








We introduce two new measures to evaluate changes to annotations across
releases: Annotation Turnover, and Annotation Edit Distance. Annotation Turnover
tracks the addition and deletion of gene annotations from release to release. We
show that tracking annotations in this manner supplements traditional gene and
transcript counts, allowing the detection of ‘resurrection events'—cases where an
annotation is created in one release, later deleted, and then after a lapse of one or
more releases a new annotation is created at the old genomic location, with no

reference to the previous annotation.

We use a second, complementary, measure, called Annotation Edit Distance (AED)
to quantify the changes to individual annotations from release to release. AED is
similar to performance measures employed by the gene-prediction community, but
takes into account aspects of annotations not well addressed by conventional
sensitivity/specificity measures [13] such as alternative splicing. AED complements
Annotation Turnover and gene and transcript numbers in that it measures structural
changes to an annotation. Two releases can differ dramatically from one another,
with every annotation’s intron-exon structure having been revised, yet still have
identical gene and transcript numbers and no Annotation Turnover; AED provides a
means to distinguish between a new release with no changes, and one wherein the
intron-exon coordinates alone have been altered. Moreover, it provides a means to

quantify the extent of these changes.

We also introduce a new measure for quantifying the complexity of alternative
splicing, which we call Splice Complexity. Those in the field of gene annotation often
speak of one gene as having a more complex pattern of alternative spicing than
another. For example, a gene with 20 transcripts, each with different combinations of
exons, is said to be more complex than a gene producing two transcripts that differ

from one another by only a few nucleotides at their 5 ends. Splice Complexity



provides a means to quantify transcriptional complexity; moreover, because it is
independent of sequence homology, Splice Complexity can be used to compare any
alternatively spliced gene to any other. This makes possible novel, global
comparisons of alternate splicing across genomes. We have used Splice Complexity
in conjunction with a classification scheme for alternatively spliced genes developed
by the Sequence Ontology project [2] in order to obtain a global perspective on
alternative splicing in different genomes. These novel analyses suggest that the
complexity and mode of alternative splicing varies considerably amongst the different

genomes in our collection.

In total we have analyzed over 500,000 annotations in this study. To our knowledge
this is the largest meta-analysis of gene annotations ever undertaken. Our results
reveal both global differences among the annotations of different genomes and
unexpected similarities—demonstrating the utility of these new measures for whole-

genome annotation management and for comparative genomics studies.

RESULTS

Our analyses fall into two classes—intra-genome comparisons of annotations that
track and summarize genome-wide changes in annotations from release to release,
and inter-genome comparisons that compare and contrast the annotations of
different genomes to one another. We chose five annotated genomes for these
analyses: Homo sapiens, Mus musculus, Drosophila melanogaster, Anopheles
gambiae, and Caenorhabditis elegans. For D. melanogaster and C. elegans we used
off3 [5] releases from FlyBase [17] and WormBase [18] respectively. For H. sapiens,
Mus. musculus and A. gambiae we used GenBank releases [19]. We also took

practical issues into account when choosing which releases to analyze, such as



tended to be of greater in magnitude (Error! Reference source not found. TABLE
3); the average AED/modified transcript for D. melanogaster was 0.092 compared to

0.058 for C. elegans.

H. sapiens and M. musculus annotations are also undergoing considerable revision
from release to release. 55% of current human annotations (release 36.2) have been
modified at least once since 2003, with an average AED/revised transcript of 0.086.
Substantial numbers of mouse annotations have also undergone revision. 29% of
annotations in the release 36.1 (current at time of writing) have been modified at
least once since their creation. Finally as Figure 2 makes clear, mouse release 36.1
is somewhat atypical in that no transcript coordinates were altered, though the CDS
coordinates of 51 transcripts were changed. In addition, release 36.1 saw the

deletion of 487 genes and 501 transcripts (Additional File 1).

These results show how AED naturally supplements gene and transcript numbers.
Consideration of gene and transcript numbers alone, for example, would lead one to
believe that the C. elegans and D. melanogaster annotations are both relatively
static, when in fact the C. elegans annotations are evolving rapidly compared to
those of D. melanogaster. Considering AED in conjunction with gene and transcript
counts also makes it clear that the dynamics of the two invertebrate annotation sets
differ markedly from the vertebrate ones, which are characterized by large

fluctuations in both gene and transcript numbers—and AED.

Annotation Turnover. We also measured annotation turnover—the addition and
deletion of gene annotations from release to release (see Methods for details). Error!
Reference source not found. Figure 3 summarizes annotation turnover from two
perspectives: the red line shows the fraction of annotated genes in the current

release that were present in prior releases; the blue line, the fraction of annotations in



our collection of annotated genomes; this is the first application of this classification
system to multiple genomes and releases. These data are summarized in Figure 4B.
The Sequence Ontology’s classification system categorizes an alternatively spliced
gene into one of seven modes based upon shared and unique exons among its
transcripts [2] (see Figure 4AError! Reference source not found.  for details). Some
classes of alternative splicing are especially indicative of errors in annotation. Class
N:0:0 genes, for example, have multiple transcripts that share no exon sequence in
common. Thus N:0:0 annotations are likely to be multiple genes, incorrectly merged
into a single annotation. When considering N:0:0 annotations it is important to
understand that even though when viewed in a genome browser these appear to be
separate genes, they are—within the host database—a single gene. Thus queries to
the database to determine gene numbers, the number of alternatively spliced
transcripts, etc are distorted by these mis-annotations. Also suspect are 0:N:0 genes.
None of these genes’ transcripts share any exon coordinates precisely in common;
hence, each transcript encodes a slightly different peptide. Though a formal
possibility, Eilbeck et al [2] suggest that 0:N:0 annotations should be subjected to
manual review in order to make sure that their unusual patterns of alternative splicing

are confirmed by EST evidence.

Previous work on the D. melanogaster genome [2] has shown that the vast majority
of its alternatively spliced genes belong to the 0:0:N class. We find that this trend
also holds true for every genome in our collection (Figure 4B). However, the M.
musculus and A. gambiae genomes are enriched for problematic annotations: 33% of
A. gambiae and 15% of M. musculus alternatively spliced genes, for example, consist
of transcripts lacking any exon borders in common (c.f. 0:N:0 class in Figure 4AError!
Reference source not found.). The high percentage of such genes in the Mus and
Anopheles genomes indicates that these annotations are in need of review, as many

of them may be mis-annotated. Conventional release statistics such as gene and
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classified into SO class other than 0:0:N heading the list for manual review.
Additional File 2 provides a list of such genes compiled from the releases included in

our analyses.

Conservation of Alternative Splicing. We also investigated how often alternative
splicing was a trait shared among orthologous loci. EST-based analyses have shown
that alternative splicing tends to be conserved even over relatively large phylogenetic
distances [25]. We examined to what extent the current crop of annotations capture
this fact. We found that alternatively spliced orthologous pairs occur more frequently
than would be expected by chance alone. The Human-mouse ODDS RATIO is 1.39;
P < 0.001. The melanogaster-gambiae ODDS RATIO is 1.49; P < 0.001. We also
found a statistically significant correlation in the Splice Complexities of these
orthologous pairs. The Spearman correlation coefficient [26] of the human-mouse
alternatively spliced pairs is 0.36; P < 0.001. It was 0.16; P < 0.001 for melanogaster-
gambiae alternatively-spliced orthologous pairs. TABLE 5 gives human-mouse, and
melanogaster-gambiae pairs (as judged by reciprocal best hits) with the greatest
differences in Splice Complexity. These facts suggest that the current crop of
annotations has only begun to capture the repertory of alternatively spliced
transcripts in each genome. The ability to identify pairs of orthologous genes with
very different Splice Complexities provides a means to follow up on this hypothesis—
further analysis of the member of the pair with the lower Splice Complexity may
reveal additional transcripts, not yet annotated, or in cases where there are no

missing transcripts, functional differences between the two orthologs.

DISCUSSION
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We have used a variety of new approaches to investigate the annotations of five
large eukaryotic genomes, four of them across multiple releases. Our meta-analyses
provide novel, global perspectives on the contents of more than 500,000 annotations
and their evolution over a period of several years. These analyses have brought to
light previously unknown differences and unexpected similarities between their
annotations, and allowed us to tease apart differences due in annotation practice
from underlying biology. We have also shown how analyses combining Splice
Complexity and the Sequence Ontology’s classification system can be used to

identify and prioritize likely mis-annotated genes for manual review.

Our analyses of Annotation Turnover show that the H. sapiens and M. musculus
annotations are characterized by very high rates of turnover. The major cause of
turnover in both genomes appears to be due to incremental changes in the NCBI’s
annotation protocols, especially as regards pseudogene identification [27]. Since
2003, far fewer annotations have been deleted from either vertebrate genome; and
gene addition has been the dominant trend, some of these being resurrected from
the earlier releases. This is especially true for mouse, wherein gene numbers rose by
17% between releases 34 and 35. Once again the cause appears to be changing
annotation methodologies. Between these two releases the NCBI's gene prediction
program, Gnomon, was altered to use a new repeat masking program and to
incorporate protein alignments to the genome. This resulted in an increase in gene
models in Build 35 compared to Build 34. [27]. For both vertebrate genomes,
turnover of Refseq [22] NM and NR annotations has been much lower (Figure 3);

these form a stable core amid a continuous flux of more ephemeral annotations.

The high turnover rates characteristic of the human and mouse genomes stand in
stark contrast to the more static D. melanogaster and C. elegans genomes. Almost

99% of D. melanogaster annotations present in the omnibus 3.2 release [7], are still
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dependant upon identifying and annotating the genes they contain. Incomplete and
incorrect annotations poison every experiment that employs them. In light of these
considerations, accurate and complete genome annotation seems a laudable and
achievable goal, especially for model organisms. Because the datasets are so large
and complex, in silico methods for annotation management must necessarily play a
major role in this process. In response, we have formulated three new measures for
annotation management—Annotation Turnover, Annotation Edit Distance and Splice
Complexity—and used them to investigate the annotations of five genomes. Our
results show how these measures can be used to better monitor changes to a
genome’s annotations from release to release; to compare the magnitude of curation
efforts among different genome databases; and to identify and prioritize problematic

annotations for manual review.

METHODS

Tracking annotations from release to release. Reciprocal best hits are commonly
used to identify orthologous genes, even over large evolutionary distances [10, 33].
This approach is also effective for tracking annotations from assembly to assembly,
as intra-genome differences are meager in comparison to cross-genome differences.
In order to determine the accuracy of this procedure, we used two complementary
approaches. First, we searched the first and last release from each genome against
themselves. We found that on average, 98.7% of genes were their own reciprocal
best hits; this percentage demonstrates that paralogs, repeats and low complexity
sequence have little impact on the accuracy of the reciprocal best hits procedure. We
used a second procedure to assess the impact of greater release distance on
accuracy. To do so, we identified reciprocal best hits between each release and its

closest two temporal neighbors, and used these data to populate a graph of

18



reciprocal best hits from release to release for each genome. We then compared the
correspondence between reciprocal best hits obtained by traversing this graph from
start to end to those obtained from searching the most current release against the
earliest release. The trace-based approach recovered a subset (91%) of the
reciprocal best hits obtained by the first approach. For D. melanogaster and C.
elegans the percentage was 100% and 98%, respectively. For H. sapiens and M.
musculus it was 85% and 79%. Resurrection of previously deleted genes lowered
percentages in the two vertebrate genomes. For these reasons we conclude that
simply blasting releases against one another is the preferred means of tracking
annotations across releases. All searches were preformed with the following WU-
BLAST command: blastn <db> <query> -filter=seg -cpus=1 -W=30 -N=-10 -

mformat=2 -B=1 E=1e-6 -gspmax=5 T=1000 -wink=30.

Assembly-induced Changes. Changes to the underlying assembly complicate
analyses of annotation change. We therefore sought to segregate changes to
annotations resulting solely from curation, from those resulting from changes to the
underlying assembly. To do so, we first identified versions of the same annotation in
sequential pairs of releases using a reciprocal best hits approach. We then compared
the underlying genomic sequences (including a flanking region of 500 bp) for each
gene version-pair. If there was any change to the underlying genomic sequence,
these annotations were flagged as altered due to assembly change. We found that
the impact of assembly changes on existing annotations varied widely from genome
to genome and from release to release (Additional File 3). The D. melanogaster and
C. elegans assemblies were the most static; on average only 0.42% of D.
melanogaster and 0.30% of C. elegans genes experienced changes to their
underlying DNA sequences from release to release. The H. sapiens and M. musculus
assemblies were more labile. On average 3% of H. sapiens and 18% of M. musculus

annotations underwent assembly induced coordinate changes from release to
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release. For both vertebrate genomes the vast majority of these occurred between
early releases. In M. musculus, for example, the underlying genomic sequences of
30% of release 30 (02/2003) annotations had been altered by 32.1 (10/2003),
whereas the percentage fell to 15% between releases 34.1 (05/2005) and 35.1
(09/2005) and to only 0.05% between releases 35.1 (09/2005) and 36.1 (05/2006). H.
sapiens followed a similar trend (averaging around 3% release), with the exception of

release 35.1, which had a higher percentage (5%).

Calculating Annotation Edit Distance. Sensitivity, Specificity, and Accuracy [13]
are commonly used to measure gene-finder performance relative to some standard,
usually a reference annotation that is well supported by experimental evidence.
Sensitivity (SN) is the fraction of the reference feature predicted, whereas Specificity
(SP) is the fraction of the prediction overlapping the reference feature. Both
measures can be calculated for any feature class, e.g. transcripts, exons or introns;
and the calculations can be preformed at the nucleotide level, or, if greater stringency
is desired, the fraction of the features predicted exactly [23]. SN and SP are often
combined into a single measure called Accuracy (AC). Several formulations of
accuracy are in use (see [13]). Some of these take true negatives into account;
others do not. In practice, it can be difficult to determine the scope of true negatives
for genome annotations, as these can be considered as limited to some flanking
region around the gene in question, the entire intergenic region or even the rest of
the genome. Including true negatives in the accuracy calculation also complicates
inter-genome comparisons. For example, gene-prediction accuracy will tend to be
higher for those genomes with large introns and intergenic regions. For these

reasons we have used a simple average, (SN +SP)/2, to measure accuracy.

Although SN, SP and AC are normally thought of as measures of agreement

between a prediction and a reference annotation, there is no inherent requirement for
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a reference annotation. The measures can also be used to compare two annotations
to one another. Reformulating SN in terms of sets makes this clear (see Figure 6).
SN for example is usually given as SN = tp/(tp + fn), where tp is number of true
positives and fn false negatives. But SN can also be thought of as the fraction of
annotation i overlapping annotation j. Substituting tp and fn for their set-theoretic
equivalents (Figure 6), SN = |iCj/ / (|iCjl + |M]), where [iCj/ is the number of
overlapping nucleotides (tp), and |\l the number of nucleotides in j not annotated in J,
or fn. Since, by definition |j|= |iCjl + |\, SN = |iCj] / |}|, or the fraction of j overlapping
i. Likewise, SP can be thought of as the fraction of i overlapping j, and Accuracy (AC)
as the average of these two fractional overlaps—a bi-directional measure of
Congruency between two annotations that we denote as C. The incongruence or

distance, D, between annotation versions i and jthen becomes D = 1-C.

So long as both versions of the annotation contain only a single annotated transcript,
AED, is easily calculated. Alternative splicing, however, complicates matters
somewhat. The problem lies in how best to pair the transcripts of one version of the
annotation with those of another. Several different procedures can be envisioned; we
have chosen one that will always give the minimal distance. The procedure is shown
in Figure 7. First, pairwise incongruencies, or 1-C, between each possible pairing of
annotation /s transcripts with those of j are calculated. Each transcript is then paired
with its closest partner from the other annotation. In cases where a transcript has
multiple equidistant partners, one of these is chosen randomly. In cases where the
two annotations have different numbers of transcripts, two transcripts from one
version can share the same partner in the other annotation. The pairwise distances
are then summed (Figure 7, panel D). The result is a (minimum) measure of
distance between two versions of the gene, which we term Annotation Edit Distance,

or AED. This value can also normalized by the number of transcript-pairs to give the
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Software. GenBank releases were converted to Chaos-XML prior to processing
using cx_genbank2chaos.pl (www.frutifly.org/chaos-xml). Older gff3 releases from
WormBase  were  brought forward to current gff3  specifications
(www.sequenceontology.org/gff3.shtml)  using the  scripts  ws100_forward,
ws130_forward, and ws150_foward. Bulk gff3 files for D. melanogaster and C.
elegans chromosomes were split into individual annotations along with their
accompanying nucleotide sequence using the cgl-gff3 library (www.yandell-lab.org).
Annotation Edit Distances and Splice Complexities were calculated at the nucleotide
level using the scripts splice_distance_nucleo and splice_complexity nucelo
respectively. All code is available at www.yandell-lab.org/new_measures. After
download the bundle should be uncompressed. A README details requirements and

the installation procedure.

AUTHOR'’S CONTRIBUTIONS

KE and MY conceived the study, carried out analyses, wrote software, and wrote

paper. BM and CH carried out experiments and wrote software for the analyses.

ACKNOWLEDGEMENTS

This work was supported in part by NIH/NHGRI R01HG004341 to KE and
NIH/NHGRI R01HG004694 to MY. The authors would also like to thank M.
Ashburner, I. Korf, M. Metzstein, G. Miklos, and M. Reese for many helpful

comments on an earlier version of the manuscript.

24



REFERENCES

1. Liolios K, Tavernarakis N, Hugenholtz P, Kyrpides NC: The Genomes On
Line Database (GOLD) v.2: a monitor of genome proje  cts worldwide .
Nucleic acids research 2006, 34(Database issue):D332-334.

2. Eilbeck K, Lewis SE, Mungall CJ, Yandell M, Stein L, Durbin R, Ashburner M:
The Sequence Ontology: a tool for the unificationo  f genome
annotations . Genome biology 2005, 6(5):R44.

3. Generic Model Organism Database [www.gmod.org]

4. Mungall CJ, Emmert DB: A Chado case study: an ontology-based
modular schema for representing genome-associated b iological
information . Bioinformatics (Oxford, England) 2007, 23(13):i337-346.

5. Generic Feature Format 3 [www.sequenceontology.org/gff3.shtml]

6. Robb, S. M., Ross E., Alvarado, AS: SmedGD: the Schmidtea mediterranea
genome database. Nucleic Acids Res 36(Database issue):D599-606

7. Misra S, Crosby MA, Mungall CJ, Matthews BB, Campbell KS, Hradecky P,
Huang Y, Kaminker JS, Millburn GH, Prochnik SE et al: Annotation of the
Drosophila melanogaster euchromatic genome: a syste matic review .
Genome biology 2002, 3(12):RESEARCHO0083.

8. Rubin GM, Yandell MD, Wortman JR, Gabor Miklos GL, Nelson CR,
Hariharan IK, Fortini ME, Li PW, Apweiler R, Fleischmann W et al.
Comparative genomics of the eukaryotes . Science 2000, 287(5461):2204-
2215.

9. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton GG, Smith HO,
Yandell M, Evans CA, Holt RA et al: The sequence of the human genome

Science 2001, 291(5507):1304-1351.

25






21.

22.

23.

24.

25.

26.

27.

28.

29.

Celniker SE, Wheeler DA, Kronmiller B, Carlson JW, Halpern A, Patel S,
Adams M, Champe M, Dugan SP, Frise E et al: Finishing a whole-genome
shotgun: release 3 of the Drosophila melanogaster e uchromatic genome
sequence . Genome biology 2002, 3(12):RESEARCH0079.

Pruitt KD, Tatusova T, Maglott DR: NCBI Reference Sequence (RefSeq): a
curated non-redundant sequence database of genomes, transcripts and
proteins . Nucleic acids research 2005, 33(Database issue):D501-504.
Guigo R, Flicek P, Abril JF, Reymond A, Lagarde J, Denoeud F, Antonarakis
S, Ashburner M, Bajic VB, Birney E et al: EGASP: the human ENCODE
Genome Annotation Assessment Project . Genome biology 2006, 7 Suppl
1:5S2 1-31.

Schmucker D, Clemens JC, Shu H, Worby CA, Xiao J, Muda M, Dixon JE,
Zipursky SL: Drosophila Dscam is an axon guidance receptor exhib iting
extraordinary molecular diversity . Cell 2000, 101(6):671-684.

Malko DB, Makeev VJ, Mironov AA, Gelfand MS: Evolution of exon-intron
structure and alternative splicing in fruit flies a nd malarial mosquito
genomes . Genome research 2006, 16(4):505-509.

http://en.wikipedia.org/wiki/Spearman's rank correlation coefficient.

www.ncbi.nlm.nih.gov/genome/quide/human/release notes.htm.

Yandell M, Bailey AM, Misra S, Shu S, Wiel C, Evans-Holm M, Celniker SE,
Rubin GM: A computational and experimental approach to valida  ting
annotations and gene predictions in the Drosophila melanogaster
genome . Proceedings of the National Academy of Sciences of the United
States of America 2005, 102(5):1566-1571.

Wei C, Lamesch P, Arumugam M, Rosenberg J, Hu P, Vidal M, Brent MR:
Closing in on the C. elegans ORFeome by cloning TWI  NSCAN

predictions . Genome Res 2005, 15(4):577-582.

27



30.

31.

32.

33.

Thanaraj TA, Clark F, Muilu J: Conservation of human alternative splice
events in mouse . Nucleic Acids Res 2003, 31(10):2544-2552.

Nurtdinov RN, Artamonova, Il, Mironov AA, Gelfand MS: Low conservation
of alternative splicing patterns in the human and m ouse genomes . Hum
Mol Genet 2003, 12(11):1313-1320.

Modrek B, Lee C: A genomic view of alternative splicing . Nature genetics
2002, 30(1):13-19.

Remm M, Storm CE, Sonnhammer EL: Automatic clustering of orthologs
and in-paralogs from pairwise species comparisons . J Mol Biol 2001,

314(5):1041-1052.

28






the gene as a whole (0.32) or normalized by the number of transcript-pairs to give an average

per transcript-pair (0.107).

Figure 8. Calculating Splice Complexity. Pairwise distances between transcripts of an
annotation (A) are shown in (B). Minimum distances between each transcript-pair can be
summed (C) to give a value for the gene as a whole (0.91) or normalized by the number of

transcript pairs (0.303).
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TABLES

Table 1. Percentage of Genes in the current release  with a history of modification

Organism AED >0 Genes Y%
C. elegans 11,597 20,061 58
D. melanogaster 909 14,512 6
M. musculus 8,980 31,037 29
H. sapiens 12,790 23,342 55

Columns: organism, number of genes modified at least once, number of genes in the most
recent release, percentage of genes modified at some point it the past. C. elegans: release
WS176 (07/2007) annotations since WS100 (05/2003). D. melanogaster; release r5.1
(12/2006) annotations since r3.2 (10/2004). M. musculus; release 36.1 (5/2006) annotations

since 30 (2/2003). H. sapiens release 36.2 (9/2006) annotations since 33 (4/2003).

Table 2. Percentage of genes in the latest release  that have been modified n times in

their past.
Edits C. elegans D. melanogaster M. musculus H. sapiens
0 40.96 93.40 68.72 36.60
1 26.77 6.29 20.60 30.57
2 19.67 0.29 7.77 16.24
3 10.76 0.01 2.35 11.19
4 1.84 0.55 4.09
5 1.09
6 0.20

The first column gives the number of revisions. Time intervals are the same as those in Table
1. Because not every gene could be identified in every release, percentages do not exactly

tally with those in Table 1.
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Table 3. Average AED per revised transcript

Organism Average
C. elegans 0.058
D. melanogaster 0.092
H. sapiens 0.086
M. musculus 0.108

Average AED (magnitude of revision) for each transcript in the current release that has been

modified at least once in its past. Time intervals are the same as those in Table 1.

Table 4. Most complex alternatively spliced annotat  ions.

Transcript Splice
Organism Gene SO Class Count Complexity

unc-43 - UNCoordinated

C. elegans 2:0:23 25 101 (0.311)
family member
Dscam - Down syndrome

D. melanogaster 0:0:59 60 149 (0.084)
cell adhesion molecule

A. gambiae GPRGR9 0:0:9 10 34 (0.762)
LOC628147 similar to

M. musculus 17:2:24 44 707 (0.747)
zinc finger protein 709
CREM - cAMP

H. sapiens responsive element 0:0:20 21 53 (0.253)
modulator

Columns: organism, gene name, SO classification code (see Figure 4 for key), number of

transcripts, Splice Complexity (Splice Complexity per transcript-pair in parenthesis).

33



Table 5. Orthologous gene annotations with greatest difference in splice complexity.

Transcript Splice

Organism Gene SO Class Count Complexity
D. melanogasterDscam 0:0:59 60 148.80 (0.08)
A. gambiae ENSANGG00000015725 0:0:1 2 0.48(0.48)
M. musculus  Sorbs2 0:1:31 33 168.63 (0.32)
H. sapiens Sorbs2 0:0:1 2 0.23(0.23)

Columns: organism, gene name, SO classification code (see Figure 4 for key), number of
transcripts, Splice Complexity (Splice Complexity per transcript-pair in parenthesis). The D.
melanogaster - A. gambiae pair is shown in the top half of the table, the M. musculus - H.
sapiens below. Orthologous genes were identified using reciprocal best hit BLASTP

searches.
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problems, and second on Splice Complexity. These criteria identified only seven genes in D.

melanogaster

Additional File 3

File Format: PDF

Title: Additional Table 3. Number of version pairs with assembly induced coordinate
changes.

Description: The number of genes for each release pair that were excluded from Annotation

Edit Distance calculations due to sequence changes within the gene region.
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