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1. Introduction

DNA registers are most widely known for their use in forensics, but such data bases are also playing an increasingly
important role in other fields, such as ecology (Blouin, 2003) and medicine (Ewen et al., 2000). Typing errors, i.e., the
occurrence of errors in the genetic analysis causing the inferred and true genotypes to differ, may severely affect the
conclusions drawn from DNA profile data if not accounted for Pompanon et al. (2005). Most studies aiming at estimating
such rates involve scoring the same individual more than once (Paetkau, 2003; Bonin et al., 2004; Hoffman and Amos, 2005;
Tintle et al., 2007; Haaland et al., 2011). However, this powerful and direct approach is not always available, e.g., due to
financial reasons, or if the organism is small (Steinauer et al., 2008). In wildlife populations, mother-offspring dyads are
often easy to identify (Hoffman and Amos, 2005), and in medical research it is common to collect DNA profiles on pedigrees
(Ewen et al., 2000; Sobel et al., 2002). Error rate estimation from such data, and parent-offspring data in particular, is the
theme of this paper.

At a locus an individual has two gene copies, one inherited from each parent, that are selected from a set of n possible
alleles (ay, ..., a,), so a parent and an offspring must necessarily share at least one allele per locus. This motivated the
development of statistical techniques enabling us to estimate genotyping error rates from parent-offspring dyads of DNA
profiles. Similar methods have been presented by others (Douglas et al., 2002; Saunders et al., 2007), but rest on the
assumption that no more than one error occurs in each family under consideration (in our case this translates to one error
per parent-offspring dyad). We also consider microsatellites (more than two alleles per locus) instead of SNPs (two alleles
per locus) (Douglas et al., 2002).
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Table 1

Illustration of mother-fetus allele configuration at a locus. (Pa, Pg) is
the mother’s true genotype and (0O, Op) is the fetus’ true genotype,
while (P4, Pg) and (04, Op) are the corresponding observed genotypes.
Because P4 and Oy are shared by descent one must have P4 = O4. The
different alleles are represented by a;, a;, ax and a,. Note that an error
has occurred in Og.
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A parent-offspring dyad is said to be (Mendelian) consistent at a given locus if they share at least one allele. We introduce
the error indicator

1, dyad inconsistent
0, otherwise.

Since one can not tell which of the offspring’s two gene copies are inherited from which parent, other than by inspecting
the actual allelic values, determination of e involves all of the four gene copies that constitute the joint parent-offspring
genotype. In the absence of typing errors we will always have e = 0 for parent-offspring dyads. On the other hand,e = 0
does not guarantee that no errors have occurred. Clearly, we can only detect errors occurring on the allele shared by decent,
but even for that pair of gene copies, an error may be masked by accidentally matching the remainder of the genotype. These
principles are illustrated in Table 1. The main result in this paper is the derivation of (14) below, describing the relationship
between the observed error rate and the actual error rate.

We denote by y the error rate per gene copy, which is assumed to be the same for all alleles at a locus, but potentially
different across loci. Our goal is to estimate y based on observations of e. Letting g € {0, ..., 4} denote the number of errors
occurring in a dyad at a locus, and E be shorthand notation for e = 1, we define the observed error rate

def
T1(y) = P(E; y). (1)
The subscript ‘1’ indicates that we have g < 4. We estimate t; by calculating the proportion of observed errors in the sample,
T = % vaz 1 e, where N is the number of sampled parent-offspring dyads. A moment estimator, , is obtained by solving

71(y) = T with respect to y. Assuming g < 1, estimates of y will be biased.

The Norwegian minke whale DNA register (NMDR) contains DNA profiles of almost every individual whale caught by
Norway since 1997 (Olaisen, 1997; Anon, 0000), and from the year 2000 tissue samples from the fetuses of pregnant females
were also included. In addition to providing error rate estimates for the NMDR by applying parent-offspring techniques, we
study the bias introduced by the one-error assumption of Douglas et al. (2002).

The paper is organized as follows. Section 2 addresses the calculation of error rates and the underlying assumptions.
Section 2.3 makes the assumption that there can be maximum of one error per parent-offspring dyad, and finds and
quantifies the resulting bias. In Section 3 we apply the error rate estimators to the NMDR.

2. Error probabilities

Conditioningon g > 0in (1), we get
T1(y) = P(Elg > 0; y)P(g > 0; y), (2)
where
Pg>0;y)=1-(1-p" (3)
As mentioned earlier, Douglas et al. (2002) and Saunders et al. (2007) simplify their calculations by ruling out the possibility

of more than one error occurring per parent-offspring dyad, i.e., they assume g = 0 or g = 1 (from now on called the
Douglas assumption). In our setting, this assumption yields the following approximation of t4:

() EPEg = 1:y)P@g > 0: ). (4)

where the subscript 2’ signifies g < 1. It will be shown later that both (2) and (4) are polynomials of degree 4 with no
constant term, and we may therefore write

4
T(y) = ZQ’W’: (5)
k=1

where i € {1, 2} is an index for the method.
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