Lecture 4. Linkage disequilibrium (LD). Inbreeding coefficient as probability.
Inbreeding coefficient as fixation index.

1.7 Linkage disequilibrinm (LD)
Two genes with two alleles each: A @ and B, b

actual gamete frequencies (left) and

linkage equilibrium frequencies (right)

B b | Tt B b Tt
A Pl P | om A Prgn | Page | 1
1 Pop | | pa 1 Py | Page | P2
Tot | g | g | 1 Tot | g i 1
Measures of LD
Po=mqp+D. Pis=mgp — D
Poy =g — D, Py = poga + D

— Cov(la, lp)

Basic LD measure DD = P, P — P

depends on allele frequencies difficult to interpret
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Correlation coeflicient r =

Normalized D

D= H—i.} - if 1) =10, where Dy = min(pygs, pag; )
D' = if D < 0, where Dy = — min{pg,., pogs
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Ex 15: MN and Ss blood groups
Two genes in chromosome 4: alleles (M, N and (5, )
British sample, 1000 ind, n = 2000 chromosomes

Observed gamete counts and frequencies

5 s | Total et 5 Taital
M 474 | 611 1083 M 00237 [ 0305 | 0542
N 172 Tvd | 91a N 0,071 | 0387 | 0458
Tt | 616 | 1384 | 2000 Taot | 0308 | 06492 1
Linkage equilibrium frequencies and counts
= 5 Tatal = 5 Teatal
M| 00167 (0373 | 0.542 Mo 334.2 [T308 | 1083
) 0141 0317 | D58 N 2RLE | Gad.2 | 910
Tat [ 0308 [0 692 1 Tot | 616 | 1384 | 2000

Chi-square test of independence: X° = 184.9, df = 1

V1849 = 136, reject Hyy : linkage equilibrium

D = 0.070, r = 0304, D' =

007
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Attainment of linkage equilibrinm
Changing [J over generations under H-W assumptions
Fig 39, p. 100: Dy = Dy = Dy = ... =0

Dy = Dy(l — p)', where p = recombination fraction

Canses of LD
L. small p, chromosome inversion
2. small £, recent mutation
3. epistatic selection favoring some genoty pes

4. effectively small p. excess of homozygotes

Fx 16: LI in plants
Two unlinked esterase genes in Barley
parneles By | BDy | BaDy | BaDy

observed counts 1501 Ta4 Ta0 T4
LE expected counts | 16426 | 613.7 | 3771 [ 2136

X? = 1727, df = 1. D = —0.046, D' = 0.66
significant LD due to 99% self-fertilization

Haldane’s recombination model

Number of crossovers between two loci v Morgans apart
X, € Pois(u) [definition of 1 Morgan: E(X,) = 1
p=P(X,is odd) = =(1 — ¢ ™). p = u for small u
g == 0.5 for large w, independent assortment

1.8 Tnbreeding coefficient as probability
Two alleles are IBD if they are derived
from a single allele in an ancestral HWE population
For an individual genotype any locus is
either autozygous: two IBD alleles, probability P(IBD)
or allozygous: non [BD alleles, probability 1 — P(IBD)

Pedigree formula of inbreeding coefficient

F' = P(IBD). F = (

Fp = Plautozygosity) x Plancestral allele is A)
(1 — Fp* = Plallozygosity) x P(ancestors are A. A)
D=Fp+(l - F)p’ =p" +pgF



1.9 Inbreeding coefficient as fixation index

|T'n[t*?el[;u;;ulelfiu[] = K partially isolated HWE subpop H|

Diploid population sizes N; = w, N wy 4+ ... 4wy = 1
genotype frequencies D, = p’. H, = 2pg;. R = ¢’

Metapopulation averages
p=xl oy
e = ‘h_ .lU"! = .lU_ .Ir!w — _}W R». - ?

Observed variance of allele freqs across subpopulations
o’ =p (P

Complete allele fixation case: if p; = 0 or 1. then
a’=p— (p)? = py

Total population = hypothetical fused population
with random mating

Expected genotype frequencies for the total population
Dy = (p), Hy = 2pg. Ry = (§)*

Wahlund’s principle
isolation breaking increases genetic variation
Ds—Dy=ac Ry — Ry =0’ Hp — Hs = 207

[solation contributes to allele fixation

Hg _ a®

Fixation index Fop =1 = —
! Py

[nbreeding effect of population structure
De=9" 4+ pgFer, Re = §° + pgFe;
Hs = 2pg(1 — Fsy)
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