
Kinship Analysis

Inferring genealogical relationships among 
individuals within populations

Relatedness analysis

• estimation of the degree of 
relatedness (r) between 
pairs of individuals

•assignment of dyads to 
specific pedigree 
relationship categories (e.g. 
half-sib, avuncular, cousins)

Parentage analysis

• a unique application of relatedness 
analysis in which one searches 
among candidates for the most likely 
parents of a target offspring



What can we learn:
• Heritability estimates in wild populations
• Inferring gene flow into a population
• Estimating Ne & total # of breeders 

– population viability/maintenance of genetic variation
• Preventing inbreeding in captive populations
• Quantify variance in reproductive success 

– inferences about social structure & natural selection
• Adjust allele frequency estimates for the 

presence of related individuals in a sample



Three approaches:

1. Degree of relatedness

2. Category assignment

3. Partitioning



Relatedness estimators

• What is being ‘measured’? 
– IBD (identity by decent): recently descended from a 

single ancestral allele

• How to quantify it?
– fij: is the probability that two alleles, one chosen 

randomly from each individual, are IBD.

– r: ‘genome wide version of fij’– expected fraction of 
alleles shared by IBD – genetic similarity between two 
individuals relative to two randomly chosen 
individuals from the same reference population



Important properties of r

• Continuously distributed
• Doesn’t have to be symmetrical between 

individuals
• Many different algorithms for estimating:

– Similarity index (Li et al. 1993 & Wang 2002)
– Lynch-Ritland (1999)
– Queller-Goodnight (1989)

• High variances = need >tens of microsats and 
many more SNP’s to estimate r for dyads



Specific Questions:
• Three levels of query:

– How related are individual X and Y? (repeat for all possible 
dyads)

– What is the average relatedness between individual in this 
group?

– What fraction of two more 
relationship categories is the 
group comprised of?

Queller, D.C. et al. (2000) Unrelated 
helpers in a social insect. Nature
405, 784–787



Assignment to Categories

• Defining Categories 
– IBD coefficients: 

• k0, k1(Φ), k2 (∆) are the probability that a dyad 
share 0,1 or 2 alleles by IBD respectively.

For an outbred individual: expected r = Φ/2 + ∆



Assignment to Categories
• Restructuring the question:

• what is the probability that a dyad has the observed multilocus 
genotypes, given that they belong to a particular relationship 
category? 

• Requires info of allele frequencies

P(data|model) = P(G|R) = k0P0 + k1P1 + k2P2



Methods: Maximum Likelihood

• Three types of question:
– Given no hypotheses or other information about a 

dyad, what is their most likely relationship?

– Test competing hypotheses using likelihood ratio.

– Which of several individuals are most likely to have a 
given relationship (e.g. parentage or partitioning a 
cohort into sib-ships).



Methods: Allele Sharing

• Question: Does the # of shared alleles differ from that 
expected under the null hypothesis?
– Generate expected distribution

• number or proportion shared (r)
– Define cut-off points

• Advantages:
– Insensitive to genotyping errors
– Fast analysis
– Does not require specification of alternative hypothesis – two-

tailed test.

• Disadvantage:
– Low power relative to ML where alt. hypothesis is given.



Partitioning
Sib-ship partitioning

– Graphical - works well but subjective
– Maximum Likelihood of each alternative partition

• Only possible w/ small samples
• Allele frequency estimates unreliable

– MCMC to sample from the distribution of likelihoods
• Allele frequencies can be iteratively re-estimated
• Depends on assumptions of family size

Why?
– Estimate: QG parameters, family number`, variance in 

family size



Assumptions/Issues
• Hardy–Weinberg and gametic phase equilibrium
• Inbreeding
• Genotyping error and mutation
• Power to detect differences:

– Depends on the # loci and r
– Unlinked loci more powerful than same # of linked loci 

except…?
– Not all relationships have different k’s so ML estimates 

of these are mainly useful for hypothesis generation.
– If you don’t include the right hypothesis ML ratios are 

less useful.



Genotyping Error & Mutation

• Typical rates of 0.25-2%
• Consequences:

– Minimal effects except in the cases of:
• Parent-offspring pairs, monozygotic twins, and 

triads where can cause likelihood to --> zero. 

• Accounted for by
– Assuming fixed error rate - all relationships 

have a non-zero likelihood
– Specific models of mutation probabilities 

(small step vs. large step)



Blouin, S. 2003 TREE

DNA-based methods 
for pedigree
reconstruction and 
kinship analysis in
natural populations



Other Resources
Programs:

GEURUD 2.0
Jones, A. G.  2005. Molecular Ecology Notes.

Literature:
Book: Molecular Markers, Natural History & Evolution (Avise, J. 2004)


	Kinship Analysis
	What can we learn:
	Three approaches:
	Relatedness estimators
	Important properties of r
	Specific Questions:
	Assignment to Categories
	Assignment to Categories
	Methods: Maximum Likelihood
	Methods: Allele Sharing
	Partitioning
	Assumptions/Issues
	Genotyping Error & Mutation

