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Mixed models for GxE data (Part II): 
Modelling QTL x E effects 
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Wageningen, October 2015 

QTLxE models by adding genetic predictors in the 
LMM 

QTL mapping: model building (a strategy) 

QTLxE mapping examples 
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Aim of statistical modelling for MET/GxE data  

● 𝜇𝑖𝑗: predictable 

o Goal: Describe 𝜇𝑖𝑗 as much as possible in terms of single 

indexed parameters 

o = Separate Gi and Ej terms 

 

● 𝑉𝐶𝑂𝑉 𝜖𝑖𝑗 = Σ: unpredictable 

Modelling mean and VCOV for MET data in LMM 

𝑦𝑖𝑗 = 𝜇𝑖𝑗 + 𝜖𝑖𝑗 𝜖𝑖𝑗~𝑀𝑉𝑁 0, 𝛴  

Molecular markers can be fitted as covariables:  

● 𝑥𝑖 = {0, 1, 2} or 𝑥𝑖 = {−1, 0, 1} 

● 𝑀𝑀 → 𝑥𝑖 = 1 

● 𝑀𝑚 → 𝑥𝑖 = 0 

● 𝑚𝑚 → 𝑥𝑖 = −1 

 

We want to test whether the variation at molecular 
markers is related to phenotypic variation 

● In the main effect (Gi) 

● In the specific environments (GEij) 

 

Modelling QTL and QTLxE 
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𝛼 : QTL main effect 

𝛼𝑗
∗
: QTLxE = deviation from QTL main effect 

𝛼𝑗: Environment specific QTL effect 

 Focus on environment-specific QTL effects 𝛼𝑗 and the modelling of 

the random 𝐺𝐸𝑖𝑗
∗   

 𝐺𝐸𝑖𝑗
∗ ~MVN(0, Σ𝐺𝐸) ; ΣGE = Σ𝐺 ⊗Σ𝐸 

 

 

Modelling GxE in terms of QTLs 

𝑦𝑖𝑗 = 𝜇 + 𝐸𝑗 + 𝐺𝑖 + 𝐺𝐸𝑖𝑗  

 
𝑦𝑖𝑗 = 𝜇 + 𝐸𝑗 + 𝑥𝑖𝛼 + 𝐺𝑖

∗ + 𝑥𝑖𝛼𝑗
∗ + 𝐺𝐸𝑖𝑗

∗  

 
𝑦𝑖𝑗 = 𝜇 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝐺𝐸𝑖𝑗

∗  

QTL mapping; a strategy 

1. Find a VCOV model for the GGE (=G+GE) variation in the 
phenotypic data 

2. Test for QTLs by single-SNP models 

3. Perform backward selection on the full set of signific. SNP 

4. Estimate effects in final multi-QTL model 

5. Option: Identify environmental covariables related to 
environment-specific QTL effects 
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QTL mapping: model building 

1.   𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝜖𝑖𝑗 

2.   𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝜖𝑖𝑗 

3.   𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 +  𝑥𝑖𝛼𝑗 + 𝜖𝑖𝑗 

4.   𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 +  𝑥𝑖𝛼𝑗
𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡

+ 𝜖𝑖𝑗 

Assess / find a model for 𝜖𝑖𝑗   

Genome-wide QTL search 
(Single SNP) 

Backwards elimination 

Final multi-QTL model 

 For each QTL a specific test can be made to assess 
whether QTLxE is present or not: 

Testing: main effects and GxE 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝜖𝑖𝑗 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝜖𝑖𝑗 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼 + 𝑥𝑖𝛼𝑗
∗ + 𝜖𝑖𝑗 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼 + 𝜖𝑖𝑗 

QQE 

Q+QxE 

Q 
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QTLxE: CIMMYT drought stress in maize  

 Response: Yield 

 Environments 

● 8 trials = 8 managed stress environments,  intermediate and 
severe drought stress (IS, SS), low and high nitrogen (LN, HN), 
no stress 

o 1992, 1994, 1996 

o 2 locations (Tl, PR) 

o Winter and summer seasons 

 Genotypes 

● 211 F2 derived F3 lines 

 Covariables 

 Genotypes 

● 132 marker loci 

 Min. and max. temperature, radiation, rain and number of sun 
hours for vegetative, flowering and grain filling stages 
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1 337 448 657 71 145 672 1260 493

2 603 332 407 140 88 732 1143 438

3 342 363 574 108 171 680 1152 409

4 208 224 343 0 110 554 767 369

5 453 261 496 303 166 754 895 427

6 322 401 336 36 251 594 1144 267

7 336 326 578 47 350 678 1094 376

8 144 417 531 57 213 384 710 158

9 264 306 601 124 194 464 1327 202

10 506 557 669 147 150 611 1113 495

11 361 302 353 63 189 539 993 349

12 285 242 254 14 217 626 1024 356

13 594 591 604 187 120 705 901 413

14 662 398 708 254 282 501 1082 278

15 229 358 346 39 85 614 844 316

Pij 

Maize data: phenotypic data and genetic 

predictors 
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1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

4 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

6 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1

8 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

9 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 -1 -1 -1 -1 -1 -1 -1 -1

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Construction of predictors for additive genetic 

effects at marker positions: 

xi (MM) = 1; xi (Mm) = 0; xi (mm) = -1   

Environments 
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Summary statistics per environment 

Different mean performance 

Heterogeneity of variation 

Correlations between environments 

Heterogeneity of correlation (=GxE) 
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AMMI biplot 

NS92a and HN96b large contribution to GxE 

 

Selection of VCOV matrix 
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QTL search: SIM (single SNP interval mapping) 

 QTL on chr 1 large 
GxE (cross-over). 

 QTL on chr 10 large 
GxE (but no cross-
over). 

 QTL on chr 4 
consistent effect (no 
QTLxE). 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝜖𝑖𝑗 

Selection final multi-QTL model 

 6 QTL in the final model 

 All show significant QTLxE, except on chr 4. 

𝑦𝑖𝑗 = 𝜇𝑖 + 𝐸𝑗 + 𝑥𝑖𝑞𝛼𝑗𝑞
𝑞∈𝑄

+ 𝜖𝑖𝑗 
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 Strong QTLxE 

● Cross-over type of interaction (HN96b vs rest) 

● No effect in LN96a/b 

QTL on chromosome 1 

Also QTLxE, but no crossover 

QTL on chromosome 10 
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QTL effects in relation to env covariables 

Decompose QTL effect in: 

● An intercept across all environments (q) 

● Part associated with environmental covariable (zj)  

o Reaction norm with slope q. 

● Residual QTL effect (random a*
j). 

 Prediction possible within the range of values of 𝑧𝑗 

𝑦𝑖𝑗 = 𝜇 + 𝐸𝑗 + 𝑥𝑖(𝛼𝑞 + 𝛽𝑞𝑧𝑗 + 𝑎𝑗
∗) + 𝐺𝐸𝑖𝑗

∗  

𝑦𝑖𝑗 = 𝜇 + 𝐸𝑗 + 𝑥𝑖𝛼𝑗 + 𝐺𝐸𝑖𝑗
∗  

Regression of QTLxE on min. temperature during flowering 

QTL on chromosome 1 reacts to temperature. 

● Now we “understand” the GxE-mechanism 
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QTLxE-mapping: find the genes causing the GxE-
interaction 

 

Regression of QTL-effect on explicit environmental 
covariables 

● “Understand” the GxE-mechanism 

● Prediction of performance in other environments as a 
function of QTL-genotype 

● Use: Preselection of high-potentials before field testing 

 

Should animal breeders be doing this kind of thing? 

Conclusions 


