Viability interactions between the left
and right arms of the second chromosome of

Drosophila melanogaster .

Peter A, Pechan

Department of Biological Sciences

i

(Submitted in partial fulfillment of
the requirements for the degree of

Master of Science)

BROCK UNIVERSITY

St. Catharines, Ontario .

August, 1977

© Peter A. Pechan, 1977



ABSTRACT

Inter and intrachromosomal viability interactions
have been detected in a few experimental studies. Computer
simulations and analytical models have led to postulation
of nonadditivity of gene action. This study reports
evidence of strong nonadditive interactions between the

arms of the metacentric second chromosome of Drosophila

melanogaster. Mean viability for 40 homozygous lines of

the second chromosomes was 0,720+0.265 . Mean viability
for 40 half homozygous second chromosomes was 0.,928+0.310 .
Significant heterogeneity among énd within lines was

found in both groups of chromosomes, as well as a highly
significant viability difference between the two groups.
Comparison of observed viabilities with the expected
values, according to the theories of additive and multi -
plicative gene action, was made for both groups. Highly
significant departures from the expected values were found

for over 90% of the lines in both groups of chromosomes,

for both additive and multiplicative models of gene action.
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INTRODUCTION
AND

LITERATURE SURVEY

Lewontin (1963) made the following statement :

By the end of 1932 Haldane, Fisher, and Wright had
said everything of truly fundamental importance

about the theory of genetic change in populations...
There remains for us, the epigonai, to reintroduce
bit by bit the complexities of nature, to see to

what extent the complexities really make a difference,
whether qualitative or quantitative, in our basic
formulations.

But later, in a paper reporting the results of multilocus

computer simulations, he states (Franklin and Lewontin, 1970):

The discovery that, when more than a couple of dozen
genes are involved in linkage, the gene number is
irrelevant has far-reaching implications for the
theory of population genetics. While we commonly think
of population genetics as the best example of the
successful application of mathematical theory in
biology, much of our confidence is unjustified. There
is a striking discrepancy between the structure of
genetic theory and the observations of experiment and
natural history.

These two comments clearly show how little we know about the
genetical changes involved in evolution and what happens

to our mathematical theories when we re-introduce "the




complexities of nature".

Most mathematical formulations of population genetics
treat single locus models from an allele frequency change
or equilibrium point of view. Such models attempt to predict
fitness effects of allele substitution at a locus. To arrive
at theoretical conclusions relevant to the multilocus
situation single locus effects are simply added together.
Experimental testing of the predictions of single locus
fitness theory is difficult because most observational and
experimental work is, of necessity, done with whole phe-
nomes where fitness depends on environmental conditions,
and genomes in their totality. Even if we could measure the
effects on fitness of single loéi after randomization of
the genetic background, the conclusions drawn might be
misleading because of the experimental modifications of
the background introduced in such studies. Single locus
lethals are, of course, excluded from this consideration.

Mather (1973) has suggested that more attention must
be paid to the genetic structure of populations where the
effects of linkage and epistasis may play a major role,

On the same theme Dobzhansky (1955) wrote :

The linear seriation of the constituent genes in

a chromosome is not fortuitous; a chromosome is

an organized unit, the functioning of which depends
on the spatial distribution of its parts. The



linkage relationships of alleles in a multiple
heterozygote are also not fortuitous: the develop-
mental effects of genes may be different in the
coupling and in the repulsion phase.

Working with chromosomal inversions, rearrangements, and
recombinations, Dobzhansky became convinced of the existence
of strong interactions among genes. He accepted the idea of
a supergene, and he found it nothing short of amazing that
the problem of interlocus interactions received so little
attention. This lack of theoretical attention was obviously
caused by the mathematical difficulties involved in formu-
lating a theory adequate to frame the results of observa-
tions in terms used by experimental population geneticists,
that is, in terms of chromosome segments, their map length,
and their fitness effects per unit map length. In addition
problems of experimental design and fitness measurement
have to date precluded estimation of locus by locus inter-
actions. Most theoreticians express a strong wish that
experimental workers collect "more information about an
essential parameter of the genetic system, namely the
effect on fitness of homozygosity for a segment of chromosome*
(Lewontin, 1974).

Very few experimental studies have been designed to
detect the presence of interactions. The results of these

few studies are to a certain extent in disagreement.
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Temin, Meyer, Dawson, and Crow (1969) and Spassky,
Dobzhansky, and Anderson (1965) attempted to assess the
importance ofepistasis, linkage effects, and the delete-

rious effects of homozygosity in Drosophila melanogaster

and in Drosophila pseudoobscura respectively. Both

groups worked with whole second and third chromosomes
where either one or both chromosomes were made homozygous
by similar techniques as described below. Spassky et al
(1965) found significant interactions between and within

chromosomes-in quasinormal cultures of Drosophila

pseudoobscura. Quasinormal cultures are those containing

expected or near to the expected ratio of flies homozygous
for a given chromosome and heterozygous flies. Lethals

and subvitals are not considered because of the strong
effects these alleles exert by themselves. The lethals do
not interact by definition, and severely detrimental genes
are rare in the population, being eliminated by their
primary effects on the individual homozygotes (Temin et al.,
1969). On the other hand, the interaction value for the
more common mildly detrimental genes, which are present in
the quasinormal class of the synthetic homozygotes, might
be an important factor in the action of selection against ‘
these genes. This is the reason why the interaction

studies center on the quasinormal group of chromosomes.
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As mentioned above, Spassky et al. (1965) found a signifi-
cant positive interaction component both between and

within the second and third chromosomes in Drosophila

pseudoobscura quasinormal cultures. On the other hand ,

Temin et al. (1969) found that there is only very slight
positive or reinforcing epistasis within and between the
second and third chromosome in the quasinormal class of

Drosophila melanogaster. This epistasis was not statistically

significant. In addition, fhis study suggests that the
distribution of mildly deleterious genes in the quasinormal
class of flies is uniform on each given chromosome, rather
than there being large interactiops of opposite direction
which effectively cancel each other out, leaving a small
net positive epistasis.

Apart from these two studies, which attempted to
measure directly the amount of interaction between chromo-
somes, there are only a few considerations of inbreeding
depression and interaction. Levene (1965) found some
evidence of positive epistasis in Tribolium, by looking at
the inbreeding effect at the various levels of homozygosity
(coefficient of inbreeding F = 0, 1/8, 1/4 ). The
nonlinearity of the inbreeding effect ( Figure 1 ) indicated
positive epistasis.

Kidwell, Tracey, Glaser, and Kidwell (1971), using
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a biometrical approach, analyzed x-ray induced genetic

variance of wing length in Drosophila melanogaster. They

found that there isa very large component of genetic variance
attributable to 2 and 3 factor interactions. The epistasis
was especially strong between the sex chromosome and the
autosomes.

Mukai (1968) observed positive interaction between
spontaneous mutant polygenes. He based this conclusion on
the nonlinearity between generation number and average
viability of second chromosomes which accumulated these
mutants.

This study was designed to assess the fitness effects
of homozygosity of one arm or of the entire second chromo-
some in Drogophila melanogaster. Under the multiplicative
model of fitness interactions, as well as under the additive
model, the decrease in fitness of the one arm homozygous
flies should be such that average fitness reaches the point
midway between the fitness of the flies totally homozygous
for the whole second chromosome and the fitness of the
original wild population (Figure 1). Departure from this
midpoint would indicate that there are epistatic inter-
actions either between the two arms of the second chromo-
some (which are nearly equal in length) or with the rest of

the genome. The experimental demonstration of such inter-




actions might give experimental support and direction to
theoretical studies of chromosome organization and locus

by locus fitness interaction.

13




FIGURE 1

Expected Relative Fitness of Whole and Half
Homozygous Chromosomes. The circles and solid
lines represent the expected fitness declines
on increasing homozygosity under an additive
model for two chromosomes. The triangles and
dashed lines represent the expected fitness
declines on increasing homozygosity under a
multiplicative model for two very similar
chromosomes. That is the expected halfchromo-
some fitnesses, under additivity are equal to
(1 -2 ) where w is the relative fitness
depression. The equivalent values under the
multiplicative model are ( 1 - w )% .

Note that the multiplicative model is not

linear although it appears to be in the figure.

14
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MATERIALS AND METHODS

Stocks: Drosophila melanogaster were collected over

buckets of fermenting bananas at Professor Peter Rand's
Farm, Line 2 - Concession 2, Niagara-on-the-Lake, Ontario,
during the evening of July 11, 1975. Two techniques were
used to extract wild homozygous second chromosomes. These
techniques are diagrammed in Figures 2,3, and 4. Balancer
stocks used in the extractions are described in Table 1.

Extraction of Chromosomes:

In the first extraction prbcedure (Figure 2) wild
females were individually crossed to G 23 balancer stock
males. Thus each line was derived from only one wild fly,
ie. one original chromosome. The balancer chromosome, which
was present in the stock males, inhibits crossing over in
the second chromosome because it contains a number of
overlapping inversions with built in lethals. In homozygous
state the balancer is therefore lethal. The F3 generation
flies are of two kinds : those heterozygous for the
balancer and the wild chromosome and those which are homozy-
gous for the same wild chromosome which is present in the
heterozygous flies. The ratio ofonehomozygous to two
heterozygous flies is expected because the flies homozygous

for the balancer chromosome die as eggs, larvae or pupae.



FIGURE 2

Derivation of homozygotes for wild chromo-

somes II of Drosophila melanogaster. Cy

represents a marker chromosome which suppresses
recombination. The subscript i refers to a wild

chromosome.,

17
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P Freshly collected wild g Q X Cy G 23

Fy QM/IIiQ X Cy G 23 (from stock)
PN
Fa Cy/I13 x Cy/IIj
| P
Fq Cy/Cy Cy/II;3 II3j/II3

Expected ratio 1 (dies): 2 : 1



FIGURE 3

Derivation of homozygotes for the left arm

of the second chromosome of Drosophila

melanogaster .

19
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IIi/IIiQ x Cy G 27/I114
Cy G27/IIL19 x IIi/II; (from stock)
\
Cy G27/II1; x Cy G27/IIri
IILi/IILiQ x Cy G23/II; (from stock)
Cy G23/11Li52 x IIp;/TIni

Extracted homozygous left

arm second chromosomes
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FIGURE L4

Derivation of both whole homozygous second

chromosomes and left arm homozygous second

chromosomes of Drosophila melanogaster by
a combined method. L

Cy G27 and Cy SM5 represént marker chromo -
somes which suppress recombination in the
left arm or in the whole chromosome,re -
spectively. The subscripts i and j refer

to wild chromosomes.
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TABLE 1

The summary and sources of the stock Drosophila

melanogaster flies .

23
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Code name Composition Source
G 23 al,S,ast,ho/SM1,al12,Cy,sp? I.0ster,Bowling,Green
G 27 al?,Cy,InL,1t3/b,pr,Bl,1t3

en2,In Cy.R,I¥, sp2 I.0ster, Bowling Green
SM5 BL,L2/SM5,al2,Cy,1t2, sp? M.M. Green, University

of California, Davis

Explanation of symbols ( from Lindsley and Grell, 1972 ) ;

Lu (Lobe) , S (Star), ast (asteroid), 1t3 (light), pr (purple),
and cn (cinnabar) are eye colour and/or shape mutants.

al (aristaless) missing or diminished aristae

sp (speck), and b (black) are bed& colour mutants.

Bl (Bristle) shortened bristles

ho (heldout), and Cy (Curly) are wing mutants

InL and In R inversion Left and Right ( arms of the second
chromosome)

SM Second Multiple ( multiple inversions on the second

chromosome).




TABLE 2

Drosophila medium components

25




Tegosept
Molasses
Water
Salt

Cream of wheat

Size of wvial

26

80 ml
1350 g
8600 ml

70 g

1030 g

500 vials

: approximately 3.0 cm diameter x 10cm height;

filled to approximately 3cm height.
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The heterozygous flies were recognized by the presence of
the dominant mutation Curly wing (Cy), which was built into
the balancer chromosome.

The flies containing the homozygous left arm of the
second chromosome were prepared (Figure 3) by crossing flies
homozygous for the whole second chromosome, prepared as
described above, to the G 27 stock flies. The G 27 stock
flies with the Cy marker in the left arm of the second chromo-
some had been crossed to Réndy flies in mass cultures for
twelve generations to ensure the randomization of the right
arm. Because these stock flies contained a balancer which
was different from the balancer used to prepare the whole
second chromosome homozygous flies, and because flies
containing the same arm portion of the chromosome were
needed for a meaningful comparison of viabilities between
whole and half homozygous chromosomes, the original balancer
chromosome G 23 was reintroduced in the F3 generation
(Figure 3). By this method flies were prepared which in the
F5 generation contained randomized right arms derived from
the Randy wild chromosomes and homozygous left arms iden-
tical to those of the fully homozygous second chromosomes.,

Unfortunately, this method did not produce consistent
results and upon checking it was found that the balancer

chromosome which was used either did not effectively
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suppress recombination in the heterozygous flies or that the
Cy mutant had been lost. In the first case portions of the
balancer chromosome not containing the Curly marker, may
have been introduced to the wild chromosome by crossing
over. This would produce an abnormally high frequency of
wild, apparently supervital, flies. The balancer chromo -
some was prepared by H.J. Muller in or around 1948 and this
is, as far as we know, the first reported instance of its
failure to prevent recombination, or of Cy loss through
back mutation.

A new extraction method was therefore employed (Figure 4)
to resynthesize the required chfomosomes. This consisted
of crossing the flies with the left arm balancer and right
arm wild chromosome to a new balancer ( SM5; Figure & )
kindly supplied by Professor M.M. Green, University of
California, Davis. Four sublines were established, using
four male sibs from the parental line, and crossing them to
the SM5 balancer. The F3 generation thus consisted of four
sublines each carrying the balancer chromosome and ex -
tracted chromosomes with identical left arms and hetero-
geneous though homozygous right arms. When one male and one
female of the same subline were crossed, a progeny with
entirely homozygous second chromosome resulted (the expected

ratio was again 2 heterozygous flies to one homozygous fly ),




29

but when a female of one subline was crossed to a male of
a different subline the left arm homozygous flies resulted,
together with heterozygous flies, as above,

iny deviations from the expected 1 homozygous : 2 hetero-
zygous flies ratio are due to the viability differences, since
no meidic drive is known to occur in the heterozygous flies
( Tracey and Ayala, 1974 ) and no evidence of meiotic drive
was observed in these experiments. The flies were raised in
vials on standard wheat hearts - molasses medium ( Table 2 )

and kept in incubators at 25% 10C.
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RESULTS

Distribution of Viabilities . Figures 5 and 6 show

the distribution of viabilities for whole and half homo-
zygous chromosomes. Both distributions are roughly bimodal,
with one mode representing the lethal chromosomes and the
other the "quasinormal" chfomosomes. The latter chromosomes
include the mild detrimentals as well as super vital homo-
zygous chromosomes. This bimodality is usually observed in
studies of viability (see for e#apple Tracey and Ayala, 1974;
Dobzhansky and Spassky, 1963). Among the 53 whole second
chromosomes, 9 were lethal and 2 were severely detrimental;
among the 50 half homozygous chromosomes, 6 were lethals
and 1 severely detrimental.

Viabilities ( 2a/b ) of whole and half homozygous chromo-
somes, relative to the SM5 heterozygotes, are presented in
Tables 3 and 4. Haldane's (1956) formula was used to estimate

viability. The correction for small sample sizes has the following

simple form : 22,
V =
b+ 1
a = number of homozygotes
b = number of heterozygotes




FIGURE 5

Distribution of viabilities of whole second

chromosomes of Drosophila melanogaster .
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FIGURE 6

Distribution of viabilities of half homo -

zygous second chromosomes of Drosophila

melanogaster .
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TABLE 3

Viabilities of homozygous second chromo-

somes of Drosophila melanogaster rela -

tive to SM5 //+ heterozygotes.The combined
brood viabilities were computed by summing
phenotypes over broods ( see Appendix I

for data ).
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TABLE 4

Viabilities of homozygous left arm second

chromosomes of Drosophila melanogaster

relative to SM5 //+ heterozygotes . The
combined brood viabilities were computed by
summing phenotypes over b}oods ( see

Appendix I for data ).
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deviations. Lines 45-48 are not included in statistical
analysis, because whole homozygous replicates were not
Six lethals are not included in
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The formula is useful if less than 100 flies are counted
per culture as it corrects for the bias introduced by the
statistical occurence of homozygotes in small samples. The
correction was applied throughout because it does not
appreciably affect the viability ratio if the number of
flies is large.

Statistical Analysis of the Results. One way analysis

of variance was performed. on the combined broods. The results
are shown in Table 5. There is significant heterogeneity
both among lines and within lines ( among sublines ). The
differences among lines are expected because each line
represents a different wild chromosome with different genic
content. The heterogeneity within each line, while not
unexpected, is more difficult to explain. It probably
reflects the reduced buffering capacity of homozygous lines;
such lines should exhibit more drastic reaction to micro-
environment variation such as differential crowding. On the
other hand, genetic differences among sublines are expected.
The I, III and IV chromosomes were not controlled and
recombination in IIR generates different right arms among
sublines. Brood heterogeneity was not significant at the

5% level (Table 6); therefore the two broods were combined
for subsequent analysis. Table 6 shows the paired t test

analysis which compares the viability values of the whole and



TABLE 5

One way analysis of variance of viabilities

of whole and half homozygous second chromo-

somes of Drosophila melanogaster .

4o




b1

Whole homozygous second chromosomes combined broods

Source Sum of squares Degrees of freedom Mean sguare
Among groups 9.0252 39 0.2314
Within groups 7.8748 .77 0.1023
Total 16.9001 116

F##= 2,2628

Half homozygous second chromosomes combined brood

Source Sum of squares Degrees of freedom Mean square
Among groups 11.2792 , 39 0.2892
Within groups 22,6447 118 0.1919
Total 33.9239 157

F*¥ = 1,5071

NOTES : #* significant at 0.05 level
¥% gignificant at 0.005 level
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TABLE 6

Paired t tests to determine brood differences
and differences between viabilities of the
whole and half homozygous second chromosomes

of Drosophila melanogaster .
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Test of significance of differences between viabilities of
brood one and brood two of the whole homozygous second

chromosome .

Number of lines Ly

t value t = 0.0985 N.S.
Degrees of freedom af = 40

Test of significance of differences between viabilities of
brood one and brood two of the half homozygous second
chromosome .

Number of lines L1
t value t = 1.6339 N.S.
Degrees of freedom af = 40

Test of significance of differences between viabilities of
combined broods of the whole and half homozygous second
chromosome .

Number of lines Lo
t valune t¥* = 3,5700
Degrees of freedom df = 39

NOTE s #% gignificant at 0,001 level

N.S. not significant
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half homozygous chromosomes, using the combined brood
estimates for each comparison. There is a highly significant
viability difference between these two sets of chromo -
somes.

Table 7 shows the Chi-square comparison of these
results with the viability values predicted by the additive
and multiplicative models of gene action. If, for example,
the whole homozygous chromosome has a certain viability,
(1'Vi)’ then the same chromosome should, according to
the additive model, have viability, (1—%?; , when it is
only half homozygous. Under a multiplicative model the
equivalent values are (1-v;) and (1—vi)%. Note that both
models assume that viability depression is the result of
the cumulative effects of many mildly deleterious alleles
homogeneously distributed along the chromosome.

In the table the predicted values were compared with
the observed viabilities. The observed viabilities were
also compared with predictions of the multiplicative
model of gene action; highly significant departures from
the values predicted by both models were found over all
lines.

Another method of comparing the observed and expected
half chromosome viabilities is presented in Table 8. Using
the observed whole chromosome viability, (1-ns), where n

is the number of viability depressing loci and s is the
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TABLE 7

Chi-square test of fit of the observed
viability data with the values predicted
by the additive and multiplicative models
of gene action.

2 = ¢

* (P<0.05) x%df 3.84
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Overall Probability

Chi - square value
Multiplicative

Additive

L2,307%%
0.72
10,78 #*
0.01
7.68 #¥
0.32
8.99 #%
1.12
7,11 #®%
0.36
0.79
14,95 #*
1-76
0.006
4,88 *
1061
2.69
0.097
0.15
1.22
1.36
25.36 #%
3.02
1.02
0.80
0.01
0.30
0.03
0.42

N
0 #%
8
1 #=%
2
8
0 #%

0.005

46

27.59%%
0.047
10, 74%%
0.08
6. 48%%*
0.19
8.43%%
1.35
9.h0*=
0.44
0.99
11.63%*
1.75
0.07
10,98%*
1.75
3,28
0.097
0.55
1.20
8.61%%
27 .,66%%
2.98
0.43
0.89
0,02
0.18
0.03
0.43
29.25%%
10,88#*
0.25
L, Lo*
2.03
9. 40%*
2.08
6.57*
2.77
0.33
8.50%%

0.005

80 d4f
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TABLE 8

Observed and Expected Half Chromosome Via -
bilities. The whole chromosome and half
chromosome observed viabilities are presented
for each line in columns two and three. The
expected half chromosome viabilities and 95%
confidence limits for relative single locus
fitnesses (1-S) of 0.99, 0.95 and 0.90 are
tabulated in columns four and five. The number
of loci and the 95% confidence limits for these
two models are presented in columns six and
seven, The numbers in column eight are the
number of subline viabilities falling within
the viability confidence interval; the final
column presents the number of replicate sublines
within each line. Where whole chromosome via-
bilities were greater than 1.00 they were

ad justed to 1.00 to allow comparison with the
multiplicative model ( values greater than 1.00
generate negative numbers.).The BASIC program
used to compute the table is presented in
Appendix II.



Line Observed Viability

Whole
1 0.38
2 0.45
3 0.94
b 0.73
5 0,61
é 0.73
7 1.00
8 1.00

Expected Viabilities
Half Additive

0.52

0.76

0'75

1.00

0.60

0.88

0.88

1.35

+0.10
0.6910,22
1'0|31

+0,09
0.72+0,21
+0.29

+0.02
0.97+0,03
+0,05

+0,03
0.86+0,06
+0, 09

+0,08
0,81+0,17
+0,24

40,03
0.86%0, 07
+0,10

+0,002
1.,00+0,004
+0, 005

40,004
1.,0040,009
+0,01

Multiplicative

+0,08
0.6140,20
+0.30

+0,08
0.67+40.19
+0,29

+0.02
0,97+0.04
+0,05

+0,03
0.85+0, 06
+0,09

+0,07
00?8:!:0.17
+0.26

+0,03
0.85+0.,07
+0.10

40,002
1.00+0,004
10,005

+0,004
1.,00+0,009
+0, 01

Number of Loci

Additive Multiplicative in 95% Interval
31.24¢ 9.8 48.8+12.3
602'1' Li’oLl’ 9.6:&: 5.24’
J.1+ 3.1 b,74 3.8
27.6+ 9,2 39.,9+11.1
5.54 4.1 7.8+ 4,9
2.8+ 2.9 3.8 3.4
3.2% 1.6 3.2+ 1.6
Oaét 007 Oié-_’: Oo?
0.3+ 0.5 0.3 0.5
13.7+ 2.7 15.9% 3.0
2.7t 1.2 3.1+ 1.3
1.4+ 0.9 1.5¢ 0.9
19.4+ 7, 24 .4+ 8,7
3.9 3. 4,8+ 3.8
1.9¢ 2. 2.3 2.7
13.7% 3.2 15.9% 3.5
2.7+ 1.5 3.1+ 1.6
144 1.0 1.5¢ 1.1
0.,0540.2 0.0540,2
0.01+7.4 0.0147.3
0,005%5,2 0,005+ 5.1
0.05+0,.4 0.05+0,4
0.,01+0,2 0,0140,2
0.00540.1 0.00540.1

continued, ..
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Line Observed Viability

10

11

12

13

14

15

16

Whole

0.61

0578

1.06

1.02

1.07

0.48

0,88

0.75

0.81

1.14

Expected Viabilities
Half Additive

+0,03
0,8140.07
+0,10

+0, 04
0,86+0.09
+0.13

40,03
0.8740.06
+0,08

+0,09
0.7440,20
+0,29

+0.03
00 97‘!‘0. 07
+0,10

+0.03
0.82+0,07
40,10

+0.04
0,69+0,09
+0.13

+0, 06
0.89+0,13
+0,18

Number of Loci
Multiplicative Additive Multiplicative

in 95% Interval
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'_'_'0a13
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0.69%0.19
+0.29

+0,03
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Line Observed Viability

17

18

19

20

21

22

23

2h

Whole

3068

1.00

0,61

1.00

0.29

0'61

1.00

0.51

Expected Viabilities
Half Additive

0.79

1.08

0’86

1.06

0.84

+0, 04
0.8440.08
+0.11

40,002

1.00+0,004

40,005

+0,.04
0.,81+0.09
+0,12

+0, 003
1.00+0, 006
+0,008

+0.10
0.64+0.23
+0.33

+0,28
0.81+0.63
+0.89

+0,01
1.00%0.03
+0., 0k

+0.09
0.76+6.19
30.27

Number of Loci
Multiplicative Additive Multiplicative

+0,03
0.8340,08
+0.11

+0,002
1.0040, 004
+0.005

+0,03
0,78+0.08
+0.12

+0.003
1.00+0,006
+0,008

+0,08
0.5440,20
-_tOQBO

+0.29
0.78%0,82
+1.40

40,01
1.00%0,03
+0.05

40,08
0.7240,18
30.29

0.05¢ 0.25
0.01% 0.11
0,005+0,08

s 8 ©

S I R At
1 8

e OO0
®
W& ool

0,05¢ 0,25
0.,01% 0.11
0.005+0,08

62.1 +
12.2 #
15.9 ¢

24.8

continued...
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Line Observed Viability Expected Viabilities Number of Loci Number of Sublines Sublines

Whole Half Additive Multiplicative Additive Multiplicative in 95% Interval

+0,03 40,03 9.8 + 2,7 10,8+ 2.9

25 0,81 1.02 0,90+0,06 0,90+0, 06 2,0 + 1.2 2.1+ 1.3 0 5
+0,09 40,09 1.0 + 0,9 1.0 + 0,9
+0,002 40,002 0,05+ 0,2 0.05% 0,2

26 1.00 1.20 1,00+0,004 1.00+0,004 0.01+ 7.4 0,01+ 7.3 0 6
+0,005 +0.005 0.005+5,2 0.005+5.1
+0.26 +0,28 17.4 +26.5 21.2 +29.3

27  0.65 0.53 0.83+0.59 0.8140.76 3.5 #11.8 h,2 +12.9 2 2
+0.84 41.29 1.7 + 8.4 2.0 + 9.0
$0.02 40,02 2.6 + 1.8 2.7 + 1.8

28 0.95 0.84  0.97+0.04 0.97+0,04 0.5 + 0.8 0.5 + 0.8 0 I
+0,06 +0,06 0.3 # 0,6 0.3 + 0.6
+0.13 +0.13 3.8 +12.6 3.9 12,8

29 0.93 0.93 0.96+0.28 0.96+0.33 0.8 + 5.6 0.8 + 5.7 2 3
+0.,40 +0,50 0.4 + 4,0 0.4 + 4,0
+0,08 +0,07 22,5 + 8, 29.7 * 9.6

30 0.55 0.82 0,78+40.19 0.7440,18 L,5 4+ 3.7 5.8 + 4,2 3 3
+0,26 40,27 2.2 + 2, 2.8 + 3.0
40,10 +0,08 32,6 +10.0 52.5 +12.7

31 0.35 0.89 0.,67+0.22 0.5940,20 6.5 + 4.5 10.3 ¥ 5.6 1 3
+0.32 +0.30 3.3 % 3.2 5.0 + 3.9
40,02 40,02 0.05+ 1.8 0,05+ 1,8

32 1.00 1.00 1,00+0,04 1.00+0,04 0,01+ 0.8 0.01+ 0.8 1 L\
+0.06 +0.06 0.005+0.6 0.05+ 0.5

continued.,..



Line Observed Viability Expected Viabilities Number of Loci Number of Sublines Sublines

Whole Half Additive Multiplicative Additive Multiplicative in 95% Interval
+0,07 +0,06 14,6 + 6,7 17.1 + 7.3
33 0.71 1.30 0.85+0.15 0.84+40.15 2.9 + 3.0 3.4 + 3.2 1
+0.21 +0,22 1.5 + 2.1 1.6 + 2.2
+0,07 +0,06 ib.bh + 6,7 16.8 + 7.2
34 0.7 0.62 0,86+0.15 0.8440.15 2.9 + 3.0 3.3 + 3.2 2
+0,21 +0,22 1.4 + 2,1 1.6 + 2.2
+0.33 +0.33 27.5 #33.3  39.7 #40.0
35 0.45 0.71 0.73+0.74 0.67+0.99 5.5 +14.9 7.8 ¥17.7 2
+1.05 +1.80 2.8 +10.5 3.8 ¥12.4
+0,04 +0,04 13.8 + 4,2 16.1 *+ 4.5
36 0,72 0.98 0,86+0,09 0.85+0.09 2.8 % 1.9 3.1 % 2.0 1
' 40,13 +0,13 1.4+ 1.3 1.5 + 1.4
+0, 004 +0,004 0.05+ 0.4 0.05+ 0.4
37 1.00 0,82 1,00+0.009 1.00+0,009 0.01+ 0.2 0.01+ 0,2 0
+0,010 +0.010 0,005+0.,1 0.005+0.1
+0, 04 +0,03 26,7 + 3.8 37.9 + 4.6
38  0.47 0.89 0,73+0.09 0.68+0,07 5.3 % 1.7 7.4 + 2.0 1
40,12 +0,11 2.7 + 1.2 3.6 + 1.4
40,11 +0,08 Lo,4 +11.2 81.8 415.9
39 0,19 O.47 0,60+0.25 0.4440,19 8.1 * 5.0 16,0 * 7.0 1
+0.35 40,30 L.o + 3.5 7.8 + 4.9
+0,04 +0.04 5.8 + 4,2 6.1 + 4.4 S
40 0,88 0.80 0,94%0,09 0.94%0.10 1.2 % 1.9 1.2 + 1.9 0 i
+0,13 +0,14 0.6 + 1.3 1.6 + 1.3
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viability coefficient (.01, .05, or .10) we estimated n for

both models. For the additive model n = (1-(1-ns) )/s

and the half chromosome expectation is Exp(V) = (1-ns/2)
For the multiplicative model n = (1—ns)1/n
and the half chromosome expectation is Exp(V) = (1—ns)n/2

95% confidence intervals were calculated for n by assuming

a Poisson (X = 32) and for V by using the upper and lower

n limits. This test generates expected half chromosome
viabilities, using the whole chromosome viabilities, to
generate expectations in accordance with one of the two
theoretical models as in the previous test (Table 7). Here,
however, three values of relative single locus fitnesses

are assumed. This leads to an expectation of a certain
number of loci which cause the given viability depression.,
The viability data are then checked against the expected
values and the number of sublines, for each line, which

fall within the 95% confidence limits of the expected
viabilities is recorded. It was found that the most sublines
fall outside of the 95% confidence limits for each viability
class. Those which fall within the given confidence limits
do so within the class of small number of loci with larger
effects. This result could possibly be interpreted as contra-
dictory to the idea of many loci with small effects and even
distribution along the chromosome, Such interpretation is
limited, however, by the fact that only three expected viability
values were generated, using three theoretical single locus

fitnesses out of an infinite possible number of values.
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DISCUSSION

The results of this study, taken together, strongly
support the conclusions of several theoretical papers on
epistasis and intrachromosomal interaction, in that they
show the presence of strong interactions between the two
arms of the second chromosome. These interactions are syner-
gistic and they do not conform either to the additive or to
the multiplicative model of gene action. Dobzhansky, Spassky
and Anderson (1965) also found significant synergistic
interactions between the second and third chromosomes

of Drosophila pseudoobscura and Temin et al. (1969) found

slight reinforcing epistasis between the second and third

chromosomes in Drosophila melanogaster .

Lewontin (1964 a,b) wrote a paper on the interaction of
selection and linkage where he summarized earlier work
( Kimura 1956; Lewontin and Kojima 1960; Bodmer and Parsons
1962 ) which indicated that even in the simplest cases
( two loci, simple symmetrical selective values ) linkage
might have dramatic effects on the course of natural selection.
The reverse is also true; natural selection may modify

linkage relationships and recombination rates in populations.
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Lewontin's computer simulation results of two and five locus
interacting systems support the conclusions of previous
studies in that
1. loci may be kept in permanent linkage disequilibrium,
by natural selection,despite gene frequency equilibrium;
2., disequilibrium can be maintained even for genes that
are unlinked if epistasis is strong;
3. epistasis may be generated by simple multiplicative
fitnesses;

L, linkage disequilibrium results in higher mean fitness.

In a subsequent computer simulation study Franklin
and Lewontin (1970), working with up to 36 locus systems,
various allele frequences, 200 simulated generations and
incorporating varying amounts of recombination, showed that
the degree of linkage disequilibrium between a pair of loci
is not gimply a function of the fitnesses of the two
locus system. Disequilibrium may be largely determined by
the average effects of many loci which form a linked complex
with the loci under study. Thus the degree of disequilibrium
is apparently also a function of the map length of the
given chromosomal segment. The simulation results, under

a variety of assumptions, such as different initial gametic
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type frequencies and various selection pressures, were .
essentially the same. Particularly, the average correlation
in gene frequency between a pair of loci on a chromosome
segment was found to be largely independent of the number
of loci in that segment. This means that such disequilibrium
is practically independent of the average effects of a locus
in the segment and, therefore, loci are not interacting
multiplicatively, nor in an additive manner in these computer
models. |

Sved, Reed and Bodmer (1967) and King (1967) suggested
another model of fitness which does not lead to unreasonably
large fitness depressions on inbreeding. The method is based
on a model which does not assume multiplicative interaction
among loci; because such interaction would theoretically
lead to large genetic loads and overestimates of fitness
depression ( but see Tracey and Ayala 1974 for an opposite
point of view ). The selection models of the above authors
assume that some proportion of the populatian.survives
irrespective of the exact genotypic composition. The survival
reflects the severity of the environment and the availability
of nicle space. Thus the mean adaptedness does not necessarily
change as the population evolves, since this adaptedness is

the proportion of the population which is surviving. But
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the relative fitnesses of the genotypes in the population
do change. Selection is by truncation, saving the pheno-
types with the highest score on a normal distribution curve
of phenotypes, which results from the multilocus determination
of the character.
Another question arises - why, assuming the advantages
of epistasis and the resultant close linkage, does not the
genome coalesce into one large unit ( Turner, 1967 ). Two
answers have been proposed :
1. The large size of such a megalogene would probably interfere
with the processes of meiosis and, perhaps, with other
processes at the biochemical and physiological level. Thus
the unichromosomal condition is not observed, because it would
disrupt reproduction and perhaps function.
2. Wills and Miller (1976) suggest that "in an outbred popula-
tion, selection for reduction in recombination allowing
the buildup of epistatically interacting blocks of loci
can be opposed by selection for random assortment®.
They suggest that this is so, because linkage disequilibrium
may slow the approach of polymorphisms to their selective
equilibrium points. To illustrate this point, we may consider
two loci, either unlinked or with no linkage disequilibrium

between them. Each locus has two alleles, If one locus is
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near its selective equilibrium point, while the other is far
from it, strong selection will move the latter locus rapidly
toward equilibrium point, without affecting the other locus
in any appreciable way. If the +two loci are strongly

linked and in a state of linkage disequilibrium, a selective
force acting on the distant locus will also move the other
locus out of its equilibrium. This lessens the effectiveness
of selection. The result indicates that the balance between
long-term selection for linkage tightening in the case of
favourable epistatic interactions, and long-term selection
for high levels of heterozygosity is dependent on the
distribution of equilibrium freqﬁencies in the population.
Wills and Miller (1976) found that random assortment has an
advantage over linkage in the rapidity of movement of alleles
toward their equilibrium points. Thus the populations with
loose linkage should, at least theoretically, be able to
adapt more rapidly to environmental changes, where adaptation
depends on allele frequencies at single loci. The average
relative fitness of organisms in such populations should

also increase more rapidly than those with tight linkage.
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CONCLUSION

Very recently Wright (1977) summarized extensively the
early experimental work on inbreeding depression and heterosis
in the plants and animals. He refers to a study by Robertson
and Reeve (1955) who showed the depression of thorax and
wing length, and egg production in two strains of inbred
parental Drosophila melanogaster in relation to the Fy
generation. The depression was very significant in the case
of the egg production. Analysis of variance indicated
significant interaction among chromosomes in 22 of the 36
cases, with 19 at the 0,01 level.’Wright (1977) concludes
that although theoretically, on the assumption of additivity
of locus effects, there is proportionality of inbreeding
decline to the increase in the inbreeding coefficient, the
evidence shows "important nonadditive interactions that
cannot be overcome by any transformation of scale".

Thus, the early work supports the results of Spassky_if_g}
(1965) and Temin et al (1969).

This study brings in another piece of evidence for

nonadditive interactions at the hitherto very little

studied intrachromosomal level.
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38
28

-

39
81

77
75

81
27
32
59
86
36
58

67
53
80

7

52
78
36

75
93
65

9

Lo
16
62
L6

71
21
Ll

Brood 2

Hetero-
zygotes

%6
84
74

63
15

26
55
29
16

29
57
30

-

b
19

58
59
49

-

oo

72
61

e

18
64

50

=
e

-

56
14

77

64

Combined broods

Homo-
zygotes

11

15
51

3
10

41
83
29
28

52
51
23

2

10
34
26

50
34
64

3

Li
11
37
72

35
56

b7
10

b2
L2
47

Hetero-
zygotes

39
177
161
149
114l
b2

32

85
141

133
114

4o

134
107

71

39
108

108

54
125
147



Line

Sublines

11

12

13

14

15

16

17

18

19

20

1x1
2x2
3x3
Lxly

1x1
2x2
3x3
Lxh

1x1
2x2
3x3
Lxl

1x1
2x2
3x3
bxly

1x1
2x2
3x3
Lyl

1x1
2x%2
3x3
Lxh
1x1
2x2

3x3
Lxh

1x1
2x2
3x3

Lxl

1x1
2x%2
3x3
Lxh

1x1
2x2
3x3

Lxly

Brood 1
Hetero- Homo-
zygotes zygotes

Homo-
zygotes

5
21

19

27

10
12
59
55

e

22

Brood 2

65

Combined broods

Hetero- Homo-
zygotes zygotes
- 5
52 43
- 19
-- 5
—— 27
- L
-- 7
93 67
8 39
69 39
12 14
28 35
81 58
84 24
53 23
9 -
68 56
Lh 33
11 10
- 8
~- 5
- 36
72 39
43 b7
37 35
34 60
38 63
25 21
39 20
101 -
62 24
35 39
- 32
-- 12

Hetero-
zygotes

10
12
111
55

208

77

-

ol
17
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Line Sublines Brood 1 Brood 2 Combined broods
Homo- Hetero- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

21

1x1 - L2 - - - L2
2x2 3 106 - - 3 106
3x3 - - - - - -
Lxly 14 L2 7 38 21 80
22
1x1 - -- - - - -
2x2 - - - - - -
3x3 11 38 7 17 18 55
Lxly 15 20 10 66 25 86
23
Ix1 25 34 - - 25 34
2x2 27 55 .27 64 54 119
3x3 34 Lo 18 52 52 101
Lxl - - - - - -
24
1x1 - - - - - -
2x2 - - - - - -
3x3 3 18 - - 3 18
5 Lxly 14 L 18 L2 32 89
> .
1x1 7 16 - - 7 16
2x2 29 73 31 92 60 165
3x3 11 22 - - 11 22
¢ Lxly 12 50 22 52 37 102
2
1x1 14 14 - - 14 14
2x2 - 36 - - - 36
3x3 25 38 24 75 Lo 113
Lxl 28 55 35 75 63 130
27
1x1 - 35 -- -- -- 35
2x2 20 77 2 L 22 81
3x3 - - - - - -
o Lxly 23 b3 22 73 Ls 116
2
1x1 - -- - - - -
2x2 - - - - - -
3x3 10 39 -- -- 10 39
Lxly 30 L2 - - 30 L2
29
1x1 35 81 - - 35 81
2%x2 - - - - - -
3x3 31 57 -- -- 31 57
Lxly 20 L6 - - 20 L6
30
1x1 11 L - 7 11 54
2x2 26 98 39 86 65 184

X

3%3 -
Lxhy 22 77 7 27 29 104
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Line Sublines Brood 1 Brood 2 Combined broods
Homo-  Hetero- Homo-  Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

31

1x1 - - - - - -
2x2 2 16 - -— 2 16
3x3 - - - - - -
Lxh 22 89 13 62 35 151
32
1x1 27 80 28 66 55 146
2x2 - 112 - - - 112
3x3 28 75 13 33 L 108
Lxh 7 5 3 7 10 12
33
1x1 2 26 - - 2 26
2x2 - - - - -- -
3x3 33 L3 7 19 Lo 62
Lxly - - - - - -
34
1x1 23 74 2 12 25 86
2x2 33 76 16. 38 L9 11k
3x3 - - - - - --
Lyxh - e - -- - -
35
1x1 -- -— -- -- -- --
2x2 - - - - - ~--
3x3 18 63 6 L2 24 105
¢ Lxh 30 107 12 64 L2 171
3
ix1 24 60 L 12 28 72
2x2 18 124 L5 96 63 220
3x3 35 73 23 65 58 138
Lxh - 72 - 25 - 97
37
1x1 12 14 - -- 12 14
2x2 17 25 2 5 19 30
3x3 21 34 - - 21 34
o byxly 30 69 - -— 30 69
3
1x1 21 84 16 35 37 119
2x2 11 99 - 51 11 150
3x%3 38 89 33 76 71 165
Wxly by 24 o 6 L 30
39
1x1 2 105 12 76 14 181
2x2 - 46 - - - L6
3x3 -- -- -= - -~ --

L Lxh 13 77 6 86 19 163

0
1x1 30 62 7 17 37 79
2x2 39 80 36 78 75 158
3x3 19 49 20 75 L9 124

Lxly -- - - - - --
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Line Sublines Brood 1 Brood 2 Combined broods
Homo~  Hetero- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

b1

1x1 13 29 12 52 25 81
2x2 - - -- -— - --
3x3 23 Ll - - 23 Ly
Lxly -- 33 -- - -- 33
42
1x1 - - - - - --
2x2 27 51 27 L 54 95
3x3 - - - - - -
" Lyxk 20 60 7 24 27 84
3
1x1 23 107 . - - 23 107
2x2 10 24 - - 10 24
3x3 -— - - - - -
Lxk 15 48 19 58 34 106
Ll
1x1 - - - - e -
2x2 10 56 = -- 10 56
3x3 23 80

1 5 24 85
Lxh - - - -— -



APPENDIX I

Experimental Data

b) Half homozygous chromosomes
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70

Line Sublines Brood 1 Brood 2 Combined broods
Homo- Hetero- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

1

1x2 - 11 - - - 11
1x3 - 86 - 102 - 188
1x4 12 96 25 74 37 170
2x3 6 66 14 97 20 163
2xh - - - - - -
Ixh L1 87 30 73 71 160
2
1x2 - - - - - -
1x3 2 3 - e 2 3
1l 25 60 16 60 41 120
2x3 - - - - - -
2xh e — - - - —-
Ixh 9 81 35 62 Ll 143
3
1x2 29 81 29 54 58 135
1x3 21 61 21 32 L2 93
1x4 28 71 22 49 50 120
2x3 22 110 10 32 32 142
2xh 15 36 11 . 36 26 72
3xk e - - -- - -—

I

1x2 10 5 - - 10 5
1x3 16 L1 33 51 Lo 92
1x4 27 L9 39 67 66 116
2x3 19 52 28 52 L7 104
2xh 17 102 17 55 34 157

5 3xh 25 59 17 36 b2 95

ix2 8 78 27 61 35 139
1x3 6 14 11 26 17 Lo
1x4 - - - - - -
2x3 4 22 14 53 18 75
2xh - - - - - -
3xh - - - - - -
6
1ix2 12 74 28 64 4o 138
1x3 - 91 - - - 91
1xl 27 92 43 50 70 142
2x3 36 75 - - 36 75
2xh 11 L2 37 66 48 108
. 3xk 9 17 - - 9 17
1x2 30 67 27 66 57 133
1x3 27 68 16 33 L3 101
1xh 19 Ll - - 19 Ly
2x3 9 19 - - 9 19
2xh 26 49 - - 26 49

3x4 16 48 11 19 27 67



Line

Sublines

10

11

12

13

14

1x2
1x3
1x4
2x3
2xh
3xh

1x2
1x3
1xh
2%x3
2xh
Ix4

1x2
1x3
1xb
2%x3
2xh
Ixh

1x2
1x3
1xb4
2x3
2xh
Ixh

1x2
1x3
1x4
2x3
2xh
3xh

1x2
1x3
1xh
2%3
2xh
3Ixb

1x2
1x3
1x4
2X3
2x4
Ixh

Brood 1
Hetero- Homo-
zygotes zygotes

Homo-
zygotes

b7
33

26
35
24
23

L8
32

- o

30
29
23

26

25
20
28
28
20

36

37

10
16
25
22
12
31

49
5k

72

20

3

e

21

-

b
38
30

@ wn

11

- o f

17

2l

13
10

—

13

34
32

36

Brood 2

71

Combined broods

Hetero- Homo-

zygotes

14

zygotes

67
33
29

@ o

56
24
27
86
62

30
29
3k

26

L2
20
28
52
20
36

14
10

19
6

b5
76

73

10
17

35
28

12
31

Hetero-
zygotes

63
54
78

95
1
36
185
135
59
61
71
43

=
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Line Sublines Brood 1 Brood 2 Combined broods
Homo- Hetero- Homo- Hetero~ Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

15 ’

1x2 29 81 18 54 L7 135
1x3 25 70 39 63 64 133
1x4 31 64 ) 8 35 72
2x3 9 57 - e 9 57
2xh 17 20 - —— 17 20
16 3xk 5 32 s - 5 32
1x2 14 16 - - 14 16
1x3 - - - - - -
1xb 15 46 - - 15 L6
2x3 L5 78 - - Ls 78
2xh - - = - - -
3xh - - - - - -
17
1x2 20 L2 15 33 35 75
1x3 6 14 -— - 6 14
1x4 21 59 30 34 51 93
2x3 21 69 - - 21 69
2x4 2 9 - - 2 9
3xh 16 L2 28 51 Ll 93
18
1x2 20 4s - - 20 L5
1x3 23 51 6 5 29 56
1x4 27 50 25 53 52 103
2x3 33 70 22 35 55 105
2xh 36 L7 - - 36 L
Ixh 21 38 - - 21 38
19
1x2 14 34 5 12 i9 L6
1x3 56 129 12 32 68 161
1x4 8 L8 L 13 i2 61
2x3 19 27 12 14 31 L
2xh - - - - - -
Ixh 32 81 26 64 58 145
20
1}(2 - s = o P . R -
1x3 23 Lé 23 34 L6 80
1x4 26 62 22 61 48 123
2x3 - - = - - -
2x4 18 25 20 87 52 130
3xh 30 52 9 31 39 83
21
1x2 -- - - - - -
1x3 g L6 8 22 17 68
1x4 31 81 21 Ly 52 128
2x3 - L6 _— 14 - 60
2%l - o - - - -

3xh4 25 L8 31 L2 56 90
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Line Sublines Brood 1 Brood 2 Combined broods
Homo~ Hetero~- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

22

1x2 - - - - - -
1x3 - - - - - -
1xk - - - - - -
2%3 6 - - - 6 -
2xh 22 19 - - 22 19
3x4 12 32 73 72 85 104
23
1x2 24 54 22 Lo Lé ol
1x3 - - - = - -
1xl - - - - - -
2x3 - - - -- -- -
2xh 24 71 18 Ll L2 115
Ixl - - - . = - -
2k |
1x2 - - -- - - -
1x3 24 62 - - 24 62
1xh4 22 52 i0 25 32 77
2x3 - - - - - -
2xl - - - - - _—
Ixh i3 53 10 L2 23 95
25
1x2 - - o - - - -
1x3 25 L2 - —— 25 L2
1xh4 14 23 - - 14 23
2x3 9 30 - - 9 30
2x4 24 68 23 68 Lo 136
¢ 3xh 31 36 30 45 61 81
2
1x2 6 6 - - 6 6
1x3 28 56 -13 22 b1 78
1x4 22 36 - - 22 36
2x3 28 67 - - 28 67
2xh 14 21 - - 14 21
2 3xh 43 73 10 17 53 90
1x2 24 63 16 23 Lo 86
1x3 - - - - - -
1xh 2 28 - - 2 28
2x3 - - - - - -
2xh4 - - - - - -
Ixh - - - - - -
28
1x2 - - - - - —
1x3 - - - —-— - -
1xh4 1 17 - - 1 17
2x3 8 6 - - 8 6
2x4 2 7 - - 2 7
3xk 26 65 33 7h 59 139
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Line Sublines Brood 1 Brood 2 Combined broods
Homo-  Hetero- Homo-  Hetero- Homo-  Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

29

ix2 - - - - - -
1x3 39 119 -- -- 39 119
1xh 39 73 39 75 78 148
2x3 - - - e - -
2xl o - - - - -
3xb 22 10 - - 22 10
30
1x2 34 88 - — 34 88
1x3 - - - - - -
1x4 L7 90 - - Ly 90
2x%3 - - - - - -
2x4 33 98 7 17 Lo 115
Ixh - - - - - -
31
1x2 - - - g - -
1x3 5 i3 11 18 16 31
1x4 -— - - - - -
2x3 31 71 16 25 Ly 96
2xh - - - - - -
Ixh 27 61 5 29 32 90
32
1x2 23 37 - 10 23 Ly
1x3 14 37 15 L8 29 85
1xh 15 1 20 26 35 27
2x3 28 ol Ll 36 72 130
2%k - - - - - -
3x4 - - - - - -
33
1x2 - - . - - -
1x3 16 L3 31 37 Ly 80
1x4 20 38 - - 20 38
2x3 - - - - - -
2x4 - - - - - -
3x4 12 i3 - - 12 13
34
1x2 - - - - - -
1x3 : - - - - - -
1xl - - - - - -
2%3 14 51 7 9 21 60
2xl 5 31 - - 5 31
Ixh 30 75 30 66 60 141
35
1x2 - - - - - -
1x3 -= - - - - -
1x4 34 70 - p- 34 70
2x3 - - - g - -
2xl - - - - - -

3xk 3 12 - - 3 12




75

Line Sublines Brood 1 Brood 2 Combined broods
Homo~ Hetero- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

36

1x2 10 32 - - 10 32
1x3 - - - - - -
1xh 30 L2 - - 30 L2
2%x3 28 53 - - 28 53
2xl - - - - - -
37 3xh 35 78 - - 35 78
1x2 37 66 21 69 58 135
1x3 26 78 - - 26 78
1xh - - - - - -
2x3 - -- - - - -
2%k - - - - == =
g 3xh 22 56 10 11 32 67
3
1x2 22 68 13 L7 35 115
1x3 26 50 23 64 b9 114
1x4 13 20 - - 13 20
2X3 25 26 25 53 50 79
2xh 10 9l 14 81 24 175
Ixh L6 76 30 61 76 137
39
1x2 18 62 6 L2 24 104
1x3 - - - - - -
1xh L 69 - - L 69
2%x3 - - - - - -
2xh 29 68 -~ R 29 68
Ixh - - - - - -
Lo
1x2 35 60 - g 35 60
1x3 23 67 24 71 Ly 138
1xh - - - - - -
2%3 25 99 34 104 59 203
2xh g - - - - -
Ix4 - - - - - -
45
ix2 7 L1 12 86 19 127
1x3 - - - - - -
1x4 8 24 - - 8 24
2x3 - - —-_— -, - -
2x4 6 24 1 14 7 38
Ixh - - - - - -
46
1x2 5 17 - - 5 17
1x3 - - - - - -
1xh 27 64 2 3 29 67
2x%3 - - - - - -
2xk 21 60 - - 21 60

Ixh - - - - - -
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Line Sublines Brood 1 Brood 2 Combined broods
Homo- Hetero- Homo- Hetero- Homo- Hetero-
zygotes zygotes zygotes zygotes zygotes zygotes

L7

1x2 17 25 5 18 22 43
1x3 15 30 13 13 28 43
1x4 21 53 25 39 46 92
2x3 8 25 - - 8 25
2xh 33 77 14 L L7 124
Ixh 29 57 14 L8 43 105
L8
1x2 - - - - - -
1x3 - -- - - - -
1x4 - - - - - -
2x3 L1 99 39 95 80 194
2x4 5 6 - - 5 6

3xhk -- 96 -- -- -- 96



APPENDIX 1II

Program computing. expected viabilities and
numbers of loci for the additive and multi-

plicative models.,
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THIS PROGRAM COMPUTES EXPLCTED VIABILITIES AND NUMBERS OF LOCI
FOR THE ADDITIVE AND MULTIPLICATIVE MODELS

(3

11 S(1)=0,99:5(2)=0,95:5(3)=0,90

12 T(1)=12.706:T(2)=4,303:T(3)=3,182:T (4)=2,776:T (5)=2.571
19 PRINT "V,H,N,D,W"

20 INPUT V,H,N,D,U

21 REM V=2ND VIABILITY, H=HALF 2ND VIABILITY

22 REM S(I) = LOCUS VIABILITIES;1=.99,2=,95,3=,90
23 REM N= O, OF SUBLINES;D=S.D. OF SUBLINES

24 REM W= $.D. OVER SUBLINES FOR HALF CHROMOSOMES
25 PRINT "v=";Vv,"H=";H,"N=";N

26 PRINT "D=";D,"w="'3u,

27 PRINT "s(1)=":5(1),"s(2)=":5(2),"s(3)="3S(3)

30 FOR I=1 TO 3:A(I)=(1-V)/(1-S(I)):NEXT I

31 REM A(I)=l0. OF LOCI FOR ADDITIVE MODEL

35 PRINT "A(1)="3A(1),"A(2)=";A(2),"A(3)="3;A(3)

40 FOR I=1 TO 3:M(I)=LOG(V)/LOG(S(I)):NEXT I

41 REM M(I)=NO. OF LOCI FOR MULTIPLICATIVE MODEL
45 PRINT "M(L)="'3M(1),"M(2)="3M(2),"1(3)="3M(3)
46 REM FE(I) AND F(I) ARE HALF CHROMOSOME EXPECTATIONS
50 FOR I=1 TO 3:E(I)=1-0.5%A(I)*(1~S(I)) :NEXT I

55 PRINT "E(1)="3;E(1),"E(2)=":E(2),"E(3)="3E(3)

60 FOR I=1 TO 3:F(I)=S(I)!(0.5%M(I)) :NEXT I

65 PRINT "F(1)=";F(1),"F(2)=";F(2),"F(3)=":F(3)

69 REM COMPUTE 95 % CONFIDENCE LIMITS ON HALF

70 REM CHROMOSOME VIABILITY BY ASSUMING A POISSON
71 REM DISTRIBUTION OF NUMBER OF LOCI AND USING

72 REM S.D.= MEAN TO CALCULATE LOCUS NUMBER LIMITS
73 REM THEN CALCULATE VIABILITY LIMITS

74 REM L=957 CONFIDENCE LIMITS OIl NUMBERS
75 REM P=957% CONFIDENCE LTIMITS ON VIABILITY
76 I¥F N=2 THEN 81

77 IF N=3 THEN 82

78 IF N=4 THEN 83

79 IF N=5 THEN 84

80 IF N=6 THEN 85

81 FOR I=1 TO 3:L(I)=T(1)*(0.5%SOR(A(I))/SOR(N)) :NEXT I:GOTO 86

82 FOR I=1 TO 3:L{I)=T(2)%*(0.5%SQR(A(I))/SOR(N)) NEXT I:COTO 86

83 FOR I=1 TO 3:L(I)=T(3)*(0.5%30R(A(I))/SOR(N)) :NEXT I:COTO 86

84 FOR I=1 TO 3:L(I)=T(4)*(0.5%SQR(A(I))/SOR(N)) MEXT I:G0TO 86

85 FOR I=1 TO 3:L(I)=T(5)#*(0.5%SQR(A(I))/SQR(N)) :NEXT I:G0TO 86

86 FOR I=1 TO 3:PRINT "95% ADD. LOCI LIMIT=";0,5%A(T),L(I)sNEXT
I:G0TO 91

91 FOR I=1 TO 3:Q(I)=L{I)*(1-S(I)):NEXT I

92 FOR I=1 TO 3:PRINT "95% ADD. VIABILITY LIMIT=";E(I),Q(I):NEXT I
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92 FOR I=1 TO 3:PRINT "95% ADD. VIABILITY LIMIT="3;E(I),N(I):NEXT
I

96 IF N=2 THEN 101

97 IF N=3 THEN 102

98 IF N=4 THEN 103

99 IF N=5 THEN 104

100 IF N=6 THEN 105

101 FOR I=1 TO 3:L(I)=T(1)*(0.5%SOR(M(I))/SOR(N)) :NEXT I:G0TO 10
6

102 FOR I=1 TO 3:L(I)=T(2)*(0.5%SQRM(I))/SOR(N)) :NFEXT I:G0TO 10
6

103 FOR I=1 TO 3:L(I)=T(3)*(0.5%*SQRCM(I))/SOR(N)) :NEXT I:GOTO 10
6

104 FOR I=1 TO 3:L(I)=T(4)%*(0.5%SQR(M(I))/SOR(N)) :NEXT I:GOTO 10
6 R
3:L(I)=T(5)*%(0,5%SOR(M(T))/SOR(I) ) :NEXT I1:GOTO 10

105 FOR I=1 TO

6

106 FOR I=1 TO 3:PRINT "95% MULT. LOCI LIMIT="30,5%M(I),L(I):NEX
T I:G0T0 110

110 FOR T=1 TO 3:R(I)=F(I)-=(S{I)1((0.5%M{1)=~L(T)))) :NEXT T

111 FOR I=1 TO 3:PRINT "95% MULT. VIABILITY LIMIT=";F%(I),-R(I):
NEXT I

112 B=W-D:PRINT "WHOLE-HALF S.D.S='";B

113 FOR I=1 TO 3:X(I)=H-E(I):NEXT I

114 FOR I=1 TO 3:PRINT "ADDXTIVE OBS-EXP VIABILITIES=";X(I):NEXT
I

115 FOR I=1 TO 3:Y(IL)=H-F(I):PRINT "MULTIPLICATIVE ORS-EXP VIABI
LITIES=";Y(I):NEXT I

116 END

79



SAMPLE OUTPUT

V,H,H,D, ¥

V= .5 H= .83 N= 6

D= .21 W= ,186 S(1)= .99
S(3)= .9

A(1)= 50 A(2)y= 10 A(3)=5

M(1)= 68,96756393598
M(3)= 6.578813478956
E(L)= .75 E(2)= .75
F(1)= ,70710678119

F(3)= .70710678119

E(3)= 075

95% ADD, LOCI LIMIT= 25 3.710918855208
957 ADD, LOCI LIMIT= 5 1.659573363855
957% ADD, LOCI LIMIT= 2,5 1.173495579447

95% ADD, VIABILITY LIMIT= ,75
95% ADD., VIABILITY LIMIT= .75 8.29786681E-02
95% ADD. VIABILITY LIMIT= ,75 .1173495579447
95% MULT. LOCI LIMIT= 34.48378196799

95% MULT. LOCI LIMIT= 6.756703666975

957 MULT. LOCI LIMIT= 3,282406739478

957 MULT, VIABILITY LIMIT= ,70710678119

957 MULT. VIABILITY LIMIT= ,70710673119

957 MULT. VIABILITY LIMIT= .,70710678119
WHOLE=-HALF S.D,S==2,40000N00E=02

ADDITIVE OBS=EXP VIABILITIES= 8,00000000E=02
ADDITIVE OBS=EXP VIABILITILS= 3,00000000E-02
ADDITIVE OBS-EXP VIABILITIES= 8,00000000E-02
MULTIPLICATIVE OBS-EIP VIABILITIES= ,12289321881
MULTIPLICATIVE OBS-EXP VIABILITIES= ,12289321881
MULTIPLICATIVE 0OBS-EXP VIABILITIES= ,12289321381

3.71091885E=-02

M(2)= 13.51340733395

- F(2)= .70710678119

4,358317839112
1.929207269492
1.346078050393
3,16614499E-02
7.35511651E-02
10774413062
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