. " * e
8 . ‘ ;
™ 5

T R
\ '_\\x.__-.‘».r v
ofe A e
-‘ ] - -

{WWMIW\ ReseARCH NEWSLETTER
i WA SEPTEMBER 2004
Inference of Multi-Genome Sequence Conservation from Structured
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The post genomics era offers new and exciting opportunities for elucidation of the complex
processes that govern gene function, genome organization and evolution. With the availability
of genomes from different organisms, a key challenge is to present this information in a concise
view showing evolutionary conserved regions. SynaBASE™ is the world’s first structured
pattern database system that stores sequence patterns and their relationships for fast and
efficient querying. A multi-species SynaBASE of six syntenic vertebrate species chromosomes
was built and queried. By applying a unique attribute of SynaBASE called SIGNIFICANCE, it was
possible to deduce evolutionary conserved regions using human chromosome 7 as the reference
sequence. Results were compared to phylogenetic conservations scores from the UCSC human
genome browser. SynaBASE pattern SIGNIFICANCE matched phylogenetic Hidden Markov Model
conservation predictions based on BLASTz genome alignments. By deducing the presence of
evolutionary conserved regions from raw sequence data in a single step with SIGNIFICANCE, multi
genome SynaBASEs have the capability to be utilised as a powerful platform for novel applications
in comparative genomics and molecular evolution.

Introduction

Comparative genomics addresses the problem of successor characters in a pattern [6]. With the
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inferring an evolutionary relationship between
the genomes of two organisms based on sequence
alignment of protein-coding sequences, cDNA
information (where available) as well as non-coding
genomic DNA [1]. A logical extension of this
principle would thus be to combine related genome
data across multiple species to produce a concise
view of sites that have been conserved in these
organisms over the course of evolution [2].

A myriad of algorithms such as BLASTz, Pipmaker
and Mummer, align entire full-length chromosome
sequences to complement views of homology
between two organisms [3-5]. Once a series of these
alignments across multiple species become available,
the consolidated information can produce a multiple
sequence alignment. The final result is usually
presented in the context of a reference genome, e.g.
the human genome, and shows areas of sequence
identity, the location of potentially homologous
genes or sequence conservation.

An application capable of highlighting sequence
conservation between the genomes of 6 different
mammalian species was addressed in a single step
utilising pattern SIGNIFICANCE (a unique attribute
of SynaBASE™). SIGNIFICANCE is defined as
the probability of predicting the precessor and

ability to automatically store and learn patterns and
their relationships within genome sequence data,
SynaBASE is capable of reconstructing a concise
view of sequence conservation within the context of
any reference sequence.

Methods

Mouse chromosome 6, rat chromosome 4, dog
chromosome 14, chimpanzee chromosome 6, chicken
chromosome 2 and human chromosome 7 were used
as the source sequence data for building a multi-
species SynaBASE (MSS)[7-11]. These chromosomes
were defined as syntenic by Ensembl v23.34e.1 to
human chromosome 7 [12]. A SynaBASE of these
six genome sequences was subsequently built and
queried for pattern SIGNIFICANCE with reference to
human chromosome 7. The same chromosome
sequence was also queried against the human, mouse
and dog genome versions of SynaBASE.

Results & Discussion

Indexing and constructing all the patterns in a
SynaBASE of 6 evolutionary related chromosomes
took 101 minutes on a HP® server using a single
1.3GHz Itanium™ Intel CPU.
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Significance

In the context of related chromosome sequences, the
implications are that SynaBASE stores computed
information describing these shared patterns [13].
Therefore patterns that are highly probable in
a reference query, e.g. Hs chr 7 (with respect to
the MSS) represent sequences that are shared or
conserved with other patterns in that sequence or
patterns from other syntenic regions. SIGNIFICANCE
peaks on human chromosome 7 correlate strongly
with the UCSC conservation track (available at
www.genome.ucsc.edu) in Figure 1. These results
show a cross corroboration of genome sequence
conservation predicted from raw pattern information
in the SynaBASE MSS.

1007

In addition to analysing human chromosome 7
against the MSS, the same 500kb region was
mined against SynaBASE versions of the human,
mouse and dog genomes (See Figure 2 on the next
page). Patterns from the human genome seemed to
contribute to the high peaks at 65kb and 115kb that
were absent from the SIGNIFICANCE plot in mouse and
dog. Analysis of these translated patterns against
the SWISS-PROT version of SynaBASE identified
patterns with keywords relating to perlecan - a
heparin sulphate proteoglycan. These genes are
conserved across metazoan life forms [17].

The slight differences between SynaBASE pattern
SIGNTFICANCE and the phastCons track are as a result
of (a) not all organisms in
the UCSC conservation track
are represented in the multi-
species SynaBASE and (b)
different methods were used
to produce the final result.
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However, it is important to note
that all that was required to
extract this information from
the MSS SynaBASE was the
quantification of SIGNIFICANCE.
As mentioned before, it took 100
minutes to build the MSS and 3.8
seconds on a single CPU server
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Figure 1. A comparison of SynaBASE multi species genome siGNIFICANCE and the UCSC

genome conservation track plotted for the 1** 500Kb of human chromosome 7. A single query
of against SynaBASE produces the top graph in 3.8 seconds whereas the UCSC conservation
track is constructed using combination of progressive genome sequence alignments from

multiple species and a phylogenetic Hidden Markov Model [14-16].

A query of the I** 500Kb of human
chromosome 7 against the MSS
was conducted in 3.8 seconds. The
SIGNIFICANCE results correlated almost
exactly with the UCSC genome browser
view of multiple species conservation
computed from human, chimp, mouse,
rat, dog, chicken, fugu and zebrafish
alignments [16].

The UCSC conservation track is based
on the phastCons phylogenetic HMM
derived from computed multiple
sequence alignments by multiz [14-15].
This track was constructed by “Best-in-
genome” pairwise alignments generated
for each species using BLASTz. These
pairwise alignments were then multiply

aligned using multiz, beginning
with human-chimp alignments and
subsequently adding in mouse, rat,

dog, chicken, fugu, and zebrafish. The
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to obtain SIGNIFICANCE results
without the need for multiple
alignments of whole genome
sequences or construction of a
Hidden Markov Model.
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resulting multiple alignments were
then assigned conservation scores by
phastCons [15-16].

Figure 2.
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SIGNTFICANCE results for the 15 500kb of human chromosome 7 queried
against the MSS, human, mouse and dog SynaBASE genomes. Regions highlighted
in red show the differences in SIGNIFICANCE peaks across the databases.
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