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Variations in patterns of gene expression are central to evolution. A large-scale screen of barley germplasm
has identified an alternative de-repressor of lodicule development SV235. The relevant HvAP2 coding sequence is
identical to that of clyl.b, so that HvAP2 down-regulation is not associated with miR172-directed degradation; instead,
transcriptional repression appears to be induced by the maintenance of the HvAP2 promoter in a hyper-methylated state
during the period when the vascular tissue in the lodicule would normally develop. The cleistogamous type can also arise
in the presence of non-cleistogamous type lodicule development. In certain Cly!.a X clyl.b hybrids, the spikes remain
within the boot during anthesis, and the lodicules remain shrunken even after the emergence of the spike from the boot.
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Several important wheat prolamin and disease resistance gene loci have been mapped at similar locations in the short
arm of the group-1 chromosomes in wheat. However, genetics and structural organization of genomic regions harbor-
ing these important traits have not been well characterized. We therefore sequenced a 3.1-Mb region harboring prolamin
multigene families in the genome of Ae. tauschii, the D-genome donor of hexaploid bread wheat. The sequence revealed
a much higher gene density (98 genes; one gene/31 kb) in the sequenced region than the average value (ca. one gene/112
kb) expected for the wheat D genome. The high gene density is primarily due to the large number of duplicated genes,
present either in tandem or interspersed with other genes. In addition to different types of prolamin gene families
(y-gliadin, w-gliadin, and LMW-glutenin), multiple NBS-LRR disease resistance gene homologues of Lr21 (resistance
to leaf rust) and Pm3 (resistance to powdery mildew) were identified. Furthermore, leucine-rich receptor protein kinase
(LRK) genes, representing a different class of resistance genes, also were highly duplicated in this region. Comparative
analyses indicated that the orthologous regions in the rice, Brachypodium, and sorghum genomes are highly conserved,
whereas in Ae. tauschii, only 16 out of 98 genes are syntenic. Most of these highly duplicated genes are unique in the Ae.
tauschii genome, suggesting rapid evolution in this region. Genetic analysis revealed the sequenced region spanned over
10-cM genetic distance with 13 markers mapped to this region. Recombination rates ranged from ca. 200 to 1,000 kb/cM
between two marker intervals. Both co-evolution and independent evolution in different gene families were observed.
Mechanisms underlying the molecular evolution of prolamin and resistance gene families in this complex region will be
presented.
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Multiple factors converge to contribute to high levels of genetic and phenotypic diversity in barley. The progenitor spe-
cies is ecotopically and genetically diverse, with a large geographic range and large effective population size. Cultivated
barley arose from multiple source populations and became adapted to diverse agronomic conditions across much of
Eurasia and North Africa over several millennia of human prehistory. Exploiting this diverse adaptive history for barley
improvement is challenging if methods are limited to top-down approaches based on genotype-phenotype associations.
A new generation of bottom-up approaches provides the opportunity to investigate the genetic differentiation and genetic
provenance of adaptive allelic variation and associations between SNPs and ecogeographic variables. Both sets of ap-
proaches provide new opportunities for associating genetic variation with phenotypic traits of agronomic importance,
including disease resistance and climate adaptation. We make use of genotyping data from 2,417 worldwide barley
accessions from the USDA National Small Grains Collection (landraces and cultivars) genotyped with 7,800 SNPs.
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