S3 Appendix. An approximate model for IBD
sharing

To provide a simple analytical model for the relationship between total length and
counts of IBD sharing, we simply consider a pair of haploid samples sharing a single
diploid common ancestor at time ¢ generations in the past and estimate the expected
number and length of haplotypes shared given ¢ (similar derivations have been made in
[1H4]). We can think of the ancestry of each haploid genome as a mosaic formed by
copying genomic segments from its 2¢~1 possible ancestors. Similarly, a pair of haploid
samples can be seen as a mosaic formed by copying from one ancestor for each sample.
We can define paired-ancestry segments as continuous segments having no changes in
ancestry in either sample. By this definition, if each sample has K chromosomes of total
length L Morgans, the pair will have on average K + 2Lt paired-ancestry segments.
Since each haploid sample has 2/~! possible ancestors from which to inherit genetic
material, a pair of samples will both inherit a paired-ancestry segment from their
common ancestor with probability zzt% Since the ancestor is diploid, they inherit from
the same ancestral copy of the genome with probability % The probability that a
paired-ancestry segment is IBD in the pair is therefore 2%%1, and the expected number

of IBD segments s between the pair is:

K +2Lt
5= Ton—1 - (1)
The length of the genome shared, denoted by x, corresponds to L times the probability

of having a shared ancestor at any particular locus, which is 2%%1, giving:

L

T = 2T (2)

The expected values (s, z) are shown in Fig [3|in main text as white dots for ¢ from 1 to

5 generations, corresponding to half-siblings, first half-cousins, and so on.
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Under monogamy, a similar argument can be used to obtain

K + 2Lt
= e 3)
and
L
o= . @)

Similarly, avuncular relationships in monogamy have three meioses (so K + 3L

segments) with a sharing probability of % with one of the two shared ancestors.

and grandparent-offspring have two meioses (K + 2L segments) wth a sharing

probability of % between the two haplotypes of the grandparent.

K +2L L
= —; and z = 7 (6)

S

However, we expect that meioses occurring in the grandparent could be hidden by
the statistical phasing, so that this result would be particularly sensitive to inaccurately

phased data.
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