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SUPPORTING TEXT
Strain Construction
All strains in the yeast population were derivatives of BY4741/2 haploids with a PRE-GFP insertion at the HIS3 locus [1], genotype MATa leu2Δ0 met15Δ0 ura3Δ0 his3::HIS3::PRE-GFP. Gene deletions were made using a PCR-based strategy in which the KanMX4 “barcode” deletion allele [2], the NatMX4 allele [3], and DsdAMX4 [4] allele were amplified, transformed into our progenitor strain, and verified by PCR and tetrad dissection.  Standard methods were used for all transformations [5]and crosses to construct haploid mutant derivatives.  Plasmid pMKV001 containing the DsdA allele was kindly provided by the Dudley Lab at Institute for Systems Biology.
The bar1::HphMX4 gene deletion was obtained from a previous study [1]. The fus3::NatMX4 gene deletion was constructed using primers Fus3Nat_F (5’ - AG GCA GAG AAA AAG AAA GGA AAA TAA TAT GCC AAA GAG GCA TAG GCC ACT AGT GGA TCT G – 3’) and Fus3Nat_R (5’ - T GTT CTT CGG GTT GAT ATT TTA ATG ATA ATG ATG GCT CAG CTG AAG CTT CGT ACG C - 3’). The far1::KanMX4 gene deletion was constructed using primers Far1_KanMX4_F (5’ – AAA AGC AAA AGC CTC GAA ATA CGG GCC TCG ATT CCC GAA CTA CTA GCA TAG GCC ACT AGT GGA TCT G – 3’) and Far1_KanMX4_R (5’ – ATC CAC TGG AAA GCT TCG TGG GCG TAA GAA GGC AAT CTA TTA ATG CAG CTG AAG CTT CGT ACG C – 3’). The msg5::DsdA gene deletion was constructed using primers Msg5_dsdA_F (5’ – AAA CAT TCT TTT TTT TTT CTT CAT TTA AGT ATA AGA CAA CAA TAG TAG CGG AAG CGA TAG TAA GCA TAG GCC ACT AGT GGA TCT G – 3’) and Msg5_dsdA_R (5’ – GCT AAG TAC ATT CTA TTT AGA AGC GTA GGG AGG CGG TCT GCC TGC AGA TCT GAT AGT CAT AAA CAG CTG AAG CTT CGT ACG C – 3’). 
The STE11-4 allele, a C→T substitution at gene position 1787 (ChrXII:851652), was constructed with two-step gene replacement (Prinz, Shelby, and Galitski, unpublished). A URA3 gene was amplified from plasmid pRS306 [6] and inserted into the STE11 gene using primers ste11_1787::URA_F (5’ – GCA AAT ATT TTG ATT GAT ATC AAA GGT TGC GTA AAA ATT ATA ACT ATG CGG CAT CAG AGC – 3’) and ste11_1787::URA_R (5’ – TTT ATT CAA AGG TGA TAA TTT TTT TGA AAT ACC AAA ATC ACC TGA TGC GGT ATT TTC TCC – 3’). The URA3 was ejected using primers ste11T596I_F (5’ – CAG AGA TAT CAA GGG TGC AAA TAT TTT GAT TGA TAT CAA AGG TTG CGT AAA AAT TAT TGA TTT TG – 3’) and ste11T596I_R (5’ – CTC TCT TAT TTT GTT TTT TAT TCA AAG GTG ATA ATT TTT TTG AAA TAC CAA AA TCA ATA ATT TTT – 3’). STE11-4 strains were selected on 5-FOA media.
Mutations were integrated sequentially to produce the parental genotypes MATa fus3::NatMX4 far1::KanMX4 STE11-4 leu2Δ0 met15Δ0 ura3Δ0 his3::HIS3::PRE-GFP and MATα bar1::HphMX4 msg5::DsdAMX4 leu2Δ0 met15Δ0 ura3Δ0 his3::HIS3::PRE-GFP. These strains were mated, sporulated, and tetrads dissected using standard methods. All tetrads were scored for mating type and drug resistances and a single MATa progeny from each tetrad was selected for STE11 genotyping by Sequenom hME.


Matrix Formulation of Reparametrizaton



The model can be expressed in matrix form, with  samples over  phenotypes and  covariates:



If we write this as , it follows that the original phenotype matrix is










We define the direct influences as  to recompose the SVD and have .  This is our final result, in which the phenotype  is modeled as a genotype design  (the design matrix of the pair-wise regression), the interaction matrix  that contains the interactions that can be expressed in terms of variant-to-variant influences  and , and the coefficient matrix  that contains the direct effects on the phenotype from the variant pair and covariates. 
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