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1 Introduction

Although there exist many phasing methods for unrelated adults or pedigrees, phasing and
missing data recovery for data representing family trios is lagging behind. This work is
an attempt to fill this gap by considering the following problem. Given a set of genotypes
partitioned into family trios, find for each trio a quartet of parent haplotypes which agree
with all three genotypes and recover the SNP values missed in given genotype data. Our
contributions include (i) formulating the pure-parsimony trio phasing and the trio missing
data recovery problems, (ii) proposing two new greedy and integer linear programming based
solution methods, and (iii)extensive experimental validation of proposed methods showing
advantage over the previously known methods.

2 Family Trio Phasing Validation

It is clear how to validate a phasing method on simulated data since the underlying haplo-
types are known. The validation on real data is usually performed on the trio data. E.g., a
phasing method is applied to parents (respectively, to offspring) genotypes and the resulted
haplotypes are validated on offspring’s (respectively, on parents’) genotypes. Unfortunately,
in our case, one can not apply such validation since a trio phasing method may rely on both
offspring and parents’ genotypes. Therefore, we suggest to validate trio phasing by erasing
randomly chosen SNP values and recording the errors in the erased SNP sites. In Tables
1, 2, each row corresponds to an instance of real data (Daly et al. or Gabriel et al.) or
simulated data (ms) and the column (E) shows the percent of erased data (0% - no data
erased, 1%-10% - percent of SNP values erased) .

The value of phasing errors is measured by the Hamming distance from the method’s
solution to the closest feasible phasing. In Table 1 , for parents (P) we report the percent of
SNP values that should be inverted out of the total number of SNP values that should be
inferred (i.e., number of 2 plus number of unknown values). For offspring (C), we report the
percent of SNP which should be inverted with respect to the total number of SNPs. The
total number of errors (T) is the percent of SNP’s that should be inverted in order to obtain
a feasible phasing solution.

3 Missing Data Recovery in Family Trios

Comparison of five methods (ILP, Greedy, Phamily[6], PHASE[5] and HAPLOTYPER[4])
on trio missing data recovery on the real data sets (Daly [1] and Gabriel [2]) and simu-
lated data are shown in the Table 2. We erase random data in trio genotypes with certain
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amount(1%, 2%, 5% and 10%) of the entire data. Instead, We report the error as the number
of incorrectly recovered erased positions of the genotypes on offspring (C*), parents (P*) and
trios (T*) divided the total number of erased positions in parent genotypes in percentage.
We count only half error if the compared paired SNP is 2 and 0 (or 1).

4 Results

ILP Greedy Phamily[6] PHASE[5] HAPLOTYPER[4]
Data E C P T C P T C P T C P T C P T

0 0.0 0.0 0.0 4.9 16.2 3.8 1.3 0.0 0.7 1.1 0.0 0.6 2.2 0.0 1.2
Daly 1 0.2 0.5 0.2 4.8 16.8 3.8 1.2 1.4 0.7 1.3 0.2 0.7 2.1 1.0 1.6
et al. 2 0.3 0.7 0.4 5.0 16.9 4.0 1.3 1.8 0.9 1.3 0.5 0.8 2.2 2.3 1.7
[1] 5 0.8 2.6 1.2 5.3 17.1 4.0 1.3 1.0 1.0 1.6 0.9 1.0 2.3 7.0 2.9

10 1.8 6.7 3.0 5.9 17.2 4.7 1.5 2.2 1.3 1.5 1.9 1.2 2.6 9.8 4.1
0 0.0 0.0 0.0 2.9 11.5 2.2 3.0 0.0 2.0 2.2 0.0 1.3 4.4 0.0 2.7

Gabriel 1 0.2 0.6 0.2 2.9 12.1 2.3 3.1 0.2 2.0 2.8 0.2 1.7 4.6 1.7 1.5
et al. 2 0.3 1.2 0.5 3.2 12.2 2.4 3.3 0.4 2.1 2.9 0.6 1.8 4.9 3.1 1.6
[2] 5 0.8 3.4 1.1 3.4 12.2 2.9 3.4 1.3 2.5 3.0 1.4 1.6 5.4 6.3 2.1

10 1.5 6.2 1.5 4.3 12.4 3.7 3.9 2.4 2.5 3.3 3.1 2.1 6.1 15.7 6.3
0 0.0 0.0 0.0 2.6 13.2 1.9 9.4 0.0 4.7 5.6 0.0 6.5 8.1 0.0 5.4

ms 1 0.3 1.0 0.4 2.9 13.5 1.9 10.1 0.8 4.3 5.8 1.2 5.4 8.4 2.2 5.6
[3] 5 1.3 3.8 1.9 4.3 13.9 3.1 10.6 3.8 7.6 6.1 4.7 5.9 9.2 10.2 7.0

10 2.5 7.7 3.6 5.3 14.0 4.4 11.9 9.5 9.2 6.9 10.5 6.0 11.5 17.1 8.0

Table 1: The results for five phasing methods on the real data sets of Daly et al.[1]
and Gabrile et al. [2] and on simulated data. The E column corresponds to the ratio
of erased data, C to the error of offspring, P to the error of parents, T the total error.

ILP Greedy Phamily[6] PHASE[5] HAPLOTYPER[4]
Data E C* P* T* C* P* T* C* P* T* C* P* T* C* P* T*
Daly 1 2.3 7.8 5.7 3.9 6.0 5.2 0.3 2.3 1.5 0.3 3.1 2.0 1.9 26.1 16.7
et al. 5 3.9 9.9 7.8 4.5 4.8 4.7 0.2 3.6 2.5 0.1 3.4 2.3 1.3 20.5 13.9
[1] 10 5.7 13.5 10.8 4.6 5.8 5.4 0.6 4.4 3.1 0.5 4.0 2.8 1.5 21.8 14.8

Gabriel 1 7.7 8.0 7.9 5.6 6.4 6.1 0 2.5 1.6 0.4 3.1 2.1 1.6 21.8 14.5
et al. 5 7.9 8.7 8.4 5.6 5.8 5.7 0 2.3 1.5 0.1 3.3 2.2 2.5 20.7 14.6
[2] 10 7.4 9.5 8.8 6.1 6.6 6.5 0.1 2.1 1.5 0.3 3.1 2.1 2.3 25.1 17.5
ms 1 10.9 13.3 12.4 11.5 9.2 10.1 1.0 16.0 10.2 0.7 15.2 9.6 4.3 26.4 17.9
[3] 5 13.1 12.1 12.4 12.3 7.8 9.3 0.9 14.8 10.0 0.7 14.9 10.0 3.6 23.1 16.4

10 12.0 12.4 12.3 11.6 8.9 9.8 2.3 14.4 10.3 0.7 13.9 9.3 3.4 21.9 15.5

Table 2: The results for missing data recovery on the real and simulated data sets
with five methods. The E column corresponds to the ratio of erased data, C* to the
error of offspring, P* to the error of parents, T* to the total error.
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