Distinct Network Patterns Emerge from Cartesian and XOR
Epistasis Models: A Comparative Network Science Analysis
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I. Additive, non-epistatic two-way model.

a. A completely additive, non-epistatic model between two loci. Numbers in parenthesis are the genotype encodings used in the raw data.

	
	
	SNP2

	
	
	BB (0)
	Bb (1)
	bb (2)

	SNP1
	AA (0)
	0
	1
	2

	
	Aa (1)
	1
	2
	3

	
	aa (2)
	2
	3
	4



b. Theoretical reactions norms for an additive, non-epistatic model between two loci. Colored lines represent the reaction norms for SNP1 genotypes (see legend). SNP2 genotypes are on the x-axis. Hypothetical phenotypic scores are on the y-axis.
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II. Cartesian two-way model of epistasis.

a. The Cartesian model of epistasis. Numbers in parenthesis are the genotype encodings used in the raw data.

	
	
	SNP2

	
	
	BB (0)
	Bb (1)
	bb (2)

	SNP1
	AA (0)
	0
	0
	0

	
	Aa (1)
	0
	1
	2

	
	aa (2)
	0
	2
	4



b. Theoretical reaction norms of the Cartesian model between two loci. Red and blue dashed lines are the reaction norms for the homozygous genotypes for SNP1. Green dashed line represents the reaction norm for the heterozygous genotype for SNP1. SNP2 genotypes are on the x-axis. Hypothetical phenotypic scores are on the y-axis.
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III. XOR full penetrance two-way model of epistasis.

a. The XOR full penetrance model of epistasis (1). Marginal penetrance values represent phenotypic scores (or disease states) that are equal among single genotypes. Thus, full penetrance is only detectable in multi-locus genotypes (MLGs). XOR is not linearly separable. Numbers in parenthesis are the genotype encodings used in the raw data.

	
	SNP2

	
	BB (0)
	Bb (1)
	bb (2)
	Marginal Penetrance

	SNP1
	AA (0)
	0
	1
	0
	0.5

	
	Aa (1)
	1
	0
	1
	0.5

	
	aa (2)
	0
	1
	0
	0.5

	
	Marginal Penetrance
	0.5
	0.5
	0.5
	



b. Theoretical reaction norms of the XOR model between two loci. Red and blue dashed lines are the reaction norms for the homozygous genotypes for SNP1. Green dashed line represents the reaction norm for the heterozygous genotype for SNP1. SNP2 genotypes are on the x-axis. Hypothetical phenotypic scores are on the y-axis.
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IV. Summary of parameters for biological enrichment analysis
Our enrichment analysis is conducted using the default settings of the gost function within the gprofiler2 library, with the exception of specifying the rat as the organism parameter. Detailed parameter configuration is listed below.
	Parameter
	Description
	Value

	organism
	Organism name constructed by concatenating the first letter of the name and the family name.
	rnorvegicus

	ordered_query
	Used for ranked input gene lists to get GSEA style p-values.
	FALSE

	multi_query
	For multiple gene lists, returns a comparison table.
	FALSE

	significant
	Whether to return all or only statistically significant results.
	TRUE

	exclude_iea
	Exclude GO electronic annotations (IEA).
	FALSE

	measure_underrepresentation
	Measure underrepresentation of terms.
	FALSE

	evcodes
	Include evidence codes in the results.
	FALSE

	user_threshold
	Custom p-value threshold for significance.
	0.05

	correction_method
	Algorithm used for multiple testing correction.
	g_SCS

	domain_scope
	Defines statistical domain.
	custom

	custom_bg
	Vector of gene names used as statistical background.
	

	numeric_ns
	Namespace for fully numeric IDs.
	N/A

	sources
	Vector of data sources to use.
	NULL

	as_short_link
	Return results as a short-link to the g:Profiler web tool.
	FALSE

	highlight
	Return a column to indicate driver terms in GO.
	FALSE


Reference: https://rdrr.io/cran/gprofiler2/man/gost.html
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