COMPUTER TUTORIAL

· Fbat Manual

· Readme Files

· Fbat Tour … 

The FBAT Tool kit
· Software for implementing family-based association tests:
· FBAT: 

· Extended pedigrees

· Power calculations

· General data analysis functions for quantit. traits

· Screening procedures for multiple traits, markers, and/or models

· PBAT: 

· Mode of operation: interactive and command driven

FBAT home page: http://www.biostat.harvard.edu/~fbat/default.html

· FBAT Features
	Type of traits
	Dichotomous, measured, censored

Univariate, multivariate



	Type of markers
	Biallelic, multiallelic



	Genetic models
	Additive, dominant, recessive, genotype



	Type of tests
	Unidimensional, multi-dimensional



	Family structures
	Nuclear families with or without multiple sibs, extended pedigrees, …



	Null hypothesis
	H01: no linkage and no association

H02: no association in the presence of linkage


Pedigree Input Data File
· Similarities with LINKAGE format
· Without additional pedigree identifiers (such as next-paternal-sibling and next-maternal-sibling numbers)

· Marker names in the first line

Layout:

First line:          

names of all markers in the sequence of the genotype data

Remaining lines:  

Pid  Id  Fid  Mid  Sex  Aff  A11 A12 A21 A22 …
Pedigree Input Data File
	Pid
	pedigree ID

	Id
	individual ID

	Fid
	father ID

Use 0 (zero) for founders or marry-ins (parents not specified) in a pedigree

	Mid
	mother ID

Use 0 (zero) for founders or marry-ins (parents not specified) in a pedigree

	Sex
	1 = male, 2 = female

	Aff
	affection status

2 = affected, 1 = unaffected, 0 = unknown

	Aij
	allele j of marker i (j=1,2; i=1, 2,…)

Alleles are represented by positive integers. Use 0 (zero) for missing alleles.


Pedigree Input Data File
m709 m654 m47 p46 p79 p252 p491 p523

. . .

7   1792 1458 1746 1 2 1 1 2 1 1 2 1 2 2 1 0 0 1 1 1 1

7   1746 0    0    2 0 1 1 2 1 1 2 1 2 2 1 2 2 1 1 1 1

7   1458 0    0    1 0 1 1 2 1 2 2 1 2 1 1 1 2 1 1 1 2

…

9   382  1166 1593 1 2 1 1 1 1 1 2 2 2 2 1 0 0 1 1 1 2

9   1593 0    0    2 0 1 1 1 1 1 2 1 2 2 1 0 0 1 1 1 1

9   1603 1166 1593 2 2 1 1 1 1 2 2 1 2 1 1 0 0 1 1 1 2

9   1166 0    0    1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10  1199 1265 481  1 2 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1

10  481  0    0    2 0 1 1 2 1 1 2 1 2 2 1 2 2 1 1 1 1

10  1265 0    0    1 0 1 1 0 0 1 2 1 2 0 0 2 2 0 0 1 1

11  238  1958 465  1 2 1 1 1 1 2 2 2 2 1 1 1 1 1 1 2 2

11  465  0    0    2 0 1 1 1 1 1 2 2 2 0 0 1 2 1 1 1 2

11  1958 0    0    1 0 1 1 2 1 2 2 1 2 1 1 1 2 1 1 1 2

. . .

Example of Pedigree Data
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Pedigree Input Data File
	
	Length
	# of Alleles

	
	ID
Name
	Marker Name
	

	
	
	
	

	· FBAT
	16
	64
	40


· Remarks: 
· Last line of .PED file no longer needs to end with a carriage return…
· IDs without an own entity in the .PED file (FIDs or MIDs) have marker alleles set to missing
 Simple FBAT Data Analysis

· FBAT Z statistic: 
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· Default “FBAT” settings:

	Displayp
	1.0 (implying that no test results are 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 from pedigree file


	Type
	“FBAT” Command
	Brief Description

	General
	? [command]
	Help on specified command;
“?” lists all available “FBAT” commands

	
	quit
	Exit “FBAT”

	Data input/output
	load [ped,phe] file_name
	Loading pedigree and trait data

	
	log [log_file,on,off]
	Logging inputs and outputs

	
	run script_file
	Running batch commands from file

	Descriptive /

Diagnostic
	afreq [marker(s)]
	Estimating allele frequencies

	
	genotype pedigree_id marker1 [marker2 …]
	Displaying raw genotype data

	
	hapfreq [-d] [marker(s)]
	Estimating haplotype frequencies 

	
	viewhap [-c] [-s] [-e]

[marker(s)]
	Viewing haplotype configurations

	
	viewmarker marker [pedigree_id]
	Displaying info about marker genotype distribution

	
	viewstat [-e] [-o] [-c] [-s] marker
	Displaying detailed information about FBAT statistics

	FBAT test
	displayp [p_value]
	Supress p_values > specified value

	
	fbat [-e] [-o] [-c] [marker(s)]
	Computing family-based association test statistic (FBAT)

	
	hbat [-c] [-e] [-o] 

[-p[value]] [marker(s)]
	Computing haplotype version of FBAT statistic

	
	maxcmh [count]
	Setting the maximum allowable number of compatible mating haplotypes

	
	minsize [size_value]
	Specifying minimum number of informative families

	
	mode [b,m,a]
	Selecting biallelic, multiallelic testing procedures or both (a)

	
	model [a,d,r,g] 
	Selecting the genetic model

	
	offset [offset_value]
	Setting the trait offset

	
	sdt [marker]
	Computing sibship disequilibruim test (SDT)

	
	setafftrait aff_t unaff_t unknown_t
	Setting trait values

	
	trait [trait_name(s)]
	Specifying the trait(s) of interest


Data Analysis:  Changing Offset 

· The default calculations in FBAT use offset 
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· Alternatively, the offset (  

· is disease prevalence

· … may be hard to estimate (e.g., when ascertainment depends on phenotype)

· minimizes the variance of the FBAT statistic

· one optimal way to include unaffecteds in the test

· -o option to fbat command

· maximizes the power of the FBAT test

· not yet available in FBAT software (see PBAT)

· incorporates information from covariates 

· ( markers that are tightly linked to test locus!

Phenotype Input Data File

· FBAT convention: .PHE
Layout:

First line:          

names of all traits in the phenotype file

Remaining lines:  

Pid  Id  trait_1  trait_2 …

· Remarks:

· .PED IDs not in .PHE file: phenotypes set to missing

· Missing values: “-”

Phenotype Input Data File

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

1  1900 - - - - - - - - - - - -

1  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

1  978 - - - - - - - - - - - -

2  1391 - - - - - - - - - - - -

2  1988 - - - - - - - - - - - -

2  109 0.643 0.007 -0.231 1.626 - -0.363 -0.494 -0.417 -0.883 0.186 1.604 0.55

 

…


  pid     id      trait_1     trait_2 …

Data Analysis: Changing Mode and Model








Coding variable X


     
· Biallelic mode [N]
Scalar
· Additive



# of 1 alleles in genotype




    
· Dominant


1: genotype has “1” allele; 0: otherwise

    
· Recessive


1: genotype is “11”; 0: otherwise


    

· Genotype


1: target genotype; 0: otherwise                         
· Multiallelic mode [(2(rank of Var(S))]
Vector (elements refer to alleles 1,2,3, …)

· Additive



entry i: # of i alleles





  
· Dominant


entry i: 1 if genotype has “i” allele; 0 otherw.   
· Recessive 


entry i: 1 if genotype is “ii”; 0 otherwise       
   
· Genotype


entry j: 1 for j-th genotype; 0 otherwise            
Biallelic Mode: Dominant / Recessive 

· Dominant for allele 1:

Xd =1
if 11 or 12

Xd =0
if 22

· Recessive for allele 2:

Xr =0
if 11 or 12

Xr =1
if 22

Xr =1- Xd
(
Zr =- Zd
Diagnostics

· Viewing detailed test results
· Main command: viewstat
· Detailed information on FBAT statistics for specified markers, including S, E(S) and Var(S)
· S is displayed as a vector (one entry for each allele); E(S) is a vector,  Var(S) is a matrix -- unless the -o option is used 

· Mode independent
· Options: [-e] [-o] [-c] [-s] marker
· -e, -o, -c: as with fbat command

· -s: suppresses within family output

Diagnostics

· Viewing detailed marker genotype distribution under the null
· Main command: viewmarker marker
· Options: [pedigree_id]  
[image: image10.png]A

=

.
= | ®®

soand0s | s0s0409

E1

E



[image: image11.png]“ ANORE

(48, y==> (a8}

soi0as





Pedigree 50296 in Alzheimer data set

Data on Alzheimer Disease
· These data are a sub-sample 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. In total there are 901 individuals contained in 319 nuclear families. 

· Affection status is the trait of interest. The genetic data consists of two markers (SNPs), one in the human erythropoietin gene (APOE), and one in the alpha 2-macroglobulin (A2M) gene. 

· 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. 

(refer to “A Tour of fbat”)
Acknowledgements: 
We thank Genetics and Aging Research Unit, Rudolph E. Tanzi, PhD, Director, for providing the data.

FBAT in Practice

· Download software to desktop (handouts)
· FBAT interface

· FBAT batch mode: run script0_hsph.txt

log fbatintro

load CAMP.ped

fbat 

trait 

minsize 4

fbat

minsize 10

displayp 0.5

fbat

display 1

fbat m709

fbat m709 p523

? fbat

fbat p523 -o

fbat -o p523

log off

log on

load CAMPZ.phe

trait zlogpc20

fbat

log off
CAMP Data on Asthmatic Children 

· These data comprise 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

(refer to “A Tour of fbat”)

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. 
Quantitative Phenotypes in CAMP Genetics Ancillary Study 
	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


Illustration: dichotomous trait, 

offset choices/ models / mode

log ALZHsession1

load ALZH.ped

fbat

setafftrait

fbat

setafftrait 0 1 0 

fbat

offset 0.5

fbat

offset 1

fbat

setafftrait 1 0 0

offset 0

fbat

fbat -o

fbat -e

fbat -o -e

model d

fbat -o

model g

fbat -o

model a

mode m

fbat

fbat -o

fbat -e

model d

fbat -o

model g

fbat -o

mode a

model a

fbat

log off
                   (script1_hsph.txt)

PBAT ( FBAT

· Mainly optional differences
	
	FBAT
	PBAT

	Censored Data
	· FBAT-EXP

· 
	· Wilcoxon-FBAT

· Logrank-FBAT

	Offset
	· zero

· minimize variance

· user-specified

· 
	· zero

· maximize power

· regression-based

	Within-family Structure
	· 
	· option to account for environmental correlation within a family


PBAT 

· Some remarkable features for PBAT: 
	· Effect Size
	Provisional estimates for effect size, based on expected offspring genotype.

	· Covariates
	PBAT accepts covariates in the trait input data file. 

Any selection of these can be accounted for in the computed FBAT statistics.

	· Interactions
	When interaction variables have been selected, PBAT will compute FBAT statistics to test for gene-covariate interactions. 

The null implies no gene-environment interaction as well as the absence of main genetic effects

	· Screening
	PBAT offers a testing strategy to screen markers and phenotypes that adequately handles the multiple testing problem.

	· Power
	· Analytical power calculations, 

· Power calculations via approximation,

· Power calculations via Monte Carlo simulations 


PBAT: Before you start …
· Copy “pbatdata.txt” to the directory containing pedigree and phenotype files
· Accelerates the computation of the marker distribution for extended pedigrees
· Largest nuclear families does not have more than 15 offspring
· Let PBAT create “pbatdata.txt”:
· Specify size of largest nuclear family
· Takes time …

Pedigree Input Data File
	
	Length
	# of Alleles

	
	ID
Name
	Marker Name
	

	
	
	
	

	· PBAT
	(
	(
	(       (

	· FBAT
	16
	64
	40


· Remarks: 
· IDs without an own entity in the .PED file (FIDs or MIDs) have marker alleles set to missing
Phenotype Input Data File

· PBAT = FBAT convention: .PHE
Layout:

First line:          

names of all traits in the phenotype file

Remaining lines:  

pid id trait_1 trait_2 …

· Remarks:

· .PED IDs not in .PHE file: phenotypes set to missing

· Missing values: “.” or “-”

· Dichotomous FBATs: .PHE automatically includes affection status
· Covariates: names/data follow trait names/data

 PBAT in Practice

· Download software to desktop (handouts)
· PBAT interface

· PBAT batch mode: e.g., pbat script2_pbat_hsph.txt &

Markers  SNPs  mod  # fam    FBAT   FBAT-I   power    Wald

 p252         2       0      284        0.1127  1              0.1105  0.3831 zlogpc20 

 p252         1       0      284        0.1127  1              0.1105  0.3831 zlogpc20

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

Compare with FBAT output:

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

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

Total number of test(s): 2

pedfile CAMP.ped

snps p252 end

phenofile CAMPZ.phe

phenos  zlogpc20 end

fbat 1

offset 0

shortoutput 1

logfile out_session2.log

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

# fbat batch file

load CAMP.ped

load CAMPZ.phe

trait zlogpc20

fbat p252

fbat –o p252

fbat –e p252

Illustration: quantitative trait zlogpc20, marker p252

offset choices in PBAT / pbatstatus.txt/ read saved session 

	SNPs
	mod
	# fam
	FBAT
	FBAT-I
	power
	Wald



	no offset

	2
	0
	284
	0.1127
	1
	0.1105
	0.3831

	1
	0
	284
	0.1127
	1
	0.1105
	0.3831

	

	optimal power

	2
	0
	284
	0.1201
	1
	0.1105
	0.3831

	1
	0
	284
	0.1201
	1
	0.1105
	0.3831

	

	phenotypic residuals including expected marker score

	2
	0
	284
	0.1455
	1
	0.1100
	0.3831

	1
	0
	284
	0.1080
	1
	0.1103
	0.3831

	

	standard phenotypic residual

	2
	0
	284
	0.1151
	1
	0.1105
	0.3831

	1
	0
	284
	0.1151
	1
	0.1105
	0.3831


FBAT: Haplotype Based Association Testing
· Main command: hbat 
· Haplotype analogue of fbat command for a single trait

· Null hypothesis:

· H01: no association or linkage between the haplotype locus and any trait influencing gene 
· H02: no association between the haplotype locus and any trait influencing gene, in the presence of linkage
· Submitted marker genotypes are treated as if unphased – phase construction happens later

· Options: [-c] [-e] [-o]  [-p[#]] [marker(s)]
· –c, -e, -o: used in similar fashion as within fbat command

· hbat –o is compatible with multi-allelic mode: min(trace of Var(S))

· –p: computes p-values of S in the univariate case using Monte Carlo samples from the null distribution.  
hbat –p[#] 
· Computes p-values of Z in the univariate case using Monte Carlo samples from the null distribution of no linkage and no association.  
· The # specifies the number of Monte Carlo samples to be drawn (default: 100,000). 
· The actual number of samples may be smaller; 
· Stopping rule: At least 100 Monte Carlo based Z values >= Z_obs and at least 100 Monte Carlo based Z_values <= Z_obs

· The stopping rule performs well for extreme p-values: 

· For very small p-values under the null, the number of cycles will be large and hence a high level of precision will be obtained. 

· Increase the default number of Monte Carlo samples when a higher level of precision is aimed for. 

· For relatively large p-values under the null, the number of cycles will be small resulting in a lower precision level of the p-value estimate.
· The –p option cannot be used with –e (usually implying linkage is present)
hbat or fbat …
· PBAT interface: 

· FBAT test on a single marker, incorporating covariate information

· FBAT interface:

· FBAT test on multiple tightly linked markers (haplotype analysis)

hbat   SNP7 SNP8 SNP9

haplotypes and EM estimates of frequency:

h1   :     1   2   2   0.532       

h2   :     3   2   2   0.252       

h3   :     3   4   2   0.090       

h4   :     1   2   4   0.075       

h5   :     3   2   4   0.040       

h6   :     3   4   4   0.012       

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

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

h1      0.532  712.2 103311.472 104102.164   3815137.670  -0.405 0.685616

h2      0.252  606.9  56269.324  56456.943   2716952.193  -0.114 0.909377

h3      0.090  295.4  21101.503  20910.649   1368795.870   0.163 0.870416

h4      0.075  247.0  18913.428  17689.189    988712.670   1.231 0.218246

h5      0.040  144.8   8917.013   9396.429    525501.660  -0.661 0.508394

h6      0.012   46.8   2849.508   2806.877    164519.564   0.105 0.916293

Allele#    DF       CHISQ           P

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

      6     5       1.959    0.854816
Informative Families

· Those families with non-zero contribution to the test statistic
· Degenerate conditional genotype distribution
· E.g., two homozygous parents, missing parental genotypes and identical offspring genotypes
· Non-degenerate 
· E.g., two affected offspring with genotypes 11 and 12 and no parents
· “FBAT” output
· fbat table: count = non-negative
· hbat table: count may be fractional, as it is a weighted sum
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              (pi(G) is the conditional probability of the i-th compatible offspring’s phased genotype G; h: haplotype) 

hbat for fbat …
· FBAT interface:

· Comparison between single SNP with haplotype analysis (asymptotic and Monte Carlo based tests):

hbat -p SNP7 SNP8 SNP9

haplotype permutation test for the following markers:

SNP7 SNP8 SNP9 

Permutation cycles = 888

haplotype              afreq       fam#      rank(S_obs)     P_2side

h1   :     1   2   2   0.532       831.2     566.0           0.725225

h2   :     3   2   2   0.252       646.9     506.0           0.860360

…

whole marker                       772.0           0.869369

hbat -p SNP8

haplotype permutation test for the following markers:

SNP8 

Permutation cycles = 591

haplotype      afreq       fam#      rank(S_obs)     P_2side

h1   :     2   0.899       327.0     352.0           0.808799

h2   :     4   0.101       327.0     239.0           0.808799

whole marker               491.0           0.830795

fbat SNP8 

trait QTL1; offset 0.000; model additive; test bi-allelic; minsize 10; p 1.000

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

SNP8         2  0.895  327  57573.603  57807.090   1390927.899  -0.198 0.843065

SNP8         4  0.106  327  22683.041  22449.554   1390927.899   0.198 0.843065

trait QTL1; offset 0.000; model additive; test multi-allelic; minsize 10; p 1.000

Marker   Allele#    DF       CHISQ           P

SNP8           2     1       0.039    0.843065

Haplotype analysis and missingness
· Phase-unknown parental genotypes:

· extending conditioning strategy to tightly linked markers by conditioning on the sufficient statistic for resolving phase as well
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· Phase-unknown subjects:

· weights assigned to the possible phased genotypes that are consistent with any ambiguous sibling’s unphased genotype
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Diagnostics for haplotype analysis 

· Estimating haplotype frequencies
· Main command: hapfreq 
· Derived from parental haplotypes in nuclear families

· Estimates of phased genotypes  ( Estimates of haplotype frequencies 
· Options: [-d] [marker(s)]
· -d: gives pairwise values of the measures of linkage disequilibrium

         D (D’) for all pairs of markers:
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     pAB : joint probability of two alleles,  A and B, from two different

              markers

     pA .  (p.B) : marginal probabilities of allele A (B) 
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