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I. DESCRIPTION:

A. Overview

SNPGWA is a program that reads diallelic SNP allele and affection status data for case and control individuals from input files.  For each SNP, SNPGWA calculates and writes the following results to output files:

· The number of available case and controls individuals

· Reference allele frequency maximum likelihood estimate for groups of case, control and combined individuals

· Percent missing data for groups of case, control and combined individuals

· Major, minor and reference alleles as they appear in the input file

· Observed and expected number of heterozygotes and homozygotes under the assumption of Hardy-Weinberg equilibrium

· P-values for the chi square goodness of fit and exact tests of Hardy-Weinberg equilibrium (corresponding test statistics available in an optional output file)
· Genotypic tests of association, optionally adjusted for covariates

· A p-value for the two degree of freedom genotypic test of association
· P-values for genotypic tests of association under dominant and recessive models
· A p-value for the genotypic test of association under an additive model, SNPGWA implements the Cochran-Armitage trends test as the additive model test
· A p-value for a lack of fit test to the additive model

· Odds ratio and odds ratio 95% confidence interval under the dominant, recessive and additive models

· Sensitivity, specificity and C statistic under the dominant, recessive and additive models

· Multiallelic dprime and diallelic rsquared linkage disequilibrium statistics between each consecutive pairs of markers

· Allelic test of independence P-value

· Two and three SNP likelihood ratio statistic p-values (performed for each SNP along with the consecutive SNPs following the current SNP)

· Two and three marker haplotype maximum likelihood estimates calculated using the EM algorithm, these are also necessary to calculate two and three marker SNP likelihood ratio statistics

· An option to calculate empiric p-values for all the genotypic tests, lack of fit to the additive model test, allelic test and the two and three marker haplotype tests

· An option to write all results to a single file distribute the results over several smaller files or both

· A test of association between missing data and affection status

· SNP classification results determined by minor allele frequency, percent missing and hapmap criteria

SNPGWA allows a maximum of two alpha numeric characters per genetic marker to represent the alleles of a diallelic marker in the input file.  Missing allelic data is represented by 0 (zero) and does not count toward the maximum of two characters.
B. Hardy-Weinberg Proportions Tests

For each marker, SNPGWA calculates the maximum likelihood estimate of the allele frequencies, observed and expected number of heterozygotes and homozygotes under the assumption of Hardy-Weinberg equilibrium and p-values for the chi square goodness of fit and exact tests for Hardy-Weinberg equilibrium (Guo and Thompson 1992).
1. Goodness of Fit Test

SNPGWA calculates p-values for the Hardy-Weinberg goodness of fit test for the combined group of cases and controls only.  The table and equations below describe how SNPGWA categorizes single marker allele data and calculates the chi square value for the HW goodness of fit test.
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SNPGWA calculates allele frequencies (
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 is distributed as an asymptotic chi square value with one degree of freedom.  Low p-values indicate deviation from Hardy-Weinberg Equilibrium.

2. Exact Test

SNPGWA calculates p-values for the Hardy-Weinberg exact test for the combined group of cases and controls, cases only and controls only.  The exact test is that of Wigginton et al. 2005 and is calculated as follows.
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 can be determined.  Calculating the exact test p-value begins by calculating the probability of every possible heterozygote configuration given 
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). Once these are known, the p-value is the sum of the probability of all heterozygote configuration that are less than the probability of the observed heterozygote configuration in our sample.
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 is an indicator function that is equal to 1 when the comparison is true and 0 when false).  SNPGWA implements an iterative process for calculating heterozygote probabilities (Guo and Thompson 1992) by determining the heterozygote configuration with the highest probability and assigning it a probability of 1.0.  All other heterozygotes probabilities are calculated according to the formulas:
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SNPGWA then calculates the p-value as described above.  Low p-values indicate deviation from Hardy-Weinberg Equilibrium.
C. Genotype Tests

For each marker, SNPGWA calculates the p-values for four tests of genotypic association.  Specifically, it calculates the two degree of freedom genotypic test of association and tests for three genetic models: dominant, additive and recessive.  SNPGWA also calculates the lack of fit test for the additive genetic model.  SNPGWA calculates the odds ratio and odds ratio 95% confidence interval for the dominant, additive and recessive tests.  SNPGWA allows the option of calculating empirical p-values for all genotypic tests.  See Sections I.G: Empirical P-Value Calculation and III.A.4: Empirical P-Value Calculation from the Command Line for information on empirical p-value calculation.
The genotype tests may be performed using covariate adjustment by specifying covariates (which must be included in the phenotype file) on the command line via the -cov option.  See Section III.A.
1. Two Degree of Freedom Test

SNPGWA calculates the two degree of freedom genotypic association test as the standard 2 x 3 contingency table chi square test of independence (Agresti 2002).  Low p-values indicate deviation from independence.

The tables below describe how SNPGWA categorizes single marker allele data and calculates the chi square value for the two degree of freedom test.
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 is distributed as an asymptotic chi square value with two degrees of freedom.

2. Dominant and Recessive Tests

The tests for the dominant and recessive genetic models are set up as a 2 x 2 contingency table chi square test, combining heterozygotes and homozygotes.  The dominant model tests for an association between the outcome and having at least one copy of the reference allele, while the recessive model tests for an association between the outcome and having two copies of the reference allele.  By default, SNPGWA assigns the minor allele as the reference allele.  SNPGWA allows the option to specify the reference allele for the dominant and recessive tests from the map file.  See Section III.A.5, Map File Option.  Note that if the reference allele for a single marker is switched from the minor allele to the major allele then the dominant and recessive test p-values, odds ratios and 95% confidence intervals are reversed in the output file(s).
The tables below describe how SNPGWA categorizes single marker allele data and calculates the chi square value for the dominant and recessive tests.  Lower case ‘a’ represents the reference allele.
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Recessive Test:
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 for both the dominant and recessive tests is distributed as an asymptotic chi square value with one degree of freedom.
SNPGWA calculates the odds ratios and 95% confidence intervals for the dominant and recessive genetic models from the 2 x 2 tables above (Agresti 2002):
Dominant Test:

[image: image83.wmf](

)

(

)

111213

212223

nnn

OR

nnn

+

=

+

,  

[image: image84.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

,explog1.96,explog1.96

LCIUCIORBORB

=-+


where 
[image: image85.wmf]111213212223

1111

B

nnnnnn

=+++

++

.

Recessive Test:
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SNPGWA calculates sensitivity, specificity and C-statistics for dominant and recessive models (Rosner, 2006).  The C-statistic is the area under the receiver operating characteristic (ROC) curve.
Using the tables above, sensitivity, specificity and C-statistic under the dominant model are calculated as follows.
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Similarly, sensitivity, specificity and C-statistic under the recessive model are
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3. Additive Test

SNPGWA implements the Cochran-Armitage test for trends as the test for the additive genetic model.  The calculation of the Cochran-Armitage test and goodness of fit test are described below.

Let the table below contain the genotype data for a single diallelic marker.  Lower case ‘a’ represents the reference allele.  By default, SNPGWA assigns the minor allele as the reference allele.  SNPGWA allows the option to specify the reference allele for the additive test from the map file.  See Section III.A.5, Map File Option.
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SNPGWA calculates the p-value for the Cochran Armitage test for trends as follows (Agresti 2002):
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 is distributed as an asymptotic chi square value with one degree of freedom.
SNPGWA calculates the odds ratio and 95% confidence intervals for the additive test by a two parameter logistic regression model (Agresti 2002).  The logit is expressed in the following form:
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The regression coefficients 
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 are calculated using a Newton-Raphson iterative method (Agresti 2002) as described below.  SNPGWA makes three attempts to calculate regression coefficients with regression coefficients set to different initial conditions on each attempt.  The regression coefficients are initially set to 0.5, 0.0 and -0.5 on each successive attempt.  If the Newton-Raphson method does achieve convergence to a solution on the three attempts, SNPGWA sets the odds ratio and upper and lower confidence interval bounds to 2.0.
Each iteration of the Newton-Raphson method begins with calculating 
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In accordance with the Cochran-Armitage Trends test implemented in SNPGWA, with respect to a specific SNP, each individual falls into one of three categories: non-reference allele homozygotes 
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The regression coefficients for the next iteration are calculated according to the Newton-Raphson formula:
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 values.  The intermediates in the Newton-Raphson formula take the following values:
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Once SNPGWA calculates the regression coefficients, the odds ratio and 95% confidence interval are calculated as follows: 
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 is the diagonal element of the inverse information matrix corresponding to 
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Under the additive model, SNPGWA calculates sensitivity and specificity between non-reference allele homozygotes and heterozygotes, between non-reference allele homozygotes and reference allele homozygotes and between heterozygotes and reference allele homozygotes.  SNPGWA also calculates the C-statistic under the overall additive model. (Rosner, 2006)
Using the table above, sensitivities and specificities are calculated as follows.
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The C-statistic is the area under the receiver operating characteristic (ROC) curve.  The C-statistic under the additive model is calculated as follows.
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4. Lack of Fit Test

SNPGWA calculates the lack of fit p-value as follows (Agresti 2002), (
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 is distributed as an asymptotic chi square value with one degree of freedom.

5. Low Expected Values
SNPGWA calculates expected numbers of case and control individuals for each genotype in the standard 2 x 3 table for each genotype (
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 in the table on page 5).  These are necessary intermediates for calculating p-values for the two degree of freedom test.  In the case that an expected value is low enough to induce an unusually high chi square and subsequent low p-value, SNPGWA adds 0.5 to the number of case and control individuals for each genotype (
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 in the table on page 5).  The genotypic and lack-of-fit p-values are calculated using the corrected totals.  SNPGWA uses an expected value threshold of 3.0 to induce SNPGWA to recalculating with the continuity correction.
For example, suppose the tables below contain data and expected values for a single marker.
	
	AA
	Aa
	aa
	
	
	
	AA
	Aa
	aa

	Case
	120
	87
	6
	213
	
	Case
	152.23
	56.56
	4.21

	Control
	133
	7
	1
	141
	
	Control
	100.77
	37.44
	2.79

	
	253
	94
	7
	354
	
	
	
	
	


Because the expected number of controls with genotype aa is less that 3.0, SNPGWA adds 0.5 to the total number of case and control individuals for each genotype.  See the tables below.

	
	AA
	Aa
	aa
	
	
	
	AA
	Aa
	aa

	Case
	120.5
	87.5
	6.5
	214.5
	
	Case
	152.61
	57.08
	4.81

	Control
	133.5
	7.5
	1.5
	142.5
	
	Control
	101.39
	37.92
	3.19

	
	254
	95
	8
	357
	
	
	
	
	


SNPGWA calculates genotypic tests, odds ratios, 95% confidence intervals and the lack-of-fit test with the modified data.
D. Linkage Disequilibrium Tests

For each consecutive pair of diallelic markers, SNPGWA calculates values for D Prime
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 and R Squared
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 linkage disequilibrium tests (Devlin and Risch 1995).  SNPGWA begins by calculating autosomal haplotype frequencies for the two consecutive markers using the EM algorithm (Slatkin and Excoffier) and assuming Hardy-Weinberg equilibrium.  Then D Prime and R Squared are calculated as follows:
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Where 
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E. Allelic Test

SNPGWA calculates the allelic association test as a 2 x 2 contingency table chi square test of independence (Guedj, Wojcik, Della-Chiesa, Nuel, Forner 2002).  Low p-values indicate deviation from independence.

The tables below describe how SNPGWA categorizes single marker allele data and calculates the chi square value for the allelic test.

	
	AA
	Aa
	aa
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	Control
	

	Case
	
[image: image169.wmf]11

n


	
[image: image170.wmf]12

n


	
[image: image171.wmf]13

n


	
	A
	
[image: image172.wmf]111112

2

mnn

=+


	
[image: image173.wmf]121312

2

mnn

=+


	
[image: image174.wmf]1

m

+



	Control
	
[image: image175.wmf]21

n


	
[image: image176.wmf]22

n


	
[image: image177.wmf]23

n


	
	a
	
[image: image178.wmf]212122

2

mnn

=+


	
[image: image179.wmf]222322

2

mnn

=+


	
[image: image180.wmf]2

m

+



	
	
	
	
	
	
	
[image: image181.wmf]1

m

+


	
[image: image182.wmf]2

m

+


	
[image: image183.wmf]m




	
	Case
	Control

	A
	
[image: image184.wmf]1111

/

Emmm

++

=


	
[image: image185.wmf]2112

/

Emmm

++

=



	a
	
[image: image186.wmf]1221

/

Emmm

++

=


	
[image: image187.wmf]2222

/

Emmm

++

=





[image: image188.wmf](

)

(

)

(

)

(

)

2222

21111121221212222

11122122

EmEmEmEm

EEEE

c

----

=+++



[image: image189.wmf]2

c

 is distributed as an asymptotic chi square value with one degree of freedom.

For each marker, SNPGWA allows empirical p-value calculation for the allelic test.  See Sections I.G: Empirical P-Value Calculation and III.A.4: Empirical P-Value Calculation from the Command Line for information on empirical p-value calculation.

F. Two and Three Marker Haplotype Tests

For each two consecutive markers and three consecutive markers, SNPGWA calculates a p-value for the likelihood ratio statistic (LRS) (Green, Langefeld and Lange 2001) to ascertain heterogeneity in the observed haplotype frequencies between cases and controls.  To calculate the LRS, SNPGWA must first calculate autosomal haplotype frequencies within each marker, two consecutive markers and three consecutive markers for three groups: (1) combined case and control individuals, (2) case individuals and (3) control individuals.  Autosomal haplotype frequencies are calculated using the EM algorithm, assuming Hardy-Weinberg equilibrium.  
The LRS for each marker, two consecutive markers and three consecutive markers is calculated as follows:
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where 
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 represents the multilocus genotypes in the 
[image: image192.wmf]th

i

 individual.

LRS is distributed as a chi square variable with the degrees of freedom set to the number of haplotypes that have significant autosomal haplotype frequencies (greater than or equal to 0.0001) in either the case or control groups minus one.
For example, suppose SNPGWA calculates the LRS for three consecutive diallelic markers.  In the process SNPGWA employs the EM algorithm to calculate autosomal haplotype frequencies within the three consecutive markers for groups of case individuals, control individuals and combined case and control individuals.  Since each marker is diallelic there are eight possible haplotypes that an individual could possess.  If SNPGWA determines five haplotypes in the case or control group have significant probability (greater than or equal to 0.0001), then the LRS is distributed as a chi square variable with 5 – 1 = 4 degrees of freedom.
For each consecutive two and three markers, SNPGWA allows empirical p-value calculation for the two and three marker haplotype tests.  See Sections I.G: Empirical P-Value Calculation and III.A.4: Empirical P-Value Calculation from the Command Line for information on empirical p-value calculation.

G. Empirical P-Value Calculation
SNPGWA allows the option of calculating empirical p-values for all genotypic tests, the allelic test and the two and three marker haplotype tests.  SNPGWA calculates a chi square value for each test as described in the sections above using unmodified sample data prior to calculating an empirical p-value for that test.  This chi square value is necessary for calculating the empirical p-value.  This document refers to it as the unpermuted chi square value (
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SNPGWA calculates an empirical p-value for a test by executing the following three steps a specified number of times.  This document refers to the number of times that SNPGWA executes steps 1 through 3 for a specific test as the number of permutations for that test.
1. Permute the affection statuses (case or control) of the entire sample represented in the input file while preserving the total number of cases and total number of controls.

2. Execute the specific test as described in the sections above using the permuted sample.

3. Compare the chi square value from the test using permuted data with the unpermuted chi square value.  The chi square value using permuted data is referred to as the permuted chi square value (
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SNPGWA records the number of instances that the permuted chi square exceeds the unpermuted chi square value.  The permuted chi square value is considered to exceed the unpermuted chi square value when the permuted chi square value is greater than the sum of the unpermuted chi square value and a small epsilon.  Epsilon is set to 0.0001 in SNPGWA.  If a permuted chi square value is within epsilon of the unpermuted chi square value, above or below, then SNPGWA adds 0.5 to the number of instances the permuted chi square value exceeds the unpermuted chi square value.  The empirical p-value is the number of instances that the permuted chi square value exceeds the unpermuted chi square value divided by the total number of permutations.  See the equation below.
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SNPGWA allows two options for setting the number of permutations to calculate empirical p-values: 1) use a fixed number of permutations or 2) use a variable number of permutations.  If a fixed number of permutations are desired, then the number of permutations is supplied to SNPGWA from the command line (See Section III.A.4, Empirical P-Value Calculation from the Command Line).  If a variable number of permutations are desired, the number of permutations for each test is calculated by the formula
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 is the p-value of the unpermuted test.
II. INPUT/OUTPUT:

A. Input Files
SNPGWA retrieves data from two input data files: genotype data file and phenotype data file.  SNPGWA also has an option to retrieve map data from a map data file.

1. Genotype File

The genotype file contains allele data for multiple individuals and multiple markers.  Each line contains data for a single individual consisting of an individual ID and marker data for that individual.  The genotype file must not include a header line; each line must contain at least* the following (2n + 1) columns, where n is the number of markers:

Individual_ID   M1:A1 M1:A2  M2:A1 M2:A2 ……….. Mn:A1 Mn:A2

where M denotes a marker and A denotes an allele.  Missing allele data is represented with zeros.

* SNPGWA can now accept genotype files in linkage format, as might be used with PLINK software, which has additional columns beyond those described here.  See Section III.A.6. Other Options for information on how to read genotype files with other formats.

The example genotype data below contains information for 11 individuals and 5 markers.  Note that the second marker for the individual 403 (fifth line) contains missing data.

204    2 2 1 3 2 2 4 4 C T G G 3 2 

205    3 3 3 3 2 2 4 4 T T A A 2 3 

206    3 3 3 3 2 4 2 2 T T A A 3 3 

207    3 3 3 3 2 2 4 4 C T A A 3 2 

403    3 3 0 0 2 2 4 4 T T A A 0 0 

404    2 3 1 3 2 2 2 4 C T A G 3 2 

603    3 3 3 3 2 2 2 4 T T A A 3 2 

604    3 3 3 3 2 2 4 4 C C A G 3 3 
605    0 0 3 3 2 2 2 4 0 0 A A 3 3 

607    3 3 3 3 2 2 2 2 T T 0 0 2 2 

703    3 3 1 3 2 2 2 2 T T A A 3 2 

All lines in the genotype file must be consistent with respect to the number of markers or SNPGWA will end with an error message.  SNPGWA only processes diallelic markers.  Within a genotype file, marker coding may be either 1/2/3/4 or A/C/G/T (zero indicates missing with either coding); however, each marker must have its alleles represented by exactly two (or one if monomorphic) unique characters.  For two- and three-marker haplotype tests, SNPGWA internally equates A=1, C=2, G=3, T=4.   
2. Phenotype File

To perform statistical tests with SNPGWA, each individual must have an affection status associated with it.  SNPGWA reads the affection status for each individual from the phenotype file.  Unlike the genotype file, the phenotype file must have one header line, followed by one data line per individual, Each data line in the phenotype file contains an individual ID and at least one affection status indicator for that individual.  An affected individual is indicated with a 2 and an unaffected individual is indicated with a 1.

Multiple numeric data items may be associated with a single individual.  Each column in the phenotype file has a header in the first line of the file.  The header allows a user to specify the affection status to be associated with an individual.  See the example below and Section III.A: Command Line Usage.  The format for a single line containing N numeric data items is as follows:

Individual_ID   NumData1   NumData2   NumData3 ……….. NumDataN
where NumDataX is a number.

The example phenotype file below contains numeric data information for 11 individuals each with 6 data items.

IndivID   ds1    num1   ds2    num2    cov1    cov2

    204     2    42.9
 2    66.9     9.2    -462

    205     2    35.4
 1    72.9     4.5     521

    206     1    32.3
 1    45.9     3.2     651

    207     2    31.2
 1       .     2.1    -741

    403     1    39.2
 3    41.9     2.9     313

    404     1    36.2
 1    99.9     2.6     491

    603     1    36.7
 2    96.9     7.6     362

    604     2    41.7
 1    46.9     7.1     461

    605     .    38.1
 2    71.9     1.8    -512

    607     1    35.4
 2    48.9     4.5     782

    703     1    36.1
 2    65.9     1.6     352
Only columns ds1 and ds2 are valid choices for affection status (the affection status column is chosen from the command line with the -trait flag, see Section III.A.1 Input/Output Flags).  If column ds2 were chosen for affection status, individual 403 would be excluded from processing because it contains a 3 in the ds2 column.  Individual 605 would also be excluded from processing if ds1 were chosen for affection status.  The numeric columns num1, num2, cov1, cov2 are all valid choices for covariate adjustment, accomplished via the command line -cov flag, see Section III.A.
All lines in the phenotype file must be consistent with respect to the number of numeric data items, otherwise SNPGWA will end with an error message.  SNPGWA will only process diallelic markers.  The number of individuals and individual IDs in the genotype and phenotype files must match.

3. Map File*
SNPGWA has an option to read chromosome*, marker name, marker location and an optional reference allele for each marker from a map file.  The map file is set up with each line containing a marker name and location in the first two columns.  The third column contains the reference allele if one is present.

The example map file below contains map data for five markers.  The third marker has a reference allele in the final column.  This reference allele specification will be ignored if it does not match one of the alleles in the input file for that marker.

1  Marker01      2   
1  Marker02     41   
4  Marker03     44  3
22 Marker04     82   
X  Marker05    107   
The number of markers in the map file must match the number of markers the genotype file.

* Note:  The addition of the chromosome column to the map file is new with version 4.0.  It is now a required column.
B. Output File(s)
SNPGWA writes the results of all tests for each marker to an output file(s).  Two file format options are available: matrix and printable.  The file format options are specified from the command line (See Section III.A.3: File Format Option).  Independent of the choice of matrix vs. printable format, an additional output file showing the test statistics corresponding to these results can be obtained by specifying the -val option from the command line (See Section III.A.6. Other Options).
Matrix Output: If matrix output format is chosen, all output is written to a single file in columnar format with hardy weinberg, genotypic, dprime, allelic and two and three marker haplotype tests each having their own section.  A single line in the matrix output file may have up to 650 characters.  

Printable Output: If matrix output format is chosen, SNPGWA distributes output across multiple files.  Each output file has a unique suffix, appended to the user- specified output file name.  
The table below describes the output files that may be produced by SNPGWA.
	Output File
	Suffix
	File Contents

	Matrix Output
	(none)
	All results contained in the printable files are included in the matrix output.  For hard-copies of results, printable output is preferable.

	
	
	

	Printable Output Files

	Hardy-Weinberg
	.hwe
	Hardy Weinberg results for all individuals (cases and controls combined)

	Hardy-Weinberg
	.hwecase
	Hardy Weinberg results for individuals marked as cases

	Hardy-Weinberg
	.hwectrl
	Hardy Weinberg results for individuals marked as controls

	Genotypic Test I
	.geno1
	HWE exact test p-value, linkage disequilibrium, genotypic test p-values or empirical p-values

	Genotypic Test II
	.geno2
	HWE exact test p-value, linkage disequilibrium, odds ratio and 95% CI for dominant, additive and recessive tests

	Genotypic Test III
	.geno3
	HWE exact test p-value, linkage disequilibrium, sensitivity, specificity and C-statistics for dominant, additive and recessive tests

	Haplotype printable files will not be created if the “-nohap” option is specified on the command line.

	Haplotype Test I
	.haplo1
	HWE exact test p-value, linkage disequilibrium, allelic tests, two and three marker p-values and empirical p-values

	Haplotype Test II
	.haplo2
	HWE exact test p-value, haplotype frequencies from two marker haplotype analysis

	Haplotype Test III
	.haplo3
	HWE exact test p-value, haplotype frequencies from three marker haplotype analysis

	
	
	

	Additional Output Files

	Test Statistics
	.statvals
	Test statistics corresponding to the p-values shown in matrix and printable output files.

	Log File
	.log
	Contains information on selected options, samples and markers included/excluded for analysis, computations that required multiple iterations or failed to converge.  This file may become large for large input data sets.


The following pages show examples of matrix output, printable output, and the test statistics output.

The example below shows an example of matrix output broken into separate lines.  This example does not contain empirical p-values.  Font size is 6.
                                        Individuals        Ref Allele Freq      Percent Missing           

Chr Marker     Location   Difference Cases    Controls    Cases    Controls    Cases    Controls  P  Q Ref

--- ---------- ---------- ---------- -------- --------    -------- --------    -------- -------- -- -- ---

1   Marker01          345        111      621      609      0.1167   0.1149        1.43     1.14  4  2   2

1   Marker02          456        312      615      599      0.1317   0.1319        2.38     2.76  1  3   3

1   Marker03          768         52      617      604      0.2075   0.2161        2.06     1.95  2  3   3
<-------------------------------------Hardy-Weinberg Analysis------------------------------------->







 Combined
    Case         Control     

NumPP
ENumPP  NumPQ ENumPQ  NumQQ
ENumQQ  X^2_PValue   Prob_HWE
    Prob_HWE     Prob_HWE    

------- ------- ------- ------- ------- ------- ------------ ------------ ------------ ------------

    965  961.51     245  251.98      20   16.51 0.3311853768 0.3292183523 1.0000000000 0.1124490765

    911  915.09     286  277.83      17   21.09 0.3052722680 0.3791481523 0.2872876040 1.0000000000

    759  758.73     407  407.55      55   54.73 0.9627268051 0.9318646557 0.8065673673 0.6325846618
<-----------------------------------------------------------------------------------------Genotypic Association----------------------------------------------------------------------------------------->

<-2 Deg Fr-> <------------------Dominant Test------------------> <----------Additive Test-------------(NN v RN)-(NN v RR)-(NR v RR)----> <-----------------Recessive Test------------------> <-Lack Fit->

PV_2DF       PV_Dom
  OR
  LCI
  UCI
Sens Spec C-St PV_Add       OR      LCI     UCI     Sens Spec Sens Spec Sens Spec C-St PV_Rec       OR      LCI     UCI     Sens Spec C-St PV_LOF
 

------------ ------------ ------- ------- ------- ---- ---- ---- ------------ ------- ------- ------- ---- ---- ---- ---- ---- ---- ---- ------------ ------- ------- ------- ---- ---- ---- ------------

0.5010294697 0.6563948972    1.06    0.81    1.40 0.22 0.79 0.51 0.8902956746
 1.02    0.80    1.30 0.21 0.81 0.02 0.98 0.06 0.91 0.50 0.3442385878
   0.65
 0.26    1.60 0.01 0.98 0.50 0.2429912759

0.6848079187 0.8419442629    1.03    0.79    1.33 0.25 0.75 0.50 0.9894330533
 1.00    0.79    1.27 0.24 0.77 0.01 0.98 0.05 0.93 0.50 0.4309604719
   0.68
 0.26    1.79 0.01 0.98 0.50 0.3842506685

0.7407112473 0.7716055546    0.97    0.77    1.22 0.37 0.62 0.50 0.6030478695
 0.95    0.78    1.15 0.35 0.65 0.06 0.93 0.11 0.87 0.49 0.4408477635
   0.81
 0.47    1.39 0.04 0.95 0.50 0.5657383651
                                              <------------------Two Marker Haplotype Analysis------------------->    

                              Allelic Test                 <----------Cases----------> <--------Controls--------->    

 D_Prime      R_Squared          PValue       LRS_PValue   FreqPP FreqPQ FreqQP FreqQQ FreqPP FreqPQ FreqQP FreqQQ    

 ------------ ------------    ------------    ------------ ------ ------ ------ ------ ------ ------ ------ ------    

 0.0870789603 0.0065546542    0.8887960038    0.3976926782 0.7703 0.1129 0.0980 0.0187 0.7827 0.1025 0.0853 0.0296    

 0.0352006783 0.0006969431    0.9895896639    0.9631688210 0.6922 0.1761 0.1003 0.0313 0.6837 0.1844 0.1003 0.0316    

 0.9999993269 0.1264593860    0.6028056089    0.5293945646 0.4687 0.3231 0.2082 0.0000 0.4820 0.3016 0.2164 0.0000    

<-----------------------------------------------------Three Marker Haplotype Analysis------------------------------------------------------>


     <-----------------------------Cases---------------------------> <---------------------------Controls-------------------------->

LRS_PValue   FreqPPP FreqPPQ FreqPQP FreqPQQ FreqQPP FreqQPQ FreqQQP FreqQQQ FreqPPP FreqPPQ FreqPQP FreqPQQ FreqQPP FreqQPQ FreqQQP FreqQQQ

------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------

0.7600697608  0.6151  0.1554  0.0843  0.0285  0.0773  0.0206  0.0160  0.0029  0.6230  0.1594  0.0762  0.0264  0.0599  0.0256  0.0248  0.0046

0.6844857830  0.4021  0.2899  0.1763  0.0000  0.0666  0.0332  0.0319  0.0000  0.4258  0.2578  0.1846  0.0000  0.0565  0.0436  0.0318  0.0000

0.0786057142  0.4136  0.0552  0.2865  0.0365  0.1803  0.0279  0.0000  0.0000  0.4412  0.0408  0.2805  0.0211  0.1934  0.0230  0.0000  0.0000
The examples below show samples of printable output.  These examples do not contain empirical p-values.  Font size is 6.

Hardy-Weinberg for Combined Cases and Controls (*.hwe) 
                        Number       Case/Ctrl     Case/Ctrl             <---------------Hardy-Weinberg Analysis---------------->

                       Case/Ctrl     Reference      Percent                                                     Combined Combined

Number  Chr Marker      Indivs      Allele Freq     Missing    P  Q Ref  NumPP ENumPP NumPQ ENumPQ NumQQ ENumQQ X^2_PVal Prob HWE

------- --- ---------- ---------    -----------    ---------  -- -- ---  ----- ------ ----- ------ ----- ------ -------- --------

1       1   Marker01        1230         0.1159         1.28   4  2   2    965  961.5   245  252.0    20   16.5 0.331185 0.329218

2       1   Marker02        1214         0.1318         2.57   1  3   3    911  915.1   286  277.8    17   21.1 0.305272 0.379148

3       1   Marker03        1221         0.2117         2.01   2  3   3    759  758.7   407  407.5    55   54.7 0.962727 0.931865

4       2   Marker04        1170         0.3098         6.10   3  2   2    524  557.3   567  500.4    79  112.3 0.000005 0.000004

5       2   Marker05        1240         0.1024         0.48   3  1   1   1005  999.0   216  228.0    19   13.0 0.064137 0.086672

6       2   Marker06        1242         0.0890         0.32   2  4   4   1029 1030.8   205  201.3     8    9.8 0.521500 0.724844

Hardy-Weinberg for Cases Only (*.hwecase)

                        Number         Case          Case                <---------------Hardy-Weinberg Analysis---------------->

                         Case        Reference      Percent                                                       Case     Case  

Number  Chr Marker      Indivs      Allele Freq     Missing    P  Q Ref  NumPP ENumPP NumPQ ENumPQ NumQQ ENumQQ X^2_PVal Prob HWE

------- --- ---------- ---------    -----------    ---------  -- -- ---  ----- ------ ----- ------ ----- ------ -------- --------

1       1   Marker01         621         0.1167         1.43   4  2   2    484  484.5   129  128.1     8    8.5 0.856655 1.000000

2       1   Marker02         615         0.1317         2.38   1  3   3    460  463.7   148  140.7     7   10.7 0.195855 0.287288

3       1   Marker03         617         0.2075         2.06   2  3   3    386  387.6   206  202.9    25   26.6 0.703517 0.806567

4       2   Marker04         586         0.3208         6.98   3  2   2    255  270.3   286  255.4    45   60.3 0.003692 0.004363

5       2   Marker05         627         0.1196         0.48   3  1   1    490  486.0   124  132.1    13    9.0 0.126562 0.128694

6       2   Marker06         629         0.0890         0.16   2  4   4    521  522.0   104  102.0     4    5.0 0.627967 0.807382

Hardy-Weinberg for Controls Only (*.hwectrl)

                        Number        Control       Control              <---------------Hardy-Weinberg Analysis---------------->

                        Control      Reference      Percent                                                     Control  Control 

Number  Chr Marker      Indivs      Allele Freq     Missing    P  Q Ref  NumPP ENumPP NumPQ ENumPQ NumQQ ENumQQ X^2_PVal Prob HWE

------- --- ---------- ---------    -----------    ---------  -- -- ---  ----- ------ ----- ------ ----- ------ -------- --------

1       1   Marker01         609         0.1149         1.14   4  2   2    481  477.0   116  123.9    12    8.0 0.115258 0.112449

2       1   Marker02         599         0.1319         2.76   1  3   3    451  451.4   138  137.2    10   10.4 0.881128 1.000000

3       1   Marker03         604         0.2161         1.95   2  3   3    373  371.2   201  204.6    30   28.2 0.664705 0.632585

4       2   Marker04         584         0.2988         5.19   3  2   2    269  287.1   281  244.7    34   52.1 0.000340 0.000355

5       2   Marker05         613         0.0848         0.49   3  1   1    515  513.4    92   95.2     6    4.4 0.408434 0.428723

6       2   Marker06         613         0.0889         0.49   2  4   4    508  508.8   101   99.3     4    4.8 0.673353 1.000000
Genotypic 1 (*.geno1)

                        Reference                                 <--------------------Genotypic Association--------------------->

                       Allele Freq                                <-2 Deg Fr-> <-Dom Test-> <-Add Test-> <-Rec Test-> <-Lack Fit->

Number  Chr Marker     Cases Ctrls Prob HWE D Pri R Squ  P  Q Ref PV 2DF       PV Dom       PV Add       PV Rec       PV LOF      

------- --- ---------- ----- ----- -------- ----- ----- -- -- --- ------------ ------------ ------------ ------------ ------------

1       1   Marker01   0.117 0.115 0.329218 0.087 0.007  4  2   2 0.5010294697 0.6563948972 0.8902956746 0.3442385878 0.2429912759

2       1   Marker02   0.132 0.132 0.379148 0.035 0.001  1  3   3 0.6848079187 0.8419442629 0.9894330533 0.4309604719 0.3842506685

3       1   Marker03   0.207 0.216 0.931865 1.000 0.126  2  3   3 0.7407112473 0.7716055546 0.6030478695 0.4408477635 0.5657383651

4       2   Marker04   0.321 0.299 0.000004 0.104 0.001  3  2   2 0.3778775934 0.3811734078 0.2161191821 0.2055527865 0.5187314129

5       2   Marker05   0.120 0.085 0.086672 0.314 0.001  3  1   1 0.0203993300 0.0084428211 0.0053606824 0.1166801485 0.8603558904

6       2   Marker06   0.089 0.089 0.724844 0.065 0.000  2  4   4 0.9989901427 0.9846213561 0.9913179339 0.9708374182 0.9652107616
Genotypic 2 (*.geno2)

                        Reference                                 <---------------------------Genotypic Test---------------------------->

                       Allele Freq                                <----Dominant Test----> <----Additive Test----> <---Recessive Test---->

Number  Chr Marker     Cases Ctrls Prob HWE D Pri R Squ  P  Q Ref OR      LCI     UCI     OR      LCI     UCI     OR      LCI     UCI    

------- --- ---------- ----- ----- -------- ----- ----- -- -- --- ------- ------- ------- ------- ------- ------- ------- ------- -------

1       1   Marker01   0.117 0.115 0.329218 0.087 0.007  4  2   2    1.06    0.81    1.40    1.02    0.80    1.30    0.65    0.26    1.60

2       1   Marker02   0.132 0.132 0.379148 0.035 0.001  1  3   3    1.03    0.79    1.33    1.00    0.79    1.27    0.68    0.26    1.79

3       1   Marker03   0.207 0.216 0.931865 1.000 0.126  2  3   3    0.97    0.77    1.22    0.95    0.78    1.15    0.81    0.47    1.39

4       2   Marker04   0.321 0.299 0.000004 0.104 0.001  3  2   2    1.11    0.88    1.40    1.13    0.93    1.36    1.35    0.85    2.13

5       2   Marker05   0.120 0.085 0.086672 0.314 0.001  3  1   1    1.47    1.10    1.96    1.44    1.11    1.87    2.14    0.81    5.67

6       2   Marker06   0.089 0.089 0.724844 0.065 0.000  2  4   4    1.00    0.75    1.35    1.00    0.76    1.32    0.97    0.24    3.91
Genotypic 3 (*.geno3)

                        Reference                                 <--Dom Test--> <---------Additive Test----------> <--Rec Test-->

                       Allele Freq                                               (NN v RN) (NN v RR) (NR v RR)                    

Number  Chr Marker     Cases Ctrls Prob HWE D Pri R Squ  P  Q Ref Spec Sens C-St Spec Sens Spec Sens Spec Sens C-St Spec Sens C-St

------- --- ---------- ----- ----- -------- ----- ----- -- -- --- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----

1       1   Marker01   0.117 0.115 0.329218 0.087 0.007  4  2   2 0.22 0.79 0.51 0.21 0.81 0.02 0.98 0.06 0.91 0.50 0.01 0.98 0.50

2       1   Marker02   0.132 0.132 0.379148 0.035 0.001  1  3   3 0.25 0.75 0.50 0.24 0.77 0.01 0.98 0.05 0.93 0.50 0.01 0.98 0.50

3       1   Marker03   0.207 0.216 0.931865 1.000 0.126  2  3   3 0.37 0.62 0.50 0.35 0.65 0.06 0.93 0.11 0.87 0.49 0.04 0.95 0.50

4       2   Marker04   0.321 0.299 0.000004 0.104 0.001  3  2   2 0.56 0.46 0.51 0.53 0.49 0.15 0.89 0.14 0.89 0.52 0.08 0.94 0.51

5       2   Marker05   0.120 0.085 0.086672 0.314 0.001  3  1   1 0.22 0.84 0.53 0.20 0.85 0.03 0.99 0.09 0.94 0.53 0.02 0.99 0.51

6       2   Marker06   0.089 0.089 0.724844 0.065 0.000  2  4   4 0.17 0.83 0.50 0.17 0.83 0.01 0.99 0.04 0.96 0.50 0.01 0.99 0.50
Haplotype Test 1 (*.haplo1)

                        Reference                                                                               

                       Allele Freq                                        Allelic Test Two Marker   Three Marker

Number  Chr Marker     Cases Ctrls    Prob HWE    D Pri R Squ   P  Q Ref     PValue    LRS PValue   LRS PValue  

------- --- ---------- ----- -----    --------    ----- -----  -- -- ---  ------------ ------------ ------------

1       1   Marker01   0.117 0.115    0.329218    0.087 0.007   4  2   2  0.8887960038 0.3976926782 0.7600697608

2       1   Marker02   0.132 0.132    0.379148    0.035 0.001   1  3   3  0.9895896639 0.9631688210 0.6844857830

3       1   Marker03   0.207 0.216    0.931865    1.000 0.126   2  3   3  0.6028056089 0.5293945646 0.0786057142

4       2   Marker04   0.321 0.299    0.000004    0.104 0.001   3  2   2  0.2494756510 0.0191645024 0.1237687655

5       2   Marker05   0.120 0.085    0.086672    0.314 0.001   3  1   1  0.0042796697 0.0313520548 0.0717488770

6       2   Marker06   0.089 0.089    0.724844    0.065 0.000   2  4   4  0.9913972545 0.3180875271 0.1549317595
Haplotype Test 2 (*.haplo2)

                        Reference                          <--------Two Marker Haplotype Analysis-------->

                       Allele Freq                         <--------Cases--------> <------Controls------->

Number  Chr Marker     Cases Ctrls    Prob HWE   P  Q Ref  FrqPP FrqPQ FrqQP FrqQQ FrqPP FrqPQ FrqQP FrqQQ

------- --- ---------- ----- -----    --------  -- -- ---  ----- ----- ----- ----- ----- ----- ----- -----

1       1   Marker01   0.117 0.115    0.329218   4  2   2  0.770 0.113 0.098 0.019 0.783 0.102 0.085 0.030

2       1   Marker02   0.132 0.132    0.379148   1  3   3  0.692 0.176 0.100 0.031 0.684 0.184 0.100 0.032

3       1   Marker03   0.207 0.216    0.931865   2  3   3  0.469 0.323 0.208 0.000 0.482 0.302 0.216 0.000

4       2   Marker04   0.321 0.299    0.000004   3  2   2  0.596 0.083 0.285 0.036 0.637 0.065 0.278 0.020

5       2   Marker05   0.120 0.085    0.086672   3  1   1  0.800 0.080 0.111 0.009 0.830 0.085 0.081 0.003

6       2   Marker06   0.089 0.089    0.724844   2  4   4  0.497 0.414 0.050 0.039 0.477 0.434 0.039 0.050
Haplotype Test 3 (*.haplo3)

                        Reference                          <-------------------------------Three Marker Haplotype Analysis------------------------------->

                       Allele Freq                         <---------------------Cases-------------------> <-------------------Controls------------------>

Number  Chr Marker     Cases Ctrls    Prob HWE   P  Q Ref  FrPPP FrPPQ FrPQP FrPQQ FrQPP FrQPQ FrQQP FrQQQ FrPPP FrPPQ FrPQP FrPQQ FrQPP FrQPQ FrQQP FrQQQ

------- --- ---------- ----- -----    --------  -- -- ---  ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

1       1   Marker01   0.117 0.115    0.329218   4  2   2  0.615 0.155 0.084 0.028 0.077 0.021 0.016 0.003 0.623 0.159 0.076 0.026 0.060 0.026 0.025 0.005

2       1   Marker02   0.132 0.132    0.379148   1  3   3  0.402 0.290 0.176 0.000 0.067 0.033 0.032 0.000 0.426 0.258 0.185 0.000 0.056 0.044 0.032 0.000

3       1   Marker03   0.207 0.216    0.931865   2  3   3  0.414 0.055 0.286 0.037 0.180 0.028 0.000 0.000 0.441 0.041 0.280 0.021 0.193 0.023 0.000 0.000

4       2   Marker04   0.321 0.299    0.000004   3  2   2  0.531 0.065 0.075 0.009 0.269 0.015 0.036 0.000 0.571 0.066 0.061 0.003 0.259 0.019 0.020 0.001

5       2   Marker05   0.120 0.085    0.086672   3  1   1  0.441 0.360 0.044 0.036 0.057 0.054 0.006 0.003 0.437 0.394 0.036 0.049 0.039 0.042 0.004 0.000

6       2   Marker06   0.089 0.089    0.724844   2  4   4  0.472 0.026 0.385 0.029 0.048 0.001 0.030 0.009 0.462 0.015 0.407 0.027 0.036 0.002 0.048 0.002
The next example shows a sample of the test statistic output file.  This file is requested from the command line independent of the choice of matrix vs. printable output.  Labels within the file may change, dependent upon the type of statistical tests being computed.  Font size is 5.

Test (chi-square) Statistics  (*.statvals)

                       <---------Hardy-Weinberg Analysis---------->    <-------------------------Genotypic Association-------------------------->                             Two Marker            Three Marker      

                         Case/Cntl       Case          Control         <--2 Deg Fr--> <--Dom Test--> <--Add Test--> <--Rec Test--> <--Lack Fit-->     Allelic Test             Haplotype              Haplotype       

Number  Chr Marker       X^2_Value      X^2_Value      X^2_Value          X^2Value       X^2Value       X^2Value       X^2Value       X^2Value          X^2Value    DegF       X^2Value    DegF       X^2Value    DegF

------- --- ---------- -------------- -------------- --------------    -------------- -------------- -------------- -------------- --------------    -------------- ----    -------------- ----    -------------- ----

1       1   Marker01     0.9442573202   0.0326287890   2.4805994747      1.3821807305   0.1979324710   0.0190247079   0.8945822248   1.3631560226      0.0195518292   1      2.9609021700   3      4.1694211974   7

2       1   Marker02     1.0510200948   1.6730185433   0.0223621417      0.7572337822   0.0397632140   0.0001754059   0.6202336549   0.7570583762      0.0001702449   1      0.2831331733   3      3.1005597746   5

3       1   Marker03     0.0021838823   0.1448387342   0.1878580042      0.6002888222   0.0842598098   0.2704234372   0.5940747301   0.3298653850      0.2707850977   1      1.2720425191   2      9.8834530644   5

4       2   Marker04    20.7436359725   8.4292299918  12.8367359075      1.9463699659   0.7669140688   1.5299551264   1.6024752617   0.4164148395      1.3262376894   1      9.9306985485   3     11.3574656841   7

5       2   Marker05     3.4270341898   2.3341757404   0.6833543739      7.7845064421   6.9370507321   7.7535581916   2.4613276413   0.0309482505      8.1611725058   1      8.8500769673   3     13.0147890361   7

6       2   Marker06     0.4109266711   0.2348273767   0.1777050365      0.0020207352   0.0003715436   0.0001184086   0.0013364887   0.0019023266      0.0001162548   1      3.5206984301   3     10.6437342379   7
III. RUNNING SNPGWA:

A. Command Line Usage
The command line follows the format:

snpgwa
-geno genoFile 
-phen phenFile  
-out outFile  
-trait traitName  
-cov covariate1 covariate2 … covariateN

-skipcol (comma and/or hyphen delimited list of integers)

-beg beginMarker  
-end endMarker  
-win windowSize  
-for (1 or 2)  
-map mapFile
-per (numPerms or no parameter)  
-thr threshold  
-seed seed1 seed2 seed3  
-val
-nohap
-ign
-ver
1. Input/Output File Flags

The input/output file flags are -geno genoFile, -phen phenFile, -out outFile -trait traitName where genoFile, phenFile, outFile and traitName are character strings.  The command line must contain all input/output file flags.  The character string following the -geno flag is the name of the genotype file.  The character string following the -phen file is the name of the phenotype file.  The character string following the -out flag is the name of the output file.  The character string following the -trait flag specifies the affection status column the phenotype file.
For example, "snpgwa -geno genoFile -phen phenFile -out outFile -trait ds1" tells SNPGWA to read genotype data from genoFile, affection status from the column ds1 in phenFile and to write the output to outFile.

A more complicated command line:  "snpgwa -geno genoFile -phen phenFile -out outFile -trait ds1 -skipcol 1,3-6 -beg 4 -end 10 -cov num1 num2 -ign -for 1 -val " tells SNPGWA: genoFile will be in the correct format after skipping over columns 1, 3, 4, 5, and 6; only markers 4 through 10 from genoFile will be used for analysis, affection status and covariates to be used for adjustment are to be read from columns ds1, num1, and num2 in phenFile; samples with partially missing genotype data will be ignored (excluded from analysis); matrix output will be written to outFile; and the test statistics corresponding to p-values in the matrix output will be written to outFile.statvals.
2. Input Flags

The input flags are -beg beginMarker, -end endMarker and -win windowSize where beginMarker, endMarker and windowSize are numeric integers.  If either the -beg flag or the -end flag appear in the command line then both flags must appear in the command line.  The -win flag cannot appear in the command line with either the -beg or the -end flags.
Default: If there is no input flag in the command line, SNPGWA processes all markers in the genotype file.

Begin/End: 

If both -beg beginMarker and -end endMarker are in the command line, SNPGWA processes only the markers in the range specified by beginMarker and endMarker.  beginMarker must be less than or equal to endMarker.  endMarker must be less than or equal to the total number of markers in the input file.

For example, "snpgwa -geno genoFile -phen phenFile -out outFile -trait num1 -beg 101 -end 200" tells SNPGWA to process the 101st to the 200th marker.  There must at least 200 markers in the genoFile.

Window: 

If the -win windowSize appears in the command line, SNPGWA processes all markers in the genotype files and writes a new header to the output file after processing a number of markers equal to windowSize.  

For example, "snpgwa -geno genoFile -phen phenFile -out outFile -trait num1 -win 4" tells SNPGWA to process all markers in genoFile file and write a new header to outFile after every fourth marker.

3. File Format Option

SNPGWA allows matrix and printable output file formats as described Section II.B Output File(s).  The -for flag specifies the output file format.  If the -for flag is not in the command line, SNPGWA writes output in both the matrix and printable formats.  If -for 1 or -for 2 appear in the command line, SNPGWA respectively writes output in matrix format only or printable format only.

4. Empirical P-Value Calculation from the Command Line
As described in Section I.G: Empirical P-Value Calculation, SNPGWA allows the option of calculating empirical p-values for all genotypic tests, the allelic test and the two and three marker haplotype tests with either a fixed or variable number of permutations.  Prior to calculating an empirical p-value for a specific test, SNPGWA calculates the p-value for that test.  This p-value is the unpermuted p-value for a specific test.
SNPGWA calculates empirical p-value only if the command line contains the -per flag.  If the command line contains the -per flag followed by an integer value, SNPGWA calculates empirical p-values with the number of permutations set to the number following the -per flag (fixed number of permutations).  If the command line contains the -per flag without an integer value, SNPGWA calculates empirical p-values with the number of permutations determined by the unpermuted p-value of a specific test (variable number of permutations, see Section I.G to see how SNPGWA determines the number of permutations).
SNPGWA calculates an empirical p-value for a specific test with a variable number of permutations only if the p-value for that test is below a predefined threshold.  The default threshold is 0.05.  The threshold may be changed with the -thr flag.
For example, "snpgwa -geno genoFile -phen phenFile -out outFile -trait ds1 -per -thr 0.07" tells SNPGWA to calculate empirical p-values using a variable number of permutations only if unpermuted p-values are below 0.07.  The maximum threshold allowed by SNPGWA is 0.1.

If the *.geno1 printable output files contain empirical p-values, the empirical p-values replace the genotypic p-values in the p-value column.  If the empirical p-value for a genotypic test is between 0.01 and 0.001 a single star (*) appears in the significance column (Sig). If the empirical p-value is between 0.001 and 0.0001 two stars appear in the significance column.  If the empirical p-value is less than 0.0001 three stars appear in the significance column.
The examples on the following pages show matrix and printable output from SNPGWA using a variable number of permutations.  The default threshold of 0.05 was active.  Notice that empirical p-values were calculated only for the genotypic, allelic and two and three marker haplotype tests whose p-values were below 0.05.  The fifth line of the *.geno1 in the example shows an empirical p-value replacing a calculated genotypic p-value.
Permutation testing requires random number generation.  SNPGWA implements the Wichman-Hill random number generator to generate random numbers.  The Wichman-Hill random number generator generates a specific sequence of random numbers when configured with a specific sequence of three integer seeds.  The default sequence is 1, 2 and 3.  A different sequence may be designated from the command line with the -seed flag followed by a three integer sequence (-seed integer1 integer2 integer3).
The example below shows matrix output with empirical p-values calculated using a variable number of permutations.  Note that empirical p-values are calculated only when the respective test has a p-value less than 0.05.  2.0 in an empirical p-value column indicates that no empirical p-value was calculated.  The font size is 6.

                                                                                                            <-------------------------------------Hardy-Weinberg Analysis------------------------------------->

                                        Individuals        Ref Allele Freq      Percent Missing                                                                          Combined     Case         Control     

Chr Marker     Location   Difference Cases    Controls    Cases    Controls    Cases    Controls  P  Q Ref  NumPP   ENumPP  NumPQ   ENumPQ  NumQQ   ENumQQ  X^2_PValue   Prob_HWE     Prob_HWE     Prob_HWE    

--- ---------- ---------- ---------- -------- --------    -------- --------    -------- -------- -- -- ---  ------- ------- ------- ------- ------- ------- ------------ ------------ ------------ ------------

1   Marker01          345        111      621      609      0.1167   0.1149        1.43     1.14  4  2   2      965  961.51     245  251.98      20   16.51 0.3311853768 0.3292183523 1.0000000000 0.1124490765

1   Marker02          456        312      615      599      0.1317   0.1319        2.38     2.76  1  3   3      911  915.09     286  277.83      17   21.09 0.3052722680 0.3791481523 0.2872876040 1.0000000000

1   Marker03          768         52      617      604      0.2075   0.2161        2.06     1.95  2  3   3      759  758.73     407  407.55      55   54.73 0.9627268051 0.9318646557 0.8065673673 0.6325846618

2   Marker04          820        278      586      584      0.3208   0.2988        6.98     5.19  3  2   2      524  557.31     567  500.37      79  112.31 0.0000052506 0.0000043742 0.0043629401 0.0003549360

2   Marker05         1098         24      627      613      0.1196   0.0848        0.48     0.49  3  1   1     1005  999.01     216  227.99      19   13.01 0.0641371969 0.0866715184 0.1286939580 0.4287231344

2   Marker06         1122         23      629      613      0.0890   0.0889        0.16     0.49  2  4   4     1029 1030.83     205  201.34       8    9.83 0.5214995385 0.7248438363 0.8073824067 1.0000000000 
<------------------------------------------------------------------------------------------------------------------Genotypic Association------------------------------

<--2 Degree Of Free--> <-----------------------Dominant Test-----------------------> <---------------Additive Test------------------(NN v RN)-(NN v RR)-(NR v RR)---->

PV_2DF       EmpPV_2DF PV_Dom       OR      LCI     UCI     EmpPV_Dom Sens Spec C-St PV_Add       OR      LCI     UCI     EmpPV_Add Sens Spec Sens Spec Sens Spec C-St

------------ --------- ------------ ------- ------- ------- --------- ---- ---- ---- ------------ ------- ------- ------- --------- ---- ---- ---- ---- ---- ---- ----

0.5010294697       2.0 0.6563948972    1.06    0.81    1.40       2.0 0.22 0.79 0.51 0.8902956746    1.02    0.80    1.30       2.0 0.21 0.81 0.02 0.98 0.06 0.91 0.50

0.6848079187       2.0 0.8419442629    1.03    0.79    1.33       2.0 0.25 0.75 0.50 0.9894330533    1.00    0.79    1.27       2.0 0.24 0.77 0.01 0.98 0.05 0.93 0.50

0.7407112473       2.0 0.7716055546    0.97    0.77    1.22       2.0 0.37 0.62 0.50 0.6030478695    0.95    0.78    1.15       2.0 0.35 0.65 0.06 0.93 0.11 0.87 0.49

0.3778775934       2.0 0.3811734078    1.11    0.88    1.40       2.0 0.56 0.46 0.51 0.2161191821    1.13    0.93    1.36       2.0 0.53 0.49 0.15 0.89 0.14 0.89 0.52

0.0203993300      0.01 0.0084428211    1.47    1.10    1.96     0.008 0.22 0.84 0.53 0.0053606824    1.44    1.11    1.87     0.005 0.20 0.85 0.03 0.99 0.09 0.94 0.53

0.9989901427       2.0 0.9846213561    1.00    0.75    1.35       2.0 0.17 0.83 0.50 0.9913179339    1.00    0.76    1.32       2.0 0.17 0.83 0.01 0.99 0.04 0.96 0.50

----------------------------------------------------------------------------------->

<----------------------Recessive Test-----------------------> <--Lack Of Fit Test-->

PV_Rec       OR      LCI     UCI     EmpPV_Rec Sens Spec C-St PV_LOF       EmpPV_LOF

------------ ------- ------- ------- --------- ---- ---- ---- ------------ ---------

0.3442385878    0.65    0.26    1.60       2.0 0.01 0.98 0.50 0.2429912759       2.0

0.4309604719    0.68    0.26    1.79       2.0 0.01 0.98 0.50 0.3842506685       2.0

0.4408477635    0.81    0.47    1.39       2.0 0.04 0.95 0.50 0.5657383651       2.0

0.2055527865    1.35    0.85    2.13       2.0 0.08 0.94 0.51 0.5187314129       2.0

0.1166801485    2.14    0.81    5.67       2.0 0.02 0.99 0.51 0.8603558904       2.0

0.9708374182    0.97    0.24    3.91       2.0 0.01 0.99 0.50 0.9652107616       2.0

                                                      <-----------------------Two Marker Haplotype Analysis----------------------->

                                 Allelic Test                               <----------Cases----------> <--------Controls--------->

D_Prime      R_Squared          PValue    Emp_PVal    LRS_PValue   Emp_PVal FreqPP FreqPQ FreqQP FreqQQ FreqPP FreqPQ FreqQP FreqQQ

------------ ------------    ------------ --------    ------------ -------- ------ ------ ------ ------ ------ ------ ------ ------

0.0870789603 0.0065546542    0.8887930771      2.0    0.3976926782      2.0 0.7703 0.1129 0.0980 0.0187 0.7827 0.1025 0.0853 0.0296

0.0352006783 0.0006969431    0.9895896908      2.0    0.9631688210      2.0 0.6922 0.1761 0.1003 0.0313 0.6837 0.1844 0.1003 0.0316

0.9999993269 0.1264593860    0.6028147101      2.0    0.5293945646      2.0 0.4687 0.3231 0.2082 0.0000 0.4820 0.3016 0.2164 0.0000

0.1035844656 0.0005529833    0.2494328624      2.0    0.0191645024     0.01 0.5958 0.0834 0.2846 0.0362 0.6367 0.0645 0.2785 0.0203

0.3140621498 0.0011030389    0.0041745795    0.006    0.0313520548     0.03 0.8001 0.0802 0.1108 0.0088 0.8297 0.0854 0.0814 0.0035

0.0647962484 0.0004654323    0.9913972309      2.0    0.3180875271      2.0 0.4970 0.4139 0.0499 0.0392 0.4766 0.4345 0.0389 0.0500
<----------------------------------------------------------Three Marker Haplotype Analysis---------------------------------------------------------->

                      <-----------------------------Cases---------------------------> <---------------------------Controls-------------------------->

LRS_PValue   Emp_PVal FreqPPP FreqPPQ FreqPQP FreqPQQ FreqQPP FreqQPQ FreqQQP FreqQQQ FreqPPP FreqPPQ FreqPQP FreqPQQ FreqQPP FreqQPQ FreqQQP FreqQQQ

------------ -------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------

0.7600697608      2.0  0.6151  0.1554  0.0843  0.0285  0.0773  0.0206  0.0160  0.0029  0.6230  0.1594  0.0762  0.0264  0.0599  0.0256  0.0248  0.0046

0.6844857830      2.0  0.4021  0.2899  0.1763  0.0000  0.0666  0.0332  0.0319  0.0000  0.4258  0.2578  0.1846  0.0000  0.0565  0.0436  0.0318  0.0000

0.0786057142      2.0  0.4136  0.0552  0.2865  0.0365  0.1803  0.0279  0.0000  0.0000  0.4412  0.0408  0.2805  0.0211  0.1934  0.0230  0.0000  0.0000

0.1237687655      2.0  0.5313  0.0647  0.0750  0.0088  0.2691  0.0153  0.0357  0.0000  0.5711  0.0662  0.0614  0.0027  0.2589  0.0191  0.0198  0.0010

0.0717488770      2.0  0.4405  0.3599  0.0441  0.0359  0.0566  0.0539  0.0057  0.0034  0.4366  0.3937  0.0362  0.0488  0.0391  0.0418  0.0038  0.0000

0.1549317595      2.0  0.4718  0.0259  0.3846  0.0287  0.0485  0.0008  0.0303  0.0095  0.4615  0.0152  0.4070  0.0274  0.0364  0.0024  0.0478  0.0023
Below are examples of printable output files with empirical p-values.  Only the *.geno1 and *.haplo1 printable output files contain empirical p-values.  All other printable output files will appear as they did in the previous example.  The fifth line of the *.geno1 shows an empirical p-value replacing a calculated genotypic p-value.  The font size is 6, and this output is shown based on command line without using the “-map” option (so no Chr column appears).

Genotypic 1 (*.geno1)

                   Reference                               <------------------------------Genotypic Association------------------------------->

                  Allele Freq                              <--2 Deg Free--> <---Dom Test---> <---Add Test---> <---Rec Test---> <-Lack Of Fit-->

Number Marker     Cases Ctrls Prob HWE D Pri R Squ P Q Ref PV 2DF       Sig PV Dom       Sig PV Add       Sig PV Rec       Sig PV LOF       Sig

------ ---------- ----- ----- -------- ----- ----- - - --- ------------ --- ------------ --- ------------ --- ------------ --- ------------ ---

1      Marker01   0.117 0.115 0.329218 0.087 0.007 4 2   2 0.5010294697     0.6563948972     0.8902956746     0.3442385878     0.2429912759    

2      Marker02   0.132 0.132 0.379148 0.035 0.001 1 3   3 0.6848079187     0.8419442629     0.9894330533     0.4309604719     0.3842506685    

3      Marker03   0.207 0.216 0.931865 1.000 0.126 2 3   3 0.7407112473     0.7716055546     0.6030478695     0.4408477635     0.5657383651    

4      Marker04   0.321 0.299 0.000004 0.104 0.001 3 2   2 0.3778775934     0.3811734078     0.2161191821     0.2055527865     0.5187314129    

5      Marker05   0.120 0.085 0.086672 0.314 0.001 3 1   1 0.01         *   0.008        *   0.005        *   0.1166801485     0.8603558904    

6      Marker06   0.089 0.089 0.724844 0.065 0.000 2 4   4 0.9989901427     0.9846213561     0.9913179339     0.9708374182     0.9652107616    
Haplotype Test 1 (*.haplo1)

                   Reference

                  Allele Freq                                      Allelic Test            Two Marker          Three Marker     

Number Marker     Cases Ctrls    Prob HWE    D Pri R Squ  P Q Ref     PValue    Emp PVal   LRS PValue Emp PVal  LRS PValue  Emp PVal

------ ---------- ----- -----    --------    ----- -----  - - ---  ------------ -------- ------------ -------- ------------ --------

1      Marker01   0.117 0.115    0.329218    0.087 0.007  4 2   2  0.8887930771      2.0 0.3976926782      2.0 0.7600697608      2.0

2      Marker02   0.132 0.132    0.379148    0.035 0.001  1 3   3  0.9895896908      2.0 0.9631688210      2.0 0.6844857830      2.0

3      Marker03   0.207 0.216    0.931865    1.000 0.126  2 3   3  0.6028147101      2.0 0.5293945646      2.0 0.0786057142      2.0

4      Marker04   0.321 0.299    0.000004    0.104 0.001  3 2   2  0.2494328624      2.0 0.0191645024     0.01 0.1237687655      2.0

5      Marker05   0.120 0.085    0.086672    0.314 0.001  3 1   1  0.0041745795    0.006 0.0313520548     0.03 0.0717488770      2.0

6      Marker06   0.089 0.089    0.724844    0.065 0.000  2 4   4  0.9913972309      2.0 0.3180875271      2.0 0.1549317595      2.0
5. Map File Option

The map file option flag is -map.  The map file format is described in Section II.A.3: Map File.  Please note that the accepted map file format for SNPGWA changed as of Version 4.0 to include a column for chromosome.
If executed using a map file, SNPGWA writes chromosome, marker name, location and location difference between consecutive markers to the output file.  See the example output on pages 18 through 20.  By default, SNPGWA calculates the dominant, additive and recessive tests with the minor allele as the reference allele.  By placing the major allele in the map file on a line corresponding to a specific marker, SNPGWA executes dominant, additive and recessive genotypic tests with the major allele as the reference allele.

When using the -map flag with the default input or the -win input flag, the map file must contain the same number of markers as the genotype file.  When using the -map flag with the -beg and -end input flags, the map file must contain either the same number of markers as the genotype file or the same number of markers as the range specified in the command line.

For example, if the command "snpgwa -geno genoFile -phen phenFile -out outFile -trait ds1 -beg 101 -end 200 -map mapFile” is executed at the command line and the genoFile contains information for 1000 markers, mapFile must contain information for either 1000 markers or 100 markers.  If mapFile contains information for 1000 markers SNPGWA selects the information from mapFile for the 101st through the 200th markers.  If the mapFile contains information for 100 markers SNPGWA selects all marker information from mapFile for processing.

6. Other Options

Covariate Adjustment:
-cov covariate1 < covariate2 .. covariateN >
If the -cov option appears in the command line, SNPGWA performs covariate adjustment, adjusting for the covariates listed immediately after -cov in the command line.  At least one covariate must be listed.  (There is no specific upper limit on the number of covariates: the computer system may eventually run out of resources if the number grows too large; however, this will depend on the number of individuals and number of markers involved in the computation.)  Covariates named in the parameter list must be columns in the phenotype file (phenFile parameter of the -phen option) with column headers in the phenotype file that exactly match the covariates listed in this option.  The list of covariates will be displayed in the header of output file(s).

Skip Columns from Genotype File:

-skipcol (comma and/or hyphen delimited list of integers)

If -skipcol appears in the command line, SNPGWA ignores certain columns of genoFile, as specified in a list of integers immediately following the -skipcol flag.  The list may include commas and/or hyphens (-), such as 1,3-5,7-8, but should not contain spaces.  The example shown here will tell SNPGWA not to read columns 1, 3, 4, 5, 7, or 8 when reading in genoFile.  This assumes that genoFile, when viewed without the specified columns, follows the required format for genoFile as stated elsewhere in this document.  An error will be generated if this is not the case.  This option could be used to skip columns containing alleles, but was not designed with that purpose in mind, and should be used with caution, especially if used in conjunction with the Beg/End or Win option flags.

This option is particularly useful for genotype files in linkage format files, which contain columns of information not related to the allelic data.
Statistical Test (chi-square) Values Corresponding to output P-Values: 

-val 

If -val appears in the command line, SNPGWA writes Hardy-Weinberg, genotypic test and haplotype test chi square values to an output file.  The output file will be named using the specified filename from the -out option, with an added .statvals extension.

Haplotype Test Files Omitted: 

-nohap 

If -nohap appears in the command line and printable output was specified, the haplotype files (*.haplo1, *.haplo2, *.haplo3) will not be created.  The haplotype tests are still computed and included in the matrix output when this option is specified; only the separate haplotype printable files are omitted.  Future releases of SNPGWA may change the behavior of this option.
Ignore/Exclude Individuals with Partial Missing Genotype Data:
-ign
If -ign appears in the command line, SNPGWA ignores (excludes from computations) individuals who do not have complete genotype information in the genotype file.  Missing allele data is specified in the genotype file with 0s.  SNPGWA always ignores individuals missing all marker data.

Version Information:
-ver 

If -ver appears in the command line, SNPGWA will send a message to the standard output device (typically the screen) stating the program version number.  This option causes SNPGWA to ignore all other command line options.  It is provided solely for informational purposes. 
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V. APPENDICES
A. Release Notes

SNPGWA 4.0 is available on three operating system platforms: Linux, UNIX, Windows.

· Linux (x86_64, or 64-bit architecture)

· Linux (i686, or 32-bit architecture)

· UNIX / Solaris 2.9 (64-bit architecture, but compiled in 32-bit mode)  

· Note for this version of SNPGWA: this version only has a known limitation that it will not accept input files larger than 2 GB.

·  Windows / MS-DOS

All versions are command line executable programs.  This is typical of Linux/UNIX computing systems, and simply requires use of the Command Prompt in Windows systems.

B. Acknowledgment of External Source Code
1. Copyright Information for portions of code used for covariate adjustment.
/*************************************************************************

Copyright (c) 1992-2007 The University of Tennessee.  All rights reserved.

Contributors:

    * Sergey Bochkanov (ALGLIB project). Translation from FORTRAN to

      pseudocode.

See subroutines comments for additional copyrights.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions are

met:

- Redistributions of source code must retain the above copyright

  notice, this list of conditions and the following disclaimer.

- Redistributions in binary form must reproduce the above copyright

  notice, this list of conditions and the following disclaimer listed

  in this license in the documentation and/or other materials

  provided with the distribution.

- Neither the name of the copyright holders nor the names of its

  contributors may be used to endorse or promote products derived from

  this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT

OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT

LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,

DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY

THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT

(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE

OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

*************************************************************************/ 

* See subroutines comments for additional copyrights.

inv.h
/*************************************************************************

Inversion of a matrix given by its LU decomposition.

  -- LAPACK routine (version 3.0) --

     Univ. of Tennessee, Univ. of California Berkeley, NAG Ltd.,

     Courant Institute, Argonne National Lab, and Rice University

     February 29, 1992

Inversion of a general matrix.

  -- ALGLIB --

     Copyright 2005 by Bochkanov Sergey

*************************************************************************/

lu.h

/*************************************************************************

LU decomposition of a general matrix of size MxN

  -- LAPACK routine (version 3.0) --

     Univ. of Tennessee, Univ. of California Berkeley, NAG Ltd.,

     Courant Institute, Argonne National Lab, and Rice University

     June 30, 1992

*************************************************************************/

trinverse.h

/*************************************************************************

Triangular matrix inversion

  -- LAPACK routine (version 3.0) --

     Univ. of Tennessee, Univ. of California Berkeley, NAG Ltd.,

     Courant Institute, Argonne National Lab, and Rice University

     February 29, 1992

*************************************************************************/

ap.h

/********************************************************************

AP Library version 1.2.1

Copyright (c) 2003-2007, Sergey Bochkanov (ALGLIB project).

See www.alglib.net or alglib.sources.ru for details.
*************************************************************************/

apvt.h

/********************************************************************

Templates for AP Library

Copyright (c) 2003-2008, Sergey Bochkanov (ALGLIB project).

See www.alglib.net or alglib.sources.ru for details.
*************************************************************************/
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