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INTRODUCTION

In genome-wide association studies, some causal variants may be completely untyped in that only the tagging single nucleotide polymorphisms (SNPs) are genotyped. The IPEM software implements the efficient algorithm in Zhang et al. (2009). This algorithm imputes the genotypes at untyped marker loci in a new study. It utilizes an available comprehensive reference haplotype dataset and incorporates the inherent multi-locus linkage disequilibrium. This software can impute the genotypes on 500,000 SNPs in 500 individuals within 32 hours. 

The executable file IPEM.exe allows for both windows and linux. For a demo, it applies one parameter file parameter.txt and six input files hapmap.hap, hapmap.map, disease.geno, disease.map, normal.geno and normal.map, whose names are written in the file parameter.txt. To run the demo, you need to put all these files in a common folder. To analyze your own data, you need to prepare the six input files in appropriate format.
FORMATS OF THE FILES

INPUT FILES

Parameter file

The parameter file parameter.txt contains two columns, see the example as enclosed. The 1st column describes parameter names—do not change these names. The 2nd  column evaluates these parameters—you may change these values according to your specific analyses, but cannot change their orders. Detailed descriptions of the parameters are as below.

	Names 
	Explanations

	Chromosome
	Index of the chromosome to be processed

	Reference_data_markers_num
	# markers on the chromosome in the reference dataset

	Reference_data_haplotype_chain_num
	# haplotype chains in the reference dataset

	Study_data_typed_markers_num
	# markers on the chromosome in the study dataset

	Disease_data_samples_num
	# cases in the study dataset

	Normal_data_samples_num
	# controls in the study dataset

	Calling_genotype_threshood
	Threshold used to infer genotypes

	Path_reference_data_directory
	Path including the reference file*

	Path_study_data_directory 
	Path including study file*

	Reference_data_file
	Name of reference input file*

	Reference_data_mapfile
	Name of reference input map file of SNP information, including SNP positions and names*

	Disease_data_file 
	Name of study input file (case part)*

	Disease_data_mapfile
	Name of study input map file (disease part) of SNP

information, including SNP positions and names*

	Normal_data_file
	Name of Study input file (normal part)*

	Normal_data_mapfile
	Name of study input map file (control part) of SNP

information, including SNP positions and names*

	Imputation_result_data_file 
	Name of the output file*

	Begin_locus_to_infer 
	The first marker on the chromosome to be inferred

	End_locus_to_infer
	The last marker on the chromosome to be inferred


* The marked string must be free of blank.

Reference data file

The format of the Reference_data_file is similar to the input file of a haplotype analysis. A sample reference data file containing 4 haplotype chains at 5 SNPs is given below.

	SNP_1
	SNP_2
	SNP_3
	SNP_4
	SNP_5

	0
	0
	1
	0
	1

	0
	0
	0
	1
	0

	1
	1
	1
	0
	1

	1
	1
	0
	1
	0


Here, the 1st row is only for description purpose, does not belong to the real data file. In the data file, each row stands for one haplotype chain, and each column, one SNP, where 0 and 1 stand for the major and minor alleles at a given SNP, respectively.

Reference data map file

The Reference_data_mapfile is composed of 4 columns (see Hapmap.map for an example). The 1st column lists the names of SNPs on the specified chromosome, and the names come in exactly along the same order in the input data file. The 2nd  column of the map file lists the physical locations of these SNPs. The 3rd and 4th  columns list the major and minor alleles at these SNPs, respectively. A sample reference data map file is given below. Here, the first row also belongs to the file.

	SNP_names
	Physical_locations
	Major_allele_0
	Minor_allele_1

	rs4310151 
	130483
	G
	T

	rs6583337
	135566
	A
	G

	rs6952132
	135935
	A
	G

	rs11984258
	136504
	A
	G

	rs4247524
	138003
	A
	G


Study data files

For a study, there are two data files Disease_data_file and Normal_data_file, containing the genotypes of cases and controls, respectively. Both files are of a common format as shown by the following sample.

	Subjects
	trait_value
	SNP_1
	SNP_2
	SNP_3
	SNP_4
	SNP_5

	ND-4051
	2
	TT
	TT
	CC
	GG
	CC

	ND-4054
	2
	TT
	TT
	CC
	GG
	TC


The first row here is only for description purpose, does not belong to the real data file. Each of the other rows is for one individual. The 1st column contains individual IDs, and the 2nd, the corresponding trait values, where 2 stands for “affected”, and 1, “unaffected”. Each of the 3rd to 7th columns contains genotypes at one SNP. The genotype at one SNP of one person is presented in a pair of letters out of {A, T, C, G}. We switch the genotype into 0, 1 or 2 if it is composed by two major alleles, one minor allele and one major allele or two minor alleles, by the study data map files.

Study data map files

There are two study data map files of a common format: Disease_data_mapfile and

Normal_data_mapfile (see the examples Disease.map and Normal.map). The Disease_data_mapfile contains 8 columns as illustrated by the following sample. Again, the 1st row here is for description purpose, does not belong to the map file.

	Chromo-some

index


	Physical

locations

of SNPs
	SNP

names
	Major

alleles
	Minor

alleles
	Major

allele

frequencies
	Minor

allele

frequencies
	# missing

genotypes

	7
	140735
	rs7384563
	T
	C
	0.557
	0.443
	6

	7
	149080
	rs7806592
	T
	C
	0.784
	0.216
	0

	7
	149265
	rs4281072
	C
	T
	0.945
	0.055
	3

	7
	155810
	rs4916941
	G
	A
	0.976
	0.024
	1

	7
	160336
	rs4617107
	T
	C
	0.557
	0.443
	5

	7
	162447
	rs3924854
	G
	A
	0.664
	0.336
	8


OUTPUT FILE

As illustrated by the following sample, the format of the output file Imputation_results.txt contains 2 parts: The first part contains 5 columns, and the second, inferred genotypes of partial individuals.

	SNP IDs
	SNP names
	Physical

locations
	Major

alleles
	Minor

alleles
	Inferred genotypes of partial individuals*

	1
	rs4310151
	130483
	G
	T
	2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -1 2 1

	2
	rs6583337
	135566
	A
	G
	1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

	...
	...
	...
	...
	...
	...

	2174
	rs6462040
	3369000
	A
	C
	0 1 1 2 1 1 1 0 2 0 1 1 1 0 0 2 0 2 0 0 0 0 0


*The values 0, 1, and 2 stand for the genotypes of two minor alleles, one minor allele and one major allele, and two major alleles, respectively, and -1 indicates that the IPEM algorithm fails to infer the genotype for the specific person at the specific SNP.
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CONTACT

Please contact Dr. Zhang at shuzhang@mtu.edu when you download and try the software. We strongly welcome all relevant comments and questions on the software and algorithm for interest assessment and potential improvements.
( To whom correspondence should be addressed at Department of Mathematical Sciences, Michigan Technological University, Houghton, MI, 49931, USA. Email: qsha@mtu.edu
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