	A Tour in “FBAT”                      Material new in 2006 is highlighted in green.

	Note:

This document is organized as follows. The right column is reserved for “FBAT” commands and resulting output. In the left column, more details are given on usage and interpretation of the commands. Unless mentioned otherwise, the CAMP data are taken as leading example (CAMP 1999; see Manual References) 

A gentle introduction 

To get started, open the executable “FBAT” program as supported by your platform. 

It might be useful to save a copy of the screen commands and output in a log-file called “fbatintro”.

This file is stored in the directory hosting the “FBAT” software and can be opened by a variety of text editors, e.g. Microsoft Word or Notepad. 

One first needs to load the data set of interest (e.g., the CAMP data set; “CAMP.ped”). Only one data set can be loaded at a time. These data are then stored internally for all subsequent analysis. If you wish to apply the FBAT tools to other data, first close “FBAT”, then re-activate it and load the new data. 

For a description of the CAMP data, refer to the User’s Manual (Section 7, data set 1). This selection of the original data set contains 8 markers (m709, …, p523) and involves 2011 individuals. Part of the pedigree file is shown to the right.

By inspection of the 6th column of the pedigree data file one learns that only affected offspring are available, since only the values 0 and 2 for affection status occur, referring to unknown and affected status respectively. Most families in the CAMP data set are trios, but not all. For example, family ID 145 has two female offspring.  Sometimes parental or offspring genotype data is missing. For instance, for father “1166” in family “236” none of the 8 markers are available (indicated by zeros). For the offspring “382” in family “236” only information on marker p252 is missing. Detailed information on the structure of a pedigree input file can be retrieved from the User’s Manual, Section 5.1.

In the presence of Mendelian errors in a pedigree, “FBAT” sets all genotypes for those markers with the Mendelian inconsistencies in the pedigree to zero. They are therefore considered as missing values in the analysis. No alterations are done to the original data file.

A typical output line in the presence of Mendelian errors would be:

mendelian error: locus DBH, pedigree 2003 [200303,200302]

mendelian error: locus DRD2, pedigree 2016 [201603,201602]

mendelian error: locus DRD2, pedigree 2057 [205703,205702]

mendelian error: locus DBH, pedigree 2057 [205703,205702]

mendelian error: locus DRD2, pedigree 2059 [205903,205902]

A total of 5 mendelian errors have been found

genotypes of families with mendelian error have been reset to 0

The FBAT test statistic is obtained by simply typing the fbat command. As is clear from the first line in the output, the default settings are:

Displayp

1.0 (implying that no test result is suppressed)

Minsize

10  (implying that the test statistic is not computed when less than 10 informative families are available)

Model

Additive

Mode

Bi-allelic (implying that one allele is tested against all other alleles)

Trait

Dichotomous affection status

                                                           Table 1

Without further specifications the computed test statistic is the FBAT statistic 
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as it occurs in the User’s Manual, Section 2.1. The default only uses affection status and puts Tij=1 if affected and 0 otherwise. In this case, unaffected individuals do not contribute to the value of the test statistic. They merely help to determine the distribution of sibling’s genotypes in the case where parents have missing genotype data.

Since we are using bi-allelic tests (the default option; Table 1), the program gives a line of output for each allele (e.g., two for the p532 marker in the CAMP data set, since there are only two alleles for p532).  Obviously, whenever only two alleles are present for a marker, the correponding Z-statistics are identical apart from sign. You can type any of the commands in the first column of table one, to verify the active setting. E.g., typing trait will display that a dichotomous trait (affection status) has been selected. 
Note that marker m709 is omitted from the analysis, since less than 10 informative families are available. The count of informative families, which is given as part of the output, includes only families with a non-zero contribution to the FBAT statistics. For marker m709 only 4 families give a non-zero contribution to the test statistic. Changing the default minimum number of informative families to 4 (i.e., specifying minsize 4) does give results for the test statistic, though the p-value may not be accurate.

The default minsize of 10 (which is restored by typing minsize 10) is based on the simple setting of heterozygous parent for a single bi-allelic marker and one offspring. The success probability of the parent transmitting a particular allele, say A1, is ½. Denoting the number of heterozygous parents in the sample by n, the process of counting the number of A1 alleles transmitted from heterozygous parents to offspring can be described by a binomial distribution with parameters n and success rate ½. The normal approximation to the binomial distribution works fine when n times the success rate is larger than 5. This is equivalent to setting n (10. There are a few caveats though. Specifying minsize 10 as the minimum number of informative families is probably too conservative, since families may have two heterozygote parents and multiple offspring, contributing multiple transmissions. In addition, the normal approximation to the binomial rule may not be worthwhile for tests using very small significance values α. Thus with α<<0.05, we recommend to use a larger value of minsize.

The amount of output can be reduced by only selecting test results with p values below a prespecified threshold, e.g, 0.5. As always, the default setting needs to be restored by giving the appropriate command line from Table 1, followed by the default value (e.g., displayp 1).

Before, no marker was explicitly specified in the fbat command line, implying that the family based association test should be calculated per marker available in the loaded pedigree file. Selecting a single marker (e.g., m709) for testing potential association with the trait, is done by specifying fbat m709. Note that for this marker less than 10 informative families are available, and hence no test results are displayed. Alternatively, choose marker p523 for testing, by using the commands fbat p523. Based on the test results no evidence is found to reject the null hypothesis of no association and no linkage between marker m523 and the binary trait (affected or not).

To find out about available options within the fbat command, type ? fbat (typing “?”  will generate all available commands in the “FBAT” sofware package). 

The –c option should be used in the context of censored traits. The –o option provides a way to recode your trait values, using an offset value so as to minimize the variance of the FBAT statistic. The –e option invokes an empirical correction to the variance of the FBAT statistic. It should be used whenever the null hypothesis assumes linkage, and the data consists of multiple sibs or extended pedigrees. More information on the use of an empirical correction to the variance of the FBAT statistic will be given later. Also refer to Section 4.2.2 of the User’s Manual.

We illlustrate the importance of the order of the options and the marker specification; options are ignored if they are put out of order.

Also, in contrast to previous results where 314 families were found to be informative for marker p523 in calculating the FBAT test statistic, the number of families is set to zero when using –o with the CAMP data. The reason is that no unaffected sibs are available in the CAMP data. Hence, minimizing the variance of the test statistic by weighing the information given by affecteds and unaffecteds does not make sense in this setting. To use –o one must have variation in the trait.

In the next session, we will elaborate on the usage of –o and –e, and illustrate these options on a data set containing affecteds and unaffecteds.

Whenever traits other then the affection status above are of interest (e.g., other dichotomous traits, or measured traits), or when you want to adjust the FBAT test statistic for important covariates, this information should be submitted to the “FBAT” package in a separate file, called the phenotype data file (e.g., load CAMPZ.phe). Refer to Silverman et al. (2003) and the User’s Manual (Section 5.2) for more information on the phenotypes listed and creating a phenotype data file. Here, all measures have been normalized. Selecting zlogpc20 for testing purposes is straightforward by specifying trait zlogpc20. The test statistic is calculated by using the fbat command as before.

Using an additive model and a mean centered quantitative trait instead, gives a test identical to that proposed by Rabinowitz (1997) in the absence of missing parental genotype data. Other ways to recode trait values will be illustrated in the sequel.

Testing for linkage and association between a marker and a disease suceptibility locus

A single dichotomous trait

As opposed to the CAMP data, the AD data on Alzheimer’s disease (Section 7.1 of the User’s Manual, data set 2) contains pedigrees with extended nuclear families. None of the families in this data set have parental genotype information. Practically all families have both affected and unaffected offspring.

Recoding trait values

As mentioned in the introduction, the default trait setting implies recoding affected individuals (this is “2” in the input pedigree data file) as T=1 and unaffected individuals (this is”1” in the pedigree data file) as T=0. Subjects coded as missing (“0” in the .PED file) will have T=0 for the default trait. This default setting, with an additive coding for the genotypes coincides with the approach of Spielman et al. (1993) where the focus is on allele transmissions from parents to affected offspring only.

Note that the setafftrait command (this is the command to re-set the affection status trait) was not listed in Table 1. Therefore, it explicitly requires an argument overruling the default values. E.g., setafftrait 0 1 0 will use T=1 for unaffecteds in the data set. Here, both affected individuals and subjects with unknown affection status will not contribute to the value of the FBAT statistics.

The restriction to unaffecteds only is rather counterintuitive. The initial idea behind family based association testing is to compare the distribution of alleles transmitted to the affected subjects with the distribution of those alleles that are not transmitted.  Multiple affected offspring or multiple offspring with at least one affected may provide additional information on the genetic association and therefore increase power.
Note that for this data, the number of informative families when using only unaffecteds or only affecteds is comparable. If you expect overtransmission of a particular allele among affecteds, you would expect undertransmission of that allele among unaffecteds. That is why the signs for the corresponding Z-statistics are reversed. The AD data set is relatively unusual in having a nearly equal number of informative families for the affected and unaffected trait. Many unaffected siblings were collected in order to compensate for the lack of parents.

Alternatively, the weights given to the contributions of affecteds and unaffecteds to the test statistic can be altered using the offset command. For instance, specifying offset 0.5 will impose the following recoding Tij of the (in this case) dichotomous trait Yij: Tij =Yij - (ij = Yij – 0.5.
The offset value can be any number. 

For a dichotomous trait a sensible choice may be the population prevalence, whenever available (Laird et al. 2000; Whittaker and Lewis 1998). Choosing the offset (  between 0 and 1 allows both affecteds and unaffecteds to contribute to the test statistic. For illustrative purposes, with (=0.5 an affected subject has Tij = -0.5 and an unaffected subject has Tij =0.5, i.e., they receive equal weight, but have different signs. So the statistic is a contrast of transmissions to affecteds versus unaffecteds.  As further explained in the User’s Manual (e.g., section 4.1.1.3), the problem is how to estimate ( when disease prevalence is unknown for the study population.  When ascertainment depends upon Yij, a valid estimate of ( usually cannot be obtained from the sample.

For a quantitiative trait, the offset value may refer to a sample average of the single trait. 

In either case, only one value at a time can be assigned as offset value.
Note that offset 1, gives exactly the same results as the fbat command using all default options, apart from the sign of the Z-statistic. This is because at this point, the affection status still deviates from its default setting and an affected in the pedigree data file is internally recoded as 0, an unaffected as 1. Usage of offset 1 therefore sets T=1-1=0 for unaffected and T=0-1=-1 for affected individuals. Hence, only affected individuals contribute to the value of the test statistics, but now each gives a negative contribution to the value of the test statistic.

Before we continue, we make sure the default settings are active.

The –o and –e options in the fbat command

An alternative recoding of trait values is achieved by using the –o option in the fbat command. With this option, the value subtracted from each trait is chosen to minimize the variance of test statistic (refer to User’s Manual, Section 4.1.1.3).

It is an option to consider using when no reliable estimates of disease prevalence can be computed.

As can be seen from the example in the right column, the use of -o does not always result in a more significant p-value, especially in the case where the test result is already significant using the default affection status. The -o option only minimizes the variance of the statistic under the null and should perform best for small departures from the null.  

We emphasize that with this option phenotype data for both affected and unaffected offspring are required. If the data set contains only affected offspring (as is the case for the CAMP data), or the data set contains offspring with only a narrow range of values in the phenotype file, the -o option should not be used. 

Using fbat on the Alzheimer’s data with affection status, once without and once with the -o option does provide information on the test statistic for all alleles involved, since both affecteds and non-affecteds contribute allelic information in the data set. The following observations are apparent: (a) The estimated offset value differs from one allele to another; (b) Variances of test statistics are smaller than their counterparts without having used the -o option, as it should be; (c) The number of informative families used in either approach differs. The -o option uses more informative families, since families with only unaffected offspring, as well as families with both affected and unaffected offspring are included in the calculations. 

Unlike “PBAT”, the “FBAT” software decomposes pedigrees into individual nuclear families and treats them as independent in most of the calculations. The pedigree’s contribution to the FBAT test statistics is then obtained by summing over all nuclear families within the pedigree. However, in the case where linkage is present and the null hypothesis states “linkage, but no association”, the genotypes of the different nuclear families derived from one pedigree are correlated. Even with a single nuclear family, the transmissions to multiple sibs are correlated when linkage is present. Therefore, when testing for association in an area of known linkage with multiple sibs in a family or when multiple families in a pedigree occur, an empirical variance for the test statistics (Lake et al., 2001) should be used. 

It suffices to use the –e option (with the fbat command for markers or the hbat command for haplotypes) to compute the “corrected” test statistic. In most instances the test results will be similar, unless there are many informative nuclear families that contain multiple pedigrees.  

We observe (right column) that the results using the empirical variance are slightly more conservative, but do not differ markedly.  This is what we would generally expect, unless there are a few very large pedigrees that contribute most of the informative nuclear families.

Note that the current version of “FBAT” does not allow using the –e and –o options jointly. Instead the  -o option may be used to determine the offset values per allele, followed by the offset command on the averaged allele offsets, followed by fbat –e.

The default trait uses an additive model so an offspring’s marker genotype enters the FBAT test statistics as a count; the number of target alleles in the offspring. We can switch to a dominant, recessive or a genotype model using the model commands model d, model r or model g respectively.  For example, with the genotype model, every possible genotype is treated as a different “allele”. Detailed information on coding genotype information is given in Section 4.1.1.2 of the User’s Manual. 
Note that for a genotype genetic model and biallelic mode neither the –o option nor the –e option can be used in the fbat command.

After restoring the default genotype coding to additive (so that the FBAT statistic will count the number of alleles an offspring has), we switch to  multi-allelic mode.

Mode m should be specified whenever a multi-allelic test is envisaged. Hence, in contrast to the biallelic setting, in which a Z-statistic is generated for every available allele in the data set, all alleles are now analysed simultaneously and FBAT testing results in a chi-square value, one for each marker.

For multi-allelic codings, genotype information per offspring is stored in a vector instead of a scalar. Therefore, the FBAT test statistic is multidimensional, as in the large sample chi-square statistic. More information on the number of degrees of freedom for this test, under a variety of genetic models, will be given in the subsection “multi-allelic mode”.

Consequently, the variance of the test statistic is a matrix rather than a scalar. The option –o in the fbat command, which minimizes the variance of the FBAT statistic in bi-allelic mode, now minimizes the trace of the variance-covariance matrix of S. The –e option invokes an empirical correction to the variance of the (multidimensional) test statistic (refer to Section 4.2.2 of the User’s Manual).

Note that mode a  is only available for usage with the hbat command (refer to section “Testing for linkage and association between a haplotype and a disease susceptibility locus“ of this document).

Returning to the CAMP data set, we briefly discuss the effect of assuming different underlying genetic models.

Choosing a different genotype model does not invalidate the FBAT test under the null hypothesis, it may rather have an impact on the power of the test.
Bi-allelic mode

The default trait uses an additive model and bi-allelic mode. Whereas under an additive model the offspring’s number of alleles is recorded, is the number of offspring with any copy of a particular allele that is relevant under a dominant model (refer to Section 4.1.1.2, User’s Manual).

A family may be informative under an additive model, but not under another genetic model, or vice versa, as is illustrated (right column; e.g., for allele 1 and marker m654 there are 409 or 195 families informative, depending on whether additive or dominant genetic model assumptions are adopted). 

The latter is not surprising, since different underlying genetic models imply different codings for Xij in 
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hence implies different contributions to the FBAT statistics.

A recessive model is selected, using the model r command.

Note that for a bi-allelic marker and bi-allelic testing, an informative family with respect to target allele 1 under a dominant model is also informative with respect to target allele 2 under a recessive genetic model, and vice versa. Indeed, if Xij is 1 under a dominant model for allele 1, then Xij is 0 under a recessive model for allele 2, and vice versa. Hence also Z for target allele 1 under a dominant model will be –Z for target allele 2 under a recessive model.
In general, non-additive models give rise to different (in absolute value) test values per allele. E.g., using a bi-allelic setting and a recessive genetic model for marker p523 gives test values of 1.697 and –0.059 for alleles 1 and 2, respectively. 

The genotype model compares observed to expected numbers of genotypes for each possible combination. With increasing number of alleles per marker, the number of single tests per marker increases and multiple testing issues become more important. 

Either one corrects for multiple testing (e.g., Bonferroni) or one opts for an overall test by adopting a multi-allelic coding (refer to the next subsection) and a chi-square FBAT test statistic. However, many marker alleles imply a high number of degrees of freedom for the chi-square distribution of the statistics, potentially reducing power to detect the effects of interest.
Note that no test has been computed for e.g., the alleles of marker m709 under any valid genetic model in “FBAT”, because under this assumption at most 4 (< 10, the default minimum) families appear to be informative. 
Multi-allelic mode

It is easy to shift to a mulit-allelic mode, using mode m in the command line. Recall that once the default parameters are changed, they remain activated, until they are reset or “FBAT” is aborted. Hence, requiring an additive genetic model at this point, implies submitting the line model a to the software. The prevous model (genotype) is consequently overruled.

If the marker has more than two alleles or the genotype model is used, “FBAT” allows two strategies: each allele (or genotype) is tested separately, resulting in multiple, single degree-of-freedom tests, or all alleles are compared simultaneously to their null expectation in one test with multiple degrees of freedom.  In this case, Xij is a vector (refer to Section 4.1.1.2) and the test statistic will follow a chi-square distribution under the null.

When using the additive model, the degrees of freedom of the chi-square is one less than the number of alleles. With other models the degrees-of-freedom is generally equal to the number of alleles (e.g., in our example of the CAMP data, using either dominant or recessive marker codings or using the genotype model, since the number of possible genotypes minus one equals the number of alleles for a bi-allelic marker).  The degrees of freedom for the chi-square test can be smaller when there is an insufficient number of informative families for some alleles. If any allele has fewer than minsize informative families, all offspring with that allele will be excluded from the test. 

For instance, for the dominant model and marker p491 there is only 1 informative family for marker allele 1 and therefore less than two major alleles so that it does not make sense to compute the multi-allelic FBAT statistic.

Note that the multi-allelic test value for any bi-allelic marker is the same as the square of either of the two Z values computed in the bi-allelic mode, i.e., the tests are equivalent. E.g., for marker p523 and an additive coding, the chi-square FBAT test value is 2.195, which equals 1.4822, (1.482 being the corresponding FBAT Z-scores for bi-allelic mode.

Under a genotype model, there are 26, 26 and 1 informative families for marker p491 and genotypes 1/1, 1/2 and 2/2, respectively. The FBAT chi-square statistic is based on 2 degrees of freedom. If the number of informative families were 26, 1, 1, there would be only 1 degree of freedom for the FBAT chi-square statistic. 

A single measured trait

To illustrate the use of “FBAT” with a quantitative trait, we select the CAMP data set. Since the CAMP pedigree file was already loaded, the only phenotype file needs to be submitted.  Note that the pedigree file should always be read before the phenotype data file; otherwise error messages will be generated. 

The first line in the phenotype file has 12 names, since 12 quantitative traits have been read. Every trio in the CAMP data set is represented by 3 lines in the phenotype input file.

The currently active trait is still the dichotomous outcome “affection status” (the trait followed by **), but now we have 12 more phenotypes at our disposal (e.g., “zncorpos” refers to the number of positive skin tests). 

If we are interested in the number of positive skin tests as a quantitative trait, we use the trait command to change the default status. The **-mark indicates that “zncorpos” as a trait is in active use.

The FBAT statistic is calculated in the usual way, using the fbat command. Again, since we are in the default setting of a bi-allelic mode, the FBAT statistic is computed for each allele, per marker, provided the number of informative families satisfies the minsize criterium.

Apart from reading in the phenotype data file and specifically selecting the measured trait of interest, all comments made for a single dichotomous trait carry through. In addition, with measured traits, the inclusion of covariates and recoding trait values into normal scores may be considered.

Whereas for dichotomous traits it is probably not worthwhile to adjust for covariates, incorporating covariate information for measured traits may substantially reduce the variability. In this case, adjusting for covariates can make an important difference in the power of the test. The inclusion of covariates in the FBAT statistic provided by the “FBAT” software requires first externally calculating residuals and then submitting these as traits in a phenotype data file. In contrast, the “PBAT” software provides options to select a set of covariates from the phenotype data file, to be used in the calculation of an offset (ij to recode the original trait Yij to Tij=Yij-(ij (refer to the PBAT homepage and the User’s Manual, Section 4.1.1.3).

In practice, transforming the data to normal scores is recommended, since then the asymptotic convergence of the FBAT statistic is more robust against outliers and skewed data. Here, “normal scores” are derived from dividing a standard normal distribution into equal areas corresponding to observed sample values. Each outcome is assigned its equivalent normal score. 

Multiple phenotypes analyzed simultaneously

FBAT can also test multiple traits simultaneously using a multivariate version of the classical univariate FBAT test statistic. To illustrate this feature in “FBAT”, we use the CAMP data set again.

Three traits zncorpos ztoteos zlogige are selected for FBAT testing using 

trait zncorpos ztoteos zlogige in the “FBAT” command line. Invoking a multivariate association test using the fbat command, gives a table with chi-square test values per marker. Since no particular marker was selected, output is generated for every available marker in the loaded pedigree data file, as usual. 

Note that neither the  –o option, nor the –e option, to the fbat command is available when multiple traits are specified. However, the –o option can be used for each trait separately, and the adjusted trait can be calculated outside of “FBAT” or using the offset command. 

Whenever an individual is missing a measurement, for either zncorpos, ztoteos or zlogige, the individual does not contribute to the value of the test statistic. That is why the number of informative families displayed for the multivariate test results, is bounded above by the minimum number of informative families displayed in the single test tables. For instance, for marker p523, the multivariate test reports 307 contributing informative families. For the univariate tests, the number of informative families is 315, 309, 313, for the traits zncorpos, ztoteos and zlogige, respectively.

Also note that analyzing one trait at a time and comparing the results with the multivariate approach (this is: analyzing zncorpos, ztoteos and zlogige simultaneously), we observe that p-values for the test including all three endpoints is not necessarily the smallest of the three p-values observed in the univariate tests.  

As with a single measured trait, the mode can be changed to multi-allelic. Note that now both multivariate and univariate tests generate chi-square values. Under an additive model, the number of degrees of freedom of the multivariate test for a particular marker equals  (the number of traits)*(the number of marker alleles -1). For other genetic models, it generally equals (the number of traits)*(the number of marker alleles). It can be less, when there is insufficient number of informative families for some alleles.
As in the univariate case, the model statement can be used to alter the genetic model, e.g., to a dominant model using model d. Note that we have changed to biallelic mode again. Hence, the number of traits being tested simultaneously (here: 3 traits) determine the degrees of freedom of the large sample FBAT chi-square statistic.

Descriptive and diagnostic tools

In an exploratory fashion, we examine the CAMP data more closely with respect to the marker allele frequencies and the raw genotype data, using the afreq and genotype commands.

It can be seen that the 1-allele frequency for marker p523 is estimated as 0.795.

This estimate is obtained using the genotype data from parents in nuclear families. An EM algorithm ensures that families with incomplete founder genotype data can still be incorporated in the estimation of allele frequencies.
For the genotype command to work, both pedigree number and at least one marker name are required. Focussing on marker p523, notice that the genotype information corresponds with the last two last columns in the pedigree file. The order in which the offspring is listed within a pedigree may differ. 

Family based designs are attractive for many reasons.  For one, the design protects against a finding of spurious association due to population admixture or stratification.  The reason for robustness is that the analysis uses parental genotypes to determine the distribution of the test statistic.  
Detailed information about the distribution of offspring genotypes, at the nuclear family level, can be retrieved via the viewmarker command. From the selected output, we observe that there is no entry for pedigree “262”, because family “262” is uninformative for the marker. 

For both families “292” and “606”, parental marker data is available and the offspring are homozygous for marker p523. However, in the first family only one parent is heterozygous, whereas in the second family both parents are heterozygous. This has its consequences for the possible genotypes one can observe in offspring arising from those parents and hence in the possible offspring genotype probabilities. Under the null, these probabilities are calculated using Mendelian laws and the probability of a pair is obtained by simply multiplying the probabilities of the constituent genotypes.

Family “326” has no genotype data for the father (see pedigree data file). This is indicated in the viewmarker output by the empty entry within { ,AB}. The mother is heterozygous. Two offspring are homozygous (but different). Table 2 of Rabinobwitz and Laird (2000) shows that the conditional distribution of offspring genotypes is obtained by randomly assigning (AA, BB) or (BB, AA) with probability ½ to the two offspring. In the same parental setting, but with more than 2 offspring available with observed marker alleles {AA, BB} marker alleles, 

the conditional distribution of offspring genotypes would be obtained by randomly assigning AA, AB or BB with probabilities ¼, ½, ¼, independently to each sib. Outcomes without at least one assignment of AA and BB would be discarded. 

Hence, in this case also AB can appear.

Remark on degenerate distributions

In some nuclear families, the distribution of offspring genotypes may be degenerate, after conditioning on parental genotype or on the sufficient statistic for parental genotypes. In such cases, these families are not informative and will not contribute to the test statistic. 

For example, if both parents are homozygous, then the conditional genotype distribution of any offspring is degenerate.  If both parent’s genotypes are unknown, and all offspring have the same genotype, then the distribution of any offspring’s genotype, conditional on the sufficient statistic for parental genotypes, is a point mass at the single observed genotype. 

However, in some cases, the conditional genotype distribution is not degenerate, but the family may still give a zero contribution to the test statistic.

Output generated by the command line viewmarker p523 262 gives detailed information. In particular, every offspring has the same genotype for marker p523; the parents are homozygous for marker p523 and all density mass is concentrated on a single genotype (Rabinowitz and Laird, 2000).

Since the CAMP data set only contains trios, let us consider for the moment the AD data set on Alzheimer’s disease and pedigree ID 50296 therein. This pedigree can be split into 5 nuclear subfamilies (refer to pedigree structure; right column).

A graphical representation of pedigree 50296 is given in Figure 2. Available typed marker data on the apoe gene are indicated within the squares or circles representing particular (male or female) individuals. The colored boxes correspond to the different types of apoe marker genotype distributions for the offspring in pedigree 50296 as provided by the viewmarker command.
More specifically, the marker genotype distribution class {,} ==> {AA} corresponds to the first line in Table 3 of Rabinowitz and Laird (2000) and is identical to the case {,} ==> {AB}. Note that the conditional genotype distribution for the sibs 5010184 and 5010188 falls within the latter class. Hence, the 3 nuclear families at the top of Figure 2 all have the same conditional apoe marker genotype distribution for their offspring. In this case, the distribution is degenerate (refer to the bottom lines of the output provided by viewmarker). 

Note that the FBAT output table also lists allele frequencies per marker. These coincide with the estimates generated via the afreq command. The estimates are reported for informative reasons; they are not used in the calculations of the test statistic.

Within the “FBAT” software, FBAT statistics are calculated for each nuclear family separately, after which the grand sum is taken. Detailed information on the components of the FBAT statistics for a specified marker can be obtained via the viewstat command. By default, information on the statistics is displayed separately for each informative family (that is why no output is given for e.g., family 238), followed by a summary over all the families. 

The information is provided per allele and for each single outcome separately. 

As with the fbat command, viewstat can be used with options –o and –e.

Suppressing the per pedigree information is done using the additional option –s as in viewstat –s p523. In this case, only the summary part is displayed. Since the current mode is bi-allelic, summary tables are provided for each allele separately.

Although a multi-allelic mode is compatible with selecting multipe traits for the fbat test (see output for fbat p523; right column), it is not compatible with the viewstat command. 

Nor is the –e option. But the latter is also not available when envoking the multivariate fbat statistic via fbat –e p523.

For a single trait, S is displayed as a vector, with one entry for each allele, hence E(S) is also a vector, and Var(S) is a matrix, unless the -o option is used. In the latter case, S, E(S), Var(S) and an offset value are given for every allele of the tested marker.
The output lists the eigenvector and eigenvalue matrix associated with Var(S). These are used in calculating the inverse of Var(S). If the matrix Var(S) is singular (the inverse does not exist), then the generalized inverse of Var(S) is obtained by the eigenvalue decomposition of Var(S) and by only inverting non-zero elements of the “diagonal vector” (right column).

Using the vector notation for S, a chi-square test statistic can be generated with 1 degree of freedom. This is the statistic obtained under multi-allelic mode. Note that its value equals the square of Z, reported via the usual fbat p523 command, since we have adopted an additive genetic model, and since marker p523 only has 2 alleles.

In contrast to multiple traits, with a single trait -e can be used with the viewstat 
command. The layout of the output is the same as without the –e option and the value of the chi-square statistic refers to the large sample FBAT chi-square test in multi-allelic mode (refer to the output table for fbat –e p523; right column)

Based on the previous, it is therefore not surprising that for a fixed set of options, the viewstat command generates the same results, irrespective of the current active mode: the same output is obtained using viewstat –s p523 with mode b or mode m. 

Testing for linkage and association between a haplotype and a disease suceptibility locus

In the presence of multiple tightly linked markers, an FBAT-type test using haplotypes may be more beneficial than using the markers one by one (User’s Manual, Section 4.1.2). We use the CAMP data set to illustrate software implemented in “FBAT” for a family based test of linkage and association between a haplotype locus and a trait influencing gene. 

The haplotype test is invoked by the hbat command; the haplotype version of the fbat command, has the same set of options available as fbat. Also the default settings for fbat and hbat are the same, although there are several new options and defaults setting for haplotypes.  There is a convenient ‘mode a’ option which allows you to obtain both tests of individual haplotypes, and a global or multialleleic haplotype test.  Essentially, ‘mode a’ combines the output of ‘mode b’ and ‘mode m’.  See output at right.
 An option designed to speed calculations is maxcmh; it allows users to limit consideration of families that have too many compatible mating types, which happens when parents are missing and many markers are used.  The default is 1000, which should be adequate for most applications.  However, if parental genotypes are missing, and we are using more than 5 snps, one should consider increasing maxcmh to 2000.  Note, the previous default value of 100 was increased to 1000 for fbat1.7.2. This should not affect any haplotype analyses with parents known; but users should consider repeating any haplotype analyses with parents unknown at the new default level (see illustration below on the AD2 data).
Haplotypes are generated from the specified markers, which are provided via a standard pedigree input file. If no markers are specified, all markers are used to form haplotypes (as is the case in our example; right column). All marker genotypes are treated as if unphased.

The 8 bi-allelic markers in the CAMP data set give rise to 28=256 potential haplotypes, though only 28 haplotypes are compatible with the observed marker data (h1-h28). As with the fbat command, hbat calculates a test value for each haplotype allele. No output is genereted if less than minsize informative families contribute to the test statistic for that allele, or if the haplotype frequency is less than minfreq (here zero).   Note that the only significant haplotype is h4, which has allele frequency 0.037 in the sample.  Simulations suggest that tests have better power overall if we restrict global tests to include only haplotypes with frequency >0.05. Setting minfreq to 0.05, we see that the global test is no longer significant. The minfreq command has no effect on the individual haplotype tests, they are simply not printed out if the haplotype frequency is less than minfreq.
Note that the number of informative families for a haplotype can be a fraction. 

This is different from the fbat command output, but is explained by the fact that the number of informative families in the tabular output for hbat refers to a weighted sum of informative families. In particular, the weight for a given haplotypes h is the minimum of 1 and the sum of conditional probabilities of each compatible offspring phased genotype that contains h. 

For instance, if pi(G) is the conditional probability of the i-th compatible offspring’s phased genotype G, then 
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and the weight for the i-th offspring is min(Fi,1).

Also observe that the hbat command (with or without options) provides estimates for the haplotype frequencies.  These frequencies are used in computing the test statistic in order to incorporate families where there are ambiguous genotypes that cannot be resolved. The distribution of the ambiguous genotype families is computed via the conditioning algorithm, but the test statistic remains unbiased when any arbitrary set of frequencies is used.

Note that with a single marker and the fbat command, the allele frequencies are computed solely for descriptive purposes. 

Using the –p option computes  p-values using Monte Carlo methods to approximate exact p-values.  The default number of MC samples is 100,000.  Due to an internal stopping rule, the actual number of cycles may be smaller (here: 5638).  These p-values are not affected by minfreq command as all haplotypes are included in the global test, regardless of frequency or number of informative families.  It gives similar results to the asymptotic tests, when the haplotype frequency is not restricted to be above 0.05.  
The minimal p test is a new feature (Spring, 2006).  This tests whether or not the minimum observed p-value among the single haplotype tests (in our case 0.035651 for h4) is significant, considering it is the minimum of all the  28 Monte Carlo haplotype tests.  It is not significant,  this test is consistent with the asymptotic global haplotype test with minfreq = 0.05.  The minimal p test should be more powerful than a global haplotype test if only one haplotype is significant.  With the camp data, the small frequency of the h4 haplotype suggests we should not declare significance on the basis of the results for this haplotype.   
Reproducing fbat results obtained earlier (bi-allelic mode), we emphasize that the fbat comand does not make use of, nor generates, haplotypes. Instead, all markers are treated independently. In this case (multiallelic mode) one test value is computed per marker. It is clear from the fbat output (right column) that the data provides too little information on marker m709 to give reliable test results. Only 7 tests are carried out, whereas 8 markers were read into the “FBAT” software using the CAMP pedigree data file.

We may therefore opt to remove marker m709 from the analysis.  Doing so has relative little impact on the analysis when minfreq=0.05, although it does have a relatively bigger effect on the global haplotype test p-value when minfreq equals 0 (not shown).
Using multimarker tests.
We will use the second Alzheimer’s data set to illustrate 2 new multimarker tests and contrast with the the haplotype test.  We start with looking at the results of  the single marker fbat tests and both the asymptotic and permutation global haplotypes tests.  We set the min frequency to 0.05.  Note m3 shows highly significant association.
The asymptotic global haplotypes test is not significant; one haplotype test,  for h1, is marginally significant..
This dataset has no parents, although many siblings.  To show the effect of using a low maxcmh, we set maxcmh to 100.  Note that the number of haplotypes decreases, as does the number of informative families. The p-vaules of both h1 and h2 decrease, and the overall p-value is marginally significant.  In general we would not expect  maxcmh to have a systematic effect on the p-values, although we would expect a lower maxcmh to decrease the number of informative families when parents are missing.
The permutaion global haplotypes test is not significant, and neither is the minimum-p.
To use the new multimarker tests, we have to switch to mode b, as both are based on the biallelic tests.  Note also, the assume the model is additive.  Neither will work if the model is dominant or recessive.

Now we try the multimarker test using all 9 snps; the result is highly significant, as we might expect because of the individual results for snps  3 and 5.
It is not advisable to use the linear combination option (fbat –l) with these data because there are no parents, and subjects were selected into the sample on the basis of phenotype.  We show it for illustration.  As expected, it does not do well.
We now look at the nicotine dependency data.  Here a substantial number of  parents have genotypes  and phenotypes, and when parents are missing, extra siblings were included regardless of phenotype. 
The individual fbat tests show that several markers are individually significant. 
The fbat multimarker test is marginally significant, despite several individual snps showing strong significance; the linear combination test does much better in this setting, as does the haplotype test (not shown).
The failure of the fbat multimarker test may be due to the relatively high pairwise LD for all the markers.  We use the hapfreq command, with option –d, to display the estimated D and D’ between markers.
Descriptive and diagnostic tools
The viewhap command can be used as a diagnostic tool for haplotype analyses, in the same way as viewstat before, when testing for linkage and association between a marker and a disease susceptibility locus. 

Bi-allelic mode

The viewhap command gives the estimated haploptype frequencies and the EM estimates of the phased genotype frequencies (not assuming Hardy Weinberg equilibrium). If no marker is specified, haplotypes are constructed based on all available marker information retrieved from the pedigree file. 

In addition, it shows the haplotype configuration of the specified markers, within each nuclear family. Per family, the following information is listed:
· observed genotype configuration

· compatible mating haplotypes

· compatible offspring genotypes

· distribution of compatible offspring genotype configurations
· weighted averages of genotype values for each haplotype
· statistics summary
For more information, we refer to the User’s Manual (Section 4.1.2.2) and  Horvath et al. (2003).

At the end, all pedigree information is pooled and detailed information about the FBAT statistics is given for all haplotypes constructed via the specified markers, including S, E(S) and Var(S).
Note the similarities between this output and the output generated from the viewstat command. The output lists the eigenvector and eigenvalue matrix associated with Var(S), which are useful in calculating the inverse of Var(S).

The command hbat m654 m47 will generate test statistics for haplotypes constructed on the basis of only two markers; m653 and m47. The same results and additional details can be obtained via the command 

viewhap –s m654 m47. The –s option suppresses per pedigree information on the FBAT statistic.

In this case, only 4 haplotypes occur in the data set, each with an estimated frequency as given in the output table to the right: 

Note that haplotype 4 has less than the minsize (here: default value of 10) number of informative families. It will therefore not give reliable estimates for the FBAT statistic, nor will it be included in the overall haplotype-locus test, based on the large sample chi-square FBAT statistic.

The rank of the variance matrix for (S) is 3. This number gives the degrees of freedom for the approximate (2-distribution of the multidimensional FBAT statistic (multiallelic mode; see below).

The table for haplotypes and EM estimates of the haplotype frequencies via

hbat m654 m47 are the same as those generated via the viewhap m654 m47 command. The variance of the generated test statistics per haplotype corresponds with a diagonal element in the variance covariance matrix, listed in the viewhap output. 

As before, the viewhap command can be used with the –e option. This will invoke FBAT to calculate empirically corrected statistics. Similar comments as those made with respect to viewstat apply.

Multi-allelic mode

Viewhap generates the same output under either bialleleic or multiallelic mode.

Additional diagnostic tools

The hapfreq command provides estimates of haplotype frequencies and pairwise linkage disequilibrium between the specified markers.

It estimates haplotype frequencies of parents in nuclear families, where haplotypes are again derived from the specified markers. An EM algorithm is used to resolve phase, or to include founders with missing haplotype information. 

These estimates are similar to those generated via the hbat (or viewhap) command. Recall that hbat estimates phased genotypes, not assuming Hardy-Weinberg, and generates haplotype frequencies from the phased genotype frequencies.

The –d option gives pairwise values of the measures of linkage disequilibrium D for all pairs of markers. For more information, refer to the User’s Manual (Section 6.3).

Final remark: Using haplotype tools on a single marker

When only one marker is specified, hbat and fbat give identical test results. This is not surprising, since in this case, concerns about unresolved phases are not an issue. The “haplotypes and EM estimates of frequency” table in the hbat output now lists estimates per marker allele, in this example for the two alleles of marker m47.


	>> log fbatintro

logging to file "fbatintro" is on

>> load CAMP.ped

read in: 8 markers from 651 pedigrees (652 nuclear families,2011 persons)

(from the CAMP.ped file)
m709 m654 m47 p46 p79 p252 p491 p523

. . .

292 1792 1458 1746 1 2 1 1 2 1 1 2 1 2 2 1 0 0 1 1 1 1

292 1746 0    0    2 0 1 1 2 1 1 2 1 2 2 1 2 2 1 1 1 1

292 1458 0    0    1 0 1 1 2 1 2 2 1 2 1 1 1 2 1 1 1 2

…

236 382  1166 1593 1 2 1 1 1 1 1 2 2 2 2 1 0 0 1 1 1 2

236 1593 0    0    2 0 1 1 1 1 1 2 1 2 2 1 0 0 1 1 1 1

236 1603 1166 1593 2 2 1 1 1 1 2 2 1 2 1 1 0 0 1 1 1 2

236 1166 0    0    1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

262 1199 1265 481  1 2 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1

262 481  0    0    2 0 1 1 2 1 1 2 1 2 2 1 2 2 1 1 1 1

262 1265 0    0    1 0 1 1 0 0 1 2 1 2 0 0 2 2 0 0 1 1

606 238  1958 465  1 2 1 1 1 1 2 2 2 2 1 1 1 1 1 1 2 2

606 465  0    0    2 0 1 1 1 1 1 2 2 2 0 0 1 2 1 1 1 2

606 1958 0    0    1 0 1 1 2 1 2 2 1 2 1 1 1 2 1 1 1 2

. . .

326 861  121  848  2 2 1 1 1 1 2 2 2 2 1 1 1 1 1 2 2 2

326 848  0    0    2 0 1 1 1 1 1 2 2 2 2 1 1 2 1 1 1 2

326 1702 121  848  2 2 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1

326 121  0    0    1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

…

>> fbat 

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)     Var(S)     Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  409    511.000    507.500     138.750   0.297 0.766365

m654         2  0.372  409    359.000    362.500     138.750  -0.297 0.766365

m47          1  0.363  402    367.000    365.000     140.500   0.169 0.866009

m47          2  0.637  402    485.000    487.000     140.500  -0.169 0.866009

p46          1  0.409  425    402.000    397.000     148.500   0.410 0.681582

p46          2  0.591  425    510.000    515.00      148.500  -0.410 0.681582

p79          1  0.631  393    473.000    477.500     136.750  -0.385 0.700377

p79          2  0.369  393    363.000    358.500     136.750   0.385 0.700377

p252         1  0.227  278    190.000    200.500      88.750  -1.115 0.265037

p252         2  0.773  278    394.000    383.500      88.750   1.115 0.265037

p491         1  0.989   26     45.000     43.000       7.500   0.730 0.465209

p491         2  0.011   26     13.000     15.000       7.500  -0.730 0.465209

p523         1  0.795  314    469.000    454.000     102.500   1.482 0.138448

p523         2  0.205  314    209.000    224.000     102.500  -1.482 0.138448

Total number of test(s): 14

>> trait
affection** 

>> minsize 4

current minimum informative family count is 4

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 4; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)     Z        P

m709         1  0.998    4      6.000      7.500        1.250  -1.342 0.179712

m709         2  0.002    4      4.000      2.500        1.250   1.342 0.179712

m654         1  0.628  409    511.000    507.500      138.750   0.297 0.766365

m654         2  0.372  409    359.000    362.500      138.750  -0.297 0.766365

m47          1  0.363  402    367.000    365.000      140.500   0.169 0.866009

m47          2  0.637  402    485.000    487.000      140.500  -0.169 0.866009

p46          1  0.409  425    402.000    397.000      148.500   0.410 0.681582

p46          2  0.591  425    510.000    515.000      148.500  -0.410 0.681582

p79          1  0.631  393    473.000    477.500      136.750  -0.385 0.700377

p79          2  0.369  393    363.000    358.500      136.750   0.385 0.700377

p252         1  0.227  278    190.000    200.500       88.750  -1.115 0.265037

p252         2  0.773  278    394.000    383.500       88.750   1.115 0.265037

p491         1  0.989   26     45.000     43.000        7.500   0.730 0.465209

p491         2  0.011   26     13.000     15.000        7.500  -0.730 0.465209

p523         1  0.795  314    469.000    454.000      102.500   1.482 0.138448

p523         2  0.205  314    209.000    224.000      102.500  -1.482 0.138448

Total number of test(s): 16

>> minsize 10

> displayp 0.5

current p_value is 0.500000

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 0.500

Marker  Allele  afreq fam#          S       E(S)      Var(S)       Z        P

p252         1  0.227  278    190.000    200.500      88.750  -1.115 0.265037

p252         2  0.773  278    394.000    383.500      88.750   1.115 0.265037

p491         1  0.989   26     45.000     43.000       7.500   0.730 0.465209

p491         2  0.011   26     13.000     15.000       7.500  -0.730 0.465209

p523         1  0.795  314    469.000    454.000     102.500   1.482 0.138448

p523         2  0.205  314    209.000    224.000     102.500  -1.482 0.138448

Total number of test(s): 14

>> displayp 1
>> fbat m709

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

Total number of test(s): 0

>> fbat p523

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z     P

p523         1  0.795  314    469.000    454.000      102.500   1.482 0.138448

p523         2  0.205  314    209.000    224.000      102.500  -1.482 0.138448

Total number of test(s): 2

>> ? fbat

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> fbat p523 -o

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)     Var(S)       Z        P

p523         1  0.795  314    469.000    454.000     102.500   1.482 0.138448

p523         2  0.205  314    209.000    224.000     102.500  -1.482 0.138448

marker "-o" is unknown

Total number of test(s): 2

>> fbat -o p523

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P        Offset

p523         1  0.795    0      *****

p523         2  0.205    0      *****

Total number of test(s): 0

>> load CAMPZ.phe

12 quantitative traits have been successfully read

2011 persons have been phenotyped

>> trait zlogpc20

affection zposfevp zposfvcp zlogpc20** zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos 

>> fbat

trait zlogpc20; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)      Var(S)       Z       P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  405     -7.062     -9.097      143.275   0.170 0.864968

m654         2  0.372  405    -11.354     -9.318      143.275  -0.170 0.864968

m47          1  0.363  398      8.099     -5.536      145.590   1.130 0.258447

m47          2  0.637  398    -41.727    -28.091      156.156   0.051 0.959122

p46          2  0.591  420      3.341      3.982      156.156  -0.051 0.959122

p79          1  0.631  390    -39.104    -20.453      137.212  -1.592 0.111343

p79          2  0.369  390      5.946    -12.704      137.212   1.592 0.111343

p252         1  0.227  283     -5.121     10.583       98.003  -1.586 0.112667

p252         2  0.773  283     29.357     13.653       98.003   1.586 0.112667

p491         1  0.989   27    -26.540    -25.960        7.814  -0.207 0.835630

p491         2  0.011   27     -8.536     -9.116        7.814   0.207 0.835630

p523         1  0.795  313    -10.642    -23.538      109.175   1.234 0.217102

p523         2  0.205  313    -19.402     -6.505      109.175  -1.234 0.217102

Total number of test(s): 14

>> log off

>> log ALZHsession1

logging to file "ALZHsession1" is on

>> load ALZH.ped

read in: 2 markers from 308 pedigrees (319 nuclear families,901 persons)

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

a2m          1  0.827   49    129.000    143.367       16.335  -3.555 0.000378

a2m          2  0.173   49     71.000     56.633       16.335   3.555 0.000378

apoe         2  0.035   15      9.000     16.209        4.269  -3.489 0.000484

apoe         3  0.541   85    153.000    175.301       36.836  -3.674 0.000238

apoe         4  0.423   83    196.000    166.489       37.131   4.843 0.000001

Total number of test(s):
>> setafftrait

wrong number of arguments

  setafftrait aff_t unaff_t unknown_t -- set trait value for affection status

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

a2m          1  0.827   49    129.000    143.367       16.335  -3.555 0.000378

a2m          2  0.173   49     71.000     56.633       16.335   3.555 0.000378

apoe         2  0.035   15      9.000     16.209        4.269  -3.489 0.000484

apoe         3  0.541   85    153.000    175.301       36.836  -3.674 0.000238

apoe         4  0.423   83    196.000    166.489       37.131   4.843 0.000001

Total number of test(s): 
>> setafftrait 0 1 0 

conver affection status to trait 0.000000(aff), 1.000000(unaff), 0.000000(unknown)

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

a2m          1  0.827   48    126.000    110.583       16.772   3.764 0.000167

a2m          2  0.173   48     30.000     45.417       16.772  -3.764 0.000167

apoe         2  0.035   13     20.000     15.109        3.887   2.481 0.013115

apoe         3  0.541   79    162.000    143.509       34.046   3.169 0.001530

apoe         4  0.423   78     95.000    118.381       34.742  -3.967 0.000073

Total number of test(s): 
>> offset 0.5

current trait offset is 0.500000

>> fbat

trait affection; offset 0.500; model additive; test bi-allelic; minsize 10; p=1.000

Marker  Allele  afreq fam#   S       E(S)      Var(S)       Z      P     Offse
a2m     1  0.817   49     -1.500    -16.392      15.104   3.832 0.000127   0.5
a2m     2  0.183   49    -20.500     -5.608      15.104  -3.832 0.000127   0.5
apoe    2  0.036   16      5.500     -0.550       3.298   3.331 0.000864   0.5
apoe    3  0.547   88     4.500    -15.896      31.031    3.661 0.000251   0.5
apoe    4  0.418   86    -50.500    -24.054      31.161  -4.738 0.000002   0.5
Total number of test(s): 5

>> offset 1

current trait offset is 1.000000

>> fbat

trait affection; offset 1.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#     S       E(S)      Var(S)    Z        P   Offset

a2m       1  0.817   49   -129.000   -143.367   16.335   3.555 0.000378    1.0
a2m       2  0.183   49    -71.000    -56.633   16.335  -3.555 0.000378    1.0
apoe      2  0.036   15     -9.000    -16.209    4.269   3.489 0.000484    1.0
apoe      3  0.547   85   -153.000   -175.301    36.836   3.674 0.000238   1.0
apoe      4  0.418   83   -196.000   -166.489    37.131  -4.843 0.000001   1.0
Total number of test(s): 5

>> setafftrait 1 0 0

conver affection status to trait 1.000000(aff), 0.000000(unaff), 0.000000(unknown)

>> offset 0

current trait offset is 0.000000

>> mode b

current test mode is bi-allelic

>> model a

current genetic model is additive

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)      Var(S)       Z        P

a2m          1  0.827   49    129.000    143.367      16.335  -3.555 0.000378

a2m          2  0.173   49     71.000     56.633      16.335   3.555 0.000378

apoe         2  0.035   15      9.000     16.209       4.269  -3.489 0.000484

apoe         3  0.541   85    153.000    175.301      36.836  -3.674 0.000238

apoe         4  0.423   83    196.000    166.489      37.131   4.843 0.000001

Total number of test(s): 5

>> fbat -o

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P        Offset

a2m     1  0.827   49     11.106     25.958  15.096  -3.823   0.000132 0.46233
a2m     2  0.173   49     24.305      9.453  15.096   3.823   0.000132 0.46230

apoe    2  0.035   16     -7.277     -1.369   3.286  -3.25    0.001119 0.56128
apoe    3  0.541   88    -29.415     -9.321  30.920  -3.614   0.000302 0.57909
apoe    4  0.423   86     32.308      6.246  31.086   4.674   0.000003 0.56251
Total number of test(s): 5

>> fbat -e

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)      Z        P

a2m          1  0.827   41    114.000    128.367       18.034  -3.383 0.000717

a2m          2  0.173   41     62.000     47.633       18.034   3.383 0.000717

apoe         2  0.035   14      8.000     15.209        5.733  -3.011 0.002604

apoe         3  0.541   73    132.000    154.301       40.470  -3.506 0.000456

apoe         4  0.423   71    180.000    150.489       43.826   4.458 0.000008

Total number of test(s): 5

>> fbat -o -e

Offset nuisance optimization is not available for empirical test

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> model g

current genetic model is genotype

>> fbat

trait affection; offset 0.000; model genotype; test bi-allelic; minsize 10; p 1.000

Marker      Allele  afreq fam#          S       E(S)   Var(S)       Z        P

a2m            1/1  0.667   46     39.000     50.750   11.984  -3.394 0.000688

a2m            1/2  0.319   49     51.000     41.866   12.914   2.542 0.011029

a2m            2/2  0.014   10     10.000      7.384    2.640   1.610 0.107358

apoe           2/2  0.000    1      *****

apoe           2/3  0.040   10      6.000     10.007    2.893  -2.356 0.018487

apoe           3/3  0.281   56     37.000     46.841   15.753  -2.480 0.013153

apoe           2/4  0.031    8      *****

apoe           3/4  0.481   80     77.000     75.611   22.387   0.293 0.769153

apoe           4/4  0.168   50     60.000     44.671   13.890   4.113 0.000039

Total number of test(s): 7

>> fbat –o

trait affection; offset 0.000; model genotype; test bi-allelic; minsize 10; p 1.000

Marker      Allele  afreq fam#          S       E(S)     Var(S)     Z        P

Total number of test(s): 0

>> fbat -e

The requested genotype test has not been implemented

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> model a

current genetic model is additive

>> mode m

current test mode is multi-allelic

>> fbat

trait affection; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

a2m            2     1      12.636    0.000378

apoe           3     2      30.507    0.000000

Total number of test(s): 2

>> fbat -o

trait affection; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P        Offset

a2m            2     1      14.612    0.000132      0.462330

apoe           3     2      27.964    0.000001      0.569757

Total number of test(s): 2

>> fbat -e

trait affection; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

a2m            2     1      11.445    0.000717

apoe           3     2      23.144    0.000009

Total number of test(s): 2

>> mode a

current test mode is both

>> fbat

by_both mode is only available for haplotype test

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> log off

logging to file "CAMPout" is on

>> load CAMP.ped

read in: 8 markers from 651 pedigrees (652 nuclear families,2011 persons)

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  409    511.000    507.500      138.750   0.297 0.766365

m654         2  0.372  409    359.000    362.500      138.750  -0.297 0.766365

m47          1  0.363  402    367.000    365.000      140.500   0.169 0.866009

…
>> model d

current genetic model is dominant

>> fbat

trait affection; offset 0.000; model dominant; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P

m709         1  0.998    0      *****

m709         2  0.002    4      *****

m654         1  0.628  195    128.000    132.500       43.750  -0.680 0.496292

m654         2  0.372  328    197.000    205.000       80.000  -0.894 0.371093

m47          1  0.363  323    211.000    205.000       77.000   0.684 0.494125

…
>> model r

current genetic model is recessive

>> fbat

trait affection; offset 0.000; model recessive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z       P

m709         1  0.998    4      *****

m709         2  0.002    0      *****

m654         1  0.628  328    153.000    145.000       80.000   0.894 0.371093

m654         2  0.372  195     77.000     72.500       43.750   0.680 0.496292

m47          1  0.363  205     72.000     76.000       46.500  -0.587 0.55
>> model g

current genetic model is genotype

>> fbat

trait affection; offset 0.000; model genotype; test bi-allelic; minsize 10; p 1.000

Marker      Allele  afreq fam#          S       E(S)     Var(S)    Z        P

m709           1/1  0.995    4      *****

m709           1/2  0.005    4      *****

m709           2/2  0.000    0      *****

m654           1/1  0.406  328    153.000    145.000    80.000  0.894 0.371093

m654           1/2  0.443  409    205.000    217.500   108.750 -1.199 0.230661

m654           2/2  0.150  195     77.000     72.500    43.750  0.680 0.496292

m47            1/1  0.144  205     72.000     76.000    46.500 -0.587 0.557480

…
>> mode m

current test mode is multi-allelic

>> model a

current genetic model is additive

>> fbat

trait affection; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     1       0.088    0.766365

m47            2     1       0.028    0.866009

p46            2     1       0.168    0.681582

p79            2     1       0.148    0.700377

p252           2     1       1.242    0.265037

p491           2     1       0.533    0.465209

p523           2     1       2.195    0.138448

Total number of test(s): 7

>> model d

current genetic model is dominant

>> fbat

trait affection; offset 0.000; model dominant; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     2       1.440    0.486682

m47            2     2       0.945    0.623557

p46            2     2       0.621    0.733228

p79            2     2       1.878    0.391085

p252           2     2       2.735    0.254804

p491      *** less than 2 major alleles ***

p523           2     2       2.901    0.234504

Total number of test(s): 6

>> model r

current genetic model is recessive

>> fbat

trait affection; offset 0.000; model recessive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     2       1.440    0.486682

m47            2     2       0.945    0.623557

p46            2     2       0.621    0.733228

p79            2     2       1.878    0.391085

p252           2     2       2.735    0.254804

p491      *** less than 2 major alleles ***

p523           2     2       2.901    0.234504

Total number of test(s): 6

>> model g

current genetic model is genotype

>> fbat

trait affection; offset 0.000; model genotype; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     2       1.440       0.487

m47            2     2       0.945       0.624

p46            2     2       0.621       0.733

p79            2     2       1.878       0.391

p252           2     2       2.735       0.255

p491           2     2       0.721       0.697

p523           2     2       2.901       0.235

Total number of test(s): 7

>> log off

>> load CAMPZ.phe

12 quantitative traits have been successfully read

2011 persons have been phenotyped

zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos

51  1900 - - - - - - - - - - - -

51  1667 -0.221 -0.894 -0.929 0.896 1.275 -0.585 -0.736 -0.79 -0.462 0.421 0.651 0.174

51  978 - - - - - - - - - - - -

379 1391 - - - - - - - - - - - -

379 1988 - - - - - - - - - - - -

379 109 0.643 0.007 -0.231 1.626 - -0.363 -0.494 -0.417 -0.883 0.186 1.604 0.55

>> mode b

current test mode is bi-allelic

>> model a

current genetic model is additive

>> trait

affection** zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos 

>> trait zncorpos

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos** 

>> fbat

trait zncorpos; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  406     -3.346     -6.677      137.963   0.284 0.776723

m654         2  0.372  406      6.584      9.915      137.963  -0.284 0.776723

m47          1  0.363  399     -0.060    -10.288      133.852   0.884 0.376690

…
>> trait zncorpos ztoteos zlogige

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos** zlogige** zncorpos** 

>> fbat

3 traits selected: zncorpos ztoteos zlogige 

model additive; test bi-allelic; minsize 10; p 1.000000

Marker  Allele  afreq fam#       DF       CHISQ           P

m709         1  0.000    4    *****

m709         2  0.000    4    *****

m654         1  0.628  397        3       0.242    0.970551

m654         2  0.372  397        3       0.242    0.970551

m47          1  0.363  390        3       5.474    0.140218

… 
The requested multi-trait test has not been implemented

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> fbat -e

The requested multi-trait test has not been implemented

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> trait zncorpos

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos** 

>> fbat

trait zncorpos; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  406     -3.346     -6.677      137.963   0.284 0.776723

m654         2  0.372  406      6.584      9.915      137.963  -0.284 0.776723

m47          1  0.363  399     -0.060    -10.288      133.852   0.884 0.376690

…
>> trait ztoteos

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos** zlogige zncorpos 

>> fbat

trait ztoteos; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  399      6.702     12.250      161.007  -0.437 0.661970

m654         2  0.372  399     -9.292    -14.839      161.007   0.437 0.661970

m47          1  0.363  393      6.019     18.675      156.453  -1.012 0.311622

…
Total number of test(s): 14

>> trait zlogige

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige** zncorpos 

>> fbat

trait zlogige; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)       Var(S)       Z        P

m709         1  0.998    4      *****

m709         2  0.002    4      *****

m654         1  0.628  403    -19.621    -21.180      153.909   0.126 0.899965

m654         2  0.372  403     -9.115     -7.555      153.909  -0.126 0.899965

m47          1  0.363  395    -15.005      5.055      133.729  -1.735 0.082806

…
>> trait zncorpos ztoteos zlogige

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos** zlogige** zncorpos** 

>> mode m

current test mode is multi-allelic

>> fbat

3 traits selected: zncorpos ztoteos zlogige 

model additive; test multi-allelic; minsize 10; p 1.000000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     3    0.241936    0.970551

m47            2     3    5.473737    0.140218

p46            2     3    1.246389    0.741901

p79            2     3    3.184897    0.363987

p252           2     3    3.848166    0.278333

p491           2     3    3.605217    0.307370

p523           2     3    2.392395    0.495052

>> trait zncorpos

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige zncorpos** 

>> fbat

trait zncorpos; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

m709      *** less than 2 major alleles ***

m654           2     1       0.080    0.776723

m47            2     1       0.781    0.376691

p46            2     1       0.326    0.568132

p79            2     1       0.005    0.944560

p252           2     1       0.056    0.813649

p491           2     1       0.021    0.884295

p523           2     1       0.093    0.760465

Total number of test(s): 7

>> mode b

current test mode is bi-allelic

>> model d

current genetic model is dominant

>> fbat

3 traits selected: zncorpos ztoteos zlogige 

model dominant; test bi-allelic; minsize 10; p 1.000000

Marker  Allele  afreq fam#       DF       CHISQ           P

m709         1  0.000    0    *****

m709         2  0.000    4    *****

m654         1  0.628  189        3       1.744    0.627268

m654         2  0.372  317        3       2.578    0.461381

m47          1  0.363  314        3       1.750    0.625799

…
p491         1  0.000    1    *****

p491         2  0.011   26        3       3.456    0.326551

p523         1  0.795   81        3       3.158    0.367908

p523         2  0.205  290        3       5.454    0.141446

>> model a

current genetic model is additive

>> afreq

m709

1     0.997652        **************************************************

2     0.002348        *

…

p523

1     0.794516        ****************************************

2     0.205484        ***********

>> genotype 326

wrong number of command arguments

  genotype pedigree mrk1 [mrk2..]  --  show markers' genotypes in pedigree

>> genotype 326 p523

p523 

861 121 848 2 2 

121 0 0 0 0 

848 0 0 1 2 

1702 121 848 1 1 

>> viewmarker p523

. . .

****  292    {AB,AA} ==> {AA}   

Possible sibs' genotypes g[] = 1/1  1/2  

Probability of each genotype Pg[] = 

0.500000
0.500000


Probability of each pair of genotypes Pgg[][] = 

0.250000
0.250000


0.250000
0.250000


****  606    {AB,AB} ==> {BB}   

Possible sibs' genotypes g[] = 1/1  1/2  2/2  

Probability of each genotype Pg[] = 

0.250000
0.500000
0.250000


Probability of each pair of genotypes Pgg[][] = 

0.062500
0.125000
0.062500


0.125000
0.250000
0.125000


0.062500
0.125000
0.062500


. . .

****  326    {,AB} ==> {AA,BB}   

Possible sibs' genotypes g[] = 1/1  1/2  2/2  

Probability of each genotype Pg[] = 

0.500000
-0.000000
0.500000


Probability of each pair of genotypes Pgg[][] = 

-0.000000
-0.000000
 0.500000


-0.000000
-0.000000
-0.000000


 0.500000        -0.000000
-0.000000


. . .

>> viewmarker p523 262

****  262    {AA,AA} ==> {AA}   

Possible sibs' genotypes g[] = 1/1  

Probability of each genotype Pg[] = 

1.000000


Probability of each pair of genotypes Pgg[][] = 

1.000000



    Ped 
Individual  Father     Mother 

    50296    5010001    5090401    5090402          

    50296    5010015    5090401    5090402          

    50296    5010036    5090401    5090402          

    50296    5010081    5090401    5090402          

    50296    5010183    5010081    5090410          

    50296    5010184    5090414    5090407          

    50296    5010188    5090405    5090409          

    50296    5010203    5090406    5090411          

    50296    5010212    5090406    5090411

Figure 1
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Figure 2: Pedigree 50296 in the Alzheimer data set

>> fbat p523

3 traits selected: zncorpos ztoteos zlogige 

model additive; test bi-allelic; minsize 10; p 1.000000

Marker  Allele  afreq fam#       DF       CHISQ           P

p523         1  0.795  307        3       2.392    0.495052

p523         2  0.205  307        3       2.392    0.495052

>> viewstat p523

…

ped 8 (1314,303)

allele     trait           S          ES      Var(S)

1       zncorpos      1.8520      1.3890      0.2144

1        ztoteos      0.8200      0.6150      0.0949      0.0420

1        zlogige     -0.1520     -0.1140     -0.0176     -0.0078      0.0014

ped 281 (316,315)

allele     trait           S          ES      Var(S)

1       zncorpos      0.0000     -0.2020      0.0204

1        ztoteos      0.0000     -0.5520      0.0558      0.1524

1        zlogige      0.0000     -0.3950      0.0399      0.1090      0.0780

…

Sum of statistics for 307 families

allele     trait           S          ES      Var(S)

1       zncorpos     34.9090     31.7000    100.0984

1        ztoteos     48.7210     50.3850     20.4622     96.3750

1        zlogige     -1.6100      9.6235     49.7495     42.3008    100.6787

…

ped 8 (1314,303)

allele     trait           S          ES      Var(S)

2       zncorpos      0.0000      0.4630      0.2144

2        ztoteos      0.0000      0.2050      0.0949      0.0420

2        zlogige      0.0000     -0.0380     -0.0176     -0.0078      0.0014

ped 281 (316,315)

allele     trait           S          ES      Var(S)

2       zncorpos     -0.4040     -0.2020      0.0204

2        ztoteos     -1.1040     -0.5520      0.0558      0.1524

2        zlogige     -0.7900     -0.3950      0.0399      0.1090      0.0780

…

Sum of statistics for 307 families

allele     trait           S          ES      Var(S)

2       zncorpos      5.2570      8.4660    100.0984

2        ztoteos      9.5930      7.9290     20.4622     96.3750

2        zlogige     15.0160      3.7825     49.7495     42.3008    100.6787

>> viewstat -s p523

Sum of statistics for 307 families

allele     trait           S          ES      Var(S)

1       zncorpos     34.9090     31.7000    100.0984

1        ztoteos     48.7210     50.3850     20.4622     96.3750

1        zlogige     -1.6100      9.6235     49.7495     42.3008    100.6787

Sum of statistics for 307 families

allele     trait           S          ES      Var(S)

2       zncorpos      5.2570      8.4660    100.0984

2        ztoteos      9.5930      7.9290     20.4622     96.3750

2        zlogige     15.0160      3.7825     49.7495     42.3008    100.6787

>> mode m

current test mode is multi-allelic

>> viewstat -s p523

The requested multi-trait test has not been implemented

  viewstat [-e] [-o] [-c] [-s] marker -- view statistics.

     -c censored trait

     -e empirical test

     -o optimize offset

     -s summary only

>> fbat p523

3 traits selected: zncorpos ztoteos zlogige 

model additive; test multi-allelic; minsize 10; p 1.0000

Marker   Allele#    DF       CHISQ           P

p523           2     3      2.3924      0.4951

>> viewstat -e -s p523

The requested multi-trait test has not been implemented

  viewstat [-e] [-o] [-c] [-s] marker -- view statistics.

     -c censored trait

     -e empirical test

     -o optimize offset

     -s summary only

>> fbat -e p523

The requested multi-trait test has not been implemented

  fbat [-e] [-o] [-c] [marker...] -- FBAT test.

     -c censored trait

     -e empirical test

     -o optimize offset

>> trait zlogige

affection zposfevp zposfvcp zlogpc20 zampfmea zpmpfmea zbdabs zfevbd zbdpred zsxcmean ztoteos zlogige** zncorpos 

>> mode b

current test mode is bi-allelic

>> model a

current genetic model is additive

>> viewstat -s p523

total family count = 633; informative family count = 313

Alle Fam# S         E(S)      Var(S)

1    313  -5.7400   7.8295    104.1080  -104.1080 

2    313  12.6200   -0.9495   -104.1080 104.1080  

eigenvector:

0.7071
0.7071

-0.7071
0.7071

diagonal vector:

208.2160


0.0000

pseudo inverse v:

0.0024
0.0024

-0.0024
0.0024

rank = 1

chisq = 1.7687

>> fbat p523

trait zlogige; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P

p523         1  0.795  313     -5.740      7.830       104.108  -1.330 0.183548

p523         2  0.205  313     12.620     -0.949       104.108   1.330 0.183548

Total number of test(s): 2

>> mode m

current test mode is multi-allelic

>> fbat p523

trait zlogige; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

p523           2     1       1.769    0.183548

Total number of test(s): 1

>> mode b

current test mode is bi-allelic

>> viewstat -e -s p523

total pedigree count = 651; informative pedigree count = 286

Alle Ped# S         E(S)      Var(S)

1    286  -14.2350  -0.6655   119.7503  -119.7503 

2    286  4.1250    -9.4445   -119.7503 119.7503  

eigenvector:

0.7071
0.7071

-0.7071
0.7071

diagonal vector:

239.5006


0.0000

pseudo inverse v:

0.0021
0.0021

-0.0021
0.0021

rank = 1

chisq = 1.5376

>> fbat -e p523

trait zlogige; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

Marker  Allele  afreq fam#          S       E(S)        Var(S)       Z        P

p523         1  0.795  286    -14.235     -0.665       119.750  -1.240 0.214971

p523         2  0.205  286      4.125     -9.444       119.750   1.240 0.214971

Total number of test(s): 2

>> mode m

current test mode is multi-allelic

>> fbat -e p523

trait zlogige; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

p523           2     1       1.538    0.214971

Total number of test(s): 1

logging to file "CAMPout2" is on

>> load CAMP.ped

read in: 8 markers from 651 pedigrees (652 nuclear families,2011 persons)

>>mode a

Current test mode is both

>> hbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.000; p 1.000; maxcmh 1000

haplotype analysis for the following markers:

m709 m654 m47 p46 p79 p252 p491 p523 

haplotypes and EM estimates of frequency:

h1   :     1   1   1   2   2   2   1   1   0.357       

h2   :     1   2   2   1   1   2   1   1   0.352       

h3   :     1   1   2   2   1   1   1   2   0.180       

...

h28  :     2   2   1   2   2   2   1   1   0.000       

Allele  afreq   fam#          S       E(S)        Var(S)       Z        P

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

h1      0.357  246.0    296.500    293.750        90.152   0.290 0.772091

h2      0.352  248.0    275.000    271.500        93.250   0.362 0.717002

h3      0.180  195.0    156.499    165.499        65.792  -1.110 0.267182

h4      0.037   41.0     40.999     32.750        14.396   2.174 0.029681

h5      0.029   42.0     28.000     25.500        12.250   0.714 0.475051

h6      0.011   17.0     10.000     10.500         4.750  -0.229 0.818546

...

h28     0.000    0.5      *****

Allele#    DF       CHISQ           P

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

     28     6       12.508      0.051551

>> minfreq 0.05

minimum allele frequency to be included in test is 0.05
>> hbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

haplotype analysis for the following markers:

m709 m654 m47 p46 p79 p252 p491 p523 

haplotypes and EM estimates of frequency:

h1   :     1   1   1   2   2   2   1   1   0.357       

h2   :     1   2   2   1   1   2   1   1   0.352       

h3   :     1   1   2   2   1   1   1   2   0.180       

h4   :     1   1   2   1   1   2   1   1   0.037       

…

h28  :     2   2   1   2   2   2   1   1   0.000       

Allele  afreq   fam#          S       E(S)        Var(S)       Z        P

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

h1      0.357  246.0    296.500    293.750        90.152   0.290 0.772091

h2      0.352  248.0    275.000    271.500        93.250   0.362 0.717002

h3      0.180  195.0    156.499    165.499        65.792  -1.110 0.267182

h4      0.037   41.0      ***** 

…

h28     0.000    0.5      *****

Allele#    DF       CHISQ           P

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

     28     3       1.256    0.739711

>> hbat -p

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

haplotype permutation test for the following markers:

m709 m654 m47 p46 p79 p252 p491 p523 

Permutation cycles = 5638

haplotype                              afreq   fam#    rank(S_obs) P_2sided
h1   : 1   1   1   2   2   2   1   1   0.357   295.0     2106.5    0.747251

h2   : 1   2   2   1   1   2   1   1   0.352   291.0     1980.5    0.702554

h3   : 1   1   2   2   1   1   1   2   0.180   215.0     4909.5    0.258425 
h4   : 1   1   2   1   1   2   1   1   0.037    44.0    100.5      0.035651

…

h16  : 1   2   1   2   1   2   1   1   0.001       *** too few informative obs 
…

h26  : 1   1   1   2   1   2   1   1   0.000       *** too few informative obs
h27  : 1   1   2   1   1   2   1   2   0.000       *** too few informative obs 
h28  : 2   2   1   2   2   2   1   1   0.000       *** too few informative obs 
whole marker permutation test (chisq sum) P = 0.047712

whole marker permutation test (minimal p) P = 0.202643

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

Marker  Allele  afreq fam#        S       E(S)        Var(S)       Z        P

m709        1  0.998    4      *****

m654        1  0.638  409    511.000    507.500       138.750   0.297 0.766365

m654        2  0.362  409    359.000    362.500       138.750  -0.297 0.766365

m47         1  0.369  402    367.000    365.000       140.500   0.169 0.866009

m47         2  0.631  402    485.000    487.000       140.500  -0.169 0.866009

p46         1  0.399  425    402.000    397.000       148.500   0.410 0.681582

p46         2  0.601  425    510.000    515.000       148.500  -0.410 0.681582

p252        1  0.628  393    473.000    477.500       136.750  -0.385 0.700377

p252        2  0.372  393    363.000    358.500       136.750   0.385 0.700377

p491        1  0.226  278    190.000    200.500        88.750  -1.115 0.265037

p491        2  0.774  278    394.000    383.500        88.750   1.115 0.265037

p491        1  0.988   26     45.000     43.000         7.500   0.730 0.465209

p523        1  0.799  314    469.000    454.000       102.500   1.482 0.138448

P523        2  0.201  314    209.000    224.000       102.500  -1.482 

Total number of test(s): 13

>> hbat  m654 m47 p46 p79 p252 p491 p523 

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

haplotype analysis for the following markers:

 m654 m47 p46 p79 p252 p491 p523 
haplotypes and EM estimates of frequency:

h1   :     1   1   2   2   2   1   1   0.358       

h2   :     2   2   1   1   2   1   1   0.354       

h3   :     1   2   2   1   1   1   2   0.180       

…

h26  :     1   2   1   1   2   1   2   0.000       

Allele  afreq   fam#          S       E(S)        Var(S)       Z        P

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

h1      0.358  252.0    302.500    297.500        91.839   0.522 0.601843

h2      0.354  252.0    286.000    283.500        95.250   0.256 0.797813

h3      0.180  199.0    157.499    166.499        66.792  -1.101 0.270793

h4      0.037   42.0      *****

Allele#    DF       CHISQ           P

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

     26     3       1.233    0.745119

>> q

                GOOD BYE......
>> load AD2.ped

read in: 9 markers from 437 pedigrees (586 nuclear families,2557 persons)

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.000; p 1.000; maxcmh 1000

Marker  Allele  afreq fam#          S       E(S)     Var(S)       Z        P

m1           2  0.517  138    312.000    309.664     57.417   0.308 0.757894

m2           2  0.674  120    307.000    301.325     47.890   0.820 0.412219

m3           2  0.078   43     57.000     44.307     13.745   3.424 0.000618

m4           2  0.661  121    305.000    296.837     47.327   1.187 0.235413

m5           2  0.812   85    246.000    259.407     27.537  -2.555 0.010621

m6           2  0.043   17     13.000     12.367      5.032   0.282 0.777693

m7           2  0.817   81    248.000    259.329     28.198  -2.133 0.032894

m8           2  0.338  121    208.000    221.041     46.491  -1.913 0.055794

m9           2  0.654  117    296.000    285.302     45.836   1.580 0.114058

Total number of test(s): 18

>> minfreq 0.05

minimum allele frequency to be included in test is 0.050000

>> hbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

haplotype analysis for the following markers:

m1 m2 m3 m4 m5 m6 m7 m8 m9 

haplotypes and EM estimates of frequency:

h1   :     1   2   1   2   2   1   2   1   2   0.496       

h2   :     2   1   1   1   2   1   2   2   1   0.279       

h3   :     2   2   1   2   1   1   1   1   2   0.092       

h4   :     2   2   2   2   1   1   1   1   2   0.029       

...

h33  :     2   1   2   1   2   1   2   2   1   0.000       

Allele  afreq   fam#          S       E(S)        Var(S)       Z        P

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

h1      0.496   75.0    200.534    187.918        36.207   2.097 0.036019

h2      0.279   56.4    104.976    112.334        27.411  -1.405 0.159876

h3      0.092   28.0     37.349     36.664        12.105   0.197 0.843895

h4      0.029   10.6      *****

Allele#    DF       CHISQ           P

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

     33     3       5.743    0.124792

>> maxcmh 100

current maximum allowable compatible mating haplotypes # is 100

>> hbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 100

haplotype analysis for the following markers:

m1 m2 m3 m4 m5 m6 m7 m8 m9 

haplotypes and EM estimates of frequency:

h1   :     1   2   1   2   2   1   2   1   2   0.533       

h2   :     2   1   1   1   2   1   2   2   1   0.228       

h3   :     2   2   1   2   1   1   1   1   2   0.105       

h4   :     1   2   1   2   2   2   2   1   2   0.020       

...

h25  :     2   2   1   1   2   1   2   1   2   0.002       

Allele  afreq   fam#          S       E(S)        Var(S)       Z        P

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

h1      0.533   45.0    121.956    109.094        28.628   2.404 0.016221

h2      0.228   28.0     42.000     50.350        19.600  -1.886 0.059281

h3      0.105   19.0     24.956     23.749         7.941   0.428 0.668387

h4      0.020    5.0      *****

h25     0.002    0.0      *****

Allele#    DF       CHISQ           P

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

     25     3       8.197    0.042120

>> maxcmh 1000

current maximum allowable compatible mating haplotypes # is 1000

>> hbat -p

trait affection; offset 0.000; model additive; test both; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

haplotype permutation test for the following markers:

m1 m2 m3 m4 m5 m6 m7 m8 m9 

Permutation cycles = 5976

haplotype                             afreq       fam# rank(S_obs)    P_2side

h1: 1   2   1   2   2   1   2   1   2   0.496     75.0    100.0      0.033467

h2: 2   1   1   1   2   1   2   2   1   0.279     56.4    5517.0     0.153614

h3: 2   2   1   2   1   1   1   1   2   0.092     28.0    2422.0     0.810576

h4: 2   2   2   2   1   1   1   1   2   0.029     10.6    4978.5     0.333835

h5: 1   2   1   2   2   2   2   1   2   0.016      6.4    3656.5     0.7762
h6  1   2   2   2   2   1   2   1   2   0.012      4.3    4227.0     0.585341

h7: 2   2   1   2   1   1   2   1   2   0.010      1.0    1787.0     0.598059

h8: 1   2   1   2   2   1   2   2   2   0.008      4.0    4109.0     0.624833

h9: 2   2   1   1   2   1   2   2   1   0.006      2.0    5400.5     0.192604

...

h30:2   1   2   1   2   1   1   2   1   0.001 *** too few informative obs ***

whole marker permutation test (chisq sum) P = 0.367303

whole marker permutation test (minimal p) P = 0.234103

>> mode b

current test mode is bi-allelic

>> fbat -m

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

Marker  Allele  Freq  fam#       S-ES          Z

m1           1 0.483   138     -2.336     -0.308

m2           1 0.326   120     -5.675     -0.820

m3           1 0.922    43    -12.693     -3.424

m4           1 0.339   121     -8.163     -1.187

m5           1 0.188    85     13.407      2.555

m6           1 0.957    17     -0.633     -0.282

m7           1 0.183    81     11.329      2.133

m8           1 0.662   121     13.041      1.913

m9           1 0.346   117    -10.698     -1.580

FBAT_MM test: S_MM = 23.249; df = 9; p_value = 0.005660

>> fbat -l

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

Marker  Allele  Freq  fam#       S-ES          Z          W

m1           1 0.483   138     -2.336     -0.308      0.051

m2           1 0.326   120     -5.675     -0.820      0.445

m3           1 0.922    43    -12.693     -3.424     -0.542

m4           1 0.339   121     -8.163     -1.187     -0.090

m5           1 0.188    85     13.407      2.555     -1.037

m6           1 0.957    17     -0.633     -0.282      0.471

m7           1 0.183    81     11.329      2.133     -0.547

m8           1 0.662   121     13.041      1.913     -0.480

m9           1 0.346   117    -10.698     -1.580      0.940

FBAT_LC test: Z_LC = -1.958; p_value = 0.974870

>> q

                GOOD BYE......

load nico.ped

read in: 6 markers from 221 pedigrees (206 nuclear families,621 persons)

mendelian error: locus chrna6, pedigree SMK055 [SMK0551,SMK0552]

mendelian error: locus cha25, pedigree SMK121 [SMK1211,SMK121m]

mendelian error: locus chrna6, pedigree SMK157 [SMK1571,SMK1572]

mendelian error: locus chrna5, pedigree SMK157 [SMK1571,SMK1572]

mendelian error: locus cha25, pedigree SMK157 [SMK1571,SMK1572]

A total of 5 mendelian errors have been found

genotypes of families with mendelian error have been reset to 0

>> fbat

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.000; p 1.000; maxcmh 1000

Marker  Allele  afreq fam#          S       E(S)     Var(S)       Z    P

cha15       35  0.559   62    132.000    135.417     20.596  -0.753 0.451533

cha13        1  0.179   36     59.000     51.200     13.406   2.130 0.033146

chrna6      38  0.286   47     56.000     67.567     18.725  -2.673 0.007518

chrna5      34  0.416   58     86.000     99.133     23.675  -2.699 0.006951

cha25       37  0.601   59    138.000    139.083     20.923  -0.237 0.812782

cha4P       44  0.185   39     62.000     55.283     13.413   1.834 0.066660

Total number of test(s): 12

\

>> fbat -m

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

Marker  Allele  Freq  fam#       S-ES          Z

cha15       35 0.559    62     -3.417     -0.753

cha13        1 0.179    36      7.800      2.130

chrna6      38 0.286    47    -11.567     -2.673

chrna5      34 0.416    58    -13.133     -2.699

cha25       35 0.399    59      1.083      0.237

cha4P       42 0.815    39     -6.717     -1.834

FBAT_MM test: S_MM = 12.316; df = 6; p_value = 0.055269

>> fbat -l

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; min_freq 0.050; p 1.000; maxcmh 1000

Marker  Allele  Freq  fam#       S-ES          Z          W

cha15       35 0.559    62     -3.417     -0.753      0.525

cha13        1 0.179    36      7.800      2.130      1.055

chrna6      38 0.286    47    -11.567     -2.673     -0.699

chrna5      34 0.416    58    -13.133     -2.699     -0.348

cha25       35 0.399    59      1.083      0.237      0.382

cha4P       42 0.815    39     -6.717     -1.834     -1.180

FBAT_LC test: Z_LC = 2.521; p_value = 0.005846

>> hapfreq -d

estimating haplotype frequencies for the selected markers:

cha15  cha13  chrna6  chrna5  cha25  cha4P  

Hapl                    freq      

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

37  2   40  36  35  42  0.390219  

35  2   38  34  37  42  0.227023  

35  1   40  36  37  44  0.139913  

35  2   40  34  37  42  0.134864  

37  2   40  36  37  42  0.022941  

Pairwise LD(D') matrix using first allele of each marker

             cha15        cha13        chrna6       chrna5       cha25        

cha13         0.068(0.99)

chrna6        0.094(0.81) -0.033(0.85)

chrna5        0.153(0.84) -0.053(0.86)  0.144(0.94)

cha25        -0.218(0.96) -0.061(0.98) -0.097(0.92) -0.156(0.93)

cha4P        -0.069(0.97) -0.122(0.96)  0.033(0.81)  0.052(0.81)  0.064(0.98)

>> q
>> viewhap 

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

estimating haplotype frequencies for the selected markers:

m709  m654  m47  p46  p79  p252  p491  p523  

a#   Hapl                            freq      

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

1
1900 X 978

…

651
841 X 1725

a1   1   1   1   2   2   2   1   1   0.358     

a2   1   2   2   1   1   2   1   1   0.352     

…

a31  1   2   2   1   0   2   1   1   0.000     

EM estimates of phased genotype frequencies for the selected markers:

A1   A2   freq

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

a1   a1   0.143

…

a13  a19  0.001

Family Haplotype Distribution

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

pedigree 1, nuclear family [1900 x 978]

observed genotype configuration

1900           = 1   1   1   2   2   2   1   1   

                 1   1   1   2   2   2   1   1   

978            = 1   1   1   2   2   1   1   1   

                 1   1   2   2   1   2   1   2   

1667           = 1   1   1   2   2   1   1   1   

                 1   1   2   2   1   2   1   2   

…

Statistic Summary:

haplo     weight      S           E(S)        Var(S)...

h1        1.000       1.000       1.500       0.250     -0.250    

h3        1.000       1.000       0.500       -0.250    0.250     

********************************

…

********************************

number of processed families = 380

haplo     fam#    S           E(S)        Var(S)...

h1        246.0   297.500     294.750     90.152    -53.607   -27.565   -2.354    -2.917    -1.250    -1.000    0.042     0.250     -0.062    -0.500    0.250     -0.250    -0.125    0.000     0.000     0.167     0.000     0.000     -0.250    -0.250    -0.667    -0.062    

…

h26       0.5     0.000       0.250       -0.062    0.000     0.000     -0.062    0.000     0.000     0.000     0.000     0.000     0.062     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.000     0.062     

Working Variance Matrix:

90.152 -53.607 -27.565 -2.354 -2.917 -1.250 

-53.607 93.250 -23.976 -4.000 -6.917 -2.500 

-27.565 -23.976 65.792 -7.667 -2.417 -1.250 

-2.354 -4.000 -7.667 14.396 0.000 0.000 

-2.917 -6.917 -2.417 0.000 12.250 0.250 

-1.250 -2.500 -1.250 0.000 0.250 4.750 

eigenvectors:

0.373 -0.702 -0.384 -0.436 -0.043 -0.167 

0.376 0.711 -0.415 -0.392 -0.025 -0.164 

0.371 0.031 0.823 -0.382 -0.095 -0.172 

0.398 -0.011 -0.049 0.570 -0.664 -0.270 

0.406 -0.022 0.025 0.417 0.738 -0.340 

0.508 -0.007 0.006 0.109 0.051 0.853 

diagonal vector:

1.273


145.476



91.140




24.083





12.988






5.629

pseudo inverse v:

0.127 0.120 0.117 0.117 0.119 0.122 

0.120 0.128 0.117 0.118 0.121 0.123 

0.117 0.117 0.128 0.120 0.117 0.120 

0.117 0.118 0.120 0.185 0.116 0.118 

0.119 0.121 0.117 0.116 0.199 0.115 

0.122 0.123 0.120 0.118 0.115 0.333 

rank = 6

>> viewhap -s m654 m47 

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

estimating haplotype frequencies for the selected markers:

m654  m47  

a1   1   1   0.364     

a2   2   2   0.360     

a3   1   2   0.274     

a4   2   1   0.003     

EM estimates of phased genotype frequencies for the selected markers:

A1   A2   freq

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

a1   a1   0.147

a1   a2   0.253

a1   a3   0.180

a2   a2   0.145

a2   a3   0.173

a2   a4   0.003

a3   a3   0.096

a3   a4   0.002

number of processed families = 477

haplo     fam#    S           E(S)        Var(S)...

h1        366.8   376.699     375.043     127.397   -74.447   -52.877   -0.072    

h2        367.7   359.699     355.143     -74.447   126.793   -52.050   -0.296    

h3        332.0   289.301     293.057     -52.877   -52.050   105.681   -0.754    

h4        5.5     0.301       2.757       -0.072    -0.296    -0.754    1.122     

Working Variance Matrix:

127.397 -74.447 -52.877 

-74.447 126.793 -52.050 

-52.877 -52.050 105.681 

eigenvectors:

0.713 0.578 -0.397 

-0.701 0.578 -0.418 

-0.012 0.576 0.817 

diagonal vector:

201.552


0.374



157.945

pseudo inverse v:

0.899 0.893 0.890 

0.893 0.897 0.889 

0.890 0.889 0.892 

rank = 3

>> hbat m654 m47

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

haplotype analysis for the following markers:

m654 m47 

haplotypes and EM estimates of frequency:

h1   :     1   1   0.364       

h2   :     2   2   0.360       

h3   :     1   2   0.274       

h4   :     2   1   0.003       

Allele#    DF       CHISQ           P

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

      4     3       5.666    0.129051

>> viewhap -s -e m654 m47 

trait affection; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

estimating haplotype frequencies for the selected markers:

m654  m47  

…

number of processed families = 477

haplo     fam#    S           E(S)        Var(S)...

h1        347.8   376.699     375.043     120.692   -73.456   -47.287   0.051     

h2        348.7   359.699     355.143     -73.456   128.507   -54.629   -0.422    

h3        290.0   289.301     293.057     -47.287   -54.629   102.791   -0.876    

h4        5.5     0.301       2.757       0.051     -0.422    -0.876    1.247     

…

>> mode b

current test mode is bi-allelic

>> hapfreq m654 m47 

estimating haplotype frequencies for the selected markers:

m654  m47  

Hapl    freq      

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

1   1   0.363687  

2   2   0.359546  

1   2   0.274073  

2   1   0.002693  

> hapfreq -d m654 m47 

estimating haplotype frequencies for the selected markers:

m654  m47  

Hapl    freq      

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

1   1   0.363687  

2   2   0.359546  

1   2   0.274073  

2   1   0.002693  

Pairwise LD(D') matrix using first allele of each marker

             m654         

m47           0.130(0.98)




Appendix: data sets used for illustration

CAMP Data on Asthmatic Children

The first dataset comprises a collection of parent/child trios in the Childhood Asthma Management Program (CAMP) Ancillary Genetics Study. The CAMP study is a clinical trial of asthmatic children (mild to moderate asthma) who were randomized to three different asthma treatments (CAMP 1999; see Manual References). The data set includes 651 pedigrees with complete parent/child trio information. Some participants are siblings, and therefore 652 nuclear families are included. 

The genetic data consists of 8 markers (SNPs) in the beta2-adrenergic receptor ((2AR). Both quantitative and qualitative traits are available. The CAMP phenotypes can be grouped into the following categories:

· Asthma diagnosis

· Atopy: IgE, eosinophil count, allergy skin tests

· Pulmonary function/severity: FEV1 (% predicted), FVC (% predicted), PEFR (am and pm), asthma symptom score

· Airway responsiveness: FEV1 increase post bronchodilator inhilation (absolute volume, % baseline, % predicted), pc20

Basic descriptive statistics for the available CAMP quantitative phenotypes are given in Table1.

These data are used to illustrate underlying ideas of the FBAT statistics outlined in the FBAT manual.  Special attention is given to assess linkage and association between a marker locus and any gene influencing the trait(s), or between a haplotype and a disease susceptibility locus. We show how a dichotomous or a measured trait is accomodated by the software. In addition we show how multiple traits can be analysed simultaneously.

Acknowledgements:
We thank the Genetic Epidemiology group at the Channing Laboratory, Brigham and Women’s Hospital, and in particular Dr Scott Weiss (MD), for providing us with the CAMP data. 
	Phenotype
	Number of Subjects with Phenotype Values
	Mean
	Standard Deviation

	Post-Bronchodilator FEV1 (% Predicted)
	698
	102.8
	12.7

	Post-Bronchodilator FVC (% Predicted)
	698
	106.3
	12.8

	Ln PC20 to Methacholine
	698
	0.042
	1.166

	Bronchodilator Responsiveness              (post-FEV1 – pre-FEV1) as Absolute Volume in liters
	680
	0.159
	0.135

	Bronchodilator Responsiveness as % of Baseline FEV1
	680
	10.36
	9.42

	Bronchodilator Responsiveness as % of Predicted FEV1
	680
	8.99
	7.18

	Morning Mean Peak Expiratory Flow Rate
	700
	245.4
	64.7

	Evening Mean Peak Expiratory Flow Rate
	700
	255.3
	65.4

	Mean Asthma Symptom Score
	700
	0.611
	0.345

	Total Eosinophil Count
	687
	512.9
	456.7

	Log Total Serum IgE
	692
	2.63
	0.68

	Number of Positive Skin Tests
	700
	3.53
	2.66


Table 1: Quantitative Phenotypes in CAMP Genetics Ancillary Study Participants
AD Data on Alzheimer Disease

Two data sets are subsamples from the National Institute of Mental Health (NIMH) Genetics Initiative Alzheimer’s Disease (AD) Sample. The ascertainment and assessment of AD families collected have been discussed in Blacker et al. (1997). None of the families in this data set have parental genotype information; practically all of them have both affected and unaffected offspring.. 

Affection status is the trait of interest. The genetic data in AD.ped consists of two markers, one in the human erythropoietin gene (APOE), and one in the alpha 2-macroglobulin (A2M) gene. There are 901 individuals contained in 319 nuclear families in this ped.file.  The second AD data set, AD2.ped,
has 9 markers (SNPs) from 437 pedigrees (586 nuclear families,2557 persons).  See Saunders et al.,(2003) Genetic association of Alzheimer's disease with multiple polymorphisms in alpha-2-macroglobulin Hum Mol Genet. 2003 Nov 1;12(21):2765-76. 

             We exploit the more complex family-structure of this data to show additional features of the FBAT-tools software that cannot be illustrated using the 
             CAMP data set. 

Acknowledgements: 
We thank Genetics and Aging Research Unit, Rudolph E. Tanzi, PhD, Director, for providing the data.

NICO Data on Nicotine Dependency  

    The final data set comes from a study of Nicotine Dependency in Chinese Men.  There are 6 markers (SNPs) from the nicotine acetylcholine receptor alpha 4 subunit gene in 621 persons from 206 nuclear families in 221 pedigrees.  See Feng, Y (2004) A common haplotype of the nicotine acetylcholine receptor alpha 4 subunit gene is associated with vulnerability to nicotine addition in men. Am J Hum Genet, 2004; 75(1):112-21.  The phenotype is a 0/1 indicator of nicotine dependency.  Unlike our other data sets, whenever parents have genotype data, they also have phenotype data.
Acknowledgements: 
             We thank the Program in Population Genetics at Harvard School of Public Health and Dr. Xiping Xu for providing these data.
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