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The phenotypic and genotypic properties of second cycle hybrids are predicted from the means and variances of the F,
generation of two crosses between pairs of inbred varieties of Nicotiana rustica (V,X Vs and V, X V},). The predicted
properties are compared with the observed properties of the second cycle hybrids generated by crossing the first cycle
recombinant inbred lines with the F, of the original cross (the L; generation of an inbred line triple test cross) which,
in the absence of a linkage disequilibrium, are identical with the second cycle hybrids produced as a diallel set of
crosses among the first cycle inbred lines. In the presence of a linkage disequilibrium the diallel set of crosses has a

smaller linkage bias than the inbred line X F, crosses.

The agreement between the predicted and observed phenotypic properties of the second cycle hybrids is good over a
wide range of characters in both crosses. The overall correlations between the observed and expected proportions are
0-81 and 0-88 for the V, x V5 and V, X V), crosses, respectively. Furthermore, the genotypic predictions show that only
few of the second cycle hybrids and second cycle inbred lines will be superior to the best first cycle inbred lines which
were themselves superior to their own better parents and their heterotic F,’s.

Genetical explanations of the origins of the superior derivatives of an initial cross are explored using a
development of the standard notation of Mather and Jinks (1982).

INTRODUCTION

In our previous paper (Toledo, Pooni and Jinks,
1984) we showed how to predict the phenotypic
distribution of second cycle hybrids and to use it
to predict the proportion of hybrids scoring higher
or lower than the parents (P, and P,} and the F,
of the original cross (first cycle hybrid) or the best
first cycle recombinant inbreds derived from this
cross. In this paper we shall analyse an extensive
set of data to illustrate the validity of the theory
for predicting the performance of the hybrids in a
wide range of genetical situations. We shall also
introduce a notation for the second cycle hybrids,
adapted from Mather and Jinks (1982) to avoid
ambiguity in discussing the causes of the superior
performance of such hybrids.

Finally predictions of the breeding value of a
cross will be made in respect of its potential for
producing superior first cycle recombinant inbreds
and superior second cycle hybrids so that the rela-
tive advantages of these alternative end products
of the breeding programme can be compared and
related to the underlying genetical mechanisms.

The properties of the second cycle hybrids will
be predicted from the mean and variance of the
F, generation of the original cross while those of
the first cycle inbreds will be predicted from the
basic generations (P,, P,, F,, F,, B, and B,) of
the same cross. Hence the generations required for
making these predictions will, in most cases, have
already been raised for other purposes during the
early stages of a breeding programme.

NOTATION

The mean of a second cycle hybrid genotype,
derived from a cross where P, and P, differ at k
loci assuming only additive (d) and dominance
(h) genetic effects, can be defined as:

ky

— ke, ke—ley
G=m+Yd-2Yd+ Y h
where k; is the total number of homozygous loci,
ky is the number of these loci homozygous for the
negative allele, hence (Y d —2Y*:d) is the net
balance of the additive genetic effects of the k;
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homozygous loci and Y ¥ % h is the sum of the
dominance effects at the remaining (k—ky)
heterozygous loci.

In the presence of non-allelic interactions this
expectation becomes

Ky b=k, (1/2)ky(k,—1)
G= m+zd 2% d+ Yh o+ ¥i
ko (kg =ky)
-2 Yi

Ky(k—ky)  Kj(k—k,) (17 2)(k=k ) (k~k,=1)

+ X -2+ Xl

where m is the mean of F, inbred lines as defined
by Van der Veen (1959): Z“/‘)k( Y is the
summation of additive X additive mteractlons over
all pairs of homozygous loci; Z =KD i is the
summation of additive X additive interactions for
the homozygous palrs of 1001 for which the alleles
are in dispersion; Y, Falk=ha ] is the summation of
additive X dominance interaction for all palrs of
homozygous/heterozygous loci; Y Fatk—ka ] is the
summation of additive Xdominance interactions
for all pairs of homozygous/heterozygous loci
where decreasmg allele is ﬁxed at the homozygous
kg )(k= k=)

locus of the pair and Z ! is the
summation of the dominance X dominance interac-
tions between all pairs of heterozygous loci. Fur-
ther the additive xadditive (i), additive X
dominance (j) and dominance xdominance (I)
interactions of each pair of loci can take positive
or negative values based on the type of epistasis
present.

In the conventional notation of Mather and
Jinks (1982) the definitions of G and G’ for any
genotype ‘“‘ii”’ reduce to

G,=m+[d];+[h]; and
Gh‘: m+[d]ii+[h]ii+[i]ii+[j]ii+[l]ii

where [d ], [k, [ii s and [1]; represent the
net contributions of additive, dominance,
additive x additive, additive Xdominance and
dominance X dominance genetic effects after inter-
nal cancellations. Each component is potentially
unique for each genotype and it will vary in magni-
tude and direction according to the proportions of
homozygous (k4) to heterozygous (k — k, ) loci and
the degree of gene dispersion (k, vs. k) amongst
the homozygous loci. For example, for any of the
k possible homozygotes among second cycle
hybrid genotypes k, = k and k — k; = 0. Therefore
G,=m+[d]; and G, =m+[d];+[i];. Further-
more, for the most associated high scoring of these
homozy_gotes (Py) all d’s are positive and its
mean P=G= m+Z d or b=G'= m+Z d+
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}:(l/z)k(kf”i according to the prevailing gene

action or interaction. Similarly for the most associ-
ated low scormg homozygote (P,) the two expecta-
tions are =m-Y*d and P =G'=
m-y, d+2“f2)k k 1)1 respectively.
On the other hand, the expectation of the
orlgmal Fiis obtamed when ks =0and k — kd =k.
T)G m+Y*h or FF=G'=m+Y"h+
! for the non-interacting and inter-
action models, respectively. The novel heterozy-
gotes among the second cycle hybrids, however,
are defined by all other combinations of k,, k), and
(k—k4) within the simultaneous conditions | =
k;<kand 1 =(k—k;)<k

He 152)k k
%

THEORETICAL CONSIDERATIONS ON THE DATA

The second cycle hybrids can be obtained by cross-
ing the first cycle recombinant inbreds in a diallel
fashion, as described in previous work by the
authors. The same set of genotypes are also pro-
duced by a much less laborious procedure of cross-
ing each of these inbred lines to the F, of the
original cross. Hence their expectations are the
same irrespective of the nature of the gene action
and interaction. Table | shows the genetical
expectations and frequencies of the individual
genotypes and the mean and variance of each half
sib family (array) obtained by crossing each first
cycle inbred line to the F| of the initial cross, for
two non-interacting loci. They are exactly the same
as the value and frequency of individual genotypes
and array means and variances obtained in a con-
ventional diallel set of crosses between inbred lines
where u, = v, = u, = v, =5 (see Mather and Jinks,
1982, for a recent account). This identity holds for
any number of loci. The main difference, however,
between the two ways of obtaining the random
sample of second cycle hybrids is that the diallel
consists of genetically homogeneous families
which can be replicated whereas the equivalent
produced by crossing the inbred lines to the F|
consists of unique unreplicable individuals. There-
fore, as long as we confine our interest to the
proportions of genotypes that exceed or fall short
of some chosen standards and do not make asser-
tions about specific hybrid genotypes, the data
from the inbred lines X F; is an adequate substitute
for the diallel for testing the validity of our predic-
tions. Because, however, we cannot replicate the
hybrid genotypes the phenotypic distributions will
have an environmental component which will be
substantial for characters of low heritability. In
making our predictions for comparison with these
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Table 1 Genetical expectations of the individuals, family means and within family variances of first cycle inbred X F, crosses on
a simple additive and dominance model

F, Gametes
Genotype of AB Ab aB ab
the inbred Frequency 3 3 i i Family mean Within family variance
AABB P *AABB AABb AaBB AaBb
td,+d, d,+h, h,+d, h,+h, m+3d, +d,)+3(h, +h,) Hd2+d3)+ 12+ h2)
_%(daha + dbhb)
AAbb b AABb  AAbb AaBb Aabb
d,+h, d,—d, h,th, h,—d, m+¥d,—d)+3(h,+h,) Hdi+di)+i(hi+ hY)
+%(duhu - dbhh)
aaBB 3 AaBB  AaBb aaBB aaBb
h,+d, h,+h, —d,+d, —d,+h, m+H—d,+d,}+3(h,+h,) Hdi+diy+ih2+h})
+3(—dah, + dyhy)
aabb % AaBb  Aabb aaBb aabb
hothy, ho—d,  —dith, —d,—dy m+3(—d,—dy)+3(h,+hy) (di+di)+i(hi+hE)

+5(d,ho+ dphy)

* genotypes
T genotypic deviations from m

phenotypic distributions, we must, therefore, use
the formulae that allow for this environmental
component (Toledo et al., 1984). At the same time,
since we are also interested in the expected proper-
ties of the true F; hybrids that would be produced
in a highly replicated diallel set of crosses we shall

also make the predictions by the usual formulae
which omit the environmental component.
Another possible source of differences between
the random sample of hybrids from the inbred
lines X F, and the diallel set of crosses is linkage.
This is because a linkage disequilibrium will be

Table 2 Genotypic values, their frequencies and family (array) means for the inbred line x F; crosses on a linked (coupling phase)
digenic interaction mdel

F, Gametes
AB Ab aB ab
Genotype
of the Lt 4 14 P 1-p
inbred Frequency 2 2 2 2 Family (array) meant
AABB* AABb AaBB AaBb
1 1 1- 1- 1 1-
AABB —( ) (—”) ( P ) ( P ) ( ”) (da+d,,)+———(ha+h,,)+(——P)z
2\1+2p 1+2p 1+2p 1+2p 1+2p 1+2p ) 1+2p 1+2p
d,+d,+i d,+h,+j h,+d,+j h,+h,+1 1-
a T a b T Jab a bV Jba a b ab +1 P2 (jab'*'jha)'*' 14 lab
AABb AAbb AaBb Aabb *t2r I+2p
t{ 2 - 2p? 2p? 2p(1— 2 2 2p?
AAbD _( p) (Zp(l p)) ( P ) ( P ) (p(l p)) P (d—dy) 2Py
2\1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p
doth,+je do—dy—iay  hathytly,  h,—dy—jp, 2p(l-p) . . 2p*
+T(]ab_]ba)+l+2 Lp
AaBB AaBb aaBB aaBb 4 P
1{ 2 2p(1— 2p? 2p? 2p(1— 2 2 2p?
aaBB —( ”) (‘”( ”)) ( P ) ( 4 ) (M) P d+d)+—L(h 4 h)-—L—1i,
2\1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p
hotdy+jpe  hothy+ly  —d,vdy—iy —dithy—jo 2p(l—-p) . ) 2p
- 1+2p (Jab —Jba)+']'—+2p Ly
AaBb Aabb aaBb aabb
- 1- 1 1 I—
aabb l( : ) ((1 ”)) ( P ) ( P ) ( ”) e (—d, ~ dy)+ —— (b by —L i,
2\1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p 1+2p
thytl, ho—dy—jp. —d,th,—j, —d,—d,+i 1-
hyt byt 1, a ~ b " Jba a ¥ My " Jab e~ 4p T lap P Giap + o) + P L,
1+2p 1+2p

* frequencies should be divided by 4
t family means should be divided by 4
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greater in the original F; than in the inbred lines
that are extracted from it by single seed descent
or pedigree inbreeding. The effect of linkage will
therefore be greater in the inbred line X F) crosses
than in the diallel set of crosses. Tables 2 and 3
show the genotypic values, their frequencies and
array means for the inbred lines X F, and the diallel
set of crosses respectively, for two loci showing
non-allelic interactions and coupling linkage. For
repulsion linkage the frequencies of lines and of
gametes in the coupling and repulsion configur-
ations must be interchanged. This has the con-
sequence of changing the sign of the linkage bias
from plus to minus. However, in practice it is likely
that some loci will be unlinked, some will be linked
in coupling and others in repulsion. The net contri-
butions of the two linkage phases will therefore
determine the overall linkage bias and hence the
differences between the two ways of generating
random samples of the second cycle hybrids.

MATERIALS AND METHODS

The experimental data comes from generations
derived from the V,x Vs and V,x V|, crosses of
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Nicotiana rustica. The experiment involving the
material from the V| X V; cross was grown in 1973
and included the six basic generations, a set of 82
first cycle recombinant inbred lines and the L,, L,
and L; generations of an inbred line triple test
cross (Pooni and Jinks, 1976; Pooni, Jinks and
Jayasekara, 1978). From the six basic generations,
estimates of the genetical parameters m, [d], [h],
{i1, [j] and [I] were obtained along with estimates
of D as [4VE,—2(Vp + V)] and E as [3Vi +
(VP."' Vp,)] (Mather and Jinks, 1982). Predic-
tions concerning the proportions of second
cycle hybrids scoring =P, =P,, 2F, and =P,
and =P, the most associated first cycle, recom-
binant inbred lines were made for the characters
height at two, four and six weeks (H2, H4 and
H6, respectively), flowering time ( FT), height at
flowering time (HFT), leaf length and width (LL
and LW, respectively) and final height (FH).
Similarly, predictions concerning the proportion
of first cycle inbred lines scoring higher or lower
than the standards referred to earlier were also
made. Two sets of predictions for the hybrids were
made. The first, which allows for the environmental
component and predicts the phenotypic distribu-

Table 3 Genetical expectations of a diallel set of crosses produced by crossing a random sample of first cycle inbreds for a pair

of loci showing linked (coupling phase) digenic interactions

AARBB AAbb aaBB aabb
Genotype
T () 03) 263 ()
inbreds  Frequency 2 \1+2p 2\1+2p 2\1+2p 2\1+2p Array meant
AABB AABb AaBB AaBb
1 1 1 2 2 i 1 1\
AABB -( )*( 2) ( P 2) ( P 2) ( 2) (dg+dh)+——(hu+h,,)+( i
2\1+2p (1+2p) (1+2p) (1+2p) (1+2p) 1+2p 1+2p 1+2p
d,vd,+iy, dyth,+j,  h,+dytjp, hoy+h,+1,, . 2p Gontin) + I [
= U FHina) ¥ 3 b
AABb AAbb AaBb Aabb (1+2p)> " T (4 2p)?
1{ 2 2 2p 2p '\’ 2 2 20 \?
v (05 () (%) 55) (@) w5 e arif o (25)
2\1+2p (1+2p) 1+2p 1+2p (1+2p) l+2 1+2p 1+2p
dy¥h,+jun d,—dy—ia  hothy+ily  h,—dy . + 2p o= )+( 2p )2[
AaBB AaBb aaBB aaBb (1+2p)? 7 27 Ni42p) 0
1/ 2 2 20\’ 2p \? 2 2p 2 2p \?
aaBB —( p) ( P 2) ( p) ( p) (7&7) _( d, + )+-L(hu+h,,)'(—“g~ Tap
2\1+2p (1+2p) 1+2p 1+2p (1+2p) 1+2p 1+2p 1+2p
ha+db+jha ha+hh+1uh _du+dh7iuh *du+hb-jah 2p ( . )+( 2[’ )21
5 U —Jra) t| —— ) L
AaBb Aabb aaBb aabb (1+2p) 7% \12p) o
1/ 1 i 2p ) ( 2p ) ( 1 ) I 1 (1)2
aabb - —d, —dy)+—— (h, + hy) + i,
2(1+zp) ((]+2p)2) ((]+2p)2 (1+2p)? (1+2p)? 1+2p( b) 1+2p( ») 1+2p) '
hothy+ly, h,—dy—jp,  —dithy—ju —d,—d Ty, 4 o |
ho n e b s Vet Y 5
(1+2p) (1+2p)

* frequencies should be divided by 4
T array means should be divided by 4
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tion for comparison with the observed distributior:
of the L; generation

_ Si—-F,

(Vig)?
and the second, which omits the environmental
component and predicts the genotypic distribution
of the true means of the second cycle F; hybrids
_ St—F,

(uVie)"?
where St is the mean of any of the chosen standards
and F,, V|5 and 4V,g are the mean and the
phenotypic and heritable variance of the F, gener-

ation, respectively. The predictions for the inbred
lines were made using the formula

c

c

St—m

C=—""-73

(D)

where St, m and D are as defined earlier (Mather
and Jinks, 1982; Jinks and Perkins, 1972; Jinks
and Pooni, 1976; Pooni and Jinks, 1978, 1979).
The observed proportions of second cycle hybrids
for various categories (ZP,, =P,, ZF,, ZP, and
=P,) were obtained by comparing the scores of
individuals of the inbred linesx F, crosses (L,
generation) with the means of each of the standard
genotypes for each character. The predictions and
observations, however, were made in a single
experiment, a situation not likely to occur in
practice.

The experiments involving material from the
V, XV}, cross were raised in 1974 and 1975. In the
1974 experiment, the six basic generations of the
cross were grown along with the first cycle recom-
binant inbreds D,,, D, and the F,, F,, B, and B,
generations derived from the cross D, X D,;. Lines
D,y and D, are the most associated pair of inbreds
amongst the 60 D inbred lines extracted from the
V, X V|, cross for final height (FH). They are also
amongst the most highly associated inbreds for the
characters FT and HFT (Pooni and Jinks, 1982).
The 1975 experiment involved V,, Vi,, D), D,
60 inbred lines and two sets of L,, L, and L,
generations of the inbred line TTCs where the
testers used were V,, V;, and V, XV, and D,
D,; and D,, X D,,, respectively. Predictions were
made from the 1974 experiment and tested by
observations from the 1975 experiment following
the same procedures described earlier for the V, x
Vs cross. For the V, X Vi, cross, however, data were
not available for the characters LL and LW and
there was no suitable associated P, and P,
genotypes for the characters H,, H, and H,. On

the other hand, the availability of the two L gener-
ations for this material involving the original and
second cycle F, allows us to assess the extent to
which linkage disequilibrium may bias our results.
The two L, distributions are expected to differ and
these differences are expected to be more than
those between the L; involving the original F, and
the diallel set of crosses. Differences between the
two L; distributions, therefore, provide an
indicator of possible differences between the diallel
and the L, involving the original F, which we are
substituting for it.

RESULTS AND CONCLUSIONS

The means, variances and numbers of individuals
scored for each character for the Py, P,, F,, F,,
B,, B,, P, and P, families of the V,Xx Vs and
V, X V|, crosses are given in table 4. Weighted least
squares estimates of the components of means m,
[d], [h], [i], [/] and [I] and the components of
variances D, E and 4V, are given in table 5.
These estimates of statistics and components con-
vey the wide diversity of gene action and interac-
tion and environmental involvement provided by
the characters we have studied in the two crosses.

The estimates in tables 4 and 5 plus
Vie(= Vi, t+ E) have been used to predict the
transgressiveness of the phenotypic and genotypic
distributions of the second cycle hybrids using the
formulae in “Materials and Methods”. These pre-
dictions are given in table 6. The present experi-
ment provides corresponding observations on the
phenotypic distributions only and these are
obtained by counting all of the phenotypes in the
L, families whose scores fall within the categories
specified in table 6 and expressing them as a pro-
portion of the total number of individuals. These
proportions are given in table 6 for comparison
with the predictions.

We have no observations on the genotypic dis-
tributions for comparison with the genotypic pre-
dictions in table 6. These can be estimated from
the observed phenotypic distributions by the
method of Robson, Powers and Urquhart (1967)
but we prefer to await the outcome of current
experiments on a replicated full diallel set of
second cycle hybrids.

The standard genotypic predictions for the first
cycle recombinant inbred lines for the two crosses
are given in table 7 for comparison.

The predictions and observations in tables 6
and 7 provide a wide spectrum of the possible
situations a breeder may encounter in practice.
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Table 4 Family means and within Generation variances of the six basic generations and the highest and lowest scoring first cycle
inbreds (P, and P,) derived from the V|, x V, (1973 experiment) and V, X V|, (1974 experiment) crosses of Nicotiana rustica

Character P, P, F, F, B, B, P, P

A. Generation Means
(i) V,x Vs cross

H2 6-8 46 67 5-6 66 51 9-2 27
H4 19-5 13-1 19-1 15-8 19-1 14-5 26-4 63
H6 55-0 466 59-2 50-2 56-0 48-0 64-5 22:3
FT 15-3 10-2 117 14-1 15-3 11-6 31-3 53
HFT 75-9 60-8 72-8 73-7 78-1 68-5 110-6 49-4
LL 17-5 16-9 19-3 18-9 18-9 18-4 23-1 12-4
LW 17-0 15-0 18-1 17-5 18-0 16-6 20-1 113
FH 127-3 103-1 130-3 126-5 132-3 118-2 143-8 92-3
n 120 140 140 240 160 200 10 10
(if) V, XV, cross

H2 63 2-4 4-8 4-3 55 3-5 — —
H4 25-1 6-2 17-7 151 21-4 11-1 — —
H6 73-1 21-0 60-2 49-0 667 36-4 — —
FT 56-9 38-3 42-2 45-5 49-5 40-8 59-2 357
HFT 79-4 68-1 86-3 83-0 85-2 791 124-9 586
FH 125-4 103-5 158-7 140-7 143-6 136-3 167-4 760
n 40 20 236 626 336 698 40 20
B. Generation Variances

(i) V. x Vs cross

H2 62 37 61 64 69 54 29 1-0
H4 53-4 30-5 48-6 530 536 39-1 229 6-1
Hé6 174-0 194-3 237-8 2680 220-9 246-8 547 85-9
FT 29-8 22-0 230 40-0 347 268 1215 4-2
HFT 250-4 50-0 159-8 2186 2692 119-7 2987 77-4
LL 64 57 62 87 7-1 7-0 15 3-6
LW 7-9 7-6 89 10-2 8-7 9-0 63 5-5
FH 3030 95-6 229-7 2656 264-6 222-8 3463 135-0
(ii) Vo, X V|, cross

H2 1-9 0-3 1-2 3.0 2:3 1-4 —_ —_
H4 242 1-4 19-5 330 25-8 14:5 — —
Hé6 86-3 21-9 88-2 209-9 117-9 114-0 — —
FT 41-7 7-1 13-8 47-2 53-2 14-4 32:7 53
HFT 63-3 165-0 148-4 361-9 145-3 325-7 182-7 99
FH 121-4 92-7 186-1 479-1 196-9 509-9 384-8 54-1

Table 5 Estimates of components of generation means and variances for the V, X Vs and V, X V,, cross of Nicotiana rustica

Components of means Components of Variances
Character m [dl Q) (4 [J] i Xdfy D uVie  E
(i) V, X Vs cross

H2 4:45+0-38 1:19+£0-12 2:21+0-53 1-27+0-41 — —_ 2-11(2)* 1-06 0-91 5-53
H4 12242+1-07  3-53+0-35 6-63+1-50 3-97+1-16 — — 2:86(2) 22:64 7-73 45-28
H6 40-76 + 2-39 5:02+0-74 18-17+3-34 9-95+2-57 — — 4-81(2) 136:28 57-01  210-95
FT 16-74 +0-85 2-81+0-28 -496+1-13 —3:92+0-92 — — 3-55{(2) 36-84 15-50 24-47
HFT 73-75+0-57 799 +0-67 — —5-02+0-95 — —_ 3-11(3) 96-60 61-36 157-22
LL 19-10£0-11 0-:35+0-13 — —1-89%0-20 — — 247 (3) 6-48 2-52 613
LW 16-12£0-16  1-09+0-15 2:25+0-29 — — — 4:69(3) 5-48 1-87 833
FH 123-08 +£2:37 12-57+£0:76 7-44+3-29  —~7-58+£2-55 — — 1-49(2) 8756 51-09  214-50

(if) Vax V|, cross

H2 3-85+0-14 1-:97+0-74 0-97+0-19 0-55+£0-19 — — 0-84(2) 4-62 1-83 i-16
H4 12:64+0-52 9:96+0-25 5-15+0-73 3-48£0-62 — — 3-46(2) St-44 16-84 16-16
H6 38-:00+1-23  26-11+0-88 22:2841:66 9:21+1-58  8:23+2-20 — 0:20(1) 37564 13870 7115
FT 47-91+0-31 9-05+0-29 —5-52+£0-46 — — —_ 5-19(3) 53-46 28-10 19-10
HFT 80-28 + 1-61 5-84+0-79 6-24+2-16  —6-21£2-13 — — 1-:02(2) 505-56  230-61 131-28

(2) 502:66 33249 14660

FH 114-88 +1-34 8:79+0-88 57-13%4-53 — — —13-31+3-74 4-84

*each x” value has P> S per cent.
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Table 6 Predicted and observed proportions of second cycle hybrids for V, X V5 and V, X V,, crosses of Nicotiana rustica

Categories _
=P, =P, =F, =P, =P,
Characters Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs
(i) V,x Vs cross
H2 *G 010 015 0-13 0-00 0-00
1 Ph 0-32 0-21 0-35 0-54 0-33 0-21 0:08 0-04 013 014

H4 G 0-09 0-17 012 0-00 000

Ph 0-31 0-20 0-36 0-53 0-33 0-20 0-07 0-04 0-10 0-10
He6 G 0-26 0-32 0-12 0-03 0-00

Ph 0-39 031 0-41 0-51 0-29 0-22 0-19 0-12 0-04 0-08
FT G 0-38 0-16 0-73 0-00 0-01

Ph 0-42 0-42 0-27 0-19 0-65 0-75 0-00 0-02 0-08 0-03
HFT G 0-39 0-05 0-54 0-00 0-00

Ph 0-44 0-40 0-19 0-20 0-52 0-48 0-01 0-02 0-05 0-02
LL G 0-81 0-10 0-40 0-00 0-00

Ph 0-68 0-77 0-25 0-18 0-44 0-52 0-08 0-07 0-01 0-01
LW G 0-64 0-03 033 0-03 0-00

Ph 0-56 0-63 0-22 0-18 0-42 0-46 0-21 0-23 0-03 0-02
FH G 0-46 0-00 0-30 0-01 0-00

Ph 0-48 0-55 0-07 0-08 0-4]1 0-48 014 0-21 0-02 0-02
(ii) V,x V,, cross
H2 G 0-07 0-08 0-36 — —

Ph 012 0-10 014 0-26 0-39 0-37
H4 G 0-01 0-01 0-26 — —

Ph 0-04 0-06 0-06 0-04 0-33 0-31
Heé6 G 0-02 0-01 0-17 — —

Ph 0-05 0-03 0-03 0-03 0-22 0-24
FT G 0-02 0-09 0-73 0-01 0-03

Ph 0-05 0-12 0-15 0-19 0-68 0-65 0-02 0-04 0-08 0-10
HFT G 0-60 0-16 0-41 0-00 0-05

Ph 0-58 0-38 0-22 0-18 043 0-43 0-01 0-01 0-10 0-28
FH G 0-80 c-02 016 0-07 0:00

Ph 0-76 0-63 0-04 0-04 0-21 0-28 0-11 0-05 0-00 0-01

* G is genotypic predictions
t Ph is phenotypic predictions and observations

Table7 Predicted proportions {genotypic) of first cycle inbred
lines which can be extracted by random inbreeding of the
Vi X Vs and V, XV, crosses of Nicotiana rustica

Characters =p, =P, =zF, =P =P

(i) V,x Vs cross

H?2 0-01 0-56 0-01 0-00 0-04
Ha 0-07 0-56 0-08 0-00 0-10
Hé6 0-11 0-69 0-06 0-02 0-06
FT 0-59 014 0-80 0-08 0-03
HFT 0-41 0-09 0-54 0-00 0-01
LL 0-74 019 0-47 0-06 0-00
Lw 0-35 032 0-20 0-04 0-02
FH 0-33 0-02 0-22 0-01 0-00
(if) Vo X Vi, cross

H?2 0-13 0-25 0-33 — —
Ha 0-04 018 0-24 — —
H6 0-04 0-19 0-13 — —
FT 0-11 0-10 0-78 0-06 0-05
HFT 0-52 0-29 0-39 0-02 0-17
FH 0-32 031 0-03 0-01 0-04

They confirm (see table 7) the now well established
ease with which first cycle recombinant inbreds
can be extracted from a cross which outperform
their parents and even the most heterotic F|’s
(Jinks and Pooni, 1976; Jinks, 1981, 1983). They
also show that there is a small probability of
improving upon the extremes of the first cycle
recombinant inbred lines (P, and P,) by either
second cycle F,’s (table 6) or second cycle recom-
binant inbreds derived from them (table 7).

The predicted and observed proportions of
second cycle hybrids falling into the various
categories (table 6) show with few exceptions very
good agreement. As expected, the phenotypic pre-
dictions are closer to the observed proportions than
the genotypic predictions, which, as usual, are
generally conservative thus confirming that the
phenotypic predictions are more appropriate
when the observed distributions have a sub-
stantial environmental component. The overall
correlations between the observed and predicted
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properties are 0-81 and 0-88 for the V, XV, and
V,xV,, crosses, respectively. While this good
agreement between the phenotypic predictions and
the observed proportions validates our procedures
it must not be forgotten that the potential to pro-
duce second cycle hybrids which consistently out-
perform the standards is given by the more con-
servative genotypic predictions in table 6.

The origin of the second cycle F| hybrids which
we have predicted and observed to score higher
(or lower) than the corresponding extremes, P, (or
P,), among the first cycle recombinant inbred lines
or the original F,, can be clarified by the general
expectations developed in section 2. For an addi-
tive-dominance model of gene action the gen-
eralised second cycle F, mean is

k—k

G= m+Zd 2§;d+z h.

If P, were the completely associated inbred
line, thatis P,=m +Z d, no second cycle F, could
have a hlgher score without overdominance
(Z h> Z d). If, for reasons we shall discuss later,
Py is not completely associated because of decreas-
ing alleles at kj loci then

P = m+Zd 2Zd( G when k,; = k)

and a second cycle F, will have a higher score
whenever there is heterozygosity at the kj loci,
irrespective of the direction of the dominance devi-
ations (h positive or negative) providing that, if
the decreasing allele is dominant (h negative),
dominance is incomplete. On the other hand,
second cycle F,’s will have higher scores than the
original F, whose expected mean is m+Z h
whenever homozygosity for the increasing allele is
substituted at loci at which there is either incom-
plete dominance (h<d) or dominance for the
decreasing allele (h negative). It would also occur
if homozygosity for the decreasing allele were sub-
stituted at loci at which there is overdominance
for the decreasing allele (h negative |h|>d).
Since dominance is incomplete for all charac-
ters in the V,x Vs and V,xV,, crosses (Pooni,
Jinks and Jayasekara, 1978) it is clear that the
highest scoring second cycle F;’s are most likely
to arise in crosses among first cycle recombinant
inbred lines which have a high proportion of
increasing alleles, that is k, — k), approaches k.
As a consequence these second cycle F,’s have
very similar genotypes to the highest scoring
second cycle inbreds (Toledo, Pooni and Jinks,
1984). The second cycle F,’s of the L; generation
confirm this expectation in that the higher the score

H. S. POONI, J. L. JINKS AND J. F. F. DE TOLEDO

of the first cycle recombinant inbred line the higher
the mean of the second cycle F; progeny it pro-
duces.

Since, in the absence of linkage, the frequency
of the highest scoring completely associated inbred
line that can be extracted from a cross is (3)*, unless
k is small (<9) we cannot expect to find such a
line even in the largest collections so far examined
(Ingram and Jinks, 1982, 472 inbred lines; Jinks
and Pooni, 1984, 844 inbred lines). In the present
study with sample sizes of 60 and 82 inbred lines
the probability of finding the highest scoring com-
pletely associated line will be very low if k is greater
than 6. Where, as in this study, there is a linkage
disequilibrium due to an excess of repulsion link-
ages (Jinks and Perkins, 1969; Perkins and Jinks,
1970; Jinks and Pooni, 1981, 1982, 1984) the proba-
bility of recovering the completely associated
inbred line will be even lower. Hence the probabil-
ity of obtaining second cycle F\’s with a higher
mean than the highest inbred line in samples of
60 and 82 will be correspondingly increased.

If we further introduce the complication of
non-allelic interactions whose presence is well
established in the material used in this study
(Pooni, Jinks and Jayasekara, 1978) there are many
more options leading to second cycle F,’s which
outperform the best of the first cycle recombinant
inbred lines as we shall show in a later paper.
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