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WPPA

WPPA – Window Posterior Probability of Association

ഥ𝑚 - Vector of means of estimated posterior marker effects

ෝ𝑚 - Vector of estimated marker effects in one MCMC iteration

𝑠𝑞 = ൗσ𝑖 ഥ𝑚𝑖
2

𝑝 - Expected genetic variance reflected by markers

(ignoring Linkage Disequilibrium)

Ratio: 𝑞 =
𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑡

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

𝑞 is sampled

Posterior probabilities for 𝑞 in a certain interval (window) is

determined

𝑞 > 1 - Association
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WPPA

Why windows?

Effect of a QTL is reflected by several adjacent markers jointly

QTL No QTL

Marker effects

Windows reflect the effect of chromosome segments

No Linkage Disequilibrium – no covariance between markers is

considered
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WPPA-R

• In certain types of populations linkage disequilibrium is large and

wiedespread across chromosomes

• Such as in a backcross between

inbred lines

• Covariance matrix 𝑹 can

be defined (Bonk et al., 2016)

• Reflects genetic distances between

markers

• Linkage phase of markers in

parents
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WPPA-R

Matrix of thresholds

Example: 4 markers, equal distances of 0.01 M

𝑹 =

1 0.98
0.98 1

0.96 0.94
0.98 0.96

0.96 0.98
0.94 0.96

1 0.98
0.98 1

𝑻 = 𝑹0 ∙ 𝑐𝑝 + 𝑰 ∙ 𝑠𝑞 =

0 0.98
0.98 0

0.96 0.94
0.98 0.96

0.96 0.98
0.94 0.96

0 0.98
0.98 0

∙ 𝑐𝑝 +

1 0
0 1

0 0
0 0

0 0
0 0

1 0
0 1

∙ 𝑠𝑞

𝑠𝑞 = ൗσ𝑖 ഥ𝑚𝑖
2

𝑝 (average genetic variance per marker)

𝑐𝑝 = ൗ
σ𝑖 σ𝑗 ഥ𝑚𝑖 ഥ𝑚𝑗

(𝑝2−𝑝) (total covariance is equally distributed across all 

marker combinations)
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Matrix of threshold values for windows

Example: 3 markers in a window, 4 windows

𝑲 =

1 1
1 1

0 0
1 0

0 1
0 0

1 1
1 1

𝑻𝑤 = 𝑲′ ∙ 𝑻 ∙ 𝑲
Matrix of expected variances and covariances of all defined windows

and their combinations

WPPA-R
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Observation in MCMC iteration 𝑡, estimated marker effects ෝ𝑚𝑖

Example: 3 markers in a window, 4 windows

𝑲𝑡 =

ෝ𝑚1 ෝ𝑚1

ෝ𝑚2 ෝ𝑚2

0 0
ෝ𝑚2 0

0 ෝ𝑚3

0 0

ෝ𝑚3 ෝ𝑚3

ෝ𝑚4 ෝ𝑚4

𝑻𝑤𝑡 = 𝑲𝑡
′ ∙ 𝑹 ∙ 𝑲𝑡

Matrix of observed variances and covariances of all defined

windows and their combinations

WPPA-R
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Simulation

„Mouse“ genome

20 chromosomes

Length of 1 M

101 equally spaced markers

12 QTLs

Heritabilities ℎ2 ∈ {0.17, 0.29, 0.70}
200 experiments
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Mean (over all repetitions) estimated variances and covariances

Simulation ℎ2 = 0.17
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Mean (over all repetitions) posterior probabilities to exceed the

threshold („Power“)

Simulation ℎ2 = 0.17
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Simulation ℎ2 = 0.17

Estimated variances and

covariances

Posterior probabilities

First chromosome: 3 marker effects: 2.0, 2.0, 1.0
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Simulation ℎ2 = 0.17

Estimated variances and

covariances

Posterior probabilities

Second chromosome: 4 marker effects: 1.0, 1.0, 0.5, 1.0
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Simulation ℎ2 = 0.17

scenario
Max. Power Chr. 1 (3 marker

effects: 2.0, 2.0, 1.0)
Max. Power Chr. 2 (4 marker

effects: 1.0, 1.0, 0.5, 1.0)

Nr. ℎ2 cM 𝐼𝑁 𝐼𝐵1𝑤 𝐷𝐵1𝑤 𝐼𝑁 𝐼𝐵1𝑤 𝐷𝐵1𝑤

1 0.17 5 0.07 0.98 1.00 0.02 0.39 0.67

2 0.17 1 0.01 0.66 1.00 0.01 0.16 0.58

4 0.29 5 0.23 1.00 1.00 0.03 0.73 0.94

5 0.29 1 0.02 0.92 1.00 0.01 0.38 0.87

7 0.70 5 0.98 1.00 1.00 0.37 1.0 1.0

8 0.70 1 0.15 1.00 1.00 0.03 0.95 1.0
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Simulation ℎ2 = 0.17

scenario
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4 0.29 5 0.23 1.00 1.00 0.03 0.73 0.94

5 0.29 1 0.02 0.92 1.00 0.01 0.38 0.87
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8 0.70 1 0.15 1.00 1.00 0.03 0.95 1.0
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Conclusions and Outlook

• Different methods can be analysed and compared with the same 

calculations

• Three methods are known:

1. Inferences drawn of posterior probabilities of marker effects

2. WPPA

3. WPPA-R

• Better visualisation of the representation of the genetic

architecture with WPPA and WPPA-R

• Covariances help with the analysis of this architectures

Thank you for your attention!
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Thank you for your attention
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