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Abstract $&!
Identical by descent (IBD) segments are used to understand a number of fundamental issues in genetics. $'!
IBD segments are typically detected using long stretches of identical alleles between haplotypes in whole-$(!
genome SNP data. Phase or SNP call errors in genomic data can degrade accuracy of IBD detection and $)!
lead to false positive calls, false negative calls, and under- or overextension of true IBD segments. $*!
Furthermore, the number of comparisons increases quadratically with sample size, requiring high %+!
computational efficiency. We developed a new IBD segment detection program, FISHR (Find IBD %"!
Shared Haplotypes Rapidly), in an attempt to accurately detect IBD segments and to better estimate their %#!
endpoints using an algorithm that is fast enough to be deployed on the very large whole-genome SNP %$!
datasets. We compared the performance of FISHR to three leading IBD segment detection programs: %%!
GERMLINE, refinedIBD, and HaploScore. Using simulated and real genomic sequence data, we show %&!
that FISHR is slightly more accurate than all programs at detecting long (greater than 3 cM) IBD %'!
segments but slightly less accurate than refinedIBD at detecting short (about 1 cM) IBD segments. %(!
Moreover, FISHR outperforms all programs in determining the true endpoints of IBD segments, which is %)!
important for several reasons. FISHR takes two to four times longer than GERMLINE to run, whereas %*!
both GERMLINE and FISHR were orders of magnitude faster than refinedIBD and HaploScore. Overall, &+!
FISHR provides accurate IBD detection in unrelated individuals and is computationally efficient enough &"!
to be utilized on large SNP datasets greater than 20,000 individuals. &#!
 &$!
Introduction &%!
Two haplotypes (homologous chromosomal segments of DNA) can be defined as being identical by &&!
descent (IBD) if they descend from a common ancestor without either haplotype experiencing an &'!
intervening recombination (Powell et al. 2010). Using this definition, IBD haplotypes are identical at all &(!
measured and unmeasured genetic polymorphisms except at sites harboring (typically very rare) &)!
mutations that arose on either haplotype since the last common ancestor. The probability of two &*!
individuals co-inheriting an IBD haplotype from a common ancestor at a given location is a function of '+!
the number of generations (g) since the common ancestor: . Thus, siblings (g=1) have '"!
a 0.5 probability of sharing a segment IBD from one of their common ancestors (one parent) at a given '#!
genomic location, cousins (g=2) have a 0.125 probability, second cousins (g=3) a .03125 probability, and '$!
so forth. Although this probability drops off rapidly as a function of generations since the common '%!
ancestor, when haplotypes are shared IBD, they can be quite long, even for distantly related pairs of '&!
individuals. Under Haldane’s (1919) model of recombination, the length of IBD haplotypes shared ''!
between two individuals is exponentially distributed with mean 100/2g centiMorgans (cM). Thus, '(!
although a pair of individuals sharing a common ancestor 15 generations ago is highly unlikely to share ')!

P(IBD | g) = 21!2g


