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TASSEL software can be freely downloaded from www.maizegenetics.net website 



1. General Linear Model (GLM): Associations between 
markers and mean phenotypic values are identified using 
the population membership estimates as covariates to 
control for population structure. The GLM does not account 
for kinship as a potential cause of the genotype-phenotype 
relationship. 
 
2. Mixed Linear Model (MLM): It takes account of 
population structure and kinship in the association 
analysis. It reduces Type I error due to relatedness and 
population structure. 

In	
  TASSEL	
  so<ware,	
  two	
  methods	
  are	
  implemented	
  
to	
  perform	
  associa0on	
  analysis	
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GLM analysis accounts only for population structure in the 
association analysis. 

General Linear Model (GLM)  

To perform GLM analysis, we need to load 
marker, trait, and population structure files 

into TASSEL 
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First, download TASSEL software from the www.maizegenetics.net website 
and install on your computer 

Double click “TASSEL” to start the software 
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Click “Data” to start loading the data file into TASSEL 
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In “File loader” choose “I 
will make my best guess 
and try” and click “ok”. 
Now a small window will 
open. Direct it to the file 
you want to load and 
click “open”. 

Similarly load three files 
(Marker data 499, 
Population structure 499 
and Trait 499) into 
TASSEL.  

Click “Load”. This will open the “File loader” window 

Input files can be text delimited (.txt). For more 
information on the required input file layout, open 

the files provided with this tutorial  
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Right click the three files to highlight them and click “U Join” to join 
the three files 
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Now click “New Created File” and 
check to see if the files joined 
correctly by making sure that the 
genotypes (Taxa) in the new file 
correspond with the respective 
data of the original file. 

Afterwards, click the 
“Analysis” tab to begin 
association mapping analysis 
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With the joint file 
selected, click the “GLM” 
tab to perform 
association mapping 
analysis using GLM 
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In the “GLM Options” 
window, specify the 
number of permutations 
as 1000 and click “OK” 
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In the “Choose Output Format” window, check 
“write output to file”, name the file “testGLM+ 
your name”, specify the location to save the file, 
check “Filter output on p-value” and keep the 
default value, and click “Okay” 
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Click the “Association” tab under the “Result” table. 
There are two output files from GLM analysis 
“GLM_marker_test…” and “GLM allele estimate…” 
 
The “GLM_marker_test…” file identifies two markers 
(M76 and M223) as associated with the trait 
“Freshweight” at the significance threshold chosen (1-
e3) chosen in the previous slide. 
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The “GLM allele estimates…” file provides effect estimates for 
each genotypic class (homozygous or heterozygous) for the 
markers associated with freshweight. 



Awais Khan, University of 
Illinois, Urbana-Champaign 15 

MLM analysis includes both population structure and 
kinship in the association analysis. It reduces Type I error 

due to relatedness and population structure. 

Mixed Linear Model (MLM)  

To perform MLM analysis, a kinship matrix 
is required in addition to the files required 

for GLM 
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Click “Load” it will open the “File loader” window 

Click “Data” to load the kinship file 
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In “File Loader” choose “I 
will make my best guess 
and try” and click “OK”. 
Now a small window will 
open. Direct it to the file 
“kinship 499” and click 
“open” 
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Click the “Analysis” tab, highlight both the “kinship 499” and “three files 
combined previously” by right clicking. Click the “MLM” tab to perform mixed 

linear model analysis for association mapping. 
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In the “MLM Options” window, select 
“Optimum Level” for Compression 
Level and “P3D” for Variance 
Component Estimation. Then click 
“Run”. 
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In the “Choose Output Format” window, check 
“write output to file”, name the file “testMLM_ 
your name”, specify the location to save the file, 
check “Filter output on p-value” and keep the 
default value, and click “Okay”. 
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Click the “Association” tab under the “Result” tab. There 
are three output files from MLM analysis: 
“MLM_statistics…”, “MLM_effects…”, and 
“MLM_compression…”. 
 
Click “MLM_statistics..” This file identifies three markers 
(M76, M161, M223) as significantly associated with 
freshweight at the significance threshold selected in the 
previous slide. 
 
Note that marker “M161” was not identified using GLM 
analysis. 
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Under the “Association” tab under the “Result” tab, click the 
“MLM_effects…” file. This includes the effect estimates for 
each genotypic class (homozygous or heterozygous) for each 
of the markers associated with freshweight. 
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Conclusion 

This tutorial demonstrates that association mapping analysis 
can help identify the molecular markers significantly linked to 
traits of interest. 
 
Implementation of GLM and MLM models in TASSEL software 
allows one to account for effects due to both population genetic 
structure and relatedness. 
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