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Summary. The genetic variance among random-mated
lines derived from backcrossing (BC,S, lines) depends
upon the backcross generation (g) and the number (n)
of BC,F; plants crossed in generations 1 through g.
There is little effect of n on genetic variance for n > 6.
The genetic variance among BC,F,-derived lines is
greater than that among BC,S; lines for all g. If either
BC,F,-derived or BC,S, lines are used as a base
population for recurrent selection, 8, 16, 32, and 64
BC,F,, BC,Fy, BC3F, and BC4F, plants, respectively,
should be used to avoid loss of donor alleles to drift.
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Introduction

In crosses involving exotic germplasm, backcrossing to
the adapted parent proves effective in increasing the
probability of obtaining progeny superior for quantita-
tive traits (Kenworthy and Brim 1979; Lawrence and
Frey 1975; Rodgers 1982). Cox (1984) showed that,
assuming no dominance or epistasis, the genetic vari-
ance among backcross-F;-derived lines is
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where g is the backcross generation, n is the number of
BC,F; plants crossed and selfed per generation, m is
the mean number of BC,F,-derived lines per BC,F,
family, o3 is the variance among F.-derived lines, and
the adapted and exotic parents were both homozygous
lines. Thus, genetic variance decreases linearly with
percentage recurrent parent germplasm for n=1; for
large n, the genetic variances among BCyF,- and
BC,F;-derived lines are approximately equal.

Dudley (1982) showed with computer simulation
that, if the donor parent is inferior, backcrossing
produces a base population in which recurrent selec-
tion may be practiced more efficiently; the optimum
number of backcrosses depends on the relative con-
tributions of positive alleles by the recurrent and donor
parents. Dudley (1982) did not consider population
size in his study.

The purposes of this study are (1) to determine the
effect of finite population size during random back-
crossing on the genetic variance in randomly mated
populations derived from backcrossing, (2) to compare
the genetic variances among selfed and randomly
mated populations derived from backcrossing, and (3)
to determine the effect of population size during back-
crossing before selection on' the limits to gain from
selection.

Population structures

Cox (1984) described the development of BCgF,-derived lines.
Recurrent and donor inbred parental lines are crossed, and the
F, is backcrossed to the recurrent parent (producing the
BC,F)) and selfed (producing the BCyF,). Backcrossing is
continued, each BC,F, being selfed to produce BC,F, plants.
The selfed progeny of a random individual BC,F, plant is a
BC,F,-derived line.
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In this paper, I also will consider BC,S; plants, which are
produced by randomly intermating, rather than selfing, BC,F;
plants. The selfed progeny of a random individual BC,S,
plant will be referred to as a BC,S, line.

Results and discussion

The genetic variance among BC,Sy plants (or BC,S,
lines) due to locus i is 2p;(1— p;) a?, where p; is the
frequency of the donor allele, a; is half the difference
between the two homozygous genotypic values at locus

i, and dominance is absent. Furthermore, p; =

2n,

g
where' x, out of ny BC,F, plants were heterozygous at
locus i. Then,
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where Xx,_; of n,_; plants were heterozygous in the
BC,_,F;. This expression reduces to
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Repeating the process for Vgi; and Vg3, letting g =1

Xg—1

(so that = 1), and summing over all loci i (assum-

n,
g1
ing no linkage or epistasis), we obtain
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where o3 is the variance among BCF, plants (or
derived lines).
In general, if n=ny;=n3=...=n,
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As n increases from 1 to 4, there is a significant
increase in V,; however, increasing n beyond approxi-
mately 6 has little effect on V, (Fig. 1).

The genetic variance among BC,S, plants or BC,S,;
lines is less than that among BC,F, plants or derived
lines (Cox 1984) for any backcross generation and a
given n > 1 (Fig. 2). This is true because BC,F; plants
are not in Hardy-Weinberg equilibrium. In using a
backcross generation as a base population for selection,
therefore, initial response may be greater if BCgF»-
derived lines are the unit of selection in the first cycle.
Selected lines must then be intermated if recurrent
selection is to be practiced as in the Dudley (1982)
simulation study.
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Whatever the initial unit of selection, the ultimate
gain from selection in a backcross population is limited
by the number of loci still segregating for the donor
allele. If n, BCF, plants are selfed or intermated and
no alleles have been lost due to drift in generations 1
through g — 1, the probability for a given locus that no
BC,F; plant carries the donor allele is (1 — (3)®)™. The
probability that at least one BC,F; plant carries the
donor allele is 1— (1— (3)®)™; this also represents the
fraction of loci segregating in the population.

The left half of Table 1 shows that approximately 8,
16, 32, and 64 BC,F, plants must be used in the BC,,
BC,, BC;, and BC,, respectively, to prevent fixation at
more than 1 to 2% of the loci. If small plant numbers
are used in previous generations, fixation of alleles is
more severe. For example, if only one BC,F, plant is
backcrossed in generations 1 through g — 1, the fraction
of loci segregating in generation g is ($)8~' (1— (3)™),
where n,BC,F, plants are selfed or intermated

Fig. 2. Genetic variance (V,) among BC,F, plants or
BC,S; plants with n=1, 2,4, and 32. The curve for
BC,F; plants with n=2 is coincident with the curve
for BC,S, plants with n = 32. Spacing of generations
on the x-axis is proportional to percent recurrent

BC,

GENERATION

- parent germplasm

Table 1. The proportion of loci segregating in the BC, population, given that either a large num-
ber of BCF, plants are used in the BC, through BCy_; (no previous drift) or one BCGF, plant per
generation is used in the BCgthrough BC,_; (previous drift)

No of No previous drift No of Previous drift

plants in plants in

BC,F, BC, BC, BC; BC, BC,F, BC, BC, BC; BC,
1 050 025 013 006 1 050 025 013 006
2 075 044 023 0.12 2 0.75 038 019  0.09
4 094 068 041 0.23 4 094 047 023 012
8 099 09 066 040 8 099 050 025 013

16 .00 099 0838  0.64 16 1.00 050 025 013

32 1.00 1.00 098 087 32 1.000 050 025 0.13

64 1.00 1.00 1.00 098 64 .00 050 025 0.13
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(Table 1, right half). Ultimate gain from selection is
very reduced in this situation.

The fraction of loci segregating in the BC, when n,
through n,_; are variable is difficult to formulate;
it equals

nil_pr(l_p)ﬂs—l—x[l—(l— X )ngj|‘

x=0X! (ng—l_x)! Ng_

where a fraction 2p of BC,_,F; plants were hetero-
zygous and n,_; and ng plants were used in the
BC,_F, and BC;F,, respectively. To have available
most of the genetic variability when commencing selec-
tion, the breeder should cross at least eight BC,F,
plants and double the number with each succeeding
generation (Table 1, left half). During subsequent
selection, large population sizes must be maintained
because many donor alleles will be at low frequency.
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