BACKGROUND ON MODEL USED

All analyses were performed using the iLL672 model (Kuepfer et al., Genome Research, 2005), with the following modifications:

1. The following reactions were added to allow for raffinose metabolism


RAFxt + HEXT -> RAF


SUCxt + HEXT -> SUC     

2. The following inositol transporters were added                       


YDR497C MYOIxt -> MYOI


YDL103W MYOIxt -> MYOI  

3.The following metabolites were allowed to freely leave the system, because this was necessary for balancing riboflavin and thiamine biosynthesis pathways, respectively                       


RADP - 4-(1-D-Ribitylamino)-5-aminouracil               


HBA - 4-Hydroxy-benzyl alcohol  

4. The following reaction which was present in the iFF708 model, was added back as there did not seem to be evidence to remove it               


MAL + SUCCm <-> MALm + SUCC 

5. The following modifications were made to allow for correct sulfur metabolism:

a. The below reaction was made to be irreversible, as otherwise the incorrect behavior was observed wherein biotin could be used as a sulfur source for certain mutants.

DTB + CYS <-> BT

b. The below reaction was constrained to have zero flux:

ASER + H2S -> AC + CYS

6. The following reaction was constrained to zero, as otherwise NADPH could be used as an electron donor to the electron transport chain.


NADPH + 2 FERIm -> NADP + 2 FEROm

7. Biomass coefficients in the iLL672 model that were 1e-6, were changed to 1e-4. It was found that using the smaller coefficients caused numerical errors in the XPRESS optimization software that resulted in strange output and/or inability to compute fluxes

for large numbers of mutants.

DESCRIPTION OF MATLAB VARIABLES
VARIABLES RELEVANT TO MODEL GENES USED IN ANALYSIS

1. genes_all 

A cell containing all the genes represented in the model. Note that genes of the form

U_??? indicate that a reaction is known to occur, but no open reading frame has been associated with the reaction. Therefore, these U_??? genes were created to allow disabling of these reactions.

2. genes2process

A matrix where the rows correspond to genes in the cell genes_all. The numbers in the matrix indicate the metabolic process in which the gene functions, and correspond to indices in the cell metabolic_processes.

3. genes_w_phen_effect

These are the genes that were used for all analyses. They are genes that 1) are not essential under the modeled minimal glucose condition and 2) whose deletion has some effect on some flux. Note that in the case of a multi-gene complexes, a single representative of the complex is used. This is because of the trivial way in which complexes are modeled, where deleting any gene in the complex has the equivalent effect of disabling the complex. 

4. metabolic_processes

Metabolic processes represented in the model. Assignments of genes and reactions to processes is based upon the iLL672 model description.

VARIABLES RELEVANT TO MODEL REACTIONS USED IN ANALYSIS

1. rxns_all

A cell containing the model reactions.

2. rxns_equations

A cell containing the equations of all model reactions.

3. rxns_min_glucose_active

A cell indicating the reactions which are active in the wild-type under the modeled minimal glucose condition. 

4. rxns_minGluc_flux_GT_0p01

A cell containing all reactions considered as phenotypes in the manuscript. These reactions were selected because they carry a flux of at least 0.01 mmol g-1 h-1 in the wildtype.  

5. rxns2process

A cell containing the processes to which all model reactions are assigned. These processes are contained in the cell metabolic_processes.

VARIABLES CONTAINING DELETION MUTANT FLUXES

1. KO_matrix

A 3D numerical matrix, gene x gene x reaction. Note, that this only contains the 100 genes used in the study(genes_w_phen_effect) and the 425 reactions active under the minimal glucose condition (rxns_minGluc_active). However, only reactions carrying flux greater than 0.01 were used in the study (rxns_minGluc_flux_GT_0p01).

Note that an extra column and row exist at the beginning of the matrix to accomodate single KO and wildtype flux information. Position [1,1, n] holds the wild-type flux for reaction n. The indicies [2:101, 1, n] contain the single mutant fluxes for reaction n. The indicies [2:101, 2:101, n] contain the double mutant fluxes for reaction n.

Also, note that the upper half of the matrix contains zeros, as this would otherwise be redundant with the lower half.

2. KO_matrix_WTnorm

This represents the wild-type normalized version of KO_matrix. In other words, each mutant flux is normalized by the same flux in the wildtype.  

VARIABLES CONTAINING EPISTATIC INTERACTIONS

1. E_matrix_multiplicative

A 3D numerical matrix containing multiplicative epistasis values. Note, that this only contains the 100 genes used in the study (genes_w_phen_effect) and the 425 reactions active under the minimal glucose condition (rxns_minGluc_active). However, only reactions carrying flux greater than 0.01 were used in the study (rxns_minGluc_flux_GT_0p01).

2. E_matrix_int_class

A 3D numerical matrix of discretized epistatic interactions. Interactions were assigned to classes based on Figure S3. The numbers in the matrix relate to classes of epistasis as follows:

1 = positive synergy

2 = positive diminishing returns

3 = positive compensatory

4 = positive super compensatory

5 = negative synergy

6 = negative diminishing returns

7 = negative compensatory

8 = negative super compensatory

9 = positive values of epistasis when one mutant decreases flux and the other increases it

10 = negative values of epistasis when one mutant decreases flux and the other increases it

*Note 1 - Cases where one mutation increases a flux and the other decreases it ( 9 and 10), were not included in the analysis, as they could not obviously be categorized as antagonistic or synergistic.

*Note 2 - While super compensatory interactions are actually antagonistic, for the purposes of this study we considered them as synergistic. This is because similar to synergistic interactions, super compensatory interactions are indicative of major flux rerouting. However, due to the relatively small number of super-compensatory interactions this decision had no effect on the outcome our analyses.

