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Abstract

Sophistcated nformation stategies are ncreasingly
essential for biologists. We have built a powerfiil
know ledge discovery resource using novel genom ic
context methods, Interactive visualization stategies,
and computational environment technologies. The
Heuristdce Entty Relationship Building Environment
HERBE) is a resarch phtorm for advanced
datgbase technologies that fiises data management
solutions w ith know ledge m anagem ent com ponents to
support the dynamic capture of concepts and
cbservations as biologists explore lhrge-scale data.
The Sin flarity Box visualization software supports the
ability of biblgists to nteract wih large-scale
computational results and evaliate relationships
based on natural reasonig processes. We have
applied these know ledge m ethods 1n the exploration of
complex microbial genome rwlhationships. We
extracted a complete set of gene neighbor pattems for
Rhodobacter sphaeroides using HERBE to map data
stuctures  for chromosomal contiguity against
sequence sinilarity. We then organized these gene
neighbor pattems by their phylogenetic profiles using
Sinibrity Box to enable biologists to explore the
results.

1. Introduction

New ‘“genomic context! methods are being
developed t© extract higher-order relationships such as
phylogenetic profiles and conserved gene neighbor
patems from large sequence datgbases [1]. These
approaches combne simpler daa types t© describe
morre complex pattems In the context of many
completed genomes. Phylogenetic profiles are the
fingerprint of occurrence fora feature am ong different
Soecies. For example, cerain prmotehs ar stong
m arkers for particularbiochem ical pathw ays, and these
can be unique indicators for organian s that make a

“iiving” In certan ways, for exam ple, lightharvestng
protens In photosynthetic species. Gene neighbor
m ethods detect conserved clusters of genes that are
closely adjpcent in prokaryotic chrom ogom es across
multiple species. Chrom osom al rearangem ents cause
the order of genes t© be random ized much lke a deck
of cards that is shuffled. However, In prokaryotes,
genes are som etim es “stcky” and regist this process.
Conserved gene neighbors provide an in portant clue
because their gene products often mntemct In
com plexes orare partof the sam e pathw ay .

Datgbase stategies can alo be emplbyed t©
omanize dam Into new stuctures that represent
know ledge to biologists. H ow ever the capabilites of a
dat@base are predeterm ed by the assum ptions and
technologies mherent w ithin the database design, data
models, and query mechanisns. Computer scientists
who build data models ar essentially capturing
scientific knowledge In these representations and
suctures R]. How ever, building explicit data m odels
n biblgy is difficult because of complexity,
unceranty, and rapid change of the inform ation.

2 .Advanced know ledge technologies

The Heurstc Entlty Relatonship Buiding
Envirorm ent HERBE) is a prototypical archiectire
that is Inplemented I Java and PosmreSQL to fuse
data management technology wih knowledge
m anagem ent components B]. This hybrid approach
enables bivlogists to m anage both concepts and related
data In a synchronized fashion. Inport mechanisn s
have been built for analysis results from BLAST H#],
Sinilarity Box [(], and other soures t© extract
concepts nto uniform data stuctures, w hich are stored
T a Concept Repository. Data and data descriptions
are used t© evolve an underlying datgbase.

The Sinilrity Box software is a Java genome
com parison platform  that places a dynam ic layer over
BLAST and GenBank resources using teractive
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visualizations such as dendrogram , network, and
Inked setviews [5]. This platform is designed to add
genomic oontext analysis t© the sandaxd
bionform atics tookit avaikbble to biologists, which
currently includes sinibriy and motf searches,
muldple alignment, phylogenetic analysis, and
sequence feature extraction.

3.G enom ic context analysis

Proteln and sin ilarity relationships w ere entered
nto HERBE forR. sphaeroides using a dmaft version
of 3928 predicted open reading fiames ORFs) for the
two chromosomes, not incliding plasnid protens.
Each proteln sequence was used as a BLAST query
against the nr database to define sin flarity sets, for a
total of 60,616 proteins. O £ these, 47097 prokaryotic
sequences w ere dentified, retrieved In FASTA fom at,
and entered nto HERBE . N ucleotide records for these
sequences were used as Tput In the N eighbor Finder
fimction of the Sinilarity Box sofiware to extract
protemns encoded as adpoentgenes from  these records.
These raults werr entered as a gene neighbor
association t@ble. HERBE gene neighbor queries are
reported asaW eb @bleasdhown nFigure 1.

Complete gene neighbor pattems for the R.
gohaeroides genom e were exported from the HERBE
datgbase Into a matrix which was inported mto
Sindlarity Box for hiemrchical clistering. This
owanized view of genome-scale conserved gene
neighbor pattems guides the biologist m connecting
Jocalgene clusters into higherorderpattems.

Fgure 1. Web report of conserved gene
neighbors orRSP0091

Left) Conserved gene neighbors for the RSP0091
protein are shown I colmnsRSP0092 and RSP0090.
R ght) G enB ank links are reported.

4 .D iscussion

W e have designed a high-throughput gene
neighbor analysis wihin the HERBE knowledge

discovery environm ent to Support genom e annotation
prokcts, In this case R . sphaeroides. The flexibility of
the HERBE envionment combied wih Sim flarity
Box visualization stategies supports higher
dinensions In genom ic context analysis, such as
phylogenetic profiles of genom e neighborpattems.

Figure 2. hteractve dendrogram of
phybgenetic profils for R sphaeroides
conserved gene neighborpattems

Left) A Similarty Box dendrogram provides an
omanized view of gene neighbor patems for R.
gohaeroides. Right) A detailed view ischown.
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