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Introduction

About GMM

GMM (Genotype Matrix Mapping) is a computer program for the detection of QTLs
(Quantitative Trait Loci) and QTL interactions in genetic variation from comparisons of
genotypic and phenotypic data. The central approach in GMM is the following:

Each tested marker is given a virtual matrix (GM) containing intersecting lines and rows
equal to the total number of alleles for the marker in the population analyzed.

QTL interactions are then estimated and compared through virtual networks among the
GMs.

Reference
S. Isobe, A. Nakaya and S. Tabata. Genotype Matrix Mapping (GMM): Searching for QTL
interactions in genetic variation in complex traits. (2007) DNA Research 14:217-225.

Hardware requirements are listed in Table 1-1.

Table 1-1 Hardware requirements

Windows MacOSX
CPU Pentium4 or later version PPC or Intel
Memory >512 MB
Hard disk >100 MB
OS Version XP or later version 10.4 or later version

Large scale data analysis by Windows 32 bit often causes to stop program execution because of
running out of memory. We recommend using Windows 64 bit or Mac for large scale data
analysis.



Chapter 1 Installation

1-1. Windows

1. Start up the downloaded file (install.exe)
by double-clicking on the icon.

InstallAnywhere

% A AL OEFE LTLET ..

(T

33%

(C) 1997-2007 Macrovision Europe Ltd. and/or Macrovision Corporation

2. After the installation preparation is = : _ _ i
finished, the screen at right is
displayed. Click on the [OK] button,
and then go to the next step.

Ereli i -
48 GMM [E=REE X
3. The Introduction is displayed. ; couiapshi b
Cllck on the [NeXt] button to i Installanywhere will guide you through the installation of GMM
| Itis strongly recommended that you quit all programs bhefore
go to the next Step_ i 7 continuing with this installation

Click the ™Mext' button to proceed to the next screen. Ifyou want to
change something on a previous screen, click the 'Previous' button

¥ou may cancel this installation at any time by clicking the ‘Cancel’
buttan




4. Choose the install folder. To ~ ®S™ e
change the folder from the
default setting, click on the

| Pleaze choose a destination folder far this installation.

Falder
[Choose] button.
Where Would You Like to Install?
| G¥Program Files¥GMM
| Restore Default Folder | [ Choose.
5. Choose the shortcut folder. P P=r )

Where would you like to create product icons?

@ In a new Program Group: ‘GMM

() Tn an existing Program Group: | Accessories

aiion Surnmary
0 ) In the Start Menu

) On the Desktap

@ Tn the Quick Launch Bar

(@) Other:

() Dan't create icons

Greate Ieons for All Users

Cancel Previous

6. The Pre-installation summary === -

is displayed. Confirm that the
summary details are correct,

Please Review the Following Before Continuing:

Product Name:

and then start installation by GMM
clicking on the [Install] button. . Install Folder:

C:\Program Files\GMM

Shortcut Folder:
C:\Users'isobe' AppData‘Roaming' Microsoft Windows' Start
Menu'Programs\GMM

Disk Space Information (for Installation Target):
Required: 115,309,268 bytes
Available: 46,601,814.016 bytes

Cancel Previous



7. The installation progress is =& b=
displayed.

Installing... Java Runtime Environment

Cancel

e e
8. After the installation is ; P
finished, the screen at right is 3 p;;';m:‘““::mm" supcessuly installed o
displayed. Click on the [Done]
button to complete the
installation.

Fress “Done” 1o quit the installer




1-2. MacOS X

1. Unpack the downloaded file I._
[install.zip] by double clicking.
Then start the generated o
installer by double clicking. install.zip install

2. After the installation preparation
is finished, the screen at right is
displayed. Click on the [OKI]
button to go to the next step.

066 GMM

3. The Introduction is displayed.
Click on the [Next] button to
go to the next step.

InstallAnywhere will guide you through the installation of GMM.

It is strongly recommended that you quit all programs before
«continuing with this installation.

Click the 'Next' button to proceed to the next screen. If you want
to change something on a previous screen, click the 'Previous’
button.

You may cancel this installation at any time by clicking the
‘Cancel' button.




4. The Introduction is displayed.
Click on the [Next] button to
g0 to the next step.

5. Choose the alias folder.

6. The pre-installation summary
is displayed. Confirm that the
summary details are correct,
and then start installation by
clicking on the [Install] button.,

Please choose a destination folder for this installation.

Where Would You Like to Install?
inside “GMM" in the folder “Applications on the disk

% ! l “Macintosh HD*
i

( Restore Default Folder ) (Chmse...)

Where would you like to create aliases?
O In the Dock
8 On the Desktop

O In your home folder

ODther: ( Choose... )

O Don't create aliases

Previous

0oO00n GMM

Please Review the Following Before Continuing:

Product Name:
GMM

Install Folder:
"GMM" in the folder "Applications” on the disk "Macintosh
HD"

Alias Folder:
"Desktop” in the folder "isobe™ on the disk "Macintosh HD™

Disk Space Information (for Installation Target):
Required: 13,756,415 bytes
Available: 60.274.270.208 hytes




7. The installation progress is
displayed.

8. After the installation is
finished, the screen at right
is displayed. Click on the
[Done] button to complete
the installation.

000

GMM

GMM

Congratulations! CMM has been successfully installed to:
/Applications/GMM

Press "Done" to quit the installer.

10



Chapter 2 Using GMM

2-1. General

The GMM display consists of the following five components:

(1) Menu bar (4) Matrix Window

RCE1366

Locus Combination

Display Threshald

o[ ard]

Set Locus

ab \
ab \ a-

(2) Data Windowi‘ I |
& | &
| -

Subrmit

i Gircle

Gonditions

Data File : Sample Data, Target Trait : Flowering_day,

Length of Locus Combination : 3, Min Mumber of Corresponding : 1, Search Range : 0.0

Hum.(True}  Ave(True) Mum.(Falee) Ave(Falee) Length Locustallele)

378873 RGS0914-) RG

200 3.78873 RC502350) RGS

200 3.78873 RCS0914b6-) RG

196667 3.80282 RGS1022{(zb) RGH

19,6667 380262 RC51022(sh) G

o667 FEE RCST022(:0) RO LG Width

196667 380282 ROS0937() RGS

Font Size

;

L ®°
| = = |
(3) Result Window (5) Circle Window

(1) The Menu bar contains the operations menu.

(2) The Data Window contains a loaded data set.

(3) The Result Window contains a list of analysis results.

(4) The Matrix Window contains analysis results in the form of Genetic Matrixes.
(5) The Circle Window contains analysis results on linkage groups.

11



2-2. Menu bar

The menu consists of the following three components. Edit menu is not available now.

1. File menu
2. Analyze menu

fnalwze

3.  Help menu

1. File menu
New Load and analyze a new data set.
Open Open an existing file.
Save Save contents as a GMM file. New
Save As Save contents with a new file name. Open
Save Image  Save a screen image of a Matrix or Circle Save
window as an image file (PNG or EPS). Save Az

Exit Close the GMM program.
Exit

2. Analyze Menu
Reanalyze  Reanalyze the uploaded data with

different conditions. _
File Help
3.Help Menu
Sample Open a sample data set.
About Information about GMM.

fnalvze

12



2-3. Data window

The Data window displays phenotypic and genotypic data used for the analysis. Each line
indicates information about an individual sample.

G GMM

File Edit  A#nalee Help

Sample  Flowering day RCS0937) RG52639 RCGS0005 RCS01020 RCS0251 RCS0399 RGS0404 0 RGS04:

First column Sample name
Second column Phenotypic data
Third and subsequent columns Genotypic data

For missing data, use “** as a missing code. The code, “*, is excluded from

analysis.

13



2-4. Result window

G GMM
File Edit Analkze Help
| Result

Conditions  GMK 200 (G 2005.2006.2007.2008 &.Makaya
Data File : Sampledata.PM, Target Trait : Flowering_day,

Max Leneth of Locus Combination @ 3, Min Mumber of Corresponding : 1, Search Range : 4.39442

Bum.(Trued  fwveiTrued  MumiFalzed Awve(False) Leneth Locusfallzled

20.0 il 373873 RCS2958¢-) RCS04h-) RGCS13004.
200 71 378873 RC51113he) RCS09144-) RGS0235-)
20.0 il 373873 RiZ51113hbc) RCS09140-) RCS13000..
19 6667 71 380282 RCE1366%-) RCS1167h-) RCS1022¢6a..
19,6667 71 3.80232 RCS1167h- RCS36696a-) RCS1022(0a.
19,6667 il 3.80282 RCE116780-) RCS274103-) RCS10224a.
19,6667 71 3.80282 RC51167E- RCS10226ab) RCS0937(-)

The Result window holds a list of analysis results. The version of the program and the
analysis conditions are displayed on the upper bars.

F F value

Num. (True) Number of samples that correspond to the detected locus (allele).

Ave. (True) Mean value of the samples that correspond to the detected locus (allele).

Num. (False) Number of samples that do not correspond to the detected locus (allele).

Ave. (False) Mean value of the samples that do not correspond to the detected locus
(allele).

MSA Between-class variance

MSW Within-class variance

MST Total variance

Length Number of loci that make up the detected combination.

Locus (allele) Names of loci and alleles.

14



2-5. Matrix window

- [Blx]

fnalyze Help
# Matrices

RCS1167 RCS1366 RCS1113

Locus Gombination

Dizplay Threshaold

Fe: 1047 5

Cs2958

Set Locus

The Matrix window holds results of analyses in the form of Genetic Matrixes.

Matrix Each matrix indicates one marker. Each cell in a matrix indicates a
single QTL effect. The F value (magnitude of a single QTL effect) is
represented with shades of blue.

Line Lines between cells indicate combinations of QTLs. The F value
(magnitude of QTL interactions) is represented with colors from
yellow to red.

Display Threshold Displayed lines and the cells they connect are refined based on a
set threshold.

Set Locus Displayed matrixes that interact with the selected cells are refined.

15



2-6. Circle window

RCI 919 58

RCS1022
LG3

RCSQ;Q.,

(]

LG Width

3

Font Size

1208

The Circle window displays analysis results as a circle of linkage groups. This window
is not displayed if map information is not loaded.

Linkage circle  All linkage groups are displayed on a circle, and the interacting QTLs are
indicated inside of the circle.

Inside lines The inside lines indicate relationships between interacting QTLs. The color
of each line, from yellow to red, represents the magnitude of the F value
(strength of the QTL interaction).

Zoom Sets the size of the linkage circle.
LG Width Sets the width of the linkage circle.
Font Size Sets the font size.

16



Chapter 3 Tutorial

3-1. Startup
<Windows>
Select <all programs—GMM—GMM>

on the Start Menu or double click on the
GMM icon.

<Mac OS X>

Double click on the [GMM Alias] icon.

If an alias was not created at installation,
start GMM from within the GMM folder.

3-2. Exit
Select <File—Exit> on the Menu bar.

FATOAOFSLEY B G

\E

GMM Alias

[ XeXe) Clcmm =
BN = )R . a ) |
VLR ZEE ERES
= Macintosh HD » [ _macosx 2008%11A7H. 13:26 -
B oisk error.log 2008£11A7H. 13:58 0KB
@ GMM SH. 10:20 192 K8
v 8 ® GMM_dup 2008511870, 13:23 1608
[=EZTIF] [} GMM_dup zip 2008%11H7H. 13:26 85 KB
& amada L. o 20085108258, 17:07 264 K8
A Tur-svay 3 GMM jar 2008%1154H, 1815 384 K8
5 [) gmmsetting.prop 2008%11H7H. 13:58 4KB
> @b 2008%1147H, 13:57 -
v R process.log 2008%1147H, 13:58 4K
©=8 » [ sample 2008%1147H, 13:57 -
LD = splash.jpg 200895300, 18:22 28K8
= O » [ Uninstall_GMM 2008%1157H, 13:57 -
c]
E IRTO AT
(g IRTOL—E—
@ IRTORE
€ 5] 4>
13 AE. 90.03 GB TE

Edit  Analvee Help

Cpen

Save ing_day RC3093Y RCE

Save Az . -1 a- a
Save Image 4 a“ -
1 a- a

_2 - -

2 a- a

‘I - -

17



3-3. Data analysis

1. Select <File—New> from the Menu bar.

2. The screen at right is displayed. Click on the
[Select] button.

3. The Load Data dialog is displayed. Choose the
data file, and then click on the [Open] button.

The data file must be saved as a tab-delimited text
file. Use two characters for the genotype code and
numerals for phenotypic data.

A sample data file can be found in the GMM/sample
folder (Sampledata.PM).

4. The chosen file is loaded and displayed in the data
window.

Help

Data File |

[ Seleat |
, S

First Marker
v

First Samiple

Target Trait
v

o
G Load Data [x]
8 D somple ¥ #eEE
3 Sampledata PM
S s i
BEE-ETy
A
€]
FAtT
o FFLAv
o -8
S e | ] [
HANDD o tuT [gatame i v N
& Select Data [x]
Data File |G:#Program P | Coerent
First Marker & B ® D B
o Marker Flonering day|[FOS0837 __ |ROS2688 |G A
Humber of al. Pheno type |1 T 2
pre! 0 = b-
Tarest Trait ref n d o= ab
v pre -2 - b
re! 2 = = -
pref i - -
e 2 = b=
rel -2 - = -
e 2 5 ®
re 5 F -
= 2 5 ®
re 2 = m
= 20 5 -
e 7 5 3 b
pre i 5 =
e f 5 b=
pre 5 = b
pref 3 &b
e P o -
e i ah ¥
(0] >
o
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5. Set a data set.

Press the uppermost marker
name in the <First Marker>
pulldown menu.

The column headings for the
and the
markers to its right are
colored pink, and the data in
the columns are defined as a

selected marker

genotypic data set.

Select the uppermost sample
name in the <First Sample>
pulldown menu.

The column headings for the
and the
samples below it are colored

selected sample
aqua and defined as a set of
sample data.

Select the phenotype data
from the list in the <Target
Trait> pulldown menu.

The column heading for the
selected cell is colored red,
and the data in the column
are defined as phenotypic
data.

Press the [Select] button to
complete the procedure.

< e le [data
3 n PM | CSekect ]
Data File |G¥Proeram Files¥GMM¥zample¥S{ |, 5
Marker Flowering_lby [RCS0937 RCS2650 RG A
. .CI' Mumber_of_al.
First Marker | et = - -
| [Marke g = = =
Marker Ty e 5 5 5 e
Floveer ing_day | |pred r=o - = o
pre2 = & B 5 5
RCS2689 pred e - = = >
RCES00058 pred rel = = o -
RiZ50102 preh re |Zn 5 I -
RCS0251 prefi re i B = =
RZE0399 | lore? e |; = 8 =
pred Eh - 5 5 5
pred re20 JiE] = la— la—
nreP? hR - - ah M
<0l >
| oK
& Select Data |
i ; MbtsampletSampledata PM IE=N
Data File |G:¥Program Files¥GMMEcample¥s - = = =
P' B Marker F\Dv:lngiday RCE0937 RCS2689 IRG ~
First Marker Hurber.of ol Fherggoee 1 L :
| RCS0937 w | Mark: 2 f = B b
N pre3 1 = - ab
i e pre =] - - &b
First Sample 21 Il i 3 = = =
pre? pre -2 o E b~
red -2 - = a
Marker 2 preS red -2 F - ab
Humber _of_allzle | pred We:? 52 F F =
e E B B o
. R | e —
Pre pred preld 7 F o b
pred rel5 i B B -
ored pred o186 0 5 E b
prel? 5 & - ab
pref pred reld 15 F F -
rel8 0 - E *
pref w | pred pre20 B E = -
pre'l 0 nre? i - - a: b
1 sl oK
& Select Data |
. . 3MMisample¥Sampledata.PM [ Sekeet |
[iata File |O:¥Program Files¥GMM¥zample¥sg = = | =
| Marl RCE3T RCS2689 IRG ~
First Marker A ur ffrere-ee 1 L £
|ROS0937 | [Marker A I 5 : -
. I A E [ -
First Sample o re B = = =
e 1 - - b=
et Al e —
red -2 - = a
Tareet Trait pred re?n ;2 - - 3
v | pred el 2 B B -
Marker ~ preb rel2 2 - - ab
b preld 20 - - -
— | |pre6 pretd i E - ®
RCS0937 pre? i i : - -
RCE2689 pred rel? e = E =
RCE0005 pred re10 + - - b
20 13 - - -
RCS0102 prell o N E F Ay
RGE0251 prell ‘ >
RiCS0A00 | jore12
preld
dd




6. Loading map information.
The <Select Linkage Map Data> window is
displayed. If there is no map information, select [Not

Exists] and then press [OK].

If map information is available, select <File Exists>,

and then press the [Select] button.

The Load Linkage Map dialog is opened. Set a map (O Mot Exists

file and press the [Open] button. After selecting the

map file, press the [OK] button.

The map file must be must be saved as a

tab-delimited text file. Input data as follows:

#<Linkage group name> <total length>
<Marker namel> <map position>
<Marker name2> <map position>

Shown in the figure at right.

& Load Linake Man

E;Eelec:t Linkage Map ... E|

r

) File Exists

| | Select

Cancel ]

-.E!:Eele-::t Linkage Map ... E|

|3mpledata_map.dat | ‘

[ Ok ][ Cancel

b

S8 |3 sample
3 Sampledata PM
Ué Sampledata_map.dat
E{EE Ty
i
@
FADNT
A FrLivh
A TR
- _
. ZriNE |  mapdat | @ B
AN s gwtaein o

#LG1 136.7
RCS2183 43.723
RCS0005 56.013
RCS0089 92.005
#LG2 149.7
RCS0130 10.551
RCS1708 35.664
RCS1300 39.853
RCS1113 44.200
RCS1285 47.710
#LG-NA 3

The sample data are saved in the GMM/sample folder as RCS0235 2.0

sampledata_map.DAT.

#LG-NA 3
RCS1366 2.0
#LG-NA 3
RCS3719 2.0

20



7. Parameter settings.
The <Set
displayed.

Parameter> window 1is

Set the following three parameters, and
then press the [Calculate] button.

Max Length of Locus Combination

iE;SEt Parameter

Max Length of Locus Combination

Min Mumber of Correzponding RE:

T

Automatic

Seatch Range (d)

Maximum

number of analyzed marker

combinations. If “1” is selected, GMM calculates a
single QTL effect. If “3” is selected, GMM

calculates a maximum of three marker
combinations.

Min Number of Corresponding Minimum number of samples that meet the
conditions.

Search Range Search range for the calculation.

Automatic To set the search range automatically, check
[Automatic].

8. The screen shown at right is displayed during the

calculation. Please wait.

9. After the calculation, the result windows
are displayed.

21



3-4. Data reanalysis

1. Select <Analyze—Reanalyze> on the Menu bar.

& oMM

File Edit g3E

Sample Flowering day RCS0937 0 R

_‘I a-
4 a-
1 S

2. Set Parameters.

Follow the instructions in “Section 3-3. Data
analysis”. Then click on the [Calculate] button.

Max Leneth of Locus Combination 3|

Min Number of Corresponding

Search Ranee (d)
Autamatic

[ Calculate ][ Cancel ]

3. DPlease wait.

4. The Data reanalysis is complete.

b

[ — -

. st
o 9667

st s o amm stz
fose- 7
s o577 Fosiczzc
. L TR B T
ez RosTcze
oSt
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3-5. Save results

The analysis results can be saved as a project file (gmm).

1. Select <File—Save> or <File—Save As> on the
Menu bar.

fnalze Help

Save Az .
Save Image 4 a-
Exit L
= - -
preh 2 a-
e 1 -
. . . & Save GMM Data E‘
2. Input a file name in the dialog box, and then click e T
on the [Save] button. C
RIE(EN 7T
Ein
@
FAbkZ
4 P
A T1-2
','9 e [ |
SAANID | S0 u2t7: [ i remm v (e
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3-6 Distribution of phenotypic data

GMM displays the distribution of phenotypic data of the selected locus/allele.

Select a Data cell.
Double click on a genotypic data cell in the
Data window. The distribution of phenotypic

& GHM

- [O]x]

File (i1 fnabze Help

=[]

Sample Flowering day RCS0937 RCS2689 RCS0008 RCS0102 RGS0251  RCS0399 RGS0404  ROSD4:
. . . . . . rel a a- a- b - a b -
data is indicated in a new window (Red: [ e e e e e T
ro - - ab - = a b
selected  locus/allele,  Blue:  unselected |fe- s I S B
. pre a - b- ) } - a - -
loci/alleles). e N Gy
= S B B
< >
RCS0914(b-)
Select a cell in a Matrix.

Double click on a cell in a Matrix window. The
distribution of phenotypic data is indicated in a
new window (Red: selected locus/allele, Blue:
unselected loci/alleles).

Locus Gombination

Dizplay Threshald

Uy

43.9

42.5

-41.0

RCE0914

b_

RCS0914(b-)

ar

24



Select a line connecting Matrixes

Double click on a line in a Matrix window.
The distribution of phenotypic data is shown in
a new window (Red: locus/allele related to the
selected line (combination), Blue: loci/alleles not
related to the selected line).

RCS1113(bc)+RCS0914(b-}+RCS1300(ab)

25



3-7. Refining

Once a calculation is completed, all identified loci (markers) are indicated in the Matrix
window. GMM allows you to limit the display to a selected combination of identified loci in a

new window by using the Refining function.

Line refining

Set the threshold [F], and then click on
the [Submit] button.

Only lines corresponding to the upper
bound threshold [F] value are displayed.

* fnabze Help

RCS1167

a b ¢ d -

RCS0235

Locus Gombination

Display Threshold

F 40472

RCS3665 RCS1022

ocus Combination

Dizplay Threshold

F: 41047 5

RCS1167

a b ¢ d -

RCS0235

43.9
Locus Gombination
Display Threshald I4Z'5
'

Set Locus

Submit

a b ¢ d -

RCS3665 RCS1022

26



Matrix refining

Click on a cell, and the selected Locus (allele) is
indicated on the left side. Only cells generating
connection lines can be selected.
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R indicates the number of displayed
combinations. Set <R> and click on the [Submit]
button. The matrixes connected to the selected
cell are indicated by lines in a new window.
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Circle refining

Double click an internal line in a
linkage circle. The corresponding loci

are indicated in a new matrix window.
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3-8. Change the display of a circle window

You can change the size, width and fonts of a linkage Circle.

The [Zoom] slider is used for scaling the linkage circle.
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3-9. Saveimage

Pictures in the Matrix window and Circle window can be saved as image files.

1. Select <File—>Save Image> from the Menu bar.

2. The File dialog is displayed.
Name the file and select the file type (eps or .png),
and then click on the [Save] button.

3. The image file is saved in the selected folder.
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3-10. Display of sample data

You can explore how GMM functions by consulting the included sample data.

1. Select <Help—Sample> on the Menu bar.

Analze

2. The analyzed sample data are displayed. =
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3-11. Invoking multiple instances on Mac

Generally, invoking multiple instancesis not allowed on Mac OS X, because of restrictions
in the OS. To invoke multiple instances of GMM on Mac OS X, double-click on ‘GMM dup’
included in the GMM folder.
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