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Aim

Finding bio-predictors (e.g. transcripts) for 
phenotypes of interest
Phenotypes: continuous / qualitative
Statistical methods could be similar to those 
for genomic selection (few individuals, lots of 
variables)
We chose to focus on 2 approaches: random 
forest and sparse PLS
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On the Eadgene pig data set:

Evaluation of performances of the 2 
prediction approaches 

phenotype = f(expression) + e

Comparison with differential analysis
expression = f(phenotype) + e
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Classification And Regression Trees
(Breiman et al, 1984)

• Recursive partioning method

• Find the best split on a variable 
for each node

• The observations of the same
class land in the same terminal 
node
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Random Forests (RF) aggregate several 
CARTs

Majority of vote for 
classification

Breiman (2001) Machine Learning
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OOB error rate and importance measure

Internal estimation of the generalisation error
• Each bootstrap sample: 

2/3 of the observations to construct the tree
1/3 «Out-Of-Bag» data

• Aggregate all the OOB predictions -> OOB error rate, 
accurate and unbiased

Internal variable importance measure
• Which transcripts are the best predictors -> select 

transcripts
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Random Forest on pig data (3686 genes):
reasonably high predictive power

OOB estimate of  error rate: 12.5%
Confusion matrix:

LWa LWc MSa MSc class.error

LWa 5   1   0   0   0.17

LWc 0   6   0   0   0

MSa 0   0   5   1   0.17

MSc   0   0   1   5   0.17
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Random Forest on the most differential genes 
(662 genes with FDR < 20%): 
no error of prediction

OOB estimate of  error rate: 0%
Confusion matrix:

LWa LWc MSa MSc class.error

LWa 6   0   0   0           0

LWc 0   6   0   0           0

MSa 0   0   6   0           0

MSc   0   0   0   6           0
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Slight link between significance level in 
differential analysis (FDR) and RF-importance
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This relatively high 
correlation was not 
found in other data 
sets, and may be 
explained by the high 
number and 
proportion of 
differential genes with 
additive effects of 
genotype and 
treatment
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Heatmap of the 50 most important genes for RF
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Basis of PLS: geometrical view
Wold (1966)

Principal component analysis (PCA): max Var

Partial Least Square (PLS): max Cov
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Basis of PLS: analytical view

Regression: explain 1-dimensional y with  
linear combinations of x’s (X with high 
dimension)
Multiple regression: explain linear 
combinations of y’s by linear combinations of 
x’s

Y X
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Basis of sparse PLS
Lê Cao et al. (2008) SAGMB, to appear

Explain linear combinations of a subset of y’s
by linear combinations of a subset of x’s, the 
subsets have to be estimated 
LASSO penalisation: low contributions of y’s
or x’s set to 0
Aim: clearer idea of the variables of interest
Size of subsets: given by the biologist
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Y = phenotype 
= indicators of genotype and treatment

Y (24 x 2)

i genotype treatment
1         1         2
2         1         2
3         1         2
4         1         2
5         1         2
6         1         2
7         2         2
8         2         2
9         2         2
10        2         2
11        2         2
12        2         2
...

X (24 x 3686)

Gene expressions
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Sparse PLS: regression of 50+50 genes on Y 
(genotype+treatment): perfect prediction 
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Interpretation of plots:
dim 1: genotype effect
dim 2: treatment effect
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Comparison with differential analysis

The selected 50+50 genes are differentially 
expressed, with significant effect of genotype 
and/or treatment, without interaction in most 
of the cases
In general, there was a coherence between 
differential analysis and sparse PLS, e.g. the 
group of genes on the right hand side have 
expression significantly explained by the 
genotype factor.
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Very good prediction even with 2 + 2 genes
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Sparse PLS: regression of breed and treatment on gene expression
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