Genes for Seed Quality: A Physiological Genetical Genomics Approach
Wilco Ligterink, Ronny Joosen, Rashid Kazmi, Noorullah Kahn, Leo Willems, Henk Hillhorst

Seed Quality

Generalized Genetical Genomics

The yield and economic success of horticultural crops depends to a large degree on
the quality of the seeds used to grow these crops. Seed quality is largely established
during seed development and maturation, as a result of, often complex, interactions
between the genome and the environment. We are trying to dissect these seed
processing and their relationship with
processes

The discovery of molecular networks with genetical genomics approaches is often limited to a
single experimental condition (e.g. specific plant tissue or developmental stage). An interesting
new concept, called generalized genetical genomics, is able to detect molecular networks in
different experimental conditions and will detect the influence of the genotype on the
responses to environmental changes (i.e. genotype x environment interactions).

seed and seedling phenotypes and we
hope to identify the regulatory genes and
signaling pathways involved. To reach
this goal, we are exploiting the natural
variation found in tomato and Arabidopsis
recombinant inbred populations (RILs)
and we are in the process of phenotyping
a broad range of seed quality attributes.

Exploiting Natural Variation
Natural variation provides a valuable resource to study the genetic regulation of
complex quantitative traits and in quantitative trait locus (QTL) analyses this variation,
captured in segregating mapping populations (e.g. RIL populations), is used to identify
the genomic regions affecting these traits (QTLs). In this project we are using a
Arabidopsis Bayreuth x Shahdara RIL population of 165 lines and a Solanum
esculentum x Solanum pimpinellifolium RIL population of 103 lines to identify QTLs for
a broad range of seed quality parameters like germination percentage, speed and
uniformity under different environmental (stress) conditions.

Automated scoring of Germination
To be able to generate the cumulative germination curves needed to determine
germination parameters in a high throughput manner, we have developed the
Germinator: an automated germination scoring system, in which we have combined
sophisticated image analysis with newly developed curve fitting software (see A4
below).

SNPtile array for eQTL study

A Physiological Genetical Genomics Approach
The identification of the causal genes underlying QTLs is a major challenge with the
need for fine mapping and ultimately the cloning of a QTL. Genetical genomics is the
concept in which the combination of a genotyped segregating population (i.e. genetics)
and genome-wide expression profiling (i.e. genomics) is used to unravel complex traits
in a more high-throughput manner. By performing microarray analysis of all lines in a
RIL population, variation in gene expression can be used to find expression QTLs
(eQTLs) . This information can then be used to help in pinpointing the genes
responsible for phenotypic QTLs.
Physiology
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Figure 2: Representation of the probes on the Affymetrix Arabidopsis SNPtile microarray. Forward (green
arrows) and reverse (red arrows) tiling probes are located along the genome (black arrow), with an interval of
35 bp. Also probes containing Single Nucleotide Polymorphisms (SNPs) are indicated.

Network reconstruction
metabolite

Metabolomics

For Arabidopsis a new Affymetrix microarray, the SNPtile, is available (developed by Borevitz
et al.) that harbors tiling probes covering both strands of the Arabidopsis genome and in
addition probes for genome-wide detection of SNPs and CpG methylation. A generalized
genetical genomics study using these arrays will create a high resolution genetic map and will
reveal genetic variation for gene expression, alternative splicing, regulation of cis-natural
antisense transcripts and allele specific expression. There are several advantages of using the
SNPtile for expression studies compared to the ‘golden standard’ ATH1. Besides the detection
of alternative splicing and cis-natural antisense transcripts, it will also allow the detection of
more then 9000 transcripts that are not present on the ATH1 array.
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Figure 1: 160 recombinant inbred lines (RILs) are shown as balls, with the colors referring to genotypes. The
strategy is to allocate 160 RILs evenly into four environments, measuring 40 different RILs for each condition.

Conclusions

QTL

expression QTL
Genomics

Genetics

Furthermore, the data obtained from the genetical genomics study can be used to
formulate hypothetic regulatory pathways and to reconstruct networks. Analogously,
similar approaches will be followed in this project for data derived from a
metabolomics study in which metabolite profiles for all the lines in the RIL populations
will be determined. This will result in metabolite QTLs (mQTLs) for the metabolites with
genetic variation.
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We are using natural variation as a tool to study a broad range of seed quality parameters.
The use of both Arabidopsis and tomato in the search for seed quality genes will increase the
likelihood of finding genes that play a similar role across species and furthermore we will use
synteny between Arabidopsis and tomato to help in identifying the genes underlying the seed
quality QTLs. Besides a mQTL study for both species we will also perform a comprehensive
eQTL study on different developmental seed stadia using the generalized genetical genomics
approach. In Arabidopsis we will use the SNPtile array for this purpose. The combination of the
transcriptomic and SNP data obtained in this way, with the genetical power of a
comprehensively phenotyped RIL population will open a new and exciting area in the field of
physiological genetical genomics.

