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All over the world, mouse geneticists have applauded the

publication of the initial analysis of the human genome

sequence(s) [1,2]. Why? One simplistic answer is that mouse

and human are two flavors of mammal, and a genome

sequence for one is a surrogate for the other. So perhaps the

pertinent question then becomes: how can mouse geneticists

make use of the human sequence? In this article, we briefly

describe some ways in which the human working draft

sequence can be used as a tool in mouse genomics, not only

for assembling the mouse genome but also for identifying

conserved sequence elements and providing new insights

into genome evolution. 

Before the genome 
Even before the inception of ‘The Human Genome Project’,

mouse and human genetics already formed a two-way street.

An early example of this was the observation that inherited

traits exhibiting sex-linkage in humans were also sex-linked

in mice - for example, hypophosphatemia [3]. As genetic

maps improved in both species, it became clear that there

were blocks of conserved synteny, along chromosomes

(synteny literally means ‘on the same thread’) [4]. Indeed,

with the development of dense, genome-wide maps, it has

become possible confidently to infer the location of a mouse

homolog of a human gene, on the basis of the location of the

genes that flank it in the human genome, and vice versa

(Figure 1) [5,6]. 

Mice suffer from diseases similar to those of humans. Further-

more, this biological similarity can extend to defects in the
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Having a working draft of the human genome sequence is proving invaluable to mouse genetic
and genomic studies, providing a useful stepping-stone towards the finished sequence of the
mouse genome. 

Figure 1
Schematic representation of mouse radiation-hybrid map
segments overlaid on the human genome sequence. Each
color corresponds to a particular mouse chromosome
(bottom), and centromeres, subcentromeric
heterochromatin and repetitive short arms are shown in
black. Reproduced with permission from [6].



same molecules: for example, mutations in the leptin gene

cause morbid obesity [7] and in myosin VII cause deafness

[8], both in humans and in mice. In complex genetic dis-

eases, such as diabetes, or where mutations may be subtle

rather than obviously deleterious, the mouse is of particular

importance as it allows experimental testing of the validity of

candidate mutations, by targeted mutagenesis. From the

outset, the Human Genome Project recognized the impor-

tance of model organisms, from bacteria to mouse, and

devoted funding to developing resources for their genetic

and physical mapping [9]. As a genetically malleable social

mammal, well suited to living and breeding in (relatively)

modest space, the mouse has become the premier genetic

model for humans. A secondary aspect of the publicly

funded Human Genome Project that has been immensely

valuable to scientists working on model organisms is the

policy of rapid data release. This has meant that data could

be used prior to formal publication.

Building mouse genome sequence using a
human scaffold 
One direct way in which the human genome sequence can be

used in mouse genomics is as a scaffold to support the

anchoring and merging of clone contigs (contiguous assem-

blies) of large-insert bacterial artificial chromosomes (BACs;

Figure 2). Draft or finished human genomic sequence is

compared with mouse sequence taken from the ends of BAC

inserts [10]. BAC-insert ends showing highly significant sim-

ilarity to the human genomic sequence are assumed to

represent homologous sequences from conserved syntenic

segments, where both gene function and gene order are con-

served. Clone names for the BAC clones from which these

sequences are derived are then used to search the public

database of fingerprinted BAC clones (where the restriction

digest band pattern on electrophoresis makes a ‘fingerprint’)

constructed by the British Columbia Genome Sequencing

Center (BC-GSC) [11]. This can be done in a number of ways:

using the text version of the database on the BC-GSC website

[11]; or by downloading the data onto a local computer and

searching it using the fingerprinted contigs (FPC) software

[12]; or by using an assembly and annotation website [13]

maintained by the Center for Bioinformatics, University of

Pennsylvania.

The version of the contig data generated in the last of these

ways is made particularly powerful by the way in which it

links together data from several sources: the sequence-

tagged site (STS) content of the contigs, plus assemblies of

expressed sequence tags (ESTs) in the database of tran-

scribed sequences (DOTS) [14] and data from radiation

hybrid (RH) maps. In some cases, this helps to confirm

anchoring of mouse BAC contigs and also to orient the

contigs on the mouse chromosome (M. Bucan, personal

communication). Furthermore, a refinement of this

approach has been used recently to produce a physical map

of the whole mouse genome [15].

Identifying and visualizing conserved sequences
One of the most powerful uses of the human draft

sequence again depends on the high level of sequence sim-

ilarity between mouse and human. It is assumed that

sequence elements with the highest similarity are those

with critical functions, such as the transcribed and regula-

tory elements of genes. Evolutionary forces will have

actively selected against mutations in these elements,

whereas the sequences of non-functional genomic regions

will acquire differences to an extent approximately propor-

tional to the time passed since the divergence of the two

organisms from a common ancestor. It can therefore be

highly informative to take mouse and human sequences

from a region of synteny, and to align them and graphi-

cally display the degree of sequence similarity (Figure 3)

[16-18]. Known or predicted gene structures can be over-

laid on the alignments displayed by the PipMaker and

VISTA programs, allowing identification of novel evolu-

tionarily conserved regions (ECRs) [19]. Such regions may

represent coding exons not predicted by conventional

methods, regulatory elements, genes expressed at low

levels and so not represented in EST databases, or perhaps

genes that are transcribed to make non-coding RNAs. A

further development of the VISTA package incorporates
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Figure 2
Building mouse clone contigs using a human scaffold. The
solid black bar at the top of the diagram represents human
genomic sequence, and the smaller clusters of horizontal
lines are two fingerprinted mouse BAC contigs, a and b.
Dashes at the ends of some of the BACs represent insert-
end sequences. The vertical arrows indicate significant
sequence homologies (detected using BLAST) between
human genomic sequence and mouse BAC end sequence.
These homologies are then used to anchor, orient and
order the mouse BAC contigs relative to the human
sequence. In some cases, the alignment of two or more
contigs with the human sequence allows identification of
BAC clone overlaps missed in the original contig building, so
that contigs can be merged together.

Human sequence

Fingerprinted mouse BAC contigs

BLAST homologies

Contig a Contig b



prediction of transcription-factor binding sites in con-

served regions, to aid identification of potential regulatory

elements [20]. In some cases, experimental evidence sup-

ports the prediction that ECRs are transcribed ([19] and

R.B., unpublished observations) or that they represent

regulatory elements [21]. It seems that not all genomic

regions acquire mutations at similar rates, however, so

some sequences will be conserved as a result of insufficient

time to diverge, adding ‘noise’ to the alignments. One way

of improving the discrimination of actively and passively

conserved sequences may be to make multiple comparisons

with different species [22].
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Figure 3
Percentage identity plot (PIP) of part of the ‘bare patches’ region of the mouse X chromosome between the genes Nsdhl and
Zfp185 [19]. The mouse genomic sequence is shown on the x axis, and the percentage identity (50-100%) on the y axis.
Regions that are conserved between the two sequences and are greater than 50 bp in length are shown as lines within the
plot. Confirmed and predicted exons are depicted as numbered black boxes along the top of the plot. Confirmed exons are
also shaded in green within the plot, whereas putative exons are colored in purple. Repetitive elements are illustrated on the
top line (grey pointed boxes are L1s, black pointed boxes are LINE2s, light grey triangles are SINES other than MIRs, black
triangles are MIRs, dark grey triangles are LTR elements and dark grey boxes are other types of interspersed repeats; see
[16,17] for details), alongside CpG islands (short dark grey boxes are CpG islands where CpG/GpC < 0.75, and short white
boxes are CpG islands where the CpG/GpC ratio lies between 0.6 and 0.75). Computer predictions are shown for the
putative genes in the ECRA4-A23 region above the plot, with gene predictions shown as blue boxes, open reading frames
(ORFs) as pink boxes and sequence similarity with human ESTs as orange boxes.
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Genome evolution
Turning the idea of comparative analysis on its head, we can

use the human genome to find areas of the mouse genome

where conservation of gene content and order breaks down.

What happens in these evolutionary ‘breakpoint’ regions?

Studies of this kind are still quite rare, but there are sugges-

tions of an emerging consensus. A correlation has been noted

between genetic instability and sites that are rich in repetitive

elements and may, therefore, be more prone to rearrangement

through inappropriate homologous recombination [23].

Transposition events, leading to both insertion and deletion,

are also apparent in regions of chromosomal rearrangements

[24-26]. The evolutionary breakpoint disrupting the conserva-

tion of human 19p13.3 with mouse chromosomes 10 and 17,

for example, is rich in simple tandem repeats [27], and repeti-

tive elements were identified in the section of mouse chromo-

some 10 bridging the junction between conserved syntenic

regions of human chromosomes 21 and 22 [28]. Indeed, many

of the breaks in conservation of human chromosome 19 rela-

tive to mouse chromosomes seem to be associated with local-

ized repetitive elements, such as tandemly repeated gene

families [29]. As more extensive mouse genome sequence

becomes available, it will be interesting to assess whether the

prediction that regions rich in repetitive elements are associ-

ated with genome rearrangements holds up.

Finishing the mouse genome?
Finally, we would like to argue the case for producing a fin-

ished mouse genomic sequence. When mouse genome

sequencing first became a serious endeavor, it was unclear

what the quality of the ‘product’ might be. Some suggested

that all that was needed was a low-to-medium coverage

whole-genome shotgun (about 3-6-fold sequencing depth),

which could be assembled and aligned with the finished

human genome. Indeed, unassembled, low-coverage mouse

shotgun sequence can be used efficiently to find exons in the

human working draft sequence [30] and is a valuable

resource for gene and marker discovery [31]. Lack of long-

range contiguity hampers accurate prediction of mouse gene

structure, however, and accurate prediction is invaluable for

efficient mutation scanning. Studies of two critical classes of

mutations would benefit from high-quality, finished

sequence: point mutations such as those induced by the

supermutagen ethylnitrosourea (ENU) [32], and mutations

responsible for quantitative traits, as it is believed that many

of the latter may be found in regulatory elements [33].

Despite the unequivocal utility of a draft human genome

sequence [1,2], it is clear that draft sequence has limitations

[34]. Even with a finished human genome sequence, inter-

pretation of genome function will be enhanced by access to a

second, finished mammalian genome. As the premier

genetic model mammal, it makes sense to finish the mouse.
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