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Data structure and notation

y = phenotypes

y m
m = observed marker genotypes
g = unobserved QTL genotypes
1 = model parameters
~ = QTL locations
M Y

H = QTL model

The factorization

Pr(y,m,q, u,v) = {Pr(y | ¢, 1) Pr(u)} {Pr(q | m,~) Pr(m) Pr(y)}

Pr(y | ¢, ) Pr(n) = genetic model part
Pr(q | m,~) Pr(m) Pr(vy) = linkage part

The unobserved QTL genotypes play a central role.

If the QTL genotypes were known, the problem reduces to

linear regression



The basic idea

e Simulate multiple realizations of the joint genotypes on a
uniform grid, conditional on the observed multipoint marker
data.

e Fit a QTL model with each realization, one at a time.

e Combine the realizations to get an estimate of the poste-
rior probability of the QTL model.

Imputation illustration
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Genetic map: H——+—+—+4—+—+—+4+—+—+—+—+—+4+—+—+—+—+++—++++

Observed data: BOOOOROOO0O0O0O0O0O0O0O0BO00O00O00O0O00O0RO00O000OEONE

Imputations: HEEEEEEEEEEEEROOOOOCOOOO0O0O0OOONEEEE
SEEENEENOOODODOOOOO000000000ONEEEEN
SEEENEEEEEEROOOOOOOODOOOO0O00ONEEEN
SEEEEEEEEROOOOOOOO0000000ONEEEEEE

B = AA SEEENEEEEEEROOOOOOOODO0O0O0O0O00ONEEEE

SEEENEEEEEEEROOOOOOODOOOOO0O00ONEER
B =AB SEEENEEEEEEEEENOOOOODOOOO0O00NEEEEE
SEEEEEREROOOOOOOOOOOO0000OENEEEEEN
O =BB SEEEEEEEEEROOOOOOOOODO0O0O0O0O000ONEEE
SEEEEEEEEEROOOOOOOOODO0O0O0O0O0O0000ONER
O = missing SEEEEROOO00ONEREROOOOOO0O0O0O0O0O0ONEEEE



Advantages

e Simple computation (just regression)
e Handle missing genotype data

e Covariates

e Any phenotype distribution

e Multi-dimensional genome scans

e Linked QTL; interacting QTL

e Modular algorithm

e No MCMC worries

Cautions

e Monte carlo error (humber of imputations)
e Numerical integration error (density of pseudomarker grid)
e Model selection (as usual)

¢ Relatively large up-front cost for the imputations

(biggest advantage in case of many phenotypes or many
alternative models)



An example

Sugiyama et al. (2001) Genomics 71:70-77

Salt-induced hypertension in the mouse.

Backcross with 250 individuals.

174 markers (for most, only genotyped the extremes).
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Genetic map
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Positions
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Drop-one-term table

19

20

Term df LOD % variance explained
cl@37 1 1.9 2.3
cl@80 1 31 3.8
c4@30 1 95 12.3
c6@60 2 5.7 7.1
c7@54 2 2.0 2.4
cl15@18 3 7.6 9.6
c6@60: cl5@18 1 3.8 4.6
c7/T@54:cl5@18 1 1.7 2.1
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