natural such as geograph1c 1Qcatwons or seasons, or art1f1ca]1y

imposed such as those of the present study, and (3) a range of

hosts, aga1n e1ther natural or 1mposed wh1ch d1ffer in the1r 1eve1s

——

_ of to]erance. fhese d1fferences as w1th the paras1tes, may range
.from m1nor gene d1fferences to the genetrc d1vers1t1es of whole

'populat1ons Observat1ons woulq then be 'made on each parasite in

comb1nat1on with each host in. each env1ronment

%

A mode] to describe the re}at1onsh1ps within such a system

. o .
" - a

. wpu1d be:. . . > . _
Tejp 7 mrpgtent by olpe], o+ (eh) gy )z‘j’?’ik + lpeh)y
: i"h' - -the mean level of infestation (degree of infection, etc)
ol . shown by the ith paras1te¢Jn the jth env1ronment on the
- -,kth host. :
ﬁ” B the grand mean infestation level measured over all ’
e "sparas1tes, hosts, and env1ronments * .
P; j "= the genetic effect-of the {ith paras1te (aggre551veness)
~ ' "’ I . N ; ) . /
cei = the addftive @ftact of the j th,envﬁronment.
. ‘e - . l'
hk = the gen€§1 effect of the kth host (toleriance)
{pe) = the effect of ths  interaction between: the .ith parasite



(d’t]j'k',-

4

the effect of the. 1lnteract1 on between the
fth environment and the kth host

(ph)ik; . the effect of the 1nteract1on betWeen the -
' : ~ 4dth paras1te and the kth host,.
. 7 . ; . -
fpéh),&..k . the effect of the it nteraction anong the Ath
. I ‘parasite, the jth env1ronment and the. kth
host. _ : .
For t paras1tes, 4 env1 ronments and n hosts, the vamous parameters may-
8y o~ o~ : . )
be est1mated as, foHows -
' m = L../ts, -

(where "

< the m1ss1ng subscﬂpts

n

h

he niogef is giyen in Table 37.° - L

~

" |nd1cates the mean va]ue taken over the entn‘e range of
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bee‘n directed -towards examining the Effect on’ phenotypic variabﬂit}.'l o

. DISCUSSION

©. 3

"In mest quantitative genetj,c studies to date, little effort has. |

e -

T

;!

-of the 1nteract1on between genotype and environnient Only sirce the‘

1ate 1960's has interest been shown in the deve]opment of b1ometr1cal--

genetical models and techniques for coping w1th t.he prob]ems of. making '

r‘nore'dreHaMe estimates of genetic, en_v1ronmenta], and 1nteract1v_e .
. X . " R _!‘ g .

'effect's »as With the difficultids in "méas'uring the sensitivity of

‘genotypes to env1ronmenta1 changes (,,Bucw A]ams, 1966; Buc1o A]ams’, '

<) i <3

—

and Hill, 1966 , Perkins and J1nk ]968 J1nks and Perkms, 1970;
'Perkms 1970; Perkms and Jifks, 1971 Frnpp and Caten 197T;‘ ,
.Perk1ns and Jmks, 1973 Fr1pp'§’;nd Caten, 1973) o T

The factors used to create the f}fteen growth rate‘environments '

(T’gMe 3) were chosen on/the ba>j§:of the1r known effects on growth, ,

-?

as weH as for conVeance, and: were ngt de,s1gned to have any

-phys1o1og1ca1 1mp11cat10ns -as th1s would be beyond the scope of

.the, present study (see Fr1pp and Caten,. !971) L

great]_y affected by the changes in env1ronments (Table 7).

It 1s c1ear that the growth rates of all the monokaryons were

uEnv1ronments M.S. in Table 8. -

,6‘.

~

.

,Stat1st1ca1 ev1dence of thisNjs shown by the s1gn1f1cance of the .

Further exami nat1qn of Table 7

‘shows environm_ent-s 1, .gand 13" to be-,the most stimu]ating, whﬂeg 2 ,

[

[
-~



, nd 15 .are the most 1nh1b1t1ng : ( . o ' - L

The resu]ts presented in Tables 7 to 22 and Figs.. 3 to7 S ¢

; /

- -overwhe1m1ng1y show three genera1 facts: (1) environmental changesf

0,3"‘"“,‘——-——"’1;-4—-‘-‘....

have,a tremendous influence:on the.growth'rates of the monokaiyons,

(2) var1ab111ty in growth rate amoJE the monokaryons is ex&remely

'(3) the presence Qfgenotypeenv1ronment 1nteract1ons is coqstant .

high even though they originated from on]y two - te11oqut_s, and o

.throughout the exper1ments o "
From-Tables 7 and 9. 1t is obv1ous that monokﬂﬁ}ons 6 and 7 .
have the h1ghest mean performances and the h1ghest d s‘~1nd1cat1hg B "

the1r genetwc superior]ty for’ growth rate wh11e monokaryons 5 and 8

i

are genet1ca14gfthe most 1nfer1or" Howeyer th1s trend is not

’

’ necessar11y |nd1cated if the env1ronments are cons1dered 1nd1v1dua11y, e

S T

) because of variations produced by genotype env1ronment 1nteract1ons

' ‘U lt is a]so ev1dent that the. monokaryons hav1ng the h1ghest d S K-___,_;. — k

k

are a]so those L1th the h1ghpst b values, wh1ch d1rect]y suggest
that h1gher genet1c effects are assoc1ated with 1ncreased 11near
sensitivities to eny1ronmenta1 changes This re]at1o sh1p is not .
constste*t‘w%en considering the 1nd1v1dua1 sets &§Tnce the samp]e ' _.' S

size represented in each set is drastically reduced.’ The'environmenta1

"f effects,:ej's, ifdicate that environments 1 (standardj and 9 (0.05%

e casein) are, genera]]y, the most favourab]e for %Pg growth of the

.e1ght monokaryons rhese two. env1ronments d1ffer1ng only in case1n

concentration, are included. in set 3, énd represent casein conqentrat1ons

. of 0.5% and 0.05% respectively. Peculiarly, environment 1b, having an

R

S . 1
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'“'. e . ’ il' -78»‘ )

.~ [ . [ } -

t. -

;.'intermediate casein concentration of :0:25%, showsba710wér effect than ,

»
Y

‘-either environment’] or 9. ' It is ciear that the environmental effects v

are not directiy ref]ected in the performancesmpf the 1ndiv1dua1 monokaryons,

»

and again this may be expiained by the presence of genotype enVironMent .

' 1ntéractions:n L T L, ' . S K
R " Table 38 .. -
Variance ratios for the four sets.of growth rate environments. )

2 o P ' - o

“Source- of set 1 . Set 2 Set 3 o Set 4 o
Va?;i}i?“ iy _%temperature) (dextrose) .  (casein) . (yeast extract)
Growth:rate -10 ' . '

o ‘ . s 3 :

Environments . (4} 288.6922 - (3) 33.001 - 7. (3) 157.5028 . (3) 101.2317 - -
Monoka ryon "(7) 162.0982 (7) 85.8491 (7). 80.6773. (7)) 212.1807

. Genotypes . v . - o
Genotype-- .  (28) . 27.1281 ,(f21) 15,7300 . (21) 46.7671 - (21) 19.142]
Environment ; ' o

G

Interactdoh. _ S
| Degrees of freedom are shown. in parentheses
. v . " . ‘\ - I,ﬁ
’ h . . ; , 'T“

From Table38 the variance ratios may be used as indications and comparisionsk’

of the amounts of variabiiity within the four env1ronment sets Firstly,

among the env1ronments, the greatest effect on variation in growth rate

is due to differences in temperatures the next- 1ah§est effect .on the variation
is due to. differences in caseﬁn concentrations, foi]owed by the yeast extract
concentrations and finally by the dextrose concentrations Secondiy, for the
monokaryons 1t is ciear that the most variabiiity appears among them when ; "
subjected to dn(Serences in yeast extract concentrations Less variability is

ifferent temperatures, 1esser stiii under the dextrose -

shown Fnder the

concentrations, and the least under the casein concentrations Thirdiy, for. s

- ) - ' - . ‘ . ' ﬂ _,._,.f“l,-r Y N . .

= . 1c N



- followed by progress1ve1y sma1]er effects “due to 1nteract1ons w1th temperatures,

to the 1nteract1on of the monokaryon genotypes w1th the case1n concentratJons,

yeast extract concentrat1ons, and dextrose concentrat1ons respebt1ve1y

T

~ Whenever genotype-env1ronment 1nteract1ons are present the phenotyp1c

+

_-d1fferences among genotypes w111 change when. the genotypes are subJected

to contrasting env1ronmenta1 factors. Th1s may be 111ustrated qu1te eas11y

. Firstly, by reference. to Fig. 3. the phenotyp1c difference: between the -

AN

‘genotypes and 8, when _grown in env1ronment 3 (20°C) is on1y 0.01 mm.,

-~

’

but "the same two genotypes when subJected to the cond1t1ons of env1ronmént

4 (25°C) show a great1y 1ncreased d1fferenc of 1. 07 mm. Second]y, from e

Fig. 5. L it .can be seen that wh11e genoty e 1 grows better than genotype 21n ‘
env1ronment 10(0 257case1n)' the situation is reversed in environment 11 o
(1.0% case1n) rh1rd1y, F1g 6 Shows that while environment %’Kp 5%)

yeast) is better than environment 13 (0 25%) for genotype 1, the reverse is ¢ i

B true for genotype 6. From Tab]e 7 4t is oby1ous that env1ronment 1 _.‘

R
gives the- h1ghest mean growth rate (1.58 mm.) over a11 "the genotypes

b It then wou]d be a 1ogaca1(cho1ce as an optimum env1ronment for the growth of

'these genotypes. However,. because of genotype-env1ron nt 1nteract1on, some

of the.genotypes show growth rates~in this env1ronment much less than those-

[

&+ .
found 1n the more adverse env1ronments It is for this reason that ‘ /\ I

Ed

env1ronment<l has_ been referred to-as the "standard" environment and not ' ~

the "optimum". Str1ct]y speaklng, the opt1mum env1ronment would be one in
a

. -~

-which all. cond1t1ons were the most su1tab1e to altl the genotypes Th1s of

"".course, would be 1mposs1b1e\whenéver genotype env1ronment interaction 1s'°

present It is qu1te likely that an opt1mum env1ronment would haveto be PrOPOSEdf
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for each genotype 1f the best phenotypic expresston is to be achieved lfhist-l
| type of . approach is quite pract1ca1 and econom1ca1 in deyeloping :-. S
:1- env1ronment specific varieties of p]ants and an1ma1s‘ ‘ |
f: - If a genotybe displays variation in 1ts performance through .
“interaction with-its env1ronmen+ it is also dispiaying re]ative o
?1nstab111ty f/at is to say, the more stable the genotype,. the 1ess 1t _f:
" w111 .exhibit genotype-env1ronment’&nteraction and 1ts performance w111
o _'remain re]atively constant over.a range of env1ronments The most
o stableé gepotypes are those which show no genotype- environment 1nteract10ns',
at all. iVariations in 1nd1v1dua1 performances by such’ genotypes w111
be due so]e1Y'to env1ronmenta1 1nf1uences ?
One way to estimate genotypic stabi11ty 1sg¢o compare the
iineai;jigg;tkyity va]ues (b s) of the genotypes 1nv61ved Higher'
b S WOu1d;1nd§i te more phenotypic variability, and the lower b S
Tess variability Likewise comparison of the non- 11near senswt1v1ty
~values (DMS's) wou]d prov1de similar estimates. The sen51tiv1ty va]ues
* are summarized in fah]e 32.. Table 3; shows.that theseﬂvalues are significantly -
correlated (2 = 0.740*) based on;estimates made ovér.aiilfifteen :
' environments,aho suggests that'the proportions of 1inear~and non-1inear -
sensitivities teno to remain constant from genotype‘to genotype. Both
types of sen51t1v1ty estimates are,. in turn, 51gn1f1cant1y correlated

\ )

'w1th the mean growth rates (m+d ) when a11 fifteen env1ronments are -
4 .

con51dered The temptatnon hene may be to conc]ude that these three
\ &

)"

aspects of the phenotype may be part]y iontro]led by a common gene

ystem.’ Such a relationship is frequently found to ex1st (Perkins and

- had r

”Jinks, 1968 a; Westerman- and- Lawrence, 1970 Westerman 1971 a)
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the relat1onship in th1s case is not con51stent and breaks down under f‘

the d1fferent sets’ of Env1ronmenta1 cond1t1ons, suggestxng, 1n fact, L S

.vr“’f'

' , that separate gene systems may be. contro1]1ng these charaqters (Perk1ns T
. y . |
_ and J1nks, 1968 bs westerman and Lawrence, 1970; Paroda and Hayes, 1971);-v|
. {
b o ReCentﬁy, Easton‘hnd Q]ements (1973) 1nd;€at—‘fthe use. of stab111ty R
g . : estimates based on the sun:r/ef/thg/squaFEH/;a;;es of the genotype-- - -r._
. . .env1r0nnent 1nteraitlgn§/f each genotype: . ‘,-- _.' f{,‘; :-_ : a--f R
9 * e . F— /".‘. ’ . ) . '- : N _.- ‘s - 'l-'.' ’ .'., ' . . ' I:
. ) ~ .t _ : ) AZ . - . ) . :'{‘ . .‘ A. , .'
T
where .S, .. = - a.measure.o the stab1]1ty of the o
e < ,&th genotyp Lo . , R
é,x\ = 1nteract10n st1mate for the Ath - 7\‘
. . 4 genotype with the >jth envwronment.
N ' Tab]e 39 . ; ._” ."l
. " The stabilit estﬁmates for- the eight mohokaryon }
‘ genotypes ovex all 15.environments)], -
[y . - v ) . . l!
' Monokaryon - L Stability estimates: ;
Gepotype - ' , a _ - : t
Numbers - ’ S o 94
S | . o 1.5685 |
2 R . 0.9966 /
3 " .0.7057
\6.’ /’. » X o :
-4 ) .~ 0.5081 - ,
_ 5 . - .0.5788
! 6 - 1.8189
. 7 2.0349- -
. o A - . Q4
8 \ . : . 0.5432°7 ;
3
®
\ L 182
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. Based on the concepts 1mp11ed by the formu]a the genotype hav1ng the & _
.1owest S 1s the most stable wh11e the higher S S, ref]ect the 1ess |
;~'stab1e genotypes H1gh stabi]ity does not necessar11y mean h1gh
_L_T.performance (Buc1o A]an1s, 1966), in fact the revérse s1tuation can
:.,occur as ind1cated in Tab]e 39 wh1ch g1ves resu]fs genera]]y in agreement
w1th those shown by\the-ha/s and, DMS s 1n Tab]e 32, Genotypes 6 and .
= SR o "7 hav1ng the h1ghest mean performances of 1. 54 mm. anaml 53 mm.
o respect1ve1y (see TabTe 7} are the least stab]e wh11e genotype_8 ,
":'hav1ng the 1owest mean performance (0 87 ), is the second?hlghest CL
, .",1n terms of stab111ty It shou]dlbe remem| red that these stab111ty
r.:est1mates are relat1ve to those genotypes and env1ronments used .and w111 n
. ) f}not necessar1ﬂy represent|the same 1eve1s of stab111ty when compared to -
*\\-_'.- : ikthose of othér genotypes or 1n other env1ronments The tact that the

fasteshrgrow1ng ce]]s appear to be those, hav1ng the 1east stab}e S ,.l:"

%

-,

;genotypes, suggests that genotype env1ronment 1nteract1ons may p]ay '1
.a very 1mportant role in the Surv1va1 ‘and poss1b1e compet1t1on of thesei
--‘ce1ls in the1r natura1 env1ronment ‘
< B Fo]lowxng d1karyot1zat1on there is a comp1ete change: in the

' response of” the genhtypes to enV1rohmenta1 factors. rhe«1nd1v1dua1

\- A~ monokaryon genotypes when mated show no sign of 1nteract1on with the ‘ {
\ e env1n<nment, and each d1karyon thus formed is, hﬁghTy stab]e in its genet1c
- \\\ 'contrql over aggressiveness,'d1sp1ay1ng tota1 absence of genotype--

’ envwronment 1nteract1on and also showing a. comp]ete 1ack of 1ntesact1ons

w1th the host. A better understandxng of genotyp1c stab111ty may lie
* behind the reason for the dramat1c 1ncrease in stab111ty of the genome .

\ ¢ of th1s fungus once the d1karyot1c phase 1s reached Such a find would.

.83




obv1ous1y be of 1mmense vaiue in breed1ng programs, s1nce any 1ncreased

cond1t1ons

“environmental aspects of host paras1te re]at(onshipi‘in terms of measures’

- for use in b1o]og1ca1 contral.

n

-~

\‘-1ab111ty to produce stab]e genotypes could Tead to a faster and more

'Pﬂ‘eff1c1ent method of breeding varieties capable “of showing a un1fonn{

< . (- )
and hence predictable, performance under all possible environmental

13

Informat1on about the hon- paras1t1c phase of . hondat 1s '

1mportant in its oWh r1ght but what may be of more direct significance

is the re]at1onsh1p between ‘the non- parasitic.and paras1t1c phases of

N w

this pathogen The main obJect1ve for study1ng certaJn aspects of the:

-7

growth rate of the monokaryon ‘was to attempt to uncover some kind of genet1c ¥

correlat1on between it and aggress1veness-1n the d1karyon Th1s study of oy -

aggress1veness is centered around the 1nvest1gation of the genet1c and -
LN

]

of 1nfect1on The reason-fdr study1ng degree of 1nfect1on is the’ 1nterest o

in the paras1te S aggre551veness and the host s to]erance (hor1zonta1

e vert1ca1 resistance contro11ed by a spall number of major genes (Van der’

'

P1ank, 1968). This 1s, of'course, of great significance in contro]]ing'

'diseases of ecoromically important plants and animals.. Anothef reason for.

studying aggressiveness includes the probabt]ity that understanding this

character in the parasite may indicaté ways of overcoming it, ‘and may

present the’ poss1b111ty of deve]op1ng h1gh1y aggress1ve stra1ns of paras1tes .

] : ’ .- * . ~

Degree of 1nfect1on in any . host- paras1te system can be affected by

“the genotyped of the paras1te(aggress1yeness) ahd host (tolerance)-and by

A

3 . - . . . .

A

: 84 vl " ‘ | ]I o h

' res1stance) wh1ch is usua]ly contro11ed by po]ygenesand is much mo¢e~4ast1ng than
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-~ 1n produs)ng variation in the degree of infection, is 'undeniably .

W

)k%_,.Lihe environment in.which they co-ekist. Table 23'shows'that all sixteen:

parasite genotypes are capable of producing infection.” The effect .of : C ~:

" the ‘macro- env1ronments as we11 as the effect of the pargs1te genotypes,

4

. s1gn1ficant, as suppor{ed by the results of the ana]ysis of var1ance

.

(Table 245 Var1ab111ty in aggressiveness w1th1n each environment is’

obv1ous aﬂﬁ appears cont1nuous as noted by Emara and S1dhu (1974) us1ng
K

1dent1ca1 paras1te-genotypes on- the host cu1t1var ,Vantage. ThlS

var1ab1]1ty is’ d1rect1y ref]ected in the paras1tes mean aggress1veness and
\

the1r genet1c ef?ects h s Var1ab1]1ty between env1ronments, across each

‘o

paras1te 1s reflected 1n the differeﬂtes between’ enV1ronment means and

' env1ronmenta1 effects, ej ‘st With £. s.-d, = 7.80 at 5% these environment .

. means are a]] s1gn1f1cant1y d1fferent from one another, confirming that

-

'env1ronment 2 prov1ded the - most su1tab1e conditions for infection, fo1lowed

B by environmént 1 and- 1ast1y by env1ronment 3. Apart from the. d1fferences

1n‘so11 cond1t1ons between the f1e1d exper1ment and the two greenhouse _

":/5( ~

per1ments, the ma1n d1fferences among the three env1ronments are among

the1r temperatures The mean temperature dur1ng the grow1ng per1od of

env1ronment 1 was 15°C with fluctuat1ons ranging from 7°C to 40°C

9

Env1ronment 2 had a mean temperature of 16°C with fluctuations from 12°C -

to 20°C, and environXEnt 3 had a mean temberature of 12°C with f]uctuations

' . "
from 2°C-to 28°€. These temperature read1ngs help to support the c1a1m e

A=)

- that env1ronment 2'Was the most favourable for the fungus, since they:

_ are in agreement with the f1nd1ngs ‘of Faris (1924) who obtained the h1ghest

percentages of covered smut 1nfection between 15°C and 20°C. Temperatures

vy ¢

above and below th1s range h1ndered the growth and deve]opment of the fungus

N - - . . [
- - v . l’ -
4 , . . ’ ' C .85 .

>



. the micro- envnl*onment, 32% of tﬁle variability.

. . . - ‘ - T . - ) o .‘ " -85 LRI C
. oy ’ ' ‘. I ..

fhe lack of genotype env1ronment 1nteract1ons (Tab]e 24) squests

- that the re]at‘lve aggresswepess of the paras1te genot_y s should be the

same in the three en\nronments This wou]d have been SO 1f str1ct control

| could have been enforced over a11~ conditwns of the exper1ment rhis,-

however, 15 an 1mpossib]e task when using greenhouse and f1e1d facilities,

o sand .the resu]t 1s the extstence of exper1menta1 "error -attached to the = B l

R

percentages of. 1nfect1on,'mak1ng them higher or lower than their true.

1 < . P

‘values. However, the fact remains that these paras1te genotypes are. . é

stable in re]at16n to each other in these thr‘ee env1ronments, and

' th?y may stﬂ] exhibit stability over a wider range of en\ﬂronments but

" . this has yet to be demonst%ted - One of the advantages. of’ stab1hty 1s _ ) ‘

* (-4
that the resu]ts obtalned from an exper1ment in. one env1ronment,\concern1ng :

LY

' the relat1ve agqressweness of a grodp of parasi te genotypes, will be

- ‘expected to ho]d ‘t’ue in other env1ronments w1th changes due on]y to _the" -

'
-phys1ca1 effects of env1ronmenta1 cond1t1ons. The importance of the

'env1ronment in the var1at1on 1n degree of 1nfect10n is realized from

the ana]ys1s ‘of \/ariance (Tab]e 25) and subsequent expectations of mean

: 4
squares (TabTe 26). While genet1c factors account for 35% of the

. L4 -

var1ab111ty, macro env1ronmenta1 influences are respon51b1e for 33% and

A The ana?ys1s of var1ance 1n Table’ 28 c1ear1y 1nd1cates that the '.

| _Q{rﬂ\y-’:;gnjiﬁcantdtems in Table 27 yré the differences in tolerance
among

he five host gerotypes, and the deferences in aggressiveness among ‘

_the sixteen par]a,site genotypes. With 2. 4..d. = 8. 4 at 51 it s evident
*. that, host genotype 1 (Hannchen) is s1gn1f1cant1y 1ess to]erant than the _' |
- other four, and|that 5 (Odessa) is less to'lerant than. 4 (Treb1), whiile. /_‘\

there is no s1gn1f1cant d'lfference among 2. (Yantage), 3 (Lion) and 4 (Treb1)

T

\ - L ."86
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: tnfection,'disp]aying a contribution of 3

- . — T ‘ . - R s
R T ~ . \

or amon'g 2, 3, 57@ 5. There is no 1‘nteraét1’on ‘between hosts and pa)rasites‘
wh1ch 1nd1cates relative stab111ty ,of the to]erance of. th&host gendtypes, -

“as well as stabﬂity in aggre’ss'veness of the parasites This should mean

e

that when exposed ta’ paras1te genotyg‘es other than those used°1n this studyl

'.,;‘ y
the hosts will produce the same 1 nking (relative to one another) r‘egarding
N &

their to]erance S1m11ar'|y, the /bar'asnes should" retam their same re]atwe

1\ \ﬁ

‘rankmgs regardmg aggressivénéss, when confronted w1th other sets of

. host genotypes.. Exam1nat1on of Table27 shows that host 1 (Hannchen)

is cons1stent1y the 1east tolerant toWards aH sixteen parasites,- and that

'parasite 2 i's the 1east aggressive on four of the five hosts, with the one

exceptwn (host 4) within the var1at1on due . to expeﬂmenta] error. Parasite

1

15 is c]ear]y the most aggressive of aH ‘Again, th1s type of genotyp1c '

/
stability may make the reSults obtalned app]icab]e to other. genotypes of

hosts and paras1tes From the analysis of vamance (Table- 29) and the

-~

expectatwns of mean.. squares_ (Tab]e*3g) “it—is evident that the hosts are

- a s1gn1 ficantly contri buting=factor in the variation'shown in deg(ee of

7
As mentio_ned-eaﬂier', it was. hoped, from data collected from this .
. X 1

v

study,‘ to find a genetic correlation betwe’e’n.growth‘ rate and agg'ressiveness.,'

S1nce the study of aggressiveness r‘equ1res a great deal of time and space;,

o

- such a corre]atwn wou]d prov1de comparable 1nformat1on s1mp1y from the

study of growth rate under controﬂed 1aboratory C’Ond1 tions.

The correlations between meam growth rate (m+d ) and mean aggressive-®

: °ness (m+a/i ) w&old be identical to correlations between the genet1c effect -

“on growth rate ‘(&i) and the genétic effect on aggressiveness (&L) since

T ST

>
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the m 's in each case are constant The significance of the'relationship between

-

[

i onmental conditions-used= The

", growth rate'a,nd aggressiveness is shown in Table 33 and Fig. 8.,
© - . and is$- constant regard1ess of the éﬂ,\‘{[\

persi stence of such a h1gh correlation between the genet1c controJ of

." . e -
NS growth rate and aggressweness suggests ‘that both characters may . be o +

1

/

\ 8
1nf1uenced by a common gene system Since these- characters are under \ -
polygemc control, it is unhke]y they would share equa1'ly all the genes

l‘
in the, system. Instead a more reasonab1e re]at1onsh1p wou]d be to show

part1a1 shar1ng of all the hvaﬂab]e genes The coefficients of

-

determ1nat1bn (/L )'s for the values gwen in the 1ast row of Table 33 ]

_ show that the pe/centage of genes in common between the two characters

R m question, ranges from approx1mate1y 64% to 85% depend1ng on the / i

P 'I . )
/ = N
e " B -
’ P

- _ Table 40 o

environmental .conditions (Tab1e 40).

Percentage of gene in common for Growth rate
and. A gressiveness. _
(’ ATT 15 . ©oSet Set” > St . - Set .
Environments . S 2 3 4 e
. ’ ’ o ' L% R
. 82.46 ° ) .. 64.27 - 85.17 70.63 . 71.18

‘2

. ‘ ) . . ' l\
The differences among the percentages may be due to the presence of

’/ R Y

~ . environment spec1f4c genes, i.e, genes wh1ch are’ expressed or are more
actwe on1y under spec1f1c environmenta] conditions.

The corre]atmn between the mea%ggressiveness of the parasitev

C

genotypes (P ) and the sum of the mean growth rates of their parenta]

BN m°"°ka"y°!‘5’ ("‘*d )( ) (m+d l( ), was h1gh1y s1gn1f1cant (n = 0.703%%)
AR . S 1. o . ' . ‘e
. . ' : . ) - , ~ - . '

. . s S
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) The main difference between th1s corre]at‘lon and’those prekus i that ;
L ' ,Pn;= m o+ (2& +) ( by The Tast term (g ) 1in the expression
e i‘epresents the genetic mteractwn be tween "the (+) and (-) monokaryons.' |

l Th1s factor has no equ1va1ent 1n the mnokaryon growth rate expresswnt
S0 the reduction in the magni tude of the cdrre’latmn coeffi c1ent\15
expected' | C . o SRR ’ '. S .!'
. - It\sshould be r_emembered,_ huowever, that the .materi‘al used in this
:stﬁ_oy '(‘is‘ a very sma]l'l ‘portion -of_ the total :nu'rnbner*bf_poss'ib]e-'ge'notypee,'_
- and therefore cannot _be regarded as a representative sample. There ;ls‘
_\' . ""the possibih‘ty that- the corr‘;élations could have arisen by chance alone
. s1nce only’ seven of the eight rnonokaryon genotypes showed this re]at10nsh1p,
| and réhable predict:ons could be made far only the twe]ve'g) d1kary9n genotypes
in which- the}lghth °monokaryon i§ npt involved.’ Moreover, we have to*
real,ize that the eighth monokaryon is closely related to three of the
L other monokaryons since they cons_t1tu_ted a tetrade derived from a single
" d1plo1d teHoSpore This suggests that there 1.5' segregation from this’
di p]o1d “of genes which affect aggressiveness while having htt]e effect
'}’\ > On growth rate. whether or not the close assoc1at1on be\tween rnonokaryotic
| ;:ﬂ%: ~ growth end cjikarfyotic aggres:sivenese h'aévb‘een 'hroﬂught: ehout by chance . . |
N " or by p]eiotmpy_, could be determined by further examination. If 'it-is- |
found that the relationship ,cont.inlues over a large samp]é o_1" genotvpee,
\,(‘» ' , the nredjctive qga]ity“of the relationshipﬁwou‘ld be enhonceo, and similar

analysis could be applied to other pathogens. .

L4
: ]

. . . N ) | . . ' _ N '. .' . ' L
. As stated ear.]‘\t ’ condit;Qions often arise whereby interactions within
' % - a paras;"te—host-;environment svsteml, become prominent. If it is found ;

o\
-~

. : : Ay
,.er s R con ~
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" with hosts ang envwonm@&ts

-
-

~ -
,

I3
1

that Such interactions are taking place; i‘e.'chang,es in. aggressiveness '

, of certain forms of the pathogen w1°th changes in the host ' )[ar1et1es or’®

(I
env1 ronments “or changes in the, toTerances of varieties due to changes _

*in env1ronments, a modeT, such as the one descr1bed in th1s work cou]d

-

be used to characterlze these mteractions If for example, to]erances"

thange wi th environments and pathogens, 1t cou]d we]] be found that the

. var1ety which shows the highest toTerance over. all enV1 ronments and

° n.. :

pathogen genotybes, does’ not have the highdst to]erance in a Spec1ﬁc
env1 ronment or when confronted with a spec1f1c pathogen genotype A o
variety wi th a normaHy low tolerance could prove more suitable for use

in thése cases. The greate;t beneﬁt of having a model to descrlbe

° these re]ationsh1ps lies '1n its. ability to be se'IectWe That 1s, \the
" ‘model can choose the: var1ety exh1b1t1ng h1ghest toTerance d1sregard1ng

- envi ronments and pathogens, or 1t may se'lect the most tolerant vamety ,

P

~with ?‘e‘Speet to a speciflc env1ronment ‘or to a spec1f1c pathogen -

- ©

genotype. The model wﬂl aTso indicate the‘*var1ety most tolerant to
.

each pathogen genotype fn comblnation wﬂth each envlronment These “

Same concepts may be appl}ed to the testgng of aggressweness in certam

pathogen genotypes wh1ch could wel1 show var1at1oh through jnteractwns

e a

r‘\—‘

T
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3based on this relationship.

.90 -
SUMMARY | .
- , )

N ) - e :
1. Eight monokaryon, and sixteen dikaryon, genotypes of Ustifago

hondea (Pers.) Lagerh were exposed to a variety of environmenta] cond1t1ons '

°
o

and host genotypes _ s j W
. 2 The ana]ys1s of data from” the monokaryon exper1ments showed that
A

.rate of growth in the hap]o phase of U. horded is controlled by a po1ygen1c

system, -and that there is a high_1nc1dence of genotype—envwronment interaction.

r toe

3. Degree of infection s'fOUnd to be affected by the aggressiveness"

D

" of the parasite (dikhryon) enotype, the tolerance of thewﬁost genotype, and,

" the env1ronment s o o ' ;

. ’ o
4. The’ paras1te genotypes were shown to vd?; s1gn1f1cant1y in .

'f'aggress1veness, and there were h1gh1y s1gn1f1cant dwfferences among env1ronments.,'

. There were, however, no paras1te enV1ronment 1nteract1ons, 1nd1cat1ng high

genotyp1c ‘stability in the. parasites

'5. H1gh1y s1gn1f1cant d1fferences were found among the to]erances of

"the host genotypes and these. d1fferences rema1ned re]at1ve1y constant over

. the range of paras1tes used, due to the 1ack of. parasite host 1nteract1ons.

6. A re]at1onsh1p was found between genetic control of growth rate in

1

2

‘the monokaryons and genet1c control: of aggress1veness in the dlkaryons der]ved

e fhom them, and statistically valid predictions of 1nfect1v1ty were made,

7
\ e
. {

' Zi A mathemat1ca1 model to describe paras1te host environment ¢

.o

‘relationships is presented with.reference to its possible areas of ‘use.

t

LY ' ’ o,
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