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1 Introduction

Owing to the advent of high-throughput biological and chemical assays, a wealth of
genomic data has been created, of which single nucleotide polymorphism (SNP) data
accumulate especially fast. With the release of the Phase III HapMap (The
International HapMap Consortium, 2003; 2005; http://www.hapmap.org) data, a
resource consisting of over 1.6 million SNPs genotyped in more than 1000
individuals from 11 geographically diverse populations is publicly available. Many
similar private or international projects focus on a special of group of genes such as
Environmental Genome Project (EGP; http://www.niehs.nih.gov/envgenom) or on
regional  populations such as  PanAsian = SNP  Project = (PASNP;
http://pasnpi.biotec.or.th/) generated additional SNP data resources. The modern
human genetic studies have been dramatically influenced by the development and
release of these data, our insight and knowledge about human genome has been
greatly improved due to the analysis of those SNP data.

Many software tools have been developed to extract abundant information from
ssuch data. Most of software tools available focus on a certain purpose and perform
well on one special aspect. PHASE (Stephens, Smith et al. 2001) is one of the best
software tools available for inferring haplotypes from population genotype data; the
fastPHASE (Scheet and Stephens 2006) program that developed subsequently
performed well in inferring haplotypes in large SNP surveys; Haploview (Barrett, Fry
et al. 2005) is widely used software in LD & Haplotype block analysis and tag SNP
selection; LDhat (McVean, Myers et al. 2004) is the software tool developed for
fine-scale recombination analysis and it performs well in high density SNP data. In
addition, a few software tools, which although were developed earlier and not limited
in SNP data, are still useful in population genetic analysis of SNP data, for instance,
Arlequin (Schneider, Roessli et al. 2000) provides a large set of tools with basic
methods in population genetics; STRUCTURE  (Pritchard, Stephens et al. 2000;
Falush, Stephens et al. 2003) is one of the best software tools available for inferring

population structure using genotype data. However, all most all software tools



available have been developed for some specific purpose and have private format of
input files, whereas both the formatting jobs of input file and manipulation of output
files often take people much time, especially for those biologists who do not write
program themselves and when the data set is very large. Furthermore, there are still
many gaps of analysis for the current available software, such as calculating
individual allele sharing distance, population genetic distances, do bootstrapping,
calculating LD statistics for large-scale SNP data set and so on. For some basic data
manipulations, either the software available currently do not provide or the software
do not work very well for large data sets.

Here we developed a software package named PEAS to provide the average user
with many basic analysis tools and facilitate people who are involving in analysis of

large SNP data set.

2 Overview

All the programs in PEAS are developed to handle very large amount of SNP data
with high efficiency. We adopt dynamic memory management, so there is actually no
limit of the program for the size of data set, the only limit is the memory of the
computer. All the operations of PEAS programs are file(s) to file(s), although PEAS
allow the user display results in the GUI which will take huge memory to display on
the screen, especially for very large data set. We recommend the user chose not to
display data and let program perform background process. In that case, we also
provide single separate executables for each PEAS function, so alternatively the user
can find all the PEAS component programs separate single executables in the PEAS

directory, we will show the details in the following sections.

PEAS is versatile in manipulating data. We provide many tools in PEAS for data
formatting, which will facilitate the user manipulate data by easy stages before they
proceed further analysis. Secondly, we provide tools for some basic manipulations of
SNP data. Thirdly, to fill up the gaps of currently available software tools, a few tools

focus on population genetic analysis and phylogenetic analysis were implemented.



Finally, a graphical user interface is designed to facilitate the user to rapidly select
different PEAS tools and manipulate their data. A screenshot of the GUI of PEAS is
shown in Figure 1.

3 Download and installation

PEAS for windows are freely available for academic user from the web

page http://www.picb.ac.cn/~xushua/index.files/Software.htm.

1) Download PEAS v1.0.zip to any temporary directory;

2) Extract all files contained in PEAS Vv1.0.zip in the directory of your choice;

#h

3) Start PEAS by double clicking on the executable icon Ja of PEAS. We

distribute executables for PEAS to run under Windows. We also distribute
executables for each PEAS program component, which can run under Windows
by double clicking the executable, then following the README to enter the name
of input file. In most cases, the user need only enter the name of a file list, such as

“4pops” without an extension.
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3.1 System requirements

It is recommended that PEAS be run on a machine with Microsoft Windows OS and
at least 256M of memory. We adopt dynamic memory management, so there is
actually no limit of the program for the size of data set, the only limit is the memory
of the computer. We estimate that as large as 1G of memory may be necessary for

PEAS to handle very large data set.
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3.2 PEAS Component Programs

As we described above, we provide individual component programs for each PEAS
function. The user can find all the PEAS component programs separate executables in
the PEAS directory, the following snapshot shows the overall structure of the PEAS
component programs. Please note that currently not all functions available in GUI, but
alternatively the user can perform all the analyses using PEAS component programs.
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3.3 GUI for PEAS

We provide a GUI for PEAS user only to facilitate the user to manage the programs
and files of both input and output. All the operations of PEAS programs are file to file,
so there is no data loading to GUI to read, just let the program to locate the input files

and save the output files in a user defined location.

PR PEAS v1.0 EEX

File Taols SHFdatabase Softwarelinks Help

Package for Elementary Analysis of SNP data
Designed by Shubua Eu and Li Jin

Code by Shuhua Xu, with contributions from

Sanichit Gupta
Y CA5-MPG Partner Institute of
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China
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Fig. 1. Screenshot of the user graphical interface of PEAS, showing the main page of

PEAS and the bottom plot displays the tools list.

The user can find all the analysis tools in the “Tools” menu, as shown in the
following figure. The menu is the windows style that many MS windows OS users are

familiar with.

Pl PEAS w1.0
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Fig. 2. Screenshot of the user graphical interface of PEAS, showing the tools list.
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4 Format for the data file

PEAS recognize many different formats of SNP data, we defined a standard format as
the style of HapMap genotype data except the genotypes are coded by single character,
with ‘A’ and ‘B’ coding for two homozygotes, ‘H’ coding for heterozygote and ‘U’
coding for missing genotype. Our strategy is transform all the data formats user
supply to the standard format of data that PEAS can handle for the subsequent
analysis. However, PEAS provide flexible tools so that the user can convert data
format from one to another very easily.

Basically, there are two types of data for SNPs, one is the genotype data that are
the original data obtained from experiments, and the other is haplotype data that can
be obtained from experiment, but are often inferred from genotype data for large SNP
surveys. Most of programs in PEAS deal with genotype data, some of them deal with

haplotype data.

4.1 Standard format for the genotype data file

This format is the same style as HapMap genotype data, with SNPs in rows and
genotypes of sample in columns. But the genotypes are coded by single character,
with ‘A’ and ‘B’ coding for two homozygotes, ‘H’ coding for heterozygote and ‘U’
coding for missing genotype. Because for large SNP surveys, there will be much
larger number of SNPs than that of individuals, this format will be more readable than
the others. The genotype data file is supplied by the user to specify how many
individuals there are to be analyzed, how many sites each individual has been typed at,
and the genotypes for each individual. The information that the user has to provide
includes also ID of SNPs (the first column), which chromosome that each SNP is of
(the second column), the physical position of each SNP (the third column), the two
possible allele state of each SNP (the fourth column), which DNA strand each SNP

was genotyped (the fifth column), followed by genotype data (the rest columns).

One example of standard format of genotype data can be as follows:



SNPID Chrom  Position AlleleState Strand SamplelD1 SamplelD2 SamplelD3

rs11089130 chr22 14431347 C/IG + B A H
rs915675 chr22 14433659 AIC + H B A
rs915677 chr22 14433758 AIG + B B B
rs9604721  chr22 14434713 CIT + A H A
rs12159982 chr22 14434960 CIT + A A H
rs4389403 chr22 14435070 AIG + H B A
rs12628452 chr22 14435171 AIG + A B U
rs7291810 chr22 14435207 CIT + A H A
rs5746356  chr22 14439734 CIT + A H H
rs759235 chr22 15647006 AIG - H A B
rs5748656  chr22 15668200 CIT + B H B
rs5748657  chr22 15668220 CIT + H A A
rs2286985 chr22 15668377 GIT - A H B
rs2072467  chr22 15668988 AIG - H ? A
rs2072466  chr22 15669118 AIG - A H H

rs5746901  chr22 15670010 GIT + B H H

Note 1: Genotypes are coded in as A, B, H, here A and B indicate two homozygotes, and H
indicate heterozygote. Missing alleles can either be coded as U or as ?.

Note 2: All the formats including both the standard format and the following alternative formats
are restricted to those sites that have at most 2 alleles segregating. For those sites there are more
than 2 alleles present, we select the two most frequent alleles, and treat all the other alleles as
missing data.

Note 3: There could be extra columns between the strand column (the fifth column) and the
genotype columns (the sixth column and the following columns). The used can specify the number

of extra columns in the input files.
4.2 Alternative format for the genotype data file
Besides of the standard format, PEAS recognize 7 alternative formats.

4.2.1 SNPs in rows and individuals in columns

The layouts of the following three formats are the same as the standard format, i.e.



rows store the information of SNPs and columns store the information of individuals.
The only difference is the coding of genotype. The user provides SNP ID in the first
column, chromosome number in the second column, the physical position of each
SNP in the third column, the allele state of each SNP in the fourth column, DNA
strand of each SNP in the fifth column and followed by genotype data (the rest

columns).

4.2.1.1 Genotype coded by single character
The format is the same as the default except genotypes are coded in as 1, 2, 3, here 1
and 2 indicate two homozygotes, and 3 indicate heterozygote. Missing alleles can

either be coded as O or as ?.

SNPID Chrom  Position AlleleState Strand SamplelD1 SamplelD2 SamplelD3
rs11089130 chr22 14431347 C/G + 2 1 3
rs915675 chr22 14433659 AIC + 3 2 1
rs915677 chr22 14433758 AIG + 2 2 2
rs9604721 chr22 14434713 CIT + 1 3 1
rs12159982 chr22 14434960 CIT + 1 1 3
rs4389403  chr22 14435070 AIG + 3 2 1
rs12628452 chr22 14435171 AIG + 1 2 0
rs7291810 chr22 14435207 (e70) + 1 3 1
rs5746356 chr22 14439734 CIT + 1 3 3
rs759235 chr22 15647006 AIG - 3 1 2
rs5748656 chr22 15668200 CIT + 2 3 2
rs5748657 chr22 15668220 CIT + 3 1 1
rs2286985 chr22 15668377 GIT - 1 3 2
rs2072467 chr22 15668988 AIG - 3 ? 1
rs2072466 chr22 15669118 A/G - 1 3 3

rs5746901 chr22 15670010 GIT + 2 3 3



4.2.1.2 Genotype coded by two characters
Each genotype is indicated by two characters, and the genotypes of each SNP are
listed on a single line, locus by locus. Genotypes can be coded in as standard DNA

letters, A, C, G, T; missing alleles can either be coded as N or as ?.

SNPID Chrom Position AlleleState Strand SamplelID1 SamplelD2 SamplelD3
rs11089130 chr22 14431347 C/G + GG CcC CG
rs915675 chr22 14433659 A/C + AC cC AA
rs915677 chr22 14433758 AIG + GG GG GG
rs9604721 chr22 14434713 CIT + CcC CT CcC
rs12159982 chr22 14434960 CIT + CcC ccC CT
rs4389403 chr22 14435070 A/G + AG GG AA
rs12628452 chr22 14435171 AIG + AA GG NN
rs7291810 chr22 14435207 CIT + CcC CT CcC
rs5746356 chr22 14439734 CIT + cC CT CT
rs759235 chr22 15647006 A/G - AG AA GG
rsb748656  chr22 15668200 CIT + TT CT TT
rs5748657 chr22 15668220 (e72) + CT cC CcC
rs2286985 chr22 15668377 GIT - GG GT TT
rs2072467 chr22 15668988 A/G - AG ?7? AA
rs2072466 chr22 15669118 AIG - AA AG AG

rs5746901 chr22 15670010 GIT + TT GT GT

Genotypes can also be coded in as 11, 22, 12, here 11 and 22 indicate two
homozygotes, and 12 indicate heterozygote. Missing alleles can either be coded as 0

or as ?.
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SNPID Chrom  Position AlleleState Strand SamplelD1 SamplelD2 SamplelD3

rs11089130 chr22 14431347 C/IG + 22 11 12
rs915675 chr22 14433659 AIC + 12 22 11
rs915677 chr22 14433758 AIG + 22 22 22
rs9604721  chr22 14434713 CIT + 11 12 11
rs12159982 chr22 14434960 CIT + 11 11 12
rs4389403  chr22 14435070 AIG + 12 22 11
rs12628452 chr22 14435171 AIG + 11 22 00
rs7291810 chr22 14435207 CIT + 11 12 11
rs5746356  chr22 14439734 CIT + 11 12 12
rs759235 chr22 15647006 AIG - 12 11 22
rs5748656  chr22 15668200 CIT + 22 12 22
rs5748657  chr22 15668220 CIT + 12 11 11
rs2286985 chr22 15668377 GIT - 11 12 22
rs2072467  chr22 15668988 AIG - 12 ?7? 11
rs2072466  chr22 15669118 AIG - 11 12 12

rs5746901 chr22 15670010 GIT + 22 12 12

4.2.2 Individuals in rows and SNPs in columns

In some studies, people prefer to provide another format of genotype data. This
format can be taken as a transpose of the layout of the default format, with SNPs in
columns and individuals in rows. The genotype data file is supplied by the user to
specify how many individuals there are to be analyzed, how many sites each
individual has been typed at, and the genotypes for each individual. The information
that the user has to provide includes also ID of SNPs (the first row), which
chromosome that each SNP is of (the second row), the physical position of each SNP
(the third row), the two possible allele state of each SNP (the fourth row), which DNA
strand each SNP was genotyped (the fifth row), followed by genotype data (the rest

rows).



4.2.2.1 Genotype coded by single character
Genotypes are coded in as A, B, H, here A and B indicate two homozygotes, and H

indicate heterozygote. Missing alleles can either be coded as U or as ?.

SNPID rs11089130 rs915675 rs9604721 rs4389403 rs12628452 rs2072467
Chrom chr22 chr22 chr22 chr22 chr22 chr22
Position 14431347 14433659 14434713 14435070 14435171 15668988
AlleleState CIG A/C CIT AlG AlG AIG
Strand + + + + + -
SamplelD1 B H A H A H
SamplelD2 A B H B B ?
SamplelD3 H A A A U A

Genotypes are coded in as 1, 2, 3, here 1 and 2 indicate two homozygotes, and 3

indicate heterozygote. Missing alleles can either be coded as O or as ?.

SNPID rs11089130 rs915675 rs9604721 rs4389403  rs12628452  rs2072467
Chrom chr22 chr22 chr22 chr22 chr22 chr22
Position 14431347 14433659 14434713 14435070 14435171 15668988
AlleleState C/IG AIC CIT AIG AIG AIG
Strand + + + + + -
SamplelD1 2 3 1 3 1 3
SamplelD2 1 2 3 2 2 ?
SamplelD3 3 1 1 1 0 1

4.2.2.2 Genotype coded by two characters
Each genotype is indicated by two characters, and the genotypes of each SNP are
listed on a single line, locus by locus. Genotypes are coded in as standard DNA letters,

A, C, G, T; missing alleles can either be coded as N or as ?.



SNPID rs11089130 rs915675 rs9604721 rs4389403  rs12628452  rs2072467

Chrom chr22 chr22 chr22 chr22 chr22 chr22
Position 14431347 14433659 14434713 14435070 14435171 15668988
AlleleState C/IG AlC CIT AIG AIG AIG
Strand + + + + + -
SamplelD1 GG AC cC AG AA AG
SamplelD2 CcC CcC CT GG GG ??
SamplelD3 CG AA cC AA NN AA

Genotypes are coded in as 11, 22, 12, here 11 and 22 indicate two homozygotes, and

12 indicate heterozygote. Missing alleles can either be coded as 0 or as ?.

SNPID rs11089130 rs915675 rs9604721 rs4389403  rs12628452  rs2072467
Chrom chr22 chr22 chr22 chr22 chr22 chr22
Position 14431347 14433659 14434713 14435070 14435171 15668988
AlleleState C/IG AIC CIT AIG AIG AIG
Strand + + + + + _
SamplelD1 22 12 11 12 11 12
SamplelD2 11 22 12 22 22 ??
SamplelD3 12 11 11 11 0 11

5 Functions in Component Programs

5.1 Basic data format conversion tools.

1.1 A special tool to manipulate HapMap genotype data, which formats HapMap

data to PEAS standard format for further analyses.

Program name Function

Convert HapMap data format to PEAS
HapMap_Data to_Standard
standard format




Procedure to run the program:
[1] Double click the executable file;

[2] Enter the infile name:(e.g. genotypes chr22 CHB 122 nr.b36 fwd);
type genotypes chr22 CHB 122 nr.b36 fwd, hit Enter;

[3] Enter sample size : (here for CHB is 45);
type 45, hit Enter;

[4] check the output files.

= [ PEAS @
=) [5) FEAS_Compernent_Prograns

= ) 1_Formate_Conversion
7 1.1_HapMap_Dats to_Standard

= [ 1.2_Rews_and Colunns
) Col_to_Row genotypes_che?? C. .. HapMap_Data_to_3t... Readme
) Row_to_Colunn

= 5 1. 3_Genotype Coding
) 11_te_123
= 11_to_ABH
) 11_to_ACGT
123 _to_11 Hit Welcome heret?
) 123_to_h
) 123_to_ABH This program is to convert genotype coding.
) ABH_to_11
[5) ABH_to_123
=) ABH_to_h
) ACGT_to_11

) ACGT_to_123 Enter the infile name:{e.g. genotypes_chr22 CHB_r22 nr.b36_fud>
) ACGT_to_EH >genotypes_chr22_CHB_r22_nr_b36_fud
= ) 2_Data_Split
2.1 5plit by Chr Enter sample size : (here for CHB is 452
[ 2 1_Split_by_FOF >45
[) 3_Dats Filter

\PEAS\PEAS Component Programsil Formate Conversion\l.1 HapNap Dat

finy problem can contact with xushualgmail.com

) 4_Shared leci
= [5) 5 Data Combine
515 1_Combine_sanple
5 5.2_Combine_SHP
= [ B_Basic Statisties
5 981 _Allele
[5) #lelle Commt

) Allels Freq
=l [E3) B.2_Genotype

1.2 Two format conversion tools to transpose data between columns and rows.

Program name Function
colTorow Convert Linkage-like format to PEAS standard format
rowTocol Convert PEAS standard format to Linkage-like format

Procedure to run the program:

[1] Double click the executable file;
[2] Enter the infile name:(e.g. CHB);
[3] type CHB, hit Enter;

[4] check the output files.




= () PEAS
= [ FEAS_Conponent_Frograms
= [ 1_Fornate_Consversion

[ 1. 1_HapMap_Data_to_Standard

= [ 1.2_Rows_and_Colunns

[ Col_to_Row
) Eow_to_Column
= [ 1.3 Genotype Coding
[ 11_te 123
) 11_teo_iBH
) 11_te_ACGT
) 123_to_11
) 123_to_k
) 123_to_ABH
) ABH_ta_t1
) ABH_to_123
) ABH_to_ih
) ACGT_to_11
) ACGT_to_123
) ACGT_to_ABH
= [ 2_Data Split
[ 2. 1_Split_by Chr
3 2. 1_Split_by_POP
) 3_Data_Filter
) 4_Shared loci
S [ 5_Data Combine
[ 5. L_Combine_sanple
[ 5. 2_Combins_SHE
S [ B_Basic Statisties
= [ 6. 1_Allele

Hi? Welcome here!
This program is to convert columns to rows.

Any problem can contact with xushuaPgmail.com

Enter the infile name:{e.g. CHE)
>CHB,

1.3 Twelve format conversion tools to re-coding genotype data.

Program name Function
DAAtoD11 Convert ACGT coding to 11, 12, 22 coding
DAAtoS123 Convert ACGT coding to 1, 2, 3 coding
DAAtoSABH Convert ACGT coding to A, B, H coding
D11toS123 Convert 11, 12, 22 coding to 1, 2, 3 coding
D11toSABH Convert 11, 12, 22 coding to A, B, H coding
D11toDAA Convert 11, 12, 22 coding to ACGT coding
S123toD11 Convert 1, 2, 3 coding to 11, 12, 22 coding
S123toDAA Convert 1, 2, 3 coding to ACGT coding

S123toSABH Convert 1, 2, 3 coding to A, B, H coding
SABHtoD11 Convert A, B, H coding to 11, 12, 22 coding

SABHtoS123 Convert A, B, H coding to 1, 2, 3 coding
SABHtoDAA Convert A, B, H coding to ACGT coding

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. CHB);
type CHB, hit Enter;

[3] check the output files.



= |) PEAS V.
= |Z) PEAS_Component_Programs

®

CHE D11to5123 Readme

=l |2 1 _Formate_Conversion
1.1 HapMap Data_to_Standard
=l |2 1. 2_Rows_and Columnz
) Col_to_Row
) Bow_to_Column
=l |2 1. 3_Genotype Coding
11 _te 123
3 11_to_AEH
o 11_to_ACGT
o 123_ta_11
o 123_ta_hh
) 123_ta_sBH
) ABH_to_11
) ABH_to_123
) ABH_to_hh
) ACGT_to_11
) ACGT_to_123
) ACGT_to_ABH
=l |0 2_Data_Split
2.1 _5plit_by Chr
) 2.1 _5plit_by_FOF
) 3_Data Filter

\PEAS\PEAS_Component_Programs'1l_Formate Conversionil. 3 Genotype C

BEE
[«

Hit* Welcome here?
Thiz program is to convert genotype coding.

finy problem can contact with »ushualgmail.com

Enter the infile name:<{e.g. CHBE>
>CHB_

) 4 _Shared loci
=l |Z) 5_Data Combine
5.1 Combine_sample
) 5.2_Combine_SHE
=l | ) B_Basic Statistics
=l [y B 1_Allele
) Alelle Count
) Mlele Fregq
= |0) B. 2_Genotype

7 Fenotype_Count

5.2 Data Splitting

A data split tool allows the user split data to multiple sets according to population
affinity or chromosomes. For example, the users may like to separate the parents
from the kids of YRI samples in most of cases, so that unrelated individuals can
be analyzed.

Program name

Function

Split_by Chr

Split data by chromosomes

Split_by_POP

Split data according to population affinities

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. CHB);
type CHB, hit Enter;

[3] check the output files.



= |5y PEAS ¥
= ) FEAS_Component_Frograms %
= I 1 _Fermate Conversion

) 1.1 _HapMsp_Data_to_Standard

=y 1. E_Rows_and_Columns
) Col_to_Rew CHE Readme Split_by Chr

) Row_to_Colunn
= 1 3 _Genotype Coding

) 1l _to_t23

) 11_to_ABH

) 11_to_ACGT

) 123 _to_11 b Hit Welcome heret! e

) 123 _to_Ak el Freey

) 123_to_hBH *x This program is to split data according to chromo 0

) ABM_to_t1 3% somes. so that each chromosome can be anayzed L

fi} AEH_to_123 ool separately. .
_to_ e 3

jﬁi{t:gﬁu{\l e Any problem can contact with xushuaPgmail.com *%

) ACGT_to_123
() ACGT_to_ RN Please Enter the file name:
B () 2_Date Split >CHE_
L E 1 5plit_by Chr
532 1_Split_by_POF
) 3_Dats Filter
) 4_Shared loci
5 [ 5_Data Combime
[ 5 1_Cenbins_sanple
)5 & _Combine_SHE
5 [5) B_Basic Statistics
= £ 6 1_Allele
) Alelle Count
) Alele Freq

= () B 2_Genotype

5.3 Data Filtering

A filter tool allows the user filter data by MAF, missing data proportion and
HWE states.

Program name Function

filter Filter data by MAF, missing data proportion and HWE

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the chromosome name (eg. chrl; chr2; ....chrX,chrY):
type: chr22, hit Enter

[3] Enter the population name (eg. CHB):
type: CHB, hit Enter

[4] Enter sample size : (here for CHB is 84)
type:84, hit Enter

[5] Enter extra column : (e.g. 0)
type:0, hit Enter

[6] Do you want missing data filter on (0 for no;1 for yes) :
type:1, hit Enter

[7] Do you want MAF filter on (0 for no;1 for yes) :
type:1, hit Enter



[8] Do you want HWE filter on (0 for no;1 for yes) :
type:1, hit Enter

[9] Enter Threshold for missing data filter (e.g. 0.05):
type:0.05, hit Enter

[10] Enter Threshold for MAF filter (e.g. 0.05):
type:0.05, hit Enter

[11]Enter Threshold for HWE filter(0.001,0.005,0.01,0.05):
type: 0.01, hit Enter

[12]Do you want Data for each Loci : (0 for no;1 for yes)
type:1, hit Enter

[13]check the output files.

= [ FES a
= | ) PEAS_Component_Frograms [E_____.- F.____.- F.____.-
=l |2) 1_Formate Conwersion = = =

) 1. 1_HapMap Data to_Standard
=l |2 1. 2_Rows_and_Columnz

[5) Col_to_Row filter filter_chr2? CHE  filter_report_chr. .. genotypes_chr2Z C.. .
) RBow_to_Column i .
= [ 1. 3_Genotype Coding onent_Programs\3 Data Filter\filter.exze -|a ﬂ
g 11 _te 123
J 11_to_AEH
) 11_to_aCGT b Hit* Welcome heret? b
123 _to_11 e e
) 123 _to_AA i This program is to do data cleaning (filtering). 3
5 123_to_ABH b These include missing data, HWD and MAF. *
[ ABH_to_11 it o
) ABH_to_123 i Any problem can contact with xushuaPgmail.com 3
[_to_
[7) ABH_to_hk B N N NOOEEOOONNINn00
[ ACGT_to_11

) ACGT_ta_123
) ACGT_to_ABH
=l |J) £_Data Split
2.1 _8plit_by Chr

Enter the chromosome name C(eg. chrl; che2; ....chri.che¥d>:
>chr22

Enter the population name (eg. CHB)>:

2. 1_5plit_by_FOF SCHE
) 3 Data Filter
) 4 Shared Loci Enter sample size : C(here for CHB iz 84>
= |5 5_Data Combine >84
3 5. 1 _Combine_sample
1 5.2_Combine_SHE Enter extra column : {e.g. @>
=l |J) B_Bazic Statistics >8
= ) B 1_Allele

Do you want missing data filter on <8 for no;l for yesd :

) Alelle_Count
bal

) Mlele_Freq
= |0 6. Z_Genotype

Do you want MAF filter on (@ for no;l for yesd :
>

) Genotype_Count
) Genotype_Freq

D B. 3 HE Do you want HUE filter on (@ for no;l for yesd :
) T_Data Sampling 3
) 8 _Ind IBS_distance
) 9_FOF_distance Enter Threshold for missing data filter <e.g. B.85>:
) 10_ID_caleculator >@.85
) 11_HaploSahring
= |2 12_Input_for_Other_programs Enter Threshold for MAF filter <{e.g. B.@5)>:
) Arlequin_in >@8.85%
) fastFHASE in
[ frappe_in Enter Threshold for HWE filter(@.0H1.8.805.0.01.8.85>:
() Haploview_in > 8.61
) LDhat_in
=) PLINE_in Do you want Data for each Loci : <8 for no;l for yesd

() STEUCTUEE in 1

+ [ PEAS_GIT
+ ) Perl




5.4 Consensus Markers

A consensus data tool allows the users obtain the consensus data for multiple
population samples or different resources. The program integrates data according

to the information of SNP ID, chromosome, physical position, strand (+/-).

Program name Function

Shared_loci To obtain the consensus data for multiple population samples

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. 2pops);
type: 2pops, hit Enter;

[3] check the output files.

Spops enotypes_chr22_. ..
= & s a T it TEH
= [ FEAS_Component_Programs
= |5 1_Formate Conwersion 4 beoE Readn
snotypes_c eadme
[ 1. 1_HapMap_Tlata_to_Standard %{3;3{% - - AT
=l | 1. 2_Fows_and_Columns 229 KB 1 kB
[ Col_to_Row
[ Eow_to_Colunn T
= [ 1. 3_Genotype Coding =

[ 11_to_t23
) L1_to ABH V\PEAS\PEAS Component_Programs\4_Shared loci\Shared_loci. exe
[ 11_to_ACGT
123 _te_t1

3 123 _to_ Ak
_,‘ 123_:_“3“ Hit* Welcome here! e
- ) _te ]
—I‘ABH—tD—H This program is to search shared loci betuween >
O AEH_to_123 two data sets. bl
[ ABH_to_ak %
5 ACGT_ta_11 fAny problem can contact with xushuaBgmail.com *x

) ACGT_te_123
[5) ACGT_to_AEH
=l ) Z_Data_Split
) 2.1 Split_by Chr The input file should be the same format as that of Sample
2. 1_Split_by_FOP files. The extension of the file
) 3_Data Filter should be ’.inp’. You need not type the *.inp" yous
£5 4_Shared loci
=l |) S_Data Combine

Enter the infile name:<{e.g. Zpops>
»2pops

[ 5.1 Combine sanple
[ 5. 2_Combine_SHP
= [ B_Basiz Statistics
= [ 5. 1_Allele
[ #lelle_Connt
[ #llele Freq
= [ B. 2_Genotype
[ Genotype_Dount

% ernbeme Rann

5.5 Data integration

A data integrate tool allows the user integrate multiple data sets by samples or by

chromosomes or by both. For example, people may like to integrate data sets
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from different population samples when they perform fastPHASE analysis or

STRUCTURE analysis.

Program name Function

Combine_sample To combine data for multiple population samples

Combine_snp To combine data for different SNP markers

Procedure to run the program:
[1] Double click the executable file;
[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;
[3] check the output files.
e e (8 (8 [

1.1 _HapMap_Data_to_Standard
= ) 1. 2_Rows_and_Columns
) Col_to_Row 4pops CEU CHE Combine_sample
=) Row_to_Column
= [ 1. 3_Genotype Coding
11 _to_123

) 11_to_ABH
) 11_to_ACGT % %
[ L2 te 11
) L2 to_hh
[T L&3_to_hBH s Readme YEI
[T ABH_to_11
) ABH_to_123 A\PEAS\PEAS_Component_Programs\5_Data Combinei5. 1 Combine_sample\C
) AEH_to_hh
[ ADGT_to_11
) AEGT _to 123 Hit! Welcome here?
[T ACGT_to_hEH
=l [y 2_Data Split Thiz program is to combining samples.

2. 1_5plit_by_Chr
5 2. 1_Split_by_POF
() 3_Data Filter Any problem can contact with xushualgmail.com

L

=) 4 Shared loci
=l | ) 5_Data Combine
/5.1 Combine_sample
5 5.2_Combine SKP
= [Zj B_Basiec Statistics
=) 6.1 _Allele
) Alelle Count

The input f£il would be the zame format as that of Sample
files. The extension of the file
should be ’.inp’. You need not type the

-inp’ youself?

) Allele Freq Enter the infile name:{e.g. 4pops)

= [ B. 2_Genatype Spops
=) Genotype Count
) Genotype Freq

[T 6. 3_NE

) T_Data Sampling

) 6_Ind_IBS_distance

=) 9_FOF_.

) 10_LD_caleulator

ST TIN B T

distance

5.6 Basic Statistics

Tools to allow the user calculate allele frequency and genotype frequency,

examine the HWE state of each locus.
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Program name Function

allele_count To conunt number of alleles for each SNP
allele_freq To calculate allele frequency for each SNP
genotype_count | To conunt number of genotypes for each SNP
genotype _freq | To calculate genotype frequency for each SNP
hwe To test HWE for each SNP

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. CHB);
type: CHB, hit Enter;

[3] check the output files.

=l [h PEAS A
= [ PEAS_Component_Frograms %
= [y 1_Formate Comwersion
) 1.1 _HapMap_Data_to_Standard

= [ 1.2_Rows_end_Colunns
() Col_to_Row allels_frag CHE Readne

) Row_to_Colunn
= [ 1.3_Genotype Coding
[ 11_to_123
) 11_to_ABH
) 11_ta_ACGT
£ 123_to_t1
) 123_to_ih
) 123_to_#FH Hit* Welcome here?
) KEH_to_11
[5) ABH_to_123 This program is to calculate allele frequency.
) ABH_to_ih
) ACGT_ta_11 Any probhlem can contact with xushuaBgmail.com
) ACGT _te_123
[7) ACGT _to_ABH
= [ 2_Data Split
2.1 3plit_by Chr
5 2.1_Split_by_POP
5 3_Data Filter

¢+ Cz\PEAS\PEAS_Component_Programs\6_Basic Statistics\6.1_Allelelille
[ "FEAS\FEAS_Component_FPrograms'f_Basic 5
e

Enter the infile name:{e.g. CHBE>
>CHB_

) 4_Shared loci
=l [=j S_Data Combine
£ 5. 1_Combine_sanple
51 5.2_Combine SHF
= ) B_Basic Statisties
=[5 B 1_Allele
) Alelle Count
7 Hllele Freq
=l [ 6. 2_Genoiype
[ Genotype_Count

) Genotype_Freq

5.7 Data Sampling

A sampling tool allows the user sample subsets of data by markers.

Program name Function

To sample subsets of data by markers, there are
several options, sub-datasets can be generated by
random sampling (bootstraping), or by setting
inter-marker distance, or by setting a paticular
heterozygosity, or by setting both inter-marker
distance and heterozygosity.

SNP_Sampler
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Procedure to run the program:
[1] Double click the executable file;

[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;

[3] chose mode (1, 2, 3, 4);
type: 2, hit Enter;
Inter-marker distance!

[4] Please enter the minimum inter-marker distance, in KB:
type: 100, hit Enter;

[5] And enter the maximum inter-marker distance, in KB:
type: 50, hit Enter;
Loading data files...
Finished loading data files!
You currently have 0 samples written to file.

[6] How many new samples would you like to output?
type: 100, hit Enter;

[7] check the output files.

[T ABH_to_11 Py
=) ABH_to_123 % % % %
5 ABH_to_ih
[ ADGT_ta 11
[ ADGT_ta_123
() ACGT_to_ABH 4dpops
= (%) £_Data_Split
[ 2. 1_Split by Chr
[ 2. 1_Split_by_POF
) 3_Tata_Filter .J @] !
=) 4_Shared loci b _/J

= [) 5_Data Combine

CEW CHE JFT

1 5.1 _Combine_sample
[ 5.2 _Combine SHE SHP_Sampler TRT 100EB SHP Samples

=) B_Basic Statisties

D Melle Count I nm [ 4]
D #l1lele_Freq it Any problem please contact xushua at gmail.com. fis i
=l [ 6. 2_Genotype HHHHHHE R R R R R R R R R R
) Genotype_Count Please enter the input file name, without .inp extension:
() Genotype_Freq 4pops
L) B. 3_HHE CH-AEEAE 00T S0 B B0 10 10 BRI 00 0 T T 0 B R T 1 T B R
# | T_Data Sampling it Please enter the mode you wish to use #H
) 3_Ind TES_distance I i i H R HHH R R R R
=) 8_POP_distance HHHEHH S Mode codes: SHEHE
=) 101D _calealator BHEREIEAAEANINNE 1 = Bootstrapping BRI
=) 11 _HeploSaheing SRS 2 = Inter—narker distance HHEBNBEHEBREERIER

R 3 Heterozygosity HHE R
i 4 H'zygosity & Distance HitHHHEHEHERTHERET
R T T I R T S T A R R R R T T 2

=) 12_Input_for_Other programs
) Arlequin_in
) fastPHASE in

Mode =
) frappe_in 2
—I‘Haplw?w—m Inter—marker distancet?
D LDhat_in Please enter the minimum inter-marker distance, in KB:
) FLIHE in Hee
[ STRICTURE_in Aind enter the maximum inter—marker distance. in KB:
# IZ) FEAS_GUT ]
# | Ferl Loading data files...
# [[5) Program Files Finished loading data filest?t
) Recyeled You currently have B samples written to file.
® [C5) SUFFORT How many new samples would you like to output?
# [ swshare 100

+ 1 temo
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5.8 Individual Distance

A program allows the user calculate allele sharing distance between each pair of

individuals.

Program name Function

This program will generate multiple distance
matrixes by bootstrapping the loci, and provides
the output files that can be read by MEGA
Ind_dis_wBootStrap
(Kumar, Tamura et al. 2004) and PHYLIP
(Felsenstein 1989) programs for further

processing.

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;

[3] check the output files.

53 ABH_to_11 ~
[T ABH_to_123 % @ %
5 ABH_to_Ad
(5 ACGT_to_11
5 ACGT_to_123
) ACGT_to EH 4pops CEV CHE
= ) 2_Data_Split
2.1 5plit by Chr
053 2. 1_5plit_by_POP
) 3_Data_Filter
) 4_Shared loci @

= [ 5_Data Combine

Ind dis_wBootStrap

5) 5.1 _Combine_sanple

=) 5.2_Combine_SHF JET Eeadne TRL

S [ B_Basic Statistics
S [ 6. 1_Allele

() Alelle_Count

) Kllele Freq C:\FEAS'FEAS Compor

- JB'.Z_GEMtYPe Hit Welcome heret
) Benotype_Count
) Genotype_Freq
) B. 3_HWE
® [ T_Data Sampling
£ 8 Ind IES_distance
[ 9_POP_distance
5 10_LD_calenlator
[0 11 HaploSabwing |
= I 12_Input_for_Other_program The input file should be the same format as that of Sample
) Arlequin_in files. The extension of the file
[7) fastPHASE in should be ’.inp’. You need not type the

Thiz program iz to calculate IBE distance for
individual samples.

PEEyed

Any problem can contact with xushuaBgmail.com

'.inp’ youselfl?

) Erappe_in
) Haploview_in

Enter the infile name:{e.g. 4pops>

=) Lihat_in
= PLINE in >4pops
=) STRUCTURE_in
® [ PEAS_GUT
[ Perl
# [ Progran Files
) Reeyeled
1 [ SUPEORT

% () swshare
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5.9 Population Distance

A program allows the user calculate distances for populations and generates

multiple distance matrixes by bootstrapping the loci.

Program name Function

The population distances that PEAS can provide
including Wright’s Fgsr, Fsr distance, Nei’s
standard distance, Nei’s DA distance and

POP_dis Cavalli-Sforza’s DC distance. The program
generate also output files which can be recognized
by MEGA and PHYLIP programs for further

processing.

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;

[3] check the output files.

5 AEH_to_11 ~
[ AEH_to_123 % % % %
[ AEH_to_sk
[5) AC6T_ta_11
[ AC6T_ta 123
53 ACGT_to_ABH 4pops CEU CHE TET
= [ 2_Data_Split
)2 1_Split_by Che
[5) 2 1_Split_by_FOF
%) 3 Data Filter
) 4_Shared loci %
= [ 5_Data Combine
[5) 5.1 Combine_sample

) 5. 2_Combine_SHF FOP_dis KT
=l |) 6_Basic Statisties
= ) B.1_Allele : \PEASA\PEAS_Component_Programs\9_POP_distance\POP_dis. exe

[ #lelle Count
[ #llele Fraq
= [ B 7_Genatype

4 [(5) T_Data_Sanpling

a c Hit* Uelcome here? bl
) Genotype_Count et
[ Gematype Freq This program is to calculate IBS distance for b
[ 6. 3_HKE individual samples. bad
e

€

[) 6 Tnd TEHS distance Any problem can contact with xushualgmail.com
__/ 9_FOF_distance
£ 10_LD_calculator
) 11 _HaploSahring
= [(5) 12_Input_for_Other_programs The input file 1d be the same format as that of Sample
[ Arlequin_in files. The extension of the File
() fastPHASE_in zhould bhe ’ . inp You need not type the ’_inp’ youself?

) frappe_in
) Haplowiew_in

Enter the infile name:C{e.g. 4dpops)
>dpops

) Lhhat_in
) FLIWE in
() STRUCTURE in
% [ PEAS_GUT
[ Perl

)

)

[7) Progran Files
) Recpeled
() SUEFORT

n

= S, R,
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5.10 LD calculator

A program allows the user calculate the two most commonly used LD statistics
(r* and |D’|) and generate LD distribution report files which can be used to plot in
MS Excel. This feature is especially useful for very large data set with huge

number of SNP sites.

Program name Function

To calculate the two most commonly used LD
statistics (r* and |D’|). It can handle data from
Pairwise_LD
multiple population samples and chromosomes. A

summary statistics table will be generated.

Procedure to run the program:

[1] Double click the executable file;

[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;

[3] check the output files.

=l [y FEAS ~
= [(5) PEAS_Component_Programs %
=) | _Formate Conwersion

3 1.1_HapMap Tlata_to_Standard

= [5) 1. 2_Rows_and_Columns
) Col_to_Row
) Row_to_Colunn

= [5) 1. 3_Genotype Coding
11 _to_ 123
1 11_to_AFH
o 11_to_ACGT
) 123 _to_11
0 123_to_ A
) 123_to_ABH
) ABH_to_11
() ABH_to 123
) ABH_to_Ah
) ADGT_to_11
0 ADGT_to_123
) ADGT_to_aFH

=) € _Data Split
) 2.1 _Split_by Chr

chel _YRT Pairwise_LDI Readne

\PEAS\PEAS Component_Programsi10_LD_calculator\Pairwize_LD. exe

Hit! Welcome here?

This is a program to calculate pairwise ID'1 & »"2
for SNP data. This Calculation is based on PHASEed

) 2. 1_Split_by POP
) 3_Data Filter
) 4 _Shared loeci
B £ 5_Data Combine
=) 5.1 _Combine_sample
[5) 5. 2_Combine_SHF
= ) B_Basic Statistics
= I0) 6. 1_Allele
) Alelle_Count
) Allele_Freq
=l |[) B. 2_Genotype
) Genotype_Count
) Genotype_Freg
) B.3_HYE
® [ T_Data_Sampling
) 8 Ind TES distance
) 9_FPOP_distance
[3 10_1D_caleulator

FEEEEEELS

genotype data generated by CHGC. The codes for gen
—otypes are ‘A’ ‘T* 'G" ‘C’'. Currently at most 32
populations and 25888 loci can bhe dealed with.

fAny problem can contact with xushuaPgmail.com

The input file should be the same format as that of Sample

files.
should be ’.inp’. You need not type the

The extension of the file

*.inp’ youself?

Enter the infile name:

>dpops

FEEEEEELY
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5.11 Haplotype sharing analysis.

Program name Function

To calculate haplotype sharing statistics as we
HaploSharing proposed in a recent MBE paper (Xu, Jin et al.

2009).

Procedure to run the program:

[1] Double click the file "HaploSharing.bat";

[2] check the output files;

[3] you can edit the parameters in HaploSharing.bat.
For example: HaploSharing -p 4pops.inp -w 200000 -s 10000 -c chr.inp -S N -n
100-r10-mT-T2

[4] check the output files.

= [ PEAS 7
= [(5) PEAS_Cempenent Programs % % %
= [(5) 1_Formate Conversien

1.1 _HapMap Data to Standard

= [y 1. 2_Rows_and Columns
) Col_to_Row chri4_CEV
) Bow_to_Column
=l ) 1. 3_Genotype Coding
[ 11_te_123
[ 11_to_ABH
[ 11_to_ACGT
[ 123_te_11
[ 123_to_hh
[ 123_to_kBH
) ABH_to_11
) ABH_to_123
) ABH_to_ih
) ADGT _to_11
) ACGT_to_123
) ACGT_to_ABH
= [ 2_Data Split
2.1 5plit by Chr
%5 1 Teli+ he PAP

\FIRDO¥S\system3iZ2icad. exe

[&]

HaploSharing

BEE

chrZZ TRT

IC:“PEAS~PEAS_Component_Programs™ll_HaploSahring>Haplofharing —p 4pops.inp —w 20BB0@ —c 1000A —c¢ chr.inp -5 N .

-8
—u
-n
-T
—p
-m
P
-c

N

208808
188

2

i8

T

18888
dpops.inp
chr_inp

iGroup number:3,as below
JPT

create chrid_groupl.txt

create chr22_groupl.txt

Lhare tgroupl CEU ¥RI

Output into 4pops_three_sharing.out

ideal with chrld_groupl._txt, chrid_CEU.txt and chrld YRI.txt
deal with chr22_groupl.txt, chr22_CEU.txt and chr22_Y¥RI.txt
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5.12 Other Software Input

A serious of tools to provide the user input files for many popular softwares
which include fastPHASE, PHASE, STRUCTURE, Haploview, Arlequin, LDhat
and PLINK.

Program name Function
Arlequin_in To generate input file for Arleauin analysis
fastPHASE in To generate input file for fastPHASE analysis
frappe_in To generate input file for frappe analysis
Haploview_in To generate input file for Haploview analysis
LDhat_in To generate input file for LDHat analysis
PLINK in To generate input file for PLINK analysis

STRUCTURE_in | To generate input file for STRUCTURE analysis
Procedure to run the program:
[1] Double click the executable file;
[2] Enter the infile name:(e.g. 4pops);
type: 4pops, hit Enter;
[3] check the output files.

O 1l _to_123 A
h 11_to_ABH @ @ @
5 11_to_ACGT
9 123_ta_11
) 123_to_kh
) 123_to_ABH 4pops Arlequin_in CEU CHE
) ABH_ta_11
) ABH_to_123
£ ABH_to_Ak
£ ACGT_ta_11 %
o ACGT_to_123
5 ACGT_to_ABH
=l ) Z_Data_Split
) 2.1 Split_by Chr JFT Readne YET
) 2.1_Split_by_POF
[5) 3_Dats Filter

[ 4_Shered loci

) 5_Data Combine
[ 5.1 Combine_sanple
) 5.2_Combine_SHP

=l [ B_Basic Statistics Hit* UWelcome here! L
= [ B.1_Mlele e
) Melle_Count This program is to generate input file for E2d

) Mlele Freq Arlequin analys 3636

e

N

= [ 6. 2_Genotype

) Genotype_Count Any problem can contact with xushualgmail.com

[ Genotype_Freq
) B. 3_HNE

) 7_Data Sampling

m

0 8 Ind TB5_distance files. The extension of the file

) 9_FOF_distance should be ’.i You need not type the ’.inp’' youself?
() 10_LD_cal eulator

[ 11_HapleSabwing
= [y 12_Input_for_Other_programs Enter the infile name:{e.g. 4pops)
) Arlequin_in >4pops
=) fastPHASE_in
) frappe_in
) Haploview_in
) LDhat_in
) PLINE_in
) STRUCTURE_in
@ [ PEAS_GUT
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6 Functions in GUI

6.1 Basic data format conversion tools.

PEAS are able to transform all the 8 formats mentioned above from one the user
supplied to all the other seven ones. However, to use PEAS to do further analysis, we
recommend user convert their data into the standard format (with ABHU coding for
all possible genotypes for each SNP), because this format is easy to be handled by all
the program components in PEAS package.

6.1.1 HapMap data to Standard format
We provide a special tool for converting HapMap data format to our standard

format, as shown in the following snapshots.

PEAS w1.0 A=

File | Tools | SHPdatabase Softwarelinks Help

| Format Conversion 3 || HapMap Data to Standard Formate |

chl. Data Split 3 Eows and Cal

. Conwerts original HapMap data to Standard Formate
Data Filter [

Conzenzuz Loci

Data Combine » [ptions from
Basic Statisties 3
Data Sampling 3

@I* Fopulation Genetic diztance »

Individual distance

Input file for other programs 3

Output manage b
Recombination rate »
Linkage Dizequinlibrium 3

X

Eﬂaplap Data To Standard Formate

Input Data

Input File Hame

| [ Erowse ]

Humber of Extra Columns I:l Put extra columns in output file

Output Data

Sawve A=

[] Preview output file Conwert
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6.1.2 Two format conversion tools to transpose data between columns and rows.

Since in most occasions the number of SNPs is much larger than that of
individual samples, the common format of SNP data is markers in rows and
individuals in colums, such as those in HapMap database. There are also many
software using pedgree-like format as input, such as PLINK, EIGENSOFT etc.

We provided a tool to convert data between rows and columns, as shown in the

following snapshots.

PN PEAS w1.0
File | Tools | SHPdatabase Softwarelinks Help
| Format Conwersion 3 | HapMap Data to Standard Formate
Pack Data Split ¥ | Rows and Columns
Data Filter Genptima Cadin

Consensus Loei
Data Combine

Basic Statistics

Data Sampling
@'* Population Genetic distance
Individual distance

Input file for other programs

Output manage

Recombination rate

Linkage Disequinlibrium

Converts SHP in rows Individual in Columns into

Individual in rows SHF in Columnz and vwicewersa

utiots from

6 "é | |\ .;?:' 3
#I{f_;;" ;_. .'II 4| ’
,\I’,E'r K. ‘I.

E Eow and Column

Input Data

Input File Hame

X]

| [ Erowse

Output Data

Save hs

Input File Form<{%) SHP in rows, Individual in Col) Individual in rews, SHE in Colu

Humber of Extra Columns I:I

Put extra columns in output file

| Erow=e

[] Preview output file

Comvert ] || Cancel |

6.1.3 Genotype coding transformation

Genotypes of a SNP can be coded as either characters or numbers. As data from

different sources could have different coding schemes, we provide a tool to do
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conversion between these different genetype codings. These include the following
possible conversions: ACGT to 1122; ACGT to ABH; ACGT to 123; 1122 to ACGT;
1122 to ABH; 1122 to 123; ABH to ACGT; ABH to 1122; ABH to 123.

PR EEAS w1.0

File | Tools | SHFdatabase Softwarelinlks Help

| Format Conwerszion 4 HapMap Data to Standard Formate
Pucl. Dlata Split 3 Rows and Columns
Data Filter Genotype Coding |

Consensus Laci

|C01werts formate of gematype codingl

Data Combine b [ptions from
Bazic Statistics »
Data Sampling 3

b.* Population Genetic distance »

Individual distance

Input file for ather programs |3

Output manage 3
Recombination rate 3
Linkage Disequinlibrium 3

X

ﬂ Genotype Coding Transformation
Input Data

Input File Hame

| [ Browse

Input File Format (%) ADsT 11z

O 4B O 123

Fumber of Extra Columns I:I Fut extra columns in cutput file

Output Data

Save As
| [ Browse
Output File Format & 1122
O hBH O 123
[ Freview sutput file Convert

6.2 Data split
6.2.1 Split data by samples

In some cases, data of all the samples may stored in one single file, if the user want to
separate certain group samples, such as separate kids from parents, as YRI and CEU

in HapMap data, or separate samples of one population from the other populations, as
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CHB+JPT data file in HapMap data. PEAS reads one file with sample information

that the user defined, then separate data by sample groups that the user defined.

The structure for sample information file can be represented as follows:

NumberOfindividuals

NumberOfExtraColumns

NumberOfGroups

GrouplIndicator

GrouplIndicator

GrouplIndicator

SampleNumber

SampleNumber

SampleNumber

GroupName

GroupName

GroupName

GrouplIndicator

GrouplIndicator

GrouplIndicator

Where the quantities above are as follows:

1.

NumberOfindividuals An integer specifying the number of individuals who
have been genotyped. It is often the total sample size in the original data file.
NumberOfExtraColumns An integer specifying the number of extra columns
which is relative to the standard format of genotype file. It is actually the number
of columns, if any, between the strand information (the fifth column) and
genotype data (the sixth column without extra columns).

NumberOfGroups An integer specifying the number of groups that all the
samples will be divided into.

GrouplIndicator An integer will be taken as indicator of group, the number of
Grouplindicators must be the same as the number of groups, i.e. the total
number of GrouplIndicators used must be NumberOfGroups.

GroupName A string indicating the name of group, this is also used to name the
files that store the data of this group samples.
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6. SampleNumber An integer indicating the samples in the order of that in original
data file, i.e. the first sample specified by 1, the second sample by 2, and so on.,
followed by Grouplndicator defined previously indicating which group this

sample is of.

An example file to show the sample information of CEU in HapMap project is as

follows:
90

6

2

0 parent
1 kid

1 0
2 1
3 0
4 0
5 0
6 1
7 0
8 1
9 0
10 1
11 0
12 0
13 0
14 1
15 0
16 1
17 1
18 1
19 1
20 1
21 1
22 1
23 1
24 1
25 1
26 1
27 1
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

S O = O O O O = = O O O O = = o o o

In this example file, the first number says there are 90 CEU individuals. The second
number says there are 6 extra columns relative to the standard format of genotype file.
The third number says the 90 individuals will be separated as 2 groups. The fourth
line indicates 0 will be used as indicator of parent group. The fifth line indicates 1 will
be used as indicator of kid group. The followed lines indicate how the 90 individuals
should be grouped, for example, the first individual (1) is of parent group (indicator 0),
the second individual (2) is of kid group (indicator 1), and the last individual (90) is of
parent group (indicator 0).

If the user run SampleSplit program, the original file will be separated as two
files, one file named “* parent” store the genotype data of 60 parents with the same
format as the original data file, the other file named “* kid” store the genotype data of
30 kids with the same format as the original data file.

There is an option let the user chose to output the extra columns or not.

Another example is separate CHB and JPT samples in HapMap project.

90
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0 CHB
1JPT
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— AN N <t n O &=~ o &
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S o o o O

41

42

43

44
45

46

47

48

49

50
51

52
53

54
55

56
57
58

59
60
61

62
63

64
65

66
67
68

69
70
71

72
73

74
75

76
77
78

79
80
81

82
83

84
85
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86 1

87 1
88 1
89 1
90 1

In this example file, the first number says there are 90 individuals. The second
number says there are 6 extra columns relative to the standard format of genotype file.
The third number says the 90 individuals will be separated as 2 groups. The fourth
line indicates 0 will be used as indicator of CHB group. The fifth line indicates 1 will
be used as indicator of JPT group. The followed lines indicate how the 90 individuals
should be grouped, for example, the first 45 individual (1 to 45) is of CHB group
(indicator 0), and the rest 45 individual (46 to 90) is of JPT group (indicator 1).

If the user run SampleSplit program, the original file will be separated as two
files, one file named “* CHB” store the genotype data of 45 CHB individuals with
the same format as the original data file, the other file named “* JPT” store the

genotype data of 45 JPT individuals with the same format as the original data file.

Note 5: PEAS can split the samples to any number of groups, as defined by the user
in the information file, but to make this split to be meaningful, the number of groups
should be no more than the total number of individuals, i.e. the maximal number of

groups should be smaller than the total sample size.

PEAS w1.0
File | Tools | SHPdatabase Softwarelinks Help

Format Conversion 3

Pach  Date selit v Sanple Split |
Dlata Filter L

Splits file zecording to =zample type

Conzensus Laci
Data Combine Ltions from

Basic Statistics

Data Sampling
@.* Population Genetic distance

Indiwidual distance

bl i s

Input file for other programs

Kecombination rate

3
Output manage 3
.3
.3

Linkage Dizequinlibrium
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P split File by Population

Input Data
Sample Information file

[ Browse ]

SHF Data File

[ Browse ]

Fumber of Extra Columns

Output Data

Enter Output File Hame

[ ]

Put extra columnz in output fi

| _“Population Namel

[ Conwert l

| Camcel |

6.2.2 Split data by markers

PEAS can also split data by chromosome information, so that data of each single

chromosome can be analyzed separately.

PR PEAS w1.0

File

Tools | SHPdatabase Softwarelinks Help

. Format Conversion 3

Data Split

Pack

3

| Sanple split 1

Data Filter
Consensus Loei

Data Combine

Data Sampling

Bazic Statisties 3

Population Genetic diztance 3
Individual distance

Input file for other programs »

Output manage 3
Recombination rate 3
Linkage Disequinlibrium »

SHE Split

by chromozome

utions from

Input Data

Input Data File

Softwarelinks

Help

[ Browse

]

Humber of Extra Columns

Output Data

Enter Output File Hame

Put extra columns in output fi

| _chrChr Humber.

[ Conwert ]

[ Cancel

]
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6.3 Data filtering

PEAS has three basic data filters, missing data filter, HWD filter and MAF filter,
which are implemented in the program DataFilter. PEAS allow user set thresholds
for missing data control, HWE test p-values and MAF lower bound. PEAS generate a
report file which lists missing data proportion, HWE p-value and MAF for each site,
and also the distribution of missing data, MAF, which the user can specify the

intervals for each distribution.

EYPEAS vi.0 [Z||E|E]

File | Tools | SHPdatabaze Softwarelinks Help

Format Conwersion ]
Pack | DateSelit » sis of SNP data
| Data Filter |
Li Jiny
ConFilters SHF according to mizsing data, MAF and ]'[‘l\'Ei
Data Combine » tions from
Baziec Statistics »
Data Sampling 3
@lﬂ Fopulation Genetic distance »

Individual distance

Input file for other programs 3

Output manage 3
Recombination rate ]
Linkage Dizequinlibrium 3

ﬁ Data Filter

x]

Input Data

Input Data File

| [ Browse

Fumber of Extra Columns I:l Put extra columns in output £

|:| Mizzing Data
I:‘ MaF
I:‘ HHE

[] Print Data for Eeach SHF

Output Data

Enter Output File Hame | _“Keyword>. I:I

[ Convert ] | Cancel |
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6.4 Search shared loci

For many purposes of data analysis, it is necessary to use the shared loci among
multiple populations. PEAS provides a program SharedLociSearcher to search the
shared loci among populations. The user should provide a file specify some basic
information of the populations, the structure of the file is as follows:
NumberOfPopulations

PopulationName ExtraColumns SampleSize

PopulationName ExtraColumns SampleSize

For example, the following file says there are 2 populations need to be searched
shared loci, CEU is the name of the first population, the data file has 0 (no) extra
column, the sample size of CEU is 90, YRI is the name of the second population, the

data file has 0 (no) extra column, the sample size of YRI is 90.

2
CEU 0 90

YRI 0 90

P PEAS 1.0

File | Tool=z | SHFdatabaze Softwarelinks Help

Format Conwversion 3
Pack  Dats Split » sis of SNP data
Data Filter
LiTin
| Consenszus Loci |
Data Combine utions from

Findz the common SHE in dlfferent Pl:-pulal-:-nsi

Bazic Starrseres

Data Sampling F -
- & A g
@lﬂ Fopulation Genetic distance 3 a, ftg‘q X ]_}} a

Individual distance

Input file for other programs 3

Output manage 3
Eecombination rate 3
Linkage Disequinlibrium 3
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Taols SHPdatabase Softwarelinks

Help

S5plit File by Chromosome

Input Data

Input Data File

| | [ Erowse

Fut extra columns in cutput file

Checlt Shared Loci by
Rs#
[]Pesition

I_ Convert J L Canceal ,I

6.5 Data combination

As the princinple of data split, PEAS can also combine data from different individuals,

or from different SNP markers.

PN PEAS w1.0
File | Tools | SHPdatabase Softwarelinks Help

Format Conversion 3 L
Pach § Dete slit » sis of SNP data
Data Filter
LilJin
Consensns Loci
| Data Combine » | SampleCombine |
Basic Statistics 3 s

HFC opbiza 5 .
|Combine Data of different files by samplesl

Data Sampling ]
Fopulation Genetic distance 3

Individual distance

Input file for other programs »

Output manage ]
Recombination rate 3
Linkage Disequinlibrium 3
ECulbine Data by Sample @
Input Data

Input File Hame

| [ Browse

Fumber of Extra Columns I:I Put extra columns in output fi

Output Data

Save As
| |
[ Preview output file [ Comvert ] [ Cancel 1§
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Bl PEAS w1.0

File | Tools | SHPdatabase Softwarelinks Help

Format Conwversion 3
Pacl  Datasplit » sis of SNP data
Data Filter
Lilin
Conzensus Loci
| Data Combine 3 | SampleCombine
Basic Statisties 3 SHFCombine |

Dete canpline ; . [Combine Dats of different files by SHF)
LT Population Genetic distance » =4 ¥
R
:

Tndividual diztance ,@
4=

Input file for other programs ¥ \',.;( F

Output manage » l},:f

Recombination rate »
Linlage Dizequinlibrium »
P Combine Data by SHP 3

Input Data

Input File Hame

| [ Browse

Humber of Extra Columns |:| Put extra columns in outpmt fi

Output Data

Save As
| |
[JFreview output file [ Convert ] [ Cancel ]

6.6 Basic statistics

6.6.1 Allele count

Input: standard format

Output:

loci #

rs# (compulsional)  chr# (optional) position (optional) strand (optional)
Allele (optional) first allle # the other allele# sample size missing

Allele count

43



PN FEAS 1.0 |Z||:FX|

File | Tools | SHPdatabaze Softwarelinks Help

Format Conwersion »
Pack | Dats Selit » sis of SNP data

Data Filter o

_ LilJin
Consenszus Loci
Data Combine y [ations from
| Basic Statistics 3 | Mlele » || #llele count

Dats Sanpling ; Genotype 4 #llele frefCount allele and miszing data
@lﬁ Population Genetic distance [ a '@" ”'Hﬁ

Individual distance W

= I
Input file for other programs 3 é;l'( J"I" \\%\;\
g, )

Output manage 3 @;,,%M

Recombination rate [

Linkage Disegquinlibrium 3

File
F§ Allele Count

Tools SHPdatabaze

Softwarelinks Help

Input Data

Input File Hame

! | [ Browse ]

Humber of Extra Columns

Output Data

Save As
| |
[ Preview output file [ Conwvert J [ Cancel ]
6.6.2 Allele frequency
rs# (compulsional)  chr# (optional) position (optional) strand (optional)

Allele (optional) first alle freqthe other allele freq minor allele freq (MAF)
sample size missing (0.01)

Allele frequency
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PR PEAS vl.0

|Calculate fllele frequency and HAFi

File | Tools | SHPdatabaze Softwarelinks Help

Format Conversion 3 L
Pack  Dateselit » gis of SNP data

Data Filter o

Conzensus Loci Lilin

Data Combine » [tions from

| Baszic Statistiecs » | Allele » | M1l & daunt

Data Sampling 4 Genotype 3 | Mlele frequency
Fopulation Genetie diztance »

Individual distance

Input file for other programs= »

Output manage 3

Recombination rate ¥

Linkage Dizequindlibrium 3

File Toolz SHPdatabaze

mﬁllele Frequency
Input Data

Input File Hame

Softwarelinks

Help

| [ Erowse ]

Humber of Extra Columnz

Output Data

Save Az

| Erowse

[] Preview output file

[ Convert

] [ Cancel ]

6.6.3 Genotype count

rs# (compulsional)

Allele (optional) A#, B#, H#, U#

chr# (optional) position (optional)

strand (optional)

PR PEAS v1.0

File | Tool=s | SHPdataha=se Softwarelink=z Help
Format Conversion 3 L

Pack  Dst= Selit v sis of SNP data
Data Filter -
Consensus Looi Ll
Data Combine » pions from

| Basic Statisties » | Mlele 3

Data Sampling [3

Fopulation Genetic distance
Indivwidual distance
Input file for other programs

Output manage

Recombination rate

Linkage Disequinlibrium

Genatype »

Genotype Count

Genotype frequency
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6.6.4 Genotype frequency

rs# (compulsional)

chr# (optional) position (optional)

Allele (optional) A freq, B freq, H freq, U freq

strand

PR PEAS wi1.0

File

Pack

Tools | SHPdatabase Softwarelinks Help

Format Conwversion

Data Split

4

»

Lis of SNP data

-

Dlata Filter o
. Lilin

Consensus Looi
Data Combine » tions from
Basie Statisties 3 | Mlele 3
Data Sanpling 4 Genotype b Genotype Count
FPopulation Genetic distance 3 2 I I\ pﬁ'| Genotype frequency

G : S
Individual distance Ag\:"l 1 2 HYE

= | |5

Input file for other programs 3 .ﬁ_‘l:r \:‘ =
Output manage > (\;,'/!;v :K_g'_‘)h
Recombination rate 3
Linkage Dizequinlibrium 3

6.6.5 Hardy-Weinberg equilibrium (p-value threshold, 0.05)

rs# (compulsional)

chr# (optional) position (optional)

strand

(optional)

(optional)

Allele (optional) Observed Heterozygosity Expected Heterozygosity X2 p-value

E/D

In some studies, people prefer to provide another format of genotype data. This

For many purposes, allele frequencies provide enough information. PEAS provides a

program AlleleFreq caluculate allele frequency for multiple populations and

generates some basic information such as MAF and missing data proportion for each

SNP in each population.

PEAS vl.0
Tools | SHPdatabase Softwarelinks Help

File

Pack

Format Conwversion

3

Lo el » sis of SNP data
Data Filter
LiJin
Conzenszus Loci
Data Combine p  [ptions from
| Basie Statisties » | Allele »

Data Sampling

Fopulation Genetic distance
Indiwidual diztance

Input file for other programs
Output manage

Recombination rate

Linkage Dizequinlibrium

Fenotype Count

zenotype frequency
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6.7 Population genetic distances

Many people are interested in the genetic differentiation of populations, some genetic
distances are used to describe the genetic difference between populations, such as Fgr,
Nei’s standard distance, Nei’s Da distance, F*st distance and Cavalli-Sforza’s dc
distance. PEAS provides a program POPdis to calculate those commonly used
distances. PEAS generates distance matrix as MEGA format so that the results can be
directly used to reconstruct phylogenetic trees. PEAS also does bootstrapping and
generate Phylip format files and the results can be read and analyzed by Neighbor

program and Consence program in Phylip package.

Bl PEAS v1.0

File | Tools | SHPdatabase Softwarelinks Help
Format Conwersion 3
Pach  Date Selit » sis of SNP data
Data Filter o
Consensus Loei LiJin
Data Combine p [ations from
Basie Statisties 3
Data Sampling 3 ) Ve e
@l* Population Genetic distance 3 F5T \3?' a
Indiwidual distance FiTdis= 1]
Input file for other programs 3 HeisD \',:j;
Output manage 3 Heillh &T—%
Recombination rate 3 Csdc
Linkage Disequinlibrium 3

The formula used to calculate the distances are as follows:

6.7.1 Estimates of Fst

Unbiased estimates of Fst were calculated as described by Weir and Hill

2002(Weir and Hill 2002). Suppose we have i subpopulations (where 1 = 1,..., 1), we

denote sample allele frequency as P, , and denote the average frequency over samples
as P;. The jthallele in the ithsample is denoted by x;. If there are n;alleles

sampled from the ithof r populations:
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The observed mean square errors for loci within populations are denoted by MSG:

MSG =r;zni ﬁi(l_ ﬁ.)
Z(ni - 1) i
i=1
The observed mean square errors for between populations are denoted by MSP:
wsp= 1 $nfsp )

Then Fst can be estimated as follows:

_ MSP-MSG
" MSP +(n, —1)MSG

Where n_is the average sample size across samples that also incorporates and

corrects for the variance in sample size over subpopulations:
r 2
_ 1 : Zi:l n
=11 Z”i o
=l Zi:lni
Because negative values of Fst do not have biological interpretation, we set negative
values of Fst=0.0.

6.7.2 F*st Distance

According to Latter(Latter 1972),

F* =;(jx + AY)_jXY
ST l_jxy

where J,, J, and J,, are the unbiased estimates of average of > X', > y;

and in y; for all loci respectively. For a single locus, the unbiased estimates of

fo, ny and in y, are:
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2m > X2 -1

R T
2m, > Y -1

AR T—

jxv :inYAi

where mx and my are the number of diploids sampled from population X and Y

respectively, X, and ¥, are allele frequencies in samples(Nei 1987). Therefore, J s

J, and J,, aretheaveragesof j,, j, and J,, inallloci.

6.7.3 Nei’s Standard Distance

According to Nei(Nei 1972),

where

where J X > jY and J « are the unbiased estimates of average of ZXf, ny

and in y; for all loci respectively. For a single locus, the unbiased estimates of

fo, ny and in y, are:

2m Y X7 -1
= om,

2m, > V7 -1
AT
jxv :Z)ziYAi

where mx and my are the number of diploids sampled from population X and Y
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respectively, X and V. are allele frequencies in samples(Nei 1987). Therefore, J s

jY and J « are the averages of J,, J, and J,, inall loci.

6.7.4 Cavalli-Sforza’s dc

According to Cavalli-Sforza and Edwards(Cavalli-Sforza and Edwards 1967),

212 l—i,/xiyi
de = ﬁl

where q is the number of alleles in kth locus.

6.7.5 Nei’s Da

According to Nei(Nei, Tajima et al. 1983) ,

L O
Z I_Z\/Xikyik
k=1 k=1

D, = 3

where i is the number of alleles in kth locus, X, and Yy, are frequencies of allele i

of locus k in population x and y respectively, L is the number of loci detected.
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Fig. 4 Population genetic distance matrix and population tree reconstructed from the

distance matrix.
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6.7.6 Output distance matrix for MEGA and PHYLIP analysis

All the distance matrices calculated by PEAS are converted to MEGA and PHYLIP
input format, so that phylogenetic analysis could be done easily.

6.7.7 Bootstrapping for distance calculation

As for trees, the best check of the validity of the conclusions is their independence
from the markers employed: that is, their reproducibility with different sets of

markers.

6.8 Individual genetic distances

PEAS also provide a program Indis to calculate the genetic distance between

individuals.

6.8.1 Allele sharing distance

We used an allele sharing distance(Mountain and Cavalli-Sforza 1997) as the genetic
distance between individuals and reconstructed an individual tree to explore their
relationship using Neighbor-Joining algorithm(Saitou and Nei 1987). Consider one
biallelic SNP; there are three possible genotypes, AA, Aa, and aa. The genetic

distances between individuals were calculated as follow:

where | is the number of loci for which both individuals have been tested, and dy;;=0 if
individual 1 and individual j have identical genotypes at locus k (e.g., AA:AA or
Aa:Aa or aa:aa), di;j=0.5 if individual i and individual j have one one allele identical
one allele different (e.g., AA:Aa or aa:Aa), and dy;=1.0 if individual i and individual ]

have no alleles in common (e.g., AA:aa).
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Fig. 5 Individual tree of 270 HapMap samples, red branches indicate CHB and JPT samples,

blue branches indicate CEU samples and black branches indicate YRI samples.
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6.9 Input files for other programs
As described in PEAS component programs, PEAS can generate input file for the
following popular computer programs which have been used frequently in studies on

human population genetics.

P PEAS v1.0

File | Taols | SHFdatabase Softwarelinks Help
Format Conversion »
Pacl  Dats split » sis of SNP data
Data Filter o
Consensus Loci i Jin
Data Combine b [ations from
Basiec Statistics 3
Data Sampling r . -
@l* Fopulation Genetic distance 3 a Iﬁfﬁg‘?:ﬁ] %
Tndividid disionce ,5;;? 4 H"'.I\'li‘:ij-'-.
Input file for other programs 3 fastFHASEin
Output manage 3 FHASEin LCh
Recombination rate 4 STRUCTURE:irn
Linkage Dizequinlibrium k Arlequinin
HaploviewIn
LIhatIn

6.9.1 Format input files for PHASE

PEAS provides a program PHASEIN to format the genotype data to the input file for
PHASE (Stephens, Smith et al. 2001) program.

6.9.2 Format input files for fastPHASE

PEAS also provides a program fastPHASEIN to format the genotype data to the input
file for fastPHASE (Scheet and Stephens 2006) program.

6.9.3 Format input files for STRUCTURE

PEAS also provides a program STRUCTUREInN to format the genotype data to the
input file for STRUCTURE (Falush, Stephens et al. 2003) program.

6.9.4 Format input files for Arlequin

PEAS also provides a program Arlequinln to format the genotype data to the input
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file for Arlequin (Excoffier and Schneider 2005) program.
6.9.5 Format input files for Haploview

PEAS also provides a program HaploviewIn to format the genotype data to the input

file for Haploview (Barrett, Fry et al. 2005) program.
6.9.6 Format input files for LDhat

PEAS also provides a program LDhatln to format the genotype data to the input file
for LDhat (McVean, Myers et al. 2004) program.

6.10 Linkage Disequilibrium

6.10.1 Measures of Linkage Disequilibrium

Hedrick (Hedrick 1987) has reviewed the numerous measures of linkage
disequilibrium. In his review, Hedrick demonstrates the conditions under which the
measures, or at least a subset thereof, are highly correlated. Devilin and Risch (Devlin
and Risch 1995) compared linkage disequilibrium for fine-scale mapping.

Consider two loci, A and B, each locus having two alleles: A;, A, of locus A, By, B, of
locus B respectively. The layout and notation of the 2 x 2 table from a sample from
the population are given in Table 1. In Table 1, py1, P12, P21, P22 denote the observed
frequencies of haplotype A;Bi, AiB,, AsBi, AxBa, Pis, P2t, P+1, P+2 denote the
frequencies of allele Aj, A,, By, Bs.

Table 1 Layout and Notation for Sample Haplotype Frequencies in a 2 x 2 Table

marker B; B,

Ay Pir Pz P+
Ay P21 P22 Po+
P+1 P+ 1

Naturally the p’s are only sample estimates of some underlying unknown parameters,

denoted by p’s. We use p’s in the definitions that follow, with the understanding that
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these unknown quantities are estimated from the observed sample quantities.
The basic component of many measures of disequilibrium is the difference between
the observed and the expected (under independence) number of haplotypes bearing

the A1 and the B1 allele or its equivalent expressions:

=7, — LT, = P = PPy
=7, =7, T, = Py = P2 Py
D=-n,+nr,m, ,thecorresponding estimationis D =—p,, + p,, P,, -
=—7, + 7, 7T, == Py + 0 Py
=TTy T 770, = PPy = P12 Py

Although the measure D captures the intuitive concept of LD, its numerical value
is of little use for measuring the strength of and comparing levels of LD. This is due
to the dependence of D on allele frequencies. As a result, several alternative measures
based on D have been devised (Devlin and Risch 1995).

According to Hill and Weir (Hill and Weir 1994), the most frequently used
measure of disequilibrium is the square of standardized measure
LTy — T 5 T o

A =
\/7[1+7Z-2+7Z-+17Z-+2

b

or A>. A is commonly squared to remove the arbitrary sign introduced when the
marker alleles are labeled.
Another common measure, introduced by Lewontin (Lewontin 1964), is defined

as

Ty — Z1p 7y

1’1’111’1(7Z'I+7Z'+2,7Z'+17Z'2+)
Ty — 15700,

D'=

min(7rl+7r+1 , 7T+27Tz+)

D=7 =7 =Ty =Ry Ty =Ty = Ty =Ty — Ty Ty =T Ty — Ty 7Ty, -

7 How to cite this program

Shuhua Xu, Sanchit Guputa and Li Jin. 2010. PEAS: A Package for Elementary
Analysis of SNP Data. Chinese Academy of Sciences and Max Planck Society
(CAS-MPQG) Partner Institute for Computational Biology, Shanghai Institutes for
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