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Abstract

When two DNA sequences look identical by state (IBS) along a string
of genotyped markers, the DNA between the markers is often identical by
descent (IBD), meaning inherited from a recent common ancestor with-
out recombination. This fact makes it possible to scan the whole genome
for functional variants without typing every base directly, making use
of information about unobserved bases that is provided by the states of
observed bases. We attempt to quantify that information here, using coa-
lescent theory to predict how strongly various degrees of IBS imply IBD,
taking into account the density of genotyped markers and past effective
population size.

In addition to calculating the probability of IBD between IBS haploid
sequences, we consider the problem of matching an unphased diploid se-
quence to a reference haplotype panel. The results have bearing on the
practices of haplotype phasing and genotype imputation, both of which
become more reliable when the ends of an IBS alignment are not assumed
to be IBD. To compute p(IBD|IBS) when phasing ambiguity is an issue,
it was necessary to develop a new approximation to the neutral coalescent
with recombination: a further simplification of the sequentially Markovian
coalescent [43].

Computing p(IBD|IBS) by our method is closely related to predicting
the length distribution of homozygous stretches in the genome. After
accounting for sequencing errors, we predict this distribution correctly, as
judged by data from eleven complete human genomes. We also predict the
length distribution of segments that appear homozygous based on thinned
marker data, noting that the probability of sequence IBS given “thinned
IBS” is a natural measure of imputation accuracy.

The probability of IBS given thinned IBS varies with sequence length
in a way that is very ethnically distinctive, as judged by data from five
Africans, four Europeans, and two Asians. We are able to account for
these differences in terms of past changes in effective population size:
an out-of Africa bottleneck followed by a shallower, more recent Asian

bottleneck. We predict that IBS implies IBD most strongly in historically



outbred populations, and that extra care should be taken when inferring
IBD in bottlenecked populations.

Returning to the problem of imputation, we estimate the accuracy
spread of the imputation calls that can be made from a panel of n refer-
ence haplotypes. For an idealized population of effective size N = 10, 000,
we find that the 120-reference HapMap should omit a significant amount
of genetic variation; that given a 1-kilobase stretch of a genotyped individ-
ual’s DNA, a 120-reference panel gives us only a 70% chance of imputing
the sequence of that stretch with 99% accuracy. However, we find that
a 1000-haplotype panel should enable near-perfect imputation in a popu-
lation that has been isolated from recent exponential population growth,
and such perfect imputation would allow for precise genetic mapping in

groups much larger than extended families.
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