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N previous papers (Jinks 1954, 1956) the analysis of the parents, F,’s, F,’s and

backcross generations of an 8 X 8 diallel between inbred varieties of Nico-
tiana rustica using the method of diallel analysis described by Jinks and Hav-
MAN (1953), and extended by Jinks (1954), Havyman (1954), DickiNsoN and
Jinks (1956) and Jings (1956) have been presented. They showed that non-
allelic interactions, as well as additive and dominance effects, play an important
role in the inheritance of all the three characters followed, namely, final height,
time of flowering and leaf size. This finding was subsequently confirmed for a
number of diallel sets of crosses in other species where a wide range of characters
were followed (Jinks 1955; ArLarp 1956). What is more important to our pres-
ent discussion, however, was the finding that the F, generation of crosses show-
ing nonallelic interactions were in general superior in their performance to those
of noninteracting crosses. This appears to implicate nonallelic interactions as a
major source of heterosis, and we shall now attempt to assess the magnitude of
their contribution relative to those of the other components of heterosis.

T he components of heterosis

If we define heterosis as the difference between the mean of an F, family and
that of its better parent, the expectations can be expressed in terms of the genetic
parameters for additivity (d) and dominance (k) (Matuer 1949) and the non-
allelic interaction components (i, j, and /) of Hayman and Marser (1955) to-
‘gether with parameters expressing the degree of association or dispersion of the
genes in the homozygous parents.

Consider first the case in which all genes have similar effects, and all pairs of
genes similar interactions. Let the parents P, and P, differ at & loci, and of these
let P, have £’ of greater effect. Of the 14k (£ — 1) pairs of loci, &’ (kK — k') are
dispersed and the remainder associated. The mean parental phenotypes are then
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r may be taken as a measure of the degree of association for if » = 1, P, contains
all the genes of greater effect, and if r = — 1, P, contains all the genes of greater
effect. In either case there is complete association. If on the other hand r = 0,
k” = Yk so that the genes of greater effect are equally shared between P, and P,,
giving the maximum possible dispersion.

It is convenient to write the equation for the mean parental phenotype more
shortly as

= [d] + 1] = %] + %Al

k —1

WW

2

where [d] = r3d, [i] = Ez, (71 =r3;, [I] = 2L

Writing in addition
(h] = 2h
we have (c.f. Hayman and Mataer 1955 Table 3)

F, = 14[h]
F, = Y% ([h] + %4 [11)

= Y% (*[d] + [A] + % [:])

MH

S

F, = [A] + 1[0
The scaling tests become

A=P,+F,—2B, = 1% ([~ [j] + [1).C = P, + P, + 2F, — 4F, = 2[i1+1[]]
B=P,+F,~2B,= Y% ([1+[j1+[11). D=P, + P, + 9F, — 4F, = 2[i] + %4 ]

The quantities [d], [4], [], [j] and [I] may be estimated using the following
relations.

[d] =B, - B, [j] = 2B, — P, — 2B, +P,
[k] = F, — 4F, — %P, — %P, + 2B, + 2B,
[i] = 2B, + 2B, — 4F, [{] =P, + P,+oF, + 4F, — 4B, — 4B,

The better parent is

P, =|[d] — %[j1 |+ [i1 + 14111

where | [d] — %]j] | means the absolute value, without regard to sign, of [d]
— 14 [7]. Hence measure of heterosis is

F,—P,= |[h] — [1]] —| [d] — %[j]] _ .
[7] — [i] — [d] + Y%[j] if [A]>[z] and [d]> %))
[A] = [+ [d] — %[l - - - [d]<Al]]

—[A] + [ — [d] + %071 - [RI<[] -+ [d]>%1]]

— [A1+ [+ [d] = %01 - o [d]<$]]
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When the condition that different loci shall have equal effects is relaxed, it
becomes necessary to take account of the differences in effect when assessing the
degree of association. A locus at which two possible allelomorphs had almost
identical effects could clearly make only a small contribution to the effective
degree of association or dispersion. However, all the above formulae remain valid
except those connecting [d], [7] and [j] with the basic model.

This is easily seen if we write d,* = = d, andj, | »* = * Ja | » according as
P, or P, carries the gene of greater average effect at the A locus, and ip = % i
according as the genes at the loci A and B are associated or dispersed. Then

% = =S4 + it x 13t 4 1430
2
B, = Y% (Sd* + Zh) + 143

etc., and the formulae are of the same form as those described above for the special
case of equal genic effects, except that we now have '
[d] = 2d*, [k] = Zh, [i] = Zi*, [j] = Zj* and [{] = =L
An equivalent form is
[d] =riZd, [1] = q:ZL, []] = r;Zj
where now r; and r; are the degree of association reckoned as before, except that
each locus A4 is assigned a score equal to d, or Zj.|, respectively, instead of
simply 1, when the number of loci are being counted. Similarly, g; is the propor-
tion of associated pairs minus that of the dispersed pairs, the counting being car-
ried out with scores equal to 7. Since some of the 7’s and j’s may be negative, q;
and r; are not restricted to being less than 1 in absolute value. :

Classification of nonallelic interactions

For two interacting genes the relationship between the parameters for non-
allelic interactions and the classical interactions have been given by Hayman and
Matuer (1955). For example, classical complementary genes are given by the
relationship d,=dy = b = hy = 3/2 (i = Jolp = Jo|a = lw) and duplicate
genes by do=dy=h,=h,= — Y% (iw = jolv = Js|c = ln) while other classi-
cal interactions can be derived from these by inequality of d, and d.

The classical interaction can, however, be divided into two groups, those where
the over-all effects of the nonallelic interactions reinforce the effects of domi-
nance, e.g. complementary genes, recessive epistasis, etc., and those where the
two effects are opposing, e.g., duplicate genes, dominant epistasis, etc. Where we
are dealing with the sum or balance of the effects of many genes, inequalities in
the contribution of individual genes (such as distinguish complementary genes
and recessive epistasis or duplicate genes and dominant epistasis) would be diffi-
cult or impossible to detect: the only feature of the classical classification we can
profitably utilize, therefore, is the distinction between reinforcing and opposing
interactions. These will be referred to as complementary and duplicate type
interactions respectively.

In practise the classification must primarily depend on the relative signs .of
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1['h] and [I] as only these two components of the generation means are inde-
pendent of the degree of association, which can itself take sign, and hence affect
the sign of [d], [i] and [}] independently of the sign of 2d, 2j and 1.

OBSERVATIONS AND DISCUSSION
Nonallelic interactions and heterosis

. The experimental design of the 8 X 8 diallel set of crosses between inbred va-
rieties of /V. rustica has been described in detail elsewhere. In general only the
two seasons 1952 and 53, when parents, F,’s, F,’s, and backcrosses were grown
simultaneously, concern us here.

For the data collected in both seasons the analysis of the family means for the
character final height showed apparent overdominance and deviation of the
W,/V . regression from a linear slope of 1, hence there was disagreement with
the assumption of independence of the genes (Jinks 1954, 1956). The suggestion
that this failure of the assumption was due to the dependence of the genes in their
action (Jinks 1954) i.e. nonallelic interaction, was borne out by the scaling tests
of MaTaER (1949) and an analysis of the components of variation (JiNnks 1956).

The A, B and C scaling tests of MATHER were combined into a joint test using
the squared standard deviations of the generation means averaged over all crosses
as weights (Cavarrr 1952). This joint test detected 10 crosses showing significant
(P «0.05) nonallelic interaction in 1952 and the same 10 plus 2 others in 1953
(Jings 1956). However, while this test allowed for different nonheritable com-
ponents of variation in different generations, it did not allow for differences be-
tween crosses for the magnitude of this component. Reanalyses have therefore
been made for comparison, using the variance of the generation means appropri-
ate to each individual cross. The degrees of freedom available for estimating the
nonheritable components of each generation mean for a single cross in our ex-
perimental design are as follows: —

Degrees of freedom of the nonheritable components of variation

Total

Generation Reciprocal Duplicate Recips. degrees of
mean differences plots Blocks X blocks freedom-
P andP, .......... . 2 1 . 3
F, oo, 1 1 1 3
F, oo 1 4 1 1 7
B,andB, .......... 1 1 1 3

* Only 1 df available in 1952 making total for each parent P; and P: 2 df.

Since our comparisons will be between the means of plots, the degrees of free-
dom for the nonheritable components of variation are based on comparisons be-
tween replicate plot means of each generation grown in each season. Every plot,
‘however, contains five plants, so that in all we have 20 plants of each parent (ten



COMPONENTS OF HETEROSIS 227

in 1952), F, and backcross (B, and B,) generation and 40 F, plants for each cross
in each season.

The estimated variances and their degrees of freedom for the scaling tests are
given by MaTHER (1949). For example, the variance for the C scaling test is
given by V= V—— + V- + 4V— + 16V— in our own case for 12 and 16 de-

grees of freedom in 1952 and 1953 respectlvely

The same type of expectation holds for the components of the generation

means. Thus the variance of [7] is given by V[i] == 4~VB— + 4'V;— + 16VF— for 13
1 B 2 2
degrees of freedom in both seasons.

Before, however, proceeding with the scaling tests and the estimation of the
components of the generation means the sums of squares corresponding with the
degrees of freedom listed above were estimated for each of the 28 crosses. These
were pooled to give the variance of each of the generation means only if they
were homogeneous.

A comparison of the crosses which show significant nonallelic interaction
(P «0.05) in these new tests and those which were significant in the earlier
joint scaling tests in 1952 is given in Table 1.

All the ten crosses which showed nonallelic interactions on the joint scaling test
show high significance for at least one of the individual scaling tests using errors
appropriate to the generation means of individual crosses. In addition, four
crosses which were not significant on the joint scaling test now show significance
for one or other of the individual scaling tests.

Overall, therefore, 14 of the 28 crosses in 1952 give some indication of signifi-
cant nonallelic interactions. For 1953 the overall total is 17 compared with 12 on

TABLE 1

The incidence of nonallelic interactions (+) as detected by the scaling tests for 1952

Scaling tests Joint sealing test
B (JINKS 1956)
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the earlier joint scaling tests. Of the 14 crosses in 1952 and the 17 in 1953 showing
some indication of nonallelic interaction, 13 crosses are common to both seasons.
- We can now make a four way classification of the 28 crosses in each of the two
seasons, into interacters and noninteracters, and into those showing significant
or no significant heterosis (Table 2).

TABLE 2

T he incidence of heterosis and nonallelic interaction

Season 1952 1953
Non Non
Interacters interacters Interacters interacters
Significant heterosis ......... 8 1 9 11 4 15
No significant heterosis ... ... 6 13 19 6 7 13
14 14 | 28 17 11 | 28

Taking both seasons together, there is a clear association between nonallelic
interaction and heterosis, and the absence of nonallelic interaction and no heter-
osis (x*r;1 = 9.6). This association is more marked in 1952 when the general level
of heterosis was lower. Overall 60 percent of the interacting crosses show signifi-
cant heterosis while only 20 percent of noninteracting crosses do so: or to put it
another way, 80 percent of all heterotic crosses show significant nonallelic inter-
actions.

This high correlation between the presence of nonallelic interaction and heter-
osis is even more marked when we consider the average heterosis of the crosses
falling in each of these 4 classes. (Table 3)

TABLE 3

The incidence of nonallelic interactions and the average heterosis in inches

Season 1952 1953
Non Non
Interacters interacters Interacters interacters
Significant heterosis ........... 8-81 5.60 13-68 5-03
No significant heterosis ... ..... 1-49 0-02 1.24 037
Mean ........................ 540 0-61 9.02 2-32

If we now consider the seasons jointly, then 70 percent of the crosses showing
nonallelic interactions also show significant heterosis. In fact only one cross which
consistently shows mnonallelic interaction consistently shows no significant
heterosis.

While stressing this correlation between the incidence of nonallelic interaction
and heterosis, it is obvious that heterosis can arise, albeit at a lower frequency,
and with a lower mean expression, in the absence of significant nonallelic inter-
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action, and further, that all crosses showing nonallelic interaction do not neces-
sarily show heterosis.

Estimates of the components of the generation means

All six components of the generation means and their standard deviations have
been estimated for all 28 crosses in both seasons. For those crosses where neither
the components of nonallelic interaction nor any of the scaling tests are signifi-
cantly different from zero, least squares estimates of the remaining components
[d] [A] and M and their standard deviations have been obtained. Taking the
latter crosses first, we find the following values for the additive [d] and domi-
nance [ /4] components of the generation means (Table 4).

TABLE 4

Least squares estimates of the additive [d] and dominance [h] components of the generation
means for those cases showing no nonallelic interactions

Season 1952 1953 N
Cross [d1 [R] Heterosis [d] [R] Heterosis
1x3 2:6+2-0 8.7+38 5.6+1.4*% 15426 3.7+49 1422
1Xx5 1.1+1.8 5-4+3-4 4416 2:1+2-0 6-8+3.7 4.3+2-0
1x6 2.7+19 —06x36 —34x14 0-6+25 1.6+4-6 1.7x2.1
1x7 0-7+1.7 —04+32 —14+09 Significant nonallelic interaction
2X7 21+31 4-0+5-8 2.1+2.6 9-1+2-4 27+45 —5.6+2:0
3X5 4-1+1.9 8:1+3-6 3.7+15 Significant nonallelic interaction
3X6 55+2.3 31+4.3 —2.9+1.2 1-8+1-6 1.5+30 —1.3+13
3x7 36+1.5 3-6+2.9 —05=*11 2.3+21 —08+39 —2.8+2.1
4%5 7-3%£2-6 9-8+4-9 1.9+1.6 95+3-6 17-8+6-7 83+1.7*
4x7 8.0x1.7 64+31 —07*16 Significant nonallelic interaction
5% 6 Significant nonallelic interaction 2-4+1-9 6.7+3.6 3.8+1-5
5X7 1.1+12 0.8+3.7 05+1.3 2619 7-0+3.7 45+19
5X8 1.93-1.7 3-0=%3-3 1.9%+1.7 Significant nonallelic interaction
6Xx7 22+1.7 —29+33 —42+14 4.9+1.8 8.0+33 3.6+1-1*
6x8 Significant nonallelic interaction 2315 5.1+2.9 3-60-7*
7X%X8 09+1.5 —14+28 —2.241.7 Significant nonallelic interaction

* Significant heterosis at P « 0-05.

Nomne of the crosses in this table, i.e. the crosses which show no significant non-
allelic interaction, show significant heterosis in both seasons. Three crosses 1 X 3,
4 X 5,and 6 X 7, however, do show significant heterosis in one or other of the two
seasons without any suggestion of nonallelic interaction in either season. We
must, therefore, consider the possibility that the significant heterosis in these
crosses is the result of overdominance or the dispersion of dominant increasing
alleles in the parental lines. In these three crosses the dominance component of
the generation means [/] varies from 16 to 3-3 times the value of the additive
component [d]. It is clear that this situation could arise as a result of overdomi-
nance (2A>3d), incomplete association of dominant increasing alleles in the
parental lines (r;<<*1), or any combination of these two. Should, however, over-
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dominance be responsible for the heterosis, then the dominance (H) component
of variation should be greater than the additive (D). Estimates of these two
components of variation for the three crosses 1 X 3, 4 X 5 and 6 X 7 using the F,
and backcross variances (see MaTHER 1949) give no indication of overdominance.
An explanation based on dispersion of the dominant increasing alleles would,
therefore, appear to be more in line with the observations.

The remaining consistently noninteracting crosses listed in Table 4 show no
significant heterosis and hence require no further comment.

The interacting crosses, as we have seen, fall into two groups, according to
whether or not they show significant heterosis. Examples of interacting crosses
which show no significant heterosis are provided by 1 x 7,1 X 8,3 X 8,5 X 6,
5 X 8, and examples of the estimates of the components of their generation means
are listed in Table 5. The standard errors of these components are obtained from
those of the generation means from which the components are estimated.

TABLE 5

Estimates of the components of the generation means and of heterosis for a number of crosses
which show significant nonallelic interaction but no heterosis

Cross and season 3X8(1952) 5X6(19562) 3X4(1952) 1X7(1953)
Components of

generation means

dl .......... 540+ 0-94* —2.95+ 0.77* —1-65+ 3.56 5.76+ 2.18*
[AY ... .. 28.70+ 3.30* 9.80+ 4-11* -—1.60+ 951 —18-01+ 7-46*
[i] oot 23.90+ 2.51* 650+ 2.80* —17-80*+ 8.11* —25.38+ 5.62*
M7 ... —A44.70+ 4-64* 7120+ 4.76* 15:50+15-52 47-18+11.07*
(12 490+ 2.61 —0.60+ 2.34* —27.204 7.24* 1-54+ 448
M ... 17.63+ 1.36* 33.95+ 1.60* 53.28+ 4.23* 5897+ 3.16*
Heterosis ....... 1-85+ 1.62 1-45+ 1.29 425+ 2.65 247+ 3.16
Components of
heterosis
[A] ...l 28-70 9-80 —1.60 —18.01
—[d] .......... —540 2.95 1.65 —5.67
Bl ... 245 —4.80 —13.60 0.77
—[z] ... —23.90 —6-50 17-80 25.38
Total ........... 1.85 1-45 4.25 2-47

* Significant at P ¢ 0-05.

The four examples in Table 5 are typical of the situations that have been found
in nonheterotic interacting crosses. In each of these crosses internal cancellation
of the contributions of the four components of heterosis leads to an overall non-
significant heterosis, although the individual components are in general highly
significant.

In three of these crosses [I] and [/] have opposite signs suggesting duplicate
type interactions. In cross 3 X 4, however, neither [[] nor [ 4] are significantly dif-
ferent from zero. Apart from the small contributions of [d] and 1[j] it is the
opposition of [7] and {/4] which leads to the absence of heterosis in crosses 3 X 8,
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5% 6 and 1 X 7. In crosses 3 X 8 and 5 X 6, the positive contribution of [/] 1s
balanced by the negative one of [] while in cross 1 X 7 it is the reverse. Further-
more the nonsignificant [j] component in crosses 3 X 8 and 1 X 7 suggest that
either 7;, Zj or both are very small or zero. If these interactions are in fact com-
parable with the duplicate types of classical genetics then it is r; which is small or
zero, i.e. there is dispersion of the interacting genes in the parental lines. This
would square with the sign of [i] relative to [/4] which suggests that g; is nega-
tive. Overall, therefore, these interactions are compatible with dispersed dupli-
cates.

Contrasting with this situation we have cross 3 X 4 where the absence of heter-
osis results from the opposition of the contributions of [i] and % [j]. Clearly r;
cannot be very small or zero, i.e. there is association of the interacting genes in the
parental lines. The insignificance of [A] and [/] make them doubtful indicators
of the type of interactions involved. Since neither classical complementary nor
duplicate genes in association give heterosis in the F,, comparison with classical
models provide no further clues as to the type of interaction involved in this cross.

Thus in the crosses which show nonallelic interactions but no heterosis, we find
either opposition between the dominance and interaction components of heterosis,
i.e. duplicate genes or association of the interacting genes in the parental lines.

Cross 1 X 4 may be taken as typical of many which show both heterosis and
nonallelic interaction. It has been grown in every season from 1951 to 1956 (We
are indebted to Dr. E. L. Brersk for the observations in 1955 and 1956). From
1952 to 1956 F,’s were included along with the parents and F, generations, while
in 1952 and 1953 backcrosses were included and in 1956 one of the backcrosses
(1 X4) X1 and (4 X 1) X 1 was grown. All the components of the generation
means cannot be estimated in all the seasons, but estimates of certain combina-
tions can be obtained from most of them (Table 6).

All estimates in Table 6 apart from the first and second in 1953 are significant
at P «0.05. This low significance in 1953 can be traced to the large reciprocal
cross and block differences, but apart from this there is a general consistency in
sign and magnitude of the compound components of the generation means and
heterosis over all seasons. Clearly the interpretation arrived at from a complete

TABLE 6

The components of the generation means for cross 1 X 4

Season 1951 1952 1953 1954 1955 1956 Mean
Components
2[il+[1] .... —17.08 —066 —11.98 —10.66 -—32.52
[i14[7] ..., —2988 —2.76 e —24441
Components :
of [R] —[i] 21.40 20-45 29-01 20-04 18-46 1718 21-09
heterosis

—[d] + %I[j] —720 —890 —786 ~—331 —1075 —4-86 —T7-15
Heterosis 14-20 1155 2115 16-73 7-72 12-32 13-94




232 J. L. JINKS AND R. MORLEY JONES

a

analysis in 1952 will not differ in detail from that which would apply in the other
seasons.
In 1952 the estimated components of heterosis are as follows:

Component [A] — [i] — [d] + % [j] = Heterosis
Estimate 4-25 + 1620 — 2-05 — 6-85 = 11-55

—— —
Compound 20-45 - 8-90
estimate from

Table 6.

Clearly heterosis in this cross results from reinforcing dominance and non-
allelic interactions; the latter making the major contribution, and apart from
1953 where the nonsignificance of many components makes interpretation diffi-
cult, this situation appears to hold in the other seasons.

The closest comparable classical interaction to that found in cross 1 X 4 is, of
course, a complementary type with the interacting genes preponderantly dis-
persed in the parental lines.

Most interacting crosses showing heterosis are of this type, but contrasting with
them is a situation which is at i1ts most extreme in cross 1 X 2. The components
of the generation means of the latter are listed in Table 7.

For 1953 the two blocks are given separately as the generation means differed
significantly more between blocks than did duplicate or reciprocal plots within a
block.

In 1952 there is apparently complete dispersion of duplicate genes, the heterosis
resulting from the excess of the positive dominance [%4] over the negative inter-
action [7] contribution. In block I of 1953 the situation is comparable with cross
1 X 4 (Table 6) 1.e. a complementary type interaction with the interacting genes
dispersed in the parental lines, the heterosis resulting from the interaction com-
ponent [7]. Block II in the same season, however, is intermediate; the significant
{71 component suggesting association. In the absence of a significant [/] either
a duplicate or complementary type of interaction would equally well fit the data.

TABLE 7

The components of the generation means for the cross 1 X 2

Season 1952 1953 I 1953 I1
Components .
d] ..o 000+ 245 200+ 2-69 —2.70+ 0-61*
[R] o 53-19% 9-89* 4.58+13.15 22.05+ 6-45*
[Z2] et 3810+ 7-43* —19-40+ 8.78* 240+ 5.17
(1) oo —60-72+11-89* 51-45+14-12* —11-10=% 853
01 ceeeee —4-80+ 5-16 —1.95+ 5.94 —14.70% 3-42*
M o 1298+ 3-83* 60-68+ 6-04* 5477+ 4-15*
Heterosis ............. 12-69+ 1.97* 21.00+ 3-81* 15-00+ 3.01*

*P <0-05.
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Clearly the genotype environmental interaction in this cross is such that a
consistent interpretation of the basis of the heterosis is impossible. We can, how-
ever, profitably examine the nature of this interaction.

Between the three environments the magnitude of the heterosis in cross 1 X 2
is positively correlated with the contribution of [7], and negatively correlated
with the contribution of [4] to the heterosis. Superficially, therefore, in those
environments which allow a fuller expression of the heterotic potential of this
cross, nonallelic interactions play the major role in its production. We can now
enquire as to the nature of an environmental restriction to the development of
heterosis which would lead to a change from a complementary to a duplicate type
of nonallelic interaction.

An environmental restriction to the development of the full height potential of
the parents and offspring of cross 1 X 2 would effect the ', more than any other
generation. Similarly, the backcross to the larger parent would be affected more
than that to the smaller parent. If we impose such restrictions on a classical
complementary system, sooner or later, we obtain estimates of the generation
means which resemble those obtained from a duplicate or intermediate type of
interaction. Furthermore, changes of scale e.g. antilogs, lead to the same type of
change. Fnvironmental restrictions on the attainment of the full height potential,
therefore, provide an adequate explanation of the apparent inconsistency of the
genetical basis of heterosis in cross 1 X 2.

CONCLUSIONS

Heterosis is a complex genetical phenomenon depending on the balance of the
additive, dominance and interaction between homozygous/homozygotes and
homozygous/heterozygous components of the generation means as well as on the
distribution of the genes in the parental lines. Strangely enough it does not de-
pend on the interaction between heterozygous/heterozygous combinations, but
not so strange when we remember that heterosis is but the reverse counterpart
of inbreeding depression.

As a consequence of its complexity the presence or absence of heterosis is not
in itself indicative of the presence or absence of any particular type of gene action
or interaction; it can result from a whole range of combinations of gene effects,
many of which have been illustrated by our N. rustica data. Nevertheless, there
is a correlation between the presence or absence of heterosis and the presence or
absence of nonallelic interactions, and while heterosis can arise in the absence
of nonallelic interactions it does so with a lower frequency and a lower mean
expression.

SUMMARY

Heterosis can be expressed in terms of four of the components of the gen-
eration means of a cross between two inbred lines. These components can be esti-
mated from the means of the parents, F,’s and F,’s and backcross generations of
such a cross. This allows an assessment of the relative roles of dominance, non-
allelic interaction and gene distribution in the production of heterosis and also a
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preliminary classification of the interaction into a complementary or duplicate
type.

The method is illustrated by an analysis of the components of heterosis for
final height in 28 crosses between inbred varieties of V. rustica.
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