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1. INTRODUCTION

KEARSEY and Jinks (1968) have described an extension of the design III
experiment of Comstock and Robinson (1952) that is applicable to any
population irrespective of its mating system and its gene and genotype
frequencies. The extended analysis provides tests for the presence of
epistatic variation in addition to estimates of the additive and dominance
components of variation when epistasis is absent. In the present paper we
shall apply this analysis to a population of inbred lines. A special test for
detecting epistasis under these circumstances will be developed which is only
applicable to inbred lines. The analysis will be illustrated by reference to
two experiments on inbred lines of J'Iicotiana rustica and the results will be
compared with those obtained from earlier investigations of these lines using
alternative analyses.

2. THEORY

The experimental design consists of crossing each of n inbred lines to two
inbred tester lines, L1 and L2, chosen because they are the opposite extreme
phenotypes available for the character under investigation to yield 2n
progeny families each of size r. If each cross is carried out reciprocally the
number of families is doubled. The progeny families along with repre-
sentatives of the n inbred lines are grown in a replicated block design.

The analysis falls into two parts: (i) the test for epistasis, (ii) the estimation
of the additive and dominance components if epistasis is absent.

(i) Test for epistasis
The general test for epistasis which has been described by Kearsey and

Jinks (1968) and which can be used with any kind of population requires a
more complex breeding programme than that just described. In the present
paper we will use a simpler, albeit, a less efficient test that is applicable only
to inbred lines and depends on the fact that for the ith inbred line (where
i = 1 to n)

L1+L2—P, =

where (t+ h1) is a constant for all n lines in the absence of epistasis, j being

the number of loci at which L1 and L2 differ. L1 is the mean of the progeny
of the cross between the ith inbred line and the tester L1, L2, is the mean of
the progeny of the cross between the ith inbred line and the tester L2 and P
is the mean of the ith inbred line.
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It follows, therefore, that the variance of (L1 + L2 —P2) over the i = 1 to
n sets of progenies around the overall mean (x + Lh5) is zero in the absence of

epistasis irrespective of the gene and genotype frequencies among the inbred
lines. Hence, if this variance is significantly greater than the error variance
(a2) we have unambiguous evidence of the presence of non-allelic interactions.

The contribution that non-allelic interactions make to the variance of
(L1+L21—P8) will be illustrated for the two gene case with arbitrary gene
frequencies u and v and a random distribution of the genes among the inbred
lines. The relevant statistics are summarised in table 1.

TABLE I

The expected contributions of non-allelic interactions to (L11 + L2 — F8)
in the two gene case with random gene distributions, where the genotypes

of L1 and L2 are AABB and aabb, respectively

Genotype of inbred Frequency L18 + L,8 — P,
Lines

AABB u,u5
AAbb UVb
aaBB v,,u5 —j,+j,,+i
aabb VVb

The variance of L1 + L2 —P2 is then

(UaUb + VaVb) (UaVb + VaUb) (lab — lab)2+ (uaub+VaVb) (UaVb — VOUb)

(jab jba) [jab Jba + 2ab —2iab] +2VaUb(uavb vut,) (jab jba)2.

This variance is independent of additive and dominance effects and depends
solely on the presence of epistatic effects. It should be noted, however, that
in the special case where ab = 1ab and ab = j this variance reduces to zero
even though epistasis is present. It follows, therefore, that when these
relationships hold for all pairs of interacting genes this test for epistasis will
fail to detect its presence; a weakness it shares with most tests for epistasis.

A further weakness of this test is that if, in spite of L1 and L5 being the
most extreme phenotypes available, they are homozygous for the same allele
at loci for which the lines under test carry different alleles, then L1 + L21 —P.
is no longer constant even in the absence of non-allelic interactions. Hence,
under these circumstances it is no longer an unambiguous method for
detecting non-allelic interactions. These circumstances, however, do not
upset the more general test of Kearsey and Jinks (1968). Where L1 and L2
are chosen from a collection of inbred lines with diverse origins the risk that
they will not differ at all loci at which the lines under test differ is greater than
where they are extreme selections derived from the same initial population
as the lines under test (see, for example, section 3 experiments A and B).

(ii) Estimation of Additive and Dominance effects

When epistasis is absent the analysis follows the procedure described by
Kearsey and Jinks. The nature of the expectations, however, depends on the
composition of the inbred population. If the genes are distributed at random
then

cr = uvd = ID
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and a = uvh =

if the genes are not distributed at random

2 — d2-'-''Dm — 1k k —
jic

and a = Euvh±2Dlkhjhk=j jk
Where D,k is the linkage disequilibrium between the jth and kth loci in

the gametes which produce the population.
Since L1 and L2 will have been chosen so that the maximum number of

genes will be in the association phase the sign of 2 DIk h hk will be positive.
jic

Hence in both situations a/cr will measure the dominance ratio. In all
cases a2 will be an estimate of E2.

One further useful statistic can be obtained that was not discussed by
Kearsey and Jinks, this is the covariance of L1, + L2 on L11 —L2 for all
values of i. In the absence of epistasis and correlated gene distributions this
covariance has the expectation:

covsum/diff = — E uvd,.h5 = —

F, therefore, has the same coefficient as D and H1 but it measures the
sum of the products of the d and h terms. Both the magnitude and the sign
of the covariance provide information about the magnitude and direction of
dominance which supplements that obtained from a1. To determine
whether or not the covariance is significant it can be converted into a
correlation coefficient with (n —3) degrees of freedom.

Covsum/djff
TsumIdJff = /

V Vsum X VdIff

which in terms of our model equals

uvd2h,

( uvd + ra2) ( uvh + ro)

A number of situations can occur in practise each of which has its own
unique interpretation. These are:

(1) a1 is significant and Tsumldiff is significant

This means that there is a dominance contribution to the variation and
the dominance is predominantly in one direction. The nearer that T$umfj
approaches a value of one the greater the directional element. By examining
the sign of F (which is the opposite of the sign of the covariance) the pre-
dominant direction of the dominance effects can be determined. If F is
positive then the increasing allele is dominant more often than the decreasing
allele; if F is negative, the reverse is true.

(2) a1 is sign jficant and TsumJff jS non-significant

This means that there is a dominance contribution to the variation but
the dominance is ambidirectional, increasing and decreasing alleles being
dominant and recessive to the same extent.
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(3) a is non-significant and Tsum/djff is non-significant

This means that there is no evidence of a dominance contribution to the
variation. The only remaining possibility, where a is non-significant and
Tm/jjff significant, is trivial and could only arise as a result of sampling error.

3. ANALYSIS

A. Experiment I. Population of 20 inbred lines with equal gene frequencies.
The population of inbred lines consisted of 20 F9 families each derived

from an independent plant of an F2 of a cross between varieties 1 and 5 of
JVIcotiana rustica (Mather and Vines, 1952). These 20 lines were crossed in all
possible combinations, including reciprocal crosses, to give a diallel set. Our
immediate interest, however, is with the crosses between the 20 lines and the
two extreme lines for the characters final height and flowering time. These
extreme lines proved to be the same for both characters, namely, lines 5 and
17. The crosses along with the 20 inbred lines, which were now F10's, were
grown in two replicate randomised blocks, each block containing one plot
of five plants for each of the reciprocal crosses and two plots of five plants for
each of the inbred lines.

Because all the plants in any one family had correlated environments
during the seedling stage prior to planting in the experimental field (Jinks,
1956) the difference between reciprocal crosses within blocks, which were
independently randomised at all stages, will be used as the source of the error
variance (a2).

(i) Test for epistasis
The variances of (L1 + L2 —P) for i = 1 to 20 for final height and for

flowering time were non-significant when tested against the appropriate
error variance (table 2). There is, therefore, no reason to believe that an
additive-dominance model is inadequate for either character.

TABLE 2

Test for epistasis

Final height Flowering time

Expt. 1 N.S. N.S.
Expt. 2
Season 1 * +

2 * N.S.
3 * N.S.

significant epistasis, * = P<01%; + = P near 1%.

(ii) Fitting an additive-dominance model

The analysis of variance of sums (L1 + L2) and differences (L12 —L2)
for the two characters are summarised in table 3. The analyses have been
carried out on plot means hence r is effectively 1. Since each cross is repre-
sented by four plots (two blocks, two reciprocals per block) the coefficient of
both cr and a is 8.

The sum and difference mean squares are highly significant when tested
against the error mean squares for both characters. Hence, there is a
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significant additive and dominance component of variation for both char-
acters. The estimate of the a2's and the components derived from them,
namely, D, H1, and E2 are given in tables 3 and 4 respectively. The estimates
of F obtained from the covariance of sums and differences are also given in
table 4. For final height the correlation between sums and differences is
non-significant ((r = —0156, P >0.20) but for flowering time it is significant

TABIa 3

Experiment 1. Analysis of variance for sums and differences

Final height Flowering time
A ______ ______

df MS df MS EM.S.

Sums 19 77.59* 19 25.18* a'+8a2
Differences 19 16.06* 19 10.20* '+8a2
Blocks 1 68.38t 1 62.13* a'+80o
Error 115 946 Ill 3•58 2

852 270

on1 083 083
946 358

*, P = <0.1%; t, P = 0.1—1.0%.

TABLE 4

Experiment 1. A comparison between the estimates of the additive, dominance and environ-
mental components of variation obtained in the new analysis and those previously obtained from

the analysis of the diallel

Final height Flowering time

Component Diallel New analysis Diallel New analysis

D 3649 34•06 1420 l080
H1 360 3.30 191 33l
H, 028 — 129 —

F* 12•20 276 607 —5•21
9.70 9•46 298 358

* F has a different expectation in the diallel and in the new analysis.

(r = 0650, P = 0.01-0.001). Since for height, F is not significantly different
from zero there is no evidence of directional dominance. There is, how-
ever, clear evidence of a low level of dominance for height (dominance ratio

= 0.31) hence the dominance must be ambidirectional.

For flowering time F is significant and negative. Hence the low level of

dominance (dominance ratio = 0.55) must result from a preponder-

ance of dominant decreasing genes, i.e. there is a low level of dominance for
the early flowering genes.

D
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B. Experiment 2. Population of eight inbred lines of diverse origins.
The eight inbred lines were a representative sample from a world col-

lection (over 60) of inbred lines of .J'ficotiana rustica maintained at Birmingham.
Each of the eight lines were crossed to the two extremes which were lines 4
and 7 for final height and lines 3 and 7 for flowering time. All crosses were
made reciprocally and were grown as part of a much larger crossing pro-
gramme in three successive seasons. Each cross was represented by a single
plot of five plants in each of two replicate randomised blocks. Each inbred
line was also represented by one plot of five plants per block in the first two
seasons and by two plots of five plants per block in the third. As in experi-
ment 1, the difference between reciprocal crosses was used to estimate the
error variance to overcome the effects of correlated seedling environments on
the replicate block differences.

(i) Test for epistasis
The results of the test for the presence of epistasis for both characters in

each of three seasons are summarised in table 2. Final height consistently
shows significant variation for L1 + L21 — over the eight lines in all three
seasons while flowering time shows significant variation in the first season
only. If we are correct in assuming that the varieties chosen to be L1 and L2
differ at all loci, this result indicates the presence of epistasis for height in all
three seasons and for flowering time in the first season. On the other hand, a
part or the whole of the significant variation could, in the present instance,
be due to the failure of this assumption (see section 2 (i)). It is extremely
unlikely, however, that such a failure could account for all or even most of
the variation because of its magnitude. Thus for final height this variation
accounts for over a quarter of the variation ascribable to the additive and
dominance components of variation and this would require that the tester
lines had identical alleles at half the loci for which the lines under test differ.
We can conclude, therefore, that the significant variation for L12 + L21 —P.
must largely be due to epistasis. There would appear, therefore, to be
little point in fitting an additive and dominance model to final height.

For flowering time there is evidence of epistasis in the first but not in the
last two seasons. However, the evidence from other analyses of flowering
time presented in section 4 (ii) is inconsistent, some tests showing the presence
and others the absence of epistasis in each of the three seasons. It seems
likely, therefore, that the level of epistasis is low in that it only reaches
significance in certain tests in certain seasons. We shall, therefore, estimate
the additive and dominance components for all of them.

(ii) Fitting an Additive-dominance model

The analysis of variance of sums and differences for flowering time in the
three seasons are summarised in table 5. Both the sum and difference mean
squares are significant when tested against the error mean squares in all
seasons. Hence, there are significant additive and dominance components
of variation in these seasons.

The estimates of the a2's and the estimates of D, H1, and E2 derived from
them are given in tables 5 and 6 respectively. Also included in table 6 are
the estimates of F obtained from the covariance of sums and differences.
The correlation coefficients testing the significance of F are significant in all
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seasons (r = 067, 093 and 091 respectively). Hence, F is consistently
negative and significantly different from zero. There is, therefore, incom-

plete dominance the dominance ratio, equals 047, 0.50 and 074)

TABLE 5

Experiment 2. Analysis of variance of sums and differences

Flowering time

1951 1952 1953

df MS df MS df MS E.M.S.

Sums 7 282.42* 7 84.29* 7 324.24* a2+8a2
Differences 7 6&42" 7 29.37 7 186.46* a2+8aj
Error 42 578 42 l07l 44 l533 2

3458 9•20 33•6l

758 233 21•39

578 l0•71 1533

*, P = <0.1%; , P= 1-5%

TABLE 6

Experiment2. A comparison between the estimates of the additive, dominance and environmental components of variation
for flowering time obtained in the new analysis and those previously obtainedfrom the analysis of the diallel

Season

1 2 3

Diallel Diallel

New Perfect Least New Perfect Least New

Component Diallel analysis fit squares analysis fit squares analysis

D 10257 13832 1659 2003± 316 3679 14795 l3198± 393 15445

H1 51•73 30•32 84O 443±2007 933 88•02 75•08±2l'84 85•56

H2 3595 — 7.74 2'16±2036 — 6930 6555±2527 —
F* 1657 —4596 —040 5•29±1445 —2304 40•47 3l•08±l700 —l1l58
E2 256 578 337 337t l07l 51l 5llt l533

* F has a different expectation in the diallel and new analysis.
The perfect fit solution of E2 was used to obtain the least squares estimates of the other parameters

(Jinks, 1956).

in the direction of early flowering. This conclusion agrees with that from
the analysis of the 20 inbred lines (section 3, expt. 1 (ii)). It should, how-
ever, be borne in mind that the additive and dominance components in the
8 x 8 diallel will be biassed to some extent by the low level of epistasis that is
detected by one or more of the tests in every season.

4. COMPARISON WITH ALTERNATIVE ANALYSES

The population of 20 inbred lines of experiment 1 and the eight inbred
lines of experiment 2 have been extensively investigated by alternative and
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more complex breeding programmes than those described in the present
paper. We can, therefore, compare the outcome of the past and present
analyses.

(i) Experiment 1
The 20 inbred lines have been investigated by a complete 20 x 20 diallel

set of crosses, including reciprocals, grown in two replicated blocks. The
Hayman (1954) analysis of variance of the data for final height and flowering
time showed the presence of significant additive and non-additive com-
ponents of variation for both characters. The Wr/ Vr analysis (Jinks, 1954)
showed that the non-additive variation for height could be traced to a low
level of ambidirectional dominance, there being no evidence of non-allelic
interactions. For flowering time, on the other hand, the Wr/Vr analysis
indicates a low level of dominance in the direction of early flowering but in
addition there is some suggestion of the presence of non-allelic interactions
or of correlated gene distributions (P = 0.05); Wr having a curvilinear
relationship to Vr of a kind that is consistent with the presence of duplicate
gene interactions.

The estimates of the components of variation (Jinks, 1954), assuming an
additive-dominance model, are given for both flowering time and height in
table 4. Three of these diallel components, namely, D, H1 and E2 have the
same expectations as the D, H1 and E2 of the new analysis (table 4) hence
they can be compared directly. The two F's, however, have different
expectations and are therefore not directly comparable, the new F being

4uvdh5 and the diallel F, 8uu(u—v)dh,. Irrespective of the direction of
S .5
dominance, the two F's will always have the same sign if u on average is
greater than v and the opposite signs if u on average is smaller than v. As u
approaches v in value i.e. equal gene frequencies, the new F will be larger than
the diallel F. Whereas, when u or v approaches unity the F of the new
analysis will be the smaller.

In the present instance the new F is not significantly different from zero
for height, indicating ambidirectional dominance. For flowering time the F
of the new analysis is significant and negative while that for the diallel is the
same order of magnitude but positive. This result is expected when the
decreasing genes, which for flowering time are the dominant genes, are
somewhat more frequent than their increasing alleles.

The D, H1 and E2 estimates for height and flowering time for the 20 x 20
diallel set of crosses and for the 2 x 20 set of the new analysis (table 4) are
virtually identical. Hence we can conclude that the new analysis of the
much smaller experiment has yielded the same information as the more
extensive diallel analysis.

(ii) Experiment 2
The eight inbred lines of the second experiment have also been investi-

gated by a complete 8 x 8 diallel set of crosses grown in three successive
seasons (Jinks, 1954, 1956). The results of the analyses have been reported
in a number of papers (Jinks, 1954, 1956; Jinks and Jones, 1958; Jinks and
Stevens, 1959; Hayman, 1954, 1957) and only the main conclusions will be
summarised here.
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There is consistent evidence from four sources that there are non-allelic
interactions among the genes controlling height in each of the three seasons.

1. The linear relationship between Wr and Vr, which is expected if non-
allelic interactions are absent, was not obtained in any season. (Jinks, 1954,
1956).

2. The individual and joint scaling tests, which uniquely detect the
presence of non-allelic interactions, indicated its presence in 11 out of 28
crosses and 14 out of 28 crosses of the diallel set in the two seasons in which
they could be carried out (Jinks, 1956; Jinks and Jones, 1958).

3. Estimates of the non-allelic interaction components of the generation
means were significantly different from zero for the same crosses of the diallel
set that showed the presence of interactions on the scaling tests (Jinks and
Jones, 1958; Jinks and Stevens, 1959).

4. A model which assumed the absence of a non-allelic interaction com-
ponent of the variation within segregating generations was inadequate in the
two seasons in which it could be tested. Since all other factors which could
adversely affect the fit of the model, including linkage, were allowed for its
failure is unambiguous evidence of the presence of non-allelic interactions
(Jinks, 1956).

The new analysis agrees with all the previous evidence in showing non-
allelic interactions for height. Because of the presence of these interactions
there is little point in estimating the additive and dominance components of
variation either by the new analysis or by any other analysis. There is,
however, one direction in which the analyses can be pursued further, namely,
in locating the particular pairwise crosses between the inbred lines which are
responsible for the non-allelic interactions. These were previously located
both by the Wr/Vr analysis and by the scaling tests (Jinks, 1954, 1956). In
the new analysis we can attempt to locate the inbred lines responsible for the
interactions by examining the magnitude of L11 + L2 — P1 for each line. This
is constant over all lines and equal to (/L + h5) only in the absence of inter-

actions. Lines that interact with the testers L1 and L2 might be expected,
therefore, to show the greatest deviations in the value of L11 + L21 — P1 from its
mean value over all lines. Earlier analyses (Jinks, 1954, 1956) have shown
that the crosses between the testers and lines 1, 3, 6 and 8 in season 2 and
1, 3, 5, 6 and 8 in season 3 exhibit epistasis. Examination of the eight values of
L-i-L21—P1 show that those for i = 1 and 3 in season 2 and i = 1, 6 and 8
in season 3 have the largest deviations from the mean value. Thus the new
analysis allows us to locate the parental lines responsible for the epistasis in
five out of nine of the known cases.

The various methods of detecting non-allelic interactions are not con-
sistent in indicating the presence or absence of interaction for flowering time
in any one season.

I. The Wr/ Vr relationship did not indicate the presence of significant
non-allelic interactions in any of the three seasons although the Wr/ Vr
relationship is consistent with the presence of duplicate gene inter-
actions in all seasons (Jinks, 1954, 1956).

2. The scaling tests which could only be applied to the last two of the
three seasons, indicated the presence of non.-allelic interactions only in
the third season (Jinks, 1956).

D2
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3. A model which assumed that there was no non-allelic interaction
component of the variation within segregating generations was
inadequate in the two seasons in which it could be tested, namely the
second and third seasons.

Thus we have some evidence for the presence of non-allelic interactions
in every season but consistent evidence over all tests for the third season only.
This contrasts with the outcome of the new analysis which indicates the
presence of non-allelic interactions in the first season only. This inconsistency
which is not surprising in view of the presence of genotype-environmental
interaction that produces a tenfold difference in total variation between
seasons, suggests that epistasis is not a major source of variation for flowering
time in most seasons. We can, therefore, usefully compare the estimates of
the additive and dominance components of the variation in each of the three
seasons for the new analysis and the diallel analysis obtained by assuming no
epistasis (table 6). Both within seasons and between seasons the relative
magnitudes of the estimates of D and H1 are remarkably consistent between
the new analysis and the diallel analysis. The F's differ as expected. The F
from the new analysis is larger in magnitude and opposite in sign to the
diallel F in every season. This suggests that on average v must be somewhat
larger than u, i.e. there is an excess of decreasing genes which for flowering
time, are the dominant alleles. Once again the new analysis based on 2 x 8
crosses has yielded comparable information to the more extensive analysis
based on 8 x 8 sets of diallel crosses carried to the F2 and first backcross
generations.

5. Dscussxo

In the last section we have shown that the same quantitative and quali-
tative conclusions can often be drawn from the new analysis involving few
crosses (2 x n) as from the complete diallel set (n2), even when the latter is
supplemented by information from the F2 and first backcross generations.
Thus the test for epistasis in the two analyses gave identical answers for
height in both experiments. For flowering time in experiment 2, on the
other hand, there were inconsistencies between the new analysis and the
diallel analysis but there were equally marked discrepancies in the diallel
analysis between seasons and between the alternative tests. Similarly, in
experiment I there is a suggestion of duplicate gene interaction (P =0.05)
from the Wr/Vr test in the diallel analysis of flowering time which is not
detected by the new analysis carried out on data extracted from this diallel.
Unfortunately, there are no further tests that can be applied to this data to
confirm either the presence or absence of interactions. There is, however,
evidence of duplicate gene interaction in other generations derived from the
same initial cross when grown in some seasons, but not in others (Opsahl,
1956; Mather and Vines, 1952). This situation is similar to that found for
the same character in experiment 2 where there were indications of the
presence of duplicate gene interactions in different tests in different seasons.
There are, therefore, clear indications of genotype-environmental interactions
over seasons for flowering time which affect the genic interactions as well as
possible differences in the sensitivities and reliabilities of alternative methods
of detecting their presence.

In all cases, where comparisons have been made, the estimates of the
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additive and dominance components of variation obtained from the new
analysis are remarkably similar to those obtained from the full diallel analysis.
Furthermore, the new analysis has the advantage of providing tests of
significance for the two components prior to their estimation and the
estimates are uncorrelated.

The diallel analysis provides estimates of two parameters, F and H2,
which are not obtainable from the new analysis. These allow us to determine
the relative frequencies of dominant to recessive genes and of increasing to
decreasing genes in the parental populations. The new analysis, however,
provides an estimate of a parameter similar to F, (and designated F) which
allows us to distinguish between directional and ambidirectional dominance
and to determine the direction of the dominance, i.e. positive or negative.

An important point which is illustrated by the analyses described in this
paper is the danger of fitting an additive-dominance model before first
determining whether or not such a model is adequate. The failure of the
approaches typified by the three designs of Comstock and Robinson (1952)
and the designs commonly used by animal breeders (see Falconer, 1964 for
details) to provide tests of the adequacy of their models means that the
estimates of additive and dominance components of variation they provide
are frequently biassed to an unknown extent by epistatic variation. Equally
the failure to provide tests for the presence of epistasis, let alone methods for
estimating its magnitude and nature, has led to serious underestimation of
the importance of the epistatic component of variation and a failure to
recognise its contribution to heterosis. It is no longer possible to justify the
use of a biometrical genetical analysis which does not have a built-in test
for epistasis now that its widespread occurence, particularly for characters
which are directly related to fitness, has been established.

A number of alternative methods for detecting epistasis are now available
covering almost every kind of biological material and breeding system.
These methods include scaling tests, (Mather, 1949; Cavalli, 1952; Jinks,
1956; Jinks and Jones, 1958), the Wr/ Vr relationship (Jinks, 1954), the
triple test-cross (Kearsey and Jinks, 1968) and the test described in the
present paper.

The scaling tests in their original and variously modified forms provide
unambiguous methods for detecting the presence of epistasis in the genera-
tions derivable from an initial cross between a pair of inbred lines. For these
tests to be effective, the F2 and first backcross generations are the minimum
that must be raised. The Wr/Vr relationship, similarly, provides a test for
epistasis in multiline crosses between inbred lines which is applicable as
early as the F1 generation. However, because this test depends on the fact
that Wr — Vr is constant over arrays in the absence of epistasis, it lacks the
statistical precision of the scaling tests since there is no entirely satisfactory
way of testing this expectation. In general a combination of a joint regres-
sion analysis of Wr on Vr and an analysis of variance of (Wr — Vr), both of
which use an empirical error derived from differences between replicate
blocks, have been used to detect deviations from the expectation that
(Wr — Vr) is a constant. The Wr/ Vr test is also ambiguous in that it can fail
because of correlated gene distributions (Jinks, 1956), although no failure
has been traced to this cause except where correlations were deliberately
introduced (Hill, 1964).

The triple test-cross described by Kearsey and Jinks (1968) is applicable
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to the first generation crosses between the members of any population and
two inbred lines and their F1. It, therefore, takes no more generations to
carry out than the Wr/ Vr test, but it has the advantage of being unambiguous,
statistically reliable and universal in its applicability.

The new test described in the present paper retains many of these
advantages but its use is confined to a population of inbred lines. It is
however less efficient in that there are two sets of conditions in which it
could give misleading results. Thus it may wrongly indicate the presence of
epistasis if the tester lines do not differ at all the loci for which the lines under
test differ and it fails to indicate its presence in the unlikely event that for all
pairs of interacting genes ab =l and Jab = Jba. The latter type of failure,
which results from the balancing out of the interactions, occurs for particular
sets of relative values and signs of the interaction parameters in almost every
test that has been devised. The other cause of failure is unique to this test.
However, this cause of failure is also unlikely to be important except when
the testers have been derived independently of one another and of the
population being tested. And even here it is unlikely that the testers, chosen
because their phenotypes are opposite extremes, would have a sufficiently
high proportion of genes in common as to produce a misleading result.

One danger of the smaller 2 x n crossing programme compared with the
full diallel of n2 crosses is that if the non-allelic interactions are confined to
crosses between pairs of lines which do not include one or the other of the
tester lines, L1 and L2, they will not be detected by the former design.
This could well have occurred in the second experiment, the 8 x 8 diallel
between inbred lines of diverse origins, where the non-allelic interactions are
known to be confined to specific crosses. However, L1 was a line which
showed marked interaction with the other lines for final height. Hence, the
presence of epistasis for final height was detected by the smaller design.
Nevertheless, the possibility of not detecting an epistatic component of the
variation although it is an important part of the genetical architecture,
should be borne in mind whenever the tester lines are extreme phenotypes
chosen from unrelated inbred lines.

6. SUMMARY

1. A new analysis for detecting additive, dominance and epistatic
variation applicable to populations of inbred lines is described.

2. The analysis is illustrated by data on final height and flowering time
taken from a 20 x 20 and an 8 x 8 diallel of J1icotiana rustica lines.

3. The results are compared with those obtained from the original diallel
analyses and scaling tests.

4. The conclusions drawn from the new analysis show remarkably good
agreement with those from the more extensive diallel analyses.

5. Hence the new analysis which requires only 2 x n crosses out of the
diallel set of n2 crosses yields the same information as the full diallel analysis
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