
Genotype - Phenotype Association Study
Genome-wide association study searches for the genetic fac-
tors underlying phenotype variations. The most abundant 
source of  genetic variations are Single Nucleotide Polymor-
phisms (SNPs),  which serve as genetic markers of  locations 
in the genome. Many phenotypes of  interests are quantitative 
variables. These phenotypes are often complex traits and 
caused by the joint effect of  multiple genetic factors. We study 
the problem of  how to speed up the two-locus (SNP-pairs) 
association study to the genome-wide scale.

Challenges: 1. Large number of  SNPs – the number of  
SNPs in public databases ranges from thousands to millions. 
2: Statistical significance – multiple test increases type I error.  
Large permutation test is needed to properly control family-
wise error rate. These two challenges impose enormous search 
space for complete genome-wide association study.  

The FastANOVA Algorithm
Goal: To scale the two-locus ANOVA test to genome-wide 
even when large permutation test is required. 
Question: Do we have to test every SNP-pair and repeat for 
all phenotype permutations?
Idea: Develop an upper bound that can be efficiently calcu-
lated and easily incorporated in the algorithm to dramatically 
prune the search space.

Empirical Results
Dataset: #SNPs = 44k, #individuals = 26, phenotype: me-
tabolism (water intake). SNP and phenotype data available at 
http://www.jax.org.
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Figure 1. Left: Twenty mouse chromosomes.  Right: Mice showing phe-
notypic differences. The goal of genotype-phenotype association study 
is to identify the genetic factors causing phenotypic variations. 

Figure 2. The upper bound on                        . Given SNP Xi and phenotype 
Y, the right hand side of the inequality only depends on the genotype of Xj.

Figure 3. Applying the upper bound to index the SNP-pairs. The SNP-
pairs are indexed in the 2D space of (na , nb). All SNP-pairs indexed 
by the same entry share the same upper bound value, which allows to 
compute the upper bound for a large group of SNPs together.

Figure 4. Runtime comparison between FastANOVA and the brute force 
approach. FastANOVA is two-order of magnitude faster than the alterna-
tive approach.
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Figure 5. The percentage of the SNP-pairs pruned by applying the upper 
bound. Most of the SNP-pairs are pruned without performing any test.

Figure 6. The runtime of each component of FastANOVA, including in-
dexing the SNP-pairs, retrieving candidates, and evaluating candidate 
test values.


