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A female-specific role for
intersex
The intersex (ix) gene is required for female
sexual development in Drosophila, and yet
it is expressed equally in both sexes. Now,
Bruce Baker and his colleges at Stanford
show that specificity is conferred by the
selective binding of the IX protein to the
female isoform of the DOUBLESEX (DSX)
protein. DSX is a zinc transcription factor at
the end of the hierarchical series of gene
interactions that determine Drosophila
sexual identity, and dsx mRNA is spliced
differentially in a sex-dependant manner,
resulting in different C-terminal regions.
ix is thought to act as a transcriptional
activator, and the authors suggest that it
could modify the transcriptional regulation
exerted by DSX. (Garrett-Engele, C.M. et al.
[2002] Development 129, 4661–4675)  RM

Extended family values
Humans are less related to chimps than was
first thought, according to Roy Britten of
CalTech, and the adage that we are 98.5%
similar to chimpanzees is a mistake. In an
elegantly written paper, he explains that the
original conclusion that we have 98.5%
gene similarity with chimps was mistaken
by others in the first place, because the

1.76% divergence suggested by his own
previous results does not equate to that
gene similarity. He describes how he
compared human and chimp genomic
sequences, now publicly available, and
found that more sequence divergence
arises by insertion or deletion events
(indels) than by substitutions. Together, 
the differences make up about 5% overall.
He observed a greater quantity of different
nucleotides arising by a smaller number of
occurrences of indels than substitutions.
This, he suggests, indicates that complex
processes involving repeats and conversion
events are the main mechanism of
divergence between closely related primate
genomes. (Britten, R.J. [2002] Proc. Natl.
Acad. Sci. U. S. A. 99, 13633–13635)  CH

Shewanella sequencing
completed
Scientists at The Institute for Genomic
Research (TIGR) and collaborators
elsewhere have deciphered the genome of a
metal ion-reducing bacterium, Shewanella
oneidensis This bacterium has great
potential as a bioremediation agent to
remove toxic metals from the environment,
and the genome sequence sheds new light
on the biochemical pathways by which 
the bacterium ‘reduces’ and precipitates
chromium, uranium and other toxic metals.

The research offers what scientists call ‘a
starting point’ for defining the organism’s
electron transport systems and metal-ion
reducing capabilities. In the course of the
sequencing project, scientists also
discovered a new bacterial phage that could
provide a target for possible genetic
manipulation of Shewanella to target it for
specific bioremediation projects.

TIGR’s analysis of S. oneidensis found
that its genome sequence contains nearly
5 million base pairs, with a large circular
chromosome with 4758 predicted genes and
a smaller (plasmid) circle of DNA with
173 predicted genes. Researchers found 
that the genome has an unusually high
number of cytochromes, which are 
enzymes associated with electron transport
– the key to the microbe’s potential for
bioremediation projects. (Heidelberg, J.F.
et al. [2002] Nat. Biotechnol.
DOI: 10.1038/nbt749)  PL
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Orthology, paralogy
and proposed
classification for
paralog subtypes
The conceptual underpinning of the terms
‘orthology’and ‘paralogy’has been the
subject of several recent publications [1–4].
The renewed interest in these descriptors
of the evolutionary relationships among
genes is not surprising given the need 
for unambiguous definitions in the
fast-growing field of comparative and
evolutionary genomics and the widespread
confusion about the exact meanings of some
key terms, (e.g. [5–7]). Many researchers
seem to believe that orthologs are simply
genes (proteins) with the same function in
different organisms, whereas paralogs are
simply homologs within one organism.
This does not agree with the original

definitions of orthology and paralogy
given by [8] (see also [9] for an overview)
and could easily lead to confusion. We
therefore find it important to clarify these
terms in some detail, and also wish to
further reduce ambiguity by introducing
two new terms for subtypes of paralog.

The original definition of orthologs is
two genes from two different species that
derive from a single gene in the last
common ancestor of the species (e.g. HB
and WB in Fig. 1). Paralogs are defined as
genes that derive from a single gene that
was duplicated within a genome. The
latter definition does not specify that
paralogs can only be found in a single
organism, and hence genes in different
organisms that arose from gene
duplication in an ancestral genome are
also paralogs according to the definition.

Several other aspects of orthologous
and paralogous relationships between
genes have emerged as important in

evolutionary genomics. Figure 1 illustrates
how multiple genes can simultaneously be
orthologs of another gene, in this case HA*
can be said to be ‘co-orthologs’of WA*
(where HA* indicates all genes whose
name starts with HA, etc.) Co-orthologs are
thus paralogs produced by duplications of
orthologs subsequent to a given speciation
event (also called lineage-specific
expansions of paralogous families), which
is commonly observed between distantly
related species [10–12]. This special type 
of paralog needs a qualifier to distinguish
it from paralogs that resulted from an
ancestral (relative to the given speciation
event) duplication and, consequently, are
not (co)orthologous to a given gene in the
second species (e.g. HA* and WB in Fig. 1).

We here suggest two terms that are
derived by analogy to terms used in
phylogenetics, ‘outgroup’and ‘ingroup’,
which denote anciently and recently
branching lineages, respectively. Relative



to a given speciation event, paralogs derive
either from an ancestral duplication and
do not form orthologous relationships, 
or they derive from a lineage-specific
duplication, giving rise to co-orthologous
relationships. The logical terms therefore
seem to be, respectively, ‘outparalog’and
‘inparalog’, explicitly denoting that they
are subtypes of paralogs and when they
branched relative to the given speciation
event. We would also consider more
classical terms, such as ‘alloparalog’ for
outparalog and ‘symparalog’ for inparalog
(by analogy to allopatric and sympatric
speciation), but will not use them further
here for the sake of consistency.

Therefore, our definition of ‘inparalogs’
is: paralogs in a given lineage that all
evolved by gene duplications that

happened after the radiation (speciation)
event that separated the given lineage from
the other lineage under consideration. 
Our definition of ‘outparalogs’ is: paralogs
in the given lineage that evolved by gene
duplications that happened before the
radiation (speciation) event.

With more and more complete genome
sequences becoming available, the
genomics community is becoming aware
that ‘homology’ is not a sufficiently well-
defined term to describe the evolutionary
relationships between genes. Emphasis is
instead shifting towards identifying
orthologs, which are evolutionary and,
typically, functional counterparts in
different species. Conversely, analysis of
paralogs, particularly inparalogs, is
important for detecting lineage-specific

adaptations. This is particularly relevant
for identifying functions of human genes
by studying orthologs in model organisms.
A real-life example of in- and outparalogs
between human and fly γ-butyrobetaine
hydroxylases is shown in Fig. 1b.

We hope that adopting the terms
inparalog and outparalog leads to an
increase in clarity in genomic and
evolutionary publications and help avoid
misleading statements on evolutionary
relationships between genes.
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Fig. 1. The definition of inparalogs and outparalogs. (a) Consider an ancient gene inherited in the yeast, worm and
human lineages. The gene was duplicated early in the animal lineage, before the human–worm split, into genes A
and B. After the human–worm split, the A form was in turn duplicated independently in the human and worm
lineages. In this scenario, the yeast gene is orthologous to all worm and human genes, which are all co-orthologous
to the yeast gene. When comparing the human and worm genes, all genes in the HA* set are co-orthologous to all
genes in the WA* set. The genes HA* are hence ‘inparalogs’ to each other when comparing human to worm. By
contrast, the genes HB and HA* are ‘outparalogs’ when comparing human with worm..However, HB and HA*, and
WB and WA* are inparalogs when comparing with yeast, because the animal–yeast split pre-dates the HA*–HB
duplication. (b) Real-life example of inparalogs: γ-butyrobetaine hydroxylases. The points of speciation and
duplication are easily identifiable. The alignment is a subset of Pfam:PF03322 and the tree was generated by
neighbor-joining in Belvu. All nodes have a bootstrap support exceeding 95%.


