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 the 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 ggman, 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 file.
2.3 Install the R packages

The following R packages are needed: RGtk2, cairoDevice, gWidgets, gWidgetsRGtk2,
RGtk2Extras and ggman, which can be downloaded from CRAN (https://cran.r-project.org/).
Install them in order, as some depend on others. Then install them directly within R environment
using the below command:

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

man"))
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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. Then install mrMLM
software directly within R environment using the below command:
install.packages(pkgs="mrMLM")

3. Running

The procedure is described below. Launch mrMLM within R environment by command:
library(mrMLM), after that the GUI of mrMLM turned out like the following dialog.
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Figure 1. A snapshot of the GUI of mrMLM

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

3.1 Input Files

Use the buttons of Genotype, Phenotype, Kinship and Population Structure to import the
datasets of genotypes, trait observations (phenotypes), kinship matrix and population structure
matrix, respectively. If one file is imported successfully, there will be one tabbed page added to the
notebook. Meanwhile, the Kinship has two options: one is to import directly the known kinship
matrix and another is to compute the kinship matrix using the mrMLM software. And the
Population Structure has two options as well. If population structure has no effect on GWAS, the
population structure matrix may be not included in the mixed linear model of the GWAS. If not,

you should incorporate the population structure matrix into your GWAS.
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Note: About the input files format in details, please see Direction 1 in the end of the manual.
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() Calculate the Kinship matrix by this software

OK Cancel

Figure 2. A snapshot of the Kinship dialog

(e Include population structure? l |5} &P

) §Popu|ation structure has no effect on GWAS%

() Input Population Structure file

A

Figure 3. A snapshot of the population structure dialog
3.2 Run Program

Use the Parameter Setting button to set parameters before run the program. If not, the parameters
will keep the default settings of related parameters. “Critical P-value in rMLM” is used to
determine the number of SNPs in the rMLM. If the critical P-value is changed from 0.01 to 0.05,
the number of SNPs will increase in the rMLM. “Search radius of candidate gene (kb)” means to
choose the only one marker with least P-value and to abandon the other markers in the search
radius. Use the Run button to execute the software. If the program starts, there will be a progress
bar showing the running status and “Please be patient...” words in the bottom of the interface.

If the work have finished, there will be “All done.” instead of “Please be patient...”.

r B
@ Parameter Setting ﬂl&]

1. Critical P-value in rMLM:
0.01

2. Search radius of candidate gene (kb):

20
3. Critical LOD score in mrMLM:

3

Cancel

€

Figure 4. A snapshot of Parameter Setting dialog
3/10



Genotype

Phenotype

Population Structure

Parameter Setting

Al

(]
ES
g
8
i
£
&
g

o
@
o

w

Manhattan Plot

Critical P-value for QQ plot

0.992

QQ Plot

&

About the software ¥ |Genotype 3¢ |Phenotype 3 |Kinship 3 |Population Structure 3¢

Version 1.1, Realeased March 2016

3. The software package is developed by Wen-Long Ren, Shi-Bo Wang & Yuan-Ming Zhang.

1. mrMLM is a R software package for genome-wide association studies based on a multi-locus random-SNP-effect mixed linear model.

2. Please cite: Wang Shi-Bo, Feng Jian-Ying, Ren Wen-Long, Huang Bo, Zhou Ling, Wen Yang-Jun, Zhang Jin, Jim M. Dunwell, Xu Shizhong (*),
Improving power and accuracy of genome-wide association studies via a multiHocus mixed linear model methodology.Scientific Reports 6: 19444,

Zhang Yuan-Ming (*). 2016.

Please be patient ...

Figure 5. A snapshot of a running program
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Figure 6. A snapshot of finished program (Results in the rMLM) (Resultl)
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Figure 7. A snapshot of finished program (Results in the mrMLM) (Result2)

3.3 Save Results

Use Save button to save the results as *.csv format file. There will have an option to save Results
in the rIMLM (Resultl) or Results in the mrMLM (Result2). If click OK button (after Save
button), a dialog is used to choose the pathway and the file name of the saving results.

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

of the manual.

() Result2

| ok | | cancel |

Figure 8. A snapshot of Save choice dialog
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Figure 9. A snapshot of 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 can have the visualization of the results. Before use the
Manhattan Plot button, please set the critical value for —log;o(P), which is defaulted the value of
3. Before use 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 y* distribution with one

degree of freedom and a point mass at one.

@ Manhattan Plot = | B S

~logilp )

Chromosome

Figure 10. A snapshot of Manhattan Plot
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Figure 11. A snapshot of QQ Plot

Directions

Direction 1: Explanation of input files in details
D1.1 The Genotype file:

The Genotype file should be a *.csv format file. The first column stands for chromosomes, the
second column stands for the marker's position (bp) in the chromosomes and the remaining
columns stand for samples. The row stands for marker locus and the column is for each individual.
The marker values should be numeric values, and the characters such as A, T, C, G are not

accepted. The file does not need the row and column names.
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Figure D1.1. A snapshot of part of Genotype file
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D1.2 The Phenotype file:
The Phenotype File should be a *.csv format file. The rows stand for samples. The column stand
for trait. Now the phenotype file can include only one trait once. The file did not need row names

and column names.

A
(11678
10. 146
11. 325
12.101
12. 336
12. 687
12.912
12.101
13. 058
11.181
11. 366
10. 279
11. 471
13. 295
12.721

e e e Lt i
mrprHO(DQ)ﬂmCﬂrPWNH

Figure D1.2. A snapshot of part of Phenotype file

D1.3 The Kinship file
The Kinship file should be a *.csv format file. The number of rows (or columns) equals to the
number of individuals in the sample. And the kinship matrix is a symmetric matrix. The file does

not need the row and column names.

A E C D E F G H
1 l 1! 0.432 0.282 0. 264 0.48 0.314 0.248 0. 244
2 0.432 1 0. 266 0. 252 0. 364 0.33 0. 252 0. 244
3 0. 282 0. 266 1 0. 662 0. 266 0.224 0. 602 0. 606
4 0. 264 0. 252 0. 662 1 0. 332 0.178 0. 496 0. 488
] 0.48 0. 364 0. 266 0. 332 1 0. 306 0.32 0.316
6 0.314 0.33 0. 224 0.178 0. 306 1 0.154 0.15
7 0. 248 0. 252 0. 602 0. 496 0.32 0.154 1 0. 952
3 0. 244 0. 244 0. 606 0. 488 0.316 0.15 0. 952 1

Figure D1.3. A snapshot of part of the Kinship file

D1.4 The Population Structure file

The Population Structure file should be a *.csv format file. The population structure matrix may
be calculated from the Structure software. If population structure matrix has k columns, please
input its arbitrary (k — 1) columns. Each row stands for each individual from 1 to n (sample size).

The file does not need the row and column names.
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& E
1 l 0.016! 0. 976
P 0.01 0. 921
3 0. 001 0. 998
¢ 0. 006 0. 993
a 0. 281 0.714
] 0. 247 0. 425
7 0. 004 0. 995
8 0. 002 0. 996
9 0. 004 0. 995
10 0. 485 0. 402
11 0. 322 0.676
12 0. 997 0. 002
13 0.98 0. 001
14 0. 924 0. 066
15 0.519 0. 336

Figure D1.4. A snapshot of part of the Population Structure file

Direction 2: Explanation of Resultl and Result2 in details
D2.1 Explanation of Resultl in details

The Resultl table with ten columns shows the results from the rMLM (random-SNP-effect mixed
linear model) method. The corresponding column names are as follows: trait code (such as 1),

chromosome, marker's position (bp) in the chromosome, population mean value (Mean), residual

variance (o, Sigma2), priori variance of the kth SNP effect (47, Sigma2_k), SNP effect (y, ,

Effect), posteriori variance of SNP effect (var(yk), Sigma2_k_posteriori), Wald test statistic

value, and the P-value of Wald test, respectively.

4 B C D E F G H I J

1 [Trait IChromosome Position Mean Sigma2 Sigma2_k SNP effect Sigma2_k_posteriori Wald P_wald

2 1 1 7166 3.950667 0.066528 0.006193 -0. 05462971 0. 0595971464 0. 952631 0. 329051
3 1 1 31727 3.898178 0. 066507 0.002284 —0. 03394233 0. 033625871 1.018911 0. 312777
4 1 1 31734 3.898178 0. 066507 0.002284 —0. 03394233 0. 033625871 1.018911 0. 312777
5 1 1 32926 3.898684 0.066751 3.03E-06 4. 55E-05 0.00173725 0. 000684 0.979128
6 1 1 83093 3.898672 0.06675 3. 03E-06 7. 62E-05 0. 001737648 0.001922 0. 965029
7 1 1 93692 3.898689 0.066751 3.03E-06 —3.53E-05 0. 001740023 0. 000411 0. 983821
8 1 1 121762 3.898688 0.066751 3.03E-06 5. T4E-06 0. 001740777 1.09E-05 0. 99737
9 1 1 121775 3.898688 0.066751 3.03E-06 5. T4E-06 0. 001740777 1.09E-05 0. 99737
10 1 1 128283 3.898696 0.066751 3.03E-06 -B8.65E-06 0. 001740574 2.47E-05 0. 996033
11 1 1 175580 3.898683 0.066751 3.03E-06 1. 52E-05 0. 001740737 7.63E-05 0. 993031
12 1 1 195402 3.898643 0.066751 3.03E-06 5. 96E-05 0.00173767 0.001177 0. 972629
13 1 1 195406 3.898674 0.066751 3.03E-06 2. T3E-05 0. 001740386 0.000246 0.987496
14 1 1 212039 3.891241 0.06667 0.000307 0.008785774 0. 015120777 0.337607 0.561214
15 1 1 226616 3.898679 0.066751 3.03E-06 1. 84E-05 0. 001740656 0.000112 0. 991561

Figure D2.1. A snapshot of Results in the rMLM (Resultl)

D2.2 Explanation of Result2 in details
The Result2 table with five columns shows the final results of the mrMLM method.

The corresponding column names are as follows: chromosome, marker's position (bp) in the
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chromosome, QTN effect, LOD score, and the proportion of phenotypic variance explained by the

putative QTN, respectively.

C
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0. 068713798
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—-0. 0747663
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—0. 09158451
0.102749777

D

LOD score

10. 78275608
8. 510534059
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. 031984169
. 180173055
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a2 I Sl PR ok ) [l ) (Y P I ) T ST w B o
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0. 0353
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0. 031518
0. 042635
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0. 025447
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Figure D2.2. A snapshot of Results in the mrMLM (Result2)
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