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Abstract another species, or only a paralogue, i.e. a homologous member

Motivation: Numerous homologous sequences from diver$¥ & multigene family (Fitch, 1970) that shares, in the best case,
species can be retrieved from databases using prograrf§ly some functional features with the query.

such as BLAST. However, due to multigene families, evolution-T0 overcome this obvious limitation in functional predictions,
ary relationship often cannot be easily determined an#e have developed a procedure that tries to decide for a
proper functional assignment becomes difficult. Thus, discriuery sequence of a given species whether the function of the
mination between orthologues and paralogues within BLASHatabase hits can be assigned, i.e. whether those hits are
output lists of homologous sequences becomes more and nigiologues of the query sequence. This analysis is based on
important. the comparison of a gene tree computed for a set of homologous
Result: We therefore developed a method that attempts @2nes with the phylogenetic tree for the species from which
construct a reconciled tree from a gene tree of selectel#ose genes came. Discrepancies between the two trees may
sequences and its corresponding phylogenetic tree of i due, among others, to gene duplications. Computation of
species involved (species tree). An interface on the Webt§te so-called reconciled tree displays the duplication events
developed to enable users to analyse the BLAST resid thus allows the assignment of orthologous and paralogous
BLAST outputs are parsed and, for the selected sequence8JuUences.

multiple alignments are constructed either globally or for

local regions. Bootstrapped trees are returned and comparellethods and implementation

with the expected species tree. In cases of discrepancies, gene blished ineli f v the ab
duplications are assumed and a reconciled tree is computef€ €stablished a pipeline of programs to apply the above

The reconciled tree shows probable orthologues and par&PProach in the context of a databa_se search. At the time of
logues as predicted. P g P development, the WU-BLAST?2 algorithm for database search

) hei (Altschul and Gish, 1996; W.Gish, unpublished; server:
Contact:yuan@embl-heidelberg.de http://blast.wusl/.edu/ was the most advanced program, but
newer versions can be integrated. We apply this BLAST2 pro-
gram for the database search as it provides gapped alignments
The rapidly progressing genome projects provide a huged more sensitivity than the old BLAST version. In addi-
amount of sequence data which need to be annotated tas, several post-processing procedures are implemented to
accurately as possible. One focus is the assignment of biologisalpport decision finding:
function to a gene or a gene product, respectively, which is. Sequences above a certain hit threshold are selected for
mostly accomplished by computer-aided sequence analysis further processing, whereby a graphical digest of the WU-
(Bork et al, 1994). Today, this is usually done by searching for BLAST2 output allows easy manual refinement of the
homologues in sequence databases and subsequent transfer afelection.
functional annotation from the best database match. Tt The sequences are multiply aligned with either global or
heuristic search algorithm BLAST (Altschet al, 1990) is local alignment being performed.
used extensively for this purpose. As >70% of all sequences3n A neighbour-joining tree is computed for the selected
current databases have detectable homologues and, for most osequences. Bootstrapping is used to check the robustness
them, at least some functional features have been annotated, &of the grouping.
more reliable and efficient functional assignment is requiredl. A phylogenetic tree for the species under study is extracted
However, current database search techniques are not able tofrom the taxonomy key provided by the NCBI.
discriminate whether the best hit is an orthologue, i.e. tHe The gene tree and the species tree are compared, and in the
functionally corresponding counterpart of the query sequence in case of discrepancy reconciled trees are constructed (Page,
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1994) that suggest possible duplication events. The grapliemputed. However, for the time being, bootstrapping results
cal output of the trees is produced by drawgram/drawtree afe given only as an interpretation aid and are not automatically
the PHYLIP package (Felsenstein, 1989; see alsinserted into the tree graphical presentation.
http://evolution.genetics.washington.edu/phylip.html ).
In summary, this semi-automatic procedure allows one tgonstruction of the species tree
decide which of the sequences identified in the database search )
are orthologues of the query sequence. The above procedur® Rhylogenetic tree that represents our current knowledge on
integrated as an additional option into a WU-BLAST2the evolution of species we call a species tree. The taxonomy

(http:/Aww.bork.embl-heidelberg.de/Blast2/ ) server. of species reflects this knowledge, although there are numerous
branches that are not bifurcating. Based on this taxonomic tree

. and using the newest information from molecular evolutionary
Search for homologous sequences and multiple analysis and other sources, NCBI has been developing a
alignment taxonomic species tree (D.Leipe, V.Soussov, http:/mmw.nchi.

: nim.gov/Taxonomy ). This taxonomic species tree has recentl
The multiprocessor WU-BLAST2 program currently appears tBerer? adapted by)I/E?\/IBL’s databases. \F;Ve use this informatio)rg

be the best compromise between speed and sensitivity 8'huild a species tree for the species from which genes were

database searches. It provides gapped alignments and 9%8fected in the prior step. For fast access to the species tree,

statistics that can be used _for automatic large-scale analysa{SSpecies database is created where all the internal nodes
Forthese reasons, we use it to scan for homologues Ofag'vs‘?gﬁing from an organism all the way to the root are easily

guery sequence in sequence databases. We have develo & : :
. . ; evable. This allows the relevant part of the phylogenetic
a WWW server for it in which we provide by default severa ree of the species involved in the analysis to be built quickly

useful post-processing steps such as a hyperlinked graphi gure2b). In our approach, the taxonomic species tree is built

display of the matched regions with respect to_both ql‘Jer_y_a first, then the corresponding genes are sorted accordingly to
database sequence. It facilitates the detection of tvv|I|ng nstruct the species tree

zone' matches (i.e. matches witP &alue >0.001) and the
selection of database hits for further analysis. HTML-bas
output (Figurel) allows the retrieval of functional information

from various hyperlinked databases utilizing SRS (Sequengge phylogenetic gene tree and the corresponding species
Retrieval System; Etzolelt al, 1996). tree either agree or disagree with each other. In the case of
As long as the selected database sequences are reasong@féement, the sequences involved may be considered to be
related to each other, a subsequent global alignment performgi¢hologues and a functional assignment of the query based
by CLUSTALW (Higginset al, 1996) should reveal most of on the database hits would be justified. On the other hand, a
the required information. However, there are many casgfsagreement might be caused by the uncertainty in
where only domains are homologous or where the sequen¢ggtionships among the sequences and thus by the limits of the
are so divergent that automatic multiple alignment procedur@gethods used. To check this, we provide the bootstrapping
have difficulties. Therefore, we implemented a second optiagption. This minimizes the risk of making false deductions
that only considers local alignment of motifs that are commopy mistaking small reconstruction errors for real disagreement
to all selected sequences. Although the signal may becomgiween trees. When real disagreement is suspected, the conflict
weaker due to the loss of some segments, the remaining regigagween species and gene tree is resolved by postulating gene
are the most conserved ones and misalignment is avoideglplication events. For this purpose, a computer program has
The output is the multiple alignment and the set of evolutionayeen developed that integrates both gene tree and species tree

e , : .
Eonstructlon of reconciled phylogenetic trees

distances among aligned sequences. into the so-called reconciled tree (Page, 1994). In this reconciled
tree, distinguishing between orthologues and paralogues
Construction of the gene tree becomes straightforward (Figu?e). All the trees (species

tree, gene tree and finally reconciled tree) are given in PHY-
The phylogenetic gene tree is constructed by using routine#P’s newick format which can be displayed by the graphical
of the widely distributed computer program CLUSTALW. program treetool. Adtionally, each of them is displayed in
The CLUSTALW program uses the neighbour-joininggraphics produced by drawing programs of PHYLIP.
method (Saito and Nei, 1987) to construct the phylogeneticAnother example for our approach is given in Figsire
tree, but does not provide a root for the tree. As our procedufawamura and Yokoyama (1995) analysed rhodopsin-like
requires a rooted tree, two rules are used: (i) choose thpsin genes in lizards and predicted that the opsin gene
longest branch as the tree root; (ii) use a sequence as an ®2Ac (OPSB_ANOCA) of the speciésolis carolinensis
group from an organism that has to be outside of the rest afid the gecko blue opsin gene OPSB_GECGE of the species
the genes (Figui2a). A bootstrapped tree of the genes is als&@ecko geckshould be derived as paralogues from duplicate
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Summary on the sequences seleted

Seq. id (length as): dist. means organism
§uer¥ sequ (375 aa): 0.736 Xenopus laevis
LU77840_1 (375 aa}): 0.735 Xenopus laavis
GGUI1849 1 (363 aa): 0.724 Gallus gallus
GGUAT157 _1 (363 aa): 0.725 Gallus gallus
MMU94351 1 (378 aa) 0.839 Hus musculus
H3U94354_1 (257 aa} 0.936 Homo saplens

Hultiple Aligoment by CLUSTALW

quUery_sequ VLSVREIRSNLFHSHLENLHOVEQSEIHNQVILSYGMFENERNAILMEGRE SVEEDESRE
XLU?¥E&Dh} VLGVRLIRSNLFHSHLENLHQVEQSEIHNQVILSYGMFENKRNALILMKGAF SVEEDFSRY
66091349_1 VLGVELIRSNLFHSHLENLHQVEETEIEEQVILSYGHMPENRRNSIHMKGAFSVEEDESRF
GGURT157_1 VLGVELIRSNLFHSHLENLHOVEPETEIHEQVILSYGHFENERNS IHHEGAF SVEEDFSRF
MMO24351_1 LLGVEPLIRSGLFHSHLENLQQVPTTELHEQVILSYGMF ENERNAVHIKGPFSVEADPSRE |
H5024354 1 LLGVPLIRSGLFHSHLENLQQVPTSELHEQVT LSYGHFENKBHAJHVKG?:SVEADPSRH
JE KEE KEXTXAKE®R AEX h x wq—aq**a—-\-*q—a—a—*a— 3 g moksede sk i
o= I ikl

Fig. 1.An HTML-linked output of the BLAST2 server as currently implemented at the EMBL in Heidelberg (http://mww.bork.embl-heitislberg
Blast2e/) and displayed using Netscape. Some graphical features have been adapted froeh AMGtRS5). The example shows members
of the diverse fringe family of glycosyltransferases (Yegal, 1997). The query is a frog sequence of the fringe family with a nearly 100% hit
to frog ‘lunatic fringe’ (see alignment part). Apart from the query, five other sequences have been selected (uppéepexgiriple, a global
alignment has been chosen and the distance matrix as well as multiple alignment are displayed (lower part). Finallyspraiesttess and
reconciled tree are computed and given in a form that can be read by tree-drawing tools.

ancestral genes. Our approach using their data could fulpmpromise between search efficiency and sensitivity.

confirm this result. There exist some post-processing procedures either available
on diverse WWW sites (like BEAUTY's server; Worleyal,
Discussion 1995) or available for stand-alone runs on different computer

platforms (like the Visual BLAST of Duranet al, 1997).
The functional assignment of a query sequence is carried othe greatest weakness in all these approaches is that users
extensively today by using the database search and transfannot or only inconveniently retrieve all the hit sequences
of the function of the best hit sequence out of the databaseith their full length and all their biological information such
It turns out that the BLAST algorithm represents the bess their taxonomic classifications. This makes the further
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—— OPSL.ASTFA
—— HSU94354.1 HSU94354.1 OPSH.CARAU
_|: GGU91849.1 MMU94351.1 —[ OPSG.CARAU
| GGU97157.1 GGU97157.1 — OPSG.CHICK
_[ query.sequ GGU91849.1 - _[?Gecko gecko
XLU77640.1 XLU77640.1 OPSB.ANCCA
—— MMU94351.1 query.sequ — ?Gallus gallus

_[ OPSB.GECGE
?Anolis carolinensis

Gene tree Species tree

query.sequ Fig. 3. Reconciled tree of the opsin RH2 group (drawn by the
XLU77640.1 PHYLIP’s drawgram). The same relevant protein sequences are
?Callus.gallus chosen as indicated in the paper of Kawamura and Yokoyama
MMU94351.1 (1995). The proteins OBSB_GECGE and OPSB_ANOCA are
?Homo.sapiens paralogues as they might be derived from a common ancestral
7 sequence. On other side, OBSB_ANOCA could be considered as an

?Xenopus.laevis . ) . .
CCUSLB4S.1 orthologue to the chicken’s green opsin protein OPSG_CHICK.

GGU97157.1

ol

?Mus.musculus

HSU94354.1 de/Blast2e/ ). Using this approach, users can easily retrieve
all the sequences in BLAST output and all the phylogenetic
relationship between the sequences. A table on all pairwise
Reconciled gene tree with predicted orthologues distances of the involved sequences and bootstrapping values
about the gene tree branches are given to enable users to
judge the differences between the sequences and the quality
Fig. 2. Phylogenetic trees as derived from the procedure (these treegf the gene tree. The global alignment option includes the full
are displayed graphically and also given in a digital form that can belength of sequences which is useful as only the full length can
used by various tree-drawing procedures on _different platforms).provide the whole information about the sequences involved
(2) Gene tree as computed by CLUSTALW (Higgetsal, 1996). 54 the gene tree can be constructed much more accurately.
The identifiers from a non-redundant protein database at EMBL ar .

n some cases, focus on local matched regions taken out of

given. p) Tree as taken from the GENBANK taxonomy according ST h | b bl h
to the species included. The species of the query sequence has to ﬁéA search results proves to be reasonable as the sequences

entered into the Web interface; species corresponding to the matchinffVolved only share some functional similar parts (like multi-
database sequences are retrieved and appenpBeconciled tree omain proteins). The reconciled tree provides the easiest way
that solves discrepancies in (a) and (b). A root is implied by assumind0 decide on paralogues or orthologues among the homologous
the minimal number of gene duplication events. Duplications aftersequences. Nevertheless, this approach is limited if all
the divergence of species (see, for example, the two chickerspecies involved belong to the same genus, i.e. the species
sequences) are considered as being independent events that do gickground cannot provide further resolving information for
need to be considered in the computation. As a minimal number ofhe genes under consideration. In these cases, the reconciled
duplications is assumed, the chicken and the human sequence hagcent will fail. Another limitation of this approach is that only
been considered as being part of one branch and the root has beBﬂ‘urcating trees are supported by the reconciliragram
placed accordingly. A ‘?’ sign precedes the species name if a genee a root has to be chosen and onl to tWo aenes %rom a
in this species is assumed to have to exist. Accordingly, four geneé‘ T . y up_ 9
(either extinct or not yet observed) are assumed here and a ge ecies can be analyse_d by this reconciling pro_grgm._ Further
duplication event leads to two groups of orthologues. developments are possible to overcome these limitations and
close the gap between database search, gene family analysis

) i ) i and final functional prediction for the family members.
analysis of the evolutionary relationship between the sequences

difficult. Furthermore, it is hard to distinguish between

orthologues and paggjues among the homologous sequenceé\Cknowledgement

In order to avoid this weakness and provide a new approagfis \work was supported by the Deutsche Forschungs-
in this direction, we developed this method and give it as Gemeinschaft (DFG).

service on the WWW site (http:/mww.bork.embl-heidelberg.
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