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Dependence structure of genotype matrix
Individuals
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High-dimensional binomial data
▶ No general likelihood function
▶ My work: method of moments

Relatedness / Population structure
▶ Dependence between individuals (columns)

Linkage disequilibrium
▶ Dependence between loci (rows)
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New kinship estimator for general relatedness

Kinship model for neutral genotypes 𝑥𝑖𝑗 ∈ {0, 1, 2}:

E[𝑥𝑖𝑗] = 2𝑝𝑖, Cov(𝑥𝑖𝑗, 𝑥𝑖𝑘) = 4𝑝𝑖 (1 − 𝑝𝑖) 𝜑𝑗𝑘.

Standard estimator is biased:

̂𝑝𝑖 = 1
2𝑛

𝑛
∑
𝑗=1

𝑥𝑖𝑗, �̂�std
𝑗𝑘 = 1

𝑚

𝑚
∑
𝑖=1

(𝑥𝑖𝑗 − 2 ̂𝑝𝑖) (𝑥𝑖𝑘 − 2 ̂𝑝𝑖)
4 ̂𝑝𝑖 (1 − ̂𝑝𝑖)

≈
𝜑𝑗𝑘 − �̄�𝑗 − �̄�𝑘 + �̄�

1 − �̄�
.

popkin: first unbiased kinship estimator! R package (Ochoa and Storey, 2021)

𝐴𝑗𝑘 = 1
𝑚

𝑚
∑
𝑖=1

(𝑥𝑖𝑗 − 1)(𝑥𝑖𝑘 − 1) − 1, �̂�new
𝑗𝑘 = 1 −

𝐴𝑗𝑘
̂𝐴min

a.s.
−−−−→
𝑚→∞

𝜑𝑗𝑘.

https://github.com/StoreyLab/popkin
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Kinship bias: Consequences? Applications?
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Principal components vs mixed effects in genetic association

Yiqi Yao
MB 2020

BenHealth
Shanghai

Association with Principal Components Analysis (PCA)
and Linear Mixed-effects Model (LMM):

PCA ∶ y = 1𝛼 + x𝑖𝛽 + U𝑑𝛾𝑑 + 𝜖,
LMM ∶ y = 1𝛼 + x𝑖𝛽 + s + 𝜖.

U𝑑 are top 𝑑 eigenvectors of kinship matrix Φ.
s ∼ Normal (0, 𝜎2Φ).

▶ PCA is faster but low-dimensional
▶ LMM is slower but can model families
▶ Both depend on estimated kinship matrix
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Kinship bias does not affect genetic associations

Zhuoran Hou
MB 2021

Now: B&B PhD
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Kinship bias does not affect genetic associations
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Kinship bias does not affect genetic associations

Zhuoran Hou
MB 2021

Now: B&B PhD

GCTA est.
Standard MOR est.
Standard ROM est.

Weir−Goudet est.
Popkin est.
GCTA lim.

Standard ROM lim.
Weir−Goudet lim.

True Kinship
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Kinship bias doesn’t matter?
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Kinship bias does not affect genetic associations

Zhuoran Hou
MB 2021

Now: B&B PhD

Proved with linear algebra!

Φ′ = 1
1 − �̄�

CΦC, C = I − 1
𝑛

J.

In LMM and PCA, the bias is compensated by the scale
and intercept coefficients:

𝜎′ = 𝜎√1 − �̄�,

𝛼′ = 𝛼 + 𝜎 1
𝑛

1⊺Φ
1
2 r.
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Kinship bias affects heritability estimation

Zhuoran Hou
MB 2021

Now: B&B PhD
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LIGERA: light genetic robust association
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▶ Great runtime for single scan (enables multiscan)
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LIGERA: light genetic robust association: scalability
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Admixture: kinship driven by admixture in Hispanics
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Kinship under the admixture model

Amika Sood
Postdoc
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Θ = QΨQ⊺

Can we reverse this formula?

Constrained optimization, regularized objective:

𝐹 = ∣∣Θ̂ − QΨQ⊺∣∣
2

+ 𝛾 tr(Ψ).

17 / 20



Kinship under the admixture model

Amika Sood
Postdoc

Θ Ψ

0
0.

2
0.

4
0.

6

K
in

sh
ip

In
di

vi
du

al
s

Q

0.
0

0.
5

1.
0

A
nc

es
tr

y

Θ = QΨQ⊺

Can we reverse this formula?

Constrained optimization, regularized objective:

𝐹 = ∣∣Θ̂ − QΨQ⊺∣∣
2

+ 𝛾 tr(Ψ).

17 / 20



Kinship under the admixture model

Amika Sood
Postdoc

Θ Ψ

0
0.

2
0.

4
0.

6

K
in

sh
ip

In
di

vi
du

al
s

Q

0.
0

0.
5

1.
0

A
nc

es
tr

y

Θ = QΨQ⊺

Can we reverse this formula?

Constrained optimization, regularized objective:

𝐹 = ∣∣Θ̂ − QΨQ⊺∣∣
2

+ 𝛾 tr(Ψ).

17 / 20



Kinship under the admixture model

Amika Sood
Postdoc

Θ Ψ

0
0.

2
0.

4
0.

6

K
in

sh
ip

In
di

vi
du

al
s

Q

0.
0

0.
5

1.
0

A
nc

es
tr

y

Θ = QΨQ⊺

Can we reverse this formula?

Constrained optimization, regularized objective:

𝐹 = ∣∣Θ̂ − QΨQ⊺∣∣
2

+ 𝛾 tr(Ψ).

17 / 20



Kinship under the admixture model

Amika Sood
Postdoc

Θ Ψ

0
0.

2
0.

4
0.

6

K
in

sh
ip

In
di

vi
du

al
s

Q

0.
0

0.
5

1.
0

A
nc

es
tr

y

Θ = QΨQ⊺

Can we reverse this formula?

Constrained optimization, regularized objective:

𝐹 = ∣∣Θ̂ − QΨQ⊺∣∣
2

+ 𝛾 tr(Ψ).

17 / 20



AdmixCor: accuracy

Amika Sood
Postdoc
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Unbiased kinship estimates: new models, opportunities
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