Population Subdivision

When populations ar e subdivided, movement between
subpopulations may berestricted and allele frequencies may be
different in the subpopulations (i.e., populations are not panmictic).
Thisissimilar to assortative mating with respect to geographical
location and/or finite population size (i.e., drift)

) Wahlund’sPrinciple— Deficit in number of observed
heter ozygotesrelative to expected dueto population subdivision.

Assume one large group of organismsdivided into two
subpopulations. HWE exists within each population.
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Separate:  F(aa) = % *9, ;qz
2
Overall: F(aa) = [quz}
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Where:  n =number of alleles

k = number of subpopulations
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Hy =1-2-2p,
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That isfor all valuesof p;:
H; > H,
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In other words:

k
Where: g= %Zqi Aver age allele frequency acr oss subpopulations

K
And Q= %Zq Aver aged observed homozygotes frequency

i=1

acr oss subpopulations.

The aver age, expected homozygotes frequency acr oss subpopulationsis:

w{ie

Difference between observed and expected is:

i)

—Z( =V, (thevariancein allele frequency
acr oss subpopulations)

Then: Q=g°+V, and

Note: Vg = Vp only when two alleles at a locus. Observed
Heter ozygosity islessthan expected (i.e., variancein allele

frequency is subtracted from the expected heter ozygote frequency
to get observed).
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1) Wright'sF Statistics— Wright, S. 1951. The genetical structure of
populations. Ann. Eugen. 15:323-354.

A) Threelevels on which heter ozygosity can be measured:
1) (I)ndividual — effected by breeding behavior or system
2) (S)ubpopulation —effected by migration or subdivision
3) (T)otal Population — effected by both breeding and
subdivision.
H, — Average heter ozygosity of all genesin an individual or the
probability of any one gene being heter ozygous.

Hs— Average heter ozygosity of the subpopulation or the
probability of an individual being heter ozygous.

H; — Average heter ozygosity of randomly mating pooled
subpopulations

Wrightsformulation isfor one locuswith two alleles. A generalized
extension is:

Kk
H, = %ZH, for k subpopulations

H.=1-Y.p> inanyonesubpopulation for n alleles

i=1

H, = isthe average heter ozygosity across subpopulations

H; = 1—Zﬁf where p = average allele frequency across

subpopulations
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From these, three statistics can describe the partitioning of genetic
variation in populations:

Flo= i
HS
= thereduction of individual heter ozygosity dueto non-
random mating within subpopulations (i.e.,
inbreeding).
F = HT _ﬁs
ST HT
= thereduction in subpopulation heter ozygosity dueto
non-random mating within the total population (i.e.,
population subdivision).
H,.-H
F =_T [
IT H

T

=thereduction in individual heter ozygosity dueto non-
random mating within the total population and within
the subpopulations (i.e., inbreeding and population
subdivision).

(1-F7)=Q-Fg) (1-Fy
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B) Weir and Cockerham —1984. Estimating F-statistics for the
analysis of population substructure. Evolution 38:1358-1370.

Asoriginally formulated, F statistics are effected by
sample size, number of subpopulations sampled, equality
of sample sizes across subpopulations (single locus). Weir
and Cockerham formally corrected for these.

Note: F,sand F,; can beeither positive or negative (+ isan
excess of heter ozygotes and —is a deficit)

00<Fg <10

where 0.0 isno differencein allele frequencies among

subpopulationsand 1.0 is complete difference. Thisistrue
because H, >H_, always.

OH 5.1
[11) Interpretation of Fq;

Fs measuresthe degree that the subpopulations have
goneto alternate fixation of allelesNOT the actual
degr ee of gene flow between populations.

OH 5.2

Case 1 versus6

Remember: F.. :w
q(1-o)

Casebversus?

Pair-wise F4; help differentiate between these, however,
they arenot statistically independent

x* = 2NFg whereN isthe samplesize

OH 5.3
Caselversus?2
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1V)

Many available and most equally good and highly correlated.
Some are metric and some are non-metric
A) Triangular equality:
DistancefromA=>B+B=>C=A=>C
B) Nel’s Distance
1) doesnot satisfy the TE (i.e., non-metric)

for asinglelocus:

XY,
| = S S i=1
ZX?Zy
i=1 i=1

wherex; and y, are the frequencies of thei™ allele (of n) in the x
and y populations, respectively.
00<1<10

for multipleloci:

k n
where J,, == Eny,,J kZfo,and J, = ZZy and

i=1i=1 i=1i=1 i=1i=1

k = number of loci and n = number of aIIeIes(l.e., the
arithmetic means across loci)

Nei’sdistance (D) =—In |

M easur es of Genetic Distance and | dentity Among Populations
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C) Roger’s Distance

where k = number of loci
00<D<10

within ver sus between subpopulation variation hasthe
same effect on Roger’s D ason F;.

D) Cavalli-Sfor za and Edwar ds— over comes variance problem.
Uses an angular transfor mation to make variances
independent of frequency.

D — “_z i=1

arc \ k = pis
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