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1 Introduction

The ability to accurately detect orthologous or functionally equivalent proteins in different organisms is
important to numerous biological research questions, including studies of variables influencing rate
protein evolution [1-3], accurate genome annotation [4], and studies of proteins implicated in cancer [5].
The ability to retrieve orthologs from many genomes at the click of a button would help speed such
research projects along tremendously.

To meet this challenge, we have pre-computed orthologs for 213 genomes using the reciprocal
smallest distance algorithm [6]. This method represents an improvement over approaches that rely on
blast hits alone, since it uses global rather than local sequence alignments and evolutionary estimates of
distance between sequences rather than blast probability scores, an approach that can often be misleading
when trying to determine functional equivalence [7]. These pre-computed sets of orthologs are stored in a
publicly accessible database, RoundUp (Figure 1), the most comprehensive of its kind [8, 9].

Figure 1: Schematic of RoundUp Ortholog Database. From the website, a user may select two opposing genomes
from a list of 213 and set BLAST Evalue, divergence, and distance thresholds as desired. The results are returned in

tab-delimited format.

Adjustable Parameters
7
e ——
BLAST Divergence Distance
Evalue
S
@'
x?"\)‘“

RoundUp internet portal

o )
RoundUp Results
t ance

Yeast
€323685 1

RoundUp repository

e
s -e1C Yeast Mus_-e-20

Ra-Humar_‘e5 [0 10 vus e 15 JTYeast 'e20

pst_e1C | -veast re1g [YeRSL 20

MusHumar_'e5 | S g s [Humar_"e20

2 Software and Files

The reciprocal smallest distance algorithm first uses BLAST [10] to net a list of several possible
orthologs between two genomes and then filters this list using a global alignment threshold and
evolutionary distance measure. Explicitly, if the alignable region exceeds a predefined fraction of the total
length of the protein, a distance is calculated as a maximum likelihood estimate of the number of amino
acid substitutions separating the two putatively orthologous protein sequences, given an empirical amino
acid substitution rate matrix [11]. The smallest distance is considered to be consistent with a hypothesis
of functional equivalency between the two proteins.

The Computational Biology Initiative, Department of Systems Biology, Harvard Medical School, Boston, MA,
Email: dpwall@hms.harvard.edu



Recovering the true set of orthologs between two lineages will depend on many parameters,
including date of divergence between the lineages, rates of gene duplication in either lineage, intensity of
molecular selection, and others. To account for such variables that can have a large impact on the size and
content of a list of orthologs, and to provide users of RoundUp a certain degree of exploratory power, we
adjusted two parameters — BLAST E-value and global pair-wise sequence divergence — when pre-
calculating orthology between genomes. Specifically, in our pre-calculations we used four increasingly
stringent BLAST scores, le-5, 1e-10, 1e-15, and 1e-20, and three increasingly stringent divergence
thresholds, 0.8, 0.5, and 0.2. Therefore, for every pair of genomes, our RoundUp repository contains
twelve ortholog lists representing all possible combinations of the two variables.

Presently, the RoundUp repository contains orthologs from all possible pair-wise analyses of 213
genomes, comprising 22791 ortholog files. The results are stored in relational form and accessible
through a flexible web interface that allows the user to build arbitrarily complex and exploratory queries
without needing to know how to construct SQL statements. For example, a user of the RoundUp system
can build queries to find all orthologs in all 213 genomes for a given search sequence that are
evolutionarily conserved, according to some a priori chosen distance threshold. Alternatively, a user may
quickly build clusters of orthologous genes for any number of genomes, i.e., build groups of orthologs
that exhibit complete transitive closure. To our knowledge, this is the first database of its kind. We expect
it will be of value to many molecular biological fields.
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