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Quantitative Trait Locus (QTL) mapping

agricultural traits often polygenic – phenotypes measured quantitatively
loci controlling these traits are termed QTL
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QTL mapping used to:

identify genomic regions 
associated with phenotype

relies on linkage of 
molecular markers to 
phenotype in a 
segregating population



Seed and fruit traits

Leaf length
Plant length

Seed size
Seed storability

Seed sugar content
Phosphorus content
Seed glucosinolates

Fruit length

Insect herbivory

Number of ovules per fruit

Freezing tolerance

Adult plant traits
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Flowering

PGM activity

DNA methylation

Hypocotyl physiology

Glucosinolates

Circadian period length
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Seed dormancy
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From: Koornneef et al. Ann Rev Plant Biol 2004

QTL mapped in Arabidopsis Ler-Cvi RIL population



Fine mapping within the QTL can reduce the number of 
candidate genes

Even after fine mapping may be left with more candidates 
than can feasibly be pursued

Need for an extra experimental step to bridge the gap 
between fine mapping and validation studies

Limitations of QTL mapping

5

FLC



transcriptomics 
per offspring

metabolomics
per offspring
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Genetical genomics

proteomics
per offspring

combines expression profiling of individuals in a segregating
population with molecular mapping

expression level of each gene/protein/metabolite is treated as
a QTL (eQTL)

more powerful than either approach alone

markers 
per offspring

segregating population
(RIL, NIL, F2/F3, BC)

+
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expression variation of genes a-i
mapped to their major effect QTL

Expected outcomes and utility for breeding 
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Expressed genes regulated by cis-acting  
QTL

• QTL maps to gene position
• largest class
• promoter/gene variants
• candidate gene-> target for MAS, 

genetic modification
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Groups of genes regulated by a single trans-
acting QTL

• master control genes
• not useful for MAS due to potential 

unwanted traits
• candidate gene genetic modification

Few genes regulated by a single trans- acting 
QTL

• QTL position different than gene position
• QTL mapping to find markers for MAS on 

the trans-acting factor
• candidate gene genetic modification
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phenotypic QTL
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Pathway reconstruction

Combine:
position on the genetic map of each QTL 
position on the chromosomes of each associated expressed gene (eQTL)

determine which genes influence the expression of other genes and 
in what order this influence is exerted.



Examples 

Most applicable to species with:

sequenced genome
segregating populations 
good molecular marker
maps
full (expressed) genome
arrays



Arabidopsis ecotypes (12) and RILs (162)

QTL analyses on 
GC-MS data
gene expression data

Integrate data sets
co-location of QTL (RILs)
correlation of diverse data

physiological traits
metabolite content
gene expression

Identify candidate genes

Build regulatory network

QTL Express – Maarten Koorneef WU
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Crucifer Nutrigenomics: Wageningen Brassica consortium

germplasm

Mark Aarts (WU)
Guusje Bonnema (WU) 

metabolic profiling gene expression mapping

Brassica Arabidopsis

Arabidopsis
long oligo arrays

LC-MS

LC-MS
GC-MS
1HNMR

targeted non-targeted

nutritional
antinutritional
compounds

Kim Boutilier (PRI) Mark Aarts (WU)
Guusje Bonnema (WU) 

Ric de Vos (PRI)
Rob Verpoorte (LU)
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AFLPs
SNPs

European & Asian
B. rapa (260)

B. rapa F2s & RILs

B. rapa
Diversity Fixed
Foundation Set

Arabidopsis
accessions
RILs & NILs

Ritsert Jansen (RUG)

Statistical Analysis


