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1 Introduction 
Genomizer is a tool for analyzing large case/control association studies. Additionally, it 
provides the user with useful plotting and data mining features for the analysis results.  
 
Because a genome wide dataset has a considerable size, we have chosen not to 
store all data in the database, but to use both the database and the file 
system for storage, even if this implies a certain inconsistency. The 
advantages of this approach are a better performance and lower memory 
requirements. 
 
The user can decide whether he wants to run Genomizer from a GUI (graphical user 
interface) or the command-line. In order to log errors it is recommended to start the GUI 
from the command-line. 

 

2 System Requirements 
Software Requirements 
Operating system: Genomizer was tested on 

 Windows XP Pro SP2 
 Windows 2000 Server 
 Windows NT 4.0 
 Red Hat Linux. 

Database software: 
 MySQL database with user account 
 Java Runtime Environment (JRE) 

Hardware Recommendations 
 Pentium 4 or equivalent CPU 
 1024 MB RAM 
 Disk space depending on the size of the experiment 

(Experience has shown that approximately 2.5 GB for a typical experiment with 
400 cases and 400 controls for the Affymetrix 100K GeneChip are required.) 

 
When using a computer with less RAM, it is recommended to run Genomzer in the 
command-line mode. 
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3 Installation 
The installation procedure is described here: 
http://www.ikmb.uni-kiel.de/genomizer/#installation
 
Please take into account that you have to install MySQL, Adobe SVG Viewer, and the 
Java Runtime Environment before installing Genomizer. 
 
Genomizer is started with the following command from the command line: 
 
java –jar -Xmx1024M Genomizer.jar 
 
All commands for the command-line mode are shown when you start Genomizer with 
these options: 
 
java –jar Genomizer.jar –help 
 
or: 
 
java –jar Genomizer.jar -h 



4 File Formats 
Before you can start and use Genomizer a specific directory structure and input files in the 
correct format are required. For testing Genomizer, a sample 500k data set (36 cases and 
36 controls) can be found on our webpage or a 100k data set is provided with the 
Genomizer Installer (20 cases and 20 controls). 
 
Example for directory tree 
 

 
 
ANALYSE 
This directory contains Genomizer.jar and Converter.jar. The latter program is 
used to extract the genotypes from the standard GDAS 3.0 (GeneChip® DNA Analysis 
Software) output files into two separate files (one for each enzyme/array) for each 
genotyped individual. Ensure that individuals are labelled according to the required 
naming scheme (see testexp). 
 
BASE 
 

POPULATIONS 
This directory contains one file per population. The file name and the name of the 
population in the database need to be identical. 

The file format is as follows: 

 PATIENT_ID       PATIENT_TEXT_ID     SEX     DESIGNATION 
 115413            CON10024_         1           1 
 113000            CON10031_         1           1 
 112985            CON10068_         1           1 
 113035            CON10235_         1           1 

The coding of sex and designation is the same as in linkage .pre files:  
SEX: 1- male, 2- female, 0 - unknown 
DESIGNATION: 1- control, 2 - case  
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http://www.affymetrix.com/products/software/specific/gdas.affx
http://www.affymetrix.com/products/software/specific/gdas.affx
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SNP_DATA 
This directory contains the documentation files from Affymetrix (SNP-link and SNP 
description). It is left to the user to leave those files untouched to ensure consistency. 
 
File 1: Mapping50K_Hind240_annot.csv 
File 2: Mapping50K_Xba240_annot.csv 
 
These two files come with the installer of Genomizer. Currently, the positions are 
taken from NCBI built 34. Only the relevant columns of these files are imported into 
table “master_affy_snps” of the database. 
 
Using Custom SNP data files 
Rather than using the SNP data files from the 100k or 500k GeneChip Arrays, the user 
has the possibility to load custom SNP data  files. The file format is as follows: 
 
Tab-delimited text file, with the following columns (use descriptor as header): 
affy_snp_id: a unique integer 
chrom_name_id: name of chromosome, “1” to “23” or “X” is possible 
rs_number: dbSNP id, integer without prefix “rs” 
position: build34 position on chromosome of SNP, integer 
base_allele1: “A”, “C”, “G”, or “T” 
base_allele2: “A”, “C”, “G”, or “T” 
enzyme: use always “X” 
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testexp 
Each experiment has its own directory. The name of the folder and the name of the 
experiment in the database need to be identical. 
 

BATCH 
As the haplotype analysis by WHAP/SNPHAP (by Shaun Purcell, Whitehead 
Institute and Pak Sham, Institute of Psychiatry, London, UK) or COCAPHASE 
(Dudbridge F (2003) Pedigree disequilibrium tests for multilocus haplotypes. 
Genet Epidemiol 25:115-221) is very time-consuming, it can be carried out on a 
separate machine, e.g. on a multiprocessor machines. 
 
A separate folder is created by Genomizer for each chromosome and sliding 
window (Genomizer allows a maximum of 4 marker haplotypes). Thus, you end 
up with (4x23) 92 folders and, therefore, 92 independent batch jobs, e.g. the folder 
BATCH\19_HAP_1_0.0010 is used for a haplotype sliding window analysis of 
chromosome 19, a window size of 1, and a significance threshold of 10-3. If the 
calculated p-value for a certain SNP is smaller than this threshold, permutation 
tests are automatically invoked (100, 1000, 10000) with WHAP. There is no 
standard permutation for every haplotype analysis, because this would lead to 
excessive running times. 
 
Batch jobs are run with a separate program called BATCHRUNNER. This 
program is written in ANSI C and can be compiled on the operating system that is 
used. 
 
Case 
Output files of Affymetrix GDAS can contain genotypes for several individuals. 
Data is extracted with Converter.jar into one file for each individual, i.e. one 
file for one array and one individual. For example: 
 
Case_134_S2_5872_050804_CenturionXbaA.atx 
 
The file name consists of different identifiers seperated by “_”: 
Case: designation, alternatively Control 
134_S2: center_code (Kiel internal, LIMS) 
5872:  unique patient ID (Kiel, LIMS) 
050804: date processed 
CenturionXbaA: affy chip specification (alternative HindA) 
 
Control 
Same as above, just controls. 
 

http://www.broad.mit.edu/personal/shaun/whap/index.html
http://portal.litbio.org/Registered/Help/unphased/
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CHROMOSOMES 
These genotype files are generated by the Genomizer and serve as the primary 
analysis file format. If other genotyping platforms than Affymetrix are being used, 
it is recommended to convert the genotype-containing files into this file format as 
an input for Genomizer. The test data contains several examples for chromosome 
data files. 
 
There are two files for each chromosome, e.g. for chrom. 1: 
 
C1_MAPPED_CASE.txt 
Mapped markers with case genotypes. The markers are in the physical order of the 
chromosome. The individuals are ordered by patient_id. Genotypes are converted 
into the numbers 1 to 3: 
 
1 =  1 1 (Homozygote Allele 1) 
2 =  1 2 (Heterozygote) 
3 =  2 2 (Homozygote Allele 2) 
 
C1_MAPPED_CONTROL.txt: 
Same as above, just controls 
 
SVG 
This directory is used for storing the SVG plots. Subdirectories are created for 
chromosomal overview plots (COVR), hit plots (e.g. for a significance threshold of 
10-3: HITS_0.0010), and custom regions (REG). 
 

EXT 
Contains WHAP and SNPHAP for haplotype analyses and BATCHRUNNER. 

 

5 File Preparations for an Experiment 
For each experiment you need to create a new directory and save a population file in the 
POPULATIONS folder (see above). 
 
If you are using GDAS standard output files, you can use Converter.jar, which 
comes with Genomizer, to extract genotypes. Converter is started in the following way 
from the command-line, where “example.txt” is the tab-delimited output from GDAS: 
 
java –jar Converter.jar example.txt 
 
Be sure the samples in the input file for Converter are named according to our scheme and 
the identifiers in its name are identical to the entries in the population file. It is also critical 
that both files for the same individual, but different arrays, have the same identifiers. 
Genomizer corrects neither file inconsistencies, nor deviations from the required naming 
schemes and relies on the correct input format. 
 
The population file is used for the retrieval of the genotype files, when the chromosome 
files are generated. 



6 Connecting to the Database 
When Genomizer is installed, the MySQL driver is copied into the extension directory of 
the Java Runtime Environment, e.g.: 
 
C:\j2sdk1.4.2_07\jre\lib\ext\ 
 
MySQL-driver: mysql-connector-java-3.0.11-stable-bin.jar 
 
If you are using Genomizer in command-line mode, you always have to use the following 
commands preceding the actual commands to establish a database connection 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer 
 
where localhost is used if the database is on the same computer, otherwise just 
specify the network name of the computer. The combination of root, test, and 
genomizer are just examples for a login string. 
 
When starting the GUI with 
 
java –jar -Xmx1024M Genomizer.jar 
 
the following window is displayed: 
 

 
 
Enter the connection criteria and click ‘Connect’. The first time you start Genomizer, you 
are asked to create a proper database scheme. To create a database scheme, click ‘Make 
Tables’. The database scheme can be found on the webpage of Genomizer: 
 
http://www.ikmb.uni-kiel.de/genomizer/graphics/mySQL_DB_scheme.jpg
 
In command-line mode you create the database scheme with the -createdb command, 
e.g. 
 
java –jar Genomizer.jar –server localhost 
–user root –password test –database genomizer -createdb 
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http://www.ikmb.uni-kiel.de/genomizer/graphics/mySQL_DB_scheme.jpg


 

7 Overview of Suggested Workflow 
After you prepared the raw data with Converter, set up the database and created all tables, 
the following workflow is suggested to be the most convenient: 
 

1. Be sure the proper directory structure exists. Create a new folder for the 
experiment and copy the genotype files into the “Case” and “Control” folders. 

2. Set the BASE home directory with Genomizer and load the marker sets (see 8). 
3. Load a population from a text file (see 9). 
4. Define an experiment (see 10) and generate the chromosome data files (see 11). 
5. Run all single-point analyses and start haplotype analyses (see 13). 
6. Import results from finished haplotype analyses (see 13). 
7. Generate table, which summarizes some numbers of the genome-wide analysis 

(see 15). 
8. Generate all overview and detail plots of the experiment (see 15). 
9. Use the “Significance Finder” (see 15) to search for markers according to your 

assigned search criteria. 
10. Export data of interesting regions for downstream processing and follow-up 

analyses (see 16). 
11. Repeat steps 5-8 for a randomized copy (see 12) of the experiment. 
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8 Home Directory and Loading of Markers 
Having started Genomizer for the first time, you need to specify the path of your home 
directory BASE and load the SNP sets. 
 
Example for command-line mode: 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer 
-dir C:\genomizer\BASE –setup 100k 
 
This command assumes that your BASE directory (for details concerning the directory 
structure see 4 and 5) is located on drive C: in folder C:\genomizer\BASE. The two 
tab-delimited SNP files in folder \BASE\SNP_DATA are also needed. Use “100k” for a 
100k experiment, “500k” for a 500k experiment , or a full path to a text-file with a custom 
SNP data file. 
 
With the GUI you define the BASE directory by clicking “Set homedir”. Markers are 
subsequently loaded by clicking “Load”. 
 

 

A right-click on a chromosome name in the left table displays some
concerning the density of the SNPs and the coverage of the chromosome

Length: the length of the chromosome is hard-coded and taken
Average density: chromosome length divided by number of markers 
Actual density: sum of interval lengths between markers divided by n
Minimum gap: minimum interval on chromosome 
Maximum gap: maximum interval on chromosome (normally the cent
 
A left-click on a row in the right table opens the Golden Path overview f
and a right-click opens the dbSNP entry, if the marker has an rs-number.
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9 Loading a Population 
Be sure the population text file is in the POPULATIONS directory (see 4). 
 
 
Command-line mode 
 
java –jar Genomizer.jar –silent –loadpop Testexp.txt 
–desc “20 cases and 20 controls” 
 
 
GUI 
Click “New” and select the population text file you wish to load. You can also delete 
populations by selecting a population in the upper table and clicking “Delete”. 
 

 
 
Many biological processes are deeply rooted in sexes. As for many association analyses, 
inclusion of gender will increase power, gender can be included as a covariate in 
Genomizer. This is done by selecting an already loaded population and clicking “Split 
Gender”. This will create a male-only and a female-only sub-population, which can 
subsequently be analyzed separately. The prerequisite for the analysis is an existing 
experiment with the necessary directory structure and case/control files. 
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10 Defining a New Experiment 
For the creation of an experiment you need to load a population (see 9) and create a new 
directory (see 4 and 5) which contains all necessary genotype files. The name of the new 
directory must be identical to the name of the experiment. 
 
Command-line mode 
 
java –jar Genomizer.jar –silent –pop Testexp –newexp testexp 
–desc “Test Experiment” 
 
Already existing chromosome data files can be loaded by adding the command 
“–loadchrom”. 
 
 
GUI 
Click the text field next to “Name“ and enter the name of the experiment. In the text field 
“Description” you can enter a description for the experiment. Then you need to select a 
population from the drop-down menu. Finally, click “New” to create the experiment. If 
chromosome data files are already present and no new conversion is necessary, choose 
“Yes” in the following dialogue. 
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11 Creating the “Chromosome Data Files” 
Having loaded the marker set, a population, and having defined an experiment, it is 
necessary to create an intermediate file format, the so-called chromosome data files. 
 
 
Command-line mode 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –makechrom ALL 

 
“ALL” can be replaced by a name for a single chromosome (1 to 22 or X), if the 
chromosome data files need to be converted only for a single chromosome at once. 

 
 

GUI 
On the experiment tab, select an experiment name in the upper table, then select one or 
several unmapped chromosomes in the bottom table. The process is started by clicking 
“Make chr.”. If all chromosome data files need to be created, click “Make all chr.”.  
 
See screenshot in 10. 
 

12 Making a Randomized Copy of an Experiment 
To evaluate the amount of significant results one would get by chance, a randomized copy 
of an experiment can be made. This copy is then treated as a separate experiment, so 
chromosome data files have to be made and analyses performed. The program mixes cases 
and controls and reassigns the affection status. 
 
Command-line mode 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –makechrom ALL 
 
 
GUI 
On the experiment tab, select an experiment name in the upper table and click 
“Randomized Copy”. Genomizer will mix all individuals, create a mixed population 
(prefix “rand_”), copy the case and control raw data, and create a new experiment (prefix 
“rand_”). 
 
See screenshot in 10. 
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13 Analyses 
The available analysis types are stored in the database. The analysis is performed in 
"analysis runs", each run represents one chromosome for one particular analysis type and 
one particular experiment. If an analysis is repeated, all old data is cleaned out. In general, 
if an analysis fails or if data is inconsistent, a p-value of -1 is assigned and flags 
problematic markers. 
 
The following analyses are performed by Genomizer: 
 
CCA Case-control - 2x2 allele table 
CCC Case-control - carriership of common allele 
CCR Case-control - carriership of rare allele 
CCG Case-control - global 2x3 genotype table 
MAF Major allele frequeny in controls 
CR Call rate (cases + controls) 
HWE p for Hardy-Weinberg equilibrium 
HAP Haplotype - sliding window (WHAP) 
ORC Odds ratio (carriership of common allele) 
ORR Odds ratio (carriership of rare allele) 
MCC Case-control - 2x2 allele table (males only) 
MOR Allelic Odds ratio (males only) 
MCR Call rate in males (cases + controls) 
MCF Control frequency (males only) 
MHP Male haplotype analysis 

 
Besides these analyses, various other analyses are performed (e.g. HWE exact test, 
genotype counts, …) and the results stored in table “analysis_details” of the database. 
 
 
Single Point Analysis 
Single-point analyses are started in the following way: 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –force –analyze CCA –window 0 –chrom ALL 
 
If you rather want to analyze only one chromosome at once, replace “ALL” with the 
desired chromosome name (1 to 22 or X). 



GUI 
Either all chromosomes can be analyzed (click “Analyze all”) or a single chromosome 
(select a chromosome in the right table and click “Analyze”). 
 
 

 
 
Genomizer provides the user with the possibility to correct for potential population 
stratification. This is done by specifying a factor Lambda (Bacanu et al., 2000). All 
single-point χ2-values will be divided by this factor before retrieving the p-value. 
 
Haplotype analysis 
Haplotype analyses are run in batch mode with BATCHRUNNER, except for the 
X-chromosomal analysis of the male individuals, which is performed by Genomizer. The 
necessary directory structure is created by clicking “Batch Export”. Enter the threshold for 
permutation testing into the cut-off text field. For all haplotype p-values below this 
threshold, permutations will be performed as described above. 
 
Once the separate BATCHRUNNER jobs are finished, results can be imported by clicking 
“Batch Import”. Genomizer looks into each batch folder and imports the data stored in 
results.txt and details.txt, which were generated through BATCHRUNNER. 
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Example command for command-line batch export: 
 
java –jar Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –batch –window 0 –anatype HAP –script 
 
Using the “-script” option generates example batch files for Windows and SGI 
workstations. 
 
 
Example command for command-line batch import: 
 
java –jar Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –batchimport ALL -force 
 
 
At the moment, only 1 to 4 marker haplotypes (sliding window of 4) are supported by 
Genomizer. Per run, BATCHRUNNER processes one window for one chromosome. 
 
BATCHRUNNER can be run independently of the mySQL database on different 
computers, e.g. in powerful multi-processor environments. 
 
Example (experiment testexp, chromosome 14, window 1, permutation threshold 
0.001) command for running a batchjob with BATCHRUNNER: 
 
Batchrunner –v 
C:\genomizer\BASE\testexp\BATCH\14_HAP_1_0.0010 -w 
 
The “-v” (verbose) option is used for suppressing command-line output of WHAP. 
Instead of using WHAP, the user can use COCAPHASE. This is done by replacing the 
“–w” option with the “–c” option. 
 
Please make sure to provide BATCHRUNNER with the full and absolute path to the 
directory. 

 



14 Graphical Output 
The current version of Genomizer offers three different plotting layouts. SVG (Scalable 
Vector Graphics) plots are generated using the following example command (for 
experiment testexp and chromosome 16): 
 
java –jar -Xmx1024M Genomizer.jar –server localhost 
–user root –password test –database genomizer -silent 
-exp testexp –plot 16 
 
Plots can be opened with standard web browsers, after having installed Adobe’s SVG 
Viewer plug-in When using Adobe’s SVG viewer, zoom in/out and move the plot by 
using the CTRL, SHIFT, and ALT keys in combination with the left mouse button. 
 
 
COVR – Chromosome Overviews 
For plotting an overview of an entire chromosome, use the additional command-line 
option: 
 
-layout COVR 
 
In the GUI of Genomizer, select the “Results” tab and click “Overviews”. Click “Yes” 
when prompted whether all overview plots shall be generated. 
 

 
 
The plots are stored in the SVG directory of the experiment in sub-folder COVR. 
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http://www.adobe.com/svg/
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HITS – “Lead” Region Plots 
Plotting the so-called hit plots is useful when you want to get an overview of the putative 
susceptibility and, therefore, interesting regions. The plots are stored in the SVG directory 
of the experiment in sub-folder HITS. 
 
Use the following additional command-line option, if you are interested in all markers that 
have, for example, a p-value below 0.001 for CCA, CCG, or HAP (window 1 to 4): 
 
-layout HITS –cut 0.001 
 
Adjacent “hit SNPs” are merged into single plots and the Golden Path overview is 
downloaded for this region. 
 
Hit plots are generated through the GUI by selecting a run for the appropriate 
chromosome in the upper right table of the “Results” tab, setting the threshold in the cut-
off text field of the toolbar and clicking “Details”. Select “Yes”, when being asked 
whether the detail plots should be generated. 
 
 
REG – Regional Plots 
For plotting a custom region you need additional command-line options (e.g. for a region 
between 12.2 Mbp and 14.7 Mbp): 
 
–layout REG –start 12.2 –end 14.7 
 
If you add –LD 0.05 (where 0.05 is the minimum minor allele frequency a SNP needs 
to have for LD calculation; this cut-off can be changed by the user) to the command, LD 
will be calculated and a LD plot added to the SVG output file. 
 
Having selected the “Results” tab in Genomizer’s GUI, you can export custom regions by 
selecting a run for the desired chromosome in the upper right table, entering the “Start” 
and “End” positions (in Mbp) in the appropriate text fields of the toolbar and clicking 
“Export”. Click “Yes” when prompted whether you want to export an SVG overview for 
this region. 
 
For the GUI, see screenshot in 15. 
 
The plots and the Golden Path images are stored in the SVG directory of the experiment 
in sub-folder REG. An example for a regional plot is found on the title page of  this 
tutorial. 



15 Reviewing Analysis Results 
Results tab 
For a selected experiment (upper left table) and a selected analysis run (upper right table), 
the corresponding analysis results are shown in the lower table. Values below the entered 
cut-off are shown in blue. When changing the cut-off value, you have to click “Refresh” 
to update the table. 
 

 
Sample Size Calculations 
Genomizer provides a convenient way to calculate the necessa
replicating a given finding. Calculations are performed according 
using the observed allele frequencies for cases and controls. This can 
a SNP and clicking the “SampleSize” button. A new window w
following data needs to be entered, besides the already loaded min
(MAF): 
 
α: Significance level alpha, e.g. 0.05 for the standard 5% level 
β: Beta for the Power (1- β) 
 
 
Experiment Stats 
Genomizer can also export a result file for the entire experiment, w
genotyping quality, the SNP quality, and the amount of significant ma
These values are calculated separately for each chromosome and 
directory of the experiment in a tab-delimited text file named “expSta
 
In the GUI, select an experiment in the upper left table, click “O
“Yes” when prompted whether a summary of the experiment should b
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Significance Finder 
The Significance Finder is a helpful tool when it comes to data mining of large datasets. It 
is started in the Genomizer GUI by clicking “Details” in the “Results” tab. Click “Yes”, 
when prompted whether you want to search for significant markers.  
 
 

 
 
Use the drop-down menu to
choose “0”. 
 
If markers matching all sea
will open a new window sh
to open a Golden Path Imag
new window. 
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16 Data Export 
.pre/.dat/.info-file 
Genotype and marker data for custom regions can be exported as standard linkage files 
(pedigree and data file), which can be used by a variety of analysis programs. Furthermore, 
a marker information file (.info-file) is generated, which is necessary e.g. for Haploview. 
 
The export is managed via the “Results” tab by selecting an analysis run for the desired 
chromosome in the upper right table, setting a start and end position (in Mbp) by using the 
text fields in the toolbar. 
 
 
Detail table 
For in-depth analysis of specific regions it is recommended to export all analysis results 
for the markers in this region. There are more than 50 different analysis types which are 
stored in the database. These results will be saved in the home directory of the experiment, 
the file name starts with “results” followed by the chromosome and the region in Mbp, e.g. 
“results_11_15.4-16.9.txt”. 
 
A detail table is exported in the same way as described above by clicking “Yes” when 
prompted whether a tab-delimited text file shall be exported. 
 

17 General Remarks 
All table records can also be manually inserted, deleted, and modified with MySQL tools, 
such as the commercial MySQL Front or the free Query Browser. 
 
When working with the GUI, you can sort the values by clicking the corresponding header. 
By keeping the CTRL-key pressed and clicking another column header, you can perform 
secondary sorts. 

http://www.broad.mit.edu/mpg/haploview/
http://www.mysqlfront.de/
http://www.mysql.com/products/query-browser/
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