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Objectives

Random Forests is a function from R 

that uses a machine learning technique to 

do regression and classification. Random 

Forests creates decision trees for a single 

variable for our phenotype. The algorithm 

chooses optimal splits on the decision tree 

to minimize residual sum of squares.

Random Forests then uses bagging or bootstrap 

aggregation. Bagging takes a bootstrap sample from the 

phenotypic data and builds a tree based on the SNPs to 

predict the sample of  phenotype values. Then the function 

estimates the phenotypic values that are not included in the 

sample with the decision tree. This is done many times to 

create many trees or a forest. Random Forests then averages 

the estimates for each data value when it was not included in 

the bootstrap sample. 

We first used Linear Regression to do a conditional analysis 

on the SNPs. We then removed the SNPs that were significantly 

affecting the phenotype. 

Using the random forest function we had the SNPs that 

were not removed as the predictors and the phenotype as the 

values we are predicting. 

Next we compared the effectiveness of random forests and 

two linear models. One of the linear models was used to 

remove the obvious SNPs and another was used to predict the 

phenotype. We found that the random forests was indeed 

better at predicting the patients phenotype than the linear 

regression. 

We did some experimentation for the conditional analysis 

and compared removing SNPs with p-values less than 0.05 

divided by the number of SNPs and those with p-values less 

than 0.01 divided by the number of SNPs. We did not find a 

significant difference in the fitness of the forests with more or 

less predictor variables.

MTRY

Our research team has applied for real data through 

dbGap. We have also gone through all of the IRB requirements to 

handle and analyze this data. Specifically, we applied for studies 

based on Age Related Macular Degeneration and Breast Cancer. 

We chose these diseases because based on past research we 

know that they are genetically linked. 

We have also done research on the SNPs that have already 

been associated with these disease so we will know what to 

condition on. Know all that needs to be done is run the random 

forest with the parameters we found best and the technique 

based on the type of phenotypic data we have. 

One of our goals before moving onto real data was finding 

the optimal forest to run. We can control the number of 

variables that are considered at each split, MTRY, and the 

number of trees in the forests. 

Using ROC curves to graph the effectiveness of our forest 

the best models have an area under the curve of 1 and the 

model with an area of under of curve of 0.5 would not be 

better than random chance.

Optimal Forest 
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We found that 1000 

trees was the best forest. 

2000 trees was about 

twice the time and was 

not significantly better 

than 1000 trees. 1000 

trees was also significantly 

better than forests with 

100, 50 and 10 trees. 

We found that 

considering 1000 SNPs at 

each split is best because it 

was not significantly longer 

than any of the other forests 

considered. But 1000 MTRY 

was significantly better than 

2 and 5 MTRY. 
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Genotype: the genetic constitution of 

an individual organism - what an 

organism’s gene codes for. 

Phenotype: the set of observable 

characteristics of an organism, a result 

of the interaction of genotype with the 

environment

Single Nucleotide Polymorphisms: 

SNP, changes to a single base pair in 

the DNA

Missing Heritability

Definitions

Genetic sequencing technology has provided us with the 

information to show a correlation between some genetic 

variants and diseases. However, single genetic variations cannot 

account for much of the heritability of diseases, behaviors, and 

other phenotypes. This large amount of our genetic makeup that 

is unaccounted for is a problem known as missing heritability. 

Knowing what gene is correlated with a disease can help in 

both treatment and prevention of disease. For example, Leber’s

Congential Amaurosis is an eye disorder that can cause visual 

impairment. If this disease was caused by the gene RPE65, this 

disorder can be treated through gene therapy. However, if the 

disease was caused by any of the 13 other genes known to be 

associated with the disease, this treatment would be ineffective. 

Our goal is to develop statistical methods to condition our 

analysis on genes already known to be associated with a disease. 

Achieving this will allow us to focus on identifying genetic 

variants not already known to be correlated with the disease -

helping to piece together the puzzle of missing heritability.

Oftentimes, data is presented in a qualitative form. However, 

for our analysis, it is often preferred to have quantitative data. To 

confer this information in a quantitative way, we used a 

generalized linear model. As a binary model, this model allowed 

us to represent an outcome as either a 0 or a 1.  

For example, if the data given relayed that the patient either 

had a symptom or did not have a symptom, we could assign the 

presence or absence of a symptom to that of a zero or one –

converting this qualitative variable to a quantitative one.

Figure 1:  Double Helix of DNA 

Figure 2: Example of a Decision Tree


