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Summary 

The results of genome-wide association studies (GWAS) can often confounded by population 

stratification in the study population1.  To address this issue, we developed a package for the statistical 

software R that minimizes this issue with principal components analysis (PCA), named Association 

Leveraging PrincipAl Component Analysis (ALPACA).  ALPACA can better eliminate false positives by 

picking up on associations within the data using PCA.  ALPACA also allows to let the user put in their own 

covariates and will eliminate its generated principal components if any are found to be linearly 

dependent on the covariates.  Finally, as PCA does not take a great deal of processing power, the 

average run time is still very quick (under 3 seconds for ~300 individuals and ~3000 SNPs).  Three 

principal components are used by default. 

This software uses a general linear model in which covariates and PCA are used as fixed effects.  

Accordingly, this software is inappropriate for models that use random effects. 

Getting started 

As ALPACA is an R package, it requires R to be installed.  From the R screen, use the “source” function to 

load the ALPACA.R file.  Note: make sure ALPACA.R is in the working directory or that its directory is 

specified. 

Next, install the “mgcv” package using “library”.  This package is necessary for ALPACA to work. 

 

You are now ready to enter your data (see next page, “Inputs”). 

 

(1) Price, Alkes L., et al. "Principal components analysis corrects for stratification in genome-wide 

association studies." Nature genetics 38.8 (2006): 904-909. 
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Inputs (required) 

The following data are required as inputs: 

SNP data: The SNP data should be a tab-delimited text file where each row corresponds to an individual 
and each column corresponds to a marker value from a set of markers.  The marker values should be 
designated “0”, “1”, and “2” corresponding to homozygotes of allele A, heterozygotes, and homozygotes 
of allele B, respectively.  Below is an example in which the first column has not been deleted. 
 

 
 
Phenotypes: This file should contain the phenotype of interest for each individual.  As before, the first 
column should be removed either in the text file or as the file is loaded in R. 
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Chromosome map: The chromosome map file should contain the SNP ID as the first column, the 
chromosome number from each SNP as the second column, and the position as the third.  No columns 
need to be removed from this data. 
 

 
 

Inputs (optional) 

The following inputs are optional: 
 
Covariates: The input covariates should be a tab-delimited text file in which the number of rows match 
that in the original data file.  Like before, if the first column is individual IDs, this column must be deleted 
manually in the text file or removed via R, e.g. via “X=myGD[,-1]”.  If no covariates are put in, only the 
package’s principal components will be used as a fixed effect.  An example (where the individual ID 
column has not been deleted) is below.   
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Cutoff: A cutoff threshold (“cutoff”) can be specified as the exact number in R, e.g. “10^-6”.  Otherwise, 
a simple Bonferroni correction using the number of SNPs is applied to an alpha of 0.05.   
 
Set quantitative trait nucleotides: A vector of positions of known quantitative trait nucleotides 
(“QTN.position”) can be input for testing purposes. 
 
The phenotypes are read into R as “y” (lower case), SNP data as “X” (upper case), covariates as “C”, the 
chromosome map as “GM”, the p-value cutoff as “cutoff”, and the QTN position vector as 
“QTN.position”.  In the below example, the appropriate files are loaded with the first column removed 
using R for phenotypes, SNP data, and the chromosome map. 
 

 
 

Outputs 

The following outputs are given: 

myGLM: This string, accessible as the variable “myGLM”, contains a list of the obtained p-values, the 

final cutoff used for significance, a list of significant SNPs as determined by the cutoff, the p-values of 

the significant SNPs, a list of SNPs ordered by p-value, and a list containing power, false discovery rate, 

and type I error (if known QTNs are put in). 

Images: A QQ plot, Manhattan plot, a principal component plot, and (if QTNs are put in) an FDR vs. 

power plot are all generated as PDFs. 

myGLM.results.csv: A comma-separated values (CSV) file is stored that contains a list of all tested SNPs, 

their chromosome number and position, their p-values, and their overall rank (where 1 is the lowest p-

value). 

These outputs are explored in the examples below. 
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Examples 

The following examples are contained in the ALPACAExamples.R file and use data files from ZZLab.net. 

Example 1 — GWAS by GLM with PCA as default 

The first example uses sample data without covariates.  As such, PCA are used as the default fixed effect.  

The left image is a Manhattan plot where the green line represents the calculated p-value cutoff 

(approximately 10-5 in this example).  The middle image is the QQ plot. The right image graphs the first 

and second principal components used against each other. 
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Example 2 — GWAS by GLM with user provided covariates 

The second example uses user-provided covariates.  If you run this example, you will notice the program 

notifies you that the generated principal components are linearly dependent on the provided covariates, 

and as such they are eliminated. 

 

As shown in Example 1, the Manhattan plot and QQ plot are successfully generated.  No principal 

components plot is generated as the values are discarded due to being linearly dependent on the 

covariates. 
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Example 3 — GWAS by GLM for simulation 

The third example uses pre-determined QTNs and simulated phenotypes, allowing the “QTN.position” 

variable to be used.  When the function is used for simulations, the pre-determined QTNs are marked 

specially on the Manhattan plot. In addition, Power, FDR and Type I error were calculated. 

 

 


