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1. Introduction and References

1.1 Introduction

KGGM (Knowledge-based mining system for Genome-wide Genetic studies) is a
software tool to perform knowledge-based secondary analysis with summary statistics
from genome-wide association studies (GWAS). At present, the version 4 has been
equipped with main functions to perform 5 types secondary Knowledge-based
analysis by using SNP p-values from GWAS:

e Gene-based association[?],

e Conditional gene-based association!?,

e Multivariate gene-based association[,

e Gene-pair interaction-based associationt,

e Geneset based association ©1,

In addition, KGG has provided direct hyperlinks to several useful bioinformatics
annotation databases on sequence variants (http:/jjwanglab.org/gwasrap), genes
(GenecCards, http://www.genecards.org/) and pathways (MsigDB,
http://www.broadinstitute.org/gsea/msigdb). A number of functions to model
emerging epigenomic regulatory data for prioritizing association signals are still under
development.

1.2 References

1. Li MX, Sham PC, Cherny SS, Song YQ. A knowledge-based weighting
framework to boost the power of genome-wide association studies. PLoS One.
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association studies, with application to protein-protein interaction-based
association analysis. Am J Hum Genet. 2012 Sep 7;91(3):478-88.

6. Gui et al. Genome-wide gene- and gene-set-based association analyses identify
novel patterns of genetic sharing across complex phenotypes(Submitted)

7. LiJ, Sham PC, Song Y, Li M. SPS: a simulation tool for calculating power of
set-based genetic association tests. Genet Epidemiol. 2015;39(5):395-7
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2. Installation

2.1 Install Java Runtime Environment (JRE)

The Java Runtime Environment (JRE) v1.7 (or higher version) is required to run
KGG4 on any operating systems (OS). It can be downloaded from
http://java.sun.com/javase/downloads/index.jsp for free. Installing the JRE is very
easy on Windows OS and Mac OS X.

On Linux, you have more work to do. Details of the installation can be found at
http://www.java.com/en/download/help/linux_install.xml. In Ubuntu, if you have an
error  message  like: “Exception in  thread  "AWT-EventQueue-0"

java.awt.HeadlessException ...”, then please installs the Sun Java Running
Environment (JRE) first.

To install the Sun JRE on Ubuntu(10.04), please use the following commands:
sudo add-apt-repository “deb http://archive.canonical.com/ lucid partner”
sudo apt-get update

sudo apt-get install sun-java7-jre sun-java7-plugin sun-java7-fonts

Detailed explanation of above commands can be found at
http://www.ubuntugeek.com/how-install-sun-java-runtime-environment-jre-in-ubuntu-10-
04-lucid-lynx.html.

Note: After completing Java installation, please make sure that not only the java is
executable but also the extracted jre/bin directory is added to the PATH, otherwise KGG4
would not start properly. This is easily achieved by executing the following command on
the terminal:

echo ‘export PATH=/path/to/installed/jre/bin:$3PATH' >> ~/.bashrc && source ~/.bashrc

Thanks Attila Pulay for the suggestion!

2.2 Install and initiate KGG

To simplify the installation, we still keep KGG as a green tool (i.e., no formal
installation procedure guided by an installation wizard). After decompressing the
kggd.zip file, you will see a “bin” folder where there are 3 script files to initiate
KGG4. On Microsoft Windows, please double click kgg4.exe or kgg464.exe file.
On Linux, Mac OS X and Solaris, please type the kgg4 in a Command-line Terminal.

If you have over 4 million variants, you are suggested set a larger memory for KGG.
The default setting is 4GB. To do it, please click Tools — Set system memory
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‘Your computer's memory is about 16292 Mb.
KGG need large memory, say 4000 Mb, to run large dataset.

We advise you to set the Maximum of memaory for use as 4000 Mb, or more.

0K, I set the maximal usable memory to be 4096| Mb

Figure 2.0 Set system memory

3. Interface and main functions
Figure 3.1 shows a typical interface of KGG with an active
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Figure 3.1 A typical KGG interface

Frame 1: tree-structured branches to manage input data and analysis results of a
KGG project;

Frame 2: view of input data or output results;

Frame 3: running log of KGG analysis results;

The graphic dialogs of KGG are self-explanatory. Therefore, we will not
elaborate the function of each buttons.

3.1 Project

Create Project: create a new KGG project.
Open Project: open an existing KGG project.
Close Project: close the current project.

Exit: exit the KGG application.

VVVY



3.2 Data

» Load P value file: import your association summary results (e.g., the plink
output).

» Define Seed Genes: tell KGG the known causal genes of the disease you are
studying.

» Build Analysis Genome: build an analysis genome in which KGG maps all
SNPs to their gene features and calculates the r-square or genotypic correlation of
SNPs within genes.

3.4 Gene

Univariate Association: conduct a univariate gene-based association scan.
Multivariate Association: conduct a multivariate gene-based association scan.
View Genes: view and export gene-based association results.

LD Plot: view the LD pattern of variants within genes.

Conditional Association: conduct a conditional gene-based association scan.

YVVYVVYV

3.5 BioModule

» Gene-pair-based Association: conduct an association scan at gene pairs.
» View gene-pairs: view association p-values of gene pairs.

» Geneset-based Association: conduct an association scan at genesets.

» View Geneset: view p-values of geneset-based association analysis.

3.6 Power
» Calculator: SPS-a simulation tool for calculating power of set-based genetic
association tests.

3.5 Tools
» Set System Memory: set the memory of KGG.

3.6 Window

Analysis Log: show some summary results and log.

Project: show the structure of the working project.

Resource: show the resource that KGG contains.

PassedResultViewer: show the log of a secondary analysis.
RunningResultViewer: show the real-time running log when performing a
secondary analysis.

TableViewer: display the content of input p-value file and annotation file.
Output: show the IDE results.

VV VVVVYVY

4. Input files
4.1 Input file 1 (GWAS results)

KGG focuses on secondary analysis of GWAS p-values. The major input of KGG is
the association p-values (produced by conventional statistical genetic methods, such
as PLINK) in a text file. KGG supports a user-customized format for the association
p-values. Once chromosome number (or chromosome number and physical position)
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and p-values columns are available in a file, you can define the column order by
yourselves on KGG. The input files are allowed to include more than one p-value
column. The following is an example.

Example input format of KGG:

CHR SNPID SNPPOS P-valuel P-value2 P-value3
4 Snpl 100001 0.02301 0.8815 0.007688
4 Snp2 110011 0.4384 0.9575 0.006112
4 Snp3 120001 0.002688 0.007688 0.4893
4 Snp4 130011 0.01115 0.006112 0.119
4

Snp5 140001 0.005892 0.4893 0

Additionally, a p-value column could include values of different models. During
building the analysis genome, KGG can recognize this format ?(which format? The
follow one? ) with the input format “multiple tests per column”.

Example a more complex input format of KGG:

CHR SNP P-valuel Test-Mode P-value2
4 rs1513559 0.02301 additive 0.007688
4 rs1513559 0.4384 recessive 0.006112
4 rs1513559 0.002688 dominant 0.4893
4 rs1841043 0.01115 additive 0.119
4 rs1841043 0.005892 recessive 0

4.2 Input file 2 (Candidate Gene list)

Candidate genes could be loaded one by one or imported from a TXT file. The input
file has only one column without header, in which one row contains only one gene
(symbol or ID).

5. Tutorial of knowledge-based secondary association
analysis

We use a real dataset of Crohn’s  disease  (available  at
http://grass.cgs.hku.hk/limx/kgg/download/KGGSample.zip) as an example to
demonstrate how to use KGG for a series of knowledge-based secondary association
analysis of conventional p-values from GWAS. This dataset was originally
downloaded from a public domain released by (Barrett, et al., 2008) and have SNP ID
conversion by SNPTracker (http://grass.cgs.hku.hk/limx/snptracker/) for coordinates
of Hg19. It includes 7 columns, as CHR, SNP, POS, RISK, NONRISK, META-Z and
META-P. The effective input data in the input summary statistics file are chromosome
(CHR), coordinate (POS) and variants’ p-values (META-P). The main analysis
procedure is illustrated in Figure 5.0.
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Figure 5.0 Pipeline chart of KGG analysis (version 4)
Notes: Circle nodes stand for data and files (input, output), rectangles denote an analytical procedure, a dashed line
stand for virtual relationship between a dataset and an analysis.

5.1: Data preparation

To create a new project, please click the menu Project — Create Project, with a name

‘CrohnDisease’, and set the project path at C:\KGG (or other path defined by users).

Project Mame: CrohnDizease
Torking Folder: T \KEGGY
Description: The knowledze—based downstresm genetic/geno

@ [X]
Figure 5.1.1 Dialog of creating project

Load the p-value file into the project. Please select the menu Data —Load P Value File
and choose the file ‘CrohnGWASresultHg19.txt’ containing whole-genome association
p-values for Crohn disease in KGGSample folder.
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Figure 5.1.2 Input GWAS original result file

Define a number of candidate genes. Click the menu Data —Define Seed Genes to
import file ‘CrohnCandidateGeneSet.txt” as input of candidate genes. Define all genes as
seed genes and save them as candidategeneset_crohn. Note: this step is optional and the
seed genes will be only used to highlight gene pairs and gene sets.




Input Genes (OMIM Genes Tissue Specific Genes
To Be Selected

ez Sl e Source Symbol EntrezID Name Chr omosome As Seed

lateGeneSet. txt| [ Hone

Genes

All
Remove
Add
View
Candidate Genes
Source Symbol EntrezID Name Chromosome As Seed
Input STAT3 6774 signal transducer and ... 1721 ] -
Input TLR4 7099 toll like receptor 4 9g33. 1 [
Input THFRSFSE 8771 tumor necrosis factor ... 20q13.33 Z
Input TNFSF15 9966 tumor necrosis factor ... 9q32 [
Input IEP1 7494 X—box binding protein 1 [22q12.1 [+
Input OFMIL3 94103 OFMIL sphingolipid bio... 17g12 [
Input CCRS 1235 C—C motif chemokine re... |§q27 Z
Input CARDS 64170 caspase recruitment do... [9g34 [~]
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Figure 5.1.3 Input candidate gene set for crohn’s disease

Build an analysis genome. Click the Menu Data — Build Analysis Genome.

Download ancestry matched genotypes in 1000 Genomes Project to adjust LD between
variants. Click the ‘Download’ hyperlink on the Dialog to go to a web-page for
downloading the genotypes at http://grass.cgs.hku.hk/limx/kgg/phasedgty.html. Choose
‘EUR(495 subjects)’ and click the hyperlink 1kg.phase3.v5.shapeit2.eur.hgl9.tar.gz
Unpack the data into 23 compressed VCF files corresponding to 23 chromosomes. Click

[ to load all the “vcf. gz”files on the “Build Analysis Genome” dialog.

Select META-P for building analysis genome with the default setting and clink the button

P euld 5 puild analysis genome. It will take a round 15 miniutes on a notebook
computer with a CPU with 2.0GHz .
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Figure 5.1.4 Select META-P to build analysis genome and name the genome as
genome_crohn
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Figure 5.1.5 The display after building analysis genome
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5.2 Secondary knowledge-based association analysis

5.2.1 Gene-based association analysis by GATES

Click Gene —Univariate Association to set the parameters as Figure 5.5.1. Set the Scan
name as ‘genome crohn’, and select SNP p-values to integrate the analysis genome, then
choose ‘Extended Simes test (GATES, more powerful for a gene with one or a few
independent causal variants’ method. It should be noted that exported Manhattan plots and
QQ plots will be shown in “Running Result Viewer Window” (Figure 5.5.2).

Eacqlieng] s=nme_cz ohn Manhattan plot display
nalysis Genemes Gepe Groups Lahel genes with p—values ¢= 1E-6 Fidth 1200
Genome Set | genomel w Lahel SHPs with p—values <= |5E-8 Height 500
Minimal p—value |1E-10 Manhanttan plot SHPs outside genes D

P Value Name Select

09 plot display
Q0 plot SNPs inside genes Width |600

@0 plot SHP outside genes Height 400

This analysis genome has 00 phenotype correlation matrix! Minimal p—value |[1E-10 |:|
Methods
Extended Simes test (GATES, more powerful for a geme with one or a few independent risk variants) Y

Ignore singlenuclectide polymorphisms (SWPs) without linkage disequilibrium (LD) information

Reference A
Li M, Gui HS, Ewan J3, Sham PC. GATES: & rapid and powerful gene-based asscciation
test using extended Simes procedure. BEm J Hum Genet. 2011 Mar 11;88(3):283-293

Scan Cancel

Figure 5.2.1.1 Setting for gene-based scans
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B KGG(V4) - A systemat
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Figure 5.2.1.2 The display after gene-based scan

If you want to view the detail results, please click the “Show: Detailed Results” node
under “Genome Scan” in the left frame. The new tab named “ViewGenes” will be created to
provide you more information about the result (Figure 5.5.3). You can also export the
results you want in this tab.
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Figure 5.2.1.3 Function of displaying the gene-based association scan result
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5.2.2 Gene-based association analysis by ECS

Similarly, you can use another approach, an effective chi-squared test (ECS), to perform the
gene-based association analysis. Effective chi-squared test (ECS, more powerful for a gene
with multiple dense independent risk variants). The ECS is more powerful than GATES
when a gene has multiple dense independent risk variants. ECS also lends itself for a
conditional gene-based association analysis.

5.2.3 Conditional associational analysis by ECS on significant or interested genes

Click the menu Gene — Conditional Associational to set the parameters as Figure 5.6.1.
Click [ LesdGeme= | and choose ‘Method: Benjamini & Hochberg (1995)” to selected
significant genes. By default, genes within 5 MB form a group. After the analysis, the
significance of the conditional associational analysis will be shown in the column
“ISScore”, which is a p-value-like measurement of the significance.

ﬁ KGG(V4) - A systematic biological Knowledge-based mining system for Genome-wide Genetic studies (April 2, 2016)
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Figure 5.2.3.1 Setting for conditional associational analysis
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ﬁ KGG(V4) - A systematic biological Knowledge-based mining system for Genome-wide Genetic studies (April 2, 2016)
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Figure 5.2.3.2 The display after conditional associational analysis

5.2.4 Gene-pair-based association analysis by HYST

Click the menu BioModule — Gene-pair-based Association to set the parameters as Figure
5.7.1. Note: the gene-pair based association analysis should use gene-based association
analysis results by GATES as an input. A QQ plot of the gene-pair-based association
p-value will be shown at the end of the analysis (Figure 5.7.2).
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Figure 5.2.4.1 PPI association scan by gene-based p-values
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Figure 5.2.4.2 The display after running PPI-based association scan

Click the node “Show: Detailed Results” under ‘Gene-pair scan’, and you will get the
graph of gene pairs. You can also export the results you want in this tab.
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Figure 5.2.4.3 Function of displaying the results of PPI-based association scan

5.2.5 Multivariate gene-based association analysis by MGAS

The multivariate gene-based association analysis is different from the above
knowledge-based secondary association analyses that are designed for multivariate analysis.
Therefore, in the example dataset (available at
http://grass.cgs.hku.hk/limx/kgg/download/KGGSample.zip), we prepared another real
example from a published paper [Nat Genet. 2009 Jan;41(1):35-46] to demonstrate the
analysis. In  the KGGSample\MultiPhenos folder, there are two files,
9MetabolicPhenotypesPhgl19.txt and 9MetabolicPhenotypesCorr.txt, which contains
p-values and Pearson correlation of 9 quantitative metabolic traits respectively. Similarly,
you should load the p-value file in to the KGG project at first.

Compare to the univariate analysis, there is one unique setting for the multivariate analysis
when the analysis genome is built. The Pearson correlation should be specified by clicking
“Set Correlation matrix of phenotypes for multivariate analysis only” in the “Build Analysis
Genome” Dialog (Figure 5.2.5.1).

17



http://grass.cgs.hku.hk/limx/kgg/download/KGGSample.zip

BB Build Analysis Genome *
Genome Name: | genomeMetabol P value files: |9MetabolicPhenotypesPhgl9. txt ~
C; tChr -~
e CurrentChr  current... CurrentPos BMI CRP DEP 6LU HIL s
Select currentRSID
0NE or CurrentPos 4 rs10000010 |21618574 0.2103 0.3857 0.938 0.5144 0.3791 0. 7563 -~
MORE BMT 4 r=10000023 |95733908 0.8791 0. 745 0. 8985 0. 7722 0. 5425 0. 993
p—value cRP 4 rs10000030 103374154 0. 3644 0. 2835 0. 4389 0. 0. 9669 0. 7353
columnis) DEP 2 r=1000007 237752054 [0. 3693 0.9478 0. 4807 ] 0. 4408 0.2814
Cerl” for 4 rs10000082 |21893517 0.371 0. 2357 0. 05547 0.4337 0.5707 0. 7851
‘HTiPIO GLU 4 =1 0000121 157574035 N Na492 N 14m N RR%24 N R44% N ARG23 N 7RA3 2
selection [MOL il A 2
Extended gene region length |5 kb at 5°: |5 kb at 3 F15et Correlation matrix of phenotypes for multivariate amalysis only |
Ignore Low LD: r2 < |0.005 File Setting

s LCurrentPos ~

Gene defifelectONEor Correlation Matirxz file D:\EGG\EGGSample'\MultiPhenos\OMetaholicPhenotypesCory. txt = B held ~
IORE p—value
column(s)

LD Data |Cer]” for +
Hapl otypemuiiple
selection

CurTem
Genome ~

CurrentPos

EMI e association file

» Build

16 omE LD NS ML GLU DB g B

Save Cancel [!Ecel

—
Figure 5.2.5.1 Specify the correlation of phenotypes analysis

Click the menu Gene — Multivariate Association to set the parameters as Figure 5.9.2. The
QQ plot will be shown in the RunningResultViewer (Figure 5.9.3). The detailed gene-based
p-values can be viewed by clicking the node “Show Detailed Result” (Figure 5.9.4).
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Figure 5.2.5.2 Multivariate gene-based association analysis

e Genetic studies (April 2, 2016)
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Figure 5.2.5.3 A viewer showing the p-value QQ plot of the multivariate gene-based
association analysis
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Figure 5.2.5.4 P-values of the multivariate gene-based association analysis
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5.2.6 Estimating driver-tissues by selective expression of genes associated with
complex diseases or traits

This function is designed to estimate driver tissues by tissue-selective expression of
phenotype-associated genes in GWAS. The tissues in which causal or susceptibility genes
initiate the phenotypes are called driver or causal tissues.

For this function, KGG requires two types of inputs data, gene expression values of
multiple tissues and GWAS summary statistics or association p-values at variants for a
tested disease. The expression values at genes and transcripts or even exons can be used for
the estimation. The GWAS p-values are used to detect susceptibility genes by a conditional
gene-based association test (See 5.2.3).

Click the menu Gene — Driver Tissue (DESE) to set the parameters and input specify
an expression file, as Figure 5.2.6.1. The estimating driver-tissues analysis should use
gene-based association analysis results by ECS, and input an expression file which contains
the expression values of each genes in every tissue. Please download the expression file
from the address: http://grass.cgs.hku.hk/limx/rez/. Then, click the button _“<<== | to load
significant phenotype-associated genes according the threshold of multiple testing (Figure
5.2.6.1). Next, click the button to estimate driver-tissues. It will take you two or
more hours.

The estimated driver-tissues will be prioritized according to their statistical significance.
Four types selective-expression measures (robust-regression z-score, conventional z-score,
MAD robust z-score, and ratio of vector-scalar projection) are used in the estimation
analysis. A combined prioritization is generated by averaging the -log10(p) based on the
four measures (as shown in Figure 5.2.6.2 and Figure 5.2.6.3).
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Figure 5.2.6.1 Setting for estimating driver-tissues analysis
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http://grass.cgs.hku.hk/limx/rez/
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Figure 5.2.6.3 The display after estimating driver-tissues analysis

6. Power estimation of set-based tests by SPS

STEP 1: Power estimation, Power — calculator. The interface is divided into two parts. Set the
basic parameters on the left, then you can get the results on the right.
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SPS: a simulation tool for calculating power of set-based genetic association tests
K1 varients
{Seli-define] Real dataplink Real dstavef
Total Variants: 20 Repeat Region: 1

Minor Allels Frequemcy (MAF): (frem) (0.02 | (o) [0.07 | (step) 0.05

SHP Dependence: (O Independent (®) Dependent
Linkage Disequilibrium (LD, . 08 | (to) 0.8 | (step) 0.1
Reference ~

1i et al., 5P5: a simulation tool for calculating
power of set-based genetic association tests.

Genet Epidemiol. 2015;39(5):395-7 v

SHAT

[ Load SKAT ( The PC should install R language [»=2.13.0] first! ) Dosnload
R

Risk variants

Risk SWPs: (frem) |1 (to) |3 (step) |1
0dds Ratio: (from) 1.8 (to) |2.2 (step) 0.05
Disease Prevelence: (0.03 Genetic Model: | Additive Model

Position of Risk Variants

Fopulation & Sample
Population Size: 500000

Ihmber of Case: 300 mber of Contrel: 300

Simulation & Test
Sampling Times: 1000 P Value Threshold: 0.03

Parallel Rumming Mumber |3

Meta—snalysis: |No i

Start Stap

Results Displaying

il 0dds ... Freq... [umbe..

il 0dds Ratio Frequence

LD GATES

Tumber LD

Power at sets

ScaChi HIST SEAT
~

v

Power at variants

Powers

~

Chart Options

Change MAF

Change LI:

odds — power

Figure 6.1. The Main interface of SPS.

STEP 2: Set the parameters of all variants, including the number of SNPs, the minor allele
frequency (MAF) and LD information. If these SNP markers are divided into several LD blocks,
the markers in the same LD block have the same LD with each other. But the LD is set to 0 when
the markers belong to different blocks. All of these markers and their LD pattern can be replicated
to make up of a larger marker set. Some of these parameters can vary in a certain region, such as
MAF and LD, so that the users can investigate how powerful will be affected by changing the
critical parameters conveniently. In addition, these parameters can also read from the real data
(Plink binary genotype files and vcf file). In this case, the LD information will be calculated from

the input genotypes.

All variants

Total Variants: |20 LD Black: |2

Real data—plink Real data—vef

Repeat Regiom: |1

Minor 4llele Frequency (MAF): (from) 0.02 {te) |0.07 {ztep)

SNP Dependence: O Independent

Linkage Disequilibrium (LD,... 0.6

@ Dependent

(to) (0.8 {step)

0.05

Reference

Li et al., 5P5: & simulation tocl for calculating
power of set-based genetic association tests.
Genet Epidemicl. 2015;39(5):395-7

Figure 6.2.1 Set parameters by users.
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All variants

-Self—deﬁne Real data-plink | Real data-vcf

Map File:

Family File: |E:\WGG\plink\test. fam
E: GG plink\test. bim
BED File: |E:\WGGE'plink\test.bed

Consider the first | 10

SMP Dependence:

mim)

variants; Repeat Region |1

@ Independent ) Dependent

All variants

Figure 6.2.2 Set parameters by plink file.

Self-define | Real data-plink | Real data-'-.rcf|

CF File:

E:\WGGwef_example,vcf

Consider the first | 10

SMP Dependence:

variants; Repeat Region |1

@ Independent ) Dependent

Table to list parameters:

Figure 6.2.3 Set parameters by vcf file.

Parameter Description
Total Variants The total number of SNPs tested in a set
LD Block The number of LD blocks. Variants in the same block are in LD and

that in different blocks have no LD.

Repeat Region

The number of copies of SNPs. The SNP will be copied for several
times to form a larger set and so does the LD pattern of the.

Minor Allele Frequency

The frequency of the least common allele occurs in the population.
The MAF can increase from a initial value to a terminal value
according to a step value that set from the GUI.

SNP Dependence

The relationship between SNPs. If the SNPs are dependent, the user
should set the LD value (r), otherwise O is set as default. The LD
information can also be read from the real data, where it will be
calculated based on the allele frequency.

Linkage Disequilibrium
(LD, n

The r score used to represent LD information. The SNPs in the same
block are dependent and keep the same r value, while SNPs in the
different blocks are independent with each other and the r value is set
as 0. The r value can also increase from an initial value to a final
value by a step value.

Family File
Map File
BED File

The path of the Plink files. The valid file path can be input by the
button on the right. If the three files have the same file prefix and are
stored in the same directory, the other file paths will be filled
automatically when one file is set.

Consider  the  first

several SNPs

The number of SNP that input from the real data. The real data
usually include large size of SNPs, which is unnecessary for our
simulation. Hence, we just consider the first several SNPs as our
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study objects.

VCEF File

The path of a VCFfile.

STEP 3: Set parameters of

Risk variants
Risk SMPs: (from)
Odds Ratio: (from)

Disease Prevalence:

risk variants.

1 (to) |3 (step) |1
1.8 (to) 2.2 (step) |0.05
0.05 Genetic Model: | Additive Model -

Position of Risk Variants: Random

(Start from 1; Separated by space or comma. )

Figure 6.3 Set parameters about risk variants.

Table to list parameters:

Parameter

Description

The number of risk SNPs. This parameter can increase from a smaller

Risk SNPs

to a larger value step by step.

The value used to quantify the association between risk SNPs and
Odds Ratio disease. This parameter can increase from a smaller to a larger value

step by step.

Disease Prevalence

The proportion of a population found to suffer the disease. This will
be used in the genetic model.

Genetic Model

The genetic model of risk loci. The additive model and multiplicative
model are candidates in SPS.

Position of Risk
Variants

The location information of risk variants within the total variants. The
users can click the random button for automatic setting or set by
themselves.

STEP 4: Set population and sample. The larger population size and number of case and control
are recommended, because they make the result more accurate and stable, but it will take more
time correspondingly. So the user should keep balance between them.

Population & Sample

Population Size:

Mumber of Case:

Table to list parameters:

500000

500 Mumber of Contral: | 500

Figure 6.4. Set population and sample.

Parameter

Description

Population Size

The number of individuals in a population generated by
simulation according to the certain genotype and phenotype.

Number of Case

The number of individuals that suffer the disease.

Number of Control

The number of individuals that do not suffer the disease.

STEP 5: Set simulation and meta-analysis parameters. A number of case-control samples will be
randomly drawn with replacement from the population. And they are subject to calculate the p
value of the set-based test. The number of p values passing the threshold will be counted to
calculate the power. In order to speed up the simulation process, you can set several parallel
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threads, but more memory resource is needed.

The meta-analysi

s can be carried out at the variant level or set level. At variant level, the p values

of variants in different studies will be combined according Fisher’s Combination Test and these
meta-p values will be treated by GATES, ScaChi and HYTS. Alternatively, at set level, the p value
of variants in a set should be conducted by GATES, ScaChi and HYTS, and then the set-based p
values in different studies are aggregated. SPS can also mimic locus heterogeneity by randomizing
risk loci of each study in meta-analysis.

Simulation & Test
Sampling Times: | 1000 P Value Threshold: 0.05

Parallel

Funning Mumber |3

Meta-analysis: |Mo -

Figure 6.5.1 Set simulation without meta-analysis.

Simulation & Test
Sampling Times: | 1000 P Value Threshold: 0,05

Parallel Running Mumber |3

Meta-analysis: At variantsi Mumber of Studies: |3

Randomize risk lod of each study (mimic genetic locus heterogeneity)

Figure 6.5.2 Set simulation with meta-analysis.

Table to list parameters:

Parameter

Description

Sampling Times

The number samples randomly drawn from the case and
control group. For each time, a case-control study is achieved.

The threshold of type | error that used in the case-control study.

P Value Threshold For SNP-based test, the bonferroni correction is conducted as
default.
The number of threads that running concurrently. The multiple
Parallel Running Number threads mechanism is used here to speed up the running of

program. However, this may cost a large volume of memory.

Meta-analysis

Whether to perform meta-analysis. If performed, the users
should choose the meta-analysis at variants level or at set level.

Number of Stud

ies The number of studies considered in the meta-analysis.

Randomize risk loci of each

study

Whether to consider the genetic heterogeneity. If considered,
the position of risk loci of each study will be set randomly to
mimic the heterogeneity.

STEP 6: Run the program. Click the Start button and run the program. The results from tables are
shown in the right part immediately. The progress bar provides the real time information of
running. If you want to stop the running program, just click the “stop” button.
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a simulation tool for calculating power of set-based genetic association tests

All verients

Self-define Real dateplink Real data—vef

Results Displaying
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13 1.95 0.02 L 0.6 0.4915...[0.3586. .. [0. 4445.. . [mA
Linkage Disequilibrimm (LD, 0.6 (to) |0.8 (step) 0.1 19 1.95 0.02 2 0.6 0.6853...[0.6723...[0. 7292... [mA v
Reference - :
1i et al., SPS: a simulation tool for calculating oLl G Tamlmis
pover of set-based genetic asscciation tests. hi1) 0dds Ratis Freguence Fumber i) P-1 P2
Genet Epidemiol. 2015;39(5):395-7 v 1o 1.y .Ut 2 u.b CR I T T Sy
17 1.9 0.07 3 0.8 0.8321678. . . |0. 8681318. .
18 1.95 0.02 1 0.8 0.0989030. . . |0. 0659340. .
SERE 19 1.95 0.0z 2 0.6 0.0739260. .. |0. 0909080, . v
[ Load SKAT ( The PC should install R language [»=2.13.0] first! ) Dosnload < >
R

Risk variants

Rizk SWPs: (from) |1 (to) |3 (step) |1

0dds Ratio: (from) 1.8 (to) |2.2 (step) 0.05

Disease Prevelence: (0.03 Genetic Model: | Additive Model
Position of Risk Variemts: |8 12 10

Fopulation & Sample

Population Size: 500000

Ihmber of Case: 300 mber of Contrel: 300

Simulation & Test

Sampling Times: 1000 P Value Threshold: 0.03
Parallel Rumming Mumber |3

Meta—snalysis: |No i

Stop

Chart Options
Change MAF
0.02

Change LI:

0.6

odds — power

Figure 6.6 Run the program.

STEP 7: Save the result. Users can review the power from tables at the SNP level and set level. A
line chart is drawn to show the variation of power within different odd ratios with the given MAF
and LD information. You can also change the MAF and LD values to update the chart, and
right-click on the tables to save the results as excel files or txt files. The chart can be saved by

: a simulation tool for calculating power of set-based genetic association tests
All variants Results Displaying
Self-define Real dataplink Resl data—~vef Fower at sets
Total Varients: |20 LD Block: |2 Repeat Region: |1 m 0dds ... Freg... Numbe... LD GATES  ScaChi  HIST SKAT
a4 |£. 2 U. Uz £ U. b (LT 1- 10 U. Ybsu U ¥/90, LY A
Minor Allele Frequency (MAF): (from) |0.02 | (te) |0.07 | (step) 0.03 50 2.2 0. 02 3 0.6 0.9910...0.9980. .. |0. 9930 .. WA
SUP Depend O Independent @ Dependent 51 2.2 0.07 L 0.6 0.9980.. . [0.9540. .. [0. 9860. . . [mA
52 2.2 0.07 2 0.6 1.0 1.0 1.0 m
Linkage Disequilibrium (LD, 0.6 (to) 0.6 (step) 0.1 53 2.2 .07 3 0.6 1.0 1.0 1.0 iy v
Reference -~ B .
1i et al., 5PS: a simulation tool for calculating CLEE G TEElanias
power of set-based genetic association tests. hai} 0dds RBatie Frequence  Number ... LD P-1 P-2%
Genet Epideminl. 2015;39(5):3095-7 v su 2. e .Uz 5 u.o . B3L3650. . . |U. HUBUYIY
51 2.2 0.07 1 0.8 0.5834165. . . |0. 9850149
52 2.2 0.07 2 0.8 1.0 1.0
SKEE orntond 53 2.2 jo.o7 3 o8 0.9700299. |10 v
[ Load SKAT { The PC should instsll R language [»>=2.13.0] first! ) ——ro=t < >
Rizk variants
Risk SWPs: (frem) |1 (te) [3 (step) |1 Tt G P
0dds Ratio: (from) |1.8 (to) |2.2 (step) 0.08
Change MAF 1.0
Disease Prevalence: |0.05 Genetic Model: | Additive Model 09
o2~ 08
Position of Rizk Variants: |2 4 13 !
Change LD 07
.
0E g 0.6
Population & Sample g 0.5
Populstion Size: 500000 04
03
Ihmber of Caze: 500 Mmber of Control: (500 02
) ) 0.1
Simulation & Test 00
Sampling Times: 1000 | F Value Threshold: 0.03 180 1.85 1.00 105 2.00 205 210 245 2.20
Parallel Ruming lmber |3 Odds
Meta—enalysis: |Ho v - GATES-1 @ ScaChi-1 % HYTS-1 - GATES-2 -#-ScaChi-2 #-HYTS-2
-4 GATES-3 = ScaChi-3 -+ HYTS-3
Stop 100. 00%

Figure 6.7.1 The output of SPS.
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|

0dds Ratio Freqouence pr of Risk A] LD GATES ScaChi HYST
0 1 0.1 1 0.5 0,055 0,025 0,048
1 1 0.1 1 0.6 0.04 0,016 0,033
2 1 0.1 2 0.5 0.042 0.025 0.041
3 1 0.1 ] 0.6 0.047 0.021 0.047
4 1 0.1 3 0.5 0.049 0.017 0.048
3 1 0.1 2 0.6 0.049 0,020 0.044
6 1 0.1 4 0.5 0.044 0,028 0.049
7 1 0.1 4 0.6 0.062 0.027 0.055
Figure 6.7.2 The saved table of set-based power.
ID Odds Ratio ‘ Frequence pr of Risk Ai LD ‘ P-1 P-2 | P-3*% I P-4 P-5 | P-6 | P-7% ‘
0 1 0.1 1 0.5 0.002 0.004 0.005 0.001 0.001 0.002 0.001
1 1 0.1 1 06 0,003 0.001 0 0.001 0 0.003 0.001
2 1 0.1 2 0.5 0,003 0.003 0.001 0.002 0.001 0.001 0.002
3 1 0.1 e 06 0.003 0.006 0.005 0.002 0.002 0.001 0.004
4 it 0.1 3 0.5 0.004 0.002 0.001 0.003 0.003 0 0.001
5 1 0.1 3 06 0.003 0.002 0.003 0,001 0.002 0.001 0.004
6 1 0.1 4 0.5 0.003 0.004 0.003 0.004 0.003 0.004 0.004
7 1 0.1 4 06 0.001 0.002 0.001 0.003 0,004 0.002 0.001
8 1 02 1 0.5 0.004 0.004 0.005 0.002 0.004 0.002 0.005
9 1 02 1 0,008 0,004 0.003 0.001 0,003 0 0.006

Figure 6.7.3 The saved table of variant-based power.

STEP 8: The SKAT tool is integrated into SPS to detect the significant SNPs, especially for rare
variants. In order to running SKAT, you should install R software (version >=2.13.0) firstly. Please
click the tag ‘Download R’ to download R, and several R packages are needed too. These
packages are “RServe”, “SKAT” and “snow”. “RServe” is a java-r interface. “Snow” is used to
run SKAT in parallel. If you don’t know how to install these packages, just paste the prompt
message in your R platform. When SKAT is ticked, the power calculated by SKAT will be added
to the table and chart. Although SPS can run SKAT in parallel, this is also a time-consuming part
and the sampling time should not be set too large.

SKAT
iLoad SKAT ( The PC should install R language [==2,13.0] first! ¥ Download R

Figure 6.8.1 SKAT option.

152 Rserve connection! =

Please open your R and type the following commands to allow kag to use it:

pack="Rserve”;

if {(Irequire(pack,character.only = TRUE)) {install.packages(pack,dep=TRUE, repos="http://cra
n.us.r-project.org’); if{!require(pack,character.only = TRUE)) stop("Package not found®) }
library("Rserve™);

Rserve(debug = FALSE, port = 6311, args = NULL)

Figure 6.8.2 The prompt message.
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1 SPS: a simulation tool for calculat
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Simulation & Test
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Figure 6.8.3 The output when SKAT added.

7. Updates from KGG3.5 to KGG4.0

Much progress was made from KGG 3.0 to KGG 3.5, mainly including:
1) A more powerful gene-based association analysis by effective Chi-squared test;
2) A powerful conditional gene-based association analysis by effective Chi-squared
test;
3) Arobust geneset based association analysis by LD-attenuating rank-sum test;
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