Linkage

Two genes are said to be linked if the
transmission of alleles at onelocusis
stochastically dependent on the
transmission of alleles at the other locus



Classical Test Cross

Parent 1 AABB X aabb Parent 2
F1 AaBb (100%) x aabb
F1-gametes AB Ab aB ab
%frequencies
A and B are unlinked: 25 25 25 25
A and B linked: 35 15 15 35

A and B tightly linked 48 2 2 48
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Corn example

plant 1 and plant 2 are coloured green plants
both are heterozygous

After test crossing
Progeny of plant 1 Progeny of plant 2

Coloured kernels, green plants 12 45
Coloured kernels, yellow plant 155 5
White kernels, green plants 115 3
White kernels, yellow plant 18 27

Recombination Fractions?




Corn example

plant 1 and plant 2 are coloured green plants
both are heterozygous

After test crossing
Progeny of plant 1 Progeny of plant 2

Coloured kernels, green plants AaBb 12 45
Coloured kernels, yellow plant  Aabb 155 5
White kernels, green plants aaBb 115 3
White kernels, yellow plant aabb 18 27

Recombination Fractions?




Linkage equilibrium
freq(AB) = freq (Ab) = freq (aB) = freg (ab)

Linkage disequilibrium
D =freq(AB). freq (ab) - freq (Ab) . freq (aB)

D > 0through physical linkage
selection (Bulmer effect)
migration or crossing
recent mutation



L inkage Disequilibrium is needed for mapping

LD Inacrossof inbred lines
e LD withinafamily
e LD population wide
after recent crossing
al very small distances

LD exists over asmaller distance only after many melosis

(unless selection)



Mapping of genes

e Determine recombination fraction
e Distanceis proportional to % recombination



Mapping functions

e recombination fractions are not additive
'rc ISNOt equal to ryg +Hrge.

e With no Interference.

fac = Tag t Igc— 2. 'ag- Mee



Interference Isthe effect in which the
occurrence of a crossover in acertain region
reduces the probability of a crossover in the

adj acent region.



e With no interference.

fac = Tag T ec — 2 Mag- e

o With complete interference
F'ac =g + I additive

e |nany case:
With small distance between AC (<20 cM)
r'ac =Tag + I'ae additive



A mapping function gives relationship
between recombination fraction and distance

A mapping function should

— Assign distances that are additive

— |f distance > 50 cM, this should trand ate
INto a recombination fraction of 50%.



Mapping Functions
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Mapping functions

e Haldane
d=-%In(1-2r).
r =% (1-e29)

e Kosambi
d=%In[(1+2r)/(1-2r)]



Example Haldane mapping

Distance (cM) % Recombination

10 0.091
20 0.165
30 0.226

40 0.275



Mapping of genetic markers

* Determine recombination %
« Use amapping function



Estimation of recombination fraction

 Linkage phasein parents AB /ab

* haplotype of thegametes AB aB Ab ab

 Linkage phaseis not always known

* Haplotype is not always known
— depends on genotypes of parents/progeny




Maximum Likelihood estimation of linkage (r)

example using 1 offspring only

L=2 > Prob(phase)* Prob(gamete |phase,r ecomb)

phases“—gametes

Example: Sire: AaBb Dam: AABB
Offspring: AABB

Sires genotype Prob Prob(AB gamete)
AB/ab 0.5 0.5%(1-r)
Ab/aB 0.5 0.5*r

L = 0.5%{0.5*(L-r)} + 0.5*{0.5*r} = 0.25

Likelihood doesnot depend on r >> No infor mation about r



Maximum Likelihood estimation of linkage

example using 2 offspring

L =2 ases2gametes PTOD(phasg)* Prob(gamete [phase,r ecomb)

Example: Sire: AaBb Dam: AABB
Offspring 1: AABB
Offspring 2: AABB

Siresgenotype Prob = Prob(2 AB gametes)
AB/ab 0.5 0.5%(1-r)?
Ab/aB 0.5 0.5*r?

L = 0.5{0.5*(1-r)4} + 0.5*{0.5*r2} = 0.125*{(1-r)> + r2}
Likelihood now dependsonr >>find MaxL



Likelihood

Likelihood map
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Maximum Likelihood estimation of linkage

L =2 ases2gametes PTOD(phasg)* Prob(gamete [phase,r ecomb)

Example: Sire: AaBb Dam: AABB
20 Offspring: AABB 9
AaBB 1
AABD 1
AaBb 9

20
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Likelthood Ratio test

 To comparethe likelihood of two
alternative models, and test the difference

_Likelihood(r =r)
L09 | ikelihood(r =0.5)




The LOD score

10Log _Likelihood(r =) _ LR(r)
Likelihood(r =0.5) 4.61

LOD score>3 means. <1: 1000

CRI-map LOD scores
estimates of rec.fract.
Possibly many markers
many families

Uses Kosambi’ s function



Designs needed for mapping

Amount of information depends on number of
Informative melosis

An efficient design minimizes the number of
genotypings (minimizes uninformative meiosis)

Full sibs better than half sibs
Use more families to avoid uninformative sites



