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1. THE BASIS OF PREDICTION

IN this series of papers (Bucio Alanis, 1966; Bucio Alanis and Hill, 1966;
Perkins and Jinks, 1 968a and b; Bucio Alanis, Perkins and Jinks, 1969;
Perkins, 1970) we have shown that the means of a pair of inbred lines
(P1 and P2) and their F1 in any environment j, can be described by the
equations,

=
P21 =

and j = + [h] + (1+ J3,) Ej
The conditions under which these equations hold are that

= JJj
and = JJhEj
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that is, the genotype-environment interactions (g) are linear functions (fi) of
the additive environmental component (e).

All the parameters in the equations can be estimated by observing the
inbred and F1 families in a number of environments. Since five of these
parameters, ji, {d], [Ii], Pd and are constants for a particular pair of inbred
lines and their F1, we can predict the means of these families and their stand-
ard errors for any value of the variable ej, whether this is a theoretical value
or one obtained by growing the two inbreds in a particular environment.
Such predictions make no assumptions about the kind of gene action or
interaction involved although they assume that the linear relationship may
be extrapolated to the new environments, i.e., the new values of €5.

To predict the means of generations other than parents and F1's, how-
ever, it is necessary to assume that the additive-dominance model of gene
action is adequate (Bucio Alanis, Perkins and Jinks, 1969). If this assump-
tion holds the expected mean of any generation that can be derived following
a cross between two inbred lines can be written in terms of the parental and
F1 parameters and hence we can predict these means from the values of the
parameters obtained from observations on the parental and F1 families
alone.

In the cross between varieties 1 and 5 of Nicotiana rustica the assumptions
underlying the adequacy of the model have been shown to hold for the
character plant height and the means of F2, B1 and B2 families have been
satisfactorily predicted in each of 16 environments from estimates of the
parameters obtained from parental and F1 families grown in these environ-
ments. To test the powers of prediction further, 21 generations derived from
this cross have been grown in two environments which were two locations
in the season 1965. The structure of the experiment, the means and stand-
ard errors of the generations in the two environments and their expectations
in terms of the parameters of the model are given in table 1. Two replicate
blocks were grown in each environment and all plants were individually
randomised.

2. PREDICTION IN TWO ENvIRONMENTS

The estimates of the five constants of the model obtained from the
parental and F1 generations of the cross 1 x 5 grown in 16 environments
(which do not include the two environments of the present experiment) are

= 44-20

{d] = 289
{] = 5.49

= 035
= 0-24 (Bucio Alanis, Perkins and Jinks, 1969).

To predict the means of the 2 1 generations in table 1 we require an
estimate of the variable ej for each of the two environments. This is obtained
from the means of the parental families (P1 and P2) in environments 1 and
2 as,

= (6O.46+49.92)—jt = 10-99

E2 = (49.2O+4O•96) = 088

Environment 2 is clearly very close to the average of the 16 environ-
ments. Environment 1, on the other hand, is well above average, indeed



NOTES AND COMMENTS 477

TABLE 1

The mean plant height (o) and standard errors (So) of the 21 generationi when grown in two environments, the structure
of the experiments and the modelfor predicting their expected means. (1%/F = numbe,- of families and 1/S = number of

sibs per family in each of the two replicate blocks)

Environment 1 Environment 2

Generations o So NF NS o So NF NS Model

Pj 6046 044 1 80 4920 082 1 40 /L+[d]+(1+a)e
P2 4992 041 1 50 40•96 0•71 1 25 —[d]+(1—Pa)e
F1 6130 033 1 70 5074 080 1 36 /L+[h]+(1+)e,
F2 5724 034 1 150 4856 067 1 70 /L+[h]+(1 +fPh)E
B1 61•53 042 1 80 48•96 090 1 35
B2 55•96 039 1 80 44•76 0•84 1 35 —f[d]+f[h]+(1—d+h)E,
F3 5755 037 40 5 4583 064 15 5 /L+1[h]+(l+1Ph)e
F2xP1 6210 027 40 5 5089 057 15 5
F2xP2 5610 027 40 5 4553 053 15 5 IL—+[d]+[h]+(1— +Pa+kP)€
F2xF1 5893 031 40 5 4855 0•60 15 5 /L+f[h]+(l+fPh)e
F3bip 59•74 034 20 10 48•04 0•74 10 5 ,L+f[hJ+(1+k)ej
B11 6200 045 14 5 49•65 0•33 5 5
B12 58•08 0•48 14 5 4819 1•06 5 5
B2 5320 0•43 14 5 4332 092 5 5
B21 61•16 0•48 14 5 51•80 106 5 5
B1xF1 5967 037 14 10 4936 062 10 5
B2xF1 5692 0•40 14 10 47•87 0•63 10 5 —1[d]+f[h}+(I—a+jp,)€
B1bip 61•30 0•37 7 15 5025 1.00 5 5 ,+f[d]+I[h]+(1+f,9+I)€
B2bip 56•69 045 7 15 4454 089 5 5
B15 5991 035 14 10 4884 073 10 5 +f[d]+k[h}+(1+fPa+k)
B25 55•82 041 14 10 4507 080 10 5

TABLE 2

Comparisons oft/ta expected (E) and observed (0) means of 21 generations grown in two environments.
The observed means and the mode Ifor predicting the exp€cted means are given in table I

Environment 1 Environment 2

Generations E (O-E) V(O-E) E (O-E) V(O-E)

P1 61•93 —147 03364 4828 +092 0822O
P2 48•45 +147 0•3082 4188 —092 O6411
F1 6332 —2•02 0•1704 50•78 —004 06923
F2 5925 —201 01289 4793 +063 04593
B1 6262 —1•09 0•2274 4953 —0•57 08675
B2 55•89 +007 01998 4633 — 157 0•7517
F3 5722 +0•33 01380 4651 —068 04102
F2xP1 6262 —052 01236 4953 +136 03701
F2xP2 5589 +021 0124O 4633 —080 03277
F2x F1 5925 —032 01094 4793 +062 03724
F2bip 59•25 +049 0•1282 4793 +011 05698
B11 62•27 —0•27 02894 48•90 +075 0•1935
B12 59•60 — 152 02691 4856 —0•37 1•1709
B22 52•17 +1•03 0•2666 4411 —0•79 09322

6297 —181 0-2757 50•16 +164 1•1719
B1xF1 6094 —127 01606 4873 +063 04121
B2xF1 5757 —065 0-1823 4713 +074 04214
B1bip 61•61 —031 0-1811 4882 +143 10477
B2bip 5487 + 182 02470 4562 — 108 0•8366
B15 6059 —068 01652 4810 +074 05692
B25 53•85 + 197 02068 4491 +016 0•6843
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reference to Bucio Alanis (1966) shows that only one of the 16 earlier
environments (season 1960) was as extreme as this environment.

We can now predict the expected means of the 21 generations in each
of the two environments by substituting the values of ji, [d], [hJ, fJ,I3h and Ef
in the formulae in table 1. The errors of the expectations are derived from
the errors of their constituent components by the usual method for calculating
the error of any value of the dependent variable predicted by a linear
regression equation (Mather, 1943). The expected means (E) and the
deviations of the observed from expected means (O-E) are given in table 2.
The error variances of the deviations (V(O-E)) have been obtained as the
sum of the error variances of the corresponding observed and expected
means.

The sum of the products of the squared deviations and the reciprocals
of their variances is a x2 for 20 degrees of freedom which tests the goodness
of fit of the 21 observed and expected means, one degree of freedom having
been used to estimate E; from the observed means of the parental families.
The x2 for environment 1 is highly significant (15263, P< 0OO1) while that
for environment 2 is non-significant (286, P> 099). Thus the predictions
show an exccellent fit with the observations in environment 2 but an unsatis-
factory fit in environment 1. It should be noted that the test of goodness of
fit is more sensitive for environment 1 because of the smaller errors of the
generation means in this environment. This difference in sensitivity, how-
ever, would account for only a small fraction of the difference between the
x2' for the two environments.

3. INTERPRETATION

The generation means in environment 2, the average environment, show
the good fit with the predictions that was expected from the earlier, more
limited experiments (Bucio Alanis, Perkins and Jinks, 1969). The failure
to predict the observations from environment 1 can only result from the
failure of one or both of the underlying assumptions.

From the investigations of the original 16 environments we know that
the linear relationship holds for a range of c values from —59 to 1100.
Furthermore, we know that the variation in these values is largely attribut-
able to seasonal variation in one location, the location used for environment 2.
(Three of the 16 environments were from a different location namely,
environments 1, 2 and 3 of Bucio Alanis (1966) but these all had average c;
values). Since the Ef value of environment 2 falls in the centre of the dis-
tribution and its value is largely determined by seasonal factors in 1965 in
the same location the linear relationship would be expected to hold for this
environment. Environment 1, however, not only has an Ef value that is
at the upper extreme of the distribution, but its value is determined by
locational differences that do not apply to any of the earlier values of c; and
seasonal differences which it has in common with environment 2. Hence
there may well be unique environmental agencies relatable to edaphic
factors operating in environment 1.

The adequacy of an additive-dominance model of gene action is readily
tested by fitting an m, [d] and [h] model to the family means in each environ-
ment. This test has already been carried out on the data from environment
1 (Jinks and Perkins, 1969) and it showed a highly significant failure of the
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model (Xs = 6827, P<000l) which was traced to the presence of linked,
interacting genes. The comparable analysis of the data from environment 2,
on the other hand, shows a satisfactory fit with the model (Xs =
P = 0.98). There are, therefore, good reasons why the predictions of the
generation means in environment 1 are unsatisfactory and those in environ-
ment 2, satisfactory.

4. PRACTICAL CONSIDERATIONS

Although the predictions of the generation means in environment 1
must be formally regarded as unsatisfactory on the basis of the x2 test of
goodness of fit, reference to table 2 shows that the deviations between the
observed and expected means are relatively small. Indeed, predictions of
this order of reliability could well be acceptable and of considerable practical
value particularly in circumstances where genotype-environment inter-
actions are present. This is underlined by the high correlation over the 21
generations in environment 1 (r = 0.97) between the observed and predicted
means. Hence we can predict the relative magnitudes if not the absolute
magnitudes of the means in this environment with a high degree of reliability.
If, therefore, information on the relative performances of different genera-
tions, populations or genotypes is sufficient, and this would be sufficient for
many purposes, for example, for selection, the present approach is adequate
even in environment 1. Once, however, we admit that predictions of relative
performances or rankings are sufficient a much simpler approach to predic-
tion is available in certain circumstances. Thus where the regression lines
for the different generations relating the genotype-environment interaction
component of the generation means and the environmental values do not
intersect, the ranking of the means of the generations remains constant
over the environments even though their absolute values may change
considerably. Similarly, if there are intersections and these are clustered
within a certain range of environmental values, rankings will remain con-
stant for environmental values above and below this range but they will
change across it.

In the generations derived from the cross 1 x 5 the intersections of the
linear regression lines are clustered around low values of Ej (negative ejs).
Hence for the remainder of the range, that is, average to high environmental
values (ej = 0 to 11.0) the expected ranking should remain constant. The
best estimate of the ranking over the 16 environments is, of course, the mean
over all environments which is also the expected ranking for ej = 0. This
ranking should, therefore, hold for all values of Ej greater than 0 and hence
it is the expected ranking in environment 1. An equivalent approach is to
derive the expected means of the 21 generations for ej = 0 by substituting
the values of t, [dJ and [h], obtained from the parents and F1's in the 16
environments, in the model in table 1 (flu and Ph will make no contribution
to the expectations for ej = 0).

The value of this prediction of the relative performances of the 21
generations in environment 1 may be tested by calculating the correlation
between these expectations and the observed means. This has a value of
r 094. The simpler approach, therefore, falls little short of the first in
its power to predict the relative performances of the generations in the
special circumstances that apply in the I x 5 cross.
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5. SUMMARY

1. The assumptions that must be satisfied for making predictions over
environments and over generations when genotype-environment interactions
are present are defined.

2. Predictions have been made for the character plant height of the
expected means of 21 generations derived from a cross between inbred
varieties 1 and 5 of Xicotiana rustica when grown in two environments from
estimates of parameters obtained from the inbred varieties and their F1
grown in 16 environments.

3. The predictions were satisfactory for one of the environments which
was of the same kind as the previous 16 environments but not for the other
environment which introduced new environmental factors.

4. The failure of the predictions in one of the environments can be
traced to the failure of the assumption that an additive-dominance model
of gene action is adequate in that environment.

5. In contrast, the relative performances of the 2 1 generations in the
new environments can be reliably predicted in the present data.

6. It is suggested that reliable predictions of relative performances are
sufficient for many purposes and would be of practical value particularly
where genotype-environment interactions are present.
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