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COMPUTER PROGRAM NOTE



COANCESTRY: a program for simulating, estimating and



analysing relatedness and inbreeding coefficients JINLIANG WANG



Institute of Zoology, Zoological Society of London, London NW1 4RY, UK



Abstract The software package COANCESTRY implements seven relatedness estimators and three inbreeding estimators to estimate relatedness and inbreeding coefficients from multilocus genotype data. Two likelihood estimators that allow for inbred individuals and account for genotyping errors are for the first time included in this user-friendly program for PCs running Windows operating system. A simulation module is built in the program to simulate multilocus genotype data of individuals with a predefined relationship, and to compare the estimators and the simulated relatedness values to facilitate the selection of the best estimator in a particular situation. Bootstrapping and permutations are used to obtain the 95% confidence intervals of each relatedness or inbreeding estimate, and to test the difference in averages between groups. Keywords: genetic markers, inbreeding coefficient, maximum likelihood, relatedness, simulations Received 22 March 2010; revision received 5 May 2010; accepted 13 May 2010 Genetic marker data are widely used to estimate the relatedness between individuals in a population in which pedigree records are either lacking or unreliable. Such marker-based relatedness is valuable in many areas of research in behaviour, evolution and conservation in natural populations (Blouin 2003). Example applications include estimating heritabilities (e.g. Ritland 2000; Visscher et al. 2006), minimizing inbreeding in captive populations (e.g. Jones et al. 2002; Sekino et al. 2004), studying spatial structure and isolation by distance (e.g. Hardy & Vekemans 2002; Vekemans & Hardy 2004), examining social structures and kin selection (e.g. Girman et al. 1 1997; Peters et al. 1999), inferring sex-based migration (e.g. Piertney et al. 1998; Knight et al. 1999) and estimating population sizes (e.g. Nomura 2008). Quite a few relatedness estimators have been proposed, which use the individual multilocus genotype information differently and thus could yield different estimates (below). Currently, there are several software packages implementing some of these estimators, such as Relatedness (Queller & Goodnight 1989), IDENTIX (Belkhir et al. 2002), SPAGeDI (Hardy & Vekemans 2002), ML_RELATE (Kalinowski 2 et al. 2006), GENALEX (Peakall & Smouse 2005). In this study, I describe a new computer program that comple-
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ments previous ones in several important aspects as briefed below.



Relatedness between inbred individuals All relatedness estimators implemented in current computer programs assume non-inbred individuals. In this simple case, two diploid individuals, X and Y, can share 2, 1 and 0 pairs of genes identical by descent (IBD) at a locus, as shown by IBD mode S7, S8 and S9 in Fig. 1. The genes within an individual, either X or Y, are always non-IBD. Denoting the probabilities of IBD mode S7, S8 and S9 by D7, D8, and D9, respectively, the co-ancestry coefficient between X and Y is hXY ¼ 12D7 þ 14D8 : hXY represents the probability that a gene chosen at random from individual X is IBD to a homologous gene chosen at random from individual Y. In the literature, both hXY (e.g. Ritland 1996) and 2hXY (e.g. Lynch & Ritland 1999; Wang 2002) are used to characterize the genetic relatedness between X and Y, rXY, because of their common coancestry. Herein I define rXY = hXY because in the presence of inbreeding rXY can be larger than 1 if it is defined as rXY = 2hXY. For some common relationships, the values of D7, D8, D9 and rXY are listed in Table 1.
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Fig. 1 Identity by descent modes of the four genes at a locus of two diploid individuals. Each group of four dots represents an identical by descent (IBD) mode between two individuals. The top pair of dots represents the two genes in individual X and the bottom pair of dots represents the two genes in individual Y. Genes connected by lines are IBD.



Table 1 Probabilities of identical by descent and relatedness for some common relationships Relationship*



D1



D2



D3



D4



D5



D6



D7



D8



D9



rXY



FX



FY



Monozygotic twins, clonemates Parent-offspring Full sibs Half sibs, Avuncular, Grandparent-grandchild Double first cousins First cousins Unrelated Two selfed sibs Selfed-outbred sibs Parent-selfed offspring



0 0 0 0



0 0 0 0



0 0 0 0



0 0 0 0



0 0 0 0



0 0 0 0



1 0 1⁄4 0



0 1 1⁄2 1⁄2



0 0 1⁄4 1⁄2



1⁄2 1⁄4 1⁄4 1⁄8



0 0 0 0



0 0 0 0



0 0 0 1⁄8 0 0



0 0 0 1⁄8 0 0



0 0 0 1⁄4 1⁄4 0



0 0 0 0 1⁄4 0



0 0 0 1⁄4 0 1⁄2



0 0 0 0 0 0



1 ⁄ 16 0 0 1⁄4 0 1⁄2



6 ⁄ 16 1⁄4 0 0 1⁄2 0



9 ⁄ 16 3⁄4 1 0 0 0



1⁄8 1 ⁄ 16 0 1⁄2 1⁄4 1⁄2



0 0 0 1⁄2 1⁄2 0



0 0 0 1⁄2 0 1⁄2



Avuncular: Any of the four combinations of aunt-nephew, aunt-niece, uncle-nephew, uncle-niece. For selfed-outbred and parent-selfed offspring dyads, the first individual is denoted by X and the second Y.



The assumption of a large outbreeding population is at most an approximation in reality. Because of population subdivision (fragmentation), small population size and nonrandom mating (e.g. selfing), individuals can be inbred and the relatedness between such individuals should ideally take inbreeding into account. Otherwise, a biased estimate of relatedness might be resulted. The relatedness between siblings from first cousin mating, for example, would be underestimated by 1 ⁄ 32 if inbreeding of the siblings (or relatedness between parents) is ignored. In general, a set of nine IBD modes, as depicted in Fig. 1, are required to give a full description of the possible IBD relationships among the four homologous genes possessed by two individuals (Jacquard 1972). Given the probability of each of the nine IBD modes for individuals X and Y, the inbreeding coefficients of and relatedness between X and Y are FX ¼ D1 þ D2 þ D3 þ D4 ; FY ¼ D1 þ D2 þ D5 þ D6 ; rXY ¼ D1 þ 12ðD3 þ D5 þ D7 Þ þ 14D8 where Di is the probability of IBD mode i (=19) with P9 i¼1 Di ¼ 1, FX and FY are the inbreeding coefficients of X and Y. The nine IBD probabilities, relatedness and inbreeding coefficients for some relationships in selfing populations are listed in Table 1.



Currently, there is no moment relatedness estimator that could account for inbreeding. There are however two likelihood methods that allow for inbred individuals. Both attempt to estimate the nine IBD coefficients and thus their summary statistics (e.g. rXY, FX and FY) between a pair of individuals, using their multilocus genotypes. One is described by Milligan (2003), but only the reduced three-parameter model of non-inbreeding was implemented (as in ML_RELATE, Kalinowski et al. 2006). Later, the full nine-parameter model was implemented by Wang (2007) and Anderson & Weir (2007). In the former, a new likelihood method that estimates the nine IBD coefficients using the multilocus genotypes of the focal dyad as well as a reference individual was also described and implemented. As at present, there are no user-friendly computer programs available that calculate the two nine-parameter likelihood estimators. In COANCESTRY, both methods are implemented, and users have the choice whether to run the full nine-parameter or the reduced three-parameter models. When the full models are selected, COANCESTRY gives relatedness estimates from the two likelihood estimators with inbreeding taken into account, and also inbreeding coefficients. Additionally, five moment estimators, proposed by Queller & Goodnight (1989), Li et al. (1993), Ritland (1996), Lynch & Ritland (1999), Wang (2002), are also calculated.
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Bootstrapping over loci is adopted to obtain the 95% confidence interval of each estimator for each dyad. Genetic marker data used in relatedness analyses usually contain genotyping errors and mutations (Pompanon et al. 2005). Relatedness could be biased when estimated from markers that have a substantial mistyping rate, as demonstrated by simulations (Wang 2007). Both likelihood methods implemented in COANCESTRY allow the user to specify a locus-specific mistyping rate and estimate relatedness by accounting genotyping errors.



Inbreeding coefficients Individual inbreeding coefficients can be estimated from the same marker data used for estimating relatedness. Such estimates are useful in many applications, such as for investigating mating systems and inbreeding depression. Unlike previous relatedness software, COANCESTRY implements one moment and two likelihood methods (see above) for inferring inbreeding coefficients. Moment estimators are typically obtained by equating a certain summary statistic of the data to its expected value given the parameter and solving for the parameter, and are so called because they are usually in terms of the first few moments of allele frequency distributions. In contrast, likelihood estimates are obtained by maximizing the likelihood of the parameter given the data. The moment estimator of inbreeding implemented in COANCESTRY was proposed by Li & Horvitz (1953), as described in Ritland (1996). For a locus with k alleles of frequency pi (i = 1–k), the estimator is defined as F¼



k X Si  p2i ðk  1Þpi i¼1



where the indicator variable Si = 1 if the two genes within an individual are both allele i, and Si = 0 otherwise. The multilocus estimate is obtained by weighting the single locus estimates by k–1 (Ritland 1996). The inbreeding coefficient estimates from the likelihood methods are calculated from the estimates of the nine IBD coefficients as shown above (Wang 2007). When an individual is involved in N dyads, an estimate of its inbreeding coefficient is obtained as the average across the N estimates.



Simulations Quite a few relatedness estimators have been proposed, and compared for accuracy extensively using both simulated and empirical data sets (e.g. Lynch & Ritland 1999; Van de Casteele et al. 2001; Wang 2002; Milligan 2003; Csillery et al. 2006). However, there seems to be no single estimator that performs best in
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all situations. The rank order of these estimators is marker data dependent and relies also on the true relatedness being estimated or the population’s relatedness structure. For example, for biallelic or effectively biallelic (where two of the alleles are common, with frequencies sum to a value close to one) markers, the Queller & Goodnight (1989), Ritland (1996) and Lynch & Ritland (1999) estimators behave badly, yielding frequently either undefined or erratically very large estimates (Wang 2002). Likelihood methods are better than moment estimators when a large number of polymorphic markers are available. Otherwise, they are less accurate than moment estimators. Usually the Ritland (1996) and Lynch & Ritland (1999) estimators are more accurate for unrelated or loosely related dyads but are less accurate for highly related dyads than the Queller & Goodnight (1989), Li et al. (1993) and Wang (2002) estimators. Because of these complexities, it is difficult for a user to decide which estimator is the most appropriate to use for his ⁄ her data analysis. It is therefore recommended that simulated data mimicking the real data (in markers and samples) are generated and comparatively analysed by different estimators to decide on the best estimator to use (e.g. Van de Casteele et al. 2001). If different estimators perform best for different population compositions on which one has no a priori knowledge, as is most often the case, hypotheses predicting relations with relatedness are preferably tested with these different ‘best estimators’ separately (Van de Casteele et al. 2001). Additionally, a simulation study also provides the distribution (and variance) of relatedness estimates for a given simulated value, which can be used to gauge how reliable the estimates are and how the reliability changes with true relatedness and marker information. A variance that is too high indicates that the marker information is insufficient and the estimates should be used with caution. COANCESTRY allows a user to define various relationships of his ⁄ her interest by using the nine IBD coefficients (see some examples in Table 1). It also allows the user to use a set of markers with either known or unknown allele frequencies in simulating the multilocus genotypes of pairs of individuals with a defined relationship. In the latter case, allele frequencies at each locus are simulated following a certain distribution defined by the user. On completion of analysing the simulated data set, COANCESTRY calculates a matrix of correlation coefficients among seven different relatedness estimators and the true simulated values. The best estimator is simply the one that has the highest correlation with the true values. COANCESTRY also compares the different estimators and true values in various graphs (see Fig. 2 for a screenshot of COANCESTRY).
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Fig. 2 Screenshot of coancestry software interface, showing the relatedness estimates from seven estimators, the scatter graph for 5 different estimators, and the permutation test of average relatedness between two groups.



Test of difference in average relatedness or inbreeding between groups Frequently when relatedness estimates for pairs of individuals are obtained, one wishes to determine whether two groups of individuals have an average relatedness significantly different or not. For example, one may want to find out whether or not relatedness among males (or adults) is on average higher than that among females (or juveniles). The results would indicate whether there is sex-based (age-specific) migration among populations or social groups. Comparing the average relatedness within and between populations (or social groups) would indicate whether populations (groups) are genetically differentiated or not. COANCESTRY allows the user to partition dyads into groups, and to test the difference in average relatedness between groups by a permutation procedure. The test results are presented in a graph, in which the observed difference is marked on the distribution of simulated differences (see Fig. 2). Similarly, difference in average inbreeding coefficients is also tested between groups of individuals defined by the user.



The software package COANCESTRY includes an executable that calculates relatedness and inbreeding estimators (source code in Fortran 90 ⁄ 95), an executable of the user graphical interface for Windows XP or later (source code in Visual Basic), and a user’s manual and some example data sets. The program runs on PCs with Windows operating systems. It can be downloaded from http:// www.zsl.org/science/research/software/coancestry, 1360,AR.html 3
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Simulating the Human Brain - Cordis 

Build a suite of analytics applications to process brain data. (signal analytics, visual analytics, real-time analytics, auto- analytics); build data display applications ...
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Simulating Adaptive Communication 

N00014-95-10223 to John Anderson at Carnegie Mellon University. ..... In fact, even when given explicit instructions that the computer could not ...... Computer Science and Engineering, Oregon Graduate Institute of Science & Technology.
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Simulating Time in jsUnit Tests 

Oct 2, 2008 - Sometimes you need to test client-side JavaScript code that uses setTimeout() to do some work in the future. jsUnit contains the Clock.tick() method, which simulates time passing without causing the test to sleep. For example, this func
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Environmental Contour Lines: A Method for Estimating ... 

In practice, the fitting process is started by fitting a log- normal distribution to ..... must be somewhere on the sphere in the u-space with a radius. 5.4. = Î² . By now ...
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A Simple and Efficient Sampling Method for Estimating ... 

Jul 24, 2008 - Storage and Retrieval; H.3.4 Systems and Software: Perfor- mance Evaluation ...... In TREC Video Retrieval Evaluation Online. Proceedings ...
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A Statistical Model for Estimating Probability of Crack ... 

Index Termsâ€”Detection, Inspection, Health monitoring, ... Alexandra Coppe is Graduate Research Assistant with University of ... France (email: [email protected]).
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Symptotics: a framework for estimating the ... - Semantic Scholar 

a network's features to meet a scaling requirement and estimate .... due to their ability to provide insights and assist in impact .... if traffic is able to be sent, at what size the residual capacity ...... We have not considered security impacts, 














[image: alt]





A panel of ancestry informative markers for estimating ... 

Mark Shriver,1 Matt Thomas,2 Jose R Fernandez,3 and Tony Frudakis2. 1Department of Anthropology, Pennsylvania State University, University Park, ...... Phair JP, Goedert JJ, Vlahov D, Williams SM, Tishkoff SA, Winkler CA,. De La Vega FM, Woodage T, S
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DECOMPOSING INBREEDING AND COANCESTRY ... 

Note that minimum ID is always placed in column 1 for faster access to already existing combinations of genes. The upward exploration algorithm is.
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Two-way imputation: A Bayesian method for estimating ... 

Dec 17, 2006 - Involved methods often use data augmentation (Tanner and Wong, 1987) for estimation of the imputation model. Examples are multiple.
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Abstract 1. Introduction A Simple Method for Estimating ... 

Feb 24, 2004 - Lawless, Hu, and Cao (1995) present a method for the analysis of the important problem of estimation of survival rates from automobile warranty data when both time to failure and ..... intractable for analytical integration.
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Symptotics: a framework for estimating the ... - Semantic Scholar 

1 For example a multi-hop wireless network with directional antennasâ€”is ..... stable, that is, the input rate is less than the service rate. A network scenario may ...
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