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Incorrectly predicted genes in rice?
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Abstract
Between one third and one half of the proposed rice genes appear to have no homologs in other species, including Arabidopsis.
Compositional considerations, and a comparison of curated rice sequences with ex novo predictions, suggest that many or most of
the putative genes without homologs may be false positive predictions, i.e., sequences that are never translated into functional
proteins in vivo.
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In genes, second positions of codons are largely constrained by the amino acids they encode, whereas third
positions reflect constraints in base composition. The
scatterplot of the frequencies of GC base pairs in the
second (GC2) and third (GC3) positions of genes from a
given genome defines a correlation that is well conserved
from prokaryotes to eukaryotes (D’Onofrio and Bernardi,
1992; D’Onofrio et al., 1999). In all species analyzed to
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This brief note was submitted to Science, in June 2002, in response
to a paper by Yu et al. of April 2002 describing a draft sequence of the rice
genome. In December 2002 we were informed of the journal’s intent to
publish our note without further changes; the proofs (edited copy) were
soon sent to us and returned. After waiting for 1 year, we were notified on
January 9, 2004 that Science was not willing to publish our comment in its
present form. In the same week another note appeared (L.S. Wyrwicz et al.,
Science 303, 168) on the problem of rice genes without homologs, also
suggesting that there will not be large numbers of ‘no-homolog’ genes in
rice, although for a different reason: where these genes do encode proteins,
appropriate structure-guided alignments often reveal homologs in other
species. We here reproduce our note verbatim (with an abstract), since it
remains pertinent to the more recently finished chromosome sequences of
rice, and since it has already been cited elsewhere, following standard
procedure, as ‘in press’.
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date, the axis is far from the diagonal, and in a wide
range of species (including human and Escherichia coli)
it is close to the line GC3=6GC2-2 (D’Onofrio et al.,
1999). We were therefore surprised to find that this
conservation was apparently violated in the recently
sequenced and annotated rice genome, which showed
many genes aligning along the expected axis, but also
many extending along the diagonal. Such behavior would
usually indicate contamination of the data set by intergenic or other noncoding DNA. Furthermore, 50.6% of
genes reported for rice had no orthologs in Arabidopsis
thaliana (Yu et al., 2002). We labeled the rice genes in
GenBank, which correspond essentially to the ‘‘cDNA’’
sequences analyzed by Yu et al. according to their
annotations (see Fig. 1). Almost all the genes clustering
along the diagonal were in fact annotated as predicted or
putative, whereas the large majority of the experimentally
determined genes line up along the axis that is expected
for coding sequences. We conclude that many, if not
most, of the points appearing along the main diagonal in
Fig. 1 are likely to represent rice sequences that are not
translated into proteins. This may have led to a considerable overestimate of the proportion of coding sequences
that lack orthologs in Arabidopsis. Simple GC2 versus
GC3 scatterplots can, therefore, serve as a quick check to
identify computationally predicted or expressed sequence
tag-based genes that are unlikely to code for proteins.
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Fig. 1. Scatterplot of GC2 vs. GC3 levels in predicted and experimentally identified rice genes. The diagonal (GC2=GC3) is indicated. Complete coding
sequences from Oryza sativa were extracted from GenBank (release 129; retrieved 31 May 2002) using ACNUC software (Gouy et al., 1985). Redundancies
were removed on the basis of protein alignments using as a cutoff 90% identity for an overlap of 90%. The resulting gene set (N=10,087) was partitioned into
five classes according to the annotations (real genes, not experimental, unknown, pseudogenes and hypothetical) in the informative fields product, gene name,
evidence, and note, using a script written in Perl.
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