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Polyembryo is an important aspect of oogenesis in Pinus 
(FERGUSON 1904; BUCHHOLZ 1931; CHAMBERLAIN 1935). Multiple 
archegonia, each containing a mature egg cell, are frequent- 
ly formed in an individual pine ovule (STOCKWELL 1939; 
SARVAS 1962). Unlike most plants, all the egg nuclei in the 
pine ovule are genetically identical as they have arisen 
from the division of a single haploid megaspore. With room 
for several pollen grains in the pollen chamber of each 
ovule, multiple fertilization of identical egg cells in a 
single ovule frequently occurs (SARVAS 1962). 

Competition between the developing polyzygotic embryos 
normally reduces their number to a single embryo at the 
time of cone maturity (BUCHHOLZ 1931). Many embryos in 
the pine ovule abort before maturity for reasons other 
than polyembryonic competition. The primary cause of 
noncompetitive embryo abortion is thought to be the ac- 
tion of homozygous embryonic lethal genes (SARVAS 1962). 
If the ovule has two or more fertilizations, all but one 
of the polyzygotic embryos in an ovule could abort and 
the ovule still form a sound seed. If the ovule has only a 
single fertilization, embryo abortion leads to gametophytic 
tissue deterioration. The seed coat, however, may develop 
normally as it is the product of the diploid cells of the 
female parent. The result is an unsound (empty) seed. Ex- 
cluding non-genetic factors an unsound seed from a poly- 
zygotic ovule occurs only when all the zygotes contain 
recessive embryonic lethal genes. In pines, self-fertiliza- 
tion frequently reduces the yield of sound seed as compared 

Table I .  - Combinations of male and female gametes with two 
embryonic lethal alleles and two fertilizations per ovule. 
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Number of lethal 

alleles per 0 1 1 2 

female gamete, 5 

Aborted ovules 0 4 4 9 

Number of ovules 16 16 16 16 

1) embryo abortion: homozygotic combination of lethal alleles. 

2) unsound seed: all embrps aborring in o single ovule. 
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to cross-fertilization (SQUILLACE and KRAUS 1962; FOWLER 
1965; SNYDER and SQUILLACE 1966; SNYDER 1968; FRANKLIN 
1969). This result is attributed to the increased percentage 
of homozygotes after selfing producing a greater likelihood 
of homozygous recessive embryonic lethals (SARVAS 1962). 

A model of the probability of unsound seed can be de- 
veloped with the number of loci heterozygous for embry- 
onic lethal recessive alleles in the selfed parent, n; the 
number of fertilizations which take place in each ovule, f ;  
and the number of loci containing recessive embryonic 
lethal alleles in a particular female gamete, r. 

For the development, it is assumed that when n > 1, 
independent segregation occurs. There are 2n possible 
genetically different male gametes for each female gamete 
possible in an ovule; of these, 2(n-r) would result in sound 
seed when the gametes unite. When multiple fertilization 
of identical female gametes occurs, as in pines, there are f 
sets of gamete combinations. Thus, in any ovule where 
multiple fertilization occurs, there are (2" - 2(n-r))f gamete 
combinations possible which result in unsound seed. There 

n !  
ways of having ovules which have 

gametes with r loci with recessive embryonic lethal alleles. 
The product of the number of ovules with gametes which 
contain r recessive embryonic lethal alleles and the number 
of ways unsound seed could occur in such an ovule gives 
the number of ways an unsound seed could be produced 
in that type ovule. Summing over all values of r, 

( F )  (2n -2(n-O)f, gives the total number of ways 
r=O 
unsound seed may occur. 

When multiple fertilization occurs, there will be 2nf sets 
of male gametes available for each fertilization and 2" 
possible genetically differing female gametes. The number 
of genetically differing ovules possible is 2nf X 2". The 
nominal number of ovules which would result in unsound 
seed divided by the number of ovules possible gives: 

PROBABILITY OF UNSOUND SEED = 

2Pf  +n) 

An illustration of this is given in Table 1 for a parent 
with two loci containing recessive embryonic lethal alleles 
and with two fertilizations per ovule. In the example, 
there are 17 ways unsound seed can occur in the 64 possible 
ovules. The probability of unsound seed would then be .27. 
Table 2 gives the probabilities of unsound seed for up to 
20 recessive embryonic lethal genes and up to 5 fertiliza- 
tions according to the above equation. 

As the number of fertilizations per ovule increases, the 
probability of unsound seed decreases rapidly for light 
lethal gene loads. For higher lethal gene loads, the proba- 
bility is decreased very little for each additional fertiliza- 
tion. 

The number of lethal genes may be estimated with 
Table 2 for any self-pollinated pine if the number of ferti- 
lizations per ovule and the percent unsound seed are 
known, and if independent segregation is assumed. This 




