Migration-Drift Equilibrium

EEOB 567, Nason Lecture 17, 10/29/09

1. Models of gene flow assuming random migration among subpopulations:

* Continent-Island Model: individuals (or genes) enter a subpopulation from a
single large source population (does not incorporate genetic drift).

* Wright’s Infinite Island Model: immigrants can be treated as drawn at
random from the total population, with a constant migration rate across
subpopulations.

* n-Island Model: a more general treatment of Wright’s island model with a
finite number, n, of subpopulations.

2. Models of gene flow in metapopulations:
* Extinction and Recolonization Models - Two extreme scenarios
- Propagule-Pool Model: colonists come from a single source subpopulation.
- Migrant-Pool Model: colonists represent a random sample of individuals
drawn from surviving subpopulations.

3. Models of gene flow assuming a geographic, spatial dimension:
« Isolation-by-Di Models: the probability of migration from site to site
declines with increasing distance between sites.
- Stepping-Stone Models: 1- and 2-dimensional, a form of isolation by
distance model with migrants moving only among neighboring, discrete
subpopulations.

The Continent-Island Model

Continent or
source population On the island, over 0..f generations, ¢,
asymptotically approaches the equilibrium
value q,,,.

* The greater the differential ¢, - g,,, the faster
the initial approach of the frequency of 4,
on the island to ¢,,.

This is evident in the figure below where ¢,, =

0.4 and m =0.1.
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Wright’s Infinite Island Model

¢ The island model is an equilibrial model of
genetic structure for a set (population) of
subpopulations each of finite size (V).

* The effect of finite subpopulation size is to
cause the allele frequencies to drift apart,
whereas gene flow serves to counteract this
effect and keep frequencies similar.

* At equilibrium, allele frequency variation / \

among populations reflects a balance (

between the opposing forces of gene flow )
and genetic drift, often called migration-
drift balance. /

* Because F; and allele frequency variation « g
among populations can be measured \ ) D )

empirically, the model is often used to
infer migration rates among populations
within a species.

Assumptions of the Island Model

* Neutral alleles.
« Infinite number of subpopulations (islands).

- With infinite subpops, D for the total population is constant over
time.

* The effective size of subpopulations is NV =,.

- N is finite and constant across subpopulations and over evolutionary
time.

- Since /V is finite, random genetic drift operates to increase identity
by descent within and genetic variation among subpops.

* Subpops receive migrants at rate m, drawn at random from other
subpops.

- m is constant across subpops. -~

- The expected allele frequency in migrants is P.

- There is no geographic or spatial dimension to the island model, that
is, gene flow is not assumed to be a function of the proximity of
subpops to one another: it represents the extreme in dispersal over
large distances.

* The mutation rate, u, is much less than the migration rate, m.

Development of the Island Model

* Given assumptions of the model, subpops are equivalent. As a result,
we can model the dynamics of one subpop as representative of all.

* Recall that F,, here denoted F, measures the probability of identity by
descent of alleles within subpops relative to the total population.

Within a focal subpop at generation ¢, there is probability 1/2/V that a
pair of genes drawn at random are identical by descent (IBD) in
generation, 7, and a probability (1 - 1/2N)F ., that they are identical by
descent from the preceding generation, ¢-1. Thus, the fixation index in

generation 7 is | |
Fy = o1y o

Identity by descent requires that both alleles are not migrants, the
probability of which is (1 - m)?, so
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Development of the Island Model...

If we assume that at some point in time an equilibrium is reached where
the opposing effects of gene flow and genetic drift balance out, then the
identity by descent of alleles in the focal subpopulation (due to
differentiation among subpopulations) is F, = F, ,, = F . Solving for F,

(1)
we get (= 2m+m?)

TOAN-CQN-D(-2m+m)
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Note that when m =0, Fg; =1, and that when m =1, Fg; = 0. If terms in
m? are ignored (since typically m<<1) then this reduces to

1-2m
4NmM+1-2m
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Development of the Island Model...

The Relationship Between Nm and Fg,

Finally, when m < 0.01, terms in 2m can ignored, in which case we
obtain the impressively simple equilibrium approximation

1
"~ 4Nm+1

ST

This can be solved to estimate Nm under the island model, where Nm is
the effective number of migrants per generation, averaged over

subpopulations
1- F, {1
Nm=—3L=—| —_]
4y Ay

The figure to the right plots the 04
approximate equilibrial

relationship between Fg; and Nm. 03 1
This figure shows that even small
amounts of effective gene flow can P oa
have dramatic affects on F; and

hence the extent of genetic
differentiation among populations.
For example:

* When Nm <1, Fg;> 0.2, alevel Gl :
of genetic differentiation that N
Sewall Wright considered to be
great.

« In contrast, when Nm >4, F, <
0.06, a low amount of genetic
differentiation. 7 Gene Flow Among Transgenic Plants and Their

Wild Relatives:
Implications for Risk Assessment

o1 b

Caveats re the Interpretation of Nm

The n-Island Model

1) Nm is the historical effective number of migrants per generation (an
average over subpops and through time) and is a function of both the
historical effective subpop size (V) and the historical mean migration
rate (m). Thus a set of large subpops with low migration may have the
same Nm as a set of small subpops with high migration.

o This illustrates that you should not simply interpret Nm as the
migration rate.

2) Estimates of Vm are often requested as part of management plans for
rare and endangered populations, for example. Keep in mind, however,
that it is a historical estimate and an average over the entire set of
subpopulations.

*As a result it is insensitive to contemporary processes, such as habitat
fragmentation and provides no information on the spatial geographic
patterns of gene flow among populations.

3) An opposing voice: Whitlock and McCauley (1999) provide an
excellent discussion of the potential pitfalls of estimating and
interpreting Nm obtained from Fy,.

A more general treatment of Wright’s infinite island model with a
finite number, n, of subpopulations.
* n is the actual number of subpopulations in the total population,
not the number of subpopulations led

Predictions of the n-island model

For a model assuming the mutation rate is much less than the
migration rate (u<<m), at equilibrium between mutation, gene flow,
and drift:

Fpe—1 oy
= h =
T 4Nma+l o “ (n—l

As n becomes large, F¢, for the n-island model becomes similar to
that expected for the infinite island model, as would be expected.

Nm in the n-Island Model

Reading for Discussion on Tuesday

F, ! n Y
= — h =
T 4Nma+l “ (n—l)

Solving for the average effective migration rate we get:

(el

Since a will always be greater that one, Nm for the n-island model is
less than that for the infinite island model given the same amount of
differentiation (i.e., F;).

* As a result, using the infinite island model to estimate Nm when
the actual structure of the population is better fit by the n-island
model will lead to an overestimate of Vm and the influence of
gene flow on the evolution of population genetic structure.
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2004. Inverse relationship between F g, and microsatellite
polymorphism in the marine fish, walleye pollock
(Theragra chalcogramma): implications for resolving weak
population structure. Molecular Ecology 13:1799-1814.




Microsatellite Evolution

Replication

Replication slippage
or slipped-strand
mispairing appears
to be the main
mechanism
generating length
mutations in
microsatellites
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The problem is that populations 4, 5, and 6 have the same allele at this
microsatellite locus, yet they have different evolutionary histories.
* These alleles are identical in state but not by descent, a phenomenon
known as homoplasy.
* A scientist examining this one locus would mistakenly conclude that
population 6 is more closely related to populations 4 and 5 than it is to 7.
 In population studies, homoplasy can lead to underestimates of
divergence.
* The only way to detect homoplasy would be to examine many other loci.




