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OBJECTIVES 
GenoProb analyzes genetic marker data in complex pedigrees with missing marker data. Its 
output has been used for QTL detection, marker assisted selection, and identification and 
correction of errors in marker data and pedigrees. 
 
GenoProb computes the approximate genotypic distribution of marker loci using an 
“incomplete penetrance” model that accounts for the possibility of scoring errors in the marker 
data. Consequently, it is able to compute the probability of scoring errors for individuals that 
have marker data and to make statistical inferences about the genotypes of individuals that do 
not have marker data. The incomplete penetrance model allows the analysis of marker data in 
which parents and offspring have incompatible genotypes as well as other data configurations 
that would cause the likelihood to be zero under a standard “complete penetrance” model. 
GenoProb can also run the complete penetrance model. 
 
GenoProb also computes approximate grandparental origin (GPO) probabilities. These are 
marginal probabilities of the elements of the inheritance vector, also called segregation 
indicators. More precisely, they are the probability that the allele transmitted through a 
particular meiosis is of grandpaternal, as opposed to grandmaternal, origin. If two progeny of 
the same individual each has a GPO probability of either 0 or 1, then they inherited the same 
allele. If one progeny is 0 and the other is 1, they inherited different alleles. If the GPO 
probabilities are between 0 and 1, the inheritance is ambiguous, but is summarized 
quantitatively. The GPO probabilities can be used in QTL analysis. 
 
COMPUTING METHODS 
GenoProb uses the iterative allelic peeling algorithm described by Thallman et al. (2001a,b). 
The algorithm is approximate in pedigrees that contain loops, which occur when it is possible 
to trace a path from an individual back to itself without retracing any steps and without regard 
to the direction of arrows in the pedigree. Most livestock pedigrees contain loops, but the 
degree of approximation may be minimal in many of them, such as those in which sires’ 
genotypes can be determined with near certainty. 
 
GenoProb allows for the presence of unobservable recessive “null” alleles, such as unamplified 
microsatellite alleles. The genotypic distribution computed by GenoProb includes all possible 
genotypes involving the null allele. 
 
GenoProb includes an incomplete penetrance function specific for microsatellite loci in which 
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minor errors (e.g., a 2 bp shift in one or two bands) are considered much more probable than 
major errors (e.g., a 10 bp shift in one band and a 16 bp shift in the other). It also includes a 
more general incomplete penetrance function in which all errors are considered equally likely. 
The later function could be used for SNP, RFLP, RAPD, or other types of genetic markers. 
 
A multilocus extension to GenoProb is under development. In the multilocus algorithm, each 
locus is iteratively peeled individually, but the peeling is conditional on GPO probabilities and 
other summary statistics computed from linked loci. The resulting approximate multilocus 
probabilities are conditional on the marker data at all loci on the chromosome. The 
approximations for the multilocus analysis are less robust to small family sizes and sparse 
marker data than are the approximations to allow pedigree loops. 
 
USE 
GenoProb has been used to analyze microsatellite data on the MARC twinning population, 
consisting of 3959 individuals, 781 of which have no marker data at all. Twenty-one 
microsatellite loci on chromosome 7 were analyzed with an average of 1210 (range of 89 to 
2838) individuals per locus with marker data. The number of alleles per locus ranged from 3 to 
24  with an average of 9.8. The analysis of all loci took 6.7 min on a 1.7 GHz Pentium 4. 
Analysis with the multilocus extension to GenoProb required 47.3 min. Execution time is 
roughly proportional to the numbers of individuals, loci, and possible genotypes per locus.  
 
GenoProb was designed for repeated analysis of a dynamic set of marker data, with minimal 
human intervention. To facilitate this objective, GenoProb was designed to acquire input data 
from and store results in databases and can be set up to run automatically. A mode that uses 
text files for input/output is being added to facilitate ease of getting started and for those users 
that prefer this method. 
 
AVAILABILITY 
GenoProb is expected to be publicly available at no cost by the end of 2002. It will be available 
on the URL:  http://www.marc.usda.gov/. A multilocus version of GenoProb is under 
development and is expected to eventually be publicly available at no cost.  
 
COMPUTING ENVIRONMENT 
GenoProb is written in C++ and runs on Windows NT 4.0, Windows 95 and later versions of 
these operating systems.  
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