Detailed derivation of Equations (3) to (8)
For simplicity, the individual index and parental combination index are omitted in the following derivations.

Let  and  denote the haplotype covariates of the th marker inherited from the maternal (ovule) and paternal (pollen) parents, respectively. In addition, let , and  denote the maternal and paternal haplotype covariates of the maternal parent at the th marker, respectively, and let  and  denote the corresponding haplotype covariates of the paternal parent.

When the maternal and paternal parents are fixed,  and  become random variables representing offspring haplotypes inherited from the parental haplotypes through Mendelian segregation. The expected values of these random variables are calculated as follows:


Similarly, the covariance between the th and th markers can be expressed as:


where  is the recombination frequency between the th and th markers. Thus, the expected values and covariances of offspring haplotype covariates can be fully described from parental haplotypes and recombination frequencies.

Additive Model
In the additive model in Equation (1) in the main text, the genotypic value is expressed as follows:

When the maternal and paternal parents are fixed,  and  become random variables with the properties described above. Consequently, the genotypic value  also becomes a random variable representing the progeny distribution for the parental combination. The mean () and variance () of  are given by the following:

and

Thus, the expected progeny distribution in the additive model is fully determined by parental haplotypes and recombination frequencies.
These expressions are simplified using the following quantities:





and

Accordingly, the expected progeny mean and variance can be written as


which correspond to Equations (3) and (4) in the main text.

Full Model
In the full model defined in Equation (2) in the main text, the genotypic value is determined as follows:

In contrast to the additive model, the dominance component depends on the joint inheritance of maternal and paternal haplotypes. Therefore, the expected progeny mean and variance must be derived by considering the joint distribution of  and .
The expected value of  is calculated as follows:

The variance of  is calculated as follows:

Using the properties of covariance, the following relationships are obtained:

and

Thus, the expected progeny mean and variance in the full model can also be expressed solely as functions of parental haplotypes and recombination frequencies.
These expressions are simplified using the following quantities:



and

Accordingly, the expected progeny mean and variance can be determined as follows:


which correspond to Equations (7) and (8) in the main text.
