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This paper discusses the inference of parental genotype based on segregation data from selfed progeny
of allopolyploids when there is incomplete information about genotypes and when alleles are
codominant or null. The distinct alleles that are present in a genotype are assumed to be known, but
not the frequency with which they occur. These assumptions may be appropriate when genotypes are
deduced from DNA or protein banding patterns on electrophoretic gels. A computer program, SELF,
is described that can generate all possible parental genotypes and rank them on the basis of their
agreement with the progeny data. The program caters for tetraploids, hexaploids and octoploids. The
methods are illustrated using data from a study of the inheritance of isoenzymes in selfed progeny of
octoploid strawberry cultivars.
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Introduction

This paper discusses the inference of parental genotype
based on segregation data from selfed progeny of
allopolyploids when there is incomplete information
about genotypes and when alleles are codominant or
null. It is assumed that the distinct alleles that are
present in a genotype can be identi®ed, but that the
frequency with which each allele occurs is not known.
This situation arises in the interpretation of electropho-
retic gels, when the presence of a DNA or protein band
on the gel indicates the presence of the corresponding
codominant allele in the genotype. Although the relative
staining intensities of di�erent bands may provide some
information about the frequencies with which the
di�erent alleles are present, this information is often
very di�cult to quantify reliably. It is important
therefore to consider how data can be analysed when
the allele frequencies are unknown. Speci®cally, what
can be inferred about the parental genotype from
knowledge of the banding patterns that occur in selfed
progeny? Knowledge of parental gen otypes would be
important for linkage studies, for example.
The method of analysis described in this paper was

developed as part of a study of the inheritance of several
isoenzymes in selfed progenies of various strawberry
cultivars. The cultivated strawberry, Fragaria ´ ananassa

Duch., is an octoploid (2n� 56). There is good cytolo-
gical and genetic evidence, reviewed by Galletta & Maas
(1990) and Bringhurst (1990), that F. ´ ananassa behaves
as an allopolyploid, showing disomic inheritance. Thus,
the eight sets of chromosomes comprise four pairs and
inheritance proceeds by ordinary diploid segregation
within each pair. Based on this assumption, we use a
computer program to generate all possible parental
genotypes and to rank them on the basis of their
compatibility with the progeny data.
The paper is organized as follows. Firstly, statistical

methods are described. Secondly, these methods are
illustrate using data on segregation of the enzyme
system phosphoglucomutase (PGM) in selfed progeny
of two strawberry cultivars, `Cambridge Favourite' and
`Elvira'. For `Cambridge Favourite', only a few parental
genotypes are possible, and these are easily identi®ed by
inspection. For `Elvira', there are many more possibil-
ities and the use of a computer program is essential for
e�ciency and accuracy. Finally, we discuss extensions of
the methodology to allow for null alleles and for the
possibility that the locus of interest may not be present
on all four of the chromosome pairs.
A Fortran77 computer program, SELFSELF, was developed

for the calculations and caters for tetraploids, hexa-
ploids and octoploids. An executable version of the
program, which runs under MS-DOS on an IBM-
compatible personal computer, is available by E-mail
from the ®rst author.
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Statistical methods

We write the octoploid genotype of an individual as a
list of four pairs of alleles. The general form is thus

�ab; cd; ef ; gh�;

although, in most instances, not all of the eight alleles
will be distinct. All alleles are assumed to be codomi-
nant.

When an allopolyploid is selfed, the four pairs of
alleles segregate independently of one another, in
normal Mendelian fashion, giving rise to a maximum
of 24� 16 distinct gametes. As each pair of alleles can
give rise to three distinct o�spring genotypes, there are,
in total, 34� 81 possible o�spring genotypes, although
this number is reduced by a factor of three whenever the
two alleles of a pair are identical. Moreover, because the
four pairs are assumed to segregate independently of
one another, the probabilities of the di�erent genotypes
are obtained by multiplying together the probabilities
for each pair. For example, the probability of obtaining
the o�spring genotype (ab, cc, ef, hh) is

1

2
� 1

4
� 1

2
� 1

4
� 1

64
:

For this individual, the banding pattern abcefh would be
observed and, as this pattern can arise only from this
o�spring genotype, the probability of observing this
banding pattern is also 1/64.

However, when the alleles are not all distinct, a
particular banding pattern can often arise from several
di�erent o�spring genotypes and then the overall
probability of obtaining the banding pattern is the
sum of the individual genotype probabilities. For
example, when the parent (ab, cd, ef, af) is selfed, the
banding pattern acef arises from any of the following
o�spring genotypes:

Offspring genotype Probability

�aa; cc; ee; af � 1=128

�aa; cc; ee; ff � 1=256

�aa; cc; ef ; aa� 1=128

�aa; cc; ef ; af � 1=64

�aa; cc; ef ; ff � 1=128

Summing these probabilities gives the overall probabil-
ity of obtaining the banding pattern acef as 11/256.
Thus, for a given parental genotype, it is straightforward
to identify the distinct o�spring genotypes and to
calculate the probabilities with which they occur.

In practice, however, the parental genotype is
unknown. We assume that the distinct parental alleles
are known, but not the frequency with which they occur
or the way in which they are paired. The objective is to
infer this information from the selfed progeny. To this
end, we consider all possible parental genotypes and, for
each of these, evaluate the di�erent banding patterns that
can occur in the progeny, and their expected frequencies.
These expected frequencies may then be compared with
the observed frequencies. When the agreement is poor, it
is unlikely that the postulated parental genotype is
correct. Di�erent parental genotypes can therefore be
ranked on the basis of the degree of agreement between
observed and expected frequencies.

Generation of possible parental genotypes

Suppose that there are m distinct parental alleles
(1 £ m £ 8) and that the ith allele occurs ri times, where

r1 � r2 � . . .� rm � 8:

In mathematical terminology (r1, r2,¼, rm) is a partition
of eight. Table 1 gives the possible partitions for
di�erent values of m. The SELFSELF program considers each
partition in turn.

Suppose now that the partition (r1, r2,¼, rm) contains
p distinct values, say (s1, s2,¼, sp) and that the number
of alleles that occur si times in the genotype is ui. This
implies that

s1u1 � s2u2 � . . .� spup � 8:

For example, if m� 5, with alleles abcde, and the
partition is (1,1,2,2,2), then P� 2 and we have s1� 1,
s2� 2, u1� 2, u2� 3. There are 10 di�erent combinations
of the alleles abcde in which two of the alleles occur once
and the other three occur twice, namely

abccddee abbcddee abbccdee abbccdde aabcddee

aabccdee aabccdde aabbcdee aabbcdde aabbccde:

The number of combinations, C, of m alleles occurring
with the speci®ed frequencies (r1, r2,¼, rm) is given by
the multinomial coe�cient

C � m!

u1!u2! . . . up!
;

which is the number of di�erent ways of choosing the u1
alleles that occur s1 times, the u2 alleles that occur s2
times, etc. Each such combination gives rise to several
possible genotypes, V say, depending on the way in
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which the alleles are paired. When all eight alleles are
distinct, V� 7 ´ 5 ´ 3� 105. We are not aware of any
simple general formula for V, but numerical values are
shown in Table 1. The number of parental genotypes
that can arise from a given partition is then G�C ´ V,
and the total number of parental genotypes that can
arise from a given set of m alleles is obtained by
summing the G-values for all partitions that contain m
elements. The results are shown in the second column of
Table 2. The number of possible genotypes increases as
m increases, to a maximum of 690 when m� 6, and
decreases thereafter.

Ranking parental genotypes

For each parental genotype that is generated, the SELFSELF

program enumerates the possible o�spring banding
patterns, and the probabilities with which they occur.
In most instances, many of the parental genotypes may
be ruled out immediately, because they are unable to
generate all of the banding patterns that occur in the
data. The remaining genotypes are ranked on the basis

of their agreement with the observed data. The measure
of agreement used is the standard chi-squared statistic,
v2, calculated from the observed and expected frequen-
cies (ni and ei) as

v2 �
X �ni ei�2

ei
;

where the summation is over all banding patterns that
can occur, given the parental genotype. This may
include banding patterns that do not occur in the data
(ni� 0, ei ¹ 0). The degrees of freedom for the chi-
squared statistic are one less than the number of possible
banding patterns.
When parental genotypes give nonzero probabilities

for banding patterns that do not occur in the data, the
degrees of freedom for v2 are increased, often without
greatly increasing v2 itself. Thus, based on the chi-
squared test, these genotypes may compare favourably
with parental genotypes that do not give rise to
unobserved banding patterns. However, v2 is only one
possible measure of agreement between observed and
expected banding patterns. We can also calculate the
probability that none of the unobserved banding
patterns occurs as

�1 p0�N ;

where p0 is the sum of the probabilities of the banding
patterns that do not occur in the data, and N is the
progeny size. If this probability is small, the proposed
parental genotype is unlikely to be correct.
Finally, we calculate one further measure of agree-

ment, the posterior probability that a given parental
genotype is the true parental genotype, assuming that
all possible genotypes are equally likely a priori. This
type of calculation, which uses the ideas of Bayesian
statistics, has been advocated recently by Olson (1997),

Table 1 The partitions of 8 that contain exactly m
elements, where m is the number of distinct parental alleles.
For each partition, the table shows the number of distinct
values in the partition (p), the number of possible
combinations of alleles that can arise (C), the number of
ways in which each of these can be arranged in four pairs
(V) and hence the number of possible genotypes
(G = C ´ V). See text for more details

m Partition p C V G

1 (8) 1 1 1 1
2 (7,1) 2 2 1 2

(6,2) 2 2 2 4
(5,3) 2 2 2 4
(4,4) 1 1 3 3

3 (6,1,1) 2 3 2 6
(5,2,1) 3 6 3 18
(4,3,1) 3 6 4 24
(4,2,2) 2 3 6 18
(3,3,2) 2 3 6 18

4 (5,1,1,1) 2 4 4 16
(4,2,1,1) 3 12 7 84
(3,3,1,1) 2 6 8 48
(3,2,2,1) 3 12 11 132
(2,2,2,2) 1 1 17 17

5 (4,1,1,1,1) 2 5 10 50
(3,2,1,1,1) 3 20 16 320
(2,2,2,1,1) 2 10 23 230

6 (3,1,1,1,1,1) 2 6 25 150
(2,2,1,1,1,1) 2 15 36 540

7 (2,1,1,1,1,1,1) 2 7 60 420
8 (1,1,1,1,1,1,1,1) 1 1 105 105

Table 2 The number of possible octoploid parental geno-
types, given the number of distinct parental alleles, m,
depending on whether or not null alleles are allowed

Number of possible parental genotypes

m Without null alleles With null alleles

1 1 14
2 13 97
3 84 381
4 297 897
5 600 1290
6 690 1110
7 420 525
8 105 105
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in a similar context. The posterior probability for the jth

possible parental genotype is calculated as

PjP
Pj
;

where Pj denotes the multinomial probability of the
observed o�spring segregation given the jth parental
genotype. Two speci®c genotypes, i and j, may be
compared by means of the Bayes factor, which, because
all genotypes have the same prior probability, is simply
Bij�Pi/Pj. Thus, the Bayes factor is the ratio of the
likelihoods for the two genotypes. Based on the sugges-
tions of Kass & Raftery (1995), in an extensive review of
Bayes factors, a Bayes factor between 3 and 20 provides
`positive' evidence in favour of the genotype with higher
posterior probability, whilst a value in excess of 20
provides `strong' evidence.

Data

We illustrate the approach using data on PGM segre-
gation in selfed progeny of two strawberry cultivars,
`Cambridge Favourite', which has alleles a, c and h, and
`Elvira', which has alleles a, c, e, f and h. The possibility
that null alleles might be present is also considered. The
experiment methods are described by Bell & Simpson
(1994).

Results

PGM segregation in selfed progeny
of `Cambridge Favourite'

Four di�erent banding patterns were observed in 57
o�spring (Table 3). We note ®rst that there is a single
individual in which only the allele c was detected; this

implies that each pair of alleles must include at least one
c allele, and the genotype is therefore of the form

�c ; c ; c ; c �:

In addition, the alleles a and h occur in some progeny,
and the genotype therefore has the form

�ac; ch; c ; c �:

As further alleles do not occur in the progeny, there are
six possible parental genotypes in all, namely

�ac; ch; ac; ac� �ac; ch; ac; cc� �ac; ch; ac; ch�

�ac; ch; cc; cc� �ac; ch; cc; ch� �ac; ch; ch; ch�:

Although none of these parental genotypes can be ruled
out entirely, some are far more plausible than others,
based on the observed frequency of di�erent o�spring
banding patterns. Table 3 shows the expected frequen-
cies of di�erent banding patterns for the six possible
parental genotypes. Only the ®rst genotype gives a
satisfactory ®t when judged by v2.

For three of the parental genotypes, v2 has four
degrees of freedom rather than three, because the
banding pattern ah can also arise. This banding pattern
did not occur amongst the progeny that were recorded,
and therefore has an observed frequency of zero. This is
quite compatible with the expected frequency, which is
only 57/256� 0.22 for each of the parental genotypes
from which it can arise. Indeed, the probability that a
banding pattern with probability 1/256 will not be
observed in a sample of size 57 is (255/256)57 = 0.800.
However, for these parental genotypes, the expected
frequencies of other banding patterns agree poorly with
the observed values.

Table 3 Frequency of di�erent banding patterns for PGM in 57 selfed progeny of the strawberry cultivar `Cambridge
Favourite'. Expected frequencies and summary statistics are shown for each of the six possible parental genotypes

Banding Observed
Expected frequency for di�erent parental genotypes

pattern frequency (ac, cc, cc, ch) (ac, ac, cc, ch) (ac, ac, ch, ch) (ac, cc, ch, ch) (ac, ac, ac, ch) (ac, ch, ch, ch)

ach 34 32.1 40.1 49.9 40.1 41.9 41.9
ac 14 10.7 13.4 3.3 2.7 14.0 0.7
ch 8 10.7 2.7 3.3 13.4 0.7 14.0
c 1 3.6 0.9 0.2 0.9 0.2 0.2
ah 0 0 0 0.2 0 0.2 0.2
v2 3.66 11.59 48.52 51.11 84.89 273.10
d.f. 3 3 4 3 4 4
P 0.30 < 0.01 < 0.001 < 0.001 < 0.001 < 0.001
Posterior

probability
0.854 0.146 < 0.00001 < 0.00001 < 0.00001 < 0.00001
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The Bayesian analysis also favours the parental
genotype (ac, cc, cc, ch), assigning it a posterior
probability of 0.85. The Bayes factor for comparing
this model with its closest rival (ac, ac, cc, ch) is 5.85,
indicating `positive' evidence in favour of (ac, cc, cc, ch).
This is a simple example, primarily because one

individual had only the single allele c, and consequently
there were only six possible parental genotypes. It is
possible that this individual was misrecorded and also
carried one of the alleles a or h. If the individual is
excluded from the analysis the number of possible
parental genotypes increases to 25 and the parental
genotypes (ah, cc, cc, cc) and (ac, ah, cc, cc) give
satisfactory ®ts to the data as well as (ac, cc, cc, ch),
when assessed by the chi-squared test. The Bayesian
analysis assigns a posterior probability of only 0.05 to
(ac, cc, cc, ch), compared to posterior probabilities of
0.52 and 0.40 for (ah, cc, cc, cc) and (ac, ah, cc, cc),
respectively. Therefore, it provides `positive' evidence
that the parental genotype is not (ac, cc, cc, ch).

PGM segregation in selfed progeny of `Elvira'

Six di�erent banding patterns were observed in 57
o�spring, as shown in Table 4. The SELFSELF program
identi®ed 122 possible parental genotypes. The m� 5
distinct parental alleles can be arranged into 600 distinct
parental genotypes (Table 2). It follows that 478
(� 600 ± 122) genotypes have been eliminated because
they were unable to generate the six observed banding
patterns in Table 4.
The smallest v2 arose from the parental genotypes (ae,

cc, ee, fh) and (ac, cc, ee, fh). It is impossible to

discriminate between these parental genotypes using
selfed progeny, because they give identical expected
segregations. The expected frequencies are shown in
Table 4; v2 is 10.27 on 5 d.f. (P� 0.068).
Table 4 also shows the expected frequencies arising

from the parental genotypes (ac, ce, ee, fh) and (ae, cc,
ce, fh); v2 is 12.61 on 8 d.f. (P� 0.126). The degrees of
freedom are increased by three because these parental
genotypes can give rise to three banding patterns, aef,
aeh and aefh, which do not occur in the observed data.
Based on the chi-squared P-values, these latter geno-
types apparently provide a better ®t to the observed
frequencies, even though v2 is larger. Although two of
the expected frequencies for these genotypes are
slightly less than one, the large sample P-value appears
to be accurate; using a Monte Carlo testing procedure
(Hope, 1968) involving a simulation of 10 000 data sets
of size 57 based on this parental genotype, 1273 sets
gave v2 greater than the observed value of 12.61,
implying an almost identical P-value of 0.127. Thus the
observed banding patterns do not di�er signi®cantly
from those expected from these genotypes when judged
by the chi-squared test. However, the total probability
of obtaining one of the three banding patterns aef, aeh
or aefh which do not occur in the observed data is 16/
256. The probability that none of these banding
patterns will occur when there are 57 o�spring is
therefore (240/256)57 = 0.025. Assessed in this way,
there is therefore a signi®cant departure from the
model.
This additional test is particularly important for

analysing the `Elvira' data. Of the 122 possible parental
genotypes, only the genotypes (ae, cc, ee, fh) and (ac, cc,

Table 4 Frequency of di�erent banding patterns for PGM in 57 selfed progeny of the strawberry cultivar `Elvira'. Expected
frequencies and summary statistics are shown for four of the 122 possible parental genotypes

Banding Observed
Expected frequency for given parental genotype

pattern frequency (ae, cc, ee, fh) or (ac, cc, ee, fh) (ac, ce, ee, fh) or (ae, cc, ce, fh)

acefh 18 21.4 19.6
acef 8 10.7 9.8
aceh 7 10.7 9.8
aefh 0 0 1.8
cefh 14 7.1 7.1
aef 0 0 0.9
aeh 0 0 0.9
cef 5 3.6 3.6
ceh 5 3.6 3.6
v2 10.27 12.61
d.f. 5 8
P 0.07 0.13
Posterior
probability

0.458 0.026
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ee, fh) do not give rise to banding patterns that did not
occur in the observed data. Moreover, for the other 120
genotypes, the signi®cance level associated with these
unexpected banding patterns is always 0.025 or less.
Most of these parental genotypes would also be ruled
out on the basis of the chi-squared test, but a few would
not. The most extreme examples are the parental
genotypes (ae, ce, ce, fh) and (ac, ce, ce, fh) for which
the chi-squared statistic is 15.38 on 14 d.f. (P� 0.35).
However, there are nine banding patterns that do not
occur in the observed data, and the test based on these
gives a P-value of 0.00969. These discrepancies in
P-values are not surprising; the chi-squared test is a
general-purpose goodness-of-®t test that will not be as
good as a specially designed test at detecting speci®c
departures from the assumed model.

The Bayesian analysis favours the genotypes (ae cc,
ee, fh) and (ac, cc, ee, fh) over (ac, ce, ee, fh) and (ae, cc,
ce, fh), the Bayes factor being 17.7.

To summarize, the most likely PGM genotype for
`Elvira' appears to be (ae, cc, ee, fh) or (ac, cc, ee, fh),
although the agreement between observed and expected
frequencies of di�erent banding patterns is not quite as
good as one might hope (Table 4). Much of the
discrepancy arises because of the large number of
o�spring that had the banding pattern cefh. Other
possible parental genotypes appear unlikely, because of
the absence of particular banding patterns in the
observed data.

Extensions

Null alleles

In many species, the interpretation of electrophoretic
data on isozyme segregation has relied on the introduc-
tion of null alleles, which are inherited in the normal way
but which do not generate a visible band on the gel. The
SELFSELF program has an option to allow for the possibility
that some of the parental alleles may be null. If null
alleles are allowed, the number of possible parental
genotypes that must be considered increases, as shown
in the rightmost column of Table 2. In fact, it is easy to
see that, for m < 8, the number of possible parental
genotypes when null alleles are allowed is the sum of the
number of possible parental genotypes that can arise
when there are m or m + 1 distinct alleles and null
alleles are not allowed.

For `Cambridge Favourite', the minimum value of the
chi-squared statistic was unchanged by the introduction
of null alleles. Without null alleles, the mostly likely
parental genotype for PGM was (ac, cc, cc, ch). If null
alleles are introduced in any combination of the
following ways:

(i) replace ac by an
(ii) replace ch by hn
(iii) replace one of the cc's by cn or nn,
then the probabilities of the di�erent banding patterns
that can arise in the selfed progeny are una�ected. There
are thus 12 (� 2 ´ 2 ´ 3) genotypes, 11 of them
involving null alleles, which give the minimum value of
v2 (3.66).

The minimum value of v2 for PGM segregation in
`Elvira' was also unchanged by the introduction of null
alleles. The minimum value arose from the genotype (an,
cc, ee, fh) as well as (ae, cc, ee, fh) and (ac, cc, ee, fh).

Locus not represented on all chromosome pairs

The locus of interest may not be present on all four
chromosome pairs. The SELFSELF program allows the num-
ber of chromosome pairs on which the locus is present
to be speci®ed as 2, 3 or 4. This allows the analysis to be
extended to hexaploids (e.g. plum) and tetraploids (e.g.
sour cherry).

The most likely PGM genotype for `Cambridge
Favourite' was (ac, cc, cc, ch), assuming that null
alleles are not involved. Clearly one of the cc pairs can
be excluded without altering the possible segregation
patterns. Based on this cultivar, it is therefore possible
that the PGM locus is located on only three of the four
chromosome pairs. It is even possible that the genotype
is simply (ac, ch), though this is unlikely because the
banding pattern ah did not occur and the probability of
this is only 0.025.

For `Elvira', there are ®ve distinct PGM alleles; so the
only possibility that needs to be considered is that the
locus occurs on only three out of the four chromosome
pairs. However, although there are 15 possible parental
genotypes, all of these give rise to banding patterns
whose absence from the observed data is completely
implausible (P < 0.0001). The conclusion from `Elvira',
and from unpublished data on other cultivars, is that the
PGM locus is present on all four pairs of chromosomes.
Arulsekar et al. (1981) proposed that the loci for
phosphoglucoisomerase (PGI) and leucine aminopepti-
dase (LAP) were also present on all four pairs of
chromosomes.

Discussion

Although both examples have involved octoploid straw-
berry cultivars, the fact that the locus can be speci®ed to
occur on only two or three of the chromosome pairs
means that the SELF program can also be used to
analyse data from allotetraploids or allohexaploids.

Ignoring the possibility that null alleles may be
present, the PGM genotype for `Cambridge Favourite'
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appears to be well established from the data, providing
that the reading of the gel with only a single band can be
considered reliable. The `Elvira' data illustrate the fact
that, even without null alleles, certain genotypes may be
indistinguishable on the basis of selfed progeny, because
they give identical probabilities for the di�erent banding
patterns. Indeed, even crossing to a completely homo-
zygous `tester' would not distinguish between these pairs
of genotypes when only the presence or absence of
alleles can be observed in the progeny. Although one
particular pair of genotypes appears to provide the best
®t to the PGM segregation in `Elvira', the ®t is not
especially good (P� 0.07). It would be useful to have
additional data to determine whether this is simply a
chance e�ect, or whether a di�erent model is needed.
Even when parental genotypes do not give identical

segregation patterns, they may give patterns that are
di�cult to distinguish without very large samples. For
example, for the strawberry cultivar `Bogota', the
parental genotypes that gave the two smallest v2 values
imply banding pattern probabilities that di�er by
4/256� 0.016 at most. One of the genotypes gives rise
to a banding pattern that does not occur in the data, but
the probability of this banding pattern is only 0.016. The
nonoccurrence of this banding pattern would not be
considered unusual (P < 0.05) unless the sample size
exceeded 185.
The Bayesian analysis proposed by Olson (1997)

appears to be quite successful in analysing selfed progeny.
The assignment of prior probabilities in Bayesian ana-
lysis is often di�cult but here the assumption that all
possible parental genotypes have the same prior prob-
ability seems uncontroversial. In the examples given, the
conclusions from the Bayesian analyses agree with the
conclusions based on the chi-squared tests when the chi-
squared tests are supplemented by tests related to the
absence of particular o�spring genotypes in the observed
data. These latter tests are necessitated by the di�culties
associated with degrees of freedom for v2.
The Bayesian analysis appears simpler to interpret,

because it provides only a single value. Nonetheless, it is
important to calculate an absolute measure of goodness-
of-®t, such as v2, as there is no guarantee that the
parental genotype with the highest posterior probability
will necessarily provide a good ®t. For example, we have
noted earlier that by assuming that the PGM locus is
located on only three of the four chromosome pairs
gives rise to a substantial lack of ®t. Nonetheless, the
two (indistinguishable) parental genotypes (ac, ee, fh)
and (ae, cc, fh) have a combined posterior probability
exceeding 0.99. The di�culty here is that the Bayesian
analysis assumes that the correct model is included in
the set of possible models. In this example, no model in
which the locus is present on only three chromosome

pairs is satisfactory. In principle, it would be possible to
consider models involving both three and four chromo-
some pairs simultaneously, but it is then not clear how
prior probabilities should be assigned. A referee has also
pointed out that the Bayesian analysis is not immune
from the problems of variable sample space that cause
di�culties in deciding on appropriate degrees of free-
dom for v2; in the Bayesian context one model may have
higher posterior probability than another partly because
it has a smaller sample space.
Although this paper has concentrated on sel®ng, we

do not wish to imply that this is necessarily the best
approach to determining parental genotypes in allopo-
lyploids; indeed, the development of e�cient crossing
strategies is a di�cult, but interesting, problem. One
formulation of the problem is as follows. Given a set of c
cultivars for which the distinct alleles are known, but
not the allele frequencies, devise a set of n crosses which,
when taken together, will maximize the information
about parental genotypes. It would be useful to develop
a computer program to generate suitable crossing
schemes. An important ®rst step in developing such a
program would be to generalize the SELFSELF program to
allow crosses between parents with di�erent genotypes.
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