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ing recombinations. Of course, this drawback is partly balanced by the large

number of SNPs included on these chips. Additionally there is another popular

way of increasing power, namely by considering several adjacent markers simulta-

neously. This is commonly referred to as multipoint linkage analysis.

The statistical framework for multipoint analysis is the same as for two-point

analysis. At the heart of multipoint LOD scores lies the likelihood  of the

observed data (phenotypes and genotypes for all markers) given that the disease

locus lies at position x in the genome. The expression for  is exactly as in

(18.9), only with x instead of , and the sum now being over all haplotype pairs

 combining all markers as well as the disease locus. As a result the number of

terms grows exponentially not only in n, but also in the number of markers: With

k diallelic markers one can form  different haplotypes, giving  pos-

sible phased genotypes for each individual. For example, with k = 1, 10, 100, the

corresponding numbers are respectively 10, 2,098,176 and 

As we saw above, the Elston-Stewart algorithm takes the complexity down to

being linear in n. However it does not escape the mountain of haplotypes, and

therefore has limited practical value in multipoint analysis.

An alternative is offered by the Lander-Green algorithm, which in practice can

handle any number of markers, but only moderately sized pedigrees. The algo-

rithm evaluates the likelihood sum (18.9) from a completely different angle. It is

based on a hidden Markov model, where the true inheritance pattern of the pedi-

gree at each marker is the unobserved state of a discrete Markov chain moving

along the genome. Several effective implementations exist, providing graphical

representation of exact LOD scores (see Table 18.5).

Finally there are approximate methods that can handle pedigrees of any size

with any number of markers. For example, the MORGAN suite of programs

applies Markov Chain Monte Carlo (MCMC) techniques to perform various pedi-

gree calculations, including likelihoods and LOD scores.

Table 18.5 Algorithms for multipoint linkage analysis, n individuals and k markers.

Algorithm Complexity Limitations Selected software

Elston-Stewart linear in n
exponential in k

< 5 markers FastLink
R/paramlink

Lander-Green exponential in n
linear in k

 < 20 – 25 individuals Merlin
Allegro

MCMC linear in n and k non-exact MORGAN
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