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Summary 
 

Ultimately, important agricultural traits are written into the genes of the 

genomes of our crops. Therefore, the recent efforts to sequence the entire 

genomes of these crops hold the great potential to uncover the complicated 

interactions of genes and their regulation that make up the desirable properties, 

often optimized only after long periods of breeding if at all. Rationale approaches 

to accelerate breeding by targeting specific genes by genetic engineering 

requires an understanding of the hierarchical organization of gene function and 

specificity. While sequencing entire genomes cannot bring us the answers to 

these questions directly, the first step of such rational approaches is to take 

inventories of all the genes present in any of the genomes of our most important 

crops and learn by comparison how characteristic features of individual crops 

might relate to differences in their organization and differential amplification of 

genes. Such comparisons then should permit us to focus on the functional 

characterization of a subset of genes that could be ectopically expressed in their 

host plants for achieving new desirable traits in crop plants. 

Even before sequencing entire genomes, the use of conserved DNA 

probes has shown that genetic maps of species within the same taxonomic 

family exhibit large contiguous collinear regions as a mosaic of synteny blocks. 

These findings implicated that speciation involved polyploidization, chromosome 

breakage and fusion events, neocentromere formation, loss of centromeres, as 

well as formation of telomeres. As a result the chromosome numbers and ploidy 
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of closely related species have changed, but progenitor chromosomes could be 

reconstructed via the junction of these chromosome breaks using collinearity. 

One of the most important agronomical taxonomic families is the Poaceae 

or the grasses, which is also one of the largest with over 10,000 species. This 

family includes crops like wheat, rice, maize, sorghum, sugarcane, barley, 

millets, and the biofuel prospects of Miscanthus and switchgrass. Because 

species within the same family have collinear gene order by descend as 

discussed above, sequencing genomes within the same family can also be used 

to determine gene amplification and deletion. Such an analysis can reveal gene-

copying events in specific crops that potentially acquired new properties by 

subfunctionalization of gene copies. However, sequencing entire genomes has 

been hampered because of their variable sizes, which is largely due to the 

differential amplification of transposable elements. Consequently, initial focus has 

been on sequencing a crop with one of the smaller genomes first. Rice has 12 

chromosomes and a total length of 390 million base pairs (Mb), representing one 

of the smallest genomes among crops, and has been sequenced as the first 

monocot species. Sorghum with 730 Mb has also been sequenced and maize 

with 2,300 Mb is also nearly complete. Another grass genome, even smaller than 

rice with 300 Mb, that has recently been sequenced is Brachypodium belonging 

the Pooideae subfamily as a reference for the large wheat and barley genomes. 

Critical to sequencing any of these genomes has been the construction of a 

physical map so that sequences can be assembled in a contiguous and ordered 

fashion, which is critical for the comparative analysis. This presentation seeks to 

review the status of genome sequencing, highlights of the comparative analysis, 

and the differential amplification of one gene family, the prolamins, which 

composition and regulation determine the nutritional value of our major crops. 
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