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Homo sapiens is a unique organism characterized by its
highly developed brain, use of complex languages,
bipedal locomotion, and so on. These unique features
have been acquired by a series of mutation and selection
events during evolution in the human lineage and are
mainly determined by genetic factors encoded in the hu-
man genome. It is of great interest and also of great im-
portance from biological and medical viewpoints to un-
derstand what kind of genetic factors are involved in
these complex human features and how they have been
established during human evolution (Carrol 2003). Re-
cent completion of the human genome sequence provided
a solid platform for addressing these issues. However, the
information obtained from the human genome alone is in-
sufficient to discover genetic changes specific to human.
The genomes of several experimental organisms such as
mouse, fly, and nematode have successfully been used to
characterize the human genome, but they are evolutionar-
ily too distant to zoom in on the human-specific changes.
Therefore, we definitely need the genome sequence of the
closest organism to human. Detailed molecular anthropo-
logical studies have now established that the chimpanzee
(and bonobo) is the closest organism to human, followed
by the gorilla (see, e.g., Sibley and Ahlquist 1984; Saitou
1991; Chen and Li 2001; Wildman et al. 2003). The
chimpanzee genome is thus the best for comparison with
the human genome to elucidate the genetic changes that
have occurred on the human lineage in the past 5–6 mil-
lion years, providing us with important clues to address
the above issues. 

A number of pilot studies have already been done com-
paring human and chimpanzee genomes (see Olson and
Varki 2003). For example, we previously showed
through chimpanzee BAC end sequencing that the ge-
nomic difference between human and chimpanzee in
terms of nucleotide substitution is 1.23% (Fujiyama et al.
2002). Frequent insertions and deletions were detected

(Frazer et al. 2003). When insertions and deletions (in-
dels) were compared, about 5% of the genome was shown
to differ between human and chimpanzee (Britten 2002).
Duplication, translocation, and transposition events have
been also reported (Bailey et al. 2002). However, these
data were obtained from various parts of the genomes by
using several different technologies including sequence-
based comparison, chip technology, and cytogenetic
analysis, so that it is difficult to draw an integrated picture
of dynamic changes of the genome to evaluate the overall
consequence of these genetic changes to human evolu-
tion. For these reasons, we conducted a human–chim-
panzee whole-chromosome comparison at the nucleotide
sequence level. We chose human chromosome 21 and its
genomic ortholog in chimpanzee, namely chromosome
22, because human chromosome 21 is one of the most
well-characterized human chromosomes (Hattori et al
2000) and contains regions and units representing charac-
teristic features of the human genome such as GC-
rich/gene-rich regions and AT-rich/gene-poor regions,
many repeated structures, duplications, housekeeping
genes and tissue-specific genes, genes with a variety of
functions such as transcriptional factors and receptors,
members of large gene families and singleton genes. 

RESULTS AND DISCUSSION

Mapping and Sequencing

At first, a BAC clone map of chimpanzee chromosome
22 was constructed based on the sequence similarity of
BAC end sequences to human chromosome 21. Some
gaps were then filled by screening chromosome-22-spe-
cific libraries or by PCR amplification. Finally, only two
clone gaps remained at positions corresponding to gaps in
human chromosome 21 (Hattori et al. 2000). A nucleotide
sequence totaling 32.7 Mb of the mapped clones was then
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