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technology systems) to fully exploit the new 
genomic information, suggesting that the gap 
between those who have this capability and 
those who do not will continue to widen.

Those who stand to benefit especially from 
these reports1–7 are the breeders in the public 
sector and small companies that are seeking 
to provide improved lines for poorer societ-
ies. Foremost among them is the Consultative 
Group on International Agricultural 
Research and its tropical maize breeding 
efforts spearheaded by the International 
Maize and Wheat Improvement Center 
(Centro Internacional de Mejoramiento 
de Maíz y Trigo; CIMMYT). CIMMYT has 
struggled to fully embrace genomics and 
has lagged behind the leading private sec-
tor companies in exploiting genomics in 
its breeding program, on which so many 
depend. Let us hope that these publications 
will prove sufficiently compelling to inspire 
their government funders and other public-
sector breeders to expedite the application of 
genomics in crop breeding.
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combinations and hybrids. Vielle-Calzada 
et al.3 defined >100 regions characterized 
by low genetic diversity among maize lines. 
These regions may therefore be associated 
with traits that contributed to domestica-
tion (such as a larger number of kernels that 
remain attached to the cob and lack a stony 
casing) and consequently have been selected 

in all modern maize breeding programs. 
Other regions are highly polymorphic and 
may therefore be associated with adaptation 
to different geographic regions and sources 
of variation that breeders select and elabo-
rate.

The largest maize-breeding companies 
have probably already sequenced many corn 
genomes, or parts of them, and they have 
much more accurate information on pheno-
types of lines in a wide array of environments 
than the public sector does. Nevertheless, 
the studies1–7 will provide these companies 
with much new data and analyses that will 
be used to drive their breeding programs. 
Unfortunately, most smaller companies lack 
the resources (e.g., databases and information 

criteria for crop improvement (Fig. 1). The 
recent papers1–7 will guide selection of par-
ents by clarifying the substantial differences 
in active gene contents between different 
maize inbreds. Assuming that a major basis 
of heterosis is the complementation of these 
differences in inbreds1,2, the new information 
provides pointers as to which parents should 
complement well in heterotic hybrids.

Interestingly, the genome-wide expression 
studies of Swanson-Wagner et al.5 suggest 
that there is much differential gene expres-
sion between alleles in hybrids relative to the 
inbred parents and that this is driven pri-
marily by the paternal allele of trans-acting 
expression quantitative trait loci—genes that 
exert their effect by regulating the expres-
sion of other genes, often elsewhere in the 
genome. This provocative finding raises the 
question of the extent to which heterosis 
depends also on epigenetic and parent-of-
origin imprinting effects, and of whether 
breeders should therefore focus on these loci, 
in particular when making crosses in specific 
directions. 

The positions and frequencies of recom-
bination events relative to the positions of 
diverse alleles influence tremendously the 
efficiencies of improved plant production 
because they determine how readily new 
combinations of alleles are created. Gore 
et al.4 revealed that some 21% of genes lie 
in low-recombination regions around the 
centromeres and, thus, that variation in 
these genes is difficult to exploit in breed-
ing, except by means of new chromosome 

Soybean is the most recent 
addition to the rapidly growing 
list of crops for which a high-

quality draft genome is now 
available. Writing in Nature, 
Schmutz et al.1 report that the 

1.1-gigabase 
soybean 
genome—the 
largest shotgun-
sequenced plant 
genome—is 
predicted 
to encode 
46,000 genes. 
Two genome 
duplication 
events are likely 

to account for the observation 
that ~75% of these genes 
are found in multiple copies. 
Although the importance 
of soybean as a source of 
protein and oil alone testifies 
to the potential implications 
of understanding its genetic 
makeup, this genome will 
also serve as the reference for 
~20,000 leguminous species 
that play a critical ecological 
role through their unique ability 
to fix nitrogen with the help of 
rhizobial bacteria. Availability of 
the genome should accelerate 
the association of quantitative 

trait loci of nutritional, 
economic and ecologically 
important traits with the causal 
DNA sequences from soybean 
in the near future. In the longer 
term, the genome will likely 
also be leveraged to improve 
the way in which a range of 
leguminous subsistence crops 
are used to both replenish soil 
nitrogen through crop rotation 
and meet the expanding needs 
of developing nations for 
protein and energy.
Peter Hare
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Spilling the beans on legume biology
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The wealth of information in 
these reports should accelerate 
breeding projects aimed at 
generating superior varieties of 
corn and other crops.
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