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Introduction

How to explain differences in heritability estimates and loss of prediction
accuracy of polygenic score across populations?
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Genotype-by-Environment interactions
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Theoretical and empirical quantification of the

accuracy of polygenic scores in ancestry divergent
populations
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=» LD and allele frequency differences
between populations account for the majority
of the loss of prediction accuracy
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Introduction

Assume an additive genetic model with constant environment and effect sizes
across populations:

= Observed genetic variation within and between-population results from the
demographic and evolutionary history of populations
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Evolutionary forces

Genetic Drift
Mutation

Migration (gene flow)

Selection

How do the evolutionary forces act on within and between-population genetic
variation?
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Population divergence model

Ancestral
Population

The total additive genetic variance of the
meta-population can be partitioned into
within (g%,,) and between-population (c25)
additive genetic variance.



THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

Wright (1951) fixation index Fgy

Q1 the probability of identity in state of a random
pair of alleles sampled within a subpopulation

Q2 the probability of identity in state of a random
pair of alleles sampled between subpopulations

Fst can be estimated from marker data:

Weir and Cockerham (1984) =» estimator of
Fst in an anova framework

10
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Evolutionary forces

Genetic Drift
Mutation

Migration (gene flow)

Selection
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Genetic Drift

Assume a discrete and panmictic population of effective population size Ne diploid individuals.

Random sampling of 2Ne gametes to generate the next generation > Random change of allele
frequencies

One biallelic locus with alleles A and B, p the allele frequency of allele A at generation t:

* [E(pAt+1) = p but Var(pAH_l) - p(zll\;P)

* P(fixation) =p
* P(loss)=1—p
 E(time to fixation) = 4Ne generations
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Genetic Drift

2
04(0)

Genetic drift reduce heterozygosity over time:

Hy = Hy(1 L e
¢ = Ho(1 =53

Recall that o4y = 2p(1 — p)B? = Hop?, therefore:

1 —t
Tawe) = Taqy (1 - ) = 040y (1 — Fs1) = 04 ezNe

2 1 2
OAB(t) = N_fo + 2ft | 0400y

With N¢, the number of founders per line, t the number of generations since
t
divergence and f; = 1 — (1 — %) = Fgr. aj(o) is the additive genetic

variance in the base population at time t=0 (time of population split).

14
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Genetic drift
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Evolutionary forces

Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

Mutation

Migration (gene flow)

Selection
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Evolutionary forces

Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

Mutation

Migration (gene flow)

Selection
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Mutations to the rescue of genetic variation

Table 12.1 Estimates of the mutational heritability for a variety of organisms and char-

acters.
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: : . g Species Character  h2 Reference
« Mutations introduce new genetic variation . -
. h Drosophila Abdominal bristle number  0.0035 See text
N melanogaster Sternopleural bristle number 0.0043 See text
t e pO p u I atl ons Enzyme activities 0.0022 Clark et al. 1995b
er base mutation Harada 1995
p o rate Ethanol resistance 0.0009 Weber and Diggins 1990
Body weight 0.0047 Clark et al. 1995b
T h t t I . 2 2 Wing dimensions 0.0020 Santiago et al. 1992
° e mutational variance — I Viability 0.0003 Mukai 1964
Om 2N e Ly Uﬁ 1S Mukai et al. 1972
G : . Cardellino and Mukai 1975
the amount of additive genetic variance Ohnishi 1977
N trod u Ced by new mu tatl ons at eve r.y Tribolium castaneum  Pupal weight 0.0091 Goodwill and Enfield 1971
. Daphnia pulex Life-history traits 0.0017 Lynch 1985
g ene ratl on Mouse Lengths of limb bones 0.0234 Bailey 1959
Mandible measures 0.0231 Festing 1973
Skull measures 0.0052 Carpenter et al. 1957
Deol et al. 1957
Hoi-Sen 1972
o ‘an 6-week weight 0.0034 Caballero et al. 1995
¢ — IS Ca I I e d th e Nu tat| ona I h e r| ta b | I |ty Arabidopsis thaliana  Life-history traits 0.0039 Schultz et al. (in prep.)
Oe Maize Plant size 0.0112 Russell et al. 1963
E t t Reproductive traits 0.0073 Russell et al. 1963
- stimates range from 0.01 to 1e-4 Rice Plant size 0.0030  Okaetal. 1958
Reproductive traits 0.0028 Sakai and Suzuki 1964
Barley Life-history traits 0.0002 Cox et al. 1987

From Lynch and Walsh (1998)
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Mutations to the rescue of genetic variation

Owe) — OB

Fsrp = 1 — Ope

1 1
~ _ 9 t
Owe) 1+ 4Neu * (HW(O) 1+ 4Neu) (1 2H 2Ne)

Ow (o) is the IBD value before split:

— with N* the effective population
1+4N*u

size of the ancestral population and Ne the effective population size of
each derived population.

Op(t)~Ow(0)(1 — )%

19
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Mutations to the rescue of genetic variation

—t
ajw(t) = 2Neoj + (aj(o) — 2Neo2 )X e2Ne
—t —t
= O-j(O) X ezNe + ZNeO'T%l(1' em)
mutation-drift equilibrium (when 4Neu < 1) - ajw(t) = 2Nea},
-t

0250y = 2tad + 2(02 ) — 2Neal)x (1 — eZNe)
ois = 2toZ for very large t

If the ancestral population is in mutation-drift equilibrium, then aj(o) = 2N*0}
when 4N*u «< 1.

20



Fst

08

0.6

0.4

0.2

0.0

Mutations to the rescue of genetic variation

|
5000

10000

I
15000

number of generations

20000

—— Genetic drift only

—— Genetic drift + mutation

w0
o

20

1.5

1.0

0.5

I
5000

10000

I
15000

number of generations

20000

I
5000

10000

I
15000

number of generations

20000

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

N, = 5000 diploids
u=10"8

aj(o) = 2.5

o2 =1le—4
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Evolutionary forces

« Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

« Mutation =» decreases the effect of drift from the base population variation
and increase the between-population additive genetic variance

« Migration (gene flow)
« Selection

22
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Evolutionary forces

« Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

« Mutation =» decreases the effect of drift from the base population variation
and increase the between-population additive genetic variance

« Migration (gene flow)
« Selection
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Gene flow

2
04(0)

Gene flow homogenize the allele frequencies within populations

Cockerham and Weir (1987)

641 = plal — y+ v6,) + (1 — a)bs3,]
6341 = plb(1 — v+ v6,) + (1 — b)6;,]
6rv1 — G341 = pdly(6y — 6,) + (1 — y)A — 6 )]

mutation-drift-migration equilibrium =2 Fgr ~ !

nd
1+4Ne(u+mnd_1)
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Migration rate between demes

p=(1-p:*
Y=17oN !
2
a=(1-m)*+
a—1
1-a
b_nd—l
(a—b) =d=(1—ma)?
a_nd—].
\

Number of deme



Gene flow
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From Lande (1972), we have the following effects of gene flow on the within
and between-population additive genetic variance:

2 2 1 2 2
Aojw = M Gjp — 5~ 0aw + O

2mng 1
Aojp ~ a1 ajp + N_e@%w

At mutation-drift-migration equilibrium:

oy = 2ngNeo? = n, times the expected within-population additive genetic
variance in a single panmictic population with genetic drift and mutation
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N, = 5000 diploids
u=10"8

aj(o) = 2.5

o2 =1le—4
m=>5e—5
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Evolutionary forces

« Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

« Mutation =» decreases the effect of drift from the base population variation
and increase the between-population genetic variance

« Migration (gene flow) =» homogenize the within and decrease between-
population additive genetic variance

e Selection

27
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2
Qsr = 4B (Spitze, 1993), the trait-based analog of Fgr

2
O'AB+20'AW

Qst VS Fst (estimated from putatively neutral markers) comparisons

Table 12.2 Interpretation of () g7 versus Fgp comparisons.

Observation Interpretation

Qst = Fsr Consistent with divergence expected under drift. Does not rule out
selection, but does not support it either.

28
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2
Qsr = 4B (Spitze, 1993), the trait-based analog of Fsr

2
O'AB+20'AW

Qst VS Fst (estimated from putatively neutral markers) comparisons

Table 12.2 Interpretation of () g7 versus Fgp comparisons.

Observation Interpretation

Qs > Fsr Divergent selection: spatial variation in trait values in excess
of neutral expectation.

Qst = Fsr Consistent with divergence expected under drift. Does not rule out
selection, but does not support it either.

Qst < Fsr Convergent selection: spatial variation in trait values less than
neutral expectation. Similar trait values are favored over populations.

29
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Evolutionary forces

« Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

« Mutation =» decreases the effect of drift from the base population variation
and increase the between-population additive genetic variance

« Migration (gene flow) =» homogenize the within and decrease between-
population additive genetic variance

» Selection
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Bulmer (1971)

of =02+d

- \

Genic variance covariance between allelic
effects at different loci

Directional and stabilizing selection: d < 0

Directional Stabilizing

Y Y

N\ \
N\l \
\ \
N\ N\ \
AN N\ \
\ X N\ \ X
k ~ A

X+y2a -a<x+y<a

Walsh and Lynch (2018)
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De C. Lara et al. (2022) Leinonen et al. (2013)
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Selection

Directional selection:

Decrease the within-population additive genetic variance and increase the
between-population additive genetic variance

> Qs> Fsr

Stabilizing selection:

Decrease the within and between-population additive genetic variance
P> Qg7 < Fgr
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Conclusion

« Genetic Drift = removes within-population additive genetic variance over time
and increase the between-population additive genetic variance

« Mutation =» decreases the effect of drift from the base population variation
and increase the between-population genetic variance

« Migration (gene flow)=>» homogenize the within and decrease between-
population additive genetic variance

« Selection = removes within-population additive genetic variation and can
Increase or decrease the between-population additive genetic variance

34
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Questions?

In humans:
« Empirical data are consistent with causal variants being largely shared across populations

=» Small mutational heritability ?
=» Pervasive stabilizing selection ?

T
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Widespread signatures of natural selection across
human complex traits and functional genomic
categories
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