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ABSTRACT

Classical bi-parental F, mapping progenies do not allow
the mapping of multiple alleles and the study of their
interactions. DISTA and Societda Produttori Sementi
have assembled a recombinant inbred mapping
population developed from a balanced four-way cross
using four cultivars (Neodur, Claudio, Colosseo and
Rascon) characterized by different yield and quality
parameters and by resistance to powdery mildew, leaf
rust and Fusarium head blight. A genetic map was
generated based on AFLP and chromosome-specific SSR
markers using individuals from a single segregating
four-way F; population. Assembly of the genetic map
was performed using a pedigree-based multi-locus
mapping software (CRI-MAP). The genetic map will be
integrated with SNP markers, newly discovered using
the CRoPS™ marker technology recently developed by
Keygene N.V. The integrated map will then be used on
inbred lines to identify QTLs of important quality and
resistance traits in durum wheat. This multi-parental
approach will allow for a more efficient analysis of the
effect of multiple alleles and their epistatic interactions
at single QTLs of complex traits such as yield, quality
and response to wheat fungal diseases.

INTRODUCTION

The development and analysis of multiparental inbred
populations, using various crossing schemes and
methodology of QTL analysis, has been repeatedly
proposed as a more efficient alternative to the classical
development of large bi-parental populations to unravel
the complex pattern of epistatic QTL interactions.
Among the proposed approaches are the use of
interconnected populations (using di-allelic schemes or
common “pivotal” parents, Blanc et al., 2006) and the
development of balanced recombinant inbred
populations from multiple founders / heterogeneous
stocks (Flint et al., 2005; Broman 2005). These
populations, if correctly developed, should bypass the
population structure-associated QTL mapping constraint,
which is a major problem of the association mapping
approach in crop germplasm collections (Yu et al,
2006). In particular, wheat germplasm collections show
large evidence of population structure (Maccaferri et al.,
2005). The durum wheat elite germplasm carries useful
genetic variation for resistance to the most common
wheat pathogens, quality traits, yield, and yield stability
but, with only a few exceptions (Nachit et al., 2001;
Maccaferri et al., 2008), until now little progress has
been achieved to map the determinants of this genetic

variation. To this end, four highly diverse durum
cultivars were selected as representatives of important
durum “breeding lineages” widely exploited in the
Italian breeding programs to develop a four-way
mapping population.

MATERIALS AND METHODS

Plant material and crossing design

A balanced four-way multi-parental cross was developed
by DISTA and Societa Produttori Sementi using four
durum wheat cultivars (Neodur, Claudio, Colosseo and
Rascon) carrying Fusarium, leaf rust and powdery
mildew resistance genes and different yield and quality
traits. The four-way F, population is being genotyped for
genetic map development, while the final RIL
population (ca. 380 Fg RILs) will be available by the end
0f 2008.

Genetic map development

A total of 90 four-way F; samples were genotyped with
AFLP and SSR markers. AFLP were generated
following the protocol of Vos et al. (1995). Different
restriction  enzymes combinations  (EcoRI/Msel,
Pstl/Msel, EcoRl/Taql and Pstl/Taql) and number of
selective nucleotides were tested to optimize the AFLP
technique on durum wheat; of these, PstI+3/Taql+3 was
selected as it provided the highest quality and number of
detectable amplicons. In order to determine the most
informative primer combinations (PC) a pre-screening
on the four parental lines was performed using 101 PC.
The most polymorphic 25 PCs were selected for
genotyping the F; samples. AFLP markers were
integrated with additional 90 chromosome-specific SSR
marker profiles generated using the LI-COR 4200 IR2
System. Due to the complexity of the parental crossing
scheme, the construction of the genetic map was
performed using CRI-MAP program, a pedigree-based
multilocus mapping software (Lander and Green, 1987).

RESULTS AND DISCUSSION

Genetic map

Among the 216 AFLP markers obtained from 25 PCs
and the 90 SSR markers, a total of 259 markers (189
AFLP and 70 SSR) were mapped on 22 linkage groups,
spanning a total of 1080 cM. Based on the information
of the chromosome-specific SSR markers, the 22 linkage
groups partially cover 13 of the 14 durum chromosomes.
Based on these preliminary results proving only a partial
coverage of the durum genome, it was decided to further
integrate the map with single nucleotide polymorphism
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(SNP) markers. Keygene N.V. has recently developed
the complexity reduction of polymorphic sequences
(CRoPS™) technology as a novel approach for SNP
discovery in plants (van Orsouw et al., 2007). CRoPS is
based on the detection of polymorphisms between
sequences of two or more genetically diverse samples by
combining the power of reproducible genome
complexity reduction of AFLP with the novel
sequencing-by-synthesis (pyrosequencing) technology of
Roche’s Genome Sequencer FLX. Briefly, sample DNA
is reduced in complexity by AFLP and sequenced at
more than 5-fold redundancy in high-density picolitre
reactions. Reads are processed and analyzed using a
custom-build bioinformatics pipeline and mined for
SNP. CRoPS analysis with the four parental lines
(589,826 sequences with an average length of 155 bp),
evidenced more than a thousand putative SNP between
lines. A subset of these putative SNP will be used to
genotype the 90 four-way F; samples using SNPWave
(30- to 90-plex; van Eijk et al. 2004) and VeraCode-
BeadXpress (96- to 384-plex) genotyping assays. The
integration of the current AFLP/SSR-based map with
further SNP markers will improve the quality and
genomic coverage of the genetic map. Future research
will focus on phenotyping and genotyping RIL samples
for QTL analysis. With respect to the use of traditional
bi-parental mapping populations, this multi-parental
approach will allow for a more efficient analysis of the
effect of multiple alleles and of their epistatic
interactions at loci influencing important traits in durum
wheat.
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