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Biometrical genetical analysis of
tetrasomic inheritance based on
matings of diploid parents which
produce 2n gametes
G. C. C. Tai Agriculture Canada Research Station, P.O. Box 20280,

Fredericton, N.B., E3B 4Z7, Canada.

This paper describes a mating scheme for estimating genetic parameters in an additive-dominance model for
autotetraploids. The two parents used in the scheme are homozygous diploids which produce 2n unreduced gametes.
The estimation procedure uses means of autotetraploids of the two parents, their F1 and eight backcross generations.

INTRODUCTION

Haploids can now be induced either in vitro (e.g.,
anther culture) or in vivo (e.g., pseudogamy) in
many crop species (Hermsen and Ramanna, 1981).
Haploids (2X) extracted from autotetraploid (4X)
species, notably alfalfa and potato, can be used to
cross with related diploid (2X) species. More
importantly, these 2X plants may produce 2n unre-
duced gametes. Thus, they can be used in tetra-
ploid-diploid (4X-2X) matings for maximising
heterozygosity in autotetraploids (Mendiburu,
Peloquin and Mok, 1974; Bingham, 1979; 1983).
The 2n gametes are produced by either first (FDR)
or second (SDR) division restitution during
meiosis (Mendiburu and Peloquin, 1979). These
two mechanisms of 2n-gamete formation have been
found useful in gene-centromere mapping based
on 4X-2X matings in potatoes (Mendiburu and
Peloquin, 1979). Tai (1982a; b) proposed two mat-
ing schemes, each of which involves a series of
4X-2X, 4X-4X and/or 2X-2X matings, for estimat-
ing double reduction and genetic parameters of
autotetraploids. The present study attempts to pro-
pose another mating system which is strictly based
on FDR or SDR diploid parents for biOmetrical
genetical analysis of tetrasomic inheritance.

Frequencies of 4X genotypes in progenies of
matings between diploids

We assume that two homozygous diploids are
available. They are capable of producing both n
and 2n gametes. One of them, say AA, can produce

a reasonable proportion of both 2n pollen and 2n
eggs. Another one, aa, produces 2n eggs (or pol-
len). Mating between AA and aa would produce
both diploid (Aa) and tetraploid (AAaa) F1 pro-
genies. It is expected the F1 (Aa) is again capable
of producing 2n pollen (or eggs) by FDR or SDR
during meiosis. We shall consider the case of FDR.
The principle of using SDR diploids is exactly the
same as the FDR's.

The diploid F1 (Aa) produces n gametes of A
and a with the ratio 1: 1. The same genotype pro-
duces 2n gametes of AA, Aa and aa with relative
frequencies f3/4: 1 —/3/2: /3/4 based on the FDR
mechanism. The coefficient /3 is the frequency of
single exchange tetrads (Mendiburu and Peloquin,
1979). The diploid F1 (Aa) plants are then selfed
and backcrossed to both parents (AA and aa) to
produce diploid F2 and backcross families. All
diploid families are again expected to produce
both n and 2n gametes. Table 1 presents the relative
frequencies of different genotypes in n and 2n
gametes produced by these families.

Frequencies of 4X genotypes in progenies of
these families and crosses between them can be
worked out using information in table 1. Table 2
gives results of 11 families. These families are
involved in our proposed mating scheme for
estimating genetic parameters.

Estimation of genetic parameters

The following mating scheme is proposed for
estimating genetic parameters involved in
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Family
n g

A
amete

a AA
2n gamete
Aa aa

AA 1 0 1 0 0
aa 0 1 0 0 1

Aa
AAxAa
aaxAa
AaxAa

1

1

1

1

/3/4
+/3/8
/3/8
+/3/8

1—13/2
—f3/4
—/3/4
—$/8

/3/4
[3/8
+J3/8
+/3/8

tetrasomic inheritance:
Type of cross
2X*2X
2X*2X
2X*2X
2X * 2X
2X*2X
2X*2X
2X * 2X
2X*2X
2X * 2X

AAx(AaxAa)
aa x (Aa x Aa)

A unique feature of the above
all matings are of 2X * 2X type of crosses. For
example, AA x (AA x Aa) represents the mating of
2X progenies of the cross AA x Aa with 2X parent
AA. It is also noted at least one parent of each of
the matings is homozygous, i.e., AA or aa. Tetra-
ploid progenies are extracted from the nine
families. Together with the tetraploids of two
parents, i.e., AAAA and aaaa, they can be tested
in an experiment. The means of the 11 families
can then be used in a weighted least square pro-
cedure similar to the one described by Tai (1982b)
for estimating various genetic parameters accord-
ing to the additive-dominance model of Mather
and Jinks (1982) and Killick (1971). Let m be the
mid-homozygous value, and d, h3, h2, h1 and —d,
the mean phenotypic deviations from m for

AAAA, AAAa, AAaa, Aaaa and aaaa genotypes,
respectively. The expected means of two parental
tetraploids P1 and P2. and F1, B1, B2, B11, B12,
B21, B22, B13, and B23 can be derived based on
information in table 2. They are as follows:

P1= m+d
P2 = m — d

F1= m+h2
B1 = m+f3/4(d+ h2)+(1 —f3/2)h3

= m+h
B2= m—13/4(d—h2)+(1—13/2)h1

=m+h
= m + 1/2d +f3/8(d + h2)+ 1/2(1 —f3/2)h3
= m + 1/2d + 1/2h

B12 = m + l/2h2 — /8(d + h2) + 1/2(1 —13/2)h3
= m+ 1/2h2+ 1/2h

B21 = m + 1/2h2—f3/8(d — h2)+ 1/2(1 —/2)h1
= m+ 1/2h2+ 1/2h

B22 = m+ 1/2d —/3/8(d — h2)+1/2(1 —p/2)h1

=m—1/2d+1/2h
13 = m+ 1/4d + 1/4h2+ f3/8(d + h2)

+ 1/2(1 —$/2)h3
= m + 1/4d + 1/4h2+ 1/2h

B23 = m — 1/4d + 1/4h2—/3/8(d — h2)

+ 1/2(1 —13/2)h1
= m — 1/4d + 1/4h2+ 1/2h

where h = h3+/3/4(d+h2—2h3) and h =
h1—/3/4(d—h2+2h1). These equations are solved

Table 2 Frequencies of 4X genotypes in the progenies of 11 diploid families

Table 1 Frequencies of different genotypes in n and 2n
gametes produced by different types of diploid families

Mating scheme
AAxaa
AA x Aa
aa x Aa
AAx(AAxAa)
AAx(aaxAa)
aa x (AA x Aa)
aa x (aa x Aa)

Symbols
F1
B1

B2
B11

B12

B21

B22

B13

B23
scheme is that

4X genotypes
Family Symbol AAAA AAAa AAaa Aaaa aaaa

AA P, 1 0 0 0 0

aa P2 0 0 0 0 1

Aa F1 0 0 1 0 0
AAxAa B1 /3/4 1—13/4 1—/3/4 0 0
aaxAa B2 0 0 /3/4 1—13/4 /3/4
AAx(AAxAa) B11 1+p/ 1—13/4 /3/8 0 0
AAx(aaxAa) B12 /3/8 1—13/4 1+13/8 0 0
aax(AAxAa) B21 0 0 1+13/8 1—13/4 [3/8
aáx(aaxAa) B22 0 0 /3/8 1—13/4 1+13/8
AAx(AaxAa)
aax(AaxAa)

B13

B23

1+13/8
0

1—13/4
0

1+13/8

1+13/8

0

1—13/4

0

1+13/8
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for m, d, h2, h, and h. It is noted h and h,
instead of h3 and h1, are estimated. They represent
biased estimates of h3 and h1 when /3>0. There
are 11 means for estimating 5 genetic parameters.
This leaves 6 degrees of freedom for a Chi-square
test for the adequacy of their additive-dominance
model.

DISCUSSION

The proposed mating scheme uses tetraploids of
two homozygous parents, their F1, and progenies
of eight backcross generations for experimental
purpose. It does not intend to use tetraploid pro-
genies of either F2 and selfed families in later
generations or biparental families between hybrid
progenies. Tetraploids from these families would
be produced by heterozygous genotypes. There is,
at the moment, no assurance that 2n pollen and
eggs of a specific parent are formed by the same
restitutional mechanism. Thus, they are excluded
in the mating scheme. Another distinct feature of
the present scheme is that all matings are of 2x * 2x
type of crosses. The double-reduction coefficient,
a, is consequently not involved in the estimation
of genetic parameters.

The eight backcross generations involved in the
mating scheme provide more than the minimum
number of family means required for estimating 5
genetic parameters. The aim of presenting the para-
metric structure of all of them is to demonstrate
that the trisomic effect h3 and monosomic effect
h1 have to be estimated with a multiplicative term
involving 13, which is related to the distance of a
gene from the centromere, and the parameters d,
h2, and h3 or h1. The 2 parameters h and h
represent unbiased estimates of h3 and h1 only
when /3 =0, i.e., the situation of chromosomal
segregation. The remarkable fact is, however, that
h and h are integral components in the
expressions of all backcross generations in the
mating scheme. Thus, the distance of a gene from
the centromere of a chromosome has a definite
bearing on the expression of genic interactions in
tetrasomic inheritance. The two quantities /3/4
(d+h2—2h3) and f3/4(d—h2+2h1) in h and h
respectively can b regarded as measuring "posi-
tion effects" of polygenes on quantitatively
inherited traits.

Data obtained from the present mating scheme
cannot provide an estimate of /3. Hence h3 and h1
as well as the position effects cannot be indepen-
dently estimated. To achieve such a purpose tetra-
ploid progenies from F2 or other crosses from

heterozygous parents (e.g., Aa x (Aa x Aa)) will
have to be used in the mating design. In this case,
the mechanism of 2n gamete formation should be
proven identical in all male and female diploid
parents.

Diploid families can be obtained from the same
mating scheme. A concurrent experiment involving
both diploid and tetraploid families would enable
one to compare genetical behaviour of polygenic
traits at two ploidy levels. The means of six back-
cross generations (B1, B2, B11, B12, B21 and B22)
bear simple relationships with those of P1, P2 and
F1 in the diploid population under an additive-
dominance model (see table 12, Mather and Jinks,
1982). These relationships do not exist in the tetra-
ploid population. The following relationships,
interestingly, hold true at both ploidy levels:

2B1 1+ 2B22 — B1
— B2=t+ 2

2B11 +2B12—2B21 —2B22 = P1
—P2

2B21 + 2B12 — — B2= 2F1

These relationships can be used for simultaneous
scaling test for the adequacy of additive-domin-
ance model at both ploidy levels.
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