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Do plants have more
genes than humans?

The most surprising
outcome of sequencing
the human genome is
the small number of
predicted genes. Both
the International
Human Genome
Sequencing
Consortium and
Celera Genomics came
to similar conclusions,
with estimations of
31 000–32 000 genes1,2.
However, how much of

the actual genome has been sequenced
remains speculation because the
sequence is in draft form and is not
completely contiguous. Therefore, the
total number of genes could be higher.
The small number of predicted genes was
surprising given the large collection of
human cDNAs. This discrepancy could be
because of post-transcriptional, rather
than transcriptional, control of gene
function, which can be accomplished by
alternative splicing. Indeed, many of the
sequenced human genes have alternative
splice products. In addition, several other
processes (e.g. signal transduction)
proceed via further protein modifications,
such as glycosylation. Therefore, the
number of human protein products could
far exceed the number of genes.
Interestingly, although it is only one-
thirtieth the size of the human genome,
the predicted number of genes in
Arabidopsis thaliana (25 500) is in the
same league as the predicted number of
human genes3. Because both genomes
show evidence of genome-wide segmental
duplications, this is unlikely to explain
the difference in genome size.
Alternatively, because the majority of the

human genome appears to have expanded
intergenic regions, with retroelements as
the predominant species, likewise the size
variation among plant genomes [some of
which are even larger than the human
genome (e.g. barley, wheat)] could be
because of the insertion of transposable
elements into intergenic regions.
Although this is a possibility, it might be
too simplistic a view, discounting a
fundamental difference between plants
and animals in the evolution of their gene
regulatory mechanisms.

The proposal that rice should be the
next plant genome to be sequenced has
attracted a lot of attention because it is
the staple food for half the population of
the world and it has a relatively small
genome (four times that of Arabidopsis
but a one-fourtieth the size of the wheat
genome). Therefore, it is not surprising
that a draft sequence of the rice genome
has been announced twice within the past
12 months by private companies, first
Monsanto and now Syngenta4,5. However,
because of the repetitive DNA in the rice
genome, a draft sequence has many gaps,
and it might be that sequences are not
always anchored to their chromosomal
positions. Interestingly, Monsanto
recognized this problem and has made its
draft available to the public consortium
that is seeking to obtain a complete
sequence of the rice genome. It is
important to close the gaps and determine
the exact position of genes in the rice
genome6 because, in spite of the difference
in genome size, most of the major crops
(including wheat and maize) seem to have
a similar genetic layout to rice.
Accordingly, the information obtained
from rice could be applied to other crops. 

So, is the difference in DNA content
between different plant genomes simply a
question of leaps and bounds of
retrotranspositions that have occurred
during speciation? At first glance, this

appears to be a good hypothesis. In the
few cases of sequence comparisons
between chromosomal regions of rice and
wheat or rice and corn, it appears that
intergenic regions have expanded by
insertions of retrotransposons, and that
larger genomes contain more junk DNA
between genes7. Interestingly, repetitive
DNA between genomes of sorghum and
maize do not cross-hybridize, although
they have some common retrotransposon
families. This indicates that
retrotransposition has occurred since
speciation8.

However, the expansion of genome
sizes has also occurred during speciation.
For example, maize resulted from an
allotetraploidization event some 11.4
million years ago from two closely related
progenitors9. The result is a genome that
nearly doubled in gene content. Today,
mutations based on single genes can still
be detected in maize. Differentiation of
the gene pairs following the
allotetraploidization event can explain
this disomic nature of the current maize
genome. We know from several of these
gene pairs that their regulation, but not
their function, has changed. For example,
R1 and B1 are two orthologous genes
encoding a transcription factor that
activates an anthocyanin pigment-
synthesis pathway. However, they
condition pigment synthesis in different
parts of the plant, indicating that,
although their functions are conserved,
their developmental regulation has
changed. Therefore, polyploidization or
gene amplification might be a process by
which plants can accelerate
morphological changes, permitting a
more diverse control of gene expression
and a faster response to the environment.
Therefore, a fundamental difference
between plants and humans might be
that although the gene content of plants
can be much higher, the number of

6



protein products is much lower compared
with humans. An example of this is
somatic recombination; the germline and
the vegetative tissue in plants are
contiguous, whereas in animals the
germline is separated early on. Therefore,
somatic rearrangement of genes does not
influence inheritance in animals, but it
can affect the inheritance of recombined
genes in plants. Hence, many functions in
animals, such as immunity and
compatibility, are assembled by
programmed somatic recombination,
which requires fewer genes to start with.

However, the larger number of genes
does not necessarily explain the
difference in genome size. When rice,
sorghum and maize are compared in
orthologous regions (two genes in two
species derived from the same gene
through speciation), distances between
genes differ as would be expected for their
genome size. In other words, maize has
insertions that push genes further apart
than in sorghum, and rice has even
shorter intergenic distances.
Interestingly, it has been determined that

many retrotranspositions have occurred
since the progenitor of maize and
sorghum diverged9. Accordingly,
retrotransposition has played an
important role in the evolution of
chromosomes and the organization of
their gene content. It is easy to see how
they have helped to scramble pieces of
chromosomes to prevent pairing of
orthologous sequences. Chromosome
breakage and fusion, observed by
Barbara McClintock10, might have been
an important mechanism that accelerated
diploidization. However, even 100 000
genes in a plant genome would not
account for a significant portion of the size
increase observed among the larger plant
genomes, because polyploidization would
also add all the pre-existing
retroelements at the same time. Finally,
natural variation of regulatory elements
in plant genes could be a treasure box of
new paradigms in gene expression.
Comparative genomics in plants should
have a great future.
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What does the human genome sequence mean to you?
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