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Overview  

•  Part 1 
•  Learning objectives 
•  Introduction and background 
•  Installing RStudio 

•  Part 2 
•  Sample Files 
•  Loading GAPIT 

•  Part 3 
•  Loading files, checking 
•  Doing the analysis 

•  Part 4 
•  Output 
•  Questions 



Learning Objectives   

•  Install RStudio 
•  Load needed packages and source code for GAPIT 
•  Load sample files 
•  Running basic analyses 
•  Using the output 



Disclaimer   

•  What I am assuming for today’s tutorial 
•  Have run R before, familiar with basic commands  
•  Have an understanding of the principals of GWAS 

•  What I will not cover today  
•  Installing and running R 
•  The eXtension website has a great tutorial  
•  What GWAS is and the theory behind it 
•  Genomic prediction functions of GAPIT 



What is GAPIT? 

•  Genome Association and Prediction Integrated Tool 
•  Statistical package that is run in the R software environment 
•  Developed by Alex Lipka and Zhiwu Zhang 
•  Alexander E. Lipka et al. (2012) GAPIT: Genome Association and 

Prediction Integrated Tool. Bioinformatics. doi: 10.1093/
bioinformatics/bts444 

•  Uses statistical tools implemented in other programs like TASSEL 



Why use GAPIT? 

•  Although there are programs that implement the same statistical 
methods, size of data sets can be a problem 

•  GAPIT can handle large data sets, file splitting 

•  Some of these programs have complex user interfaces, most of you are 
already familiar with R 

•  DOES NOT REQUIRE THAT MUCH CODE TO RUN AN ANALYSIS 

•  Do all data manipulations and analysis in one common environment 

•  Supporting information is good, excellent user manual 

•  Surprisingly easy to use 
•  Developers are extremely helpful 

•  Faster 



Installing R studio 

•  Open source, integrated development environment (IDE) 
•  Nicer user interface for R 

•  To install, go to http://www.rstudio.com/ , select download now (green 
button) 

•  Select “Download RStudio Desktop”  
•  Select the version that is recommended for your system 

•  Follow setup wizard 

•  Has a script window, R console, displays objects that are currently in 
your workspace, and another display that shows graphs or packages 





Running GAPIT 

•  USE THE MANUAL!!!! 
•  It is like an R vignette but a 

thousand times better 
•  Has all the code, can copy and 

paste in to R 
•  Describes the formatting of data 

for input 
•  Lists all the options for doing 

analyses  
•  Describes the output that is 

generated 
•  Explains more advanced uses of 

the program, more example code  



Sample Files 

•  Barley data set generated for 
the Barley CAP 

•  All data available from http://
triticeaetoolbox.org/barley/  

•  Data from replicated yield 
trial, 768 lines 

•  Trait is grain protein content, 
important in malting/brewing 

•  GAPIT handles multiple traits 



Sample Files 

•  Do an analysis using HapMap formatted genotype data  
•  Again, check manual for formatting 
•  Two files 

•  HapMap_Genotypes – data in HapMap format 
•  Protein – protein content of grain in % 

•  2359 markers 
•  Missing data was set at 20% 

•  (Markers missing more than 20% were removed) 



HapMap Format   

•  Genetic map and marker data in one file 
•  Make sure there are no # signs in column headers, typically show 

up in assembly column 
•  Columns that are required for GAPIT are rs, chrom, pos – 

everything else can be filled in NA with regard to assembly, center, 
protLSID etc. 

•  In the import process make sure header=F 





Phenotype File 

•  Straightforward text file 
•  Taxa used for header of entries 
•  GAPIT can run multiple phenotypes, i.e. analyze multiple traits in 

one analysis 
•  One phenotype file with multiple columns for different phenotypes 
•  Missing data coded as NA or NaN 
•  During data import use header=T 





Running GAPIT   

•  Need to install some other packages that GAPIT uses 
•  GAPIT uses code from the Buckler lab website for running the 

package 
•  Using source code allows them to update the package continuously 

without having to constantly install new versions of the package 
•  Uses EMMA which also must be loaded 
•  Install.packages puts them into your library 
•  Library loads them for use in your current session 
•  ***Important if GAPIT isn’t loading check website for updated code 

•  http://www.maizegenetics.net/gapit 





Upload Files 

•  A few ways... 
•  Use the import wizard in RStudio 

•  Under Tools tab, then import data set, will walk you through it 

•  Manually, need to know the address of the file 
•  Use file.choose() 

•  Opens a file browser, navigate to the file, double click it 
•  Displays file name in console 
•  Copy that and use in the read.table statement 

•  E.g. Example_data<-read.table(“D;\\GAPIT\\protein.txt”,header=T) 



Uploading Files 



Doing the analyses 

•  Know your data 
•  Do a quick check to make sure 

files are properly loaded 
•  Use the str() command to get 

information about the data object 

•  Plot the phenotype data 

•  Look at basic descriptive 
statistics 

•  Helps insure that data is properly 
loaded 



Checking phenotype data 





GAPIT Function 

•  To run GAPIT using the HapMap formatted data need 2 files 
•  G = HapMap formatted genotype file 
•  Y = phenotype file 

•  The number of input parameters is large, refer to the manual 
•  We will do a basic analysis accounting for population structure, 

with and without using compression, using P3D 
•  When data is in HapMap format GAPIT can impute missing data 

using 
•  Major allele (SNP.impute=“Major”) 
•  Minor allele (SNP.impute=“Minor”) 
•  Heterozygote (SNP.impute=“Middle”) 



Code for analysis 

Analysis1<- GAPIT( 

Y = name of phenotype file, 

G = name of genotype HapMap File, 

SNP.impute = method of imputation, 

PCA.total = number of principal components to use to control for population structure, 

Major.allele.zero=T  reports allele effect with respect to the minor allele, 

Group.from = 768, 

Group.to = 768, 

Group.by = 1) 

•  Last three lines turn compression off  
•  Set working directory where you want files to be saved (Lots of output) 

•  In RStudio – Session tab, Set working directory, Choose directory 
•  In R, File, Change directory 
•  Manually with setwd(“folder location”) 







Output 

•  QQ plot 
•  PCA graph 
•  Allelic Effects Estimate 
•  BLUPs 
•  GWAS results 
•  Manhattan Plots 

•  Genome-wide 
•  Chromosome specific 

•  There is more output than this 
•  Model Selection (BIC) 



QQ Plot 



Population Str. 

6 row barleys 

2 row barleys 

Scree Plot 



GWAS Results 



Allelic Effects Estimate 



Genome-wide Manhattan Plot 



Chromosome Specific Manhattan Plot 

2 markers here 



Optimal Compression Parameters 

•  Optimal method to calculate 
group kinship is “Mean” 

•  Optimal clustering method is 
“Average” 

•  Number of groups is 758 
•  -2*log likelihood is 1487.65 
•  Heritability is 0.824 



Your data   

•  Most of the time the data is not in HapMap form, what do you do? 
•  Build your own HapMap file, code SNPs as AA, AC, CC 
•  GAPIT does not impute marker data for numerically formatted 

genotype files 
•  Impute in another program like TASSEL and import that genotype file 
•  Impute with R, use marker average for missing data etc. 

•  If you use a numeric format you need to provide a genetic map file 
that has marker information 

•  In the GAPIT function the G = genotype file is changed to GD = 
genotype file and you must also include GM = genetic map file 



Code for numeric data 



Genetic Map 



Numeric Genotype Format 



Problems 

•  Consult the manual, example code for nearly all situations that 
might arise  

•  Check the website, check the date on the user manual because 
that is updated as well as the code. The updated manual reflects 
changes to the code 

•  Tutorial and example data sets  
•  Contact the makers – very friendly and EXTREMELY helpful 



Getting the most out of GAPIT  

•  Adjust analysis parameters 
•  Run several analyses 
•  Again, consult the model for more advanced features 
•  There is more example code in the provided script file that uses more of 

the options for running an analysis 



Thank you 

•  Alex Lipka and Zhiwu Zhang 
•  eXtension Team 
•  Participants – thanks for showing up 



Please	  fill	  out	  the	  survey	  evalua4on.	  	  
You	  will	  be	  contacted	  via	  email.	  

Today’s Presentation, Sample Data, and Links Available  
http://www.extension.org/pages/68355 

 
Sign up for PBG News 

http://pbgworks.org 
  

Sign up for Future Webinars and View Archive 
http://www.extension.org/pages/60426 


