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This special issue of Plant Genetic Resources has

assembled 52 short articles selected among the over 350

oral and poster communications presented during the

2nd International Symposium on Genomics of Plant Gen-

etic Resources (GPGR2; www.GPGR2.com) held in

Bologna, Italy, from April 24 to 27, 2010. The second

edition of GPGR2, co-organized by Bioversity International,

the Leibniz Institute of Plant Genetics and Crop Plant

Research and the University of Bologna, followed the

first edition organized in 2005 by the Chinese Academy

of Agricultural Science in Beijing, China.

The overall objective of GPGR2 was to critically evalu-

ate how the latest advances in genomics platforms and

resources have enhanced our capacity to investigate

plant genetic resources and harness their potential for

improving crop productivity and quality. The unifying

picture that emerges from the articles collected in this

issue shows the increasingly pivotal role of genomics

for characterizing germplasm collections, best managing

genebanks, elucidating plant functions and identifying

superior alleles at key loci for the selection of improved

genotypes. In this brief introduction, we present an over-

view of the main topics covered and have included

additional references to provide some further reading

opportunities to the interested reader who wishes for a

more comprehensive overview of the merits and limi-

tations of genomics-based approaches.

The first group of articles (from page 155–184) offers a

glimpse of the tools, platforms and resources currently

available to investigate the structural and functional

diversity present in both the coding and non-coding

regions of the plant genome. This complexity, largely

inaccessible until recently, is now receiving increasing

attention in view of its importance in the regulation of

quantitative trait expression. Structural variability (e.g.

copy number variations and/or indels) in what, as a

reflection of our past ignorance, was often referred to

as ‘junk DNA’ has instead been shown to be an important

driver of phenotypic variability (Magalhaes et al., 2007;

Salvi et al., 2007). Operationally, the new paradigm has

been set by next generation sequencing (NGS) and bioin-

formatics, quickly adopted as the gold standard required

to deliver an exhaustive, accurate characterization of

DNA variation, the discovery of single nucleotide poly-

morphisms (SNPs) in massive number (Akhunov et al.,

2009; Varshney et al., 2009) and the analysis of synteny

(Bolot et al., 2009). The cost of sequencing has already

fallen dramatically and keeps dropping, thus allowing

for the direct analysis of large sets of accessions at a frac-

tion of the cost of such an operation just a few short years

ago. NGS is also becoming the preferred choice for tran-

scriptome profiling (Forrest and Carninci, 2009; Tamura

and Yonemaru, 2010). Unlike microarray platforms

(Gupta et al., 2008; Pietsch et al., 2009), NGS offers the

distinct advantage of being able to report on changes

across the entire transcriptome, including in rare tran-

scripts. The power and benefits of NGS are particularly

evident in species such as apple, potato or maize that

suffer from low linkage disequilibrium while enjoying a

high level of polymorphism, two features which require

a highly detailed analysis at the DNA level to identify

haplotype diversity in germplasm collections. A level of

genetic resolution sufficient to validate candidate genes

and, in some cases, even identify causal polymorphisms

can be attained by association mapping, an approach

increasingly adopted to dissect the genetic basis of

target traits (Ersoz et al., 2007; Rafalski, 2010). Genome-

wide association mapping greatly benefits from the*Corresponding author. E-mail: roberto.tuberosa@unibo.it
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utilization of genome-wide SNP genotyping (Waugh et al.,

2009). Compared with other classes of molecular markers,

SNPs are amenable to high-throughput automation at a

relatively low cost (Edwards et al., 2009). Although

SNPs are already routinely utilized in a number of

important crops (e.g. rice, barley and maize; McNally

et al., 2009; Hayden et al., 2010; Yan et al., 2010), con-

siderable work is still required to establish suitable

platforms in polyploid species such as wheat, in view

of the additional difficulties caused by the presence of

homoeologous loci (Ganal and Röder, 2007; Berard

et al., 2009; Trebbi et al., 2011).

The second group of articles (from page 185–280)

deals with one of the most difficult challenges faced

by genebank managers, namely the characterization of

germplasm collections. Over the past two decades, mol-

ecular profiling has greatly improved the accuracy of

this characterization (Glaszmann et al., 2010), particu-

larly in the so-called ‘orphan’ species, which have

been largely neglected also due to the lack of the

means to properly investigate their biodiversity

(Varshney et al., 2010). An accurate characterization at

the genomic level is a fundamental step required for

(1) a more cost-efficient management of germplasm

collections, both in situ and ex situ, (2) understanding

phylogenetic relationships among species (Bolot et al.,

2009), (3) the assembly of core collections suitable for

association mapping studies (Maccaferri et al., 2011)

and (4) assessing genetic similarity among accessions

sharing common ancestors (Maccaferri et al., 2007).

The third group of articles (from page 281–360) pre-

sents examples on how genomics-based approaches

can provide information useful for crop improvement

programmes by providing the breeder with effective

indirect selection schemes. In particular, a number of

articles (from page 324–351) deal with the improvement

of crop quality and nutritional value, a topic of great

interest in countries where malnutrition – the so-called

‘hidden hunger’ – is rampant as a consequence of an

unbalanced diet. To address this problem, programmes

such as HarvestPlus (www.harvestplus.org) are exploit-

ing both natural and artificially induced variation to

increase the iron, zinc and provitamin A content in

crops. For the genomics-based improvement of crops

for resistance to abiotic and biotic stresses, the generation

challenge programme (GCP; www.generationcp.org) has

developed a valuable molecular marker toolkit which

provides easy access to existing information on molecular

markers used in breeding programmes. Additionally, the

GCP’s genotyping support service offers cost-efficient

genotyping services, both for fingerprinting and the anal-

ysis of genetic diversity, as well as for molecular breed-

ing. The most significant results achieved by the GCP

through the application of genomics approaches have

been summarized in two recent articles (Glaszmann

et al., 2010; Varshney et al., 2010) and some examples

are also presented in this special issue. The adoption of

genomics-assisted breeding has considerably enhanced

the effectiveness of breeding programmes and the

response to selection (Varshney et al., 2005; Varshney

and Tuberosa, 2007; Xu, 2010). Marker-assisted selection

(MAS) is now routinely included in many breeding pro-

grammes, particularly for traits controlled by major loci

(Ejeta and Knoll, 2007; Gupta and Langridge, 2010). This

notwithstanding, MAS for complex quantitative traits

(e.g. drought tolerance) remains a highly challenging

undertaking, mainly because so much of the variation

for these traits is under the control of many genes,

where the contribution of each is too small to allow their

ready identification and so justify the implementation of

an MAS breeding strategy (Collins et al., 2008). Nonethe-

less, some major loci which affect yield per se (i.e. not

linked to phenology) across a broad range of environ-

ments have been described (Maccaferri et al., 2008;

Yadav et al., 2011). When major loci that affect organ

growth (e.g. leaf size) and yield components (e.g. seed

number and seed weight) are identified, modelling the

effects of the relevant quantitative trait loci (QTLs) in

response to environmental cues should provide a highly

effective approach for predicting yield performance

across different environmental conditions (Parent et al.,

2010; Tardieu and Tuberosa, 2010). From a breeding

standpoint, an interesting alternative to phenotypic selec-

tion for improving yield per se is provided by genome-

wide selection, which is increasingly being adopted for

the improvement of those major crops where SNP

platforms allow for a cost-effective, high-throughput

profiling of large populations (Bernardo, 2009).

Over the past decade, genomics has ushered in novel

approaches which have produced a quantum leap in our

ability to characterize and utilize plant genetic resources

(Tuberosa et al., 2002; Varshney et al., 2005; Ribaut et al.,

2010; Yano and Tuberosa, 2009; Langridge and Fleury,

2011). Overall, molecular profiling suggests that the diver-

sity stored in genebanks has been only marginally tapped

into so far. Cloning of the key genes which underlie

agronomically valuable traits will allow breeders to mine

genebank collections much more effectively for novel

alleles (Salvi and Tuberosa, 2007). Cloning will also pro-

vide perfect MAS markers and the opportunity to identify

novel alleles via TILLING in mutant collections (Talamè

et al., 2008; Sestili et al., 2010). Importantly, when access

to genes is hampered by low recombination, genetic

engineering will facilitate the transfer of these cloned

genes, especially when sourced from wild relatives. In

this regard, recent progress regarding site-specific recom-

bination may open the door to further improve plant per-

formance through the replacement of distinct alleles.
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Meeting the challenges posed by climate change and

the fast increasing demand for food, feed, fibre and fuel

will require an acceleration of the rate of crop improve-

ment, which in some key crops (e.g. wheat) has wor-

riedly started to slow down (Tester and Langridge,

2010). Achieving higher gains from selection will require

enlarging the pool of genetic resources and exploiting

wild relatives of crops (Feuillet et al., 2008; Kovach and

McCouch, 2008) to identify superior alleles not yet uti-

lized in the cultivated gene pool. This brief introduction

and the articles of this special issue clearly show that

genomics of plant genetic resources is having a tangible

impact on the way genebanks are being managed and

how germplasm collections are being exploited to

improve crop performance.
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