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Comparative Analysis of Human Genome Assemblies
Reveals Genome-Level Differences
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Previous comparative analysis has revealed a signifi-
cant disparity between the predicted gene sets pro-
duced by the International Human Genome
Sequencing Consortium (HGSC) and Celera
Genomics. To determine whether the source of this
discrepancy was due to underlying differences in the
genomic sequences or different gene prediction
methodologies, we analyzed both genome assemblies
in parallel. Using the GENSCAN gene prediction
algorithm, we generated predicted transcriptomes
that could be directly compared. BLAST-based com-
parisons revealed a 20–30% difference between the
transcriptomes. Further differences between the two
genomes were revealed with protein domain PFAM
analyses. These results suggest that fundamental 
differences between the two genome assemblies are
likely responsible for a significant portion of the 
discrepancy between the transcript sets predicted by
the two groups.

Celera Genomics and the International Human Genome

prediction pipelines, predicts both partial and full-length
Sequencing Consortium (HGSC) simultaneously published
the description of the human genome sequencing, analysis,
and gene annotation [1,2]. Although both teams identified
approximately 30,000 human genes [1,2], a direct compari-
son of the Celera and HGSC (Ensembl) data sets revealed
little overlap between their novel predicted genes [3].
Questions arose as to whether this observed difference is
due to discrepancies in the underlying raw sequence data,
the resultant genome assemblies, or the independent gene
prediction methodologies used by both groups.

To distinguish between these possibilities, we have 
carried out a comparative analysis of the HGSC genomes
(Ensembl 1.0.0, Ensembl 1.1.0, and Ensembl 1.2.0; per-
formed at Tularik, Inc.) and the Celera genome
(CHGD_assembly_R25h; performed at the Genomics
Institute of the Novartis Research Foundation) using the
GENSCAN [4] gene prediction program to generate corre-
sponding predicted transcriptomes. GENSCAN, which was
a key component of both the Celera and HGSC gene 
138
transcripts. GENSCAN full-length transcripts are defined as
those for which GENSCAN predicts a promoter region, one
or more exons, and a polyadenylation signal. This analysis
revealed that the Celera transcriptome (150,571) has more
predicted transcripts than that of HGSC (Ensembl 1.0.0;
109,083). The results for the more recent HGSC genome
releases (Ensembl 1.1.0, Ensembl 1.2.0) gave very similar
results and are therefore not shown here. A detailed analy-
sis of these GENSCAN-predicted transcripts found that
Celera (71,721) has fewer full-length gene predictions than
does HGSC (87,295). A BLAST [5]-based comparison of all
GENSCAN transcripts (threshold of ≥ 98% identity over at
least 100 nucleotides) showed that 80% of predicted HGSC
genes have at least one matching sequence in the Celera
GENSCAN predictions, whereas 70% of Celera predictions
have at least one overlapping sequence in the HGSC set.
These results demonstrate that significant discrepancies
exist even between Celera and HGSC assembly-derived
gene sets predicted with the exact same methodology. 

To understand the impact of these transcriptome differ-
ences on the derived proteomes, we have analyzed the pre-
dicted translations of these sequences for the presence of
known protein domains using the PFAM [6] 7.0 set of
Hidden Markov Models (HMMs) (3360 models, hit thresh-
old E value 1 � 10–10). The differences between the num-
ber of hits for each protein domain model in the HGSC and
Celera predicted gene sets were plotted in Fig. 1 for the
1495 models that had hits (data for searches with E values
of 1 � 10–5 or 1 � 10–2 gave similar results and are not
shown). Of all the matching PFAM models, a large per-
centage have more matches (47%) in the HGSC-derived
gene set than in the Celera-derived genes. This is more than
the number of models that matched both data sets equally
(30%), and more than twice the number that had excess
matches in the Celera data (22%). This analysis further sup-
ports the conclusion that the genome assemblies had a sig-
nificant impact on the predicted transcript sets.

This parallel analysis of the genome assemblies released
by the HGSC and Celera teams provides strong evidence that
there are major fundamental differences between these two
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FIG. 1. PFAM domain profiling of Celera and HGSC derived transcriptomes.
The x-axis represents the excess of matches per PFAM model in the HGSC 
versus Celera data sets. The y-axis represents the number of models that fall
into each category. Upward bars represent PFAM models, which have more
hits in the HGSC data set. Downward bars represent PFAM models, which
have more hits in the Celera data set.
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data sets in the numbers, identities, and properties of pre-
dicted genes derived from these sequences. Based on this, we
conclude that these sequence-level differences must be at least
partly responsible for the discrepancies in the previous find-
ings [3]. Along with the recent re-analysis [7,8] of Celera’s
genome assembly [1], this report provides further evidence
that the whole genome approach and the hierarchical shotgun
sequencing approach yielded different genomes. 
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