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Methods

Using GeneWise in the Drosophila Annotation

Experiment

Ewan Birney' and Richard Durbin

Sanger Centre, Wellcome Trust Genome Campus, Hinxton, Cambridge CB10 15A, UK

The GeneWise method for combining gene prediction and homology searches was applied to the 2.9-Mb
region from Drosophila melanogaster. The results from the Genome Annotation Assessment Project (GASP) showed
that GeneWise provided reasonably accurate gene predictions. Further investigation indicates that many of the
incorrect gene predictions from GeneWise were due to transposons with valid protein-coding genes and the
remaining cases are pseudogenes or possible annotation oversights.

The critical assessment of machine learning techniques
is necessary to assess the effectiveness of computa-
tional methods. The critical assessment of protein
structure prediction (CASP) has become a benchmark
for protein structure assessment worldwide (Moult et
al. 1999). We welcomed the opportunity offered by
Reese and coworkers (2000) to independently assess
the gene prediction methods available and provided
one of the methods we developed, GeneWise, for this
study.

The use of protein and EST similarity to help gene
prediction is widespread, including methods such as
Genie (Kulp et al. 1996) and GRAIL (Uberbacher et al.
1996). The GeneWise approach builds on the success
of hidden Markov models (HMMs) for modeling both
protein family information (Krogh et al. 1994; Eddy
1998) and gene predictions (Kulp et al. 1996; Burge and
Karlin 1997; Krogh 1997). GeneWise is a HHM that is
formed by the principled combination of two separate
HMMs (E. Birney and R. Durbin, in prep.). GeneWise
therefore can be thought of as considering every pos-
sible gene prediction in a genomic sequence and com-
paring each one to the protein profile-HMM. The best
combined score of both the gene prediction and the
protein profile-HMM is used to provide a simultaneous
gene prediction and protein alignment.

To use GeneWise for gene prediction one needs a
source of homology information. In this case, we used
protein profile-HMMs from PFAM (Bateman et al.
2000). One of the major drawbacks to using GeneWise
is the prohibitive computational cost of the method.
This was solved in this case by using the halfwise
methods, which prefilters the protein profile-HMM
used in the comparison (see Methods). The results pre-
sented here were the completely automatic annotation
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from GeneWise without any manual intervention in
the process.

RESULTS

A total of 165 gene predictions with 252 exons were
made in the 2.9-Mb genomic segment. Of the 252 ex-
ons, 216 overlapped in some way with the std3 dataset
of definite and possible predictions. This left 36 exons
in 23 predictions outside of this set. A number of these
(16) were profile HMMs of transposons or retroviral
transposons. The remaining 20 exons were potential
mispredictions or annotation mistakes. By manual ex-
amination of these cases we found four potential
mispredictions by GeneWise, in each case a trailing
exon in an otherwise correct gene prediction. Of the
remaining 16 exons, 10 were clear annotation over-
sights, leaving 6 that were less clear cut, for example,
pseudogenes might explain the presence of these hits.
There were no predictions by GeneWise of completely
wrong genes, in line with our expectation, as Gene-
Wise only predicts genes by virtue of their homology
to other genes. We would place our base pair accuracy
as far higher (in the 90% range) and the wrong gene
predictions to be at 0.

DISCUSSION

The GASP assessment was a valuable exercise in pro-
viding independent evaluation of gene prediction ef-
fectiveness. Providing clear-cut assessment of gene pre-
dictions is a difficult task and was not helped by the
time pressures of both the contributing groups and the
assessing group to provide this study. It is clear that the
rules for what predictions will be considered as real
need to be detailed in the future, and possibly the abil-
ity to assess such things as pseudogene predictions, will
be important. Ideally there should be experiments by
the assessing group after the gene predictions have
been made, so that it is clearer that people have at least
attempted to verify a gene prediction experimentally.
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The predictions made by GeneWise were very
much in line with the predictions made using the
BLOCKSmethod (Henikoff et al. 2000). The BLOCKS
method considers smaller, ungapped and unspliced
motifs drawn from a broader database than PFAM. The
result is that there are differences due to the different
database source and due to the method—in particular
GeneWise tends to predict more coding sequence than
BLOCKSfor a particular family.

The effectiveness of GeneWise in this study was
reported at below the levels we believe to be correct. It
is our belief that the specificity numbers for all meth-
ods are not well assessed in this study, and that people
should not quote them without considerable discus-
sion of the shortcomings of this assessment, that is, the
calling of transposon genes as errors and annotation
oversights. Even so, this exercise is valuable to raise
awareness of the problems in both prediction and as-
sessment. We look forward to participating in future
studies.

METHODS

The method used in this study, halfwise, is part of
the Wise2 package available from http://www.
sanger.ac.uk/Software/Wise2. halfwise is a PERL
script that uses BLASTX to compare the DNA sequence
against a protein database designed to represent the
protein space covered by PFAMdatabase. The BLASTX
search selects a number of potential PFAMmodels to
be used in the more computationally expensive
GeneWise method.

The DNA sequence was split up into 100-kb
chunks with no overlaps, and each chunk was run
through the halfwise method. The resulting GFF out-
put was then processed to assemble the complete GFF
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file. The total time to perform the analysis was a
weekend of off-peak computer resources at the Sanger
Centre.
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