Table 2. - Probability of unsound seed after self-fertilization in
pine as a result of the homozygosity of embryonic lethal alleles
after multiple fertilizations per ovule.
Lethal
Alleles

Number of Fertilizations
1

2

3

4

5

Summary
Two major factors appear to affect the probability of
unsound seed in self-pollinated pines: the number of
fertilizations in each ovule and the number of mendelian
lethal alleles carried by the selfed parent. A model is
developed which expresses the probability of unsound seed
as a function of these two factors.
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Rounded to 1.00; actual value

=
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table may be useful in evaluating potentially superior trees
for seed orchards in terms of their embryonic lethal allelic
load. This table gives a more conservative estimate of the
number of lethal genes than has been previously reported.
FOWLER
(1965) estimated that he had a minimum of 15
lethal genes in Pinus banksiana on the basis of 63 percent
unsound seed after selfing, with the assumption of two
fertilizations per ovule. Table 2 shows that the estimated
number should be five rather than 15.

Estimating Frequency of Natural Selfing Based on Segregating
Mutant Forms
Segregating mutant forms have been uscd in several
cases to estimate the frequency of natural self-fertilization based exclusively on frequency of mutant phenotypes
(SQUILLACE and KRAUS, 1963; FOWLER, 1965 a; FOWLER, 1965 b;
RUDOLPH, 1966). The point that these estimates do not
necessarily reflect the total frequency of self-fertilization
has received insufficient emphasis. To estimate total frequency of self-fertilization, adjustments must be made for
embryonic mortality. Otherwise; discrepancies can be substantial, as illustrated by a case reported for Pinus sylvestris
L. where only 7 percent viable self-fertilized seed were
obtained following approximately 26 percent natural selff ertilization (SARVAS, 1962).

Methods
Wind-pollinated seed were collected in 1967 from 16 trees
proven to be heterozygous for one or more mutant alleles
on the basis of controlled self- and cross-pollinations made
in 1965 (FRANKLIN, 1969 a). Up to 1000 seed from each of
these seed lots were sown in a greenhouse. Counts of abnormal phenotypes were made daily during germination
and every 3 to 4 days for a month thereafter.
Percentage of natural self-fertilization (S) was estimated
according to the following relationship:
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Number of self-fertilized ovules
S=

Number of Cross plus number of self-fertilized o v u ~ loO
. ~

Computations are illustrated in the following example.
Controlled self-pollination of a certain tree resulted in
120 normal and 30 mutant seedlings from a total seed
yield of 1000. Controlled crossing on the Same tree resulted
in 800 normal seedlings from a total seed yield of 1000. A
wind-pollinated collection from the Same tree yielded 994
normal and 6 mutant seedlings.
From the data on controlled self-pollination, it is estimated that each mutant seedling appearing in a wind120
i0
pollinated family represents -- 5 self-fertilized
30
seedlings.
Also, each self-fertilized seedling in a wind-pollinated
1000
family represents --- = 6.67 self-fertilized ovules. Simi150
larly, each cross-fertilized seedling in a wind-pollinated
1000
family represents ---- = 1.25 cross-fertilized ovules.
800
Based on these predictions, the following estimates can
be made for the wind-pollinated collection -

+

Number of
Number of
Number of
Number of

self-fertilized seedlings: (6) (5) = 30
self-fertilized ovules: (30) (6.67) = 200
cross-fertilized seedlings: 1000- 30 = 970
cross-fertilized ovules: (970) (1.25) = 1212

