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S1 Text. Expectations and variances of the SEEKIN estimators

A. Expectations of the SEEKIN estimators

Here we derive the expectations of our proposed kinship estimators at a locus for homogeneous
samples (Equations 4 and 5) and for samples with population structure and admixture (Equations
9 and 10). We show that our estimators share the same expectations with those of genotype-based
estimators, under the assumptions that the residuals of Equation 1 (defined below) are uncorrelated
for any pair of individuals and that the allele frequencies are accurately estimated.

Let &, =G, —E (G, |Gy, Ggy ) be the residue term for individual i at the m™ locus. Then the

proposed Kinship estimator (4) has the expression
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The last equality in (A.1) holds because we can derive from Equations (1) and (2) that
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Because E(¢,,)=0, under the assumptions that ¢ 1 G, and ¢, L&, for any i= j and that
P, = P, We have
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is the genotype-based estimator given in Equation (3) [1].
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Next, we consider the self-kinship coefficient (ﬁiim given by Equation (5):
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The last equality in (A.4) arises from the definition of rf =Var(éim)/Var(Gim) [2]. Under an

inbreeding model with inbreeding coefficient f;, the frequencies of genotypes 0, 1, and 2 are given

by (1-p,)*+p,(@-p,)fi, 2p,(1-p,)L-TF), and p; +p, (1-p,)f;, respectively [3]. The
variance of genotypes can be written as Var (G, ) = 2p,,(1- p,, )1+ f;) . Consequently,
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For samples with population structure and admixture, the proposed kinship estimator (9) can be
written as
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where the last equality follows from (A.2). We assume accurate estimation of individual-specific
allele frequencies p,, = p,, for i=12,..,N . Further assuming ¢, LG, and &, L&, for any
i# j,we have
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where qijm is the genotype-based PC-Relate kinship estimator (Equation 8 with i= j) and is a
consistent estimator of ¢, [4].




Finally, we derive the expectation of the self-kinship coefficient estimator by Equation (10), which
can be written as
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can substitute into the expectation of (A.8) and get
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where 4. is the genotype-based self-kinship estimator in PC-Relate (Equation 8 with i = j) and
is a consistent estimator of (1+ f.)/2 [4].
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B. Variances of the SEEKIN estimators for unrelated pairs

In this section, we derive the variances of our proposed SEEKIN estimators at a single locus for
unrelated pairs in homogeneous samples (Equation 4) and in samples with population structure
and admixture (Equation 9). We use the results to justify our choice of weight function when
combining kinship estimates across loci under the inverse-variance weighting scheme. We do not
derive the variances of kinship estimates for related pairs because the derivation is complicated
without assuming independence between individuals. In practice, most pairs in a dataset are
unrelated, so it is natural to choose a weight function based on unrelated pairs.

We first derive the variance of our SEEKIN estimator for unrelated pairs in a homogeneous
population (Equation 4). According to (A.1) with the assumption that p,, = p,,, we have
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in which, the last equity holds because Gim 1 &, under the linear model in Equation (1). The
second last equity in (B.1) holds because E(G,-2p,)=E(s,)=0 and G, LG, ¢, when
individuals i and j are unrelated.

According to (A.2) and because G,, L ¢,,, we have
Var(éirn -2p, ) = (r?)2 Var (G,, —2p, )+ Var(&,). (B.2)
Because r? = Var (G, )/Var(Gim) , Var(G,,—2p,)=Var(G,, ), and Var(G,, -2p, ) = Var(G,,),
we have
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Substituting (B.3) into (B.1), the variance of our SEEKIN estimate of kinship between unrelated
individuals in a homogeneous population can be written as
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inwhich, f and f; are inbreeding coefficients for individuals i and j, respectively. Under Hardy-

Weinberg Equilibrium (HWE), we have f, = f, =0 and Var(2¢.,m) (A)iz'

The derivation for the variance of our SEEKIN estimator for unrelated pairs in a sample with
population structure and admixture (Equation 9) is analogous, except that we assume that
individual-specific allele frequencies are accurately estimated: p,, = p,, fori=1,2,...,N, and that

Var(G,,) = Var(G,, -2p,,) = 2p,, (1 p,, )1+ f;) under the inbreeding model. Briefly, according
to (A.6) and (B.3), we can derive that
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