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User Manual for mrMLM 

1. Introduction 

mrMLM, a R package, aims to provide a user-friendly interface to conduct genome-wide 

association study (GWAS) via a multi-locus random-SNP-effect mixed linear model (mrMLM) 

methodology and to visualize its results. It works on the platforms of Windows, Linux and 

MacOS. The GUI is based on available add-on package RGtk2, via the aid of another package 

gWidgetsRGtk2. The visualization of results is based on package qqman, such as Manhattan 

and QQ plots. 

2. Installation 

2.1 Install GTK+ 

You may need to install GTK+ before installing RGtk2, because RGtk2 depends on GTK+. 

 
For Windows user, you do as below: 

Download GTK+ here 

(http://sourceforge.net/projects/gladewin32/files/gtk%2B-win32-runtime/2.10.11/gtk-2.10.11-win3

2-1.exe). 

Run the resulting file (gtk-2.10.11-win32-1.exe), which is an automated installer that will help you 

complete the installation of Gtk2 libraries. 

 
For Mac OS users, you do as below: 

Download GTK+ here (http://sourceforge.net/projects/gtk-osx/files/latest/download). 

Extract and run the resulting file (gtk-osx-docbook-1.2.tar.gz). 

 
For Linux users, you do as below: 

You may or may not upgrade the GTK libraries depending on your distribution. 

There are more details on RGtk2 at RGtk2's home page (http://www.ggobi.org/rgtk2/). 

2.2 Install R 

Download R from CRAN (https://cran.r-project.org/) and install it by running the downloaded file. 

2.3 Install the R packages 

The following R packages are needed: RGtk2, cairoDevice, gWidgets, gWidgetsRGtk2, 

RGtk2Extras and qqman, which can be downloaded from CRAN (https://cran.r-project.org/). 

Install them in order, as some depend on others. Within R environment, these packages can be 

installed directly using the below command: 

install.packages(pkgs=c("RGtk2","cairoDevice","gWidgets","gWidgetsRGtk2","RGtk2Extras","qq

man")) 

http://www.ggobi.org/rgtk2/
http://cran.r-project.org/web/packages/gWidgetsRGtk2/index.html
https://cran.r-project.org/web/packages/qqman/index.html
http://sourceforge.net/projects/gladewin32/files/gtk%2B-win32-runtime/2.10.11/gtk-2.10.11-win32-1.exe/download?use_mirror=nchc&modtime=1175123376&big_mirror=0
http://sourceforge.net/projects/gtk-osx/
http://www.ggobi.org/rgtk2/
http://cran.r-project.org/
https://cran.r-project.org/
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2.4 Install mrMLM 

The mrMLM package is freely available at the CRAN 

(https://cran.r-project.org/web/packages/mrMLM/index.html or soyzhang@mail.hzau.edu.cn or 

soyzhang@hotmail.com), you can download or request this R software. Within R environment, 

the mrMLM software can be installed directly using the below command: 

install.packages(pkgs="mrMLM") 

3. Running 

The RUN steps are described as below. Within R environment, launch the mrMLM by command: 

library(mrMLM), then the following dialog will appear. 

 

Figure 1. The GUI for the mrMLM 

To restart the GUI, the command mrMLM() can be issued. 

 
3.1 Input Dataset 

Use the Input Dataset button to input dataset files, and then a dialog box will be appeared. In the 

dialog box, there are four steps. First, users select the dataset formats, which include mrMLM 

numeric format, mrMLM character format and hapmap format used in the TASSEL software. 

Then, use the Genotype and Phenotype buttons to input the genotypic and phenotypic datasets, 

respectively. Once one file is successfully uploaded, one tabbed page is added to the software 

notebook. Third, two things will be implemented in this step. One is to sort the individuals 

between the genotypic and phenotypic files and all the common individuals between the two files 

are selected to be analyzed in the further analyses. Another is to transfer the character genotypes 

into the numeric genotypes if the genotypes are character. Once users press the DO button, the two 

things will be conducted. Once the two files will be successfully uploaded, two tabbed pages 

(Genotype and Phenotype) will be added to the software notebook. Finally, use the Kinship and 

https://cran.r-project.org/
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Population Structure buttons to input the kinship and population structure matrices, respectively. 

If one file is successfully uploaded, the corresponding data page will be added to the notebook. 

Note that the Kinship and Population Structure buttons have two options. For the kinship 

button, one is to directly upload the kinship matrix and another is to calculate the kinship matrix in 

this software. For the Population Structure button, the population structure matrix may be not 

included in the mixed linear model of the GWAS if it has no effect on GWAS. If not, it should be 

included in the mixed model. 

Note: About the input file formats in details, please see Direction 1 in the end of the manual. 

 

Figure 2. The Input Dataset dialog 

 

Figure 3. The Kinship dialog 

 

 

Figure 4. The population structure dialog 

3.2 Run Program 

Use the Parameter Setting button to set parameters before run the program. In the rMLM, 
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“Critical P-value in Manhattan plot” is set at 0.05/me, where me is the effective number of markers 

(please see Wang et al. Scientific Reports 2016, 6: 19444). All the SNPs significantly associated 

with the trait are marked by the value of 0.05/me in the last column of the Result1 file. If users 

want to change the Critical P-value in Manhattan plot, a new –log10(P-value) may be input in the 

box above the Manhattan Plot button. 

“Search radius of candidate gene (kb)” means to keep the one marker with the least P-value, and 

to delete all the other markers within the radius of the associated marker with the least P-value. 

Use the Run button to execute the software. If the program runs, a progress bar with the “Please 

be patient...” words will appear in the bottom of the interface. If the program finished, a bar with 

the “All done.” will appear. 

 

Figure 5. The Parameter Setting dialog 

 

Figure 6. A running program interface 
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Figure 7. A finished program interface (the rMLM Results: Result1) 

 

 

Figure 8. A finished program interface (the mrMLM Results: Result2) 

 

3.3 Save results 

Use Save button to save the results as *.csv files. The Results in the rMLM are saved as 

Result1.csv and the Results in the mrMLM are saved as Result2.csv. If click OK button (after 

the Save button), a dialog is used to choose the pathway and the file name for the saving files. 

 
Note: About the explanation of Result1 and Result2 in details, please see Direction 2 in the end 

of the manual. 
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Figure 9. The result Save dialog for the rMLM and mrMLM methods 

 

 

Figure 10. The Save dialog 

Warning: It is better not to include other languages except English in the pathway and file name. 

Otherwise, there may be something wrong. 

4. Visualization of Results 

If the program have finished, you may have the result visualization. Before use the Manhattan 

Plot button, please set the critical value for –log10(P), which is defaulted the value of 

–log(0.05/me), where me is the effective number of markers. Of course, users may change this 

value. Before press the QQ Plot button, please set the critical P-value for QQ plot, which is 

defaulted the value of 0.992. This is because the P-values are a mixture of a 2  distribution with 

one degree of freedom and a point mass at one. Note that users may also change this 0.992 based 

on yourself results. 
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Figure 11. The Manhattan Plot 

 

Figure 12. The QQ Plot 

Directions 

Direction 1: Explanation of input files in details 

D1.1 The Genotypic file 

The Genotypic file should be a *.csv format file.  

D1.1.1 mrMLM numeric format 

The first column, named "rs#" in the first row, stands for marker ID. The second column, named 

"chrom" in the first row, stands for chromosome. The third column, named "pos" in the first row, 

stands for the position (bp) of SNP in the chromosome. The fourth column, named "genotype for 

code 1" in the first row, stands for reference bases. And each of the remaining columns stands for 

one individual. In their first rows, the individual names are appeared. For each marker, 

homozygous genotypes are expressed by 1 and -1, respectively, and the heterozygous and missing 

genotypes are indicated by zero. Note that the genotypes with code 1 will be listed in the Result 

files. 
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Figure D1.1.1 The genotypic file with mrMLM numeric format 

D1.1.2 mrMLM character format 

The first three columns are same as those in the “D1.1.1 mrMLM numeric format”. The marker 

values are character, such as A, T, C, G and N, and the other notations are heterozygous genotypes. 

The “N” indicates missing. The first rows from the fourth to last columns are individual code. 

 

Figure D1.1.2 The genotypic file with mrMLM character format 

D1.1.3 Hapmap (TASSEL) format 

Please see the TASSEL software in details. Here we introduce simply. The first eleven columns 

describe the specific information of markers and individuals, and their column names must be 

"rs#", "alleles", "chrom", "pos", "strand", "assembly#", "center", "protLSID", 

"assayLSID", "panel" and "QCcode". In the "rs#" (1), "chrom" (3) and "pos" (4) columns, 

the information for each marker (row) must be listed, and their meanings are same as those in the 

above. The values for marker genotypes should be character, such as AA, TT, CC, GG, NN, AC 

and AG, where the "NN" indicates missing or unknown genotypes. In the 2 and 5 to 11 columns, 

the no available information must be marked by "NA". All the individuals will be showed from 

the 12 to last columns, the first element in each column is individual ID (name) and the others are 

the genotypes (character). 
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Figure D1.1.3 The genotypic file with Hapmap (TASSEL) format 

D1.2 The Phenotypic file 

The Phenotypic file should be a *.csv format file. The first column stands for individual ID, such 

as 33-16, Nov-38 and 4226. The second column is phenotypic values for the trait. Note that the 

phenotypic file includes only one trait. The first element in the first column must be 

"<Phenotype>" or "<Trait>". 

 

Figure D1.2. The Phenotypic file 

D1.3 The Kinship file 

The Kinship file should be a *.csv file. The number of rows (or columns) equals to the number of 

the common individuals between the phenotypic and genotypic datasets. If the Kinship matrix is 

calculated by this software, we calculate only the Kinship matrix between the common individuals. 

If the Kinship matrix has been obtained and uploaded from a known file, it is possible that the 

number and order of individuals in the known file are not consistent with those of the common 

(valid) individuals in the further analysis. At this situation, the software will change the known K 

matrix in order that the number and order of new K matrix match the number and order of 

common (valid) individuals in the Phenotypic and Genotypic files. In the known K matrix, the 

first element in the first column must be the number of valid individuals, such as 263; and the 

other elements in the first column are individual ID (names). 
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Figure D1.3. The Kinship fi le 

D1.4 The Population Structure file 

The Population Structure file is a *.csv file. Using the Structure software, the population 

structure matrix may be calculated. The first column stands for the valid individual ID (names). 

The first and second elements in the first column must be "<Covariate>" and "<Trait>" 

respectively. If population structure matrix has k columns, please input all the k columns. In the 

second row, it must be "Q1", "Q2", ... , "Qk" following the "<Trait>". 

If the Population Structure file has been obtained and uploaded from a known file, it is possible 

that the number and order of individuals in the known file are not consistent with those of the 

common (valid) individuals in the further analysis. At this situation, the software will change the 

known matrix in order that the number and order of new Population Structure matrix match the 

number and order of common (valid) individuals in the Phenotypic and Genotypic files. 

 

Figure D1.4. The Population Structure file 

Direction 2: Explanation of Result1 and Result2 in details 

D2.1 Explanation of Result1 file 

The Result1 table with twelve columns shows the results from the rMLM (random-SNP-effect 

mixed linear model) method. The corresponding column names are as follows: reference sequence 

number (rs#, marker name), chromosome, marker's position (bp) in the chromosome, population 

mean value (Mean), residual variance (2 , Sigma2), priori variance of the kth SNP effect (2
k , 

Sigma2_k), SNP effect ( k , Effect), posteriori variance of SNP effect (  var k , 

Sigma2_k_posteriori), Wald test statistic value, the P-value of Wald test, significance and 

genotype for code 1, respectively. In the significance column, only significant markers under the 

critical value 0.05/me are marked. 
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Figure D2.1. Results in the rMLM (Result1) 

D2.2 Explanation of Result2 file 

The Result2 table with seven columns shows the final results of the mrMLM (multi-locus 

random-SNP-effect mixed linear model) method. The corresponding column names are as follows: 

reference sequence number (rs#, marker names), chromosome, marker's position (bp) in the 

chromosome, QTN effect, LOD score, the proportion of phenotypic variance explained by the 

putative QTN, and genotype for code 1, respectively. 

 

Figure D2.2. Results in the mrMLM (Result2) 
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